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Water Demand Model for Greenhouse Crops Considering Water Use
Efficiency and Photosynthetic Rate
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Abstract; A method for building a water demand model that considered both water use efficiency
(WUE) and photosynthetic rate for greenhouse crops was proposed. Firstly, a nested experiment was
performed to measure the photosynthetic rate and WUE of tomato under different combinations of
temperatures, photosynthetic photon flux densities ( PPFD), CO, concentrations and soil moisture.

Secondly, the photosynthetic rate prediction model and WUE prediction model were established by using
the radial basis function ( RBF) algorithm. On this basis, the response curve of photosynthetic rate to soil
moisture was obtained. Then, the optimal soil moisture ranges under certain environmental conditions
were found by applying the U-chord discrete curvature algorithm and particle swarm optimization ( PSO)
algorithm. At last, the water demand model was established based on the support vector machine
regression (SVR) algorithm. The results showed that the model was of high accuracy, with determination
coefficient of 0. 996 9, and mean square error of 0.23% . Compared with the water demand model that
only considered photosynthetic rate, this model increased the WUE by 15.22% on average, while the soil
moisture and the photosynthetic rate were decreased by 12. 76% and 4. 05% on average, respectively.

These results proved that the crop water demand model proposed can take good account of both crop
demand and agricultural water consumption, and provide a theoretical basis for the dynamic and efficient
soil moisture regulation of greenhouse crops.
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Fig. 1 Flowchart of photosynthetic rate prediction
model based on RBF
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Tab.3 Comparison of regulation between restriction point and photosynthetic saturation point
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200 31 6. 81 0.0137 25 6.45 0.0160 16.25 5.26 19.35

400 400 33 7.82 0.0136 29 7.36 0.0147 7.51 5.86 12.09

600 34 6. 30 0.009 9 32 6.11 0.0106 6.74 2.98 5.88

200 34 9.72 0.026 6 30 9.42 0.0295 10. 01 3.10 11.76

19 600 400 28 10. 82 0.0310 23 9. 86 0.0350 11.53 8. 87 17. 86
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200 33 8.04 0.003 7 28 7.63 0.004 8 23.21 5.13 15.15

400 400 34 11. 65 0.004 5 30 10. 94 0.005 4 17. 16 6.07 11.76

600 33 11.52 0.005 6 30 10. 71 0. 006 2 9.56 7.00 9.09

200 33 10. 59 0.0155 28 10. 44 0.0180 13. 86 1.43 15.15

25 600 400 35 15.03 0.0149 31 14.7 0.0170 12.55 2.20 11.43

600 35 15.70 0.0153 32 15.28 0.0162 5.85 2.70 8.57

200 33 9.26 0.006 3 26 8. 86 0.0104 39.08 4.32 21.21

800 400 35 14. 30 0.0059 31 13.91 0.008 4 29.93 2.70 11.43

600 35 15.28 0.005 8 32 14.8 0.007 0 17.63 3.12 8.57

200 35 7.01 0.000 8 33 6.91 0. 0009 11.87 1. 46 5.71

400 400 35 12. 11 0.003 3 32 11.93 0.003 6 6.72 1.46 8.54

600 34 13. 40 0. 006 4 26 12.1 0. 008 4 24.38 9.67 23.53

200 35 9.65 0.0111 31 9.52 0.0117 5.19 1.32 11.43

31 600 400 36 16. 05 0.0126 32 15. 86 0.0135 6.34 1. 17 11. 11

600 35 18. 50 0.0162 32 18.27 0.0169 4.35 1.26 8.57

200 32 9.02 0.0020 28 8. 69 0.003 1 37.50 3.64 12.50

800 400 34 16.23 0.003 5 30 15.71 0.0050 29. 41 3.20 11.76

600 34 19. 28 0. 006 8 31 18.7 0.007 5 9.28 3.01 8.82
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B/ ME L T AR P, B i RFRRE A HERIN 1.17% ~9.67% ., &EITEs
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