
Real-World Implementation of an Innovative 
Vineyard Water Management Platform: A Case 

Study 

Nasreddine Makni(B), Silvia Loddo, and Massimo Barbaro 

Dipartimento di Ingegneria Elettrica Ed Elettronica, Università degli studi di Cagliari, Cagliari, 
Italy 

Nasreddine.makni@unica.it 

Abstract. This work describes an innovative vineyard management technology 
that includes advanced sensors for leaf water status detection, a weather station for 
environmental data collecting along with effective LoRa communication network 
for continuous data transmission. Over the course of three months, the research was 
conducted at a vineyard in the southwestern area of Sardinia, exposing the platform 
to realistic outdoor conditions. The platform performed efficiently, reaching 58% 
of its normal operating capacity. The sensing devices have shown significant ability 
in detecting plant water stress levels for different plant types, creating a solid 
foundation for further optimization toward developing into real-time decision-
making system for irrigation scheduling. 
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1 Introduction 

The agricultural sector, most notably in the mediterranean area, is confronting water 
shortage issues, which have been worsened by climate change [1]. Smart agriculture has 
developed, in response to this problem, as a globally recognized technology with the 
capacity of improving water management and agricultural productivity [2]. 

Smart agriculture relies on the Internet of Things (IoT) and wireless sensor networks 
(WSN), to convey data and make decisions on time. For example, LoRa technology 
is well-known for its extended-range network and low energy consumption, making it 
particularly suitable for agricultural applications such as irrigation scheduling [3]. 

Several types of sensors have been developed for assessing the plant water status 
to ensure optimal irrigation schedules and more effective consumption of water. While 
standard sensors such as soil moisture sensors and weather stations are valuable, they 
have limitations in precisely determining plant water requirements [4]. 

However, improved precision and robustness of the irrigation management system 
is attainable using direct sensing methods that detect water status directly from the plant 
itself [5]. In this research, an autonomous platform was implemented on a vineyard in
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southwest region of Sardinia that incorporating advanced sensors for direct measurement 
of the plant hydration levels, a weather station for monitoring the environmental data and 
a LoRa communication technology for data transmission. The study seeks to assess the 
performance of the platform under outdoor conditions, laying the foundation for future 
real-time monitoring and precise irrigation scheduling. 

2 The ACUADORI Water Management Platform 

The ACUADORI platform [16, 17] has been evaluated in the field from 20 July to 10 
October of 2021 on 12 plants of two grape varieties, including 6 plants of “Vermentino” 
(White grape) and 6 plants of “Cannonau” (Black grape). It consists of the following 
major modules 1) Acua-Sens is a biosensor module in which two elements are integrated 
namely Acua-Light and Acua-Cap for assessing the plant water status. 2) Acua-Front is 
for acquiring data from the sensing unit. 3) Acua-Node is to provide power and network 
regulations. 4) Acua-Weather is useful for tracking climate conditions. 5) Acua-Gateway 
is an intermediation between the end devices as well as the cloud server to ensure efficient 
data transmission 6) Acua-Server focuses on network management, security, and data 
processing. 

2.1 The Sensing Device Acua-Sens 

Acua-Sens has two lightweight 3D-printed clips placed on different leaves of the same 
plant connected by a simple magnetic attachment process. With dedicated circuitry, it 
indirectly assesses the leaf properties for monitoring plant water status. 

Fig. 1. The acquisition methods of Acua-Sens 

Acua-Light measures the light reflected from the leaf to assess the relative plant water 
content [13]. The core component of this sensor is an SFH7060 [11] which consists of 
multiple LEDs and a photodetector integrated into a circuit board mounted on one side of 
the clip. By emitting the infrared light, the photodetector captures the reflected radiation 
resulting in a current follower to evaluate the relative water content within the leaf. 
(Fig. 1b).
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Acua-Cap assesses the electrical proprieties of the leaf using the impedance mea-
surement technique to detect the relative water content in the leaf. This method involves 
four-terminal measurements for precise impedance detection, enhancing the accuracy 
compared to two-terminal methods [12]. The sensor is composed of two pairs of golden 
electrodes, which are placed on each side of the clip to inject an alternating current and 
measure the resulting voltage drop. (Fig. 1a). 

2.2 The Data Acquisition and Processing Acua-Front 

The Acua-Front is a printed circuit board that acquires and processes the measurements 
from Acua-Sens and transmits them via SPI communication to Acua-Node. This board 
is composed of two integrated analog front ends, two 14-pin male headers to place on an 
Arduino MKR 1300 and other connectors to allow directly connection with 3 Acua-Cap 
and one Acua-Light. (Fig. 2). 

The AFE4490 [14] is a compact analog front end (AFE) consisting of an LED 
transmitter section, a low-noise receiver channel and a flexible timing controller. This 
multifunctional chip offers programmable operating currents for LEDs, photodiode mea-
surements, and a configurable interface via SPI for user control. The receiver channel 
includes a trans-impedance amplifier, an optional ambient cancellation block and a 22-bit 
ADC for precise data transmission. 

The AFE4300 [15] is a cost-effective analog front end Integrated in a compact 
TQFP-80 package. It features a circuit for generating an accurate sine wave current at 
various frequencies and another one for capturing voltage variations across Acua-Cap 
electrode terminals. Subsequently, an I/Q demodulation circuit is employed to extract 
real and imaginary impedance values to finally convert them digitally by a 16-bit, 860 
SPS (ADC). 

Fig. 2. Installation of Acua-Node sensor on Vermentino plant
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2.3 The Acua-Weather Station 

The platform comprises the MCF-LWWS02, a smart weather station [10] which is a 
combination of Davis instruments vantage pro 2 weather station and MCF-LW06DAV 
LoRaWAN module for seamless network connectivity. A variety of sensors are included 
in this station to measure various meteorological parameters including the temperature, 
humidity, air pressure, wind speed, and rainfall. The weather data is recorded in a console 
and transmitted over long distances to the Acua-Gateway and then to the Acua-Server. 
Thus, the continuous functioning of the Weather Station is insured by a solar panel box 
kit, containing a 5W solar panel and a 6V-12Ah battery. 

2.4 Data Transmission and Network Connectivity (Acua-Node, Acua-Gateway 
and Acua-Server) 

The Acua-Node is the module assembling sensors, front-end as well as the LoRa 
radio and basic digital control. The LoRa® board, MKR WAN 1300 by Arduino [9], 
which integrates a 32-bit Arm® Cortex®-M0 SAMD21 processor as well as a Murata 
CMWX1ZABZ, was chosen as the heart component of the Acua-Node, implementing 
digital control and LoRa communication. The system is powered with three D-type bat-
teries and equipped interfaces with two front end chips via SPI to facilitate effective data 
capture and transmission over the LoRa network. 

The Acua-Gateway makes use of LoRaWAN™ Gateway Core board and LoRaWAN 
Gateway Radio and daughter card 868MHz by Microchip Technology [8] as a bridge 
to the cloud; it gathers the modulated data from the device nodes and transmits through 
the TCP/UDP protocols to the Acua-Server. 

For an efficient and secure management of the network, the server runs ChirpStack 
[7], an open-source LoRaWAN network server that interfaces with the gateway to col-
lect sensor data with timestamps, storing the data in text files and enabling seamless 
integration with various backend systems for real-time monitoring (Fig. 3). 

Fig. 3. The infrastructure of the LoRawan network
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3 Quantitative Analysis of the Platform’s Performance 

The current section centers around analyzing quantitatively the data recorded in the 
summer of 2021 and to identify the main reasons behind the interruptions of the data 
transmission. 

The platform showed very good performance (as highlighted in Table 1), reaching 
58% efficiency in 3 months operation, indicating that the various components of the 
network connectivity are highly compatible. 

The vast amount of the delivered data to server demonstrates the superior quality 
and reliability of the platform. For instance, the Acua-Node 3, attached to a Cannonau 
plant, is the most performant sensor on the platform that achieved an efficiency rate of 
more than 74% throughout the season. 

Therefore, the Acua-Weather provided outstanding stability rate by transmitting data 
to the gateway regularly, recording only a 7-day interruption for unknown reasons. How-
ever, the main problems encountered with this station were the failures that experienced 
the precipitation sensor and reporting occasionally erroneous zero readings by the other 
sensors. 

Table 1. Summary of the Performance Metrics of the entire Acuadori platform 

The Acua-Nodes Total Working 
Days 

Total Data 
Transmitted 

Number of 
Interruptions 

Total Days of 
Interruptions 

Cannonau (6 
plants) 

332 7898 35 214 

Vermentino (6 
plants) 

301 6929 43 245 

Cannonau N° 3 68 1621 5 23 

Vermentino N° 11 61 1430 7 30 

Acua-Weather 84 22680 1 7 

The platform experienced a couple of complete interruptions that can be traced back 
to specific identifiable causes. The first cause was the deactivation of the gateway due 
to its misplacement where it was installed in the vineyard’s garden room. This scenario 
highlights the importance of paying attention to the details of the system’s implementa-
tion. The second cause was associated with the depletion of sensor batteries without any 
warnings. This highlights the need for a robust battery monitoring system to maintain 
continuous platform operation. The third cause was related to the severe weather condi-
tions characterized by intense winds that sometimes surpassed the resilience threshold 
of the sensors. This serves as a clear indicator of the need to improve the resilience of 
the sensor so that it can withstand extreme climatic conditions.
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4 Experimental Results 

Evaluation of the ability of Acua-Sens to detect leaf water status was the focus of this 
section. The primary objective is to confirm that the sensors were capable of reliably 
distinguishing between distinct levels of plant water stress. For this reason, the days with 
the highest and lowest levels of water stress throughout the season were identified by 
utilizing a pressure chamber—an instrument commonly used in agriculture measures the 
water potential through the leaf to schedule the irrigation in vineyards—and subsequently 
analyzing the sensor’s response on those two days [6]. 

Based on the blue markers in (Fig. 4), the pressure chamber determined that August 
11 was the highest water stress day, indicating a significant lack of water uptake by 
both types of plants. On the other hand, September 15 was the lowest water stress day 
marked in red in (Fig. 4) indicates a scenario where the plants were well irrigated and 
encountered minimal hydric stress. 

Fig. 4. The leaf water potential measurements of Vermentino and Cannonau plants using the 
pressure chamber. 

In the following, an analysis of Acua-Cap and Acua-Light sensors’ behaviors against 
different water stress levels in Vermentino and Cannonau plants. 

The Acua-Light measures the reflectance of infrared light from leaf to determine the 
relative water content. (Fig. 5) illustrates the performance of Acua-Light in detecting 
the plant water stress levels for two different plant types. 

The blue curves of the two plant types sit above the red curves which means the 
higher the reflectance light is the lower the relative water content in the leaf. There-
fore, during midday of high-water stress day, the Cannonau tree has a higher maximum 
reflectance light value approximately 0.17 V, than the Vermentino, approximately 0.11V. 
This finding aligns with the leaf water potential measurements shown in (Fig. 4), sug-
gesting a correlation between the infrared light reflectance and the leaf water potential 
approaches. 

However, a notable anomaly is observed at node 11 of the Vermentino at night 
measurements which does not align perfectly with zero. This is due to a slight offset in 
the internal ambient light suppression block in the AEF4490. As result, a fine adjustment 
in the firmware will provide optimal performance of the sensor.
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Fig. 5. The response of Acua-Light sensor for both type plants. (Color figure online) 

The Acua-Cap extracts the capacitance of the leaf from the imaginary part of the 
impedance measurements at different frequencies (1 kHz, 2 kHz, 4 kHz, 6 kHz, 8 kHz, 
16 kHz). This method directly estimates the relative water content through the leaf by 
detecting the variations of the capacitance. As shown in (Fig. 6), the water stress levels 
of a Vermentino plant are readily distinguishable at different frequencies, which means 
that the higher the relative water content in the leaf corresponds to higher capacitance 
values. However, when the frequency exceeds 8 kHz, the curves become extremely noisy, 
making the information about the water content completely unreadable. so, focusing on 
impedance measurements at low frequency range exactly below 6 kHz enhances the 
sensor’s performance. 

Fig. 6. The response of Acua-Cap at different frequency measurements on both high and low 
water stress days of a Vermentino plant.
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5 Conclusion 

The Acuadori platform was launched during the summer of 2021, under real-world 
agricultural circumstances and has demonstrated high efficiency and robust stability of 
network connectivity that covers the long distances needed in agriculture applications. 
The novel in situ sensing device shows excellent precision in detecting the plant water 
stress levels attached to different plant types. Upcoming development could potentially 
focus on increasing not only the sensor’s precision but also the system’s capabilities 
to include a wider range of environmental and physiological parameters that assess the 
hydration levels of the plant. 
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