Integrated management solutions for agricultural farming models: An environmental, economic, and social sustainability perspective
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Abstract: 
Sustainable agricultural development requires an integrated approach that balances environmental, economic, and social sustainability. This study examines farming practices and assessment methods in Vietnam, highlighting gaps between domestic evaluations and international standards. Environmentally, farmers often focus on cultivation techniques while giving limited attention to environmental impacts, and research on emissions and energy use remains limited. Economically, shifting from rice to specialized or rotational crops, especially leafy vegetables, can improve efficiency and household income. Socially, Vietnamese assessments emphasize knowledge improvement and poverty reduction, whereas international frameworks also consider farmer well-being and community benefits. To balance economic gains with socio-ecological sustainability, this study proposes a governance framework based on socio-ecological systems theory, focusing on environmental education, profitable land-use conversion, and stronger cooperative governance.
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1. Introduction 
The sustainable development of modern agriculture requires a comprehensive strategy to propose integrated management solutions for farming models based on three core pillars: environment, economy, and society. However, evaluating these aspects currently reveals significant differences between domestic and international practices. 
Regarding the environmental aspect, the analytical focus is placed on greenhouse gas emissions and energy consumption levels. In Vietnam, research on emissions has primarily concentrated on wetland rice, mushrooms, cassava, and certain types of fruit trees, while assessments on energy consumption remain quite limited. Notably, at the household level, people typically only focus on farming techniques and pay very little attention to environmental issues. Conversely, international studies have conducted extensive evaluations of emissions and energy consumption across a diverse range of crop groups. 
Economically, model efficiency is measured through basic financial indicators such as investment capital, revenue, profit, and cost-benefit ratios. Practice shows that transitioning from rice to specialized or rotational crop cultivation brings high economic efficiency and helps farming households increase their income. Particularly, the leafy vegetable group yields a higher income-to-cost ratio and requires lower production costs compared to fruiting or root vegetables. The application of bio-safe farming or the use of organic fertilizers also contributes to enhanced growth, yield, and profit, although production decisions are still heavily influenced by selling prices and agricultural input costs. 
Socially, evaluation activities are analyzed through total labor hours, machinery operation time required to produce a unit of product, and their relationship with profit. In Vietnam, social impacts are approached through multiple lenses, such as opportunities to improve knowledge, alignment with local policies, main labor allocation ratios, or the effectiveness of poverty reduction and risk prevention. On an international scale, social criteria are more comprehensive, covering everything from individual farmer welfare (working conditions, job satisfaction) to community benefits (food security, job creation). Studies also affirm that factors such as social contribution, labor structure, and age distribution positively impact the technical efficiency and social welfare of farmers. 
Based on these theoretical foundations, this study delves into analyzing and proposing a synchronized agricultural management framework that harmonizes ecological protection, economic efficiency, and community benefits. 
2. Overview of the impacts of agricultural farming activities from environmental, economic, and social aspects in Vietnam 
In Vietnam, research works on emissions and mitigation solutions in crop cultivation primarily focus on farming models for wetland rice, straw mushrooms, cassava, coffee, tea, seedless lemons, pomelos, and mangoes (Arai et al., 2015; Leon et al., 2021; Liem et al., 2022; Phong & Loi, 2014; Thuan et al., 2022; Tin et al., 2012; Tran et al., 2015, 2016; Trinh et al., 2020; Uno et al., 2021; Van et al., 2020). Studies on energy consumption in agriculture also remain limited. Among these, prominent studies include: research on the rice farming system in Thai Nguyen and research on leafy vegetables in Kien Giang (Liem & Phuoc, 2021; Nguyen-Van-Hung et al., 2019; Truong et al., 2017). 
Regarding financial efficiency studies, most research indicates that utilizing land for cash crops, especially cultivating vegetables (in rotation or specialized farming), brings high economic efficiency (Anh, 2015; Can et al., 2009; Phuong & Xe, 2011; Tam & Hai, 2013). Transitioning land use purposes from rice farming to specialized crop cultivation in several localities has helped farming households increase their income because specialized crop models boost profit and capital efficiency (Hung & Dai, 2018). When comparing the economic efficiency of various crops, results show that leafy vegetables yield a higher income and income/cost ratio than fruiting vegetables (Cuong et al., 2019). Production costs for leafy vegetables are also lower than those for root and fruiting vegetables in both conventional and bio-safe production methods (Son, 2011). 
Previous studies have also explored factors influencing the crop production activities of farming households, which include: selling prices and agricultural input costs (Loi, 2017). Additionally, regarding the current production reality at the household level, farmers are highly concerned with farming techniques but pay very little attention to environmental issues (Nguyen et al., 2017). Furthermore, studies have proposed solutions and models for growing safe vegetables, especially suitable leafy vegetables, under various farming conditions and methods, to improve production and economic efficiency (Anh, 2015; Hai et al., 2016; Minh & Son, 2014; Trang, 2015). Within this context, the alternative or supplementary use of organic fertilizers can increase growth efficiency, yield (Hang et al., 2020), and profitability (Diep et al., 2011). 
Regarding the evaluation of social efficiency in agricultural farming models in Vietnam, several research works have employed different assessment methods. Can et al. (2013) conducted PRA (Participatory Rural Appraisal) activities to assess the suitability of baby corn farming models under GlobalGAP standards for farmers based on several criteria, such as opportunities to improve knowledge, skills, and production models; as well as alignment with local guidelines and policies. Binh & Hang (2013), when evaluating the socio-economic efficiency of promising farming models on acid sulfate soils in Vinh Thang commune, Go Quao district, Kien Giang province, utilized the ratio of main laborers to the total laborers in the household for assessment. Nam et al. (2021) used indicators concerning forecasting and risk prevention, enterprises guaranteeing product consumption, agricultural material support, production technical support, employment/poverty reduction, educational enhancement, access to social services, and property damage caused by floods to evaluate the social impacts of rice farming in enclosed dyke areas before and after flood discharge in Tri Ton district, An Giang province. 
3. Overview of environmental, economic, and social impacts in the agricultural sector globally 
Studies on greenhouse gas emissions and energy consumption in fruit tree farming have been conducted on various target groups, such as oranges, tangerines, raspberries, kiwis, peaches, avocados, pomegranates, bananas, pineapples, and apples (Astier et al., 2014; Ingwersen, 2012; Iriarte et al., 2014; Martin-Gorriz et al., 2022; Mazis et al., 2021; Ozalp et al., 2018; Vásquez-Ibarra et al., 2021; Vatsanidou et al., 2020; Vinyes et al., 2018). 
Globally, Sidhoum et al. (2022) utilized criteria relating to farmer welfare (Flexible work schedules; Number of days off; Motivation at work; Job satisfaction and working conditions) and community welfare (Products safe for consumer health; Products contributing to food security; Contributions to the local economy; Contributions to rural infrastructure; Contributions to maintaining basic services in rural areas; Employing the local labor force) to evaluate the social aspects of farms. When researching the non-economic efficiency of cooperatives in Fujian (China), Yu & Huang (2020) also demonstrated that the technical efficiency of cooperatives depends on social contributions in the production function and the influence of social values on the technical efficiency of the cooperatives. Zimmermann et al. (2011), while studying payments for organic farming models, discovered that labor costs, working hours, or age distribution could lead to a type of positive impact on the social welfare of farmers. 
4. Integrated management solutions 
An analysis of the literature reveals a core paradox: an asymmetry between the goal of optimizing the short-term economic benefits of farming households and the risks of negative externalities on the socio-ecological system. The absence of synchronized regulatory tools can easily lead to resource depletion risks when shifting to high-yield intensive farming models. Therefore, this study proposes an Integrated Governance Framework based on the Socio-Ecological Systems (SES) theory. This frame of reference breaks down fragmented approaches, integrating three pillars into an organic entity: ecological solutions as the foundation, economic tools as the regulatory driver, and optimizing social welfare as the condition for sustainability. Through this, conflicts of interest are comprehensively resolved, and a highly resilient agricultural trajectory is established. 
4.1. Environmental control linked to changes in farming behavior
Policy-making bodies need to shift their focus from mere technical support to integrating ecological protection awareness education for farming households. This solution thoroughly addresses the current situation where farmers focus purely on yield while paying little attention to environmental impacts. Expand the scale of monitoring and apply technological solutions to mitigate greenhouse gas emissions and optimize energy consumption levels. Instead of being confined to traditional wetland rice or fruit tree models, the management system needs to establish specific quantitative energy standards for both general crops and leafy vegetables. 
4.2.  Economic planning based on value chains and resource optimization
Promote policies to convert land use purposes from inefficient rice monoculture to specialized or rotational crop cultivation in suitable ecological zones to increase profits and capital efficiency for farming households. Prioritize allocating resources to develop specialized farming areas for leafy vegetables, as this group offers lower production costs and a significantly higher income-to-cost ratio compared to fruiting or root vegetables. Encourage the replication of bio-safe production models combined with alternative organic fertilization to promote growth efficiency, increase yields, and sustainably widen profit margins. Establish market control mechanisms and agricultural insurance systems to mitigate the adverse effects of price fluctuations and input costs on farmers’ production decisions. 
4.3. Integrating social goals and community welfare
Widely apply Participatory Rural Appraisal (PRA) methods to standardize farming processes according to international standards such as GlobalGAP. This model ensures harmony with local development guidelines and policies while simultaneously creating opportunities to enhance professional knowledge and skills for the rural workforce. Adjust reasonable labor norms by balancing total working hours, age structure, and the frequency of agricultural machinery operation to achieve the highest technical efficiency per product unit without overburdening the farmers. Integrate farming models with disaster and flood risk management solutions and build mechanisms for corporate product consumption and material support to directly serve the goals of poverty reduction and educational enhancement. Enhance the governance capacity of cooperatives to maximize non-economic values. Management activities must aim to ensure welfare for farmers through flexible work schedules, improved job satisfaction, and better working conditions, while also spreading sustainable benefits to the community by providing safe products, ensuring food security, and creating stable local employment. 
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Tóm tắt
Phát triển nông nghiệp bền vững đòi hỏi một cách tiếp cận tổng hợp nhằm cân bằng giữa tính bền vững về môi trường, kinh tế và xã hội. Nghiên cứu này xem xét các thực hành canh tác và phương pháp đánh giá tại Việt Nam, đồng thời chỉ ra những khoảng cách giữa các đánh giá trong nước và các tiêu chuẩn quốc tế. Về môi trường, người nông dân thường tập trung vào các kỹ thuật canh tác nhưng ít chú ý đến các tác động môi trường, trong khi các nghiên cứu về phát thải và sử dụng năng lượng vẫn còn hạn chế. Về kinh tế, việc chuyển đổi từ trồng lúa sang các loại cây trồng chuyên canh hoặc luân canh, đặc biệt là các loại rau ăn lá, có thể nâng cao hiệu quả sản xuất và tăng thu nhập hộ gia đình. Về xã hội, các đánh giá tại Việt Nam chủ yếu nhấn mạnh việc nâng cao kiến thức và giảm nghèo, trong khi các khung đánh giá quốc tế còn xem xét đến phúc lợi của nông dân và lợi ích đối với cộng đồng. Để cân bằng giữa lợi ích kinh tế và tính bền vững về xã hội - sinh thái, nghiên cứu này đề xuất một khung quản trị dựa trên lý thuyết hệ thống xã hội - sinh thái, tập trung vào giáo dục môi trường, chuyển đổi mục đích sử dụng đất theo hướng sinh lợi và tăng cường quản trị hợp tác xã.
Từ khóa: hiệu quả kinh tế, khung quản trị tổng hợp, mô hình canh tác, phát triển bền vững, phúc lợi cộng đồng, quản lý tổng hợp.


