
Applied Mathematical Sciences Vol. 8, 2014, no. 129, 6433 - 6445 
HIKARI Ltd,  www.m-hikari.com 

http://dx.doi.org/10.12988/ams.2014.46447 

 

 

Using SALUS Model 

 

for Medium and Long Term Simulations 

 

of Energy Efficiency in Different Tillage Systems  
 

 

Andrea Pezzuolo1, Bruno Basso2, Francesco Marinello1 and Luigi Sartori1 

 
1Department of Land, Environment, Agriculture, and Forestry 

University of Padua, Legnaro, Italy 

 
2Department of Geological Sciences 

Michigan State University 

East Lansing, MI, USA 

 

 
   Copyright © 2014 Andrea Pezzuolo et al. This is an open access article distributed under the 

Creative Commons Attribution License, which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 

 

 

Abstract 

 

In the present paper, medium and long term yield simulation and energy 

estimation are carried out for conventional tillage and for no-tillage. Analyses 

were performed by means of forecasting model SALUS. Such software was fed 

with several data sets: climatological data summaries (since 1990), climate 

forecasts (from 2011 to 2025), soil characteristics, crops and management 

techniques for eight different farms involved in the study.  

For each farm, simulations provided yield in the case of both conventional and 

no-tillage. Technical input and yield were converted into energy in order to 

estimate efficiency. 

Medium and long term forecasts reveal how no-tillage can provide a better energy 

efficiency, with enhanced effects in the long term.  
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1  Introduction 
 

Conservation tillage not only reduces and minimizes erosion and leaching 

phenomena [24], but also improve porosity, infiltration and structure [5], enhance 

microbial component and increases cation-exchange capacity [7]. 

Compared to conventional tillage, lower intensity and lower amount of field 

operations allows a noticeable reduction of energy costs [23; 7]. 

Reduction of energy and accordingly reduction of emissions into the atmosphere 

are main advantages of conservation tillage practices, conferring them a strategic 

role in the mitigation of climate change which is certainly one of the most serious 

threats to global sustainable development [18]. Besides reduction of greenhouse 

gases (GHG) mostly attributable to the use of fossil fuels (direct emissions), 

conservation tillage practices allow an increase of organic carbon content (C-sink) 

if compared with conventional tillage [19]. This enhancement is in particular 

noticeable when procedures are integrated by adequate crop rotation, crop 

residues management and use of cover crops [18].  

The importance of conservation practices is widely perceived as strategic. Veneto 

region, where experiments connected with the present paper have been carried 

out, promoted a specific action within the Rural Development Programme 2007-

2013 (Measure 214/i) in order to encourage conservative management of 

agricultural soils. In particular the action was aimed at:  

- reducing organic carbon loss of soils and CO2 emissions caused by 

intensive tillage; 

- increasing biodiversity in the active layer of soils. 

Quantifying benefits arising from conservation agricultural practices is a 

fundamental step in order to evaluate the impact of supporting public measures.  

The aim of the present paper is to estimate medium and long term energy benefits 

potentially arising from implementation of conservation practices.  

Evaluation took advantage of simulations provided by forecasting model SALUS 

(System Approach to Land Use Sustainability).  

 

 

2  Material and methods 
 

2.1. The SALUS model  

The SALUS program is designed to simulate continuous crop, soil, water and 

nutrient conditions under different management strategies for multiple years, 

taking into account several aspects such as crop rotations, planting dates, plant 

populations, irrigation and fertilizer applications, and tillage regimes [9]. 

For each management strategy simulation, all major components of the crop-soil-

water model are executed: water balance, soil organic matter, nitrogen and 

phosphorous dynamics, heat balance, plant growth and plant development. The 

water balance considers surface runoff, infiltration, surface evaporation, saturated 

and unsaturated soil water flow, drainage, root water uptake, soil evaporation and 

transpiration. Soil organic matter and nutrient model simulates organic matter  
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decomposition, N mineralization and formation of ammonium and nitrate, N 

immobilization, gaseous N losses and three pools of phosphorous. The 

development and growth of plants considers environmental conditions 

(particularly temperature and light) to calculate the potential rates of growth for 

the plant. This growth is then reduced based on water and nitrogen limitations. 

Crop growth modules implemented by SALUS are derived from the CERES [20] 

e IBSNAT (Benchmark Sites Network for Agrotechnology Transfer) [13], 

originally developed for single year, monoculture simulations. The management 

module is based on CERES-Till [4], and is used in order to forecast the influence 

of residues and of tillage operations on soil properties and on plant growth.  

 

 
 

Fig. 1 - Diagram of the components of the System Approach to Land Use 

Sustainability (SALUS) model. 

 

The SALUS program allowed simulations on two time scenarios and two 

management conditions.  

With regard to time scenarios, a 5-years medium term action (with a duration 

comparable with that of supporting public measures) and a 15-years long term 

action (i.e. corresponding to three repeated actions) were studied. 

Additionally, simulations took into account two possible management conditions: 

no-tillage (NT) and conventional tillage (CT).  

For NT management, no-tillage was exclusively considered, concurrently with 

cover-crops between the main crops. For CT management, essentially considering 

deep plowing and no use of cover crops. 

 

2.2 SALUS Dataset configuration 

8 different farms located in Veneto region were selected and monitored, in order 

to collect technical information on practices adopted for main crops: Wheat 

(Triticum aestivum, L.), Maize (Zea mais, L.), Soybean (Glycine max, L.) and 

Rapeseed (Brassica napus, L). 
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The investigation was relative to 2011 and consisted of collection of agricultural 

practices both for conservation and conventional tillage. Concurrently, 

information was collected on quantity and type of agricultural inputs, on type of 

machines and implements for each operation (power, working capacity and other 

characteristics) and on crop rotations or cover crops.  

For each farm, three groups of parameters were considered, mainly related to 

management strategy, soil and climate. 

- Management strategy (Tab. 1): variety, density and timing of seeding 

(both for main and cover crops), quantity and timing of fertilizers and 

plant protection products, type and timing of tillage operations, harvesting 

timing and crop rotations. Crop rotation was slightly different for the 8 

farms, but in general based on a three-year or four-year cycle, including 

wheat or rapeseed, soybean and maize, with additional cover crops 

(ryegrass, barley, vetch) or second crop (maize or soybean) for NT.  

 

 

 CT NT 

Crop Wheat Soybean Maize Rapeseed Wheat Soybean Maize Rapeseed 

Soil tillage 
Mouldboard plough, 

Chisel, Rotary harrow 

- 

 

Fertilizer (kg/ha) 

N 

P2O5 

K2O 

 

90-172 

39-115 

18-84 

 

- 

50 

50 

 

200-240 

42-84 

84 

 

110 

72 

72 

 

90-172 

39-115 

18-84 

 

- 

50 

50 

 

200 

48-96 

96 

 

110 

72 

72 

Sowing (kg/ha) 150-250 65-70 18-20 7-8 150-250 70-75 20-24 7-8 

Herbicides 

applications 
1 1 3 - 1-3 2-3 3 1 

 

Table 1 - Average agricultural practices for CT and NT adopted by the 8 

investigated farms.  

 

- Soil: depth, presence of stones, main chemical and physical properties 

(texture, organic carbon, total nitrogen, assimilable phosphorus, pH and 

cation exchange capacity). 

- Climate: two datasets were taken into account for each farm:  

- A series of at least 10 years of daily data of temperature (minimum, 

maximum and mean), precipitations and solar radiation, as provided by 

the closest meteorological station to the considered farm (Tab.2). 

- A series of simulated daily data of temperature (minimum, maximum 

and mean), precipitations and solar radiation, generated for the period 

2012-2025 in line with the climate change scenarios as defined at 

international level. 
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Location 

Annual 

mean daily 

maximum 

temperature 

 (°C) 

Annual 

mean daily 

minimum 

temperature 

 (°C) 

Annual 

mean 

precipitation 

(mm) 

Soil 

texture  

Organic 

carbon 

(%) 

C.E.C. 

meq/100g 

Bulk 

density 

(g/cm3) 

Mira (VE) 18.51 8.04 895 

Loam, 

Silt-

loam 

1.10 14.07 1.41 

Cona (VE) 18.40 9.07 770 Loam 3.10 26.62 1.43 

Eraclea (VE) 18.28 8.44 891 
Silt-

loam 
1.65 18.84 1.41 

Caorle (VE) 18.25 8.26 939 
Silt-

loam 
0.95 9.74 1.41 

Mogliano 

V.to (TV) 
18.51 8.96 943 

Clay-

loam 
1.03 25.23 1.32 

Ceregnano 

(RO) 
19.00 8.31 750 Loam 1.02 25.87 1.42 

Pettorazza Gr. 

(RO) 
19.00 8.31 749 

Loam-

Sandy-

loam 

1.38 21.10 1.42 

Villadose 

(RO) 
19.00 8.31 750 

Clay-

loam 
4.8 34.30 1.41 

 

 

Table 2 - Climate characteristics (as provided by ARPAV, Regional Agency 

for Environmental Protection and Prevention of Veneto) and physical and 

chemical properties of soils for the 8 farms.  

 

 

 

2.3. Climate data prediction 

Climate data were generated by means of MarkSim [14], a daily weather 

generator developed in the 1980s to simulate weather from known sources of 

monthly climate data. The model, taking advantage of six atmospheric general 

circulation models (GCMs), generates possible global daily weather data 

interpolated on a grid cell size of 5 x 5 minutes of longitude and latitude. 

For the present study, monthly mean values of the meteorological stations 

available for previous 5 years (2007-2011) have been provided as a database. The 

average of six available GCMs has been set for atmosphere circulation model 

(Tab. 3) [15].  

With regard to CO2 emissions into the atmosphere, scenario A1b (or “medium 

emissions”, IPCC 4th Assessment) was implemented. 

In order to take the increase of CO2 emissions into account, a value of CO2 

concentration in the atmosphere of 385 ppm was feed into SALUS software for 

the year 2012.  
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GCM Reference Sources 

BCCR-BCM 2.0 
Bjerknes Centre for Climate Research (University of 

Bergen, Norway) 
[11] 

CNRM-CM 3 
Meteo-France/Centre National de Recherchers 

Meteorologiques (France) 
[6] 

CSIRO-Mk 3.5 
Commonwealth Scientific and Industrial Research 

Organisation Atmospheric Research (Australia) 
[12] 

ECHam 5 Max Planck Institute for Meteorology (Germany) [21] 

INM-CM 3.0 Institute for Numerical Mathematics (Moscow, Russia) [8] 

MIROC 3.2 

(medres) 

Centre for Climate System Research (CSSR), National 

Institute for Environmental Studies (NIES), Frontier 

Research Center for Global Change (FRCGC) 

(University of Tokyo, Japan) 

[16] 

 

Table 3 - Available GCM forMarkSim model. 

 

 

2.4. Energy balance 

After obtaining as an output of the model the predictions of yield in different soil 

management, the energy balance was performed using the gross energy 

requirement [3; 2]. The only output considered was the dry weight of yield, 

expressed as energy by using conversion coefficients, by multiplying these values 

for the standard energetic coefficients. An energy value was assigned for each 

input involved in the production process (human labour, direct and indirect use of 

mechanization, seeds, fertilisers and herbicides and drying processes) using 

coefficients obtained from the same literature.  

Finally, the energy conversion index was calculated considering the ratio between 

output and input. 

 

 

 

3 Results and discussion 
 

 

3.1. SALUS model validation 

Model performance was evaluated using the root mean square error (RMSE). 

Simulated yields were compared with measured yield in the 2010-2011season for 

the study sites. 

The measured and simulated yield for 8 farms of the study sites are shown in Fig. 

1. Overall, there is a good agreement between measured and simulated yield. The 

RMSE between measured and simulated yield was 69,9 kg/ha for the whole crops 

demonstrating the general reliability of the simulation. 
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Fig. 2 – Real crop yield and simulated used for SALUS model validation.. 

 

3.2. Crop yield simulation and energy output  

Table 4 shows production for the periods 2010-2015 and 2010-2025 as simulated 

by the model for different crops in rotation averaged in all farms. In general, there 

is no evidence of substantial differences between CT and NT: just for maize, 

particularly for the period 2010-2015, a difference can be recognized of about 2 

t/ha higher in the case of conventional tillage. However it is worth noticing that 

yield values observed in the case of no-tillage exceed 10 t/ha: thus economic 

sustainability is guaranteed, also considering support provided by the above 

mentioned Measure 214/i. 

Even in the long term a difference is recognizable in maize, but with a potential 

increase of productivity (up to 11.7 t/ha). For other crops, there is no evidence of 

differences in yield. 

 

 Average yield 2010-2015 

(t/ha) 

Average yield 2010-2025 

(t/ha) 

 CT NT  CT NT  

Wheat 5,11 4,96 ns 4,91 5,09 ns 

Maize 12,65 10,48 * 13,18 11,71 * 

Soybean 2,86 2,68 ns 2,58 2,51 ns 

Rapeseed 2,85 2,65 ns 2,94 2,80 ns 

Table 4 – Crop yield simulation obtained from SALUS model. 

 

The energy output is directly related to crop yields, therefore is lower in NT due 

to estimated yield, in particular in the case of maize. 

Differences, expressed as GJ/ha, are deeper in medium term scenario (2010-

2015): indeed the transitional phase from a conventional to a conservation 

management may be not fully completed, therefore agricultural and soil 

conditions may not yet have reached the new equilibrium (Tab. 5).  

However, while in the first five-year period (2010-2015) the mean output 

difference between the two operations was approximately 11 GJ/ha, in the long  
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term (2010-2025), such value was reduced to about 7 GJ/ha (see Fig. 3), thus 

highlighting a possible productivity growth as also reported by other authors [10; 

17; 1; 22]. 

 

 Output 2010-2015 

(GJ/ha) 

Output 2010-2025 

(GJ/ha) 

 CT NT  CT NT  

Wheat 69,56 67,45 ns 66,89 69,29 ns 

Maize 189,05 156,62 * 196,98 175,04 * 

Soybean 48,15 45,15 ns 43,45 42,27 ns 

Rapeseed 111,15 103,19 ns 114,78 109,39 ns 

Table 5 – Energy output resulting from the crop yield simulation. 
 

 

 
 

Fig. 3 – Energy output compared to the medium and long-term simulations for 

different crops. 
 

3.3. Energy input  

Energy inputs have proved to be higher in the case of CT, with an average 

increase of about 3 GJ/ha (12%) if compared to NT (Tab. 6). 

From mechanization point of view (Fig. 4), compared to NT energy needs in CT 

were found to be higher by an average of 73%, with maximum values of 92% and 

100% respectively for maize and soy bean. Lower values were recorded for wheat 

(38%), due to a reduction in the intensity of conventional tillage system for this 

crop and the presence in NT of cover crops requiring additional seeding and 

herbicide distribution operations. 



Using Salus model for medium and long term simulations                               6441 

 

 

Energy costs relative to seeding in NT were found to be higher by 40% on 

average if compared to CT, due to the necessity to achieve an investment 

comparable to CT and to the presence of one or more cover-crops. In particular, 

for wheat and soybean, the increase was respectively 24% and 34%, while it was 

much higher on crops more sensitive to the reduction of tillage intensity, as in the 

case of maize (59%) and rapeseed (90% ). 

Conversely, energy costs of fertilization in CT were found to be higher by 15% on 

average if compared to NT. Such increase is especially evident for maize (40%) in 

which no additional topdressing nitrogen was applied in the case of NT. 

Energy costs of drying are extremely correlated to harvesting conditions and 

yield. For maize, compared to NT, CT showed an increase of about 50% on 

average of the drying energy costs. 

 
 Wheat Soybean Maize Rapeseed Average 

 CT NT CT NT CT NT CT NT CT NT 

 Mechanisation 5,68 4,10 5,78 2,87 6,61 3,44 6,65 3,84 6,18 3,56 

Seeds  5,60 7,46 2,25 3,45 1,91 4,70 0,20 2,05 2,49 4,42 

Fertilisers 13,74 14,23 0,47 0,50 19,54 14,00 11,31 10,30 11,26 9,76 

Herbicides 0,13 0,37 0,23 0,79 0,22 0,72 0,07 0,14 0,16 0,51 

Drying 4,74 4,37 2,86 2,59 15,15 10,19 3,45 2,78 6,55 4,98 

 Human labour 0,01 0,01 0,01 0,00 0,01 0,01 0,01 0,00 0,01 0,00 

TOTAL 29,90 30,54 11,59 10,21 43,44 33,04 21,68 19,12 26,65 23,23 

 

Table 6 – Main energy requirement (expressed in GJ/ha) for mechanisation and 

other external inputs for different crops and tillage systems. 
 

 

 

Fig. 4 – Energetic input for different tillage systems. 
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3.4 Energy efficiency 

Compared to conventional tillage, the adoption of no-tillage demonstrated a 

higher energy efficiency both in a medium and long term simulation (Tab. 7) for 

all crops with the exception of wheat, due to the introduction and management of 

cover-crops. 

In the long time, energy efficiency with the adoption of NT tends to increase, 

while the adoption of conventional tillage tends to reduce (Fig. 5). 

From the interpretation of energy performance for the two different soil 

managements in terms of efficiency, it appears how adoption of no-tillage (in 

agreement also with the above mentioned Measure 214/i) can potentially ensure a 

greater energy efficiency if compared to conventional tillage, both in the medium 

term 2010-2015 (+4%) and particularly in the long term from 2010 to 2025 (+ 

10%). 

 

 Energy efficiency  

2010-2015 

Energy efficiency  

2010-2025 

 CT NT  CT NT  

Wheat 2,43 2,19  2,37 2,24  

Maize 4,48 4,70  4,65 5,49  

Soybean 4,22 4,44  3,82 4,10  

Rapeseed 5,79 6,33  5,71 6,27  

 

Table 7 – Energy efficiency compared to the medium and long-term simulations 

for different crops. 

 

 

 

Fig. 5 – Average energy efficiency compared to the medium- and long-term 

simulations. 
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4  Conclusions 
 

The present study showed the possibility of using the SALUS model to evaluate 

the performance of crops and consequently the energy output to changing soil 

tillage systems with long-term predictions, up to 2025. 

Energy analyses conducted on this basis allowed quantification of energy 

efficiency increase of no-tillage compared to conventional tillage, with a 

maximum increase of 10% in the long-term period. Such statistically significant 

enhancement was evidenced even though cover crops (which have a negative 

effect on energy costs) were included in the conservative management. 
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