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Abstract
Photosynthesis is an important indicator for measuring plant responses to the en-
vironment, and by fitting light-response curves to quantify photosynthetic char-
acteristics, the self-regulation and adaptation mechanisms of plants under differ-
ent growth environments can be revealed from the perspective of physiological
mechanisms. In this study, the Li-6400 portable photosynthesis system was used
to measure the light-response curves of flag leaves at the grain-filling stage of
winter wheat under four different treatment conditions, the light-response data
were fitted using the Rectangular Hyperbola Model (RHM), Non-Rectangular
Hyperbola Model (NRHM), Modified Rectangular Hyperbola Model (RHMM),
Exponential Model (EM), and Modified Exponential Model (MEM), and the
effects of different CO2 concentrations and soil water contents on the photosyn-
thetic characteristics of winter wheat were analyzed. The results showed that
the Modified Rectangular Hyperbola Model produced fitted values for both
the light-response curves and light-response curve parameters of winter wheat
under various treatments that were relatively close to the measured values, ex-
hibiting the best fitting performance; with increasing CO2 concentration, the
apparent quantum efficiency (�), light saturation point (LSP), and maximum net
photosynthetic rate (Pnmax) of winter wheat under various water treatments
increased, while the light compensation point (LCP) and dark respiration (Rd)
decreased, that is, elevated CO2 concentration can effectively increase the light
energy conversion efficiency and light energy utilization range of winter wheat,
and enhance its photosynthetic capacity; with decreasing soil water content, the
light compensation point (LCP) and dark respiration rate (Rd) of winter wheat
increased, but the apparent quantum efficiency (�), light saturation point (LSP),
and maximum net photosynthetic rate (Pnmax) decreased, that is, although
winter wheat can offset some effects of drought stress by increasing initial pho-
tosynthetic efficiency, drought stress still reduces the photosynthetic capacity of

chinarxiv.org/items/chinaxiv-201711.02192 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02192
https://chinarxiv.org/items/chinaxiv-201711.02192


winter wheat; furthermore, increased CO2 concentration can offset part of the
photosynthetic capacity reduction in winter wheat caused by drought stress.
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Abstract: Photosynthesis serves as a crucial indicator of plant responses to
environmental conditions. By fitting light response curves to quantify photo-
synthetic characteristics, we can elucidate the regulatory and adaptive mech-
anisms of plants under different growth conditions from a physiological per-
spective. This study measured the light response curves of flag leaves during
the grain-filling stage of winter wheat under four treatment conditions using a
Li-6400 portable photosynthesis system. Five models—the rectangular hyper-
bolic model (RHM), non-rectangular hyperbolic model (NRHM), rectangular
hyperbolic modified model (RHMM), exponential model (EM), and modified
exponential model (MEM)—were employed to fit the light response data, and
the effects of different CO� concentrations and soil water contents on winter
wheat photosynthetic characteristics were analyzed. The results demonstrated
that the rectangular hyperbolic modified model produced fitted values for both
the light response curves and associated parameters that closely matched mea-
sured values, yielding the best overall fit. As CO� concentration increased, the
apparent quantum efficiency (�), light saturation point (LSP), and maximum net
photosynthetic rate (Pnmax) of winter wheat increased under all water treat-
ments, while the light compensation point (LCP) and dark respiration rate (Rd)
decreased. This indicates that elevated CO� concentration effectively enhances
the light energy conversion efficiency and utilization range while improving the
photosynthetic capacity of winter wheat. Conversely, as soil water content de-
creased, LCP and Rd increased, whereas �, LSP, and Pnmax decreased. This
suggests that although winter wheat can partially offset drought stress effects by
increasing initial photosynthetic efficiency, drought stress still reduces its photo-
synthetic capacity. Furthermore, increased CO� concentration can compensate
for the photosynthetic capacity decline caused by drought stress.
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1.1 Experimental Site and Methods

The experiment was conducted at the Luancheng Agro-Ecosystem Experimental
Station of the Chinese Academy of Sciences (37°53�N, 114°41�E), located in
the central Taihang Mountain Piedmont Plain. The region features a semi-
arid, semi-humid monsoon climate with scarce precipitation during the winter
wheat growing season, averaging only 100 mm in normal years. Two water
treatment plots were established: suitable water conditions (approximately 75%
field capacity) and drought stress conditions (approximately 55% field capacity).
Each plot measured 5 m × 10 m, with 1.5 m isolation walls installed between
plots to prevent lateral water exchange.

The experimental material was winter wheat (Triticum aestivum L.) cultivar
‘Kenong 199’, sown on October 17, 2015, and harvested on June 5, 2016. Wheat
was planted in rows spaced 60 cm apart, with 562.5 kg・hm�² of diammonium
phosphate applied during the growing season. Four treatments were established
based on different CO� concentrations and soil water contents: (1) 400 �mol・
mol�¹ CO� with suitable water (W1); (2) 750 �mol・mol�¹ CO� with suitable water
(W2); (3) 400 �mol・mol�¹ CO� with drought stress (D1); and (4) 750 �mol・mol�¹
CO� with drought stress (D2). Measurements were taken during the wheat
grain-filling stage from May 10 to May 24, 2016, on clear days between 9:00 and
11:30 AM using a Li-6400 portable photosynthesis system (Li-Cor Inc., USA)
equipped with an LI-6400-02B artificial light source. During measurements,
atmospheric relative humidity was approximately 60%, temperature was set at
25 °C, and photosynthetically active radiation (PAR) gradients (�mol・m�²・s�¹)
were set at 1,500, 1,400, 1,200, 1,000, 800, 600, 400, 200, 150, 100, 50, 20,
and 0. CO� concentrations were set at 400 �mol・mol�¹ and 750 �mol・mol�¹. To
ensure consistent experimental conditions across treatments, three wheat plants
with uniform growth were selected for flag leaf measurements in each treatment
group.

1.2 Light Response Curve Models

The following light response curve models were employed:

Rectangular Hyperbolic Model (RHM):

𝑃𝑛 = 𝛼𝐼𝑃𝑛 max
𝛼𝐼 + 𝑃𝑛 max

− 𝑅𝑑 (1)

where 𝑃𝑛 is net photosynthetic rate (�mol・m�²・s�¹), 𝛼 is apparent quantum
efficiency (�mol・�mol�¹), 𝐼 is photon flux density (�mol・m�²・s�¹), 𝑃𝑛 max is max-
imum net photosynthetic rate (�mol・m�²・s�¹), and 𝑅𝑑 is dark respiration rate
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(�mol・m�²・s�¹). This model is an asymptotic function without extreme values,
thus it cannot directly estimate light saturation intensity.

Non-Rectangular Hyperbolic Model (NRHM):

𝑃𝑛 = 𝛼𝐼 + 𝑃𝑛 max − √(𝛼𝐼 + 𝑃𝑛 max)2 − 4𝜃𝛼𝐼𝑃𝑛 max
2𝜃 − 𝑅𝑑 (2)

where 𝜃 is the convexity of the non-rectangular hyperbola, and other parameters
are as defined in Equation (1). Like the rectangular hyperbolic model, this is also
an asymptotic function without extreme values, preventing direct estimation of
light saturation intensity.

Rectangular Hyperbolic Modified Model (RHMM):

𝑃𝑛 = 𝛼𝐼
1 + 𝛽𝐼 + 𝛾𝐼2 − 𝑅𝑑 (3)

where 𝛽 and 𝛾 are model correction coefficients, and other parameters are as de-
fined in Equation (1). This model has extreme values and can directly calculate
light saturation point, light compensation point, and maximum net photosyn-
thetic rate from Equation (3).

Exponential Model (EM):

𝑃𝑛 = 𝑃𝑛 max(1 − 𝑒−𝛼𝐼/𝑃𝑛 max) − 𝑅𝑑 (4)

where all parameters are as defined in Equation (1). This function also lacks
extreme values; light saturation intensity is estimated by assuming the light
intensity corresponding to 𝑃𝑛 = 0.90𝑃𝑛 max as the saturation point.

Modified Exponential Model (MEM):

𝑃𝑛 = 𝛼𝐼𝑒−𝛽𝐼 + 𝛾𝐼 − 𝑅𝑑 (5)

where 𝛼, 𝛽, 𝛾, and 𝜀 are model coefficients, and other parameters are as defined
in Equation (1).

To better evaluate the agreement between fitted and measured light response
curve values, relative error (RE) was defined as:

𝑅𝐸 = |𝑦 − 𝑦𝑖|
𝑦 × 100% (6)

where 𝑦 and 𝑦𝑖 are measured and fitted values of light response curve parameters,
respectively. Smaller RE values indicate better fit quality.
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2.1 Comparison of Model Fits to Light Response Curves

As shown in [Figure 1: see original paper], the rectangular hyperbolic model
provided a reasonable fit for the light response curve of winter wheat under
the W2 treatment. However, for W1, D1, and D2 treatments, fitted values
differed substantially from measured values. When PAR ranged from 600 to
1,000 �mol・m�²・s�¹, the model underestimated values for D1 and D2 treatments.
Furthermore, when winter wheat under W1, D1, and D2 treatments exhibited
photoinhibition—where net photosynthetic rate gradually declined after reach-
ing saturation due to excess light energy—the fitted values continued to increase,
failing to capture the photoinhibition phenomenon. Figures 1b and 1d reveal
that the non-rectangular hyperbolic model and exponential model produced
similar fitting results to the rectangular hyperbolic model, showing good perfor-
mance for W2 but inability to simulate photoinhibition under W1, D1, and D2
treatments. This limitation arises because these three models are asymptotic
functions without extreme values, causing estimated net photosynthetic rates to
increase continuously with PAR. In contrast, Figure 1c demonstrates that the
rectangular hyperbolic modified model provided excellent fits for all treatments,
with fitted values closely matching measured values and successfully capturing
photoinhibition under W1, D1, and D2 treatments. Figure 1e shows that while
the modified exponential model performed well for W2 and could simulate pho-
toinhibition across treatments, it produced substantial deviations between fitted
and measured values for the D2 treatment.

2.2 Comparison of Fitted Parameters for Winter Wheat Light Re-
sponse Curves

Light response curve parameters include apparent quantum efficiency (�), light
compensation point (LCP), light saturation point (LSP), maximum net photo-
synthetic rate (Pnmax), and dark respiration rate (Rd). Comparisons between
fitted and measured values across models are presented in . Comprehensive
comparison reveals that the rectangular hyperbolic modified model provided
the best parameter fits across all treatments, while other models showed large
discrepancies between fitted and measured values for most parameters, despite
occasional close matches for individual parameters. Apparent quantum effi-
ciency (�) is a key indicator of photosynthetic light energy conversion efficiency;
under field conditions, � values for healthy plants typically range from 0.04 to
0.07, decreasing with soil water content and increasing with CO� concentration
due to the fertilization effect enhancing photosynthetic capacity. Among the
models, the rectangular hyperbolic model substantially overestimated � values,
whereas other models produced more realistic estimates. The rectangular hy-
perbolic and non-rectangular hyperbolic models calculate LSP by solving linear
equations, yielding fitted values far below measured values—a finding consistent
with numerous studies. The exponential model estimates LSP using the light
intensity corresponding to 0.9 Pnmax, a method lacking biological significance
and introducing artificial bias, and it failed to solve for LSP under D1 treatment.
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Both rectangular and non-rectangular hyperbolic models overestimated Pnmax
compared to measured values, consistent with previous research. Although the
modified exponential model could simulate photoinhibition, its fitted param-
eters deviated substantially from measured values, resulting in poorer overall
performance than the rectangular hyperbolic modified model.

To further quantify deviations between fitted and measured values, relative er-
ror analysis was performed on light response curve parameters. Smaller relative
errors indicate closer agreement and higher fitting precision. As shown in [Fig-
ure 2: see original paper], the rectangular hyperbolic modified model produced
small relative errors for all parameters across treatments, with the smallest over-
all fitting error and values closest to measurements, particularly for Pnmax and
LSP. The remaining four models showed small relative errors only for isolated
parameters, failing to achieve comprehensive fitting quality across all parame-
ters.

2.3 Effects of Different CO� Concentrations and Soil Water Contents
on Winter Wheat Photosynthesis

Given the superior performance of the rectangular hyperbolic modified model
in simulating light response curves and parameters, this model was selected to
analyze the effects of different CO� concentrations and soil water contents on
flag leaf photosynthesis during the grain-filling stage. As shown in [Figure 3: see
original paper], when PAR was below 400 �mol・m�²・s�¹, Pn in all treatments re-
sponded sensitively to PAR, increasing rapidly with light intensity. When PAR
exceeded 400 �mol・m�²・s�¹, the rate of Pn increase gradually slowed. How-
ever, when PAR surpassed 1,000 �mol・m�²・s�¹, differential responses emerged
due to CO� concentration and soil water content variations. Under D1 and D2
treatments, Pn reached light saturation at approximately 1,100 �mol・m�²・s�¹,
after which Pn decreased with increasing PAR, exhibiting photoinhibition. In
contrast, under W2 treatment, Pn continued to increase with PAR, showing
no light saturation. This demonstrates that elevated CO� concentration sig-
nificantly enhances light use efficiency and promotes photosynthesis in winter
wheat. Under identical light conditions, W2 treatment produced the highest
Pn, while D1 treatment yielded the lowest, indicating that both elevated CO�
concentration and soil water content increase net photosynthetic rate and en-
hance photosynthetic capacity. Notably, when PAR ranged from 200 to 1,300
�mol・m�²・s�¹, Pn under D2 treatment was significantly higher than under W1
treatment, suggesting that under certain light intensities, CO� effects exceed
soil water content effects, and increased CO� concentration can compensate for
photosynthetic rate reductions caused by water deficit.

Further analysis of light response parameters across treatments revealed that
�, a critical indicator of photosynthetic light energy conversion efficiency, was
highest under W2 treatment, similar between W1 and D1 treatments, and low-
est under D1 treatment. This confirms that elevated CO� concentration and
soil water content significantly improve light energy conversion efficiency and
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maintain high photosynthetic capacity. Maximum net photosynthetic rate (Pn-
max) represents maximum leaf photosynthetic capacity under given conditions.
Pnmax was highest under W2 treatment, significantly higher than W1, which in
turn exceeded D1 treatment. Specifically, Pnmax increased by 32.77% from W1
to W2 treatment, but by 48.28% from D1 to D2 treatment, indicating that CO�
elevation promotes photosynthetic capacity more strongly under drought stress
than under suitable water conditions. Additionally, Pnmax decreased by 43%
from W1 to D1 treatment, but only by 24% from W2 to D2 treatment, further
demonstrating that elevated CO� concentration compensates for photosynthetic
capacity decline induced by drought stress.

Light compensation point (LCP) and light saturation point (LSP) represent
the abilities to utilize weak and strong light, respectively—lower LCP indicates
stronger weak-light utilization, while higher LSP indicates stronger strong-light
utilization. Dark respiration rate (Rd) reflects metabolic activity levels. Ele-
vated CO� concentration in W2 treatment reduced LCP and Rd by 31% com-
pared to W1 treatment, while substantially increasing LSP, indicating that CO�
enrichment broadens the light intensity utilization range, enhances ecological
adaptability to light, reduces metabolic rates, and improves photosynthesis, con-
sistent with fertilization effects reported in the literature. Under drought stress
(D1 treatment), LCP and Rd were lower than in W1 treatment, suggesting that
drought-stressed wheat enhances weak-light utilization and reduces physiologi-
cal metabolism to improve initial photosynthetic efficiency. However, LSP and
Pnmax remained lower than in W1 treatment, indicating that although wheat
can partially offset water stress effects through increased initial photosynthetic
efficiency, drought stress still significantly reduces photosynthetic capacity.

In summary, comparison of the five models (rectangular hyperbolic, non-
rectangular hyperbolic, rectangular hyperbolic modified, exponential, and
modified exponential) for fitting light response curves and parameters un-
der different CO� concentrations and soil water contents revealed that the
rectangular hyperbolic modified model is suitable for all treatments and
can effectively simulate photoinhibition under low CO� and low soil water
conditions. Analysis of parameters fitted by this model demonstrated that
elevated CO� concentration effectively increases apparent quantum efficiency
(�), light saturation point (LSP), and maximum net photosynthetic rate
(Pnmax) while decreasing light compensation point (LCP) and dark respiration
rate (Rd), thereby enhancing light energy conversion efficiency, maximum net
photosynthetic rate, light utilization range, and initial photosynthetic efficiency.
Although wheat under low soil water content can partially compensate for
drought stress effects by increasing initial photosynthetic efficiency, �, LSP,
and Pnmax remain significantly lower than under suitable water conditions,
indicating that drought stress substantially reduces photosynthetic capacity
and weakens photosynthesis. Furthermore, elevated CO� concentration provides
compensatory effects against photosynthetic decline caused by drought stress,
with CO� enhancement effects on photosynthetic capacity being greater under
drought stress than under suitable water conditions.

chinarxiv.org/items/chinaxiv-201711.02192 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02192


Acknowledgments
We thank Zhao Yanqian (Hebei GEO University), An Sai (Hebei University of
Science and Technology), and Ren Xiaodong (Qinghai Normal University) for
their assistance with this experiment.

References
[1] IPCC. Climate Change 2007: The Physical Science Basis[R]. Cambridge:
Cambridge University Press, 2007
[2] CO� Now. Earth’s CO� home page[EB/OL]. [2016-05]. http://www.co2.earth/monthly-
co2
[3] Waton R T, Rodhe H, Oescheger H, et al. Greenhouse gases and
aerosols[M]//Houghton J T, Jenkins G J, Ephraums J J. Climate Change: The
IPCC Scientific Assessment. Cambridge: Cambridge University Press, 1990:
1–40
[4] Sgherri C L M, Quartacci M F, Menconi M, et al. Interactions between
drought and elevated CO� on alfalfa plants[J]. Journal of Plant Physiology,
1998, 152(1): 118–124
[5] Mao F, Huo Z G, Li S K, et al. Drought model of soil moisture in seedtime
of winter wheat in north of China[J]. Journal of Natural Disasters, 2003, 12(2):
85–91
[6] Yu X F, Zhang X C. Effects of elevated atmospheric CO� concentration
and shading on leaf light utilization and yield of wheat[J]. Chinese Journal of
Eco-Agriculture, 2012, 20(7): 895–900
[7] Li Q M, Liu B B, Zou Z R. Effects of doubled CO� concentration on
photosynthetic characteristics of cucumber seedlings under drought stresses[J].
Scientia Agricultura Sinica, 2011, 44(5): 963–971
[8] Lu Y Y, Ma H C, Li H M, et al. Light response characteristics of photo-
synthetic of transgenic sweet potato under drought stress[J]. Acta Ecologica
Sinica, 2015, 35(7): 2155–2160
[9] Yu Y M, Xu J Z, Peng S Z, et al. Evaluation of photosynthesis light response
model for rice leaf under different water conditions[J]. Water Saving Irrigation,
2012, (10): 30–33
[10] Farquhar G D, von Caemmerer S, Berry J A. A biochemical model of
photosynthetic CO� assimilation in leaves of C� species[J]. Planta, 1980, 149(1):
78–90
[11] Thornley J H M. Instantaneous canopy photosynthesis: Analytical
expressions for sun and shade leaves based on exponential light decay down the
canopy and an acclimated non-rectangular hyperbola for leaf photosynthesis[J].
Annals of Botany, 2002, 89(4): 451–458
[12] Lu P L, Yu Q, Luo Y, et al. Fitting light response curves of photosynthesis
of winter wheat[J]. Chinese Journal of Agrometeorology, 2001, 22(2): 12–14
[13] Liu Y F, Xiao L T, Tong J H, et al. Primary application on the non-
rectangular hyperbola model photosynthetic light-response curve[J]. Chinese
Agricultural Science Bulletin, 2005, 21(8): 76–79

chinarxiv.org/items/chinaxiv-201711.02192 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02192


[14] Tan N T, Lin Q, Li L Y, et al. Effects of limited irrigation on light-response
of flag leaves and grain yield in dry-land winter wheat at filling stage[J]. Acta
Agriculturae Boreali-Sinica, 2010, 25(4): 145–151
[15] Ye Z P, Yu Q. Comparison of a new model of light response of photosyn-
thesis with traditional model[J]. Journal of Shenyang Agricultural University,
2007, 38(6): 771–775
[16] Ye Z P, Yu Q. Comparison of new and several classical models of photo-
synthesis in response to irradiance[J]. Journal of Plant Ecology, 2008, 32(6):
1356–1361
[17] Ye Z P, Li J S. Comparative investigation light response of photosynthesis
on non-rectangular hyperbola model and modified model of rectangular
hyperbola[J]. Journal of Jinggangshan University: Natural Science, 2010, 31(3):
38–44
[18] Zhang L Y, Wen G S, Wang S J, et al. Four light-response models to
estimate photosynthesis of Phyllostachys pubescens[J]. Journal of Zhejiang A
& F University, 2011, 28(2): 187–193
[19] Chen L Y, Li Y X, Qian Y F, et al. Applications studies of the modified
exponential model on photosynthesis-light response and CO� response curves
of Mirabilis jalapa[J]. Guihaia, 2003, 33(6): 839–845
[20] Chen W Y, Chen Z Y, Luo F Y, et al. Comparison between modified
exponential model and common models of light-response curve[J]. Chinese
Journal of Plant Ecology, 2012, 36(12): 1277–1285
[21] Sun H Y, Shen Y J, Yu Q, et al. Effect of precipitation change on water
balance and WUE of the winter wheat-summer maize rotation in the North
China Plain[J]. Agricultural Water Management, 2010, 97(8): 1139–1145
[22] Thornley J H M. Mathematical Models in Plant Physiology[M]. London:
Academic Press, 1976: 86–110
[23] Ye Z P. A new model for relationship between irradiance and the rate of
photosynthesis in Oryza sativa[J]. Photosynthetica, 2007, 45(4): 637–640
[24] Bassman J H, Zwier J C. Gas exchange characteristics of Populus tri-
chocarpa, Populus deltoides and Populus trichocarpa × P. deltoides clones[J].
Tree Physiology, 1991, 8(2): 145–159
[25] Wang M L, Feng Y L, Li X. Effects of soil phosphorus level on morphological
and photosynthetic characteristics of Ageratina adenophora and Chromolaena
odorata[J]. Chinese Journal of Applied Ecology, 2006, 17(4): 602–606
[26] Powles S B. Photoinhibition of photosynthesis induced by visible light[J].
Annual Review of Plant Physiology, 1984, 35: 15–44
[27] Long S P, Humphries S, Falkowski P G. Photoinhibition of photosynthesis
in nature[J]. Annual Review of Plant Physiology and Plant Molecular Biology,
1994, 45: 633–662
[28] Guo C F, Sun Y, Zhang M Q. Effect of soil water stress on photosynthetic
light response curve of tea plant (Camellia sinensis)[J]. Chinese Journal of
Eco-Agriculture, 2008, 16(6): 1383–1387
[29] Duan A G, Zhang J G. Selection of models of photosynthesis in response
to irradiance and definition of attribute of weak light[J]. Forest Research, 2009,
22(6): 765–771

chinarxiv.org/items/chinaxiv-201711.02192 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02192


[30] Huang H Y, Dou X Y, Sun B Y, et al. Comparison of photosynthetic
characteristics in two ecotypes of Jatropha curcas in summer[J]. Acta Ecologica
Sinica, 2009, 29(6): 2861–2867
[31] Kyei-Boahen S, Lada R, Astatkie T, et al. Photosynthetic response of
carrots to varying irradiances[J]. Photosynthetica, 2003, 41(2): 301–305
[32] Yu Q, Zhang Y Q, Liu Y F, et al. Simulation of the stomatal conductance
of winter wheat in response to light, temperature and CO� changes[J]. Annals
of Botany, 2004, 93(4): 435–441
[33] Wu W M, Li Z J, Luo Q H, et al. Effects of soil water stress on light re-
sponse curves of photosynthesis of Populus euphratica and Populus pruinosa[J].
Scientia Silvae Sinicae, 2007, 43(5): 30–35
[34] Zhang J S, Meng P, Gao J. Characteristics of photosynthesis and water
physio-ecology of Isatis indigotica[J]. Journal of Northeast Forestry University,
2004, 32(3): 26–28
[35] Ainsworth E A, Long S P. What have we learned from 15 years of
free-air CO� enrichment (FACE)? A meta-analytic review of the responses of
photosynthesis, canopy properties and plant production to rising CO�[J]. New
Phytologist, 2005, 165(2): 351–372
[36] Long S P, Ainsworth E A, Rogers A, et al. Rising atmospheric carbon
dioxide: Plants FACE the future[J]. Annual Review of Plant Biology, 2004, 55:
591–628
[37] Zou Q. Research on Eco-physiological Responses of Plant to Drought
Conditiond[M]. Jinan: Shandong Science and Technology Press, 1994: 155–283

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.02192 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.02192

	Response Mechanism of Winter Wheat Photosynthetic Characteristics to CO2 Concentration and Soil Water Content: Postprint
	Abstract
	Full Text
	Response Mechanism of Photosynthetic Characteristics of Winter Wheat to CO₂ Concentration and Soil Water Content
	1.1 Experimental Site and Methods
	1.2 Light Response Curve Models
	2.1 Comparison of Model Fits to Light Response Curves
	2.2 Comparison of Fitted Parameters for Winter Wheat Light Response Curves
	2.3 Effects of Different CO₂ Concentrations and Soil Water Contents on Winter Wheat Photosynthesis

	Acknowledgments
	References


