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The rising global demand for food emphasizes the urgent need for sustainable intensification in crop production. Good Agricultural Practices (GAPs) have developed into a comprehensive framework to tackle these challenges by promoting on-farm and post-harvest practices. This systematic review summarizes the main factors influencing GAPs adoption, its profitability, its impact, and the primary barriers to widespread implementation. The findings show that farmer education, income, farm size, and access to information are positively linked to the adoption of GAPs. Studies indicate that farms certified with GAPs provide a higher benefit-cost ratio than traditional farming, thanks to more efficient resource use, reduced post-harvest losses, and the production of safe, high-quality food. By enhancing soil structure, fertility, and applying Integrated Pest Management (IPM) strategies, GAPs help promote long-term sustainability. GAPs also significantly improve safety for farmers and others by supplying personal protective equipment (PPE) and ensuring proper maintenance of the pre-harvest interval (PHI). However, serious barriers to adoption remain, such as high initial costs, certification expenses, and skill gaps. This study highlights the need for targeted policy measures, expanded extension services, and additional support to strengthen the adoption of GAPs, ultimately helping to build resilient and sustainable agricultural systems.
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[bookmark: _Toc201699794]INTRODUCTION
Globally, the area of cultivable land is decreasing while the demand for food is constantly growing day by day. From 1961–2021, there was a 2% drop in agricultural land, adding to the nearly 1millionkm² of land that is degraded each year globally. Global crop production must simultaneously minimize environmental impacts and increase yields to meet food demands in the coming decades, especially in developing countries (Tunçay & Başkan, 2023). Simultaneously, changing diets and a rapidly increasing global population are forecast to escalate food demand to 60% by 2050 (Ma & Rahut, 2024). Climate change further amplifies the challenge: studies predict that every 1°C rise in global temperature could significantly decline the yield of major crops like wheat, rice, and maize even when adaptation strategies are applied ( Hoque et al., 2023; Zhao et al., 2017). Under these circumstances, GAPs have emerged as a strategic system to support sustainable crop production (Chaudhary et al., 2024). Good Agricultural Practices (GAPs) are a collection of principles that apply to on-farm production and post-production processes, to ensure safe and quality food while ensuring environmental, economic, and social sustainability (FAO, 2016; Hoque et al., 2024). According to Espinel et al. (2019), GAPs are norms, practices, and procedures designed to attain sustainable agricultural production. These practices include crop rotation, Integrated Pest Management, appropriate use of pesticides, conservation of soil and water, post-harvest handling, use of personal protective equipment (PPE), record keeping, maintaining pre-harvest intervals (PHI), and ensuring GAPs certification (Hasan et al., 2025; Manning & Keogh, 2025). Good Agricultural Practices (GAPs), which are maintained through Global G.A.P. and FAO GAPs guidelines, focus on the improvement of food safety, better agrochemical use, transparency, traceability, and economic viability of the farming system (Saunders & Bihn, 2023). Shaping the future of agriculture, Good Agricultural Practices (GAPs) are well-positioned to contribute towards achieving the sustainability "triple wins" of social, economic, and environmental benefits and impacts of agriculture (Kharel et al., 2022). Structured documentation, limited pesticide application, and hygiene protocols that mitigate food contamination and foster market access are underscored by the system (Laosutsan et al., 2019a). GAPs encourage sustainable intensification of production to achieve more output per unit of land or inputs, in which farmer can reduce the use of inputs such as water, fertilizer, and labor (Chaudhary, 2022). In fact, one of the most important objectives of Good Agricultural Practices (GAPs) is to improve food safety by minimizing the residues of toxic and non-toxic nature (Pesticides, fertilizers, etc.) from foods (Rahman et al., 2024). Maintaining proper PHI isn’t a common feature of most developing countries, which gives the opportunity for toxic residues to remain in the food (Kamrujaman et al., 2023). In reply to this, GAPs offer suggestions for IPM, proper pesticide use, and complying with the PHI to allow time for residues to break down to a safe level from the harvest before harvest (Rahman et al., 2024). In addition to these, GAPs reinforce consumer confidence and significantly reduce chronic exposure to agricultural poisons by improving traceability and documentation (FAO, 2016). According to Rahman et al. (2024), GAPs certification ensures that products can access high-value domestic and export markets by providing traceability and compliance with national and international standards, contributing to better farm incomes and rural livelihoods. Different studies from Nepal, the Philippines, Nigeria, and Tanzania show that GAPs users often acquire a higher Benefit Cost Ratio (BCR) compared to conventional farming practices (Adetarami et al., 2021; Bas-ong et al., 2024; Limbaga et al., 2022). Despite having many recognized benefits of Good Agricultural Practices (GAPs), adoption is still low in many developing countries because of high production costs, limited technical knowledge, lack of institutional support, ignorance, and inadequate market facilities (Aziz et al., 2021; G, 2021; M. S. Islam et al., 2024a). The paper explains a systematic review of the drivers, profitability, impacts, and constraints of GAPs to foster sustainable and safe crop productivity against the backdrop of escalating challenges posed by climate change and land degradation. The main purpose of this review paper is to give a clear and thorough understanding of Good Agricultural Practices (GAPs) in crop production. It aims to explore the key factors that encourage farmers to adopt GAPs, examine what existing research says about their profitability, and highlight how these practices contribute to agricultural sustainability. The paper also seeks to identify the major challenges that prevent farmers from adopting GAPs more widely across different farming systems.
[bookmark: _Toc201699796]METHODOLOGY
To construct this review paper, studies focusing on the drivers, profitability, impacts, and constraints of Good Agricultural Practices (GAPs) were examined. A total of 70 research papers, including peer-reviewed journal articles, review papers, book chapters, conference proceedings, theses, online publications, and institutional reports, were compiled and evaluated based on topic suitability following Hasan et al. 2024. These materials covered various aspects of GAPs, such as adoption behavior, economic performance, environmental sustainability, food safety, and certification requirements.
The following database were searched: Google Scholar, PubMed, ResearchGate, FAO publications, and repositories of national and international agricultural organizations. The search was conducted using combinations of keywords including “Good Agricultural Practices,” “GAPs adoption,” “profitability,” “sustainability,” “crop production,” “farm management,” “GAPs certification,” and “constraints.” After collecting all relevant data, each item was analyzed, evaluated, and interpreted in relation to the main objective of the review. After collecting all pertinent information, the content was systematically arranged and presented to reflect the current evidence on GAPs and their contribution to promoting sustainable agricultural systems.
RESULTS AND DISCUSSIONS
[bookmark: _Toc201699800]3.1 Current global status and regional distribution of the GAPs certification
Around 1.55 billion hectares of land worldwide are thought to be suitable for cultivation, highlighting the significant potential for sustainable agricultural reform through certification systems like Global G.A.P. (FAO, 2023). Among them, a total of 194,777 producers across 137 Nations have been certified under Global G.A.P., which roughly covers only 4.533 million hectares of land under crop production (Maxwell, 2024).

[bookmark: _Toc201528734]Fig. 1. Global G.A.P. certification coverage by region (Meier et al., 2020)
This distribution of Fig. 1 shows the different worldwide applications of GAPs certification. Though Asia covers a great cultivable area, it only makes up 6% of the Global G.A.P. certification. Asian small landholder farmers face high compliance costs, inadequate institutional support, and a disjoint array of GAP standards, making Global G.A.P. certification difficult to obtain (Holzapfel & Hampel-Milagrosa, 2020).
[bookmark: _Toc201699801]3.2 List of different Good Agricultural Practices
Global G.A.P., along with FAO, has established a series of on-farm and post-harvest techniques for Good agricultural practices that must be followed by the farmers. These guidelines start with seed and soil management. In seed and soil management, recommended practices include using certified, disease-free seed, selecting disease-resistant varieties, maintaining varietal purity, and choosing suitable sites for cultivation (AFCD, 2021; FAO, 2016; G, 2021). Conducting soil tests before sowing, properly managing crop residues, applying organic manure regularly, minimizing inorganic fertilizer use, adopting minimum tillage, and practicing crop rotation are essential practices that a GAP-compliant farmer must follow (AFCD, 2021; M. Islam et al., 2018; Jat et al., 2019a; Nirmala, 2015). Crop management practices emphasize seed treatment, line sowing, seedling hardening, and mulching, along with thinning, gap filling, and efficient water use (AFCD, 2021; M. Islam et al., 2018; Nirmala, 2015). Integrated nutrient management (INM), integrated pest management (IPM), and integrated disease and pest management (IDPM) are the key central components of GAPs (Chaudhary, 2022; FAO, 2016). Applying irrigation in the early morning or late evening, using biopesticides, wearing personal protective equipment, and maintaining proper farm records are essential practices that GAP-compliant farmers must consistently follow (AFCD, 2021; Damalas & Koutroubas, 2016; FAO, 2016; G, 2021; Laosutsan et al., 2019a). Post-harvest GAPs include harvesting at physiological maturity, harvesting during cooler hours of the day, and using appropriate harvesting equipment (AFCD, 2021; G, 2021). Farmers should make sure to follow proper pre-harvest intervals, clean and grade their produce, and transport goods under shaded and well-ventilated conditions that are important for achieving GAP certification (AFCD, 2021; Aziz et al., 2021; FAO, 2016; Laosutsan et al., 2019b).
[bookmark: _Toc201699802]3.3 Awareness level of vegetable farmers about GAPs
[bookmark: _Hlk201344279]According to G, (2021) A survey was conducted on 120 GAPs user vegetable farmers in Palakkad district in India, which reveals generally high awareness pertaining to key components of Good Agricultural Practices. 


[bookmark: _Toc201528735]Fig. 2. Component-wise awareness level of GAPs vegetable farmers (G, 2021)
[bookmark: _Hlk201344265]The result shows that farmers are more concerned about their post-harvest handling of the products (84.32%) because any small injury during post-harvest can significantly reduce the total farm income. Land preparation is another key component that farmers pay more attention to (81.42%) because it ensures higher productivity and improves soil health. Conversely, a comparatively lower level of awareness was noted regarding seedling quality (74.2%), thereby highlighting specific domains for targeting extension efforts (G, 2021).
[bookmark: _Toc201699803]3.4 Factors influencing the adoption of GAPs in crop production 
[bookmark: _Hlk201344248][bookmark: _Hlk201355666]The implementation of Good Agricultural Practices in crop production is influenced by a multifaceted interaction of personal, agronomic, informational, economic, and social variables (Chang et al., 2024; Finizola e Silva et al., 2024). GAPs adoption patterns vary across regions due to differences in cultural norms, socio-economic conditions, and institutional support systems (Finizola e Silva et al., 2024; Priya & Singh, 2024). The age of farmers has been used as an essential explanatory variable in most GAPs adoption studies, with evidence suggesting that younger farmers exhibit a greater propensity for embracing GAPs (Priya & Singh, 2024).
[bookmark: _Toc201528415]Table 1. Determinants of GAPs adoption
	Categories
	Specific adoption factor
	Impact on GAPs adoption
	References

	1. Personal factor
	Age
	Mixed
	(Finizola e Silva et al., 2024), (Chang et al., 2024)

	
	Gender
	Mixed
	(Finizola e Silva et al., 2024)

	[bookmark: _Hlk201412056]
	Education level
	Positive
	(Chaudhary, 2022),(Finizola e Silva et al., 2024), (Chang et al., 2024)

	
	Innovativeness
	Positive
	(Chaudhary, 2022), (Nguyen-Thi-Kim et al., 2024)

	
	Annual income
	Positive
	(Adetarami, et al., 2021), (Laosutsan et al., 2019a), (Chaudhary, 2022)

	2. Farm factor
	Farm size
	Positive
	(Chaudhary, 2022), (Dung et al., 2018)

	
	Land ownership
	Positive
	(Priya & Singh, 2024)

	
	Farmer experience
	Positive
	(Rizzo et al., 2024), (Priya & Singh, 2024)

	2. [bookmark: _Hlk201328971]Information and extension
	Access to extension services
	Positive
	(Chang et al., 2024), (Chaudhary, 2022)

	
	Training
	Positive
	(Uddin et al., 2024)

	
	Digital competence 
	Positive
	(Miine et al., 2023)

	
	Mass media
	Positive
	(G, 2021)

	4. Markets and financial factors
	Access to credit
	Positive
	(Kule et al., 2025)

	
	Market access
	Positive
	(Dung et al., 2018), (Diaz et al., 2022)

	
	Off-farm income
	Negative
	(Finizola e Silva et al., 2024)

	
	Transport facilities
	Positive
	(Laosutsan et al., 2019a)

	5. Social factor
	Farmer group
	Positive
	(Kule et al., 2025)

	
	Peer influence
	Positive
	(M. S. Islam et al., 2024b)

	6. Environmental factor
	Changes in temperature /Climate change
	Positive
	(Finizola e Silva et al., 2024)


According to (Priya & Singh, 2024), Age and gender have mixed effects on GAPs adoption in Asia; this finding aligns with the results reported by (Finizola e Silva et al., 2024), in Africa. In the context of Asia and Africa, among 36 studies, 13 studies indicated a negative correlation of age with the adoption of GAPs (younger farmers more predisposed to adopt GAPs), 7 identified a positive correlation (older farmers more likely), and 16 revealed no statistically significant effect (Chaudhary, 2022; Finizola e Silva et al., 2024; Priya & Singh, 2024). According to(Chang et al., 2024; Chaudhary, 2022; Finizola e Silva et al., 2024; Nguyen-Thi-Kim et al., 2024; Priya & Singh, 2024). The increase in education level, innovativeness, annual income, farm size, land ownership, and farmer experience of the farmers has positively correlated with GAPs adoption across different regions. According to (Kule et al., 2025), study reveals that an increase in different factors, such as (information and extension, markets and financial factors, social factors, and environmental factor) significantly increases the GAPs adoption in different regions of the world. According to(Finizola e Silva et al., 2024). Only an increase in off-farm income has a significant negative impact on GAPs adoption. The identification and analysis of these determinants is essential for informing targeted interventions and evidence-driven policymaking (Chaudhary, 2022).
[bookmark: _Toc201699805]3.5 Cost analysis between GAPs users and non-users 
Applying GAPs in farming results in higher initial production costs in comparison with conventional farming. GAPs require higher financial costs and time commitments, especially for small landholder farmers, even while they increase long-term sustainability, food safety, and market access (Rietra et al., 2022). Table 2 shows that GAPs users, in the case of both cereal and horticultural crops, incur higher production costs than traditional farming (Kharel et al., 2024; Lazaro et al., 2017).
[bookmark: _Toc201528416]Table 2. Comparison of the cost of production between GAPs and traditional farming (Kharel et al., 2024; Lazaro et al., 2017)
	Cost Categories
	Tomato (% of the total cost)
	Maize (% of the total cost)

	
	GAPs user
	Traditional user
	GAPs user
	Traditional user

	Land preparation
	1.4
	2.3
	12.4
	7.4

	Irrigation
	0.6
	1.4
	11.4
	5.5

	Fertilizer/ Compost
	19.6
	11.9
	20.4
	25

	Pesticide
	2.8
	10.2
	34.1
	40.2

	Weeding
	5.3
	3.2
	-
	-

	Labor
	28.6
	18.6
	13.6
	1.6

	Seed/sapling
	3.07
	4.8
	12.4
	7.4

	Transport
	9.5
	18.8
	3.7
	5.0

	Rent/Machine rental
	16.1
	21.3
	1.8
	3.6

	Other Cost
	13.0
	7.35
	4.4
	12

	Total cost (TC)
	100
	100
	100
	100

	Total cost ($)
	2591.98
	1468.07
	-
	-


These expenses result from the necessity for certified inputs, high labor cost (installation of PPE and hygiene protocols, which greatly raise labor and operating expenses), and high fertilizer and manure cost owing to increasing usage of compost and organic additions to build long-term soil fertility (Kharel et al., 2024; Lazaro et al., 2017). Though low cost requires for application of pesticides, as GAPs follow IPM strategies to control insect pests. For GAPs users, investments in traceability and record-keeping raise administrative and equipment expenses, thus causing a higher production cost compared to traditional methods (Kharel et al., 2024). The cumbersome and costly certification process significantly contributed to the higher production costs of GAP-certified farms, particularly among small landholders (Aziz et al., 2021).
[bookmark: _Toc201699806]3.6 Benefit-cost ratio analysis between GAPs users and non-users
[bookmark: _Hlk201358793]The Benefit-Cost Ratio (BCR) is a main exponent used to measure the economic efficiency of any farm investment (Adetarami, et al., 2021). Although GAPs have more initial investments, in the long run financial benefits make it a good choice, as improved crop quality, decreased post-harvest losses, and enhanced market access contribute to consistently higher BCRs than non-GAPs farms (Baral et al., 2021; Limbaga et al., 2022).
[bookmark: _Toc201528417]Table 3. Comparative Benefit Cost Ratio (BCR) analysis between the GAPs users 
and non-users
	#Sl
	Crop
	Country
	Benefit Cost Ratio (BCR)
	References

	
	
	
	GAPs User
	Non-user
	

	1
	Tomato, broccoli, Cauliflower, beans
	Kathmandu, Nepal
	1.52
	0.95
	(Kharel et al., 2024)

	2
	Tomato, Asparagus, leafy greens, Cauliflower
	Bhaktapur, Nepal
	1.23
	1.04
	

	3
	Tomato, cucumber, cauliflower, leafy greens
	Lalitpur, Nepal
	1.41
	0.72
	

	4
	Cabbage (during Dry season)
	Cebu, Philippine
	1.30
	1.13
	(Limbaga et al., 2022)

	5
	Maize (GM/GR)
	Babati, Tanzania
	0.83
	0.82
	(Lazaro et al., 2017)

	6
	Maize
	Ondo, Nigeria
	2.46
	-
	(Adetarami, et al., 2021)

	7
	Ginger (with mother rhizome harvest)
	Ilam, Nepal
	1.5
	1.2
	(Baral et al., 2021)

	8
	Ginger (without mother rhizome harvest)
	Ilam, Nepal
	1.3
	1.0
	


Table 3 demonstrates that GAPs users secure a higher BCR compared to traditional farming across various crops and countries, reflecting greater economic efficiency. The primary reason for attaining better BCR because that GAP-certified farmers have decreased post-harvest losses owing to improved handling, hygiene, and storage methods, which improve marketable yield quality and increase shelf life of the products (Kharel et al., 2024). GAP-certified farmers optimize the use of fertilizer, apply INM and IPM strategies for crop management, which help them to reduce input waste and enhance resource efficiency (Baral et al., 2021). According to (Chaudhary, 2022), Better input efficiency also lowers long-term input costs and helps to improve soil health and yield stability while lowering the need for costly corrective measures. Gross returns are much increased by access to premium markets and a premium price for certified produce (Adetarami, et al., 2021; Kharel et al., 2024; Limbaga et al., 2022) 
[bookmark: _Toc201699807]
3.7 Economic and agronomic impact of GAPs adoption on rice farming
[bookmark: _Toc201528736]A study by (Bas-ong et al., 2024), reveals that not only the return on interest but also crop yield increased due to the application of GAPs in rice cultivation.
Fig. 3. Comparison between the impact of GAPs and traditional farming on rice performance (Bas-ong et al., 2024)
Figure 3 demonstrates that the implementation of GAPs in rice cultivation also significantly increases productive tiller number, and the number of filled grains. Higher numbers of productive tillers (10.83) arising from better seed quality, optimized seed spacing, and balanced fertilizer management practices were indicated by GAP adopters (Bas-ong et al., 2024). Reported Grain yield was also substantially higher in the GAP group (4.74 t/ha) compared to traditional farmers (4.17 t/ha), reflecting the complete advantage of applying Good Agricultural Practice in the farm. Above all, under GAP (60.49%), return on investment (ROI) showed a notable increase from traditional systems (42.8%). Improved grain quality, more marketable yields, and often price premiums for safer, certified food contribute to explaining this higher profitability (Bas-ong et al., 2024; Kharel et al., 2024).
[bookmark: _Toc201699809]3.8 Sustainability outcomes of implementing GAPs in farming systems
Sustainable agriculture aims to strike a workable combination of productivity, environmental, and human health in the long term. Table 4 reflects the multidimensional sustainability impact of GAPs across the environmental, biodiversity, and human health dimensions. In this respect, the GAPs take center stage as they encourage agriculture that preserves the soil, conserves the water, safeguards the wildlife, and is Environmentally Friendly (FAO, 2022).
[bookmark: _Toc201528418]

Table 4. Sustainability impacts of GAPs component in crop production
	Sustainability
Dimension
	GAPs components
	Key Impacts
	References

	Soil & Water Conservation
	Cover cropping, Crop rotation, Zero Tillage, Alteration in cropping sequence

	Improved soil structure, fertility and moisture retention capacity. Increased water infiltration rate and soil carbon storage, reduce soil erosion
	(Blanchy et al., 2023), (Jat et al., 2019b), (Borrelli et al., 2016)

	
	Sub-surface drip irrigation
	Less water required, better return, less GHG emissions
	(Liu et al., 2025)


	Biodiversity

	Diversified production, minimized use of pesticide
	Better pest control due to increase on-farm biodiversity, Increased natural pest control
	(Tamburini et al., 2020)


	Yield and Crop Quality
	Conservation tillage, balanced fertilization
	improved yield stability and product quality
	(Ponisio et al., 2015)

	Environmental Footprint
	No-till, residue retention
	[bookmark: _Hlk201414040]Lower GHG emissions, Expansion carbon sequestration
	(FAO, 2022)

	Human Health
	Reduction of the chemical usage, personal protective equipment (PPE) usage
	Lower food pesticide residues, Exposure of farmers toward pesticide is less
	(Damalas & Koutroubas, 2016)


[bookmark: _Toc201699810]Crop rotation enhances soil structure while minimizing soil erosion (Blanchy et al., 2023). It has been recently estimated that the application of GAPs owing to conservation tillage, integrated pest management, and effective irrigation can enhance the ecosystem services remarkably and assure or even upsurge the stability of yields (FAO, 2022; Jat et al., 2019b). Diversified production and minimum pesticide use also help to enhance on-farm ecosystem services such as natural pest control (Tamburini et al., 2020). In addition, the implementation of GAPs helps reduce greenhouse gas exposure as well as the use of agrochemical emissions, therefore, supporting climate resistance and the safety of the population (Ponisio et al., 2015). Proper maintenance of pre-harvest intervals and use of personal protective equipment is requisite for GAPs, as it protects human health by reducing chemical exposure (Damalas & Koutroubas, 2016). several studies focus on a lower percentage of farmers properly executing this rule despite their higher awareness level on PHI. According to a Kamrujaman et al., (2023), Only 3% GAP user farmers in Bogura are maintaining proper pre-harvest periods for eggplant cultivation. 
3.9 Agro-environmental outcomes of GAPs adoption
According to Lechenet et al. (2017), GAPs follow the IPM strategy, which reduces the pest pressure naturally at the same time minimizing reliance on chemical pesticides, resulting in approximately 2% reduction of pesticide use. Minimum tillage, cover cropping, and amendment of soil support the growth of a diversified microbial community that is essential for nutrient cycling. These practices increase soil biomass approximately 27% and soil aggregate stability 28% to conventional farming, which protects soil erosion and improves water
 infiltration rate (Lechenet et al., 2017).
[bookmark: _Toc201528737]Fig. 4. Impact of GAPs on environmental sustainability (Lechenet et al., 2017; Paul et al., 2019; Xing et al., 2024)
GAPs increase water use efficiency (WUE) approximately 60% and species richness 34% than traditional farming by efficient irrigation management, soil water conservation techniques, diversified cropping system, and reduced pesticide use (Xing et al., 2024). GAPs increase soil organic carbon by almost 7% by adopting soil organic amendment practices and cover cropping, which contribute to building up organic matter in the soil. About 31% reduction of nitrous oxide emission by adopting slow-release fertilizer and integrated nutrient management practices, which is essential component of GAPs (Paul et al., 2019).
[bookmark: _Toc201699811]







[bookmark: _Hlk201363607]3.10 Effects of GAPs on soil biodiversity
A study conducted in Borovce, Slovakia revealing that GAPs create a valuable impact on soil biodiversity by improving the humus content of the soil (Houšková et al., 2021). 
[bookmark: _Toc201528738]Fig. 5. Effects of different GAPs on soil health (Houšková et al., 2021)
This can be credited with less soil disturbance, more retention of organic matter, as well as improvement of microbial activity. No-till and minimum tillage preserve soil structure and also encourage the build-up of organic residues on the surface, which conditions are conducive to the existence of microbial groups, earthworms, and other desirable animals (Houšková et al., 2021; Jat et al., 2019b). In contrast, mulching has the effect of stabilizing the temperature of the soil and minimizing evaporation, thus maintaining moisture, as well as ensuring a constant supply of organic matter that facilitates a microbial biomass and enzymatic action (Houšková et al., 2021). An increased soil humus means better cycling of nutrients and carbon sequestration, and the increased water content improves microbial activity and root growth. Such advancements of soil health are not only trending to harbor biodiversity but also towards resilient, productive, and sustainable agroecosystems (Houšková et al., 2021).
[bookmark: _Toc201699813]3.11 Comprehensive overview of factors limiting GAPs adoption
Although it has been acknowledged that Good Agricultural Practices (GAPs) are capable of addressing questions towards enhancing sustainability, improving productivity, and ensuring food safety, their implementation, particularly amongst the smallholder farmers in most developing regions, is low. There are many interdependent barriers to large-scale implementation on the production, economic, institutional, technical, and socio-cultural levels. High costs of input and certification process, poor extension systems, and a lack of access to credit, are identified as the major barriers to GAPs adoption among small landholders in Asia (M. S. Islam et al., 2024b; Kharel et al., 2022; Parikhani et al., 2015).
[bookmark: _Toc201528419]Table 5. Major constraints in the adoption of GAPs
	Categories
	Key Challenges
	References

	Production
related
	lack of technical support to farmers on production, high cost of bio-inputs, labor shortage
	(Parikhani et al., 2015), (G, 2021), (Chaudhary, 2022)

	Economic and financial
	Large initial investment needed, lack of access to affordable credit, no guarantees of prices for safety products
	 (Ola & Menapace, 2020), (Parikhani et al., 2015), (Begho et al., 2022)

	Institutional and policy
	Cumbersome and expensive GAPs certification processes, lack of awareness about the GAPs standard among exporters
	(Aziz et al., 2021), (Kharel et al., 2022)

	Technical and knowledge based
	Poor knowledge about IPM, lack of technical guidance, limited awareness and knowledge about GAP, and insufficient training programs
	(G, 2021), (M. S. Islam et al., 2024b)

	Extension
	Poor extension communication system
	(Kharel et al., 2022)

	Infrastructure related
	Poor rural roads and lack of proper postharvest storage, and absence of a well-organized market structure
	(M. S. Islam et al., 2024b), (Rahman et al., 2024), (Bisheko & G, 2023)

	Social & Cultural
	Lack of peer-to-peer, risk aversion, and resistance to change  
	(Tamburini et al., 2020)



According to Finizola e Silva et al., (2024), Technological shortfall and insecure land tenure systems are the major constraints to GAPs adoption in Africa, which contrasts with the findings from Asia. In many developing countries like Bangladesh, a lack of availability of bio-input in the local level, a centralized GAPs-certification system, a lack of technical guidance, and poor post-harvest handling facilities are the key constraints for large-scale GAPs adoption in different farming systems (Rahman et al., 2024).
[bookmark: _Toc201699816]CONCLUSION
[bookmark: _Hlk201413778]Good Agricultural Practices represent a comprehensive approach to sustainable crop production by, mitigating the adverse impacts of climate change and ensuring food safety. Good Agricultural Practices in crop production are highly influenced by Education level, Innovativeness, Farm size, and experience of the farmers. Access to extension services, Access to credit, Peer influence, and Climate change were also found to be significant factors in the adoption of Good Agricultural Practices among farmers. Adoption of Good Agricultural Practices reflects higher profitability compared to traditional farming systems. GAPs require higher production costs due to the use of certified seed, a large initial investment for soil organic amendment, and high labor costs. Despite higher production costs, GAPs ensure a much better BCR than traditional users because they assure safe and quality food, which helps to get the premium price for the products. Proper implementation of GAPs strategies in crop production confirms long-term productivity, conservation of soil health, biodiversity, and environmental sustainability. The efficient maintenance of GAP standards, helps to improve soil health, reduce soil erosion, lower GHG emissions, expand carbon sequestration, and protect farmers from possible contamination with chemical pesticides. Although Good Agricultural Practices are capable of enhancing sustainability and improving productivity, their implementation, particularly amongst the smallholder farmers in most developing countries, is low. A weak extension system, large initial investments, low product prices due to an inappropriate marketing channel, and a high information gap are the major constraints to GAPs adoption. The costs associated with obtaining certifications and conducting third-party audits for GAPs compliance can be significant, particularly for smaller farms to GAPs adoption. This review may not fully represent all global regions, limiting broader applicability. The perspectives of key stakeholders such as farmers, extension agents, and market actors are not extensively captured. Additionally, the review provides limited discussion on how climate change and diverse regulatory frameworks influence GAP adoption across different farming systems.
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GAP	
Prductve tiller number	Return of investment(%)	Yield(t/ha)	10.8	60.5	4.7	Traditional	
Prductve tiller number	Return of investment(%)	Yield(t/ha)	9.5	42.8	4.2	Performance metrics


Values




Conventional Practices 	
Pesticide application	Soil biomass	Aggregate stability	Water use efficiency	Species richness	Soil organic carbon	Nitrus oxide emmision	100	100	100	100	100	100	100	GAP	160

Pesticide application	Soil biomass	Aggregate stability	Water use efficiency	Species richness	Soil organic carbon	Nitrus oxide emmision	98	127	128	134	134	107	69	



Humus Content	
Conventional	Minimun Tillage	Mulch	No- Till	1.8	2.1	2	2.1	Soil Moisture Content	
Conventional	Minimun Tillage	Mulch	No- Till	15.5	16.399999999999999	16.7	16.2	Management Practices


Percentage (%)





[VALUE]

Europe	Latin America	Africa	North America	Asia	Oceania	0.43	0.24	0.12	0.12	0.06	0.03	

Percent	
land preparartion	Seedling quality	Intercultural operation	Nutrient management	Irrigation management	Plant protection measure	Post harvest handling	81.42	74.2	80.989999999999995	78.53	76.099999999999994	77.89	84.32	
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