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S, RREERS AAR T - 33084 M1 i % ( Microbial Biomass Carbon, MBC) ¥ B FlZT 45 Sl | RO AN JE M TG AY 5 1, BEZ T3
RIS, VR ARG IRXT MBC 1 3 ol i I75 1 100 52 v 28 0 0 559 , A [R) S U [R) MIBC Vi 52 N 3 i 0 4 R AEG W 2 o UDAW 3 T
DDAW , RP AR IEE fe/N, RBHIE T DOC e BE B2 R —5—5 C R T—10—10 °C, Xt MBC ¥ B Al 3 g6 14 A4 5% i T J2:
—10—10 CKTF-5—5 C, HBhRs s &5 m 4 Brm YA ML 43 (DOC 5 MBC) K 3 FliG M (P<0.05) . W5 VRl AL
B4, DOC ¥k FE St Jo B AIG , MBC Ve B F0 3 F I 4 U e B IR /5 v . k4t , UDAW 1 DDAW 38 55 PR BLAR 20 43 i 1 1
it 1 S35 IEAH G (P<0.01) , B 78 DOC WeBERYBE N, MBC A FHZAEH . WifE RP H3Erf 5 MAHSCHERRAIL, 5 5 A4
AT G,

KR RAIEIE ; W TEA MU, BRI, =V R

Effects of freezing and thawing on soil active organic carbon and enzyme activity

in the Sanjiang Plain wetlands
LI Fu"*, ZANG Shuying', LIU Yingnan’, WU Xiangwen', NI Hongwei'"* "

1 Heilongjiang Province Key Laboratory of Geographical Environment Monitoring and Spatial Information Service in Cold Regions, Harbin Normal University ,
Harbin 150025, China
2 The Faculty of Science of Jiamust University, Jiamusi 154007, China

3 Institute of Natural Resource and Ecology, Heilongjiang Academy of Sciences, Harbin 150040, China

Abstract; The aim of this study was to analyze the influence of freezing-thawing cycles ( FTCs) on soil active organic
carbon fractions and soil enzyme activity in different types of soils. To this end, a laboratory freezing-thawing simulation test
was carried out using soil samples from undisturbed Deyeuxia angustifolia wetlands ( UDAW ), disturbed Deyeuxia
angustifolia wetlands (DDAW ) , and rice paddy fields ( RP) in Sanjiang Plain. Soil samples were taken from different
layers of each soil type (0—10 ¢m, 10—20 c¢m, and 20—30 cm). Two FTC amplitudes, namely, (—=10—10°C) and
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(=5—5%C), were tested. Soil samples were then processed during the 3rd, 6th, 10th, and 15th FTCs, and dissolved
organic carbon (DOC) , microbial biomass carbon (MBC) and enzyme activity was compared in relation to FTCs (0). The
results demonstrated that, in the three wetland soils, the dissolved DOC concentration increased after freezing —thawing
cycles. The DOC concentration in each type of soil decreased with soil depth. DOC concentration increased the most in
UDAW, followed by DDAW, and then RP. In contrast, MBC concentration and cellulase, sucrose and amylase activity in
the soils decreased after freezing—thawing cycles. The effects of FTCs on MBC and the aforementioned activity of the three
enzymes gradually weakened with increases in soil depth. MBC concentration and the three enzymes activities presented the
greatest reduction in UDAW, followed by DDAW , and then RP. The effects of FTCs on DOC concentration in soils under a
FTC amplitude of =5—5%C were greater than that under a FTC amplitude of —10—10°C , but the opposite phenomenon was
observed with respect to the effects of FTCs on MBC concentration and the three enzymes. The number of FTCs had a
significant influence on the active organic carbon fractions ( DOC and MBC) and the three enzymes activities ( P<0.05).
With an increasing number of FTCs, the DOC concentration was first observed to increase and then decrease, whereas the
MBC concentration and the activity of the three enzymes first decreased and then increased. In addition, soil active organic
carbon fractions in UDAW and DDAW were significantly and positively correlated with soil enzyme activity (P<0.01),
which suggests that MBC contributes to the increased DOC concentration in soils. This correlation was weak in RP soils,

which might be related to greater human disturbance in these types of soils.
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1.1 WF5EIX il

WFGE DR 30 F o A E S VT4 = VTP (47°447 N, 133°31 B) (1) P9I 55.4—57.9 m, RIGHR
ORI KPR ZE R, & Z 2818 K ERRBERIE AR AR 1.9 C L 4EFEK R0 600 mm, e fK i H
BAE 1A PR N -23.4 C  femik i BAE 7 A PR 22.4 )€, BHAE 10 A FRIE 11 H A RRRAE
3 HNAIE 4 A AAAE 2 IR GRS B fE . = VTP DA Bt 2 S0 3 Iy /K 22 (978 A 8 A R /D b A il
Yy, FERELZME T Carex spp) /N ( Deyeuxia angustifolia ) MMEFITAMISE 3250 T8 Ry i fa) + JHPF
+ BRI E AR L,

F1 SIFEEXRERMAERHR

Table 1 Description of sampling sites in the Sanjiang Plain

SRR, T2 ST Soil type

Sampling Sites UDAW DDAW RP

GPS Astx 47°45'39"N  133°37'04"F. 47°43'15"N  133°30'37"E 47°43'27"N 133°30'22"E
47°45'42"'N  133°37'04"F. 47°39'08"N  133°29'03"E 47°39'11"N  133°29'02"E
47°45'44"N  133°37'05"E 47°37'33"'N  133°35'48"E 47°37'29'N  133°35'47"E

W2 JINI B3 NS iR KAE

IR SRR HWAEBUK FEHEBUK ZATHERUK

+ e Hif) + i 4 KFE+

UDWA, RKZ T/ M- 1% # Undisturbed Deyeuxia Angustifolia Wetland; DDWA | T4 /Nt 15 b Disturbed Deyeuxia Angustifolia Wetland ;
RP, 7K#EH Rice Paddy

1.2 FESL AR SAb3E

2015 4F 10 J ZERIF5T DX 35 9 e BT [ 5% 1 SR OR3P IX N A 32 T 1 o AR BUK I /N S5 R4 X AR/
I b T B2 ) /K e B LA R 55 K R FE R 208 19 32 A 208 8l e 5 B0 5 7K sl /0 1) 2545 M BUK 1 /I i 3538
AR X5, e B KR 1, AEHRE b BERE 3 AbMRIFE 30 m (Y 10x10 m* FEHORER S, A
RIS R £ IR A R 0—10 cm, 10—20 em F120—30 em 33 R H 4 FIURAR ARG 5 4 A
PB4 HERR AR IFAE 72 h NIB [P SE S KR 4 mm 1 580 JS ORRELE 4 CUKFE TP TR IRIA
5, 5 —30 o 4 F SR IT S WS R 0 e T e B, R S A B A M R L (R 2)

F2 TEERBAER

Table 2  The basic physicochemical properties of the soils

+ e +2/cm TR (g/kg) 2R/ (g/kg) /R 2 B Eﬁiﬁiﬁ%;ﬁ
Soil type Layer Soil organic carbon Total nitrogen Carbon/Nitrogen pH holding capacity
UDAW 0—10 47.76£6.32a 3.8120.52a 12.54£0.81a 5.64+0.16b 85.91+9.08a

10—20 36.52+4.16a 2.64+0.39h 13.83£0.52a 5.83x0.11ab 52.51+6.81b

20—30 20.43+1.96b 1.12+0.32¢ 18.45£0.33b 6.58+0.18a 42.50£3.79b

DDAW 0—10 30.47+4.62a 2.89+0.45a 10.67£2.1b 5.72+0.18b 79.55£5.12a
10—20 20.03+2.84b 2.07+0.21b 9.67+0.57ab 5.98+0.21ab 47.20+2.82b

20—30 15.30£3.05b 1.06+0.19c¢ 14.53£2.91a 6.3120.16a 40.63+1.77b

RP 0—10 28.03+6.94a 3.96+0.53a 7.10+1.72b 5.70+0.11b 53.27+3.07a
10—20 23.4+4.06ab 3.4420.23a 9.67+0.57b 5.93+0.09h 43.65+2.49h

20—30 18.4+1.39b 1.59+0.27b 11.82+2.14a 6.3220.14a 40.04+1.38b

RPN R IEZE (n=3) ; [ —FAR R/ NG FRER R A B A] 22 53 .35 (P<0.05)

1.3 FEAEE R S

FRELC(ARSFRT 1 8) 70 g ARG 09 HHERES B T 250 ml B 38, 228 7oK H &K EN
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B RIFK IR 60% , IFAE 25 CATEIRA 3R 7 K, A Y is vE i 20 E 5 e IFRE , Ofds H 18K 4y
SREE . A5G VTP R R ] S2PRIBE 3 (=10—10 °C) FlI(=5—5 °C ) WSV Rl 2 | B L 3 RE 5 43
FIFA =10 CHI-5 CARIRREFER PR 24 b, F550 BIRATIREE } 10 °CH S C Al HmifL 24 b fE R 1 %R
PEER, SEIRSE 15 WRRIEER , 230 K, [RIBFEEE 10 CHI S °C AR 2t vk al b BRAE S VE R 28 T B FTC(0) o
ST MAEVRREER ISR 3 ¥ .6 I 10 IRAT 15 R J B 5 &2 38 43 i 855 5 0, I+ 498 0% M ik 41 43 ( DOC il
MBC ) FIif I 4 (21 4k 22 6 TR Bl R TE A 6 ) F % .
1.4 HEas Tk

T HEG ML (SOC)  FREUXN TS +392 0.1 g, A 2 mol/L #hR¥Z 1, % ] Multi N/C 2100 TOC 4% ( f# [
052 ) miE AR BE I E 35 SOC &, HIERA(TN) SR A4 A SR E ZAL (fEE Behr) 2 TN, pH {H:
PRI 2 mm G0 KA £FE 10 g BT 100 ml BedFr inA 50 ml Jo 48 A0 7K, FH 3% 38 4 TR S04 3 I i
30 min, S8 J5 F pH G , WA HLEK (DOC) FREX 10 ¢ B A S A 100 mL 240K 9 = A,
W IR IR 30 min, B OHLENG, BIHHGT 0.45 wm JERE, R MultiN/C 2100 TOC {3 ( £ H3£x)
MRE . EEYERR (MBC) - R F et i S0 07 25K, SO, I3 4 i 7 L B 10 g 3 4E ] = S H e SR 78

L1 4 Bl RO AR BT PR A 3, 5 SRR etk S 4E R B MELL 1 g 13EAE 37 C R IESR
72 h JE AR A mg s HEBEEE  TEM EETE MR DL 1 g B3R 37 °C FREFE 24 h 5 AR A0 A B mg
FoR
1.5 Sitoadr

FIIHI SPSS 19.0 il Excel 2010 X HHRHEATE AT FIEIE 241, R FH 29075 25 (MANOVA ) 3BT U4 il e 3
AR Bl B0 - 39805 A LB RN - S PR 1) 25 S MR RE i, R Pearson AHSC /AT R 3805 M HILAK AN
SRS AL 2 R AR SEE . 24 P<0.05, 22 SRR MR E S LA B X,

2 ERAW

2.1 VRAE RN R A HLIR AL 3 1) R
2.1.1  URAEFRXT L HE DOC ¥ BE 1) 52

PRFCE D 2 52 R R 1= 48 DOC Wk B, TR Rl R 2 % 3 Fhifd b 0—10 em 3 DOC ¥R FE 52 mR i 2 ( P<
0.05,%¢ 3) o RFEhYE S AR RS AAZ TAE X UDAW =/ANiE 3024 DOC ¥, DDAW 5 RP10—20 cm Fl
20—30 cm +3E DOC W2 1 35 (P<0.05, 38 3) ., Bl VR Al B m 38 n , A VR ral s 3 T g -
DOC ¥R BB HE N, ¥IAESE 6 W IRRLIG IR J5 15 B e KBS BRAK, JF 48 TR 0E , I A & T %A 2t drmi b
R FTC(0) (1), KBVRAE X 13 DOC & & A5 B A A0, B 3 U R, [R]— 28 A0 +
Herp DOC ¥4t 0—10 cm>10—20 em>20—30 cm, A [F]2EA 3% DOC H#4E°h . UDAWSDDAWSRP (A 1),
FE-5—5 C AL ALFL T, UDAW  DDAW 1 RP =i 8 2 o DOC ¥k B FL R @ AT FTC (0) 43 5 34 n 1
(29.3%—51.7%) , (28.1%—40.2% ) F1(16.5%—31.8%) , 1lii—10—10 °C %4 ¥ T, UDAW .DDAW I RP =
MESNE 3 DOC W FE LR B RT3 9880 T (23.4%—37.5%) , (15.9%—32.1%) F1(5.4%—15.5%) ., L5
g R RIS R IN T 76 312 1 DOC W, Hof—5—5 CXF DOC & i A3 I i K
2.1.2  URAMIGERXT 133 MBC ¥ B (14 5 )

PRECEL D 2 5200 MBC MR B2 (P<0.05,3% 3) , MRk IR B XS MBC YR EE SIS 2 (P>0.05,3K 3) . VRl
YRS 5 Rl R B 0 22 AR ] X UDAW il RP +3% 0—10 em A9 MBC ¥ 5200 1B % (P<0.05,% 3 ), %
DDAW =/MEENE MBC B (2 ma 4R 2 (P>0.05,3 3) o ZRAME X 3 Fh2E8 1) =M% 3 )2 MBC 1k
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R3 FRIEEFRRZE Y L DOC #1 MBC iR E R MM T = 547
Table 3 MANOVA results (P values) for DOC and MBC concentrations with amplitudes of freeze —thaw and number of cycles
o LA £ /em RHE AT e UK
Variable Soil Type Soil Layer Amplitude of }‘Treezmg Number of Fr-eezmg Amplitude X Number
and Thawing and Thawing
DOC UDWA 0—10 0.000 " 0.000 * 0.000 "
10—20 0.006 * 0.000 * 0.026 "
20—30 0.120 0.000 * 0.000 *
DDWA 0—10 0.001" 0.001 " 0.434
10—20 0.186 0.000 * 0.003 "
20—30 0.017* 0.000 * 0.000 *
RP 0—10 0.000" 0.000 * 0.109
10—20 0.377 0.002 " 0.001"
20—30 0.081 0.009 * 0.002 "
MBC UDWA 0—10 0.719 0.000 * 0.015"
10—20 0.085 0.000 * 0.005
20—30 0.047" 0.000 * 0.291
DDWA 0—10 0.326 0.000 * 0.249
10—20 0.245 0.000 * 0.528
20—30 0.326 0.000 * 0.326
RP 0—10 0.470 0.000 * 0.099
10—20 0.647 0.000 " 0.007*
20—30 0.747 0.000 * 0.059

#* 50 8 3 (P< 0.05)

AT AR

Dissolved organic carbon/(mg/kg)
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6

R BR%L Number of freezing and thawing

-5—5 CFA-10—10 CAETARE G T EAEFNBRIRETH

Fig.1 Changes of DOC concentration under different freezing and thawing times in —-5—5 °C and -10—10 °C
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F S 4 T B — B e, WEE AR B BE I MBC ¥ B8 S FAR S T, B (R T 30 2o o b
WX IR FTC(0) (B 2) , RBIRBIGAREAL T 16 3h)J2 148 MBC ¥k . #£-5—5 CURRLIREEALEE T, UDAW |
DDAW F1 RP =/M&E3h)2H MBC R JE 43 SRR T (6.2%—27.6%) , (10.6%—26.3% ) F1(10.6%—24.1%) , Ifii
—10—10 CHRAIRTR 0 BIFEMR T (8.8%—40.8%) , (7.8%—36%) 1 (11.29%—33.6%) , $¥i W, 10—
10 °C VRAME IR XS MBC e BE A2 Mg K, Bl 5 IR BE RN, 76 - 5—5 C URRlR BEALBE R | 3 Fhlid b + 458 vp
MBC % #7254k 0—10 ¢m>10—20 ¢m>20—30 cm, fE-10—10 °C Z:fliE AL BN, DDAW 1 RP 3% MBC ¥
BEARAE 0—10 cm>10—20 ¢cm>20—30 cm,{H UDAW +3EH MBC ¥R E LR IN 0—10 cm<10—20 em<20—
30 em(E2),

B UDAW(0—10 cm) 8 UDAW(10—20 cm) O UDAW(20—30 cm)
M DDAW(0—10 cm) @ DDAW(10—20 cm) 0O DDAW(20—30 cm)
O RP(0—10 cm) B RP(10—20 cm) @ RP(20—30 cm)
2500
FTC (-5—5°C)
2000 |
1500
R
o
< 1000 | K] B
E ] B
= % = “ =
= 4 B b
2 K] S
2 500 4 P
7 X %
g i ¢
5 0 [ DA
3 0 3 6 10 15
ig’ 2500
£ FTC (-10—10°C)
=
#2000 f
s
g 1500 | :}
< [
1000 -] X
g o
o 4 B
500 ) Kl B
> o
] %
o o
al P4
0

FRELRE Number of freezing and thawing

B2 -5—5°CH-10—10 ‘CAETARFREAHMN T IEHMENEBRESTK
Fig.2 Changes of MBC concentration under different freezing and thawing times in —5—5 °C and —-10—10 °C

2.2 UREMEERXT A R E G 1) 5

PRACEONT 3 Tl b 15 22 R 27 2R R R R JE A RS P S i 3 B 2 (P<0.05,3R 4) o TR
WR X 3 AR o0 - S TR PR 125 (P<0.05, 38 4) o VRARUCECS YRR 1932 BAEH A XS DDAW =
AN Bh 2 LT 4 R B A GE RS BTG 1, UDWA F1 DDWA 10—20 em LA K2 RP 0—10 cm P AR Bl 05 14 52 o) Gk 2
(P<0.05,%%4), 5 FTC(0) ML, VRAMEIRG | RS A 3 i bl - IJe il ( 21 4k R W | 0 A0 Bl A R0 1 ) 7% M AE 00 30
REAIS , B VR AR 3G B P i o s (H R = (BT FTC(0) o VREMIEFRXT 3 B0l I 4 14 5% 1 (1)
#aFE MBC AH—E (K 3 K 4 K5), 5 FTC(0) ML, #E-5—5 C AL FE)S ,UDAW \DDAW il RP AY4F 4
REHEE D BIEAR T (4.5%—251%) . (2.5%—22.2% ) F1(3.7%—22.6% ) ; FEWHAE IG5 BIREAR T (14.7%—
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41.1%) . (10.6%—34.9% ) F1(5.9%—22.5% ) ; V& ¥ Bl 156 1 50 RIS T (3.2%—15.8%) | (2.9%—15.1%) FlI
(6.5%—20.7%) , 123t —10—10 °C ¥ @l kb BRJ5 , £F 28 R W6 PE 0 R T (7.7%—34.7%) | (8.8%—
27.5%) F1(3.1%—24.6% ) ; FEREREIG P43 AR T (15.7%—43.3%) . (13.3%—40.4% ) F1(11.2%—32.9% ) ;
TERY B PR 2 AR T (20.9%—29.1%) . (14.6%—28.6% ) FI(17.7%—34.2%) . BHESHF B7s, -10—10 C
XF 3 PR S PR Y SE MG O B M Zh U R 3G, ] — 2R B b 3 p 3 R M AR R R
0—10 cm>10—20 cm>20—30 cm ; A~ 7] 25 50 Gl 1 498 21 4 25 J 0 FeeA 0 2 4R PR I 35 6 30 . UDAW >DDAW
>RP, 1M1 E 5 1l 175 Pk R AR R 2 204 : RP>UDAWS>DDAW
F 4 RRIBEFRRCH TS R, AR MR R0 E ST
Table 4 MANOVA results (P values) for cellulase, invertase and amylase activities with amplitudes of freeze —thaw and number of cycles

VRBiR T VRRRREL

AR s il +)Z/em . ) . . e JEE xR
Variable Soil type Soil layer Amplitude of F.‘reezmg Number of Fr‘eezmg Amplitude X Number
and Thawing and Thawing
21 2 Z ity UDWA 0—10 0.000* 0.000 * 0.246
10—20 0.002* 0.000 * 0.467
20—30 0.390 0.033* 0.383
DDWA 0—10 0.001 * 0.000 * 0.000*
10—20 0.675 0.000 * 0.000*
20—30 0.000 * 0.000 * 0.001 *
RP 0—10 0.002* 0.000 * 0.193
10—20 0.207 0.000 * 0.168
20—30 0.035* 0.000 * 0.808
HEWE G UDWA 0—10 0.004 " 0.000 * 0.682
10—20 0.000* 0.000 * 0.045
20—30 0.000* 0.000 * 0.829
DDWA 0—10 0.867 0.000 * 0.228
10—20 0.880 0.000 * 0.022*
20—30 0.445 0.000 * 0.208
RP 0—10 0.000 * 0.000 * 0.002*
10—20 0.150 0.654 0.456
20—30 0.000* 0.000 * 0.016*
TER UDWA 0—10 0.000 * 0.000* 0.203
10—20 0.002* 0.000 * 0.526
20—30 0.361 0.018" 0.320
DDWA 0—10 0.000* 0.000 * 0.000*
10—20 0.697 0.000 * 0.000*
20—30 0.000* 0.000 * 0.000*
RP 0—10 0.001 * 0.000 * 0.115
10—20 0.169 0.000 * 0.106
20—30 0.057 0.000 * 0.107

* 5 B3 (P< 0.05)

2.3 HEESMEA LIRS TR A AR
Zead 2 SRR A BE A 15 IR PR AL BRIS | A PRS0 78 , UDAW A1 DDAW +3%9 DOC W 5
MBC ¥ & £ 24k 2 il A1 b it 0 P DA K 3 Fh BTG 1k =22 B 22 Bk (e 35 IEAH G ( P<0.05; 3 5) ; DOC ¥ 53k
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B UDAW(0—10 cm) B UDAW(10—20 cm) 0O UDAW(20—30 cm)
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Fig.3 Changes of celluase activity under different freezing and thawing times in -5—5 °C and -10—10 °C
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Fig.4 Changes of invertase activity under different freezing and thawing times in -5—5 °C and -10—10 °C
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Table 5 The correlations between active organic carbon fractions and soil enzyme activities

A Bl (DGR /E RS

?%ﬂ AF 4 Variable Dissolved Microbial ETAER HER VR
Type . . Celluase Invertase Amylase
organic carbon biomass carbon
UDAW DOC 1
MBC 0.789** 1
LT YL 0.657** 0.698** 1
T it 0.768 ** 0.778 ** 0.871** 1
TE R 0.871* 0.893** 0.771** 0.867 ** 1
DOC MBC HYER N T TE R Bl
DDAW DOC 1
MBC 0.734** 1
L1 YL 0.753** 0.661* 1
TR it 0.842** 0.742** 0.806 ** 1
VE B B 0.760 * 0.749 ** 0.612*" 0.757*" 1
DOC MBC SR T TE B B
RP DOC 1
MBC 0.732* 1
L1 YL 0.821* 0.673* 1
TR it 0.798 0.842* 0.638 1
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Fig.5 Changes of amylase activity under different freezing and thawing times in —5—5 °C and -10—10 °C
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