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ABSTRACT 
 

Zimbabwe has faced severe droughts, resulting in low agricultural outputs. This has threatened 

food and nutrition security in community sections, especially in areas with low annual rainfall. 

There is a growing need to maximize water usage, monitor the environment and nutrients, and 

temperatures by the adaptation of smart agriculture. This research explored the use of the 

Internet of Things (IoT) for smart agriculture in Zimbabwe to improve food production. The 

mixed methodology was used to gather data through interviews from 50 purposively sampled A2 

farmers in the five agricultural regions of Zimbabwe and was supported by the use of the 

Internet. The findings reveal that some farmers have adopted IoT in Zimbabwe, others are still 

to adopt such technology and some are not aware of the technology. IoT’s benefits to 

Zimbabwean farmers are immense in that it improves food security, water preservation, and 
farm management. However, for most farmers to benefit from IoT, more awareness campaigns 

should be carried out and mobile and fixed Internet connectivity improved in some of the areas. 
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1. INTRODUCTION 
 

In Zimbabwe agriculture forms the backbone of the economy by contributing approximately 17% 
of the Gross Domestic Product (GDP). Farming activities generate an income for about 60 -70% 

of the population [1]. The Zimbabwean agricultural sector is composed of crop production, 

animal production, and forestry (tree plantations) [2]. This sector has seen a decline in food 
production, deforestation resulting in the country importing major food items such as maize, 

wheat, and soya beans. The introduction of technology in agriculture has boosted food production 

in some of the developed countries especially in the United States of America (USA) and other 

developing countries [3].  While most African countries are still facing difficulties in food 
security, later alone the adoption of technology in the agricultural sector remains a challenge. 

 

In1999 to 2000, the Zimbabwean agricultural sector did undergo agrarian reforms to equitably 
share land which had been caused by colonial imbalance. Most of the farms were subdivided so 

that more farmers would be accommodated. The farms were previously described as communal, 

resettlement, small-scale commercial, and large-scale commercial farms. During the agrarian 
reforms, the farms were modelled along with A1 and A2 models. A1 model farms are divided 

into small plots where a number of villagers are apportioned 5 hectares of arable land with 
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communal grazing. A2 model comprises of autonomous farms with commercial activities. The 
farming activities  for both A1 and A2 models are based on the agro-ecological region[4]. 

 

Five agro-ecological regions in Zimbabwe are classified as natural regions. These regions are 

categorized according to the amount of rainfall, soil quality, vegetation, climatic conditions 
among other factors. Zimbabwe’s rainfall pattern ranges from 550 to 900 millimeters across the 

five regions. Most of the Zimbabwean farmers rely on rainfall for crop farming and some of the 

A1 and A2 farms largely rely on irrigation [5]. Zimbabwe has experienced food shortages due to 
droughts, storms, and floods. This has forced the country to import food for the past decade [6]. 

There is a growing need for Zimbabwean farmers to utilize technology to improve food security. 

 

2. LITERATURE REVIEW 
 
Internet of Things is defined as a network of interconnected devicessuch as sensors and 

communication networksconnected through the internet to transfer information without human 

intervention [7]. IoT has managed to change the traditional method of farming, by aiding farmers 
with the use of technology. This has transformed the agricultural sector from precision farming 

into smart farming [8]. A farmer can monitor their field with the use of sensors like dielectric soil 

moisture sensors. The sensors give an opportunity for a farmer to plan watering times and areas 
that need to be irrigated the most. Sensors can also be used to monitor and alert the farmer on the 

movement of pests in the field. IoT allows farmers to remotely control farm activities, processing, 

and logistic operations by the use of sensors and actuators, e.g. it allows for accuracy in the 

application of pesticides and fertilizers or robots for automatic weeding. IoT can be used to 
monitor food quality during transportation by remotely accessing and controlling the geographic 

location and conditions of shipments and products. 

 

 
 

Figure 1. Illustration of Internet of Things in agriculture 

 

Figure 1 illustrates the application of the Internet of things in agriculture which is composed of 

four elements, communication services, monitoring applications, services, and sensors. 
Communication services include network services for Internet data that can be offered through 
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satellite, mobile fixed networks [9]. Data transmission of IoT devices varies and can be supported 
with 2G-5G cellular networks. Internet-linked devices enable farmers to collect and exchange 

data without human involvement. The monitoring applications can be used to monitor soil 

moisture, soil health, crop health, crop diseases, and animal population [10]. Machinery such as 

combine harvesters, tractors, irrigation equipment, and drones can be fitted with sensors [11], for 
example, Hello Tractor developed a low-cost monitoring device that can be used to monitor the 

condition of the tractor [12]. IoT can be applied through an agricultural drone which is a 

relatively inexpensive device fitted with a mechanism that provides farmers with information 
about the status of the crops which can result in an increase in yields and reduce crop 

damage.The drone can also be used to track and monitor the movement of animals and check if 

there is any danger being paused in their area [13]. IoT can also be used with irrigation 
equipment where water usage can be monitored. The services include the detection of soil 

nutrients and the amount of fertilizer required. The services for IoT in agriculture vary from crop 

yield to, detection of pests and herbs affecting the growth of the crop. Sensor devices play a 

pivotal role in the collection of data about the status of the land, crop, or animal, for example, the 
devices can be used to determine fruit size, moisture, or nutrient content [14]. 

 

With the adoption of IoT, farmers will be able to control the internal processes and thereby 
decrease production risks.  The availability of data allows farmers to foresee the output of 

production and allows for better planning especially crop management and product distribution. 

With enhanced control over overproduction, waste levels can be reduced and costs can be more 
effectively managed. Knowledge about any anomalies or challenges in the rate of crop growth or 

the health of livestock allows farmers to mitigate the risk of diminished yield or even crop failure 

[15],.  

 
To implement an effective and successful IoT solution in agriculture three factors should be 

considered:i) allowing for real-time collection and presentation of data, ii)providing a solution 

that is low-powered, easy to install, and cost-effective and iii) provide a solution that can be 
remotely accessed globally and not restricted to the operator or local networks [16]. Farmers are 

more worried about farm management and increase in production, rather than being bogged down 

about technical and costs issues of IoT. 

 
Current agricultural trends have seen the adoption of novel strategies of crop production such as 

greenhouses, hydroponics, vertical farming, and phenotyping to increase crop yield [14]. Crop 

production in greenhouses is done in a controlled environment which allows for seasoned and 
unseasoned crops to be grown anywhere at any time.  Wireless communication, mobile devices, 

and other Internet devices are used in the greenhouse to monitor humidity, temperature, light, and 

pressure. Hydroponics allows farmers to grow seasonal and unseasonal crops in water under 
controlled conditions without a soil medium and the nutrients are applied through the irrigation 

system. Wireless devices connected through the Internet are used to monitor the water level, 

nutrients, and fertilizers used for crop production. Vertical farming allows farmers to grow crops 

in a controlled environment on a small piece of land. This type of farming is commonly used in 
Japan [17]. The use of IoT in vertical farming permits the control of moisture and groundwater 

using computers or cellular devices such as tablets and smartphones. Phenotyping “is an 

advanced genetic engineering technique and biotechnology which correlates the genetic 
sequences of crops for agronomical and physiological aspects” [18]. In this approach, IoT is 

used to determine and analyze the characteristics of genetic engineering and biotechnology of the 

crops [7]. 
 

IoT is also being used to improve the sustenance of food production in aquaculture. Aquaculture 

is an agricultural activity where farmers focus on producing fish, water plants, and diverse 

oceanic organisms [19]. Devices can be used to monitor the water, oxygen and nutrients levels 
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and transmit this data through the Internet. Aquaponics is a sustainable agriculture in a symbiotic 
environment by combining aquaculture and hydroponics [20]. The water system should flow on 

the planting medium periodically to ensure the plants get the nutrients, while the water can be 

filtered properly by the medium. 

 
IoT can be used with cloud computing which resolves some of the limitations of the devices and 

sensors, by providing storage solutions and computing power for analysis. Cloud computing also 

offers farmers an opportunity to obtain valuable information about markets,  especially seeds, 
fertilizers, equipment, and farming methods. Cloud computing can also facilitate the use of Big 

Data analytical tools for farmers [21] [22]. 

 
Most farmers in Zimbabwe spend their time physically monitoring and understanding farming 

activities while modern agricultural activities require better farming management techniques 

through the adoption of technology. In developed countries, farmers have adopted intelligent 

farming systems to improve agricultural activities [23]. Zimbabwe has been affected by severe 
droughts in the past two decades which has resulted in lower food production. Does the adoption 

of technology (IoT) efficiently and effectively help improve agricultural production in 

Zimbabwe? This paper investigated how the adoption of IoT for smart agriculture in Zimbabwe 
will help improve food security. 

 

The theoretical framework of this research is based on the activity theory which seeks to describe 
the socio-technical activities in agriculture. The activity theoryhelped the researchers in 

understanding the processes, actors involved in farming activities, and how the adoption of IoT 

will benefitZimbabwean farmers.  

 

3. RESEARCH METHODOLOGY 
 

The mixed methodology was used in this research involving the collection of qualitative data 

throughinterviews and documentation. 50 farmers from A2 model farms in the five agro-
ecological regions were interviewed online due to the Covid- 19 restrictions. The Covid – 19 

restrictions in Zimbabwe limited the movement of people to curb the transmission of the disease. 

Data was also gathered from the Internet about the adoption of IoT in the Zimbabwean 

agricultural sector. Farmers who had access to the Internet and Social media platforms were 
identified through purposive sampling. The six tenets of activity theory: the objective of the IoT, 

the actors involved, the agricultural community, the technology (IoT), the division of activities 

among the actors in the agricultural system, and regulations governing the use of IoT in 
Zimbabwe were used as guidelines for the research. Data was then analyzed and categorized into 

three clusters, i) farmers who had adopted IoT, ii) farmers knowledgeable about IoTbut had not 

adopted such technology, and iii) those who were not aware of such technology. 

 

4. FINDINGS 
 

From the interviews held online, three clusters emerged, farmers who had adopted IoT, farmers 

knowledgeable about IoT but still to adopt such technology, and others who were not aware of 
such technology.  

 

4.1. Farmers Who Have Adopted IoT in Agriculture 

 

During the interviews, some of the farmers revealed that they had adopted IoT and the benefits 

were quite enormous. The farms that had adopted IoT, were able to monitor soil nutrients, 

moisture, water usage, temperature, humidity, light, weed, and pests. Some of the farms had 
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sensors in their greenhouses to monitor the environmental parameters for example the sensors 
were able to monitor temperatures, humidity, soil nutrients, and light. In one of the farms, the 

farmer installed global tracking devices on some of the bull cattle. This assistedthe farmer in 

animal management i.e. ability to locate the animals if they had been lost or stolen. 

 
The following benefits were highlighted on the farms that were adopting IoT in Zimbabwe: 

enhanced decision making, savings in electricity, preservation of water, better yields, and reduced 

labour. The farmers indicated that they were able to monitor their fields or animals remotely and 
could make faster decisions especially if they had challenges on the farm. The farmers also stated 

that electricity was saved due to constant monitoring of the moisture content of the soil rather 

than physically checking the wetness of the ground. The farmers also revealed that water usage 
was reduced because only areas that needed to be irrigated would get the required amount of 

water. There was an improvement in the yields as farmers were able to monitor the growth of 

their plants especially the soil nutrients and other adverse weather conditions. Labour costs were 

also reduced as the farmers did not have to send someone to the field to physically check the 
temperatures, moisture, or nutritious content. This data would be remotely transmitted to the 

farmer. 

 

4.2. Farmers Knowledgeable about IoT 
 

During the interviews, some farmers were knowledgeable about IoT, but are still adopting the 
technology. The reasons that were given by the farmers for not adopting such technology were 

cost, lack of proper infrastructure, poor internet connectivity, and the requisite skill to adopt such 

systems. The farmers stated that adopting such technology using the existing mobile or fixed 
networks had challenges during access, uploading, and downloading data as services were poor 

and not accessible in some other areas. The other alternative which is satellite services were said 

to be costly in Zimbabwe. 
 

4.3. Farmers still to adopt IoT in agriculture 
 
The majority of the farmers interviewed were not aware of the IoT technology and its benefits 

and it was their first time to be introduced to such technology. Some of the farmers who did not 

know about the existence of such technology revealed that they were eager to embrace this 

innovative technology. But, some of the farmers, although made aware of IoT in agriculture 
through this interview said they would not adopt such technology. 

 

5. DISCUSSION AND ANALYSIS 
 
In some of the farms in Zimbabwe, IoT has changed the traditional methods of farming to Smart 

Farming. Farming activities have formed a smart web of interoperable farm objects. With the 

adoption of IoT, farm management is integrated by real-time sensing and monitoring, smart 

analysis and planning, and smart control of all relevant farm processes [24]. 
 

IoT can be adopted by monitoring the seeds, plantation, harvesting, and quality of the products 

during the whole cycle of crop production. Many benefits come with the adoption of IoT by 
Zimbabwean farmers such as remote monitoring of farming activities and enhancing the 

decision-making process as evidenced in section 4.1. Although the benefits of IoT in agriculture 

are enormous, some farmers are not knowledgeable about such technology in Zimbabwe. This is 
supported by [25] who state that the lower levels of education in technologies in developing 

countries affect the technological acceptance by farmers as they are more comfortable with 

traditional methods of farming as compared to the modern techniques. [25] further alludes that 
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most farmers pride themselves in crop and animal production, the terrain and soil quality of their 
land, and are reluctant to adopt high-tech monitoring technology. 

 

A developing country like South Africa is implementing IoT in agriculture examples are in the 

wine industry which monitors the whole cycle of growing grapes up to the level of wine 
production. IoT is also used in other crop production such as potatoes, maize production water, 

and livestock monitoring [26]. 

 
Real-time communication plays an important role in the adoption of technology in advanced 

agriculture. Communication enhances faster decision making thereby enabling farmers to manage 

farm activities effectively [27]. Network service providers should provide services that will 
benefit farmers in the adoption of IoT. The advancement of IoT requires more bandwidth and the 

cost of data from the network service providers should be affordable to farmers in Zimbabwe. 

However, when approached effectively, the adoption of IoT and more broadly information and 

communication technology in developing countries like Zimbabwe can contribute towards food 
security. 

 

By using smart agriculture technology, Zimbabwean farmers will gain better control of farming 
activities such as the rearing of livestock and growing crops, bringing about massive efficiencies 

of scale, cutting costs, and helping save scarce resources such as water.As Zimbabwe is often 

affected by droughts, IoT will allow the country to preserve water. With the adoption of IoT, 
Zimbabwe will be able to provide smart solutions in agriculture. 

 

6. CONCLUSIONS 
 

The use of IoT has immense benefits to Zimbabwean food security as farmers will be able to 
make faster decisions thereby boosting agricultural productivity. IoT will enable framers to 

monitor soil nutrients, environmental parameters, water usage and enabling farmers to be well 

informed about agricultural activities in their fields regardless of geographic area. 
 

However, it is important to note some of the farmers are not aware of IoT and some of the 

agricultural regions have poor Internetconnectivity making it difficult to adopt such technology. 

It is recommended that awareness campaigns should be conducted for the adaptation of IoT by 
farmers in Zimbabwe. In order for Zimbabwean farmers to also benefit from the adoption of IoT,  

communication infrastructure coverage and speed of the Internet should  be improved. 
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