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Abstract 
 
The study aimed to determine the energy consumption efficiency of citrus 

production in enterprises that applied and did not apply Good Agricultural 

Practices (GAP) in Turkey's Mersin province. Total of 89 citrus producers applied 

good agricultural practices in Mersin in 2013 and the survey was conducted with 

all the producers and 26 of these producers produced orange, 28 of these 

producers produced tangerines, and 35 of these producers produced lemon. In 

the study, for comparing the enterprises, the same survey was also carried out 

with the same number of producers who did not apply good agricultural practices. 

Labor, machinery, diesel, farmyard manure, fertilizers, pesticides, electricity, and 

water in irrigation were calculated as energy inputs, and citrus production 

quantities were calculated as outputs. According to research results, fertilizers 

were determined as the most energy-consuming inputs in citrus production. The 

energy use efficiency values were 1.83 and 1.53 in orange production, 1.75 and 

1.48 in tangerine production, 1.66 and 1.34 in lemon production in the enterprises 

that applied and did not apply good agricultural practices. Therefore, the energy 

use efficiency that applied good agricultural practices in enterprises was 

determined to be higher. Energy productivity results showed that citrus producers 

who applied good agricultural practices could produce more output than citrus 

producers who did not apply good agricultural practices. Specific energy results 

indicated that the citrus enterprises that applied good agricultural practices 

consumed less energy to produce one kg of the product than those that did not 

apply good agricultural practices. Non-renewable energy shares were lower in 

enterprises that used good agricultural practices than in the other group. 

According to the study's findings, Citrus production enterprises that applied good 

agricultural practices were more profitable in Mersin province. 

1. Introduction 
 

Citrus is a plant genus that includes several 
high-value fruits such as orange, tangerine, lemon, 
grapefruit, and sour orange. Citrus is endemic to 
China and India, and it can be grown virtually 
everywhere in a temperate environment. In Turkey, 
citrus farming is executed in the south, southwest, 
and west regions of Anatolia (Anonymous, 2020). 
Citrus, includes the C vitamin, has significant 

benefits for human health, and it is evaluated as 
jam, marmalade, and fruit juice besides the edible 
consumption and used as a raw material in the 
cosmetic sector (Uysal and Polatöz, 2017).  

According to USDA data, by 2019/2020 
production season, a total of 92 million tons citrus 
production, 46 million ton of which was orange, 32 
million ton of which was tangerine, 8 million ton of 
which was lemon, and 7 million ton of which was 
sour orange, were done in the World. In other 
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words, 50%, 34%, 8%, and 7% of this production 
belonged to orange, tangerine, lemon, and sour 
orange, respectively. Thus, Turkey takes seventh 
place in orange production, third place in tangerine 
production, fourth place in lemon production, and 
fifth place in sour orange production (USDA, 2020).  

In Turkey, 1 million 334 thousand tons of orange, 
1 million 586 thousand tons of tangerine, 1 million 
189 thousand tons of lemon, and 238 thousand tons 
of sour orange production were executed in 2020, 
and 30.69%, 36.48%, 27.35%, and 5.48% of citrus 
production belonged to orange, tangerine, lemon, 
and sour orange, respectively. In Mersin province, 
193 thousand tons of orange, 302 thousand tons of 
tangerine, 702 thousand tons of lemon, and 30 
thousand tons of sour orange production were 
performed in 2020, and 14.47%, 19.07%, 59.04%, 
and 12.61% of citrus production belonged to 
orange, tangerine, lemon, and sour orange, 
respectively (Anonymous, 2021a). 

Good agricultural practices (GAP) concept is a 
production model that keeps the agricultural 
production under control by not damaging the 
environment, human and animal health and 
providing sustainability and food security by the 
certification of the crops. Good agricultural practices 
are farming itself, not an alternative agricultural 
production model. Implementations such as 
chemical pesticides, fertilizers, etc., are present, but 
they are applied by not damaging human health and 
the environment in integrated crop production 
principles in good agricultural practices (Hasdemir, 
2011).  

Good agricultural practices started in 2007 in 
Turkey, and especially after 2013, significant 
developments were registered in terms of producer 
number and production area. The number of 
provinces in which good agricultural practices were 
executed was 18 in 2007, and this number 
increased to 61 in 2020. Good agricultural practices 
were performed with 14 501 producers in 
254 755 ha area in Turkey in 2020. Mersin province 
where the production and the consumption of fruit 
kinds such as citrus foremost, tomato, pepper, 
stone fruits (apricot, peach, cherry, plum) come into 
prominence in good agricultural practices. Good 
agricultural practices were performed with 870 
producers in 14 704 ha areas in Mersin province in 
2020 (Anonymous, 2021b).  

Energy analysis is a practical approach for 
grouping the agricultural systems in terms of energy 
consumption. Although the agriculture sector is not 
a considerable energy consumer, significant energy 
consumption is present in rural areas due to soil 
tillage, planting, weed control, irrigation, fertilizing, 
harvesting, transport, and drying (Yaldız et al., 
1993). Energy consumption increases by the 
modernization of these processes and the increase 
of agricultural production. Energy analysis 
determines how efficient energy is used, 
sustainable farming, a decrease in fossil fuels, 
environmental protection, and economic benefit 
provided by efficient energy usage (Bilgili, 2012). 

Various studies on fruit production energy 
analysis were conducted, such as apricot (Gezer et 
al., 2003; Gundogmus, 2006), sweet cherry 
(Demircan et al., 2006), dry apricot (Esengün et al., 
2007), cherries (Kizilaslan, 2009), pomegranate 
(Akcaoz et al., 2009), kiwifruit (Mohammadi et al., 
2010), banana (Akcaoz, 2011), lemon (Bilgili, 
2012), peach (Goktolga et al., 2006; Royan et al., 
2012), pear (Liu et al., 2010; Tabatabaie et al., 
2013), strawberry (Banaeian et al., 2011; 
Loghmanpor et al., 2013), grape (Qasemi Kordkheili 
and Rahbar, 2015), orange (Mohammadshirazi et 
al., 2015), almond (Beigi et al., 2016), organic grape 
(Baran et al., 2017a), organic mulberry (Gokdogan 
et al., 2017b), organic strawberry (Baran et al., 
2017b), walnut (Gundogmus, 2013; Baran et al., 
2017c), plum (Baran et al., 2017d), peach and 
cherry (Aydın and Aktürk, 2018), apple (Ekinci et al., 
2005; Sami et al., 2011; Strapatsa et al., 2006; Dilay 
et al., 2010; Rafiee et al., 2010; Yilmaz et al., 2010; 
Fadavi et al., 2011; Akdemir et al., 2012; Celen et 
al., 2017; Gokdogan and Baran, 2017a; Aydın et al., 
2019), nectarine (Qasemi Kordkheili et al. 2015, 
Oğuz et al., 2019a), organic wolfberry (Oğuz et al., 
2019b), citrus (Ozkan et al., 2004; Namdari et al., 
2011; Loghmanpor et al., 2013; Yılmaz and Aydın, 
2020), organic almond (Baran et al., 
2020),tangerine (Mohammadshirazi et al., 2012; 
Karabat and Aydın, 2018; Bilgili, 2021). 

In this study, the inputs used in orange, 
tangerine, and lemon production in the enterprises 
were determined, and the energy equivalents of 
these inputs were calculated in enterprises that 
applied and did not apply good agricultural practices 
in Mersin province. In addition, comparative energy 
analysis was done in orange, tangerine, and lemon 
production in the groups, and the efficiency degrees 
of the inputs were determined.  
 
 
2. Materials and Methods 

 
The primary data for the study were collected 

from the citrus producers who applied and did not 
apply good agricultural practices in the Mersin 
province. Besides, the previous studies related to 
the subject and the statistical indicators composed 
the secondary of the research. Total of 89 citrus 
producers applied good agricultural practices in 
Mersin in 2013 and the survey was conducted with 
all the producers and 26 of these producers 
produced orange, 28 of these producers produced 
tangerines, and 35 of these producers produced 
lemon. The same survey was conducted in the 
research with the same number of producers who 
did not apply good agricultural practices to compare 
the enterprises. The energy inputs of orange, 
tangerine, and lemon production were labor, 
machinery, electricity, diesel fuel, irrigation water, 
farmyard manure, chemicals, and fertilizers, while 
orange, tangerine, and lemon fruits were production 
values outputs. The input and output quantities per 
hectare were computed and multiplied by the 
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Table 1. Energy equivalents of inputs and outputs in fruit production. 

Inputs  Energy equivalent (MJ unit-1) References 

Labor (h) 1.96 Singh, 2002 
Machinery (h) 64.80 Kizilaslan, 2009; Singh, 2002 
Diesel fuel (l) 56.31 Singh, 2002 
Farmyard manure (kg) 0.30 Singh, 2002 
Fertilizer (kg)   

Nitrogen 60.60 Singh, 2002 
Phosphorus 11.15 Singh, 2002 
Potassium 6.70 Singh, 2002 
Sulfate 1.12 Rafiee et al., 2010 

Chemicals (kg)   
Insecticides  101.20 Rafiee et al., 2010 
Fungicides 216.00 Rafiee et al., 2010 
Herbicides 238.00 Rafiee et al., 2010 

Electricity (kWh) 3.60 Ozkan et al., 2004 
Irrigation water (m3) 0.63 Yaldiz et al., 1993 

Output   

Fruit (kg) 2.40 Ozkan et al., 2004 

 

Table 2. Quantities of inputs and outputs and total energy equivalents of orange production. 

Inputs 

GAP orange Orange 

Quantity per 
unit area  

(ha) 

Energy 
equivalent 

(MJ) 

% of total 
energy 
input 

Quantity per 
unit area  

(ha) 

Energy 
equivalent 

(MJ) 

% of total 
energy 
input 

Labor (h) 699.80 1371.61 2.64 702.50 1376.90 2.23 
Machinery (h) 65.00 4212.00 8.11 63.00 4082.40 6.61 
Diesel (l) 102.50 5771.78 11.11 98.50 5546.54 8.99 
Farmyard manure 
(kg) 

3200.00 960.00 1.85 3400.00 1020.00 1.65 

Fertilizers (kg) 
Nitrogen 
Phosphorus 
Potassium 
Sulfate 

 
336.50 
380.00 
305.00 
156.00 

 
20391.90 

4237.00 
2043.50 

174.72 

 
39.25 

8.16 
3.93 
0.34 

 
395.50 
471.00 
358.00 
168.00 

 
26158.37 

5859.24 
3991.70 

188.16 

 
42.38 

9.49 
6.47 
0.30 

Pesticides (kg) 
Insecticides 
Fungicides 
Herbicides 

 
10.40 
12.10 
13.20 

 
1052.48 
2613.60 
3141.60 

 
2.03 
5.03 
6.05 

 
11.20 
13.50 
13.80 

 
1133.44 
2916.20 
3284.40 

 
1.84 
4.72 
5.32 

Electricity (kWh) 955.00 3438.00 6.62 985.00 3546.00 5.74 
Irrigation water (m3) 4035.00 2542.05 4.89 4160.00 2620.80 4.25 
Total  51950.23 100.00  61723.95 100.00 

Output (Yield)  39520.00 98848.00  39270.00 94248.00  

energy equivalent coefficients (Table 1). It was 
utilized from the previous studies in order to 
determine the energy equivalent coefficients. 
Megajoule (MJ) was used to express the energy 
equivalents of the inputs and outputs. The total input 
equivalent was computed by calculating the energy 
equivalents of all inputs in MJ. For determining the 
energy consumption in orange, tangerine, and 
lemon production, the following formulas were 
used: energy use efficiency, specific energy, energy 
productivity, and net energy coefficients (Mandal et 
al., 2002). Specific energy represents the quantity 
per product quantity, whereas energy productivity 
expresses the quantity per product quantity. 

 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑒 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑝𝑢𝑡 
 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑌𝑖𝑒𝑙𝑑

𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑝𝑢𝑡 
 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑝𝑢𝑡 

𝑌𝑖𝑒𝑙𝑑
 

𝑁𝑒𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 − 𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑝𝑢𝑡    

(𝐸𝑛𝑒𝑟𝑔𝑦: 𝑀𝐽 ℎ𝑎−1, 𝑌𝑖𝑒𝑙𝑑: 𝑘𝑔  ℎ𝑎−1) 

 
The energy inputs were analyzed in terms of 

direct, indirect, renewable, and non-renewable 
energy sources. Labor, diesel, irrigation water, and 
electricity are examples of direct energy, whereas 
chemical fertilizers, farmyard manure, pesticides, 
and machinery are examples of indirect energy. 
Labor, farmyard manure, and irrigation water are 
examples of renewable energy, whereas diesel, 
chemical fertilizers, pesticides, machinery, and 
electricity are examples of non-renewable energy. 

 
 

3. Results and Discussion 
 
The quantities of the inputs used in orange 

production and their energy equivalences are given 
in Table 2. Besides, Table 2 shows the quantity of 
the output of orange production and the energy 
equivalent of orange production. As is seen from 
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Table 3. Quantities of inputs and outputs and total energy equivalents of tangerine production. 

Inputs 

GAP tangerine Tangerine 

Quantity per 
unit area 

(ha) 

Energy 
equivalent 

(MJ) 

% of total 
energy 
input 

Quantity per 
unit area (ha) 

Energy 
equivalent 

(MJ) 

% of total 
energy 
input 

Labor (h) 726.80 1424.53 2.64 689.00 1350.44 2.29 
Machinery (h) 65.00 4212.00 7.82 60.50 3920.40 6.65 
Diesel (l) 102.50 5771.78 10.72 95.00 5349.45 9.08 
Farmyard manure (kg) 3200.00 960.00 1.78 3000.00 900.00 1.53 
Fertilizers (kg) 

Nitrogen 
Phosphorus 
Potassium 
Sulfate 

 
347.50 
395.00 
343.00 
144.00 

 
21058.50 

4404.25 
2298.10 

161.28 

 
39.10 

8.18 
4.27 
0.30 

 
360.50 
463.50 
327.50 
144.00 

 
23843.47 

5765.94 
3651.63 

161.28 

 
40.45 

9.78 
6.20 
0.27 

Pesticides (kg) 
Insecticides 
Fungicides 
Herbicides 

 
9.30 

12.80 
13.50 

 
941.16 

2764.80 
3213.00 

 
1.75 
5.13 
5.97 

 
11.20 
12.20 
13.00 

 
1133.44 
2635.20 
3094.00 

 
1.92 
4.47 
5.25 

Electricity (kWh) 1085.00 3906.00 7.25 1180.00 4248.00 7.21 
Irrigation water (m3) 4360.00 2746.80 5.10 4580.00 2885.40 4.90 
Total  53862.19 100.00  58938.65 100.00 

Output (Yield)  39270.00 94248.00  36350.00 87240.00  

Table 2, 336.50 and 395.50 kg nitrogen, 380 and 
471 kg phosphorus, 305 and 358 kg potassium, 156 
and 168 kg sulfate, 3200 and 3400 kg of farmyard 
manure were used as fertilizers, 102.50 and 98.50 l 
diesel fuel, 4035 and 4160 m3 irrigation water, 10.40 
and 11.20 kg insecticides, 12.10 and 13.50 kg 
fungicides, 13.20 and 13.80 kg herbicides, 699.80 
and 702.50 h labor, 65 and 63 h machinery, 955 
and 985 kWh electrical energy per hectare was 
used for the orange production that applied and did 
not apply good agricultural practices, respectively. 
As a result, the average orange outputs were 39520 
and 39 270 ha-1, respectively, in the analyzed 
enterprises. The total energy consumed during 
orange production was 51950.23 and 
61723.95 MJ ha-1, respectively, and the energy 
equivalents of the outputs were 98848 and 
94248 MJ ha-1 in the enterprises that applied and 
did not apply good agricultural practices (Table 2). 

The findings indicated that in orange production, 
the share of energy consumed consists of 39.25% 
and 42.38% nitrogen, 11.11% and 8.99% diesel 
fuel, 8.16% and 9.49% phosphate and 9.29% 
phosphorus, 8.11% and 6.61% machinery, 6.62% 
and 5.74% electricity in enterprises that applied and 
did not apply good agricultural practices, 
respectively. 

The result also showed that proportions of the 
other energy-consuming inputs for orange 
production in the enterprises that applied and did 
not apply good agricultural practices were 3.93% 
and 6.47% potassium, 4.89% and 4.25% irrigation 
water, 6.05% and 5.32% herbicides, 5.03% and 
4.72% fungicides, 2.03% and 1.84% insecticides, 
2.64% and 2.23% labor, 1.85%, and 1.65% 
farmyard manure, 0.34%, and 0.30% sulfate, 
respectively.  

The most energy-consuming inputs in orange 
production were fertilizers. After fertilizers and 
pesticides, diesel, machinery, irrigation water, and 

electricity were the most energy-consuming inputs. 
The lowest energy-consuming inputs were 
determined as labor and farmyard manure. Ozkan 
et al. (2004) determined that the energy input of 
chemical fertilizer (49.68%), primarily nitrogen, had 
the highest percentage of overall energy inputs in 
citrus (orange, tangerine, and lemon) production 
followed by diesel (30.79%). In the study carried out 
by Namdari et al. (2011), diesel was the highest 
energy input, followed by fertilizers and water for 
irrigation. Loghmanpour et al. (2013b) stated that 
fertilizers used the most energy and were the most 
crucial energy inputs required in citrus-producing 
fields, followed by pesticides. Mohammadshirazi et 
al. (2015) determined that chemical fertilizers 
utilized the most energy (26.9%), followed by 
chemicals (26.1%). 

Table 3 shows the quantities of the inputs 
required in tangerine production, their energy 
equivalences, the quantity of tangerine production, 
and the energy equivalent of the output. According 
to the results illustrated in Table 3, 347.50 and 
360.50 kg nitrogen, 395 and 463.50 kg phosphorus, 
343.00 and 327.50 kg potassium, 144 and 144 kg 
sulfate, 3200 and 3000 kg of farmyard manure, 
102.50 and 95.00 l diesel fuel, 4360 and 4580 m3 

irrigation water, 9.30 and 11.20 kg insecticides, 
12.80 and 12.20 kg fungicides, 13.50 and 13.00 kg 
herbicides, 726.80 and 689.00 h labor, 65.00 and 
60.50 h machinery, 1085 and 1180 kWh electrical 
energy per hectare was used for the tangerine 
production that applied and did not apply good 
agricultural practices, respectively. As a result, 
tangerine outputs were 39270 and 36350 ha-1 on 
average, respectively. The total energy used during 
tangerine productions was 53862.19 and 
58938.65 MJ ha-1, and the energy equivalents of the 
outputs were 94248 and 87240 MJ ha-1, 
respectively, in the enterprises that applied and did 
not apply good agricultural practices. 
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Table 4. Quantities of inputs and outputs and total energy equivalents of lemon production. 

Inputs 

GAP lemon Lemon 

Quantity per 
unit area 

(ha) 

Energy 
equivalent 

(MJ) 

% of total 
energy 
input 

Quantity per 
unit area (ha) 

Energy 
equivalent 

(MJ) 

% of total 
energy 
input 

Labor (h) 728.50 1427.86 2.61 734.60 1439.82 2.16 
Machinery (h) 59.50 3855.60 7.06 61.50 3985.20 5.97 
Diesel (l) 88.00 4955.28 9.07 95.50 5377.61 8.06 
Farmyard manure (kg) 3000.00 900.00 1.65 3500.00 1050.00 1.57 
Fertilizers (kg) 

Nitrogen 
Phosphorus 
Potassium 
Sulfate 

 
374.00 
456.00 
320.00 
168.00 

 
22664.40 

5084.40 
2144.00 

188.16 

 
41.50 

9.31 
3.93 
0.34 

 
433.50 
516.50 
396.00 
180.00 

 
28671.69 

6425.26 
4415.40 

201.60 

 
42.96 

9.63 
6.62 
0.30 

Pesticides (kg) 
Insecticides 
Fungicides 
Herbicides 

 
9.50 

13.60 
11.80 

 
961.40 

2937.60 
2808.40 

 
1.76 
5.38 
5.14 

 
11.20 
16.50 
13.80 

 
1133.44 
3564.00 
3284.40 

 
1.70 
5.34 
4.92 

Electricity (kWh) 1150.00 4140.00 7.58 1235.00 4446.00 6.66 
Irrigation water (m3) 4050.00 2551.50 4.67 4360.00 2746.80 4.12 
Total  54618.60 100.00  66741.21 100.00 

Output (Yield)  37690.00 90456.00  37290.00 89496.00  

According to the results, the proportions of 
energy consumption in tangerine production 
consisted of 39.10% and 40.45% nitrogen, 10.72 
and 9.08% diesel fuel, 8.18% and 9.78% of 
phosphorus, 7.82% and 6.65% of machinery, 
7.25% and 7.21% of electricity in the enterprises 
that applied and did not apply good agricultural 
practices respectively. Besides, the other energy-
consuming inputs for tangerine production was 
4.27% and 6.20% potassium, 5.10% and 4.90% 
irrigation water, 5.97% and 5.25% herbicides, 
5.13% and 4.47% fungicides, 1.75% and 1.92% 
insecticides, 2.64% and 2.29% labor, 1.78% and 
1.53% farmyard manure, 0.30% and 0.27% sulfate, 
respectively.  

In enterprises that applied good agricultural 
practices, total fertilizers consumed the most 
energy, followed by pesticides, diesel fuel, 
machinery, electricity, irrigation water, labor, and 
farmyard manure. Fertilizers consumed the most 
energy, followed by pesticides, fuel, electricity, 
machinery, labor, and farmyard manure in the other 
group. Namdari et al. (2011) determined that the 
highest energy-consuming inputs were diesel fuel, 
chemical fertilizer, and water for irrigation with 24, 
23, and 23% shares, respectively, in tangerine 
production. Mohammadshirazi et al. (2012) 
determined that fertilizers had the highest energy 
consumption in tangerine production. In the studies 
carried out by Karabat and Aydın (2018) and Yılmaz 
and Aydın (2020), fertilizers, pesticides, and diesel 
were determined to be the first three highest 
energy-consuming inputs in the enterprises. Bilgili 
(2021) determined that fertilizers were the highest 
energy-consuming inputs in tangerine production.  

Table 4 shows the inputs required in lemon 
production (physical quantity per hectare), yield per 
hectare (output), and energy equivalents. The 
results showed that about 728.50 and 734.60 h 
labor, 59.50 and 61.50 h machinery, 88.00 and 

95.50 l diesel, 3000 and 3500 kg farmyard manure, 
374.00 and 433.50 kg nitrogen, 456.00 and 
516.50 kg phosphorus, 320 and 396 kg potassium, 
168 and 180 kg sulfate, 9.50 and 11.20 kg 
insecticides, 13.60 and 16.50 kg fungicides, 11.80 
and 13.80 kg herbicides, 1150 and 1235 kWh 
electricity and 4050 and 4360 m3 irrigation water 
were used per hectare for lemon production that 
applied and did not apply good agricultural 
practices. The total energy used in the enterprises 
were calculated as 54618.60 and 66741.21 MJ ha-

1, most of which was related to fertilizers (55.08% 
and 59.51%), followed by pesticides (12.28% and 
11.96%), diesel (9.07% and 8.06%), electricity 
(7.58% and 6.66%), machinery (7.06% and 5.97%), 
irrigation water (4.67% and 4.12%), labor (2.61% 
and 2.16%) and farmyard manure (1.65% and 
1.57%) in the enterprises that applied and did not 
apply good agricultural practices, respectively. 
Lemon yields were determined to be 37690 and 
37290 kg ha-1 on average. As a result, 90456 and 
89496 MJ ha-1 were calculated as total energy 
output per hectare, respectively. 

Bilgili (2012) reported that fertilizers were the 
highest energy inputs in lemon production, followed 
by fuel, pesticides, irrigation water, labor, and 
machinery. In contrast, the study by (Yılmaz and 
Aydın, 2020) found that fertilizers, chemicals, and 
diesel fuel were the most energy-consuming inputs 
in lemon production, respectively. 

Table 5 shows the energy parameters in citrus 
production. The energy use efficiency (energy ratio) 
values were 1.83 and 1.53 in orange production, 
1.75 and 1.48 in tangerine production, 1.66 and 
1.34 in lemon production in the enterprises that 
applied and did not apply good agricultural 
practices, respectively. This revealed that energy 
usage in citrus production was efficient regardless 
of product type. In other words, energy production 
was more remarkable than energy utilization. 
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Table 5. Energy parameters in orange, tangerine, and lemon production. 

Calculations GAP orange Orange GAP tangerine Tangerine GAP lemon Lemon 

Total energy input (MJ ha-1) 51950.23 61723.95 53862.19 58938.65 54618.60 66741.21 
Total energy output (MJ ha-1) 94848.00 94248.00 94248.00 87240.00 90456.00 89496.00 
Energy use efficiency 1.83 1.53 1.75 1.48 1.66 1.34 
Energy productivity (kg MJ-1) 0.76 0.64 0.73 0.62 0.69 0.56 
Specific energy (MJ kg-1) 1.31 1.57 1.37 1.62 1.45 1.79 
Net energy (MJ ha-1) 42897.77 32524.05 40385.81 28301.36 35837.40 22754.79 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nonetheless, the energy usage efficiency in citrus 
production was better when good agricultural 
practices were applied. 

Previous researches on citrus production 
revealed energy usage efficiency values of 1.25, 
1.17, and 1.06 in orange, tangerine, and lemon, 
respectively (Ozkan et al., 2004), 1.25 and 1.17 in 
orange and tangerine (Namdari et al., 2011), 0.87 in 
tangerine (Mohammadshirazi et al., 2012), 1.716 in 
all citrus (Loghmanpour et al., 2013b), 1.02 in lemon 
(Bilgili, 2012), 0.67 in orange (Mohammadshirazi et 
al., 2015), 2.24 and 2.04 in tangerine (Karabat and 
Aydın, 2018), 2.03 and 1.88 in tangerine, 1.82 and 
1.58 in lemon (Yılmaz and Aydın, 2020), and 1.56 
in tangerine production (Bilgili, 2021).   

Energy consumption efficiencies in orange, 
tangerine, and lemon production were found to be 
higher than one. This was similar to earlier citrus 
production research findings, such as Ozkan et al. 
(2004), Namdari et al. (2011), Loghmanpour et al. 
(2013b), Bilgili (2012), Karabat and Aydn (2018), 
Yılmaz and Aydn (2020), Bilgili (2012) and Bilgili 
(2021). Furthermore, the energy usage efficiency of 
citrus production applied good agricultural practices 
was more remarkable in this study than citrus 
production did not apply good agricultural practices. 
The findings are similar to the studies conducted by 
Karabat and Aydın (2018) and Yılmaz and Aydın 
(2020). 

Energy productivity is the term used to estimate 
the product yield per unit of energy consumption. 
Average energy productivity values were 0.76 and 
0.64 kg MJ-1 in GAP orange and orange production, 
0.73 and 0.62 kg MJ-1 in GAP tangerine and 
tangerine production, 0.69 and 0.56 kg MJ-1 in GAP 
lemon and lemon production, respectively. This 
means that, for example, in orange production that 
applied good agricultural practices, 0.76 kg output 
was obtained for every 1 MJ of energy consumed. 
When the production types were compared, it was 
discovered that citrus orchards that applied good 
agricultural practices could generate greater output 
than citrus orchards that did not apply good 
agricultural practices. 

Specific energy was calculated as 1.31 and 
1.57 MJ kg-1 in orange production, 1.37 and 
1.62 MJ kg-1 in tangerine production, and 1.45 and 
1.79 MJ kg-1 in lemon production, respectively in 
enterprises that applied and did not apply good 
agricultural practices. This means that, for example, 
in orange production, applied good agricultural 
practices. For producing one kg of orange, 1.31 MJ 
of energy was consumed. When the two production 
types were compared, enterprises that applied good 

agricultural practices used less energy to produce 
one kilogram of the product than those that did not 
apply good agricultural practices. 

Net energy values for orange production were 
42897.77 and 32524.05 MJ ha-1, tangerine 
production was 40385.81 and 28301.36 MJ ha-1, 
and lemon production was 35837.40 
22754.79 MJ ha-1 in enterprises that applied good 
agricultural practices. According to calculations of 
energy use efficiency, citrus production was more 
profitable for companies that applied good 
agricultural practices. 

Table 6 shows the distribution of input energy in 
citrus production by direct, indirect, renewable, and 
non-renewable energy sources. The majority of the 
energy input came from non-renewable and indirect 
sources. As shown in the table, the total energy 
input in orange production can be classified as 
direct (25.26% and 21.21%), indirect (74.74% and 
78.79%), renewable (9.38% and 8.13%), and non-
renewable (90.62% and 91.87%) applied and did 
not apply good agricultural practices. 

On average, the proportions of direct and 
indirect energy in enterprises in tangerine 
production that applied good agricultural practices 
was 25.71% and 74.29%, while direct and indirect 
energy was 23.47% and 76.53% in tangerine 
production did not apply good agricultural practices. 
Also, renewable and non-renewable energy 
contributed to 9.53% and 90.47% of the total energy 
input in GAP tangerine production, whereas 
renewable and non-renewable energy contributed 
8.71% and 91.29% tangerine production did not 
apply good agricultural practices.  

Table 6 also demonstrated that the proportions 
of direct energy is lower (23.94% and 20.99%) than 
indirect energy (76.06% and 79.01%) of lemon 
producers who apply and do not apply good 
agricultural practices. Also, non-renewable and 
renewable energies contributed to 91.07% and 
8.93% of the total energy input in GAP lemon 
production and 92.15% and 7.85% in lemon 
production.  

Ozkan et al. (2004), Namdari et al. (2011), Bilgili 
(2012), Mohammadshirazi et al. (2012), 
Loghmanpour et al. (2013b), Mohammadshirazi et 
al. (2015), Karabat and Aydın (2018), Yılmaz and 
Aydın (2020) and Bilgili (2021) determined that the 
ratio of non-renewable energy was more significant 
than the ratio of renewable energy in citrus 
production. 

The high non-renewable energy ratio in overall 
energy inputs has a detrimental impact on 
agricultural productivity and the environment. 
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Table 6. Energy input forms of orange, tangerine, and lemon production. 

Energy form GAP orange Orange GAP tangerine Tangerine GAP lemon Lemon 

Direct  
energy a 

13123.43 
(25.26%) 

13090.24 
(21.21%) 

13849.10 
(25.71%) 

13833.29 
(23.47%) 

13074.64 
(23.94%) 

14010.22 
(20.99%) 

Indirect  
energy b 

38826.80 
(74.74%) 

48633.71 
(78.79%) 

40013.09 
(74.29%) 

45105.36 
(76.53%) 

41543.96 
(76.06%) 

52730.99 
(79.01%) 

Renewable  
energy c 

4873.66 
(9.38%) 

5017.70 
(8.13%) 

5131.33 
(9.53%) 

5135.84 
(8.71%) 

4879.36 
(8.93%) 

5236.62 
(7.85%) 

Non-renewable 
energy d  

47076.58 
(90.62%) 

56706.25 
(91.87%) 

48730.87 
(90.47%) 

53802.81 
(91.29%) 

49739.24 
(91.07%) 

61504.60 
(92.15%) 

Total energy  
input 

51950.23 
(100.00) 

61723.95 
(100.00%) 

53862.19 
(100.00%) 

58938.65 
(100.00%) 

54618.60 
(100.00%) 

66741.21 
(100.00%) 

a Includes labor, diesel, electricity, and irrigation water. 
b Includes fertilizers, chemicals, farmyard manure, and machinery.  
c Includes labor, farmyard manure, and irrigation water. 
d Includes diesel, chemicals, fertilizers, machinery, and electricity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, the non-renewable energy ratio in the 
enterprises that applied good agricultural practices 
was lower than the enterprises in the other group. 
This result was similar to the studies carried out by 
Karabat and Aydın (2018) in tangerine production 
and Yılmaz and Aydın (2020) in citrus production.  
 
 
4. Conclusion 

 
Efficient and productive use of the energy 

sources is significant for all the countries in terms of 
economic development besides the supply of 
essential requirements. Evaluated in terms of 
agricultural production, citrus compose 
approximately 4% of the total fruit production areas 
in Turkey. For this reason, energy use is very 
important in terms of citrus products.  

According to the results, the energy use 
efficiency in citrus production was higher in the 
enterprises that applied good agricultural practices 
in Mersin province. This result can be stated as the 
production inputs were used more controlled in the 
enterprises applied good agricultural practices. 
Therefore, it is suggested that especially the 
producers who did not apply good agricultural 
practices should be trained in input usage.  

Renewable energy inputs were mainly diesel 
and electricity, whereas fertilizers and pesticides 
dominated nonrenewable inputs. This situation 
demonstrates that citrus production was 
significantly dependent on nonrenewable energy 
input. Inputs remained low with fertilizers, 
chemicals, diesel fuel, electricity, irrigation water, 
machinery, labor, and farmyard manure. The use of 
appropriate fertilizers and pesticides may lower the 
indirect energy requirements for pest control and 
manure. 

According to the findings, the existing energy 
consumption pattern in the orchards is dependent 
on non-renewable energy. In other words, the 
proportion of renewable energy used in the 
orchards surveyed was low. Therefore, reducing the 
total non-renewable energy ratio, especially 
fertilizer use, would positively affect the 
sustainability of citrus production and positive 
environmental effects. 

Considering the results of this study, it was 
determined that the generalization of good 
agricultural practices was essential. As a result, the 
subsidy levels offered to producers who apply good 
agricultural practices should be increased, and 
purchase guarantees for products produced using 
good agricultural practices should be offered. 
Furthermore, producer training in this area should 
be kept up to date. Regulation changes can be done 
for continuous producer training and incorporating 
the agricultural agents into the training. The 
producers' demands and suggestions should be 
evaluated as essential technical applications and 
should be within the regulations and directions of 
good agricultural practices.     
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