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YE Zi-Piao' and YU Qiang’

!College of Sciences, Jinggangshan University, Ji'an, Jiangxi 343009, China, and “Institute of Geographic Sciences and Natural Resources Re-
search, Chinese Academy of Sciences, Beijing 100101, China

Abstract Aims Our objective is to compare a new photosynthetic light-response model with the
non-rectangular hyperbola, rectangular hyperbola, and Prado-Moraes model in fitting data and obtaining
the maximum net photosynthetic rate and the light saturation point.

Methods We measured the light-response of photosynthetic rate of winter wheat (Triticum aestivum)
under the same chamber CO, concentration and different air temperatures in North China Plain using a
gas analyzer Li-6400. The measured data were simulated by the new photosynthetic light-response
model and the non-rectangular hyperbola, rectangular hyperbola and Prado-Moraes models, respec-
tively.

Important findings The new photosynthetic light-response model shows advantage over the
non-rectangular hyperbola, rectangular hyperbola, and Prado-Moraes models in fitting data on the
maximum net photosynthetic rate and the light saturation point. The main photosynthetic parameters
calculated by the new one were very close to the measured data (R’=0.999 4 and R*=0.998 7). Results
showed that the apparent quantum was not an ideal indicator to assess the light use efficiency of plants.
We suggest the apparent quantum yield be replaced by the quantum yield at the light compensation
point due to the unity of the quantum yield for any C; plant species under certain environmental condi-
tions.

Key works new photosynthetic light-response model, winter wheat (7riticum aestivum), the maximum net
photosynthetic rate, light saturation point, apparent quantum yield
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M ST, XRS5 Al 2O
A DR ey e 1 it 2 o i i ol e N il 2%, B AT
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R BLAEAF AR VF 2 i 25 W O mi B A Y
(Webb et al., 1974; Jassby & Platt, 1976; Thornley,
1976; Marshall & Biscoe, 1980; Prado & Moraes,
1997) F1 2) 25 6 i 3 455 B4 (Farquhar et al., 1980;
Falkowski & Wirick, 1981; Fasham & Platt, 1983;
Megard et al., 1984; Eilers & Peeters, 1988; Hand
et al., 1993; Zonneveld, 1998; Rubio et al., 2003),
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WA-3C, THFAREHK26.91°C . F IR 200
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J2 E Li-Cor 2 & A2 77 I Li-6400 8 48 X' 4 41 FH il
SE AN 52 4 /NS PP R 13 R R e . 0
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Fig. 1
P,: #6453 % Net photosynthetic rate

Light response curve of winter wheat (7riticum aestivum) under different temperatures
PAR: Photosynthetically active radiation

T,: i Air temperature C,:

FEMCOPKAE Chamber CO, concentration ¢ 7EGAME MM & T 20% Quantum yield at light compensation point

Prax: B KIFE A% Maximum net photosynthetic rate
compensation point Ry IEIEWLH# # Dark respiration rate

I YGRS Light saturation point [: Ya#M s Light

R?: YE 23 Determination coefficient

F1 AN SRR A &N ETE20°CHI360 pmol-mol™ CO,BT LN HIEET 548 R 5 S0l $UE 59 LI

Table 1 Comparison of the measured data of winter wheat (Triticum aestivum) with the results fitted by four models at 20°C
and 360 pmol-mol™' CO, concentration
HESH AP A X e A 2 AU 2 P-MALAY (O XY/BIAINE it W FAE
Photosynthetic parameters Nonrectangular Rectangular hyperbola Prado-Moraes New photosynthetic Measured
hyperbola model model model model for C; spe- data
cies
I K E R 51.56 31.27 24.32 22.85 ~23
Maximum net photosynthetic
rate (Pmax, tmol CO,'m 2s7h
Va2 0.103 0.084 0.060 0.067 -
Initial slope (a)
e RMEZ 11.81 30.60 5.52 28.47 ~29
Light compensation point
(I, pmol-m 57"
JEHIAN ki ~1220 ~750 1243.08 1910.56 ~1900
Light saturation point
Lsars umol~m’2's’l)
I I I 3o 2 ~1.21 -2.57 ~1.243 ~1.81 -1.8
Dark respiration rate
(Rqg, tmol CO,'m 257"
WRERHE - 0.997 0 0.999 1 0.999 4 -

Determination coefficient (R?)
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(Walker, 1989; Richardson & Berlyn, 2002). &2
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A, Jf H A3 20 1 LA Ryt IR G & 4 A0%E S P43
FE AN TR A — 2 1) 22 37 (3R 2)

or W& 5 Measured points
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Fig. 2 Light-response curve of photosynthesis (left) and photosynthetic response to irradiance at lower levels
of light intensity (right) for winter wheat
P,. PAR: W.FE1 See Fig. 1

R2 AREMEBVAEGEFXBIRWE FHE. LIMESFBEIFRER
Table 2 Apparent quantum yield, light compensation point and dark respiration rate under different fitted scopes of PAR

Jo A B <200 <180 <160 <140 <120

Photosynthetically active radiation (PAR, pmol-m *s™") pmol'-m2-s™' pmol-m s pmol'm?s”'  pmol'm?s” pmol'm?s™
KM E T % Apparent quantum yield (4QY) 0.049 0.050 0.052 0.054 0.055
JekME R Light compensation point ( 1, pmol-m 2s™") 28.16 28.80 29.23 30.00 30.18
M5 IR 33 % Dark respiration rate (Rg, pmol-m2s™") -1.38 -1.44 -1.52 -1.62 -1.66

3 G5t

AE H £ X A B (Thornley, 1976). H AW
il £ 15 7Y (Thornley, 1976) il P-M #% %4 (Prado &
Moraes, 1997)7& — 4Lk, NAFENRIE . FrLA
AT GV X 3A B 2 1 B A B3 HH 24 /N 22 1) Prnax
Ml Ly, B JCVE DN I 3 AN B A 1 52 5K M 2 /N 22 1)
Proas P g [ RR AT AR o 0F T T A X 2452 204 FJE L

A E A SN F, EA B 1) Lt 2
4k A 8 7 vk (Walker, 1989; Richardson &
Berlyn, 2002). 41 E25r7x K8FE, RISEARGE LS
A U S AE0~200 pmol-m s IS P(D) WL 8 Ak —
ZHZ, EHX HOtEABEES) WA S EL,
I H L Y=Pha B ANAE, A8 RN T X (1)
FAL BN A Lago AHFHIX TR 79525 HH I Lo PH 30k /N T 5K
MWHEERLD), XML AL E Y 3G L T
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A7 1E(Kyei-Boahen et al., 2003; Yu et al., 2004; 5
R 55, 2006). M HIP-MAE Y 3K Loy S 3% P(1) 1) Prax 1)
90% I 116 A A7 250 i 31X /i e 143 21 1) (Prado &
Moraes, 1997). 24K, HP-MABLRL 1T EIAE ) 1) Lo
FEARKREE B2 8 N5, AR, Hild
3B LqdZ8 /N T SEMMECR D) o S350, B TARE S
BT ASE T A 2 A5 R R P-MUASE TR AN A7 7
WA, BT LAFRATT TE 30 T 3K 34 45 20 L 45 R 0 A e
NI 2F R a3 50 (Evans et al.,1993; Yu et
al., 2004; Leakey et al., 2006), H A4 & /N1
Proax 8 KT SEMAEER D)o KPS A S YT
LA FE P AP LE(Evans et al., 1993; Kyei-Boa-
hen et al., 2003; Yu et al., 2004; Leakey et al.,
2006; R %, 2006). 1M HP-MAEEY L4 [R] B I 'G
We . A, A3 B I L2 /N T SEMAE, BT S
E I 1/6(FK1)o X CoRE 4 e BB 5 8 1 55, T
BRI B ST LA TR0, BB R B B bR B
EAERRAE, PRIk, FoATTmT LA s A 20 o 45 A 4
R AEAFDER AT, A G HI 4 T Bt
A5 (Ye, 2007) o INEITRTLLE HY, 39 il B2 4% 1
NENFRL A SR g RTS8
%, PeE 2B N R=0.999 4HIR*=0.998 7, H.
LB 1) 4 SR 5 S K s A e

IG5 645 T80 0] ol 5 1) e 1. i 2 2 U
WY A R a4 J) 1T H (Olsson & Lever-
enz, 1994), HIRM & TR KER, B RIEY)
X6 RE MR A% o AH FR R 21 s T %0, a4l
G A A RARS T EA , Pr2I L W T
RORJEAF M, ik, 8 A& T (<
200 pmol-m s AP I F 4 6 A R kR 2
A 1 D6 R T 153 B 1) R WL P RCR I A — 1)
N PE. sk, FUE TR IFAER R Y
FHOGRE — AN AR bR . b T P AN i)
AT W ARG M BRI B 7 e A o
TEF PR FDOERE I — AN 4845, RN EY A
JGREH ALy i BER I BE ) (731, 2007), IXFEHL
A3 G b3 ) SR B TR A A A R TR AR B A A
N, M IEAME R AN, T LR AR
AN AL P R AL L A, D A
PEo BkAh, B2 A, EIRE R20C . CO;,
W H360 pmol-mol ' £ K He b A i & /N A AE
' B B 149 6 5 T 23 56 s 5 14D ) V7t Sl £ 1 1
FrLABRATTIA R, TR G4 1 R AR 1

B TN ' 9 e P i L — AR AL
A P TRT R, AN [R] 1T C O S AH [H] 1) 4%

N, KN P LT AIF], (HAE20°C 44 F

ZNF M pen R B2 KT 25 CHI 4/ 2. 20

C I 2N B G R P T RCR 2 T25°C ), X2

k20 °C I & N I o LEAE25 CIE R, 20°C ()

Lo ZELL25 TR, BI25°C 451 F & /N2 Bk

T20°C I &N ZEIE B, X R B IZ IR K

AT 25°C I A /N2 ' A i R EE20°C I

Ko RLE, CoRELH ' i B AL 280 mT LAy #—7A8 e 4

PE T M6 5 A FRR P 0 L Bt A — AN 2 3

wTH.

2, A RTRE P R IR G e R e,

C3 LA 1 g 12 A 8 gl vy L 4 4R ) b 400 5 H AR

Yot ) B2 A SR, JF G 4R S S AL

FERIFT AR . D, FHIC R ' i Vo A

TR P AT DA AN R 254 M A DS 2

H LA RS R T L' 5 25 B0 A 5 D 3R RT e

BARFEX, WAEWERM. MY ERAERY
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