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INTRODUCTION 

Well-managed, high-yielding grasses and legumes have a well- 
defined place in the crop rotation on Corn Belt farms. They retard 
erosion, improve soil structure and tilth, increase and sustain yields 
of other crops in the rotation, and provide more feed for livestock. 
Both conservation and production benefits from them are important. 
The growing need for more livestock products and rising costs now 
opppsye the importance of good pastures and meadows as sources 
of feed. 

Farmers in the Corn Belt generally recognize the soil-building 
characteristics of grasses and legumes. Many, however, do not use 
optimum acreage of these crops to provide cheap feed and to improve 
their soils because they do not realize the full potentialities of their 

1 
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hay and pasture. One reason is that they are not sufficiently familiar 
with the results that can -be obtained both from using methods of 
production and harvesting which improve yields and lower costs and 
from feeding rations with higher proportions of good-quality forage. 
Some also hesitate to grow and feed more forages because they lack the . 
additional capital or they are unwilling to take the greater risks that 
would be involved in different systems of farming. 

The purpose of this bulletin is to analyze some of the relationships 
that farmers should consider in deciding how much forage to produce 
and how to use it. Significant aspects of this problem are (a) the 
rate at which forages substitute for other feeds and (0) the labor, 
capital, and risk or uncertainty that are associated with different 
systems of livestock feeding. Substitution relationships in both crop 
rotation and livestock ration are involved. Capital and labor require- 
ments of different systems of feeding are also important because they 
are costs and because many farmers have limited quantities of those 
resources. 

For the farmer who has limited capital, the choice of a method 
of using his forage crops may be a livestock system that will provide 
a relatively high rate of return for a small investment of capital. 
Likewise, a farmer who is not in position to stand great risks may 
prefer a livestock system that promises a steady income from year to 
year, even though it may not provide as high an average return during 
several years as some other system. But a farmer who has ample 
capital is in position to choose the method of utilizing forage crops 
that is likely to give him the highest average returns during a period 
of years, irrespective of the likelihood of large losses in some years. 

Data for this analysis of feed substitution relationships, capital 
and labor requirements, and degree of risk associated with different 
systems of feeding dairy cows, beef cattle, feeder lambs, and hogs 
were obtained from available reports and unpublished information 
on livestock-feeding experiments, previous farm-management studies, 
and price statistics. 

FORAGE-GRAIN SUBSTITUTION RELATIONSHIPS 

RELATIONSHIP OF Crop ENTERPRISES AND FORAGE UTILIZATION 

Forage crops may bear either of two relationships with grain crops. 
They are complementary if an increased acreage of forage causes total 
production of grain to increase from a given area of land. They are 
competitive if a greater acreage and production of forage is possible 
only as production of grain is sacrificed on a given area of land. 
These two relationships are illustrated in the data of table 1, which 
are based on rotation experiments. As the last three columns show, 
some combinations of hay and grain produce more pounds of grain 
than grain crops alone on 100 acres of the two soil types included. 
But a further extension of the acreage of forage results in a decrease 
in total production of grain. The Ohio data show that not only does 
forage become competitive with grain but each additional increase 
in the output of forage results in a greater decrease in the total 
production of grain. 
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Profitable production of forage does not depend on the way they 
are utilized if the grasses and legumes are complementary to grain. It 
pays to extend production of forage so long as an increase in acreage 
of forage is accompanied by an increase in total production of grain, 
even though no direct return is realized from feeding the forage. 
Forages can be turned under as green manure crops. When this is 
done income is greater than when a smaller acreage of grasses and 
legumes is produced. However, income can generally be increased 
even further if forages are utilized as feed. Farmers then have two 
sources of income from forages: That forthcoming from the nitrogen, 
organic matter, or erosion control which may add to total production 
of other crops; and that forthcoming from the sale of products from 
roughage-consuming livestock. 

Taste 1.—Complementary and competitive relationships in forage 
production for various crop rotations on & soil types 

WOOSTER AND CANFIELD SILT LOAMS, WOOSTER, OHIO, 1937-43! 

Use of 100 acres of land Total production Amount of grain 
india sacrificed for each 

Rotation 2 pound of hay 

Grain Hay Grain Hay, seco rotation 

Acres Acres Pounds Pounds Pounds 

ape, = eu ain paaeseriti: 100 QE oA Oa le lee ah eh a pee cat 
C—C—-C-—W-A________- 80 20 229, 776 128, 800 (3) 
Os WHAT Dun Sing Be 67 33 215, 480 203, 200 0. 19 
C—C-W-A-A________- 60 40 190, 672 316, 000 i222 
C-—W-A-A___________- 50 50 165, 928 363, 000 . 53 

CLARION-WEBSTER SILT LOAM, AMES, IOWA, 1945-484 

Gosta avis oti oy 100 OxN25180, BQO idea molrek ontonh 
WZOHO=Chei aie sake 75 25 | 217,360 | 85, 000 (3) 
C206 ee aia st 67 33 | 182,333 | 132, 660 0. 71 

1 See Yoder, R. E. (10). 
2 C=corn, O=oats, W=wheat, Cl=clover, A=alfalfa. 
3 Complementary. 
‘From unpublished data, Dept. of Agronomy, Iowa Agr. Expt. Sta., Ames, 

Iowa, 1915-48. 

If capital is so limited that investment in livestock is impossible, 
the only alternative for a farmer may be to use the complementary 
forage as a green-manure crop.!. A farmer who is less limited in 
capital has a more complex problem of utilizing forages. He may lack 
capital to invest in enough livestock to consume all forage produced 
complementary with grain. He will be concerned with the combina- 
tion of livestock and feed-utilization systems that will bring the larg- 
est income or will involve the smallest risk per dollar invested. This 
may not mean complete utilization of the complementary forage. 

Problems of production and utilization are more complex for a 
farmer who has ample capital. A farmer whose ability to utilize 

* Individual farmers in some areas may find it possible to lease pasture land 
to neighbors or to sell hay; often no such opportunity exists. 
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forage in livestock production is not limited by availability of capital 
must consider how much to expand production of forage into the com- 
petitive areas as well as the problem of how to utilize the forage. Here 
substitution relationships become significant in deciding upon both 
the best ration for a particular type of livestock and the rotation that. 
will allow a maximum value of livestock products from a given quan- 
tity of land and other resources. 
Although they may be extremely limited as to capital, many farm- 

ers must operate in the competitive area. ‘This may be true for some 
because under their soil situations the grain-forage relationship is 
competitive throughout all combinations. For many it may be true 
because they remain on a particular farm only a short time. In a 
single year the relationship between forage and grain is competitive 
and, therefore, the complementary aspects of forage-grain combina- 
tions have no significance unless the individual remains on the farm 
long enough for the indirect benefits of the rotation to be realized. 
Further discussion of optimum combinations of forage and grain from 
the viewpoint of both production and utilization follows an examina- 
tion of the rates at which forage substitutes for grain in livestock- 
feeding rations. 

LIVESTOCK SUBSTITUTION RELATIONSHIPS 

A given quantity of a livestock product (100 pounds of milk, pork, 
or beef) can be produced with many combinations of grains and for- 
ages. Beef or milk can be produced with forages alone and pork or 
poultry products can be produced with grains alone. However, grain 
and forages can be substituted for each other so that 100 pounds of 
livestock product can be produced with many combinations of the two 
feeds. The lowest-cost combination among these combinations de- 
pends upon (1) the rate at which forage substitutes for grain in pro- 
ducing a given quantity of livestock product and (2) the price or cost 
of forage relative to that of grain. 

For example, suppose that 100 pounds of milk can be produced with 
40 pounds of corn and 94 pounds of alfalfa hay. Suppose further 
that the same quantity of milk can be produced with only 37 pounds 
of corn if 100 pounds of hay are included in the ration. In these two 
examples the addition of 6 pounds of forage reduces the grain re- 
quirement by 3 pounds. That is, the additional 6 pounds of hay are 
equivalent to 8 pounds of grain in producing milk. If hay is worth 
a cent a pound ($20 per ton) and corn is worth 2.5 cents a pound 
($1.40 per bushel), the additional 6 pounds of hay fed would be worth 
only 6 cents, whereas the 3 pounds of corn saved would be worth 7.5 
cents. Obviously it would pay to make the substitution. 

Will it pay to substitute still more forage for grain? The answer 
depends on the nature of the substitution relationship—whether 
forage substitutes for grain at a constant or at a diminishing rate. 
If the rate is constant, each additional 6 pounds of hay will replace 
another 8 pounds of grain. Obviously, with hay at a cent a pound 
and grain at 2.5 cents a pound it would be profitable to replace all of 
the grain in the ration with forage. If the price of hay rose in rela- 
tion to that of grain, so that 6 pounds of hay were more expensive 
than 3 pounds of grain, it would not pay to include any hay in the 
dairy ration. 
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Thus if forage substitutes for grain at a constant rate it pays farm- 
ers to feed either-all grain or all forage, depending on the price of 
each. But a constant rate of substitution is inconsistent with the 
feeding practices of livestock farmers. Farmers generally feed a 
combination of grain and forage to beef cows, feeder cattle, dairy 
cows, and sheep. On many farms hogs also are fed forage in some 
form. Furthermore, studies of animal nutrition indicate that grain 
fed in small quantities to livestock consuming rations made up largely 
of forage stimulates production more than when the ration includes a 
smaller proportion of forage. Finally, the substitution of forage for 
grain is limited by the capacity of an animal’s stomach. We may 
therefore expect that a diminishing rather than a constant rate of sub- 
stitution exists between forage and grain in livestock feeding. 

If forage substitutes for grain at a diminishing rate, some combi- 
nation of forage and grain is usually more profitable than either 
extreme of all grain or all forage in the ration. Returning to the 
example of forage and grain requirements for production of 100 
pounds of milk, let us suppose the amount of forage in the ration is 
increased from 100 to 106 pounds. ‘The previous increase of 6 pounds 
in the amount of forage fed resulted in a saving of 8 pounds of grain. 
But if forage substitutes for grain at a diminishing rate somewhat 
less than a 3-pound reduction in grain requirements would be ex- 
pected as a result of this last 6-pound increase in forage. In substi- 
tuting more forage eventually a point would be reached at which the 
value of the grain saved would be no greater than the value of the 
forage added. This is the forage-grain combination which mini- 
mizes the feed cost of producing 100 pounds of milk. 

Derivation of feed-substitution rates is a difficult and complex 
problem. Rates of substitution may vary with (1) the type and 
quality of grain and forages, (2) the production ability of the live- 
stock, and (38) the general management conditions under which live- 
stock are produced. Thus a multitude of situations exist for which 
substitution rates might be derived. After reviewing a wide range 
of experimental data, those from several experiments were analyzed 
to derive estimates of forage-grain replacement rates. These esti- 
mates of substitution rates between forage and grain in feeding milk 
cows, feeder cattle, hogs, and sheep under specified conditions are 
discussed in the following sections. 

FORAGE-GRAIN SUBSTITUTION RELATIONSHIPS IN MILK PRODUCTION 

Estimates of the various combinations of grain and forage that will 
produce 8,500 pounds of 4-percent fat-corrected milk per cow are 
shown in table 2. They are based on part of an experiment by the 
United States Department of Agriculture in cooperation with 10 
State agricultural experiment stations, which included several hun- 
dred cows of several breeds and involved many kinds and qualities 
of feed (S). Data for 30 cows of the heavy breeds (Holsteins and 
Brown Swiss) in the series II experiments (grain ration varied with 
free choice of hay) that receive comparable feeds (legume hay, corn 
silage, and grain) with an expected production capacity of 300 to 400 
pounds of butterfat (when fed the standard Haecker ration) were 
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used in making the estimates in table 2.2. It is likely that the quan- 
tity of feed required to produce 8,500 pounds of milk would differ 
for cows of different producing ability fed similar kinds and qualities 
of feeds and for cows of a given production capacity fed different 
kinds and qualities of grain and forage. 

Table 2 shows, first, that a wide range of combinations of grain 
and forage will give the same production of milk. With 5,000 pounds 
of forage and 6,154 pounds of grain, 8,500 pounds of milk were pro- 
duced; the same amount was obtained from 11,000 pounds of hay 
and only 2,281 pounds of grain. It is likely that combinations be- 
yond each of these extremes are also possible, but this experiment 
did not include cows producing outside this range of feed com- 
binations. | 
A second relationship apparent from the data in table 2 is that 

forage substitutes for grain at a diminishing rate. Each succeeding 
increase in the quantity of forage fed reduces the quantity of grain 
required by something less than the preceding increase in forage. 
For example, when 5,500 pounds of forage are fed, 5,459 pounds of 
grain are needed to produce 8,500 pounds of milk per cow, whereas 
when the quantity of forage fed is increased to 6,000 pounds, only 
4,892 pounds of grain are needed—a reduction of 567 pounds of 
grain. If the quantity of forage is increased by another 500 pounds 
(to 6,500 pounds), an even smaller quantity of grain (4,423 pounds) 
is needed to yield 8,500 pounds of milk, and the quantity of grain 
saved (469 pounds) is smaller than that resulting from the previous 
500-pound increase in forage. Each additional 500-pound increase 
in the quantity of forage results in progressively smaller replace- 
ments of grain, until finally, as the quantity of forage is increased 
from 10,500 pounds to 11,000 pounds, the amount of grain replaced 
is only 188 pounds. The average quantity of grain saved per added 
pound of forage for each 500-pound increment in forage in the ration 
1s Shown in column 3 of table 2. This column shows that the rate at 
which forage substitutes for grain in the dairy ration declines from 
an average of 1.39 pounds of grain replaced per pound of hay added 
when hay is increased from 5,000 to 5,500 pounds to only 0.28 pound 
of grain saved per pound of hay added when the quantity of forage 
is increased from 10,500 to 11,000 pounds. 

FORAGE-GRAIN SUBSTITUTION IN PORK PRODUCTION 

A study by the United States Department of Agriculture (3) pro- 
vided the data for the estimates of feed-substitution rates in produc- 

*The Jensen-Woodward study was directly related to levels of total feed for 
dairy cows and only indirectly to combinations of grain and forage in the ra- 
tion. Higher levels of total feed were possible, however, only as levels of grain 
feeding were increased and the cow reduced her consumption of forage. Thus 

the resulting data included an element of feed substitution as well as the rela- 
tionship between total feed fed and the production of milk. Within the range 
on the “production surface” used in the present analysis, considerable varia- 
tion appeared in the combinations of grain and hay in the ration. But we can- 
not be certain that mingling of the two relationships (factor-factor and factor- 
product) has been entirely eliminated in the present analysis. Additional ex- 
periments are needed wherein an attempt is made to isolate feed-combination 
relationships for certain outputs per cow separately from the total feed-input 
milk-output relationships. 
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TastE 2.—Forage and grain feed combinations and substitution rates 
in producing 8,500 pounds of 4-percent fat-corrected milk per 
cow * 

Feed combinations for producing 8,500 pounds |Average quantity|Average quantity 
of milk per cow 2 of grain replaced |of forage required | Forage as per- 

e Zig ___| per pound of to replace a centage of total 
forage added 3 pound of grain feed (percent) 

Hay Grain (pounds) (pounds) (pounds) 

Pounds: es 

50005 es =_ - a 6, 154 ! 1. 39 0. 72 | 

SH HOOAMS SIAN MS _ SNS 5, 459 50. 2 
\ 1.13 88 { 

GO00sts. ee 4, 892 55. 1 
\ 94 1. 06 { 

6: 500 Fee te aan bans 4,423 59. 5 
\ 79 1.27 { 

(0002s s2 -. 2 Ve 4,029 63. 5 
\ 67 1. 49 { 

75002 oce cere 3, 694 67. 0 
\ 58 1.72 { 

(C100) ae 6 Re 3, 406 70. J 
\ 50 2. 00 { 

Ua Os Le ee 3, 156 7289 
\ 44 2.27 { 

OOOO ee 2, 937 75. 4 
\ 39 2. 56 { 

OG OOo ea bd: 2, 744 77.6 
\ 34 2.94 { 

10 000ng fee = at 2, 572 79.5 
\ Bl 3, 23 { 

iM OspsS OL OE ei oles 2, 419 81.3 

TRO OOS eis ria hay 2, 281 ae od 82. 8 

1 Based on following regressi IONS Xo — se COUNTS 25 wh XK g gression equation: 2= 356K, 8088 where 9 

refers to pounds of grain and X, refers to pounds of forage per cow. 
For further explanation of the derivation of substitution rates and for estimates 

of marginal rates of substitution at specific combinations of forage and grain, see 
Hepapy, Earu O., and Otson, RussEeuu O. (6). 

2 Total feed requirements in terms of TDN are higher for combinations that 
consist of nearly all grain or nearly all forage than for combinations in between 
because the TDN conversion factor for each feed assumes constant rates of sub- 
stitution, whereas the data used in this analysis indicate a diminishing rate of 
substitution. 

3 Derived by dividing the change in pounds of grain by the corresponding 
change in pounds of hay as the forage-grain composition of the ration is varied. 
If the variations in the ration were small, these figures would be essentially the 
marginal rates of substitution at each combination. Where, as in this table, 
changes in the ration are large, the substitution rates derived in this manner are 
averages of the marginal substitution rates between two consecutive combina- 
tions. As small variations in feed rations are not ordinarily practical, the average 
marginal rates shown are refined enough for ascertaining the optimum forage- 
grain combination. 

tion of pork shown in table 3. In this experiment hogs were fed 
varying combinations of ground legume hay and No. 2 yellow corn. 
Columns 1 and 2 show that 100 pounds of pork can be produced with 
a rather wide range of forage-grain combinations. As in the case of 
milk production, each additional increase in forage fed replaces a 

209706—52 2 
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smaller quantity of grain than does the preceding increase in forage. 
In producing 100 pounds of pork, the first 5 pounds of forage reduce 
the grain required from 327.5 to 325.1 pounds—a saving of 2.4 pounds 
of grain. When the amount of forage is increased from 45 to 50 
pounds, the amount of grain saved is only 0.6 pound. Note that in 
column 8 the average amount of grain replaced by each additional 
pound of forage is 0.48 pound when the first 5 pounds of forage are 
added. This declines to only 0.12 pound of grain saved per pound 
of hay added when the amount of forage is increased from 45 to 50 
pounds. 

Taste 3.—lorage and grain feed combinations and substitution rates 
in increasing the weight of a hog from 60 to 225 pounds * 

Average quan- 
tity of forage 
required to 
Teplace a 

Feed combinations per 100 pounds of gainin |Average ete 
weight of grain replaced 

per pound of 
Forage as per- 
centage of total 

forage added feed (percent 
Hay Grain (pounds) (poumids) a Meter <) 2 

Pounds: a 

Oo patios: BE pate 0. 48 2.08 O28 
he Lae sees 325. 1 The 

\ _ 46 2.17 { 
iOskol kei daw 322. 8 3.0 

\ 40 2. 50 { 
1k 4 (PO Bi Mi 320. 8 4.5 

\ 36 2.78 { 
Na.caghithe whi 319.0 5.9 

\ 32 3,12 { 
Dia tt. ae ee 317. 4 7.3 

\ 28 3.57 { 
80 v. Lesh snes 316. 0 8.7 

\ 24 4.17 |} 
TED, Gans 314, 8 10.0 

\ 20 5. 00 { 
10: eRe 313. 8 11.3 

\ eile 7.15 { 
Abies son tries caigia 1 313.1 12.6 

a 
BOL te ee ed 312.5 2 p88 13. 8 

1 Based on the following regression equation: X,=327.5—0.5113X1+0.00423 
X,;*, where X, refers to pounds of grain and X; refers to pounds of forage per 100 
pounds of gain in weight. 

FORAGE-GRAIN SUBSTITUTION RATES IN BEEF PRODUCTION 

Production of beef is represented by many cattle-feeding systems. 
Production systems vary all the way from a beef herd which utilizes 
only forage to dry-lot feeding operations which include three times 
as much grain as forage. Also, a great deal of variation exists in 
grades of cattle fed. It is not possible here to consider the feed-sub- 
stitution relationships for all of these situations. The forage-grain 
substitution rates given in table 4 are based on an Jowa pasture ex- 
periment which involved choice yearling feeder steers (7). The ex- 
periment was repeated in each of 5 years and included four production 
systems, each of which involved different combinations of forage and 
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grain. Grain was in the form of corn. Forage consumed while in 
dry lot was brome grass-alfalfa hay. Forage consumed as pasture 
was also a brome grass-alfalfa mixture. In deriving the substitution 
relationships, forage consumed as pasture was converted to its hay 
equivalent. Table 4 shows that a rather wide range of forage-grain 
combinations will produce 100 pounds of choice beef. As in produc- 
tion of milk and pork, less and less grain is saved as more and more 
forage is added to the ration. 

Taste 4.—Forage and grain feed combinations and substitution rates 
in production of 100 pounds of gain on choice yearling feeder 
steers * : 

Average quan- 
tity of forage 
required to 
replace 3 

Feed combinations for producing 100 pounds of |Average quantity 
gain in weight of grain replaced 

per pound of 
forage added 

Forage Grain (pounds) (pounds) oe Hien ao 

Forage as per- 
centage of total 
feed (percent) 

a potions tie 953. 4 29. 6 
#00 : 0. 353 2. 83 H 
GOO ake wee 2 882. 7 40. 5 

\ _ 326 3.07 { 
SOOL sew lerrtes 817.5 49. 5 

\ 298 3. 36 { 
eNO iy ek 757.9 56. 9 

\ 271 3. 69 { 
00: PHA ot F 703. 9 |: 63.0 

\ 249 4. 02 { 
WOO Seta een, 654. 0 68. 2 

\ 211 4,74 { 
GOO. Thee Oe 611. 8 72. 3 

\ 189 5. 29 { 
1B SOO wht ee a Shun: 574. 0 75. 8 

\ 166 6. 02 { 
PVE ee 541. 8 78.7 

\ 133 7.52 { 
POo anew hs 515) 1 81.0 

\ aad 9. 01 { 
DOO ok 493. 8 82. 9 

\ 079 12. 50 { 
e008 i ail DOI 478, 0 84. 5 

\ 056 |- 17. 86 { 
POO sn less 467. 8 85.7 

1. 
RO008 Hwee E 463. 0 O28 poe 86. 6 

1 Based on following regression equation: X,=1111.15—0.4219X,+0.0000686 X,2, 
where X,; refers to pounds of forage and X, to pounds of grain per 100 pounds 
of gain. The average gain in weight per steer was 350 pounds; the gain was less 
for steers on the high-grain rations and more for those on the high-forage rations. 
Feed requirements were converted to per 100 pounds of gain as experimental data 
are customarily expressed in that form. 

FEED-SUBSTITUTION RATES IN LAMB FEEDING 

Forage-grain substitution rates for fattening lambs shown in table 
» are based on an experiment at the Iowa Agricultural Experiment 
Station which involved lambs fed six combinations of chopped alfalfa 
hay and corn (2). The rate at which hay substitutes for grain in 
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lamb feeding falls somewhere between that for hogs and dairy cattle | 
or beef fattening. Twenty-five pounds of choice or prime gain on | 
feeder lambs can be produced with 40 pounds of hay and 130.9 pounds 
of grain. A 10-pound increase in forage reduces the grain require- 
ment for producing 25 pounds of gain to only 125.1 pounds; thus an 
average of 0.58 pound of grain is saved per pound of hay added at this | 
level. At the other extreme, an increase from 160 to 170 pounds of 
forage per lamb results in a decrease from 92.5 to 91.6 pounds of 
grain required to put on 25 pounds of prime or choice gain—a re- 
placement rate of only 0.09 pound of grain saved per pound of forage 
added. 

Tasie 5.—Forage and grain feed combinations and substitution rates 
in producing 25 pounds of gain on feeder lambs} 

Average quan- Feed combinations for producing 25 pounds of |Average quantity tity of forage 

~ Babnued ee eee required to | centage of total 
| forage added Dada x feed (percent) 

Forage Grain (pounds) (pounds) grain (pounds) 

Pounds 
AQ eh es ae 130. 9 23. 4 

0. 58 1.72 
ee ee 125. 1 28. 6 

\ 50 2. 00 { 
GOLA oe eee 120. 1 33.3 

\ ae 2. 27 { 
Occ ae ON: 115.7 37.7 

\ 39 2. 56 { 
Rimi Ma ea ee 111.8 41, 7 

\ 35 2. 86 { 
605. ee 108. 3 454 

\ 32 3.12 { 
OG Sete a eto 105. 1 48, 8 

\ 28 3.57 { 
HO. se 102. 3 51. 8 

\ 26 3. 85 { 
ied ees aes 99. 7 ha 6 

\ 23 4. 35 { 
130s kee a 97. 4 57. 2 

\ 20 5. 00 { 
IC ieee Ups oes 95. 4 59.5 

\ 16 6. 25 | 
15g thee Polos ig 93. 8 61.5 

\ 13 7 69 { 
16Q ule - 92.5 63. 4 

| - 1 ea al 
ezaiein ar ee 91.6 || Oe 64.7 

1 Based on following regression equation: 

X,=2.3118—0.0037X,—¥y (2.3118—0.0037X;)2++ 0.021175. X,— 0.000031 Xy?— 5.4267 

0.014792 

where X, refers to pounds of forage and X;, refers to pounds of grain per 25 pounds 
of gain. 

Cost RELATIONSHIPS 

For a farmer who buys both grain and forage in the market, feed 
subsitution rates and market prices of the feeds determine the least- 
cost feed combination for any particular level of production per 
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animal. With grain (corn) at 2 cents a pound ($1.12 per bushel) 
and forage (hay) at a cent a pound ($20 per ton) and with the sub- 
stitution rates shown in table 2, the least-cost feed combination for 
producing 8,500 pounds of milk is one that includes 8,000 to 8,500 
pounds of forage and 3,406 to 3,156 pounds of grain. The rate of 
substitution (1 pound of grain for each 2 pounds of forage) is just 
equal to the inverse of their price ratios (grain at 2 cents a pound to 
forage at 1 cent per pound). At this combination, the value of the 
erain saved is just equal to the value of the forage added. ‘That is, 
each pound of hay added is equal in value to the 0.5 pound of grain 
saved. The total feed cost of producing 8,500 pounds of milk with 
this feed combination is $148.12. Any other feed combination would 
cost more. 

In producing pork a similar price relationship (grain at 2 cents 
a pound and hay at 1 cent a pound) means that it is not profitable to 
feed any forage because, as shown in table 3, each of the first 5 pounds 
of hay fed saves only 0.48 pound of grain. That is, it takes 5 cents 
worth of hay to save 4.8 cents worth of grain. If, however, the price 
of hay declines in relation to that of grain it may be profitable to feed 
considerable quantities of forage. For example, with corn at 2.25 
cents a pound ($1.26 a bushel) and hay at 75 cents a pound ($15 a ton), 
a feed combination that contains 20 pounds of forage and 319 pounds 
of grain will produce 100 pounds of pork at least cost. At this level 
of forage feeding, 1 pound of hay replaces 0.36 pound of grain; or 
75 cents worth of hay saves 81 cents worth of grain. But by addin 
another 5 pounds of forage only 72 cents worth of grain (0.32 pond) 
would be saved for each 75 cents worth of hay added. 
According to table 4, it does not pay to feed large quantities of 

forage in producing choice beef unless forage is cheap as compared 
to grain. With grain at 2.25 cents a pound ($1.26 a bushel) and 
hay at 75 cents a pound ($15 a ton) the least-cost feed combination in 
producing 100 pounds of choice beef on yearling steers would be the 
one that includes 600 pounds of forage and 882.7 pounds of grain. 

The forage-grain combination that minimizes the feed cost by put- 
ting 25 pounds of choice or prime finish on feeder lambs, when grain 
costs 2.25 cents a pound and forage costs 75 cents a pound, is the one 
that contains 90 pounds of forage and 108.3 pounds of grain. It 
would pay to feed considerable quantities of hay, even if prices of grain 
were low in relation to prices of hay. With corn at 2 cents a pound 
and hay at a cent a pound, it would be profitable to feed 60 pounds 
of forage to 120.1 pounds of grain. 
Many farmers produce both the grain and forage they feed. Others 

produce forage on their own farms and buy grain. However, the - 

*Feed substitution rates and hence least-cost feed combinations vary with 
levels of output per animal. Consequently the highest profit per animal is 
accomplished by (a@) obtaining the lowest cost (feed and other resources) 
combination for each level of production and (0) extending the level of pro- 
duction so far as the value of the additional product is greater than the cost 
of the additional feed and other resources used to produce it. Thus the most 
profitable level of production per animal depends on the rate at which resources 
are transformed into a particular livestock product (for example, the number 
of pounds of feed required to produce 100 pounds of milk as production per cow 
is extended to higher levels) and the price of the product relative to the price of 
feed and other factors used in its production. 
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same basic principles apply regardless of the source of feed. For 
example, if it costs the farmer 5 cents to produce a pound of hay ($10 
a ton) and 1.5 cents to produce a pound of corn (84 cents a bushel) the 
cost of 8 pounds of hay is equal to the cost of producing a pound of 
erain. The least-cost feed combination is then the one at which 3 
pounds of hay just replace 1 pound of grain. Table 2 shows that in 
producing 8,500 pounds of milk at a combination that includes about 
10,000 pounds of hay and 2,572 pounds of grain, about 3 pounds (2.94) _ 
of hay replace 1 pound of grain. The cost of this feed combination 
is $88.58. No other forage-grain combination will produce 8,500 
pounds of milk as cheaply. 

The same principles apply when labor and other costs are included 
in the calculations. It is then the total cost of feeding grain or hay 
which establishes the feed-cost relationships. The cost of feeding a 
pound of each feed in this case includes the price of the feed, plus a 
charge for other factors. 

FoRAGE-GRAIN PRODUCTION IN RELATION TO UTILIZATION 

Substitution relationships in feeding are also important in defining 
the maximum amount of livestock product that can be produced from’ 
a given area of land. It was pointed out earlier that even though 
none of the forage is utilized for feed, it is profitable to grow enough 
forage so that the total output of grain is as high as possible. So 
that it will pay to grow still more forage, the forage grown must be 
utilized—its value as feed must offset the value of the production of 
grain sacrificed. To maximize the output of livestock product ob- 
tained from a given area, the rate at which forage substitutes for 
grain in the crop rotation must be related to the rate at which the two 
crops substitute for each other in the livestock ration. 

If we assume, for example, that forage substitutes for grain in the 
crop rotation at the rate of 2 pounds of forage for 1 pound of grain— 
that is, 1 pound of grain is sacrificed for each 2-pound increase in 
forage—then the dairy ration which allows the maximum production 
of milk from a given area will include 8,500 pounds of hay and 8,156 
pounds of grain, on the basis of the feed requirements shown in table 
2. At this combination the amount of milk that can be produced 
with each pound of hay added is the same as the amount that could 
have been produced with the 2 pounds of grain given up. With the 
rotation substitution rates remaining the same and with a change 
in the ration to include 9,000 pounds of hay and 2,937 pounds of 
grain, an average of 2.27 pounds of hay would be needed to replace 
a pound of grain in producing 8,500 pounds of milk. Yet, as the 
rotation was shifted to include more forage, only 2 pounds of hay 
could be obtained for each pound of grain sacrificed. 

This example is useful only in explaining the interrelationship of 
substitution rates for crop rotations and for livestock rations. The 
response in yields of grain to increases in the proportion of forage 
in the rotation differs for different soil situations. On some soils 
(table 1) the crops may be complementary over a range; on other soils 
forage and grain may be competitive at all combinations. But for 
any type of soils, it appears likely that when acreage of forage is low 
an increase in forage acreage is more effective in improving yields of 
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Tasie 6.—lorage and grain production combinations and substitution 
rates, Marshall silt-loam soils * 

Production combinations per acre Average quantity of 
grain replaced per 
pound of forage 

Proportion of total 
feed production that 
is forage (percent) 

Forage Grain (pounds) added (pounds) 

Pounds 3 nee 

Sek eta 2501) ao ff 
DO te Ce 1, 690 10. 6 

\ a7 { 
AO RG sidsos. 1eN 2, 045 16. 4 

\ oe { 
G00 er we 2,313 20. 6 

\ Le p) { 
S000! OY oust te. . 2, 496 24.3 

\ 45048 { 
OOO ca! Gace cae 2,592 27.8 

\ a isis { 
1900 HTS OF OV Sat 2, 603 31.6 print alge 1400 od (sf drrapravy 2, 528 35.6 

80 { 
Go0ee ee 2, 367 40. 3 

\ 1, 25 { 
1800s. 10 _. sons 2,119 45. 9 

\ 1. 66 { 
POON ke a 1, 786 52. 8 

} 2. 09 { 
phoggewolol dl ta 1, 367 6. 7 

2, 
PAGO aha Rt. ine dios 862 oe | 73. 6 

1 Based on data from Seventh Annual Report (7). Forage and grain com- 
binations are derived from the regression equation X,=1249.8+ 2.4169X,— 
0.00107428X,?, where X, refers to pounds of grain and X, refers to pounds of 
forage per acre. 

grain than a similar increase when the proportion of forage in the 
rotation is already high; that is, forage substitutes for grain at an 
increasing rate. 

Forage-grain substitution relationship for rotations on Marshall 
silt-loam soil are shown in table 6. These substitution rates were 
estimated on the basis of rotation experiments on the Page County, 
Iowa, experimental farm (7). Columns 1 and 2 show the quantities 
of grain and forage produced as various proportions of an acre of 
land in a rotation are devoted to grain and forage. They reflect the 
major effects of the rotation on yields after it has been in effect for 
several years. Column 3 of the table shows the average reduction in 
production of grain with each pound of increase in production of 
forage. The negative substitution rates in the upper portion of the 
column denote a complementary relationship between forage and 
erain—each increase in production of forage is accompanied by an 
increase in production of grain. Increases in production of forage 

*While the rotation results give only a few forage-grain combinations, addi- 
tional combinations were derived by varying the acreage devoted to various 
rotations. 
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beyond 1,000 pounds per acre result in decreases in output of grain, 
that is, beyond this point forage and grain are competitive. 
Forage-grain substitution rates for rotations may be related to the 

feed-substitution rates for livestock to determine the crop rotation and 
livestock ration which results in the largest production of livestock 
from a given acreage. If a grain-forage combination is to yield the 
largest output of a livestock product from a given acreage of land, two 
conditions must be met: The rate at which forage replaces grain in the 
crop rotation is equal to the rate at which forage substitutes for grain 
in the livestock ration; and the proportion of forage in the rotation is 
equal to the proportion of forage in the livestock ration. It can easily 
be demonstrated that only this set of forage-grain combinations will 
result in the maximum output of livestock from a given acreage. 
Any decrease in the proportion of forage in the ration results in an 

increase in the replacement value of a pound of forage in terms of 
grain; but the reduction in the proportion of forage in the crop ro- 
tation decreases the substitution value of forage. Thus, in lowering 
the proportion of forage, the value of forage relative to grain as a feed 
increases, whereas the relative cost of forage decreases, making it 
profitable to substitute forage for grain. Movement in the opposite 
direction causes the substitution value of forage in the ration to de. 
crease, whereas the cost of forage in terms of grain sacrificed increases, 
making it profitable to substitute grain for forage. For any forage- 
grain combinations for which rotation substitution rates are equal to 
the livestock ration substitution rates, any increase in either forage or 
grain involves a reduction in output of the other. It follows that the 
proportion of forage in the feed combination produced must be equal 
to the proportion of forage in the feed fed to livestock, if the livestock 
product from a given land area is to be a maximum. If the forage- 
grain ratios differ, a portion of one of the feeds is not fed—and the 
unused feed is produced at the expense of a reduction in the yield of 
the other feed. 
A decision as to the forage-grain combination that will maximize 

the output of livestock from a given acreage may be illustrated for 
dairy cows by using the feed-combinations data for dairy cows in 
table 2 and the rotation data in table 6. Comparison of tables 6 and 
2 shows that the substitution rate between forage and grain in the crop 
rotation is the same as that in the dairy ration at several forage-grain 
combinations. Similarly, the proportion of forage in the crop rota- 
tion is the same as the proportion of forage in the dairy ration at 
many different feed combinations. However, in only one set of 
forage-grain combinations are both the substitution rates and the 
forage-grain proportions equal. This set of combinations is a crop 
rotation that produces between 1,800 and 2,000 pounds of forage and 
a dairy ration that includes between 5,000 and 5,500 pounds of forage. 
The specific set of feed combinations for which both forage-grain 
substitution rates and forage-grain ratios are equal is a dairy ration 
that consists of 5,120 pounds of forage and 5,973 pounds of grain per 
cow and a crop rotation that yields 1,807 pounds of forage and 2,108 
pounds of grain per acre. Each of these feed combinations contains 
46.15 percent of forage; in each case 1 pound of forage substitutes for 
1.46 pounds of grain. 
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NET RETURNS FROM 100 ACRES 

This analysis shows the forage-grain combination that results in 

the largest livestock production from an acre of land. Generally, the 

crop rotation-livestock ration system that allows a maximum produc- 

tion of livestock from a given acreage also results in the largest net 

returns for a given expenditure of labor, equipment, and land. They 

may vary, however, with the prices of the products and the costs of the 

various production factors. Net livestock returns from 100 acres with 

the rotation and ration combination which allows the largest milk 

output per 100 acres and another forage-grain combination involving 

a higher proportion of forage are compared for two price periods in 

table 7. 

Taste 7.—Costs and returns from livestock produced with two crop- 

rotation and livestock-ration systems on 100 acres of Marshall silt- 
loam soils, 1937-41, and 1944-48 prices 

Maximum milk pro-| jternative system. 
ea system (35.3 <(O8.3\cowrs)! oT 

Ttem Pa Su Os BLED a 

; 1937-41 1944-48 1937-41 1944-48 
prices prices prices prices 

Dollars Dollars Dollars Dollars 

Grossireturm 2h 2 es ew AE es Ae doh a 5, 87 Or WwA2S 231 4, 694 Oe Aria 

Costs: or a. Neat 
UDOT ee rae te ie i Oe em 1, 624 4,307 1, 297 3, 440 
Interest on investment: 

LIVESTOCK MRC Me teil ho Ueee eS 199 453 159 362 
Buildings and equipment___-_-___- 152 264 121 211 

Feed: 
Productionom farm ' 222200 aes 1, 237 1, 816 1, 300 1, 940 
Supplementary. 220s 2 Sse ea 106 198 85 158 

Miscellaneous expense_____________- 193 310 155 247 

Motalees: 2000 cents dye ya SoM fl i848 | 38, 117 6, 358 
INTE CPE CUTE Te ee peat ear aE WN 2, 365 4, 883 Lo f 3, 413 

Investment: Deo) Ra eoeare ees, 
Livestock /_U i! - POE Ae wee A 3, 984 9, 056 3, 183 7, 234 
Buildings and equipment. 22-2. 2222 3, 794 6, 594 3, 031 5, 267 

lI Fe Ui Me 9h es A A is IN Nt CMI ae TW, 40S | 15; 650 6, 214 12, 501 

Hae, Gea of crop production costs, see Heady, Earl O., and Jensen, 

On 100 acres of land of the type described in table 6, feeds consisting 
of 180,700 pounds of forage and 210,800 pounds of grain would be 
produced annually, if the crop rotation that allows maximum produe- 
tion of milk from the 100 acres were followed. This quantity of feed 
would support 35.3 dairy cows, each producing 8,500 pounds of milk 
annually, on a ration of 5,120 pounds forage and 5,973 pounds grain. 
If a different ration—one consisting of 8,500 pounds of forage and 
3,156 pounds of grain, for example—were used, the 100 acres would 

20970623 



16 CIRCULAR 905, U. S. DEPARTMENT OF AGRICULTURE 

provide feed for only 28.2 cows producing 8,500 pounds of milk each. 
About 125 acres would be required to produce this heavier forage 
ration for 35.3 cows producing 8,500 pounds of milk per cow. 

The crop-rotation and dairy-ration system which supports the larg- 
est number of cows per 100 acres provides higher net returns than the 
system that involves fewer cows, even though it requires a larger 
expenditure of labor and a higher capital investment. The differ- 
ence in net returns is smaller, however, with 1937-41 prices than 
with 1944-48 prices. 

If the risk or uncertainty involved in the forage-grain combination 
which results in the greatest output of milk were greater than for a 
system that supports fewer cows, it still might be wise for some farm- 
ers to follow a system of farming which yields less than the maximum 
output of milk. However, as is shown in a later section of this report, 
the differences in risk and uncertainty in terms of variability of net 
livestock returns among different forage-grain feeding combinations 
would not be important. 

It should be emphasized that the above-mentioned figures related 
to a particular soil type and one level of production per cow. Re- 
turns may differ greatly for other soil types where forage and grain 
substitute at different rates, for dairy cows producing at higher or 
lower levels, or for cows having productive capacities that differ from’ 
those used in this analysis. Also, the above-mentioned analysis is for 
a single livestock enterprise. Many far mers attempt both to combine 
enterprises and to arrange systems of feeding so that reeds and other 
resources can be most efficiently utilized. 
It is true that most farmers have an opportunity to buy and sell 

grain, and that many can also buy or sell forages. Thus many farm- 
ers are not interested in obtaining the maximum livestock product 
from a given area. It may be as well tosell some of their grain as to 
feed it to livestock, or to feed more grain or forage than they produce. 

CAPITAL AND LABOR REQUIREMENTS OF FEED- 

UTILIZATION SYSTEMS 

Data presented in previous sections suggest the nature of feed rela- 
tionships in livestock production, but they do not indicate the labor 
and capital requirements for different feeding systems. In the sections 
that follow, analysis is made of the capital and labor requirements for 
a few of the possible forage-grain combinations for each of several 
classes of livestock. The systems considered are either common in the 
Corn Belt or they present possibilities in the utilization of forage 
crops. A brief description of these systems follows: 

Dairy Cows.—Feed requirements and production of milk for the 
different systems of feeding dairy cows are based on the study of 
input-output relationships in milk production cited on page 45 (8). 
Four forage-grain feed combinations are analyzed. The first com- 
bination consisted of cows on a high-grain ration. They received 40 
percent of their feed (on a dry-weight basis) in the form of grain. 
They produced 399 pounds of butterfat each annually. The second 
combination consisted of cows fed a medium-high grain ration. They 
obtained 30 percent of their feed from grain. These cows produced 
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3874 pounds of butterfat. Cows in the next combination were given 
a medium-high forage ration. They received only about 15 percent of 
their feed as grain. "Their annual aver age production of butterfat was 
323 pounds. Dairy cows handled according to the fourth system 
received only forage. Their annual average production of butterfat 
was 258 pounds. 

Freeper Carrie.—Five feeder-cattle systems are analyzed. One 
involved the purchase of good-choice calves weighing about 440 
pounds in October, wintering them, then feeding them out in dry lot. 
They were sold as choice cattle in Aug ust at a weight of about 1,000 
pounds. Feed requirements and production for this system were 
based on results reported by the Iowa Agricultural Experiment 
Station (7). 

Another feeder-cattle system involved the purchase of choice 2-year- 
old steers weighing about 800 pounds in August. They were pastured 
for a month in the fall and then put in dry lot and finished. They 
were sold in January as choice cattle weighing 1,150 pounds. Feed 
requirements and production under this feeding system are also 
adapted from the Iowa report (7). 

Three systems of feeding yearling steers are compared. Feed re- 
quirements in each case were based on experiments conducted in Page 
County, Lowa, from 1946 to 1950 (7). In these experiments, yearling 
steers were bought in November and wintered to gain about a pound 
a day. In May one lot was placed in dry lot. These cattle were sold 
in October as choice cattle weighing 1,060 pounds. A second lot re- 
ceived somewhat more forage. They were pastured for 60 days, full- 
fed corn while on pasture for an additional 90 days, then finished in 
dry lot for sale in October as choice cattle weighing 1,120 pounds. 
A third group received a high proportion of forage in its ration. 
Feeders in this lot were placed on alfalfa-brome pasture and grazed 
continuously for 130 days. They were then placed in dry lot, brought 
to a full feed of corn, and finished to sell in December as choice cattle 
ata weight of 1,135 pounds. 

Brrr Herp.—Two systems of handling beef-breeding herds are ex- 
amined. The first involves production of a 400-pound calf for sale 
in October. In the second system, the cows are handled as under the 
first, but the calves are fed out instead of sold as feeders. Calves are 
wintered through two winters and grazed one season and part of the 
second. ‘They are then full fed in dry lot from July to September 
of the third year and sold as good-grade cattle weighing about 1,200 
pounds (6, 9). 
Hoes.—Six systems of handling hogs are considered. Feed require- 

ments for three are based on results of experiments with chopped hay 
by the United States Department of Agriculture at Beltsville, Md. (3). 
All the hogs in this experiment were “fed in dry lot. One group re- 
ceived no hay. Those in the second lot received 10 percent of their 
feed in the form of chopped hay. Of the feed fed the pigs in the 
third lot 20 percent was chopped hay. 

The three remaining hog-feeding systems are based on pasture ex- 
periments conducted by the Lowa Agricultural Experiment Station.® 

>From unpublished data from Iowa Agricultural Experiment Station project 
No. 101. 
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Of the pigs in this experiment, those in the first lot received no pasture, 
those in the second lot received grain equal to 3 percent of their body 
weight while on pasture, and those in the third lot were given grain 
equal to only 1 percent of their body weight while on pasture. 

LaABorR REQUIREMENTS 

In analyzing the feeding systems and crop rotations that maximize 
returns, emphasis was placed on the greatest output of lvestock 
product from a given acreage, or the production of a given quantity 
of livestock product with the least possible cost for feed. This pro- 
cedure is justifiable in the sense that costs of feed make up the greater 
part of total costs in livestock production. Other production factors 
are also important, however.. Next to feed, labor makes up perhaps 
the largest single item of cost for all livestock, and in the case of dairy 
cows it constitutes an important portion of total costs. As costs of 
labor for any one type of livestock vary, depending on the system 
of feed utilization, consideration of the labor factor is important. 
Accordingly, this section relates labor requirements to different 
livestock rations. 

If the feeds fed are grown on the farm, the forage-grain utilization 
system selected may affect labor requirements in both crop and live- 
stock production. “The effect of the utilization system on crop labor 
depends mainly on the way in which the forage is harvested (whether 
pastured or made into hay).’ Increasing the proportion of forage 
in the ration fed a particular kind of livestock may aftect labor re- 
quirements for livestock in three ways: (1) It may reduce the daily 
rate of production and thereby prolong the time an animal must 
be kept in order to produce a given output; (2) it may affect the daily 
labor requirements for feeding and caring for an animal; and (3) it 
may affect the distribution of the work load thr oughout the year. 

LABOR REQUIREMENTS IN RELATION TO FEEDING SYSTEM 

When labor is available, or can be hired, the objective is often one 
of minimizing the combined labor and feed cost of producing a par- 
ticular output of livestock product. If labor requirements in pro- 
ducing 100 pounds of pork, for example, do not differ under different 
rations, the feed combination with the lowest feed cost will be the one 
that minimizes the cost of both feed and labor. I¥ labor requirements 
change proportionately with changes in the proportion of forage in 
the ration, the analysis is still not difficult; the cost of forage can 
then be adjusted to include the additional labor costs associated with it. 
The optimum ration will be the one that minimizes the adjusted feed 
costs for a given output. Analysis is made more complex, however, 
when labor requirements do not vary proportionately with changes 
in the ratio of forage to grain in the ration. As shown in table 8, 
labor requirements do not generally vary in direct proportion with 
the amount of forage in the ration. Yearling steers fed a moderate 

® However, on the basis of other studies in this connection it is assumed that 
the effect of changes in the rotation on labor requirements in crop production is 

unimportant. Here only the effects on labor needed for producing livestock 
with alternative rations are considered. 
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amount of forage required considerably more labor than either those 
handled on the high-grain ration or those fed a high proportion of 
forage. Also, labor requirements per dairy cow are shown to de- 
crease as the proportion of forage in the ration increases. This is 
primarily because of the higher milk producticn per cow on the 
high-grain rations. Labor requirements per pig increase as the 
proportion of forage in the ration is increased. ‘This increase is due 
to the extra work involved in handling the bulkier feeds in the case 
of hogs fed chopped hay and to the longer feeding period in the 
case of hogs fed on pasture. 

SEASONAL DISTRIBUTION OF LABOR 

Distribution of labor requirements must be considered in deciding 
the best feeding system if farmers are to avoid periods of low em- 
ployment as well as periods that require the hiring of additional labor. 
The estimated monthly distribution of labor requirements for alter- 
native feeding systems are shown in table 8. The percentage of the 
total labor required each month for handling dairy cows is not affected 
appreciably by the proportion of forage in the ration. In the case, 
of yearling steers, the systems that involve a higher proportion of 
forage in the ration require a higher proportion of labor in fall 
months and considerably less labor in summer months, when the 
cattle are on pasture. Of the various hog-feeding systems considered, 
hogs fed different proportions of forage in the form of chopped hay 
in dry lot exhibit little differences in distribution of labor throughout 
the year. However, of hogs fed on pasture, those fed the higher pro- 
portion of forage require a somewhat longer production period and 
more labor in the fall than those fed little or no forage. In the case 
of hog production it is possible to vary the time of farrowing con- 
siderably and thus to arrange the work load to fit the availability of 
labor with any one of the several rations. 

Returns From LaAsor 

Labor is often a “rationed” factor. Many farmers are not in 
position to hire additional labor when they want it. Some lack 
facilities for keeping hired men. Some families may not be willing 
to share the home with hired labor. For a variety of reasons, many 
farmers want to keep labor requirements low and to distribute the 
work load in such a way that the need for hiring additional labor is 
minimized. A limited labor supply may restrict a farmer’s ability 
to utilize a large quantity of forage. Unless he has sufficient labor 
to expand his livestock systems to a size capable of consuming all 
the complementary forage produced, it will not be profitable to grow 
more than enough forage to bring total production of grain to a 
maximum. The labor required to consume the complementary forage 
through alternative feeding systems is consequently important in 
deciding whether it would pay to extend the grain-forage combination 
into the competitive range. 

Column 2 of table 8 shows the total hours of labor that would be 
required to handle enough livestock to consume 100 tons of forage 
under each feed-utilization system. A farmer who produces 100 tons 
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of forage in complementary relationship with grain would need 
9,000 man-hours of labor to handle the 45 dairy cows required to 
consume that quantity of forage, if he follows the high-grain dairy 
ration. ‘The same quantity of forage could be utilized with only 2,640 
hours of labor if 15 milk cows were fed the high-forage ration. Only 
951 hours of labor would be required to consume 100 tons of forage by 
feeding 23 yearling steers a high forage ration. 
When labor is the limiting factor in production, in allocating it 

among alternative enterprises those livestock systems that require the 
smallest amount of labor per dollar of net income may well have 
priority. If labor is extremely limited, systems that are intensive 
in its use probably would not be selected. ‘Table 9 compares the net 
returns that would be realized for 100 hours of labor applied to 
alternative feeding systems for each of three price periods. Hogs 
fed the all-grain ration in dry lot show the more favorable returns 
per 100 hours of labor for the three price periods indicated. But 
no forage is consumed by these hogs. If all available labor were 
applied to this livestock-feeding system, it would be profitable to 
extend production of forage through the complementary relationship, 
even if no return were realized from forage as a feed. But, while the 
returns per 100 hours of labor are substantially higher for hogs fed 
this ration than for any of the other classes of livestock, it does not 

TasrE 9.—Labor per head and net return per 100 hours of labor, 
specified price periods, by kind of livestock and by feeding system 

Net returns per 100 hours of labor 2 

Livestock and feeding system 1 Labor 
; per Head olesi9a1-35)| | iiga7-ays h )194a4e 

prices prices prices 

Dairy cows: Hours Dollars Doilars Dollars 

Ve Yio are ya a A al I ht 200 10. 25 14. 31 22.52 
Wedium™ hie hroraints ssa een aoe 193 2. 02 P2515 25. 07 
Miediunashightorage: a 0a sie iow 183 lS 9. 39 20. 56 
Bliohefonace se aah Tejeles Wy) pede. uted 176 —4, 42 7. 61 18. 13 

Feeder cattle: 
Calves) Nigh) Crain ce cere et Meare 17.4 15. 63 66. 32 233. 90 
Yearlings: 

igh omainiteeiea . Mie they th ei ele 15.3 |—29. 93 93. 07 313. 52 
Medivmvforagel jet: 25 fee 19. 0 3. 26 | 116. 37 316. 10 
Va lp Kan ngs ay fz Vegas ck Wedeel lave telah its See ON 10. 9 24. 58 | 173. 39 613. 11 

2-year-old steers, high grain_________ 12. 6 70. 95 90. 32 135. 55 
Beef herd: 

400-pound calf, high forage________- 15.0 |—89. 33 | —5. 40 |—104. 06 
Calitfed ‘out, ‘high’forage! 23.38 2s 33.0 |—48. 36 27. 70 83. 76 

Hogs: 
Dry lot: 

Jal toa ga) Mee Mee a a OE EAS ee Lhe, .59 | 137. 29 | 725. 42 |1, 616. 95 
Medium forage: #6592 mire ries 65 98. 46 | 656. 92 |1, 521. 54 
ich foragemt 00. sian hoae his r . 70 22. 85 | 558. 57 |1, 351. 47 

Pasture: 
PUL fon ree b ows My ate cy ORY RSD GRA ete aU PN Wy . 59 28. 81 | 574. 57 |1, 098. 30 
Mediumetorage ste ck uae ccey amen .70 | —2. 86 | 411. 42 |1, 765. 71 
High fordgesd [isis Bo" ai Teac . 80 |—83. 75 | 231. 25 |1, 223. 75 

1 See pages 16 to 18 for a description of each system. 
* Net returns are computed as a residual after deducting all costs, including 

the cost of labor at the going wage. 



22 CIRCULAR 905, U. S. DEPARTMENT OF AGRICULTURE 

necessarily follow that it would be most profitable to apply all the 
available labor on hogs. 
Many other considerations, including the interrelationships among 

livestock enterprises, must be taken into account. What table 9 does 
suggest, however, is that with only a small amount of labor available 
it is profitable to apply a large portion of it to hogs before consider- 
ing alternative systems.” With only a small amount of labor avail- 
able for production of livestock, the most profitable use of that labor 
would involve little or no utilization of forage. 

CapPITAL REQUIREMENTS 

Time ordinarily elapses between the date that plans are made or 
production is initiated and the time when returns are realized. Asa 
result, problems relating to capital investment arise in connection with 
farm production. As with any scarce resource, farmers have the prob- 
lem of distributing their capital in a way that will maximize their net 
incomes. They may accomplish this by investing in each enterprise 
up to the point at which the returns from the last dollar of investment 
in each enterprise is equal to its cost. For farmers with adequate sav- 
ings or unlimited borrowing power, this cost is represented by the re- 
turns obtainable on alternative investments off the farm or the interest 
charges that must be paid on borrowed capital. If available capital 
is limited, however, the investment in various enterprises is usually 
distributed in such a way that returns on the last dollar of investment 
in each enterprise are equal for all enterprises (although higher than 
the interest charge), if net income is to be a maximum. 

As indicated in previous sections, it is profitable during a period of 
years to grow at least enough forage to bring total production of grain 
to its maximum. Production of complementary forage is profitable 
even though no return is realized on the forage asa feed. However, 
within a single year forage and grain are always competitive; in- 
creased acreage and production of forage can come only at the expense 

of grain (4). A shift of acreage from grain to grasses and legumes 

ordinarily means lower returns from grain in the few years that are 

required for the new rotation to influence yields of grain. If the addi- 

tional forage is not utilized for feed, gross income to the farm is re- 

duced to the extent of the reduction in returns from grain.* Thus some 

investment (postponement of income) is involved in extending the 

acreage of forage within the complementary range. 

7It should be kept in mind that, in computing the net income for each feed- 

utilization system, forage was charged at its market value. So long as the 

number of livestock on a farm is not adequate to consume all of the comple- 

mentary forage this may represent too high a cost for forage: it may be more 

correct to consider forage as a free good in such a case. It is free in the sense 

that it would be wasted if not fed to livestock (cost of harvesting would need 

to be considered). Under such circumstances costs of feed for livestock that 

consume large quantities of forage would be substantially reduced. A beef 

herd. which can be maintained on practically an all-forage ration, might be quite 

profitable in such cases. 
Net returns may not be reduced by nearly so much, however, as the cost of 

harvesting the forage is avoided. 
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CAPITAL REQUIREMENTS IN RELATION TO FEEDING SYSTEM 

An increase in acreage of forage beyond the point at which total 
production of grain is maximized is not profitable unless the additional 
forage is worth as much in terms of feed as the grain which it replaces. 
If the competitive forage is to have a value it must be sold or utilized 
through livestock. Use as feed involves establishing a livestock system 
large enough to consume all the forage. The size of the investment 
required to feed a given quantity of forage depends upon the kind of 
livestock to which it is fed and the preportion of forage in the ration. 

Kstimates of investment in livestock and necessary buildings and 
equipment required to utilize 100 tons of forage for the several types 
of livestock and feed-utilization methods are shown in table 10. The 
number of head of livestock needed to consume 100 tons of forage is 
based on estimated feed requirements for each of the feeding systems 
shown. The investment requirements are based on average Lowa prices 
for three different time periods. The years 1931 to 1935 were used to 
show investment requirements in a period of low price level. The 
period 1937 to 1941 was taken to represent a moderate price level. The 
years 1944 to 1948 were used as representative of a relativety high price 
level. Estimates of investments for buildings and equipment are 
based on minimum requirements for conditions in the Corn Belt. In- 
vestment requirements were calculated on the basis of 100 tons of forage 
to be consumed. Any farmer can easily convert these figures to cor- 
respond to his own situation. 

It is apparent from table 10 that alternative systems of feed utiliza- 
tion differ greatly in respect to the total capital required to buy (1) the 
livestock and (2) the buildings and equipment necessary to handle 
them. 

In addition to these investments, “working capital” is often needed 
during the production period to pay for feed bought, labor hired, and 
such miscellaneous items as veterinary costs, taxes, supplies, and inter- 
est on borrowed capital. Estimates of the costs for production of live- 
stock are given in table 11. As some of the costs are incurred on many 
farms well in advance of any returns, they are investments similar to 
those in livestock. 

Cost values imputed to labor and feed resources used in livestock 
production (table 11), however, may exceed the actual amount of work- 
ing capital required on some farms. In the case of dairy cows, for 
example, hired labor, commercial feeds, and miscellaneous supplies 
may be paid for from the monthly milk checks and the costs thus in- 
volve no working capital. Farm-grown feeds may not involve much 
outlay of funds, but holding them for feed ties up capital until the 
livestock is sold. Similarly, family labor used in production of live- 
stock may not involve a direct outlay of funds, but, if alternative op- 

°It should be recognized that often investments in buildings are not required 
in order to establish a livestock system. On most farms some buildings can be 
adapted for use for the particular kind of livestock system to be followed. In 

such cases investment requirements for buildings and equipment would be lower. 
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portunities exist for the employment of this labor, the labor used dur- 
ing the production period involves a postponement of income.” 
Many farmers lack capital to keep enough livestock to consume 

all the forage produced, even though the livestock system requiring 
the smallest investment of capital is adopted. If capital is extremely 
limited it may be impossible to invest in any livestock. But it would 
still be profitable to produce forage in the complementary range even 
though capital were not available to buy the livestock to use the forage. 
Livestock enterprises can be gradually built up to utilize the forage 
profitably with a very small initial investment. If, for example, a 
farmer has funds enough to buy a few heifers he can gradually ac- 
cumulate a herd of cows. Although the heifers cannot consume all 
of the complementary forage at the start, an increasing quantity of 
it can be utilized as a larger herd of cows-is accumulated. 

RETURNS ON INVESTMENT IN RELATION TO FEEDING SYSTEM 

Minimizing the capital investment is not the only nor even the most 
important goal. The objective is more nearly one of getting the 
greatest return per dollar of investment. This may sometimes be 
obtained with a system other than the one that requires the smallest 
investment per ton of forage consumed. 
A comparison of the estimated annual net income per $100 of in- 

vestment associated with alternative feeding systems is given in table 
12. In each of the three price periods considered, hogs gave sub- 
stantially higher returns per dollar of investment than other classes 
of livestock. In 194448, for example, hogs on pasture that received 
a moderate quantity of forage returned a net income of $83.01 annually 
per $100 of investment. ‘This was well above the returns obtainable 
from a similar investment in any of the other types of livestock con- 
sidered. But capital limitations may keep many farmers from es- 
tablishing a hog enterprise of sufficient size to utilize all the comple- 
mentary forage. An initial investment of $17,072 in livestock alone 
was required in 1944-48 to establish a hog enterprise large enough 
to consume 100 tons of forage in the form of pasture. In addition, an 
investment of $12,113 was required to provide buildings and equipment 
for an enterprise of this size when these facilities were not already 
provided. Furthermore, the returns for each class of livestock were 
computed on the basis of average operations. As the number of hogs 
handled on a farm increases diminishing marginal returns can be 
expected. 

On Corn Belt farms, a combination of livestock enterprises ordi- 
narily is more profitable than a single type of livestock." Availability 
of labor at critical periods, lack of space or facilities, and other factors 
place practicable limitations on the extent to which a single enterprise 
can be expanded. Although a farmer may be unable to utilize all his 
forage with hogs alone, hogs give a high return relative to other feed- 

On many farms the labor used in production of livestock has no alternative 
use. For those farms the labor cost shown in table 11 greatly overvalues the 
labor required to handle the livestock. Computed costs of feed may a'so be a 
good deal too high for farms that do not have an alternative market for forage. 

“This study does not undertake to determine the optimum combination of 
livestock on a farm. Other studies under way by Iowa State College and the 
Bureau of Agricultural Economics analyze problems of livestock combination. 
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ing systems considered and offer an opportunity for profitable utili- 
zation of forage (table 12). Some of the other systems compared 
in table 12 require relatively low investments to consume a given quan- 
tity of forage—for example, beef-herd systems and the high-forage- 
ration dairy system—but returns per dollar of investment are lower 
than for hogs.” 

TIMING OF INVESTMENT AND RETURNS 

Many farmers place a high premium on present income; they are 
reluctant to invest if they cannot expect quick returns. This situation 
particularly characterizes beginning farmers who are short of capital 
and tenant operators who are not assured of being able to remain on 
a particular farm for more than 1 or 2 years. Unless returns on an 
investment can be realized within that time, the tenant may not be 
able to realize any return at all.* Other farmers can be indifferent 
as to the time span involved before returns on new investments are 
realized. As the timing of returns is more important to some classes 
of farm operators than others, data have been derived to indicate the 
length of time required for a turn-over of capital under the different 
feeding systems. 

The length of time it would take to pay for the original investment 
in livestock from income remaining after paying for feed, labor, and 
miscellaneous costs of production if prices stayed at their 194448 
level is shown in table 13. The length of time required to pay for 
the initial investment in buildings and equipment as well as for live- 
stock from returns above all production costs is shown in table 14. 
In these comparisons, the original investments are assumed to be re- 
tained in each enterprise year aiter year. It is recognized, however, 
that any livestock enterprise can be liquidated at any time and at 
least a portion of the investment recouped. In the case of feeder 
cattle, this is done at the end of each production period. 

Data in tables 13 and 14 are presented separately for these reasons: 
Qn many owner-operated farms, buildings have been provided in pre- 
vious time periods. If not used for livestock they would stand idle. 
On most rented farms, buildings are provided by the landlord at no 
cost to the operator. In such situations only the rate at which invest- 
ments in livestock are regained needs to be considered by the oper- 
ator (table 138). Investments in buildings and equipment are not 
relevant. But on many farms operators may not be able to adopt 
livestock enterprises unless they provide buildings and equipment. 

“The data in table 12 may under some circumstances underestimate the 
returns per $100 investment obtainable from feeding systems that involve a 

‘high proportion of forage because the value of forage fed was imputed at the 
market price. If, as is often the case, no market exists for the sale of forage 
this imputed value may be too high. In that case the real cost of the forage 
may be the cost of harvesting and feeding it. Where the forage is fed as pasture 
this cost may be very small. Livestock systems that utilize large quantities 
of pasture forage may be considerably more profitable in such cases than is 
indicated in table 12. 

*% Many owner operators and landlords may also plan on the basis of a very 
short span. Owner operators or landlords who are advanced in age and who 
do not look forward to many additional years may take a “short-term” view. 
They may prefer to get as much income as possible in the near future to in- 
crease values in their estates. 
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TapsLte 14.—Percentage of initial investment in livestock, buildings, 
and equipment recovered in specified time periods at 1944-48 prices, 
by kind of livestock and by feeding system 

Percentag investment r = : ercentage of me ent ecovered by ‘Years required 

| to recover 100 
Livestock and feeding system ! = 

percent of 
| 2Months | 6months | 9months; 1 year investment 

Dairy cows: | Percent | Percent | Percent | Percent | Number 
Bighsonain je 4 be eo eee. [eee ey al Tit A OAT ere 2b 9. 88 | 11 
Medium high grain. - = -_-% ey le 8.01 | 10. 69 10 
Medium high forage_________ 2. OS al: -4. 15 6. 23 8. 31 12 
Hishforages 6 > ht 1463) 352 | oC eeur 7105 15 

Feeder cattle: 
Calves tbigh oraine) 204% Pukey 2 poh ae ts [cles Sy ape 25. 22 4 
Yearlings: | 

ish args Ti oe Lie ae ae [aioe ae ren nie 25. 21 4 
Medium serait = =o. | ee ee [leet ae a 31. 56 4 
High POFACe set BEER etsy Oe | EA A Sete fe 2 A as bo fe 35. 12 3 

2-year-old steers, high grain__|_______ tee ey & 7. 72 i t2 13 
Beef herd: | 

400-pound ealf, high forage___|_______ aR let] ns, 20 a a hy —5. 32 (7) 
Calf fed out, high forage______ ei hes Fook net ee ee (3) 13 

Hogs: 
Dry lot: | 

Behygorain = 5 eco ae peeeeincr eas eee ede hive 3e 64. 07 2 
Medium forage_________- a cored ane | (ne ~ dae 66. 42 2 
Phigh"toraces 2 ps eo es ‘Spiele F [aioe Gea. eee 63. 53 2 

Pasture: 
EL] thy Serna ine =. os Sates... ed ee Des Sn tee oe ae 43. 52 3 
Medium forages. cit, | ime | Tee (Pee ee | wie eee? 83. 01 2 

65. 75 2 Pieh forge. ee ee | 

1 See pages 16 to 18 for description of each system. 
2 On the basis of 1944-48 cost and price relationships, the beef-herd system 

failed to cover costs each year. 
3 Returns would not be realized from this system until the third year. 

Data in table 14, which show the time required to replace the total 
investment from returns above costs of production, are of interest 
in such situations. 

The timing of returns from various feeding systems has two as- 
pects: (1) The length of time required to replace the original invest- 
ments for establishing the various feed-utilization systems, and (2) 
the nature of the flow of returns during the production period for 
each feeding system. On the basis of assumed 1944-48 price rela- 
tionships, it would take 5 to 6 years to replace the investment in dairy 
cattle from net returns, and from 10 to 15 years to replace the invest- 
ment in dairy cows and the buildings and equipment necessary for 
handling them. It would take 67 years to replace the original invest- 
ment in beef cows for the feeding system that involves production 
of 400-pound feeder calves. When investments in and costs of build- 
ings and equipment are included, net returns from this system are 
negative. But on the basis of 194448 prices the hog- feeding systems 
would provide net returns over costs sufficient to replace the invest- 
ment in brood sows and buildings and equipment within 2 years. 
Farmers who need not invest in buildings and equipment in order 
to establish a hog system could replace their initial outlay of capital 
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at the end of 1 year’s operation without reducing the size of the 
enterprise. 

Feeder-cattle systems, except those for 2-year-old steers, required 
only 8 or 4 years to replace the initial investment in buildings and 
equipment and feeders. They need only 2 years to replace the initial 
investment in livestock from returns above costs of feed, labor, and 
miscellaneous expenses. ‘Two-year-old steers required 13 years to re- 
place all investments and 3 years to replace the investment in livestock. 

The nature of the flow of returns from the various feeding systems 
may be important to some farmers. Dairy systems provide a fairly 
steady stream of income during the year at weekly or monthly inter- 
vals, which makes it possible to pay as you go for labor, feed, and 
other production expenses. Returns from hogs, feeder cattle, and 
beef cows come at less frequent intervals. This often makes it neces- 
sary to borrow money to meet operating costs and expenses for family 
living while production is in process. 

The procedure followed in tables 13 and 14 is useful in comparing 
the relative rate at which returns are realized on investments in 
alternative feeding systems for the set of price relationships employed. 
But the time required for livestock to return the initial investment 
varies with the level of prices. Figure 1 compares the time required 
to return the initial investment in livestock with prices at the levels 
of 1930 and 1940. It is apparent that the timing of the original 
investment with respect to prices is equally as important as type of 
livestock in determining the rate of turn-over of capital. The period 

YEARS REQUIRED TO REGAIN ORIGINAL INVESTMENT IN 
LIVESTOCK MADE IN 1930 AND IN 1940 WITH 

VARIOUS LIVESTOCK SYSTEMS 
YEARS REQUIRED TO REGAIN LIVESTOCK INVESTMENT 

6 ioosty(8 10; f5,/ 2 14 
DAIRY COWS 

(a) High grain 

(b) Med.-High grain 

(c) Med.-High forage [& 

(d) High forage 
FEEDER CATTLE 

Calves, Gd.—Ch. 

Yearlings 

(a) High grain 

(b) Med. forage 

(c) High forage 

Two year old steers ibbhbhnbbbteihetaeeh tae hE CEE SE DoE Eee 
BEEF HERD 

(a) 400 Ib. calf : ae : SRP 
(b) Calf fed out a eee ne nS SS EE SRS RR 

HOGS 

I Dry lot hogs | 
(a) High grain 
(b) Med. forage exer Years required to regain invest- 

()Hishiereee ment in livestock made in 1930 
II Pasture hogs quam Years required to regain invest- 

(a) High grain ment in livestock made in 1940 

(b) Med. forage * Indefinite 

(c) High forage - 

U.S. DEPARTMENT OF AGRICULTURE NEG. 48643 BUREAU OF AGRICULTURAL ECONOMICS 

FIcurE 1.—Years required to regain original investment in livestock made in 1930 
and in 1940 with various livestock systems. 
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required to replace an initial investment made in each livestock feed- 
ing system in 1930 was about three times as long as that required to 
replace a similar investment made in 1940. 

RELATIONSHIP OF FEED-UTILIZATION SYSTEM TO RISK 
AND UNCERTAINTY 

In the organization of a farm the risk element is important. Be- 
ginning farmers or those with low capital equities may prefer a live- 
stock system that provides a steady return—one that does not result 
in large losses, even though average returns may be relatively low. 
Occasional large losses are not so important to farmers who have 
ample capital if average returns are relatively high. If losses are 
incurred in one year, their capital position will allow them to remain 
in farming to gain the high returns in later years. But if a farmer 
who is short of capital loses heavily one year he may have to close 
down his business before the big rewards are forthcoming. 

Farmers often express the idea that different feed-utilization sys- 
tems involve different degrees of risk or uncertainty. High-forage 
rations may involve greater risk or uncertainty because of (1) the 
greater capital invested per dollar of returns and (2) the added time 
required to produce 400 pounds of livestock or livestock product. In 
this section, some estimates are made of the degree of risk or uncer- 
tainty involved in different utilization systems. The data are for 
the same livestock systems that were considered above. 

FEED COMBINATIONS AND MARKET UNCERTAINTY 

Risk and uncertainty undoubtedly play an important part in 
farmers’ judgments of the relative desirability of alternative systems 
of utilizing feed. Their individual attitudes toward risk and un- 
certainty may be influenced by financial position, previous training or 
experience, and such personal traits as timidity, desire to gamble, and 
love for adventure. Most farmers probably are as much concerned 
with the degree of uncertainty associated with alternative investments 
as they are with the relative average returns that can be expected from 
each investment through the years. 
How does the presence of risk and uncertainty affect selection of 

the most desirable grain-forage combination? ‘To most farmers the 
ideal combination would be the one that returns maximum profit 
over time and involves the least risk. Unfortunately, a system that 
combines these qualities may be more than can be expected. Higher 
returns will often be at the expense of greater risk and uncertainty. 

As forage is substituted for grain in the livestock ration the length 
of the production process tends to increase. That is, it takes longer 
to produce a pound of livestock product by feeding forage than by 
feeding grain. Extending the time involved in production may have 
two important effects. First, it may cause the marketing of the 
product to fall into a period of lower seasonal prices. This problem 
can ordinarily be handled by a change in the timing of production; 
for example, the date of farrowing may be adjusted. A second pos- 
sible consequence of extending the production period is that market 
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uncertainty may be increased. As the time is increased between the 
date plans are made and the time the product is sold the chance 
increases that actual prices and costs will deviate from those on 
which the plans were kased. 

MEASUREMENT OF MARKET UNCERTAINTY 

It is apparent that the degree of risk and uncertainty associated 
with different feeding systems must be compared in the final deter- 
mination of the best system. Under conditions of true uncertainty 
no objective measure is possible; the outcome is one of the future. 
How then can uncertainty be measured? One possible indicator is 
the historic variability in returns from each feeding system. If the 
returns from a particular feeding system have shown a great deal of 
fluctuation in the past, it appears likely that they will also vary a 
great deal in the future. (This procedure supposes the future to be 
some rough counterpart of the past.) 

Using this method of measurement, some idea of the effect of sub- 
stituting forage for grain in livestock rations on risk or uncertainty 
can be gained from the information in tables 15, 16, and 17, which 
show the variation in returns from each of several livestock-feeding 
systems for dairy cows, feeder cattle, and hogs for the years 1917 
through 1948. The returns in table 15 refer to returns per $100 
of all cost. Returns in table 16 are per $100 of costs for feed and 
labor only. Table 17 shows returns per $100 of feed costs only. 
These estimates of returns were made on the basis of actual prices 
for each of the years applied to the product produced under each 
system. Costs were estimated by applying annual prices to the quan- 
tities of the various resources used. Inputs of resources for each 
system were estimated, assuming present techniques. Thus the data 
show only the variations in returns that were due to changes in costs 
of factors and prices of products. They do not reflect the variations 
due to fluctuations in production. 
Two aspects of the variation in returns that is associated with al- 

ternative feeding systems are (1) the amount of variation and (2) 
the way in which returns are distributed above and below the average. 
Two feeding systems that give the same average returns during a 
period of years and for which returns vary similarly about the aver- 
age may involve quite different degrees of uncertainty. Returns 
under one system may. fluctuate between 70 percent below average and 
30 percent above average, whereas the other system may provide re- 
turns that vary between 380 percent below average and 70 percent 
above average. Clearly the chances of big losses are much greater 
with the first system. Also, the chances of big gains are much less. 

VARIABILITY OF RETURNS IN RELATION TO LIVESTOCK RATIONS 

The degree of variation in returns shown in tables 15, 16, and 17 
for the different feeding systems for each class of livestock are ex- 
amined first. 

Each table shows two things: (1) The returns from each feeding 
system for each class of livestock are distributed in a remarkably even 
pattern above and below the average returns for the respective feed- 
ing system; and (2) the degree of variation is not greatly affected 
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by increasing the proportion of forage in the ration fed a particular 
class of livestock. In fact, dairy cows that were fed only forages 
showed somewhat less variation in returns per $100 of all costs than 
cows that were fed the high-grain ration. Yearling steers that were 
fed the high-forage ration had only slightly more variable returns 
than those that were fed the other two rations. The feeding systems 
for each class of livestock that showed the greatest variation in re- 
turns showed no greater chance of loss but a slightly greater chance 
of high returns. The difference in variability in returns among al- 
ternative feeding systems for any one kind of livestock was not great 
enough to be important. Thus the information in these tables sug- 
gests that the uncertainty associated with a livestock system is not 
appreciably affected by the substitution of forage for grain in the 
ration. Hence it appears that consideration of risk or uncertainty 
is not involved in the choice of a feeding system for a particular kind 
of livestock. 

VARIABILITY OF RETURNS IN RELATION TO KIND OF LIVESTOCK 

In dealing with the problem of feed utilization it is also useful to 
compare the variability of returns from alternative kinds of livestock. 
The data in tables 15, 16, and 17 indicate considerable differences in 
the variation in returns among the various classes of livestock. First, 
consider the variation in returns per $100 of all costs (table 15). The 
degree of variation was clearly less for dairy cattle than for hogs or 
feeder cattle. However, the frequency of losses (returns less than 
$100 per $100 of costs) was less and maximum losses were only a little 
greater for hogs than for dairy cows. High returns were much more 
frequent with hogs. That is, the chances of loss were no greater for 
hogs than for dairy cattle, and the opportunity for large gains was 
considerably greater for hogs. 
A comparison between hogs and feeder cattle shows less variation 

in returns from hogs. The chances of heavy losses were greater with 
feeder cattle. Opportunities for large gains were about equal for 
the two classes of livestock. A comparison between dairy cows and 
feeder cattle shows that the chances of both heavy losses and large 
gains are much greater for feeder cattle. If the objective is primarily 
one of minimizing the chance of loss, hogs are apparently the de- 
sirable livestock to raise. Feeder cattle are least desirable from this 
standpoint. 

The variability of returns per $100 of feed and labor is somewhat 
larger for all livestock systems than when all costs are considered 
(table 16). The pattern of the variation is very much the same, 
however—there still appears to be no relationship between variability 
of returns and substitution of forage for grain in the livestock ration. 
The relative variability of returns per $100 of feed and labor costs 
for the different livestock classes is similar to the situation in which 
the variabilities of returns per $100 of all costs are compared. 
A comparison of the variability of returns from different livestock 

systems on the basis of cost of feed only is made in table 17. On this 
basis, the risk of losing money with dairy cattle is much less than 
with either feeder cattle or hogs. Even in the poorest years, dairy 
cows returned more than $120 per $100 worth of feed fed. Feeder 
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cattle failed even to cover costs of feed in 6 to 10 of the 82 years. 
Many farmers might well consider the uncertainty associated with 
alternative livestock enterprises in these terms. When family laber 
is plentiful and has little other opportunity for profitable employment, 
a low return to labor may be a small risk compared to the possibility 
of not being able to meet feed costs. 

ADJUSTMENTS TO CHANGING PricE RELATIONSHIPS 

Comparison of the degrees of variability (risk) associated with 
alternative feeding systems has been made on the assumption that a 
particular feeding system is followed consistently through time. 
Actually, farmers need not follow the same system year after year. 
They may alter the proportion of forage in the ration from time to 
time. Also, there is often an opportunity to shift from one kind of 
livestock to another. However, once investments have been made in 
specialized buildings, equipment, or fences, it may be difficult or 
expensive to adapt these facilities to other kinds of livestock. Spe- 
cialized knowledge and skills may be required for handling a partic- 
ular kind of livestock and this may deter farmers from changing 
from one class of livestock to another. But changing from one ration 
to another is usually easy. Changes can be made quickly and usually 
with little alteration in facilities. 

ADJUSTMENTS BETWEEN ENTERPRISES 

The uncertainty involved in making investments for buildings, 
equipment, and other facilities is important. Many of these invest- 
ments extend for years into the future. Facilities for handling dif- 
ferent classes of livestock are more or less specialized and are often 
difficult to adapt to other uses. It follows that not only are price and 
cost anticipation for several years ahead subject to a great deal of 
error, but also it is often difficult to reverse decisions based on these 
expectations. For example, a farmer may believe that dairy prod- 
ucts will bear cost and price relationships such that in the next 
10 or 20 years it will be profitable to build a dairy barn, buy the 
necessary equipment, and stock his farm with a herd of good-quality 
dairy cows. He may find a few years hence that his anticipations 
were wrong and that feeder cattle, hogs, or beef cows show much 
better prospects for profit. But at this point it is not easy to turn 
back. The facilities and equipment used in dairy production are not 
well adapted to other kinds of livestock. Considerable investment 
may have gone into building up a herd. It may not be possible to 
recoup all of the investment in the dairy herd and to expand the hog 
or feeder cattle enterprises instead." 

ADJUSTMENTS BETWEEN RATIONS 

Although it may not be feasible to change from one kind of livestock 
to another from year to year, adjustments are possible within a par- 

“Tt is possible to plan facilities to permit greater flexibility between enter- 
prises. Ordinarily, the better suited facilities are for a particular livestock, 
the less flexible is their use. Flexibility is often achieved at the expense of 
somewhat less efficient production for any one enterprise. 
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ticular class of livestock without much difficulty or expense. ‘The 
amount of forage in the ration for each class of livestock can be varied 
within wide ranges. The feeder-cattle system can be varied in several 
ways. One can shift from yearlings to calves or 2-year-old steers, 
or from choice feeders to medium feeders, with little difficulty. Even 
within a production period, up to the time the livestock are marketed, 
adjustments can be made in the feed combinations fed. Uncertainty 
as to cost relationships tend to decrease as the date of sale of the live- 
stock products approaches. Estimates of milk prices used in deciding 
to build the dairy barn may differ widely from the actual prices 
received for milk during the lifetime of the barn. But one can 
estimate more exactly the price that will be received for the milk 
produced from the hay and grain fed to a cow today. ‘Thus price 
estimates formed at the beginning of each production period are 
likely to be a great deal more accurate than estimates of prices during 
a long period of years, which are the basis for a decision to establish 
a particular livestock system. 

If expectation could be formed correctly at the beginning of each 
production period it would pay to adjust the feeding system for each 
class of livestock in accordance with the principles set down in pre- 
vious sections of this report. That is, if the price of forage were 
expected to decline relative to grain, it would pay to folléw a ration 
which included a high proportion of forage.* ‘Table 18 shows how 
returns during 32 years would have been increased by making such 
adjustments from year to year. Hogs fed on pasture provide a good 
example. No single feed combination was most profitable in all of 
the 32 years. Hogs fed no forage were most profitable in 9 years; 
those fed a moderate quantity of forage proved most profitable in 18 
years; and those fed a large proportion of forage gave highest returns 
above all costs in 5 of the 82 years. 

If expectations as to prices and costs had been formed correctly by 
weaning time and the optimum feed combination selected accordingly, 
profits from the hog enterprise would have been greater than if any 
one of the three feeding systems had been followed consistently year 
after year. In this case, the returns per $100 of all costs would have 
averaged $124, slightly higher than the $122 realized by consistently 
following the ration that contained a moderate amount of forage. 
Average returns per $100 of costs from dairy cows would have been 
increased from $119 to $121 by adjusting to the most profitable ration 
instead of following the high-grain ration year after year. By select- 
ing the most profitable of the five systems of feeding feeder cattle 
each year, returns would have averaged $132 per $100 of all costs as 
compared with only $1138 by feeding yearling steers a high-forage 
ration each year. Also, the number of years in which returns failed 
to cover all costs would have been reduced from 12 to 7. The number 
of years in which returns would have been insufficient to cover costs 
of the feed would have been reduced from six to only two. Unfortu- 
nately, the possibility of anticipating price relationships correctly at 
the beginning of the feeding period is much greater for feeder cattle 
than for hogs or dairy cows. 

* Adjustments in the ration from time to time during the production process 
as estimates of cost relationships are revised are possible also. 
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On the basis of these data, apparently for those farmers who are 
able to do a good job of predicting prices and costs there may be a 
substantial advantage in adjusting the feeding system for feeder cattle 
each year in accordance with expectations. Those who are not able 
to estimate future price relationships well will probably be better off 
if they follow one system consistently. According to these data, dairy- 
men and hog producers would find only a small advantage in changing 
their feeding systems from year to year, even if they were able to 
predict future cost relationships accurately. It should be recognized, 
however, that the alternative feeding systems considered here repre- 
sent only a few of the large number of possible feed combinations. It 
is possible that the most desirable combination, from the standpoint of 
profitability and risk or uncertainty, may differ from any of the 
feeding systems considered in this report. 

ADJUSTMENTS IN LEVEL OF PRODUCTION 

The foregoing analysis was concerned with selection of the best 
* feed combination for given levels of livestock production. But along 
with selecting the optimum grain-forage combination, the individual 
farmer must decide whether to feed his dairy cows to produce, for 
example, 7,500, 8,500, or 10,000 pounds of milk. He must decide 
whether to sell his hogs at 200, 225, or 250 pounds. The most profit- 
able level of production depends on the price of the product relative 
to the prices of the production factors, and on the response in pro- 
duction to the application of successive units of the productive factors. 
More precisely, the most profitable level of production is attained 
when the cost of adding the last pound of livestock product per animal 
just equals its price. Any change in either the price of the product 
or the cost of the factors of production will alter the optimum level 
at which to produce. As price and cost relationships change continu- 
ally, selection of the level of production involves considerable risk 
and uncertainty. 

As the production process progresses, a farmer may continually 
revise his estimates of prices in relation to costs and, up to the time of 
sale, he may make some adjustments in the level of production. For 
example, when his hogs reach a weight of 200 pounds he can decide 
whether it will pay to carry them to heavier weights. The closer 
he comes to the date of sale the better his estimates of prices will be. 
But even then he cannot predict exactly the price that will be obtained 
on a particular day, as day-to-day variations in prices are often large. 
Nevertheless, as additional information is ordinarily obtained as the 
production process progresses, estimates of expected price-cost rela- 
tionships, and consequently the planned levels of output, are constantly 
revised. With each revision of the planned level or production, he 
needs to adjust the forage-grain combination in the ration if rates 
of substitution between feeds or the risk and uncertainty associated 
with various rations differ significantly. 

SUMMARY 

Grasses and legumes may contribute indirectly to farm income by 
increasing or maintaining yields of other crops during a period of 
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time. In addition, they have a direct value as a livestock feed. 
Farmers generally are aware of these benefits of forage in a farm 
organization, but problems of utilization make it difficult for many 
farmers to determine the profitability of further increases in produc- 
tion of forage. 

Three basic sets of relationships determine the forage-utilization 
system that is most profitable for an individual farmer. These rela- 
tionships are: (1) the rate at which forage substitutes for other feeds 
in the livestock ration and the rate at which forage substitutes for 
grain in the crop rotation; (2) capital and labor requirements; and 
(3) risk and uncertainty. 

RoTATION RELATIONSHIPS 

Forage may be either complementary or competitive with grain in 
crop production. It is complementary if an increased acreage of 
forage causes total production of grain from a given area to increase. 
Forage is competitive with grain if greater acreage and production of 
forage is achieved at the expense of a decrease in total production of 
grain. Data examined in the study upon which this report is based 
show that when forage makes up only a small proportion of the 
acreage in a rotation it is complementary with grain—increases in 
the proportion of forage in the rotation result in increases in output 
of grain. Additional increases in the proportion of forage result 
in smaller increases in production of grain until eventually forage and 
grain become competitive—further increases in the proportion of 
forage results in less total production of grain. 

The profitability of increasing production of forage beyond the 
point at which it becomes competitive with grain depends on the value 
of the increased forage relative to that of the grain which it replaces. 
On livestock farms the value of forage is influenced by its value as a 
livestock feed. Thus the relationships of grain to forage in the crop 
rotation and in the livestock ration are crucial to determination of the 
more profitable grain-forage combination. 

FEED SUBSTITUTION IN LIVESTOCK RATIONS 

Many livestock feeding experiments were examined in order to 
estimate the substitution rates between forage and grains as feeds. 
Only a few of these experiments provided data suitable for estimating 
the substitution rates. With the limited data, estimates were made of 
forage-grain substitution rates for dairy cows, feeder cattle, hogs, 
and sheep. Although more experimental work is needed before reli- 
able estimates of the relationships between forage and grain in feeding 
different kinds of livestock under various conditions can be estab- 
lished, the estimates provided in this study suggest the nature of 
the feed-substitution relationships and provide an approximation 
to the substitution coefficients under certain conditions. 

Forage was found to substitute for grain at a diminishing rate 
for each of the four kinds of livestock considered. For example, it 
was found that a cow will produce 8,500 pounds of 4-percent fat-cor- 
rected milk with 5,500 pounds of hay and 5,459 pounds of grain or 
with 4,933 pounds of grain and 5,959 pounds of hay—567 fewer 
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pounds of grain and 500 more pounds of hay. At that level of forage 
feeding, each additional pound of hay replaces 1.13 pounds of grain. 
Each additional 500 pounds of hay replaces fewer pounds of grain 
until as the quantity of hay is increased from 10,500 to 11,000 pouncs, 
for example, the quantity of grain required is reduced only 188 
pounds—or, a pound of hay replaces only 0.28 pound of grain at that 
level of forage in the ration. 

Similar relationships were found for other classes of livestock. 
The replacement value of a pound of forage in feeding hogs was 
found to be about 0.5 pound of grain when the hog ration contained 
no forage; when the ration contained about 14-percent forage a 
pound of forage replaced about 0.12 pound of grain. In producing 
choice beef on yearling steers, a pound of forage was found to have 
a feeding value equal to about 0.4 pound of grain when the ration 
contained about 35-percent forage; when the forage amounted to 
about 85 percent of the ration a pound of forage replaced only 0.24 
pound of grain. Analysis of lamb-feeding experiments showed that 
when the ration contained only 26-percent forage, 1 pound of forage 
replaced about 0.6 pound of grain, and when the ration contained 
64-percent forage, a pound of forage replaced only 0.1 pound of grain. 

CAPITAL AND LAagor REQUIREMENTS OF FEED-UTILIZATION SYSTEMS 

The substitution relationships between forage and grain in the rota- 
tion and in the livestock ration may indicate that it would pay to 
increase production and utilization of forage. But some farmers 
lack sufficient capital or borrowing power to expand their invest- 
ments in roughage-consuming livestock. In allocating their limited 
capital among alternative enterprises, these farmers are concerned 
with getting a high return from a small investment. If they invest 
their capital in the livestock enterprises that yield the highest re- 
turns per dollar of investment they may not have the kind and number 
of livestock needed to consume a large quantity of forage. In such 
cases it will not pay to expand forage acreage beyond the extent to 
which it becomes competitive with grain in the crop rotation. 

The analysis shows that, from 1917 to 1948, hogs consistently yielded 
higher returns per dollar of investment than other classes of live- 
stock that have greater capacity to consume forage. For example, on 
the basis of 194448 price relationships, hogs fed on a relatively high- 
forage ration returned an annual net income of $66 per $100 invested. 
In contrast, a similar investment in good dairy cows fed a high-forage 
ration returned only $7 net income annually. On the basis of 1944-48 
prices, an initial investment of $17,868 would be required to establish 
a hog enterprise that would utilize 100 tons of forage, whereas an 
investment of only $6,642 would be required to establish a dairy en- 
terprise to consume that quantity of forage. 

The amount of labor required for alternative feed-utilization sys- 
tems and its distribution throughout the year must also be considered 
in selecting the feed-utilization system for an individual farm. In 
general, feed combinations that contain a high proportion of forage 
take somewhat more time to produce a given output of livestock than 
do high-grain rations. In some cases this results in greater labor 
requirements per unit of livestock product produced. However, labor 
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requirements are not consistently higher for the high-forage rations 
than for the high-grain rations. Differences in labor requirements 
for various rations fed a particular kind of livestock are small in 
comparison with differences among kinds of livestock. 

RisK AND UNCERTAINTY 

The risk and uncertainty associated with several utilization systems 
were measured in terms of the variability of returns from each dur- 
ing the 32 years from 1917 to 1948. The data show that variability 
of income differs very little for different grain-forage combinations 
fed a particular kind of livestock. Differences in variability of in- 
come associated with different kinds of livestock, however, were im- 
portant. Income from feeder cattle fluctuated a great deal more than 
returns from hogs or dairy cattle. Dairy cows showed the least vari- 
ability in returns. In judging which of the feeding systems is most 
desirable, a farmer may balance the prospective average returns over 
time against the variability of these returns from year to year in light 
of his own ability and willingness to bear risks. 
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