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PINN-based Estimation Method for Transpiration Rates of Greenhouse
Cucumbers

Fu Yihui'  Zhou Jing'? Deng Jun' Huang Zhigang® Wang Jizhang'"’
(1. School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang 212013, China
2. Jiangsu Provincial Engineering Technology Research Center for loT — Based Smart Horticultural Facilities, Changshu 215555, China)

Abstract; Accurate estimation of plant transpiration ( ET,) is crucial for precise irrigation and water
management in greenhouses. While the traditional Penman — Monteith equation incorporated key drivers
such as net radiation( R, ) , temperature( T) , humidity(R, ), and wind speed, its results exhibited errors
under greenhouse conditions, making crop coefficients (K,) difficult to determine. Conversely, purely
data-driven models lacked physical mechanism constraints and exhibited limited generalization
capabilities. To address this challenge, a novel method for estimating greenhouse cucumber transpiration
was proposed by using a physics-informed neural network ( PINN). This approach employed an enhanced
Penman formula as a hard physical constraint, constructing a parallel hybrid network architecture with
both a physics-based branch and a data-driven correction branch. A physics consistency loss function
served as a soft constraint, simultaneously optimizing data fitting accuracy and physical consistency. Field
experiments were conducted in glass greenhouses in Zhenjiang, Jiangsu Province, collecting measured
data on net radiation, air temperature, relative humidity, and transpiration. Results indicated that
compared with the fully connected neural network ( FCNN) baseline model, the PINN model improved
the coefficient of determination R from 0. 784 7 to 0. 837 7, reduced the root mean square error ( RMSE)
by 13.17% to 0.459 6 mm/d, and decreased the mean absolute error ( MAE) by 35.12% to
0.192 3 mm/d. It was demonstrated that integrating physical prior knowledge into neural networks not
only enhanced the accuracy of transpiration estimation but also made the results more aligned with
physical mechanisms. This improved the model’s interpretability and reliability, thereby providing a
technical solution for precision irrigation decision-making in smart agriculture.
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