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Effects of warming on soil microbial community structure in Changbai

Mountain Tundra
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Abstract: The Intergovernmental Panel on Climate Change (IPCC) claims that air temperature will increase by 2.0—4.5
°C by 2100. Soil microbial communities are very sensitive to temperature and likely exert a dominant influence on the net C
balance of terrestrial ecosystems by controlling organic matter decomposition and plant nutrient availability. Therefore,
studying the responses of soil microbial community composition to warming is very important to predict the changes in soil
microorganism and soil nutrition cycling under climate changes. Tundra is observed to warm more rapidly. Open-top
chambers (OTCs) were established to simulate warming on Tundra ecosystem of Changbai Mountain. According to HOBO
Data Loggers, soil temperature and soil water content were increased by 1.6 °C and 0.03 m’/m’, respectively. After two
growing seasons (from June to September) of temperature increase experiment by OTCs, we collected soil samples in July,
August and September of 2011 and measured soil microbial community structure. Phospholipid fatty acid (PLFA) analysis
was used to examine the structure of soil microbial community. The results showed that warming did not change soil basic
properties. The PLFA fingerprints showed that the relative abundance of PLFA markers of bacteria and fungal were higher,
52.2%—57.3% and 38.7%—45.4% of total PLFAs throughout the growing season, respectively. The relative abundance of
PLFA markers of Gram-negative bacteria was lower, 7.5%—11.9% of total PLFAs. However, warming resulted in 16.1%
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decrease in the relative abundance of total PLFAs, and 21.2% increase in the ratios of Gram-positive to Gram-negative
bacteria. There was no significant difference in the relative abundance of PLFA markers of bacteria, fungal, Gram-positive
bacteria, Gram-negative bacteria, and the ratios of fungal to bacteria between warming OTCs and control plots. In addition,
the seasonal dynamic changes of bacteria, Gram-positive bacteria, Gram-positive to Gram-negative bacteria and fungal to
bacteria were observed except for fungal and Gram-negative bacteria. In the OTCs and control plots, the relative abundance
of total PLFAs, bacteria, Gram-positive bacteria and Gram-negative bacteria were higher in July and August than that in
September. The ratio of fungal to bacteria was the highest in September. Analysis of the PLFA data using principal
component analysis (PCA) showed that the first two principal components accounted for 85.4% of the total variance. The
relative changes in fungal and Gram-negative bacteria were very obvious according to PCA throughout the growing season.
Redundancy analysis (RDA) was used to finger out which environmental factors changed the relative abundance of total
PLFAs and the ratios of Gram-positive to Gram-negative bacteria. RDA showed that the ratios of Gram-positive to Gram-
negative bacteria positively correlated to soil temperature, and total PLFAs negatively correlated to water content, which
indicate that the changes in total PLFAs and the ratio of Gram-positive to Gram-negative bacteria directly or indirectly
caused by warming change. In summary, warming significantly changed the relative abundance of total PLFAs and the ratios
of Gram-positive to Gram-negative bacteria, indicated that warming caused significant dissimilarities in soil microbial

community structure in warming plots after two growing seasons of experimental increase in temperature by OTCs.

Key Words: phospholipid fatty acid (PLFA) ; fungal; bacteria; tundra; soil microorganism

F b am DOK , i T ORI | 3 A H]
Jr B ARG SR 82, R B K AR W

Zogg " EERIHE ST WoR RS R P RIE 6T 5
G~ TR A W) RE RS PLFAs 36 m i = - ik

WA, B RS AR f % T 2 B4 (IPCC,
Intergovernmental Panel on Climate Change ) 2 UK <,
AL IR R 45 27, Bt 100 4F (1906—2005 4F)
AR LR MRS N Fa %R 0.74°C /100a, I T 2
2100 4FAERKACPER R 85 2.0—4.5 €,
S IR YT EE RN R, LERE T
it 5 R A= W 0 2R TR R 2 A AR B IR e
AR R TR R S TR ) AR R B R X -
A U ETE R 45 R A TS, Weedon'® 457
I FHi HLI Abisko WF 7% 3 SR T T0U4H 38 18 07 =X, 1F
FTHELE 9a(1999—2008 4F ) fif) 14 5 4b # (+0.2—0.9
C), KB eGP VK 4540 I & B 8k
7% . Rinnan'”) %5 [5)FE 2R T 15046 48 06 07 =X, 78062 T
2522 P AL A B R X, 40t 12a (1994—2006
) G IRAL B (+0.5 °C) , A R G R ks 1
AV B Vs 254, OF B3R A Ty 48 G Y
PLFAs Z B0 BAIG, T EC & AT G~ 1) PLFAs 7 4t 1
WA B AME, (HA A B9 K TR T o S B A
G ) PLFAs & & d />0, vl g2 i T b 7% 4
B BURAE TR S R AR R R R T
PG AES R A F2 5 BRI 5 1, 3 R AN [
B i 26 B St IR B T v % e N S A T R ]

YIZSHE PLFAs FIE s A= 0y 2k D) I 2 3k B 1 s
FEAG, T RE S N [R] A W R X6 A 5% 1 il e AN [
A, o SRS R R0 Bk S R U
[ T U W e i A R HE T S B E Y
BETR S5 F s

A Y R A Y T A R ), S
YIRIEA e R s RS 550 R AR R
AT IR W BETE S5 R AR AR PE A 4 BRI 2
HAEEE N, RTEAEDENX 2R, 1t
1R v 26 5 1l DX LA R i v AR b DX R Sy 4 BR AR BB 11
BURX . KA I EHER 2000 m LU b JE T BRI )
LB RS, R -7.3 C, BUE AR AT ik 6
AL ARSI (L R AR S RGN
FENT G VT TR - U TR S A I R ),
BT T e R AR M A 3 T X — XSl - S A )
XoF R (1A ] oy AR

1 #REF*®

1.1 Rt

F 9 XA T35 MK L E R B SR X 5 i
ARG (R 2028 m) |, N & BR-VK S RS f W AR
R, A& Z e 9ei8 K, B R U8 8, 47 AR

http ; //www.ecologica.cn



5708 VST

34 4
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A I EBRA FR 5 50 PR 4y, — &R 4 AT KT Ak
55—y MG T - 80 C T, AR5 #EAT R T
PLSEIN
1.2 W55k

W AT L5 5 e SR A R B A Ak 1, &
B AT R RO P E Ak, e S
SR IHRRES -FHER BT L (A5 | 130 B0 SR H 9 AL 8 2
AR L Ak, 18 pH (A ISR T R

VR L 3ERE BT PLFA J7 ¥R EAT B IR 4347
PLFA $2HUZ: R Frostegard 259730 19:0 NN
bR T % &, F Finnigan Trace GC Ultra/Trace MS <,
ARG BE R E . @i A HP-5 £ (30 mx

25 mmx0.25 wm) , FEFER 1 pL, 2 (N,) i 0.8
mL/min, #IHEIREE 140 °C 4855 3 min, 53 3 PHr B
FEPETHE : 140—190 °C ,4 °C/min, f£4% 1 min; 190—
230 °C,3 °C/min, f£4F 1 min;230—300 °C, 10 C/
min, PR%F 2 min, HLFSE SR (ED) R, 0 m FE
SN A SR, & R R R 5 E i =
B8 BAME ( Bacterial Acid Methyl Esters ) Mix #l
Supelcoe 37 Component FAME Mix, LA 14.0.i15:0,
al5:0,15:0.i16:0.16:0.16: 1w9.i17: 0, cyl7: 0,
17:0.18:0,cy19.0 1E A 4 o Wi A i 2, 6 o1 5 A
24 18:2w6,9 Fl 18109, % K PHMER (G7) LU
i15:0.a15:0.,i16:0.i17:0 % 37 5% A5 1 B2 ( terminally
branched saturated fatty acids, TBSAT) &7~ ; 4 2% [
FIPETA (G ) LAPRE AR Wi R ( cyclopropyl fatty acids,
CYCLO) cyl7:0 .¢y19:0 /R 14,0 Al/E M4
PR ARSI B B 14,0 SR, Ik
AW S LIS BRI R AR
1.3 Sttt

FIH SPSS 16.0 8, R LK 5 7 253 3 A 3
T A BILITT R 7 43 ik B ) 5 SR o A I
TR IR X PLFA B 405 B2 .G .G
ELIE/ AT G/ G R SEIA 5 X S5 50046 I 3] 1) 4= 39l 2
YIRg iR 32 85 e vk . AL CANOCO 4.5.1
A XA DR R S5 A T 5 R | AL
PERR RN OC RIEATICAR T (RDA)

2 ERESH

2.1 IR A I AER AR TR ) R

PESEWIA A K 2 0 R b PR AR 4 58 LT R AR
5. 4% 4R, A2 AT LR S 4 0 3 19.4% |
16% M 10% , B4 it L 2R IFARE (K1), L
pH {HTCH A1k

®1 WERESWMREGT HHEEAER

Table 1 Basic properties of soil in the warming open-top chambers and control plots

2B/ (g/k R/ (mg/k
VISt ATHLT (&/ke) SH/ (/ke) B (/ke) HHB/ (me/ k)
pH ) . Total Available
Treatment Organic matter Total nitrogen
phosphorus phosphorous
HIME Warming 3.97+0.20a 117+4.0a 4.3+0.15a 1.16+0.17a 8.19+0.2a
X B Control 3.96+0.06a 124+9.2a 3.6+0.19a 1.00+0.06a 7.42+0.1a

)5 AR TR B R 22 AN 2 (P > 0.05)
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Fig.1 Microbial PLFA profiles of soil in the warming open-top chambers and control plots in July, August and September

http ; //www.ecologica.cn



5710 JAE = 345
2.3 HAVEXT U WU 45 R85 ) — RN R AR AT D)4 1T R ATE 5 DX e G A W R

VAR Ay 46 78 S MR VR 2T B RR R A 7 TR
PEAT A AT (] 2) A5 B A 32 4y, He b 32
ST ZE TR E N 67.3% , F 4 7 22 Tk
FOR8. 1%, BT 2 TR N 85.4% , IRk 3 153

~ 14:0

x o

g 06 al15:0 ¢ 15:0

o i15:0

5 031 16:109 o

é cyl7:00

g 0 i16:0°

el

= : 16:0 18:109

17:0

2031 ° i17.0 2cy19:0

& 18:2006, 9

2 06| o 18:0

&

’H 1 1 1 L 1 1
-02 0 02 04 06 08 10

F 431 Principal component 1 (67.3%)

B2 EESWREMTLEMEY PLFA 2B ERS S
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R, FLA/ 4G L AE 9 A 03 3k B85 KAE (%
3), BAERKZE WRAMHTRAE, EEM G
PLFAs F%T & 5% B LA BIREAR T 7.7% . 15.1%
F110.8% ,G* () PLFAs FIX & 2 5%t BEAH L T T
5.0% ,(H 22 5 ¥R 2 38RAE G /G IEF & T
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F2 IBEYMPLFA B2 4E. EH. FZREWE(GT) EZRAME(G™) EH/HH.G'/G #MHRITER

Table 2 The statistic results of effects of warming on the amount of PLFAs (total, bacteria, fungal, Gram-positive, Gram-negative) and the ratios

of fungal/bacteria and GP/GN in soil

ELH/

- " " . L A RPIMEA B R/ X

ViUTECEZE I A A2 P . Fungal/ e o . PLFA B
o ] - Gram-negative . 22 [
Analysis index Bacteria Fungal Gram-positive . bacteria R Total PLFA
(G") , (G7/G7)
(G7)
el fb 3 Warming — — — — — # #
HORERE] Sampling time * — % % _ s w . x
Ak B < HURE I 1]
* % — * % - — — w ok

WarmingXSampling time

— P >0.05,*% P<0.05,* % P<0.01

*x3

BERMBEHTER AR E=RAEE(C") E=ZKRAMKE (G ) PLFA R 8 (TPLFA) REE/HEM G*/G LLE

Table 3 The amount of PLFAs (fungal, bacteria, G*, G~ and total) and the ratios of fungal/bacteria and G*/G~ in soil in the warming open-

top chambers and control plots

7—9 H ¥
il 2 3 7 A July 8 H August 9 J1 September Average from
WE fivhs July to September
Determination index
il Xof IR R X IR H RO B Xf R
Warming Control Warming Control Warming Control Warming Control
HH Fungal 1.50+0.07 2.43+0.03 2.28+0.02 1.86+0.05 1.42+0.06 1.85+0.01 1.74+0.15 2.04+0.20
21T Bacteria 2.23+0.05 3.34+0.03 3.21+0.02  2.14+0.09 1.68+0.08 2.23+0.04  2.37+0.23 2.57+0.24
W ) +
EFL*EE[SH_& (67 0.55+0.04  0.76+0.01 0.75+0.01 0.36+0.04  0.28+0.04  0.38+0.01 0.53+0.07 0.50+0.07
Gram-positive
2 HIHECCT) 0.09+0.00  0.14+0.00  0.14+0.00  0.07+0.00  0.08+0.00  0.10+0.00  0.10+0.00 0.10+0.01

Gram-negative
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Y
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Gram-negative
PLFA £ Total PLFA 3.89+0.11 2.14+0.09 5.71+£0.04 5.02+0.06 3.20+0.15 4.22+0.02  4.23+0.39 5.01+0.31
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Fig. 3 Redundancy analysis of soil microbial community
structure variables to soil temperature, soil water content,

organic matter and C/N
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