%36 BB 6 H = 2 # Vol.36,No.6
2016 4E 3 A ACTA ECOLOGICA SINICA Mar. ,2016

DOI; 10.5846/stxb201408241671

WER, HER, BwE, RN, 5, A%, &2 AFKEFET YR A THEEEFR ABE £5%¥H,2016,36(6) :1571-1581.
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) :1571-1581.

b 52 7k 7 T iR 5 i e R A TR SEBE F AR 3

* ~. 1 — 1 1 b 2 Y ‘é‘z
47‘{-'%%19 gﬁ;&g&h ’ %’%é‘ ’ ’EF’]F‘]’J ’ :F ﬁ ’ %37](& ’ ﬂr'ﬁj
1 dbstakill KK R SFBLBIIS R ERERLRE b 100083
2 bR AR, b 102102

WE  JBEFI SR (LUE) REMASRGAEF AN NER RO EEEE . U T LR AN KK E R ¥ # M # (BK
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MTiHisE LUE 768 FRiE R BE_E w7, 35008 Bk L RE R IR 3K 3R (LUE,,,, ) » %R %W LUE 77700 B AWML
.4 A KB A)E LUE REFHE, 8 7—8 ARk, /s Z#iFEE; 4 KBARH B, LUE A3iENEWEFA
.4 B SR (Ta) JEBH (EF) MIBAIK S E 2 (VPD) 2&0 LUE H3iSKEERT,7.8 A6 EAABEES (PAR) MiE/z
S (g ) REEEMEAET,5—6 A 5910 A LUE H3hAN5 8k (VWC) FHKX R ; i LUE A 3805 A KB
(EF,)FIA VY HMBE(Ts,)BX. BTFRATHEAXEHNASEEREAEAR, & A LUE, BEHER BETRY
4 LUE_ i 0.44 gC/MJ PAR,7.8 A LUE..,;ﬁjc,ﬁSUJ 0.66 F10.69 gC/MJ PAR, BRI REH M A REF AR EHTX
B E LRGP MEE R FERERRAA RN E R EfE LUE,, .
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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) gC/MJ, (0.35 + 0.23) ¢C/MJ, (0.39 + 0.16) gC/
MJ, and (0.32 + 0.19) gC/M], 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
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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, &>
and VPD had large impacts on LUE in June. In July and August, LUE was controlled by PAR and &.- 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.
Correspondingly, LUE_, in Apr was 0.22 gC/M], 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/MJ, and 0.44 gC/MJ, respectively. LUE,,, in July, August, and September was slightly larger than that in
other months. The average annual LUE,, was approximately 0.44. We concluded that iLUE models should incorporate
different LUE__ at different temporal scales to better model GPP.

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

JERERI %R (LUE) RS RIKAA A B RRH AR TR, RERASERRE AN
FROEEREDY, LUE ZRRE K4 SLBEHUERAEISREGERS", £F LUE, BNE A 24
FEREF AR R B 12 N T AR R R BE i A 75 R 48 MW R A 7 7 ( GPP) SR W14 A 7= 7 (NPP) Byt
BRI, AR RS A N TR,

GPP =APARXLUE_, xf(T,W,--+) (1)
AH,APAR RAEBREMRIKKIEA B RMEST, LUE, N EB RE R I EREF MR (T, W, ) R EW
HB RS LUE WASRET, GAGEERE K%,

BEMBAEER ™ % LUE,,, B9 BUE K 2 5 T 510 3 0 W0 5 T X A [0 o o2k 75 2R S Bt — 3 )
g1 BIERABR LRI LUE,, (2 2% i 20 SR F A9, T 8 — 1 LUE,, 28 s 0 f%
BERHARHEHE™ o B, 5 85 P28 38 70 52 7 A B o BT P A9 8 AR BE R P Rt R R AR, B
0 : Veroustraete | A C-fix HERL¥ R Y AR AR A5 B E AL @ 1.1 gC M ; Landsberg 7E{di ] 3-PG #%)
FBEBRA BP9 2 ZRphAE A R G it A 1.8 gC/MIP ;7 EC-LUE #E#I st R 2.14 gC My
Li 7R EAES RS GPP BHRA 2.25 gC/MI'? , (AT ES B ARA KSR/ N ERNGESRER
# (NEE) Aot B 7if 8% & (PPFD) 4%, R IR WE T2 R/E N LUE,,, , HAE7E 0.054—0.0248 wmol CO,
wmol/photon'™’ , %t F-F - BRI Ak , Xiao 3R 0.528 gC/mol 4 LUE,, >, LUE, KRR SEMERIEE 5
REABKERD,

AFRREIDBRT , B RS LUE MALIFMEARR. S A LUE B4k, W& 5 LUE 3 3h 0 &
ANEEEL R GG B ) RBE 9, LUE (9% 0 B 7 K IRl, LUE #95% B A5k 5 PAR BB SHE 8 A%
%% LUE W7 A AR50 K 26070 I, 78 7 B B ) 2k SRR iR B 2 PR R B ]
ST LUE A B EEWNIFER T,

BT, LUE,,, 88 E OB TR AT . B R SER A S W fh4R , W0 W E FRE/EN LUE,,
HER, HXMITELER BRI MIFER SR MNER. B HBFR R —CHLREf SRR
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#HT LUE,,, K948 Potter''™ 1 Zhu'™**) (HiZ 77 1k S B RUEE M RO oA, R R A BRI R R AL P, B
LUE B FHARAHE . Potter Fl Zhu #35R i CASA BRI HIFE 3R A2 E R E#1T NPP (MR, IR A
CASA AR A KR EFK 2 iR &G H LUE,, &K,

Bt (Populus L.) REE ERHEMMF, TEMTRAMK BiPHRERT, BT, 2EHWHA THER
700 77 hm® 53 H6 8, BABKRIMRS L HMAEHFHEET" . BET, AN KA RRERR RS
S TER R B A B B L RE R IR TS e B A AR AR 75 2R G B A RO R IRl e I RUBEE b 3
BEABFEBAS T H, 5 A TR LUE,, BFTE R . B F4E Xt RREM T GPP 3 NPP £5
HATRE R A A RGP AR |, A ORI AL T 46 50 KO KK GE TR Y st A TARAE 7S
RO F LR XN BAR , BT R ZA THOCRER R A R R R 3R L, B T X A TR R
A1 RBE T SGREFI R A A R ma B 3, ELBOA [l 1] ROBE i N TARB AROR BER FIAL R, LA N K S A Tk
R RAMKRE

1 #MREEH

AT AL TR T RS X M RE K X4k, R4 116 °15 '07 7,464k 39 °31 '50 ", FHEE K E 7 0.8
km, AF AT FEAL K0 44 km, BT 1030.6 km’ , Z3 X B TR LBESEX, FHKE 1.5 C,E
HTFEH 209d, 523 H BB AT 27720, BAEFHIREK 568.9 mm, BEKFEBREsh K, B /LMK & 261.8 mm,
BRREKE 1058 mm,BEKERNSERAY, KRR 60%—70%E 7 7.8.9 =AM, FRM#BAH
TEH R YE L, L R, B EKERF, LRSS B, IR g EER 1998—2003 4
[B] B & M TAK, Bk-FTEE 2 mx4 m,2006—2009 4E 4243714 10.8 cm 12.2 ¢cm 13.8 cm F 14.5 cm , &
A 11.5.13.14.8 m F116.2 m, KPR UIRE AN T, T EQFFR LM F ( Chenopodium acuminatum Willd)
FER R EILE (Antemisia annua L.) M S B H g (Medicago sativa Linn) %,

2 BERESHRTE

21 EESHMKLWMN

KM HIE 18, 756 IR BRI ZR . IR RE LU BN 22.5 m S ST A&k, F 5
SR {328 AL A W 2 SE AT OB B TRk (Li190SB-L, Li-Cor, NE) HHESH{X(Q7.1, REBS) , fll@ KMtk & &
BILLAMS R (Li-7500, Li-Cor, NE) 52 XU #9 = 448 75 XL {X ( CSAT3, CS, USA), S it (CS105,
CS, USA), Bid M &t (TES25-L, CS, USA), M &AM 5.10,15 m 1 20 m & & B /818 F 15 B 3%
(HMP45AC prob, CS, USA), 4K 7EH T 5.10 1 20 cm ALKy 11800 BF A5 RR 28 (TCAV107, CS, USA) .+
BPGE R (HFT3, Seattle, USA), LI R TR T 5.20 cm &b AY7K 5> W I X TDR (CS616, CS, USA),
2006—2009 4F , f FARAE K, 58 5T VR A 38 (LSS A A A B = 4 KGR TR R B 4 51 0 16,18 18 AN
20 m,
22 FEERELESHE

REMHXRI RS REEETFESSRERES . BEMALEELEFEQERASNRK Fmeiril
A WPLRIEUBRKSBEESMMT MERRE u” BE FE SR BEBEHUERRENS SHESE,
2006—2009 4E 1" 43514 0.1266.,0.1174 ,0.1139 #10.1312, RFIREE A& 1E KRB H N EBIEHR, 2006—
2009 4E[A]£E 0.7—0.9 2 Ja] , VRIS HE AT 52 1% . Bk ot £ IR K HEAT BB 1E 4 . XM/ T 2h S BRSO R
LR ML, T 2h B 7d BOBHREBE O SR FARE 7d AH R B B A SR S 548, XK F 7d BB SO, B X A
NEE #1 Re, % ff Michaelis-Menten ( A3 (2) ) #1 Lloyd-Taylor 5 (A= (3)) BEFFHE AR , GPP B # /AR,
(4)ieEE. o

QA

NEE =R, + —
‘ aop + Amax

(2)
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E, 11
R, = Rye®7y ™ (3)
GPP =- NEE + R, (4)

R, o HEME THHE (pmol CO,/pmol PAR) ,Q, FtAHERIEE (pmol m™s™") , BAIHA HZE (mol CO,
m?s™),R,FERIEERHEZRE(umol CO, m™2s™) R, HE—SEBEEE FHERIE (T, =283.15,K=10C) ,E, N
TEALEE (K mol™ K™') R RS RHH(8.3134 mol ' K™') , Ta HKH(K),
ZH LUE 5% A LUE 5331R AR (5) #1(6) #47HHH
GPP

LUE = —
U5 = PAR (3)
Z{GPPU
LUE, = — (6)
Y PAR,
i=1

A, i NMEHRKE, ZRA B, CPP ABREMBLE N (g€ m2 d"),PAR RHAHEBIEH (M) m™
d"),
23 BESMT S5

HFRERBHARNY LUE W EEEME T, AXRALEZSMA NS, W& HKZEH LUE &5
PAR SR (Ta) . 1B (Ts) KB (EF) BEFE (gc) MMAKKREZ(VPD) UK TS KR (VWC) 2|
H% R AR, Hd, VPD \VWC LA EF {6570 RS R GUK AR HIEHE . BB I VPD ¥318K A
B, 2 SN, R A R . MK R, A RILA X, SBREYH S REAE,
R ABPERIEM, FHHRA EF RRESREASEZMAE S 1 EC-LUE #E h g S A, g.
B EF (it BT

N AR, -G A p.c, VPD
g = (S -y e (7)
v LE vy v LE
w—d z, —d
In( ) In( )
= zom oh (8)
Ye kz,u,
LE
EF =
LE + Hs (9)

A, A AR KES BEMZHOFE (kPaK) ,y FTBEES (kPa/K), Rn AHESF(MIm™?d™"), 6
HHERERMI m?d"), LEABIER(MI m”d") ,p, WESEE (kg/m’), e, BESEE KM kg™
K™'), VPD MK EEZ (kPa), y ASSBI %M S (s/m) 2,8 2,0 BN KGEFK S PEEE (m), d
RFFENSE (m), 2,2, 45 HHBERKEEBERE (m), F ABREEH(0.41), u AFHKER
o Hs hEHER (M m?d"),

HtR A K% LUE MEERMA T, ASCRAREX M S ZEZS EEAE, R ZH LUE 5A %4
ARIRH(PAR,) AFHRB(Te,) AVEHTIWBE(Ts,,) AEML(EF,) A¥1BKS(VWC,) FIH
K SEZ(VPD,) FIAREKE(P,) ZIAIKX R,

RH#EXTZE H LUE f1Z A LUE A B EZMAIFERF, R AR REWEEHE ZA K LUE A 8RR AR
BERGHEE SREXT GPP # PAR #1TinE& Bl 5, HARIREY LUE,,, . RRM &4 @I E EREE
BB RURL, IS BN S . U EEER S HITE R3.0.2 HriiFle

3 ERE59H

3.1 i LUE B REEREE
B 1 AR5 IX 2006—2009 FE3FIEHE T H A ER . WE 0] 1L ,2006—2009 4, B P B AL B
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&3 2006—2009 &£ LUE A SR RS KEFESEARY
Table 3 The stepwise regression coefficients for monthly LUE and environmental factors

A ERR TRBIE .
Terms Regression coefficient T test
#BE Intercept -0.19 -2.87 <0.01
& HL L Evaporative fraction ( EF) 0.39 4,61 <0.01
A+ 58 & Monthly average Ts 0.01 3.19 <0.01
R 0.71
P 0.00

%4 @ALUE,, fER*%
Table 4 Estimates of monthly LUE

A BEFETRRARE LUE .o, BERM P

Month Interval Standard regression coefficient R?
4 EF=0.42 0.22£0.02 a 0.85 0.000
5 17<PAR<27;EF 20.77 0.39:0.02a,b 0.95 0.000
6 VPD<1.2;PAR =21 0.3840.03 a,b 0.92 0.000
7 PAR<16 0.66+0.02 b 0.99 0.000
8 PAR<13 0.69+0.06 b 0.94 0.000
9 PAR<11 0.61:0.05 b 0.88 0.000
10 PAR<6.5 0.44£0.09 a,b 0.73 0.002

4 itig

6 A R EALRE , ZE M H B SE B B M T AA BB i B[] P9, Hot & s R s s,
BaE M TS K, RSk K AR S B R NA BT TR . h FESRKE A, @ ARk
B AR K AP sR BN, K4S A 2R Ak LUE B EF, XHRE - ARSI R EXE, 8 A,
LUE M4 T B, 53X 5K B B30 VWC B/ LLRIR BERERA 317 iR MRSt st 5 - 3543
SRTHE. A ERSEEMEXED, 2006 #2009 4 5 A4y LUE 8 4 H 4 H9H 68K F 2007 F1 2008 4, 75
2009 4£ 5 A4 LUE #Z& T 6 A4 LUE, XRFEB7E 2006 4£50 2009 4 5 A 4 ST #uxt Ak AT TR
K FZHHEERR TES RS LUE,

REEAKFEHPMNEY, KoHEF LUE EREEE(R ) BERER ST KGR EREWE
#A LUE fEEFH (R 4) , X EU4E K BHTHBRA TR A THES RS GPP WEWME N BE,

T LERE , B LUE WEWEREE, £4 Afy, K5 LUE 2EMX, RAKBYEKEY
MATHEKBFHHEER Y, X5 Chen BIBIZRAM . BT FEH RN AESRS, 5B
BEHRESREEKIITFRNEERRE T,

FeHEF Pk RA R b F i LUE,,, ZRIERY TR YA PAR(PARXPAR, fPAR S 1R 64 A %K
45 5T HL M, fraction of absorbed PAR) #TiHE , MiASCZ BTLL BB PAR R H A4 SCHIBIS B W7 TA5 8
Wi SR BRI LUE,,, , T T fPAR BB BRER S M A RRE K, 5 I RBAGTHAE, BN T 5CHHEE
HA Y LUE,, 47 L, A SO 4% MODISA2 B &, B BUE B I8 ST 7E 180T, 83K fPAR FPMIMEHE LUE,,,,
ZRES, BT PAR SHERA X, Bt 20 B HFEH LAY, 4—5 Al PAR RESE,5—6 AH
fPAR LA K, 6—8 Al fPAR M AR EK BN B KM, A BB, HEFLELH LUE,,, &
if fPAR #4FEIE, A 4 LUE, 75 1.09 gC/MJ, RIS, FARAS RGEA AR M GEEH FRRGE
AT, fEYM LUE 7 1.1—1.4 oC/M),BX F BRESES RS, LUE WBAEEERS, £8
284k, GPP BSLEER IR R R AT 1.1 gC/MI™ . RE%H B #k NPP &5 LUE,, K 0.692 ¢C/MJ"™ i
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# GPP-LUE 5 NPP-LUE X% 2.1 #:8 , REE M i Ak LUE,,, 278 1.38 gC/MJ, {H4 A# LUE,, AP
L, EMERFENHE CPP #TEANEEZEEH LUE,, .

£5 HRHTEA PAR Ei4{E
Table 5 The average values of fPAR for the cell the site located

H# 4 5 6 7 8 9 10 ERFE
Month Apr. May Jun. Jul. Aug. Sep. Oct. The growing season
fPAR 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

#H4 {PAR 1 LUE,,,. 5 5 RN B YRI5 BT LBl (fraction of absorbed PAR) FIf A YEREA FI% 3 ( Light use efficiency)

5 &ig

BRI U M TR R B LUE B384, %€ AR R 43 3R F LUE M E SR MR T - EEY
B AN TARE LUE,,, . BFREIR: (1) £ KFBFKE LUE REFE, 37 A PAeHABIRKME, s GPP
BHTENR, 11 AFFRHAARRS . A RFRYMEBRTRBHMATHKZEA LUE; EERKFRFEN B, & H
LUE R AT AR ,4—5 A5 9—10 HZH LUE U5 80K 5 (VWC) AR R ZEA LUE U5 A %
B (EF,) fLA 3+ 0RBE (T5,) A 5% ; Wi # A THR4E LUE,,, 57 0.44 gC/M] PAR, f1 T4 A Xt Wiz
WA TAH LUE Bf HIFERAAR BB K LUE,, &7, & A$FLL7.8 A LUE,,, &&, 4514 0.66
10.69 gC/MJ PAR, BESTERKM , A FERER R B AT X )5 B 2 BRI R A 7 S B T B R E 0T
FRA R B R A€ LUE,,,,
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