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Soil bacterial diversity in the subalpine/alpine forests of western Sichuan at the

early stage of freeze-thaw season

LIU Li, WU Fuzhong, YANG Wanqin* , WANG Ao, TAN Bo, YU Sheng
Faculty of Forestry, Sichuan Agricultural University, Ya'an 625014, China

Abstract; Significant seasonal soil freezing and thawing could influence greatly on soil bacterial diversity in the alpine/
subalpine forest. To understand the characteristics and dynamics of soil bacterial diversity in the alpine and subalpine
forests of western Sichuan during one onset of soil freezing, a field experiment was conducted to investigate the soil bacterial
diversity by PCR-DGGE in the primary fir ( Abies faxoniana) forest, fir and birch ( Betula albosinensis) mixed forest and
secondary fir (A. faxoniana) forest, which were three representative forests in the subalpine and alpine forest region in
western Sichuan. Soil samples were collected on Nov.5 and on Nov. 25, 2008, which was defined as the onset of freezing
based on the simultaneous monitoring of soil temperature. Relative rich soil bacterial groups were still observed in the three
sampled forests after soil freezing. The ranked order of soil bacterial groups was MF > SF > PF before soil freezing, while
the ranked order was PF > MF > SF after soil freezing. Soil freezing decreased soil bacterial group and diversity, but
increased soil bacterial dominance. However, the impact degree of soil freezing declined with the increase of soil depth and
elevation. The results suggested that seasonal freezing had obvious effects on soil bacterial diversity in these subalpine/
alpine forests. Meanwhile, the results also implied that the dynamics of soil bacterial community during the onset of freezing

was of ecological significance to understand the wintertime ecological process in soils.
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FHHAERELSRPRHSENEERILX ERFEN ARAL . F EVREEESREREARK
BGY , FIEMAEVTE R TE Y 7% (C/N 546 B BUE G R BRP AR A EENER, I ZINEE KB
FAEBESREYEROGEEREY . REMERMEHREN, &5 L% 255G TR A H Y
WERRMAEDIEE T —MERSW Y AR SR E BRI, TR B P RIRE
FEREIET:, AT CA MBFFEE I A K AR SR RS R T R E LIRS R
TIEAEY SRR, SRR T X R S X A ZE R A A HIAR WA T RRAR LA 2 BRAR R O E BRRE
HERSEBH R T W LA

VPG5 L/ 1R LU AR T 580 SR AR 2 , 2 T I B — R X F A A e RSB A Uty , 7 X )
SAEPET ORISR . K AR SRR E S IR A R R R e AER
4 HAERESRZET AR R I B B R ZE W PR GERAE , VRBEAR S5 [ GX 5—6 N A L AVH DB 5T
KERFFHERRI N ES RSB . FH RSO 2T 8, T E R %X 2
TRYR T 0 B R W AN S BT SR A SR O S S B B AR A T R BB A B - SO A M BV A , kT
A REXS PRV o3 AL FEAL TR IEEE IR A P A R ZUR R (EAH S R IR 2 BN I E AR, [
TR RERTREFA T = FEHRMA T IS R B . R, DAV S & 1L/ 7 L3 X 407 T AR
B KB (Abies faxoniana) JRIEHK \Z1HE ( Betula albosinensis) + ¥ IZIRAEAR B IR EM TN £, K H
PCR-DGGE () J5 i F5E IR UR G500 138 58 £ YRG5 G 1 3B A0 TR 2R UL , 3R IR AN B R IR 45
P X RS AR e B, DA A IR AR 5 L/ 785 LU FR AR A 2 1 3 A 28 2 AR SR AL R R .

1 #R5HEE
1.1 5% X8 S AR O

WFFE X S T ) 1 48 B ELEE VA (E102°53'—102°577 ,N31°14'—31°19") , i Ah 7 56y Ji AR 2 15 I )1 | 43
W . AERETE Y 850mm , 5P HSR 2—4°C, Fm U 23°C, B IRIREE - 18°C . Z=745 M 4R m
Kk 5—6 A , W1V ApI Rl AL BA B B A AR RIE 2R o A5 X = ZARMAE B B IR 70 57 IR VLY 12 ( Abies
faxoniana)) JFRIEHK ARTTYAAZ FILLHE( Betula albosinensis ) IRAHK JRITAAZ AR, 139 N HETE + FHT R £ o
MTFHEARFEH AT ( Fargesia spathacea) . 5 1114 B ( Rhododendron delavayi) 3 5%t ( Berberis sargentiana) \{¥
Wk (Sorbus rufopilosa ) . Y% ¥k ( Hippophae rhamnoides) . Ji | % 7% ( Rosa weginzowii ) % ; ¥ A F B4 & H ¥
(Cacalia. spp) V2B ( Cystopteris montana. ) EHEFIFIFEHERZEE ., W 3 MEARBERHRMEE (IRTT
PR IFIAAR IRVIV AZ LI HEIR SAR IRVLYS A2 U AEAR) , 235508 1 4> 30m x 30m [E ALHFFTAEM . AR Ik
AR 1,

1.2 FEmRE

HRABEEA A AR SRR PR B, PR X B4R 11 Ay ER4E 4 A ah HIENFET RSN
2008 £ 11 A 1 B4 E E R N Sem 43 % — A8 F 18 F 2% (iButton DS1923-F5, Maxim Com.
USA) , € /IS 1 YBEE ,3 MR 2008 45 11 H IR EE /N 2R ERHE QN 1 BT o

T 2008 4E 11 H 5 H (H3BAREEWIHA) #0111 A 25 H (Z2%ss#) RE LB . £ T ILARK %
FEDR KB NG TR B — S5 B AR HBEHLIE R 5 A Im x 1m WX R, $ BRI 3 05 46 X
EHLZE BRI FRUE , 7 53 f# )= (fragmented litter layer, FL) |58 4 43f# /2 (humified litter layer, HL) fi#" &)=
(mineral soil, MS) R AL BRERERFHATR AR MR)E, ROBACKE NS O RZHE, R
|55 % - 20°CRFFE A
1.3 5 DNA RS 4tk

£ 18 Zhou {77 VIR B L MU E W 5 DNAY™ S BUS. 0 g BESh, BIA 13. SmL $2BUZE whifk (100mmol - L™
Tris-1HCl [pH 8.07],100mmol - L. ™! sodium EDTA [ pHS. 0], 100mmol - L. "' sodium phosphate [ pH8.0], 1.5
mol+L."'NaCl, 1% CTAB) 50 uL7E FH EEK (20mg mL ") , 1B & 47, 7£37°C 2251/ min#E % 30min J5 , fil A
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Table 1 Characteristic of sample area

%

F1 FEHERFHE
FEH WH/m /() PR/ () B
Plot Altitude Aspect Slope Vegetation

Soil characteristics

Fr AR 2 ARIT Y &2 Abies faxoniana 1 &, TR+, 1 2R, £ R A-C 4

RAZIR UM (PF)

W 25 1200, TR EE AR IALRS DU E (15 £2) om, 47 BLEK 5.79

Primitive forest 3582 NEAS 34 Rhododendron delavayi F1 = 5%t gkg' 2 H 1.94 g kg, B 3.45
Berberis sargentiana g-kg™!,pH6.2
B LHOREIE £, LRI, £ AC 4
FINAH(ME) I S UL IR T ¥ B RLAL B Beula g oot i (12 52) om A7 LKA I 5. 88
" 3298 NE42 31 albosinensis 3 , Wit % 80a, B FAEY) 1 -1
Mixed forest | gkg™! 2R 3.4 g kg, 28 7.72
TN Fargesia spathacea »
g-kg™ ,pH6.6
THORARIE £, 22, LR A-C 4
BERAM(E) o0 e g TORRBURIIRBREMNE, B AUZIEQ2 £2)om, f LA RS, 59
Secondary forest 70a, ST HY EE AT gkg™!, 4 H 2.86 g-kg!, B 3.92

g-kg™! pH6.5

1.5mL 20% SDS,65°C 7K 2h;13 000 x g B> 10min,
B EERB BB B UIEE MR 2 W), ik
3WHRK EEWR TR &S, K5 mAFEEHE
By @5 AR (25:24:1) BARIR 5], 13 000 x g Bl
10min ¥ B JZ/KAB ABHELOE , A 0. 6 AR
FRBEFIVE, 16 000 x g 54 F &L 10 min, F EIEWR,
TUER 75% CBEETE 2 K, EiRX T T JEHMA 50
pL 0.5 x TE ¥, BP45 24 & DNA HHIEBOK . H Gel
Extration kit ( Omega, USA) [E] Wit ¥ DNA, #ifk K &
DNA F 0. 7% B BE M BE M F DK AT R o

1.4 4% 16S rDNA V3 [X f#) PCR § 3%

DAglifb G i R 4 DNA Sh#5EAR , 1%t 16S rDNA £E
E V3 RAF XSRS 314f (5'-CCTACGG-
GAGGCAGCCAG-3") #1 518r (5'-TTACCGCGGCTGCT-
GG-3") ;341F {5 5' 84 1) GC % e 254 %+ (CGC CCG
CCG CGC CCC GCG CCC GTC CCG CCG cce cece
CCCG) ™, 2 PCR ¥ $4 )5 AT 15 9 7= 4 K & £ 200bp,,
PB4k .94 CHAEPE 5 min ;94°C 254 50s,55°C 1B k.
60 s, 72°C %E i 50 s, 3t 35 B IR, B 5 72°C 4 fi
15min,

1.5 ZRYERS BRI HL Ik (DGGE)

{8 F Dcode %€ 7% #; M| & 4t ( Bio-Rad Laboratories,
Hercules, CA) X7 GC & IHy PCR =¥ 4T 0 Hr. ARIE
Muyzer 7l Smalla BT BT o FEPIMBERE AL VRS
FEBEIRHE FE 10% , 25 PERR I R 35% & 65% , A 1 x TAE

2.0
1.0

-1.0
2.0

2.0
1.0

-1.0
-2.0 4

i) Temperature/°C
o

Bl JIETESL/BUNEHAEHE T EERENSEL
Fig. 1 Soil temperature dynamic of the study forests in western
Sichuan from Nov.1 to Dec.1, 2008

PF: WAZJRUARK, MF: RAREASH, SF: AUk

(40mmol +L. ™" Tris-HCl, 40mmol -L.™" CH,COOH, 1mmol-L™" EDTA, pH =7.2){E NIk Erhik. BIL LFEE R
35uL, B3 & 100V, 60°C T H Pk 16h, HL k45 05 A BRAR I €4, 5 J& Hi GS- 800 JY: %% & {X ( Bio-Rad Laboratories,

Hercules, CA) 5{f%.
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&t
i
b

30 &

1.6 DGGE &

#5315 /i Bio-Rad Quantuty One 4.41 ZRAELCEE , X i 5570 FERBALE BUE REHITER T 1
BRI 7E DGGE F i+ i) #E B A UPGMA ( Unweighted pair group method using arithmetic averages ) #4735
K5r#r, 3% A Shannon-Wiener ZHEMEFERL(H) | Pielou ¥5] BEFEH(J) Simpson JL# EEH5 % ( C) SFI8HR HLEL
BARER AR

s
H=- Zpilnpi

i1
J=H/H, = H/InS
c=Y(P)

KA, n RoR B PRI K 2548, S R DGGE Kl | A R 554 i B R (S=n,,, ) , PRANEE i
AR B SR AR AR BRI R A R

2 #R 1 2 3 4 5 6 7 8 9 10 Il
2.1 +IEEMEFEE 16S tDNA B PCR ¥ 141 DGGE & 2000bp B
. 1000bp B
fgﬁﬁ 500bp *

MR ff BB i B ) DNA I R4 9 PCR 373
SEHATIR S T ARl . LA 16S rDNA V3 X ¢ 515
Yy )5 , & 2% BIRBE BRI B KA, PCR =4 25 0
200bp (&12) o ASPEM BEERIES AL Ik TR AN 3 B s ,3 4>
SFITY 5 1L 2R AR LA HUZ AL S 2 PCR 18 31 2 168 rDNA V3 i 7= BAs s a A
V3 [Z:F%E DGGE 7;% HSE _tf%" @J Eﬁ}ﬂq ﬁ'%‘ , % %;% E"J Fig. 2 Aarose electrophoresis of V3 region fragment of 16S

. _ ribosome DNA
EEJE *ﬂl{%%%m*ﬁ IE] o Lanel >} Takara DL2,000 DNA Marker; Lane2-10 {8 A& 12

22 A NEEGREE RIS 3 SRR EEVE T A P IR, RRBAHKME KA FLLHL,MS JZ#E5;

R S B R B A E . IR, Lilse g ol Y POR BB

RESHT 3 ANARMRBETE 3 LR L A A AR T MF > SF > PR, JL4F SF B FL +HE4n
S B BT HL A MS, H MF 1 PF oh 3 A LR RIKAEAEHER AR BE, HRSAHARE 3 M
WRBETE A B A S B PR > MF > SF, SF ZRAKEES | MS -+ 540 B 44 509 5K F FL A1 HL, f
MF 1 PF 1,3 A+ 2 A A1 B A 08 RO R B2 3 AN BRRBETE ) -1 SR 5 76 VR 45 5 1D SR LA e 0 2
BAA A, (IR T ] B R, 3 N ARPRIETE T SR B B TR WA B 1 062 B 8 T
. 3 NERITH TFHEEIN SF > MF > PF,

®2 THALWEIHERFETRIRER T BERMENFHERHES

Table 2 Difference of acquired DGGE bands of soil microorganisms in different soil layers of three sampling forests between before and after

2500p [EE “““““ o 0 -

soil freezing in 2008

HEHb Forest type + 382K Soil layer 2008-11-05 2008-11-25 F %2 Decline rate/%
YR E A AR Primitive forest FL 21 15 28.6
HL 22 18 18.2
MS 18 16 11.1
Bt 61 49 19.7
FARTEAZHK Mixed forest FL 27 16 40.7
HL 25 15 40.0
MS 24 16 33.3
Bit 76 47 38.2
YR Secondary forest FL 31 12 61.3
HL 18 11 38.9
MS 20 15 25.0
Bit 69 38 44.9

http ://www. ecologica. cn



20 4 XUF 4 FATHEUREE WU PG 0 755 1Lt/ 155 LU BR AR S A B S  : 5691

TIRGERRES)E 3 DA A FZ R TR [ Shannon-Weiner $5 8 B/ (£ 3) . BR MF
T 3 LR B IR Pielou 38 B7EVRSS J5 R BB/ B RE S, (L HAB I HEV% H B9 Pielou 48 BU7EVRSS
AR REZS . MR, PF il MF 9% TR0 ) Simpson 85 %07E T RURZE 5 B B3 il

a PF MF SF b PF MF SF

FL HL MS FL HL MS FL HL MS FL HL MS FL HL MS FL HL MS
1 2 3 4 5 7 8 9 1 2 3 4 5 6 7 8 9

3 HMZE 16S rDNA ) DGGE HEig
Fig. 3 DGGE pattern of bacterial 16S rDNA with samples collected in Nov.5(a) and Nov.25(b), 2008
(a) M 11 35S HRERFER, (b) R 11 725 HRAEMHFER, M 2 100bp DNA Maker, 1—9 {KUCHRIZ AR (PF) , RARIEISH (MF) v
FEUHEAR(SF) BIRE i , 2402 (FL) , 5842402 (HL) , 97 BUZ (MS)

F3 THALHE 3 MHEREERRELEE R T B4 YA Shannon-Weiner 3541, Pielou $54(#1 Simpson $5#H £ 7
Table 3 Difference of the Shannon-Weiner index ( H') , Pielou index (J) and Simpson index ( C) of soil microorganisms in different soil layers

of three sampling forests between before and after soil freezing in 2008

FEHb Forest type + 382K Soil layer l J ¢
2008-11-05 2008-11-25 2008-11-05 2008-11-25 2008-11-05  2008-11-25
BB A FL 2.92 2.59 0.75 0.74 0. 060 0.078
Primary forest( PF) HL 2.95 2.71 0.75 0.78 0.061 0.077
MS 2.81 2.56 0.72 0.73 0.064 0.092
FARIBASH FL 2.72 2.64 0.89 0.75 0.027 0.082
Mixed forest( MF) HL 3.07 2.62 0.78 0.75 0.052 0.078
MS 3.05 2.66 0.78 0.76 0.052 0.076
BRI FL 2.69 2.39 0.69 0.68 0.156 0.103
Secondary forest( SF) HL 2.77 2.18 0.71 0.70 0.070 0.135
MS 2.59 2.05 0.52 0.54 0.278 0.083

FL: 5Mif#)z; HL: SER5MIZ; MS: 7R L=

2.2 ZHREREARLIEE

HRAE 3% v B R AN [R) 2% SR BE RIS 3, #2 B UPGMA B3 AN AE i (1 451 [T R A7 2 T F VR
FARIER IS T (B 4) o MIET 4 AT, T3RVRESRITE, TR AN BRI 45178 PF #7549 FL A HL JZ , MF 3%
i) HL A1 MS )2, SF #£7 #) HL A1 MS JZ Z [8] FARMUPERA SN 0.8 DL b, HIESERURSS)E , BR PF #E¥ Y HL Al
MS J=,MF fi¥% FL 1 HL JZ T340 BREE S5 HaAE S ARUBE A 21 0. 85 A, o - S 40 B 31 9% 45 44 ] 1A A DA B2
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¥/hF 0.8,
PF-FL PF-FL
a b
PF-HL MF-FL
—————— PF-MS MF-HL
T I:SF-HL SF-HL
SF-MS SF-MS
| MF-HL PF-HL
| MF-MS PF-MS
MF-FL L MF-MS
SF-FL SF-FL
l L L | | L L L L |
0.50 0.60 0.70 0.80 0.90 0.52 0.61 0.70 0.79 0.88
Coefficient Coefficient
B4 DGGE £HHRESH, (a) B 11 A5 HREMER,( b) A 11 B 25 HREMER
Fig. 4 Clustering analysis of DGGE pattern with samples collected in Nov.5(a) and Nov.25(b)
3 itig

TIAAS R M AE YRS SR RA Y AR T LA SEBRNEEFE ™ . RA
PCR-DGGE J5 ¥ % LY W0 55 11/ 15 LU AR v 1SRN BN A % SRR IE IO T 45 R R, R LR sE 2R 45 1)
RN BAE B R A B ISR (HREEE A R R T AR H , BLVRSS 1R A R W A BE BB R AR %
PRIV 2 R AL o AR HZ T PR R S X TR R VIRV AL B A TR 2 B R, 2E T3
Wi A A AR, T H A ERE TIRSE 2GS IR e R — E RS SRR IR, BN T4 L
HAE S RAAEER L, X AR SHA AR R i A -8

— AR IR B RS & E S B A W ST BURIR ™ o SRTI, BRI B SE R A T
SR S UREE R TR A T AMAE M B — IS . AR, RS 2R ) I IRL 3 A4
SRV TRARRRVE B IR RIS AR P B, HIRAS SRR R SR T S T R IR R R VE KA
R PR - — 7 T AN T AR IR A9 240 B DS A P RETE RS R R S8 T, 55— T T Tt 52 IR B A 4 R SRR AR LA
IR —EMTEHE o SR, BEB MR IRBE BE MO THR IR BE K 2 TRV 262 H IR HUR S R Rtk 4
ARk, IR T IS, AR S5 DR R —E AR R . R RS, AT RS
W PF 7 B R B B TR B R, R A BF MR RES . AL TAHXH Rk A SF
I MF BRI AR B2 1 TR SR, T E R B B AR R k. (B3RS 5, PF %
e B SRR B R T HAR BT EE 3 B SF B P FL A0 HL 2 AR E BT MS 2, X EE5R
FE I, 3R B B TR B TR B AR, A TR R R B PR IR B A AL BE D SRR, fh T IR T
SR 2 K MO RSB AR , DR T AE VR4S I 173 RE ORISR e 1 LA BT RE 8 AR o MU, AL TR
FEXT AR A SF 3V b TR 500 FR) R 46 R IELIBE , SR VR 45 1 A R BE B S R T R T RE L R MR AL TR 2
(HL 71 FL) R IECR , TR JE TIRA RS E — e FE I _ B 2 3 5 R iV AT, 0 T RS A 3R AR X
RERES, AR T TR0 EMAT T2 A MS I 840 5 R ROR AR X B 1
L. 75h, TRAEGEBRPAYUTN LA IR [0 5UZ T, B 380 B2+ N S ' a3,
BT BT TR A A ERr o X QR RAE 3R IR SR Ja T MR BER 1= BB N T R A1, P 3 F %
R BE AR A PR BB I T3 0 o i T LAAS AR L B 4518

ZREPEIEBOR RS AR IR SRR A BRI AR . TR G I AR A IR T ) VG R 1L/ ey L g
TRV 13940 1 19 2 FE 1 (Shannon-Weiner $5%5) 1 MF 9% i) + € 40 8 3 5J BE (Pielou 45%0) ,HIZH T
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PF I MF % 1 39640 B 19 L 55 (Simpson $8%80) o X SE45 R0 A] LASE 70k BA VR 45 1 72 — 07 Tl = 208 20 40 7
RREHTH LR , 55— 77 T R I+ RS8R URSE 5 U5 0 20 it 32 AR O 40 T SRR AT A , DR T 3 B o 10 382 2 1 T
SRR TR W AR S R . XA Z RN MEY IR LS EB KRNA TR DIRAESIR,
X —MAEREFHEY R AMERBAERENE L FR, XEERERE, ERERFTEEERS
T HRA TSR AT R EER . R, IR A DR R TR BT
AR AR A R ) H IR IR Z RS R R A — B, LIRS 2S5 & AR LIRZ IR Z ]
MIZN R REVE R IR A T MR L o XA AUANUR BAURGS Ao SRl BRI 45 A0 A T 0%, T EL
I AR REE ZURGS TR S R T R A 3h 25324k

£ EFR NP R L/ S LI AR VR TR SRR B BRI GE I B . RS TE L aese
EURGE , R DRERNR R —ERWARE SR, RS SR B ERR T LIRAERHHEETE K
SR, H— R LR A T TR R B . X - SRRES VTIOR3l R 40 3 v A 28 A T REX AR
AF T RESIEEAEE R, BRI KHAE BT RAR . B DCGE KTk hbiss 1%
e U RE T SR AN SRR A s A RSE P ik B AR AR
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