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Table 1- Timing farming operations of potato production in Golestan province
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Mixing fertilizer with soil Mid-November
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First irrigation Late March
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Second irrigation Mid-April
Py 4l o ()l s Bl
Third irrigation Mid-April
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Fourth irrigation Mid-May
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Topping Late May
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Table 2- GHG emissions coefficients for potato production in Golestan province, Iran
L2959 2y C:0 N.O  CHq ase
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Table 3- Energy content for used inputs and obtained outputs in wheat production
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Table 4- The amount of consumed inputs for potato production in Golestan province
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Farming operations
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Table 5- Input energy in terms of farming operations for potato production in Golestan province

Sllos $2959 55! 53l aey
Operation Input energy Percent from total
- 897.0740.99 13.17
plough
. 710.11+1.98 10.42
disking
el 163.32+1.65 2.40
Fertilizing

(d 255 askad) cusls

. . 9.6+0.76 0.14
Planting (tuber cutting)
(k)] eabs 684.67+0.02 10.05
Planting (row drill)
58 a5 Oy 5 22 SB 399.17+1.58 5.86
Weeding and crusting
wplS cble 976+0.66 14.33
Crop protection
ir 510.9+0.93 7.50
Topping
O (i 1050.11+0.39 15.42
tuber harvester
SN bt Jpae gyl 1411.2+0.04 20.72
Crop harvesting by labor
S 6812.15+0.04 100

Total
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Table 6- Direct and indirect input energy for potato production in Golestan province

299 &5 Sl ey
Input energy Mean Percent from total
Direct
b g 3457.6+0.08 9.26
Fossil fuel
A 2302+1.13 6.16
Electricity
Sl o
1628.1+1.2 4.36
Human labor
sl 489629.03 13.11
Water for irrigation
Indirect
Cisr 355 8362.8+1.19 22.40
Nitrogen
Sd 355 2249+1.02 6.02
Phosphorus
el 255 397+0.04 1.06
Potassium
ok o 12960+1.16 34.71
Tuber
b i dile
.8+0. 1.08
Herbicides 401.8+0.07
Lo 158.4+0.09 0.42
Fungicides
e gile 341.9+1.07 1.41
Machinery
S e 37154.6+2.34 100.00
Total
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Table 7- Energy indices for potato production in Golestan province

b s Lo
Indices

»‘9
Unit

Meanzsd

£%939 (55!
Input energy

e (65!

Direct energy
oabitns il (65 )
Indirect energy
85 80959 551
Total input energy
TINS5

Output energy

MJ.hat 12283.7+0.54

MJ.hat 24872.2+0.47

MJ.hat 37154.6+2.34

01é (5l

Tuber energy

0lE )/&Lof—

Tuber yield

@295 S5

Total output energy
Sipl Spae 25
Energy use efficiency
ok 555

Specific energy
S5l a9e e

Energy productivity
oA 55

Net energy

MJ.ha't 79200+0.73
Kg 22000+0.08
MJ.ha't 79200+0.73
- 2.13+0.01
MJ kgt 1.70+0.01
Kg.MJt

0.59+0.01

MJ.hat 42045.3+1.74
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Table 8- GWP (kg eg-CO2.ha-1) for potato production in Golestan province, Iran

Bu299 Meanzsd 5l
Inputs Percent of total
o 429.08+0.08 26.5

Nitrogen

S 161.99+0.09 10.02
Phosphorous
el 32.15+0.02 1.99
Potassium

oS ke 64.73+0.02 4.01

Herbicide
Sk 25.52+0.02 1.58

Fungicide
eV opile 77.46+0.03 479
Machinery
o S g 349.79+0.03 21.64
Fossil fuel
ot 2SI 475.500.07 29.42
Electricity
Laodleg ggaze 1616.22+0.08 100
Total inputs

Ol il 53 (Spojicams g 5> Bodled (B 32 (512 U5 13 0,59k s 3 (SIS (G Sy o LN o2l Jgur
Table 8- GHG emissions (kg.ha™) for potato production in Golestan province, Iran

L5399 S ST (53 039540 eS| ole
Inputs C,0 N,O CHa
39 427.8 1.28 0.0023
Nitrogen
S 161 1.00 0.0007
Phosphorous
ol 35 0.155 0.0002
Potassium
et 320.4 19.53 9.82
Fossil fuel
gy S 10.41 465.08 0.0037
Electricity
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Table 9- GHG emissions for potato production in Golestan province

Sk ohleS iy ol Meanzsd
GWP Unit
g 21y kg eq-COz.ha't 1616.22+0.08
per unit area
039 >ly » kg eg-CO2.kg™ 0.07+0.00
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<2923 S3F1 21y kg eq-CO2.MJ 0.04+0.00
per unit energy input
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Introduction

Nowadays, the agricultural sector is largely dependent on energy consumption due to response to increasing
food requirements for the growing population of the earth and providing adequate and appropriate foods.
Recently evaluation of input, output and global warming potential (GWP) have been applied in sciences of
agriculture. Although, further crops production without considering the environmental issues and lack of
evaluation the energy indices, do not seem logical. On the other hand, high price and limitation of energy
resources used in the agricultural products is also other important reasons for energy analysis in agricultural
ecosystems. Energy shortage and importance of agriculture in feeding the world oriented many studies to
evaluating the quantities of fuel and energy in different products and different sites. Different quantities of
energy are consumed per each hectare of potato production based on different inputs such as fertilizers, fossil
fuels, electricity, seeds, pesticides and machinery that will lead to greenhouse gases emission including CO»,
N.O and CH.. Increasing the concentration of such gases in the atmosphere can cause global warming. So
serious attention to reducing energy consumption and greenhouse gas emissions seems to be necessary. For this
purpose, fuel and energy consumption and greenhouse gas emissions were investigated in all potato fields in
Golestan province. Finally, some strategies were presented for their consumption reduction.

Materials and Methods
In order to determine the fuel and energy consumption and greenhouse gas emissions and how to reduce it,
95 potato fields in Golestan province were investigated through systematic random sampling. The amount of
inputs, including fossil fuels was recorded and energy analysis was done based on the consumed inputs. Also,
the greenhouse gases emission of carbon dioxide, nitrous oxide and methane derived from energy consumption
for agricultural inputs and agronomic operations was calculated. Finally, energy efficiency, energy productivity,
specific energy, net energy and total GWP, GWP in area unit, product weights, input energy and output energy

were also calculated.

Results and Discussion
Results showed that total input and output energy were 30.8 and 79.2 GJ per hectare, respectively. In a
study, the total input energy in potato fields in Ardabil province was 81.6 and 102.4 GJ.hal, respectively
(Mohammadi et al., 2008). Also the most direct input energy from fuel in potato farms was 14.1 percent and the
highest indirect input energy was 27 percent that related to fertilizers. The ratio of output to input energy, energy
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productivity and specific energy in potato farms were calculated 2.5, 0.71 and 1.4, respectively. Energy
productivity in potato fields in Kurdistan province for commercial and traditional fields were calculated 0.38 and
0.39 respectively, which shows that energy productivity in Golestan province is higher than Kurdistan province.

The GWP observed in potato farms was 1350.2 eq. kg CO.ha!. For potato farms the highest GWP was
related to nitrogen fertilizer and fuel consumption. Results indicated that consumption of fuel and fertilizers
constitute the high percent of energy consumption and greenhouse gas emissions.

Conclusions
Based on this study results, the use of devices that reduce fuel consumption is recommended, also need for

research on crop rotation and nitrogen fixation plants in rotation were revealed. The use of Rhizobia bacteria and
biological nitrogen fixation in rotation and organic fertilizers can be effective in reducing the use of nitrogen
fertilizers and consequently, energy consumption and GHG emission. On the other hand, it can be said that
increasing the yield along with reducing inputs consumption, especially fossil fuels and nitrogen fertilizer, can be
effective in increasing energy efficiency.

Keywords: Energy productivity, Energy use efficiency, Field operations, Fossil fuel.



