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a b s t r a c t

Trade-offs between socio-economic growth and environmental protection have re-
mained a critical issue of sustainable development, especially in the Global South. In
the floodplains of the Vietnamese Mekong Delta (VMD), the development of high-dike
polders for intensive rice production has degraded ecosystems and changed socio-
economic patterns. Sustainable development pathways must be considered during policy
formulations to keep pace with such transformations. In this study, the interwoven
socio-economic development and rice-based agricultural production processes were
assessed based on mixed data sources, including 550 interviews with farmers in two
major delta floodplain provinces — An Giang and Dong Thap. It highlights the pros and
cons of the triple-rice farming systems under high-dike protections compared to low-
dike farming systems. Results showed that the environmental degradation due to the
overuse of agrochemicals (e.g., fertilizer and pesticides) costs approximately US $565
per hectare per crop season, resulting in the lower marginal benefits for the triple-
rice production compared to the double-rice production pattern. This includes higher
costs borne by local farmers/communities, given the adverse effects of agrochemicals on
their health. The study urgently calls for local governments to consider relevant drivers
of environmental degradation in agricultural production, especially in rice cultivation.
Future policy needs to consider whether the intensification in agriculture, such as triple-
rice production, would be an appropriate development pathway for the rural economy.
Our study conveys to central and local governments and associated stakeholders that
the agriculture-driven development policies would not be a sustainable development
pathway under new environmental complexities in the delta.
© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Agricultural activities in deltas are major contributors to both national and regional economy in food production, and
lay an important role in improving populations’ living standards and reducing poverty (Suy et al., 2018), particularly
n rural regions. However, at the same time, urbanization and rural economic development, have also placed a greater
ressure on farmers (Yuan et al., 2018) and often brings about undesirable environmental consequences (Chau et al.,
015; Ekman, 2017), especially in densely populated deltas (Tran et al., 2019; Zhang et al., 2020). Intensive agricultural
roduction patterns have caused environmental pollution in rural areas, where agrochemical use have directly affected
ater sources (Berg et al., 2017; Nguyen et al., 2018). Pesticides and fertilizers are heavily utilized in intensive farming
ystems (two or three crops per year) that seeks to increase yields and safeguard national food security (Berg et al.,
017). However, combined with less seasonal flushing of residues from agricultural fields, this has resulted in severe
ontamination of water and surrounding environments (Berg et al., 2017; Chau et al., 2015). In a 2015 study by Chau
t al. all investigated water sources which rural populations depend on for their daily essentials, including surface
ater, groundwater, water at public pumping stations, surface water chemically treated at household level, harvested
ainwater, and bottled water, were found to be contaminated by pesticides. As such, while development affords perceived
pportunities for large agricultural enterprises to gain more benefits from markets, it is necessary to consider how
hese processes truly shape environment-development landscapes in rural, densely-populated agricultural areas. Various
daptive measures have been recommended to curb with the situation, including intercropping (Martin-Guay et al., 2018),
cological landscape approaches (Rockström et al., 2017) and nature-based solutions (i.e., floodwater-based restorations,
angrove forest protection) that are defined as actions or measures based in nature addressing societal challenges

Hanson et al., 2020).
The upper floodplains of the Vietnamese Mekong Delta (VMD) stand at the forefront of these environment-

evelopment complexities of intensive-agriculture induced degradation and socio-economic development policy. This
s due to two main reasons. Firstly, the dike development (low1- and high-dike2) in VMD floodplains over the last three
ecades, following rapid agricultural expansion and intensification, has led to significant expansion of rice cultivation
Dung et al., 2018c; Park et al., 2022; Tran et al., 2019). Between 1986 and 2014, a total of 91,000 km of dikes was
uilt (Manh et al., 2015), substantially increasing areas for rice production in the delta where it now contributes to 50%
f the national food productivity (Triet et al., 2020). Meanwhile, evidence suggests that construction of these dikes has
ltered flood regimes occurring within the floodplains and beyond (Park et al., 2020; Thanh et al., 2020; Vu et al., 2021).
xtensive high-dike development for triple-rice production in the floodplains has also caused land degradation, making
he livelihoods of rice farmers unstable (Dung et al., 2018b,a). Secondly, while the VMD floodplains is also experiencing
multitude of environmental challenges exacerbated by extensive dike development and climate change, health risk

mpact on farmer’s livelihood remains unclear. In the coming years, it is expected that the triple-rice production in the
MD floodplain provinces will be gradually replaced by more sustainable crops with nature-based practices3 (Hoang et al.,
019; Triet et al., 2020); however, the pathway is not clear. In that context, it is still unknown the trade-offs between
ow- and high-dike development for double- and triple-rice production, farmers’ costs and benefits and the associated
ealth risk exposed to farmers due to agrochemical use for both farming systems.
This study investigates the trade-offs between intensive rice production and environmental protection in the flood-

lains from a sustainable livelihood perspective. A two-step approach is used. First, we explore how the environmental
onsequences from low- and high-dike development for rice protection in the VMD floodplains exacerbate agro-
nvironmental systems and minimize rural livelihoods’ sustainability focusing on assessing the use of fertilizer and
esticide of farmers in both farming systems. Second, we examine how the rice production systems under low- and
igh-dike development overtime put farmers’ health at risk. Intensive literature reviews on rice farmers’ livelihoods in
he floodplains and rice production costs under high-dike protection were carried out. Socio-economic data analysis was
mplemented to present trade-offs between dikes and rural livelihoods and interview data from farmers were analyzed
o examine costs and profits of double- and triple-rice farming systems, and to risks to rice farmers’ health. In terms
f the potential adaptation strategies, we hypothesize that high-dike protection has undermined farmers’ livelihoods and
ature-based practices such as floating crops under no-dike and low-dike protection will be able to sustainably accomplish
nd re-establish ecosystems in the VMD floodplains due to their harmless to the environment, thus benefitting farmers
ore than the environmental costs incurred by intensive rice production (Faivre et al., 2017; Pauleit et al., 2017). While
ngaging in nature-based practices, farmers would obtain more sustainable livelihood outcomes due to low investments
nd minimal interventions to nature. We tested these hypotheses by analyzing empirical data collected in An Giang and
ong Thap Provinces in the VMD (Fig. 1).

1 Low-dikes are used to protect two rice crops each year to ensure the second crop (Summer–Autumn from April to July) can be harvested before
floodwaters enter the fields in August.
2 High-dikes fully protect rice fields against floodwater year-round to allow for triple-rice cultivation annually.
3 Nature-based practices include crops that grow in land or river and mostly get fertile nutrients from floodwater.
2
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Fig. 1. An Giang and Dong Thap Provinces in the Vietnamese Mekong Delta and the occupation of low- and high-dike systems in the 2015 condition.

2. Research methods

2.1. Study area

The VMD comprises of 13 provinces (Fig. 1). Amongst them, An Giang and Dong Thap are located in the delta
floodplains. We selected these two provinces as a case study because they have the highest proportion of land areas
devoted to triple-rice production under high-dike protection (Dung et al., 2018a). Specifically, the triple-rice production
areas in Dong Thap and An Giang were 90,000 and 150,000 ha in 2015, respectively (AGGSO, 2015; DTGSO, 2015). After
this year, the areas for triple-rice mostly remained constant due to the national policy (Fig. A.1 in the Appendix) but
these areas are still highest among provinces of the VMD. In addition, intensive rice production in these provinces have
degraded land and polluted water conditions in many areas over the last two decades.

Two upper floodwater retention areas in the floodplains known as the Long Xuyen Quadrangle (LXQ) and the Plain
of Reeds (PoR) have areas of 600,000 and 697,000 ha, respectively. An Giang and Dong Thap Provinces cover a large
proportion of the LXQ (59%) and the PoR (46%). These floodplains retain floodwater upstream mostly from the main
rivers of Mekong and Bassac during the annual flood season from July to November (Duc Tran et al., 2018). During flood
events before 2000, when high-dike polders were not constructed for flood protection, the floodplains were exposed to
inundation of 1.5 to 4 m, lasting from 3 to 5 months (Mekong Delta Plan, 2013). The LXQ floodplain retained 16 × 109 m3

of floodwater in its natural state (Dung et al., 2018b). Together with the PoR in connection to the Cambodian floodplain,
3
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the two floodplains perform the dual functions of retaining and regulating floodwater for the whole VMD (Kummu et al.,
2014; Lyon et al., 2017).

The two floodplain provinces are physically characterized by dominant alluvial soils attributed to sediment transport
y annual floodwaters (Mekong Delta Plan, 2013), providing fertile land for growing high-yielding rice varieties (Xuan
nd Matsui, 1998). Rice production has intensified since the late 1980s, spurred by the Doi Moi economic policy reforms
n 1986 and successive campaigns for achieving national food security objectives (Käkönen, 2008; Netherlands, 2011;
eerman, 2013). Importantly, this period has witnessed a dramatic shift from the double-crop rice cultivation under
ow-dike protection to the triple-crop rice pattern supported by high-dike systems (Huu, 2011).

Today, the floodplains are densely occupied by low- and high-dike polders. In An Giang Province for instance, 90% of its
gricultural land areas are protected by high-dikes, whereas a lower level of high-dike protection (about 30%) is found in
ong Thap (Thanh et al., 2020; Hui et al., 2022). The expansion of cultivated lands under high-dike protection in An Giang
rovince has accelerated since 1998 (see Fig. A.1 in the Appendix). At present, 91% of the agricultural area in the province
s devoted to paddy rice production, and the remaining 9% is to the production of vegetables, fruit trees, and aquaculture.
ver the past two decades, the floodplains have seen widespread land degradation and water pollution, especially in An
iang Province (Dung et al., 2018a; Tran et al., 2019). Much of the problem was largely attributed to intensive rice farming
ith a preference of quantity over quality, leading to substantial degradation of floodplains’ ecosystems and threatening
he sustainable development goal of the delta (Tran and James, 2019; Tran and Tuan, 2020).

.2. Methods for data collection and analysis

Applied desk study and field data were carried out to explore the trade-offs between intensive rice production and
nvironmental, economic losses (Fig. 2). In particular, we conducted literature reviews and analyzed interview data to
etermine the costs and benefits of the double- and triple-rice production under dike protection and assessed health
isks associated with farmers’ on-field activities (use of agrochemicals for rice production) in the selected study areas.

Data used in this study are derived from various sources and integrated for descriptive statistical analysis (Table 1).
hese sources provided salient evidence of the issues under study and complemented the insufficient data extracted from
single source. For example, analysis of the costs of agrochemicals use in double- and triple-rice production systems in
he VMD upper floodplains was based on the data from Joep (2015), IUCN (2015), and Dung et al. (2018a) containing
elevant field survey data from 2014 to 2016. This analysis also involved data from researchers at An Giang University,
onsisting of rice farmers’ health risk assessments (120 interviews with farmers carried out in 2014 and 2017 in An
hu and Thoai Son Districts, in both low- and high-dike areas). These data were used to quantify the health risk exposure
ontributed by intensive rice production (see Table 1 for the detailed description), evident from declining health conditions
f farming households living within the dike areas such as acute and chronic symptoms (e.g., vision, nerve system,
igestive system, respiratory system and excretory system/skin), and signs/symptoms* (i.e., hand tremor, fever and itchy
ash, and dizziness/blurred vision etc.) due to exposure to pesticides. In all field surveys, a stratified random sampling
ethod was applied to select farmers for interviews. Questionnaires and the cost–benefit analysis method could be found

rom our previous publication of Dung et al. (2018a).
The health indicators were selected from literature-based evidence and experts’ experience. The indicators include

ody exposure to pesticides relevant to vision, nerve system, digestive system, respiratory system and excretory sys-
em/skin, and signs/symptoms (i.e., hand tremor, fever and itchy rash, and dizziness/blurred vision etc.). A number of
tudies have applied these indicators to evaluate health-risk associated with poisoning with pesticides (Dassanayake
t al., 2021; Kumari and John, 2018). Here, pesticide poisoning takes two forms: chronic and acute. Chronic symptoms
re manifested by small and long-term exposure that slowly damage health, while acute symptoms refer to immediate
xposure to high volumes of pesticides. Acute poisoning can lead to death, while chronic poisoning causes long-term
ealth damage (Pain et al., 2019). Acute poisoning will not be fatal under timely intervention, but it will cause long-term
ftershocks (Azab et al., 2016).
Finally, adaptation pathways were explored as a planning approach addressing the uncertainty and challenges from a

hock and changes due to environmental consequences, based on cost and benefit analysis data and systematic literature
eviews, to reduce the costs to farmers and increase their long-term benefits. This involved in-depth examination
f adaptive measures undertaken by local farmers to ensure sustainable intensive agriculture production practices
e.g., triple-rice production) that could reduce environmental consequences.

. Results and discussion

.1. Socio-hydrological and environmental impacts: a tradeoff from the high-dike development

Low-dike systems have been rapidly transformed into high-dike systems in the upper part of the VMD (Fig. 1), making
t possible to practice a third rice crop and allow for the diversification of permanent land-use types. Here, the high-dike
ystems bring several social benefits for local farmers, such as land diversification and protection, transport system, and
afety from annual floods. However, this has caused declining yields (by more than 40%) because high dikes prevent the

ntry of alluvium and organic matter onto the field (Howie, 2011). The expansion of high dikes across the floodplains

4
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Fig. 2. Methodological flowchart.

has narrowed down the room for flood retention areas, causing in situ flooding effects (high flooding levels), as observed
in the Mekong River (Tien River) and increased intensity of flood flows in the middle/coastal VMD (Dung et al., 2018c;
Triet et al., 2020). Other dike-driven effects include the substantial decline in fish, water pollution and an increased in
production costs incurred by rice farmers (Chapman et al., 2016; Kondolf et al., 2018; Lu et al., 2014).

Narratives of high-dike development in the floodplains speak directly to unexpected land-use and flood consequences,
both locally and at the Mekong basin scale. Hydrological regimes in the VMD have evidently become abnormal, with little
or no floodwater from the upstream stretches due to combined impacts from climate change, upstream developments,
and internal dynamics of water infrastructure systems (Hoang et al., 2019; Lauri et al., 2012; Tran et al., 2022). These have
prompted the adoption of innovative water management practices that allow local farmers to better adapt to change (Tran
et al., 2021). That being the case, the livelihood of most rice-based farmers remains unstable with studies demonstrating
the unsuccessful government-mandated flood-controlled strategy exercised on the ground (Tran and Weger, 2017; Tran,
2019; Tran et al., 2020a).

3.2. Cost-benefit tradeoffs from rice production overtime under the low and high-dike systems

Fig. 4 presents the increase in agrochemical use in intensive rice production areas under old high-dikes (>15
onstruction years) compared with those in new high-dike (<5 construction years) and low-dike systems (Dung et al.,
018a). Compared to the low-dike farming system, the mean pesticide use is 4–12 bottles/ha per crop (5%) higher in the
ew high-dike system, and 16–25 bottles/ha per crop (39%) higher in the old high-dike farming system. This indicates
significantly higher pesticide use in the high-dike farming systems (79–95 bottles/ha/year to 141–192 bottles/ha/year)
han low-dike farming systems. The higher use of pesticide maybe from the increase in harmful insects from the year-
ound mono-rice crops as a favored living environment under high-dike protections (Dung et al., 2018a). Furthermore,
5
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Table 1
Data availability and descriptions (see Fig. 3 for interview locations).
Data availability Location Collection year Description Sources

28 questionnaire-based
interviews with farmers

Low-dike area (14 in Phu An
Commune) and high-dike area
(14 in Phu Binh Commune) in
An Giang Province (see Fig. 3)

2014 The interviews were conducted
by Joep Hagenvoort, a Dutch
student for his master thesis,
aimed at evaluating the costs
and benefits of rice production
under high-dike compared to
low-dike protection in a typical
upper floodplain of the VMD

Joep (2015)
and Dung et al.
(2018a)

120 questionnaire-based
interviews with farmers in
2015 for health risk assessment

105 interviews with triple-rice
farmers in 2014

105 interviews with rice-based
farmers in 2017

Low- and high-dike areas in
An Phu District, An Giang
Province

In the high-dike areas of Chau
Thanh, Thoai Son and Cho Moi
Districts of An Giang Province

In the high-dike areas of Thoai
Son of An Giang Province

2014, 2015,
and 2017

Field studies were undertaken
in 7 communes, including
Chau Phong, Vinh Hoi, Vinh
Binh, Vinh Loc, Vinh Phuoc,
Vinh Trung, Vinh Truong. The
study aimed at assessing the
health risk of rice farmers
under pesticide impacts.
Indicators were used to
examine acute and chronic
symptoms of the human body
exposed to pesticides (e.g.,
vision, nerve system, digestive
system, respiratory system and
excretory system/skin), and
signs/symptoms* (i.e., hand
tremor, fever and itchy rash,
and dizziness/blurred vision
etc.)

An Giang
University

140 interviews with farmers Low-dike area in My Hoa
commune, Dong Thap Province

2015 Our colleagues at International
Union for Conservation of
Nature (IUCN) in Vietnam
examined the profit-ability of
different farming systems, with
30 interviews with triple-rice
farmers and 110 interviews
with households that
combined rice farming with
lotus and vegetable cultivation,
or lotus farming with fishing
and tourism.

IUCN (2015)
and Dung et al.
(2018a)

52 interviews with rice farmers Low-dike area (15 interviews
in Tan My commune in Dong
Thap Province, 12 in Binh Phu,
An Giang Province) and
high-dike area (13 interviews
in Thanh My Tay and 12 in O
Long Vy communes in An
Giang)

2016 Based on the data of Joep
(2015), this study, based on
two forms of semi-structured
questionnaire, elaborated the
costs and benefits associated
with farming in the ‘‘old’’
high-dike areas of O Long Vy
commune (>15 construction
years) and in the ‘‘new’’
high-dike areas of Thanh My
Tay and Tan My (<5
construction years). Interviews
in Binh Phu commune explored
low-dike farming systems.

Dung et al.
(2018a)

Total: 550 interviews

* Symptoms include: vision (eye): dizziness, blurred vision, narrow pupils; nerve system: dizziness, head function, convulsions, arm restlessness,
irregular heartbeat, and trouble sleeping/insomnia; digestive system: excessive drooling nausea, vomiting/vomiting, diarrhea; respiratory system:
difficulty breathing; excretory system/skin: skin blistering, sweating above normal (Sharma and Singhvi, 2017).

evidence also suggests greater fertilizer use, amounting to 100–200 kg/ha per crop, in old high-dike farming systems than
new-dike farming systems (30% higher on average in the new high-dike farming system), with an additional of almost
90% of fertilizer. Over the past 15 years, fertilizer use could be 133% to 234% higher in some areas with high-dike systems
compared to the low-dike counterparts. Our findings of the accelerating rates of agrochemical application over time in
the high-dike farming systems, compared to those in low-dike ones, corresponds to studies by Howie (2011), Kien and
Van (2014), and Tong (2017).
6
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Fig. 3. An Giang and Dong Thap Provinces (lower) and the surveyed locations (upper) with base maps adopted from Dung et al. (2018a). Interviews
on health risk (HR) assessment were conducted in 2015–2017 in An Phu District of An Giang Province.

Fertilizer and pesticide use has increased over the years in the triple-rice farming system. This meant that production
osts have also risen in tandem. As shown in Fig. 5, the production costs for the triple-rice farming system include fertilizer
nd pesticides application, pumping, land preparation, seeds, harvesting, and labor. Here, farmers’ labor and expenses for
ealth treatment due to pesticide effects were not factored into the total production cost. This study, therefore, asserts
hat the actual production costs should be higher, and the consequent accumulative costs in the triple-rice model in the
elta floodplains will also be much higher. Based on the findings by Dung et al. (2018a), the costs for triple-rice production
7



D. Duc Tran, E. Park, T.A. Tran et al. Environmental Technology & Innovation 29 (2023) 102987

t
d
b
e

a
t
e

Fig. 4. Presentation of fertilizer and pesticides used for rice production in low- and new- and old high-dike areas in An Giang and Dong Thap
Provinces. Data sourced from Dung et al. (2018a) defined that a new and old high-dike system is under 5 and over 15 construction years respectively.

averaged at US $240 per hectare per crop season for pesticides, and US $325 per hectare per crop season for fertilizer
(Fig. 5). These amount to about 19% to 34% higher costs than those used in the double-rice production. As a result, the
annual rice production profit was decreased up to 45% from some old high-dike compartments compared to those in the
low-dike areas. Hence, the production cost for one hectare triple-rice farm is higher and the annual profit is lower if the
health treatment cost is included. Although there exist social benefits, including more jobs, and less social evils (i.e., festive
gathering of male farmers in drinking or playing cards) during the third crop season, their impacts are usually intangible,
thus difficult to be considered.

3.3. Health risk of farmers under dike protections

A study conducted by Climate Change Institute, An Giang University in 2015 revealed the effects of pesticides exposure
o farmers working on the farm. Most interviewed farmers (43.3%) informed that they experienced disruptive nerve effects
uring rice production activities, whereas only 6.7% of farmers reported digestive problems (Fig. 6). Of those main types of
ody exposure, pesticide effects on the respiratory system, excretory system, and vision were reported to have a smaller
ffect (28.3%, 21.7%, and 16.7%, respectively).
Regarding the 15 pesticide symptoms, excessive sweating/difficult breathing, dizziness and blurred vision, headache,

nd skin rashes had high effects on farmers, accounting for 28.1%, 25.6%, 21.5%, and 15.7% respectively (Fig. 7). Lesser than
hose four, 7.4%, 6.6%, 5%, and 5% of interviewed farmers responded that they experienced anxiety disorder/staggering,
xcessive salivation, nausea, excessive sweating, and hand tremor.
8
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Fig. 5. Production costs and benefits between triple- and double-rice farming systems in relation to health risk assessment.

Fig. 6. The proportion of An Phu farmers exposed to pesticides.

The poisoning rate of those exposed to pesticides in Thoai Son District was lower than in An Phu District (see Figs. 8 and
1). Specifically, the study on rice farmers in An Giang (2014) showed that 9.5% was exposed to pesticides while working
in the field (Fig. 8). According to a study conducted in An Phu in 2015, 18.2% of interviewees (22 out of 120 interviews)
said they experienced pesticide poisoning. However, this rate was much lower (only 2.9%) as reported by a study in Thoai
Son in 2017. This could be attributed to rice farmers in Thoai Son using personal protective equipment while farmers in
An Phu rarely followed this while spraying pesticides. This differences is likely due to the higher level of education of
Thoai Son farmers than An Phu farmers. These aggregated data suggest a mean of 10.2% of rice farmers was exposed to
pesticide poisoning at least once during their crop production. Among the 22 farmers who reported being poisoned by
pesticides in An Phu, we found 18 common chronic symptoms, including easy fatigue, cough, blurred vision, muscle pain,
anorexia, shortness of breath, fever, dizziness, and dizziness. Our results also revealed that the increased use of pesticides
in high-dike areas was closely related to farmers’ increased health problems, especially those involved in directly spraying
pesticides.
9
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Fig. 7. Main pesticide symptoms reported by An Phu farmers.

Fig. 8. The proportion of farmers exposed to pesticides from on-field practices.

3.4. Adaptation measures towards a sustainable adaptation pathway in rice farming

Secondary research on current prevention measures presents 17 most relevant case studies to our study on the
relationships between intensified crop production and environmental and economic costs incurred. They were categorized
according to (i) specific objectives, (ii) methods, and (iii) measures and outputs. The reviewed studies were synthesized
chronologically by publication year and presented in Table 2.
10
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Table 2
Potential adaptation measures for environmental protection of intensive rice production in the VMD floodplains.
Name of case study and
reference

Objective/Context Method Output/Measures

1. Cost and benefit analysis for
intensive rice production (Dung
et al., 2018a; Tong, 2017; Tran
et al., 2019) and impacts of
rice intensification on rural
households in the Mekong
Delta (Nguyen et al., 2018)

Determining costs and benefits
of double and triple rice
production under low- and
new, old high-dike protection
and exploring alternatives for
more sustainable farms in the
floodplains at different scales
of the VMD

Cost and benefit analysis across
delta scales using literature
review, secondary data, and
interviews with farmers

Double-rice crop as ‘‘balanced
cropping’’ better than triple-rice crop
in taking advantages of the flood’s
benefit; flood-based farming systems
such as intensive lotus crop with
tourism, water lily, or floating rice
combined with vegetables that could
gain ‘‘common pool resources’’ from
floodwater and reduce the use of
fertilizer and pesticide

2. Sustainable intensification of
agriculture (Rockström et al.,
2017)

Proposing a paradigm for
sustainable intensification that
can be defined and translated
into an operational framework
for agricultural development

Literature review and
discussion then suggestion of
adding a new dimension to
sustainable agricultural
development, namely
managing natural capital for
long-term productivity and
social–ecological resilience at
field, watershed, and regional
scales, in agricultural systems

The challenge of improving the
health and livelihoods of farmers
needs to be addressed, and it is
essential to apply ‘‘nature-based
solutions for sustainable intensification
of agriculture to build prosperity and
resilience’’.

3. Health risks from
agricultural intensification
(Lam et al., 2017)

Examining and synthesizing
the evidence for human health
risks of agricultural
intensification in Southeast
Asia

A systematic review of 73
peer-reviewed articles
published between the years of
2000 and 2015

The knowledge on health risks
appears to be limited. Agricultural
intensification shows expansive
impacts on communities; however,
studies mainly concentrated on the
occupational and consumer exposure
to pesticides, without specifying the
actual health risk

4. Agricultural intensification
and damages to human health
(Elahi et al., 2019)

Application of artificial
intelligence to assess damages
to human health in relation to
agrochemicals for agricultural
intensification

Statistical data analysis with
360 rice growers collected in
2017 from 9 districts of
Punjab, Pakistan, using a
multistage sampling technique

Pesticide application caused skin
irritation, eye irritation, cough,
dizziness, nausea, and diarrhea. The
study recommended using
bio-chemicals for agricultural
sustainability and human health
protection

5. System of rice intensification
(Taylor and Bhasme, 2019)

Assessment of the potential of
the system of rice
intensification (SRI) for
smallholder farmers.

Semi-structured interviews
with over 50 farmers,
agricultural laborers, extension
officers, agricultural scientists,
and NGO staff in
Mahabubnagar, Telangana
state, southern India

Although the SRI applies a reduction
in water use and external inputs, a
political ecology framework is
required.

6. Ecological sustainability and
environmental risks of
agricultural intensification
(Djagba et al., 2019)

Assessment of ecological
sustainability and
environmental risks of
agricultural intensification in
inland valleys in Benin

‘‘Driving Force–Pressure–State–
Impact–Response’’ approach in
four agro-ecological zones of
Benin

Activities and policies monitoring
chemical inputs and farming
practices in inland valleys to reduce
negative impacts on the environment
and human health

7. The use of pesticides in
agricultural activities and
potential health risk (Elfikrie
et al., 2020)

Identifying the occurrence of
pesticides in surface water and
pesticides removal efficiency
due to leach from the
irrigation of mostly rice
cultivation in Tanjung Karang,
Selangor, Malaysia

Thirty river water samples and
eighteen water samples were
collected from a conventional
drinking water treatment plant

Advanced water treatment processes
such as activated carbon can increase
pesticide removal efficiencies in
drinking water treatment plant

8. Pesticides applied in rice
fields in developing countries
(Wong and Brown, 2021)

Evaluating methods and
outcomes of previous studies
to quantify pesticide exposure
amongst rice growers in
developing countries

Critical literature review Dermal exposures much more than
inhalation exposures
The use of active pesticide
substances in developing countries
that have been banned in many
developed countries.

(continued on next page)

From the studies, nature-based practices were considered of vital significance to agricultural production that could
reduce the costs to farmers and increase their long-term benefits, under the perceived detrimental effects of intensive
11
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Table 2 (continued).
9. Risk assessment of heavy
metal contamination of paddy
soil and rice (Ihedioha et al.,
2019)

Evaluating the concentration
and bioavailability of Pb, Cd,
Zn, Cr and Fe metals in soil
from rice fields in Abakaliki,
Nigeria, and their human
health risk on consumers

Samplings were conducted,
including 40 soil samples and
40 rice grain samples from
farm A and farm B, making a
total of 80 samples

No adverse health effects from heavy
metal ingestion through consumption
of rice grown in the region; however,
the warnings exist and seriously
consider the use of fertilizer.

10. Risks of pesticide use
(Rahaman et al., 2018)

Examining the level of
knowledge and awareness of
environmental pollution of
farmers in Bangladesh due to
unsafe use of pesticides for
controlling rice pests and
exploring ways of reducing
their usage

Interviews with 120 rice
farmers

Many farmers have understood the
harmful effects of pesticides on the
health of humans and animals,
beneficial species, fish, insect
resistance, soil, and food.
Measures include timely removal of
weeds, appropriate timing for
pesticide application, balanced doses
of fertilizers, pest monitoring, the
correct dose of appropriate
pesticides, pest tolerant varieties,
increasing technical knowledge and
skills and creating social awareness
of environmental pollution among
farmers.

11. Pathway for intensive
pesticide degradation in rice
and environment (Ma et al.,
2021)

Investigating a novel epigenetic
mechanism responsible for the
degradation of the pesticide
atrazine in rice crops in Korea

Rice genotypes (Oryza sativa)
Nipponbare (wide type, WT1),
Dong Jing (DJ, WT2), Kitaake
(KT, WT3), and Hwayoung (HY,
WT4) were used for
experiments and analyzed

A novel regulatory mechanism
implicated in the defense linked to
the epigenetic modification and
jasmonate signaling pathway and
provides a modus operandi that can
be used for metabolic engineering of
rice to minimize amounts of atrazine
in the crop and environment

12. Use and avoidance of
pesticides in the rice
ecosystem (Horgan and
Kudavidanage, 2020)

Investigate farmers’ decisions
in southern Sri Lanka of
applying or avoiding pesticides
on rice farms

Interviews with 275 farmers Certification of ‘pesticide-free’ and
‘insecticide-free’ cultivation is
important

13. Decreased use of pesticides
for increased yields of rice
(Berg and Tam, 2018)

Assessment of the use of
pesticides and the attitude to
pest management strategies
among rice and rice-fish
farmers in the Can Tho and
Tien Giang Provinces in
Vietnam

Interviews with 80 rice-fish
farmers

85% and 75% of interviewed farmers
had experienced health effects and a
decrease in fish yields mainly due to
pesticides
Rice fish is a good farming system
with high yields and fewer pesticides
use

14. Human health and
pesticide use (Sheahan et al.,
2017)

Exploring the relationship
between pesticide use and the
value of crop output and
identifying human health
outcomes in four Sub-Saharan
African countries

Based on nationally
representative panel survey
data from four Sub-Saharan
African countries

Pesticide use is strongly correlated
with an increased value of harvest
and higher costs associated with
human illness, such as increased
health expenditures and time lost
from work due to sickness

15. Sustainability performance
indicators for assessing rice
crop management practices in
the Vietnamese Mekong Delta
(Stuart et al., 2018)

Assessing the sustainability
performance of ‘‘One Must Do,
Five Reductions’’ rule and the
three different management
approaches for rice production
over two rice cropping seasons
in the VMD’s study area, using
eight farm-level Sustainable
Rice Platform (SRP)
performance indicators

This study conducted a
household survey (155 farmers
in three communes) of GAP
(VietGAP and GlobalGAP),
‘‘Small Farmer Large Field’’ and
conventional farmers in Can
Tho Province in the VMD and
established replicated
production-scale field trials of
‘‘One Must Do, Five
Reductions’’ rule in rice
production, with an emphasis
on further reducing seed and
pesticide inputs

Mean total production cost per
season fell by 23% (203 USD ha−1),
and mean net income increased by
19% (175 USD ha−1), resulting in a
28% increase in the benefit: cost ratio
and five of eight farm-level SRP
indicators showed an improvement
in sustainability performance

(continued on next page)

agricultural practices in the VMD (Nguyen et al., 2018; Rockström et al., 2017; Tran et al., 2019). These nature-based
practices which include floating rice, water crops like water lily are encouraged to grow in nodike or low-dike areas in
the flood season to replace triple-rice production under high-dikes to gain natural benefits from floodwaters such as fertile
sediment and wild fish. Under intensive farming systems, the overuse of fertilizer and pesticides has significantly degraded
the living environment, diminished ecosystems, and negatively impacted human health (i.e., Chau et al., 2015; Djagba
12
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Table 2 (continued).
16. Pesticide pollution of
multiple drinking water
sources in the Vietnamese
Mekong Delta (Chau et al.,
2015)

Exploring potential exposure
sources to pesticides from
agricultural-based cultivations
in rural areas of the VMD

A survey of the use of different
drinking water sources and the
pollution with pesticides,
including interviews with 104
households living along the
canals of four study sites and
260 grab water samples
collected.

Concentrations were highest in canal
waters among the studied water
resources; however, pesticide
concentrations varied with cropping
season but did not diminish through
the year.
No clean water source was found in
the Mekong Delta with respect to
pesticide pollution, and studies on
drinking water-related health risk
issues was recommended.

17. Fairtrade, agrochemical
input use, and effects on
human health and the
Environment (Sellare et al.,
2020)

Influences of Fairtrade
certification on fertilizer,
pesticide use and human
health and the environment
were analyzed

Data from farmers and rural
workers in 50 cooperatives (25
Fairtrade certified and 25
non-certified cooperatives) in
Cote d’Ivoire were analyzed

Fairtrade reduces the incidence of
pesticide-related acute health
symptoms among farmers and
workers

et al., 2019; Elahi et al., 2019). Hence, sustainable intensification in agriculture is required in agroecosystems, where
bio-fertilizer and biochemical pesticides are utilized instead. This approach should be ruled by an ecological framework
that acquires a trict consideration of ecological protection for systems of rice intensification (Taylor and Bhasme, 2019)
or Global Good Agriculture Practice (GAP) or Viet GAP (Stuart et al., 2018). Furthermore, assessment approach such as
‘‘Driving Force–Pressure–State–Impact–Response’’ framework should also be more readily applied to monitor chemical
inputs in agricultural activities to reduce negative impacts on the environment and human health (Djagba et al., 2019).
In Can Tho Province and many other places in the VMD, ‘‘One Must Do, Five Reductions’’ has been an effective rule used
to reduce fertilizer and pesticide use in rice production because agrochemical use is considered as a requirement for crop
growth and cannot be avoided (Stuart et al., 2018). Of those, Thi et al. (2013) explained that ‘‘One must’’ recommends
that farmers must use certified seeds; ‘‘Five Reductions’’ include reducing seed rate (use from 80–100 kg seeds/ha, use
drum seeder), reducing fertilizer (reduce nitrogen fertilizer, apply fertilizer by using leaf color chart), reducing pesticide
(only use pesticide when necessary by following the guidance of technical staffs), reducing water (reduce water amount
in irrigation and number of water pumping), and reducing post harvest loss (reduce grain loss in and post harvest, use
combine harvester to harvest rice and rice dryer to dry rice).

While much effort has been made in shifting adaptation pathways in the VMD floodplains evidenced by the flexibility
f decision-making and adaptive planning processes in the agricultural production sector (Gajjar et al., 2019), our study
uggests that the existing triple-rice farming system would not bring a sustainable pathway for sustainable development
o the delta floodplains, particularly in terms of environmental and economic dimensions. It proposed that achieving
ustainable development goals in the VMD should not go hand in hand with the triple-rice farming practice which could
ot completely stopped and takes times for nature-based alternative farming system. Instead, nature-based adaptation
ractices or one season off should be adopted in the high-dike areas to enhance the functionality and performance of local
cosystem services. In the context of the floodplains, implementation of such adaptive measures requires an empirical
nderstanding of the wide-ranging social-ecological context in decision making across governance scales, i.e., how the
riple-rice farming practice supports the national adaption policy for food security (Colloff et al., 2016). In addition, market
tability is one of the most important factors for triple-rice farmers to transform their rice crop which has been considered
s a traditional crop and its market is quite stable ensured by national food security policy for many years. These also a
eed to consider uncertainties relevant to the coupled environment and dynamics in the VMD (Bhave et al., 2018).

.5. Limitations and future outlooks

Although this study has revealed the important social-hydrological trade-offs from triple-rice farming in the VMD
loodplains, we acknowledge that the findings are limited in two aspects. Firstly, the assessment could be expanded with
he integration of soil and water quality measurements in the studied low- and high-dike polders to more accurately
etermine environmental consequences of the farming system. Secondly, a longitudinal study where interviews with
armers were conducted over continuous years, could provide a better estimation of health risk for comparison between
he low- and new and old high-dike farming systems. This can allow for better monitoring of farmers’ agricultural
ractices over a longer time period, with better records of the signs and symptoms of pesticide poisoning. Overall, future
tudies should be expanded to larger geographical scales while also considering longer-term environmental and health
mplications of intensive agricultural practices in the VMD.

Future sustainable adaptation strategy in the VMD should also incorporate the impacts of external drivers (i.e., climate
hange, hydropower development upstream the Mekong river and across the Mekong countries) and internal drivers
i.e., local intensive crops supported by irrigation systems with mainly pumps and dike polders). At the institutional
evel, local governments in adaptation should be made responsible, with the current adaptation policies reframed to
ccommodate the ‘‘nature-based’’ practices stipulated in central and local government policy documents (Lupp et al.,
13
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2021). It is also beneficial to formulate a concrete mechanism to mobilize local governments’ support that allows farmers
to maximize their capacity to adapt to change via effective policies and resources considering the environmental changes
in both internal and external dimensions. At the farm level, the role of farmers in adaptation is important; therefore, the
diffusion of empirical and experimental knowledge of adaptation (farming initiatives) should be promoted among farmer
groups, which together contributes to creating epistemic communities in adapting to changes such as climate change and
environmental challenges (Dang et al., 2020; Tran et al., 2020b).

4. Conclusions

This study assesses the trade-offs between socio-economic growth and the environmental and social consequences of
verused agrochemicals in the VMD’s upper floodplains under the dike protection context. Our study demonstrated the
ocial and health challenges farmers experience due to the increased use of agrochemicals in rice production. We contend
hat the overuse of agrochemicals from triple-rice production systems is akin to increased costs, estimating about US $565
er hectare per crop season, thus lowering its marginal benefits, compared to double-rice production system. In addition,
ice farmers were directly exposed to pesticide impacts. Therefore, to support policy and decision making processes for
he sustainable development of the VMD, we proposed three critical considerations:

First, better engagement in coupled environment-development systems by harmonizing costs (production costs such
as pesticide and fertilizer use and health risk) and benefits (income and national food security) of agricultural-based
development and upscaling nature-based adaptation approaches in the delta’s farming systems. While sustainable
adaptation approaches exist in agricultural production, the shift to this paradigm is not easy as. farmers’ decisions to
change existing farming patterns are impeded by the availability of high-dike systems.

Second, serious consideration in limiting and removing the reliance on fertilizer and pesticides despite their central role
in agricultural productivity and pests control. The adverse impacts on human health should not be underestimated and
sustainable agricultural production policies in the VMD should also include education of farmers to comply with technical
advice (e.g. wearing personal protective equipment) in applying pesticides on the field.

Finally, the need to mainstream the environmental consequences from triple-rice production, into the broader
understanding of the floodplains’ contemporary environment and development complexities, where farmers are direct
victims. In the support for economic development and food demand and, the environmental issues associated with land
degradation and water quality pollution have cumulative impacts on farmers’ costs. Small-holder farmers are particularly
vulnerable as they depend heavily on these natural resources for living. Yet, rural policy and practices continue to treat
these communities as marginalized groups. These considerations are essential for the survival and sustainability of the
delta in the future.
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Fig. A.1. Progress of building high-dikes in An Giang and Dong Thap provinces.
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See Fig. A.1.
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