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Abstract

The photosynthetic parameters of ‘Flame Seedless’ and ‘Red Globe’ grape leaves in oblique single cordon (OSC) vine
along the ditch and traditional single cordon (TSC) vine were determined using the CIRAS-2 photosynthetic system.
The photosynthesis of leaves was studied using the Gaussian multi-peak model, Yezipiao's model, and the extended
Freundlich's model fitting methods. The results showed that the correlation coefficients of the three data models fitting
the field data were between 0.89 and 0.97. The three models can be used to analyze photosynthesis of grape leaves.
In this paper, the physical significance of indicators obtained by extended Freundlich's model fitting was verified. The
grape leaves of OSC showed higher daily accumulation of photosynthesis, maximum photosynthetic rate, saturated
light intensity, light adaptation range, and light-use efficiency than that of TSC. Grape leaves under OSC can better
adapt to the environment.
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Introduction the response to temperature (Bernacchi et al. 2003),

chlorophyll (Chl) fluorescence (Bordenave ef al. 2019,
Models are used in research on plant photosynthesis for Norton et al. 2019, van der Tol et al. 2019, Han et al.
light-response analysis (Prado and De Moraes 1997, Ye 2020), photosynthetic electron flow distribution (Ye et al.
et al. 2013a,b), the response to CO, (Bassman and Zwier 2013a,b), restraining backlight (Galle et a/. 2011, Reynolds
1991, Harley et al. 1992, Ethier and Livingston 2004), et al. 2012), and light protection (Murchie and Niyogi
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2011, Reynolds et al. 2012). The mathematical models
applied are mainly binomial regression (Zhang ez al. 2011),
least squares method (Meacham-Hensold et al. 2019),
index model (Rascher et al. 2000), rectangular hyperbola
model (Dias-Filho 2002), Yezipiao's model (Yezip) (Ye
et al. 2013b), the right angle hyperbolic model (Ye et al.
2013a), dynamic model (Broadley et al. 2001), and the
double exponential decay model (Han et al. 2005); some
scholars also study diurnal change of photosynthesis
using a Gaussian multi-peak model (Gauss) (Li et al.
2010). The extended Freundlich's model (FreundlichEXT)
(Na 2020, San Martin et al. 2020) is often used to
study physical adsorption. Some scholars have applied
FreundlichEXT to the study of changes in the cement
reaction rate (Li and Dong 2013) but it has not been
applied to the study of plant photosynthesis yet. In this
study, we investigated photosynthesis in grape leaves in
the southern margin of the Junggar basin in Xinjiang,
China. Specifically, we focused on model fitting of
photosynthesis-related indicators, using Gauss (Ye et
al. 2013b) fitting of diurnal change of photosynthesis;
Yezipiao's model (Yezip) (Harley et al. 1992) fitting for the
light-response of photosynthetic rate; and FreundlichEXT
model fitting for the response of light-use efficiency (LUE)
to light intensity. LUE is the ratio of net photosynthetic
rate to light intensity.

The southern margin of the Junggar basin in Xinjiang,
China, has a mid-temperate climate. High temperatures
above 35°C occur for 10-20 d per year in Changji
prefecture on the southern margin of the Junggar basin,
and the average temperature in the last 55 years has risen
at a rate of 0.332°C per 10 years, making this one of the
regions with the largest temperature increase in northern
Xinjiang (Tan et al. 2018). The annual sunshine duration
was about 2,850 h, and the highest photosynthetic effective
radiation intensity reached 2,600-2,900 umol(photon)
m~s7!. The viticultural area is about 1,890 ha in this region,
and grape production is usually dominated by horizontal
or sloping trellises, with multiple, dispersed main tendrils
or erect vines with a single trunk. The common features
are a staggered arrangement of the new branches in each
season, spatial overlap, inconsistent micro-environmental
conditions of leaf and fruit growth, and poor light
environment, which makes difficult to fundamentally
improve the quality of grapes. Changing the trellis,

cordon shape can affect the photosynthetic performance
of leaves by improving the direction of nutrient supply,
photosynthetic environment, Chl content, and chloroplast
structure (Zhang et al. 2015, Majeed et al. 2020).

Through observation and empirical evidence, our team
proposed that the optimal grape horizontal trellis in this
region was ‘oblique single cordon vine along the ditch’
(OSC) (Zhang et al. 2015, Pan et al. 2017). The
aboveground biomass was 22% higher than that of the
traditional single cordon vine (TSC), the fruit quality
was uniform, the maturity period was 5-7 d earlier, and
the actual area of light energy captured was larger than
that of the TSC (Zhang et al. 2015). We determined two
photosynthetic parameters in this study, based on models
to fit the measured data to predict potential photosynthetic
indexes. These parameters were verified empirically, to
compare their differences in the OSC and TSC leaves in
photosynthesis. We also verified the role of several models
including Gauss, Yezip, and FreundlichEXT in grape
photosynthesis. These models revealed differences in
photosynthesis of OSC and TSC leaves, and these results
can be used to further optimize photosynthesis in grape
leaves.

Materials and methods

Test materials and test conditions: The experiment
was conducted in 2012-2016, Xinjiang, Urumgqi city,
Anningqu town, and in the Xinjiang Production and
Construction corps sixth division 101 regiment. These
areas are in the southern margin of the Junggar basin.
The test materials were ‘Red Globe’ and ‘Flame Seedless’
grapes (Vitis vinifera L.), and the soil and irrigation
conditions were modified to create the oblique single
cordon vine along the ditch (OSC), as shown in Fig. 1. In
both places, the traditional single cordon vine (TSC) was
used as the control. The horizontal frame was used in the
shape of both trees. The base of the TSC vines is erect,
it is horizontally bound perpendicular to the planting row
on the top of the frame, branches are crossed, and clusters
are scattered. The vines of OSC tilt along the direction of
the cultivation row and continue to be horizontally bound
along the direction of the cultivation row after being put
on the shelf. The branches are parallel, and the clusters are
distributed in two strips.

Fig. 1. Schematic diagram of traditional single cordon vine (TSC, on the left) and oblique single cordon vine along the ditch (OSC,

on the right).
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Diurnal variation of photosynthetic parameters: In the
fruit enlargement period (early July), which is typically
sunny and breezy with natural light, we chose three similar
OSC vines, with no plant diseases or insect pests. From
these vines, we then chose three new leaves opposite
the grape above the trellis. The CIRAS-2 photosynthetic
system (PP-Systems, Amesbury, MA, USA) was used
to determine photosynthetic parameters. Measurements
were taken every 2 h from 09:00 to 19:00 h. According
to the stability of the net photosynthetic rate (Py) and
CO, difference, the measurement of each leaf lasted about
2 min. During the gas-exchange measurements, the leaf
temperature was 22-32°C, the water vapor pressure was
1,600-2,800 Pa, and the indoor CO, concentration was
360440 umol(CO,) mol™".

Photosynthesis response to light intensity: From 09:30-
11:30 h, the PAR was controlled by the system's own light
source, and 11 gradient steps of 0-2,650 pmol(photon)
m~2 s were set in reverse order [2,650; 2,031; 1,560;
938, 557, 400, 293, 220, 117, 37, 0 umol(photon) m= s7'].
Leaf selection was the same as for the measurement of
diurnal variation of photosynthetic parameters. During
the gas-exchange measurements, the leaf temperature was
28 + 0.5°C, the indoor CO; concentration was 400 = 10
umol(CO,) mol™, and the water vapor pressure was 2,200—
2,500 Pa.

Target blade quality and environmental control: In order
to ensure the reliability of the test results, the days of
photosynthetic measurement in both places were close to
each other and the weather conditions were similar. Both
were sunny and breezy, with the lowest temperature of
20°C and the highest temperature of 31°C. The selection
of target leaves excluded the influence of tree body and
branch nutrition, leaf position, leaf age, and other factors.
There were no significant differences in total Chl content,
leaf temperature, PAR, atmospheric vapor pressure or CO,
concentration under the same treatment between the target
leaves.

Diurnal variation characteristics of photosynthetic rate
based on Gaussian multi-peak model (Gauss): The
Gauss model (Li et al. 2010) can be expressed as follows:

A ‘2[x_X1)2 N A> _2[x—x2]2

= V0+——m—¢ wi1 e w2
=y w1t/ 2 wn/T/ 2 )

where y is the net photosynthetic rate (Px) [pmol m? s'];
x is time [h]; y, is the baseline; A, and A, are the integral
total area on the baseline under the two peak curves; w;
and w; are the half height and width of the two peaks,
respectively; and x; and x, are the peak values of the two
peaks, respectively. Gauss was fitted by Origin 2018 to
calculate the full width at half maximum (FWHM) and the
peak net photosynthetic rate y. [pmol m= s™'].

FWHM = wx \/In(4) 2)
T S
P 2 3)

162

Light-response characteristics analysis of photosyn-
thetic rate based on the Yezipiao's model (Yezip): The
expression of Yezip (Ye et al. 2013b) is as follows:

PN(J)zal_Bll—RD
1+v/ 4)

where a, 3, and v are three coefficients, respectively, initial
quantum efficiency (IQE), photoinhibition [umol(photon)
m2s!], and saturated light intensity [umol(photon) m2s];
1 is the photosynthetic effective radiation intensity (PAR)
[umol(photon) m~ s7'], and Rp, is the dark respiration rate
[umol m= s™]. Origin 2018 was used to fit the right-angle
hyperbolic correction model for the light-response of net
photosynthetic rate. The maximum net photosynthetic rate
(Pnmax) [pmol m? s71], dark respiration rate (Rp) [pmol
m2s!], saturated light intensity (1.,) [pumol(photon) m2s],
light-compensation point (/) [pumol(photon) m2 s!],
intrinsic quantum efficiency (IQE) and apparent quantum
efficiency at the light-compensation point (AQE.) were
calculated as follows:
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Analysis of the characteristics of the light response
based on the extended Freundlich's model (Freundlich-
EXT): According to the development and changes in the
relationship curve between the LUE and the photosyn-
thetic effective radiation intensity, the FreundlichEXT
was in good agreement with the curve. Therefore, the
FreundlichEXT was used to calculate the photosynthetic
parameters of reference values to evaluate the LUE of
plants. The FreundlichEXT model (Li and Dong 2013) is
expressed as follows:

¢

y=ax™ (10)

where y is light-use efficiency (LUE) and x is photosynthetic
effective radiation intensity (PAR) [pmol(photon) m= s'].
Origin 2018 was used to fit the FreundlichEXT model,
and calculate maximum light energy utilization LUE,
and efficient light intensity PAR.x [pmol(photon) m= s7!]
(light intensity at maximum LUE); LUE rising rate and
falling rate (with maximum LUE as the bound, the slope
of the rising and falling LUE data is calculated by linear
fitting), and light energy utilization index [LUI, the sum
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of the absolute value of the slope )' of the light energy
utilization ratio at saturated light intensity (/.) and light-
compensation point (Z.)].

1

LUEmnax = e°¢ (11)
b

P AR efficient = a x ¢ (1 2)

yv — abx(*l*Cerx_C )(1-c In[x]) (13)

Results

Diurnal variation characteristics of photosynthetic rate
based on the Gauss model: The Gauss model in Origin
2018 was used to approximate the diurnal change of net
photosynthetic rate for OSC ‘Red Globe’, TSC ‘Red
Globe’, OSC ‘Flame Seedless’, and TSC ‘Flame Seedless’
(Fig. 2). R? correlation coefficients were, respectively,
0.9787, 0.9842, 0.98961, and 0.9888. Fitting equations
are shown in Appendix, and fitting parameters are shown
in Table 1. Through Gauss, parameters, such as yo, x1, X,
wi, wa, FWHM peak, and y. can be calculated: y, is the
minimum net photosynthetic rate that can be effectively
simulated by this model, and y, of the two varieties grapes
under the OSC shape was larger than that of the TSC
shape. The x; and x; are the times when the main and the
second peak of the photosynthetic rate appeared. The time
when the diurnal peak of photosynthetic rate appeared was
different between the two varieties of grapes. The peak of
photosynthetic rate of ‘Red Globe’ grape appeared slightly
later than that of ‘Flame Seedless’ grape, and the main
peak of photosynthetic rate of OSC appeared earlier than
that of TSC.

The w, and w, are light-adaptive parameters, which
reflect grape leaf photosynthetic response speed of the
photosynthetic environment. The greater the w value, the
faster the net photosynthetic rate changes, and vice versa.

In this study, the light adaptation duration of ‘Red Globe’
grape was longer than that of ‘Flame Seedless’ grape and
OSC was longer than that of TSC.

According to Li ef al. (2010), for Gauss fitting in the
process of diurnal change of photosynthetic rate, 4, and
A, can reflect the size of the plant photosynthetic rate, and
the size of the accumulated value can reflect the size of the
photosynthetic product accumulation amount in theory. In
this study, 4, + 4, were greater in ‘Flame Seedless’ than
in ‘Red Globe’ grapes, and OSC was greater than that of
the TSC.

The FWHM reflects the photosynthetic adaptation range
of grape leaves to the photosynthetic environment, within
which the leaves are well adapted to the photosynthetic
environment. With time, the photosynthesis environment
changes, and the longer the duration, the stronger the
photosynthetic ability to adapt. FWHM, embodies the
light in the morning from weak to strong, in the process
of temperature changing from low to high, light intensity
on leaves, and temperature adaptability. FWHM, is the
adaptation ability of leaves to the change of light intensity
and temperature during the change of afternoon light
intensity from strong to weak and temperature from high
to low. In this study, the ‘Red Globe’ FWHM was larger
than that of ‘Flame Seedless’, and the FWHM of both
OSC grape varieties was larger than of the TSC.

The y. is the peak of net photosynthetic rate, i.e.,
the maximum net photosynthetic rate. The y. of ‘Flame
Seedless’ leaves was higher than that of ‘Red Globe’, and
the OSC of ‘Red Globe’ was higher than that of TSC.

Light-response characteristics analysis of photosyn-
thetic rate based on the Yezip model: The response
characteristics of photosynthetic rate to light intensity of
grape leaves were fitted with the Yezip model, and the
actual measured values were distributed near the curve
or coincident with the curve (Fig. 3). The correlation
coefficients (R?) were 0.9042 and 0.9092 for OSC and TSC

Fig. 2. The diurnal variation curve of
net photosynthetic rate was fitted by
Gauss model. (4) ‘Red Globe’ OSC;
(B) ‘Red Globe’ TSC; (C) ‘Flame
Seedless’ OSC; (D) ‘Flame Seedless’
TSC. OSC - oblique single cordon
vine along the ditch; TSC — traditional
single cordon vine. The open circles
represent the average value, the error
bars represent 95% and 5% confidence
intervals, respectively.
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Table 1. Multi-peak fitting parameters of diurnal variations of photosynthesis. OSC — oblique single cordon vine along the ditch;
Prmax — net photosynthetic rate peak; Pymin — minimum net photosynthetic rate; Pnsiesa — photosynthetic siesta value; TSC — traditional
single cordon vine. The values are means + SD. The means in the columns within different parameters followed by different letters are
significantly different (LSD test, P<0.01).

Peaks/Valley Parameter  Parameter meaning ‘Red Globe’ ‘Flame Seedless’
(ON(® TSC (ON[® TSC
Yo Prmin [pmol m? s7'] 1.70 £ 0.204 0.81+0.31" 1.30+0.324 0.53+0.21"
Main peak X Peak time 11.97 +0.14* 12.02 £0.324 9.93+£0.314 10.26 £0.214
wi Parameter of light adaptation ~ 6.22 £ 0.82* 5.18 £ 0.60° 3.84 +£0.404 3.40 £ 0.424
4 Integral area of peak 78.26 £ 8.224 66.20 + 8.70° 62.95+6.11* 58.95 £ 6.43*
sigmay Capability sigma 3.11+0.224 2.59£0.224 1.92£0.124 1.70 £0.104
FWHM, Full width at half maximum 7.33+£0.914 6.10+0.83" 4.52 +0.434 4.00 £ 0.40*
Vel Primax [pmol m™ s7'] 11.74 £0.83% 11.00 = 1.028 14.38 +0.824 14.36 £ 1.134
Secondary ) Peak time 18.08 £ 0.624 18.07 £ 0.534 16.09 £ 0.434 15.91 £0.524
peak W) Parameter of light adaptation ~ 1.51 £0.24* 1.51 £0.244 523+ 1.114 480+1.128
A, Integral area of peak 8.78 +1.228 9.95 + 1.424 69.91 £5.124 69.82 £ 6.90*
sigma, Capability sigma 0.75+0.11* 0.75+0.11* 2,61 £0.314 2.40 +0.334
FWHM, Full width at half maximum 1.78 £0.12* 1.78 £ 0.204 6.15+0.504 5.65+0.42°
Ve Primax [tmol m™ s7'] 6.34£0.61* 6.07 £ 0.70% 11.97 +0.814 12.14 £ 1.014
Valley »' Prsiesta [rmol m2 s7] 5.70 £ 0.414 3.70 £0.51" 10.10 £ 1.124 10.10 £ 1.424

Fig. 3. Curve of photosynthetic rate response to PAR intensity fitted by Yezip model and linear fitting of net photosynthetic rate under
low light. The open circles represent the average value, the error bars represent 95% and 5% confidence intervals, respectively. (4) ‘Red
Globe’ OSC; (B) ‘Red Globe’ TSC; (C) ‘Flame Seedless’ OSC; (D) ‘Flame Seedless’ TSC. OSC — oblique single cordon vine along the
ditch; PAR — photosynthetically active radiation; Px — net photosynthetic rate; TSC — traditional single cordon vine.

‘Red Globe’, and 0.8950 and 0.8997 for OSC and TSC
‘Flame Seedless’, respectively. The fitting equations are
shown in Appendix.

Saturated light intensity (), light-compensation point
(L), and light-adaptation range (LAR) were calculated. The
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results showed that the photosynthetic utilization range of
leaves of the two varieties with OSC shape was larger than
that for TSC shape, and the saturation light intensity /., was
higher than that for TSC shape. The light-compensation
point of ‘Red Globe’ and ‘Flame Seedless’ grape leaves
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was 28 pumol(photon) m? s, The calculated maximum
photosynthetic rate (Pmax) of the OSC was better than that
of TSC, and Pmax of the ‘Flame Seedless’ vine was bigger
than that of ‘Red Globe’. The apparent quantum efficiency
and intrinsic quantum efficiency at the light-compensation
point of the leaves of the OSC were both higher than that
of the TSC, and the ‘Red Globe’ was slightly lower than
that of ‘Flame Seedless’. The dark respiration rate (Rp) was
smaller than the TSC, and the ‘Red Globe’ was smaller
than the ‘Flame Seedless’ (Fig. 4).

Response characteristic analysis of LUE to PAR
intensity based on the FreundlichEXT model: The
FreundlichEXT model was used to fit the response of light
energy utilization rate to photosynthetic effective radiation
intensity (Fig. 5). The four R* values were 0.9833 (‘Red

Globe’ OSC), 0.9551 (‘Red Globe’ TSC), 0.9474 (‘Flame
Seedless” OSC), and 0.9253 (‘Flame Seedless’ TSC).
The fitting equation is shown in Appendix, and the fitting
parameters are shown in Table 2.

With the increase of photosynthetic effective radiation
intensity, the LUE increased first and then decreased. The
LUE of ‘Red Globe’ grape leaves rose rapidly from 0-271
umol(photon) m™2 s, and then began to decline. The
leaf LUE of ‘Flame Seedless’ OSC and TSC rose rapidly
from 0 to 373 umol(photon) m2 s™!, and then began to
decline. The LUE of TSC leaves increased rapidly from
0-296 umol(photon) m? s and then began to decrease.
The LUE of OSC was higher than that of the TSC. The
descending rates of the four treatments showed a trend of
fast and then slow decreases. The maximum light energy
utilization ratio of ‘Red Globe’ leaves was higher than that

Fig. 4. Parameters of photosynthetic response to light fit by the rectangular hyperbolic correction model. AQY — apparent quantum yield;
1. — light-compensation point; /,, — saturated light intensity; IQE — intrinsic quantum efficiency; Pxmax — light-saturated net photosynthetic
rate; Rp — respiration rate. The error bars represent 95% and 5% confidence intervals, respectively. A — ‘Red Globe’ OSC; B — ‘Red
Globe’ TSC; C — ‘Flame Seedless’ OSC; D — ‘Flame Seedless’ TSC. OSC — oblique single cordon vine along the ditch; TSC — traditional

single cordon vine.

Fig. 5. Response characteristics analysis of light-use efficiency (LUE) to PAR intensity fitted by FreundlichEXT model. PAR —
photosynthetically active radiation. The open circles represent the average value, the error bars represent 95% and 5% confidence
intervals, respectively. (4) ‘Red Globe’ OSC; (B) ‘Red Globe’ TSC; (C) ‘Flame Seedless’ OSC; (D) ‘Flame Seedless’ TSC. OSC —
oblique single cordon vine along the ditch; TSC — traditional single cordon vine.
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of ‘Flame Seedless’, and the OSC was higher than that of
the TSC. The PAR producing the maximum light energy
utilization ratio of ‘Red Globe’ leaves was lower than
that of ‘Flame Seedless’, the LUE was higher than that of
‘Flame Seedless’, and the OSC was higher than that of the
TSC (Figs. 5, 6; Table 1).

Verification and evaluation of the physical meaning of
the model: Previous studies have verified and evaluated

the physical meaning of the Gauss (Li ef al. 2010) and
Yezip (Ye et al. 2013b)models, thus, this paper only verifies
and evaluates the physical meaning of the FreundlichEXT
model.

(1) Maximum utilization of light energy (LUE.x). The
LUE of plants is different under different PAR intensities.
It is thus necessary to study plants under different PAR
intensities during changes of LUE, to determine the
maximum utilization of light energy (LUE.). In Fig. 4,

Table 2. Parameters of light energy-utilization ratio response to light intensity based on the Freundlich model. OSC — oblique single
cordon vine along the ditch; LUE.« — maximum utilization of light energy; LUI — light energy utilization index; PAR. — efficient light
intensity [pmol(photon) m s™']; TSC — traditional single cordon vine; y'; — falling velocity of LUE; y', — rising velocity of LUE.

‘Flame Seedless’

OSC TSC

391 x10°+6.44 x 10°¢
6.37x 10°+1.27 x 10°°

7.04 x 10°+2.28 x 1077
6.96 x 106+ 6.70 x 10”7

423 x10°+£581 x10°
5.82x10°+1.23x10°
12.07

7.83 x 10°+2.34 x 107
7.19 x 104+ 8.03 x 1077

395x10°+£5.18 x10°¢
5.51 x10°+£9.86 x 10
12.61

7.04x10°+2.12 x 1077
6.33 x 10°+9.66 x 10”7

‘Red Globe’
(ON® TSC
Y Fitting values 321 x10°+£6.73 x 10°°
Measured values 3.74 x 10 £3.28 x 10
Deviation [%] 14.21 10.51
V' Fitting values 7.54 x 10°+2.56 x 107
Measured values 8.04 x 10°+8.17 x 107
Deviation [%] 6.235 1.121
LUE..x Fitting values 0.024 0.021
Measured values 0.024 0.023
Deviation [%] 0.00 7.30
PAR,.  Fitting values 271 296
Measured values 275 300
Deviation [%] 1.45 1.33
LUI Fitting values 5.63 x 107 9.25 x 10710
Measured values 5.63 x 107 9.25 x 10710
Deviation [%] 0.00 0.00

8.913 11.05
0.022 0.019
0.023 0.020

5.68 4.76

373 373

400 400

6.75 6.75

3.11 x 10 3.68 x 10713
3.11 x 10 3.68 x 107
0.00 0.00

Fig. 6. The ascending and descending slopes of the response of light-use efficiency (LUE) to light intensity between Freundlich model
fitting and measured. PAR — photosynthetically active radiation. The open circles represent the average value, the error bars represent
95% and 5% confidence intervals, respectively. (4) ‘Red Globe” OSC; (B) ‘Red Globe’ TSC; (C) ‘Flame Seedless’ OSC; (D) ‘Flame
Seedless’ TSC. OSC — oblique single cordon vine along the ditch; TSC — traditional single cordon vine.
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the y-coordinate of the highest point of the curve is
LUEna, and Eq. 11 is used to calculate the fitting value
of LUE, .. On the basis of optical response, LUE under
each gradient PAR was calculated and LUE,.. was
preliminarily screened out. According to the change rate
of LUI, the corresponding PAR of LUE,..x was found. The
PAR was then set between 250-400 umol(photon) m= s™!
to measure the optical response, calculate LUE, and
determine the actual measured value of LUE .. The error
of the maximum fitting light energy utilization ratio was
<7.3% compared with the measured value (Table 2).

(2) Efficient light intensity (PAR.). As described in (7),
under different PAR, the LUE of the plant is different.
Under a certain PAR, the LUE of the plant leaves reaches
the maximum, and then the PAR is the efficient light
intensity. The high-efficiency intensity is the x-coordinate
of the highest point of the curve in Fig. 5. Through iterative
calculation of the LUI, the fitting value was calculated using
Eq. 12 to get the fitting value of PAR.. The measurement
method was the same as (/), and the LUE,,.x was obtained.
The corresponding PAR is the ‘measured value of PAR. .
The error of fitting PAR,. was less than 6.75% compared
to the measured value (Table 2).

(3) Rate of increase ()';) and rate of decrease (') of
LUE. In the actual photosynthesis process, these are the
rates of increase in the LUE during the morning sunlight
intensification process, and the rate of decline in the LUE
during afternoon sunlight fade-out. Using the function of
‘duplicate data segment’ of the Origin 2018 fitting curve,
the fitting data were proposed and a linear regression of
the rising and falling trends was conducted with the vertex
coordinates as the boundary, that is, the rising and falling
rates of fitting light energy utilization. For the measured
net photosynthetic rate, we calculated the LUE, and used
the rising segment and the falling segment to establish
a linear relationship with the photosynthetic effective
radiation intensity (Fig. 5). This allowed us to obtain
the measured values of the rising and falling rates of the
light energy-utilization rate. The error of the fitting light
energy utilization rate rise rate was 14.2%, compared to
the measured value (Table 2). The reason for the large
error is that the value is calculated by measuring the net
photosynthetic rate under the condition of weak light close
to 0 pmol'-m2-s”'. In the actual measurement process, it
is difficult to accurately measure the net photosynthetic
rate under the conditions of the weakest light. The error of
the fitting value of y's was less than 8.9% compared to the
measured value, except that the error of ‘Flame Seedless’
TSC treatment was 11.1.

(4) Index of light energy utilization (LUI). By fitting
the relationship between net photosynthetic rate and
photosynthetic effective radiation intensity, the light-
compensation point and saturated light intensity were
calculated. The slope ' (I;) value of the light energy-
utilization rate at the light-compensation point and the
slope ' () value of the light energy-utilization rate at the
saturated light intensity were calculated using Eq. 13, and
the sum of the absolute values of the two was calculated,
which is the fitting value of the light energy-utilization
index. The PAR corresponding to Pymin Was found to be the

measured value of /;, and the PAR corresponding to Pnmax
was the measured value of /,,. The LUE slope )' (I;) value
at I. and the LUE slope ' (/) value at I, were calculated
using Eq. 13, and the sum of the absolute values of the two
was calculated as the measured value of LUI. The error of
LUI fitting value compared to the measured value was 0%
(Table 2).

Discussion

Model fitting can be used to analyze and predict various
reaction characteristics in the process of photosynthesis
(Ye et al. 2013b, Herrmann et al. 2020). According to the
fitting equation, relevant physiological parameters were
calculated. The daily cumulative value of photosynthetic
rate and the saturation light intensity (/) of leaves under
OSC were higher than those under TSC, that is, leaves
under the OSC had a large number of photosynthetic
products and could better adapt to strong light conditions.
At the same time, LAR and the maximum photosynthetic
rate (Pnmax) Of the leaves with OSC shape were also larger
than that of the leaves with TSC shape. The dark respiration
rate (Rp) of the OSC was smaller than that of the TSC. The
LUE.x of ‘Red Globe’ and ‘Flame Seedless’ leaves under
the OSC shape was higher than that of TSC shape.

The diurnal variation of photosynthesis of the two
cultivars presented a bimodal curve under the two tree
shape conditions. The photosynthetic rate of ‘Red Globe’
fell between 12:00-18:00 h, while that of ‘Flame
Seedless’ fell between 10:00-16:00 h. The measurement
results of stomatal conductance and water vapor pressure
deficit show that they are significantly related to the
diurnal variation of net photosynthetic rate. The stomatal
conductance of ‘Red Globe’ grape leaves decreased from
12:00 to 16:00 h and increased slightly from 16:00 to
18:00 h. The stomatal conductance of ‘Flame Seedless’
leaves decreased from 10:00 to 13:00 h and slightly
increased from 13:00 to 16:00 h. The variation trend of
intercellular CO, concentration was similar to stomatal
conductance in two cultivars. Therefore, it is believed
that high water vapor pressure deficit and leaf stomatal
closure at noon are the main reasons for the decrease of
photosynthetic rate, while high water vapor pressure deficit
and stomatal closure may be caused by high temperature
and dryness at noon.

The response curve of net photosynthetic rate to light
intensity under low light intensity is a powerful tool to
evaluate the photosynthetic characteristics of plants (Ye
and Gao 2007). If fitted photosynthetic effective radiation
range is different, the resulting apparent quantum efficiency
is different. To avoid man-made factors, this study chose
the light-compensation point of quantum efficiency in
plants using light energy as an index. For the ability of
plant leaves to convert light energy into clean energy,
intrinsic quantum efficiency has the biggest potential; the
use of light energy by plants increases this value (Ye ef al.
2013b) The slope (') of LUE changes at different PAR and
indicates the rate of change of LUE, and the index of LUE
of OSC was higher than that of TSC.

The photosynthetic utilization range LAR of leaves
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of the two varieties with OSC was larger than that of the
TSC shape, and the saturation light intensity I was higher
than that of the TSC shape, which reflected the advantage
of OSC in the utilization of strong light in the Junggar
basin. When PAR > 28 umol(photon) m2 s, the leaves of
‘Red Globe’ and ‘Flame Seedless’ vines were able to start
photosynthesis. PAR reached the highest photosynthetic
efficiency in leaves when it was about 270—400
umol(photon) m™ s~!, reflecting the higher photosynthetic
efficiency of plants in the state of ‘light hunger’ (Haritha
etal.2017).

Through the fitting calculation of three data models,
consistent conclusions were obtained in LAR, potential
Prmax, PARye, efc., and the above results all reflect the
superiority of OSC in leaf photosynthesis. The difference
of photosynthetic ability between the two varieties was
caused by the difference of physiological and biochemical
systems between the two varieties, while the difference
of photosynthetic ability between the two trees might be
caused by the following reasons: (/) The difference of
leaf canopy caused differences in microclimate, which
resulted in the difference of stomatal opening degree,
leaf temperature, and intercellular CO, concentration.
(2) Differences in thinning out secondary branches: TSC
requires pruning of the secondary branches, while OSC
does not until the leaf area index is above 3. Some studies
have shown that thinning out secondary shoots reduces
the stomatal conductance of the first branch leaves, thus
decreasing Py (Pan et al. 2017). (3) The degree of twist
between branches that are pulled up and down from
trellis is different: OSC has 2-dimensional bending of
30°, and TSC has three-dimensional bending of 90° in the
process of pulling branches up and down from the trellis.
In production, TSC often causes sprains of branches,
which affects the supply of water and mineral elements
to leaves and have adverse effects on leaf photosynthesis.
In the early stage, our team evaluated OSC and TSC in
the aspects of high light efficiency, labor saving, and
coordinated agronomy and machinery (Zhang et al. 2015).
This study is a supplement to the research on grape trellis
evaluation.

Conclusion: The Gauss, Yezip, and FreundlichEXT model
can accurately determine grape leaf photosynthetic
parameters and environmental factors affecting these
parameters and the possible physiological ecology for
grapes and other fruit crops. This type of physiological
ecology research can be used to provide reasonable and
effective parameters. In this study, OSC was shown to
better adapt to the Junggar basin in Xinjiang, China climate
environment compared to TSC.
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