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Comprehensive abstract 

Introduction 
Excessive consumption of energy, especially fossil fuels, in the agricultural sector has led to the 

release of greenhouse gases and environmental pollutants, the most important of which are global 

warming and climate change. Analyzing energy flow and greenhouse gas emissions in agricultural 

ecosystems can help reduce environmental impacts by optimizing production operations.Comparing 

the energy efficiency of crops is one of the methods that can be used in prioritizing the cultivation of 

different crops in each region. In this study, the energy flow and global warming potential of direct 

rice cultivation method in dry bed under rain and drip irrigation methods were investigated. 

Materials and methods 
In this research, by interviewing different farmers (by completing a questionnaire in Gorgan city), 

required data was collected for machinery and consumables including seeds, fertilizers, fuel and 

poisons during growing seasen in the year of 2020. The reason for choosing these two methods is 

several similarities (including similar planting dates, agricultural operations and consumption of 

inputs) that exist in these two irrigation methods and the largest area of dry rice cultivation is done by 

these two methods. The variety cultivated in these farms was Fajr. To estimate the amount of energy 

consumption in consumables such as fertilizers, pesticides, insecticides, the amount of energy per 

gram of effective substance was multiplied by the relevant coefficients and their specific weight. Other 

calculations of energy consumption and global warming potential for inputs and outputs used in 

agricultural production and operations for each of the methods were done using coefficients obtained 

from different sources. 

Research findings 
The results of this study showed that the average input energy under rain and drip irrigation 

systems was 27.8 and 28.6 GJ per hectare, respectively. The highest percentage of input energy in the 

fields under rain and drip irrigation systems with 27 and 26.4% respectively was related to the use of 

nitrogen fertilizer and the lowest percentage in both irrigation methods was related to the use of 

fungicides with 014 percent. The amount of direct input energy in rain and drip irrigation methods was 

7.2 and 8.8 GJ per hectare, respectively, while the share of indirect input energy in both irrigation 

methods (rain and drip) was order was 20.6 and 19.8 GJ/ha). Energy efficiency in rain and drip 

irrigation method was calculated as 7.3 and 9.2, respectively.Global warming potential was obtained 

from fields under rain and drip irrigation systems (1582.4 and 1764.7 kg CO2 per hectare, 

respectively). 
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Conclusion 
The results of the comparison between the input energy and global warming potential showed that 

there is a direct relationship between the input energy and global warming potential. The results 

indicated that the largest share of input energy in both irrigation methods was related to nitrogen 

fertilizer, irrigation and fuel consumption, which subsequently causes an increase in greenhouse gases. 

Based on the results of this research, it can be concluded that by reducing fuel consumption, increasing 

the efficiency of irrigation systems and optimal use of chemical fertilizers, energy consumption and 

greenhouse gas emissions can be reduced. 
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Table 1. Meteorological perameters of rice growing season in the Gorgan Agricultural Research Station in 2020 

Month 
Minimum 

temperature (°C) 

Maximum 

temperature (°C) 

Solar radiation 

(Mj.m-2) 

Relative 

humidity (%) 

Total precipitation 

(mm) 

April 8.5 17.6 12.9 77 64 

May 13.9 25.6 18.2 55.7 39.8 

June 19.4 33.7 24.8 35 2.04 

July 22.6 34.5 24.3 52.1 18.4 

August 23.5 33.1 20 43.3 4.09 

September 19.8 31.2 20.4 49.3 13.5 
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Table 2. Energy equivalent of inputs and outputs in rice cultivation 

  

Unit Energy equivalent (MJ.unit-1) Reference 

Input   

Human labor (h)   

Men 1.96 Akcaoz et al., 2009 

Women 1.54 Akcaoz et al., 2009 

Machinery (kg)  142.7 Kaltsas et al., 2007 

Gasoline (lit) 38 Rajabi et al., 2012 

Seed (kg) 14.7 Ozkan et al., 2004 

Chemical poisons (kg)   

Herbicides 287 Rathke et al., 2007 

Fungicide 196 Deike et al., 2008 

Pesticide 237 Rathke et al., 2007 

Chemical fertilizers (kg)   

Nitrogen (N) 60.6 Ozkan et al., 2004; Akcaoz et al., 2009 

Phosphor (P2O5) 11.1 Ozkan et al., 2004; Akcaoz et al., 2009 

Petasium (K2O) 6.7 Ozkan et al., 2004; Akcaoz et al., 2009 

Sulfur 1.12 Ozkan et al., 2004; Akcaoz et al., 2009 

Zinc 8.4 Ozkan et al., 2004; Akcaoz et al., 2009 

Electricity (KWh) 12.1 Ozkan et al., 2004 

Pressure irrigation 1.02 Acaroglu, 1998 

Output   

Straw (kg) 12.5 Ozkan et al., 2004 

Paddy (kg) 14.7 Ozkan et al., 2004 
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Table 3. Greenhouse gas emission coefficients for each input (Khoshnevisan et al., 2013) 

Input Unite Conversion factor (kg CO2 per unit) 

Fuel Litter 2.76 

Machinery Megajoule 0.071 

Nitrogen Kilogram 1.3 

Potassium Kilogram 0.2 

Phosphorus Kilogram 0.2 

Herbicide Kilogram 6.3 

Pesticide Kilogram 5.1 

Fungicide Kilogram 3.9 

Electricity Kilowatt hours 0.608 
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Table 4. Amounts of different inputs for rice production by direct seeding cultivation method in dry bed  in 

Gorgan, Golestan province, Iran 

 

Energy type Rain irrigation Drip  irrigation 

Input   

Female worker (h.ha-1) 73 78.5 

Male worker (h.ha-1) 451 433 

Machinery (kg) 124 124 

Gasoline (lit) 123 123 

Transportation (km) 5 5 

Seed (kg.ha-1) 60 60 

Chemical poisons (kg)   

Herbicide 3.58 3.58 

Fungicide 0.52 0.52 

Pesticide 4.49 4.49 

Chemical fertilizers (kg)   

Nitrogen (N) 270 270 

Phosphours (P2O5) 208 208 

Potasium (K2O) 197 197 

Electrisity (kwh) 12.5 125 

Irrigation (m3) 7229 6388 

Output   

Straw3 (kg.ha-1) 13441 16025 

Paddy (kg.ha-1) 2419 4387 

Total outputs (kg.ha-1) 15861 20412 
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Table 5. Amount of energy inputs and outputs (MJ.ha-1) for one hectare paddy field 
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Energy type 
Rain irrigation Drip  irrigation 

Avrage Percentage Avrage Percentage 

Input     

Human labor 1029.6 3.7 1002.9 3.51 

Machinery 1931.3 6.93 1931 6.75 

Gasoline 4677.8 16.78 4678.4 16.35 

Transportation 224.7 0.81 224.7 0.78 

Seed 882 3.16 882 3.08 

Chemical poisons     

Herbicides 267.7 1.68 267.7 1.63 

Fungicides 38.7 0.14 38.7 0.14 

Pesticides 469.9 1.69 469.9 1.64 

Chemical fertilizers     

Nitrogen (N) 7549.7 27.09 7549.7 26.4 

Phosphours (P2O5) 1063.7 3.82 1063.7 3.7 

Potasium (K2O) 636.5 2.28 636.5 2.2 

Electrisity 1512.5 5.43 3146 11 

Irrigation 7373.7 26.4 6516.7 22.8 

Tottaly inputs 27871.8 100 28607.9 100 

Output     

Straw 168024 75.6 200314 82.5 

Paddy 35563.7 24.4 64496.3 17.4 

Tottaly outputs 203587 100 264810 100 
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Table 6. Different energy indices derived from direct seeding cultivation in dry bed in Gorgan. 
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Table 7. Greenhouse gas emission (kg CO2 .ha-1) for rice production in Gorgan 
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Table 8. Global warming potential (GWP) per unit area, weight, input energy and output energy in rice of 

nnnnnGorgan 

  

N��  

 6� �
� (��3 6�S�G� K�
 '���3%g �%+��� ��%�3? 

 &3
��� ������ ��� �� 12H6���N P�S�6S�S &��N6 ��


 ���������%# 1%GL ������ ��� �
�
 ��� .  ��S�G� R��

1��b�	
 �12H ;�E3
 �
 ��� B�� I�!�)� '3%� � %� 1�q<

K�
&�D	 6� &� �
�� 
� ��� �2
�6�)� 6� �P@C P"� � 

\�3 �B�� 6��$
 � ��%�3 �%+��� ���� �� ���3 W%�6* 

BH�� (&���3 B��) ;�	%� B�� 6� B�)3 
� $�3 �# 

 ��2W����� �
�� &�) 2
�Kiani et al., 2022( .R�� 

��
$+ ��)W& � (
��:T
 )Hosseini et al., 2022 (

Different energy indices  Rain irrigation  Drip  irrigation  

Input      

)1-Direct input energy (GJ.ha  7.2  8.8  

)1-Indirect input energy (GJ.ha  20.6  19.8  

)1-renewable energy (GJ.ha-Non  25.9  26.7  

)1-Renewable energy (GJ.ha  1.9  1.8  

)1-Total input energy (GJ.ha  27.8  28.6  

Output      

)1-utput energy (GJ.haO  203.5  264.8  

Ouput/input ratio  7.3  9.2  

)1-Energy productivity (T.GJ   0.086  0.15  

)1-Specific energy (GJ.t  11.5  6.5  

)1-Net energy (GJ.ha  175.7  236.2  

Input Rain irrigation Drip  irrigation 

Agricultural inputs   

Nitrogen fertilizer 549.7 549.7 

Phosphorus fertilizer 87.2 87.2 

Potassium fertilizer 52.2 52.2 

Pesticides 100.4 100.4 

Production and maintenance 

equipment and machinery 
241.6 341.5 

Transportation 17.5 17.5 

Fuel   

For opration 364.8 264.9 

For irrigation 168.8 351.2 

Total  GWP   1582.3 1764.7 

Input Rain irrigation Drip  irrigation 

Per unit area (kg eq-CO2 .ha-1) 1582.4 1764.7 

Per unit weight  (kg eq-CO2 .ton-1) 99.7 86.4 

Per unit energy input  (kg eq-CO2 .GJ-1) 56.7 61.6 

Per unit energy output  (kg eq-CO2 .GJ-1) 7.7 6.6 
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