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Variation in the distribution of soil microbial community structure along ground

water level gradients in the Poyang Lake Wetland
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Sciences, Beijing 100101, China
2 University of Chinese Academy of Sciences, Betjing 100049, China

Abstract: To reveal the response of soil microbial community structure to the changes of ground water level, a 200 m X 300
m field experimental site was setup in the beach of Baisha Lake, a typical shallow lake of Poyang Lake Wetlands, This site
included 4 ground water levels; GT-A, GT-B, GT-C, GT-D ( moving from shore to center). Phospholipid fatty acids
(PLFA) analysis was applied to determine the microbial community structure. Results showed when ground water level
raised from GT-A to GT-D, soil pH and sand content increased and soil organic carbon (SOC) , bulk density, clay and silt
particle contents decreased. Compared to GT-A, microbial biomass carbon (MBC), microbial biomass nitrogen ( MBN) ,
and their allocation ratio of GT-D were significantly more by 2.82, 4.30, 5.77 and 7.15 time. The abundances of total
PLFAs, bacterial, actinomyces, gram—positive bacteria and gram—negative bacteria increased 106.8%, 117.2% , 74.9%,

107.9% and 207.2%. The raise in ground water level enhanced the environmental stress on the microbial community,
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resulting in a decrease in microbial bio — diversity. Soil pH, moisture, sand contents as well as the C: N ratio have
significant correlations with PLFA signatures. Further, the microbial quotient ( MBC/ SOC) is mainly influenced by soil pH
and texture. In summary, the results show significant effects of ground water level on both soil microbial biomass and

community structure during the dry season.

Key Words; Poyang Lake; soil microbial community composition; ground water level gradients; Phospholipid fatty acid
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Tablel Basic information of sampling sites

N, Y . - 34 55 . S 25 R K AL
B : PRI T IS T A
. Phytomass * / . Vegetation . Mean water
Gradient zones Mean height/cm Soil temperature/°C
(¢/ m? ) coverage/ % table/cm
GT-A 153.33+67.39 40.25+7.70 51 25.33+0.58 -(33.47+7.97)
GT-B 171.46+88.49 29.55+2.36 63 25.80+1.30 -(21.54+3.18)
GT-C 70.05+14.13 27.48+3.70 42 24.67+0.82 —(7.14+4.20)
GT-D 50.87+19.19 12.88+9.02 17 24.33+0.52 -(0.70+2.66)

* SRRV BN E YR, GT-A, GT-B, GT-C, GT-D QA Ay M T AKAIBE BE AT (R 1.0 5 KR A, B, C, D)

T A IR NSRS TR (PLFA) 5920 HT 5E 2 IR Frostegard 251 (1) KOH-F BEEyA M W i Ak 7 v 47, LA+
JUBERR R Pk Al GC-MS (TRACE GC Ultra 1SQ) I , 4 [ shit e B, kil 8 s I 107 2 1 J7 3 o « 3R A 11
B 280°C , 73Ut Lt 20 1, AR IRARFRF FHECA 70°C & 1R, PA%F Tmin, L 20°C/min FHE 2 170°C , 4ERF 2min, LA
5°C/min FHELZ 280°C , 4EFF Smin, 55 LA 40°C/min FHE Z 3000°C , 4E:F 1.5min,

XA RV T KA 25 T 19 £ 3EIEAT PLFA 437, LRGN 30 FRORTRI A B e, 38 & 1 0L F B 2R kbR
TCHE WA R AL T 4R FMUE D2 BEN , B A A5 ™ DR R [R] A RAE BR S8 15 7R 1T LA AE 45 5 Y
HEWERE, Hi 1130, 1140, 1150, al5:0, i16:0, i17:0, al7:0, al6:0, i15;1 A LLZEAFHE 2 FCBHE A0
12.0,14:1w5¢, 14:0, 16:1w6c, 15:0, cyl17:0, 16:1 20H, i17:0 30H, c¢y19:0 w8c, i15:0 30H, 16:1w9¢ 7]
DIFRAESE 2 [CBAME A T4 5 16 1w5ce, 18 1w9c, 18: 3wbe (6,9, 12) FAFE ELH ; 10Mel7:0 F1 10Me 18.0 ALK
5 L
1.3 Hdnab

K HH SPSS 20.0 #FATEAR A GETTH T, R FH IR 2 5 25 50 B AN [R) b1 7K S0 BE PR B T - S Bk 1k ot L f
YRR SR B e Ak, 22 H T e Dunnett’s T3 FUATHS 6 | SR JH X3S Bz SR AEMAF 520 BT IR IX A3 A 4
PEVE 58 5 A M o g AH e 5 % CANOCO ( Canoco for Windows 5.0) A4 %A Rl T 7K v SR B A6 T
AN SR A SR WERIE PLFAs HEAT 8000 20T (PCA) |, % 333 A M 5 | - S92 0 W e 5 4 22 i) i
ZHATTCA T (RDA)  RDA B8 i 52 R 1% B & K55 ( Monte Carlo permutation text) (P=0.02) ,

R i 05 1R 75 2 AR 28T E M BEVE Shannon ZAEPEFEEU(H') (Pielou 2 EEFE 5L (J) M Simpson 1
WREFREL( D) RPN A ) 2 BEERRAE S AR .

H =- ) PlnP,

H/
T s
D=1-) P

K P, =N/N, NOA SR i ENRIR R, N A i Al Hh s IR TR, S S T E W ETs b B IR IR A R
2 HRE5S

2.1 BRI T KRS R

HOTR AKX TN RLAR Y S B BT 0 35 (3K 25 P < 0.05) o BEAE b F/KALAY THEr, 3 pH M 4.62
(GT-A) TF£ 5.05(GT-D) , WK MEFE K 9.3% (P < 0.05) ; 3 & /KE M 30.8% (GT-A) B K 5] 52.6% (GT-D) ,
AEEIL 70.7% (P < 0.05) . GT-D BKSRL & & I GT-A .GT-B H1 GT-C 2 IR T 34.6% 31.2% 22.7% , ¥y ki
TEHIEMT 7.0% 4.6%F 1.5% , RS #=IWIE T 4.28 2.18 F1 1.28 £ (P < 0.05) . i F/KALA
PRHET 3 TOC TP B9, MXF GT-A, GT-D Y TOC H1 TP & & B FFA% T 53.5% M1 26.1% (P < 0.05) .
NI HL R KSR B 18], 3 TN 25 SR B (P > 0.05) , TR A KR E B GT-A (10.78) > GT-B
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(10.20) > GT-C(9.07) > GT-D(7.63) .

F2 AEMTKAREETERE MR

Table 2 Soil physicochemical properties along ground water level gradients

JBMESE T K ALBR BER Ground water level gradient zones

Attribute parameter GT-A GT-B GT-C GT-D

pH 4.62+0.11a 4.68+0.05a 4.86+0.07b 5.05+0.05¢
K Moisture/ % 30.80+1.61a 31.36+2.82a 33.93+6.24a 52.56+10.20b
YPHL Sand content/ % 3.44+1.36a 6.77+1.68a 11.53+2.92b 14.74+3.45b
MK Silt content/ % 78.74+0.88¢c 76.70+1.49b 74.33£1.38a 73.19+1.41a
KhKE Clay content/% 17.30+1.12¢ 16.45+0.74¢ 14.65+1.84b 11.32+0.79a
Z5H bulk density/ (g em®) 0.67+0.07¢ 0.57+0.04¢ 0.45+0.06b 0.31+0.12a
HHLK TOC/ (g/kg) 10.32+3.12b 9.73+1.85b 6.19+1.23a 4.80+0.60a
B TN/ (g/kg) 0.97+0.08a 0.98+0.19a 0.66+0.03a 0.58+0.17a
S TP/ (mg/kg) 328.50+44.09b 321.13+32.41b 297.10+£71.71b 242.80+60.64a
KA C:N 10.78+1.04b 10.20+1.32h 9.07+1.10ab 7.63+1.38a

ANFING FRERR A TTEA R M R K LB AT 1 7E 0.05 KF LA W3 22 =

2.2 R KAENS AR Wy K O B A

A Yy B AEAS R L K86 BE [ R LA 7E GT-A \GT-B Hil GT-C Z A2 5 A3 (& 2) ,GT-D &
F T HAL 3 BRI (P < 0.05) . GT-D WIBUZEYRRA /B L GT-A B4 T 2.8 f5M1 4.3 15, BUEYIRT 2R
I GA Wyi B A SR LB Y T 43 HE (MBC/ SOC) o Bl i 7K 6 46 B 1Y TH sy, A= 00 v 5B T i
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2 AEMTKAIEE T B AEY MBC MBN & H 4 E bt fi
Fig.2 MBC, MBN, allocation ratio of MBC to SOC and allocation ration of MBN to TN of different ground water level gradient zones
MBC: #4956, Microbial biomass carbon ; MBN : f#{ /5 #) i %( , Microbial biomass nitrogen; SOC : 1-3E75 #L% , Soil organic carbon; TN 3 i

&, Total nitrogen
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7E GT-A .GT-B #l GT-C Z [A1ZE AL A 8.3 X GT-C, GT-D WIH/E MR T s 17 2.6 %, HIEfUE MR A4y
B L A5 ( MBN/ TN ) ZEAS [l F 7K A4 B2 0] A 28 AL A 3 S A Wi — 3, GT-D 3R i R0 43 i L 491 2
GT-C 1" 3.95 1%,
2.3 MR OKALXT T IR PR T 54 Y 5 e

AN[EH R KA e E YRt 2 v B2 (8 3) . GT-D & 15 T 2E W 5. PLFAs, 40 PLFA i
2R PLFA B (P < 0.05), 5 GT-A ML, K IR EE 4> 910 106.8% 117.2% 74.9% , Frfsfi 2 [CBH P40
A% G RPN 20 B3 T 107.9% 1 207.2% , E 1 PLFA BEE b K7 19 T v 5L B0 H AR v A0 - w3 i D 30
PHAE{k, B GT-A 2] GT-D, 4 PLFA (%5 PLFAs [ L7058 79.5% .80.9% .78.3% .83.5% , ELI# PLFA
M PLFAs B HCEE 20918 12.9% 12.9% 11.3% 8.0% , iZE i PLFA 5 % PLFA B E 53518 5.8% .6.2% |
7.8% 4.9% . AEIHL T KIS EERE S HIEMUE Y PLEA B0 PCA Z0Fr 6B Y545 1 .55 2 FHFRh(PC1)
SRFE R A TR A 25 843, GT-D il GT-A GT-B . GT-C W5 1 FHEF 4l sE A & 43 FF 5 1 GT-A .GT-B GTC
ZIRIVER 2 EHEF I B4 TF (K 4) , PCL A PC2 43 ke T 25 8] 40519 76.7% 11 13.6% , BFL TR R 15
90.3% ., TEFTAFHE PLFA H X555 1 EiomE EE4E Y2 i13:0,i15:0,i17:0 30H,i15:0 30H ,al6:0; 1
18:3w6c  10Me 170 X455 2 F R4 TTlkE K,

GT-D >—}—< b —|—‘ b
GT-C ——F——a —H a
GT-B + a + a
GT-A } a a MPLFA E’— a b 4
1 | 1 1 1 | | | | | |
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Fig.3 The amount of soil PLFAs ( total PLFAs, total bacteria, gram-positive bacteria, gram-negative bacteria, Actinomycetes and Fungi
of different ground water level gradient zones

ANFRNE FREFRIRAE 0.05 K- E A BEXER

TEHD T KA A B TH s iy Feh BB/ 40 (F/B) 1 0.26(GT-A) FEZ 0.11( GT-D) , J& 70 J7 45 i B 3 5
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Fig.4 Principle component analysis of PLFA profiles from soil microbial communities, ( A ) soil microbial community structure, (B)

phospholipid fatty acids contributing to soil microbial community ordination pattern

SRR G I R 5 S B SR A RIS T R 1) LG AR (SA/SD) Y 0.47 (GT-A) FHZE 0.79( GT-D) . 4 N T /K ik
FEHFh, GT-D ¥ EAT AR A 85 2 [P PR 20 B/ 9 22 IRBA PR AR TR (G (+) /G (=) ) FHEL— AN i 15 R/ S 4% g
iR (M/B) (£ 3;P < 0.05) ,

F3 REIHTOKTHS B 1 A 0 B X TR O 0 R 425

Table 3 Fungal; Bacterial PLFAS (F/B), Gram+: Gram— PLFAs( G+/G-), The monounsaturated: Branched PLFAs (M/B), Sum of
anteiso: Sum of iso branched PLFAs (SA/SI) of different ground water level gradients

BB Gradient zones G(+)/ G(-) F/B M/B SA/SI
GT-A 2.12+0.22b 0.17+0.02b 0.26+0.02b 0.47+0.05a
GT-B 2.06+0.26b 0.16+0.02b 0.30+0.06b 0.53+0.08a
GT-C 2.36+0.69h 0.14+0.03b 0.18+0.06a 0.53+0.08a
GT-D 1.45+0.11a 0.10+0.02a 0.11%0.02a 0.79+0.11b

NEVNG FRFRRFEFIRFITTLE 0.05 K 1 BA B2 5 F/B . H 59018 A LA, the ratio of fungi to bacterial; M/B ; 5.— RN g i R
537 BE NG IR B FLAH, the ratio of monounsaturated fatty acid to branched—chain fatty acid; SA/SI: 3755 5 5 F4 10 FG DR 5 =2 6% S 440 1 LIS iy R A

LU fH , the ratio of branched anti—isomeric saturated fatty acids to branched chain isomeric saturated fatty acids

AT T 7K AN A Y0 b 4 SR W B V% B 2 AE M BT 28 B, Shannon-Wiener ZAEVEFEE(H') Al Pielou
PSR E () WA A H BUAE GT-D, i B o {8 H BRAE GT-B, Simpson 3 EEE (D) W5 Z M (4 55
P <0.05) , FHA T 7K A7 6 B 1 T o AR T 38 S W 2 A0 2R i i T P 3R A 2 A
2.4 HEERUEYRIES S BN X R

AT RB (3R 4) B0 B3 PERT  pH 5 G(+) (G(~) AR BB L& PLFAs L3R 45 4L
R IEARC (P<0.01) , 15 ZFE P8 BOMAR S5 8 0 B A e 35 7 AH 56 (P<0.01) , TOC 5 Z A 45 Fofn
o) BEFE AR S 35 IEAH DG (P<0.01) i 5 PE 34 B8 A S 8 35 M 56 (P<0.01) . C:N 5 G(-) ik i Al
B FR BRI 35 A OC (P<0.01) | T 5 2R AR ORI 5 B P8 U il 0 3 IEAH C (P<0.01) , b 135
YIERGE R 2 TR R AU R Tl A W e v 5 P 28 R AR R 9 06 2R, B 55 LB DA AN B A T B % A 34 B 4
BRI DG (P<0.01) | 15 AR VRS BRI Y 20 BEFE B0 M il 35 IE AR 5E (P<0.01) , 3RV 2 1 ) 2 B
AR B # (P<0.01) . MBC 5 G(+) .G(-) . 4l JZR R FLE PLFA ¥ 50 8 % 1E M1 3¢ (P<0.01) , 51k
PEEFRHUR B IEA O (P<0.05) |, 11 5 ZAEPEFR B AR 25 A G (P<0.01) ,MBN 5 G(+) (G (-) AHTA
&L PLFA AL BEF8 B2 3 IE A DG (P<0.01) , ST 2 W& IEAHE (P <0.05) , 5 2R AR
FMMF(P<0.01),
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Table 4 Relationship between microbial community structure and Soil environmental factors

E‘&%ﬁ G (+) 6 (-) zm%_ EL‘TZS ?ﬁl?i%l% M PLFA , ] b
Attribute parameter Bacteria Fungi actinomycetes Total PLFA

pH 074 0.72""  0.69*" -0.01 0.69 " 0.68"" -0.74** -0.85"" 0.73**
5 K& Moisture 079 077" 0.84*" 0.43 0.24 0.83** -0.42 -0.48* 0.41
%57 Bulk density -0.78 -0.74**  -0.71"" -0.38 -0.65"" -0.73*" 0.73** 0.80**  -0.73**
Kiki Clay -0.76**  -0.76**  -0.68"" -0.13 -0.61** -0.68** 077" 0.84**  -0.77*"
kL Silt -0.55*  -0.51%  -0.47" 0.02 -0.64"" -0.47" 0.61** 070"  -0.61""
P kL Sand 0.57** 0.56* 0.52" 0.11 0.63** 0.53* -0.61** -0.70** 0.60**
soc -0.39 -0.43 -0.33 0.15 -0.49" -0.34 0.60"* 0.69**  -0.59""
TN -0.19 -0.25 -0.14 0.19 -0.30 -0.14 0.44  051° -0.43
C: N -0.56*  -0.57** -0.50" -0.08 -0.59"* -0.50" 0.58*"  0.66**  -0.58**
TP -0.34 -0.39 -0.34 0.17 -0.21 -0.33 0.40  047* -0.39
MBC 0.84**  0.87**  0.86*" 0.27 0.67"" 0.85"" -0.55* -0.66"" 0.55"
MBN 0.80°*  0.85*"  0.81* 0.25 0.54" 0.80*" -0.62** -0.69"* 0.61""

# i FIRAE 0.01 K EEAW R EARCYE ; « FIRTE 0.05 K EHA B ARG

IR YR A SRR IR (R R B A R (18 6) ,MBC/ SOC 7ERFSE XU [ N B & pH Fl +
B K R I MG K, Bl AR 2 SRR R = A 3G KT8/, (HJR S pH 28 5 FUR KL 5 i A Lk, MBC/ SOC
5k B A A BT A SO 4575 (R =0.20,P=0.03) , MBC/ SOC %} pH 7% {1k (k) Wi 17 5 £ (R = 0.72,
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