Journal of Agrocomplex and Engineering

Volume 1, Issue 1 2024

Page 1-8

e-ISSN xxxx-xxxx (online)

https://doi.org/xxxxxx

Designing and Implementing Advanced Machinery for
the Agrocomplex to Boost Agricultural Output

Awal Anugerah?

'Universitas Negri Makassar, Indonesia

ARTICLE INFO

Received: 5 Nov 2024
Revised: 20 Nov 2024
Accepted: 15 Dec 2024
Available online: 19 Dec
2024

Keywords:
Agricultural Machinery
Mechanization

Farm Profitability

Corresponding Author:
Awal Anugerah

Email:

Awalanugra2s@gmail.com

Copyright © 2024, Journal of
Agrocomplex and
Engineering, Under the
license CC BY- SA 4.0

OPEN ACCESS

INTRODUCTION

ABSTRACT

Purpose: This study investigates the impact of advanced machinery
adoption on agricultural output, labor efficiency, and farm profitability.

Methods: Conducted using a quantitative approach, the research analyzes
data collected from 100 farms that implemented various types of machinery,
including automated harvesters, GPS-guided tractors, and precision
irrigation systems.

Results: The findings indicate a significant increase in agricultural output,
with crop yield rising by 26.67% post-machinery adoption. Additionally, the
study revealed a 31.25% reduction in labor hours per crop, showcasing the
labor-saving potential of advanced equipment. Most notably, farm
profitability increased by 30%, suggesting that the initial investment in
machinery is offset by long-term financial gains. Statistical analyses,
including regression models, confirmed that machinery use, farm size, and
crop type are key predictors of these positive outcomes. These results align
with prior literature on the benefits of mechanization but offer new insights
by examining the combined effects of multiple machinery types on farm
performance. The study fills a gap in understanding the comprehensive
economic impact of agricultural technology and offers valuable implications
for policymakers aiming to promote sustainable farming practices. Support
for machinery adoption, especially for smallholder farmers, is
recommended to further enhance productivity and profitability in
agriculture.

Agriculture, as one of the oldest man occupations, has always been among the primary
determinants of economies and providers of food to nations. However, global population is rising
steadily and the current world population of approximately 7.7 billion is expected to reach 9.7
billion by 2050 (United Nations 2019) The traditional agricultural practices therefore prove
inadequate. Consequently, there has been massive call for the application of innovation in the
agricultural sector with efficiency, stability and sustainability being the main determinants. The
agrocomplex which constitutes such sectors within the so-called agriculture, and including
farming, processing, and distributing sectors has emerged as such a site of the innovations. The
technology is among the most effective strategies of boosting on the productivity within the
agrocomplex since it includes effective machinery. Today, engineering solutions have penetrated
every aspect of how farming practices are conducted from precision farming equipment to smart
harvesting techniques (Monteiro et al., 2021).

There has been the incorporation of various sophisticated apparatus in farming due to the
necessity of better, inexpensive and environment friendly means of producing food. Conventional
practices that were efficient in the past may employ a lot of tedious handwork that is not only
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costly but can also not sustain food production amid growing world demands (Deng & Chen,
2021). The use of mechanization in smart farming like self-driving tractors, drones, and robotic
irrigation services and smart farming brings its solutions that provide efficiency and
sustainability in the farming sector. precision agriculture that applies information derived from
a combination of sensors and satellite to farm management and production has been observed to
work with water conservation by about 20-30% yet increasing crop yields by approximately 15%.

The importance of possessing sophisticated equipment in the agrocomplex cannot be
overemphasised. Technology has entered the field of agriculture in form of automation and
robotics, this change has brought with it the positive change of efficiency, lower costs of labor, an
advancement in the precision of various cultivations (Mahmud et al., 2020). Equipment including
automatic harvesters, planting machinery among others are instrumental in minimizing costs
and time involved in production. Such tendency towards mechanization has been most phrases
in the large-scale farming practices, where human labor is not only limited but also expensive.
FAO has noted automation as one of the most sophisticated ways of today’s industrial
advancement in agriculture that has help increase production per unit area for farmers in the
developed world.

Nevertheless, on the positive side, the implication of advanced machinery in agriculture has long
been praised; but the use of advanced machinery remains a contentious issue to date. The
financial capital required to procure advanced machinery, inadequate access to training, and
downright absence of a well-developed support system in some parts of the world most especially,
the developing nations has been the bane of the use of advanced machinery. Moreover, the
effective application of superior technology demands not only tangible capital outlays but also
changes in farmers and other actors in the agrocomplex. Antonelli et al. (2023) observed that
technology uptake in developing countries, particularly in agriculture is slow because farmers are
rigid with change and prefer sticking to tried practices.

This is where there engineering in designing and developing machinery that ought to be able to
tackle these tasks comes in. Technological improvements have seen new machines that are cheap,
fast and flexible enough to suit different farming systems. the globally innovative minimal cost,
energy-efficient tractors, have opened up mechanization for the smallholder farmers especially
in developing countries (Jensen et al., 2024). tractor guidance using GPS, monitoring crops using
drones and other such developments in machinery are enabling farmers to get the most out of
their land which otherwise would be wasted (Barrile et al., 2020). Through these augmentations,
these improvements have the possibilities of greatly enhancing yields in the agricultural sector
besides considering environment and economic factors.

Thus, that there is more need for research and development in technologies used in the
agriculture industry than before. The international population is expected to be 9.7 billion in
2050: food demand will be higher by 70% against the present levels (FAO, 2017, p 130).
Nevertheless, given the stringency of the constraints on the availability of the resources and
constantly rising problem of climate change it may be barely possible to meet this demand with
the aid of traditional approaches to farming. Thus, the proper design and application of the
superior machinery are critical to the effectiveness of the agricultural sector today while in a
position to satisfy the future requirements and sustain the industry. Precision farming as well as
the use of robot’s avatar and autonomous options in farming is key to efficiency and enhanced
productivity (Correa, 2022). Moreover, the incorporation of principles of engineering in
agrocomplex will lead to enhancement of flow in the chain, reduction of inefficiencies and waste,
therefore, food security.

The role of the advanced machinery to the environment cannot be entirely ruled out as one may
think. Intensive farming entails germination inhumanity to nature or environment where much
soil is eroded much water is used, lots of chemical fertilizers used (Gassner & Dobie, 2022). On
the other hand, sophisticated technology, which uses application of water, fertilizers and pesticide
in correct proportions can minimize the impact of agriculture on the environment. drip irrigation
systems can provide water to the root area of crops therefore using half the amount of water
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required by conventional irrigation systems. In the same way, the rate of chemical consumption
on machinery can also be minimized by the application of specific chemicals where needed, with
precision and accuracy to prevent pollution of natural resources and over usage of chemicals.

METHODOLOGY

In this research a quantitative research approach was adopted in order to assess the effect of
technical enhancements on crop yields in the agrocomplex. The study sought to assess the impact
of applying innovation in engineering on produce quality and performance, uptime and
productivity within the farming sector. Sample data was collected from several agrocomplexes
using advanced machinery, and both descriptive and inferential statistical tools were used for
analysis of the data.

The target population for this study entailed agricultural enterprises using superior technology in
the sector of agrocomplex, crop growing, animal farming, processing. The study adopted
purposive technique of sampling in identifying agrocomplexes, which were considered to have
adopted improved machinery in production. Of this, fifty farms and agro-industries were
randomly selected and interviewed from small, medium, and large northern regions of Cameroon.
These participants were chosen with regard to such factors as the type of machinery employed,
time for which it has been in use, and the extent to which it has influenced commodity production.

Data was collected using a combination of surveys and secondary data sources. The survey
instrument was designed to gather both qualitative and quantitative data on the types of
machinery used, the frequency of use, and the perceived impacts of these technologies on
agricultural productivity. The survey also included questions about the challenges faced during
the implementation of advanced machinery and the extent to which these technologies
contributed to operational efficiency and sustainability.

In addition to the surveys, secondary data were obtained from agricultural production records,
machinery performance reports, and productivity statistics provided by the participating
agrocomplexes. These records offered objective data regarding crop yields, labor input, resource
use, and financial performance before and after the introduction of advanced machinery. The
surveys were distributed to farm managers, agricultural engineers, and operations staff who had
firsthand experience with the machinery and its effects. Data collection was carried out over a six-
month period, and all participants were assured of confidentiality and the voluntary nature of
their participation.

This was operationalized through the use of specific types of machinery, including automated
harvesters, precision irrigation systems, GPS-guided tractors, and drones for crop monitoring.
Data on machinery adoption, the scale of use, and technological features were collected.
Agricultural output was measured by changes in crop yields, labor productivity, resource
utilization, and overall farm profitability. This was assessed using pre- and post-implementation
data on agricultural production, including the amount of produce harvested and the labor hours
required. Control variables such as farm size, crop type, environmental factors, and climate
conditions were considered to account for external influences that might affect agricultural
output independently of the machinery used.

Data collected from the surveys and secondary sources were analyzed using statistical software
(SPSS and R). Descriptive statistics were first used to summarize the general trends in machinery
adoption, productivity changes, and operational efficiencies. Mean values, frequencies, and
standard deviations were calculated for various indicators, including crop yields, labor input, and
resource consumption. To test the hypothesis that the implementation of advanced machinery
leads to significant improvements in agricultural output, inferential statistics were employed.
Paired sample t-tests were used to compare agricultural output before and after the
implementation of advanced machinery. This approach allowed for the identification of
statistically significant differences in key performance indicators such as crop yields and labor
efficiency.
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Additionally, regression analysis was used to examine the relationship between the extent of
machinery adoption and improvements in agricultural output. Multiple regression models were
employed to account for the influence of control variables (farm size and crop type) on the
dependent variable. The reliability and validity of the survey instrument were assessed through a
pilot study conducted with a small sample of agrocomplexes. Cronbach's alpha was calculated to
determine the internal consistency of the survey items. The pilot study also allowed for the
refinement of the survey instrument to ensure that it effectively captured relevant data related to
machinery implementation and agricultural performance.

RESULTS AND DISCUSSION

Since the process of farming is becoming more and more difficult because of factors like the lack
of human labor, high costs of farming and the desire to embrace what could be called sustainable
farming, mechanization has been held out as part of the solution to the problem. The purpose of
this research was to model the returns from adopting various forms of equipment; including the
automated harvester machinery, control tractors that are guided by GPS among others, and the
computerized irrigation systems across different types of farms. Therefore, the research seeks to
fill this gap by presenting descriptive data that shows how these technologies affect performance
indicators in the sector, and add to the debate on the use of technology to transform agriculture.
The subsequent sections of this research will affect the findings of this study that will further
depict the concrete changes that have been witnessed on the farms that were researched on.

Table 1. Cronbach's Alpha for Internal Consistency of Survey Items

Survey Item Cronbach's Alpha
Machinery Usage Satisfaction 0.86
Labor Efficiency Improvement 0.89
Crop Yield Enhancement 0.92
Cost-Benefit of Machinery Adoption 0.84
Impact on Farm Profitability 0.88
Overall Satisfaction with Machinery Implementation 0.87

The Cronbach's alpha values for all survey items were well above the generally accepted threshold
of 0.7, indicating good internal consistency and reliability of the survey. The highest value was
0.92 for Crop Yield Enhancement, which reflects a very strong consistency in respondents' views
on how machinery adoption affected crop yield. Other items such as Labor Efficiency
Improvement (0.89) and Impact on Farm Profitability (0.88) also had high reliability, reinforcing
that respondent consistently reported on the positive outcomes of machinery use. The lowest
value, 0.84 for Cost-Benefit of Machinery Adoption, still indicates a strong internal consistency,
suggesting that the items designed to assess the perceived cost-effectiveness of machinery
adoption were also reliable.

Table 2. Descriptive Statistics of Key Variables

Variable Mean | Standard Deviation | Minimum | Maximum
Age of Machinery (years) 4.2 1.5 1 7
Machinery Usage (hours/day) 7.5 2.3 4 12
Labor Hours per Crop (before) | 320 40 280 380
Labor Hours per Crop (after) 220 30 180 270
Crop Yield (kg/hectare before) | 1500 120 1300 1800
Crop Yield (kg/hectare after) | 1900 150 1700 2100
Farm Profitability ($ before) | 15000 2000 13000 17000
Farm Profitability ($ after) 19500 2500 17000 22000

The descriptive statistics show significant improvements in various aspects of agricultural output
after the adoption of advanced machinery. Machinery Usage had an average of 7.5 hours per day,
with a standard deviation of 2.3, indicating moderate variation in the intensity of machine use
across the farms studied. Labor Hours per Crop significantly decreased from an average of 320
hours to 220 hours, showing that machinery adoption helped reduce the labor required per crop,
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which is a clear indicator of improved efficiency. Crop Yield increased from an average of 1500
kg/hectare to 1900 kg/hectare, reflecting a 26.67% increase in output after machinery
implementation. Similarly, Farm Profitability showed a significant boost, rising by 30%, from
$15,000 to $19,500, indicating that machinery adoption contributed positively to financial
outcomes for the farms involved.

Table 3. Paired Sample t-test Results for Changes in Agricultural Output

Variable | t-value | p-value | Significance
Crop Yield (kg/hectare) | 4.12 | 0.000 | Significant
Labor Hours per Crop | 5.75 | 0.000 | Significant

Farm Profitability ($) | 3.68 | 0.000 | Significant

The paired sample t-test results confirm that the observed changes in key variables were
statistically significant. Crop Yield saw a significant increase (t-value = 4.12, p-value = 0.000),
indicating that machinery adoption led to a measurable improvement in output. The reduction in
Labor Hours per Crop (t-value = 5.75, p-value = 0.000) was also statistically significant,
supporting the finding that machinery adoption improved labor efficiency. Finally, Farm
Profitability showed a significant increase (t-value = 3.68, p-value = 0.000), reinforcing the
economic benefits of using advanced machinery in agriculture.

Table 4. Regression Analysis for Agricultural Output

Variable | Beta | Standard Error | t-value | p-value
Machinery Usage (hours/day) | 0.42 | 0.05 | 8.40 | 0.000
Age of Machinery (years) | 0.30 | 0.08 | 375 | 0.000
Farm Size (hectares) | 0.15 | 0.07 | 214 | 0.030
Crop Type | 0.05 | 0.04 | 125 | o0.100

The regression analysis reveals that the primary factors influencing agricultural output were
Machinery Usage, Age of Machinery, and Farm Size. Machinery Usage was the strongest predictor
of output, with a beta coefficient of 0.42, indicating a positive relationship between more hours
of machine usage and greater agricultural output. The Age of Machinery also played a role, with
a beta of 0.30, suggesting that older machinery may be more effectively utilized over time due to
improved maintenance and operator familiarity. Farm Size (beta = 0.15) had a smaller but still
statistically significant impact on output, indicating that larger farms tend to experience greater
benefits from machinery adoption. The type of Crop did not significantly affect the results (p-
value = 0.100), suggesting that machinery adoption had a broadly positive effect across various
crop types.

Table 5. Key Results Summary of Agricultural Output Improvements

Variable Before After Change
Implementation Implementation (%)
Crop Yield )
(ke /hectare) 1500 1900 +26.67%
Labor Hours per Crop 320 220 -31.25%
Farm Profitability ($) 15000 19500 +30%

This table consolidates the key findings from the study. Crop Yield increased by 26.67% after
machinery adoption, confirming that advanced machinery significantly boosted agricultural
productivity. Labor Hours per Crop decreased by 31.25%, reflecting the efficiency improvements
brought about by machinery. Farm Profitability rose by 30%, highlighting the financial
advantages of adopting advanced machinery in farming practices.

Table 6. Machinery Adoption Rates and Usage

Machinery Type | Adoption Rate (%) | Average Usage (hours/day)
Automated Harvesters | 43.3 | 6.4
GPS-guided Tractors | 30.0 | 7.2
Precision Irrigation Systems | 26.7 | 5.5
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This table shows the distribution of machinery types across farms. Automated Harvesters had the
highest adoption rate (43.3%) and were used for an average of 6.4 hours per day. GPS-guided
Tractors had a 30% adoption rate, and their average usage was slightly higher at 7.2 hours per
day. Precision Irrigation Systems were used by 26.7% of the farms, with an average usage of 5.5
hours per day. These results suggest that machinery adoption varied across farms, with
automated harvesters being the most commonly adopted type.

This study aimed to evaluate the impact of advanced machinery adoption on agricultural output,
labor efficiency, and farm profitability, with findings suggesting significant improvements in all
these areas. These results were consistent with existing literature, which emphasizes the role of
technology in enhancing agricultural productivity and financial outcomes. However, this study
also offers new insights, particularly by quantifying the direct benefits of machinery on farm-level
economic performance in the context of modern agriculture, which addresses several gaps
identified in previous research.

The gain was most impressive: crop yield augmented by 26.67 % after the introduction of modern
techniques and mechanisms. This result supports other studies done previously to show that
machinery adoption has a positive impact on productivity. For example, research conducted by
Tutal (2022) also showed that with the help of automated harvester and precision farming
equipment the overall productivity of crops like cereals crops and vegetable crops had risen
considerably. According to Keskin (2022) used Turkey to corroborate the fact that mechanization
of agriculture significantly increased crop yield, mechanization aspect was directly associated
with yield per unit area in the regions of the study country.

This understanding is also expanded on in our study where we use a combination of different
machinery types, including automated harvesters, GPS guided tractors, and precision irrigation
systems, to determine the effects of each and the combined machinery on agricultural yield. The
study lends support to extant research with more detailed information concerning the share of
various kinds of machinery. The respondents stated that 43.3% of the firms applied automated
harvesters and those firms used them intensively, this may be the reason why they realised higher
yield increments. Previous research efforts have been found only addressing various kinds of
specific machinery, and this research work adds to the knowledge base to understand the
effectiveness of individual technologies to increase production efficiency collectively.

Findings from this study also confirmed earlier findings by other authors that increased use of
machinery is likely to reduce the labor hours by reducing labor hours per crop by 31.25% in this
study (Cani et al., 2022). Decreasing labor demand not only improves the productivity of
production processes but is also useful in increasing overall availability of farm labor in areas
where there is scarcity of labor or higher costs is incurred. In a study by Ren et al. (2023), the
authors demonstrated that large-scale production platforms such as automated harvesters and
GPS tractors reduced labor time which enhance efficiency and lower operating costs.

This research builds on the above ideas by providing a more elaborate understanding of the effects
of globalization on labor-savin Pakistani machinery of varying types. The marked decline in labor
hours after machinery adoption offers a realistic perspective of how technology can have direct
bearing on affective reduction of human muscular effort to production or perhaps improve on it.
In contrast to prior research that commonly observed broad decreases in labor use, our study
measures this decrease in relation to various forms of machinery, leading to a richer
understanding of labor productivity in agricultural processes.

The rise in farm income by 30 percent in this study therefore expands knowledge for
improvement in the level of economic returns due to holding of AS in farming. A number of earlier
works like those of Akintayo (2023) claimed that IFAD machinery adoption was instrumental in
improving profits through enhanced yields and lower costs. This study enriches this knowledge
base with the help of sound quantitive tools that establish the machinery adoption as financially
positive for cross sectional classes of farm size and types of equipment. From the regression
analysis conducted in this study, it was found that machinery usage and farm size were the most
prominent determinants of profitability, similar to previous studies that suggested that large scale
Farms are likely to gain more from mechanized farming.
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A new feature of this investigation is the focus on the economic benefits for farmers who decide
to possess sophisticated technology. The data concerning the profitability indicates that the initial
investments into machinery provided payback by the prospects of maintaining higher
productivity and less expensive labor, which is in alignment with the conclusions made by some
prior works such as Kijo-Kleczkowska et al. (2022). by using profitability data to supplement the
analysis, our study offers a stronger argument for the economic rationale behind Machinery
adoption that has received scant attention in prior research.

Therefore, this research work fills the gaps found in previous researches towards the following
areas. Unlike previous Agricultural mechanization studies where simply crop yield, or labor
productivity or the effect of a single type of machinery was evaluated, the present study examines
the impact of multiple types of mechanisms on total production, efficient labor use and farm
income. the large sample of farms and a range of machinery varieties provide a more general
picture of how the mechanization affects various forms of farms, which is a problem for most
prior studies that tended to investigate the impact of specific type of machinery or investigate
farms in a certain region only (Qian et al., 2022).

This study focuses on the cost economics of adopting machinery, an important consideration for
small holder farmers particularly in the developing world where issues of access to credit and
financing are major issues. Although the importance of mechanization has been highlighted in
several articles with reference to possible fiscal gains, little empirical evidence has been outlined
to support the farmer on the gains occasioned by mechanization from a total cost perspective.
This research fits into that gap because it reveals that machinery adoption results in higher
profitability, which should encourage farm operations to adopt machinery.

The conclusion derived from his study, is significant for agricultural policy and practice. This
evidence may be instrumental to policymakers in the development of programs aimed at the
encouragement of machinery acquisition by smallholder farmers, in particular. Overall positive
effect on profitability implies that machinery adoption can be beneficial for increasing yields and
for the improvement of farmers’ wellbeing in areas where mechanization has not reached yet.
Some potential suggestions of Celebi (2023) could help expand the accessibility of those
techniques with subsidies or low-interest loans for machinery acquisition.

Moreover, the research implies the training and education need that farmers have to be prepared
and skilled to utilize the advanced machinery. This could assist in optimising on the gains from
mechanization, so that the technology brings about lasting positive change in agricultural
productivity and income. According to Javaid et al. (2022), training plays a significant role in
enhancing the use of machinery such that it will offer the ultimate economic gains of its adoption.

CONCLUSION

This research establishes the large influence that machinery use has on agricultural productivity,
labor productivity and profitability in agriculture in support of evidential material which
complements the theoretical literature on agricultural mechanization. That is why strict focus
with the help of available technologies can be seen as an increase in crop yields, the reduction of
time spent on work, and, ultimately, the improvement of financial income proves that the
agricultural sector still needs active modernization. This research helps to fill some of the gaps
within the literature by providing a thorough cost-benefit analysis and by quantifying the direct
consequences of the different machinery types, which should prove useful for authorities and
practitioners. These findings underscore the need for intervention to support machinery uptake
especially among small holder farming communities to increase yields and hence promote
sustainable agriculture.
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