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Abstract: As an special process for soils in the regions of high altitude, the freeze-thaw process directly or indirectly
influences the physical, chemical and biological properties of soils. Under the background of the global warming, increasing
attention has been paid to the effect of soil freezing-thawing alternation on carbon cycles. By measuring the changes of depth
of seasonal frozen soil, of soil properties and soil respiration, our main objective was to provide insight into the responses of
soil properties and soil respiration to changes in depth of seasonal frozen soil in arid area, and to further elaborate the effect

of global warming on seasonal frozen soil and the resulted carbon release. Soil respiration rate (Rs) of Ebinur Lake area was
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measured from January to April in 2010 in the field using an automated CO, efflux system ( LI-8100). Meanwhile,
temperature ( air temperature ) , atmospheric relative humidity and wind speed were measured 150 cm above the ground.
Temperature,, atmospheric relative humidity and wind speed were also measured at 10 ¢cm above the ground, with a handheld
weather instrument. Soil temperatures were measured at 5 cm, 10 cm, 15 cm, 20 cm and 25 c¢m below soil surface with two
geo-thermometers. The results showed that; during the frozen period, soil temperature is the most important factor
determining the depth of frozen soil, while during thawing period, the depth of frozen soil was not influenced by temperature
(P>0.05). There was significant positive correlation between soil respiration rate and depth of frozen soil during most of the
freezing period (R*=0.782, P<0.05) , this correlation did not apply to the initial stage of freezing period (P>0.05). There
was no significant difference in soil respiration rate between the freezing period and the initial stage of freezing period, but
soil respiration rate significantly increased with the temperature during thawing period until the soil was unfrozen completely
(the changes was 0.14—0.37wmol - m™+ s™' ), indicating that permafrost melting significantly increased soil carbon
emissions. Climate change impact on seasonal frozen soil depth, on the duration of frozen period, will change the seasonal
crop production in permafrost regions. The natural vegetation biomass, spatial distribution pattern of vegetation and ranges of
natural native plants distribution will also be changed. Even the plant community succession direction and patterns may also
be altered by the changes in duration and depth of frozen soil. All those will affect the ecosystem carbon cycling process. The
difference in soil respiration rate of different periods was influenced by soil organic content, snow-melt recharging to soil
water and other factors, which may have a collectively effect on carbon cycle of the local ecosystem. Our preliminary
findings in the current study revealed the impacts of seasonal frozen—thawing process on soil respiration in Ebinur Lake
area, and provided theoretical basis for revealing carbon release mechanism during frozen-thawing processes under the

background of global warming.

Key Words: soil respiration rate; frozen soil depth; response; arid area
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BARI LW B AR PR X IFEFE & | S IBOR AR EAEBRAR FHAE - 2 A 48 5 AR S RGE I 2 AR A
THMARIEREE ML, T AR R GRS LT A SR LR X N, S B AR AR R G 45 38 Ly sy
FOREAESRS N T TR B A S RS, WA (Populus euphratica ) FE V% 175 =5 ( Phragmites australis ) F¥
TEAE RWFFEXS G R T VDB 8E , e O R AR i 9 Bl E i sh T e xR (B 1,38 1)

F1 WREMER

Table 1 Research sample description

FEHL Sample HiFRALFR Geographic coordinates FEHA A Sample description

50a # H 50a Cotton field 83°31.989'F 44°29.106'N HEWE T 2O R 2 O+

7a #2735 H 7a Abandoned land 83°32.332'F 44°33.696'N Mk R4 A B R K B B K 8, 3R 2R b it

9a Hi I 9a Cotton field 83°32.331'F 44°33.697'N HEW 2, LIRER BRI B

3a #2751 3a Abandoned land 83°33.176'F 44°33.815'N MESBAK IR A& GRS B KR Kig e, HIER B R bk
#1# Populus euphratica 83°33.864'E 44°37.079'N FEAFE B SRR IR+

773 Phragmites australis 83°33.833'F 44°37.119'N TerEAF, L3R+

YDBE Desert 83°32.731'F 44°36.996'N 5 2 e v e, AT+

1.2 Wik S5 R4
1.2.1 4R 58]

- SFEIE I 5 R ] LI- 8100 4 CO, HE il 8 i 4
HEhE RS, FERFEH N B — b i 3AFH 25
— A B A TR AN, BRI 3 M B
FEJT 2 18] B BB B AR /NT 20m, BN FE T IEE 3 MR,
it 9 MERL(E 2) o TERUCINE I $2 0T 1d ¥ A2
20cm = 13cm AYRE LM RIFEARIN 52 FE 8 (Soil collar)
AT IREZ) 10em 458 FLREL T 24 b (174
Jii , - SFETI 5 R 2 P A 38 e A R A K SF , DA T ki
BT B T2 B E R R B0 i i AR J T P R
R,

SIS PR R ARG T B 3k 5] - 33.5°C , bk A 2l T
TR RAR TR L 5 TAE , M BPK L1-8100 498 2 0]
ARG ENAERELE SRR T, O AR A R
AR AT P B A L T8 3] 1 8 TAR 2K
1.2.2 AT E]

B2 /MEFIRITE
Fig.2  Representation of the quadrat of soil collars used in

the studies
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1.2.4  BIEREALCRAE S A0

TEAS LI 5 BRI B R AR 50emx30em 14 3 A~ IEHTH , #% 0—5em . 5—10em BB RFE, F = 5151
SPREWURE , TR ACK LS EAT T W B A T € 5 TR 4 AR B B4 kAT A e Bl i,
BRI e FAAET 3 38 AL 00 i Jr 12 i Y B TR R 25 vk — R B AR Y R e U Il i LI
SE RN, 48 pH 55 o SR P B AR R, 98 F P ER D 9R I ) | - 0 R P LR 3 AR X R 2 E
SERAS D A W (A S SRR TR TR T T A Bk B S A L AN BB OB R . TR R
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Table 2 Comparison of soil properties in all samples in different month

Fedis 1 A Jan. 3 H Mar.
Sample 4 Total N LR g RfLBEE/% 4R Total N G " SALBE %
/(g/kg) Ec/(ms/cm) P Total porosity /(g/kg) Ec/(ms/cm) p Total porosity

50a #3H 50a Cotton field 0.153 0.12 8.27 55.25 0.216 0.20 8.23 35.94
9a i [l 9a Cotton field 0.271 1.51 8.05 70.44 0.290 2.81 7.64 62.82
Ta ¥EFEHI
7a Abandoned land 0.191 2.40 8.22 66.73 0.253 3.02 7.67 59.80
3a fRFCH 0.300 2.86 8.41 70.41 0.294 4.15 7.61 34.24
3a Abandoned land
4 Populus euphratica 0.345 12.18 8.70 70.18 0.389 14.72 8.29 64.99
7535 Phragmites australis 0.164 7.75 8.64 68.10 0.131 8.25 8.50 59.14
VP Desert 0.087 0.97 7.85 48.85 0.083 1.27 7.86 46.69
1.3 Wt

FIH SAS8.0 H1 () one-way ANOVA FHXS B #4777 2200, R Fisher 1SD LT 2 & i, X4t
TR . KR «=0.05, SR Sigmatplot10.0 F1 Microsoft Visio 2007 % BI1ER]
2 BREHW
2.1 A[EER R AR

T 4 ARERISE 2 R R se 4, FoR 1 3 A a9k HJRESIAGR 3, WRPalE Y RE5 1 A
A FH IR e A 25 R e 1R LR PE (75.0—135.0em ) w5 THER A A R S8 (0.1—7.4em) 5 L M IS (10em K
RURE) 55em 2 HERER &S FREAS RS 123 AN, KHMECHAESREGLEERRT

*3 FAEMPFELIEERBEETL

Table 3 Changes of depth of seasonal frozen soil and temperature in different periods

P - 1 H Jan. 3 H Mar.
Ecosystem type Sample Ty s G z Ts o Uik
/°C /°C Depth/cm /°C /°C Depth/cm
RHAETRS 50a K H 50a Cotton field ~ —10.44 -9.98 75.0 0.66 0.3 4.8
Farmland ecosystem 9a FiH 9a Cotton field -14.66  -12.65 84.0 -2.9 -3.7 3.3
RIS RS ;z ﬁiﬁmd o -14.00  -12.67 85.0 -2.1 -2 3.4
Abandoned land ecosystem g: %bﬁiﬁned Jand -10.67 -8.63 135.0 3.63 -0.94 7
TR AES RS 1#1#% Populus euphratica -18.26  -16.57 3.2 -0.79 -2.52 2.3
Desert ecosystem P25 Phragmites australis ~ —-23.72  -21.67 0.1 -0.85 -3.64 0.1
VI Desert -19.96  -21.25 7.4 -5.69 -4.65 6.5

Ty - L ML TSI Air temperatuer near soil surface; T_s : Sem 148 & Soil temperature at 5 cm depth
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R, AR T I A A8 R G W VR 1 JEL B vl VR BE A K, 10O Rk AR TR b AR S R oK s (% 6) , H
16 1—3 H W 1R], A FH R85 b A= 25 28 40 30 Hb 1o <0 24 R 08 52 . Sem b YL 388 VL WA B2 20 01 0 11.1—14.3°C |
7.69—10.67°C , ¥R FHiB AR R G (T HLTAT  Sem Hi R 3G 5 08 5 14.27—22.87°C 1 14.05—18.03C) ., H
UE AT UL Rl A B it R T, AR b B R KR AR Rl DA T RS R (VAR B A R R Y i X
TR AR/ INTF R R EEAR A X, RN A AR T A= S R e B IR e AL T A AR T R A S &R
ge, ik HIEE A TRE .

R T s U TR T R X R R R AR A R S I 43 K 3 A S FR G R U (A1 R R Y AR A 0
TR Sem = HER A B ML (R 4) .

*4 BEREFIEETHEX

Table 4 Seasonal frozen soil depth change rate at per degree celsius

HZS R BIEH Ecosystem type AD /ATy/ (em/°C) AD /AT 5/ (em/C)
KRR FRSE Farmland ecosystem 6.586 7.940
PRI AE SRS Abandoned land ecosystem 7.920 12.146
FE A 2SR GE Desert ecosystem 0.038 0.039

AD VR 1 JE A 4L Change of depth of seasonal frozen soil ; AT, : I M IS AZ £k Change of air temperature near soil surface; AT_s ; Sem 3 AE b

Change of soil temperature at Sem depth

P A2 R GE MR AR AT R P R R B AR AR B8 8 TR A 5 | R i R R R AR b e (R 4) | R LI
H R SRR A A AT B e ) SRR B T A B R E . AR I RIME T A S R AR R R R AR
H#(7.940—12.146em/C ) B TR A S R S5(0.039 em/C) , WEIIFE T S IX R + X B 5 SR 251
ZNET K ER RGN I TP BT = 1 H B IR PR 22
22 HEEERR KT

BEAre 1 A0y 3 AR BRI S b AR, 5 em 110 em 3876 BE K A 385 7K i Ao 5 40 Bt
(F£5), WERFFHL,ARFEA G LEE SN F A AR 22 57, Hop  RE5 1 1 A MR IR E S
0—5cm HIES /KN IGHIIEARDE, 5 5—10em I FE A1 4 18 5 /K i 25 IR AR O, 5 35 M i <0\ Sem £33
TR TR B S IR ARG SR RRII (3 H) IR RS R BREE R 72 R0k 31 2 /K F X AT BE J2
T A R R R 22 R A KT (R 3) .

£5 TRARABFELEESHERFHEXXR

Table 5 Correlativity between depth of frozen soil and environmental factors in different months

A4y Month Ty T_s Ty W_s W_io
1 H January 0.882*" 0.912*" 0.824* 0.709 0.767 "
3 H March 0.104 0.317 0.198 0.118 0.289

Ty L ML Air temperature near soil surface; T_s : Sem 14 B Soil temperature at 5em depth; T_yo : 10em 3 E Soil temperature at 10cm

depth; W_g :0—5cm 4385 7K 4t Soil moisture at Sem depth; W_,; :5—10cm 43585 7K 4 Soil moisture at 10cm depth; * .P<0.05; * * .P<0.01

2.3 Gt R ERALYE AR

- R R A FE A AR S R PR A AR R AR AR5 S G 39 A AR Ak, B VR Rk AR T e iy IExT £
SR TRk ST B ORI A A RS P AR B O 1—4 | BEUR RS AR, RS K R A AT
AHEBRG YR GRR LRSS B Y i H (3 6) , X RPN RBUHAR S p il B 1 ISR

6, FEEA LTS R VRES W R URRUN S AR D R i TGS, A =S E S A SR 5 K
A R R BRI E ST IR R A A A IS Y AT ORGSR 7T - A LT, fi
TP Bl ARFELIHARE I A LR S i,

A TR T AR A R GG E W) S IR R A SOR R, R TR AE S R G A
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Table 6 Soil environmental factors in farmland, abandoned and desert ecosystems
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E rem ¢ A 1/ Month Soil moisture Organic matter Totle microbial number Rs
cosystem ype in 0—Sem layer/% /(&/kg) /(A/g) /(pmol-m™2s71)
RMAERG 11 Jan. 15.62 6.20 325455 0.62+0.036
Farmland ecosystem 3 H Mar. 28.48 5.79 588365 0.56+0.048
4 H Apr. 22.11 5.60 426238 0.90+0.116
SRS 1 7 Jan. 17.13 7.15 200548 0.47+0.035
Abandoned land ecosystem 3 H Mar. 35.19 5.97 188708 0.20+0.063
4 J1 Apr. 27.3 5.66 528882 0.48+0.172
TP SR G 1 H Jan. 11.43 3.87 68574 0.17+0.030
Desert ecosystem 3 J Mar. 11.52 4.52 299492 0.31+0.097
4 7 Apr. 23.09 3.52 319650 0.54+0.113
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