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Abstract
The purpose of this paper is to describe the characteristics of a representative farm engaging in lowland wet-season rice production in the Lao PDR. Farm management economists often use representative farms to demonstrate methods of economic analysis as a first look. A case study research design is used to define the representative wet-season rice farm household system using the ‘single case study method’. The case - the representative farm - is described by triangulating multiple sources of data, thereby gaining an in-depth, holistic, and nuanced understanding of the farming system's dynamics. The representative farm is built initially on the basis of past research. Characteristics defining the representative farm are then updated, refined, and validated using a range of information obtained from primary and secondary data sources. Accordingly, the representative farm consists of a smallholder farming household engaging in wet-season rice production in the lowlands of Savannakhet. The level of detail used to describe the representative farm informs about the goals of farming, technologies or practices, inputs and resource use, and expected yields in rice production. The main simplifying assumption used for analytical purposes is that the representative farm only produces rice for subsistence and is involved in no other production or economic activity. This assumption is acknowledged as being far from reality. This exercise is, however, to demonstrate a method to evaluate the economic and social impacts on a farm household system from a change in rice farming practices. To address this limitation, future research could build on the work in this project and define detailed case studies from real farms that capture the complexity of rice production systems.
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Introduction

The ACIAR project SSS/2023/137 aims to understand the 'economic/efficiency' narrative and the closely related 'food-cash flows' financial narrative for a more thorough understanding and more rigorous and accurate conclusions regarding changes in a rice production system in the Lao PDR (or Laos). Additionally, this work seeks to illustrate the concept that economics and finance are two distinct elements of the farm narrative. To facilitate this work, a representative case study of a lowland wet-season rice farm was established. The purpose of this paper is to describe the characteristics of this farm. The research presented in this paper follows a descriptive research design, which is used to accurately and systematically portray the facts and characteristics of a given situation or the current status of a phenomenon (Dulock, 1993). Properly designed and implemented descriptive studies are also used to develop databases where hypotheses are generated from them as a basis for future research. The theory underlying the approach used to develop the representative farm and to detail its characteristics is explained in this paper. The development of this representative farm began with a comprehensive literature review, building on the work of Cramb, Manivong, Sacklokham, and many others, followed by testing with farmers, village chiefs, key informants from government institutes, and stakeholders who work closely with rice farmers to verify the characteristics of the farm. This representative farm served as the foundation for the farm-level economic analysis.

Method

Exploring the welfare implications of a change in input use at the farm level in Laos needs to start by understanding the farm system. For that, we need to understand how the farm system operates and why it does what it does. The appropriate research method, when the interest is on how and why, is case studies. The case study method is highly applicable to situations that need an in-depth, holistic, and nuanced understanding of the dynamics of a given phenomenon.

In the ACIAR project, the aim is to undertake exploratory research on how a changing policy environment in relation to inputs used to produce rice will impact farm businesses, farm households, and the rice industry. This paper is focused on the rice farming system as a part of the project; hence, we have decided to use the single-case design. 

According to Yin (2017), a single case study design is considered applicable under several circumstances, where a ‘common’ circumstance would be suitable to portray an everyday situation. This aligns with the goal of this work, which is to represent a typical rice farm commonly found in Lao farming systems. The single case design can be explained using Figure 1.

Yin (2017) used ‘context’ and ‘case’ to describe the case study design, where the context refers to the broad setting that is evaluated by conducting research. The ‘case’ should not be an abstraction, hypothesis, or argument, but reality (Yin, 2017). The case study could be an actual farm business, or it could be a representative farm business. As Yin (2017) explained, referring to the case study design shown in Figure 1, the broken line that partially separates the context and case reflects the ability of the research design to analyse the contextual conditions in relation to the “case” (p. 31). Bounding the case from the context is undoubtedly important because it distinguishes the component/s to and not to include in the case and strengthens the relationship between the case and research questions. Furthermore, Yin (2017) stated that ‘… bounding the case in these ways will help determine the scope of your data collection and, in particular, how you will distinguish data about the subject of your case study (the “phenomenon”) from data external to the case (context)’ (p. 31).  
Figure 1. Single-case designCONTEXT
Case

Source: Yin (2017)

The case in our study is a representative wet-season rice farm household system operating in the lowland region of Laos. The context is the policy environment in which the representative rice farm business operates. A policy priority of the government of Laos is to encourage and promote clean agricultural production, more specifically to move to ‘natural and sustainable nutrient inputs, minimising dependence on external sources for crop nutrients’ (MAF, 2021). In the overall ACIAR project, this representative farm case study will be used to explore the welfare implications at the farm and industry level from a possible change in the policy environment.

The concept of ‘representativeness’ has long been used in economics. Elliott (1928) published ‘The "Representative Firm" Idea Applied to Research and Extension in Agricultural Economics’ to introduce the concept of a ‘typical farm’. He defined the typical farm as ‘… a farm which is representative of what a group of farmers is doing who are doing essentially the same thing.’ (p.486). That is, as Elliott (1928) explains, ‘they could be found in every well-established farming community’. Malcolm (2004) noted that a representative farm does not mean the idea of arithmetic average. According to Carter (1963),  the representative farm approach gained attention in the late 1920s and was subsequently used as a means to fill in for the inadequacy of data sources such as the census. Furthermore, the ability of a representative farm to reveal information about multiple aspects of a farming system, mainly on, but not limited to, size, production, capital good combinations, resources, and technologies, depending on the level of detail accounted for, has been acknowledged by Elliott (1928), Carter (1963), Feuz and Skold (1992) and Botha and Meiring (2001). In other words, a representative farm is able to reflect the characteristics of a homogenous group of farms as a single entity and facilitate analyses on it rather than studying each farm individually, which is time-consuming and resource-demanding. 

Since Elliott (1928) introduced the representative farm approach, many agricultural economists have modified the concept to match the needs of their studies as a useful tool in a wide range of applications. The representative farm approach is applied empirically to a defined situation that must be investigated (Carter, 1963). Representative case farms have been used as a platform to provide information on decision-making (Carter, 1963) and devise analytical frameworks for assessing farm-level impacts (Feuz & Skold, 1992) as well as financial and economic welfare measures (Botha & Meiring, 2001). 

The applications of the representative farm as a tool for investigating a stated research question at the farm level are found at the micro and macro levels. For research conducted at the aggregated policy level, Plaxico and Tweeten (1963) used the representative farm approach as a framework to analyse the impacts of public policy at the farm level. 
Referring to analyses conducted on representative farming systems, Malcolm (2004) explained ‘… such analyses are most commonly carried out at a higher level of abstraction than is done for particular farm businesses and real farm families are not part of them. Representative farm models are usually the first run of such analyses’ (pp. 51). 

As Elliott (1928) explained, representative (‘typical’ in his words) farms effectively provide specific recommendations to farms classified based on their characteristics, rather than providing general advice across all farms from information derived from average farms, which could sometimes be predisposed and misleading. Therefore, using a typical farm can be a better option than selecting one real farm to represent a group of farmers (Thompson, 1958).

There is no fixed technique to describe a representative farm, as Carter (1963) clearly stated, ‘...the representative farm approach is somewhat amorphous’ (p.1454). Researchers have used various approaches to describe the representative farm used in their studies. A representative farm is not randomly selected (Thompson, 1958), and there are no pre-set measures for it (Miller, 1967), as it depends on the purpose of the study. 

It needs to be noted that when defining the representative farm, there will always be a gap between the ‘synthetic case farm’ (Feuz & Skold, 1992) p.44) created through research and a real farm. That is why farm economists often use a representative farm to conduct a first look or to demonstrate a method, as supported by (Schultz, 1939).

The representative farm in this paper was defined using multiple data collection methods. Sinnett et al. (2024) explained that multiple sources of evidence provide a strong substantiation of the case that is being defined. That is, using multiple sources of evidence applies the process of triangulation, which is about bringing all the different sources of evidence (from documents to interviews to statistical records) into one factor. Triangulation refers to using multiple methods or data sources in qualitative research that enables an in-depth investigation of a phenomenon. Triangulation enhances credibility and also serves as a means of checking the validity of data. Spatial and temporal aspects of data can be reflected from triangulation. In this research, triangulation was used. That is, multiple sources of evidence were used to describe the characteristics of the representative farming system (see Figure 2). Secondary data sources played a major part in providing an initial draft set of characteristics of the representative farm. In particular, the work by Cramb (2020b), Sacklokham et al. (2020), Mullen et al. (2019), Manivong (2014), Laing et al. (2015), and Linquist and Sengxua (2001) were key sources amongst others. To add to this data, crop statistics reports from the Department of Agriculture Planning and Cooperation Division (2022), Country briefs, Country profiles, Policy studies and other related reports from the Food and Agriculture Organisation (FAO), International Rice Research Institute (IRRI), and other institutions, Agricultural census and survey databases/statistics from the Lao government, and the Statistical database of FAO (FAOSTAT) were key sources of secondary data. 

Primary data sources were subsequently used to test the initial draft set of characteristics of the representative farm. Primary data were sourced from in-depth interviews and focus group discussions with lowland wet season rice growing farmers, key informant interviews with officers (Directors and Deputy Directors) of the Provincial Agriculture and Forestry Office (PAFO) and the District Agriculture and Forestry Office (DAFO), and discussions and personal communications with stakeholders who work closely with rice farmers and the rice industry. 




Figure 2. Convergence of multiple sources of evidence to define each characteristic of the representative farm
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Adapted from: Yin (1994)

Key informants were a rich source of data, providing detailed information on the wet-season rice farmer communities in Savannakhet province. As the PAFO and DAFO are the key bodies directly working with farmers, they have vast experience and are responsible for gathering and processing provincial and divisional data to inform the hierarchy. Farmers, on the other hand, provided information from their individual experience and know-how on the rice production activity. Stakeholders who were involved in meetings and inception workshops in addition to the same key informants were officers from Lao Department of Agriculture (DoA), Department of Agriculture Land Management (DALaM), researchers from the French Agricultural Research Centre for International Development (CIRAD), National Agriculture and Forestry Research Institute (NAFRI), and the researchers from the Faculty of Agriculture, National University of Laos (NUoL). The opinion and judgment of stakeholders as experts in the area of research were significant in describing some of the characteristics of the representative farm. 

A summary of the types, methods of collection, and sources of data used in our study is presented in Table 1. Data gathered from multiple sources and methods ensures ‘data triangulation’ that corroborates findings, leading to increased validity and reliability of the final data.

The key characteristics defining the representative farm are described below using a mix of data from multiple sources of evidence. 

Results: Characteristics of the Representative Farm 

A summary of the characteristics of the representative farm is provided in Figure 3. The evidence supporting each of these characteristics is discussed below. 

The representative farm is located in the lowland region, specifically Savannakhet, and produces rice only in the wet season (rainfed)

As described in Table 2, there are three types of rice farming systems in Laos. The lowland rainfed rice production contributes 83 per cent of the total annual rice production. Since the largest proportion of rice is produced within lowland regions during the wet season (rainfed), the representative farm is assumed to be located in the lowland region and only produces rice during the wet season. Wet season lowland rice production is distributed mostly in the central and southern regions of Laos because of higher rainfall received and the favourable topography of arable land with flat or gently sloping lands well-suited for paddy cultivation (see Figure 4). 

Table 1. Summary of data collected

	Type of data
	Data collection method
	Details

	Primary data 
	Open-ended interviews






	In-depth interviews with lowland wet season rice-growing farmers (August 2024 in Savannakhet):
· 2 GAP rice farmers
· 2 broadcast rice farmers
· 2 transplanted rice farmers

	
	
	In-depth interviews with key informants (August 2024 in Savannakhet): 
· District Agriculture and Forestry Office (DAFO) – Champhone
· Provincial Agriculture and Forestry Office (PAFO), Savannakhet

	
	Focus group discussions
	4 focus groups (FG1, FG2, FG3 and FG4) with rice farmers (December 2024 in Savannakhet):
· 7 male and 7 female farmers who engaged in conventional rice production
· 6 male and 7 female farmers who engaged in Good Agricultural Practice (GAP) rice production 

	
	Stakeholder workshops
	2 workshops with key stakeholders (March 2024 and March 2025 in Vientiane Capital):
PAFO, DAFO, DoA, DALaM, CIRAD, NAFRI, NuOL, Department of Agricultural Extension and Cooperatives, Ministry of Agriculture and Forestry

	Secondary data
	Literature review
	Publications from previous research studies and projects

	
	Secondary data analysis
	Reports/documents from the Lao government and international organisations

	
	
	Agricultural census and survey databases from the Lao government and international organisations


Note: GAP rice refers to rice produced using ‘Good Agricultural Practice’ as defined in ASEAN Secretariat (2006)

Savannakhet, located along the Mekong in the Central region, is well-known for agriculture, with the highest number of households engaged in agricultural activities (64 per cent of total households in the province), and the majority of villagers engage in wet season rice production (Lao Statistics Bureau, 2021). Furthermore, Sacklokham et al. (2020) explained that Savannakhet is one of the most productive and commercialised rice-growing regions in the country, and they argue this province is useful as a representative farm location because: ‘if rice farmers in this region (Savannakhet) face substantial constraints on production, those in other settings will be even less able to meet government policy targets’ (p. 151). Therefore, the representative farm of our study is assumed to be located in Savannakhet. 
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Table 2. Three major rice-based farming systems and production statistics in 2022

	Farming system
	Characteristic
	The % of total rice production from each system in 2022
	The % of total area under each farming system in 2022
	Average yield in 2022
(t/ha)

	Rainfed lowland
	Rice is grown as a single crop mainly in the wet season in bunded fields flooded for at least part of the season, with water from rainfall. 
	83%
	80%
	4.1

	Irrigated lowland
	Rice is grown in wet and dry seasons (double cropping) in bunded fields flooded for at least part of the season; water from irrigation and rainfall
	12%
	10%
	4.59

	Rainfed upland
	Rice is grown in the wet season in unbunded fields on sloping land under a shifting cultivation system; water from rainfall 
	5%
	10%
	2.02


Source: Cramb (2020) and Crop Statistics (2022)
Figure 4. Lowland wet season rice production by province in Lao PDR
Source: U.S Department of Agriculture, Foreign Agricultural Service

Over the past years, Savannakhet has been reported as the province with the largest area planted for rice and consequently, the highest production of rice, accounting for nearly 24 per cent of the total national rice output (refer to Figure 4). In 2022, over 200,000 ha was planted in Savannakhet to wet season rice and a further 30,000 ha was planted to dry season rice, contributing to 27 per cent and 32 per cent of the respective season’s total production. The average yield was 4.13t/ha in the wet season and 4.83t/ha in the dry season (Department of Agriculture Planning and Cooperation Division, 2022).
While agreeing to the facts from literature, stakeholders also confirmed the significance of Savannakhet as one of the major areas (in addition to Khammouane and Champasak) in the southern provinces of Laos for rice production, processing, and trading.

The primary goal of the representative farm is to produce sufficient rice to meet household needs 

Smallholder farming communities represent the majority of the agricultural population and make a predominant contribution to agriculture in Laos, including rice production (The World Bank, 2023). Most of them fall under the 2 and 3 farm types specified by McConnell and Dillon (1997) based on the level of subsistence and commercialisation of farming activities. Unlike in developed countries, where agricultural production is commercialised and independent of the household, developing country agriculture comprises the characteristic farm household system with strong links and interdependency between the farm and household. Hence, the primary goal of farming varies with the level of subsistence or commercial orientation. 

Smallholder farmers have multiple goals in farming. Common objectives of farming by tropical smallholder farmers were broadly listed by Abbott and Makeham (1990) as ‘(a) assuring food supplies and other living requirements for him/herself and family; (b) achieving independence from debt and reaching a personal level of living on a par with his/her community; (c) obtaining a satisfactory income for the cooperative or other body which employs him/her; (d) improving the physical appearance of the farm for which he/she is responsible’ (p. 86). 

Similarly, Dillon and Hardaker (1993) have the view that small farmers’ goals involve ‘gaining cash income (to finance farm development, provide home amenities, educate children etc.), ensuring family food requirements, having leisure opportunities, avoiding undue physical exertion, meeting social obligations, ensuring sustainable land use etc.’ (p.27). 

Furthermore, McConnell and Dillon (1997) argued that the primary operating objectives of farming depend on the type of farming system, where small and subsistence-oriented ones aim for subsistence, while small, specialised family farms focus mainly on cash-based sustenance, while larger and commercial farms operate mainly for profit. 

In essence, important goals of farming can include:
•	The farming and household activities being able to supply the food and cash that the household system and farm need with the reliability that is required.
•	The farming and household activities being able to supply the food and cash the farm and household system needs and providing some surplus net earnings to contribute to achieving the goal of creating more choices for the members of the farm household, which is achieved by increasing the accumulated net worth of the people involved in the farm and the household, with the reliability that is required.
•	Potential for doing things differently in the farm and household system with the resources they control, and could control, to achieve the goals listed above to a greater extent and with greater reliability, and to even make other goals and choices possible.

In Laos, small family farms are typically subsistence-based and tend to meet household food needs from farming, while semi-commercial to commercial farms generally could focus on cash sustenance or even farm profits. At numerous informal and formal meetings with farmers and stakeholders, it was found that the primary goal of rice production is to meet household needs, with any surplus being sold.

Cramb et al. (2019) used 350 kg of paddy rice (equivalent to 210 kg of milled rice) per household member as a benchmark for the national criterion for self-sufficiency. The Ministry of Industry and Commerce also used the same benchmark of 350 kg of paddy per capita per annum as a baseline quota for retaining rice for reserves before exports were permitted at the provincial level in 2013 (World Bank, 2018). Further, the World Food Programme (2023) reported that the per capita rice consumption figures for Laos are 206 kg. 

Farmers revealed during the interviews that around 2/3rd or 3/4th of their rice production is retained for household consumption, and the rice paddy requirement per annum was between 260 – 330 kg per person, depending on the household size and composition, with adults and children, and the movement of family members away from the household. It was also noted that retained produce is also used to feed the chicken reared in the household and as seed paddy for the next season. 

Thus, the primary goal of the representative farm is to grow enough rice equivalent to 350 kg of paddy rice per household member for household consumption before any surplus is marketed. 

While the likelihood or ability to meet farming goals is an indication of the performance of the farm, it is equally important in influencing and informing decisions related to making changes (choosing between alternatives) in the farm accounting for risks and uncertainties. Therefore, farming goals will be met even after a change in farm management. 

The representative farm household has 6 household members

The majority of households in Laos engage in agriculture, including rice cultivation, and they have larger family sizes to help with farm activities. Although farm family sizes have reduced over time, their compositions have not changed much and there still is a nuclear family structure with multiple generations (usually three) living in the same household. 

It was observed during interviews with farmers and informal visits to farm households that some households consisted of a young farmer, his spouse, children, and parents, or farmer, his spouse, and younger or older unmarried children who may or may not live within the household and where the latter group usually has out-migrated but return to the household seasonally. 

Cramb et al. (2019) found that the average household size was 6.7 members, which could vary within a year with household dynamics. This was also supported by findings from Chanthavong et al. (2019), that a farming household in Champhone district, Savannakhet province had an average of 6.82 members. Findings from the Lao Census of Agriculture by the Lao Statistics Bureau (2021) reported that the majority of agricultural households in Savannakhet consist of more than five members. 

It was determined during the interviews that the number of household members ranged between 4 and 8, with an average of 6 members per household. 

The representative farm cultivates one hectare of rice 

Rice being the staple food in the country, every farm has varying sizes of land dedicated to cultivating rice for their consumption. Newby et al. (2020) found that the average area cultivated with rice in the wet season by farmers located in Savannakhet and Champasak Provinces varied from less than 1 ha (33 per cent of households) to 1-2ha (34 per cent of households) to over 2 ha (33 per cent of households). A similar distribution in the area planted with rainfed rice in villages located in Champhone district in Savannakhet province was reported by Khounthikoumane et al. (2021), with a range of 0.11 ha to 12.01 ha and an average of 1.67 ha. 

Table 3. Distribution of survey households by farm size

	Farm size (ha)
	No. of households
	Percentage of households

	<0.5
	14
	6.1

	0.51-1.0
	39
	17.1

	1.01-2.0
	87
	38.2

	2.01-3.0
	54
	23.7

	>3.0
	34
	14.9









Source: Sacklokham et al. (2020)

Sacklokham et al. (2020) found that 38 per cent of respondents in the Champhone district of Savannakhet Province had farms ranging in size between 1 and 2 ha and between 1 and 3ha for 62 per cent of respondents altogether. The distribution of households by farm size is shown in Table 3.

As reported in the Lao Agricultural Census 2019/20 by the Lao Census of Agriculture and by the Lao Statistics Bureau (2021), the highest share of farm household lands in Savannakhet ranges between 1 – 2 ha, with the second highest proportion between 2 – 3 ha. (see Table 4). 

Table 4. Distribution of farm household sizes in Savannakhet province

	 Farm household land sizes
	Number of households
	Percentage of households 

	Less than 1 ha
	19,417
	18.6

	1 – 2 ha
	35,973
	34.5

	2 – 3 ha
	28,568
	27.4

	More than 3 ha
	20,208
	19.4


Source: Lao Statistics Bureau, 2021, 3rd Lao Census of Agriculture 2019/2020

The stakeholders spoken to during the field visits stated that the majority of rice producers are smallholders with small plots of land, which makes it difficult for them to adopt large machinery as well. Findings from interviews with key informants and wet-season rice farmers in Savannakhet suggested that more than 50 per cent of the household land is usually dedicated to rice cultivation. 

Provided that rai[footnoteRef:3] is the unit used locally to express the sizes of land in Laos, the majority of land dedicated to wet season rice production by the farmers involved in interviews and focus group discussions ranged between 1-2 ha. [3:  6.25 rai = 1 ha] 


Considering the information supported by the literature and field data collection, it is assumed that the representative farm cultivates 1 ha of land with wet-season rice. 

Rice is established on the representative farm via broadcasting

Traditionally, rice was established via transplanting (whereby seedlings must be transplanted into standing water to thrive and produce sufficient yield for household needs). Transplanting is a labour-demanding activity and is associated with significant costs. It requires 30 days of labour/ha to use a nursery paddock to grow the seedlings, which are then transplanted in the field (Mullen et al., 2019). Transplanted rice fields have relatively fewer concerns with weed management as rice plants are in rows and weeding is relatively convenient with flooding; however, it depends on the rainfall availability. Schiller et al. (2006) stated that rice yields, from rice crops established via transplanting, are constrained by a lack of or poorly timed rainfall for many years. 

Direct seeding and broadcasting establishment methods require less labour compared to transplanting. However, direct seeding methods do not allow for the control of weeds by flooding. To adequately control weeds, the land must be thoroughly prepared, and manual weeding is required early in the growing season. Mullen et al. (2019) estimated that an additional five days of labour/ha was required to manage weeds compared to if the farmer had transplanted seedlings. Fukai and Ouk (2012) explain that ‘poor crop establishment often caused by extreme soil water conditions commonly results in poor yield because of low plant density and uneven establishment, which allows for higher weed populations, and weeds, in turn, reduce yields’ (p. 954). The trend in the shift towards direct-seeded rice and the reasons for that were explained by Opena and Mitchell (2023), aligned with findings from the field.

Direct seeding has been increasingly regarded as a popular method for crop establishment in Savannakhet (Basnayake et al., 2006). Fukai et al. (2016) reported that direct seeding has been gradually adopted across Laos, with the area of direct-seeded rice expanding from none in 2007 to about 10 per cent during the wet season and 60-70 per cent in the dry season within the decade to 2016 in Champasak Province. Additionally, the area of direct-seeded lowland rice is projected to rise to 60 per cent of the total annual rice crop area by 2026 (Mullen et al., 2019).

Laing et al. (2015) reported that direct seeding can help reduce the impact of climate risk. ‘In several locations, farmers were not able to transplant rice on upper and middle terraces in a timely manner due to drought; however, in all of these sites, directed-seeded rice has been established successfully and was growing well. …. early direct seeding of rice is likely to reduce the risk of crop damage due to flooding as the rice is already tall enough to avoid being fully submerged when heavy rainfall commences in July and August’ (p.25).

Data collected from the field (interviews with key informants and farmers) also suggest a significant shift over the past few years in the establishment method of the rice crop, with a declining trend in traditional transplanting, substituted with direct seeding with a machine and direct seeding via broadcasting. The key informant from the DAFO estimated that 50-60 per cent of farmers are now shifting from transplanting to broadcasting and direct seeding, while roughly 40-50 per cent are still practising transplanting. The reasons for this shift in the method of establishing rice were a result of the ability to achieve higher yields through higher plant density, labour scarcity, high cost of labour and less labour requirement on field preparation and seeding. 

“I see that traditional farming (transplanting) has higher costs, high labour costs, and it's difficult to find labour. Most people go to work abroad.” (Participant 3, FG3)
“Broadcasting is easier and more efficient because it uses less energy, less soil preparation and is relatively fast” (FG2, multiple FG3 participants)
“After the year that I got more than 70 bags [from broadcasting], I never used transplanting again, now I use both BC and direct seed.” (Participant 3, FG3)
“From now on, I will not transplant again because it is tiring.” (Participant 2, FG3)

Interestingly, farmers highlighted their decisions on the choice between direct seeding and broadcasting, such as the requirement of a machine for direct seeding and soil conditions.
“Broadcasting is relatively cheap compared to transplanting because there are lower input costs (including labour, all FG1 participants), and direct seeding requires a machine” (FG2)
“If the area is a bit hilly, I will do direct seed, and if there is water, I will do broadcast.” (Participant 4, FG4)
“In some parts of my land is clay, and it is hard to use the direct seed method, so broadcasting is more appropriate.” (Participant 2, FG3)

Based on the recent trend in rice crop establishment, the representative farm is expected to engage in broadcasting. 

The representative farm sows improved glutinous rice seed varieties 

Glutinous rice has long been the most preferred staple of Laos over non-glutinous rice and accounts for 80 per cent of domestic rice consumption (International Rice Research Institute, 2020). Both types of rice are grown in lowlands for consumption and selling purposes; however, glutinous rice is the most widely grown, accounting for nearly 80 per cent of the total paddy production (USDA Foreign Agricultural Service, 2019). 

Currently, indigenous and improved varieties of glutinous and non-glutinous rice are being grown in Laos in different proportions. Before 1991, 95 per cent of lowland wet-season crops were based on traditional low-yielding varieties (Cramb, 2020a). The Lao and IRRI Project (which ran from 1990 to 2007) was a successful long-term project that increased yields from rice production through improved rice varieties. By the early 2000s, improved rice varieties covered 70 to 80 per cent of lowland rice grown (Inthapanya et al., 2006). The increased adoption of improved varieties (Figure 5) has been a critical factor in achieving significant productivity increases. 
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However, a clear distinction could be observed currently in farmers’ preference for growing Indigenous and improved varieties of glutinous and non-glutinous rice, where indigenous varieties are the most widely cultivated (more than four times higher than improved varieties) across almost all provinces except for Savannakhet province (Lao Statistics Bureau, 2021). Table 5 depicts the number of households that grew Indigenous and improved varieties in the provinces of Laos in 2019/20.

In contrast to other provinces, Savannakhet reports approximately the same proportions of Indigenous and improved varieties cultivated, with the latter being slightly higher. This could be because Savannakhet is a major hub in agricultural research projects, where new varieties are first introduced through projects that farmers are much more familiar with and aware of improved varieties than farmers in other provinces. 

Moreover, several other factors influence the decision regarding the rice variety that farmers cultivate. The selection of varieties may depend on crop performance, climate, and soil conditions, which affect yield, the level of subsistence reflected by preference and eating quality, aroma, and colour relevant to household consumption of mainly glutinous rice. Additionally, the level of commercialisation is significant, as market demand for the variety, particularly non-glutinous rice varieties, plays a role. Furthermore, the source of rice seeds is crucial—whether saved seeds from previous seasons, or those obtained from government or private entities (Mullen et al., 2019). Nonetheless, farmers typically cultivate 4 to 5 rice varieties on their farms. 

Field data from farmers and key informants on varieties farmers used to grow rice revealed TDK 8 (Tha dok kham 8) to be the most extensively used, in addition to varieties such as Thasano (TSN) 7, 11, 12, 13, and TDK 11, 14. Findings also pointed out that farmers purchase seeds from Thasano Rice Research Centre, KM35 station, use seeds from the previous season, and even exchange seeds with fellow farmers. Furthermore, focus group farmers mentioned growing multiple varieties of rice within a year or over the years as a means to minimise the risks of yield and diseases. 
Table 5. Households growing rice by type, variety and province, 2019/20

	Province
	Sticky rice
	Non-sticky rice

	
	Indigenous varieties
	Improved varieties
	Indigenous Varieties
	Improved varieties

	North
	139,900
	10,164
	8,556
	1,142

	Phongsaly
	8,361
	133
	191
	8

	Luangnamtha
	12.101
	397
	392
	401

	Oudormay
	23,543
	224
	510
	8

	Bokeo
	15,169
	59
	776
	40

	Luangprabang
	25,357
	933
	1,549
	345

	Huaphanh
	22,821
	13
	3,750
	147

	Xayaboury
	32,547
	8,405
	1,388
	193

	Central
	169,413
	64,666
	17,081
	10,167

	Vientiane Capital
	12,383
	3,198
	2,870
	1,274

	 Xiengkhouang
	17,862
	356
	488
	50

	Vientiane Province
	27.654
	5,613
	1,405
	1,039

	Borikhamxay
	21,117
	2,603
	1,172
	724

	Kharnmuane
	33,560
	1,717
	5,612
	1,481

	Savannakhet
	50,845
	51,180
	5,375
	5,599

	Xaysomboun
	5,993
	 
	159
	 

	South
	73,116
	17,309
	5,929
	3,452

	Saravane
	24,909
	8,607
	3.586
	1,909

	Sekong
	8,626
	390
	714
	219

	Champasack
	28,563
	7,483
	1.219
	1,147

	Attapeu
	11,019
	830
	410
	177

	 
	 
	 
	 
	 

	Lao PDR
	382,429
	92,139
	31,566
	14,760


Source: Lao Agricultural Census 2019/20, Lao Statistics Bureau, 2021

“In our rice field, we have more than 2 varieties a year just to secure the yield, if one variety is low but still gets a high yield from others…. If we use the same variety of rice continuously, it will get diseases. We need to change the variety regularly, every 2-3 years.” (FG3 participant)

The representative farm of the study is considered to use improved rice varieties for rainfed cultivation, which are bought every season. The assumption of purchasing seeds every season is made for simplification purposes, where the opportunity cost of seed paddy will be the same, even if seeds are self-sourced. 

The price of rice seeds varies between glutinous and non-glutinous types and traditional and improved varieties as well. Observation of rice seed prices reported in the literature from the past decade implies a fluctuation over the years (with no significant improvement in price). FAO (2023a) reported an increase in rice seed prices from 6,000 LAK/kg in 2021 to 8,000 LAK/kg in 2022. Laing et al. (2015) used a price of 6,000 LAK/kg in their 2014 analyses, whereas Mullen et al. (2019) used 4,500 LAK/kg in their 2019 analyses. 

Responses from farmers and the key informant from DAFO on rice seed prices as purchased from certified rice producers ranged between 19,000 – 20,000 LAK/kg (for TSN 7,11,13 and TDK 8,11), 11,000 LAK/kg (for TDK8), and 12,000 – 14,000 LAK/kg (for TSN11, TDK8).
The representative farm applies inorganic fertiliser 

Sinnett et al. (2024) highlighted that inherently low soil fertility levels in Laos have hindered achieving higher productivity in rice unless farmers carry out proper soil nutrient management supplemented through various sources. Soils in most lowland rice cultivating areas in Savannakhet province are reportedly highly weathered with low primary mineral content, hence rice yields strongly respond to fertiliser application (Inthavong et al., 2011). 

Sacklokham et al. (2020) reported that 85 per cent of farmers used chemical fertilisers for wet-season rice production, including urea, ammonium phosphate, and compound fertilisers, depending on the fertility levels of the rice farming fields and availability of working capital. A general country-wide fertiliser recommendation of 60:30:30 kg per hectare of Nitrogen (N), Phosphorus (P), and Potassium (K) for traditional and improved rice varieties was introduced by Linquist and Sengxua (2001). However, supplying balanced nutrition via the recommended amounts to the crop was considered an issue because of the limited availability of fertiliser choices, as the readily available fertilisers in the market are 16-20-00 (ammonium phosphate), 46-0-0 (urea), 15-15-15, and 16-08-08, so that some nutrients may be supplied in excess or may be insufficient (Kousonsavath & Sacklokham, 2020; Linquist & Sengxua, 2001).

Nevertheless, the actual inorganic fertiliser amounts used by most rainfed rice farmers were reportedly well below the recommended rates (FAO, 2023a; Haefele et al., 2010; Newby et al., 2020). Newby et al. (2014) explained that the limited use of fertiliser is the result of ‘high cost of purchasing inputs, the limited access to credit, the high level of production risk and market uncertainty should a surplus be produced. Physical access, counterfeit products and limited knowledge about appropriate rates and timing contribute to the problems’. (p. 213). Sacklokham et al. (2020) found that most farmers based the amount of chemical fertiliser used for wet season rice production on their financial capacity, not on technical requirements. Sengxua et al. (2014) pointed out that fertiliser investments in the dry-season crop are higher than wet-season crop because of lower climate risk, lower requirement of fertiliser for smaller areas of cultivation, and the production being targeted for markets. Goto and Douangngeune (2017) showed that fertiliser use did not significantly intensify wet-season rice production between 2003 and 2012. Manivong (2014) found that some farmers applied more fertiliser in areas recognised as having poorer soil fertility, and some farmers changed the amount of fertiliser applied depending on rainfall, where half of the farmers used less fertiliser in a dry year, and the other half did not change their usage. The latter category of farmers generally used lower quantities of fertiliser. These farmers were concerned that if they did not use any fertiliser, they would not get any production.

Consequently, according to the literature, farmers tend to apply fertilisers in amounts much lower (15-5-1.5 kg of NPK/ha) than the recommendation (Sengxua et al., 2022). Manivong (2014) found that the average rates of fertiliser applied in 2010 were 17kg, 12 kg and 3 kg of N, P and K, respectively, in the southern region of Laos. 

Findings from the field data collection confirmed that farmers use inorganic fertiliser on rice but provided mixed responses regarding the amounts of fertiliser applied with respect to the recommended amounts of 60-30-30 of N, P and K fertiliser nutrients per hectare. It was noted during farmer interviews and discussions with stakeholders that the application of inorganic fertiliser in the wet season is comparatively lower than the dry season in lowland rice cultivation because the wet season rice with better eating quality is mainly consumption-oriented with minimal inputs as opposed to commercial-oriented production in the dry season with higher amounts of inputs including labour, fertiliser, agrochemicals and irrigation. Additionally, it was also revealed that rainwater contains minerals (including nitrogen), hence the need to apply additional nitrogen is lesser than the dry season crop.

It was noted during stakeholder discussions and key informant interviews that flash flooding along the Mekong River in parts of Savannakhet during the wet season in some years results in a mud/silt layer in rice fields that turns out to be fertile, hence farmers use no/less fertiliser in such fields.  Additionally, rainfall or flood events during the wet season make fertiliser application and placement challenging. 
Alternatively, focus group discussions with farmers noted that the majority of farmers use fertiliser on the rice crop, and their motivations for it. 

“… if I got less rice (this season) because of less fertiliser applied, then I would increase fertiliser in the following year.” (FG2 participant)
“We would get a lower rice yield if we did not use chemical fertiliser” (Four farmers from FG1, FG2, FG4) 

From the interviews with key informants from the DAFO, the field data collection in Savannakhet, it was stated that the recommended rate of synthetic fertiliser is 300 kg/ha equivalent of 6 bags of fertiliser (which consists of 200 kg of urea; 92 kg N/ha, and 100 kg of P and K fertilisers). However, farmers apply only 200 kg/ha or as described by the farmers during interviews, the amount of fertiliser applied is 3 to 4 bags/ha (each bag is 50 kg of fertiliser). Interestingly, it was found that it would be incorrect to define the mix of fertiliser farmers apply as there is a large range of mixes in the market, and farmers often have to use whatever their local supplier has available. Personal communications with stakeholders pointed out that 16:20:20 of NPK fertiliser is widely available and used by farmers and is usually cheaper than the recommended mixes. This was confirmed during the focus group discussions. 

“For chemical fertiliser, we don’t use much of 46:00:00. Some families use little, but most farmers don’t use it, because it is expensive. Most of the farmers use only 16:20:00 and 16:8:8.” (FG3 participant) 

Table 6 shows a summary of the amounts of fertilisers applied by farmers who were interviewed in Savannakhet used in their wet season rice crop, and the respective rates per hectare of N, P and K nutrients. 

Table 6. Rates of N, P and K fertilisers used by lowland wet season farmers interviewed in August

	Area 
	Type of fertiliser used 
	Amount of fertiliser applied in bags
	N: P: K rates

	3 ha
	46-00-00
	8 bags
	
8 bags/ha
	106:56:0 kg/ha

	
	16-20-00
	17 bags 
	
	

	6 ha
	46-00-00
	8 bags
	

~4 bags/ha
	53:15:7 kg/ha

	
	16-20-00
	5 bags
	
	

	
	18-08-08
	7 bags
	
	

	
	16-08-08
	5 bags
	
	

	2.7 ha
	46-00-00
	4 bags 
	
~4.5 bags/ha

	57:30:0 kg/ha


	
	16-20-00
	8 bags 
	
	

	1.6 ha
	46-00-00
	3 bags
	
~4.5 bags/ha
	63:25:0 kg/ha

	
	16-20-00
	4 bags
	
	

	1 ha
	16-8-8 or 16-20-20
	2 bags
	
5 bags/ha
	40:35:35 kg/ha

	
	16-8-8 or 16-20-20
	3 bags
	
	


Source: Field data collection, farmer interviews (2024). Note: The weight of one bag of fertiliser is 50 kg
Interestingly, the rates of N, P, and K per hectare, as calculated from farmers’ responses regarding their fertiliser application amounts, indicate that they use around 4-5 bags per hectare. In terms of fertiliser rates, this range is approximately around the recommended 60:30:30 kg/ha of N, P, and K, which contrasts with literature stating that the actual rates are significantly lower. However, the fertiliser rates shown in Table 6 support the finding that farmers use 3-4 bags of fertiliser, as revealed through interviews with key informants, as well as focus group discussions that also highlighted the importance of fertiliser application for better rice yields. 

Additionally, discussions with rice farmers also revealed that the rates of fertiliser applied for the wet season rice crops vary, even though they are aware of the recommended rates. They mentioned spot application of fertiliser to limit the use and apply whenever it is necessary for the crop, based on soil and crop conditions, so they would apply fertiliser to patches in fields that do not look healthy or greener. Therefore, it implies that the application rates could vary between rates as low as 1-2 bags per hectare to as high as 5-6 bags per hectare, given the responses provided. 

Fertiliser prices had been relatively stable in the early 2020s, around 200,000-250,000 LAK/50 kg sack, until global fertiliser and petroleum prices spiked in 2022, almost doubling the prices that existed in 2021 (see Figure 6 and Table 7). Findings from the study conducted by the The World Bank (2023) highlighted the effect of high prices on low fertiliser usage, that farmers reduced the amount of chemical fertiliser applied to rice cultivation and switched to using animal manure during the price hike in 2022.  

Interestingly, the farmers interviewed said that they did not change the amount of fertiliser applied during the 2022 price spike because, at the same time, the price of rice was also high. 

“We need to use the same rate [of fertiliser] even if the price is increasing because the productivity might decrease.” (FG4 participant)

Farmers also provided a mix of responses on fertiliser application during 2022 when prices were significantly high. In general, they have tried to be consistent with the amounts of fertiliser they would usually apply (especially during dry season cropping), and some have applied even more animal manure and compost to avoid any decline in yield as higher prices of rice simultaneously prevailed.

Fertiliser is imported into Laos from neighbouring countries such as Thailand, Vietnam, and mainly Taiwan (Kousonsavath & Sacklokham, 2020). Kousonsavath and Sacklokham (2020) identified several channels that source the imported fertiliser for farmers, where shops and importing companies had been the most popular, followed by individual agents (from Vietnam), fertiliser traders in villages, government projects, rice millers, and seed centres. 

Findings from the data collection informed that fertiliser products in the market are channelled from several sources, mainly through exports across the border from Thailand and Vietnam. Fertiliser products under Vietnam brands are reportedly more popular among farmers because of cheaper prices and higher efficiency than Thai brands. Key informant discussions with the DAFO stated that Vietnamese and Thai branded products were priced at 600,000 LAK/50 kg bag and 700,000 LAK/50 kg bag, respectively.
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Source: FAO (2023a); (FAO, 2023b)

Table 7. Comparison of NPK prices in the Lao PDR

	Type of NPK fertiliser
	2022 price (LAK/bag)
	2021 price (LAK/bag)
	Change 2022 over 2021

	16:20:00
	720,000
	370,000
	+ 94%

	46:00:00
	750,000 - 800,000
	300,000 - 400,000
	app +100 - 150%

	15:15:15
	720,000
	375,000
	+92%

	16:08:08
	585,000
	270,000
	+117%

	18:08:08
	600,000
	300,000
	+100%


Source: Lao PDR Ministry of Agriculture and Forestry (2022); FAO (2023a)

Kousonsavath and Sacklokham (2020) explained that there were two forms of payment for fertiliser – cash and credit (the credit price was higher as it included an interest rate). Farmers would, if they had the cash available at the time of purchasing production inputs, prefer to pay upfront in cash, but farmers who did not have the cash available had no choice but to pay the interest premium. The interest premium varied depending on the supplier of fertilisers – the premium could be as low as 20 per cent or as high as 60 per cent (Table 8). 

Table 8. Comparison of fertiliser prices between cash payment and credit

	Type of fertiliser
	Cash price
(LAK/50kg bag)
	Credit price
(LAK/50kg bag)
	Difference
(LAK/50kg bag

	Thai brand (Ox Brand, Rabbit Brand)

	46-00-00
	250,000
	300,000
	50,000

	15-15-15
	300,000
	375,000
	75,000

	Vietnamese brand (Football Brand)

	46-00-00
	150,000-175,000
	250,000
	75,000-100,000


Source: Kousonsavath and Sacklokham (2020)

Farmers also mentioned during interviews about paying upfront for fertiliser and also buying fertiliser on a loan, where they would pay a higher price for the latter (850 Thai Baht ~ 612,000 LAK vs 1,200 Thai Baht ~ 864,000 LAK respectively for a 50 kg bag of Urea fertiliser). 

“We loaned the inorganic fertilisers from the shop. For example, if we pay the cash for Urea (46:00:00), the price is about 1050 baht/bag, while with the loan, the price will be about 1500 baht/bag” (FG1 Participants 3 and 4) 
“For the chemical fertiliser, we pay in cash most of the time because if we pay on credit, the price is higher, ranging from 800 baht/bag to 1,300 to 1,400 baht/bag for 16:20:00. We usually use 46:00:00 and 16:20:00. 15:15:15 is too expensive, it is more than 1,000 baht/bag even if we pay in cash.” (FG3 participant)

Manivong (2014) explained that remittances from family labourers who migrate to engage in off-farm work contribute to fertiliser expenses in households that produce surplus rice. In the field interviews with farmers, the same situation was described – family members work off the farm to support the purchase of fertilisers. 

Provided that farmers currently use the recommended rate of inorganic fertiliser, as revealed from farmers’ responses, they mentioned being able to afford fertiliser for the rice crop because of the financial support for fertiliser purchases they receive from remittances from household family members working in off-farm employment. Additionally, some farmers noted that they have earnings from rice and other farm activities, making it affordable to purchase fertilisers to be used on rice production. 

Fertiliser (Urea) prices, if paid up front as reported by farmers, are given in Table 9. 

Table 9. Fertiliser prices reported by farmers during interviews

	Year
	Price in Thai Baht
	Price in LAK

	2022
	850
	612,000

	2023
	950, 1,050
	684,000, 756,000

	2024
	820, 930
	590,400, 669,600


Source: (Field data collection 2024). Note: 1,000 Thai Baht = 720,000 LAK

An unpublished report from the PAFO in Savannakhet summarised the prices of inorganic fertiliser prevailing across districts in Savannakhet for the first half of 2024 (See Table 10). Alternatively, the Lao PDR Government’s ‘Green and Sustainable Agriculture Framework’ (Ministry of Agriculture and Forestry, 2021) regarding the use of chemicals in agricultural production, it is directing farmers towards minimising the dependence and use of chemicals and promoting ‘natural and sustainable nutrient inputs’ (p. 15). However, as observed or discussed during interviews and discussions, there has not been any major change in limiting the use of inorganic fertiliser on the rice crop in relation to the government policy. However, given the increasing consideration towards zero chemical use in agricultural policies globally and nationally, rice farmers could potentially change their farming practices by reducing the amounts of inorganic fertiliser and even using no chemicals at all in the future. Hence, the representative farm in the future could be applying no inorganic fertilisers. 






Table 10. The fertiliser price in each district in the past six months of 2024

	District
	Inorganic fertiliser price

	
	15-15-15 LAK/50 kg bag
	16-8-8 
LAK/ 50 kg bag
	16-20-00 LAK/50 kg bag
	46-00-00 LAK/50 kg bag

	Kaisone 
	770,000
	780,000
	800,000
	810,000

	Songkhone
	800,000
	750,000
	850,000
	850,000

	Xaybouly
	715,000
	665,000
	660,000
	715,000

	Xayphouthong
	750,000
	680,000
	850,000
	840,000

	Champhone
	850,000
	780,000
	870,000
	875,000

	Xonbouly
	880,000
	720,000
	895,000
	880,000

	Phalanxay
	650,000
	660,000
	660,000
	680,000

	Outhomphone
	660,000
	680,000
	780,000
	810,000

	Atsapangthong
	670,000
	
	850,000
	840,000

	Atsaphone
	800,000
	685,000
	650,000
	630,000

	Phine
	800,000
	675,000
	680,000
	600,000

	Xepon
	850,000
	680,000
	900,000
	

	Nong
	1,100,000
	
	750,000
	1,000,000

	Thapangthong
	860,000
	750,000
	890,000
	895,000

	Vilabouly
	850,000
	
	910,000
	900,000

	Average
	800,333
	567,000
	799,667
	755,000


Source: Unpublished data from Savannakhet PAFO, Field data collection (2024). 
Note: 1 Thai Baht = 700-730 LAK

The representative farm does not use purchased organic fertiliser; however, crop residue and ad hoc animal manure in the field are incorporated into the soil during the land preparation for the season    

Organic sources of nutrients, such as organic fertiliser, organic matter which includes plant and animal parts, are used as additional means of soil nutrition management in crop production. Furthermore, the efficiency of inorganic fertilisers may be enhanced when used with on-farm residues, and this improves the texture of the soil (Linquist & Sengxua, 2001; Linquist et al., 2007). While organic matter or on-farm residue can be used as a source of nutrients to supplement soil fertility, it is not regarded as a substitute and exhibits no correlation with the amount of inorganic fertiliser applied  (Manivong, 2014). Linquist and Sengxua (2001) showed that the concentration of nutrients in on-farm residues (such as rice straw, rice husks and farmyard manure, see Table 11) is low compared to inorganic fertilisers. Haefele et al. (2010) used the following average nutrient contents of farmyard manure: 0.5 per cent nitrogen (N), 0.15 per cent phosphorus (P), and 0.5 per cent potassium (K). 

The amount of organic material available from farm activities depends on the yield of the previous crop and the number of cows and/or buffalo the farm has. Linquist and Sengxua (2001) stated that ‘Straw accounts for approximately 60% of aboveground biomass and is probably the most abundant on-farm residue. Rice husks account for about 20% of unmilled rice. Therefore, if farm grain yields average 3.5 t/ha, there will be 5.3 t/ha of straw and about 0.7 t/ha of rice husks. … If the average farmer has five cows and/or buffaloes … and assuming that each animal produces 1.5 t of manure per year, then 7.5 t of manure are produced per farm’ (p.24). 

The interviews, focus groups, and stakeholder discussions revealed that determining both the quantity and quality of organic matter used in rice fields is challenging. This finding supports Linquist and Sengxua (2001). The quality of farmyard manure depends on the nutrition provided to livestock (manure from free-grazed cattle is of lower quality than that from feed-fed cattle), while the quality of green manure relies on whether the incorporated plant matter is leguminous or non-leguminous. 

Table 11. Nutrient concentration of some on-farm residue
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Communications with the DAFO in Savannakhet during field data collection revealed that farmers applying organic matter to their rice fields mainly added animal manure and compost before preparing the soil for cultivation. The quantity of animal manure applied is contingent upon the availability of buffalo, cattle, pigs, and/or poultry. During farmer interviews and focus groups, farmers raised their concerns over not having sufficient amounts of animal manure to source from their farms.

“The problem is that each household has only 2-3 cows, and the cow dung is not enough.” (FG3 participants)

While most of the farmers had cattle and buffalo, it was revealed that some farmers do not use farmyard manure because they lack cattle or buffalo. Farmers with cattle and buffalo on their farms would allow them to graze freely or tether them in harvested fields with rice straw, subsequently incorporating the available cattle dung into the soil or sometimes adding extra manure collected from the surroundings or farm during land preparation. Applying animal manure requires additional labour to collect, carry and spread the manure to their fields. As cattle freely graze in rice fields in the neighbourhood or village during the dry season, there could be ad hoc animal manure available in the fields; however, the quantities greatly vary. 

According to farmers, the amount of animal manure used in the field (collected and already available) ranged from 200 kg to 700-800 kg/ha. For farmers who did not have access to animal manure, they could purchase animal manure at a cost per kilogram of manure is 500 LAK/kg (15,000 LAK for a 30-kilogram bag), but some farmers in focus group discussions pointed out that animal manure is no longer available to purchase.

The use of green manure crops has not been widely adopted due to challenges such as sourcing, land preparation for incorporating the matter, and increased labour demands for activities associated with cutting, processing and incorporating green manure; hence, the quantity of crop residues can also vary. Farmers incorporate rice straw and rice husks available in the field into the soil during the land preparation for the season.

The current trend in the use of commercially produced organic fertiliser in Thailand does not seem to have achieved what was expected by the industry, as stated by Suebpongsang et al. (2020). ‘The organic fertiliser and biofertiliser markets are expected to grow as a result of the increased demand for organic food products. Government encouragement by providing subsidies and incentives for the use of organic fertilisers will drive the growth of organic fertilisers’ (Mordor Intelligence 2019).’ (p.54). Although Kousonsavath and Sacklokham (2020) discussed the availability of a type of liquid organic fertiliser for rice farmers in Savannakhet, there is limited evidence of its use in the literature. 

The Lao government, through its ‘Green and Sustainable Agriculture Framework’ (Ministry of Agriculture and Forestry, 2021) has encouraged the use of organic nutrient sources consisting of animal manure, compost, green manure, organic fertiliser, and bio fertilisers. The use of commercially produced organic fertiliser, especially biofertiliser, was revealed to be scarce during farmer interviews and focus group discussions, although there is a push from the government for private companies to produce them locally, thereby reducing the reliance on imported fertilisers. Communications made with the PAFO revealed that there are two organic fertiliser factories located in two districts of Savannakhet province. The few farmers who tried using commercially produced organic fertilisers in their fields stopped because they had concerns about access, product quality, and quantities needed. They also reported that rice yields were too low and that the soil texture was too soft in the rice fields, making it impossible to use machines, even small hand tractors, to prepare the land.

“Organic fertiliser is no longer sold at/near their village, so FG4 farmers stopped using it and FG3 farmers are not sure how to get organic fertiliser” (Focus group discussions, 2024).

Kramol and Ekasingh (2020) impute the cost of organic fertiliser used per hectare in their study conducted in Thailand at 400 THB and 120 THB on the use of conventional and organic fertiliser together and organic practice, respectively. Similarly, Khounthikoumane et al. (2021) showed that wet season lowland rice farmers in Savannakhet spent on average 142,184.80 LAK/ha with a minimum and maximum cost of 0 and 2,000,000 LAK/ha, respectively. 

Personal communications with the PAFO informed that organic fertiliser was available in Savannakhet at a price of around 100,000 LAK/25 kg bag, given that there were two organic fertiliser companies in Xayphouthong and Champhone districts in Savannakhet province. 

Overall, the use of commercially produced organic fertiliser by rice farmers is limited; however, it is acknowledged that organic matter from crop residue and ad hoc animal manure in the field is incorporated into the soil during land preparation for the season. 

The representative farm uses herbicides to control weeds 

Weed management on lowland rice farms has changed as a result of changing farm practices, especially the method of crop establishment. Farmers who establish the rice crop via transplanting methods experience fewer weeds, and weed management is mainly done using manual weeding. However, with a change to establishing rice crops using broadcast (direct seeding), there has been an increase in the volume of weeds, which has meant an increase in the amount of labour required to control weeds. Consequently, farmers adopted the use of herbicides (Cramb, 2020a). This finding was supported by this study, as it was revealed during the data collection that farmers mainly rely on herbicides for weed management. 

“I used herbicide for the direct seed and broadcast systems only, as the transplanting system has less weed problem.” (FG4 participant)

As explained by the farmers that were interviewed, the quantity of herbicide they use varies with the intensity/density of weed growth, where they would double the number of packets they usually use if the weed growth is high. Some farmers would mix herbicides with fertiliser during the first application. The number of herbicide sachets used on direct seeding ranged between 25 and 10, whereas the latter was used on direct-seeded rice by broadcasting. Personal communications with key informants found that farmers usually use 50 sachets per hectare priced at 5,000 LAK/sachet (a total cost of 250,000 LAK/ha). 

“I was recommended by the Vietnamese seller to mix the herbicide with fertiliser.” (FG2 participant)

“Last year, I also used the same herbicide (the Vietnamese herbicide), but I applied it differently this year. Instead of mixing with water and spraying on leaves, I mixed them with fertiliser and applied with fertiliser (5-6 sachets for a 50kg fertiliser bag)” (FG2 Participant)

Alternatively, some farmers claimed that they do not apply herbicides because of health concerns and rice crop resistance to herbicides. 

“The yield decreased because of the weeds. We farm for our consumption, so we don't use herbicides. We only weed manually. Some weeds are resistant to herbicides, so we have to weed them out manually. We also don't use pesticides. We use natural methods and only apply fertiliser. Using chemicals is risky as it can contaminate the rice." (Participant 6, FG3)

Nevertheless, it is considered that weedicides are used to control weeds in the broadcast rice field in the representative farm at varying rates, depending on the severity of the weed problem, while acknowledging that some farmers manage weeds manually without weedicides.

The representative farm manages pests using labour 

Literature indicates that pesticides are not widely used in wet-season rice production due to the harmful effects chemicals have on biodiversity. Furthermore, as observed during field visits, frogs and snails collected from paddy fields are often used for food, leading to farmers’ concerns about safety if chemicals are applied in the fields. The interviews with farmers support this finding. Farmers indicated that pests such as the rice whorl maggot, wood mason, Phia, and stem worm have become significant concerns in rice cultivation; however, they refrain from using pesticides due to insufficient knowledge regarding their safe application and the negligible impact of pests on rice yield. 

“We also don't use pesticides. We use natural methods and only apply fertiliser. Using chemicals is risky as it can contaminate the rice." (Participant 6, FG3)

Therefore, pesticides are not used in the representative farm for the rice crop. 

The rice output of the representative farm is 3.5 tonnes per hectare on average

The yield of a rice crop depends on various factors. The average yield of lowland wet-season rice has improved over time as a result of improved rice varieties and the use of inorganic fertiliser. Recent statistics report an average rice yield of 4.1 t/ha from lowland rainfed rice ecosystems, with a similar average yield of 4.13 t/ha from Savannakhet province (Department of Agriculture Planning and Cooperation Division, 2022). However, it needs to be noted that this is the average for wet and dry season rice across a large area.

Literature suggests that paddy rice yield is dependent on a variety of factors such as soil fertility, past soil fertility management, seeding rate, seed variety, quantity and quality nutrient inputs such as inorganic fertiliser and commercial organic fertiliser, on-farm residue, incidences of weeds, pests, diseases, rainfall and temperature, toposequential position, management, crop establishment method etc. A summary of the literature on the effect of each of these factors on yields is presented below: 
•	Toposequential position of rice fields is also reported to affect the rice yield: higher yields could be expected from lower-positioned fields than middle and upper-position fields (Fukai & Ouk, 2012; Ikeura et al., 2019).
•	Basnayake et al. (2006), who studied wet season rice production in Savannakhet, showed a positive relationship between the seeding rate used in broadcasting and row seeding and grain yield - an increase of the yield by 26 to 29 per cent for an increase in seeding rate from 50 to 200 kg/ha. However, a study conducted in Vientiane Municipality showed no increase in grain yield from direct seeding with seed rates exceeding 75 kg/ha, even up to 200kg/ha.  Farmers stated during interviews that they usually use about 70 to 80 kg of rice seeds for broadcasting/direct seeding. 
•	Linquist and Sengxua (2001) showed that experiments conducted in the early to mid-1990s in Southern Lao without any fertiliser added to rice crops averaged at 2 t/ha. Sengxua and Linquist (2002) reported rice yields between 1.1 to 1.6 t/ha for rice crops with no added inorganic fertiliser or organic residue. Haefele et al. (2010) reported an average yield of 2.31 t/ha under the same conditions. Inthavong et al. (2014) estimated the range of yields between 1 and 2 t/ha for wet season rainfed lowland rice in Savannakhet that could be achieved from inherent fertility in soils from soil organic carbon, P and K with no limitation in water. These yields had all been obtained through rice transplanting. Manivong (2014) used a yield of 1.5 t/ha for transplanted rice, where the crop was grown with no nutrient inputs added. Ikeura et al. (2019) reported a distribution of rice yields between 0.6 and 3.5 t/ha with an average of 1.9 t/ha, for fields located in a village in Savannakhet, applied with very low amounts of basal fertiliser or cattle manure only. 
•	Sengxua and Linquist (2002) reported yield increases by 0.6 t/ha and 1.2 t/ha for the first two years and the third year, respectively in rice crops applied with 2 t/ha of residue (farmyard manure, rice straw and husks) alone in Champasak district. Linquist and Sengxua (2001) stated that ‘applying residues alone (rice straw, rice husks, or manure) at 2t/ha can increase rice yields by 0.5t/ha’ (p.73). Linquist and Sengxua (2001) pointed out that the concentrations of N, P and K in organic residues are low; hence, inorganic fertilisers also need to be applied to get higher yields. Furthermore, Roder et al. (2006) explained that the effect on rice yield increase from adding manure, straw or rice husk when applied at modest rates (3t/ha) ranged between 2 to 89 per cent. Linquist and Sengxua (2001) also investigated the effect of supplementing nutrients (mainly N) using green manure on rice yields. Their studies from 1997 showed that green manure crops such as S. rostrata and A. afraspera alone can enhance the yield by 1.3 and 0.6 t/ha, respectively. 
•	The response of rice yields to added fertiliser depends on several factors. Soils in Lao in general and especially Savannakhet have shown a significant response of yield to the added inorganic fertiliser (Linquist & Sengxua, 2001). Their fertiliser response experiments conducted in Southern Laos proved an average yield increase of 75 per cent from 2 t/ha to 3.5 t/ha on average by applying the general recommendation of 60, 13 and 17 kg/ha of fertilisers containing N, P and K. They also pointed out that in most of the cases, rice crops in southern regions continued to respond to Nitrogen rates at 90 kg/ha and even 120 kg/ha yielding 3.8 t/ha of rice. A similar study on the yield response to inorganic fertilisers by Inthavong et al. (2014) indicated that yields could reach 2.9 t/ha from 1.6 t/ha with the recommended rates and 6 t/ha with conditions of unlimited nutrient supply. They suggest that on average, rates of N, P and K should be applied between 20 and 70 kg/ha, 5 and 35 kg/ha and 10 and 30 kg/ha, respectively, which has a considerable variability. 
•	In Table 12, the fertiliser scenarios and subsequent rice yields that Manivong (2014) used for his study of lowland wet season transplanted rice are reported. 
•	Sengxua and Linquist (2002) and Roder et al. (2006) noted that using a combination of inorganic fertiliser and organic manure would be the most productive and sustainable practice. 
•	Khounthikoumane et al. (2021) found a yield distribution between 0.3 t/ha and 30 t/ha with an average of 3.034 t/ha for the lowland wet season rice crop in 2019, cultivated with improved rice seed varieties by transplanting and using both organic and inorganic fertilisers as reported during interviews. 
•	In addition to soil fertility and nutrient management, there could be other factors that affect the yield of rice, such as water stress and weed pressure. Inthavong et al. (2014) estimated a loss of rice yield between 4 – 12 per cent as a result of water stress using a soil water balance model.

Table 12: Scenarios, rates of N, P and K, and yields

	Scenario
	Rates of N, P and K per hectare
	Average yield (t/ha)
	Range of yields (t/ha)

	No-input
	0-0-0
	1.5 
	0.2 to 3

	Low-input
	31-10-0
	2 
	0.2 to 4

	Medium -input
	60-30-30
	3 
	0.2 to 4.5

	High-input
	120-60-60
	3.75 
	0.2 to 5


Source: Manivong (2014)

Rice yields reported by farmers during interviews varied with the rates of fertiliser they used as shown in Table 13. Farmers who used the direct seeding method and fertiliser rates around the recommended amounts obtained yields ranging between 2.3 – 2 t/ha (maximum yields) and 1.75 – 1.48 t/ha (minimum yields). 

Table 13. Fertiliser rates and respective average yields obtained by farmers

	Method of establishment
	Fertiliser rate
	Yield obtained per hectare (t/ha) 

	
Direct-seeded rice
	No fertilizer
	Average 
	0.8 – 1 

	
	Medium input 
	Average 
	3.5 

	

Broadcasted rice
	

Around medium input rates
	Maximum 
Minimum 
	2.37
1.48 

	
	
	Maximum
Minimum 
	2.0
1.75 

	
	
	Maximum
Average
Minimum
	2.7
2.2
1.38


Source: Field data collection 2024. Note: one bag weighs 40 kilograms. Medium input refers to the same used by Manivong (2014)

The representative farm owns a two-wheel tractor and a hand-weeding machine, and rice is harvested by labour 

Most rice producers in Laos are smallholders with small plots of land, which limits the adoption of machinery. Newby et al. (2020) stated that the mechanisation of rice production in Laos was at its early stages in 2010. Rice production in Lao has been mostly carried out using labour and draught power until recently, when the adoption of machinery for labour-intensive practices such as land preparation, transplanting, and harvesting significantly increased due to the increasing cost of labour.  The spillover effect of technology across borders from Thailand, Cambodia and Vietnam has also influenced the adoption of machinery in farming (Newby et al., 2020).

Lowland rice farmers in Laos adopt two-wheeled tractors, which are usually made in neighbouring Thailand or Vietnam, mainly for land preparation activities (ploughing) by replacing the draught power from buffaloes (Cramb, 2020a). Manivong (2014) pointed out that there has been a considerable increase in the ownership and use of two-wheeled tractors by many farmers, not only for land preparation but also for transportation. In 2010, 75 per cent of households surveyed had used two-wheeled tractors either owned by themselves or hired for land preparation, while 60 per cent of households owned the tractors (Newby et al., 2020). Manivong, Cramb, et al. (2014) reported that the majority of farmers in their study had used a self-operated, foot-powered or tractor-powered machine of their own or a hired tractor-powered threshing service, while a very small portion performed manual threshing. 

When rice farmers were asked how much the two-wheeled tractor cost, the average price was mentioned as 12,000,000 LAK with a 30-year life, whereas a small tractor cost on average of 32,900,000 LAK that would last for 25-30 years.

Manivong (2014) mentioned that investments in larger machinery used for rice planting and harvesting were not significant because of high costs, and they are left idle for most of the year; hence, obtaining contract services for such activities would cost less. 

Findings from the data collection suggested that machinery is widely used by farmers in rice production, especially for land preparation and harvesting. The majority of farmers owned two-wheeled (hand) tractors or hired them to plough their paddy fields. While some farmers used contract services to harvest their paddies using combined harvesters, it was interesting to reveal that many farmers use hand weeding machines to harvest paddy. Harvested paddy is then threshed by farmers themselves using machinery (powered by a two-wheeled tractor). They mentioned that a hand weeding machine costs 2,000,000 LAK and would last for 4-5 years. 

“We harvested rice by machine due to a lack of family labour.” (Participant 1, FG1)
“We harvested rice by hand grass cutter [hand weeding machine]. It can reduce the cost, labour and save time” (Participants 2 and 3, FG1)
“For the harvesting activity, those farmers who lack labour can use a machine … while some use a hand grass cutter to harvest rice using family labour. The main constraints of using machines for rice harvesting are no place to dry and the produce getting mixed with other rice varieties.” (all participants, FG1)

With the increased use of machinery in rice production in Laos, fuel consumption has also risen correspondingly. In 2022, fuel prices exhibited a trend similar to that of fertiliser prices due to the supply deficit caused by the depreciation of the Lao Kip and declining foreign currency reserves (FAO, 2023a). Findings from interviews with farmers reported a fuel requirement that ranged between 30,35 and 50 litres per hectare at a rate of 21,000 LAK/litre on land preparation and harvesting (using machinery). 

The representative farm requires 41 days of labour to produce rice (all provided by the household) 

Traditional rice production in Laos is labour-intensive as most activities are carried out manually, including land preparation, transplanting, weeding, and harvesting. Most of these rice-growing practices are carried out by farm family members.  The utilisation of family labour in rice production is influenced by its availability, as family members often participate in other income-generating activities that indirectly contribute financially to rice farming. Newby et al. (2013) found that at least one family member in 42 per cent of farm families in Outhoumphone in Savannakhet had migrated to work in neighbouring Thailand or urban areas. This was supported by Williams et al. (2016).

The same was highlighted during farmer and key informant interviews that at least one family member has out-migrated to engage in off-farm employment. According to the DAFO key informant’s point of view, labour migrated across districts previously, but now labour is harder to find because they have migrated to work in Thailand and Korea. This labour movement is also an important source of income for the families.  

Manivong (2014) estimated that a total of 93 labour days were required for transplanted rice production using inorganic fertiliser, manual weeding and manual harvesting, threshing and hauling. Mullen et al. (2019) reported a total of 75 labour days per hectare for transplanted rice production. Sacklokham et al. (2020) reported a total of 51 labour days on wet season transplanted rice production using inorganic fertiliser and manual weeding and harvesting in Savannakhet from the survey conducted in 2013. 

Establishing rice through broadcasting reduced the number of labour days required. Mullen et al. (2019) estimated that direct-seeded rice production saved nearly a third of labour demand. Laing et al. (2015) estimated a total labour requirement of 40 labour days per hectare to produce rice by direct seeding. Similarly, the interviews with farmers and the PAFO and DAFO in this study found that the labour requirements for direct-seeded rice production, which used herbicides to control weeds and manual harvesting, during the wet season equalled 41 labour days per hectare (see Table 14). 

Table 14. Labour requirements for rice growing activities based on interviews with farmers and stakeholders

	Labour days required

	
	Transplant
	Direct seed

	Seedbed preparation
	1
	0

	Nursery cultivation
	1
	0

	Nursery sowing + fertiliser 
	0.5
	0

	Nursery fertiliser
	0.5
	0

	1st land preparation  
	4
(transplanting cultivation)
	2
(first cultivation)

	2nd soil preparation 
	6
	

	Uprooting + transplanting  
	35-40

	6 (H)
(second cultivation 2 days and sowing 4 days)

	Apply fertiliser to crop  
	2
	2 (F)

	Hand weeding 
	11
	0

	Herbicide
	0
	0.5-1 days instead of hand weeding

	Pest management (hand picking snails)
	5
	5 (F)

	Harvesting, hauling, threshing+ piling + drying
	25-26
	25-26

	Total labour days
	91-97
	41


Source: Field data collection (2024)

Sacklokham et al. (2020) found the proportion of family labour to hired labour was 50:1, implying that rice-growing activities were carried out almost entirely using family labour. Manivong (2014) reported that in 2010, the majority (more than 50 per cent of farming households) relied on family labour only, about 30 per cent used household labour with exchanged labour (with relatives), 12 per cent used both household and hired labour and only 4 per cent used both exchanged and hired labour. From the interviews with farmers and stakeholders, it was found that the majority of farming households depended on family labour to perform activities in the field.
Manivong (2014) assumed that labour required to harvest, thresh and haul paddy rice increased by 11 days for each extra tonne of paddy rice harvested (that is, to harvest thresh and haul 1t/ha paddy rice it required 34 days, to harvest thresh and haul 4 t/ha of paddy rice it required 67 days). Based on the interviews, farmers use a contractor for threshing, which increases in cost based on yield. Thus, to account for a higher labour requirement for higher yields, a cost of 8 per cent per tonne of yield is added for the threshing service. With mechanised harvesting, threshing (which separates rice seeds from the plant) is also done by the machine itself. Mullen et al. (2019) used a cost of five per cent of the revenue as the threshing cost in their analyses. 

Data collection from the field with farmers showed that farmers now pay nearly 8 – 10 per cent of their revenue, which is equivalent to 8- 10 bags for every 100 bags of paddy. 

Valuing the cost of household labour can be done using the opportunity cost. Mullen et al. (2019) explained that valuing household labour at the rate of hired labour is the cost of a family member who works on-farm instead of off-farm. However, as Mullen et al. (2019) also mention, the opportunity cost of household labour could take a much lower value than the wage rate because of several factors, including the value given by the farm family for the labour they free up to engage in other farm or household activities. It was found during the farm interviews that hired labour costs 100,000 LAK/day (2023) and 160,000 LAK/day (2024) in general.

Interestingly, the additional labour requirement for record keeping of inputs used, outputs produced, and practices of organic and GAP rice production was discussed during the key informant and farmer interviews. They pointed out that recordkeeping is essential for the certification process in meeting product standards; however, it demands labour and time. They estimated an additional 12 labour days of recordkeeping required for organic or GAP rice production. 

The representative farm only produces rice and does not do other commercial activities, nor does it have off-farm income 

The diversity of activities within farms is characteristic of smallholder semi-subsistence farmers in Laos (Manivong & Cramb, 2020; Williams et al., 2016). The livelihoods of farming households fall into three categories: mainly agricultural, non-agricultural, and remittance-generating activities (Martin & Lorenzen, 2016; Williams et al., 2016). Figure 7 depicts the nature of activities that can be involved under each category. 

Other agricultural practices within the farm, in addition to rice growing, mainly serve subsistence purposes and provide additional sources of income to support the household's cash flow and lead to generating returns to the resources owned by the farm family household (Manivong, Newby, et al., 2014). There is significant variability in the types and combinations of farm activities that households engage in. Martin and Lorenzen (2016) found in their household survey that crop production, poultry farming, cattle farming, and fishing are the most common livelihood activities for farm households in Champhone district in Savannakhet province. The same characteristics were confirmed by Williams et al. (2016) for farm households engaged in rice production in Savannakhet province. The types of activities that farming households engage in may be limited by the availability of land, labour, and assets (Martin & Lorenzen, 2016). 
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Below is a summary of the literature and findings from the field data collection on the livelihood activities that farming households in the lowlands of Savannakhet typically engage in. 

Crop production 

· Other crop production, in addition to rice production, is carried out in a typical farm for household consumption and sales. The types of crops grown usually are vegetables, fruits, and cash/field crops such as cassava, sugarcane, maize, banana, rubber, coffee, etc. Vegetables are a main food source for diet diversification in smallholder farm households (FAO, 2023b). Some annual crops are grown during the dry season (e.g. vegetables) in house yards and wet-season paddy fields with access to irrigation (Sacklokham et al., 2020), while cash crops and other perennial trees, such as fruit trees, are grown in separate farmlands. Alternatively, crops such as maize and legumes can be successfully grown during the dry season with higher returns. Leguminous crops in the farm provide green manure and yield beneficial effects on the soil in subsequent season cultivations. Additionally, horticultural crops such as vegetables and watermelon can bring in higher returns relative to the high cost of material and cash inputs (Alexander et al., 2018). Cash crops have become very popular among smallholder farmers recently because of higher returns compared to rice and other crop productions. A sharp increase in cassava production took place within nearly a decade from 2005, along with a significant increase in maize, coffee and banana production, with improved markets for exports to surrounding countries (Asian Development Bank, 2018). 
· Key informants from the DAFO in Champhone district in Savannakhet province pointed out that more than 1,737 ha of land is dedicated to wet season crop production besides rice (i.e. cucumber, bean, maize, taro and vegetables), and 1,860ha for dry season crop production (i.e. watermelon, chili), and 1,277ha for commercial crop production such as cassava. Additionally, the district has more than 12,000 heads of cattle and 11,000 heads of buffalo. Additionally, farmer interviews revealed that they have been growing sugarcane recently to supply the produce to a sugar factory located in the province and also cassava, owing to higher prices with the increasing demand from neighbouring countries such as Thailand, Vietnam and China. Key informant interviews pointed out that farmers in Savannakhet province grow rubber and oranges in considerable proportions, with other crops such as vegetables, including cucumber, bean, maize, chilli, taro, watermelon, etc. 

Livestock production

· The main types of livestock reared in lowland farms are cattle, buffalo, goats, pigs and poultry (chicken and duck), and nearly 95 per cent of households raise their own livestock (Vongmany et al., 2018). Currently, the main purpose of livestock production is for sales and domestic consumption, while the large animals – mainly cattle and buffalo are usually used as a store of wealth. Draught power for land preparation in rice growing used to be another major use of cattle and buffalo before being replaced with machinery at present. The number of livestock raised by households depends on the ability to provide fodder during the wet season when free grazing is not practised and the availability of land, where the latter is limited because of the conversion of land available for animals to vegetable gardens (Larson & Alexander, 2016). Low productivity is reported under traditional management that allows animals such as cattle and goats to freely graze during the dry season, when animals do not get enough nutrition from available feed sources such as grass and green manure. 
However, the demand for Lao mountain goat meat from Vietnam increased recently, with a doubling of production within less than a decade. Goat raising has become a significant source of income for households in Savannakhet from goat sales, accounting for nearly 30 per cent of the total household income and 40 per cent of total farm income (Liehr et al., 2024). 
Byproducts of livestock production, such as manure and litter, are excellent sources of manure for supplementing nutrition in crop production and enhancing soil texture, but the concentrations of nutrients tend to vary highly. 
•	Findings from farmer interviews show that the majority of farmers own cattle, buffalo and poultry, with the herd size of cattle ranging between 4-6 head, 2 buffaloes and 100 head of poultry. Most farmers use manure in rice fields and other crop production as manure. They usually feed their cattle with rice, rice straw (also for chicken), and weeds cut from the farm during the wet season and free grazing during the dry season. 

Aquaculture

· Aquaculture is done in fishponds for household consumption and sales, mostly during the wet season, with rice production (Sacklokham et al., 2020). It has been reported that nearly 35 per cent of households owned fishponds (Vongmany et al., 2018). 
· It was reported during farmer interviews that there are 48 fishponds in the village where field data collection was conducted. 

Other agricultural, non-agricultural and off-farm activities 

· Farm family household labour is allocated to several other activities, resulting in income generation not necessarily within one’s farm. They engage in a wide variety of activities, ranging from agricultural to non-agricultural employment. Fishing has become the backup source of income for many villagers when their main agricultural income sources are lost or become unpredictable because of extreme weather events (Martin & Lorenzen, 2016; Vongmany et al., 2018). In most farm households in Savannakhet, family members work permanently in private or public sectors in the area and even have migrated to neighbouring cities or countries to engage in employment, but financially contribute to farming and household expenses via remittances (Martin & Lorenzen, 2016). 
· Findings from key informant and farmer interviews pointed out that some family labour seasonally engage in other income generating activities such as charcoal production, fishing, providing casual farm labour to other smallholder or commercial farms in the area, collecting and selling timber and non-timber forest products, producing and selling handicrafts or garments, and casual labour work while contributing to their own farm activities during peak labour-demanding periods. It was frequently discussed during farmer interviews and focus groups that remittances from family members have been an important source of cash for farming and household expenses. 

As reflected by the literature and confirmed by the findings from the field data collection, there is a diversity of activities carried out in a rice production system depending on the resources owned by the farm household. Given the diversity in activities carried out within and outside the farm, it is certainly challenging to define them in relation to the representative rice production system, specifically, defining the inputs, outputs, prices and costs associated with these other activities. Consequently, to ensure that the results could withstand scrutiny, for a first look analysis, it was decided that the representative farm business/household only produces rice and does not partake in other agricultural or off-farm activities. The researchers do note that this is not truly accurate, and below reflects on the diversity of activities that occur within smallholder rice farms in Laos. To address this limitation, future research could build on the work in this project and define detailed case studies that capture the full complexity of rice production systems. 

The most likely price of paddy rice is 7,500 LAK/kg 

There is much uncertainty about price trends for Lao paddy rice. Seemingly, the only published source of data is FAOSTAT, but 2013 was the last year in which the price of paddy rice was reported. FAOSTAT has continued to publish a producer price index, and Mullen et al. (2019) used this index to project forward a price for paddy rice in 2016 of 2,900 LAK/kg (nominal) or 4,100 LAK/kg in 2023 real terms. Discussions with Lao rice producers and scientists suggest that in 2024, the price of paddy rice at the farm gate is about 7,500 LAK/kg, a marked increase from 2016. 

Laos Statistical Information Service (2024) published a series on the prices of glutinous and ordinary rice at the mill gate. In 2022, the price of milled glutinous rice was 10,811 LAK/kg (12,396 LAK/kg for ordinary rice). Prices have been steadily rising since 2018. At a milling rate of 70 per cent, the mill price of glutinous rice in 2022 is approximately equivalent to 7,567 LAK/kg. The trend in retail prices of glutinous and ordinary rice for the period between 2022 and 2024 is depicted in Figure 8.

World Bank (2024) reported the price for milled rice from Thailand and Vietnam in US Dollars. Assuming a milling percentage of 70 and applying a US/LAK exchange rate gives a nominal price for Thai rice in 2023 of 6,900 LAK/kg, also approaching the Lao price in 2024 of 7,500 LAK/kg, similarly for Vietnam rice. World Bank price projections for 2024 and 2025 suggest perhaps a 10 per cent fall from 2024 prices. So, perhaps conservatively, a price of 7,000 LAK/kg might be used in forward-looking budgets.

However, the big rise in the price of Thai rice in terms of LAK/kg from 2022 was driven by a significant depreciation in the Kip relative to the US dollar, from about 10,000 in 2021 to 17,600 in 2023. Before this depreciation, the real price of Thai paddy rice was in the order of 4,000 LAK /kg and has since risen about 20 per cent according to the World Bank, implying a price of about 4,800 LAK/kg. 

Such a significant depreciation lowers the price of Lao rice on the world market, making exports more attractive and hence, even though the volume of exports from Laos is small, this may be driving the increase in the price of paddy rice. Because only a small proportion of Lao production is marketed, the influence of the export/world price is likely more marked. If the exchange rate were to return to more normal levels, a more conservative price to use in forward budgeting might be 6,000 LAK/kg (a 20 per cent reduction). 

[image: ]Figure 8. Retail prices of rice
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The price of rice paddy tends to vary with the distance from the market, the number of paddy rice buyers, seasons and reportedly does not vary across varieties as described by Mullen et al. (2019).

During the discussions with officers from the DAFO, it was reported that average prices of paddy in Savannakhet ranged between 3,500 – 4,000 LAK/kg and 5,300-5,500 LAK/kg in 2022 and 2023, respectively, whereas prices in 2024 range between 6,000 – 6,500 LAK/kg. The findings revealed that farmers get access to rice paddy price information through paddy collectors in the village and agents from large-scale rice marketing companies such as Indochina Development Partners Lao Ltd (IDP).

An unpublished report from the PAFO in Savannakhet summarised glutinous and non-glutinous paddy rice and rice prices that prevailed across districts in the first half of 2024 (See Table 15). The retail prices are approximately the same as those surveyed in Vientiane city in late 2024 by Kousonsavath et al. (2025).

Interviews with farmers reported that the price of rice paddy (dried) was 7,000 LAK/kg on average, with a maximum ranging from 8,000 – 8,5000 LAK/kg. Wet rice[footnoteRef:4] paddy obtained lower prices than dry paddy, i.e., 5,300 – 5,600 LAK/kg. Additionally, they mentioned that prices tend to vary between early and late harvesting seasons, where the latter reported slightly higher prices—7,000 – 8,500 LAK/kg and 6.500 – 6,700 LAK/kg for early and late season paddy rice, respectively.  [4:  The average moisture content of harvested paddy is 22 per cent. After harvesting, paddy is dried to reach a moisture content of 14 per cent that is optimum for storage. The average price of paddy rice is calculated for a moisture content of 14 per cent. The price of paddy rice with more than 14 per cent moisture content will have lower prices. ] 


Discussions with organic farmers and officers from PAFO and DAFO in Vientiane revealed that the price of organic rice paddy is around 25 per cent higher than the price of non-organic rice paddy, which ranged at 9,500 – 9,8000 LAK/kg in early 2024. Additionally, key informants noted that the price of GAP rice is usually 500 LAK/kg higher than conventionally produced rice. 

For our analyses of the performance of the representative farm, a price range of 4,500 LAK/kg as the minimum, 7,500 LAK/kg as the most likely and 12,000 LAK/kg as the maximum.  

Table 15. Farmgate and retail prices of glutinous and non-glutinous rice in Savannakhet

	No
	District
	Paddy rice
(glutinous)
(LAK/kg)
	Retail rice price
(glutinous)
(LAK/kg)
	Paddy rice
(non-glutinous)
(LAK/kg)
	Retail rice price
(non-glutinous)
(LAK/kg)

	1
	Kaisone 
	8,000
	17,000
	12,000
	23,000

	2
	Songkhone
	7,800
	16,000
	12,000
	20,000

	3
	Xaybouly
	7,000
	16,000
	11,000
	21,000

	4
	Xayphouthong
	7,700
	16,500
	11,000
	22,500

	5
	Champhone
	7,000
	17,000
	11,000
	20,500

	6
	Xonbouly
	7,500
	16,500
	12,000
	22,000

	7
	Phalanxay
	7,000
	16,000
	12,000
	20,500

	8
	Outhomphone
	7,400
	16,500
	12,000
	21,500

	9
	Atsapangthong
	7,200
	16,700
	12,000
	21,500

	10
	Atsaphone
	7,500
	16,000
	12,000
	22,000

	11
	Phine
	7,200
	16,000
	11,500
	20,000

	14
	Xepon
	11,000
	16,000
	12,000
	29,000

	13
	Nong
	7,000
	16,000
	10,000
	20,000

	14
	Thapangthong
	7,000
	16,000
	12,000
	22,000

	15
	Vilabouly
	7,500
	17,500
	10,000
	22,000

	Average
	7,587
	20,475
	13,269
	21,833


Source: Unpublished data from Savannakhet PAFO, Field data collection (2024)

Principal sum borrowed, life of the loan, and interest rate

Agricultural loans have become important to rice farmers in purchasing inputs and building new infrastructure while commercialising rice production. According to findings from the Agricultural Census, the number of farm households that obtained loans has increased over a decade from just 13 per cent to 26 per cent, with a variation between 66 per cent and 9 per cent across provinces (Lao Statistics Bureau, 2021). The latter percentage has been reported from Savannakhet. Findings also show that the majority of loans had been obtained from public banks. 

Considering the trend of rice production towards specialisation or commercialisation, where loans become increasingly essential for financial sustenance, it is considered that the representative farm has borrowed a loan with a principal amount of 5,000,000 LAK at an interest rate of 8 per cent per annum for a 10-year repayment period.

Concluding Discussion 

This paper focuses on one of the required inputs for achieving the objective of the ACIAR project, which illustrates a method for assessing the social and economic implications of transitioning to alternative sustainable farming practices and organic rice production during the wet season in the lowlands of Laos. Specifically, it aims to develop and outline the characteristics of a representative farm involved in lowland wet-season rice production, which will serve as the basis for the farm-level economic analysis using the whole farm approach in farm management economics. 

Farm economists often use a representative farm to conduct a first look or to demonstrate a method in their economic analysis. The concept of the representative farm was introduced and evolved with the contributions from Elliott (1928), Schultz (1939), Carter (1963), Feuz and Skold (1992),Botha and Meiring (2001). etc. 

The 'case study’ research design with a ‘single case study’ method is adopted to define a representative wet-season rice farm household system as the case by providing an in-depth, holistic, and nuanced understanding of the dynamics of the farming system.

The representative farm in this paper was defined using multiple sources of data, ranging from literature, reports, databases from the Lao government and international organisations to primary data collected in the field from field visits, in-depth interviews and focus group discussions with farmers, key informant interviews, stakeholder meetings, and workshops. The initial description of the characteristics of the representative farm is based on the existing literature - the work by Sacklokham, Newby and Manivong in White Gold by Cramb (2020b), Mullen et al. (2019), Laing et al. (2015), Manivong (2014), and Linquist and Sengxua (2001), which was then triangulated under a range of spatial, temporal and other aspects, with other evidence to refine, update and thereby improve the credibility, validity and robustness of the data used for analyses. Moreover, it was valuable in filling gaps in data obtained from a single source and confirming the findings obtained from a primary source. For instance, when the data used from previous literature was outdated, secondary sources such as the agricultural census data and even primary data became useful in providing up-to-date data.   

The data was used methodically and systematically to justify the type of farm being defined, identify the criteria for classification of variables, and describe the level of detail in the representative farm by constantly relating to the problem being addressed in the study/project. Consequently, the representative farm fundamentally highlights the conventional resource/input use situation in wet-season rice production of lowland farms in Laos, within the context of  a range of characteristics such as topography, geographical location, goals of farming, cultural practices, or technologies used in management practices, resource endowment, yield, capital, and labour. The characteristics of the representative farm were defined based on current management practices so that wet-season rice production is optimised in the farm, essentially located in the lowlands of Savannakhet. While most characteristics were supported by facts corroborated through multiple sources of evidence, characteristics with higher levels of variability and complexity were selected based on expert opinion or judgment, assumptions, and simplifications. 

It has certainly been challenging to define some characteristics that vary considerably with the context of farming systems. For example, the key characteristics regarding the use of inorganic fertilisers, organic fertilisers, and weedicides are quite complicated to specify in terms of quantities used because farmers reportedly utilise a range of amounts that differ based on the quality of such products, which all affect the rice output of the representative farm. Therefore, we have not been specific when defining some of the characteristics of the representative farm to allow for the variability and evaluate a range of options from no input use to heavy input use, reflecting common practices through a subsequent scenario analysis of alternative rice farming practices. 

Additionally, although wet season rice production is common for smallholder farmers as the key economic activity (which we are specifically interested in), the diversity of other agricultural activities carried out alongside rice production for subsistence makes each farm unique and heterogeneous within farms. The diversity of farms also depends on factors such as access to irrigation, infrastructure such as roads, machinery, and also intermediaries, and markets (for input supply and output sales). In this study, it is assumed that the representative farm produces wet-season rice only as an economic activity. The researchers do note that this is not truly accurate and acknowledge the diversity of activities and their interlinkages that occur within a smallholder rice farm. The justification for it is that this is a first look only and demonstrates a method to solve a problem in rice production. 

The resulting representative farm defined is rich in detail because of the magnitude of information, variability, and complexity it carries, as the exercise is to construct the representative farm similar to or closer to the details of a real farm. Referring to a real farm, Carter (1963) quoted Holmes (1932), ‘even a small farm is a complex economic organism, and every individual farm departs widely in one or more important characteristics from the so-called norm’ (p. 1450) – which equally applies to the representative farm in this case. 

The generality of a representative farm is unique and relates to the problem being analysed when it comes to its use as a tool. In this case, the representative farm is constructed to highlight the current farming practices and resource use situation of wet-season rice production in the lowland of Laos. Any use of the representative farm should be focused on farming practices and resource use situations. 

The representativeness of the farm is only valid as long as the characteristics describing it are up to date and remain stable (Elliott, 1928). The rate of structural changes in agriculture, the increasing degree of commercialisation, and advancement in technology are some key factors that must be frequently verified to continue the use of the representative farm developed in future studies. Elliott (1928) describes, ‘hence, typical farming systems cannot be determined once and for all time. It is necessary to check up on them every few years to see what has taken place or is taking place. This is particularly true in areas such as the one just mentioned or in any other area where rapid changes are taking place’ (p.487). Another challenge in maintaining the farm's representativeness is that it is critical to select data carefully to demonstrate the most realistic situation. Instead, the outcomes yielded from a representative farm constructed using incorrect data are highly biased and unsuitable. 

The use of representative farms that are artificially constructed for analytical purposes can be a powerful, highly useful approach, given that it is done systematically. However, according to Malcolm (2004) ‘Farm models can only ever be partial representations of reality. Farm businesses are complex operations with many dimensions (p. 47). Capturing all dimensions of a dynamic environment like a farm can be tackled using a real case study approach, which Malcolm (2000) explains ‘… analysis of the effects of research findings and policy changes on the situation of the representative, but unreal, farms would be enhanced by some parallel, real, whole farm case studies because representative or average farms do not actually exist' (pp.24-25).

One more reason to support the use of actual farm case studies alongside representative farm analyses is that, while it is feasible to make some generalisations about the current state based on empirical data, predicting future scenarios proves difficult, as each farm operation has its unique history and will face different future circumstances. The additional insights regarding the options and potential of actual farm situations, as well as the ambitions of the farmers, will influence their future outcomes (Malcolm, 2004). Additionally, supplementing the results obtained from a representative case farm with a real case study farm would be complementary and enhance the validity of the outcomes. However, real case studies could be resource-intensive, requiring higher levels of expertise and time commitment if done properly. 

The current policy focus of the Lao government is on reducing the reliance on exogenous chemical inputs and diverting towards environmentally sustainable inputs. This representative farm can be the starting point for understanding the current practices of smallholder rice farming households and a device for exploring tendencies to formulate policies to make changes at the farm level in achieving the policy aims. 

Given the limitations of time and resources, the scope and scale of this ACIAR project are restricted to an exploratory study demonstrating the method/framework in analytical terms on a representative case study farm. Extending this representative case farm research analysis to real case study analyses will allow linking research results that are partially real to actual situations reflected in case studies.
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Table 9. Nutrient concentration of some on-farm residues.

Nutrient

Residue N P K s ca Mg Mn

(%) (%) (%) (%) (%) (%) (ngeg?)
Rice straw 032 010 039 017 884
Rice husks? 0.43-0.55 005 007-015 003 116-337
Frve 05-10 na® na na na
Cattle dung® 035 na na na na
Catle urine? 0.80 na na na na

“Juliano and Bechtel (1985). “Uexkull and Mutert (1992). éna = not available.
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