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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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 وآخرون إكاواتي                                                                           2142-2131(:6) 56: 2025 -مجلة العلوم الزراعية العراقية

 تعزيز كفاءة إنتاج الأرز من خلال التوزيع الأمثل للآلات في كوبو رايا، إندونيسيا
 ¹أستي              ²بوروانتو .أ             ¹ريزيق .ر               ¹إكاواتي

 ر   مُحاض               أستاذ مساعد                 أستاذ            أستاذ مساعد
 جامعة بانكا باكتي، بونتياناك، إندونيسيا 1

 جامعة بيرساتوان جورو جورو ريبوبليك إندونيسيا بونتياناك، بونتياناك، إندونيسيا 2
لخصسالم  

وارد. تهدف هذه الدراسة إلى معالجة نقص يعد تحسين تخصيص الآلات الزراعية أمرا بالغ الأهمية لتعزيز كفاءة إنتاج الأرز، لاسيما في المناطق التي تشهد توزيعا غير متكافئ للم
ايا، مُسددة فجوة بحثية مهمة في تخصيص الموارد المستدام. وتركز الدراسة على منطقتي الاستراتيجيات المحلية المستندة إلى البيانات فيما يتعلق بالميكنة الزراعية في محافظة كوبو ر 

اد الميكانيكية استنادًا إلى مساحة الأراضي، ومؤشر سونغاي كاكاب وكوبو في محافظة كوبو رايا، كاليمانتان الغربية، لتطوير وتحديد أولويات توزيع الجرارات اليدوية والمحاريث وآلات الحص
ت تم جمع البيانات الأولية من خلال مقابلات منظمة مع عينة تمثيلية من أصحاب المصلحة الزراعيين، بينما شملت البيانات الثانوية مستويا .محاصيل، ومستويات التشبع الحالية بالآلاتال

ليه وكامبونغ بارو تمثلان مناطق ذات أولوية عالية نظرا لمساحات حقول الأرز الشاسعة، إنتاج الأرز، وتوافر الآلات، وإحصاءات استخدام الأراضي. وأظهرت النتائج أن قريتي تانجونغ سا
لأراضي، وكفاءة الزراعة، والمعالجة بعد وارتفاع كثافة المحاصيل، وانخفاض مستويات تشبع الآلات بشكل حاد. إن معالجة هذه النواقص يمكن أن تُحسن بشكل كبير من عمليات تجهيز ا

تم دمج نهج المعاملات المصدق ومشاركة أصحاب المصلحة في إطار تحديد الأولويات لضمان اتخاذ قرارات قوية وذات صلة  .يؤدي إلى زيادة الإنتاجية وتقليل تكاليف التشغيلالحصاد، مما 
ما التنمية الزراعية المستدامة والأمن الغذائي الإقليمي. وإلى جانب محافظة كوبو بالسياسات. ويقدم إطار تحديد الأولويات المقترح منهجية مستندة إلى البيانات لتوزيع الآلات بشكل عادل، داع

في سياقات مشابهة. وبالتالي، تقترح هذه الدراسة رايا، توفر هذه النتائج رؤى قابلة للتطبيق لصانعي السياسات والممارسين الذين يسعون إلى تحسين استراتيجيات تخصيص الموارد الزراعية 
 بحوث المستقبلية حول تحسين الميكنة الزراعية، مسلطة الضوء على الفوائد المحتملة للسياسة والممارسة على المستويين المحلي والأوسع.أساسا لل

 الكلمات المفتاحية: الميكنة الزراعية، تخصيص الآلات، كفاءة إنتاج الأرز، مؤشرات المحاصيل، الزراعة المستدامة
 

 
This work is licensed under a Creative Commons Attribution 4.0 International License. 

Copyright© 2025 College of Agricultural Engineering Sciences - University of Baghdad 
 

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

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. 

2132 

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 Iraq, 

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, 

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, ß, 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=(LS×CF)/(Ka×tE×E) 

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=(P×CF)/(Ka×tE×E) 

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/KB×100 

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 (CI): 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; CI 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 

No Village 
Land Area 

(ha) 
CI 

Availa 

bility 

(unit) 

Need 

(unit) 

Satu- 

ra 

tion 

(%) 

Total 

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 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 I 385,88 1,35 2 14 14,80 7 Low Priority 

5 Jangkang II 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 
Sungai Pinang 

Luar 
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 III 299,07 0,92 1 10 9,55 8 Low Priority 

15 Seruat II 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 

No Village 
Land Area 

(ha) 
CI 

Availa 

bility 

(unit) 

Need 

(unit) 

Satu-ra 

tion (%) 
Total Skor Priority Scale 

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 I 385,88 1,35 2 15 13,68 4 Not a Priority 

5 Jangkang II 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 III 299,07 0,92 0 11 0,00 8 Low Priority 

15 Seruat II 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 

No Village 
Land Area 

(ha) 
CI 

Avai-la 

bility 

(unit) 

Need 

(unit) 

Satura 

tion (%) 

Total 

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 90 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 I 385,88 1,35 2 13 15,24 7 Low Priority 

5 Jangkang II 29,42 1,36 2 1 199,84 4 Not a Priority 

6 Kampung Baru 1379,61 0,96 0 47 0,00 11 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 III 299,07 0,92 0 10 0,00 8 Low Priority 

15 Seruat II 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 

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 yields. 

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 both opportunities and 

challenges. Geographically, diverse 

environmental conditions, such as soil types 

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 



Iraqi Journal of Agricultural Sciences –2025:56(6):2131-2142                                           Ekawati & et al. 

2139 

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 

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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