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IN'IRODUCTION 

Statement of Problem 

Dairy farmers in Virginia are confronted with the problem of con• 

tinually re-organizing and adjusting their farming operation& in an 

effort to maintain or improve their competitive position. Increasing 

competition in dairying within the State aa well as potential competi

tion developing in areas outside of the State make it essential that 

dairymen operate efficiently. In particular, they must give careful 

consideration to various ways of reducing their production cost$. Feed 

costs make up 50 to 60 percent of the total cost of producing milk, 

Consequently, the feeding program on any dairy farm greatly affects the 

cost of producing milk and, ultimately, the nat return to the farmer. 

Many dairy farmers are limited in the amount of milk they can sell 

at the milk base price. Therefore, it is desirable to adjust the foraga 

and grain production aystem and forage-to-grain feeding ratio to 

minimize the cost of milk production or to maximize returns within the 

base limits. 

In every dairy farming aituatlon, the operator has some resources 

which are limited in quantity and a number of alternative forage-to

grain feeding ratios and forage and grain production systems which ha 

may follow. One of his major problems is to determine the feeding pro

gram that will yield an optimum net return attainable with the resources 

at his command. Hence, the main emphasis of this study is on the 

develoµnent of information that will be useful to dairy farmers in 
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making decisions with regard to feeding ratios and forage and grain 

production systems. 

Previous research and obaervation of practices followed on dairy 

farma suggests three basic hypotheses for this study: (1) with the 

present resource restrictions on the farms under study, the most prof

itable feeding ratio is one that contains a high proportion of forage 

relative to grain for various levels of milk production per cow; 

(2) with the present resource restrictions on the farms under study and 

the three levels of milk production per cow, 9,000, 11,000 and 13,000 

pounds, the most profitable level of milk production per cow will not be 

13,000 pounds production per cow; (3) on the farms under study, land is 

the most restrictive resource in determining an optimum forage and grain 

production system for the various levels of milk production pttr cow. 

Objectives of Study 

This study had four objectives: (1) to datermine the available 

resources and their restrictions on the farms included in this study; 

(2) to determine an optimum forage and grain production system and 

forag@··to.,grain feeding ratio for three levels of milk production per 

cow with milk sales at the blend price not to exceed the present total 

base sales;J/ (3) to determine which of the three levels of milk 

J/ The base sales is the present milk sold at a blend price of 
$5.73 per hundred-weight (milk sold at base price of $6.00 per hundred
weight plus milk sold at surplus price of $3.3~ per hundred-weight) 
rather than the conventional meaning of base which does not include 
surplus. 
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production is the most profitable at the present blend price of $5.73 

per 100 pounds; (4) to study the effect of changes in the price of milk 

on the relative profitability of the three levels of production per cow 

and the forage-to-grain feeding ratios when the amount of profitable 

milk production is less than the present base. 

Area of Study 

There are three major geographical areas of grade A milk production 

in Virginia. These are the northern, west central and southwest araas 

of the State. In 1958, there were 31 148 grade A dairy farma in Virginia 

and 2,383 or 76 percent of these farms were located in these three areas. 

More than one-fourth or '2h percent of the grade A dairy farms in these 

areas were situated in the west central area. The farms included in 

this study are located in the west central area and, more specifically, 

in Roanoke, Franklin and Henry Counties. Franklin County, which con"-

taina the majority of the farms included in this study, ranks fourth in 

the State in number of grade A dairy farms and sixth in terms of number 

of dairy cows.JI 

The value of all farm product• sold in Roanoke, Franklin and Henry 

Counties was s12,110,ooo in 1~9. Dairy products, chiefly whole milk, 

accounted for 23 percent of the total value of all farm products sold 

1/ Virginia Joint Agricul tu:ral Publication No. 2, Looking Into the 
Grade A D1iry Industrx in Virginia, Virginia Department of Agriculture 
and V.P.I. Agricultural Extension Service, June, 1959, PP• 5-6, 
PP• 36-37. 
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indicating that grade A dairying provided a major proportion of the farm 

income in this three-county area. Franklin County was rated eighth in 

the State in terms of farm income from dairy products thus revealing the 

importance of dairying in this county.JI 

Since the production of forage and grain crops is of primary in

tere&t in this study, the topography and soils of the area are an 

important and necessary consideration. Roanoke County embraces two 

limestone valleys and a fairly large area of the Pi~dmont Plateau. The 

extreme southern portion of Roanoke County is primarily made up of the 

Blue Ridge Mountains. Franklin County falls entirely in the Piedmont 

Plateau with the exception of approximately 10 percent which is in the 

Blue Ridge Mountains and the foothills of these mountains. Henry County 

lies in the southwestern part of the Piedmont Plateau. The Piedmont 

Plateau conaista mainly of the Cecil, Appling and closely related soil 

series. These soils are suitable for the production of such forage 

crops ass alfalfa, ladino clover, orchard grass, red clover. lespedeza 

and permanent pasture. Corn and the various small grain crops also 

produce well on these soils. 

The soils of the Piedmont Plateau are usually less fertile than 

those of the limestone valleys but more so than those of the mountainous 

areas. 

J/ u. s. Bureau of the Census, u. s. c,nsus of Agrieylture, 19o9, 
Vol. I, Counties, Part 24, Virginia, u. s. Goverrunent Printing Office, 
Washington, o.c., 1961, PP• 195-203. 
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REVIEW OF LITERATURE 

Numerous studies have been conducted relating to the effect of 

available farm resources on an optimum combination of farm enterprises. 

Tiiere have been less numerous studies, however, which deal with deter

mining the effect of available farm resources on an optimum forage and 

grain production system and forage-to-grain feeding ratio on grade A 

dairy farms with a restriction on the total farm milk sales. 

Heady, Schnittker, Jacobson and Bloom conducted an experiment de

signed to provide estimates of the milk production function and feed 

substitution ratios in alternative dairy cow rations.JI The primary 

objective of this study was to establiah the rates at which grains and 

forages substitute undar specific technical conditions and the rate at 

which feeds are transformed into milk for various production levels and 

rations. Conclusions from this experiment indicate that grains and 

forages do not substitute at constant rates for various ranges of milk 

production per cow and that there is a non-linear relationship between 

feed inputs and the output of milk. Also. this study reveals that the 

E.N.!. system of feed evaluation is more suitable for dairy animals than 

is the t.D.N. system. The feed input figures for various ratios of 

forage-to-grain and the corresponding milk output figures from this 

J/ E. o. Heady, J. A. Schnittker, N. L. Jacobaon, ands. Bloom, 
Milk Production Function1, H1y/Grain Subftitution Rat1s 1nd Economic 
Optima in DtiiX gow R1tions, Res. Bul. 444, Agrioultural Experiment 
Station, Iowa State College, Ames, Iowa, October, 1956. 
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experiment were used as a basis for developing feed input - milk output 

relationships for three levels of milk production per cow in the present 

study. 

Huffman and Duncan in a study of corn silage as a sourea of 

unidentified grain factors concluded that when corn ailage replaced a 

part of an all-hay ration on an equal total digestible nutrient basis 

it produc•d a marked increase in the quantity of fat-corrected milk 

produced • .JJ This study also indicated that a pound of total digestible 

nutrients in a ration of hay and corn silage, which included grain, was 

more valuable for milk production than the same quantity of digestible 

nutrients in an all-·hay ration. Thus, it is important when using corn 

silage as a source of feed for dairy animals to account for the nutrients 

supplied in terms of grain and forage rather than forage alone. In this 

connection, a study conducted at the University of Illinois by Nevens, 

Harshbarger, Touchberry and Dungan provided some basic data from which 

a dependable estimate could be made of the grain and forage content of 

corn silage.~ The findings of this study were based on a five-year 

trial in which corn forage harvested at pre··silage, early-silage, good-· 

silage and late-silage stages were separated into ear and leaf-stalk 

J,/ c. F. Huffman and c. w. Duncan, Corn Silage aa a Source of the 
un· den ifi r in F to Ne dad f r Mi Prod ction, Quarterly Bulletin, 
37 1 :23~26, Michigan Agricultural Experiment Station, East Lansing, 
Michi~~' 195-4. 

'i:/ w. B. Nevens, K. E. Harshbarger, R. w. Touchberry, and G. H. 
Dungan, A Method of Estimajing the Money Value of Corn Silage, Bulletin 
576, Illinois Agricultural Experiment Station. Urbana, Illinois, May, 
1954. 
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fractions and the amounts of each fracti'.:m measured. The results of 

this stucy were used as a basis for separating corn silage into grain 

and forage in the present study. 

Walker prepared a guide to aid farmers in estimating the costs of 

owning specified machinery ),l These guides included all costs of owner

ship and operation e:~cept labor. Also, Sheppard included as a part of 

his study a detailed breakdown of the equipment cost and labor hours in

volved with harvesting and storing forage using various equipment combi• 

nations.ZI' These works by Walker and Sheppard were drawn on extensively 

in estimating equipment costs and labor requirements for the various 

crop budgets used in the present investigation. 

A farm adjustment study was conducted by Walker, Kline and Arnold 

that included as one of its objectives to test the feasibility of the 

use of transfer procedures in the linear programming method of 

analysis • .i/ This study revealed that the use of transfer activities 

has considerable merit towards increasing the flexibility of the pro

gram. Transfer functions were used to make the products of some 

activities available as inputs to other activities; to substitute one 

.!/ H. w. Walker, Guide for Est1mat\ng Annual Cost for Ow9ing and 
Operating §elecJed Farm tr,chlner,y, Special Report, Virginia Agricultural 
fxten§i,on Service, Blacksburg, Virginia, August, 1959. 

~ V. M. Sheppard, Jr., An Economic Analvs,s of Re§oytce Require
ments and Performance of Alternative Systems for .Harve&ting and Storing 
Forage, Unpublished M. s. Thesis, Virginia Polytechnic Institute, 
Black~urg, Virginia, M!y, 1960. 

3 H. w. Walker. R. G. Kline, and c. J. Arnold, Farm Adjustment 
Opportynities - Soutbside Virginia, Tech. Bul. 150, Virginia Agricultural 
Experiment Station, Blacksburg, Virginia, May, 1961. 
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input for another when it is econcmical to do so; and to facilitate the 

realistic pricing of inputs without greatly increasing the number of 

activities. The findings in this study of the use of transfer functions 

in linear programming provided guidelines for incorporating transfers in 

the program for the present study. 

The &tudies reviewed obviously are not inclusive of all previous 

work that has relevance to the presant study. Those mentioned, however, 

do represent the previous studies that were used in developing the 

framework within which the present research was conducted. 
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THEORETICAL FRAMEWORK AND ANALYTICAL METiiODS 

The dairy farmer who is limited to his present resources has two 

basic economic principles to guide him in determining an optimum feed

ing program. These principles are: (1) equal marginal returns to in

puts or resources in alternative uses, and (2) marginal rates of 

substitution of feed inputs. 

The equal marginal returns principle is dependent upon the prin

ciple of opportunity costs • .!/ This principle is called opportunity cost 

because it considers the value sacrificed in one use of an input or re-

source as a coat in another use of the same input or resource. For 

instance, the dairy farmer may feed the corn ha produces with his limited 

resources to dairy cows or he may sell the corn. Assume that the use of 

a unit of corn as feed to a dairy cow will net $1.20 whereas this same 

unit of corn sold as grain will net $1.00. If, in this illustration, 

the dairyman elects to feed his corn, he has an opportunity cost of 

$1.00 per unit in addition to his direct corn production costs. Selling 

the corn may be a profitable use but, in this case, it is not the most 

profitable use. The dairyman would continue to feed units of corn until 

the added return from this use is equal to its opportunity cost. This 

principle can be extended to other dairy feed inputs, such aa hay, that 

are being produced with limited resources and have alternative uses • 

.J/ E. O. Heady and H. R. Jensen. Farm Management Econanics, Prentice
Hall, Inc., New York, 1954, PP• 78-79. 
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The farm milk base is logically included in the bundle of limited 

resources. With this inclusion, the most profitable combination of uses 

of feed may be to use some in producing milk and some for direct market 

aales. Also, the most profitable combination may be to use the feed to 

produce up to the milk base limitation and sall any feed not needed for 

milk production. The combination of uses that is most profitable will 

depend upon the prices received in various alternativa uses, the costs 

attached to each use and the value sacrificed as one uae is replaced 

partly or entirely with another one • .l/ 

The rate of milk production per cow has a significant effect on the 

coats attached to the use of feed for producing a given milk base and, 

thus, has an influence on the most profitabl$ combination of uses of 

feed inputs. Figure 2 illustrates some of the physical factors involved 

in determining the most profitable combination of uses for feed when 

total milk production is limited to the present farm milk base which 

can be produced with various rates of milk production per cow. 

Assume that the isoquant AB ln Figure 2 represents 400,000 pounds 

of milk base. Thia diagram shows various combinations of production 

per cow and numbers of cows for producing 4001000 pounds of milk base. 

Points a, c and eon the vertical axis indicate 6,000, 9,000 and 13,000 

pound$ of milk per cow respectively. To produce the assumed milk baae 

at 6,000 pounds per cow requires about 70 cows; at 9,000 pounds per cow 

requires about 45 cows; and at 13,000 pounds per cow requires about 32 

11 E. 0, Heady and H. R. Jensen, op, cit., PP• 77-80. 
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cows. The most i:rofi table combination of uses of feed may be to F-,roduce 

milk somewhere to the left of a point such as b, d or f and to sell feed. 

The most profitable combination may be, however, to use the feed in 

producing the milk base limit at roint b, d or f.. Therefore, the dairy

man must determine which rate of f;roduc.tion rer cow, such as f~oint a, c 

ore and the number of cows as measured along such lines as ab, cd or 

ef, will give the most 1-·I·ofi table combination of uses of feed. 

To determ.ine an optimum rate of r.,.roduction t·'er cow and the con

sequent number of cows, the dairyman must also determine the least-cost 

ration for f1roducing various rates of 1-roduction per cow. Numerous com

binations of grain and forage can be used to produce any given rate of 

milk production rer cow. Grain and forage may substitute for each other 

at diminishing marginal rates in the dairy ration. That is, for any 

given rate of mjlk rroduction r:;er cow, as units of grain are added to 

the dairy ration, they substitute for fewer units of forage. This 

theorem is further ex~lained by diagram (Figure 3). 

Assume that the isoquant XY in Figure 3 rei:,.resents 11,0J·,~· pounds 

of milk f:,roduction Fer cow that can be r.·roduced with various combina

tions of grain and forage~ The lines a'b, b'c, c'd, d'e, e'f and f'g 

rer:.resent unit changes (additional j in grain and the lines aa', bb', 

cc', dd *, ee' and ff' represent the change in forage associated with 

each unit change {additional) in grain. From i.oint a to point g on the 

isoquant XY, it is obvious that there is a diminishing marginal rate of 

substitution of gra.':.n fox· forage since the amount of forage saved 

diminishes (aa 1
, bb', ---, ff' J as units of grain are added. The 
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marginal rate of substitution principle as outlined thus far is a 

physical phenomenon since it indicates how much of one input (forage in 

Figure 3) can be saved with the output remaining at the same level if 

one unit of the other input {grain in Figure 3) is added to the ration. 

To determine the least-cost combination of grain and forage. it is 

necessary to consider the prices of grain and forage. The combination 

of grain and forage which will yield a given quantity of output at least 

cost is where j= ~. This is the same as saying that the cost of add• 

ing grain is equal to the reduction in cost from using less forage.!/, 

A change in the relative price of grain and forage changes the 

least-cost combination of grain and forage for producing a given rate of 

milk production per cow. The dairyman has alternative crop rotation 

systems for producing the grain and forage needed in the feed ration. 

Also, the dairyman may purchase the grain and forage for the feed 

ration. If the purchase price of grain and forage is less than its 

production cost, he will buy the grain and forage rather than produce 

it. Thus, changes in the price ratio are caused by changes in the pro• 

duction costs (including opportunity costs) associated with the alterna

tive crop rotation systems and the relationship between the cost of 

producing and the cost of purchasing feed. Since both the substitution 

ratio of grain and forage ii~ and the inverse price ratio of grain and 

11 c. E. Bhhop and w. D. Toussaint, Introduction ;to 6gricul tural 
Economic AQalxs!s, John Wiley and Sons, Inc., New York, 1958, PP• 95-98. 
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forage ~~l may vary, the dairyman is faced with a rather complex 

problem in dete1111inin9 the least-cost combination or where~=~· 

For producing a given farm milk base, the least-cost combination 

of grain and forage for any rate of milk production per cow is also the 

point of maximum profit. An illustration indicating the least-cost -

maximum profit point for producing a given farm milk base using 11,000 

pounds of milk production per cow with various feed ratios and cost 

possibilities is provided in figure 4. 

Assume that points (A), (B), (C) and (D) on the horizontal axis in 

Figure 4 represent points on an isoquant such as those on XY in Figure 

3. The shape of any one of the total variable cost curves in Figure 4 

indicates the change that may occur in cost, with consideration given 

to opportunity cost, when a particular crop rotation system is used for 

supplying the feed for various forage-to-grain feeding ratios. Forage 

can be produced more cheaply than grain from some crop rotation systems, 

as illustrated by TVC1, whereai grain can be produced more cheaply than 

forage from other crop rotation systems, as illustrated by TVC3• Also, 

some crop rotation systems are best suited, from a cost standpoint, for 

producing approximately equal quantities of forage and grain, as 

illustrated by TVC2• The cost of producing forage and grain from a 

particular crop rotation system depends upon such items as the type of 

crops that make up the rotation system, yields, length of time various 

crops remain in the rotation, cropping practices and the extent to 

which other rotations use the same restrictive resources. Thus, there 

is a range in costs, depending upon the crop rotation system and relative 
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purchase prices, for the forage and grain in various feed ratios for 

producing a given rate of milk production per cow. The range in costs 

for different forage-to-grain ratios is indicated by the lettered points 

on the total variable cost curves in figure 4. The illustration in 

Figure 4 contains three possible total variable cost curves, whereas 

in reality there may be many more of various shapes. 

Knowing the milk base and price of milk, the total revenue can be 

determined as shown in Figure 4. Point don the 1VC2 curve indicates 

that the least-cost combination of forage and grain for producing a 

given milk base at 11,000 pounds of milk per cow may be at a point such 

as the 05/45 ratio since the costs as$ociated with all other possible 

ratios are greater than point d when measured on the vertical axis. 

Point don the TVC2 curve indicates that the least•cost ratio, such as 

55/45, is also the point of maximum profit for producing a given milk 

base at 11,000 pounds of milk per cow. This is true since there is a 

wider margin between point don the TVC2 curve and the total revenue 

line than there is between any other points on the other total variable 

cost curves and the total revenue line. 

Both marginal analysis and linear programming are adapted to de

cisio~s concerning the use of resources available to the finn and the 

method to apply in using the firm's resources. The marginal analysis 

has particular adaptation to problems when the available resources are 

unlimited, but this approach becomes awkward when limits are placed on 

the available resource$. Problems involving many variable factors or 

products and fixed resources complicate the marginal approach. Many 
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farm problems are of the short-run variety where some factors are 

variable and others are fixed and, thus, marginal analysis would be 

inefficient as the analytical tool for obtaining a solution. In con• 

trast, linear programming is particularly adapted to handling problems 

when limitations are placed on the available factors of production and 

when large or small changes in inputs or outputs are cons1dered. 

This study was short•run in scope 1 involved limitations on avail• 

able resources and allowed for numerous alternative crop rotation systems 

{a finite ntm1ber) to be considered. Since linear programming is espe

cially suited for problems with these characteristics, it was the 

principal analytical technique used in this study. However, the theo

retical guidelines for this study were provided by marginal analysis as 

well as by linear programming. 
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PROCEDURE 

Selection of Sample and Collection of Data 

The grade A dairy farms included in this study were a part of a 

stratified random sample selected from DHIA records from a large area 

of central Virginia. The random sample was stratified by numerical 

size of herd, milk production rates, feeding ratio of concentrate to 

milk and ratio of forage to concentrate. This study includes only 

those farms which were located in Roanoket Franklin and Henry Counties. 

This part of the over-all sample consisted of 17 grade A dairy farms. 

The data for this study covered the 1957 and 1958 production years 

and were obtained by means of a field survey. From each farm, data 

were collected which described the crop rotations, including acreage, 

yields and production practices; the soil classification; the available 

machinery and equ!µnent; the available storage space for forage crops; 

the available annual labor supply; and the annual farm milk production. 

Soil maps were obtained from the Soil Conservation Service in each 

county to provide the basis for classifying the soils on the individual 

farms. Dairy Herd Improvement Association records were the source of 

information for obtaining annual fa.rm milk production data on the 

sample farms, 
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Selection of Typical Resource Situation 

The typical resource situation was selected from the data col

lected on the 17 grade A dairy farms. Land, labor, machinery and 

equi~ment, storage space for forage crops and farm milk base were 

the restrictive resources considered in selecting the typical situation. 

Since this study did not permit the option of buying additional unit$ 

of these resources, with the exception of silage storage space, capital 

was not included as a restrictive resource. It was assumed that un

limited capital was available for the purchase of additional silage 

storage space J/ 
The typical resource situation refers to the quantity of these 

resources that were available on most of the 17 farms (modal situation) 

and not the mean average quantity of these available resources on these 

farms. 

Description of Available Resources and Tileir Restrictions 
on the Typical Farm 

The typical grade A dairy farm contained 185.8 acres of total open 

land. With the soil maps obtained during the survey and as$istance 

from agronomist$ at the Virginia Polytechnic Institute, it was deter

mined that 142.8 acres of the total open land were suitable for cropland 

and 43 acres of the total open land were suitable for permanent pasture 

1/ The basis for permitting purchase of additional units of this 
resource is explained on page 30. 
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only. It was also determined that 31 percent of the 142.8 acres of 

cropland, or 44.3 acres, on the typical farm were suitable for contin

uous row crops. No consideration was given to acreage in woodland 

since this study was concerned with the production of forage and grain 

crops using the present available open land. 

The open land that was suitable for continuous row crops consisted 

mainly of fine sandy loam and silt loam iOils. The steeper slopes of 

Cecil, Appling and Lloyd were the predominant soils of the open land 

that was suitable only for permanent pasture. A major portion of the 

cropland that was suitable for rotated crops but not suitable for con

tinuous row crops was located on the less steep slopes of the Cecil, 

Appling, Haysville and closely related soil series. 

There were 7,684 annual man-hours or 2.59 man-equivalents of 

available labor on the typical grade A dairy farm. This available labor 

supply was composed of ownert tenant and family labor. 

The amount of owner, tenant and family labor available was ob

tained for each farm in terms of months worked on the farm during the 

year. This labor was available during the various months according to 

number of days suitable for productive work.!/ In detezmining the avail· 

able man-hours, it was also assumed that a male worker under 15 years of 

age was equivalent to one-half an adult. 

1/ Assumed 234 man-hours in each of the months of January, March, 
November and December; 216 man-hours in the month of February; 260 man
hours in each of the months of April through October. Thus, one man
equivalent is equal to 2,972 man-hours. 
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Data describing the available machinery and equipnent were obtained 

for each of the sample farms. Operations such as picking corn. combining 

small grain and spreading lime were accomplished by custom hiring on 

nearly all of the farms. The following items of machinery and equi~ent 

were available on the typical grade A dairy farms 

Tractor 
Tractor 
Truck 
Plow 
Disk 
Mower 

Item 

Side delivery rake 
Hay conditioner 
Hay baler 
Forage harvester 
Silage blower 
Corn planter 

Cultivator 
Cultipacker 
Elevator 
Grain drill 
Wagon 
Lime and fertilizer spreader 
Manure loader 
Manure spreader 
Pipeline milker 
Bulk milk tank 
Hamer mill 

Sizt and/or ge,cription 

Small 
Medium 
2-tons 
2·14" bottom 
6' tandem 
7' 
8' 
7' 
Pick-up, PTO 
PTO with all attachments 
8" pipe 
2-row - with fertilizer 

attachment 
2-row 
8' 
20' 
13 X 7' 
8' x 16' - with false endgate 
8' 
front-end loader 
80 bushels 
4•unit 
500 gallons 
1011 

Each respondent provided estimates of the dimensions of available 

hay storage apace in various structures on his farm. The typical farm 
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had approximately 157t600 cubic feet or 600.4 tons of total available 

storage space for hay.!/ 

The total annual available storage space for silage, assuming the 

silo is filled once a year. was 206 tons on the typical farm. It was 

felt that restricting the typical farm to its present available silage 

storage space would place an unrealistic limitation on the use of silage 

as a possible source of feed for dairy animals. Thus, the typical farm 

had the option of buying an unlimited amount of additional storage space 

for silage. 

The farm milk base was a principal consideration in selecting the 

typical resource situation. There were 51 cows on the typical grade A 

dairy farm, and the amount of milk sold (base plus surplus) was 4t420 

hundred-weights of four percent fat-corrected milk.6"' 

Description of Grade A Dairy Budgets 
Used in Linear Program 

Milk production data obtained from DHIA records for the 17 sample 

farms revealed that these farms could be separated into low, average 

and high groups based on milk production per cow. The rate of milk 

production per cow, in te:rms of four percent fat-corrected milk, was 

!/ Assumed 40 pounds per bale and 5.25 eubie feet of storage space 
requi~d per bale. 

The pound. of four percent milk produced were divided by the 
total acres in crops for each sample farm; the median of these quotients 
was multiplied by the total acres in crops on the typical farm; this 
farm milk production for the typical farm was reduced by the amount of 
milk fed to calves (350 pounds of milk per cow to calves) on the typical 
farm to arrive at the milk sale base, 
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7,000 pounds in the low group; 9,000 pounds in the average group; and 

11,000 pounds in the high group. The DHIA records maintained at the 

Virginia Polytechnic Institute reveal that most grade A dai.ry farms in 

the State are averaging 9.000 pounds of milk per cow or more at the 

present time. Since most dairy farms in the State are at production 

rates above the 1,000 pounds of milk per cow represented by the low 

group of sample farms, the three rates of milk production per cow used 

in this study were 9,000 pounds, 11,000 pounds and 13,000 pounds. 

Forage and grain coefficients were developed for individual 

forage-to-grain ratios at each of the three rates of milk production. 

The forage-to-grain ratios ranged from 75/25 to 15/85.l/ The co

efficients for the ratios were derived in terms of therms of estimated 

net energy from forage and from grain. Estimated net energy has an 

advantage over total digestible nutrients when comparing grain and 

forage feed for dairy animals. Results of a dairy feeding study at 

Iowa State College as well as suggestions from dairy nutritionists at 

the Virginia Polytechnic Institute were used to establish the E.N.E. 

coefficients for the three rates of milk production at various forage

to-grain ratios.51' 

!/ See Appendix C, Table 1, for forage and grain coefficients and 
the ra~ge in ratios used at the three rates of production. 

Y E. o. Headyt J. A. Schnittker, N. L. Jacobson and s. Bloom • 
.2l?.:.. cit., Tables A-13 and A-14, P• 929. 
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A grade A dairy budget was prepared for eaeh forage-to-grain ratio 

at the three rates of milk production.!/ Before developing the budgets, 

the feed requirements were converted from E.N.E. to r.o.N. to maintain 

standard values in terminology more familiar to dairymen.ii 

The grade A dairy budgets were prepared on a per-cow basis and in

cluded the requirements for replacements, Fixed costs on dairy animals, 

buildings and equipnent were not considered since this study was short

run in scope. The items included in these budgets werec 

1. The quantity of labor required was indicated by periods of the 

year, but, since labor was considered fixed, no cost was listed. 

2. The only feed costs included in the budgets were for protein 

supplement, salt, minerals and calf starter. 

3. The quantities of forage r.o.N. and grain r.o.N. required were 

listed in terms of possible sources with no costs. The costs 

associated with the forage and grain requirements were 

accounted for by transferring costs from the crop rotation 

activities and the nbuy hay" and ubuy corn" activities.~ 

The forage T.D.N. required could come from hay, corn 

silage, grass silage and pasture. Hay, grass silage and 

pasture were considered sources of forage r.o.N. only. Corn 

silage, however, contains considerable grain as well as 

~ See Appendix C, Tables 2 through 4, for grade A dairy budgets. 
=I See Appendix c, Table 1, for factors used in converting thezms 

of E.N,E. to pounds of T.D.N. 
~ Transfers from one activity to another are discussed in the 

11Linear Programning Model" section. 
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forage and, thus, was considered as a source of both forage 

T,D.N. and grain r.o.N • .!/ The grain r.o.N. required could 

come from corn, barley, the grain content of corn silage and 

protein supplement. 

The grade A dairy budgets were not confined to the quan

tities of forage r.o.N. and grain r.o.N. indicated from the 

various sources. Minimum and maximum quantity limitations. 

however, were placed on some of the sources. At least 306 

pounds of the required forage r.o.N. had to come from hay to 

assure that an optimum ration contained sufficient dry matter.~ 

Not more than 2,400 pounds of the required forage T.D.N. could 

come from pasture to prevent the possibility of pasture fur

nishing forage when pasture is not normally available.~ 

Other than these restrictions, hay, pasture, grass silage and 

the forage part of eorn silage could substitute one for one on 

the basis of pounds of T.D.N. 

4. Tite quantity of manure produced by the dairy cow was listed in 

pounds of nitrogen, phosphorus and potash. No value was 

attached since the manure produced was transferred to the crop 

lf Divided on the basis of a ton of corn silage containing 167.64 
pounds of forage r.o.N. and 198.71 pounds of grain r.o.N. See Appendix 
B for_\he derivation of these factors. 

~ Minimum hay requirement based on 2.8 pounds of hay per day for 
215 d1¥$• 

Maximum pasture allowance based on 16 pounds of r.o.N. per day 
for 150 days. 



- 34 ... 

rotations where its value was accounted for by way of providing 

some of the plant food requirements of crops that otherwise 

would have had to be purchased,1/ 

Description of Crop Rotation Budgets 
Used in Linear Program 

The input-output relationships of various crops are affected by the 

crop rotation system used, In order to give consideration to the effect 

of the rotation system, the crop budgets used in this study were pre

pared on a rotation basis rather than on an individual crop basis, 

The present crop'rotations used on the typical farm were determined 

from the survey. County Extension Agents in the area of study and 

agronomists at the Virginia Polytechnic Institute suggested additional 

crop rotations that were adaptable to the typical farm. The crop rota• 

tions considered for the production of forage and grain on the typical 

farm are indicated in Table 1. 

As previously mentioned, the total open land on the typical farm 

was divided into three categories -- land suitable for continuous row 

crops, land suitable for rotated crops and land suitable for permanent 

pasture only. The only difference made in budgeting procedure between 

land suitable for continuous row crops and land suitable for rotated 

crops was that row crops could be grown year after year on the continuous 

row crop land • 

.J./ See Appendix C for manure coefficients used in grade A dairy 
budgets. 
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Table 1. Crop Rotations on the Typical Grade A Dairy Farm, Roanoke
Franklin•Henry-County Area, Virginia, 1960 

Years in 
Crops rotation C5ops 

(1) Corn for grain 1, barley, lespedeza hay 

(2) Corn silage, 0ats 
silage .J/ 

Years in 
rotation 

~----~-~-~--------~~-~-~---~--~--~~------~~~--~---------~---~----~-----~ (3) Corn silage 

(4) Corn silage 
alfalfa-orchard 

grass hay 

(5) Corn silage 
alfalfa •orchard 

grass hay 

(6) Corn silage 
red clover-orchard 

grass hay 

3, 

1, 

4 

1, 

4 

2, 

1 

alfalfa hay 4 

barley 1, 

oats silage, corn silage @, 

oats silage, lespedeza hay @, 

--~-~-~-~---~~~-~-~--~------~---~-------~-~-------~--~~-----------------(7) Corn silage 
alfalfa hay 

1, 
5 

(8) Corn silage 1, 
alfalfa-orch~;d grass 

silage-hay£/ 4 

oats and vetch silage l, 

barley 1, 

~-~-~-~~---~~--~~-----~---~~~------·------------~-~-----~~------~-------(9) Corn for grain, oats 
silage J:/ 

-----~--~~--~~------~~-~~-----~--~-~~---·-------·------~--~----~-----~--(10) Cnrn for grain, 
cover crop JI 

~---~·-----~~~-----~~---~~-~-----~---------~--~------------~---~~-~~--~-(11) Millet pasture 1, 

(12} Bluegrass-white 
clover pasture j/ 

ladino clover-orchard grass 
pasture 5 

l/ Continuous. 
2,/ First cutting of alfalfa-orchard grass harvested for silage and 

the second and third cuttings harvested for hay. 
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The cropping practices on the typical farm and suggestions from 

agronomists at the Virginia Polytechnic Institute were used ai guides 

in detel'1llining the coefficients for the crop rotation budgets.1/ 

Fixed costs were not considered in the crop rotation budgets since 

this study wa. short-run in scope. The items included in these budgets 

were, 

1. The quantity of labor required was indicated by periods of the 

year, but, since labor was considered fixed, no cost was listed. 

2. The quantities of crops produced from a· rotation were listed 

as pounds of forage T.D.N. and grain r.o.N. with no values. 

Expressing the yields of crop rotations in this manner coin

cides with the unit of measure used in estimating feed re• 

quirements in the grade A dairy budgets, thus simplifying the 

transfer of crop outputs to feed inputs. The values of forage 

and grain produced were accounted for through fl sell milk 11
, 

u sell corn" and O sell hayf! transfer activities .V Corn 

silage yields were listed in terms of grain r.o.N. and forage 

r.o.N. by applying the same factors as those used in the 

grade A dairy budgets for dividing the feed input coming from 

corn silage.~ 

~ See Appendix D, Tables 3 through 14, for crop rotation budgets. 
~ These transfer activities are discussed in the 11L1near 

Progr~ing Modelu section. 
'JI Refer to page 33, footnote 1, for these factors. 
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In estimating crop yields, a 10 percent loss was assumed 

on silage and an 8 percent lo$& was assumed on hay. Sixty

five percent utilization was assumed in estimating pasture 

yields. 

3. The grade A dairy budgets included a cost for grinding and 

mixing grain based on the grain T.D.N. requirement of the 

ration. Since a part of the grain r.o.N. required in various 

rations could cane from corn silage which does not require 

grinding and mixing, a credit was made to the crop rotation 

budgets producing corn silage to offset the cost of grinding 

and mixing grain from this source in the grade A dairy budgets. 

4. The crop rotation budgets were set up to utilize the manure 

from. dairy cows, and any additional fertilizer needed was 

purchased. 

Linear Progranming Model 

The available resources on the typical farm and the coefficients 

from the grade A dairy budgets and crop rotation budgets were set up in 

matrix form for calculating an optimum forage and grain production sys• 

tem and forage-to-grain feeding ratio at the three rates of milk pro

duction per cow. 

Some of the available resources, production processes and transfer 

activities are presented in Table 2 to illustrate the linear pro9raunin9 
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model used in the analysis.!/ The available resources are located on 

the left side of the matrix in Table 2 and the alternatives for convert• 

ing these limited resources into a salable product are set up on the 

right side. 

The land resources were listed in terms of their suitability and the 

amount available was based on the proportion of total open land. Rotated 

crops could be produced on all of the open land except that which was 

suitable for permanent pasture only; thus 142.8 acres were available for 

these types of rotations. Since all the open land wa. suitable for 

permanent pasture, 185.8 acres were included as available for producing 

this crop. 

Available labor was divided into three time periods based on the 

opportunity of sub.tituting labor between months within certain periods 

of the year. The labor period shown in Table 2 indicates that July, 

August, September and October labor can substitute for each other; 

however, none of the labor in this period can substitute for labor in 

other periods of the year. For instance, corn should be planted during 

the period of March through June and it should be harvested during the 

period of July through October. Thus, the labor available in the 

period when corn should be planted ean not be substituted for labor in 

the period when corn should be harvested. 

JI See Appendix E for complete matrix U$ed in this study. 
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Table 2. An Abbreviated Form of the Matrix Used for Basic Solutions!/ 

I •Gainful activitiesaTransfer ac~1v1t1es 
s I : Dairy: : Substi• a 
l : :Dis• I {11,000:Rotation ,tut1ons I 

Resource or l I I egs11ss lbs.) ,e. sil.- :Hay to ,Buy Sell 
restriction ,Unit1Amt.1P2 P1~1 55/45 ,alfalfa cgr.sil. acorn milk 

P2 Rot. crop• 
land Ac. 143 1 1 

P3 Total 
open land Ac. 186 l 

P5 Labor 
(Jul.-Oct.) Hr. 2,660 34 10 

P? Tot. gr. 
r.o.N. Lb. 0 3,279 -1,150 -100 

P9 Hay r.o.N. Lb. 0 306 -1,851 l 
P10 c.su.r.o.N. Lb. 0 2,313 - 970 
P11 G.su. r.o.N. Lb. 0 1,488 -1 
P12 Past. T .o. N. Lb. 0 2,400 
P13 Milk base Cwt.4,420 1 106 
P14 Milk sales Cwt. 0 -106 
P15 Hay storage Ton 600 2 
P17 MiX• fall 

sil. space Ton 206 6 

Net return 
to fix:1; 
factors Dol. -so •12 -3 

!/ All coefficients have been rounded to nearest whole number to 
conse~~e space. 

£:I The fixed factors include land, labor, investment capital and 
management. 

1 

6 
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The rows included as total grain T.D.N., hay T.D.N., corn silage 

T.D.N., grass silage T.D.N., and pasture T.D.N. are restrictions placed 

on the production and use of these products. The amount of these pro

ducts produced and purchased must be at least a$ great as the amount 

fed and sold, For instance, the amount of hay produced from rotations 

and/or bought must be at least equal to the amount fed to dairy animals 

and/or sold. Restrictions of this kind were also placed on nitrogen, 

phosphorui and potash to assure that the manure supplied by dairy cows, 

and fertilizer purchased was sufficient to meet the plant food require• 

ments of the crops. 

Farm milk base was included in the matrix at the amount that could 

be sold. A milk sales restriction was set up to assure that no more 

than the base amount was sold. 

The amount of available annua 1 silage storage space may be double 

the actual storage capacity of the silos. Silage stored in the fall may 

be fed 1n the winter; thus an equal amount of silage could be stored 

and fed in the summer. The maximum amount of available fall silage 

storage space was included as a resource in the matrix. Two forage 

feeding periods, summer and winter, were set up as restrictions requir• 

1ng silage stored in the fall to be fed in the winter or transferred, 

by transfer activities, to the summer forage feeding period. This 

procedure allows silage storage space to become available as i1lage is 

fed to the dairy animals. Additional silage space required could be 

purchased at a specified price. 

Net return (revenue) values in this model may be positive or nega

tive (costs) depending on the activities involved. With regard to the 
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grade A dairy activit1es 1 net revenue is negative since it represents 

gross receipts from cull cows and surplus calves lesa variable cash 

expenses. Revenue from milk ia accounted for through a milk selling 

activity rather than the grade A dairy activities. Net ravenut is also 

ntgative for the crop rotation activities. Values of crops are not 

considered in these activities aince the yields of crops are trans

ferred to the grade A dairy activities or selling activities, Net 

revenue in the buying activity columns is cost~- net revenue) and net 

revenue represents income in the selling activity columns. 

An optimum forage and grain production system and forage-to-grain 

ratio may not utilize all of the available resource•• A disposal 

activity is included for each resource in the matrix to permit tha 

existence of unuaed resources in an optimum solution. 

The gainful activities are the production possibilities for convert• 

ing the available resources into a salable product. These activities 

include alternative grade A dairy feeding systems and alternative er-op 

rotations. The coefficients in these columns of tha matrix were supplied 

from the grade A dail:-y and crop rotation budgets. An optimum forage-to• 

grain ratio could be obtained at any ratio within the range of ratios 

considered. 

The remaining columns in the matrix consi1t of various transfer 

activities. These activities make it possible for the product of one 

activity to be used by another activity. The substitution of one input 

for another, such as hay for grass silage, can be done with a transfer 

activity. Transfer activities can also perform the function of buying 
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input& and supplying them directly to production activities. Conver&ely, 

the product of a production activity can be sold by using a transfer 

selling activity. 

Separate matrices of the form shown in Table 2 were used in calcu

lating an optimum solution for each of tha three production rates par 

cow considered in this study. The three matrices were identical except 

for the coefficients in the grade A dairy activity columns which were 

different for each rate of milk production. 

To ttudy the effect of changes in the price of milk on the relatiVQ 

profitability of the three rates of milk production and forage-to-grain 

ratios, the matrices were recalculated after adjusting the coefficient 

in the net ravanue row of the "sell milk" activity for each price 

considered. 

An IBM 650 Digital Computer waa used to solve the matrices 

involved with this study. 
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RESULTS AND IMPUCATIONS 

An Optimum Forage-to-Grain Production and Feeding Plan for 
Each of Three Rates of Milk Production Per Cow with 

Milk Sales at $5.73 Per Hundred-Waight 

9,000 pound§ per cow 

An optimum forage~to-grain feeding ratio for the 9,000 pounds pro

duction rate per cow was 35 pereent forage E.N.E. to 65 percent grain 

E.N.E. when milk was sold at $5.73 per 100 pounds on the typical farm. 

The relationship between the cost as,ociated with an optimum crop rota

tion system and the sale prices of milk, corn and hay were such that 

net return to the fixed factors was maximized by using forage and grain 

to produce 173 hundred-weights of milk less than the milk sales base 

limitation and to sell corn and hay (Table 3). 

Labor during the July through October period was the most restric

tive resource. An additional hour of labor during this period would 

increase net returns by $4.08 (MVP, Table 3). This ia much higher 

than prevailing wage rates. All of the available resources, excapt 

hay storage space and milk sales base, were fully utilized. However, 

there were 23.9 acres of open land suitable for producing continuous 

row crops that ware used, inataad, for producing rotated crops. 

Less total feed nutrients were required to produce a given rate 

of milk production per cow with a feed ratio containing a high propor

tion of grain relative to forage (Table 1, Appendix C). Also, less 

land was needed for producing the feed required in a ration containing 

a high proportion of grain. Since combining small grain and picking 



Table 3. An Optimum Solution: Grain and Forage Combinations for Sales Base of 4,420 Hundred
Weights of Four Percent FCM at 9,000 Pounds Production Per Cow on a Typical Grade A 
Dairy Farmt Roanoke-Franklin-Henry-County Area, Virginia, 1960 

Lbs. T.D.N. furnished 
Croe rot1tions and other fac~ors Unit S!ie Forag1 Graio 

Crop rotations:J/ 
C.gr. ?1yr.) ,bar. lesp. (lyr. )on Land B Acre 45.9 24,414 96,626 
c.sil.(3yrs.),alf.(4yra.}on Land B Acre 16.0 43,934 18,310 
C.sil. (lyrairbar. (lyr.} ,alf.-orch.gr. (4yrs.) 

on Land Acre 60.3 171,567 41,,949 
C.gr.oats sil.(lyr.)on Land A Acre 20.6 22,282 69,077 
Blue gr.white clover pasture on Land C Acre 43.0 45,4~7 
Total lbs. r.D.N. furnished 307,634 225,962 

-~~~-~~---~~~---~~~~-~-~~-~~~~~~--~~~~-~~~~~~~~~~~-~~~--~-~~~~-~-~-~~-~-~~---~-----~-~-~-~-~~~-~-

Lbt• r.D.N. fed and sold 
Forage Grain 

Dairy(fed to cows and replacements. excluding supplement) 207,531 187,141 
Milk sold Lb. 424,698 

sold Bu. 865 38,821 
Hay sold Ton 100 100.203 
Total lbs. T.D.N. fed and sold 307,634 225 

Total lbs. r.o.N. fed to milking her~including supplement) 
(35:65 forage-grain feeding ratio) Each 49.1 114,388 173,590 

t 



Table 3. (Continued) 

Amount Amount Amount MVP 1 Resource Unit available used _____ unused dollars!!: 

Land A (continuous row crops) Acre 44.3 20.4 23.9 
Land A Land B (rotated cropland) Acre 142.8 142.8 15.44 
Land A+ Land B -t- Land C (total open land) Acre 1a5.a 185.8 6.40 
Labor (March-J"une) Hour 2,608.0 2.600.0 0.81 
Labor {July-October) Hour 2,660.0 2,660.0 4.08 
Labor (November-February) Hour 2,-416.0 2t416.0 1.84 
Hay storage space Ton 600.4 131.3 469.l 
Milk sales restriction Cwt. 4,420.0 4,-247.0 173.0 
Maximum fall silage •torage space2/ Ton 206.0 206.0 0.80 

Net return to land, labor, investment capital and management= $20,955.5~ 

J/ See Appendix E for identification - P27, P29, P34 and P35 respectively. 
~ First cutting of alfalfa-orchard grass harvested for silage and the second and third 

cuttiQgs harvested for hay. 
~ This is the forage E.N.E.-to-grain E.N.E. feeding ratio to milk cows. The grain and forage 

figures include feed for 49.1 milk cows excluding replacements. 
In calculating this ratio: 1 lb. grain T.D.N. = 1 therm E.N.E. 

Al 1.22 lbs. forage T.D.N. = 1 therm E.N.E. 
::!I Tha MVP figures indicatad in this column refer to the "net" value added at the margin to 

the fixed factors from an additional unit of the particular resource rather than ths "gross" valua 
added_~t the margin which is commonly interpreted aa the MVP. 

~ 1 It was necessary to buy 290.1 tons of additional fall silage storage space in this solution. 
';;!.I Blend price of milk = $5. 73 hundred-weight. 

~ 
(Jt 
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corn were custom operations on the typical farm, a rotation system in• 

eluding crops harvested by these methods did not utilize as much of the 

available labor aa a rotation system which produced primarily forage. 

The most economical system of feed production is to a large extent de

termined by the available resources. 

An optimum rotation syst$m at the 9,000 pounds production rat~ 

included rotation& that produced large quantities of grain T .D.N. rela

tive to forage T.D.N. per unit of labor raquired. Nearly one-third of 

th~ grain T.D.N. feed requirement wa, obtained from the grain in corn 

silage. It waa more profitable to use the 43 acres of open land suit

able only for permanent pasture to produce some of the forage feed 

rQquiramenta than for this land to ramain unused. 

The entire m1lk sales base could ba produced by adding two addi

tional cows and using a 47:53 forage-to-grain ratio. This plan would 

reduce the sale of corn by 800 bushels and the sale of hay by 23 tons. 

Net revenue would be reduced by only $546. Thus, there is some 

latitude in the selection of a feeding ratio and crop rotation system, 

at this particular rate of production, before significantly reducing 

the net return to fixed factors. 

11,000 pound& per cow 

An optimum forage-to-grain feeding ratio for producing 111000 

pounds of milk per cow on the typical farm was 43 percent forage E.N.E. 

to 57 percent grain E.N.E. It was more profitable to produc~ up to 

the base sale& restriction, 4,420 hundred•weights of milk, and to 

increase the sale of both hay and grain over an optimum at the 9,000 
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pounds production rate (Table 4). At this production rate all available 

resources except March through June labor, November through Fabruary 

labor and hay storage space ware fully utilized. Labor during tha July 

through October period was also the most restrictive resource at the 

11,000 pouoda production rate as indicated by the high return of $4.02 

per hour of additional labor (MVP, Table 4). Land, however, was some

what more restrictive at this production rate than at 9,000 pounds par 

cow. At the margin, an annual addition of 100 pounds of milk aales base 

would increase net return to fixed factors by $2.73 (MVP, Table 4). 

With dairy cows that have the same production potential, more total 

H.N.E. is required as the production rate per cow is increased (Table 1, 

Appendix C). However, the high~r the production rate per cow, the fewer 

the number of cows required to produce a given milk sales base. 

At the 11,000 pounds production rate as compared to the 9,000 

pounds production rate, the labor saved by the reduction in cow numbers 

required to produce the milk sales bate was applied to crop production. 

It waa more profitable to use most of this labor to produce forage rather 

than grain and, thus, the least-cost ration for thi1 production rat~ con

tained mor9 forage than the least-coat ration for 9,000 pounds production 

per cow. Since forage was harvested by the available labor on the 

typical farm rather than by custom, the labor available during the 

forage harvesting period (July-October) was fully utilized. Land was 

more restrictive at this production rate since the change to increa•ing 

the forage content of the ration placed a greater requirement on the 

land resources for the production of a given quantity of feed nutrients 



Table 4. An Optimum Solution: Grain and Forage Combinations for Sales Base of 4,420 Hundred
Weights of Four Percent FCM at 11,000 Pounds Production Per Cow on a Typical Grade A 
Dairy Farm, Roanoke-Franklin-Henry-County Area, Virginia, 1960 

IJ2s. T.D.N. furnished 
CroB rotati2D1 and other factors Unit Si;e Forage Gr1in 

Crop rotations:.!/ 
c.gr.(lyr.),bar.lesp.(lyr.)on Land B Acre 3.2 1,768 6,832 
C.sil. {3yrs.),alf.(4yra.)on Land B s'Y Acre 70.8 199,929 81,449 
C.sil.(lyr.),bar.{l)r.),alf.orch.gr.(4yrs.)on Land Acre 24.5 71,425 17,060 
c.gr.oats sil.(lyr. on Land A Acre 44.3 49,201 149,170 
Blue gr.white clover pasture on Land C Acre 43.0 461798 
Total lbs. T .o.N. furnished 369,121 254,511 

Lbs. r.o.N. fed and $Old 
Forage Grain 

Dairy( fed to cows and replacements, excluding supplement) 224,202 167,283 
Milk sold Lb. 442,000 
Corn sold Bu. 1,945 87,228 
Hay sold Ton 145 1441919 
Total lbs. r.D.N. fed and sold 369,121 254,511 

Total lbs. T.D.N. fed to milking her,1>including supplement) 
(43:57 forage-grain feeding ratio)3 Each 41.5 145,476 159,100 

~ 



Table 4. (Continued) 

Amount Amount 
Resource Unit .. available.--.~- .. used 

Land A (continuous row crops) Acre 44.3 44.3 
Land A+ Land B (rotated cropland} Acre 142.8 142.8 
Land A+ Land BT Land C (total open land) Acre 185.8 185.8 
Labor (March-June) Hour 2,608.0 2,506.2 
Labor (July-October} Hour 2,.660.0 2,660.0 
Labor (November-February) Hour 2,416.0 2,024.9 
Hay storage space Ton 600.4 172.4 
Milk sales restriction Cwt. 4,420.0 4,420.0 
Maximum fall silage storage spa~ Ton 206.0 206 

Net return to land, labor, investment capital and management~ $23,212.4o§/ 

Amount 
U!lY.§!G 

101.8 

391.1 
428.0 

MVP 
dollar# 

3.47 
21.93 
7.82 

4.02 

2.73 
0.80 

.!/ See Appendix E for identification - P27, P29, P34, P35 and respectively. 
Y First cutting of alfalfa-orchard grass harvested for silage and the second and third cuttings 

harve~\ed for hay. 
~ This is the forage E.N.E.-to-grain E.N.E. feeding ratio to milk cows. The grain and forage 

figures include feed for 41.5 milk cows excluding replacements. 
In calculating this ratio: 1 lb. grain T.D.N. = l therm E.N.E • 

.,.1 1.22 lbs. forage T.D.N. = l therm E.N.E. 
;!I The MVP figure5 indicated in this column refer to the "netn value added at the margin to the 

fixed factors fran an additional unit of the particular resource rather than the "gross" value added 
at th! ,Jn&rgin which is commonly interpreted as the MVP. 

~ It was necessary to buy 453.3 tons of additional fall silage storage space in this solution. 
'.;!,/ Blend price of milk= $5.73 per hundred-weight. 
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(E.N.E.). Since labor was less restrictive at 11,000 pounds production 

per cow than at 9,000 pounds production per cow, crop rotations were 

included which increased forage production and also increased grain pro• 

duction. Since less grain was used in the ration, more corn was sold. 

There waa also some flexibility in the selection of a feed ratio 

and crop rotation system for producing the milk sales base at 11,000 

pounds of milk per cow without significantly reducing net revenue. 

The milk sales base could have been produced with a 32:68 forage-to-grain 

ratio and selling 173 tons of hay. This plan would have reduced net 

revenue by only $492. 

13,000 pounds per cow 

An optimum forage-to-grain fQeding ratio for the 13,000 pounds 

production rate per cow waa 38 percent forage E.N. E. to 62 percant g:rain 

E.N.E. Th& most profitable combination of uses of crops was to produce 

milk up to the sales base 11ml tation, 4,420 hundrad-weighta, and to 

aell any excess corn and hay. The rotation from which a large part of 

the total feed needs were obtained included corn silage and a hay crop. 

Most of the hay produced from this rotation was sold aince the forage 

requirement for the ration was obtained primarily from ailage crops 

which could not be sold (Table 5). 

Land suitable for rotated c1·op1 waa the most restrictive resource. 

An additional acre of cropland was worth $58 annually {MVP, Tabla 5). 

All available resources, except labor and hay storage space, were fully 

utilized at this production rate. There were 18.5 acres of land suitable 

for continuous row crops that were usad, instead, for producing rotated 



Table 5. An Optimum Solution: Grain and Forage Combinations for Sales Base of 41420 Hundred
Weights of Four Percent FCM at 13,000 Pounds Production Par Cow on a Typical Grade A 
Dairy Farm, Roanoke-Franklin-Henry-County Area, Virginia, 1960 

Lb1. T.D.N. furnished 
Cro2 :rota!ions and other f1ctor1 Unit Si;e Forage Gr1in 

Crop rotations;J/ 
c.sil.oats sil.{lyr.)on Land A Acre 2.0 6,83o 
C.sil.(3yrs.),alf.(4yrs.)on Land B A.ere 117.0 329,558 
C.gr.oats sil.(lyr.)on Land A Acre 23.8 26,569 
Blue gr.white clover pasture on Land C Acre 43.0 47.090 
Total lbs. T .D.N. furnished 410,052 220,053 

Lbs. T.D.N. fed and sold 
Fo:ra.,ge Gx'ain 

Dairy(fed to cows and replacements, excluding supplement) 204,037 184,717 
Milk sold Lb. 442,000 
Corn sold Bu. 788 35,336 
Hay sold Ton 206 2061015 
Total lbs. T.D.N. fed and sold 410,052 220,053 

Total lbs. T.D.N. fed to milking her.V,including supplement} 
(38:62 forage-grain feeding ratio} Each 34.9 137 180,564 

()1 ..... 



Table 5. (Continued) 

Amount Amount Amount MVP 
Resource Unit available U§!d !.!DY!!Si dollar~ 

Land A (continuous row crops) Acre 44.3 25.8 18.5 
Land A+ Land B (rotated cropland) Acre 142.8 142.8 57..95 
Land. A+ Land B + Land C (total open land) Acre 185.8 185.8 0.58 
Labor (March-June) Hour 2,608.0 2,116.5 491.5 
Labor {July-October) Hour 2,660.0 2,630.5 29.5 
Labor (November-February) Hour 2,416.0 1,753.9 662.1 
Hay storage space Ton 600.4 234.1 366.3 
Milk sales restriction Cwt. 4,420.0 4,420.0 4.36 
Maximum fall silage storage space!!/ Ton 206.0 206.0 0.80 

Net return to land, labor, investment capital and management= $23,509.# 

J/ See Appendix E for identification - P2a, P29, P35 and P38 respectively. 
1/ This is the forage E.N.E.-to-grain E.N.E. feeding ratio to milk cows. The grain and forage 

figures include feed for 34. 9 milk cows excludi.ng replacements. 
In calculating this ratio: 1 lb. grain T.D.N. = 1 therm i.N.E. 

~ 1 1.22 lbs. forage T.D.N. = l therm E.N.E. 
iV The MVP figures indicated in this column refer to the "netn value added at the margin to 

the fixed factors from an additional unit of the particular resource rather than the 0 gross" value 
added_a,t the margin which is commonly interpreted as the MVP. t It was necessary to buy 680. 2 tons of additional fall silage storage apace in this solution. 

::!./ Bland price of milk = $!:>. 73 per hundred-weight. 

(.]l 
N 
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crops. Available labor remained unused during all periods. An addi

tional 100 pounds of milk ealaa base per year would increase net return, 

at the margin, to fixed factors by $4.38 (MVP, Tabla 5). 

Fewer cows are required for producing the milk salas base at 13,000 

pounds per cow than at the lower rate, of production. However, the 

13.000 pounds production rate requirea more feed nutrients per cow than 

the lower production rates. Also, at any given forage E.N.E.-to•grain 

E.N.E. ratio, 55:45, 35,65 et cetera, more forage is required to replaca 

one unit of grain as production per cow increases. Tha reduction in 

number of cow, released more labor that could be directed to crop pro

duction than was the case with the lower production rates. The addition

al labor available for producing feed at this production rate was best 

utilized in the production of rotations containing corn silage since 

both grain and forage could be obtained from this source. Other crops 

in the rotation system produced more grain than forage. Consequently, 

the least-coat ration contained a high proportion of grain relative to 

forage. 

As was the case with the lower production rates, it was more 

profita.ble to aupply some of the forage requiremant from permanent 

pasture than for the land suitable only for this purpose to remain 

unused. 

There is less latituda in the selection of an optimum forage and 

grain production eyatem and forage-to-grain feeding ratio at the 13,000 

pounds production rate than was true at the lower production rates. 

A 10 percent incraaae or decrease in the forage content of the forage-to-
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grain ratio would result in a reduction in net return to fixed factors 

of more than $11 000. 

Comparing Optimum Plans for Each of Three Rate, of Production 
Per Cow with Milk Sales at $5.73 Per Hundred-Weight 

With the present available resourcas and blend price of milk on 

the typical farm, 13,000 pounds per cow was the most profitable pro

duction rate. However, in moving from the 9,000 pounda production per 

cow to the 11,000 pounds and 13,000 pounds level, net return to fixed 

factors increased at a substantially decreasing rate. Net return to 

fixed factors increased $2,257 from the 9,000 pounds production to the 

11,000 pounds production per cow, whereas the increase in net return to 

fixed factors at 13,000 pounds per cow was only $297 above that of tha 

11,000 pounds production rat~. Thus, there would be little difference 

in the net return to fixed factors for production rates per cow ranging 

from 11,000 pounds to 13,000 pounds. A production rate much higher than 

13,000 pounds, however, would probably raault in leas net revenue. 

When the av«ilable resources are limited, an optimum forage-to-grain 

feeding ratio may vary either upward or downward as production per cow 

increases. An optimum crop production and fe•ding plan for 11,000 

pounds production per cow contained tha highest forage E.N.E.-to•grain 

E.N.E. ratio (43;57). However, the forage E.N.E.-to-grain E.N.e. ratio 

could range from 43:57 to 32;68 without greatly changing the returns to 

fixed factors. When production was 9,000 pounds per cow, labor became 

restrictive becau•e of the additional cows and replacements required per 

100 pounds of milk produced. Thus, large acreages of rotations that 
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contained grain crops which were harvested by custom wera included in an 

optimum crop production system for 9,000 pounds per cow ainca this crop 

production sy1tem required less labor per 100 pounds of feed nutrients 

produced. Consequently, an optimum forage-to-grain ratio for 9,000 pounds 

per cow included more grain as compared to 11,000 pounds per cow. As 

production per cow went from 11,000 pounds to 13,000 pounds, the amount 

of feed nutrients par 100 pounds of milk increased and land became the 

most restrictive resource. Thus, an optimum crop production system for 

13,000 pounds per cow contained rotations that produced large quantities 

of grain since crops producing feed nutrients in tha form of grain re

quired less land per 100 pounds of nutrients produced. Consequently, an 

optimum forage-to-grain ratio for 13,000 pounds per cow also included 

more grain as compared to 11,000 pounds per cow. 

It was profitable to produce corn and hay for sale at each of the 

three rates of milk production per cow. 

When r&latively large quantities of corn silage are used in a 

ration and its feed value ia accounted for in terms of forage and grain, 

the forage-to-grain feeding ratio will contain more grain relative to 

forage. Many dairymen in actual practice, are probably feeding a high 

proportion of grain relative to forage if one would consider both the 

forage T.D.N. and grain T.D.N. supplied by corn silage. 

Net revenue could be increased by hiring additional labor at the 

9,000 pounds and 11,000 pounds production rates. With the present 

restriction on milk sales (4,420 hundred-weights), hiring additional 

labor at the 13,000 pounds production rate would not have increased net 
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revenue since labor was unused during all periods of the year. The 

purchase of additional land suitable fo:r rotated crop& would have in

creased the net return to fixed factors at each of the three rates of 

milk production since, in each case, this resource was fully utilized. 

Additional milk salee base would not increase net return to fixed 

factors at the 9,000 pounds production rate since some of the milk sales 

base at this production rate was unused. Tha total milk sales base was 

produced at both the 11,000 pounds and 13,000 pounds production rates. 

Based on the MVP values of $2.73 and $4. per hundred-weight for milk 

sales base at the 11,000 pounds and 13,000 pounds production rates 

respectively, net revenue would be increased if additional milk could 

be sold. 

The Effect of Changt)s in the Price of Milk on the Relative 
Profitability of the Three Rates of Production Per Cow 

An optimum forage and grain production system and forage-to-grain 

feeding ratio were determined for each of the three rates of milk pro

duction with the blend price per hundred-weight set at $4.00 and $3.00. 

All available resources and factors other than milk price were the same 

as previously outlined with the price per hundred•weight at $5.73. 

Milk at i5.73 ptr hupdred•)!!ight 

The relative profitability of the three rates of production per 

cow and the forage-to-grain feeding ratios with milk priced at $5.73 

per hundred-weight are shown in Table 6. As discussed earlier in this 

section, 131 000 pounds per cow was the moat profitable praiuction rate 
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Table 6. Optimum Solutions: Grain and F0rage Combinations for Producing 
4,420 Cwts. of Four Percent FCM at Three Production Rates Per 
Cow with a Milk Price of $5.73 Per Cwt. on a Typical Grade A 11 
I~iry Farm, Roanoke-Franklin-Henry-County Area, Virginia, 196o!r 

Pounds ger cow 
CroQ rotations and other factors Unit 91000 11.000 13i000 

Crop rotations:af 
C.gr. {lyr. ),bar.lesp. (lyr. }r)n Land B Acre 46 3 
C.sil.oats sil.(lyr.)on Land A Acre 2 
C.sil.(3yrs.),alf.(4yrs.)on Land B Acre 16 71 117 
c.sil.(lyr.),bar.~.),alf.orch.gr. 

( Lcyrs. )on Land · 3 Acre 60 25 
C.gr.oats sil.(lyr.)0n Land A Acre 21 44 24 
Blue gr.white clover pasture on Land C Acre 43 43 43 
Total forage T.D.N. furnished Cwt. 3,076 3,691 4,101 
Total grain T.D.N. furnished Cwt. 2,260 2,545 2,201 

Total T.D.W. !11 to cows and 
replacement 4 Cwt. 3,947 3,915 3,889 

Grain T.D.N. sold (corn) Cwt. 388 872 353 
Forage T.D.N. sold (hay) Cwt. 1,001 1,449 2,060 
Milk sold Cwt. 4,247 4,420 4,420 
Number cows in milking herd Each 49 42 35 
Total forage T.D.N. fed to milking he~ Cwt. 1,144 1,455 1,378 
Total grain T.D.N. fed to milking her 5 Otvt. 1,736 1,591 1,806 

Forage-grain feeding ratio.§/ Pct. 35:65 43;57 38:62 

Net return to fixed factors1/ Dol. 20,956 23,212 23,509 

.!/ All figures have been rounded to whole numbers. 
Y See Appendix E for identification ... P27, P29, f>29, P34, P35 and 

P39 r!,pectively. 
1,' cutting of alfalfa-orchard grass harvested for silage and 

the s~~ond and third cuttings harvested for hay. 
!!I Includes farm produced forage T.D.N. and grain T.D.N. that were 

fed to cows and replacements. 
~ The grain T ,D,N, fed tr>_ milk cows including protein supplement, 
St/ This is the forage i.N.t.-to-grain E.N.E. feeding ratio to milk 

cows. In calculating this ratios l lb. grain T .D.N. -:: 1 therm .N.£ • 
..., 1 1.22 lbs. forage T .D.N. :'= 1 therm E. .N.!:. 
:J The fixed factors include land, labor, investment capital and 

management. 
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at this milk pric&. However, the difference in net revenue from 11,000 

pounds per cow to 13,000 pounds per cow was considerably le&& than the 

difference between the 9,000 pounds and 11,000 pounds production rates. 

Nearly tha same forage-to-grain ratios wera uaed at the 9,000 pounds and 

13,000 pounds production rates. The forage-to-grain ratio at 11,000 

pounds J)(lr cow contained more forage and l$SS grain than either the 

9,000 pounds or 13,000 pounds production rates. More cows were neces

sary at the 9,000 pounds production rate, and the resources available 

for producing the E.N.E. of feed for these cows were such that it was 

more profitable to produce and feed high grain relative to forage. 

Milk at $4.00 per hundred-weight 

When the milk price was lowered to $4.00 per hundred-weight, the 

relative profitability of the 9,000 pounds and 11,000 pounds production 

rates changed in that tha difference in net return to fixed factors was 

reduced by a little mora than one-third (Table 7). Since the relative 

profitability of the 11,000 pounds and 13 1 000 pounds px·oduction rates 

did not change appreciably, the 9,000 pounds production rate also gained 

in profitability relative to the 13,000 pounds production rate. 

The relative feeding ratios for the 11,000 pounds and 13.000 pounds 

per cow did not change. However, it was more profitable, with $4.00 per 

hundred-weight for milk, to increase the forage content of the ration at 

the 9,000 pounds production rate. With the reduction in milk price and 

the price of corn and hay remaining constant, it was more profitable. 

at 9,000 pounds per cow, to produce considerably below the milk sales 

base and to sell more corn and hay. Since fewer cows were maintained 
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Table 7. Optimum Solutions: Grain and Forage Combinations for Producing 
4,420 Cwts. of Four Percent FCM at Three Production Rates Per 
c~w with a Milk Price of $4.00 Per Cwt. on a Typical Grade A 
Dairy Farm, Roanoke-Franklin-Henry-County Area, Virginia, 196o!/ 

Pr,und§ eer cow 
Croe rotati0ns and other factors Unit 91000 111000 131000 

Croe rotations:af 
C.gr.(lyr. ),bar.lesp. (lyr. )on Land B Acre 3 85 
C.sil.oats sil.(lyr.)on Land A Acre 2 
C. sil. (3yrs. ),alf. (4yrs. )on Land B Acre 96 117 
c.sil.(lyr.),bar.~r.),alf.-?rch.gr. 

{4yrs. )on Land -i-3 Acre 14 
C.gr.oats sil.(lyr.)on Land A Acre 44 44 24 
Blue gr.white clover pasture on Land C Acre 43 43 43 
Total forage T.D.N. furnished Cwt. 3,668 3,749 4,101 
Total grain T.D.N. furnished C'wt. 2,657 2,561 2,201 

Total T.D.N. ~ to cows and 
replacement 4 Cwt. 3,257 3,777 3,889 

Grain T.D.N. sold (corn) Cwt. 1,403 947 353 
Forage T.D.N. sr,ld (hay) Cwt. 1,665 1,586 2,060 
Milk sold Or1t. 3,405 4,264 4,420 
Number cows in milking herd Lach 39 40 35 
Total forage T.D.N. fed to milking he~ C'wt. 1,255 1,404 1,378 
Total grain T.D.N. fed to milking her 5 Cwt. 1,145 1,535 1,806 

Forage-grain feeding rat1oY' Pct. 47153 43157 38162 

Net return to fixed factors1/ D:Jl. 14,083 15,565 15,862 

.!/ All figures have oeen rounded to whole numbers. 
2/ See Appendix for identification - P27, P29, P29, P34, P35 and 

P39 respectively. 
Y First cutting of alfalfa-orchard grass harvested for silage and 

the s~;ond and th,rd cuttings harvested for hay. 
~ Includes farm produced forage T .D.N. and grain T .D.N. that were 

fed to cows and replacements. 
~ The grain T.D.N. fed to milk cows including protein supplement. 
!J.t This is the forage E.N.E.•to•grain E.N.E. feeding ratio to milk 

cows. In calculating this ratios l lb. grain T.D.N. ~ l therm E.N.E. 
1.22 lbs. forage T .D.N. = 1 therm E.N.L. 

J/ The fixed factors include land, labor, investment capital and 
management. 
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with the change in milk price, more labor was available at 9,000 pounds 

per cow for crop production than was availabla when milk waa priced at 

$5.73 per hundred-weight. This additional labor not only enabled more 

corn and hay to be produced for sale, but alao permitted more forage to 

be produced for use by the dairy cows. Forage, as mentioned previously, 

was a cheaper source of feed but required more labor per unit than grain. 

With milk priced at $4.00 per hundred-weight, it was equally as 

profitable to produce 156 hundred-weights below the milk sales base at 

11,000 pounds per cow and to sall 167 bushels mora corn and 14 tons more 

hay. The reduction in milk production at thia price for the 11,000 

pounds production rate was not sufficient to alter an optimum foraga•to• 

grain feeding ratio since the herd size was reduced by only two cows. 

The decrease in cow numbers, however, did permit a change in the forage 

and grain production system whereby more forage and grain could be pro

duced for direct aalta. The increase in corn and hay sales was •qual to 

the decrease in the sala of milk. 

At the 13,000 pounds production rata, the de~reaae in milk prica was 

not sufficient to make the sale of corn and hay aa profitable as milk 

production. Thus, an optimum feeding ratio and an optimum forage and 

grain production system for this production rate at $4.00 per hundred

weight was the same as when milk waa priced at $5.73 per hundred-weight. 

Milk at $~.00 par bundfed•wtigbt 

A considerable change in the relative profitability of the three 

ratas of milk production occurred when the price of milk waa lowered 

to $3.00 per hundred-weight (Table 8). The difference in net revenue 
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Table 8. Optimum Solutions, Grain and Forage Combinations for Producing 
4,420 Cwts. 0 f Four Percent FCM at Three Production Rates Per 
Cow with a Milk Price of $3.00 Per Cwt. on a Typical Grade A _11 
Dairy Farmt Roanoke-Franklin-Henry-County Area, Virginia, 196o!t 

Pounds per cow 
Crop rotations and other factor$ Jn\t 9,000 11,000 13.000 

Crop rotations,~ 
C.gr.(lyr.),bar.lesp.(lyr.)on Land B Acre 
C.sil.oats sil.(lyr.)on Lane~ A Acre 2 
c.sil.(3yrs.),alf.(4yrs.)on Land B Aere 103 121 117 
C.sil.(lyr.),bar.(!y~.),alf.orch.gr. 

(4yrs. )on Land ~ Acre 
C.gr.oats sil.(lyr.)on Land A Acre 40 22 24 
Blue gr.white clover pasture on Land C Acre 43 43 43 
Total forage T.D.N. furnished cwt. 3,835 4,116 4,101 
Total grain T.D.N. furnished G'wt. 2,542 2,112 2,201 

Total T.D.N. !;j t0 cows and 
replacement 4 Cwt. 3,164 3,396 3t889 

Grain T.D.N. sold (corn) Cwt. 1,350 700 353 
Forage T.D.N. sold (hay) Cwt. 1,802 2,132 2,060 
Milk sold Cwt. 3,291 3,813 4,420 
Number cows in milking herd Each 38 36 35 
Tr)tal forage T .D.N. fed to milking he~ Cwt. 1,250 1,298 1,378 
Total grain T .D.N. fed t,':I milking her 5 Cwt. 1,08., 1,344 1,806 

Forage-grain feeding ratio.§/ Pct. 48152 44:56 38;62 

Net return to fixed factors1/ C{>l. 10,750 11,548 11,442 

l/ All figures have been rounded to whole numbers. 
~ See Appendix E for identification - P27, P29, P29, P34, P35 and 

P39 respectively. 
~ First cutting of alfalfa-orchard grass harvested for silage and 

the second and third euttings harvested for hay. 
Y Includes farm produced forage T.D.N. and grain T.D.N. that were 

fed to cows and replacements. t The grain T.D.N. fed to milk cows including protein supplement. 
£/ This is the forage .N.t.-to-grain L.N.E, feeding ratio to milk 

cows. In calculating this ratios 1 lb. grain T.D.N. = 1 therm E,N.E. 
1.22 lbs. forage T.D.N. ~ 1 therm L.N.~. 

7./ The fixed factors include land, labor, investment capital and 
management. 
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among tha 9,000 pounds, 11,000 pounds, and 13,000 pounds production 

rates was narrowed substantially, and the 11,000 pounds per cow became 

slightly more profitable than tha 13,000 pounds per cow. 

With a milk price of $3.00 per hundred-weight, it was more profit

able at thG 9,000 pounds per cow to decrease milk production further 

and to sell more hay and &lightly leas grain. The trend towards more 

forage in an optimum forage•to-grain faeding ratio at 9,000 pounds per 

cow continued with the further reduction in milk prica from $4.00 to 

$3.00 per 100 pounds. The reduction in milk production made available 

more labor for crop production. Since forage was a cheaper feed than 

grain, although forage crops required more labor, the amount of addi

tional labor per-mi ttad a change to more acreage in rotations containing 

primarily forage. Thus, it was more profitable to include more forage 

in the ration and to increase hay sales at 9,000 pounds per cow when 

milk price was reduced to $3.00 per hundrad•waight. 

At the 131 000 pounds pl"oduction rate, the reduction in milk price 

was insufficient to alter the combination of uses of feed. Thus, an 

optimum forage-to-grain feeding ratio and crop production system remained 

the same for a price range from $5.73 to as low as $3.00 when milk sales 

are restricted to the present amount. 

Summary 

As the price of milk declined, the lower milk production rates 

gained in profitability ritlative to the higher production rates. This 

trend occurred because the use of feed to produce milk as price dropped 

was leas profitable. At the 9,000 pounds and 11,000 pounds production 
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ratea, labor that otherwiae would have been utilized to maintain more 

cows was available for producing corn and hay for direct aalea. The 

additional corn and hay produced by this labor enabled more forage to 

be included in the ration which reduced the cost of producing milk and 

alao permitted mora corn and/or hay to b~ sold, which increased income 

from these aourcea. At 13,000 pounds production per cow, a decline 

in milk prices x·educed income. However, income could not have been 

increased by producing less milk and selling more hay and grain. The 

result was that the margin of net revenue between the lower and higher 

production rates narrowed as the price of milk decreased. As one 

continues to decrease the price of milk with the resource limitations 

remaining the same, the lower production rates may become more profit

able than the higher production rate,. Thus, when the price of milk 

was reduced to $3.00 par hundred-weight, the 11,000 pounds production 

rate was more profitable than the 13,000 pounds production rate. 

As the price of milk decreased, labor became less restrictiv$ and 

land became more restrictive at the 9,000 pounds and 11,000 pounds pro

duction rate,. Since it was more profitable to produce lesa milk at 

th9se production rates as tha price of milk declined, more labor was 

availabla for grain and forage production and, thus, land became more of 

a limiting resource. 

With a substantial reduction in the price of milk, the dairyman 

may obtain a greater net return to fixed factors by producing below his 

present milk sales and at a lower production rate per cow and directing 

more of his limited resources to producing forage and grain for dir~ct 
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sales. Also, lt is more profitable to increase tha forage content of 

the ration at 9,000 pounds and 11,000 pounds per cow as the price of 

milk declines. 

It is more profitable to produce pasture for feed to dairy animals 

on land suitable only for this purpose than for this land to remain idle 

even when the price of milk is as low aa $3.00 per hundred-weight. 

Manufactured milk producers who are producing at production rates 

of 9,000 pounds or below and have th9 same quality cows as described in 

this study could increase net return to fixed factors by producing at 

11,000 pounds or 13,000 pounds per cow. Since this study included only 

one quality of cows, this implication would not be valid for manufactured 

milk producers who might produce 9,000 pounda of milk per cow with cows 

of lower production potential. The lower investment in the lower quality 

cow mey make the 9,000 pounds rate of production economical. 
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SUMMARY AND CONCLUSIONS 

The increasing competition in dairying within the State and the 

potential competition developing in areas outside of tha State make it 

es!=~ential that dairy farmers in Virginia operate efficiently if they 

are to maintain or improve their eompeti tive position. The dairy 

farmer has more control of milk production costs than of the price he 

receives for milk. Since the major part of the total cost of producing 

milk is comprised of feed costs, nat return to the dairyman ia greatly 

influenced by the feeding program used on the farm. 

The dairy farmer has various resources, some of which are limited 

in quantity, that may be utilized to produce milk. Dairy farmeI·s are 

limited in the amount of milk that can be aold at a milk base price. 

The dairyman has various alternativa grain and forage cropa that he can 

produce for feed or sale. Thua, the dairy farmer ia confronted with the 

problem of determining the foraga-to-grain faeding ratio and forage and 

grain production system that will maximize returns to his fixad resources. 

A farm to represent a typical resource situation was selected from 

data collected on 17 grade A dairy farms located in the Roanoke-Franklin

Hanry-County area of west contra! Virginia. The farm selected was a 

modal situation with 185.8 acres of open land, 7,684 annual man-hours of 

available labor, 600.4 tons of available hay storage space. 206 tons 

of available silage storage space and most of the major items of 

machinery needed for forage and grain production. The annual milk &ales 

on the typical farm was 4t420 hundred-weights of four percent fat

corrected milk. 
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The levels of milk production per cow used in this study were 

9.ooo pounds, 11,000 pounds and 13,000 pounds. Forage and grain 

coefficients werli developed in terms of eatimated net aneX"gy for 

individual forage-to-grain ratios at each of the three rates of milk 

production per cow. The feed coefficients were based on a milk pro

duction potential of 13,000 pounds of four percent fat-corrected milk 

per cow. A grade A dairy budget wa1 prepared for each forage-to-grain 

ratio at tha three rates of milk production per cow. Budgets were 

prepared for various crop rotations adaptable to the area included 

in thia study. The output of corn silage in the rotations containing 

this crop was estimated in terms of forage and grain. Since this 

study was short-run in scope. fixed costs were not included in either 

the grade A dairy budgets or the crop rotation budgets. 

Linear programming was the principal analytical technique used in 

this study. An optimum forage and grain production system and forage

to-grain feeding ratio was determined for each of the three rates of 

milk production per cow with milk priced at $5.73 per hundred-weight. 

To study the effect of changes in the price of milk on the relative 

profitability of the three l~vels of production per cow• an optimum 

crop production and feeding plan was also datermined for each produc

tion rate per cow with milk priced at $4.00 and $3.00 per hundred

weight. 

An optimum forage E.N.E.-to•grain E.N.E. feeding ratio for 9,000 

pounds par cow with milk priced at $5.73 per hundrad•weight was 35:65 

on the typical farm. Labor during July through October was the most 
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restrictive resource at this production rat~. An optimum crop production 

system included rotations that produced large quantities of grain since 

less of the available labor supply was raquirad per unit of feed 

nutrients produced from this source. The moat profitable combination of 

usea of fe&d at 9,000 pounds per cow was to produce leas milk than is 

now being sold (sales base restriction of 4,420 hundred-weights) and to 

&ell corn and hay. 

With milk priced at $5.73 per hundred-weight, an optimum forage 

E.N.E.-to-grain E.N.E. feeding ratio at 111 000 pounds per cow on the 

typical farm was 43:~7. Labor during July through October was also the 

most restrictive resource at 11,000 pounds per cow. Land, however, was 

somewhat more restrictive at thi1 product.ion rate than it was at 9,000 

pounds per cow. Fewer eowa were required to produce a given milk aales 

baae at 11,000 pounds per cow than was required at 9,000 pound, per cow. 

The labor saved by the reduction in cow numbers at 11,000 pounds p<n 

cow waa more profitably utilized in the production of forage crops. 

Consequently, an optimum feed ration and crop production system for 

this production rate contained more forage than an optimum feeding and 

crop production plan for the 9,000 pounds production rate. It was more 

profitable to produce up to the milk sales base restriction at 11,000 

pounds per cow and to aell any exces, corn and hay. 

An optimum forage E.N.!.-to•grain E.N.E. fe~ding ratio, with milk 

priced at $5. 73 per hundred-weight, was 38;62 for the 13,000 pounds 

production rate per cow on the typical farm. Land was the most rastric

tiva resource rather than labor when milk production per cow was 
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increased to 13,000 pounds. Fewer cows were required for producing 

the milk sales base at thi& production rata than were required at the 

lower production rates. However; more feed nutrients per cow 1Nere 

required and leas grain was required to raplace one unit of forage at 

131 000 pounds per cow than at the lower production rates. Thus, an 

optimum crop production system for the 13,000 pounds production rata per 

cow contained crops that would supply large quantities of nutrients from 

grain for use in the reed ration. Considerable corn silage was included 

in an optimum crop production system at this production rate since both 

grain and forage could ba obtained from this source. At 13,000 pounds 

per cow, it was more profitable to produce milk up to the sales ba1e 

restriction and to sell any excess hay and corn. 

There was some latitude in the selection of a forage-to-grain feed

ing ratio and forage and grain production system at both the 9,000 

pounds and 11,000 pounds production rates before greatly reducing net 

return to fixtd factors. At 13.000 pounds p$r cow, a relativQly small 

change from an optimum feeding and crop production plan would substan

tially reduce net return to fixed factors. 

With the available resources on the typical farm and milk priced 

at $5.73 per hundred-weight, 13,000 pounds per cow was the most profit

able production rate. However. net return to fixed factors increased 

at a decreasing rate from the 9,000 pounds production per cow to the 

11,000 pounds and 13,000 pounds production rates. The net revenue at 

13,000 pounds per cow exceeded the net revenue at 11,000 pounds per cow 

by $297 when milk was priced at $5.73 per hundred-weight. Thus, either 
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of these production rates could be used with only negligible effect 

on tha nat return to fixed factors. 

It was more profitable at aach of tha three rates of milk produc

tion per cow to supply some of the forage requirement& of the ration from 

permanent pasture than for th~ land suitable only for this purpoa~ to 

remain unused. 

Whan the price of milk was reduced to $4.00 per hundred-weight, thd 

lower production rates gained in profitability relative to the higher 

production ratas. It was profitable to increase the forage content of 

tht ration at 9,000 pounds per cow with milk reduced to $4.00 per hundred

weight. This reduction in milk price, however, was not sufficient to 

alter an optimum foraga-to-grain faeding ratio at the 11,000 pounds and 

13,000 pounds production rates. 

When the price of milk wa, lowered to $3.00 per hundred-weight, 

the margin of net revenue among tha three production rates per cow 

was narrowed considerably and the 11,000 pounds production rate became 

the moat profitable. The forag8 content of the ration increased slightly 

at the 9,000 pounds and 11,000 pounds production rates with milk priced 

at $3.00 per 100 pounds. It was more profitable to produce below the 

milk sales base restriction and aell corn and hay at both the 9,000 

pounds and 11,000 pounds production rates. At 13,000 pounds per cow, 

the reduction in milk price to $3.00 per hundred-weight was not 

1ufficlent to altar the combination of usea of feed and, thus, an 

optimum feeding ratio and crop production system did not change. 
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As the price of milk declined, labor became less restrict! ve and 

land became more restrictive at the 9,000 pounds and 11,000 pounds 

production rates. Land remained the most restrictive resource at 

13,000 pounds per cow with changes in the price of milk. 
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APPENDIX A 

Prices Used in Budget, and Linear Program 
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Table 1. Prices Used in Budgets and Linear Program 

Eris! 
Itam U9it paid Receivtd 

Dairy: 
Grade A milk (4 percent FCM) Cwt. $ $ 5.7300 
Cows (culls) Bach 145.0000 
Heifer, (over l year old) Each 175.0000 
Heif~r• (6 to 12 months old} Each 10.0000 
Calves (1 week old) Each 10.0000 
Artificial breeding Per cow 1.0000 
D.H.I.A. Per cow 5.0000 
Veterinary and medicine Per cow 5.0000 
Utilities Per cow n.0000 
Bedding Ton 15.0000 
Supplies Per cow .i.0000 
Milk marketing Cwt. 0.3700 

Feed: 
Protein supplement Cwt. 4.5000 
Salt and minerals Lb. 0.0300 
Calf starter Lb. 0.0500 
No. 2 yellow corn Bu. 1.4100 1.3100 
Hay {alfalfa, all analyses) Ton 45.7100 28.0000 
Grinding and mixing Cwt. 0.3000 

Seed~ 
Corn, hybrid Lb. 0.1920 
Barley Bu. 2.0650 
Rye Bu. 2.7900 
Oats Bu. 1.6100 
Lespedeza Lb. 0.1630 
Alfalfa Lb. 0.4850 
Orchard grass Lb. 0.3680 
Red clover Lb. 0.4970 
Vetch Lb. 0.1820 
Ladino clover Lb. l.3310 
Millet Lb. 0.1000 
Kentucky bluegrass Lb. 0.9240 
Timothy Lb. 0.2340 
White clover Lb. 1.02ao 

Fertilizer: 
Nitrogen Lb. 0.1297 
Phosphorus (Pi>5) Lb. 0.013s 
Potash (K2')) Lb. o.ceu 



Tabla 1. (Continued) 

Item 

Custom rates: 
Picking corn 
Combining small grain 
Spreading lime 

Silage storagg space 
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Unit 

Acre 
Acre 
Acre 

Ton 

Price 
Paid Received 

$ 7.0000 
5.0000 
1.0000 

0.8000 
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APPENDIX B 

Factors Used in Calculating the Forage 
and Grain Content of Corn Silage 
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DERIVATION OF FACTORS USED IN DETERMINING 

IBE FORAGE T.D.N. AND GRAIN T.D.N. IN CORN SILJ\GE 

Assume corn silage -- dent, well-matured, well-eared 

(28.4 parcant total dry matter and 20 percent T .D.N. )J/ 

1 ton of corn silaga (2B.4 percent dry matter) = 

4.43 bushels of No. 2 yellow corn equivalent -r 

330 pounds of good grass hay equivalent (314 pounds 

from leaves and stalks+ 16 pounds from cob)._g/ 

4.43 bushels of corn x 56 pounds per bushel= 

248.08 pounds of shelled corn. 

248.08 x 80.1 percent T.D.N. (corn, dent, grad~ No. 2),;v' = 

l9d.7l pounds of grain r.D.N. per ton of corn silage. 

330 pounds hay equivalent x 50.8 percent T.D.N. 

(Timothy hay, early bloom).!11 = 167164 pounds of 

forage T.D.N. per ton of corn silage. 

J/ F. B. Morrison, Feeds @nd Feeding, Twenty-first Edition, Tha 
Morrison Publishing Company, Ithaca, New York, 1949, P• 1,110. 

Y w. B. Nevans, K. E. Harshbarger, R. w. Touchbarry, G. H. Dungan, 
A Method of Estimating ~he Money Value gf Corn Silage, Bulletin 576, 
Il1in9i,s Agricultural Experiment Station, Urbana, Illinois, May, 1954. 

~ F. B. Morrison, .22.!, cit. P• 1,116. 
::,.t I bid • , p. 1 , 096 • 
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APPENDIX C 

Grade A Dairy Budgets 
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DERIVATION OF MANURE COEFFICIENTS 

USED IN GtADE A DAIRY BUDGersJ/ 

Average amount of manure producad yearly by a dairy cow: 

20,000 pounds solid manure 

a,ooo pound& liquid manure 

28,000 total pounds or 14 tons 

Composition of manure produced by a dairy cow: 

79 percent water 

11.4 pounds of nitrogen ptu ton 

4.4 pounds of phosphorus per ton 

12.5 pounds of potash per ton 

Assuming any nutrient 1011 is offset by manure produced by replacements, 

the quantities of nitrogen• phosphorus and potash used in the grad~ A 

dairy budgets were: 

1~9.6 pounds of nitrogen 

61.6 pounds of phosphorus 

175.0 pounds of potash 

J/ Agronomy Department, A HIOsiR29k of Agrgnomy, Bulletin 97, 
Virginia Polytechnic Institute, Blackaburg, Virginia, June, 1959, 
PP• 112•113. 
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.... 80 -

Forage and G1,ain Coefficients for Various Fora.ger1j,o-Grain 
Ratios at Three Rates of Milk Production Per Cow!' 

Forage E.N.E.-to
grain S.N.E. ratio 

Therms of E.N.E. Pounds of T.D.N.:w' 

75/25 
55/.e 
35/65 

75/25 
55/45 
35/65 
15/85 

55/45 
35/65 
15/85 

Forage 

4,375 
3,064 
1,902 

5,541 
3,768 
2,316 

982 

4,873 
2,905 
1,242 

Grain Total Forage Grain Total 

9,ooo pound• of milk per c~ 

1,458 5,833 5,352 1,458 6,810 
2,506 5,570 3,748 2,506 6,254 
3,533 5,435 2,327 3,533 5,860 

11,000 pound• of milk pe; cow 

1,847 7,388 6,779 1,847 8,626 
3,082 6,850 4,610 3,082 7,692 
4,300 6,616 2,833 4,300 7,133 
5,567 6,549 1,201 5,567 6,768 

l3,000 pounds gf milk R!F co~ 

3,987 8,860 5,962 3,987 9,949 
5,396 8,301 3,554 5,396 8,950 
7,038 8,280 1,519 7,038 8,557 

J/ On the basis of feeding a fixed ratio of seven pounds of hay to 
four pound, of concentrates for an initial 14-day adjustment period follow
ing calving, the cows in each rate of milk production per cow have the 
abili~¥ to produce 13,000 pounds of four percent fat-corrected milk. 

!i:I Factors used in converting therms of E.N.E. to pounds of r.D.N.; 
l lb. grain r.o.N. = 1 therm E.N.E. 
1.22 l4s. forage r.D.N. = l therm E.N.E. 

~ Past experience has shown that the forage-grain price relation
ships have bean such that the least-cost ration for producing 9,000 
pound! 1of milk per cow would not contain leas than 35 percent forage • 

.!t Assuming a ration for producing 13,000 pounds of milk per cow 
which contained more than 55 percent forage would utilize forage 
inefficiently since it is approaching the stomach capacity of the cow. 



Table 2. Grade A Dairy Budget for Producing 9,000 Pounds of Four Percent FCM wiv 75::25, 55:45 
and 35:65 Forage-to-Grain Feeding Ratios (Activities P23, P24 and P25)l 

Item Description Price Unit Quantity Afpount 

Income~r ·cow: 
Mil 4 percent FCM $ 5.730 Cwt. 86.50 $49o.64 
Cows Culls 145.000 Each 0.20 29.00 
Heifers Over l year old 175.000 Each 0.10 17.50 
Heifers 6 to 12 months old 70.000 Each 0.10 7.00 
Small calves 1 week old 10.000 Each 0.40 4.00 

Gross cash receipts $553.14 

ManUl'.'e credit Nitrogen Lbs. 159.60 
Pz)s Lbs. 61.60 co 
Ki) Lba. 175.00 ..... 

Expenses per cow: 
Forage T.D.JL,W Hay Lbs. 306.00 

Corn silage Lbs. 1,463.00 
Grass silage Lbs. 3,080.00 

Grain r.o.N • .W 
Pasture Lbs. 2,400.00 
Corn si !age Lbs. 1,734.00 

Protein supplement 4.500 Cwt. 1.00 4.50 
Salt and minerals 0.030 Lbs. 40.00 1.20 
Caif starter 0.050 Lbs. 40.00 2.00 
Grinding and mixin~ 0.300 Cwt. 22.62 6 
Records D.H.I.A. 5.000 Each 1.00 5.00 
Veterinary and medicine 5.000 Each 1.00 5.00 
Breeding 7.000 Each 1.00 7.00 
Utilities 11.000 Each 1.00 11.00 
Bedding 15.000 Ton 0.50 7.50 
Supplies 4.000 Each 1.00 4.00 
Marketing Hauling and other 

marketing cost 0.370 Cwt. 86.50 32.00 



Table 2. (Continued) 

Item De 1~i"i,2ti on Price Unit Quantity 

Repairs 
Tractor operating costs 
Equi(lment operating costs 
Interest, insurance a~d 

taxes on livestock,2/ 

Dairy equi,µnent 
Clean-,,up2/, 
Clean-up2/ 

2.000 
0.517 

Each 
Hours 
Hours 

Total cost excluding fixed cost, farm produced feed, labor and management 
Net return to land, fixed capital, farm produced feed, labor and management 

Sea s9na l __ Lab_oi,·_~Re_gui:tJ:!DJents 
Period Man-hours 

Mar ch·-June 
Jul y··October 
November-February 

35.2 
34.2 
45.6 

1.00 
1.11 
1.17 

Amount 

2.00 
0.60 
0.09 

30.70 
5.ill 9.3B 
$433.76 

J/ Includes replacements per cow based on 4.0 springing heifers, 6.0 heifers over l year old 
and 8.q heifers under l year old per 20.0 cow unit. 

,¥,1 350 pounds of milk per cow to calves. 
~ The T.D.N. figures represent possible quantities from various sources to fulfill the 

T.D.N. r·equirement of the ration. Excapt for the minimum hay and maximum pasture limitations as 
shown, the quantity figures for all sources could vary within the total T.D.N. requirement. The 
figures shown represent the 75: 25 forage·-to·wgrain ratio. Changes in thd quantities shown that 



Table 2. (Continued) 

may rapresent the 55: 45 and 35: 65 forage·--to-grain ratios ara: 

Foi:aga T.D.N.: 
~ 

corn silage 1,676 lbs. 
grass silage 1,263 lbs. 

Grain T.D.N.: corn silage 1,987 lbs. 

Foragd T .D.N •• 
Grain T .D.N.: 

35:65 
corn silage 
corn silage 
corn-·barley 

1,518 lbs. 
1,800 lbs. 
2,009 lbs. 

Al corn-barley 795 lbs. 
:!I This cost represents the 75:.. 25 forage-to--grain ratio and is based on the grain T.D.N. 

requirement of the ration. This cost is $10.71 for the 55!45 ratio and $14.56 for the 35:65 
ratio. 

~ Clean-up involves loading manure only. 
crop 6Q which the manure is applied. 

The hauling and sp1·eading cost is ·cha1'9ed to th~ 

S:./ Calculated at 7 percent of the average value of the milk co~s and their raplacemants. 
Average values: cows , __ $330; springing heifers -·~ $225; heifers over 1 year old - $125, 
heifers under 1 year old -·- $65. 

OJ 
(» 



Table 3. Grade l\ DairyBudget for Producing 11,000 Pounds of Four Percent FCM with 75:25, )17:45, 
35:65 and 15:35 Forage~·to~G1,ain Fc?eding Ratios (Activitias P23, P24, P25 and 1 

Item DescriQtion Price Unit Quantity Amount 

Incom~r cow: 
Mil 4 percent FCM $ 5.730 Cwt. 106.50 $610.24 
Cows Culls 145.000 Each 0.20 29.00 
Heifers Over l year old 175.000 Each 0.10 17.50 
Heifers 6 to 12 months old 70.000 Each o. 1.00 
Small calves 1 week old 10.000 Each 0.40 4.00 

Gross cash receipts $667.74 
-

Manura credit Nitrogen Lbs. 159.60 
P2')5 Lbs. 61.60 

(P 
K~ Lbs. 175.00 • 

Expenses per cow: 
Forage T.D.N.Y Hay Lbs. 

Corn silage Lbs. 1,725.00 
Grass silage Lbs. 4,245.00 

Grain T.D.N.Y 
Pasture Lbs. 2,400.00 
Corn silage Lbs. 2,044.00 

Protein supplement 4.500 Cwt. 2.00 9.00 
Salt and minerals 0.030 Lb. 40.00 1.20 
Ga 1 f starter 0.050 Lb. 2.00 
Grinding and mixin# 0.300 Cwt. 27.48 8.24 
Records D.H.I.A. 5.000 Each 1.00 5.00 
Veterinary and medicine 5.000 Each 1.00 5.00 
Breeding 1.000 Each 1.00 1.00 
Utilities 11.000 Each 1.00 11.00 
Bedding 15.000 Ton 0.50 7.50 
Supplies 4.000 Each 1.00 4.00 
Marketing Hauling and other 

marketing costs 0.370 Cwt. 106.50 39.41 



Table 3. (Continued) 

Item Dese_riQtion Price Unit Quantity 

Repairs 
Tractor operating cost 
Equipment operating cost 
Interest, insurance gnd 

taxes on livestockS?I 

Dairy eq~~?ftent 
Clean·-u~, 
Clean-up2/ 

2.000 
0.517 

Each 
Hours 
Hours 

Total cost excluding fixed cost, farm produced feed, labor and management 
Net return to land, fixed capital, farm produced feed, labor and management 

Sea!:l_on_a L LaJ)OJ::.Jl~.9.u i x·emli:mts 
Period Man~·hours 

March·,June 
July-October 
November-February 

35.2 
34.2 
45.6 

1.00 
1.11 
1.11 

Amount 

2.00 
0.60 
0.09 

30.70 
$132.74 
$535.00 

JI Includes replacements per cow based on 4.0 springing heifers, 6.0 heifers over l year old 
and 8~9 heifers under 1 year old per 20.0 cow unit. 

~ 350 pounds of milk per cow to calves. 
~ The T.D.N. figures represent possible quantities from various sources to fulfill the 

T.D.N. requirement of the ration. Except for the minimum hay and maximum pasture limitations as 
shown, the quantity figures for all sources could vary within the total T.D.N. requirement. The 
figures shown represent the 75:25 forage-to-grain ratio. Changes in the quantities shown that 

00 
(J1 



Tabla 3. (Continued) 

may represent the 55:45, 35:65 and 15:85 forage-to-grain ratios are: 

Foraga T .D.N.: 

Grain T.O.N.: 

~ 
corn silage 
grass silage 
corn silage 
corn-barley 

15:85 

2,179 lbs. 
lt622 lbs, 
2,583 lbs. 

696 lbs. 

Forage T.D.N.: corn silage 392 lbs. 
Grain T .D.N.: corn silage 465 lbs. 

Forage T .D.N.; 
Grain T .D.N.: 

~ 
corn silage 
corn silage 
cornw•bar lay 

2,024 lbs. 
2,393 lbs. 
2,099 lbs. 

~ corn~·barley 5,299 lbs. 
This cost represents the 75 25 forage-to·-grain ratio and is based on the grain T .D.N. 

requirement of the ration. This cost is $12.37 for the 55:45 ratio, $17.43 for the 35.65 ratio 
and $~.18 for the 15; 85 ratio. 

The hauling and spreading cost is charged to thd Clean-up involves loading manur~ only. 
crop t9 which the manure is applied. 

.21' Calculated at 7 percent of the average value of the milk cows and their 1·eplacements. 
Average values: cows -- $330; springing heifers -·- $225; heifers over l year old -·· $125; 
heifers under 1 year old - $65. 

8( 



Table 4. Grade A Dairy Budget for Producing 13,000 Pounds of Four Percent FCM 'W1155:45, 35~65 
and 15:85 Forage··to-Grain Feeding Ratios (Activities P24, P25 and P26 

Item -- ---- - -- ~o~scription Price Unit Quantity AmQJ.Jfit 

Incom~r cow: 
Mil 4 percent FCM $ 5.730 Cwt. 126.50 $724.84 
Cows Culls 145.000 Each 0.20 29.00 
Heifers Over 1 year old 175.000 Each 0.10 17.50 
Heifers 6 to 12 months old 70.000 Each 0.10 1.00 
Small calves 1 week old 10.000 Each 0.40 4.00 

Gross cash receipts $782.34 

Manure Nitrogen Lbs. 159.60 
P2'>5 Lbs. 61.60 
K2') Lbs. 175.00 co 

-.J 

Expenses per col}' 
3 Forage T.D.N. Hay Lbs. 306.00 

Corn silage Lbs. 2,682.00 
Grass silage Lbs. 2,471.00 

Grain T.D.N.Y 
Pasture Lbs. 2,400.00 
Corn silage Lbs. 3,179.00 
Corn-barley Lbs. 927.00 

Protein supplement 4.500 Cwt. 3.00 13.50 
Salt and minerals 0.030 Lbs. 40.00 1 
Ca 1 f starter 0.050 Lbs. 40.00 
Grinding and mixin~ 0.300 Lbs. 54.19 .26 
Records D.H.I.A. 5.000 Each 1.00 5.00 
Veterinary and medicine 5.000 Each 1.00 
Breeding 1.000 Each 1.00 1.00 
Utilities 11.000 Each 1.00 n.oo 
Bedding 15.000 Ton 0.50 7.50 
Supplies 4.000 Each 1.00 4.00 
Marketing Hauling and other 

marketing cost 0.370 Cwt. 126.50 46.81 



Table 4. (Continued) 

Item Descrietion P:dce Unit Quantity 

Repairs 
Tractor operating cost 
Equipment operating cost 
Interest, insurance ,~d 

taxes on livestock.2/ 

Dairy eqM~pment 
Clean--u~, 
Clean-u~ 

2.000 
0.517 

Each 
Hours 
Hours 

Total cost excluding fixed cost, farm produced feed, labor and management 
Net return to land, fixed capital, farm produced feed, labor and management 

Sea.$00<11 __ Labor Requiremenj;s 
Pedod Man-hours 

March-June 
July--October 
November-February 

35.2 
34.2 
45.6 

1.00 
1.11 
1.11 

Amount 

2.00 
0.60 
0.09 

30.70 
$152.66 
$629.68 

.!/ Includas replacements per cow based on 4.0 springing heifers• 6.0 heifers over l year old 
and a.g heifers under l year old per 20.0 cow unit • 

.61. 350 pounds of milk per cow to calves. 
~ The T.D.N. figures represent possible quantities frcm various sources to fulfill the 

T.D.N. requirement of the ration. Except for the minimum hay and maximum pasture limitations as 
shown, the quantity figures for all sourcas could vary within the total T.D.N. requirement. The 
figures shown reprasent the 55:25 forage-to-grain ratio. Changes in the quantities shown that 

C) 
ro 



Table 4. (Continued) 

may reprasent the 35t65 and 15:85 forage .. to-grain ratios are: 
~ 

Forage T.D.N.: corn silage 2,745 lbs. Forage T.D.N.~ com silage 710 lbs. 
Grain T .D.N. : corn silage 3,253 lbs. Grain T .D.N.: corn si lag~ 843 lbs. 

corn~,barley 2,262 lbs. corn-barley 6,314 lbs. 
Y This cost represents the 55:45 forage-to-grain ratio and is based on the grain T.D.N. 

requirement of the ration. This cost is $21.54 for the 35:65 ratio and $27.68 for the 15:85 
ratio. 

Y Clean-up involves loading manure only. The hauling and spreading cost is charged to the 
crop to which the manure is applied. 

§/ Calculated-at 7 percent of the average value of the milk cows and their replacements. 
Average values: cows -- $330; springing heifers -- $225; heifers over l year old ~·- $125; 
heifers under 1 year old --· $65. 

• 
0) 

"° 
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APPENDIX D 

Crop Rotation Budgets 
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Table 1. Average Percent Total Digestible Nutrients in Cropal/ 

CrORI 

Corn for gr1i,n 
Corn ailageY 
Barley 
L1upedez.a hay 
Oats and vetch silagG 
Alfalfa hay 
Alfalfa-orchard grass hay 
Oats silage 
Ladino clovar-orchard grass pasture 
Bluegrass-white clover paatura 
Millet pasture 
Red clover-orchard grass hay 
Alfalfa-orchard grass silage 

80.1 

11.1 
47.5 
15.4 
50.3 
46.8 
15.4 
57.6 
61.8 
54.2 
50.0 
17.0 

1/ F. B. Morrison. Feeds and Feediog, Twenty-first Edition, The 
Morrifgn Publishing Company, Ithaca, New York, 1949. 

'JI Corn silage waa divided into grain T.D.N. and forage r.o.N. on 
the basis of one ton containing 198.71 pounds of grain r.o.N. and 167.64 
pounds of forage r.o.N. 
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Tabla 2. Machinery and Equipment Costs 

Item 

Tr.a

7
ctorll 

Tracto l 
True 
P!O~-r;; / 
D1sk4:/ 
Mowa;l/ 
Side delivery r•v~ 
Hay condit,i,onerY--
Hay balerY 
Forage harv?'st r.!I 
Silage blowe 
Corn plant& 
Cultivator. ri/ 
Cul tipac~ttµ'~ 
ElevatorU 
Grain_cJri 11J/ 
WagonU 
Lime and fertilizer spreade~ 
Manure loader~~/ 
Manure spraaderH 

size and/or de 1cri RU on 

Small 
Medium 
2-tons 
2-14" bottom 
6' tandem 
7' 
8' 
71 

Pick-up, PTO 
PTO - all attachments 
8" pipe 
2-row 
2•row 
8' 
20' 
13 X 7' 
8 1 

X 16' 
8' 
Front-end loader 
80 bushels 

Operating cost 
R§!r hgyr 

$0.404 
0.517 
0.620 
0.050 
0.060 
0.200 
0.150 
0.100 
1.600 
0.500 
0.100 
o.oao 
0.080 
0.020 
0.100 
0.100 
0.100 
0.300 
o.oso 
0.030 

J./ H. w. Walker, Guide fqt Eaiimating Annual Coat for Own\ng and 
Operating Selected Farm MfcbiD•tY• Special Report, Virginia Agricul• 
tural_~xtension Service, Blacksburg, Virginia, August, 1959. 

'JI H. w. Walker, Unpublish~d Machinery Cost Estimat$St Virginia 
Polyt~c;hnic Institute, Blacksburg, Virginia. 

'1/ Estimated cost: $500 new purchase cost 
annual operating cost= 3 percent 
of new purchase coat 
annual usage= 200 hours 
estimated operating coat pGr hour= 
.03 X $500 _ 

200 - •
08 



Table 3. Enterprise Budget for Two Years Corn-Barley and Lespedeza Rotation on Land B 
(Activity P27) 

It_em ~e$CJ:'iption Price Unit Quantity Amount 

Income: 
Yield Corn Bu. 61.00 

(Grain T.D.N.) {Lb.) (2,736) 
Barley Bu. 40.00 
(Grain r.o.N.) (Lb.) (1,492) 
Straw $15.000 Ton 1.00 -$15.00 
Lespedeza 1/ Ton 1.25 
(Forage T .D.N.} (Lb.) (1,093) 
Total grain T.D.N. Lb. 4,228 
Total forage r.D.N. Lb. 1,093 

Expenses: 
Seed Corn 0.192 Lb. 10.00 1. 

Barley 2.065 Bu. 1.50 3.10 

Ferti lizeri/ 
Lespedeza 0.163 Lb. 25.00 4.08 
Nitrogen Lb. 146.00 
P2'>5 Lb. 143.00 
K20 Lb. 212.00 

Harvesting 
Corn Custom 1.000 A.ere 1.00 1.00 
Barley Custom 5.000 /\ere 1.00 5.00 

Tractor operating cost 
Small tractor 0.404 Hour 2.94 1.19 
Medium tractor 0.517 Hour 15.99 8.27 

Equipment operating cost 3.10 
Net cost excluding fixed cost, fertilizer, land, labor and management $18.66 



Ta~le 3. (Continued} 

Je_eration 

Spreading manure 
Plowing fr)r corn 
i:>isking f:)r corn 
Planting corn 
Cultivating corn 
dauling anc; storing c,)rn 
,)isking for barley 
~istributing fertilizer 

and seeding barley 
Seeding lespecieza 
Hauling and storing barley 
Raking straw 
Baling straw 
Hauling and storing straw 
.Mowing lespec'.eza 
Raking lespedeza 
6alin9 lespedeza 

Average Labor and ,..:guipment In12ut$ 

Type '.'Jf equipment 

Spreader 
2-14" btJttom 
6' tandem 
2-row planter with fertilizer att. 
2-row cultivator 
Tractnr, wagon and elevat0r 
6' tan{~,em 
13 x ?'grain drill 

13 x 7'grain drill 
Tractor and wagon 
8' side delivery rake 
Fick-up baler, PTO 
Tractor, wagon and elevat,)r 
7' m:1wer 
8' side delivery rake 
Pick-up baler, PTO 

Hauling and storing lespedeza 
T0tal f0r r0tation 

Tractl')r, wagon and elevat·)r 

Sea sona 1 Labor Reguirem6),1ts 
Period Man-hours 

March-June 
.Jul y-:_.-ctooer 
l\lJvember-FeiJruary 

9.75 
8.87 
4.00 

N:J • Hours 
times Man Tractor 

3.25 3.25 
1 1.40 1.40 
3 2.10 2.10 
1 1.25 1.25 
3 2.13 2.13 

1.54 1.16 
3 2.10 2.10 

1 1.03 Q.80 
1 o.75 0.60 

1.11 o.56 "' .,... 
1 Q.40 Q.40 
l Q.47 Q.47 

1.60 o.54 
1 Q.50 o.5o 
1 Q.40 o.40 
l Q.59 Q.59 

2.00 ~ 
22.62 18.93 



Table (Continued) 

l/1n calculating the pounds of r.D.N., it is assumed that 92 percent of the hay produced is 
available for consumption by the dairy animals. The remaining eight percent is not available as 
a result of loss during harvest and waste during feeding. 

'i:f Includes nine tons cow manure per acre (typical application) and commercial f3rtiliz~r on 
all crops in the rotation. 

~ 



Table 4. Enterprise Budget for Corn Silage-·Oats Silage Continuous Rotation on Land A 
(Activity P2a) 

Item Deicdption Price Unit Quantity A.mount 

Income: 
Yield Corn lage J/ Ton 15.00 

(Grain t.D.N.) 11/ i~:~ (2 683) 
{Forage r.~.) 1 (2:263) 
Oats silag , Ton 4.00 
(Forage r.o.N.)lt (Lb.) (1. 
Total grain r.D.N. Lb. 2,683 

CrediiY 
Total forage r.o.N. Lb. 3,372 
Grinding and mixing 

(grain in corn silage} $0.300 Cwt. 33.50 -$10.05 

Expenses: 
Seed Corn 0.192 Lb. 12.00 

Ferti Uzer!V' 
Oats 1.610 Bu. 2.50 
Nitrogen Lb. 150.00 
p~ Lb. 141.00 
K20 Lb. 200.00 

Tractor operating cost 
Small tractor 0.404 Hour 4.94 2.00 
Medium tractor 0.517 Hour 17.98 9.30 

Equipment ope~ing cost 7.29 
Cover for si 1 5 Oats silage 0.130 Ton 4.00 0.52 

Net cost excluding fixed cost, fertilizer, land, labor and management $15.38 



Table 4. (C0ntinued) 

Spreading manure 
Plowing for c~rn silage 
Disking corn silage 
Hanting corn si 
Cultivating 
Harvesting and storing 

corn silage 
Disking for oats silage 
Distributing fertilizer and 

oats 
and storing 

Average Lab()r and '.guipment Ineuts 

Type of equipment 

Spreader 
2-14" bott0m 
6' tandem 
2-r0w planter with fertilizer att. 
2-row cultivator 
PTu forage harvester, 2 tractors, 

2-ton truck, wagon and bl:1wer 
6t tandem 

13 x 7 1 grain drill 
PTU forage harvester, 2 tract?rs, 

2-tnn truck, wag,1n and blower 

Seasonal Labor Heguirernents 
Peri~)d Nian-hours 

March-June 
Jul y-~~ct0ber 
N0vember-February 

12.46 
14.04 

No. 
times 

1 
3 
1 
3 

3 

1 

Hours 
Man Tractor 

3.25 3.25 
1.40 1.40 
2.10 2.10 
1.25 1.25 
2.13 2.13 

10.20 7.65 
2.10 2.10 

1.03 o.so "° ...J 

3.04 2.24 
26To 22:T2 



Table 4. (Continued) 

J/ In calculating the pounds of T .o.N., it is assumed that 90 percent of the silage produced 
is available for consumption by the dairy animals. The remaining 10 percent is not available as 
a restJ],.t of spoilage in storage and waste during harvesting and feeding. 

1/_ Oats silage is harvested in early May and land is then planted to corn silage. 
1' The dairy budgets include a cost of 30 cents pe1' hundred-weight for grinding and mixing 

grain based on the total grain r.o.N. requirement. Since a part of the total grain r.D.N. 
requirement in each dairy budget can be obtained from the grain included in corn silage and does 
not require grinding and mixing, it is necessary to credit the grain from this source to offset 
that proportion of the grinding and mixing cost included in the dairy budgets. The quantity figure 

in \erms of corn equivalent. 
~ Includes nine tons cow manure per acre (typical application) and commercial ferti on 

all c!gps in the rotation • 
.i?I Assuming the oats silage will he stored in a horizontal silo. No estimated cost is made 

in this category for corn silage since it is assumed the corn silage will be stored in a permanent
type upright silo. 

£ 



Table 5. Ent~rpri&e Budpt for Seven Years Com Silage-Alfalfa Hay Rotation on Land B 
(Activity P29) 

Item ---·~-·-····--···-··. -----·-··· - . De $<:ri pti on Price Unit Quantity Amount 

Income~ 
Yield Corn silage Ton 45.00 

fGrain r.o.N.)~ (Lb.) (8,048} 
Forage T .D.N.) (Lb.) (6,788) 

Alfalfa hay · Ton 14.00 
(Forage T.D.N.}~ (Lb.) (12,957) 
Total grain T.D.N. Lb. 8 

Credi~ 
Total forage T.D.N. Lb. 19,745 
Grinding and mixing $0.300 Cwt. 100.47 -$30.14 

'° {grain in corn silage) "° 
Expenses:. 

Seed Corn 0.192 Lb. 36.00 6.91 
Rye 2.790 Bu. 3.00 8.37 
Alfalfa 0.485 Lb. 25.00 12.12 

Inoculant Alfalfa 0.25 
Lime Ground limestone 5 Ton 2.00 11.16 

FartilizerW 
Custom spreading 1.000 Acre 1.00 1.00 
Nitrogen Lb. 298.00 
Pt)o Lb. 681.00 
K20 Lb. 886.00 

Tractor operating cost 
Small tractor 0.404 Hour .94 10.48 
Medium tractor 0.517 Hour 65.59 33.91 

Equiµuent operating cost ~1.90 
Net cost excluding fixed cost, fertilizer, land, labor and management $80.96 



Table 5. (Continued) 

112erati0n 

Spreaciing manur~ 
Pl0wing for c~rn silage 
:~i sking f1Jr c-,rn silage 
Planting corn silage 
Cultivating corn silage 
darvesting and storing corn 

silage 
Gisking for rye cover 

crop 
Seeding rye cover cr0p 
Plowing for alfalfa 
Disking for alfalfa 
Llistributing fertilizer 
Seeding (and inoculatbn) 

alfalfa 
Cultipacking alfalfa 
Topdressing alfalfa2/ 

alfalfa 
Conditbning alfalfa 
Haking alfalfa 
Baling alfalfa 
Hauling and storing alfal 

Total for rotation 

Average Labor and Equipment Inputs 

Type :) f equipment 

Spreader 
2-14n bottom 
6' tandem 
2-rnw planter with fertilizer att. 
2-row cultivator 
PTU forage harvester, 2 tractors, 

2-ton truck, wag0n and blower 

6' tandem 
13 x 71 grain drill 
2-14'· 
6* tandem 
Lime 

13 X 7 1 l 
Cultipacker 
Lime 
7' mower 

rake 
PTU 
and elevator 

1i:i • H.-:iurs 
times Man Tractr">r 

6.50 6.50 
3 4.20 4.20 
9 6.30 6.30 
3 3.75 3.75 
9 6.39 6.39 

30.60 22.95 

4 2~80 2.80 
2 1.50 1.20 1--' 

0 
1 1.40 1.40 0 

3 2.10 2.10 
1 0.80 0.50 

l 0.80 0.60 
1 0,40 0,40 
3 2.40 1.50 

12 6.00 6.00 
12 6.00 6.00 
12 4.80 4.80 
12 6.58 6.58 

22.40 ~ 
115. 72 91.53 



Table 5. (Continued} 

Seasonal Labor Requirements 
Period Man-hours 

U.arch._June 
July-October 
November-February 

33.77 
73.05 
8.90 

l/ Three years corn lage and four years alfalfa hay. 
~ In calculating the pounds of T.O.N., it is assumed that 90 percent of the silage produced 

is available for consumption by the dairy animals. The remaining 10 percent is not available as 
a resu\t of spoilage in storage and waste during harvesting and feeding. 

~ In calculating the pounds of T .D.N., it is assumed that percent of the hay produced 
is available for consumption by the dairy animals. The remaining eight percent is not available 
as a r~sult of loss during harvest and waste during faeding. 

~ The dairy budgets include a cost of 30 cents per hundred,-weight for grinding and mixing 
grain based on the total grain T .D.N. requirement. Since a part of the total grain T .D.N. require·· 
ment in each dairy budget can be obtalned from the grain included in corn silage and does not 
require grinding and mixing, it is necessary to credit grain from this sourca to offset that 
proportion of the grinding and mixing cost included in the dairy budgets. The quantity figure is 
in te!11)& of corn equivalent. 

~ Includes nine tons cow manure per acre (typical preceding the second and third year corn 
crop) and carunercial fertilizer on all crops in the rotation. 

21 Assuming that nine tons cow manure per acre is applied to the second and third year corn 
crops_ gnly. 

JJ Assuming the alfalfa will not be topdressed after the last cutting year in the rotation. 

..... 
C ..... 



Table 6. Enterprise Budget for Six Years C9i,n Silage-Barley~·Alfalfa and Orchard Grass Hay 
Rotation on Land B (Activity P3o)ll 

Item 

Income: 
Yield 

Creditif' 

Expenses; 
Seed 

Inoculant 
Lime 

Ferti lizerw' 

DescriQtion Price 

Col~n &ilage y 
(Grain r .D.N.) y 
(Forage r.D.N.) 
Barley 
(Grain T .D.N.) 
Straw $15.000 
Alfalfa-orchard~rass hay 
(Forage r.o.N.) 
Total grain r.o.N. 
Total forage r.o.N. 
Grinding and mixing 

(grain in corn silage) 0.300 

Corn 0.192 
Barley 2.065 
Alfalfa 0.485 
Oi·chard grass 0.368 

Ground limestone 5.580 
Custom spreading 1.000 
Nitrogen 
p~ 
K2') 

Unit Quantity 

Ton 15.00 
(Lb.) (2,683) 
(Lb.} (2,263) 
Bu. 40.00 
(Lb.) (1,492) 
Ton 1.00 
Ton 14.00 
(Lb.) (12,056) 
Lb. 4,175 
Lb. 14,319 

Cwt. 33.:.0 

Lb. 12.00 
Bu. 1.50 
Lb. 20.00 
Lb. 4.00 

Ton 2.00 
Acre 1.00 
Lb. 150.00 
Lb. 575.00 
Lb. 121.00 

Amount 

-$15.00 

.-
0 
tv 

- 10 •. 05 

2.30 
3.10 
9.70 
1.47 
0.25 

11.16 
1.00 



Table 6. {Continued) 

It_em 

Harvesting barley 
Tractor operating cost 

Small tractor 
Medium tractor 

Equipment operating cost 

Description Price 

Custom 5.000 

0.404 
0.517 

Unit 

Acre 

Hour 
Hour 

Quantity _ AmQunt 

1.00 

19.38 
40.01 

5.00 

Net cost excluding fixed cost, fertilizer, land, labor and management 

7.83 
20.69 
21.57 

$59.02 

Ave1sge bibor 1nd Egyignent Ineu~s 
No. Hours 

Operation Type of equipment :times __ ~n ~---- _Tractor 

Spreading manure Spreader 3.25 3.25 
Plowing for corn silage 2-14u bottom 1 1.40 1.40 
Disking for corn silage 6' tandem 3 2.10 2.10 
Planting corn 2-row planter with fertilizer att. 1 1.25 1.25 
Cultivating corn silage 2-row cultivator 3 2.13 2.13 
Harvesting and storing corn PTO forage harvester, 2 tractors, 

silage 2--ton truck, wagon and blower 10.20 7.65 
Disking for barley 6' tandem 3 2.10 2.10 
Distributing fertilizer and 

seeding barley 13 x 7'grain drill 1 1.03 o.ao 
Hauling and storing barley Tractor and wagon 1.11 0.56 
Raking straw 8' side delivery rake 1 0.40 0.40 
Ba ling straw Pick~-up baler, PTO 1 0.47 0.47 
Hauling and storing straw Tractor, wagon and elevator 1.60 0.54 
Disking for alfalfa-orchard 

QI'aSS 6' tandem 4 2.80 2.80 
Distributing fertilizer Lime spreader 1 o.so 0.50 

..... 
0 
(,) 



Table 6. (Continued) 

- Optration 

Seeding (and inoculating) 
alfalfa-orchard grass 

Gultipacking alfalfa --orchard 
grass 

Topdressi,ng al fal fa··orchard 
grass2/ 

Mowing al falfa-·orchard grass 
Conditioning alfalfa ·orchard 

grass 
Raking alfalfa··orchard grass 
Baling alfalfa orchard grass 
Hauling and storing alfalfa·· 

orchard grass 
Total for rotation 

Ay§trage L2boi· and Eguigaent In2ut1 

Type of eguignent 

13 x 7' grain drill 

Cul tipacker 

Li.me spreader 
1• mower 

Hay conditioner 
8' side delivery rake 
Pick up baler, PTO 

Tractor, wagon and elevator 

Seasooal_ Labor Requirement, 
Period Man-hours 

March-June 
July-October 
November-February 

25.01 
49.36 
5.65 

No. Hours 
times Man Tra_c~Qr 

1 a.so 0.60 

1 0.40 0.40 

3 2.40 1.50 
12 6.00 6.00 

12 6.00 6.00 ..... 
12 4.80 4.80 f 
12 6.58 6.58 

22.40 7.56 
80.02 59.39 



Table 6. (Continued) 

J/ One year corn silage, one year barley and four years alfalfa~·orchard grass hay. 
:?/ In calculating the pounds of T .D.N., it is assumed that 90 percent of the silage produced 

is available for consumption by the dairy animals. The remaining 10 percent is not available as 
a res~lt of spoilage in storage and waste during harvesting and feeding. 

Y In calculating the pounds of r .o.N., it is assumed that 92 percent of the hay produced is 
available for consumption by the dairy animals. The remaining eight percent is not available as 
a res~it of loss during harvest and waste during feeding. 

~ The dairy budgets include a cost of 30 cents per hundred~·weight for grinding and mixing 
grain based on the total grain T.D.N. requirement. Since a part of the total grain T.D.N. requir~
ment in each dairy budget can be obtained from the grain included in corn silage and does not 
require grinding and mixing, it is necessary to credit the grain from this source to offset that 
proportion of the grinding and mixing cost included in the dairy budgets. The quantity figure is 
in terms of corn aquivalant. 

~ Includes nine tons cow manure per acre ( typical application) and commercial fertilizer on 
all c;qps in the rotation. 

§; Assuming the alfalfa-orchard grass will not be topdressed after the last cutting year in 
the rotation. 

.._. 
0 
()1 



Table 7. Enterprise Budget for Six Years Corn Silage-Oats Si_t,ge and Corn Silage-Alfalfa and 
Orchard Grass Hay Rotation on Land B (Activity P31} 

Item _ Pe$k:dption Price Uriit Quantity _Am<>unt 

Income: 
Corn silage6f" ~ Yield Ton 27.50 
(Grain r.D.N.) / H!:~ f4,918~ 
(Forage T .D.N. )~ 4,149 
Oats si laga I Ton 6.00 

"I (Lb.) (1,663) (Forage T .D.N. )~ 
Alfalfa-orchard~rass hay Ton 14.00 
(Forage T .D.N.) (Lb.) (12,056) 
Total grain T.D.N. Lb. 4,918 

Credit2/ 
Total forage T.D.N. Lb. 17,868 
Grinding and mixing 

(grain in corn silage) $0.300 Cwt. 61.40 -$18.42 

Expenses: 
Seed Corn 0.192 Lb. 24.00 4.61 

Oats 1.610 Bu. 2.50 
Alfalfa 0.485 Lb. 20.00 9.70 
Orchard grass 0.368 Lb.. 4.00 1.47 

Inoculant Q.25 
Lime Ground limestone 5.580 Ton 2.00 11.16 

Fertilizer2!
1 Custom spreading 1.000 Acre 1.00 1.00 

Nitrogen Lb. 198.00 
Lb, 630.00 
Lb. 778.00 



Tabla 7. (Continued) 

Item 

Tractor operating cost 
Small tractor 
Medium tractor 

Equiµnent oper,~ing cost 
Cover for si 1 o.!./ 

Net cost excluding fixed 

Operation 

Spreading manure 
Plowing for corn silage 
Disking for corn silage 
Planting corn silage 
Cultivating corn silage 
Harvesting and storing 

corn silage 
Disking for oats 
Distributing fertilizer and 

seeding oats 
Harvesting and storing 

oats silage 
Plowing for corn silage 
Disking for corn silage 
Planting corn silage 
Cultivating corn silage 

Descrie1ion P1:,ice Unit 

0.404 Hour 
0.517 Hour 

Oats 0.130 Ton 
cost, fertilizer, land, labor and management 

Axerage Labor and Egui9.!ent Inputs 
No. 

Type of eguignent times 
Spreader 
2-14° bottom 1 
6' tandem 3 
2-row planter with fertilizer att. 1 
2--row cultivator 3 
PTO forage harve$ter, 2 tractors, 

2-ton truck, wagon and blower 
6' tandem 3 

13 x 7 1grain drill 1 
PTO forage harvester, 2 tractors, 

2-ton truck, wagon and blower 
14° bottom 1 

6' tandem 3 
2-row planter with fertilizer att. 1 
2-row cultivator 3 

Quantity Amoynt 

23.15 
50.89 

6.00 

Man 
3.25 
1.40 
2.10 
1.25 
2.13 

10.20 
2.10 

1.03 

4.56 
1.40 
2.10 
1.25 
2.13 

Hours 

9.35 
26.31 
27.55 
0.1a 

$77.78 

Trac;to:r 

3.25 
1.40 
2.10 
1. 
2.13 

7.65 
2.10 

3.36 
1.40 
2.10 
1.25 
2.13 

I-' 
0 
-l 



Table 7. {Continued) 

Owration 

Harvesting and storing 
corn silage 

Disking for alfalfa-orchard 
grass 

Distributing fertilizer 
Seeding (and inoculating) 

alfalfa-orchard grass 
Cultipacking alfalfa-

or,chard grass 
Topdressing alfalfa-orchard 

gras&/ 
Mowing alfalfa-orchard grass 
Conditioning alfalfa-orchard 

grass 
Raking alfalfa-orchard grass 
Baling alfalfa-orchard grass 
Hauling and storing alfalfa-

orchard grass 
Total for rotation 

Ave.rage !:9bo:r and Egy!9!!!en:t Ineuts 

Type of equipment 

PTO forage harvester, 2 tractors, 
2-ton truck, wagon and blower 

6 1 tandem 
Lime spreader 

13 x 71 grain drill 

Cultipacker 

Lime spreader 
7' mower 

Hay conditioner 
8 • side delivery rake 
Pick·-up baler, PTO 

Tractor, wagon and elevator 

Seasonal Labor R~g:Yirements 
Period Man-hours 

March··June 
July-October 
November-February 

32.16 
58.57 

5.65 

No. Hours 
times Man . ··~ Tractor 

8.50 6.38 

4 2.so 2.80 
l 0.80 0.50 

1 o.ao 0.60 

1 0.40 0.40 

3 2.40 1.50 
12 6.00 6.00 

12 6.00 6.00 
12 4.80 4.80 
12 6.58 6.58 

22.40 7.56 
96.38 74.04 



Table 7. {Continued) 

JI One year corn silage, one year oats silage and corn silage and four years alfalfa-orchard 
grass~llaY• The oats silage is seeded in the fall and harvested in early spring. 

l/ Assuming the corn silage will yield 15 tons per acre in the year following alfalfa-orchard 
grass-~d 12.5 tons per acre in the year with oats silage. 

~ In calculating the pounds of T.D.N., it is assumed that 90 percent of the silage producdd 
is available for consumption by the dairy animals. The remaining 10 percent is not available as 
a result of spoilage in storage waste during harvesting and feeding. 

~ In calculating the pounds of T.D.N., it is assumed that 92 percent of the hay produced is 
available for consumption by the dairy animals. The r~naining eight percent is not availabla as a 
result ,of loss during harvest and waste during feeding. 

2/ The dairy budgets include a cost of 30 cents per hundred··weight for grinding and mixing 
grain based on the total grain T.D.N. requirement. a part of the total grain T.D.N. require-
ment in each dairy budget can be obtained from the grain included in corn silage and does not 
require grinding and mixing, it is necessary to credit the grain from this source to offset that 
proportion of the grinding and mixing cost included in the dairy budgets. The quantity figure is 
in te;'D)S of corn equivalent. 

2/ Includes both nine tons cow manure per acre (typical preceding the first year corn crop) 
and commercial fertilizer on all crops in the rotation. It ls assumed that no manure is applied on 
the S!qond corn crop in the rotation. 

11 Assuming the oats silage will be stored in a horizontal silo. No estimated cost is made 
in this category for corn silage since it is assumed the corn silage will ba stored in a permanent
type ~Bright silo. 

~ Assuming the alfalfa-orchard grass will not be topdressed a the last cutting year in 
the rotation. 



Table 8. Enterprise Budget for Four Years Corn Silagep·Oats s..vage and Lespedeza-Red Clover and 
Orchard Grass Hay Rotation on Land B (Activity P32) 

Item Descriotion Price Un!t Quantity Amount 
Income: 

Yield Corn silage Ton 30.00 
(Grain r.o.N.)Y I (Lb.) (5,365) 
(Forage r.o.N.)g/ (Lb.) (4,526) 
Oats silage 1 Ton a.oo 
(Forage T.D.N.)11' (Lb.) (2,218) 
Lespedeza ~ Ton 1. 
(Forage r.D.N.}3 (Lb.) (1,093) 
Red clover and wchard grass Ton 2.00 
{Forage r.D.N.)~ (Lb.) (1,840) ~ ..... 
Total grain T.D.N. Lb. !!l,365 0 

Credi& 
Total forage r.o.N. Lb. 9,677 
Grinding and mixing 

(grain in corn silage) $0.300 Cwt. 66.98 ·-$20.09 

Expenses: 
Seed Co1·n 0.192 Lb. 24.00 4.61 

Rye 2.790 Bu. 1.50 4.18 
Oats 1.610 Bu. 4.02 
Lespedeza 0.163 Lb. 10.00 1 
Red clover 0.497 Lb. 6 2. 
Orchard grass 0.368 Lb. 4.00 1.47 

Inoculant Red clover 0.25 
Fertilize~ Nitrogen Lb. 275.00 

Pi)5 Lb. 232.00 
K2') Lb. 366.00 



Table 8. (Continued) 

I~ 

Tractor operating cost 
Small tractor 
Medium tractor 

Equipment operg~ng cost 
Cover for si 1 o9./ 

Net cost excluding fixed 

O~tion 

Spreading manure 
Plowing for corn silage 
Disking for corn silage 
Planting corn silage 
Cultivating corn silage 
Harvesting and storing 

corn silage 
Disking for rye cover crop 
Seeding rye cover crop 
Disking for oats silage 
Distributing fertilizer and 

seeding oats silage 
Seeding lespedeza-red clovar·

orchard g1"'a ss 
Harvesting and storing oats 

silage 

Descri.e.t1Qn Prlc~ Unit 

0.404 Hour 
0.517 Hour 

0.130 Ton 
cost, fertilizer, land, labor, and management 

Average Labor and Egyiptnent Inputs 

TyP,l of egui;gnent 

Spreader 
2·-14u bottom 
6' tandem 
2-row planter with fertilizer att. 
2-row cultivator 
PTO forage harvester, 2 tractors, 

2--ton truck, wagon and blower 
6' tandem 
13 x 7'grain drill 
6• tandem 

13 x ?'grain drill 

13 x 7 grain drill 
PTO forage harvester, 2 tractors, 

2~ton truck, wagon and blower 

No. 
times 

2 
6 
2 
6 

2 
1 
3 

1 

l 

Quantity Amount 

12.09 
39.32 

8.00 

M§n 

6.50 
2.80 
4.20 
2,50 
4.26 

20.40 
1.40 
o.75 
2.10 

1.03 

o.ao 

4.56 

4.88 
20.33 
17.08 

1.04 
$42.38 

Hours 
TI'actor 

6.50 
2.80 
4.20 
2.50 
4.26 

15.30 
1.40 
0.60 
2.10 

o.ao 

0.60 

3.36 

~ ..... ..... 



Table 8. (Continued) 

Average Labor and Eguignent Input§ 

OR!D!i_gn 

Mowing lespedeza 
Raking lespedeza 
Baling lespedeza 
Hauling and storing lespedeza 
Mowing red clover-orchard grass 
Conditioning red clover-orchard 

grass 
Raking red clover-orchard grass 
Baling red clover-orchard grass 
Hauling and storing red clover~, 

orchard grass 
Total for rotation 

Type of eguiprpent 

7' mower 
8' side delivery rake 
Pick-up baler, PTO 
Tractor, wagon and elevator 
7' mower 

Hay conditioner 
8 1 side delivery rake 
Pick-up baler, PTO 

Tractor, wagon and elevator 

Seasonal Labor Requirement, 
Period Man-hours 

March-·June 
July-October 
November~· February 

21.11 
34.06 
6.50 

No. 
time.! 

l 
l 
1 

2 

2 
2 
2 

Man 
0.50 
0.40 
0.59 
2.00 
1.00 

1.00 
a.so 
0.94 

3.20 
61.73 

Hours 
Tractor 

0.50 
0.40 
0.59 
0.68 
1.00 

1.00 
0.80 
0.94 

1,oa 
51.41 

~ .
N 



Table 8. (Continued) 

1/ Two years corn silage, one year oats silage and lespedeza and one year red clover-orchard 
gxassJlclY• 

£-/ In calculating the pounds of T.D.N., it is assumed that 90 percent of the silage produced 
is available for consumption by the dairy animals. The remaining 10 percent is not available as 
a resyit of spoilage in storage and waste during harvesting and feeding. 

'JI In calculating the pounds of r.D.N., it is assumed that 92 percent of the hay produced 
is available for consumption by the dairy animals. The ramaining eight percent is not available 
as a :,;~sul t of loss during harvest and waste during feeding. 

~ The dairy budgets include a cost of 30 cents per hwtdred··weight for grinding and mixing 
grain based on the total grain T.D.N. requirement. Since part of the total grain r.D.N. require
ment in each dairy budget can be obtained from the grain included in corn silage and does not 
require grinding and mixing, it is necessary to credit the grain from this source to offset that 
proportion of the grinding and mixing cost included in the dairy budgets. The quantity figure is 
in tepl)s of corn equivalent. 

2/ Includes both nine tons cow manure per acre (typical application) and commercial fertilizer 
on alt ,crops in the rotation. 

211 Assuming the oats silage will be stored in a horizontal silo. No estimated cost is made 
in this category for corn silage since it is assumed corn silage will be stored in a permanent-
type upright silo. 

..... ..... 
(.,.) 



Table 9. Enterprise Budget for Seven Years1:7orn Silage-Oats and Vetch Silage-Alfalfa Hay 
Rotation on Land B (Activity P33) 

Item _ De1vrj.ption P:i;;ice Unit Quantity Amount 
Income; 

Yield Corn silage Ton 15.00 
(Grain T.D.N.)Y, U!:l i2,6831 
(Forage r .o.N. ).Y 1 2,263 
Oats and vetch 171ag~ Ton s.oo 
(Forage r .D.N. )2 (Lb.} (2,218) 
Alfalfa hay ~ Ton 17.50 
(Forage T.D.N.)4 (Lb.) (16,197) 
Total grain T.D.N. Lb. 2,683 ,.... 

I-' 

Credi~ 
Total forage T.D.N. Lb. 20,678 4). 

Grinding and mixing 
(grain in corn silage) $0.300 Cwt. 33.50 -$10.05 

Expenses; 
Seed Corn 0.192 Lb. 12.00 2.30 

Oats 1.610 Bu. 2.ou 3.22 
Vetch o.1a2 Lb. 10.00 1.82 
Alfalfa 0.485 Lb. 2>.00 12.12 

Inoculant Vetch 0.20 
Alfalfa 

Lime Ground limestone 5.560 Ton 2.00 11.16 

Farti lizer.2/ 
Custom spreading 1.000 Ac1·e 1.00 1.00 
Nitrogen Lb. 150.00 
Pi)5 Lb. 673.00 
K20 Lb. 862.00 



Table 9. (Continued) 

Item 

Tractor operating cost 
Smal 1 tractor 
Medium tractox· 

Equipnent oper,\ing cost 
Cover for sil o.!.I 

Net cost excluding fixed 

Operation 

Spreading manure 
Plowing for corn silage 
Disking for corn silage 
Planting corn silage 
Cultivating corn silage 
Harvesting and storing corn 

silage 
Disking for oats and vetch 
Distributing fertilizer and 

seeding oats and vetch 
Harvesting and storing oats 

and vetch silage 
Plowing for alfalfa 
Disking for alfalfa 
Distributing fertilizer 
Seeding (and inoculating) 

alfalfa 

Descrietion Price Unit 

0.404 Hour 
0.517 Hour 

Oats and vetch 0.130 Ion 
cost, fertilizer, land, labor and management 

Average Labor and Eguignent Inputs 
No. 

Type of equipment times 

Spreader 
2-14" bottom l 
6' tandem 3 
2-row planter with fertilizer att. 1 
2-row cultivator 3 
PTO forage harvester, 2 tractors, 

2-ton truck, wagon and blower 
6' tandem 3 

13 x 7'grain drill l 
PTO forage harvester, 2 tractors, 

2-ton truck, wagon and blower 
2-14" bottom 1 
6' tandem 3 
Lime spreader 1 

13 x 7'grain drill 1 

Quantity Amount 

23.35 
46.36 

a.oo 

Man 

3.25 
1.40 
2.10 
1.25 
2.13 

10.20 
2.10 

1.03 

4.56 
1.40 
2.10 
0.80 

o.so 

9.43 
23.97 
26.51 

1.04 
$82.97 

-Hours 
Tractor 

1.40 
2.10 
1.25 
2.13 

7.65 
2.10 

3.36 
1.40 
2.10 
0.50 

0.60 

.._ 

..... 
{)'I 



Table 9. (Continued) 

OJ2!I,ilion 

Cultipacking alfalf~ 1 Topdressing alfalfa§, 
Mowing alfalfa 
Conditioning alfalfa 
Raking alfalfa 
Baling alfalfa 
Hauling and storing alfalfa 

Total for rotation 

Average Labor and Eguignent Inputs 

Tyoe of egui gnen t 

Cul ti packer 
Lime spreader 
7' mower 
Hay eondi tioner 
B' side delivery rake 
Pick-up baler, PTO 
Tractor, wagon and elevator 

Seasonal Labor Reauirements 
Period Msgn-hours 

March,June 
July·-October 
November-February 

29.80 
57.69 
6.45 

No. 
tim~s 

1 
4 

15 
15 
15 
15 

Hours 
- Mao . Ira..e.tPl 

0.40 0.40 
3.20 2~00 
7.50 7.50 
7.50 7.50 
6.00 6 
8.22 8.22 

28.00 9.45 
93.94 69.71 

I-' 

~ 



Table 9. (Continued) 

~ One year corn silage, one year oats and vetch silage and five years alfalfa hay. 
ii:/ In calculating the pounds of T.D.N., it is assumed that 90 percent of the silage produced 

is available for consunption by the dairy animals. The remaining 10 percent is not available as 
a reSl.\l,t of spoilage in storage and waste during harvesting and feeding. 

~ The same physical yield or yield in terms of r.D.N. is expected fran the oats and vetch 
mixture as would be expected if oats alone were used. The protein content, however, would be 
greate.~ with the oats and vetch mixture • 

.§/ In calculating the pounds of T.D.N., it is assumed that 92 percent of the hay produced is 
available for consumption by the dairy animals. The remaining eight percent is not available as 
a res~\t of loss during harvest and waste during feeding. 

21" The dairy budgets include a cost of 30 cents per hundred-weight for grinding and mixing 
grain based on the total grain T .D.N. requirement. Since a part of the total grain T .D.N. require," 
ment in each dairy budget can be obtained from the grain included in corn silage and does not 
requira grinding and mixing it is necessary to credit the grain from this source to offset that 
proportion of the grinding and mixing cost included in the dairy budgets. The quantity figure 
is in-\erms of corn equivalent. 

g/ Includes both nine tons cow manure per acre (typical application) and commercial fertilizer 
on alvcrops in the rotation. 

Assuming the oats and vetch silage will be stored in a horizontal silo. No estimated cost 
is made in this category for corn silage since it is assumed the corn silage will be stored in a 
perma~ept-type upright silo. 

§/ Assuming the alfalfa will not be topdressed after the last cutting year in tha rotation. 

I-' .... 
"" 



Table 10. Enterprise Budget for Six 'fears c,rn Silage-Barley-Alfalfa and Orchard Grass Silage-Hay 
Rotation on Land B (Activity P34) 

Item ~----··-···----------------~---- Description Price Unit Quantity Amount 

Income: 
Yield Corn silage Ton 15.00 

(Grain T .o.N. )~ iLb.~ ~2,683~ 
(Forage T.D.N.) · Lb. \2,263 
Barley Bu. 40.00 
(Grain T .D.N.) (Lb.) (1,492) 
Straw $15.000 Ton 1.00 -$15.00 
Alfalfa-orchard grass 

silage Ton 30.00 
(Forage T .D.N. ).Y (Lb.) (9, 
Alfalfa-orchardirass hay Ton 7.00 ..... 
{Forage t.D.N.)3 (Lb.) (6,028) ..... 

m 
Total grain T.D.N. Lb. 4,175 

Credit~ 
Total forage T.D.N. Lb. 17,471 
Grinding and mixing 

(grain in corn silage) 0.300 Cwt. 33.50 - 10.05 

Expenses: 
Seed Corn 0.192 Lb. 12.00 2.30 

Barley 2.065 Bu. 1.50 3.10 
Alfalfa 0.485 Lb. 20.00 9.70 
Orchard grass 0.368 Lb. 4.00 1.47 

Inoculant 0.25 
Lime Ground limestone 5.580 Ton 2.00 11.16 

Ferti lizer.21' 
Custom spreading 1.000 Acre 1.00 1.00 
Nitrogen Lb. 150.00 
p~ u,. 575.00 
K:i() Lb. 121.00 

Harvesting barley Custom 5.000 Acre 1.00 5.00 



Table 10. {Continued) 

Ilill! 

Tractor oparating cost 
Small tractor 
Medium tractor 

Equipment opertting cost 
Cover for silo2/ 

De s_eJ;i.atig_n 

Alfalfa-orchard grass 

Pnse 

0.404 
0.517 

Uni:t 

Hour 
Hour 

silage 0.130 Ton 
Net cost excluding fixed cost, fertilizer, land, labor and management 

A~~i1ge Libgr and Eguiggent In~uts 
No. 

Operation Type of egui ment times 

Spreading manure Spreader 
Plowing for corn silage 2-14" bottom 1 
Disking for corn silage 6' tandem 3 
Planting corn 2-row planter with fertilizer att. 1 
Cultivating corn silage 2-row cultivator 3 
Harvesting and storing corn P10 forage harvester• 2 tractors, 

silage 2-ton truck, wagon and blower 
Disking for barley 6 • tandem 3 
Distributing fertilizer and 

seeding barley 13 x ?'grain drill 1 
Hauling and storing barley Tractor and wagon 
Raking straw 8 1 side delivery rake l 
Baling straw Pick-up baler, PTO 1 
Hauling and storing straw Tractor, wagon and elevator 
Disking for alfalfa·· orchard 

grass 6' tandem 4 
Distributing fertilizer Lime spreader 1 

Quantity 

22.00 
41.52 

30.00 

A.mount 

8.89 
21.47 
26.00 

3.90 
$69.27 

Hours 
Man Trsctor 

3.25 3.25 
1.40 1.40 
2.10 2.10 
1.25 1.25 
2.13 2.13 

10.20 7.65 
2.10 2.10 

1.03 0.80 
1.11 0.56 
0.40 0.40 
0.47 0.47 
1.60 0.54 

2.80 2.80 
0.80 0.50 

..... ..... 
'° 



Table 10. (Continued) 

Ol2!1:!ii.on 

Average Labor 3nd Eguj.gnent Inputs 

Type of equtpment 

Seeding (and inoculating) 
alfalfa-orchard grass 13 x 7'grain drill 

Cul tipacking alfalfa,·orchard 
grass Cultipacker 

Topdre&!¥l9 alfalfa-orchard 
grass1' Lime spreader 

Harvesting and storing alfalfa- PTO forage harvester, 2 tractors, 
orchard grass silage 2-ton truck, wagon and blower 

Mowing alfalfa-orchard grass hay 7' mower 
Conditioning alfalfa-orchard 

grass hay Hay conditioner 
Raking alfalfa-orchard grass hay 8' side delivery rake 
Baling alfalfa-orchard grass hay Pick-up baler, PTO 
Hauling and storing alfalfa-

orchard grass hay Tractor, wagon and elevator 
Total for rotation 

S~9sonal Labor Requirement§ 
Period Man-hours 

March-June 
Ju 1 Y"·October 
November-February 

32.55 
44.53 
5.65 

No. 
um,s Mao Tractor 

1 o.ao 0.60 

1 0.40 0.40 

3 2.40 1.50 

22.ao 16.80 
8 4.00 4.00 

t 

8 4.00 4.00 
.... 
1\) 

8 3.20 3.20 0 

8 3.29 3.29 

11.20 3.78 
82.73 63.52 



Table 10. (Continued) 

J/ One year of corn silage, one year of barley and four years of alfalfa-orchard grass 
silage-hay. first cutting of alfalfa-orchard grass is harvested for silage and the second 
and t~~rd cuttings are harvested for hay. 

'ii In calculating the pounds of T.D.N., it is assumed that 90 percent of the silage produced 
is available for consumption by the dairy animals. The remaining 10 percent is not available as 
a resu\t of spoilage in storage and waste during harvesting and feeding. 

~ In calculating the pounds of T.D.N., it is assumed that 92 percent of the hay produced 
is available for consumption by the dairy animals. The remaining eight percent is not available 
as a ~~sult of loss during harvest and waste during feeding. 

:.+I The dairy budgets include a cost of 30 cents per hundred-weight for grinding and mixing 
grain based on the total grain T.D.N. requirement. Since a part of the total grain T.D.N. require
ment in each dairy budget can be obtained from the grain included in corn silage and does not 
require grinding and mixing, it is necessary to credit the grain from this source to offset that 
proportion of the grinding and mixing cost included in the dairy budgets. The quantity figure is 
in tept)s of corn equivalent. 

~ Includes both nine tons cow manure per acre (typical application) and commercial fertilizer 
on all crops in the rotation., 

§/, Assuming the alfalfa-orchard grass silage will be stored in a horizontal silo. 
7/ Assuming the alfalfa-orchard grass will not be topdressed after the last cutting year in 

the rotation. 

..... 
tv ..., 



Table 11. Enterprise Budget for Corn for Grain-Oats Silage Continuous Rotation on Land A 
(Activity P35) 

Item Description Price Unit Quantity Amount 

Income: 
Yield Corn Bu. 75.00 

(Grain T.D.N.) (Lb.) (3,364) 
Oats silage . J./ Ton 4.00 
(Forage T .D.N.) (Lb.) (1,109) 
Total grain r.o.N. Lb. 3,364 
Tot$! forage T.D.N. Lb. 1,109 

Expenses: 
Seed Corn $0.192 Lb. 12.00 $ 2.30 

FertilizerY' 
Oats 1.610 Bu. 2.50 4.02 t,,,J 

Nitrogen Lb. 150.00 rv 
t,.) 

P2Do Lb. 141.00 
K20 Lb. 208.00 

Harvesting corn Custom 1.000 Acre 1.00 1.00 
Tractor op~rating cost 

Small tractor 0.404 Hour 2.55 1.03 
Medium tractor 0.517 Hour 14.15 7.32 

Equipment ope~ing cost 2.42 
Cover for sil Oats silage 0.130 Ton 4.00 0.52 

Total cost excluding fixed cost, fertilizer, land, labor and management $24.61 



Table 11. (Continued) 

02_er~ tion 

Spreading manure 
Plowing for corn 
Disking for corn 
Planting corn 
CultlvaU.ng corn 
Hauling and storing corn 
Disking for oats silage 
Distributing fertilizer and 

seeding oats 
Harvesting and storing oats 

silage 
Total for rotation 

Aver~age Labor and Equipment Input§ 

Type of eguignent 

Spreader 
2•14" bottom 
6' tandem 
2-row planter with fertilizer att. 
2-row cultivator 
Tractor, wagon and elevator 
6t tandem 

13 x 7'grain drill 
PTO forage harvester, 2 tractors, 

2-ton truck, wagon and blower 

Se~ sona.L~b.o.r ... Regu\:rement$ 
Period .Man-hours 

March-June 
July-October 
November-February 

12.46 
5.73 

No. 
tlm!s 

1 
3 
1 
3 

3 

l 

Man 

3.25 
1.40 
2.10 
1.25 
2.13 
1.89 
2.10 

1.03 

3.04 -18.19 

Hours 
Tractor 

3.25 
1.40 
2.10 
1.25 
2.13 
1.43 
2.10 

0.80 

2.24 
16.70 

JI In calculating the pounds of r.o.N., it is assumed that 90 percent of the silage J)l:'oduced 
is available for consumption by the dairy animals. The remaining 10 percent is not available as 
a resyl,t of spoilage in storage and waste during harvesting and feeding. 

Y Includes both nine tons of cow manure per acre (typical application) and commercial 
fertili,zer on all crops in the rotation. 

~ Assuming the oats silage will be stored in a horizontal silo. 



Table 12. Enterprise Budget for Corn for Grain-Cover Crop Continuous Rotation on Land A 
(Activity P36) 

Item De1cription Price Unit Quanjc1~y ____ Amount 

Incme: 
Yield Corn Bu. 75.00 

(Grain r.D.N.) (Lb.) (3,364) 

Expenses: 
Seed Corn $0.192 Lb. 12.00 $ 2.30 

Fertilizerl/ 
Rye 2.790 Bu. 1.50 4.18 
Nitrogen Lb. 125.00 
P2P5 lb. cn.oo 
Ki) Lb. 158.00 

Harvesting corn Custom 7.000 Acre 1.00 7.00 
.-
tv 

Tractor operating coat ,a. 

Small tractor 0.404 Hour 1.43 0.58 
Medium tractor 0.517 Hour 12.13 6.27 

Equipnent operating cost o.se 
Total cost excluding fixed cost, fertilizer, land, labor and management $21.21 

AxlilSI! wt2or IDQ §guimm:t In2YtS 
No. Houri 

9P!ration Type of eguipnent times Man Tractor 
Spreading manure Spreader 3.25 3.25 
Plowing for corn 2-14'• bottom l 1.40 1.40 
Disking for corn 6' tandem 3 2.10 2.10 
Planting corn 2-row planter with fertilizer att. 1 1.25 1.25 
Cultivating corn 2-row cultivator 3 2.13 2.13 



Table 12. (Continued) 

,J.e,er~ tion 

Hauling and storing corn 
Disking for rye cover crop 
Seeding rye cover crop 

Total for rotation 

Average Labor and Equipment Input$ 

T~Q! of eguiom@nt 

Tractor, wagon and elevator 
6' tandem 
13 x 7'grain drill 

Sea~o_nal_J,~b_qr -~~nt~ 
Period Man-hours 

March-June 
July-October 
November-February 

9.42 
4.75 

N). Hours 
times Man Tractor 

1.89 1.43 
2 1.40 1.40 
l 0.75 0.60 

14.17 13.56 

J/ Includes both nine tons of cow manure per acre (typical application) and commercial 
fertilizer. 

..... 
t< 



Table 13. Enterprise Budget for SiyYears Millet-Ladino Clover and Orchard Grass Pasture Rotation 
on Land B {Activity P37) 

I tam _____ ~ _ ~-------~---~ Description Price Unit Quantity Amount 

Income: 
Pasture (millet) Hay equivalent 

(air dry hay~ Lb. 7,800 
(Forage T.D.N. (Lb.) (2,748) 

Pasture (ladino clover- Hal equivalent 
orchard grass) air dry hay)Y Lb. 21,070 

(Forage r.D.N.} 2 (Lb.) (7,888} 
Total forage T.D.N. Lb. 10,636 

Expenses: 
Seed Millet $0.100 Lb. 30.00 $ 3.00 ~ 

Ladino clover 1.331 Lb. 2.00 2.66 ~ 
Orchard grass 0.368 Lb. 10.00 3.68 

Inoculant Ladino clover 0.25 
Lime Ground limestone 5.580 Ton 2.00 11.16 

Custom spreading 1.000 Acre 1.00 1.00 
Fertilizer Nitrogen Lb. .oo 

Pi)5 Lb. 216.00 
KP Lb. 216.00 

Tractor operating cost 
Sma 11 tractor 0.404 Hour 0.90 0.36 
Medium tractor 0.517 Hour 14.70 7.60 

Equipment operating cost 2.21 
Total cost excluding fixed cost, fertilizer, land, labor and management $31.98 



Table 13. (Continued} 

ogeration 

Plowing for millet 
Disking for millet 
Distributing fertilizer and 

seeding millet 
Disking for ladino clover-

orchard grass 
Distributing fertilizer 
Seeding (and inoculation) 

ladino clover-orchard grass 
Cultipacking 
Topdressing la:l?o clover-

orchard gra s 3 
Clipping weeds 

Total for rotation 

A¥er~ge Labol and £gyl,:zment In~yt§ 

Type of eguiPJ!ent 

2-14" bottom 
6' tandem 

13 x 7'grain drill 

6' tandem 
Lime spreader 

13 x 7'grain drill 
Cultipacker 

Lime spreader 
7' mower 

SH§onal Labor Reguir.ement$ 
Period Man-hr,urs 

March-June 
July-October 
November-February 

4.53 
9.80 
3.20 

No. Houri 
times Man Tractor 

1 1.40 1.40 
3 2.10 2.10 

l 1.03 0.80 

4 2.80 2.80 
1 o.so 0.50 

1 o.so 0.60 
1 0.40 0.40 

4 3.20 2.00 
10 5.00 5.00 

17.53 15.60 

l/ One year millet pasture and five years ladino clover-orchard grass pasture. 
z/ In calculating the pounds of T.D.N., it is assumed, in the case of both the millet and 

ladino clover-orchard grass, that 65 percent of the hay equivalent produced is available for 
consumption by the dairy animals grazing these pasture crops. The remaining 35 percent is not 
available as a result of trampling and unevenness of pasture growth. 

~ Assuming the ladino clover-orchard grass pasture will not be topdressed after the last 
grazing year in the rotation. 

..... 
~ 
-,J 



Table 14. Enterprise Budget for Bluegrass-White Clover Continuous Pasture on Land C (Activity P38) 

It~--- Description Price Unit Quantity _Afllovnt 

Income: 
Pasture Hay equivalent 

(air dry hay) 1/ Lb. 2,700 
Total forage T.D.N.l Lb. 1,085 

Expenses: 
Establishment 
Se-ed Kentucky bluegrass $0.924 Lb. 6.00 $ 5.54 

Orchard grass 0.368 Lb. 6.00 2.21 
Timothy 0.234 Lb. 2.00 0.47 
White clover 1.028 Lb. 2.00 2.06 
Red clover 0.497 Lb. 2.00 o.99 ..... 

Inoculant White clover and red ~ 
clover 0.25 

Lime Ground limestone 5.580 Ton 2.00 11.16 
Custom spreading 1.000 Ac1-e 1.00 1.00 

Fertilizer Nitrogen Lb .. 16.00 
P=z05 Lb. 96.00 
K20 Lb. 96.00 

Prorated fertilizer Nitrogen Lb. 0.53 
P2P5 Lb. 3.20 
K~ Lb. 3.20 

Tractor operating cost 
Small tractor 0.404 Hour 0.90 o. 
Medium tractor 0.517 Hour 2.70 1.40 

Equipment operating cost 0.34 
Total establishment cost $25.78 



Table 14. ( Continued) 

Item_ Oescriptign Price 

Maintenance 
Fertilizer Nitrogen 

p~ 
K20 

Prorated fertilberY Nitrogen 
P2()5 
K2') 

Lime Ground limestone 5.580 
Custom spreading 1.000 

Total lime cost 

Tractor operating cost 
Medium tractor 0.517 

Equipment operating cost 
Total tractor and equip:aent operating cost for maintenance 

Prorated establishment cost ( !~cted life of 30 years);?/ 
Prorated maintenance lime cost:.4t 
Prorated tractor and equipment operating cost for maintenaneeW 

Unit Quantity 

Lb. 
Lb. 110.00 
Lb. 85.00 
Lb. 
Lb. 56.67 
Lb. 28.33 
Ton 2.00 
Acre 1.00 

Hour l.:>O 

Total prorated cost excluding fixed cost. fertilizer, land, labor and management 

Ngoun;t 

11.16 
1.00 

$12.16 • 
..... 
t-J 

0.1a 
'\,() 

0.35 
$ 1.13 

0.86 
2.43 
0.86 

$ 4.15 



Table 14. (Continued) 

OR!J'ation 

Establishment: 
Disking 
Distributing fertilizer 
Seeding (and inoculation) 
Cultipacking 

Maintenance: 
Topdressing 
Clipping weeds 

Total for one-acre 

Ayef19! Lfbor and EauiPB!nt Input, 

rm, of equi ment 

6 1 tandem 
Ume spreader 
13 x 7'grain drill 
Cultipacker 

Ume spreader 
7' mower 

p@i$QQ&l I.I bar Baq,d r1,uot,g/ 

No. 
il,M11 

3 
1 
1 
l 

1 
2 

Period Man-houri 

March~-June 
July-October 
November-February 

1.14 
0.21 

liOU.£$ 

Mill Tri£.ior 

2.10 2.10 
o.ao 0.50 
o.ao 0.60 
0.40 0.40 

o.ao 0.50 
1.00 1.00 
5.90 5.10 ,.... 

w 
0 



Table 14. (Continued) 

Ji In calculating the pounds of T.D.Nf, it is assumed that 65 percent of the hay equivalent 
produced is available for consumption by the dairy animals grazing this pasture. The remaining 
35 pe;qent is not available as a result of trampling and unevenness of pasture growth. 

Y Assuming this pasture is topdressed once every three years. 
~ In the area included in this study, this type of pasture would last an indefinite period, 

howev~~, for the purpose of thi& budget, an exp1~tad life of 30 years is assumed. 
~ Assuming this pasture is limed once every five years. 
§I' The prorated tractor and equipnent cost for maintenance was calculated on the assumption 

that ii'\is pasture is topdressed once every three years and clipped two times annually for weeds. 
21 Based on prorating the labor requirements for establishment over the 30 years expected 

life of the stand, prorating the labor requirements for topdressing over three years, and the 
labor requirement& for clipping weeds twice each year. 

,
w .... 
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APPENDIX E 

Matrix Used in Basic Solutions 
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Code to Crop Rotation Activities 

P27 {2 year rotation) - Corn for grain (1 yr.), barley, lespedeza 
hay {l yr.) 

P28 ( continuous) - Corn silage, oats silage 

P29 (7 year rotation) - Corn silage (3 yrs.). alfalfa hay (4 yrs.) 

P30 (6 year rotation) -- Corn silage (1 yr.), barley (1 yr.), alfalfa
orchard grass hay (4 yrs.) 

P31 (6 year rotation} - Corn silage (1 yr.), oats silage, corn silage 
(1 yr.), alfalfa-orchard grass hay (4 yra.) 

P32 (4 year rotation) - Corn silage (2 yrs.), oats silage, lespadeza 
hay (1 yr.), red clover-orchard grass hay (l yr.) 

P33 (7 year rotation) - Corn silage (1 yr.), oats and vetch ailaga 
(l yr.), alfalfa hay {5 yrs.} 

P34 (6 year rotation) - Corn silage (1 yr.), barley (1 yr;i, alfalfa
orchard grass silage-hay (4 yrs.).w 

P35 ( continuous) - Com for grain, oats silage 

P36 ( continuous) - Com for grain, cover crop 

P37 (6 year rotation) - Millet pasture (1 yr.), ladino clover-orchard 
grass pasture (5 yrs.) 

P39 ( continuous) - Bluegra••·-whi te clover pasture 

11 The firat cutting of alf•lfa-orchard grass ia harvested for 
silage and the second and third cuttings are harvested for hay. 



Table 1. Matrix Used in Basic Solutions 

Gainful activities 
Dairy Dairy Dairy 

Disposal (11,oo~s.) (11,ooo~s.) (11.ooo~s.) 
activities 75: l 55: 6 

Resource& Unit Amount pl - })23 p24 

pl Continuous row-cropland (A) Ac. 44.3 1.0 
P2 Rotated cropland {A + B) Ac. 142.8 
P3 Total open land (A+ B + c) Ac. 185.8 
P4 Labor (March-June) Hr. 2,608.0 

\ 
35.20 35.20 35.20 

P5 Labor (July-October) Hr. 2,660.0 34.20 34.20 34.20 
p6 Labor (November-February) Hr. 2,416.0 45.60 45.60 45.60 ..... 
P7 Total grain (r.o.N.) Lb. 0 2,044.00 3,279.00 4,497.00 w 

~ 
Pg Sell corn restriction (r.D.N.) Lb. 0 
Pg Hay (T .D.N.) Lb+ 0 305.71 305.71 305.71 
Pio Corn silage {r.o.N.) Lb. 0 2,019.12 2,312.71 2.312.11 
P11 Grass silage (r.D.N.) Lb. 0 3,951.18 1,488.59 
P12 Pasture {T.D.N.) Lb. 0 2,400.00 2,400.00 2,111.59 
P13 Milk sales restriction Cwt. 4,420.0 106.50 106.50 106.50 
P14. Milk sales Cwt. 0 -106.50 -106.50 -106.50 
P15 Storage space for hay Ton 600.4 
P16 Summer forage (T.D.N.) Lb. 0 \ 3,565.41 2,674.06 1,943.76 
P 17 Maximum fa 11 sil;tge space Ton 206.0 
Pie Winter forage (r.D.N.) Lb. 0 

\ 
3,332.94 2,786.24 

P19 Nitrogen Lb. 0 -159.60 -159.60 
P20 Phosphorus Lb. 0 - 61.60 - 61.60 
P21 Potash Lb. 0 -175.00 -175.00 -175.00 

:n.26§/ 26.6,Jl/ 22.07~ P22 Net return to fixed factors Dol. 0 1.0 



Table 1. (Continued) 

~i!nful 1ct!v!tie1 
Dairy 

(11,000 ~s.) C-B-L CS-OS CS-A CS-B-AOG CS-OSCS-AOG CS-OSL··RCOG 
15:8 4 rotation rotation rotation rotation rotation rotation 

Resources Unit Amount p26 P27 P29 P29 P30 P31 P32 

pl Ac. 44.3 1.00 
P2 Ac. 142 .. 8 1.00 1.00 1.00 1.00 1.00 1.00 
P3 Ac. 185.8 1.00 1.00 1.00 1.00 1.00 1.00 
P4 Hr. 2,608.0 35.20 4.88 12.46 4.82 4.17 5.36 5.29 
P5 Hr. 2,660.0 34.20 4.44 14.04 10.44 8.23 9.76 8.52 
p6 Hr. 2,416.0 45.60 2.00 1.27 0.94 0.94 1.62 
P7 Lb. 0 5,764.00 -2, 114.00 ··2,683.00 -1 t 149. 71 -695.83 -819.67 -1,341.25 

,.... 

Pa Lb. 0 -2,114.00 -248.67 ~ 

P9 Lb. 0 305.71 -546.50 -1,851.00 -2,009.33 -2,009.33 
P10 Lb• 0 2,312.71 -2,263.00 -969. 71 -377.17 -691.50 
P11 Lb. 0 -1,109.00 -277.17 
P12 Lb. 0 479.59 
P13 Cwt. 4,420.0 106.50 
P14 Cwt. 0 -106.50 
P15 Ton 600.4 0.62 2.00 2.33 2.33 0.81 
P16 Lb. 0 1,273.12 
P17 Ton 206.0 19.00 6.43 2.50 9.50 
P1a Lb. 0 1,824.88 -546.50 -3,372.00 -2.020.11 -2,386.50 ·-2,978.00 -2,419.25 
P19 Lb. 0 -159.60 73.00 150.00 42.57 25.00 33.00 68.75 
P20 Lb. 0 -61.60 71.50 141.00 97.29 95.83 105.00 58.00 
P21 Lb. 0 -175.00 106.00 208.00 126.57 120.17 129.67 91.50 

P22 Dol. 0 11.32Q/ -9.33 15.38 -12.28 -9.84 -12.96 -10.60 



Table 1. (Continued) 

Gainful 1ctivi ties 
CS-OV-A CS-B-AOG CG-OS CG (cont.) M~,LCOG B-VJ.~C 
rotation rotation rotation rotation rotation pasture 

Resources Unit Amount P33 P~4 P;g; P36 P~7 p~ 

pl Ac. 44.3 1.00 1.00 
P2 Ac. 142.8 1.00 1.00 1.00 1.00 1.00 
P3 Ac. 185.8 1.00 1.00 1.00 1.00 1.00 1.00 
P4 Hr. 2,608.0 4.26 5.42 12.46 9.42 0.76 
P5 Hr. 2,660.0 8.24 7.42 5.73 4.75 1.63 1.14 
p6 Hr. 2,416 .. 0 0.92 0.94 0.53 0.21 
P7 Lb. 0 -383.29 -695.83 -3,364.00 -3,364.00 
Pa Lb. 0 -248.67 -3,364.00 -3,364.00 ..... 

(>) 

P9 Lb. 0 -2,313.86 --1,004.67 Q\ 

P10 Lb. 0 -323.29 -377.17 
Pu Lb. 0 -316.86 -1,.530.00 -I,109.00 
P12 Lb. 0 -1, 772.67 -1,085.00 
P13 Cwt. 4,420.0 
P14 Cwt. 0 
P15 Ton 600.4 2.50 1.11 
P16 Lb. 0 ··l, 772.67 -1,085.00 
P17 Ton 206.0 3.29 7.50 4.00 
P1a Lb. 0 -2,954.00 -2,911.83 -1,109.00 
P19 Lb. 0 21.43 25.00 150.00 125.00 14.33 0.53 
P20 Lb. 0 96.14 95.83 141.00 91.00 36.00 59.87 
P21 Lb. 0 123.14 120.11 208.00 158.00 36.00 31.53 

P22 Dol. 0 -~ 11.85 -11.54 -24.60 -21.21 -5.33 ·-4.15 



Table 1. (Continued} 

Tiansfei activities 
Hay for Gr. sil. for Gr. su. Hay to Corn sil. 
gr. sil. corn sil. to summer summer to summer 

R&sources Unit Amount P39 P40 P41 P42 P43 

pl Ac. 44.3 
P2 Ac. 142.8 
P3 Ac. 185.8 
P4 Hr. 2,608.0 
P5 - Hr. 2,660.0 
P6 Hr. 2,416.0 
P7 Lb. 0 ..... 

t,.) 

Pa Lb. 0 -J 

P9 Lb~ 0 100.00 100.00 
P10 Lb. 0 -100.00 100.00 
Pu Lb. 0 -100.00 100.00 100.00 
P12 Lb. 0 -100.00 ~-100.00 -100.00 
P13 Cwt. 4,420.0 
P14 Cwt. 0 
P15 Ton 600.4 
P16 Lb. 0 -100.00 -100.00 -100.00 
P17 Ton 206.0 -0.35 
P1a Lb. 0 100.,00 100.00 100.00 
p 19 Lb. 0 

P20 Lb. 0 
P21 Lb. 0 

P22 Dol. 0 



Table 1. (Continued) 

Sell 
milk 

Resources Unit Amount P44 

pl Ac. 44.3 
P2 Ac. 142.8 
P3 Ac. 185.8 
P4 Hr. 2,608.0 
P5 Hr. 2,660.0 
P6 Hr. 2,416.0 
P7 Lb. 0 
Pa Lb. 0 
Pg Lb. 0 
P10 Lb. 0 
P11 Lb. 0 

P12 Lb. 0 

P13 Cwt. 4,420.0 
P14 Cwt. 0 100.00 
P15 Ton 600.4 
P16 Lb. 0 
P17 Ton 206.0 
P1a Lb. 0 

P19 Lb. 0 
P20 Lb. 0 
P21 Lb. 0 

Buy 
com 
P45 

-100.00 

P22 Dol. 0 413.or/!J-3.14 

Buying and selling activitie§ 
Sell Buy Sell Buy sil. Buy Buy Buy 
corn hay hay space nitrogen phosphorus potash 
P46 P47 P49_ __ _ ~42_ . -~5_Q P51 P5~ 

100.00 ...... 
100.00 w 

co 
-100.00 100.00 

-500.00 
-100.00 100.00 

-100.00 
-100.00 

-100.00 

2.92 -4.57 2.80 -400.00 -12.97 -7.38 -5.14 



Table 1. (Continued) 

l/ The coefficients in this column apply to 11.000 pounds production per cow, including 
replacements per cow, for a 75:25 forage-to-grain feeding ratio to milk cows. 

The row changes in these coefficients to apply to 9.,000 pounds production per cow, 
including replacements per cow, for a 75:25 forage~to-grain feeding ratio to milk cows were: 

P7 1,734.00 Pll 2,668.53 P14 -85.60 P18 4,269.94 
Pio 1,874.76 P13 86.~o pl6 2,979.06 P22 24.62 

~ The coefficients in this column apply to 11,000 pounds production per cow, including 
replacements per cow, for a 55;45 forage-to-grain feeding ratio to milk cows. 

The row change& in these coefficients to apply to 9,000 pounds production per cow and 
131 000 pounds production per cow, including replacements per cow, for a 55:45 forage-to-grain 
feeding ratio to milk cows were~ 

91000 pound§ per cow 131000 poungs per cow 
P7 2,782.00 P16 2,319.88 P7 4,106.00 P16 3,229.71 
Pu 626.59 P18 3,325.12 P11 2,040.59 P18 4,.629.29 
P13 86.50 P22 20.70 P13 126.50 P22 31.34 
P14 -86.50 P14 -126.50 

~ The coefficients in this column apply to 11,000 pounds production per cow, including 
replacements par cow, for a 35:65 forage-to-grain feeding ratio to milk cows. 

The row changes in these coeffici9nts to apply to 9.ooo pounds production per cow and 
13,000 pounds production per cow, including replacements per cow, for a 35;65 forage-to-grain 
feeding ratio to milk cows were: 

P7 
P12 
P13 
P14 

9,000 pounds per pow 
3,809.00 P16 1,735.88 
1,605.59 pl8 2,488.12 

.50 P22 16.85 
-86.50 

P7 
pll 
P12 
P13 

l~,ooo pounds pe:r 
5,515.00 P14 

432.59 P16 
2,400.00 P1a 

126.50 P22 

cow 
-126.50 

2,240.12 
3,210.88 

26.06 

~ The coefficients in this column apply to 11,000 pound$ production per cow, including 
replacements cow, for a 15:85 forage-to-grain feeding ratio to milk cows. 

The row changes in these coefficients to apply to 13,000 pounds production per cow, 
including raplacementa per cow, for a 10.85 forage-to-grain feeding ratio to milk cows were~ 

P7 7,157.00 P13 126.50 P16 1,403.82 P22 19.92 
P12 797.59 P14 -126.50 PlB 2,012.18 
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Table 1. {Continued) 

~ Receipts fran cull cows and replacements, and $1.00 per hundred-weight for milk less all 
expen!9~S excluding fixed costs, farm produced feed,. labor and management. 

§/ One dollar per hundred-weight of the blend price for milk ($5.73 per hundred-weight) was 
included in the net revenue row of the dairy activity columns. 
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ABS1RACT 

The dairyman has various reaourcea, soma of which are limitad in 

quantity, that may be used to produce milk. Alternative forage and 

grain crops can be produced for feed or sale. A typical grade A dairy 

farm was selected in the Roanoke-Franklin-Henry-County area of Virginia 

to determine the forage-to-grain feeding ratio and forage and grain 

production system that would maximize return& to fixed resources. 

Budget& were prepared for individual forage~to•grain ratios at 

three levels of milk production per cow and for various crop rotations 

adaptable to the typical farm. Linear programming was uaed to deter

mine an optimum feeding and cropping plan at each level of production 

per cow. 

With the present milk blend price, an optimum feed ration at each 

level of production per cow contained a high proportion of grain 

relative to forage. It was mor~ profitable to produce less than the 

pre&$nt milk sales restriction and aell corn and hay at the lower 

production rate, whereas, it was more profitable to produce up to tha 

present milk sale& restriction and sell any excess corn and hay at tha 

tw~ highar production rates. 

With the present milk blend price, there was some latitude in the 

selection of an optimum feeding and cropping plan for the lower produc• 

tion rates before greatly reducing net return to fixad factors. This 

was not true for the higher production rate. 



A& the price was reduced from the present milk blend price, the 

lower production rates gained in profitability relative to the higher 

production rates. 




