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The relationship between CO, flux and temperature of the mixed forest of broad-

leaved and Korean-Pine in Changbai Mountain

'ZHAO Xiao-Song'?, GUAN De-Xin"" , WU Jia-Bing', ZHANG Mi'*, JIN Chang-Jie' , HAN Shi-Jie'  (instisute of Applicd
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Abstract: Forested ecosystems cover a large expanse of the terrestrial area in the world, which represent a large global sink of
CO,, and strongly influence the dynamies of the global carbon cycle. In light of the current increase in atmospheric CQ, and
warming climate, it is crucial to understand the mechanisms that control some ecological progresses in the forest ecosystems.
Studies of forest CO, uptake have increased rapidly, especially after tower flux networks were established. However, the
perspectives on net CO, exchange at ecosystem-level are relatively new to plant ecophysiology.

In this study, based on eddy covariance system on tower, we continuously measured CO, flux in the mixed forest of broad-
leaved and Korean-pine in Changbai Mountain in 2003 . The relationship between CO, flux and temperature at ecosystem-level
during the growing season was analyzed. The results were as follows:

(1) When air temperature was below 20°C in the definite range of photosynthetic activity radiation ( PAR), the higher air
temperature, the higher net ecosystem CQ, exchange ( NEE) . In contrast, when it was over 20°C , the higher air temperature, the

lower NEE . This effect was significantly different amongst seasons. It was mainly controlled by plant physiology and leaf area
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(2) NEE includes photosynthesis and respiration of ecosystem. Maximum photosynthetic rate P,,_and ecosystem respiration
Re were calculated by Michaelis-Menten equation. The relationship between P, and air temperature exhibited § shaped curve,
while Re was exponential to air temperature .

(3) The effects of canopy PAR, air temperature and vapor pressure deficit ( VPD) on NEE were estimated respectively by
partial correlation analysis and of difference amongst seasons. Partial correlation coefficients of temperature on NEE were higher in
early and late growing period than that in the middle of growing seasons. It suggested that temperature in early and late growing
seasons had more significant effects on NEE than that in the middle of growing seasons. Thus, we could identify the dynamic role
that temperature played in controlling ecosystem fluxes during early and late seasons.

Key words: eddy covariance; CO, flux; temperature; partial analysis; ecosystem-level
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1.1 ZRHEAR

AT FAE R B R F BT K B LR AR S R GUE AL — 5 bR o L B T AL AN AR AT (42°24'N, 128°6'F, i
% 738m) . FEHSEN 3.6C, F TR 695mm, 84 LM EEARE R L, TR 5 MHE T #m t %
IR AR N BB R IE AR, £ IF AR N M ( Pinus koriaensis ) MW ( Tilia amurensis ) .3 & #% ( Quercus mongolica )
7K B 0 ( Fraxinus mandshurica) K (Acer mimo) . M B ZGEM , FABEE 40% , VFIHRE 26m, 3L RERE
£ 560 #&/hm’
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AU AR A B 62m B R MM E , FFB IR R RAMF L L EE 40m & FE L, =458 75 KR X
(CAST3, Campbell Inc., USA)FIFFB& CO,/H,0 4+474% (Li-7500, LiCor Inc., USA)4H AR, JR # K #F 4l 5 10He,
B % 5 44 BB R £ 88 (CR10X, Campbell Inc., USA) #AT A& , B #£4T 30min WE BT B H . HHAX
S ARG, 15 7 B X & (AIOOR, Vector Instruments, Denbighshire, UK).7 J& K< B B #18 & (HMP45C,
Vaisala, Helsinki, Finland), BB 43310 2.5m, 8m, 22m, 26m, 32m, 50m, 60m, Y& B FEH B T 32m (LI-
190Sb, LiCor Inc., USA), iR (105T, Campbell Inc., USA) B HEHE M 0 cm, 5 cm, 10 e¢m, 20 cm, 50 cm,
100cm , 38 1 B4 F 4 28 (CR23X and CR10X, Campbell Inc., USA) R4 H & 30min T BV HH#AITFME. S
WH 20034 1 AF 10 A 31 BZEEKEHEIEHETOH .
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F, = pw'_E'E (1)

R, p W TEEEE, w WEERE, & K CO, T TERMIRE L, - A5 5] R 5 [6] ¥ 25 F ik 30
B, BIE=HEBH KBS CO,/H,0 447 (SN & B fa] R 51 358, LA 30min HPHKE, RAREMEX
F LT E 40m B CO, BE F. R, IFHE Co, TR AR CO, BIIRE o MARBE . HIt,
FEMFGH o, BRATHEREKSTE™

KT RBEELLER , R = N5 (3Drotation ) FI T [ £ 5% (planar-fit rotation ) 77 3 Y47 T 4R IT E™ &
BERMEMRN,ELSBENIE0.5% ~3.2%, TUZAKAT, HHPEEZRREMAXAERLBELUT
CO, IEZATHN CO, 87, BB EBRLE CO, LB (NEE) N :

NEE = F. + F, (2)
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50 R H A N A BBUE A SUE A E RE T LA
B, M1E NEE BUIEMNAEE, AN RABEREERKER
[ -2,2]mgC0O, m™* s™' WX F B 55 i i 5% 14 o A
MEREMAHE, A SGED HIBRR A EHEER u, <0.2
ms 'BLEBRBIERMR, KREHEEE 0.2ms™' BR
BHEG6~8 AM)EEN CO, BE(NEE) SBERERK

WaBEERET
NEE (mgCO; m?s)
=]

HERXRBEWCNE 1), Bl 20 835w WK E .
PAFR,BEMETUES, u. >0.2 ms "B NEE A& 2 02 04 06 18 To
BE, B EER o, 0. 2ms ™, X5 H A X % PRIRIAK Fricton velocity u. (m/)
PRESBR S L RARARM B KB AR R v 5 R CO, BB %R
ETXAHH BHRSESRE CO, ZEB(NEE) pig1 Relationship between friction velocity and NEE in the night during
S5¥X%E6HB WS ( PAR) B9 5% % Fl Michaelis-Menten J5 2 growing season
*u,%[ﬁ.aﬂ:
NEE = Re - % (3)
AP, P ARKEEGER, Re WESREWR, K, } Michaelis-Menten 77 B2 . A X H NEE Rt
AESRERIY CO,, NEE RIERRRIK CO,. WE NEE 5 HEEHALRAERT RS,
NEE, = byexp(b, Ts) (4)
R, NEE, AREGERRGR CO, KHR AMESRENF R, T, 5 Sem HIBBE, b, b, WEH. Q,
HBETAHEE: ;
Qw0 = exp(10 + b,) (5) b
2 &R 3
2.1 "&&%4E :.
WA MBI EHE T (EHERE, EEE RN, WAKIKEE VPD FfEK) 82 0L il 2 Br %

Ro HKFHFEY 26m KB Sem T IWEEH B/ INE 2a, 2 TSR |+ HOE B E FSEM
T, ERFHEHRBALBEE K THTEE SN -2.7~24.0CH - 0.1 ~ 18.4C, i f /et SR
T RBENBIEE SN -8.9~30.7CHM-0.2~18.9C, B PHWEBRSEMHERESSHIE 6 A
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Fig.2 Dynamics of meteorological factors
a2y 26m SR Ta # 5em £3IBE T5 Air temperature in 26m height and soil temperature in Sem depth; b 3 J6 & # % 48 &1 Photosynthesis activity
radiation; ¢ N FIK R E 2 Vapor pressure deficit;d H MK Precipitation

2.2 AFRAEAEBBEE (PAR)K VP FHX NEE FEIRE ML

ERZMORBHRBEDEAEANE, FEZAAGEF IR (PAR)MBERZEW. R 248 B &t
NEE 9%, 38 PAR R4+ % 4 1KY, 42 B K 0 ~ 500umol * m™ 25", 500 ~ 1000umol *m™*s™", 1000 ~ 1500pmol *
m ‘s H > 1500pmol - m™ s, A BB R NEE BB L(INE 3 B3R ). 24 PAR #£ 0 ~ 500pmol+ m™?
o ' JEE AT (B 3a), NEE FEREREAS M AL BEoOME LTRSS, ARKBEEARHEDIRA, XEHT
BB YIRS, AR RE IR, R B PR E K PAE Y, NEE> O R RIEARFRAEGER BESE
BRI CO,, R Z W MUk CO,. PAR 7E 500 ~ 1000pmol* m™*s ™' ¥ Bl BY (B 3b) , 48 Ta < 10°CH} , NEE )4
o8 KB IR B B9 T 75 T 2218 8 00 T AUIR 10°C > Ta > 20°CHY, NEE R XHERBE N ASMEER LA KR
Ta >20°C, NEE WEIRE X WA F %, PAR 7E 1000 ~ 1500pmol*m™?s™' JE Bl BF (B 3c), NEE FEIRE 0 LB %
5 PAR 7E 500 ~ 1000pmol - m s ™' FE BB 48— B, (T PAR ¥ K, 5 E XA HEMR R, BT NEE EEZ
WA, 24 PAR > 1500pmol-m™*s™ ' (B 3d), B ABREF BB FEEPERBX, B TR FRAERH, 5
EHEI W, NEE HE 3c H/0 BARHFTESR Ta > 20°CH NEE TRERES

NEE S BB EE W B M EN A, L PAR 7E 500 ~ 1000pmol +m s ™' i [l Jy i 1 B AR (L8 3,
B 4 #% PAR KT AFEHNEE FIBMZEH A4, RS R B ML, Rt <EM VEE REH 2K
FAXER. MEITUER N4 AR A ABREH co, RIKEZEHH M, /RAERBET A8 AEl 10
AXZEHEN,H6 AKRT8A KN EFENTA>6A>8A>9A>5A>4 100, X¥EER NEE XH
YA IR VE MR A M I ARIE B MR,
2.3 BEXt P, M Re H R0
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Fig.3 Variation of NEE with air temperature under different ranges of photosynthesis active radiation :
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Re mu mﬁg Eg ﬂ%ﬁ%%ﬁiﬁ %%% ’ *y‘% HB é&ﬂg * Fig.4 Seasonal variation of NEE and air temperature in the range of 500 ~

Re = 0.0607 exp(0.0666Ta), R* =0.96,

L5 5P 1000pmol-m=?s™ " of photosynthetic activity radiation
KTUBREIFTHRAL, YBE Ta <20CH, 65 FIF R E RS, BXEGEER TR, T NEE
ERMAHBGTYSEE To > 20CH SEERHEMMTT RG2S EF, ILAT NEE 716 T . [RATa] Di#
Wi ERBX AR, ESRERIK Co, SR, MERBX ARNA SRS CO, BENA FHEMBES,

%A NEE 5§ Sem T HREAREFNHEXER, I TEHRM Re SIHE N R RFTHETR, KN
NEE $# <0, 0~5, 5~10, 10~ 15, 15~20CH Sem R E X AR L, 8 FK A NEE FERFE /KX R (0

B 6)J:NEEn = 0.0571exp(0.11477Ts),R* =0.98, WIRBEAXTHRTEME.

K ZF R NEE BB RGEFRE Q00 3,15, ABRGEIPR AR 1 500 0 FAR Y A 09 0%, A A &
RYCVF WAL 0 E AT 1 RIRE A BB R ARE £ HORR 0,08 3.64, ARZRM LR T 0T
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W Qo fHFE 2.56 ~3.32 Z 6], AR Q E_EHE, LLEEGHE, BHEAT Huxman™ T & 115 AR A 2
REFFRE Q,(1.53~1.87),
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Fig.5 Variation of P,,, and ecosystem respiration Re with air temperature Fig.6 Relationship between night ecosystem respiration and soil temperature

2.4 NEE 5HFHEFHRHEXTH
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