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Vernal soil respiration of Larix gmelinii Rupr. forests transplanted from a
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Abstract; Alternate freezing and thawing in springs, commonly occurring in mid- and high latitudes, is an important event
in carbon cycles of terrestrial ecosystems, and also a temporal transition period in seasonal dynamics of soil respiration
(R;). However, few field studies on R; and involved mechanistic processes during this period exist. We developed a
latitudinal transect, comprising of 4 sites across the distribution range of boreal Dahurian larch ( Larix gmelinii Rupr. ) in
northeastern China in the fall of 2004. The sites were matched as well as possible to have the same stand characteristics (8-
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year-old plantations) and site conditions. Four 10 x 10 m” larch forest plots (trees + understory + ground cover + soil A
and B horizons) at each site were transplanted to Maoershan Forest Ecosystem Research Station-the southern boundary of
the Dahurian larch distribution range (127°30’ E, 45°20’ N). The experiment was a completely randomized design
including 4 treatments (sites) by 4 replicate plots. We used root exclusion method and an infrared gas exchange analyzer to
measure R; and heterotrophic respiration ( R, ) for the transplanted larch forest ecosystems during the soil freezing and
thawing period ( between March and May 2006). The temperature dependency of R was related to soil thawing stages. The
diurnal patterns of Ry and R, did not differ significantly among the treatments, but did in various thawing periods. The
diurnal patterns of Ry and R, were independent of soil temperature before the soil was completely thawed when they were
strongly temperature — dependent. Pooling all data across the whole soil thawing process, we found that the R and R, were
significantly affected by soil temperature and water content across the 4 treatments (R* = 0.569 —0.743, P < 0.001).
The soil surface CO, flux was predominantly composed of R, up till the end of April when the thizospheric respiration ( R})
occurred. The treatment, thawing period, and their interaction significantly affected both R and R,,. The mean values of R,
and R, and their differences increased with the soil thawing proceeding. During the soil thawing process, the R and R,
varied from 0. 50 — 3. 30 pmolCO, m >s ™" and 0. 52 — 3. 04 wmolCO, m>s™", respectively. Under the same climate
conditions, the R, and its sensitivity to soil temperature tended to increase with the latitude. Our results suggest a stronger

response of vernal soil respiration for more northern Larix gmelinii forests under climate warming scenarios.

Key Words: alternate freezing and thawing; soil respiration; heterotrophic respiration; rhizospheric respiration; Larix

gmelinii Rupr. ; boreal forest; latitudinal gradient
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ZMBHEREREFES Y R R FRBARRNOHETE. CREELEENRNMET Y SRR R
B BeEwEHE” V% BT AL RIESRE CO, Mk, B, RRSSES Ry lEMERIESR
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%5 TEBRBHRLES Ry SIAEFEE R TRIE,

LI (Larix gmelinii Rupr. ) AR FRE LI ZEAAI RS FRL, HBA K MRZISHIR B 70% L L™,
Hurtt R K 2,396, 4y & E EBHMBRM R 9%, i BUAR B EE A HBRK . Bkt %
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Wi (8 484 | R ERA MR A1 B I N IL BRI N R AR AR, T 2004 E KB IR AT RA
(WA + FARTE + W& + 138 A ZF B J2) B8 2 H A0 X B B4 - R B VL0 L IL Rk A 25 R 45 B
Fouli , UL SARBR AL JL 75 3 M ARARGS T RIS BRI BRI o 4 SR BEAE I b Y SR AR A SEARHIE FIARA IR L2 T
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Rl KEEHATRAMEEE T ORI

Table 1 Characteristics of the original habitats of the transplanted Larix gmelinii forests*

g sx  APRE guewm 1 Am TAG T BES TFHHE  THNE
(A+BE) A

MR Loimde  Longitude MAT PSR VYSE  BokE  FTP D,

focsin "oy (o) Sl () MEN(T) MT(T) MAPGmm)  (4)  (em) (em)
% DL 47°05' 128°54’ 9.8+24.3 2.5 -22.0 20.3 575 139 3.42 306
PESW  49°13’ 127°12’ 20.7+79.3 -2.0 -25.5 19.5 1100 90 4.36 299
% SL 50°43’ 124°25’ 6.9+19.2 -3.4 -26.3 17.6 508 94 2.62 172
3 TH 52°31’ 124°39’ 7.5+11.0 -2.7 -25.5 16.7 488 90 1.17 77

#* MAT; mean annual air temperature; MJaT: mean January air temperature; MJuT; mean July air temperature; MAP; mean annual precipitation ;

FFP. frostfree period; D, ;: mean tree base diameter; H: mean tree height; DL Dailing; SW. Sunwu; SL: Songling; TH: Tahe

LI ZRARAE RS R G E AL BTFENE (45°24'N,127°28'E ) B E ARIBILIRILS: W, Wang 251, ZEBFSTHEN, B
BANGERERDSRET IR T 4 03, BFF 08 (DL) (PR (SW) (FAUS (SL) FI3EwI (TH) , &Mk
HAANEEHM, SR 10m x 10m, BFARITEE R 1.5m x 1. 5m, A BRAT MR,

1.2 T 3ERPIR 2 530 7 B B A e 55 R il 8

HHEERP R E AR, R T ERE AT PVC 3R ZHER B RAAFA S, F 2004 5k
it LB T HEPRIEIR, mEHFRAF R (1)JER R HEBR 13835 (Untrenched soil collars) : 7£ 5
HEERHABENZE 5 SN2 K 10. 2cm, B4 6cm B PVC HIEF, B HME 1 ~2cm, Mix s+ 3R B
BH) COEE, E LN Rso (2) 1R R HERR 14835 (Trenched soil collars) : 7E - MEHINBENLL B 2 MR N
25cm. 5 4 35cm [ PVC 48830, Hoir A H3BER B 15 30em L1, DABH IEFIR R EA P Fet, B2k PVC
IR TR Y, SRR S I P I AR R R A E Y R EE N K PVC HRHEZE—INHEN
10. 2cm, & 24 6cm () PVC +3E3F , B EFRT. MIXiR R HER TN CO, B8, MIBE v+
YIS 3R (Ry) 27 LIAERORFGLES AR A HERR IR 22355 2 ~ 3 AN A 9, B LI R R B 24y
FEIHRHUH B CO, M RAMBERURD o R, ABFSE o i SR 223 — 4R 2 S5 TR RE , BRIk B3R
BRE T RE L IR,

P £ 3 Fx SR FI-B K B I E < 7E 2006 4F 3 ~5 A 1 AR A, A LI-6400-09 28 i
LI - 6400 {E#X CO,/H,0 £ 57 £ %5 (LI-COR Inc. , Lincoln, NE, USA) , B35 B Hull & + AR R o f o
B LI R R, MBI 3078 . S0 FEI, g F X BRat 18 B 12 31 %E 2cm £ 10em BRAE R 1 2808
BE (T, Tyo) L RZSRIBE(T,) s A TENE 0 ~ 10em B HIEF B SKE(W,) o %I E SRS 0 T35
BHTEA 0 ~2cm.2 ~5cm.5 ~10cm 10 ~20cm MELMEH, B, wETIFEBHEMH(3 B TA) 4
R LA MLk (S BT A), M 07:00 2 17:00 &R 2h JE RN R, H AL HAR , RN R, B EF
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1.3 HiEabs

SRH SAS Giit 3kt 2047 (ANOVA) KB S B A B |, SR ARVR I BE S LSS BLAR S R Ry BB
R FRA 8 (PROC MIXED) B %t Rl R, 5 HIEIREE (T, M Ty, ) \HIBEEKE (W) BRHR B RXR
WA ZTTBESEIH M, R IHEEN, % R RGA R, I & T 7T REAY it E] B A0, R T EENE
R, BHAEBARKIEMERES R Wang 27,

TR R R, MRERE(Qu) , BB AN FHA T 10 T

In (Rs) = a+pBT (1)
R, T % 10cm ) F3BEEE(C) ;0.8 FEIHEL, RSB TRHE 00 :
010 = eloﬁ (2)

2 BRSW
2.1 TEWHSET HIEPRA 2 H B

RsH1 Ry By H AR RTE 4 MEBLZ M2 7 A B2 (F, , = 0.398, P = 0.755) {BFER A L g v if
Nz o E (K 1), £ TREETIMRE, UEH H AR, RAM Ry Z B ZF AR, ER R Ry &
BEHEAEE A (B 1) . 76 LEFHETH, R R EZ MG TR B, BRENHRERR, R/
EHIREPF, ELRRETHRHREEE ~Sem) , Rs

N RS BCH S FH B E IS L B 2R A 220 A To e LHEIPIR Ry e SHIRREIR R
WU, 7+ BER VRV, Ry R R, E R RN el L. b
07:00 ~09:00 ZEF# K, ZJ5N CO, BB TIRE 04 - }%—ﬁwa 12
S RMIT RN R ERE I R ol 1%,
BB AR LR R, SR ESRER B SR REY S L o8| 44

=

N
|

=

(F1), —RzZ¥,MEREZH AR, MEAR L HE
ZIE Ry Ry W a3 K, T H Ry 5 Ry Z IR 2= 74
iy
2.2 TIEBGER ) R H 5

T IEAEG RS, Ry R, 2B ACH | M0 e 3
XEAERAMBELW(E2), B3 A 22 HEGRHAF] 08:00 10:00 12:00 14:00 16:00
5 A 31 H B2 AN 1L, R R, B FIEREE 1%
VIR, T EL Ry 5 Ry 2 OB 253 BB 2 8k e
(E2). 5 BHZHET,R S Ry Z BRI 25T 1.
EHERBE, Rk 0.50 ~3.30 pmolCO, m s 15
Z 063 Wi Ry WP SH7E 0. 52 ~ 3. 04 wmolCO, m~>s™" 08:00 10:00 12,00 1400 1600
o 4 ALHEH Ry R, WEE 1 58 ff 7 B 4 72 7 3% 1R Time
KBRS T RRERZUEE (B 3)o 5 A6 g1 Lomupant(a) F(b) MM (o) L REFT 2
HZBIHMESD 4 MEE&A B R 5 R,RABEE  sRxENASS
R nERBE K, TERBERENIBEAKF Fie 1 Diumal dynamics in soil respiration components and air
B, WH T T, 2 RIMEREAREmc(E3), 1% temperat(ur(; in pre-thawing (a), mid-thawing (b) and post-thawing
FOKBRUEEBA BRA LA R R T P o
e i
4381k 0.55 ~3.26 pmolCO, m™>s™",0. 63 ~3.06 " ’

wmolCO, m s ™" 0.49 ~3.56 umolCO, m *s™".0.46 ~

08:00 10:00 12:00 14:00 16:00

1.8
1.5

8
6
12
0.9 H4
0.6 \é 5
0.3
0 V% 0

i Air temperature ('C)

IR 3 % Respiration rate (umol CO,-m™

O = N W = W
T T

heterotrophic respiration, respectively
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3.87 pmolCO, m~*s ™" ; R, P4k FE B 43 B4 0. 55 ~2.79 pumolCO, m ~*s ™' ,0.71 ~2.67 wmolCO, m*s~".0.56 ~
3.30 pmolCO, m*s ™" .0.46 ~2.94 umolCO, m *s™", R M1 R, BY7ZEAL 5 B a4 B FHa min R iy e,

®2 HEMBERGN T REPRASHINEEESH
Table 2 The ANOVA analysis on effects of treatment and thawing period on soil respiration components

TR A oy BRE HEE Ff PH
Soil respiration component Effect DF F value P value
TSRO L3 Treatment 3/1572 7.40 <0.001
Ry fRURITH Thawing period 5/ 1572 587.02 <0.001

AZHAEH Interaction 14 / 1572 8.29 <0.001
T3 RS L3 Treatment 3 /1004 14.42 <0.001
Ry fRURITH Thawing period 5 /7 1004 522.39 <0.001

AZHAEH Interaction 14 / 1004 2.56 0.001

2.3 TEERPIRAH S 5 EEE R E A 4

1 IENRE R,

NEBATRFHRLEE 4 NEHEE R Ry 5 2 R Re

TREEMTKEAERBERRXR(P < 0.001),H

98]
T
*
|

S
AR P E RBUERAE 0.57 ~0.75 2 (%£3).  FE |
A ARG RA R, S5 OB RIEAS, SHEK £ 2
R MK (R TH B2 ) I
2.4 HEOPIESEGRE FHK(Q,) § N Iﬂ IE
UL 10em SR I6 L H0R BN HEE, 4 AAbH RsHY QO 0 03-22 04-11 04-14 04-28 05-16 05-31
fEARMLTE 2.78 ~3.70 ZIA; R, 1Y Qo EAE4LTE 2. 74 ~ FI8 Date
3.30 ZJH (B 4) o BRFIER/A Qo B4 1 BEAE SL A B2 AR o PR A
SW 4B, SR ,Rs5 Ry O ZHIME R G RESE  Fie 2 Changes in soil respiration components during the soil
BT mag g (E 4) . thawing process
3 it % R RN Ry Z A Z R BE («=0.05) ; BH RH Ry 3IFF

T IEFFRFNRFRFEE  * represents a significant difference between
Rsand Ry (a = 0.05). Rgand Ryin the figure represent soil

3.1 R AR R K A iy H AR
UIFERIBIIRIE, R i H Sh 5 2 E B IS 28, B
B Bt 7 B RIS, B oREAEAE i Bi7E 1200 ~ 1400

respiration and heterotrophic respiration

®3 TRRPRASSTREEMSKES FLEREY"

Table 3 Regression models of soil respiration components against soil temperature and water content *

i) i) B HEE F{f YE REL
Treatment Component Regression model DF F value R?
#i DL 1 R In(Rg) =1.322 +0.0287, - 1. 66W,, 2 /393 574.28 0.745
R SW Ry In(Rg) =0.845 +0.054T,, - 1.814W,, 2 / 346 428. 66 0.712
i SL In(R;) =0.245 +0.080T, - 1. 066 W, 2/410 508.25 0.713
R TH In(Rg) = —0.575 +0.131T,, +0.342W,, 2 /407 327.24 0.617
4 DL 13 R SRR, In(Ry) =0.994 +0.054T,, - 1.260W,, 2 /256 323.06 0.716
FhR SW Ry In(Ry) =0.970 +0.0267T, -2.079W,, 27210 233.35 0.690
g SL In(Ry) =0.836 +0.0587T, - 1.935W,, 2 /264 206. 34 0.610
®H TH In(Ry) = -0.807 +0.092T, +0.356W,, 2 /262 73.15 0.569

. FRMEEEEEEEE KT (P <0.001) ;DL .SW.SL.TH A 5IIF A 05 A AIETTALE, Wiy T, Too BV O ~ 10 om
THEEKE 2 cm F110 cm +3ERE Al models in the table are highly significant (P < 0.001) ; DL, SW, SL and TH represent Treatment Dailing,
Sunwu, Songling and Tahe, respectively; W,,, T, and T represent soil water content between 0 — 10 cm depth, soil temperature at 2 cm and 10 c¢m
depths, respectively
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—— IEIRIE R, -0 RFFFR R A 0~10 cmib Ay LIRS KE Wi
—o— 2compyHIEBRE T
eelre 10 cm By HIEEE Ty

= 2006 25 - 2006 - 120
a b7 .
4L 20 ] - 100
15 | - 80
3k L
10 |- j= ~ 60
2 b -
5| . - 40
1k o =i
or (e — 20
0 -5 0
5 25 - - 120
c d
4L 20 — 100
o 15 - 80
v 3
é . 10 | 4 60 S
O 2 5t - 40 E
— ~ L
g 1 E B
ERR 2 o0r ~20 8
& 0 g 5 0 g
g _
s S 5 o5 G120 2
g e = f 3
E o4 S 20 = 100 g
g i o)
2 15 80 4
B3 ® OB
= H 10 =460
=X o2
=y 5+ - 40
I 0l ~4 20
0 ' ! -5 0
5 25 =120
g h
4L 20 F e - 100
15 | - 80
3_
10 - - 60
2,
5+ ~ 40
Tr = — 20
0 | | | | | | —
03-22 04-11 04-14 04-28 05-16 05-31 0322 04-11 04-14 04-28 05-16 05-31

H # Date

B3 AR 4 0I5 O 4 A R IR R A

Fig.3 Changes in soil respiration components, soil temperature and water content for the 4 treatments during the soil thawing process

(a) F(b) () F(d) (&) () \(g) M(h) HHUFIRHFW DR FRIE SEFTLLIRAY T PR A LRI ; B Rg Ry Wi To Too 5
FFoR P IR O ~ 10cm ALH) TR A KR 20m A 10em LK THRE  (a) and (b)), (c) and (d), (e) and (f), (g) and (h)

represent the soil respiration components, soil temperature and water content at Treatment Dailing, Sunwu, Songling, and Tahe, respectively; The

Rg, Ry, Wy, T,, T,yin the figures represent soil respiration, heterotrophic respiration, soil water content between 0 —10 cm depth, soil temperature

at 2 cm and 10 cm depths, respectively

Bt B S L ERE B AT, AT, APRERER, HIRBRBIE RA R, B AR SRR
MEIAER(E 1 R 2) . HRESMF/ER R R B H AWK RS L ME—3, EREREZELTE
BLEpIgh 2k . (AR SRAHETIR P, R H AR R SR BE AR o B o33P il H R fh i I B9 T
fRVR IR R4 T 38 o Elberling and Brandt™ SR FAEFSMAI 2 1 SLIRARSS A B9 AL BEF0IRE 7 RO F2 1R
PR BA, Y HIEERZE 0°C LT, RS T R B ARRER, 205 LRSS 0 Sk B
VRRISSE R PR A X R L — R BRE , R R B VK BRI R TR B AR R
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ey T N S P C - G S A AL
VAR, S BOR B TE 0°C 245 Wi 3D, LML T \
— MR TARACHE M RSRIRAS ( 1) o BRI AI R
R RAET 0C MR EE—EHLIPR, 55
A U e S B B R R
17, (BRI R BF SR, R L e
SHBAN L ORAE IR AT > 9 J e ~30C
MR 7T LU IR PR P, B SREG T

N

BERS Q)
Temperature coefficient

B, — R ORI 4, KB R LR K5 o T T R Mk D
TR R IR 8 Ry 5 SR 2 AR,
T RAEAS S ER AT TR, HUW2IE, B B4 4 DAL ROPASHORRRH O)

YEE‘J—F F% j:i% Xlﬂf /\?}%%’Uﬁ?ﬁ? , Rsﬁﬁﬁ‘ Elﬂ‘( E 1 ) . % Fig.4 Temperature coefficients ( Qyy) of soil respiration components
L LRI IR, R RBE U IR, AR E Mk gy oot remimene \
23t R H ViR A BT R BR , Ry 3o A RBIOC A Treatments dailing, Sunwu, Songling m:d mh;, respectively; R; and
BUBEKE, Hik, £ LIEBHEETH (BHEEE
Sem) ,RsH) H B0 AZ B E B A+ 3 S K B R BER S 42
HI10:00 ZAMR(EHOKFERAES)12:00 £ BEETR(LEREERNAAES) ®WH LK
(F 1), HFEFELMFG, RS R RRBOE R LIRE BB ROV e R EEHME T,

RO, RN Ry B H B REARR G 257 (B 1) , R RHE YR R IS5 , R R PR
HEARA . YHRELBFE,FRIEREEMN R RAMRNREIE, FEWE K ZFEH K, RIR
APPIR B2 B 5 T HLAMEZEAR R IFEAME S ZTT, R M Ry B9 H R R W BB AR 8 B ) i 4388, B JR
R B,

TIEFEH AR RAIERVIEM L E S, BiAREAE, RTIREMSKENERERZS, 8K
R ST | R R R YA RO AR B IR I IR S AR E TR, TR TR R AT
YRGS P, RRRGRER BB R PSS R, BIA NPT R R, IR
SRR RsHIR e R BRI E A R RO B2 WRY) i 1B A VR E A S S AR BEIEK
SRR ) B R B 5 A HERAR AR WD 43 A 55 30 B 28 IR R S5 AT e & 7 T B
W) - SBEARR S PR RO BR SRAEFR , T ELX A 25 R G AR ok ) shs = AR R
3.2 MR IR KA ) SR

MEA HEBRR S RN R RER, R EISE5 HBEREMS/KE ZFMHEX(E 3 f5£3), HHEERE
B2 0°C AT, HErP R/ B AR (B L R AR MK . ARRRTAY R340 0.5umolCO, m™> s 7' (I 2) ,3X 5
BEABOBFFEER (0.2 ~0.7 pmolCO, m™* s ™' ) ABAF ¥

WEE AR INEE , R NR, R 5 R, Z IR 227 BB X (B 2 A1 3) o 3XZRHA RHGEIG N, 2 Ry
HIHERE I LR TR 7EAMXEA 2 4 AIRA R Ry, X5V BB HEY &, EiERS, LR
BTN RS E S ERAHE T (B 3 12 3) . XE5URHPIRSER—3 ",

TIESKEREW R A —NEERT. U RKERAERN, ZHBERT RE5HIERERIEMERX,H
YK BB —E BENRER T RAMEE T, AP S, TR KE S R R e
WEHRIEF(F3) . AT, BHHIE LIEREMEKEX R R,MFMBA BEWZEER, Clein fl
Schimel®' 76 & AL ZRARF RS R T T M YA IR R BIR F R B, B A &K B3 R A
RIS H

Ry represent soil respiration and heterotrophic respiration
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DR IR B E N R R B, 78 T AR R P S M CO B, (AR
MRRIXFRS . FERETEAR T : — BRI DX EE, BB H IR EE " R
HAFBRAG T EAXMIEE, UENERZBEBIRRET NN DERISZF T TR FrRAK&GAE
AFES BN, T HRR 2 A28 F-WAR K, BRI UR RSB ERUE 45 39 PR 4 3o B (R IR 47 77 T B9
5. TEHRKMHT, DIERRRISCE B IERE BU) SRR , T B 438 PR SR R e
B KA T B —E MBI, Grogan 257 SR FIWIFH LA AL B AR IRIL Y VRS 3 7 RS 3 S AL
BB B I R T, 3T B VR R S X B JR IR 43 B A B BRI AR/ o Koponen %517 308 vk i 32 s ot
675 Bepk - Rt A Wiy B H AR W B B R RN
3.3 REHH HIEISE B AR ARG SRR IR Kok R ) W

APPSR T AR A T RN EET MR ESRER TR —URREG T, WBH REBTHFE
ER. HRER, AFALEE) RA R MR B RE E—H B A BENRR  BABKNERE E—%
N EEFHEAEPEFEAR(ES) , LBERSHHENBEHYXEARBEHPW RA R (FL2), TR, E
HEESRL R, B RERFTEE B —IERHT,

DAEEBFIERY R BRAMET  RFBESE RN TIRER" o S5 RFW, ER—IFELAHT RARFSE
X ZHE T IAARES RoA REE 26 M T i ega 2 (B 3) , i HL Re4H 75 Xoh - 338 1R 58 i o7 ) SRR BE (3R 3
[B] 5 75 7 B AR ) BB SR B T3 A

YR R Qi) FEH BRI R XeIELBE AE AL 7 9 U AR BE T o AR F A IR s B SR VR 9 1A K
Ry Qo BEEITE 2.74 ~3.70 Z 8], SHEALH ZRAK R Qo IEARF >0 AT, 72 4 NG EAEF , REH
QuEESEF RN EE:, Wi B Rs 5 Ry Z BREH TN (& 4) o XFE—2 U R X B H UK
PR W2 B S AN T3 N B e, e rp R BARBRAE R, HOIR B U R R T E I, AT RS REWRER A
25 PR B ) PR AR AR IR X SRR R T SR B 7 T BB B R R
4 4Hig

HZ T RERME RS RREHF AT RES RGP W LB BR , Horh 5 0Pl S R i L8
AR, TIPSR AR S RBE DR RS R W AR, A H BRI S, 1R, 1R
W55 P FRARRER s T 76 L RSE MRS , TIRIFR X5 R EBUIHER, SRR fRE, LR
5HRBRMEKEREMR BRI PRI TR EAR FR A TR IRPR, TER 4 A JRRER PR
7 1B,

TEM R SURRAT , R BRI GE B L AR R R 13RI A BEE 4 5 9 3% Im T3 i B9 #
e, i FL - SRR 3o SRR R e L R AR B BB S B T A . B G RERE R B SR BRI SR MR
AR SR IR b A2 R 7 SR Y Wil o P BB SE D 3 R o

References:

[ 1] RaichJW, Schlesinger W H. The global carbondioxide flux in soil respiration and its relationship to vegetation and climate. Tellus, 1992, 44 ; 81
—99.

[ 2] Schlesinger W H. Biogeochemistry: An analysis of global change. San Diego, CA: Academic Press, 1997.

[3] WangC K, Bond-Lamberty B, Gower S T. Soil surface CO, flux in a boreal black spruce fire chronosequence. Journal of Geophysical Research-
Atmospheres, 2002, 108(D3) ; art. no. 8224.

[4] Wang W, Wang T, Peng S S, Fang J Y. Wintertime CO, efflux from soils: A key process of exchange of CO, between soil and atmosphere. Acta
Phytoecologica Sinica, 2007, 31(3) : 394 —402.

[ 5] Grogan P, Michelsen A, Ambus P, et al. Freeze-thaw regime effects on carbon and nitrogen dynamics in sub-arctic heath tundra mesocosms. Soil
Biology & Biochemistry, 2004, 36; 641 —654.

[ 6] Herrmann A, Witter E. Sources of C and N contributing to the flush in mineralization upon freeze-thaw cycles in soils. Soil Biology & Biochemistry,
2002, 34 1495 —1505.

hitp : //www. ecologica. cn



5

ERFE F:BRANFRSENIEN ¥ (Laric gmelinii Rupr. ) HRE)FS +RIFR 1891

[7]
[8]

[9]
[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Schimel J P, Clein J S. Microbial response to freeze-thaw cycles in tundra and taiga soils. Soil Biology & Biochemistry, 1996, 28. 1061 —1066.
Campbell J L, Mitchell M J, Groffman P M, et al. Winter in northeastern North America: A critical period for ecological processes. Frontiers in
Ecology and the Environment, 2005, 3. 314 —322.

Clein J S, Schimel J P. Microbial activity of tundra and taiga soils at subzero temperatures. Soil Biology & Biochemistry, 1995, 27, 1231 —1234.
Edwards K A, McCulloch J, Kershaw G P, ez al. Soil microbial and nutrient dynamics in a wet arctic sedge meadow in late winter and early spring.
Soil Biology & Biochemistry, 2006, 38, 2843 —2851.

Ryan M G, Law B E. Interpreting, measuring, and modeling soil respiration. Biogeochemistry, 2005, 73, 3 —27.

Scott-Denton L E, Rosenstiel T N, Monson R K. Differential controls by climate and substrate over the heterotrophic and rhizespheric components
of soil respiration. Global Change Biology, 2006, 12 205 —216.

Reichstein M, Rey A, Freibauer A, et al. Modeling temporal and large-scale spatial variability of soil respiration from soil water availability,
temperature and vegetation productivity indices. Global Biogeochemical Cycles, 2003, 17, no.4.1104, doi:10. 1029/2003G B005035.

Davidson E A, Janssens I A, Luo Y Q. On the variability of respiration in terrestrial ecosystems: Moving beyond @ 1oy. Global Change Biology,
2006, 12 154 —164.

Ludwig B, Teepe R, de Gerenyu V L, et al. CO, and N, O emissions from gleyic soils in the Russian tundra and a German forest during freeze-thaw
periods-a microcosm study. Soil Biology & Biochemistry, 2006, 38 3516 —3519.

Lipson D A, Schadt C W, Schmidt S K. Changes in soil microbial community structure and function in an alpine dry meadow following spring snow
melt. Microbial Ecology, 2002, 43 307 —314.

Lipson D A, Schmidt S K, Monson R K. Carbon availability and temperature control the post-snowmelt decline in alpine soil microbial biomass.
Soil Biology & Biochemistry, 2000, 32, 441 —448.

Wang C K, Gower ST, Wang Y H, et al. The influence of fire on carbon distribution and net primary production of boreal Larix gmelinii forests in
north-eastern China. Global Change Biology, 2001, 7. 719 —730.

Zhou Y R, Yu Z L, Zhao S D. Carbon storage and budget of major Chinese forest types. Acta Phytoecologica Sinica, 2004, 24, 518 —522.
Gower S T, Krankina O, Olson R J, et al. Net primary production and carbon allocation patterns of boreal forest ecosystems. Ecological
Applications, 2001, 11. 1395 —1411.

Wang C K, Yang J Y, Zhang Q Z. Soil respiration in six temperate forests in China. Global Change Biology, 2006, 12. 2103 —2114.

Vogel J G, Valentine D W. Small root exclusion collars provide reasonable estimates of root respiration when measured during the growing season of
installation. Canadian Journal of Forest Research, 2005, 35, 2112 —2117.

Bond-Lamberty B, Wang C K, Gower S T. Contribution of root respiration to soil surface CO, flux in a boreal black spruce chronosequence. Tree
Physiology, 2004, 24. 1387 —1395.

Wang C K, Yang J Y. Rhizospheric and heterotrophic components of soil respiration in six Chinese temperate forests. Global Change Biology,
2007, 13. 123 —131.

Boone R D, Nadelhoffer K J, Canary J D, et al. Roots exert a strong influence on the temperature sensitivity of soil respiration. Nature, 1998,
396. 570 —572.

Xu M, Qi Y. Soil-surface CO, efflux and its spatial and temporal variations in a young ponderosa pine plantation in northern California. Global
Change Biology, 2001, 7. 667 —677.

Davidson E A, Belk E, Boone R D. Soil water content and temperature as independent or confounded factors controlling soil respiration in a
temperate mixed hardwood forest. Global Change Biology, 1998, 4. 217 —227.

Elberling B, Brandt K K. Uncoupling of microbial CO, production and release in frozen soil and its implications for field studies of arctic C cycling.
Soil Biology & Biochemistry, 2003, 35, 263 —272.

Koponen H T, Jaakkola T, Keinanen-Toivola M M, et al. Microbial communities, biomass, and activities in soils as affected by freeze thaw cycles.
Soil Biology & Biochemistry, 2006, 38, 1861 — 1871.

Hobbie S E, Schimel J P, Trumbore S E, ez al. Controls over carbon storage and turnover in high-latitude soils. Global Change Biology, 2000, 6.
196 —210.

Sommerfeld R A, Mosier A R, Musselman R C. CO,, CH, and N, O flux through a Wyoming snowpack and implications for global budgets.
Nature, 1993, 361. 140 —142.

Zimov S A, Zimova G M, Daviodov S P, e al. Winter biotic activity and production of CO, in Siberian soils-a factor in the greenhouse-effect.
Journal of Geophysical Research-Atmospheres, 1993, 98. 5017 —5023.

Brooks P D, Williams M W, Schmidt S K. Microbial activity under alpine snowpacks, Niwot ridge, Colorado. Biogeochemistry, 1996, 32. 93 —
113.

hitp : //www. ecologica. cn



1892 £ K5 % K 28 %

[34]

[35]
[36]

[37]
[38]

[39]

[40]

[41]

Brooks P D, Schmidt S K, Williams M W. Winter production of CO, and N, O from alpine tundra: Environmental controls and relationship to inter-
system C and N fluxes. Oecologia, 1997, 110; 403 —413.

Grogan P, Chapin F S. Arctic soil respiration; Effects of climate and vegetation depend on season. Ecosystems, 1999, 2. 451 —459.

Panikova N S, Flanaganb P W, Oechelec W C, et al. Microbial activity in soils frozen to below -39 degrees C. Soil Biology & Biochemistry, 2006,
38. 785 —794.

Christensen S, Tiedje ] M. Brief and vigorous N, O production by soil at spring thaw. Joumal of Soil Science, 1990, 41: 1 —4.

Sommerfeld R A, Massman W J, Musselman R C, ez al. Diffusional flux of CO, through snow: Spatial and temporal variability among alpine-
subalpine sites. Global Biogeochemical Cycles, 1996, 10. 473 —482.

Hubbard R M, Ryan M G, Elder K, et al. Seasonal patterns in soil surface CO, flux under snow cover in 50 and 300 year old subalpine forests.
Biogeochemistry, 2005, 73 93 —107.

Clein J S, Schimel J P. Reduction in microbial activity in birch litter due to drying and rewetting events. Soil Biology & Biochemistry, 1994, 26 .
403 —406.

XuM, Qi Y. Spatial and seasonal variations of Q) determined by soil respiration measurements at a Sierra Nevadan forest. Global

Biogeochemical Cycles, 2001, 15 687 —696.

SE 3k :

[4]
[19]

IR, ER, ZH0, TS, AF DR AT BIK RS CO, ZHGIE. HYAESER ,2007.31(3) : 394 ~402.
BER, TRRE, B4R, REEBEFMESRIRGE R AOTE. AW ESHR,2000.24(5) :518 ~522.

hitp : //www. ecologica. cn



	05a01.pdf
	05a02.pdf
	05a03.pdf
	05a04.pdf
	05a05.pdf
	05a06.pdf
	05a07.pdf
	05a08.pdf
	05a09.pdf
	05a10.pdf

