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Ecological characterization of soil microflora in primary succession across glacier

forefield; a case study of Glacier No. 1 at the Headwaters of Urumgqi River

WANG Xiaoxia'? ,ZHANG Tao’, SUN Jian’ ,ZHANG Xuebing’”, LI Zhongqin*, LOU Kai**

1 College of Life Science and Technology, Xinjiang University, Urumgi 830046 , China

2 Institute of Microbiology, Xinjiang Academy of Agricultural Science ,Urumgi 830091, China

3 College of Food Science ,Xinjiang Agriculture University, Urumgi 830052, China

4 State Key Laboratory of Cryospheric Science, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences,
Lanzhou 730000, China

Abstract; In order to understand ecological characterization and effect factors of soil microflora in primary succession across
glacier forefield ,using the space-for-time substitution approach, soil samples along six different succession ages (0, 4, 15,
31, 43-year-old and reference) were collected, beginning at the terminal moraine levee of Glacier No. 1 at the headwaters of
Urumgqi River, a site with well-developed soils immediately outside the glacier forefield served as reference, soil enzyme
activities, microbial nitrogen mineralization, deamination and microbial biomass were measured. The results suggested that
soil urease, protease, acid phosphatase, arylsulphatase, sucrosease activity, microbial nitrogen mineralization and
deamination increased along time gradients, microbial biomass carbon and nitrogen were variable, with no clear pattern over
the chronosequence. Correlation analysis showed soil enzyme activities and microbial biomass had a significant positive
correlation with soil organic matter( P <0.01). Soil microflora diversity index of Glacier NO. 1 foreland increased along

succession ages, but do not reach stability at present.

Key Words: glacier forefield; primary succession; Glacier No. 1; ecological characterization
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KHERBURGE BB T R KN BTG R A 4R 3, BATIR R T R332 A b B it 1) 50 o DR
BRI T IR AR B A JE8 R (58 2 A M BT Bt 8RR AT 4B ) B BRI A 7E IO AR B8 L B ) O B i U
B, DRHRT R K| R 318 4 P s A R R I, W 2 (R B T 9 A VR SR i AR VK1 R R BF
RIFEHBHRARELRE.

S, VKBTS 5 A B B — IR 2 B ) — B MR — B B — 0 L ) — T L e
BT R AR SR R T EENASFIRE, I, 0B Y iEshF s RN R BT REN,. 25
AR AR , g J5 S A W )R8 JE AR AR SR ) T R, (ELR AR SR UK N RIS G I AR ) i A T 1 A 2SR AE
Tz g

BRI F B4 e A RS 37 07 BB vk BTk R SRR . Graeme %5 A1) SR JFI A5 6 3 vk
&S H Pk ( denaturing gradient gel electrophoresis, DGGE ) , & Pi ¥ b FI| Rotmoosferner ¥K JI| Rij 2 + ¥ B 7E K4
150a Rt AR AR , S R AR D M8 4R i T ( Crenarchaeota ) , H 24 % I 55 1 71 ; Deiglmary %5 A" 42
B o] /R B 8w B 0K ) AT 2% R BOR IR B 1 48 5. DNA | it H AP (S R ER 1R IR B 3 TR AT BRI R B KR 225
P (restriction fragment length polymorphism, RFLP) Z}47, & SUAH BRI 5240 B ) 2 REMETE IR b )5 B
FEfiKo BRI 7 AW T BN A Mo I G A AR A R, (B A0 XE DA S WHC S P R T e

3R EORUE TR S Y AR R AR RAA" o (ER R BB AR K — 3 I
AR ) SIS G , BT A ST 2 D IR M K ATE PR AR . AR, RS S
TS B A —E ARE o IR AR T R e I R IR SR A SRR
TR AR A R /N T DA T B R A LA 45 IR R A AL R AL Th BE RO AP EEBCR Y R X 64T
Tscherko % A" % B, ZE R /R L3 o 300K )1 | 7 % - 398080 A 1 0 D A B Bt A b, BCA IS P #) Shannon Z54% 4
TEHEFEE K, THEEHHI (50a) BB E R . BEARFIIE 1 S oK) AL T bt /R WY T 5B S
TR AN AR, KT G Y A SRR 75 B AR Rt LR , I NAMR A B . i, ABFFEHliE
T E R (RS, 5 A, IR , O LM PR IE R , B EE) A A B (BUAEY A ERAIR) UK
MAEMRD SR ENE , BAK & X — Rl R,

1 HREFH=E
1.1 BRI

L& AT 1 50k (86°49'E,43°06'N ) L TR ILAKRE, IS & AT X ZY 120km , Dyt 5 vk )1 15
R %54k (WGMS ) 58 2 FR T A REB KN Z —, B T2 I T 2 XK AR, o ER2ERE R vk
MR 2 X Z W 223t X AFF 2R S. 2°C L, iR A KX 7—8 M H L, &% A (1 Hf) FH<IR
~15.6°C A (7 ) Jy4.9C FFHYFOK R 441 Imm"™ 7 1959 F4 WRC T LK, 1 B 0K —H
A FIRARES AR GBI SCVKTETE 1993 4E 58 2438, BB SE M 2ok " o P BBl A A 3 K KR LR
ARET YU EAING N T, BRETWUGT AN BT Y FE A%, KA M A%,

1.2 TIEHGRE

2008 £ 8 A, LA 1 SUK)IARSZABURNE S, LT 5 A SHATHAE, 70 3B vk)1 0,18.,60,120
180m, SREEFEVK)IFM2) 500m b & F B AFH) HIBAE XTI, Om #2747 )L 245 M Hh i, TTAHGE 52, 18m &
180m PRI HAEY) 20 A, (A KM D, FEMHEY A & L E K (Poa alpina) F1/hH % ( Canerinia
discaiden) ,{H 2 (5 HIREFRA 1% —2% ,%F B IWBOE & LA, &R LR 15—20m 4R TH 0—
10cm JEREWARER 4% 3 4y R AT E SRR, 4°Ciz B IR, BERAS, XT BHE o 5 5 9 4
FATF LS SR YV RN LA P R B T 5E |, S0 W A B O T 5 R B L

R Fp E R B K 1L o) ORI ik B s 25 47 WL F) oK) AR 45 508 , € Om AE7H7 0 Oa, BEES 1K) 1 BRAZE , 3585 A
TR , HE T & R TR NI, Om 3] 180m AEHE XIS BB ] 4331 49 :0,4,15,31,43a,
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1.3 B Hk
1.3.1 IS Hr

i B8 -3 A AR (DB/6500 B11) lisE 1 5 vk )1 ATk +- 484k 2= i . pH SR R3S 38 B AR s B LR
5 B A% R SR AL 12: s 8 AR AR PR AR 1 U 2 5 7 A5l R P ik BR L AR 4R -4 B e EL (1 U 2 5 78 04 T
K FABERRER - KGR . BBER AR A R- R RIS L E , B R AT
1.3.2  HIEETE R E

ORI PR I - YR SRR A G e I s B A O 355 A T B B =R Bt P 3 S BRI O 3
1 il Tabatabai #7535 MR , BRYEREBRER A9 25K A RS SE B BRERE ™) o TEMEBRAOTE PEAT 3 ,5- k2
IKHEREE " R
1.3.3 AR bR ELER I E

It S T 3 0 A R R B ket s . R RV K SRR Y R
1.3.4 AW ERAMA K E

WY YRR R R R RN E ™, GO EAEMARERE IR 0. Smol/L K, SO, i HIRE, B
WA U S B3R A TOC-V g B HUBR H Sh AT ( B AS B WS o YR A S 1 Brookes % A7 057
PRE
1.3.5 BEREVER SN BT

B (0 22 REMEFE %0 fy Shannon ZREPETE iR A2 -

H=- 2pilnpi

XA, pi 9% | FREETE 5 % PR A IE (9 FUAE; K i p 2 MO BB 928 5 Shannon’ s #95JFE Ey By = H/
InS, S Sy A ARSI A S K o
1.3.6 HFdmguitoth

JH Excel2003 1 SPSS16. 0 2K {F AT 22T MZ B LR, HIRA-A LS5 EHE MY B KX R Z A
KA 5 LA LR o 42 ] 2 2 X S 0 A 4 R (R S M A T AR DG AT o AR 45 (R I ] 0 S M AR A )
R AL AN AL, B R RR B T R AT 04T o
2 &R
2.1 SRl PR R 1 R A A

Xt AR EIRAA VLR AR AR A A & B R TR (R 1) , pH (R TEEH B+
o BEEBERT, THAYUR S EM 8.03 g /kg HENE] 75. 59¢/ ke, FEHHEF 31a fr/N (4. T5¢/ke) , MR & B
£ 0.34mg/g 7 2. 05Smg/g Z [A BN , BB & B AR R 43a RS H K (1.08 mg/g) .

®1 FREEERETEOTSHFEER

Table 1 Some chemical properties in soils of varying ages along the chronosequence

=i AL pet: ARk e A Mk
Succession oM P, P, Ka Na Sat pH
age/a /(g/'kg) /(g/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(g/'ke)

0 8.03 +0.19¢ 0.67 £0.10b 4.30 £0.26d 56.92 +2.24b 23.32 £0.62c¢ 2.05£0.17a 7.57 £0.18a
4 8.33 +0.18¢ 0.92 £0.12a 4.80 +0.11d 78.24 +12.66b  25.60 +0.72b 0.34 +0.04f 7.68 £0.12a
15 8.47 £0.09¢ 0.73 £0.04b 3.90 £0.12d 56.90 +1.48b 14.05 £0.28d 1.62 +0.08¢c 7.58 £0.15a
31 4.75 +0.06d 0.73 £0.08b 13.04 £1.15b 39.03 +4.11c¢ 23.34 £0.57¢ 1.83 +0.06b 7.73 £0.09a
43 13.48 £1.15b 1.08 £0.10a 10.21 £1.00c 31.90 +1. 03¢ 23.30 £1.05¢ 1.31 £0.06d 7.88 £0.09a

Xt CK 75.59 £1.69a 0.99 £0.09a 16.63 £0.85a  324.01 £15.00a  77.02 £1.22a 1.06 +0.0%e 7.30 +0.08b
OM: organic matter; P,: total phosphorus ; P, : available phosphorous ; K, : available potassium; N, : available nitrogen ; S, : total salt;

[FFIARR/NEFEFRR 0.05 KT 25 8%
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AR (DREG , 3 A8, HORH G , 57 S 6 R TR A A AR ) {5 11k B R i [R) ) AS e U AN e 2 — B X IR
SRR = T HARZ R (B 1) o JRE & B R AR EE (& la,b, d) 7R3 E 0a £ 43a [ A MR K&
e, Bl Oa /1N 42 AN, 150 AR, FERHTE AN 5 55 B0 BRTR B A BRBRBG IS 1 (181 Le N £) B 0 5 8] A9 22 AL AR
[, M Oa 3412 15a,31a FEAIR, SRJ 38 5 S B BEAE LE , Oa AR I REME BEHE MR AR, 2051 2 o Xk R 38 )
0.34% F11.85% ,

=~ 8r 55 35
! 2l 30
g: 6 _ﬁZT: 25|
3.2 oy 15 e
287 4 g% 2
o =+ 12 ]5_
-k ot E
[} - (—
2 2+ S
g =
£ 0 0 L
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~ 020
27 2 14
#Hz =051 wES 12f .
%8 g \‘gg'w 1.0+
ﬁgz_,o.w— @8 08
WEZ ZEE 06
BE 5005 w3 04
8z 28 [ = o[,
0 4 15 31 43 CK 0 4 15 31 43 CK
> ~ 100 250
#HET =
mZE ol 27 200 Ba
o =
g #Hs o
EoE OOf )ﬂ%%lso—
22 aof 228 of
&g— o
B u "z wlall
Rz 3 o=
0 4 15 31 43 CK 0 4 15 31 43 CK
WORE I 1) WORE I 1)
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BE1 1 Sk)I A& RE R i L uE (IRAG 28 G 0208  REVIERG 5 SE G R I A B AR A )

Fig. 1 Microbial enzymes activities ( Urease, Sucrosease, Protease,Deaminase, Arylsuphatase and Phosphate) in soils of varying ages along the

chronosequence

2.3 IRV AR R S A B 1 A A2 Al

A A Wy BB ES [] FP 51 SE RIS T (3R 2) , T UAE M AE T B AR (L SR B B, % IR 3 A A
WER AR THREEERE . LREOMAEDRY R EE AR CRA R (E L fL2),HE
SNREG A SRR AL BRI (B 1) o R L R 43a IPLRE] T XA —F L L (3R 2),
T i B PETE 43 4R A XA 36.7% (1B 1), BUEERRA L (58 2) 2B SRRE S IR ES

R2 JREMNEALHEOBEVER K, DT LNBEWERAL (C./ Nue)

Table 2 Microbial biomass carbon and nitrogen,N mineralization, C/N ratio of microbial biomass of soils along the chronosequence

W ] (G} ¥ (DGR C AL E N
Successional ages/a Coic (pg/8) Npie (pg/g) Conic” N Npin (g NH,-N/(g. d))
0 17.19 +3.55b 1.79 +0.16b 9.54 £1.25a 0.15 £0.02¢
4 14.05 +1.51b 2.47 £0.57b 6.78 £0.72a 0.42 +0.05b
15 12.80 +1.55b 2.26 +1.05b 6.35+2.29a 0.34 +0.06b
31 3.42 +0.41b 0.64 +0.01b 5.59 £0.56a 0.34 +0.04b
43 25.33 +5.98b 2.29 +1.66b 7.35+£0.43a 0.44 +0.08b
Xt B CK 111.26 +15.35a 11.59 +2.39a 9.75 £1.30a 0.87 £0.17a
C e : microbial biomass carbon; N ;. : microbial biomass nitrogen; N_; : mineralization of nitrogen

1 FIFIARRENG FRER R 0.05 K P T 27 BE
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2.4 A[EEEB BN Y A S RHE R A

HT HWBAREENBMAEESHENESR R 0 s 0 5 20 s
3 - SRR , S BURS I () R AT R AT, T4 3 2, TR N
W04 3la AN (K 2) MBS ES 0T
FHETE O % 31a [EAH{, JB TR B0 I 15.31a 0 o
FRBS IR , R A AE SRR A AR A K, — 4 4 | |
KR 43a, AR THE DM, B—KENHE, B THE B0 |
B A CK CK .
2.5 TRAEYESREKEETES LIEAEER R

AR SIS Y BIEEN B FAE (P B2 RELEHETNREVERNTRRERPETERESL
<0.01) (3£ 3) , R U HURAERL AL h 22 AP :‘?gﬁ Tﬁ(fuster analysis at different successional ages according
BRI TRAMRSEE EYEEREEMR () sl enzyme activities and microbial processes
(P <0.05) ; A=Yy & FEGIE BEA DL A R 5
13 pH 5EEFAEY B2 AMK . DAVRMENERZ R, WX R B, £V E S5 H 80,
IKEG S BB R RS AR

®3 TEFBSEFERIEBEEWEINEENEX R

Table 3 Correlation coefficients between soil properties and microbial biomass and enzyme activities

KR PAH S R

T H Ttem Bivariate correlation coefficient Partial correlation coefficient controlling for OM

AHLE OM pH BFHAN, FRWE P, B#EP,
WA R C e 0.996 ** -0.762 0.972** -0.482 0.388
AR R Ny 0.993 ** -0.804 0.966 ** -0.885 0.024
R AL Ny, 0.917** -0.556 0.899* 0.384 0.705
JIR i Urease 0.996 ** -0.762 0.986** 0.827 -0.091
% il Protease 0.923** -0.510 0.892* 0.528 0.817
W5 Phosphate 0.961 ** -0.621 0.920** 0.665 0.457
5 EFFREEEG Arylsulphatase 0.993 ** -0.703 0.970** 0.669 0.698
REBHEE Sucrosease 0.980 ** -0.657 0.976 ** 0.886 0.598
Ji% 42 ( Deaminase ) 0.983** -0.654 0.966 ** 0.722 0.805

OM: organic matter; N, : available nitrogen ; P,: total phosphorus ; P, : available phosphrous; * * 2R B FH(P<0.01); *ZRFREE(P <
0.05)

2.6 Shannon ZHEERE RN S BE s R A (6] 22 1k
Shannon Z5 A P45 BN 29 5 BE G TE R Ak 16 i1 3 K (181 3) , Shannon ZSAE PEHE XM EHE Oa 1) 0. 49 HE i =
43a [ 1.95, #51 BE M Oa f) 0. 17 34 ZE 43a 1) 0. 67, 3K B 1 S0k TG AL V) 2 RE P REE (R s [ T 9 A

AR BRERE
3 g

BB ARTHAIR 1S oK) R T8 2 ok AR, Lhas [ QR i (8] 7 1, 90 R &R 1 1Y - 39 i
EE A Y B ARG L S IENE T, 45 5R R, 1E 43a IR I BB , AT G A ) 2 Pk B 18] T
S, BT AR AR REIR , T B BT /R SR 507 rp 3 A i 2 L3 A 7 S A SR AR v, I BE AP 4
TR (50a) ERaTRaE ", HE AT A 500 BEVK )1 BT AL B 0 B R SRS Ko 1 B uk)IAb
T, b FE BRI S FRBEAR , 55 R L L Bk — A3 , 938 T 5 IR 3t X A3 BRI R 2 R B E A
TEYHR B ARBE B 15Uk BRI AT 3l , (K OB R VBT R  5 E T 1 S k)14 +
B AP R ANSR B 73X, (BN T RS AR RS, TR S Wi 1 S AR MER S22 4 BRIk
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EKIRIS B DR S LR T RS 4 s

HATHY BEEORIAT, LA R R AT 58 20f
fho pH BEIR, AR RARCRMMIME L RINE T~ £ |
o™, R B MR R L B2
HHURMIBR AT, F I E SRS RIEE TS 57 of
T, A SO AR SR ). B E3
i pH T ARSI, SEAMLHRTY, 52 % %
HIXFF B AN BBFFE G5 RS 1 B k)1 T4k 435 -
IRBRAE L pH (MR B 8, 3 T AR 2 T Sk B Swceessionalagela
F R KRR , IR & R ) B
T;E\:M,ﬂs[ls] . B3 AEEERE L EHEEN Shannon £ MK S E

AR APEIR SHEY & YR EHR B EEME, flgg”thi‘l‘l““:‘m‘y fndex and Shannon evencss of soll
50 3 VK BT S A W BT 9 45 S 26 Y . Shinpei
%= N FIWRREAG Wi BR /AT (PFLA) ) 5 BB 55 T K high Arctic 7K1 A4 A= 499358k it 22 B I 38 0 i)y 8
LAY A RS AR (BAUR) S BEB EMXKXERDS . HENREIF HME D E Y BHRMA
B B () S B SR, RS B B, B AL, AR R AR U W A BB ER A BE (X 2) , FRTH
+ Damma yK)1 TR M AL Wy BRI, X BB S5EHUR KRR 5%, BANGHR K50 % 5 15
BT RERE AR 1 S k)N AT 2s ) S v v, BRI — R M E R R A R 2R R R Z —.

1 S-vK) 1 T TS A 70 A A P 2 B T TG 0, 1L 15 FROBR PRI R FOBE R 5 T 31a, LAV
i Bt e P FIAE 4a BER T 152, Sigler 2 N HF5T vk 1| BSR40 B BORR I, % BTG MEE Oa Z 70a I3,
70a % 100a [AFEAR , I REH A MR R R BE 2 E R FEFRE, BAKRTIRE 42 WEF LLATER
T B R X AR SR RAR PRMUE W EAT RGEBEST, BT ATC Btk — i SE LA

YIRS R NI X R SN S A A S T ERME R . SHYH L, EY #F A
FRRZHEBK BT AESRE AT T g, T 2 & ARFEIIR 150k BT 20 AR P i a1
IR S ) R B SRS, A T T — 5
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