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Abstract

Wireless Sensor Networks is one of latest trending technology because of its wide array of usage in various 
fields.  This article talks about related studies and literature regarding WSN applications in agriculture and 
in the winemaking industry. Specifically, this study focuses on how WSNs can help in grapevine cultivation 
and grape wine production.  Furthermore, a list of the most popular cultivars of grapes was provided as 
well as their respective other known names. Because of the fact that these varieties of grapes are the most 
desired by the people, WSNs will probably be utilized frequently in these cultivars in order to maintain 
quality and increase the quantity of products to meet the demands of consumers.
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1. Introduction

  Grapes is one of the most important agricultural products worldwide [1]. The raw fruit can be 

consumed anytime, it can be made into raisins, juice, jam and it can also be used for ethanol 

production. But what makes it a more in demand product is that it is being used to make a 

wine.  Wine is an alcoholic beverage made from fermented plants and fruits [2]. Of all types of 

wines, the one made from fermented grapes is commonly consumed by the people [3].  

  Viticulture is the science, technology, production and study of grapes [4]. This furthermore 

involves environment monitoring, irrigation management, pest control, soil fertilization, plant 

growth and fruit development monitoring.

  Traditional viticulture practices went well, but problems could sometimes be uncontrollable 

due to lack of knowledge about these problems.  Past experiences and additional knowledge 

about many factors that could affect grapevine agriculture has led to the modern viticulture 

practices which employs technology in order to improve plant growth and increase plant 

productivity. Improvement of quality and increase in quantity of grapes to be harvested gives 

a good raw material for wine making [15]. 

  The winemaking process is known as vinification. The basic processes involved are harvesting 

and destemming, crushing, fermentation, aging, blending, clarification and bottling [5,6,7]. 

  Traditional vinification involves manual work in the processes mentioned lately.  With 

technology, modern vinification practices deploys machines and gadgets in the vineyard for 

grape harvesting and in the winemaking factory for destemming, crushing, fermentation, 

aging, blending, clarification, bottling and other processes deemed necessary by the business 

entity [16].  These things can help save time and improve quality of products [17].     

  One of the latest trends in technology is the Wireless Sensor Networks (WSNs). This 

technology enables wireless connectivity within a system by linking an application platform at 

one end of the network with one or more actuator devices in any part of the network [18]. 

WSNs can provide many functions for agricultural practices [1] as well as in the winemaking 

procedures [19]. 
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2. Review of Related Literature

  This section shall cover past studies and literatures relating to technologies and techniques 

applied in agricultural management as well as industrial production management. 

  In the field of agriculture, especially in plant growth and environment monitoring, many 

technologies can be of help such as canopy monitoring, remote sensing systems, 

ground-based and soil monitoring systems [15]. WSNs, being one of these technologies, 

collect data from the plants as well as their environment and forward it to the server where 

raw data are being organized to create information useful in decision making [20]. 

  Plant growth monitoring is important in agriculture.  Knowing, the growth level plants will 

tell you how much nutrients and water will be needed for their further development and 

yield production [25].  Liqiang, et al., designed a WSN that gathers crop growth images in 

Beijing [26]. Aside from crops, researchers in India also designed a WSN-based 

tree-monitoring by utilizing GPRS as well as photosynthetically active radiation sensor, 

microcontroller and bridge rectifiers. Their system was programmed that when a canopy 

growth reaches a defined threshold measurement value a message will be displayed in the 

printed circuit boards, and a notification through short message service will be sent to the 

owner’s mobile phone. [27]. There are also WSNs used for fruit monitoring.  In the study of 

Krairiksh et al., sensor networks were used to detect the maturity of durian fruit [30]. 

  Environmental monitoring is also important. That’s why WSNs are also deployed to acquire 

environmental parametric data from water, air and soil [1]. Water monitoring as well as 

irrigation management is important for plant growth. Each type of plant has its own water 

requirement. When water is not enough or too much for the plant, it can create stress 

which can interfere with photosynthetic activity and reduce the potential growth of the plant 

[22]. In the study of Lea-Cox et al., WSNs were utilized for irrigation, nutrient management 

and frost protection of strawberries [23]. In the study of Simon and Jacob, sensor networks 

were also utilized for water level monitoring in the paddy fields in order to have good crop 

yield [24]. In addition water pH level must also be monitored [28]. Along with irrigation 
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management is the soil monitoring, soil moisture data transmitted through the sensor 

networks will help in the amount of water to be irrigated to the plants [29]. Air humidity is 

also important to plant growth [23,26]. All plants draw in carbon dioxide through their leaves 

for their photosynthesis. As the plant opens its leaf pores to take in carbon dioxide, some 

of the moisture in the leaf can escape. Thus the plants secrete water vapor into the air 

whenever they respire [31].  

  In the study of Valverde et al., WSNs were used for a real monitoring application in an 

instant coffee factory. The industrial processes involved in the factory can both create 

harmful gas emissions and polluted water discharges. To ensure that the factory has a safe 

environment for workers and that it is in compliance with the environmental laws, they have 

deployed devices to monitor emissions which are harmful to human and other living things 

in the environment [21].  

  The usage of wireless sensor networks in the industry does have security threats such as 

Denial of Service, wormhole, Sybil, hello flood and sinkhole. But these things may be 

countered through incorporation appropriate defense mechanisms such as encryption, 

authorization, certificate identification, and other detection techniques [32]. When deployed, 

the connectivity of these WSNs can easily be monitored [33]. When applied in farming 

especially in growing environment monitoring, these tools can be installed in various 

methods depending on the farming system [33]. Employing WSNs in the vineyard means 

additional costs, so this technology must be used wisely.  

3. Grape Varieties

  Grapes can be propagated by seeds or cuttings and they may have unstable reproductive 

properties which results to different varieties. Table 1 is a list of the popular varieties of 

grapes which are commonly being used for wine production [8] and their other known 

names [9-14].
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[Table 1] Top Varieties of Grapes being used for Wine Production
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4. WSN-based Viticulture

  Viticulture deals with the production of grapes and this involves series of events 

happening in the vineyard. WSNs can be used in various processes during the grapevine 

development up to the grape fruit harvesting. This includes environmental monitoring, pest 

detection and controlling and of course – the plant growth and fruit monitoring. Figure 1 

shows the deployment of wireless sensor networks in the vineyard.

[Fig. 1] Deployment of WSNs in the Vineyard
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4.1. Environmental Monitoring

  The environmental conditions are needed to be monitored in order to know the current 

situation of the grapevines in order to regulate water and nutrient needs. These tools things 

can help provide a real-time monitoring of grapevine environment by providing parametric 

data regarding the wind, atmospheric pressure, temperature, soil nutrient, pH levels, humidity, 

dew point, frost and rainfall.   Many other environmental monitoring tools may also be 

linked with the sensors.  

  Temperature and radiation can affect the sugar level and ripeness of fruits. Data about air 

humidity can help prevent the development of fungi on the leaves and stem of the plant. 

The wind and temperature as well as soil moisture is also monitored for proper irrigation 

management.

4.2. Pest Management 

  Pest infestation is one of the common problems in viticulture.  Mites, worms, caterpillars, 

moths and bugs are naturally in the environment but too much volume of these organisms 

can harm the grapevine and thus affecting fruit production. There are WSNs which has the 

ability to detect the specific type of pest that infests the vineyard. Data regarding this is 

transmitted to the server which helps the management to react immediately and perform 

pest infestation prevention actions. 

4.3 Plant Growth Monitoring

  Knowing the growth stage of the grapevine can help the management in deciding the 

amount of fertilizer and the level of water needed by the plants. WSNs can help with this 

which may lead to an effective production. In addition, there are also sensors that transmit 

fruit data and informs the management when the grapefruit is ready for harvesting.
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5. WSN-based Vinification

  Wine quality may be affected by many factors. One is the quality of the grapes harvested. 

But having a good quality of fruit is not enough. The vinification process is also a factor 

that contributes to the quality of the product being produced. Basically, vinification involves 

stem and fruit separation, fruit crushing, fermentation, aging, blending, clarification and 

bottling.  During the winemaking process, there are complex series of chemical and physical 

reactions that transforms grapes into wine.

  The industrial applications of WSNs in the vinification are focused on the monitoring of 

the parameters for wine fermentation and production.  Temperature in the fermentation 

process can greatly affect the quality of the wine as this affects the fermentation process 

where the yeasts transform the sugar into alcohol and carbon dioxide.

  Figure 2 shows the sensors attached in barrels in the winery. These sensors can measure 

the temperature, humidity, level of the wine in the barrel and pressure to control the 

fermentation process.

  Figure 3 shows the system architecture of using wireless sensor networks in the vineyard 

and in the winery.

[Fig. 2] Deployment of WSNs in the Winery
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[Fig. 3] The System Architecture

6. Conclusion

  The presence of wireless sensor networks can help improve processes in cultivating 

grapevines, production of grape fruits and processing wines. The different varieties of grapes 

which may have varying monetary and economic value can be produced at its maximum 

quality and quantity because of the proper monitoring with help of WSNs.  The winemaking 

process can be monitored in real time; this is faster and simpler than the traditional 

monitoring processes. Since this is a form of business, as a general rule, the cost involved in 

the utilization of WSNs must not exceed its benefits to be profitable. For sure there are 

many low-cost WSNs in the market available for owners or administrators of vineyards and 

wineries.
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