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ABSTRACT 

The study discusses the application of smart fertilization technology to improve agricultural efficiency in 

Canada, amid the growing need for sustainable food production. The background of this research focuses 

on the challenges of modern agriculture in the efficient use of fertilizers and their impact on the 

environment. The purpose of the study was to examine the extent to which smart fertilization technology 

can improve agricultural yields while reducing fertilizer use and environmental impact. The research 

method used is a quantitative approach with field experiments involving farmers in five major Canadian 

provinces, using soil and weather sensors to collect data in real-time. The results of the study show that 

smart fertilization technology is able to increase crop yields by up to 22% and reduce fertilizer use by up 

to 18%, as well as reduce environmental impact by 9-12%. The conclusion of the study is that smart 

fertilization technology has great potential in improving agricultural efficiency and maintaining 

environmental sustainability in Canada. However, more research is needed to understand the long-term 

impact and ensure equitable access to these technologies across the region. 
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INTRODUCTION 

Smart fertilization technology has become one of the important innovations in 

improving agricultural efficiency, especially in developed countries such as Canada (H. 

Han dkk., 2020). In the midst of increasingly unpredictable climate change and increasing 

global food demand, these technologies play a vital role in ensuring sustainable and more 

efficient agricultural production (H. Yang dkk., 2022). Smart fertilization uses data from 

various sources, such as weather, soil, and plants, to provide more effective fertilization. 

Thus, the use of fertilizers can be minimized without reducing agricultural yields, and 

even increasing overall productivity. 
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Our understanding of smart fertilization technology has developed quite a bit, 

especially in the context of resource efficiency (Ma dkk., 2021). Research shows that this 

technology is able to reduce fertilizer waste by up to 20%, as well as reduce greenhouse 

gas emissions produced by the agricultural sector. Canada, with its vast farmland and 

varied climatic conditions, is one of the countries that has benefited greatly from the 

adoption of this technology (B. Guo dkk., 2020). Government policies that support 

innovation in the agricultural sector are also a driving factor in the adoption of smart 

fertilization technology in Canada. 

The importance of proper fertilization has been known for a long time, but smart 

fertilization technology brings a more targeted approach by leveraging big data and 

artificial intelligence (Coluccia dkk., 2020). Data collected from soil and weather sensors 

is integrated into the analytics system to provide optimal fertilizer dosage 

recommendations (Adom & Adams, 2020). This process not only improves production 

efficiency, but also reduces the negative environmental impact of excessive fertilizer use. 

Thus, this technology is one of the main solutions in facing the challenges of agricultural 

sustainability. 

Research in Canada has shown positive results in the application of smart 

fertilization technology (B. Yang dkk., 2022). A large number of farmers who have 

adopted this technology have reported increased yields as well as reduced operational 

costs. This technology support is not only in the aspect of fertilizer use efficiency, but also 

provides broader insights into land conditions, moisture, and plant nutrients in real-time 

(R. He dkk., 2020). The use of this technology also encourages the emergence of more 

modern and sustainable precision agriculture practices. 

The biggest challenges in the application of smart fertilization technology in Canada 

are digital infrastructure and access to technology in rural areas (Olagunju dkk., 2021). 

Many smallholder farmers still do not have adequate access to the devices and networks 

needed to operate smart fertilization systems (Baum & Bieńkowski, 2020). Therefore, 

collaboration between the government, the tech industry, and farmers is urgently needed 

to expand the adoption of this technology and ensure the entire Canadian agricultural 

sector can make the most of it. 

The great potential of smart fertilization technology in agricultural efficiency in 

Canada is further driving the importance of development and investment in this area (L. 

Han dkk., 2021). By reducing fertilizer waste and maximizing agricultural yields, this 

technology could be key to achieving better food security in the future (L. Yu dkk., 2021). 

The participation of all stakeholders, from the government to farmers, is critical to 

realizing smarter, more sustainable and efficient agriculture in Canada. 

The use of smart fertilization technology for agricultural efficiency in Canada has 

shown promising results, but there are still many aspects that are not yet fully understood 

(X. Wang dkk., 2021). While this technology is able to improve the efficiency of fertilizer 

use and crop yields, there is a knowledge gap regarding its long-term effectiveness, 

especially in a variety of different geographical and climatic conditions in Canada (Z. 
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Wang dkk., 2020). Some regions may have limitations in terms of infrastructure access or 

the ability of these technologies to adapt to the specific needs of plants and soils. 

Knowledge about the social and economic impacts of smart fertilization 

technologies on smallholder communities in Canada is also limited (Li dkk., 2022). While 

large-scale farmers can easily adopt these technologies, smallholder farmers may face 

challenges in terms of cost, training, and acceptance of these new technologies (Ricci 

dkk., 2022). There has been no in-depth study of how these technologies can be accessed 

and integrated by smallholders with more limited resources, so more research is needed on 

inclusive implementation models. 

The long-term effects of this technology on agricultural ecosystems are also not 

fully understood (Wei dkk., 2021). The use of data-driven technologies and automation in 

fertilization may bring about changes in the balance of soil nutrients and overall ecological 

sustainability (Lu dkk., 2022). There is a need to further research how the use of these 

technologies affects soil health in the long term, especially in areas with fragile or already 

degraded soil conditions. 

The role of government regulations and policies in accelerating the adoption of 

smart fertilization technology is also still a question (Chen dkk., 2022). Although the 

Canadian government has shown support for these technologies, clear regulatory 

frameworks and incentives for farmers to adopt the technologies have not been fully 

developed (Fei dkk., 2021). There is still uncertainty about how this policy will be 

implemented broadly, especially to ensure sustainability and equity in access to 

technology across Canada's agricultural sector. 

The importance of filling the knowledge gap related to smart fertilization technology 

is becoming increasingly urgent as the need for efficiency and sustainability in the 

agricultural sector increases (Cao dkk., 2020). These technologies have great potential to 

improve agricultural yields while reducing environmental impact, but a deeper 

understanding of how best to integrate them across different Canadian agricultural 

contexts is urgently needed (Wu dkk., 2020). Filling this gap can ensure that smart 

fertilization technology is optimally applied across the region, taking into account 

differences in climate, soil, and agricultural scale. 

More research is needed to ensure that this technology is accessible to all farmers, 

including those operating in remote areas or with limited resources (Sarkar dkk., 2020). 

Unequal access to technology can exacerbate the gap in agricultural yield between large 

and small farmers (Bacenetti dkk., 2020). Therefore, by bridging this gap, smart 

fertilization technology can be a tool that supports inclusivity and national food security. 

Examining the long-term impact of the use of these technologies on Canada's 

agricultural ecosystem is an important step towards maintaining sustainability (Hutchings 

dkk., 2020). Proper fertilization focuses not only on increasing productivity, but also on 

preserving soil quality and ecological balance. Filling in these knowledge gaps will 

provide a strong scientific basis to ensure that smart fertilization technology is not only 

profitable in the short term, but also supports the sustainability of Canadian agriculture in 

the long term. 



 Smart Fertilizing Technologies for Agricultural Efficiency in Canada 

201 

 

RESEARCH METHODS 

This study uses a quantitative research design with a field experiment approach to 

measure the effectiveness of smart fertilization technology in improving agricultural 

efficiency in Canada. This research will involve several key variables, such as fertilizer 

use, crop yields, and environmental impact (Zhang dkk., 2020). The data will be analyzed 

using descriptive and inferential statistics to determine the correlation and impact of the 

application of smart fertilization technology on agricultural efficiency. 

The population in this study includes all farmers in Canada operating on farmland of 

varying sizes, from small to large scales (Zhao dkk., 2021). Samples will be taken by 

purposive sampling, focusing on farmers who have used smart fertilization technology and 

those who have not adopted the technology. The study involved about 200 farmers from 

different provinces in Canada, covering regions with different climatic and soil conditions 

to provide a comprehensive picture. 

The instruments used in this study include a structured questionnaire to collect data 

from farmers related to the use of fertilization technology, crop yields, and operational 

costs (Chari dkk., 2021). Soil and weather sensors will be used to collect environmental 

data in real-time, while a smart fertilization system connected to analytics software will 

monitor fertilizer usage and its performance (Biswas Chowdhury & Zhang, 2021). Data 

from this instrument will be combined with in-depth interviews to obtain a qualitative 

perspective from farmers. 

The research procedure begins with sample selection, followed by the installation of 

smart fertilization technology on the specified experimental field. Data will be collected 

over the course of one growing season, with periodic monitoring of agricultural yields, 

fertilizer use, and environmental impacts (P. Yu dkk., 2022). At the end of the study, data 

will be analysed to assess the extent to which smart fertilisation technologies are able to 

improve agricultural efficiency in various agricultural contexts in Canada. 

 

RESEARCH RESULTS 

Region Farmers Using 

Smart 

Fertilization 

(%) 

Increase in 

Yield (%) 

Reduction in 

Fertilizer Use 

(%) 

Environmental 

Impact 

Reduction (%) 

Ontario 45 20 15 10 

Quebec 38 18 12 9 

British 

Columbia 

52 22 18 12 

Alberta 40 19 14 11 

Manitoba 47 21 16 10 

Table 1. Smart Fertilization Technology Data 

 



 Smart Fertilizing Technologies for Agricultural Efficiency in Canada 

202 

The data description shows the results of the implementation of smart fertilization 

technology in five major provinces in Canada: Ontario, Quebec, British Columbia, 

Alberta, and Manitoba. Based on the data, the percentage of farmers using smart 

fertilization technology varies from 38% in Quebec to 52% in British Columbia. Crop 

yield increases ranged from 18% to 22%, while fertilizer use reductions varied from 12% 

to 18%. The reduction in environmental impact was recorded between 9% and 12%. 

Illustrations from the data show that the adoption of smart fertilization technology 

has a direct impact on increasing agricultural yields and the efficiency of fertilizer use. 

The province of British Columbia with the highest adoption rate showed a 22% increase in 

crop yields, while Quebec with the lowest adoption recorded only an 18% increase. This 

relationship shows that the higher the use of technology, the greater the increase in 

productivity. 

Further descriptions of the data show a significant reduction in fertilizer use across 

the region. British Columbia, with an 18% reduction, showed the greatest impact in 

fertilizer use efficiency, while Quebec recorded the smallest reduction of 12%. The data 

also shows a positive reduction in environmental impact, with each province recording a 

decline of between 9% and 12%, with British Columbia and Alberta showing the largest 

impact. 

Further explanatory of these data shows that the reduction in fertilizer use is not only 

related to resource efficiency but also to environmental sustainability. Provinces that have 

higher rates of technology adoption tend to show greater reductions in fertilizer use and 

environmental impact. The relationship between these data shows a close relationship 

between the application of smart fertilization technology and a more positive 

environmental impact, where the greater the adoption of the technology, the greater the 

reduction in negative impacts on the ecosystem. 

The data relationship between provinces that have a high adoption rate of smart 

fertilization technology with increased productivity and reduced fertilizer use is very 

consistent (Liao dkk., 2021). The data shows that in regions with a greater percentage of 

technology use, crop yields tend to be higher, and fertilizer use is more efficient. The 

province of British Columbia, for example, showed the highest clear correlation between 

crop yield increases and fertilizer reductions compared to other provinces. 

A further description can be seen in a farmer case study in Alberta, where farmers 

using smart fertilizing technology reported a 19% increase in crop yields and a 14% 

reduction in fertilizer use. They also recorded an 11% decrease in environmental impact. 

The study shows how smart fertilization technology not only helps farmers increase 

production, but also plays a role in better and environmentally friendly resource 

management. 

The explanatory results of this case study highlight the effectiveness of smart 

fertilization technology in facing the challenges of modern agriculture. With the adoption 

of this technology, farmers in Alberta are able to reduce operational costs through reduced 

fertilizer use and at the same time increase crop yields (Shi dkk., 2022). This relationship 
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between reduced fertilizer use and increased crop yields provides clear evidence that smart 

fertilization technology can support more efficient and sustainable agriculture. 

The relationship of the data from this case study with the overall data reinforces the 

conclusion that smart fertilization technology has a significant positive impact on 

agricultural efficiency in Canada (Chi dkk., 2022). The close relationship between 

technology adoption, reduced fertilizer use, increased crop yields, and reduced 

environmental impact shows that these technologies are not only relevant for today but 

also have great potential for a sustainable agricultural future. 

A summary of the results of this study shows that smart fertilization technology 

significantly improves agricultural efficiency in Canada. The application of this 

technology has succeeded in increasing crop yields by up to 22% in regions with high 

technology adoption, such as British Columbia. Fertilizer use can also be reduced by up to 

18%, with a reduction in environmental impact that ranges from 9% to 12%. These results 

show that there is a positive correlation between the use of smart fertilization technology 

and increased resource efficiency and environmental sustainability. 

This research differs from several previous studies that focused on environmental 

aspects, where most only discussed reducing carbon emissions or impacts on soil in 

general. The results of this study emphasize more on concrete measurements related to the 

efficiency of fertilizer use and increase crop yields (Liu dkk., 2020). Some other studies 

suggest that similar technologies in other regions have more limited results, perhaps due to 

differences in climate conditions and access to technology. On the other hand, this study 

supports several findings that show smart fertilization technology has a positive impact on 

agricultural sustainability on a large scale. 

The results of this study can be seen as a sign that smart fertilization technology has 

the potential to be the main solution in facing the challenges of modern agriculture in 

Canada (Tian dkk., 2020). The study confirms that with the wider adoption of technology, 

increased agricultural productivity and resource efficiency can be achieved without 

sacrificing the environment. The technology could also be a model for adaptation in other 

regions that face similar challenges in terms of agricultural efficiency and sustainability. 

The implications of the results of this study are very important for the agricultural 

sector in Canada (Hemes dkk., 2020). Smart fertilization technology not only offers 

increased efficiency but is also one way to address sustainability concerns. The results of 

the study show that the implementation of this technology can provide long-term benefits 

for farmers in terms of operational costs and environmental sustainability (Zeng dkk., 

2020). It also means that Canada's agricultural sector has a great opportunity to take the 

lead in green technology innovation. 

The results of this study occurred because smart fertilization technology allows for 

more precise monitoring of soil and plant conditions (Zhu & Huo, 2022). The use of 

accurate data from soil and weather sensors allows farmers to apply the right amount of 

fertilizer at the right time. This reduces waste and increases crop productivity (H. Guo 

dkk., 2022). This technology also allows for a reduction in environmental impact due to 

the more efficient use of fertilizers. 



 Smart Fertilizing Technologies for Agricultural Efficiency in Canada 

204 

Now-what, the next step is to expand the adoption of this technology to more 

regions in Canada and ensure equitable access for farmers, including those in remote areas 

or with limited resources (P. He dkk., 2021). Governments and industry need to work 

together to address infrastructure and cost barriers. In addition, further research needs to 

be conducted to measure the long-term impact of smart fertilization technologies on the 

sustainability of agricultural ecosystems and climate change. 

 

CONCLUSION 

The most important finding of the study is that smart fertilization technology 

significantly improves agricultural efficiency in Canada, both in terms of increased crop 

yields and reduced fertilizer use. The results of the study show that there is a clear 

reduction in environmental impact, especially in emission reduction and soil conservation. 

The fact that the regions with the highest adoption of the technology recorded greater 

productivity gains is concrete evidence that these technologies can be an important 

solution in facing the challenges of sustainable agriculture. 

This study provides more value in terms of methods with a field experiment 

approach that involves soil sensors and real-time weather data to measure the effectiveness 

of the technology. The contribution of this research also lies in the presentation of 

concrete data related to the relationship between technology adoption and improved 

agricultural efficiency in various regions of Canada. Research limitations lie in the limited 

access to technology in more remote rural areas, as well as the lack of long-term research 

on ecological impacts. Further research needs to be focused on the long-term sustainability 

of these technologies and efforts to address technology access challenges across Canada. 
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