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ABSTRACT 
 

Traditional slash-and-burn agriculture is practiced by the Lawa and the 

Karen in the highlands of Northern Thailand. The pattern involves planting 

upland rice for only one year and then leaving the land fallow for 6 years. This 

research aimed to assess the carbon footprints of upland rice production of this 

system by assessing the carbon footprint of land preparation and the life cycle 

greenhouse gas (GHG) emissions of upland brown rice production from seed 

planting to rice harvesting. It was found that carbon stock in the  

6-year fallow forest was about 217.19-295.61 ton CO2-eq/ha. The GHG 

emission in the land preparation of the Karen was 37.65 ton CO2-eq/ha while 

for the Lawa, it was shown the GHG absorption was 16.79 ton CO2-eq/ha. GHG 

emissions in the upland brown rice cultivation in the two tribes were 0.26 ton 

CO2-eq/ha (0.13 kg CO2-eq/kg unmilled rice) in the Karen and 0.37 ton CO2-

eq/ha (0.19 kg CO2-eq/kg unmilled rice) in the Lawa. The tree cutting and 

slashing and biomass burning in the land preparation and chemical fertilizer 

production in cultivation produced the highest GHG emission from the upland 

rice production in the tradition slash-and-burn agriculture. However, this 

system was a carbon sink than a carbon source of about 233.61-257.70 ton CO2-

eq/ha.  
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INTRODUCTION 

 

 Greenhouse gases (GHGs) emission is one of the most important issues in 

Thailand and around the world, and agriculture is one source of GHGs emission 

that is related to all human activities (IPCC, 2007).  

 Rice cultivation is one activity that has received attention as a source of 

long-lived greenhouse gases such as carbon dioxide (CO2), methane (CH4), and 

nitrous oxide (N2O). Cultivation can be done in 2 main ways, flooded fields 

(anaerobic rice or paddy rice) and non-flooded fields (aerobic rice or upland rice). 

Paddy rice is grown in flooded conditions where water can be supplied through 

irrigation systems.  These conditions produce CH4 during the growing season due 

to methanogenesis that occurs in anaerobic conditions, during which organic 

matter undergoes decomposition. Upland rice production is under rainfed non-

flooded conditions (Jain et al., 2004; Zheng et al., 2004; Li et al., 2005; IPCC, 

2007; Arunrat and Pumijumnong, 2017). This study focused on upland rice 

production. 

 Some parts of Northern Thailand consist of high mountains that are incised 

by steep river valleys and upland areas. Part of Chiang Mai province is remote 

highlands where people have maintained a traditional way of life and have limited 

irrigation systems.  

 The Lawa and Karen in Northern Thailand practice upland rice swidden 

agriculture or rotation shifting cultivation by clearing areas, slashing vegetation, 

leaving large trees and tree stumps for regeneration, and burning.  An upland rice 

field is cultivated for only one year, followed by fallowing the field for several 

years. Upland rice swidden agriculture is a communal activity.  

The fallow forest can serve as a carbon storage in secondary forests and 

soils depending on the length of the fallow period and type of forests. The 

secondary forest after upland rice cultivation was a significant aboveground 

carbon sink (Rozendaal and Chazdon, 2015; Mukul et al., 2016). Land-use 

change in land preparation process, including forest clearing by cutting and 

slashing and burning, emitted greenhouse gases into the atmosphere (Scheidel, 

2016; Boateng et al., 2017). Before burning, villagers remove some logs, boles, 

and branches of the slashed trees to be used for wooden sheds, house construction, 

and fences for their livestock. Cultivation of the area begins after holes are drilled 

by the men using hoes (zero tillage), then the women sow rice seeds in each of 

the holes. Weeds emerge after first monsoon rains and must be eradicated in the 

cropping season. The rice ripens to be harvested from October to November 

(Schmidt-Vogt, 1999; Cairns, 2007). The harvested rice is threshed by hand over 

the canvas on the ground to avoid de-husking the grains (unmilled rice) (Oikeh et 

al., 2008) and the rice straw is left in the field.  

 Upland rice is not cultivated under flooded conditions, CH4 can be 

produced in the upland field, but it is very low or minimal (Anand et al., 2005; 

IPCC, 2006; Khalil et al., 2011). Weller et al. (2014) reported that CH4 emission 
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from upland rice was lower than from paddy rice. However, non-flooded rice can 

produce nitrous oxide (N2O) from chemical fertilizers and pesticide, applied to 

increase the rice yield in the rice field, that is released into the atmosphere during 
aerobic decomposition (nitrification and de-nitrification) by bacteria (Aweto, 

2013; Weller et al., 2014) which is one cause of global warming (Holden, 1993; 

Tinker et al., 1996; IPCC, 2007; Higashi, 2014). N2O may increase in relation to 

the production, however, the N2O emission in this system is reduced by the hoe-

weeding by hand and zero tillage (Kreuz and Schäfer, 2011). Reducing GHG 

emissions of cultivation by farm management such as burning reduction, limiting 

chemical fertilizer and synthetic pesticide usages. It can help mitigating climate 

change, reducing environmental impact, reducing cultivation cost and human 

health care (AIPP and IWGIA, 2014; Wenzlau, 2019).   
 The greenhouse gas emission from rotation shifting cultivation is one of 

the most important issues in Northern Thailand while there is the paucity of 

literature on this problem. The purpose of this research was to determine carbon 

footprints of the upland rice production (unmilled rice) of the Lawa and the Karen 

tribes in Chiang Mai province, Thailand. The assessment of the environmental 

impact was also done to improve sustainability of rotation shifting cultivation 

system. 

MATERIALS AND METHODS 

Study site  

 The study site was located in secondary fallow forests of 6 years in the 

Karen and Lawa villages that are mountainous with steep slopes (more than 35%) 

in Pang Hin Fon sub-district, Mae Cheam district, Chiang Mai province, 

Thailand. The location of the Lawa village was 18°27'21.60"N, 98°10'51.60"E 

and the Karen village’s was 18°25'40.80"N, 98°8'16.80"E (Figure 1). The annual 

average temperature in this district is 22.4ºc with a mean maximum temperature 

of 31.7ºc in Aprils and a mean minimum temperature of 13.8ºc in Decembers. 

Mean humidity is 71.3% (Mae Cheam Watershed Research Station, 2015).  
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Figure 1. Rotation shifting cultivation area located in Mae Chaem district,  

Chiang Mai province, Thailand. 

 

Carbon footprint assessment  
 The carbon and impact assessments of rotation shifting cultivation system 

for upland rice production of the two tribes including land-use change and upland 

rice cultivation were analyzed using life cycle assessment (LCA) method.   

Life cycle assessment (LCA) 

 The LCA method has been wildly used in carbon footprint research. The 

standard LCA includes four phases consist of the goal and scope definition, 

inventory analysis, impact assessment, and interpretation, respectively 

(ISO14040, 2006; Nemecek et al., 2011).  

 Goal and scope definition. The goal of this research was to estimate the 

environmental impact of carbon within different processes, all impact values were 

given in relation to a common unit of unmilled rice grains (CO2-equivalent 

greenhouse gas emission per kilogram of unmilled rice production) of the Lawa 

and the Karen tribes according to ISO 14040 (IPCC, 2006), excluding the milling 

and packaging. The system boundary of the upland rice production in this 

research included the stages of the upland rice production from land preparation 

to rice harvesting in 2015 (Figure 2). The cradle-to-farm gate or business-to-



CMU J. Nat. Sci. (2020) Vol. 19 (3)   431 
 

 

business (B2B) concept was used as the system boundaries for the carbon 

footprint product (Carbon trust, 2007; TGO, 2012; Sachakamol, 2016). The field 

burning emission was not used for this calculation because the rice straw was not 

burnt but left for rapid decay in the fields, which helped to improve soil fertility 

(Jeeva et al., 2006; Cairns, 2015).  

 The scope of the LCA included the functional unit (FU), which was defined 

as the quantity of the rice product, which in this case was 1 kilogram of unmilled 

rice (kgCO2-eq·kg-1 of unmilled rice).  

 Inventory analysis. The inventory analysis, including resources 

consumption and carbon emission (CO2) in life cycle of upland rice from land 

preparation to harvesting, were collected while rice straw was estimated based on 

Kaizzi et al. (2014). The one-way transportation with 50% loaded of all materials 

to the upland rice fields was used. Upland rice seeds were transported from their 

villages, a distance of 1.5 kilometers was used, including fertilizers, chemicals, 

and gasoline, for chemical application and transportation from retail stores and 

petrol station with the distance of 35.30 kilometers for the Lawa and 45.95 

kilometers for the Karen, respectively. The inputs and outputs data were used to 

estimate mass balance per FU for calculating the carbon footprint.  

 

Figure 2. A system boundary of unmilled rice. 
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Impact assessment. The impact assessment was done to assess the 

environmental impacts of production. The results were presented as kgCO2- 

equivalence (kgCO2-eq) (Manitoba Eco-Network, 2016). The carbon emission 

was estimated by GHG emission, which was calculated as activity data and 

emission factors (Table 1) converted to emission values using global warming 

potential (GWP) (Table 2) for calculation as follows (Yuttitham, 2019). 

 

CO2 Emissions (CO2-eq) = (Activity Data) x (Emission Factor) × (GWP) 

 

Table 1. Emission factors used in the upland rice cultivation of the Karen and the 

Lawa. 

Activity data Unit 
Emission factor 

(kgCO2-eq/unit) 
Reference 

Raw materials    

-Rice seed kg 0.2500 

Product Category Rules 

(PCRs) of rice  

(Rice department, 2010) 

-Organic fertilizer kg 0.1097 TGO, 2015 

-Chemical fertilizer    

Nitrogen (N) kg 2.6000 TGO, 2015 

Phosphorus (P) kg 0.2520 TGO, 2015 

Potassium (K) kg 0.1600 TGO, 2015 

-Soil amendment and other kg 0.0265 TGO, 2015 

-Herbicide kg 10.2089 TGO, 2015 

-Insecticide kg 16.5873 TGO, 2015 

-Gasohol (crude oil) kg 0.7069 

Thai National LCI 

Database/MTEC, 2015 

(update June,2016) 

-Gasohol (combustion) L 2.1896 
IPCC, 2006  

(update March,2013) 

Transportation Tkm 0.3145 

Thai National LCI 

Database/MTEC, 2015 

(update June,2016) 
Note: kg is kilogram, L is liter, and Tkm is ton-kilometer. 

 

Table 2. Global warming potential (GWP) values in relation to CO2. 

Greenhouse gas GWP values for 100-year time 

Carbon dioxide (CO2) 1 

Methane (CH4) 25 

Nitrous oxide (N2O) 298 

Source: IPCC Fourth Assessment Report (IPCC, 2007). 
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 The carbon released of the upland rice cultivation from land-use change in 

slash and burn process included carbon stock in the 6-year fallow forest and 

carbon emission from biomass burning, and upland rice cultivation including rice 

seeds, soil amendment (dolomite), organic fertilizer, chemical fertilizer, chemical 

pesticide, fuel (gasoline) for chemical application and lawnmowers, and 

transportation  of  the upland rice farming has been estimated, the emission of 

CH4 (burning), CO2 (dolomite), nitrous oxide (N2O) that combined with indirect 

nitrogen emission (NOx), and transportation were calculated as follows (IPCC, 

2006; TGO, 2016) 

The GHG emissions of the aboveground parts and the soils in land-use 

change were estimated using the carbon stock in the secondary fallow forests and 

carbon remaining in the upland rice fields after the slash and burn process. The 

carbon emission from the burning process was estimated from non-CO2 gas (CH4 

and N2O) emission.    
 Aboveground parts 

The circumferences and heights of all the trees in the sampling plots of the 

secondary fallow forest were measured to calculate their volume and biomass 

using the allometric equations (Tsutsumi et al., 1983) as follows: 

 

Ws = 0.0509 (D2 H) 0.919   

Wl = 0.0140 (D2 H) 0.669  

Wb = 0.00893 (D2 H) 0.977 

 Wr = 0.0313 (D2 H) 0.805 

Where Ws is stem biomass (kg), Wl is leaf biomass (kg), Wb is branch biomass 

(kg), Wr is root biomass (kg), H is height (m) and D is diameter at breast height 

(cm) 
 Moreover, ground flora was destructively determined for dried biomass 

and woody necromass in area was determined using line-intersect method to 

calculate dry mass. The carbon content was 50% of the biomass (Dixon et al., 

1994).  

 Aboveground carbon (kg C/ha) = DM × 0.5  

 

 Soils 

 The soil samples in each site were collected in 3 levels (0-10, 10-20 and 

20-30 cm depth) (Watthanasuksakun et al., 2013) and soil organic matter was 

determined using the Walkley-Black method (Walkley and Black, 1934), and soil 

bulk density was determined by the core method (Blake and Hartge, 1986) in the 

field. The soil organic carbon was calculated as follows: 

 

Soil organic carbon (kg C/ha) = OC × BD × SD 
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Where OC is organic carbon values (g/100g), BD is bulk density (g cm-3), and 

SD is soil depth (cm) 

 

 GHG emission from LUC = [(CS before – CS after) × 44/12] + Lfire 

 

CS = Aboveground carbon + Soil organic carbon  

 

Lfire = [MB × Cf × Gef,CH4 × GWPCH4(25)] + [MB × Cf × Gef,N2O × GWPN2O (298)]  

 

Where CSbefore is the sum of carbon stock from aboveground carbon and soil 

carbon per unit area before the conversion (kg CO2eq/ha), CSafter is the sum of 

carbon stock from aboveground carbon and soil carbon per unit area immediately 

after the conversion (kg CO2eq/ha), Lfire is GHG (non-CO2) emissions from the 

biomass burnt (kg CO2eq/ha), MB = mass of fuel for combustion (t/ha) including 

biomass, ground litter, and deadwood while Tier 1 methods are used then litter 

and deadwood pools are assumed zero, except where there is a land-use change, 

Cf = combustion factor for fire in intermediate secondary tropical forest (6-10 

years) (0.67), Gef = emission factor for tropical forest (CH4 = 6.8 and N2O = 0.20) 

(g/kg dry matter burnt). 

CO2 emissions (Dolomite) = Dolomite content × emission factor (0.13) × 44/12 

 

N2O emissions = [N content ×emission factor (0.003)] × 44/28 × GWPN2O (298) 

 

NOx emissions = [N content × fractionNH3-NOx (0.1)] × emission factor (0.01) ×  

         44/28 × GWPN2O (298) 

 

Etd = Σ [(EFT1,i × W T1,i × TT1,i) + (EFT2,i / L T2,i × DT2,i) 

 

Where Etd is GHG emission caused by transportation of raw materials used 

(kgCO2-eq/ha-year), EFT1,i  is emission factors of vehicles used to transport 

material i (kg CO2-eq/Tkm),  WT1,i is weight of the transported material i- 

outbound trip (ton), TT1,i is transport distance for material i- outbound trip (km), 

EFT2,i is emission factor of vehicles used for transport material i, at empty loaded 

assumption (kg CO2-eq/km), L T2,i is loading capacity of vehicles used (in this 

study = 0) (ton), DT2,i is transportation distance of raw material i – return trip (km) 

 The total carbon footprint in each process was calculated per FU (1 kg of 

unmilled rice). 

 

 GHGs emission = net GWP / FU (1 kg of unmilled rice) 

 



CMU J. Nat. Sci. (2020) Vol. 19 (3)   435 
 

 

 Interpretation. This final step, the results of GHGs emission of each 

process were used to identify significant issues that were assessed, and to check 

for consistency, sensitivity, and completeness. Conclusions, recommendations, 

and reporting were based on the results of the inventory and impact assessment 

phases of the LCA of the upland rice cultivation (ISO, 2004; Curran, 2006; ISO, 

2006; AquAeTer, 2016). 
 

Data collection and analysis  

 Key informants were randomly selected for individual interviews. The data 

were collected using questionnaires about the upland rice cultivation in 2015 from 

174 upland rice farmers in the two villages including 89 farmers, or about 96% 

of the Lawa village, and 85 farmers, or 68% of the Karen village. The sample 

sizes were calculated using the Yamane method (Yamane, 1967) as follows:  

 

  n  =  2
1 eN

N

  

 

Where n is sample size, N is population size, e is precision (the deviation of the 

sample (settle at 0.05: error of specifying the sample). 

 Secondary data were searched from research documents, reports, and 

journal articles. 

 

RESULTS 

 

 The data were from the field surveys and the farmers’ interviews. The GHG 

emission of the upland rice production in the rotation shifting cultivation of the 

Lawa and the Karen were estimated by the carbon stock change in land-use 

change from secondary fallow forest to upland rice field and carbon footprint in 

the upland rice cultivation. 

The carbon stock change was measured using carbon stock in the 

secondary fallow forests. In the land preparation, it was found that carbon 

absorption was about 233.98 t CO2-eq/ha in the Lawa and 257.96 t CO2-eq/ha in 

the Karen. It was estimated that carbon sequestration in the aboveground biomass 

and the soils in the secondary fallow forests were 217.19 t CO2-eq/ha in the Lawa 

and 295.61 t CO2-eq/ha in the Karen. For the carbon footprint in the land 

preparation, it was found that the greenhouse gas absorption was 16.79 t CO2-

eq/ha in Lawa plot while the greenhouse gas emission in the Karen was about 

37.65 t CO2-eq/ha (Table 3).  

 

 

 

 



CMU J. Nat. Sci. (2020) Vol. 19 (3)   436 
 

 

Table 3. Carbon stock and carbon emission in land use change (t CO2/ha). 

Carbon content (t CO2eq/ha) Lawa Karen 

Stock in 6-years fallow forest 217.19 295.61 

Emission from land preparation process  -16.79 37.65 

Emission from slashing  22.56 57.84 

Emission from aboveground biomass 

burning (non-CO2) 
2.02 5.16 

Soil carbon emission from burning -41.37 -25.35 

Carbon stock change in land use change 233.98 257.96 

 

The carbon footprint of the upland rice cultivation process was estimated 

from the material and chemical inputs (Table 4). Table 4 includes the input and 

output processes in the upland fields. It was found that the Lawa used organic 

fertilizer and insecticide in the cultivation process. The content of rice seeds, soil 

amendment, herbicide, nitrogen, fuel spray, and rice straw were significantly 

(P<0.05) different when compared between the two groups. The upland rice seeds 

were from the previous season, which was 0.10 t/ha in the Lawa and 0.08 t/ha of 

Karen that could produce the upland rice yield of the Lawa and the Karen at 1.95 

and 2.02 t/ha, respectively. Costs of raw material inputs, causing GHG emission 

including chemical fertilizer, chemical application, organic fertilizer and soil 

amendment and gasoline of farm management, which used in the upland rice 

cultivation of the Karen and the Lawa were about 504 baht/rai and 676 baht/rai, 

respectively, at the 2015 constant price for the production. The carbon footprint 

of upland rice production per kilogram of the unmilled rice of the Lawa (about 

0.37 t CO2-eq/ha or 0.19 kg CO2-eq/kg unmilled rice) was slightly higher than 

the Karen (0.26 t CO2-eq/ha or 0.13 kg CO2-eq/kg unmilled rice) because the 

Lawa’ farmers used more materials (such as organic fertilizer, soil conditioner 

and pesticide) for their cultivation while Karen farmers did not use these 

materials. The chemical fertilizer production was the main source of emission, 

contributing about 38-40% of the total, and the amount of N2O from chemical 

fertilizer was second, contributing 26-28% of total GHGs (see details in Figure 3 

and Figure 4). However, the carbon content in the upland rice production in the 

rotation shifting cultivation showed that carbon was absorbed in this system, 

which were 233.61 t CO2/ha in the Lawa and 257.70 t CO2/ha in the Karen (Figure 

5). 
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Table 4. Life cycle inventory of upland rice production (unit per hectare).  

  Unit Lawa Karen 

Input    

Raw material/Chemical1    

-Rice seed kg 101.086a ± 0.728 85.768b ± 0.466 

-Organic fertilizer kg 1.756 ± 0.003  - 

-Chemical fertilizer kg   

  Nitrogen (N) kg 54.658a ± 0.691 37.361b ± 0.522  

  Phosphorus (P) kg 16.355 ± 0.204 15.247 ± 0.236  

  Potassium (K) kg 0.712 ± 0.076 0.586 ± 0.068 

-Soil conditioner 

(Dolomite) 

kg 
9.656  ± 0.006 - 

-Herbicide kg 8.093a  ± 0.471 4.758b ± 0.490 

-Insecticide kg 0.082 ± 0.081 - 

Fuel1    

-Gasohol (Spraying) L 1.475a ± 0.825 6.066b ± 1.332  

-Gasohol (Lawnmower) L 1.475 ± 0.385 1.434 ± 0.452 

Output    

Product1    

-unmilled rice kg 1,953.113 ± 18.691 2,025.057 ± 17.262 

Waste2    

-Rice straw kg 4,628.878a ± 275.301 4,799.387b ± 254.193 
Note: 1 Field survey (Questionnaire) and 2 Own estimations by multiplying an average Straw to Grain Ratio (SGR) 

of 2.37 in the 6-year average rice production quantities (Kaizzi et al., 2014). Value are means (unit/ha) ± 

standard error, means followed by different letters on the same rows show significant differences at P < 

0.05. 

 
 

 

Figure 3. Carbon footprint of upland rice cultivation of the Lawa and Karen 

tribes (kg CO2-eq/ kg unmilled rice). 
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Figure 4. The proportion of carbon footprint in the upland rice cultivation 

process. 

 

 

 
 

Figure 5. The carbon content in the upland rice production in the rotation    

shifting cultivation (t CO2-eq/ha). 

 

DISCUSSION 

 

In this study, greenhouse gas (GHG) emission of the upland rice production 

was emitted from the land preparation and the upland rice cultivation.  

The land preparation is land-use change from secondary fallow forest to 

upland rice field including slashing and burning process. Most of GHGs 

emissions were from the aboveground residue burning and soils that released the 
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non-CO2 gases (CH4 and N2O) into the atmosphere. IPCC (2006) assumed the 

CO2 emission of the biomass burning was zero because CO2 was captured through 

the photosynthesis process. The carbon absorption in the aboveground biomass 

and the 30-cm soil depths were found in the two tribes after the burning process. 

Soil carbon was increased after burning process due to aboveground biomass, 

very fine root, and ashes from incomplete combustion (Zhao et al., 2012; Bodí et 

al., 2013; Nigh and Diemont, 2013).  

In the cultivation process, the total rice yields depended on the field size, 

cultural practices, and field management (Hanafi et al., 2009). The upland rice 

yield is normally less than paddy rice yield because it is grown on stress 

conditions such as limited water, steep slope, low soil fertility, weeds, insects, 

diseases, low material input (chemical application) and agriculture machineries 

are not used for cultivation (Hanafi et al., 2009; Rautaray, 2011; Swamy and 

Kumar, 2012). Herbicide application rate in field depended on weed species, 

weed size, weed height, population thickness of weed in the fields and topography 

(Jamal, 2011). However, the life cycle GHG emission for the upland rice 

cultivation process seemed to be less than for other rice cultivation systems. 

Studies of paddy rice production showed that the carbon footprints of paddy rice 

were 1.90 kg CO2-eq/kg of rice  (Farag et al., 2013), 4.87 kg CO2-eq/kg of rice in 

wet-season irrigation systems and 5.55 kg CO2-eq/kg of rice in dry-season 

irrigation systems (Perret et al., 2013), 1.39 kg CO2-eq/kg of rice (Brodt et al., 

2014) and 1.52 kg CO2-eq/kg of rice for in-season and 1.27 kg CO2-eq/kg of rice 

for off-season rice (8th Regional Office of Agricultural Economics, 2015), which 

are more than 10-fold those found in this study because the upland rice is non-

flooded, so that it does not produce methane (CH4). By comparison, Yodkhum et 

al. (2017) found that the GHG emissions of organic rice production were 0.58 kg 

CO2-eq/kg of paddy rice, which was lower than previous studies (Farag et al., 

2013; Perret et al., 2013; Brodt et al., 2014; 8th Regional Office of Agricultural 

Economics, 2015), while slightly higher than this study because the cultivation 

stage in their study did not input fertilizers and chemicals in the paddy rice fields. 

Farag et al. (2013) found the carbon emission from burning rice straw in paddy 

rice production was 0.68 kg CO2-eq /kg rice (35.82% of the total), while upland 

rice straw was left in the field and not burnt after harvesting, so carbon dioxide 

was not emitted into the atmosphere from burning. Rossopa et al. (2012) studied 

the carbon footprint and mitigation emission in major rice production systems in 

Thailand. Retracing methane emission from rice fields showed that upland rice 

could absorb methane while the other kinds of rice fields, such as terrace rice, 

rainfed rice and irrigated rice, emitted methane into the atmosphere. In addition, 

Kägi et al. (2010) compared the LCA of rice products such as conventional, 

organic, and upland rice and found that upland rice has the lowest carbon footprint 

per kilogram of rice (about 1.60 kg CO2-eq per kg of dry rice), lower than 

conventional and organic rice. However, upland rice fields can produce nitrous 

oxide (NO2) from chemicals used in the fields while paddy rice (flooded rice) 
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emits CH4 and NO2 which are more influential than carbon dioxide in driving 

climate change (Anand et al., 2005; IPCC, 2006).  
The sustainability of the rotation shifting cultivation relies upon the 

inherited tradition knowledge and local wisdom of the Karen and the Lawa to 

restore and regenerate forests, soils, and land improvement, conservation of 

animal habitats and biodiversity, and sustainable use of natural resource because 

the carbon neutrality or carbon storage in secondary fallow forests (Fox et al., 

2000; Bhagawati et al., 2015; Prakash et al., 2017). This tradition cultivation is 

for building up the harmonization of people in their community system to 

conservation and protection their inherited land for a sustainable way of food 

production in steep slope areas (ICIMOD, 2008). Costs of raw materials inputs 

in the upland rice cultivation, causing GHG emission, were lower than previous 

studies. For example, Junchoungchot (2014) found that the average cost of 

chemical and gasoline inputs of 818 baht/rai in scattering paddy rice cultivation 

in Samrongtarb District, Surin Province, and Department of Foreign Trade (2016) 

reported the average cost of rice cultivation in Ban Pahan District, Ayutthaya 

Province, was about 2,800 baht/rai.  Furthermore, the upland rice yield of the two 

tribes was about 1,623-1,715 kg/household that is enough for livelihood 

consumption and rituals all year round because they did not purchase rice that 

was about 1,180 to 3,100 baht/100kg (Thai Rice Mills Association, 2015) in 

urban markets whose distances were about 67 to 76 km from their villages. This 

system is the longer traditional knowledge producing lower GHG emission and 

low price of upland rice cultivation, which is a low risk of human health and is 

environmental friendly in mountain areas (Ganpat and Isaac, 2015). 

 

CONCLUSION 

 

 The carbon footprint of upland rice production in the rotation shifting 

cultivation in Northern Thailand through GHG emission was estimated through 

the life cycle of the product using an environmental impact assessment. This 

research found that the carbon balance in the land preparation to upland rice 

cultivation was absorption in the Lawa, about 16.42 t CO2-eq/ha in the Lawa, 

while the carbon emission in the Karen was about 37.91 t CO2-eq/ha. Moreover, 

upland rice cultivation is not a flooded system and the rice straw is not burnt after 

harvesting, resulting in a low carbon footprint, however, the reduction of impacts 

should be concentrated upon improvement and management of residues in slash-

and-burn process and chemicals in cultivation stage of the life cycle of upland 

rice production. This study demonstrated that the carbon footprint of the upland 

rice production of the Lawa tribe was higher than the Karen tribe because of 

chemicals the Lawa used for cultivation. However, the overall carbon in this 

system was absorption, about 233.61 t CO2-eq/ha in the Lawa and 257.70 t CO2-

eq/ha in the Karen. The rotation shifting cultivation represents carbon absorption 

more than carbon emission. This sysem is tradition knowledge used for 
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sustainable agriculture management on steep slopes in mountain areas. However, 

in the present, the population growth and the governmental pressure to reduce 

rotation shifting cultivation and forestland allocation causes the shortening of 

fallow periods that can lead to reduction in the sustainability of the rotation 

shifting cultivation.  
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