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Abstract: Northern Qazvin (Kouhin district) is the most important potato growing area in Iran. In this research,
in addition to determine energy consumption for potato plantation, several agricultural factors such as farming
systems, size of arable lands and also structural factors known as land ownership and machine ownership on
energy efficiency were investigated. Method of collecting necessary information via questionnaires; the forms
were distributed among potato farmers in the selected region. The results showed that the highest energy
consumption in potato production is related  to  the  chemical  energy  with  an  average  of  51  percent
(fertilizers, especially nitrogen source) and the least energy consumption is related to biological energy with
the  average  of  2  percent  (via  labor).  It  was also showed that the effects of different levels of plantation
(land size) are significant for potato on the energy efficiency (ratio) in one percent, in such a way that increase
in planted area for potatoes from one hectare up to three hectares, the average of efficiency (ratio) increased
from 1.3 to 2.08. Based on obtained results it was shown that the effect of different farming systems is
significant on the energy ratio one percent. Moreover, the tractor type and ownership had significant impact
on percentage of fuel consumption per hectare. Promoting the farmers and providing required fields for
cooperatives establishment to use machinery and equipment through the province Agricultural Organization
and also replacing worn-out Tractors with the age of greater than 25 years may be effective in energy
conservations and enhance energy performance and efficiency.
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INTRODUCTION water and wind power. Such changes released more time

Agriculture is known as an energy conversion human than the past [1, 2]. Research has demonstrated
process. In this process, energy from sun light, fossil and energy efficiency (ratio), then gradually decreased the
electricity fuels products turned into required human food growing mechanization and use of chemical in agriculture
and fibers. The increasing trend for human society food [3, 4]. The efficiency of consumed energy has deceased
supply and population necessities requires more the agricultural systems over the time and primary
investment on energy as an input, as brute force was agriculture may not sustained an efficient process than
served during centuries and later human could control modern intensive agriculture [5]. However, special and
water and wind powers and then replaced brute force with general mechanization is needed with the aim of increased

and energy for human and more power was given to
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production per unit area due to increasing population Evaluate the effect of factors such as different
growth and soil and water resources limitation. We will plantation area (land size), land ownership and the
consume large amounts of energy to perform our kind of farming systems in energy efficiency as well
agricultural activities and mechanizing them and spend as the effect of ownership and type of tractor in
significant costs to provide the power needed for the terms of fuel energy consumption in potato
mechanization. So, it seems that basic analysis regarding production.
energy and its resources is needed. Analysis of
consuming energy, producing energy and the effect of MATERIALS AND METHODS
inputs and different conditions on existing relations is
possible during production process for all crops. Output The aim of the present study is practical application
energy to input energy is proportional to system of potato cultivation, since the results are used by
efficiency for every kinds of agricultural system. agricultural planners. The authorities of agricultural
Necessarily, the system with high energy efficiency does development policies may use it for extensive
not have more yields. But profits and capital can be the development. Independent and dependent variables are
actual cases, in which a low interest rate for a major included. The dependent variable in this research is the
investment may have more profit than a high interest rate energy efficiency (the ratio). That ratio is the fraction of
for a low investment [4]. Sing et al.[6] have showed in a energy output to energy input. To obtain the required
research that using high yielding varieties, intensive information, preliminary questionnaires were designed
cropping systems, increase in using fertilizers and that were analyzed for the initial pre-test in interviews with
pesticide and high agricultural mechanization led to a number of farmers in two different regions. Independent
increased energy consumption in modern agriculture. variables are different plantation area (area), land
Ozkan et al. [6] also have reported that the energy output ownership, tractors and equipment ownership, different
in  36 major crop planted in Turkey has increased from farming systems. According to the statistics reported by
4.17 to 4.47 GJ per hectare. With the same period of Agricultural Organization of Qazvin and Agricultural
cultivation, the output energy was less than 8.38 - 8.55 Organization of Kouhin district and also filling the initial
GJ/ha with low growth. Thus, the percentage of energy questionnaire, ultimately, three levels were considered for
efficiency is reduced from 23.2 to 18.1 over 25 years in potato production. Different levels for potato planting are:
Turkey [7]. Naturally, solar energy efficiency has i. plantation area under one hectare, ii. Land area one to
increased in all agriculture subsection which is related to three hectares and iii. Land over three acres (Table 1).
yield increase. Chemical fertilizers have played a major role Land ownership was divided into two levels of personal
in increasing the efficiency of solar energy among the and rented. Equipment and machinery ownership were
supporting energy resources [8]. Hamadani et al. [9] divided into three levels of private, partnerships
estimated energy efficiency for producing several crops (cooperative) and private services. Farmers are mainly
in Hamadan Province. Based on their estimations, the engaged in activities such as animal husbandry and
energy efficiency of producing potato in Hamadan and gardening. Farming system was divided into four groups
Ardabil were 0.75, 0.7, respectively [1, 9]. Safa and of farming, farming and animal husbandry, farming and
Tabatabaeifar [10] have estimated the required energy to gardening and farming, animal husbandry and gardening.
produce  dry  and  irrigated  wheat in Saaveh area were Statistical population included potato planations in
10.5 and 10.6 MJ/Kg, respectively. In addition, the most North Qazvin (Kouhin district). The number of eastern
common consuming energy resource which was identified Qaqazan potato growers were 300 peoples and also the
as fuel energy for dry and irrigated lands were estimated number of western Qaqazan potato growers were 430
to be 52 and 67%, respectively [11, 12]. peoples. In this study, simple two -stage random sampling

In this study, several methods of conventional technique was used. In fact, the random sampling is the
potato production in North Qazvin (Kouhin district) has easiest method of sampling and the results are reliable and
been studied that ultimately the research aims to analyze generalized to entire population by observation of
the following issues: sampling principles. Another reason for selecting this

Determine the contribution of each of the consuming procedures adopted by Statistical Center of Iran in the
inputs in terms of energy consumption used in census. In this sampling method, the probability of
potatoes production. selection  for  each stage  is  the  same  for   all   units  of

kind of sampling is the coordination and compliance with
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Table 1: The number of distributed questionnaires between farmers in
different levels 

Eastern Western Total
Plantation area Qaqazan Qaqazan  (hectares)
Less than 1 hectare 20 32 52
Between 1 and 3 hectares 8 10 18
More than 3 hectares 7 8 15
Total 35 50 85 calibrated container the tank was overflowed and the fuel

Table 2: Energy equivalents used for the inputs in potato production 
Energy equivalent

Inputs (MJ/unit) Resources
Fertilizers (kg) (9)(10)(11) [15-17]
Nitrogen 78.1
Phosphorous 17.4
Potassium 13.7
Fuel (L) [17](11)
Gas oil 47.8
Gasoline 46.3
Seed (kg) 93 [17](11)
Poison (L) [17, 18](11)(12)
Herbicides 85
Fungicides 115
Insecticides 295
Machinery and 
equipment (h) 138  [15-17, 19] (10)(9) (11) (13)
Labor (h) 0.27- 1.96 [17](11)

population [13, 14]. The number of villages in each district
was listed; total included number of villages was 96. Then,
25 villages were selected randomly and a list of farmers
was prepared. Then, the questionnaires were distributed
using random sampling and proportional assignment.
Cochran’s formula is used to find the sample size.
Cochran is presented in the following formula for
calculation of the required number of samples in random
sampling [14]:

(1)

Where, N is the statistical population size or the number
of farmers (potato growers), T is the acceptable
confidence coefficient that obtains by assuming normal
distribution of given trait from t student table. Also S  is2

the variance estimation of the studied trait in the
population  which  is the  variance  of  energy  efficiency
in  the   studied   area;   d   is   the   possible   accuracy
(half of the confidence interval) and n is the sample size.
Therefore, the sample size was obtained by Cochran’s
formula which was estimated to be 85 people for potato
growers. Then, the number was distributed proportional
to  the  potato  growers’  population  in Kouhin area
(Table 1).

It is necessary to note that in addition to filling the
questionnaire, interview methods and field of research
have also been used to compile the information. To
calculate the fuel consumption per hectare, before
operation (plow, disk and so on) tractor tank was filled
with fuel and overflowed and after operation using a

consumption was measured per hectare. To calculate the
energy consumption in different operation or the energy
content in input, the equivalent (Table 2) and the formulas
derived from different sources were applied.

In addition to use the proposed energy exchange in
Table 2, the following equation was used to calculate
energy consumption for irrigation [20]:

(2)

DE : direct energy (J/ha)
: Density of water (1000 kg/m )3

g : Acceleration of gravity (m/s )2

Q : The total amount of water needed for the crop in a
season (m /ha)3

H : Well dynamic head 
: Pump efficiency (function of pump head that isp

vertical height, speed and water flow rate) usually
equal to 0.7-0.9

: Overall efficiency of energy and power conversionq

(it is usually considered equals to 0.2-0.18 for
electric pumps).

After interviewing with farmers and filling
questionnaires, the derived raw data from questionnaires
was used in user division and to determine the effect of
proposed parameters which include land size, land
ownership, tractors and equipment ownership and type of
farming systems on energy ratio, factorial experiment was
used in a randomized complete block design as land size
parameter was considered constant and the means were
compared using Duncan Test. In this regard, SPSS 17
software was used and graphs were drawn using Excel
software.

RESULTS AND DISCUSSION

Research was conducted on determination of Energy
consumption for potato production. The energy utilization
showed that  fertilizer  consumption  with  an average of
51 percent of total energy consumption appropriating the
highest  energy  contribution    (Figure   1).   It   was  also
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Fig. 1: Contribution of each of various inputs in consumption

Fig. 2: Contribution of each of various inputs in
consumption (average of 3 levels of area)

observed  that  increase  in  planted   area   led to
decrease in  fertilizer  consumption.  Nitrogenous
fertilizers had the major role in increasing energy
consumption.

Generally, small amount of Potassium fertilizer is used
for potato cultivation. As, the share of animals fertilizers
is more than half of the  input  energy  in  Kouhin  area
(25.6 GJ/ ha). The ratio has been reported as 27 % for
potato plantation in Hamadan Province [9]. It seems that
the reason behind difference between recent results and
the reported data on potato plantation in Khorasan
Province is the lack of required research on energy
consumption in the area. That is most probably due to
inadequate knowledge of farmers on energy requirements.
Unfortunately, over 400 kg/ha urea and ammonium
phosphates fertilizers are used in some of Kouhin potato
farm. If the appropriate nitrogen fertilizer was up to 250 kg
per  hectare  to  produce  potatoes  in  that  area  [21].
These results  are  based  on  Zangeneh’s report data [22].
After fertilizer, seeding energy with an average value of
24% was more appropriate for the contribution in energy
consumption.

As it was illustrated in Figure 1, the planted seed has
decreased with an increase in planted area. The seed is
planted annually in less than 1 hectare planted area
(Especially in Eastern Qaqazan). After seeding, the
maximum power consumption with an average of 12 % of
the total energy consumption is related to fuel
consumption (Figure 1). As it was shown in Figure 1, fuel
consumption has the least amount in less than 1  hectare
 planted  area.  This  arises  from  the  use  of labor  rather
than  machineries  in  most operations (except for tillage).
All planting, collecting  and harvesting  operations  were
performed  by man power (by hand). After fuel energy,
water energy has appropriated the maximum consumption
with an average of 8% of the total energy consumption in
planted area. Special energy is not required in less than 1
hectare planted area due to use of stream water (channels)
and spring except for the labor forces. Average number of
irrigation is 8 to 10 times. Among labor energy which with
the average of 2% of total consumption is located in next
place, only less than 1 hectare planted area with 2.2 GJ per
hectare has appropriate significant energy utilization. The
result was twice than the reported values for wheat in
Hamadan [22]. The difference can be due to differences in
the number of manpower required for the discussed
harvesting and post-harvest operations. Based on the
results, 38% of the required manpower for collecting and
harvesting were women. Energy contribution to the
depreciation of farm tractors and equipment included 2 %
of total energy consumption. It was also shown that
pesticide energy has appropriating the least energy
consumption between other inputs.
 In this research, energy consumption efficiency (ratio) in
production of potato was obtained and the impact of
different factors such as land size, land ownership,
machinery and equipment ownership and the type of
farming system on energy efficiency were evaluated. 
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Table 3: Analysis variance of energy efficiency in three area and four farming system for potato

Source of resources Degree of freedom Sum of squares Mean of squares F

Land size 2 1.34 0.673 27.14 **
Farming system 3 0.339 0.113 4.55 **
Land size* farming system 0.188 0.038 1.51 ns

Replication 2.47 0.023 0.916
Error 200 4.96 0.025

Total 320 970.90

Ns: Non-significant  *: significant in 5 %  **: significant in 1%

Table 4. Energy efficiency variance analysis in three surface areas and two land ownership for potato

Source of resources Degree of freedom Sum of squares Mean of squares F

Land size 2 4.14 2.07 72.47 **
Land ownership 1 0.005 0.005 0.172 ns

Land size* Land ownership 2 0.118 0.059 2.06 ns

Replication 109 2.95 0.027 0.984
Error 205 5.861 0.029

Total 320 970.90

Ns: Non-significant  *: significant in 5 %  **: significant in 1%

Fig. 3: Energy ratios in different planted area efficiency 3.3 in measuring potato plantation in Ardabil

Fig. 4: Energy ratios in different farming system As it is shown in Table 3, apart from different levels

Effect of Land Area and Farming Systems on Energy significant effect of 1% on energy efficiency. Based on
Efficiency (Ratio) to Produce Potato: Ratio of the Figure 3 that the least energy ratio was related to the
estimated energy in different planted area is shown in farmers were involved in animal husbandry and
Figure 3. As it was illustrated, energy ratio increased with horticulture as well as agriculture. One of the reasons that
increase in planting area. Table 3 summarized the analysis this type of farming system (agriculture, animal husbandry
of variance and plantation area had a significant effect on and horticulture) has low efficiency is that the majority of
percentage of on the energy ratio. farmers uses small lot, i.e. have gathered their combination

Based  on  the  mean  comparison  presented in
Figure 2, the most energy ratio with the average of 2.08 is
related to higher than 5 hectares plantation area and the
least one with the average of 1.3 is related to less than 1
hectare plantation area. The reason is that major
agricultural operations in higher level are mechanized and
different machineries were used for planting, collecting
and harvesting and use of energy inputs are often
managed.  Current results were consistent with Ghorbani
and Zangeneh [9, 12] for growing wheat. Mohammadi [1]
Arjmand and Gorttapeh et al. [23] have estimated energy

and Miandoab, East and West Azerbaijan. Input energy
was estimated 65 GJ per hectare, which seed, machineries
and fuel have the most contribution in input energy.
Output energy was reported 215 GJ (equivalent to 60
tones crop). Furthermore, Hadi [24] in his research has
conducted in Firoozkooh, Ardebil, Hamedan and
Khorasan areas estimated the energy ratio for potato 0.98
in 2006 (input energy was 18747183.2 kcal and output
energy was 18510789 kcal).

that were studied, the type of farming system has
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Table 5:Fuel energy variance analysis (MJ/ha) in three levels of tractor ownership and five levels of tractor type

Source of resources Degree of freedom Sum of squares Mean of squares F

Tractor ownership 2 18060825.172 9030412.55 7.46 **

Tractor type 4 31883935.19 7970983.79 6.56**

Tractor type * tractor ownership 8 16736792.02 2092099 1.72 ns

Replication 109 36903019.72 338559.81 0.278

Error 196 238100694.42 121479979.46

Total 320 11109850009.04

Ns: Non-significant  *: significant in 5 %  **: significant in 1%

Table 6: Fuel energy average comparison (MJ/ha) in five tractor types using Duncan test (5%)

Subset

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

Tractor type Frequency a b c

Massey Ferguson 399 10 5322.782

Massey Ferguson 285 167 5371.949

John Deere 2040 15 5757.451 5757.451

Universal 650 113 6362.117 6362.117

John Deere 3140 15 6490.38

of agriculture, animal husbandry and garden in an area Reviewing the Effect of Tractors Ownership and  the
close together and they have preferred one to another in Type  of  Tractor  in  Fuel  Energy  to  Grow  Potatoes
some cases (in some cases, the farmers used the required (Fuel Consumed per Hectare): Fuel energy is consumed
fertilizer of garden trees in agriculture and/or sometimes from tillage operation to post-harvesting (transport) to
used the agriculture irrigation in their garden). The grow potato. As it is summaried in Table 5, the effect of
farming systems which were only involved in agriculture fuel energy with tractors ownership and the type of
with the average efficiency of 2.02 were classified in a tractor has been significant in 1 %. The mutual effect of
separate group (Figure 4). The mutual effect of different tractors ownership and type has significant effect on fuel
levels and farming system did not have significant effect energy.
on energy efficiency. Based on Figure 4, corporate ownership with the

The Effect of Land Area and Land Ownership on Energy than the other ownerships, i.e. personal ownership with
Efficiency (Ratio) for Potato: In the studied area, the the average of 5851.15 MJ/ha and private ownership with
farmers usually rented their lands to plant wheat, rapeseed the average of 5992.522 MJ/ha in terms of fuel
or alfalfa, since the price of these three products are consumption. These owners who include nearly 17% of
usually guaranteed by the Ministry of Agriculture each potato growers did not face with the recent problems of
year and farmers planted crops with more relief. However, wheat growers, i.e. dispersion due to the cultivation of
in 2004, about 80 percent of the potatoes were ignited supplement rapeseed. After corporate owners individual
after sweeten in the warehouses. Thus, potato planting in owners and private services are in the same group or
the r egion (especially in recent years) is faced with high status. In fact, there is no significant difference between
risk. Hence, farmers are less willing to lease the land and these groups. The effect of different tractors on fuel
plant potatoes. In 2006 crop year, among potato growers energy can be seen in Table 6 average comparison. As it
only 4% of farmers leased their  lands  to   potato is defined, MF285, MF399 and JD2040 tractors consume
plantations. less fuel than other ones. Furthermore, the highest energy

As it is shown in Table 4, the effect of energy consumption is related to U650 and JD3140 tractors.
efficiencywith land ownership was not significant at any
level. Base on the discussed issue, very small number of CONCLUSIONS AND RECOMMENDATIONS
farmers have leased their lands for potato plantations.
Also, the limited number also has planted at different Reviewing  the  results   suggested    that   the
levels of land. highest energy consumption in the potato is related to the

average of 5282.775 MJ/ha is located in a better status
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chemical energy with an average of 51 percent of 5. Pimentel, D., 1992.  Energy inputs in production
(fertilizers, especially nitrogen) and the least energy agriculture. Energy in Farm Production, 6: 13-29.
consumption is related to biologic energy with the 6. Singh, G., S. Singh and J. Singh, 2004. Optimization of
average of 2 percent (labors). The effects of different energy inputs for wheat crop in Punjab. Energy
levels of cultivation on the energy efficiency (ratio) are Conversion and Management, 45(3): 453-465.
ignificant in one percent for potato, as increase in 7. Ozkan, B., H. Akcaoz and C. Fert, 2004. Energy input-
cultivated area from one hectare up to five hectares; the output analysis in Turkish agriculture. Renewable
average of efficiency (ratio) will increase. Effect of farming Energy, 29(1): 39-51.
systems on the energy ratio was significant at one 8. Uhlin, H.E., 1998. Why energy productivity is
percent. In the other hand, the land ownership had no increasing: an IO analysis of Swedish agriculture.
significant effect on energy ratio. Effect of tractor type Agricultural Systems, 56(4): 443-465.
and ownership on the consuming fuel energy was 9. Hamedani, S.R., Z. Shabani and S. Rafiee, 20111.
significant at one percent. The following Energy inputs and crop yield relationship in potato
recommendations are made to improve energy indicators production in Hamadan province  of  Iran.  Energy,
in growing potato: 36(5): 2367-2371.

Because  of  maximum  energy  efficiency  obtained 10. Safa, M. and A. Tabatabaeefar, 2002. Energy
for  both products   from   the   high   area   of   land consumption in wheat production in irrigated and dry
(above 5 hectare), it is recommended to the farmers to land farming. in Proc. Intl. Agric. Engg. Conf. Wuxi,
integrate their agricultural lands to the extent possible by China, Nov., 
establishing cooperatives due to the small and scattered 11. Safa, M. and A. Tabatabaeefar, 2008. Fuel
lands in the study area. To reduce fuel consumption in consumption in wheat production in irrigated and dry
various operations, especially tillage, the following land farming. World Journal of Agricultural Sciences,
methods  can  be useful:  timely  agricultural   operations, 4(1): 86-90.
performing daily services and timely repairs, appropriate 12. Ghorbani, R.,  F.  Mondani,  S.  Amirmoradi, H. Feizi,
management and avoiding unnecessary traffic, choosing S. Khorramdel, M. Teimouri,  S.  Sanjani, S.
appropriate tractors and equipment and so on. Providing Anvarkhah and H. Aghel, 2011. A case study of
the required facilities to replace old and worn-out tractors, energy use and economical analysis of irrigated and
development of machinery related to the plantation of dryland wheat production systems. Applied Energy,
potatoes and also use of advanced harvesting 88(1): 283-288.
machineries for the  collection of farm products. 13. Banaeian,  N.,  M.  Omid  and  H.  Ahmadi,  2011.
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