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Abstract

Japipl M.R., SABUNI M.S., HOMAYOUNIFAR M., MOHAMMADI A, 2012. Assessment of energy use pattern for
tomato production in Iran: A case study from the Marand region. Res. Agr. Eng., 58: 50-56.

The aim of the contribution was to determine energy consumption of input and output used in tomato production and
to optimize the energy inputs in the Marand region, Iran. The study also sought to analyse the effect of farm size on
energy use and input costs based on tomatoes production and to reveal the relationship between energy inputs and
yield by developing mathematical models. Questions about energy management present very interesting and actual
topic in this time. The results revealed that tomato production consumed a total of 65,238.9 MJ/ha of which fertilizers
were 50.98% followed by water for irrigation (20.67%). Output-input energy and energy productivity were found to be
0.59 and 0.74 kg/M], respectively. The results of energy optimization showed that using existing energy inputs, the yield
of tomato can be increased by 45.2% in small farms, 43.5% in medium farms and 30% in large farms. The rate of direct,
indirect, renewable and non-renewable energy forms were found to be 37.2, 62.8, 30.9 and 69.1% of total energy input,
respectively. The main non-renewable inputs were chemical fertilizers and diesel fuel, management of plant nutrients
and proper machinery selection to reduce diesel fuel use would increase rate of renewable energy.

Keywords: energy productivity; diesel fuel; optimization; non-renewable energy; Iran

Agriculture is a vital sector in the Iran economy.
It accounted for 10.9% of gross national product in
2009 (Central Intelligence Agency 2010). But the
importance of agriculture has declined in relation
to the rapid increase observed in the industry and
service sectors.

The tomato belongs to worldwide most widespread
sort of vegetables. Tomato production is considered
to be a main source of raw material for the tomato
processing industry. Tomato production creates an
income for many rural farmers in Iran.
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Efficient use of resources is one of the major as-
sets of sustainable production in agriculture. Also,
efficient use of energy is one of the principal re-
quirements of sustainable agriculture. Energy use
in agriculture has been increasing in response to
increasing population, limited supply of arable
land, and a desire for higher standards of living.
Continuous demand in increasing food produc-
tion resulted in intensive use of chemical fertiliz-
ers, pesticides, agricultural machinery and other
natural resources. However, intensive use of energy
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Table 1. Energy equivalent of inputs and outputs in agricultural production

Energy equivalent (MJ/unit)

Reference

A. Inputs
Human labor (h) 1.96
Machinery (kg) 62.7
Chemical fertilizers (kg)
Nitrogen (N) 66.14
Phosphorus (P,0,) 12.44
Potassium (K,0) 11.15
Manure (t) 303.1
Chemicals (kg) 120
Seeds (kg) 1
Diesel fuel (1) 56.31
Water for irrigation (m?) 1.02
B. Output
Tomato (kg) 0.8
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MOHAMMADI et al. (2008)
MOHAMMADI et al. (2008)
OzKAN et al. (2004)
MOHAMMADI et al. (2008)

MOHAMMADI et al. (2008)

OzKAN et al. (2004)

causes problems threatening public health and en-
vironment. Efficient use of energy in agriculture
will minimize environmental problems, prevent
destruction of natural resources, and promote sus-
tainable agriculture as an economical production
system (DALGAARD et al. 2001).

In order to get higher productivity, the farmers, in
general, use their resources in excess and inefficiently.
The excess use of resources and scope to increase the
productivity or conserve the energy input without
affecting the productivity, thereby enhancing the ef-
ficiency of energy use, was viewed by many research-
ers (KuTAaLA 1993; REFSGAARD etal. 1998; CHAUHAN
et al. 2006; MOBTAKER et al. 2010; MOHAMMA-
DI et al. 2011; Mousavi-AvvAaL et al. 2011a, b).
An analysis of input-output of energy is used in de-
termining the effects of production on the use of en-
ergy in various crops. Many researchers studied en-
ergy and economic analysis to determine the energy
efficiency of plant production, such as sugarcane in
Morocco (MRINT et al. 2001), soybean, maize and
wheat in Italy (SARTORI et al. 2005), wheat, maize,
sorghum in USA (FRANZLUEBBERS, FRANCIS 1995),
apple in Iran (RAFIEE et al. 2010), cucumber in Iran
(MoHAMMADI, OMID 2010), kiwifruit production
in Iran (MOHAMMADI et al. 2010), onion in Penn-
sylvania (MooRe 2010) and coriander, lettuce, rad-
ish and spinach in Colombia (BOoJACA, SCHREVENS
2010). However, little study was encountered on the
efficiency of energy use in tomato production and
optimization of energy inputs.

The aim of the contribution was to determine en-
ergy consumption of input and output used in to-
mato production and to optimize the energy inputs
in the Marand region, Iran. The study also sought
to analyze the effect of farm size on energy use and
input costs based on tomatoes production and to
reveal the relationship between energy inputs and
yield by developing mathematical models.

MATERIAL AND METHODS

The study was carried out in 140 tomato produc-
er in the Marand region, Iran. It is located in the
northwest of Iran, between 38°07' and 38°56' north
latitude and 45°15' and 45°50' east longitude.

Data were collected from the growers by using
a face-to-face questionnaire. The data collected
belonged to the production period of 2008—-2009.
Sample farms were randomly selected from the vil-
lages in the study area by using a stratified random
sampling technique. The sample size was calcu-
lated using the Neyman method (YAMANE 1967)
with the farms classified into three groups as small
(<= 0.6 ha), medium (0.6 <= 1.5 ha) and large farms
(> 1.5 ha). The permissible error in the sample size
was defined to be 5% for 95% confidence and the
sample size was calculated as 140 farms.

The total energy per production unit (e.g. ha) was
established by the addition of the partial energies
of each input referenced to the unit of produc-
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tion. Energy inputs were human labor, diesel fuel,
machinery, farmyard manure, irrigation, chemical
fertilizers consisting of nitrogen (N), phosphorous
(P,0,) and potassium (K,O). To estimate the en-
ergy of the inputs, expressed in MJ/ha, the energy
equivalents in Table 1 were utilized.

The energy use efficiency (energy ratio) and en-
ergy productivity were calculated using the follow-
ing formulae (MOHAMMADI et al. 2008):

Energy ratio = Energy output (MJ/ha)/

Energy input (M]/ha) (1)
Energy productivity = Tomato output (kg/ha)/
Energy input (M]/ha) (2)

Agriculture uses energy directly as fuel or electric-
ity to operate machinery and equipment, to heat or
cool buildings, and for lighting on the farm, and in-
directly in the fertilizers and chemicals produced off
the farm (ALAM et al. 2005; OzZKAN et al. 2004).

Optimum energy use in agriculture is reflected in
two ways, i.e. an increase in productivity with the
existing level of energy inputs or conserving energy
without affecting the productivity. Linear program-
ming based on the concept of one-to-one functions
was used to optimize the energy inputs (assuming
no change in area under the crop). Based on this
concept, the linear programming problem was for-
mulated as (SINGH et al. 2004):

Table 2. Amounts of inputs and outputs in tomato production

Farm size groups (ha)

small medium large Average
A. Inputs
1. Human labor (h/ha) 1,090.19 1,110.78 1,078.6 1,093.2
Land preparation 37.5 37.5 39.1 38.03
Seeding 48 50.2 49.3 49.2
Weeding 322.49 325.9 291.2 313.2
Fertilizer application 31.3 27.88 31.3 30.2
Spraying 2.7 2.1 2.7 2.5
Irrigation 225.2 217.9 216.7 219.9
Harvesting 376.8 400.9 401.2 392.9
Transporting 46.2 48.4 47.1 47.2
2. Machinery (h/ha) 46 45.8 47 46.3
Land preparation 13.2 13.1 13.4 13.2
Fertilizer application 2.8 2.8 3.2 2.9
Spraying 1.8 1.2 1.3 1.4
Transporting 28.2 28.7 29.1 28.7
3. Diesel (I/ha) 152.2 152.3 155.9 153.5
Land preparation 85.1 84.4 86.3 85.3
Fertilizer application 59 5.9 6.6 6.1
Spraying 3.8 2.6 2.8 3.1
Transporting 57.4 59.4 60.2 59
4. Fertilizers (kg/ha) 998.9 870.9 921.7 930.5
Phosphorus (P,0,) 464.5 408.4 382.6 418.5
Nitrogen (N) 411.1 366.7 441.3 406.4
Potassium (K,0) 123.3 95.8 97.8 105.6
5. Manure (t/ha) 14.4 16 14.5 14.9
6. Chemicals (kg/ha) 2.2 2.3 2.2 2.2
7. Water (m3/ha) 13,352.09 13,237.5 13,080.8 13,223.5
8. Seed (kg/ha) 0.3 0.3 0.3 0.3
B. Output
Tomato (kg/ha) 47,211 48,993 48,478 48,227.3
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Maximize XaY, (i=1,2,3,...,n) (3)
Subject to
SaX, <X, (j = 1-10)
Ya, =1
Ta, (IX,) < Z)?]
X. =20
ji
a,20

where:
)?/
ZXﬁ — total energy use by the i" farmer

— weighted mean of the j energy use (j = 1-10)

Farmers who fulfilled the above constraints and
contributed to the optimal solution were assigned
weightage (a) according to their effectiveness of
energy input use. Optimized levels of energy input
use to get the existing productivity level of wheat
were computed using the parametric programming
by reducing the level of total energy input use (Z)Z}.).

RESULTS AND DISCUSSION

Analysis of input-output energy use
in tomato production

Table 2 shows the amount of physical input used
in tomato production in the area of survey. The re-

sults revealed that tomato is one of the highest la-
bor demanding crops among field crops produced
in region. Average labor used in tomato produc-
tion was 1,093.2 h/ha and average machinery and
diesel fuel were 46.3 h and 153.5 1/ha, respectively.
The amount of fertilizers used and water for ir-
rigation for tomato production were 930.5 kg/ha
and 13,223.5 m?3/ha, respectively. Maximum
yield of tomato production was seen in medium
farms (48,993 kg/ha) with an annual average of
48,227.3 kg/ha.

As it can be seen in Table 3, the total amount of
energy used for various practices in tomato pro-
duction was calculated to be 65,238.9 MJ/ha that
minimum energy use was seen in medium farms.
The amount of fuel energy and machinery energy
increased as the farm size increased with the an-
nual average of 8,641.7 and 2,900.9 M]J/ha, re-
spectively. The amount of fertilizers energy was
33,261.04 M]J/ha that of all chemical fertilizers,
share of nitrogen (N), phosphorus (P,O,) and po-
tassium (K,O) were 41.19, 7.98 and 1.80%, respec-
tively. The amount of irrigation water energy de-
creased as the farm size increased and consumed
the amount of 13,487.9 MJ/ha (20.67% of total ener-
gy). The rates of other inputs in the total amount of
energy such as human labor, manure and chemicals

Table 3. Energy consumption and energy input-output relationship in tomato production

Farm size groups (ha) Average
small medium large amount %
A. Inputs (M]/ha)
1. Human labor 2,136.8 2,177.1 2,114.1 2,142.6 3.28
2. Machinery 2,884.2 2,871.7 2,946.9 2,900.9 4.45
3. Diesel fuel 8,570.4 8,576.01 8,778.7 8,641.7 13.25
4. Fertilizer 34,343.3 30,402.2 35,037.6 33,261.0 50.98
Phosphorus <P205) 5,778.4 5,080.5 4,759.5 5,206.1 7.98
Nitrogen (N) 27,190.1 24,253.5 29,187.6 26,877.1 41.19
Potassium (KZO) 1,374.8 1,068.2 1,090.5 1,177.8 1.80
5. Manure 4,364.6 4,849.6 4,394.9 4,536.4 6.95
6. Chemicals 264 276 264 268 0.41
7. Water 13,619.1 13,502.2 13,342.4 13,487.9 20.67
8. Seed 0.3 0.3 0.3 0.3 0.00
Total energy inputs (M]J/ha) 66,182.8 62,655.1 66,878.9 65,238.9 100
Total energy outputs (M]/ha) 37,768.8 39,194.4 38,782.4 38,581.9 -
Energy ratio 0.57 0.62 0.58 0.59 -
Energy productivity (kg/MJ) 0.71 0.78 0.72 0.74 -
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Table 4. Total energy input as direct, indirect, renewable and non-renewable forms
Farm size groups Average

Type of energy

small medium large amount %
Direct energy 24,326.3 24,255.3 24,235.2 24,272.2 37.2
Indirect energy 41,856.5 38,399.8 42,643.7 40,966.7 62.8
Renewable energy 20,120.9 20,529.2 19,851.7 20,167.2 30.9
Non-renewable energy 46,061.9 42,125.9 47,027.2 45,071.7 69.1
Total energy input 66,182.8 62,655.1 66,878.9 65,239.9 100

were 3.28, 6.95 and 0.41%, respectively. Total aver-
age amount of output energy was 38,581.9 M]/ha,
the maximum energy output was seen in medium
farms. The rate of energy (energy ratio) and energy
productivity were 0.59 and 0.74 kg/M], respec-
tively. In other studies, the rate of energy in stake-
tomato production in the Tokat province of Turkey
(ESENGUN et al. 2007) and tomato production in
greenhouse in Antalya, Turkey (OzKAN et al. 2004)
were reported to be 0.80 and 1.26, respectively.
CETIN and VARDAR (2008) found that energy ratio
and energy productivity in tomato production in
the south Marmara region of Turkey were 0.8 and
0.99 kg/M]J, respectively. Also, in other study in
Iran (PASHAEE et al. 2008), energy ratio and energy
productivity in tomato production in greenhouse
was 0.99 and 1.2 kg/M], respectively. It seems that
this inefficiency can be due to the conventional

farming of tomato, lack of proper management of
inputs especially chemical fertilizers.

Table 4 shows the distribution of total mean en-
ergy input as direct, indirect, renewable and non-
renewable forms. As it can be seen from the Table 4,
37.2% of total energy input resulted from direct and
62.8% from indirect energy and 30.9% from renew-
able and 69.1% from non-renewable energy.

Optimization of energy inputs

The results of solving linear programming model
for optimization of energy input in different levels
of tomato production were given in Table 5. The
results showed that the maximum attainable yield
at optimal use of the existing resources was higher
than the actual observed yield in all levels of pro-

Table 5. Actual use and optimum requirement of energy inputs (M]/ha) in different levels of tomato production

Small farms

Medium farms Large farms

actual optimum %* actual optimum %* actual optimum %*
Yield (kg/ha) 46857 68062 +452 50532 7,249.1  +43.5 52262 67955 +30
Labor 556.6 4022 -27.7 550.2 550.2 0 519.3 5193 0
Machinery 1,6326  1,6326 0 1,708.6 1,708.6 0 1,887.1 1,698.9 -10
Diesel 5179.1  4,5404 -12.3  5563.2 5,559.3 ~0.07 59551 59546 0
Seed 3,139.2  3,053.9  -27 29934 2,940 ~1.8 3,070.1  3,060.2 0.3
Manure 11,2325  1,8565 -83.5  10,654.5 0 -100 5,657.9 7436  —86.8
Phosphate 35889  2,550.1 -28.9  2,667.1 1,290 -51.6 3,240.2 989.7 —-69.5
Nitrogen 237619 18,6841 -214 17,6095 16,535 6.1 19,4925 14,5066 —25.6
Potassium 2,680.6 12961 -51.6 14757 1,115 —24.4 1,491.7 1,001  -329
Chemicals 389 3135  -19.4 359.6 359.5 ~0.03 345.4 264.5 234
Water 4,944 4,390.5 -11.2  4,783.1 41616  -13 4,8859  3,991.4 -183
Total input 57,1043 38720 322 48,365 34,220 ~29.2 46,545 32,730  —29.7

energy

*percent of change in comparison to actual use
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duction. The use of optimum energy revealed that
there exists a greater scope to increase the produc-
tivity; as the farmers could increase average yield
by 45.2, 43.5 and 30% in small, medium and large
farms, respectively, by using the same level of in-
puts through better management of the farm.

The results revealed that the farmers in all levels
of production used higher energy than the opti-
mum. This indicated that the existing productivity
level in all levels of production could be achieved
even by reducing the existing energy use levels
by 32.2% in small farms, 29.2% in medium farms
and 29.7% in large farms. The results showed that
the farmers of small farms used 19.4% chemicals,
28.9% phosphate, 21.4% nitrogen and 51.6% po-
tassium higher than optimum. On another hand,
the energy consumption can be saved by optimum
use of human labor, water for irrigation and diesel
fuel by 27.7, 11.2 and 12.3%, respectively. Optimal
amounts in medium farms indicated that farmers
in this level of production used 51.6% phosphate,
6.1% nitrogen, 24.4% potassium, 100% manure,
and 13% water higher than the optimum. Also, the
farmers of this level of production harvested the
full potential of other resources. It can save energy
consumption in large farms by 69.5% phosphate,
25.6% nitrogen, 32.9% potassium, 23.4% chemicals,
18.3% water, 86.8% manure and 10% machinery, in
terms of optimum use of resources.

The energy indexes of the medium farms were
higher than those of the small and large farms.
On another hand, the use of optimum energy im-
plied that the farmers in all levels of production
used higher energy than the optimum. The inef-
ficient use of chemical fertilizers and diesel fuel
inputs by the tomatoes production leads to prob-
lems beyond the scope of agricultural production,
increasing production costs and negative effects
to environment, human health, maintaining, and
sustainability. Farmers must be provided with ed-
ucational opportunities in the use of efficient in-
puts, and this is the responsibility of policy mak-
ers in the area.
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