Dairy Pasture Ration Balancer - Users' Guide

Ed Rayburn1 and Dan Fox2

This spreadsheet was developed as part of the Northeast Dairy Farm Forage Demonstration Project, sponsored by Seneca Trail Resource Conservation and Development Area and Cornell Cooperative Extension Service.  Funding for this project was received in part from the USDA National Research and Extension Program on Low Input Sustainable Agriculture for the Northeast Region (USDA Cooperative Agreement 88 COOP-1-3524).  The spreadsheet was developed to assist producers feeding dairy cows on intensive rotationally grazed pastures.  This users' guide explains the use of the spreadsheet and documents the equations used in the calculations.  It also describes some of the spreadsheet's limitations.


As with any computer-generated feeding program, use of the output should be tempered by experience.  When changing feeding programs, do so gradually.  When trying levels of grain feeding lower than your usual level, experiment first with lower-producing animals and keep an eye on body condition and production.  Questions, comments, and recommendations for improvement should be directed to the authors.

Overview


The spreadsheet is divided into sections.  The top left hand corner of the spreadsheet is reached by pressing the "Home" key.  This will place the cursor on the Title page.  This page gives a description of how to move through and use the program.  Each of the other sections is reached by paging down through the spreadsheet, using the "Page Down" key.  The sections of the spreadsheet are:

1.  Title page;

2.  Cow description;

3.  Pasture management;

4.  Feed description;

5.  Ration balancing; and

6.  Dairy pasture ration balancer summary.


Operator input is entered into the Cow description, Pasture management, Feed description, and Ration balancing sections.  Calculated output is obtained in these sections and summarized in the summary section.

----------------------------------------------------------------------------------------------------------------------

1. Extension Specialist, West Virginia University, P.O. Box 6108 Morgantown WV, 26506-6108.

2. Professor of Ruminant Nutrition, Department of Animal Science, Cornell University, Ithaca, NY 14865.

How to use the Dairy Pasture Ration Balancer

The following example screens will be used to show how the program works.  A sample screen for each section will be shown and the needed input and calculated output described.

Title page

------------------------------------------------------------------------

                     Dairy Pasture Ration Balancer

                          (DPRB.WK1   V2.0)

                        Ed Rayburn and Dan Fox

                              June 1, 1991

    Development of this program was supported in part by the funds of

                USDA Cooperative Agreement 88 COOP-1-3524.

------------------------------------------------------------------------

Move from screen to screen using the "Page Up" and "Page Down" keys.

Use the "Home" key to return to this page.  With the cursor on one

of the horizontal lines, push the "End" key, then the arrow key to move

the cursor to the end of the line for easy data entry.

Print the summary page by pressing "Alt" and "S" keys at the same time.

To go to the feed dictionary, push "F5" and enter "feeds".

Press key "F9" to recalculate after entering new data.

------------------------------------------------------------------------


The Title page describes how to move around the spreadsheet and how to print out the predefined summary report.  If a different report is desired, refer to your spreadsheet manual for information on printing sections of a spreadsheet.

------------------------------------------------------------------------

Cow description

------------------------------------------------------------------------

Cow weight (lb)                                                    1350

Cow's body condition score (BCS 1 to 5)                             2.5

Cow age at freshening                    years-->   3.0  months-->   36

Days in milk                                                        120

Milk production (lb)                                                 70

Fat test (enter as a decimal)                                       3.5%

Cow's relative dry matter intake (as a decimal)                     100%

Net farm value of milk/cwt                                       $10.00

Lb 4% fat corrected milk production                                  65

Net farm value of FCM/cwt                                        $10.81

Relative dry matter intake due to BCS                              1.03

Increase in maintenance requirement due to age at freshening       1.10

Estimated NELreq (Mcal/day)                                        34.4

Estimate of required NEL density (Mcal/lb)                         0.73

                                     (TDN)                         70.3%

------------------------------------------------------------------------


The cow's weight is entered as the body weight of the cow in pounds.  The cow's size affects her feed intake, energy, protein, and mineral requirements.


The cow's current body condition score (BCS) is entered using a scale of 1 to 5.  Body condition affects the cow's feed intake.  If an actual score is not available, enter 3.0 as a default value to set the relative dry matter intake (RDMI) due to BCS to 1.0.  Body condition scoring and body condition management should closely follow the system presented by Perkins et al (1985a and 1985b).


The cow's age is entered in months.  This is used to increase the feed requirement of younger animals to support additional body growth.  Animals 2.0 years of age have an additional nutrient requirement of 20%.  Animals 3.0 years old have a 10% increased feed requirement (NRC, 1988).


Days in milk is the number of days since the cow freshened and influences feed intake.


Milk production is entered as pounds of milk produced per day.  The level of milk production influences the nutrient requirements of the animal and the animal's potential DMI.


Milk butterfat test is entered as a decimal and is displayed as a percent.  All calculations are made on the basis of milk production corrected to 4% milkfat (FCM).


Net farm value of milk is the dollar value of milk which comes to the farm.  This value is the net milk check (gross milk check minus all deductions for pickup, trucking, and government programs) divided by the hundred-weight of milk shipped.


Other values on this screen are calculated by the program.

------------------------------------------------------------------------

Pasture management description

------------------------------------------------------------------------

Daily pasture allowance (DM lb/PDMI)                               1.00

Initial pasture mass (lb DM/a)                                     2000

Activity level of animals (0,1,2)                                   1.0

Increase in maintenance requirement due to activity                1.10

Indicated stocking rate (head/a)                                   42.4

- - - - - - - - - Dry Matter Intake - - - - - - - - - - - - - - - - - -

Ration forage content                                                51%

Legume content of forage                                             42%

RDMI due to ration legume forage content                           0.97

RDMI pasture DFA                                                   0.88

RDMI selective grazing                                               NA

DMI based on cow's weight, production, DIM, and ration NDF.        47.3

PDMI (base DMI adjusted for legume, cow RDMI, and BCS)             47.2

------------------------------------------------------------------------

Daily pasture allowance (DPA) is the amount of pasture available to the herd of cattle for 24 hours as a multiple of potential DMI (PDMI).  A DPA of 2.0 or greater is needed to maximize pasture DMI.  A DPA of 1.0 will allow cattle to consume pasture at about 85% of their potential DMI.  Some level of pasture restriction may be needed to cause cattle to eat supplemental grain and hay in the barn.

Initial pasture mass (IPM) is the pounds of forage DM available per acre when the animals are turned into the pasture.  This is measured as total forage DM to ground level.  In a solid tallgrass-clover pasture, there is about 250 lb DM/inch of height when the grass is in its natural position.  In a dense bluegrass-white clover pasture, there can be as much as 400 lb DM/inch of height.  In an alfalfa stand, there is about 125 lb DM/inch height.  All of these values should be reduced to the degree that the stand fails to be a complete solid stand.  That is, if the stand is 20% open, these values should be reduced 20%.  An improved method of determining pasture mass is to use a standard plexiglass weight plate and calibration for the pasture type being grazed (Rayburn, 1991).  The IPM value along with the DPA is used to calculate the stocking rate of cattle on pasture for a 24 hour period and the expected maximum pasture forage DMI of the cattle.

Activity level of the animal is an indication of the increased maintenance requirement due to grazing, over that required in a drylot.  The value of 0 should be used under drylot conditions.  Use 1 for good rotational grazing and 2 for continuous grazing.

Other values on this screen are calculated by the program.  Currently the effect of selective grazing is not implemented.  It is assumed that the description of the pasture represents that portion of the pasture grazed by the cattle.

------------------------------------------------------------------------

Feed description

------------------------------------------------------------------------

                                    Feed type>>>>>>- - - - - DM basis -

                   As fed            forage=f     NEL      ADF      NDF

Feed              cost/ton     % DM   grain=g Mcal/lb

------------------------------------------------------------------------

MMgrass pasture       $  5       20%       f     0.69       27%      48%

Soy hulls             $130       90%       g     0.80       50%      67%

Timothy hay m.b.      $ 75       90%       f     0.59       36%      67%

Alfalfa hay e.b.      $ 95       90%       f     0.61       31%      42%

Rolled shell corn     $140       90%       g     0.89        3%       9%

Soybean meal          $300       89%       g     0.88       10%      13%

Brewers grain         $180       90%       g     0.68       24%      46%

Dical                 $520       99%       g     0.00        0%       0%

Hi-phos               $600       99%       g     0.00        0%       0%

TMS                   $175       99%       g     0.00        0%       0%

------------------------------------------------------------------------

The cost and nutrient content of feeds available for ration formulation are described in this section.  There is room for 10 feeds.  If more than 10 feeds are to be used, two or more feeds can be combined into a premix which is described as one feed.  The pasture used should be listed on the first line for proper calculations of pasture utilization.

     Different feeds can be maintained in the feed dictionary at the bottom of the spreadsheet.  To move to the feed dictionary press "F5", type "feeds" and press "enter".  To copy a feed from the feed dictionary to the feed description section, move the cursor to highlight the feed's name in the feed dictionary by using the following key sequence:  press the "/" key, press "c", move the cursor all the way to the right to highlight all the nutrients in the feed, and press "enter".  Then, move the cursor to the line in the feed description section where you want the feed entered, and press "enter".  You will be returned to the feed dictionary.  Repeat this process for other feeds.

For each feed in the feed description or feed dictionary, enter the following information:

1.  cost per ton as fed;

2.  DM content (decimal);

3.  if this feed is a forage (f) or a grain and supplement (g);

4.  ADF (acid detergent fiber) content (decimal);

5.  NDF (neutral detergent fiber) content (decimal);

6.  CP (crude protein) content (decimal);

7.  soluble protein content;

8.  degradable protein content;

9.  undegradable protein content;

10.  mineral contents (Ca, P, MG, K, S, Cl, Fe, Co, Cu, I, Na, Se, Zn, Mn, Mo); and

11.  vitamin contents (A, D, E); and

12.  non-structural carbohydrate content.

The protein, mineral, and vitamin columns are found by using the "Tab" or "cursor" key to move to the right of this screen.  The entire feed description area is shown on the following page.

------------------------------------------------------------------------

 * * * * Ration balancing * * * *            Nutrients required ===>

                       DMI   As fed  Cost/day     NEL      ADF      NDF

Potential DMI ===>    47.2                       34.4      9.9     12.7

Max pasture DMI =>    41.6                   Nutrients supplied ===>

------------------------------------------------------------------------

MMgrass pasture       23.0    115.0    $0.29     15.9      6.2     11.0

Soy hulls              5.0      5.6    $0.36      4.0      2.5      3.4

Timothy hay m.b.       0.0      0.0    $0.00      0.0      0.0      0.0

Alfalfa hay e.b.       0.0      0.0    $0.00      0.0      0.0      0.0

Rolled shell corn     17.0     18.9    $1.32     15.1      0.5      1.5

Soybean meal           0.0      0.0    $0.00      0.0      0.0      0.0

Brewers grain          0.0      0.0    $0.00      0.0      0.0      0.0

Dical                 0.20      0.2    $0.06      0.0      0.0      0.0

Hi-phos               0.00      0.0    $0.00      0.0      0.0      0.0

TMS                   0.20      0.2    $0.02      0.0      0.0      0.0

------------------------------------------------------------------------

Total intake          45.4    139.8    $2.13     35.0      9.2     15.9

Intake-Requirement    -1.8  Days/BCS     336      0.7     -0.7      3.2

Intake/Requirement      96%                       102%      94%     125%

          Ration nutrient concentrations --->    0.77       20%      35%

------------------------------------------------------------------------

The potential DMI of the animal and the maximum intake expected from the pasture are given at the top of the first column under DMI.  The animal's nutritional requirements are given in the first line of numbers across the top of the screen.  The example screen is of a ration which is not yet balanced.  Both excess (positive) and insufficient (negative) nutrient levels are present in the ration indicated.

The ration is balanced by hand to allow user constraints on the indicated feeds.  This technique is beneficial in showing the user the effects of changes in ration components, pasture management, or animal type on animal performance and nutrient balance.  The user enters the pounds of DM for each feed in the ration.  The DMI values are entered in the first column to the right of the feed names.  The user then adjusts the pounds of dry matter of each feed until the ration is suitably balanced.

When balancing the ration for a pasture situation, two conditions must be used as constraints:

1. The indicated pounds of pasture DMI cannot be greater than the estimated "Max pasture DMI".

2. The total pounds of feed DMI as indicated to the right of "Intake-Requirement" must equal or be less than 0.

The values to the right of "Intake-Requirement" are the amount of feed DM or nutrient underfed (negative value) or overfed (positive value).  When adjusting one of the feeds up or down to adjust this value, there may be small changes in "Potential DMI" and "Max pasture DMI" due to the effects of changes in ration energy and fiber affecting DMI.  This effect is biologically real and not a calculation error.

The values to the right of "Intake/Requirement" are the feed or nutrient intake expressed as a percentage of the NRC calculated requirement.  A value over 100% indicates overfeeding, a value less than 100% indicates underfeeding.

To balance the ration, start with a realistic intake of pasture and barn-fed forage.  Substitute grains in the ration for forage until the animal's requirements for energy, protein, and minerals are met.  Under some situations, animal nutritional requirements cannot be met.  The value to the left of the label "Days/BCS" is the expected number of days in which the animal will lose (negative Days/BCS) or gain (positive Days/BCS) one body condition score.  A dairy cow should be at a 3.5 BCS at calving.  Under good management, the cow can be expected to lose about 1.0 unit of BCS between calving and 70 DIM.  The animal should be gaining BCS between 80 and 90 DIM and have returned to a BCS of 3.5 by the end of lactation.

Points to watch for when balancing the ration are:

1.  Total DMI (intake-requirement) is not greater than 0;

2.  Pasture DMI entered is not greater than "Max pasture DMI";

3.  Days/BCS is within reasonable levels (negative in early lactation, near zero around 70 DIM, and 4.  positive from 80 to 90 DIM to the end of lactation);

5.  Indicated BCS change over a complete lactation should total 0;

6.  ADF or NDF should be greater than 100% to prevent low fat test;

7.  Nutrient intake must be over 100% to prevent impaired production;

8.  Excess levels of CP or DIP may result in depressed DMI not accounted for in this program; and

9.  Excess levels of Fat (ether extract) may result in depressed DMI not accounted for in this program.

The protein, mineral, and vitamin columns are found by using the "Tab" or "cursor" key to move to the right of this screen.  The entire ration balancing section is shown on the following page.

------------------------------------------------------------------------

         Dairy Pasture Ration Balancer - Summary

- - - - - - - - - - - - - -  Animal  - - - - - - - - - - - - - - - - -

Cow                   1350  lb           3.0 year old      120  DIM

Milk production         70  lb           3.5% fat           65  lb FCM

Cow's BCS              2.5   expected condition change     336 days/BCS

- - - - - - - - - - - - - -  Pasture  - - - - - - - - - - - - - - - - -

Daily pasture allowance        1.00 times Potential DMI

Initial pasture mass           2000 lb DM/a.

Stocking rate                  42.4 hd/a/day

Milk production per acre       2743 lb FCM/a/day

Pasture utilization              88% planned       49% achieved (feed 1)

Forage residue                  240 lb DM/a      1026 lb DM/a

- - - - - - - - - - - - - -  Ration - - - - - - - - - - - - - - - - - -

         Feed                    DM   As fed     Cost

         ---------------------------------------------

         MMgrass pasture       23.0    115.0    $0.29

         Soy hulls              5.0      5.6    $0.36

         Timothy hay m.b.       0.0      0.0    $0.00

         Alfalfa hay e.b.       0.0      0.0    $0.00

         Rolled shell corn     17.0     18.9    $1.32

         Soybean meal           0.0      0.0    $0.00

         Brewers grain          0.0      0.0    $0.00

         Dical                  0.2      0.2    $0.05

         Hi-phos                0.0      0.0    $0.00

         TMS                    0.2      0.2    $0.02

         ---------------------------------------------

Ration DMI                     45.4 lb   Potential DMI    47.2  lb

Grain mix (90% DM)             24.9 lb   containing        9.2% CP

Ration forage content                     51% (calculated)

Ration forage legume content              21% (calculated)

Feed cost                     $2.04 /cow/day    $2.92 /cwt milk

Return over feed cost         $4.96 /cow/day    $7.08 /cwt milk

------------------------------------------------------------------------

Nutrient intake as a % of NRC recommendations and ration content.

 - - - - Energy and protein - - - -      - - - - - - Minerals - - - - -

             %NRC    - - Ration - -              %NRC    - - Ration - -

     NEL      102%    0.77  Mcal/lb       Ca      113%    0.56% of DM

E.E. Fat       54%       3% of DM          P      117%    0.41%

     ADF       93%      20%               Mg      166%    0.43%

     NDF      125%      35%                K      155%    1.62%

     NSC       98%      38% (non NRC)      S      176%    0.35%

 Crude P      108%      16%               Na      129%    0.24%

  Sol. P       87%       4%               Cl      110%    0.32%

  Deg. P       93%      10%               Fe      449%     233  ppm

Undeg. P      150%       6%               Co      556%    0.58

- - - - - - - Vitamins - - - - - - -      Cu      268%      28

   Vit A      325%   10815    IU/lb        I      155%    0.97

   Vit D       61%     634                Se      123%    0.38

   Vit E      263%    41.0                Zn      192%    79.9

                                          Mn      168%    66.9

                                          Mo      107%    1.11

                                         - - - Mineral ratios - - -

                                             Ca:P      1.4 :1

                                         K/(Ca+Mg)     3.7 :1

                                            Cu:Mo     25.0 :1  > 2 to 4

------------------------------------------------------------------------

The Summary section provides a one page summary of the inputs and calculations made by the computer.  It is divided into subsections as follows:

1.  Animal description and calculated values;

2.  Pasture description and calculated values;

3.  Presentation of the ration including the DM and as fed weights and cost by feed per day with a general summary of grain weight and protein, and ration energy and protein levels;

4.  Feed cost per cow per day and return over feed cost per cow per day; and

5.  A summary of the sufficiency of feed nutrients in the ration to meet the animal's requirements.

Feed Dictionary:

The Feed Dictionary is found below the summary section.  An example of the Feed Dictionary is shown on the following page.

Equations used in the Dairy Pasture Ration Balancer

Ed Rayburn

This section presents a summary of the equations used for calculations in this spreadsheet.  These requirements are taken from the NRC (1988) unless otherwise noted.

Fat Corrected Milk (FCM)

Milk production is adjusted to the yield of 4% milkfat corrected milk by the formula:

FCM = ( Milklb x Fat% x 15 ) + ( Milklb x 0.4 )

Dry Matter Intake (DMI)

DMI is predicted from cow weight, DIM, FCM, and ration neutral detergent fiber using equations developed by Rayburn and Fox (1991).  These equations were developed from a data base of Holstein cows and may not be the best equations to use for other breeds of cattle.

For cows in early lactation (DIM less than 70 days) the equation is:

DMIkg = 0.0117 WT + 0.0749 DIM + 0.281 FCM

For cows past early lactation (DIM equal to or greater than 70 days) the equation is:

DMIkg = 0.023 WT + 0.0201 DIM + 0.286 FCM - 0.0979 rNDF%

When used over a range of DIM, levels of FCM production, and ration NDF content, these equations predicted DMI, accounting for 99% of the variation in DMI, with an error of estimation of 9% and a bias of 3%.  When animals are regaining body condition after peak lactation, DMI observed may be greater than the DMI predicted by these equations.

Cattle will consume legume NDF at a higher rate than grass NDF (Mertens, 1983; Reid et al., 1988; Reid et al., 1990).  Therefore, DMI% is increased by 10% for pure legume forage-based rations as compared to pure grass forage-based rations, proportionally to the legume content of the ration.  This is based on the NDFI% equations being valid for rations containing 50% legume.  The equation for adjusting DMI% (RDMIleg) for ration legume content is:

RDMIleg = 0.95 x (0.10 x LEG%) x %Forage

Legume percent is calculated from the equation:

LEG% =  1.17 - 4.53 NDFforage + 5.26 ADFforage

This equation is based on the NDF and ADF content of alfalfa and grasses cut on similar dates over the year (Reeves, 1988).  Some error is associated with this equation.  However, since the total effect of this correction factor is small, the associated errors are in the order of 1 to 2% of total DMI.

Cow Relative DMI

An adjustment factor for individual animal or herd variation due to genetic, environment, and management conditions is provided as the Cow RDMI.  This factor is expressed as a decimal multiplier for DMI.  If the locally observed DMI for a given farm situation is 10% greater than that predicted by the base equations, then the RDMI factor would be 1.10.

Body Condition Score

In previous versions of this spreadsheet, the NRC calculation of energy balance and body weight change were used to evaluate the effects of potentially under- or over-feeding.  In this version, expected change in BCS rather than body weight change are used.  The effects of BCS at calving on BCS at 50 to 70 DIM were used to calculate the effect of BCS on DMI.  Cows with higher BCS at calving eat less and lose more BCS than those at lower BCS at calving.  With BCS on a 1 to 5 scale, this can be described by the equation (Garnsworthy, 1990):

BCSchange = 1.40 - 0.62 BCScalving

R2 = 0.89    Sy.x = 0.17

The energy provided the cow by using body reserves is dependent on the extent of BCS change, the initial BCS, and the weight of the animal.  Based on the Cornell Net Carbohydrate and Protein System (Fox, 1991) this can be expressed by the equation set:

when BCS   ( 3.0
  NE = 0.100 + 0.0223 BWchange  Mcal/BCS/lb body wt

        > 3.0
        = 0.161 + 0.001865 BWchange

These relations were used with the above DMI equation to estimate the effect of BCS on DMI for different initial BCS.  The resulting equation set was:

when BCS   ( 3.0
RDMIBCS = 1.165 - 0.055 BCS

        > 3.0
                  = 1.225 - 0.075 BCS

Potential DMI

Potential DMI (PDMI) for the described animal situation is calculated by adjusting the first estimate of DMI by the RDMI adjustment factor as follows:

PDMI = DMI x RDMI x RDMIBCS

Forage Availability (RDMIFA)

How much pasture a cow can eat is dependent on how much forage is available to the grazing animal.  This is determined by the amount of total pasture DM available for grazing and the yield of pasture DM per acre.  The daily pasture allowance (DPA) is how much total forage is provided the herd of animals for a 24 hour period as a multiple of their PDMI.  The initial pasture mass (IPM) is how much pasture forage DM is available per acre (harvested to ground level) when the cattle first go into the paddock.

The stocking rate (SR head/a) can be calculated from the IPM, PDMI, and DPA by the equation:

SR = IPM / (PDMI DPA)

The entered values of DPA and IPM and the calculated SR are used to calculate the relative DMI due to forage availability (RDMIFA) as follows.  RDMIFA responds to forage mass according to the equation developed by Rayburn (1986).

When FM is greater than or equal to 1150 lb DM/a:

RDMIFM = 1.0

When FM is less than 1150 lb DM/a:

RDMIFM = 0.02 + 0.0017 FM - 0.00000074 FM2

The day is divided into 12 intervals for an iterative decrease in pasture FM as if grazed at the indicated SR and PDMI using FM to adjust DMI as noted above.  The 12 intervals eliminate bias and rounding error associated with the number of iteration intervals.  For period number "n", total DMI per acre is estimated by:

DMIn = SR X RDMIFM X PDMI / 12

The FM for the next period is calculated from:

FMn+1 = FMn - DMIn

The average RDMIFM over the 12 periods is used as the estimate of the effective RDMIFM for the IPM and DPA indicated.  When this technique is compared to the summary of Rayburn (1986) and the field research of Greenhalgh (1966), it appears to be a satisfactory method.

The RDMI due to selective grazing is currently not implemented.  For situations using high quality intensive rotationally grazed pasture when 70% or more of the forage is grazed, selective grazing is not a major factor.  When grazing less than 50% of the available forage and when the major forage species is a low quality forage such as tall fescue mixed with a high quality forage such as white clover, there can be major effects of selective grazing.  In the case of endophyte-infected tall fescue, a suitable correction can be made by discounting the paddock area containing the tall fescue.

Maximum pasture DMI

Maximum pasture DMI (DMIpasture) is calculated from the average RDMIFA and PDMI by the equation:

DMIpasture = PDMI x RDMIFA

Pasture utilization is calculated from pasture FM remaining at the end of period 12 and IFM:

Pastureused = 1 - (FM13 / IFM)

The appropriate spreadsheet range shows how these calculations are made.

Age Adjustment for Growth

Nutrient requirements for maintenance and production are taken from the NRC recommendations for dairy cattle (1988).  Maintenance requirements for energy, protein, calcium, and phosphorus are increased for young cows by an age adjustment factor (AGE) to provide for body growth.  An increase of 20% for 2 year old first lactation cattle and 10% for 3 year old second lactation animals are used.  The NRC age factors were converted to a continuous function of age in years by the following equations.

When age is less than 4 years:

AGE = 1.4 - 0.1 YEARS

When age is greater than or equal to 4 years:

AGE = 1

Grazing Activity

A factor was used to adjust maintenance energy requirement for the activity of grazing.  This factor (ACTIVITY) is based on a subjective ranking of activity level (AL).  A value of 0 is used for drylot feeding, a value of 1 for intensive rotational grazing, and a value of 2 for continuous grazing.  Maintenance NEL requirement is increased by 10% for an activity code of 1 and 20% for a code of 2.   This is done by the equation:

ACTIVITY = 1 + (AL / 10)

Net Energy Lactation (NEL)

Total NELreq is calculated by the equation:

NELreq = AGE ACTIVITY (0.0058 BODYWT# + 2.1) + (0.34 FCM#)

Effective Fiber

Recommended levels for other required nutrients and fiber are calculated by the following equations (NRC, 1988).

Minimum acid detergent fiber intake (ADFI):

ADFI = 0.21 PDMI

Minimum neutral detergent fiber intake (NDFI):

NDFI = 0.27 PDMI

Protein

In earlier versions of this program, the NRC crude protein (CP) recommendations were used with general recommendations for soluble intake protein (SIP), degradable intake protein (DIP), and undegradable intake protein (UIP).  Due to the high protein content of pasture forage and the dynamic nature of pasture feeding systems, the rumen requirements for DIP, the animal's additional requirement for UIP, and the energy requirement for excreting urea loss from excess protein not utilized in the rumen or post-rumen, are calculated according to NRC (1988).  Energy and protein used for body growth are estimated based on age at freshening and NRC recommended adjustment factors and not indicated actual growth rates.  The cost of removing urea from the body is calculated according to NRC (1988).  This energy requirement is then added to the maintenance requirement of the animal.

Minerals

Mineral requirements are calculated according to NRC (1988).  Where a mineral recommendation is specified for pasture conditions compared to barn feeding, the pasture recommendation is used.  The following equations represent these NRC recommendations.

Calcium (Ca):

Ca = ((AGE (0.1735 (BODYWT#/2.2)^0.75)+(2.7 FCM#/2.2))/1000) 2.2 g

Phosphorus (P):

P = ((AGE (0.1406 (BODYWT#/2.2)^0.75)+(1.8 FCM#/2.2))/1000) 2.2  g

Magnesium (Mg):


Mg = (0.0025 PDMI) 454.5
g

This is the higher level recommended by NRC for pasture conditions.

Potassium (K):


K = (0.01 PDMI) 454.5     
g

Sulfur (S):



S = (CP / 6.25 / 12) 454.5   
g

This is the alternative method used by NRC for estimating sulfur requirement from CP requirement.

Chlorine (Cl):



CL = (0.0028 PDMI) 454.5  
g

Iron (FE):



Fe = (50 PDMI) 0.4545     
mg

Cobalt (Co):



Co = (0.1 PDMI) 0.4545    
mg

Copper (Cu):



Cu = (10 PDMI) 0.4545    
mg

Iodine (I):



I = (0.6 PDMI) 0.4545      
mg

Sodium (Na):



Na = (0.0018 PDMI) 454.5  
g

Selenium (Se):



Se = (0.3 PDMI) 0.4545      
mg

Zinc (Zn):



Zn = (40 PDMI) 0.4545       
mg

Manganese (Mn):


Mn = (40 PDMI) 0.4545     
mg

Molybdenum (Mo):


Mo = (1 PDMI) 0.4545         
mg

Vitamin A (VitA):


Vit A = 3200 PDMI          
IU

Vitamin D (Vit D):


Vit D = 1000 PDMI

IU

Vitamin E (Vit E):


Vit E = 15 PDMI

IU

Feed Cost for Milk Production

Net farm value of FCM is calculated by dividing net farm value of milk as sold by the ratio of milk to FCM:

Net Farm Value FCM = Net Farm Value / (Milk/FCM)

Total feed cost and return over feed cost are calculated from ration component costs, intake, and net farm value FCM.

Feed cost/cow/day = (feed cost) (lb feed) / 2000

Feed cost/cwt = Feed cost/cow/d / (MILKlb/100)

Return over feed/cow/d = (MILKlb Milknet value/100) - Feed cost/cow/d

Return over feed cost/cwt = MILKnet value - Feed cost/cwt
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