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Carbon dioxide fluxes from downed log decomposition of major tree species in

northeastern China
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Abstract; Downed log is a conspicuous and important component of forest ecosystems. The CO, flux from downed logs
(R_yp) is an important component of carbon budgets in forest ecosystems with moderate to large amounts of downed logs. In
this study, we used an infrared gas exchange analyzer (LI-6400 IRGA) to measure the Ry, of 11 major tree species in
natural secondary temperate forests in northeastern China and related environmental factors. Our specific objectives were to
(1) compare R, , temperature ( T,,) and water content of downed logs ( W, ) for the 11 tree species; (2) quantify the
relationships of Ry, against T,y and W, for the species; and (3) examine seasonal dynamics of R.g,. The measured
R o for Betula platyphylla, Populus davidiana, Tilia amurensis, Juglans mandshurica, Quercus mongolica, Acer mono,
Ulmus propingua, Pinus koraiensis, Phellodendron amurense, Larix gmelinii, and Fraxinus mandshurica averaged 10. 64,
8.38,7.85,6.59, 6.01, 4.07, 3.88, 2.55,2.29, 1.96 pmolCOym *s ™" and 1.90pmolCO,m s ™', respectively.

The R ypfor the softwood tree species was greater than that for the hardwood tree species, and the Ry, for the coniferous
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species tended to be less than that for the broadleaved species. During the measuring period, the Ty, did not differ
significantly among tree species (p > 0.1), but the W,y did (p < 0.001). The Ry, was significantly affected by tree
species , dimension of downed logs, site conditions, and their interactions, but the degree of these effects depended on tree
species. The Ty, W and their interactions significantly (p < 0.01) influenced the Ry, , explaining 39.9% ~72.9%
of the variations in the R, data. The seasonality of Ry, was mainly driven by the 7, and showed an overall bell-shaped
curve for all the tree species, whereas the variations among tree species within a specific season were mainly influenced by

W ewn-
Key Words: downed log; carbon dioxide flux; coarse woody debris; decomposition; respiration; temperate forest

FLAR A FR AR ( Coarse Woody Debris, f#iFx CWD) , FEMLFEBIAR LA KRS, RFMRESREN—
BERE" . CWD SR REBIEIT FRMER R SRR B K MER AR E S A BREY
WP RS A SR YRR . BV B CWD JEE VORI, 25N R AR B b AR
Y, CWD SHRAK A, i B CWD T4 50% £4 85k, Hilt CWD 54RREP AW E K+ R
B —k, ERMESRENTENRE" . AL, CWD thpkig st Eag ) b R ER SR M) &, B
SRR, BT b B SRR IR B, BB R R A KB K& CWD 77
B RGH, CWD RASRARM COM— I EERE ", 4R, RYE CWD EHFNREFHHEEHREL
BRI, R KSR SIRRIEABIE MK CWD M FEE REn ™,

BIARS ft BEAAE BRI R LA DL R SR Y, DT S REARERE R, A
AE LI RS AR CO,, B A SRS HANY R HERBREFRA™ . b FRAR R
R HAE BR TP BBt 2, BTN E B A R+ B . E— AR ARG F, KBRS
AR WFRAFERHETI AL . EXBKIIRT BRI 2R L E R, 28 5
BR. EEHMATEEMA BE.SKE BER KNRMEELREY , BT, WHE AP R K
CO BRI EYYHEEHETHMENRRRTEALR™ . 2055 B REE T HI AR KIRE RS
K& EBUE T BT EIE, BRI BI AR MR, EHAFRRA LIRS
B E B RS T ARILRFRIL X A R AW A SR 11 AR ZRFBI AR R B 9 COLE & (Reyp ) KA
KRR T, BRI T I Rewp IR0, PR AT ZRARA 25 R GERRAG 5 52 AL E Al 4R AR 2R3
BARTFR BAnEHE: (1) I 11 AMRFE Repp BIARIRE (Tewp) MBIARZTKE (Wew) 5 (2) B4 Re 5 Tem
M WemtIK R ; (3) B R ETT 3135
1 HRMXELWHZE
1.1 BIEMRXAESSHE A E

ABEFE SR H R B VTE LIL R S RE E K F MMM B o ST T R I LA W 3
T, JbEE 45°24 ,FRE 127°28' , 349K 300 m, —fRILETE 10 ~ 15°, ARV B RMER T ERS
5o SEREKE 772. 9 mm , EBEPET.8 A FEKE 884. 4 mm; FHSRR2. 8C, KFIRE T X 32C,
BARRE N -31¢,

ABEFE TR B SER AR 2004 4F 7 A RARIBRE /MR EREIAR(CHhHRIERTE 2005 427 AR .
AFE 11 M Fp . B #E( Betula platyphylla) | 114 ( Populus davidiana) | %% ¥ ( Tilia amurensis) | 5 Bk ( Juglans
mandshurica) | 5% 77 # ( Quercus mongolica ) ., 18, 7R 8 ( Acer mono ) | & #i ( Ulmus propinqua ) | 1. # ( Pinus
koraiensis ) . ¥ 3% B ( Phellodendron amurense) &M #4 ( Larix gmelinii) F17K $i 0 ( Fraxinus mandshurica) ; 8%
FPIEH 24 RLIBIAR, R 1HH T EZBAERKYHEER,

LB R AT LFEN X AR K LR EIARE TR FH 4 Pt (52 BRbk LA AR . B8 R ik
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REWH) o, AR 4 K H 322 T 4 RS HCR DU S AL . BRI 35 T 11 M
B, BIWEE 6 MERBEIKRER , REGE2FEVLHS

F1 IBRERAWEER
Table 1 Physical properties of the sampled downed logs

- — R(cm)_ L(cm)_ D(g'cm'i) SLeyp (em® 'f'l)
Spocies Sample W WORER  WE  GER  BE WER BB WER
Mean SE Mean SE Mean SE Mean SE

H#E B. platyphylla 24 27.5 2.6 85.5 0.49 0.56 0. 0121 0.31 0. 0012
114 P. davidiana 24 29.1 2.9 88.0 0.51 0.41 0. 0061 0.40 0. 0015
S8 T. amurensis 24 25.1 3.2 67.3 0.81 0.43 0. 0083 0.48 0. 0038
WPk J. mandshurica 24 30.5 3.9 78.9 0.75 0.46 0. 0187 0.36 0. 0020
R Q. mongolica 24 33.8 4.1 65.9 1. 04 0.68 0. 0086 0.25 0. 0017
B A mono 24 29.3 3.9 80. 8 0. 67 0.68 0. 0135 0.26 0. 0020
E#y U. propingua 24 28.5 3.8 80.2 0.78 0.55 0. 0089 0.32 0. 0027
ZLM P. koraiensis 24 24.3 2.6 84.2 0.53 0.41 0. 0107 0.48 0. 0024
HE P. amurense 24 25.8 3.6 80.3 0.61 0.48 0. 0079 0.41 0. 0031
AL L. gmelinii 24 29.7 3.3 88.3 0.4 0.44 0. 0028 0.37 0. 0016
KB F. mandshurica 24 30.5 2.8 84.5 0.55 0.68 0. 0029 0.24 0. 0009

FZHR.LD SLeyy M HIAEBRARNERE KEFE BNFRERTA The R, L, D and SLy; in the table represent the diameter , length ,

density and surface area to mass ratio of the sampled downed logs, respectively.

®2 HEAAHIRAEMBGEIRR
Table 2 Basic characteristics of the plots for the downed logs’ setting

i * * A Bk 4H K, Vegetation composition

o w men e
Site type Slope Aspect oil temperature  Soil moisture FeA (ARZFH) Tk

() (%) Overstory ( Dominant species ) Understory
IR AR o it
Hardwood forest 7 North 12.2 59.6 1,2,3,4 5,6,7,8,9,10
M ATH . Fiipe| 4
Korean pine plantation 12 Northwest 1.1 41.4 (11),12,2,13,14 4,1 6,15
S B -
Mongolian oak forest z South 12.9 32.9 (16),3,2,1,14,12 5,17,6,18
0 . - -
Open field 0 16.4 36.5

1. BIEH P. amurense ;2. KM F. mandshurica;3. 848} T. amurensis;4. BBk J. mandshurica;5. BT & Syringa amurensis ;6. FH
U. propinqua ;7. ¥F Corylus heterophylla;8. $8Z= Padus asiatica;9. BAEZ A& Lonicera praeflorens;10. TF Evonymus sacrosancta;11. 4L #% P.
koraiensis;12. FI¥E B. platyphylla;13. ML B. costata;14. i P. davidiana;15. ILEL Pyrus ussuriensis;16. Z2 A% Q. mongolica;17. &AM A.
mono;18. 2= Rhamnus davuricus

= FEHGRBEFIEE N 5 ~ 10 A #E] 10em FALAF A Soil temperature and moisture are the means of soil temperature and moisture measured at
10 cm depth from May to October

1.2 BRI AR COER (Rew ) WE

2005 45 7 A7ERHR LR AIARE T R ERAAZE—H 10cm § PVC 3 CGRHTRTE 2006 4 4 A2,
PVC 3M P MRk B K R B E . sk ge PVC SRIAUK B PVC SR ZERFE LI AIAR M . 2005 49 A
~2006 4= 8 HH#iE], % A LI-6400 {E1#%=; CO,/H,0 434 &4 (Li-Cor Inc. , Lincoln, NE, USA)JUE Rewp s K
Z R RN E 1B 3 AMESE, FEIIE 10 o XEE , BAE R T AR HEAREN T KERN
VAW, BT Li-6400 34T REZ IR AT PRE , JEARKZFEN) Rowp R AETRE
1.3 EIREEMSKENE

BIAREIE (Towp ) WAE : EBR LIAIARE) PVC FRHEH—B 10cm B/ L, FECT B EE I E
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Tewp , R B I E RSBRETIREE (Tae) o T5E 2K NLIE ST

BIREZKE (Wewp) T5E : NP ZRBIARFREHER S R, EH—WmEBR—1 Sem JER F A, H
HoKERMRART, 25 BELEET SOCH TRANMTEEE, hHEAREREE (g-cm™), W
EBARKKEMASER, DR SERAITERER, K5, REAARERNEHREE, #mitEAATE,
TEBWRIWE Rewp W R, W EBIARKRE, FFRBEFAANBEMTE, IHTE Wemwo
1.4 FaEath

AT A SRR R A SAS it AT . SRR ABNAEF ( PROC MIXED) #E Reyp 5
Tewp Tl W I TR IS FE0 BT s BB AT R 2RI . BN AR N Al — L RBIAH Repp BEE
WE$E T e EIRSH L R E R, BTUATEEESE R oy SuiHEEBIET 208 T B H] B AH G0N . [FlAY,
B Rewp 1T BAR B e , DAV AL B R MR 22 55 Ko

TE A FE R R o 922 5785, BRI 5200 5 B 18] 599 PR A1l , 7 7 BB7E [R) — B[R] A X Ry FEAT[R) 25300 5 , T EL
Tewp ™ Wemp BFTEZ SR, HIA B AR I S0 SR BHAE L, iR SR 7 2 434 (ANCOVA ) FEFLER
2 GRS
2.1 AERFEIARMER COER R

AFEIRFPEIARTERE AN E BT Repp FEERBEN (a = 0.05) 257, (B2 50 8 &R E R R
F(F£3) o BAMEIIRA FIRF Repp B HTEBEKK R :2. 04 ~19. 86 pumolCO»m s ™ ( ) \2.79 ~16. 36
pwmolCO,m s (145) 1. 84 ~ 18. 61 umolCO, m > s~" (#4&) . 1. 76 ~ 12. 44umolCO,-m - s~ (EABEIK) -
1.13 ~13.42pmolCO,Fm s ™' (B H#R) 0. 94 ~9. 38 umolCO;m s ™' (BAM) .1.53 ~8. 58 umolCOym s~
(FH).0.75 ~ 4. 04pmolCO,- m s~ (£ #4).0. 70 ~ 3. 81 pumolCO,- m - s~ (FHFE H ). 0. 60 ~ 4. 01
pmolCO,m s ™" (FEHH4) 71 0.61 ~4. 12umolCO»m s ™" (KBHMI) o KM FH( AHE, L EH) BFH)
R B85 TR A M A0 RP CBABRAK . 38 MR BRI T B S MUK ) , T R RP L AA RIS AR R
BAK. Hr, BHER Reypti , REBARME— KA 5. 65 £,

R3 NAHHHEKRSREN COER(Reyy) RE(Tewp) MEKE(Veyy) FHESELR
Table 3 Multiple comparison for the means of CO, flux from downed logs ( Ry, ), downed log temperature ( T.y;,) and water content
(Wewp) for the 11 tree species

ip RS Reyp (pmolCO, sm ™25 7") Tewp(C) Wewn (%)
Species Sample size WE PRAER WE PRAETR WE PRAETR
Mean SE Mean SE Mean SE

B#t B. plaryphylla 215 10.644 1.88 12.684 1.98 25.14PF 1.15
4% P. davidiana 215 8.38% 1.41 12.654 1.85 31.24¢ 1.70
S8 T amurensis 216 7.85% 1.79 12.694 1.95 32.68¢ 1.23
BB J. mandshurica 216 6.59¢ 1.16 12.464 1.85 32.44¢ 0.89
2k Q. mongolica 216 6.01¢ 1.38 12.284 1.88 24.02°F 0.68
L AA A. mono 216 4.07° 0.88 12.434 1.83 19.81F 1.00
=4 U. propinqua 144 3.88" 1.17 11.824 2.59 39.278 0.47
Y1 P. koralensis 216 2.55% 0.39 12.024 1.81 42.36* 0.98
#YEE P. amurense 216 2.29F 0.38 11.884 1.91 25.54 0.92
M L gmelinii 216 1.96F 0.39 11.874 1.82 40.44® 0.68
KA F. mandshurica 216 1.90F 0.39 11.844 1.84 24.01F 0.79

KPA~FTERBEHUZRAN (o = 0.05) The A ~F in the table represent the significant difference groups (o = 0.05)

2.2 HRBEIARSER CO BB EZINFERT
By TR, AR S EIARE R R EAE RN BE RN Reyp (3R 4) o AFRRFRIEIAMNL
BIARELZZ bR T YHEMR B EYFER ERERZINGE L) HKBCRIEER—, REANE
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B & F W 27 %

BIRL, AFRRFE Top BRBRABERZR(p >0.1) BEH W, ZFREBE(p < 0.001)(FK3), Hiét
HAFPLLAAFE I SKER R, 2R EKERKHEARBA 2. 14 F12.04 £, LRAEIRPE TIFER
HEFBIRK 4 NI HT, BERFWE Reyp (R 4) o Top 5 KRRBERE (Tyy,) ZRIGFEBENIEMR
(Tepp = —1.670 + 0.906T, ;3R> = 0.746,df = 2300,p < 0.001) B Tepp Bl BHEE ST Tumo

£4 EARSBEE CO,EE (Ryy) IRWEAFHHFESH

Table 4 ANCOVA test of the factors affecting CO, flux from downed logs decomposition (Ry,;,)
diun AR TR WKEN RRGA WRCOREN  DWREN Wt BREX
Species Site Replication  Species x Site  Species x Replication Site x Replication ~ Species x Site X Replication
HEE df 10 3 5 30 50 15 150
F 538.4 27.7 4.0 79.6 14 4.3 16.9
p <0.001 <0.001 0.0012 <0.001 <0.001 <0.001 <0.001

FESLIR Rowp RIANZ IR F R HE 2B EAERF (R 4) , Towp M Wewp REF B EZAFEHE T (K S) -
B T M, A Town ™ Wew IETTEZERE T Rewp MEER) 57% L LS M. BrAMMFE Rop 5
T Z ST FEE BERIEMRKR,BE W K Town 1 Wow FIZEAER (T % Wewp ) Z A 5% 78 PR F
MiF(RS5) . B RBAREHRE Rewp 5 Womp B BEBIAMRIKR, MK AIAIEHAREI Rowp W5 Tewp x
W e Z VBV TE B2 B SR 5E s HLEMTFE) Reyp % Wem WA B . BEER Ran S TenHRENRE,

£S5 BIARSBER CO,ER(Reyy) SHIRE(Toyp) MEKE(Wey, ) HIEIFSE

Table 5 Regression models of CO, flux from downed logs (Ry;) against their temperature ( Ty, ) and water content ( Wy, )

i BER ; ) . BERE mE
Species Sample size R? p
H#E B. platyphylla 215 1.281 0.100 -2. 466 0.702 <0. 01
114 P. davidiana 215 0.541 0.100 0. 663 <0. 01
S48 T. amurensis 216 1.295 0.095 -2.893 0. 569 <0. 01
BBk J. mandshurica 216 0.102 0.635 <0. 01
Sk Q. mongolica 216 0.116 -2.258 0.729 <0. 01
AR A mono 216 -0.379 0.112 0.628 <0. 01
E#y U. propinqua 144 0.085 0.399 <0. 01
LM P. koraiensis 216 -0.493 0.094 0.610 <0. 01
HIHE P. amurense 216 -0.576 0.092 0. 663 <0. 01
FEHS L gmelinii 216 -0.680 0.211 -0.329 0. 648 <0. 01
KB F. mandshurica 216 -1.661 0.140 3.477 -0.192 0.566 <0. 01

EjJH#ERIY  The regression models are of form; In (Royp) = @ + bX Topp + ¢ X Wegp + d X Tegp X Wegp

2.3 AERED Reywn T SIS

AEFS Repp IZET AR REA 2B i 8/ (B 1) , SEREERFTWEURRER—Z
(E2), BIARSKEBHNETELANEARRER 2 BE, BHETAZAMBR, AR Ry HETT A
(B L FIE 2) o FTARRE Ry BRI IR MRIR A IR Z, T H R I (ELRR 52 T AR L L ARARAI K iy 49
SMY B RE R 7 Ao MAL, Ry BIZEIE B PRI 22 - WBEE T R4, 7 Reyyp H BRI
1B, Royn BEOZSIEE/N , WRFE Y Royn2s FB/N, LT K 0. 60 ~2. 79umolCO, m s ™ s BEVR BEFH B, Rewn
HIZEIERE Z 3% K, R FF IR B Reyp Z R BWTHE R, 7E 7 ~ 8 Ak B g (EH, 4L TEE 3. 81 ~ 19. 86
pwmolCO,m s " (E 1),

hitp : //www. ecologica. cn
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£ L 8 8§ 8 8 8 8 2 & 1% = S o 2 O © © @ <@ o 2D
Q?E Q a &a « A 8 &a & & Q‘\’E A & a a a & & & a &
KT 214 . KT 24
BE 5 c T AD = & » L d A
& Hardwood species = Coniferous species
z 20 - K20 [
PN ——CY s o
~ - N —
S --ar-- HBL S —&— LYS
16 | 16
—o— SQL
14 + 14
12 12 -
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8 |- 8
6_ 67
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<+ ¥ o v 0 o N O N
2943z 33 9838333 S - S B S e
3 o o~
€2 =38 283853 ¢ 2=3 8838385 8
P - - ) O O 0 \ \
S 8 8 38 35 8 8 & &8 & E &8 8 £ 8 & 8 &8 8 8
S & S & & @& 3 3 =& S S & 3 & 5 & S S S D
QA &8 8 &a & 8 8 a a « A & a a a & & & a &
H# Date H #f Date

B 1 RAE RS COEER (Reyp ) BIETARL
Fig. 1 Seasonality of CO, flux from downed logs (R.yy,) for the 11 tree species

BH: E#k B. platyphylla; SY: 4% P. davidiana; ZD; %48 T. amurensis; HTQ: BB J. mandshurica; MGL; 32 84% Q. mongolica; SM; £
At A. mono ; CY: M U. propinqua ; HBL; EEH P. amurense; SQL: /KHIM F. mandshurica; HS; £T#} P. koraiensis; LYS: $% M4 L.
gmelinii
3 itig
3.1 FRILEZERFPEIRSMERIN COEE
AP AR XA TR KA 11 > R BERFZRE RS ER RN CO,ERNERBE
(F3) o Hrb, AR EHE LG FTERE) Repp B s $1 R (LLARFITE AR ) FIBE & HEARFPEY Repp i
XK. Wang %' 78 % R LM RSB 26 I 0 S At J7 BRMK R B2 ZA% (Picea mariana) B9 Rewp i,
£ 0 ~25CHYIRBETEREI , 3 Reyp BEBITE 0. 84 ~ 1.26umolCO, m s ™' 2 A, Marra %' ZEBF AR PR AR
W WAL 8 AE AL ( Pseudotsufa menziesii ) F1 V8 SRk AZ ( Tsuga heterophylla ) B Reyp 4516 43 3 4 2. 83 umolCO,-
m s 7' f1 4.31umolCOym s ™", ABHGT AR T HARFPEY R oy BESIFE 0.60 ~4. 04 pumolCO,m s ™' 2 JH], 5
HEABFRSE REA—F
SEFE Repp ZRHBEERE (R 4) , B THEEFZI, BIREKSHEHFAERENZER TR
Hep—AEERH, Marra % BB R BB O TSN 5 H F 2R H BIA S BT %
FEB, BIALH PSR SR BB LEY, RSB LY R OSSR R EIRN 53
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Bl Boh, amER R ERIR Y (InEME A R) A o TCWD -0 WC
EHREY(IMARRZNGERF) HETE, WEEHE
ARG BEH—AEEEE™ ;. Harmon M Y MBI A H
TEEBEREARRM LLEN HREREBL. SR
1F R o 8 A 2 J Y LA 1 R A W P SR X Ry BT RS
MPEBRABTSE, (B H LA - R LA R S 4k i
WR TR, Bt B, 73 9039 7] BE SEA T hlE 9
BIAR, T Reyp B 5 L1 T M 7K D S5 4T H AR
AN R AR RERE" B, B
RemBiflko H—BBSEAFRF AR BREIFEIZ K, W0
TR 5 4 A BRI 7E LB, oA A TR R W b
Rewp BIZE 5
3.2 ERTIEARSERA CO BRI

BIRDERIL CO, EZE AV o ERGIE
B AR , 2R R YR EAL IR e WPROL AR SE R T SRR M . IEANR 3 Fk 4 kB, Rewp 22U
FPAEACROUE) BE R . TIEEE T, BIARREM &K EREHREIA S A MEYE S B ERH
F ARRGREN, REMI, EE Tom™ Wenh) Ron FEVHEEUFRE T Ry MR 57% DL _EAY7E
FME(FR5) o RN, S BIAR FTAL B 7 4% At 7] BB SO BIAR BB E M &K B4F BE B ME Reyy (7
4)o

FRTRERN , ERNE Rom FIBIARE MK B2, BIAREE TRERE £ /M, WA hE
Remp WOZ1 22 (B 1 MK 2) . XEREBENEE T &, @i A Vs iE sh e 20 /E A, A iinEH
PUBRET LA COIBM ™ . I E PR EY, BARGKBREEM R 195 —BEHRFRT Y A
B, BRI Rop i ERFHFERET—Tewn e 11 MRFFRIRE BEMW2ZF B Wep B B35 22 57 7 BEXT
BRI Reowp B —ERITIR(ZR 3) o BIRETIKERT Ry RIS A RERE : 2 2K B — Y BUE, $l e
BRI E S HORSR B RO T 3, AT BB AR PRI AR " R T, B P LRI B
B Ak B BRI "™, Progar %™ B S IEMEMBISTIE N Wewo >20% 5 B 45 SHFBFT B9 2K, 3F
HEKHA Reyp BRI TEARPTTIARHBIARZKETEEIN, Weyp Xt Reyp IR WS o W (U EHHE
FRB SR K BRI AR B Rowp 8 AR, 17 58 HAWR B Rewp IR BE (R 5) o BT X LR
B RewpSZ MR W e B ELFIBR 7 VO BBl 75 2Rt — 29 SE B LA €
4 4Hig

ARARHER L X SR RARUAEM A 11 A EZR B AR BERH K CO,ERTEE BENES
FE LA SRS KN R RO IR S fE R 1 COL B B TR SR #5 R B B i I AIK
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