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Detailed Documentation

A. Background and Introduction

This calculator was developed by Agriculture and Agri-Food Canada in consultation with
technical experts from provincial agriculture departments in Alberta, Saskatchewan, and
Manitoba.

The calculator is designed to help land managers plan detailed feed and cow management
strategies to achieve an acceptable or target animal unit density per acre based on appropriate
nutrient additions to the landscape. (ie. nitrogen (N), phosphorus (P), potassium (K), and sulfur
(S))  It can also be used as a record keeping tool of feed and cow management, and nutrient
additions on specific sites.

The calculator estimates the amount of nutrients that are added to the landscape when importing
feed from offsite.  It assumes that all nutrients in the feed are deposited on the landscape in the
form of manure, urine, and waste feed, with the exception of nutrients removed as livestock
weight gain.  The calculator considers only nutrients added to the feeding area itself, and doesn't
address nutrients deposited in shelter/bedding areas, watering sites, and other land outside the
feeding area.

This calculator does not address winter feeding systems where the feed is generated on site.
Therefore, feeding systems not addressed in this calculator include swath grazing, corn grazing,
grazing stockpile forages, and annual crop residues.

There are two versions of this calculator:  Feed to Cow version, and Cow to Feed version.
The feed to cow version determines feed management factors first and then cow management
factors.   The cow to feed version determines cow management factors first, and then feed
management factors.  Both versions essentially calculate the same information, but in a different
order.  The feed to cow version is preferable to use if suitable fields have more than enough space
to accommodate feed for one feeding season for the entire herd.  The cow to feed version is
preferable to use if there is a chance the field may not have enough space to accommodate feed
for the entire herd over the full winter feeding season.

For each version separate worksheets are developed for three primary feeding systems:  whole
bales, windrows, and feed troughs.  Within each feeding system there is provision to consider a
primary and secondary feed type, plus one supplementary feed type.  Each worksheet is a stand
alone calculator.

B. Types of Feed

The calculator allows for up to three feed sources to be used at one time.  The first two sources,
identified as primary and secondary, involve specific types of hay, silage, straw, or chaff which
are intended to make up the bulk of the cow’s ration.  The third source, called supplementary,
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include specific types of grains and byproducts.  The calculator includes lookup tables with 80 
specific feed types with accompanying typical values for dry matter and nutrient content.  These 
data are the same as the feed information used by the CowBytes computer software available 
from Alberta Agriculture and Rural Development.  These tables are hidden from view, but the 
data is accessed by choosing specific feed types from drop down menus.  Default values from 
these tables for dry matter and nutrient content are automatically entered into the worksheet when 
a specific feed type is chosen.  However, the user has the ability to override these values with 
their own data if they choose to do so. 

C. Deciding Which Version to Use

The comments in section C apply generally to all three feeding systems:  whole bales, windrows,
and troughs.  However, there are some unique exceptions for trough feeding due to inherent
complexities.  These are discussed in more detail in Section E.3.

1. Feed to Cow Version

The feed to cow version first identifies the various type(s) of feed imported onto the site, the
nutrient content of the feed, and how this feed is managed.  Specific feed management
parameters, which are entered manually, vary depending on the feeding system.  The key
objective is to calculate an appropriate feed density on a per acre basis for the primary and
secondary feed types combined.    If this feed density is considered too high, as indicated by
the cell changing to red highlight, then at least one feed management parameter must be
changed to achieve a lower feed density.

Secondly, cow management factors such as the number and size of cows, their daily feed
requirement, and the number of feeding days are entered.  Cow days per acre (CDA) is
calculated based on the previously determined feed density divided by the cows daily feed
requirement (not including supplementary feed).  The number of acres required to place feed
is automatically calculated based on the feed density and the cow days per acre.   Finally, the
density of the supplementary feed is also calculated based on the amount of feed used and the
acres.

There are also maximum thresholds established for animal unit days per acre (AUDA) and
net nutrient loading in the feeding area of nitrogen and phosphorus.  These thresholds will
rarely be triggered if one has established an acceptable feed density first, since all three
thresholds are designed to be closely matched for typical feeds.  The exception may be if one
is using a considerable amount of supplementary feed.

There are also maximum thresholds established for animal unit days per acre (AUDA) and
net nutrient loading in the feeding area of nitrogen and phosphorus.  These thresholds will
rarely be triggered if one has established an acceptable feed density first, since all three
thresholds are designed to be closely matched for typical feeds.  The exception may be if one
is using a considerable amount of supplementary feed.

The feed to cow version is preferable to use if suitable fields have more than enough space to
accommodate feed for one feeding season for the entire herd.  In this scenario, if feed
densities are too high after an initial assessment, they can be reduced which thereby places
feed on a greater number of acres within the field.
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2. Cow to Feed Version 
 

The cow to feed version first identifies cow management factors, as described above.  The 
user also manually estimates the number of acres required or to be used for feeding.  From 
this data a CDA value is calculated.  If the maximum allowable threshold for AUDA is 
exceeded, then cow management factors are changed to achieve a more desirable AUDA.  A 
net feed density is automatically calculated, based on the CDA and daily feed requirement of 
cows. 
 
Secondly, feed information including type(s), nutrient content, and management is entered.  
While there is flexibility to choose the amount of supplementary feed used, and the ratio of 
primary to secondary feed, the combined density of primary and secondary feed is controlled 
and automatically calculated based on previously provided information.  
 
In terms of specific feed management (for primary and secondary feeds) there is flexibility to 
manually adjust all but one parameter, because at least one parameter must be calculated to 
ensure the specified feed density is maintained.  However, even this calculated parameter can 
be adjusted to suit one’s management by adjusting a manually entered parameter 
accordingly.  
 
There are also maximum thresholds established for feed density (primary and secondary) and 
net nutrient loading in the feeding area of nitrogen and phosphorus.  These thresholds will 
rarely be triggered if one has established an acceptable AUDA first, since all three thresholds 
are designed to be closely matched for typical feeds.  The exception may be if one is using 
minimal supplementary feed and/or there is considerable waste from the primary and/or 
secondary feed types. 
 
The cow to feed version is preferable to use if there is a chance the field may not have 
enough space to accommodate feed for the entire herd over the full winter feeding season.  In 
this scenario, the producer would indicate the maximum number of acres suitable to place 
feed.  If the AUDA value after completing the first step was too high, the only option would 
be to reduce the number of cows or feeding days.  Either way this would result in the need to 
utilize a second field for in field winter feeding.  If this second field had ample area to 
accommodate the residual number of cows and feeding days one could then use the other 
feed to cow version calculator for this field. 
 

D. Sources of Data 
 
1. Maximum Thresholds 

 
Maximum thresholds for various parameters have been set as follows: 

 Animal Unit Days per Acre:  1800 
 Density of Primary and Secondary Feeds Combined:  25 ton dry matter per acre 
 Net nitrogen load onto land from manure and waste feed:  800 lb per acre 
 Net phosphorus load onto land from manure and waste feed:  90 lb per acre 

 
These values are all based on a typical scenario for feeding whole round bales, where most 
nutrients in the form of manure and waste feed are deposited in a circle pattern around the 
bale.   While this type of feeding system involves relatively high nutrient loads within these 
circles, there is also potential for large nutrient gaps or deficiencies between these circles if 
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bales are placed too far apart.  Provided that a site is suitable for utilizing nutrient additions 
for plant growth, it is considered acceptable to place bales so that manure and waste feed 
circles almost touch each other.   This scenario maximizes the uniformity of nutrient 
deposition by minimizing both overlaps of adjacent circles and gaps between circles.   
Observations from past research and field demonstrations has revealed that placing large 
1300 - 1400 lb round hay bales 30 to 35 feet apart achieves this effect.  The maximum 
thresholds above are based on this feeding density with forages with typical nutrient 
composition. 
 
With other feed delivery systems, such as windrows and troughs, there is greater flexibility 
to manage the density of feed and nutrient additions, and still optimize uniformity of nutrient 
deposition.  Producers may also be able to achieve lower feed densities and maintain uniform 
nutrient deposition with whole bales, if the size of the bales were reduced.  However, this has 
not been adequately assessed.  Therefore, the maximum thresholds are based on optimizing 
nutrient deposition a currently popular feeding system (ie. feeding whole, large round hay 
bales). 
 

2. Four To Six Year Period Between High Density Feedings on Same Site 
 

For high density feedings at or approaching the maximum thresholds it is recommended to 
wait at least 4 to 6 years before doing a second feeding on the same site.  This 
recommendation is based on a limited number of research projects, most notably a study at 
the Western Beef Development Centre (WBDC) in 2003 by Paul Jungnitsch.  In this study an 
additional 73 lbs per acre of soil nitrogen became available in the spring following a whole 
bale grazing treatment that involved a total nitrogen deposition of 550 lbs per acre in manure 
and waste feed.   Thus only 13% of the added nitrogen became available in the first several 
months after deposition, meaning that it takes time for nitrogen in organic form to become 
mineralized into a form that plants can utilize.  While there are some current studies hoping 
to address longer term nutrient impacts, there are no results available yet.  Nevertheless, the 
current recommendation to wait 4 to 6 years is based on this preliminary assessment at 
WBDC, plus current understanding of longer nutrient cycling and crop availability under 
other management systems that involve high nutrient loading (eg. manure and fertilizer 
application). 
 

3. Daily Feed Requirement of Cow 
 
The document “Beef Ration Rules of Thumb” found on Alberta Agriculture and Rural 
Development’s website states that “All beef cattle will consume approximately 2.5 per cent 
dry matter (DM) of their body weight per day of average quality feed”.  It also indicates that 
this percent will vary somewhat depending on feed quality and environmental conditions.  
After consultation with Lorne Klein, a Regional Forage Specialist with Saskatchewan 
Agriculture, it was decided to provide a default value of 2.6 %, but a producer has the 
freedom to change this value. 
 

4. Livestock Weight Gain 
 

The value used in this calculator of 0.25 lbs per day is obtained from Alberta Agriculture’s 
publication “Winter Feeding Programs for Beef Cows and Calves - Agdex 420/52-3”.  This 
is based on a mature, 1300 lb, mid to late term pregnant cow under normal winter conditions 
in Alberta.  Livestock weight gain will vary depending on many factors including body 
condition score, stage of pregnancy, feed ration, and environmental conditions.   However, 
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because this number is only used to determine nutrients removed by livestock weight gain 
and these amounts are very small compared to total nutrient loading, it is not necessary to 
make adjustments for the purpose of determining net nutrient loading onto the landscape. 
 

5. Nutrient Content of Livestock Tissue Associated With Weight Gain 
 
The values used in this calculator were found using basic internet searching techniques.   
While more advance literature searches could have possibly found more certain or credible 
values, this was not deemed necessary since these amounts are very small compared to the 
nutrient loading that occurs on the landscape.  For example, any values within an order of 
magnitude of these would have very little impact on net nutrient loading.  Specific sources for 
each of the nutrient values are listed below. 
 
a) Nitrogen (3.0%) and Sulfur (0.20%):  Air Emissions from Animal Feeding Operations: 

Current Knowledge, Future Needs (2003), The National Academies Press, Section D: 
Nitrogen and Sulfur Contents of Animal Products and Live Animals—Sample Excretion 
Predictions, http://www.nap.edu/openbook.php?record_id=10586&page=207 

b) Phosphorus (0.72%):  Phosphorus: A Vital Source Of Animal Nutrition, Inorganic Feed 
Phosphates, http://www.feedphosphates.org/guide/index.html 

c) Potassium (0.43%):  Potassium in Animal Nutrition, part of larger publication entitled:  
Better Crops With Plant Food, Volume 82 (1998, No. 3), International Plant Nutrition 
Institute. 

 
E. Detailed Description of More Complex Calculations 

 
The sequence and method of calculation can be understood for most parameters from comment 
and formula boxes provided in each worksheet.  However, there are some parameters that 
additional information is required to fully understand the rationale and methodology used.  These 
are described as follows. 
 
1. Feed to Cow Version 

 
a) Cow Days per Acre - Since the number of acres are unknown at the point that this 

calculation is made, the normal method utilizing #cows, #feeding days, and #acres cannot 
be used.  Rather the following method was used which is just as credible. 

 
(Feed density of primary and secondary feeds combined -  
Density of feed waste from primary & secondary feeds) /  
(Daily feed requirement per cow - 
Amount of daily feed requirement supplied by supplementary feed) 

 
For the above calculation the units in the numerator are lbs per acre, and in the 
denominator lbs per day 
 

b) Amount of Land Needed - This is calculated as follows: 
 

# Cows * # Feeding Days / Cow Days per Acre 
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2. Cow to Feed Version 
 
a) Density of Primary and Secondary Feeds Combined 

 
The density of the primary and secondary feeds is not determined by how the feed is 
placed, as in the feed to cow version, but rather by subtracting the supplementary feed 
density from the net feed density.  However, this value must be proportionally adjusted 
by the feed waste factors for the primary and secondary feeds.  Therefore, the formula is 
as follows: 
 
(Net feed density - supplemental feed density) * (100 + 
((Percent of primary feed type * Feed waste percentage of primary feed) + 
(Percent of secondary feed type * Feed waste percentage of secondary feed))) / 100  
 

b) Bale or Feed Wagon Density 
 

The bale or feed wagon density is not determined by how the feed is placed, as in the 
feed to cow version, but rather by allocating the feed density to each of the primary and 
secondary feed types based on the percent of dry matter from each feed type, the dry 
matter content of each feed type, and the weight of each bale or feed wagon.  The 
formula is as follows: 
 
Density of Primary and Secondary Feeds Combined * 2000 lbs * 
((% of dry matter from primary feed / Moisture content of primary feed /  
Weight of primary bale or feed wagon) + 
(% of dry matter from secondary feed / Moisture content of secondary feed /  
Weight of secondary bale or feed wagon)) 
 

3. Trough Management Worksheets 
 
Assessing the impact of trough management on nutrient deposition is inherently more 
complex than other feeding systems, due to the greater number of manageable parameters.  
These parameters include: 

i) The total length of all feed troughs 
ii) The number of separate feed troughs 
iii) Average distance between trough locations 
iv) How often feed is placed in troughs 
v) How much feed is placed in trough at one feeding 
vi) How often trough(s) are moved 

 
For bales or windrows, the feed is typically placed in advance throughout the entire feeding 
area for the entire feeding session.  Livestock access is controlled by electric fence.  In the 
feed to cow version of the calculator this permits the user to calculate a feed density 
independent of the number of cows or the cow’s feed requirement.  However, for troughs 
feed is typically provided on a daily basis and is dependent on the number of cows and their 
feed requirement.   
 
a) Feed to Cow Version - Number of bales or feed wagon loads per feeding 

 
Based on the previous discussion in the feed to cow version of the calculator parameter 
v) above cannot be manually entered, but must be calculated based on the number of 
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cows and their feed requirement.  The number of bales or feed wagon loads per feeding 
not including supplementary feed, must be allocated proportionally to each of the 
primary and secondary feed types by considering from each source the % of bales or 
feed wagons, the weight of bales or feed contents, the moisture content, and the amount 
of feed waste.  This value is then divided by number of feedings per day.  The formula is 
as follows: 

 
(# Cows * (Daily Feed Requirement - Daily feed provided by supplementary feed) / 
((% of primary feed bales or feed wagons * Weight of primary bale or feed wagon * 
Moisture content of primary feed * (100 - % feed waste of primary feed/100)) + 
(% of secondary feed bales or feed wagons * Weight of secondary bale or feed wagon * 
Moisture content of secondary feed * (100 - % feed waste of secondary feed/100))) / 
Number of feedings per day 
 

b) Feed to Cow Version - Density of Bales or Feed Wagon Loads   
 

The density of bales or feed wagon loads depends on all of the feed trough management 
parameters identified at the beginning of section E.3.  There are two components to this 
value.  The first is the amount of feed provided before troughs are moved to another 
location.  This involves multiplying parameters iv), v), and vi).  The second component is 
the area of land where feed is deposited while trough(s) are in one location.  This involves 
parameters i), ii), and iii).   How these parameters impact area of land is best described 
with the aid of an illustration, shown below. 
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Note:  In the above illustration one should assume that the dashed rectangles are in fact 
touching each other, even though they are separated slightly to enhance visualization.  
 
In this example, there are three separate feed troughs each 100 feet in length.  After 
feeding at location 1, the troughs are moved to location 2.  Therefore, the three 
parameters used in the calculator would be as follows: 

 Total length of all feed troughs:  300 
 Number of separate feed troughs:  3 
 Average distance between trough locations:  70 feet 

 
While feed is place in specific trough locations, we are trying to determine a feed density 
based on the entire feeding area.  This is essentially the area of the dashed rectangular 
lines around each trough, as shown in this illustration.  The area impacted by one trough 
is 170 * 70 = 11,900 square feet.  However, since 3 troughs are used at one time the area 
impacted by one feeding location is 3 * 11,900 = 35,700. 
 
Therefore, the correct formula to determine area of land using the three parameters in the 
calculator is as follows: 
 
((Total length of all feed troughs + 
(Number of separate feed troughs * Average distance between trough locations)) *   
Average distance between trough locations 
 
((300 + (3 * 70)) * 70 =  35700 square feet 
 
 

c) Cow to Feed Version - Number of Days Trough(s) in One Location Before Moving 
 

At least one of the manual parameters in the feed to cow version must be automatically 
calculated in the cow to feed version because feed density is predetermined by cow days 
per acre.  It was deemed that this parameter was the most suitable to calculate.  While 
moving troughs may be challenging in winter conditions, there is also less flexibility in 
managing this parameter.  For example, where the length of trough is matched to allow 
just enough space for all livestock to feed at one time, troughs will typically need to be 
moved at least once per week. 

 
This value is calculated by multiplying the density of bales or feed wagon loads by the 
area of land impacted by one feeding location (as defined in the previous section E3b), 
and then dividing this product by the number of bales or feed wagons fed per day. 
 

F. Factors and Assumptions Influencing Nutrient Loading on Landscape 
 

The approach used in Step 7 of all the worksheets is to first calculate the total nutrient loading 
from all feed sources lumped together on a per acre basis.  The second step is to determine the 
amount of nutrients that are deposited on the landscape in the form of manure and waste feed.  It 
is assumed that these numbers are essentially the same, except for two adjustments:  nutrients 
removed by livestock weight gain and nutrients deposited outside of the feeding area. 
 
An important question is whether the nutrient budget is further impacted by livestock feeding and 
metabolic processes.  For example, it may seem plausible that certain nutrients are expended or 
lost just to maintain a cow’s condition without adding body weight.  While it is true that the 
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animal utilizes nutrients for maintenance, discussion with experts has determined that aside from 
livestock weight gain virtually all of the four nutrient types (N, P, K, & S) dealt with in this 
calculator simply pass through the animal and leave in the form of urine or feces.  In other words 
there are no significant gaseous losses of the four nutrients in question, although some minimal 
loss of ammonia gas is conceivable. 
 
With regard to nutrients deposited outside the feeding area, this calculator makes an assumption 
that this percent is the same as the % of time livestock spend outside the feeding area.  This 
assumption is not necessarily correct but this question is too complex and impacted by too many 
factors to attempt to quantify better.   Nevertheless, following are some examples to consider 
when addressing this question. 
 
1. Feed Waste:  While we have quantified the % of feed waste, we have chosen not to include 

this adjustment in the calculation even though a much higher % would result in a higher % of 
nutrients deposited in the feeding area, even if animals spend some time outside the feeding 
area.  However, the nutrient content of the feed waste may be significantly different than the 
feed source it originated from, so this is hard to allocate properly. 

 
2. Timing of Activities under Varying Environmental Conditions and Site Characteristics:  

Livestock leave the feeding area to access water, shelter, or bedding.  They also have freedom 
loiter to other parts of the field not being used for feeding.  The timing of these activities will 
be impacted by environmental conditions and site characteristics, as well as when and how 
often feed is provided.   Little information exists on how the timing of these activities under 
varying environmental conditions and site characteristics influences manure deposition 
patterns. 

 
In developing this calculator other issues related to the fate of nutrients after they are deposited on 
the landscape were considered.   This includes not only the cycling of nutrients within the soil and 
the availability of nutrients for plant growth, but also the potential for nutrient losses to the 
environment.  However, due to the complexities and uncertainties in trying to quantify these 
impacts it was decided to leave these out of the calculator.  Nevertheless, the maximum 
thresholds developed for this calculator are designed to assist producers achieve maximum 
benefits for crop growth and minimize environmental losses within the context of selecting 
appropriate sites and ensuring good management practices.  However, site selection and 
appropriate management requires an understanding of principles and processes influencing 
broader nutrient impacts.   Therefore, it is recommended that other information sources be used 
together with this calculator to design sustainable in field winter feeding systems.  Some sources 
of information are provided in the next section.  
 

G. Other Information Sources 
 

A number of other useful publications are available from provincial government and industry 
websites.  Current links to some useful websites is provided below. 
 

a) Foragebeef.ca - http://www.foragebeef.ca/app33/foragebeef/index_body.jsp 
b) Alberta Agriculture and Rural Development:  

http://www.agric.gov.ab.ca/app21/infopage?cat1=Livestock&cat2=Beef 
c) Saskatchwan Agriculture:  http://www.agriculture.gov.sk.ca/Livestock-Pastures-Grazing 
d) Manitoba Agriculture, Food, and Rural Initiatives:  

http://www.gov.mb.ca/agriculture/livestock/beef/baa05s00.html#pasture 
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H. Contact Information 

 
The principal author of this calculator is: 
 
Dennis Haak Dennis Haak 
Manager (Western Canada) - Soil Nutrient and GHG Management 
Science and Technology Branch 
Agriculture and Agri-Food Canada 
6947 Highway 7, PO Box 1000 
Agassiz, B.C.  V0M 1A0 
E-mail Address:  dennis.haak@agr.gc.ca 
 
For enquiries contact the author by address or email. 
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