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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 (Triticum aestivum), the maximum net
photosynthetic rate, light saturation point, apparent quantum yield

DOI: 10.3773/1.issn.1005-264x.2008.06.016

( , 2006) ,
) (Robert et al., 1984)

>

:2007-09-30 :2008-02-27
: ( [2006]21 ) (O6F60080AH)
E-mail: yezp@jgsu.edu.cn



6 DOI: 10.3773/j.issn.1005-264x.2008.06.016 1357
2 1
( ,2002) . .
(36°57'N, 116°36'E , 28 m)
9 C02
’ 13.1 ,1
-3 ,7 26.91 200
d 610 mm, , 3~5
75.7 mm, 12.4%; 6~8
(Webb et al., 1974; Jassby & Platt, 1976; Thornley,
. 419.7 mm, 68.8%
1976; Marshall & Biscoe, 1980; Prado & Moraes,
2003 4 23 5 6
1997) (Farquhar et al., 1980; . .
. . Li-Cor Li-6400
Falkowski & Wirick, 1981; Fasham & Platt, 1983; . 13
Megard et al., 1984; Eilers & Peeters, 1988; Hand 41
et al., 1993; Zonneveld, 1998; Rubio et al., 2003), o
10~22 57%~90%
20 25 CO, 360 mol-mol '
’ ’ Li-6400-02B 0 2 000 pmol'm s
’ ] , 3 5 min ,
(Evans et al., 1993; Kyei- 3
Boahen et al., 2003; Yu et al., 2004; Leakey et al.,
(Yu et al., 2004)
2006), (
, 20006), 2
E t
(Evans e 21
al.,1993; Yu et al., 2004) R !
b bl b C3
(Ye, 2007, , 2007)
) (Walker, 1989;
Richardson & Berlyn, 2002)
1 , CO,
Cs (Ye, 2007)
, (Triticum aestivum) ’ ’
( 1) CO, 360
C; (Ye, 2007) 9
pmol-mol™, 20 25
(Thornley, 1976) -2, -1
Tat 1 910.56 pmol'm s 1 687.87
(Thornley, 1976) Prado-Moraes (Prado & 2 4
pmol-m s , 1 , CO;
Moraes, 1997)
’ Pmax IC
CO, )
5 Isat Pe Rd
5 C3
1
’ P-M Cs
. ’ 20 CO, 360 pmol-mol™
Walker (1989) Richardson Berlyn (2002) i
C; '
20 CO, 360
umol-mol ™’ Prax



1358 www. plant-ecology.com 32
51.56 umol COy'm s, ( 23 Lat 1 220
umol COy'm *s7'); pumol'm >s' 750 pmol'm*s', P-M
Prax  31.27 pmol I 1 243.08 pmol'm s,
COym s, ;. P-M (1900 pmol'm s Cs
Prax 2432 Prax  22.8 pmol
pmol C02~m_2‘s_1, s COz'm_z's_l, s C;
I, 5.52 pmol'm*s™, ( 29
umol-m*-s™") ,  Walker (1989) Richardson Ie 1 910.56 pmol'm s,
Berlyn (2002) R C;
> IC Rd ( 1)
+ Jllit S5 Measured points t it 55 Measured points
25 I 5 #l& A Fitted points - & ftl& A Fitted points
e o & & @ @ © ® o
DA ® 2] ®
S 2r ® i ®
e ® 5
S5 -
= @ T,=20°C, C,=360 @ T,=25°C, C,=360
gL 10k R?=0.999 4, ¢,=0.061 i R?=0.998 7, 9= 0.048
b g Prmax=22.85, |_=1910.56 Prmax=22.80, |_=1687.87
S5t [ =28.47, Ra=1.81 - [=28.77, Ra=1.38
U g 1 1 1 1 1 1 1 1 1 L
0 400 800 1200 1600 2000 O 400 800 1200 1600 2000
& AR (pmol-m2.571)
1
Fig. 1 Light response curve of winter wheat (7riticum aestivum) under different temperatures
P Net photosynthetic rate PAR: Photosynthetically active radiation 7,: Air temperature C,:
CO, Chamber CO, concentration ¢: Quantum yield at light compensation point
Prax: Maximum net photosynthetic rate /g, Light saturation point [: Light

compensation point Ry:

1 4 20

Dark respiration rate  R%:

Determination coefficient

360 pmol-mol= CO,

Table 1 Comparison of the measured data of winter wheat (7riticum aestivum) with the results fitted by four models at 20
and 360 pmol-mol™" CO, concentration
P-M Cs
Photosynthetic parameters Nonrectangular Rectangular hyperbola Prado-Moraes New photosynthetic Measured
hyperbola model model model model for C; spe- data
cies
51.56 31.27 24.32 22.85 =23
Maximum net photosynthetic
rate (Ppax, tmol COy;m 257"
0.103 0.084 0.060 0.067 -
Initial slope (a)
11.81 30.60 5.52 28.47 =29
Light compensation point
(I, pmol-m2s7")
=1220 =750 1243.08 1910.56 =1900
Light saturation point
(Ias, pmol-m2-s7")
-1.21 -2.57 -1.243 -1.81 -1.8
Dark respiration rate
(R4, pmol CO,m 257"
- 0.997 0 0.999 1 0.999 4 -

Determination coefficient (R?)
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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: 1 See Fig. 1
2
Table 2 Apparent quantum yield, light compensation point and dark respiration rate under different fitted scopes of PAR
=200 =180 =160 =140 =120
Photosynthetically active radiation (PAR, umol-m-s™") pumol'm s pmolm?s”'  pmol'm?s' pmol'm?s' pumolm?s”'
Apparent quantum yield (4QY) 0.049 0.050 0.052 0.054 0.055
Light compensation point ( I, pmol-m2s™") 28.16 28.80 29.23 30.00 30.18
Dark respiration rate (Rq, pmol-m2s™") -1.38 —1.44 —-1.52 -1.62 -1.66
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