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Abstract

Audit energy is an appropriate method to determine the energy consumption expended in
each agricultural cultivation activity, thereby reducing the wasteful use of energy. Energy
consumption in rice cultivations consists of humans, fuel, machinery, seed, fertilizer and
pesticides. The objective of the study was to analyze the total energy consumptions in the
form of an energy audit activity on lowland rice cultivation in West Sumatera Indonesia. It
is important to do, because of much energy input excessed, but less on productivity. So,
by using analysis energy expenditure, productivity can be optimized with fixed input
energy the costs could be minimized. Energy inputs were measured during all operating
activities in rice cultivation (seeding, tillage, planting, fertilizing, spraying, weeding and
harvesting). Energy input analysis based on energy sources used was divided into six
parameters, namely: engine energy, fuel, humans, seeds, chemicals (pesticides) and
fertilizer energy. The result showed the average of the total energy inputs in this study was
16,816,612 Ml/ha distributed to human, fuel, machinery, seeds, fertilizers and pesticides
energy respectively 216.39; 890.75; 60.02; 983.29; 14,207.54; and 458.60 Ml/ha.
Production costs incurred in rice cultivation activities in this study were IDR 13,107,562/
ha. Finally, the rice yield prediction model based on the input energy are Y, = 4786.56 —
28.29X, +36.23X, - 24.73X; - 8.43X, + 0.06X; - 0.80X; and Y, = 3605.11 + 5.44X,;. The
data of total energy were needed as a recommendation for the government to balance
energy input and output on rice cultivations.

1. Introduction

Rice is a cereal crop grown and consumed on every

and agricultural allotment), the stretch of land (irrigated,
reclaimed and non-irrigated) and land for sustainable
agricultural reserves (Suswono, 2012). Efforts to achieve

continent of the world because of its adaptive capabilities
which enable it to grow in areas with different soil types
and climatic conditions. Central Statistics Agency (CSA)
of West Sumatera (2018) reported that yield areas
(507,545 to be 491,875.70 hectares), production
(2,550,609 to be 503.45 tons) and productivity (50.25 to
be 50.09 tons/hectares) for paddy decreased in 2015 to
2016. Based on this case, important to do an effort to
solving decreased rice production. An effort to increase
rice production by implementing sustainable agriculture
is a solution that must be implemented so that food
imports do not increase as well as a means of achieving
self-sufficiency, sovereignty and food security. The real
effort that can be implemented is to overcome the
problem of land conversion by adding, maintaining and
establishing sustainable agricultural land. Sustainable
agricultural land itself is divided into areas (agriculture

*Corresponding author.
Email: rennyekaputri@ae.unand. ac.id

sustainable  agriculture  are implemented by
implementing management of increased production that
can reduce production costs, labor efficiency and other
input factors and protect the environment (Piringer and
Steinberg, 2006). Input factors are energy sources that
have a sale value (cost) that is used both during the
production, drying, packaging, storage and transportation
processes (Zangeneh et al., 2010).

Purwantana (2011) said that the effort to increase
energy efficiency in rice production is by carrying out
calculations or studies of energy needs. This effort
includes scheduling activities, estimating the time of
each activity, the number of labor, the number of
agricultural tools and machinery, as well as all facilities
used (seeds, fertilizers, medicines, etc.). Energy analysis
can be done by recording all activities, starting from fuel
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consumption and time spent on each activity.

Energy audits have been applied to previous studies
on several agricultural commodities, including potatoes
in Hamadan-Iran Province (Zangeneh et al., 2010),
cucumbers in Iran (Mohammadi and Omid, 2010),
tomatoes in Turkey (Ozkan et al., 2011), rice in Malaysia
(Bockari-Gevao et al., 2005; Muazu et al., 2015), rice in
low land paddy cultivation (Lubis et al., 2019), rice
planting using rice transplanter (Putri, Fadhilah, Cherie
et al., 2020) and combine harvester (Putri, Cahyani,
Fahmy er al., 2020). Research on the efficiency of
energy use and economic analysis of several agricultural
crops has been carried out (Muazu et al, 2015).
Economic analysis is expected to be able to calculate the
costs incurred during rice cultivation activities. So that in
the future it can be known technical rice cultivation with
the production of energy inputs (power sources incurred
costs) and optimum costs. Rahmat (2015) explained that
energy audits of energy
utilization and analysis of savings opportunities on
energy use as well as recommendations to improve the
efficiency of energy use itself,

are evaluation activities

The objective of the study is to analyze total energy
consumptions in the form of an energy audit activity on
lowland rice cultivation in West Sumatera Indonesia and
to explore the prediction model c‘ vield on rice
cultivation based on the energy input. Energy inputs are
measured during all operating activities in rice
cultivation (seeding, tillage, planting, fertilizing,
spraying, weeding and harvesting).

2. Materials and methods

This research was conducted in 15 paddy fields from
farmers and different implementation times. This

research was carried out on paddy fields in Nagari
Sungai Abang, Lubuk Alung Subdistrict located at
coordinates 0.6788 — 0.6768 latitude and 100.2770 —
100.2796 longitude. The process flow, equipment and
energy input for rice cultivation can be seen in Figure 1.

2.1 Energy analysis
2.1.1 Engine Energy

The agricultural machinery used in rice cultivation in
this research included hand tractors and threshers. Every
machine that works certainly releases energy. Energy
calculation for each machine is done by completing some
data obtained in the field and can be calculated using the
following equation (Muazu et al., 2015):

Cf‘ mxw

ME= Fpxi

(M

For Fc, it can be solved by using the following
equation (Santosa, 2008):

F=2 2)

Where ME = engine energy (MJ/ha), C¢m = energy
conversion factor for machinery used (Ml/kg), show in
Table 1, w = weight of machinery (kg), about 355,8 kg
for hand-tractor and 48 kg for thresher, N = economic
life of machinery (hr), assumed 12,000 hrs for hand-
tractor and 4,000 hrs for thresher, F = effective field
capacity (ha/hr), A = size of the farm (ha) and t =
effective working time (hr)

During the rice cultivation activity takes place, the
machine working time in the field is an effective time.
Effective time is the difference between the total time
total to the time lost (when turning, due to slipping, due
to rest, due to the adjustment of tools, etc.). Furthermore,
effective working time can be formulated as follows:

[ Machine/Manual | l

Process Stages I

Humans and seeds

Humans, engines,
and fuel

Humans and seeds

Humans and
fertilizer

Humans and
Pesticides

| Sickle and Thresher ’—'[

Harvesting

Humans, engines,

and fuel

Figure 1. Flow chart of process, equipment and energy input of rice cultivation
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t=t,—ty (3)
Where t, = total total time (hr) and t, = time lost (hr)

2.1.2 Fuel energy

Fuel energy can be calculated using the following
calculations (Muazu et al., 2015):

FE :W (4)

Where FE = fuel energy (Ml/ha), F., = fuel
consumed (L), C¢s = fuel energy conversion factor (MJ/
L), shown in Table | and A = size of the farm (ha).

Table 1. Energy equivalent (MJ/Unit)

Type of Energy ~ Value Unit References
Machinery 93.61 kg Muazu (2015)
Fuel (Diesel) 47.8 Liter Cherati et al. (2011)
Paddy Seed 16.74 Kg Muazu (2015)
Pesticides:
Herbicides 238 kg Cherati ef al. (2011)
Fungicides 216 kg Cherati et al. (2011)
Insecticides 101.2 kg Zangeneh et al. (2010)
Fertilizer:

Nitrogen (N) 60.6 kg Cherati ef al. (2011)
Phosphorus (P) 11.93 kg Cherati et al. (2011)
Potassium (K) 11.15 kg Zangeneh er al. (2010)

Sulfur (S) 9.23 kg FAQ (2001)

Zincum (Zn) 53 kg FAO (2001)

2.1.3 Human energy

Measurement of the amount of energy expended by
energy farmers is measured directly (real-time) using
Garmin Forerunner 35 and heart rate monitor (HRM)
(Figure 2).

90—

Figure 2. Garmin Forerunner 35 (left) and Heart Rate Monitor
(right)

2.1.4 Seed energy

Paddy seed which used in this research is “Anak
Daro” variety. It used because it’s cultivated usually by
the farmers at West Sumatera and most of the people at
the Province only consumed the rice with characteristic
“Badarai/Scattered”. In general, rice seed energy can be
calculated using the following equation (Muazu et al.,
2015):

_ SwxCrs

SE P (6)

Where SE = seed energy (MJ/ha), S, = weight of seeds

elSSN: 2550-2166

used (kg), Cis = seed energy conversion factor (Ml/kg),
shown in Table 1 and A = size of the farm (ha)

2.1.5 Pesticides energy

The pesticides that used in this research is liquid
pesticides by Syngenta’s product, with types are
insecticides and fungicides. Pesticides energy used can
be calculated using the following equation (Muazu et al.,
2015):

_ PunCrg
PE = 2 (7)

Where PE = pesticides energy (Ml/ha), P,, = weight
of pesticides used (kg), Cg = pesticides energy
conversion factor (MJ/'kg), shown in Table 1 and A =
size of the farm (ha)

2.1.6 Fertilizer energy

The fertilizer that used with branding name is Urea,
Phonska and SP36. The amount of fertilizer energy given
to plants can be calculated using the following equation
(Muazu et al., 2015):

_ Frupx(E, FTixcy e
- A

FTE (8)

Where FTE = fertilizer energy (MJ/ha), FT\, = weight of
fertilizer used (kg), FT; = percent composition of i®
clement (decimal), C;y = fertilizer energy conversion
factor (MJ/kg), shown in Table 1 and A= size of the farm

(ha)
2.1.7 Total input energy

The total input energy is the total amount of energy
used. The general form of the equation used to calculate
the total input energy is as follows (Muazu, 2015):

TE;=ME+ FE+HE+ SE+ PE+FTE (9)

Where TE; = total input energy (MJ/ha) and ME, FE, HE,
SE, PE and FTE are following the previous explanation
above.

2.1.8 Total output energy

The total energy produced from rice cultivation can
be seen from the rice production produced. The total
output energy is only fill based on mass of rice
production in a hectare. The output energy shall increase
by the mass rice production (linear correlation). The
equation used to calculate the total output energy
produced is as follows (Muazu, 2015):

TE,=Y,x Cf (10)

Where TE,= total output energy produced (MJ/ha), Y, =

harvested rice production (kg/ha) and Cr = conversion
factor used (MJ/kg).

© 2020 The Authors. Published by Rynnye Lyan Resources
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3. Results and discussion
3.1 Energy analysis
3.1.1 Engine energy

The engine energy is distributed inland processing
and harvesting activities. The total average energy of the
machine was 60.02 MJ/ha, based on the operation was
56.35 MJha in tillage activities and 3.67 Ml/ha in
harvesting activities. The distribution of the level of use
of the machine in this study was 0.66 kg/ha. This is
different from research in Malaysia, where mechanical
energy is distributed in every operational activity,
namely tillage, seeding, fertilizing, spraying, harvesting
and weeding with a total energy of 477,780 Ml/ha
(Muazu, 2015). In contrast to the use of engines in China
14.62 kg/ha (Dazhong dan Pimentel, 1984), India 4.33
kg/ha (Chauhan er al., 2006), USA 38 kg/ha (Pimentel,
2009), Philipina 4.03 kg/ha (Mendoza, 2015) and
Malaysia 5.74 kg/ha (Muazu, 2015). Respectively 22, 6,
57, 6 and 9 times, compared with the level of machine
used in this study. This is due to differences in the types
of agricultural equipment and machinery used and in
each cultivation activity between this study and previous
research.

The value of machine energy spent on land
management and harvesting activities is influenced by
working time and land area. The mechanical energy in
soil processing activities has a greater value than
machine energy at harvest. This is influenced by working
time, conversion factors and the mass of agricultural
equipment and machinery used, where energy is directly
proportional to the three parameters. Apart from these
three factors in the tillage, there are two times the use of
agricultural machinery (tractors). This is due to the
condition of the soil being harder and drier and more
weeds, so it requires longer time, as Muazu (2015)
explained that the energy expended during tillage is
influenced by soil type, moisture content and protective
vegetation.

3.1.2 Fuel energy

The analysis of fuel energy used by farmers in this
study was recorded in two activities, similar to the
analysis of engine energy. The average of total fuel
energy input released in this study was 890.76 Ml/ha.
This shows that the energy input in this study was
79.43% lower than the research in Northern Thailand
(Chaichana et al., 2008), 67.22% (Bockari-gevao et al.,
2005) and 68.51% (Muazu et al., 2015) lower than rice
research in Malaysia, 66.94% (Chauhan et al., 2006) and
59.85% (Mendoza, 2015) lower than research in India
and the Philippines. Some things that can cause
differences in the value of this energy input are the type
of soil, the area of land cultivated and the machine used.

elSSN: 2550-2166

As explained by Muazu (2015), the texture and condition
of the cultivated land are one of the determinants of the
time spent, where the greater the work time spent, the
amount of fuel used will increase. In addition, another
factor is the area of land, where the greater the area of
land cultivated will result in a decrease in the value of
fuel energy (according to equation 4). Each engine has
different specifications so that the consumption of spent
fuel will also be different. Apart from the type/
specification of the engine, the other determining factors
for fuel consumption are engine life and maintenance.

The highest value of fuel energy is found in soil
processing activities. This is due to the distribution of
fuel energy in tillage there are two activities, namely first
and second tillage. Tillage activities on land 10 emit the
largest fuel energy, which is 753.04 Ml/ha and the
lowest is found in land 8 of 419.52 MJ/ha. A big or small
amount of energy spent on land treatment activities is
influenced by the volume of fuel used and the area of
land worked on. The volume of fuel used is identic to the
soil water content and compactness/soil density (Muazu,
2015) which will affect the length of work, where the
longer the tillage time, the greater the fuel spent.

The fuel energy recorded in the land processing
activities was 64.02% (570.22 MJ/ha) of the total fuel
energy, as well as being the largest energy in the
distribution of fuel energy. Furthermore, the distribution
of fuel energy is found in the harvesting activities of
35.98% or equivalent to 320.53 MJ/ha (Figure 3).
Cherati, Bahrami and Asakereh (2011) and Khan et al.,
(2010) explained the same thing in rice research in Iran
and Australia, which obtained the largest distribution of
fuel energy in tillage and subsequently in harvesting
activities. In a row is 45.89% (3,378.60 MJ/ha) and
31.85% (867.68 MJ/ha), 23.08% (1,698.90 MJ/ha) and
2897% (789.22 MlJ/ha). Other than that, Safa,
Samarasinghe, dan Mohssen (2010) also noted in wheat
research in New Zealand that the largest fuel energy was
spent in two operational activities namely tillage and
harvesting, respectively 46.15% (1,419 MJ/ha) and
27.69% (851.40 MJ/ha).

Harvesting
35.98%

Figure 3. Fuel energy analysis

© 2020 The Authors. Published by Rynnye Lyan Resources
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3.1.3 Human energy

Analysis of human energy during rice cultivation
activities in this study was distributed in seven
operations, which amounted to 216.39 Ml/ha. The value
of human energy released in this study was 5.19 times
out of 41.70 Ml/ha (Muazu, 2015) and 11.96 times out
of 18.08 MJ/ha (Khan et al., 2010). This is due to the
fact that in this study some activities were still carried
out manually, except for the tillage activities that had
been carried out mechanically and the harvesting
activities applied a semi-mechanical system. As in
agricultural activities in Malaysia which still tends to
some operating systems (such as seeding, spraying and
fertilizing) done manually, resulting in an increase in
human energy consumption (Muazu, 2015).

The greatest consumption of human energy is found
in planting activities and the smallest is in fertilizing
activities. The high or low value of the distribution of
human energy is influenced by the length of work time
(Table 2) and or intensity. As in spraying activities
showed a greater distribution of human energy caused by
the intensification of spraying in this study as much as
five times, while in fertilizing activities only three times
with an average processing time of 13.22 hr/ha (0.71
times smaller than spraying time).

Table 2. Human energy analysis

Activities  Energy Average (MJ/ha) Time Average (hr/ha)
Seeding 37.805 1,373
Tillage 40,402 26,688
Planting 42,446 28,673

Fertilizing 18,579 13,225
Spraying 21,729 18,761
Weeding 27,268 24,704

Harvesting 28,160 62,223

Total 216,388 175,647

The percentage distribution of human energy can be
seen in detail in Figure 4. Umar dan Noorginayuwati
(2004) explained that the greatest human energy is in
planting without including postharvest
activities and maintenance pumps, which is 1.33 times
greater than this research and planting activities 1.32
times from this research. Another case with research in
Malaysia (Muazu et al., 2015), which reported that
human energy is greatest in spraying activities, which is
40.48% of the total energy used and fertilizing activity
0.59 times less than this study. The low value of human
energy in the study is because the agricultural system
applied has used a mechanical system in each of its
activities, so it can be stated based on the research that
the application of mechanical agriculture is able to
reduce the use of human energy.

activities

elSSN: 2550-2166

Harvesting

13.01% ____\__, S

Spraying
10.04%

Figure 4. Percentage of human energy distribution

3.1.4 Seed energy

Seed energy distributed during this research was in
planting activities. The average energy used is 983.30
Ml/ha, with an average use of seedling mass per hectare
is 58.74 kg. Research in Northern Thailand, where the
seed energy in succession in transplanting and
broadcasting (sowing) systems was only 0.25 times
(250.19 MIJ/ha) and 1.00 times (984.63 Ml/ha) of this
study. Another case with research by Muazu et al. (2015)
who explained that the average seed energy used was
2,493 Ml/ha (148.93 kg/ha). That is, the average seed
energy expenditure in this study was 2.53 times lower
compared to research in Malaysia.

3.1.5 Fertilizer energy

Fertilizer energy released in this study as a whole
comes from inorganic fertilizers. The average fertilizer
energy released in this study was 14,207.55 kg/ha When
compared with some previous studies, the fertilizer
energy used in this study was 1.43 times out of 9,931
Ml/ha (Muazu et al., 2015), 1.37 times out of 10,355,634
Ml/ha (Khan ef al., 2010), 2.38 times out of 5,956 Ml/ha
(Chaichana et al., 2008) and 1.31 times (Dazhong and
Pimentel, 1984). The average use of inorganic fertilizers
by farmers in this study was 917.55 kg/a, with an
average nitrogen, phosphorus, potassium, sulfur and zinc
content used, respectively, 171.34; 165.05; 50.50; 49.71;
and 0.10 kg/ha.

Figure 5 illustrates the percentage of fertilizer use
based on the elements contained in it. The level of
nitrogen usage has the highest percentage of 39.29%
(171.33 kg/ha) and this value indicates a figure greater
than 130 kg/ha and 116.90 kg/ha which is the average of
the level of nitrogen in the Muazu et al. (2015) and
Dobermann et ai. (2002) study, but about 4.81% lower
than the level of nitrogen in Central-China 180 kg/ha
(Yuan and Peng, 2017) and 10.29% of the level of
nitrogen in China 191 kg/ha (Dazhong and Pimentel,
1984).

© 2020 The Authors. Published by Rynnye Lyan Resources
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Sulfur . »
11.25% - Zinc 0.02%
Nitrogen
e
Potassium, A 39.29%
11.58%

Phosphorus
37.85%

Figure 5. Percentage of level of use of mineral fertilizer
elements

The level of use of phosphorus, potassium, sulfur
and zinc in this study were 37.85% (165.05 kg/ha),
11.58% (50.50 kg/ha), 11.25% (49.07 kg/ha) and 0.02%
(0.10 kg/ha). When compared with the level of fertilizer
use in Central-China in 2015 which was 180 kg/ha
nitrogen, 91.60 kg/ha phosphorus, 120.50 kg/ha
potassium and 5 kg/ha zinc (Yuan and Peng, 2017),
phosphorus by farmers in this study was 1.80 times
larger, but smaller in nitrogen, potassium and zinc each
by 0.55; 0.41; and 0.02 times.

Good fertilizer management is an activity that takes
into economic, social and environmental factors in order
to achieve a sustainable agriculture system. The concept
of good fertilizer management and has been widely
adopted by the fertilizer industry in the world is by
applying the 4R system (Right source, Right dose, Right
time and Right place) (IPNIL, 2017). Strengthening the
Kitchen, Goulding and Shanahan (2008), that in
agricultural practices farmers need to improve the
efficiency of fertilizer use by not redundant fertilizer and
apply the right time interval for fertilizer application,
then Aguilar and Borjas (2005) stated that it is not
justified giving water to the rice fields when fertilizer
time is taking place and over the next few days to avoid
soil salinity problems that will have an impact on
production.

3.1.6 Chemicals energy (pesticides)

The chemicals (pesticides) used in this study
consisted of two types, namely insecticides and
fungicides. The average pesticide energy expenditure is
458.60 Ml/ha. The size of the energy of pesticides
depends on the amount of pesticide (kg/ha) used. The
more amount of pesticides used will increase the amount
of energy expended.

The average pesticide use in this study was 2.27 kg/
ha (Table 3). This shows that in this study the use of
pesticides 49.13; 59.19; and 67.86% lower than 4.46;
5.56; and 7.06 kg/ha for each use of pesticides in rice
cultivation in Yangliangyou6-China in 2015, Malaysia

elSSN: 2550-2166

and Northern Thailand (Yuan dan Peng (2017), Muazu et
al. (2015) and Chaichana et al. (2008)).

Table 3. Analysis of average level of pesticide use

Average
Input
Use (kg/ha) Energy (MJI/ha)
Insecticides 0,339 80,268
Fungicides 1,930 378,334
Total 2,269 458,602

However, the use of pesticides in this study was
higher compared to the use of pesticides in South
1.11 kgha (Umar
Noorginayuwati, 2004), Phatthalung-Thailand Province
1.26 kg/ha (Chaicana et al., 2014). Based on research
that has been carried out on lowland rice cultivation in
the Mekong Delta-Vietnam, that the use of pesticides
that are good for the health of farmers and optimal in
achieving yield production (6.70 tons/ha) is 0.74 kg/ha
(Dung and Dung, 1999). Thus, the application of
pesticides in the future needs to be considered so as not
to harm the health of farmers and minimize wasteful
energy on energy sources, in this case pesticide energy.
The percentage of pesticide use can be seen in Figure 6.

Kalimantan  Province and

Table 3. Analysis of average level of pesticide use
3.1.7 Average energy input based on energy source

Based on the six energy sources used during rice
cultivation activities that have been carried out, a total
average energy value of 16,816.61 Ml/ha was obtained,
25% lower than 22,425 MJ/ha (Chaichana et al., 2008).
However, 2.24% greater than 16,440 MJ/ha (Muazu et
al., 2015). Fertilizer energy is the biggest energy source
used in this study, which is 84.49% (Figure 7) of 100%
of the total energy expended. Chaichana er al. (2008) and
Muazu (2015) explained in a study conducted in the
Northern part of Thailand and Malaysia that fertilizer
energy was the holder of the biggest role of energy
sources, namely 39.25% and 60.41%; So, farmers in this
study used a much larger fertilizer, which is 24.08 —
45.24%.

Marzuki et al. (2013) explained that the use of
fertilizer in large amounts (excess) can cause a decrease

© 2020 The Authors. Published by Rynnye Lyan Resources
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in plant growth and inefficient plants in absorbing
nutrients actually so that it will result in a decrease in
rice production. Therefore, it is necessary to apply the
right fertilizer by following the 4R rules, so that there is
no redundant fertilizer (IPNI, 2017) which has an impact
on the waste of energy and production costs (Uhlin,

1998).

Pesticide Engine Fuel
2.73% .36% 5.30% _ Human
1.29%
Seed
5.85%

Figure 7. Percentage of energy according to energy input
sources

The seed energy, fuel, pesticides and engine used in
this study were lower than 15.16%; 17.21%; 4.06%; and
2.91% of each use of energy sources applied in
Malaysia. However, human energy input in this study is
1.04% higher than 0.25% of human energy use in
research conducted in Malaysia (Muazu, 2015). This is
different from the research conducted in the District of
South Kalimantan, where there was no fertilizer, engine
and fuel energy (traditional cultivation systems), so it
can be concluded that in this study the energy of
fertilizer, engine and fuel was greater. However, the
percentage of seed, pesticide energy
expenditure in this study was smaller compared to
10.40%: 55.58%; and 34.02% of each percentage of the
energy distribution of rice cultivation that occurred
(Umar and Noorginayuwati 2004).

and human

3.2 Average energy input based on operating activities

Based on research that has been carried out on
average, the total value of energy input based on
operations is 16,816,612 Ml/ha. The biggest energy
expended is in fertilizing activities is 84.60%, then
planting (6.10%), tillage (3.97%), spraying (2.86%),
harvesting (2.10%), seeding (0.22%) and finally weeding
is 0.16% (Figure 8 and Table 4).

The energy in fertilizing activities as the biggest
energy in this study, according to several previous
studies. Muazu et al. (2015) explained the same thing
that energy in fertilizing activities in rice cultivation in
Malaysia was the largest, about 61.33% (10,082 MJ/ha).
Furthermore, the same thing was reported by Chaicana et
al. (2014), Khan et al. (2010), Chaichana et al. (2008)

elSSN: 2550-2166

and Chauhan et al. (2006) that the energy in fertilizing
activities as the largest energy in rice cultivation
activities, respectively 13.22% (2414.69 MJ/ha) in
Phatthalung Province-Thailand, 38.32% (9,247.39 MJ/
ha) in Australia, in North Thailand about 26.61%
(5,967.06 MJ/ha) and 33% (3,114.14 MJ/ha) in India.

Harvesting

Weeding

Sprayin,

. 0.16%
1.86%

Figure 8. Percentage of energy in each operating activity

The average value of energy consumption in
fertilizing activities in this study showed a percentage of
84.60% or equivalent to 14,207.547 MJ/ha. This
indicates that the figure obtained is greater than the
expenditure of fertilizing energy on rice cultivation in the
Province of Phatthalung-Thailand, Malaysia, Australia,
Northern Thailand and India. More simply can be
described that the energy in fertilizing activities in this
study 5.88 times greater than research in the Province of
Phatthalung-Thailand, 1.41 times from research in
Malaysia, 1.54 times from research in Australia, 2.38
times that of research in northern Thailand and 4.56
times bigger than research in India. The imbalance of
energy distribution that occurs in this study needs to be
addressed. One alternative that can be applied in
overcoming the imbalance of energy distribution that
occurs is to apply precision agriculture, this is useful to
minimize wasteful (wasteful) energy.

Based on research that has been carried out obtained
an average production yield of 6,029.466 kg/ha (6,029
tons/ha). This shows that production results are 1.13
times greater than 5.34 tons/ha of national production,
1.18 times of 5.09 tonsha of West Sumatra rice
production (CSA of West Sumatra, 2018) and 1.32 out of
4.57 tons/ha of rice production in Lubuk Alung District
(CSA of West Sumatra, 2018).

Table 4. Energy analysis

Parameter Value
Production result (kg/ha) 6.029.47
Energy intensity (MJ/kg) 2.75

Productivity (kg/MJ) 0.36
Clean energy (MJ/ha) 83.529.63
Output energy (MJ/ha) 100,933.26
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When compared with some previous studies that
applied mechanical systems in Malaysia (Muazu et al.,
2015), Australia (Khan et al., 2010) and the United
States (Pimentel, 2009), the production results in this
study were smaller respectively by 20.93%; 39.07%; and
20.83%. The value of energy intensity in this study
indicates that to produce 1 kg of grain requires 2.747 MJ
of energy, or it can be interpreted that with 1 MJ of
energy released can produce 362 grams of grain.
Potential production of unhulled rice with 1 MJ energy
input in this study was greater than 255 grams (Dazhong
and Pimentel, 1984), 225 grams (Chamsing et al., 2006),
226 grams (Purwantana, 2011), 352 grams (Eskandari
and Attar, 2015), 86 grams (Aghaalikhani et al., 2013)
and 266 grams (Yuan and Peng, 2017). However, lower
than 460 grams (Muazu et al., 2015). Productivity of a
plant should be greater by the energy that input in sample
farm and between yield production and energy have
linier correlation (Ozkan et al., 2011).

The wield prediction model built in this study is
adapted to six aspects of energy input, including engine
energy, fuel, humans, seeds, fertilizers and pesticides.
This is in accordance with the research of Muazu et al.
(2015) which limits the development of yield prediction
models in rice cultivation in Malaysia by using six
sources of energy input. All energy inputs carried out in
this study were formulated based on seven activities,
like: seeding, tillage, planting, fertilizing, spraying,
splashing and harvesting. This is different in terms of
aspects of the activity when compared to research that
has been conducted in Malaysia. The prediction model of
the results released in this study as described in equation
19.

Based on Table 5, the F-count value is obtained at a
significant level of 0.01 which illustrates that the F-count
is large from the F-table at a 99% confidence level, so it
can be interpreted that the independent variables (energy
input source or X) have an effect significant to the

Table 5. Analysis of data parameter prediction model results

Variable Coefficient Standard Error T-count
Intercept /m] 4,786.56 4,230.64 1.13"
Engine energy [X,] -28.29 28.68 -0.99™
Fuel energy [X:] 36.23 11.16 3.25°
Human energy [Xa] -24.73 19.28 -1.28™
Seed energy [Xy] -R.43 3.7 -2.28™
Fertilize energy [X;] 0.06 0.14 041™
Pesticide energy [X;) -0.8 7.3 -0.11™
R’ 0.81
Multiple-R 0.9
F-count 82.26"

F-table 15.21

elSSN: 2550-2166

dependent variable (yield of rice or Y) and then the
coefficient of determination can be used to predict the
effect of variable X simultaneously on the variable Y.
The T-value of the fuel is significant at the 0.01 level
which describes that this variable is good for estimating
of rice yields.

The coefficient of determination (R*) model from the
input energy is 0.811. This means that 81.10% of the
variables X simultaneously affect the Y variable, the
remaining 18.90% is influenced by other factors outside
the equation of the variable under study. According to
Junaidi (2014), the value of R* gets better if the value
approaches 1. Therefore, we can state that the input
energy has a good level of suitability. Next, if we look at
the Multiple-R value which shows the level of closeness
(correlation) of the dependent and the
independent variables. That is, the level of closeness of

variable

the value of production results to the independent
variables is very strong that is equal to 90.10%. The
prediction model of the first results produced is as
follows;

Y, = 4786.56 - 28.29X, +36.23X, - 24.73X; - 8.43X,
+0.06X;s - 0.80X,

Y, = 3605.11 +5.44X,

Where Y, = prediction of results with all variables
(ton/ha), Y, =
variables (ton/ha), X,= engine energy input (Ml/ha), X,
= fuel energy input (MJ/ha), X;= human energy input
(MJ/ha), X, = seed energy input (MJ/ha), Xs= fertilizer
energy input (MJ/ha) and X;= pesticide energy input
(MJ/ha)

prediction results using significant

Fuel energy has the most influence on the prediction
of rice production, followed by the energy of fertilizers,
pesticides, seeds, humans and the smallest is engine
energy. Fertilizer is one of the factors needed and
influencing rice growth needs to be considered the
pattern of administration and dosage, because these
factors will influence the yield (Muazu, 2015). One way
is to implement a 4R system (IPNI, 2017). Steps that can
be taken to implement the 4R system is to test the type of
soil so that it can be seen what elements are lacking in
the soil. In addition to fertilizer as a factor that has a
positive influence on the prediction of yield is fuel
energy.

Another thing is if we examine the energy
coefficient values of pesticides, seeds, humans and
engines that have negative predictive coefficient values.
That is, if there is an increase in energy at the four
sources, rice production will decrease according to the
prediction model that is built. One way to reduce this
reduction is by reducing the operator and machine's
working time (Muazu, 2015) and regulating the use of
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seeds and pesticides as efficiently as possible.

4. Conclusion

The conclusions offhis study are the average of the
total energy inputs of 16,816,612 Ml/ha distributed to
human energy, fuel, engine, seeds, fertilizers and
pesticides respectively 216.39; 890.76; 60.02; 983.30;
14,207.55; and 458.60 MJ/ha. As a limitation in this
research, every parameter made uniform as like as land’s
characteristics, seed variety, labor in all activities is same
for each field area, hand-tractor and thresher that used
with the same type for all field area and also for fuel is
same (diesel) and weight of fertilizer and doses of
pesticides in every broadcasting is same for every field
area. Human energy that is measured in real-time and
using a conversion table has a difference in the value of
7.53 MlJ/ha, where human energy is calculated using a
smaller conversion table (22.00 Ml/ha). The final result
of the research is the determination of a p.diction model
of rice yield, with a mathematical model Y, = 4786.56 —
28.29X, +36.23X; - 24.73X; - 8.43X, + 0.06X;s - 0.80X,
and Y, = 3605.11 + 5.44X,. For further research, it can
be conducted by using comparing both of two until three
seed variety in the same land characteristics or
comparing energy expenditure with any parameters
equals except land characteristic (low-land and high-land
cultivation).
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