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At For a comprehensive understanding of the extreme soil habitats on the Huoyan Mountain, the main factors
for microbial growth need to be investigated. This paper aimed to evaluate the soil fertility status and to find out how
environmental conditions affect the soil bacterial community structure on Huoyan Mountain. Correlation analysis and principal
component analysis (PCA) were used to explore how soil physicochemical properties correlate with soil enzyme (polyphenol
oxidase, dehydrogenase, catalase, urease) activities and microbe quantity. Denaturing gradient gel electrophoresis (DGGE) and
redundancy analysis (RDA) were used to study the relationship between soil bacterial community diversity and environmental
variables. The soil on Huoyan Mountain was found to be relatively infertile. Both moisture and nutrient content were extremely
low, and the soil was severely salinized. The PCA indicated that total salt content was the key factor limiting soil fertility, that
dehydrogenase activity could be used as an important indicator of soil fertility, and that polyphenol oxidase could represent the
variation of soil fertility. The total soil microbial count was relatively low. Bacteria accounted for approximately 98% of the soil
microbes. According to the correlation analysis, the microbe quantity was most significantly related to moisture content, but
not to salt content. The RDA suggested that environmental variables, especially total nitrogen and moisture contents, correlate
significantly with soil bacterial community diversity and structure. This research identified the key environmental variables
for soil fertility and bacterial community structure. These results will provide a scientific basis for both soil management and
further studies on microbes in the extreme environment on the Huoyan Mountain.

W Xinjiang; Huoyan Mountain; soil fertility evaluation; soil enzyme; soil microbe; bacterial community structure; DGGE
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X F KIGILIABOR BT FT, KA LLSREREE T HIE ik
AL E, DAY A LRSS MEY 2
RIPRIE. FET IR, AR OF S8 3000 2o 0 5 N L kb X - 3 3
A 5T N B 8+ e T 4, 455 PCA (Principal Component
Analysis, A 0HT) ik, DU Z b X+ 38 2R 855 BRI
Fo R i HAE SR i 32 2R 7Y [ R FHPCR-DGGEH;
RO HT P E M BRI 2 RE 0, 456 ek T i AT
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1.1 5Kt

AL T R L AR B R R i e A 8. IR R AR
PO, K 29100 km, FEdLFEL10 km, ¥4 55 230-500 m,
FIEHED R AERMTER. HERMWZHAN, FEE
PR A R 2. A Lt X g T IR B vk e R g,
BRSO IRZE R BBK . K K158, FE
144 C, mERIE4TT C, HIERIE-252 C, BER S

SR AT A82.3 C, AT KE16.4 mm, F P L &
Fik2 844.9 mm, JEdb£h420 £k L it B — A B b, Rk
Mo R A 454, S BUOBIL MR b Bk, B
BREZ, IMETEARA, FINFTIL.
1.2 HHiZESFEERE

SR A 20134F 4 SRAE T o B S 9 G Lk (B
89° 29’ 35” -89° 56' 52" | N 42° 55’ 19” -42° 56’ 12" ), #E
SCHB R A R BERD b, RTRE A A TIH &R, e %
X TR S BN IR, W LKA R 800m ¥4 &) A i 54 FE b
(D). fERAFEH20 mx 20 myg Bl IR “ = MATE k" 41 51
A3 A, SRBERE R0-20 om, 4 Uk 5 A 1 U AL
0.25 m* (50 cm x 50 cm) HY3AEE DT IR A, BEANEE DT ARG R AR
HoM0.5 kg, HRERESEHIE TN A B KE R E DB 2048
o TGGE A VK EARAE, I TE [ 526 A I AT T SRR
RS A3y — R4 AT AL B, I A g EE Ak
5 75— EBATLAA CUKFE P LRAFE, 00 2 4 4 g 4 An
A A B T =20 CIRAE, FIT 11 A DNATY
FEHL.
1.3 XWHE
131 EEAERNE RS /KRS ENE; pH
B R L (GB7859-87) M5 5 A8 ML B 5 & R FH 25455 R #
ANk (GB7857-87) M 5E ; A& /R M EY
e Ak (GB7173-87) M 5E 5 AW 2 5 R FH B 2 — i SR TH
1 — 4R %64 1L (57 (GB7852-87) Ml ; &40 & & R & -
AR WA - KB B (GB7854-87) M ; Bl R AL S =
SKHY B (GB7849-87) A2 5 33 A0 7 2 R H R -3l
b B - 4R SE B Lt 1 (GB7853-87) M52 ; SNSRI Z
TR 4 B — MGG v (GB7856-87) MllSE ; WA T M o &
KIS (GB7871-87) il ).
132 HEfEENE HRZH AL, REE. d8LkS
TR 00 R A 00 S 0 SR AR AR = B e ik | TTCHE (B3 L 5
i AR T R T R I e £ R 1,
1.3.3 HIERUEWRTTE IR GE Y BRI B AR
BT AE AR A AR AR R R, R R 1L
SEEFRI, HECRHD T R-d R B 573t
1.3.4 +1EADNAREIFN16S IDNARPCRY 1  RIHEE
OMEGA Bio-Tek/A I [JE.Z.N.A Soil DNA Kitik 7 &, ##1E
P X) 4 E DNAGEAT IR 214k . LA B DNAYE A5 4
HEATPCRY 4. R FAI40 1 16S tDNAJL R V6-VSIX B A5 £ -1
158 4#1954F; 5" -GC-GCACAAGCGGTGGAGCATGTGG-3'
1369R: 5' -GCCCGGGAACGTATTCACCG-3' "Ik 74 4 |
g BEK BEFE400bpZe 4. SN T i PCR™ 9y 7028 PE AR B i

R1 REHDE
Table 1 Distribution of sample sites
R 2 (E) L (N) E4R (h/m) R (0/°C) FEH AL
Soil sample Longitude Latitude Elevation(m) Temperature Characteristics
A 89° 34’ 56" 420 55" 57" 105 41 113k 1] FH AL 8 %5 Mudstone exposure to the sun
B 89° 56’ 52" 420 56" 12" 153 24 758X ] B Ak 8 %5 Mudstone in gully region
(¢ 89° 39’ 54" 42° 55' 29" 246 36 bk £ Gravel soil
D 89° 29’ 35" 42° 55" 19” -52 34 Kb+ Sandy soil
E 89° 27" 25" 420 55" 51" -20 35 5+ Saline soil
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AP, FERTS RS’ K k3 40 bpE & GCIR 3 1Y 7
M GCITF-: 5" -CGCCCGCCGCGCCCCGCGCCCGGCCC
GCCGCCcceeGgeecee-3r B,

PCREJH50 pLJZ WA % : 10 x Ex-Taq buffer 5 pL
(TaKaRa), MgCl,4 uL (25 mmol/L) , dNTPs 4 pL (2.5
mmol/L) , Fi. 55441 uL, Ex-Taqg DNAXR 4 ###0.25 pL (5
U/uL) (TaKaRa) , #i4R2 uL (20 ngZE47) , NddH,0% 50 pL.

41 7 16S rDNA-PCRY # &4« sl /D Fe S 934, R
[ 3% PCR¥E:. 95 °C 5min; 94 °C 30's, 60 °C 30's, 72 °C 1 min,
255 —HEIRR OE FEFFIL0.5 °C, 10MEFF; 94 C 30 s, 55
°C 30s, 72 °C 1 min, 25 cycles; 72 CHEH 10 min.
1.3.5 THEERRKHEX (DGGE) REigEaH  HSEAYPCR
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AFEAPCR™ #1200 ng DNAIA B 6% 1 28 P4 445 Tt 1 t5E
JE PR, R IR B 788 1 T B SR 35%-65% (100%75 PE 4724 T-7 mol/L
JREFN 40%E T H M) . KA A IR E60 CAIE
JE120 VI, HL7K6 h; HLIKZE M A1 x TAE. HyK5EEE)R, 4
SYBR green [ (1:10 0007 F¢) Y 4,37k 245 min, #8 4l Kk
J&, FiBio-Rad /sl (18IS S R Gt AT4H0 I, - EDE 5387
54 (Quantity One 4.5, Bio-Rad) % ¢ UE #4720 0r. ABF
554l Shannon- Weaverd§ #( (H) FIFE & E (S) W0 LI1E R
YRR Z B E. BT A KON,

H= _i pilnp,
il

X, SRHE—TKIE Y 4 BB, p b Tk T v R — A Y R
JE 5 Kkl P T 4 SR A AR Y.

1.3.6 DGGEE®VIRMNESH  R4E 13 DGGERE, Pkt
FRE SR AR AT, TR AMT IR G FAR I A BBt E
B 2% BRI VI8N R, E RV T 50 pLIG B 4k i,

BT4 CiHl. VPSR EIRE AR ETTPCRY 1Y, 5|9
FASE GCIEFH954F/1369R,, PCRIZ M AR R A AR 1P 52
HIAHIR]. 7520 PCRy™ ¥ i FIDNAE i Rl 71 & (Omega)

AT ARG 5 8k (pGEM-T) &4, 51k b BA M: v e
By b BB L A F) (Life technologies™ ) M. I
%k B /E GenBank 30 38 1 3£ /7 BLASTEL X453 HF, 3% HAH BT
H, i FIMEGA 5. 5RENI LA 8 R g0 ik bR (E4710001%
bootstrapFiIT £ K % ) . I 16S rDNAJT F1]_E 1% FINCBIE
FE, B35 55 B K I958472-K 958478,

#3 FELEEE SR EIBAMERILE (V=3)

218 WA TFE
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137 it AHOCHE S A MIPCAZ A 1 I SPSS 17.0%k
it Ay, g A BT 5 DG GE# i 5 4% 19 RDA ST 1l F
Canoco for Windows 4.5% 4 7F47.

2.1 TEMEMHE., TIEBAMR, TEREERE

Z BRI XS

i 1 AR IR E Y RO (R2) AT, SO X
IR PP A RO e 2, IR RO Z,
LT B b, AR 0 SR XS EARE AR TR
19914 (1 fF 5% 45 SR 12— 0. %k e 3k [ 35 i b X 1) + 3 A3
P e Z R 2 R R, 2 XY - S A ) e i R T
JFCAt 3t DA SRR W K. A5 SRR SR ol A ) B 1 22 5
KHN: A>B>D>E>C. HHA, BRERTERAEMS Al 2215
F17 °C, (HAERUERCR B2 AR,

F2 AELEEE AP EBEDBELR (VN=3)
Table 2 Comparison of soil microbial quantity in different soil samples (V= 3)

et ISR Soil microbial quantity (#/10° CFU g, dry soil)

Soil Bl TR =N JELd
sample Bacteria Actinomycetes Fungi Sum
A 49.67 + 1.53a 0.91 £ 0.06a 0.04+£0.02a  50.62+2.53a
B 47.67+2.08a  0.50+0.03c 0.06+0.02ab 48.23 +2.10a
C 19.00 £ 1.00c  0.20£0.03d 0.03 £ 0.02a 19.23 £1.02¢
D 29.67+1.48b 090+0.05a  0.03+0.02a  30.60 + 1.56b
E 2733 +£2.52b  0.61 +0.03b 0.02+0.0lac  27.96 +2.51b

R R TR« bR R 22 . [R]— 48 AR PR R Bk R P B 22 5
TEP < 0050 35 3| i 35K .
Data in the table are mean + SD. Different small letters in the same row mean

significant difference at 0.05 level among treatments.

WU S I AR B g5 SR L3R 3. AR R,
F R IR A B 2 R, (AR SR /N. R4
] 55 R 9 A M 1 IR S 4 kR AERY, iz LK
WAL, A . B S FRACKTE, AR SR
PR A g, T LA T 2 B R A i T AR ME K, iR E—
AR BT 3 B AR A K, HER—B IR R BRI R RE 2L
FARARAY AR SR, AT AR BRI R, KA
Ly i XY A 48 AR A A R A TR K, R i A ik F
145.97 g kg, L T W AP AT £RJE R (< 3 g kg™) . MAE

Table 3 Comparison of soil physicochemical properties in different soil samples (V= 3)

RS MC H oM TN TP TK AN AP AK TS

Soil sample (/%) P wigkg")  wigkg')  (wigkg) (wigkg") (wmgkg')  (wmgkg')  (wmgkg') (wig kg™)
a 1.92+0.02b 8.27+0.04b 2.06+0.10d 0.38+0.03a 0.52+0.02d 19.78+0.54a 78.40+2.12a 3.49+0.58¢c 287.50+12.50b 26.77+0.63c
B 2.03+0.02a 7.93+0.03b 1.41+0.06e 0.26+0.01b 0.57+0.02¢c 18.05+0.27c 34.30+2.12¢ 3.08+0.20c 270.83+7.22¢ 79.41+2.88b
C 0.87+0.02¢ 8.35+0.02c 4.62+0.08a 0.24+0.02b 0.61+0.01b 18.51+0.31c 44.10+3.68b 7.56+0.37a 533.33+7.22a 6.77+0.17¢
D 1.23+0.04c 8.29+0.02b 3.71+0.03b 0.28+0.02b 0.74+0.0la 20.75+0.21b 31.85+2.12¢ 4.20+0.36b 291.67+7.22b  7.69+0.15d
E 1.03+£0.04d 8.66+0.0la 2.89+0.06c 0.25+0.03b 0.63+0.01b 20.34+0.29ab 24.50+2.12d 3.26+0.50c 254.17+7.22d 145.97+4.32a

MC: & KR, pH: pHﬁ; OM: AHLI; TN: &% ; TP: &8f; TK: &8 ; AN: B A AP: B ; AK: SR ; TS: nlEEh . R8s b 3841
+ BRIESR 22, ) — 8B A [ 7 Bk 2 R 3 B 22 57 75 P < 0.0516 15 1 1 57K

MC: Moisture content; OM: Organic matter; TN: Total N; TP: Total P; TK: Total K; AN: Alkali-hydrolyzable N; AP: Available P; AK: Available K; TS: Total
soluble salt. Data in the table are mean + SD. Different small letters in the same row mean significant difference at 0.05 level among treatments.

http://www.cibj.com/ Chin J Appl Environ Biol N 5 EE44)2F4%
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Fig. 1 Comparison of soil enzymatic activities in different soil samples. Different small letters in the same row mean significant difference at 0.05 level

among treatments.

R4 TEMEMBES TEBAMRIAXME (V=15)

Table 4 Relationships between microbial quantity and physicochemical properties in soil samples (N = 15)
#5455 Index ~ MC pH oM TN TP TK AN AP AK TS PPO DH CAT URE
B 09797  -0.6117 -0.907" 0.657" -0.585  -0.181  0.521° -0.701" -0.614" 0.066  0.190 0719”7  0.321 0.188
A 0.413 0.015  -0.368 0.6507  0.157  0.694" 0308 -0.658" -0.728" -0.072 0197 0448  -0.227 0.631"
F 0.630"  -0.682" -0.467° 0263 -0.321 -0.468 0307  -0.159  -0.108  -0.173 0.014 0562 0514  -0.178
T 0.9777  -0.605" -0.905" 0.664" -0.575" -0.165 05227 -0.707" -0.622" 0.064  0.92 07217 0313 0.199
B: J0E; A: JUZRTA; F: BB T: AP A5G MC: /K3 pH: pHfE; TN: &% ; TP: & 8f; TK: &40; AN: Bl & ; AP: BAHE; AK: HAH;

TS: Al E M. R RN AR P < 0.0518 B B 3E K, T

"R S METE P< 0.0134 3 i K-

B: bacteria; A: Actinomycetes; F: Fungi; T: Total microbe quantity; MC:Moisture Content; OM: Organic Matter; TN: Total N; TP: Total P; TK: Total K; AN:

Alkali-hydrolyzable N; AP: Available P; AK: Available K; TS: Total soluble salt. "and ™

RN SH B 49244t Chin J Appl Environ Biol http://www.cibj.com/

indicate significant difference at the level of 0.05 and 0.01, respectively.



x5 TEEmARESENERPEXRE (N=15)

2148 RPTAE 159

Table 5 Relationships between soil enzymes activity and physicochemical properties in soil samples (N = 15)

$847 Index MC pH OM TN TK AN AP AK TS
PPO 0.114 0.167 0.081 0.738" -0.551" 0.074 0.914” 0.236 0.277 -0.425
DH 0.790" -0.844™ -0.626™ 0.258 0.011 -0.153 0.074 -0.528" -0.505" -0.203
CAT 0.463" -0.846" -0.373 -0.322 0.058 -0.592" -0.337 -0.143 -0.093 -0.061
URE 0.064 0.376 0.046 0.776" -0.021 0.568" 0.732° -0.085 -0.118 0.288

MC: & IKEK; pH: PH{E; OM: HHLF; TN: &%

4 BT AR AH OC R AE P< 0.0135 2 1 /KT

TP: 4xf; TK: 4x8; AN: W% & AP: BAWE; AK: BB TS: Al thEi; PPO: LM A ik
Ffi; DH: R %M ; CAT: it %k %0 ; URE: IREE. "3R8 £G5S LM IR A HIDE RAEP < 00535 51 835K,

s RS RS T

MC: Moisture Content; OM: Organic Matter; TN: Total N; TP: Total P; TK: Total K; AN: Alkali-hydrolyzable N; AP: Available P; AK: Available K; TS: Total

soluble salt; PPO: Polyphenol Oxidase; DH: Dehydrogenase; CAT: Catalase; URE: Urease. “and "

respectively.
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Fig. 2 DGGE patterns (a) and UPGMA dendrogram (b) of 16S rDNA
fragments amplified with DNA from soil samples. Number-marked bands

were excised for sequencing.

indicate significant difference at the level of 0.05 and 0.01,

222 TIEMEBESHMEN  RIBRKEETATNE
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REVEBE, 2 ARRET. Ryt SR S AN T BEVE ZREETR R
AW GE T 3REAT L8, MR A5 3 ¥ DGGEH ¥k 3%, %
FES AR 2 R R (H) , FEE (S) $8An 17404
(F£6). 25 LW, rarem 2R EIE R E Rt RE (P<
0.05) , Hr H DR ZHEMEFREUR K (H=241), LHCHZ
FEMEFE B/ (H=145).

x6 TEAERESHMEIER(N=3)

Table 6 Soil bacterial community diversity index (N =3)

T lEERE Shannon-Weaver $5 % (H) EFES)
Soil sample Shannon-Weaver index Richness
A 1.81 +£0.02d 12 + 1.00b
B 2.21 +£0.02b 18 +2.08a
C 1.45+0.03¢ 7+ 1.53¢
D 2.41 +£0.03a 13 £2.00b
E 2.00 £+ 0.08¢ 12 +1.53b
PR A X B+ bR R 22, TR] — R TS [ T RE 2R RSP B 22 5
TE P < 0.050F 1 3] fit % 7K.

Data in the table are mean +SD. Different small letters in the same row mean

significant difference at 0.05 level among treatments.
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oSG R S AN PR, I, X S5 R WR AT 34
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Fig. 3 Phylogenetic tree of the dominant DGGE bands.
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Table 7 Principal component characteristic values of soil samples

WA F—FESr BT EFRS B FERS
1st Principal 2st Principal 3st Principal
Component
component component component
4= 210
AR 4926 4357 2,964
Latent root
= T ik 22 (/9
RELSSUD 35.183 31121 21.172
Variance
| TR R (/9
RBUT 2 TR (1%) 35.183 66.304 87.476
Cumulative
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Fig.4 Principal Component Analysis (PCA) based on soil physicochemical
properties and enzyme activities. MC: Moisture Content; pH: pH value;
OM: Organic Matter; TN: Total N; TP: Total P; TK: Total K; AN: Alkali-
hydrolyzable N; AP: Available P; AK: Available K; TS: Total soluble salt;
PPO: Polyphenol Oxidase; DH: Dehydrogenase; CAT: Catalase; URE: Urease.
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Fig. 5 Redundance Analysis (RDA) biplot based on DGGE banding
patterns and environmental variables. MC: Moisture Content; OM:
Organic Matter; TN: Total N; TP: Total P; TK: Total K; TS: Total soluble Salt.
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