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Abstract The status of energy balance and energy eco-
nomics of irrigated and rain-fed rice production systems
is studied and compared for highlighting the effect of
farm size. Primary data were collected from 51 irrigated
and 54 rain-fed rice farms in Northern Ayeyarwaddy
Region, Myanmar. Farm classes were identified as small
(<2.5 ha) and large (2.5–25 ha). Energy estimates were
calculated from actual amount of inputs and outputs and
corresponding conversion factors. Results showed that
the total energy inputs were 19,170.5 and 11,031.1 MJ/
ha, respectively, in irrigated and rain-fed rice systems,
while the total energy outputs were 104,162.7 and
65,033.5MJ/ha in the two systems, respectively. Energy
efficiency ratios, defined as output-to-input energy
values, were 5.6 and 5.9 in irrigated and rain-fed rice
production systems. Interestingly, the two systems were
not statistically different for their energy efficiencies.
Similarly, the energy efficiency ratios for different farm
classes under both rice production systems were also not
statistically different. Energy productivity and specific
energy were 0.27 and 3.8 kg/MJ; 0.29 and 3.9 MJ/kg in
irrigated and rain-fed systems, respectively. The energy
benefit–cost ratio was higher in rain-fed rice (1.1) than
in irrigated rice (0.9) system. Rain-fed system seems to

have potential of further increasing yield through the
increased yet appropriate use of energy inputs.
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Introduction

A major contribution to the economy of Myanmar
comes from agriculture with a 36 % share to GDP
(ADB 2013). Rice is designated as national crop, and
then, it is one of the major income and important em-
ployment sources of Myanmar. In addition, Myanmar is
the seventh largest rice-producing country in the world
(FAO 2009). Its total rice sown area in 2011–2012 was
8.1 million ha (MOAI 2012), and out of which, 23 % is
under the rain-fed and 43 % is under the irrigated
condition. Proportionately, 25 and 45 % of the country’s
rice production come from rain-fed and irrigated fields,
respectively (MOAI 2012).

As one of the economic objectives of Myanmar,
BBuilding the modern industrialized nation through the
agricultural development, and all-round development of
other sectors of the economy,^ the nation is trying to
increase the crop production through area expansion and
intensification of agriculture (MOAI 2012). Agricultural
intensification highly depends on a number of agricul-
tural inputs used. Energy inputs are critical to agricul-
tural production, whereas the increased use of fossil
fuel-based energy sources has become an increasingly
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important concern to both the developed and the devel-
oping countries (AghaAlikhani et al. 2013). Agriculture
itself is both an energy consumer as well as energy
supplier in the form of bio-energy. All agricultural op-
erations require energy in one form or the other: human
labor, animal power, fertilizer, fuels, and electricity. The
relation between agriculture and its corresponding ener-
gy use has been of great attention since the total energy
use (efforts, inputs, and intensity) has been rising in
response to increasing production, amidst limited avail-
ability of arable land and the ongoing drive of mecha-
nization. In most of the intensive crop production sys-
tems, these factors have either encouraged an increase in
energy inputs to maximize yields, minimize labor-
intensive practices, or both (Esengun et al. 2007). Re-
cent researches have mentioned that efficient use of
energy in agriculture is one of the requisites for sustain-
able agricultural production, since it offers financial
savings, fossil resource preservation, and above all,
reduction in its global warming potential (AghaAlikhani
et al. 2013). Besides land, farm power is the second
most important input to agriculture production
(Chamsing et al. 2006).

Ayeyarwaddy Region, also known as Brice bowl of
Myanmar,^ is the major rice-growing area, housing
26 % of the country’s sown area and producing 28 %
of the country’s rice production. Average rice yields of
Ayeyarwaddy region are 587.20 and 777.23 kg/ha in
rain-fed and irrigated fields, respectively (MOAI 2012).
Rice yield in the study area relatively higher than that of
other rice-growing regions because of the increasing
utilization of modern rice varieties together with inten-
sive use of fertilizers. The rate of chemical fertilizer use
in the study area records to be the highest among the
agricultural regions of Myanmar (Zaw et al. 2011).
Farmers of this region practice double or triple cropping
systems through intense input application. Utilization of
agricultural inputs in the study area has noticeably been
increasing for the past 4 to 5 years, despite the prevailing
fact that Myanmar farmers are poorer compared to those
of the other countries.

Irrigation is one of the major fossil fuel consuming
operations in irrigated rice production system of the study
area (Dapice 2011). Summer rice (irrigated rice), grown
by pumping ground water for irrigation, involves con-
sumption of almost half of the total energy inputs. How-
ever, the current status of agricultural input utilization in
Myanmar is still lower when compared to its neighboring
countries (Kyung-Ryang and Abafita 2014).

While going through a transition period and open-
ing up for foreign investment (ADB 2013), Myanmar
is now standing on the verge to determine appropriate
prospective ways. It is also planning to invest in agri-
culture sector, and at the same time, more advanced
agricultural technologies and inputs are expected to
get introduced. The input intensification should be
cautiously and judicially implemented as it may raise
environmental concerns in the country’s agriculture
sector in the near future. Therefore, it is urgently
needed to identify effective ways that can lead to the
efficient use of efforts (energy), pose the least stress on
the environment, and ensures higher economic effi-
ciency for agriculture systems of the future. Moreover,
it is also needed to adapt to the prevailing/expected
climate change as well as to secure food by promoting
sustainable crop production. Given the serious lack of
research reported in Myanmar in this context, it is
therefore important to examine the two most prevail-
ing rice production systems by performing energy
balance and energy economic analyses to determine
and compare their energy efficiency.

Methodology

Study area

Ayeyarwaddy region is situated in the southern part of
Myanmar and on the delta of the Ayeyarwaddy River. It
is bordered by Bago region in the north, Bago and
Yangon region in the east, and Andaman Sea and the
Bay of Bengal in western sides (Sandrine et al. 2008).
The region lies between about 15° 40′ to 18° 30′ north
latitude and between 94° 15′ to 96° 15′ east longitudes.
Its total area is approximately 35,138 km2 (Sandrine
et al. 2008).

This region is characterized in the country as
having the highest population density, the highest
land productivity (mostly alluvial soil), a moderately
high rainfall, a generally flat topography, and an
excellent environment for growing rice (Sandrine
et al. 2008). This delta region is playing an impor-
tant role in the cultivation of rice on alluvial soil. Its
topography is only about 3 m above the sea level in
most parts of the region (Myo 2012). About 40 % of
total population is housed in this area, out of which,
about 85 % are living in the rural parts of Region,
mainly engaged in agriculture (Zaw et al. 2011). The
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average temperature range is from minimum 22 °C
to maximum 32 °C, and annual rainfall varies wide-
ly within the region: northern part of Ayeyarwaddy
receives between 2000 to 3000 mm and coastal area
receives between 3500 to 4000 mm (MOAI 2012).

Management practices of rice production systems

Rain-fed rice refers to the rice grown in favorable con-
ditions and it fully depends on the rainfall. Irrigated rice-
growing areas are actually marshy during the whole
rainy season. When the water drains out at the end of
rainy season, rice can be grown there as a single crop
with irrigation water sources. In irrigated rice, more than
half of the farmers are practicing direct broadcasting
method, while in rain-fed rice, about 80 % of farmers
grow paddy by transplanting. Although farmers are
moving to mechanization, they are still using draft cattle
for land preparation and transportation activities; about
50 % of these activities are done by using draft cattle.
About 85 % of rain-fed farmers grow high yielding
varieties (HYVs) whereas all of irrigated farmers use
HYVs. Water source is underground water through
pumping. Irrigation is done at a frequency of about 4–
14 times with 10–15-day interval depending on the type
of soil and duration of rice varieties in irrigated rice.

Harvesting is done manually. Machinery and draft cattle
are generally used in transportation, threshing, and
winnowing—subject to the terrain condition of rice field
and availability of machinery.

Method and data collection

Primary data were collected using in-depth interviews
from 51 irrigated and 54 rain-fed rice farmers using
random sampling method in Zalun Township, Northern
Ayeyarwaddy Region during the period of October–
December, 2012. Farm classes were identified as small
(<2.5 ha) and large (2.5–25 ha) based on the frequency
analysis of the respondents’ farm acreage. Fossil fuel,
fertilizers, chemicals, human labor and draft cattle used,
farm yard manure (FYM), seed, and machineries used
were recorded as inputs, and rice (paddy) production
(main product) and straw produced were noted as out-
puts for each farm. Information related to inputs’ cost
and product’s returns were also collected to perform the
energy benefit–cost analysis.

The physical, chemical, and biological units of agri-
cultural inputs were transformed to energy units by
using respective energy conversion factors. The energy
equivalents of agricultural inputs in rice production
systems are summarized as in Table 1.

Table 1 Energy equivalents of
major inputs and outputs in rice
production systems

aMachinery weight is calculated
by equally distributing its weight
over the total economic life of
farm machinery

Energy source Unit Energy equivalent
(MJ/unit)

Reference

1. Direct energy input

Human labor—Men Man-h 1.96 Singh et al. (2002)

Human labor—Women Woman-h 1.57 Nassiri and Singh (2009)

Draft animal Head-h 10.10 Nassiri and Singh (2009)

Diesel l 47.87 Cervinka (1980)

2. Indirect energy input

Chemical fertilizers

-Nitrogen (N) kg 60.60 Singh et al. (2002)

-Phosphorus (P2O5) kg 11.10 Singh et al. (2002)

-Potassium (K2O) kg 6.70 Singh et al. (2002)

Farm machinerya (including
self-propelled machines)

kg 68.40 Singh and Mittal (1992)

Farm machinerya (excluding
self-propelled machines)

kg 62.70 Singh and Mittal (1992)

3. Energy output

Paddy grains kg 14.80 Ozkan et al. (2004)

Straw kg 12.50 Ozkan et al. (2004)

Energy Efficiency (2016) 9:223–237 225



Energy balance

Energy inputs include both direct and indirect interven-
tions. Direct energy (DE) and indirect energy (IDE) are
widely used classifications in agricultural production—
based on source. The DE sources are those that bring out
the intended energy directly, like efforts from human and
animal, fossil fuel (diesel), and electricity, while the
indirect energy (IDE) sources comprise seeds, chemicals,
pesticide, fertilizer, manure, and machinery which do not
release the energy directly but by conversion process
(Kuswardhani et al. 2013). Indirect energy can be further
divided into three subgroups: physical energy, chemical
energy, and biological energy. The physical energy is a
kind of energy that is dissipated when operating machin-
eries and equipment during farm activities. The mechan-
ical power is the main source of physical energy among
all the energy used in farm operations (Soni et al. 2013;
Taewichit 2012). Chemical energy is the energy that
corresponds to chemical fertilizers, pesticides, herbicides,
and fungicides. Biological energy includes the inherent
energy of seed and hormones (Chamsing et al. 2006).

Energy balances for both the rice production systems
are performed by using the Eqs. 1, 2, and 3 (Khan et al.
2009b; Ozkan et al. 2011a, b).

Energy efficiency ratio EERð Þ

¼ Energy output MJ=hað Þ
Energy input MJ=hað Þ ð1Þ

Energy productivity kg=MJð Þ

¼ Paddy output kg=hað Þ
Energy input MJ=hað Þ ð2Þ

Specific energy MJ=kgð Þ

¼ Energy input MJ=hað Þ
Paddy output kg=hað Þ ð3Þ

Net energy gain MJ=hað Þ
¼ Energy output MJ=hað Þ−Energy input MJ=hað Þ

ð4Þ
The conversion process of input factors into output (a

specific desired commodity) can be summarized by the

production function, which also reflects the efficiency of
resource allocation (Kuswardhani et al. 2013). It is
important to observe that the production function de-
scribes technology, not economic behavior. For this
purpose, Cobb-Douglass (CD) production function
was chosen as this has been reported as an appropriate
function in terms of statistical significance and expected
sign of parameters (Heidari and Omid 2011; Ozkan et al.
2011a; Ozkan et al. 2011b; Singh et al. 2004). This
function has been used by several researchers to exam-
ine the relationship between energy inputs and yield,
which is expressed as

Y ¼ f xð Þ ¼ exp uð Þ ð5Þ
The linear form of Eq. 5 can be written as

ln Y i ¼ α0 þ
X n

j¼1
α j ln X i j

� �þ ei i ¼ 1; 2;…m ð6Þ

where Yi represents the yield of ith grower, Xij is vector
of inputs used in the production process, α0 is a constant
term, αj denotes coefficient of inputs that are estimated
from the model, and ei is the error term. As a function of
energy input, yield can be expressed as

lnY i ¼ α0 þ α1ln X 1 þ α2ln X 2 þ α3ln X 3 þ α4ln X 4

þ α5ln X 5 þ α6ln X 6 þ α7ln X 7 þ α8ln X 8 þ ei
ð7Þ

where Yi represents the ith grower’s yield and Xj (j=1, 2,
….8) designates input energies including human labor
(X1), cattle (X2), diesel fuel (X3), fertilizer (X4), FYM
(X5), seed (X6), chemicals (X7), and machinery (X8). The
constant term α0 in Eq. 7 was considered zero as there is
no meaningful production without any energy input.

In terms of the effect of direct and indirect energy
sources, the rice production is expressed as

lnY i ¼ β1ln DEþ β2ln IDEþ ei ð8Þ
where Yi represents the ith grower’s yield in each pro-
duction system, βi is the coefficient of exogenous vari-
ables, and DE and IDE are direct and indirect energy.

Energy benefit–cost analysis

Agricultural production consumes significant amounts
of energy, either directly through combustion of fossil
fuels, or indirectly through use of energy-intensive in-
puts, like fertilizer. Consequently, energy prices affect
the costs of production of crops in the agricultural sector
(USDA 2012). Energy-related production expenses
vary significantly for different crops and cropping
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systems. Costs and returns of different sources of energy
input use in rice cultivation were analyzed to understand
the nature of inputs in relation to their energy content
(Prasannakumar and Hugar 2011) and were used to
demonstrate the energy inputs use along with the effi-
ciency of rice production system by using Eqs. 9 and 10.

Energy benefit−cost ratio

¼ Gross returns USD=hað Þ
Total costs USD=hað Þ ð9Þ

Production costs are important to determine farmers’
net returns (profitability), defined as receipts for selling
their output less costs of its production. Net returns
influence farmers’ decisions (USDA 2012).

Net returns USD=hað Þ
¼ Gross returns USD=hað Þ−Cost of inputs USD=hað Þ

ð10Þ

Results and discussion

Energy inputs and outputs in irrigated and rain-fed rice
production systems

Energy inputs and total energy outputs of irrigated and
rain-fed rice production systems are presented inTable 2.
The total energy input in irrigated rice is notably higher
than that of rain-fed rice. However, the extra investment
in energy inputs has also rewarded in proportionately
greater energy returns. The total energy input and output
respectively are 19,170.5 and 104,162.7 MJ/ha for irri-
gated and 11,031.1 and 65,033.5 MJ/ha for rain-fed rice
production systems.

As shown in Table 2, diesel fuel, fertilizers, and
machinery utilization are distinctly higher in irrigated
rice than in rain-fed rice. Rain-fed rice in study area is
seen as a traditional system while irrigated rice is con-
sidered as a relatively more mechanized system. Ma-
chinery and diesel fuel use and fertilizer use in irrigated
rice system are almost triple and double, respectively,
than those of rain-fed rice system. As well as in energy
outputs, irrigated rice system produced about 1.5 times
that of rain-fed rice system.

The rain-fed rice grown during rainy season may be
subjected to surface runoff, especially under heavy rain-
fall; as such farmers tend to apply lesser quantity of

fertilizers in order to avoid fertilizer losses through
surface runoff. Under the rain-fed conditions, farmers
do not need to pump irrigation water and ultimately they
consume less amount of energy compared to irrigated
rice system. Due to lesser use of fertilizers and energy
consumption, the total energy input in rain-fed condition
is less, whereas under irrigated condition, farms are
using higher doses of fertilizers as well as utilizing extra
fuel for irrigation. However, production remains propor-
tionate with respect to the amount of energy used in both
rice production systems.

Results from the study of Iranian traditional rice
production systems showed that energy input and output
(including straw) were 71,092.26 and 122,962.76 MJ/
ha, respectively, while energy input and energy output
of mechanized rice system were 79,460.33 and
129,965.88 MJ/ha, respectively (AghaAlikhani et al.
2013).

Energy balance of irrigated and rain-fed rice production
systems

Energy balance is important to evaluate the efficiency of
agricultural systems in context of energy expenditure
and gain. The results (Table 3) revealed that interesting-
ly, the energy efficiency ratios (EER) of irrigated (5.55)
and rain-fed rice (5.92) production systems are not
statistically significantly different. The specific energy
and energy productivity are 3.8 and 0.27 kg/MJ in
irrigated and 3.94 and 0.29 kg/MJ in rain-fed rice pro-
duction systems, respectively. The net energy gain of
irrigated and rain-fed rice production systems are
84,992.2 and 54,002.4 MJ/ha, respectively.

It has also been revealed through the results of EER,
specific energy, and energy productivity that both rice
production systems still have the potential to produce a
higher amount of energy output with a higher amount of
energy input applied. But in irrigated rice production
system, the difference between the energy input and
output (net energy gain) is greater than that of rain-fed
rice production system. The significance of the differ-
ences of these variables between the production systems
and the farm sizes was tested using the Mann–Whitney
U test (two-sided).

The EER of traditional and mechanized rice systems
in Iran were 1.72 and 1.63, respectively (AghaAlikhani
et al. 2013). The researchers have also mentioned that
the energy productivity of traditional and mechanized
rice system were 0.086 and 0.081 kg/MJ, respectively.
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Table 2 Energy inputs and outputs of irrigated and rain-fed rice production systems

Item Unit Quantity per unit area (Unit ha−1) Total energy equivalent (MJ ha−1)

Irrigated rice Rain-fed rice Irrigated ricea (%)c Rain-fed riceb (%)

1. Direct energy (DE) MJ/ha 10,163.1 53.0 4917.8 44.6

Human labor h 1320 877 2435.0±403.7 12.7 1539.3±438.1 13.9

Man h 908 406 1788.5±380 9.3 800.0±342.8 7.3

Woman h 412 471 646.4±325.3 3.4 739.3±271.9 6.7

Cattle h 141 197 1426.6±1106.8 7.4 1989.0±1654.4 18.1

Diesel fuel l 132 29 6301.5±1627.8 32.9 1389.5±803.9 12.6

2. Indirect energy MJ/ha 9007.4 47.0 6113.3 55.4

a. Physical energy h 69 12 205.0±55.4 1.0 74.9±44.7 0.7

Machinery h 69 12 205.0±55.4 1.0 74.9±44.7 0.7

b. Chemical energy 6275.4 32.8 3114.2 28.2

Fertilizers kg 97.5 49 5843.8±2098.5 30.5 2704.6±1450.6 24.5

Nitrogen kg 96 43.9 5826.9±2122.4 30.4 2657.4±1433.7 24.0

P2O5 kg 1 3.1 13.2±48.8 0.1 34.1±49.3 0.3

K2O kg 0.5 2.0 3.7±21.5 0.0 13.1±26.9 0.1

Chemicals l 2.0 1.7 431.6±479.3 2.3 409.6±799.8 3.7

Pesticides l 1.2 0.5 224.3±327.4 1.2 97.1±177.8 0.9

Herbicides l 0.8 1.2 207.3±329.8 1.1 312.5±789.6 2.8

c. Biological energy 170 2257.4 2527.0 13.2 2924.2 26.5

Seeds kg 170 154.2 2527.0±588.3 13.2 2293.2±323.0 20.8

FYM kg 0 2103.2 0.0±0.0 0.0 631.0±471.4 5.7

Total energy input MJ/ha 19,170.5±2762.4 100 11,031.1±2716.1 100

3. Energy outputs

Paddy kg 5092 3179.0 75,713.0±4078.1 72.7 47,271.0±15,758.8 72.7

Straw kg 2276 1421.0 28,449.7±1532.4 27.3 17,762.4±5921.5 27.3

Total energy output MJ/ha 104,162.7±5610.5 100 65,033.5±21,680.3 100

Source: Field survey, 2012; Mean±S.D.
aN=51
bN=54
c Italic values indicate the relative highest use of energy source in the corresponding group

Table 3 Energy balance of irrigated and rain-fed rice production systems (Mean±S.D.)

Item Irrigated rice (N=51) Rain-fed rice (N=54)

Total energy input (MJ/ha) 19,170.5±2762.4a 11,031.1±2716.1b

Total energy output (MJ/ha) 104,162.7±5610.5a 65,033.5±21,680.5b

Energy efficiency 5.55±0.9a 5.92±2.1a

Specific energy (MJ/kg) 3.8±0.6a 3.5±1.9a

Energy productivity (kg/MJ) 0.27±0.04a 0.29±0.1a

Net energy (MJ/ha) 84,992.2±6532.2a 54,002.4±20,595.5b

Means followed by same letters in a row are not significantly different (p<0.05)
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Then, Ullah (2009) presented the variations of energy
productivity in terms of farm size in irrigated rice farm-
ing systems of central Thailand. The small (<3.2 ha),
medium (3.2–9.5 ha), and large (>9.5 ha) farms had
energy productivity of 0.32, 0.28, and 0.24 kg/MJ,
respectively. This showed the smaller farms in Thailand
were more energy productive than larger farms.

AghaAlikhani et al. (2013) showed the specific en-
ergy of traditional and mechanized rice systems were
11.56 and 12.30 MJ/ha, respectively, in Iran. The net
energy gains were 51,870.5 and 50,506. 6 MJ/ha in two
rice systems, respectively.

Effect of farm size on energy indicators

Energy efficiency ratios are nearly equal in different
farm sizes of irrigated rice production system, while
for large farms, it is slightly higher than small farms in
rain-fed rice production system as shown in Fig. 1.

There is no statistically significant difference in energy
efficiency ratio between different farm sizes as well as
between different rice production systems as shown in
Table 4.

Statistically similar energy efficiency ratios in both
rice production systems infer that the higher energy
input in irrigated rice system resulted proportionately
higher production, and at the same time, the lower
energy use in rain-fed rice resulted in the lower produc-
tion. Therefore, efficiency ratios are almost similar al-
though the energy input utilizations are much different
in the two systems.

Ullah (2009) reported dissimilar values of energy
efficiency for different farm sizes of rice cultivation
system in Ayutthaya, Central Thailand. For small
(<3.2 ha), medium (3.2–9.5 ha), and large (>9.5 ha)
farms, the values were 8.20, 7.00, and 6.02,
respectively. These results showed that the smaller
farm size in Thailand had the higher energy efficiency.
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Fig. 1 Energy efficiency ratios in
different farm sizes of rice
production systems

Table 4 Energy balance of small and large farm sizes (Mean±S.D.)

Item Small farms (N=51) Large farms (N=54)

Total energy input (MJ/ha) 16,403.4±4495.7a 13,743.0±4881.0b

Total energy output (MJ/ha) 89,286.5±21,911.7a 79,447.6±26,922.0b

Energy efficiency 5.60±1.36a 5.95±1.84a

Net energy (MJ/ha) 72,883.1±19,183.8a 65,704.6±23,311.6a

Means followed by same letters in a row are not significantly different (p<0.05)
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Chamsing et al. (2006) studied the energy consumption
for rice production in Thailand and showed that the total
energy input for rice production varied between 1790
and 18,490MJ/ha; energy output–input ratio was 4.0 for
irrigated and 2.8 for rain-fed rice.

Khan et al. (2009a) studied energy use pattern
of two regimes of rice cultivation (bullock-operat-
ed farms (BOF) and tractor-operated farms (TOF))
in a district of Pakistan. Animate energy use in
BOF was more than that in TOF due to heavy use
of animate energy in land preparation operation.
The output–input energy ratio in BOF (6.32) was
higher than that in TOF (4.16). Bautista and
Miniwa (2010) studied the energy balance for dif-
ferent rice production systems in the Philippines
and reported that the energy output–input ratio
were 9.0 and 7.5 in rice production systems with
canal and pump facility, respectively. In all farms,
fertilizer (nitrogen), fuel, and seed inputs still have
the highest energy use.

Source-wise and operation-wise energy consumption
in rice production systems

Figure 2 depicts the source-wise consumption of energy
inputs in rice production systems. Fuel energy consump-
tion is the highest that occupied 33 % of total energy
consumption in irrigated rice production system, while
in rain-fed rice production system, fertilizer share in
total energy consumption is the highest (24 %) among
all the sources of energy inputs.

Irrigation accounts the highest input in irrigated rice
farming systems due to frequent use of irrigation water.
In rain-fed rice system, fertilizer accounts the highest
energy input though rain-fed farmers’ fertilizer con-
sumption is lower compared to that in irrigated rice
production system.

There are six major operations identified in rice pro-
duction systems of the study area. Operation-wise ener-
gy consumptions were calculated using direct energy
such as human labor, draft cattle, and fossil fuel.
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Irrigation is the highest energy-consuming operation
that accounted for 48 % of the total direct energy con-
sumption of farm activities, whereas the land prepara-
tion is the highest energy-consuming operation in rain-
fed rice production system. Levels of energy consump-
tion in the other operations are shown as in Fig. 3.

In irrigated system, paddy field requires irrigation at
10–12-day intervals throughout the crop growth period
and, therefore, consumes additional amount of labor,
mechanical, and fuel energy for irrigation. But under
rain-fed rice production system, land preparation con-
sumes the highest amount of labor, mechanical, and fuel

energy; however, other activities require less amount of
energy.

Bockari-Gevao et al. (2005) analyzed energy con-
sumption in lowland rice-based cropping system of
Malaysia and reported that the highest average opera-
tional energy consumption was for tillage (48.6 %)
followed by harvesting (32.6 %) and planting
(15.7 %). Operation-wise energy consumptions of irri-
gated rice system are higher except planting/
broadcasting and transportation activities whereas rain-
fed rice shows slightly higher energy consumption as
depicted in Fig. 3. In irrigated rice system, farmers try to

Table 5 Costs of energy input sources in rice production systems

Source Irrigated rice Rain-fed rice

Energy use
(MJ/ha)

Cost of input
(USD/ha)

Cost per energy
use (USD/MJ)

Energy use
(MJ/ha)

Cost of input
(USD/ha)

Cost per energy
use (USD/MJ)

Human labor 2438 248.9 0.10 1530 143.9 0.09

Fuel 6302 108.4 0.02 1390 23.9 0.02

Draft cattle 1427 124.7 0.09 1989 173.8 0.09

Seeds 2527 34.8 0.01 2293 28.9 0.01

Fertilizers 5840 113.7 0.02 2705 62.3 0.02

Pesticides 432 25.4 0.06 410 10.4 0.03

Machinery 205 188.5 0.92 75 42.1 0.56

FYM 0 0.0 0.00 631 19.7 0.03

Total 19,171 844.5 0.044 11,031 504.8 0.046

Source: Field survey, 2012

Italic values indicates the highest energy cost in the corresponding group

Table 6 Energy benefit-cost ratio of the rice production systems

Particulars Irrigated rice Rain-fed rice

SM (N=29) L (N=22) Ag (N=51) SM (N=21) L (N=33) Ag (N=54)

Total input energy (MJ/ha) 19,275a 19,033a 19,170 12,109b 10,345c 11,031

Total output energy (MJ/ha) 103,588a 104,920a 104,163 67,292b 63,596b 65,033

Total cost of input energy (USD/ha) 865.9a 816.3a 844.5 569.2b 463.8c 504.8

Gross returns of output (USD/ha) 780.7a 796.6a 787.6 547.6b 507.1b 522.9

Net returns (USD/ha) −85.2a −19.7a −56.9 21.6b 43.3b 18.0

Energy benefit–cost ratio 0.9a 1.0a 0.9 1.0a 1.2b 1.1

Cost per unit of input energy (USD/MJ) 0.04a 0.04a 0.04 0.05a 0.04a 0.05

Return per unit of output energy (USD/MJ) 0.008a 0.008a 0.008 0.008a 0.008a 0.008

Return per unit of input energy (USD/MJ) 0.04a 0.04a 0.04 0.05b 0.05b 0.05

Source: Field survey, 2012

Means followed by same letters in a row are not statistically different (Tukey test at p<0.05)

SM small farm size, L Large farm size, Ag Aggregate
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reduce crop duration and, therefore, most of them adopt
broadcasting approach. In rain-fed condition,
transplanting of seedling is widely practiced. Moreover,
in rain-fed condition, farmers have to take away their
harvest from paddy field in order to avoid late monsoon
rain as well as to make the field available for forthcom-
ing crop. The transplanting of seedling as well as the
removal of paddy harvest from the field requires addi-
tional labor, animal, machinery, and fuel energy. In
irrigated condition, the threshing is performed in paddy
field and, therefore, transportation energy is saved.

Costs of energy inputs and energy benefit-cost ratio
in rice production systems

The average costs of energy inputs in irrigated and
rain-fed rice production systems are shown in Ta-
ble 5. The total energy cost of irrigated rice produc-
tion (844.5 USD/ha) is significantly higher than that
of rain-fed rice (504.8 USD/ha). Human labor ener-
gy source cost component is the highest and the
second highest in irrigated and rain-fed rice

production systems, respectively. Level of agricul-
tural mechanization is recorded to be very poor. In
study area, most of the farm activities in rice pro-
duction are still heavily depending on human labor.
Every farm operation including the machinery oper-
ations require the manpower. Thus, irrigation is the
highest labor-consuming operation in irrigated rice
system. Draft cattle are the biggest source of energy
in rain-fed rice system, because rain-fed rice system
in Myanmar is a traditional system and use of a
large number of cattle in farm activities is highly
common. Moreover, use of machinery involves a
higher cost per unit of energy dissipation in both
the rice production systems.

Total cost of energy inputs, gross returns, net returns,
and energy benefit–cost ratio for different farm sizes are
shown in Table 6. Total costs of energy inputs are not
significantly different between different farm sizes of
irrigated rice systems, while those of rain-fed rice sys-
tem are significantly different. Gross returns, net returns,
and energy benefit–cost ratio are significantly different
in the two systems but not different in different farm
sizes within a given rice production system. The energy
benefit–cost ratios of irrigated and rain-fed rice produc-
tion systems, as shown in Table 6, are 0.9 and 1.1,
respectively. Net return in irrigated rice is negative
(−56.9 USD/ha), whereas that of rain-fed system, it
scores positive value (18 USD/ha). Irrigated rice appear
to be heavy energy input consumer, and thus, cost of
energy inputs per hectare is relatively higher, which
although resulted in higher rice yield, the price of prod-
ucts (rice) is much lower as compared to the cost of
inputs. Cost of higher energy input used in the irrigated
rice production cannot be covered by the price of pro-
duce in the irrigated rice production.
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Prasannakumar and Hugar (2011) reported that
the cost of input energy for irrigated rice in India
was 803 USD/ha, while Cicek et al. (2011) showed
that the total cost for rain-fed wheat production was
1205 USD/ha in Turkey. The energy benefit–cost
ratio of irrigated rice in India was 2.68 and the
energy benefit–cost of rain-fed wheat in Turkey
was 0.53.

Interaction of farm size, total input–output energy,
and EER

Total input energy use is found to be increasing with the
farm size in the study area. Figure 4 shows a non-linear
increase in input energy with the farm size in both the
rice production systems. Higher coefficient of quadratic
input term in the irrigated system confirms that
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increasingly more amount of input would be needed for
larger irrigated farms than in rain-fed production system.

Figure 5 depicts the responsiveness of total input
energy used on a farm for generating corresponding
output energy in the two rice production systems. In
study area, both the rice production systems are very
responsive to the energy inputs used (R2 values in irri-
gated and rain-fed rice production systems are 0.89 and
0.85, respectively) and show strong linear relationship.
However, the slopes (i.e., energy output–input ratio, or
EER) are not significantly different. For not following
the law of diminishing rate of return of production
economics, it can be notably argued that the rice pro-
duction systems in the study area have yet not reached to
their farming inputs’ potential use and hence still repre-
sent rather a linear input–output relationship. Every
increase in the energy input use could produce

proportionally higher energy output. Therefore, these
results indicate the potential of rice production systems
of study area, which can move along promoting mech-
anization and modernization to accelerate the increasing
rice production.

Relative proportion of direct and indirect energy
inputs in both the systems is shown in Fig. 6. Further
analysis confirms that in both the systems, this relative
proportion did not influence the total output energy
(MJ), output energy per unit farm area (MJ/ha), paddy
yield (kg/ha), as well as the EER. However, the propor-
tion of human energy to the total input energywas found
significantly associated with the farm size (Fig. 7). As
can be seen from the power curves, increasing the farm
size potentially reduced the human labor involvement in
the total input energy from as high as 25 % (in very
small farms) to as low as around 1 % (in larger farms).

Table 7 The relationship among inputs and rice yield of irrigated and rain-fed systems

Variable Irrigated rice Rain-fed rice

αi t ratio p value αi t ratio p value

Human (ln X1) 0.34** 2.89 0.006 0.56** 3.31 0.002

Cattle (ln X2) −0.02 −0.97 0.337 −0.03 −0.96 0.342

Fuel (ln X3) 0.38** 2.80 0.008 −0.09 −1.16 0.252

Fertilizer (ln X4) 0.13** 2.81 0.007 0.25* 2.60 0.012

FYM (ln X5) 0.00 65,535 0.00 −0.10 0.924

Seed (ln X6) 0.30** 2.68 0.010 0.35* 2.46 0.018

Chemical (ln X7) 0.01 1.41 0.165 −0.03* −2.35 0.023

Machinery (ln X8) −0.15 −1.04 0.304 0.07 1.20 0.236

Durbin-Watson 2.12 1.32

R2 0.9900 0.9987

F 23,041 4541

*p<0.05, significant; **p<0.01, significant

Table 8 The relationship among direct energy (DE) and indirect energy (IDE) and rice yield of irrigated and rain-fed rice systems

Variable Irrigated rice Rain-fed rice

βi t ratio p value βi t ratio p value

ln(DE) 0.60** 8.99 0.000 0.18 1.31 0.196

ln(IDE) 0.33** 4.82 0.000 0.74** 5.47 0.000

Durbin-Watson 2.26 1.08

R2 0.9997 0.9978

F 79,575 11,670

*p<0.05, significant; **p<0.01, significant
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This trend also confirms that larger size farms favor
mechanization.

Results of regression of energy input sources and rice
yield in both the systems are shown in Table 7. The rice
yield was assumed to be a function of inputs including
human labor (X1), cattle (X2), diesel fuel (X3), fertilizer
(X4), FYM (X5), seeds (X6), chemicals (X7), and machin-
ery (X8) (Eq. 7). The production (energy) variables
found significantly (p<0.01) affecting yield in irrigated
rice system were human, diesel fuel, fertilizer, and
seeds, whereas in rain-fed rice system, the variables
were human, fertilizer, seeds, and chemicals (p<0.05).
It has been observed that in irrigated rice system, with
partial increase of any energy input by 1 %, while
keeping other inputs constant, the potential yield re-
sponse of labor is 0.34 %, fuel 0.38 %, fertilizer
0.13 %, and seed 0.31 %. In case of rain-fed system,
with 1 % increase of any energy inputs, potential yield
response of labor is 0.56 %, fertilizer 0.25 %, and seed
0.35 %. In irrigated rice production system, negative

coefficient of machinery, though it is not significant,
indicates that it has an inverse impact on rice yield
which proves that mechanical energy is being
overutilized and not being efficiently used practically
for irrigation purpose. However, in rain-fed system, fuel
consumption as well as chemicals has negative but not
statistically significant impact on the yield.

The coefficient of the factors of production shows
that that irrigated systems exhibit constant returns to
scale, while in rain-fed system, exhibit increasing return
to scale, and farmers may increase their output if proper
and proportionate input mixes are used.

The relationships among the direct (DE) and indirect
(IDE) energy inputs and rice yield (Eq. 8) in both the
systems are summarized in Table 8. In the irrigated
system, both DE and IDE are related to rice yield
significantly (p<0.01), but in rain-fed system, only
IDE was significant (p<0.01). In the irrigated system,
human labor and fuel (DE) and fertilizers and seed
(IDE) are the most influencing energy inputs; however,
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in case of rain-fed systems, labor (DE) and fertilizers
and seed (IDE) are the most influencing energy inputs.

Plot of variation in rice yield with the energy effi-
ciency of corresponding farm (EER) (Fig. 8) reveals that
the yield is non-linearly related to EER on rain-fed rice
farms, where higher rice yields are corresponding to the
higher energy efficient farms (farms with higher EER).
Whereas irrigated rice yield is not associated with its
EER, hence, improving the EER on irrigated rice farms
not necessarily improves yield. As its yield has been
saturated, it exhibits constant returns to scale.

Furthermore, the effect of intensity of energy input
per unit farm area was investigated on EER (Fig. 9).
Interestingly, energy input (MJ/ha) intensity on rain-fed
rice farms was not associated with its EER. However, on
irrigated farms, EER observed a logarithmic decrease
with increasing energy input intensity indicating that the
inputs on those energy-intensive farms were not being
efficiently managed.

Conclusions and recommendations

Based on the aforementioned results, the following con-
clusions and recommendation may be considered:

a) The total energy input was notably higher in irrigat-
ed rice than in rain-fed rice production system—
mainly due to higher fuel use and fertilizer applica-
tion in the irrigated system.

b) Fuel (33 %) and fertilizer (24 %) were the highest
contributors among the energy input sources in irri-
gated and rain-fed rice, respectively. Then, irrigation
operation (48%) and land preparation practice (38 %)
were the highest energy-intensive operations in irri-
gated rice and rain-fed rice systems, respectively.

c) The total energy cost was significantly higher in
irrigated rice (844.5 USD/ha) than in rain-fed rice
(504.8 USD/ha). Results showed that rain-fed rice
did fetch more economic return than the irrigated
rice even though the former received the lower
energy output.

d) Higher rice yields within the rain-fed farms are
corresponding to the farms with higher EER,
whereas irrigated rice yield is not associated with
its EER.

Based on the mentioned results in irrigated rice, it
seems that efficient water use technology and an

effective nutrient management could potentially reduce
the energy consumption from these operations. It is
obviously due to the fact that if inputs (water and fertil-
izers) in right amount are applied at the right time, it can
not only reduce the fuel consumption but also save the
costs of fuel, labor, and machinery.

In rain-fed rice, the system seems to have the poten-
tial of increasing yield through the increased use of
energy inputs, but caution should be taken for judicial
utilization of inputs.
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