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Energy-use of various summer pasture and winter 
feeding strategies for cow-calf production 

Introduction 

Cow-calf production, like any other agricultural enterprise, requires various forms of energy 

inputs. In addition to their impacts on productivity and economic performance of the operations, 

alternative cow-calf production strategies commonly bring about changes in the type and 

magnitude of energy inputs such as fossil fuel, fertilizer and pesticides. The viability of these 

alternative beef production strategies will depend on the optimal use of inputs with the purpose of 

addressing environmental concerns and enhancing profitability (Khakbazan et al., 2009). Fossil 

fuel, one of the major inputs in the cattle industry, is widely used for the production, processing, 

transportation and storage of feeds. Extensive use of fossil fuel energy results in the production of 

greenhouse gases, which are in turn responsible for climate change. It is reported that the energy 

use efficiency of the traditional Canadian cropping systems has decreased in recent decades as a 

result of unbalanced increase of energy inputs (mainly fertilizers and fossil fuels) against energy 

outputs (Zentner et al., 2004). Limited information is available about the energy use of 

incorporating alfalfa into pasture mixtures for cow-calf production (Khakbazan et al., 2009), 

particularly when integrated with alternative winter-feeding systems. The objective of this study 

was, therefore, to evaluate the effect of alternative summer pasture and winter feeding strategies 

on the use of non-renewable energy. 

Animal management 

The study was conducted at the Agriculture and Agri-Food Canada Research Centre in Brandon, 

Manitoba (Legesse et al., 2012). Diet composition and animal data were collected over five 

production years (1998-2003) with British-Continental crossbred cows assigned to each strategy 

for the duration of the trial. Each production year began in June with 288 cow-calf pairs (including 

76 first-calf cows) assigned to graze either alfalfa-grass or grass pastures until weaning. Grazing 

ended when available forage and regrowth could no longer support continued grazing pressure. 

In autumn after weaning, one half of the 240 pregnant cows were assigned to extended-grazing 

of stockpiled pasture and swathed annual crops, and the other half were assigned to one of three 

diets fed in drylot: hay, straw/barley1, and silage/straw2. The annual crops used for extended 

                                                           
1 (70% oat straw:30% steam-rolled barley grain, dry matter (DM) basis) 
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grazing were oats, Golden German foxtail millet, corn and spring triticale. Cows were fed common 

diets between weaning and winter feeding system, and between pre-calving and summer grazing.  

Energy analysis  

Body weight and reproductive parameters (Legesse et al., 2012) were deemed similar for 

calculating the outputs and energy use. The analysis of non-renewable energy use in this study 

focuses on comparing and ranking feeding strategies according to energy inputs. Emphasis is 

given to production inputs that differed among feeding strategies in a given feeding period to 

evaluate the effects of a change in energy use from an existing system. Aspects of the feeding 

strategies that were affected by the change were identified. After determining the types of impacts 

that occurred, input value increases or decreases as a result of the change were quantified.  

The physical quantities of production inputs were based mostly on the resources used during the 

study . The input categories   were fertilizer, herbicide, fuel and oil, repairs and machinery. Other 

items such as veterinary inputs and medicine, salt and mineral, breeding and water were 

assumed the same for all groups of animals in a given period. Total inputs (i.e., hours of use) of 

30 machinery/equipment items reported for the various summer pasture and winter feeding 

strategies were estimated. To estimate machinery/equipment operating rates and fuel use  , 

values were taken from the  Farm Machinery Custom and Rental Rate Guide prepared by MAFRI 

(2012) and, if necessary, from the Saskatchewan Ministry of Agriculture (2010). Inputs for 

establishment of the pastures and annual crops for hay, stockpiled forages and swath grazing 

were determined from the records of the whole-field inputs for tillage, fertilizer, fertilizer 

application, seed, seeding, pesticide, spraying, swathing and baling. Quantities associated with 

establishment of pastures and hay were distributed over 7 years. Input estimates (e.g., 

establishment) for stockpiled forages were based on the information obtained for hay. Although 

during the study oat straw was purchased from external sources, inputs associated with oat straw 

production were estimated as if the straw was produced on the farm and based on the information 

gathered for barley.  

The physical quantities of inputs used in each production system were converted to energy 

values using energy coefficients appropriate to the western Canadian conditions (Nagy, 1999). 

Developing the coefficients involved identifying all direct and indirect non-renewable energy 

associated with the manufacture, formulation, packaging, distribution, transportation and 

maintenance of inputs (Nagy, 1999). In other words, energy coefficients are the energy used from 

                                                                                                                                                                                              
2 (40% barley silage:60% oat straw, DM basis) 
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primary production to the end user. Summary of coefficients used to calculate energy associated 

with various inputs is presented in Tables 1. 

Table 1. Summary of energy parameters for production inputs. 
Input item Energy value\ 
Fuel (MJ l-1)  
    Diesel 43.99 
    Gasoline 39.61 
Fertilizers (MJ kg-1)  
     N 57.61 
     P2O5 9.53 
     K2O 9.85 
     S 1.12 
Herbicides (MJ kg-1)*  
     Glyphosate 511 
     2,4-D amine 98 
Manufacturing energy (Average [range]; MJ hr-1)¥ 125.3 [17.5- 413.5] 
Lubrication energy¥, # (Average [range]; MJ hr-1) 4.8 [1.2- 12.3] 
\Source: Nagy, 1999.  
*Energy for herbicides is given per unit of active ingredient. 
¥Average of all the machinery or agricultural equipment used during the study period. 
#Lubrication energy is the energy associated with engine, transmission, hydraulic and/or hydropower oil 
change, oil use, plus grease. 

For energy use comparisons, body weight variations in different production years and feeding 

systems were standardized in Animal Units. 

Results and discussion 

Figure 1 shows various energy inputs (MJ) per Animal Unit Day for the winter feeding strategies. 

Fertilizer, especially N fertilizer, accounted for the largest proportion of the total non-renewable 

energy input because of the high energy use of manufacturing  chemical fertilizers. For the winter 

feeding strategies, fertilizer accounted for 87%, 67%, 51% and 41% of the total energy input of 

extended grazing, hay, oat straw/ barley grain and oat straw/ barley silage feeding strategies, 

respectively. Nitrogen fertilizer was more than 90% of the total fertilizer energy.  
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Figure 1. Energy use (MJ/ Animal Unit Day) among different winter feeding strategies by input 
category. Animal Unit Day is a standard measure for 1000 lb cow for a day. Cows during this 
feeding period were dry and pregnant. 

Extended grazing had the lowest energy use in 3 of the 5 production years, especially the first 

year when no fertilizer was used (Figure 2). The need for fertilizer, because of drought,  in the 4th 

and 5th years reduced then eliminated the energy use advantage of EG. In the drylot, hay always 

had the highest and oat-straw/barley grain the lowest energy cost.  
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Figure 2. Energy input use (MJ/ Animal Unit Day) among different winter feeding strategies over 
the five production years. 
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Between 1998 and 2000, the energy needed (in the form of fertilizer, herbicide, fuel, and 

machines) to maintain a cow weighing 1000 lb for a day in the extended grazing system was less 

than burning half a litre of gasoline (Figure 3).  
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Figure 3. Energy inputs used to maintain a cow weighing 1000 lb for a day in terms of energy 
content of a litre of gasoline. 

As indicated in the previous paragraph, the energy efficiency of the extended grazing group was 

better than the three drylot systems in these production years. In 2002, on the other hand, 

maintaining a dry cow weighing 1000 lb for a day in the winter was equivalent of burning two litres 

of gasoline and found to be less efficient compared to the drylot systems. The relative energy 

efficiency of extended grazing system, therefore, depends on how much nitrogen is applied to 

maintain pasture/crop productivity. 

For the summer pastures, the difference in energy inputs was due mostly to chemical fertilizers. 

To achieve the same or similar yields, grass pastures required three times more fertilizer energy 

than alfalfa-grass pastures (Figure 4). Similarly, Khakbazan et al. (2009) reported that fertilized 

alfalfa-grass pastures required less than half the energy input required in fertilized grass-only 

pastures with similar biomass production. The study also showed unfertilized alfalfa-grass pasture 

as the most efficient pasture system in terms of energy use and economic performance 

(Khakbazan et al., 2009). 
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Figure 4. Energy use (MJ/ Animal Unit Day) between two summer pastures by input category. 
Animal Unit Day is a standard measure for 1000 lb cow for one day. Cows during this feeding 
period were with their calves. 

With the assumption of comparable energy outputs as a result of similar body weight and 

reproductive parameters among systems in a given feeding period, lower energy inputs are 

deemed to reflect a more efficient use of non-renewable energy. This study showed extended 

grazing management had the highest energy use efficiency when pastures were maintained with 

minimal application of chemical fertilizers. The lower energy inputs in the alfalfa-grass pastures 

compared to the grass pastures also indicated the potential of enhancing the energy efficiency of 

extended grazing in the winter through appropriate incorporation of legumes into pasture 

mixtures.  
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