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Abstract

Sustainable agriculture is critical to sustainable development and climate resilience, yet
evidence of its multidimensional environmental, social and economic benefits and trade-
offs remains limited, especially in regions most vulnerable to climate change. This study
addresses this gap in Vietnam’s Mekong Delta (MKD), where decades of intensive rice
farming has bolstered rice yields at the expense of environmental quality and farmers’
health. This study presents a multi-criteria analysis (MCA) comparing organic rice (OR)
and conventional rice (CR) farming systems in the MKD. We applied a weighted sum model
to evaluate the environmental, social and economic performance of the two production sys-
tems. The assessment drew on quantitative and qualitative primary data collected through
stakeholder engagements and field measurements from Vinh Long province between 2023
and 2025, as part of the OrganoRice project. Overall, OR farming performed cumulatively
better (0.663 and 0.695) than CR farming (0.496 and 0.484). OR scores were higher across
most sub-criteria, particularly “farmers’ income” and “biodiversity”. However, CR outper-
formed OR for “rice yield” and “farmers’ workload”. Comparable water and soil quality
scores, due to the presence of pesticide residues in both systems, suggest that the environ-
mental performance of OR farming was likely dampened due to cross-contamination from
surrounding or upstream non-organic farms. The expansion of OR farming in the MKD has
the potential to enhance environmental, social and economic performance of rice produc-
tion in the region. However, in order to achieve the full scope of these benefits, short-term
measures should aim to reduce the financial risks of conversion for farmers, ensure access
to affordable organic inputs, increase farmer training, ensure reliable premium contracts for
rice producers and support them in accessing organic markets. Longer-term measures must
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improve irrigation water management and infrastructure to minimise cross-contamination
risks. Coordinated marketing campaigns are needed to develop a trusted regional brand
for organic rice from the MKD to create new opportunities in international and domestic
markets. Moreover, long-term monitoring of post-transition outcomes is important to
capture the full impacts of conversion. As OR cultivation continues to expand across the
MKD, evidence on its benefits and trade-offs is essential to guide this transition effectively.
This study provides that evidence, offering a context-specific, multidimensional evaluation
to inform OR policy and practice in the region.

Keywords: organic rice farming; multi-criteria analysis; mixed methods; Mekong
Delta; Vietnam

1. Introduction
Sustainable agricultural approaches have been identified as key to achieving global

goals related to sustainable development, climate change adaptation, and land degrada-
tion neutrality [1]. Despite recognition of the multiple benefits of transitioning from less
sustainable approaches, however, challenges remain in assessing the multidimensional
benefits for the environment, society and economy, and potential trade-offs which arise,
which can hinder uptake by local farmers and communities [2,3]. Of particular interest
are the benefits and trade-offs experienced during the critical transition phase, which can
determine whether sustainable approaches persist or are abandoned. Assessments which
capture specific environmental, political and social contexts are needed for a holistic under-
standing of transition performance, however, such transdisciplinary studies, particularly in
areas most vulnerable to climate change impacts, are rare [4,5].

The Mekong Delta (MKD), Vietnam’s southernmost region, is dominated by agri-
cultural production, the majority of which is rice cultivation (40–46%), which includes
triple, double and single rice cropping, followed by aquaculture production (10–22%) [6,7].
This production accounts for over half of the nation’s rice production and 90% of its ex-
ports, making it a critically important region for both national food security and economic
stability [8,9]. Since 2020, rice systems in the MKD have undergone rapid intensification
to achieve the country’s rice production targets [6,9]. Boosts in rice yields, growing from
4.24 t ha−1 in 2000, to 5.76 t ha−1 in 2015, to 6.10 t ha−1 in 2024 [10], were largely driven by
intensive production with high agrochemical inputs, technological innovation, and use of
high-yielding varieties [8,9,11].

However, this intensification has resulted in environmental and social costs, such as
water and soil contamination, and detrimental impacts of pesticide exposure on farmers’
health [9,11–13]. At the same time, rice productivity in the MKD has stagnated in recent
years [8]. While the construction of dikes in the late 2000s supported the expansion of
intensive double and triple rice cropping, it also disrupted annual flood regimes and
decreased the deposition of essential sediments in the MKD floodplains [6]. Moreover,
Vu et al. (2022) [6] observed an inverse relationship between the expansion of triple
rice cropping systems and rice productivity. The authors argue that such shifts in rice
production are linked to the implementation of national policies, such as Resolution 09/ND-
CP issued in 2000 and Resolution 120/NQ-CP in 2017. Yields grew steadily between 2000
and 2011 but declined in subsequent years until 2017—a period marked by the expansion
of triple rice cropping systems, thus pointing to the overuse of natural soil resources.
Conversely, an increase in yields between 2017 and 2020 coincided with a reduction in
triple cropping areas and a simultaneous increase in double cropping systems [6].
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In response to these challenges, the Vietnamese government has been promoting
more sustainable rice production through various initiatives and programmes, such as
the “Three Reductions, Three Gains” (3R3G) program in 2003, the Good Agriculture
Practice (GlobalGAP and VietGAP) programme in 2008, the Sustainable Rice Platform
(SRP) standards in 2017 [9], and organic farming. Certification schemes like VietGAP and
GlobalGAP promote food safety, traceability, sustainable environmental management and
responsible agricultural practices and may facilitate access to premium domestic and export
markets. However, unlike organic certification, both standards permit the use of synthetic
chemical inputs within regulated limits. Therefore, they can be considered intermediate
production standards between conventional and certified organic farming, which help
farmers adapt to reduced chemical and pesticide use [14,15].

Organic agriculture is “based on specific and precise production standards that aim
to achieve optimal agroecosystems that are socially, ecologically and economically sus-
tainable” [16] (p. 2). While specific standards vary across certifying agencies, organic
requirements generally promote soil health, crop rotation, biological diversity and pro-
cesses, and animal welfare. On the other hand, they generally prohibit the use of chem-
ical inputs (pesticides, growth regulators and mineral fertilisers), irradiation, applica-
tion of sewage sludge, genetic engineering, or prophylactic use of antibiotics in livestock
farming [17].

In recent years, efforts to expand the organic sector in Vietnam have intensified follow-
ing the issuance of Decree No. 109/2018/ND-CP on organic agriculture in 2018 and, in 2020,
the approval of the Project on Organic Agriculture Development for 2020–2030 (Decision
No. 885/QD-TTg) [18]. Moreover, Resolution No. 19-NQ/TW, which was issued in 2022,
explicitly emphasised the development of “green, organic, and circular agriculture” [18]
(p.14). Ultimately, strategies for developing rice production vary by province, and are
tailored to the unique geographical characteristics and localised development priorities [6].

Rising incomes and an increase in consumer health awareness have driven a burgeon-
ing interest in safer and environmentally friendly products in Vietnam, particularly in major
urban centres like Hanoi and Ho Chi Minh City. This has led to the rapid development
of organic agricultural market in the country [18]. In fact, organically managed farmland
increased from 76,600 ha in 2017 to 450,000 ha in 2023 [18]. The organic sector currently
operates under two primary models: private enterprises that adhere to international or-
ganic standards for export and domestic distribution, and farmer groups that apply the
Participatory Guarantee System (PGS) standards to serve Vietnamese consumers [18].

As the expansion of organic rice (OR) production in Vietnam accelerates, it is crucial to
evaluate the impacts of conversion and to identify the associated benefits and trade-offs [13].
Organic farming can contribute to multiple Sustainable Development Goals (e.g., SDGs 1,
3, 12, 13 and 15) by offering distinct environmental, social and economic advantages over
conventional systems. Widely cited environmental benefits include increased farmland
biodiversity, improved soil quality, and enhanced provision of key ecosystem services,
while a notable social benefit is reduced human exposure to synthetic pesticides [3,17].
Economically, premium market prices afforded to organic producers generate greater profits
and higher benefit–cost ratios, albeit at higher costs to consumers [3,17]. A recent review by
the authors of this study [13] corroborated these findings, demonstrating that transitioning
to organic rice farming delivers multidimensional benefits, including improved water and
soil quality, increased biodiversity, and better health and livelihood outcomes. Furthermore,
when integrated with other strategies, organic farming can enhance agricultural resilience
against natural hazards such as salinity intrusion, storms and droughts by improving the
overall soil and ecosystem health.
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On the other hand, a common disadvantage of organic production is the lower crop
yields compared to conventional production [3,17]. As a result of lower productivity, Muller
et al., 2017 [19] argue that a total conversion to organic agriculture would require 16–33%
more land to maintain comparable yields to conventional farming. Ultimately, despite
its diverse benefits, organic farming is not a silver bullet capable of addressing all SDGs
without inherent trade-offs.

Given that its impacts are highly context-dependent, further research is required to
evaluate its performance across varying geographical and socio-economic contexts [13].
Generalising conclusions across empirical studies remains challenging due to the lack of
standardised reporting protocols, varied soil and climate conditions across case studies,
differing local input availability, and the frequent omission of specific farming practices [13].
The present study aims to provide a comprehensive evaluation of organic versus conven-
tional rice (CR) production in the MKD, by using a multi-criteria analysis (MCA) approach.
An MCA is an assessment tool that allows for the systematic comparison of multiple
options, against several, often conflicting, criteria, with the ultimate goal of identifying
an optimal option [20]. It can help support transparency and consistency in decision-
making by clarifying priorities and highlighting trade-offs between alternatives [20,21].
Additionally, MCAs facilitate the inclusion and integration of diverse types of knowledge,
including quantitative and qualitative data [21]. Thus, it is an appropriate tool for as-
sessing sustainability, which often involves evaluating multiple dimensions with diverse,
incommensurable data types.

While the use of multi-criteria methods to assess agricultural sustainability has grown
over the last decade, their overall application remains relatively limited [22]. Most studies
employing multi-criteria methods incorporate the triple bottom line, which covers people,
planet and profit dimensions [22]. However, very few studies have adopted MCAs to
specifically compare organic versus conventional rice farming systems in a multidimen-
sional manner, e.g., [23]. This multidimensionality is essential for identifying key synergies
and trade-offs between various criteria and production systems [3]. Instead, the literature
is dominated by other approaches such as Life Cycle Assessments, e.g., [24–26], economic
analyses [27], and carbon footprint assessments [28]. Moreover, the indicators used to
compare organic and conventional rice systems across environmental, economic or social
dimensions vary widely across studies.

Long-term evaluations of organic transitions are predominantly confined to developed
countries, resulting in a substantial knowledge gap concerning organic systems in the
Global South [3,29,30]. Moreover, comprehensive evaluations of organic rice (OR) farming
across multiple sustainability pillars are scarce. Notably, the OR literature lacks research
on the social dimensions, such as occupational safety and health, farm workload, and
community benefits, especially within the context of agricultural systems in the Global
South [9,17,31].

To date, research on Vietnamese rice production has primarily examined conventional
systems [32] and empirical studies of OR in Vietnam remain fragmented. Most studies
address OR through a narrow lens, typically focusing on only one or two of the core dimen-
sions: environmental, economic, or social [9,32–35]. However, few studies examine all three
dimensions simultaneously [36]. To address these critical knowledge gaps and effectively
guide the future development of OR farming in Vietnam, there is an urgent need for holistic
analyses that integrate both empirical quantitative data and qualitative insights to com-
prehensively evaluate the performance of OR farming in various regional contexts [13,36].
Building on the preceding discussion, the objectives of this study are to conduct an MCA
of organic and conventional rice production systems in Vinh Long province, in order to
assess and compare their performance across three key dimensions: economic, environ-
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mental and social. This holistic evaluation will shed light on the strengths and trade-offs
associated with both production systems to inform the development and future expansion
of organic rice production in the MKD region and beyond. This study is guided by the
following research question: How do organic and conventional rice production systems in
Vinh Long province compare in terms of their economic, environmental and social perfor-
mances? It draws on data generated by the OrganoRice project (https://organorice.org/),
a transdisciplinary research collaboration between German and Vietnamese institutions.

2. Materials and Methods
2.1. Study Area

The study area is the Vietnamese MKD, located in southern Vietnam. It covers a total
area of 40,921.8 km2, with a population of 17,547,900 people [10]. The region is flat with an
elevation of 0–4 m above mean sea level [37].

Fieldwork took place between 2023 and 2025 in two Vinh Long communes (Figure 1),
hereafter referred to as Commune A (formerly and currently Vinh Long province) and
Commune B (formerly Tra Vinh province) (Communes have not been named to protect
the anonymity and privacy of interviewed stakeholders). Following the administrative
restructuring and merger of provinces (finalised in June of 2025), former Ben Tre, Tra Vinh,
and Vinh Long provinces were merged into a single province now called Vinh Long, with
a total aggregate area of 6296.20 km2 and a population of 3,367,500 [10]. The total area of
paddy rice cultivation in this new province of Vinh Long is 327,200 ha, with an average total
yield of approximately 5.44 t ha−1 in 2024 [10]. In the MKD, rice production occurs across
three cropping seasons: winter–spring (November–March), summer–autumn (April–July),
autumn–winter (August–November).

Figure 1. Location of the two study sites in Vinh Long province in the Mekong Delta.

Quantitative data on rice yields, soil quality, biodiversity, pesticide, and heavy metal
contamination of the soil and water was collected from three rice systems in Commune
A: (1) certified organic rice (OR) farm, (2) transitioning to organic farm set up by the
OrganoRice project and partly used as an experimental platform for testing different rice
varieties, fertilisation practices, and biological pest control, and (3) conventional rice (CR)
farm. Additional details are available in the Supplementary Materials. Across communes
A and B, a total of six group discussions were conducted with a total of 12 rice farmers
transitioning to OR farming and 17 certified OR and rice–shrimp farmers. Individual

https://doi.org/10.3390/land15091542

https://organorice.org/
https://doi.org/10.3390/land15091542


Land 2026, 15, 1542 6 of 31

interviews were also conducted with two cooperative managers (one from each commune).
Access to organic rice farmers was constrained by the limited widespread adoption of
organic practices in the MKD, by the challenge of identifying participants across provinces
willing to participate in the study, and by the complex administrative procedures required
to conduct research in Vietnam, resulting in a small interview sample size. Nevertheless,
qualitative data saturation was observed to some extent during the data collection process,
lending a degree of robustness to the preliminary findings.

All the interviewed farmers were members of cooperatives. The officially preferred
institutional form of agriculture in Vietnam is cooperatives. They differ in size, internal
structure and openness to sustainability issues. The key benefit they offer to their members
is access to shared equipment like harvesters or drones for seeding and spraying, and
the cost of achieving and maintaining the organic certification, all of which are hardly
affordable for individual farmers. The larger cooperatives, being bigger market actors, also
have a stronger role in price negotiations for input and output.

In Commune A, the participants practiced triple rice cropping, whereas in Commune
B, farmers practiced either double rice cropping, or integrated rice–shrimp production
(one season for rice, one season for shrimp). Group discussions with stakeholders were
conducted in An Giang and Dong Thap provinces, exclusively for the weighting aspect of
the MCA. An Giang groups consisted of three government officials, three Safe Rice (SR)
farmers, and four CR farmers. Dong Thap groups comprised six government officials,
four SR farmers and five CR farmers. Similarly, seven government officials, ten OR farm-
ers and eight CR farmers from Commune B were engaged in group discussions for the
weighting exercises.

SR was described by some interviewees as an intermediary step between CR and OR
farming. SR encourages the use of sustainable farming practices and the reduction in syn-
thetic inputs (including fertilisers and pesticides) to promote consumer safety [38]. SR was
included in the weighting exercises alongside OR and CR systems to broaden the sample
size and ensure a geographically representative sample of stakeholder priorities. However,
SR was omitted from the subsequent performance evaluation, as the available data for this
system was incomplete and strictly qualitative, precluding a comprehensive analysis.

The quality standards for CR are primarily defined by government health regulations,
with some additional environmental requirements governing production. In contrast, OR is
regulated through strict input-based standards, requiring the use of certified organic inputs,
comprehensive documentation, and regular inspections to ensure compliance with inter-
nationally recognised certification schemes. SR, by comparison, adopts an output-based
approach, focusing on the final product rather than production inputs. SR certification
generally requires that residues of specified hazardous chemicals remain below detectable
limits using standard analytical methods.

There are some public support programs for the transition to organic production. Some
provinces provide financial subsidies or may offer free inputs such as organic fertilisers.
While seeds are typically not provided, government regulations often mandate a substantial
reduction in seeding rates (by up to 50% or more) without compromising harvest yields.
However, there is an absence of support for the administrative and financial burdens of
bookkeeping and certification. Conditionalities and duration of support varies; in some
cases government assistance only lasts two years, although the transition period required
for formal certification is generally three years.

2.2. Multi-Criteria Analysis Approach

We applied a weighted sum model (WSM), an MCA method that is widely used due
to its simple implementation and interpretation [39,40]. Key steps in the WSM include:
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(1) identifying alternatives to assess, (2) selecting and defining appropriate criteria, (3) as-
signing weights to individual criteria according to their relative importance, (4) scoring
criteria, (5) normalising scores to convert all values into a compatible scale, and (6) ranking
alternatives based on overall performance [39,40]. The WSM generally performs well due
to its ability to balance stability and sensitivity. The method exhibits good stability to
minor variations in input data (thus maintaining a consistent ranking of attributes), while
retaining sensitivity to substantial data variations, allowing it to reflect significant changes
in input data [39].

The alternatives considered in this MCA are CR production and OR production in
Vinh Long province. CR agriculture is defined as the dominant production system in
Vietnam, primarily characterised by large quantities of agrochemical inputs. Conversely,
OR agriculture is defined as a farming system that adheres to organic certification standards,
including the strict prohibition of synthetic chemical inputs.

2.2.1. Criteria Selection, Definition and Data Sources

Three main criteria (environmental, social, and economic) along with 13 sub-criteria,
were selected to holistically assess the conversion to OR production in Vinh Long province
(Table 1). These criteria were identified through a triangulated approach, combining a
literature review [13], preliminary stakeholder interviews, and an assessment of available
data from the OrganoRice project. The assessment criteria was intentionally categorised into
environmental, economic and social dimensions to provide a holistic and multidimensional
evaluation of the rice production systems and to avoid a reductionist approach. The
environmental dimension evaluated changes in the ecological conditions of the farms,
including the physical and chemical properties of paddy field water and soil. The social
dimension examined well-being impacts for farmers and local community members, as
well as overall health impacts for consumers. Finally, the economic dimension assessed the
performance of indicators related to economic costs and benefits, including yields, income,
expenditures, grain quality, and crop resilience. All three primary criteria were evaluated
based on a mix of quantitative and qualitative data. Table 1 details the list of indicators
used for each sub-criterion.

Qualitative data was collected through farmer group discussions conducted in Novem-
ber 2023, March and November 2024, and March 2025. Water and soil samples were col-
lected from CR and certified OR fields in April–May 2023 and in March 2024 [41]. Yield
measurements were collected during three cropping seasons in 2024 (March, July and
November) from conventional and organic fields. For the biodiversity assessment, sweep
netting was carried out in February 2024 in both conventional and certified organic farms.
Pesticide residue and rice quality were assessed through the analysis of seven unpolished
rice varieties (white rice: Jasmine 85, TNN 91, ST24, Vin 16; red rice: ST 5; black rice: Lua
Tim VL, Lua Tim CT), with samples collected from both conventional and transitioning
organic fields in November 2024. Rice quality cannot be captured in a single definition
but rather it is a number of physical (milling quality, appearance quality) and chemi-
cal (nutritional quality, eating and cooking quality) quality characteristics used for the
comprehensive evaluation of rice quality during rice processing and cooking [42].

In Table 1, metrics such as income, expenditures and rice yields derived from group dis-
cussions with farmers are classified as “qualitative”. The reason for this is that rather than
systematically recording exact individual values, participants were asked to discuss broadly
the trends observed (increase, decrease, or no change). While some farmers mentioned
specific figures, the inconsistency of these numerical responses required qualitative analysis.
Conversely, data designated as “quantitative” in Table 1 refers strictly to systematically
collected numerical values subjected to quantitative assessment.
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Table 1. List of criteria, sub-criteria and indicators for MCA assessment, and number of samples
collected from conventional rice (CR) and organic rice (OR) farming systems.

Criteria Sub-Criteria Data Type Indicator (Units) CR
n

OR
n

Environment

Water quality
Qualitative Water quality (stakeholder engagements) - 8

Quantitative Heavy metals in water (µg L−1) 12 2
Quantitative Pesticide residues in water (µg L−1) 8 1

Soil quality

Qualitative Soil quality (stakeholder engagements) - 8
Quantitative Heavy metals in soil (mg kg−1) 57 17
Quantitative Pesticide residues in soil (µg kg−1) 29 18
Quantitative Total soil organic carbon (%) 58 17
Quantitative Soil carbon/nitrogen ratio (C:N ratio) 58 17

Biodiversity Qualitative Biological diversity of farm/surrounding farm
(stakeholder engagements) - 8

Quantitative Diversity/abundance of dragonflies and damselflies 6 6

Social

Farmers’ health Qualitative Farmers’ health (stakeholder engagements) - 8

Availability of
additional food Qualitative

Availability of wild foods (non-target species of
nutritional/economic benefit, including plants,
animals, fungi, that are harvested from wild or
managed landscapes without deliberate
cultivation) [43] (stakeholder engagements)

- 8

Consumer health
and safety

Qualitative Consumer health/safety (stakeholder engagements) - 8
Quantitative Pesticide residues in rice (mg kg−1) 10 10

Quantitative

Nutritional quality of rice:

(1) Indicators for antioxidant content:

- Antioxidative capacity (µM Trolox 100 g−1)
- Total Phenolic Content (mg GAE 100 g−1)
- Flavonoid content (mg RE 100 g−1)
- Anthocyanin content (mg Cy3glc 100 g−1)

(2) Other indicators:

- y-Aminobutyric acid (GABA)
(µg GABA 100 g−1)

- Resistant Starch (mg g−1)
- Glycaemic Index

10 10

Community
benefits Qualitative Community benefits (stakeholder engagements) - 8

Farmers’ workload Qualitative Farmers’ workload (the physical/time demands of
rice farming) (stakeholder engagements) - 8

Economic and
rice production

performance

Farmers’ income Qualitative Farmers’ income (VND ha−1 per crop cycle)
(stakeholder engagements)

- 8

Farm expenditures Qualitative Farm expenditures (VND ha−1 per crop cycle)
(stakeholder engagements)

- 8

Rice quality
Qualitative Rice quality (stakeholder engagements) - 8

Quantitative Rice eating and cooking quality (amylose mass
fraction, %) 10 10

Rice yields Qualitative Rice yields (tons ha−1) (stakeholder engagements) - 8
Quantitative Rice yields (tons ha−1) 9 9

Rice plant’s
resilience

Qualitative Rice plant’s resistance to pests/diseases
(stakeholder engagements) - 8

Qualitative Rice plant’s resilience to natural hazards
(stakeholder engagements) - 8
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2.2.2. Weighting of Criteria

The weighting process is a critical step in the MCA that involves assigning a value
to each criterion based on its relative importance to the others [21]. As previously noted,
weighting exercises were carried out with two stakeholder groups in Vinh Long, An Giang,
and Dong Thap provinces: (1) government officials from the Department of Agriculture
and Rural Development (DARD), (2) rice farmers. The stakeholders were asked to attribute
a level of importance to all MCA criteria and sub-criteria to determine how the different
groups valued the environmental, social, and economic dimensions of rice production.
First, participants were asked to distribute 100 points across the three primary criteria, then
allocate another 100 points across the sub-criteria of each primary criteria group. Final
weights for the MCA were determined based on the average of all farmer groups, and the
average of all government official groups.

2.2.3. Measuring the Performance of Each Production System

Throughout the OrganoRice project, scientists collected relevant quantitative and
qualitative data in Vinh Long. These data were used to calculate the scores for all the
environmental, social, and economic sub-criteria of the OR and CR systems.

2.2.4. Normalisation Approaches

After the initial scoring, a normalisation process was performed to ensure comparabil-
ity across the different indicators. This involved converting all raw data into a common
scale, thereby eliminating different units of measurement [44,45]. Different normalisation
approaches were selected based on their suitability for each individual data type [40,45].
The data were normalised to values ranging from 0 to 1 to aggregate diverse data types
and facilitate comparison between the two production systems. The following approaches
were selected:

Min-max normalisation:
Min-max normalisation is a widely applied method [46,47] also employed in sustain-

ability assessments [47]. A key strength of this method is its ability to maintain stability and
responsiveness while being robust to small changes in the input data and simultaneously
accurately reflecting substantial shifts in the data [39]. This method considers the minimum
and maximum values within a dataset, rescaling all data to a 0–1 range, where 1 equates to
the best performance and 0 to the worst, and all other values in the dataset fall between
0 and 1 [40,44,48]. The normalised value xnorm for each benefit criterion, where a higher
value is considered better [44,46] was calculated as follows:

xnorm =
xraw − xmin
xmax − xmin

(1)

where xraw is the actual measured value of the indicator, and xmax and xmin are the highest
and lowest values recorded for that indicator in the dataset, respectively.

To calculate a cost criterion, where a lower value is considered better, xnorm was
calculated as follows:

xnorm =
xmax − xraw

xmax − xmin
(2)

min-max normalisation was applied to the following sub-criteria: soil quality (total organic
carbon, and carbon/nitrogen ratio), biodiversity (dragonfly and damselfly diversity and
abundance), consumer and health safety (nutritional quality of rice), rice quality (eating
and cooking quality), and rice yields.

Threshold-based normalisation:
Threshold-based normalisation also scales data to a 0–1 range; however, unlike min-

max normalisation, it utilises externally defined standards, benchmarks, or thresholds to
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set cutoff values for “best” or “worst” performance and establish the scale [49]. As such, it
can be grounded in biophysical limits or policy targets.

This normalisation approach was applied to the environment criteria, specifically
sub-criteria assessing heavy metals and pesticide residues in water and soil, and to the
social criteria, specifically in the assessment of pesticide residues in rice as part of the
“consumer health and safety” sub-criteria. Values below threshold levels were attributed a
score of 1, while values equal to or above the threshold levels were attributed a value of 0.

In the absence of Vietnamese water and soil standards tailored specifically to organic
production and given the lack of harmonised international guidelines specifying toxico-
logical thresholds for such systems, this study draws on several regulatory standards
from the EU, Germany and China, to compile information that is as comprehensive as
possible. By synthesising multiple standards, we attempt to address the current regulatory
gaps and derive a scientifically conservative assessment for our MCA. This integrated
approach establishes a more robust, cross-verified baseline that is both globally relevant
and ecologically applicable to the specific requirements of OR agriculture. Threshold levels
were established using the following standards:

(1) For pesticide residues in irrigation water: EU Directive 2006/118/EC on the pro-
tection of groundwater against pollution and deterioration (amended by Directive
2014/80/EU) [50].

(2) For pesticide residues in soil: Since EU Regulation 2018/848 does not provide specific
maximum residue limits for pesticide residues in soil, the Limit of Quantification
(LOQ) of the analytical method of an accredited laboratory (TLR International Labora-
tories) [51] was used.

(3) For pesticide residues in rice: the LOQ was defined by the routine LOQ of the
calibration standard and samples were analysed in the analytical laboratory of the
Research Center Forschungszentrum Jülich (IBG-3).

(4) For heavy metal concentrations in paddy field waters: the Chinese Standard for
Irrigation Water Quality (GB 5084-2021) [52].

(5) For heavy metal concentrations in paddy field soils: the Chinese Soil Environmental
Quality Risk Control Standard for Soil Contamination of agricultural land (GB 15618-
2018) [53], and the German Federal Soil Protection Act (BbodSchV) [54].

Fuzzy transformation using trapezoidal membership function:
The trapezoidal membership function is appropriate for “Goldilocks” indicators,

which have an ideal value within an optimal range. This was used to transform the data
of one indicator (C/N ration) for soil quality to values between 0 and 1. The threshold
parameters (lower limit (L), ideal start (IS), ideal end (IE), upper limit (U)) for C/N were
established based on the available literature indicating the optimal C/N range for paddy
soils [55–57]. Values falling within the optimal range (between IS and IE), were assigned the
maximum score of 1, while values falling below L or exceeding U were deemed unsuitable
and assigned a score of 0. To reflect the gradual decrease in suitability outside the optimal
range, linear interpolation was applied to the transition zones (between L and IS, and
between IE and U).

The trapezoidal membership function is expressed as follows (adjusted from Hendiani
et al., 2020) [58]:

xnorm =



0
xraw− L
IS− L

1
U− xraw
U− IE

0

xraw ≤ L
L < xraw < IS
IS ≤ xraw ≤ IE
IE < xraw < U
xraw ≥ U

(3)
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where xnorm is the final normalised score (ranging from 0 to 1) and xraw is the actual
measured value of the indicator.

Normalisation of qualitative data:
Following established mixed-methods frameworks, the qualitative responses from the

interviews were analysed through a thematic and sentiment analysis, then converted into
a 5-point Likert scale ranging from “substantially improved/increased” to “substantially
worsened/decreased” [59,60]. To allow aggregation with other indicators, these categories
were subsequently transformed into an equal interval 0–1 scale. The attribution of these
scores was based on the phrasing used by respondents which were benchmarked to scores
as follows: substantially improved/increased (1), slightly improved/increased (0.75), no
change (0.5), slightly worsened/decreased (0.25), and substantially worsened/decreased
(0). Scores of 1 or 0 were assigned only when respondents used strong qualifiers such
as “significant”, “a lot” or “very”. In cases where respondents simply stated that a sub-
criterion had “increased” or “decreased” without such emphasis, a conservative approach
was adopted, and moderate scores of 0.75 or 0.25 were attributed. A score of 0.5 was
assigned when no change was reported.

2.2.5. Sensitivity Analysis

A sensitivity analysis was conducted to evaluate the robustness and reliability of the
results by adjusting the weights of the criteria and observing the impacts on the ranking of
alternatives [61]. Three alternative scenarios were created based on the following weighting
structures: (1) equal weight across all three criteria, (2) greater weight on environmental
criteria, and (3) greater weight on social criteria.

3. Results
3.1. Weighting Exercise and Final Scores
3.1.1. Results of the Weighting Exercise

To attribute a level of importance for each sub-criterion, we conducted weighting
exercises with two stakeholder groups (farmers and government officials) from Vinh Long,
An Giang and Dong Thap. The results are presented in Figure 2.

Figure 2. Relative importance of all sub-criteria according to the mean opinion of two stakeholder
groups (farmers and government officials). The higher the number of points, the greater the impor-
tance placed on a sub-criterion.
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Overall, both stakeholder groups considered economic benefits to be their top priority,
particularly the sub-criterion of “farmers’ income”. The stakeholders viewed farmers’
economic security as foundational to supporting all dimensions of rice production. For
example, CR farmers in Vinh Long stated that profits from rice production were important
for investing in their farm, improving their quality of life, and enhancing the environmental
conditions. Similarly, CR farmers in Dong Thap stated that their income was essential for
ensuring their well-being and a good living environment.

In contrast, a few OR farmers in Vinh Long and some CR farmers in An Giang
did not consider the economic dimension to be their top priority. Although the Vinh
Long group rated economics to be the least important factor in rice production, it is
necessary to contextualize their response. The rice–shrimp farmers reported that their
income from rice farming accounted for only about 20% of their total income, while shrimp
production accounted for the remaining 80%. Moreover, their organic rice production
management served as the basis for their aquaculture production, as shrimps benefit from
reduced chemical inputs. This may explain why they ranked the social and environmental
dimensions as more important. When asked to weigh the criteria again, considering both
rice and aquaculture production, this group of farmers changed their priorities, attributing
50 points to the economic criteria and a reduced weight for environmental and social
(25 points each). CR farmers in An Giang rated social as their top priority and economic as
second. They viewed farmers’ well-being as a prerequisite for rice production success and
believed that good farmer health resulted in better economic outcomes.

Farmers generally ranked social and environmental benefits second or third, whereas
government officials across the three provinces ranked them in the same order: economic
first, environment second, and social third. Under the environmental criteria, stakeholders
mostly prioritised “soil quality” and “water quality”. Farmers described soil and water
as the “living environment” of the rice plants. They recognised these as essential for
supporting the health, quality and productivity of rice crops, and ultimately, for supporting
their livelihoods. Under the social criteria, stakeholders mostly prioritised “farmers’ health”
and “consumer health and safety”. As previously noted, farmers considered their own
health as essential to carrying out farm work and enhancing rice production efficiency.
Regarding additional food sources, Vinh Long organic rice–shrimp farmers reported that the
additional availability of wild foods provided additional sources of nutritious foods while
also decreasing household food expenses. Although Vinh Long CR farmers acknowledged
that chemical inputs reduced overall biodiversity, they were willing to accept this trade-off
in order to prioritise rice productivity.

3.1.2. Results of Final Scores

We calculated the final normalised weighted scores (Tables S1 and S2, Figures 3 and 4),
by integrating the stakeholder weights (Figure 2) with the assessment scores for each
sub-criterion. This produced two assessments reflecting the opinions of each stakeholder
group. The MCA scores present composite performance measures across multiple criteria,
revealing the ordinal ranking of alternatives.

Our assessment revealed that, overall, OR farming performed cumulatively better
(0.663 and 0.695) than CR farming (0.496 and 0.484). OR scores were higher across most sub-
criteria, particularly “farmers’ income” and “biodiversity”. However, better “rice yields”
and “farmers’ workload” scores were observed under conventional management. This was
consistent across both assessments. However, the final scores for each sub-criterion were
additionally influenced by the weights applied by the different stakeholder groups.
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Figure 3. Final performance score for conventional rice and organic rice systems, with farm-
ers’ weights.

Figure 4. Final performance score for conventional rice and organic rice farming systems, with
government officials’ weights.
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3.2. Results: Environment Criteria
3.2.1. Water Quality

Overall, water quality was slightly better in the OR (0.069 and 0.050) than in the
CR (0.059 and 0.043) system. Farmers transitioning to OR observed improvements in
water quality, including reduced skin irritation from contact with farm water and an
increased presence of various aquatic species. The concentration of heavy metals in
water, specifically arsenic and cadmium, were found to be well below the regulatory
standards set by the Chinese government (GB 5084-2021) in both organic and conven-
tional fields. The mean concentrations (±standard error of the mean, (SE)) of arsenic
were 1.62 ± 0.24 and 1.14 ± 0.07 µg L−1, while mean cadmium concentrations were
0.62 ± 0.02 and 0.56 ± 0.03 µg L−1 in organic and conventional fields, respectively. Pesti-
cide residues, however, were detected in both production systems, suggesting widespread
cross-contamination due to shared irrigation systems and a lack of adequate physical
barriers between organic and conventional fields [41]. Particularly high concentrations of
fungicides, such as Tricyclazole (mean concentrations of 0.28 ± 0.06 µg L−1 in conventional
and 0.30 µg L−1 in organic fields; mean ± SE), were detected in paddy rice waters [41].
The average sum of pesticide residues in the organic fields (1.2 µg L−1), the conventional
fields (2.4 µg L−1), and in irrigation canals connecting the different production systems
(2.7 µg L−1), all exceeded the aggregate sum of 0.5 µg L−1 threshold level set by EU Di-
rective 2006/118/EC (amended by Directive 2014/80/EU) [41]. The lack of adequate
separation between production systems likely results in pesticide residues continuously
being introduced into the organic system via the irrigation water. A potential variability in
observed residue levels may be attributed to the timing of sample collection relative to the
most recent pesticide application, though this could not be verified as application dates
were not recorded [41].

3.2.2. Soil Quality

Overall, soil quality scores were comparable between conventional (0.039 and 0.045)
and certified organic (0.038 and 0.044) fields. Although transitioning farmers observed
improvements in paddy soil quality since beginning the organic transition, quantitative
assessments of pesticide residues and soil parameters revealed minimal differences be-
tween the two production systems. Similar to the analysis of water heavy metals, mean
soil arsenic and cadmium concentrations were generally comparable between the two pro-
duction systems, averaging (±SE) 3.74 ± 0.13 and 0.14 ± 0.01 mg kg−1 in certified organic
fields and 4.05 ± 0.1 and 0.16 ± 0.01 mg kg−1 in conventional fields, respectively. These
values are considered acceptable as they are below the regulatory thresholds set by China
(GB 15618-2018) and Germany (Federal Soil Protection Act—BbodSchV). Pesticide residues
in soil samples were detected in both production systems, again highlighting the issue of
cross-contamination in the study area, as pointed out by Klamann et al. (2026) [41]. As
already discussed in the assessment of water quality, elevated levels of the fungicide Tricy-
clazole were found, with average (±SE) values of 227.3 ± 13.7 and 136.8 ± 12.1 µg kg−1

recorded in organic and conventional soils, respectively [41]. Regarding soil quality and
fertility indicators, the average TOC values in certified organic and conventional fields
were comparable at 3.85 ± 0.11% and 4.06 ± 0.14%, respectively, while C/N ratio values
were 10.2 ± 0.1, 10.4 ± 0.1, respectively.

3.2.3. Biodiversity

Farm-level biodiversity was higher under organic management (0.041 and 0.089) than
under conventional management (0.010 and 0.022). Farmers in Vinh Long reported an
increased presence of various species, including dragonflies, spiders, butterflies, fish, and
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frogs. These observations were corroborated by a biodiversity assessment of dragonflies
and damselflies carried out on conventional and organic fields. Dragonflies and damselflies
are valuable bioindicators, as their abundance and species diversity are strongly influenced
by the structural diversity of the landscape (variety of wetland types) and local pesticide
loads. Greater diversity and abundance of dragonflies and damselflies were registered in the
organic farms. For example, an average of 23 individual damselflies of the species variable
wisp (Agriocnemis femina) were collected through sweep netting in organic fields, as well as
two more damselfly species and five dragonfly species. In the same fields, other species
were also observed, including spiders, fish, crabs and frogs. Five damselfly species and
15 dragonfly species were identified in ponds and ditches neighbouring the organic fields.
These areas serve as important source biotopes, supporting the recolonisation of the paddies
when rice fields are dry following harvest. Contrastingly, only two A. femina were found
per sweep netting event in the CR fields. No species belonging to sensitive damselfly and
dragonfly genera typically found in clean running water (e.g., Calopterygidae, Gomphidae)
were identified in either production system or nearby biotopes.

3.3. Results: Social Criteria
3.3.1. Farmers’ Health

Scores for this sub-criterion were greater in the organic system (0.070 and 0.036) than
in the conventional system (0.046 and 0.024). Farmers reported health improvements under
organic management, which they attributed to the elimination of chemical pesticides. Under
conventional production systems, farmers may experience a host of health issues due to
exposure to agrochemicals, including fatigue, increased susceptibility to illness, respiratory
issues and skin rashes. Moreover, pesticides applied in paddy fields can reach nearby
households through wind drift, which can cause adverse health impacts for community
members. According to the director of a Vinh Long cooperative, such health issues can
result in a reduced number of farmer working days and lost productivity. As a result of
organic conversion, farmers reported health improvements such as reduced fatigue, and
absence of skin irritation following contact with contaminated waters. Another Vinh Long
cooperative manager also reported that breathing and digestive issues among farm workers
decreased by approximately 30–40% following conversion, resulting in improvements in
their overall sense of well-being and work satisfaction.

3.3.2. Availability of Additional Foods

Availability of additional foods for farmers’ household consumption refers to the
presence of harvested or naturally occurring edible plants, fish, or small game available in
or around the paddy fields. These foods are important as they can contribute to household
nutrition and dietary diversity, thereby contributing to overall food security [62,63]. Scores
for this sub-criterion were higher in the OR system (0.031 and 0.018) than the CR system
(0.021 and 0.012). Farmers in Vinh Long reported an increased availability of various wild
foods, including crabs, fish, and prawns. These foods mainly served as supplementary food
sources for household consumption, but were also sold depending on needs and availability.

3.3.3. Consumer Health and Safety

Scores for consumer health and safety were higher under organic (0.063 and 0.025)
than conventional management (0.046 and 0.018). Farmers considered OR a “clean”,
“high quality” and healthier option to consume than CR due to the lack of chemical
contamination. However, fungicides were detected in the rice samples collected from both
production systems, although fewer and lower levels of fungicides were observed in the
rice from the OR system compared to the one from the CR system. In the OR samples, all
pesticides tested were below the limit of quantification, except for Isoprothiolane with an
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average (±SE) residue level of 0.09 ± 0.02 mg kg−1. Conversely, three fungicides in the CR
samples were detected with residue levels above the European maximum residue limits
(MRLs). Both Propiconazole and Tricyclazole have an MRL of 0.01 mg kg−1 according
to the Commission Regulation (EU) 2021/155 of 9 February 2021 [64] and Commission
Regulation (EU) 2017/983 of 9 June 2017 [65]. Propiconazole exceeded this threshold in
all samples and Tricyclazole did so in five out of seven samples. Although Isoprothiolane
residues did not exceed MRLs in CR samples, the concentrations were approximately
15-fold higher than in the OR samples. Despite the fact that polishing the rice reduced
pesticide residues, they did not decrease below threshold levels in the affected samples.

The nutritional quality of rice was assessed by determining the levels of γ-aminobutyric
acid (GABA), resistant starch, estimated glycaemic index, and antioxidant content. Organic
production mostly resulted in better outcomes for GABA and antioxidant content of rice,
whereas conventional production generally supported better outcomes in terms of resistant
starch and glycemic index. However, values varied by rice variety, and in some cases,
between growing seasons. For example, the highest mean GABA concentrations of all rice
varieties were detected in the two black rice varieties and one white variety (TNN91). How-
ever, while the black varieties had higher mean GABA values under organic management
(e.g., 690.88 µg GABA 100 g−1 for organic Lua Tim VL and 283.25 µg GABA 100 g−1 for
conventional Lua Tim VL), the opposite was true for TNN 91 (267.35 µg GABA 100 g−1 in
organic and 724.71 µg GABA 100 g−1 in conventional production). While the antioxidant
contents of white (Jasmine 85, TNN 91, ST24, Vin 16) and red (ST 5) rice varieties were not
significantly affected by the different production systems, the two organically grown black
rice varieties (Lua Tim VL and Lua Tim CT) showed significantly higher values than their
conventionally grown counterparts. Except for Lua Tim VL and Vin16, rice grown using
organic practices had lower resistant starch content than rice grown using conventional
methods. This indicates better resistant starch outcomes under conventional production
in terms of health. Most rice varieties had high glycaemic index levels. Conventional
production resulted in slightly lower (therefore better) glycaemic index values across all
rice varieties, except for Vin16. Our results revealed that the nutritional quality of rice is
influenced not only by the production system, but also by the variety of rice. Overall, the
two black rice varieties performed particularly well under organic production across most
indicators of nutritional quality, except for resistant starch and glycaemic index. However,
it is important to note that these benefits were only evident when the rice was unpolished.
This is explained by the fact that most antioxidants are located in the outer layers of the
rice (the bran and germ), which are removed during the polishing process.

3.3.4. Community Benefits

Overall scores for “community benefits” were higher in the organic (0.034 and 0.023)
than in the conventional (0.022 and 0.015) system. At the time of the interviews, transition-
ing farmers had completed only three crop cycles under organic production, and therefore
believed that it was too soon to assess any community-level benefit. However, they antici-
pated that expanding organic production would result in benefits for the wider community,
specifically due to the elimination of chemical inputs resulting in an overall healthier living
environment and consequently, better health outcomes for community members. The
cooperative manager reported that, prior to the organic transition, chicken and ducks from
neighbouring households would occasionally die after accidentally consuming convention-
ally grown rice. This phenomenon was no longer observed following the shift to organic
production. Conversion to organic farming may also enhance the aesthetic qualities of the
farmland, which could be enjoyed by the wider community. Certified organic rice–shrimp
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producers felt that the landscape was more beautiful due to greater biodiversity on the
farm and in the surrounding areas, which contributed to their sense of well-being.

3.3.5. Farmers’ Workload

Scores for “farmers’ workload” in the organic system were lower (0.012 and 0.010)
compared to those in the conventional system (0.024 and 0.021). Changes in workload under
organic farming varied according to farm size and specific management practices (e.g., fully
manual or mechanised). While some farmers reported an increase in overall workload,
others reported workload reductions. Although workload tended to increase slightly under
organic management, the patterns of work intensity changed substantially between the
different stages of each season. Workload tended to increase specifically for fertilisation,
and, in some cases, for weed management. For example, a few farmers reported three
additional working days for fertiliser application, and others reported increased workload
due to manure application in the fields. The outcomes for weed management were mixed,
with some farmers indicating less weeding time due to reduced weed presence, while
others noted increased workload due to hand weeding. Farmers mostly reported time
savings on pest and disease management as the vulnerability to such pressure tended to be
lower in the organic farms. This was partly due to a decreased occurrence of some pests,
as well as enhanced rice plant health due to the application of organic amendments. For
land preparation, seeding and harvesting, organic farmers reported similar or less work
compared to conventional management.

Farmers either received support from family members and neighbours, or hired
additional labour to carry out farm work during periods of increased need. While a
few farmers from Vinh Long noted that finding and paying workers was not a problem,
others claimed that it was. One farmer specifically noted that it was difficult to recruit
younger workers because many tended to leave the village, and that negotiating wages was
sometimes challenging, as most of the farming activities had to be performed manually due
to the area’s topography. Mechanisation and opportunities to rent farm machinery from the
cooperative (such as harvesters or land-levelling equipment) can, however, substantially
reduce workload and labour time.

3.4. Results: Economic Criteria
3.4.1. Farmers’ Income

Farmers’ income from certified OR was found to be considerably higher compared
to CR, resulting in higher overall scores for organic (0.132 and 0.187) than conventional
(0.066 and 0.094). For OR farmers, the transition period tended to come with an income
loss, due to lower yields (up to 1/3 reductions for both), but not yet premium prices. Some
farmers reported pre-transition incomes of about 20,000,000 VND ha−1 (759 USD ha−1),
which reduced to 13,000,000 VND ha−1 (493 USD ha−1) during the transition period. Based
on our discussion with a Vietnamese premium rice wholesaler, farm gate premium prices
for OR typically range between 40 and 50% greater than conventional, depending on rice
variety. As such, incomes generally tend to improve among post-transition certified organic
producers. According to certified organic rice–shrimp farmers, farm gate price for CR was
approximately 40,000,000 VND t−1 (1517 USD t−1) and currently about 55,000,000 VND t−1

(2086 USD t−1) for OR. They reported that their profits had increased by 20–30% and the
overall economic status of households was more sustainable. In addition, they highlighted
how OR farming also supported their aquaculture production by providing cleaner water
for the shrimps, thus supporting overall household profitability. Consequently, the initial
income losses associated with yield reductions during the transition phase were eventually
offset following the acquisition of organic certification.
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3.4.2. Farm Expenditures

Scores for this sub-criterion were higher in the OR farms (0.046 and 0.074) than in
the CR farms (0.031 and 0.050). Overall farm expenditures can either increase or decrease
under organic management, depending on, among other things, prior baselines, and local
subsidies available for organic inputs. We found that savings on agricultural inputs, such
as pesticides, fertilisers and seeds, generally constituted an economic benefit for organic
farmers. However, the total volume of savings was dependent on the amounts of agricul-
tural inputs used before transition and therefore varied between farms. Where farmers
previously used large amounts of chemical inputs, sizeable savings can be experienced
under organic management, but where the use of such inputs is already low, savings
may be less substantial. For example, one rice–shrimp producer, who did not apply any
fertilisers prior to conversion, reported an additional input cost of 3,200,000 VND ha−1

(121 USD ha−1) for organic fertilisers. However, despite this additional cost, their overall
profits were still higher compared to pre-transition due to market price premiums. Other
rice–shrimp producers recalled the cost for chemical inputs was 5–6,000,000 VND ha−1

(190–228 USD ha−1), which was twice as much as for organic inputs. In general, imported
certified organic fertilisers are expensive, and, while domestically produced organic fertilis-
ers are much cheaper, they are generally not certified.

Additional savings can occur due to decreased harvest losses caused by pests and
diseases or natural hazards, as organic plants tend to be more robust and resilient to such
occurrences. However, we did not quantify these yields and the associated savings. On
the other hand, an additional cost to consider is the annual fee required for certification.
In OR farming, weed control costs from purchasing synthetic herbicides is transferred to
farm labour or machinery. One farmer mentioned that the cost to hire farm workers (for
activities such as weed removal) is sometimes higher in OR farming because the work must
be done manually, leading workers to demand higher wages.

CR farming in the MKD is generally considered inefficient, as farmers tend to use
large quantities of seeds, fertilisers and synthetic pesticides. Interviews with DARD repre-
sentatives revealed that existing subsidies for agricultural inputs aim to encourage farmers
to transition to less intensive production systems and to reduce overall input use, thereby
further lowering farm input costs. Support for organic inputs varies by province and can
cover up to 50% of the costs.

3.4.3. Rice Quality

Rice quality scores were higher in the organic system (0.068 and 0.074) than the
conventional one (0.051 and 0.055). Farmers experienced improvements in the quality of
their ST24 and ST25 rice varieties, highlighting its improved flavour. These improvements
are valued by farmers, as a portion of the harvest is consumed by the farming household.
However, it is important to note that the eating quality of rice is greatly influenced by
rice variety. Moreover, optimal level of amylose content for good eating and cooking
quality of rice is determined by cultural context and consumer preferences. In Vietnam, rice
with lower amylose content, characterised by greater softness and stickiness, is generally
considered superior in terms of eating quality. Analyses of the same seven rice varieties
assessed for consumer health and safety were grown in experimental fields under both
organic and conventional management. All organically grown rice varieties, with the
exception of Lua Tim CT, contained slightly lower amylose than their conventionally
grown counterparts.
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3.4.4. Rice Yields

Rice yield scores were 0.018 and 0.019 in the OR farm, compared to 0.048 and 0.050 in
the CR farm, reflecting the finding that rice from the certified organic fields yielded much
lower harvests. Field research was conducted in Vinh Long during three consecutive crop
seasons (winter–spring season (November 2023–March 2024), summer–autumn season
(April–July 2024), and autumn–winter season (August–November 2024)) to collect rice
yield data from conventional and certified production systems. CR fields consistently had
the highest yields across all three crop seasons with approximately 10 t ha−1 (winter–spring
season) and 7 t ha−1 (both summer–autumn and autumn–winter seasons). Comparatively,
certified OR fields maintained around 4–5 t ha−1 across all three seasons. These results
are largely comparable to what certified producers in Vinh Long reported during inter-
views. As noted earlier, certified rice–shrimp farmers observed a drop in yields during the
transition period of up to 30%. In the course of the transition, however, yields tended to
gradually rise again, although they did not surpass pre-transition levels when measured
in t ha−1 per season. According to one director of a cooperative in Vinh Long, OR yields
increased from 4.6 in 2020 to 5.5 t ha−1 in 2025, which he attributed to increased soil fertility
as a result of applying organic amendments.

3.4.5. Rice Plants’ Resilience

OR farming generally supported better rice plant resilience to both natural hazards
and pests and diseases (0.041 and 0.045) than its conventional counterpart (0.033 and 0.036).
The majority of farmers reported decreased occurrence of specific pests following their con-
version to organic production. For example, transitioning farmers noted reductions in pests
such as Asiatic rice borer (Chilo suppressalis) and rice ear-cutting caterpillar (Mythimna sepa-
rata) and certified rice–shrimp farmers reported reductions in rice leaf roller (Cnaphalocrocis
medinalis), to name a few examples. At the same time, the presence of natural enemies
(such as dragonflies, spiders, butterflies) also increased.

Transitioning farmers described their rice plants as “healthier”. One farmer observed
that the leaves of his rice plants were “thicker” and “stronger”, resulting in reduced pest
damage. Producers attributed these improvements to the use of organic inputs (including
organic fertilisers), but certified rice–shrimp respondents also highlighted the role of
high-quality rice varieties (ST24 and ST25) which are considered to have good pest and
disease resistance. Moreover, resilience may also be influenced by the type of organic
production system. For example, Vinh Long’s alternating rice–shrimp model and saline
environment may be less conducive to pest development, thus providing additional benefits
for rice resilience.

Certified rice–shrimp farmers reported improved rice plant resilience to natural haz-
ards. OR plants were described as being more resilient to different climatic conditions,
including elevated temperatures and droughts. Farmers stated that the use of organic
fertilisers strengthened the rice plants, ultimately reducing damage caused by strong winds
and rains. In addition, high-quality rice varieties used (ST24 and ST25) had greater salt
tolerance. On the other hand, transitioning rice farmers had not observed any change in
rice plant resilience to natural hazards compared to pre-transition.

3.5. Sensitivity Analysis

Considering that stakeholders prioritised economic criteria in the original assessment,
we created three alternative weighting scenarios for the sensitivity analysis:

1. Equal weights across all three criteria. Points distributed as follows: environment (33),
social (33), economic (34).
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2. More weight on environment criteria. Points distributed as follows: environment (60),
social (20), economic (20).

3. More weight on well-being criteria. Points distributed as follows: environment (20),
social (60), economic (20).

As reflected in Table 2, the final weighted scores for OR and CR remained stable across
alternatives, reflecting that the ranking is robust within the applied weighted variations.

Table 2. Final scores with alternative weighting scenarios for conventional rice (CR) and organic
rice (OR).

Criteria/Sub-Criteria

Alternative 1 Alternative 2 Alternative 3

Equal Weights Across
Three Criteria

More Weight on
Environment Criteria

More Weight on
Social Criteria

CR OR CR OR CR OR

Environmental

Water quality 0.056 0.065 0.102 0.119 0.034 0.040
Soil quality 0.052 0.051 0.095 0.093 0.032 0.031
Biodiversity 0.027 0.109 0.050 0.198 0.017 0.066

Social

Farmers’ health 0.033 0.050 0.020 0.030 0.060 0.090
Availability of additional food 0.033 0.050 0.020 0.030 0.060 0.090
Consumer health and safety 0.033 0.045 0.020 0.027 0.060 0.082
Community benefits 0.033 0.050 0.020 0.030 0.060 0.090
Farmers’ workload 0.033 0.017 0.020 0.010 0.060 0.030

Economic and rice production performance

Farmers’ income 0.034 0.068 0.020 0.040 0.020 0.040
Farm expenditures 0.034 0.051 0.020 0.030 0.020 0.030
Rice quality 0.034 0.046 0.020 0.027 0.020 0.027
Rice yields 0.041 0.015 0.024 0.009 0.024 0.009
Rice plant’s resilience 0.034 0.043 0.020 0.025 0.020 0.025

Total score 0.477 0.658 0.451 0.668 0.486 0.650

4. Discussion
Overall, OR farming had better outcomes than CR across environmental, social and

economic dimensions, although lower rice yields and greater workload remained important
trade-offs. This synthesised picture of performance across criteria comes with important
caveats which must be considered when assessing the transition’s overall success.

4.1. Biodiversity, Pest Regulation and Crop Resilience

Through increased habitat variability, implementation of wildlife-friendly manage-
ment practices, and the prohibition of agrochemical use [66], organic systems can foster
greater diversity of different local flora and fauna [17] and can increase organism abun-
dance of different taxa by up to 50% [3]. Biodiversity recovery via organic agricultural
approaches can be particularly pronounced in simplified landscapes characterised by high
agricultural land cover and poorer habitat quality, as well as in regions dominated by
intensive agriculture [3]. This suggests that farmers converting from intensive conven-
tional farming systems in the MKD may observe even greater biodiversity enhancements
following a conversion to organic production.

Farmers’ responses generally indicated improvements in biodiversity and environ-
mental condition, a promising outcome in an environment as heavily impacted by human
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activities over time as the MKD. This was supported by quantitative data, which indicated
that the elimination of agrochemical use in organically managed fields was associated
with greater abundance of beneficial species in OR farms (even during early conversion).
These beneficial species, which included natural enemies (e.g., dragonflies), support pest
control [67–69], but tend to be adversely impacted by intensive use of synthetic
pesticides [70]. Other studies similarly found increased presence of natural enemies, such
as spiders and fish, in organically managed rice fields [62,71,72], although effects tend to
vary depending on specific taxa and local conditions [66,73].

Farmers also reported reductions in occurrence of specific pests and overall healthier
and more robust plants. The efficacy of natural predators in suppressing pests in OR
systems is highly context-dependent and varies according to the ecological characteristics
of each organism [72]. A shift to organic does not automatically reduce all pest species.
For example, Sorgog et al. (2023) [72] found reduced abundance of brown planthopper
(Laodelphax striatellus) but greater abundances of the leafhopper (Nephotettix cincticeps) and
white-backed planthopper (Sogatella furcifera) in organic paddies. Furthermore, Pérez-
Méndez et al. (2023) [74] observed elevated pest infestation levels in OR farms compared
to conventional ones in Spain, suggesting that biological pest control mechanisms were
insufficient to match the efficacy of synthetic chemical treatments, ultimately resulting in
reduced productivity within the organic system.

Overall, our results suggest that organic management supports stronger and more
resilient plants, though variables such as years under organic management, specific rice
varieties used and type of production systems (e.g., rice–shrimp), may also play an im-
portant role. For example, rice variety and crop diversification strategies can also play an
important role in disease control. For example, Zhu et al. (2000) [75] demonstrated that
interplanting disease-susceptible rice varieties alongside resistant ones reduced rice blast
disease by 94% and increased yields by 89% compared to the monoculture system.

While certified organic producers reported increased rice plant resilience to various
natural hazards (including drought conditions and strong winds and rains), some tran-
sitioning farmers had not yet observed improvements. This suggests that such benefits
may require an extended timeframe to fully manifest. Various studies support our findings
related to enhanced climate resilience under organic management [17,76,77]. Evidence
from a long-term field trial in the USA suggests that organically grown crops perform
better than conventional systems during periods of drought or excessive rainfall [78]. While
the authors noted that both systems experienced substantial yield reductions during a
particularly severe drought year, the organically managed fields generally maintained
higher yields than their conventionally managed counterparts. This is explained, in part,
by the fact that organic practices, including the application of organic amendments, in-
crease soil organic matter, which subsequently enhances the water-holding capacity and
infiltration rates of soils [78]. Consequently, organic systems can demonstrate higher yields
and superior water-use efficiency during periods of extreme weather, such as droughts and
heavy rainfall [3,17,76]. Furthermore, Mendoza (2004) [76] observed that deeper mud layers
and looser soils in organic paddies facilitated deeper root penetration, thereby increasing
nutrient uptake by rice plants.

4.2. Cross-Contamination and Product Safety

Interestingly, our qualitative and quantitative findings revealed slightly different
facets of environmental performance. Farmers who had just completed their third crop
cycle transitioning to organic management noted some observable improvements in soil
and water quality, specifically noting, for example, reductions in skin irritation from
contact with paddy water. However, analyses of soil and water samples from nearby
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certified and conventional fields revealed pesticide residues in both production systems,
suggesting widespread cross-contamination, likely facilitated via connected irrigation
networks and inadequate physical barriers between farms or through spray drift [41].
Cross-contamination via waterways is further evidenced by the presence of exogenous
substances, such as the insect repellent N,N-diethyl-m-toluamide (DEET), which is not
approved for agricultural purposes, but which was found in both production systems [41].

In relation to consumer health and safety, farmers in this study perceived organically
grown rice as a healthier and safer alternative to consume. This sentiment was, to some
degree, substantiated by the results of our pesticide residues analysis. Hereby, two of
the three pesticides detected in CR samples (Propiconazole and Tricyclazole) were not
detected in OR samples and Isoprothiolane concentration was 15-fold lower in organic
than CR samples. The reduction in Isoprothiolane concentration between organic and
conventional samples suggests that farming practices have a substantial impact on residue
levels. However, Nguyen et al. (2022) [79], who collected rice samples across ten districts
in six provinces in the MKD, noted widespread pesticide contamination in organic farms.
They identified 18 active chemical ingredients in organically grown rice, with high detection
frequencies for Tricyclazole (62.5%), followed by Difenoconazole (32.5%), Chlorpyrifos-
ethyl (30%) and Isoprothiolane (25%). This contamination was attributed to two factors:
intentional farmer non-compliance to organic protocols, and legacy soil contamination
caused by the extended half-lives of pesticides used in previous conventional crop cycles.
Furthermore, the study highlighted that contamination was lower in a coastal district
characterised by alternating rice–shrimp systems. Because these systems produce only
one rice crop annually, they are inherently lower-input and therefore present a lower
contamination risk compared to intensive rice farming areas [79].

Our findings ultimately raise significant concerns regarding product safety and ac-
quisition of future organic certification, underscoring the urgent need to address cross-
contamination challenges in the region.

4.3. Nutritional Quality of Rice

Our findings on the nutritional quality of rice grown under organic and conventional
management are somewhat complicated by the fact that nutritional quality was also influ-
enced by rice variety. Organic production mostly supported better outcomes for GABA
and antioxidant content in rice, whereas conventional production generally supported
better outcomes for resistant starch and glycaemic index. Moreover, nutritional quality
parameters of black rice varieties were generally better under organic management than
conventional. The existing literature also reveals mixed and nuanced results regarding
the nutritional quality of organic versus conventionally grown crops, highlighting how
the consumer health benefits are rarely straightforward or binary [3,80,81]. Other studies
have similarly found mixed outcomes based on rice variety [80,81]. A synthesis of various
quantitative reviews and meta-analyses indicated that organically cultivated plant foods
exhibit elevated profiles of secondary metabolites, vitamins, and mineral nutrients; how-
ever, these aggregate findings must be interpreted with caution due to high uncertainty
and discrepancies between studies [3]. Nevertheless, some studies highlight the potential
nutritional advantages of consuming organic foods. Research conducted in India found
that organically grown rice contained significantly elevated levels of key phytochemicals
relevant to antioxidative capacity (including phenolics, flavonoids and γ-oryzanol) [82].
Additionally, organic management enhanced various physicochemical characteristics, such
as amylose content and gel consistency. Field experiments with organic and conventionally
grown rice in India found moderate improvements in nutritional quality, specifically for
protein, phosphorus and potassium content of OR, especially for brown rice varieties [81].
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However, these quality improvements were diminished through polishing—which we also
found to be the case with the black rice varieties in our study.

4.4. Timeframes of Environmental, Health and Community Benefits

A challenge in assessing the performance of transition is having clear timeframes for
the criteria to be affected in different contexts. For example, we found that soil TOC and
C/N ratio values were generally comparable between the conventional and the organic
fields, despite the organic farm having been certified for six years, indicating that a longer
timeframe is required to achieve significant improvements of certain soil quality parame-
ters. In studies from Japan for example, organic farms achieved significantly higher carbon
stocks (15.5% higher) and nitrogen stocks (17.2% higher) compared to their conventional
counterparts—but this was only the case for farms that had been managed organically for
12 years [83]. On the other hand, there was no significant difference in carbon and nitrogen
stocks for those that had been managed organically for 4–5 and 8–9 years, suggesting the
initial 4–5-year timeframe may still represent a transition phase, during which the soil micro-
bial communities are still adapting to the organic amendments, increased nutrient cycling
rate, and the nitrogen deficiencies that commonly characterise early organic conversion.

A similar dynamic applies to social and health benefits. Our results revealed that
the absence of agrochemical use in organic farms supported the health of farmers and
nearby community members by limiting exposure to harmful chemicals in line with wider
studies [84,85]. This is not uniform across previous studies, however, for example in China,
while organic farmers provided higher self-ratings for their health than their conventional
counterparts, transitioning farmers did not perceive significant improvements in their
health [84]. This suggests that, in some contexts, health improvements may take a longer
timeframe to fully manifest.

Our analysis also revealed some potential preliminary improvements for the com-
munity level. Farm-level benefits—such as reduced health risks from direct exposure to
pesticides, enhanced biodiversity and improved landscape aesthetics—could be amplified
through large-scale organic conversion, thereby extending these positive outcomes to the
broader community. In addition, shifting to organic production can fortify local social
networks, as these systems rely heavily on cooperative structures and community-based
knowledge exchange [17]. Moreover, it can also facilitate more direct and frequent social
interactions between farmers and consumers [17].

4.5. Labour and Economic Viability

The labour demands and economic viability of OR varied across farms and stages of
transition, reflecting interactions among workload, yields, production costs and market
access. Our findings indicate that the transition may involve lower yields and reduced
profitability in the short term, along with greater labour requirements, whereas input
savings, certification and premium prices can improve longer-term outcomes. These
patterns were also shaped by factors such as farm size, specific management practices,
pre-conversion baselines and access to affordable organic inputs.

We found a general increase in farm workload under organic management, particu-
larly for fertilisation and weed control, although some operations become less demanding
as farm conditions improved. Workload requirements also varied with farm size, man-
agement practices and pre-conversion conditions. Previous studies similarly reported
context-dependent effects. Organic farming may require more time for weeding because
of increased weed infestation [86,87], whereas effective water management can suppress
weeds and reduce manual labour requirements [76]. Tran et al. (2026) [32] found that, on
average, five fewer man days per crop cycle were needed for OR farming (16 man days)
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compared to CR farming (21 man days) in Vietnam. In order to encourage higher rates of
organic transition, ways to address higher workloads should be investigated to alleviate
farmer concerns and reduce a potential barrier to uptake.

Several interviewed farmers reported an initial yield decline after conversion, followed
by gradual recovery over subsequent growing seasons, although productivity did not
surpass pre-transition baselines. Studies in coastal MKD provinces have similarly reported
lower yields under organic systems (4.29–5.8 t ha−1) than under conventional production
(5.4–7.2 t ha−1) [33,34]. However, yield effects vary by context. Ngo et al. (2025) [35]
recorded slightly higher rice yields under OR farming (6.62 t ha−1) than CR farming
(6.35 t ha−1) in Vietnam’s Red River Delta region. Organic farmers in Cambodia also
reported improved yields and food security following conversion [85]. These improvements
were attributed to compost application, System of Rice Intensification techniques, and
access to better seeds, among other things [85]. Longer-term monitoring is therefore needed
to determine how yields develop beyond the initial transition period.

Changes in overall farm expenditure can vary according to pre-conversion baselines,
labour requirements and access to affordable organic inputs. We found that savings on
synthetic pesticides, fertilisers and seeds generally constituted an economic benefit for
organic farmers. Overall, organic producers may experience substantial reductions in farm
expenditures and overall cost savings when the transition is supported by subsidies or
access to low-cost organic inputs. However, in the absence of such support, economic
gains are more moderate, as additional tasks and requirements (such as increased work-
load or the need to hire extra labour) may reduce overall profitability. Previous studies
illustrate this variation. A study in Vietnam’s Hue province reported cost savings due to
significant lower fertiliser and pesticide expenses in OR compared to CR systems [32]. In
contrast, OR farms in Ca Mau province had higher total costs (26,891,200 VND ha−1 or
1020 USD ha−1) compared to CR farms (18,942,200 VND ha−1 or 718 USD ha−1) because of
greater fertiliser and labour expenses [34]. Cost differences between organic and chemical
inputs, such as fertilisers, can vary significantly depending on context and application
volumes necessitated by different production regimes [34,88]. Access to locally sustainable
and cost-effective organic inputs is important for reducing transition costs and barriers.

In this study, reduced yields and the absence of premium prices during the transition
phase initially lowered farmers’ profitability. However, once formal certification and ac-
cess to premium markets was secured, incomes generally stabilised and improved. Fixed
purchasing prices, established through contractual agreements between agricultural cooper-
atives and traders, ensure price stability for OR, minimising exposure to market fluctuations
frequently observed for CR [32]. In rice–shrimp systems in the former Tra Vinh province,
OR received a higher price than CR, 8700 VND kg−1 compared with 6480 VND kg−1 (0.33
and 0.25 USD kg−1), generating slightly higher incomes for farmers [33]. In Ca Mau, OR
prices were nearly double those of CR, and gross profits were also substantially higher [34].

Taken together, these findings suggest that the economic viability of OR depends on
whether input savings and premium prices can compensate for lower yields and greater
labour requirements.

4.6. Recommendations for Policy and Management

The successful expansion of organic rice production in the Mekong Delta requires
coordinated action across multiple stakeholders, including national and provincial gov-
ernments, farmers, cooperatives, private sector actors, agricultural extension services, and
research institutions. While organic rice production has the potential to provide substantial
benefits, several structural barriers continue to constrain wider adoption. Addressing
these barriers requires a combination of immediate interventions that reduce the risks asso-
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ciated with conversion, alongside longer-term investments that strengthen the enabling
environment for organic agriculture.

In the short term, policies should focus on reducing the financial risks associated with
conversion. This could be done by introducing government-backed insurance mechanisms
to compensate farmers for the yield losses during the transition period. In addition, organic
material inputs (such as organic fertilisers and biopesticides) should be subsidised during
the entire transition period. Strengthening farmer training on organic production and
pest management is also important, which could be facilitated by the technical staff from
agricultural extension centres or cooperatives. Given the importance of price premiums and
market access for the economic viability of organic rice production, cooperatives or traders
must ensure reliable premium contracts for organic farmers, and efforts must be made to
strengthen linkages with exporters capable of accessing high-value organic markets.

Together with immediate investments to improve the monitoring of irrigation water,
longer-term efforts should focus on identifying suitable water quality zones and imple-
menting strategic improvements in irrigation infrastructure across the MKD region to better
manage water quality and minimise cross-contamination risks. Strategic landscape-scale
conversion could further reduce contamination risks by clustering organic farms.

Long-term market development should focus on strengthening consumer confidence
in Vietnamese organic rice. Developing a trusted regional brand for organically produced
rice from the MKD could help differentiate Vietnamese products in international markets
while creating new opportunities for domestic market expansion. Moreover, branding
initiatives targeting the domestic market should be bolstered by coordinated marketing
campaigns that clearly communicate the environmental, health, and social benefits of
organic production.

Finally, universities and research institutions should establish long-term monitoring
programmes to evaluate post-transition outcomes, as many of the agronomic, environ-
mental, and economic benefits of organic farming (such as improvements in soil health,
biodiversity, and yield stability) may only become evident over extended time horizons.

Collectively, these measures highlight that scaling up organic rice production requires
a systems-based approach that integrates supportive public policies, market development,
capacity building, and continued research.

4.7. Limitations

Key limitations of this study are that it focuses on only one province and that we had
a relatively small sample size of certified organic farmers to draw conclusions from. These
constraints, stemming primarily from the limited availability and access to organic produc-
ers in the MKD, may restrict the generalisability of our findings to the broader farming
community and to other provinces with differing geographical, climatic or socio-economic
contexts. Despite this, we observed a degree of qualitative data saturation, reflecting a
degree of robustness and thematic depth in the socio-economic findings. Furthermore,
our data also points to the long timeframe required for organic farming benefits to be
fully realised. Given the timeframe of our study was limited to three years, this may have
restricted the ability to fully understand the long-term effects of transition. Longitudinal re-
search is therefore necessary to fully evaluate the long-term ecological and socio-economic
trajectories of transitioning to OR farming in the MKD.

5. Conclusions
Our study shows that OR farming generally outperforms CR farming across envi-

ronmental, social, and economic dimensions in the context of a large deltaic Vietnamese
province. In particular, there was clear evidence of improvement in social and economic
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criteria via qualitative and quantitative measures. In the social dimension, OR farming
performed better for “farmers’ health”, “availability of additional foods”, and “commu-
nity benefits”. Conversely, “farmers’ workload” was generally better under CR farming,
although this varied by farm. Regarding the economic criteria, OR achieved notably higher
scores for “farmers’ income”. Moreover, the sub-criteria “farm expenditures”, “rice qual-
ity” and “rice plant’s resilience” were also better under OR management. On the other
hand, “rice yields” were notably better in the CR system. Considering the yield reductions
following conversion, the economic viability of OR production remains fundamentally
contingent on securing premium contracts and access to premium markets, as well to
affordable organic inputs.

Although the organic system performed particularly better for “biodiversity” com-
pared to its conventional counterpart, scores for “water quality” and “soil quality” were
lower than expected. This is primarily because some pesticides were detected at concen-
trations above the maximum permitted level in both production systems. Similarly, OR
scores for “consumer health and safety” were dampened by the fact that one of the three
pesticides detected above the level of quantification in the CR samples was also present in
the OR samples, albeit at much lower levels.

Expanding OR farming in the MKD has the potential to improve rice production’s en-
vironmental, social and economic performance, but fully realising these benefits will require
coordinated action. Persistent cross-contamination across the MKD highlights the urgent
need to identify suitable water quality zones and implement strategic improvements in irri-
gation infrastructure across the region to manage water quality, prevent contamination of
organic paddies, and ensure strict adherence to organic certification requirements. Priorities
should also include reducing farmers’ financial risks during conversion, ensuring access
to affordable organic inputs, increasing farmer training, and securing reliable premium
contracts and market access. Long-term monitoring is important to capture information
of transition impacts over longer timeframes. Efforts should also be made to develop the
MKD’s organic brand to create new opportunities in domestic and international markets.

This research highlights the necessity of multidimensional assessments that integrate
stakeholder priorities and diverse data types to capture a holistic overview of agricultural
transitions. More comprehensive, transdisciplinary assessments of OR conversion are
needed. Realising the benefits of OR is not solely a function of changing the production
regime, but is also shaped by other contextual factors, such as geography, policies, pre-
transition management and baselines, and cultivar selection. How these elements amplify
or obstruct OR benefits in the MKD requires further investigation. Moreover, considering
different sustainability dimensions evolve over varying temporal scales, assessing the full
impact of OR conversion necessitates extended study timeframes. Future research must
look beyond commodity yields to evaluate impacts on dietarily or culturally significant
species, ecosystem services, and broader social and well-being outcomes. While large-scale
OR conversion in the MKD could amplify benefits beyond the individual farm, more
empirical data and long-term monitoring of key sustainability metrics are critical.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/land15091542/s1, Further information regarding the methodology
for the quantitative data is included. Table S1: Final performance score for conventional rice (CR)
and organic rice (OR) farming systems, with farmers’ weights; Table S2: Final performance score for
conventional rice (CR) and organic rice (OR) farming systems, with government officials’ weights.
References [41,89–101] are cited in the Supplementary Materials.
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