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Abstract: With the aim of evaluation and comparison
of the greenhouse gas emissions from soybean and tangerine
production in Golestan province, Iran, a pilot experiment was
carried out. In this experiment, 43 fields of soybeans and 43
orchard tangerines were selected by various management in the
province using questionnaires. The greenhouse gas emissions
were examined using the Global Warming Potential (GWP).
The results of this study showed that fossil fuel was the high-
est energy consumption in the production of soybeans (6906.5
MJ ha') and tangerines (17205.1 MJ ha'). The lowest amount
of energy consumption among inputs was related to micro
fertilizers, that was 9 MJ ha for soybeans and 17.6 MJ ha’
for tangerine. In both of production system, the most energy
consumed was shown for the harvesting sector. Irrigation and
planting were the highest contributors to greenhouse gas emis-
sions in soybean field by 387.7 and 109.4 kg CO, ha", respec-
tively; while in the tangerine production, the most greenhouse
gas emissions were related to irrigation and harvesting process
by 5828.4 and 394.7 kg CO, ha™. In general, input energy in
soybean and tangerine were 17512.8 and 33879.8 MJ ha’!, total
output energy was calculated 48310.5 and 105463 MJ ha. Fi-
nally, the energy use efficiency was computed for soybean and
tangerine 2.9 and 3.3, respectively.
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Primerjalna analiza energetske bilance in potenciala global-
nega segrevanja med pridelovalnima sistemoma sadovnjakov
mandarin (Citrus tangerine Tanaka) in gojenjem soje (Glycine
max (L.) Merr.)

Izvle¢ek: Z namenom ovrednotenja in primerjave emi-
sij toplogrednih plinov med pridelavo soje in mandarin je bil
v provinci Golestan , Iran, izveden pilotni poskus. Za poskus
je bilo z vprasalnikom izbranih 43 polj soje in 43 sadovnjakov
mandarin z razli¢nimi nadini upravljanja. Emisije toplogrednih
plinov so bile preucene z uporabo protokola potencialnega glo-
balnega segrevanja (GWP). Rezultati so pokazali, da je predsta-
vljala uporaba fosilnih goriv najvecjo porabo energije, tako pri
s0ji (6906,5 MJ ha!) kot pri mandarinah (17205,1 MJ ha). Naj-
manjsi energetki vlozek pri gojenju obeh kultur so predstavljala
mikrohranila, 9 MJ ha pri soji in 17,6 MJ ha! pri mandarinah.
V obeh sistemih pridelave je bilo najve¢ energije porabljene za
spravilo pridelka. Pri pridelavi soje sta prispevala najvecji delez
emisije toplogrednih plinov namakanje in setev, 387,7 in 109,4
kg CO, ha', med tem, ko sta pri pridelavi mandarin k temu pri-
spevala najve¢ namakanje in spravilo pridelka, 5828,4 in 394,7
kg CO, ha™. Na splosno je bil energetski vlozek pri pridelavi
soje 17512,8 in pri pridelavi mandarin 33879,8 MJ ha. Celo-
kupen izplen energije je bil pri soji 48310,5 in pri mandarinah
105463 MJ ha™. Izra¢unana ucinkovitost izrabe energije je bila
za 50jo 2,9 in za mandarine 3,3.

Klju¢ne besede: mandarine; soja; ucinkovitost izrabe
energije; emisije toplogrednih plinov
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1 INTRODUCTION

In the agricultural sector, energy consumption has
increased over the last several decades due to popula-
tion growth, decrease in arable land and improvement
of living standards. To feed a growing population, inten-
sive use of chemical fertilizers, pesticides, agricultural
machines, electricity and natural resources is needed
(Barut et al., 2010). Fossil resources are limited and,
proper and high-efficiency use is necessary to preserve
these resources for future generations of humans. On the
other hand, the increased intensive use of energy sources
causes environmental problems (Alluvione et al., 2011).
Unfortunately, most of the time farmers use more energy
to increase crop production, but they do not have enough
knowledge on how to increase the efficiency of energy
consumption (Ozkan et al., 2004). Therefore, it is not
possible to analyze the input and output energies in pro-
duction systems to design agronomic and policy-making
models in agricultural sales sector without examining the
efficiency of energy consumption. Energy relationships
in agricultural production are correlated with produc-
tion techniques, inputs, yield levels, and environmental
factors. Given that energy consumption and environ-
mental problems resulting from agriculture are increas-
ing year by year, efficient energy consumption is there-
fore an important issue in sustainable agriculture (Singh
etal., 1997). On the other hand, calculating energy inputs
in agriculture is more difficult than in industrial sectors
because many controllable and uncontrollable factors af-
fect production.

In these days, the agricultural methods are toward
developing systems that can generate more energy with
lower input consumption (Dalgaard, 2000; Tzilivakis
et al., 2005). Increasing energy efficiency and reducing
greenhouse gas emissions in crop production are among
the fundamental issues in achieving sustainable produc-
tion (Dyer and Desjardins, 2003). Aydin (2019) stated
that the largest share of input energy in the production
of tangerines in Turkey with 36 % is associated with the
use of chemical fertilizers and the total input energy was
estimated at 42.3 GJ ha''.

In the year 2017, out of about 2.85 million hectares
of the orchards in Iran, about 818 thousand hectares,
or 28.7 %, were allocated to subtropical fruits. Among
the 7.7 million tons of tropical fruit production in the
country, about 10 % was related to tangerine produc-
tion. Golestan province is one of the northern prov-
inces of Iran. The area under cultivation of crops in this
province is 724697 hectares, out of which 694618 hec-
tares are for agricultural crops and the rest for orchards.
Golestan province is one of the most important areas for
citrus production in the country. According to the Ag-
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ricultural Jihad Statistics of 2017, citrus cultivation area
in Golestan province has been reported at 6500 hectares,
which has been allocated to cultivation of tangerine, or-
ange and bitter orange. The total area under cultivation
of tangerine in Iran was 43525 hectares with production
of about 757000 tons in 2017. The area under cultivation
in Golestan province was 1549 hectares and produced
20217 tons (Ministry of Agriculture, 2018).

According to the Statistics and Information Office
of the Ministry of Agriculture Jihad, Iran, the total area
under soybean cultivation in Iran in the year 2017 was
about 40000 hectares that, 91000 tons of soybean have
been produced from this area. The area under soybean
cultivation in Golestan province has been 21000 hectares
where 41000 tons of grain has been produced. Golestan
province, with 45 % of total grain production, is in the
first place of soybean production in the country (Minis-
try of Agriculture, 2018).

Considering the fact that more than 45 % of the
country’s soybean is cultivated in Golestan province also,
due to the abundance of citrus orchards in the province,
study of the energy and greenhouse gas emissions of the
two soybean and tangerine products and comparing
them together to identify the factors and methods with
the maximum energy use in producing these crops seem
necessary. This will help agricultural policy makers in the
pattern of cultivation in different regions to guide farm-
ers to cultivate tangerine or to grow soybean. These re-
sults will also help farmers decide whether to establish
tangerine orchards or soybean farms.nally, a risk assess-
ment for consumers was conducted.

2 MATERIAL AND METHODS
2.1. DATA COLLECTION

For this research, 43 soybean fields and 43 tangerine
orchards were selected in villages of Golestan province
in Gorgan, Bandar Turkmen, Kordkouy, Fazelabad and
Aliabad. The farms and orchards were selected in a way
to cover all soybean and tangerine production manage-
ment in the area.

For this purpose, a questionnaire was designed and
data were collected through personal (face-to-face) in-
terviews with farmers and taking notes of various field
operations. In these farms and orchards, information on
duration of field operations, amount of fuel consumed
for each operation, machines used, number of conduc-
tion of each operation, cultivar and amount of seed con-
sumed, type and amount of fertilizer consumed, name
and amount of herbicides and insecticides, irrigation
duration, irrigation water supply location, energy used
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for pumping water (diesel or electricity) and orchard and
field yields were recorded. In order to collect information
on the type and amount of inputs and all input and out-
put energies, the number of samples was obtained from
the following (Eq.1) (Newbold, 1994):

(Eq. 1)

where # is the required sample size, N is popula-
tion size, S is standard deviation, S, is standard deviation
of sample mean (S, = d/z) , d is the allowable error in
the sample size was defined to be 5 % of the mean for a
95 % confidence interval and z is the reliability coefficient
(1.96 which represents the 95 % reliability).

2.2. ENERGY CALCULATION

Energy flows in farms and orchards can be divided
into two types of input energy and output energy. To cal-
culate the input energy in the farms and orchards, the
energy inputs were first calculated. Finally, the amount of
energy output was calculated by measuring the yield of
seed and fruit produced. In order to calculate the amount
of input energy for each of the soybean and tangerine
sectors, apart from the energy used by the machines and
the energy resulted by the electricity consumption, the
consumption rate of each input (human labor in hour
per hectare, fertilizer in kilograms of nutrients consumed
per hectare per kilogram of effective ingredient per hec-
tare) is multiplied by their energy equivalent. The energy
equivalent for each of the inputs used and the soybean
and tangerine seeds produced have been presented in
Table 1.

2.3. CALCULATION OF ENERGY INDICES

The following equations were used to calculate each
of the energy indices (Eq. 2-5) (Ghorbani et al., 2011):

Energy use efficiency = Energy output (MJ ha™)/ Energy input (MJ ha™)
(Eq.2)

Energy productivity(t GI™") = Crop output (kg ha™)/ Energy input (MJ ha™)

(Eq.3)

Specific energy (GJ ') = Energy input (MJ ha™)/ Crop output (t ha™)

(Eq.4)

Net energy (MJ ha™) = Energy output (MJ ha™) — Energy input (MJ ha™)

(Eq. 5)

2.4. ESTIMATES OF GREENHOUSE GAS EMIS-
SIONS

Global Warming Potential (GWP) Index was used
to evaluate the greenhouse gas emissions. This index is
the sum of the greenhouse gases produced, expressed as
carbon dioxide equivalent (IPCC, 1997). In order to cal-
culate GWP emissions, three greenhouse gases of carbon
dioxide, nitrous oxide and methane resulting from en-
ergy consumption were considered to produce agricul-
tural inputs and perform various agricultural and horti-
cultural operations.

The GWP was calculated during the following steps:

1. The energy equivalent for the production and use
of each of the inputs as well as the energy equivalent for
each crop production for soybean and tangerine were
calculated according to the method described in the en-
ergy section.

2. The share of different energy sources used, in-
cluding electricity, natural gas, diesel, oil and petroleum,
was estimated for the production of each of the inputs
(Green, 1987; Tzilivakis et al., 2005). The amount of elec-
tricity, natural gas, diesel, oil and petroleum determined
by the questionnaires was multiplied at the equivalent
energy and its energy equivalent was calculated.

3. After determining the contribution of each ener-
gy source to the production of different inputs, the emis-
sion rate of each of greenhouse gases of carbon dioxide,
methane and nitrous oxide resulting from the use of dif-
ferent energy sources by using greenhouse gas emission
factors for each joule of energy consumed was calculated
separately for each energy source.

4. Given the different potential of greenhouse effect
for the three carbon dioxide, methane and nitrous oxide
gases (each kg of nitrous oxide and methane have 310
and 21 kg carbon dioxide of greenhouse effect, respec-
tively), total greenhouse gas emissions was calculated as
carbon dioxide equivalent, which is the GWP index.

5. After calculating the total GWP, GWP values per
unit area (kg CO, eq per hectare) per yield unit produced
(kg CO, eq per ton of soybeans) were calculated per unit
of energy input (kg CO, eq in Giga-Joule) and in units of
output energy (kg CO, eq in Giga-Joule).

2.5. STATISTICAL ANALYSIS

In this study, SAS (Ver. 9.2) and Excel software were
employed for data analysis and drawing the graphs.
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Table 1: Energy equivalents of inputs and outputs in tangerine orchard and soybean field

Energy equivalent

Particulars Unit Reference
(MJ unit™)

Inputs
Human labor h 1.96 Ozkan et al. (2004)
Machinery h 142.7 Kaltsas et al. (2007)
Diesel fuel 38.00 Ministry of oil (2007)
Nitrogen kg 60.60 Akcaoz et al. (2009)
Phosphate (P,0,) kg 11.10 Akcaoz et al. (2009)
Potassium (K,0) kg 6.70 Akcaoz et al. (2009)
Insecticide kg or 237 Tzilivakis et al. (2005)
Herbicides kgorl 278 Tzilivakis et al. (2005)
Manure kg 0.30 Taylor et al. (1993)
Electricity kW h 3.60 Pimental and Pimental (1996)
Irrigation Water m? 0.63 Taylor et al. (1993)
Seed kg 30.50 Pimental and Pimental (1996)
Outputs
Grain yield kg 15.05 Pimental and Pimental (1996)
Fruit kg 1.9 Kitani (1999)

3 RESULTS AND DISCUSSION

3.1. FUEL CONSUMPTION RATE DURING
OPERATIONS

Among the various soybean operations, fertiliza-
tion had the lowest amount of diesel consumption, av-
eraging 1.15 liters per hectare (Table 2). The highest fuel
consumption in soybean production was related to ir-
rigation operations that consumed, on average, 81.1 lit-
ers per hectare (diesel) for diesel wells and 972 kWh per
hectare of electricity energy for electric wells (Table 2).
After irrigation, the highest fuel consumption in soybean
production was related to harvesting operations, which
averaged 32.4 liters per hectare (Table 2). One thing to
note about fuel consumption and operation is that the
way of the operations also affects fuel consumption. For
example, land preparation with combine harvester con-
sumes less fuel than land preparation with a plow and a
deep farm disk (Table 2).

Regarding the production of tangerines, the highest
fuel consumption was for harvesting operations, which
consumed an average of 157.8  ha'. After harvesting, the
highest fuel consumption in the tangerine production
process was related to the irrigation operation, which
consumed an average of 126.1 | ha' (Table 2). The low-
est amount of fuel consumed in the tangerine produc-
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tion operation was associated with weed control, pest
control, which consumed an average of 9.8 and 15.5 1
ha', respectively. It should be noted, however, that the
chemical fertilization operation had no fuel consump-
tion because it was fully manned (Table 2). Weed control
also had high fuel consumption in relation to the pro-
duction of tangerines such as animal manure, in a way
that animal manure consumed an average of 38.1 liters of
fuel per hectare and weed control consumed an average
of 42.1 1 ha' (Table 2). Yilmaz and Aydin (2019) stated
that the highest share of input energy in the production
of tangerines in Turkey with 36 % is associated with the
use of chemical fertilizers and the total input energy was
estimated at 42.3 GJ ha''.

3.2. ENERGY CONSUMPTION IN THE INPUTS
SECTOR

Based on the results of Table 3, the energy consump-
tion rate per seed input varied from 948.1 to 752.5 M]J
ha, so that the average soybean fields studied in this
experiment consumed 840.7 MJ ha™ per seed (Table 3).
Among the fertilizers used for soybean production, ni-
trogen fertilizer had the highest energy consumption,
with the highest energy consumption for nitrogen ferti-
lizer at 6363 MJ ha'. As some of the fields studied did not
use nitrogen fertilizer, the lowest energy consumption for
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Table 2: Amount of used gasoline (1 ha') and electricity (kWh ha™) for each operation in tangerine orchard and soybean field

Operation Tangerine Soybean
Land Preparation 30.7+5.2 155+25
Sowing 273+3.2 74+1.1
Fertilization and manure 38.1+3.3 15.1+£2.0
Pest control 155+1.2 19.4+3.6
Weed control 9.8+1.2 3.8+0.3
Irrigation 126.1 £9.2 81.1+6.6
Harvesting 157.8 £ 6.9 324+32
Land operation 147+ 2.8 0
Total 19.8 + 420.0 12.3 +174.7
Electricity for irrigation 1113 +114.5 972 +59.6

Table 3: Consumed energy (M] ha!) for different input of tangerine orchard and soybean field

Input Tangerine Soybean
Labor 2312.5+116.7 535.5+88.5
Seed / Seedling 2533.0 + 145.3 840.7 £2.2
Machinery 11910.6 + 791.8 3754.9 + 881.6
Fuel 17205.1 +1050.8 6906.5 + 391.2
Electricity 1156.1 + 548.1 269.2 + 86.4
Nitrogen 1087.8 £ 102.3 3878.4+115.9
Phosphorus 1063.7 + 81.2 1041 £ 102.2
Potassium 391.9+59.3 251.2 +39.2
Micro nutrient 17.6 £ 1.2 9+1.1
Herbicide 204.6 +10.7 88.9£10.2
Pesticide 206.9 £9.0 363+2.1
Winter pest control 56 + 8.6 -
Manure 187 £19.8 -

Total 38332.8 17611.6

fertilizers was zero, so the average energy consumption
for nitrogen fertilizer was 3878.4 MJ ha'! (Table 3). In the
case of phosphorus and potash fertilizer, because some
farms did not use these two types of fertilizer, the low-
est energy consumption for potassium and phosphorus
fertilizer was zero (Table 3). The average consumption of
phosphorus and potassium fertilizers for soybean pro-
duction was 1041 and 252.2 MJ ha’!, respectively (Table
3). In the studied farms, the amount of fertilizer con-
sumed depends on the management of the farms and the
finances of the farmers. Generally, in the Gorgan area,
the farms who consider the crop rotation and have plant-
ed legumes in the fall and also in the case of returning
crop residues to the soil, the farmers do not use nitro-
gen and potash fertilizers without affecting crop yields.

Also, farmers who did not have high financial resources
refused to use fertilizer to reduce production costs, the
opposite was also true, farmers who had relatively good
financial status used micro-fertilizers in addition to com-
mon fertilizers.

Regarding tangerines, the average energy consump-
tion for nitrogen, phosphorus and potassium fertilizer
inputs for tangerine production were estimated at 1087.7,
1063.7 and 391.9 MJ ha’, respectively (Table 3). Maxi-
mum energy consumption for nitrogen, phosphorus and
potassium fertilizer inputs was 1087.8, 1063.72775 and
391.9 MJ ha, respectively (Table 3). An average energy
of 187 MJ ha has been consumed in the studied or-
chards in relation to livestock manure (Table 3). Among
the herbicide, pesticide and winter spraying inputs, the
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highest amount was related to pesticide 206.9 MJ ha, af-
ter the pesticide input, the herbicide input with the high-
est energy consumption of 204.6 MJ ha' had the highest
energy consumption for tangerine production.

Dehshiri and Aghaalikhani (2012) reported the av-
erage energy use in soybean seed production in Golestan
and Mazandaran was 1836 M] ha™. Rajabi et al. (2012)
reported an average energy consumption of 5964 MJ ha™!
for wheat production. In their study, the researchers cal-
culated the highest and lowest energy consumption of
this input, respectively at 1248 to 12366 M] ha''. Mousavi
Aval et al. (2011) estimated the amount of energy con-
sumed by nitrogen, phosphorus, potassium, and sulfur
fertilizers for soybean production in Gorgan, at 6281,
627, 102, and 4 M]J ha’!, respectively. The difference in
the energy consumption rate in the fertilizer sector in
this study was in line with other studies in the Golestan
province due to the recent increase in fertilizer prices
that farmers preferred to use less fertilizer to reduce pro-
duction costs. In soybean production studies, the energy
consumption of herbicides for soybean production in the
Golestan region has been estimated at 631 MJ ha™.

In the production of tangerines, the average energy
consumed for human labor was 2312.5 MJ ha'! (Table 3).
Like soybeans, the way in which various operations are
performed has a huge impact on the amount of energy
consumed in the tangerine sector, for example, the irri-
gation method can affect the energy consumption rate of
the work force sector. Drip irrigation did not have any
human labor, while flood irrigation of the orchards re-
quired a great deal of work force and consumed a great
deal of energy in the work force sector. Yilmaz and Aydin
(2019) reported that the highest energy consumption in
the orchards of tangerine and lemon production was as-
sociated with the use of chemical fertilizers and fuel.

3.3. CONSUMPTION ENERGY FOR VARIOUS
OPERATIONS IN SOYBEAN AND TANGERINE
PRODUCTION

The results of Table 4 showed that among the vari-
ous operations for soybean production, the highest aver-
age energy consumption was related to harvesting with
average value of 2955 MJ ha ! (Table 4). The lowest av-
erage energy consumption in the soybean production
process was related to manual weeding, cultivator and
hoeing, which consumed 62.3 and 107.0 MJ ha" on aver-
age (Table 4). The average energy consumption in land
preparation, irrigation, sowing and fertilization in soy-
bean production was estimated at 556.4, 543.3, 1115.2
and 1755.6 MJ ha’, respectively (Table 4).
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In the process of tangerine production, the highest
average energy consumption is related to the harvesting
process (picking the fruit and transporting it to the de-
sired location) which is significantly different with other
operations in energy consumption, so that, on average,
13817.6 MJ ha' energy is consumed for the tangerine
harvesting operations (Table 4). In fact, the tangerine
harvesting process consumes a lot of energy because of
the human labor. On the other hand, because of the high
fruit yield in the tangerine orchards, the energy for trans-
port is also very high. These are two factors could raise
energy consumption for the tangerine harvesting opera-
tion. It should be noted, however, that the energy con-
sumption rate in tangerine harvesting operations largely
depends on the proximity or location of the storage or
sale of tangerines, which also increases with increasing
destination distance.

After harvesting, the highest energy consumption
was related to irrigation operations with an average val-
ue of 5763.9 MJ ha' in tangerine production (Table 4).
Fertilization also had less tangerine energy consumption
of on average 1098.99 MJ ha'! than the other operations
(Table 4). In terms of comparing soybean and tangerine
energy consumption, it should be stated that energy con-
sumption in tangerine production is very different from
soybean, for example, the energy consumption rate in
soybean irrigation is on average 543.3 MJ ha™', while this
amount for tangerine was 5763.9 MJ ha' (Table 4). In
general, it can be stated that the energy consumption of
similar operations in soybean production is much lower
than that of tangerine production, which could also be
due to the presence of tangerines throughout the year.

Filipovi¢ et al. (2006) estimated fuel consumption
for three types of tillage systems including conventional
tillage, low tillage and direct tillage at 71, 35 and 7.5 lit-
ers per hectare, respectively. Mari and Changying (2007)
compared conventional tillage, low tillage and direct till-
age systems in terms of fuel and energy consumption and
showed the highest energy consumption (7969 MJ ha™)
in fuel consumption for the conventional system and
the lowest energy consumption (4099 MJ ha) for direct
cropping system. Farmers and orchardist can reduce pro-
duction costs by reducing fuel consumption (Tabatabae-
efar et al., 2009).

3.4. ENERGY USE INDICATORS

Table 5 presents the energy inputs, outputs, as well
as energy indicators of soybean and tangerine produc-
tion. Total input energy in soybean production was on
average 17512.8 MJ ha! (Table 5). Soybean yield was on
average 3210 kg ha’, the lowest and highest grain yield
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Table 4: Consumed energy (M] ha!) in different operations of tangerine orchard and soybean field

Operation Tangerine Soybean
Sowing 2173.6 £99.6 1115.2 £ 58.6
Land preparation 2533.0+95.2 556.4 + 41.6
Fertilization 1098.9 +45.2 1719.2 £ 1154
Pest control 3139.5 + 148.6 216.6 £11.6
Weeding 906.4 + 74.5 62.3+8.4
Irrigation 5763.9 £ 188.2 543.3 +18.1
Harvest 13718.6 £ 521.2 2955 + 156.5
Cultivator and hoeing 2180.7 +113.2 107.0 £ 15.2
Total 31513.8 7275.0

in the studied soybean fields were 2700 and 3800 kg ha”,
respectively. The total energy output for soybean fields
was on average 48310.5 MJ ha! (Table 5).

The net energy produced in the studied soybean
fields was 30797.7 MJ ha! on average (Table 5). The en-
ergy efficiency index in the studied fields was 2.9 on aver-
age. The energy efliciency index is obtained by dividing
the total output energy by the total input energy in soy-
bean fields. This index indicates that the output energy
in the farms is several times the input energy, in the soy-
bean fields the energy efficiency index ranged from 1.8
to 5.5. The energy productivity index in soybean fields
was at 5.5 t GJ! on average, the energy efficiency index is
obtained by dividing the grain yield by the input energy
values of the soybean fields. This indicator shows the ra-
tio of grain yield to input energy in the field. In our in-
vestigation it varied between 8.1 to 2.7 t GJ™'. The higher
energy efficiency index causes the higher yield for less
input energy.

In the soybean fields, the specific energy index was
at 0.19 GJ t! on average. The specific energy index is the
opposite of the energy efficiency index and is obtained
by dividing the input energy by soybean grain yield. Net
energy performance index calculated from subtraction
of output energy and input energy is in fact the same
amount of net energy which was 30.8 GJ ha on average
for the soybean field (Table 5).

But in the tangerine orchards studied, the average
energy input for all orchards was 33879.8 MJ ha™' (Table
5). The average tangerine yield in orchards was 56033.3
kg ha, with the highest and lowest tangerine yields of
80000 and 37000 kg ha™', respectively (Table 5). The aver-
age total energy output in the orchards under study was
105463.3 M] ha™. The net energy in the studied orchards
varied between 129213.1 MJ ha! to 29629.4 MJ ha’!, with
an average net energy value of 72583.5 MJ ha'in the
studied orchards (Table 5).

Energy efficiency index of tangerine orchards was

3.3 on average. The highest energy use efficiency was 6.7
and the lowest energy efficiency index was 1.6. Average
energy use efficiency in tangerine production was higher
than soybean production, this indicates that tangerine
orchards produce more net energy than soybean fields,
but a very important point is that the soybean production
process in Gorgan is about half the length of the grow-
ing season, while tangerine orchards have been occupied
by tangerine trees throughout the growing season, it is
therefore reasonable to expect less net energy in soybean
fields than in tangerine orchards (Table 5).

Energy efficiency index in tangerine orchards was
on average 0.63 GJ t' (Table 5). The average net energy
yield index in the tangerine orchards under study was
72.5 GJ ha'! (Table 5). Yilmaz and Aydin (2019) by exam-
ining the energy balance in citrus orchards reported the
energy efficiency in tangerine orchards at 2.03, the en-
ergy yield at 0.85 kg MJ, the net energy at 1.18 MJ, and
the net energy at 43.6 GJ ha™, respectively. In the overall
comparison between tangerine and soybean, total input
energy in soybean production was much lower than in
tangerine production. Also, the total energy output and
net energy in soybean were also lower than those of soy-
bean. The net energy output for soybean production was
30797.7 MJ ha’, but it was estimated at 72583.5 MJ ha’!
for tangerine, this indicates a much higher output of tan-
gerine than soybean. Comparison results between energy
indices in soybean and tangerine production showed that
energy efficiency index in soybean (2.9) was lower than
tangerine (3.3), but energy productivity in soybean (5.5)
was higher than tangerine (1.3). In addition, net yield en-
ergy index in soybean was 30.8 GJ ha!, which was much
lower than net energy index in tangerine (72.5 GJ ha™)
(Table 5).

Ozalp et al. (2018) showed that the input energy of
pomegranate in Turkey was 50.5 GJ ha ! and the output
energy was 76.3 GJ. The energy use efficiency was also
1.51. Aydin et al. (2018) stated that in the apple produc-
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Table 5: Input, output and energy indexes of tangerine orchard and soybean field

Index Unit Tangerine Soybean
Total Input MJ ha! 33879.8 + 688 17512.8 £ 596
Fruit/Seed Yield kg ha! 56033.3 + 791 3210 + 256
Total output MJ ha'! 105463.3 + 822 48310.5 = 671
Net energy MJ ha! 72583.5 + 511 30797.7 + 822
Energy use efficiency - 33+09 29+0.3
Energy productivity ton GJ! 1.3+£0.2 55+0.6
Specific energy GJt! 0.63 £0.07 0.19 +£0.03
Net yield energy GJ ha! 72.5+53 30.8+3.6

tion system with good agricultural method, energy effi-
ciency, energy yield and specific energy were 1.36, 0.56
and 1.77, respectively. In a study, Ghorbani et al. (2011)
compared energy consumption in dry land wheat (low
input) and irrigated wheat (high input). They stated that
the total energy consumption in dryland wheat cultiva-
tion was 9354.2 MJ/ha, but the total energy input in ir-
rigated wheat was 45367.6 MJ ha''. Sahabi et al. (2013)
stated that the input energy for wheat and barley pro-
duction was 514040 and 44866 M]/ha, respectively. They
stated that profit-to-cost ratio in wheat was higher than
in barley, which was 1.59 versus 1.35. Generally speak-
ing, lower consumption of inputs can reduce energy con-
sumption in the production of horticultural products but
it should be noted that the decrease in inputs does not
have a negative effect on the profit-to-cost ratio.

3.5. GREENHOUSE GAS EMISSIONS

3.5.1. Emissions of greenhouse gases from consump-

tion of inputs

The results of the study of greenhouse gas emissions
in the fields and orchards under study for different inputs
have been presented in Fig. 1. The results of soybean field
surveys showed that the highest greenhouse gas emis-
sion rate was related to fuel and electricity inputs with
the average values of respectively 501.6 and 163.7 kg of
CO, per hectare. The lowest values for greenhouse gas
emission rate in the soybean fields were in human labor
and pesticide, respectively, which produced, on average,
0.22 and 0.78 kg CO, per hectare, respectively (Fig. 1).
The average greenhouse gas emission rate was higher for
herbicides than for pesticides, because most of the farms
used herbicides, this led to a higher energy consumption
for herbicides than for pesticides.

In the production of tangerines like soybeans, the
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highest greenhouse gas emission rate was related to fuel
input, which produced an average 1249.6 kg of CO, per
hectare (Fig. 1). The average greenhouse gas production
rate for tangerine input was lower than for pesticides, this
is because fruit trees are more susceptible to pests and
diseases than weeds, which is why most of the orchards
studied used pesticides, and another reason is that some
of the orchards under study used cultivators instead of
herbicides to combat weeds (Fig. 1). Ozalp et al. (2018)
showed that 1.73 tons of CO, was emitted in the produc-
tion of one hectare of pomegranate. An 88.1 kg of CO, is
also emitted to produce 1000 kg of fruit.

The average greenhouse gas emissions induced
from human labor for tangerines were 11.79 kg CO, on
average per hectare, which was much higher than for
soybeans. This seems to be due to the large amount of
human labor being used in harvesting in tangerines and
so the greenhouse gas emissions in the tangerine human
labor sector are also increasing. In the production of tan-
gerine manure fertilizer also caused a significant green-
house gas emissions, averaging 78.5 kg CO, ha* (Fig. 1).
In general, it can be said that greenhouse gas emissions
are much higher in the production process of tangerines
than soybeans, so, in similarly used inputs between soy-
bean production and tangerine, greenhouse gas emis-
sions were higher in tangerine (Fig. 1).

3.5.2. Released greenhouse gases resulting from agri-

cultural and horticultural operations

Different amounts of greenhouse gases are pro-
duced in different operations to produce soybeans and
tangerines, which have been summarized in Fig. 2.

According to the results of Figure 2 in the soybean
production process, the highest amount of greenhouse
gas emissions was produced in irrigation operations,
which was on average at 387.7 kg CO, ha* (Fig. 2). Har-
vesting and irrigation were the operations that cause
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Figure 1: Amount of greenhouse gas emission (kg CO, per hectare) for different inputs in tangerine and soybean production
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Figure 2: Amount of greenhouse gas emission (kg CO, ha™) for different operations in tangerine and soybean production systems

most important greenhouse gas emissions to produce
tangerines in the orchards under study. These two irriga-
tion and harvesting operations have, on average, released
528.4 and 439.7 kg CO, ha! of greenhouse gas, respec-
tively. Greenhouse gas emissions in different tangerine
production operations showed that these operations pro-
duced more greenhouse gases than similar operations in
soybean production, in fact, it should be stated that the
amount of greenhouse gas emission derived from fuel
consumption, human labor and etc. in tangerine produc-
tion was higher than soybean. This ultimately produces
more greenhouse gases in the tangerine production pro-
cess (Fig. 2).

The average carbon emissions for soybean produc-
tion for conventional tillage, low-tillage and no-tillage

systems were reported at 168, 146, and 137 kg CO, ha'!,
respectively (West and Marland, 2002).

4 CONCLUSION

In general, the results showed that the total energy
consumed per hectare of tangerine orchard far exceeds
the energy required for soybean production. This differ-
ence is mainly due to the high fruit production rate per
hectare and therefore the high energy needed to harvest
and transport it. In tangerine production system irriga-
tion also consumed more energy than soybeans. In soy-
bean production, the highest energy consumption was
associated with irrigation and harvesting operations. The
greenhouse gas emission rate in citrus production was
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higher comparing to soybean production because of fuel
consumption and human labor, which in the end has led
to the production of more greenhouse gases in the tange-
rine production process. Considering the fact that in the
management of the orchards, farmer has to carry out dif-
ferent operations throughout the year because this plant
is a perennial plant compared to a soybean plant which
is annual and farming operations are conducted in only a
part of the year. In addition, because of the much higher
crop production in tangerine orchards, so energy con-
sumption and carbon dioxide emissions are much higher
in tangerine orchards. Thus farmers can use the findings
of this study to decide whether to establish a tangerine
or soybean farm in terms of energy balance and carbon
dioxide production. However, economic, social, climatic,
and edaphic comparisons are also needed to make more
precise decisions.
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