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Soil effluxes of carbon dioxide, methane and nitrous oxide during non-growing

season for four temperate forests in northeastern China

LIU Shi, WANG Chuankuan” , XU Fei
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; The forests in mid- and high-latitudes experience a long non-growing season, during which the forest soil
emission or consumption of greenhouse gases such as carbon dioxide ( CO,), methane (CH,) and nitrous oxide (N,0)
plays an important role in ecosystem carbon and nitrogen budgets. However, fluxes of these trace gases in non-growing
seasons have been scarcely quantified in the temperate forests in northeastern China. In this study, we investigated temporal
dynamics of soil CO,, CH, and N, O effluxes and their controlling factors for four representative temperate forests in this
region with a static closed chamber and gas chromatograph technique. These forests were Korean pine ( Pinus koraiensis )
plantation, Dahurian larch ( Larix gmelinii ) plantation, Mongolian oak ( Quercus mongolica ) forest, and hardwood forest
( dominated by Fraxinus mandshurica, Juglans mandshurica, and Phellodendron amurense ). Six static chambers (40 cm
x50 cm x50 cm) were randomly installed in each forest type. From early November of 2008 to May of 2009, gas samples

were collected and analyzed every 1 —2 weeks, 16 times in total. The results showed that all forest soils were overall
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atmospheric CO, source, N,O source, and CH, sink during the non-growing season. The mean values of soil CO, efflux in
the non-growing season were (65.5 +8.1) mg m > h ™' (mean + standard deviation) , (70.5+10.2) mgm > h™", (77.1
+8.0) mgm>h™", and (80.5+23.5) mg m > h ' for the pine plantation, larch plantation, oak forest, and hardwood
forest, respectively; those of soil CH, efflux were ( —17.2 +4.6) g m > h™'(negative values represent sink) , ( —15.4
£4.2) pgm>h™", (=31.5+4.5) pygm >h™", and ( =23.6 +4.1) pgm > h™", respectively; and those of N,0
efflux were (19.3+5.1) ugm > h™", (11.5£2.5) pgm >h™", (16.4+4.0) pgm > h™"', and (14.4 +5.4) pg
m > h™", respectively; the estimated accumulative CO, emission during the non-growing season were 143. 4gm >,
162.8gm >, 189.9gm >, and 252. 7gm >, respectively, which accounted for 7.3% , 10.6% , 8.4% , and 8.5% of
annual soil CO, efflux, respectively. The soil CO, efflux remained fairly low until the spring soil thawing started when it
increased with soil temperature increasing. There was a significant exponential relationship between soil CO, efflux and soil
temperature (P <0.001). There was a net CH, source occurring in the mid-winter for all forests, but the source strength,
occurring time and duration changed with forest types. The largest mid-winter CH, source was observed in the pine
plantation (43.6 pg m > h™"). The soil CH, efflux was negatively correlated with soil temperature (P <0.001). The
temporal variability of soil N,O efflux among the forest types was greater than those of soil CO, and CH, effluxes. All forest
soils emitted N,O during the spring soil thawing period, but the maximum efflux and its occurring time varied with forest
types. The soil N,O efflux was positively correlated with soil water content between 0 and 10 cm depths for all forests except
for the pine plantation (P <0.01). This study illustrated the significant influences of soil temperature and water content on
the variability of soil CO,, CH, and N, O effluxes in non-growing seasons among the temperate forests, and also highlighted

the necessity of further studies on potential biological mechanisms contributed to these variations.

Key Words: non-growing season; winter; freezing-thawing circle; soil thawing; greenhouse gas

TERTA RR E S A, ZE ALk (CO,) | F k8 (CH,) AL T4 (N, 0) % 38 {4 I % %% i ( Enhanced
greenhouse effect) FI TR/ 48 1.2 04 (21 T H BT SRAES RERATEIR B IR, Fik, R
X 3 AR ESAREHEON AT E T 23R AR R EEWN. R, LA CO, CH, M N,0 ERIHI%
SRR TN, TXTIEA K ZE R XA BRI P32, B4 SRR R B E M. il .
Burton 45 A VR BTSN, O BECR RIR T TR RGZ 0 T 4 1 N,0 76 2 H 3 5 19
HEBE I ; Christensen 251 TITA A2 v 397 18] - S0 A 00 SR R AL A R O 51 5 T Teep 251 DA Ay 2 0 BEUBE R4
HEMRERG A ERIG R . M TAZEHRM L% CHAER KA T MRBIEAT CH, fulE B i 44 R BT
ZERAMAR—BT Mok A R X B AR U AR X, A R B Ak R S AR, (E I8 K B
KBRS RN R REEERE PR SBERARR G, Hrp N,0 BZE &k 50% U LS, £F
BEX} CO, .CH, M N,0 i@ B AL isaZIEm > = a UES R R KFE . B KT 0 H 1%
VR AT T RS BTN BT Y 2 A M I G MUK B M R4 S B 3h A e
YIEhA SRS RS FE X R LR E CO, CH, M N,0 B K. (R UAA X L9k
SRR BTS2 Do 76 2 N FR B N B A 1 T AT LS ™ R R A — 2 E TR AR &
P2 b, RS ARILERARAE B RS F IR KSR CO, (CH, A N,0 @ & K HEHHLH L B EE,

ABEFE AR AR FHLIX 4 PR FRIR——ZIH8 ( Pinus koraiensis ) NTAKJEMHS ( Larix gmelinii ) A
TAHR B ( Quercus mongolica ) Ak EERE AR N BFFEX L, RAAE A - GBI ERKR S YL+
$EFETE CO, (CH, A N,O B AR oA , A /R4 K 25 0 1) R ARpk b 3 B AR B i i # I R 7
S i IX 5 PR IR 2 A A ) A 3 R 0 B SR

http ://www. ecologica. cn



15 3 XSE 44 PR AR A K Z IR AR R B A AL T R 4077

1 HRF®
1.1 BFsE b

WA AE R e TR LI AR A 250l ( 45°24'N,127°40'E ) , F-#4if§k 400m , F-X4E BE 15°, i v 13
JERR AR L. o X SR JE T KRB ZE SR, F K &2 770mm, 428 & & 24 880mm, 457 < IR
2.8C, JoFEHA 120—140d, ZHX AP T K M X R o B0 A8 42 J b o P A — ) 2 WA P 8
N T4 5 8 A AR UK AR TR, AR R 2 AR AU 2R 3 Lt X B 700 ) ZRAMRAR TR, AR 5% 6 B2 b X 5 [
2km P ST 30 SR A FIAR B AN [F] ) 4 Fp S RYERARETY 40500 - L3 R B 20 N TARFIIE - FA N TAK 2 A
TE LU b 52 T AR L D2 ML HY 0 B8 N b, LR W 2L AR ST M A F T A e 2 B e A M R 1 T
pUEE Sl
1.2 HERmEESEE R HARAEEE I E

HHER R ESMAOE BRSSO EIEENE, 2008 FKkZE, £ M AEI N RENLIL B 6 N AHHN
FAAE . FRAREMREN 40em x 50em x 50cm , 78 T 22 3 e 2R BT H A B I e XU , T R RS, 78
2008 42 HIELEARA 2009 SEEFE HIEMAHN (REBRAE) , B EMBEENE | K HEEEKSBAWE
HAMIRE 1 ¥k, #E 2008 4F 11 H 7 HE 2009 455 H 3 H A, FLEEE 16 K, BURERT, S5 T0AE B TR )% L
%3485 8% 10min (B :0.10 .20min F1 30min ) A 55418 AFE P HIEL S0mL Sk, i A SRR ELR (KiEE
TR A RAR)  FEMKIER TR, I 1| EFINERENNE .

SARFES ) CO R CH, MR BE R FH L HES 7890A RIS HH 415X (7890A GC System, USA) &, SAHE
T AAEIR 55°C ; FID A48 TAEIREE 250 °C s 8RS R 2E N, ;CO, 44T S8 AT 18] 1. 6min, CH, 434758 BUAT ] 1. 8
min, 5 N,O Y& B R A B 2010 BISAH 354X ( SH IMAD2ZU, Japan ) W5E. SMH 35 # A IR
70°C ; ECD il % TAEWRBE 300°C ; 20 95% & bt , 4347 58 BT[] 6min,

TR EIRESMAR( CO,.CH, N0 )BERAMTARITE:

Fepd £ 1A 0

K, F st s S AL R EENREEL; p IRHERE TR SIERKZE; V
HFENIIEIETR; A AT EBEE P RSN RRE; T RAER LR ;dC,/de SRR SR
W BEBER (B 2R AL B AL 5 Pyl Ty 43 BIAAREIRZS T AR HE R SR R4 3R BE

FERUCRESFERRIER , I £ E RS F8 T AR HLER 0—10em MYIRA 1A%, SR FIML TR B 1500 1 48 R
BEKE( W) ; FH IM624 RIEHERBCFIRE T EF RN Sem IR ETEE( Ts) .
1.3 FdEabs

R SPSS 14. 0 e it R A58 BBAR ST 40T o SR BR 3K 7 2553 M1 Duncan 2 B & PR A (6] 1 45
RHRESEEENZES . RAEBREE T + 8L CO RS T2 MMKR; HLERITE Y +
ek CH, N0 8BS T, W, ZIRIMER . FIFMHFT B 3R 50k % 2 I R .+ 88 i CO, .CH, @
BAREZEMRR, HEEANEERFLEMAER CO, BRUBHE M CH, SR IIKE
2 #R
2.1 +#EK 1 CO, .CH, N, 0 i 8 K + 5838 & Ak & e ] 3h 4

HANE BT AT AR 3 AN B BE(E 1) (BRI A 35 ERBY B (2008 4E 11 A ) A F H ISR B
B (2008 4F 12—2009 42 7 ) fiFEZE - Rmiph B (2009 43 AE5 H) . HA5 3 BrE X LAs hdRmsg
B3 A29—4 A 19 B, EMEER) ME2@EEH(4 A TAUE) . BT 138 ERH BAREIR F T2
SHBKRZI 4 FitkA TEdE A KB AR B, BB AL TFTRIFE LI E (B 1a) . 4 Fipk
R W 76 SR Bh Y BEF SR AT AR BN, BR T 48 R bR Z S X 44542 40% LR (B 1b) . 2008 412 H 1 HX,
B XE 0C UL, AR KR, B IEK W5, TEFRFHRBG B, RRSEH Wil K52

http ://www. ecologica. cn



4078 g & ¥ ik 30 &

ORI Wi WUBE TsHIMERTIFEAR. BEANEA KT F AT I4 A AOBE R AR W th R BE R THE 3
APREL, 7E2008 4 11 A 15 HIEH , SAEMRIT I A FH(3—Sem) ,ARERFH R AT HIRE H
DUERE R AR (2009 4E2 H 16 H ,27cm) , HE 3 AR AR EPRELE 17—21em Z[H] . FbEHAS UH K
AR (2009 4£3 A 9 H) ,MHE 3 AMEIMEHAE3 A 29 HIIEHIHLK.

—e—HS ——o—-LYS —9— MGL @ YK

151 =14
a Yo b
g 10} po_ 22 a A
mE 5t HE 10 ;

EE i ﬁ‘é 0.8
ey =006
'HE -5t HE 04
3 -10} Z 02
-15 g 0
H ] Date

B1 4FHBEEERS Sem REFEEM 0—10cm FHTWEIKEHETL
Fig.1 Changes in soil temperature at 5 cm depth and mean soil water content between 0 and 10 cm depths for the four forests during the

non-growing season
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Fig.2 Changes in soil CO,, CH, and N, O fluxes for the four forests during the non-growing season
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Table 1 Duncan’s multiple-range test for the means of soil surface fluxes of CO,, CH, and N, O, soil temperature at 5 cm depth, and mean
soil water content between 0 and 10 cm depths for the four forests
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T & Ak Hardwood forest 80.5 +23.5% -23.6 +4.148 14.4 +5.448 -1.3+0.5% 0. 64 +0. 034
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