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Introduction: Rice (Oryza sativa) is a strategic agricultural crop that plays a pivotal role in
food security and livelihoods in Iran and worldwide. In this context, a comprehensive
assessment of greenhouse gas emissions from rice cultivation systems is essential for
achieving sustainable production and carbon footprint (CF) serves as an indicator for
estimating both direct and indirect greenhouse gas emissions. Alongside global efforts to
mitigate climate change, the role of traditional knowledge systems in carbon management
has increasingly garnered attention. The objective of this study was to investigate the
carbon footprint of rice cultivation and the associated traditional knowledge and practices
related to its influencing factors in Gilan Province during the 2022 cropping year.

Materials and Methods: A mixed-methods design was applied, integrating quantitative
and qualitative approaches. The CF was calculated for three farm sizes (<0.5 ha, 0.5-1 ha,
and >1 ha) using life cycle assessment (LCA) based on the Intergovernmental Panel on
Climate Change (IPCC) guidelines. Traditional knowledge was explored through an
ethnographic approach and analyzed using coding procedures in MAXQDA 2020. Data
normality was assessed using the Shapiro—Wilk test. Given the non-normal distribution of
some variables, the non-parametric Kruskal-Wallis test was performed using SPSS. For
pairwise comparisons, Dunn’s post hoc test with Bonferroni correction was applied at a 5%
significance level.

Results and Discussion: The average CF of rice production was estimated at 1.23 kg
COzeq.kgt.y L. Although no statistically significant differences were observed among farm
sizes, larger farms tended to have slightly lower CF values. The mean global warming
potential of the system was 3031 kg COz-q.hal.yl. Methane emissions from flooded rice
cultivation during the growing season accounted for approximately 64% of total emissions,
while nitrogen-based fertilizers and the associated N2O emissions from their application
contributed about 10%. Additional sources included fuel, labor, and seed inputs.The
assessment of farmers’ traditional knowledge showed that organic fertilizer management,
mechanization, and seed management accounted for 50%, 40%, and 10% of the total scores,
respectively, representing key components related to the carbon footprint of rice
production.The main practices associated with these components included the use of
organic fertilizers, semi-mechanized cultivation, and the preservation of local rice varieties.

Conclusion: Mitigating the CF of rice production in Gilan requires an integrated strategy
that merges formal scientific approaches with traditional knowledge. Priority measures
include transforming irrigation practices, optimizing fertilizer application, considering local
rice cultivars, and combining farmer’s experiential knowledge with energy-efficient
mechanization.
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Table 1. Carbon footprint coefficients for rice production

Row Item Unit Carbon footprint Source

1 Seed kg COz-eq-kg™ 1.88 Yang et al., 2024

2 Human labour kg COz-eq-MJ™! 0.2 -

3 Farmyard manure kg COz-eq-kg™ 0.1097 Champrasert et al., 2020
4 Nitrogen kg COz-eq-kg™ 2.6 Champrasert et al., 2020
5 Phosphate kg COz-eq-kg™! 0.252 Champrasert et al., 2020
6 Potassium kg COz-eq-kg™ 0.16 Champrasert et al., 2020
7 Herbicide kg COz-eq-kg™ 10.15 Yang et al., 2024

8 Fungicide kg COz-eq-kg™ 10.15 Yang et al., 2024

9 Insecticide kg COz-eq-kg™ 16.61 Yang et al., 2024

10 Diesel fuel kg COz-eq-kg™ 2.18 Champrasert et al., 2020
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Table 2. Management practices, cropping calendar, inputs, and outputs of the sampled rice farms in the studied

region
Managerial variable Small farm Mediumfarm Large farm Total
(<0.5 ha) (0.5-1 ha) (>1ha) mean
Rice variety Hashemi Hashemi Hashemi
Seed (kg) 121.43 114.71 104.11 113.42
Farmer experience (Year) 15 years or more 15 years or more 15 years or more
plr_ea;a(:jra%[?c()jnsﬁ&d::ti) April -May April -May April -May
Transplanting (Month) May May May
Growth duration (Day) About 120 days About 120 days About 120 days
L Traditional continuous  Traditional continuous  Traditional continuous
Irrigation method floodin floodi floodi
g ooding ooding
Urea fertilizer (kg/ha) 133.33 103.68 100.68 112.56
Phosphate fertilizer 60.95 5735 56.16 58.15
(kg/ha)
Potassium fertilizer 2381 29.41 56.16 36.46
(kg/ha)
Manure (kg/ha) 0 0 47.95 15.98
No burning of straw; No burning of straw; No burning of straw;
Management of residues  grazing by livestock or  grazing by livestock or  grazing by livestock or
return to the soil return to the soil return to the soil
Weeds control Hand vr\]/eed_in_g +useof  Hand weed_in_g + use of Use of herbicides
erbicides herbicides
Herbicide (kg/ha) 3.71 3.24 2 2.98
Pests control Use of insecticides use of insecticides Use of insecticides
Insecticide (kg/ha) 4.10 3.46 2.26 3.27
Fungicide (kg/ha) 1.19 0.71 0.46 0.79
_— Traditional cultivation Semi-mechanised .
Mechanisation - . - Mechanised
Semi-mechanised mechanised
Human labour (MJ/ha) 1270.80 1204.35 988.4 1154.52
Fuel (L/ha) 93.6 94.97 98.86 95.81
Cultivated land (ha) 0.26 0.68 1.46 0.8
Harvesting period August-September August-September August-September
Paddy rice (kg/ha) 2215.62 2270.59 3101.37 2529.19
Straw and stubble (kg/ha) 2658.74 2724.71 3721.64 3035.03

Y
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Table 3. Emission sources (kg CO2.eq.na™t.y!) and carbon footprint (kg COz-eq.kg.y1) in rice cultivation systems
in the studied region

— Small farm Medium farm Large farm Total  Kruskal-Wallis
Emission source (Mean£SD) (Mean+SD) (Mean £ SD) mean test
Direct and indirect N:O emissions (due 199 g, 1933 15474449 1784+580 17399  0.736™
to N content in fertilisers and residues)
Human labour 253.7+129.1 240.9+39.1 197.7+554 230.74 0.319™
Manure 0.0+£0.0 0.0+0.0 5.26+6.19 1.75 0.003"
Urea fertiliser 148.1£93.2 124.0£37.9 120.4+32.6 130.83 0.000"
Phosphate fertiliser 1.20+1.11 1.13+£0.37 1.10+£0.27 1.14 0.000"
Potassium fertiliser 2.14£4.99 2.36 £2.43 45+1.80 3 0.000"
Herbicide 37.7+16.1 32.8+6.3 254+10.2 31.97 0.085™
Fungicide 11.6+10.0 7.16£0.94 591+1.68 8.22 0.054 ™
Insecticide 68.0 +39.5 57.4+116 48.9+14.0 58.11 0.531™
Fuel 250.9 £127.3 253.9+50.2 264.3+74.0 256.09 0.968 ™
Seed 225.6 £128.6  215.6+60.9 1957528 212.33 0.848™
Irrigation (methane emissions during  1g57 6 1 90,3 1867.0+339.3 1044.9+5653 192314  0.999™
the growing season)
Total global warming potential 5,44 7, 1550 0 2956.9+532.1 2092.4+850.0 303133  0.999 ™
(kg CO2¢eq per ha per year)
Carbon footprint of paddy rice 1424070  130+023  096+028 123 0.121 "
(kg CO2eq per kg)
" and * Not-significant and significant at 5% probability level, respectively.
Nitrous oxide due to 3
the nitrogen content in Phosphate fertilizer
urea fertilizer, animal 0%
. manure
manure, and residues 0% Potassium
6% fertilizer
Urea 0%
4% Herbicide
1%
0%
= Fuel L
o 3% Insecticide
Irrigation and Methane 204
emissions during the
growing season
= = Seed
64% =
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Figure 2. Emission sources (percent) in rice cultivation systems in the studied region
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Table 4. Pairwise group comparisons using Dunn’s post-hoc test with Bonferroni correction

Emission source Pairwise comparison

Significant level Adjusted significant level

Small-Medium
Small-Large
Medium-Large
Small-Medium
Small-Large
Medium-Large
Small-Medium
Small-Large
Medium-Large
Small-Medium
Small-Large
Medium-Large

Manure

Urea fertiliser

Phosphate fertiliser

Potassium fertiliser

1.000 ™ 1.000 ™
0.030" 0.010"
0.030" 0.010"
0.011" 0.033"
0.000" 0.000"
0.011" 0.033"
0.011" 0.032"
0.000" 0.000"
0.011" 0.032"
0.166 ™ 0.499 ™
0.000" 0.000"
0.006" 0.018"

" and " Not-significant and significant at 5% probability level, respectively.

Sl (6o sty S i S8 ()5 (513 eSiles ) 0 eSS Sl o -0 Jgox
Table 5. One-Way Sensitivity Analysis of the Mean Carbon Footprint in Rice Cultivation Relative to Key

Variables
Variable AGWP% (per hectare) ACF% (per kg of produce)
Irrigation (CHa emissions) +6.3 +6.3
Fuel +0.9 +0.9
Human labour +0.8 +0.8
Seed +0.7 +0.7
N:20 emissions +0.6 +0.6
Urea fertiliser 0.4 0.4
Insecticide 0.2 0.2
Herbicide +0.1 +0.1
Other inputs < +0.05 < +0.05
Crop yield 0.0 =9.1/+11.1

One-way sensitivity analysis was performed by varying each parameter individually by £10%, while holding all others

constant.
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Figure 3. Factors associated with the carbon footprint from the perspective of traditional knowledge

Mechanized cultivation 0.4
Semi-mechanized cultivation 0.6
Traditional cultivation 0.2
Monocropping with fallow 0.97
Mixed cropping  0.03
Grazing of livestock on crop residues 0.83
Direct use of animal manure 0.17
Avoidance of burning crop residues after harvest 0.90
Selection of new native varieties ~ 0.03
Seed procurement through local social networks 0.8
Seed cleaning and grading 0.75
Seed threshing and sun-drying 0.83
Manual seed harvesting 0.17
Selection of seed from the best ecological niches 0.77
Selection of native varieties (Hashemi variety) 0.9
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Figure 4. Relative frequency of citation in influential factors the carbon footprint from the perspective of
traditional knowledge
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