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ABSTRACT 

This study analyzed the economic tradeoffs between dairying and 

competing enterprises under selected price and resource conditions in the 

Central Piedmont of North Carolina. The analysis provided insights into 

optimal individual producer response to changing economic conditions. 

Competing enterprises modelled included a beef cow herd, barley, corn, 

oats, soybeans, wheat, and off-farm employment. 

A synthetic farm enterprise typical of Central Piedmont resource 

conditions was constructed using North Carolina Farm Business Management 

System survey data, North Carolina Agricultural Extension Service budgets, 

and publications of the Department of Economics and Business at North 

Carolina State University. Linear programming procedures then analyzed 

this initial on-farm resource situation to determine the optimal 

combination of enterprises. 

The initial optimal enterprise mix was a specialized dairy operation 

with residual acreage devoted to wheat production. Various optimal 

enterprise combinations and shadow prices for selected limiting resources 

were calculated for alternative resource situations. Available labor was 

much more important than land availability in explaining overall farm 

profitability. 

The sensitivity of the initial optimum solution was examined using 

price-mapping techniques. This initial mix of enterprises was very 

stable, with dairy production dominating the other enterprises over a wide 

range of milk and beef prices. Blend milk prices, net of hauling and 
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marketing charges, had to drop more than $3 per hundredweight from $13.68 

before the size of the dairy enterprise was significantly reduced 

from its initial level. Beef entered the optimal farm plan only under a 

combination of low milk prices and high· beef prices. A combination of 

historically low milk prices and average-to-high beef prices made off-farm 

employment profitable. The production of wheat, the only cash crop to be 

grown, was most extensive when both beef and milk price levels were low. 
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I. INTRODUCTION 

Dairying.is an important agtic:ultu~alindustry in North Carolina. 

The sale of dairy products rcinked sixth "in terms of 1987 farm ciiSh 

receipts foliowing toba~c~, broilers, h~gs, turkeys, and forest produCts 

(North Carolina Department of Agriculture, 1988, p.T). In 198.7, North 
. . 

Carolina farm cash.receipts£:rom dairy product sales totalled $222.6 

million and accounted for 10.7 percent of the total cash receipts from 

livestock and . livestock p'roducts and S. S'percent of the total. cash 

receipts from all farm marketings. 

The North Carolina dairy industry has undergone dramatic changes in 

recent years (Tablel).·· Between 1972 andl987 the number of Grade A milk 

producers declined more thanS2 percent, from 1,934 to 912, as many 
. . ." 

farmers found dairying to. not be the best. use of their resources. Despite 

this decline in dairy farm nUmbers, total milk production actually 

increased over this period as expansion of milk production on remaining 

. operations more than compensated for those who left thej.ndustry.· 

Average daily production per Grade A 'milk prociucer increased 114 

percent, from Z; 177 to4 ,671 pounds. This .' increase in average daily 
. . 

output was achieved by both,a steady increase in average herd size from 

84.3 in 1972 to 120.6 in 1987 and a 2;7 percent annuCil increase.inaverage 

milk production per cow. Concurrently, the real animal price received per 
. " ' '. . . . 

hundred pounds of milk , which, is the average n~minalpri~e adJU:sted by 

USDA; s· Ind~xof Pr,icesPaid by Farmers, decLined sl~wly, but: steadily 
.' ,. . 

until 1985, dropping more than 2S percent .from a peak of$12.17.in 1974 to 

$9.09 in 1987 ,Thes.e.,trends reflect changes ingoverrunent progtam$ and in 

alternative u~es for dairy farin 'resources. , ' 
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Table 1. Summary statis.tics for. North. Carolina. dairy farming" . 19T2:"1981 a 

Year 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

Number 
grade A 

milk 
producers 
(D.ecemb er) 

1934 

1754 

1646 

1586 

1528 

1437 

1349 

1301 

1280 

lZ50 

1231 

1222 

1166 

1139 

lDT2 

912 

To_tal 
milk 

production 
(milL. 1bs.) 

1537 

1524 

1534 

1602 

1666 

1592 

1557 

15.65 

1.631 

1654 

1686. 

17ll 

1649 

1748 

1695 

1555 

Average 
real 
price 

($/cwt. )b 

12.03 

ll.75 

12.17 

lL.43 

10.93 

10.90 

10.56 

10.33 

10.14 

10.0.0 

9.25 

9.19 

9.09 

8.90 

8.81 

9.07 

Average 
number· 

milk c.ows 
(thous.) 

163 

158 

152 

153 

154 

145 

113 

132 

134 

134 

131 

133 

130 

128 

121 

llO 

Average 
milk 

prnducti.on 
Eercow 
(.lbs. ) 

9,429 

9,646 

10,,092 

10,471. 

10.,818 

10,979 

ll,609 

lL,856 

12,172 

12,343 

12,870 

12,865 

12,685 

13,656 

14,008 

14,136 

aSumrnary s.tatis,tics freom various issues of· Nor.th Carolina 
Agricultural Statistics, published by the North Carolina DepaTtment of 
Agricul.ture, Raleigh. 

bAnnual average nominal price divided by Index of Prices Faid by 
Farmers (1977=100) reported in Agricultural Prices, published by the 
United States Department of. Agricul ture, Washington, D.C. 



This study was designed to learn more about the impact of economic 

conditions facing North Carolina dairy producers and to provide insights 

into likely producer reaction to changes in economic adjustment 

opportunities. In the pages that follow we: 

(1) determine the optimum enterprise combinations for selected 
conditions on dairy farms in the Central Piedmont area; 

(2) determine what changes in enterprise combinations and output 
would pay dairy farmers to make in response to changes in the 
price of milk, other selected enterprise output prices, input 
prices, off-farm wage rates, crop yields, and resource 
availability; 

(3) measure the sensitivity of these optimum solutions to changes in 
product prices and resource availability; and, 

(4) develop a general matrix of price and technical coefficients 
that can be adapted for other farm types and resource 
situations. 

Linear programming was selected as the method of analysis in this 

study to simulate the effects of exogenous economic forces for which 

historical observations are not available. The representative farm model 

constructed here is deterministic, static, and represents a "steady 

state." The solution is interpreted as a stationary equilibrium solution 

for a representative production period. For a review of the structure of 

linear programming models the reader is directed to Hazell and Norton. 

This research develops a representative farm and embodies this 

3 

information in a linear programming matrix for analysis. Insights provided 

by this approach have been demonstrated in dairy studies by Dodson et al., 

Faris and McPherson, Feitshans, and Young and in beef cattle studies by 

Melton et al., Rozzi et al., Shumway et al., and Wilton et al. Once the 

linear programming model is properly formulated, the analyst is in a 

position to study the effects of variations in technical input-output 
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coefficients, resource availability, and prices of inputs and outputs on 

the optimal combination of farm enterprises. 

II. MODEL CONSTRUCTION 

Selection of Study Area 

The first step in this'study was.to identify a major dairying region 

of North Carolina that also contained a sufficient number of other 

agricultural enterprise types to allow a meaningful. analysis of economic 

adjustment opportunities facing dairy farmers, Thus, any widespread 

changes in economic incentives and opportunities in this region would have 

considerable effects on the state's total dairy industry. 

Three contiguous counties in the Central Piedmont region, Iredell, 

Rowan, and Davie, conformed with the needs of this study (see Figure 1). 

These counties ranked first, third,and ninth, respeGtively, in the. number 

of milk cows and heifers that had calved as of January 1, 1987. For beef 

cows and heifers that had calvedasqi'3anvary 1 ,'198i; 'IredeJj County 

ranked first,Rowan County ranked ninth, atld DavieC01,mty ran'l<ed 

fourteenth (North Carolina Department o,f Agricult~X'e, 19B5' , l?P. 57 -58) . 

Consultation with Agricultural E:x;tension SeJ,:"vice personnel and information 

from North Carolina Agricultural Statisticikhelped detepnine> Wchich cash 

crops were grown in sufficient qu?-ntitiestq',mex:ititlcJ,.usion in <;I. whole 

farm planning model of Central Piedmontag:l:"ictilture. These cash crops 

included soybeans for beans, barley, wheat; oats, and cornfol; grain. 

Data Sources 

Enterprise budgets prepared by Agricultural Extension Service 

personnel at North Carolina State University provided detailed data on 



Area of st1.1dy: Irec:l~ll, Rowan, apc:l I)avie cp~nti~!>, 
Qentral·Pie<kont, N()rt:h·C.;irQlip~ 
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technical coefficients, output prices, costs of production, crop yield 

estimates, machinery needs and labor requirements for the beef" arid dairy 

enterprises, cash crops, and the forage crops required for maintaining the 

livestock enterprises (North Carolina Agricultural Extension Service, 

1983). In certain instances, cost and gross yield data were adjusted to 

reflect local growing conditions. Pasture and forage row crop yields were 

reduced for storage and livestock feeding losses. Discount percentages 

were obtained from published experimental data and from specialists 

familiar with this area. 

Cos.ts of production, technical coefficients, and nutritional 

requirements for the milking herd merited special attention in this 

study. Costs of milk production and associated technical coefficients, 

specifically those .for labor per cow, were developed from several sources, 

as there was no current dairy budget appropriate for this study. These 

sources included older dairy budgets published by the North Carolina 

Agricultural Extension Service, current dairy budgets published by the 

Alabama Cooperative Extension Service, information from the North Carolina 

Farm Business Records Program, and information obtainedthroug;h extensive 

consultation with knowledgeable personnel at North CarolinaSti"ite 

University. Input and output prices were seie2t~d 

the mid-1980s. 

Nutritional requirements for dairy cattle publisheelbythe·National 

Research Council are embodied in the computer package used to develop a 

balanced least-cost ration for the milking herd and dry cows. Thus, feed 

requirements and costs were calculated by the computer in developing the 

optimal solution. 



The final data requirements for this study involved detailed infor

mation on resource availability on Central Piedmont dairy farms. An 

exhaustive inventory of owned pastureland, owned cropland, rent.ed pas.ture

land, rented cropland, family labor supply, and hired labor supply was 

required to build a realistic model. This information was collected from 

the following sources: survey forms from dairy farms participating in the 

North Carolina Farm Business Records program; yearly issues of Dairy Farm 

Business Summary and Business Evaluation Workbook published by the North 

Carolina Agricultural Extension Service (Benson and Sutter); various 

issues of Cost of Producing Milk on Grade A Dairy Farms (Benson); and, 

Economics Information Report No. 71, North Carolina Dairy Farming, 1983 

(King et al.). 

Objective Function 

The representative Central Piedmont farm developed for this study is 

part of a whole-farm linear programming model that allows dairy, beef, and 

cash crop enterprises and off-farm employment to compete for scarce 

agricultural inputs. The objective function in this model seeks to 

maximize "variable profit" for the farm. Variable profit is defined as 

the difference between annual revenue and variable expense. McPherson and 

Faris (pp. 822-823) note that variable profit (their t.erm:i.nology is "net 

return") is· not a measure of economic profit or farm family disposable 

income. However, maximizing variable profit is consistent with maximizing 

farm family disposable income. Variable profit represents the returns to 

certain fixed assets, land, family labor, entrepreneurial effort, risk, 

and ownership costs of the bundle of depreciating capital assets outlined 

in Appendix Tables 1 and 2. 

7 
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Model Enterprises 

. This model considers farm~level·l." .• :,.· .•. ia.:" ..... n.i: .. ~. -u.;.',.r.l.;~.Y.,~.· •. & ,¢,'htePRrhegtn<;lt., cpmpe.te 

dairying in the Centrai Piedrnont.:#:~;gi~h,;.8:f,:~~~~;f,~~~:J~;f~~:~'~'~~~1':ry " with 

:::s:~c:::e:s P:::O::1 :e:::::s: O~: c ~;~~:~~;;:~~:!·b;t~~~t!t~. e~~F .. ' 
":'( . .(1' 

tables in this section presentthedetail~ct' sHu~;~~re 6f~he' 81 rows and 

62 columns of the model, and should be used in conjunction with the 

discussion of each major component of the tableau. 

Four broad farm enterprises are found in this model: cash crops 

typically grown in the Central Piedmont region, a cow-calf beef herd, a 

dairy herd consisting of lactating or dry cows and replacements, and 

pasture and forage crops produced for the beef or dairy herds (Table 2). 

Each of these enterprises requires production, transfer, and sales 

activities. Transfer activities serve to move quantities from production 

activities to the sales activities. 

All crop and livestock ent'~rpriS~~ 
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Table 2. Gerieral structure of linearprogramning-rrodel 

.... _----------- . . Colurmidentification andn'l.l:lrber~J 
-~----"-' ---.-;.---~.------- ..---------~-. ---.... ..:-. . 

.'!bw 'Identification Labor &' . Forage Cash BOOfhei'd Dairy herd 
. and' nurrber land ·~c;tops crops activities activities 

---- ------fo----1---- - ---_ ... __ . 
1-8 -9~.20 21-30 31-42 43-62 , 

~---.-:....,;.-- -------; ,----------- ~----- -----~---
. Obj ective Pc1iP c· A,-B,-C -D -D,E ··-Fi-G;H "~F,-G,H,I 

J 
.. '------------- i-._- - ._- --~-----~- f------
. Labor Table 
availability 1-3 3 
. Land 
. availability -Table 

4-16 4 
-

Forage yield . Table 
.. ~av.ailabiJ:i ty 17-40 5 . 

cash.crop·yield Table 
.& ·sales 41-50 7 

·Beefherd~production Table 
.& :sales 51 .... ·62 8 

Dai.J:y herd 'inventory' Table 
& -sales 63-78 9 

03.ily herd Table 
purchased feed '79 .10 

" 

Milk production. " Tatlle 
& sales 80.-81 l.Q 
.. -._------------ - --

; .: ,:';":' :' <'-": . :, -::-" . 

ca:tlefmition of objective .rcM~lue~:.'': 

letter cbde 
. 0- .A 

B 
C 
D 
E 
F 
G 
H 
I 

" ~ ... 

~finition 
Hourl,y wage for off-farm errplQYIreIlt~ 
Hourly -wage for hired 1al:xi;-~" 
Rent per acre. . . . , 
Variable <expense per acre •. " . . ." ....•.. . 
.Price , .. receivedper . acre ofcaSh'crOp~, ". . 
Variable expense per livestoc]{:unit .. 
Per .head-marketing charges •.. · '.. ..' . 
Price received "perli ve hundiedweight.· . '.' 
Net price received' per hundredw9ight of· milk. 

"' , ... 
\".,,:-

Right-hand 
side ... ----
RHS 

~----
,MAX 
------

Table 
3 

Table 
d 

Table 
'5· 

-Table 
~l 

Table 
8 

Table 
9 

Table 
10 

Table 
10 

-
~ .. ' 
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and weight conversion activities), and final animal sales activities. In 

addition, the feedstuffs supplied to each of these enterprises are 

explicitly accounted for by transfer rows linking the particular animal 

enterprise with the appropriate homegrown or purchased feed supply 

activity. 

Selected animal types are culled from the beef and dairy herds. The 

movement of each type of cull animal is measured bya "weight conversion" 

activity, which receives animals on a per-head basis from the relevant 

herd. The weight conversion activity then transfers the corresponding 

live animal weight to an animal sales marketing activity measured in 

hundred-pound units. 

Both the beef and dairy herds are supported by forage crop activities 

on the farm. These crops include various types of hays, silages, and 

grazed forages typically found on Central Piedmont farms. It is assumed 

that these forage crops are limited to on-farm use with no offcfarm sales. 
,- .' ,;'.: '. 

This assumption may not be realistic for hay but. is maintaine{to liI1lg 

the scope of research. 

The nutritive needs 

combination of purchased 

discussed in greater 

guidelines suggested in Agricultural 

Model Rows 

Important row types in this model include: 

availability of total land and row-crop land; family labor supply, hired 
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labor supply, and off-farm work opportunities; animal feeding require

ments; replacement animal control rows designed to maintain desired 

distributions of animal types within the beef and dairy herds; transfer 

rows linking animal production activities with output sales activities; 

accounting rows designed to measure pasture and crop production; and 

balance equations that transfer forage crop production to animal 

production activities and cash crop production to sales activities. These 

row types permit the analyst to measure the economic effects of changes in 

individual technical coefficients. 

Labor Availability and Land Use-Constraints 

The amounts of total land, row-crop land, and family labor are 

constrained at resource levels typical of those found on Central Piedmont 

dairy farms. North Carolina dairy farmers often hire or rent significant 

amounts of additional resources to complement on-farm resource levels. 

Land and labor supply activities are shown in Table 3 and land constraints 

are described in Table 4. 

Farm family labor is assumed to supply a total of 5113 hours by row 

constraint "LABOR." Man-years of labor are converted to annual labor 

hours using a method suggested in Pasour (p. 33). The method of 

conversion is explained in Jack (p. 39). Provision is made in Column 1 

foi hiring up to an additional 1.0 man-year of labor to augment the on

farm family labor supply. These additional 2550 hours of labor activity, 

"+LABOR" in this model, may be hired at $6.50 per hour. 
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Table 3. Labor availability and land-use constraints 

Labor Owned land Rented land 
Row Row +LABOR OFFFRM OWNROW ONRWPT OWNPT +ROWR +ROWP +PAST RHS 
Number ID 1 2 3 4 5 6 7 8 

OBJ. ROW -6.50 5.50 0 0 0 -40 -40 -15 MAX 

1 LABOR -1 1 :::; 5113 

2 MX+LAB 1 :::; 2550 

3 MXOFF 1 :::; 2000 

4 MXOWNL 1 1 1 :::; 190 

5 MXOWNR 1 :::; 140 

6 MXORP 1 :::; 140 

7 MXONPT 1 :::; 50 

8 MXROW 1 1 :::; 140 

9 MXRENT 1 1 1 :::; 130 

10 MXRTRR 1 :::; 95 

11 MXRTRP 1 :::; 95 

12 MX+PT 1 :::; 35 

13 MXRTRA 1 1 .... ~ 9S 

14 MXRTPT 1 1 :::; 130 

15 ROWEQ -1 -1 "" 0 
., .... 

16 PTEQ -1 -1 -1 -1 - 0 



Table 4. Lahd constraints in linear programming model 

Name of land 
constraint 

MXOWNL 

MXOWNR 

MXORP 

MXONPT 

MXROW 

MXRENT 

MXRTRR 

MXRTRP 

MX+PT 

MXRTRA 

MXRTPT 

Row 
number 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Description of constraint 

Owned land 

Owned row~crop land 
(either use) 

Owned row-crop land 
for pasture 

Owned pasture land 
(pasture only) 

All row-crop land 
(owned and rented) 

All rented land 

Rented row-crop land 
for row-crops 

Rented row-crop land 
for pasture 

Rented pasture land 
(pasture only) 

Rented row-crop land 
(either use) 

All rented.1and 
(pa~ture only) 

13 

190 

140 

140 

50 

140 

130 

95 

95 

35 

95 

130 
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This hiring restriction is imposed by row constraint 2 "MX+LAB". Above

average Skilled hired labor is assumed. This amount of hired labor plus 

family labor supply equals the number of man-years of labor found on 

median-size dairy farms participating in the North Carolina State 

University Farm Business Records Program (Benson and Sutter, 1987, p. 33). 

One enterprise option in this model not typically found in farm-level 

programming plans is an off-farm work activity. Up to 2000 hours of the 

family labor supply may be devoted to off-farm employment at a wage rate 

of $5.50 per hour. This is realistic, given the employment opportunities 

available in the area. A prime example would be employment in the poultry 

business. This activity is "OFFFRM" in column 2 of the model and is 

constrained by row 3 "MXOFF." 

Total on-farm land availability is assumed to be 190 acres, of which 

140 are suitable for either row crops or pasture activity, with the 

balance capable of growing only pasture. Columns 3 to 5, "OWNROW", 

"OWNPT," and "ONRWPT", simply provide an accounting of how the 190 acres 

of owned farmland is allocated among row crop and pasture uses. 

Additional row-crop land may be rented at $40 per acre and used to grow 

either row crops or pasture. Rented row-crop land used for row crop 

production is denoted as activity 6 "+ROWR" in this model. Rented row

crop land utilized as pasture is activity 7 "+ROWP". Activity'8 allows 

pasture to be rented for $15 per acre. Of the 130 maximum total number of 

acres that may be rented by the farmer, 95 acres are cropland capable of 

supporting row crops or pasture. Rented pasture and rented row-crop land 

used to grow pasture crops are assumed to have the same productivity. 



Model rows "ROWEQ" and "PTEQ" strike a balance between potential 

sources and uses of farmland. Row 15 "ROWEQ" balances the supply of row

crop land provided by the owned cropland activity "OWNROW" and the rented 

cropland activity "+ROWR," with the uses of row-crop land including 

silages, hay, and cash crops. A balance between sourcesand.uses of 

pasture is struck by row 16 "PTEQ." Land suitable for grazing includes 

rented pastures ("+PAST"), owned pastures ("OWNPT"), and where 

economically feasible, rented row-crop land ("+ROWP") and owned row-crop 

land ("OWRWPT"). 

Forage Activities 

15 

All forage crops capable of being grazed or harvested on the farm are 

listed in the crop production columns 9 through 20 of Table 5. Crop 

yields, derived from enterprise budgets prepared by Agricultural Extension 

Service personnel at North Carolina State University, are measured in tons 

of hay-equivalent per acre for the grazing activi~ies, and in tons per 

acre for the crops harvested for hay or silage used by the livestock 

enterprises. Variable costs of production per acre are placed in the 

objective row with negative signs, and labor requirements in hours per 

acre are placed in row·l. Land requirements for each silage and hay 

harvested activity are measured in acres as indicated by the "1" found in 

row 15 and for grazed forages by a "1" entered in row 16. 

Rows 17 through 28 represent accounting rows, each with a "Y" prefix, 

designed to measure growing activity of each forage crop. Entries in 

these rows consist of the yields found in Table 6. Note that the 

yields for the silages, hays, and grazed crops shown in Table 6 do not 

represent the quantities available for consumption by the livestock 

o 
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Tabl:e 5. Eorage crop: ac:ti.viti.e,s. 

Gr.az'ed Rat.vested 
ROW ROW FESPT ORGP.T· RYEPT MILl'T LAD:P..T: COSiIL ... S0SIL RHS 
NUMBER TD 9 10 11 IT 13~ 14. IS 

OBJ. ROW -90.76 -107.04 -92.86 -lTO ... 10 -39:7.3 -164.70 -U1.50 MAX 
1 LABOR .8154 .9825 1.3.2.2 2.136 .308 3~802 3.117 <"'5113 
15 RQWEQ L 1 .= 0 
16 PTEQ 1. L 1 1. L = 0 
17 YEESPT 3 .. 25 >= 0 
18 YORGPT 3 .. 25 >= 0 
19 YRYEPT 2.5 >= 0 
20 YMTLPT 3.:.25' >= 0 
21 YlADPT 3 >= 0 
22 YCOSIL 15 >= 0 
23 YSOSTL 22 >= 0 
24 YSGSTL >= 0 
25 YERHY >= 0 
26 YORGHY >= 0 
27 YALFHY >= 0 
28 YAI:FHL >= 0 
29 XFP -2-275. <= 0 
30 XOP -2:.27S <= 0 
31 XRP -1. 75 <= 0 
32 XMP - 2.~.27.5 <= 0 
33 XLP "2 .. 1 <= 0 
34 XCS -12 .. 3 <=. 0 
35 xso.s -18 < ... 0 
36 XSGS <= 0 
37 XFH <= 0 
38 XOH <= 0 
39 XAH <= 0 
40 XAHL <= 0 



Table. 5 .. : (continue.d)" 

ROW 
Number" 

OBJ. ROW' 

1 

15 

24 

25:" 

26. 

27 

28 

36> 

37 

38 

39 

40' 

ROW,; 
ID. 

LABOR:. 

ROWEQ. 

YSGSlL.. 

YFEHY. 

YORGHY. 

YALFHlL 

YALFHL,. 

XSGS ,. 

XFH:' 

XOH .. 

XAH· 

XAHL 

SGSlL .. 
16 .. , 

-97.39···· 

3.599 

1. 

-5;74; 

FEHY ORGHY 
17 18. 

-138.54. -154.80' 

ALFHYT 
19' 

-17a~35 '. 

6.9144. 7.0'815 '. 10.5O'T5 

1 1 1 

4 

4 

4· 

-3.44· 

-3.44· 

ALF1fh·~ .. 
20,~O 

-174;14:· 

6 .. 4885 

l' 

10' 

-8,.17 

17 
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Table 6. Summary of storage.and feeding losses for seiectedforage crops 

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

Forage crop 

Grazed: 

Tall fescue 

Orchardgrass 

Winter rye 

Millet 

Ladino-clover 
grass 

Harvested: 

Corn silage 

Sorghum silage 

Small grains 
silage (wheat) 

Fescue hay 

Orchardgrass hay 

Alfalfa hay 

Alfalfahaylage 

Row 
number 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Row 
10 

FESPT 

ORGPT 

RYEPT 

MILPT 

LADPT 

COSIL 

SOSIL 

SGSIL 

FEHY 

ORGHY 

ALFHY 

ALFHL 

Yield 
(tons) 

3.25 

3.25 

2.5 

3.25 

3.0 

15.0 

22.0 

7.0 

4.0 

4.0 

4.0 

10.0 

Storage and 
feeding loss 

(percent) 

30 

30 

30 

30 

30 

18 

18 

18 

14 

14 

14 

18.3 

Feed 
available 

(tons) 

2.275 

2.275 

1. 75 

2.275 

2.1 

12.3 

18.04 

5.74 

3.44 

3.44 

3.44 

8.17 

--------------------------------------------------------------------------

Sources: G.A. Benson, personal communication; W.K. Waters, "Costs of 
Alternative Forage Harvest and Storage Systems," Pennsylvania 
State University, 1979; G.S. Willett, "An Economic Analysis of 
Alternative Forage Programs for Dairy Cattle in Western 
Washington." Washington State University, November 1980, p. 6. 



activiti.es. Rathex, these figures denoteproduc.tion before .storage .and 

feeding los'ses of hay .and silage, and before animal harves;t,ing 10 s.sesof 

grazed forage are deduc,ted. 
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The yield rows are followed by transfer rows 29 through 40, each with 

art "X" prefix. The entries in these rows are yields after adjustment for 

animal harveBting, storage and feeding lo.sses as found in the final c'olumn 

of Table 6. They carry a negative sign because these activities serve as 

a source of nutrients, and are used to supply forages to mee.t feeding 

requirements of either the beef or dairy herd as described later. Values 

in the right-hand side column (RHS) are >= for the "Y" rows and <= for the 

,"X" rows .. 

Cash Crop Activities 

Soybe,ans for beans ,corn for grain, oats , barley, and whe'at are the 

cash crop enterprises found in this model. No provision is made for these 

crops to be f.ed to livestock. Assumpt.ions regarding labor requirements, 

costs of production, and yields were based on information found in various 

issues of North Carolina A~ricuLtural Statistics, budg.e.ts prepared by the 

Agricultural Extension S,ervice, and year-end summaries for dairy f·arms in 

IredelL, Rowan, and Davie counties provided by the North Carolina Sta.te 

University Farm Business Records Program. 

Turning to the structure of the model (Tabl.e 7), each of the cash 

crop production activities (columns 21-25) has an objective row value that 

represents the variable operating costs associated with planting, 

maintaining, and harvesting one acre of the crop. Capital and overhead 
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Table 7. Cash crop production and sales. activities 

Cash cro12 12roduction 
Row Row GROSOY GROCRN GROWT GROOT 'GROBY RHS 
number ID 21 22 23 24 25 

OBJ. ROW -104.50 -134.00 -87.40 -84.10 -85.80 MAX 
.' 

1 LABOR·; 2.474 2.994 1.509 1.689 1. 569· :<=5113 
15 ROWEQ 1 1 1 1 l. =0 
41 YSOY 25 >=0 
42 YCORN 90 >=0 
43; YWHET 45 >=0 
44 YOATS 60 >=0 
45 YBARL 65 . >=0 
46 XSOY -25 <=0 
47 . ·XCORN -90 

.,., 
:<,;,.0 . 

'48 XWHET' -45 <=0 
49 XOATS -60 <=0 
50 XBARL ~65 <=0 

Cash cro12 sales 
Row Row $SOY 'SCORN $WHET $OATS $BARL 

number ID 26 27 28 29 30 

OBJ. ROW 5.70 1.90 2.90 1.65 1.90 
46 XSOY 1 
47 XCORN 1 

. 48, XWHET 1 
49 XOATS 1 
50 ·XBARL 1 
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requtrementsare.shownhLrow: 1. and crop.laridraquir.ed.,in. raw' 15:. Row-s. 4r~45 

se'rve .as· output acc.:punt:lingr,ows-. . Assumed yi-e]:ds" inliushe;ls'areas .:faTlows:: 

soybeans 25, 'co.rn 9'0.,., whe~t·: 4'S;,.OB::ts 60 andba'r.l.ey 6.5 .. 

The:. bushel output oE :one. acre· of.eachcrop"pr.odite:ti-on.a;c:d.:vity .is 

transfierre:d: by baTa-nce' equations'46·- 5-0 wi:th. an "JC"':pre:fix :00' .:s:aiie:s:~ 

activities Z6-30 with,a ""$~Ip:re:fixmeasur,ed ±nindl¥idiraT.bushel ~utiits. .·Pb:r 

exaDlple,one a.ere. oE snybe·an.pro:ducthm ("GRDSDY"}makes,avaiTa1i:I:e· 

twenty.-five bushels, which are linked to hushe'l s~Ie:sactiv.ity "$:SOY"" hy 
. -, ," i";' . " 

halance. e,quation 46 "XSOy: nc The v.arious· cash;,;c:rop, se:TLing. act:ivi:ti;es,hav.e: 
'.:,; ,," .. : . 

obj ec·t:i:v.e. fimc.ti;on. va1:.ue's, trratme'asuref,arm p:r:ice:rec'e:i've:d"p:er b~sh:eT ne.t of 

. off-farm··marke.t'ing cha'r:ges.No:t:e' that sa:le'Sv:alues a:r:,e'·no·t adJust·edfar 
. -' ,," 

'on-£arm,production ,costs··,s'incetheseare inclnded:in the,·.cash··.crop 

pr,o:d:uctio.R :Hc:t.:ivity· columns·. 

Cow-Calf Beef:. Ope.ration Overview 

Thes.oiTs and. topo:g:raphy or IredeTI, Rowan ,and J)'a:v-iie cotlnt:ies are 

compat'ible' wi th roughag~-:sys:,t:ems requir:ed to' support cow.;.calf ·produc:tton. 

T.here·f:Or~, heef produc:tl:on may' c:omp'ete with. daqi:rying .and c'a:sh cropping. 'in 

the' Central Piedm~nt re:gitGn.' 
. . 

Theheefenterp'rise in. ·thlsmodel has s'everal c:omponents ·tha:t are 
. '. 

cfi,'s.c'Usse:d· fn . subsequ.ent s:ectionsof ·this s.tudy. .itt the ,cnreaf.thi:s 
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enterprise is a 50-cow herd that represents the production asp~cts of the 

enterprise. Beef output flows frOin this production comportentof the 

enterprise to a per-head culling component. This component consists of . 

"weight coriversion" activities that receive beef output from the herd 

measured on a per-head basis, The output of these weight conversion 

activities is in turn transferred to the beef marketing activities, which 

are measured in units of one~hundred pounds. 

Beef Herd Production 

Beef production budgets prepared by Agricultural Extension Service 

specialists at North Carolina State University indicate that on an 

annualized basis, a 50-cow herd employing a 14% culling rate in its 

breedi~g herd and experiencing a 90% calf crop yield· and 2% death loss,. on 

average, will yield 22.5 male calves and 22.5 female calves. All of the 

male calves are marketed as 525 pound steers. Of the 22.5 heifer calves, 

10.5 are sold at a weight of 475 pounds and 12 are retained. to replace 

brood cows that were culled or. died. On average, one-third of the 12 

retained·heifer calves fail to conceive and are culled at 750 pounds. The 

remaining 8 heifer calves enter the breeding herd as brood cows. 

The linear programming model rows in Table 8 represent labor 

requirements (1), pasture and silage requirements (29-34), animal flows 
: .' 

. (51-58) and marketing rows (59-62). Replacement animal control row 57 

;'NMREPLi' moves the twelve potential replacement animals from the beef herd 

activity 'iCOW'CF" to heifer-growing activity "HFGRO". In turn, tlte 
. . 

one-third of the potential replacement heifers that do not conceive are 

moved from "HFGRO" to animal marketing activity "MHFCUL" by replacement 

animal control row 54 "BHHFCL. n The remaining two-thirds are moved from 



.23 

Tahle .8·. ·Production·.·· and.·:s.ales··.'activities, ·50····.cow~.calf···heef<hBrd 

Row 
'numher 

OBJ. ROW 
1 

29 
.32 
33 
34 
51 
52 
.53 
54 
.55 
56 
57 
5:8 
59 
;60 
61 
62 

Row 
nuniher 

OBJ. ROW 
54 
55 
56 
57 
58 
59 
60 
61 
62 

,Row 
ID 

<LABOR 
XFP 
,XMP 

.XLP 
xes 

.BHDEAD 
'BHREPL 
:BHHGRO 
BHHFCL 
NMBS.TR 
NMBHF 
,NMREPL 
NMCLCO 
iBWTSTR 
'BWTHF 
. BWTCHF 
BWTCCO 

:COWCF 
31 

~2127 

450 
32;;:5 
32.5 
150 
140 

~.1 

8 

,.,.22 . .5 
-.10.5 

-12 
-7 

RepTac~ements 

BCDIE,HFGRO 
32 33 

o 

1 

o 

,-.6.67 
- . .333' 

Animals 'marketed 

···HffiEP 
'34 

-1 
1 

.RHS 

·;,.MAX 

'<='5113 
<=0 

'<=0 
,<=='0 
<= 0 
>==0 
:<=0 

o 
'0 

<=0 
<='0 
<=.0 
<= 0 
<=.0 
<i= 0 
<= 0 

'<i= 0 

Hundredweight· sold 

Row M52SSTM474HF.MHFCUL MCOWB#STR .B#HEIF~B#HFCL.B#.eOW 

.. ID 35 .36 .37 38 39404142 

-11. 34 ··8.37 -12.38 -12.6 72 62 '55 42 
·.'BHHFCL 1 
NMBSTR 1 
:NMBHF 1 
NMREPL 
NMCLCO 1 
BWTSTR ,.,5.25 1 
'BWTHF -,4:75 1 
BWTCHF -7: 5 1 
BWTCCO -10 1 
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"HFGRO" activity to brood cow replacement activity "HFREP" by animal 

contro~·row 53 "BHHGRO." The eight replacement heifers required·are 

transferred from the h~~ferreplac.ement activity to the main breeding herd 

by replacement ariimal control row 52 "BHREPL." Fimilly, a death rate of 

2%., 1>r one cow per 50,. is Illodelled with row 51 "BHDEAD"movingaead 

ariimals to disposal activity "BeDiE." 

The objective row value of -2127 in cow-calf herd activity column 31 

measures all direct variable costs, excluding labor and forage costs, 

·attributable to a herd of 50 cow~calf units. All labor required for the 

herd is entered in row 1 of column "COW'CF." Management practices reflect 

.those outlined in Agricultural Extension Service Budget #20-2 (Appendix 

Table 3). 

Beef Herd Nutrition 

. As outlined earlier, successful cow-calf beef operations in the 

Central Piedmont region depend on grazing for the major nutrient source. 

Pastures must provide most of the nutrients necessary for heifers and 

steers to achieve.optimal weight gains and for brood cows to support 

nursing calves. Othe.r forage. crops· often supplement grazing· so that 

proper nutrient requirements and bal,ances are met .... 

North Carolina Agricultural Extension Service Budget #20-2 reports. 

the nutritional needs of one cow-calf unit in per-acre amounts of mixed 

ladino clover and grass pasture, coastal bermuda grass pasture, fescue 

pasture, and corn silage. Applying this budget directly to Central 

Piedmont farming conditions presents a slight problem because coastal 

bermuda grass pasture is not common in this area. However, the 

specialists who prepared this budget indicated that pearl millet pasture 



is an acceptable substitute for coastal bermuda grass pasture when fed at 

the same level. 

25 

The beef herd nutrient requirements reported on the per-acre basis in 

Budget #20-2 were converted to per-animal requirements reported on a 

per-ton basis using the yields assumed in other Agricultural Extension 

Service budgets. These individual animal nutrient requirements were 

aggregated for a 50-cow cow-calf herd. Thus, the nutritive needs for the 

entire herd are met by 150 tons of hay-equivalent from ladino clover and 

grass pasture, 32.5 tons from fescue pasture,and 32.5 tons from pearl 

millet pasture supplemented by 140 tons of corn silage. 

The crop activities required by the beef herd are linked in Table 8 

by balance rows 29, 32, 33, and 34 with an X prefix in herd column 

"COWCF". The figures in these rows represent net per-acre yields utilized 

by the beef herd, after allowance for animal harvesting loss for the three 

pasture crops and storage. and feeding loss for corn silage. Recall that 

pasture crop yields are measured in terms of tons of hay-equivalent. 

Thus, one acre of fescue pasture ("FESPT") makes available 2.275 tons of 

hay-equivalent, which is transferred by row 29 "XFP" to the beef herd. 

Beef Weight Conversion and Marketing Activities 

The cow-calf beef herd produces four different outputs: 525~poundc 

steers, 475~pound heifers, 750-pound open cull replacement heifers and 

1000-pound cull brood cows. Each of these animal types has its own 

marketing activity denoted by·an "M" prefix in Table 8, columns 

35-38. Three animal types listed above move directly from the cow-calf 

herd activity, "GOWCF", to the respective animal culling activity. The 
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model. explicitly states the number of animals provided per' 50 cOW'."ic'alf 

unit herd to he· subJ ec-ted to. the culling: acti1J:ity ass.o'c"ic=d::en::witheaeh; 

animaL type'; . Thus, 22.5 steers' Fer herd: are moved-by ba'bince:'fequatiorr'SS' 

"NMBSTR," 10.5 heifers per herd. are moved by halance equation' 56· "NMBRE:;."· 

and ... 7 culL cows per herd .. are moved by· halance- equa.ttbn:.58i "NMGI:CO .. " 

Each of the'·heef animaL marketing activities, "M525S:n~"t{475.HE;n 

"MHECUL," and· "MeOw.·;" carries. a negative entry inthe·ohjecti.ve~.row';' This 

is. the marketing charge:, calculated at 3% of.' gros's saTes.,"value':ic aSlS,rreiated: 

with trans,ferr'ing one animaL from: the. cow~ calf. herd to . the. indiVidual.' 

animal culling' activity; Revenue, generated by animal. saTes: is. discussed 

in the. neKtsection .. 

B.eef Sales Act'ivities 

In this model, all bee'f'anima'ls aremarketecJ:;.in .hundred~pound:units, 

This'disaggpegation of numbers and weight allowsmuch.greaterinsi'ghtinto. 

how' changes in individual animal price; yield., and costs .. influenc·e. overall 

beef enterpr.ise returns and. the competitive position of the· c'Ow,,",ca-lf'beef. 

herd relative. to the,. competing' enterpris.es.. The,'saTes, ae.tivitiesw,jrtha, 

"B#" prefix in columns 39-42 of Table 8 receive heef poundage from.the 

individual beef animal marke,ting activities. These transfers are

accomplished by balance equations 59-62 with a "BWT" prefix. For eX'ample; 

animal market'ing activity "M525ST" makes available 5.25. hundred~pound 

unLts of he:ef steer, which in turn are moved. hybalance ,equation' "BWTSTR" 

to sales activity "B#STR." An analogous set of rows' and columns prov,ides 

for marketing 475-pound heifers;. 750-poundcullheifers, and,lOnn-pound 

cull brood cows. 



)~:airy:Herd:Activ.itiiie:s 

.. ;Dairyilierd·Ov:oenliiew 

p·ound·]U'ature .. Hols:te.in ;cows, 'p:roducinganrtually -'1:5 ,DOO ,pounds .~,rifmi:lk 
. . 

cont:aining 3.7%:milk£at.. :Milk --.pro;duction:bake:s :place'"o:v:era :30:S~:d:ay 

,lactation'.p·eriod· with .. a;stib:sce-q.uent60·~day dry period .'Av:erage's·,tag,e·in 

'1 ... I'SO'd .. ilk __ :actat:l:on .,1.S.,. i .. ,; 'ays ;in:m ' ... 

.cows. .~No .. limit ;:o,n;ida.iry :harn .ciapacity .:is.,assumed .:In.iishe :.:shortrun,'.t:he 

.::fa:rnt~r·;at,t:emp~ts ,to :maintainthe:he:rd:at .:s·ome:.:snab Ie ,~ap'.timaT·:numbe:r :,of 

.cews cover :.time,:since:any .numher of, cows lessthantheo,p·timum:nap:r.Bs;ents 

'~oregone·,p:rofLts (oassuming~dairycows arehideed:,pro£it1iihle) . 

. The :r.ep.~'acementdairy :he:ifers :oar'e .divtdedtr,Lto",threeage :group:s .fo.t 

.. :p.l:anning .. and .,management~urpo:s:e.s : -calve shetw,een·. 'Onew.e'ek. ·and:si:.x-··JIIonths 

'old ;o:pert.he:ifers "seven ,to:fi-:it:een 'months ,o:ld ; and '.bred.he±fers:S.ix-te·en ·,to 

·twenty-.fourmonths old. ·.'rhenumber of animals .:'ine'aeh ';'age ·gro.up 'is 

.spe.cifi'edrelative to the .. number·o.fcows. :C-oe:f£:icients .:us.ed ,tocexp:I'.e'ss 

.the :Lraction ofyoung'~n:hnals:p.e:rage .·group'p.er 'crow :e-orne ..:from ,the:midpoint 

of that particular ,a~ge:group .F:orexamp Ie; ·'trrere,areapprox::i:ma:tEd y:.'3'69 

'six'-month o.ld:.c.alve.s .('arrimal~~.eq:ttivalent:s)Ferconecuwhut ::on~y ~363 

.:fif:teen.:monthold .he.i:fers 'fter :cow. Thismodelexp:ceos-aes "the :I'r'aetionu£ 

calvese'xpe.C'ted :perc.ow .at'lO. 5 JIlonths. "o.f. ,age (.366·:cabte's/c.0:W). 

It.is Jalso .impor..tant to Ir(;)'.te"that ·the:numb:er :~o:f 'rCliB:s,andc ·:de'a.ths 

:expe'ri-enc'ed by .there:placementherd is a function:ofthemiimhe:r .. of 

"animal~.equivalents" in 'the ,:r:e'p:lacement herd .·:oV'er .::the ,.:eourse::o.f·on-e 'year, 

. .not ·the :numb:erofanimalspre'sentin ·apartictil'ar ,ag.e:groupat anyone 
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time. For example, a dairy herd may have 60 heifer calves flow through 

the under-6-months age group per year, but possess a stock of only 30 

animals in that category at anyone time. 

Reproductive and culling rates must be taken into account in such a 

way that herd size as well as the number of animals in each age class 

remains constant from one time period to the next. The mature cows 

experience 2% mortality and 32% culling rates, which are typical of those 

found in research reports (e.g., Pearson and Freeman), annual reports of 

the North Carolina Dairy Herd Improvement Association and dairy budgets 

prepared by North Carolina Agricultural Extension Service personnel. 

Under these assumptions the number of dairy herd replacements due to calve 

at twenty-four months of age, on average, will equal the number of mature 

cows that are culled or died. This balance is in keeping with the 

farmer's goal of maintaining some constant number of animals in the dairy 

herd. 

Composition and Age Distribution of Dairy Herd 

To estimate feed requirements for a dairy herd, it is necessary to 

specify the age distribution of the animals present at anyone time. This 

distribution is sensitive to assumptions about birth, death, and culling 

rates for various groups. This section examines the underlying 

assumptions of the model relating to herd age distribution and describes 

how the assumed transition rates from one age group to the next may be 

translated into a linear programming format. 

From the outset, this model assumes that 82% of the milking herd 

experience live births in any twelve-month period. This figure reflects 

both the failure to achieve a 100% conception rate among the mature cows 



and a calving interval greater than twelve months. Longer calving 

intervals can be accommodated by lowering the assumed birth rate. 

In accounting for the number of heifer calves between one day and 

six-months-oldpresent at anyone time, calves born to first-calf 
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heifers make up for those not born to those cows culled from the herd. It 

is assumed that cows to be culled are milked until late lactation when 

they are no longer profitable and are replaced immediately by a freshly 

calved heifer. Under this assumption the calves of freshening heifers are 

incorporated into the 82% figure. 

It is assumed that of the live births, 50% are bull calves and are 

sold immediately at 80 pounds. All heifer calves are re.tained arid assumed 

to suffer a 10% death loss between birth and six months of age, of which 

9% occurs .in the first three months. These rates are taken from 

unpublished North Carolina heifer calf mortality survey data collected by 

I. D. Porterfield of the Department of Animal Science at North Carolina 

State University. Annualized death rates for heifers between seven and 

fifteen months old and bred heifers between sixteen and twenty-four·months 

old are assumed to be 2%. Heifers are bred at fifteen months, and enter 

the milking herd as replacements at twenty-four months. However, 5% of the 

animals bred fail to conceive, and are culled atllOO pounds .. In this 

model, mortality and culling rates for young stock are percentages 

expressed ona per-cow basis. 

The optimal number of milking cows is subject to various .resource 

constraints and competition from other farm-level enterprises. This in 

turn dictates the number of young female calves born· and retained for the 

milking herd. The young calf population is modified by the appropriate 
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culling and death rates to arrive at the correct number of seven- to 

fifteen-month old open heifers and bred heifers aged sixteen to 

twenty-four months. 

The programming model'jointlY considers the various demands made on 

the farm's scarce resources by both the milking herd and the replacements' 

when selecting the optimal size of the milking herd (Table 9 columns 43-

.47); Replacement dairy animal control rows 63-66 labeled with prefix "DH" 

determine the movement of animals between column activities "COW" (mature 

dairy animals), "CALF" (heifer calves one week to six months old), "HEIF" 

(open heifers between seven and fifteen months of age), and "BRHF" (bred 

he·ifers aged sixteen to twenty-four months). These rows fix the number of 

young animals in a particular age group relative to the number of cows. 

Explanation of the transition rate coefficients used in the model's 

'. replacement animal control rows may be of some interest. Control row 64 

"DflCALF" makes available .373 heifer calves under six months of age per 

matu~e dairy cow. This transition rate is simply the product of the 

assumed live-calf crop percent, the female calf rate, and the three-month 

survival rate (i.e., ;82 x .50 x .91). In turn, row 65 "DHOPHF" measures 

the number of open heifer calf animal-equivalents relative to the number 

of animals in the "COW" category. Similarly, replacement animal control 

row 66 "DHBRHF" describes the number of bred heifer animal.;.equivalents 

relative to the number of milk cows. Dairy cow death losses appear in 

replacement animal control row 63 "DHDEAD," which moves 2% of the entire 

milking herd into the dead cow disposal activity "DCDIEn to provide a 

full accounting of all losses during any twelve-month period. 
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Table 9. Dairy herd inventory and sales 

Number of head Inventory 
Row Row COW DCDIE CALF HEIF BRHF ICOW I CALF IOHEF IBRHF 
number ID 43 44 45 46 47 48 49 50 51 
OBJ. ROW -295 0 -15l. 9 -65.17 -68.08 

63 DHDEAD -.02 1 
64 DHCALF -.373 1 
.65 DHOPHF -.366 1 
66 DHBRHF -.3425 1 
67 INCOW -1 1 
68 INCALF - .5 1 
69 INOPHF -.75 1 
70 INBRHF -.75 1 
71 NMCOW -.32 
72 NMCALF - .41 
74 NMBRHF -.0182 
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The number of animals reported in each of the dairy replacement animal 

categories is interpreted as the number of "animal-equivalents" that have 

flowed through the dairy herd during the one-year plannning period. The 

stock of animals present at anyone time is calculated by the model using 

the four transfer rows 67-70 with the "IN" prefix and the four accounting 

columns 48-51 with an "I" prefix. Thus, young heifer "animal

equivalents" are mUltiplied by .5, and open heifer "animal-equivalents" 

and bred heifer "animal equivalents" by .75 to arrive at the proper number 

of animals. These calculations result in a ratio of .72 replacement 

animals per mature dairy cow. This result is consistent with optimal 

planning figures published by Burton et al. 

Dairy Weight Conversion and Culling Activities 

As discussed above, culling decisions are made within the dairy herd 

at three different ages. This model partitions these dairy culling 

decisions and animal sales activities into two separate, distinct 

sections. Culled animals are moved from their respective herds to 

individual animal culling weight conversion activities 52-55 ("e" prefix 

in Table 9) by balance equations 71-74 with the "NM" prefix. Balance 

equation 71 "NMCOW" transfers 32%'of the dairy cow population to a cull 

cow sales activity "CCOW." The rate at which bull calves are 'culled per 

milking cow per year is the product of the live-calf percentage and the 

percent of male births. These rates are .82, and .50, respectively, 

leading to a rate of .41 cull bull calves per milking cow per year. This 

relationship is captured in the model by balance equation 72 "NMCALF." 

Note that all culled animals are assessed a marketing charge of 3% of 



gross sales value. This is a negative figure found in the obj ective row 

because it is subtracted from variable profit. 
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Cull dairy animal sales activities, columns 56-59 in this model and 

designated by prefix "D#" in Table 9, are measured in hundred-pound sales 

units instead of the single animal units used in the dairy culling 

activities. For each of the cull animal types (i.e., inature dairy cow, 

week-old bull calf, and fifteen-month-old open heifer), a balance equation 

.~inks the appropriate culling nUmber and sales weight activities.· 

Balance equa.tions 75-78 ("DWT" prefix) transfer hundred-pound 

increments from the animal-based culling activities· to the weight-based 

sales activities. Fourteen hundred-pound units of cull dairy cow' are 

transferred from culling activity "CCOW" to cull sales activity "D#COW" 

via balance equation 75 "DWTGOW." Row 77 "DWTHEF" takes the 6.5 hundred

pound units made available by culling one l5-month old open heifer in 

culling activity "COHEF,n and transfers it to cull animal sales activity 

"D#OHEF." Once these transfers occur, the animal is sold in hundred-pound 

increments at thehundred~poundprice indicated in the objective row. 

Dairy Herd Nutrition 

Nutrient demands of the milking herd reflect l2-month feeding 

requirements for a mature 1400 pound Holstein cow producing 15,000 pounds 

of 3.7% milk over a ten-month period. She is assumed dry and pregnant 

Over the remaining two months. Feeding requirements for replacements are 

specified for animals achieving the following daily gains fnbodyweight 

in the specified time period: between 1. 4 and L 8 pounds from birth until 

six months of age; 1.8 pounds between seven and fifteen months; and. 1.6 
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pounds from sixteen months until calving at twenty-four months of age at a 

weight of 1150 pounds. 

Requirements associated with replacements reflect one "animal

equivalent" being fed for a l2-month period. However, this does not mean 

that the~ animal is being fed for all twelve months, For example, 

the nutrient requirements found in the model under "CALF" reflect those 

needed to feed two calves from birth to six months or one animal of the' 

same age for an entire12-month period. Similarly, the nutrient demands 

of a bred ,heifer fed from 16 to 24 months, a nine-month period, are 

multiplied by a factor of 1.33 to reflect the needs of the same animal 

type for an ent~re>year. 

Animal nutrition is an important element of any dairy herd mOdel. 

This model assures that all major National Research Council nutrient 

requirements are met or exceeded. The feeding program for all dairy stock 

up to twenty-four months of age follows recommendations made in North 

Carolina Agricultural Extension Service Budget #10-4 (Appendix Table 4). 

Feeding requirements for the lactating cows andd:i:'y cows are met on a 

least-cost basis. 'Minimizing cost for a given nutrient level is in 

keeping with the model's overall goal of maximizing variable net profit 

(Feitshans). 

The least-cost balanced ration was generated using a computer program 

extracted from "DART," the utility software system available through the 

Southeast Dairy Records Processing Laboratory that provides 12irect access 

to Records by 1'.elephone(DART). Dr. Lon Whitlow, Agricultural Extension 

Service dairy specialist in the Department of Animal Science, North 

Garolina State University, developed the stand-alone capability for the 
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program. Choosing from a group of sources consisting of pasture forages 

harvested by the cow, various home-produced silages, several different 

types of hay, and purchased minerals and concentrates, and guided by known 

per-unit feed costs, the computer program balanced twelve separate 

nutrient requirements subject to any feeding restrictions imposed by the 

farmer. 

Several feeding strategies were imposed on calculations for the 

optimal dairy ration. Chief among those were the assumptions that all 

concentrates and minerals are purchased and that lactating cows do not 

have access to pasture. Under typical Central Piedmont farm conditions, 

cows in lactation receive a very small proportion, if any, of their 

nutrients from pasture. This is due in large part to seasonal and wide 

year-to-year variations in pasture yields experienced by North Carolina 

dairymen. However, in this model, pasture is assumed available to the dry 

cows. Other restrictions involved constraining certain ingredients to 

designated maximum percentages of the concentrate mix and adjusting 

certain animal dietary requirements to reflect production agriculture 

conditions more accurately. 

Ration formulations are external to the linear programming model. 

The optimal daily rations computed were converted to a twelve-month basis 

and entered as dairy animal nutrient demands in the appropriate "X" 

balance row of the model (Table 10). It was found that the optimal 

feeding strategy included 7.915 tons of corn silage per cow per one-year 

period, fescue pasture in season for dry cows, fescue hay and 3.184 tons 

of purchased concentrates. These values are entered as positive entries 

in balance rows 29, 34, 37 and 79 under column activity "COW." 
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Table 10. Dairy herd nutrition, milk production and sales 

Purch. 
cone. Dairy herd reguirements Milk sales 

Row Row feed COW CALF HEIF BRHF CLSI CLSII 
number ID 60 43 45 46 47 61 62 RHS 

OBJ. ROW -142.50 -295 -151. 90 -65.17 -68.08 14.50 10.43 MAX 
1 LABOR 63.9 24 14 10 <=5113 

29 XFP .5971 1. 955 2.666 <= 0 
34 XCS 7.915 1. 833 2.5 <= 0 
37 XFH 1.226 .5 1.3 1.1 <= 0 
79 XFEED -1 3.184 <= 0 
80 MLKSL -150 1 1 <= 0 
81 CLASUT .2 -.8 <= 0 



37 

The cost figures used in calculating the least-cost ration are of 

some interest. Costs of purchased concentrates reflect those prevailing 

in the Central Piedmont region in mid-198T. Per-acre costs of feedstuffs 

grown on the farm were derived from Agricultural Extension Service 

budgets. These production costs reflect both fixed and variable costs, 

excluding labor charges. It was felt that this procedure more accurately 

gauged the true· cos t of production for home - grown crops. Thes·e per- acre 

costs were in turn divided by the adjusted net per-acre yield to get the 

per-ton cost of home-grown feedstuffs. This structure makes it relatively 

easy to change cost or yield assumptions and to observe the resulting 

effects on the least-cost ration formulated and on the associated optimal 

enterprise combLnation for the entire farm. 

Objective Row Values for Dairy Enterprise 

The activities included in the dairyenterpris.e are: "CALF" (heifer 

calf less than 6 months old), "HEIF" (open heifer between 7 and 15 months 

old), "BRHEF j , (bred heifer between 16 and 23 months old), and "CUW" 

(mature milking animal). The objective row value for each enterprise 

represents the annualized non-labor, non-feed, non-capital variable 

operating costs attributable to one animal in that category. Appendix 

Table 5 lists the budgeted items and associated costs for the milking 

herd. These costs reduce the variable profit of the entire farm, and 

thus, carry a negative sign. The variable operating costs for the young 

stock were derived from values reported in North Carolina Agricultural 

Extension Service Budget #10-4. These costs were adjusted to reflect one 

animal-equivalent maintained for a twelve-month period. Labor 

requirements for each anima:l type are entered in row 1 of Table 10. 
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Milk Production and Marketing 

Each cow in the milking herd is assumed, to produce annually 15,000 

pounds of milk with a 3.7% fat content. All milk produced is either 

marketed as Class I fluid milk or as lower-priced Class II manufacturing 

sales. The milk producer is subject to a class utilization constraint on 

Class I sales to no more than 80%" of all sales. The selected milk yield, 

milk fat percentage and class utilizations are typical of the current 

situation in the North Carolina dairy industry. 

The above situation requires balance equation 80 "MLKSL" to move the 

150 hundred-pound units of milk per cow to Class I sales activity "CLSI" 

or to Class II sales activity "CLSII" in hundred-pound sales units as 

shown in Table 10. "CLSI" and "CLSII" milk sales bring prices of $15.50 

and $11.43, respectively. However, these prices must be adjusted for a 

combined milk transportation and marketing charge of $1.00 per hundred 

pounds, which results in net sales prices of $14.50 for Class I milk, 

$10.43 for Class II milk, and a blend price of $13.68. Row constraint 81 

"CLASUT" maintains the class utilization rates outlined above. This is 

accomplished by entering the maximUm Class I ·utilization rate in the Class 

II column with a negative sign and the Class II utilization rate (1 -

Class I rate) in the Class I column with a positive sign. 

Separate treatment of the milk production and marketing activities 

permits marginal valuation of changes in class prices, clas~ utilization 

rates or per-cow milk production figures. This structure provides insight 

into the competitive position of the dairy enterprise under varying 

assumptions regarding these technical coefficients. 
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III. OPTIMAL ENTERPRISE COMBINATIONS ON REPRESENTATIVE .FARM 

This section presents the optimum combination of enterprises on a 

representative farm in the Central Piedmont of North Carolina. The impact 

of fixed costs associated with the dairy herd on net profit is shown. The 

sensitivity of the optimum plan to changes in the level of milk and beef 

prices, labor supply, land· availability and technical coefficients are 

investigated. 

Base Resource Farm Plan 

The resources found on the representative farm are listerlin Table 

11. Note that 190 total .acresof land are available. It is assumed that 

all land can support pasture crops, but only 140 acres can sustain row 

crops. Cropland and pasture may be rented at $40 and $15 per acre, 

respectively. In the following discussion, the resource base presented in 

Table 11 shall be referred to as the "base farm plan." 

The optimal enterprise combination includes wheat and dairying but no 

beef or off-farm work. Variable profit is $76,332. The wheat enterprise, 

which contains approximately 18.5 acres, is grown on owned row-crop land. 

Dairy herd inventory.and sales, forage production and concentrates 

purchased are shown in column two. All owned row-crop land and pasture 

are used. Owned row-crop land is used to grow row crops. No row-crop 

land and only 33.4 acres of pasture are rented. 

The dual values of binding resource constraints shown in the last 

column provide more insights into the optimal enterprise combination. 
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Table 11. Optimal enterprise combination for representative farm 

Item Unit 

Variable Profit Dollars 

Dairy Herd Inventory 
Milk Cows Head 
Bred Heifers Head 
Open Heifers 
Heifer Calves 

Outputs 
Milk Sales: 

Class I 
Class II 

Dairy Herd Sales: 

Head 
Head 

Cwt. 
Cwt. 

Bull Calves Head 
Cull Cows Head 
Cull l5-Mo. Head 

Heifers 
Wheat 

Owned Inputs 
Owned Croplandc 

Fescue Hay 
Corn Silage 

Owned Pasture 
Fescue Pasture 

Total Land 

Family Labor 

Purchased Inputs 
Rented Cropland 
Rented Pasture 

Total Land 
Hired Labor 
Concentrates 

Acres 

Acres 
Acres 
Acres 
Acres 
Acres 
Acres 

Hours 

Acres 
Acres 
Acres 
Hours 
Ton 

Non-selected Enterprises 
Off-Farm Work Hours 

Cost or Dual Value of 
Maximum Optimal price value add.unita 
available level (dollars) (dollars) (dollars) 

140 

50 

190 

5113 

95 
35 

130 
2550 

2000 

76332 

85.2 
2l.9 
23.4 
15.8 

10224 
2556 

34.9 
27.3 
l.6 

56.07 
65.40 

50.00 
190.00 

5113 

o 

33.35 
2550 

271.3 

o 

14.50 
10.43 

o 

40.00 

6.50 

5.50 

25.66 

11.56 

11.56 

362.42b 

11.56 

-14.34 

5.06 

-6.06 

aFor.limiting resources,this is the difference between dual value and 
input price. For non-limiting resources, input price must be reduced by 
this amount for resource to enter basis. For non-selected enterprises, 
this represents output price disadvantage· 

bCalculated as change from 8.4.2 to 85.2 head. 

cWheatgrown on owned cropland. 
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The optimal dairy herd is ,comprised '.of B5.,2 dairy cows. In ,a separ,ate 

computer run , thenumbe,r of dairy cows was constrained ,tQ exactly one l,ess 

animal ;or84.2 ,effec,tiV'ely becoming :abindirrgrestr,airtt. This;exer,cise 

provided a shadow price .or dual value TOT dairycow:s 'of $ 362.42 . This 

value should be interpreted as the variable profit provided by ,the 

addition ,.of 'one dairy cow at the margin. The ,dual value of the hired 

la:borcorrstraint is $ lLS6,indicati~g high re;turnsto ,addiitiQnallabQr. 

The value JQf ,addItional cropland is ,$14.34 :below thec:ashrentalrate. 

InclusiQn Q,fDairy Herd Fixed Costs 

A separate computer run was made ,to determine theeffec't of 

assigning a specified per-cow fixed cost QnprQfitability of the dairy 

;enterprise,. ,Fixed,costf:igure:s comefrQmthe machinery and equipment 

inventori'es listed in ,Appendix Tabl,es 1 and .2. These values were m.odified 

using an interest Tate of T%. Appr,oxima,te pe,r-cow fixed ,cost :was$3>Q,Q :and 

was assumed cons:tant as herd :size ,expanded. This value wasadd,edt,o ,the 

per-cow variable cost .of $295 intheobj ective ,row. The resulting ,.optimal 

enterprise c,ombination w,as identical to the o,riginalsolut,iQn..Howev.er, 

variable profit decre,ased fr,om $76,3.3.2 ,to $.50,773 ,and the dual value of 

additiQnal labor dropped from $lL56 to $8 .13,. 

Sensitivity to Levelo,fMilkand freef Prices 

The sensLtivity of the optimalente.rpris,e combinatiQnf:or the hase 

f.arm resource plaIlwas examined using pric,e.Jmapping ,t,echni.ques. Pric,e

mapping provides a convenient way to examine how the optimal enteTpriBe 

combination level and mix varies as two inputo.routput pri:cesarevaried 

simultaneously. Various6ptima1enterpr_ise combinations are represented 
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by corresponding areas on the prLce map. Tomek and Robinson (p.355), for 

example, note that "by using price-mapping techniques, boundary prices 

(those at which alternatives are equally profitable) could be readily 

identified. " 

Output prices for the milk and beef enterprises were selected as 

variables for price-mapping because these two items are deemed to be major 

factors ~etermining optimal enterprise combinations. The .relevant ranges 

of prices used for each enterprise in this analysis were selected based on 

historical price patterns, consultation with personnel at North Carolina 

State University, and ,alternate assumed prices of analytical interest. 

Output price for milk is reported as a net blend price, reflecting a 

$1 per hundredweight assessment on both Class I and Class II products for 

marketing, promotion, and hauling. Base milk prices before allowance for 

deductions are $15.50 for Class I and $11.43 for Class II. After 

deductions, net blend price received by farmers is $13.68, reflecting an 

80% Class I utilization rate and a 20% Class II utilization rate. As milk 

price is changed in the price-mapping analysis, the differential between 

Class I and Class II products is maintained at a constant $4.07. The 

various milk prices used in this analysis are reported in Appendix Table 

8. 

The overall profitability of the beef cow-calf herd is determined by 

the prices received for four separate outputs including steer calves, 

heifer calves, cull heifers, and cull cows. For this analysis, it was 

assumed that all beef prices moved together by the same dollar increment, 

thereby maintaining the same price differential found in the base set of 

prices. These prices per live hundredweight are $72 for steer calves, 



$62 for heifer calves, $55 for culled heifers, and $42 for culled cows. 

The dollar amounts received for each animal type at the different assumed 

price levels are 1i~ted in Appendix Table 9. 
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Results of the price mapping analysis are presented in Figure 2 and 

Table 12. These results suggest that the initial optimal enterprise 

combination is relatively insensitive to upward changes in the output 

prices of both the beef and dairy enterprises . .Also, it appears that 

given initial land and labor levels, milk dominates beef and cash crops 

over a wide range of prices. At base beef prices, the net blend milk price 

was required to drop between $2 and $3 per hundredweight before the beef 

enterprise entered the optimal solution. Thirty dairy cows were replaced 

by 16 cow-calf units and an additional 40 acres of wheat. 

Wheat was the only cash crop that entered the optimal enterprise 

combination during this analysis. Wheat is not particularly labor 

intensive; thus, when net milk price fell below $10.68 and beef price was 

almost any level, off-farm work entered the optimal enterprise combination 

at the highest level allowed in this model (2000 hours). 

With the base net blend milk price of $13.68 and base beef price of 

$72 per live hundredweight, the beef enterprise did not enter the optimal 

enterprise combination. All beef animal prices had to rise between $5 and 

$10 to enter the optimal enterprise combination. Even at these relatively 

high price levels, the beef enterprise only entered the basis at an 

impractical level of one cow-calf unit. Only 10 cow-calf units are in the 

optimal enterprise combination at base milk prices and the highest avail

able beef price ($87 per live hundredweight of beef steer). At higher milk 
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Figure 2. Price map of optimum enterprise combinations, 
varying prices of milk and beef, Central Piedmont, 
:'-l'orth Carolinaa 
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I I i I I I I I I I I 
I I I I I I I I I I I 
1--- D D H E E A A A A A 
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I I I I I I I I I I I 
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1--- C C J A A A A A A A 
I I I I I I I I I I I 
I I I I I I I I I I I 
1--- K K J A A A A A A A 
I ! I I I I I I I I I 
I I I I I I I I I I I 
1--- L L J A A A A A A A 

I I I I I I I I I I I 
I I I I I I I I I I I 
1--- L L J A A A A A A A 
I I I I I I I I I I I 
I I I I I I I I I I I 
1--- L L J A A A A A A A 
I I i I r I I I I I I 
I I I I I I I I I I I 
1--- L L J A A A A A A A 
I I I I I I I I I I I 
1-----------------------------------------------------------

8.68 9.68 10.68 11.68 12.68 13.68 14.68 15.68 16.68 17.68 

Net Blend Price Received per Hundred Pounds of Mi1kc 
(dollars) 

aLetters in price map correspond to different optimum 
combinations. See Table 12 for details. 

bOther beef animal prices varied simultaneously, 
See Appendix Table 9 for details. 

CSee Appendix Table 8 for corresponding Class I and 
Class II prices. Assumes 80% Class I utilization rate 
and 20% Class II utilization rate. 



T,ab1e 12. Optimal combination of enterprises under varying milk and beef 
prices, base resource plan 

Enterprise,level 
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--------~--,-, ----, -----------~-------
Enterprise Cow-calf Off-farm 

combination Dairy cows beef Wheat work 
(hea.d) (head) (acres) (hours) 

---~----------------------, .-,----, ----'----------
Base beef price: 

A 85,2 0 18.5 0 

B 54.1 16.1 59.3 0 

C 29.7 28.0 91.3 2,000 

D 19.5 122.6 0 2,000 

High beef price: 

E 85.1 1.0 "'18.5 0 

F 84.3 10.1 0 0 

G 78.1 59,.4 0, 0 

H 51.4 4:5.5 0 0 

I 45.3 94.8 0 0 

Low beef, low milk prices: 

J 56.0 0 60.1 0 

K 32.0 9.3 92.2 2000 

L 33.2 0 92;7 2000 
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prices, only these extraordinarily high beef prices allowed the beef 

enterprise to enter the optimal enterprise mix. 

Between 1982 and 1987, annual average steer and heifer prices ranged 

between $46.60 and $58.60 per hundredweight in North Carolina. Given 

these historic beef prices, dairy farming competitiveness diminished 

significantly only when the net blend milk price was lower than $10.68. 

Successive lowering of net blend milk price in this analysis resulted in 

rapid resource transfer from dairying to the wheat enterprise and off-farm 

work. 

Sensitivity to Resource Availability 

This section discusses how the optimal enterprise combination on a 

representative Central Piedmont farm is altered in response to specific 

changes in resource availability. Recall that the optimal enterprise 

combination refers to the set of enterprises that yields the highest 

variable profit, given available land and labor and other specified 

restrictions. 

The following changes in resource availability were programmed for 

the representative farm: (1) variation in the level of land and labor 

resources provided by the farm owner-operator and his family; (2) changes 

in the amounts of cropland and pasture available for rental by the farm 

owner-operator; (3) variation in the amount of hired labor available for 

farm work, including the lifting of all hired labor constraints; and (4) 

elimination of all rented land and hired labor. These four changes 

involve revising the right~hand side values of the linear programming 

model. 
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Family Labor 

The amount of unpaid family labor available to the farm enterprise 

was varied from 1288 to 8938 hours. Since one man-year of labor is 

defined here as 2550 hours of labor, up to 1.5 man-years of labor were 

added to or subtracted from the base plan amount of 5113 hours. All other 

resources were maintained at levels found in the base farm plan. Variable 

profit and herd size were found to be highly sensitive to the supply of 

family labor (Table 13). Herd size ranged from 41.5 to 128.2 cows and 

variable profit from $32,000 to $118,900 as family labor supply increased. 

One issue of interest is the cash flow associated with the various 

optimal enterprise combinations. Variable profit less debt ervice 

provides one measure of cash flow available for asset replacement and 

family living expenses. Total debt service payment per farm was 

calculated as the product of the number of dairy cows and the average 

annual debt payment per cow. Average 1985 debt payment reported in the 

Dairy Farm Business Summary was $316 per cow (Benson and Sutter, 1987, 

p. 43). Using this value, debt service payment and cash flow calculated 

for each family labor situation are reported in Table 13. 

Hired Labor 

Availability of hired labor was raised from zero to two man-years of 

labor. A special case entailed lifting all hired labor contraints facing 

the representative farm. This latter resource situation asssumes a 

perfectly elastic supply of labor at the going market price of $ 6.50 per 

hour. Variable profit and herd size were found to be sensitive to the 

availability of hired labor (Appendix Table 11). 
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Table 13. Cash flow by level of family labor supply 

Item 

Variable 
profit 
(dollars) 

Debt service 
payments 
(dollars) 

Cash flow 
(dollars)a 

Hours of labor provided by family 

1,288 2,563 3,838 5,113 6,388 7,663 8,938 

31,983 46,860 61,596 76,332 90,721 104,818 118,915 

13,114 17,696 22,310 26,923 31,505 36,024 40,511 

18,869 29,164 39,286 49,409 59,216 68,794 78,404 

aAmount available for asset replacement and family living expense 
before allowance for fixed costs. 
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As shown in Figure. 3, when total iabor supply increases by adding 

family labor while holding hired labor at· 2550 hours, variable profit 

increases by first $11.56 per hour and then $11. 06 within the range found 

in Table 13. However, when family labor is held constant at 5113 hours 

per year, variable profit increases at $5.06 per hour of hired labor. 

This difference reflects the hired labor wage rate of $6.50 per hour. 

Herd size increases with total labor supply whether provided by family or 

by hired labor. 

Owned Farmland 

The total amount of owned farmland was varied from 90 to 290 acres. As 

total land owned was constrained or expanded, the approximate 3~to-4 ratio 

of cropland to total land was maintained as in the base farm plan. Thus, 

a 50-acre reduction in total land owned implies a 37.5-acre decrease in 

potential cropland and a 50-acre decrease in land capable of growing 

pasture. 

Land levels analyzed included 90, .140, 190, 240, and 290 acres. 

Neither variable profit nor herd size was greatly affected, although the 

wheat enterprise expanded on larger farms (Table 14). This result 

emphasizes the critical role of labor.supply, which was held at the base 

level of 7663 hours. 

A ,special situation of no owned farmland was also modelled. In this 

situation, rental land availability becomes a constraint, off-farm work 

enters the plan and variable profit decreases. 
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Table 14. Optimal enterprise combination by total acres of owned farmland 'J 

.~----~-----------

Item 

Variable profit 

Variable profit: Change 
from base plan 

Enterprise levels: 

Dairy cows 

Beef cow-calf 

Wheat 

Off-farm work 

Owned land used: 

Pasture 

Row-crop land used 
for crops 

Row-crop land used 
'for pasture 

Rented land used: 

Pasture 

Row-crop land used 
for crops 

Row-crop land used 
for pasture 

Hired labor used: 

Dual value for 
additional labor 

Dual value for 
additional rented 
pasture 

Total acres of owned farmland 

Unit 
o 90 140 190 240 290 

Dollars 55,922 72,624 74,624 76,332 77,481 78,631 

Dollars -20,410 -3,708 -1,708 BASE +1,149 +2,299 

Head 54.1 85.5 85.5 85.2 84.5 83.9 

Units o o o 0 o o 

Acres o o o 18.5 56.9 95.4 

Hours 267.1 o o 0 o o 

Acres o 25* 37.5* 50* 62.5* 75* 

Acres o 65* 102.5* 140* 177.5'''' 2l5* 

Acres o o o o o a 

Acres 35 35 35 33.4* 20.2 7.1 

'. Acres 77 .1 56.9 19.4 0 o o 

Acres 17.9 23.7 11.2 0 o o 

Hours o 2,550* 2,550 2,550 2,550 2,550 

$ per hour 0.00 ll. 06 1l.0611.56 11.56 11.56 

$ per acre 232.10 25.00 25.00 0.00 0.00 0.00 

'~Indicates maximum amount of resource available. 
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Rented Farmland 

A change in the.amount: of rental farmland available to the 

representative farm was investigated. This involved increasing and 

decreasing total land available for rental by 50% or·65 acres. Row-crop 

land was added or deleted in amounts proportional to those found :in the base 

farm plan. Complete elimination of rental land was ~lso modelled. The 

decline in available rental land reduced available rental pasture and, 

. because the constraint on rented pasture is binding, it was profitable to 

divert 14.9 acres of owned row-crop land to grow pasture (Table 15). The 

net effect was to maintain the optimal number of dairy cows at 85.2 and to 

reduce variable profit by $159. The constraint on hired labor prevented the. 

increased availability of rental land from alteririg.the mix or 1ev:e1 of the 

initial optimal enterprise combination. 

Elimination of Rented Land and Hired Labor 

The simultaneous elimination of available rental land and hired labor 

was modelled. This resource situation constrains the farm to the base plan 

levels of 190 acres of total farmland and 5113 hours of unpaid family labor. 

All other resources were available in the amounts found in the base plan. 

Herd size and variable profit were. substantially reduced and the optimal 

enterprise combination is similar to that in Column 2, Table 1.3. 

Sensitivity to Changes in Technical Coefficients 

Labor Requirements Per Dairy Cow 

Changes'in the technical coefficients involve entering new values in 

appropriate cells of the body of the matrix. As an example, the amount· of 



Table 15. Optimal enterprise combination by acres of rental land 
availability 

Item 

Variable profit 

Variable profit: Change 
from base plan 

Enterprise levels: 

Dairy cows 

Beef cow-calf 

Wheat 

Off-farm work 

Owned land used: 
Pasture 

. Row- crop land used 
for crops 

Owned row-crop land 
used for pasture 

Rented land used: 

Pasture 

Row-crop land used 
for row crops 

Row-crop land used 
for pasture 

Hired labor used: 

Dual value for 
additional labor 

Unit 

Dollars 

Dollars 

Head 

Units 

Acres 

Hours 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

Hours 

Dollars 

. ' 

Total acres of rental land available 

o 65 130 195 

73,104 76,173 76,332 76,332 

-3,328 -159 BASE +0 

79 85.5 85.2 85.2 

o o o o 

o 3.3 18.5 18.5 

o o o o 

50* 50 50 50 

112.7 125.1 140* 140 

27.3 14.9 o o 

o 18.8 33.4 33.4 

o o o o 

o o o o 

1,969.4 2, 550~~ 2,550 2,550 

o 11.44 11.56 11.56 
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--------------------------------------------------------------------------

*Indicates maximum amount of resource available. 
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labor required per cow waS revised. In the base plan,· 63.9 hours of labor 

are required per mature dairy animal. New labor coeffici~nts considered 

were 31. 9, 47.9, and 79.9 hours per cow. The first two cases effectively 

.. increase the amount of available labor ort the farm. As would be expected, 

in both situations the dairy enterprise expanded, and the farm variable 

profit increased (Table 16). On the other hand, with the dairy herd 

requiring more labor, it is in effect less competitive. Under these 

conditions, wheat acreage expanded at the expense of the dairy herd. 

Corn Silage Yield 

Corn silage yield, adjusted for storage and feeding losses,was 

changed from 12.3 tons.per acre in the base case to 6.15 tons per acre and 

to 18.45 tons per acre. This represents a 50% variation in the per-acre 

yield found in the base plan. The change in yield in turn alters the 

per-ton cost of production. These different per-ton costs were then used 

by the "DART" computer package to develop a new least-cost ration for the 

milking herd appopriate to the changed economic circumstances. The· 

technical coefficients from the resulting rations were then placed in the 

linear programming whole-farm planning model. Note that the .. feeding 

program for the dairy replacement animals follows guidelines suggested in 

budgets prepared by the North Carolina: Agricul tunil Extension Service, and 

thus was not altered as corn s.ilage yields changed. 

The initial· least-cost ration for lactating cows included fescue hay, 

corn silage, and 21% crude protein concentrate. The dry cow ration 

consisted of fescue pasture and/or fescue hay, and small amounts of15% 



Table 16. Optimal enterprise combination by labor efficiency 

Item Unit 

Variable profit Dollars 

Variable profit: Change 
from base plan Dollars 

Enterprise levels: 

Dairy cows Head 

Beef cow-calf Units 

Wheat Acres 

Off-farm work Hours 

Owned land used: 

Pasture Acres 

Row-cropand used 
for crops Acres 

Owned row-crop land 
used for pasture Acres 

Rented land used: 

Pasture Acres 

Row-crop land used 
for row crops Acres 

Row-crop land used 
for pasture Acres 

Hired labor used: Hours 

Dual value for 
additional labor Dollars 

Annual hours of labor required 
per dairy cow 

3l. 9 47.9 63.9 79.9 

121,432 95,039 76,332 63,014 

+45,100 +18,707 BASE -13,318 

130.7 104.1 85.2 72 

0 0 0 0 

0 0 18.5 37.3 

0 0 0 0 

50* 50 50 50 

97.1 123.2 140* 140 

42.9 16.8 0 0 

35* 35 33.4 20.5 

89.3 25.1 0 0 

0 0 0 0 

2,550* 2,550* 2,550 2,550 

16.90 13.46 11.56 9.77 
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*Indicates maximum amount of resource available. 
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crude protein concentrate. The appropriateness of the mix and level of 

each ingredient in the least-cost ration was confirmed by animal nutrition 

specialists at North Carolina State University. 

With the 50% increase in per-acre corn silage yield and the resulting 

per-ton cost reduction, increased amounts of corn silage completely 

replaced fescue hay in the least.-cost milker ration. Increased 

availability of corn silage similarly replaced fescue pasture in the 

least-cost dry cow diet. In both instances, increased amounts of a more 

costly higher protein concentrate were required to balance the lower 

protein content of corn silage. The increase in concentrate use was more 

than offset by the cost savings stemming from the lower-cost corn silage 

resulting in an increase of $8,941 in variable profit (Table 17). 

With the lower corn silage yield, increased production of fescue hay 

completely replaced corn silage in the least-cost milker ration. Also, 

larger daily amounts of a lower protein concentrate were required·in the 

new least-cost milker ration. In the revised dry cow least-cost ration, 

slightly larger amounts of a higher protein feed were required. Also, 

fescue hay replaced corn silage, with fescue pasture present in both 

rations. The effect was a decrease of $7,735 in variable profit. This 

method of measuring the effect of crop yield assumptions on variable 

profit illustrates one use of linear programming. However, it should be 

recognized that decreases in corn yield might well be accompanied by 

simultaneous decreases in yields of other crops if caused by unfavorable 

weather, for example. 



Table 17. Effect of corn silage yield on optimal enterprise combination 
and feed sources 

Item Unit 

Variable profit Dollars 

Variable profit: Change 
from base plan Dollars 

Enterprise levels: 

Dairy cows 
Wheat 
Off-farm work 

Owned land used: 

Pasture 
Row-crop land used 

for crops 
Row-crop land used 

for pasture 

Rented land used: 

Pasture 
Row-crop land used 

for row crops 
Row-crop land used 

for pasture 

Hired labor used: 

Dual value for 
additional labor 

Dairy herd feed sources: 

Fescue pasture 
Fescue hay 

Corn silage 
Milker concentrate 

Head 
Acres 
Hours 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

Hours 

Dollars 

Acres 
Acres 
Acres 
Tons 

Silage yield 

50% decrease 
(6.15 

tons/acre) 

68,597 

- 7,735 

83.5 
18 .. 48 

o 

50* 

140* 

o 

3l.9 

0 

0 

2,550* 

10.52 

8l. 9 
100.8 

20.7 
369.6 

Base plan 
(12.3 

tons/acre) 

76.332 

BASE 

85.2 
18.52 

o 

50 

140 

o 

33.4 

0 

0 

2,550 

11.56 

83.4 
56.1 
65.4 

27l. 3 

50% increase 
(18.45 

tons/acre) 

85,273 

+8,941 

87.1 
39.2 

o 

50 

140 

o 

12.4 

0 

0 

2,550 

12.76 

62.4 
26.3 
74.6 

219.1 
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---------------------------------------------------------------~----------

*Indicates the maximum amount of resource available. 
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IV. SUMMARY AND CONCLUSIONS 

This report describes the use of a whole-farm linear programming 

model for analyzing the competitive position of milk production in the 

Central Piedmont region of North Carolina. Much of the report is devoted 

to a detailed presentation of technical coefficients required to 

investigate the interaction between dairy production and competing 

enterprises that include forages, cash crops, a cow-calf beef enterprise 

and off-farm employment. 

The model is designed to maximize the net returns to fixed factors 

assumed available on a typical Central Piedmont farm. Prices and costs 

are representative of those found in the study area in the mid-1980s. 

This model makes it possible to investigate the sensitivity of the optimum 

enterprise combination to changes in milk and beef prices, land and labor 

supplies, and assumed technical coefficients. 

Unique to this study is the method employed to represent the changes 

in numbers of dairy and beef herd animals by age group. Minimum cost 

rations are calculated using DART, a computer model adapted for this 

purpose by animal scientists at NCSU. Product prices, Class I and Class 

II utilization rates, and technical coefficients are readily modified to 

investigate the impact of alternative assumptions on the optimum 

enterprise mix. 

The base farm enterprise mix consisted of a dairy herd of 85 milking 

cows, sale of wheat as a cash crop, production of corn silage and fescue 

hay for the dairy herd and fescue pasture for young stock and dry cows. 

Owned cropland of 140 acres was supplemented by 95 acres of rented 

cropland and the 50 acres of owned pasture was supplemented by an 



additional 35 acres of rented pasture. Operator and family labor of )113 

hours was supplemented by an additional man-year (2550 hours) of hired 

labor. Variable profit was calculated at $76,332 per year. Typical debt 

service payments on a farm of this size were estimated to be $29,923, 

leaving $49,409 as the amount available for asset replacement and family 

living expenses before deducting all allowances for fixed costs of 

buildings and equipment. 

In the model, the base price of milk was $13.68 per cwt. after 

allowance of $1.00 for marketing and hauling charges, and the base steer 

price was $72 per cwt. When milk price was lowered $3.00 or more per 

cwt., beef production gradually replaced milk production at the base beef 

price. Beef production also increased when beef price was raised while 

holding milk price at $13.68. When milk price was lowered $4.00 and beef 

prices were lowered $15.00 per ewt., wheat acreage expanded and off-farm 

work became a profitable activity. 

Variable profit and dairy herd size were highly sensitive to family 

labor supply, increasing to $104,818 and 128 head, respectively, when one 

and one-half man years were added. On the other hand, restricting owned 

or rented land availability had only limited effects on herd size, 

reducing 'the area planted to wheat. Reductions in labor requirements per 

cow had the same effect as increasing labor supply. Higher corn silage 

yield led to the replacement of fescue hay in the milking herd ration and 

fescue pasture in the dry herd ration. 

59 

The sensitivity analyses summarized above demonstrated the importance 

of seleeti?g appropriate technical coefficients in any analysis of the 

competitive position of milk production or in evaluating the profitability 
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of dairying as a major enterprise on individual farms. The model 

developed here is suited to analysis of individual farm adjustment 

opportunities as long as resource availability and technical relationships 

accurately reflect specific farm situations. 
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Appendix Table 1. Annual ownership expenses for specialized dairy herd 
buildings and equipment 

Initial 
Life cost 

Item (years) (dollars) 

Buildings: 

Barn with 58 
free stalls 

Heifer barn 
Machine shed 
Milking parlor. 

double 4 
Silo. horizontal 
F=encing 
Grain bin 

(5000 bu.) 
Supplement bin 
Hanure ramp 
Retention bond 

SUBTOTAL 

Equipment 

Milking equipment. 

15 
15 
15 

15 
15 
15 

15 
15 
15 
15 

double 4 10 
Bulk tank 10 
Silo unloader. 

horizontal 
Manure spreader, 

large 
Mix mill 
Front-end loader 
Scraper. rear 

mounted 
Irrigation 

equipment 
Irrigation pump 

SUBTOTAL 

8 

8 
8 
8 

8 

8 
6 

17336 
3160 
2250 

17300 
8591 
1700 

3675 
400 

1725 
173 

56310 

19800 
8125 

2760 

1800 
4500 

575 

330 

1340 
550 

40050 

Annual ownership expenses (dollars) 

Depreci- Inter-
ali on est 

1156.26 
210.67 
150.00 

1153.33 
570.46 
113.33 

220.50 
24.00 

115.00 
11.53 

780.12 
142.20 
101.25 

775.50 
386.59 
76.50 

181. 91 
19.50 
77 .62 
7.75 

Insur-
ance Taxes 

86.24 
15.80 
11.25 

56.50 
42.60 
8.50 

20.21 
2.20 
8.62 
0.86 

51.92 
9.48 
6.75 

51.90 
28.40 
5.10 

12.13 
1. 32 
5.18 
0.53 

Total 

2074.54 
378.15 
269.25 

2070.23 
1028.05 

203.43 

434.75 
47.32 

206.42 
20 .. 70 

3725.08 2352.27 282.78 172.71 6732.84 

1752.00 950.10 108.90 65.34 
731.25 402.19 44.69 26.51 

327.75 130.41 14.49 5.69 

202.50 89.10 
540.00 237.60 
64.69 25.46 

37.13 

150.75 
82.50 

16.33 

66 .. 33 
27 .22 

9.90 5.94 
26.4015.84 
3.16 1.90 

1. 81 

7.37 
3.02 

1.09 

4.42 
1. 81 

2936.34 
1204.94 

451.34 

307.44 
819.84 

95.21 

56.36 

228.87 
114.55 

3915.57 1977.74 219.74 131.81 6247.89 

GRAND TOTAL OF ANNUAL OPERATING EXPENSES $12950.73 

Source: North Carolina Agricultural Extension Service Budget HID-I. pre
pared by R.C. Wells. G.S. Parsons and Fred Knott. 1970. 
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Appendix Table 2. On-farm machinery complement 

NCSU bud
get code 

2 
5 

17 
35 
39 
45 
46 
50 
70 
83 
84 
85 
91 
92 
94 
95 
96 
98 

100 

NCSU bud-

Name of equipment 

Diesel, 40 hp tractor 
Diesel, 50 hp tractor 
Pickup truck 
Chisel plow 
Tandem disc. 12 pi. 
Section harrow 
Corn planter wiatt. 
Grain drill, 12 pi. 
Sprayer, tm, 110 gal. 
Forage harvester, pto 

1983 Purchase 
value 

(dollars) 

12830 
25406 

9464 
1367 
4831 

597 
5708 
4605 

915 

Forage harvester, pickup att. 
Hay baler, csb* 

10351 
3070 
7220 
2787 
1367 
1991 
8812 
1931 
6709 

Sickle mower 
Bush hog, 7 ft. 
Side del Ivery rake 
Mower/conditioner/windrow 
Bale wagon 
Silage wagon, ru 
Farm wagon 
Bale convever** 
Forage blower*** 

SUBTOTAL 

755 

$110716.00 

Salvage 
value 

(dollars) 

4237 
8375 
3424 

271 
957 
110 

1126 
904 
181 

1811 
563 

1314 
516 
252 
376 

1614 
385 

1220 
141 

Years 
1 de 

10 
10 

5 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Annual ownership expenses (dollars) 

Depreci- Inter- Insur-
get code Name of equipment ation est ance Taxes Total 

2 
5 

17 
35 
39 
45 
46 
50 
70 
83 
84 

85 
91 
92 
94 
95 

96 
98 

100 

Diesel, 40 hp tractor 
Diesel, 50 hp tractor 
Pickup truck 
Chisel plow 
Tandem disc. 12 pi. 
Section harrow 
Corn planter wiatt. 
Grain drill, 12 pi. 
Sprayer, tm, 110 gal. 
Forage harvester, pto 
Forage harvester, 

pickup atL 
Hay baler, csb* 
Sickle mower 
Bush hog, 7 ft. 
Side delivery rake 
Mower/conditioner/ 

windrow 
Bale wagon 
Silage wagon, ru 
Farm wagon 
Bale convever** 
Forage blower*** 

859.20 
1702.50 
1208.00 

109.60 
387.40 

48.70 
458.18 
370.05 

73.45 
853.95 

250.73 
590.63 
227.10 
111.50 
161.52 

719.80 
154.68 
548.88 

61.50 

1194.60 
2364.00 

902.00 
114.65 
405.20 
49.50 

478.42 
385.65 

76.70 
851.40 

254.33 
597.38 
231.20 
113.30 
165.72 

729.80 
162.12 
555.00 

62.75 

SUBTOTAL 8897.67 9693.72 
GRAND TOTAL, ANNUAL OPERATING EXPENSES 

65.40 
135.00 
51.50 
6.55 

23.20 
2.80 

27 .38 
22.05 
4.36 

48.65 

14.55 
34.12 
13.20 
6.50 
9.45 

41.70 
9.24 

31.68 
3.50 

553.89 

38.40 
76.20 
28.50 
4.10 

14.50 
1.80 

17 .10 
13.80 
2.73 

31.05 

9.22 
21.62 
8.40 
4.10 
6.00 

2160.'60 
4278.00 
2190.00 

234.90 
830.30 
102.50 
981.08 
791.55 
157.24 

1785.08 

525.83 
1243.75 
479.90 
235.40 
342.72 

24.60 1515.90 
5.76 331.80 

20.16 1155.72 
2.25 130.00 

330.29 
19475.57 

*CSB = Conventional Square Bales .• *Budget data unavailable. ***Hav 
harvest unit consists of havbine, rake, two tractors, three wagons, pop-up 
loader, bale Conveyer, electric motor, and five men. 

Source: 1983 Farm Planning Guide, North Carolina Agricultural Extension 
Service, North Carolina State University, Raleigh. 
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Append i~; Table 3, Extension Service Agricultural 
BudgE't 20-2: Beef Cow-Calf Operation 

COt#ICAlF gO 8U0.;18+ 2.':'-2 
1/83 

BEEf ~'-CALF: E5tllllG-'t$d' rev0nue. oDeratlng o,(pensefo, aMtuel C*.nernt'dp' .xp2tnS',GIE\ end ,.eturns 'to land_. 
ovorhsad ilM~ I'&tIIn6~l'It 01'1' e POI'" caw bals tOf"'- 5,0' Co.tl' and 2, bull~'. en '.d:lno~r •• 5· 

pesfurr.t. tl&l'Cue pe!.'ture, coes'ta·1 r.r-AIOda pasture _nd corn 5' legG (901 cart crop). 

Cetillgory OescrlptJoo Ul'rl"l' 

Grc.'s r"eY'H'ue: 
S"-eer co! ve~ ... ~' sold 1525 1M cae) Cw:1'. 
1-11;1-• .,-- 'ca'i ve5 • 21 sold (47~ I bS iIlIe') Cwt • 

.24 hElld ., t"';,place..l"l"t 

Cu II cows .10.1 sold 11,OOG los· ee) C .... 
Cut I helte~ .08 sc'ld (750 11>6 es,) Cwt •. 
Cull bu IIIi .ooa ao,le 11,712. I .. ea-) Cw't. 

T01'8.1 Reyunu$ 

Opo .... ert·!nq eJ(pftn\.to",: 

LlId Il'Io-gr"es~ pestu". 1 l!!I'cf"'\il/cow 

f~'liocOO pasTu'-e .2 Bero/cow 

COl!'~+e I ''SerMVoM 

~ .,2 acre/cow 
Corn s'l !e~ 2. B' "tonw.lcow 
lJr-oa 2b I bs/cow 

Salt & "'lnMe"s 30 Itls/ca-
Ire"- & /IIII .. ~lee,tlol"1 "'"th celt IMplsn1-) 

1'rens po,,. 8+ I or 
RGP~ I rs tOf" Co!I.'tt Ie, oqu.! PIfte'"1t 

(2' ot I!'dti~! cost) 
IntfH"e!'t or: oofliatl'ng ce;: ITS,/ (9' ItO)' 

To'te! ooel'""e,t! ng 8)(p.nSeJS' 

Cep,1 ta I Cosh': 
l"t91"'&51" on' ce:ttl., eQuipment' &, fac:ll rtles 
Intores;t on CrOO5 OQu,lpl'PI0~"t 4 Nett1".'")' 

OtrnSl"shlp cost,: (depI'""oc,letion., 1"8111'05, '.n'!luran'ceJ 
CaH"e eQ'ulPMel'lt & fe~llltlo5 
Crops Ill:eCt, I nC!,-y as teb I I:sh .. .,.t 

To·al ownGr51'11p COST 

Aen. 
Acr., 

I\cr-e 
Acre 
CW"t. 
C.,i. 
He. 

Ho. 

Dol""'" 
Dol""' .. 

lat.,1 cost per ClOW 

Return' 'to fend" overheed. hllbor8 , _n8'~nt per ,cow 

~rlco !Monti ty 

S 62. '!O 2.M 
'!O.oo 1,00' 

3I!.00 1,.4 

42.00 ..6 
45.00 . " 

39,73 1.00 
79.43 .2 

98.74 .2 
1"73'.,66 .. 1'.' 
U.70 .28 
1'1. 7~· .30 
11.00 1,,00. 

8.00 .888 

0211' 212 • .20' 
14S 122.29 

Value 

sr47.'!O 
'!O •. oo 

53,20 
25.20 

~ 
S2e2.20 

t· 39.73 
".89' 

19.75' 
24,31 
3.84 
3.~3 

11.00 

7 •. 10 

•• 2~ 

~ 
.'42.23 

SU9~97 

$101 •. 63 

t 14.72 

I. 22.13 
46.48' 

~ 

Yeor- Ye,j ue 

PrGNrsj' by J. E. S,?'end .. rt. Ertctnslon' E'cona.ls,t vitti IISs,htane. tra.',R:. G~ CrlckenberD'. E.'tensIOf! 
Anl_,1 Hutbendl"Y'. 

8 UVQS "tOCk labor tor 41 50 cow "".,-d ,,1"11 reno- berT""!' 9 encl· 100 hour. per COlI., Crop: l.,bOr • .111 '*' 
.PFoxl.faly t .. 6 hours pet" co. .. 



Appendix Table 4. Agricultural Extension Service 
Budget 10-4: Dairy Herd Replacements 

DAIRY IWlD ItEPLACUIUnS; [stiNted revenue. expenses .nd return.s to land. overhead .nd 1Mn4~t 'rlll/l rallrlol " 
springIng heifer frolll birth, by periods, (I nge d. i r)' breed,)!1 

Gross lis lien lie . 

~n~!:,!»I'ers Hud '1100 SI,IOO:OO 

loul IWwenUil 

Oper~ttAg [&~ns~ 
V.lue of ~If It birth Head $100.00 
M11k rvplliur Lb. 
tAl f st.rter Lb. 
Con~Rtr.t§5 Lb. 
IWyb Lb. 
Com ~gel!I TOilS 
!lUlu b (Jay\ 
kddlng (lit. 
Vd Iftd _41"tI0li lie 4<.1 
Dreedtng I->t!ad 
Power ~d Nchlnery head 
S"ppl In h~dd 

Repairs d head 
~rullty jIld cullin~ el Percent 
Intennt 011 oper.ting capHal- IJoI. 

Tot.l operUing expense per period 
Tot.1 IcclIAllu,ed oper.tlng eapense 

Retymi over op!,.Ulng up!nses 

o-me,.,htp ,xpetlUlS . V 
Specllllh,dClUI. flcllities nl 

Cattl. ucMneryAnd equipmon.t.ll' 
Totl' GlMnhtp .aptnses . . 

LBo,. 

O.E.O 
O. II 
0.08 

83.18 
1!i.l8 
0.24 
2.00 

0.14 

L1ftitoCii hbor hours $ 4.50 

.. turns tolj1ld. overhead and l1IAi1agemen~1 

1 
40 

250 
450 

O.H 

2 

9 

12 

'100.00 
24.00 
27.50 
36.00 600 548.00 
20.80 0.70 58.23 

O.7S 11.46 
00 14.40 

~.OO S 10.00 
6.00 4.00 

3.34 6.11 
l.OO 2.00 
11.21 9.69 

2U. 5~ 11 . !.'l 
1].27 ?5.37 

)274-:67- froo-:9f 
$214.67 $475.58 

$ 54.00 8 I 36.00 

.400 $ 32.00 
1. 10 91.50 
2.~0 l8.20 
200 48.00 

~ 10.00 
4.0·) 

20.00 
12;43 
2.00 

19.(,0 
5 1F..3S 

87.17 
l)sl:-l0 
$8!16.68 

S 45.00 

1 
40 

2':10 
1450. 
2.05 
l.2!1 
260 

12 

J5 

30 

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

24."0 n:ur.!.o 

5 Wlll.w 
24.00 
21. '>0 

116. iJ') 

170.5) 
4'1.U. 
6o? ~\J 
2.4.00 
\4 .00 
20.00 
21.99 

7.00 
J}. SIJ 
!l6.C-l 

I? .... ,II 
!"""ac.'.iia 
$ 8~6.8S 

5261.02 

S 7 I ] I 
$ J4,,>0 
rnZ:i:1 
Sl~4. 91 

S lJS.OO 

5 19.01 



Appendix Table 4 (continued) 

I.:E.lanatory Noles for Oa i ry HerdReplac!!·~r>.ts 

., Heifer rearing pro~renlS Viry widely .f.rom firm to finn. Thhbreakdownof the 
36 heHer budget IS provided to f.cilitate adjustments fo·" ~·.pecif1ccireU:::SH"'ts. 
Above aver'geJllard!JE'''entis ~Humed" 'ba~edon the man.gl!l:1EnL pract ieu rec:Jl'~'lCnded 
in "A Gu;de to Raisl!19 OoliryCdlves. leaflet AG-194.N.C. l<.gricultura1 hten~i.on 
Service. and ··Ral~lr:; nairy Her.d Rep1.acerents· .nd "Manage'l1nt of Dairy Herd 
RepJ acements,· 'sect ions G-'l and G-Z. Oll i ryHandboolr..forAgri cultura 1 Workers. 
'N. C •. Agric"ltu,.aJ htension Se:rvice. 

b) Total costs, including operating. ownership and labor expenses, see fora~ budgets. 
Forage costs Ylry according to weather, soH type. total acreage. machillf:ry investment, 
In.d IIICInage"ll!nt. Thus forage costs .1re 1 ikely to :be higher for smalle ... dairy farms 
and for non-d.iry fanns raiSing dairyheife .. s for sale or under contract. Stara'ge 
and feedin:g losses are Issumed to be 12 percent for baled hay and 18 percent for 
Corn 5 ilage. 

c) Re;:>airs to specii:l1zed cattle facilities are 2 percent ·of original c~,t p~~s the 
he! fers s",a,.e of ~r~ctor. feed and I'"dn!Jre har.dl i.n.gequip~-=nt. etc. lJsej ~=i~:;y 
'{HII tne dairy "e':. 

d) Oeatn lo'sses vary widely from farm to farm but lOper-cent loss is as'Sj;-Ej~ere. For 
Sinpliclty. B perce!!t mortality is assumed s~.ortly af'er birth i'nd before sj~nifi:ant 
operating costs are incurred. 1 ~ :nerot at 6 mOnths arc! 1 percent at 12 !!'Crths. In 
addition. It is dssuned that 5 percent of the heifers fail to bree::' a~d ue sold for 
t>eef ~t Z~ ~~r.ths. :'Iortalityand culling losses reQui.~ that .. ·ere ~E~~£r ~alves ePlter 
the rep1i:;er.:ent rurin.g progr.am and the lost !nima·.Jsaod to tne cost Of !~e surviving 
neifers. ' 

el Based on the average accumulated .oper-ting ·expensesfore.ach period. 

fl Seeattachp.d list. 

gl Heifer share of tractor. 'feed andman~re hand.lingequip~nt etc. used jCir.t1y with 
th!!. d3iry herd. 

hl Calving at 25 mo":-.sinsteacl c·f 24rronths addS $33.02 to operating e'.~Ei".~es J~d 
$3.75 to lat~.r costs. 
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Appendix Table 5. Dairy cow budget,a Central Piedmont, 
North Carolina 

Cost/head 
Item description (dollars) 

Bedding 10 

Breeding fees 25 

Veterinarian and medicine 35 

Dairy supplies 60 

DHIA testing 15 

Machine repairs 30 

Utilities 50 

Tractor gas, oil, lubrication 20 

Building maintenance and repairs 30 

Miscellaneous expense 20 

TOTAL 295 

aNo prov~s~on is made in this budget for feeding 
expense or replacement animal expenses. 



. Appendix Ta'ble 6. Orchardgrass hay budget'. 

Number 
oC' Value 

CategorY Units P'rice' Quanti ty timet$: (d:O.i:lars)' 

Production~ 
Mo~ 2: bay 

TOTAL RECEIPTS 

Tons 

Baling a.nd operating inputs: 
0-10-20 bulk Cwt. 
D'ry fert; spread . Acre 
30% ni tro. sol ution a.t o 
Lime, dol am'. applied Tons 

60.00: 

6. 55 
5.50 

. 7.16 
26,.00 

Baler twine Lbs;. ( Bali.ng) O. 66' 
Electricity Kw~ ( Baling) O. 06 
Tractor fuel 

and. lubrication 
Tractor repair cost 
Hac.hinery repair 

cost 

A.cre 
Acre. 

Acre 

( BaHngl 
( Baling) 

( Baling) 

TOTAL, AlfMU,AL OPER,AUNG, EXPENSE,S 

Establishment costs 
prorated over 4 years,: 

Orchardgrass seed 
1 0-1 0-1 0, bul k 
Lime, d'olom. a·PPlied 
Dry fert. spread' 
Tractor fuel 

and 1 ubrication 
Tractor repair cost 
Machinery repair 

cos,t 

Lbs. 
Cwt. 
Tons 
Acre 

·Acre 
Acre 

Acre 

Prorate 
facto'r 
0.25 
O. 25 
0.,25 
0.25 

0.25 
0.25 

0.2.5. 

" TOTAL PRORATED ESTABLISHMENT COSTS 

'.,00 
7.62 

26 .. 00 
5.50 

ANNUAL OPERATING E,IPENSES + PRORATED ESTABLISIIHE'NT 

Labor hours: 
Fertilizer application in February 
BaHng per cut 
Establishment' 0.25 

LABOR HOURS IN HATRIX COLUH.N. 

4.00 

4.0n 
1.00, 
2.2.2 
O.2:S 
4,.26; 
5;.32. 

4.9'1.· 
1 .• 86' 

3.2.5 

1.5.00 
5.00 
2.0,0 
1. no 
4.68 
1.86 

0.79 

'.,00 
'.,00 
3.00' 
1.00 
3 .. 00 
3.00 

3.,00 
3.0D' 

3:.00' 

1.00 
1.00 
1.00 
1'. on 
1. 00 
1.00 

1.0'0 

EXPE:NSES' 

2.20 
1. 11 

3.00 

. 240.00 

26'.2,{1 
5.50' 

47.69 
6.50 
8.. n 
O. 96: 

U.73, 
5,.5,8 

!)., 7'5 

125 •. 33' 

L75 
9.5,3·. 

1!3 .. 00: 
1.38 

L 17 
O. 47 

0.20 

29.48 
154.81 

0.,20 
6.,60 
0.28 

7.08 

,Source: Budgets NO. 8.6-8, 86-10 and 84-4 and communication w,ith Agricul
tural Extension; Service spe.cialists .. 



72 

Appendix Table 7. Fescue hay budget 

Number 
of Value 

category Units Price Quantity ti~es (d6llars) 

PrOduction: 
No. 2 hay Tons 

TOTAL RECEIPTS 

Baling and operating 
0-10-20 bulk 

inputs: 

Dry fert. spread 
30% nitro. solution 
Lime, dol om. applied 
Baler twine 
Electricity 
Tractor fuel 

and lubrication 
Tractor repair cost 
Machinery repair 

cost 

Cwt. 
Acre 
Cwt. 
Tons 
Lbs. 
Kwh; 

Acre 
Acre 

Acre 

60. 00 

6.55 
5. 50 
7. 16 

26. 00 
( Baling) 0.66 
(Baling) 0.06 

( Baling) 
( BalingJ 

( Baling) 

TOTAL ANNUAL OPERATING EXPENSES 

Establishment costs 
prorated over 10 years 

Orchardgrass seed 
10-10-10, bulk 
Li~e, dol om. applied 
Dry fert .. spread 
Tractor fuel 

and lubrication 
Tractor repaircost 
Machinery repair 

cost 

Lbs. 
CRt. 
Tons 
Acre 

Acre 
Acre 

Acre 

Prorate 
factor 
0.10 
0.10 
0.10 
O. 10 

O. 10 
0.10 

0.10 

TOTAL PRORATED ESTABLISHMENT COSTS 

0.52 
7. 62 

25. 00 
5.50 

4.00 

4.00 1. 00 
1. 00 1.00 
2 .. 22 3.00 
0.33 1. 00 
4.26 3.00 
5.32 3.00 

4.91 3.00 
1. 86 3.00 

3. 25 3.00 

20. 00 1. 00 
5. 00 1. 00 
2.00 1. 00 
1.00 1.00 

4.68 1. 00 
1.86 1. 00 

o. 79 1. 00 

ANNUAL OPERATINg EXPENSES + PRORATED ESTABLISHMENT EXPENSES 

Labor hours: 
Fertilizer application in February 
Baling per cut 
Establishment 0.10 

.;, ~. 

LABOR HOURS IN MATRIX COLUMN 

2. 20 
1. 11 

3.00 

240.00 

26.20 
5. 50 

47.69 
8.58 
8.43 
O. 96 

14.73 
5. 58 

9.75 

127.41 

1.04 
3.81 
5.00 
0.55 

0.47 
0.19 

0.08 

11. 13 
138.54 

0.20 
6.60 
O. 11 

6.91 

Sourde:Budgets No. 86-1, 86-3 and 84-4 and communication with Agricul
tural Extension Service specialists. 



Appendix Table 8. Prices received per hundred pounds of milk, net of 
deductions for hauling, marketing and promotiona 

Net blend price Net class I price Net class II price 

$ 17 .68 $ 18.50 $ 14.43 

16.68 17.50 13.43 

15.68 16.50 12.43 

14.68 15.50 11.43 

13.68* 14.50* 10.43* 

12.68 13 .50 9.43 

11.68 12.50 8.43 

10.68 11.50 7.43 

9.68 10.50 6.43 

8.68 9.50 5.43 

aAssumes $1 deduction per hundredweight of milk for these charges. 

*Prices used in base plan. 
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Appendix Table 9.' Prices received per hundred pounds of liveweight beef 
animal, by animal classa 

Steer calves Heifer calves Cull heifers Cull cows 

(dollars per hundred pounds) 

87 77 70 57 

82 72 65 52 

77 67 60 47 

72* 62* 55* 42* 

67 57 50 37 

62 52 45 32 

57 47 40 27 

52 42 35 22 

47 37 30 17 

42 32 25 12 

aThe following animal types are assumed: Steer calf marketed at 525 
pounds; heifer calf marketed at 475 pounds; cull. heifer marketed at 750 
pounds; cull cow marketed at 1000 pounds. 

*Prices used in base plan. 



Appendix Table 10. Optimal enterprise combination by hours of hired labor 
availability 

Hours of hired labor availability 

Unit o 1,287 2,550 3,825 5,100 
Unconstrained 

Case ** 

Variable Profit Dollars 63,435 69,883 76,332 82,434 88,243 96,059 

Variable Profit: 
Change from base 
plan Dollars -12,897 -6,449 BASE +6,102 +11,911 +19,727 

Enterprise levels: 
Dairy Cows Head 
Beef Cow~calf Units 
Wheat Acres 
Off-farm work Hours 

Owned land used: 
Pasture Acres 
Row-crop land 
used for crops Acres 
Row-crop land 
used for pasture Acres 

Rented land used: Acres 
Row-crop land 
~sed for crops Acres 
Row-crop land 
used for 
pasture Acres 

. Dual value for 

56 
o 

60.1 
o 

50 * 
140 * 

o 

4.8 

o 

o· 

additional labor Dollars 11.56 

Dual value for 
additional row-
crop land Dollars 

Dual value for 
additional row
crop land Dollars 

o 

o 

70.6 
o 

39.3 
o 

50 

140 

o 

19.1 

o 

o 

11.56 

o 

o 

85.2 
o 

18.5 
o 

50 

140 

o 

33.4 

o 

o 

11.56 

o 

o 

*Indicates maximum amount of resource available. 

99.8 
o 
o 
o 

50 

127.4 

12.6 

35 * 
14.8 

o 

11.09 

o 

o 

114 
o 
o 
o 

50 

113.5 . 

26.5 

35 

49 

o 

11.06 

o 

o 

**6815.3 hours hired - equivalent to 2.67 man-years of labor. 

133.1 
o 
o 
o 

50 

94.8 

45.2 

35 

95 

o 

o 

o 

209.84 
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Appendix Table 11. Optimal enterprise combination by level of family 
labor supply 

----------------------- - -------- ------- ------ .. -- .-------------'----------------_. - -
Hours of labor provided by family 

Item Unit 1,288 2,563 3,838 
~----~--~---.----------~---~--.---~---------~-----~-----------------~-
Variable profit 
Variable profit: change 

from base plan 

Enterprise levels: 
Dairy cows 
Beef cow-calf· 
Wheat 
Off-farm work 

Owned land used: 
Pasture 
Row cropland used 

for crops 
Row cropland used 

for pasture 

Rented land used: 
Pasture 
Row cropland used 

for row crops 
Row cropland used 

for pasture 

Hired labor used: 
Dual value for 

additional labor 

. DolLars 

Dollars 

Head 
Units 
Acres 
Hours 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

Hours 

Dollars 

31,983 

-44,349 

41.5. 
o 

80.9 
o 

40.6 

140* 

o 

o 

o 

o 

2,550* 

11.73 

46,860 

-29,472 

56 
o 

60.1 
o 

50* 

140 

o 

4.8 

o 

o 

2,550 

11.56 

61,596 

-14,736 

70.6 
o 

39.3 
o 

5 

140 

o 

19.1 

o 

o 

2;550 

.11.56 
---~---------~--------------------------------------~--------~----------~ 

Hours of labor provided by family 

Item Unit 5,113 6,338 7,663 8,939 

Variable profit Dollars 76,332 90,721 104,818 118,915 
Variable profit: change 

from base plan Dollars BASE +14,389 +28,486 +42,583 
Enterprise levels: 

Dairy cows Head 85.2 99.7 114 128.2 
Beef cow-calf Units 0 0 0 0 
Wheat Acres 18.5 0 0 0 
Off-farm work Hours 0 0 0 0 

Owned land used: 
Pasture Acres 50 50 50 50 
Row cropland used 

for crops. Acres 140 127.4 113.5 99.6 
Row cropland used 
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Appendix Table 11 (continued) 

Hours of labor provided by family 

It.em Unit 5,113 6,338 7,663 8,939 

Owned land used: 
Pasture Acres 50 50 50 50 
Row cropland used 

for crops Acres 140 127.4 113.5 99.6 
Row cropland used 

for pasture Acres 0 12.6 26.5 40.4 

Rented land used: 
Pasture Acres 33.4 35* 35 35 
Row cropland used 

for row crops Acres 0 14.8 49 83.2 
Row cropland used 

for pasture Acres 0 0 0 0 

Hired labor used: 
Dual value for 
additional labor ($) 11.56 11.06 11.06 11.06 

*Indicates maximum amount of resource available. 
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