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Abstract: In China, the potential carbon sink of plantation could not be neglected because forest carbon storage increased
significantly by afforestation in recent decades. In this study, CO, flux was measured continuously using the eddy covariance
technique over a 30-year aged mixed plantation in the hilly zone of the North China from 2006 to 2007. The major tree
species are Quercus variabilis, Robinia pseudoacacia and Platycladus orientalis. The relationships between net ecosystem
carbon exchange ( VEE ) and main meteorological factors were investigated. The results showed that daily mean nighttime
NEE increased exponentially with an increase of air temperature (P < 0. 01). The temperature sensitivity ( Q,,) of
ecosystem respiration was 1. 92 in 2006 and 1. 86 in 2007. On daily scale, NEE varied within a small range of +5
g+m >d ™" when air temperature was lower than 10°C. Daily net carbon uptake by plantation increased obviously with air
temperature when air temperature was more than 10°C. In the main growing season ( April-September) , daytime net carbon
uptake was positively related with photosynthetically active radiation ( PAR). The relationship between NEE and PAR could
be expressed by the rectangular hyperbolic function. However, there was a linear relationship between NEE and PAR when

vapor pressure deficit ( VPD) was less than 1.0 kPa. In the main growing season, the apparent initial light use efficiency
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() averaged 0. 032 in 2006 and 0.019 in 2007. The maximal assimilation rate ( P, ) averaged 0.96 mg-m s~' in 2006
and 1.10 mg-m s in 2007. Seasonal variation of P, and o was obvious. On monthly scale, P,  had negative
correlations with VPD (P <0.01) and PAR (P <0.05) but was not related with air temperature. No significant correlation

could be found between o and PAR, VPD and air temperature.

Key Words: plantation; net ecosystem carbon exchange; eddy covariance; photosynthetically active radiation; air

temperature ; vapor pressure deficit

AR A S RS R KR , W R EE MR RKILZ —, ERE, KIPER EARERAERR
A TEXRES , \THREHRE XFAEHRE 30% , HESERBIL AT Z M. T EHRARpbE R 85 3
ERATERNGER . SRAMME, A THREAERKIE A KBRS, XRET ATHER TR
SRR BRAT BAFAE S o T R AR AT 4 Ko LB 358 wie oy A7 57 e 6 i 3tb A 25 2R Gk A 340 Al 42 3k 728
I REAEER L,

JoRER A B AR S RGBSR B, B D EEX A S R G hkiE B ST RN . W EEARSCEAR 3R
BRMEOE ERRRE T AR TR . BETHREMIEA, MR TEBEALHRENN SRR ESRSE
Y iRASE R (NEE) T RN EL SR TFRERD Y ARESBERERT, BHESREH
BRICAK PR R A AR o B RGAEX B S R G NEE B0 , 7 B TG BRIRIC S AR 19 T/, I
it — 2T R ARARBRAE R AR AR A SRR AL TE 5T MBS B e 22nl . B RTARM A RS NEE 55
SR TR RRPII EEE D TR PR D 0 3 B IR A AR B IRAF 13 A T
M NEE 55 RHFMRREF S HHFFRMIRD o AT FI 5 BEAR GO0 T % IR 7.1 18 DX AR b AR L
N TS RGGR BT TSP, 21T TOL& B 8RS (PAR) (KORAE 2 (VPD) X NEE

G , B 1E A TG TE R DR B N AR A 6 A4 AN TR0 B 52 S A BB AR A gRHiE 8+ o
1 XWXHFAMITE
1.1 SEEXAEAL

2 5L AE B AR B /INR IR AE S RGEE ALFFT G (35°01'N, 112°28'E,410 m elev) i#17, i%uk
BLT R 2E BRIRT , AL BT b, SR RAT LU . BT 76 3 IX 8 W TR PR 2 VA, 4 ~ 9 1 J&A T XUl 2y
ALK PSR 12.4 ~14.3C, 24 H BAECY 2367. 7 h, 4P [EK & 641. 7 mm, HZEF5 /34,6

~9 Ak E S5 68.3% . FEMF I AR ( Quercus variabilis ) M4 ( Platycladus orientalis) | #2
( Robinia pseudoacacia) %% , Hiiy 43515 32.30 a F128 a, FHkE 0518 10.5.8.2 m f19.3 m, +3EFF hiE
A KA AR BRI 1 £ o

3T LI B 07 38 X PO P i AR B2 AR DU RIBR TR TR S Bt 9 . 5 I L 1. 8 k5 61 SF- 235
FEYy 14° AR 23N 96. 0% Ao, e KAk MG RIBRBT & Ho 5l 4351292 80% 8% il 12% .,

1.2 CO,# B IE N

BRI R RGE L BEAEWINIE B ZR AL 5 18], 1= BE 2 30,0 m, £l CSAT3 =4k 75 XU {X ( Campbell Sci.
Inc. , USA) Fi LI-7500 414 CO,/H,0 43#H71{X (Li-Cor Inc. , USA) ZE4H 1%, Il 58 = 28 X\ IR B Y BEFN COL Yk
o JRIEEEERAEF R 10 Hz, i CR5000 ¥4 R & 4% (Campbell Sci. Inc. , USA) g RHRFF,

MRS RS AHE T )2 AR-100 XU it ( vector instruments, UK) #17 J2 HMP-45C B iR 1% B 1% 4%
(Vaisala, Finland) (2235 #2510 8.9.11.14 18 .26 .30 m) . MAh, 7627 m & ELL, &35 T CNR-1 BI44E
A CM11 #Y 555 512 (kipp and zonen) \Li-190SB &Iy & F 3 (Li-Cor Inc. , USA) (S EITAITN &1 (Model
52203, RM Young, Inc) %, iR {{#55 CR23x RIFHE K425 ( Campbell Sci. , USA) #Hi% , 4% 30 min #jiH—
P HE
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NEE =F_ +F, (2)

XA, F, o CO,MFLER , F, T8 BEAH S AS WLII 5 8 LA R K CO, 8@ & . NEE N it m AT
MR KSR CO, , RZFREHEK CO,,

X34 BEHE S 5E B9 10 Hz JRAABOHEHEAT -4, 15 3 =28 XU IR B BE | CO, ¥k BE FIASUE K /NS 308
b 2. L EBERE 3 wAkbRiiess ™ f WPL & E™ 5188 30 min SFH7K  AF1 COE B, RIEKS
JREERRE IR PRI, TR B S BT 1A] CO,8 B m . ARIBEEBRE (U ) 5 CO, B M R
E—MER U BEERE/NTIGR U BB BRI . ABFFE U BL0.2 mes ™' {038 H Bk
R A REE LA K T R BE SR B K BT, Br AR M S i (N 2 M B . X DA b 283 9 25 0 18 B B 11538 s A 3
EFF 2, 5 EMEE 3 57 ZNEERZEH R, AT 51 7 S 3E# gk 2 B 58 Fbt 2% i 5 -
/NT 2 h BB BN T NS A AN ; KT 2 h ik 2k B8R R A OF- 3 B 28 4K 15 (mean diurnal variation,
MDV) #EATH#M "

2 ZR5it
2.1 PAR XRRAC T BB RN

HAERAZ AR TERBERS . PIREM EKE4 ~9 AM) N THEXKE NEE KA PR 5 A8
TN (P <0.01) (B 1), NEE 5 PAR W)L R ] i E AW RS %
e

R, o IRV ICREFI AR, BISEE AT D B7 2R O REER 5 P, B Fe B B ROb & BR s R, 3%
NEDS RGP IR H

TR REF R (o) R TP SR R R, FREH, N THE o (EHIE—EEE,
B —EWET (R . PRES o HRZETBLAERZAAR 402006 F1 2007 4K o HH1H
B7ES ARG A, B/ a EAFIHINLE 6 HF9 A#, 2006 4E 6 A o fEHE/NFEERH Ti%HA KK VPD
AL SRR/, R 2 B9 6 A 1 PR AR 0 22 48 S 20, BB RE A PR T . 4SS0+, 2006 4 7
2007 EFEA K (4 ~9 AM) KT o fH251250.032 F10.019, 2006 4 FE A KFH o R T 5%
BT AR ST AN VPD AR 6 (£ 1) . AtEAREE b, o 5% M H PAR SR VPD BB BAIX KR,
AL o [ETE Pilegaard 257! 76 P12 1L BRI E K BB 1 o MR E M, E/NFX 225%™ Wang
21190 Ruimy 257l Goulden %™ FUBF ST 4551 , X SR RO A4 E KR B A ERA X,

A, N THRE P MAFEZE T (FK 1) . 2006 F12007 4 P, S KAEASH BUAE 8 A oy, BAKIE
BIHBILE 6 AN S A X EERdT 2006 4F 6 H 2007 4E 5 AR VPD R MR SH0H T KL
ERI(E D), EEEAKSE KA P, SEHHXEREE, {B5 VPD fl PAR R L, M M4 HIAF
0.01 f10.05 BEKF. VPD FrEMSILEAS , FB P, TH. TR IMAEEMEREE VPD TR . ALK
H1,2006 4E A1 2007 4E F B A K FFH P, /3518 0. 96mg-m s Al 1. 10 mg-m > s™", 5 254
Wang 21 (BFFE 45 400 . 1 2007 4EAH L ,2006 4R FFA K P, [HEV/N, 0 o EEK, EYOLREF]
MR (F 1), N TR SRR K 58k (2006 H1 2007 4E 4 ~9 A NEE j &4y 514 - 508. 3, —409. 6
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Fig.1 Relationship between daytime NEE and PAR in a plantation
F1 AIHBXMESHERSKATF
Table 1 Parameters of the light response curve and meteorological factors in a plantation ecosystem
P a Ry PAR T, VPD
H'ﬁ} . -2,.-1 1. 1-1 e =20 -1 72 e =2, 3-1 kP
Month (mg'm~2%s71)  (umol-pmol ') (mg-m2s') (MJem~2%d~1) (C) (kPa)
ont
2006 2007 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007
4 0.94 1.09 0.022 0.014 0.08 0.08 0.28** 0.32** 6.6 7.7 17.0 16.4 1.10 1.16
5 1.70 0.90 0.032 0.020 0.14 0.08 0.47** 0.38** 7.5 8.2 20.7 23.4 1.01 2.02
6 0.80 0.99 0.016 0.024 0.10 0.13  0.23** 0.28** 9.1 7.1 26.6 23.8 1.82 1.59
7 2.04 1.44 0.028 0.023 0.08 0.08 0.48** 0.38** 5.5 6.4 25.1 25.1 0.53 0.82
8 2.16 1.73 0.029 0.023 0.11 0.12  0.45** 0.46** 5.1 6.5 24.3 25.0 0.58 0.90
9 1.27 1.49 0.024 0.009 0.11 0.00 0.42** 0.35** 4.7 5.9 20.2 21.0 0.94 1.09

4~9 0.96 1.10 0.032 0.019 0.12 0.08 0.31** 0.35** 6.4 7.0 22.3 22.5 1.00 1.26
“w o " RINIRF] 0. 01 i 3E /K Significance

2.2 REEX SRS R RN

ESRGETF R ZHREMAEY R TR BERRGAESREMRKN EEFER T2, F20
e R RS RGP R BEIR R T AR BOR K . ARSI W R B T ML . A AR B SE % 8
NEE ( BPAER RGN FEE 2 RS 2505 K (B 2) . Z HIEBEEFHLERERFZm, B 2 MEE S
BN, WA NEE 722 46UF 36% (2006 4 ) F125% (2007 4F) 7] i 5 2R R . R, WEK H
S (8] NEE 558 2SR AR 2EEREE] T 0.01 B2E/KF, 2006 12007 4F A TS RE R HIE
FERURRE( Q) 737120 1.92 F1 1.86, 2007 AR TS KH 2006 ETH(F ), TREWE TESREIFR
1 QB HEAR™ o APFFIBEN Q[ SHE B X MBI T4 RE6E ™ SR o AR5 X b ig
IRHF, AR AN B TR &0 A S R R AUR R BOR N

BEERR T30 B SR MR IR, R e 2 SRR AR RER CO, 8, PR MR
BETE 10°C LAF B, ATThk NEE H BRE/N,7E -5 ~5 gom > d " Z [0, WEB 10CLUF, A TARLLE
WK R, CO, 0 &, H R B TR B s s i (& 3) . 7842, RE B PSR 7E 5°C QRHEY
HAEVERFBRIRE) LT, BRITEREN THAES RGN E|A /> H -3 NEE i HIE ., XRAARHA
THELZBEA —E A RES o Dolman 4%} Miyazawa il Kikuzawa ™"t % AR MAEIE L K BRI RS
CO,HIBM% . WA, BERSB BT EELATRERNNAENEERRF . E4EKBRES T 10CH,
ANTIMAEDRG H 5 CO KB ENEMAZIRETA ZE(E 3) , 8 EBIEEAERES ;& ILBHE
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Fig. 2 Relationship between nighttime ecosystem respiration and air temperature in a plantation ecosystem
15 15 ~
(a) 2006 (b) 2007
10 10
5 B : - - 5 B l.' l.. -y .- -..I
e fad i e
ﬁ/—\ | . 0."‘. ,." . !. g_'o' .
85 R RN+ PN o
) . Y. [ L LR
%ﬁ* -5 L 5L cat e - . -."'I__
8 E IR I
"g%ﬂ -10 -10 | D -‘:'.;1.:.
by § - B ? .'.;_.:.:,. -
& 15 15 | -.’.. i
—20 |- 20 | . .
25 -25 |
—30 | I | | J —30 I | | | J
-10 0 10 20 30 40 -10 0 10 20 30 40

ik Air temperature ('C)

K3 ATHABRS NEE H SRS HPFHSEMXER

Fig. 3 Relationship between daily NEE and daily average air temperature in a plantation

BB, RS RGP TR AT e R TARAE S R G R CO, o B BEMAZE™) X R A W LD A AR B BIF 5T
WARH TRLEER.
2.3 VPD SERACHe B BRI

VPD BB RES SR EBER 72— AoF5Est 4 ~9 ABAR VvPD &4 T ATAH
NEE 3 GHwa RS BT T 0. S5 5RR W (B 4 M£ 2) : 24 VPD<1.0 kPa Bf, NEE 5 PAR Z || LA RYF
MLk R, NEE B K{EATIA - 1.8 mg-m s ™', VPD<1.0 kPa HB}XF 7 1 PAR ELA/IN , BUH 8 53 7 K BH 4R 55
W BB . S E RS L U R B A S SR i R B Y 2 T ER, 3 T e 2 R R A A
MR BAh KRR, A AL AERA R SR EDEM A, Ruimy 2517 BB #H &S ¢k
PSR EARAT NEE 5 PAR BAELERR, X4 VPD #£1.0 ~2.5 kPa Z [E|HT, NEE [ifi PAR (38 s i, Wi
ZIEEA BEMEMAWNMLRXR(P<0.01)), X4 VPD >2.5 kPa B}, i PAR {3 in, K& NEE th 230k
e, (ELHG R BE B B AN, B EABAE - 1.0 mg-m s ™' L EEFFEZ VPD BKE AP K s i, S35
SALHISEH , NTTREAR T o6 Al
3 i

(1) BK NEE 5% 5B 3RS (PAR) Z EfF & EHA ML R (P <0.01) , 2006 4EF1 2007 4F FEA K
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Fig. 4 Relationship between daytime NEE and PAR under different VPD in a plantation ecosystem

*2 A[E VPD %4 T AL NEE 5 PAR Z[HIHIX R
Table 2 Relationship between NEE and PAR under different VPD condition

4 SR R 2

Year VPD(kPa) Light response function

2006 <1.0 NEE = -0.0007PAR + 0.0532 0.32**
1.0~2.5 NEE = -0.0321PAR/(0. 0256 PAR +1.2564) +0. 0939 0.38**
>2.5 NEE = —0.0096 PAR/ (0. 0129PAR +0.7414) +0. 0738 0.22**

2007 <1.0 NEE = -0.0005PAR + 0.0391 0.23**
1.0~2.5 NEE = -0.0257PAR/(0. 0187PAR +1.3706) +0. 1010 0.39 **
>2.5 NEE = -0.0137PAR/(0. 0092PAR + 1. 4878) +0. 0551 0.32**

“w o " RINIRF] 0. 01 i 3E /K Significance

Z(4 ~9 AH) B o [H551245 0.032 #10.019; 3 P, 43514 0.96mg-m s 'F1 1.10 mg-m >s™', «
HM P, HFEEFET B, FEERKRFHAVFY P, SXMKNIIRKAARE, 5 VPD F PAR W EA W 8K
FAHK KA (P <0.01 I P <0.05) . AV o (HSXPLH) PAR SIRH VPD B TEH BAHRK R

(2) W IE] AR 25 RGP AR ) TR 248 80E K (P <0.01) , 2006 1 2007 4 N TARKA: 25 R Ge R I 19 1R
BERURREL( Q1) 439012 1.92 F1 1. 86, YREEFE 10°C LUF B, ATAK NEE H S EH/N; IRE#E 10C/F, AT
AREAEIR I CO, 2 3, HL R WSO B TRLBE 1 = R e

(3)VPD<1.0 kPa B}, 5B R I B BB PAR 3 K3 (P <0.01) ;VPD > 1.0 kPa J5 , %k R UK B [E
PAR Hy3gfinmsg i, — & 2 BE M EARMLRXR (P <0.01) ;VPD >2.5 kPa J5 , ik & B PAR 351N
BRI

AXRGEWR T NIMESREG CO, 5845 FREAZEFEMX R, HELE IRAM T #ATAREK
etz pLE TR 4G LK s M E AR B RS — 2 T
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