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FOREWORD

ELL F

Department of Agricultural Economics

Cornell University

NEWPLAN is a portion of the total Cornell Farm Decision Network.
Four distinct programs comprise the Network and each in their own unique
way strive for obtaining accurate data and/or data analysis in order to
provide informatien upon which to base improved decision making.
Programs which comprise the Cornell Farm Decision Network are:

{1) NEWPLAN Programs - Computerized Decision Aids which include such topics
as: Least-Cost Balanced Dairy Ratioms, Profitable Organization of Dairy
Farm Enterprises, Profitable Combinations of Field Crop Enterprises,
and Analysis of Major Capital Investments.

(2) Farm Business Summaries - Analysis of the buginess and financial
activity of dairy, beef, fruit, poultry, and other farms.

(3) CAMIS - Computerized programs to facilitate the recording, tabulation,
and analysis of farm business accounts.

(4) Enterprise Budpets and Economic Data - Collection of data and analysis
of enterprise costs and returns.

For further information on how you may take advantage of these programs,
contact your local cooperative extension office.
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INTRODUCTION

Purchased feed is the largest cash expense item on a dairy farm,
more than three times greater than the next highest item., Feed costs
result, however, not only from purchased but also from farm grown feeds,
On most farms, the total cost of purchased and farm grown feeds is 50
to 60 percent of cash expenses and resources required to grow and store
crops account for 40 to 70 percent of total farm investment. Formulating
dairy rations, therefore, has a tremendous impact on farm costs and
resulting profitability.

To provide an educational tool for cooperative extension agents
and specialists and others interested in nutrition-and dairy cattle
feeding management, the authors have developed an up-to-date least-cost
balanced dairy ration program. This program, as was its predecessor,
determines a nutritionally balanced least-cost ration composed of the
feed ingredients available to the dairymen and considering the restric-
tions on availability of feeds and prespecified milk production,

The simultaneous determination of the feed formulation and the
production level to be fed for maximum profit is an advancement which
the authors anticipate incorporating into a program of this type at some
future date. At the present time, however, knowledge of the relationship
between inputs, particularly feed, and the quantity of milk produced is
not sufficiently well defined to be incorporated in a program of this type.

The input format has been developed for use on the NEWPLAN remote
access system. There are three major differences from the previous
lesst-cost balanced dairy rationm program (Program 31, Form 2). The first
is that the program includes nutritional advances in the last decade.

New nutritional concepts incorporated include negative energy balance,
discount factors, lead factors, soluble protein and the balancing for
additional minerals and vitamins. The gecond difference is that the output
has been expanded to provide information on the feeds formulated in a form
useful to the user, a complete nutritional breakdown of the requirements
and the amount contained in the ration, and additional economic information
concerning the cost of attaining nutritional requirements and restricting
feeds to be included in the ration. The third change is that the program
has been developed so that the user can change any feed requirement or feed
composition parameter when the situation dictates. '

Four major changes have been incorporated in the 1981 {Form 6) version
of the least-cost balanced dairy ration program with the first two affecting
the energy values of feeds. The first change is to refine the discount
factors for emergy from a constant four percent to variable rates repre-
senting differences among feedstuffs in digestibility and time spent in the
rumen. In addition the maintenance energy values for forages have been
adjusted to reflect current research and the changes In discount factors.
The changes will tilt the relative values of hay and corn silage toward hay.



The third change is in the procedure for Introducing bedy fat into
solution to represent nepative energy balance. Negative energy balance
will now occur more easily, and the ration will always be at minimum
fiber when negative energy balance occurs (see page 7 for details).

The fourth alteration is the addition of an option to have the program
automatically include the required mineral and vitamin feeds. This
option is explained on pages 25 and 26.

Ration Types

Rations can be formulated for either lactating animals or for dry
cows, For both lactating and dry cows the ration can he formulated for
two feeding systems, the conventional feeding system and a total mixed
ration feeding system. In the conventional feeding system, a concentrate
mix is formulated with or without a premix and roughages and possibly
other feed ingredients are fed separately. In the conventional feeding
system, the program bhalances as though it is balancing for an individual
cow. In the total mixed ration feed formulation, the feed is formulated
to be fed to a group of animals with all of the ingredients being fed in
a complete feed or with all of the feed except the dry hays fed in a
complete feed. Because the complete feed is fed to a group of animals,
the program is balanced for the group necessitating the introduction of
the concept of a lead factor. A lead factor requires formulating for a
higher level of production than the average being attained by the group.

Nutrient Requirements

The requirements are taken largely from recommendations contained in
the National Research Council publication entitled, Nutrient Requirements
of Dairy Cattle, fifth revised edition, 1978. The actual requirements are
detalled later in Section TV of the input form discussing modifications of
nutrient requirements. The program is designed to include the following
maximum and minimum requirements. :

Maximum and minimuem dry matter intake
Minimum energy

Minimum adjusted acid detergent fiber
Minimum adjusted crude protein

Maximum non-protein nitrogen

Maximum protein solubility when urea is included in ration
Minimum caleium

Minimum and maximum phosphorus

Minimum and maximum calcium:phosphorus ratio
Maximum fat

Minimum and maximum sodium

Minimum and maximum magnesium

Minimum and maximum sulfur

Minimum potassium

Minimum chloride

Minimum supplemental vitamin A

Minimum supplemental vitamin D



In addition, the quantities in the ration of irom, zinc, copper, manganese,
supplemental iodine, supplemental selenium and supplemental vitamin E are
calculated and included in the output. Furthermore, minimum iron, minimum
zinc, minimum and maximum copper and minimum manganese restrictions can be
included in the program at the user's optiom.

The nutrients necessary to meet nutritional requirements come from the
feedstuffs avallable to the manager. A listing of the most common feeds
available in New York is presented in Table 1, pages 68 to 77. The data
in Table 1 come from the National Research Council publication entitled,
Nutrient Requirements of Dairy Cattle, fifth revised edition, 1978 and
New York Dairy Herd Improvement Assoclation forage testing results ({Chase
and Sniffen), Summary of NYDHIC Forage Analysis Data. Users are encouraged
to change feedstuff nutrient values whenever possible to better reflect
the feed ingredients available on the farm. TFor maximun use of the program
it is mandatory that a forage analysis be used to accurately reflect the
nutrient contents of the farm—produced forages.

Organization of the Manual

The remainder of this users' manual contains three sections, The
first describes procedures for entering the data on the imput form. The
second section discusses program output and the third section contains
information on using the program including a complete example, a discussion
of the use of premix, concentrate and complete feed from the previous
analysis and a dlscussion of the expansion data program,

The first section on entering the data starts with input line 0Ol
and continues through input line 99 providing considerable detail
regarding the information that needs to be obtained. As mentioned above,
the nutrient requirements of the program are outlined and discussed in
Section IV of the input, discussing the modifications of those require-
ments. In the output discussion, each of the three possible forms of
output, error messages, information on problem solutions and an output
of a least—cost balanced dairy ration are discussed.



COMPLETING THE INPUT FORM

To formulate a least-cost balanced dairy ration requires first obtaining
and organizing the necessary descriptive data such as cow or group character-
istics, production level and nutrients contained in feeds. This data is
then entered on an input form. The input data is recorded on the appropriate
input line which is {identified by a line number. Number of digits and
placing of decimals in the input data must conform with the spacing indicated
for each line of the input form. The number of digits (numbers) cannot
exceed the aumber of spaces available. Decimal points camnot be added or
moved. Fractions must be entered in decimal form. TInput data (numbers)
must be right justified, i.e. entered so that the right-most digit falls
in the extreme right-~hand space provided and leading zeros are entered.

For example the number 1,704 would be entered as 0170 4 or 017 if
the input is required in hundreds.

At the top of the input form, space is available to enter the name,
address and phone number of the persont or farm business for whom the analysis
is being made. There also will be questions asked during the entering of
the input regarding the name of the person for whom the analysis is being
run. Inclusion of this information on the input form and in the output
will provide a personal touch and reduce the potential for confusion when
rations are formulated for multiple farm businesses,

Because it is essential that all entries on the input form be complete,
this section follows the input form from line 01 to 99. Where needed,
detailed explanations and examples are included., This description is
intended as a reference rather than for reading as a movel.

Input Section I, Animal Characteristic

Production Factors

0l.a. Enter type of least—cost ration desired: There are four options
available for the least-cost balanced ration Program-~two for
milking cows and two for dry cows. These are:

2 = conventional feeding for milking cows,
total mixed ration for milking cows,
conventional feeding for dry cows, and
= total mixed ration for dry cows,

il

fl

3
6
7

The selection of a ration type first involves iﬁdicating whether
the ration is to be formulated for milking or dry cows. The distinction
between conventional feeding and total mixed ration depends upon the
feeding system present on the farm. Fach is discussed below.

Conventional Feeding (Ration Types 2 and 6)

With this option, the output will contain information on a premix
if cone is requested, a concentrate mix including any premix and the
amounts of each of the roughages to be fed. The information on the



premix includes the quantities and proportions of each of the individual
ingredients included in the premix and the amount of the premix to be
fed or included in the concentrate. The information on the concentrate
includes the ingredients in a concentrate batch and the amount of that
concentrate to be fed to each animal. The information on the roughages
includes the amount of each to be fed. The conventional feeding option
should be used whenever a concentrate mix is to be formulated and then
fed separately from the roughages. The ration is balanced for an
individual animal having the characteristics specified on input lines

0L and 03.

Total Mixed Rations (Ration Types 3 and 7)

The output for this feeding situation is a total mixed ration
with all ingredients 1isted followed by the quantity of the
complete feed to be fed per animal or per group per feeding. The
exception to all ingredients being included in a total mixed ration
is that one or more dry hays can be fed separately. This ration type
should be used whenever the herd is housed in production groups and
each group is fed a complete ration including the minerals, concentrate
and roughages except for dry hays fed separately. In this feeding
gituation, the ration is balanced based on milk production, fat test
and body weight averages for the group of cows. To facilitate this
ration type inputs in lines 02 are considered.

Average body weight of cows: Enter estimated average welght in

hundredweight of an individual cow or group of cows for which the
ration is to be balanced. The lower limit is 800 Ibs. and the upper

Average milk production level: Enter level of milk production in

pounds per cow per day of an individual cow or the group of cows for
which the ration is to be balanced. When using a total mixed ration,
this should be the actual average production not the production for
which the ration for the group of cows is to be balanced. That
adjustment is made using the lead factor entered in input 02. The
program will accept production jevels of up to 130 1bs. although high
production levels will normally result in infeasible solutions. For

0l.b.

limit 1700 1bs.
Ol.c.

dry cows, a ''000" should be entered.
01.d.

Butterfat test: For milking cows, enter the average butterfat test

in percent for the individual cow, group of cows ot the herd. TFor
dry cows, enter "gn"., For milking cows, butterfat content must be
above 2 percent but cannot be greater than 6 percent.

Information for Total Mixed Rations (Ration Types 3 and 7)

Tn order to tailor the ratiom for a production group fed a total mixed

ration, additional information is required. Tor a ration balanced for
conventional feeding this information is not required and a "O" should be
entered for input line 02 and proceed to input Tine 03. Two types of
information are required for the total mixed ration option. The first 1s

a lead factor which facilitates palancing the ration for a production

level higher than the average production of the group entered in input Ol.c.



The second type of information relates to the number of cows in the produc-
tion group and the number of feedings per day. This information is used
primarily when vou wish to develop a ration batch size which is the amount
needed to feed the group per feeding. The number of cows input is also
included in the output as introductory descriptive information.

02.a. Lead factor: This factor is crucial when cows are fed in groups,
If the cows are fed for the average production in the group, approx-
imately half the cows in the group are underfed. Cows are able to
adjust their intake partly as a funetion of milk production; however,
rumen fill can become an important factor especially if the ration
formulated restricts dry matter intake to the point where the cow
cannot consume enocugh nutrients to meet her needs.

The objective then is to formulate for a production level
sufficiently above the average for the group so as to meet the
requirement of most of the animals in the group without excessively
overfeeding the low cows in that group. In a one group situation,
the lead factor is larger due to the greater spread of production
levels; conversely, the greater the numher of groups the smaller the
lead factor. Suggested lead factors are as follows:

Type of Group Lead Factor
Complete herd 1.20 - 1.30
Two groups
Top half 1.10 - 1.20
Bottom half 1.15 - 1.25
Three groups
Top 1.10 - 1.15
Middle L.12 - 1.17
Bottom 1.18 -~ 1.23
Four groups
Fresh ‘ 1.05 - 1,10
Peak 1.05 - 1.15
Mid lactation 1.10 - 1.15
Tail end 1,10 - 1.15

Please realize that the lead factor should change as the stage
of lactation and body condition varies. Use the average production
in the group as a benchmark.

The ration is formulated asg though the cow was producing
the amount of milk indicated by the average production in input 01
times the leéad factor entered in this input 02.a, As an example,
if the average production of the group were 60 lbs. per cow per day
and a lead factor of 1.10 were entered in this input 02.a., the total
mixed ration for this group would be formulated for 66 1bs. of milk,

02.b. Number of cows in production group: As indicated above, the number
of cows in the production group is used exclusively for the output
in three places, (1) in the descriptive information, (2) in formulating
the pounds to be included in the total mixed ration when the total
mixed ration is to be tailored to the requirements of the group for
each feeding, and (3) to calculate the cost of feeding the group of cows.




02.c. Number of feedings PET day: This entry is for use in preparing

the output and is the number of cimes per day the cows will be fed.

1t is only used for tailoring the size of the total mixed ration to
the amount tO be fed per group per feeding.

Characteristics of Cows Needed tO Determine Nutrient Requirements
a cow OF group of

In order toO most accurately tailor the ration toO

COWS, additional information is required concerning whethet negative
energy balancing is tO be allowed and the age of the animals for which
the ration 18 formulated.

03.a. Option to negative energy balance: Commonly , high producing COWS
in early Tactation cannot Consume enough feed to meet their energy

needs for both maintenance and milk production. The difference between
energy intake and enersy required comes from body reserves. 1o
order tO incoxporate this concept, it is possible to introduce an
activity which represents the energy coming from body tissue. When
this option is selected, UP to one pound of body weight per COW per
day or 9.2 Mcal of energy is available. 1f one pound of body weight
per cow per day js either too high or too low, it can be changed in
gection IV of the program, Modification of Animal Nutrient Require-—
ments. The program i designed 80 that energy from body rissue OT
negative epergy balance {s used only when sufficient energy cannot
be obtained from available feedstuffs at minimun allowable ration
fiber content. This condition is 1ncorporated by pricing the cost
of obtaining energy from protein sources and by requiring that
adjusted ADF be exactly at the minimum value when energy is derived
from body fat. In order tO implement these conditions, & second
run is required whenever negative energy balancing is not used;
consequently, never enter the option tO negative ener vy balance if
it is not expected that it will be used. Tf the option to negative
energy halance Ts desired, enter & i in input 1ipne 03.8. This
option should only be used for cows in early lactation and should
never be used when you are having problems formulating & ration for
cows mot in early lactatiorn. When the option to pegative energy
balance 1is used, the Mcal of energy coming from the negative energy
palance will be indicated in the output. 1f you do not wish to use
this option, enter a "0" on input line 03.a.

03.b. and 03.¢. Age structure of group of cows: In order to accurately

formulate rationg for first and second 1actation animals, 2 require-

ment for growth je included. fpput items 03.h. and 03.c. are used.

In most gituations the ration is balanced for 2 mature COW, which is
indicated bY entering & mo" in input 03.b. and 2 gt in input 03.c.
To formulate for a first lactation animal or group of animals, entexr
a Nonzero pumber in input 03.b.; €O balance 2 ration for 2@ second

lactation COW or group of cows, enter a nonzere number in input 03.c.



Input Sectiop IT. Feed Ingredientg Availabie

The types of feeding ingredientg that can pe included are coded gs

Types of Feedg Range for the Feed Codeg

Roughageg 101 - 399
Individual Ingredient

Concentratag 200 - 299
Commercig] Concentrates and

Protein Supplementsg ' 300 -~ 399
Minerals, Minerail Supplement

and Vitamin 400 - 440

The feed codes and the ingredientg in each of the feedg are in Table 1 on
pages 68 to 77. When selecting rhe feed ingredientg to enter jip thig
Section, keep in ming that vou are able to and in fget it is exXpected thar

04.a, - 30.a, Feed code- As indicated above, the feed code should pe
o selected from Tahle 1., It ig Very important to enter thig number
Correctly, It 4g also important to utilize 4 feed coge that
is included in Table 1. If vou accidentally enter a faed code that
is not {ip Table 1, ap CITOr message results. The acceptable feed

codes are of thiee types:

&. Feed codes for feed ingredients with the Dutrient Contentg
Specified in Typje 1, Changes ip Mutrient valyeg are made in
inpuyt Section 11T,

makeup of 4 feed not included 1in the feed RALTiX. FEntrieg
are made {p input Section IIT. Feed codes, fegd name and feeq

191 RouGH 1 Your Roughage #1

192 ROUGH 2 Your Roughage #2

193 ROUGH 3 Your Roughage #3

194 ROUGH 4 Your Roughage #4 &
291 CONC 1 Your Concentrate #1

292 CONC 2 Your Concentrate i#2

293 CONC 3 Your Concentrate #3

294 CoNe 4 Your Concentrate 4



391 CoM CON1 Your Commercial Concentrate #1
392 coM CON2 Your Commercial Concentrate #2
393 coM CON3 Your Commercial Concentrate #3
394 COM CON4 Your Commercial Concentrate #4
427 MINERALL Your Mineral #1
428 MINERALZ Your Mineral #2
429 MINERAL3 Your Mineral #3
430 MINERALY Your Mineral #4
437 YITAMIN Your Vitamin #1
438 VITAMINZ Your Vitamin #2
439 VITAMING Your Vitamin #3
440 VITAMIN4 Your yitamin 4

c. TFeed codes that are used to include the premix, comncentrate mix
(conventional feed formulation) or complete feed mix (total
mixed ration) formulated ip the previous analysis as a feed

ingredient In this analysis. The codes arei- '

200 COMPLETE Complete Feed Mix from previous analysis
300 CONCENTR Concentrate Mix from previous analysis
400 PRE-MIX Pre-mix Mix from previous analysis

04.b. — 30.b. Price: All feed prices are entered on an ags—fed basis

(price for ingredient with percent dry matter specified in feed
table or as changed). The price entered should reflect the
individual farm gituation under consideration. For those feed
ingredients that are purchased off the farm, deteymination of the
price to be entered should be the purchase price of that feed
ingredient. Mixing, hauling apnd feeding costs for concentrates o
premixes are included in input 1ine 98. If there are purchase
costs or transportation costs not included in the purchase price of
roughages, they should be included in the price entered. 1f there
are additiomal costs attributable to the feed ingredient being
entered beyond those included in the premix or concentrate mix
charges, the charges should be added to the price before it 1is
entered. For example, 1f all of the ingredients are already on the
farm for a total mixed ration, except COTT grain is purchased from
a neighbor and a hauling charge is incurred, the costs of transporting
to the farm should be added to the price entered.

The pricing of farm produced feed ingredients is more difficult.
Normally, an opportunity cost principle should be used to price these
ingredients; namely, the return that could be obtained from the
ingredient if it was not fed on the farm. In other words, the price
that corn would receive if sold to an elevator or roughage Lo 2
neighbor. BY valuing at the opportunity cost, the cost of feeding
the roughage is rhe income foregone by not selling. One feature of
the output of this program is that the cost of home—-produced ingredients
and purchased ingredients are reported separately.

l-/See pages 63 to 64 for more detalls.



O04.c, - 30.c, Unit: T

10

It
‘entering prices, the price of a feed ingredient can be entered on a

the appropriate unit code being indicated,
if the price ig S/cwt. and nan
Price is to he entered

112”
Note that the

04.d. - 30.d. How fed: 1In
a feed ingredient, premix,

necessary,
types. The following discussion

How Fed Codeg
—=X r=d Lodesg

order to incorporate the three
concentrate and roughage
between purchasgeq and homegrown feeds, six how-fed
Not all options are identical for each

» all as-fed, wirh
Namely, "1" if the price
if the price is §/1p,

in units of 1p cents,

ways of feeding
and the split
codes are

of the ration

describeg the gix codesg;

0 = roughage ot individually fed feed ingredient to be included in
conventional ration or g dry hay fed separately from total
mixed ration--grown,

1 = grown feed to be included in the premix,

2 = prowyn feed to he included in conecentrate (conventional) or
total mixed ration,

3= roughage or individually fed feed ingredient to pe included in
conventional rationm or g dry hay fed separately from total
mixed ration--purchased.

4 = purchased feed to be included in premix

3 = purchased feed to pe included in concentrate (conventional

feeding) or total mixed ration.

how fed code,
although any other ingredient
”3H'.

fed separately from the complete feed mix are coded "D or "3n If
selacted ingredients are mixed for later Inclusion in a concentrate
nix or complete feed, they should pe coded "1" or "4m, A pre-mix

When you have entered the last feed, enter a "Q" op the following

line and proceed to Input Section I11.1/

In several of the input sections,

analyses, TFor example,
list for an adjusted analysis,
"0" on that linpe since thig would indicate to the computer that there are no more
feeds and 311 feeds in Section IT which are

"0" has been entered are ignored.
place the feed to be dropped on the
by entering a "0" for the
is in the middle of the list,
replace that feed and "g"
avoid -duplication of feeds,
of the input form,
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Input gection IIL. Modification of Feed Nutriént Composition

This least-cost balanced dairy ration program is developed with the
expectation that the user will modify the nutrient composition of feeds,
particularly roughages in accord with available feed analyses. In
addition, it is important for all feeds that the percentage dry matter
be representative of the feeds that are actually on the farm. This 1is
the section where these changes are made. Most changes are made in lines
31 through 65; however, in cortain cases the restrictivenass of this
section with only two diglts to the left and to the right of the decimal
point does not allow all changes. Where more digits are required, changes
are made in lines 66 through 77. Additional changes can be made using
Program 64, the expanded data program (see pages 64 to 66). The discussion
turns first to input lines 31 through 65, When not balancing for the
micro-minerals, all changes can usually be made in this section.

31.a. - 65.a. Feed nutrient code: The feed nutrient codes are the numbers
assigned to each autrient or characteristic of the feed ingredients in
the feed table. The specific nutrient codes and the unit which that
nutrient must be entered are given below. These nutrient codes are
also contained in Tables 1, 9 and 3 and on the Code Chart.

Code Nutrient ' Unit

01 dry matter percent

02 adjusted crude protein percent of dry matter

03 . soluble protein percent of protein

04 unavailable protein percent of dry matter

05 NPN percent of dry matter

07 acid detergent fiber percent of dry matter

08 adjusted acid detergent

fiber percent of dry matter
09 net energy of lactatlon Mcal/lb. dry matter at 1 x
maintenance

10 discount factor percent

11 calcium percent of dry matter

12 phosphorus ‘ percent of dry matter

13 magnesium percent of dry matter

14 potassium percent of dry matter

15 sodium percent of dry matter

16 chloride percent of dry matter

17 sulfur ' percent of dry matter

18 iren parts per million of dry matter
19 zinc parts per million of dry matter
20 copper parts per million of dry matter
21 manganese parts per million of dry matter
22 fat percent of dry matter

23 supplemental iodine parts per million of dry matter
24 supplemental selenium parts per million of dry matter
25 gupplemental vitamin A thousands of international units
26 supplemental vitamin D thousands of international units

27 supplemental vitamin E international units
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Code Nutrient Unit
29 maximum percent of concen-
trate mix (conventional
feeding only) percent
30 maximum percent of total
ration percent
31 feeding loss Percent as~fed

- 65.b. Feed nutrient level: Enter the correct level of the nutrient

content or other item being altered from the value contained in Tahle
1, 2 or 3. All items except dry matter (01), soluble protein (03),
and feeding loss (31} are on a'dry matter basis. Be certain to enter
the correct units for each nutrient or feed specification as specified
above and in Table 1 (pages 68 to 77). A few of the nutrient values
require specific attention as indicated below,

Dry Matter (feed nutrient code 01): Tt is important that dry matter,
particularly for roughages be as accurate as possible since the
amount fed is based on the dry matter indicated. Whenever high
moisture feeds are to he fed, you should uge a feed analysis or at
least a moisture tester to determine the dry matter in the feed, If
the moisture content of the feed seems to have changed since the

last feed analysis, recheck the bercentage dry matter. Do nor simply
use the value in the data bank for high moisture roughages,

Soluble and Unavailable Protein (feed nutrient codes 03 and 04):
When urea is inciuded as a fead ingredient, soluble pProtein becomes
2 constraint; otherwise, the soluble protein content of the feeds
is used to calculate the soluble protein in the ration which is
included in the output. Unavailable protein was used to adjust
crude protein to ohtain adjusted crude protein by subtracting any
unavailable protein in excess of one percent of the dry matter,

Adjusted ADF (feed nutrient code 08): An adjustment in ADF values
is made to better reflect the fiber content of feeds that ig useable
by the cow and promotes improved rumen function, Adjusted ADF ig
different from ADF primarily in the concentrates where the adjusted
ADF value is much smaller since during the grinding and mixing of
concentrates, the effectiveness of the fiber is usually diminished
greatly through a greater passage or escape from the rumen. When
forage is chopped fine, the effectiveness of the adjusted fiber as

4 promotant of normal rumen function can be diminished dramatically;
this is reflected in feed codes 103, 112, 122 and 132.

Net Energy (feed nutrient code 09): This value is indicated in Mcals
of net energy for lactation per pound of dry matter. The value which
is in Table 1 and should be entered whenever changes are made is net
energy for lactation at maintenance level, For forages the values
obtained from a NYDHIC forage analysis are at 3 times maintenance.
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NEL NYDHIC

p = NE. at 1 x maintenance
Discount Factor ) N

L= 2 100

As an example, a NYDHIC forage analysis has 0.52 for a mixed
mainly grass. From Table 1, the discount factor is 5.5 requiring
the following calculations:

052 _ o sg

5.5
L= 2(100)

The 0.58 should then be entered as the net energy value.

The value entered is discounted for increments of maintenance
using the discount factor. Be careful to enter the value in the
correct place relative to the decimal point. As an example, 0.530
Mcal is entered 0 0.3 O not 5 0.0 0.

Discount Factor (feed nutrient code 10): Recent putritional research
has shown that as milk production increases the energy actually
utilized by the cow from a given feedstuff declines. In order to
incorporate this concept, a discount factor is used. This factor
discounts the energy available from each feed hy the percentage
indicated for each increment of maintenance. For example, if the
discount factor is & percent and the total energy requirement for
maintenance, growth and milk production is 3 times that for maintenance,
the energy value will be discounted by 2 times 4 percent or 8 percent.
One of the changes for 1981/1982 is that variable discount factors

have been incorporated. These discount factors reflect the differences
among feedstuffs in digestibility and time spent in the rumen. These
discount factors probably should not be modified since the best

known nutritional information has been incorporated into the values
stored in the data bank.

Iron, Zinc, Copper and Manganese (feed putrient codes 18-21):
Balancing for these micronutrients is optiomal. Unless balancing

for these nutrients, their contents in the feed is used to calculate
and include in the output the contents of each of these four micro-
nutrients in the ration that has been balanced. (See Input Section IV
for information on this option.)

Feeding Loss (feed nutrient code 31): Feeding losses for the complete
feed, the roughages Theluded in a conventional feed or the concentrates
are entered in input line 99. However, if the feeds included in one

of these groups have different feeding losses, such as two roughages
having different feeding losses, include a feeding loss under the
roughages for one of the feeds and then enter the feeding loss for

the roughage which is different as a feed nutrient change in this
section.
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3l.c. = 65.c. TFeed code: Tor the first nutrient content change for
each feed ingredient, enter the feed code. A feed code that
appeared in Input Section II or a standard mineral feed code must
be entered. When all of the changes for a given feed code are
entered sequentially, the feed code for subsequent changes is not
required. Simply enter fQ_Q,QJ which results in three less digits
to enter on the terminal and proceed to the next Iine.

As indicated above, whenever changing a feed nutrient content which
is greater than 99 or less than .01, use lines 66~77. Except for the
fact that there are more significant digits allowed, the changes in this
section are similar to changes in the previous section.

66.a., 68.a,, /0.a., 72.a., 74.a., 76.a. Teed nutrient code: Enter the
feed nutrient code from the list that is contained with the discussion
of feed nutrient codes above, on the Code Chart and on Table 1, 2,
or 3. : :

66.b., 68.b.,, 70.b., 72.b., 74.b., 76.b. Feed code: Enter the feed code
for the first change to be made for that feed. Again, if entering
changes for a feed sequentially, entering the feed code for subsequent
changes is not required.

67.a., 69.a., 7l.a., 73.a.,‘75.a., 7/7.a. Number of digits: Enter the
number of digits to the right of the decimal point entered in part b,
As an example, 0.065 would be entered 131000000 6 5. s

67.b., 69.b., 71.b., 73.b., 75.b., 77.b. Feed nutrient level: Enter the
level of the nutrient to replace the value in Table 1, 2 or 3. BRe
certain that the number of digits is correct. Refer to the additional
comments in the section above. The major use for this section is to
change the micronutrient content of mineral supplements since when
using parts per million there will need to be more digits than
are available above,

laput Section IV. Modification of Animal Nutrient Requirements

The Least-Cost Balanced Dairy Ration Program is developed with the
assumption that the user is aware of and understands the nutrient require-
ments in the model and that the user has the capability to change
nutrient requirements if there is a sound nutritional basis forwmaking a
change. It is important to remember that the requirements in this program
are based on research data and recommendations of nutritionists and that
changes should be made only for good and easily-justified reasons. Whenever
a requirement is changed that has both a maximum and a minimum, the user
must be certain that the minimum is never larger than the maximum.
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There are 30 nutritional changes that

78.a, - 87.a. Cow requirement code:
can be made in the program. The user indicates which of these 30
is to be changed by entering a cow requirement code. The cow
requirement codes are iisted with a brief description on the Code Chart
accompanying the program. The listing below provides more detail
concerning what is to be changed and unit of measure of the nutrient.
Cow
Require~
ment
Code Nutrient Requirement Unit
01 Maximum dry matter intake pounds
02 Minimum dry matter intake pounds
03 Minimum adjusted crude protein pounds
04 Maximum non-protein nitrogen pounds
05 Maximum NPN in concentrate percent of concentrate
dry matter
06 Maximum protein solubility for
inclusion of urea percent of protein
07 Minimum adjusted acid detergent fiber percent of dry matter
08 Minimum net energy Mcal
09 Maximum daily body weight loss from
negative energy balance pounds/day
10 Minimum calecium gYams
11 Minimum phosphorus grams
12 Maximum phosphorus grams
13 Minimum calcium:phosphorus ratio __to 1.0
14 Maximum calcium:phosphorus ratio _ to 1.0~
15 Minimum magnesium percent of dry matter
16 Maximum magnesium percent of dry matter
17 Minimum potassium percent of dry matter
18 Minimum sodium percent of dry matter
19 Maximum sodium percent of dry matter
20 Minimum chloride percent of dry matter
21 Minimum sulfur percent of dry matter
22 Maximum sulfur percent of dry matter
23 Maximum fat percent of dry matter
24 Minimum iron parts per million
25 Minimum zinc parts per million
26 Minimum copper parts per million
27 Maximum copper parts per million
28 Minimum manganese parts per million
29 Minimum supplemental vitamin A thousands of inter-
national units
30 Minimum supplemental vitamin D thousands of inter—
national units
78.h. - 87.b. Scaler or asbsolute nutrient requirement: For each change

that is entered, the user has a choic

e of whether to e

nter that change

simply as a scaler adjuster, e.g., a 5 percent increase would be 1.05

or to enter the new actual level that is
maximum for that nutrient (e.g.,
change is to be entered,
the absolute level of the requirement Is

be entered.

40 1bs.
a "i" should be

degired to be the minimum oy
of dry matter). If
indicated in inmput b. If

to be entered, a '2'" should

a scaler
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As was indicated 4n input line 03, the user has the option to
utilize this program to balance least-cost balanced rations for first
and second lactation heifers requiring nutrients for growth as well
as maintenance and milk production, The growth requirement ig included
by increasing the maintenance requirement by 20 percent for first

by the presence of the variable, XMNT. This variable is equal to 1.7
for first lactation animals, 1.1 for second lactation animals and 1.0
for mature cows. The variable isg simply multiplied by the maintenance
requirement in those eéquations in which it isg included.

01. Maximum Dry Matter Intake (pounds)

Lactating Cows: 1.85 % By + -305 * FCMLF - B % WAT
Dry Cows: 2,00 * By

BW = body weight in 100 pounds

FCMLF = fat corrected milk in pounds adjusted for lead factor
FCM * LF

il

FCM = fat corrected milk in pounds
=4 % M+ 15 % BF
DM = daily milk production in pounds
BF = daily production of butterfat

WAT = pounds of water in the feed formulated in excess of
30 percent of the total as fed feed consumed by the cow

B = Amount dry matter intake is depressed per pound of water
above 30 percent

= [20/(2 * DMAX - DMAX/.7)] * .01 * By

DMAX = Maximum dry matter intake excluding fermentation
depressant term.

are significant herd to herd variations. If accurate dry matter intake

data can be obtained for the cows for which the ration is being

balanced, it should be used and would be 2 great asset qin tailoring .
the ration to the user's herd. This ig particularly relevant where g

group of animals is fed 3 total mixed ration and a good handle can
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be obtained on the dry matter intake. However, if the current
rations are balanced in a manner that might restrict intake, it

ig better Lo use the predicted intake by making mno adjustment.

1f the feed bunk is empty more than one to two hours a day, intake
probably is being restricted.

Changes in this requirement are handled differently depending
on whether a scaler or absolute change is indicated. When a scaler
change is indicated, all requirements are multiplied by that scaler.
That means that the requirement independent of the depressors is
multiplied by the scaler and the coefficients on the depressor term
in the equation are multiplied by the scaler. For example, if the
dry matter intake were decreased by 5 percent, the requirement
obtained by multiplying by the body weight and the fat corrected
milk for which the ration is being pbalanced would be multiplied by
.85 and the coefficient on the terms of the equation for moisture
depression would be multiplied by .95, Whenevey an absolute level
is entered for dry matter intake that number is entered as the
maximum dry matter intake and the depressor ig eliminated from the
equation. As an example, the adry matter intake for a group of

cows 1s entered as 42 1bs., the maximum dry matter intake will be
42 1bs. and will not be depressed pased upon the moisture content

of the ration. Whenever an absolute dry matter intake is indicated,
the depressors are also removed from the minimun dry matter intake
equation.

02, Minimum Dry Matter Intake (Eounds)

Lactating Cows: .9 % Maximum Dry Matter Intake for Total
Miged Ration formulation. For conventional feeding
mmymw,MhﬂmmlkyﬂﬁtafmumeiSOQ

Dry Cows: .5 % Maximum Dry Matter Intake for Total Mixed
Ration formulatiom. For Conventional feeding programs,
Minimum Dry Matter Tntake is 0.0

Minimum dry matter intake is believed by nutritionists to be
required for total mixed rations because of the assumption of ad
1ibitum feeding whereby if a ration is developed where the intake is
not going to be very close to maximum, the animals will eat more than
their requirements. Again, the change is different depending upon
whether a scaler or an absolute change ig entered. With a scaler
adjustment, the requirement based on body weight and nitk are adjusted
as is the coefficient on the depressor. Tf an absolute level is
entered, that level is utilized and the depressor does not affect the
level.

03. Minimum Adjusted Crude Protein (Eounds)
Lactating Cows: YMNT * [0.32 -+ .06 * BW] + .087 * TCMLF

Dry Cows: YMNT * [0.56 + 0.11 * BW]
FTMNT

Ii

Increase in maintenance to include growth

1.2 for first lactation cows

i

1.1 for second lactation cOWS

1.0 for mature cCOWS



18

The minimum Protein requirvement is pounds of adjusted crude
Protein. The bercentage of the protein that is soluble is calculated
and a warning nessage printed when this Percentage ig larger than is
currently believed to he desirable. It ig hoped that goluble and
insoluble protein requirements can he incorporated into the program
in the near future. The exception to soluble protein only being
calculated is when urea is included ag a feed ingredient, At that

constraint and can only be violated by taking ureg out of the list
of feed ingredients (sea discussion below).

04. Maximum Non-Protein Nitroeen (pounds)
Lactating Cowg: 0.5

Dry Cows: 0,2

Lactating Cows: 3 percent of concentrate dry matter

Dry Cows: 3 bercent of concentrate dry matter

In addition to the Don-protein nitrogen restriction in the
previous code, non-protein nitrogen ig limited to 3 bercent of the
concentrate mix in conventionagl feeding formulations,

06. Maximum Protein Solubilit When Urea is Included as a Feed
T Thora st 0oubility When U ———=—-2H0ed as a Feed

Ingredient
—dzledient
Lactating ang Dry Cows: 25 4+ .4 = [100 - FCMLF]

25 percent

Because of the importance of the solubility of protein when ureg
is considered as a feed ingredient, soluble protein becomes 3 constraint
whenever urea ig added. The constraint is based upon the level of milk
production with greater percentages Protein solubility allowed as
production declinesg, In the Program, the percent of the Protein which

Because the requirement {ig g sliding scale, a gscaler change means
nothing and only an absolute change is allowed. That absolute change
then is the maximum percent solubility and ig not adjusted based on
pProduction since the Production is already entered. Outputs with urea
considered as a feed ingredient should be considered: very carefully,
If urea does not enter into the solution, the totra] ration may have
been affected by the constraint on maximum protedin s@lubility. If
urea does not enter and the maximum soluble protein énters as a
restriction which 1s contraining, run anp adjusted anélysis without
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07. Minimum Adjusted Acid Detergent Fiber

Lactating and Dry Cows: 15 percent of dry matter

Adjusted acid detergent fiber is the acid detergent fiber values
for roughages and a reduced value for the concentrates and finely
chopped roughages because the fiber is not very efficient or useful
to the rumen after it is ground or finely chopped. Adjustments in
this restriction should be made with care but in certain instances
would be appropriate.
08. Minimum Net Energy (Mcal)

Lactating Cows: wNr % [2.1 + 0.58 * BW] + 0.34 * FCMLT

Dry Cows: XMNT % [2,77 % 0.74 % BW]

XMNT

il

Tncrease in maintenance to include growth

il

1.2 for first lactation cows

I

1.1 for second lactation cows

I

1.0 for mature COWS

This energy requirement is derived from The National Research
Council and other data and should almost never be modified. When
attempting to alter the energy balance in the ration, change
the sources of the energy rather than the requirements. Changes in
the source can be introduced through altering the potential amount of
negative energy balance or through adding higher energy feed
ingredients.

09. Maximum Daily Body Weight Loss from Negative Energy Balance

Lactating Cows: Early Lactation = 1 1b.
Mid or Late Lactation = 0

Dry Cows: O

As described in input line 03, for early lactation cows and groups
of cows, the possibility of including the biological fact of negative
energy balance OT utilizing body tissue to meet the energy requirements
is incorporated inte the program. The maximum amount that can be used
is 1 pound of body tissue per cow per day. This is a relatively
conservative maximum and under situations of balancing for high-producing
cows at the very peak of lactation this maximum could be increased.
gince the maximum 18 1 pound, the absolute and scaler changes give
jdentical results. The maximum probably should be decreased for first
lactation cows.

10. Minimum Calcium (grams)

Lactating Cows: XMNT * [4.3 + 1.3 % BW] + 1.7 % FCMLF

>

Dry Cows: xMNT * [5.1 + 3.0 BW]

11. Minimum Phosphorus (grams)
Lactating Cows: XMNT x [3.6 + 1.0 = BW} + 0.95 * FCMLF

BW1

b

Dry Cows: XMNT * [3.5 + 1.9 %
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12, Maxzimum Phosphorus ( rams)
L 205phorus (grams)

Lactating and Dry Cows: 1.5 =% Minimum Phosphorus Requirement
a5 calculated above
13, Minimam Calcium:Phosg horus Ratio

Lactating and Dry Cows: 1.5 (Calcium content in grams has to be
at least 1.5 = Phosphorus content in grams)

14, Maximum-Calcium:Phosphorus Ratio

Lactating Cowg: 3.0 (Calcium content in grams can pe no greater
than 3 = Phosphorus content in grams)

Dry Cows: 2.5

5. Minimum Ma nesium (Percent of Dry Matter)
Lactating Cows : 0.22%7 of ration dry matter

Dry Cows: 0.2% of ration dry matter

16. Maximum Magnesium (Pexcent of Dry Matter)
Lactating Cows: 0.50% of ration dry matter

Dry Cows: 0.4%7 of ration dry matter

17. Minimum Potasgium (Percent of pr Matter)
*_‘__M__‘_m__**w__h_‘_*mt_‘__‘__*_‘__JZ*__q__ﬁ_

Lactating and Dry Cows: 0.8%7 of ration dry matter

18. Minimum Sodium (Percent of Dry Matter)
Lactating Cowg: 0.18% of ration dry matter

Dry Cows: 0.1% of ration dry matter

19. Maximum Sodium (Percent of Dry Matter)
- lLactating Cows: 0.4% of ration dry matter

Dry Cows: 0.2%7 of ration dry matter

20.  Minimum Chloride (Percent of Dry Matter)
Lactating Cows: ,25% of ration dry matter

Dry Cows: 0.1% of ration dry matter
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21. Minimum gulfur (Percent of Dry Matter)

Lactating Cows: 0.20% of ration dry matter

Dry Cows: 0.17% of ration dry matter

27, Maximum gulfur (Percent of Dry Matter)

Lactating Cows and Dry Cows: 0.30% of ration dry matter

23, Maximum Fat (Percent of Dry Matter)

Lactating and D¥y Cows: 6.00% of ration dry matter

24. Minimum Tron (optional)

Lactating and Dry Cows: 100 parts per million in the ration
dry matter (.01%)

Tron, zinc, COPPer and manganese are routinely calculated and the
amount in the ration printed on the output. They also can be included
as requirements by entering a autritiomal change for that element.

Tf the 100 parts pet million is acceptable, enter the 100 parts per
mitlion as an absolute amount OF enter a 1.00 gcaler change. The 100
parts per million is stored in the program so scaler changes are
allowed.

25, Minimum Zinc (optional)

lactating and DYy Cows: 40 parts Pper million in yation dry
matter (.004%)

Iron, zinc, copper and manganese are routinely calculated and the
amount in the ration printed on the output. They also can be included
as requirements by entering a autritional change for that element.

1f the 40 parts per million is acceptable, enter the 40 parts per
million as an absolute amount OT enter a 1.00 scaler change. The 40
parts per million is stored in the program so scaler changes are
allowed.

26. Minimum Copper (optional)

Lactating and Dry Cows: 10 parts per million in ration dry
matter (.001%)

fron, zinc, COPPer and manganese are routinely calculated and
the amount im the ration printed on the output. They also can be
included as requirements by entering a nutritional change for that
element. IE the 10 parts per million is acceptable, enter the

10 parts per million as an absolute amount of enter a 1.00 scaler
change. The 10 parts per million is stored in the progral so scaler

changes are allowed.
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27.  Maximum Copper (optional)
T =0PPer (optional)

Lactating and Dry Cows: 8p parts per million in ration dry mattey
{.008%)

amount in the ration Printed on the output. They alge can be included
45 requirementsg by enttering g nutritional change for that element,

If the 80 PArts per million ig acceptable, enter the 80 parts per
million as an absolute amount Or enter a 1.00 scaler change. The 80
pParts per million is stored in the program so scaler changes are -
allowed,

28, Minimum Manganese (optional)

Lactating and Dry Cows: 45 parts per million {in ration dry matter
(. 00457

Iron, zine, copper and manganese are routinely calculated apd the
amount in the ration printed on the output, They also ean pe included
as requirementg by entering a nutritional change for that element,

If the 45 parts per million ig acceptable, enter the 45 parts per
million ag an absolute amount or enter g 1.00 scaler change, The 45
Parts per million is stored in the program so scaler changes gre

30. Minimum Supplemental Vitamin D (thousands international units)
Lactating and Dry Cows: 0.5 % Bl

The unit of measure for vitamin D is thousands of international
unlts so the minimim {g 0.5 timeg bady welght in hundreds of pounds,
The minimum ig from the supplement only, Consequently, to run thig
Program without using the standard mineral option, enter either g
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Input Section V. Restrictions on T,evels of Feeds to be Included
in Balanced Ration

Because balanced rations must reflect the quantities of homegrown
feeds available, the quantities of feed ingredients that can be purchased
and the nutritional considerations and preferences of the farm manager;
some feed ingredients must be limited or minimum amounts introduced into
the balanced ration. It is highly desirable that this section not be
used in the first analysis. Since this program is being used as an
educational tool, the user should be interested in the change in the
ration's composition and cost as the restrictions due toO on-farm supplies
and nutritional desires are incorporated.

88.a. — 97.a. Feed code: The feed code of the feed ingredient to be
changed is entered. The feed ingredient and consequently the feed
code must have been gpecified in Input gection I1 where the individual

feed ingredients are entered or by a standard mineral.

88.b. - 97.b. Max., exact, Of min.: The type of restriction being placed
on the feed ingredients ust be entered. It can be either a maximum,
whereby the code is 1" an exact amount, whereby the code is VAL
or a minimum amount, whereby the code is ngn  The use of the exact
code should be fairly unusual since normally you either are
constrained by a minimum due to quantities in on~-farm storage of
to a maximum because of a shortage in on—farm sStorage. A minimum
and a maximum may be appropriate for the same feed.

88.c., - 97.c. Level type: An attempt has been made to incorporate all of
the types of constraints that you would be interested in entering.
The constraints cam be entered either on an as—fed basis or omn &
dry matter basis. In all cases the percentage is of the amount fed
not of the amount consumed . As indicated on the Code Chart and in
the listing below there are 10 level type codes.

= 1bs./head/day; 100% dry matter basis

1bs./head/day; as fed

7 of total rationj 100% dry matter hasis

¥ of total rationj as fed

¥ of premix; 100% dry matter basis

= % of premix; as fed ‘

7 of concentrate OR complete feed; 100% dry matter basis
% of concentrate QEAcomplete'feed; as fed

% of feed in roughage; 100% dry matter basis

= % of feed in roughage; as fed

wono

i

o

[

LDOO‘\JG\U"-D“UJI\JHO
|

Level type O and 1 limit the amount fed to the specified number of
pounds per head per day either on a dry matter bhasgsis or on an as—fed
basis. Level code 1 would be used most commonly when the restyriction
{g a certain amount of feed, usually a roughage, that is available
from storage. Level types codes 2 and 3 are for placing regstrictions
on individual feed ingredients as a percentage of the total ration
either on a dry matter or ab as—fed basis. Level type codes 4 and 5
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are for placing Testrictions on feed ingredients ag g percentage of
all feed ingredients included in the Premix, again on either a dry
matter or an as-fed basis, Level type codes 6 and 7 are ag a percent
of the concentrate or complete feed., Recall that when balancing for
a total mixed ration, the complete feed deviates from the total
ration when g dry hay is fed separately. If a bPercentage of the
complete feed ig entered, it ig g percentage of the ingredients that
are in the complete feed excluding the dry hay. Level type codes

8 and 9 are g bercentage that feed must be of the roughage mix. 1In
conventional feeding, this entry is used to determine that percentage
of all feeds that are coded ag roughages. 1In a total mixed ration
this entry can bpe made for any feed that is coded from 101 to 199

and s utilized by incorporating this feed as the indicated percentage
of all feeds that have feed codes between 101 and 199,

88.d. - 97.d. Level amount: This is the actual restriction that is being
entered. The actua] form of thisg restriction will depend upon the

If using level type "0", enter desired Ibs. dry matter.

If using leyel type "1", enter desired lbs. as fed.

If using level type "2", m4nomgn o "8", enter desired
percentage level (dry matter basis).

If using level type "3", n5m, 7N, M9 enter desired percentage
Tevel (as-fed basis).

Using level type code 0 or 1 enter the pounds of dry matter or pounds
of the ingredients as fed as a restriction, FEnter z bercentage for
all the other codes (2 through 9), 71f working with dry matter (2,
4, 6, 8), enter 1 percentage of the totgl dry matter; if working with
as fed (3, 5, 7, 9), enter the percentage of the total amount as fed.

Input Section VI. Additional Feed Imformation

98.a. Premix bateh Size {cwt.): If a premix is not considered, enter "gQqo"
Or any other number. TIf g4 premix is being considered, two options
are available. One is to specify the exact size (quantity) of the
premix batch desired. To use this option enter the premix batch
size in hundredweight. The other option is to have the Premix
tailored to meet the needs of preparing a concentrate batch or
complete feed. To use thig option enter "99" and then all quantities
of the ingredients included in the premix are that quantity which
adds to the total amount of the premix Tequired in the concentrate
or complete feed,

98.b. Premix costs ($/cwt.): Enter the costs of obtaining the premix
other than the costs of the ingredients., Thege costs include mixing
costs for the premix and hauling charges. Costs that are directly
attributable to the concentrate mix or complete feed should not be
entered here asg they should be included as concentrate mixing costs.
If a premix is not being considered, enter "QQ" or any other number.
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98.c. Concentrate oT Total Mixed Ration batch size: If using a conven=
tional feeding formulation, enter the desired size of the concentrate
patch. If a set size is not required, it is best to enter 2 fairly
large number, perhaps one which is divisible by 10, guch as 100,
which is for a 10,000 pound patch size. For & total mixed ration,
two options are available. Specify @ fixed batch size as for the
concentrate or enter 999" in which case the ration size is the
amount required to feed a group of cows the size of which you sPecified
under number of coOwWs for ome feeding given the aumber of feedings
you specified in input 02.

98.d. Concentrate cost (§/cwt.): Again, this is the non-feed cost of

obtaining the concentrate including the premix and should include any

mixing charges oOT hauling charges incurred. If those costs are not
for the total concentrate, but are for individual ingredients, they

should be added to the price of those individual ingredients.

99.,a, Percent feeding losses of concentrate OT complete feed: When using

2 conventional feeding formulation this percentage feeding loss is

attributed to all feed ingredients coded to be included in the premix
and the concentrate. When balancing a total mized ration, they are
attributed to the ingredients included in the premix and the complete
feed. If considering a feeding loss other than that {ncorporated
here for one or MOTE individual feed ingredients, that feeding loss
will be entered in Input Section I1T, Modification of Feed Nutrient
Composition.

99,b. Percent feeding loss of youghages: The percent feeding loss of

roughages 18 used for all roughages included in a conventional feeding
sormulation and for any dry hay fed separate from the complete feed in
a total mixed ration. Again, if you wish to incorporate different
feeding losses for individual ipgredients, you have to make the change
in Section TIL. This is certainly a possibility for roughages. There
may be a smaller loss for cOTrm silage and hay crop gilage than for

dry hay. Then enter the loss for corn silage and hay crop gilage as
the percentage feeding loss of the roughages and make a modification
for the dry hay to incorporate the higher feeding loss.

99,c. Option to include standard minerals: A major addition to Form 6

is theoption to Tnclude standard minerals. In fact, the addition

of this input section to indicate the standard mineral option 1s
the only change in the input form. When cheoosing to use standard
minerals, three option are available for the form of the output
for standard minerals. When cheoosing to use standard minerals,
the following minerals will be included at the price indicated if

that price is not changed.

Feed Description Feed Name Feed Code Price/Cwt.
Trace Mineral Salt ™S 410 $ 6.00
Calcium Sulfate CALSULY 401 6.00
Dicalcium Phosphate DICAL 402 17.00
Limestone LIMESTON 403 2.00
Magnesium Oxide MAG OX 404 20.00

(continued)
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Magnesium Potagsium

Sulfate MAGKSULF 405 $ 9.00
Magnesium Sulfate MAGSULF - 406 11.00
Monosodium Phosphate MONOPHOS 407 26.25
Sodium Sulfate SODISULE 409 8.75
Vitamin Premix VITPREMX 431 65,00

Feed Description Feed Name Feed Code Price/Cwt.
Iron Sulfate IRONSULF 411 $12.50
Zinc Sulfate ZINCSULF 413 23.00
Copper Sulfate COPPSULF 415 41.00
Manganese Sulfate MANGSULF 417 11.00

Whenever entering standard minerals, each of the above minerals
including those microminerals needed, will pe entered as feaegd
ingredients. Tf one or more of the Prices indicated above are
unsatisfactory, enter the feed ingredient and more up-to-date price
in lines 4 threugh 30, 1f changes in the composition of the standard
minerals are required, make those changes in linesg 31 through 77.
Except for possibly the Vitamin Premix, it ig unlikely that thege
changes will need to be made,

are to be included, the standard mineral option cannot be used. The
following four options exist for standard mineralsg:

0 = Do not uge standard minerals, A1l mineral and vitamin
ingredients required are entered in lines 4 through 30.

1 = Use standard minerals. Include the quantitiesg of the
standard minerals to be used in the Premix (see pages 39-40
for an exXample of the output options),

standard mineraisg outputted as premix and also output
the composition of the standard mineral mix,

The standard mineral mix ig a1] standard mineralg with the exception
of trace minera]l salt, Tt is felt that many managers will want to
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99.d4, Feed analysis: Two decisions must be made concerning the printing

of a summary of the feed analysis of each of the jpdividual feed

ingredients excluding standard minerals. The first decision is
whether a brief output of feed analysis which includes dry matter,
adjusted crude protein, adjusted ADF, net energy, discount factot,
calcium and phosphorus is gatisfactory, oF whether a detailed feed
analysis which includes the above plus magnesium, potassium, sodium,
chloride, sulfur, fat, supplemental Vitamin A and supplemental vitamin
D is required. The second decision concerns whether the feed analysis
should be included in the output of adjusted apnalyses. 1n order to
incorporate these two decisions the following feed analysis outputs
are available:

0 = A brief summary analysis in the first analysis and no

feed analysis in adjusted analyses.
1 = A brief summary analysis in the first and adjusted analysis.
2 = A detailed feed analysis in the first and adjusted analysis.

1f a detailed analysis in the first analysis and a summary Or 1O
analysis in adjusted analyses is desired, enter a 2 in the first
analysis and then change this input to a 0 or a 1 for subsequent
analyses. You may also want tO change this from a 0 back to 2 1
or a 2 in the last analysis which will be the one that the farm
manager will be using.

99.e. Option to stop outpul: 1f by looking at the feeds included in the

output the output is not as expected oY there is no change from the

previous rum, & termination of output may be advantageous. If you
want the option of being asked about half way through the out,
MEONTINUE?", enter a n1" here, Lf you do not want this option to

stop, enter ng" and there will be mo interruption in the printing.

9g,.f. State code: Enter the state code for New York, "31".

Adjusted Analyses

Most feeding and ration formulation decisions require one OT more
adjusted analyses. Adjusted analyses are made by entering mew values for
each input line in which a change is made. I1f any part of a line 1s
changed, the entire line must be entered in the adjusted analysis. The
1ine numbers of all lines to be changed in the next analysis are entered

when requested.

Tor example, if a dairyman had a conventional ration formulated for
milking cows (1300 1bs. body weight, 60 1bs. milk/day and 3.5% test) in
Analysis 1, the input value for line 01 would be 1211 3.0[0 6 0]3.5]. Then,
if he or she wighed to formulate the conventional ration for dry cows (1400 lbs.
body weight in an adjusted analysis, the entry for line 01 in Analysis 2
would be \gﬁ. 4.0/0 0°0j0.0l.

It is important to remember that each adjusted analysis builds on the
previous one. Thus, if the dairyman in the above example wilshed to determine
the effects of 1imiting corn silage for the MILKING cows in another adjusted



28

Emphasis: Ag few Testrictions ag possible should he placed on the
feeding of roughages when analyzing a least-cost balanced dairy ration.
of course, when formulating-a ration, it {g important to anticipate any
Problems the Farmer may have in utilizing {t. Thus, if a pProblem ig
s utilization of the least-cogt ration printed,
it may be necessary to run an adjusted analysis with appropriate festrictiong
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QUTPUT

There are three LYPES of output that can be obtained. The first 1is
an error message describing a detectable error in the input. In this

case the program never tried to golve for the leagt-cost ration. The
second is that the program golved for the least-cost ration but was unable
to find a balanced ration using the requirements and feed ingredients
entered. ~In this case @ message is provided which helps determine what
requirements were not able to be met. The third possible output is a
least—cost balanced ration.}/ Fach of these three types of output 1is
discussed below.

Error Messages Related to Erroneous_loput Data

{f an inconsistency is found in the data input for analysis, an error
message 1is printed and the analysis is stopped. All error messages are
the same form. The message will state, ERROR AT INPUT ¥=-- ’
where X 1is the number of the input line where the errov occurs and the area
where the line is will be filled with a short description of the error.

We feel this short description will be a big improvement over the previous
error messages which simply said ERROR AT {NPUT VALUE X3 however, only one
eryor message Per ipput line can be provided. The following describes for
each input line the short error descriptions and description of the exror
with possible solutions. This section should be referenced whenever an
error is detected.

e

l-/A fourth possibility ig that the program was pot able to solve at all.

Tt is hoped that this would be very rare. In this case there are three
possibilities. One is that an error wWas detected before the program went
to solution. In this case an eYror was detected in the linear programming
routine before it was solved. It is hoped that this would never occur but
if it does, there will be a message that says the following, 'Program
Problem Error in LP Matrix. please Contact Robert A. Milligan, Cornell
Univetrsity, 607—256—&579". If you should recelve this message, do a8
directed, but you also may want to 100k at the input to see if you have
put in something that you did not intend to put in; if so, correct it
and try again, but do call the number indicated because even with a
funny input the error messages and checks should prevent this ever happening
and we want to help other users keep from getting 1in this situation.

The second possibility is that the program might, again very untikely,
reach an unbounded solution or not he able Lo fipnd a solution within the
number of iterations that we allow. 1In this case you would get a message
which would say, "program problem: Erro¥ in Solutien. Please Contact
Robert A, Milligan, cornell Unlversity, 607-256-4579" . Again, please
contact the author. Again, you may want to look at your input to see

1f there might be something that you did not jntend and if you do, resolve.
The third possibility ig that there would be an infeasible solution even
ineluding the nutrients put in to prevent an infeasible solution and gives
vou information on where the problems jie. 1In this casé€ you have probably
made an e€rror in the input, you should check it. Again, if you cannot
find this problem, do not hesitate to call the author.




ERROR AT INPUT
———r s APV

1

4 through 30

30

Description
====T1ption

=-INCORRECT RATTON TYPE

Part‘g must contain g ration type code which represents

4 currently working ration formulation Procedure,
-=BODY WEIgHT OUT OF RANGE

Part b must pe in the tange of 800 to 1800 Ibs. (8-13 cwt, ),
~-MIIK PRODUCTION TOO HIGH

PartAg cannot be greater than 130,

—~BUTTERFAT TEST QUT OF RANGE
Part d cannot be less than 2.9 Or greater than 6,0,

—~ENTERED 1.EAD FACTOR WrTH CONVENTIONAT,
An error Message results if a lead factor other thanp
Qor 1 ig entered to reinforce the user that leag
factor ig not a part of the_conventional feeding
formulation. ‘

~-LEAD FACTOR OUT OF RANGE
For total mixed ration formulations the lead factor

Partvg cannot be non-zero for dry cows.
-~3B AND 3¢ CANNOT BoOTH BE 1
Part_h and Part ¢ cannot both he non-zero,

—~IMPROPER,FEED CODE
Part_g must be the feed code of either (1) a feed ingredient
included ip the feed table (see Table 1), () 4 number ser
aside to enter the Specification for a feed of your choice
(see Table 1), or (3) a pPremix, concentrate or complete
feed formulated ip the previoug analygig (adjusteq analyses
only),

Part & cannot be 200, 300 or 400 in the first analysig,
——IMPROPER FEED CODE FOR CONVENTIONAT,
Part_i cannot be 200 fop a4 conventional feeding formulation.
--IMPROPER FEED CODE FOR TMR
Part 4 cannot be 30Q for a totai mixed ration formulation.
--PRICE ToO HIGH FOR A ROUGHAGE
Part b cannot pe Ereater thap $200 a ton for feed codes
101 through 199,
--PRICE T0O HIgy FOR CONCENTRATE
Part_é cannot be greater than $400 Per ton or $20 per
hundredweight for feed codes 200 through 399,
~-UNIT ¢ODE DOES NOT ExrsT
Part ¢ cannot be 0 or greater than 3,
--HOW FED copr DOES NoOT EXIST
Part 4 cannot be greater than 5,
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ERROR AT INPUT Description

4 through 30 --IMPROPER HOW FED CODE FOR TMR
(continued) For total mixed ratlons, only dry hays can be coded
as roughages.
—--NO DRY MATTER FOR YOUR FEEDS
When using "Your" roughage, concentrate Or commercial
concentrate, you must specify a dry matter percentage
in lines 31-77 for "Vour" feed.

31 through 65 ——INCORRECT FEED NUTRIENT CODE
Part a cannot be 0, 6 or greater than 30.
——-FEED CODE NOT TINCLUDED IN LINES 4-30
Part c cannot be a feed code that is not included in the
iist of feed ingredients in part 2 (lines 4 through 30}.

65 geveral problems result in an error at this line number.

1t can be the same problems.described in 31 through 65

above for either line 65 or for any of the input lines
03 through 99 used in Program 64. It also could be omne
of the following errors:

—-PROGRAM 64 NOT SPECTFIED FOR EXPANDED DATA
When using input line 65 to call for expanded data, an
error will result unless Program 64 1s used to generate
the specified data file.

—-~FORM 0 NOT SPECIFIED FOR EXPANDED DATA
When using input line 65 to call for expanded data,
an error will result unless Form O of Program 64 is
used to generate the specified data file.

—_INCORRECT FILE SECURITY CODE ,
When using input line 65 to call for expanded data,
the file security code must correspond to the
authorization code and be entered properly in line 65,

——TINCORRECT DATA FILE
When using input line 65 to call for expanded data, the
data file gspecified in line 65 must correspond to the
one used for entry of the expanded data in Program 64
Form O. _

—-PROGRAM 31 NOT gPECTFIED IN FIRST LINE OF P.64
When using expanded data, specify "031" in line Ol.a.
of Program 64 Form 0.

——INCORRECT FORM NO. FOR P.31 SPECIFIED IN P.64
When using expanded data, specify the correct form number
for Program 31 in line 01.b. of Program 64 Form 0.

——LINE 2 OF P.64 15 NOT O
When using expanded data, specify a 0 in line 02 of
Program 64 Form O.

66,68,70,72, Part a and b errors are the same as for part .a and ¢ errors

74,76 in 31 through 65.

78 through 87 -——-COW REQUIREMENT CODE OUT OF RANGE
Part a cannot be 0 or greater than 30.
—_TNCORRECT OPTION CODE
Part b must be 1 or 2.

-—SCALER TS TOO HIGH
Bt ~ ~annot be preater than 2.00 when part b is equal to 1.



ERROR AT INPUT

78 through 87
(continued)

78

79

80

81

82

83

84

32

Description
ZESCription

When Part b is equal to 2, part c has some restrictions
on the absolute level of nutrients. These are designed to

nutritional change that can be made. The error messages
and restrictions are:
——MAX. DM TOO LOW
When Part a is 0l, part ¢ cannot be less than 10.00.
—~MIN. ADJ. CRUDE PROTETN TOO LOW
When part a is 03, part ¢ cannot be less than 1.00.
—-NEW REQUIREMENT TOO LOW
If part a is 06, 07, 08, 10, 11 or 12, part < cannot
be less than 1.00.
—=MINIMUM MAGNESTIUM ToOO HIGH
If part a is 15, part £ cannot be greater than 1.00.
—=MINIMUM POTASSTUM TOO HIGH
If part a is 17, part £ cannot be greater than 2.00.
—~NEW REQUIREMENT TOO HIGH
If part ais 18, 20 or 21, part L cannot be greater
than 1.00,
=-NEW REQUIREMENT T00 LOW
If part a is 23 through 28, part £ cannot be less than
1.00..
—-NEW REQUIREMENT IS 0
When a is 01, 03-14, 16, 19, 22, 23, or 27, ¢ cannot

be 0.00

—~MIN. DM INTAKE GREATER THAN MAYX.
With the changes entered, the minimum dry matter intake
is now greater than the maximum dry matter intake.
—-MIN. CA:PHOS RATIO GREATER THAN MAY.
With the changes entered, the minimum calc{ium to phos-
phorus ratio is now greater than the maximum calcium to
phosphorus ratio.
——MIN. SODIUM GREATER THAN MAX,
With the changes entered, the minimum sodium ig now
greater than the maximum sodium,
——MIN. SULFUR GREATER THAN MAX.
With the changes entered, the minimum sulfur is now
greater than the maximum sulfur,
—-MIN. MAGNESIUM GREATER THAN MAX.
With the changes entered, the minimum magnesium is now
greater than the maximum magnesium,
~-MIN. PHOSPHORUS GREATER THAN MAX,
With the changes entered, the minimum phosphorus is now
greater than the maximunm phosphorus.
-=MIN. COPPER GREATER THAN MAX.
With the changes entered, the minimum copper is now
greater than the maximum copper,
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88 through 97

98

99

33

Description

——-FEED CODE NOT INCLUDED IN LINES 4-30
Part a cannot be a feed code that is not included in
the list of feed ingredients in gection II (input
1ines 04-30).

__IMPROPER MAX./EXACT/MIN. CODE
part b cannot te 0 or greater than 3.

——NON-ROUGHAGE HAS LEVEL CODE 8 OR 9
1f part c 18 8 or 9, the feed ingredient must have a
how fed code of 0 or 3.

~—ROUGHAGE HAS LEVEL CODE 6 OR 7
1f part ¢ is 6 or 7, the feed ingredient cannot have a
how fed code of 0 or 3.

——NON-PREMIX TEED HAS LEVEL CODE 4 OR 5
1f part ¢ is 4 or 5, the feed ingredient must have a
now fed code of 1 or 4.

__BATCH TATLORED TO GROUP FOR CONVENTTONAL
For conventional feeding formulations, part ¢, batch
gize, cannot be 999 since that is used to indicate
that a total mixed ratiom has been tailored to the group.
--NO. OF COWS IN INPUT 2B CANNOT BE 0 WHEN 98C IS 999
For total mixed rations, input 02.b. cannot be 0 if the size
of the complete mix batch is to he tailered to the number
of cows in the group.
-_FEEDINGS IN INPUT 2C CANNOT BE O WHEN 98C IS 999
For total mixed ration formulations, input 02.c. cannot be O
when the total mixed ration batch is to be tailored to
the group of cows.

~—FEEDING LOS5 TOO HIGH
Parts a and b cannot be greater than 50.
——STANDARD MINERAL CODE OUT OF RANGE
part ¢ must be 0, 1, 2, oF 3.
—~FEED ANALYSIS CODE OUT OF RANGE
Part d must e 0, 1, or 2.
——QUTPUT OPTICN CODE OUT OF RANGE
Part e must be 0 or 1.

1f an error message is received, the error can be corrected during the next
adjusted analysis.
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No Balanced Ration Possiblg

When formulating fations for high~producing CoOws or ip Situationg
where no feed ingredient is high in 4 reguired Nutrient, jt jg4 Possible
that no combination of the feed ingredients can meet all of ¢he nutrient
requirementg, In thege Situations ap output with the following message
occurs:

that are lacking, The Fequirements that €an generate gych a situation
and thus the Potential 1igy of messages are:

MINTMUM ADJ CRUDE PROTEIN
MINIMIM ENERGY
MINTMUM CALCIUM
MAX IMUM CALCIUM
MINTMUM PHOSPHORUS
MAXIMUM PHOSPHORUS
MINTMUM S0DIUM
MAXTMUM SODTuM
MINIMUM MAGNESTUM
MAXTIMUM MAGNESTUM
MINTMUM SULFUR
MAXTMOM SULFUR
MINIMUM POTASSTUM
MINIMUM CHLORIDE
MAXTMUM FAT
MINIMUM VITAMIN A
MINTMUM VITAMIN p
MINIMUM TRoy
MINIMUM ZINC
MINTMUM COPPER
MAXTMUM COPPER
MINTMUM MANGANESE
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the input in light of the herd or group being formulated. The following
questions may be of assistance:

a) Are roughage and concentrate ingredients with high energy
densities included and not unduly restricted by maximums?

b)Y Are minimum or exact restrictions on low energy ingredients
included? Fotr instance, the high producers may not be the
cows to feed low quality hay or oats.

¢) TFor a total mixed ration formulation, 18 the lead factor too high?

d) Is the average body weight correct? In many gituations the
high producing cows welgh mOTE than the average for the herd.

e) 1Is the putterfat test correct? Many times high producing cows
have lower butterfat content.

£) 1Is the negative energy balance option being used? Barly
lactation cows typically use body tissue to sustain milk
production.

g) Are the cows using WOTE body tissue than the one pound per
cow per aay maximum allowed? Many high-producing cows exceed
this level at peak production.

n) Is the dry matter intake higher than that predicted by the model?
When using 2 "oood feeding strategy' s high—producing cows may
eat more than is predicted by the equation in the model. 1f
strong evidence ig available to support that contention, an
increase in dry matter intake would be appropriate.

After the above messcage the FEED ANALYSIS and PRODUCTION TNFORMATION
sections are printed to help in checking to be certain that the infeasible
solution did not regult from an input error.

utput of Formulated Ration

Output of FOTMuiarss ===

The desired outcome of each analysis is a least-cost balanced ration
formulated for the specific animal and feed characteristics. As indicated
earlier, one of the major differences petween Form 6 and the earlier version
of least—cost balanced rations, Torm 2, 15 an expanded output. This output
is contained in several gections each of which is described below. At the
top of each output is the analysisg number, amn jndication that the program
was developed by the Departments of Agricultural Economics and Animal
Science at cornell University, the name of the farm manager for which the
ration is formulated, and the date of ration formulation.
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Feed Analygig

COwWs on the farm, This section is an optional output in all but the firge
analysis (input 99.e.). The format of thig section ig illustrated below:

FEED Ry fADd Ccp a0 HET DIzc CHL~ PHOZ-
REDIENT MRTTER PROTEIN HIF ENEREY FRCT CIUM FHORI=
= % I %o MORL. e % DM =DM
MMLHCS C© 0.0 id4.5 8.0 .55 4.0 .10 0,26
CORM SIL 23,0 2.5 3.0 .73 5.3 0.2z 0.20
GEHCORM 29,0 iG.10 0.5 1.01 2.3 . 02 0,30
Z0Yv-45 0.0 53,9 .0 0, o2 S.1 0,25 0.75
CRLZULF 23,0 0.0 0.0 . 0 0.1 ZE. 00 0.0
LIMESTON 3,0 0, 0 T .0 a.10 3700 0.4
M= =L Iy .0 o.n G. 10 0.0 . a.n
l"’fFfE [L 1 'E.'!E'-l_ n . I 1 o Ll I:l. [} i:l_ 1] I:i, I} i:l., i
DICRL - IR, 0 G. 0 0.0 . o 0.0 21. 00 13,00
HICHR MIn R0 0.0 d.0 . 0.0 21.00 1z.4a0
YITPREM: EL Y 0. n g.0 G. 0 . n 0.0 0.0
FEED MRGHE POTR= =0 THLD UL ZUPP, ZURR,
FEDIENT ZI0M =I0M DIl RIDE Fiip FRT YIT A VIT O
% D %DM D % D X DM % DM THIU THIU
MMLHCS o o.2n 2. 10 . 0z .20 .22 2. 70 - —
CORM SIL .13 0.3 . 01 F.10 0,13 3. 010 - ~
FEHCORM .13 . =2a &, 0 0. 03 0. 14 4. 41 - -
ZY—43 .20 1.2n0 0, 00 0.0y 0,35 1.00 - -
CALzuLF 0.0 .0 0.0 .0 12, G0 0.0 n, Q.
LIMEZTON d. 0 0.0 o. 0 0.0 0. o 0.0 . n.
TH= G.10 .0 .00 583,00 O. 04 .0 0. o,
MRS O D300 0.0 G. 0 0.0 0.0 .0 Q. 0,
DIcHL F. 0 .0 0.0 L] 0.0 0.0 0. t
HICH MIN .00 2. 00 Iy 0.0 2. 00 .0 130, 150,
YITPRREM: .0 0. 0.0 o 0 .0 0.0 000, 2000,

This Summary containg the information eXactly ag 1t comes out of the
data bank and modified through input lines 31 through 77. Net energy
is at Mcal/lb. at maintenance, The firgt section including dry matter
through Phosphorus is the brief summary feed analysis, while the firgt
and second section together are the detailed sSummary feed analysis,
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Production Information

The format for the information included in this gection is unique
to each of the ration types. The following information is included when
appropriate: average milk production, lead factor, the pounds of milk for
which the ration 1is balanced (milk production X ]ead factor for lactating
animals fed a total mixed ration); fat test; body weight}; number of cows
in the group; nunber of feedings; whether the ration is formulated for

mature cows, first lactation heifers oT second lactation heifers; and
qumber of times maintenance for which the ratilon is balanced. The number
of times maintenance the ration is balanced for is the total energy
requirement for maintenance, growth (if any) and milk production divided
by the energy required for maintenance. This value is used in calculating
the available enevrgy of the feeds to be fed.

Ration Cost

{nformation concerning the ration cost is provided in four pieces.
The first is the total feed cost which is the total cost of all feed
ingredients included in the ration calculated by multiplying the feed
ingredient cost per unit by the gquantity to be Fed. The second piece
of information is the total ration cost which is the total cost of
feeding the ratiom. This cost includes both the total feed cost just
described and any grinding, mixing or transportation costs entered in
input line 98. This cost is equivalent O the total cost calculated
in Program 31, Forms 1 and Z.Ej

Tn addition, the total feed cost is divided into purchased feed
cost and the value of home grown feeds. Purchased feed cost is the
cost of the ingredients that must be purchased which were indicated by
how—-fed codes 4, 3, and 6. The value of home grown feed is the value
of or opportunity cost of the ingredients grown on the farm that are
fed and includes the entered costs of all ingredients with how-fed
codes 0, 1, and 2.

F¥or conventional feed formulations and dry cow formulations using
a total mixed ratiom, the output will include only one cost for each of
the four items mentioned above; however, for total mixed ration with
lactating animals the four cost figures will be given for three gituations.
The ration is formulated for the average production of the group multi-
plied by the lead factor. This cost is titled "lead production” and is
the total cost of the feed required to feed one cow producing at average
production multiplied by the lead factor.

1/Neither of these cost figures includes the cost placed on the body fat
when negative energy balance is used. It is possible for feed cost
and ration cost to increase if a feed restriction ig imposed which
results in increased use of negative energy balance.
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The second column of numbers is for the average production level
in the group., This cost is for the same ration as formulated at the
lead production level; however, the average cow in the herd will not
consume as large a quantity of the feed and, consequently, the total
cost of feeding the average production level will be lower,

multiplied by the number of cows in the group.

The following is an example of the output of the ration cost for
the total mixed ration for a lactating animal. For the conventional
feed formulation and the dry cow for g total mixed ration, the information
will be the same ag that contained in the average production column of
this example,

RATION CO5TT -nay

LEAD AYERAEE SEOUF OF

FRODUCT 10 FRONUCTION 30 COuE

TOTAL FEED o=y Eoz,20 ¥ a0z F o121, 30
FURCHARZE FEED rOaT F 1.4 B 1.3 PoS4.51
YALUE OF GROWM FEET 1,74 E 1,87 N I
TOTHAL BATION O3t B o323 Eoz.11 B 124,57

the third is g concentrate or complete feed, the fourth ig the roughages
or dry hays fed separate from the complete feed and the fifth is the
information on premix, concentrate and/or complete feed,

The format of the premix is as follows:
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rRE-MTS

FEED =OUHDE PERCENT

IHEREDIENT 1+ PRE-MIX E FRE-MIH
Sy oI mHEL R 4o =2
401 CALIULFE .34 5
407 L IMETTON .35 o]
404 MAG I 1. 55 3
410 THT 3,70 2z
313 HICA MIH LR T

TOTAL e, 47

Three items of information included on each feed ingredient that is to
be included in the premix are: the feed number and the name of the feed
ingredient, the pounds to be included in the premlX and the percentage

of the premix. The pounds in the premlx and the percent of the premix
are calculated on ai as-fed basis. When standard minerals are included
in the premix, there will be 2 fourth column entitled "Percent of
gtandard Mineral Mix". The total pounds in the premix can either be

the amount specifiedlin input 98 or¥ the amount to be included in the
concentrate Of complete feed. When the standard minerals option gelected
is to include only the composition of the standard mineral mix in the
output, the quantity of the standard mineral mix will be indicated

rather than the quantities of the individual mineral ingredients other
than trace mineral salt. Consequently, the premix will include any
non-mineral feed ingredients, trace mineral salt and the standard
mineral mix.

The next potential portion of the outpul is the standard mineral
mix composition. This will only pe included in the output if standard
mineral option 2 or 3 is chosen. Tt will contaim the proportional

and absolute quantities of each of the mineral nutrients required to
supplement the roughages and concentrates plus trace mineral salt.

The following is an example output of the standard mineral miX
composition.



4

ETRAMDARRL

FERCENT
LALCILM E.EE X M
FHOZFHORLIS FLET N DM
MRIZNE S T Lipg 1.97 % nm
POTRZZ LM T % oM
00T UM O.0 % pM
CHLORIDE .0 = mp
SLLF LR 0,04 % o
HITAMIM f
VITAMIM o
IROM 0. FPH
< IMC SIE. FEM
LOFFER 117. FRM
MAMGAHESE 155, FREM

0

1 ERME
ISEME
ERa

concentrate
for 3 total
similar, The
d below.

ary

MATTER

PERCENT gr
Iy RRTION
g o 3%

FREPR e,

s

DU

o

—

R

11
.24
Wil

COMRLETE

i
FEED FOUMDE : -
IMGREDIENT I BATCH L EET
RREMT N 1a.5 o.az
51 cory oqp 1azm, 1 sl.7s
217 FEIHCORN 203, 4 10, 47
257 20v-ag 2o,z G
TATAL 1331, 2 R

16.5 pounds Premix, 1235

corn and 120 pounds soyhe
Concentrate o complete f
matter basgig, As~fed inf

dry matter basis, the pou
fed per coy and the percent of the tot
from the row labeled "Totrg1n are partq
PeY cow isg the pounds of concentrate ¢

nds of dry matter

As an example,
40 cows in

shelled
rning the
and a dry
oW per day

information conce
on both ap as-fed
the pounds fed per c

of each feed ip

al ration {g indicated, Two numbersg
cularly important, The as-feq pounds
U complete fed to feed per coy Per day,



The fourth

from the complete feed.

part of the output

t+he feeds that are fed separately.
this is all of the roughages.
may be NO output for this gection OT there may

41

In a total mixed ration

conventional feed formulation.
CDHCEHTRHTE
: A FED
FEED cqunDs T haReEdT OF
IHGREDIENT M BATCH s cpRCENT OF
i RATIOH
CREMTH 4754 .82 3,75 P
z17 3oACORN su9l.l 10,47 0.5l .17
257 o — 43 EE ] &, a1 4,72 o
TOTAL Loaaa. i 17,30 o1l
RTILGHAGES
{20 Mas WA .00 5.1
L. T T4 07

151 CORN EIL

For each of the ingredients to be fed separately,
the percent of total ration on both an as-fed and a dry
Two pleces ©
complete feed or the roughage.

indicated.

percent roughage in the

The final part of this section of
concentrate and complete feed.
the following conventional feed formulation

on premix,
available is
which had both a premix

indicated for

indicates the quantities to be fed of
In a conventional feed formulation,
situation,
be a dry hay fed separate
This section is illustrated by output from &

there

Ty MATTER

the pounds per cow and
matter basis are

£ information are contained at the end of the

total ratiom.

output
The type of

and a concentraté.

COHCEMTRATE {HEORMAAT 10N

pRE-MT AN
Peat il A0y CR chil HET
HEREDTENT waTTER  FROTETH 40 ¢ EMERGY
% = DLt w dun oL LE.
4 PREMTS EE a.0 L .49
rpE-M1x PRICES 1521 pER T
300 GOMCENTR 23,3 4.7 1.5 wE
:Dr"s:EHTPﬁTE =1=2\ CE= 5,53 CER WT

The information includes a S
or complete feed similar to

cost per hundredweight

a dry hay is not fed separately from the complete feed,

that in the
of the premix,

hundredweight cost of the complete feed is included.

ummary of the content of the premix,
feed analysis above and the as—-fed
concentrate or complete feed.

only the per

They are the percent dry matter and the

ig the summary information
information

LRToCOU ~ OF
RETION
0,8 1.3
o, 32 FELT
.41 15200
15, 24 IF LA
4.40 10,74
1. 03 51,35
TR PHOET-
p gals! FHORUE
MY = .M.
2033 4.8%
1.2 T.F 0
concentrate

When
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it can be used

Ry MATTER IMTReE 300 % miy A
0.0 CRUnE FROTEIN 15,321 % It I i
NOMN-E2eOT MITROGEN U B =1 T Jda 0

A BISTED 90 rF e S =T 13,04

HET EHEEETfHELD Il |
SALTTIUM .55 % oM t1z.5
PHOTPMORL 0,33 % oM SHL R IR
SRL TO FHOT RATIO 1 T TO O
HQGHESIUM ., g oM
FOTAZTILM i %0
SO D130 o
CHLORIDE G Edd L
TULFLR Qo320 % 1M
AT _ ZaHOT T
FUBRLEN, WITAMIN A 42,9 THTU
EUFPLEM. YITAMIN 3 42,3 THIY

SUSHTITY OF OTHER MUTRIENTS

FOLUBLE PROTETH
SCID DETER Flpem
IROH

ZINC

COFPER

MENGANESE
ZUPPLEM, IOniNe
SUPPL . TELEMIUM
ZURPL, 9IT. B

-

L

1/

— For more information on the use of thig option see Pages 63 to 64,
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The above output is a formulation’with no negative energy balance, optional
micronutrients OT urea. The impact o1 this output of these options 18
indicated below. The nutrient summary is provided in five columms: the
first column giving the putrient, the second and third columms providing
information concerning the autrient content and the fourth and fifth
columns giving the minimum and maximum constraints included in this

ration formulation.

In addition to the summary of the nutrients for which the program
balances, information is provided on the quantities of other nutrients

in the ratiom. These nutrients are important to & nutritionally balanced
ration but are not included as constraints in the least-cost balanced
ration program. The first is soluble protein. Although soluble protein
is not included as a constraint except when urea 1s jncluded in the
ration (see below), a warning is provided if the level gets above an
acceptable maximum. The warning says, nx&WARNING** SOLUBLE PROTEIN 15

ABOVE RECOMMENDED {EVELS" .1/

In order toO avoid any possible confusion, the abbreviations used
in this section are defined below.

% BW percent of the body weight entered as input.

1.BS Total pounds.

% DM Percent of the total dry matter consumed by the animal
as indicated in the first TOW-

ZPRO percent of total protein consumed by the animal.

MCAL Megacalories.

GRAMS Grams.

THIU Thousands of international units.

PPM Parts per million of the total dry matter.

v Tnternational units.

geveral of the options available affect the output of the nutrient
composition of the ratiomn. Those discussed below include negative energy
balance, jncluding urea as @ feed ingredient, pbalancing for one or more
of the micronutrients (iron, zinc, copper, manganese) and changing oné

or more of the putritional requirements from the level specified in the
program. The first option is negative energy balance. Whenever this
option is selected whether amny body tissue is actually needed or mot,

the number of Mcals of negative energy palance used ig indicated in a
prominent point in the output as indicated below. Whenever negative
energy balance ig indicated the ration will be at minimum fiber.

ADJUTSTED & d F o, @h LEE p5, a0 e oM 15,00 % oM

HET EHEREY (HELY 33, 22 AL 24, 20 #ATAL
HEGATINVE SHERGYT BALF HCE g.aE el

cALTIUN n,Toomo 0N 147. 0 SRME 147.0 SRME

e
l/The'warning ]evel is the same as the maximum when urea ig included.
See page 18.
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content is the ehergy obtained from the feeds fed; when the negative
energy balance ig added, the total is the requirement of ner energy,

As described in the discussion of the input (page 18), whenever
urea is included asg g feed ingredient, the maximum soluble protein as
a4 percentage of total Protein becomes 3 constraint rather than $imply an
output of the formulated level, The output for this situation is
illustrated below,

HUBNTITY 0F OTHER HUTRIENTT 1M FATT O

ILURLE FROTEIN = R I HEL BONEROT L BANERAT
RCID DETER FIERER C.4E LET '

In this case, 42.8 percent of the protein was the maxinmum soluble protein
and urea was included to the maximum allowed, Another adjustment in the
output of a conventional feed formulation ig the NPN content of the
toncentrate. Whenever there is NPN in the ration, a row will be added
directly bLelow the nonprotein nitrogen indicating the percentage NPN
content of the concentrate as compared to the constraint,

Again, as indicated in the input (pages 21 and 22), the micronutrients
can be included as nutrients to be balanced for. When this is desired,
the micronutrients will be outputted at the same location in the nutrient

IRON , 13% PEM < 1o PPM
ZIMC sl FPM :
COPPER ' : ‘10 PPM - 10 FPPHM 20 PePM

In addition, whenever a nutrient ig changed, the output will indicgte
that there has been a change in the nutrient requirements and the nutrient
requirements which have been changed. In the example below dry matter
intake and calcium-phosphorus ratio were changed,

*eHOTE THE FOLLOWIMG MUTRIEMT REMITEEMENTS Hiyye BEEM CHAMSED:

MASTMUNM DRY MATTER THTAEE :
MIMIM CRALCTIUM: PHOSPHORLS HFATIO



45

Prices at Which Composition of Ration Will.Change

This and the next section provide economic information concerning
sensitivity of the ration to price changes and the cost of constraints.
The information in this section is useful in determining the gsensitivity
of the ration to changes in prices of the individual feed ingredients.
An example of the output is provided below. When standard mineral
option 2 to only provide nutrient contents is specified, the standard
minerals other than trace mineral salt are not included in the output
of this section.

.PEICEE AT WHICH COMPORITION OF RAETION WILL CTHRMEE

mpToET AT WHICH IMGREDIEMTE I RATION WILL:

CURREMT
[HEREDIENT HIT THCREATE YALUE DECREATE
130 MMS HAY TN Tod.0 IS, an BT, 3
151 SORMOTIL TOM oo F 18,00 | 20,03
217 GIHCORM CWT TS, 34 Po£.30 S L
257 IOV -4% TOH F121.6% BI040 Fadd. 05
02 DICHL s T 0.0 S, 00 O3S, 43
401 CALTULS ST T 0.3% 1T an E O31.E7
403 LM T Eoa.0 TS, FoEE. 40
304 MAG 3H ST Tl R B14E. 57
410 THZ ST Toa.a R T FI33, 32
413 HITA MIN T 21,05 TR0 A0 SRk

PRICE AT WHICH IMGREDIENTE MOT IM RATION  WILL EMTERE

. THRREMT CHAMGE
THEREDIEMT HIT ENTER AL REQUIEED
121 HML HCE T Bo21.7S 2=, 00 N
2t OATE T T OS.50 S T N FOd.00

For those ingredients that are included in the formulated ration,
the price at which the amount that would be included in the ration will
increase and the price at which the amount included in the ration will
decrease are included on the two columns labeled "INCREASE" and "DECREASE".
These values are the values at which the ration will change given that
the price of all other ingredients remains constant. "As an example,
the current price of shelled corn is $§6.00. If that price rose to or
above $6.95 with all of the other prices remaining constant, a new
least-cost balanced ration containing less shelled corn is available.
At prices between $6.00 and $6.95 the ration would not change; however,
the total cost of the ration would increase slightly. At $6.95 it is
not possible to tell how much less shelled corn would be included in
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the ration, only that less will be included.l/ The units included in
this section, 1b., cwt. or ton are the same as those in which the price
was entered in the input. A 0.00 in the increase column indicates that
no matter how much the price fell, the amount of that ingredient would
not increase. Conversely, a 999,99 means that the price would have to
increase to $1,000 or more before there would be any decrease in the
amount of that ingredient included in the rationm.

The second part of this section contains information concerning
those feed ingredients that did not enter the ration at their current
prices. 1TIn thig case it gives the price at which they would enter and
the price change that would he required for them to enter. For
example, mixed mainly legume hay crop silage would enter if the Price
fell $3.25 or more to $21.75 or less and oats would enter if the price
fell to $5.50 or less all other prices staying constant.

Restrictions Which are Constraining

This section provides information concerning the cost of altering
both nutritional and feed ingredient constraints, The usefulness of
this information, particularly for the nutritional constraints, is a
guide as to which constraint is the most costly, more for information
than from the standpoint that there is any opportunity to alter the
restrictions. The following is an example of this section;

PESTRICTIONT WHICH GRE COMTTRATHING

MUTEITIONS, COMITRAIMTS:
MAEGT MG EFFECT 0O OHE
COMZTRAINT ' LIMIT ST WAL LIMIT INCRERSE
ey MATTER IMTHEE e F1.0 LEBET -, S DT 2.7 DT
ATV CRUOTDE PROTEIHN MIM 5.9% LET 22,3 CTw 1.4 C7T=
HMET EMEREY CHEL: MM 2.5 MoAL 1.3 CT= E S
CRLCTIUM MIr 113.5% GQRR 2.1 Z7% a,1 o7
PHOZFMORLT MIN L, 3 RRMT 9,3 o1 Q.5 T
MEERNES T UM M Do % O d.7V 2T= 9.1 C°T=
=00TILM I o132 = I .3 2TE d.0 ST
SULFLIR MIH .20 % om a0 OTR .1 7=
SHPPLEM, WITAMIMN A MIH 33,9 THTU .1 7= el CTZ
FEED THGREDIEMT COMTTRAIMTT:
L300 HMeis Hey ERCT .00 LB .5 CT= D0 ITE

;/When more than one price changes even though none of the prices are
outside of the range indicated, a new least-cost balanced ration

may be available.
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Only constraints which are constraining are included in the output.
The nutritional constraints are discussed first although much of the
discussion also pertains to the feed ingredient constraints. The
constraint that is imposed, whether it is a maximum or a minimum, and
the level of the comstraint (and consequently the amount in the balanced
ration) are contained in the first three columns. The third column is
the marginal value or in economic terms is often referred to as the
shadow price of the requirement. The value contained in this column is
the amount that the total cost of the ration would be altered if the
constraint were increased by one. For those constraints that are in
pounds, Mcals, grams OT thousands of intermational units, it simply
ig the change in cost of increasing the reguirement one pound, Mecal,
gram or thousand international unit. As an example, the cost of increasing
the dry matter intake one pound is -6.6 cents, or the total cost of the
ration would decrease by 6.6 cents; the cost of increasing the adjusted
crude protein requirement one pound would be 22.9 cents. The percent of
dry matter constraints are different since the unit of measure in these
rows is actually the percent of the feed ingredient or of the total
ration and consequently a change in the right-hand side would be equivalent
to increasing the constraint by .01 pounds. As an example, the 0.7 cents
on the marginal value for magnesium means that increasing the requirement
by .01 pounds of magnesium would cost .7 cents.

Because the numbers in the marginal value row are sometimes difficult
to interpret, particularly for those constraints that are in percent of
dry matter, and because they are not compatrable because some are in
pounds, some are in Mcals, and some are in grams; an attempt was made to
develop a measure that would provide a relative comparison among the
nutrient constraints. The solution to this attempt was to calculate the
effect of increasing the limit of each of the requirements by 1 percent
and calculating the cost of that increase. This value is contained in
the final column. This column will probably be the most useful since
it provides a relative comparison of the cost of increasing each of the

constraints by 1 percent. 1In most rations, the dry matter intake and

the net energy will have the largest absolute values of numbers. Adjusted
crude protein and adjusted ADF may also be relatively large. Whenever

the cost of a one percent increase in mineral requirements exceeds about one
cent, there probably is a lack of a feed ingredient to efficiently meet

that mineral requirement.

The format for the feed restrictions which are constraining is exactly

the same as the nutritional constraints. These restrictions include

those imposed in the input and also those that are imposed automatically
for those concentrate ingredients which have a maximum percent in the
concentrate or in the total ration. The limit imposed can be either a
maximum, an exact, or a minimum. The restriction is either in pounds
(level type code 0 and 1) or in percent (level type codes 2 through 9).
The marginal value for the restrictions which are in pounds is the cost

of increasing the restriction by one pound. For percentage restrictions,
the value is again the cost of increasing the restriction by one pound
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of dry matter or one pound of as fed depending upon whether the trestric~
tion is in dry matter or as fed. In either case, the final column is 1/
the effect of increasing the feed ingredient constraint by cne percent.=

;/A comment on exact restrictions. First of all, we would suggest not
using exacts but rather using both a maximum and a mintmum. Since the
exact 1s serving as a maximum, whenever the final two columns are
negative numbers and a minimum whenever the final two columns are a
positive number, if you enter it as a maximum and a minimum only the
one which is constraining will be ocutputted and it will be much easier
to explain to others the concept of a maximum or the minimum.
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USING THE LEAST-COST BALANCED DAIRY RATION PROGRAM

This section provides additional information designed to assist the
user. The first part contains an example of a problem situatiom, the
necessary input and the output of the resulting feed formulatiom. The
example is followed by discussion of two of the new features of this
program: using formulations from previous analyses and using the
expansion data program.

An Example Problem Situation

John Herdsman owns and operates a 100-cow dairy with a two-group
toral mixed ration feeding system plus feeding additional dry hay.
The farm-produced feed ingredients in inventory include mixed mainly
legume hay crop silage, mixed mainly grass hay, corn gilage and high
moisture shelled corn. All other feed ingredients must be purchased
from the elevator. Facilities to mix the feeds on the farm are
excellent except that the mineral ingredients are purchased as a
premix at the elevator to be included in the total mixed ration.

In this example, the ration is formulated for the high group which
is averaging 70 pounds of 3.5 percent milk per cow per day. With the
two-group system, John chooses a lead factor of 1.12. He estimates
that the 40 animals in this group weight 1300 pounds and are fed twice
per day. Since the group is predominately mature cows and since the
top producers in the group are mature cows, the ration is balanced for
mature cows with nepative energy balancing allowed as the cows in
this group are in early lactation.

The following table gives the required information for the feed
ingredients that John Herdsman is willing to examine for inclusion in
the least-cost balanced ration. Standard minerals are specified so no
mineral ingredients are included in this table.

Feed Feed Price/
Feed Ingredient Code* Name® Unit Unit
Corn silage 151 CORN SIL ton $ 20.00
Mixed mainly legume hay crop silage 121 MML HCS ton 28.00
Mixed mainly grass hay 130 MMG HAY ton 50.00
High moisture shelled corn 218 HMSC cwt. 4.90
Soybean oil meal 48 257 S0Y-48 ton 320.00
40% Dairy concentrate 340 DAIRY40 ton 320.00

%See Table 1 on pages 68 to 77 for feed codes and names.
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In studying the nutrient gpecification for these feed ingredients
and his forage analyses, John recognizes that some of the specifications
must be modified to represent his farm situation. For the corn gilage
the information is accurate except that forage analysis indicates that
the corn silage is 35 percent dry matter rather than the 33 percent
included in the stored data file. For the mixed mainly legume hay crop
silage, the dry matter must be decreased from 47 to 41, the protein
decreased from 14.5 to 14.0 and the net energy decreased from .65 to
.58, The mixed mainly grass hay needs two adjustments, namely the dry
matter increased from 88 to 90 and the protein content increased from
12.5 to 13.0.

Mr. Herdsman thinks that it isg important to balance for iron and
copper, and therefore the appropriate entries are made in Section 1v,
Modification of Animal Nutrient Requirements to activate balancing for
iron and copper at the levels specified in the program. 1In additlon
the minimum calcium to phosphorus ratio is increased from 1.5 to 1.8,
This change is also made in Section IV,

John believes that it is critical that a minimum of five pounds
of dry hay be included in the ration. He therefore makes the indication
that feed code 130, mixed mainly grass hay, must be fed at a level of
at least (a2 minimum of) 5 pounds as-fed per cow per day.

The final pieces of dinformation that must be indicated concern
the specification of the total mixed ration. .John indicates that the
premix should be formulated to indicate the pounds of each ingredient
and the total premix to include in the complete feed. 1In addition, he
indicates that the quantity formulated of the complete feed should he
that amount which is needed to feed the group of 40 cows at each
feeding. The mixing costs are $.30 per hundredweight for the premix
which is mixed at the elevator and $.10 per hundredweight for the
complete feed which is mixed on the farm. The feeding losses are 10
percent for the dry hay and 4 percent for the total mixed ration. The
final entries indicate that John wants Lo use standard minerals, to
have the detailed feed analysis included in the output of each analysis
and he does not want the option to stop the output at a midpoint.

The following pages contain first the input form as completed for
the example just described, the list back of the input from the computer
and finally the ocutput for this analysis.
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NEWPLAN Program 31 Form 6

LEAST-COST BALANCED DAIRY RATIONS¥
GENERAL INPUT FORM

procraM |3 10| 03]
Prdg. Form File

# # #

YOUR NAME Sohn Herdoyan DATE 9./Q ‘/./3'*’
ADDRESS Rucal, New York PHONE
i v
RATION TYPE S - arous  LIN R
""..Ul'tl.II.Q..lc'li...u-;t.c.-nlt..c.'u-llll-\*}-ll'!-lllr..lil!.u‘.'..l.-ul......ll.u'l.cl.i-.l;..
LINE
NO. ANALYSIS 1

Section I. Animal Characteristics

1.a. Enter type of least—cost ration desired: 01

131/3:0|070135]
a b c d

Milking Cows:

2 = Conventional feeding; Roughages and
concentrate are fed separately.

3 = Mixed ration; Hay may be fed
separate.

Dry Cows:

6 = Conventional feeding.

7 = Mixed ration.

b. Average body weight of cows (cwt.)

c. Average milk production level (lbs. per cow
per day). If dry cow, enter "po0".

d. Average butterfat test (%). If dry cow,
enter "00".

2. For Mixed ration (option 3 or 7 in la) .only.
For Conventional feeding, enter "0V and
go to line 3.

4|

a. Lead factor for the production group. 0z2. '[ﬁ.
1f dry cow, enter "000".

B~

012

N

b. Number of cows in productiomn group.

c. Number of feedings per day.

3.a. Option to Negative Energy Balance: 03. |L]0_l@_|
Enter "0" if negative energy balancing is abec
not desired for this group. Enter "voif
negative energy balancing is desired for
this production group. If dry cow, enter "0",

b. Tf balancing for first lactation cows, enter ",
otherwise enter "0".

c. 1If balancing for second lactation cows, enter R A
otherwise enter "0".

*Developed by Robert Milligan, Charles Sniffen, Larry Chase and Wayne
Knoblauch, Cornell University.
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Section II, TFeeds Available

LINE
NO, ANALYSIS 1

(Enter "0 on line following last feed and proceed to Section III.)
g

4, TFeed CORN Siv
a. Feed code.
b, Price ($/T, cwt. or 1b.).
c. Unit.*
d. How fed.**
5. Feed oMy Bos
6. Teed mmé  HAY
7. Feed Hmsco
8. Teed Soy - 4%
9. TFeed DAIRY YO
10. TFeed
11. Feed
12, TFeed
13. TFeed
14, TFeed
15. Feed
16. Feed
17. TFeed
18. Feed
13, Feed
20. Feed
21. Feed
22. Teed
23. Feed
24, Feed
25. TFeed
26. Teed
27. Teed
28. Feed
29, Feed
30. Feed
* Unit:

G4

0
06
a7
08
o
10

v

O

11.
12,
13.
14,
15.
16.
17,
18.
19,
20.
21.
22,
3.
24,
25,
26.
27,
28.
29,
30.

/38110 20.01112]
a b d

C

- 1/30los00l/l0f
- 12£81004.91213]
. 12S71320.045]

Indicate if the given price is on a basis of ton, cwt. or 1b.:

1= 2%/ton, 2 = $/cwt., 3 = $/1b,

*% How Fed: See Code Chart.
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LINE
NO.  ANALYSTS 1

Section III. Modification of Feed Nutrient Composition ‘

(Enter "0" on line after last modification. Thenover two or more modifications
are entered for a feed, the feed code (c) needs only be entered for the first
change.)

31.a. Feed nutrient code® CORIU SIL - DN 31. IQ L|_L’>£QQU§U

b. Feed nutrient level
c. Feed code

32. _mmi. HCS - DM | 2. |0L]47/.0014 211
33. - de,. Crude Fotein 33. |02/ L00|_ |
34, -MNet Eneray 34. |Q2|QQ§3_1_ _
35, __MME KAY- DN i 35. |0119000//30)
36. - 04y Crode Erotern % 02123001 ]
37. 37. 10—
18, 38, | | __ R
39. ' 39, | | el
40. 40, |_ | _— |l __ l
41. RS O I IR I
42. % SO T R R
43. 43, |___J___J___Jw____j
44, N T M
45. %.[_J_;_JH_J
46. 46, |_ |-l
47, 87, |l e o
48. 48, |_ | el
49, 49, V| __ |-l
50. 50. [__FJ__#:___j~_d__J
51. 51. ]_;ﬂj___:__mj__w__J
52. 52, | | - I
53, 53. |”._J,__:#.,Jw._.ﬂj
54. TS S IR R
55. 55, |_ | _t__ ]
56. s6. | | e b
57. 57. |- | e o ]
58. T S N W N
59, 59, | | -l __|
60. 60. |_ 1 ___l.__l

% Taed Nutrient Code: See Code Chart.
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LINE
NO. ANALYSIS 1

Section ITI, Modification of Feed Nutrient Composition (continued)

61, | 61. |_ | - _|___|
62. T O T
63. 63. | _l__.__|___|
64. 64 | _._ . _ ]
65. * 5. [____._ _|___]

More modifications of feed nutrient compositions can be entered in lines 66-77,
However, these lines are formatted differently to allow nutrient levels with
many digits to be entered:

66. 66. IQ{“LEJ

a. Feed nutrient code.
b. Feed code.

67.a. Number of significant digits to right of 67. | _j_____
decimal point. a b
b. Feed nutrient level.

68. 68, |_ | _ |
69. 69. |_|_______ |
70. 70 || _ ]
71, | AT l
72. 2. |_ 1|
73, L& I f
74. LT T
75. se ol |
76. 6. | _j__ |
77. 7 |

#1f more modifications of feed nutrient composition need to be made, one can
do this via Program 64, "Data Expansion Program”". Be sure to run Program 64
before you run the Least Cost Ration.

To proceed to Program 64, enter the following in line 65,

65. |=l_ ___ _ | _lo]
, file data file used
security with Program 64 Form 0
code
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LINE
NO.

ANALYSTS 1

gection IV. Modification of Animal Nutrient Requirements

(Enter "0" on line following last modification of nutrient requirement and

proceed to Section V.)

78. a. Cow requirement code® ti!‘ovx 78.
b. Option: gcaler or absolute nutrient
requirement. 1 = scaler; 2 = absolute
nutrient requirement.
¢, The scaler or absolute nutrient requirement.

79.  Cpppexr  {Nin, 79.
80.  (opper Mo, ~ so.
81. e Caleiums Phos. 81.
82. ' 82.
83. | 83.
84. 84.
85. 85.
86. 86.
87. 87.

Section V. Restrictions on Levels of Feeds to be Included in Balanced Ration

\&ﬁ\%IDQQ 1.00)

c

1abl100 0 100

12711100 0 .00
| /212100 0 /.80

(Enter "0" om line following last restriction and proceed to Section vi.)

88. a. Feed code NG WAY - . 88.

b. Max., exact, OT min. %%

c. Level type***

d. Level amount#®¥**
89. 89.
90. 90.
91. 91.
92. 92.
93. 93.
94, 94.
95. 95.
96. 96.
97. 97.

% Cow Requirement Code: See Code Chart.

%% Max., exact, or min.: 1 = maximum amount
7 = exact amount
3 = minimum amount

xx% Level Type: See Code Chart.
*%x%% Level Amount: See Code Chart.

1/303lL10800]
a bec d
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LINE
_NO. ANALYSTS 1
Section VI, Additional Feed Information
98. a. Pre-mix batch size (cwt.). 98. ]3?, ;391_?_921 4
Enter "99" if pre-mix batch size is a b c d

to be tailored to concentrate batch size.

b. Pre-mix costs ($/cwt.) (mixing,
transportation, etc.),

€. Concentrate or Total Mix Ration batch
size (cwt.). Enter 999" if Total Mix
Ration batch size isg to be tailored to
amount: fed per group per feeding.

d. Concentrate costs (8/cwt.) (mixing,
transportation, etc. )

99. a. % feeding losses of concentrate or 99. ]_Qg[jal__ilglg[;il
complete feed. a b cde f
b. % feeding losses of roughages,
¢. Standard mineral option:
0 = Do not use standard minerals,
1 = Use standard minerals with mineral
ingredients included in pre-mix.

2 = Use standard minerals with standard
nineral mix composition included
in output.

3 = Use standard minerals with mineral

ingredients included in pre-mix
and with standard mineral mix
composition included in output.
d. Feed analysis option: ‘
0 = Abbreviated feed analysis in first
analysis only. .
Abbreviated feed analysis in all

1 =
analyses.

2 = Detailed feed analysis in all
analyses.

e. Enter "1" if want option to stop output
halfway; "0" otherwise.
f. State code (for N.V. enter "31"),
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CORNELL COOFERATIVE ERTENZTION

HEFARTMENTT OF AGEICULTUSAL sogmmmios
AMD AHIMAL ToIENCE

RATION FORMUL ATED SR S04 HERDTMEAH
DATE: T0-s -2

FEED HEN A CE AD MET HE SOt CHL - PHGE;
THEREDIENT MATTER  mROTEIN A0F  EMEREY FRLCT Il EHORUZ
’- + 8]

b Rty LoD MO& - W I oI
1531 CORMN 2L AT 3.5 22,90 0. 73 .3 e 22 H.zn
121 MMLHCE o 41,0 4.1 EE I .53 F. 1.10 [UNCEN
130 Mo ey EHPERT 12,0 440, 7 sz 5.5 APRSS] A 20
213 KTl ooeg SO0 10,40 1.4 o, 41 =P . a3 b. 20
257 Z0v-aF 30, 4 e Za 1l 2,32 Sal 2,34 D. 73
F40 DRIRYSn 33,0 3%, 0 = Q.37 .0 2.3 1.4n0

FEED MAGHE  mOTRT =0 CHLD etk SRR, shee,
IMGREDIEMT 1M e gty HERALY RIDE FLg 8T HIT A WIT D
% bl oI Y oM DN THIU THIU

SORM T L . 25 0. 01 o010 fa13 200 - -

o
(]
=
=

]
—

1 E

121 MMLHCT © R N S UV R T S o 270 - -
130 MMG Hey 16 LLF0 0.0l gEn 0 4lom Z.70 - -
218 HMTO CRo e R - T N R A .40 - -
257 =OY—-45 0. 370 1.30 .00 .01 0,45 .00 - -
30 UHIQ?#E .20 .00 T ) 0. &40 0. 25 S 0 . e

FRODUCTION IHFORMAT IO

AVE. MILKY 7Fo.LE=D LERD FRACTOR: 1.1z BRLAMCED FORs . 3LET

ad

FAT TEZT: .3 0% BODY WT.:  1ann. LE= F. 05 W MAINTEMANCE

MO, OF Cols: 410 MO. OF FEEDIMG:: 2 BRLAMCED Frm: MATR SO



TOTAL FEED COZT

PURCHATE FEED COST

YALUE OF GROWN FEED

TOTHRL

FEED
IHGREDIEMT

THZ

oel TILE
DICHL
LIMESTON
MRS 0X
VITRREMH

410
401
5 SR
403
3003
331

TOTAHL

ZARLCTUNM
EHOTRPHORUIE
ManHE = TLH
POTAZZTUM
=00
CHLORIDE
THL R
VYITAMIN S
VITHMIMN D
IRON
CORPER

BATION COZT

SUAMTITY OF ERCH FEED IMGREDIENT IM RATION

=l B DR
I =RE-MIx

.
o P b

[
1 o U

L0
[P 3
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RATION COZTE DAY

LERD
FRODUCTION

B O E20

T 1.44

PRE=HM

PERCENT

OF PRE-MIX

MINERHAL

I

AYERRLRE
PRODUCTION

¥

1%

(]

E

[
.
Lad
2

FERCENT OF
ZTD MIM MIX

S
- n)
i3t iy
Fid O o vl ™
oI U S

b K]
G e T D

FE

R

103,43

0.9
= 12.9=
.0 oM 0.0
O.0 0 % DN O, 10
a.n % on 0.0
1.23 % D 5. 04

a, &8

0. PR

AL

GEMT
aRM
aEmMT
pEM=
Ei=ds I
FRMT
=1L hoe
THIL
THIU
SEMT

— g
AR

aEOUur OF
S0 COW=

B o121.30

¥ S4.51
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CSOMRLETE FEED

AT FED DR'Y MATTER
FEED POLNDE N R
INGREDIENT IM BETCH LB O FERCENT OF . LETCOu Y OOF
CTMEL FT RATION RATI0M

PREMIN 21.5 1.1% 1. 34 EE 1.1z 2.3
151 CORM 1L 355, 0 S0, 3 20,70 57, 25 17. 62 37,54
218 HMEC CER 428, 2 2310 7. 39 8. ET 16,17 19, 45
IEF 20%Y—45 152, 6 3. 3 10,032 3, 51 TS 16.03

3 3. 31 12,47 301, 41

TaraL 1373, &

n

OfY HAY FED EPARRTE FROM COMPLETE FEED

120 MMG Hsy S. 00 .53 S.30 FED

TOTAL =ATION:
PERCENT DRY MSTTED SE. 3
FERCEMT ROUGHAGE 47.1

FEED ory A0 o =3 HET oL - PHDE—Q
IMEREDIENT MHTTER PROTEIN 4 0 F EMERGY Il FHORLE
O.mM. A MOAL L&, W oTM. = DM,
400 FREMT Y HAE .0 a. 0 0. SZ.R3 .25
PRE-MIX PRICE= a,7S PER CWT

200 COMPLETE 45, 3 16,3 z.5 b.ad 0. 75 0. 43
COMPLETE FEED FRICE=  3.49 PER CWT
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C WUTRIENMT COMPOZITION OF TOTAL RATION

HUTRIENT COMTENT HUTRITIONAL COMETRARINTS
M I TMUM A T ML

Jdd N Bl 44,2 LBE 40,3 LBE 44,5 LBE

AD .l CRUDE PROTEINM 59 W DM 7,41 LET 7.341 LEE

HOH~FROT NITROGEH L0 wFERO 4.0 LEBE 0.50 LEBE

anJuUsTED 8 D F .72 LBZ= 15,00 v I 15. 00 < DM

HET EHERGY CHELD 27,11 MoAL T, 30 HMCHL

oY MATTER INTAKE

—
P R T

1T

HEGATIVE EMERGY BAL

—
]

AMOE 2. HCAL

CALCTUN .7 e W DN 153, 3 oRMT 144,55 GRMT
PR TRHORUE a.42 o I 25,5 @RM: 25,5 GRMAZ 1238.2 GRME
~aL TO #HO: RATIO : 1.30 73 1 t.an 70 1 z. 00 701
MAGHMEZ TN a.zzn e I n.zz0 % oM g.Ana I
POTAZTTIWN D.Eas v Dl L300 % M
ZOTIT UM g, 1m0 DN g 1m0 % Do p.d0n DN
CHLORTDE 0. 334 % I a.Es0 W DM
TULFLR n.z0 g DN Dozt o D 3,30 % DN
FAT .08 % DN 4,00 % DM
TUFPLEM. WITAMIN A 45.2 THIY 35,2 THIY
SURELEM, YITAMIN D 35.2 THIU &.3 THIU

SUAHMTITY OF OTHEFR HUTRIEHTT IM RATIONS

TOLURLE PROTEIN 4. o O 2%, 18 %PRAOT

4-1D DETER FIRBER 7.1% LE: te. 04 % DN

I=an 113 PPM ~10n PPN
IIHC
CORPER : 11 FPH i0 PRM
HENGAMEZE J -
SURPPLEM, 10DINE I Y
seEpL. ZELENMIUN n. 0 =R
TupPL. WIT. £ 5.2 1T U

[~ )
10 L

=1 Bl wd

fid &
n
T
=

Y]

il

-0

a2

#oMITE»+ THE FOLLOWING HUTRIEMT FEQITREMENTS HAVE BEEM CHANGED:

MIMIML SR TUME FROZEHORUE RATIO
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DFI”E“ HT MWI’H 'D”“ﬂ ITIOM orF J%TIUH WILL CSHEpse

PRICEE AT WHICH IMGREDIGMTE IN PATION WIly:
CURRENT
INGREDIENT UHIT  INcREASE JALUE  DECREAZE

51 COme zI1L TOH 0.0 By

20 oMME Hey CTOH P 41,07 i

T2 MMLT SRR ouT Fo3.40 E

257 =07 -432 T F145, 09 :

$10 THz T Poaoa E
01 CRLzuLE CHT FooO.a S iy
% .

T

E

T

T fe L

il
Ted
=
el c e I
Lt
-
=1 1
L ]

E
A02 ITCHL CLT Foo0uc
303 LIMESTON T FoOo1.5%
E
&

VT e ) e g s

04 MAs 09 CUT 0.0
431 YITRREM: ST .0

3 3 g [id o O U

RIS PR R 13 =) 1

) T s s

3 fis

=S

FRICE AT WHICH IMGREDIEMTS NAT In RATION WILL EMTER:
. CURRENT CHAMGE
IH3REDIEMT QHIT ENTER VRLUE T REQUIRED

121 MMLHCS o TOm
240 DRIrYan TOM
405 MARGKIULE CuT
05 MASTHLE T
107 MOMOeq0 s T
405 ZODISULE T
411 ImOMzULF SWT
415 CORPZULE CUT

R Ry ] qua .}u fir

el N R

T

E

E
o3, m
uI; }

T

3

]

REEZTRICTIONS WHICH ARE COMTTRATIMING

HUTRITIONAL COMSTERINTS:
MARGIHEL EFFECT OF OHE -
CONZTRAINT LIMIT SHOUNT YRLUE LIMIT IMCRERZE
DR MATTER IMTAKE M 44,2 LRT —H.E OTS s U O
A01 CRUDE RPROTEIM MIH 7.l LET ZELE DTS 1.7 CT=
ANMIZETED AR O F MIr 153,00 % By =2.0 CT= ~0.2 OTE
HET EMERGY (MELY MIH F4. 30 MCAL 12.0 oTs B.d LT
PHOTPHORUT MIH 25. 5 SRMT T4 OT3 N3 CTE
CHL TO PHOT RATIO I 1.80 7O 1 ol o7z .1 073
MRGHEZ THM MIr B.22 % M Do £TS ' 0.1 T2
00T MIN Ha 12 % D S N 0.0 &T=
=ULFUR . MIH 0.20 % DM .5 CTx H.0 CT3
UPPLEM. YITAMIN A M1 5.2 THIW LD I S o .0 oTE

FEED IMSREDIEMT CONITRATINT:

120 MMs ey MIt4 3,00 LeE R 0.0 Tz
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Using Formulations from Previous Analyses

One of the features of this program not adequately described in
previous sectionsof this manual is the option to use a premix, a
concentrate mix formulated in a conventional feeding formulation or a
complete feed formulated in a total mixed ration as a feed ingredient in
the next analysis. An illustration of the usefulness of this option is
in the John Herdsman example just discussed. 1In this case, John
obtained a premix containing the mineral and vitamin ingredients at
the elevator and used that premix in his mixer; consequently, he is
limited to one premix formulation. If, in an adjusted analysis, you
were balancing for the low group of John's herd, you could enter the
premix (feed code 400) as a feed ingredient and the amount of that
premix needed to meet the requirements of the low-producing group would
be included. When using this option, you must eliminate from the list
of feed ingredients all of the ingredients of the premix. You could
accomplish the entry of the premix and the elimination of the ingredients
included in that premix by entering feed code 400 and its price, which
could be taken from the output of the previous analysis, on input line 10;
The elimination of the ingredients contained in the premix is important
to avoid small quantities of individual feed ingredients entering solution
due to the rounding involved in the process of establishing the nutrient
content of the premix and due to differing relative requirements as
production level changes .1/ '

A similar procedure can be used in a conventional feed formulation
when a concentrate mix is to be fed to cows at different production levels.
This is again accomplished by entering the concentrate mix (feed code 300)
in the next analysis and eliminating all of the ingredients contained in
that concentrate. Again a price of the concentrate mix, which would
probably be the price that is included in the output, must be entered.

The analysis including the concentrate mix then solves for the guantity
of this concentrate mix and the quantities of forage required to meet

the nutrient requirements of a cow at the production level specified.

The use of this procedure should be carried out with care since it is
very easy to enter production levels where the ration cannot be balanced
and consequently an infeasible solution results. This gituation is
particularly true when production is increased and at high production
levels. It would be best in most instances to start with a production
level at or near the top of the range which you are going to be balancing
and use the concentrate formulated as a basis for moving over the range.

1 . . , _
—/If an ingredient can be fed in addition to the amount included in the
premix, you do mot have to delete it.
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The same option exists for the complete feed in a total mixed ration
formulation. This option using feed code 200 should be used with extreme
care as an infeasible solution normally results if the production level
is increased and either an infeasible solution or considerable overfeeding
of nutrients results when the production level is lowered. ‘

Using the Expansion Data Program

Although a large number of input lines are available for making
changes in the nutrient content of the feed ingredients specified, in
some situations, particularly where large numbers of forages are used,
these spaces may prove to be inadequate. For this reason a provision
has been added to the program to use the Expansion Data Program or
Program 64 Form 0. This program is designed to hold additional lines
of input in exactly the same format as input line 31 through 65, When
you know that you are going to use this program, you simply make an
entry in input line 65 as described in the footnote of the input form
(line 65). You then record the information required to rum Program 64
in lines 0l and 02 and then starting in line 03 the additional
coefficient changes required. TInput line 65 in Program 31 should be
filled out with a minus sign in the first digit, file security code
(which is unique to your authorization code and which vou should have
recorded along with that authorization code), the data file in which
the expansion data is entered and a zero in the ninth digit. A second
data files is required to hold the expansion data.

You should always input and run Program 64 before Program 31
because data from 64 are needed to run Program 31. Also be careful
hot to put changes for feed ingredients that you may choose later
to change or exclude in Program 64 because you actually have to sign
out of Program 31 and into Program 64 in order to make changes in
Program 64 input. If vou do find in running the program that you need
to exclude a feed that changes are contained in Program 64, it is
probably simpler to put a maximum of 0 on that feed rather than to
reenter program 64 and eliminate the changes.

An example input form for Program 64 is contained on the next
two pages. TInput line 0l requires information about where the data is
to be used. You must enter the program number to be expanded, which in
this case is 31, or 031, the form number which is 4 and the number of digits
in the expansion line which is 9. After entering a "0" in input line
02, enter the data starting in line 03 exactly as you would have entered
it in 31 through 65. You then complete the program by entering a 0 in
the line following the last change. When the input is correct, so
indicate and the program is executed which means the data is recorded
and the only output is a statement indicating the number of changes you
entered in Program 64. Tf any errors in thisg input are detected when
running Program 31, they are indicated in the output under error
messages as ERROR AT INPUT T.INE 65,
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DATA EXPANSION PROGRAM

Program: _ 64

Form: 0

NSRRI R AL

System:  teletype
File:

NAME: ADDRESS :

PHONE: DATE:

PROBLEM: To expand on the input section of NEWPLAN programs that are designed for
and need a larger input section than the basic program allows.

—_.-__...__,--....—_..-..-...-.....-_...__...,...-—-_-..-—_..—_...._....—-—_—-——-—---.-.—-....—_._ - e o — —— e

LINE FIRST ADJUSTED
0i. :. grogram aumber to be expanded 01. ‘m____4_4_4 l"“‘“*'%“%
. Form number a 'b'c a 'b'e
c¢. Number of digits in expansion
lines
02. | 02. 0
03. Expansion line number 1 03, i e
04. Expansion line number 2 0h. e e e e
05. Expansion line number 3 | 05. e e e —
06. Expansion line number 4 06. e e
07. Expansion line number 5 07. e e —
08. Expansion line number 6 08. Ll e — - —
09. Expansion line number 7 09. e e
10. Expansion line number 8 10. ol e
11. Expansion line number 9 1. e
12. Expansion line number 10 12, i e
13. Expansion line number 11 3. e — e —
14. Expansion line number 12 4. i e ——
15. Expansion line number 13 15, e e e —
16. Expansion line number 14 16. [ —

17. Expansion line number 15 17.



INPUT
18. Expansicen
19. Expansion
2G. Expansion
21l. Expansion
22. Expansion
23. Expansion
24. Expansion
25, Fxpansion
26. Expansion
27. Expansion
28. Expansion
29. Expansion
30. Expansion
21. Expansion
32. Expansion
33. Expansion
34. Expansion
35. Expansion
36. Expansion
37. Expansion
38. Expansion
39. Expansion
40. Expansion
41. Expansion
42, Expansion
43. Expansion
44, Expansion
A5 Fenansion

line
line
line
line
line
line
line
line
line
iine
line
line
line
line
line
line
line
line
line
line
line
Iing
1line
line
line
line
line

line

number
number
nunber
number
number
tumber
number
number
number
number
number
number
number
number
number
number
number
ﬁumber
number
number
number
number
number
number
number
number
number

number

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

32

33
34
35
36
37
38
39
49
41
42

43

66

LINE
M.

18.
19.
20.
21.
22.
23,
24.
25.
26,
27.
28.
29.
3.
31.
32.
33.
34.
35,
36.

37.

43,

44,

45.

FIRST
ANALYSIS

—— m—_ e e s e e e

ADJUSTED
ANALYSTS
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APPENDIX

Feed Ingredient Tables
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Table 3. Maximum Proportions of Feed Ingredients Allowed in the Rationm,

Nutrieat Code 29 30

Maximum
Percent of

Concentrate Mix Maximum

Feed Feed (conventional Percent .of
Feed Description Name Code feeding only) Total Ration*
———————————— Percent—--—————w=————-

Barley BARLEY 204 60

Brewers Grains, dry D BREWRS 210 25 25
Brewers Grains, wet W BREWRS 211 25 25
Citrus Pulp CITRUS 214 25 40
Corn Distillers Grains, dry  DDISTIL 226 50 25
Corn Distillers Grains, wet  WDISTIL 227 50 25
Corn Gluten Feed GLUTFEED 230 50 25
Corn Gluten Meal GLUTMEAL 231 50 25
Fat FAT 232 10

Hominy Feed, yellow HOMINY 234 50

Linseed Meal LINSEED 236 50

Molasses MOLASSES 240 10° 10
Oats, grain QATS 244 50

Oat Hulls OATHULL 246 50

Rapeseed Meal RAPESEED 250 50

Rye RYE 252 25

Soybeans, whole SOYBEANS 254 25 15
Soybean 0il Meal-44 80Y-44 256 50

Soybean 0il Meal-48 S0Y-48 257 50

Soybean Mill Feed SOYMILL 258 50

Wheat WHEAT 264 25 25
Wheat Bran WHEATBRN 266 25

Wheat Middlings WHEATMID 268 30

Whey WHEY 271 10 30

* If no value is entered, there is no restriction on that feed ingredient.



