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28 B E R BRARAAP DCAL TE PSS, A
MREZ, FA IARNRIE" 2P, HATZX
I8 2200 T L AR L R Rt
SRR W PR 1 B — e W BOR A% e 5% 05 T R T
FERLFR B R RS L LR G4
o TR U E MR S R 2 . SR
XEEA DI RELHERYIRER, B %5
RIABEHm N ARSGE HE TR (R
BRI PE A Be 2 250k b, e SR MIDEE 5E 3 PCR
FoR ) X% XL RIA B (2R AR g
M BT FHRRTRICH ) RIZ L IRANE . HR A
RV SR R R B AT E PR FE B AT, A AR
TR R S AR A 7 B R R TR B 0%
A, KRR GR A A ] 15 2 228 SRR 2 R

1 MRSk
1.1 #RXER

25 7o 1 AR bR AR B XA T EE PR T AL A X
BN (106°17'43"—106°24'50"E, 29°41'08"—

29°52'03"N; [HFL7 600 hm’; “FI#E15951.5 m;
X 22600 m) , ARG = 1. J@ AL
PR O I 2 2 X . AR D3.6 C, AR
IRk 612 mm, 4EXJHIEL 294 h, 4EFH%E
K777 mm, IR ZRE, 5SS
244%F, 973J& . 1 861Fh . T HEN =B MG b
HRBMNIRERIE (pH4.0~4.5) .
1.2 MiIRF&E

20164E5 A Ay vE B AR & AR (AT ARET
M#K, Coniferous forest) . Fo3}-BFiE MR ( {7 FR
[# Ak, Broadleaved-leaved forest) . R4
/5 2L B iR 2 AR (R RRE R 2SR, Mixed
broadleaf-conifer forest ) LA BN (P pubescen
forest) THEHAFFEXIG, FEFH BT LRI HL
FERL, 750 ~20 cm T2 BEEHORE, 4% DU 433 3047
R, AR kg WG A, S8 =S MEN,
FHEHPETW RS EI 4, T vk & rhaly [l 50 0 25
50 g HFET-20 COKAORAT LLE 50 5250 50T
JLAARo T RACME A3 BT o SRAE AL PR B0
*z 1,

x1 RELRERHR

Table 1 Outline of the sampling sites
K 5274 Yy ISP 2 AR 2 F2 R Fip
Site Altitude/m  Aspect Canopy density/%  Origin Longitude Principal tree species
E106° 23" 49.90" — 0 i ]
LM Pinus massoniana .
LAl i 106° 23" 50.66"
844 ~873 Pt 0.9 PR3 A Cunninghamia
Coniferous forest N29° 49" 52.35" —
lanceolata
29° 49" 54.25"
E106° 23" 21.85" — M)l K3kZ& Gordonia
il - 106° 23’ 27.56" acuminata, HEHARET
428 ~461  7idt 0.8 PN
Broad-leaved forest N29° 49" 37.67" — Neolitsea aurata
29° 49’ 37.92” VU Adinandra millettii
o E106° 23’ 54.40" — DU Kk 2 Gordonia
B - TR AT AR
‘ 106° 23" 54.75" acuminata . V4)1| 47
Mixed broadleaf- 654~ 684  7HdL 0.9 PN
N29° 50’ 32.01" — Adinandra millettii |
conifer forest
29° 50" 32.47" LB KN Pinus massoniana
E106° 23" 14.77" —
1k 106° 23" 15.90"
580 ~ 590 Pade 0.85 KK TN phyllostachys pubescens
P. pubescen forest N29° 49’ 43.66" —
29° 49’ 44.19"

PRAL T AR IR T BT, RGBS
ff (2 mm. 1 mm. 0.25 mm) , LA PR R

FASCHR [ 13 ] ROk BEA T o0 o e AR AR A ot

W2,
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Table 2 Physical and chemical properties of the soils at the sampling sites

. EA £ 2] HIA
) pH Total N Total P Total P Available N
e feke™) feke™) feke™) [(mg-kg™)
AR 4.02 +0.02b 0.67 +0.00c 0.10£0.01¢c 13.36 £ 0.13b 36.82 = 0.67d
il 4.12 £ 0.03ab 1.73 £ 0.00b 0.23 £0.02a 18.71 + 2.26ab 157.67 = 0.33b
G- TR A BK 4.37+0.02a 0.64 + 0.00c 0.13 £0.00c 21.60 +0.61a 52.56  1.67¢c
A pk® 4.18 £ 0.02ab 1.90 + 0.06a 0.15+0.01b 24.97 +1.03a 206.88 +2.68a
b A R AL AV LR oK
Site Available P Readily available K DOC Water content
/(mg-kg™) /(mg-kg™) /(mg-kg™) /(g'kg™)
S kD 1.69+0.19¢ 28.50 +0.00d 8.33 + 1.57c¢ 150.2+9.7¢
el A 5.45£0.05b 58.00 + 0.50c 22.51 +7.09ab 420.2+9.8a
Gt RER AR 1.41 +0.00c 64.00 = 1.50b 15.51 +2.01bc 197.8 +9.3bc
PRk 9.76 + 0.46a 81.50 +2.01a 27.50 +4.03a 241.6 +3.0b

T B 3 B W3 « A, FLIR SO 5 A 6] 5 B 38R AN [ A A5 18] 22 52 08 5% W35 K. Tl Note: Data

are represented as mean of triplicate samples + standard deviation, and values followed by different letters in the same column are

significantly different between sampling sites at the 5% level (Duncan’ s test). The same below. (D Coniferous forest; @Broad-leaved

forest; @Mixed broadleaf-conifer forest; @ P. pubescen forest

1.3 TIEEDNARE

F|FHFast DNA spin kit for soil {5 #& ( MP
BIO, Inc., Irvine, CA, USA ) K4 i i Ry 2 LAt 156
B UEAT SR, VEME S BIDNAMKEL NS0 wi., FIH
19 (1) 355 R B i Ji P VK B A ML DN AR B BT 4 (R
KA —4E) |, [AIEF A NanoDrop ND-10007%
Y6466 ( Thermo Fisher Scientific, USA )
7 VA
1.4 RKHIXEEPCR

WG E i PCRELARAE 4% IR & & A I £
AR R DN D RO F AT R R i kT E A
AR FERE, BN .

P fEAE S B AR . B2 E R PCREI YT
A TH 16STRNA (F357/R518) . i 16SIRNA
(U519/806R ) FMHEBEITS (NSI1/58A2R ) [X
B, Xy sy idtir4ifk (Universal DNA
Purification Kit, TIANGEN) Jf5af (WL1.6) .
4 D0 R T BE P B R B BB BRI DN A
( TIANprep Mini Plasmid Kit, TIANGEN) , Jf
FiNanoDrop ND-1000%40% 48 GG RE T L 0 Joa A
DNAVK BT 585 DL, LLLOAT Ry [B) B 2 510 76 B
WG E B PCRARE

FEAIUE K AE A 5 AR R S R I 2R 1T qPCRAG
W, AL 35 B PEXT BT N B A R 3N A .
KR Z K : ABI Prower SybrGreen qPCR Master Mix
(ABI, USA) 10 mL, 45 . H 5 A A DNA
syl h2 . 4811 mL, 51441, 0.5F11 pL (10
pmol-uL™") , fiddH,0 EZAKFI20 mL., FEPIEER
YOI ETERS C N #EAT . P PCRAMTHY
ABI 7500852 [ 521 s PCR ARG HEAT .

1.5 RinPREIMEREZESMESTH

A i BRI A B2 A MM (Terminal
restriction fragment length polymorphism
analysis, T-RFLP) " BALBIT .

ENAFBEMY . EHIEmRI WS’
g 5 9 6 W BT FAM bR 2 B 5 W 7 B A
16STRNA(27F/1492R) ., #E 16S rRNA
(Arch109F/Arch958R) FI EL I ITS(ITS1F/ITS4) X
Bro PR RN S0 mL, JaP BP0 ali ik vk
ME[F 1.4

YY) s R RGN VI Hhal . Hhal |
Rasl (NEB, BioLabs ) 43l %t 40 . BB Ay B
M EE/LDNA AT JLEG ), AR 9 3 7 4 AL i 15 ]
HEATEEY) o B R DD P 0k R A T AR TR
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BRLZA ) (b )R AT 6 4045 H Uk DU O A R s PR 1)
P4 J Bt ( Terminal restrictions fragments, T-RFs )
i e
1.6 FEPEXCEE

g IR N 7/ B DI 7/ DO N ]
16STRNA . T 16S rRNAMERFEITS ( A%
SIF SRR R LTS ) ¥ . XY HEPCR™Y)
#E474lifk (Universal DNA Purification Kit,
TIANGEN ) , #iilpGEM-T# {K(Promega)if
frocke . MR “Hwaz” CIEHR . X-Gal.
Amp'MIPTG ) X e B + #1470 & . 4 4> 4
i A RIS AP PE B Pk A T AW AR
o\l #EAT R AN E , B FEARER N T 2510
%o FHIBSES H: MG641100 ~MG641145;
MG670412 ~MG670441; MG825386 ~ M(G825410;
MHO016246 ~ MH016250,
1.7 BUBRSH

TR A BT . A e DU RO SRR R Ty
2 0 M MR IR AR A5G 73 e A FHSPSS 21,040 2
ST T-RFLPEUE , BEKEH o - Z HEMEIR B0
Br, BN = EHE (Richness, §) . #25)ER
¥ ( Evenness, J') . &HF-E/K¥5%0 ( Shannon-
Weiner index, H') , Al Excel 200352 /8% ; H
HRE T Mvegan A FF1TAE B & 2 48 R
53 Hr ( Non-metric Multidimensional scaling,
NMDS ) Fipheatmap®k 445317 # & ( Heatmap )
M2l o B TP AR, R Mothur 844 Xt 7

10

a
9_
N 8+ a
2
§ Tr b a
I3 c
S 6r
£ b
X2 sk
25 |
= 4
2 4l
g
3 2f
]_
0
EHntk Ak

Coniferous

forest forest

Broad-leaved ~Mixed broadleaf-

B 47 AT AE 2 25 ¥ 00 ( Operational Taxonomic
Units, OTU) 4341, i#ifMega5.0 FAXTOTU
HATRGE K EWES . FFHCANOCO K4 Xt
+ eI AT K R A ) B VR S A SR AT TU AR
(Redundancy Analysis, RDA), iz HZH <P &
A 56 ( Monte Carlo permutation test ) EAGH %)
FHEP B M (HFEAE b it )
2 45 R
AEFRMHES TIBHMEMNERE
AN [F) #% PR FE Bt B AR W BRI B DL %K,
JLE L, 40 . W R 16S rRNAFIEFHITS I A
BOLEGERE 3R 3.04x10°~4.47x10°,
1.46x 10°~1.53 x 10"f16.44 x 10"~ 1.90 x 10°
copies-pL™'c WNE AT H1, ECBATTSIE K #5 D15 i
%5 BF bk - G W B DR DUER AR, 0Bk,
P ZR 7 22 03 M AT AL BR PR B SIS AR ) A8 A X A
BEAE E R (P<0.05) . FRHEMHE T
Won: AIE16S rRNAJLF $5 U A5 pH B 35 1E AH ¢
(r=0.607, P<0.05) ; T E16S rRNAKED 5 I %L
HEKEMERE AL (r=-0.919, P<0.01) .
2.2 FAREIFHEH T EMEYHEEEN

BT T-RFLPAFHT I, FIH ZH a - ZHE1E
FEAEAH FRAE A W] AR M AE L U E MR IE S5 £
FEME, WER3. Rl —FPARfEfE T, E 0 A 1 i
o G- WETR A AR 4 5 v B 0 BE TS AR AR W

2.1

O4IF Bacteria
ab be ab mEE Fungus
a a B H Archaea
&1 FRRE SRR Pk

P. pubescen

conifer forest forest

FEBEFI I Vegetation type

T ANFNG SRR RN A # A] 2% 5 b
&1
Fig. 1

L3 (P<0.05) Note: Different letters above the bars mean significant difference at the 0.05 level
AN [5) ZRARAE 1 64 L e AR W% D1 %K

Copy number of the soil microbes relative to vegetation
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Table 3 Characteristics of the soil microbial community structure relative to vegetation
- T A - B /R 8% Shannon-Wienner index F 5 JE 8% Richness index
Site E2iiles) ) i) i) LA s
Bacteria Fungus Archaea Bacteria Fungus Archaea
BT 4.6+ 1.19ab 7.11 £0.36a 3.11 £0.02¢c 1.91+0.32a 5.73 +0.39b 1.55+0.12¢
A 4.56 +0.05ab 7.13£0.19a 4.13 +0.03ab 1.48 +0.12a 4.03+0.71c 1.69 £ 0.09¢
B Fa TR AT AR 6.38 +0.14a 6.78 + 0.27ab 4.59+0.13a 2.06+0.21a 4.41 +0.39bc 2.51 +0.12ab
Pk 3.32 +0.24b 6.2+0.17b 3.87+0.15b 0.73 £0.07b 4.53 £ 0.09bc 2.20+0.10b
5] 35 %5 Evenness index
FE AT
Site i) HE T
Bacteria Fungus Archaea
Bk 1.64 +0.47a 1.68 +0.08ab 1.04 +0.02¢
il i A 1.66 + 0.04a 1.9+ 0.04a 1.35+0.02a
- R 2E Y 2.13+0.03a 1.74 = 0.12ab 1.32 +0.04a
PAER? 1.63 £0.047a 1.55 + 0.04b 1.18 +0.07b

(DConiferous forest; @Broad-leaved forest; @Mixed broadleaf-conifer forest; @ P. pubescen forest

THAbM R (P<0.05) o A, g AR fLxt
Wi 5 A i & (P<0.05) .

KT T-RFLPEE , NMDS 3 #rid it — 4k HE ¥
Pl rpoR TR BE 28 e AIE AN W) AE 9 2 20 18 vh B e
TR AR . F 2RI, A TR R A AR AR
A 398 v 0 TR 25 R A 45 5 o ZE B Ry
PEREIE 25 v, AT AR RE s BE B iz, HOBETR 45
P ANARARL . T LR e T 2848, Rl TR A HROR AT

B/
5w

[EZER e

MRIR T v 254 Fre R AR

AL o A E S IRt AN ) AR M SR ol A P
7 LR ) SR I3 2% AR v L LR AR X R . 0
A Wi v 4 B0 SR 2 2 M 45 2R S NMID S 45 2R A [7]
(P3) o I bR 20 B Fof e 2 A fie o 52 2%, IR

AR, WA AR B BT RE TR SR A B R

Ve LH I B N B — o AR IS Y [ T R B i R L 22

A

AN TR FRARAE e R W REVE 45 M S e
PR T A AT, WLIE 4. AN BEVE S5 S
pH. &BEFAEH R EMIE (Fa5109.18, 4.84F!
2.58, P<0.05, ZEFFRP AL ) ; HREAELSHWS
SR A O N R A O (FAr R 2.28

2.15f15.83, P<0.05, ¥ REPHE) . AR

03 w . LY
02} / Bacteria 10 \angus
<
0.1+ 0 [
[\l o
é 0.0F é’ -10f
z-0.1F Z 20+
@ pitk Coniferous forest
=02 @itk Broad-leaved I'or::sl =30F
03} < §-FITE A Bk Mixed broadleaf-conifer forest
—U. . ° L 1?‘# P. ,Ivubascaln forest ) | _40 . (4 f : i )
-0.6-0.4-02 0.0 02 04 0.6 -20 -10 0 10 20 30
NMDS 1 NMDS 1

Y]

TELER S e . SRR B WA OC (FAr

2.56. 1.20f111.35, P<0.05, ZFFR®EL) .

2.3 ARFMHEHTIBWNENREL BN
NGEEN i S G E WA= R WA

L o
Archaea
[ ]
| *
L 1 L 1 L 1
-0.6 -04-02 00 02 04 06
NMDS 1

AN TR R MR - S M I S5 48 19 NMDS 20 iy

Fig. 2 NMDS analysis of the soil microbial community structure relative to vegetation
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Sa-c, MEA4810TU; HEA33INOTU; A
A3140TU; HEISanl . 25 2 Ll X i 40 7 Fh
Ktoa+tE, WmoNdE] . fukAkh gy
PR e B —, TR ERN 2 . o ARORI £ -
TR S bR L M 40 T/ 1) L A RE 230 . Chloroflexi
(4/13) FlAcidobacteria (7/15) . bkt 140
W MR MFEE, HPGamma-proteobacteria
(4/15) Mt FPEE, HFirmicutefBacteroidetes
R FREE . R E SRl A, ERE TR A AR B

H A Ascomycota (7/7) o P ARFER AR A
EIRTA TR 7/ il ¢ oy o N = A R S R 2
HZygomycota (8/10) . HESchl 1, Tk
AP W], Pl W A Thaumarchaeota
(7/11) o %F &R A & B H Thaumarchaeota
(7/14) Fe=FErb i pedi, gk pRAE ik %)
ALFE2FP 3R AR T, HY 5 HAAE B T b B A A
AW 2R, JoHEA A, B e HEIR KA
AARRI T (5/10) .

g
- =} -
£ o 5 g
2 o) 2
“E Bacteria _ £ 7 i § T
& 7 8 2 - Fungus 3 Archaea
- E 3 55 & & _E g
75 2 4 <323 & z2 3 & 4
L o2 B §E 2 % £L 23
€3 58 s 2§ 2 &g <&
538 2 % $§ 5 5 = S3 25
38 & 8 f g v & S 8 s 8
5 O ° ] g 2 2 8
$§2 32 8 g BB g5 88
18 8 % v :ad $3 e
SE 2§ RZ &%
e 15bp N= A0
190p IS ——— 16bp
20p Oidiodendron 16bp
Pseudolabrys )
5726p [ | Ascomycota o
192bp Rhodotorula P
58bp Mortierella - -
279p 3376 529bp
36bp =) . 33 //p-
£ ouzarella
59p | Thaumarchacote
Rubrobacteraceae 364bp
293bj ” e
547b|'; Hyaloscy pl:ccdc Thermoplasmatales
211bp = ) L
206bp Penicillium 202bp ll
Singulisphaera Qidiodendron
370bp
Rhodanobacter — Crenarchacote
Rhodospirillales Mortierella
Metyhylobacterium Geomyces - Crenarchacote .
S s()zlbp = Helotiales
yntrophobacterales
559bp 0.25 2880p 037 200bp )
Singulisphaera | 022 556bp [ b 0.56
Clostridium 0.18 625bp 0.26 526bp 1
80bp 0.15 - o021 0.40
60bp 011 Mortierella 0.32
g 0.16 Jitrosotale >
91bp 007 621bp ) |(; Nitrosotalea (:% :
Rhodospirillales 0.04 312bp :l o 0.16
Occallatibacter 0.00 323bp oS 549bp 0.08
’ 0.00 ‘ 0.00
=1 7% p 3 - o 0 o -
(K13 AN [) BRI A L SR A W A v AL R X = 2 20 B
Fig. 3 Relative abundant analysis of the soil microbial community structure relative to vegetation
S} 3 <
= e - - i
Bacteria Fungus . Archaea
L] AP
*
S —_
< £ g
s %
S . pH &L S &
< v @ @
= : .
z 0 TP z ¢ Z .
3 TP
TK AK
| |
-
@ 4Fm#k Coniferous forest
& @Ak Broad-leaved forest 0 AK
© &3k Mixed broadleaf-conifer forest
- BTk P. pubescen forest ® =)
| < i TK
10 Axis 1(76.6%) 20 10 Axis 1(49.3%) 15 -LO Axis 1(66.0%) Lo

TP

K4

4§ Total phosphorus; TK, 4%fTotal potassium; AP, 4% Available phosphorus; AK, H%{%fReadily available K
AT BRARAE 1 S5 A W REVR B RD AR 141

Fig. 4 RDA ordination analysis of the soil microbial community structure relative to vegetation
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Characterization of Soil Microbial Community Structure as Affected by
Vegetation in Jinyun Mountain

WANG Yingyan WANG Zifang HUANG Rong LU Sheng GAO Ming'
( College of Resources and Environmental Sciences, Southwest University, Chongqing 400715, China )

Abstract [ Objective ] Soil microbes are key factors affecting material recycling and energy
flow in the soil micro-environment. To explore impacts of vegetation, relative to forest type, on topsoil
microbes in community structure and abundance, soil samples were collected from woodlots, different in
type, i.e. coniferous forest, broad-leaved forest, mixed broadleaf-conifer forest and, P. pubescen forest,
in the Jinyun Mountain National Nature Reserve for analysis. [ Method ] To analyze the soil samples,
multiple molecular techniques, such as Clone library, qPCR and T-RFLP (Terminal restriction fragment
length polymorphism analysis), and conventional soil physical-chemical property analysis procedures were
used. [ Result ] 1) Among the soils under four types of forest vegetations, the soil coniferous forest was
the lowest in microbial copy number, and bacteria were higher in copy number of 16S rRNA gene than the
other two types of soil microbes (archaea and fungi) and were the most remarkably by vegetation (P<0.05).
Meanwhile, Pearson correlation analysis of microbial copy number and soil physical-chemical properties
shows that bacteria and archaea was significantly related to pH (#=0.607, P<0.05) and water content
(r=-0.919, P<0.01), respectively, in copy number. 2) Based on the T-RFLP fingerprint, the «-diversity
index of the soil bacterial community structure shows that fungi was the highest in community structure
diversity, while archaea was the lowest and significantly influenced by vegetation (£<0.05). Non-metric
Multidimensional scaling (NMDS) and Heatmap analysis both show significant difference in soil microbial
community structure existing between the soils under different vegetation (P<0.05), with the bacteria
and fungus in the coniferous forest soil being particularly unique in community structure. 3) All the soils
had their own dominant groups of soil microbes which varied with vegetation, especially, the soil under
P. pubescen forest being the most distinct. And 4) Redundancy analysis (RDA) shows that community
structures of the three species of soils microbes were all significantly affected by pH, potassium and
phosphorus (P<0.05). [ Conclusion ] In the Jinyun Mountains, variation of vegetation affects significantly
the topsoil microbes (bacteria, fungus and archaea) significantly in community structure and abundance. The
above research is better to understand the relationship between soil microorganisms and forest productivity
and its development and succession, and further to provide scientific basis for the protection and sustainable
management of natural forests.

Key words Jinyun Mountain; Forest soil; Soil microbes; T-RFLP
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