5536 B 6 W] S &~ £ Eild Vol.36,No.6
2016 4F-3 A ACTA ECOLOGICA SINICA Mar.,2016

DOI: 10.5846/stxb201408241671

IENe, sk, BElE, AN, 459, FOK%, B 58 ALK E v i i N TAOGRER] R A= 354441 ,2016,36(6)
Qiu K B, Zhang Z Q, Kang M C, Zha T G, Niu Y, Cai Y M, Zhao G L.The dynamics of light use efficiency at a poplar plantation in Beijing. Acta
Ecologica Sinica,2016,36(6) :

1t 3T 5 T ST S0 0 b A RS A TR S B i PR S

> 1 1, = . 1 — 1 1 35 3, x=2 > >
AR, RER RHA, AR F B RAK, RSE
1 dbsipkoll K2zk £ AR R S T AL B R 20 E S SE 8 %, Jba 100083

2 Jeatii /N asIe AR dbst 102102

FEE DGR AIHIZCE (Light use efficiency, LUE) &2 A RGEAE " T R/NRITU R E 2R . AU T AL 50 K% XK E
TVFR] VD 3 ( AAR (BR9E 107/108, Populus euramericana cv. ) N THIRAEZS R GEVE B G G, HEIR AR LI 2R 48, Xhizi Ak 25
F G LUE S 70F58 , NI € LUE #E R R R RUEE B R 32w Y, 000 5 SRR REFI R A FH AR ( Maximum LUE, LUE,, ).
SRR LUE A77E W R 2T 28t 8 4 A A KBTI 4R )5 LUE U T, B 7—8 H kB Hok, s B#ikAR 7828 K Z R
FIBE:, LUE H3hZ& R 7 AR 4 B 43S (Air temperature, Ta ) 7% 81 H. ( Evaporative fraction, EF) FI46 K 15 E 2
(Vapor pressure deficit, VPD) 2 LUE HZhZ500 FEFF,7.8 A 566 H &S ( Photosynthetically active radiation, PAR) F
5625 ( Canopy conductance, g, )& EBEFETF,5—6 5 9—10 A LUE HshZS M5 + 47K 53 ( Volume water content,
VWC) B H KL ;1 LUE A shZS W5 A 788 b ( Monthly evaporative fraction, EF, ) F1 A SF-14 4 58 BF ( Monthly soil temperature
Ts, ) A XK. HITIZA TS HOLRERI T Bl BB /AR, & H LUE, W& A 22 5 %A S REA4F LUE, 4 0.44 ¢C M
PAR,7.8 A LUE,, 5K, 5514 0.66 A1 0.69 ¢C MJ™'PAR, BFFT4s kM, 76 FYGREA A4 T IX 3805 2 Bk 4= 7=
Tl AR IR OIS (AR Tl s ] ROBE B o LUE,, o
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Abstract; Light use efficiency ( LUE) is a major limiting factor of gross ecosystem productivity ( GPP). Various LUE
models have been established to evaluate regional GPP. The various maximum light use efficiency (LUE, ) values used

in these models are critical variables that influence model uncertainty. Since the dynamics and influential factors affecting

LUE at different temporal resolutions vary, it is unclear whether the values of LUE__ at these temporal resolutions differ.

Therefore, we examined the dynamics of LUE and LUE__ using data from a poplar plantation ( Populus euramericana cv.) in
the Daxing district, Beijing. Eddy covariance measurements were taken at this study site. A multiple stepwise regression
procedure and recursive partitioning methods were applied at both monthly and annual scales. The results indicate that the

averagely daily LUE values from 2006 to 2009 were (0.33 + 0.16) ¢C/MJ, (0.35 £ 0.23) ¢C/MJ, (0.39 + 0.16) gC/
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MJ, and (0.32 + 0.19) gC/M]J, respectively. The daily LUE varied seasonally, with a rapid increase occurring in April and
May, a peak from Jun to Aug, and a gradual decrease after September. The factors influencing daily LUE were different
during different parts of the growing season. Air temperature (Ta) , evaporative fraction ( EF), and vapor pressure deficit
(VPD) were the main factors in affecting LUE in April. In May, photosynthetically active radiation ( PAR), volumetric
water content (VWC) , EF, and canopy conductance (g, ) were the factors with the greatest influence. PAR, VWC, g,
and VPD had large impacts on LUE in June. In July and August, LUE was controlled by PAR and g,. In September, PAR,
soil temperature (Ts), VWC, and EF were the main influencing factors, while PAR, VWC, EF, g , and VPD influenced
LUE in October. PAR was the most important factor regularizing LUE in the middle of the growing season, while moisture
conditions were the main influencing factors early and late in the growing season. However, monthly PAR (PAR ) was not
a main factor affecting monthly LUE (LUE ). In contrast, 71% of LUE, variations were explained by the monthly

evaporative fraction ( EF ) and monthly soil temperature (Ts, ). Because of various influential factors, LUE were not

identical among temporal resolutions. Recursive partitioning analysis showed that EF = 0.42 was the node for LUE in April.
e 11 Apr was 0.22 gC/MJ, when EF = 0.42. PAR and EF were the nodes for LUE in May, LUE
in May was 0.39 gC/MJ, when 17 < PAR < 27 MJ and EF = 0.77. In June, LUE , was 0.38 gC/MJ when VPD < 1.2
kPa and PAR = 21 M]. From July to October, PAR was the main node for LUE, when LUE  _ was 0.66 gC/MJ, 0.69 gC/

MJ, 0.61 gC/M], and 0.44 gC/M], respectively. LUE _ in July, August, and September was slightly larger than that in

Correspondingly, LUE

max

other months. The average annual LUE _ was approximately 0.44. We concluded that iLUE models should incorporate

max

different LUE,_at different temporal scales to better model GPP.

Key Words: light use efficiency; ecosystem gross primary productivity; eddy covariance; poplar plantation

JERERFIRE (Light use efficiency, LUE ) J& A8 B W0 56 G A RO ST A 7= 1 T 20, & s i A
BREAET=HFNG R FERETY . LUE Z2NRE K5 GRS DU SRS H R g7 36T
LUE, HHETC A 2GR BCR A9 )1z b H TS [/ RUEE fifi oo A 28 R S8 S0 94 7 77 ( Gross primary
production, GPP) B #]Z%/f r= 71 ( Net primary production, NPP) FIAEERTSE SO SERER FHRR AR B H AT G
TR

GPP=APARXLUE,_ xf(T,W,--) (1)
Hrd APAR WA 75 R G WO G R S LUE, AR S RS FOCRERI AR f(T, W, ) Frn
ARG LUE REE N AR K45

TR AR 55 % LUE, 08 B R 22 35 30 40 18 1) 00 50 1A %ok A [i) Bl 2 285 3R 40 BUHE — 3 {1
M RGBT R LUE,, AB3Z B35 A A R 27 S5 R R A B2 I I 81— 1) LUE,, 23 3 IR AL 4
AR E L BEAN, 45 6 B 28 3R TR S ik B30 o T 08 T 94 e KOG R R T CR A A A ] e
4 Veroustraete | FH C-fix #5578 X6F R ZRAR A 5 [ 2 ST 1.1 g€ MJ™"™"; Landsberg 7Ef#H] 3-PG #%Y
AFRRCAE. BP9 22 AR AR S R GE A TR 1.8 gCMY™' i 7E EC-LUE BRI R 2.14 gC MJT'2Y
Li PEAG R A IS R 40 GPP R 2.25 o€ MIT'' R TR Sk PR A A K Z e /N R (7 A 28 R i 58
i ( Net Ecosystem Exchange , NEE ) )15 118 17 % & ( Photosynthetic Photon Flux Density , PPFD) (¥ , R FH 3%
W TRCRVE N LUE,, HABTE 0.054—0.0248 umol CO, umol photon™* | % F ¥4 - & Ak , Xiao 2R FH 0.528
gC/mol ¥EH LUE 4 5o LUE,, AR FERRIERLE R AGRAERD

AR HFER T, RS RS LUE SRR EA TR, R8I LUE P 8h Bk, K38 LUE 3 3l 0 4%
AN AR AR B 1] RUBE A, LUE A2 0 B 7 R[], LUE #9328 A 28465 PAR K2 Bt 4 51 He 0 4
S LUE 1932 H 2R AR SR K arAT 260 T3 TR R 1 b R R FH A 3 AR AR A T 2 PR AN ] i (]
SPHERT X LUE A 535 50 1 PR EE K 1
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BT, LUE,, P8 MO TR ) AT . A BRI 58 R FE G e g i 2, 8 i 2 WL i 0% AE R LUE,
MY BE T, (HR A 5 1 JC ik B B BN A IR S R S P E . A ISR B — 2 DG RE R FH R B A
AT LUE,, B4 Potter! ™ 1 Zha " {HIZ 7 7 52 BB 25 F4) B 52 M0, AS T) A9 D' B R FH 803580 vy | 521
LUE A BASAHIE] . Potter A1 Zhu 42K 4] CASA A 435I 7E A B0 42 [ R #E4T NPP A5 PRIHCR 1
CASA A A SR EE FK 3 A s Al 35 LUE,, 25 2

W (Populus L.) TR E F 2 )& MR T 2T MR B ARSEMAFr . BT, 2 ER A TR
K 700 A TT AL, A )z B BRI A e g peak gD . HET, X G RER BRI T K £
LE e AN ] SRR A 1 A BE R RCR 71 ) A N TR A 25 2R G RE R AR [l s ) R | 3
BAEI I g0 i HL X N T AR LUE,, AF9E iR R = i TAFXER R R ETT GPP 5 NPP 1
AT R XS S R G A P T B BRE R AR SCR A, AU T T R 24 X 7 s T T Tl U A i N TR 2
TG 2 B FE AR IS , 581 N TAROGRER FH 8GR AN [R] B[] RUBE () A8 4k, 8 28 T i N TR [m] s
] R YGREA AR A R F AN [R] B ) RUBE 2 N TR KOG RER R ASCR , LA Sk DX 35lAz N T4k
A7 A SR B

1 HREXE

AHI T 5 AV T A BT R XA B K b3, A28 116 °15 '07 7, b 4h 39 °31 /50 7, PEIE K 0 0.8
km, MIZARVE R AC K 44 km, BEFR 1030.6 km® 32 X8 T B8 T H IR AU X, AR AR 11.5 °C L 4R
BITeRRI 209 K AR H BUERTEL 2772 /N 4R R8K 568.9 mm , FEAKARBRIE K, /D FE/K &5 261.8
mm , i KFEZK R 1058 mm , FEAKAE AR BEASEY , 247 f K S 1Y 60—T70% 46 TR FE 7.8.9 =4S Ay, AT HA
R s R VDI L | - RE R, 38 B K AT R A A AN, T M AR B 3Bl 1998—2003
AR TH)E A N TR, BRATIE 2 mx4 m,2006—2009 4FH94543 518 10.8 em 12.2 ¢m 13.8 cm Fl 14.5 cm
5 11,5 m 13 m 14.8 m A1 16.2 m, MR FALRE AR AN | FEALFEIR K MZE ( Chenopodium acuminatum
Willd ) FNA R 848 5 (Artemisia annua L. ) VLR E 5 ( Medicago sativa Linn) %5

2 HBIEkRESHRAE

2.1 a5

KLMIG TG0, 455008 BE AR SO EEoR 18 AR SE LI 22 48 DA i 2 A 22.5 m AR 35 Ry 284k, 3222
LI ASC o B 45 D00 5 8 ) DG 7448k (Li190SB-L, Li-Cor, NE) &S (Q7.1, REBS) il g /K FI-UIA 5
B LLANTAR I BTAL (Li-7500, Li-Cor, NE) , Il % XUGE (1) = 4 8 75 X AL ( CSAT3, €S, USA) , S L1 (CS105,
CS, USA) , Hid &1t (TE525-L, CS, USA),MIEMM 5 m 10 m 15 m F1 20 m i 90 B2 09 it 10 32 A% 540
(HMP45AC prob, CS, USA) , LI 37T 5,10 F1 20 em 4b A 1BV (£ %4% (TCAV107, CS, USA) .+
HEHRGE A (HFT3, Seattle, USA), DL Z2E/EHL T 5.20 em ALY 7K 20 WL A TDR ( CS616, CS, USA),
2006—2009 PU4FH | iy FMA A B UINAS S L0 AN AR BT A B = 2 X T4 28 55 B 43 30l 16,18 .18
#1120 m,
2.2 EEFRGCISIHA

T3 JEE R S O 22 B T 3R AS B T B 0 o s s o 104 B AR S B8l Ach 3 90 AR A i A S I 3K P 1 A s 4B
B JWPL BEIE LA R AR BE A AT I A G ™ B | 5 8 B B L 5 4 b LA B ot it 4 i) 5 43 i 45 20 B
2006—2009 4F u" 433114 0.1266 .0.1174 0.1139 F1 0.1312, R RE 5 P4 VE ST 1 42 1l (4 i B 45 4 , 2006—
2009 4F-[RIFE 0.7—0.9 Z[a]  WLIACHE AT 5E 14 | (ol 2 B i R SR T BSOS A b X /N T 2 /NBsF g 28080 Bk 1R
FHZRME A, % 2 /NG 7 S Bl 11 SR FHAT S 7 R AH [ B BE (8 WIS 548, X R 7 R s 1, 38
1$ X 43 NEE F1 Re ,>% Jf] Michaelis-Menten (2330 (2) ) 1 Lloyd-Taylor J5 88 (A3 (3) ) #EATH A2 GPP A %
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AR (4) HEES].
aQ A,

NEE =R, + Qs (2)

an +Am‘dX

Pt 1

R, =R106R<Tref'_“> (3)
GPP =- NEE + R, (4)

Horp o N F M F 2% (wmol CO, pmol ™ PAR) , pr]ﬁ'ﬁ/ﬁ\ﬁ%{%ﬁf( pmol m™> "), I KA 3 K ((wmol
CO, m™ s7) , Ry FORMEIFIER (pumol CO, m™ s7) , Ry WA —S B FHIFFIRIE (T, =283.15,K=10C)
E, WALAE (KT mol™ K™, R AR 40 (8.3134 mol™ K™') , Ta KSR (K)

7 H LUE 15181 LUE ZP3RHIASU(S) A1(6) EAT IS

PP
LUk = PP 5
PAR
Z? GPP,
LUE, = = (6)
Y PAR,
i=1

St T RAL ) O, GPP 45K BRI 01 (€ ™ ™), PAR 9 241 A (M) m
dh.
2.3 Bl S8t

HBFGE KB PR IR Y LUE B9 3 00 R T, A SOR 2 T35 25 D7 ik 646 A 138 L LUE &
PAR A (Air temperature, Ta) . 1 (Soil temperature, Ts) ZZ 8 b ( Evaporative Fraction, EF) )2 5
( Canopy conductance, gc) . 1 Fl 7K 75 H 2% ( Vapor pressure deficit, VPD) DA M + 3 & 7K & ( Volume water
content, VWC) Z[A] Y& RIEATHFSE, Hodb , VPD \VWC LA e EF VE ] A= 28 RGK IR 3645, B
(9 VPD H45ESALICHT , 2 SBT3, i 5 Y6 BORBRAR S . 24 BUK A Ihaa i i L4 6T, S 30
Wi B TR I BHGE R AR, SR EF AT R A S R LKA S I AE EC-LUE #E5
AR o g K BF AT

G _ ARG A p.c, VPD
g01_<7 _7_])’)/ LAt (7)
Yy LE 0% v LE
- d 2 =
ll’l( )ln( )
_ om Zoh (8)
Y. o
LE
EF = (9)
LE + Hs

Hor A KRS E SR MAIR (kPaK™") ,y M TRFEHEE (kPaK ™), Rn WS (M m>d™"),
G LHERG L (M) m™ d™), LE RUHGERE (M) m™ d) | p, A (kg m ), o RS A ()
kg™ K™'), VPD NIHUKIRIEZE (kPa) , v, W28 B S35 (s m™") 2, F1 2, 23550 by XGHURI K 53 D0 ko J3E
(m), d HEFEEE (m), 2,0 2, S HNBEROK PSR KB (m) , b Y REHH(0.41) , u HFHY
KRG, Hs O HAGE (M m™2d™)

WS KT LUE RS T A SRR 52 BB S Ak B A LUE 5166
FARYT (PAR,) T (Ta,) 39 B HERE (Ts,) A 268K (EF, ) ¥ 15K 4 (VWC,, ) A
B FIK S E2E (VPD,) FIH K (P,) Z IR

RAEXTZE H LUE % H LUE A 2% 5200 1 PR R, R FH PR SR S5 18 12 AR LUE 3531 S K i 3
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B ARG XT GPP A PAR BEATARUELLPE 01U, HoRERBIDY LUE,,, o BRI 73 S0 1 5 2 BB R 1B
BRI T AL, DA e RAL A . LA R AR BT FE R3.0.2 it

3 ER59M

3.1 W LUE H ARk R s R 2

Bl 1 5T X 2006—2009 45358 I+ H AR AFAEIE . NETFR AT DL, 2006—2009 4%, H 340 AR 1k i el
F-14—31 C MM 12.67 C, WAEFHRERN &R 560 mm, oA H IR ( PAR) WA 3 B 50
BN, RS EWTEAL, RAMRAUKIREZE( VPD) 7RI B3I A & 2R 2 /IMA, 76 B T T R 4 T s 2k
KIE., HHOKI( VWC) SN R —3, B KB REEE 2%—17% 2 7], 2006—2009 4F LUE 43514
(0.33+0.16) gC/MJ ., (0.35£0.23) ¢C/MJ.(0.39£0.16) ¢C/MJ F1(0.32+0.19) ¢C/MJ,

2006, 2007, 2008 2009 2006, 2007, 2008 2009
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Fig. 1 The daily dynamics of environmental factors and LUE from 2006 to 2009
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AR AR LUE H 8RN AR (R 1), B2 RIAEER YR, 4 A LUE H3 & FEE % Ta EF Fl
VPD 0, X =N Al i Bei% A LUE 28468 67%; 5 A6y LUE H 312509 £ %52 PAR \VWC EF l g HI5%
), EAT TR # R LUE B9 79% ;6 A1)y LUE H 320 EZZ M T4 PAR .VWC g, F1 VPD , it PUANAS 2 0] figf B¢
LUE 224609 79% ;5% 7.8 H 4y LUE H 8h& 1) EZ K1 PAR Fl g, BSLPIN AR = 0] ff B 7.8 H il 80% 1Y
LUE Z8fk, PAR.Ts VWC Fl EF J&5200 9 H )y LUE HshZS 9 EZ W7, ] f# B LUE 2546/ 52%, PAR,
VWC EF g, VPD JZ&5%20i 10 H {7y LUE H 32/ F 2+, ol i B LUE 2846/ 92% ., 1L4h, % H 1 LUE

H Zh A& AR A B 22 (3.27 ) /N T A K 2 LUE [RS8 A 25 2% (5.38) , 4K 2 LUE A A A K =R ALS
WHRABRMIRZE (B 2) , HIKTEMLE H LUE,, B R 28485 H 433817

Fz1 2006—2009 f£ LUE HEWSE5RBESKEFELSEEASHE

Table 1 The relationship between daily LUE per month and the meteorological factors over the four years

Aty a1 75 72 F1E PLE ZAL P{H AR
Month Regression equation F value R? P value Sample size

4 LUE=0.01Ta+0.34EF-0.12VPD+0.04 34.08 0.67 0.000 49

5 LUE=-0.01PAR-0.72VWC+0.14EF+0.02gc+0.43 68.53 0.79 0.000 73

6 LUE=-0.01PAR+0.67VWC+0.02gc—0.05VPD+0.61 81.05 0.79 0.000 87

7 LUE=-0.01PAR+0.02gc+0.69 146.4 0.80 0.000 73

8 LUE=-0.02PAR+0.01gc+0.86 99.65 0.72 0.000 79

9 LUE=-0.02PAR+0.0375+1.49VWC-0.17EF+0.22 20.02 0.52 0.000 71

10 LUE=-0.01PAR+0.79VWC+0.11EF+0.00gc—0.08 VPD+0.29 244.1 0.93 0.000 99

Ferb Ta HHSIR(C) ,Ts HHLIR(C) EF A HZEBUL, PAR N HYCABBRS (MI m™2 d7') , VWC 2 0-20cm B + HEF- 35 & K 7
(%) ,g, HEIZEFE (mm s, VPD R HIKS K2 (kPa)

0.8
. AR
0.6 %A
S 04t )
@] .
o 2 :
ﬁ:g . *
=] . ¢ .o .
= . . Y 2 .o
g .!-. 3 ..Oﬁ.O.. ’.P ° *...0.\ ’c % .o
) f”-*s’ﬂ"ﬁ“:“.‘;-m TR B " o5
Fol '.. K o".o$ N .l ¢ . . . “:u
100 150 200 250 300
H /¥ % DOY

2 £KZ5%A LUE QRABERERE
Fig. 2 The comparison between the residuals of LUE estimates for the growing season and each month
HELE R AR 20 0
3.2 i LUE A28k B HSgm R &

Kl 3 AAFFEIX 2006—2009 4345 K1 H AR AR RRAE IR, AT AT UL 58 DX 45 21 458 P - 247 5 B g 1 2
TAFALHFAE . 2006—2009 4, H PR RARLTEH A -3—26 °C , PUAE &R EZ4E N E 7.8 A, %M H 1
KoK ik 759 mm F1 436 mm SCE ARG ( PAR) WA Z=2E =g Mg, bl 2 bk . 34 vPD 1&
1 ARREIN/ME 76 6 ARRIN R, 5K ( VWC) 78 1 Hik&/IME, 76 7 A s K8, 4 K AR 7E
7% —9% 2 [d] ,

LUE H 35 PAR MEREU R 0.14 A W E MK R (P=0.48) ,Ta,, EF, Ts, LIS P, 5 LUE H
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=}
o
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g Q:E_g .
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L% 'S
%zg,-_“l”g ag s 500
R 2 RE S
ﬂ’% ﬁ@% 400
I s =2 300 .
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A¥HE Tam
Monthly temperature/°C
A PR s,

Monthly soil temperature/°C

200

150
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A ¥7RH EF

Evaporative fraction
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HWEkE Py
Monthly precipitation/mm

03 [y . . . . . 0

H 4 Month

B3 2006—2009 F£RESKEFR LUE ARSEEHE
Fig. 3 The monthly dynamics of environmental factors and LUE from 2006 to 2009

B CHERE Bm , HAHSE R B 91°M 0.63 .0.79 .0.71 F10.69( P<0.01, W36 2) . ZHEZALMIAZE R SR (W
#3),Ts, M EF X LUE H 8286 2520, P934 Al fi# B LUE H 880 71% , 73 1 R 5053 51 0.01 F1

0.39(T=3.19.4.61,P<0.01) . IMii HW#HIHRBIRKT 0, RIIBES Ts, M EF B F+&, H LUE B, L
Ay HTERT, AP R R AR R R LUE H shS M E R &,

£ 2 2006—2009 f£ LUE B 5RESFZEFHXS TR

Table 2 The correlation coefficients between monthly LUE and environmental factors

5 H B &GRS HA-H A7& AR HEREE A+ A RUE K B Rk
TJ\ Monthly sum PAR ~ Monthly average Ta  Evaporative fraction ~Monthly average Ts Monthly average VWC  Precipitation
o (PAR,,, MJ) (Ta,, C) (EF) (75,. C) (%) (P, mm)
WHQ/%M - 0.14 0.63 0.79 0.71 0.52 0.69
Correlation coefficient
e
BHE 0.48 0.00 0.00 0.00 0.01 0.00

Significance

gem: 0.41(0.03), vpdm;-0.35(0.07)

33 LUE, fh#&

% H LUE,, fHAER LR 4, WARHERIH R BORE ,LUE,, L5 LUE AHIR A sh& 2 fkiash 4—5 A
#y LUE,, R 5, 7—8 H ik Bl i KAE , B S B ik, 4 H AT, EF=0.42 Fl EF<0.42 % H LUE 251
K ,4 Ay LUE,, 4 0.22 ¢C/MJ;5 Ay 17<PAR<27 H EF=0.77 i}% H LUE &%, H LUE, 4 0.39 oC/

max
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MJ;6 H 13 VPD<1.2 kPa H PAR=21 MJ B & H LUE /& FHAh4 M, A LUE,, k 0.38 ¢C/MJ;7 H LIS PAR

WA H LUE 225004032 5 HRTE H 4y PAR G R SORTE, B 7 A3 10 A6y, X — G FAEZHIREAK, 7.
8.9 =/H LUE, WA &2 (P>0.05),

#3 2006—2009 ££ LUE A S5RESZETFRSERARY

Table 3 The stepwise regression coefficients for monthly LUE and environmental factors

it H MIEES ¢ T {46 (H P{H
Terms Regression coefficient Ttest P value
S -0.19 -2.87 <0.01
Intercept
A

0.39 4.61 0.01
Evaporative fraction (EF) <

I A e R

SIS 0.01 3.19 <0.01
Monthly average Ts
R? 0.71
P 0.00

%4 SALUE, WGEE
Table 4 Estimates of monthly LUE

max

A il PR i B LUE, .« g RR P
Month Interval Standard regression coefficient R? P value
4 EF=0.42 0.22+0.02° 0.85 0.000
5 17<PAR<27;EF=0.77 0.39£0.02" 0.95 0.000
6 VPD<1.2;PAR=21 0.38+0.03"" 0.92 0.000
7 PAR<16 0.66+0.02" 0.99 0.000
8 PAR<13 0.69+0.06" 0.94 0.000
9 PAR<11 0.61+0.05" 0.88 0.000
10 PAR<6.5 0.440.09*" 0.73 0.002

HERKFENZEH LUE R85 EF A%, EF,=0.77 W{EN LUE H 3R EZESNAL S, EF,=0.77 i,
HKZFEN LUE,, N 0.44 ¢C/MJ,

4 itig

I R R AR R TS , e R 5 5 S T RS 3 e Ak B B B) P, O A i e fin 5 i ke
B I RS 1k A, R ARSI ol AR A BT RS R TR RS i AU R K Y
AR K o0 T SR SN, K43 BRI 9B AK LUE 59 3 S 07, X Afoik il — B RS BIm 3ok 06, 8 AR,
LUE JHFLE R [, X 5 R K0 S 300 VWC 380 LU BERR IR 517 0 AG OB S A48 Xk i 5 0 3% 4
SRR AR IR AR I Z A ST 2006 Fi1 2009 4E 5 4y LUE %5 4 H 4y 934 1% KT 2007 F1 2008 4F 18
2009 4F 5 A4y LUE £ Z2 5T 6 Ay LUE, XJEFE NTE 2006 471 2009 4F 5 H 45 52 56 Xk Ak b HE 47 7 8,
KA A CER = T AES RGN LUE,

JUEAE AR ZERTIAGE BT, K53 7% LUE A58 0 2 (3R 1) ABAE DSR40 B oK or AN P2 S i s
WA LUE M FE2 5 (3R 4) X R AE K ZEFTHRE A RI N TARA S REE GPP W2 B R 3

FHEL T R SORXT LUE gy B2, 78 4 A4y, <IRYS LUE 2IEAHE, #FRXE K FH
RN TAAA K AR E B L, 3X 5 Chen MURFFERMIS  (BAEJ AT AR T 0t MM 8 R 4, 4
FEAR A R G R IWIFR B F B R0

JEREFI FH AR il % LUE,, ZARIEAE ) TS ) PAR(PAR * fPAR ,fPAR SR HEHI MR 56 54 34
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FRIS LB fraction of absorbed PAR) EATIIER. . WA SCZ I LA EEH F PAR J2& MR SCHBEGE B 4 T4k 53
i RURBERY LUE,,, TG T fPAR 3 B 7 i 25 [ 0 B AR iy s IR A BTl B8 T 5 2 A
HHE) LUE, PEAT HO#E , A SCRAE MOD15A2 i = &, YR GE S ES BT e 4400 , 3B fPAR JEHLMG & LUE, |
SRR S5, BT PAR SR ¢, L 2 IR W iy 25 A Ak # . 4—5 H 8] fPAR i T+, 5—6 H [H]
SPAR ZEAUANK ,6—8 H 1] fPAR ¥EMITIA BN A K NI RAE 9 H G B BE%, RHE T4 H LUE i
SPAR EATIEIE . SR AR LUE,, #F 1.09 ¢C/MJ, MRIEWITY , A [ A28 R G0 HA AR G e A FHRCR S (E RN
TR, VEYIR LUE 820 7E 1.1—1.4 oC/MJ HXFTF HARAESAES RS, LUE RYASAL T Rl RV FE s i
AR, CPP OGBRERIAECR KRATE 1.1 g€ MJT' ) FRETE IR AR NPP A5 LUE,, N 0.692 ¢C MJ ™" 4]
Wi GPP-LUE 5 NPP-LUE KAKJy 2.1 #f:5  3R E 75 fE Ak LUE,  247F 1.38 gC/MJ, B4 H B LUE, A i
SOEX KRN H E oPP TR T2 84 H LUE, .

x5 HRBTEA PAR FHE
Table 5 The average values of fPAR for the cell the site located

FF ] 4 5 6 7 8 9 10 R E
Month Apr May Jun Jul Aug Sep Oct The growing season
JPAR 0.21 0.30 0.37 0.53 0.59 0.50 0.32 0.40

LUE,../fPAR 1.04 1.28 1.04 1.24 1.16 1.23 1.36 1.09

Frt fPAR Fll LUE,, 23 53875 R W 149 56 A SR 5 L 31 ( fraction of absorbed PAR ) Flf K OGAEFI FHZH ( Light use efficiency)

VD AR TS R I Be LUE A28 1k, 8 AN [RIE ] 23985 N LUE /9 520 K R
Hikmi N TR LUE,, , BF58 &80, (1) B KR LUE A&, 8] 7 A Ja) ik 8l i K ME, Bl S GPP
BHRFEAR, T — A TR R IEARIRIY , A K Z= R BB nT 3 S N TMGE A LUE 724 KA BB, 1% H
LUE #5200 K A6, 4—5 H 5 9—10 A& H LUE W5 RHOK 53 (VWC) AR FR;1Z H LUE W5 A7
WL (EF,) F1H Y SR (Ts,) 4 5% Y Hidg A N TARAE LUE, A 0.44 ¢C/MJPAR , HiT45 H XH 10 Hudz i)
AT LUE B3 B R S A ] R i) LUE, W5 & ALl 7.8 A LUE, &, 4304 0.66 Fi
0.69 ¢C/MJPAR, 5 R, 7R DG REFI FHAR R T XIS 28 4 BRI AL 7= 1A 5 i) 75 BEAR SR F 95 1)
ATl s 1] R EE A 8 LUE,, o
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