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ABSTRACT
The Philippines is among the leading rice consumers worldwide, and the agricultural industry provides em‑

ployment for a substantial proportion of the rural populace. Nevertheless, rice production has other obstacles,
such as a scarcity of cultivable land, ϐluctuations in climate, and inefϐiciencies in production methods. In order to
tackle these concerns, the Philippine government and several agricultural organizations have been advocating for
the adoption of agricultural mechanization. Hence, this study aims to assess the return beneϐits for rice farmers
resulting from the adoption of modern agricultural machinery, employing the Modern Portfolio Theory (MPT) to
analyze the risks associatedwith capital investment inmechanization. This study utilized a quantitative‑descriptive
research methodology using statistical tools such as frequency distribution, weighted mean, and Spearman Rho in
analyzing the data gathered. The results showed that the adoption of modern agricultural machinery by rice farm‑
ers affected the return‑beneϐit of their farming operations in terms of “Initial Cost”, ranked as number one (Strongly
Agree), while “Labor Savings” ranked least and was verbally interpreted as (Agree). The result shows that themain
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concern of the respondents is the cost integrated into repairs and maintenance. Rice farmers are advised to priori‑
tize comprehensive training for modern machinery to improve the adoption of this technology.
Keywords: Modern Agricultural Machinery; Mechanization; Rice Farmers; Return‑Beneϐit; Modern Portfolio Theory

1. Introduction
Agricultural mechanization incorporates the use of

mechanical equipment, technology, and machinery for
farming and crop production tasks. The development
of these tools and techniques has signiϐicantly improved
agricultural productivity, leading to innovations and the
growth of modern industries. The use of mechaniza‑
tion in agriculture is vital for accelerating sector growth,
as it prioritizes machinery over manual labor, thereby
greatly improving efϐiciency and productivity. Farm ma‑
chinery has not only augmented the mechanical advan‑
tage but has also played a crucial role in alleviating the
drudgery associated with various agricultural tasks [1].

The recognition of the advantages of farm ma‑
chines over manual labor among Philippine farmers sig‑
niϐies a signiϐicant shift in agricultural practices and
mindset, despite the initial cost considerations and po‑
tential displacement of laborers [2]. Furthermore, gov‑
ernmental agricultural policies now prioritize achieving
food self‑sufϐiciency and security by adopting and uti‑
lizing technologies to enhance crop production and la‑
bor efϐiciency. The use of mechanical tools in the prac‑
tice of rice farming has provided better‑quality produc‑
tion output [3]. Some of these changes entail: from us‑
ing carabaos to tractors, from manual planting to me‑
chanical rice transplanters, and frommanual harvesting
to mechanical rice reapers and harvesters. Mechanized
farming has therefore, on this aspect, brought down the
cost of using themusclework of farm laborers hence cut‑
ting the overall expenditure in the production of rice.

The rice‑producing industry in the Philippines
plays a vital role in ensuring the country’s food security,
as rice is a fundamental dietary staple for themajority of
the people [3]. The Philippines is among the leading rice
consumersworldwide, and the agricultural industry pro‑
vides employment for a substantial proportion of the ru‑
ral populace. Nevertheless, rice production faces other
obstacles, such as a scarcity of cultivable land, ϐluctua‑

tions in climate, and inefϐiciencies in production meth‑
ods.

Nueva Ecija, one of the leading provinces in the
Philippines, topped the rankwith336 thousandhectares
of rice area harvested [4]. Farming is still widely prac‑
ticed in the province, being the top producer of rice in
2019. Although industrialization has signiϐicantly dimin‑
ished farm areas, remaining rice farmlands are thriving
to support rice consumption in the country. There is
now an increasing awareness among Filipino farmers
about the advantages of utilizing mechanization tech‑
nologies in the agricultural production system. Farm
owners reap substantial beneϐits frommechanized farm‑
ing as it enhances the efϐiciency of rice cultivation while
simultaneously reducing production costs. Improving
smallholders’ access to farm power and machinery in‑
puts is crucial asmachinery purchase is oftenbeyond the
means of a large proportion of the sector [5].

Mechanization is a critical component in increasing
labor productivity in agriculture, emphasizing the poten‑
tial for large‑scale capital investments to revolutionize
conventional farming methods [6]. The agricultural sec‑
tor’s ability to create capital is still constrained, though,
as formal ϐinance systems frequently divert funds from
the industry. Insufϐicient funds are provided for the
ϐixed and working capital requirements necessary for
mechanization as a result of this ϐinancial mismatch.
Insufϐicient funds make it difϐicult for farmers to pur‑
chase contemporary equipment and technology, which
restricts their capacity to increase efϐiciency and output.
The broad adoption of mechanization is hampered by
this capital limitation, which is especially noticeable in
developingnationswhere access to reasonable ϐinancing
is limited. Realizing the full beneϐits of mechanization
in agriculture therefore depends on removing these ϐi‑
nancial obstacles, which calls for focusedpolicy interven‑
tions and creative ϐinancing strategies to guarantee that
farmers can afford to invest in the equipment required
to boost productivity and maintain agricultural growth.
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Numerous studies have demonstrated that the re‑
turn beneϐit model for contemporary agricultural ma‑
chinery in rice cultivation demonstrates signiϐicant in‑
creases in both economic and production. Labor produc‑
tivity and efϐiciency are greatly increased by mechaniza‑
tion, leading to reduced labor expenses and increased
food yields [7]. For example, compared to conventional
methods, mechanical transplanting and harvesting en‑
hance planting density and decrease post‑harvest losses,
resulting in production gains of 10–20%. A thorough
cost‑beneϐit analysis conducted states that long‑term
labor savings and higher farm proϐitability more than
make up for the initial large capital investment in equip‑
ment like tractors and combine harvesters [8]. Themodel
also highlights the signiϐicance of ϐinancial accessibil‑
ity, pointing out that low‑interest loans and government
subsidies can help small‑scale farmers purchasemachin‑
ery, increasing the economic advantages [9]. Moreover,
case studies in Nueva Ecija provide empirical evidence
that mechanized farms attain greater net incomes and
operational efϐiciencies. This model emphasizes that
mechanization is a very advantageous investment for
the agricultural sector, even though the initial expenses
are substantial due to the long‑term production gains
and ϐinancial rewards.

According to the aforementioned setting, it is em‑
pirically necessary to evaluate the agricultural machin‑
ery’s return on investment using a method that will bal‑
ance the risks and returns. Harry Markowitz developed
Modern Portfolio Theory (MPT), which provides a solid
framework for balancing risk and return in investment
portfolio optimization. MPT may be applied to return
beneϐit analysis in a variety of industries, including agri‑
culture. Diversiϐication should be used in an invest‑
ment portfolio to optimize returns for a given amount of
risk [10]. This approach, when applied to return beneϐit
analysis, helps assess the possible advantages of invest‑
ing in contemporary agricultural gear by taking into ac‑
count both the related risks and the anticipated improve‑
ment in productivity and proϐitability [11]. For instance,
purchasing contemporary equipment such as combine
harvesters and tractors can greatly increase agricultural
productivity and efϐiciency, resulting in larger proϐits.
MPT is also a successful tool in other sectors. When

MPT is implemented in the energy industry, ϐinancial as‑
sets are typically substituted with various energy tech‑
nologies [12]. Also, MPT has been utilized in the ϐinan‑
cial industry to enhance regulations in investment man‑
agement and to facilitate business diversiϐication for risk
management purposes [13].

These expenditures do, however, have some dan‑
gers, including high initial expenses, ongoing upkeep,
and even technological obsolescence. Farmers and agri‑
cultural investors can improve the overall return‑risk
proϐile of their investments by using MPT to create an
ideal investment portfolio that diversiϐies risks across
various assets, such as machinery, crops, and farming
techniques [8]. This tactical method guarantees that the
incremental gains from further investments are opti‑
mized in comparison to their expenses, conforming to
the concepts of effective resource distribution and risk
mitigation.

So, with the issues determined by the researchers,
this study aims to assess the return beneϐits for rice
farmers resulting from the adoption of modern agricul‑
tural machinery, employing the Modern Portfolio The‑
ory (MPT) to analyze the risks associatedwith capital in‑
vestment in mechanization. This study will comprehen‑
sively analyze the return‑beneϐit aspects of integrating
modern agricultural machinery. Speciϐically, it sought to
answer the following questions:

1. How may the business technical proϐile of the re‑
spondents be described in relation to their ϐinan‑
cial capacity to acquire modern agricultural ma‑
chinery?

2. Howdoes the adoptionofmodern agriculturalma‑
chinery affect the return‑beneϐit on farming oper‑
ations of rice farmers speciϐically in terms of Ini‑
tial Cost, Risk Aversion, Labor Savings, and Crop
Productivity?

3. What is the relationship between the years of
mechanization adoption and the ϐinancial returns
as assessed using MPT?

From the mentioned context, the researchers man‑
aged to determine the structure of this study. Concern‑
ing the target population, the rice farmers, who will be
the main focus of the study, will be assessed by the type
of technical business proϐile they have in their rice farm‑
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ing businesses. The above technical proϐiles are impor‑
tant to establish since it will assist the researchers in
discovering the extent of the relationship between the
number of years of using modern agricultural machin‑
ery and the estimated annual net income evaluated in
million dollars. Further, MPT will be employed to deter‑
mine the return‑beneϐit characteristic of farming opera‑
tions and consequently identify the pros and cons involv‑
ing the application of advanced equipment by the farm‑
ers. Lastly, the researchers should come up with a plan
of action that will help the farmers to conduct a beneϐits
analysis on the use of modern machinery.

2. Materials and Methods
This study utilized a descriptive research method‑

ology with a quantitative approach, employing pre‑
designed questionnaires to collect information. The aim
was to assess the Return‑Beneϐit of employing Modern
Agricultural Machinery by rice farmers in Nueva Ecija,
Philippines, using Modern Portfolio Theory (MPT) as a
framework to establish a foundation for a Business Con‑
tinuity Plan.

The adaptability of descriptive research, which in‑
cludes a range of data gathering techniques such as
surveys, observational studies, case studies, and focus
groups [14], is essential for accurately reϐlecting the sub‑
tleties of farmers’ experiences and the effects of contem‑
porary agricultural gear.

The subject of this research was rice farmers of
Nueva Ecija, Philippines, situated in the  region, occupy‑
ing the central section of . All districts of Nueva Ecija
are places where researchers conducted the study, espe‑
cially as the researchers intentionally sought help from
some rice cooperatives such as Municipality Agriculture
Laur, Gabay sa Bagong Pag‑asa in Gapan, andKasamne in
Palayan City. By using purposive sampling in this man‑
ner, the researchers effectively accessed and engaged
with rice farmers who have ϐirsthand knowledge and ex‑
periences relevant to the research topic, facilitating a
comprehensive analysis of return beneϐits and factors in‑
ϐluencing machinery adoption within the framework of
Modern Portfolio Theory. Based on the given list that the
respondents received from the Cabanatuan City Agricul‑

ture Ofϐice, the total population in Nueva Ecija, Philip‑
pines is stated to be 134,000 people, speciϐically rice
farmers. The researchers used the Raosoft sample cal‑
culator, which takes into account a 5% margin of error
and a 95% conϐidence level. With a 50% response distri‑
bution, the total number of respondents calculated was
384.

The selection criterion prioritized farmers who
possessed ample expertise in utilizing agricultural ma‑
chinery. The following criteria were set to eliminate bias
in the responses that may be extracted from the poten‑
tial respondents: at least 3 years’ experience in farming,
with one ormore agriculturalmachineries used for farm‑
ing, and lastly, at least 2 consecutive years of earning
from farming. This criterion guarantees that the partic‑
ipants possess a pragmatic comprehension of both con‑
ventional and contemporary farming methods, facilitat‑
ing a more precise evaluation of the advantages and dif‑
ϐiculties linked to modern gear.

The study seeks to collect trustworthy and strong
data on the practical use and results of contemporary
agricultural technologyby focusingonexperienced farm‑
ers. This method facilitates the assessment of the
Return‑Beneϐit ratio, as these farmers may provide com‑
parison evaluations based on their vast usage experi‑
ence. Moreover, their experiences can shed light on the
pragmatic features of machinery utilization, such as up‑
keep, enhancements in productivity, and any possible
disadvantages, thus facilitating a thorough comprehen‑
sion essential for the application of Modern Portfolio
Theory (MPT) to the agricultural industry.

The questionnaire and interview were used as the
main data‑gathering instruments. In the survey ques‑
tionnaire, respondents were presented with two dis‑
tinct sections of questions, each strategically designed to
align with the study’s goals and objectives.

Part I consists of questions that describe the busi‑
ness technical proϐile of the respondents, assessing the
equipment used in farming, years of use of modern agri‑
culture in farming, number of crop farming per year,
estimated annual farming expenses in using machines,
and estimated annual net income. This part of the ques‑
tionnaire is a checklist modiϐied and crafted by the re‑
searchers.
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Part II consists of questions that assess the return‑
beneϐit in the adoption of modern agricultural machin‑
ery affecting the farming operations of rice farmers in
terms of initial cost, risk aversion, labor savings, and
crop productivity. This part of the instrument was for‑
mulated in the modiϐied 4‑point Likert scale, Strongly
Agree (4); Agree (3); Disagree (2); Strongly Disagree (1).

The research instrument underwent validation,
during which corrections and suggestions were inte‑
grated into the ϐinal draft. Subsequently, interviews
were conducted with additional respondents to assess
reliability, and experts were engaged to evaluate the in‑
strument’s validity.

The research study entitled “Analyzing the Return‑
Beneϐit on the Use of Modern Agricultural Machinery
by Rice Farmers in Nueva Ecija, Philippines using Mod‑
ern Portfolio Theory (MPT)” was conducted by asking
for approval from the university and the permission of
the farmers who are the respondents of the study. The
researchers used survey questionnaires, Google Forms,
and informal interviews as a research tools which serve
as a medium to collect data. A semi‑structured survey
questionnairewas developed to gather quantitative data
on various aspects of modern agricultural machinery
adoption, return beneϐits, technical proϐiles of respon‑
dents, and other relevant variables. The questionnaire
was designed based on the research objectives, litera‑
ture review, and theoretical framework.

Moreover, the researchers conducted a dry run to
check the reliability and validity of the formulated ques‑
tionnaire. The reliability coefϐicient of the instrument
was tested and measured to check the internal consis‑
tency, with the following consistency results: Initial Cost
garnered 3.44, Risk Aversion has 3.25, Labor Savings has
3.14, and Crop Productivity was 3.3. The validity of the
research instrument was established by presenting the
developed instrument for the comments of the experts,
who rated the instrument with a 3.92 general weighted
mean and verbally interpreted it as a “Very good” ques‑
tionnaire. The reliability coefϐicient of the instrument
was tested and measured to identify the internal consis‑
tency. The validity of the research instrument was estab‑
lished by presenting the developed instrument for the
experts’ comments, who rated it.

The researchers also acknowledged the potential
limitations in this study. One of the limitations is the re‑
search locale. The researchwas exclusively conducted in
one of the many provinces in the Philippines, which sig‑
niϐies that the result does not represent other provinces.
Another limitation is the use of an online survey. There
are respondents who do not properly know how to use
the instrument uploaded in online mode. Hence, the re‑
searchers performed follow‑ups on their responses.

The data gathered from the respondents was en‑
coded, tallied, and analyzed. Statistical tools such as
percentage, frequency distribution, weighted mean, and
Spearman Rhowere used in analyzing the data gathered.
Speciϐically, the researchers employed the following: fre‑
quency and percentage were used to describe the re‑
spondents’ technical business proϐile to determine the
actual business operations of the respondents; the re‑
searchers utilized theweightedmean to assess the adop‑
tion of modern agricultural machinery by rice farmers
because of the potential similarities in the practice of the
respondents; to identify the signiϐicant relationship be‑
tween the years of use ofmodern agriculturalmachinery
in farming and the estimated annual net income, the re‑
searchers employed Spearman Rho to determine which
among the two variables holds a strength over the other. 

3. Results
This chapter presents analyses and interprets all

the data gathered in textual and tabular form.

3.1. Description of the Business Technical
Proϐile of the Respondents

This section presents the business technical pro‑
ϐile of the respondents described in terms of equipment
used in farming, years of use of modern agricultural ma‑
chinery in farming, number of crop farming per year, es‑
timated annual farming expenses in usingmachines, and
estimated annual net income.
3.1.1. Equipment Used in Farming

The majority of the respondents indicate that the
reaper is themost commonlyusedequipment in farming,
with a frequency of two hundred nine (209), or ϐifty‑four
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percent (54%) of the respondents, while other equip‑
ment as the lowest are only three (3), or one percent
(1%) of the total respondents.

3.1.2. Years of Use of Modern Agricultural
Machinery in Farming

Forty‑two percent of respondents (161 farmers)
reported using modern agricultural machinery for 3–4
years, while the lowest group, at twenty percent (77 re‑
spondents), reported 1–2 years of usage.

3.1.3. Number of Crop Farming per Year
Results show that the highest percentage of respon‑

dents’ crop farming per year was twice a year with a fre‑
quency of two hundred sixty‑four (264), or sixty‑nine
percent (69%), while the lowest respondents’ crop farm‑
ing per year was thrice a year, with a frequency of four
(4), forming (1%) of the total respondents.

3.1.4. Estimated Annual Farming Expenses
in Using Machines

Results show that the majority of the respon‑
dents’ estimated annual farming expenses in using ma‑
chines were 21,000–30,000, which is forty‑seven per‑
cent (47%) with a frequency of one hundred eighty
(180), while the lowest percentage was seven percent
(7%) with a frequency of twenty‑nine (29) and foresee

costs exceeding 31,000.
3.1.5. Estimated Annual Net Income

Results show that the highest percentage of respon‑
dents estimated annual net income was seventy percent
(70%),which fallswithin the101,000 to200,000 income
rangewith a frequency of two hundred sixty‑eight (268),
while the lowest percentage, one percent (1%), reported
incomes of 200,000 and above with a frequency of four
(4).

3.2. Assessment of the Adoption of Mod‑
ern Agricultural Machinery by Rice
Farmers Affecting the Return‑Beneϐit
of their Farming Operation

3.2.1. Initial Cost
Table 1 shows the results of the adoption of mod‑

ern agricultural machinery by rice farmers affecting the
return‑beneϐit of their farming operation in terms of ini‑
tial cost. The majority of the respondents strongly sgree
with the statement “Modern machinery is quite expen‑
sive to purchase immediately for many farms”, having a
weighted mean of 3.42. On the other hand, respondents
only agreewith “The high upfront cost creates a substan‑
tial obstacle for smallholder farmers adopting modern
machinery”, having a weighted mean of 3.23.

Table 1. Initial cost.

Initial Cost WeightedMean

1. Modern machinery is quite expensive to purchase immediately for many farms. 3.42
2. The initial expenses are affordable when considering the long‑term beneϐits of using modern machinery.
3. The initial cost barrier for farmers can be lowered by government support. 3.37
4. Modern machinery requires a signiϐicantly higher initial investment compared to traditional practices. 3.38
5. The high upfront cost creates a substantial obstacle for smallholder farmers adopting modern machinery. 3.23
Total 3.35

Note: Legend: 1.0–1.75 Strongly disagree, 1.76–2.50 Disagree, 2.51–3.25 Agree, 3.26–4.00 Strongly agree.

3.2.2. Risk Aversion
Table 2 shows the result of the adoption of mod‑

ern agricultural machinery by rice farmers affecting the
return‑beneϐit of their farming operation in terms of risk
aversion. It shows that the majority of the respondents
strongly agree with the statement “The potential break‑
downs and repairs involved in using advanced agricul‑
tural equipment make me hesitant to adopt them”, with

a weighted mean of 3.43. However, respondents only
agree with the statement “To reduce the chance of oper‑
ational disruptions and increase long‑term production,
risk‑averse farmers are more likely to invest in high‑end
agricultural gear”, with a weighted mean of 3.13.
3.2.3. Labor Savings

Table 3 shows the result of the adoption of mod‑
ern agricultural machinery by rice farmers affecting the
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Table 2. Risk aversion.

Risk Aversion WeightedMean

1. The potential breakdowns and repairs involved in using advanced agricultural equipment make me
hesitant to adopt them. 3.43
2. Using modern machinery gives me greater control over my operations and reduces predictable risk. 3.22
3. To reduce the chance of operational disruptions and increase long‑term production, risk‑averse
farmers are more likely to invest in high‑end agricultural gear. 3.13
4. Risk aversion inϐluences farmers’ decisions when investing in machinery and equipment for their
operations. 3.37
5. Risk‑averse farmers typically prioritize investing in agricultural gear with warranties and safety
mechanisms. 3.28
Total 3.29

Note: Legend: 1.0–1.75 Strongly disagree, 1.76–2.50 Disagree, 2.51–3.25 Agree, 3.26–4.00 Strongly agree.

return‑beneϐit of their farming operation in terms of la‑
bor savings. The majority of the respondents strongly
agree with the statement “The adoption of modern agri‑
cultural machinery has signiϐicantly reduced labor re‑
quirements in rice farming operations,” garnering a

weighted mean of 3.30. On the other hand, respondents
only agree with “The adoption of modern agricultural
machinery for labor‑saving has positively inϐluenced the
return on investment of your rice farming operation,”
having a weighted mean of 3.16.

Table 3. Labor Savings.

Labor Savings WeightedMean

1. The utilization of modern agricultural machinery affected your overall labor costs in rice farming. 3.28
2. The adoption of modern agricultural machinery for labor‑saving has positively inϐluenced the return
on investment of your rice farming operation. 3.16
3. The use of modern agricultural machinery for labor‑saving purposes will continue to provide beneϐits
to your rice farming operation in the long term. 3.23
4. The adoption of modern agricultural machinery has signiϐicantly reduced labor requirements in rice
farming operations. 3.30
5. The adoption of modern agricultural machinery met your expectations regarding labor‑saving
beneϐits in rice farming. 3.28
Total 3.25

Note: Legend: 1.0–1.75 Strongly disagree, 1.76–2.50 Disagree, 2.51–3.25 Agree, 3.26–4.00 Strongly agree.

3.2.4. Crop Productivity
Table 4 shows the result of the adoption of mod‑

ern agricultural machinery by rice farmers affecting the
return‑beneϐit of their farming operation in terms of
crop productivity. It shows that the majority of the
respondents strongly agree with the statement “Crop
productivity signiϐicantly improves with the adoption
of modern agricultural machinery,” with a weighted
mean of 3.38. However, respondents only agree with
the statemnet “Improved crop productivity translates
to higher income potential for rice farmers” with a
weighted mean of 3.2.

3.3. Signiϐicant Relationship between the

YearsofUseofModernAgriculturalMa‑
chinery in Farming and the Estimated
Annual Net Income

Table 5 shows the signiϐicant relationship between
the years of use of modern agricultural machinery in
farming and the estimated annual income of farmers.
The correlation between the years of use ofmodern agri‑
culturalmachinery and the estimated annual net income.
The table shows that the Spearman Rho value of the
years of use of modern agricultural machinery and es‑
timated annual net income is 0.59344, ρ (2‑tailed) = 0.
Meaning, that by normal standards, the association be‑
tween the two variables would be considered statisti‑
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Table 4. Crop productivity.

Crop Productivity WeightedMean

1. Improved crop productivity translates to higher income potential for rice farmers. 3.2
2. Crop productivity signiϐicantly improves with the adoption of modern agricultural machinery. 3.38
3. Improper use of machinery can lead to negative impacts on long‑term productivity. 3.32
4. Sustainable practice and proper training on machinery use are crucial to ensure long‑term
productivity beneϐits. 3.29
5. Modern machinery has dramatically increased my overall crop productivity. 3.34
Total 3.31

Table5. Signiϐicant relationship between the years of use ofmodern agriculturalmachinery in farming and the estimated annual
income of farmers.

Years of Use of Modern
Agricultural Machinery
in Farming

Estimated
Annual Net
Income

SpearmanRho Years of use of modern
agricultural machinery in
farming

Correlation coefϐicient
sig. (2‑tailed)
N

1.000

384

0.59344
000
384

Estimated annual net income Correlation coefϐicient
sig. (2‑tailed)
N

0.59344
000
384

1.000

384

cally signiϐicant. This signiϐies that rejecting the null
hypothesis (H0: there is no signiϐicant relationship be‑
tween the years of use ofmodern agriculturalmachinery
and annual net income) is appropriate in this context.

4. Discussion

4.1. Description of the Business Technical
Proϐile of the Respondents

In relation to the use of farming equipment, it was
pointed out by the respondents that they mainly em‑
ployed a reaper in their rice cultivation activities. The
recognition of this machine is based on its great har‑
vesting abilities, cost‑effective labor andhighproduction
output. In fact, its usage marks a turn towards mech‑
anization in agriculture since modern technologies like
reapers have replaced conventional manual work done
during rice paddy cultivation.

The economic practicality and operational advan‑
tages of using hand reapers in the collection of rice and
wheat have been emphasized [14]. The analysis shows
how expensive manual harvesting can be, with rice and
wheat harvesting costs reduced by 58% and 53%, re‑
spectively, from manual practices. It points out the ef‑

fectiveness of reapers especially on farming methods
in which harvests are done mechanically. Moreover,
Rahman’s study underscores the importance of manual
reapers for uneven ϐieldswhere rice andwheat crops are
cultivated. Manual reapers are skilled at navigating, and
they have a lot of capability to remove plants under ex‑
ceptional circumstances. This has made them an excel‑
lent alternative since they enhance efϐiciency by reduc‑
ing labor requirements, especially among complex agri‑
cultural terrains. The valuable insights into the beneϐits
and challenges associated with employing hand reapers
in agricultural mechanization. These ϐindings further
disclose their potential to improve output, cut down pro‑
duction costs as well as enhance farming sustainability
particularlywhen it comes to harvests on rice andwheat
ϐields.

Still, there are different perspectives that point to
some problems in this approach. Mechanical reapers
may at times cause increased costs of operation and re‑
liance on other ϐirms for ϐixing broken parts and main‑
tenance [15]. In such places, the operating costs of me‑
chanical reapers may be higher than the savings in labor
costs since there is limited access to technical services
and spare parts. Consequently, smallholder farmers are
left with no cash reserves. In addition, they argue that
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the initial cost of modernmechanical reapers is substan‑
tially more than that of manual ones, thus complicating
issues for smallholders.

Mechanization provides an adequate path for pro‑
ductivity advancement; that on the other hand, it may
lead to socio‑economic disruption. The replacement of
traditional hand laborwithmechanical reapers has been
linked to the migration of agricultural workers, which
can have wide‑ranging effects on rural communities and
increase urbanization trends. Developing agricultural
societies to grow in a sustainablemannermeansmoving
the fulcrum between these socio‑economic effects and
productivity improvements.

People who have been using new agricultural ma‑
chinery for an extended period were supposed to be
more efϐicient as it required a level of expertise, which
would help themadopt technological innovations in agri‑
culture effectively. The fact that they still use modern
tools and methods when appropriate demonstrates a
successful integration of them into their traditional con‑
text as well as an ongoing commitment to the ethos
behind these developments. The survey also provides
insight into the ability of respondents to adopt new
technologies in agriculture Farmers display their ϐlex‑
ibility to the evolving agricultural climates, utility of
newmethodologies and knowledge of modern technolo‑
gies by using advanced machinery for a longer duration
consecutively. To remain competitive and proϐitable, it
is important to be adaptive in the face of difϐiculties,
whether that means labor shortages or environmental
constraints [16]. In fact, the time frame in which modern
agricultural machinery has been used shows that survey
respondents investmoney andwillingness to participate
in technological advances for bettering crop production
cycle farming techniques. Commitments like this are es‑
sential if we expect to achieve long‑term agricultural de‑
velopment, build resilience in the face of setbacks and
contribute meaningfully to sustainable food production
systems.

The ϐindings provide evidence for semi‑annual
cropping by the respondents (two crop farming cycles
per year). The practice is a common method being ap‑
plied in anumber of agricultural areas, such as thePhilip‑
pines, to increase crop yield and improve product qual‑

ity. Semiannual cropping allows farmers to diversify
their crops during each cycle. Crop rotation is a trick
that provides such hints as insect control, maintaining
soil productivity, and reducingweather‑dependent risks.
The prominence of rice as the staple food in the Philip‑
pines, widely consumed by its population even unknow‑
ingly manifesting its essential role both for food security
andnutritional requirements. The country grows rice on
agricultural ϐields allowing for a double cropping system
in irrigated areas, especially those with abundant wa‑
ter resources, like two harvests before the next drought
starts. This skill not only ensures food availability, but
also boosts agriculture for post‑disaster challenges and
increases production in a country which is an essential
framework to secure food security as well as economic
stability. It not only makes a signiϐicant contribution to
the food production of the nation but also supports the
livelihoods of thousands and thousands of rice farmers.
Mechanization requires the use of an appropriate com‑
bine harvester for efϐicient rice production. This agri‑
cultural innovation is a must to enhance operational efϐi‑
ciency and help in getting the harvests done at the right
time of optimum season, yielding the maximum crop
possible. In addition, the application of integrated har‑
vesters has a vital role in mitigating postharvest losses
particularly among agricultural economies such as the
Philippines, where food security and sustainability are
paramount concerns [17].

When they calculate the annual expense of running
machinery on the farm, farmers expect to pay anywhere
from a little bit to high out‑of‑pocket dollars for storing
their farming equipment. Such expenses usually include
routine servicing, repair due to normal wear and tear, as
well as intermittent enhancements or changes of some
parts in order tomaintain the functionality ofmachinery,
equipment, and structure for price effectiveness. These
ϐigures show that farmers are doing their bit to ϐinan‑
cially plan in order to keep business operations both run‑
ning and working. As a forward‑looking statement on
the assetmaintenance andmanagement front, it conveys
that farmers are willing to spend dollars today for wear
and tear in order to save millions of acres tomorrow.

Farmers expect a normal level of annual net income
from their farming activities, as indicated in the pro‑
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jected yearly ϐigures. This data shows the wide range in
both revenue estimates and outcomes that exist among
agricultural farmers. The statement underscores the
broad range of operational scales, commercial opportu‑
nities and routes to proϐitability that farmers must nav‑
igate due to their own circumstances, resources, and
business strategies. Unfortunately, the efϐiciency of pol‑
icy and program interventions in general was hampered
by the low rates at which technology is usually adopted
within the global Nigerian agricultural sector. There is
a discrepancy between the amount of effort put into cre‑
ating strategies versus action‑taking [18]. This has trans‑
lated into low productivity and an average annual earn‑
ings of N 120,000 per farmer among rice farmers. The
sharp contrast makes it clearer that interventions need
to be speciϐically aimed at achieving a much higher tech‑
nology penetration and improving economic returns for
farmers.

Although the current agricultural technology is be‑
lieved to have a high potential for improving produc‑
tivity and efϐiciency, it must be applied with great care
due to an array of challenges that come along. There is
also need to determine the appropriate mix of mecha‑
nization and hallmark techniques or processes, together
with their economic and socio‑economic impacts among
different farming conditions for a sustainable agricul‑
tural development.

4.2. Assessment of the Adoption of Mod‑
ern Agricultural Machinery by Rice
Farmers Affecting the Return‑Beneϐit
of Their Farming Operation

The initial cost of modern agricultural technology
greatly affects the return on investment as it is quite high
at ϐirst. Of course, the response in which most agree
is “modern machinery is too expensive for immediate
purchase by many farms,” with a weighted mean of 3.42
They also concur that “the high upfront cost is a consid‑
erable entry barrier to smallholder farmers” (weighted
mean of 3.23). The result shows that the very large ϐirst
capital for machinery is a major disadvantage that can‑
not be affordedbyall farmers especially small ϐield farms
or ones who do not have much money.

Farmers are reluctant to use agricultural machin‑

ery because of high acquisition and maintenance costs,
as well as low annual proϐits [16]. Subsidies can stimu‑
latemachinery acquisition up front, then oversupply the
market and drive downproϐitability so justwhen you get
people to buy your overpricedmachinery, they stop buy‑
ing it. In addition, there is the important business of car‑
rying out detailed risk assessments and planning miti‑
gation strategies that spare us from depriving our chil‑
dren or grandchildren of technology because oversight
has failed in delivering responsible implementation into
practice [19]. He argues that it demands cautious treat‑
ment of the risks of modern technologies such as envi‑
ronmental effects and social disruptions.

However, some researchers emphasize that mecha‑
nization can lead to longer‑term economic beneϐits. The
high initial costs are a global deterrent but long‑term ϐi‑
nancial proϐits can be achieved, as evidenced in labor
savings and productivity improvements [19]. On the one
hand, you have a long‑term view where even though ini‑
tial costs are high, so is arguably the return on invest‑
ment over time. On theother hand, it is claimed that tech‑
nological progress has contributed to higher durability
in modern machinery, requiring less repair for upkeep
relative to older machines so maintenance concerns can
potentially be addressed through design [19].

These are things that farmers oftenmention as very
difϐicult, with the reliability and maintenance costs of
modern machinery being a signiϐicant factor in their
adoption decisions. But the worry about turnaround
time due to breakdowns and/or constant maintenance
has understandablymade themsheepish. The other side
of the coin is that this caution often translates into a
process‑driven adoption cycle, especially if they deter‑
mine signiϐicant risks or potential downsides such as
downtime increases and spikes inmaintenance costs. Fi‑
nally, people should always think about what harmmod‑
ern technology could do to both environmental and so‑
cial inequalities before adoption [19]. Total risk assess‑
ments and mitigation strategies are mandated to en‑
sure responsible, safe and sustainable technology de‑
ployment in agriculture.

Yet other studies showcase the advantages and dis‑
advantages brought by the impact of modern machin‑
ery. Claiming improvements in agricultural technology
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have resulted in greater results when modern machin‑
ery is compared to traditional models [13]. Newer ma‑
chinery designs also include improved diagnostic tools
and more resilient components; they determined that
this should lead to fewer—but perhaps equally severe—
breakdowns. This can reduce worries about the risk
of operational delays and reduce ongoing maintenance
costs.

Additionally, farmers need a system to adopt new
technology that helps them in the long run [12]. Farm‑
ers will always have to weigh the risks and beneϐits be‑
fore purchasing new machinery but by analyzing these
more thoroughly sales personnel can plan ahead for in‑
centives, better matching their options. Taking that care
is also likely to result inmore robustmaintenance proce‑
dures and increased equipment life expectancy, driving
down total costs.

Among rice farmers, the use of machinery has been
favorable since it has been able to minimize the need for
labor once used in farming and thus increase proϐitabil‑
ity in farming activities. Themajority of the respondents
strongly agree that theuse ofmachineryhas signiϐicantly
reduced the number of people required in the process
of rice farming, with a rating of 3.30. They also equally
aver, but easily to the negative that such adoption has en‑
hanced their return on investment with an average rat‑
ing of 3.16. Concerning the implications of modern ma‑
chinery, all the respondents observed that this aspect de‑
creases employment demands resulting in the enhance‑
ment of output and proper resource management. Ap‑
propriate use of labor‑saving technologies leads to im‑
provements within the farmers’ roles focusing on tasks
including strategic planning, crop control and business
development. Farm mechanization increases the rate
and ease of various farming operations, hence improv‑
ing production [20].

Nevertheless, there are apprehensions that the
mechanization of processes will eliminate the need for
manpower in countries that possess ample manpower
and comparatively lower levels of development. Though
mechanization is recognized for raising the labor pro‑
ductivity and income levels, it also leads to the displace‑
ment of hired labor in tasks involving physical effort like
cultivation, reaping, threshing and milling. Operations

that are today being performedwithmore facility byma‑
chinery.

As earlier stated, two diametrically opposed views
are evident with regards to the effects of mechanization
on employment and incomedistribution. Thus, although
mechanization can increase efϐiciency, socio‑economic
transformations can occur as a result. They pointed out
that when mechanized reapers replace conventional la‑
bor practices, then it leads to unemployment of the la‑
bor force hence affecting the livelihoods of rural people
and increasing the rate of rural‑urban migration. This
social‑economical factormust be appropriately weighed
against the intended increase in productiveness for bal‑
anced community development in the agricultural sec‑
tor.

In addition, some of the hassles that come with in‑
vestment in modern machinery include the high price
tag of the machinery and the constant need to cater to
the maintenance costs, thus making it a burden in the
long run for smallholder farmers . They learned that
due to the difϐiculty of accessing technical services, spare
parts and slow transportation in the rural space, mech‑
anized reapers exert too much pressure on smallholder
farmers in terms of costs of maintenance thus negating
the effect of savings on labor.

The implication of the purchase and use of mod‑
ern implements and machinery by rice farmers, there‑
fore, affects yield outcomes and the efϐiciency of invest‑
ment on their farms. Most of the respondents very
much agree with the statement that “crop productiv‑
ity enhances with the help of mechanization and new
techniques” with the supported weighted mean of 3.38.
They also concur, though not as strongly, with the state‑
ment “Increased crop yields increase income prospects
of the rice growers,” with a WMA of 3.2. The rice farm‑
ers realize that the advancements in modern agricul‑
tural technology, especially precision farming, proper re‑
source utilization, timely processes, and improved crop
techniques, all help in greatly improving both the yield
and productivity of rice crops. High‑tech implements
and computer‑aided technologyhelp inplanting, growth,
and even in harvesting and storage. Strategies such as
data analysis and forecasts form the foundation of im‑
provements in practices by farmers.
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The integration of digital technologies and agricul‑
tural mechanization has changed the farming practices
in several ways by controlling losses and increasing op‑
erating efϐiciency which is fruitful for farmers [21]. These
technologies stand as important implements that should
be promoted for the purpose of increasing yields and
generally improving the standard of living of the farm‑
ers.

Nevertheless, there are some works that describe
opposite opinions about the effects of modern agricul‑
tural machinery on crop yields. Mechanization is help‑
ful from the point of view of productivity increase, but
at the same time, it can result in the application of heavy
machinery and the lack of retention of traditional knowl‑
edge and farming techniques needed for efϐicient and
sustainable agriculture [22]. Some of the negative effects
popularized by high mechanization include soil deteri‑
oration and crop diversiϐication, a problem that poses a
severe danger to the long‑termsustainability of foodpro‑
duction.

Furthermore, it is also important to understand
that mechanization does not hold the same advantages
in all localities and farming types. Even in developed
countries where machinery is produced locally, based
on the current development where some regions have
yet to embrace advanced technological advancements,
the level of productivity that is expected to be achieved
by the use of modern machinery may not be realized.
This study discovered that in certain circumstances, ma‑
chinery failure and repair expenses can outweigh the en‑
hanced productivity of the machinery and place great
pressure on the farmers’ ϐinancial status as well as the
rate of proϐitability of their farms, which could be nega‑
tively affected.

4.3. Signiϐicant Relationship between the
YearsofUseofModernAgriculturalMa‑
chinery in Farming and the Estimated
Annual Net Income

The correlation coefϐicient that was obtained pro‑
vides some evidence that farmers estimated annual net
income is a function of their use of modern agricultural
machinery duration. This denotes that the use of Min‑
istry recommended and advanced equipment in agricul‑

ture is beneϐicial to farmers in the aspect of income earn‑
ing either through revenue multiplier effect, solving the
challenge of labor intensity or throughmore efϐicient use
of inputs in farming activities. RCH adopted improved
farmers’ income compared to hand harvesting methods
by slashing the costs of labor, an important expense in
agricultural production [23]. This results in large proϐits
for the farmers.

As for the impact of property rights, it was revealed
that landowners tend to have greater net income be‑
cause of omitting ϐixed land rentals, which are produc‑
tion costs. Also, increased amounts of agricultural pro‑
duction led to an increase in revenue since revenue =
price × quantity, with a constant price. The use of
advanced agricultural practices such as mechanization
pushed the yields up, hence improving the revenue of
farmers. In this context, the study stresses the need
for the reincarnation of agricultural professionalism to‑
wards revenues in the booming area of rice produc‑
tion. Age, as a proxy for experience, shows that farmers
who conduct rice farmingwithmore years of experience
achieve better results in terms of net returns due to the
enhanced skills that come with mastery of experience.
These are the aspects of technological advancement in
farming, the proportion of land owned by farmers, yield
management and farming experience which in one way
or another affect the ϐinancial proϐit of farmers in rice
farming.

However, there are some other works that give op‑
posite opinions concerning the impact of mechanization
on the magnitude of proϐits in the long run. The capital
costs of modernmachinery, both for purchase andmain‑
tenance, are sometimes more than the beneϐits accru‑
ing from their use in the production process, chieϐly for
smallholder farmers [24]. In areaswhere access to techni‑
cal assistance and spare parts is still a challenge, the cost
is high, which puts pressure on the machinery’s mainte‑
nance by offsetting the net income gains expected.

However, although mechanization helps increase
production rates, it also causes social and economic dis‑
turbances. They noted that with mechanized reapers
taking over the work that was previously done by hand,
many farm laborers are left unemployed, leading to so‑
cial problems like the augmentation of rural people’s
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movement to urban areas. This socio‑economic effect
needs to be addressed alongside the increase in produc‑
tivity so that communal agricultural livelihoods can be
sustainably developed.

However, mechanization created positive ϐinancial
changes with the exception of mechanization in farm‑
ing [25]. The savings frombuyingmodernmachinerymay
not necessarily lead to an even greater increase in net
earnings because the transport costs and marketplace
problems in areas of low development may hinder and
swallow up all the gains made through mechanization.

5. Conclusions
Based on the ϐindings, the researchers were able to

draw the following conclusions:
The majority of respondents, having utilized

reapers for 3–4 years in their twice‑yearly crop farming,
allocated an estimated annual budget of 21,000–30,000
for expenses in using machines while generating an an‑
nual net income ranging from 101,000–200,000.

In terms of the Initial Cost, the majority of the
respondents strongly agree with “Modern machinery
is quite expensive to purchase immediately for many
farms”; in terms of Risk Aversion, the majority of the
respondents strongly agree with “The potential break‑
downs and repairs involved in using advanced agricul‑
tural equipment make me hesitant to adopt them”; in
terms of Labor Savings, the majority of the respondents
strongly agree with “The adoption of modern agricul‑
tural machinery has signiϐicantly reduced labor require‑
ments in rice farming operations”; in terms of Crop Pro‑
ductivity, the majority of the respondents strongly agree
with “Crop productivity signiϐicantly improves with the
adoption of modern agricultural machinery.”

There is a signiϐicant relationship between the
years of use of modern agricultural machinery in farm‑
ing and the estimated annual income. This indicates a
rejection of the null hypothesis.

Based on the ϐindings, the researchers were able to
provide the following recommendations:

The farmers are advised to prioritize comprehen‑
sive training for modern machinery, adopt crop rotation
practices to improve yields, thoroughly evaluatemachin‑

ery quality to minimize costs, and develop strategic bud‑
get plans to achieve optimal proϐitability.

It is recommended that the government should pro‑
vide demonstrations and training sessions that highlight
the labor‑saving beneϐits of modern machinery and the
direct link between productivity and income, which are
crucial not only for the farmers but also for other labor‑
related industries. Tailored interventions addressing
these concerns can signiϐicantly encourage the adoption
ofmodernmachinery in rice farming, thereby improving
the return on investment.

Given the signiϐicant relationship between the
years of using modern agricultural machinery and esti‑
mated annual net income, it is recommended that both
experienced and new users engage in continuous skills
development through tailored training programs. Ac‑
cess toongoing technical support, participation in collab‑
orative learning networks, and opportunities for knowl‑
edge exchange among different labor‑related workers
exchangewithin the agricultural community are also cru‑
cial.

For future researchers, it is recommended to recog‑
nize the importance of using this existing study as a foun‑
dation for new scientiϐic results particularly a deeper un‑
derstanding of the Modern Portfolio Theory. This study
on the Modern Portfolio Theory can be a basis for apply‑
ing other related theories to discover new results and
knowledge.

6. Patents
No patents resulting from thework reported in this
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