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Abstract: Photosynthesis can reveal the response of plant to the environment. By fitting the light response curve, the physio-
logical mechanism of plant under different growth conditions could be clarified. Under four treatments of two CO, concentra-
tions (400 and 750 pmol-mol™") and two soil water contents [45% (drought stress) and 75% (suitable water condition) of field
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capacity], Li-6400 portable photosynthetic system was used to measure the light response curves of flag leaves of winter wheat.
Five photosynthetic light response models, including rectangular hyperbolic model (RHM), non-rectangular hyperbolic model
(NRHM), rectangular hyperbolic modified model (RHMM), exponential model (EM) and modified exponential model (MEM),
were used to fit the light response curve of winter wheat. The effects on photosynthesis of winter wheat of different treatments
were analyzed. The results showed that the light saturation point (LSP) and the max net photosynthetic (P,n.y) fitted by the
rectangular hyperbolic model and the non-rectangular hyperbolic model were larger than the measured values. The rectangular
hyperbolic model and the non-rectangular hyperbolic model could not fit the photoinhibition. Meanwhile, the exponential
model could simulate well of LSP and P,,,x while could not show the photoinhibition, either. Although the modified exponen-
tial model could reveal the photoinhibition, there were serious bias in the parameters of light response curve, and the parame-
ters were lower than the other models. In general, the rectangular hyperbolic modified model was the best model for the simu-
lation of light response curve and its parameters. The increase of CO, concentration effectively improved the apparent quan-
tum efficiency, light saturation point and maximum net photosynthetic rate of winter wheat, and reduced the light compensa-
tion point and dark respiration rate of winter wheat. Meanwhile, winter wheat energy conversion rate, maximum net photo-
synthetic rate, light use scope and initial photosynthetic efficiency were increased, which suggested that the increase of CO,
concentration could effectively enhance the photosynthetic capacity of winter wheat. When the soil moisture content was low,
the effects of drought stress was partly offset by increased initial photosynthetic efficiency of winter wheat, but the apparent
quantum efficiency, light saturation point and maximum net photosynthetic rate were reduced obviously than the appropriate
soil moisture content, namely the photosynthetic ability of winter wheat decreased significantly under drought stress. In addi-
tion, the increase of CO, concentration had a certain compensation effect on the decrease of photosynthesis caused by drought
stress, and the enhancement effects of CO, concentration increase on photosynthetic capacity of winter wheat under drought
stress was greater than that under appropriate soil moisture content.

Keywords: Winter wheat; CO, concentrations enhancement; Drought stress; Photosynthetic light-response model; Photosyn-
thetic capacity
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Table 1 Model-fitted and measured values of parameters of light response curves of winter wheat under different treatments
Light response parameter
Photosynthetic () (LCP) (LSP) (Pamax) (Rd)
T t t l ht— _ . . . . nmax.
reatmen 1gntresponse Apparen§ quan-  Light compensatlon Light saturation Max net photosynthetic rate  Dark respiration rate
model tum yield point point Lo 2] 2!
(umol-pumol™) (umol-m™s7") (umol'm™2s7") (nmol-m s 7) (kmol-m s )
W1
— 31.40 1200.00 21.81 1.89
Measured value
RHM 0.085 31.10 581.16 29.76 2.29
NRHM 0.064 29.86 551.08 26.53 1.82
RHMM 0.067 28.38 1370.03 21.13 1.84
EM 0.065 27.39 1303.17 23.37 1.71
MEM 0.067 23.76 1395 21.74 1.70
w2
— 18.32 >1500.00 >29.41 1.30
Measured value
RHM 0.094 14.17 637.19 39.69 1.51
NRHM 0.094 14.18 637.16 39.68 1.51
RHMM 0.089 16.58 1791.29 28.35 1.49
EM 0.073 11.52 1094.75 20.50 0.83
MEM 0.071 18.14 1336.75 20.96 1.25
D1
— 25.38 1 000.00 12.37 1.81
Measured value
RHM 0.081 31.06 437.91 16.27 1.97
NRHM 0.041 29.83 414.14 13.76 1.21
RHMM 0.053 25.34 1158.31 13.92 1.37
EM 0.055 29.89 — 13.51 1.55
MEM 0.035 36.50 1092.84 13.63 1.24
D2
— 21.07 1 000.00 22.42 1.31
Measured value
RHM 0.093 15.78 523.40 28.38 1.59
NRHM 0.055 8.91 503.11 23.82 0.60
RHMM 0.065 28.94 1184.85 20.64 1.68
EM 0.069 15.38 956.84 22.65 1.04
MEM 0.076 12.17 936.38 31.37 0.92
W1: CO, 400 pmol-mol ™", (75% ) ; W2: CO, 750 pmol-mol™, (75% ) ; D1: CO,
400 umol~mol’l, (45% ) ; D2: CO, 750 umol~m01’l, (45% ) RHM: ;
NRHM: ; RHMM: ; EM: ; MEM: WI1: 400 um01~m01’l CO; and 75% of field

capacity; W2: 750 pmol-mol™" CO, and 75% of field capacity; D1: 400 pmol-mol™" CO, and 45% of field capacity; D2: 750 pmol-mol™ CO, and 45%
of field capacity. RHM: rectangular hyperbolic model; NRHM: non-rectangular hyperbolic model; RHMM: rectangular hyperbolic modified model;

EM: exponential model; MEM: modified exponential model.
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Fig.2 Relative errors of model-fitted and measured values of parameters of light response curves of winter wheat under different treatments
W1: CO, 400 pmol-mol™, (75% ) ; W2: CO, 750 wmol-mol™, (75% ) ; D1:
CO, 400 umol-mol™, (45% ) ; D2: CO, 750 umol-mol ™', (45% ) RHM:
; NRHM: ; RHMM: ; EM: ; MEM: W1: 400 pmol-mol™

CO, and 75% of field capacity; W2: 750 umol-mol™ CO, and 75% of field capacity; D1: 400 umol-mol™" CO, and 45% of field capacity; D2:
750 pmol-mol™" CO, and 45% of field capacity. RHM: rectangular hyperbolic model; NRHM: non-rectangular hyperbolic model; RHMM:
rectangular hyperbolic modified model; EM: exponential model; MEM: modified exponential model.
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