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Rice production systems are an important source of agricultural greenhouse gas (GHG) emissions. Mitigation 

techniques, such as alternate wetting and drying, have been developed but have  often not taken  into con- 

sideration the constraints imposed by the practices and preferences of farmers. Since GHG mitigation benefits are 

not obvious at smallholder farm level, it is essential to design site-specific mitigation technologies with the 

participation of local stakeholders. The purpose of the present study was to adapt a participatory approach to 

designing and assessing mitigation practices for the dissemination of climate-friendly rice production systems. 

To improve the hybridization of scientific and local knowledge, a participatory five-step approach to prototyping 

was applied: (i) diagnosis based on a literature review and survey of stakeholders, (ii) design of mitigation 

practices based on laboratory trial and local knowledge (that of farmers, agricultural advisors and regional 

stakeholders), (iii) testing in growth chambers, (iv) testing in farmers' fields and (v) dissemination and assess- 

ment. The study was conducted in An Luong village, Red River Delta, northern Vietnam. In the study area, rice 

residue burning is restricted and farmers have to incorporate residue into the soil. Current water management 

practices, i.e. conventional continuous flooding and adopted midseason drainage, are not enough to reduce GHG 

emissions from added residues. Two new water management practices (pre-planting plus midseason drainage 

and early plus midseason drainage) were designed in participation with local stakeholders, and subsequently 

tested in the laboratory and in the field with the participation of local farmers. Future mitigation practices were 

assessed based on the yield, GHG emissions reduction and feedbacks of local stakeholders. Early plus midseason 

drainage proved to be an effective and feasible mitigation option for rice production in the area. Here we show 

that participation of local stakeholders in co-designing process help to identify the feasible GHG mitigation 

options, further it facilitates smallholder rice farmers to implement mitigation practices in their fields. 

 
 

 

 

1. Introduction 

 
Rice farming is one of the most important sources of anthropogenic 

agricultural methane (CH4) emissions. It is well known that modified 

water management practices (early season drainage, midseason drai- 

nage, intermittent irrigation, alternate wetting and drying) have con- 

siderable CH4 mitigation potential without the need for any external 
investment or resulting in a loss of yield for farmers (Pandey et al., 

2014; Searchinger et al., 2014). These water management  practices 

have often been tested at research stations and in controlled conditions 

to accurately determine the greenhouse gas (GHG) mitigation potential 

of the specific management of added organic amendments (e.g. rice 

residues, compost or manure) (Bhattacharyya et al., 2013; Ly et al., 
2015; Tariq et al., 2017a; Zou et al., 2005). The actual implementation 

of mitigation strategies in farmers' fields is often constrained by local 
conditions, management practices and preferences. However, the im- 

plementation of mitigation strategies into actual field practices is not 
possible without actively involving farmers and local stakeholders in 
the planning and testing process. There is an urgent need to combine 

local field and practice-oriented knowledge with scientific knowledge 

to design a site-specific low emission rice production system (Stoop 
et   al.,   2002;   Wassmann   et   al.,   2000).   Therefore,   an   on-farm 
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participatory approach, taking advantage of scientific results acquired 

in the laboratory and applying them to field and on-farm experiments, 

is required to define optimum mitigating rice production systems. 

The co-design of innovative agricultural prototypes for sustainable 

farming has arisen as a discipline in recognition of the need to combine 
research and practical knowledge in order to develop complex pro- 

duction systems (Vereijken, 1997). The co-design of mitigation proto- 

types at field scale is a challenge since climate change mitigation is a 

global issue rather than a direct concern for farmers. A participatory 
approach to prototyping in interaction with local stakeholders, pre- 

ferably including farmers, is beneficial since it allows the interaction of 

both local and scientific knowledge (Meynard et al., 2012). Rahman 

and Bulbul (2015) propose the active involvement of local stakeholders 

to enhance the implementation of mitigation practices in rice produc- 

tion systems. 

The aim of co-designing the low emissions rice cropping system was 

to mitigate the global warming potential (GWP) of rice production 

systems without having a negative impact on farmers' yields or liveli- 

hoods. Researchers have highlighted the importance of participatory 

methods in the design and implementation of climate-friendly agri- 

cultural production systems (Smith et al., 2007; Vignola et al., 2015). 

The transition of a prototype from small (field) scale to large (farm or 

regional) scale is difficult to achieve without the sufficient participation 

of farmers, local professionals and regional stakeholders (Le Bellec 

et al., 2012). It is important to understand the process of combining the 

local agricultural expertise and technical scientific knowledge, and then 

share it with the  participants (Altieri and  Koohafkan, 2008). Local 

stakeholders facilitate communication of the central objective and in- 

crease the efficiency of adoption by farmers (Pretty, 1995). Regional 

stakeholders provide suitable conditions for adopting the innovation 

techniques, for instance farmers may receive incentives for adopting 

new technologies. Farmers share their constraints and provide the basis 

for the possible modification of current practices (Meynard et al., 

2012). Krupnik et al. (2012) have demonstrated that mutual learning 

by researchers and farmers could lead to the development of an in- 

novative irrigated rice system, and could facilitate its adoption under 

local conditions. Le Bellec et al. (2012) have designed the DISCS 

method for multi-stakeholders' participatory design and assessment of 

innovative cropping system. DISCS is a prototyping method which al- 

lows multi-stakeholders participatory approach by implementing three 

progress loops, at experimental field, farm and regional scales. Three 

categories of professional stakeholders are involved: farmers, re- 

searchers, and agricultural advisers, who are collectively in charge of 

designing and testing the cropping system prototypes. In addition, local 

public stakeholders including representatives of state institutions are 

consulted. Progress is assessed using scale-specific sets of indicators. 

The DISCS method was applied to develop low- pesticide citrus crop- 

ping systems in Guadeloupe, French West Indies. 

In this study, a participatory approach was used to design and test a 

mitigation practices for rice production system in the Red River Delta in 

northern Vietnam. On a national scale, rice straw burning is restricted 

and the government is encouraging farmers to manage straw sustain- 

ably to improve human health and society and to prevent the en- 

vironmental pollution and global warming (Hai and Tuyet, 2010). 

Therefore, farmers have to dispose of a large amount of rice straw by 

incorporating it into the soil. Typically, farmers have no other straw 

management options available to them, since its use for livestock feed 

or bedding, composting or bioenergy production is considered un- 

attractive due to absence of livestock facilities, labor shortage or cost 

issues. Incorporation of rice straw into soil is known to result in in- 

creased  GWP,  particularly  due  to  increased  CH4   emissions  under 

flooded rice conditions (Bossio et al., 1999; Romasanta et al., 2017; 
Searchinger et al., 2014). Meanwhile, there is growing concern about 

CH4 emissions from rice paddies and societal  demand for the im- 

plementation of agricultural mitigation practices in Vietnam, where 

rice farming contributes up to 50.5% of national agricultural GHG 

emissions and 16.3% of all national anthropogenic GHG emissions, of 
which CH4 is a major share (MONRE, 2014). It is becoming increasingly 

important to reduce CH4 emissions from flooded rice fields to reduce 
the overall GWP of rice production systems in Vietnam. In that sense, 
two environmental demands being made on rice farming (reductions in 

straw burning and in GHG emissions) are potentially in conflict with 
one another (Romasanta et al., 2017) since farmers' default response to 
legislation that prohibits burning is to incorporate the straw into the 

soil. Finally, GHG mitigation does not produce tangible benefits for the 

farmers, and hence their motivation to adopt such practices will be 

influenced considerably by external incentives or system constraints. 

The objective of this study was to adapt the DISCS participatory 

approach of prototyping (Le Bellec et al., 2012) to design mitigation 

practices for rice production systems in a village in northern Vietnam, 

and to understand the potential benefits and possible constraints in the 

adoption of mitigation practices in the area in future. The prototyping 

method was improved by incorporating multi-scale scientific results – 

from microcosm to field and farm scale – in the participatory process. 

The main aim was not to design a completely new rice cropping system, 
but to modify current management practices with the involvement of 

local stakeholders to minimize GHG emissions without reducing grain 

yield. 

 

2. Material and methods 

 
2.1. Description of method 

 
The participatory approach of Vereijken (1997) and Le Bellec et al. 

(2012) was followed, with some modifications, involving local stake- 

holders in each step of the designing process and incorporating multi- 

scales experiments (Fig. 1). Four categories of stakeholders were in- 

volved in  the  designing and subsequent assessment  process: i) re- 

searchers, who provide the scientific knowledge and tools; ii) farmers, 

as key stakeholders involved in the survey, field experiments and 

workshops; iii) local agricultural advisors, who provide local technical 

knowledge and feedback during focus group discussions and work- 

shops; and iv) regional stakeholders, who are engaged in agricultural as 

well as regional socioeconomic systems. All four categories were in- 

volved in all the workshops. The stakeholders' composition at each step 

is presented in Table 1. 

The participatory approach was based on local and scientific-or- 
iented knowledge (Fig. 2). The participatory approach of co-designing 

included the following five steps: (i) diagnosis, based on a literature 

review and a stakeholder survey, aimed at identifying possible technical 

options for GHG mitigation from rice fields and existing smallholders 

farm practices and constraints, (ii) design of mitigation practices based 

on initial laboratory tests of  possible options and workshops with 
farmers, local agricultural advisors and regional stakeholders, (iii) 

testing in growth chambers to explore the technical mitigation potential 
of designed practices under fully controlled conditions, (iv) testing in 

farmers' fields to establish the actual mitigation efficiency of designed 

practices under farmers' variable conditions, and (v) dissemination and 

assessment, based on laboratory and field trials and the experiences and 

perceptions of local stakeholders. 

 
2.2. Case study 

 
This section describes the method used in the co-design and as- 

sessment of mitigation practices based on residue incorporation for a 

lowland rice-producing area on the Red River Delta in northern 

Vietnam. The methods adapted at each step depended on the specific 

context and need to address the complex issue of GHG mitigation with 

local stakeholders. The data that resulted from the innovative process of 

co-design and assessment of mitigation practices is presented in the 

Results and Discussion sections below. 

The study was conducted at a local scale in An Luong Village, An 
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Le Bellec et al. (2012) DISCS: Re-designing innovative sustainable 

cropping systems, involving farmers and local stakeholders 

1- Diagnosis Public presentation and discussion 

2.1- Objectives for re-designing cropping systems 

2.2- Design of experimental prototypes 

3- Trials at an 

experimental 

station 

4- Trial on 

pilot farms 

5- Dissemination and re-assessment 

 

 

 
 

 
 

 
 

 
 

      

  
 

Fig. 1. Co-design and assessment of mitigation practices following the DISCS participatory approach of Le Bellec et al. (2012) with some modifications: i) the 

inclusion of the literature review in step 1 to diagnose the mitigation options, ii) the inclusion of laboratory trials in steps 2.1 and 3 to understand the fine-tuned 

processes for the design (2.1), and an assessment (3) of mitigation practices, iii) the inclusion of regional stakeholders in step 2.3 to understand the national policies 

and programs that support the rice production system. 

 

Lam commune, Nam Sach district, Hai Duong province in northern 

Vietnam. The soil in the area is generally classified as alluvial lowland 

paddy soil (Acrisols). The climate in the area is humid sub-tropical, 

with temperatures varying between 20 °C and 30 °C. The maximum 
rainfall occurs during the summer  season (June–August), with the 

average monthly rainfall between 400 and 700 mm. Rice is traditionally 

produced in continuously flooded fields, known as rice paddy. Water is 

generally controlled by regional irrigation companies. Local technical 

staff are responsible for monitoring water levels in the farmers' fields. A 

water management project was established in the village in 2013 with 
the aim of implementing alternate wetting and drying (AWD) practices 

in the area (Vu and Sander, 2015). AWD is a well-established water 

management system, where fields are routinely drained and re-flooded 

during the cropping season. This results in significant lower CH4 

emissions, and reduces water consumption, however it requires careful 

management to avoid water-stress in the rice, and may lead to increased 

N2O (nitrous oxide) emissions (Hou et al., 2012; Itoh et al., 2011; Mazza 

et al., 2016). The most common crop rotation in the case-study area is 

an intensive double rice crop rotated with winter fallow or vegetable/ 

onion production. Traditionally, farmers have burnt the rice residues 

after spring and summer-rice harvesting due to labor shortage and in- 

tensive crop rotation. The details of crop residue management and 

burning intensity are given in Tariq et al. (2017b). Crop residue burning 

is increasingly being prohibited in Vietnam, and alternative residue 

management is strongly encouraged to ensure good air quality. Most 

rice farmers in the area are smallholders who have limited resources for 
 

Table 1 

Stakeholders composition and time required at each step of development and assessment of mitigation practices. 
 

 

Stakeholders Time 
 

 Regional representatives Agricultural advisors Farmers Researchers Period Duration (days) 

Step 1 Laboratory experiment    UCPH Jan-Mar, 2015 90 

 Survey   35 households UCPH, IAE, IRRI Nov, 2015 7 

Step 2 Workshop 1 1 head of co-operative 1 extensionist 5 households UCPH, SupAgro, IRRI, IAE Nov, 2015 1 

  1 head of agriculture department 1 village leader 

1 irrigation officers 

1 local irrigation staff 

1 agricultural officer 

    

 Workshop 2 1 head of co-operative 1 extensionist, 10 households UCPH, SupAgro, IRRI, IAE Dec, 2015 1 

  1 head of agriculture department 1 village leader, 

1 irrigation officers, 

1 local irrigation staff 

1 agricultural officer 

    

Step 3 Laboratory experiment    UCPH, IAE Jan-Feb, 2016 60 

Step 4 Field experiments   24 households UCPH, SupAgro, IRRI, IAE Feb-Sep, 2016 240 

Step 5 Workshop 3 3 head of co-operative 4 extensionist 10 households UCPH, SupAgro, IRRI, IAE July 2016 1 

  3 head of agriculture department 1 village leader 

4 irrigation officers 

1 local irrigation staff 

2 agricultural officer 

    

 Workshop 4 3 head of co-operative 4 extensionist 10 households UCPH, SupAgro, IRRI, IAE Dec, 2016 1 

  3 head of agriculture department 1 village leader 

4 irrigation officers 

1 local irrigation staff 

2 agricultural officer 

    

UCPH = University of Copenhagen, Denmark; IAE = Institute for Agricultural Environment, Vietnam; 

SupAgro = Montpellier SupAgro, France; IRRI = International Rice Research Institute, Philippines. 

Regional 

stakeholders 

 

Advisors 
 

Farmers 
 

Researchers 

 

Regional 

stakeholders 

 

Advisors 
 

Farmers 
 

Researchers 

 

3- Trials in 

laboratory 

4- Trial on pilot 

household fields 

5- Dissemination and assessment 

2.2- Objectives for re-designing rice production systems    2.1- Laboratory trial 

2.3- Design of mitigation practices 

Bibliography and stakeholder survey 1- Diagnosis 

Co-design and assessment of mitigation practices for rice cropping systems, involving 

farmers  and local stakeholders 
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Actions Scientific knowledge oriented Local knowledge oriented 

1.1- Identification of 

existing knowledge and 

technical options 

Bibliography 

Step 1- Diagnosis 
1.2- Existing farmer 

practices, challenges and 

constraints 

Survey 

Workshop with all 

stakeholders 
Step 2- Prototype design 2.2- Objectives for designing mitigation practices in rice systems 

Workshop with all 

stakeholders 
2.3- Design of mitigation practices 

3- Trials in growth 

chamber 
Lab experiments 

Step 3,4- Prototype 

testing 

Participatory field 

experiments 4- 

Step 5- Prototype 

dissemination 

Workshops with all 

stakeholders 
Assessment and dissemination of mitigation practices 

 
 
 
 
 
 
 
 

 
Lab experiment  2.1- First test of possible 

options   

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Methodological framework for the participatory design and assessment of mitigation practices for rice production system. 

 

alternative residue management. Furthermore, rice farmers have lim- 

ited control over water management and labor is scarce. These places a 

tight restriction on smallholder rice farmers to adopt mitigation prac- 

tices, particularly in the intensive rice cropping systems. 
 

 

2.2.1. Diagnosis 

The diagnosis in this study differed from the original method 

(Vereijken, 1997) and DISCS approach (Le Bellec et al., 2012) of par- 

ticipatory prototyping since GHG mitigation is not the direct concern of 

rice farmers. The main objective of the diagnosis was to identify the 

existing and possible GHG mitigation options, and to explore farmers' 

existing practices and practical constraints. Researchers used the ex- 

isting literature to identify the existing GHG mitigation practices from 

rice production systems. Local agricultural advisors and regional sta- 

keholders were individually interviewed by the research team to un- 

derstand how the system functioned, as well as current and future po- 

licies, national programs and incentives for smallholders. Thirty-five 

smallholder rice farmers were interviewed in November 2015 to cap- 

ture the diversity of different land management practices in the area, 

and to understand their cropping practices and the challenges and 

constraints faced at field scale. The stratified sampling approach was 

used to cover the system diversity and geography of the area. The area 

was divided according the land typology (high, medium and low), 

water management (efficient and inefficient) and crop rotation (rice- 

rice-onion, rice-rice-corn/tomato and rice-rice-fallow). Then, farmers 

were randomly  chosen  from each group. A  comprehensive survey 

guideline was used to capture the farmers' management operations, 

constraints, possible options for modifying current practices and future 

perceptions. Furthermore, farmers' practices were observed during on- 

going field visits. 
 

 

2.2.2. Design of mitigation practices 

The development of GHG mitigation practices started with an initial 

test of possible mitigation options. The mitigation options were tested 

in a growth chamber experiment at University of Copenhagen from 

January to March 2015 (Tariq et al., 2017a). The results of the first test 

of possible mitigation options and diagnosis were discussed in No- 

vember 2015 with local farmers, agricultural advisors and regional 

stakeholders in An Luong Village, to create a shared understanding of 

the  performance  and  potential  benefits  of  improved  management 

options for rice production (Table 1). Finally, a workshop was con- 
ducted in December 2015 to design the mitigation practices with all the 
stakeholders, including local rice farmers in the Village. The mandate 

for all workshop participants was to emphasize on modifications of 
residue and water management practices to mitigate GHG emissions 

without influencing rice yield. The mitigation practices were designed 
on the basis of three performance indicators: i) avoidance of residue 
burning and adoption of alternative residue management, ii) cessation 

of continuous flooding and adoption of improved water management 

practices as efficiently as possible and iii) increase in rice yield. 
 

 
2.2.3. Testing of mitigation practices 

The design prototypes were initially tested in a growth chamber and 

then in farmers' actual field conditions with conventional and improved 

water management. The growth chamber experiments were conducted 
to develop a detailed understanding of the mitigation process, and to 
compare the mitigation potential of the designed prototypes and ex- 
isting local practices in fully controlled conditions. The growth chamber 
experiment was conducted in pots at University of Copenhagen. Rice 
plants were grown in the alluvial lowland paddy soil (Acrisols) col- 

lected from farmers' fields in the Red River Delta, northern Vietnam. 
13C-enriched rice residues were used as a carbon tracer to understand 

the changes in residue carbon contribution to CH4 emissions with dif- 
ferent water management practices. In the growth chamber experi- 
ments the assessment indicators involved a high degree of complexity 
and precise information. Following the growth chamber experiments, 

field trials were conducted for two consecutive rice seasons in partici- 

pation with local farmers, but no adjustment was made in the second 

season trial. Researchers and local farmers participated in the field 

trials. The two-rice cropping season field trials were conducted on 24 

farmers-fields in two water management systems (efficient water 

management and inefficient water management). The gas sampling 

chambers were installed in the farmers' fields for two seasons and 

moved once at the start of second season. Local technical staff also took 

part in the field activities (Fig. 3). At field scale, indicators and tools 

needed to be simple in order to provide the low-level technical, easily 
understandable information to local farmers. Researchers provided the 
technical tools and skills to manage the trials, and farmers provided the 

essential field materials, their lands and their own time in constantly 

being engaged in field trials. 
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Fig. 3. Presentation of field trail and participatory activities: a) chambers placement in farmers' fields, b) gas sampling by local technical staff, c) crop harvesting by 

researchers and farmers from pilot field plots, d) farmers interview, e) group discussion during workshop, f) individual feedback by participants during workshop. 
 

 
 

Different stakeholders needed  different  assessment  tools  (Stein 

et al., 2001) to assess the mitigation practices. Researchers used more 

technical tools in the growth chamber experiments and concentrated on 

the processes and mechanisms involved in GHG mitigation from paddy 

rice soils. For the growth chamber experiments, assessment indicators 

focused on mitigation alone. The assessment indicators for growth 

chamber experiment included CH4 emissions, N2O emissions and the 
combined GWP, calculated following the IPCC factors over the 100-year 

time scale, according to Myhre et al. (2013). For the field trials, as- 

sessment indicators focused on both mitigation and local farmers' in- 

terests i.e. rice yield and ease of implementation. The assessment in- 

dicators used in the field trials included CH4 emissions, N2O emissions, 

GWP, grain yield and greenhouse gas intensity (GHGI), in addition to 

feedback from farmers on workload and feasibility. 
 

 

2.2.4. Dissemination and test-year evaluation 

The researchers directed the dissemination process based on a 

multi-criteria participatory assessment at a scientific level and with 

local and regional stakeholders. The dissemination was based on the 

implementation of mitigation practices by local farmers and their pos- 

sible adoption in other places with similar constraints. The follow-up 

workshops were conducted after each trial with local farmers, agri- 

cultural advisors and regional stakeholders. The multi-stakeholder 

workshops provide a platform for stakeholder groups to raise and dis- 

cuss their views (Hulsebosch, 2001). First the researcher delivered the 

scientific findings to the local stakeholders based on testing of mitiga- 

tion practices in growth chambers and farmers' fields. The follow-up 

focus group sessions discussed the mitigation potential, yield benefits, 

challenges, drawbacks and possible adoption strategies for each miti- 

gation practice tested under farmers' field conditions (Fig. 3). In the first 

session, all participants (Table 1) were divided into three groups with 

presentation of each category of stakeholder in each group. Never- 

theless, differences in ability to negotiate and power hierarchy between 

stakeholder categories may have played a role. In line with our ex- 

pectations, stakeholders were grouped according to their categories in 

the second session, such as; farmers, agricultural advisors and regional 

stakeholders. The general perceptions were developed by presentations 

of each group and follow-up discussion. The specific experiences and 

perception of all participating stakeholders were also obtained in- 

dividually by completing the feedback form. The performance assess- 

ment indicators for each management category (water and residue) 

were mentioned and ranked from 0 (low) to 4 (high) in the individual 

feedback form. The mean values of all performance indicators for each 

stakeholder categories were calculated. 

 
3. Results and discussion 

 
3.1. Diagnosis 

 
3.1.1. Descriptive characteristics of rice farmers 

The survey of local stakeholders showed that most rice farmers in 

the area have small landholdings varying between 0.1 and 0.2 ha. The 

households have scattered plots which are separated from each other. 

The dominant crop rotations are a double rice crop (spring and summer 

rice) with either winter vegetable/corn or fallow in  the third part 

(October to January) of the year (Fig. 4). The majority of farmers, i.e. 

more than 70%, follow the winter fallow rotation. The residue man- 

agement depends on the crop rotation followed by the farmers. Gen- 

erally, farmers have no alternate residue management options e.g. for 

animal feed/bedding, composting, biogas, due to limited livestock 

numbers, limited and aged family labor and the intensive crop rotation. 

In general, households have no livestock: fewer than 10% own 1 to 2 

cattle per households. The average family size is 5 to 6 individuals per 

household, of whom 1 or 2 individuals are involved in agricultural 

activities. More than 75% of all rice farmers are female, with the men 

mainly involved in off-farm activities. The average age of farmers is 

56 years, with the majority (59%) aged between 55 and 65 years. 
 

 

3.1.2. Management practices of rice farmers 

The local water management system is traditionally based on con- 

ventional continuous flooding of rice fields. The regional irrigation 
department controls water management in the area with the help of 

local irrigation staff. Local technicians are appointed by the irrigation 

department to  control the water on farmers' fields. The  provincial 
agricultural department has initiated a controlled water management 
project, known locally as the AWD project. The AWD project was es- 
tablished on a small scale (on 15 ha of the 90 ha of cultivated land) in 
2013 with the aim of upscaling the improved water management 
technique (i.e. midseason drainage at the end of the tillering stage). The 

water in the AWD project area is controlled by local irrigation staff 

according to a fixed schedule, with an improved infrastructure for 
water inlets and outlets. Water management in the rest of the village 

farm area is also controlled by the same irrigation staff, but in ac- 
cordance with farmers' demand. The farm area outside the AWD project 
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Fig. 4. Graphical presentation of farmers' existing practices  (continuous flooding [C],  midseason drainage  [M]) and designed  mitigation practices (early  plus 

midseason drainage [EM], pre-transplant plus midseason drainage [PM]) on water management with full residue incorporation. The methane (CH4) fluxes and 

cumulative CH4  and N2O (nitrous oxide) are adapted from Tariq et al. (2017b). 

 

has less effective water control due to the lack of an adequate infra- 

structure to control the inflow and outflow of water. 

Rice residues are traditionally burned (50 to 70% of total residues) 

in the open fields after harvest. Residue burning depends on the har- 

vesting method (machine or manual), cutting height and crop rotation. 

The harvesting method depends on the crop rotation; nearly 30% of the 

rice farmers in the area grow vegetables or onions in the winter season, 

with the remaining 70% of farmers leaving their land fallow during the 

winter season. Farmers who grow vegetables in the winter adopt 

manual harvesting of the summer rice crop leave 60–70% of the re- 

sidues as a mulch during the winter season. Farmers who follow the 

winter fallow rotation use a combine harvester for the summer rice crop 

and 40–50% of residues are left standing in the field due to the combine 

harvesters' fixed cutting height. Farmers partially burn and incorporate 

the winter mulched and standing rice residues (from the summer rice 

crop) before spring rice planting. Generally, spring rice is harvested 

with a combine harvester and all the remaining residues (35 cm stub- 

bles) are burned in the fields for rapid land clearance before summer 

rice is planted. 
 

 

3.1.3. Farmers' constraints 

The practical and technical constraints faced by smallholder rice 

farmers in improving farm management operations for low GHG 

emissions include the following: (i) farmers in An Luong cannot use rice 

residues for alternative purposes (composting, biochar, biogas, animal 

feed) because they have concrete houses, natural gas and electricity for 

cooking, no livestock to feed straw, limited availability of labor due to 

increased off-farm activities and limited resources for alternative 

management of residues, (ii) the intensive double rice cropping system 

limits the alternative residue management options due to the short 

timespan (less than 14 days) between spring rice harvesting and 

summer rice crop transplanting, (iii) a lack of awareness among farmers 

and a lack of incentives to encourage climate friendly production sys- 

tems. 

In the present participatory study of co-designing the mitigation 

solutions, we first identified the possible GHG mitigation options for 

rice production systems. Then, based on the survey of farmers and local 
stakeholders, researchers agreed with the stakeholders to focus on de- 

signing mitigation practices for the rice production system based on 
restricted residue burning and residue incorporation into soil, and 

modification of current water management systems. The farmers and 

other local stakeholders supported this, because seemingly these in- 
terventions required no external investment. This diagnosis process was 

useful as an entry point for co-designing the mitigation practices, which 

apparently will not  give  any  tangible benefits  to the farmers. 

Furthermore, it helps to develop trust and confidence between partners, 

which strengthen the farmers' participation in the further process of 

design and assessment. However, this method of diagnosis is limited to 



A. Tariq et al. Agricultural Systems 167 (2018) 72–82 

78 

 

 

 

the contexts where GHG mitigation is not direct concern for the 

farmers. For further agronomical diagnoses, other participatory ap- 

proaches (Lançon et al., 2007; Le Bellec et al., 2012; Rossing et al., 
2009; Van Calker et al., 2006) could be used, which focus on farmer 

oriented problems and would enable finer analyses of cropping systems. 

However, there is always a need to find a balance between an open 

innovation process and the key to get started (Le Bellec et al., 2012). 
 

 

 

3.2. Transformation of objectives and design of mitigation practices 

 
The actual design of the mitigation practices commenced after the 

possible mitigation options had been tested in the growth chamber by 

Tariq et al. (2017a). Conclusively, the results of first growth chamber 

experiment revealed that early-plus-midseason drainage could reduce 

CH4 emissions by 89–92% and 37–61% compared to midseason drai- 

nage alone from residue- and compost-amended soils respectively. In 
the workshop with local stakeholders, the researchers discussed the 

results of the diagnosis and growth chamber experiment to achieve 

consensus on the design of the mitigation practices based on the farmers 

practical and  technical  constraints and implementation feasibilities. 

The five sub-objectives for the mitigation practices were defined in the 

workshop with local stakeholders as: (i) the restriction of open-air re- 

sidue burning since it is increasingly being prohibited in Vietnam due to 

increased air pollution and the emission of harmful chemicals, (ii) the 

incorporation of residues into the soil due to a lack of alternative re- 

sidue management options (composting, biochar, animal feed) for rice 

farmers, (iii) the modification of current water management practices 

since they have a strong potential to reduce GHG emissions from crop 

residues in addition to water saving, and (iv) the reduction in GHG 

emissions without farmers suffering yield loss since they are more 

concerned about their yield than about mitigation. Furthermore, low 

external investment and no yield loss would be beneficial for moti- 

vating rice farmers to adopt mitigation practices. 

In the second workshop, all the stakeholders validated the defined 

objectives and three new practices (one on residue and two on water 

management) were collectively designed. The newly designed practices 

included: (i) the incorporation of all rice residues into the soil [F] in- 

stead of typical residue burning [R], (ii) pre-planting plus midseason 

drainage [PM] and (iii) early plus midseason drainage [EM] instead of 

farmers' practices of conventional continuous flooding [C] and mid- 

season drainage [M]. The graphical presentation of the designed prac- 

tices and farmers' current management practices is given in Fig. 4. 

The primary principle of participatory design of mitigation practices 
is to proceed step by step and to only propose innovative management 

options that farmers are willing to adopt in their own fields. Le Bellec 

et al. (2011) and Le Bellec et al. (2012) used a similar approach to 

design the prototypes for sustainable citrus production in Guadeloupe. 

However, Lançon et al. (2007) designed the prototypes for sustainable 

cotton production in West Africa by drawing upon experts who were 

external to the regional system. Le Bellec et al. (2012) proposed to form 

the local multi-stakeholder dynamics before calling the external experts 

or using the models to design the innovations. 
 

 
3.3. Testing of mitigation practices 

 
In this study, researchers tested and assessed the designed practices 

in participation with local farmers. The results were presented to 

farmers in simple local terms to convey the scientific findings on GHG 
emissions in a way that was easy to understand. Furthermore, farmers 

themselves assessed the economic benefits of improved management 
practices in term of their yields. This participatory approach of testing 

allowed the farmers to understand the potential benefits of the designed 

mitigation practices, which increased the farmers' confidence about 

adopting the improved practices on their fields. 

The growth chamber experiments provided detailed understanding 

of the mitigation potential of farmers' existing practices (C and M) and 

the designed practices (EM and PM) (Tariq et al., 2018). Six water re- 

gimes (C, M, PM, EM, P (pre-planting drainage) and E (early-season 

drainage)) were tested to prove the theory that drainage early in the 

season oxidizes the residues' carbon, which reduces CH4 emissions. 
Field trials were conducted to compare the mitigation and yield po- 

tential of the designed prototypes (EM, and PM) with farmers' existing 

practices (C and M) (Tariq et al., 2017b). During field trials, plots with 

C water regimes were continuously flooded with water from mid-Jan- 

uary to mid-September, and only drained for 10 days before harvesting, 

i.e. 5 June and 14 September for spring and summer harvesting re- 

spectively (Fig. 4). In the M water regimes, irrigation was stopped at the 
end of the tillering stage in both seasons. During spring season, irri- 

gation was stopped at start of April and re-flooded after mid-April. 

During the summer season, irrigation was stopped in first week of July 

and re-flooded after mid-July. In the EM water regimes, fields were 

drained in third week of transplanting in both seasons. In the PM water 

regimes, water was drained out from fields for five days before trans- 

planting (i.e. during land preparation) in both seasons (Fig. 4). Crop 
residues were incorporated before the start of each season i.e. early 

February before spring season and end June before summer season. The 

rate of residue application and management on farmers field are pre- 

sented in detail in Tariq et al. (2017b). In spring season, fertilizers were 

applied in end of February, 2nd week of March, and start of April. In 

summer season, fertilizers were applied in July and August (Fig. 4). 
 

Table 2 

Researcher-oriented assessment of designed practices with local practices in the growth chamber (Tariq et al., 2018) and farmers' fields (Tariq et al., 2017b), in 

absolute units for conventional practice and the relative change for adopted practice or design practices; positive values represent the percentage increase and 

negative values represent the percentage decrease from farmers' conventional practice. 
 

Indicators Units Conventional practice Adopted practice Design practices  

  C M EM PM E P 

Growth chamber trials        
CH4   emissions (μg CH4 g

−1 soil) 331 −23% −53% −77% −41% −69% 

N2O  emissions (μg N2O g−1 soil) 5.9 +70% +97% +92% +77% +80% 

GWP (mg CO2-eq g−1 soil) 10.8 −10% −31% −53% −24% −47% 

Farmers'  fields  trials        
CH4   emissions (t CH4  ha−1) 1.06 −48% −60% −36%   
N2O  emissions (kg N2O ha−1) 1.2 +10% +40% +46%   
GWP (t CO2-eq ha−1) 30.1 −47% −59% −35%   
Grain yield (t ha−1) 4.6 +2% +5% +10%   
N  fertilizers (kg N ha−1) 282 −8% −1% −9%   
GHGI (kg CO2-eq kg−1 yield) 6.9 −47% −58% −39%   

C = continuous flooding; M = midseason drainage; EM = early plus midseason drainage; PM = pre-transplant plus midseason drainage; E = early season drainage; 

P = pre-transplant drainage CH4 = methane; N2O = nitrous oxide; GWP = global warming potential; GHGI = greenhouse gas intensity. 
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Fig. 5. Local stakeholders' assessment of design practices (PM and EM) with farmer practices (C and M). PM = pre-transplant plus midseason drainage; EM = early 

plus midseason drainage; C = continuous flooding; M = midseason drainage. 

 

Table 2 shows the performance of designed practices compared to local 

practices in the growth chamber and in farmers' fields. The results show 
that EM and PM performed equally under controlled growth chamber 

conditions, with a small difference in overall GWP reduction that was 

due to the high N2O emissions in PM. The obvious reduction in CH4 and 
GWP in the P and E practices elucidated the importance of pre-planting 
and early-season drainage in PM and EM in lowering GHG emissions. 
The CH4 mitigation potential of the PM was higher in the fully con- 

trolled growth chamber than in farmers' fields, where the mitigation 

efficiency of PM did not differ from the farmers' adopted practice (M), 
but EM lowered the GWP and GHGI (greenhouse gas intensity) due to 
the reduction in CH4 emissions and high yield. The low mitigation ef- 

ficiency of PM in farmers' fields was due to the intensive crop rotation 
cycle (two weeks between the rice seasons) (Fig. 4), and to the less 

efficient field drainage during land preparation, which limited the re- 
sidue carbon oxidation and increased the CH4 emissions. Farmers 

puddle (tillage operation in standing water) their fields in standing 

water two times before transplanting, which does not allow the fields to 

dry efficiently during this period. Furthermore, farmers were reluctant 

to drain their fields during land preparation due to the risk of late 

transplanting. However, field water drainage was efficient during early- 

season and midseason, because farm operations had no conflict with 

field drainage and irrigation could paused to allow the fields to dry by 
natural  evapotranspiration. 

 

 

 

3.3.1. Researcher-oriented  analysis 

The growth chamber experiments and farmers' field trials showed 

that EM reduced CH4 emissions strongly compared to farmers' practices 

(C and M) without any adverse effect on yield. EM was also easy for 

farmers to manage, even with a low level of water control infra- 
structure. Lu et al. (2000) have reported that additional drainage during 

the vegetative growth period reduces CH4 emissions by an extra 30% 

compared to single midseason drainage. Previous studies have sug- 

gested that pre-plant or fallow residue incorporation reduces CH4 

emissions up to 11% (Lu et al., 2000; Wassmann et al., 2000). In the 

northern Vietnam, the intensive crop rotation, labor shortages and 
cultural events (e.g. Tết, Vietnamese new year) limit farmers' opportu- 

nities for fallow residue incorporation before the spring rice season. 
However, farmers agreed to test the pre-plant residue incorporation 
with improved drainage practices, despite their limitations on time and 

labor. The CH4 mitigation effect of pre-plant drainage was not obvious 

in the field (36%) compared to the controlled growth chamber (77%), 

due to inadequate drainage during puddling. The efficient soil aeration 
during the early drainage period increased the residue carbon miner- 

alization which effectively suppressed the CH4 emissions later in the 
season (Islam et al., 2018; Ly et al., 2015; Tariq et al., 2017b). Farmers 

have to adopt the improved drainage practices to mitigate the CH4 

emissions from added crop residues, otherwise more residue in- 

corporation will lead to higher CH4 emissions (Fig. 4). Further, farmers 

were also reluctant to drain water out of their fields during land pre- 

paration due to extra charges to re-pump water back and the un- 
certainty around water availability, especially in the spring (dry) 
season. Moser and Barrett (2003) and Krupnik et al. (2012) reported 

that additional labor requirement for SRI (System of Rice Intensifica- 

tion) may be a constraint for smallholders to implement alternate water 

management systems in their fields. The implementation of improved 

water management techniques is more complicated in the areas where 

irrigation is not individually controlled by farmers (Noltze et al., 2012). 

Despite the limited labor resources, less control over water and time 

constraints between the seasons, farmers were in favor of both EM and 

PM due to their extra yield (5–10%) compared to farmers' local prac- 

tices. 
 

 

 

3.3.2. Local stakeholders-oriented analysis 

The stakeholders-oriented analysis was based on workshops with 

local farmers, agricultural advisors and regional stakeholders. The as- 

sessment indicators at this stage were directed at farmers and other 

stakeholders', in terms of technical complications, potential economic 

and environmental benefits, and future perceptions and possibilities for 

implementation of the mitigation practices. Farmers shared their per- 

sonal experiences, implementation constraints and possible options for 

successful adoption of mitigation practices in their fields, agricultural 

advisors shared their personal experiences of field  visits and their 

perception of the possible implementation of mitigation practices, 

while regional stakeholders provided feedback on performance and the 

feasibility of possible implementation. The performance of the designed 

practices and farmers' practices was assessed using eight composite 

indicators: (a) water savings, (b) prevention of lodging, (c) crop growth, 

(d) grain yield, (e) benefit to the environment, (f) labor intensity, (g) 
complexity of implementation, (h) most feasible management option 

for the future (Fig. 5). The comparative analysis by local and regional 

stakeholders gave the researchers supporting material to identify 

strengths and weaknesses for the future adoption of mitigation practices 

in rice production system. Furthermore, the experiments were con- 

ducted with local rice farmers on 24 farmers' fields, which provided an 

opportunity for strong local integration. The ongoing informal con- 

versation with local rice farmers highlighted their practical and tech- 

nical limitations. 

In general, none of the stakeholders awarded high points to the 

conventional practice of continuous flooding (Fig. 5). The EM seemed 

equally beneficial to all stakeholders in terms of improved plant 
growth, increased resistance against crop lodging, water savings, high 
rice yield and being less complicated to integrate into farmers' current 

practices in the fields. From the perspective of local farmers, the PM 
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could be the best management practice in the future if the government 
were to provide incentives for infrastructure and equipment for reg- 
ulating water level during land preparation operations. Agricultural 

advisors proposed M as an effective management practice due to equal 

yields with EM and PM while being less complicated to implement and 

less labor intensive. Regional stakeholders favored the EM prototype for 
integration and implementation with farmers' current practices due to it 

being less complicated to implement in farmers' fields, water savings, 

reducing GHG emissions, offering better plant growth and high yield, or 

representing no loss for farmers. Furthermore, farmers could adopt EM 

with their current capacity and resources without requiring any addi- 

tional support. EM may not work during the dry season due to the 
uncertainty of water availability, and farmers will be more careful 

about draining their fields. Despite this, farmers were happy to imple- 

ment the EM because it is more economical and easy to implement. This 

was not only due to the positive effect of involving the farmers in the 

design and test of innovative practices, as demonstrated by other stu- 

dies (Cardoso et al., 2001; Lançon et al., 2007), but due the active 

participation of local and regional stakeholders as well as conducting 

the pilot studies at farmers' fields, which inspires the farmers. It is 

important to develop a multi-stakeholder dynamics to design the in- 

novative solution for complex agricultural problems. It is unlikely to 

find successful solutions if different dimensions of the problem are 

analysed and treated separately (Hall and Clark, 2010). Stakeholders 

participation in the design and assessment process provide better un- 

derstanding of different aspects of the problem, and solutions that are 

both technically feasible, and economically and socio-culturally ac- 

ceptable by the farmers (Faysse, 2006). 

This study demonstrated an example of combining qualitative and 

quantitative methods with the participatory researcher and stake- 

holders' analyses to address the complex agricultural issue of GHG 

mitigation. Schut et al. (2015) also used a similar approach called 

RAAIS (Rapid Appraisal of Agricultural Innovation Systems). RAAIS is a 

diagnostic tool, derived from the agricultural innovation system ap- 

proach (Hall et al., 2003) and the multi-level perspective (Klerkx et al., 

2012), that aims to provide a set of entry points that can enhance in- 

novation capacity of complex agricultural system. In our work, we use 

the same type of methodological approaches (multi-stakeholder work- 

shops, semi-structured interviews, group discussions and participatory 

field trials), but our focused entry point is the co-design of a prototype 

(practice) with the stakeholders. We believe that prototyping allows us 

to go beyond workshops and interviews because it allows us to confront 

the speeches and the knowledge of stakeholders with the reality of in- 

novation and what it is changing. Hence, prototyping builds innovation 

capacity by acting together. 

 
3.4.  Dissemination and evaluation 

 
Given the national legislation prohibiting residue burning and the 

lack of sustainable residue management options and incentives avail- 
able to farmers, local stakeholders collectively agreed on residue in- 

corporation into the soil rather than residue burning. With the con- 

ventional practice of continuous flooding, residue addition will result in 

an increase in CH4 emissions. Continuous flooding of rice fields will 

result in the increased GWP of the rice production system, and will be 
less economical in terms of water consumptions. Furthermore, local 

stakeholders pointed the benefit of drainage during the season in term 

of reduce lodging losses and water saving (Fig. 5). The local agricultural 
advisors favored the M practice as being a more feasible improved 

practice, due to its ease of implementation on farmers' fields, however 

M is not enough to reduce the GWP of rice production with added re- 
sidues. The design drainage practices have the potential to reduce GWP, 
but are constrained by farmers' limited labor resources, intensive crop 

rotation cycle and inadequate water control system in their fields. 

However, EM performed well in term on reducing the GHG emissions in 

fields and farmers observed no yield losses (Fig. 4 and Table 2). 

The main drivers identified for possible future implementation of 

EM prototypes in rice farmers' fields on the Red River Delta include 

environmental regulation, economic benefits in terms of water savings 
and high rice yield, and no extra costs to smallholders. EM could be 

implemented successfully in farmers' fields, even with the farmers' 

limited resources, poor field water control infrastructure and absence of 
incentives. The PM also has the potential to reduce the GWP of the rice 

production system, but its implementation conflicts with farmers' field 
operations due to their tight cropping rotation (two weeks between 
spring and summer season), limited labor and traditional festivals 
(before start of spring season). Furthermore, farmers' reluctant to drain 

their fields during tillage operations due to uncertainty of water 

availability, extra charges for re-pumping water in their fields and 
possible delay in transplantation. PM could be successfully adopted on 

farmers' fields if the government were to provide incentives for devel- 

oping the field canal infrastructures and assist farmers with re-pumping 

water into their fields during land preparation. The participatory ap- 
proach of design and assessment was useful for developing the site 

specific and feasible mitigation practices, which have potential to im- 

plement in farmers' field conditions. The EM could be adopted as a 
mitigation practice in an area with similar constraints. Furthermore, the 
participatory approach used in this study can be adapted in other 

growing areas to design the site-specific feasible mitigation practices for 
crop production systems. 

In this study, participatory co-design and assessment approach deal 

with the specific and generic entry points, to increase the awareness of 
complex agricultural issue of climate change mitigation and increase 

the stakeholders' collaboration at different level (e.g. farmers, local 

advisors, provincial level) to find innovative mitigation solutions. 
Furthermore, the methodology used in the present study was useful for 

designing site-specific mitigation practices for rice production systems. 
Krupnik et al. (2012) also conducted a study for three seasons with a 
farmer-researcher collaborative method to develop rice management 

systems that fit the local conditions. They showed that farmer partici- 
patory technology development needs several cycles and seasons to 
lead to improvements. Our methodology led to results in two growing 

seasons; it would be doubtless most beneficial in multi-season efforts, in 
which stakeholder's work closely with farmers to improve the practices. 
We believe, as written by Krupnik et al. (2012), that experiential 

learning-based approaches could yield similar benefits elsewhere. The 
use of simulation models with participatory approach may also increase 

the confidence in the stability of results across the various cropping 

rotations, land management, soil types and climate. 

 

4. Conclusions 

 
We adapted the participatory method of prototype design and as- 

sessment to address the complex issue of GHG mitigation in rice pro- 

duction with a wide range of stakeholders of different levels and in- 

terests. The participatory approach was used to collect information on 

local indigenous knowledge, resources and constraints, and then this 

was combined with scientific knowledge in order to propose and assess 

mitigation solutions through the co-design and the test of mitigation 

practices. In this case study, the involvement of local stakeholders, 

especially farmers, from the design to assessment of mitigation prac- 

tices build a confidence to implement mitigation techniques in their 

fields.  Furthermore,  multi-stakeholders'  participation  and  analyses 

provide the basis to design feasible and acceptable mitigation practices. 

The present study also indicates that mitigation practices should be 

adapted with the local conditions. The smallholder in the study area 

have special constraints for sustainable management of crop residues 

due to  the intensive  cropping cycle  and  limited labor.  The results 

showed that early plus midseason drainage (EM) is more feasible and 

acceptable  mitigation  practices  under  farmers'  conditions,  since  it 

considerably reduced the GHG emissions from added residues without 

reducing the farmers' rice yield. However, the broader promotion of EM 
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as a feasible mitigation practice is not appropriate, nor was it the goal of 

this study. While, the participatory approach used to develop the EM 

are likely to be of broader value. This participatory approach can be 

used as an entry point to develop the innovative and feasible mitigation 

solutions according to the local circumstances. 

Therefore, we emphasize the involvement of researchers, farmers, 

local and regional stakeholders, and adaptation of local practices to 

design innovative  mitigation practices.  Hence, whereas the  current 

study was limited to just one cycle, this participatory approach may be 

improved in particular through long-term, and broader studies under 

different cropping rotations. Furthermore, there is a potential to in- 

tegrate the analytical modeling methods into the participatory ap- 

proach to design a future feasible scenario for low emissions crop 

production  systems. 

 

Acknowledgements 

 
We wish to thank the anonymous reviewers who have dedicated 

their time and effort to making considerable improvements to the 

manuscript. This work has been conducted as part of PhD thesis project, 

supported by the Agricultural Transformation by Innovation 

(AGTRAIN) Erasmus Mundus Joint Doctorate Programme, funded by 

the EACEA (Education, Audiovisual and Culture Executive Agency) of 

the European Commission under Grant AGTRAIN agreement number 

2011-0019. The position of B.O. Sander at IRRI was funded by the 

Climate and Clean Air Coalition (CCAC) (DTIE14-EN040) and the 

CGIAR Research Program on Climate Change, Agriculture and Food 

Security (CCAFS), which is carried out with support from CGIAR Fund 

Donors and through bilateral funding agreements. For details please 

visit https://ccafs.cgiar.org/donors. The views expressed in this docu- 

ment cannot be taken to reflect the official opinions of these organi- 

sations. Authors are thankful to the farmers and local communities in 

An Luong village for their active participation and cooperation. 

 

References 
 

 
Altieri, M.A., Koohafkan, P., 2008. Enduring farms: climate change, smallholders and 

traditional farming communities. In: Third World Network (TWN), Penang, Malaysia, 

.    http://www.twn.my/title/end/pdf/end06.pdf. 

Bhattacharyya, P., Nayak, A.K., Mohanty, S., Tripathi, R., Shahid, M., Kumar, A., Raja, R., 

Panda, B.B., Roy, K.S., Neogi, S., Dash, P.K., Shukla, A.K., Rao, K.S., 2013. 

Greenhouse gas emission in relation to labile soil C, N pools and functional microbial 

diversity as influenced by 39 years long-term fertilizer management in tropical rice. 

Soil Tillage Res. 129, 93–105. https://doi.org/10.1016/j.still.2013.01.014. 

Bossio, D.A., Horwath, W.R., Mutters, R.G., van Kessel, C., 1999. Methane pool and flux 

dynamics in a rice field following straw incorporation. Soil Biol. Biochem. 31, 

1313–1322.  https://doi.org/10.1016/S0038-0717(99)00050-4. 

Cardoso, I.M., Guijt, I., Franco, F., Carvalho, A., Neto, P.F., 2001. Continual learning for 

agroforestry system design: university, NGO and farmer partnership in Minas Gerais, 

Brazil. Agric. Syst. 69, 235–257. 

Faysse, N., 2006. Troubles on the way: An analysis of the challenges faced by multi- 

stakeholder platforms. In: Natural Resources Forum. Wiley Online Library, pp. 219–

229. 

Hai, H.T., Tuyet, N.T.A., 2010. Benefits of the 3R Approach for Agricultural Waste 

Management (AWM) in Vietnam. Institute for Global Environmental Strategies, 

Hayama, Japan. https://pub.iges.or.jp/pub/benefits-3r-approach-agricultural-waste. 

Hall, A., Clark, N., 2010. What do complex adaptive systems look like and what are the 

implications for innovation policy? J. Int. Dev. 22, 308–324. 

Hall, A., Sulaiman, V.R., Clark, N., Yoganand, B., 2003. From measuring impact to 

learning institutional lessons: an innovation systems perspective on improving the 

management of international agricultural research. Agric. Syst. 78, 213–241. 

Hou, H., Peng, S., Xu, J., Yang, S., Mao, Z., 2012. Seasonal variations of CH 4 and N 2 O 

emissions in response to water management of paddy fields located in Southeast  

China. Chemosphere 89, 884–892. 

Hulsebosch, J., 2001. The use of RAAKS for strengthening community-based organisa- 

tions in Mali. Dev. Pract. 11, 622–632. 

Islam, S.F.-u., Van Groenigen, J.W., Jensen, L.S., Sander, B.O., de Neergaard, A., 2018. 

The effective mitigation of greenhouse gas emissions from rice paddies without  

compromising yield by early-season drainage. Sci. Total Environ. 612, 1329–1339. 

Itoh, M., Sudo, S., Mori, S., Saito, H., Yoshida, T., Shiratori, Y., Suga, S., Yoshikawa, N., 

Suzue, Y., Mizukami, H., 2011. Mitigation of methane emissions from paddy fields by  

prolonging midseason drainage. Agric. Ecosyst. Environ. 141, 359–372. 

Klerkx, L., Van Mierlo, B., Leeuwis, C., 2012. Evolution of systems approaches to agri- 

cultural innovation: concepts, analysis and interventions, in: Darnhofer, I., Gibbon, 

D., Dedieu, B. (Eds.), Farming Systems Research into the 21st century: The new 

dynamic. Springer, Dordrecht, pp. 457–483. 

Krupnik, T.J., Shennan, C., Settle, W.H., Demont, M., Ndiaye, A.B., Rodenburg, J., 2012. 

Improving irrigated rice production in the Senegal River Valley through experiential 

learning and innovation. Agric. Syst. 109, 101–112. https://doi.org/10.1016/j.agsy.  

2012.01.008. 

Lançon, J., Wery, J., Rapidel, B., Angokaye, M., Gérardeaux, E., Gaborel, C., Ballo, D., 

Fadegnon, B., 2007. An improved methodology for integrated crop management 

systems. Agron. Sustain. Dev. 27, 101–110. 

Le Bellec, F., Cattan, P., Bonin, M., Rajaud, A., 2011. Building a typology of cropping 

practices from comparison with a technical reference: first step for a relevant crop- 

ping system redesigning process–results for tropical citrus production. Fruits 66, 143–

159.    https://doi.org/10.1051/fruits/2011026. 

Le Bellec, F., Rajaud, A., Ozier-Lafontaine, H., Bockstaller, C., Malezieux, E., 2012. 

Evidence for farmers' active involvement in co-designing citrus cropping systems 

using an improved participatory method. Agron. Sustain. Dev. 32, 703–714. https:// 

doi.org/10.1007/s13593-011-0070-9. 

Lu, W.F., Chen, W., Duan, B.W., Guo, W.M., Lu, Y., Lantin, R.S., Wassmann, R., Neue, 

H.U., 2000. Methane emissions and mitigation options in irrigated rice fields in 

southeast China. Nutr. Cycl. Agroecosyst. 58, 65–73. https://doi.org/10.1023/ 

A:1009830232650. 

Ly, P., Vu, Q.D., Jensen, L.S., Pandey, A., de Neergaard, A., 2015. Effects of rice straw, 

biochar and mineral fertiliser on methane (CH4) and nitrous oxide (N2O) emissions 

from rice (Oryza sativa L.) grown in a rain-fed lowland rice soil of Cambodia: a pot 

experiment. Paddy Water Environ. 13, 465–475. https://doi.org/10.1007/s10333-  

014-0464-9. 

Mazza, G., Agnelli, A.E., Orasen, G., Gennaro, M., Vale, G., Lagomarsino, A., 2016. 

Reduction of Global Warming Potential from rice under alternate wetting and drying 

practice in a sandy soil of northern Italy. Ital. J. Agrometeorol.-Riv. Ital. 

Agrometeorol. 21, 35–44. https://doi.org/10.19199/2016.2.2038-5625.035. 

Meynard, J.-M., Dedieu, B., Bos, A.B., 2012. Re-design and co-design of farming systems. 

An overview of methods and practices. In: Darnhofer, I., Gibbon, D., Dedieu, B. 

(Eds.), Farming Systems Research into the 21st century: The new dynamic. Springer, 

Netherlands, pp. 405–429. https://doi.org/10.1007/978-94-007-4503-2_18. 

MONRE, 2014. The initial biennial updated report of Viet Nam to the United Nation 

Framework Convention on Climate Change, Viet Nam publishing house of natural 

resources, environment and cartography Hanoi. pp. 94. http://unfccc.int/resource/ 

docs/natc/vnmbur1.pdf. 

Moser, C.M., Barrett, C.B., 2003. The disappointing adoption dynamics of a yield-in- 

creasing, low external-input technology: the case of SRI in Madagascar. Agric. Syst. 

76,    1085–1100. 

Myhre, G., Shindell, D., Bréon, F.M., Collins, W., Fuglestvedt, J., Huang, J., Koch, D., 

Lamarque, J.-F., Lee, D., Mendoza, B., Nakajima, T., Robock, A., Stephens, G.,.T,.T., 

Zhang, H., 2013. Anthropogenic and natural radiative forcing. In: Stocker, T.F., Qin, 

D., Plattner, G.-K., Tignor, M., Allen, S.K., Boschung, J., Nauels, A., Xia, Y., Bex, V., 

Midgley, P.M. (Eds.), Climate Change 2013: The Physical Science Basis. Working 

Group I Contribution to the Fifth Assessment Report of the Intergovernmental Panel 

on Climate Change, Cambridge, United Kingdom and New York, USA, pp. 33–116. 

Noltze, M., Schwarze, S., Qaim, M., 2012. Understanding the adoption of system tech- 

nologies in smallholder agriculture: The system of rice intensification (SRI) in Timor  

Leste. Agric. Syst. 108, 64–73. 

Pandey, A., Vu, D.Q., Bui, T.P.L., Mai, T.L.A., Jensen, L.S., de Neergaard, A., 2014. 

Organic matter and water management strategies to reduce methane and nitrous 

oxide emissions from rice paddies in Vietnam. Agric. Ecosyst. Environ. 196, 137–146.  

https://doi.org/10.1016/j.agee.2014.06.010. 

Pretty, J.N., 1995. Participatory learning for sustainable agriculture. World Dev. 23, 

1247–1263.  https://doi.org/10.1016/0305-750X(95)00046-F. 

Rahman, M., Bulbul, S., 2015. Adoption of Water Saving Irrigation Techniques for 

Sustainable Rice Production in Bangladesh. Environ. Ecol. Res. 3, 1–8. https://doi.  

org/10.13189/eer.2015.030101. 

Romasanta, R.R., Sander, B.O., Gaihre, Y.K., Alberto, M.C., Gummert, M., Quilty, J., 
Nguyen, V.H., Castalone, A.G., Balingbing, C., Sandro, J., Correa, T., Wassmann, R., 

2017. How does burning of rice straw affect CH 4 and N 2 O emissions? A com- 

parative experiment of different on-field straw management practices. Agric. Ecosyst. 

Environ. 239, 143–153. https://doi.org/10.1016/j.agee.2016.12.042. 

Rossing, W., Dogliotti, S., Douthwaite, B., Amendola, R., Cittadini, E., Contini, C., 

Marescal Aguayo, V., Moudry, J., Omodei-Zorini, L., Pacini, G., 2009. Shaping co- 

innovation for more effective farmer engagement by farming systems scientists: an 

illustration from Latin America. In: Proceedings of the Farming Systems Design 2009 

International Symposium. 

Schut, M., Klerkx, L., Rodenburg, J., Kayeke, J., Hinnou, L.C., Raboanarielina, C.M., 

Adegbola, P.Y., van Ast, A., Bastiaans, L., 2015. RAAIS: Rapid Appraisal of 

Agricultural Innovation Systems (Part I). A diagnostic tool for integrated analysis of 

complex problems and innovation capacity. Agric. Syst. 132, 1–11. 

Searchinger, T., Adhya, T.K., Linquist, B., Wassmann, R., Yan, X., 2014. Wetting and 

drying: reducing greenhouse gas emissions and saving water from rice production. In: 

Waite, R. (Ed.), Working Paper. World Resources Institute, Washington DC, USA, pp. 

1–28.   http://hdl.handle.net/10568/68213. 

Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., McCarl, B., Ogle, S., 

O'Mara, F., Rice, C., 2007. Policy and technological constraints to implementation of 

greenhouse gas mitigation options in agriculture. Agric. Ecosyst. Environ. 118, 6–28.  

https://doi.org/10.1016/j.agee.2006.06.006. 

Stein, A., Riley, J., Halberg, N., 2001. Issues of scale for environmental indicators. Agric. 

Ecosyst. Environ. 87, 215–232. https://doi.org/10.1016/S0167-8809(01)00280-8. 

Stoop, W.A., Uphoff, N., Kassam, A., 2002. A review of agricultural research issues raised 

by the system of rice intensification (SRI) from Madagascar: opportunities for im- 

proving farming systems for resource-poor farmers. Agric. Syst. 71, 249–274. https:// 

https://ccafs.cgiar.org/donors
http://www.twn.my/title/end/pdf/end06.pdf
https://doi.org/10.1016/j.still.2013.01.014
https://doi.org/10.1016/S0038-0717(99)00050-4
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0020
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0020
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0020
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0025
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0025
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0025
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0025
https://pub.iges.or.jp/pub/benefits-3r-approach-agricultural-waste
https://pub.iges.or.jp/pub/benefits-3r-approach-agricultural-waste
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0035
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0035
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0040
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0040
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0040
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0045
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0045
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0045
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0045
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0050
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0050
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0055
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0055
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0055
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0055
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0060
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0060
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0060
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0060
https://doi.org/10.1016/j.agsy.2012.01.008
https://doi.org/10.1016/j.agsy.2012.01.008
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0070
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0070
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0070
https://doi.org/10.1051/fruits/2011026
https://doi.org/10.1007/s13593-011-0070-9
https://doi.org/10.1007/s13593-011-0070-9
https://doi.org/10.1007/s10333-014-0464-9
https://doi.org/10.1007/s10333-014-0464-9
https://doi.org/10.19199/2016.2.2038-5625.035
https://doi.org/10.1007/978-94-007-4503-2_18
http://unfccc.int/resource/
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0110
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0110
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0110
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0115
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0115
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0115
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0115
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0115
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0115
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0115
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0120
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0120
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0120
https://doi.org/10.1016/j.agee.2014.06.010
https://doi.org/10.1016/0305-750X(95)00046-F
https://doi.org/10.13189/eer.2015.030101
https://doi.org/10.13189/eer.2015.030101
https://doi.org/10.1016/j.agee.2016.12.042
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0145
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0145
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0145
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0145
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0145
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0145
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0150
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0150
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0150
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0150
http://hdl.handle.net/10568/68213
https://doi.org/10.1016/j.agee.2006.06.006
https://doi.org/10.1016/S0167-8809(01)00280-8
https://doi.org/10.1016/S0308-521X(01)00070-1


A. Tariq et al. Agricultural Systems 167 (2018) 72–82 

82 

 

 

 

doi.org/10.1016/S0308-521X(01)00070-1. 

Tariq, A., Jensen, L.S., de Tourdonnet, S., Sander, B.O., de Neergaard, A., 2017a. Early 

drainage mitigates methane and nitrous oxide emissions from organically amended 

paddy soils. Geoderma 304, 49–58. https://doi.org/10.1016/j.geoderma.2016.08. 

022. 

Tariq, A., Vu, Q.D., Jensen, L.S., de Tourdonnet, S., Sander, B.O., Wassmann, R., Mai, 

T.V., de Neergaard, A., 2017b. Mitigating CH4 and N2O emissions from intensive rice 

production systems in northern Vietnam: Efficiency of drainage patterns in combi- 

nation with rice residue incorporation. Agric. Ecosyst. Environ. 249, 101–111.  

https://doi.org/10.1016/j.agee.2017.08.011. 

Tariq, A., Jensen, L.S., Sander, B.O., de Tourdonnet, S., Ambus, P.L., Thành, P.H., Trinh, 

M.V., de Neergaard, A., 2018. Paddy soil drainage influences residue carbon con- 

tribution to methane emissions. J. Environ. Manag. 225, 168–176. https://doi.org/  

10.1016/j.jenvman.2018.07.080. 

Van Calker, K., Berentsen, P., Romero, C., Giesen, G., Huirne, R., 2006. Development and 

application of a multi-attribute sustainability function for Dutch dairy farming sys- 

tems.  Ecol. Econ.  57,  640–658. 

Vereijken, P., 1997. A methodical way of prototyping integrated and ecological arable 

farming systems (I/EAFS) in interaction with pilot farms. Dev. Crop Sci. 25, 293–308. 

doi:   10.1016/S0378-519X(97)80029–3. 

Vignola, R., Harvey, C.A., Bautista-Solis, P., Avelino, J., Rapidel, B., Donatti, C., Martinez, 

R., 2015. Ecosystem-based adaptation for smallholder farmers: Definitions, oppor- 

tunities and constraints. Agric. Ecosyst. Environ. 211, 126–132. https://doi.org/10.  

1016/j.agee.2015.05.013. 

Vu, Q.D., Sander, B.O., 2015. National planning for phase 1 of the CCAC paddy rice 

component in Vietnam. In: CCAFS Workshop Report. CGIAR Research Program on 

Climate Change, Agriculture and Food Security (CCAFS), Hanoi, Vietnam Available 

online at. http://www.ccafs.cgiar.org/. 

Wassmann, R., Lantin, R.S., Neue, H.U., Buendia, L.V., Corton, T.M., Lu, Y., 2000. 

Characterization of Methane Emissions from Rice Fields in Asia. III. Mitigation 

Options and Future Research Needs. Nutr. Cycl. Agroecosyst. 58, 23–36. https://doi. 

org/10.1023/a:1009874014903. 

Zou, J., Huang, Y., Jiang, J., Zheng, X., Sass, R.L., 2005. A 3-year field measurement of 

methane and nitrous oxide emissions from rice paddies in China: Effects of water 

regime, crop residue, and fertilizer application. Glob. Biogeochem. Cycles 19, 1–9. 

https://doi.org/10.1029/2004GB002401. 

https://doi.org/10.1016/S0308-521X(01)00070-1
https://doi.org/10.1016/j.geoderma.2016.08.022
https://doi.org/10.1016/j.geoderma.2016.08.022
https://doi.org/10.1016/j.agee.2017.08.011
https://doi.org/10.1016/j.jenvman.2018.07.080
https://doi.org/10.1016/j.jenvman.2018.07.080
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0190
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0190
http://refhub.elsevier.com/S0308-521X(17)31151-4/rf0190
https://doi.org/10.1016/j.agee.2015.05.013
https://doi.org/10.1016/j.agee.2015.05.013
http://www.ccafs.cgiar.org/
https://doi.org/10.1029/2004GB002401

