A LINEAR PROGRAMMING DERIVATION OF OPTIMUM RANGE
RATIONS FROM ALTERNATIVE NUTRITIVE
SPECIFICATIONS IN A WHOLE

BEEF FARM FRAMEWORK

By
JAKTE HARRY gONES, JR.
Bachelor of Sciencei
Oklahoma State Upiversity

May, 1966

Submitted to the Faculty of the Graduate Cellege
of the Oklahoma State University
in partial fulfillment of the requirements
for the Degree of
DOCTOR OF PHILOSOPHY
May, 1974



OKLAHOMA
STATE UNIVERSITY
LIBRARY

MAR 13 1975

A LINEAR PROGRAMMING DERIVATION OF OPTIMUM RANGE
RATIONS FROM ALTERNATIVE NUTRITIVE
SPECIFICATIONS IN A WHOLE

BEEF FARM FRAMEWORK

ADVISER'S APPROVAL:

P
77\

(s £ [ok—

I3 :_-1 / i ./. -) (,"; ‘/,
Z C At V__.-'] " A A

Dean of the Graduate College

902115

ii



ACKNOWLEDGEMENTS

The author is indebted to the Department of Agricultural Economics
for making this study possible and for the opportunity to pursue grad;
uate training.

Appreciation for advice and encouragement is extended to Dr. Odell
L. Walker, Graduate Committee Chairman, throughout the course of study
and preparation of the thesis. Thanks are also extended to Drs« Vernon
R. Eidman, Wayne Purcell and Robert Totusek, members of the Graduate
Committee, for their helpful suggestions and comments for improvement.

Thanks are due to secretarial and statistical staff for the many
tasks they performed and to Mary Huffman and Dee Wells for typing the
final copy. A special thanks is due to the author's parents, for their

support and help through the author's academic program.

iii



TABLE OF CONTENTS

Chapter
I. INTRODUCTION . . « &« ¢ ¢ o o o o o« o s o

Aggregate Beef Situation . . . . . .
Local Beef Situation. . « « « ¢ « o« &
The Problem . . « . ¢« ¢ « v ¢ & « o &
Objectives . ¢« ¢ &+ ¢ o ¢ & o o o o &«
Previous Research . « + ¢« « ¢ « « o &
Area of Study . . .. . . . . . . ..

II. MODEL CONCEPTION . . ¢ ¢ « o o o o &

Linear Programming . . . « « « &

Economic Relationships . . . « . . .
Factor-Product Model . . . . . .
Factor-Factor Model . . . . . .
Product~Product Model . . . . .
Capability of Linear Programming

to Satisfy

the Equilibrium Conditions of Marginal

Analysis o o o ¢ s ¢ ¢ o ¢ o

Primary - Secondary Product Equilibrium . + -

Capability of Linear Programming
the Equilibrium Conditions for
Secondary Product Allocation .

Technical Relationships . . . . . . .

Units of ‘Measure for Beef-Forage
Coefficients + « o o o« ¢ o o &

Timing of Forage Production . .

Beef Nutrition . . « . + « « « &

Feed Capacity and Bulk .
Energy . « « ¢« ¢ o ¢ « o &
Protein . . ¢« + o« &« + « . &
Minerals.: + « « o o« o o « &
Water « ¢« ¢ ¢ o ¢« o o« o o &
Summary . « - 4 s s v e 0 e s e s e e

III. THE BEEF-FORAGE LINEAR PROGRAMMING MODEL .

The Beef-Forage Model .
Objective Function. . . +« « « « + &
Constraints . + . ¢ 4 o o o o o o o &

Nutritive Constraints . . «
Labor Constraints. . . . . . .

iv

to Achleve
Primary~-

Input-Output

Page

AP LOWNDDN

<]

10
12
13

14
16

19
19

19
22
24
25
25
26
26
27
27

28

28
30
30
30
31



Chapter Page

Capital Constraints . . + « ¢ o ¢« o o « o s ¢« o« & o+ « 31
Soil Constraints .+ « « « o ¢ o v s o o o s & o + & « 31
Size Constraints .+ + « o ¢ ¢« & & ¢ s o ¢ s+ s o o s« 32
Transfer and Accounting Constraints . . . . . + + . . 32
Equipment and Fencing . . . ¢« « « ¢« & o o« &« « o » o« o 33
Column VeCtoOrS + « o « o « o o o s « o o o s ¢« o s s o & o 33
Pasture Production Section . . « ¢« « ¢« ¢« « ¢« . o . 34
Beef Production Section . . . « ¢« & ¢« + & ¢ ¢« « + « . 39
Beef Buy-Sell Column Vectors . . « + o « o « « » o« » 41
Feedstuff Activities . ¢ v ¢ ¢ ¢ ¢ o ¢ o s o o o + o« 41
Equipment and Fencing . « « + + « o &+ & o o o« o o o« » 42
Labor Activities . + v ¢ v ¢ ¢ ¢ o o o s o o s o o . 44
Capital Activities . . v v ¢ o ¢ o v o ¢ o o s o o o« 44
Land Actdvity « v o ¢ ¢« ¢ o o 4 o s o s o o o o o s o 46
PriCesS « v ¢ « ¢ o ¢ o o o« s o o o o o o s o o s o o o « o+ 46
SUMMATY o« « &« « & o o s s o o s s s s o s s s o 2 s o « « 4b

IV. RESULTS AND ANALYSIS OF THE BEEF-FORAGE LINEAR
PRO GRAmING MODEI‘ L] . . L] . L] . L - o . . ® . L] L] L] . . L . . L 4 8

Profit Maximizing Whole Farm Organization
All Activities — Balanced Ration . . « + ¢« ¢« v « ¢« o « o 49

Optimum Livestock Systems . . ¢« « &+ o + o« « o o + o« o 49

Optimum Feeding Systems . . « ¢« o« ¢« o s « o « o« o o o 51

Economic Characteristics of the Plan . . « « « « « . 51
Profit Maximizing Whole Farm Organization -

TDN Approach .« o o v o « s o o o s o o o o« o o s « o o« 33
Optimum Livestock System . . « + ¢+ « ¢« ¢« & « « « + « 53
Optimum Feeding System . . .+ + &+ « s+ s o « s = s o « 54
Economic Characteristics of the Plan . . . . . . . . 54

Profit Maximizing Whole Farm Organization - AUM
Ration Specification . « « ¢« « o o ¢ « &+ « « « o « « o« « D56
Optimum Beef Systems . .« . + 4« « « « s o o o s » o o D56
Optimum Feeding System . . o« « o « o o s o o s o« & » 57
Economic Characteristics . ¢ « 4 o o o o o o o o o & 57
Optimum Cow-Calf Organizations for Three Alternative
Ration Specifications . . . . « ¢« « ¢« ¢« ¢« ¢ « o« . . . 59
Cow-Calf System . . - o . . Y

Optimum Feeding System for the Balanced
Ration Cow-Calf Activity . . ¢ ¢« ¢ o« o« o+ o o o +» o 61
Optimum Feeding System for the TDN Ration

Cow~Calf Activity . . . . . e e e s e 4 e . . 62
Optimum Feeding System for the AUM Ration
Cow—Calf Activity o« « o « o ¢ o o o o o o s o« o o o 62
Economic Charactieristcs .+ « + ¢« + o ¢« o o o+ s+ « » o 63
Optimum Stocker Organizations for Three
Alternative Ration Specifications . + « ¢« « + « &« +» « o 64

Livestock SyStem « « o « = & &4 o o « o s s o s s o o o o « 64
Optimum Feeding System for the Balanced
Ration Stocker ActivVity .« + ¢ v ¢ o ¢ o s o o o s o o« o« 64



Chapter

V.

VI.

Optimum Feeding System for the TDN Ration

Stocker Activity . ¢ ¢« + ¢ ¢ ¢« ¢ 4 4 4 4 e W
Optimum Feeding System for the AUM Ration
Stocker Activity .« ¢ « o+ o ¢ v ¢ s o s s s .
Economic Characteristics . « « ¢« ¢ & & « « &
Summary of Ration Specification Results . . . . . .
Critique of Model Specification . +« +« ¢« v & « o« & o
Forage Transfer Model . . . . . « v ¢« ¢ ¢ « « &

Beef Organization - Forage Transfer Model
Feeding System - Forage Transfer Model . .

Economic Considerations -~ Forage
Transfer Model . . « « v « ¢« o ¢ o « o« &
Relationship of Cow Activities to Stocker Activities
in the AUM Ration Specification . . . . . . . . .
SUMMATLY . « « o o o o o o o o o o o o s s s o = o o

PROFIT MAXIMIZING RATIONS AND ACTIVITY BUDGETS . . . . .

Delineating the Profit Maximizing Ration . . . . . .
Separate Solutions .+ ¢« « 4 v ¢ 4 4 s e e . ow
Accounting Rows . . ¢ ¢ & ¢ ¢ ¢ s o o o s o o
Empirical Procedure . . « « &« o o o o o o o o &

Profit Maximizing Balanced Ration . . . . + + « + &
Analysis of the Profit Maximizing Cow-Cal

Ration by Time Periods . . . . « + « & .« + &
Cow~Calf Enterprise Cost and Return Budget . .
Analysis of the Fall Stocker Profit

Maximizing Balanced Ration by Time Periods .
Stocker Enterprise Cost and Return Budget . . .

Profit Maximizing Balanced Rations for Separate

Livestock Solutions . .+ & & o ¢« ¢ & « & ¢ ¢ o o«
The Profit Maximizing Separate Cow-Calf

Balanced Ration . o« . + & ¢ ¢ ¢« o ¢ « ¢ o o &
The Profit Maximizing Separate Stocker

Balanced Ration . . & ¢ & o & « o o « o s o &

Profit Maximizing TDN Ration . . . + + « ¢« ¢ « « & &

Profit Maximizing AUM Ration . . . + « &+ o o o« o o+ &

SUMMAYY « o o o o o ¢ o o 0 o s o o o o o o o o 8 »

SUMMARY AND IMPLICATIONS FOR FURTHER STUDY . . . . . « .

The Model . ¢ ¢ s o o o s o o o o o o o o o o o o
Summary and Use of Data and Results . . . . . + . .
Optimum Beef-Forage Organization - Alternative
Ration Specifications o « « « « o o o o « & &
Optimum Cow~Calf Organization ~ Alternative
Ration Specifications . « + ¢« « &+ & ¢« o « & &
Optimum Stocker Organization - Alternative
Ration Specifications . . « + « &+ ¢ & & & & &
Complementary Relationships . « « ¢ « o o « o &
Empirical Rations . « « v v ¢« v & « o o o o « &

vi

Page

66

66
66
68
68
70
70
73

73

74
76

79
79
79
82
84
85

88
89

94
96

101
101
104
107
114
119
120

120
122

123
124
1244

125
126



Chapter ' Page

Cost and Return Enterprise Budgets . . . . . . . . 127
TDN and AUM Ratlons . + o & o & o o o s o o o s o o 127
Ration Specification Conclusions . . . . « « « « +« + . . 128

Recommendations for Further Study . . .« « « ¢« « « « . . 129
SELECTED BIBLIOGRAPHY . 4 & ¢ ¢« o « o & « o s o o o s o o s+ & + « « 133
APPENDIX . L] L] L] . L] . . . . L] - . . L] . . * L] - L] L) L . . L) L] . L[] L] 137

vii



Table

II.

III.

IV.

VI.

VII.

VIII.

IX.

XI.

XII.

LIST OF TABLES

Summary of the Components of the Beef—Forage
LP Tableau for Eastern Oklahoma . . . & « o « o o &

Summary of Land Using Forage Activities for
Eastern Oklahoma . . . . &+ + ¢ ¢ o ¢ o « o s o o o =

Estimated Forage Utilization Coefficients to
Convert Clipping Data to Grazing Data for
Eastern Oklahoma . .« « « &+ ¢ ¢ o ¢ ¢ ¢ o o s o ¢ ¢ &

Yields and Nutrient Percentages for a Beef-
Forage Farm in Eastern Oklahoma . . . « « + ¢ « « &

Estimated Nutrient Requirements of the Livestock
Activities Included in the Beef-Forage Model

for Eastem Oklahoma e o s e o o o o e o 0 o e 2 e

Assumed Base Prices for Items Sold or Purchased
in the Beef-Forage Model.of Eastern Oklahoma . . . .

Summary of Profit Maximizing Beef-Forage Organization
From Alternative Nutritional Constraints of the
Beef Forage Model for Eastern.Oklahoma.. . . . . . .

Summary of Cow~Calf Optimum Forage Organizations From
Alternative Nutritional Constraints of the Beef-
Forage Model of Eastern Oklahoma . . . « « . « o« + &

Summary of Stocker Optimum Forage Organizations From
Alternative Nutritional Constraints of the Beef-
Forage Model of Eastern Oklahoma . . . . « « « « .« »

Optimum Grazing Pattern and Distribution of Dry
Matter From the Forage Transfer Model - for
Eastern Oklahoma. .. . ¢ ¢ ¢ o ¢ o ¢ ¢ s o .5 o o o &

Optimum Whole Farm Organization for the Forage

Transfer Model for Eastern Oklahoma . . .« + &+ « ¢« o

Estimates of Animal Unit Equivalents for Steers,
Based on TDN Requirements and a Rule of Thumb . . .

viii

Page

29

35

36

38

43

45

50

60

65

71

72

75



Table

XI1T.

XIv.

xv.

XVI.

XVII.

XVIII.

XIX.

XXI.

XXTII.

XXI1II.

XX1V.

XXV.

XXVI.

Summary of Separate and Multiple Stocker Land Use
and Feeding Organizations from the Beef-Forage.
Model for Eastern Oklahoma .

Summary of Separate and.Integrated Stocker and Cow-
Calf Land Use and Feeding Organizations From the
Beef-Forage Model, of Eastern Oklahoma . . . . . . .

Total Nutrients for the Profit Maximizing Integrated
Cow-Calf and Stocker Solutions From the Balanced
Ration Specification of the Beef-Forage Model of
Eastern Oklahoma .

Profit Maximizing Integrated Cow-Calf Balanced Ration
for a Beef-Forage Farm in Eastern Oklahoma . .-

Example of the Format From a Published Cow-Calf Cost
and Return Enterprise Budget .

Profit Maximizing Integrated Cow-Calf Balanced
Ration for 100 Cows, for a Beef-Forage Farm in
Eastern Oklahoma .

Profit Maximizing Cow-Calf Cost and Return Enter-
prise Budget from the Beef-Forage Model for
Eastern Oklahoma . . .

Profit Maximizing Integrated Fall Stocker Balanced.
Ration for a Beef-Forage Farm in Easterm Oklahoma

Profit Maximizing Integrated Stocker Balanced Ration
for One Hundred Stockers, Beef-Forage Farm in
Eastern Oklahoma .

Example Format of Published Stocker Cost and Return

Profit Maximizing Stocker Cost and Return Enterprise
Budget for a Beef-Forage Farm in Eastern Oklahoma

Total Nutrients for the Separate Cow-Calf Balanced
Ration Solution for a Beef-Forage Farm in
Eastern Oklahoma ..

Separate Cow-~Calf Balanced Ration for One Hundred
Cows From a Beef-Forage Farm in Eastern Oklahoma .

Summary of the Total Nutrients for the Stocker
Solution of the Profit Maximizing Balanced
Nutrition From the Beef-Forage Model for
Eastern Oklahoma .

Page

81

83

86

87

90

91

95

95

97
98

99

102

103

106



Table

. XXVII.

XXVIII.

XXIX.

XXXI.

XXXII.

XXXTIII.

XXXIV.

XXXVI.

XXXVII,

XXXVIII.

XXXIX.

Nutrient Summary of the Profit Maximizing Balanced
Ration for the One Hundred Stockers from the
Separate Stocker Beef-Forage Model, for Eastern
Oklahoma . . . & & & v & o « ¢ o = o o o o s o « o

Estimated Required Proportions of TDN and DP to Dry
Matter by the Fall and Spring Stocker Activities
and Cow 4 for a Beef-Forage Farm, Eastern Oklahoma

Nutrient Summary of the Integrated Cow=Calf Profit =

Maximizing TDN Ration for One Hundred Cows From
a Beef-Forage Farm in Eastern Oklahoma . . . . . .

Nutrient Summary of the Integrated Stocker Profit
Maximizing TDN Ration for a Beef-Forage Farm in
Eastern Oklahoma . . . « ¢ &« « ¢ s+ o « o s o o o &

Summary of the Total Nutrients Required and Supplied
by the TDN Ration Specification for a Beef-Forage
in Eastern Oklahoma . . . « ¢ ¢ ¢« ¢ ¢ ¢ ¢ o « & &

Estimated Excessive Dry Matter Generated by the TDN
Ration Specification of the Beef-Forage LP Model
for Eastern Oklahoma . . . + « &+ &+ « o & & o s « &

Summary of the Profit Maximizing AUM Ration for a
Beef-Forage Farm in Eastern Oklahoma . . . . . . .

Summary of the Total Nutrients of the AUM Ration
for One Hundred Head of Cattle for a Beef-Forage
Farm in Eastern Oklahoma . . . . . « + ¢« o ¢ & « &

Estimated Excessive Dry Matter Generated by the AUM
Ration Specification of the Beef-Forage LP Model
for Eastern Oklahoma . . « « ¢« ¢ ¢ ¢ o s « o & &

Yield Adjustment Indexes for Different Soil Produc-
tivity Levels for Eastern Oklahoma . . . ¢« « &« .« &

Assumed Distribution of Hours of Operator Labor
Available by Calender Periods. for Beef Farm
Operators in Eastern Oklahoma . . . . + ¢« ¢« « .+ &

Assumed Investment and Costs of Equipment Necessary
for a 75 Cow or 140 Stocker Enterprise in Eastern
Oklahoma « « & ¢ « o o o o s o o o o o s o s s o =«

Estimated Direct Labor Requirements Per Time Period
Stocker by Operation for a Beef-Forage Farm In
Eastern Oklahoma . .« « &+ ¢ o ¢ & o o s o o ¢ o o o

Page

106

108

110

111

112

113

115

116

118

138

139

140

141



Table Page

XL. Estimated Direct Labor-Requireﬁents Per Beef Cow.
for a Beef-Forage Farm in Eastern Oklahoma . . . . . . . 142

XLI. Estimated Construction and Annual Costs for Six
Miles of Four Strand Barb Wire Fence for a Beef-
Forage Farm in Eastern Oklahoma . . . . « &« ¢« ¢ o & + « 143

XLII. Estimated Annual Cost for Fencing Rotational Acres
for a Beef-Forage Farm in Eastern Oklahoma . . . . . . . 144

XLIII. Estimated Labor Requirements and Variable Costs
Agsociatéd with Extensive Grazing and Rotational
Grazing Activities by Operation for a Beef-Forage.
Farm in Eastern Oklahoma . . . ¢« .+ « &+ « o« o o » ¢ s o o« 145

XLIV. Estimated Labor Requirements and Variable Costs
Associated with Feeding Hay, Pellets, Concentrates
for a Beef-Forage Farm in Eastern Oklahoma . . . . . . . 146

XLV. Estimates of Overhead Investments and Expenses for
a Beef-Forage Farm in Eastern Oklahoma . . . . « + « .« .« 147

xi



Figure

1. Factor-Product Equilibrium . . . . . . . .

2. Factor-Factor Equilibrium . . . . . . . .

3. Product-Product Equilibrium . . . . . . .

4., Representative Bermuda Growth Pattern for
Eastern Oklahoma . . . . « « 4 ¢ o « o &

5. The Time Period Distribution of the Grazing and Feeding
Activities From the Profit Maximizing Balanced Ration .
Forage Land Use Plan for Eastern Oklahoma. . . . « . .

6. The Time Period Distribution of.the Grazing and Feeding
Activities From the Profit Maximizing TDN Ration
Forage Land Use Plan for Eastern Oklahoma

7. The Time Period Distribution of the Grazing and Feeding

LIST OF FIGURES

Activities From the Profit Maximizing AUM Ration

Forage Land Use Plan for Eastern Oklahoma

xii

Page



CHAPTER I
INTRODUCTION

Oklahoma has over 23 million acres of pasture land, comprising 66
percent of the State's total farmland resourcese. Because of topography,
soll characteristics and natural vegetation most of those acres are
better adapted to forage production than cash crop production. To util-
ize these abundant forage resources most Oklahoma farmers raise beef
cattle. In many areas supplementary grazing of crops such as small
grains and use of improved pastures on cropland complement the pasture-
land in production of beef. Beef cattle convert the low and high qual-
ity forages into a marketable product. .

Beef production ranks first as a source of cash farm income in
Oklahoma. In 1971 receipts from cattle and calves exceeded 850 million
dollars or 57 percent of Oklahoma's cash farm income [22, p. 66]. Since
bagriculture is the state's most important single industry, forage and
beef cattle resources are very important to Oklahoma's economy.

Oklahoma has an important part of the Nation's beef production re-
sources. The State ranks third in the number of beef cows and fifth in
the number of all cattle and calves [22, p. 43]. Thus, increases in the
economic efficiency of beef production are important to Oklahoma and the -

Nation.



' -Aggregate Beef Situation

Tweeten estimated the income elasticity for a welghted aggregate
of all farm products domestically consumed to be .15 [29, p. 350]. A
one percent increase in consumer disposable income raises the demand for
farm products .15 percent. Therefore, other things constant, the far-
mer's relative share of national income will fall as aggregate income
increases. However, growth in national and world population causes aggre-
gate consumption to increase across time.

The outlook for the beef sector is optimistic, providing beef
production can be organized profitably. Brandow estimated an income-
elasticity of .47 for beef [29, p. 350]. The consumers' preference for
red meat—primarily beef, along with increasing consumers' disposablé
income, has resulted in an increase in per capita consumption of beef
from 85 pounds per person in 1960 to 109 pounds per person in 1973 [30,
ps 4]. Improvements in prices of beef relative to other farm products
have allowed increasing competition of the beef ehterprise for cultiva-
ted acres planted to improved pastures. Analyses are needed of poten-
tials to increase beef production in different production areas of the

United States.

Local Beef Situation

Macroeconomic factors have an influence on thelgeneral price out-
look for beef. However, factors closer to the study area in eastern
Oklahoma affect resource use and demand for breeding, stocker and feed-
er animals. One of the most important factors is the growth of beef
feeding in the southwestern United States. There are many reasons for

the feeding expansion in the High Plains, but an important one is the



abundance of feed grains. The specific study area for this dissertation
lacks an abundance of feed grains and only a very few feedlots exist.
However, the close proximity to large feedlot capacity directly affects
the possible use of resources in the study area. The feedlots demand a
large'quantity of feeder cattle. The study area is fortunate to have
great forage production capabilities and a readily accessible market for
feeder cattle going to the feedlots. It is a natural economic activity
for this area to convert the forage into a saleable product in the form

of feeder cattle.
The Problem

In general terms, the problem concerns resource allocation within
a beef-forage production firme. Many alternative combinations of separ-
ate but interacting decisions must be considered if the firm is to make
optimum beef-forage decisions. The basic questions for determining
forage-beef organization in this study are: (1) which classes of beef
cattle should be produced and how should production and sale be timed,
(2) what forages should be utilized, (%) what quantity of beef and for-
age optimally utilize the fixed factors of production.

The modern beefman is constantly seeking improved techniques of
analysis to aid in the decision making process. It is the primary pur-.
pose of this study to develop a technique—~linear programming--that can
be used by beefmen to answer the preceding questions. Iittle work has
been done to bring the detail of the feedlot-feedmix model to a more
general beef-forage farm situation in which land use is important. This

study is intended to show the applicability.



Most linear programming studies with land using applications have
directly or indirectly employed external stocking rate assumptions.
The stocking rate simplification provides less detailed mutritional and
yield information to the decision maker for both the forages and beef
enterprises. Evaluation of added nutritional and yield precision is a
subpurpose of the study. This requires comparing the optimum plans
derived with the model to those provided by more conventional model

formulations.
Objectives

l. To éstimate input-output relationships for forage and beef
production, particularly measuring forage-pasture yields
and livestock requirements by nutrient content--dry matter,
total digestible nutrients and digestible protein.

2. To develop a linear programming model for estimating op-
timum mixes and levels of forage and beef production for
selected resource situations.

3. To determine and evaluate the profit meximizing range
rations for alternative nutritional constraints.

Le To compare results of the beef-forage model with

previously published research.
Previous Research

Linear programming has been widely utilized in the selection of
least-cost feed lot rations for livestock. The research has carried to
the apex of application. Most commercial formula feed firms have some

means of formulating a least-cost mix for their product. The linear



programming process is available to individual farmers through the
Oklahoma Extension Service [6]. The feed-mix program can be used by
anyone to obtain least cost rations for beef, swine and dairy [21].

The beef solution is very versatile. It uses net energy data to deter-
mine least-cost rations for different rates of gain. These programs
are strictly designed for feedlot conditions.

Smith and Quance conducted separate projects on obtaining least-—
cost roughage systems for dairy cattle. Smith used only TDN as a basis
for nutrient requirements of the dairy animal [26], Quance considered
digestible protein by seasons as well as the stomach capacity of dairy
cows [23].

An Arkansas study determined least-cost methods of producing and
utilizing forages under alternative situations [9]. The nutritional
requirement of a representative beef cow herd measured in animal unit
months was used in selecting the forage crop system that minimized
costs. Seasonality of forage production was considered as well as dif-
ferent utilization procedures. The profitability of the beef cow herd
was derived by subitracting the costs of the feeding system from the
value of production.

Gibson employed a profit maximizing linear programming technique
to compare the eight most common beef cow systems in North Louisiana
[11]. The monthly nutrient requirements for the system studied were
given in pounds of digestible protein and total digestable nutrients.
The study considered ten forages, all grazed. The optimum level of
beef production for selected typical resource situations and the stabil-

ity of the solutions for varying price levels were discussed.



Gustafson used linear programming to maximize profits for a fixed
feedlot facility [12]. The study derived optimum feeding system includ-
ing a rate of gain, grade and days in feedlot. The ration was specified
by DM (restriction on quantity of feed consumed) DP, NEM, NEP, CAL, PHOS,
and Vit. A. Breakeven prices (comparative value) were computed via
parametric programming for alternative forages. All feedstuffs were
assumed purchased and delivered to the feedlot.

Halbrook studied the minimum resource requirements for livestock
producers of the eastern prairies of Oklahoma [13]. Iinear programming
was used to find the minimum resource situation. Halbrook also eval-
uated the impact of off farm employment on the minimum amounts of land,
capital and labor required for specified levels of income to owned re-
sources. The feed yield and livestock nutrient requirement were stated
in AUM's and representative livestock systems were selected as a basis
for éomparisons.

Many projects developed useful data for this studye. Schneeberger
[24] and Barr [3] developed cost and return budgets for the study area,
particularly activities using improved forage production and management
practices. This literature does not include all related studies but is

only a sample of previous research,
Area of Study

The Oklahoma counties for which the soil and yield data are develop—
ed in the study are Wagoner, Okmulgee, Muskogee, Sequoyah, McIntosh, and
Haskell. The land resources in the study area are now primarily in live-
stock supportive use. The area is climatically suited for the production

of a large variety of forages and livestock enterprises. Excellent



forage yields are possible because of the abundant rainfall, combined
with fertilizer and managerial resources. The average annual rainfall

is approximately LO inches.



CHAPTER II
MODEL CONCEPTION

This study is concerned with simultaneously determining the optimum
mix and level of forage production and beef production. The basic units
ofiinquiry are the enterprises comprising a farm firm organization. The
general approach is normative, i.e. what should be the organization.

This chapter includes a brief review of the assumptions and nature
of a linear programming analysis. Production economics models are dis-
cussed in a linear programming context. The ability of a linear program-
ming model to meet the profit maximizing marginal conditions of produc-
tion economics theory is explained mathematically. Conditions for
finding the profit maximizing combinations of primary (e.g., pasture)
and secondary (e.g., beef) products are discussed. The capabilitj of
linear programming to dep}ve.the optimum combinations of primary and
secondary products is explained. Finally, the chapter contains an over-
view of some of the technical relationships involved in the research

project.
Linear Programming

Among the operational tools of agricultural economists, linear
programming (LP) efficiently approximates optimal organizational deci-

sions of an individual farm firm.



The general linear programming model in matrix notation is"

Maximize Z =C'X
Subject to AX < B
and Xi > 0

where:

Z represents the value of the objective function, which is net
revenue to operator labor and management for this study;

C is a 1xn vector of costs or returns for each of n activities;

X is a nx1l vector of activity levels (Xi) for each of n activities;
A is a mxn matrix of input-output coefficients; and
B

is a mx1l vector of resource restrictions, commonly referred to
as the right hand side.

For a discussion of the theory of linear programming, see Dantzig [13],
Heady and Candler [14], or other linear programming texts.

The A matrix in this study contains pasture yields and resource
requirements; livestock feed requirements and resulting beef production;
nutritive values of supplemental feed; labor requirements for pasture,
livestock and feeding enterprises; annual and total capital requirements;
cash flow accounting data; land resource requirements; and transfer, buy
and sell coefficients. Details of the matrix are discussed in Chapter
III. The C vector, or objective function contains the costs associated
with production activities and prices associated with buy-sell activi-
ties. The B vector, or right hand side, contains the land and labor

resource situation.
Economic Relationships

Production economics theory would employ marginal analysis to de~
termine the optimum mix and level of beef and forage production.

Deriving simultaneous optimal relationships between factors and products,
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factors and factors, and products and products is the task of marginal
analysis. For a discussion of the marginal analysis theory for those
three problems see Heady and other production economics or theory of the
firm texts [15]. With proper model construction the optimum resource
allocation from linear programmiﬂg is the same as derived from marginal
analysis. In the following, only necessary conditions are presented
because price and technical relationships used in the study require

conformance with necessary and sufficient conditions for optimality.

Factor-Product Model

The equilibrium of the factor-product model indicates the profit
maximizing level of output and the corresponding level of input used. -

The optimum level of production for the continuous production (Figure

- 4 Px
1) is point C where the K ?; .

The production function of linear programming is a "discontinuous"
type [14, pe 43]. The discontinuous factor-product relationship is
illustﬂéted by line abed in Figure 1. Points ay b, ¢ and d represent .
different input-output ratios as designated by different activities in
the LP model., FEach of the activities use factor X to produce output
Y but at different levels. |

If the points a, b, ¢, and are associated with activities that
apply 0, 50, 100 and 200 pounds of nitrogen per acre, the.resulting
ﬁroduction function of bermuda grass per acre is also given by the re-
speétive points a, b, ¢ and de By connecting these points from the
finite IP activities, the continuous curve can be approximated by using

additional discontinuous line segments (adding activities).
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Output

Profit
Isocline

—— Continuous
production
function

——— Discontinuous
production
function

Input X

Figure 1. Factor-Product Equilibrium
The equilibrium (optimum) input for the continuous function is at

point ¢ where the following condition holds:
P

8y _ x
X~ P
8 y

For the discontinuocus function, abed, optimality at point ¢ is

defined by:

NN
AX -~ Py = AX

where:

AY _ the change in product per unit change in the factor (marginal
AX = product) for segment bc, and;

A}i _ the change in product per unit of change in the factor (mar-
1 = ginal product) for the segment cd.

AX
Graphically, the equilibrium reflects the highest profit isocline,
P .
Y = %— + 55 X, that can be achieved. The maximum profit point is where
y y

the profit isocline is tangent to the continuous production function.
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Factor-Factor Model

The factor-factor model equilibrium determines the ' least—cost
combination of two inputs to produce a specified amount of product..
The isoproduct is "discontinuous" because of the linearity and finite-
ness assumptions of linear programming. The discontinuous isoproduct

is illustrated in Figure 2 by line segment fghi.
X

—— Continuous isoproduct

— — Discontinuous isoproduct

Figure 2. Factor-Factor Equilibrium

Xm Px
For the continuous case, it " P at point g and is the least
2 1

cost factor combination. For the discontinuous linear program situa-
AXl PX2 Axll
tion, equilibrium is > > .
2X, PXl AX%

Each point in Figure 2 (f, g, h and i) is associated with a spe-

cific activity in a linear programming model. Each activity reqpires
different ratios of the factors of production to produce the fixed
amount of output (Y). The economic problem is to use LP to find which
activity is the least cost combination of the factors of production.

Graphically, the optinmum mix is at the point of tangency of the

Pyo

i =5 X
least cost isocost, X; =3

5 and the isoproduct curve. This
pal pal

X2,
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is the least cost combination of X, and X, (for the specified prices)

that can produce k amount of product Yl.

Product-Product Model

The equilibrium of the product-~product model is the maximum pro-—
fit combination of outputs using a specified amount of input or set of
inputs. The isoproduct relationship is "discontinuous" because of the
linearity and finiteness assumptions of linear programming. A two pro-

duct linear programming isoinput curve is illustrated by Figure 3.

b

¢&——— Isoprofit Line

— Continuous iso-
input using K
amount of X

-~ Discontinuous
isoinput using
K amount of X

1

Figure 3. Product-Product Equilibrium

The profit maximizing combination of products on the continuous

curve in Figure 3 is point n where Ezl _ PYl for K amount of X. For
dY, - PY2

the discontinuous IP case the equilibrium condition is:

P 1
AYl _ Y2 . AYi
AY, = P, = A; I
2 Yl Y2



where:

the marginal rate of substitution for the segment mn, and;

AYy _ the marginal rate of substitution segment mo, of the iso-
product curve. '

The line segments 1m, mn, and no represent the IP restrictions
placed on factors of production and consequently the level of output
that is possible. FEach 1iné segment is associated with the most 1limit-
ing IP restriction. The points m, n and o are where two restrictions

will enable the same level of output of Yl and Y, .

2
Graphically, the optimum mix of products is defined by the tangency
P
Y.
of the income isocline (Y, = L2y ) and the isoinput curve.
1 PYi PYl 2

Capability of Linear Programming to Satisfy the

Equilibrium Conditions of Marginal Analysis

The preceding section illustrated in a very simple way the paraliel
relationship of linear models, such as linear programming, and the cur—
vilinear, continuous models of the usual textbook marginal analysis.
This section further illustrates the conformity of activity analysis to
marginal analysis using the notation of linear programming.

The net revenue or objective function in linear programming is
Z = (C'X, As indicated earlier, the vector X is comprised of activities
which may include generation and sale of products and purchase (or pro-
duction) and use of factors, as well as transfer and other accounting
transactions in activity forme. The criterion guiding the solution of a
linear programming problem is that an addition to the set of non-zero

values in X does not decrease returns. That is:
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m
e RS &)
i AX o— °
o
where:
Xi = activities in the solution before the change and 1 =1 ... m;
Ci = the return (or cost) per unit of Xi;
XO = the activity entering the solution; and
C0 = the return (or cost) per unit of Xo'

If the amount of income sacrificed as some activities are reduced

to increase X by one unit (zC ) is less than the amount of revenue

AX
added by a one unit increase of the activity (XO), profit will be in-
creased by making the change. When the optimal solution is reached,
only negative changes in net revenue are possible.

In seeking the optimal solution for a two product case, assume that
the maximizing linear programming model's Zi - Ci row indicates that

AX:
C, o C < 0, where Xo is any activity not in the solution. This im-

i AX
AXi C0
plies tha -K—— -E— Substitution of X for Xi would be indicated, and

° AX, c, OX 11

it would stop just short of C; AXO-i C, and so that E; _i-ZE;l. Thus
_ A, C Axil

the linear programming algorithm requires that N j_zr-j_—§f1. The
o i o

latter identifies an equilibrium condition consistent with marginal
analysis relationships described in the preceding section. For example,
the equilibrium point could be point n in Figure 3. It would not pay to
move. to point m or point o. Thus, the linear programming criterion re-
quires thét the marginal analysis conditions hold.

Be defining the Xi as factors, factor-factor equilibrium can be

derived. At the equilibrium point it would not be profitable to
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substitute more of an input not in the solution for an input in the
solution. Similarly, if Xs is a factor and X, is a product, use of the

factor on a product could not be changed profitably.

Primary-Secondary Product Equilibrium

The primary-secondary problem differs from the product—product
model in that, instead of the primary products (Yl and Y2) being sold
on the market in order to obtain the highest net revenue, they are '"sold"
within the firm to produce another product (Y3)° The objective is, for
a given resource outlay, to have the combination of initial products
which will result in maximum net revenue from the sale of the secondary
product in the market place. If all of the primary products are being
sold internally (within the firm) the market prices for these products
are of no conseqpence.l For example, if all bermuda grass and native
hay are fed to beef cgws in order to produce calves, the market prices
of the primary products are not important. Bermuda grass and native
hay are being "sold" to the cows and their effective prices are the
value in producing calves.

The choice criterion of the product-product model can be written

as:

The optimum allocation of resource X between two products is such that

lIt would be well to advise the manager to consider selling if it
is a feasible alternative.
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the addition to total value product is equal for both products. The

optimum combination can be stated:

MPPyy )y o Py MPPyy g, Py
1 3 2 2 54
- ?

1
Py Py B

because the marginal value product (MVP) equals the marginal physical
product (MPP) multiplied by the price of the product (Yl and Y2), re—
spectively., If Yi and Y2 are used to produce Y3 it is necessary to
replace PYl and Py, by value of Yl and Y2 in producing the secondary
product YB' The value of Yl and Y2 is the marginal value product of Yi
and Y, used to produce Y3 (MVPYl(Y3) and MVPY2(Y3) respectively). The
equilibrium conditions for the secondary primary products become:

. MPP

. P MPP . P
Y,) Yi(Yé) ,‘33 ) X(y Yé(YS) ¥y

2)
P 2 =

Y | X
MPP . P
x(¥3) 12 > 1.
Py

A more complete statement of possible situations would recognize
different uses and fixity of resources.

Xl, X,y eeey X, variable resources that may be used on Y., Y.,
2 d and Y 1 2

3
Y, 1y eoey X fixed resources to the firm that may be allocated
d+1 & among Yl, Y2, YS
Yg+l’ coey Yn fixed resources used only on Yl
X

ntl? °t? Xr fixed resources used only on Y2, and

X

ral? °0? Xt fixed resources used only on YB.

For optimum allocation it is necessary that:
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MPP » MPP « P MPP o MPP o P
Xi(Yl) Yl(YB) YB Xi(Yz) Y2(Y3) V3
P - P B
Xi Xi
MPP
X (13) | g, (2)
PX =
i
where: 1 ...4d.
MPP o B’PP ° P = L{PP o B’PP = L{PP [
x, (%) Yl(YB) 2 X, (Y,) Y2(Y3) Xl(YB)
P (3)
¥3
where: i = d+l e.. ge Also,
Py > MVP, > Py (h)
1 acquisition i i salvage for i>d.

A summary of effective equilibrium conditions for multiple primary

and sécondary products is:

1. For given resources, the final (or secondary) products are
combined in such a way to yield the highest total value
product.

2, The primary products are organized to produce the maximum
value of secondary products leading to (1).

3. The variable resources are organized to produce the optimum
combination of primary and secondary products.

L+ The allocable fixed resources are organized so the marginal
value products are equal in all alternative uses.

5« Levels of "fixed" resources are fixed by the economic

criterion that a change would not pay.
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Capability of Linear Programming to Achieve

the Equilibrium Conditions for Primary -

Secondary Product Allocation

The linear programming algorithm meets the optimum criteria of
marginal analysis for primary and secondary products. In equation (1),
the IP criterion equationy-evaluation:.can be made of the profit-
ability of producing more of a primary product (bermuda grazing) as a
substitute for another forage. Similarly, more forage might be produced
with a "complementary effect" on beef production. All of the marginal
criteria are satisfied if the model is properly developed. A careful
study of equations (2), (3) and (4) presented in this section will con-
firm that they are simply factor-factor, factor-product and product—

product criteria stated in more complex terms.
Technical Relationships

Units of Measure for Beef-Forage

Input-Output Coefficients

Measurement of forage production is difficult because forage is a
primary product. Most forage production does not enter the market
directly but indirectly as beef. Therefore, a market tested unit of
measure for forage is not readily available. Agricultural economists
have utilized the animal unit month concept as a unit of measure for
most beef related research. Range management researchers have used
three different measurements: (1) the pounds of beef per acre; (2) the
stocking rate; and, (3) pounds of clipped matter. The alternative

measurements and concepts are evaluated in the following sections.
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The animal unit (AU) is defined in this study as a mature cow and
her calf kept to normal weaning (e.g. seven months). The animal unit
month (AUM) measurement for pasture indicates how many months one cow
unit under normal calf production could be sustained on one acre of
forage. The forage requirement for one cow is 12 AUM's and one cow unit
with replacements requires: approximately 13.5 AUM's. . The data necessary
to calc;late the AUM yield aré tﬁe stocking rate and the length of graz-
ing time. Thus, the AUM measurement is e§sentially a time dimensioned
stbcking rate. An AUM is calculated by‘mgltiplying the cows (animal
units) per acre times the number of months the forage is grazed. If a
farmer grazes one cow to three acres for six months the pasture is pro-
ducing 1/3 x 6 = 2 AUM. The AUM serves as a common denominator of pas—
ture production or pasture requirements. For example, yields of
different pasture stated in AUM's can be added together,

Stocking rate is the number of animals grazed per acre. Although
the stocking rate provides valuable managerial information, it is in-
adequate as a measure of forage production. There is no dimension of
time included to indicate how long the beef enterprise can graze at the
given stocking rate. Stocking rates do not facilitate a comparison of
different types of livestock activities or aggregation of production
from separate fields. |

The major disadvantage of pounds of beef produced as a measure of
forage production is lack of comparability of data because of different
stoéking rates used and the possibility of operating at different points
on the beef or forage production function. Grazing produced is not
independent of the stocking rate. The stocking rate may be variable

when the unit of measure is the pounds of beef produced per acre.
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Variation exists from one experiment to another because of different
environmental conditions and different genetic characteristics of ani-
‘mals used. The added variation may not be inherent in the forage enter-
prise, thus a biased evaluation of the forage yield may occur. To
‘quantify the pounds of beef per acre, the grazing experiment must be set
up to fest all possible forages and all possible types of beef enter-
prises. Research to quantify all needed data is nbt available and is
expensive to obtain. In addition, the results may be highly variéble.
Clipping as a means of measuring forage yields requires gathering

samples of forage growth, oven drying the samples and weighing. If
clipping is done on an assigned schedule the growth curve for the forage
can be estimated. Researchers can compare pounds of dry matter per

acre for different forages. However, the pounds of dry matter give only
a measure of the absolute physical amount of the forage produced. Dry
matter is not a common denominator. Even though bermuda grass mighﬂ
produce twice as much dry matter as native grass it is not necessarily
twice as productive wheﬁ converted to the secondary product, beef. How-
eﬁer, if a nutritive analysis is obtained on the oven dry forage samples
to determine the amount of energy (total digestible mutrients) and pro-
tein in each of the samples, a common denominator for conversion to

beef requirements is approximated. The latter is the procedure used in
this study.

b> Two major advantages of the clipping procedure are of economic im-
-portance.' The first advantage is that a predetermined stocking rate is
not externally imposed.' Determining the optimum level of livestock con-
suming the forage activities is important to accufately estimate the

returns to the enterprises as well as the returns to the whole farm,
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The second advantage of the clipping procedure is that it enables adding
nutritional precision by measuring the forage production in units that
are nutritional requirements of beef cattle. Flexible rations are pos—
sible within the economic model without developing separate beef enter-
prises for each forage as has been done in previous research.
However, three problems in convérting forage clipping data to beef
data remain. The problems are:
(1) Selectivity. Grazing animals' preferences for succulant
plants, more palatable plants and portions of plants are
not measured in clipping prdcedures.
(2) Waste. Grazing animals waste available forage production
by trampling during the grazing process.

(3) Nutrient Composition Data. The environmental conditions

of the geographic region should influence the nutritional
composition of forages, however, very little data for the
study area exist.

Adjustment factors that estimated the waste and selectivity problem
of clipping were used inlthis study to convert clipping data to approxi-
mate grazing consumption. However, no other consumption problems were
considered in this study. Although the aforementioned clipping problems

are important, additional research could eliminate the problemse

Timing of Forage Production

A growth curve shows the amount of production related to the timing
of production. A typical growth pattern for bermuda is illustrated
graphically in Figure 4 for high fertility and multiple applications of

fertilizer., The distribution of forage growth throughout the year is
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Source: Average Clipping Date From Eastern Oklahoma Experiment Station,
" Muskogee, Oklahoma [10].

Figure 4. Representative Bermuda Growth Pattern for Rastern
' Oklahoma
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shown graphically. Bermuda is a warm season grass, therefore most of
the production occurs from May through October. The quality of the
forage is greater during the growing season. Native grass can be repre-
sented by a similar graph but with different dry matter yields.

If the beef enterprise is regulated to consume all the bermuda and
native grass as it is produced then only short-term or seasonal beef
activities are possible unless other feed stuff possibilities exists.
Fortuhately, forage is partly a stock resource because if it is not
utilized in the growirng season it can be grazed in the off season. How-
ever, the storage process is not perfect. Native or bermuda grass
grézed in the winter has a lower quality because of leaching and frost
which cause a loss of available mutrients. To have year round grazing
as required by a cow-calf enterprise implies a combination of warm and
cool season grasses or the feeding of hay or concentrates to supplement
low quality, off-season forages.

The mix of warm and cool season growth periods is affected by the
timing of nutrient requirements of alternative beef enterprises. A cow-
calf enterprise requires an-increasing amount of nutrients during the
lactation period and the corresponding growth of the calf. A meshing
of the forage production timing and the forage consumption timing is

necessarye.

Beef Nutrition

Snapp and Newman [27] indicate that the nutritional requirements of
beef cattle closely parallel those of the micro-organisms found in the
rumen. The cattle ration must simultaneously supply the requirements

of both the beef cattle and thé micro-organismse The nutritional
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requirements for the rumen micro-organisms have not been completely
determined. However, the science of beef cattle nutrition is well
advanced.

The measuring of forage output and beef input requirements in
nutritional components enables this study to use some applied nutrition
concepts on range situations. Essential nutrient requirements for beef
cattle are broadly divided into six categories:

1. Feed Capacity and Bulk

2. Energy

3. Protein

L4e Minerals

5« Vitamins

6. Water

Feed Capacity and Bulk. The intake of feed is largely dependent
upon the palatability of the feedstuffs. The physical ability of the
animal to digest the volume of feed also limits the intake of many
forages. The stomach capacity differs for each weight class of beef
cattle., Intake limitation can be measured by the proportion of fiber
in the ration, however, this study utilizes the pounds of dry matter the
animal is able to consume per day. The quality of some forages is so
low that if they are used exclusively, the dry matter limitation may
result in insufficient levels of the other nutrients.

Energy. According to Snapp and Newman the production of energy to
enable the body processes is the prime purpose of feed. - The body pro-
cesses include growth of tissues, maintenance of the body, functioning
of all organs and digestion of food. All organic ﬁutrients can be

utilized as energy. Thus, energy value can be used as a common basis
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for expressing the nutritive value. The fact that the organic nutrients,
notably protein, may have specific and unique functions does not alter |
their usefulness as sources of €energy.

A shortage of energy is the most common deficiency in beef cattle
rations. The results of low energy intake are slow growth or even loss
of weight, stunting, failure to conceive, and increased disease and
mortality. An energy deficiency is usually accompanied by deficiencies
in all other nutrients but especially protein. Overstocking of pastures
and ranges is the principle cause of energy deficiency in grazing enter-
prises. Cattle may eat rations adequate in volume to meet appetite
needs but still not perform up to tbeir capabilities because of a lack
of sufficient energy in the ration.‘

The total digestible nutrients (TDN) are the sum of all diges—
tible organic nutrients: protein, fiber, nitrogen-free extract, and
fat, This study uses the amount of total digestible nutrients (TDN)
as a measure of energy in the beef ration.

Protein. Proteins are of importance in livestock feeding because
they are essential for life. Animals build the proteins of their
tissues primarily from the amino acids which result from the digestion
of protein in their food. Ruminants are able to make all of the amino
acids from other nitrogenous compounds. This study uses digestible
protein (DP) as a measure of the amount of protein.

‘Minerals. The requirements of calcium and phosphorus are quite
well established. Salt is essential to the growth and health of all
kinds of livestock. A mineral and salt mix is fed free choice in the
beef-forage model. The cost of providing minerals and salt is accounted

for in the enterprise budgets of the beef enterprises.
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Water. Water is seldom regarded as a feed, and yet, it is one of
3
the most essential nutrients for all animal life. The cost of providing
free access to water is included in the overhead cost in the beef-forage

model.
Summary

The economic and technical relationships used in determining the
Profit maximizing mix and level of forage and beef production are dis—
cussed in this chapter., Linear programming fulfills economic conditions
for finding the profit maximizing combinations of primary (e.g., forage)
and secondary (e.g,, beef) products involved in the beef-forage firm.
Empirical estimates of the units of measure needed to use the physical
production of forage and beef are a concern throughout the study. A
major question concerns whether alternative technical units of forage

measurement give different organizations.



CHAPTER IITI
THE BEEF-FORAGE LINEAR PROGRAMMING MODEL

The five basic research steps in this study are: (1) delineation
of variables heeded in a comprehensive linear programming model for
managerial decisions in a beef-forage firm; (2) determination of input-
output coefficients applicable for the study areé; (3) selection of the
optimum organization for specified management situations; (L) comparison
of optimum whole farﬁ organizations obtained from alternative nutrient
specifications; and (5) determination of profit maximizing rations
from the alternative nutrient solutions. This chapter concentrates on
the first two steps. Later”chapters detail the application of the model

and the remaining research steps.
The Beef-Forage Model

A profit meximizing linear programming model is developed as an aid
to management of a beef-forage production firm (Table I). Given the
size (acres) of the farm, the model is designed to select resource and
input combinations to be incorporated in the organization. A multi-
period concept is used to enable meshing of thé timing of nutrient pro-
duction and nutrient requirements. Six two-month time periods are used.
January-February, March-April, May-June, July-August, September-October,

and November-December are periods one through six, respectively.

28



TABLE I

SUMMARY OF THE COMPONENTS OF THE BEEF-FORAGE LP TABLEAU FOR EASTERN OKLAHOMA

Pasture Beef Buy " sell Purchased Equipment Hired

Production Production . Beef Beef Feedstuffs & Fencing Labor Capital Land RHS
Net Revenue NR NR NR NR NR NR NR NR NR NR
Nutritive —Al Az —Al
Soils B3 -34

5w
Total acre limit C
Labor D6 D6 D6 -D7 I8
Capital E9 E9 E9 E9 E9 E9 -Elo
Transfer & Accounting ifll ifll i?ll
Equipment and Fencing
Capacity G12 G12 -G13

1The matrices includes the TDN, DP, DM and AUM nutrient coefficients of raised and purchased feeds for all six
time periods [32].

2The matrix of beef activities that require nutrients.,

3The matrix of fourteen productivity soil groups includes separate rows for cropland and native grass, for the
land using activities. ‘

AThe land activity provides the fixed combination of the soil productivity groups.

5A coefficient used to limit the size of farm to 1280 acres.

6The matrices include the coefficients of the labor required for each activity.

7The matrix that makes hiring labor in each time period possible.

8The hours of operator labor assumed for the beef-forage model.

9The matrices that includes the capital requirements of the respective activities.

10The matrix that includes coefficients for borrowing capital.

11The matrices of coefficients that enable buying and selling stocker or using steers from the cow-calf activities
as stockers or selling as calves.

12The mattices of coefficients that require rotational or regular grazing schemes and livestock equipment.

13The matrix of activities that provide the grazing system and livestock equipment.

62
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Objective Function

The net revenue row of the model is the objective function (shown
in Table I) and is composed of estimated costs and returns of the var-
ious inputs and outputs of the beef-forage firm. The net returns
definition used in constructing the objective function is the residual
to operator labor and management and overhead after all other costs are

paid. Overhead for the farm is $1,215 (see Appendix Table XLIV).
Constraints

The other rows in the linear programming model, are restrictions.
Nutritive, soil, size, labor and capital restrictions are placed .on the
optimal solution to develop a realistic and feasible model that fits

into the beef-forage firm framework.

Nutritive Constraints

The model has a row for each of the three nutrients (total diges-
tible nutrients, digestible protein and dry matter) in each of the six
production periods. The dry matter rows form a maximum restriction
limiting the total quantity of feed cdnsumed for each time period to
the animal's capacity. The protein and energy rows are minimum restric-
tions. to insure that the nutrients provided are equal to or greater
than the protein and energy required for each time period. ?All nutri-
tive rows except TDN are made neutral for runs in which TDN is used as
the only measure of forage yield and livestock requirement.

Six animal unit month (AUM) rows are included in the model as al-

ternative nutritional constraints. The AUM rows can be used in place
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of the 18 nutritional rows to connect the supply of the forages and the
reqﬁirement of the livestock activities. The AUM rows are left neutral
until changed to minimum restrictions for sblutions using AUM as the

measure of forage yield and requirement.

Iabor Constraints

The labor rows are minimum reétrictions to insure that labor hired
plus the operator's labor is equal to or greater than the labor needed
for each of the various activities. Labor is also divided into the six
time periods. The hiring of additional labor is available directly from

the computer output for each time period.

Capital Constraints

The capital rows are minimum restrictions. All of the capital
needed by the optimum enterprises must be borrowed. The procedure as-
sures that an opportunity cost is charged on owned capital. The annual
operating capital row contains all of the variable and cash costs ad-
justed to an annual basis for computing the interest charge at seven
percent per annum. Another row is included for other non-land capital.
The non-land capital row enables charging interest on long term invest-
ments at seven percent. The land capital row enables charging an op-
portunity cost (or market cost) on the value of the capital invested in

land at six percent per annum.

Soil Constraints

The soils of the study area are divided into fourteen productivity

levels. The soil constraints approximate the mix of soil qualities in
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the region [17]. The model has a separate inventory of soils in native
érasses. The separation of native grass soils is needed because native
grass is either available or not. It cannot be established in the model.
The model allows the transfer of open cropland that is severely sloping
and shallow to activities that approximate native grass. If the low
productivity soil had been cropped a good substitute to native grass is

planting a grass mixture.

Size Constraint

The preceding sectigns indicate the comprehensiveness of the gen-
eral beef-forage model. The resources (i.e. labor and capital) can be
purchased with no upper limit. Hoﬂever, to have a feasible and bounded
linear programming solution, it is necessary to have at least one
limited resource. The total acreage of the farm is an equality row
that limits the.size of the beef-forage firm. The row also facilitates
adjusting the linear programming solution for different sizes of farms.

\

The total acreage used for this study is 1,280 acres [2].

Transfer and Accounting Constraints

In addition to those used for soil transfer, there are other ac-
counting rows and transfer columns. fhe model contains rows that enable
transferring of steer and heifer calves to selling activities or to
stocker enterprises. Other rows contain hay from the forage production
enterprises or purchasing activities which can be transferred to the
mutrient rows. Additional rows allow for the purchase and sale of
stocker calves and the sale of cull heifers and cows from the cow-calf

enterprises.
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The total capital requirement is computed in accounting rows. The
total capital row gives the sum of the annual operating capital and the
fixed capital for the firm. Total capital is a measure of the size of

total investment.

Eguipment and Fencing

The multi-time period beef-forage model solves the problem (without
double charging) of undertaking a specific activity in one time period
which might generate the capacity to undertake a similar activity in
another period with no additional capital investment. An example is the
equipment utilized by stocker enterprises. If a firm has stocker steers
on small grain pasture in period one the same equipment would be avail-
able to ancther stocker activity in another time period. To keep from
overcharging the fixed cost, capacity rows are created to enable the
use of the fixed asset over the entire year if it comes into the optimal
solutione The cow-calf equipment is no problem because it is for a
year-round enterprise. Other rows of a fixed cost nature for a year
include facilities for regular grazing, rotational grazing, hay feeding,
and protein and concentrate feeding. Each of these have some associated
equipment or assumed labor requirement that, if brought into the solu-

tion, is paid for in all time periods.
Column Vectors

The beef-forage model developed in this study is comprised of
eight major column vector sections: (1) pasture production; (2) beef
production; (3) buying and selling beef cattle; (L) purchased feedstuffs;

(5) equipment and fencing facilities; (6) hired labor; (7) capital; and
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(8) land. Each of the sets of column vector and input-output coefficients

is discussed in turn.

Pasture Production Section

The comprehensive beef-forage model considers four possible forage
production systems: (1) the seasonal system assumes grazing of the
forage during the growing season; (2) the hay and grazing system involves
harvesting hay and grazing the aftermath; (3) the hay system harvests all
of the forage and provides no grazing; and (L) £he year-round system dis-—
tributes the dry matter yield across the year. For detailed information
on which systems are used with different pasture species, see Table IT.

Eight species of grasses are included in the pasture production
section: (1) bermuda; (2) bermuda-fescue; (3) fescue; (4) native; (5)
sorghum~sudan; (6) small grain; (7) rye-vetch; and (8) weeping love.
Three ievels of nitrogen fertilizer are applied to bermuda grass. Other
practices are summarized in Table II.

The distribution of nutrients for a forage activity depends upon
the particular grazing system, as weli as the physiological growth
curve of the particular grass. The lgvel of the nutrients produced per
acre is a function of the fertility level of the soil, thevphysical
yield characteristics of the specific variety of forage and the grazing
system.

Survey data, experiment station results and information from agri-
cultural scientists were used to develop nutrient input-output coef-
ficients for grazing. The dry matter yields of the forage producing
enterprises were obtained from clipping experiments at the Muskogee Ex—

periment Station [10]. The station is located in the study area.
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TABLE II

" SUMMARY OF TAND USING FORAGE ACTIVITIES.
" FOR.EASTERN OKLAHOMA .

v Management
Kind Activities Fertilizer Levels Soils  Systemsll
(Number of Alternatives)
A. Pasture-
Cropland
(1% Bermuda 85 3t 12 1,2,4
(2) Bermuda- 3
Fescue 1 l,+ 145 1l
(3) Fescue 11 1 11 1,2,3
(4) sorghum~:: . s 6 5
Sudan 33 17 1 5 1l ] 2 ] 3
(5) Small Grain 11 1g 1ng 1
(6) Rye-Vetch 3 110 39 1
- . (7) Weeping-Love 6 1 3 1,4
B. Native 25 1,2 1,2
1

0,100, and 200 1lbs. of N with base of O-40-4L0 (per year).
2Sy'stem 2 (hay and grazing) is not used on the D soils.
3210-4,0-40 fertilizer.

120-4,0-10 fertilizer.

5Annuals and fescue are not planted on D soils.
6I...O—lO—O fertilizer.

760-30-15 fertilizer.

860-30-15 fertilizer.

9SA, SB and SC soils.
190-80-0 fertilizer.
11Management System 1 is seasonal grazing.
Management System 2 is haying and grezing aftermath.

Management System 3 is haying only.
Management System 4 is year-round deferred grazing.
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Therefore, extrapolation to another environmental area was not needed.
The clipping experiments were not conducted on all soil productivity
levels of interest in the study. A soil productivity index was used
to estimate dry matter yields on all of the soils [17].

The yields from the agronomic clipping experiments c?nnot be used
directly. The amount of forage clipped is not the same gé the amount
that can be "harvested" by the beef animalse. The clipping data must be
corrected for tramping of the forage and other wastes by the consuming
livestock enterprises. The percentages of utilization were estimated
by reviewing appropriate joﬁrnal articles and publications and in con-
sultation with professional agricultural scientists [7]. The utiliza—

tion coefficients used are presented in Table III.

TABLE III

ESTIMATED FORAGE UTILIZATION COEFFICIENTS
TO CONVERT CLIPPING DATA TO GRAZING
DATA FOR EASTERN OKLAHOMA

Percent of Production

Forage Available for Grazing
Bermuda 75
Fescue 75
Small Grains 80
Rye Vetch 80
Sorghum—-Sudan 70
Weeping Love a 85
Native Succulant 50
Native Dry 75

aReq_uired for longevity of the native grass.
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Multiplying the utilization coefficient by the average dry matter
yield from the clipping experiments gives the adjusted dry matter yield
available for consumption by the livestock activity. The available ad-
Justed dry matter yields are given in Table III and are hereafter
referred to as the dry matter (DM) production per acre, because the -
wasted forage is of no economic importance.

Some clipping experiments for bermuda grass and other forages in-
cluded a digestible protein analysis in conjunction with the measurement
of dry matter production. Thus, the protein data were available from
the bermuda grass experiments. Nutrient composition tables were util-
ized to estimate the total digestible nutrients and remaining protein
percentages of other forages [19].

The nutrient percentages used are listed by periods in Table IV.
The TDN and digestible protéin supplied by an acre of forage is esti-
mated by multiplying the percentage times the net dry matter yield of
the respective forages. The calculated values of TDN, digestible pro-
tein and dry matter are used in the model to balance the ration of the
beef enterprises.

The forage production activities require that one of the grazing
facility activities be utilized to connect the forage production section
to the beef production section. The grazing activity includes approp—
riate "harvesting" inputs discussed later.
| An acre of the appropriate quality of cropland is required as an
input for a particular forage activity. However, because native grass
cannot be established, native grass gequires native soil and not crop-—

land.



TABLE IV
YIELDS AND NUTRIENT PERCENTAGES FOR A BEEF-FORAGE FARM IN EASTERN OKLAHOMA

Dry Matter Yields

for . Bermuda Bermuda Bermuda -Bermuda 1 Small Weeping
CB & SC Soils No Fert, 100# N 200# N Fescue Fescue Native SOS Grain Rye-Vetch Love
System 1,4 1,2,4 1,2,4 1 1 1,2 1,2,3 1 1 1,4
Period '
ipM ' 609.6 174.6 293.9 306.0 2A4.0
2 DM 806.3 806.3 1705.9  2537.0 2A4.0
3 pM 816.2 1346.5 20L4.6 3441.1 806.3 558.5 1128.2 89.8°  255,0 2295.0
4 DM . 3401 1079.3 1615.8 1303.3 322.5 93.1 2035.8 765.0
5 b 204.0 1289.1 1929.1 1303.3 46.5 1348.8 137.2 142.0 2A4.0
6 DM 1567.5 1746 750.4 7790 214.0
Total 1360.3 3714.9 5559.5 6854.4 4112.2 1047.3 4512.8 2977.2 4019.0 5716.0
Nutrient (% of
Dry Matter)
Period Nutrient )
1 TDN 440 45.0 45.0 57.0 L0 7546 75.6 56.4
2 TDN 57.0 57.0 75.6 73.2 56414
3 TDN 67.6 62.3 62.3 55,0 53.0 - 67.6 55.0 75.6 70.5 63.0
4 TDN 6443 5448 54.8 53.0 48.0:  6bL3  55.0 5644
5 TDN 6L.3 5he1 5h4e1 49.0 6L.3 55.0 75.6 75.6 56.4
6 TDN 5440 48.4 4B 57.0 54,0 75.6 75.6 56.4
1DP 1.79 3.72 Le65 9.4 1.79 14.0 14.0 1.9
2 DP 9.4 A 14.0 16.1 1.9
3 DP : 4L.09 13.69 16.93 6.6 5.0 4.7 11.09  14.0 17.0 6.89
4L DP 2.30 759 9.25 6.2 L1 12.9 11.09 3.35
5 DP . 2,05 7.86 9.58 5.9 12.9 11.09 14.0 U4 1.9
14.0 .4 1.9

6 DP 1.79 4L.07 5.07 9.4 3.2

1 .
This is the abbreviation used for Sorghum Sudangrass hybrids.

8¢
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The cost of producing the forage activities was estimated by a
synthesized budget approach. The cost includes an annual charge for
establishing perennial grasses, fertilizer, weed control and machinery
operation necessary for the forage activity.

The operating capital required by each forage activity is stated
in terms of an annual equivalent. An annual charge for the cost of es-
tablishing perennials is included in the capital section (except for
non-fertilized bermuda).

The thumb rule of 1600 pounds of oven dry forage [18] to feed one
cow and calf for one month is used to convert clipping to AUM measuring
unit. Basing thé.AUM estimate on native grass which has a utilization
coefficient of 5b percent means the rule of themb is equal to 800 pounds
of adjusted dry matter per month. The AUM coefficients were: calculated

by dividing the dry matter for each period by 800.

Beef Production Section

The beef cattle alternatives are: (1) cow-calf production; (2)
stocker production. Four cow—calf enterprises are considered in the
beef-forage model: (1) fall calving; (2) spring calving; (3) late spring
calving; (4) fall calving with weaning delayed one time period. The
fourth cow activity results in a heavier calf at weaning. For the
stocker enterprises two activities are possible: (1) a fall purchased
stocker, and (2) a spring purchased stocker.

The nmutritional requirements for the beef enterprises were esti-
mated from the work on the Nutritional Research Council of the National
Academy of Sciences [20]. The level of nutrients depends on the body

weight of the animal, the rate of gain and the stage of lactation or
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gestation, if applicable. The initial weight of the stocker activities
assumed is 460 pounds. The fall stocker purchased in November and sold
in April has a rate of gain of 1.1 pounds per day for period six, 1.65
pounds per day for period one and 2.2 pounds per day for period two, an
average of 1.65 over the three periods. The spring stocker purchased in
May and sold in November has a rate of gain of 1.65 pounds per day for
periods three and four but only 1.1 pounds per day for period five for
an average of l.46. For the different rates of gain, animal weights
were interpolated to estimate the nutrients required for each time
periode The amount of nmutrients required increases as the weight of the
animal and the rate of gain increase.

The nutrients for a cow—calf enterprise were approached in the same
way as the stocker. However, feed for a cow unit must include nutrients
for the replacement heifers and the bull. The nutrients required vary
by time periods because of the reproduction cycle. During lactation a
large increase in nutrients is necessary. Nutrients for the weaning
calves were included in the activity when weaning was delayed one time
period.

The labor coefficients were estimated from survey data and in con-
sultation with agricultural scientists [27]. The capital input in-
cludes fixed livestock capital and annual operatinglcapital for the
cow—-calf activity but no fixed livestock investment is diréctly assigned
to the stocker production activities. Both require livestock equipment
capital.

The cost of producing beef for each enterprise was estimated by a
synthesized budget approach. Survey data and actual farm records was

used in the estimation procedure. Items other than feed include the
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cost of minerals, a charge for death loss (two percent), cost of trans—

portation and marketing, supplies and miscellaneous expenditures [28].

Beef Buy-Sell Column Vectors

The buy-sell activities facilitate the inclusion of seasonal beef
price variation in the beef-forage model. Two stocker steer buy, two
stocker steer sell and four calf sell activities are available in the
model. The buy activities have costs in the objective function equal
to the price paid per hundredweight for the particular time period. The
sell activities have returns in the objective function. The unitlof

measure is hundredweight of beef. Sell activities are also available

for stocker heifers, cull replacement heifers and cull cowse.

Feedstuff Activities

The beef-forage model contains feedstuffs to supplement or sub-
stitute for pdsture. The roughage activities include alfalfa hay, ber—
muda hay, native hay, and sorghum-sudan hay. The grains available for
feeding are barley, grain sorghum, and oats. éﬁailable protein concen-
trates include cottonseed meal, soybean meal, cottonseed cake, 20 per—
cent protein cubes>and 4O percent protein cubes. All of the feedstuffs
are available in every time period. Except for the farm produced
roughages—bermuda hay, native hay and sorghum-sudan hay—the feedstuffs
are purchased inpﬁts.

The estiﬁated variable cost of feeding the feedstuffs (e.g. labor
and equipment operating costs) is included in the objective function,

the cash flow and the labor rows. The variable cost of feeding depends
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on the form of the roughage, e.g. hay, ground grain, meal or pellets.
Fixed cost capacity (e.g., equipment ownership costs) for feeding is
required and an activity supplying that capacity must be in the solution

to allow feeding as described in the next section.

Bquipment and Fencing

The equipment and fencing activities are designed to link the
nutrient producing activities to the nutrient using activities without
double counting costs. To "harvest" the pasture producing enterprises,
management must provide labor for checking the rate of grazing, condi-
tion of the cattle, the availability of water and minerals, the condi-
tion of fences, and for moving and handling cattle. The cost of those
operations make up the variable cost of grazing. The overhead costs
are those items that cannot be allocated to a specific time period.
Depreciation of fences and water facilities is an example of an overhead
cost of a grazing activity. Thé fixed cost is the depreciation on
equipment and fencihg needed for the activity. For the grazing activ-
ities, the fixed cost vectors assume a fixed labor requirement for
keeping fences in good repair.

The level of utilization of the equipment and facilities affects
overhead costs per unit of grazing. The beef-forage model contains
regular and rotatibnal grazing systems that have different variable and
fixed equipment cost elements. For high yielding pasture enterprises
(all except nonfertilized bermuda and native grass) a rotational graz-
ing system is employed that requires more labor and a larger investment

in fences.
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ESTIMATED NUTRLENT REQUIREMENTS OF THE LIVESTOCK ACTIVITIES

INCLUDED IN THE BEEF-FORAGE MODEL FOR EASTERN OKLAHOMA

.SPST FLST COWL COW2 COW3 COWL
1TDN 580,2 703. 69 527 52 856425 856425
1DP 6442 59.07 35.40 79.77 79.77
1DM 894.0 1295.44 1046.07 1506.58  1506.58
2TDN 717.0 882.67 732.63 881.16 94,0.80
2DP 76.8 8,.79- - 61.85 79.91 85.33
2DM 9642 1557.94 . 1346.52 1557.33 1654431
3DP 5644 82,39 81479 36,60 97.73
3DM 786, 1557.61l 155794 1081.53  2151.13
LTDN 616.2 902.72 899.93 575436 575430
LDP 69. 81.22 83.70 37,20 37,20
LDM 966, 1582.86  1583.17 1099.26  1099.26
5TDN 480, 566,08 888.16 73747 73747
5DM 833.4 1081.53 1557433 1353.34 1353.34
6TDN 369. 566,08 . 566.08 882,67 882.67
6DP 37.2 36,60 36460 8L.79 8L.79
6DM 6414 1081.53 :1081,53 1557.94 1557.94
(AUMS) |
1AUM 1.14 2.2 2.2 2.2l 2.2
28UM 1.38 2.2l 2424 2.2 2,21,
3AUM 1.01 2.2 2.2l 2.2l 2.2
LAUM 1.21 2.2, 2.2l 2.2, 2.2
5AUM 1.41 2.2 2.2 2.2} 2.2l
6AUM <99 2.2} 2.2l 2.2 2.2l




Variable costs for supplemental feeding differ for each form of
feedstuff (i.e. hay, pellets or grain). The fixed cost of feeding in~
cludes the ownership equipment costs. The variable costs of feeding
and grazing were synthesized with the aid of professional agricultural
workers [27]. Above average management is assumed in estimating the
time required to perform certain operations needed by the activity.
The labor required was estimated directly, and an indirect calculation
of fuel and other variable cost was made based on labor.

The initial cost and maintenance cost of equipment for the stocker
steer enterprises is allocated over all time periods. If the stocker
equipment is used in one period, it is available in all other periods

at no additional coste.

Labor Activities

The labor activities in the model provide hired labor for each of
the six periods of the year. An unlimited supply of labor in each time
period is assumed available. The cost ($1.75 per hour) of hiring labor

is included in the objective function.

Capital Activities

The capital activities are similar to the hired labor activities
in form. In the beef-forage model, capital is asgumed to be unlimited
at six percent for land and seven percent for operating and nonland
capital (see Table VI). The interest charge can be viewed as an oppor—

'tunity cost for owned capital if the beef-forage firm need not borrow

all of the required capital.



TABLE VI

ASSUMED BASE PRICES FOR ITEMS SOLD OR PURCHASED IN THE

BEEF-FORAGE MODEL OF EASTERN OKLAHOMA

Item Price
Cow-Calf Enterprise (cwt.)
Steer calf sold in April (460 pounds) 33434
Steer calf sold in June (580 poundsg 31.82
Steer calf sold in August (460 pounds 32495
Steer calf sold in October (460 pounds) 32.09
Heifer calf sold in April (440 pounds) 28.73
Heifer calf sold in June (554 pounds) 28.27
Heifer calf sold in August (4Lo pounds) 27.70
Heifer calf sold in October(440 pounds)- 28,27
Cull cows 19.57
Cull heifers sold in April 25452
Cull heifers sold in August 254,65
Cull heifers sold in October 2L.70
Stocker Enterprise (cwt.)
Purchase steer November (160 poundsg 32,09
Sell steer April (750 pounds 29.87
Purchase steer May (460 pounds) 33.34
Sell steer October (720 pounds) 28.49
Alfalfa Hay (Ton) 30,28
Grains (cwt.)
Barley 2.63
Corn 3.13
Grain Sorghum 2.53
Oats 323
Protein Supplements (cwt.)
Soybean meal 5.10
Cottonseed meal Le57
Cottonseed cake L.67
20% range cubes 2.89
LO% range cubes 4.00
Land Per Acre 200.00
Operating Capital (dol.) .07
Land Capital (dol.) .06
Labor (hr.) 1.75

®Feedstuff base prices are a four year average ending
November, 1970; Source of livestock base price and labor and

capital is Southern Regional Project S-67.
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Land Activity

A column vector in the beef forage model supplies the land required
by the forage enterprises. The direct cost of an acre of land is the
tax on a unit of real estate. The activity provides soil classes ac-
cording to the proportion of the soils in the study area. The activity

requires land capital based on the price of land in the study area.
Prices

The price levels used in this beef-forage model approximate 1975
prices as estimated by the Southern Regional Project S-67. All prices
are listed in Table VI. The planning horizon of one year allows the
inclusion of seasonal price variation of both inputs and outputs. The
seasonal price patterns are estimated using a monthly moving average to -
calculate seasonal price indices. The seasonal beef price pattern for
Oklahoma is from Hummer and Campbell [16]. The seasonal price indices

for inputs were calculated for the beef-forage model [17].
Summary

This chapter describes the comprehensive beef-forage linear pro-
gramming model. The objective function is to maximize net returns for
a representative beef-forage firm subject to the constraints of the
model. The constraining variables are broadly classified as nutrients,
soils, acres, labor; capital, equipment and fencing, and transfer and
accounting. Each variable is further delineated by its impact on the
beef-forage linear programming model.,

The column vectors (activities) are grouped into eight major sec-

tions. The activities are broadly grouped as: (1) pasture forage
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production; (25 beef cattle production; (3) buying and selling beef
cattle; (4) purchased feedstuffs; (5) equipment and fencing costs; (6)

hired labor; (7) capital; and (8) land.



CHAPTER 1V

RESULTS AND ANALYSIS OF THE BEEF-FORAGE

LINEAR PROGRAMMING MODEL

Optimum whole farm organizations for the profit maximizing beef-
forage firm are presented and discussed.in this chapter. The objective
of the chapter is to provide sufficient data to answer two questions:
first, -does the model appropriately solve the important economic
problems of beef-forage farm managers; second, what is the effect of
alternative nutrient measurement approaches on the solutions obtained
to the economic problems. It is important for research personnel as
well as farm managers to know if the means of specifying a ration
(units of measure) alters the optimum forage or beef organizationm.
Results in this chapte; reflect the profit maximizing beef and. forage
organization for three measures: (1) the TDN, digestable protein
and dry matter (referred to as the Balanced Ration); (2) total -digest-
able nutrient as the only unit of measure for the ration (TDN Ration);
(3) animal unit month as the only unit for measuring the ration (AUM
Ration). The chapter concludes with an analysis of a problem inherent
in the beef-forage model itself.

The data from the linear programming solutions are presented and
compared in three broad categories., The beef system (secondary product)
and organization is the first consideration. The forage (primary

product) and feeding system organization is the second item., Finally,

L8
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the economic characteristics of each solution are examined and then
compared with other results.

In the following sections, optimum organizations are first found
using the three alternative ration specifications with all livestock
activities included. Secondly, the cow-calf organizations are computed
by eliminating the stocker enterprises. Thirdly, the cows are elimi-
nated to give an optimum stocker organization for each of the alternative

nutritional specifications.

Profit Maximizing Whole Farm Organization ~-

All Activities —-- Balanced Ration

The beef-forage model used to obtain the profit maximizing whole
farm organization is essentially the model described in Chapter III.
The TDN and DP nutritional rows for each time period are lower limits,
meaning the quantity needed by the optimum beef activity must be supplied
by a forage or supplemental feeding activity. The dry matter rows are
upper limiﬁs; thus, the pounds of dry matter supplied by the forages in
producing the nutrients cannot exceed the stomach capacity of the beef
enterprise. The AUM rows are neutral, thus, not binding on the solu-
tion. All of the beef activities and forage activities detailed in
Chapter III are in the LP model. The solution of the LP algorithm
yields the profit maximizing organization of the beef-forage farm with

a balanced ration.

Optimum Livestock Systems

The profit maximizing mix of beef enterprises (Table VII) consists

of ‘an integrated cow-calf and stocker organization. The optimum stocker



TABLE VII

SUMMARY OF PROFIT MAXIMIZING BEEF-FORAGE ORGANIZATION FROM ALTERNATIVE NUTRITIONAL
CONSTRAINTS OF THE BEEF-FORAGE MODEL FOR EASTERN OKLAHOMA

Balanced Per Per Per
Animal Animal
Ration AGi?:I TDN Taie AUM Unit
Return to Land, Labor,
and Risk $ 31,687.96 58.46 34,578.26 63.80 41,674.14 67.11
Cost 242,134.46  (446.74) 232,542.76 456.86 426,459.54 686,73
Fixed Capital 113,797.09  (209.95) 108,111.90 212,40 70,236.86 113.10
Operating Capital 84,046,73  (155.06) 78,324.15 153.88 150,860.59 242,93
Total Labor 6,293.5 {11.61) 5,999.5 11,79 5,625.5 9.06
Total Acres 1,188 1,188 1,188
Percent Rotational . 66 66 69
Animal unit equivalents 542 ) 509 621
Acres/A.U.E. 2.18 f 2.34 2.14
Livestock System Cow & Fall Stockers Cow & Fall Stockers Stockers
Period 1 217 L) 191 964 1,286
Period 2 217 986 191 964 1,286
Period 3 217 191 12 786
Period 4 217 191 12 786
Period 5 217 191 12 © 786
Period 6 217 986 191 964 1,286
Feeding System
Perennial Crasses (acres) )
Bermuda 271 86 i 860
Bermuda Fescue . . 124 .
Fescue 82 125
Native 302 302 ) 302
Annual Grasses (acres)
Sorghum-Sudan 26
Small Grain 443 396
Rye-¥etch 58 58
Hay (cwt.) Native  SOS Native $0S Native Bermuda _SOS
Period 1 . 3,663 1,763 4,000 5,888 3,602
Period 2 915 5,221 372
Period 6° 298 1,503
srain. (cwt.)
Period 1

Period 6 2,877

08
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activity includes 986 head of the fall -stockers, The stockers are pur-
chased in November and sold in April. The 217 cow unit produces calves
in the fall and has an extended weaning period with calves weaned and

sold .in June,

Optimum Feeding Systems

The content timing of the forage system is depicted in Figure 5.
The optimum forage organization has more than one-third of the total
acres planted to small grain winter grazing for the fall stockers and
fall calving cows. The native grass is second in acreage and is at the
upper limit imposed by the beef-forage model. The acres of bermuda
grass follows native in importance for year round and warm season graz-
ing. Additional cool season grazing is provided by 82 acres of fescue
and 58 acres of rye-vetch grazing. Ninety-two acres are idle,

To fulfill the nutrient requirements, supplemental feeding is re-
quired in addition to the grazing activities. Native hay and sorghum
hay is utilized in the January and February time period. Grain sorghum
is also needed in the first time period to balance the ration. Small
amounts of native hay in the sixth period and grain sorghum in the

fourth period are needed to complete the ration.

Economic Characteristics of the Plan

The profit maximizing beef-forage farm is a very intensive unit
with only 2.18 acres per animal unit equivalent and 66 percent of the
acres requiring rotational grazing. The return to land and operator
labor is $31,657.96. The land charge was added to the value of the

objective function to remove revenue differences from solutions that
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Time
Periods 1 2 3 4 5 6
Feedstuffs
Bermuda 4 [N
Fescue M e ] i
Native 1 e A t———sames———
Native 2 | inenin | —
small Grain (N L I
Ryevetch T
Native Hay 7774
SOS Hay ZZZZZ77
GRSOF (777772

Figure 5. The Time Period Distribution of the Grazing and Feeding
Activities From the Profit Maximizing Balanced Ration
Forage Land Use Plan for Eastern Oklahoma
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included idle land. The farm needs a total labor force of 6,293.5
hours in the appropriate seasonal distribution. The non land capital
is $113,797.09, annual operating capital is $84,046.73, and total capi-

tal excluding land capital is $197,843.82.

Profit Maximizing Whole Farm Organization --

TDN Approach

A ration based only on TDN requirement does not .consider the level.
of protein nor the volume of dry matter. The lower limit of TDN require-
ment must be supplied by the forage or feeding activity. To obtain the
TDN ration presented in this section the DP and DM rows were neutralized

in the balanced ration model for each time period.

Optimum Livestock System

The profit maximizing beef enterprises for the TDN ration are shown
in Table VII. The livestock system is an integrated cow-calf and stocker
organization. The stocker enterprise consists of 964 fall stockers and
only 12 head of spring stockers. The livestock system also contains 191
head of the extended weaning, cow-calf enterprise.

Both 'the TDN and balanced ration organizations have an integrated
cow-calf and stocker operation., Measured in animal unit equivalents
the balanced ration approach has more cows and more fall stockers than
the TDN approach. However, the TDN specification includes spring
stocker steers not included in the balanced ration. The model specifi-
cation critique section of this chapter includes a discussion of the

reasons for fewer animal units in the TDN solution.
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Optimum Feeding System

The timing of the forage sysﬁém is illustrated in Figure 6. The
TDN approach relies heavily upon small grain and rye-vetch annual pas-
tures. The acres of native grass 1s of secondary importance in the
optimum TDN land use plan. Approximately equal acres of bermuda-fescue
and fescue are included.

To supplement the grazing activities in period one a significant
amount of hay is required.to meet the TDN nutrition requirement. Both
native hay and sorghum-sudan hay are fed in the first time period.

The TDN feeding system 1s similar to the balanced ration but shifts
away from bermuda and small grain acres to include more bermuda over-
seeded with fescue and more fescue acres. The TDN specification re-

quires no grain while the balanced ration does.

Economic Characteristics

Direct comparison of the economic information from the optimum
whole-farm organizations for the alternative ration approaches is not.
possible. To compare the available economic data it is beneficial to
remove the differences because of the stocking rate or number of live-
stock selected. The adjustment for number of livestock is accomplished
by dividing the total values by the number of animal unit equivalents.
for the optimum beef organization.

The stocking rate for the TDN specification is 2.34 animal unit
equivalents per acre. The return td the operator labor and land is

$63.80 per animal unit,



Time
Periods 1 2 3 4 5 6

Feedstuffs

Bermuda .
Bermuda-Fescue ]

Fescue

Native 1

Native 2

Smallgrain

Rye-Vetch

Native Hay

§§||l

S0 Hay

Figure 6. The Time Period Distribution of the Grazing and Feeding
Activities From the Profit Maximizing TDN Ration Forage
Land Use Plan for Eastern Oklahoma
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The net return is.greater for the TDN ration than for the balanced
ration. The lower quality forage system allowable in the TDN approach

accounts for the lower cost and, hence, higher profit.

Profit Maximizing Whole Farm Organizations —-

AUM Ration Specification

The AUM profit maximizing solution entails neutralizing the nutri-
tional rows for dry matter, TDN and digestable protein and activating
the AUM rows by establishing lower bounds as described in Chapter III.
Thevloﬁer.bpund insures that at least the required level of forage,

measured in AUM's is produced.

Optimum Beef Systems

The profit maximizing beef enterprise selected in the AUM solution
is ‘a stocker operation (Table VII), The other nutritional approaches
yielded an integrated cow-calf system combined with stocker enterprises-:
(Table VII.) The AUM specification not only selects stockers as the most-
profitable beef mix but also contains a higher level of fall stockers
and spring stockers than.either of the other nutritional approaches.

Previous research by Barr [4], Schneeberger [25], and Halbrook [13]
utilizing the AUM specification also indicated that stocker organizations
maximized profits. In Barr's study of cattle systems in Northeastern
Oklahoma, a static "LP model selected steers purchased in October that
grazed native range with cake and hay supplement and were sold in
August. These were combined with steers utilizing oat-vetch grazing
and hay purchased in October and sold in May. Schneeberger's study

excluded crop alternatives for Eastern Oklahoma., His AUM model selected
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stocker steers using cottonseed cake, hay and pasture (bermuda + native)
for winter and summer pasture, plus 5 pounds of .grain sorghum per day:
for QQ‘days in the late summer and fall. Halbrook's AUM model selected
the same steer activity as Schneeberger's as well as stockers purchased
in October and sold in May and using small grain-vetch pasture.

Assuming that other aspects (i.e., price, technology, etc.) of this
study and those cited are about the same, the nutritional specifications
must .be concluded to influence the optimum mix of beef enterprises sel-
ected for the optimum farm organization. The ration specification used.
in whole farm analysis may affect the mix of beef enterprises for beef-

forage farm organization.

Optimum Feeding System

The profit maximizing grazing system for the AUM specification is
comprised primariiy of bermuda pasture augmented with native grass and a
limited amount of sorghum-sudan. The feeding of hay is required in Jan-
uary-February, March-April and November-December. The grazing pattern
i1s depicted by Figure 7.

The AUM approach leads to a very different feeding system than the
other nutritional specifications, The balanced ration and TDN approaches
determine forage systems with a heavy reliance on the cool season annuals.
Thé;qifferent forage systems will be discussed in more detail in the

following chapter.

Economic Characteristics

The estimated net return to fixed resources per animal unit equiv-

alent is least for the balanced ration and greatest for the AUM ration



Time :
Periods 1 2 , 3 4 | 5 6
Feedstuffs .
Bermuda I I
Bermuda 2 ] ]
Native 1 | |
Native 2 N ———
Native Hay 7777777777777 A
Bermuda Hay ' 777772
SOS Hay ]

Figure 7. The Time Period Distribution of the Grazing and Feeding
Activities From the Profit Maximizing AUM Ration Forage
Land Use Plan for Eastern Oklahoma
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specification. As might be anticipated, fullfilling the energy and pro-
tein requirements of the balanced ration reduces the net revenue compared
to the TDN specification, which insured only that the energy level is
fulfilled. Similarly, the AUM approach which only requires a volume of
forage with no guarantee of quality was. 'more profitable' than either of
the other nutrient specifications. Whole farm research that has used.
either AUM's or TDN approaches may have risked overestimating the level
of net returns to resources because the ration may not be balanced.

The differences in the cost, fixed capital and operating capital
per animal unit for the AUM specification (compared to the other ap-
proaches) can be attributed to the fact that an all stocker beef system
was selected. Stocker enterprises increase the annual cost because of
the purchase of steer calves. Similarly, the fixed capital is less
and operating capital is more in the optimum AUM organization because

of the steer calf purchases and no investment in cows.

Optimum Cow~Calf Organizations for Three

Alternative Ration Specifications

The beef firm decision unit may place limitations on the possible
mix of beef enterprises. Beef firms already in the cow-calf business
may not want to liquidate. the cow-calf inventory.and the cow-calf-
manager might want information on how to optimally allocate resources
to various cow~calf enterprises. The optimum organizations of a cow-
calf system for the alternative nutritional constraints are presented
in Table VIII and discussed in the following section. The stocker activ-

ities were deleted from the LP models to obtain the cow-calf solutions.



TABLE VIII

SUMMARY OF COW~-CALF OPTIMUM FORAGE ORGANIZATIONS
FROM ALTERNATIVE NUTRITIONAL CONSTRAINTS OF
THE BEEF-FORAGE MODEL. OF EASTERN OKLAHOMA

Period 6

Balanced Per Per Per
Nutrients An;mal TDN Animal AUM Animal
Unjit linit Unit
Return to Land, Labor
and Risk 26,428.61  (44.42) 27,559.34  (44.52 23,323,08 3¢.2¢
- Cost 75,802.22 (127.39) 78,101.90 (126.17) 78,966.18 (132,71
Fixed Capital 192,472,00 (323.48) 201,425.53 (325.40) 199,612.77 (335.48
Operating Capital 26,024.42 (43.73) 27,481.26 (44.39) 29,175.63 (49.03
Total Labor ) 5,685.5 (9.55) 5,931.5 (9.58) 6,733.5 (11.31
. Total Acres 1,188 1,188 1,188
Percent Rotational 65 64 65
Animal Unit Equivalents 595 619 595
Acres/A.U.E. 1.99 1.91 1.97
Livestock Systems Cow & Cow & Cow &
Period 1 ’ 531 553 531
Period 2 531 553 531
‘Period 3 531 553 531
Period 4 531 553 531
Period 5 531 553 531
Period 6 531 553 531
Feeding Systen
" Perennial Grasses (acres)
Bermuda 314 378 847
Bermuda~Fescue 33 124
Fescue 308 163
* Native 302 302 288
Annual Grasses (acres)
Sorghum-Sudan 25 47 39
Small Grain 148 115 ’
Rye Vetch 58 58
Hay (cwt.) Native SO0S Native  S08 Native
Period 1 4,098 717 3,283 990 960.4
Period 2 1,217
Period 3
Period 4 1,363
Period 5. 461
Period 6 240 1,125
Grain_(cwt,)
Period 1 383
Period 2
Period 3
Period 4
Period. 5

60
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Cow-Calf System

All three nutritional approaches selected the extended weaning
period for the fall calving cows as the most profitable cow-calf organ~
ization. The only difference is the TDN solution has 22 more cows at.
the optimum level., The results of this studyindicate that with cow-calf.
activities considered the method of specifying the ration has little

effect on the optimum cow-calf enterprise.

Optimum Feeding System for the Balanced Ration

Cow-Calf Activity

The forage system or land use plan for the balanced ration speci-
fication (Table VIII) has approximately equal acres of bermuda, fescue
and native grass. Small grain and rye-vetch acreages are also impor-
tant., The forage system is completed with a small amount of land used.
for bermuda overseeded with fescue and a limited amount of sorghum-
sudan production.

The cow-calf balanced ration approach land use plan relied heavily
on.the high quality small grain pasture as did the integrated cow-calf
and stocker balanced ration solution (TableVII), The acres of bermuda
and fescue increased when the balanced solution was limited to cow-calf
activities. The adjustment in land use for a separate cow-calf opera-
tion (deleting stockers) results from lowering the quality demanded by
the livestock activity as well as altering the seasonal distribution of

nutrient needs.
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Optimum Feeding System for the TDN Ration

Cow—Calf Activity

The TDN approach yields a diversified grazing system (Table VIII)
similar to the cow-calf balanced ration. The relative importance of
the forages differs. The TDN specification increased the acres of
bermuda and bermuda-fescue and decreased the fescue and small grain
compared to the balanced ration cow-calf feeding system. Both nutri-
tional approaches require hay in the January-February and November-

December time periods, but the TDN approach requires no grain.

Optimum Feeding System for the AUM Ration

Cow-Calf Activity

The AUM land use solution consists entirely of bermuda, native
grass and a small amount of sorghum-sudan. The optimum land use is
significantly different from the other approaches. The major component
of the cow-calf AUM ration specification is bermuda. Bermuda is re-
quired on more than two-thirds of the total acres, whereas, it did not.
exceed one-third for the other nutritional approaches.,

Hay feeding was required not only in the same time periods, as
both the balanced and TDN specifications, but also in March-April and
September-October time periods. The AUM approach required no grain for
the cow-calf enterprise.

The measuring unit for specifying the ration does significantly
alter the optimum combination of the alternative forages. Research of
a whole-farm cow-calf nature must take account of the differences that
might arise in the optimum forage system because of the use of one of

the nutritional approaches.
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Economic Characteristics

The net return per animal unit equivalent is similar in all three
nutritional systems but is highest on the balanced ration and lowest on
the AUM approach. The reversal from the previous solution is explained
by the construction of the beef-forage model. The balanced ration model
limits the maximum pounds of feed that can be consumed but has no mini-
mum except to provide adequate energy and protein. The AUM approach
sets a minimum volume that must be consumed. The limit required is
closely related to the upper restriction on.the stomach capacity of the
balanced ration. The result is the balanced ration may meet the energy
and protein requirements and have stomach capacity remaining. But the
AUM system conceptually fills the stomach, regardless of the chemical
composition of feeds consumed. It may require too many nutrients in
this case,

The cost per animal unit is least for the TDN approach and most for
the AUM system. The preceding paragraph implies a lower cost when using
only energy with no restriction on volume compared to having a minimum
volume required for AUM. The result is a higher cost for the AUM formu-
lation, Economies for higher quality are not provided for in the AUM
model.

The three nutritional alternatives reflect small differences in the
percentage of land using rotation grazing or acres per animal unit

equivalent. Thus, the intensities are not significantly different.
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Optimum Stocker Organizations for Three

Alternative Ration Specificatioms

Some beef-forage units may decide to undertake a specialized stocker
operation. A comparison of the effects of three nutritional approaches

on the optimum stocker organization is presented in Table IX.

Livestock System

Both fall ‘and spring stockers are in all solutions; only the levels
of the stocker organizations are'differggt,: The TDN approach has fewer
spring stockers and more fall stockers fhaﬁ the balanced ration solutionm.
The AUM approach has a greater number of both fall and spring stockers
than either of the other two methods of specifying the ration. The
larger number of spring stockers selected by the AUM formulation results
from ignoring quality of the forage system. This insufficiency receives

further consideration in the following chapter.

Optimum Feeding System for the Balanced

Ration Stocker

The balanced ration specification depends heavily upon small grains
and rye-vetch grazing, augmented with native grass and bermuda (Table
IX). Over fifty percent of the land is in annual cool season grasses
and 374 acres (twenty-nine percent) are. idle.

Compared to the integrated cow-stocker organization approach from
the balanced ration model (Table VII), the separate balanced ration
stocker activity has fewer acres of bermuda and native grasses but more

acres of 'small grains grazing.



TABLE IX

SUMMARY OF STOCKER OPTIMUM FORAGE ORGANIZATIONS FROM ALTERNATIVE NUTRITIONAL
CONSTRAINTS OF THE BEEF-FORAGE MODEL OF EASTERN OKLAHOMA

Per Per
Balanced Per
Animal Animal Animal
Nutrients Unit TB_N_ Hote AUM Unit
Return to Land, Labor - .
and Risk 28,356,81  (65.49) 34,010.67 78.36 © 41,674,14 (67.11)
Cost 308,130.04 (711.61) 303,502.20 - ( 99.31; 426,459.54 gg¢,73
Fixed Capital 46,563.58 (107.53) 56,569.69  (130.34) 70,236.86 173:10
Operating Capital 105,850.85 (244.45) 102,393.61  (235.92) 150,860.59 242,
Total Labor 4,605.5 (10.65) 3,698.5 (8.52) 5,625.55 3482
Total Acres ' 906 1,188 : 1,188
Percent Rotation 66 S 60 69
Animal Unit Equivalents 433 434 621
Acres/A.V.E. 2.34 2.73 1.91
Livestock System (hd.) :
Period 1 1,245 1,266 1,286
Period 2 1,245 1,266 1,286
Period 3 . 190 171 786
Period 4 190 171 786
Period 5 190 171 786
Period 6 1,245 1,266 1,286
Feeding System
Perennial Grases (acres)
Bermuda 113 . 271 860
Bermuda~Fescug .
Fescue )
Native 181 . 302 302
Annual Grasses (acres) )
Sorghum—Sudan 2 26
Small Grain 490 445
Rye Vetch 58 58
Hay (cwt.) Hative  SOS Native . SOS Native Bermuda 508
Period 1 2,991 3,613 . 3,937 6,285 3,602
Period 2 . o 226 915 6,221 372
Period 6 904
Grain (cwt.) :
Period 1 2,820 1,503
Period 4 1,128

$9
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Optimum Feeding System for the TDN Ration

Stocker Activity

The optimum TDN approach has about the same feeding system compo-~
nents as the balanced ration (Table IX). However, the acres of the for-
ages are adjusted. An increase is reflected in bermuda acres and native
grass. Fewer acres of small grain grazing are needed in the TDN ratiom..
The TDN specification has only 72 acres of idle land.

The feeding of hay is required in only two time periods. A large
amount is fed in January-February, but only a small quantity is needed

in March and April compared with balanced ration.

Optimum Feeding System for the AUM Ration

Stocker Activity

The solution is the same as the AUM profit maximizing organization
discussed in Table VII. The same comparisons are valid. Most of the
land is used for bermuda followed by native and some sorghum-sudan.

The  latter two pastures provide hay that is fed in the January-February

time period.

Economic Characteristics

The net returns per animal unit equivalent are least for the bal-~
anced ration and highest for the TDN situation. The level of nét return
is clearly influenced by the nutrient measure specified for the stocker
enterprises. The balanced stocker ration combining energy, protein, and
stomach capacity rules out many of the low quality forages from which

it is not feasible to obtain nutrients for stocker activities., The
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balanced ration stocker organization relied heavily upon the high quality
forages which are more costly to produce than most of the low quality
forages.

The quality concept is not utilized in the TDN or AUM situationms.
For the IDN approach, the requirement is to meet the energy level with-
out considering the feasibility of consumption. The relaxing of a
quality constraint (TDN/DM) accounts for the higher net returns per
animal unit for the TDN approach. The AUM situation requires a speci~
fied volume with no consideration of the chemical composition. The
result of the optimum AUM stocker solution is a lower net return per
animal unit equivalent than for the TDN model and higher than the bal-
anced ration model.

As will be developed in the next chapter, the AUM approach may
provide more feed than the stomach capacity of the stocker is capable of
holding. Requiring excess forage production is the cause for the lower
net return per animal unit compared with TDN model. Because AUM con-
tains no quality measurement, thg lower quality and less expensive
forage per pound of dry matter raises the net return per animal unit
above that for the balanced ration.

The net returns per animal unit is greater for the stockers than
for cows for all three nutritional approaches. However, the cost is
much greater for the stockers because of the cash outlay needed to
purchase the calves. Because of the long term investment in cows, the
stocker solutions have considerably lower fixed capital requirements
but higher operating capital requirements, - The stocker AUM organization
yields the highest total net returns to land, labor and management of

all other ration approaches. Using AUM's in whole farm research might
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lead to overestimating possible returns if care is not taken to insure
feasibility of the stocker rations. This may be one reason why previous.
research has consistently selected stocker operations for the optimum

livestock organization,
Summary of Ration Specification Results

Researchers conducting whole farm studies 6} area studies based
on representative whole farms should be cognizgnt that inconsistencies
may result from the unit of measure used to specify the ration. When
comparing cow-calf versus stockers, the AUM approach can yield stockers,
while the other approaches give a combination of cow-calf and stockers.

For land use studies the method of specifying the ration can sig=-
nificantly alter the optimum forage organization. As will be demonstra-
ted in more detail in the next chapter, both the TDN and AUM approaches
can yield forage organizations that are not physically feasible, given
the stomach limitation, This is especially important for stocker activi-
ties which in fact require high ratios of digestible protein and TDN to
DM. Ignoring the quality constraint cam also alter the level of returns
as well as the physical organization. Studies not recognizing the
quality concept may result in inefficient recommendations for resource

utilization.
Critique of Model Specification

After considerable research effort and computer fund expenditures,
two model configuration problems evolved., The first problem is in
model specification, whereby inefficient recommendations might result.

The second problem resulted from trying to find the exact ration of
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each optimum livestock enterprise from multiple livestock solutions.,
The latter problem is discussed in Chapter V.

The specification problem arose from two characteristics of the
basic balanced ration beef forage linear programming model, The first
is fixed timing of nutrient availability and use, The second is the
upper bound on DM rows. The forage producing activities cannot transfer
or defer gfazing to a later time period. To offset the rigidity, alter-
native forage strategies were built into the model by adding activities
that had different distributions of nutrient availability. Therefore,
the flexibility problem by itself is no major obstacle. However, fixed
timing of nutrient production combined with upper bound row restriction
on dry matter may provide a less than optimum forage and or livestock
organization.

The possible problem can be visualized by following through a
logical iteration., If small grains are grazed by a fall stocker acti~-
vity, the small grains activity of the basic beef~forage model also pro-
vides nutrients not utilized by the fall stocker in time periods three
and five. Therefore, the dry matter bounds in these respective periods
are exceeded. The LP routine must force in a beef activity to allow the
net dry matter to be > 0 or use another feed that does not provide
nutrients in time periods. three and.five. The dry matter restrictions
may push the level of the beef enterprises beyond the profit maximizing
point by forcing in a livestock activity to provide stomach capacity.

Or it may use a more costly nutrient source.

Evidence that this configuration problem alters the level of live-

stock is shown in the solutions presented in the preceding sectionms.

An example evolved in the optimum beef and forage organization (TableVII)
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where the balanced ration approach had more Cow four and fall stockers
than did the TDN approach. Because the TDN approach can yield the same
solution as the balanced ration formulation, the same or greater level
of livestock is expected. Instead the TDN approach had maximum net
income at a lower level of the livestock activities for the highest

profit TDN ration compared to the balanced ration.

Forage Transfer Model

Testing for further influence of the model configuration involved
modifying the beef-forage LP model. Activities were developed that
did not fix the production of the forage activities directly into the
nutritional rows. Instead the forage production goes into a row that
elther transfers the nutrients to the nutrient rows or transfers the dry
matter production te the next time period of the crop year. The result
was-a model that allowed either utilization of forage in an appropriate
period or deferring grazing to a later time period. The modified LP
solution gives the optimum time to.utilize the forage as well as removing
the configuration problem. The optimum grazing pattern and pounds of
dry matter are given in Table X.

Beef Organization - Forage Transfer Model. The forage transfer

model results in the optimum beef and forage organization summarized in
Table XI. The forage transfer model determined a stocker operation
(fall and spring) as the most profitable livestock enterprises; whereas,
the basic balanced ration model (TableVII) had a mix of fall stocker
and extended weaning cow-calf enterprises. Both models selected year.

round livestock systems to utilize the available forages.



TABLE X

OPTIMUM GRAZING PATTERN AND DISTRIBUTION
FROM: THE FORAGE TRANSFER MODEL FOR

EASTERN OKLAHOMA

TIME PERIODS

71

Bermuda No Fertilizer
Bermuda 200 N.

Native

Small Grains
Rye~Vetch

Grain Sorghum

1 2 3 4 5

6

HUNDRED WEIGHT OF DRY MATTER (cwt.)

587.6 519.2
3662.0 357. 90.4 60.3 411.8
554.8 472.3
7712.6 11,203.5 592.0

181.0 1,500.9 150.9

4901.9
1907.6
46.2
544.8

1447.3
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TABLE XI

OPTIMUM WHOLE FARM ORGANIZATION
FOR THE FORAGE TRANSFER MODEL
FOR EASTERN OKLAHOMA

PER ANIMAL
TOTALS UNIT EQUIVALENT
Return to land, labor and risk $ 39,131.19 88.13
Cost 306,879.26 691.17
Fixed Capital- 50,909.11 114.66
Operating Capital 105,604.91 237.85
Total Labor 4,998.40 11.3
Total Acres 1,188.00
Percent Rotation 68.3
Animal Unit Equivalent 444 .0
Acres/A.U.E. 2.67
Livestock System (hd.) FLST  SPST
Period 1 1,355
Period 2 1,355
Period 3 116
Period 4 116
Period 5 116
Period 6 1,355
Feeding System
Perennial Grasses (A.)
Bermuda 271
Bermuda-Fescue
Fescue
Native 302
Annual Grasses (A)
Sorghum-Sudan
Small Grain 555
Rye-Vetch 58
Grain (cwt.) Grain Sorghum
Period 1
Period 2
Period 3
Period 4
Period 5

Period 6 1,447.3
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Feeding System - Forage Transfer Model. The land use organization

of the forage transfer model is similar to the basic balanced ration.
'The transfer model had more acres of small grain grazing and no fescue
pasture. However, fescue and small grains aré close substitutes. Both
are cool season grasses, but the small grain is of higher quality. The
land use systems are very similar.

The basic difference is the time period the forages are utilized.
The forage. transfer model defers most of the small grain grazing to the
first and second time periods to be consumed by the fall stockers.
However, in period six the fall stockers also consume a large amount
of deferred bermuda supplemented with feeding grain sorghum. A large
proportion of the deferred bermuda is also grazed in period one. The:
aforementioned grazing (of deferred bermuda) and feeding grain is pro-
bably not a realistic grazing pattern. The fixed balanced ration model
would have utilized bermuda as hay in periods six and one rather than
grazing.

Economic Considerations - Forage Transfer Model. The important

economic.consideration derived from the forage transfer model is in
deciding if it is superior to the basic balanced ration model. The
possibility of.obtaining realistic forage utilization systems was judged
to be a more important drawback to the forage transfer model than the
combined inflexibility and dry matter configuration of the balanced
ration model.

The remaining chapter delineates exaét rations for each livestock
enterprise from the balanced ration model. Because a feasible alloca-
tion is possible from all of the Balanced Ration solutions it is used

for the reminder of this study. More research is needed to use the
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fbrage transfer model.

Relationship of Cow Activities to Stocker
Activities in the AUM Ratien

Specification

A stocker Qas conve;ted‘to animal units by dividing the average
weight of the stocker by 1,000, representing a 1,000 pound cow (which
is assumed to be one animal unit), and multiplying the resilt by the
fraction of the year the stocker activity is on the farm. The fall
stocker (flst) has an average weight of 605 and the enterprise takes

95 L1

6 months or 1/2 a year. The animal. unit equivalent becomes x )
’ 1000 ™ 2

or .3025. For the spring stocker activity the caléulation is
(%%%b x-%) or .295 animal unit equivalents. Thentetically this cal~
culation enables comparing a stocker activity to & cow activity. In
Table XII, TDN is used as a measure of energy needs to calculate the
relationship of the fall and spring stockers to the Cow two activity.
The cow equivalents are .369 and .359 for the fall and spring stocker
respectively. Assuming the TDN relationships are accurate, the rule
of thumb method understates the stocker by .0665 units for the fall-
stocker enterprise and .064 units for the spring stocker enterprises.
Approaches utilizing the AUM ration (from the rule of thumb)
approach appear to give an advantage to the stocker enterprise when
comparing cows to stockers. The error can also cause an over estimation
of net returns to stockers im whole farm analysis. This overestimation
of returns appears.in the AUM stocker solution. Amfarge difference
exists in the net returns ($41,674.14 vs. $23,323.08) for the AUM

ration specification for stockers when compared to . the an'AUM‘soiuxion}
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TABLE XII

ESTIMATES OF ANIMAL UNIT EQUIVALENTS FOR
STEERS, BASED ON TDN REQUIREMENTS
AND A RULE OF THUMB

Fall Spring Spring
Stocker Stocker Cow~-Calf Unit
Total TDN
Required (1bs.) 1666.2 1622.4 4517.0
Relation to
Cow Unit per
Pound of TDN . 369 . 359 1.0
Rule of Thumbl
Animal Unit . 3025 .2950 1.0
Difference (under-
estimate) ,0665 064

lAn AUM 1is the proportion of average live weight to a 1,000 pound
cow unit is the rule of thumb.
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‘The differences in the other ration approaches are not nearly as large
between stockers and cows. Therefore, as used in past research a

stocker animal unit is not equal to a cow animal unit.
Summary

The chapter provided data pertinent to the economic decisions
facing beef farm managers. The profit maximizing beef cattle organiza-
tion provides decision guides for the mix and level of the secondary
product. Adjustments in the ration specifications enabled comparing
alternative units for measuring the technical coefficients of the for-
age-beef relationship. The alternative nutritional approaches (e.g.
balanced ration, TDN ration, AUM's) yield different optimum beef and
feeding systems.

The balanced ration comprehensive beef-forage LP model selected
an integrated cow and stocker as the profit maximizing beef organization.
The optimum land use organization relied heavily upon small grain and
bermuda supplemented with feeding grain and hay. Neutralizing the
protein and dry matter rows resulted in a TDN ration specification for
the LP model. The TDN ration also selected an integrated cow and
stocker beef system. The TDN forage system contained fewer acres of
small grain and more bermuda-fescue and fescue than the balanced ratiom.
" The AUM ration approach selected a stocker beef system, The AUM forage.
land use organization had most of the land producing bermuda grass with
no small grain grazing.

The unit used in measuring forage production and beef ration did
have an effect on the optimum whole farm organization selected és

optimal. As discussed in the previous paragraph, the three alternative
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nutritional approaches yielded different optimum beef and feeding
organizations. The separate cows and stocker forage organizations were
different for each of the three nutritional specification approaches.
Generally as the nutritional specification was relaxed the optimum
land use contained more acres of lower quality forages. -

The chapter demonstrates that the specification of the beef-
forage model can also be responsible for different beef and forage
solutions. Finally, the rule of thumb commonly used was explored as a
factor influencing the optimum beef-forage farm organization in linear

programming studies,



CHAPTER-V

PROFIT MAXIMIZING RATIONS AND

ACTIVITY BUDGETS

The beef-forage firm decision maker requires more information than
the description of the optimum beef and forage production system pro-
vided by the model, As described in Chapter IV, the optimum whole farm
organizations presented in the preceding chapter involve complex sets
of livestock and forage enterprises. This chapter develops a profit
maximizing ration that gives a detailed plan for how and when to utilize
the forage mix. Finally, the chapter incorporates the LP model's profit
maximizing balanced ration into beef enterprise cost and return budgets.

A least cost ration assures that a known and exogenously speci-
fied level of required nutrients is provided (e.g. for a given number
and class. of ‘livestock, say, 100 cows). The profit maximizing ration
terminology is used here to emphasize that the optimum level and class
of livestock.is determined endogenously.to the linear programming model,
The profit maximizing ration minimizes the cost of producing the optimum
level of beef production. The least cost ration as defined above is
not necessarily assoclated with the optimum beef enterprise or level.

The distinction between a profit maximizing and a least cost ration
is important to the farm manager, as well as the researcher. Utilizing
a least cost ration approach, the beef activity and level of nutrients

are determined before solution. If an incorrect beef activity or level
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of the activity is used, the manager's resources are not yielding their
full income potential. To an economic researcher, the least cost ration
may not allocate the scarce resources in the most economically efficient
manner. Therefore, to both. the manager and researchers, the profit

maximizing model is superior to the least cost ration.
Delineating the Profjit Maximizing Ration

The comprehensive beef-forage linear programming model does not
indicate which beef enterprise consumes which nutrient source. For
example In cases of multiple livestock activities occurring during the
same time period, the model does not directly give the ration for each.
beef enterprise. The optimum whole farm forage system is determined but
a feeding plan is not provided, although a knowledgeable farmer could
probably devise one from the infermation provided., This section dis-

cusses alternative procedures to define the exact feeding plan.

Separate Solutions

The simplest approach to find a ration is to obtain separate solu-
tions for each livestock activity. However, the complementary relation-
ships discussed below preclude using separate solutions to accurately
reflect exact balanced rations. To obtain separate optimum organizations
for each stocker activity, the beef-forage balanced ration model was
solved individually for the spring stockers and the fall stockers., The
dry matter constraints were released in periods 1, 2 and 6 for the
spring stockers, The releasing of off-season dry matter constraints
enables a forage not exactly timed with the stocker enterprise in

question to be feasible.
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Land use organizations are used to show that separate solutions
cannot be aggregated to obtain the multiple organization. For the
constructed organization to be nutritionally feasible (not necessarily
land use feasibility), the organization has to provide sufficient
nutrients in all time periods. But if the constructed organization has
more acres than the multiple solution (which is feasible), a feasible
allocation of nutrients could be constructed for the separate solution.

A combined stocker organization is constructed from the separate
solutions discussed in the previous paragraph. A summary of the solu-
tions from the separate stocker activities is presented in Table XIII.
To construct a combined stocker organization from the separate solutions
the largest value in each row is used. For example, the 1,245 head of
separate fall stockers require 271 acres of bermuda, while the 190 head
of separate spring stockers uses only 96.3 acres. The constructed
stocker combinations requirement for bermuda is 271 acres because this
meets the required acres for the 190 head of spring stockers and equals
the amount required by the fall stockers. The largest value in each
row is valid because there is no direct competition for nutrients within
a time period.

For the combined cow-calf and stocker organization, an additive
model is utilized because of direct competition for nutrients in periods
1, 2 and 6. For example, the 986 head of separate fall stockers require
216.9 acres of bermuda, while the 217 separate cow-~calf units require

only 141 acres of bermuda but because both require nutrients in periods

1, 2 and 6 the combined separate organization must have the total needed
from the separate solution to make feeding the respective numbers fea-

sible. (Note the constructed solution procedure only assures feasibility



TABLE XIII

SUMMARY OF SEPARATE AND MULTIPLE STOCKER LAND USE AND FEEDING ORGANIZATIONS FROM THE BEEF-
FORAGE MODEL FOR EASTERN OKLAHOMA

Separate Separate Constructed
Fall Stocker Spring Stockeg Stocker ‘Multiple Complementary
0 ti 0 ¢ d
rg?T}za on rga?%fation Comb%§§tion So}g%ion Sanggs

Forages

Bermuda (acres) 271 96.3 271 113 158

Fescue (acres) 20 20 20

Native (acres) 181 181 181 0

Sorghum-Sudan (acres) 32.7 33 33

Small Grains (acres) 497 497 490 7

Rye-Vetch (acres) - 58 58 58 0
Supplemental Feeds

Nat Hay Fed -~ Period 1 (cwt.) 3820. 3,820 2,991 829

Nat Hay Fed - Period 6 (cwt.) 72 72 904 -832

SOS Hay Fed - Period 1 (cwt.) 2247 . 2,247 3,613 ~-1366

S0S Hay Fed - Period 5 (cwt.) 249.9 249.9 0 249.9
Grain Sorghum Fed - Period 1 (cwt.) 2927 2,927 2,820 127
Grain Sorghum Fed - Period 3 (cwt.) 265 265 265
Grain Sorghum Fed - Period 4 (cwt.) 675 615 1,128 -513
Grain Sorghum Fed ~ Period 5 (cwt.) 79 79 79

aSeparate fall stockers were fixed at 1,245 head.
bSeparate spring stockers were fixed at 190 head.
®The combination is the largest value of the separate solutions.

dThe complementary savings is the difference between the multiple livestock solution and the constructed
stocker combination (col. 3-4).
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providing sufficient nutrients not that fixed resources such as land
acreage are not exceeded.)

The optimum acres of bermuda are 86.9 acres less in.the optimum mul-
tiple stocker organization than in the separate.constructed organization
(TableXIV). The decline in acreage is possible.because: 100 pounds of
nitrogen are applied to bermuda inathe.optimumhmultiple‘stocker organ-
ization, and no fertilizer is used on the. 271 acres in the separate
stocker solution. Thus, one element. of complementary is that when a
livestock activity consumes the bermuda during the growing season, fer-
tilizer can profitably be applied.

The 20 acres of fescue from the separate.solution is more closely i
tied to the fall stocker utilization than.the.heavily fertilized bermuda
in the multiple livestock organization, The:complementary influence
(measured by column 5) is considerable for the multiple stocker forage

system as well as for the integrated cow-calf and fall stocker.

Accounting Rows

Another approach to obtain a ration is. to.build into the LP model
enough accounting rows to find the ration from the.optimum multiple
livestock. situation. However given the size.of. model as presently con-
structed, adding rows or columns to identify feed.for .each livestock
activity is not very practical. Care would be needed to show effects
of multiple livestock solutions and assure.that: the.ration 1s identical

to the profit maximizing multiple beef activity ration.



TABLE XIV

SUMMARY OF SEPARATE AND INTEGRATED STOCKER AND LAND USE AND COW-CALF tAND USE AND FEEDING
EASTERN OKLAHOMA

ORGANIZATIONS FROM THE BEEF-FORAGE MODEL OF

Constructed
Separate Separate Stocker and d
Fall Stocker Cow—Calf Cow-Calf Integrated Complementan?
Orgaﬂffatlon Organ%fﬁtio Comqggftion Orgﬁa3zation s?génzs
Forages
Bermuda (acres) 216.9 141 357.9 271 86.9
Fescue (acres) 19.7 126 145.7 82 63.7
Native (acres) 147.9 124 271.9 302 =30.1
Sorghum (acres 11 11 11
Small Grain (acres) 394.4 60.8 455.2 443 12.2
Rye Vetch (acres) 49.3 23.8 _ 73.10 58 15.1
Supplemental Feeds
Nat Hay Fed - Period 1 (cwt.) 3,027 1,675 4,702 3,663 1039
S80S Hay Fed - Period 1 (cwt.) 1,784 293 2,077 1,763" 314
Nat Hay Fed - Period 6 (cwt.) 57 95 152 298 =146
Grain Sorghum — Period 1 (cwt.) 2,317 156 2,473 2,877 ~404
' 58 -58

Grain Sorghum

-~ Period 5 (cwt.)

2The separate fall stockers were fixed at 986 head.

b

The separate cow-calf activity was fixed at 217 head.

®The combination is total acreages from the separate solutions.

d

€The complementary savings is the difference between the multiple

combination,

Table VII explains this solution.

livestock solution and the constructed

.€8
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Empirical Procedure

The empirical procedure utilized a fortran.computer program. The
computer program required card input containing. the.optimum level of
the activity from the linear programming solution. This .solution vector
was multiplied times the nutrient elements of.the tableau (-A and A
matrices of Table I)., The total nutrients.supplied and subtotal for
each forage was found by the computer program as.was- the total nutrients
required. Table XV is a summary of the totals and subtotals of the
nutrients from the program for each forage.

The procedure selected to delineate.a feasible balanced ration is
a repetitive procedure. In the time periods.where the livestock activi-
ties compete for nutrients, the forages in the ration-are allocated
among each of the livestock activities and the nutrients supplied by
the forages are summed. If the TDN or protein is.insufficient or if
the dry matter allowable is exceeded for any enterprise, a different
allocation of optimum forages among the beef enterprises is required
to maintain nutrition feasibility.

The reallocation and summing procedure is continued until the nu-
trients supplied to each livestock activity.equals:the nutrients re-
quired. A feasible balanced ration is treached when:all nutritional
constraints are satisfied for the optimum mix of beef enterprises,
enterprise by enterprise. A starting criterion.of. feeding low quality
forages to cow-calf and high quality to stocker enterprises was used in

the allocation procedure.
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Profit Maximizing Balanced Ration

The optimum organization for the balanced ration when all activities
were allowed included an integrated fall.stocker . .and extended weaning
fall calving cow-calf livestock system (Table.VII). .For time periods
6, 2, and 1, it 1is impossible from the linear programming results to
determine which livestock enterprise consumes.the optimum feed ingre-
dients for the specified time periods. (Table.XV)...To find a feasible
allocation of the feedstuffs to give a balanced ration for each live-
stock enterprise, the procedure outlined in the pervious section was
utilized.

The importance of each kind of forage is evident in Table XV. For
example, in period two over 75 percent of the pounds of TDN are supplied
by grazing small grain., The importance of hay and grain to the optimum
whole farm organization is also demonstrated in.Table XV. In the first
time period, over 50 percent of the nutrients supplied are from native
and sorghum-sudan hay and grain sorghum.

The feasible profit maximizing rations are outlined in Table XVI
for the cow-calf enterprise and in Table XX for the fall stocker enter-
prise. In addition to the pounds of nutrients, the tables also indicate
the percentages of nutrients produced by the forage activity that are
utilized by the beef enterprise for each time period.  For example, in
Table XVI the ration for the cow-calf enterprise includes 100 percent
of nutrients provided by bermuda and fescue for period 1 but only 2
percent of the total nutrients provided by.the . .optimum hay feeding
activity (the other 98 percent is fed to the stocker enterprise, See

Table XVI).



TABLE XV

TOTAL. NUTRIENTS FOR THE PROFIT MAXIMIZING INTEGRATED COW-CALF AND STOCKER SOLUTIONS FROM
THE BALANCED RATION SPECIFICATION OF THE BEEF-FORAGE MODEL OF EASTERN OKLAHOMA

Small

Sorghum Rye Weeping Total lbs. Total Required
Jutrients Bermuda Fescue Native Sudan Grain Vetch Love Hay Concentrates  Supplied by All Livestock
(1bs. supplied)
1TDN 84,802 33,530 16,012 0 118,494 13,681 263,346 228,418 758,282 757,883
1DP 8,336 5,534 660 0 22,540 2,608 22,600 24,453 86,730 . 80,611
1oM 188,765 58,828 36,408 0 156,736 18,099 494,258 256,092 1,206,185 1,208,411
2TDN 70,081 44,352 0 0 687,282 109,828 0 0 911,543 911,115
2DP - 8,245 7,316 . 0 0 130,905 24,193 0 0 170,659 94,241
2DM 173,478 77,816 0 0 909,108 150,067 0 0 1,310,470 1,309,686
3TDN 141,148 41,246 25,332 0 36,299 10,641 0 0 254,666 249,962
3pp 31,375 3,891 1,538 0 6,923 2,568 0 0 46,295 21,207
3DM 222,403 77,816 41,762 0 48,046 15,084 0 -0 405,111 466,795
4TDN 101,157 14,942 4,478 0 0 0 0 4,575 125,152 124,840
4DP 16,275 1,275 130 0 0 0 0 490 . 18,170 8,072
4DM _ 183,020 31,127 6,003 0 0 0 0 5,128 225,277 238,539
STDN 96,930 0 2,005 0 55,150 . 6,347 0 -0 160,431 160,031
5DP 16,716 0 64 0 10,513 1,207 0 0 28,499 13,582
5DM 178,252 -0 3,123 0 72,946 8,399 0 0 262,720 293,675
6TDN 93,622 86,228 19,653 0 307,023 34,835 14,449 0 - 555,809 555,373
6DP 9,109 14,215 660 0 57,357 6,637 1,221 0 89,198 55,079
6DM 191,363 151,276 - 36,385 0 399,876 46,079 B 27,379 0 852,358 970,493
1

2

The minor violation of nutritional feasibility was attributed ‘to rounding error.

Solution of beef-forage model with all livestock activities allowed (217 cow 4 and 986 fall stockers).

98



TABLE XVI

PROFIT MAXIMIZING INTEGRATED COW-CALF BALANCED RATION FOR A

BEEF-FORAGE FARM IN EASTERN OKLAHOMA

Small Total- Total

- Bermuda Fescue Native Grain Rye-Vetch Hay Grain  Supplied Requir:ecl'2
% of Totall 100 100 2 27
1 TDN -84,802 33,530 5,266 61,954 185,532 185,806
1DpP 8,336 5,534 452 6,625 20,947 17,310
1 DM 188,765 58,828 9,886 69,448 326,927 = 326,927
X of Total 100 10 2,94 100
2 TDN 70,081 4,435 20,238 109,828 204,582 204,153
2 DP 8,245 731 3,848 24,193 37,017 18,516
2 DM 173,478 7,782 26,728 150,067 358,055 358,985
% of Total 100 100 100 100 100 i
3 TDN 141,148 41,246 25,332 36,299 10,641 254,666 249,962
3 Dp 31,375 3,891 1,538 6,923 2,568 46,295 21,207
3 DM 222,403 77,816 41,762 48,046 15,084 405,111 466,795
% of Total 100 100 100 100
4 TDN 101,157 14,942 4,478 4,575 125,152 124,840
4 DP 16,275 1,275 130 490 18,170 8,072
4 DM 183,020 31,127 6,003 5,128 225,277 238,539
% of Total 100 100 100 100
5 TDN 96,930 2,005 55,150 6,347 160,431 160,031
5 pop 16,716 64 10,513 1,207 28,499 13,582
5 DM 178,252 3,123 72,946 8,399 262,720 293,675
% of Total 100 100 14.14 100
6 TDN 93,622 19,653 43,429 34,835 191,556 191,539
6 DP 9,109 - 660 8,110 6,637 24,516 18,399
6 191,363 36,385 56,542 46,079 330,369 338.072

DM

lThe proportion of total forage production of each forage that was used by the cow-calf activity,
for each time period.

2'I.‘he minor violation of nutritional feasibility was attributed to rounding error.

L8
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Analysis of the Profit Maximizing Balanced

Cow-Calf Ration by Time Periods

Bermuda provides more nutrients to.the.coww-calf:enterprise in the
first period than any other feedstuff.. However,.use:pf-5.33 pounds of
grailn sorghum per cow per day indicates.that.a.significant-level of
grain supplement 1s required.. All of.the.fescue.produced in the first
period is grazed by the cow activity. Only a few nutrients are provided
by feeding hay in the first period.

In the second time period, all the bermuda is agaln grazed by cows.
However, rye-vetch pasture produces the largest amount of nutrients,
yielding over one~half of the total digestible nutrients. The fescue
and small graln pastures are shared with the stocker enterprise. The
change in ration from the first to the second period is allowed by the
increased seasonal production of the cool season annuals and accentuated
by increasing nutrient requirements for the cow and calf.

In periods 3, 4 and 5 no steers are on the farm and the cow-calf
herd consumes all of the production of the optimum forage system. Time
period three includes the calf weaning period of the optimum cow-calf
enterprise and the nutrients required reflect the growth of the calf.
The timing of the high quality small grain and rye-vetch forages is
advantageous to the extended weaning fall calving cow enterprise com-
pared to alternative cow-calf activities. The third time period is
also the period of highest production and quality of the warm season
perrenials, bermuda and native grasses. The decline in growth of
bermuda and native grasses in period four results in supplemental
feeding of 1.14 pounds of grain per cow per day. In period five the

bermuda and native activities are augmented by some early grazing of
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rye-vetch and small grains,

The cow ration for period six is estimated by the procedure used
in periods one and two. The cow enterprise uses all of the bermuda,
native and rye-vetch forage activities., In addition small grain grazing

produces a significant proportion of the cow ration in period six.

Cow-Calf Enterprise Cost and Return Budget

Table XVII is a cow-calf budget from Schneeberger, et. al. [24]
used to compare traditional budget formats with a revised format. The
first item in the inputs (Section 3) is pasture measured in AUM. The
budget makes no reference to the kind of pasture (except in title) or
makes no charge for the pasture, although cake and hay cost are speci-
fied.

Table XVIII converts the optimum cow-calf ration obtained in this
study to a 100 cow unit, The ration per 100 cows enhances the ability
to appreciate the importance of each nutrient source. The 100 cow
breeding unit basis also assists in deriving the ration per breeding
unit later used in the beef enterprise budgets (Table XIX).

The major problem of using the ration from the balanced nutrient
situation (TDN, DP, and DM) in an enterprise budget is finding a common
meaningful unit of measure to replace the AUM measure. Indicating
acres required of each forage is a possibility. However, the ration
formulated in the LP routine is dependent upon the estimated ylelds of
each forage and the soil quality mix. The yield differs so greatly
from one quality of soil to another that measuring the pasture input
in terms of acres provides very little information to the beef-forage

decision maker.



TABLE XVII

EXAMPIE OF THE FORMAT FROM A PUBLISHED COW-CALF
COST AND RETURN ENTERPRISE BUDGET

Estimated Production Requirements and Income for Beef Cow Herd
(25 Cow Unit); Calves Born November 1; Not Creep Fed; Graze out small grain
or Vetch Pasture with Cottonseed Cake, Hay, and Pasture in Bad Weather;
Selling Good-Choice Feeder Calves May 20,

(1)

(2)

(3)

(4)
(5)
(6)
(n

Labor Requirements (Man hr. /cow)

Livestock Investment

Item

Brood Cows
Bulls
Heifers over one year
Calves weaned
Total

Production

Item

Steer Calves
Heifer Calves
Cull Cows )
Cull Heifer over 1 yr,
Death Loss!
Total

Item-

Pasture

Small Grain Pasture
Hay Cost

CSC

Minerals

“Vet. and Med.

Bull Depreciation
Hauling & Marketing
Taxes®
Miscellaneous Costs
Annual int. on captl.

3

Total Specified Costs

Returns to Land, Labor, Management and Risk

Labor

Value

Head Animal Units Per Head Total Value

25 25 160.00 4,000, 00
1 1 300,00 300.00
4 2 125,00 500.00

22 - - ) .

4,7800.00
Value )

Head Wt. Price Per Head Total Value

(no.) 1bs) (dol/cwt) (dol.) {dol.})

11 460 24,97 114.86 1,263.46
7 430 22.97 98.77 691.39
3 987 14.94 147.46 442,38
1 900 15.94 143,46 143,46

~114,43
2. 426. 26
Total

Unit Rate Number Total Price Cost

AUM 7.5 28.0 210.0 :

AUM 4,5 28.0 126.0 3.67° 462.42

ton 26 28.0 7.28 8.40° 61.15

cwt. .73 28.0 20.44 3.80 77.67

1b. 30,0 28.0 840.0 .03 25.20

dol. 3.0 28.0 84.0 84.00

dol. 35.00 1.0 35.00 35,00

cwt. 119.31 .50 59. 66

dol. 63.25

dol. 122,34

dol. 5,678.99 .06 340.74

1,331.33

1,094.93

hr. 13.68 25 342.0 1.00 342.00
752.93

Returns to Land, Management and Risk*

Annual Capital Requirements (dol.}

Jan-Apr May-July Aug-Sept Oct-Dec Total  Operating Capital
5.36 1.51 1.25

5.56

13.68 Fixed Capital

152.49

1,2,3,4,5,6 See page 8

5, 526.50

90



PROFIT MAXIMIZING COW-CALF COST AND RETURN FOR ONE HUNDRED COWS,V FOR A BEEF

TABLE XVIII

FORAGE FARM IN EASTERN OKLAHOMA

Sorghum Small Rye Weeping Total Total

Nutrients Bermuda Fescue Native  Sudan Grain Vetch Love Hay Concentrates Supplied Requitedl

{POUNDS OF NUTRIENIE) . '

1TDN 39,079 15,451 0 0 0 "o ] 2,545 28,550 85,625 85,625 .
1DP 3,841 2,550" 0 (] () 0 0 208 3,053 9653 7,977
1DM 86,988 27,110 0 -0 0 0 0 4,556 32,004 150,658 150,658
27DN 32,296 2,044 0 0 9,326 50,612 0 o 0 94,0277 - 94,080
20p 3,800 337 0 0 1,773 11,149 (1] 0 o 17,058 8,533
2DM 79,944 3,586 0 o 12,317 69,156 0 o 0 165,002 165,431
3TDN " 65,045 19,007 - 11,674 o 16,728 4,904 0 0 'y 117;357  -115,190
3pp 14,458 1,793 709 0 3,190 1,183 0 0 0 21,334 9,773
. 3pM 102,490 35,860 19,245 0 22,141 6,951 0 0 0 186,687 - 215,113
4TDN 46,616 6,886 2,064 0 0 0 0 0 2,108 57,674 57,530
4pp 7,500 588 60 (1] 0 0 0 0 226 8,373 3,720
4DM 84,341 14,344 2,766 0 (] 0 0 o 2,363 103,814 109,926
STDN 44,668 0 924 0 25,415 2,925 0 0 0o’ 73,931 73,747
5DP 7,703 o) 29 0 4,845 556 0 (1] 0 13,133 6,259
SDM 82,144 0 1,439 (1] 33,616 3,871 ] 0 0 121,069 135,334
“6TDN 43,144 o 9,056 0 20,013 16,053 0 0 0 88,275 88,267
(33 4,198 o 304 0 3,737 3,058 0 0 (] 11,398 8,479
6DM 88,186 o 16,767 0 26,056 21,235 0 o ] 152,244 155,794

l’me minor violation of ‘nutritional feasibility was attributed to rounding error.

6



TABLE XIX

PROFIT MAXTMIZING COW-CALF COST AND RETURN ENTERPRISE BUDGET
FROM THE BEEF-FORAGE MODEL FOR EASTERN OKLAHOMA

Livestock Investment

. Value Value Per
Item Head Per Head Total Value Breeding Unit
Brood Cows - 25 220 5,500 220
Bull 1 519 . 519 20,76
Heifers 4 150 600 24,00
Production -
Value Value Per
Item Head Wt. Price Per Head Total Value Breeding Unit
(No.) (Lbs.) (Dol,/Cwt.) (Dol,) (Dol.) i
Cull Cows 3 980 19,57 191.78 575.36 23,01
Cull Heifer 1 900 25,19 226.71 226,71 9,07
Steer Calves 11 = 580 31,82 ° 184,55 2030.,11 81.20
Heifer Calves 7 554 28,27 156.62 1096.31 43,85
Total Receipts ‘ 3298,49 157.14
Inputs
Total Cost Per
Unit Rate Number Price Cost Breeding Unit
Feed Pasture Charge dol. 936.58 1 936,58 37.46
Hay : dol. 6.69 1 6.69 .27
Grain dol., 276.33 1 . 276.33 11.05
' ' '
Other Mimeral . b, 30, 900 .053 47.75 1.91
Death Loss herd 120.10 1 120,10 4,80
Bull Depreciation herd 67.50 1 67.50 2,76
Marketing head 2,57 22 56.54 2.26
Vet, Med. head 2.30 30 69,00 2.71
Hauling head 2.00 22 44,00 1.76
Supplies head 1.40 30 42,00 1.66
Misc. head 2,25 25 ’ 56.25 2,23
Equt; Charge head 4.36 25 109.00 4,36
Taxes herd 1220.00 1 .065 79.30 3.17
Capital Cost , - 562,52 22,50
Feed Systenm 2
Operating Capital® dol. .07 446,65 .07 31.27 1.25
Fixed Capital dol, 07 1846.,05 .07 129,22 5.17
Livestock Investment
Operating Capital® dol. .07 53.75 .07 3.76 .15
Fixed Capital 5 dol, 07 7986,24 .07 559.04 22,36
Total : ' 28.93
Total Specified Cost 105.32
Returns to Land, Labor, Management and Risk 51.82
Labor 11.30 hours at $1.75/hour ’ 19,78

Returns to Land. Management and Risk 12.04
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TABLE XIX (Continued)

RATION (pounds per breeding unit)

- -Small  Rye- vt Total Total

Bermuda Fescue Native Grain Vetch Hay Grain Supplied Required
TDN  390.79 154.79 25.45 285.50 856.25 856,25
DP 38.41  25.50 2,08 30.53 96.53 79,77
DM 869.88 271,10 45,56 320,04 1506.58 1506.58
TDN 322,96 20.44 93.26 506.12 . 942,77  940.08
DP 38.00 3.37 o 17.73 111.49 . 170.58 85.33
DM 799.44 35,86 123.17 691.56 1650.02 1654.31
IDN  650.45 190.07 116.74 167.28 49.04 1173.57 1151.90
DP 144.58 17.93 7.09 31.90 11.83 213.34 97.73
DM  1024.90 - 358.60 192.45 221.41 69.51 1866.87 2151.13
TDN  466.16 68.86 20.64 576.74 575,30
)] 75.00 5.88 .60 : 83.74 37.20
DM 843.41 143,44  27.66 : 1038.14 1099.26
TDN  446.68 9.24 254,15 29.25 739.31  737.47
DP . .177.03 .29 48.45 5.56 - 131.33 . 62.59
DM 821,44 14.39 336.16 38.71 1210.69 1353.34
TDN 431 44 90.56 200.13 160.53 882,75 882.67
DP 44,48 ‘ 3.04 * 37.37  30.58 112,98 84.79
DM 88.186 167.67 260.56 212.35 1522.44 1557.94
TIME PERIOD DISTRIBUTION OF LABOR

: ~ Jan-Feb Mar-Apr May-June July-Aug Sept-Oct Nov-Dec Total.

‘Care Labor  Hrs. .9 .94 .94 .56 2.48 1,00

Feed Labor® Hrs. .22 .35 1,00 1.34 3% 14

Total Labor Hrs. 1.16 1.29 2.99 1.90 _ 2.82 1,14 11,30

1Profit maximizing cow-calf ration for east central Oklahoma, From the
integrated beef organization of 217 cows and 986 stockers. Yield data from-
Oklahoma State Experiment Station, Muskogee, Oklahoma. :

2Annual charge for variable expenses of providing pasture and feed (includes
. fertilizer, fuel, repairs, etc.) .

3Annual charge for long term investments associated with the grazing and
feeding system (includes fencing investment, investment in establishlng improved
forages, feeding facilities).

4Annual charge for noh feed operatiﬁglexpenses (i.e., minerals, vet medi-
.cine, stocker, supplies and miscellaneous). :

5Long term livestock investment (includes cattle handling equipment).

6Vai:ies with feeding system.
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A suitable unit of measure for the balanced ration enterprise
budget was not found. The cost of providing the optimum ration to the:
beef activity is included in the annual input cost section. Then to
illustrate and define the ration used to estimate the cost of the ration,
a section is added to the budget containing the balanced ration, as
developed in preceding sections, on a per head basis (Table XIX). The
ration gives information concerning the timing of production and impor-
tance of each forage in supplying the nutrients for each time period
applicable to that particular budget.

The ration section could be used by farm managers to find the re-~
quired nutrients. The acres required would depend on the quality of
soils and yields for the farm situation in question,

The new enterprise budget format alters the labor and capital
sections compared to the Schneeberger format. The labor section is
enlarged to distinguish the distribution of labor required to perform
different tasks., The labor section is divided into livestock care labor
and the labor requirement for the optimum feed system as determined by
the computer program. The annual capital section is enlarged to in-
clude not only operating and fixed capital for the livestock enter-
prise, but also for the optimum forage system. Table XIX gives a

breakdown of capital requirements for the feeding system.

Analysis of the Fall Stocker Profit

Maximizing Balanced Ration by Time

Periods

January-February is a slack one for production of the cool season

annuals, small grain and rye-vetch. Most of the nutrients of the stocker



TABLE XX

PROFIT MAXIMIZING INTEGRATED FALL STOCKER BALANCED RATION
FOR A BEEF-FORAGE FARM IN EASTERN OKLAHOMA

Small Rye Total Total

Fescue Native Grain Vetch Hay Grain Supplied Required
% of Totall 100 100 100 98 72.89
1 TDN 16,012 118,494 13,681 258,080 166,464 572,731 572,077
1DpP 660 22,540 2,608 22,148 17,828 66,236 63,301
1 DM 36,408 156,736 18,099 484,372 186,644 882,258 881,484
% of Totall 90 97.06
2 TDN 39,917 667,044 706,962 706,962
2 DP 6,584 127,057 133,641 75,724
2 DM 70,037 882,380 935,984 950,701
% of Totall 100 85.86 100
6 TDN 86,228 263,609 14,449 364,286 363,834
6 DP 14,215 49,246 1,221 64,682 36,679
6 DM 151,276 343,333 27,379 527,988 632,420

lThe proportion of total forage production of each forage that was used by the stocker activity for
each time period.
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ration in period one are provided by supplemental feeding of hay and
grain (Table XX). The steers received 45 percent of the required TDN
from 8.18 pounds of (dry matter) hay fed per head per day. Grain pro-
vides 29 percent of the TDN requirement through 3.15 pounds fed per
head per day. Grazing is available from native grass, small grain and
rye-vetch.

Fall stockers are bought in period six. Upon receiving new calves
it is a common practice to feed hay. The profit maximizing ration pro-
vides .46 pounds of hay per head per day averaged over the 60 days in:
period six. The steers also graze fescue and small grain with small
grain providing the bulk of the required nutrients.

Time period two is a demanding one for the stocker enterprise
because the steers are at a heavier weight. The optimum forage system
must fulfill these higher requirements. The fall steer balanced ration
for the second time period is comprised mostly of small grains augmented
with some fescue. The seasonality of small grain yield is matched

closely with the requirements of the fall stocker enterprise.

Stocker Enterprise Cost and Return Budget

Table XXI converts the optimum stocker ration to a 100 head Eéfion.
Table XXII is a reproduction of a similar stocker budget [24]. The.
enterprise budget for the stocker portion of the optimum stocker activ-
ity is given in Table XXIII.

Aside from the obvious price level changes the format designed
for the balanced stocker ration charges 12,60 for the feeding (grazing

pasture plus supplemental fees) outlined in the ration where the old

budget made charges only for hay and cake and no charge for the small



PROFIT MAXIMIZING INTEGRATED STOCKER BALANCED RATION, FOR ONE HUNDRED

TABLE XXI

STOCKERS, BEEF-FORAGE FARM IN EASTERN OKLAHOMA

Small Rye Total Total

Nutrients Fescue Native Grain Vetch Hay Concentrates Supplied Required
(POUNDS OF NUTRIENTS)

1 TDN 1,624 12,018 1,388 26,174 16,883 58,086 58,020
1 DP 67 2,286 265 2,246 1,808 6,718 6,420
1 DM 3,692 15,896 1,836 49,124 18,929 89,478 89,400
2 TDN 4,048 67,651 71,700 71,700
2 DP 668 12,886 13,554 7,680
2 DM 7,103 89,491 94,927 96,420
6 TDN 8,745 26,735 1,465 39,946 36,900
6 DP 1,442 4,994 124 6,560 3,720
6 DM 15,342 34,821 2,777 53,548 64,140

L6



TABLE XXTI

EXAMPLE FORMAT OF PUBLISHED STOCKER
COST AND RETURN BUDGET

Table 7: Estimated Production Requirements and Income for Winter Pastnring
Good Stocker Cattle; Fall Buy October 10; Wintered on Small Grain Pasture
with Hay, Cottonseed Cake, and Pasture in Bad Weather; Sell March 1.

Item Unit Amount Price Total Value
- Dollars -
(1) Livestock Investment
Calf ' cwt, 4.50 23.42 105.39
{2) Production
Feeder cwt, 6.15 22.12 136.04
Less 1 percent Death Loss . ~1.36
Total 34768
(3) Inputs
Calf cwt. - 4.50 23.42 105. 39
Small Grain Pasture AUM. 2.2
Pasture AUM .20
Hay ton .15 18.00 2.70
CSC cwt, .20 3.80 .76
Vet. and Med. : dol. 1.00
Minerals - 1b. 6.0 .03 .18
Hauling and Marketing cwt. 10.80 .50 5.40
Tax dol. 20,00 .05 1.00
Miscellaneous Costs dol. 1.48
_Annual Investment on captl. dol. 63.07 .06 3.78
{(4) Total Specified Costs 121.69
{5) Returns to Land, Labor, Management and Risk 12,99
(6) Labor hr. 1.84 1.00 1.84
(7) Returns to Land, Management and Risk* 11.15
Labor Requirements (Man hr/animal) Annual Capital Requirements (dol,)
Jan-Apr May-July Aug-Sept Oct-Dec Total Operating Capital 50, 48
.90 6.59

- - .94 1.84 Fixed Capital

4 See page 8
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TABLE XXITI

PROFIT MAXIMIZING STOCKER COST AND RETURN ENTERPRISE BUDGET FOR A
BEEF~FORAGE FARM IN EASTERN OKLAHOMA

Livestock Investment

Value
() Item Head We. Per Total Valua
(Lbs.)
Steer 1 460 32,09 147.61
Production’
. Value
Item Head Wt. . Price Per Head
(No,) (Lbs,) (Dol./Cwt,) (Dol.)
) Steer 1 750 29.87 - 224,02
Inputs
. : Cost Per
3) Unit Rate Number Price ' Stocker
Feed Grazing Cost 8.11
Hay Cost 3.53
Grain Cost 6,02
Other Minerals 1b, 6.0 1 053 T W32
Death Loss hd. 2.57 1 2,57
Market ing hd. 2.57 1 2,57
Calf ) cwt.32.09 1 147.61
Vet, Med, hd. 1.75 1 1.75
Hauling cwt, .50 12,10 6.05
Misc. hd. 3.50 1 3.50
Equipment hd. 2.14 1 2,14
Taxes 1b. .04 6.22 .065 1,62
Capital Cost
Feed System 2
Operating Capital dol. .07 6.24 .07 44
Fixed Capitall dol. .07 17.21 .07 1.20
Livestock Investmeng
Operating Capital dol. .07 76.90 .07 5.38
Fixed Capital? dol. .07  16.07 .07 1.12
Total Capital 8.14
(4) Total Specifiedeosts 193.94
(5) Returns to Land, Labor, Management and Risk 30.08
(6) Labor 3.45 hours at $1,75/hour 6.04
(7) Returns to Land, Management and Risk 24,04
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TABLE XXIII (Continued)

1¢)) ‘ RATION (pounds per head)
Total Total

Fescue Native Small Grain Rye-Vetch Hay Grain ~ Supplied Required
1 TDN 16.24 120,18 13.88 261.74 -168,83 580.86 580,20
1P «67 22.86 2,65 22,46 18,08 67.18 64,20
1 DM 36,92 158.96 18.36 491,24 . 189,29 894,78 894,00
2 TDN 40,48 676,51 ' 717.00 717.00
2 pp 6.68 128.86 : 135.54 76,80
2 DM 71.03 894,91 949,27 964.20
3 .
3
3
4
4
4
5
5
5
6 TDN 87.45 267.35 . 14,65 369.46 369.00
6 DP 14,42 49,94 1.24 . 65,60 37.20
6 DM 153.42 348,21 27.77 535.48 641,40
(10) TIME PERIOD DISTRIBUTION OF LABOR

Jan~-Feb Mar-Apr May-June July-Aug Sept-Oct Nov-Dec Total

Care Labor Hrs. <36 .68 88 1.92
Feed Labor® "mrs. .41 .09 .54 .37 .05 .07 1.53
Total Labor Hrs. .77 .77 .54 .37 .05 .95 3.45

1Profit maximizing steers for each central Oklahoma. From the integrated beef
organization of 217 cows and 986 stockers. Yield data from Oklahoma State Experiment
Station, Muskogee, Oklahoma. : :

. 2Annual charge for variable expenses of providing pasture and feed (includes fertilizer,
fuel, repairs, etc.) '

3Annual charge for long term investments associated with the grazing and feeding system
(includes fencing investment, investment in establishing improved forages, feeding facilities)

AAnnual charge for non feed operating expenses (i.e., minerals, veﬁ medicine, stocker,
supplies and miscellaneous).

5Long term livestock investment (includes cattle handling equipment).

6Varies with feeding system.,
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grains pasture. Similarly, the capital requirement section of the old

~ budget does not charge for the capital on the feeding system. The labor
requirement section of the new format is expanded and separated care
labor from feeding labor. The labor distinction enables altering the

budget for other feeding systems but the same livestock enterprise,

Profit Maximizing Balanced Rations For

Separate Livestock Solutions

The allocation problems encountered in the multiple livestock solu-
tion do not affect the separate livestock solutions presented earlier
in this chapter. The optimum forage system is not shared with any other
beef enterprise in any time period. Thus the model output can be sum-
marized directly. However, the total nutrients supplied by each forage
must be computed to measure the significance for the separate balanced

rations.

" The Profit Maximizing Separate

Cow-Calf Balanced Ration

The total nutrients supplied by each of the forages in the ration
mix are presented in Table XXIV. Table XXV converts the forage mix
‘per 100 cow basis for convenience in discussion.

The profit maximizing ration in the first time period consists
mostly of hay with fescue providing the second largest amount of TDN.
In period two, the small grain and rye-vetch enterprises and fescue
provide significant nutrients. Bermuda and fescue provide the bulk of
the ration-ip the third time period. Bermuda is most important in

period four. 1In period five, bermuda grass is augmented with a signifi-



TABLE XXIV

TOTAL NUTRIENTS FOR THE SEPARATE COW-CALF BATANCED RATION SOLUTION

FOR A BEEF-FORAGE FARM IN EASTERN OKLAHOMA

Sorghum Small Rye Weeping Total Total
Nutrients Bermuda Fescue Native Sudan Grain Vetch - Love Hay Concentrates Supplied Requiredl
(POUNDS OF NUTRIENTS) _
1TDN 9,217 113,473 16,012 0 38,208 13,684 0 233,576 30,417 454,586 454,669
1pp 379 18,721 660 0 7,266 2,609 0 19,883 3,256 52,773 42,358
1pM 20,941 199,104 36,409 - 0 50,533 18,103 0 440,664 34,095 799,848 799,994
2TDN 17,987 150,111 0 0 221,543 109,850 0 0 0 499,491 499,565
2DP 2,967 . 24,759 0 0 42,197 24,198 .0 0 0 94,121 45,310
2DM 31,559 263,358 0 0 293,040 150,099 0 0 0 738,056 . 878,439
3TDN 424,210 139,596 25,332 0 11,749 10,643 0 0 0 611,531 611,658
3CP 78,671 13,164 1,538 0 2,233 2,568 0 0 0 98,174 51,895
3DM 690,984 262,358 41,762 0 15,566 15,087 0 0 0 1,026,757 1,142,248
ATDN 250,379 50,564 4,478 0 0 0 -0 0 0 305,421 305,484
4DP 33,289 4,313 130 0 0 0 0 0 0 37,732 19,753
4DM 456,434 105, 340 6,003 0 0 0 0 0 0 567,777 583,706
STDN 282,607 0 2,005 82,802 17,763 6,348 0 0 0 391,525 391,597
5DP 40,149 0 64 16,712 3,396 1,207 0 0 0 61,527 33,235
S5pM 525,949 0 3,123 150,552 23,567 8,401 : 0 0 0 711,531 718,623
6IDN 13,232 291,833 19,653 0 97,433 34,842 0 11,625 0 468,617 468,698
6DP. 438 48,110 660 0 18,559 6,638 0 983 0 75,387 45,023
6DM 24,502 36,386 0 128,877 46,089 0 22,028 0 769,861 827,265

1
The minor violation of nutritional feasihility was attributed to rounding error.

511,979
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TABLE XXV

SEPARATE COW-CALF BATANCED RATION FOR ONE HUNDEED COWS

FROM A BEEF~-FORAGE FARM IN EASTERN OKLAHOMA

Sorghum Small Rye Weeping- Total Total
Nutrients Bermuda Fescue Native Sudan Grain Vetch Love Hay Concentrates Supplied Required

_ (POUNDS OF NUTRIENTS) .
1TDN 1,736 21,370 3,016 (o] 7,195 2,577 0 43,988 5,728 85,610 85,625
1pP 71 3,526 124 o 1,368 491 - 0 3,744 613 9,938 7,977 .
1DM 3,944 37,496 6,857 0 9,517 3,409 0 82,987 6,421 150,631 150,658
2TDN 3,387 28,270 0 0 41,722 20,687 0 0 0 94,066 94,080
2DP 559 4,663 0 0 . 7,947 4,557 0 0 0 17,725 8,533
2DM 5,943 49,597 0 0 55,186 28,267 0 o 0 138,993 165,431
3TDN- 79,889 26,289 4,771 0 2,213 2,004 0 0 0 115,165 115,190
3DP 14,816 2,479 290 0 421 484 0 0 0 18,489 9,773
3DM 130,129 49,597 7,865 0 2,931 2,841 0 0 0 193,362 215,113
4TDN 47,152 9,522 843 0 0 0 0 0 0 57,518 57,530
4DP . 6,269 812 25 0 0 0 0 0 0 7,106 3,720
4DM 85,957 19,838 1,130 . 0 0 0 0 0 0 106,926 109,926
5TDN 53,222 0 378 15,594 3,345 1,195 0 0 0 73,733 73,747
5DP 7,561 0 12 3,147 640 227 0 0 0 11,587 6,259
5DM 99,049 0 588 28,352 4,427 1,582 0 0 0 133,998 135,334
6TDN 2,492 54,959 3,701 0 18,349 6,561 0 2,189 0 88,252 88,267
6DP . 82 9,060 124 0 3,495 1,250 0 185 0 14,197 8,479
6DM 4,614 96,418 6,852 0 24,271 8,680 0 4,148 0 144,983 155,794

lThe minor violation of nutritional feésibility was attributed to roundiné error.

€Ot



104

cant level of the summer annual sorghum-sudan. In the final period,
most of the nutrients are provided by fescue followed by bermuda, and
small grain and rye-vetch. The profit maximizing cow ration illustrétes
the use of a year~round grazing system to meet the changing requirements

of the cow-calf enterprise and the environmental seasons of the year.

The Profit Maximizing, Separate

Stocker Balanced Ration

The total nutrients supplied by the optimum stocker organization
are given in Table XXVI. The optimum stocker organization consists of"
two stocker activities, but no competition for forages within time
periods exists. The ration 1s determined without the procedure utilized
by the multiple livestock solution.. The ration on a per hundred head
basis is presented in Table XXVII,

The fall stocker enterprise uses nutrients in periods 1, 2 and 6.
Therefore, the ration for the fall stockers is found in the correspond-
iné time periods in the table, 1In period one, 3.37 pounds of grain dry
matter and 8.0 pounds of hay dry matter per head per day provide most
of the nufrients, supplemented with small grain and rye-vetch grazing.
Small grain and rye-vetch produce most of the nutrients in the second
time period and in the sixth period. Supplemental feeding of 1.11 pounds
of -dry matter per stocker per day from hay is required in the period the
steers are purchased.

The profit maximizing spring stocker ration is given in time
periods three through five. The major ingredient of the ration is
bermuda. However, the clean-up.of the small grain and rye-vetch (used

mostly by the fall stockers) provides a significant quantity of -energy



TABLE XXVI

SUMMARY OF THE TOTAL NUTRIENTS FOR THE STOCKER SOLUTION OF THE PROFIT MAXIMIZING BATANCED
NUTRITION FROM THE BEEF-FORAGE MODEL FOR EASTERN OKLAHOMA

Sorghum Small Rye Weeping Total Total
Nutrients Bermuda Fescue Native Sudan Grain Vetch Love Hay Concentrates Supplied Required1
. (POUNDS OF NUTRIENTS)
1TDN 20,391 0 10,862 0 132,696 13,681 0 320,655 223,879 722,163 722,163
1DP 1,436 0 449 0 25,242 2,608 0 27,799 23,967 81,500 79,908
1pM 45,616 0 24,684 0 175,526 18,099 0 597,873 252,073 1,113,871 1,112,743
2TDN 12,883 0 0 0 769,719 109,828 0 0 -0 892,430 892,435
2DP 1,216 0 0 0 1Q§,607 24,193 0 0 0 172,016 95,591
2DM 31,892 0 0 0 1,018,152 150,067 0 0 0 1,200,111 1,200,120
3TDN 49,562 0 0 2,416 40,622 10,641 0 0 0 103,241 99,978
3pP 6,163 0 0 488 7,750 2,568 0 0 0 16,969 10,716
3DM 75,816 0 0 4,392 53,754 15,084 0 0 0 149,046 149,340
4TDN 22,944 0 0 4,359 0 0 0 ) 89,547 116,851 117,078
4DP 2,619 0 0 880 0 0 0 0 9,586 13,085 13,110
4DM 40,458 0 0 7,926 0 0 0 0 100,374 148,759 183,540
STDN 20,012 0 0 2,888 61,775 6,347 0 0 0 91,022 91,200
SDP 2,595 0 0 583 11,771 1,207 0 0 0 16,155 8,208
5pM 36,178 0 0 5,251 81,705 8,399 0 0 0 131,534 158,346
6TDN 24,107 0 13,327 0 343,186 34,835 0 43,833 0 459,288 459,287
6DP 1,583 0 449 0 64,190 6,637 0 3,705 0 76,564 46,302
6DM 47,949 0 24,684 0 447,855 46,079 0 83,056 0 649,624 798,337
1

The minor violation of nutritional feasibility was attributed to rounding error.
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TABLE XXVII

NUTRIENT SUMMARY OF THE PROFIT MAXIMIZING BALANCED RATION FOR THE ONE HUNDRED STOCKERS FROM
THE SEPARATE STOCKER BEEF-FORAGE MODEL, FOR EASTERN OKLAHOMA

Sorghum Small Rye Weeping Total Total
Nutrients Bermuda Fescue Native  Sudan Grain Vetch Love Hay Concentrates  Supplied Requiredl
, (POUNDS OF NUTRIENTS) , '
1TDN 1,638 0 872 0 10,658 1,099 0 25,755 17,982 58,005 58,005
1pp 115 0 36 0 2,027 209 0 2,233 1,925 6,546 6,418
1pM 3,664 0 1,983 0 14,098 1,454 6 48,022 20,247 89,468 89,377
2TDN 1,035 0 0 0 61,825 8,821 0 0 0 71,681 71,682
2Dp 98 0 0 0 11,776 1,943 0 0 0 13,817 7,678‘
2DM 2,562 0 0 0 81,779 12,054 0 0 0 96,394 96,395
3TDN 26,085 0 0 1,271 21,380 5,601 0 0 0 54,337 52,620
3Dp 3,244 0 0 257 4,079 1,351 0 0 0 8,931 5,640
3bM 39,903 0 0 2,312 28,292 7,939 0 0 0 78,445 78,600
4TDN 12,076 0 0 2,294 0 0 0 0 47,130 61,500 61,620
4DP 1,379 0 -0 463 0 0 0 0 5,045 6,887 6,900
4DM 21,294 0 0 4,172 0 .0 0 0 52,829 78,294 96,600
S5TDN 10,533 0 0 1,520 32,513 3,340 0 0 0 47,906 48,000
5Dp 1,366 0 0 307 6,195 635 0 0 0 8,503 4,320
5DM 19,041 0 0 2,764 43,003 4,421 0 0 0 69,228 83,340
6TDN 1,936 0 1,070 0 27,565 2,798 0 3,521 0 36,891 36,890
6DP 127 0 36 0 5,156 © 533 0 298 0 6,150 3,719
6DM 3,851 0 1,983 0 35,972 - 3,701 0 6,671 0 52,179 64,123
1 "

The minor violation of nutritional feasibility was attributed to rounding error.

90T
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to the spring stockeré. During the summer slump of bermuda (period four)
the ration is mostly grain with some bermuda grazing. The 4.63 pounds
of grain dry matter are fed per steer per day in period four. The

small grain and rye-vetch enterprises begin to provide nutrients in the .
fifth time period. The cool season annuals augmented by some bermuda
grazing provide most of the nutrients in period five.

In summary, although the spring stockers utilize bermuda grass
primarily, they also depend on the beginning and ending of the seasonal
growth of small grains and rye-vetch. Large amounts of grain are mneeded
when high quality grazing is.pot available. The required relationship
of TDN to dry matter (quality relationship) eliminates the use of many
other forages for the spring stocker activity. The ratio of TDN to DM.
(quality) required by the fall stocker enterprise (Table XXVIII) for
period one is 65. Otherwise the stomach .capacity is not sufficient to
provide enough energy for the assumed rate of gain. According to
Table III, the only alternatives with adequate quality are small grains
or rye-vetch grazing which provide 75.6 percent energy on a dry weight
basis. Many of the perennial grasses are not feasible. The energy re~-
quired by the animal exceeds the dry matter capacity. For example, in
period one, none of the perennial grasses are feasible. Low rates of

gain are required if stockers are to utilize the low quality forages.
Profit Maximizing TDN Ration

The optimum livestock system using TDN as the only nutritional con-
straint includes the extended weaning, fall calving cow-calf enterprise
and the fall sfocker enterprise, A procedure similar to that used to

estimate balanced rations from the multiple livestock solution is needed
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TABLE XXVIII

ESTIMATED REQUIRED PROPORTIONS OF TDN AND DP TO DRY MATTER
BY THE FALL AND SPRING STOCKER ACTIVITIES AND COW 4
FOR A BEEF-FORAGE FARM, EASTERN OKLAHOMA

FLST SPST - COW 4

Period
TDN/DM 1 64.9 56.8
2 74 .4 56.4
3 66.9 53.5
4 63.8 52.3
5 57.6 54,5
6 57.5 56.7
DP /DM 1 7.2 5.3
2 8.0 5.2
3 7.2 4,5
4 7.1 3.4
5 5.2 4.6
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to analyze the ration for the profit maximizing TDN solution. The goal

is to allocate the TDN supplied by the optimum fdrage system between the
two -competing beef enterprises, but without considering protein or dry.

matter limitations. -

A feasible ration (per 100 head) for the cow-calf enterprise of the
optimum multiple livestock organization is summarized in Table XXIX,

The cow activity relies upon bermuda and fescue for most of the required
energy., In the winter time periods, supplemental hay is needed in period
one and some rye-vetch pasture in period two. The cows utilize the

small grain and rye-vetch pasture that is available before the stockers
are purchased and clean up small grain and rye-vetch pastures after the
fall stockers are sold in the spring. Native grass supplies a small
amount of the energy required by the cow-calf enterprise.

The stocker TDN ration (Table XXX) includes small grains and rye-
vetch in all three time periods: Most of the energy in period one comes
from the hay activity. Fescue provides the necessary energy to balance
the TDN in period six.

To check the feasibility of the TDN ration (assuming that the bal-
anced nutrient model is the correct one), the total protein and dry
matter required and supplied by the optimum solution are calculated and
presented in Table XXXI. The TDN rations meet all.of the protein re-
quirements. However, the dry matter constraint is violated in periods
1, 2, 4 and 6. The excess amount of dry matter forced by the TIDN
solution is summarized in Table XXXII. The TDN nutritional approach
results in -a least cost ration per unit of TDN ignoring the stomach
capacity or forage quality relationship. The optimum TDN forage organ-

ization 1s based on the cost of producing the most pounds of energy



TABLE XXIX

NUTRIENT SUMMARY OF THE INTEGRATED COW-CALF PROFIT MAXIMIZING TDN RATION FOR ONE

HUNDRED COWS FROM A BEEF-FORAGE FARM IN EASTERN OKLAHOMA

w W

Small Weeping Total Total
Bermuda Fescue Native Grain Rye~Vetch Love Hay Supplied Required
v (POUNDS OF NUTRIENTS)
1 TDN 40,876 20,440 8,383 15,789 85,488 85,624
1 Dp 4,455 3,375 345 8,311 9,311 7,977
1 DM 90,826 35,863 19,062 - 175,173 175,173 150,658
2 TDN-‘ 36,692 27,039 30,205 93,936 94,080
2 DP 4,317 4,460 6,654 15,430 8,533
2 DM 90,826 47,436 41,273 179,535 165,431
3 TDN 56,584 25,142 13,262 17,667 5,572 118,228 115,190
3 bP 15,378 2,372 805 3,369 1,344 23,269 9,773
3 DM 90,826 47,436 21,864 23,377 7,899 191,404 215,113
4 TDN 49,774 9,109 2,344 61,228 57,530
4 DP 8,405 776 68 9,250 8,955
4 DM 90,826 18,975 3,142 o 112,944 109,926
TDN 49,140 1,050 26,840 3,324 80,353 73,747
DP 8,701 34 5,116 632 - 14,481 6,259
DM 90,826 1,635 35,500 4,398 132,360 135,334
6 TDN 43,960 33,872 10,290 88,122 88,266
6 DP 4,602 5,584 345 10,531 8,479
6 DM 90,826 59,416 19,050 169,293 155,794

OTT



TABLE XXX

NUTRIENT SUMMARY OF THE INTEGRATED. STOCKER
PROFIT MAXIMIZING TDN' RATION.FOR.100
STEERS FROM A BEEF-FORAGE FARM,

EASTERN OKLAHOMA

Small Rye Total Total
Bermuda Fescue -Native Grain Vetch Hay Supplied Required

(POUNDS OF NUTRIENTS)

e

NN N

[o )3 e \Ne

TDN 11,429 1,420 45,171 58,020 58,020
DP 2,174 271 3,922 6,367 6,419
DM 15,118 1,878 84,131 101,127 89,400

TDN 66,289 5,411 71,700 71,700
DP 12,626 1,185 13,811 7,680
DM 87,685 7,393 95,078 96,420

TDN 3,704 29,582 3,614 36,900 36,900
DP 611 5,531 689 6,841 3,720
DM 6,463 38,569 4,781 49,813 64,140

TIiT



TABLE XXXI

SUMMARY OF THE TOTAL NUTRIENTS REQUIRED AND SUPPLIED BY THE TDN RATION
SPECIFICATION FOR A BEEF-FORAGE IN EASTERN OKLAHOMA

Sorghum Small Rye Weeping Total Total
Nutrients Bermuda Fescue Native Sudan Grain Vetch Love Hay Concentrates . Supplied Required Infeasibility

(POUNDS OF NUTRIENTS)

1TDN 78,074 39,040 16,012 0 110,179 13,684 0 465,607 0 722,596 722,856

1DP 8,059 - 6,446 660 0 20,957 2,609 0 40,431 0 79,162 77,125

1M . 173,478 68,498 36,409 0 145,739 18,103 0 867,223 0 1,309,405 1,149,572 159,878
2TDN. 70,081 51,644 0 0 639,029 109,850 0 0 0 870,605 870,880

20P 8,245 8,518 0 0 121,716 24,198 0 0 0 162,676 90,333

M 173,478 - 90,603 0 0 845,282 150,098 0 0 0 1,259,461 1,245,461 14,000
3TDN © 108,075 48,021 . 25,332 0 33,746 10,643 0 0 0 225,815 220,013

‘3pP . 29,372 4,531 1,538 0 6,435 2,568 0 0 0 44,444 18,666

3o 173,478 90,603 41,762 0 44,651 15,087 0 0 0 365,581 410,886

4TDN 95,068 17,398 4,478 0 0 0 0 0 0 116,945 109,882

4P 16,054 . 1,483 130 0 o 0 o 0 0 17,667 7,105

4DM 173,478 36,242 6,003 0 0 0 . 0 0 0 215,724 209,959 5,765
STDN 93,858 0 2,005 ° 51,264 6,348 0 0 0 153,474 140,857 '
5DP 16,618 0 64 0 9,771 1,207 0 0 o 27,659 11,955

S5DM 173,478 0 3,123 0 67,806 8,401 0 0 0 252,808 258,488

6TDN 83,963 100,398 19,653 0 285,171 . 34,842 0 0 0 524,027 524,306

6DP 8,789 16,553 660 0 53,319 . 6,638 0 0 0 85,960 52,056

6DM 173,478 176,137 36,386 0 371,809 46,089 0 0 0 803,898 915,875

c1l



TABLE XXXIT

ESTIMATED EXCESSIVE DRY MATTER GENERATED BY
THE TDN RATION SPECIFICATION OF THE
BEEF-FORAGE LP MODEL FOR
EASTERN OKLAHOMA

Excess Dry Matterl

Period Aetivity pounds/day/hd
1 Cow 4 4.08
Stockers 1.95
2 Cow 4 2.35
4 Cow 4 .50
6 Cow 4 2.24

lEx_cessive compared to stomach capacity limits
used in the balanced ration approach.
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without concern for the percentage of TDN to dry matter. The TDN solu-
tion, therefore, ignores the stomach capacity (D.M.) aluded to in the
balanced ration. As a result of this alteration, livestock activity is
not capable of consuming the level of dry matter as suggested by the TDN
model. Table XXXII shows the pounds of excess dry matter the TDN ration
formulation assumes is feasible. The optimum TDN ration exceeds the
stomach capacity of Cow 4 in the first period by 4.08 pounds per cow per
day and the fall stocker by 1.95 pounds per head per day. Compared to
the balanced rations, the TDN rations are infeasible for both the stocker

and cow-calf enterprises.
Profit Maximizing AUM Ration

The optimum mix of beef enterprises determined by the AUM nutri-
tional approach is a stocker operation. The profit maximizing AUM ration
is available from the computer solution without the allocation problems
of the profit maximizing nutritional approach. The ration stated in
AUM's is given in Table XXXIII. The optimum AUM ration is mostly bermuda
grass. Bermuda provides as much as 99 percent of the required AUM's in

" period four and as little as 56 percent in period two. Hay provideé
the remaining 44 perceﬁt in period two. Native grass provides as much
as 6 percent in time period three and none of the AUM's in period two..

The feasibility of the profit maximizing AUM ration was checked by
calculating the pounds of TDN, protein and dry matter supplied by the
ingredients of the AUM ration compared to the nutrients required and
stomachcapacity of the stocker activities. Table XXXIV summarizes the
nutrients supplied and required from the profit maximizing AUM solution.

The infeasibility column indicates the amount of TDN or protein not



TABLE XXXTITI

SUMMARY OF THE PROFIT MAXIMIZING AUM

RATIONL/ FOR A .BEEF-FORAGE FARM

IN EASTERN OKLAHOMA

115

Native Sorghum-Sudan - - -

AUM  Bermuda ‘Hay Supplied Required
1 78.29 3.5 31.7 113.5 114
2 78.29 0 60.3 138.6 138
3 120.0 6.6 126.6 101
4 120.0 1 121.0 121
5 128.1 o5 12.4 141 141
6 78.29 3.5 17.2 99.0 99
1/

—'The ration 1s stated in total animal unit months per .period.



TABLE XXXIV

SUMMARY OF THE TOTAL NUTRIENTS OF THE AUM RATION FOR ONE HUNDRED HEAD OF CATTLE
FOR A BEEF-FORAGE FARM IN EASTERN OKLAHOMA

Sorghum Small " Rye Weeping . Total Total Degree of

Nutrients Bermuda Fescue Native Sudan Grain Vetch Love Hay Concentrates Supplied Required Infeasibilityl
17N 28,187 0 1,245 0 0 (POURDS OF NUIRIENTS) ), ,34 0 43,663 58,020 14,357
1DP 2,922 0 51 0 0 0 0 1,765 0 4,739 6,420 1,681
1DM 62,635 0 2,831 0 0 0 0 25,351 0 90,818 89,400 1,481 .
2TDN 25,305 0 0 0 0 0 0 25,477 0 50,782 71,700 20,918
2DpP 2,985 0 0 0 0 0 0 2,973 0 8,920 7,680
2D 62,635 0 0 0 0 0 0 45,860 0 108,495 96,420 12,075
3TDN 59,817 0 3,223 -0 0 0 0 0 0 63,040 52,620
3pP 16,246 "o 196 0 0 0 0 0 0 16,441 5,640
3pM 96,013 0 5,313 0 0 0 0 0 0 101,326 78,600 22,726
4TDN 52,615 0 570 0 0 0 0 0 0 53,185 61,620 8,435
4DP . 10,546 0 17 0 0 0 0 0 0 10,563 6,900
4DM 96,013 0 764 0 0 0 0 0 0 96,777 96,600 177
STDN 55,443 0 255 5,465 0 0 0 0 0 61,163 48,000
5DP 9,825 0 8 1,103 0 0 0 0 -0 10,936 4,320
5DM 102,479 0 397 9,936 0 0 0 0 0 112,813 83,340 29,473
6TDN 30,316 0 1,528 0 (] 0 0 5,938 0 37,783 36,900
6DP 3,171 0 51 0 0 0 0 736 0 3,958 3,720
6DM 62,635 0 2,829 0 0 0 0 10,579 0 76,044 64,140 11,904

lThe AUM ration is checked against the balanced ration to estimate the nutritional feasibility.

9Tt
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supplied or pounds of dry matter exceeding the stomach capacity. Energy
(TDN) is inadequate in periods 1, 2, and 4. Protein is insufficient in
period one., The stomach capacity is exceeded in all periods. The
pounds of dry matter per head per day by which the AUM solution exceeds
the stomach capacity is given in Table XXXV, The AUM solution forces a.
stocker to consume 4.91 pounds per day more than capacity in.period .
five and as little as .03 pounds-in excess in period four.

The AUM nutritional approach may lead to rations that are not phys-
ically feasible. However, most uses of the AUM concept in agricultural
economics have differed from the compréhensive beef-forage model. Re-
searchers have generally been careful to force some additional protein.
supplement in the winter periods. The latter ‘is not done in the profit
maximizing AUM solution. Similarly, researchers have constructed dif-
ferent beef enterprises for different forage types to take account of
quality. This exogenous AUM approach assures neither an optimum ratioﬁ
nor a feasible ration,

The balanced ration beef-forage LP model assures a .feasible ration
and, given the inclusion of all appropriate activities, also insures a
profit maximizing ration. Compared to the traditional AUM procedure
this study employs a reverse process. Only after solving the beef-
forage LP model can the traditional livestock cost and return activity
budget be completed. The profit maximizing ration gives additional
information to the farm manager as well as indicating efficient alloca-

tion of resources.
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TABLE XXXV

ESTIMATED EXCESSIVE DRY MATTER GENERATED
BY THE AUM RATION SPECIFICATION OF THE
BEEF~-FORAGE LP MODEL FOR EASTERN

OKLAHOMA '

Pounds of Excessl

Time Dry Matter Per
Period Head Per Day

1 24

2 2,01

3 3.79

4 .03

5 4,91

6 1.98

lExcessive compared to stomach capa-
city limit used in the balanced ration
approach.
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Summary

This chapter discusses the problems of determining the ration from
the beef-forage model. A trial and error procedure was used to deter-
mine the ration for the cow~calf and fall stocker enterprises from the
beef-forage model. The livestock enterprise cost and return budget
format was revised.so the profit maximizing ration can be included. The
process of solving the beef-forage model to obtain the ration or amount.
‘0f feed needed in the enterprise budget is the reverse of normal activ-
ity budget building. Usually the process is to state the ration re-
quirements in AUMs, build the activity budgets and use the budget data
‘in linear programming studies. The procedure of this study eliminates-
the exogenous development of budgets for each feed source for each live-
stock. The study calculates the optimum ration and livestock within
the linear programming model. Determining the rations.for the TDN and-
AUM approaches concludes the chapter, By calculating the DP and DM-
supplied and required for the TDN and AUM rations a check for feasibility
compared to a balanced ration is possible. TDN and AUM do not guarantee
a feasible ration. If the coefficients of the balanced ration approach

are correct it will always be a feasible ration.



CHAPTER VI
SUMMARY AND IMPLICATIONS FOR FURTHER STUDY:

Increases in- income to beef production. relative to that from other.
farm products are a signal from the marketing price system. The signal
is to adjust resources to expand beef production to meet consumer tastes
for red meat. Adjustments in resource use draw heavily upon beef forage
farm management decisions. The input data and the results of this study
provide management information that is helpful in achieving a profit
maximizing beef forage farm organization.

Economic models which provide the logic for production.decisions
were discussed in a linear programming context. The theoretical condi-
tions for finding the profit maximizing combinations or primary and
secondary products, such as pasture and beef, were descirbed. A brief
review of beef cattle nutrition and the technical requirement of - the

model was provided to give insight to the research task.
The Model

A linear programming model constructed within the framework of the
Mathematical Programming System (IBM, MPS) can be versatile, adapted to
unique situations, and easily modified. The model, as constructed for
this study and.described in Chapter I1I, has many uses as well as some
limitations.

The model provides answers to questions concerning optimum beef-

forage farm organizations in eastern Oklahoma. The land using activities
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provide nutrients through grazing. The model balances a range ration
for the beef systems included in the optimum farm organization. Pas-
ture, hay, and concentrates are used to the best economic advantage for
the total farm organization. Cash crops are not considered in this
model.,

The ration is specified by three alternative methods. The balanced
ration approach balances the range ration for the total digestible
nmutrients, disgetible protein, and dry matter requirements specified
within the model. Dry matter is a maximum constraint and total diges-
tible nutrients and digestible protein are minimum requirements. The
TDN ration approach specified only that the pounds of TDN required are
fulfilled with no consideration of protein or dry matter volume. The
AUM ration.approach requires feed and grazing to satisfy the animal unit
requirements, based on 800 pounds of dry matter per month.

The distribution of resources through a year is accomplished by
using six two-month time periods. Nutrient produétion and consumption
are specified for each period. If adequate pasture nutrients are not
available in a peridd, supplemental hay or concentrates can be fed if
it is profitable. Analysis by periods allows the model to schedule
resource use to meet seasonal requirements.

A land activity allocates one acre of land to fourteen soil produc—
tivity levels. Thus, land use reflects soil capabilities in the area.
The capital section of the model offers information for planning and
evaluating the capital structure of optimum beef farms. Total capital
is broken into annual operating capital, nonland capital, and land
capital. Capital charges required by the optimum beef-forage organiza—

tion are calculated for each category of capital.
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The grazing and feeding systems used in the optimum farm organiza-
tion reflect different intensities of land use and management require-
ments. Capacities (e.g. fencing and facilities) for different types of
grazing are generated internally in the model according to the type of
system that is optimum for the organization. Annual costs, capital re-
quired and labor fequired are unique to each type of grazing capacity
included in the model, either intensive (rotation) or extensive (regular

grazing).
Summary and Use of Data and Results

Though forage nutrient yield data are limited, the model shows that
such information can be useful to beef-forage farm managers. The use of
nutrient data for specifying forage yields enables a range ration to be
balanced according to production and use patterns, considering the re-—
source base of the farm. The result is more precise managerial informa—
tion to beef-forage farm managers.

The research in this study is partly designed to test alternative
nutritional méasurementso The balanced ration approach includes esti-~
mates on the production and consumption of the total digestible nutrients,
digestible protein, and dry matter, with dry matter being a maximum
(stomach capacity) constraint. The prN approach uses only the energy
row of the balanced nutritional approach, and the other rows are neutra—
lized and have no constraining affect. The nutritional philosophy of
the TDN approach is that energy is the most limiting nutrient. There-
fore, if the energy level is adequate the animal will make the specified
gain. However, the total intake of feed required to provide the energy

is not a consideration.
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Theoretically, the AUM nutritional approach uses a time dimensioned
stocking rate as a mutritional guide. The nutritional philosophy is to
place animals on.the forage to suit previoué observations of stocking
rates and beef production. However, all of the needed grazing studies
have not been conducted on all the fo;age possibilities within the study
area. The stocking rate also affects thelle#el of gain and, hence, the
level of nutrient réquirement. When insufficient grazing studies are
available, researchers have utilized rules of thumb for estimating AUM's.
The AUM coefficients were estimated in the comprehensive beef-forage
model by using the assumption that one AUM is equivalent to 800 pounds

of dry matter.

Optimum Beef-Forage Forage Organization-

Alternative Ration Specifications

An integrated cow-calf and stocker beef organization (217 cows and
986 stockers) was selected by the balanced ration and 141 cows and 998
stockers wére selécted by the TDN nutritional approaches. However, the
AUM appfoach selected a 2076 head stocker operation as the profit maxi-
mizing organization of the beef-forage farm. As the nutritional con-
straints were released, lower quality forages displaced high quality
forages in the optimum forage system. The balanced ration relies heavily
upon intensive small grain grazing augmented by lower quality forages
and supplemental hay. The TDN approach shifts the forage system away
from bermuda and small grains and includes more bermuda-fescue and
fescue. The balanced ration has 23 percent of the total acreége in ber-

muda grass but no bermuda fescue and only"seven percent of total acreage
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in fescue. The TDN approach has seven percent bermuda, 12 percent
bermuda~-fescue and 14 percent fescue. The AUM optimum forage system is
mostly bermuda grass (73 percent of total acres) augmented with native
grass and some sorgﬁum—sudan grazing. The percentage of small grain
and rye-vetch acres varies from 42 percent for the balanced ration, 38

percent for the TDN ration, to zero for the AUM ration.

Optimum Cow-Calf Organization-Alternative

Ration Specifications

When the stocker enterprises were eliminated the three approaches
selected the same cow-calf enterprise., The optimum cow-calf enterpriée
was fall calving cows with an extended weaning periods The optimum cow—
calf balanced ration forage system had more acres of small grains and
fescue but fewer acres in bermuda grass than the TDN and AUM ration
specifications. The balanced ration approach had 314 acres of bermuda;
the TDN ration had 378 acres; while the AUM approach had 8,7 acres of
bermuda. Small grain acres dropped from 443 acres to 115 to zero for

the respective nutritional approaches for the cow-calf solutions.

Optimum Stocker Organization—-Alternative

Ration Specifications

The profit maximizing stocker organizations from the three nutri-
tional approaches had the same stocker enterprises but different numbers.
The balanced ration solution had 433 animal unit eqﬁivalents (AUE), the
TDN approach had hBhu(AUE), but the AUM nutritional approach had 621
(AUE). The AUM approach had significantly more spring stockefs than

the other two nutritional approaches. The AUM forage system consisted
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mainly of bermﬁda (860 acres) and native grasses. The balanced ration
approach for stockers left some acres of native idle because of the high
forage quality demanded by the stocker operations. For stocker activ-
ities, the three nutritional approaches had significantly different
optimum land use plans. Bermuda was required on only 13 percent of the
total acreage for the balanced ration, 23 percent for TDN and 72 percent
on the AUM appraoch; Native grass percentages varied from 20 percent
for the balanced to 25 percent for both the TDN and AUM approaches.
Small grains made up 54 percent, 39 percent, and zero for the respective

nutritional concepts.

Complementary Relationships

A complementar& relationship occurs between enterprises because
forage production is not exactly distributed to fit a particular live-
stock enterprise. The fall stockers use small grains grazing in periods
six through two but small grain forage is also produced in periods five
and three. The forage in periods five and three is availableito other
beef enterprises at no additional cost to the beef-forage firm. The
profit maximizing solution had multiple livestock enterprises that
capitalized on the complementary relationships. Therefore, separate
beef enterprise sdlutions could not be aggregated to yield the same
organization aé the multiple solution. The aggregated separate sitﬁ%—
tions required more acres than did the multiple integrated solution,
showing that complementary economies were present in the profit maxi-

mizing solution.
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Empirical Rations

The ration delineation procedure used the whole farm optimum organ-—
ization and aliocated each forége to a beef enterprise in such a manner
that nutritional feasibility was maintained. The total TDN and DP is
sufficient for each livestock enterprise for each period without exceed-
ing the dry matter or stomach capacity of the respective enterprise.

For example, the profit maximizing cow-calf ration consists of all of
the available bermuda grass as well as 5.33 pounds of grain sorghum per
cow per day in period one. In period two, rye-vetch provides more
nutrients than any other source. The cowé also graze bermuda and share
grazing of fescue and small grain with:the competing stocker enterprise.

In periods 3, 4 and 5 with no steers on the farm, the cow-calf
herd consumes all of the production of the optimum forage system. Ber-
muda provides the highest level of nutrients in those periods.. The
seasonal decline in bermuda in period 4 requires feeding l.14 pounds of
grain sorghum per cow per day.

The cow enterprise uses 100 percent of the bermuda, native and ryeQV
vetch production for period 6. In addition, small grain grazing produces
a large propdftion of the cow requirements in period 6.

The profit maximizing balanced ration for the stocker activity in
period 1 is composed of nutrients from hay and grain augmented with the
cool season annual grasses. The stockers receive 45 percent of the re-
quired TDN from 8.18 pounds of dry matter of hay per head per day.

Grain provides 29 percent of the TDN requirement. In period 2, the
steers graze small grains and some fescue. The steers utilize 85.9 per—
cent of the available small grain and 100 percent of the fescue produced

in period 6 and receive some hay.
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Cost and Return Enterprise Budgets

The nutritionally balanced profit mazimizing rations are incorpor-
ated into a revised cost and return enterprise budget format. The exact
profit maximizing balanced ration provides information to aid in managing
the beef-forage farm. Including the capital requirements and annual
costs of the feeding system means the budget should more accurately re-
flect the cost of production. The improved accuracy should enable more
efficient decisions by beef-forage farm managers using the budget. In-
cluding a more detailéd analysis of labor requirements should help
managers-make decisions concerning hiring seasonal labor. Similarly,
incorporating the ration should help managers in making decisions mesh

the forage system to the nutritional requiremeﬁts of the beef enterprise.

TpN and AUM Rations

A guideline of utilizing high quality forages by steers and lower
quality by cows helped in determining the TDN profit maximizing ration.
The calculated TDN rations were used to estimate nutritional feasibility.
The TDN rations satisfied the protein requirements of both cow-calf and
stocker activities, but the dry matter rows or stomach capacity was ex-
ceeded in periods 1, 2, 4 and 6. In essence, to obtain adequate least
cost energy the TDN approach forced the livestock activities to consume
more than the stomach could hold. In period 1, the steers' stomach
capacity was exceeded by 1.95 pounds of dry matter per head per day.
The cows' stomach capacity was exceeded by 4.08 pounds per head per day
in the same time period. | |

In a similar feasibility test, the AUM ration exceeded the spring

stockers capacity by 4.91 pounds per head per day in period 5 and the
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stockers capacity by 2.0l pounds per head per day, assuming the coef-

ficients of the balanced ration model.

Ration Specification Conclusions

Deciding which ration specification (balanced, TDN or AUM) should
be used in beef-forage research is a complex probleme. The specification
that will accurately supply information depends upon the use of the data.
For the comprehensive beef-forage model objectives, the nutritionally
balanced ration provides information to managers and researchers here-
tofore not utilized.

In determining the profit maximizing organization from varied beef
enterprises (cows vs. stockers) and from various qualities of forage
activities, the balanced ration specification is needed to get accurate
answers to normative organization questions. In determining what to
produce to maximize profits the TDN and AUM approaches are not suffic-
ient in whole farm analysis. The widely different optimum beef and
forage organizations from the three nutritional approaches (Chapter IV)
indicates inconsistency in approaches. The AUM approach selected
stocker livestock enterprises, while the balanced and TDN schemes com-
bined cow-calf and stockers in the respective profit maximizing beef
organization. Similarly, the optimum forage system varied from relying
heavily on small grain grazing for the balanced and TDN rations to all
bermuda and native grasses in the AUM solution.

The standard technique for computing the AUM requirement of stock-
ers was shown to favor stockers compared to cows. Beef TDN requirements
reported by the National Research Council were used to show that the AUM

rule of thumb favors stockers by understating their requirement.
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In the past the TDN and AUM procedure was used in preparing cost
and returns livestock budgets for different forages or grazing patterns
(i.e., seasonal, deferred, etc.)s, Those budgets usually included hay
and cake if deemed to be insufficient in the specific grazing forage.
Because of the high quality nutrient requirement of stocker enterprises,
they are not feasible on most perennial grasses except at extremely low
rates of gain. The forage quality is too low. Most uses of AUM and
TIDN in studies do not accurately reflect the nutrient requirements;
therefore, nutritionally infeasible land use organizations may have been
recommended.

The beef-forage organizations obtained in this study are valid only
for the methods used. AUM's are frequently based on stocking rate
studies, if available. The AUM ration would include cake and hay as
deemed necessary by the researcher. The stocker ration selected by the
AUM approach would not be considered feasible by most research personnel.
Other ways of defining AUMs need to be tested against the balanced ra-
tion. The AUM and TDN approaches of this study shows what could happen
if AUMs are misused.

The AUM concept is widely used in constructing cost and return
budgets. The intent of this study was to bring some of feedlot nutri-
tion precision to grazing livestock enterprises. The balanced ration
utilizes the nutritional building blocks of energy and protein to more
accurately measure input-output coefficients and uses dry matter as an
upper constraint to insure quality feasibility of the profit meximizing
ration. The balanced ration livestock cost and returns budgets also
give detailed information to managers on the optimum grazing system.

The ration shows the time distribution of the optimum grazing system,
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as well as the relative nutritional importance of each feed source. The
ration section of the activity budget developed can be utilized by farm
managers to calculate alternative forage organizations which keep nutri-
tion requirements in balance. Ration precision is enhanced in the
balanced ration approach because of insuring nutritional feasibility
(quality) as well as measuring the forage output more nearly in the
units that cattle nutrition requirements are stated.

A forage transfer model developed as an alternate to the balanced
ration model appears to solve a model configuration problem of the
balanced ration beef-forage linear programming model. It also provides
additional managerial information. The forage transfer model not only
obtains optimum livestock organization and optimum forage organization
but also the optimum grazing and feeding system. The optimum time of
using the forage mix is available from the forage transfer model. How-

ever, more research work is needed to insure realistic forage systems.
Recommendations for Further Study

More accurate measurement of nutrient yield data of forages would
provide greater éccuracy in the golutions obtained from the model for
balancing range rations. Nutrient yield data are nct readily available.

Research to find varieties and even new species with higher quality
might do more to enhance the profitability than further research on high
dry matter yield. Grasses that provide high dry matter yields and re-
spond to high fertility level are available to the farm manager. How—
ever, the quality or proportion of energy to dry matter is too low for
use by some beef enterprises in grazing situations. Dry matter produc-

tion is of little consequence if consumption or energy intake is too low
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to maintain economical rates of gain. The configuration of the forage

transfer balanced ration model is such that it would be easy to measure
the economic impact of improved varieties that raise or alter the time

distribution of energy or protein quality.

The utilization coefficients for converting from clipping to graz-
ing yields needs further study. Insufficient study of the forage con-
sumption might explain why so little use is made of the clipping
approach to measure forage yield. Clipping forage production eliminates
variation between experiments that comes from the cattle consuming the
forages. The ability to reduce experimental variation should encourage
chemical composition tests to more accurately measure nutrient yield.

The effect of combining feedstuffs in the ration needs to be deter-
mined. MNutrient composition tables are estimated using only the feed-
stuff in question. However, most practical rations are a combination
of feedstuffs. The supplemental feeding of grain on pasture reportedly
does not have the same relative gain response as grain fed in a feed
lot. The reason for the decrease in the feed value of grain fed with
grass needs to be determined and quantitative estimates made, to provide
additional accuracy in beef-forage research.

The nutrient requirement source [20] needs refinements for increased
accuracy. The requirements need to be adjusted for the local environ-
ment. The environment in Oklahoma may significantly differ from the
setting for résearch used in estimating the beef cattle requirements of
the NRC. Allowance'for work performed by the beef animal duriﬁg grazing
needs included. The act of grazing by the animals requires work that is
not necessary in a feedlot, but no adjustment in the nutrient require-

ments is made.
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Economies of size that may occur in the beef production industry
need additional study. Advantages for stockers or cows will affect the
beef enterprise choice and hence the forage system. The economies might
alter the most profitable whole farm organization but probably have
little effect on the optimum range ration once the beef enterprises are
determined.

The effect of risk and uncertainty of input-output coefficients and
price variability néeds additional research efforts. Imperfect knowledge
situations in research models might help explain current resource use in
the study area.

An acceptablé beef-forage model needs to be incorporated into co-
operative extension programs in farm management. The LP Farm1 program
used by individual farm managers could be altered to bring the nutri-
tional sophistication and accuracy to their particular beef-forage farm.
The only information change required from the present IP Farm input data
would be to estimate the production of the possible forages in terms of
dry matter yield. The nutrient percentages of the forages could be
stored inside the IP matrix. The major changes in IP Farm would be an
addition of forage production rows, converting AUM rows into a balanced
nutrient set and adding new transfer activities to allocate forage pro-

duction throughout the year.

JIP Farm is a linear programming system available through the
Oklahoma State University Extension Service, to Oklahoma farmers and
ranchers.
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TABLE XXXVI

YIELD ADJUSTMENT INDEXES FOR SOIL PRODUCTIVITY
IN EASTERN OKLAHOMAL [18]

Soil Percent
Sa 126
Sb 100
Sc 81
Sd 67
La 156

Lb 133
Lo 100

"Lg 78
01 14,8
C2 125
C3 93
Ch 55
Bl ‘ 185

Bo 103

1For yields on soil used in the beef-
forage model were adjusted by the percentages
indicated. TFor example, Bermuda yield on 19
is 78 percent of L. yield.



TABLE XXVII

ASSUMED DISTRIBUTION OF HOURS OF OPERATOR LABOR AVAILABLE
BY CALENDER PERIODS FOR BEEF FARM OPERATORS
IN EASTERN OKIAHOMAL

Period Hours Available
1 1421.5
2 L3L5
3 L3L5
L 341.0°
5 L3Le5
6 4345

1Data are from the Procedurial Guide for Regional
Study, pp. 5-6.

2 .
A two week vacation was assumed.

139



140

TABLE XXXVITI

ASSUMED INVESTMENT AND COST OF EQUIPMENT NECESSARY
FOR A 75 COW OR 140 STOCKER ENTERPRISE
IN EASTERN OKLAHOMA

Years of Total Average Annual

Item ILife Cost Investment Cost
Corrals and
Working Pens 10 $400 $200 $,0
Bunk Feeders 10 900 450 70
Water Facilities 20 3,000 1,500 150
Salt and Mineral
Feeders 10 200 100 20
Total ‘ $4,500 $2,250 $300
1 2
$ per Cow $60,00 $30.,00 $4.00
$ per Steer : 32,14 16.073 .’2.ll|.l+

lThis volume is included in the capital requirements of the cow-
calf activities.

2This value is included in the objective function of the beef-
forage model as part of the cost for the cow activity.

3Stocker equipment is a separate activity in the model. The
capital requirement is included in this activity.

hThis cost of providing one unit of stocker equipment is included
in the separate stocker activity in the model.
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TABIE XXXIX

ESTIMATED DIRECT LABOR REQUIREMENTS PER TIME PERIOD
PER STOCKER BY OPERATION FOR BEEF-FORAGE FARM
IN EASTERN OKTAHOMA

Operation Hours per Stocker
Purchasing «20
Other™ «36
Spray2 .08
Receiving’ .32
Selling o2l

1Normal obersvation of the condition of cattle
is included in this operatione.

2Cattle are assumed to be sprayed in March,
June and July.

3Receiving labor includes castoration, vaccin-
ation and branding plus careful observation for
shipping fever or other illnesses.
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TABLE XL

ESTIMATED DIRECT LABOR REQUIREMENTS BY OPERATIONl PER BEEF

FOR A BEEF-FORAGE FARM IN EASTERN OKLAHOMA

Periods

Operations 1 2 3 L 5 6
-Hours—

Dry Cow ,

Observation 72 .80 56 56 48 .72
Calving 1.58 1.58 1.58 1.58 1.58 1.58
Breeding .10 .10 .10 «10 10 .10
Pre-calf e31 31 31 31 .31 31
Calf Care ) 22 22 20 20 .18 .18

lLabor estimates were derived by consultation with Agricultural
Experiment Station personnel and cost—-finder records.

2The labor requirements are valid only for the periods the opera-
tions are undertaken for each activity. A cow activity calving in
February would require 1.58 hours in period no calving labor any other
time period.
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TABLE XLI

ESTIMATED CONSTRUCTION AND ANNUAL COSTS FOR SIX
MILES OF FOUR STRAND BARB WIRE FENCE FOR A
BEEF FORAGE FARM IN EASTERN OKLAHOMA

Ttem Unit Quantity Price Cost
Six Miles of Fence
Posts No 1 1920 «596 1144432
Wire Roll2 96 10.10 969 .60
Staples Ibse. 90 «20 18.00
Labor3 Hours 480 1.75 81,0.00
Sub Total of Specified Costs 2971.92
Corner Assembly
Materials Number 6 L .65 27.90
Labor Hours 1105 1075 19 095
Sub Total of Specified Costs 47.85
Steel Gate Rach 2 40,00 80,00
Total - Construc¢tion Cost 3100.77
Artrmal Cost 103.30

Average Investmert 11550.38

IThis is an 80 rod roll of two barb wire.

290 medium staples are assumed to be one pound.

3The setting line posts was estimated to take ten minutes per
post; the time taken to stretch and nail four wires was five minutes

per rod.

hA 30 year life with zero salvage value was assumed.



TABLE XLII

ESTIMATED ANNUAL COST FOR FENCING ROTATIONAL ACRESl

FOR A BEEF FORAGE FARM IN EASTERN OKIAHOMA

144

, ; o Anmual
Item Unit Quantity Price Cost Charge
Electric
Fencer . each 1 23,00 23,00
Temporary
Fencing
Material
Posts number 160 1.11 177.60
Wire roll 2 10.10 20.20
Total Specified Cost 220.80 7¢36
Depreciation for Permanent Fence> 56452
Labor hour 12,65 1.75 22,14
Average Investment Permanent Fence 7752
Average Investment Temporary Fencin 170.40
Total Average Investment 885,60

lThe budget wés estimated for 200 acres (one quarter section plus
4O acres with one corss fence in the quarter.

2The border fence contained three miles of permanent (% of fence

construction budget).

3The cost of labor was calculated inside the LP model.

hTemporary costs includes electric fencer and fence material,



TABLE XLIII

ESTIMATED LABOR REQUIREMENTS AND VARIABLE COSTS ASSOCIATED WITH EXTENSIVE
. GRAZING AND ROTATIONAL GRAZING- ACTIVITIES BY OPERATION FOR A
BEEF-FORAGE FARM IN EASTERN OKLAHOMA

‘ Percent Machine Cost
1 Hour/Acre/ Machine Hours Used Period
Hour/Year™. . Hour/Peried Period? - Use Per Acre Acre-
Extensive Grézing
. for 1000 acres
Fence Repair 25.3
Observe Grass 2 .002- 75 .0015 . 0006
Total .0015 .0006
Rotational Grazing
for 200 acres
Fence Repair 12.65
Moving Fences 8 .04 50 .02 .0078
Observe Grass 4 .03 75 .015 .0058
Move Cattle
Total .035 .0136

lConsultation with Agriculture Experiment Station personnel.

2 . . .
1000 acres were used for the extensive grazing and 200 acres for the rotational grazing in calcu-

lating costs.

3The machine cost (pickup) is 39¢ per hour for fuel, etc., excluding labor cost which is determined
within the LP model.

Syt
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TABLE XLIV

ESTIMATED LABOR REQUIREMENTS AND VARIABLE COSTS
ASSOCIATED WITH FEEDING HAY, PELLETS, OR
CONCENTRATES FOR A BEEF-FORAGE FARM
IN FASTERN OKLAHOMA

Machinel 5 Machine3 L Preparation5 6
Hours/ Owt./“ Cost/Cwt. Forage®  Cost/ Cost
Day Hour @ 39/hr. Charge Cwto Cwt.
Feeding
Hay 1.5 075 .0292 .0368 066
Feeding .
Concentrate 1.35 33 0526 «275 «328
Feeding
Pellets «99 135 »1287 «129

lEstimates were derived from consultations with agricultural ex-—
perts assuming 100 cows.

2Assuming a total of one ton of hay, 1,000 pounds of grain or 300
pounds of cake fed per day is the rate of feeding per hour,

3The cost of operating a pickup is 39¢ per hour,
AThis is the depreciation cost per cwt. for a hay barn.
5The assumed costs of grinding, mixing and grain delivery.

6The cost includes labor cost which is determined within the IP
model.
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TABLE XLV

ESTIMATES OVERHEAD INVESTMENT AND EXPENSES FOR A
BEEF-FORAGE FARM IN FASTERN OKTAHOMA

New Annual
Ttem Life Investment Cost
Utility Shed 10 $ 500 $ 50
Shop Tools 5 400 80
Pick-up | 3 3,000 650"
Telephone 70
Insurance 145
Bookeeping and Tax Service 100
Utilities 120
Total $3,900 $1,215

lThe anmial. cost includes $500 depreciation and $150 for repairs.
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