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LEAST COST BALANCED DAIRY RATIONS FOR THREE FORAGE BASES
AND FOUR ANNUAL MILK PRODUCTION RATES

INTRODUCTION

When planning feeding and corresponding cropping programs, dairy
farmers need information on how alternative forage bases and annual milk
production rates impact on ration composition. Impact on total ration cost
is also important, especially for those purchasing all feeds for their herdﬁ
The purpose of this paper is to provide dairy cow ratioms for glternative
forage bases and milk production rates for use by dairy farmers in planning
feeding programs and others interested in use of this information for
research and extension purposes. The rations are based onrresults of a least
cost balanced dairy ration computer program.! This effort is a part of a

larger project to develop dalry cow and heifer enterprise budgets.
COW, LACTATION CURVE AND RATION CHARACTERISTICS

Production levels and Animal Weights
Least cost balanced dairy rations were calculated for mature cows
producing milk with 3.5 percent butterfat test at four production rates and

corresponding cow body welghts (Table 1).

Table 1. Annual Milk Production Per Cow and Corresponding Cow Body Weight*

Pounds of Milk Produced Per Yeal GCow Body Weight, Pounds
21,000 1,500
18,000 : 1,400
15,000 1,300
12,000 : 1,200

#Annual milk production represents average production over 365 days.

iMilligan, R.A., L.E. Chase, C.J. Sniffen, W.A. Knoblauch, Least-Cost
Balanced Dairy Rations NEWPLAN Propgram 31, Form 6 A.E. BExt. 81-24, A.S5,
Mimeo 54, Department of Agricultural Economics and Department of Animal
Science, Cornell University, October 1981.




Lactation Curve Division

The calving interval is specified to be 13 months, comprised of 336
days in milk and 60 days dry. Four groups are specified to be in the feeding
program, three production groups and a dry group. The lactation curve
divisions used are 112 days for each producticn group; high, medium, and low,
The pounds of milk produced in each division were calculated using an
unpublished 'Lotus 123" micreocomputer template called "Ration I".? The
lactation curves in this template are derived utilizing the "Woods Equation®
commonly used for lactatlion curve analysis. The "Ration I" program
calculates the cumulative pounds of milk produced over each division of the
lactation curve based on total milk productioﬁ and days in milk.

l.ead Factors

Lead factors were specified to formulate a production level
sufficiently above the average for each group to avoid underfeeding all cows
producing above the average while minimizing overfeeding of the remaining

cows in the group. The lead factors used are as follows:

Production
Group lead Factor
High 1.08
Medium 1,10
Low 1.10

Dailv Milk Production

The following table shows the calculation of daily milk production for
the high, medium, and low production groups at each rate fTable 2)l The
average daily milk production is determined by dividing each groﬁps total
production By the days producing milk, 112 days. The milk per day is then
multiplied by the lead factor to formulate a daily production level upon

which dry matter intake and the nutrient requirements are based.

2Lazarus, Sheryl, Ration I, Tnpublished, Department of Agricultural
Fconomics, Cornell University. :



Table 2. Calculation of Daily Milk Production for Ration Balancing

Ration Balanced

Milk Produc- Pounds Average Lead For Daily
tion/Group Produced Days Milk/Day Factor Production
21,000 Co ‘ :

HIGH 9,657 + 112 = 86 X 1.08 = 93
MED 7,951 + 112 = 71 X 1.10 s 78
LOW 5,175 + 112 = 46 pid 1.10 = 51
18.000

HIGH 8,278 + 112 == 74 ® 1.08 = - 80O
MED 6,816 + 112 = 61 X 1.10 = 67
LOW 4,436 + 112 = 40 X 1.10 = 44
15,000 \

HIGH 6,898 + 112 = 62 X 1.08 = 67
MED 5,679 + 112 = 51 X 1.10 - 56
LOW 3,697 + 112 = 33 X 1.10 == 37
12,000

HIGH 5,518 + 112 - 49 X 1.08 = 54
MED &4, 544 + 112 = 41 X 1.10 = 45
1.0W 2,957 + 112 = 26 X 1

.10 = 29

Forapge Bases

Separate feed budgets were formulated for three forage bases at each
production level. The forage bases were selected to represent the range in
possible systems used by dairy farmers. They are:

1. Corn silage (CS) based, limiting mixed mainly legume (MML) hay crop
silage. to 20 percent of the forage on a dry matter basis.

2. 50 percent corn silage and 50 percent MML hay crop silage on a dry matter
basis.

3. All MML hay crop silage, no corn silage in the ration.

Feeds and Nutrient Requirements

The conventional feeding option in the model of roughages and
concentrates fed separately was used for both milking and dry cows. Nutrient

composition of feeds is from Milligan, et al.® which is based on NRC 1978.4

3Milligan, R.A., L.E. Chase, C.J. Sniffen, W.A. Knoblauch, Least-Cost
Balanced Dairy Rations NEWPLAN Propram 31, Form 6 A.E. Ext. 81-24, A.S,
Mimeo 54, Department of Agricultural Ecomomics and Department of Animal
Science, Cornell University, October 1981.

tNutrient Requirements of Dairy Cattle, National Research Council, Fifth
Revised Edition, 1978.
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Dry matter, nutrient conteut, fiber content, digcount factor and cost of the

forages, snd all other feeds are shewn in Table 3,

Tahle 3. TFeed Characteristics Used in Ration Formulation

Fgeds

Forape /Concentrate

Corn silage (CS)
Hay crop silage
(MMLHCS )

Ground shelled corn

(GSC)
Soybean oil meal
(5aM)

Minerals

Trace mineral salt
Calcium sulfate
Picalcium phosphate
Limestone
Magnesium oxide
Magnesium sulfate

Meonesodium phosphate

Magnesium potassium
sulfate
Vitamin premix

Adj.
“Dry Crude
Matter Protein
% %
DM
35 2.5
A5 14.5
g9 "10.0
90 48.9
99 0
29 9
92 0
a9 0
99 0
G909 0
29 0
a9 i}
99 G

onf

Soluble
Protein
% of
Protein
45
52
12

18

[T o B vio [ e i e e )

]

Acid
Detex- Net  Disc.
gent Ener- Fac-
¥iber gy* tor¥* (Cost
% of Mcal/
DM 1h DM
28 .79 5.3 524 .00/ton
38 0.65 4.0 $39.40/con.
3 1.01 3.3  $5.70/cwt.
10 0.92 5.1 $12.00/cwt.
0 0 - 56.00/cut
0 0 - 86.00/cwt .
0 0 ~ $17.00/cwt.
o 0 - $2.00/cwt
0 0 - §20.00/cwt.
0 0 - - $11.00/cwe
0 0 - 526.25/cwt.
0 0 . 89.00/cwt.
0 0 - - 8655.00/cwt.

*1 % maintenance

w%Percent the net energy value is discounted per increment of maintenance.

Modification of Nutrient Consiralnts

The forage was fed on a 100 percent dry matter basis te eliminate the

moisture depressant equation in the model which would have reduced dry matter

sntake zs the moisturs content of the ration increased as long as all

nutrients including soluble protein are balanced correctly.®

protein solubility constralnt was set at 35 percent maximum protein

The maximum

5This means that the rations formulated in most jnstances can also be used
when feeding dry hay. '



solubility for the high group, 40 percent for the medium group, and 50

percent for the low and dry groups.®

RATIONS

The resulting rations for the four milk production rates and three
forage bases are presented in Table 4. Detailed ration composition by
production and dry group is contained in Appendix Tables Al-A4 for forages
and concentrates and Appendix Tables B1-B4 for minerals.‘ The values in
Table 4 for both physical quanfities and costs are or are based on quantity
consumed, That is, they do not include harvest, feeding or storage losses.
When plamning feeding programs to determine the total amount to be placed in
storage, these values need to be increased by the losses which occur on the
specific farm being analyzed. These losses could range from as low as 10
percent to 30 percent or higher.

By examining section A or B of Table 4 it is appareﬁt that with
increased milk production, increased quantitiés of féed are also required.
When moving from 12,000 teo 21,000 ﬁounds of milk produced per year with the
high corn silage forage base, the tons of forage dry matter per cow increases
from 4.3 to 5.6. Pounds of corn grain and soybean meal show similar
increases as milk.prdduction increases.

The 50/50 hay crop silage/corn silage forage base contains the highest
forage dry matter content, followed by the 80 percent corn silage. As would
be expected, the ration with the lowest forage drj matter content, the all
hay crop silage ration, has the highest content of concentrates.
Approximately 3/4 ton more concentrate per cow is required with the all hay
crop silage forage base than with the 50/50 or 80 percent corn silage forage

base,

8Modified from Sniffen, C.J. "An Update omn Protein Solubility and
Degradability in Dairy Nutrition" contained in 1985 Winter Dairy Management

School, Cornell Recommends, No. 84, Department of Animal Science, January
1985.
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The daily dry matter intake per cow for all forage bases and production
rates decreases when moving from the high group to the dry group (Table 5).
The percent forage increases when'moving from the high group to the low group
fér all forage bases and production rates. The only situation where percent
forage does not increase is with.the all hay crop silage base when moving

from the low group to the dry group.
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RETURNS OVER FEED COSTS
The highest returns over feed cost occurred at 21,000 pounds production
per cow and were loweflat each lower level of production (Table 6, see aiso
Appendix Table C for detail on ration cost). Return over feed cost at 21,000
pounds annual production is almost twice that of 12,000 poundé annual
production.

Table 6. Annual Return Over Feed Cost for Three Forage Bases and Four Annual’
Rates of Milk Production Per Cow, 396 Day Calving Interval.¥

Forage Bage

80% CS 50/50 ALL HCS
12.000 Pounds Production
Value of Milk §1,410 51,410 $1,410
Feed Cost - 540 ___ 526 569
Return Over Feed Cost $ 870 5 884 § 841
15,000 Pounds Production
Value of Milk $1,763 $1,763 $1,763
Feed Cost . 643 _ 631 _. 674
Return Over Feed éost 81,120 §1,132 _ $1,089
18,000 Pounds Production
Value of Milk $2,115 £2,115 $2,115
Feed Cost 756 _ __T48 __ 783
Return Over Feed Cost §1,359 $1,367 51,332
21,000 Pounds Production
Value of Milk $2,468 52,468 $2,468
Feed Cost ‘ ___ 868 1% 897
Return Over Feed Cost 51,600 $1,603 $1,571l

*Value of milk is $11.75 per hundredweight and all costs and returns are on
an annual basis.

In considering the three forage bases at each milk production rate, the
highest returns over feed cost occurred when feeding a forage of 50 percent

corn silage and 50 percent hay crop silage on a dry matter basis (Table 7).



16

The 80 percent corn silage base was a cloese second particularly at the 21,000
production level where there was only a $3 difference. Returns using all hay
crop silage as the forage base came in a poor third with the largest differ-

ence at the 15,000 pound production level showing a 843 per cow difference.

Table 7. Return Over Feed Cost Comparisons¥

Production Rate, Pounds Per Cow Per Year

Fofage Bases*¥ 12.000 - 15.000 18.000 21,000
50/50 vs. All HCS +543 +543 +535 - +832
50750 wvs, B80% CS +14 +12 +8 +3
0% C5 wvs. All HCS +29 431 +27 +29

¥Calculated as value of milk purchased minus feed costs, Milk was valued at
$11.75 per hundredweight.

*%First forage system listed is the higher return over feed cost system.
Thus, for example, the 50/50 system has a $43 per cow per year advantage at
the 12,000 pound production level over the all hay system.

Care should'be exercised when sextrapolating this comparison to
situations in which the relative costs between hay and corn silage, and coin
grain and soybean are different than those specified in this analysis. As
the cost of corn silage increases relative to hay, systems using corn silége
will have their current advantage reduced and if the price increase ié large,
the advantage may totally disappear. A similar observation can be made in
regard to corn grain and soybean costs. 1f the cost of corn grain increases
relative to soyhean meal, those forage systems using larger amounts of corn
grain will see their current return over feed cost situation deteriorate.

| Sterage and feeding losses also need to be considered when making a
final comparison. For examplef i1f the storage losses on hay crop silage were
very large, that could result in a deterioration of the position of those
forage bases containing large amounts of hay crop silage. The milk price
will impact the magnitude of return ébove feed‘cost,.but will not change the

relative ranking of systems.
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These may appear to be small savings for one forage system over
another. However, for a 100 cow dairy the difference; between systems are
therefore multiplied by 100, For example, the 50/50 vs. All HCS at 18,000
pounds of milk per cow represents a $3,500 difference in the cost of the
ration. This is not a small amount in comparisén to net farmlincome on many
farms.

Before a aecision to change forage.systems is made, the cost of
producing the farm grown forages and grain; harvest, storage and feeding
losses as well as any capital costs for new field equipment, storage
structures, and feeding equipment must be included. These factors could

overshadow the cost savings from any change in the ration composition.
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APPENDIX
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APPENDIX TABLE Bl. Mineral Composition and Cost of Least Cost Rations for Three
Forage Bases, 21,000 Pounds Annual Production Per Cow, 396
Day Calving Interval.

Yorapge Base .

HIGH GROUP
Mineral B80% CS 50/50 ALL HCS
o mes e e pounds ~-------=--~--
Trace mineral salt 27.80 27 .66 27.31
Calcium sulfate 1.92 -~ --
Dicalcium phosphate 29.4 28.89 27.88
Limestone 51.33 34,54 8.95
Magnesium oxide 6.51 5.78 4.74
Vitamin premix - 2.80 _2.81 2.80
Cost 511.20 $10.08 $8.96
MEDIUM GROUP
Mineral 80% CS 50/50 ALL HCS
Trace mineral salt 25.21 24.97 15.33
Calcium sulfate - - 0.29 ' .-
Dicalcium phosphate 28.59 27.84 --
Limestone 58.04 71.25 --
Magnesium oxide _ 5.54 ' 5.18 4.01
Magrnesium sulfate 3.03 o -- -
Monosodium phosphate -- -~ 19.27
Vitamin premix 2.78 2.79 2.83
Cost §11.20 $8.96 58.69
LOW_GROUP
Mineral 80% CS 50/590 ALL HCS
Trace mineral salt 18.73 19.55 11.37
Dicaleium phosphate 22.18 23.18 .-
Limestone 76.54 41.69 -
Magnesium oxide ' 4.16 3.39 2.97
Magnesium sulfate 3.28 1.81 --
Monosodium phosphate - - - 15.37
Vitamin premix 2.80 2.79 2.77
Cost ' $8.96 $8.96 $6.72
DRY GROUP
Mineral B0% (8 50/50 ALL HCS
Trace mineral salt 2.59 -- L.
Dicalecium phosphate ‘ 8.62 1.48 0.73
L.imestone 13.13 -- --
Magnesium oxide 0.99 0.80 0.60
Magnesium sulfate 0.16 -- .-
Monosodium phosphate -- 5.23 4.95
Vitamin prenmix 1.30 1.49 1.52
Cost $3.00 $3.00 §2.40

Total Mineral Cost 534,36 $31.00 $27.04




APPENDIX TABLE B2. Mineral Composition and Cost of Least Cost Rations for Three
Forage Bases, 18,000 Pounds Anmual Production Per Cow, 396
Day Calving Interval.

Forage Base

HIGH GROUP
Mineral 80%_CS 50/50 ALL HGS
———————————— poundg «----------
Trace mineral salt © 24,82 24 64 20.89
Caleium sulfate 2.45 - , - -
Dicalcium phosphate _ 27.29 26.56 15.71
Limestone 37.73 20.57 --
Magnesium oxide 5.89 5.13 4.09
Magnesium potassium sulfate o - - - -
Monosodium phosphate - - -- 7.09
Vitanin premix 2.62 2.67 _2.62
Cost $10.08 58,96 $7.84
MEDIUM GROUP
Minexal 80% C3 50/50 ALL HCS
Trace mineral salt 22.51 20.76 13.50
Dicalecium phosphate 25,68 21.38 -
Limestone 94 .42 . =
Magnesium oxide 5.01 A.50 3.49
Magnesium potassium sulfate 3.23 0.52 - -
Monosodium phogphate : -- 2.90 17.36
Vitamin premix 2,62 2.59 2.62
Cost 810.08 §7 .84 87 .84
LOW GROUP
Mineral ‘ 80% CS 50/50 ALL HCS
Trace mineral salt 16.81 17.60 10.16
Dicalcium phosphate 19.98 20.92 --
Limestone 67.96 - 36.39 .-
Magnesium oxide 3.74 3.54 2. 71
Magnesium potassium sulfate 3.12 1.80 --
Monoscdium phosphate -- - 13.66
Vitamin premix . 2.63 2.63 _2.60
Cost $8.96 57.84 §6.72
DRY GROUP
Mineral 80%_CS 50/590 ALL HCS
Trace mineral =alt 2.44 - - -
Dicaleium phosphate _ 7.95 1.26 0.52
Limestone 12.35 - - -
Magnesium oxide 0.93 0.76 0.56
Magnesium potassium sulfate 0.13 - --
Monosodium phosphate - 3.56 4.70
Vitamin premix 1.40 1.40 i.42
Cost 53.00 $2.40 $2.40

Total Mineral Cost $32.12 $27.04 24,80




APPENDIX TABLE B3. Mineral Composition and Cost of Least Cost Rations for Three
Forage Bases, 15,000 Pounds Annual Production Per Gow, 396
Day Calving Interval.

Forage Base

HIGH GROUP
Mineral 80% €S 50/50 ALL HGS
------------ pounds -----------
Trace mineral salt 21.890 21.46 12.86
Calcium sulfate .- 0.21 --
Dicalcium phosphate ' 24.81 - 23.93 --
Limestone ' 43.36 5.80 .-
Magnesium oxide 4.78 4,46 3.42
Magnesium potassium sulfate 2.52 -~ --
Monosodium phosphate - ‘ .- 16.05
Vitamin premix 2.42 2. 41 2.40
Cost $8.96 57 .84 $7.84
MEDIUM GROUP
Mineral 80% CS 50/50 ALL HGS
Trace mineral salt 19.35 14.90 11.72
Dicalcium phosphate 22.38 9.80 .-
Limestone §0.81 - - -
Magnesium oxide 4.30 3.92 ©3.07
Magnesium potassium sulfate 2.91 0.84 -
Monogodium phosphate -- 9.58 15.24
Vitamin premix 2.43 2.41- 2.45
Cost $8.96 §7.84 56,72
LOW GROUP
Mineral 80% CS 50/50 ALL HGCS
Trace mineral salt 14.45 15.27 8.94
Dicalcium phosphate - 17.23 18.21 --
Limestone 57.16 29.74 --
Magnesium oxide 3.20 3.07 2.46
Magnesium potassium sulfate 2.97 1.83 --
Monosodium phosphate - _ -- 11.89
Vitamin premix _2.42 2.44 2.46
Cost $7.84 $6.72 $5.60
DRY GROUP
Mineral 80% CS 50/50 ALL HCS
Trace mineral salt 2.30 -- -
Dicalecium phosphate 7.28 1.01 6.31
Limestone 11.586 -~ .-
Magnesium oxide 0.87 0.72 0.53
Magnesium potassium sulfate 0.10 -- -
Monosodium phosphate -- 4.75 4.45
Vitamin premix 1,30 1.31 1.32
Cost 52 .40 52 .40 §2.40

Total Mineral Cost o $28.16 $24 .80 $22.56




APPENDIX TABLE B4. Mineral Composition and Cost ﬁf Least Cost Rations for Three
Forage Bases, 12,000 Pounds Annual Production Per Cow, 396
Day Calving Interval.

Forage Base

HIGH GROUP
Mineral 80% CS 50/50 ALL HCS
------------- poutnids - -e-mms o
Trace mineral salt 18.20 17.94 16.57
Dicaleium phosphate 20.99 20.51 -~
Limestone - 76.16 1.16 .-
Magnesium oxide 4,04 3.66 Z2.89
Magnesium potassium sulfate 2.70 0.40 .-
Moncsodium phosphate - -- 13 .44
Vitamin premix 2.24 2.23 2.22
Cost $8.96 $6.72 $6.72
MEDIUM GROUP
Mitteral 80% C3 50/50 ALL HCS
Trace mineral salt - 16,25 9,64 9.58
Dicalcium phosphate 19.03 0.57 -
Limestone 67.08 -~ --
Magnesium oxide 3.62 3.28 2.58
Magnesium potassium sulfate 2.68 G.87 -~
Monosodium phosphate -- 13.65 12.52
Vitamin premix L 2.248 _2.22 2.21
Cost 57.84 $6.72. $5.60
LOW GROUP
Mineral 80% CS 50/50 ALL HCS
Trace mineral salt 12.42 13.17 7.76
Dicalcium phosphate 14,81 15.70 - -
Limestone ' 47 .84 23.76 .-
Magnesium oxide 2.76 Z.64 2.21
Magnesium potassium sulfate 2.84 1.85 --
Monosodium phosphate -~ - 10.14
Vitamin premix 2.23 , 2.25 2.30
Cost 56.72 $55.60 84,48
DRY GROUT
Mineral 80% G5 50/50 ALL HCS
Trace mineral salt 2.14 .- =
Dicalcium phesphate 6,61 0.76 0.10
Limestone 10.77 -- --
Magnesium oxide 0.82 0.68 0.49
Magnesium potassium sulfate 0.07 _. -
Monosodium phosphate - #.53 4,19
Vitamin premix 2,490 1.23 _1.22
Cost §2.40 $2.40 $1.80

Total Mineral Cost $24 .92 £21.44 $18.60




APPENDIX TABLE CG. Forage and Concentrate and Mineral Costs for Three Forage
Bases and Four Annual Milk Production Rates Per Cow, 396 Day
Calving Interval . #

Forage Base
80% CS 50/50 ALL HCS

21,000 Pounds Production. 1,500 Pound Cow

Forages and

concentrates $907.29 $907.50 $946 .65
Minerals 34 .36 31.00 27.04
$941.65 5938.50 $973.69

18,000 Pounds Production. 1,400 Pound Cow

Forages and

concentrates 5788 .54 S784.,64 582490
Minerals 3212 27.04 24 80
$820.66 5811.68 5849.70

15,000 Pounds Production, 1.360 Pound Cow

Forages and

concentrates 5669.79 $659.28 5709.10
Minerals 28.16 24 .80 22 .56
$697.95 5684.08 $731.66

12,000 Pounds Production, 1.200 Pound Cow

Forages and

concentrates 5559.56 5549.63 5598.61
Minerals 24,92 _21.44 18,60

$584 .48 $571.07 $617.21

#Costs are for the total 396 day calving interval.



