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ARTICLE

A Mixed-Methods Analysis of Systemic Factors Affecting the 
Integration into Rice Straw Supply Chains in Thailand

Adisai Watanaputi , Thammanoon Hengsadeekul * 

Faculty of Logistics and Digital Supply Chain, Naresuan University, Phitsanulok 65000, Thailand

ABSTRACT
Rice straw, a by-product of rice cultivation, is commonly disposed of through open-field burning, which contrib-

utes to air pollution and environmental degradation. This study aims to identify the key factors influencing farmers’ 
decisions on rice straw management and to develop policy recommendations that encourage the sustainable utilization 
of rice straw within the supply chain. A mixed-methods approach was adopted, combining qualitative interviews with 
nine key informants and a quantitative survey of 585 rice farmers across Thailand. Multinomial Logit Regression (MLR) 
was employed to analyze farmers’ preferences among four management options: burning, composting, animal feeding, 
and selling. The results reveal that membership in farmer groups, ownership of livestock, access to baling machinery, 
knowledge, and skills related to straw utilization, ease of field access, availability of storage facilities, engagement in in-
tegrated farming, and year-round access to baling services significantly increased the likelihood of choosing sustainable 
alternatives over the burning straw. These findings underscore the importance of both capacity-building and infrastruc-
ture in enabling sustainable practices. Based on these insights, the study proposes a multi-level policy framework to en-
hance the value creation of rice straw. National policies should focus on expanding access to machinery and supporting 
innovation, while local governments should facilitate farmer training and improve straw logistics. Strengthening farmer 
organizations and market connections is also crucial for scaling adoption. Overall, structural integration and stakeholder 
coordination are key to reducing straw burning and promoting sustainable resource use in rice-producing regions.
Keywords: Rice Straw Management; Alternative Utilization; Burning; Multinomial Logit Regression; Agricultural Sup-
ply Chain
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1. Introduction

Rice is considered one of the most important eco-
nomic crops in Thailand. It is grown in all regions of the 
country for both consumption and export, generating sig-
nificant economic value for the country, particularly in irri-
gated areas where farmers can cultivate rice throughout the 
year. As a result, Thailand is ranked as the world’s sixth-
largest rice producer, with an annual production of ap-
proximately 31–33 million tons of paddy rice [1]. However, 
even though rice is the main crop that generates income, 
agricultural by-products are also produced during the har-
vesting process, such as rice husks, rice bran, broken rice [2], 
and notably, rice straw, which is generated during the sepa-
ration process [3]. Rice straw is considered the most diffi-
cult by-product to manage. For every ton of rice harvested, 
approximately 0.7 to 1.4 tons of straw is produced [4],  
depending on cropping intensity, soil conditions, irrigation, 
and climate. While rice straw has the potential to be reused 
as compost, livestock feed, or raw material for bioenergy, 
it is often overlooked and disposed of through open-field 
burning, a common practice in many Asian rice-producing 
countries. In Thailand, an estimated 48% of rice straw is 
still burned [5]. 

This practice is not necessarily the result of limited 
environmental awareness but rather reflects the lack of 
access to feasible and effective management alternatives. 
Burning leads to decreased soil fertility, reduced crop 
yields, and missed economic opportunities. Additionally, 
it contributes significantly to air pollution, with PM2.5 
concentrations in Thailand ranging from 4.8 to 218.6 mi-
crograms per cubic meter during the post-harvest season. 
Alarmingly, 64 provinces report levels exceeding safety 
standards, and 44 face direct public health risks [6]. Moreo-
ver, straw burning is a major contributor to greenhouse gas 
emissions and climate change.

Previous studies on rice straw management have 
primarily focused on technical or economic aspects, such 
as the feasibility of converting straw into bioenergy, its 
potential to reduce fertilizer costs through composting, or 
its nutritional value as livestock feed. These studies tend 
to emphasize end-user outcomes rather than exploring the 
behavioral dimensions of farmers’ decisions. Although the 
high prevalence of straw burning and its environmental 

consequences have been widely reported, what remains 
underexplored is the set of factors that shape farmers’ 
decision-making in this context. Few studies have system-
atically explored why farmers persist in burning straw or 
what contextual factors enable or hinder the adoption of 
alternative practices, especially in a country as geographi-
cally and socioeconomically diverse as Thailand.

Given the nature of the decision-making process, 
where farmers must choose among multiple, non-ordered 
options, this study aims to identify the key factors influ-
encing Thai farmers’ decisions in selecting rice straw man-
agement strategies. To address this gap, the present study 
employs a Multinomial Logit Regression (MLR) model to 
examine the likelihood of farmers choosing among four 
straw management strategies: (1) burning, (2) composting, 
(3) using rice straw as animal feed, and (4) selling. The 
MLR model is suitable because it accommodates multiple 
categorical choices without assuming a natural order, and 
it enables the inclusion of diverse explanatory variables 
across economic, social, and operational dimensions. This 
analytical framework supports a more nuanced understand-
ing of farmers’ behavior and facilitates evidence-based, 
integrated policy recommendations to promote sustainable 
rice straw utilization at both the community and national 
levels.

2. Literature Review

Rice straw is a by-product of the rice production pro-
cess. It is often left in large amounts after harvesting [7, 8].  
In Thailand, 48% of rice straw is managed by burning be-
cause it is convenient, fast, and cost-saving [9]. However, 
burning causes environmental problems, especially air pollu-
tion, which directly affects human health [10, 11], as well as the 
loss of soil minerals due to heat, resulting in the death of 
soil microorganisms [12].

In order to reduce burning and increase the value of 
rice straw utilization, alternative management options have 
been proposed for its utilization in the supply chain in oth-
er industries, both on-site and off-site, such as composting, 
which is a recycling process of organic waste and helps 
improve soil and increase soil fertility as well as the use of 
rice straw as animal feed. However, the use of nutritious 
minerals requires treating rice straw with urea or ammo-
nia to increase nitrogen content [13]. Farmers with livestock, 
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therefore, tend to remove rice straw for animal feed more [14].  
Promoting livestock for farmers to collect rice straw for 
animal feed during the dry season and selling [15]. The 
straw is compressed into a rectangle with dimensions of 32 
x 80 x 42 cubic centimeters (CM3) and weighs approxi-
mately 17-18 kilograms.

However, upon reviewing the knowledge of various 
management models in many countries, different support-
ing factors are identified. Composting requires knowledge, 
training, labor for management, government promotion, 
and management costs and time[16–18]. By contrast, the fac-
tors of using rice straw as animal feed include factors such 
as livestock numbers, experience, labor, storage locations, 
and accessibility [19]. Meanwhile, selling straw requires 
machinery, stable marketing, and sufficient capacity within 
the farming community [20, 21]. Farmers are willing to sell 
straw because they do not see any use for it [22]. Addition-
ally, awareness of the benefits of rice straw has encouraged 
its increased utilization. 

The Theory of Planned Behavior (TPB) [23] describes 
the attitude, subjective norms, and perceived behavioral 
control that influence rice straw utilization [24]. In this con-
text, several studies have emphasized that awareness of the 
environmental and economic benefits of alternative prac-
tices is a key motivator for adoption [25].  

When comparing each approach, it was found that 
making compost from rice straw requires knowledge, time, 
and machinery. For using rice straw as food, there must be 
cattle and buffalo in the area, a storage facility, and labor to 
manage it. Finally, the important factors for selling straw 
are machinery and connecting to supporting markets. 

While many studies highlight the technical potential 
of composting, animal feeding, and selling rice straw, their 
conclusions are often context-specific and fragmented. 
Although composting is praised for its ecological value, its 
high labor requirements remain impractical in areas with 
declining agricultural labor. Likewise, while animal feed-
ing is promoted, real-world adoption is hindered by unsta-
ble input costs, a lack of knowledge on straw treatment, 
and concerns over pesticide contamination, contradicting 
optimistic projections from earlier studies. Selling straw 
may ease labor demands, but it competes directly with 
composting, an underexamined trade-off. Ultimately, the 
viability of any strategy relies on local logistics and sup-

port services, aspects often neglected in method-specific 
analyses. These insights, though useful, have not been 
critically compared to assess whether such factors align or 
conflict across methods. A clearer synthesis is thus needed, 
especially in Thailand, where farming conditions vary 
widely, to identify which factors truly shape farmers’ man-
agement decisions.

Although studies from countries such as China and 
India promote the use of rice straw in industrial energy 
applications, and those from Vietnam and the Philippines 
highlight its use in mushroom cultivation and livestock 
feed, rice straw utilization in Thailand remains primarily 
agricultural, mainly through composting and animal feed-
ing. This reflects significant contextual differences, includ-
ing demographic structure, labor availability, irrigation 
coverage, agricultural technology, access to machinery, 
infrastructure, economic systems, market dynamics, and 
government support.

This study addresses a significant research gap by 
systematically examining the factors influencing Thai 
farmers’ decisions among four common rice straw manage-
ment strategies: burning, composting, animal feeding, and 
selling across Thailand’s diverse agricultural landscapes. 
To date, no existing nationwide study has integrated these 
options within a unified analytical framework tailored to 
Thai-specific contexts. 

3. Materials and Methods

3.1. Profile of Study Area

This study encompasses farmers from all regions 
of Thailand, each with distinct cropping contexts. In the 
Northern region, most rice farmers cultivate in plains be-
tween mountains, where fields rely primarily on rainfall 
for irrigation. The Northeastern region features flat and 
dry land with low soil fertility, making rainfall the pri-
mary source of water for cultivation. The Central region is 
characterized by fertile lowlands and extensive irrigation 
systems, which support multiple rice-growing seasons per 
year. In the Southern region, rice farming is limited due to 
the coastal and mountainous terrain, which is character-
ized by high humidity and year-round rainfall, resulting in 
slower cropping cycles compared to other regions.

The quantity of rice straw generated was estimated 
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using the Straw-to-Grain Ratio (SGR) method, which cal-
culates straw volume based on rice yield [26]. Equation (1) 
is presented as follows.

 Qrstw = Pp × SGR   (1)

Where Qrstw was the amount of rice straw in the area, Pp 
was the rice yield and the rice straw occurrence rate. SGR 
was estimated with a coefficient of 0.75 [27, 28], which is the 
appropriate value derived from the factors of soil condi-
tions, weather conditions, and moisture [29] multiplied by 
the rice yield. It was found that in the 2024 crop year, 
Thailand had a rice production of 33.85 million tons, with 
an amount of rice straw of approximately 25.38 million 
tons, which can be summarized in Table 1.

Table 1. Rice production and the amount of rice straw produced 
in each region of Thailand.

Region
Rice Production 
Volume (tons)

Straw Volume
(tons)

Proportion

Northern 10,671,663 8,003,747 31.5%

Northeastern 14,474,405 10,855,804 42.75%

Central 8,383,708 6,287,781 24.75%

Southern 321,803 241,352 1%

Total 33,851,579 25,388,684 100%

Note: *SGR (Straw to Grain Ratio) = 0.75.

Source: Data from Office of Agricultural Economics, 2024 [30].

3.2. Sampling Design and Data Collection

This study employed a mixed-methods approach, 
combining both qualitative and quantitative research meth-
ods. Qualitative interviews were used to gain contextual 
insights into farmers’ decision-making regarding rice straw 
utilization, while the quantitative survey provided broader, 
generalizable data on patterns and influencing factors.

Qualitative Component: In-depth interviews were 
conducted with nine key informants, each of whom had 
over ten years of experience in rice farming and had adopt-
ed various methods of rice straw management. Purposive 
sampling was applied to ensure diversity in practice and 
regional representation. The management practices in-
cluded composting, animal feeding, baling, and open-field 
burning. Interviews were conducted using semi-structured 
guides, and the data were analyzed using thematic content 
analysis to identify key influencing factors.

Quantitative Component: The quantitative phase tar-

geted rice farmers registered with the Department of Agri-
cultural Extension across all four regions of Thailand. The 
sample size was calculated using Taro Yamane’s formula 
at a 95% confidence level [31], based on the total population 
of 3,283,886 farming households [32], yielding a minimum 
required sample of 400 as shown in Equation (2).

 n = 
N

1+ N(e)2  (2)

To ensure adequate regional representation [33], strati-
fied sampling was applied, followed by simple random 
sampling within each stratum. To increase statistical ro-
bustness, the sample was expanded to 585 households. The 
sample distribution is shown in Table 2.

Table 2. Population and sample size of rice farmers by region in 
Thailand.

Region
Number 
(households)

Percentage
Calculated 
Sample 
Count

Number 
of Actual 
Samples 
Collected

Northern 515,629 15.70 63 135

Northeastern 2,552,367 77.72 310 323

Central 209,365 6.38 26 116

Southern 6,525 0.20 1 11
Total 3,283,886 100 400 585

The questionnaire was collected from rice farmers 
in all regions of Thailand. The survey consisted of closed-
ended questions, divided into 3 parts: Part 1: Socioeco-
nomic characteristics, including gender, age, education 
level, rice cropping area, rice farming experience, number 
of household members engaged in farming, availability of 
baling machines, number of cows and buffaloes owned, 
membership of farmer groups, number of cropping per 
year, previous cropping season, and rice cropping area in 
the last season; Part 2: Rice straw management, including 
4 post-harvest rice straw management; Part 3: Agricultural 
management capability and awareness, including skills and 
knowledge, accessibility to rice fields, rice straw storage 
locations, integrated rice farming, farmer groups, availabil-
ity of baling machines, economic benefits, environmental 
benefits, and social benefits; Part 3 used a 5-level rating 
scale as shown in Table 3. The questionnaire passed the 
content validity test by experts, including reliability test-
ing. With 30 sets of non-sample farmers, the reliability 
value (Cronbach’s Alpha) was found to be between 0.704 
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and 936, greater than the 0.7 criterion and is considered 
acceptable [34]. This combination of qualitative and quan-
titative approaches enhances the depth and breadth of un-

derstanding of farmers’ behavior and regional differences. 
The data collection period was from February 2025 to  
March 2025. 

Table 3. Variables used in the empirical model.

Variable Description/Measurement Relevant Literature

Dependent Variable (Y)
Rice Straw Management 

Method of rice straw management
1. = Burning
2. = Composting
3. = Using as Animal Feed
4. = Selling

Independent Variable (X)
Socioeconomic characteristics

1. Gender (X1)
1.= Male
2.= Female

2. Rice farming experience (X2)

1.= Less than 5 years
2.=Between 5-9 years
3.=Between 10-15 years
4.=Between 16-20 years
5.=More than 20 years

3. Number of cattle/buffaloes owned (X3)

1.= No cattle owned
2.= 1-2 cattle/buffalos owned
3.= 4-6 cattle/buffalos owned
4.= 7-9 cattle/buffalos owned
5. = 9 cattle/buffalos or more owned

4. Baler availability (X4)
1. = No rice straw baling machine
2. = Own baling machine

5. Membership of farmer groups (X5)
1. =Not being a member of a local farmer group
2. =Being a member of a local farmer group

6. Number of cropping rounds per year, cropping in the previous 
season (X6)

1. = 1 time/year of cropping
2. = 2 times/year of cropping

7. Rice cropping area (X7)

1. = 0-1.6 hectare
2. = 1.6-3.2 hectares
3. = 3.2-4.8 hectares
4. = 4.8 hectare or more

[17]

Agricultural Management Capability And Awareness

8. You have the skills and knowledge to 
manage rice straw. (X8)

A five-point Likert scale answer: 5 = most, 4 = more, 
3 = moderate, 2 = low, 1 = very low)

9. A route that provides easy and convenient access to rice fields. (X9) The same as x8

10. A place to store rice straw that is sufficient for use (X10) The same as x8

11. There is mixed farming, such as rice cropping, animal husbandry, 
and vegetable cultivation within the area. (X11)

The same as x8

12. The availability of a baler service provider all year round (X12) The same as x8

13. Rice straw can generate income (X13) The same as x8

14. Fermenting rice straw on-site can help reduce fertilizer costs 
(X14)

The same as x8

15. Utilization of rice straw helps reduce the generation of smoke 
and dust in the air (X15)

The same as x8

16. Utilization of rice straw helps prevent problems that bother 
others. (X16)

The same as x8

[35]

[16,36 ]

[37]

[38]

[19,39]

[40]

[41]

[42]

[43]

[44]

[38,45]

[46]

[47]

[48,49]

[24, 47]
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3.3. Data Analysis

Qualitative data analysis was conducted using con-
tent analysis from in-depth interviews to identify factors 
affecting farmers’ rice straw management. After collecting 
the questionnaires, the authors conducted quantitative data 
analysis in 2 steps: 1. Using descriptive statistics to sum-
marize farmers’ characteristics and rice straw management, 
2. Using inferential statistics to analyze factors affecting 
rice straw management using the MNL model to analyze 
factors affecting the selection of rice straw management 
methods. The burning method was used as a reference 
category with SPSS version 26.0, which was employed to 
analyze the independent variables in the model.

The authors applied the MNL model to analyze the 
probability of choosing one rice straw management option 
compared to the reference of straw burning, which serves 
as the reference choice. The values  obtained from the mod-
el, such as the coefficient (β) and the odds ratio, can reflect 
the level of influence and the direction of the relationship, 
which can serve as a basis for policy determination and 
guidelines to promote sustainable rice straw management. 
The mathematical Equation (3) is as follows.

P(Y=j)
In ( ) = ꞵ0j + ꞵ1jX1 + ꞵ2jX2 +….. +ꞵpjXp , (j = 2,3,4)

P(Y=1)
(3)

Where P(Y=j) represented the probability that farmers 
choose the j rice straw management approach, P(Y=1) 
represented the probability of straw burning (reference), ꞵ0j 
represented the constant of category j, and ꞵ0j represented 
the coefficient of the independent variables that must be 
used to estimate Xp which represented the independent var-
iables that affect farmers’ choice of rice straw management 
approach. To calculate the absolute probability of choosing 
each rice straw management approach, Equation (4) can be 
used.

 
e ꞵ0j+Ʃꞵ pjXp

P(Y=j) = , (j = 2,3,4)
1+ Ʃjk=2 e ꞵ 0k +Ʃꞵ pjXp

 (4)

To calculate the reference category (straw burning), 
Equation (5) can be used. 

 
1

P(Y=1) =
1+ Ʃj

k=2 e ꞵ
0k +Ʃꞵ

pj
X

p
 (5)

Another important point is that this research only 
considered independent variables with a significance level 
of 0.05. If the probability (P-value) was less than the sig-
nificance level, it was considered that the factor had an 
influence on the selection of rice straw management com-
pared to the reference category.

3.4. Test of Independence of Irrelevant Alter-
natives (IIA)

To validate the use of the MNL model, we tested the 
Independence of Irrelevant Alternatives (IIA) assumption 
using the drop-one-alternative method. Each choice cat-
egory (“selling,” “composting,” or “animal feeding”) was 
removed in turn, and the model was re-estimated. The sig-
nificance and direction of key variables—including Num-
ber of Cows, Machinery Available, Membership, and Crop 
Cycle—remained largely consistent.

Contextual and perception-based factors—including 
skills and knowledge to manage straw, easy access to rice 
fields, sufficient straw storage space, mixed farming prac-
tices, and year-round availability of baler services—also 
retained their significance across models. Similarly, per-
ception variables such as the perceived economic benefit 
of rice straw utilization, perceived cost savings from on-
site fermentation, perceived environmental benefits from 
reducing smoke and dust, and the belief that straw use pre-
vents nuisance to others remained statistically significant.

Although a slight reduction in the significance of 
the Number of Cows was observed when “selling” was 
excluded, no substantial violations of the IIA assumption 
were found. These results confirm the robustness and ap-
propriateness of the MNL model for analyzing farmers’ 
choices regarding rice straw management.

Multicollinearity among the independent variables 
was evaluated using the Variance Inflation Factor (VIF). To 
assess this, a series of linear regressions were conducted, 
each time assigning a different independent variable as the 
dependent variable. The resulting VIF values ranged from 
1.113 to 2.850, well below the commonly accepted thresh-
old of 5, indicating no serious multicollinearity. These re-
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sults support the reliability of the model estimates. 

4. Results

4.1. Descriptive Analysis

Although the minimum sample size was set at 400 
using Taro Yamane’s formula, the final dataset consisted of 
585 completed questionnaires. The increase in responses 
allowed for broader coverage across all regions and en-
hanced the representativeness of the findings, particularly 
in capturing the diversity of rice straw management prac-
tices among Thai farmers.

4.1.1. Socioeconomic Characteristics

Table 4 shows the descriptive analysis of the Socio-
economic characteristics of households and individuals ob-
tained from the sample. The total of 585 respondents was 
divided into males (52.8%) and females (47.2%). Most are 

farmers with over 20 years of experience in rice farming 
(66.7%). The remaining experience is similar. Most re-
spondents are from the Northeast (55.2%), followed by the 
North (23.1%), the Central (19.8%), and the South (1.9%). 
About 63.8% do not own cattle and buffalos, while 36.2% 
own cattle and buffalos. Approximately 75.9% of them do 
not have machinery available in the area, while 24.1% do. 
Around 77.4% of them are members of the local farmer 
group, while 22.6% are not. The number of cropping 
rounds of farmers was equally distributed: 49.2% cultivat-
ed once per crop year, and 50.8% cultivated twice per crop 
year. The cultivated area is 1.6-3.2 hectares (32.6%). Next 
is 0.16-1.6 hectares at 30.6%, then 4.8 hectares and above 
at 17.9%, and 3.2-4.8 hectares at 18.8%.

The data on the behavior of farmers in Thailand’s rice 
straw management found that most farmers use the method of 
burning rice straw, up to 34.7%, followed by selling at 25.5%, 
animal feeding at 21.4%, and finally composting at 18.5%.

Table 4. Socioeconomic characteristics of the sample.

Socioeconomic Characteristics Variable Frequency Percentage

Gender
Male
Female
Total

309
276
585

52.8
47.2
100.0

Rice Farming Experience

Less than 5 years
Between 6-9 years
Between 10-15 years
Between 16-20 years
More than 20 years
Total

44
33
64
54
390
585

7.5
5.6
10.9
9.2
66.7
100.0

Rice Cropping Region

Northern
Northeastern 
Central
Southern
Total

135
323
116
11
585

23.1
55.2
19.8
1.9
100.0

Number of cattle/buffaloes owned

No cattle owned
1-2 cattle/buffalos owned
4-6 cattle/buffalos owned
7-9 cattle/buffalos owned
9 cattle/buffalos or more owned
Total

373
77
65
35
35
585

63.8
13.2
11.1
6.0
6.0
100.0

Baler availability
no rice straw baling machine
Own baling machine
Total

444
141
585

75.9
24.1
100.0

Membership of farmer groups
Not being a member of a local farmer group
Being a member of a local farmer group
Total

132
453
585

22.6
77.4
100.0

Number of cropping rounds per year, cropping in the 
previous season

1. 1 time/year of cropping
2. 2 times/year of cropping
Total

288
297
585

49.2
50.8
100.0
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4.1.2. Agricultural Management Capability 
and Awareness

The last part is agricultural management capability 
and awareness, which consists of 9 items, using a Likert 
scale from ‘most agree’ to ‘least’. In Figure 1, it was found 
that the respondents strongly agreed that the utilization 
of rice straw helps prevent problems that disturb others 
(53.3%), the utilization of rice straw helps reduce smoke 
and dust in the air (51.5), while the skills and knowledge 
in rice straw management, easy and convenient access 
routes to the rice fields, a place for storing rice straw suf-
ficient for use, mixed farming such as rice planting, animal 
husbandry, and vegetable planting in the area, having rice 
straw baling service providers who are ready to provide 
services throughout the year, rice straw can generate in-
come, and fermenting rice straw in the area helps reduce 
fertilizer costs, were at a fairly high and moderate level.

4.1.3. Regional Distribution of Rice Straw 
Management Practices

Rice straw management practices vary significantly 
across Thailand’s regions, as illustrated in Table 5. In the 
Northern region, farmers primarily engage in composting 
(28.9%) and animal feeding (20.0%), reflecting a prefer-
ence for on-farm utilization methods. The Northeastern 
region demonstrates a more balanced distribution, with 
comparable proportions of farmers practicing burning 
(31.0%), animal feeding (27.2%), and selling (27.9%). 
In the Central region, burning is the dominant practice 
(56.9%), suggesting limited adoption of alternative prac-
tices. Notably, in the Southern region, composting is the 
most prevalent method (54.5%), with no reports of burn-
ing. These regional patterns in Table 5 highlight the need 
for location-specific policies and support mechanisms to 
promote sustainable rice straw utilization.

Socioeconomic Characteristics Variable Frequency Percentage

Rice cropping area in the previous season

0-1.6 hectare
1.6-3.2 hectare
3.2-4.8 hectare
4.8 hectare or more
Total

179
191
105
110
585

30.6
32.6
17.9
18.8
100.0

Rice straw management

1. Burning
2. Composting
3. Using as animal feed
4. Selling rice straw
Total

203
108
125
149
585

34.7
18.5
21.4
25.5
100.0

Table 4. Cont.

Figure 1. Agricultural management capability and awareness
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4.2. Multinomial Logit Regression Analysis

Consideration of factors that have significant effects 
on the behavior of rice straw management of farmers in 
4 groups: the group that burns rice straw, the group that 
makes compost, the group that uses rice straw as animal 
feed, and the group that sells rice straw, this research used 
the MNL method to analyze the important factors that af-
fect rice straw management in various forms in Thailand. It 
is divided into socioeconomic characteristics, agricultural 
management capability, and awareness. The results of the 
analysis are shown in Tables 6–8.

To validate the model’s robustness, we conducted a 

sensitivity analysis by removing two blocks of explanatory 
variables: (1) socioeconomic characteristics and (2) agri-
cultural management capability and awareness. The results 
showed that removing management-related variables (e.g., 
machinery access and group membership) caused a more 
significant decline in model fit (Nagelkerke R²). In con-
trast, the removal of demographic variables had a more 
minor impact. This suggests that farmers’ capabilities and 
perceptions are more influential in determining straw man-
agement behavior. Moreover, a simplified model retaining 
only significant variables still maintained comparable 
explanatory power, confirming the model’s stability and 
validity of predictor selection.

4.2.1.  Socioeconomic Characteristics Factor 
Analysis

Results of MNL analysis as shown in Table 6, so-
cioeconomic characteristics affecting farmers’ rice straw 
management using burning as the reference category, 
found that the appropriateness of the model in the -2 Log-
likelihood value was 771.629, the Chi-Square value was 

417.027 with a significance level of 0.000, and the Nagel-
kerke’s R Square value was 0.546, indicating that the mod-
el was significant and showed that the model could explain 
farmers’ behavior approximately 54.6%.

Farmer group membership significantly increases the 
likelihood of adopting all alternative rice straw manage-
ment practices. Compared to burning, group members are 
3.9 times more likely to sell straw (OR = 3.892), 3.2 times 

Table 5. The proportion of farmers using each rice straw management method by region (% of respondents).

Region
Proportion of Utilization of Rice Straw in Each Region

Burning Composting Using as Animal Feed Selling Straw

Northern (N = 135) 27.4 28.9 20.0 23.7

Northeastern (N = 323) 31.0 13.9 27.2 27.9

Central (N = 116) 56.9 15.5 6.9 20.7

Southern (N = 11) 0 54.5 18.2 27.3

Table 6. Multinomial logit regression (MNL) parameter estimates for socioeconomic characteristics (baseline category: straw 
burning).

Parameter Estimates

Variable
Composting Using as Animal Feed Selling Straw

Coeff Odds Ratio Sig Coeff Odds Ratio Sig Coeff Odds Ratio Sig

Intercept 0.386 0.704 -2.055 0.078 -1.491 0.113

Gender (X1) 0.081 1.084 0.764 -0.195 0.823 0.554 -0.341 0.711 0.187

Farming experience (X2) 0.087 1.091 0.400 -0.230 0.795 0.053 -0.094 0.910 0.340

Number of livestock (X3) -0.080 1.083 0.716 1.637 5.142 0.000*** 0.396 1.485 0.027*

Baler available (X4) -0.657 0.518 0.170 0.307 1.359 0.454 1.326 3.767 0.000***

Farmer group member (X5) 1.166 3.208 0.000*** 1.435 4.201 0.001** 1.359 3.892 0.000***

Cropping times per year (X6) -1.348 0.260 0.000*** -1.739 0.176 0.000*** -1.949 0.142 0.000***

Farm size (X7) -0.343 0.710 0.012* -0.269 0.764 0.126 0.243 1.276 0.058

Note: Number of observations = 585; * Significant at 0.05, ** Significant at 0.01, *** Significant at 0.001; - 2 Log-likelihood = 771.629, Chi-Square = 417.072, Sig. = 0.000, 

Nagelkerke’s R square = 0.546.
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more likely to compost (OR = 3.208), and 4.2 times more 
likely to use straw as animal feed (OR = 4.201). 

The number of livestock owned by farmers affects 
the decision to use rice straw as animal feed and sell it. 
The higher the number of cattle/buffaloes owned, the 
greater the impact on animal feeding (OR = 5.142) and the 
effect on selling rice straw (OR = 1.485). This indicated 
that farmers with many cows or buffaloes are 5.2 times 
more likely to use rice straw as feed than burn it, and have 
a 1.5 times higher chance of selling rice straw compared to 
burning it. 

Access to a baler significantly increases the likeli-
hood of selling rice straw, making farmers 3.8 times more 
likely to sell than burn it (OR = 3.767). 

The number of cropping rounds, at 2 per year, re-
duces the likelihood of all rice straw management, with the 
most significant impact on composting (OR = 0.260), fol-

lowed by a reduction in animal feeding (OR = 0.176) and 
selling rice straw (OR = 0.142). 

Larger cropping areas are associated with a lower 
likelihood of composting rice straw, with farmers 29% less 
likely to compost than burn (OR = 0.710). 

4.2.2. Agricultural Management Capability 
and Awareness Analysis

From Table 7, it was found that 8 factors in terms 
of agricultural management capability and awareness in-
fluenced the behavior in rice straw management. The -2 
Log-likelihood value was 1113.146, the Chi-Square value 
was 430.347 with a significance level of 0.000, and Nagel-
kerke’s R Square statistic was 0.558, indicating that the 
model was significant and showed that the model could 
explain farmers’ behavior approximately 55.8%

Table 7. Multinomial logit regression (MNL) parameter estimates for agricultural management capability and awareness (baseline 
category: straw burning).

Parameter Estimates

Variable
Composting Use as Animal Feed Selling Straw

Coeff. Odds Ratio Sig. Coeff. Odds Ratio Sig. Coeff. Odds Ratio Sig.

Intercept -9.031 0.000*** -10.169 0.000*** -12.067 0.000***

Has skills and knowledge in straw 
management. (X8)

0.296 1.345 0.047* 0.415 1.498 0.022* 0.612 1.845 0.000***

Easy access to rice fields (X9) 0.336 1.400 0.012* 0.444 1.559 0.007** 0.787 2.197 0.000***

Has sufficient straw storage space. 
(X10)

-0.34 0.966 0.820 0.774 2.167 0.000*** 0.385 1.470 0.013*

Practices mixed farming. (rice, 
livestock, vegetables) (X11)

0.523 1.687 0.000*** 0.715 2.044 0.000*** 0.533 1.704 0.001**

Year-round access to straw baler 
services. (X12)

0.338 1.402 0.018* 0.512 1.668 0.001** 0.812 2.253 0.000***

Perceived economic benefit of 
utilizing rice straw. (X13)

-0.059 0.943 0.635 -0.273 0.761 0.051 0.401 1.493 0.005**

Believes fermenting straw Perceived 
cost-saving benefit of fermenting rice 
straw on-site. (X14)

0.553 1.703 0.002** 0.006 1.006 0.971 -0.304 0.738 0.077

Environmental benefit perception: 
Reduction in smoke and dust (X15)

0.313 1.368 0.011* 0.340 1.405 0.12 0.270 1.310 0.460

Believes straw use prevents nuisance 
to others. (X16)

0.219 1.244 0.170 0.128 1.136 0.441 0.91 1.095 0.584

Note: Number of observations = 585; * Significant at 0.05, ** Significant at 0.01, *** Significant at 0.001; - 2 Log-likelihood = 1113.146, Chi-Square = 430.347,  

Sig. = 0.000, Nagelkerke’s R square = 0.558.
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Straw management skills and knowledge significant-
ly influence all alternative straw management methods. 
Farmers with higher knowledge are more likely to adopt 
practices such as selling (OR = 1.845), animal feeding  
(OR = 1.498), and composting (OR = 1.345) compared to 
burning. In other words, those with relevant skills and un-
derstanding are nearly twice as likely to sell straw, about 1.5 
times more likely to use it as animal feed, and around 1.3 
times more likely to compost instead of burning. 

Easy access to rice fields significantly enhances the 
adoption of sustainable rice straw management practices. 
Compared to burning, farmers with convenient access are 
2.2 times more likely to sell straw (OR = 2.197), 1.6 times 
more likely to use it as animal feed (OR = 1.559), and 1.4 
times more likely to compost it (OR = 1.400). 

Adequate storage facilities play an important role in 
enabling sustainable straw utilization. Compared to burn-
ing, farmers with sufficient storage are 2.2 times more 
likely to use rice straw as animal feed (OR = 2.167) and 1.5 
times more likely to sell it (OR = 1.470). 

Integrated farming has a significant impact on all 
forms of rice straw management, with the greatest effect 
on animal feeding (OR = 2.044), followed by composting 
(OR = 1.687) and straw sales (OR = 1.704). 

The year-round availability of straw baler services 
significantly promotes sustainable straw management 
across all practices. Compared to burning, farmers with ac-
cess to baler services are 2.3 times more likely to sell straw 
(OR = 2.253), 1.7 times more likely to use it as animal 
feed (OR = 1.668), and 1.4 times more likely to compost it 
(OR = 1.402). 

Perceived income potential from rice straw signifi-
cantly influences selling behavior. Farmers who recognize 
the potential to generate income from rice straw are 1.5 
times more likely to sell it rather than burn it (OR = 1.493). 

The perceived cost-saving benefits of rice straw utili-
zation significantly influence composting behavior. Farm-
ers who believe that using rice straw can reduce agricul-
tural expenses are 1.7 times more likely to compost rather 
than burn it (OR = 1.703). 

Perceived environmental impacts, particularly the 
generation of smoke and dust, influence farmers’ deci-
sions regarding sustainable management of rice straw. The 
perception of air pollution risks has the strongest effect on 

composting, with farmers who are aware of these issues 
being 1.4 times more likely to compost their rice straw 
rather than burn it (OR = 1.368). 

4.2.3. Regional Interaction Effects between 
Group Membership and Straw Man-
agement Choices

Interaction terms between region and group member-
ship were tested to examine whether the influence of group 
membership varied by geographic location. The interaction 
term for the Northern Region × Group Membership was 
statistically significant in the animal feed category (OR = 
1.772, p = 0.039), indicating that group membership in the 
Northern region enhances the likelihood of using rice straw 
as animal feed. This suggests that farmer groups in the 
North play a particularly strong role in facilitating internal 
straw utilization, likely due to the prevalence of integrated 
livestock systems and strong community ties.

In contrast, interaction terms for the Central region 
were not statistically significant in any category (e.g., an-
imal feed OR = 1.315, p = 0.453), suggesting that group 
membership in this region does not significantly influence 
farmers’ straw management decisions. For the Southern 
region, estimation errors occurred due to limited subgroup 
variation, particularly in the composting and selling cate-
gories, leading to computational overflow.

The Northeastern region was used as the reference 
group in the interaction model and was therefore not ex-
plicitly estimated. However, the consistent influence of 
group membership in the main model (Table 6) suggests 
moderate but stable group effects across the Northeast.

Based on these findings, only the Northern region 
exhibited a statistically meaningful interaction effect, high-
lighting a spatially contextualized role of farmer group 
membership in promoting animal feeding practices. These 
results underscore the importance of incorporating regional 
characteristics when designing policies to promote collec-
tive straw management strategies. The results are shown in 
Table 8.

The Southern region had only 11 respondents (1.9% 
of the total sample), with particularly low frequencies in 
the composting and selling categories. This resulted in 
estimation instability and computational overflow in the 
interaction terms involving this region. Therefore, while 
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the Northern region yielded statistically interpretable inter-
action effects, the findings for the Southern region should 

be interpreted with caution due to the insufficient variation 
in the data.

5. Discussion

This section examines how the key findings align 
with or challenge existing theoretical perspectives, as well 
as how various contextual factors influence rice straw 
management decisions among Thai farmers. The results 
highlight the crucial role of farmer group membership in 
enabling sustainable straw management practices. Group 
membership significantly increased the likelihood of 
adopting composting, animal feeding, and selling prac-
tices over burning. This strong influence may stem from 
the benefits of collective organization, such as knowledge 
exchange, shared access to machinery (e.g., straw bal-
ers), and cooperative action. Members may collaborate in 
straw collection, storage, and marketing or even develop 
community-based management plans. These findings are 
consistent with prior studies [50], which suggest that farmer 
organizations strengthen supply chain integration. Moreo-
ver, larger groups can access broader markets and achieve 
better prices through economies of scale [51].

The influence of livestock ownership reinforces the 
practical value of rice straw as a feed resource. This indi-
cates that farmers with livestock tend to use rice straw as 
animal feed, and farmers’ agricultural areas are more likely 
to utilize rice straw for animal feeding [52]. Additionally, 
Thailand often lacks crops for animal feed during the dry 
season due to a shortage of natural fresh grass. As a result, 
farmers who collect rice straw for animal feed sell some of 

it to generate income at a higher price during that season [53].
Access to a straw baler emerged as a critical enabler 

for commercialization. Farmers with access to balers were 
more likely to sell rice straw, suggesting that mechaniza-
tion reduces the labor burden and increases economic 
viability. This finding aligns with Minas et al. [20], who 
found that farmers prefer market-linked straw management 
practices when infrastructure, such as buyers or baling ser-
vices, is available. Cheewaphongphan et al. [54] Similarly, 
they noted that market conditions, labor costs, and technol-
ogy costs influence selling decisions.

In contrast, cropping frequency (two rice cycles per 
year) had a negative effect on all sustainable alternatives, 
confirming the time constraint hypothesis. When replant-
ing must occur rapidly, farmers are less likely to compost, 
feed animals, or sell straw due to the limited time between 
harvest and the next planting. The model shows that 
double-cropping farmers are 77% less likely to compost, 
82.4% less likely to feed animals, and 85.8% less likely to 
sell straw than those cultivating once per year [18,55].

Farm size affects composting behavior due to scale-
related management complexity. This may be because 
managing large volumes of straw requires more labor, 
storage space, and time. Similar findings were noted by 
Supaporn et al. [17], who emphasized labor as a significant 
constraint in composting. Likewise, larger farm sizes were 
found to hinder the use of rice straw for mushroom cultiva-
tion due to the high labor demands [56].

Table 8. Multinomial logit regression (MNL) parameter estimates of regional interaction effects between farmer group membership 
and rice straw management choices.

Parameter Estimates

Variable
Composting Use as Animal Feed Selling Straw

Coeff.
Odds 
Ratio

Sig. Coeff.
Odds 
Ratio

Sig. Coeff.
Odds 
Ratio

Sig.

Farmer group member 0.0919 2.506 0.040* 0.929 2.531 0.074 0.788 2.199 0.101

North Region × Group 
Membership
Central Region × Group 
Membership

0.133
-0.158

1.143
0.854

0.560
0.508

0.572
0.274

1.772
1.315

0.039*
0.453

0.080
-0.105

1.083
0.901

0.739
0.683

North eastern Region × 
Group Membershipb Ref. Group

Note: b = Reference Group; Number of observations = 585; * Significant at 0.05, ** Significant at 0.01, *** Significant at 0.001; - 2 Log-likelihood = 896.603, Chi-Square =  

680.465, Sig. = 0.000, Nagelkerke’s R square = 0.736.
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Knowledge and skills empower farmers to explore 
and adopt diverse straw utilization strategies. This aligns 
with findings from India and Vietnam, where access to 
knowledge encouraged transitions away from burning. 
These findings align with Kaur et al. [57], who reported that 
trained farmers in India are more likely to avoid burning 
and adopt sustainable straw management practices. Sim-
ilarly, Dinh et al. [58] found that Vietnamese farmers are 
more willing to shift toward alternative methods when pro-
vided with accessible, low-cost knowledge and tools that 
suit their local contexts.

Field accessibility plays a logistical role: when roads 
are accessible, the cost and effort of transporting straw are 
lower, making alternative uses more feasible. This sup-
ports global evidence emphasizing the role of infrastruc-
ture in agricultural waste management. This is because 
road transport is the primary method for moving rice straw. 
When fields are located near accessible roads, transporta-
tion becomes more efficient, encouraging farmers to adopt 
alternative practices. Transport infrastructure, land acces-
sibility, and road quality are critical enablers of sustainable 
agricultural waste management [59]. Poor access can dras-
tically increase travel time and transport costs, especially 
in developing regions where roads are often winding or 
poorly maintained [60].

Storage capacity emerges as a hidden enabler. Farm-
ers without proper storage tend to burn due to space 
constraints, while those with adequate storage are better 
equipped to delay usage or wait for market opportunities. 
Storage is a key component of infrastructure that adds val-
ue to rice straws by facilitating temporary storage before 
transportation or processing [61]. Without appropriate stor-
age space—especially for loose, unbaled straw—farmers 
face logistical challenges that increase transport costs and 
reduce marketing opportunities [12]. As a result, some may 
opt for burning as a simpler but less sustainable option.

Integrated farming systems foster natural synergy 
by allowing rice straw to be repurposed internally, such 
as for animal feed or composting, thereby enhancing sus-
tainability. This approach reduces dependence on external 
inputs and enables more efficient use of available on-farm 
resources. Similar findings were reported by Akter et al 
[62], who studied integrated farming systems in wetlands 
in Bangladesh and found that farmers using the Integrated 

Farming System increase their income and can fully uti-
lize resources in the rice fields, such as mixing straw with 
animal manure to use as compost or as a raw material in 
other production systems instead of burning it, including 
reducing dependence on external factors by utilizing by-
products or waste efficiently. An Integrated Farming Sys-
tem helps convert waste from one activity into a raw mate-
rial for another, promoting the long-term sustainability of 
the agricultural system [63].

Access to baler service providers significantly fa-
cilitates the management of rice straw by lowering labor 
demands and reducing handling costs. Farmers linked to 
machinery services, such as baling and transportation, are 
therefore better equipped to transition from burning to 
more sustainable uses of rice straw [20].

Economic perception plays a crucial role in influenc-
ing farmers’ decisions regarding the management of rice 
straw. When farmers perceive straw as a valuable resource, 
either as a source of income or as a cost-saving substitute 
for chemical fertilizers, they are more likely to adopt sus-
tainable practices. This highlights the importance of eco-
nomic framing in promoting behavioral change. In particu-
lar, when rice straw is viewed as a marketable commodity, 
farmers are more inclined to adopt selling practices, espe-
cially in areas with established market infrastructure, such 
as buyers and baler services. Prior research confirms that 
the decision to sell straws is closely tied to market access 
and the associated costs of labor and technology [54]. Ad-
ditionally, farmers who aim to reduce production costs are 
more likely to convert straw into compost, viewing it as 
a feasible alternative to synthetic fertilizers. As noted by 
Khanam et al [64], rice straw can be effectively fermented 
with animal manure and bio-enzymes to produce high-
quality organic fertilizer. This not only improves soil 
health and reduces dependence on chemical inputs but also 
enhances the long-term economic resilience of farming 
systems.

Environmental awareness also plays a pivotal role, 
particularly regarding concerns about air pollution. Farm-
ers who are aware of the adverse effects of burning, such 
as smoke and dust, are more likely to adopt composting 
practices as an alternative. This behavioral tendency is con-
sistent with the TPB, which posits that attitudes toward be-
havior and perceived behavioral control influence individual 
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decision-making. In this context, farmers’ environmental 
concerns foster a more favorable attitude toward sustainable 
straw management and strengthen their intention to avoid 
burning. As noted by Khanam et al. [65], increasing aware-
ness of environmental protection, especially the need to re-
duce smoke and dust emissions, has become a key motivator 
for behavioral change. Moreover, prior studies have shown 
that such awareness promotes the adoption of eco-friendly 
technologies, including biogas systems, particularly in rural 
areas [48]. These findings underscore the importance of inte-
grating environmental education and awareness campaigns 
into comprehensive strategies that foster pro-environmental 
behavior, aligning with the TPB framework.

In addition to individual-level factors, regional dy-
namics also shape farmers’ behavioral responses toward 
straw management. The significant interaction between 
group membership and the Northern region in promoting 
the use of rice straw as animal feed suggests that social 
capital operates more effectively in areas with strong com-
munity cohesion. In Northern Thailand, where integrated 
crop-livestock systems are widely practiced, farmer groups 
serve not only as channels for information exchange but 
also as platforms for shared logistics and internal resource 
circulation. These dynamics reflect longstanding social 
structures and cultural practices that promote collective ac-
tion and mutual support. Such conditions tend to reinforce 
both perceived social expectations and farmers’ confidence 
in carrying out sustainable practices.

In the Northeastern region, although statistically 
used as the reference group, the moderate yet consistent 
influence of group membership also suggests a strong so-
cial foundation. Traditional cultural rituals such as Phi Ta 
Khon (a traditional rain-calling ceremony in Northeastern 
Thailand), an animistic rain-calling ceremony, illustrate the 
deep connection between agriculture and community life, 
supporting informal norms of cooperation and resource 
sharing. Even without statistically significant interaction 
effects, this cultural context likely supports the collective 
use of straw in practice.

By contrast, group membership had little influence in 
the Central region, possibly due to time constraints from 
double cropping, weaker reliance on peer networks, and 
a more urbanized, individualistic farming culture. In the 
Southern region, environmental barriers such as frequent 

rainfall and fragmented farmland further limited opportu-
nities for group-based straw management. These findings 
suggest that even when farmers hold positive attitudes to-
ward sustainable practices, constraints in time, infrastruc-
ture, or institutional support can hinder behavior, revealing 
a disconnect between intention and action.

Taken together, these findings highlight the need for 
spatially differentiated policies. In the North and North-
east, existing social capital can be leveraged to support 
feed-sharing networks and localized straw logistics. In 
contrast, the Central and Southern regions may first require 
investment in basic infrastructure such as storage, equip-
ment access, and coordination mechanisms before collec-
tive strategies can be effectively adopted.

6. Conclusion

This study analyzed the factors influencing various 
rice straw management behaviors of farmers in Thailand 
based on different socioeconomic characteristics, agricul-
tural management capability and awareness. The authors 
used MLR with 585 farmers and randomly selected the 
samples according to the proportion of farmers in each 
region. The survey results showed that most farmers have 
more than 20 years of rice cropping experience (more 
than 60%), do not own cattle/buffalos (63.8%), lack readi-
ness in terms of management machinery (75.9%), even 
though they are members of local farmer groups (77.4%), 
have a similar number of cropping rounds, most cropping 
areas are about 1.6-3.2 hectares (32.6%). The behavior 
of burning rice straw was the most (34.7%), selling rice 
straw (25.5%), animal feeding (21.4%), and only 18.5% 
composting. The findings suggest that the sustainable man-
agement capability of rice straw utilization, most farmers 
strongly agreed that the use of rice straw helps prevent dis-
turbing problems (53.3%). Using rice straws helps reduce 
the generation of smoke and dust in the air (51.5%).

The results of the MLR analysis indicated that socio-
economic characteristics that increased the likelihood of 
managing rice straw instead of burning included member-
ship in the farmer group, the number of cattle or buffaloes 
owned, and the availability of baling machines. Mean-
while, the factors that decreased the chance of managing 
rice straw in other ways included the number of cropping 
rounds and the size of the cropping area. As for the agri-
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cultural management capability and awareness, the factors 
that increased the chance of managing rice straw instead of 
burning it included the knowledge and skills in managing 
rice straw, the accessibility of the rice fields to the fields 
conveniently, the storage area, mixed farming, the avail-
ability of rice straw baling service providers all year round, 
the perception of income and cost reduction in rice straw 
management, and the perception of dust dispersion from 
rice straw burning. The findings suggest that socioeco-
nomic conditions, knowledge, resource availability, rice 
farming characteristics, and the perception of the economy 
and the environment significantly affected the straw man-
agement of farmers in different contexts.

Findings suggest four distinct farmer profiles based 
on rice straw management capacity, along with the quanti-
tative analysis results from MLR as criteria for classifica-
tion. There are four groups: 1. Vulnerable farmers in rice 
straw management; 2. Farmers who are ready to respond to 
opportunities for utilization; 3. Potential farmers are pre-
pared for new opportunities, and 4. High-potential farmers 
for sustainable management. These groups are illustrated 
in Figure 2 and offer a foundation for differentiated policy 

design. Targeted policies tailored to each profile can 
catalyze upstream improvements in the rice straw supply 
chain, thereby reducing reliance on open-field burning—a 
practice that poses significant risks to environmental qual-
ity, public health, and long-term agricultural resilience.

Furthermore, the classification and corresponding 
policy implications can be interpreted through the lens of 
the TPB, which highlights three key constructs that influ-
ence behavioral intention: Attitudes toward outcomes 
(e.g., perception of income generation or cost reduction), 
Subjective norms (e.g., influence of farmer groups and 
community norms) and Perceived behavioral control (e.g., 
access to storage, balers, and information). These psycho-
logical and structural determinants vary across the four 
farmer profiles. For instance, vulnerable farmers may face 
low behavioral control and limited supportive norms. In 
contrast, high-potential farmers possess strong internal mo-
tivation, enabling conditions, and peer support, enabling 
them to adopt sustainable practices. Recognizing these dis-
tinctions enables more precise and behaviorally informed 
policy interventions, thereby increasing the likelihood of 
successful transitions away from straw burning.

6.1. Supply Chain Innovations for Rice Straw 
Utilization 

The rice straw management in a circular system is 
not limited to the economic dimension but is also linked 
to the concept of the circular economy, which focuses on 
the efficient use of resources, reducing waste, and promot-
ing sustainable production, especially when rice straw can 

be transformed to provide benefits in many ways, from 
reducing the cost of fertilizer and animal feed to reducing 
dependence on external factors.

The research results found that farmer grouping is a 
crucial mechanism for driving the utilization of rice straw 
in a comprehensive circulation system. The farmer groups 
promote on-site management, such as making compost, 
using it as animal feed, or mulching the soil in vegetable 
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Group 3: Potential farmers ready for new opportunities
There are groups of farmers in the area, mixed farming, lack of
straw baling machinery, moderate knowledge but have high
motivation to manage rice straw
Behavioral trends: Use as compost or animal feed
Needs: Integration of market links and organic agricultural
standards

Group 4: High Potential Farmers for Sustainable
Management
There are groups of farmers in the area, readiness in machinery,
livestock farming in the area, knowledge and motivation in rice
straw management.
Behavioral trends: Use as compost, use as animal feed, sell rice
straw.
Needs: Logistics support and integration of new markets such

Group 1: Vulnerable farmers in rice straw management
Lack of group formation, no agricultural machinery, space and
storage constraints, short cropping round, lack of knowledge
and motivation
Behavioral trends: mainly burning
Needs: role models and management knowledge, support group
formation

Group 2: Farmers who are ready to respond to the
opportunity of utilization
Have a large area of ​ ​ cropping, no agricultural machinery,
sufficient routes and storage areas, lack of perception and
awareness of income and environment from rice straw
Behavioral trends: Burn or use as compost
Need: Community balers

Figure 2. Types of farmers according to their potential and limitations in rice straw management.
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plots. They also help collect straw in large quantities, suf-
ficient for resale to the private sector or the biomass energy 
industry, thereby increasing the economic value for farm-
ers. Farmers who plan together, from planting and harvest-
ing to post-harvest management, can utilize machinery 
such as balers more efficiently because they can operate 
simultaneously, reduce unit costs, and increase value at 
both the household and purchasing levels. It also facilitates 
straw sharing for community use, especially in areas with 
rotating or mixed farming systems.

Meanwhile, cooperation between farmer groups, lo-
cal administrative organizations, and the private sector in 
providing community-level straw storage facilities will 
help create added value. Storage facilities can be used as a 
resting point for straw before transporting it to user groups. 
This can help reduce quality loss and transportation costs, 
as well as expand marketing opportunities for rice straw, 
both at the small-scale farmer level and in the industrial 
sector.

This suggests that sustainable rice straw management 
cannot be achieved solely through the efforts of individual 
farmers’. It requires a systematic cooperation mechanism, 
with farmer groups at the core and supported by local and 
government organizations, to promote the maximum ben-
efit of rice straw utilization, reduce burning, and reduce 
PM2.5 dust, thereby supporting the country’s sustainable 
agricultural development goals.

The interaction between regional and farmer charac-
teristics, such as group membership or access to machin-
ery, suggests that rice straw utilization strategies must be 
tailored to specific spatial contexts. For example, commu-
nity-based baling services may be more effective in the 
central plains where collective harvesting is feasible, while 
localized composting may be more appropriate in high-
rainfall southern areas.

6.2.  Policy Recommendations

Reducing burning in agricultural areas and utilizing 
agricultural by-products for economic benefits are urgent 
policies that Thailand prioritizes. However, despite the 
government’s past promotion, no concrete and spatially 
responsive measures have been effectively implemented. 
This study revealed that factors such as knowledge, group 
formation, convenience of transportation, storage avail-

ability, and access to straw baling machines are crucial for 
enhancing the utilization of rice straw. Sustainable rice 
straw management cannot rely solely on farmers’ capacity. 
Systematic support from relevant stakeholders is necessary 
through policy design, practical implementation, and local-
level promotion.

To promote integrated and sustainable rice straw 
management, this study proposes a multi-level policy 
framework that incorporates spatially differentiated strate-
gies and defines stakeholder roles at the national, regional, 
and local levels as follows: 

1. Spatially Differentiated Strategies by Region
The interaction effects between region and group 

membership reveal how social capital plays a differentiated 
role across geographic contexts. 

- In the Northern region, membership in farmer groups 
significantly increased the likelihood of utilizing rice straw 
as animal feed. This suggests that community-based live-
stock systems and cohesive group structures in the North 
facilitate internal straw circulation, especially in mixed 
farming systems. Therefore, policy strategies for this region 
should emphasize strengthening group-based logistics and 
feed-sharing networks to maximize internal value loops.

- The Northeastern region was used as the reference 
group in the interaction model; it remains a crucial bench-
mark for understanding diversified straw management be-
haviors. With relatively even distributions among burning, 
animal feeding, and selling, this region reflects diverse but 
moderate group influence. Its high concentration of cat-
tle farmers and large straw volume make it a key area for 
straw demand. Therefore, regional policies in the North-
east should emphasize market facilitation, straw transpor-
tation systems, and inter-regional straw exchange to match 
surplus from other regions with local demand.

- Central and Southern regions did not show a statis-
tically significant effect, likely due to structural limitations 
such as time constraints (resulting from double cropping in 
the Central region) or geographic challenges (high rainfall 
in the South). Thus, in these regions, policy should focus 
on building enabling infrastructure, such as joint storage 
facilities and post-harvest coordination systems, before ex-
pecting farmer groups to perform effectively.

2. National-Level Policy Recommendations
a) National government agencies responsible for set-
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ting policies for using rice straw and reducing burning in 
agricultural areas include the Ministry of Agriculture and 
Cooperatives and the Ministry of Interior. They have the 
following duties:

- Create a strategic plan for rice straw management 
to promote the use of rice straw instead of burning, and 
integrate this approach into regional operations classified 
by spatial context to enable its utilization in various indus-
tries, such as organic farming, livestock, and energy, in the 
future.

- Develop knowledge of rice straw management for 
farmers to utilize through training and creating appropri-
ate media, such as composting from rice straw, using rice 
straw for animal feed, preserving and processing rice 
straw, and promoting practical work through prototype 
learning plots.

- Support benefits and incentives for farmer groups 
by providing special privileges, including financial support 
measures such as transport subsidies, shared machinery, 
and access to specific markets and tax benefits, especially 
in agricultural areas where rice is grown twice a year.

- Develop marketing networks and link downstream 
industries that utilize rice straw, such as the livestock sec-
tor and organic farmers, or expand the market to the bio-
mass energy industry; this will encourage farmers to enter 
the Carbon Credit system and receive rewards for reducing 
greenhouse gas emissions in the future.

b) Implementation agencies, whether sub-district ad-
ministrative organizations or local administrative organiza-
tions, will be tasked with translating policies into practice 
to create appropriateness in utilization and reduce burning 
in the area. Have the following duties:

- Support the establishment of groups and the crea-
tion of participation mechanisms for planting and harvest-
ing plans with farmers. Creating a mechanism for joint 
agricultural planning in the area, which involves planning 
and harvesting simultaneously, will help make more ef-
ficient use of machinery in managing rice straw, especially 
for vulnerable farmers and those ready to respond to op-
portunities for utilization. Group formation is considered 
the starting point for future utilization of rice straw.

- Develop infrastructure and places for straw col-
lection. Develop road networks to provide easy access to 
remote areas. A centralized storage area will enable the 

distribution of utilization within the region or among agri-
cultural groups in the area, as well as to other industries.

- Design creative campaigns and public relations ini-
tiatives to raise awareness of the economic benefits of rice 
straw and the environmental impacts associated with burn-
ing.

3) Farmer/cooperative/local wisdom member groups 
must be leaders in changing the community, which plays a 
vital role in driving sustainable rice straw management to 
perform the following duties:

- Manage the group and develop mechanisms as 
specified by government or local agencies, such as plan-
ning straw collection, prioritizing members’ use of ma-
chinery, and distributing joint benefits.

- Establish a learning center for rice straw manage-
ment, providing practical training and creating a model for 
agricultural communities to stop burning through commu-
nity participation.

- Integrate and link the government sector and small 
farmers, both in terms of policy and practice linkages and 
coordinate integrated work with new markets in the future.

4) The last part is that farmers themselves will play a 
crucial role in rice straw utilization, as they are the primary 
stakeholders in its management. The suggestions are as 
follows:

- Develop knowledge and skills to adjust utilization 
behavior by being aware of the environmental impacts of 
burning.

- Design integrated farming to utilize rice straw, es-
pecially for raising cattle and buffalo. Additionally, there 
are indirect benefits from the sale of meat and cattle and 
buffalo in the future.

- Engage with farmer groups to stay informed about 
policies and harvesting plans, thereby systematically utiliz-
ing resources together and creating bargaining power to 
sell straws to other industries.

Policy integration for sustainability from national 
government agencies, operational agencies, farmer mem-
ber groups, cooperatives, local scholars, and farmers will 
be a tool to enhance the potential of rice straw utilization 
and reduce burning, leading to tangible results such as re-
ducing greenhouse gas emissions from burning in the agri-
cultural sector, increasing income from using rice straw in 
a valuable way, and strengthening sustainable production 
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systems at the community level in terms of the economy, 
environment, and society of Thailand.

6.3. Limitations of the Study and Future Re-
search

The limitations of this research were as follows: 
First, although the variable design encompassed key socio-
economic characteristics and agricultural management ca-
pabilities, psychological factors such as farmers’ attitudes, 
personal values, perceived behavioral control, and social 
conformity were not explicitly included in the empirical 
model. Incorporating these behavioral variables could 
enhance the explanatory power and inform more effective 
behavior-based policy interventions. 

Second, the policy recommendations in this study 
were derived from analytical results and stakeholder per-
spectives but remained at the conceptual and strategic 
levels. They have not yet been tested or evaluated through 
real-world implementation. Further research should pur-
sue policy experiments or pilot interventions to assess the 
effectiveness and feasibility of proposed measures under 
practical conditions. 

Third, there were data limitations in the Southern re-
gion, where the number of respondents was minimal (only 
11 observations, or 1.9% of the total sample). This resulted 
in estimation errors and hindered the interpretation of some 
interaction effects involving the South. 

Future studies should aim to improve regional sample 
balance, particularly by increasing representation in areas 
with low response rates to enable more robust statistical 
modeling. Fourth, while this study explored a key interac-
tion between region and group membership, other potential 
interaction effects, such as region × access to machinery 
or region × awareness variables, were not extensively ex-
amined. Future research should investigate a broader range 
of regional interactions to gain a deeper understanding of 
how contextual factors influence farmers’ behavior differ-
ently across different locations.

Finally, future research should explore the potential 
of rice straw for energy production, particularly in the 
context of Thailand’s long-term strategy for a circular 
bioeconomy. The energy sector offers high-capacity straw 
utilization potential. It could play a central role in trans-
forming rice straw from an agricultural residue into a valu-

able industrial input, supporting both environmental and 
economic sustainability.
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