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Abstract: This study aims to utilize gaseous emissions from cultivation to predict the crop coefficient,
an indirect measure of plant water stress. An array of chemiresistive gas sensors was used to
collect the data, which were then processed by a simple artificial neural network algorithm. The
results highlighted that the gas emissions from tomato crops can be used as a reliable indicator for
determining the crop coefficient, allowing for more efficient and effective irrigation management.
This research offers a potential solution to the growing issue of water scarcity in agriculture by
providing a cost-effective and practical method for monitoring crop water status.
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1. Introduction

The agricultural sector is constantly looking for new sustainable ways to optimize crop
yields and to efficiently manage water resources. The crop coefficient (evapotranspiration
Kc) is an effective parameter to monitor the plant conditions. To date, predictive methods
to estimate the Kc have relied on historical time series or on technical instruments, such as
lysimeters, which have low accuracy, are time-consuming, require manual operations, and
are not portable [1]. In recent years, the use of sensors in precision agriculture has emerged
as a promising technology. In particular, an array of chemiresistive gas sensors based
on semiconducting metal oxides (SMOX) would represent an effective low-cost and fully
portable alternative, which can be controlled remotely in real time, and in principle, many
prototypes can be spread all over the field to monitor different areas locally [2]. In this
study, a new and efficient way of processing data from crops by coupling an artificial neural
network (ANN) with data from gaseous emissions is presented. The aim is to predict the
variation over time of the Kc of tomato, which is one of the main cultivated crops in Italy.

2. Materials and Methods

The apparatus was composed of 2 parts: the sensing system and the algorithm for
the data analysis. The former was equipped with an array of 4 SMOX sensors in order
to monitor emissions of plants during the various development stages, together with a
relative humidity and a temperature sensor, and a camera with visible and near infrared
filters, to obtain quantitative measures of the NDVI vegetation index. In addition, we had
at our disposal other agronomic data, which form a compendium between the theoretical
model and daily measurements of the main water parameters of the soil, the weather, the
growth phase, and the actions taken by human operators in the field. The data of a 3-year
measurement campaign were used and processed through an ANN, which was envisioned
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as a regression model, with a fully connected structure. As for the crop coefficient from
tabulated data, we applied a Gaussian filter, paying attention that no local maxima were
generated (which is not in line with a biological trend), and we used this as the reference
value for network testing. The developed network consisted of an input layer of 9 neurons
(one for each input feature), three hidden layers of 25, 25, and 10 neurons with ELU
activation, and an output layer of only 1 neuron with RELU activation, with the crop
coefficient being greater than zero. The algorithm was the Adam optimization of the well-
known stochastic gradient descent, and the cost function was the root-mean-square error.
The inputs were the daily averages of the 6 sensor signals, the day, the thermic sum, and
the amount of water received by the crop (rainfall and watering). Training and test sets
were divided at a ratio 8:2.

3. Discussion

The performance of the neural network against the crop coefficient is shown in Figure 1.
The constructed algorithm showed promising results, indicating its potential for use in
predicting crop yields and water usage more accurately. The development of an ANN
capable of forecasting the crop coefficient using detections of plants’ gaseous emissions
represents a significant step forward in agricultural technology. However, there is still room
for improvement, thus providing a more comprehensive view of the plants’ physiological
status, which could further enhance the model’s accuracy. Further research in this area
could lead to significant advances in sustainable agriculture practices, benefiting both
farmers and the environment.
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Figure 1. Test phase of the neural network (last two entries of the legend).
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