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INTRODUCTION

The ancient perennial plant species Artichoke (Cynara scolymus L.) is native to the Mediterranean Basin and
has been known since the first century AD. It was widely spred in the southern Mediterranean area during the
Middle Ages (Sgroi et al., 2015) by Arabs.Artichoke is particularly widespread in the Mediterranean Basin, where
the climate is characterized by warm summers and mild winters (D’Asaro and Grillone, 2012; Leskovar et al.,
2013; Sgroi et al., 2015).Artichoke, which has various benefits for human health, is also widely used in the
pharmaceutical industry. Artichoke has a diuretic effect. In addition, it is known to be used for purposes such as
shedding Kidney stones, treating jaundice, increasing bile perception, protecting against arteriosclerosis, and
reducing blood fat levels (Eser, 2002; Kenenoglu Bektas and Saner, 2013).

Artichoke is a significant vegetable of economic importance in the Asteraceae family. In 2018, a total of
1,680,992 tons of artichoke was produced in 127,472 hectares of land in the world. The countries that produce the
most artichokes are Italy, Egypt and Spain. In Turkey, 39,477 tons of artichoke was produced in 3,065 hectares of
land in 2018 (FAO, 2018; TUIK, 2019; Duman and Nas, 2020). Izmir, Aydin, Bursa and Sakarya stand out as the
provinces with the highest production in our country. The share of these four provinces constitutes 82% of the
total production in Turkey (TUIK, 2019; Duman and Nas, 2020).
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The energy balance sheet to be made in terms of agricultural production is an important approach in defining
and grouping agricultural systems in terms of energy consumption. The ratio between the energy equivalent of the
product per unit area in any agricultural production branch and the energy equivalent spent for production can be
used as an indicator and a benchmark for successful and profitable production. In addition, it also constitutes an
important value in terms of the efficient use of energy in today's world where environmental sensitivity is rapidly
increasing (Topdemir, 2018; Candemir, 2020).

Energy consumption per unit area in agriculture is directly related to the available technological level and
production. The inputs such as fuel, electricity, machinery, seed, fertilizer and chemical take significant share of
the energy supplies to the production system in modern agriculture. The use of intensive inputs in agriculture and
access to plentiful fossil energy has provided an increase for standards of living and food production. However,
some problems in agricultural production have been faced mainly due to high level dependency on fossil energy.
In recent years, energy use and associated greenhouse gas emissions and their potential impacts on the global
climate change have become worldwide concerns. Improving the end-use energy efficiency is one of the most
effective ways to reduce energy consumption in the industrial, commercial, transportation, utility, residential and
agricultural sectors and their associated pollutant emissions (Dyer and Desjardins, 2003; Oren and Ozturk, 2006).

Carbon dioxide gas has a significant share in the warming of the world and 80% of this gas originates from
fossil fuels. In this sense, reducing our dependence on fossil fuels and increasing the share of renewable energy
are very important in the fight against global warming. In our age, fossil fuel prices have increased significantly
and, together with concerns arising from climate change, have brought about a series of innovations in the energy
sector in terms of both supply and demand. In this context, developments aimed at expanding the use of renewable
energy sources are also gaining momentum on a global scale. Carbon dioxide emission is defined as the emission
of carbon dioxide resulting from the combustion of carbon-containing fuels (fossil fuels: oil, natural gas, coal, etc.)
into the atmosphere. In addition to negatively affecting air quality, the formation of greenhouse gases is also an
important problem. Carbon dioxide is not the only gas that causes the temperature of the earth to increase. Various
gases such as methane, carbon monoxide, and nitrogen oxides also cause a similar effect (Celen, 2016).

Several studies have been conducted on EUE and GHG of agricultural production, for instance;on vegetable
(Ozkan et al., 2004), on carrot (Celik et al., 2010),on tomato (Ozkan et al., 2011), on lettuce (Kamburoglu Cebi et
al., 2017), on onion (Ozbek et al., 2021), pepper (Baran et al., 2022), garlic (Baran et al., 2023), etc. A review on
the literature has been performed and it concluded that no studies were conducted on the EUE and GHG emission
of artichoke in the area and therefore the significance of this current study is important.

MATERIALS AND METHODS

The district's altitude above sea level is 40 meters and its surface area is 631 km?. Efeler district covers the
Buylk Menderes Valley, which narrows from west to east. Its elevation is 130 meters in the middle parts and 30
meters in front of Glimiis Mountain. The plain is surrounded by the Aydin Mountains to the north and the northern
part of the mountainous Mentese region to the south. Summers are very hot and winters are mild in the plain parts
of the district. The average temperature in summer is 28.3 °C and in winter is 8.1 °C (Anonymous, 2024a). The
district is located at 37.8402 latitude and 27.8379 longitude (Anoymous, 2024b).

This current study has been conducted in Efeler district of Aydinprovince in Turkiye during the 2022
production period. The area that was studied spanned over a 0.10 ha artichoke production area. Randomized
complete-block design with three replications has been performed. The amount of fuel usage wascalculated and
full-tank method wasusaged to achieve this. The amount of fuel used per unit area was determined to measure the
trial area and the amount of fuel that was placed in the tank (Goktirk, 1999; El Saleh, 2000; Sonmete and Demir,
2007).

The work productivity for the area wascalculated and it was deemed to be an effective productivity. Work
productivity in (ha/h) was achieved by calculating the effective working time (tef) (Giizel, 1986; Ozcan, 1986;
Sonmete, 2006).

Time durations weredetermined in the study with the help of a chronometer (Sonmete, 2006).The energy
equivalents and GHG equivalents of inputs in artichoke productionwere shown in Table 1 and Table 2,
respectively. According to Mohammadi et al. (2010); EUE, SE, EP and NE were calculated by using the formulates
(Mandal et al., 2002; Mohammadi et al., 2008).

Energy output (%)

Energy use efficiency = . . M Q)
nergy input (E)
. MJ
e Energy input (=)
Specific energy =————ha— 2
P 9y Product output(k—g) ( )

ha
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Product output (}]f—f)

Energy productivity = : M) (3
Energy input ({=)
Net energy = Energy output (MJ/ha) - Energy input (MJ/ha) 4)
Table 1. Energy equivalents in artichoke production.
Energy
Inputs Unit Equivalent References
(MJ/unit)
Human labour h 1.96 Mani et al. 2007; Karaagag et al. 2011
Machinery h 64.80 Singh,2002; Kizilaslan, 2009
Chemical fertilizers
N kg 60.60 Singh, 2002; Ekinci et al., 2020
P kg 11.10 Singh, 2002; Ekinci et al., 2020
K kg 6.70 Singh, 2002; Demircan et al., 2006
Chemicals kg 101.20 Yaldiz et al., 1993; Demircan et al., 2006
Diesel fuel L 56.31 Singh 2002; Demircan et al., 2006
Irrigation water m3 0.63 Yaldiz et al., 1993
Electricity kWh 3.60 Ozkan et al., 2004
Plant Unit 0.28 Canakci and Akinci, 2006
Output kg 0.80 Ozkan et al., 2004

Table 2. GHG emissions coefficients in artichoke production.
GHG Equivalent

Inputs Unit (kgCOsequnit) References

Machinery MJ 0.071 Dyer, J.A. and Desjardins, 2006; Ekinci et al., 2020
N kg 1.300 Lal, 2004;0zalp et al., 2018

P kg 0.200 Lal, 2004;0zalp et al., 2018

K kg 0.200 Taghavifar and Mardani 2015; Ozalp et al., 2018
Chemicals kg 13.900 Biograce, 2015; Eren et al., 2019

Diesel fuel L 2.760 Clark et al., 2016; Eren et al., 2019

Electricity kWh 0.608 Khoshnevisan et al., 2013; Ozalp et al., 2018

Eren et al. (2019) concluded that the GHG emissions (kgCO.¢q/ha) that take place through the inputs usaged to
grow 1 ha of fruit werecomputed as follows, as adapted by Hughes et al. (2011).
GHGpq = Y7y R(D) x EF (i) )

Eren et al. (2019) stated as follows, > where R(i) is the application rate of input i (unitinpu/ha) and EF(i) is the
GHG emission coefficient of input i (kgCOa.eq/Unitinpu). However, an index is defined to evaluate the amount of
emitted kgCO2.¢q per kg yield. This is indicated in the following formula adapted Houshyar et al. (2015) and
Khoshnevisan et al. (2014), where lghg is GHG ratio and Y is the yield as kg per ha.

GHGpq
e (6)

lgue =

The input energy can be categorized into D, IDE, RE and NRE forms(Mandal et al., 2002; Singh et al., 2003;
Koctiirk and Engindeniz, 2009). Energy balance, energy utilization efficiency computations, energy inputs types,
GHG emissions of inputs related to artichokeproduction are presented in Tables 3 to 6, respectively.

RESULTS AND DISCUSSION

In this study, the average amount of artichoke produced per hectare was calculated as 6 825 kg for the 2022
production season. As indicated in Table 3, El in artichoke production, 15 718.20 MJ/ha (48.80%) chemical
fertilizers energy, 8 896.98 (27.62%) diesel fuel energy, 3 832.27 (11.90%) machinery energy, 1 958.40 (6.08%)
electricity energy, 1 036.35 (3.22%) irrigation water energy, 329.55 (1.02%) human labour energy, 294 MJ/ha
(0.91%) plant energy and 145.73 (0.45%) chemicals energy, respectively. Total Elwascalculated as 32 211.48
MJ/ha,OEwas calculated as 5 460 MJ/ha.

In previous studies, Celik et al. (2010) determined fertilizer energy had the biggest share by33.19% in carrot
(conventional)production, Ozkan et al. (2004) determinedfertilizer energy had the biggest share by 29.42% in
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pepper production, Ozkan et al. (2011) determined fertilizer energy had the biggest share by 38.22% in tomato
production,etc.Yield, El, EO, EUE, SE, EP and NE in artichoke production were calculated as 6 825 kg/ha, 32
211.48 MJ/ha, 5 460 MJ/ha, 0.17, 4.72 MJ/kg, 0.21 kg/MJ and -26 751.48 MJ/ha, respectively (Table 4). In
previous studies, Celik et al. (2010) determined (conventional carrot) EUE as 1.30, Ozkan et al. (2004) determined
(pepper) EUE as 0.99, Ozkan et al. (2011) determined (tomato) EUE as 0.80.

Table 3. Energy usagein artichoke production.

Energy Input Per .
Inputs Unit Equivalent Hectare (El\r;li;gg)Value (F(e)/aoglo
(MJ/unit) (Unit/ha)
Human labour h 1.96 168.14 329.55 1.02
Machinery h 64.80 59.14 3832.27 11.90
Chemical fertilizers 15718.20 48.80
N kg 60.60 207 12544.20 38.94
P kg 11.10 161 1787.10 5.55
K kg 6.70 207 1386.90 4.31
Chemicals kg 101.20 1.44 145.73 0.45
Diesel fuel L 56.31 158 8896.98 27.62
Irrigation water m? 0.63 1645 1036.35 3.22
Electricity kWh 3.60 544 1958.40 6.08
Plant Number 0.28 1050 294 0.91
Total inputs - - - 32211.48 100
Energy Output per .
Output Unit equivalent hectare (El\r)lej;gg)value gzglo
(MJ/unit) (unit/ha)
Product kg 0.80 6 825 5 460 100
Total output - - - 5460 100
Table 4. EUE computations in artichoke production.
Calcutations Unit Values
Product kg/ha 6 825
El MJ/ha 32211.48
EO MJ/ha 5 460
EUE - 0.17
SE MJ/kg 4.72
EP kg/MJ 0.21
NE MJ/ha -26 751.48

As seen in Table 5, the total Elusaged in artichoke production could be classified as 37.94% (12 221.28 MJ/ha)
DE, 62.06% (19 990.20 MJ/ha) IDE, 5.15% (1 659.90 MJ/ha) RE and 94.85% (30 551.58 MJ/ha) NRE. NRE was
bigger than the ratio of RE in EI of artichoke production. Similarly, in previous studies on tomato (Ozkan et al.,
2011), on onion (Ozhek et al., 2021), on pepper (Baran et al., 2022), among others, yielded results where the ratio
of NRE was higher than the ratio of RE.

Table 5. Elin the forms of energy for artichoke production.

Energy Types El Ratio
(MJ/Ha) (%)
DE 12 221.28 37.94
IDE 19 990.20 62.06
Total 32211.48 100
RE 1659.90 5.15
NRE 30551.58 94.85
Total 32211.48 100

The results of GHG emissions of artichoke production are given in Table 6. The total GHG emission was
calculated as 1 401.64 kgCOxq/ha (0.21 tonCOxeq/ha). The results of the study given to the fact that the share of
diesel in total GHG emissions had the highest value 31.11%, machinery 19.41, N (nitrogene) 19.20% held the
second and third place. GHG ratio (per kg) wascalculated as 0.21. In previous studies on the subject, Ozbek et al.
(2021) calculated the total GHG emission of artichoke production as 2.92 tonCOgeg/ha, Baran et al. (2022)
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calculated the total GHG emission of pepper production as 3.70 tonCO.e¢/ha, Baran et al. (2023) calculated the
total GHG emission of garlic production as 8.63 tonCOx4/ha.

Table 6. GHGEmissions in artichoke production.

GHG  Coefficient |MPUtusaged o ~r icdions  Ratio

Inputs Unit per area

(kgCOgzequunit) (unit/ha) (kgCOzeq/ha) (%)
Machinery MJ 0.071 3832.27 272.09 19.41
N kg 1.300 207 269.10 19.20
P kg 0.200 161 32.20 2.30
K kg 0.200 207 41.40 2.95
Chemicals kg 13.900 1.44 20.02 1.43
Diesel fuel L 2.760 158 436.08 31.11
Electricity kWh 0.608 544 330.75 23.60
Total - - - 1401.64 100.00
GHG ration (per kg) - - - 0.21 -

CONCLUSION

This current study aimed todeterminethe energy balance and GHG emissions in artichoke production. Study
results are summarized below. EUE, SE, EP and NE in artichoke production werecalculated as 0.17, 4.72 MJ/kg,
0.21 kg/MJ and -26 751.48MJ/ha, respectively.

The highest energy input in artichoke production was determined to be chemical fertilizers energy by 48.80%
(12 544.20 MJ/ha). The total energy inputs usage in artichoke production could be classified as 5.15% RE and
94.85% NRE. Usage of chemical fertilizers usage can be deemed and usage of farm fertilizers should be increased
in order to riseEUE. The total GHG emissions werecalculated as 1 401.64 kgCOzq/ha (1.40 tonCOzq¢/ha) and
GHG rate (per kg) as 0.21.

The findings of thestudyshowed that the ratio (NRE) of diesel fuel in total GHG emissions had the highest
value by 31.11%.

According to Akbolat et al. (2014), artichoke production is not a profitable production activity in terms of EUE
(0.17). Machinery-use related fuel expenses could be deemed by using RE terms (Y1ildiz, 2023).

The conscious use of fertilizers and chemical inputs will ensure more efficient use of energy. According to the
results of the energy production function estimation, machinery and diesel use showed negative impacts on energy
production. These results are likely related to the excessive use of inputs. Consequently,machinery and diesel
inputs should be used more carefully to increase energy productivity and efficiency in the research area. The
variability in input use among pomegranate producing farmers was relatively high, determining the need to
improve individual farm management abilities (Ozalp et al., 2018).

By taking the above recommendations into consideration, EUE in artichoke production can be increased,
production can be made economical in terms of energy use and GHG emissions can be reduced.

Compliance with Ethical Standards

Peer-review

Externally peer-reviewed.

Declaration of Interests

The authors declared that there is no conflict

Author contribution

The contribution of the authors to the present study is equal. All the authors read and approved the final manuscript.
All the authors verify that the text, figures, and tables are original and that they have not been published before.

REFERENCES

Akbolat, D., K. Ekinci, Demircan, V. (2014). Carbon Dioxide Emissions Depending on Inputs Used in the
Cultivation of Some Agricultural Products. Fresenius Environ. Bull., 23: 795-800.

Anonymous.(2024a). T.C. Efeler Belediyesi. https://lwww.efeler.bel.tr/efeler/cografya-ve-yeryuzu-sekilleri
(Access date: 25 July 2024).

Anonymous.(2024b). T.C. Cevre, Sehircilik ve Iklim Degisikligi Bakanligi, Meteoroloji Genel
Midirliga.https://lwww.mgm.gov.tr/tahmin/il-ve-ilceler.aspx?il=Ayd%C4%B1n&ilce=Efeler (Access date:
25 July 2024).

646



Demir et al. Determination of energy usage and greenhouse gas (GHG) Int. J. Agric. Environ. Food Sci. 2024; 8(3): 642-649

Baran, M.F., Elicin, A.K., Belliturk, K., Celik, A. (2022). Energy Balance and Greenhouse Gas (GHG) Emissions
of Sauceboat Pepper (Capsicum Annuum L.) Production in Tirkiye. International Journal of Agriculture,
Environment and Food Sciences, 6(4), 605-613.https://doi.org/10.31015/jaefs.2022.4.14

Baran, M.F., Demir, C., Elicin, A.K., Gokdogan, O. (2023). Energy Use Efficiency and Greenhouse Gas Emissions
(GHG) Analysis of Garlic Cultivation in Turkey. Int J Agric & Biol Eng., 16(4): 63-
67.https://doi.org/10.25165/j.ijabe.20231604.7599

BioGrace-II. (2015).Harmonised Calculations of Biofuel Greenhouse Gas Emissions inEurope. BioGrace, Utrecht,
The Netherlands. http://www.biograce.net.

Canakci M., Akinci, 1. (2006). Energy Use Pattern Analyses of Greenhouse Vegetable Production. Energy 31:
1243-1256.

Candemir, S. (2020). Ekmeklik Bugday Uretiminde Enerji Kullanimi ve Etkinlik Analizi: Kahramanmaras ili
ornegi (in Turkish).

Celik, Y., Peker, K., Oguz, C. (2010). Comparative Analysis of Energy Efficiency in Organic and Conventional
Farming Systems: A Case Study of Black Carrot (Daucus carota L.) Production in Turkey. Philipp Agric Sci
93(2): 224-231.

Clark, S., Khoshnevisan, B., Sefeedpari, P. (2016). Energy Efficiency and Greenhouse Gas Emissions During
Transition to Organic and Reduced-Input Practices: Student Farm Case Study. Ecological Engineering, 88:186-
194. https://doi.org/10.1016/j.ecoleng.2015.12.036

Celen, .H. (2016). Tarimsal Uygulamalarda Enerji Kullanimi1 Uzerine Bir Degerlendirme. Electronic Journal of
Vocational Colleges, 6(3): 18-29 (in Turkish).

D’Asaro, F., Grillone, G. (2012). Empirical Investigation of Curve Number Method Parameters in the
Mediterranean Area. J. Hydrol. Eng. 17(10): 1141-1152.https://doi.org/10.1061/(ASCE)HE.1943-
5584.0000570

Demircan, V., Ekinci, K., Keener, H.M., Akbolat, D., Ekinci, C. (2006). Energy and Economic Analysis of Sweet
Cherry Production in Turkey: A Case Study from Isparta Province. Energy Convers Manag, 47:1761-17609.
https://doi:10.1016/j.enconman.2005.10.003

Duman, 1., Nas, Y. (2020). Determination Of Change In Yield And Quality Properties of Canned Artichoke
(Cynara scolymus L.) Production from Seed. Ege Univ. Ziraat Fak. Derg., Ozel Sayi:1-7.
https://doi.org/10.20289/zfdergi.703747

Dyer, J.A., Desjardins, R.L. (2003). The Impact of Farm Machinery Management on the Greenhouse Gas
Emissions from Canadian Agriculture. Sustainable Agriculture 22(3): 59-74.

Dyer, J.A., Desjardins, R.L. (2006). Carbon Dioxide Emissions Associated with the Manufacturing of Tractors
and Farm Machinery in Canada. Biosystems Engineering, 93(1): 107-118.
https://doi.org/10.1016/j.biosystemseng.2005.09.011

Ekinci, K., Demircan, V., Atasay, A., Karamursel, D., Sarica, D. (2020). Energy, Economic and Environmental
Analysis of Organic and Conventional Apple Production in Turkey. Erwerbs-Obstbau, 62(1): 1-12.
https://doi.org/10.1007/s10341-019-00462-0

El Saleh, Y. (2000). Suriye ve Tirkiye’de Mercimek ve Nohut Hasadinda Mekanizasyon Olanaklarinin
Belirlenmesi Uzerine Bir Arastirma. Cukurova Universitesi Fen Bilimleri Enstitiisii Tarim Makinalari
Anabilim Dali. Doktora Tezi, Adana (in Turkish).

Eren, O., Baran, M.F., Gokdogan, O. (2019) Determination of greenhouse gas emissions (GHG) in the production
of different fruits in Turkey. Fresenius Environ Bull, 28(1):464-472.

Eser, B. (2002). Enginar Yetistiriciligi, Ege Universitesi Tarimsal Uygulama ve Arastirma Merkezi, Ciftci
Brosiirii:26, Izmir (in Turkish).

FAO. (2018). Food and Agriculture Organization (www.fao.org/faostat). Erisim tarihi: 24.03.2020

Goktirk, B. (1999). Kuru Soganin Hasada Yonelik Bazi Ozelliklerinin Saptanmasi, Kazic1 Bigakli Tip Hasat
Makinasimin Gelistirilmesi ve Diger Hasat Yontemleri ile Karsilastirilmas1 Uzerinde Bir Arastirma. Trakya
Universitesi Fen Bilimleri Enstitiisii Tarim Makinalar1 Anabilim Dali. Doktora Tezi, Tekirdag (in Turkish).

Guzel, E. (1986). Cukurova Bolgesinde Yerfistiginin S6kiim ve Harmanlanmasinin Mekanizasyonu ve Bitkinin
Mekanizasyona Yonelik Ozelliklerinin Saptanmasi Uzerinde Bir Arastirma. Tiirkiye Zirai Donatim Kurumu
Mesleki Yaymlari. Yayin No:47, Ankara (in Turkish).

Houshyar, E., Dalgaard, T., Tarazgar, M.H., Jorgensen. U. (2015). Energy Input for Tomato Production What
Economy Says, and What is Good for the Environment. Journal of Cleaner Production, 89:99-109.
https://doi.org/10.1016/j.jclepro.2014.11.022

Hughes, D.J., West, J.S., Atkins, S.D., Gladders, P., Jeger, M.J., Fitt, B.D. (2011). Effects of Disease Control by
Fungicides on Greenhouse Gas Emissions by UK Arable Crop Production. Pest Management Science,
67:1082-1092. https://doi.org/10.1002/ps.2151

Kamburoglu Cebi, U., Aydin, B., Cakir, R., Altintas, S. (2017). Ortii Alt:1 Bas Salata (Lactuca sativa cv Salinas)
Uretiminin Enerji Kullanim Etkinligi ve Ekonomik Analizi. Tiirk Tarim ve Doga Bilimleri Dergisi 4(4): 426-
433 (in Turkish).

647


https://doi.org/10.31015/jaefs.2022.4.14
https://doi.org/10.25165/j.ijabe.20231604.7599
https://doi.org/10.1016/j.ecoleng.2015.12.036
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000570
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000570
https://doi:10.1016/j.enconman.2005.10.003
https://doi.org/10.1007/s10341-019-00462-0
http://www.fao.org/faostat

Demir et al. Determination of energy usage and greenhouse gas (GHG) Int. J. Agric. Environ. Food Sci. 2024; 8(3): 642-649

Karaagac, H.A., Aykanat, S., Cakir, B., Eren, O., Turgut, M.M., Barut, Z.B., Oztiirk, H.H. (2011). Energy Balance
of Wheat and Maize Crops Production in Haciali Undertaking. 11th International Congress on Mechanization
and Energy in Agriculture Congress, Istanbul, Turkey, 21-23 September, 388-391.

Kenanoglu Bektas, Z., Saner, G. (2013). Tiirkiye’de Enginar Uretimi ve Pazarlamasi. U.U. Ziraat Fakiiltesi
Dergisi, 27(1): 115-128 (in Turkish).

Khoshnevisan, B., Rafiee, S., Omid, M., Yousefi, M., Movahedi, M. (2013). Modeling of Energy Consumption
and GHG (Greenhouse Gas) Emissions in Wheat Production in Esfahan Province of Iran Using Artificial
Neural Networks. Energy, 52:333-338. https://doi.org/10.1016/j.energy.2013.01.028

Khoshnevisan, B., Shariati, H.M., Rafiee, S., Mousazadeh, H. (2014). Comparison of Energy Consumption and
GHG Emissions of Open Field and Greenhouse Strawberry Production. Renewable and Sustainable Energy
Reviews, 29:316-324. https://doi.org/10.1016/j.rser.2013.08.098

Kizilaslan, H. (2009). Input-Output Energy Analysis of Cherries Production in Tokat Province of Turkey. Appl
Energy, 86:1354-1358.https://doi.org/10.1016/j.apenergy.2008.07.009

Koctiirk, O.M., Engindeniz, S. (2009). Energy and Cost Analysis of Sultana Grape Growing: A Case Study of
Manisa, West Turkey. Afr J Agric Res., 4(10):938-943. https://doi.org/10.5897/AJAR.9000285

Lal, R. (2004). Carbon Emission From Farm Operations. Environment International, 30:981-990.
https://doi.org/10.1016/j.envint.2004.03.005

Leskovar, D.l., Xu, C., Agehara, S. (2013). Planting Configuration and Plasticulture Effects on Growth,
Physiology, and Yield of Globe Aurtichoke. HortScience 48: 1496-1501.
https://doi.org/10.21273/HORTSCI.48.12.1496

Mandal, K.G., Saha, K.P., Ghosh, P.K., Hati, K.M., Bandyopadhyay, K.K. (2002). Bioenergy and Economic
Analysis of Soybean-Based Crop Production Systems in Central India. Biomass Bioenergy, 23:337-345.
https://doi.org/10.1016/S0961-9534(02)00058-2

Mani, 1., Kumar, P., Panwar, J.S., Kant, K. (2007). Variation in Energy Consumption in Production of Wheat-
Maize with Varying Altitudes in Hill Regions of Himachal Prades. India Energy, 32:2336-2339.
https://doi.org/10.1016/j.energy.2007.07.004

Mohammadi, A., Tabatabaeefar, A., Shahin, S., Rafiee, S., Keyhani, A. (2008). Energy Use and Economical
Analysis of Potato Production in Iran a Case Study: Ardabil province. Energy Convers Manag, 49:3566-3570.
https://doi.org/10.1016/j.enconman.2008.07.003

Mohammadi, A., Rafiee, S., Mohtasebi, S.S., Rafiee, H. (2010). Energy Inputs-Yield Relationship and Cost
Analysis of Kiwifruit Production in Iran. Renew Energy, 35:1071-
1075.https://doi.org/10.1016/j.renene.2009.09.004

Oren, M.N., Ozturk, H.H. (2006). An analysis of Energy Utilization for Sustainable Wheat and Cotton Production
in Southeastern Anatolia Region of Turkey. Journal of Sustainable Agriculture, 29(1): 119-130,
https://doi.org/10.1300/J064v29n01_09

Ozalp, A., Yilmaz, S., Ertekin, C., Yilmaz, I. (2018). Energy Analysis and Emissions of Greenhouse Gases of
Pomegranate Production in Antalya Province of Turkey. Erwerbs Obstbau, 60(4):321-329.
https://doi.org/10.1007/s10341-018-0380-z

Ozbek O, Gokdogan O, Baran MF (2021) Investigation on Energy Use Efficiency and Greenhouse Gas Emissions
(GHG) of Onion Cultivation. Fresenius Environ Bull 30(2): 1125-1133

Ozkan, B., Kurklu, A., Akcaoz, H. (2004). An Input-Output Energy Analysis in Greenhouse Vegetable Production:
A Case Study for Antalya Region of Turkey. Biomass Bioenergy 26:89-95. https://doi.org/10.1016/S0961-
9534(03)00080-1

Ozkan, B., Ceylan, R.F., Kizilay, H. (2011). Energy inputs and crop Yyield relationships in greenhouse winter crop
tomato production. Renewable Energy 36: 3217-3221. https://doi.org/10.1016/j.renene.2011.03.042

Ozcan, M.T. (1986). Mercimek Hasat ve Harman Y éntemlerinin Is Verimi, Kalitesi, Enerji Tiiketimi ve Maliyet
Yoéniinden Karsilastirilmasi ve Uygun Bir Hasat Makinas1 Gelistirilmesi Uzerinde Arastirmalar. Tiirkiye Zirai
Donatim Kurumu Yayinlari. Yayin No:46, Ankara (in Turkish).

Singh, J.M. (2002). On Farm Energy Use Pattern in Different Cropping Systems in Haryana, India. International
Institute of Management, University of Flensburg. Sustainable Energy Systems and Management, Master of
Science, Flensburg, Germany, 118.

Singh, H., Mishra, D., Nahar, N.M., Ranjan, M. (2003). Energy Use Pattern in Production Agriculture of a Typical
Village in Arid Zone India (Part 11). Energy Convers Manag, 44: 1053-1067. https://doi.org/10.1016/S0196-
8904(01)00161-3

Sgroi, F., Fodera, M., Trapani, A.M.D., Tudisca, S, Testa, R. (2015). Profitability of Artichoke Growing in the
Mediterranean Area. Hortscience 50(9): 1349-1352. https://doi.org/10.21273/HORTSCI.50.9.1349

Sonmete, M.H. (2006). Fasulyenin Hasat-Harman Mekanizasyonu ve Gelistirme Olanaklar1. Selguk Universitesi
Fen Bilimleri Enstitlisi. Doktora Tezi, Konya (in Turkish).

Sonmete, M.H., Demir, F. (2007) Fasulyenin Hasat-Harman Mekanizasyonunda Enerji Tiketimleri. Selguk
Universitesi Ziraat Fakiiltesi Dergisi, 21(41):109-117 (in Turkish).

648


https://doi.org/10.5897/AJAR.9000285
https://doi.org/10.1016/j.renene.2009.09.004

Demir et al. Determination of energy usage and greenhouse gas (GHG) Int. J. Agric. Environ. Food Sci. 2024; 8(3): 642-649

Taghavifar, H., Mardani, A. (2015). Prognostication of Energy Consumption and Greenhouse Gas Emissions
Analysis of Apple Production in West Azerbayjan in Iran Using Artificial Neural Network. J Clean Prod 87:
159-167. https://doi.org/10.1016/j.jclepro.2014.10.054

Topdemir, T. (2018). Menemen Kosullarinda Pamuk Yetistiriciliginde Uygulanan Farkli Toprak Isleme
Yéntemlerinin Enerji Verimliligi ve Kullanim Etkinliginin Belirlenmesi. Adnan Menderes Universitesi, Fen
Bilimleri Enstitus(, Yiksek Lisans Tezi (in Turkish).

TUIK. (2019). Tiirkiye Istatistik Kurumu, Bitkisel Uretim Istatistikleri (www.tuik.gov.tr). Erisim tarihi:
24.03.2020.

Yaldiz, O., Ozturk, H.H., Zeren, Y., Bascetingelik, A. (1993). Energy Usage in Production of Field Crops in
Turkey. 5th International Congress on Mechanization and Energy in Agriculture, Kusadasi, Turkey, 11-14
October, 527-536 (in Turkish).

Yildiz, T. (2023). Investigating Greenhouse Gas Dispersions and Energy Consumptive in Tea Cultivation.
Emirates Journal of Food and Agriculture. 35(11): 1025-1032. doi: 10.9755/ejfa.2023.v35.i11.3173

649



