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OBJECTIVE: To balance a ration for a dairy cow given the requirements and feeds available. The program
is designed to serve as a teaching aid in understanding Basic Dairy Nutrition.

Partl (Gefting Started ...

STEP INPUT DESCRIPTION INPUT VALUE PRESS
1. Turn calculator off, and back on, to

clear program.

2. Insert side 1 of the card containing
TelCal 55:1. If the calculator has
read the card successfully, a *‘1"" will
appear and remain stationary. Ifa
flashing ““O'’ appears, repeat step 3 & 2.

3. BRI . el e s e e e e o (CLR)

4. Insert side ““2" of the card. If the
calculator reads side 2 successfully,
a ‘2" will appear and remain stationary.
If a “O" appears, repeat steps 3 & 4.

5. ClearEisplayetee s, v e i e s R e e s R e e (CLR) .

6. Cleat Nembty . v it i s et s L e e e R s e el (A)




PART 1 Getting Started

Procedure

The purpose of this self-teaching programmable calculator packet is to help
you, the modern dairyman, design a practical ration for your milk cows. You
will find several tables to assist you, starting on page 6.

Let’s get acquainted with the TI-59 Programmable Calculator (Figure 1).

The popularity of hand-held calculators is indeed impressive, with total sales
of pocket calculators now numbering in the millions.

As you will see, a programmable calculator can actually function as a complete
computer system, greatly increasing its range of applications. It is likely that
future innovations in programmable calculators will appear in the marketplace
with increasing frequency.

Locate the switch. You will find it at the very top left hand corner. Once you
have turned the calculator on, you will see a red zero appear at the right hand
side of the display board.

Now we must load in the program instructions. To do this, place the first
program card into the slot on the right side of the calculator. As the card is
inserted, you will hear the drive motor activate. Continue to push the card into
the slot until the drive wheels start pulling the card from your fingers. At this
point, let go—the calculator will do the rest. A red “1” will appear on the
display board if the card was successfully read. Pull the card out of left hand
side. A flashing number means there is a problem, and you should press Clear
Display (CLR) and repeat. After side one (1) has been read, press Clear Display
(CLR), turn card to opposite end with the brown side up and repeat the read-
ing process to enter side two (2). Once again, a red “2” should appear on
the display.

Clear DIsBIaY .. ciiiiivians i (CLR)
Clear Memory «.i.oiiiviviiion s v (A)

We suggest that you first work through the example illustrated in this manual.
This will give you confidence in entering information into the calculator and
will check to see that your calculator is working properly. If your answers do
not match ours, check your inputs as illustrated on page 3. If your answers still
don’t agree, re-enter your program card. However, do not press A. Simply press
B for output. If you are still having problems, a problem lies in your program
card or calculator. Call your agent for assistance.

Proceed to page 2




STEP

10.

INPUT DESCRIPTION VALUE

Estimated % Moisture of Ration 5
(15% will not affect Dry Matter Intake) ‘1_
From Table 1.

Weight of the cow (Cwt) {_é/__o

Milk Production (Ibs/day)
(to nearest whole pound)

¢
Butterfat (%) 4[__0

PRESS

(STO) 09

(STO) 10

(STO) 11

(STO) 12

For Your Farm . . .Whatis your Forage Program?

11

1Z

13.

14.

15.

16.

! i

18.

19.

20.

21.

22,

@0"(/1,4-—’ 4 f{,e./

FORAGE I. g
hesushisdain 45

Dry Matter D.M. .____7

Total Protein C.P. _0_?_2.
Net Energy N.E. (MCal. Ib.) -_b_
Calcium _0.022
Phosphorus : : _ ’-g-g %Z
FORAGE |1, CZQﬁkkgﬂd,/’ 7¥13V//
Pounds fed per day (to nearest pound) : _/___0

Dry Matter D.M. _3_7

Total Protein C.P. _/ ZQ

Net Energy N.E. (MCal/Ib) 45
Calcium _2 -I_é_lt
Phosphorus '_e Q-Z g

(STO)13
(STO) 14
(STO) 15
(STO) 16
(STO) 17

(STO) 18

(STO)19
(STO) 20
(STO) 21
(STO) 22
(STO) 23

(STO) 24

REVISED

RATION




The first step in balancing your ration is to determine the nutrient requirements
of your dairy cow. We can calculate this requirement by knowing the cow’s
weight, milk production, and butterfat test.

Appetite is an often-overlooked factor in ration balancing. Although there are
many factors which influence appetite, such as feed quality, we can calculate
the actual quantity of feed a cow should consume and report this as dry matter
consumed in pounds per day. Besides feed quality and palatability, moisture of
the feed is the most important factor to consider in consumption. High mois-
ture silages tend to reduce dry matter consumption.

In order to receive the best possible answer, we are asking you to think about
the moisture content of the feeds you are feeding. After doing that, look at Table
1 and choose what you consider is the appropriate moisture level of a ration
composed of your feeds. Enter this number on line 7 of the input form. After
running this program, you may want to “fine tune” this number and rerun the
program. We encourage you to do so. However, if you do not want the moisture
content of your feeds to influence dry matter intake, place the number 15 on
line 7.

Stage of lactation also affects appetite. During the first 2 to 4 weeks of lacta-
tion, appetite is low but gradually increases until it peaks at about the same
time as peak milk production. Thereafter, appetite declines at a rate similar to
the lactation curve and is only about 70% of peak appetite by the 10th month of
lactation.

Place the average weight (in cwt) of the group of cows you are balancing for on
line 8. Example: Average wt. - 1,400 lbs. = 14.0 (cwt).

Place milk production desired on line 9. Example 60 lbs.

Place butterfat test desired on line 10. Example 4.0%.

What Is Your Forage Program?

This program lets you decide what forages you want to feed and in what
quantities. The calculator will then match available grains to equal mainte-
nance and production.

Choose the amount of Forage 1 to be fed and place on line 11.

The nutritional information of your forage can be found in Table 2 and should
be entered on lines 12 through 16.

Choose the amount of Forage 2 to be fed and place on line 17. Likewise, fill in
the nutritional values from Table 2 on lines 18 through 22.

Proceed to page 3




STEP INPUT DESCRIPTION VALUE PRESS REVISED

RATION
( 5 YOUR”GRAIN CHOICES ‘
GRAIN 1. v'% L tle d (L8940
23. Enter propgrtion of Gr?ins | & 11, (dry basis')
It::}aet;s?; i(:rf-lgol. as a decimal. If only one grain, o__f_a s
24, Dry Matter D.M. .7_7 (STO) 26 o
25. Total Protein C.P. l.gcg (STO) 27
26. Net Energy N.E. (MCal/Ib) Q.95 (STO) 28
27, Calcium 0012 (STO) 29 =
28. Phosphorus _@’QL'L (STO) 30 o
GRAIN I, L5 srevid (del /
29. % of Grain Il in farm grain mix _i_a (STO) 31
30. Dry Matter D.M. _‘?_E’ (STO) 32 L '
31. Total Protein C.P. _!;3.3 (STO) 33 Sssa
32, Net Energy N.E. (MCal/Ib) 087 (STO) 34 -
33. Calcium -._0__@0__9 (STO) 35
34, Phosphorus , 0033 (STO) 36 o
PROTEIN SUPPLEMENT ;ﬁfﬁf%@g% Heal ‘ﬂ'%
7
35. Dry Matter D.M. \ 20 (STO) 37
36. Total Protein C.P. 508 (STO) 38
37 Net Energy (MCal) !_@ (STO) 39
38. Calcium _a_C_)_wzq (STO) 40
39. Phosphorus _a;a_é’j (STO) 41

3




Your Grain Choices.

This program will allow you to feed two grains and a protein supplement.
However, you must decide in what proportion to each other. On line 23, place
how much of Grain I will be considered of the two grains. The same applies to
Grain II on line 29.

Example: Grain I will be 80% of grains (Shelled Corn)
Grain II will be 20% of grains (Ground Oats)
Line 23 = .10
Line 29 = .20
Line 23 + 29 must = 1. If there is no Grain II, then Grain I = 1.00.

Nutritional information of your grain may be obtained from Table 3 and placed
on lines 24 through 28, and 35 through 39. Do this the same way you did the
forages.

The protein supplement may be soybean meal or a commercial supplement.
Place this information on lines 35 through 39.

Now let’s enter the information into the calculator. To place the value of a

particular line in the calculator, use the numeric keys. Then press the store

button (STO) located in the programming keys and then the storage number
(numeric keys). See Figure 1.

Example: Line 24 is .77
Press Display

Al S
STCQ - 77
24 LT

Enter lines 7 through 39 into the calculator in the fashion described above.
Remember to enter those decimals and zeros which are printed for you on the
input form.

Oops! Did I make an error?

At this point you may be wondering if you made a mistake in entering your
information. Let’s ease our conscience and check a couple. To do so, press the
recall (RCL) button and the storage location you wish to check.

Example: Check line 35, which is 90% D.M. Simply recall storage 37.

Press Display

RCL  previous number on display

37 .90
NOTE: Need to change an entry? Simply enter the new number on the display
and then press the storage location it is to replace.

Proceed to page 4




Dry Matter is the Key .
[

STEP OUTPUT DESCRIPTION PRESS VALUE REVISED
RATION
40. Dry Matter Intake (Ibs/day) B 43.05 ‘ .
41. Total Protein needs (lbs/day) R/S ._éi L
42, Net Energy (MCal/day) R/S T -
43, Calcium (Ibs/day) R/S +29 .
44, Phosphorus (Ibs/day) R/S A 47 -
45, Magnesium (lbs/day) R/S ﬂ Gl
46. Sulfur (Ibs/day) R/S __QgL i
47. Dry Matter (Ibs/day) R/S ﬂ ‘ R
- We If Dry Matter of forage is
- gre han Dry Matter Intake (Ime

40) an error has been made. Re-adjust

forages fed. .
48, Total Protein (Ibs/day) R/S /1248
49, Net Energy (MCal/day) R/S _/_4_'3 s
50. Calcium(lbs/day) R/S L.!.ZL i
51. Phosphorus (lbs/day) R/S LM S
D2 % Protein in grain mix (dry basis) R/S 2211
53. Pounds of supplement/day Ibs/Hd/day R/S 44 (4
54, Pounds of Grain |/day Ibs/Hd/day R/S 142
55. Pounds of Grain |1/day Ibs/Hd/day— (trom next page)
56. Pounds of Dry Matter from grains and /7

supplement/day (lbs/day) R/S o/ i
o7, Total Dry Matter from grains, supplement, ;

and forages R/S /1‘3'*_9@

Warﬂmg Dry Matter should not be

greater than Dry Matter Intake (Iinas ‘

57&40).

NOTE: Press R/S again. This will cause a O to appear. This signifies the end of this program.
DO NOT TURN CALCULATOR OFF OR CLEAR MEMORY (CLR). Go to program card 1a
and 1b.
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Now, you’re ready for the output of Part 1.

If you have been following the example in this packet, you should receive
answers very close to those on the opposite page. They may not be exactly
the same due to rounding off.

Press the B Key and you will see your first answer appear. Write this down on
the output portion of your form {or check sample).

Press the R/S key, and each answer will appear in order. Write these down on
the output portion of your form (or check sample).

What happened? The calculator went through the program you read into it on
the card, added the information you stored in its memory, and then calculated
these results. Let’s look at them.

Lines 40 and 41 are the nutrient requirements of your cow. In other words, she
must have these nutrient levels to achieve the production you requested. Mag-
nesium and sulfur requirements are given for your consideration but are not
balanced for in the mineral calculations. Line 40 is especially important
because the most frequent failure of a ration is in the cow’s inability to consume
enough dry matter to give sufficient nutrients.

Lines 47 through 51 are the nutrients supplied by the forages. Another quick
check to see if things are going properly is line 47. If the dry matter of line 47 is
close or exceeds the D.M.I. of line 40, your cow will not be able to eat enough of
this ration to achieve production. Remember, you supplied the roughages and
the quantity you wanted to feed.

Suggested Amounts of Grains to Feed.

In lines 52 through 57 the calculator does its work. It takes the nutrients
supplied by the forages and subtracts them from the requirements of your cow.
This leaves the nutrients to be supplied by the grain mix. The calculator then
formulates the grains and protein supplement to meet these needs. Don’t
become concerned about Grain II. We will catch it in Part 2, line 6. However,
don’t overlook line 56. Total dry matter of the ration has to be less or equal to
dry matter intake. If line 57 is greater than line 40, we suggest you take a close
look at your forage program and rerun Part 1. If everything looks good to you
now, let’s proceed to Part 2.

It is interesting to note that energy comprises 70 to 80% of the total nutrient
requirements of your ration. Protein comprises 10 to 15% of the total dietary
requirements. Minerals catch some 1% between the two. The formulas we used
for making these calculations are in the user’s manual. You are welcome to
review them at your convenience.

NOTE: So you want to change some portion of Part 1. To do this, enter
the correct value on the display and press the storage (STO) location to be
changed. All other information will remain the same. To receive your new
answers press B.

Proceed to page 5




STEP

STEP

10.

5

STEP

Enter second part of program. Do not turn off calculator or clear memory.

ENTER PROGRAM VALUE PRESS

CRAr DI G . s T G e i xR o Y S A (CLR)

Enter card side1b

CleabDitplay . s e s L e (CLR)

Enter card side 2b A S

Clear DOl . 05 e s el R N G RN (CLR)

If you are feeding two farm grains, Ibs/day 3 0

of Grain Il. 4 (2nd) B’

To clear calculating memories (C)
INPUT DESCRIPTION VALUE PRESS

MINERAL SUPPLEMENT No. 1 ”&Mdécwwﬂ pﬁ%ﬁcﬁ/

(NOTE: Must contain phosphorus)

Calcium (% Ca) L 65 (STO) 42
Phosphorus (% P) _Q_QQ (STO) 43
Salt (%) .00 (STO) 44
MINERAL SUPPLEMENT NO. 2 % viesTivea

Calcium (% Ca) 383 (STO) 45

Here’'s Your Ration

QUTPUT DESCRIPTION PRESS VALUE
Pounds of mineral | needed/day D . _0__?
Pounds of mineral || needed/day R/S . / 7

Part 2

REVISED
RATION




PART 2.

At this point in the program we must enter more instructions into the cal-
culator. To do this, follow these steps:

Valve Press
Claar.Digplevw i v it vy (CLR)

Enter card 2 1
Side 1

Clear DHBpIaY: «voos Sois oivn (CLR)

Enter card 2 2
Side 2

g Pleplay » i i i (CLR)

Your Second Grain!

In order to obtain the output of Grain II, press the yellow second key (2nd) and
then the (B) key. Place this answer on line 6. You may also want to place this
answer on line 55 of page 4.

To clear the calculating memories, press the (C) key.

Your Mineral Program!

Lines 8 through 12 show the input values of your minerals. Here is the way this
program balances for minerals. Mineral I must contain Phosphorus because the
Phosphorus requirement of your cow will be met by this mineral. The Calcium
requirement will be met by Mineral II if need be. So Mineral II need not have
Phosphorus.

This is Your Ration!

Lines 1 and 2 are the pounds of Mineral I and II needed by your cow per day. To
convert pounds to ounces multiply by 16.

Proceed to page 6




STEP OUTPUT DESCRIPTION PRESS VALUE REVISED

_RATION
« o Pounds of salt needed/day R/S _!_?.‘_3_ ‘
4, Pounds of trace minerali’zed salt/day
to include in ration R/S _./..2_‘2_
b. Pounds of calcium in ration/day R/S -,_2_2_ i~
6. Pounds of calcium required/day R/S _Zi_
7. Pounds of phosphorus in ration/day R/S ___I_L_I_L B
8. Pounds of phosphorus required/day R/S ﬂz_
9. Calcium/Phosphorus ratio R/S /‘_9__7_.{.1_ i
10. Pounds of Protein in ration/day R/S M_ Sl
11. Pounds of Protein required/day R/S _@_‘ﬁ_ —a
12 MCal of net energy in ration/day R/S L
13 MCal of net energy required/day R/S _sj_’___
14. Total Ibs. of grain mix to feed/day R/S & SR
15. % Protein in grain mix (as fed basis) R/S _/__é_)_‘_?:_ s .
GRAIN MIX

Proportion of grains, supplement, and minerals fed/day.

16. Grain | (Ibs) R/S Nk /8

17 Grain Il (lbs) R/S _[.‘3_7._
18. Supplement (Ibs) R/S _;z_cl
‘ ¢

19. Mineral | (Ibs) R/S

20. Mineral |1 (Ibs) R/S l__

21. Trace Mineralized Salt (lbs) R/S _i
W0

22, Total (lbs) R/S _/_/_ﬂ_[___

END OF PROGRAM

Il Agriculture and Natural Resources Education Institute
: : ”I 410 Agriculture Hall (517) 355-6580
"ﬁf‘e M?!,?P"?ﬂf? #@ijﬁf[aﬁiﬂ ffl’l‘ﬂdﬂ,’fl Michigan State University East Lansing, Michigan 48824




Your Ration

As you can see, this page is the listing of the nutritive information for your
ration. You see that the required nutrients are always met.

However, your cow may not achieve the indicated production for several
reasons.

1) Poor feed quality

2) Poor feed consumption

3) An error in estimating cow weight
4) Environmental stress

5) Biological stress

We hope that, in balancing rations, you will learn the value of high quality
feeds, and the challenge of getting your cows to eat enough of your ration.

Part 2 of this program may be repeated as many times as necessary. In doing
so, do not press (C) as doing this will require re-entering the mineral nutrients.

An added word of caution

If you use two forages and/or two grains and then decide to drop one, be certain
to enter a “0” in lbs. of Roughage II fed and change percentage of Grain Ito 1.00
and enter a “0”’ in percentage of Grain II fed.

With the aid of the Dairy Ration Balancer Calculator Program, you have just
become acquainted with some of the most important concepts in dairy cattle
nutrition. We hope you will want to learn more. Extension Bulletin, E-702
Basic Dairy Nutrition, is a good reference to study.

As you work with this program, you will probably discover its limitations.
When you do, you are ready for more sophisticated programs. The MSU dairy
department has an excellent calculator program, and TelPlan 31 is a computer
program that balances the complete ration on a least-cost basis and is available
through your County Extension Office.

Credits: Our thanks are extended to Mary Search, Extension Home Economist; and Don Gregg, MSU Information
Services, who edited this material and made many helpful suggestions. We also thank Dr. ]. W. Thomas and Joe Hlubik

who provided the technical equations and checked these results against current Dairy Department recommendations.
TABLE 1
% Moisture of
Forage Program Total Ration
Corn silage—minimum hay ... 45 -50%
Half corn silage—half hay ..... 30 - 35%
Maylagecie ot e 20 - 35%

1B) i 1: L A R el e i 15 - 20%







FIGURE 1—A Programmable Calculator

ON/OFF SWITCH

/

CARD READER

PROGRAM KEYS

. STO-STORAGE KEY
RCL-RECALL KEY

NUMERIC KEYS
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mete 2 FEED NUTRIENTS CHART
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