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ABSTRACT

Optimizing the allocation of agricultural machinery is crucial for enhancing rice production efficiency,
particularly in regions with uneven resource distribution. This study addresses the lack of localized, data-driven
mechanization strategies in Kubu Raya Regency, bridging an important research gap in sustainable resource
allocation. It focuses on Sungai Kakap and Kubu subdistricts in Kubu Raya Regency, West Kalimantan,
to develop and prioritize the distribution of hand tractors, cultivators, and power threshers based on land area,
cropping index, and existing saturation levels. Primary data were collected through structured interviews with a
representative sample of agricultural stakeholders, while secondary data included rice production levels,
machinery availability, and land use statistics. The results identified Tanjung Saleh and Kampung Baru as high-
priority villages due to extensive paddy field areas, high cropping intensities, and critically low machinery
saturation levels. Addressing these shortages can significantly enhance land preparation, planting efficiency, and
post-harvest processing, leading to increased productivity and reduced operational costs. A validated coefficient
approach and stakeholder engagement were integrated into the prioritization framework to ensure robust
decision-making and policy relevance. The proposed prioritization framework offers a data-driven approach for
equitable machinery distribution, supporting sustainable agricultural development and regional food
security. Beyond Kubu Raya, these findings provide actionable insights for policymakers and practitioners
seeking to refine agricultural resource allocation strategies in similar contexts. This study thus proposes a
foundation for future research on optimizing agricultural mechanization, highlighting potential benefits for
policy and practice at both local and broader scales.
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sustainable agriculture

QAT 5 sls) 2142-2131:(6) 56: 2025 -4l ) Lo ;31 aslal) Aaa
Loaigi) ¢y 928 A YU L) aygil) JNA e 3UY) £ ) BeldS s
"l Siilg . T G- U oAbl
palai 2o Lue 3 k| a0 Lwa M

! Laiga) llisies ¢ 8L Sk dnaly
? Lonaiga) clibiigy (AULgs Lowsig] ilisas) 9358 909> Olsiba daals

oali Aalle ) Aubal ola Cisgd . ylpall pAlSe b laysi gl A Ghlal B Laed G g L) BeliS et Luaadl) Al bl L3l CY) panads Gaual
ikia o dupal) S5 alticall lgall Qamadd B daga Adiay Ssad Batd (L) g€ Ablaa B dae )3l Al Gl Led cilibyl) L) Saiiual) dgaall cibagliud)
Hbag ool Aalua ) 13l AilSal) slaat) @iy dujlaally Ligad) chbad) aus clislsl aay skl Auwal) GUELallS (bl g Usblas B gugSy SIS gliigas
gt dugilil) Clbl) clad Ly (el dabaall clawal (e Llia L g daliia cOlie P& 0o L46Y1 Ubal aas a3 TG Edlal) 2udil) Cligiuag «Jualaall
Aaalall 3 Jeis clalual L Adle dyglgl @3 ghlia DT )b figalSy Al isadli iud of i) cughily . ualf) alasiul cilplasly (N iigiy <3 gl
ny dallaally Aoyl SsliSy () st clles o S (S Guad of S aBlgil) o3a Aallaa ¢ Lals (S8 YY) gl Cligtue Galilly (Jualaal) A3ES gl
Lo iy g b M85 ladal clisls¥) waad ) A daluaal) cilaal AUy (Giaall Chlalaall gt et ad - Jabddl) CdlSs Juliig Aaliiy) 5al) ) g4 Laa caluaal)
315 Al caila g - raalfy) A5 ¢pa¥ly o sinal) Do 3l Auaiil) Last (Jole (IS Y ol clibud) ) Baiious dingia kel cilighe¥) paad Hla) asiy - cilaibadly
Al o3 g (il Agabiia il B s 3 Llsal) Gamadl cladlin) Guald ) G Gl Gaulaally Cilubsd) prilal Gukill ALE (55, gl o2 s (Ll

¥l Al Cmginall e Alaally Aaibod! Abainal) aifgil) Ao ppall Aabusa a3l Aiall Gpanin J g abifinnall Eigall Lubudf

Ll tiual) o3 ¢ Jalaal) cfpipa « 3N 7 ) BoliS (V) Gamadi duell) Al Aabitall clal)

This work is licensed under a Creative Commons Attribution 4.0 International License.
BY Copyright© 2025 College of Agricultural Engineering Sciences - University of Baghdad

Received:22 /8/2024, Accepted:12/1/2025, Published:December 2025

2131


mailto:ekawati@upb.ac.id
https://coagri.uobaghdad.edu.iq/
http://en.uobaghdad.edu.iq/

Iraqi Journal of Agricultural Sciences —2025:56(6):2131-2142

Ekawati & et al.

INTRODUCTION

Agricultural mechanization has emerged as a
cornerstone of modern rice production,
addressing critical global challenges related to
food security, productivity, and sustainability.
Mechanized systems are replacing traditional
farming  practices,  driving  enhanced
operational  efficiency, reduced labor
dependency, and increased crop yields. These
transformations are especially evident in
developing countries, where rice remains a
staple crop and a vital component of national
food security strategies.The benefits of
mechanization are  well-documented in
countries such as China, Vietnam, and lIraq,
where  advancements in agricultural
technologies have significantly transformed
productivity and resource management. In
China, labor shortages driven by rural-to-urban
migration have led to the adoption of
mechanized tools like UAVs and optimized
transplantation techniques, boosting
productivity and improving resource efficiency
(27). Similarly, Vietnam's Mekong Delta has
embraced mechanization to enhance rice
quality and  market  competitiveness,
reinforcing its status as a leading rice exporter
(20). These examples underscore the
transformative impact of mechanization on
agricultural  systems.Despite its benefits,
mechanization faces persistent challenges in
achieving equitable implementation,
particularly in resource-constrained regions.
Smallholder farmers in developing countries
often struggle with barriers such as limited
access to machinery, misaligned equipment
designs unsuitable for small-scale plots, and
economic constraints, which perpetuate cycles
of low productivity (18, 23, 25). In Indonesia,
these challenges are evident in regions like
Kubu Raya, West Kalimantan, where uneven
distribution of agricultural machinery disrupts
critical farming operations, thereby limiting
productivity and threatening food security.
However, limited empirical studies have
focused on Kubu Raya’s unique constraints,
highlighting a research gap in localized
resource allocation strategies: Cropping
intensity, defined by the frequency of planting
and harvesting cycles, further complicates
machinery allocation. High intensity cropping
systems, such as double or triple cropping,
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demand efficient machinery for timely
operations, especially in irrigated regions (11,
13). Conversely, lower cropping intensities
reduce machinery investment incentives,
perpetuating reliance on manual labor (33).
These dynamics highlight the need for tailored
mechanization strategies to address regional
agricultural demands effectively. This study
addresses these challenges by focusing on
optimizing agricultural machinery allocation in
Kubu Raya. By developing a localized, data-
driven prioritization framework based on land
area, cropping intensity, and machinery
saturation levels, this research aims to enhance
resource efficiency and support equitable
agricultural development. Its objectives are
twofold: (1) to identify high-priority areas for
machinery allocation and (2) to provide
actionable policy recommendations to address
resource disparities. This study’s contributions
are both scientific and practical. By addressing
machinery shortages in high-priority villages,
it aims to improve resource utilization, reduce
operational costs, and boost productivity.
Additionally, the research offers a replicable
framework adaptable to similar agricultural
settings globally, ultimately supporting food
security and sustainable farming practices.
MATERIALS AND METHODS

This study employed a systematic approach to
assess and optimize agricultural machinery
allocation in the Kubu Raya Regency,
focusing on Sungai Kakap and Kubu
subdistricts. The methodology integrated data-
driven analysis, B, and validated coefficients
for machinery needs to develop a prioritization
framework tailored to local conditions.

Study Area: The research was conducted in
Sungai Kakap and Kubu subdistricts, covering
34 villages with varying levels of agricultural
productivity. These areas were selected due to
their strategic importance in rice production
and their diverse cropping intensities.

Data Collection: Data collection in this study
comprised both primary and secondary
sources. Primary data were gathered through
interviews with key stakeholders, including
farmers, agricultural officers, and machinery
operators. A representative  sample  of
stakeholders was selected based on farm size,
level of involvement in rice farming, and
accessibility. This ensured diverse
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perspectives for more comprehensive data on

machinery needs, cropping patterns, and

operational  challenges. Secondary data

included land area calculations derived from

GIS analysis using digital map data in the form

of shapefiles, processed through ArcGIS

software. Additional secondary data sources

included cropping index statistics obtained

from the Agricultural Office of Kubu Raya,

agricultural machinery availability data

provided by the Ministry of Agrarian Affairs,

and subdistrict shapefiles used for spatial

analysis.

Analytical Framework: The study applied a

Multi-Criteria Decision Analysis (MCDA)

approach, leveraging both quantitative and

qualitative data to prioritize machinery

allocation, with stakeholder feedback used to

refine criteria weighting and ensure local

relevance.

1. Calculation of Machinery Needs: The

formula  for determining machinery

requirements incorporated coefficients such as

work capacity and effective working

hours. These coefficients were validated

through field observations, consultations with

local agricultural experts, and statistical

calibration to ensure they accurately reflected

field conditions (29).

Equation for Tractors and Cultivators:
KB=(LSxCF)/(KaxtEXE)

KB = Number of machinery units required.

LS = Land area (hectares).

CF = Coefficient factor.

Ka = Work capacity (hectares/hour).

tE = Effective working days.

E = Effective working hours per day.

Equation for Power Threshers (KB):
KB=(PxCF)/(KaxtEXE)

KB = Number of machinery units required.

P = Rice production (kg).

CF = Coefficient factor (assumed value: 1).

Ka = Work capacity (tons/hour).

tE = Effective working days (days).

E = Effective working hours (hours/day)

2. Saturation Level Analysis: Machinery

saturation levels were calculated to identify

overutilized and underutilized villages.

Diagnostic tools and survey data provided

real-time performance metrics, adapted to

local contexts (10, 34).

Saturation Level Formula: TK=K/KBx100
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TK = Saturation level (%).

KK = Current machinery availability.

KB = Machinery required.

3. Prioritization Framework: Villages were
scored and ranked based on three criteria:
Land Area: Larger areas received higher
priority. Cropping Intensity (Cl): Villages with
higher cropping indices were prioritized.
Machinery  Saturation  Levels:  Lower
saturation levels indicated higher needs.
Scores from each criterion were combined to
categorize villages into high, medium, or low
priority. This framework was informed by best
practices in MCDA and stakeholder-driven
approaches  (5). Stakeholder  consultations
were instrumental in determining threshold
values and refining the weight for each
criterion.

Limitations and Adaptations

The framework incorporated  adaptive
management principles to accommodate
uncertainties such as climatic variability and
evolving agricultural practices. Iterative
adjustments based on stakeholder feedback
ensured the model remained flexible and
context-specific  (1). In  addition, regular
meetings with local farming groups and
extension officers helped address potential
biases by validating initial assumptions
regarding machinery allocation and usage
patterns. This comprehensive methodology
provides a replicable model for optimizing
agricultural resource allocation, balancing
efficiency, equity, and sustainability.
RESULTS AND DISCUSSION

This study reveals significant variations in
agricultural machinery allocation priorities
among the 34 villages in the Sungai Kakap and
Kubu subdistricts. The analysis, detailed in
Tables (1, 2, and 3) evaluates agricultural
machinery availability, needs, and saturation
levels, focusing on key factors such as land
area, cropping intensity, and socio-economic
conditions. These findings emphasize critical
machinery shortages in high-priority areas,
serving as a basis for strategic resource
planning to improve rice farming systems in
Kubu Raya Regency. While data were
collected from a robust sample, variations in
stakeholder responses and possible
underreporting in certain villages highlight the
need for caution when generalizing the results.
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Land Area and Cropping Index

Villages with larger land areas and higher
cropping  indices  demonstrate  greater
machinery needs due to the increased
operational scale and intensity these factors
entail. High-priority areas such as Tanjung
Saleh (2,647.16 hectares; CI 1.50) and
Kampung Baru (1,379.61 hectares; ClI 0.96)
exemplify this trend. Both villages require
significant mechanization to manage land

preparation, planting, and post-harvest
operations. Despite this, their saturation levels
for key machinery such as hand tractors and
power threshers remain below 10%,
highlighting unmet needs. These results align
with similar findings in other Indonesian rice-
producing regions, indicating that inadequate
machinery access can substantially hinder
multi-cropping practices (17).

Table 1. Availability, Needs, and Saturation Levels of Hand Tractors, Land Area, Cropping
Index (CI), and Priority Scale for Additional Equipment in Each Village in Kecamatan
Sungai Kakap and Kecamatan Kubu, Kubu Raya Regency

Land A Availa o e Total
No Village and /Area Cl bility ee ra ota Priority Scale
(ha) (unit) (unit) tion Skor
(%)
Kec. Sungai Kakap
1 Jeruju Besar 199,5 0,69 0 7 0,00 8 Low Priority
2 Kalimas 521,18 0,52 3 18 16,44 8 Low Priority
3 Pal IX 419,61 1,23 1 15 6,81 7 Low Priority
4 Punggur Besar 1434,73 0,64 5 50 9,95 9 Low Priority
5 Punggur Kecil 797,6 1,00 9 28 32,23 6 Not a Priority
6 Sepuk Laut 22,03 0,00 0 1 0,00 9 Low Priority
7 Sungai Belidak 515,93 1,36 0 18 0,00 7 Low Priority
8 Sungai Itik 408,93 0,81 13 14 90,79 5 Not a Priority
9 Sungai Kupah 96,97 0,38 2 3 58,90 8 Low Priority
10 Sungai Kakakp 388,04 1,24 11 14 80,96 5 Not a Priority
11 Sungai Rengas 1014,79 0,94 21 36 59,10 8 Low Priority
12 Tanjung Saleh 2647,16 1,50 1 93 1,08 10 High Priority
13 Parit Keladi 478,9 0,56 6 17 35,78 7 Low Priority
14 punggur kapuas 267,29 0,38 1 9 10,69 9 Low Priority
15 Rengas Kapuas 170,18 3,78 0 6 0,00 7 Low Priority
Kecamatan Kubu
1 Air Putih 100,83 1,12 2 4 56,65 7 Low Priority
2 Ambawang 775,82 0,41 4 27 14,73 10 High Priority
3 Dabung 46,27 0,92 0 2 0,00 8 Low Priority
4 Jangkang | 385,88 1,35 2 14 14,80 7 Low Priority
5 Jangkang 11 29,42 1,36 1 1 97,08 6 Not a Priority
6 Kampung Baru 1379,61 0,96 4 48 8,28 11 High Priority
7 Kubu 593,97 0,87 2 21 9,62 9 Low Priority
8 Mengkalan 429,87 0,76 3 15 19,93 8 Low Priority
9 Olak-Olak Kubu 1070,96 1,41 0 37 0,00 8 Low Priority
10 Pelita Jaya 37,25 1,42 3 1 230,01 3 Not a Priority
11 Pinang Dalam 129,71 1,03 1 5 22,02 7 Low Priority
12 Sungfhz'r”ang 195,02 0,97 0 7 0,00 8 Low Priority
13 Sungai Bembang 631,79 0,63 4 22 18,08 10 High Priority
14 Seruat 111 299,07 0,92 1 10 9,55 8 Low Priority
15 Seruat |1 110,87 0,87 0 4 0,00 8 Low Priority
16 Sepakat Baru 17,19 0,80 0 1 0,00 8 Low Priority
17 Sungai Selamat 121,2 0,90 0 4 0,00 8 Low Priority
18 Teluk Nangka 191,04 1,48 3 7 44,85 6 Not a Priority
19 Sungai Terus 321,04 1,05 4 11 35,58 7 Low Priority

Explanation: Not a Priority if Total Score < 6, Low Priority if Total Score 6 — 9, High Priority if Total Score >9
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Table 2. Availability, Needs, and Saturation Levels of Cultivator, Land Area, Cropping Index
(CI), and Priority Scale for Additional Equipment in Each Village in Kecamatan Sungai
Kakap and Kecamatan Kubu, Kubu Raya Regency

Availa
No Village Land Area Cl bility Negd $atu-ra Total Skor  Priority Scale
(ha) h (unit) tion (%0)
(unit)
Kec. Sungai Kakap
1 Jeruju Besar 199,5 0,69 0 8 0,00 8 Low Priority
2 Kalimas 521,18 0,52 2 20 10,13 8 Low Priority
3 Pal IX 419,61 1,23 2 16 12,58 7 Low Priority
4 Punggur Besar 1434,73 0,64 2 54 3,68 9 Low Priority
5 Punggur Kecil 797,6 1,00 2 30 6,62 7 Low Priority
6 Sepuk Laut 22,03 0,00 0 1 0,00 9 Low Priority
7 Sungai Belidak 515,93 1,36 1 20 5,12 7 Low Priority
8 Sungai Itik 408,93 0,81 1 15 6,46 8 Low Priority
9 Sungai Kupah 96,97 0,38 1 4 27,22 7 Low Priority
10 Sungai Kakakp 388,04 1,24 6 15 40,82 4 Not a Priority
11 Sungai Rengas 1014,79 0,94 1 38 2,60 9 Low Priority
12 Tanjung Saleh 2647,16 1,50 2 100 1,99 10 High Priority
13 Parit Keladi 478,9 0,56 3 18 16,54 7 Low Priority
14 punggur kapuas 267,29 0,38 0 10 0,00 9 Low Priority
15 Rengas Kapuas 170,18 3,78 0 6 0,00 7 Low Priority
Kecamatan Kubu
1 Air Putih 100,83 1,12 0 4 0,00 7 Low Priority
2 Ambawang 775,82 0,41 0 29 0,00 10 High Priority
3 Dabung 46,27 0,92 0 2 0,00 8 Low Priority
4 Jangkang | 385,88 1,35 2 15 13,68 4 Not a Priority
5 Jangkang 11 29,42 1,36 0 1 0,00 7 Low Priority
6 Kampung Baru 1379,61 0,96 0 52 0,00 11 High Priority
7 Kubu 593,97 0,87 0 22 0,00 9 Low Priority
8 Mengkalan 429,87 0,76 0 16 0,00 8 Low Priority
9 Olak-Olak Kubu 1070,96 1,41 0 41 0,00 8 Low Priority
10 Pelita Jaya 37,25 1,42 0 1 0,00 6 Not a Priority
11 Pinang Dalam 129,71 1,03 0 5 0,00 7 Low Priority
12 Sungai Pinang Luar 195,02 0,97 0 7 0,00 8 Low Priority
13 Sungai Bembang 631,79 0,63 0 24 0,00 10 High Priority
14 Seruat 111 299,07 0,92 0 11 0,00 8 Low Priority
15 Seruat 11 110,87 0,87 0 4 0,00 8 Low Priority
16 Sepakat Baru 17,19 0,80 0 1 0,00 8 Low Priority
17 Sungai Selamat 121,2 0,90 0 5 0,00 8 Low Priority
18 Teluk Nangka 191,04 1,48 0 7 0,00 6 Not a Priority
19 Sungai Terus 321,04 1,05 0 12 0,00 7 Low Priority

Explanation: Not a Priority if Total Score < 6, Low Priority if Total Score 6 — 9, High Priority if Total Score >9
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Table 3. Availability, Needs, and Saturation

Levels of Power Thresher, Land Area, Cropping

Index (CI), and Priority Scale for Additional Equipment in Each Village in Kecamatan
Sungai Kakap and Kecamatan Kubu, Kubu Raya Regency

Avai-la
. Land Area . Need Satura Total L
No Village (ha) Cl (kﬂlr:.% (unit) tion (%) Skor Priority Scale
Kec. Sungai Kakap
1 Jeruju Besar 199,5 0,69 0 7 0,00 8 Low Priority
2 Kalimas 521,18 0,52 11 18 62,04 5 Not a Priority
3 Pal IX 419,61 1,23 4 14 28,02 6 Not a Priority
4 Punggur Besar 1434,73 0,64 8 49 16,39 9 Low Priority
5 Punggur Kecil 797,6 1,00 3 27 11,06 7 Low Priority
6 Sepuk Laut 22,03 0,00 0 1 0,00 9 Low Priority
7 Sungai Belidak 515,93 1,36 2 18 11,40 7 Low Priority
8 Sungai Itik 408,93 0,81 8 14 57,51 6 Not a Priority
9 Sungai Kupah 96,97 0,38 0 3 0,00 9 Low Priority
10 Sungai Kakakp 388,04 1,24 2 13 15,15 7 Low Priority
11 Sungai Rengas 1014,79 0,94 6 35 17,38 9 Low Priority
12 Tanjung Saleh 2647,16 1,50 9 920 9,99 10 High Priority
13 Parit Keladi 478,9 0,56 0 16 0,00 8 Low Priority
14 punggur kapuas 267,29 0,38 0 9 0,00 9 Low Priority
15 Rengas Kapuas 170,18 1 0 6 0,00 7 Low Priority
Kecamatan Kubu
1 Air Putih 100,83 1,12 1 3 29,15 7 Low Priority
2 Ambawang 775,82 0,41 0 26 0,00 10 High Priority
3 Dabung 46,27 0,92 0 2 0,00 8 Low Priority
4 Jangkang | 385,88 1,35 2 13 15,24 7 Low Priority
5 Jangkang |1 29,42 1,36 2 1 199,84 4 Not a Priority
6 Kampung Baru 1379,61 0,96 0 47 0,00 1 High Priority
7 Kubu 593,97 0,87 0 20 0,00 9 Low Priority
8 Mengkalan 429,87 0,76 3 15 20,52 8 Low Priority
9 Olak-Olak Kubu 1070,96 1,41 2 36 5,49 8 Low Priority
10 Pelita Jaya 37,25 1,42 0 1 0,00 6 Not a Priority
11 Pinang Dalam 129,71 1,03 0 4 0,00 7 Low Priority
12 Sungai Pinang Luar 195,02 0,97 1 7 15,07 8 Low Priority
13 Sungai Bembang 631,79 0,63 1 21 4,65 10 High Priority
14 Seruat 111 299,07 0,92 0 10 0,00 8 Low Priority
15 Seruat 11 110,87 0,87 0 4 0,00 8 Low Priority
16 Sepakat Baru 17,19 0,80 0 1 0,00 8 Low Priority
17 Sungai Selamat 121,2 0,90 0 4 0,00 8 Low Priority
18 Teluk Nangka 191,04 1,48 3 6 46,16 6 Not a Priority
19 Sungai Terus 321,04 1,05 5 11 45,78 7 Low Priority

Explanation: Not a Priority if Total Score < 6, Low Priority if Total Score 6 — 9, High Priority if Total Score >9

Machinery Saturation Levels

Low machinery saturation levels in high-
priority villages exacerbate operational delays
during critical agricultural phases, reducing
yields and increasing labor dependency. For
instance, Tanjung Saleh requires 93 units of
hand tractors, but its saturation level stands at
a mere 1.08%. Kampung Baru also exhibits
critically low machinery availability, including
zero percent saturation for cultivators.
Addressing these saturation gaps could
significantly enhance labor efficiency and
reduce operational costs, as supported by prior
studies (8, 22). Nevertheless, alternative
explanations, such as socio-economic barriers
to machinery adoption or limited exposure to
new technologies, could partially account for
the observed low saturation levels and merit
further investigation.

Economic Implications: Economic viability
is a key factor in determining priorities for
agricultural machinery allocation. Villages
with consolidated landholdings and high
cropping indices can justify investments in
high-capacity machinery due to the potential
for significant productivity gains. In contrast,
areas with fragmented landholdings or low
cropping intensities face challenges in
adopting mechanization due to limited
economies of scale. These findings align with
research indicating that economic factors, such
as income levels and access to credit, play a
critical role in influencing machinery adoption
(16). Moreover, adequate credit provisions and
competitive pricing policies have been shown
to enhance farmers’ compliance with
government agricultural plans and strengthen
crop marketing systems (21). Therefore,
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investment decisions in mechanization should
incorporate break-even analyses to ensure
economic  feasibility,  particularly  for
smallholder farmers with limited
landholdings. In parallel, farmers’ perceptions
of financial risk and potential benefits must be
carefully evaluated to avoid underutilization of
newly allocated machinery.

Socio-Economic and Geographic Contexts
Geographic diversity across Kubu Raya
necessitates tailored machinery allocation
strategies. Villages with unique topographical
features or socio-economic constraints, such as
limited market access, require customized

solutions to  overcome  barriers to
mechanization. For example, variable weather
patterns and uneven terrains demand

specialized equipment to optimize resource
utilization. Previous research highlights the
importance of aligning machinery choices with
local contexts to enhance efficiency and
adoption (35). Additionally, community-led
cooperation can be pivotal in facilitating
collective investment in machinery, mitigating
individual costs, and promoting equitable
access.

Policy and Support Mechanisms
Government policies and interventions play a
vital role in bridging gaps in machinery access
and utilization. High-priority villages like
Tanjung Saleh and Kampung Baru would
benefit from initiatives such as machinery-
sharing programs, subsidized rental schemes,
and targeted subsidies to reduce the financial
burden on smallholder farmers. Aligning
policy frameworks with regional agricultural
needs could significantly improve machinery
adoption and operational efficiency (7). The
results of this study highlight the critical need
for tailored strategies to address machinery
shortages in high-priority villages such as
Tanjung Saleh and Kampung Baru. Enhancing
access to hand tractors, cultivators, and power
threshers in these areas could significantly
improve operational efficiency, increase crop

yields, and contribute to sustainable
agricultural development. These findings
provide a foundation for evidence-based
policymaking and further research on
agricultural mechanization in Kubu Raya
Regency. However, effective implementation
will  require consistent monitoring and

2137

evaluation to ensure that the newly allocated
machinery effectively meets local needs and
does not remain underutilized. The findings of
this study highlight the transformative
potential of an optimized machinery allocation
framework tailored to the needs of rice-
producing regions like Kubu Raya. The
discussion delves into the implications of the
framework by comparing it to existing
strategies, examining alternative explanations
for identified trends, addressing sustainability
considerations, and exploring its scalability to
other contexts.

Comparison with Existing Strategies

The proposed framework distinguishes itself
by emphasizing local adaptability, stakeholder
engagement, and sustainability. Unlike the
one-size-fits-all approach often seen in
conventional strategies (14), this framework
tailors machinery allocation to the unique
socio-economic and environmental conditions
of specific villages. For example, by
incorporating cropping intensity and land size
into the prioritization process, the framework
directly addresses local farming realities (6).
Moreover, its focus on  stakeholder
engagement  ensures  alignment  with
community needs, bridging the gap between
research and practice (3). Economic viability
is another critical strength of the proposed
framework. By assessing cost-effectiveness,
the framework enables farmers to make
informed  decisions  about  machinery
investments, avoiding underutilization or
financial strain (30). Integrating technology
and innovation, such as GPS-enabled tracking
of machinery utilization, further enhances
operational efficiency and aligns with the
modern needs of smallholder farmers
(15). Future  studies might extend this
approach by incorporating predictive analytics
to anticipate shifting patterns in demand,
climate conditions, and market forces.
Sustainability Considerations
Mechanization’s impact on sustainability is
multifaceted, encompassing environmental,
economic, and social dimensions. The study
demonstrates how increased mechanization
can enhance productivity and resource
efficiency while posing potential risks to soil
health and biodiversity. The use of heavy
machinery can result in soil compaction and a
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decrease in organic matter, posing a threat to
long-term sustainability (12). To mitigate these
risks, the framework emphasizes adopting
sustainable practices, such as water-saving
technologies and precision agriculture tools, to
balance productivity with environmental
conservation (36). Economically,
mechanization boosts farm profitability by
reducing labor costs and increasing vyields.
However, the framework acknowledges the
need for long-term economic resilience,
emphasizing that farmers must adapt to market
fluctuations and rising maintenance costs (26).
Socially, mechanization’s impact on labor
dynamics is significant. While it reduces
manual labor demand, potentially displacing
workers, it also creates opportunities for jobs
in machinery operation and maintenance,
contributing to rural livelihood diversification
(2). To ensure equitable outcomes,
collaboration between government agencies,
farmer groups, and private sector entities is
vital.

Implications for Rural Development
Optimizing machinery allocation has profound
implications  for rural development,
particularly in labor-intensive sectors like rice
farming. By enhancing labor efficiency, the
framework allows farmers to achieve higher
yields with fewer resources, addressing
challenges posed by urban migration and labor
shortages (16). The economic benefits of
mechanization, such as increased incomes and
operational cost savings, empower farmers to
invest in education and diversify their income
sources (4). The framework’s emphasis on
equitable access to machinery also promotes
social equity. Through collaborative models
like cooperatives, smallholder farmers can
overcome financial barriers and access the
benefits of mechanization (25). This
inclusivity is crucial for reducing poverty and
fostering sustainable rural
development. Nonetheless, further research
should examine how socio-cultural factors
may influence cooperative success and
machinery-sharing arrangements.

Scalability and Broader Applications
Scaling the framework to other regions or crop
types presents Dboth opportunities and
challenges. Geographically, diverse
environmental conditions, such as soil types
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and climatic variability, necessitate context-
specific adaptations to ensure machinery
solutions remain effective (19). Socio-
economic diversity, including income levels
and access to credit, must also be addressed to
facilitate widespread adoption (28). For crops
beyond rice, the framework must account for
differences in planting, cultivation, and
harvesting methods (31). For example,
mechanization needs for root crops or fruit
orchards differ significantly from those of rice
paddies.  Policymakers  must therefore
incorporate crop-specific considerations into
machinery allocation strategies to maximize
effectiveness and sustainability. Infrastructure
and policy support are critical enablers for
scaling. Investments in roads, storage
facilities, and training programs can improve
access to machinery and enhance its utilization
in remote or underserved areas (24). Strategic
policies, such as subsidies and low-interest

credit  schemes, further ensure that
smallholders can participate in mechanization
efforts without facing financial strain

(9). Studies from other regions indicate that
collective ownership or pooled financing for
machinery can also reduce entry barriers,
suggesting a potential model for future
adaptation in Kubu Raya.

Long-Term Vision

The proposed framework aligns with global
efforts to achieve sustainable agricultural
development. By integrating technology,
sustainability principles, and stakeholder
involvement, it  addresses  short-term
productivity needs while laying the foundation
for long-term resilience. Future research
should focus on refining the framework to
incorporate climate resilience measures, such
as greenhouse gas reduction strategies and
ecosystem-based farming practices (32). In
conclusion, the optimized  machinery
allocation framework offers a comprehensive,
adaptable, and sustainable approach to
addressing  disparities  in  agricultural
mechanization. By prioritizing local context,
fostering  stakeholder  engagement, and
emphasizing long-term  sustainability, it
provides a replicable model for enhancing
productivity and resilience in rice farming and
beyond. Crucially, acknowledging potential
biases in data and exploring alternative
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explanations for low machinery saturation
underscore the importance of further empirical
validation.

CONCLUSION

This study presents a comprehensive
framework  for  optimizing  agricultural
machinery allocation to address disparities in
resource distribution and enhance rice
production efficiency in Kubu Raya. The
findings underscore the critical role of tailored,
data-driven strategies that consider local
agricultural conditions, cropping index, and
land size. High-priority villages such as
Tanjung Saleh and Kampung Baru were
identified as key beneficiaries of additional
machinery  allocation.  These  regions,
characterized by extensive land areas, high

cropping indices, and low machinery
saturation levels, demonstrated significant
potential for productivity gains through
improved mechanization. By addressing

machinery shortages, the framework offers
actionable solutions for improving land
preparation, planting schedules, and post-
harvest efficiency, which are essential for
boosting rice yields and reducing operational
costs.The proposed framework  also
emphasizes the importance of sustainability,
integrating principles of resource efficiency

and environmental stewardship.
Mechanization, when implemented with
sustainable practices such as precision

agriculture and water-saving technologies, can
minimize negative environmental impacts
while  supporting long-term  agricultural
resilience. Moreover, the framework highlights
the value of stakeholder engagement and
policy support in facilitating the adoption of
mechanization. By involving farmers, local
communities,  and policymakers,  the
framework ensures that solutions align with
regional needs and priorities. Subsidy
programs, training initiatives, and
infrastructure development are identified as
critical enablers for equitable and effective
machinery distribution. The implications of
this research extend beyond Kubu Raya. The
framework’s adaptability allows it to be scaled
to other regions and crop types, provided that
local conditions are carefully
considered. Future research should further
examine alternative explanations for low
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machinery  saturation, integrate climate
resilience measures, and evaluate long-term
economic impacts in various socio-economic
contexts. In  conclusion, the  proposed
framework offers a replicable model for
improving agricultural mechanization. By
addressing disparities, fostering sustainability,
and promoting inclusive development, it
contributes to the broader goals of food
security, rural development, and sustainable
agriculture. Policymakers and  agricultural
stakeholders across diverse regions are
encouraged to adopt and refine this
framework,  facilitating  cross-contextual
comparisons and informing best practices for
equitable resource allocation
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