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Variation of net photosynthetic rate of grape and its
influencing factors in arid area of Northwest China
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( College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China )

Abstract; Grapes are one of the main economic crops in the arid area of Northwest China. Understanding its photosynthetic
production process is very important for planting and cultivation. In order to analyze the physiological characteristics of grape
photosynthesis and the main influencing factors affecting grape photosynthesis under natural conditions in the field, the daily
variation of net photosynthetic rate of grape (variety: Seedless White) leaf and its daily variation of physiological and

ecological factors in typical season of grape were measured from June to September in 2019. The path analysis method is
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used to analyze the direct and indirect effects of various factors on the net photosynthetic rate of grape leaf, and to determine
its main influencing factors. In addition, the response of the net photosynthetic rate of grape leaf to various physiological and
ecological factors was further analyzed in the whole day time-phased mode. The results were as follows: (1) The daily
variation of net photosynthetic rate of grape leaf showed a single peak pattern, which first increased and then decreased;
(2) The net photosynthetic rate of grape leaf was positively correlated with photosynthetic active radiation, vapor pressure
deficit, air temperature,, stomatal conductance and transpiration rate, and negatively correlated with relative humidity and
intercellular CO, concentration. Among them, the correlation coefficient with stomatal conductance and transpiration rate
was the largest; (3) The main determinant that affected the variation of net photosynthetic rate of grape leaf was the
transpiration rate in June, August and September, and the stomatal conductance in July; (4) The net photosynthetic rate of
grape leaf in each month showed a “hysteretic loop” relationship with air temperature, photosynthetic active radiation,
vapor pressure deficit, and a good linear relationship with transpiration rate and stomatal conductance (R*>0.85), and an
exponential function relationship with intercellular CO, concentration (R’ =0.53). Studies have shown that grapes have a
strong ability to adapt to the environment in the arid area of Northwest China. In cultivation, we can optimize management

and increase yield by controlling transpiration rate and stomatal conductance, but the direct and indirect effects of other

42 3

factors need to be considered.

Key words: grape, net photosynthetic rate, eco-physiological factors, path analysis, hysteretic loop
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Fig. 1

Daily variation of photosynthetic active radiation ( PAR) ,vapor pressure deficit (VPD) ,

air temperature (7,) and relative humidity (RH) around the grape leaf in different months
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Fig. 2 Daily variation of net photosynthetic rate (P, ), stomatal conductance (G,) , transpiration rate (T,)

and intercellular CO, concentration (C;) of grape leaf in different months
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Table 1  Correction coefficients, path coefficients and

decision coefficients between P, and eco-physiological factors

d‘:Iﬁ%j‘} LIES %% ] 4338 72 2 51 Indirect path coefficient e
A Eco- Exq AR X
ol Ot D T . . W
factor coefficient g A v ' ‘ 1 Total
6 T, 0.864 ** 0.236 0.180 -0.045 -0.071 0.246 0.213 0.106 0.629 0.352
June PAR 0.947 %3 0.207 0.206 -0.036 -0.055 0.278 0.243 0.104 0.74 0.349
RH -0.802%*%  (0.047 -0.227 -0.160 0.067 -0.227 -0.199 -0.103 -0.849 -0.078
VPD 0.624**%  -0.080 0.211 0.142 -0.039 0.176 0.134 0.081 0.705 -0.106
T 0.976%* 0.298 0.194 0.193 -0.036 -0.047 0.267 0.105 0.676 0.493
G, 0.958 ** 0.279 0.180 0.180 -0.034 -0.038 0.285 0.104 0.681 0.457
C, -0.903** -0.123 -0.204 -0.175 0.039 0.052 -0.255 -0.237 -0.78 0.207
7H T, 0.746%**%  -0.069 0.079 -0.011 0.134 0.161 0.503 -0.052 0.814 -0.108
July PAR 0.917 %% 0.097 -0.056 -0.009 0.090 0.193 0.644 -0.043 0.819 0.168
RH -0.538**  (0.013 0.057 -0.065 -0.111 -0.117 -0.365 0.049 -0.552 -0.014
VPD 0.468 ** 0.154 -0.060 0.057 -0.009 0.099 0.263 -0.035 0.315 0.120
T, 0.973 %% 0.213 -0.052 0.088 -0.007 0.072 0.704 -0.043 0.762 0.370
G, 0.979 ** 0.731 -0.047 0.085 -0.006 0.055 0.205 -0.044 0.248 0.897
C, -0.605**  0.069 0.052 -0.060 0.009 -0.078 -0.133 -0.463 -0.673 -0.088
8 H T, 0.820%:* 0.096 0.165 -0.045 -0.022 0.403 0.272 -0.047 0.726 0.148

August PAR 0.907**  0.189 0.084

-0.045 -0.021 0.455 0.296 -0.049 0.720 0.307

RH -0.735%*  (.063 -0.069 -0.136 0.014 -0.383  -0.278 0.052 -0.80 -0.097
VPD 0.729*%%  -0.024 0.089 0.164 -0.037 0.361 0.219 -0.042 0.754 -0.036
T 0.982#*  (0.505 0.077 0.170 -0.048  -0.017 0.344 -0.048 0.478 0.737
G, 0.958#*  0.360 0.073 0.155 -0.049  -0.015 0.483 -0.049 0.598 0.560
C, -0.781#*  0.061 -0.075 -0.153 0.054 0.017 -0.398  -0.288 -0.843  -0.099
9 H T, 0.687*%  (.142 0.094 0.031 -0.051 0.318 0.191 -0.040 0.543 0.175

September  PAR 0.819*%+  0.113 0.118
RH -0.766** -0.040 -0.110  -0.093

VPD 0.607**  -0.053 0.136 0.091
T 0.989**  (.484 0.093 0.089
G, 0.963**  0.374 0.073 0.078
C -0.776**  0.047 -0.119  -0.095

i

0.033 -0.043 0.379 0.258 -0.040 0.705 0.172
0.038 -0.353  -0.251 0.043 -0.726 0.060

0.029 0.283 0.158 -0.036 0.661 -0.067
0.029 -0.031 0.361 -0.035 0.506 0.723
0.027 -0.022 0.467 -0.032 0.591 0.580
-0.037 0.041 -0.359 -0.254 -0.823  -0.075

0 < FORI B B (P<0.01) 5 *FRR B EH K (P<0.05) ,

Note ; ** indicates extremely significant correlation (P<0.01) ; * indicates significant correlation ( P<0.05).
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Fig. 5 Responses of grape leaf net photosynthetic rate (P,) to physiological factors in different months
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