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Characteristics of soil microbial communities under dry and wet condition in

Zoige alpine wetland

NIU Jia, ZHOU Xiaoqi, JIANG Na, WANG Yanfen "
Graduate University of Chinese Academy of Sciences, Betjing 100049 , China

Abstract ; Soil moisture condition is heterogeneous and a key causative factor of spatial variation of ecosystem structure and
function in wetlands. Microorganisms mediate fundamental processes in wetland ecosystems, such as C and N turnover, and
are sensitive to soil moisture conditions. However, effects of soil moisture on microbial community have been poorly studied
in alpine wetland at low latitude. Zoige alpine wetland is located in the east part of the Qinghai-Tibetan Plateau. It is the
highest wetland, with the altitude of approximate 3400 m, and characterized by low temperature as well as low latitude
(32°10'— 34°10'N). To clarify the influence of soil water content on microbial diversity in Zoige alpine wetland,
community structures were characterized for soil microorganisms from two sites with contrastive soil moisture conditions.

Soil samples were collected to the depth of 10 cm from neighboring flooding ( down slope) and non-flooding ( upslope)
sites, 6 km away from the Flower Lake side in April (cold season) and August ( warm season) , 2007. Soil physical and
chemical properties were measured using traditional methods. Phospholipid fatty acids ( PLFAs) analysis was applied to
determine soil microbial biomasses and investigate microbial community structure. Dilution-plate method was used to
compare bacterial colonies under temperature gradient of 15°C , 25°C | and 37°C.

Results showed that soil organic carbon content, total nitrogen content and pH value were significantly higher in
flooding soil than non-flooding soil. It could be attributed to the low decomposition rate of organic matter due to permanent
inundation in the former site. PLFA analysis identified 17 different fatty acids in all sampling sites. The PLFA profiles were
dominated by 16:1w7¢, i16:0, 18:1w9c, 18:1w8c, which together accounted for approximately 51.02% —61.64% of the
total PLFA. Three of them were the biomarkers of gram-negative bacteria. Total microbial biomass, bacterial biomass,
gram-positive and gram-negative bacterial biomass were all higher in flooding soil, and were higher in April than in August.

High soil organic carbon content in flooding soil might partially explain high microbial biomass there. Plate counting
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demonstrated higher bacterial colonies at 15 °C than at 25 °C and 37 °C, which might account for higher bacterial biomass
in cold season. Gram-negative bacterial biomass was higher than gram-positive bacteria in all sampling sites, which might
be attributed to the high pH value of Zoige wetland soil.

PLFA analysis revealed that the aerobic fungi and actinomycetes had higher biomass in non-flooding soil with more
aeration pores than flooding site, and were all higher in cold season than in warm season. Fungi;bacteria PLFA ratio which
reflected microbial community structure was also higher in non-flooding soil. However, the ratio hadn’t been affected by the
seasonal variation.

Principal component analysis exhibited a significant difference in microbial community structures between the two sites,
in both cold and warm seasons. However, the difference was insignificant between cold and warm seasons in either site.

The results suggested that soil moisture condition was likely the main factor controlling the spatial and temporal
variation of microbial community structure in Zoige alpine wetland. And there might be a lager quantity of cold-adaptive

microbes in this ecosystem.

Key Words: Zoige wetland; soil moisture condition; microbial community structure ; PLFA
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1.1 W HIAEAL

R T e FEIR A T DU B A, I H P 38 A4k (32°10—34°107N, 101°45'—103°55'E) , Hi kb 7 ik =
Ji 44K 3400—3600 m, SR 19600 km® , & — S AHXT S8 (1 [ AR M X B0, Wb, 32 2 ply B80T AR R Y —
I T E IRV U e bR R DR A AR SRR AR SRR AR . R 25 TR R i R SE IR A R T
S AR 11 A 284 4 Ay Z PHARIE NS % 2 S s LS Ay E 10 A 032 7 R s, %G B
I ZE 2 Ay AR P2 S AE R /K & 640 mm , AR SR N 0.6—1.2 C K N&EEHA N7 H
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33°55.693'N, 102°52.220"—102°52.283'E, 4k (3432 + 4.6) m), ¥ FIoHEK, HIES K EEAL o T #
AR, AT KM AR . AR Y SRR, 2050 2007 4E 4 (B Z) M8 A (BEZE) 47U,
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SYHITE 15 C (R M EGE A KIRE) 25 C(F\ MM HEIEAKIRE) 37 C (MREFE W RS A KR
JE ) 5535 R AR BT AR 50 X A R 26 10 b = S A A B A T
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FITAT I 5 45 3 AR S T e oR . Geit AR SPSS 13..0 38 F 75 22 70 b e Atk - 338 At Ak 1 ol
&L PLFA B TR B PLEA & SCE TH A0 T8 PLFA FUAERY 22 5% 538 FH 400 (PCA) J5 50 M 14 PLFA
B Tl ik R K 5 22 1E 28 Tié% ( Varimax) o /EEIZRH] Origin 7.5,
2 ER5HH
2.1 HEEERER

FEAEANIE W], JCIeVe i S W 2 3 9 - 8 MLAR 422 pH A 7K s 5 (A 20 3 b s Tk b
(P<0.01) (1), B TFRIARRI N R B 2.4 58 2.7 5 @A 50 B 2.2 5/ 3.2 f5, rfy
M 158 pH (EX A5 YE (pH (EYE RN 7.90—8. 04 ) . AL T 3R AL T WK M RLIRAS , T - i 1- 4%
B K AR IR

®1 ARZRMHIEERELER

Table 1  Soil physicochemical properties of Zoige wetland

4 A April 8 H August
i H Item
I I+ Upslope T Down slope I I+ Upslope 35T Downs lope
B Organic carbon/( g/kg) 64.77 £0.11 158.61 £0.10 " 51.65 £0.09 139.58 2008 **
2R N-total/ (g/kg) 4.30 +0.01 9.39+0.13 ** 4.13+0.10 13.09 £0.05 **
pH 7.90 £0.01 8.04 £0.01** 7.91 £0.02 8.04£0.03°"
K& water content/ % 20.81 +£0.01 HIK (HBFRIKAL S em) 19.34 +1.61 K (HF/KAT 10em)

Bl I £ iRifi2E(n =3) 5 + » FoRERWMEE (P <0.01)

2.2 TIEBEARARMIRZH A
XFa H (%) M8 A (%) T M40 T 0 RIS TR B DR 40 A , LAl il 17 FOASIR) A RR T2 ( 3=
2), Hrh X A ARG R A 16:107c.i16:0 18:109¢ . 18:1w8c, I 1 PLFA M= f51. 02—61. 64% ,

®2 ARZRMBTEGRENBRANR S EEMHLE]
Table 2 List of identified soil PLFAs and their mol% of Zoige wetland

A 4 H April 8 J August
PLFAs ¥ I Upslope 3 F Down slope 3% I Upslope ¥ T Down slope
14:0 1.36 £0.07 1.21 £0.12** 1.01 £0.02 1.37+£0.07 **
i14:0 1.27 £0.12 2.15+0.12 1.61 £0.05 2.70 £0.55 "
IMEL15:0 7.21 £0.19 7.76 £0.57 6.18 +0.34 8.47 +3.03
al5:0 6.32 +0.36 8.73+1.24° 5.90 £0.43 10.43 £1.87"
16:0 5.00 +£0.20 1.58 +0.17 "% 4.63 £0.27 2.23£0.47 7"
16:1w7c 9.23 +0.24 16.30 £0.99 ** 8.09 +£1.03 11.88 +1.75*
16:1 w5t 6.27 +£0.27 3.75+£0.22* 4.95 +£0.81 2.65+0.53"
i16:0 14.09 £0.21 15.93 +0.95 17.70 £1.52 18.85 £1.17
17:0 3.05+0.10 1.93 £0.36 " 2.32+0.29 3.05+2.07
al7:0 1.97 +0.03 2.20 +£0.48 1.98 +0.16 0.95+0.17 "
cyl7:0 3.15£0.16 3.30 +0.35 2.23+0.20 0.00 £0.00 "
18:2w6,9 4.71 £0.03 2.13+1.10% 5.15 +0.60 1.59 £0.15*"
18:1m9¢ 12.20 £0.30 8.12+0.30"" 13.34 £0.85 7.67 £0.82*"
18:1m8¢c 15.49 £0.64 19.41 £0.90 ** 15.53 £1.94 21.50 +4.16 "
18:0 3.17 0. 11 2.93 +0.37 4.05 +£0.48 4.01 £0.42
10ME18:0 2.75 £0.06 0.53+0.19** 2.36 +0.08 0.00 +0.00 **
cyl9:0 2.75 £0.12 2.05+0.25% 2.96 +0.84 2.64 £0.86

B EYIE 2 bRMELE (n=3); * BARERBE(P<0.05), * * XREFWEBE(P<0.01)

http : //www. ecologica. cn



478 LA E = 31 %

SRR PG ARG TR , AT E B B A R AR AR R , o5 A 13 A2,
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PLFA & 0] IR RAE G i e A Wit it PLFA B (B 1) rT VA 4 AW 3T 3R
U R A i B =i, (12401 £19. 64 ) nmol/g, 1 3% I 34k (84. 78 +3.41 ) nmol/g, 8 H s AN ~ 4%
NEWTTR AN 4 F 4y AH b s B R, 43591 4 (63. 06 £8.78) nmol/g F1(65.05 £17.72) nmol/g, HIMA WL 4 A ¥
AV BAEY R R E T 8 g,

2.3.2 BIEMRAYIE K GG AR

P =R R S 2 R WA B S LS A 2 RECHEF (K1), 406
PLFA & i i UAE Y A Wit 85% FiAy itk — D UE W] 145 /R 25 b - S A= Wy LV B o 32 IR B B 4 5 5
K as BRI, 15 °C A1 25 °C HYZH T B 5 BCR 2383 107, H AT & VR 80 = 5 3, 101 37 °C il 20 T 7 7 i i
WAUH 10*, SO, L RBHPEE AN PLEA Frsfe 4 H M8 HRIZEF AR E, G 4 PLFA e 4 H B3
T8 A, BfEA M H3E T G- A TR L M (E 1)

2.3.3  HEEE R | E R 40 LR R b

BT HERHERR IR 18:206 ,9 AL B FFIEAR TR 10ME18:0 7£ 4 A F1 8 A M #h i E AR T3 (P <
0.05) (Kl 2), 3 HA7E 8 Ay, Y NRIA BB WARHENR TR . B 5408 1) PLEA FUAE AT DARAF B 5 40
PZ I A O AR | RIS 7 R A D I 25 A A8 Ak ASBIF9 A 30, 35 1 %) LT - 200 781 A U7 1R L 1 Jd = vy
T T (K 3) AEARZE Z R (4 AR 8 Ay) Hi: 4 is i e 255 A K,
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Fig.1 The amount of soil PLFAs ( total, bacterial, gram-positive Fig. 2 The amount of soil PLFAs ( fungi, actinomyces) of

bacteria, gram-negative bacteria) of Zoige Zoige wetland

* JORESFBE (P <0.05) , * * FRESWEBHE (P <0.01) * FORESHE (P <0.05), # » FoRIZZFHIEIE (P <0.01)
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Fig. 3 Soil fungal-bacterial PLFA ratio Fig.4 Principal component analysis of PLFA profiles from soil
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