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el R SK RSB, JE5T 100083; b E AP B ELRF Y 5 SR T, BRSPS S RS E K E s s, dbE 100101

W OE JeRERIHRLUE) LR A S R BB A JI(GPPME R — AN EESH . LUERIMER 5 B0 T 76 X B 2 45k
R A FHLUER AL HGPP2 3B+ B 1. — AN T B & M IALY 5 18 &I 78 76 I 28 - AHUTHEC Y E 302 M 1R K
TG NLUELE S fU B BRI S B AL T — N ik 12308 Tl IS iR BE AT 5< (EC) R E 312 A B e 1 4 Sl SR EL A
FESE30 minfIEdE, 78k A B0 his HAf [ R EE b, #3 7 I G AE S RG22 R ST H8 2 (PRI) 5 LUE
Z AR R BRI, S WA A i AR €0 28 (b PR AR A 0 B F e R/ B BB T a3, RAE TP Z RS S
SERARAK, I NSRS TR, R E M A I SR B>, RN T, A RIRERRRY T R4
X 44 FE SR (2G_RB) vk Bl VA 43, 433 [5119 R $(R?)40.60 (p < 0.001). #EEAZES 4R E A RGirh, AR R el
BeEd R E B IR F R, BEAE MR, R BRTE S S AR B LRI 2 DL R A (] PR A 0 4 2R A S AN L AR
A FEIPRIFILUERI G R, R AR M AR KA B (logistic i 28), L& 0TI 52G_RB, 32 R ARk i R i) &, #i e Nk ZEMH
B I E, RI5E290K . 7E0.5 hfl [ RUE b, PRIFRAT LA HELUER AR {h. (HA2 HRE EAFY I, PRIFILUER
FRRET 2RI . KT A K, PRIFILUEZ 8% R & Y)(R% = 0.70, p < 0.001). 4+3%iR & K T15 C.
A RS (PAR) K F300 pmol-m2.s7 DAL R M AN /K 75 22 (VPD) K T-700 PafIfs i T, PRIAEHS AT HEFIILUE . 3T
B RE REF2 RZEARVCEL, R 200 A% SR 3 — 1) = 5 43 A1 R B0E 89 45 21 1) =6 1S PR R IR 2 00015 2 (19 LUEFE A [F] 34
B TR I 5% B DL S 3% 16 B 7R AR R 1 AS [E) 40 43 3T 6T PRIFITLUE IR 56 B IR0 Ak, K B8 I i o oAl S 3 17 4 3 2B 75 R4
LUE.

kB8R JGREFI R, e BTG AN SRR WM S A S RS, HIRE A RO 4 AT e R R
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Relationship between photochemical reflectance index with multi-angle hyper-spectrum and
light use efficiency in urban green-land ecosystems

YANG Zhi-Qing*, CHEN Bao-Zhang"?*, ZHA Tian-Shan, and JIA Xin'

ICollege of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; and Institute of Geographical Sciences and Natural Resources
Research, Chinese Academy of Sciences, State Key Laboratory of Resources and Environmental Information System, Beijing 100101, China

Abstract

Aims Light-use efficiency (LUE) is one of critical parameters in the terrestrial ecosystem production studies.
Accurate determination of LUE is very important for LUE models to simulate gross primary productivity (GPP) at
regional and global scales. We used eddy covariance technique measurement and tower-based, multi-angular spec-
tro-radiometer observations in autumn 2012 to explore the relationship between bidirectional reflectance distribu-
tion function (BRDF) corrected photochemical reflectance index (PRI) and LUE in different phenology and envi-
ronment conditions in urban green-land ecosystems.

Methods Using the eddy covariance technique, we estimated the temporal changes in GPP during the autumn
2012 over Beijing Olympic Forest Park. LUE was calculated as the ratio of GPP to the difference between in-
coming photosynthetically active radiation (PAR) and PAR reflected from the canopy. Daily PRI values were av-
eraged from the BRDF using semi-empirical kernel driven models. The absolute greenness index (2G_RB) was
made by webcam at a constant view zenith and view azimuth angle at solar noon. The logistic function was used
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to fit the time series of the greenness index. The onset of phonological stages was defined as the point when the
curvature reached its maximum value.

Important findings Webcamera-observed greenness index (2G_RB) showed a decreasing trend. There was a
highly significant relationship between 2G_RB and air temperature (R? = 0.60, p < 0.001). This demonstrates that
air temperature is the main driving factor to determine the phenology. PRI estimated from multi-angle hy-
per-spectrum can estimate LUE in urban green-land ecosystems in vigorous photosynthetic period. The correlation
was the strongest (R* = 0.70, p < 0.001) in the peak photosynthetic period. PRI relates better to LUE under high
temperature (>15 °C) with high vapour pressure deficit (VPD) (>700 Pa) and high PAR (>300 umol-m-s™). The
LUE was up-scaled to landscape/regional scales based on these relationships and phenology. It can also be used
for the estimation of GPP of urban green-land with high accuracy.

Key words light use efficiency; photochemical reflectance index; absolute greenness index; urban green-land
ecosystems; bi-directional reflectance distribution
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TER IR AL T, AR RGRE ER
TR BN A PP 2 — DN EZE T RS . O T
/D TE A BRIRAG PR AP i 3 AR S R G G S A
TENE, FE BT A BREE AR S RS A AT Rk
AL (Nightingale et al., 2007). N 7 F4Ei&EH T 257
ARG R R 7, IR B R AR
AT T B 2% H b, 75 2 AR A M 000 AR T A7 2% A
7 71 (GPP) A2 Ak £ AL e 5E A 3% 1 )t g M FH 2 (LUE)
(AR (EFT 52 F0 P A, 2015) .

2R RIS ECREMGT, HiE
(xanthophyIl) 7i& # H [ €8, 25 45 24 Jift (violaxanthin) ¢
PR M B A S AL, SR S a H ) A T A 2 B R
(antheraxanthin) %% 28 24 & K ¥ Jii (zeaxanthin), 74
A R AR 2 M e o e DAIAERREL, M TA IR
(V4R S 261 R, b MAH j2 (Gamon et al., 1992). iX
e 22 AR AE LAS3L nm ok Aty 149 4 I B AL R
P N AR 4k (Penuelas et al., 1993), iX—
AR AR I B o R DAY Ak 2 O R A FE B(PRI )
B, HAER . 5w 2 AIAR 7 K F B B9 5t (Gamon
etal., 1992, 1997; Penuelas et al., 2011b).

PRIFE ZOFILUE () 2% & & 5 H T 18] H 2% (Heli-
anthus annuus) 5 A 7T, 5 kA H AT 78 Ak X
Fh &2 5611 1 ¢ F & A T HAR A 4 25 Y (Barton &
North, 2001; Penuelas et al., 2011b; Porcar-Castell et
al., 2012). {HFZIXFhIC Z I — A S 24K 73 7K1
B B e R KPR A7 — L5 ] { (Rahman et al.,
2004), F9PRUH UL AL . L3 o, ot
10 7 A0 i AR R F B (Barton & North, 2001,
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Hilker et al., 2008). 7EAWrib# 7T H K PRI S LUE
1) FH G O 22 22 52 B PR 558 R 173 AR RUBE 380 (1) 52
Wi, 3K 5t 1 B PRI-LUE G 5 52 A B [K] 35 F ek /= i
Fr A B R &K 520 (Nakaji et al., 2006). PRIAY L
M NI ARSI B R A K, ISR ERE S
BEUAMSZRSESEAY PRNERDNE XK
(Nichol et al., 2002).

TEBRIGH 5 S AR i, AN AR
2 AT AE A 38T 4 A iy T R RRT f 2H 4,
Xk SR ) s R ¥ AR, HOBAEM
Tl Th RE (UK [ F5) AN PTARAS (MR SC i 46, 2013). 8 T
TEI T S AR 2 3 4 mh O RS B8 i vl b Al Bl
&, RO T EMAPRIFILUEZ HX R, BARE
A 2 1 B PRI WL I H 4 F1PRI-LUE 5K & A 72
(Hall et al., 2008, 2011, 2012; Hilker et al., 2008, 2011,
2012a, 2012b), {H &R R 7 ACT7EFAR, WX T
W SR AR S RS RIPRIFLUE 9 3 2 18] () 9% R 4TS
IR HE o FEASCH, BATV T AL T 3T St A= 7
RAMEAEEE R Bt A 3 2 B gk 5 A i
S FIPR RIS T3 BEAH G FILUE Z TR R &R
58 1) 32 2 H bR AT 78 (D)5 R 5, PRIFILUE
TERKZEMAR AL, QXIS [F W5 A, 758 R B0
BiHF T HrPRIFILUEZ [ R &R, (3)TEAFIFRIFR
BN, 2 HTR2mPRI-LUER) EE N K.

1 HREXMMARGE

1.1 #REXER
W 70 X AL T b 5 BObKR DT o A& AR 2 [ b [
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(40.02° N, 116.38° E), XTIk =48 m, 11680
hm?, G407 7% %$95.61%. BLARIT 7o AR bk A bl & T
KON g s ST E SRR W I V=5 /M v/ & T
TR ZK 600 mm. P3R4 °C, TH e, P
YRR27.5 °C, IR I )RR, BT AL i
TR AT 5

TR e L, LS HE 162
g-om®, HIEFLIE 49 940.30% . 7520124 3 7E
rhiH B IS AR AR N T B O N TEIE
TRREHE FE 2R, FrA 3 B Nl A (Pinus tabu-
laeformis) . {ll] 41 (Platycladus orientalis) . & ##
(Sophora japonica). [l (Fraxinus chinensis)fl42 7y
(Ginkgo biloba), k4% B £1°4210%k-hm™?, “FHk
m7.7 m, 42206 cm; E KRB FD S E Dy bk
(Prunus davidiana) Fl44i i # (Amygdalus triloba), M
A EAR BN G R (Swida alba). T 7 (Syzygium
aromaticum), FK4)%5 Ji 29 43514k -hm, IR
2.8 m, FIFEA272.0 om; Y FE NS R
(Lris tectorum)A1/ 17 (Dianthus chinensis) (% 3Ci%
2t 2013).

BARIL SRR A o R 5, A2
PEH BRI R G . Horp B SRRV iR PR 2 L
2181:10, AR GREARMERZ LA NLLL, iR
AR E 2 N15.1, BT RSEM TR
Z1N1:2.5; M H MY 5 V& YR S BUE 2
29412 (A#R#K, 2009), FELBE 24 B f) 2 ) S5 ot ok
BK
12 MRFE*

121 BEHENNSIESE

T R T 4 L BB UL b AR AK 2 [ b el VR A
M, SR H Eddyprofff it B #hAT AL BE o SR FH IR it
J5£ FH DG (1) B 8] 7 471 & 201248 H 8 H %2012
FI0H31H o 68 I B I A s 22 2% 5 2 9115 m,
RIS A R R G . ARG = 4 7S R A
(CSAT3, Campbell Scientific, Utah, USA) F1CO,
IH O 41 4M S A4 43 #T{X (EC155, Campbell Scientific,
Utah, USA), HIR il 4= 75 & 48 CO, 114 58 #e &=
(NEE)AZ L, RAEHIZH10 Hz., [FIE, 2956 EF
£ 2% (PAR-LITE, Kipp & Zonen, Delft, The Neth-
erlands)$3) 24 (E12 mib, 7E5EH FJ7, ) BN
G AR A I K BN R0 A R
HSE 2 S R & A RSt

SIS X 10 Hz frtHe 1E 47 B2 1F AR B b, F
B IE S (4 50,5 i il 4 .

NEE = Fo+ Fot+ V, (1)
Ao, P E RIS TE A b T 3 1 CO,
R, FJL IR B R G20 w B R 2 Al A7 i
B, VR T B AR

TE 378 R 1) 5040 BT 4 4 S ) 20— i B0 78 )
H 282 R Ta S NEEnignd E1T 9L

NEEnight = Ro- Q10" @)
Aef, RoJUTNO0 CHIIFIGHE 2, Quo vl 14
HI110 “C Ff IR 53 5 f R R 1 e B4 3R A R

ZH(Quo, Ro)IMERI A RIRTG A RAER RGIFIR,
1 H 281k
NEP = -NEE = GPP - R, ©)

DR N AN IF 5 o S VR A 4 288 2R 1 AR 7 1) 4 e
(R Sz P4l DR GPP AT N i & A 20 i
(PAR;)-7e |2 S ST 1) 6 6 A 008 53 (PAR ) SR Aty 5
5o 2 G BE R H A0 . LUE /& GPPHIPAR FIPAR,
(] Lt {E (Nakaji et al., 2008), EJI

LUE = GPP/ (PAR;- PAR,) (4)
T PARFIPAR A FH 7] LA ) R 0 & A% s D
BN B 80 S e 2 SO RO A R
s
122 ZAENERGHBEINSLESE

% A 5 61 B (1 SR R B[R] 2 ML20124F-8 H 8
H#]2012410 H 31 H, W TXIR4EE55E A, 2012
8 H 22 H #1)20124:8 H 30 H 9K [ £ #5445 Fir i 2k
5k 2 R SR BRI R 3 — AN 2 AELS mi) H Bl
ZAENEIR A EL RN E RG. 1 H
Unispec-DC X it 't 1% 43 41 A% (PPSYSTEMS) Il 5
TV 2K I G SO 28, 7 HE3%83 nm, K
JEHI9300-1 100 nm. XA RG LR T — A LUK
W6 N0 65 (D46), FCVFAERS 8 FE360° 1) [X 42,
30 sjiEft11.5°, 58 e M e s 75 2215 min, AT
T EM BRI E, — NI e 247
=i b, WMo aieft. N TERR RS TR
INEAET N 20 TV AN SN S5 = PN PN D)
ATHE 2 RS B R &, I B2 RS sRE—%0k
B o U T8 ' A R P AR Y AT, 1) b B4R ET
AR R TL AR b, R AR R AR
] T R E 23 = & F, S (IFOV)Z)20°,
NI T A R AEAB° T8 1), = &5 e i Il &
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TR ek 2 1 s S e o e s il AR 1k, A
Y168 B s AT A I 20 0 R A I S o 0 A 4 i 2 B
SEBRGRER RO B, BOR T EHE I (32
W55, 2009). [FIR— NG L ZREERG L,
B35 sSRE— I HIZL, o R — MR AT S 4))
11200 x 200HIRGB 1% .

JE 0T BT ) 1 S S R AT A B R A
I HLRRS IR, AR IE LA R — I s 5 43 A R A5 2
(BRDF) % 1E %5 5 i fR iF £ 4% i viEmf v . |l T
Unispec-DCAX #5 A & AN REdEAT I AL I, 75 2208
o E AR R b . AT, BRI RN R 54
ARG IR OC, DRI IR AT Y 58 4 FE W R BT
BRI, AT R IE. AR R RN
99% 1) B AR AR . H T R I 5 B AR 0°-10°,
305°-360° [ ML Wl 2485 4% 08 = 85 P AT, 2 A
W, BARAFR, TR, EEXTIR T sk AR S R
iR M, BRDFIE £ 1) 22 N H T iZ [P RossThick-
LiSparsefi%i(Lucht et al., 2000), H E &AL N:
P(6,>6,,0) = fisot foot Kvot (62 6,2 9) + Faco Kieo (6 6-9)

(5)

Horp, O WM KI5 A, O RWL 50 F, o AEXT T
RLA, Kuol WAL #Z BT Ross Thick %, Kgeo A LATTHI
S RILiSparset%, fisos fuolfilfeo WAZ AR S HL

PRI (Gamon et al., 1990), f&1E 64k S AE B HE %L
PRIR2 (Wu et al ., 2010), H:5& X nF:
R531 _R570
Ry + R

Ry, — Ry,
2R, — R, — Ry
AF(6) (7) T IIREXIBBL I SR . FIT A Ui 3
(B R SR8 T 4 BRDFFE R IF J5 11 H 30 2 M Dk
TR AL AL R S 915 minfr) s i R A .

K 3 % A FE R A W0 5 45 9 1) I 48 45 AR
Sk B 1) AR $ BURE FH B )z 1 A ) 2 B 4R 4L
(2G_RB)(Richardson et al., 2009). H:& X U1F:

PRI = (6)

PRIR2 = (7)

2G_RB = 2DNgreen— DNyeg — DNoue ®)

Arp DNgreen~ DNieg FTDNpjye 73 51 2 7R 7E I 5T HH A 1E
A1~ B 4 AR 5] U0 A7 F0AF [0 00 75 67 £ I RGB B
(200 x 200) )&k 21, WEIEIE 13 7e A

WA R BN TR TR 45 R R A S 5 2
Hik R A AR, RIFTIE M ZEA AR A . ARHT 50 R
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AR9). AX(0)E2G_RBHE [H 178, IFit
CRESIERERVON LIRS SN WO VSR
T H, EERE SR i RO IRES A A ik
1, BIAMBELR AR AL ol ad i) 7. (Gu et all., 2003).

8 =ax 1+exp(c—dr) ©)
p= L_ (10)
(1+ g

A, AR H (day of year, DOY), g(t) Jy4fi x4 & 15
HfH. a. b, c. dRWESEL, aRiRgO)fE/ME, b
FoRg() HRIE, c. oz il 1 2 KBy BB AL T B
MR R . o A HRAE, g(t) o) —Fr S5, o(t)"
g B S HL.

2 FHRMDH

2.1 2G_RBHIBTEJ LA RAMET 4

20124E8 A8 H £ 10 H 31 H BLAK UL 75 Ar Ak A il
) T35 75 AR LB PRI (L), EREFESH N H
B SRS w286 C, WAk N85 C, I
TR A AR, FEATEBCH LUE SE3 H AR AL
N BRI AR I R
o EPESFERARE, I H AT LAEHDE A A SRR

20 120

® 2G RB
* Ta

0 . . . .
220 240 260 280 300 0
F1H Day of year (DOY)

Bl 20124 1A I 73 AR [R) J5 7 £ (225°) AU £ 2 (63°) 14
2 %6} 43 4R BU(2G_RB) 5 7 Uil L (T) FY I TR1 AR A

Fig. 1 Changes of absolute greenness index (2G_RB) of
viewazimuth (225°) and viewzenith (63°) at noon as well as
daily mean air temperature (T,).
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IZE 4840 (WU et al., 2012). ZERKZRINH, B ik
FEAZAL RN Z, 3280 P 380 18 43 A8 K P 7 1) A PR iR
&, BT CATE X A BB 358 R — A 2 ) R ) B
o b AR E AR R %S AR 1) 2G_RBHAH
FeE b, /53R R T AR = 060 (p <
0.001, n = 76). A LAE 3T Skt AR S R AE KR
7R AR R W% AR AL 2G_RB L A 1R i 1) AH
SNE, U BH 73 AR P R U N ) A i R Y
KR 2K

V5 T BR800 A J KT BT R 25 T R o A 4 O
AL T R E35H](Richardson et al., 2007), Tfi4¢
FE 6 HRR 1 3R ME AR Bl B V8 00 2= AH A A0 (A A A
2012) o AW FEALE IE A0 23 WL £ FE63°, 75 o 11 225°
IRGBE G H#HL T2G_RB, 2G_RBSHIH! B 5 1)
i (a8 4k, & KAE 14, B MEN3.8. FINREHEIR
Ll A= A i R Hp o T AR R € 2% ) A8 46 (Adamsen et
al., 1999), 2G_RB 5 K5CH {1 ¢ REFI FI = 2 8 H A
CLF T B 34 o AR A A KB (logistic T £8),
SR M2 1) 777%, #iE T AR ) B
FEH290K . MEI, I FFARIRGE AR B R, Mk
TFER o FRBEAG . T IRV 5 SRR R L3 =
DA B B S [A] AR A0 i S R S R PR DA R B R T
AR 25 S PRI-LUE G 3R
22 BEERKIE

P12 2 I FRLUAL S5 06 T A A 2 T BEE 2 [R] P 2
KR, BAARR IR B IVEE, NBFRR R3S
H R F RTINS 1256 4N 3 B RS R 3R . [
I, Y/256 A FEL AL I IR AE -

R T EA KBHIR S, Rz e B A%
SRR EE N B FR ST B A (DNED) B 8 7l JF H
A0 ARG CK BT iR B 2 — B iR B, — Mol
RIS (1 [ S 5 5 A ) A S A O, JF HL
LR RO IER G . 1 BRI 5T 4 4 00:00-
00:30 ¥ T A S S Ol i s, 2 37 71 1 5 4 A% S
R E R R AT RE(E2) . LRI AR NY =
1.8773T + 171.4565 (R* = 0.99).

2.3 FRiEphzZkp9aTE T

P32 72 201 24 FK Z AP F J 1), Al ' it ot B
) AR AN o BT 1 it 2 245 52 B0 LR R A D D 1
1E, FEEGIRBL(492-577 nm)E — A, fE4
S B (622-770 nm)M700 nmAb & SRl BT
TEBUR ST i . TESR 6 BRI AR, 2R

240 ¢

235 Y=1.8773T +171.4565 <
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Fig. 2 Dark current fitting figure.
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Fig. 3 Spectral curves of viewazimuth (225 degrees) and
viewzenith (63 degrees) are changed with time at noon.
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K BE 5L RO 7 A5 A 2 TR TR A P TR AR AL, KA
R ILHAA I A I . X TR AN
N SRR Z21) 0 AR PR AN () R0 5 KBRS B AN R B
SRR AT 5N FLUEA B, R 2K
V- ERIPRIFITHE R B 2 M FERF M8, IXAERT DAAE
FERRFR R AR L E AN [F A B B RAE AR ks T
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25 IMEREF. GPP. PRIFILUERERTEIEIZE{L

BISH i B T A 7= 71 (GPP) AR 55 5 i
K7+ PRI, LUEMIBS (B2 (LAFAE . BT 4E1E
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Fig. 4 \Variability of photochemical reflectance index (PRI) with different view angles. A, variability of PRI with different view
azimuth angles (VAA) and view zenith angles (VZA). B, Illustrated PRI variations in relation to the angle between sun and viewer.

Data obtained from 10:45 to 11:00 on August 31, 2012.

www.plant-ecology.com

O 4 #2414 Chinese Journal of Plant Ecology



WETEE WSS ARG L MR A R AU S CRERI I Rk & 1083

4000
o ®_
E & HE
3= 2000 % 5
T a,
iy g
U 1 1 L 1 1 1 L 1 U
220 230 240 250 260 270 280 290 300 310
— 100 T T T T T T T T 2000
7 =
- & b
# % E
& 3 1000 32 3
= £ a2
o 2 R
& N
G
0
10
— 0.2
‘x = -
& C + LUE E
- 0I5F PRI 0.1
- _C ;Ii?
e B §E
"5‘ él _:g
=8 =
P — El
- =
= =
S
-]

#!1 Day of year
E5 %ZE IR E T (10 cm). MFIKEEZ(VPD) M4 J1(GPP). Yof A GRS (PAR). YoM w5 T £ (PRI A

BE R FH 2R (LUE) I ] 254k, .- PRIATLUE F30 & I [4] 249:00-16:00

Fig. 5 Time variations of soil temperature (T), Vapour pressure deficit (VPD), gross primary productivity (GPP), photosyntheti-
cally active radiation (PAR), photochemical reflectance index (PRI) and light use efficiency (LUE). PRI and LUE are measured every

half hour from 9:00 to 16:00.

Vi B E R B IE AR K, PRIFILUE Z M A7 7E % =
FEMIZ M IEMI DS &, IX A DAETE e 2 N 193
() =38 Z (A (1) 9% R AR, PRIR B i B 1 LUE
AR, JEH R IE S A K 2] 7 s aeF)
FZH T B (HR2EMEE I, PRIFILUEZ
6] (19 56 2 RIRFI(R? = 0.21), X2 i T 1 F g
AT, WRERFR M PR, B ER ORI LIS S AT
FHH.
2.7 IMEEFRPRI-LUEX ARSI

KAy e RERERDEATER AR E,
HRAEANFRAERS RGP A F P A4 &3
A7 AT A E AR AN A FRATTELAE A FUaX SE 3R
55 R 7 X PRI-LUE [ 52 M, DA & PRI LUE 1] R
o FEXIRIEE/NTA5 CRn ik, B 3R 1)
FHim, PRI-LUERIAH G RECE W =1, KT15 CH)
I, PRI-LUE 22 [8] 1 FH 5C 1 2k A fR ¢ — B

PRI-LUE K A ¢ 14 [ PAR ) Tt 55 5 38 0 s ek 7~ o
PRI-LUE FJH < 14 B VPD [ 386 Jin e /N F-700 Paff it
(BT B, 24 T-700 Pafr) I {5 22 1838 i . i3 B 1
BRI &M T, PRI-LUES B B IFHIAH >
.

3 g

FH T~ 22 A% ¥ 34 5% [R5 4 49 420 1 180 1 A2 4 e
R IR 85 DL S AR g 2R PR AR 4k, PRISLUEZ
(][ 56 &R R R AL s (R 84k . JEIF0.5hy HF
B UL KA R s B 78, (E3R T St AR S R 4
o, PRIBELH T /E NLUETRI & (7% 5, (HRERE
T J AR RS R 7 R0 I A K AR St B T

FEK I ) K E, PRIFILUEZ [A] ()56 £ /& 2
E, R H . MRS R 0] R i X A
SR R EENNER. B, EAERIN R E

doi: 10.17521/cjpe.2015.0451

O 4 #2414 Chinese Journal of Plant Ecology



1084 fEYA=Z52%4) Chinese Journal of Plant Ecology 2016, 40 (10): 1077-1089

0.12 0.12 0.12
S A R2=0.19 B RI=022 C R*=0.15
(=N
- 0.10 . * olr . 0.10 * .
é . * L+ . )
s 008 - 0.08F .. 0.08f - . .
(&) .- - - - . . .
E 006} * o )
S el o =i -
~ o »i*
W 0.04 3 0.04
5 0.02 0.02
=
el -
. . . . 0 . . , ( wYe . . .
510 15 20 25 30 0 500 1000 1500 2000 0 1000 2000 3000 4000
Rz LR R A AT AR PRI 2
Tsoil (°C) PAR (umol-m-2.s-1) VPD (Pa)

=0.05 =0.05

St ¥ PRI
L
b7

—0.1 _.:.. .{;‘{3‘”? -0.1 ~0.1
e
-0.15 ' =0.15 ) ) . ) =0.15
5 |‘0 |‘5 2‘0 3‘5 3.0 0 500 1000 1500 2000 0 1000 2000 3000 4000
o 2 - e W& A1 RSt LRI 2
Tsoil (°C) PAR (pmol-m-2.s-1) VPD (Pa)

&6 W 7i1419:00-16:00/110.5 i T (Tsoin PAR. VPD) S OBHEFIHIZR (LUE) HIAH SR (A-C) L2 S5 et A AR U (PRI Y
HIRME(D-F). PAR, Yot RARSH; Teon, ¥RJE LI, VPD, MAMIKIREZ
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