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cycling processes. A laboratory freezing-thawing stimulating experiment was conducted using 0—15 e¢m and 15—30 cm soil
samples from Jinchuan peatland in Changbai Mountain. Two FTC amplitudes, namely, —10—10 C and -5—5°C, were
tested. Soil microbial biomass and phospholipid fatty acid (PLFA) concentrations were analyzed using chloroform fumigation
method and phospholipid fatty acid method, respectively. Soil properties were analyzed after 0, 1, 3, 5, 7, and 15 cycles
and compared with the properties of FTC (0). Results showed that freezing-thawing cycle had significant effects on soil
microbial biomass carbon (MBC) , microbial hiomass nitrogen (MBN) , and microbial phospholipid fatty acids ( P<0.001).
Soil microbial biomass carbon ( MBC) increased significantly, but soil microbial biomass nitrogen ( MBN) decreased
compared with the FTC (0) after 15 FTCs. All groups of PLFAs concentrations dramatically decreased both in the —5—5
C and —10—10 °C FTC amplitudes. The Freezing and thawing cycles significantly changed the soil microbial community
structure with soil Fungi/Bacteria ratio decreasing ( except =5—5 “C, 0—15 cm soil ) but Gram-positive bacteria/Gram-
negative bacteria ratio increasing after FTCs. The effect of FTCs on soil microbial PLFAs under FTC amplitude of =5—5 °C
was greater than that under the FTC amplitude of —10—10 °C , but the opposite phenomenon was observed with respect to
the effect of FTCs on MBC. The effect of FTCs on soil MBC and most groups of PLFAs were greater in the 15—30 cm than
those in the 0—15 c¢m under the two FTC amplitudes. This indicated that the effect of FTCs on soil microbial biomass and
microbial community varied with soil depth. The number of FTCs had a significant influence on soil microbial biomass and
PLFAs (P<0.05). The results of correlation analysis showed that the different group of soil microbial PLFAs were positively
correlated with the soil MBN concentrations ( P<0.01) but negatively with the dissolved organic carbon (DOC) (P<0.05).
In conclusion, freezing promotes the death of microorganisms and provides more carbon sources and nutrients for the survival
of microorganisms in thawing period, which further changes the structure of soil microbial community. The decreasing of
different groups of phospholipid fatty acids during freezing and thawing period may reduce the soil carbon sequestration

capacity of peatland in this period.

Key Words: freeze-thaw cycle; laboratory stimulating experiment; peatlands; PLFAs; soil organic carbon and nitrogen
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1.1 I HEN

GNP AT (42°20'42.58"N—42°21'9.27" N, 126°21'48.61"E—126°22'37.74"E ) {vi T 75 #4418 Ak 11 #5 g
B4 I, R L Kl W & B R s, VRN 613—616 m, 4 NIV A B PR e % 2 5 i — il 4—
6 m, fHJEA[ A 9 m, ZXJE T KAPE XX AR 3.3°C,7 A& PSR 22.4°C,1 A&
PR -18C . WIFEHIAE 9 Hrpa), th#E#E 5 H FA) AERE/K A 1054 mm,, Yo sk 2 15 PEAROK  BUK
29749 10 em, [EAKEERTE 7—8 H , LRI 134 d, SRRV . Yo iR N 3 BEAE W R v S 100 O B g 2 o i
RIS IS 2 SRR b BRI B AR RIS A A b 2
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TE4 NP HAE PR OIS BEE 3 AN AIFE 50 m B9 5 mx5 m FEJT KA RIDZ SIRA T 2019 48 1 A4
FIHEAR R 15 em BIUeBES (VKGEER) |, FER M BEALE 5 A5, HoR4E 15 4, RAE L HERE N 30 em,
KA 143 0—15 em A1 15—30 em F)2, 7053 A A B48 S Pty B 52560 % T 4°C R . 355+
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Table 1 The basic physicochemical properties of the soils with different depths

+/Z/em i FKE % TP (2/ke) 28/ (g/kg) W/ (¢/kg)
Soil layer pH Soil water content Soil organic carbon Total nitrogen Total phosphorus
0—15 5.17+0.02 78.1+0.01 303.25+8.12 16.64+1.14 0.81+0.06
15—30 4.94+0.01 80.0+0.01 317.36+11.06 18.38+0.60 0.77+0.03

1.3 Lkt

FREL 50 g( A4 T A+ 5 IR A0 £ HERE 5 B T 500 mlL BEEEE IR0 P, AR 4 P AMSE PR 2 /K 1 10
FHZ5 8 Tk I8 B A S8R A Sk B R K 1 60% , IR 4l - ERE A 7E 55 1R (20°C ) R 3% 1 4,
FEWIFRE I AN SRR (K G, TR SR (A P DAL A 35 I B, A R il 5% 35 S B0 i DR R R R RS
SR W S TR e A 30 (L = 9 it 80— 0K B HE B At T I A8, T2 00 I R il P T 2 4 1
RS SRR W, 25 A 4 )1 U e VR B U il A ) S PR A DL, 5 - 5—5°C 5 - 10—10°C P54 VR il 1 32
—10°C HEE RAEH A ZR 1 T34, - 5°C W AR PG 2 BRAR R 1 K5 & MIRE TR e, -5—5C5-10—
10°C B4 A= R 5 43 S - 5°C Fl - 10°C AR RT F2 48 Hh 85 3% 24 b, T340 305 IR R 5°C F 10°C fH =gk 24
h MR —RERRE R, AR SCIiRE 15 WERRIIEER L8535 30 K, B ferh 20 B R BB R 045 0.1 .3
5715 YWE BB IR, I 3w R IR IR & it H3ERUE YR  A((MBC 1 MBN) | -4 n] A PR L A
(DOC F1 DON) . ¥25e 1.3.5.7 15 YA B IG PR A 3RS 4 e A HLBK ZURIR RIS BB i 105 R & B 5
R URRIAEFEAY FTC(0) XTHE,
1.4 BEARAEM R Bs A AILRs 415

A W R IE I S SR FHREAR IR DR 1L KA S T 4 ¢ TEH M IS 3.0 mL B R ZZ vh 6.0
mL 405 .12 mL B 8GR 2 h, 76 3000 r/min B 2.0 10 min, $#688 FIEWEIRA 12 mL =SP4, 12 mL
TR TR % YR 1) 43 YRS =1 v, P 1) - 498 v Jom A T) A R 1 Tl T 2 b i L S0 R R A R, F T RR B 9T R 30
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min, B0, FRUCKE IR R B0 R S SR 0 WO - F5 30 2 min, §RE R, #EGORAE . S5 K
W 21 PR R RIS A KGR (50 mL) o AR A 30—32°C K i, TR g A AT (A RAYL) IS N
Wedn e e s 2 43 500 L =58 et R W Rl Al 20 A< U/ IV (CRERSAT ) | DRV UCR FH 5 mL =5 B, 10
mL PIER S mL A RS A, e, R TR RE S I T mL A9 1.1 BB 2822 1 mL 0.2 mol/L,
KA FE5),37CARIEINIR 15 min (ZKIBEH) |, i IE S e 3B, W IE 2 e AR T, i I 92 MIDI
N EVRIE R Y Sherlock MIS 4.5 4 F 8l 22 G0 5 5t W0 240 B v il 16 B 15 198 i 43 , AR i L o0 1 25 F X0 40 A R T 7k
YR T R o, #F 15:0,17.0,i15:0,a15:0,i16:0.,i17:0,16: 1w7c ,cyl7:0,cy19:0 FRAE N 4H 1A ;
i15.0, al5:0, 160, i17.0 FAF NHF 22 [CAMER ;16:107c, cyl7:0, cyl9.0 FAF NH 2 R FHIER ;18: 109¢,
18:2w6 FAF N ELH ; 10Mel6:0, 10Mel8.0 FAF Mtk > >,

43 MBC 5 MBN R FH ok (0 S5 B 75 K, SO, R >0 B 10 g 3R 5 A = S0P be s 7% 24
h, 0.5 mol/L # K,S0, =245 H 7€ FI R 2B ZE AURE 8 29 30 min , )i F MultiN/C 2100 TOC {BRAR el 12 12 $2 7
A LR, FUSHO S R AR A PR B . LR AR T MBC 5 MBNY 7 9315

MBC =Ec/0.45
MBN =En/0.54

A, MBC MY fik , MBN A iAW A, B0 340 me/kg, Ec NIEZE 5 AR BZRAE AR BRI 1 A
HUBRZE(E, En BB 5 R BEZEAE SR BRI A Hh A AL 2 . 0.45 SR ik SE 78 R 0L I e e R4,
0.54 AU E RN E L REL.
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1.5 St
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AR EE RIS, R Pearson AHICMTIE 4B T HERE IR MR & it 5 RS A HLR R4
IHIFEFR . IR T 22 20 1 KAl 56 20 87 A Excel 2003 F1 SPSS 16.0 3k 4£ 3547, 31 1 F Origin 2019 %% {4
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2.1 AR A SRR

XUR 28 7 2 43 B 45 R 22 B, R il O B8R O il s B S L2 B AR AT 4 MBC % i B E SE R (P <
0.0001) , 1M KA VRANKEON 15—30 em 148 MBN F& A W50 (P<0.001) (£ 2), -5—5C#HmaAT,
Bl VRN, 3 MBC & SR BEHH I (K 1) . -5—5CHREHEH T 0—15 em 1 15—30 cm
158 MBC &40 HI7E 15 IRERRME IR G2 28] T i KAE, 705128 4362.4 mg/kg Fl 2804.44 mg/kg; —10—10°C ¥k
AYEHT ,0—15 em 13 MBC & 878 7 IRV S 183 T RMH 16978.1 mg/kg, 15—30 cm 3% MBC 7%
TR 7 RGP ] 38 0 (8084.4 mg/kg) , 15 RARFME IR ik 3] T KAE 8096.6 mg/kg, 5 FZRMIHEIA L,
TE=5—5CHRAEHT 0—15 cm A1 15—30 em 135 MBC &80 9130017 80.2% .100.6% ; — 10—10°C R R/
HF,0—15 cm A1 15—30 cm 38 MBC S50 535N T 4.3 550 4.8 £, PIF AR XS 1458 MBC /%52 1
LI H-10—10°C >-5—5%C ,15—30 cm>0—15 cm,

PIRR RS T, BE R AL B 3 T, 0—15 em 13 MBN SR 30 JE 34 0 J5 BEAR 9 A8 A 4, 1 15—30
em 38 MBN W26 BN S AR 88 i (0 A8 Ak e 34y —5—5°C B st R, 15 IRIG R IE 36 5, 0—15 em 13
MBN £ 5 VR BT AH L TC B AR (8 1) 5T - 10—10°C AR T ,0—15 em 4% MBN 7 R RlIE 3 )5 15
F e KAH 199.6 mg/kg, BEG AKX, 15 IRTRRALSS S5 158 MBN 2 58.86 mg/kg, 5 RMITTAH L 0—15 em 14
MBN KT 63% (K 1) , —5—5C HI-10—10CZRRAEH T ,15—30 em 38 MBN 78 U Bl G 2R 45 5 43
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Table 2 The effects of freeze-thaw amplitude and freeze-thaw frequency on the phospholipid fatty acid concentrations and microbial biomass

carbon and nitrogen

g
T PEIER SRR N " ¥ "
e MEAR MR ween om0 L [
+2/em Freezing o o MPLFAs  PMRE G PIME G - - W& BR e
. . Microbial Microbial . . B F . . A
Soil layer and thawing . . Total Gram-positive Gram-negative X . Actinomyces Eaig lcn
biomass bhiomass . i ’ Bacteria Fungi bt F/B
mode . phospholipid ~ bacteria bacteria 1 G*/G
carbon nitrogen .
fatty acid
0—15 VR bR 0.00 ** 0.19 0.10 0.17 0.11 0.84 0.04 0.00 ** 0.00* 0.00 <
URRIA 0.00** 0.07 0.00** 0.00** 0.00** 0.00%*  0.00**  0.00** 0.02* 0.00 **
VR « PRAICER 0.00** 0.2 0.00** 0.00** 0.00** 0.00%*  0.00%* 001" 0.00* 0.00**
1530 e 0.00 ** 0.12 0.00 ** 0.67 0.00 ** 0.02* 0.00 ** 0.00 ** 0.00 ** 0.00 **
VR 0.00 "~ 0.00 "~ 0.00 "~ 0.00 ** 0.00 0.00 ** 0.00 ** 0.00 ** 0.00 " 0.00 **
VRERE » RmRL 0.00** 0.69 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 **

% P<0.05 HZFEI, 5 P<0.01 Wi EF M

T/ Y 015 [l 530
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Fig.1 Variations in the microbial biomass carbon and nitrogen concentrations under different freezing—thawing times in —5—5°%C and

-10—10°C

2.2 HHEBERRARIRR & H AR Ak

REMIE X 0—15 em HHEE PLFAs XA . G* .G PLFAs & 1 JC W & R0, 100 v Bl et 28 R b vk 0 i —
FH WAL EAERNT 0—15 em TIEEE A F/B .G /G M 15—30 em HIEA[RIZER] PLFAs &84 HoAT i %
R (P<0.05) (£2), -5—5C#HMIEAT ,0—15 cm Al 15—30 cm 344350 PLFAs 25 5876 Uk BG40 )
(AT 3 WERRMEEN ) T B 228 Ak B 5 B A (18 2, 181 3) o 15 RGBS , 5 ZR BT AH L, 0—15 em +
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5 PLFAs ZHTR  FUIR IZETE . G* .G PLFAs 73 5N T 57.8% ,56.7% .60.6% ,58.6% .53.8% .58.9%, 1fii
15—30 cm +3EH R4S PLFAs & 43 MK T 79% .86.5% ,56.6% .72.8% .93.5% .75.8% , Wiff+ )z
T EY) PLFAs & B0 —5—5°C R Bl VE FH AR i 0 22 308 15—30 em>0—15 em.,

—-10—10°C VRl AE T, 1 3E4 28 PLFAs 7 i 52 0 SR B AR 19 iy 22 £k i 34, (RT3 IR VR il i 7
PLFAs &t (K 2,18 3) . —10—10CHRIEA T, SURRIHTAA L ,0—15 cm 585 PLFAs A | FLIE | iZR
B .G" .G PLFAs 23 3/0 T 50.4% .39.8% .46.1% .100% .34.4% 44.6% , 1fij 15—30 cm T3 FiR &2
PLFAs S BIFEMR T 75% .39.7% 40.4% 62.6% 36.1% 44.6% , %# L, Wb 4% il d J3° of 4 498 44 2500 PLF A
TR -5—5C>-10—10C , A[F £ )2 13 PLFAs & X - 10—10°C ¥R Al e FH id e 7 PR s 2k 9
FIUTT S, B PLFAs RILHK 0—15 em<15—30 cm, Il B & AL FE PLFAs £IH 0—15 em>15—30 cm,

/oYY 0—15 [l 1530
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Fig.2 Variations in the different groups of PLFAs concentrations under different freezing—thawing times in —5—5°C and —-10—10°C

VR B R Rl R B S 3 ) A8 AR R 4 TR/ A0 B EE (F/B) B 2% PG BH P T/ 24 R T B L
(G'/G ) HHEA REFMW(P<0.01) (K 2), -5—5CURRWIM (3 ARG ) T3 ¥/B ol Z2 4, IFTE 5
R BIG IR ok Bl B KA, B A5 15—30 em 3 F/B WIZE 5 R UR LG 1R FH S & @i m . (DLIE 4)
—5—5CHRRIEIREE R 5 ,0—15 em +3 F/B /0 T 9.3%,15—30 cm +3E F/B ¥hn T 1.26 1%, 7E-10—
10°CAAEA R ,0—15 em 5 15—30 om +3 F/B 25 AL R B AR X 52 /08, Vil 25 305 43 5008 /0 1 11.49% Al
1.9%.

-5—5CHRIEHT ,0—15 em 13 G/ G RINMFEFEMLF G M A 15—30 ecm 13 G /G 7
Al T B84k, 5 IR ORI BR 5 B BRI 0—15 em MY T 18.2%, 1M 15—30 em 3 /D T 73.4%
-10—10°C HFER T ,0—15 em 1 15—30 em 13 G*/G /MBI T 24.4%F1 17.2% .,

2.3 HEERUEYBEIRRRNIR 5 LS A AR AL S OC R

B R R AR IR & 2 5 3R Wi R T A PL R R A S T A SR B, 3 MBN %

BS54 HE8 PLFAs G* .G 41T B H ZE B PLFAs &R B IEHCKE R (P<0.01) , M5 HEGC /G R
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Fig.3 Variations in the gram positive and negative bacterial PLFAs concentrations under different freezing—thawing times in -5—5°C and

-10—10°C

FHUAIL(P<0.05), THEMBC &5 T G & & 8 035 IEAHC, M52 & & 2 W& U COCR (P<
0.01), I PLFAs G" .G~ 4HH  EH JLE PLFAs &85 11 DOC B B E MM L R 25 15 DON
THITEFEMLKR(EI),
R3I WMEMBEENREES Z ENEXE
Table3 Correlation between microbial community and carbon and nitrogen components

TR BB MBC AR A MBN AATER L DOC AT MEA FLA DON

Microbial biomass Microbial biomass Dissolved organic Dissolved organic

carbon nitrogen carbon nitrogen
M kg e | .
;ozlfﬂ;?ig%;dpfiij id ~0-16 0.66" -0.37° ~0.17
B2 [CPHPER G Gram-positive bacteria 0.78 " 0.53"" -0.31" -0.15
HE BT G Gram-negative bacteria 0.05 0.69 ** -0.38** -0.16
4% B Bacteria 0.06 0.63** -0.36" -0.16
HH F Fungi 0.06 0.69** -0.37"" -0.14
T Actinomyces -0.37"* 0.60 ** -0.31" -0.19
B 22 [C PHPE TR/ 5522 [RBAPE R G /G 0.10 -0.31" 0.24 0.18
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Fig.4 Variations in the fungi/bacteria and gram positive/gram negative bacteria ratios under different freezing—thawing times in —5—5°C

and —-10—10°C
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Table 4 Variations in the soil dissolved organic carbon and nitrogen concentrations under different freeze—thawing times in —5—5°C and

-10—10°C

VR At T2 VRALUKEL Number of freezing and thawing
Amplitude of freezing ~ Variable/ Soil
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DON 0-15 20.78+3.1 27.48+12.14 16.56£2.13 13.634+1.55 38.98+8.41 28.57£6.17
15-30 27.17+1.68 40.76+1.96 14.57+0.1 14.6+1.24 31.99+9.34 29.3+3.91
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DON 0-15 20.77+3.1 10.19+3.43 39.96+6.17 34.73£7.90 26.9+0.99 29.72+9.35
15-30 27.17+1.68 27.94+12.68 83.62+£10.53 45.45+5.99 39.51+2.94 19.88+2.94
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