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Abstract: Tillage operations account for the major of energy consumption in agricultural operation and reducing non-

renewable energy use in tillage has important results for decreasing greenhouse gases emissions.  So, the purpose of 

present study was to survey the energy consumption and environmental effects of two tillage systems in dryland winter 

wheat cultivation.  The required data were collected using oral questionnaire and direct visiting from farmers in the west 

of Iran.  Life cycle assessment was used by ReCiPe2016 method for survey wheat production environmental impacts 

under two tillage systems.  The results indicated that the conservation system consumes about 16% less energy compared 

to the conventional system.  The energy ratio of conservation system was about 19% higher than that of conventional 

system.  The CO2 emission amounts due to the use of diesel fuel were calculated about 297 and 186 kg ha−1 in 

conventional and conservation tillage systems, respectively.  Life cycle assessment results showed that all the 

investigated environmental indicators in the conservation system are better than the conventional system.  Also, direct 

emissions were the main hotspots of environmental damages in two systems.  It was concluded that in conservation 

system, dryland wheat can be produced with lower environmental impacts than conventional systems. 
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 1 Introduction 

Today, soil erosion is considered as one of the 

main threats to soil resources. Beside loss of soil 

organic matter and nutrients, erosion can destroy 

topsoil and influence soil physical and chemical 

properties (Jia et al., 2019). Conservation tillage 

beside plant residue management have the potential to 

reduce climate change by controlling soil erosion, 

influencing the nitrogen and carbon cycles and 
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decreasing greenhouse gas (GHG) emissions 

(Khakbazan et al., 2019; Alskaf et al., 2021). It can 

also have a positive result on crop yield in dryland 

cultivation by storing soil moisture content for a 

longer period of growth (Sarker et al., 2018). 

Moreover, since tillage operations account for the 

major of energy consumption in agricultural 

operations, the use of conservation or minimum 

tillage has a significant impact on reducing energy 

consumption, especially non-renewable energy and 

fossil fuels, which leads to the reduction of negative 

environmental effects in agricultural systems.Wheat 

is widely cultivated all over the world because of its 

compatibility to various climates (Liu et al., 2019). 

Wheat is a strategic product in Iran, because it has a 

significant contribution to the Iranian diet. A great 
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part of the agricultural lands in the central and eastern 

regions of Hamedan province are related to the 

dryland wheat cultivation and the continuous use of 

conventional tillage systems along with intensive 

chemical fertilizers application has severely affected 

the quality of these soils. This has severely affected 

the sustainable production of wheat in the Hamedan 

province. The current approach in this area is to use 

conservation tillage to control soil erosion and 

increase the sustainability of dryland wheat 

production. 

The results of previous studies have showed that 

tillage activities is one of the greatest energy 

consumers in agricultural system (Nasseri 2019; 

Ghasemi-Mobtaker et al., 2020a). This is especially 

more evident in traditional tillage methods, that it is 

led to generate high environmental risks in this 

method. High GHG emissions and environmental 

threat are the main consequences of fossil fuels 

consumption. 

Today, there is a need to manage energy use in 

agriculture sector to decrease environmental 

footprints of inputs consumption and operating costs 

(Olczak et al., 2022). Life cycle assessment (LCA) is 

a technique for estimating environmental effects of 

agricultural productions (Ferronato et al., 2023). So, 

in order to find out the harmful consequences of 

excessive use of different energy sources on human 

health and environmental safety, it is very important 

to examine energy consumption patterns in different 

agricultural systems (Nabavi-Pelesaraei et al., 2017). 

In recent years, several studies have been 

conducted in agriculture sector for review and 

comparison energy consumption and environmental 

footprints associate with inputs usage in different 

agricultural systems (Ghasemi-Mobtaker et al., 2020b; 

Mohanty et al., 2020). In a study conducted in Poland, 

environmental effects of various tillage systems were 

investigated using LCA approach. The investigated 

systems were conventional tillage, reduced tillage and 

no tillage and their effects on maize grain production 

were studied. The results indicated that reduced 

tillage and no tillage had better performances from 

environmental point of view; while from social and 

economic viewpoint, conventional tillage had better 

performance (Król-Badziak et al., 2021). In another 

study carried out in India, environmental and energy 

indices of different tillage systems were studied. the 

results showed that conventional tillage consumed 

higher input energy an so has higher GHG emission 

than no-tillage system (Chaudhary et al., 2021). 

Naseri et al. (2021) studied energy and environmental 

indicators in sugarcane cultivation for conservation 

and conventional tillage systems in heavy and arid 

land. The environmental impacts results indicated that 

the maximum emissions were related to conventional 

tillage systems. In addition, a summary of some 

studies on energy use and environmental impacts in 

different tillage systems are listed in Table 1. 

Conservation tillage in rainfed agriculture in 

Hamadan province has been studied from various 

aspects, but no study found to survey this system in 

terms of energy use pattern and environmental effects. 

So, the aim of this study was to survey the 

sustainability in the two dryland wheat cultivation 

systems in central and eastern regions of Hamedan 

province. For this purpose, firstly, considering the 

inputs and outputs, energy use pattern was studied in 

conventional and conservation tillage systems. Then 

using LCA approach, the environmental aspects of 

different tillage systems which implement for dryland 

wheat production in study region was specified to 

introduce the sustainable system. 

2 Methodology 

2.1 Energy analyses of wheat farms 

The present study was carried out during 

production period of 2021-2022 in central and eastern 

regions of Hamedan province, Iran. This province 

located in the west part of Iran; within 33° 59ʹ and 

35° 48ʹ north latitude and 47° 34ʹ and 49° 36ʹ east 

longitude. A significant amount of wheat produced in 

this area is related to rainfed cultivation and 

moldboard plow and chisel are the two main 

implements used for primary tillage in dryland 

cultivation (Ministry of Jihad-e-Agriculture of Iran, 
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2021). Two different tillage systems were 

investigated based on tillage operations as follows: 

System 1: Conventional tillage including 

moldboard ploughing in spring, field leveling in late 

summer and planting in early autumn. 

System 2: Conservation tillage including chisel 

ploughing in autumn, secondary tillage using      

Sweep+]roller in late spring and planting in early 

autumn. 

Using oral questionnaires from farmers and direct 

visiting, the needed data for research were collected 

in studied region. The consumed physical inputs for 

wheat production (per hectare) were recorded during 

production period in two mentioned systems and 

using energy equivalent of inputs, energy 

equivalences were calculated. The physical inputs 

used in dryland wheat farms and their energy 

equivalent are presented in Table 2.  

Table 1 A list of researches done on energy consumption and environmental aspects in different tillage systems 

Reviewed study Region 
Energy use 

analysis 

Environmental 

assessment 
LCA method Crop 

Košutić et al. (2005) Slavonia Yes - - maize, winter wheat and soybean 

Tabatabaeefar et al. (2009) Iran Yes - - Wheat 

Arvidsson (2010) Sweden Yes - - Winter wheat 

Alluvione et al. (2011) Italy Yes - - Wheat–maize–soybean rotation 

Barut et al. (2011) Turkey Yes - - Corn silage 

Sharma et al. (2011) India Yes - - Maize–wheat rotation 

Alhajj Ali et al. (2013) Italy Yes - - Rainfed durum wheat 

Kumar et al. (2013) India Yes - - Wheat 

Bacenetti et al. (2015) Italy - Yes  CML 2000 Cereal silage 

Keshavarz-Afshar et al. (2015) USA Yes Yes GHG emissions Camelina 

Meena et al. (2015) India Yes - - Greengram 

Hamzei & Seyyedi (2016) Iran Yes - - Sunflower 

Parihar et al. (2016) India Yes - - Maize-based systems 

Nunes et al. (2017) Brazil - Yes CML  2001 White and brown rice 

Özgöz et al. (2017) Turkey Yes - - Potato 

Piastrellini et al. (2017) Argentina Yes - - Soybean biodiesel 

Moitzi et al. (2019) Austria Yes - - Winter wheat 

Naujokienė et al. (2019) Lithuania - Yes EDIP 2003 Winter wheat and rapeseed 

Šarauskis et al. (2020) Lithuania Yes Yes GHG emissions Faba bean 

Saldukaitė et al. (2020) Lithuania Yes Yes GHG emissions Winter wheat 

Nisar et al. (2021) India Yes Yes GHG intensity Maize-wheat sequence 

Present study Iran Yes Yes  ReCiPe2016 Dryland winter wheat 

Table 2 The inputs and outputs energy coefficients in dryland wheat production 

Items  Units 
Energy equivalent (MJ unit –

1) 
Reference 

Inputs 1. Human labour h 1.96 (Pahlavan et al., 2012) 

 2. Machinery h 62.70 (Raheli et al., 2017) 

 3. Diesel fuel L 56.31 (Ghasemi-Mobtaker et al., 2010) 

 4. Fertilizers kg   

 - N  66.14 (Zangeneh et al., 2010) 

 - P2O5  12.44 (Ghasemi-Mobtaker et al., 2020a) 

 - Farmyard manure  0.3 (Ozkan et al., 2004) 

 5. Pesticides kg   

 - Fungicides  216 (Mousavi-Avval et al., 2011) 

 - Herbicides  238 (Mousavi-Avval et al., 2011) 

 - Insecticides  101.2 (Mousavi-Avval et al., 2011) 

 6. Seed kg 14.7 (Ozkan et al., 2004) 

Output 
1. Wheat grain yield (kg) kg 14.7 (Ozkan et al., 2004) 

2. Wheat straw yield (kg) kg 12.5 (Mohammadi et al., 2014) 

One of the goals of determining the quantities of 

inputs and outputs energy in any production system is 

to calculate energy indices. The most important of 

these indices include energy ratio (ER), energy 



September, 2025                  Environmental impact assessment of dryland winter wheat cultivation                  Vol. 27, No.3          153 

efficiency (EP) and net energy (NE), which was 

calculated using Equations 1-3 (Salehi et al., 2014; 

Ghasemi-Mobtaker et al., 2020b; Nabavi-Pelesaraei 

et al., 2021). 

  
( )

( )

OE MJ
R

IE MJ
=                                    (1) 

  
( )

( )

WGY kg
EP

IE MJ
=                                  (2) 

 ( ) ( )NE OE MJ IE MJ= −                          (3) 

In which, OE, is the output energy, IE is input 

energy and WGY is the wheat grain yield. 

2.2 LCA 

LCA as an environmental management approach 

is expressed as an estimation of the whole 

environmental effects associated with different steps 

and processes in the product's lifetime (Kaab et al., 

2019). The relation between the primary energy 

resources consumption and the pollutions emissions 

in the entire production chain including raw material 

extraction, manufacturing, transportation, distribution, 

operation, repair, maintenance and recycling; are 

investigate in this approach (Brentrup et al., 2004; 

Roy et al., 2009). For considering all the involved in 

the materials and energies in the life cycle assessment 

of each product, the systematic approach is required. 

Generally LCA consists of four phases or steps  

(Khatri and Jan, 2017; Wang et al., 2021).  

2.2.1 Goal and scope statement  

The two basic and essential factors for LCA 

which must be clearly stated are purpose and scope. 

In the present study, the LCA goal was to determine 

all the environmental effects of dryland winter wheat 

cultivation from the extraction of raw material up to 

the wheat outputs harvesting (grain and straw) in two 

systems under study. For meet this purpose, the 

functional unit (FU) and system boundary must be 

specified (Rebitzer et al., 2004).  

The level of detail and system boundaries of LCA 

depend on the project subject and desired application. 

The system boundary includes all field operations as 

well as all used inputs in dryland wheat fields 

(Ghasemi-Mobtaker et al., 2020a). The different 

stages of dryland wheat cultivation are similar in the 

two systems except for tillage operations. The stages 

of cultivating dryland wheat include preparing of the 

land, spreading livestock manure on the farm (in 

some cases), seed planting (with grain drill), spraying 

and harvesting. Figure 1 shows a schematic diagram 

of the boundaries of the two systems under study.  

FU is one of the most important and essential 

components of LCA and should be clearly defined. It 

is a concept used to analyse and compare different 

systems or services and also ascertains which outputs 

and inputs are connected to each other (Rebitzer et al., 

2004; Cerutti et al., 2011). In this research, one ton of 

dryland winter wheat was determined as FU.
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Figure 1 System boundaries of dryland wheat production 

2.2.2 LCI 

Analyzing the life cycle inventory (LCI) is the 

next step of LCA approach. This step include an 

accurate and complete collection of all materials or 

inputs applied in various processes as well as whole 

relevant outputs in total phases of the life cycle based 
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on a reference unit (Guinée 2002; ISO, 2006). In this 

phase the value of used resources and the energy 

required are specified for each FU and according to 

the emissions coefficient values, pollutant emissions 

of the production system to environment including 

emissions to air, soil and water are calculated during 

its whole life cycle (Mousavi-Avval et al., 2017; 

Khanali et al., 2018; Kaab et al., 2019). For 

calculating the off-farm emissions related to inputs 

production process, EcoInvent database data were 

used (Ghasemi-Mobtaker et al., 2020b). In the current 

study, inputs included resources usage which 

obtained using oral questionnaire and direct visiting 

of farms. In addition, the outputs were wheat grain 

and straw yield. These inputs and outputs were 

specified for two systems under study.  

2.2.3 LCIA 

The third phase of LCA is life cycle impact 

assessment (LCIA) and gathers data on extraction of 

raw material and diffusion of material regarding the 

life cycle of a product (ISO, 2006). The purpose of 

this stage is to assess and estimate the value and 

significance of various human health and potential 

environmental impacts resulting from the initially 

flows specified in the previous step (Nabavi-

Pelesaraei et al., 2017). In previous studies several 

methods of LCIA are used. The current study was 

carried out based on ReCiPe2016 methodology. Each 

mentioned impact categories can have an impact on 

human health, ecosystems and resource availability 

(Mostashari-Rad et al., 2021). The links between 

midpoints and endpoints in ReCiPe2016 methodology 

are illustrated in Figure 2. 

 

Figure 2 The links between endpoints and midpoints in ReCiPe2016 method 

2.2.4 Interpretation 

Interpretation of LCA results as the fourth step of 

LCA, is principled method to evaluate and quantify 

results of LCI and LCIA (Grados and Schrevens, 

2019). In this step the results of the LCI and LCIA 

stages are summarized (ISO, 2006). Based on the 

results of LCI and LCIA, this phase identifies the 

important issues and limitations and provides 

conclusions and recommendations (Milutinović et al., 

2017). 

Initial analyzing of the inputs and outputs data of 

wheat in two investigated systems was conducted 

using Excel software. Also, for LCA evaluation 

SimaPro 9.1.1.7 software was used. 

3 Results and discussion 

3.1 Results from wheat energy estimation 

Table 3 presents the inputs and outputs in dryland 

wheat production under two investigated systems in 

the study area. Also, energy equivalents of inputs and 

output for two systems are illustrated in this table. 

The results indicate that 8997.91 MJ and 7523.36 MJ 

of energy are needed per hectare of wheat production 

in conventional and conservation system, respectively. 

In other words, the conservation system consumes 

about 16% less energy compared to the conventional 

system. This is in agreement with results found by 

other researchers. In a study carried out in Slavonia, 

Košutić et al. (2005) reported that energy 

consumption for the production of various crops in 

the conservation tillage system was 35% less than 
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traditional system. In another study in Turkey, energy 

efficiency of various tillage systems was reported 

different from each other; So that using chisels in the 

autumn and discs in the spring worked best (Özgöz et 

al., 2017). As previously mentioned, due to high 

usage of diesel fuel tillage activity is the greatest 

energy consumers in dryland wheat production 

system. In conservation system, the amount of diesel 

fuel is reduced by about 66% compared to the 

conventional system, which not only reduces energy 

consumption but also reduces GHG emissions. 

The total energy output for conventional and 

conservation systems, which is obtained by 

multiplying the weight of outputs (wheat grain and 

straw) in their energy equivalent, was estimated to be 

35220 and 35125.00 MJ ha-1, respectively. These 

results indicate that the output energy in the two 

systems are not significantly different. Hamzei and 

Seyyedi (2016) investigated the effects of various 

tillage systems on energy use and grain yield in a 

soybean- sunflower intercropping system. The results 

indicated that sunflower yield was not significantly 

affected by the tillage methods; so, the use of 

minimum tillage was introduced as a suitable tillage 

method due to its less energy consumption. It should 

be noted that in many studies it has been reported that 

conservation tillage in the early years will not have a 

positive effect on yield, however if this method is 

continued with proper management of nitrogen 

fertilizer, the physical and chemical conditions of the 

soil will improve. This can lead to increase in yield 

and production sustainability. 

Table 3 Amounts of inputs- outputs and their energy equivalent for two different systems in dryland wheat production 

Inputs 
Quantity per ha   Energy equivalent (MJ ha-1) 

Conventional tillage Conservation tillage Conventional tillage Conservation tillage 

1. Human labour (h) 18.40 16.90 36.06 33.12 

2. Machines (kg) 10.30 9.40 645.81 589.38 

3. Diesel fuel (L) 70.80 44.40 3986.75 2500.16 

4. Fertilizers (kg)     

- N 32.50 32.50 2149.55 2149.55 

- P2O5 18.00 18.00 223.92 223.92 

- Farmyard manure 1100.00 1100.00 330.00 330.00 

5. Biocides (kg)     

- Fungicides 0.10 0.10 21.60 21.60 

- Herbicides - 0.30 - 71.40 

- Insecticides 0.60 0.60 60.72 60.72 

6. Seed 105.00 105.00 1543.50 1543.50 

Total energy input (MJ)   8997.91 7523.36 

Outputs     

1. Wheat grain yield (kg) 1350.00 1250.00 19845.00 18375.00 

2. Wheat straw yield (kg) 1230.00 1340.00 15375.00 16750.00 

Total energy output (MJ)   35220.00 35125.00 

The results showed that in both system, diesel fuel 

energy has the highest percentage of total energy 

input; in the conventional system, about 44% and in 

the conventional system, about 33% of the total 

energy consumption is related to diesel fuel (Figure 

3). In other words, the use of a conservation system 

reduces the energy consumption of diesel fuels by 

about 37% (about 26 L ha-1 of diesel fuel). The results 

also indicated that the highest fuel usage in both 

systems is related to primary and secondary tillage. 

Use of worn and inefficient tractors as well as the 

allocation of fuel subsidies in the country are among 

the reasons for the high usage of diesel fuels. 

Among other inputs that have a major 

contribution to input energy in both tillage systems 

are chemical fertilizers (especially nitrogen fertilizer). 

The share of nitrogen fertilizers energy from the total 

energy used was about 24% and 29% in conventional 

and conservation systems, respectively. Similar 

results have been presented  in previous studies that in 
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agricultural productions, the nitrogen fertilizers 

energy has the significant share of the total energy 

input (Mohammadi et al., 2010; Rafiee et al., 2010; 

Nasseri, 2019; Ghasemi-Mobtaker et al., 2020a). A 

shift toward appropriate crop rotation, such as use of 

leguminous to nitrogen fixing purpose in crop 

rotation can lead to less consumption of nitrogen 

fertilizer. Also, since the nitrogen use efficiency 

depends on the presence of water, obtaining accurate 

rainfall information is very important in managing 

nitrogen topdress fertilizer consumption in dryland 

cultivation.

 

Figure 3 Energy use pattern for two different systems in dryland wheat production 

Table 4 Energy indices for two different systems in dryland wheat production 

Energy indices Units 
Average 

Conventional tillage  Conservation tillage 

ER - 3.91 4.67 

EP kg MJ−1 0.15 0.17 

EI MJ kg−1 6.67 6.02 

NE MJ ha−1 26222.09 27601.64 

DE MJ ha−1 4022.81 (45%) 2533.29 (34%) 

IDE MJ ha−1 4975.10 (55%) 4990.07 (66%) 

RE MJ ha−1 1909.56 (21%) 1906.62 (25%) 

NRE MJ ha−1 7088.35 (79%) 5616.73 (75%) 

The energy indices of dryland wheat cultivation 

for two investigated systems are showed in Table 4. 

These indices are general tool to evaluate the energy 

efficiency of various systems. The energy ratio of 

dryland wheat production was calculated as 3.91 and 

4.67 for conventional and conservation systems, 

respectively. In other words, the energy ratio of 

conservation system is found to be about 19% higher 

than that of conventional system. In the previous 

studies conducted in dryland cultivation, various 

results were reported for energy ratio of wheat 

production. For example, in study conducted out in 

north-west of Iran the significant differences among 

the treatments in terms of energy indices were 

reported; so that the energy ratio of conservation 

systems is reported higher than that of conventional 

system (Tabatabaeefar et al., 2009). In another study 

Taki et al. (2018) studied energy use pattern of 

different wheat cultivation systems in central Iran and 

reported energy ratio in range of 3.1 to 4.1 for rainfed 

wheat. The energy ratio for some dryland production 

systems are reported as 3.4 for rainfed wheat 
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(Ghorbani et al., 2011), 2.90 for rainfed chickpea 

(Koocheki et al., 2011), 3.44 for rainfed canola 

(Kazemi et al., 2016), 3.85 for rainfed wheat 

(Mondani et al., 2017) and 4.69 for rainfed durum 

wheat (Failla et al., 2020). In generally the comparing 

findings of this study with same studies indicates that 

rainfed fields can produce wheat more efficiently than 

irrigated fields. 

The results also indicated that energy productivity 

in conventional and conservation systems was 0.15 

and 0.17 kg MJ-1, respectively. This indicates that 

energy productivity of conservation system is about 

13% higher than that of conventional system. In other 

words, compared to the conventional system, in the 

conservation system, 20 kg more wheat grain is 

produced per each GJ of energy consumed. This is in 

agreement with findings of several studies 

(Tabatabaeefar et al., 2009; Arvidsson, 2010; Kumar 

et al., 2013; Chaudhary et al., 2021). The net energy 

was estimated to be about 26222 and 27602 MJ ha-1 

for conventional and conservation systems, 

respectively; which shows that energy has been 

obtained in both studied systems. 

The energy forms percentage including RE, NRE, 

DE and IDE for two systems is also presented in 

Table 4. The results showed that percentage of NRE 

in both systems is high; however, the conservation 

system consumes about 21% less NRE compared to 

the conventional system (about 1472 MJ ha-1). In 

several studies have reported that in agricultural 

systems the percentage of NRE is higher than that of 

RE (Kizilaslan, 2009; Ghasemi-Mobtaker et al., 2012; 

Salehi et al. 2014; Mondani et al. 2017). Houshyar 

and Grundmann (2017) investigated energy 

consumption of different tillage system in wheat 

cultivation and reported that conservation tillage 

systems consume less non-renewable energy than 

conventional systems. 

3.2 Results from LCA estimation 

Table 5 illustrated LCI of different systems for 1 

ha of dryland wheat farms in the central and eastern 

regions of Hamedan province. The results indicated 

that CO2 emissions to air, occurs due to human labor 

activities were 12.88 and 11.83 kg ha−1 in 

conventional and conservation systems, respectively. 

Moreover, the amounts of CO2 emission due to the 

diesel fuel consumption in dryland wheat cultivation 

were calculated about 297 and 186 kg ha−1 in 

conventional and conservation systems, respectively. 

In other words, the conservation system emits about 

37% less CO2 to the conventional system. The results 

also showed that in both investigated systems, nitrate 

and phosphate emissions to water were 7.62 and 0.55 

kg ha-1, respectively. The results of this study 

indicated that the conservation system, in addition to 

other benefits such as increasing organic matter and 

improving the chemical and physical conditions of 

the soil, has fewer environmental effects on the 

environment. 

In study carried out at central Montana USA, the 

tillage method effect was investigated on energy use 

and GHG emissions in dryland Camelina production. 

The results showed that energy usage and GHG 

emission of no-tillage were 5% and 8% lower than 

conventional tillage (Keshavarz-Afshar et al., 2015). 

Ghasemi-Mobtaker et al. (2020a) surveyed 

environmental effects of irrigated wheat production in 

the west of Iran and reported that about 427 kg ha−1 

of CO2 can be emitted from diesel fuels usage in 

wheat fields. Their results also indicated that tillage 

was one of the main operations for diesel fuel usage 

in studied region. Comparing the results of this study 

regarding the emission of CO2 with the results of a 

similar study conducted in this region in irrigated 

fields shows that the amount of CO2 emission per ton 

of wheat produced in rainfed fields is much higher 

and this is due to the low yield of rainfed farms. 

Table 6 shows the damage assessment of the 

ReCiPe2016 endpoint for dryland wheat production 

in two investigated systems. As shown in this table, 

all the investigated environmental indicators in the 

conservation system are better than the conventional 

system. The results of conventional and conservation 
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systems indicated that index of damage to human 

health calculated for 1 ton of dryland wheat 

production is 5.94×10-2 and 4.59×10-2 DALY, 

respectively. This shows that conservation system can 

decrease this index by 22.7%. Comparing this study 

findings with similar studies conducted in the studied 

area in irrigated fields shows that the amounts of 

environmental loads per ton of wheat produced in 

rainfed farms is far more than other grains produced 

in irrigated fields. As mentioned, the reason for this is 

the low yield in rainfed farms compared to irrigated 

farms. 

Table 5 LCI of various systems for 1 ha of dryland wheat cultivation 

Item (unit) 
Systems 

Conventional Conservation 

On-Farm    

Emissions to air (kg) By human labor    

CO2 12.88 11.83 

By diesel fuel   

CO2 297.01 186.26 

SO2 0.1 0.06 

CH4 0.01 0.01 

Benzene 6.94E-04 4.35E-04 

Cd 9.53E-07 5.98E-07 

Cr 4.74E-06 2.98E-06 

Cu 1.62E-04 1.02E-04 

N2O 0.01 0.01 

Ni 6.66E-06 4.18E-06 

Zn 9.53E-05 5.98E-05 

Benzo (a) pyrene 2.85E-06 1.79E-06 

NH3 1.90E-03 1.19E-03 

Se 9.53E-07 5.98E-07 

PAH  3.13E-04 1.96E-04 

HC, as NMVOC 0.27 0.17 

NOx 4.23 2.65 

CO 0.60 0.38 

Particulates (b2.5 μm) 0.43 0.27 

By fertilizers   

N2O 0.90 0.90 

NH3 by chemical fertilizers 3.95 3.95 

NH3 by FYM 6.04 6.04 

By atmospheric deposition of fertilizers   

N2O by chemical fertilizers 0.033 0.033 

N2O by FYM 0.075 0.075 

By N2O of fertilizers and soil   

NOx 0.18 0.18 

By pesticides   

Deltamethrin, … 0.07 0.10 

Emissions to soil (kg) By heavy metals of fertilizers   

Cd 9.1E-04 9.1E-04 

Cu 2.5E-03 2.5E-03 

Zn 2.2E-02 2.2E-02 

Pb 1.8E-01 1.8E-01 

Ni 2.3E-03 2.3E-03 

Cr 1.2E-02 1.2E-02 

Hg 8.7E-06 8.7E-06 

By biocides   

Deltamethrin, … 0.60 0.85 

Emissions to water (kg) By fertilizers    

Nitrate 7.62 7.62 

Phosphate 0.55 0.55 

Figure 4 shows the percentage of different inputs 

effect on the endpoints of wheat production in 

conventional and conservation systems. The results 

demonstrated that in both investigated systems, the 

greatest effect in index of human health damage was 

from direct emissions. Direct emissions are related to 

the input’s usage such as diesel fuel inside the farm, 

whose consumption is accompanied by the direct 

emission of pollutants such as carbon dioxide. In 

many studies, the effect of direct emissions on the 

environmental indicators has been mentioned as the 

most important factor (Fathollahi et al., 2018; Saber 

et al., 2020; Khanali et al., 2021). The results also 

showed that the next input that had a great impact on 
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the human health index in both systems is chemical fertilizers.

Table 6 Damage assessment of the ReCiPe2016 endpoint for two investigated systems 

Damage category Unit 
Systems 

Conventional Conservation 

Damage to human health DALY  5.94×10-2 4.59×10-2 

Damage to ecosystems species. yr 1.15×10-4 8.87×10-5 

Damage to resources availability USD2013 49.72 36.36 

In study conducted in Hamedan province of Iran 

on environmental performance of irrigated wheat 

production, Ghasemi-Mobtaker et al. (2020a) 

reported that electricity input was the most important 

hotspot in most environmental indicators. In a similar 

study, in case of barley, in human health damage 

categories, the greatest effects was reported from 

direct emissions (Ghasemi-Mobtaker et al., 2020b). 

Regarding the damage to ecosystems index, the 

results indicated better conditions in the conservation 

system than the conventional system. The results 

indicated that index of damage to ecosystems for 1 

ton of dryland wheat production is 1.15×10-4 and 

8.87×10-5 species. yr, in conventional and 

conservation system, respectively. This shows that 

conservation system can decrease this index by 

22.9%. The results also showed that in both 

investigated systems, the greatest effect in index of 

ecosystems damage was from direct emissions. It 

should be noted that due to the reduction of fuel 

consumption in the conservation system, direct 

emissions are reduced to some extent in this system. 

 

(a) Conventional system 

 

(b) Conservation system 

Figure 4 Percentage of inputs to emit environmental impact categories for investigated systems 
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In the case of index of damage to resources 

availability, almost a similar trend was obtained; so 

that the conservation system decreased this index by 

26.9%. The results showed that this index was 49.72 

and 36.36 $ in conventional and conservation system, 

respectively. The results also showed that in both 

investigated systems, the greatest effect in this index 

were from fertilizers and diesel fuel. 

In general, the findings of this study indicated that 

the conservation system in rainfed wheat cultivation 

improves energy and environmental indicators 

without causing a significant decrease in wheat yield. 

Therefore, this system can be recommended as an 

environmentally friendly tillage system in the region. 

4 Conclusions 

The most important results of this study are as 

follows: 

(1) Total energy consumption of system 1 and 

system 2 were calculated as 8997.91 and 7523.36 MJ 

ha-1, respectively indicating that conservation tillage 

system consumes about 16% less energy. 

(2) Diesel fuel used in tractors had the highest 

share of total energy input in both systems, was 

followed by fertilizers. In other words, 

implementation conservation system can reduce the 

consumption of diesel fuels by about 37% (about 26 

L ha-1). 

(3) The NRE consumption in both systems were 

rather high. However, the conservation system 

consumes about 21% less NRE compared to the 

conventional system. 

(4) LCA results of two investigated systems 

showed that in human health and ecosystems damage 

categories, direct emissions have the highest portion. 

Furthermore, in resources damage category, diesel 

fuel and fertilizers had the most significant impact. 

(5) In addition to reducing energy consumption, 

the conservation system had less adverse on the 

environment, so it was introduced as an 

environmentally friendly system. 

(16) It is suggested that new policies be adopted 

by policymakers to encourage farmers to use 

conservation tillage system.  
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Nomenclature 

DE Direct Energy 

EP Energy Productivity 

ER Energy Ratio 

FU Functional Unit 

GHG Greenhouse Gas 

IDE Indirect Energy 

IE Input Energy 

LCA Life Cycle Assessment 

LCI Life cycle inventory 

LCIA Life cycle impact assessment 

NE Net Energy 

NRE Non-renewable Energy 

OE Output Energy 

RE Renewable Energy 

WGY Wheat Grain Yield 

 

 


