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Abstract

This study was designed as analytical survey research to evaluate carbon emissions from
maize cultivation in the dry season of Thailand. Data collection on resources and energy used and
product produced was carried out in dominant areas of maize cultivation in Thailand, including
Phetchabun, Nan, Loei, Tak, and Chiang Rai provinces. Those selected plantation areas covered 43
% of the total maize cultivation areas of the country. Following a carbon-balanced model, the
three main paths of carbon mobilization were identified as carbon emission, fixation, and reduction.
Total carbon emissions from maize cultivation in the dry season were found to be 77.38+20.03 kg
of CE/rai/ season which derived from resources and energy used from field operation. The major
sources of emission from plantation activities were fertilizer application and watering process that
emitted carbon of 51.04+13.81 and 8.51+2.42 kg of CE/rai, accounting for about 65.96 and 11.00 %
of the total, respectively. Meanwhile, the carbon fixation from the main product produces (seed
production) was 488+14 kg CE/rai/season, which was higher than that of carbon emission of 6.3
times. In addition, carbon fixation efficiency was computed to be 86.31 %, indicating that maize
seed production continues to emit carbon into the atmosphere. However, alternative ways to
reduce carbon emission from replacing 50 % of chemical fertilizer with organic fertilizer and
replacing all fossil diesel used for agricultural machineries with biodiesel can reduce the carbon
emission of 34.42 and 19.85 kg CE/rai/season, respectively. From the selected methods, the
potential reduction of carbon emissions from maize cultivation was found to be 70 % as compared

to the existing condition.
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Table 1 Lists of equations to estimate carbon equivalent in this study

Equations

Description

Carbon emission

A
=—xCF
unit

3)

- Carbon emission is expressed in the unit of kg CE/rai
- A'is amount of resources or energy used (kg resources/rai)

- CF is the conversion factors (kg CE/kg resource) or (kg CE / L of energy)

Carbon fixation

= Yield x CF
(4)

- Carbon fixation is expressed in the unit of (kg C / rai) or kg C/ ton product)
- Yield is obtained in the form of maize grain (ton grain/rai)

- CF is the conversion factor of C in organic compound (CH,0) = 0.4

Carbon reduction

A
=—xCF
unit

(5)

- Carbon Reduction is expressed in the unit of kg CE/rai

- A'is the amount of resource recycled for reducing or replacing of fossil fuel
(kg of resources or liters of energy/rai)

- CF is the conversion factor of CE of replaced resource (kg CE/kg of

replaced resource)

Carbon fixation efficiency

Cﬁxed
x 100

Chivernt TNECormittan

(6)

- Cyeg is carbon fixation (kg CE/rai)
- Net Comineq is Net carbon emission, calculated from Total carbon emission

- Total carbon reduction

Table 2 Conversion of carbon equivalence (CE)

Resources/Energy used Conversion Factors References
Unit Values (kg CE/unit)
Nitrogen (N) kg 1.091 FAO (2017)
Phosphorus (P,Os) kg 0.352 FAO (2017)
Potassium (K,0) kg 0.401 FAO (2017)
Paraquat kg 0.881 TGO (2019)
Glyphosate kg 4.364 TGO (2019)
Atrazine kg 1.366 TGO (2019)
Emamectin Benzoate ke 0.667 trc-canada, 2020
Diesel L 0.74 TCR (2017)
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Table 3 Resources and energy used and product produced in maize cultivation in the dry season

Resources used (average + SD)
Activities
Unit/rai Unit/maize grain
- Diesel of tilling (L) 3.33+1.00 2.73+0.82
1. Saoil
- Diesel of tillage (L) 3.70+1.07 3.03+0.88
preparation
- Diesel of plowing (L) 3.83+0.98 3.14+0.80
2. Planting - Diesel (L) 1.62+0.47 1.33+0.38
- Nitrogen (N) (Kg) 40.11+£10.88 32.88+8.92
3. Fertilizer
- Phosphorus (P,0s) (Kg) 12.47+3.66 10.22+3.00
application
- Potassium (K,0) (Kg) 7.21+1.62 591+ .32
- Atrazine (Kg) 0.45+0.11 0.37+0.09
4. Herbicide - Glyphosate (L) 0.54+0.16 0.44+0.13
application - Paraquat (L) 0.56+0.16 0.46+0.13
- Diesel for herbicide spraying (L) 0.76+0.12 0.62+0.09
5. Insecticide - Emamectin benzoate (soluble from) (L) 0.876+0.254 | 0.718+0.208
application - Emamectin benzoate (powder form type) (g) | 89.68+20.85 | 73.51+17.09
6. Watering - Diesel (L) 11.50+3.27 9.43+2.68
7. Harvesting - Diesel (L) 3.00+0.00 2.46+0.00
8. Seed milling |- Diesel (L) 2.00+2.00 1.64+0.00
9. Transportation |- Diesel (L) 4.27+0.81 3.50+0.66
10. Maize grain production (ton) 1.219+0.306 1.00+0.25
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Table 4 Carbon equivalence (CE) from maize cultivation in the dry season

Carbon equivalences (average
+SD)
Activities
ke CE/ rai ke CE/ton
maize grain
- Diesel of tilling (L) 2.47+0.74 2.02+0.60
1. Soil
- Diesel of tillage (L) 2.74+0.79 2.25+0.65
preparation
- Diesel of plowing (L) 2.84+0.82 2.33+0.67
2. Planting - Diesel (L) 1.20+0.35 0.98+0.28
- Nitrogen (N) (Kg) 43.76+11.87 35.87+9.73
3. Fertilizer
- Phosphorus (P,05) (Kg) 4.39+1.29 3.60+1.06
application
- Potassium (K,0) (Kg) 2.89+0.65 2.37+0.53
- Atrazine (Kg) 0.56+0.14 0.46+0.11
4. Herbicide - Glyphosate (L) 1.12+0.33 0.92+0.27
application - Paraquat (L) 0.14+0.04 0.11+0.03
- Diesel for herbicide spraying (L) 0.57+0.09 0.47+0.07
5. Insecticide - Emamectin benzoate (soluble from) (L) 0.012+0.003 | 0.0098+0.0024
application - Emamectin benzoate (powder form type) (g) | 0.003+0.002 | 0.0025+0.0016
6. Watering - Diesel (L) 8.51+2.42 6.97+1.98
7. Harvesting - Diesel (L) 2.22+0.00 1.82+0.00
8. Seed milling |- Diesel (L) 1.48+0.00 1.21+0.00
9. Transportation |- Diesel (L) 2.49+0.6 2.40+0.48
10. Maize grain production (ton) 488+14
Total carbon emissions 77.38+20.03 63.46+16.42
Total carbon fixation* 488+14 400+11
Carbon fixation efficiency 86.31 %

*yield of maize grain in dry season is equal to 1.219+0.306 ton grain/rai
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Table 5 Nutrient content in organic fertilizers [19]

Organic fertilizer Nitrogen (N) Phosphorus (P,0s) Potassium (K,0)
Cow manure 1.36 0.51 1.71
Chicken manure 2.59 1.96 2.29
Pig manure 2.69 3.24 1.12

Data redrived from Nakhon Ratchasima Provincial Agricultural Extension and Development Center

Table 6 Alternative ways for carbon emission reduction in maize cultivation

Resources used Carbon reduction
Alternative methods
(Unit/rai) (Kg CE/rai)
S1. Replacing 50 % of chemical fertilizer with organic fertilizers
1) Cow manure (1,474 kg) 34.63
Nitrogen (N) 20.05 21.87
Phosphorus (P,Os) 7.52 2.65
Potassium (K,0) 25.20 10.11
2) Chicken manure (774 kg) 34.32
Nitrogen (N) 20.05 21.87
Phosphorus (P,Os) 15.17 5.34
Potassium (K,0) 17.72 7.11
3) Pig manure (745 kg) 33.72
Nitrogen (N) 20.05 21.87
Phosphorus (P,Os) 24.18 8.51
Potassium (K,0) 8.34 3.34
S2. Replacing 100% of fossil diesel with biodiesel in
11.50 6.90
the watering process
S3. Replacing 100% of fossil diesel with biodiesel in
10.86 6.53
soil preparation process
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