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Abstract: This paper was aimed to evaluate the unit amount of the carbon equivalence emitted from

Thailand’s rice cultivation, including tillage, fertilizer application, watering, and harvesting which are

thought to be one of major constituents causing a global warming. The appropriate and specific ways to

reduce the carbon dioxide emission were also introduced here. As a result from the field investigation,

the highest carbon emission was occurred due to fertilizer application in the irrigated area with the average

amount of 278.7 ± 56.62 kgC/ha from the applied rate of 239.4 ± 48.56 kg/ha. Also, the maximum paddy

yield could be achieved in the irrigated area with the average productivity of 4,706.25 ± 1765.25 kg/ha

that was converted to the average C-equivalence value 1,882.5 ± 702.50 kgC/ha. Taking the rice grain

produced for the past twenty years with the annual consumption of Thai citizens into account, the unit

land area required for rice cultivation was potentially decreasing from 0.089 to 0.065 ha per capita. We

suggest the majority of agricultural land area is still needed for rice cultivation as to produce not only the

staple food for Thai citizens but also the grain export in exchanging for the imported crude oil and

machinery.
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INTRODUCTION

Thailand is, fortunately, located in the best

geographical region of the tropical latitudes between

the two ocean masses (Indian and Pacific). The country

possesses the suitable climatic condition (abundant

sunshine and monsoon rain), so that it is capable for

producing a variety of vegetated foods all year round.

To date, Thailand owns the world’s leader production

of rice cassava and rubber and becomes the 7  largestth

exporter among agricultural product areas in the world.

The largest proportion of land given to agriculture over

that of all the countries is mainly located in Southeast

Asia – about 20-25 million hectares (ha) or 40-50% of

the country’s total area . Rice is, particularly,[8]

registered in the range of 60-65% of agricultural area

as the most important planted field in Thailand of

staple food, while such non-staple foods as cassava,

sugar cane, and fruit are in the range of 10-15% of

agricultural area. Non-food productions such as rubber

and palm oil are in the range of 20-25% of agricultural

area. Therefore, the majority of agricultural land area

is still needed for rice cultivation as to produce not

only the staple food for Thai citizens but also the grain

export in exchanging for the imported crude oil and

machinery. Since 1979, Thailand has been leading as

the world rice exporter and accounted for about 25%

of total world exports of about 8.4 millions tons per

year, fetching the country nearly 100 billion baht in

annual export earnings . Thailand, currently, supplies[7]

the staple food for all Thais and also exported it to

feed more than 50% of the world’s population.

However, a series of national questions have been

issued regarding to land requirement for staple food

whether or not its future production is sufficient

enough for population in Thailand.

Meanwhile, carbon, one of the well-known and

major greenhouse gases, is continuously emitted and its

emission is closely associated with rice cultivation

being operated by the machines leading to combustion

of fossil fuel. The different exploitation of fossil fuel

between the developed and the developing countries is

clearly represented by the emission of carbon from

cultivated rice field. In US, for example, the use of

large input of fossil energy for machine in the rice

yield is 7,616 kg/ha (27 million kcal of food energy)

and the fossil energy of 19.3 million kcal results in an

energy input/output ratio of 1:1.42. Indian farmer, on

the other hand, employs human labor and bullocks of

energy that inputs rice cultivation about 6.6 million

kcal and rice yield extends to 1831 kg/ha (6.6 million

kcal) with input/output ratio of 1:0.79 .[10]
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Then, the objective in this study was aimed to
investigate the unit amount of the carbon equivalence
(C-equivalence) expressed in kilogram of carbon
emission per unit area (kgC/ha) for cultivation,
including different tillage operations, applied fertilizer,
source of watering, seed, and different harvesting
operation. Carbon fixation per unit area (kgC/ha) for
above-ground carbon stock; rough rice and rice straw
was determined to help in evaluation of whether or not
the land requirement for future food production is
sufficient enough for population in Thailand.

MATERIAL AND METHOD

The work was conducted by the two main
approaches, 1) formulating in evaluation of C-
equivalence for rice cultivation based on Carbon
Balance Model (CBM) and 2) collecting field data for
the establishment of database system.

1) The CBM is aimed at finding the appropriate
equations essentially needed to describe the relationship
of C-equivalence activities with their linkage to the
reduction of carbon release to the atmosphere. Then,
the data achievement and gathering were carried out to
establish the database system for further analyses of the
country’s food and land requirement. CBM was
modified from the original global conceptualized model
suggested by Polprasert and Chaiyachet  (figure 1).[11]

2) Data collection and establishment of database
system is mostly conducted from field survey in
primary data and the combination of secondary data
being collected. 

The field survey of primary data started from field
tillage and extended to harvesting collected in two
seasons per year (first and second crops). The primary
data was conducted in 85 paddy fields both of irrigated
and rainfed areas at 9 provinces including such a
leading province in rice production (Suphanburi) and
every important region in Thailand covering 4
provinces in the northeast. There were represented both
rainfed and irrigated areas and the largest region of rice
cultivation area. The primary parameters were measured
by a quantity of using and rate of time per unit area or
unit mass of product. The primary parameters of unit
measurement of each procedure and/or process were
carried out in order to use fossil fuel for machine.
Secondary and reliable sources of data were gathered
from the government offices including the Ministry of
Agriculture and Cooperative and Ministry of Public
health. Secondary data were collected back to the past
twenty years. 

RESULTS AND DISCUSSION

3.1 C-equivalence Coefficients for Rice Cultivation
Based on C arbon-balanced M odel (CBM ):

Investigation of C-equivalence coefficients values for
rice cultivation was applied Carbon -balanced model
(CBM). CBM of the earth conceptualized by Polprasert
and Chaiyachet  is illustrated in Figure 1. Beginning[11]

of CBM with the sun energy radiated to the earth at
the rate of 342 Watts per square meter (W/m ), only2

that average of 168 W/m  can be able to touch the2

earth's surface and almost half of it was used to lift the
water through the processes of physical evaporation
and evapo-transpiration by plants. From the average
rainfall worldwide data (~ 1m/y) at the surface
temperature of 15°C, the energy used for water
evaporation can be calculated to be equal to 78
W/m (Masters, 1998) or equivalent to 1.23´10  KJ/m -y2 6 2

for the sun radiation of 12 hours per day. Figure 1 also
indicates the circulation of carbon and water to which
both were activated by radiated sun energy. To
recognize the importance of carbon in the form of fuel,

2the atmospheric carbon dioxide (CO ) is presumed to

2be the energy captor reacting with H O to form the

2organic compound (CH O) in the chlorophyll-catalyzed
photosynthetic reaction, shown as pathway 1 circle.
The energy stored in the freshly formed organics, as
called primary producer, and is transferred up to the
top of pyramidal food web along pathway 4. When
both plants and consumers are dead, most of them
decayed and revision back to the original substances

2 2(CO  and H O) with the help of the bacterial
decomposition reactions. But some of them persisted
and accumulated underneath the earth surface (pathway
2). The formation of petroleum following pathway 2
started to occur at about 2 billion years ago in the
Precambrian era, in which photosynthesis was abundant
worldwide and less accumulation of organic carbon
than 0.1 percent . [13]

In order to obtain numerical figures of the
substantial amounts involved with the photosynthesis
and so on, the change of the reaction enthalpy can be
calculated, using the chemical thermodynamic data[12]

as follows.
       

2 2 2 2CO (g) + H O(g) « CH O(g) + O (g)         (1)

ÄHf°; -393.5, -241.8, -116.0, 0; KJ/mol.
ÄH°  =  (-116.0 + 0) – (-393.5 – 241.8)

  = +519.3 KJ/mol.

Since DH° value is positive, the reaction is
endothermic, thereby absorbing the energy content and
forming the organic carbon at the proportion of 43.3

2KJ/g C. Meanwhile, from the reaction (1), the O

2product is generated at the maximum rate of 75.8 KgO
per square meter per year (pathway 3). It is, then, used
by all aerobic, heterotrophic consumers, including man,

2in respiration to get the energy and produce CO  back
to the atmosphere, following the reverse of reaction (1)
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or pathway 5 shown in Figure 1. Thus, CBM depicts
the major activities of carbon interchange between
Earth’s atmosphere and lithosphere, ranging from

2photosynthesis, C from atmospheric CO  is fixed to
become part of organic molecules that production of
food, fuel, and fiber require to sustaining pyramid of
human on agricultural land area surrounded by forest
area. And, Use of fossil fuels for industries and

2transportation is emitted to CO . Rice cultivation has
both carbon fixation and carbon emission that need to
staple food for living. Basic factors for rice cultivation
have power from man, buffalo and machine, watering,
fertilizer, seed. And, yield of photosynthesis was rough
and straw rice. Thus, it is found that C-equivalence
coefficients values for rice cultivation is converted from
the reaction of endothermic, thereby absorbing the
energy content and forming the organic carbon at the
proportion of 43.3 KJ/gC as shown in Table 1.  

Man and buffalo serve as a moderator of carbon
movement. They need no fossil fuel to operate but
require food for living, which, in turn, is equivalent to
the unit plot of land used for photosynthesis. Thus, the
C-equivalence coefficients of man and buffalo are equal
to zero. Diesel is converted into C-equivalence values

12 23per area by 0.86 gC H  at density 0.85 kg/liter that
was equal to 0.731. In addition, the C-equivalence
values of diesel oil was close to a value of carbon
emission coefficients reported of 0.799 equivalent
carbon emission (kgCE) at diesel 0.94 kgCE/kg of
fuel . Seed rice is not being able to calculate the C-[5]

equivalence as no produced organic carbon. It is only
the beginning growth plant in order to staring in
photosynthesis process. Watering for paddy field can be
divided into two areas that are rainfed and irrigated
areas. The C-equivalence coefficients of watering were
calculated from the evapo-transpiration as amount of
water in photosynthesis process. The amount of water
in evapo-transpiration of rice per season was estimated
to about 6,040 m /ha . The C-equivalence of rainfed3 [4]

area was zero because water was used for cultivation
from natural cycle of the season as water cycle in
carbon balance model (also see figure 2). Partly, the C-
equivalence coefficient value from irrigated area is
calculated from the amount of water in evapo-
transpiration of rice with head of irrigation in rice field
is 3 m, ñ is density of water 1,000 kg/m , g is gravity3

= 9.80 N . And, the energy content and forming the[1]

organic carbon by photosynthesis process is 43.3
KJ/gC. Thus, it is found that C-equivalence of
irrigation is 27.33 kgC/ha-season as shown in Table 1.
In addition, the C-equivalence was close to the
equivalent C emission for installation of irrigation
systems recalculated from Lal  reported of 24.6[5]

kgC/ha-season. The C-equivalence coefficient value of
fertilizer is applied using energy for process industrial
fertilizer such as the nitrogen, phosphate, and

potassium fertilizer is 60, 12, and 6.7  MJ/kg ,[2 ,3 ,9 ]

respectively. The energy for process industrial of
nitrogen, phosphate, and potassium fertilizer divided by
43.3 kJ/gC is equal to 1.38, 0.28, and 0.15 kgC/kg,
respectively. And, the C-equivalence coefficient of
yield is rough and straw rice, which is equal to 12/30

2(CH O). 

In 2008, first and second crops in Thailand can be
divided into two area; rainfed and irrigated areas,
which is about 65% and 36% of total crop area,
respectively. This field study unit amount per area of
diesel oil, fertilizer, and yield in rice cultivation,
ranging from tillage; Buffalo and machine, growth;
watering, applied fertilizer (ammonium phosphate; 16-
20-0 and urea; 46-0-0), harvesting; man, thresher and
combine harvester and yield; rough rice and straw rice
were converted into kgC per area using C-equivalence
coefficients values as followed up Table 1. The C-
equivalence values for rice cultivation in Thailand as
showed in Table 2. Then, the maximum C-equivalence
was found to be about 278.7±56.62 kgC/ha-season with
the use of applied fertilizer; nitrogen and phosphate for
irrigated area because irrigated area is two times
cultivation per year (six months for each year), the
increase of nutrient in soil is essential. Also, the
average yield of rough rice in rainfed and irrigated
areas was calculated to 2,706 ± 456.25 and 4,706.25 ±
1,756.25 kgs/Rai, respectively. This was converted to
C-equivalence that the average C-equivalence values
were as 1,082.50 ± 182.5 and 1,882.50 ± 702.5
kgC/ha, respectively. And, the average consumption of
rice straw in rainfed and irrigated areas was 1,806.7 ±
244.49 and 3,003.8 ± 189.88 kgs/ha that was converted
to C-equivalence at 722.7 ± 97.80 and 1,201.5 ± 75.95
kgC/ha, respectively. The C-equivalence value of yield
both rough rice and rice straw in irrigated area is more
than in rainfed area due to the increasing of applied
fertilizer.  

3.2 Reduced Carbon Emission from  Rice
Cultivation: The reduced carbon emission from rice
cultivation is also discussed herein this paper. The
other expression of carbon equivalence for rice
cultivation that would be useful in model simulation is
as following equation (2).

    kg C of yield                      # 1         (2)
3f(C-equivalence) + kg C of yield

Where, kg C of yield is output of rice cultivation as
rough rice, 3  f(C-equivalence) is summation of C-
equivalence for operations of rice cultivation as tillage;
buffalo and machine, watering, fertilizer, and
harvesting; man and machine.  
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Table 1: C-equivalence coefficients for rice cultivation. 

Rice cultivation C-equivalence

-------------------------------------------------------------------------------------------------------------------------

This study Lal (2004)

M an 0 -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Buffalo 0 -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diesel 0.731 0.799 kgC/liter

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed 0 -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

W ater

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

   Rainfed area 0 -

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

   Irrigated area 27.33 24.6 kgC/ha-season

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nitrogen 1.38 1.3 ± 0.3 kgC/kg

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Phosphorus 0.28 0.2 ± 0.06 kgC/kg

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Potassium 0.15 0.15±0.06 kgC/kg

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Rough rice 0.4 - kgC/kg

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Straw rice 0.4 - kgC/kg

Table 2: Unit measurements in field study and C-equivalence for rice cultivation. 

Rice cultivation Field study C-equivalence

Tillage

        Buffalo 0 0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

        M achine

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          2 wheels 8-12 hp 17.5±4.35 liters/ha 12.8±3.18 kgC/ha

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          4 wheels 28-60 hp 26.5±1.25 liters/ha 19.1±0.91 kgC/ha

Growth

        W ater

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Rainfed 0 0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Irrigated 6.04 m /ha 27.33 kgC/ha3

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

        Fertilizer

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Rainfed

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

             Nitrogen 92.5±19.13 kgs/ha 127.7±26.40 kgC/ha

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

             Phosphate 22.5±5.88 kgs/ha 6.3±1.65 kgC/ha

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Irrigated

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

             Nitrogen 192.5±39.00 kgs/ha 265.6±53.82 kgC/ha

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

             Phosphate 46.9±9.56 kgs/ha 13.1±2.70 kgC/ha

Harvesting

          M an 0 0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Thresher 14-18 hp 11.9±0.31 liters/ton 8.70±0.23 kgC/ton

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Combine harvester 195-200 hp 27.4±0.30 liters/ha 20.06±0.22 kgC/ha
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Table 2: Continue

Quantity of yield

        Rough rice 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Rainfed 2,706.25±456.25 kgs/ha 1,082.5±182.50 kgC/ha

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Irrigated 4,706.25±1,765.25 kgs/ha 1,882.5±702.50 kgC/ha

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

        Straw rice 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Rainfed 1,806.7±244.49 kgs/ha 722.7±97.80 kgC/ha

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

          Irrigated 3,003.8±189.88 kgs/ha 1,201.5±75.95 kgC/ha

Fig. 1: Conceptual CBM of the globe (modified from Polprasert and Chaiyachet, 2007)

We hypothesized that if rice is grown with modest

way, like in the past, the proportional value would be

closed to 1. Nevertheless, if it is grown with the help

of machinery, like at present, the value would be

below 1. 

Paddy field in Thailand can be divided into two

areas; 1) rainfed area as one time cultivation per year,

and 2) irrigated area as two times cultivation per year.

Each area differs in values of rice cultivations. They

are tillage, fertilizer, harvesting and yield and the

simulation of C-equivalence for rice cultivation as

equation (2). Additionally, a yield of C-equivalence

was especially calculated carbon movement as followed

CBM that rough rice in rainfed and irrigated area was

1,082.5 and 1,882.5 kgC/ha, respectively. Therefore,

there are two scenarios in simulation of C-equivalence

for rice cultivation in rainfed area that differ from

manual and machine as shown in Figure 2. The first

scenario stated that the C-equivalence manual values as

tillage, watering, fertilizer, harvesting was equal to 0,

0, 127.7, 6.3, 0 kgC/ha, respectively. This was

simulated as 0.890. The second scenario represents the

C-equivalence machine values as tillage, watering,

fertilizer, harvesting was 19.1, 0, 127.7, 6.3, 20.06

kgC/ha, respectively. This was simulated as 0.862.

Moreover, there are two scenarios in simulation of C-

equivalence for rice cultivation in irrigated area that

differ between manual and machine as shown in Figure

2. The C-equivalence of the first scenario of manual

values as tillage, watering, fertilizer, harvesting was 0,

27.33, 265.6, 13.1, 0 kgC/ha, respectively. This was

simulated as 0.860. The C-equivalence machine values

of second scenario as tillage, watering, fertilizer,

harvesting was 19.1, 27.33, 265.6, 13.1, 20.06 kgC/ha,

respectively with result from simulation was 0.845.

Then, reducing carbon emission is rice cultivation by

manual in rainfed area but rice cultivation is one time

per year. On the other hand, a yield of rice cultivation

is increased in irrigated area and cultivation as two

times per year.  
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Fig. 2: The simulation of C-equivalence for rice cultivation.

Fig. 3: Unit land requirement of rice cultivation in Thailand.

Fig. 4: Percentage of available safety land for rice cultivation in Thailand.
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3.3 Land Requirement of Rice Cultivation: Land

requirement of rice cultivation is consumed for Thai

citizens calculated from total area of rice cultivation

and number of people in country. Consuming rice of

Thai citizens has quantity at 332.6 g of miller

rice/person-day (121.4 Kg of miller rice/person-year) or

187 Kg of rough rice/person-year  (Nutrition Division,[6]

2003) that is calculated with number of people each

year. From 1989-2008, total production of land

requirement per capita in Thailand has y = 9E-06x +

0.1697, at R  = 9E-05 and domestic consumption of2

land requirement is y = -0.0018x + 0.0981 at R  =2

0.8293 as illustrated in Figure 3. The number of Thai

people in 1998 (55,888,393) and in 2008 (63,389,730)

needs land requirement of rice consumed that

comparatively decreasing from 0.087 to 0.065

ha/person. Moreover, the difference of equation is

made from land requirement for rice cultivation of total

production and domestic consumption that is available

food safety land in country. As shown in Figure 4, the

percentage of available safety land has been increasing

annually of about 2.5 percent (y=1.0629x + 42.262, at

R  0.8033). This clearly indicates the need of2

technological advancement so that the food security can

be maintained with the increase of available safety land

for rice cultivation, despite of the increasing Thai

population.  

4. Conclusion: The C-equivalence as followed CBM

can be calculated to the reaction enthalpy of the

photosynthesis forming the organic carbon at the

proportion of 43.3 KJ/gC. Rice cultivation in rainfed

area by manual has minimum carbon emission because

of none of fossil fuel and applied fertilizer less than in

irrigated area. The highest carbon emission was found

to be due to fertilizer application in the irrigated area

with the average amount of 278.7 ± 56.62 kgC/ha from

the applied rate of 239.4 ± 48.56 kg/ha. Also, the

maximum paddy yield could be achieved in the

irrigated area with the average productivity at 1,882.5

± 702.50 kgC/ha. With the annual rice consumption of

Thai population, the unit land required for rice

cultivation was calculated to be equal to 0.170 ha per

capita with the available safety land of about 50

percent.
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