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INTRODUCTION

ABSTRACT

Purpose: The elevation of the population standards of living, coupled with
the need for feeding people all over the world, has led to the expansion of the
agrocomplex together with the recognition of automation and robotics as the
solution to the industry’s many issues. The paper explores automation and
robotics and its effects on agriculture in terms of rates of production; relative
cost and effectiveness of automations and robotics in agricultural
operations; and completing the set, efficiency rates of enterprises engaged in
agricultural activities. As part of the data collection two research questions
were posed and quantitative data was obtained from 120 respondents
engaged in automated farming.

Subjects and Methods: As part of the data collection two research
questions were posed and quantitative data was obtained from 120
respondents engaged in automated farming. To test the correlation between
automation and agricultural performance indicators, descriptive and
correlational statistics tools that include Pearson correlation coefficient,
multiple regression analysis and analysis of variance were used.

Results: This study shows that through the proper demonstration of how
automation enhances agricultural boosts sustainability and calls for better
measures to embrace the change in the developing countries.

Conclusions: the findings the work established a high level of significant
this Positive of the level of automation on the efficiency of agriculture, costs,
and time of automation systems. Furthermore, the study reveals gaps such
as high initial cost required for investments and a dearth of technical know-
how as pulling factors that make it difficult for many farmers especially the
smallholder farmers to embrace it. The findings are useful in filling the
existing literature void on the monetisable effect of automation in farming,
providing a quantitative research reference point in the future.

According to Pawlak & Kotodziejczak (2020), modern Agriculture is a vital part of the world
economy and of food security, but it has emerged with numerous challenges that put its
sustainability and effectiveness in danger. As of the current population increased globally and
expected to increase further to 9.7 billion people by 2050, there is pressure on producing more
output in agriculture. The existing traditional farming can barely satisfy this demand especially
due to labor constraints, climatic change influences and resource utilization constraints. In this
regard, the implementation of automation and robotics in the agro complex became the focused
strategic solution to increase agricultural productivity and efficiency (Shashkova et al., 2022).

Automation and robotics cover a broad and vast area of technologies that interconnect to improve
different aspects of agriculture from planting to watering, from controlling pests and diseases to
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harvesting among others. These innovations have shown a significant potency to enhance overall
organizational performance as well as decrease resource intensity (Gong et al., 2023). automated
vehicles autonomously operated throughout the fields that concurrently incorporate intelligent
sensors capable of selecting produce or cutting with high accuracy that minimizes wastage and
boosts the quality of the yields. self-driving irrigation systems and drones are also useful in
applications to consider health and usage of water crops which remain a problem in the areas
with scarcity of water (Barrile et al., 2022).

A major concern of the contemporary farming industry is shortage of labor where many
developing countries, and indeed most of the developed ones, are experiencing a dwindling
workforce among the farming communities majoring at old age and urbanization (Christiaensen
et al., 2021). The problem can be solved through key automation since it is able to handle activities
that require manual labor effectively. there is reduction of risks for example exposure to
fertilizers, pesticides, diseases, harsh weather among others which are occasioned by use of
robotics (Oyugi et al., 2021). Such developments do not only increase productivity but also bring
improvements in the conditions of agriculture employees’ working environments.

Ivanov (2021) said that, the effects of automation and robotics in this aspect of the economy also
have an impact, as it will be shown. These technologies can save costs of labor, thus enhancing
the revenue of farming businesses especially the widespread farming companies (Charania & Li,
2020). Their findings also indicate that high costs of investment in automation remain a major
constraint for smallholder farmers to invest in automation. This particular issue, however, needs
to be tackled with specific measures including; subsidies from the government or shared models
which ensure and facilitate the use of technology (He & Chen, 2021). However, looking at the
long-term impact, technical advantage such as yield quality and resource utilization in farm
production outweighs the cost making automation a sustainable practice in modern farming.

Another important concern, in which automation and robotics expose great potential for
significant improvement, is that of environmental sustainability (Olah et al., 2020; Taiebat et al.,
2018; Khosravani & Haghighi, 2022). Application of input like water, fertilizers, and pesticides
has been reduced to the minimum due to precision agriculture that offers the use of robotics and
automation to optimize available resources, thus reducing detrimental impact on the
environment. Environmental factors such as temperature, humidity and pressure can be
continually supervised and managed by automatic systems in order to maximize resource
utilization and minimize resource wastage. drone carrying multispectral sensors can diagnose
cases of pest attack or nutrient deficiencies for appropriate application of chemicals, hence
reducing pollution (Abd et al., 2020).

However, the prospects of integrating automation and robotics in agriculture have an ingot of
hurdles. Some challenges include: reduce avalibility, high costs, technical skills, less adoption of
advanced technologies and poor changes management still persisted in the developing countries
where most of the farmers still practice conventional farming. the application of these
technologies demands good infrastructure such as power and reliable internet which are hard to
come by in the villages (Ahmad & Zhang, 2021). Addressing these challenges requires
collaboration among governments, technology suppliers and implementers, along with other
players in the agricultural value chain to establish favourable conditions for innovation.

A considerable amount of theoretical and empirical literature has accumulated on the subject of
automation and robotics in the past years as a result of which many areas of farming have been
identified as having the potential for significant change. But the available literature still lacks
quality investigations concerning the quantitative effects of these technologies on performance
indicators, including yields, labor productivity, and profits. This research will therefore seek to
fill this gap with empirical research data on the use of automation and robotics in the
agrocomplex. Through surveys of those farms that have embraced these technologies, the study
aims to come up with measurable determinations of the effects of the technologies and provide
recommendations that may be helpful to the stakeholders in the agricultural industry.

This paper’s conclusions advance knowledge on agricultural modernization’s social implications
and provide guidance on specific initiatives that can be implemented by governments and
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development professionals. Accordingly, the quantitative data, utilized in the course of present
study, emphasize the positive outcome of automation and robotics implementation within the
sphere of agricultural production. Also, it raises the issue of the factors that prevent farmers from
implementing them and the requirement for special efforts that focus on such practices, mainly
beneficial to small producers. It means that the tendencies of automation and robotics’
implementation in the agrocomplex are not just the technological breakthrough; they are the shift
of the paradigm that has the relevant possibilities to form the future of the agriculture and its
protection from the threats acting at the world level.

METHODOLOGY

This study employed a quantitative research design to examine the impact of automation and
robotics on agricultural efficiency within the agrocomplex. The research process involved survey
data collection and statistical analysis to assess the relationship between the implementation of
automation technologies and key agricultural performance metrics, such as productivity, cost
reduction, and operational efficiency.

Research Design

A descriptive and correlational research design was adopted to explore and quantify the
relationship between automation and agricultural efficiency. This approach allowed for the
identification of trends and patterns based on numerical data collected from agricultural
practitioners and organizations that had implemented automated systems.

Participants and Sampling

The target population included agricultural enterprises, farm managers, and industry
stakeholders actively engaged in utilizing automated machinery and robotic technologies. A
purposive sampling technique was used to select 120 respondents from different regions. These
participants were chosen based on their direct experience with automation in their agricultural
operations.

Data Collection

A structured survey instrument was developed and distributed to the participants. The survey
included closed-ended questions focusing on the use of automation tools, operational outcomes,
and perceived benefits and challenges. The questionnaire was pilot-tested with a small group of
respondents (n = 10) to ensure reliability and validity. Cronbach’s alpha was calculated during
the pilot testing, yielding a value of 0.85, indicating high internal consistency.

Variables and Measurement

The study examined three primary variables: 1) Independent Variable: Level of automation
(measured by the type and extent of robotic systems implemented); 2) Dependent Variable:
Agricultural efficiency (measured by productivity rates, cost savings, and operational time);
Control Variables: Farm size, crop type, and geographical location. Each variable was quantified
using Likert scale items and direct numerical entries where applicable.

Data Analysis

Data collected from the survey were analyzed using SPSS software. Descriptive statistics,
including mean and standard deviation, were calculated to summarize the data. Inferential
statistical techniques, such as Pearson’s correlation and multiple regression analysis, were
employed to test hypotheses and determine the strength and direction of the relationship between
automation and agricultural efficiency. ANOVA was conducted to examine differences in
efficiency levels across different categories of automation use.

RESULTS AND DISCUSSION

The implementation of automation and robotics in agriculture has been heralded as a
transformative solution to address the pressing challenges of modern farming, including labor
shortages, resource constraints, and environmental sustainability. As the global demand for food
increases with population growth, there is a compelling need to enhance agricultural productivity
and efficiency. This study investigates the effects of automation and robotics on agricultural
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efficiency, focusing on key performance indicators such as productivity, cost reduction, and
operational efficiency. By examining data collected from 120 agricultural enterprises utilizing
automated technologies, the research aims to provide empirical insights into how these
innovations contribute to improving farming operations. The following sections present the
research results, which highlight the impact of automation on agricultural performance and the
factors influencing its adoption in different farming contexts.

Table 1. Correlation Between Level of Automation and Agricultural Efficiency

. Correlation Significance Level (p-
Variable ’ Coefficient (r) value)
Level of Automation and Agricultural ’ 0.72 ‘ 0.001

Efficiency

Based on the results presented in Table 1, the analysis indicates a meaningful and positive
relationship between the level of automation and agricultural efficiency. This finding suggests
that higher adoption of automation technologies is associated with improvements in the
effectiveness and productivity of agricultural activities. The statistically significant relationship
confirms that the observed association is not due to random variation, highlighting the important
role of automation in enhancing operational efficiency within the agricultural sector. These
results imply that investments in automation can contribute to better resource utilization,
streamlined processes, and improved overall performance in agricultural production systems.

Table 2. Impact of Automation on Agricultural Productivity

> 3 - -
Variable R2 (V: ariance Significance Level (p
Explained) value)
Effect of Automation on ‘ ’
0.56 0.005

Productivity

The results in Table 2 demonstrate that automation plays a substantial role in influencing
agricultural productivity. The regression model indicates that automation contributes
meaningfully to explaining variations in productivity levels, suggesting that technological
integration is an important determinant of performance in the agricultural sector. The significant
outcome of the analysis confirms the robustness of this relationship, implying that improvements
in automation are likely to lead to measurable gains in productivity. This finding underscores the
strategic importance of adopting automation technologies as a means to enhance efficiency and
output in agricultural operations.

Table 3. Impact of Automation on Cost Savings

Variable R2 (Vaf'lance Significance Level (p-
Explained) value)
Effect of Automation on Cost ‘ 0.49 ‘ 0.005

Savings

The findings presented in Table 3 indicate that automation has a meaningful influence on cost
savings in agricultural operations. The regression results suggest that the adoption of automated
systems contributes to more efficient use of resources and reductions in operational expenses.
The significant relationship confirms that cost efficiencies associated with automation are
systematic rather than incidental, highlighting automation as an effective strategy for improving
financial performance. These results emphasize the potential of automation to support more
sustainable and cost-effective agricultural management practices.

Table 4. Differences in Efficiency Across Automation Categories

Category Mean Efficiency F.‘- ) ‘ Significance Level (p-
Score statistic value)
Low Automation | 3.2 | 823 | 0.001
Moderate Automation | 4.1 | |
High Automation 5.4 | |
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The results in Table 4 reveal clear differences in agricultural efficiency across the different
automation categories. The analysis shows that farms with higher levels of automation achieve
superior efficiency compared to those with moderate or low levels of automation. This pattern
suggests that greater integration of automated technologies leads to more effective farming
operations, likely through improved process control, reduced manual intervention, and better
resource management. The findings indicate that increasing the level of automation can provide
tangible efficiency advantages and strengthen overall agricultural performance.

Table 5. Challenges in Adopting Automation

Challenge | Mean | Standard Deviation (SD)
High Initial Costs | 4.7 | 0.5
Lack of Technical Expertise | 4.4 | 0.6
Limited Infrastructure | 4.2 | 0.7

The information in Table 5 highlights several key barriers that hinder the adoption of automation
in agriculture. Respondents commonly identified financial constraints, limited technical skills,
and inadequate supporting infrastructure as major obstacles. The consistency of responses
indicates that these challenges are widely experienced rather than isolated cases, suggesting
systemic issues in the adoption process. These findings imply that successful implementation of
automation requires not only technological investment but also capacity building, technical
training, and improvements in infrastructure to ensure that automation technologies can be
effectively utilized.

Table 6. Perceived Benefits of Automation

Benefit | Mean | Standard Deviation (SD)
Improved Productivity | 4.8 | 0.4
Labor Cost Reduction | 4.6 | 0.5
Enhanced Crop Quality | 4.5 | 0.6

The results in Table 6 indicate that respondents generally perceive automation as highly
beneficial for agricultural operations. Automation is viewed as a key driver of improved
performance, particularly in enhancing productivity, reducing dependence on labor, and
improving the overall quality of agricultural output. The consistency in respondents’ assessments
suggests a shared understanding of the positive impacts of automation, reinforcing the view that
technological adoption can deliver comprehensive benefits across operational, economic, and
quality-related dimensions in agriculture.

Table 7. Impact of Farm Size on Automation Benefits

Farm Size | Mean Efficiency Score | Significance Level (p-value)
Small Farms | 3.5 | 0.005
Medium Farms | 4.0
Large Farms | 5.2 |

The findings in Table 7 suggest that the benefits derived from automation vary according to farm
size. Larger farming operations tend to experience greater advantages from automation, likely
due to their stronger financial capacity, scale efficiencies, and ability to integrate advanced
technologies into their production processes. In contrast, smaller farms face greater constraints
in accessing and utilizing automation, particularly due to affordability concerns. This indicates
that while automation offers substantial potential benefits, its impact is not evenly distributed,
and targeted support or scalable solutions may be necessary to ensure that smaller farms can also
benefit from technological advancements.

Table 8. Impact of Geographical Location on Efficiency

Region ‘ Mean Efficiency ‘ Significance Level (p-
Score value)
Rural Regions (Low Infrastructure) | 3.8 | 0.005
Urban Regions (Better
Infrastructure) ‘ 47 ‘
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The results presented in Table 8 indicate that geographical location plays an important role in
determining agricultural efficiency. Farms situated in areas with better infrastructure tend to
operate more efficiently, as access to reliable utilities and connectivity supports the effective use
of technology and modern farming practices. Conversely, limited infrastructure in rural areas
constrains operational performance and reduces the potential gains from technological adoption.
These findings highlight the need for infrastructure development as a critical enabler of efficiency
improvements, particularly for farms located in less developed regions.

Discussion

The findings of this study highlight the significant relationship between automation and
agricultural efficiency, offering insights into the effectiveness of automation in improving
productivity and reducing costs within agricultural sectors. The results corroborate and expand
on existing literature, providing new perspectives on the tangible benefits and challenges of
adopting automation in agriculture, as well as the factors that influence its success. These results
prove the previous data mentioned in the work of Kim et al. (2020), that increasing the level of
automation can enhance the productivity of agricultural business by 0.72, p < 0.01. With robotics
in the farm for operations, timely intervention through the use of sensors, drones, and
automation of irrigation leads to warranting productive farming. These findings are consistent
with the conclusions made by Ng et al. (2021) who proposed that relying on automation and its
potential to reduce errors and properly allocate resources would be beneficial. In addition, this
study underscores the phenomenon of automation as an increasingly pivotal technology for
agriculture with regard to the rising food needs of the global population and the scarcity of
workers.

The regression analysis shows that there exists a positive association between automation and
agricultural productivity whose variance explained is at 0.56 levels (p < 0.05). These findings are
in concordance with prior works like Kaur et al. (2021) who proposed that the level of technology
used determines a direct proportional relation with the level of agricultural yield. This
understanding is taken forward in our study where we quantify the amount of variation in
productivity attributed back to automation, giving more clarity about this effect. This result also
supports the work done. who called on precision agriculture to improve ‘yield density’ through
technology. they explained variance in productivity was moderate at 56%, implying that
automation though a factor, is not the only reason, farmers’ climate, soil health, and policy are
other factors that determine success in agriculture.

It also established that automation had a positive impact on the operational cost (F = 6.65, R2 =
0.49, P < 0.05). Prior researches (Faheem et al., 2024) have pointed out that automation cuts
direct costs of labor while increasing operational productivity. other inputs such as labour and
water requent use results to high expenses due to the availability of machines and irrigation
systems respectively. These conclusions are supported by our work, as they supply quantification
of the savings realized by automating the process. Nonetheless, it is also important to know that
the capital required to purchase and effectively use the automatic equipment is an enormous
factor which is, according to experiences shared in this study, a problem for most small holding
farmers. This also supports Gillingham et al. (2020) establishing that while in the long-run, the
overall costs decrease, the initial cost of purchase and installation of the automated equipment
remains a major discouragement, even in the developing regions where access to capital may be
hard to come by.

The fact that there is variation in trend of agricultural efficiency at different levels of automation
has also contributed further to the literature addressing the impacts of various degrees of
automation in farming (Balafoutis et al., 2020). Higher automation farms produced more than
lower automation farms; this is in congruence with Hansen et al. (2020) who noted that farms
using fully automation systems tend to be more productive. While confirming these observations,
the current research also extends them by considering low, medium, and high levels of
automation. This integration is important in that it differentiates between the levels of the extent
of automation and how farms may benefit from technologies at different levels.
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The challenges identified in this study high initial costs, lack of technical expertise, and limited
infrastructure are consistent with previous research on the barriers to automation adoption in
agriculture. High initial costs remain a significant barrier to adoption, as automated systems
require substantial investment, particularly for small-scale farmers. This issue was emphasized
by studies such as that of Autio et al. (2021), who noted that financial constraints often limit the
ability of farmers to invest in expensive technologies. The lack of technical expertise further
complicates the implementation of automated systems, as farmers may struggle to effectively
integrate and maintain these technologies. Addressing these challenges, the study suggests that
targeted policies, such as subsidies or training programs, could facilitate greater adoption and
make automation more accessible to a wider range of farmers.

The perceived benefits of automation, including improved productivity, labor cost reduction, and
enhanced crop quality, reflect the consensus in the literature regarding the advantages of
technological adoption. The high ratings for these benefits underscore the general recognition
that automation can significantly enhance farming efficiency and output (Khaspuria et al., 2024).
However, the results also highlight the importance of considering the specific context in which
automation is adopted. Larger farms, particularly in urban regions with better infrastructure,
appear to benefit more from automation than smaller farms in rural areas. This finding aligns
with the work of Mhlanga (2021), who observed that access to infrastructure and capital
significantly affects the ability to reap the full benefits of automation.

This study contributes new insights into how farm size and geographical location influence the
adoption and outcomes of automation. Larger farms tend to experience more significant benefits
from automation, as they have the financial and technical capacity to invest in and maintain
advanced systems. This is consistent with the findings of Boda & Allam (2024), who suggested
that large-scale operations are better positioned to adopt and leverage automation technologies.
Additionally, farms in urban regions with better infrastructure reported higher efficiency, which
echoes the work of Sukathong et al. (2021), who found that infrastructure quality plays a critical
role in the success of technological adoption. These insights fill a gap in the literature by
addressing the differential effects of automation adoption based on farm size and location.

CONCLUSION

This study provides valuable insights into the role of automation in improving agricultural
efficiency, productivity, and cost savings, while also identifying key barriers to adoption, such as
high initial costs and limited technical expertise. By exploring the relationship between
automation and agricultural outcomes, the study expands on existing literature and highlights the
need for targeted policies and infrastructure to support farmers, especially small-scale ones, in
overcoming these challenges. Additionally, the findings underscore the differential impact of
automation based on farm size and geographical location, offering a more nuanced understanding
of how technological adoption can be tailored to different contexts. Ultimately, this study
contributes to the growing body of knowledge on agricultural automation, offering practical
implications for policymakers, researchers, and industry practitioners.
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