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The main tasks identified for IoT in modern agriculture can be attributed to the 

problem of implementing climate-optimized agriculture and are usually reduced to 

solving specific tasks- maintaining a microclimate to create ideal plant growth 

conditions, improving irrigation and fertilizer practices, monitoring and prevention 

infections and increased safety of production [1]. The safety of agricultural 

production can be achieved by using infrared cameras, unmanned aerial 

vehicles/systems for remote monitoring, optical monitors, infrared and thermal 

sensors for detecting pests [2].  

The classical architecture of measurement networks in the field of agriculture, 

forestry and ecology based on the Internet of Things technology consists of four basic 

levels [3]  

1. Sensors distributed over the research object, that collect information from 

the environment 

2. Internet of Things gateways and systems-collection from hub devices that 

collect data directly from sensors and transmit it directly to the Internet.  
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3. The server layer. Data collected from gateways and hubs is processed, 

combined into databases, and post-processed for easy storage and transfer to end-user 

devices.  

4. End-user access applications - can be represented by both web and mobile 

and desktop applications that provide convenient representation and access of end 

users to processed raw data. 

Despite the huge variety of sensors available on the market, any developer 

faces a choice problem, which is determined by a combination of factors such as cost, 

accuracy, power consumption, the ability to work at extreme humidity temperatures, 

withstand freezing, the ability to integrate with existing systems, data transfer formats 

and API availability [4]. 

One of the most urgent and widespread tasks assigned to IoT monitoring 

systems is the management of water resources in agriculture in all their diversity. In 

the works of Bonfante (2019) [5] shows that efficient use of water is critical for 

obtaining a yield and for its successful solution, the authors suggest using irrigation 

consulting services (IAS) and decision support systems (DSS), which are provided by 

distributed sensor networks based on the Internet of Things technology. 

The Intergovernmental Panel on Climate Change predicts that agricultural 

prices will increase by 1-29% by 2050 [4]. The challenges associated with climate 

change in agriculture can be partially offset by a shift to producing more products 

under controlled conditions, which means a further increase in the adoption of IoT 

technologies [5]. Thus, as of 2021, the spread of greenhouses in the Mediterranean 

region is actively shifting to areas that are significantly affected by climate change 

and global warming [5]. 

Modern publications on IoT technology in crop production most often devoted 

to its application in precision farming, especially in arid climates, as its main task 

becomes management or recommendations for irrigation, or on the nuances of 

commercial applications in the optimization of the microclimate of greenhouses, 

almost no ideas for the introduction of technology in small farms because of the high 

cost of technology for small farms 

One of the main technological challenges facing the implementation of IoT on 

a particular farm for precision farming in open ground conditions remains costly of 

deploying IoT infrastructure [6].  

It is important to note that at the moment there are a large number of wireless 

communication standards actively used in IoT, among the most widely used protocols 

are Zigbee [7], Bluetooth Low Energy (BLE), Sigfox low-power wide-area network 

(LPWAN), 6LoWPAN, LoRaWAN, NB-IoT. Each of them has dozens of parameters 

and it can be very difficult for a non-professional in this field to decision the right 

choice, since the wrong choice of network type can lead to multi-million losses. For 

example, the use of NB-IoT requires the deployment of LTE networks, which is 

beyond the power of even large farms and means that the user must use already 

deployed networks of mobile operators, and the BLE, and ZigBee protocols provide 

communication at a distance of no more than 10 meters and are not suitable for use in 

the fields. In this connection, there is still a discussion in the scientific literature 
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whether the benefits even in the long term exceed the benefits of deploying IoT 

infrastructure for its implementation. In addition to wireless protocols, which are 

becoming the de facto standard for outdoor projects, a number of indoor projects are 

quite feasible using a network of sensors, using a wired connection. 

One of the most notable initiatives to increase the implementation of IoT in 

general and adapt the technology to implementation in small agricultural enterprises 

is the FIWARE foundation and the Agricolus platform, which is developing on its 

basis, including the DSS [25]. FIWARE is an open standard platform, owned by the 

Future Internet Private Public Partnership (FI-PPP) program. This program is aimed 

at increasing the competitiveness of the European Union in the field of digital 

technologies, and in particular, at supporting the new European Cloud platform. 

FIWARE is represented in many industries in Europe, such as healthcare, 

telecommunications, and more recently, agriculture. A key feature of FIWARE is the 

open architecture and reference implementation of the service infrastructure, based on 

common and reusable components available through the API, called Generic 

Enablers (GE). A sophisticated architecture and open APIs allow you to develop new 

applications for integrating the IoT sensor system. Examples of such applications 

may include: 

1. Agri-IoT is a project to provide a semantic framework for intelligent 

agricultural applications based on IoT, with support for real-time analysis of various 

heterogeneous sensor data streams [6].  

2. Cropinfra – is a comprehensive network infrastructure system for crop 

production that helps farmers increase their work efficiency using the best available 

technologies [7]. 

3. SME Widhoc is an application designed to reduce water consumption in 

irrigation and arid zones in southern Spain. 

Decision support systems in connection with the transition to Agriculture 4.0 

are subject to the following set of requirements [4]: 

1. Increased productivity: the simultaneous increase in population growth and 

quality of life leads to an increase in demand for agricultural products, especially 

livestock products. 

2. Reasonable resource allocation: improper use of agricultural practices leads 

to degradation of agricultural land, excessive use of water resources and excessive 

consumption of energy and resources for inefficient actions.  

3. Climate change adaptation: Agricultural producers are particularly 

vulnerable to the effects of climate change and contribute significantly to greenhouse 

gas emissions, which means not only adapting to a changing climate, but also 

switching to low -carbon farming.  

The most complexе systems, that include a sufficient number of sensors can 

apply self-learning algorithms when machine learning algorithms draw conclusions 

based on a large amount of accumulated empirical data [7]. A large number of 

nuances of applying the Big Data approach in precision farming are discussed in 

detail in this paper Bhata et al. Big data requires extraordinary techniques to 

efficiently process vast amounts of data with infinite execution time. The classical 
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statistical approach based on hypotheses and machine learning are currently the two 

main paradigms in research and data.  

Agriculturе data are better analyzed by statistical methods, since we already 

have repeatedly verified assumptions about the relationship of individual variables, 

while machine learning methods do not take into account any pre-established 

relationships between variables and proceed from the data itself to search for 

potential relationships between variables. Large data obtained from farms exhibit 

spatiotemporal autocorrelation, have heterogeneity and high dimensionality, are non-

stationary, and, as a rule, must be processed in a constant way. In addition, taking 

into account the high computational capacity of machine learning methods, the use of 

more classical methods, such as the support vector method, can reduce the calculation 

time and costs of their implementation. 
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Carrot is among the top-ten most economically important vegetable crops all 

over the world, in terms of both areas of production and market value. 

 Cytoplasmic male sterility (CMS) in carrot takes two basic forms: “brown 

anther” and “petaloid”. The plant trait cytoplasmic male sterility (CMS) is 

determined by the mitochondrial genome and is associated with a pollen sterility 

phenotype that can be suppressed or counteracted by nuclear genes known as 

restorer-of-fertility genes. [1] 

CMS, caused by mutations in the mitochondrial genome, is found in higher 

plants and increases heterosis and improve genetic resources. Mitochondrial markers 

can be used to differentiate between the various types of CMS sources. Molecular 

markers that can predict the CMS status at an early developmental stage will be 

valuable tools in carrot breeding and seed production programs, as well as for basic 

studies of male sterility [2]. 

In carrot, F1 hybrids are valuable due to uniform maturity, high early and total 

yield, better curd quality with respect to curd compression and color as well as for 

resistance to insect pests, diseases and adverse weather conditions an efficient, 

reliable and established method of F1 seed production without infectivity by self-

fertilized seeds from each parent is vital. Manual emasculation and pollination 

method in carrot is not useful at commercial level due to incompatible flower size 

and structure. So far hybrids in carrot have been developed using self-incompatibility 

(SI) system. In recent years, important heterosis has also been reported in hybrids 

developed using CMS system for yield, yield linked and quality traits [3]. 

Preparation of plant material: 


