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Article Info Abstract
Precision agriculture (PA) leverages advanced technologies such as GPS, IoT, remote

sensing, and Al-driven analytics to optimize farming practices, increase crop yields,
and reduce resource wastage. This study examines the impact of PA technologies—
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developing regions. The findings highlight the need for policy support, farmer
education, and scalable PA solutions to ensure sustainable food security.

Keywords: Precision agriculture, crop productivity, IoT in farming, remote sensing, Al in agriculture, sustainable farming

1. Introduction

Global food demand is projected to rise by 60% by 2050, necessitating innovations to boost crop yields sustainably. Precision
agriculture (PA) addresses this challenge by using data-driven technologies to tailor farming practices to micro-scale field
conditions (Zhang et al., 2021).

1.2 Objectives

This study aims to:

1. Evaluate PA technologies and their impact on crop productivity.
2. Analyze cost-benefit trade-offs for farmers.

3. Assess barriers to adoption in low-resource settings.

4. Propose strategies for scalable implementation.

1.3 Research Questions

e How do PA technologies enhance yield and resource efficiency?
e What socioeconomic factors limit PA adoption?

e Can PA bridge the productivity gap in smallholder farms?

2. Literature Review

2.1 Core Technologies in Precision Agriculture

e GPS-Guided Machinery: Enables precise seeding, fertilization, and harvesting (Gebbers & Adamchuk, 2010).

e Remote Sensing: Satellites/drones monitor crop health via NDVI (Normalized Difference Vegetation Index) (Mulla, 2013).
e [oT Soil Sensors: Real-time data on moisture, pH, and nutrient levels (Bongiovanni & Lowenberg-DeBoer, 2004).

e Al and Predictive Analytics: Machine learning models predict pest outbreaks and optimize irrigation (Kamilaris et al.,

3|Page


http://www.agrifoodjournal.com/

International Journal of Agriculture and Food Fermentation Vol. 1, Iss. 1, pp. 03-04 Jan-Feb 2025

2017).
o (Kamilaris et al., 2017).

2.2 Productivity Gains

e 20-30% higher yieldsin PA-adopted wheat farms
(Aubert et al., 2012).

e 15-20% reduction in water/fertilizer use with VRA
(Schimmelpfennig, 2016).

2.3 Challenges

e High upfront costs (e.g., drones: $1,000-$10,000 per
unit).

e Digital literacy gaps among farmers (Eastwood et al.,
2017).

3. Methodology

3.1 Study Design

e  Meta-analysis of 50 peer-reviewed studies (2010-2023).

e (Case Studies: Success stories from the U.S., EU, and
India.

e Farmer Surveys: Interviews with 150 adopters/non-
adopters.

3.2 Data Analysis

e  Cost-Benefit Analysis (CBA) for PA tools.

e Regression Models linking PA use to yield
improvements.

4. Results and Discussion

4.1 Yield Enhancements

e Corn farms: 22% yield increase with sensor-based
nitrogen management (Lopez-Granados et al., 2022).

e Rice paddies: 18% water savings via automated
irrigation (Zhang et al., 2020).

4.2 Economic Viability
e ROI timeline: 3-5 years for large farms vs. 7+ years for
smallholders.

4.3 Adoption Barriers
e Top 3 Constraints: Cost (68%), technical training (45%),
internet access (33%).

5. Conclusion and Recommendations

5.1 Key Findings

e PA boosts yields by 15-30% while conserving inputs.

e Smallholders face inequitable access due to cost and
infrastructure.

5.2 Recommendations

1. Subsidies: Government grants for PA equipment.

2. Training Programs: Farmer workshops on [oT/Al tools.

3. Low-Cost Solutions: Open-source PA software for
developing nations.
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