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PREFACE

This bulletin deseribes the principal cconomiie variables that affect
the demand for high-protein and other byproduect feeds. It iz the
fourth stady in a series designed to describe the economie relation-
ships that exist within the feed-livestock economy and the supply-
demand forces that affeet the diffcrent concentrates. Although the
production of individual byproduct feeds i3 small relative to production
of the principuc feed grain—corn—, in the agerecate these feeds com-
prise an umportant part of feed concentrate supplies. especially as a
source of protein. Demand interrelationships amone the individual
protein {eeds, and between the high-protein feeds and the feed grains,
are analyzed, and statistical prico-estimating equations are presented
for the ageregate of all hich-protein teeds and for the principal in-
dividuaal byproduet feeds.  In addition, thiz bulletin brings together
data relating to production and uviilization of these feeds. It is
intended primarily for technical researeh workers in agricultural
economics but should al:o aid extension workers, Government offieials,
and members of the trade in understanding the comples forces that
atfeet the prices of these byproduct feeds, and the extent to which
these forees act differently npon the individual feeds.  Ilt= benefic to
farmers are expected to come through extension and other govern-
ment personnel who work directly with farmers.

Thiz study shodd se used in conjunction with the other three re-
search reports on the feed-tivestoclk sconomy.  The first discusses the
major econoimic forces within the eatire feed-livestock economy,
particularly as thes relate to consumption and price of feed con-
centrates. It includes also & discussion of speeial factors that affect
the price of corn, together with statistieal studies of price, consump-
tion, and sales of rorn,  This investizgatzon 1s published In Technical
Bulletin 1061, “The Demand and Price Strvcture for Corn and Total
Feed Concentrates,” by Richard J. Foote, John W. Klein., and
Maleolm Cloush. The second report i Teetinical Bolletin 1070,
“Sratistieal Analvses Relating to the Feed-Livestock Zconomy.” br
Rickard J. Foote, and presents in detail the statistical and analytical
aspeets of o number of studies reforred to 1n fne first bulletin, It in-
cludes a f-equation model of the principal velationships in the feed-
livestoek economy swhich relates primarily to the November-Aay
periad; however, an ilterative approach is developed which allows
estimation of prices for rhe July September period. The third re-
port, dealing with the secondary {ved erains, is Technical Bulletin
L1080, “The Demand and Price Structure for Gats, Bacley, and Sore-
hum Grains,” by Kenneth W. Meinken.,  This bulletio appraises the
demand fur these gerins in relation to that for corn and total feed
concentrates.
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v PREFACE

To avoid duplication, the feed-livestock economy as a whole is only
briefly discussed here,

Results from a number of statistical analyses are summarized in
this bulletin. Those for the aggregate of total high-protein feeds
relate to & longer time period, but this aggregate has changed consid-
erably over time. Soybean meal, currently the most importaxt by-
product feed, increased in importance rapidly. The number of years
of data available for statistical analyses of this feed is limited at this
time. Thus, although appropriate methods of analysis and tentative
resulis are given based on currently available series, further work on
this important feed will be required in future.

Information was obtained from specialists throughout the United
States Department of Agriculture. Special acknowledgment s made
to Richard J. Foote and Malcolm Clough for valuable suggestions and
assistance throughout the study. Many of the calculations were made
under the supervision of Viola E. Culbertson and Marthe N. Condee,
Extensive use was made of both published and unpublished material
in the files of the Agricultural Marketing Service.

The study on which this report is based was made under authority
of the Agricultural Marketing Act of 1946 (RMA, Title JT).
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THE DEMAND AND PRICE STRUCTURE FOR
BYPRODUCT FEEDS

by

Gerdon. A, King, Agricultural Economic Statistician, Agriculfural
Marketing Service

HIGHLIGHTS

The major contributions of this bulletin relate to the quantification
of demand interrelationships between hich-protein fceds and feed
graing, and to demand relationships among the various individual
lFﬁ}yproducb feeds. The statistical analyses were fitted, in general, to
the pertods 1921-41 and to 192141 plus 1946-54. These analyses
suggest that the demand for high-protein feeds for the period between
World Wars T and II was less elastic than in the postwar vears, al-
though the coefficients do not differ from cach other by & statistically
significant amount. The indicated elasticity of demand for high-
protein feeds in the interwar period is about unity, compared with
— 1.6 for an analysis that includes both the pre- and post-World War
Ilyears. ~ An increase in the elasticity of demand for feed grains also is
suggested. This and other studies suggest that the dirces elasticity for
high-protein feeds is approximately twice as elastic as that for feed
grains. High-protein feeds and feed grains appear to have been
strongly competitive on the average in these years.

Determination of demand coefficients for individual high-protein
and other byproduct feeds is difficult, owing to the interrelationships
with other feeds. Ior some items, regional conditions of supply and
demand are important. The twe most important high protein feeds,
m terms of volume used, are soybean and cottonseed menls. Sta.
tistical analyses suggest a cortain independence in demand for these
items, and also for linseed meal, reflecting diferences in their physical
characteristics and their relative valuc in rations for various types of
livestock. Studies for the individual feeds confirm the expectation
that demand for an individual feed is more elastic than for the aggre-

ate of total feeds, although the indicated specific level of elasticity

iffers depending on the cxact way in which the analysis is formulated
and the years used. Statistical analyses are shown for each of the
more important byproduct feeds, and a discussion of factors that
affect relative prices is given for other items. Statistical series on
supply and disposition that relate to each feed also are shown.

Since byproduct feeds are used extensively in commercially prepared
feeds, attention is given to the formulation of various poultry and live-
stock rations and to trends in the prepared feeds industry. In terms of
tonnage of manufactured feeds, poultry feeds are by far the most
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important. A detailed description is given of the economic and
nutritive factors that determine the composition of various poultry
rations. A decision as to the type of feed to be used to produce
broilers, for example, depends on the prices of the various ingredients,
total feed requirements of the birds, the rates of substitution between
the various feeds, and the time required for growth. Nutritional
advances, over time, such as the isolation of vitamin B-12 and its
subsequent synthetic production, have influenced the relative im-
portance of feed ingredienis in poullry and livestock rations. The
effects of several such developmenls are discussed in detail. The
nnportance of a knowledge of the production functions for the various
poultry and livestock products is illustrated for hogs, since the demand
ior feed inputs is basically asseciated with these relationships and the
demand for livestock products.

Prices of oilseed meals tend to drop markedliy at the start of the
new crushing season, reflecting a seasonal increase in their supply.
There is less seasonal variation in the price of soybean meal than for
certain byproduct feeds—such as dehydrated alfalfa meal and fish
meal—with a more marked seasonal pattern of production. The
scasonal variation in prices of soybean meal is greater than that for
items Jike meat seraps that have liftle seasonal variation in production.
The variation in prices appears to be associated in part with available
supplics of the meal, though other factors, such as seasonal require-
ments for protein supplements, cxert important influences on the
pattern of prices by months. Also, some variation in crushings
occurs during the season, depending on the price of oilseeds and oil
and meal,

TRENDS IN UTILIZATION

In general, byproduct feeds is a collective term applied to products
of other industries that are used for livestock feed. They are im-
portant, especially, os a source of protein for livestock rations. For
purposes of analysis the several feeds are classified according to their
relative protein content, although for some, other nutritive factors
are fully as important. Domestic production provides nearly all
of the quantities fed in recent years, with the notable exceptions of
fish and copra meals and molasses. TUtilization for purposes other
than feed is not important at present, as only about 2 percent of oil-
seed meal supplies was exported in the 1950-54 period and about 1
percent used for food and industrial purposes.

Byproduct feeds nccounted for an average of 18 percent of the
total tonnage of concentrates fed to livestock and poultry during the
1950-54 October-September feeding years. High-protein feeds—
those with a protein content of 20 percent or more—averaged 13
nillion tons or about 10 percent of total coucentrates fed. "These
high-protein feeds, however, supplied roughly 35 percent of the total
digestible protein, whereas other byproduct fceds supplied about §
percent, and grains the remaining 57 percent. Total conceatrates
are the source of about 40 percent of the protein fed to livestock,
with roughages contributing 60 percent (26, p. 5).2

1 Jtalic numbers in parentheses refer to Litcrature Cited, p. 134.
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HIGH-PROTEIN FEEDS

This classification includes three subgroups: (1) The oilsead
meals—soybean, coblonseed, linsced, peanut and copra meals; (2)
animal and marine proteins, which include meat seraps, tankage,
commercial and noncommercial milk products, and fish byproducts;
and (3) certain grain byproducts, including gluten feed and meal,
brewers’ dried grains, distillers’ dried grains, and dried solubles.
The upward trend in total supplies of high-protein feeds is illustraled
in figure 1. Quantitics of these feeds are expressed in sovbean meal
equivalent, converted on the basis of digestible protein content? An
animal unit serics is shown that reflecis changes in animal nwumbers
based on the importance of high-protein feeds in the various livestock
rations.  Supply per animal unit also is given in ficure 1. Quantities
available for feeding inereased from an average of 111 pounds per
high-protein feed consuming animal uniis in 1926-30 to 22§ pounds
in 1950-54. The quaniity of the four feed grains led per grain-
consuming animal unit increased by 10 percent in the same period.
Changes in quantities fed of the various classes of byproduct feeds
and feed grains are summarized in table 1 for selected periods.

ESTIMATED QUANTITIES OF
HIGH-PROTEIN FEEDS FED

Total fed *

MIL. TONS
i

ANIMAL PROTEINS
i ..

[ e e SN OILSEED MEALS

i0

5

0 : GRAIN PROTEINS

POUNDS MIL. UNITS
240 : 1150

High-protein feed consuming enimal vnits

I i —
160 | /i ..'/_“‘ ST m———T 00
o

-_‘__—'-‘N | l
- | 1 Amount per animal onit * |
| i '

80 ._._,J...__.L_,.I..._;_.-L_L... I

50

RSV S OSSN G R O S O R R ot e sy B
1930 1935 1940 1945 1950 1955

TEAR BECINWING CSCTOSER YEOYBEAN MEAL EQUIVALENT

Y 5 DEPARTWLNTY TF ajlTn, 'L BE MEG. 17193- 52 ! AGHICULT LRAL WARKETIHNG SERVICE

Figure 1. The marked upward trend in the quantity of high-protein feeds
fed, both in total and per snimzal unit over the past 2 decades, indicates
an hmprovement in Lhe protein adequacy of livestock rations. However,
the quantity of protein feed required per animal also has increasod to mateh
the heavier feeding of lower pratein feeds and to offset the decline in protein
content of eorn,

? See Appendix pp. 138-54 for actual series and muethods used in conversion,
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TanLe 1.—Byproduct feeds and feed and food grains: Quantity fed,
averages 1926-80, 1939-41 and 1950-54

Percentage change
Year beginning October | in quantity fed in
Amount fed 1950-54 from!—
1926-30 | 1939-41 | 1950-54 | 1926-30 | 193941
Byproduct feeds: Miltion | Million | Million
High-protein: tong fons tons Percenl | Percent
ilseed meals 2_______.._ .. 2.5 4.2 88 249 108
Animald__ . . ._____ 2.8 3.0 2.8 2 —§
Grain 4 e 7 1.2 1.6 114 3L
Total__ . _ 6.0 8 4 13. 2 119 56
Medium-protein:
Wheat millfeeds___________ 5. O 4,7 4.7 —5 2
Alfalfa meal . _____..__ .4 .3 1.2 273 139
Total . o oo - 5. 4 5.2 50 i2 16
Other:
Dried and molasses beet
___________________ 2 3 .h 127 53
Rice millfeeds. ___ . _.__. L 1 .2 170 107
Miseellaneous 5o .- 2.0 2.0 3.2 59 59
Total . oo 2.3 2.4 3.9 69 61
Total hyproduct feads____ 13. 7 16. 0 23.0 6% 44
Grains:
Feed grains. oo B7. 3 80, 4 101. 7 16 14
Wheat and rye_ oo .- 28 4,3 28 —1 —34
Total grains_ .. _.___ 90. 1 93. 7 104. 5 16 12
Grand total ... ______ 103.8 [ 109.7 127. 5 23 16

! Percentage changes ealeulated from unrounded daia,

t Inciudes sovbean, cottonseed, linsced, peanut, and copra meals.

s Includes tankage, meat scraps, fish byproduets, commercial and noncommer-
ginl milk products. The 1954 quantity of tankage and meat scraps included in
this average is taken at 1,073,000; the unrevised figure, comparable with prior
vears. Rovised data for 1934 and subsequent vears are given in tables 8 and 74.

1 Includes gluten feed and mesl, corn pilmeal, and brewers’ and distillers’
dried grains,

5 Tnejudes estimated quantities of hominy feed, oat millfceds, molasses, and
sereenings fed to livestock.

Soybean Meal

Feed uses.—In 1950-54, soybean meal 3 accounted for 62 percent of
the total tonnage of oilseed meals fed, 41 percent of all high-protein

4 The term “meal,” as used in this bulletin, includes quantities produced and
sold as mesl or fakes from the solvent exiraction process; meal or cake from the
hydraulic process; meal or chips from the screw-press progcess; mesl from grinding
undefatted beans; and quantities sold in cube or pellet form.




DEMAND AND PRICE STRUCTURE FOR BYPRODUCT FEEDS 59

feeds fed, and 24 percent of all byproduct feeds fed. It has been the
most importent protein supplement since about 1942, In 1926-30,
84,000 tons were fed anmuslly, of which more than half was imported,
but by 1939-41 the quantity fed annually increased to 1,517,000 tons,
and by 1850-54, to 5,452,000 tons. Soybean meal is used exten-
sively in formula feeds; Jennings (27, p. 19) estimates that 88
percent of the total quantity fed was so utilized in the year beginning
October 1849. For this year, poultry on farms consumed 42 percent
of the total quantity fed; hogs, 29 percent; dairy cattle, 20 percent;
and all other livestoek, § percent.

Although soybeans are processed by three methods—mechanical
pressing, solvent extraction, and grinding undefatted soybeans—the
solvent extraction method currentry accounts for ahout 95 percent of
the total. Soybean oil and meal are the principal products, but some
processing is done to obtain four instead of meal. Full-fat flour is
obtained by grinding undefatted soybeans, and low- or medium-fat
flour, by the solvent extraction and mechanical processing methods,
respectively.  Also lecithin is produced mainly for usc in foed. Soy-
bean flour 1s used both lor edible and industrial purposes. The relatitve
mmportance of the several nonoil byproducts of soybean processing, as
reported by the Census (59, p. 18) for 1054 is as follows:

. Thousand
Saybean nonoil products:

Cake and meal
Indu=trial soyv flonr
Lecithin

Tdible soy flonr, full-fak
Other

Trends in the utilization of soybean meal are given in table 2.
Currently, nearly all meal is used as livestock feed, though exports have
heen important sinee 1948, Industeinl uses in addition to industrial
flour, which is reported separately, are estimatled at 30.000 tons since
1950. Data shown in lable 2 include small guantitics of low- and
medium-fat flour for years before 1949,

Indusirial uses.—The more important industrial uses of soybean
proteins are as woodworking glues in the manufacture of plywood and
as paper coatings. Industrial uses of soy flour, meal, and protein
isolate are discussed fully in a recent report on the marketing poten-
tial for all oilseed protein material (2). The soy-protein isolate is
produced mainly by the solvent oxiraction method and is obtained by
treating the sovbean protein flakes chemiceally so as to remove cellu-
lose, sugar, and other nonprotein ingredients. It is used mainly in
water emulsion paints and wallpaper coatings. For 1951, an esti-
mated 13,000 tons of soy-protein isolate were used for industrial pur-
poses, in addition to 23,000 tons of soybean meal. Production of
industrial soy Aour has increased in recent years; in 1954 it amounted
to 38,000 tons.

Lzports.—Exports shown in table 2 for 1946-50 were largely mili-
tary relicf shipments of high-gquality mesl and low-fat flour.  Exports
of mesl for 1951-53 averaged less than 1 percent of total supplies, but
in 1954-56 about 6 percent of supplies were exported. In most years,
exports have not been important,

Imports—Imports of meal were larger than domestic production
until 1930, and they accounted for a significant proportion of supplies
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TaBLE 2.—Soybean meal: Supply and disposition, 1921-56

Supply Disposition
Year
!)Bgim{)ing g 5 Fgod ;

ctober tocks, | Produe- . ) - and in- | Use for

October 11| tion? |imports; Tolal ports ¢ | dusérial { feed

uses 4

1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000

{ons tons tons {ons lons {ons {ong
192 ... 1.3 2.1 3od | 3. 4
W22 .. E ________ 3.8 12,3 0. 1 | 161
1923 _ .. .. T mcmeue 2. 4 211 28. 5 | e 23. 5
1924 v .. T.h 18. 3 pLi N1 D [ 25 @
1925 .. 86 18. 8 28 [ oo 2R 4
1926 _ L., 8.3 23.0 322 | e os 32.2
1927 ..ol 13. 7 47, 7 6L 4 || 61, 4
1928 __ .. . 25 69. 5 GL O oo |eoaaoao 91.0
1929 e 40. 7 3.5 B X S SO (R, 114. 2
1930 ... Jomm s 8. 5 24. 0 P20 | L _ 122 8
1931 ... _._ [ 114, 7 18. 6 33 e 133. 3
1932 ... foemee . 84.3 28.3 | 26 |ocaooi oo 112, 6
1933 ... __ femmee 73,9 25. ¢ 3SR (R [N 98. 9
1934 ... frrmmene 220, & 64. 2 2846 | 18. 0 266. 6
1935, _..-.... _.._1 0BI33 2.0 (729 0 S N 18.0 614, 1
1936 ... __. L 485, 8 55. 7 31,5 oo oo. 20. 0 531 5
1937 ... | I [ 7341 15. 5 T35, 6 [coweooen 210 718. 6
1938, .. .. | S i, 064, -+ 123 11,076, 7 i35 0 22.0 | ,016. 7
1930_ ..ol ', 348. 8 121 [1,380.9 1 623 23.0 | 1,275. 6
1840 ... . PP 543, 4 814,501 5 25. 4 3501 1,481 1
125 AU il, B4, 9 0 1, 844, 9 10. 7 40.1 ] 1,785, 1
1942 L. 03,200.3 0 3,200 3 20. 9 106. 5| 3,073. 9
0B Lo 15,4460 0 3,446 0 i1 W71 3,322 8
B 3, GO8. 6 0 3,0698. 6 10. § 6l. 4| 3,627 2
45 _C . VT sisan sl ¢y (383t s .0| 18.4] 36549
46 p L. L |4,088 4 0 4, {¥86. 4 1.7 189. 3 1 3,745, 4
10947 .. e a..aa3,832.7 03,8327 P05 7 353. 8 | 3,383 2
M8 L. 316G 4,330. 5 3.2 44,3653 1 7T150. 6 * 3.9 4,187, 5
1949 .. .. 13.3 |4,585. ¢ 36.1 |4, 625.0 ) 7474 25.0 | 4, 517. 4
1650 ... ... 35.2 |5, 886. 7 328 (5,064 7 | T18L L 30.0 | 5,718. 1
1951 _ ... 35.5 15,708, 7 24, 1 j&,763. 3 41, 8 30.0 | 5, 640. 0
1962 .. 51.5 15,5513 4101 A 643 g 46. B 30.0 ] 5 510.3
1983 ... __ 56. 8 15, 00 B 15 6 |5 123. ¢ B6. 5 ) 30,0 4,954 9
1964, .. ... Gl. 6 15, 704 8 0 H, 766, & 2L ¥ 30.0 14 5,427. 5
5a5°, . 37. 2 {6, 545. 8§ 4 6,583.0 400. 1 30.0 | 6,041. 8
185G, __.y L11,3 17,508 3 17620, 7 443. 2 3.0 7,082, 8

! Stocks at erushers’ plants.  Not reported prior to Tebruary 1949,

2 Prior fo January 1949, devived from census daty on crushings; January 1049
éo?dz(xtg,) compiled from Awnimal and Vegolable Fats and Oils (59 and Fals and

s (607,

? Meal only, DPrior Lo 1938, not separately reported.

* Partly estimated,

® Residual,  Includes small guantities uiilized for food and industrial purposcs
for yenrs prior to 1934,

8 Less than 50 tons.

7 Includes milibery reliel shipmoents abroad,

¥ February 1, 1940,

* Beginning Januvary 1949, estimated use of meal for Jndustrial usc only, Pro-
duction of flour for food and industrirt uses reporled separaiely.

8 Preliminary.

-
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until 1937. Since 1937 domestic production has inecreased rapidly;
currently, this country is a nel exporter of both meal and soybeans.

Stocks.—Stocks at crushers’ planls have been reported monthly
since 1949.  Quantities vary considerably during the crushing season,
but normally reach & low point on October 1 when crushings of the
new crop are usually heavy. In 1950-54, stocks on October 1 aver-
aged 13 percent of the disnppearsnce during September, whereas May
1 stocks averaged 32 percent of the April disappearance.

Cottenseed Meal

Data on the supply and disposition of cottonsced meal in table 3
are shown for the year beginning October. Demand analyses for
high-protein feeds and for individual feeds are presented for this
period, although for some feeds this does not conform to the usual
marketing year. Cottonsecd meal is usually shown for an August-
dJuly crop year. Production of cottonsecd meal, by months, varies
considerably morc than docs soybean meal. Tor 194 6-65, index num-
bers of seasonal production of cottonseed meal varied from a low
of 31 in July to a high of 177 in October, whercas soybean meal varied
from a low of 74 in September to & high of 116 in January, This
difference is due in part to the fact that cottonseed tends to deterio-
rate in storage, wherens soybeans can be stored for long periods with
only minor losses. Apparent monthly disappearance shows a similay
patbern.?

Feed uses.—Cotlonsced menl necounted for an average of 28 per-
cent of the total tonnage of vilsced meals fed in the 1950—54 period,
and 19 percent of all high-protein feeds fed.  About 2% million tons
were fed annuslly during this period, an increase of 32 perceut above
that fed in 1926-30. This increasc resulied mainly from decreases in
quantities exported and wused for feriilizer. During 1926-30, an
average of 78 percent of supplies were used for feed, whereas in 1950-54
over 98 percent were se utilized.

Jennings (27, p. 19) cstimates that, in the year beginning QOctober
1949, only 28 percent of the lotal cottonseed meal fed was utilized in
formula feeds. About 51 percent was used by beef cattle, mainly in
cake form for range feeding. Dairy cattle used 36 percent, and
poullry, hogs, and other livestock the remaining 13 percent.

Cottonseed meal generally is sold with a guarantecd protein con-
tent of 41 percent, which may be adjusted by inclusion of hulls ob-
tained in oilseed processing. At present, the hydraulic and screw
press methods account for most of the produetion, bub the solvent
method is being used to an increasing extent. Currently, methods
are used to remove the gossypol content, a yellow substance of the
pigment glands of cottonsced. Gossypol gives unfavorable results,
especially In poultry laying mashes, if cottonseed meal is used in large
quantities. Much of the gossypol is chianged into # less harmful sub-
stance called d-gossypol, or bound gossypol, in the heating that occurs
in processing. Another method of removing gossypol is the so ealled
gland-flotation process [sce Pominski (41, p. 558-560)].

* Bee pp. 120-34 for & description of seasonal patterns of procluction and disap-
pearance for prineipal byproduet feeds. Dala on supply, utilization, and prices
of byprodnet and feed grains are given in detail in Grain and Feed Statisties (55).
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TasLe 3.—Cottonseed meal: Supply and disposition, 1921-56

Supply Disposition
Year
beginning Use for—
October Stoeks, | Produe- Im-
Qeto- tion? | ports3 | Total | Exporis
berlt Fertili- | Feed
zer§
1000 | to00 | 1000 | 1000 | tooo | too0 | 1000
lons {ony tons lons ions tons
LT L B4 T [ 1, 420. 4 237, 8 80.0 | 1,044 €
L0 0L 458, T el 1, 5317 200. 8 75.0| 1,208. 5
L4 11,551 4 o ____ 1,598 3 142 1 75,0 1,333 8
gl 6| . 2, 981.5 | 472.7| 1600 [ 1,559 4
L4 12,5648 83 f ... 2,653 7 367. & 230.0 1 1,628 9
L4 12,923. 0 L. 3,050.4 | 493. 6| 800.0( 2,148 2
L6 |1, 0818 f. .o 2,000.4 1 200.7 151.0 ] 1, 587. 3
.4 12,3320 14 3 12,407, 7 300, 7 93.0 ] 1,922 &
.5 |2, 2R8. 0 18. 5 |2, 380. & 126. 2 132. 0 2 014. 7
1|2 065. 6 .3 12 183.0 55,1 188.0 | 1,821.0
L0 12,409, 2 1. 112 618.2 218. ¢ 458 0 1 746. 4
.92, 104 O 3.0 2 300.8 145 8 226. 0 l £80. 3
L7911, 834 5 5.0 12,087 2 63. 1 185.40 | 1,700 5
.6 11, 588 4 47, 4 11, 804. 4 2.9 3.0 l 524 3
.2 1,791 2 5.7 1,901 1 10. 8 137,01 1,718 3
.2 12, 145. 7 26,8 12, 207. 7 12 6 82.0 ) 2,009 2
.9 12,750 1 4 6 (2, 867. 6 88. 5 187. 0 { 2,332 7
.4 |1, 969. 9 4.4 12233 7 1.6 86.0| 2,012 9
.2 13,775, 0 33,0 41,831. 2 4. 4 68.0 | 1,761 7
. 6 |1, 988. 3 52.242,137. 1 .9 0L 0 1,86L 9
.31, 7917 37.8 )2, 002. 3 1.1 3641 1,820 8
.4 ]2,014. & 46.8 12, 206. 1 L7 8.0 2,077. 5
.8 11, 748. 9 96.3 |1, 804, 1 .6 42,01 1,790.0
.5 11,816, 3 87. 4 |2, 065. 2 ] 34. 01 1,88L 6
.6 |1, 400 8 47.6 |1, 507. 0 ) 19,01 1, 432 8
.4 11,428, 3 15.6 11,498 3 53 21.2 ] 1,434 4
-4 |2, 015, 6 13. 8 |2, 067. 8 9.6 30,6 1,953 0
.2 |2, 418. 1 39.5 12,530, 8 121. 7 40.0 ¢ 2,271 0
. 1 {2, 495 6 i04. 8 (2,699. 5 i23. 6 40.0 ; 2, 882 4
.5 |1,723. 3 90 7 i1, 967. 5 13.2 3.0 | 1,853.3
L00]2, 524 2 201.9 |2,797. 1 35 0 20.0 | 2,650 1
.0 12, 681. 0 135.6 |2,898. 6 55. 2 3.0 2 67L 0
. 4§13, 014 4 69. 8 13,226, 6 66. 1 30.0| 2,925 5
.0 {2, 515, 4 32.3 12, 752. 7 187. 8 30.0 2,404 7
212,628, 1 59, 4 |2, 837. 7 155 7 30.01 25111
19567 __.___ 140 912, 2823 54. 6 12, 484. 8 361 3.0 2215. 5

! Stocks ab crushers’ plants,
® Compiled from Animal and Vegelable Fals and Otls (58) and Fats and Oidls (60),
3 Not reported separately prior to January 1929,

+ Meal used as fertilizer on cotton farms, as reported in Ootton Production (58}
for crops through 1947, and cstimated for subsequent years. Additional quan-
tities are purchased for fertitizer, especially in earlier years, but no data are
available.

& Less than 50 tons.

¢ Ineludes Commedity Credit Corporation stocks of 33.6 thousand tons, 4.4
thousang tons of which were aé mills and 20.2 thousand at other positions,

7 Preliminary,
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Fertilizer —Cottonseed mesl formerly was wsed widely as fertilizer
in producing areas. The fertilizing coustituents of meal constaining
41 percent probtein are as {ollows: Phosphorus, 1.2 percent; nitrogen,
6.6 percent; and potassium, 1.5 percent. In 1926-30, 7 percent of
supplies were used for fertilizer on farms of cotton producers, but in
recent years the demand for feed and alternative supplies of fertilizer
have been such that only about 1 percent is so used.

Byports —Exports were [airly large in the 1920’s—they amounted
to more than 10 pereent of supplies during 1926-30—but for most
yvears since they have been of minor importance and usually less than
1mports.

Stocks.—S8tocks of cottonsced mieal arve vsually at a low point on
September 1, whon crushings of the new crop become heavy, and in
recent yvears they have about cqualed the previous month’s utilizsa-
tion, Data on stocks for October 1, as shown in table 3, are con-
siderably higher than for September 1.

Linseed Meal

Feed uses—Linsced meal asccounted for an average of 6 perecent of
the total tonnage of oilseed meals fed in 1950-54 and 4 percent of the
total tonnage of high-profewns feeds fed. Currently, production of
meal is [rom domestically produced flaxseed only, and unporis of
meal ns such have been small in most years, ns shown in table 4.
Before World War I1, exports of meal were large in relation to total
production; however, the flaxseed crushed in that period inclvded
large quantities imported from Argentina. This was crushed in
plants located along the Atlantic seaboard. Aluch of the meal pro-
duced from imported flaxseed was then exported, mainly to European
couniéries {see p. 11). Apparent disappearance for all years largely
reflects meal produced {rom crushings of domestically produced flax-
sced plus imported mesl, although meal from imported flaxseed was
used domestically in some years prior to 1940 for which domestic
production of flaxseed was unusually low.

About 60 percent of the total quantity of linsced meal was utilized
in formula feeds in the year beginning October 1949, according to
estimates by Jennings (27, p. 19). Linseed mesl is used widely as a
feed for dairy catile, both for ils protein content and for other char-
acteristics, such as palatability, conditioning and slightly laxative
effects.  In the fecding year 1849-50, about 60 percent of the total
fed was utilized by dairy cattle, the remainder chiefly in beef cattle,
sheep, and hog ralions. Only minor quantities are used for pouitry,
as it 1s nol considered a desirable source of protein in the poultry
ration.

Linseed meal produced from domestic flaxseed by the screw-press
process is generally sold with a gusrantced profein content of 34
percent, though meal sold on the San Francisco market most com-
monly is quoted at 28 percent. In recent years, solvent-process mesal
has become more important and is usually sold with o guaranteed
protein content of 368 percent.  Meal produced {rom imported Argen-
tine flaxseed had a somewhat lower protein content,

Fxports—xports of meal varied considerably in the period follow-
ing World War [J—they were negligible in 1852, 13 percent of supplies
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TasLe 4—Linseed meal: Supply and disposition, 1921-56

Supply Dispositien
Year beginning
Qctober

Stocls, | Produe- | Imports BExporis | Use for
Octoberl! tion? feed

1,000 | 1,000
fons ions
220, 198.
302. 307.
290, 365.
337. 417,

441
324, 425.
290. 493.
361 439,
232 368,
204, 334
169, 204,
168. 202,
241, 142,
205. 202,
210, 263.
328. 273,
177.
202
383,
740.
891,
794
098,
458,
563.
369,
605.
£149.
670.
3L
519.
478,
526,
487.
430,
483,

989,
459,
563,
374,
634.
712
782.
786.
543,
501.
800,
HB84,
603.
a 589,

. B
. 3
.
. 6
. 5
.5
Y
. 3
.5
L L
. 3
.2
. 7
. 2
.2
. 9
.3
.8
.3
. B
.2
L0
25
13 0
12
8
1
3
0
3
4
6

gy
e

b b3

LN =IO I~ = ORI O T - e . OGO IR O OO N NO DO O NN
ROS, S we

PR BD OO DO N SR T G ST GN B e G T 03 00 00 65 6 1S BD D 5D e pe s D] 4D o O

0O for 53 EN pa €0 T3 O W G0 b= 0 i T C00 pn 340 IND D G0 £ et D0 3D W G2 € i G et e i ST b N D
e (Y LR B R D GO DD OO N SO =] C e S T IR D S B A B P - b B = D ST D O kD s

La-l0apIcaTnochin

075,

' Stocks at crushers’ plants.  Nof reported prior to February 1949.

2 Production from domesbic and imported flaxsecd. Prior to January 1948,
derived from Ceusus data on erushings; January 1948 to date, compiled from Animal
and Vegelable Fats and Oils (59 and Fats and Gils (80).

3 Calendar year following,

4 Less than 50 tons,

§ February 1, 1949,

& Preliminary.

in 1954, and 25 percent in 1355. In the prewar period, imports of
flaxseed excecded domestic production in 14 out of 22 years durin
1920-41, bub large quantities of the meal produced from importe
flaxseed were then exported to European countries, Table 5 shows
the quantity of flaxseed imported, estimated meal production from
these imports, and the quantity of mesl exported for years beginning
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July 1930-42. Imports of flaxsecd have been negligible in recent years,
If consideration is given to the 10-year period, 1930-39, before exports
to Europe were cut off due to World War II, the general level of ex-
ports, for most years, corresponds to the estimated production of
meal from imported flaxseed. Two years—1934 and 1936—stand
out in sharp contrast; in these years the domestic crop was small
owing to drought. Excluding 1934 and 1936, total exports averaged
89 percent of estimated production from imported flaxseed in the years
1930-39.

Imporis —Imports of meal amounted to about 5 percent of produc-
tion in 1951 and 1952, but were not important in other post World
War II years. During 1926-30, imports cqualed an average of 6
pereent of apparent disappearance, but were not important after 1936.

Stocks~~The crop year for flaxsced is July=June, but production of
linseed meal, by months, is fairly uniform during the year. Data on
stocks at crushers’ plants have been reported by Census since Feb-
ruary 1948, No distinct pattern of stocks is evident, although
quantities ave likely to be relatively high in fall and low in spring.

Tanuy 5.—Linseed meal: Esiimaled production from imported flaxseed
as compared with exports, 1930-42

LEstimated production from Exports of meal
imported flaxseed

Difference
Year beginning July Average | Estimated from csti-
Importsof | yield per | produc- mated pro-
flaxseed bushel tion of dugtion
erushed ¢ mei 2 from im-
norted
flaxseed

Million
bushels Pounds | 1,000 tons | 1,000 lons | 1,000 fons

7 306. 44 153 (
30. 251 221 — 30
30. 113 121 8
35. 319 273 — 46
3a. 271 190 —81
3. 276 230 — 4§
35. 463 281 — 182
3s. 317 278 —39
35. 330 268 —62
35, 235 214 —21
35. 199 4 — 183
35. 415 7 — 4108
h3 112 10 —102

7.3
13. 8
.2
L
5. 3

SIS W A O A= T2 - 00

DO BD D =1 a0 — e

! Averapge for total crushings.
? Assuming yield of meal from imporied flaxseed equal to averape for total
crushings.

Copra Meal

Copra meal is obtained from domestic crushings of imported copra
and imports of meal as such—it is used almost entirely for feed. "In
recent years, imports of meal amounted to about 40 percent of total

454045—58—2
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Tasre 6. Copra meal: Supply and disposition, 1921-56

Supply Disposition

Year beginning
October Stocks, | Pro- Iin- Ex- Use for

October | due- ports ports feed

tion ?

1,000 , 1,000
tons 3 tons
5. 5

7
.8
]

14

h & . S D e
o Fom s Rre Ren Yo B e ok [ Wl B i L L) WO v Bl e RN

176.
177.
217,
228,
227,
219,
202.
185,
161.
181.

0
5.
]
0
0

226,
220,
213.
196.
181,
159.
180.

.
m
~r

ey

e R gV e R B RCRF]
[ e

e

I A~ MO N D] = =TI D ) = S0 b3 e S I = O — &2 Wn
I.J'Dm—‘thc.n:\c:l-_"—:D:D-\lbﬂ'ﬁ-m--I-JOUG’J-CIC‘J:.'A-I%!OOOI\JCJ!UI@%\QDD—‘UIGHQ
L =D D - W] DWW G-I~ D ~I s b O D e b ~I~3 00 by

(== R R e o LV R B

! Btocks at ernshers' plants,  Nol reported prior o Febirunry 1949,

? Prior to January 1949, derived [rom census data on erushings; January 1949
to datc, compiled from Animal and Vegetabie Fals and Oits (58} and Fals and Otls
[52)]

¥ Calendar year following.

i Qeteber-December.  Not reported sepurately after December.
& Not separaiely reported.

& Tmports for consumption beginning January 1934,

T Februnry 1, 1949.

% Less than 50 Lons.

¢ Preliminary,
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disappearance. Feed use averaged 208,000 tons annually in 1950-54,
or 2 percent of total oilsced meals fed. Copra meal is used mainly in
dairy feeds. In addition lo its value ns a protein supplement, it has a
high capacity for absorbing molasses and is sometimes used for this
purpose in mixed feeds, as pointed out by Alorrison (87, p. 574).
Copra meal generally is sold with a guaranteed prolein content of 20
percent,  Meal production and utilization are mainly in Celifornia.
Stocks tend to be relatively high in the (e}, when produetion of meal
is heavy. Stocks of copra meal at crushers’ plzmls have heen reported
monthly since February 1949. Oclober 1 stocks, logether with pro-
duction, foreign trade, and apparent use for feed, are shown in table 6.

Pzanut Meal

Peanut meal, although amounting o only ahout 1 percent of totsl
oilseed meals, is 2o inportant prolein supplement in areas where
produced. Production of meal during 1846- 50 averaged 130,000 tons
annually and about 20 percent of this quantity was exported. Pro-
duction m 1954 dropped to 18,000 tons, of which 2,000 tons were
exported, hut produclion iner cased to 58 L0600 tons in the year I)vfrmmnﬂ
Uetober 1955, These varistions in ]noduction refloeted (Il-l!lf"r"-‘: in
the Government support program for peanuts and diversion of peanuts
to the Commaodity Credit Corporation for crushing for oil and meal.
Imports have been small in most years, as shown in table 7. Stocks
of peanut meal are usunlly small, reflecting in part & tendencey for
the meal to become rancid if stored in was m, moist climates, 1t is
considered an exeollent protein feed forall ¢ Tasses of livestoek and geh-
erally is sold with & guaranteed protein content of 45 pereent. Peanut
meal is used almost entirely in formula feeds.

Tankage and Meat Scraps

Meat byproducts for hivestock feed are ebtained mainly f:om opera-
tions of meat-packing plants and slaughter houses, though some is
reeovered as meat seraps from further marketing opmataonq A lim-
ited quantity of rendering-plant tankage 1s also produced, but a large
proportion of this & wsed ag feetilizer.  There are two methods of
processing meat byproduets for feed, The older is @ steam rendering
of latly residues - the so-calied wet-rendering method,  “The p:odu(L
is called digester tankage, meal meal l‘!!ll\d"'{‘, or feeding tankage.
Products of a th'_\'—-l'{‘tl(l(‘!'i!lg method of more recent develapment, or
o combinafion of tankage produced by the two methods, also are sold
under these names.  Produocts that contain more than 4.4 percent
phosphorus must be designated as “taniksage with bone” Tankage
prices commonly are quoted for 60 percent protein contend, or in terms
of a price per unit of protein,

When meal seraps ave produced by the dry-rendering method, meat
bypraducts are cooked in an open steam-jacketed vessel 1o evapeorate
the moisture content. The product is ealled moest seraps, meat nieal,
or dry-rendered tankage; and when the phosphorus content exceeds
4.4 percent the product must be designated as * meat and bone seraps™
or something simifar. Bone meal, alse sold separately, is of value for
its mineral content. A thorough discussion of the various processing



http:1'!'IH[('l'ing-plH.nt

14 TECHNWICAL BULLETIN 1183, U. 5. DEPT, OF AGRICULTURE

methods and byproducts is given in “By-preducts of the Meat Pack-
ing Industry” (25) and in Bforrisen (37). Prices of meat seraps com-
monly are quoted at 50 or 55 percent protein content, or in terms of a

price per unit of protein. o

TaBLB 7.—Peanut meal: Supply and disposition, 1921-56

Supply Disposition
Year beginning
October Stouks, | Pro- Tin- Ex- | Use for
October | due- ports Total ports feed
112 tion 2
1,000 § 1000 | 1,000 | 1000 | 1,000 | 1,000
{ons tons tons tons tons tons
192 e e 23. 2 10 23.2 17.3 15. 9
022 _._ e .9 12,4 9.8 .3 9.5
1923 LI 39| 2.3 6.2 () 6. 2
1924 L el 15. 2 1.2 15. 4 {(5) 15. 4
1925 oo meemeeedj 07 3112 12,1 3 12.1
1926 _ - .o .7 12,1 9.8 (%) 9. 8
1927 oAl 1.3 101 29 4 %) 29, 4
1928 e [ 12,2 0,3 17.56 Q) 17. 5
1929 . . .. R, 26. 8 283 351 # 35,1
1080 .. ... 1Ba) s2.2 17. 8 o 17. 6
108 L b 11. 4 12,3 13.7 " 13. 7
1932 _ oo - 14.6| 322 16.9 & 16.9
1833 L ._ 10. 2 41,2 il. 4 {5 11. 4
1034 _ o ]emas 43. 8 3.5 47. 3 ) 47. 3
1935 . oLl 49 1.9 47. 8 {3 AT. §
1936 o e 57.0 9. 6 66. 6 {%) 66. §
1937 e e 48. 2 2.1 a0. 3 (%) 50 4
1938 .. 2.0 65.0 10. 5 7.3 {3} 74. 8
1939 oo 27 30. 3 9.7 42,7 (=) 38.1
1940 - ... .. 4.6 133. 5 7.6 145, 7 %) 137. 2
1041 o T 8. 5 57.3 7.1 72,19 ® 70. 7
1942 _ . ... 2.2 103. 0 4.0 109. 8 .1 108. 6
1943 L . 1.1 108. 7 3. 6 113. 4 L1 113 9
1044 ... 2.4 G8. 6 2.5 103. 5 4 182. 5
1945 .. .0 ]7. 4 3.1 gL 1 .1 90. 0
1046 oo 1.0 122. 0 1.1 1241 26,2 a97. 5
1947 o L 123. 0 3.1 126. 5 3.7 122. 1
RST: . N .7 116. 7 .0 118. 3 3.1 96. 1
1049 ... mm——u 1.1 138. 7 G.2 146. 0 48, 9 a4, 2
1950 ... - 2.9 151. 3 1.1 155, 3 24 9 129, 8
1951 L _. ... 1.5 94. 5 5.2 101. 2 2.2 98. 6
1052 __ .l T 4 42, 9 3.5 15. 9 () 44. 3
1053 . . ... 1.6 63. 2 i 65, 5 1.4 62. 8
1954 L. .l L3 18. 5 0 10. 8 1.6 17. 7
1955 8. ... .5 48. 3 0 58. 8 a0 26. 9
a6 8 _ L. 150 62, 3 0 G4, 4 15. 0 46, 2

! Siocks at crushers’ plants. Not reported prior to 193§
? Gompiled from Peanuls, Slocks end Processing (56).

* Calendar vear following.

1 January-September,

5 Not seprrately reported.

& October—December quarter estimated.

! Less than 50 tons.

8 Preliminary.
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Meat scraps and tankage arc used mainly in hog and poultry ra-
tions, with about 80 percent of the total fed being in formula feeds in
1949-50, as indicated by Jennings (27, p. 19). These feeds are valued
both for their high protein content and for a feed nutrient referred to
as the “animal protein factor.” An important component was iso-
lated in 1948—vitamin B-12; synthetic production of this vitamin for
animel feeds has increased markedly sinee that time, Vitamin B-12
is now used in most manufactured poultry and other livestock feeds,
?s)rcpoz'bed in a reeent survey by the Agricultural Marketing Service

7).

Production of meat scraps and tankage have been reported since
1944. HEstimated production of these feeds for earlier years, as given
in table 8, is based mainly on levels of livestock slaughter. Produc-
tion of meat seraps accounted for 77 percent of total production of
tankage and meat seraps for feed in 1950-54. Additional quantities
of meat hyproducts unsuvitable for animal feeding are used for fer-
tikizer and are reported separately.  Annual average imporis of tani-
age for feed use amounted to 22,000 tous m 1950-54, or 10 pereent of
total supplies of tankage,

Tankage and meat scraps accounted for 8 percent of the total ton-
nage of high-protein feeds fed in 1950-54.  Meat seraps are preferable
to tankage for poultry feeds and have o somewhat belter quality
prolein, aithough the percentage coutent is slightly lower than for
top-grade tankage.

Fish Byproducts

Fish byproducts used for animal feed amounted to an annusl
average of 399,000 tons in 1950~-54, or 3 percent of total high-protein
feeds fed. Domestic production of meal avernged 240,000 tons;
imports, 116,000 tons; and production of condensed fish solubles and
homogenized condensed fish, 42,000 tous on & solids basis, Exports
of fish meal have been negligible in recent vears (table 9).

These fish byproducts generally are high in protein content and
quality.  Menhaden mesl, which represented 68 pereent of domestic
production during 1950-534, generally is quoted with a guaranteed
protein content of 60 percent.  Production of this meal is concentrated
along the Atlantic and Gulf coasts.  Other important meals produced
in this area include herring (protein content about 70 percent), white
fish or ground-fish {protein content about 60 percent), and crab meal,
which lias & lower protein content. On the Pacific coast and Alaska,
tuna (protein content about 58 percent), mackersl, sardine (protein
conbent about 67 percent}, and herring meal account for most of the
production, Important sources of imported meal are Canada, Nor-
way, Angola, Peru, and Denmark, Minor quantities of fish solubles
also are imported, mainly from Canada and Norway.

Production of condensed fish solubles, reported since 1944, increased
from » level of 6,300 tons, on a solids basis, in that year to 45,600
tons for the year beginning October 1054, These solubles have a
l)rot(-in content ol 30-35 porcent, or 60-70 pereent on a solids equiva-
ent basis, but arce especially valuable for their content of B-complex
vitamins. '
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TasLE 8. —AMeat scraps and fankage: Production, imports, and total
supply, 1586-56

Production ! Total
supply
Year beginning October TImports 3 available
Meat Tank- | Total? for
seraps age feeding
1,000 1,000 1,000 1,600 1,000
tons tons tons tons lons
1020 e e e e 610 130 6410
1927 e c e mmmfu ] am 612 143 G655
b3 051 SIS PP [ 666 24 630
1920 e 586 34 G20
1930 e e immm e | e 588 37 623
193] e e e ——— 570 30 600
1932 e e e 600 35 635
R 121 JE ) (UG Gl4 21 635
1034 e e meimmm e e e 528 32 560
1935 i mmmem e | A ————— A73 69 (342
1936 e 065 69 634
19837 e e mcte mmmem | e ——— 508 40 608
1088 o e mmmim e e m e ————— 585 82 667
1939 e | e e Gol 77 728
FE X L VR PIVRP U ENOUNURE SRUUPRROURPN O 693 109 802
194 e e e 774 56 835
R B O RURPIpEREON [ 847 30 BY7
1043 e mmmmmm e e 906 69 75
I e 808 7 203. 3 7720 20.3 792. 3
1045 e aaiam 566, 5 162. 9 720.4 15. 4 744. 8
1948 e H52. b 174. 0 726. 5 14.0 740, 5
Y047 e e 5M, 7 194.9 | 782. 6 34. § §23. 4
1648 e G10. 3 206. 3 816. 0 37. 4 854. 0
1948 e cCeam GlL O 202 5 813. 5 2B. 1 841. 6
1950 e G40, 5 2T 838. 2 24.0 882, 2
L RE L VPPN 698 .3 213. 8 912, 1 34. 3 946. &
1952 e —um 7811 231.5 [[,012. 6 1946 1,032 2
1088 e e e 8§35.4 | 224,211, 059. 6 18.5 | 1,078, 1
1084 e 51,0924 | 5278, 8 |51,321.2 12.6 ] 1,333. 8
1085 e 51,229,1 | 5 316.5 |*1,545.0 11.3 ) 1, 556. 9
1056 ¥ e S1,181.6 | 5 207, 1 |S1,478.7 61| L4848

1 A small upward adjustment has been made in these series for the yeuars 1944-53
from the data given i Meat Scraps and Tunkage Production (58).

2 Data for 1026-43 are rough estimates based on livestock slanghter,

# Pankage for foed.  Data for 1926-42 inciude imports of dried blood.

1 Based on calendar vear following. Assumes 65 poreent for feed and 35 pet-
cent for fertilizer.

5 Data have been revised, by extending coverage to include additional plants
and specifying that meat seeaps and meal should include poultry byproduct meul
{feather meal not jneluded},  Data for the years prior fo 1954 are not comparable
with the revised estimates for 1954, 1955, and 1956, Unrevisad data for 1954 on
which the analyses were based are as follows: Meut serups 838.1; tankage 222,15
total 1,060.2; imports 12.6; and tobal supply available for feeding {,072.8.

& Preliminary.
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Production of homogenized condensed fish amounted to 14,500
tons on & solids basis for 1954, the first year for which production
was reported separately. Production is reported for Massachusetts
and Rhode Island only, and the product is sold by a limited number
of companies.

Kish byproducts are used largely in poultry and hog manufactured
feeds. Feed use inereased from an annual average of 127,000 tons in
1926-30 to 399,000 tons in 1950-54. Both imports and domestic
production contributed to this increase. Minor quantilies of fish
are used in canned animal food. In addilion, crushed shell and grit
are produced for poultry feed. Crushed oystor shell production
amounted to 373,000 tons in 1953.

TasLe 9.—Fisk byproducts: Supply and disposition, 1921-56

Supply Digposition

Production !

Yoar
beginning Con- | Hamaog- Tm- Totul
Oetober denged | enized ports 4 { supply
fish can-
solubiles | densed
(solids fixh
basis) 2 { {solids
bagis) 3

1 B -
TN e o T EN

ST

1937 ..
1938 .

1943 . ____J 180,
1043 L _f 217
I35 ] 202
1946 _____ .| 184,
204,
1948 ______1 218

See footnoles at end of table,
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TasLe 9.—Fish byproducis: Supply and disposition, 1921-66—Con.

Supply THsposition
Produetion !
Year

begir ning Con- 1 Homog- Use

October densed | enized Imn- Total | Ex- for

Meal fish co- ports ¢ [ supply | poris | feed

and | solubles | densed | Total
serap 2| (solids fish
basis)? | (solids
basis)?

1,000 1,000 1,000 | 1,000 1,000 | 1,000 |1,000|1, 000

tons tons tons tons fons fons tons tons
1649 _____. 240. 9 25.9 .o _._ 266, 8 57.3 | 324. 1 (%) 324, 1
1850 .. 234. 4 225 3 {% 254. 7 7261 332 3 {8} 332 3
1951 .. __. 223. 7 0337 {™) 257, 4 180. 2 1 437. 6 {# 437. 9
1952 __.___ 235. 1 2399 U] 275. 0 114. 7 | 380. 7 {5y 389, 7
1983 . _____ 255, 4 40. 5 & 14 5| 316. 4 127. 5 | 437. 9 {8) 437. 9
1954 ... 253. ¢ 45, 6 1.4 3i0.3 84 7 | 385. 0 (5 393. 0
1955w ___ | 300. 8 49, 7 141 364 6 97. 31 461 9 (%} 461. 9
10561 ___ .| 259. 8 47. 8 14, 1] 3217 81 8| 404. 5 & 403, 5

! Compiled from Fish Meal and Gil {68) and other data provided by the Fish
and Wildlife Service.

? Beginning Jonuary 1943, includes teported monthly production by firms
which normally sccount for 90 to 95 percent of total production, plus calendar
vear {following) dats for “other” production.

¥ Converted to solids basis using & conversion factor of 50 percent. Data for
1943-53 based on calendar year reported production adjusted to year beginning
QOctober, based on distribution of monthly production reporied for 1854 and 1955.

t Includes cod-liver cake and meal prior to 1841, Beginning 1954, includes
condensed fish solubles, solids basis.

& Calendar year following,

8 Partly estimated.

* Less than 50 tons.

B Data on exports after 1948 tnclude other minor feeds; fish meal exports are
assumed to he negligible,

® Production of homogenize condensed fish included with condensed fish

solubles,
¥ Preliminary.

Commercial and Noncommercial Milk Producis

Commorcial millk products, which include dried and concentrated
skim milk and buttermilk and dried, concentrated and condensed
whey, amounted to an average of 120,000 tons in 1850-54, excluding
Commodity Credit Corporation sales of these products for feed.
This compares with 89,000 tons fed i 1926-30. Dried and concen-
trated skim milk, which formerly accounted for over half of the ton-
nage of commercial milk produets, has decreased to less than 10 per-
cent of the total. Quantities of dried and concenirated buttermilk
fed have not shown a marked trend, whereas the quantity fed of dried
whey has increased sharply and in 1950-54 accounted for more than
65 percent of the total commercial milk produets fed to livestock.
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Estimated usc of commercial and noncommercinl milk products fed
to livestock are given in table 10.

Noncommercial mille products include skim milk, buttermilk,
whole mills, and whey led on farms. An average of 1,248,000 tons,
dry-weight equivalent, was fed annually in 1950-54. This represents
a decrease of 35 percent from the average quantity fed in 1926-30,
reflecting the decrensed quantity of skim milic and buttermilk avail-
able on farms tht resulted {from increased commereial production of
milk products, Use of whole milk and whey for feed has trended
upward over this period.

Dried skim milk and buttermilk coniain a protein content of ahout
30 percent and are considered excellent sources of protein and ribo-
flavin for poultry, call, and pig foeds. Dried whey has a higher ribe-
flavin content than dried skim milk and buttermilk, but has » protein
contenl of only about 12 percent. It is used largely in pouliry rations
(see Morrison (37, p. 595)). Commercial milk products are utilized
matnly in mannfactured feeds,  An estimate for the year beginning
October 1949 indicates that of the total noncommeorcial milk by-
products fed, 52 percent went to hogs, 41 pereent to dairy caltle, and
7 percent to poullry.

Tasuy 10—k byproducts: Esttmated commercial and noncommer
ciad produets fed, 1926-56

Year Com- | Non- Year Non-
beginning mer- | ocom- Tolal beginning com-
Oetober ciaft mer- Celober nmoer-
cigl 8 cial 2

1,000 ) 600 1,000 1,000 | 1,000
tons {ons fons fons tons
1926 _.__ 85 { 1,970 2 035 | 19 ; 9511, 710
W2r. ... S8 1,820 1G04 . 105 1 1, (63
28 L. O | 1, 035 2,015 Wl 1, 610
1929 ... 135 |+, 825 2, (30 E: T 164 | 1,520
1930 .. ... 165 | 2, 005 2, 11 1243 1 1,475

G 2,060 2170 110 5 S, Hit :
15 5 2, 080 2,145 1o
{2001 1,955 2,675 R EE) U 115
125 I, S5} ?, 805 1450 [LEs]
125 | 1, B30 I 8955 116
i35 | 1, 750 1,885 § 193 tis | 3, 250
¢ G 18I0 §, G5 5 3% | 4,205
1938 oo oo 135 1 1,835 1, 4%0) 954 . A0 1,160
1939___. _. 1a3 | 1, 810 1, B65 3 155 | 1, 120
R 1 1 15 | I, 880 2,080 [1 18966 _____ 1H0 ¢ 1, 108 250
1048 ... 130 1 1, 780 1,918

i Includes dricd sad concentrated skim milk and bubtermilk, dried whey und,
beginning fanuary 1954, conventrated and condonsed whev,

* Includes the dry-weight equivalent of skimn milk, bittermilk, whole milk,
and whey fed on farins where produced.

3 Commodity Credit. Corporation sulos of nonfat milk produets for the VORISR
beginning Cctober 1853 and 1954 amounted to 266 and 27 thousand tons,
respeetively,

! Preliminary.
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Gluten Feed and Mcal and Corn Oil Meal

The principal leed byproducts obtained in the wet-process milling
of corn are gluten feed, gluten meal, and corn oil menl. Sales of
gluten feed and meal averaged 944,000 tons annually in 1950-54, of
which approximately 25 percent is belicved to have sold as gluten
meal, Corn oil meal sales averaged 50,000 tons annually for this
period. Trends in sales of these products are shown in table 11,

Tapie 11.—Gluien feed and meal and corn oil meal: Sules of the Corn
Refiners Industry, 1926-561

Hi
Year Gluten | Corn | Year (luten; Corn
beginning ferdd il Teotal i  beginning feed oil Total
Getober and meal i Oetober and meal
meai ,[ meal
; ;

LA0s | 1,000 | 1,000 1,000 | 1,000 | 1,000

long tons fons {ons long fomg
026 ____. 6210 36.0 80,0 1 M2 ____.__: 428.9 62. 7 981, 6
1927 L.} BET 4 30. 7 Wb wsL Lo 8448 55. 9 900, 2
1928 ... 410 30.6 6746 M 184 L. 863. 5 5L G 017.5
1929, . .. 602, 6 25. 4 628, 5 1) 15 ... 074 58. 3 855. 7
1930 ... 184, 1 20,4 o, 2 1946 ... 1,033.0 62.2 11,007. 2
1931 ... .1 53215 174 A38. 0 H 1M7L _ ...} 702 8 G0, 2 §53. &
1932 . _.__. 528. 9 4.3 RER AR & F. SR, 813. 6 52. 7 846, 3
1933 ... 588. 5 1, 3 6O7. 8 I 1949 . ____. 863. 2 a2 4 215. 6
934 ___ ... 454, 9 9. 2 45k i 1950 .. 1,800.3 a6. 5 11, 063, §
35 . 558, 2 24, 6 3828 1) 195K oL 8Ho. 4 5. 7 G111
1936 __ . 516, 4 30. 8 7.2 0 1952 . __. 004, | 50. 7 954. 8
1937 ____._. 547 4 2.5 POS. 9 |1 1953 L _._ 454, 0 47.3 11,001, 3
1638 ... 590, § 271 G120 11 1954 __. .. G485 7 38.6 {1,034. 3
130 __.. §13. 6 28. 0 Gl 6 | 1986 °_ ... 1,084.1 384 L0725
10400 _.__ 760, 8 370 T8 019G ____. 977. 7 32.8 11,010. 5
1041 _ ___.. | 080, 4 48. 8§ il, 024. 2

' Clompiled from reports of Price Waterhouse and Company for monthly
sales, 1332-54, and shipments, 1955 to date.  Data lor earlior years reparted for
calendar vear only; cstimated sales for October vear based on seasonal patfern
of corn grindings by wel-process milling.

z Proliminary.

Corn gluten meal usually is sold with a guavanteed protein content
of 41 pereent.  The protein is nol constdered as high in quality as that
of soxybean meal, for example, and is not used as the principal protein
supplement in poullry and hog rations. However, when produced
from vellow corn, it has a relatively high carotene (pro-vitamin A) con-
tent in the vellow pigmentation substanee called santhophyll,  Thus,
it is valued as an ingredient in pouliry rations. Gluten meal also
is used oxtensively in dairy rations,

Corn gluten feed generally is sold with a guaranteed prolein content
of 25 percent or lower. It consists of corn bran (hulls), which gives
it a bulky consistency desirable {ov dairy rations, plus gluten meal
which is added to rase the prolein content. Gluten fecd may also
contain corn oil meal, obtained from processing the corn germ, and
sometimes corn solubles which are recovered {rom the steepwater in
which the corn is soaked in the wel-proecss method,



http:averngr.cl

DEMAND AXND PRICE STRUCTURE FOR BYPRODGCT TEEDS 21

Corn oil meal, as noted above, is mixed with gluten feed and also
sold as such. It has o protein conlent approximately equal (o that of
gliten feed, but contains a higher poreontage of fat. The protein
quality is somewhat better than that of ghuten feed and meal (sec
Morrison (87 p. 489)).

Brewers' Dried Grains

Thie major feed byproducl of the fermentation indusicy is browers’
grains.  Barley and corn are the major grains used in the fermenta-
tion induslry, although some rice and wheat is used.  These hyproduct.
fecds generally are sold os deied grains, though a limited quantity is
sold as wet grains in arcas near processing planis.  Production trehds
of brewers’ dried grains are shown in table 12, Yearly average pro-
duction was 231,000 tons in 1850-34.  During 1020-33, production
was limited by law to cereal bevernges with less than 0.5 poreond.
aleohol content.  The prolein content of brewers’ dried graing averazes
about 25 percent, with a fat content of about 6.4 percent. These
byproduets arve fed mainly to dairy cattle.

Other {fermentation byproducts used for feed inchide brewer’s dried
veast and malt sprouts. The feeding value of hrowers” deied yeast

Tawve 12~=Brewers’ dried grains: Production, stocks, and diseppear-
ance, 1121-56

P i : :
Year ; Sh)cks,h:‘rndll('—ﬁ Disap- = Year ) Slaeks,i Prod uc—l Disap-
beginning [ Octa- § tion? ! pear- | beginning | Octo- | tion? | pear-
Ocloher | ber 1! I anee® o Oetober P ber 18 ! atnee

! i

1000 100 I 1,000
tens 1 fong 1 fons
DI 8 J0.
ST 1ia.
168, 173.
232, 230,
< 230 231.
2§ L6,
2. 212,
- 228, 224,
. 233 328,
232, - 233.
238 233.
238, 240,
| 229, 223
228, 224,
226, 227,
238.

243

236

nuag Y fond Bof oo b
fans | tuns tons i
S S S ) (I L 11 DO |
{ BRI Tt [[s I 1Y ¥ 11 IO

. g R U N T D

(R 1 S 1) £ S

g ! G M3,

(3% R

|
|

i
§
1
H
I
i

-

[FaliNg

£
kb
0o S S b

R R B R
-
— WM I =T e

gy
=1

|[;§._ H
125
036
i i

e g e S T
[pe oY o RS Furl Y Rl V) ]
CAC L =D O A DL e ] fe ] B

T ] e 25 O3 e O B3 b G T

]

! Btocks ab producers’ pianis.  Nof reporled prior Lo 1035,

? Compiled from frewers' Dried Grafns 1473, 1935 o date. Tl for prioe
years estimuted from production of eereal beverages contuiving less (hun Mol 1
percent aleoliol, for yewrs beginning July 1921-32: and, (or [933-34, including
production of formenkbed malt lignoss.

3 Assumed Lo be used entirely for feed.

+ Preliminary,




22 TECHWICAL BULLETIN 1183, U. S. DEPT. OF AGRICULTURE

Is due mainly to its content of B-complex vitamins, although in addi-
tion it contains a protein content of about 47 percent. It is used
mainly in poultry rations. Production data are not reported, but for
the year 1944, a level of 7,000 tons is indicated in unpublished data
on file in the Department of Agriculture. Malt sprouts, obtained
from the production of malt, generally are mixed with brewers’ dried
grains, but also are sold as such, Production data are not cwrently
available, Malt sprouts are fed mainly in mixed dairy rations and
brewers’ dried yeast is used mainly in poultry and hog mixed feeds,

Distillers® Dried Grains and Solubles

The priacipal feed byproducts from the distilling industry include
distillers’ dried grains, with or without solubles, and distillers’ dried
solubles. Corn s the major grain used in the distilling industry, but
rye, barley, wheat, end sorghum grains also are important. During
1942—44, lavrge guantities of wheat and sorghum grains also were used
in the production of alcohol and distilled spirits. The dried grains
vary as to protein content depending on the grains included in the
distilling process, Distillers” dried grains from corn commonly have a
protein content of about 28 percent; from rye, 18 percent; and from
wheat they vary from aboul 28 percent to 46 pereent for a high-
protein dried grain, These grains also are sold including dried solubles,
and are referred to as “darl?” grains as distinguished from “light”
grains, or those without solubles. Dried selubles also are sold as
such. Production of dried solubles and dried grains with solubles in
1950-54 accounted for about three-fourths of total production
(table 13).

Dricd selubles have g protein content approximately equal to that
of the respective distillers’ dried grain, but are especially important
as a source of B-complex vitamins. Some dried solubles are used in
the manufacture of vitamins and antibioties; this use amounted to
2,400 tons in 1953-54 (see Hall (26, p. 19)). Stillage, or the watery
residue from the distilling process, also is used in the production of
vitamins and antibioties. .

Dried solubles and distillers’ dried grains with solubles are especially
valuable in poultry and hog rations as & source of witamins. The
protein is notb considered as high quality lor poultry and hogs, but is
satisfactory when fed to dairy and beef cattle (seec Morrison (87,
p. 620)). Distillers’ dried grains without solubles are fed mainly to
dairy cattle and do not contain the B-complex vitamins important to
poultry and hog nutrition.

OTHER BYPRODUCT FEEDS

Byproduct feeds with o protein content of less than 20 percent are
included 1in this classifieation. Wheat millfeeds account for the
largest tonnage in this group and may be considered as a medium-
protein feed, containing an avernge of aboub 17 percent protein,
Alfalfa mesal also is 0 medium-protein byproduct feed. Byproduct
feeds having less than 15 percent protein content include dried and
molasses beet pulp, rice millfceds, screcnings, and molasses. Oat
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Tarre 13.—Distillers’ dried grains and dried solubles: Stocks, production,
and disappearance, 1921-56

Production ?

Year Distillers’ dried grains Dis-
beginning Distil- appear-
Cctober lers’ Grand | ance?
With- With dried total
ouf sol- | solubles | Total |solubles

ubles

633,
327.
411,
351.
232,
365,
634.
332.
185.
245,
249,
285,
290.

—_
BRSSO Wm L e = e R

166,
185.

O 0O 0200 ] b O3 b 02 = O = L1 =160 50 i (D 2D B &0 i
e O =00 D T = S D R D T O 0 T D = o e
LoD D Lo =T B o o0 = O3 DGR 40 D A T e s e
WO D 0 0O S T O = S O ) G e 2 D = B

SOOI S S =1 St on

HGOWMO DU D i G
b L - b - - b . b .- B I.
LR TR T S N GO

244.

! Stocks at producers’ plants. Not reported prior to 1935,

* Compiled from Distillers” Dried Graing (48), 1935 to date; data for prior years
estimated from production of alcohol and distilled spirits for year beginning July.

3 Assumed to be used entirely for feed.

1 Preliminary.

middlings and feeding oat meal have 8 protein content of about 16
pereent, and oat millfeeds, about 6 percent. An estimated quantity
of ont millfeeds is included with miscellaneous byproduct feeds, as
production data are not available on a current basis.
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Wheat Millfeeds

Total wheat millfeeds fed in 1950-54 averaged 4,749,000 tons
annually, or 21 percent of the total byproducts fed. Quantities
available for feeding huwve been relutively stable since 1921, although
current quantities average about 5 percent less than in 1926-30.
Exports have been negligible (see in table 14). Imports of wheat
millfeeds ave mainly from Canada and fotal imports averaged 243,000
tons yearly in 1950-54. Millfeeds produced from wheat imported
in-bond are included in the domestic production data reported by
Census (62) and amounted to roughly 50,000 tons annunlly in 1950-54.

Tasue 14.—Wheat millfeeds: Supply and disposition, 1986-56

Supply Disposition

Year beginning
October Produc- Domestic

tion ! Imports LExporks | disappear-

ance

1,000 tons | 1,000 toms{ 1,000 lons | [,000 fons| 1,000 fons
3 a9, 4, 883. 6. 4, 877.0
148, 5, 042, 5, 024
203, 5,111, 5, 078.
178, 5, 129. 5, 110.
228. 4, 971. 4, 946.
51. 4, 428,
a4,

117,
298.
2286,
245.

il
239
392
415,
187.
110,

60,

54,
11a.

49,

65,
128
181,
288
318,
261.
245,

249,

74
108.

4, 804,
4, 907.
4, 951.
4, 743.

23

32.

5, 420.
4, 795.
4, 580.
4, 535,
&, 660.
4, 460.
4, 425,
4, 477.
4, 429,
4, 540,

5, 480.
4 916,
4, 754,
4, 817.
4, 974,
4, 718.
4, 668,
4, 567.
4, 487.
4, 622,

4 sl
4, 670,
4, 575.
4, 508.
4, 648,

ST AN S SN AN
5 e ) e 2 D e R T e G = e R DD U O O e QO R DD e T E0 S0 D
L o L e non
m;-tmw}u-qr:-»w:ow:o.&-'ac::mootm—-»-acammm:c.m;\:;s-;:m:aw
RN AT AP AT AU IO Ne

GO WK, | WERNDOHl

[y t)

t Compiled from Flowr Milling Preducls (62). Production data for calendar
vears 1940-44 are estimutes developed in cooperation with the former United
States Bureaun of Agricultural Feonomics, now in the Agricultural Marketing
Service.

? Preliminary.
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Wheat millfecds from spring wheat include the following, with the
comparable millfceds from winter wheat indicated in parentheses:
Bran (bran); standard middlings (brown shorts); flour middlings
(grey shorts); and red dog (white shorts). VWheat bran, consisting
of the outer coating of the wheat kernel, accounts for approximately
half of the total of all wheat millfeeds. In genersl, the millfeeds from
spring wheat contain a slightly higher protein and fat content and a
lower fiber content than comparable millfceds from winter wheat,
Bran obtained chicfty from hard spring wheat, for example, contains
17.9 percent protein, 4.9 percent {at, 10.0 percent fiber, and 68.2
pereent total digestible nutrients (see Alorrison (37, p- 1128)}. DBran
is an important feed for dairy eattle, breeding and young stocks of
beef catt?e., and for poultry rations.

Standard middlings and brown shorts consist of fine particles of
bran and the wheat germ and have a higher protein and digestible
nutrient content and a lower fiber content than bran. These mill-
feeds are fed mainly to swine, calves, and poultry, but the protein
?bt?incd is not considered a direet substitute for certain high-protein
ceds.

Wheat red dog and white shorts consist of the aleurone layer, or
that dircetly under the bran coats, plus small quantities of flour and
fine bran particles. Red dog bas an average ol 18.2 percent protein,
3.6 percent fat, 2.6 percent fiber and 83.8 percent fotal digestible
nutrients (see Morrison (87, p. 1130}). These milllceds aecount for
about 10 percent of the total obtained in processing but often are
combined with standard middiings (brown shorts) and sold as wheat
flour middlings (grey shorts). Both wheat red doe and standard
middlings and the comparable millfeeds from winter wheat are con-
sidered as excellent feeds for voung pigs and ealves. In addition to
these millfeeds, refatively small quantitics are sold as wheat mixed
feeds, n combination of wheat bran and Hour midiings (ereyv shorts),
and as wheat germ meal. I the wheat germ is removed, the resulting
wheat millfeed contains a much lower vitamin K content. Sereenmngs
are sold separately and also are included with the various millfeeds,
but feeds thus sold are labeled to this effect.

For the 1949-50 crop year, Jenoings (27) estimates that over 80
percent of wheat millfeeds were used in formula feeds and that over
hall of the total fed was utilized by poultry. Dairy cattle utilize
about a fourth of the total, and the remainder’is fed to other livestock.

Alfalta Meals

Total production of allalia mesl has shown a sharp upward trend
since 1926-30; in that period an annual average of 320,000 tons was
produced. In 1950-54, 1,237,000 tons were produced. S) percent of
which was dehydrated alfalia meal,  Sun-cured alfaifs meal accounted
for a major part of total production until 1946-47, but since that time
tb has decreased in relative and absolute importance (see table 15).
Meal is sold as alfalfa leal meal, alfalfa meal, and alfalfa stom meal—
these vary in fiber and protein content. Both debiydrated and sun-
cured meals are commounly quoted with o guaranteed prolein content
of 17 pereent and with a specified vitamin A (carotenc) conlent, bub
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the vitamin content tends to vary considerably. Dehydrated alfalfa
meal and dehydrated leaf meal, as Morrison (37, p. 346) points out
“are usually twice as high in carotenc as the products made from field-
cured hay and they are also somewhat higher in riboflavin.  However,
dchydrated alfalfa meal and leaf meal have practically no vitamin D,
while alfalfa meal and leaf meal from field-cured hay have consider-
able. . . . This lack of vitamin D in dehydrated products is not of
importance in feeding poultry. . . . (since the form of this vitamin in

TaBLe 16.—Alfalfa meal: Stocks, production, and pparent
disappearance, 1926-56

Stocks, October 112 Produection 2
Yenr begin-
ning October

Dehy- | Sun- | Total | Dehy-
drated | cured drated

1,000
tons
250,
374.
350,
374,

178.
193.
233,
204.
284.
380.
370.
410,
440,
470.
560.
879.
733.
991.

1,191,

1, 039.
909,

1,122

1, 093.

1,217,

1, 177.

1, 043

1, 209.

1, 324.

1, 242,

1, 152,

[ V]
-
o

005,
1, 045.

862.
1, 045.
1, 178.

998,
1, 032,

244,
321,
377,
454,
386.

223
176.
172

450,
381,

Lr R Tl ol Wl e s s Rl Wil B v s L foe Yoo N i o e e Bolo e e o R B | S e
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o

1 Btocks ab processors' plants.  Net available prior to 1943,

2 Compiled from Alfalfe Meal Production (52). Production, by type, not re-
ported separately prior to 1944.

2 Assumed to be consumed entirely for domestic livestock feeding. Disap-
pearance assumed equal to production, 1926-42,

i Partly estimated.

5 Preliminary.
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r
alfalfa meal is not well utilized by poultry” {p. 343)). ‘““However,
in using the dehydrated products as » vitamin supplement for swing,
1t must be borne in mind that they do not supply vitamin D, like
ficld-cured hay does.”

Production of deliydrated alfzlfa meals is highly seasonal, with 70
percent of the total produced between June and September in the
period 1950-54.  Stocks on October 1, as shown in table 15, tend to he
close to a scasonal high. Incex numbers of seasonal production are
shown in table 72, page 131. Production of sun-cured alfalfz meals
shows less seasonal variation than deliydrated meals, and stocks
usually are relatively small.

Alfalfa meals are fed mainly Lo poultry, though they can be used by
various kinds of livestock, TFor the 1649-50 feeding year, Jennings
{27) estimates that over 90 pereent of these meals were used in formula
feeds.

Dried and Molasses Beet Pulp

Apparent disappearance of dricd and molasses beot pulp averaged
455,000 tons annually in 1950-54. Tmports accounted for 12 pereent,
of this quantity. Troduction of molasses bect pulp, as compared
with dried beet pulp, currently accounts for 73 percent of domestic
production as compared with 39 percent in 1926-30. Total produc-
tion inereased from 165,000 tons annually in 1926-30 to 400,000 tons
in 1950-54 (sccitable}l6).

Dried and molasses beet pulp are fed mainly to dairy cattle and, to
some extent, to beefl eattle.  Dried beot pulp and molasses beet pulp
have approximately equal feeding values. The protein content is
relatively low, averaging about 9 percent for dried beet pulp, and these
feeds are vrlued mainly for the carbohydrate feeding value, palatabil-
ity, and bulky composition.

Rice Milifeeds

Production of rice millfeeds averaged 254,000 tons in 1950-54,
compared with 94,000 tons annually in 1926-30 (sce table 17). Rice
hran is the most important rice foed hyproduet, though limited quan-
tities of brewers” rice and rice meal also are fed, The bran is fed mainly
to dairy cattle and contains a protein content of about 12 percent, 13
percent fat, and 12 percent fiber. In addition to the good quality
protein supplied, it is rich in the vitamins thivmine and nisein.

Industrial Molasses

The use of molasses for feed averaged 2,024,000 tons annuaily for
1951~35, as compared with 715,000 tons fed annually in 1935-39.
This increase resulted from larger meainland production and imports
and inshipments, pius a decrease in use of molasses for cortain indus-
trial and other uses (see table 18). Of the total mainland producticn of
industrial molasses in 1951-54, 54 pereent was cane and refiners’ black-
strap, 28 percent beet molasses (exclusive of that in molasses beet
pulp), 12 pereent hydrol, and 6 percent citrus molasses. About 90
percent of inshipments and imports arc eanc molasses.

454045—58— 5%
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TasLe 18.—Beet pulp: Production, imports, and apparent diseppear-
ance, 1926-56

Producliont
Year beginning Apparent
October Imports disap-
Divied pulp| Molasses Total pearance
pulp

1,000 tans | 1,000 tons | 1,000 tons | 1,000 fong | 1,000 tons
1926 oL 78 7t 152 31 183
1927 L . 76 89 163 i8 183
1928 . 73 - 139 26 1G5
1929 .- 48 il 159 52 211
1830 . 80 130 2i0 75 285
b1 -3 S 75 99 174 19 193
1932 - 134 114 230 12 262
1933 e 134 141 275 ] 282
3¢ KX S g2 130 222 27 249
1936 . .. 14 125 199 29 228
1936 73 157 230 60 200
1937 . e HYl 166 217 it 246
1038 . ... 105 218 324 i5 439
1939 . .. 093 175 73 13 286G
1940 . 11 182 262 16 311
312 % S 103 176 278 16 204
1942 L o _ 134 144 283 11 2G4
| B2 % T 42 92 154 b o 154
) R 99 72 171 4 195
Y045 Ll 95 121 216 2 218
1846 o 127 153 280 5 285
1047 e - 43 203 244 3 297
1948 Lo TG 199 275 57 332
1949 _ L ] 204 300 52 352
1960 . 113 2933 406 37 443
195% L. 88 231 319 7T 394G
1952 oL G7 253 430 63 385
853 . 150 BELY 439 38 197
1954 o PGt k5] 215 3% 554
1852 oo 108 352 460 i8 478
We6 - 196 452 536 14 550

! Data refate {0 year in which beets are harvested, as reported in Sugur Beels
{45} and Crop Production (46). From 1440 to date hased on data from Sugar
Division, Cominodity Btabilization Service, Production of moist beet pulp is
excluded,

? Preliminary.

Molasses is utilized mainly in formula fecds, and for the year begin-
ning Oclober 1849, Jennings (27) estimetes that about 85 percent of
total molasses was so utilized. It is fod mainly to dairy and beef
cattle, but Is sometimes used in mixed feeds for poultry and hogs.
Molasses is used, also, as a preservative for grass silage, and in recent
years large quantities hinve been used for direct on-farm f{eeding,
mainly to beef caftle.

Cane molasses and blackstrap, which are obtained as byproducis
from refining sugar cane, are valued as carbohydrate feeds and ure
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considered highly palatable to livestock. The protein content is about
2.9 percent, with a digestible protein content of zero (see Morrison
(87, p. 1124)}, Cane molasses is a good source of niacin and panto-
thente acid.

Beet molasses has about the same carbohydrate feeding value as
cane molasses and a protein content of about 8 percent. It is more
laxative than cane molasses and should be fed in {imited quantities,
Citrus molasses also contains about as much sugar as canc molasses.
If fed in limited quantities, it has o feeding value equivalent to that
of eanc molasses.  Hydrol, a byproduct of manufacture of corn sugar
from corn, is somewit higher in sugar conient than cane molasses,
but also has # negligible protein content and is considered to have 2
feeding value aboul equal to that of cane molasses.

TarLe LT.—Rice millfeeds and miscellancous byproduct feeds: Estimated
ase for feed, 19.26-56

i Rice |  Miseel- t Rice iTiscel-

Year heginning | mill- ' lanecus  ; Year beginning [ mill- laneous
{)erober 1 feeds 1D hyproduet October t foeds ! | bypraduet

booTleeds? i feeds?

! :
1,000 i - 1,000
©otons L 1,000 tong l tons i,000 {ons
1926 ... 330 2,000 142 ..o 4L T 1, 600
1927 .. ... -.b oo, 2,000 ) 1043..... .. 0 139.0 1, 600
P28 L. HIV 2,000 ¢ 1040 ..o .. - 14006 1, 600
1926, ._.....: 88.0: 2000 ) 1045, ... | 154. 8 1, 700
1930 ... .. ooy BTD 2,000 1946 .. ... 166. 1 2,000
13 ..o L 7.0 . 2,000 0 TToL. L B ] 177. 6 2, 000
1932, ... .. o 97.0 ; 2,000 4 I948. L. .. .7 1G0.4 2, 330
1935 ... ... ¢ 3850 2,000 0 1O 0 o 2137 2, 350
L. ... . N8 9: 2,600 % 1950, _..._..._] 187. 0| 2, 400
1935a. ... A 88.5° 2,000 5 Mol ..o L .. .. } 243. 3 2,750
6. ....... ... 1080 3,000 ¢ 1052, ... .00 o 2631 3, 350
1947 ... ... .. 1243 2,000 ING3_ ... .. ! 273, 2 3, 6C0
1938, ... .. IR -2 N 2,000 7 1054+ .. .. e 1o303.0 3, 8GO
1930 . 111G 9 2000 19554, ... 2T T 3, 500
1940, . ... o124, 8 3,000 0 19364, ... _. -t 237.0 3, 400
W4 ... . 1245 2, 000 . ;

! Compiled from reporis of the Agrieuitural Marketing Service, for 1933 Lo date.
For prior years, based on data on rice milled 1 1930-321 or rice sold (1926-2%h.

? Estimated guantities vsed for feed, ineluding molasses, hominy feed, oat mill-
feeds, and sereenings.  Data for molasses, 1935 to date, obtained from sources
npted in footnote 3, tabie 18, and estimated from varigus sources for prior vears,
Duta for hominy feed and oat millfeeds for reeent years based on the 1947 and 1954
Censuz of Manufactures {£3) reported production and interpolated for intec-
eensal year, For prior yvears, hominy feed production estimated from quantities of
“‘eorn proeessed into meal, hominy, Hour, and breakizst cereal'” as reparted by the
Cenzus, and interpolatod for inter-censal yvears, Oat millfeeds estimated from
quantities of 'feats milled” as reported by the Census of Manufactures, The
series also includes a rough allowanee fncsereenings bazed oo trends in milling and
provessing.

¥ Pertly estimated.

¥ Preliminary,
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'TABLE 18.—Industrial molasses: Supply and disposttion, 1935-56

Supply Disposition
Domestic?
Year Main- | Imports
land angd Total | Exportsy Indus- | Livestock feed,
produc- § inship- $rial expressed in—
tion ! | ments? and
food

(allons | Tons4

Mittion | Afittion | Bliltion | Alillion | Million | Afllion | 1,000

gallons | gallons | gellons | gallons | galions 1 yallons tons
1936 - ... Br. 2 318. 2 405, 4 81 248 1 145, 2 877
1936 .- __ 98 L3 2820 | 380 1 19.8 1 245 6 115. ¢ 876
1937 .o _. 1022 360. 4 462, 6 12.5 273. 2 176. 9 1,039
10368, __.__ 107. 8 224 8 332, 6 1.9 216G. 7 104. 0 611
1939 ____.._ 101, 1 23907 340.8 19. 9 257. 6 63. 3 372
0. . a96. 3 330. 5 420. 8 7.4 0L 0 112. 4 660
1941 . .__ 1. 6§ 46521 5668 6.9 3904 ] 169.5 996
1942 .. 5. 0 263. 5 338. 5 .4 307. 6 50. & 207
1943 _ . ___ 104. ¢ 211 2 315. 2 L2 273.1 41. 9@ 246
LR = S 126, O 354. & 480, G .1 418, 2 62. 3 366
1945 . __ 126. 9 190 7 317. 8 1.8 249. 7 65. 3 390
1846 __.__ 123, 2 142, 7 264, § 1.0 183 & T8. 4 461
1047 ____ 187.7 224, 4 352.1 .5 223. 6 127.9 751
1048 . 147. G 294. 3 34 ¢ 82 206, 1 224. 6 1,320
1949 .. 141, 4 300. 9 442, 3 7.8 233, % 200. 6 1, 179
1950, oo 147. 4 1 316, 1] 483 3 g3 2210 2332 1, 370
1851 ... 152.8 1 3199 4727 4.1 2189 2487 1, 461
18562 .- 148. 7 386. 3 535. 0 3. 4 224, 2 300. 4 1,765
1053, .. 140, 1 481, & Gad 1 i4, 8 7L 4 353. 9 2,079
1954 oo 149. 4 425. 0 574, 4 10. & 157. 8 406, 1 2,386
1955 ... 156. 01 42741 ] 628 4 10. ¢ 198.3 | 419 2 2, 463
1956 ____.__ 1500 435 5| 58.5 13. 5 185.9 ] 376.1 2,210

! Tngludes cane, refiners’ blackstrap, beet, cibrus and hydrol.

? Includes imports, mainiy from Cuba, and from the Dominican Republie,
Mexico, and othor countries; and inshipments {rom Hawail and Puerto Rico.

3 Iistimated utilization as shown in I'ndustriel Melasses (69, pp. 15, 17) for 1945
to date, and in Sugar fteporis (63) for carlier ycars. No changes in stocks are
considered.

* Converled from gallons to tons assuming 1 gallon eguals 11.75 pounds.

Hominy Feed

Hominy feed is obtained as & byproduct in the dry-milling of corn
to obtain corn meal, hominy grits, and breakfast foods. Tt consists
of the corn bran and part of the kernel containing starch. The
aversge fab conbent is 6.9 percent and the protein cvontent, 11.2
percent (sec Morrison (87, p. 1120)). IHHowever, the fat and protein
content vary, depending on the use of the corn germs. The germ
sometimes is separated out and the resulting feed, corn germ meal,
is sold as such; it contalns 19.8 percent protein and 7.8 percent fat
(see Morrison (37, p. 1118)).

Production of hominy feed was first reported in the Census of
Manufactures for 1947. A special report on Grain-Mill Products (63,
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p- 12), based on the 1954 Census of Manufaclures, indicates total
shipments and interplant transfers of “hominy feed and byproducts
of dry corn milling (for animal feed)” of 52¢,000 tons in 1947, and
634,000 tons for 1954. This report also indicates that 346,000 tons
of hominy feed and meal were used in the prepared feeds industry in
1847 and 414,000 tous in 1954.

Morrison (87, p. 484) indicates “hominy feed resembles ground corn
in composition and is about equal to it in feeding value for the various
classes of stock. Il is usually slightly higher than corn in protein,
and it contains more fiber than corn and therefore is somewhat more
bulky. Unless part of the fat has been removed from the germs,
hominy feed will be considerably richer than eorn in fat and will
furnish o slightly greater amount of total digestible nutrients.”
Yellow hominy feed has & slightly higher protein content than white

hominy feed.
Qat Millfeed

Ouat millfeed, or oat feed, is obtained as a byproduct in the manu-
facture of oalmeal for human consuinption. "Morrison (37, p. 496)
indicates “about 84 percent is oat hulls and 16 percent consists of
fragments from the oat kerncls (called oat middlings} and the fuzzy
material covering the kernels (called oat shorls or ont dust) . . . .
Oat millleed of the usual grade is nearly as high in fiber as average
grass hay and contains less protein than grass hay of good quality . . ..
Oat millfecd can also be used as n substitule for part of the grain
ordinarily fed to dairy cows, beef cattle, sheep, and horses. A small
percentage can cven be added Lo swine rations with satisfactory results.
Because of the high fiber content and the relatively low amounts of
total nuirients and nel energy, oat millfeed is usually worth only
about 30 Lo 40 percent as much as corn grain, when used as a partial
grain substitute. This value lakes into consideration the larger
amount of protein supplements nceded when oat milifeed is fed.”
The protein content of oat millfecds is indicated at 5.6 percent, whereas
oat middiings average 15.9 percent.  Feeding oatmeal or rotled onts,
without hulls, conlain an average protein content of about 16 pereent,

The production of oat millferds first was reported in the Census
of Manufactures lor 1947. A special report on Grain-Mill Products
(63, p. 12}, based on the 1954 Clensus of Manufactures, indicates total
shipments and interplant (ransfors of "oal millfeed and other by-
products of oats” equaled 237,000 tons in 1947, and 316,000 tons
n 1954.

Screenings

Screenings are obtained in cleaning wheat and other small grains
at the {arm before sale and before milling for human use. Morrison
(87, p. 577) poinis out “‘screenings consist of small, broken, or shrunken
kernels of grain, wild oats and wild buckwheat, smaller weed sceds,
and more or less chall and broken pieces of stem. . . . The best
grades of sereenings, consisting chiefly of broken and shrunken
kernels of grain, with wild onts and other palatnble weed seeds, re-
semble oats in composition. Such sercenings, when ground, may
nearly equal grain in feeding value. Light, chaffy screenings are muci

higher in fiber and consequently lower in velue, Some poor-quality
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screenings resemble straw miore than grain in composition and value.
.. . Flaxseed screenings are usually considerably higher in fat than
wheat sereenings due to immature or broken flaxseeds. However,
they are also generelly higher in fiber.”

Screenings are mixed with miltfeeds to some extent, but are sold
as such for use in mixed feeds, mainly for dairy cattle and are used as
s concenirate. Morrison (37, p. 578) indicates “‘ground screenings
can be used satisfactorily as onc-fourth or somewhat more of the con-
centrate mixture for dairy cows, beef cuttle or swine. The best results
are sccurcd when screenings are fed extensively to fattening lambs,
especially in the wheat growing areas in the West. Often they are
used s the only concentrate.”  Good grade grain screenings average
15.8 percent protein content and 9.2 percent fiber, and screenings of
poorer quality have much lower protein content and higher fiber
content {see Morrison (37, p. 1126)}.

Production data on screcnings are not available. In addition to
domestic production, screenings are imported, mainly from Canada,
Sinee data are not available on the use of sereenings in leed, the series
on miscellnncous feed includes an allowance for trends in this item.
No data are available on Uie actual quantity fed in recent years.

THE PREPARED FEEDS INDUSTRY

Nutritional research in poultry and livestock feeding indicates
the advantages of carcfully balanced rations for growth and produc-
tion. Much broiler and other poultry concentrates are fed as com-
mercialty prepared feeds, in which 1t is possible to include such. addi-
tives as vitaming and antibiotics. These additives are included in
hog and other livestock supplements also. The high-protein by-
product feeds are important ingredients in these rations and are used
Lo abtain the desired level of prolein and to balance the grains which
are the major souvce of encrgy in the ration.

This section prasents a brief review of the use of byproduet fecds
in various Hvestock rations and in commercinlly prepared [eeds for the
year beginning October 1949, Shipments of prepared feeds, by kind,
are given for 1947 and 1954, based on data from the Census of Manu-
factures. Also trends in the “Prepared Animal Feeds” industry are
indicated for the Census vears 1927-54, and the value of shipments,
by regions, is given for 1954.

FEEDS USED, 1949-30

The most comprehensive study available of the use of individual
feeds by type of livestock and as formula feeds or fed as such is the
report by Jennings (27) for the year beginning October 1949. This
report gives a detailed description of the cstimation procedures and
sources of data employed. In general, the estimated level of formule
feeds fed in 1949-50 was based on datn on total shipments and inter-
plant transfers, as given in the 1947 Coensus of Manufactures, hut
these data were adjusted upward to allow for estimated production
not reported by (lie Census, such as prepared feeds manufactured in
retail and wholesale establishments.  Also these data were adjusted
to the 1949-50 leeding year, based on production of manufnctured
feeds reported by the American Feed Manufacturers Association.
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Use of individual byproduct feeds and grains, by kind of livestock,
in formula feeds and i total concentrates fed are summarized in table
19. These data arc obtained from Jennings (27) and are eslimated,
et least in part, in many instances but do provide useful indications
of the utilization of feeds.

Vasre 19.—Byproduct feeds and feed grains: Use in formada feeds and
total fed, by type of livestock, year beginning October 1949

FYed ta speeificd type of livestock

Poultry 2 Dairy cattle Hogs
Kind of feed

In In In
formula] Total [formulal Total |formula] Total
foeds 3 foeds feeds

Byproduet feeds:
High-protein: 1,000 1,000
Oilseed meals: fons lons
1,756 y 577
45 160

38
Peanut and copra
Animal and fish:
Mk products, non-
commercial
Other. oo _____.
Grain profeins:
Cluten feed and moal__
Brewers” and distillers’
dried prains. ...

Milifeeds and hominy_ .

Alfalfa menl

Dried beet and cilrus
Ppulp

MoOlASS08. e o i

Total ather

Total byproduet feods.

Grains:
Corn, excluding silage 4, 879 115, 207
Qats 060 | 3, 842

. a4 363
519 | 1,064

1,151 | 3, 345

Total grains.._....._. 8, 208 124, 321 GL |15, 44

Grand total 13, $18 {32, 010 4 (22, 600

Sec_footuotes at end of table.
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TaBLE 19.—Byproduct feeds and feed grains: Use in formula feeds and
total fed, by type of livestock, year beginning October 1949 '*—Continued

Ted to specified type of livestock
Total fed
Beef cattle  Other livestock *
Kind of feed
In In In
formulaj Tolal |formula] Total {formuln| Total
{eeds feeds feeds
Byproduct feeds:
High-protein: 1,000 | 1,000 | 1,000 { {006 | 1,000 | I,000
Uilseed mesls: lons fons tons toms tons tonz
Soybean. .- .. _._.. [§11] a0 307 307 | 3,870 4, 513
Cottonseed____....___ 30 | 1,218 12 75 662 | 2, 384
Linseed_ ... _..._... 36 37 12 13 407 670
Peanut and copra. . 7 7 20 20 204 206
Animal and fish:
Milk producls, non-
commeretal__.__ .o oo|o  ooootooaoonlo ol 1, 309
Othero o o eein e 39 59 969 | 1,139
CGrain proteins:
Cluten feed and mealjo oo |owooone 50 50 804 926
Browers' snd distillers’
dried grains. _______ 50 5O 1 1 429 585
Totel high-pro-
bein_ oo oo 233 | 1, 452 461 525 | 7,430 | 11,872
Other:
Millfeeds and hominy___ 162 162 607 007 5, 042 6, 090
Alfalfa meal _____.___.. G7 G7 119 1y 290 1,075
Dricd heet and eitrus
PO e N T N 11 247 485
Molasses. o oo oo 231 420 L 118 ¢ 1, 19§ 1, 301
Total other_ . ... __ 46 763 837 853 | 7,474 9, 041
Total byproduct feeds. 6463 [ 2,215 1 1,208 | 1,380 |14, 904 | 20,913
Grains:
Corn, excluding sitage.__ . 62 | 7,600 | 1,032 6,318 | G, B6l | 73, 875
Onats. e 88 786 232 | 1,806 | I,923 1 18,353
Barley_ oo 16 203 24 220 853 3,178
Sorchum genins, L ooooowoo|ooooo oL 47 80 589 1, 774
Wheat and eve fed oo oo o. . 7:k Td | 1, 344 4, 017
Total graing_, oo uoo.- 166 | 8,589 | 1,489 ; B, 588 |11, 574 [101, 177
Grand total .. .. _... 859 110, 804 |52, 787 | 0, 068 |26, 478 (122, 090

! Data adapted {from Jennings (27).  Tnecludes noneommereinal milk produets.

? Includes feed consumptiion only for pouliry on farms,

1 Acdjusted to include ingradients in formuia feeds fed o pouttry on farms.
Estimated by assuming that pereentnge of ingredienis in off-farm pouliry feeds
equals the ratioc of the tonnage of mash (seratch feed) fed to off-farm poultry to
the tontinge of mash (serateh) fed to farm poultry.

+ Includes sheep, horses and mules, all pouitry, and livesteelk in cities, and live-
stock other than the kinds listed on furms,

5 Includes 1,167,000 tons of poultry mash and 35,000 tons of seratch for poultry
in cities; 62,000 tons of sheep feed; 401,000 tons of horse and mule feed; and
1,062,000 tons of feed for cther livestock,

o’
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For the year beginning QOctober 1949, these dats indicate that 22
pereent of the tonnage of all concentrates fed was utilized in formula
teeds. A similar comparison by groups of feeds indicates 11 pereent
for feed grains, 63 percent for all high-protein feeds, and 83 percent,
for “other” byproduct feeds. However, for all high-protein feeds
other than cottonsced meal and noncommercial milk, 83 percent of the
Lonnage fed was in formula feeds,

The relative importance of formula feeds as an outlot for the various
mdividual feeds also is shown by this study. The following tabulstion
shows, for this year, the percentages of the stated feeds utilized in
formula feeds:

High-protein fecds:

Oilseed meals: Percenl
Sovbean. ._.___.._._.. ... . . e 86
Cottonseed .. ___ ... _. e . 28
Tdseed o ____. .. L . S HH
Pennut and copra rm— —aan 99

Avimal and fish hyprod 81

Gluten feed and meal . e 87

Brewers” and distillers’ dried grains__ . . : 72

Other byproduet foeds:

AMilifeeds and hominy el oo 33

Alfnifa maenl .. e 92

Dried beet and civrus pulp_. . . . e 51

Grains:

Corn, excluding silage.

Oadsooo_ .

Barley_o_ . ...

Sorghum grains__ __ . B e

Whent and rye fed - e -

_Table 20 shows the total quantity of high-protein feeds fed to cach
kind of livestock and Lhe pereenlage in formula feeds.

TaBLE 20~ ~High-protein feeds: dmount fed and perceniage in formule
Jeeds, by type of lvestock, year beginning October 1949

i Amount fed

Type of lives{oek :
! Percentage

Total o formuin
| feeds

1,000 tons Pereent
Dajry eattie B e 3, 706 G
Poultry on farms . o 3, 555
Hops___._.... ... e e 2, 544
Beof eattle . . ... ... . _ ..l ..~ 21,4452

! Bummarized from data in table 19,
* Mostly cotlonseed enke and meal used in rnge feeding,

SHIPMENTS OFf PREPARED POULTRY AND LIVESTOCK
FEEDS
Shipments of prepared poultry and livestock feeds amounted to

25.5 million tons in 1954, according to data reported hy the Bureau
of the Census (63). These dala, as shown in table 21, refer to ship-
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Tasie 21.—Prepared pouliry and livesiock feeds: Tolal shipments,
including interplant transfers, quantily and value, 1947 and 19541

1947 1954
Quantity Quantity
Kind of feed
Per- Value Per- | Value
Actual | cont- Actual | cent-
age of age of
total tofal
_ 1,000 Afiltion | 1,000 Million
Poultry feod: tons | Percent| dollars | ions | Percent| dollars
Serateh grains_ o ______.__ 1,785 || 1,054 ... 83 5
Mash aund peilets that
contain under 25 per-
cent protein:
Chicken:
Layer sud breeder_ .. 4,318 j__.____|._..___.. 4,886 .. ... 432. 2
Starter—______.____. 960 | 1,137 |- 8.1
Grower.__._________ L1738 || 1,341 |oo_____ 121. 3
Brefler_ oo _. 1,522 - 3,314 (___.__. 321. 8
Turkey_.._______._____ T R N, 934 .. 90. ¢
Other_ ... _______ 612 || _._ T3 e 64. 1
Supplements and concen-
trates that contain
over 25 percent pro-
c tein:
chieken_ o ________ 1,168 |o_..._. 129. 5
Turkey oo __ 882 b 394 (LT 40, 9
Mot specified by kindo____ 2207 oo 3400 | _____ 37. 2
Totad. . 11,826 | 876 | __.____ 15,395 | 60.4 [1, 428 7
Livestock feeds:
Dairy, with protein con-
tent of—
Under 25 pereont. o ___ . 4,664 | __L|-__a__._ 3,830 [oooo 302. 1
Over 25 pereent. . ____ 410 T I 837 |oae- 774
Fotal__________.___ 52721 %54} _______ 4,667 | 18.3| 379.5
Beef and range catéle_____ 434 P N S 1, 504 59| 116.4
Pig and hog, with protein
content of—
Under 25 pereent_____. (i T N S 13 [ 85.7
Over 25 percent. .o ____ 707 |\ |eaas 1,377 | ... 153. 4
Totaloo_ oo 1,478 1 T % |ooo___ 2,200 | 9.0/ 2301
Horse and mule .____.___ 534 2.6 .. _ 240 1.3 25.1
Other‘.______________._ 828 4.0 | __.___. 824 3.2 63. 8
Not speeified by kind.____ 2 240 L2 o 3 465 1.8 39.7
Total______ . _______ 8,788 | 42.4 | __.____ 10,090 | 39.6 ) 865 6
Total poultry and
Hvestoek.....______ 20,714 | 100.0 {1, 856. 0 (25, 4858 | 100. 0 (2,204, 3

See foobnotes on opposite page.
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ments and interplant transfers of establishments classified in the
“Prepared Animal Feeds” imdustry and other producers of these
feeds. However, it does not include prepared feeds manufactured in
retall and wholesale establishments. Comparable data for 1947
indicate total shipments and interplant transfers of 20.7 million tons,
thus giving an increase of 23 perceng from 1947 to 1954, Commer-
cially prepared leeds increased sharply from an estimated 11 million
tons in 1939, and also in relation to tetal concentrates fed and total
feeds purchased, as indicated in the Feed Situation (54, p. 24)

Shipments of poultry feeds, including scralch feeds, amonuted to
154 million {ons in 1854, or 60 percent of the total poultry and
livestock feeds shipped. DBroiler mash shipments were more than
double the 1947 level, whereas serateh feeds were 40 percent less. In
total, poultry feed shipments in 1954 were 29 percent sbove those
in 1947,

Dairy feeds accounted lor 18 percent of total shipments and inter-
plant translers of prepared feeds in 1954, as compared with 25 percent
of the total in 1947, Shipments in 1854 were 89 pereent of the 1947
tonnage. Supplements containing over 25 percent protein content
increased by 38 percent, wherens feeds containing less than 25 percent
protein, which accounted for 82 pereent of total dairy {eeds in 1954,
decreased by 18 percent.

Prepaved feeds for beef and range cattle shipped in 1954 amounted
to 1.5 million tons as compared with 250,000 tons in 1947, In 1054,
these feeds accounted for 8 percent of total shipments,

Shipments ol prepared pig and hog feed in 1954 amounted to 2.3
million tons, 55 percent above the 1647 level. Most of this increase
was i supplements that confain over 25 percent protein, which
accounted for 60 percent of the total for pigs and hogs in 1954,

Prepared horse and mule feeds declined from 1947 to 1954, reflect-
ing the reduction in numbers of work animals.

In addition to she poultry and livestock feeds shown in table 21,
the Census report (63) indicates quantities of dog and cat food of
various types, and value data for prepared animal feeds not specified
by kind. Dog and cat foods that are most likely to include byproduct
feeds, that is, biscuits, pellets and mesal, amounted to 474,000 tons
in 1954 as compared with 340,000 tons in 1947. For the prepared
animal feeds not specified by kind, over 600,000 tons were shipped
in 1954, as compared with 530,000 tons in 1947. These figures werc
compuled from value data, assuming that the average value per ton
for these Teeds cqualed that for total poultry and livestock fecds.

Value data also were reported for Vitamin B-12 and antibiotic
supplements. A delivered cost for these items, reported for the Pre-

! Data are from 1954 Census of Manvfactures report on Grain-Mill Products
(63}, and include shipments and interplant teansfers by both producers in the
“Prepared Animnl Feeds” industry aud obier producers of the stabed primary
products. These data exclude prepared feeds manufactured in retail and whole-
sule establishinenls.

! Bstimate (by Census) based on value.

¥ Tstimated by assuming that the 447 thousand tons of poultry and livestoek
Feads “nob speeified by kind® for 1947 wus distribufed between these groups us
or 1954,

1 Includes rabbit and other small animal feods, except dog and cab food.
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pared Animal Feeds industry, amounted to $23.5 million, or roughly
1 percent of the value of all poultry and livestock prepared feeds.
Further discussion of these additives to livestock rations is given
in this bulletin on pages 65-66.

QQuestions exist as to the completeness of coverage of total prepared
feeds by the Census of Manufactures, even after allowing for the fact
that retail and wholesale establishments ave excluded. The American
Feed Manufacturers Association publishes estimates of total pro-
duction of manufsctured feeds which, in recent years, are well above
30 million tons. A survey of feedstuffs purchased by farmers in 1955,
conducted by the Departinent of Agrieulture in cooperation with the
Bureau of the Census (67), indicates a total for prepared feeds of
24 million tons. This excludes quantities porchased for ponltry and
other livestock not on fartas and thus would be lower than the total
manufactured. Differences between the data from these three sources
cannof be explained at present.

TRENDS IN THE INDUSTRY

Data are shown in table 22 by census years during 1927-54 on the
number of establishments, average number of employees (total and
production workers), value added by manufacture, and value of

TasLE 22.—Prepared animal feeds industry: Number of establishments
and employees, Census years 1987-54 1

Establishuinents Average cmployees
for year
Year
20 ar Production
more Total workers Total
employees
Nuwniber Number | Thousands| Thousends
1027 o e e mm e | 447 ) 1. 4
192G . e [ P 750 10, 2 14. 4
A2 PSS I, 796G 8.4 )
1083 e 716 3.8 11.3
1985 . e acmmee|em———— o 042 11. 6 15. 4
3987 o e e e 1,126 14. 4 19. 2
1988 . o e e e 1,383 15.4 24,2
B G670 2, 688 40. 1 55.2
10584, o e = 685 2,202 41. 3 58. 9

' Data obtained from Census of Manufactures report on Grain-Mill Produeis
(68, p. ). Data for yeers prior to 1927 are not compurabic since they do not
include data for manufnctnrers of prepared feeds who grind the grain consumed.
These data are reported for cach establishment as a whole. Aggregates of such
data for an industry reflect not only the primary activities of the establishments
in that industey, but alse their activities in the manufacture of secondary products
and reveipts for their obher aclivities (sontrack work on materials owned by others,
repair work, ete.). ‘This fact should be falken into account in comparing these
indusiry stetistics with produet slatisties which show the shipments by all produsers
of primary produets of the induslry., [The value of total shipments, including
interplant transfers, in the product statistics {or 1054 was 2,843 million dollars
and for 1947 was 2,213 million dolinrs.)

* Not available,
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products shipped. These dats refer to establishments whose primary
products are prepared feeds, whereas date in table 21 are for total
shipments of prepared feeds by all manufacturing establishments.

The number of establishments in 1947 was twice that in 1939 and
six times that in 1927. In 1954, the total number decreaset by about
15 percent from the 1947 level, although establishments with 20 or
more employees increased from 6870 to 634.

Another indication of trend in the prepared feed industry is given
by data on the number of employces. The average number of pro-
duction workers employed in 1947 was 2.6 times that in 1939 and 5.3
times that in 1927. In contrast to the trend in numbers of establish-
ments from 1947 to 1954, the number of production workers increased
by about 3 percent, and total numbers of employees increased by
about 9 percent. Trends in average number of employees do not
adequately reflect changes in the quantity manufactured since tech-
nology of production has changed considerably during this period,
The increase in quantity shipped from 1947 to 1954, described
previously, relates to producers in the “prepared leeds industry”’ and
to other producers of these products, and thus it is not possible to
quantify these changes in productivity per worler.

PRODUCTION BY REGIONS

The 1954 Census data (63) indieate quantities of shipments and
interplant transfers for 33 States, and totals for 9 regions, The
regional data are shown in table 23. New York is the leading State
in value of shipments, and second te California in the number of
production workers. Colifornia is the sccond ranking producer of

TasLe 23.—Prepared animal feeds: Specified duta by regions, 1954
I

Establishiments Production Value of ship-
workers maents

Region : ! i

20 or Average| DPer- - i Per-
more number | ventage ! Total | centage
I em- far year: of total ! of total
i ployees | i ;

b !

Thou- Afiliion

Mumber | Number | sands | Perceni | dollars © Percent
New England 26 17 3 127 3
Middle Atlantie 70 2049
East North Central., __ 108 400
West North Central.__ 135 493
South Atlantic U8
East Seuth Central____ 47
West South Central_.. §S
27
85

|
[iSJ;i 2,200 i 4l

12
18
21
12
5
11

3
0
100

He b e B0 01 58 M O
=] H= DI R Ld = = G S

19854 Census of Man

ufactures, raport on Grain-2lill Produets {63).
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prepared feeds, necording to the 1954 Census data. The North
Central States, however, accounted for 39 percent of the total value
of shipments and numbers of production worlers.

MA JOR PRODUCING AND PROCESSING AREAS

The location of preduction of byproduct feeds influences the relative
use and price paltern for the various leeds, by regions. Cerlain
feeds, such as peanut meal, are produced in a fow concenlrated arvegs
of the country, and are consumed largely in these areas. This is in
contrast to other feeds, such as meat scraps, which are produced or
processed in most States. The broad outlines of the production and
processing arveas for the various groups of bypreduct feeds are in-
dicated in this scetion.  The mterrelationship of prices of these feeds,
by regions, 1s illustrated for cottenseed meal and sovbean mesl in a
later section.

OILSEED MEALS

Figure 2 shows the 1954 acreage of the four crops—soybeaus,
cotten, flax, and peanuts—irom which the vespeclive oilseed meals
are processed.  Acreage of “‘sovbeans for beans™ is reporied for 30
States by the Crop Reporting Board (46); however, the 6 States—
Illinois, Indiana, Jowa, Minnesota, Missouri, and Ohio—accounted
for 78 percent of Lhe Lolal acreage and 85 percent of total produclion
from the 1954 erop. Acreage of soybeans for beans increased during
the 20-vear period {rom 1935 to 1954, from 2.9 million acres to 17
million acres. Dala for 1924-38 [or sovbean acreage, supply and
disposition, and production of oil and mesal azve given in table 24.

Cottonseed production is shown for the 14 principal preducing
States by the Crop Reporting Bonrd (46), together wilh the aggre-
gate production in § other Slates which account for less than 0.5
percent of the fotal. In 1954, Arkansss, Louisinna, Mississippi,
Missouri, and Tennessee accounled for 33 pereent of tolal cottonseed
production; Texas and Oikiahoma, Tor 31 pereent; Avizona, California,
and New Mexico, for 20 percent; and the southern States of Alabamn,
Georgia, North Carolinn, sand South Carolina, for 16 pereont. Supply
and clisposition dats for cotion and collonsced are shown in table 25.
Material on vield of products s given in table 26,

Flaxseed acreage and production is cenlered in Minnesota, North
Dakoti, und South Dakotu; these threoe States accounted for 93 per-
coent of the United States telal in 1854, Produetion is reported for
seven other Stales, the most imporlanl being Californin, which ac-
counled for 3§ pereent.  Domestic production incressed sharply during
and following World War 1L, offseliing a decline in imports, and has
confinned above the prewar level {sce lable 27).

Acreage of peanuts picked and threshed is reporled for 12 States.
The southeasiern Stales of Alabama, Florida, Geovgin, Mississippi,
and South Carelina accounled for 52 percent of the 1954 acreage,
and 43 percent of (otal production. The States of Virginin and North
Caroling aecounted for 20 percent of il total nereage, butl 42 pereent
of toial production. Yields in Virginia and North Carolina generally
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are much higher than in other aress. Acreage in Arkansas, New
Mexico, Oklahoma, and Texas sccounted for 28 percent of the totsl,
and production for 15 percent of the total. Food uses of peanuts
accounted for 55 percent of total utilization in 1950-54, and crushings
for 34 percent (see table 28).

GEQGRAPHIC DISTRIBUTION OF ACREAGE OF SOYBEANS,
COITON, FLAX, AND PEANUTS, 1954

E LU Y Py
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Figure 2. Acreage of the fonr erops from which domestic production of the oilseed
menls is obtained differs as to loeation. Soybeans are harvested mainly in the
North Central region. Cotton acreage is Ipeated in the southern States and
Californin.  Acreage of flax i centered in dMinuerota, North Dakotn, nnd
Houlh Dakota, Most of Lhe pernut harvest is in three areas; (1) Virginia and
North Carolina; (2) the southeastern region; and {3) Texas and Oklahoma,

Location of oilsecd processing plants is given in detail in a report
by Kromer and Gilliland {34). Special surveys by the Burcau of
the Census in cooperation with the Department of Agriculture provide
data by Siates as to the number of mulls, quantity processed, and oil
vields broken down by method of extraction. Data for the United
States are given in table 29 for the 1952-53 scason. Yields
for meel, by method of cxtraction, are based on cstimates as de-
scribed in footnotes to thatl table,

The solvent extrretion method was introduced rapidly for soybean
processing in the post-World War IT period. Data for the 1952-53
season indieate that 86 percent of the soybeans were processed by this
method.  The solvent method gives a higher oil yield per ton, but a
lower mealyield. The meal obtained by the solvent extraction method
and the serew press (expeller) method differs in composilion, as shown
in table 30. A comparison is given also in this table for soybean
ment processed from dehulled beans.,
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Tasue 24.—Soybeans: Acreage, supply, and disposition, 192466

Acrenge : Supply Disposition Production of—
. Crushings 3 Oil Meal
by ‘l'emi' Totnl ‘ ¢ Yield I
cginnin olal, ar< lold X
()Léwbt:rg includ- Har- | vested | Pro- per Stocks For oiland— ports | Used | Resid-
ing Grown | vested | asa due- | nere | Tm- | Oclo- | Total For | and for | ual4 Per Por
inter- { alone for  {pereent-] tion har- [por{s] ber 12 [supply full -{ ship- | sced Quan- 1 bushel | Quan-| bushiel
planted beans | age of vested Total Low- | fat [ments tity jerushed 3} tity lerushed s
total Meal ”l’nt flour
our
1,000 1,000 1,000 Mil. Mil.] Mil, Milo | ML Y ML | ML AL | Ml | ML | AL ML 1,000
acres acres | acres Pet, b Bu, b bu. bu, 2 . b, [(:3 LY, tons L,
1,782 1, 567 448 25.1 4.0 1,01 0.1 Q] 5.0 1.9 2,8 2 7.4 49.:5
1,7856°1 1,530 4]‘5 2.2 4.9 1.7 .1 ?‘) 4,0 2,3 2,2 :% 7.6 9 40.0
2,827 1,871 466 glg 5.‘?; {‘l,ﬁ . ; :) 5.-3 . :)'! b “.;’, ;i .z 7.;) 3 33 6
2 Y i a—y . - "" . -y K 0 —v ol
SN A T8 IS S v B M X zol o 7 g3 22 15
2,807 | 2,420 708 -25.2 9.4 13.8 .1 0.1 0.6 IS (RS (REUORIN SSRSINE SRR 3.8 4.1 13 8.1 11 48.9
34731 3,072 1 1,074 30.9 | 13.9 13.0 .1 1 4.1 E 0 O (SOOI ENPUNETIN PP FRPUISI B 3 4.8 35 8.8 a9 48.5
4, 30«1 :’3, §35 1,141 26, 5. 17.3 15.1 .4 . 17“8 7 4.6 6.2 40 8.5 115 48.6
so67 | hor | Lo | saalass| el @ | o' Wel 7L Tel 30| B &el M| &S
0,3 Oy 3 <b. . . Ry N - . . <0 . 3
G207 | 5761 | 1556 | 251 232 ® Eu; 2% 2 1 w0r| a7 78 861 22 48, 4
7503 | 6,966] 2015 389 4890 (% .3 a2 2 8.9 1.3 [ 200 83| 613 48,7
7,183 § 6,127 | 2,350 32.8| 337 0] -4 31 6 25 3.6 184 8.9 400 48.1
B Ty 404 6: 332 |- 2, 58806 3461 46,2 ?) .3 46,6 . 10.9 3.5 279 9.2 724 4.5
1038 8,587 | 7,3181¢ 3,035 5%5. 3] 6LY ) o 62.2 lfl_. 71—24 -Ilfl %311, pﬂ-l 47.7
10,920 | 9,565 | 4,315 30.5 | 90,1 (O] 1,0 M1 16. G 7.1 533 ot {1,348 4‘7. 4§
I | ) e el @) ) e elRHES IR
11, 345 [ 10, 06 5, 889 1 7. i 8 7. U S oD 5204 Ry : .
1402 | 12696 | o804 66.3 | 187.5 §a) 6.0 1035 11335 127070 a6 19| leiano 9.0 | 3,200 48.0
15,428 1 14,191 | 10, 397 67.4 | 100.1 6) 125 1 202,7 | 142.3 | 136.2 4.5 1.6 1.0} 10.8 8.6 | 3,446 48.4
14,050 113,118 | 10,245 729 1 1921 (® 1421 206.3 | 153.4 | 150.6 1,9 .0 5.1 18,9 8.8 | 3,099 48.2
13,807 13,056 | 10,740 77:8 1 193.2 6) 771 200.0 1 150.5 | 150.1 83| 1.1 2.9 | 16.7 8.9 3,837 48. L
12,434 | 11,706 1 9,932 79.0- 1 203, 4 Q] 44 207.8 1 170.2 | 160.6 9,2 4| 83.8|17.5 9.0 | 4,086 48.0
13,755 1 13,052 § 11,411 83.0 | 186.5 (O] 5.4 1018 | 161.4 | 144.1 17.1 L2 82,9 1161 9.5 | 3,833 47.5
12,617 } 11, 987 [ 10,682 84,7 | 227,2 ) 206 | 220.8 [ 183,71 180. 1 3.4 L2 23,01 15.9 0.8 | 4,330 47.2
12,456 1.11,872 1 10, 482 84,21 234.2 (O 3.20 2374 1 195.3 1 191, 4 3.7 20 13.1:118.9 9.9 | 4,586 48.0

. . . . .
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1 Data avallable prior Lo 1942 generally are not as reliable ns'in subsequent years, -Data on domestic production not available prior to 1924,

2 From. 1024 through 1941, stock data are at crushing mills enly as reported by the Bureau of the Census. Beginning with 1942, data include stocks on farms, at processing
plants, commerclal stocks at terminals, CCC stocks in transit to ports, and stocks in Interior mills, glavators, and warchouses,

3 érushlngs as reported by Burcau of the Census.- Some new-crop soybeans are crushed prior to October 1. These affect the size of the residual item.

¢ Includes soybeans fed to livestock, cleaning and other losses, year-lo-year changés in volume of soybeans erushod prior to October 1, and other statistical discrepancies, ~ Sub-
stantial amounts were used for feed-in 194247,

$ Computed from unrounded data.

¢ Less than 50,000 bushels. .

7 Based on inspections for export by Federal licensed inspectors, fitst reported in October 1031, Not seporately ¢lassified by Burean of the Census prior to January}, 1037,

EIncludes exports for civilinn feeding abroad by the military forces.

* Beginning with 1950, includes crushing for industrial soy flour. Not available 1953 to date.

19 Preliminary.
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TasLE 25.—Cottonseed: Acreage, yield, supply, and disposition, 1909-56

Year beginning August

Acreage
- har-
vested

Yield
per - har-
vested
acre

Supply

Disposition

Produe-
tion 1

Im-

ports

Stocks at
2 mills,
August 1

Crush-
ings

Ex-
ports #

Seed used
for plant-

ing

1,000

aeres
30, 555
31,-508
234, 9106
32,00/
35, 206
35,615
29,951
33, 071
32,245
33, 038
32, 906
34, 408
28, 678
31, 361
- 35,550
39, 501
44, 386
44, 608
38; 342
42,434
43, 232
42,444
38, 704
35, 891
29, 383
206, 866
27, 509

Pounds
290
327
399

374
357
402
331
308
311
305
308
347
246
276
253
306
322
358
300
208
296
284
378
324
375
317
337

1,000

lons

O

1 000

1,000

tons
518
5064
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29,755
33, 623
24, 248
23, 805
23, 861
22, 236
22, 602
21,610

219,617

17, 029
17, 584
21,330
22, 911
27,439
17, 843
26, 949
25, 921
24, 341
19, 251
16, 928
15, 615

368
467
408
409
443
410
460
434
500
430
400
439
519
478
460
467
478
554
503
714
695

137

155
229
209
177

5, 494
7, 886
5, 287
4, 990
5, 326
4, 684
5, 284
4,778
5, 020
3, 883
3, 632
4, 782
6, 034
6, 691
4,394
6, 352
6, 327
6, 903
5, 938
6, 252
5, 584

4, 498
6, 326
4, 471

bk N ot ek ek
P T O e O O3 U OO0 i e QOGS

! Before 1928, production of cottonseed was computed on the basis of 65 pounds of seed to 35 pounds of lint.

¥ Year beginning July, Tmports for consumption; 190917 and 1933 date; general imports, 1922-32,

3 Not reported separately, 1923-41. )
4 Mainly used on farms for feed and fertilizer.

5 Less than 500 tons, |

8 Available on ealendar year basis only,

September 2, 1922-June 30, 1923,

8 August—~December 1922,
9 Preliminary,
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Tarre 26.—Cottonseed: Crushings and products produced, 1909-56

Yeur beginning August

Clrush=
ings

Production

Yield per ton crushed

Oil

Meal

Linters !

Hulls

Other,
including
foss 2

Meal {Linterst| Hulls

Other,
including
loss ?

1909. .

1910, .

3125 S
L5 E S
1913 .
1914 . B
1015, .. .
1916 ..
T!M7..
1918 .. .
1919 .
1920 ..
19210

1022, .
1923, ..

1924 .

1025 . .
1926, .. ..
1927, ..
1028, ...
1829, ... .
1930.. . ..
1931, ..
193200 1.
1933:. . ..
1934.. ¢
1935. . PR VIS
1936, ... ... ..

4, 654
5, 061
3,016
4,715
5, 328
4, 621
4,157
3, 550
3,818
4,408

Million
pounds
082
1,260

1,512

1,303
1,450
1,719
1,253
1,408
1,312
1,325
1,211
1, 309

930
1,003

980
1,404
1,617
1,888
1,477
1, 604
1, 872
1, 442
1, 604
1, 446
1, 303
1, 109
1, 164
1,:364

Million
pounds
2, 652
3, 584
4, 302
3, 998
4, 440
5, 206
3,846
4, 450
4146
4, 340
3 634
3,572
2, 700
2, 074
3,030
4, 251
5,193
5,680
4, 187
4, 563
4, 4064
4, 330
4, 802
4, 186
3,777
3,229
3,478
4,063

Million

pounds
148
190
267
202
306
410
445
637
539
445
201
211
190
201
320
430
534
556
189
617
598
475
514
440
474
483
525
679

Million
pounds
2, 578
9, 750
3, 284
3, 080

2, 800" |

3, 354
2, 440
1,038
1, 992

9,274 |

2 286
2512
1, 874
1, 888
1,882
2 662
3,095
3. 709
2, 640
2 737
2 767
2. 607
3, 022
2, 625
2,207
1, 826
1,976
2, 288

Million
pounds
178
428
477
397
700
781
420
525
525
574
604
534
313
328
398
463
677

515
601
631

Pounds
301

Pounds
789
670
667
0672

Pounds
45
46
54
64
63
71

106
142
127
99
72

Pownds
8t
873
874
873
916
916
915
903
972
969
9006
878
901
918
918
923
034
901

902
890
918
901
906
909
910
M1
903

580
581
433
467
508
570
619
623
582
569
578
557
588
567
541
552
553
567
568
531
514
518
509

578 |

Pounds
54
104
98
87
144
136
100
118
125
128
150
129
104
101
120
101
122
124
111
118
126
122
117
118
133
128
128
134

o
(=2]
=
é
%
[}
g
&
=l
5
=
—
Qo

MOO
=
w
o
=
H
S
o
Lo
b
@
el
by
g
-
o
=]
=




6,326 (1,961 | 5,661 877 | 3,252 901 310
4,471 | 1,400 | 4 047 665 | 2, 322 499 315
4,151 | 1,825 3 764 642 | 2,110 461 319
4,808 | 1,425 | 3, 907 727 | 2 214 523 324
4,008 | 1,250 | 3505 718 | 1,983 560 312
4,498 | 1,401 | 3 989 822 | 2170 614 311
3,955 { 1,236 | 3 669 703 | 1, 853 449 313
4,254 | 1,324 [ 3 008 748 | -1, 968 560 311
3,262 | 1,018 | 2869 593 | 1,567 477 312
3, 090 973 | 2,725 580 | 1, 454 439 315
4,082 | 1,276 | 8,797 758 | 1,847 486 313
5332 | 1,704 | 4,782 977 | 2. 471 729 320
5712 1,847 5111] 1,007 | 2 675 784 323
3,723 | 1,197 | 3 338 687 | 1,714 510 321
5476 | 1,751 | 5,006 | 1,013 | 2 469 612 320
5,563 | 1,825 [ 5, 345 026 | 2, 398 516 328
6,256 | 2,004 | 5921 | 1,150 | 2 775 576 332
59491 1,735 | 5 122 986 | 2, 278 376 331
5,588 | 1,804 | 5,261 990 | 2, 408 532 339 (
4,049 | 1,682 4 772 877 | 2142 424 340 964

! Computed from production reported in terms of equivalent 500-pound bales on the basis of net weight.
2 Includes motes, grabbots, and hullfibers.
3 Preliminary.
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Tasue 27.—Flaxseed: Acreage, supply, and disposition, 1920-66 '

Supply Disposition Production of—

. Acre- | Yield
Year begin-| age per . 0il Meal
ning July har- har- - Pr Used
vested | vested d Stocks,| Total | Orush-| Tx- for
acre o s {July 12 supply | ing s | seed ? Quan- Per Quan- Per
tity bushel tity bushel
croshed crushed

MillioniMillion |Mitlion | Million | Million | Million |MAllion | M illion (Million |
Bushels | bushels | bushels | bushels | bushels |- bushels | bushels | bushels | bushels | poinds Pounds Pounds
6.6 10, ¢ 16. 2 0.5 B 25. 6 (% 0.6 ] —4. 484
13. 5. 23. 5 ‘ 1. 440

25, 311 1. 595
19. 36,2 - 674
13. 40. 7 751
19, 38 704
24, 40. 6 750
18. 43. 811
23. 738.
19, 651
7. 489
13. 439
6, 318
17. 443
5. 404
15. 506
26. 587
17. 505
i8. 502
13. 579
11. 707
988

23
6. 849
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975
585
511
432
528
670
694
770
547
460
500
592
643
482

1,047
633
589
485
595
737
728
844
609
507
561
632
695
531
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00.00 100 1500 22,00 1 10 0 00 00
i
WO, =N
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5, 545

! Data for 1920 generally are not as reliable as in subsequent years. Data computed from unrounded figures,

#1920, stocks held in public storage houses in- Minneapolis and Duluth on Saturday nearest July 1, as published in 1925 Agricul-
tural Yearbook (66); 1921-47, off-farm stocks include those at crushing plants and terminal elevators only; 1948 to date, stocks at
terminals, processing plants, interior mills and elevators, and warehouses are ineluded. . Stocks on farms 1921-47 were estimated un-
officially based on movement of the ¢rop to principal markets; 1048 to date, based on reports of the Crop Reporting Board.

31In the following year.

* Includes shrinkage and cleaning losses, change in stocks in unreported-positions, and statistical discrepancies reflecting in part
the inclusion of some new crop seed in stocks and crushings. .

% Less than 50,000 bushels.

% Preliminary.
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TanLe 28 —Peanuts: Acreage, yield, supply, and disposition, 1916-56

Supply Disposition, kernel basis ) Production

Acreage | Production picked and threshed Crushings oil
Year picked Ex-
beginning ! and Im- § Begin- | Total, | ports
threshed Farm-| Con- ports 3| ning | kernel § and Farm- Yield
Per ers' | version| Kernel stocks ¢ basis | ship- ers’ | Shelled ¢} Total | Quan-| per 100
acre stock | fugtor?| basis ments stock $ tity pounds
basis : crushed

Million Million} Miltion; Miltion| Miltion] Million| Millien] Million] MMillion) Million] Million | Million] Million
Pounds| pounds | Percenti pounds | pounds| poundst poundst pounds} pounds| pounds) pounds | pounds| pounds |pounds| pounds] Pounds
758 b6 (M 444 42 1 inen 19 3 10 286 (118) (118) 40 34.2
752 (59 ) 44 - 73
631 28 N\ 204 4 101

450 { ] 7 23 8
464

1,321
1,131
1, 587
1,612
1, 668
1, 600
1,508
1,663
1,757
1,409
1,517
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20 607 144
21 701 136
14 719 210
-1 669 63
18 700 180
10 793 192

! Year beginning August in the southwestern section, September in the southeastern section, and November in the Virginia-Carolina section.
2 Percentage yield of kernels (both edible and oil'stock) from shelling of {armers’ stock peanuts.
- 11916-21, general imports; 1922-date, imports for consumption.
‘4 Includes'stocks at erushing mills on Oct. 1, 1919-37, at cold storage warchouses in the North and Middle Weston J uly 1, September 1, or Oct:. 1, 1925-30, and in all commereial
positions on Sept. 1, 1938, to dite.
i “6 Ilngligélesuse.for feed, losses on farms, shrinkage at mills, change in stocks In unreported positions, adjustments for new-crop peanuts included in beginning stocks; and sta-
stical repancies, :
¢ 1916-18, estimated from production of peanut oil; 1919-37, roported by Burenu of the Census, year beginning Oct. 1; 1938 to date, reported by Agricultural Marketing Service,
year beginning September-1. :
7 Yield in-years prior to 1938 estimated at 66.67 pereent.
¢ Less than 500,000 pounds.
¢ Preliminary,
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TaBLe 29.—Principal oilseeds: Percentage processed and yield of oil
and meal per tow. Sy method of processing [nited States, marketing
year beginning 19521

Ttom bSc(:m};\:; ngggn- Linsced | Peanuts

Poreentage of total processed: Pereent | Percend
Hydraulic press 1 46
Serew press 13 33
Solvent extraction 2 86 21

100 100

Yield per ton:
Oil: Pounds | Pounds
Hydegulic press 276 3106

BErewW PrESS . .o oo e 304 327

Bolvent extraction 370 370

360 328

Hydraulic press. . oo on_._ 1,707 a79
Berew press 1, 603 962
Solvent extraciion 1, 607 919

1, 617 961

| Data on yield of oil per ton by method of processing for soybeans, cottonseed,
and linseed hased on special survey by ihe Burcau of Census and the United
States Department of Agrieultuce. Yield of meal per ton indicated For total
processed only,  Data for soybeans refer to the Oeteber-September year; cotton.
seed, August-July year; linsced, July-June year; and peanuts, Seplember-
August year,

* Adoption of the solvent mcthod of processing was rapid in the post-World
War 11 period, as indicated by the following averapge percentages of total processed
in the indieated years beginning October: 1936-40, 19 percent; 1941-45, 21
pereent, 1946-49, 41 percent, Data for individual years, by method of extirac-
tion, are summarized in Kromer and Gilliland (34, p. 6) and in & more racent
report by Kromer (33),

3 The remaining 46 percent is largely prepress solvent. In 1951-52, the screw
press method accounted for 53 percent of the total processed; prepress solvent,
30 percent, and cther methods, 17 percent.

* Total yield of oll and meal add to more than one ton since some oil is recovered
from the processing of sereenings.

3 Yield on a kernel basis,

¢ Estimated by assuming that the processing loss, or praduction of other products
in the casc of cottonsced, equals that for the total quantity processed.

Processing of cottonseed is done mainly by the hydraulic and serew -

press methods, as shown in table 29.  The yicld of oil is highest for
the solvent extraction method, followed by the screw press and the
hydraulic methods. The recovery of oil per ton processed averages
less for cottonseed than for soybeans, as a larger perceniage of soy-
Deans are processed by the higher-yielding solvent extraction method.
The yield of meal per ton from cottonsecd processing is considerably
less than for soybeans, as linters and hulls also are obtained as by-
products. For the 1952-53 season, the yield of the various products
per ton processed were as follows: Oil, 328 pounds; meal, 961 pounds;
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linters, 184 pounds; and hulls, 431 pounds. Cottonseed meal is sold
generally with a guaranteed protein content of 41 percent, Meal
produced from the solvent extraction method averages lower in fag
eontent and productive encrgy than that produced by the hydraulic
Git serew press methods. Relative importance of cottonsced process-
ing areas corresponds closely to the patiern of preduction in the
several areas,

Tapre 3G.—Soybean meal: Compositiovn, by method ¢f extraction

Method of extraction

Solvent when beans
Nutritive element . are—
Fxpetler

Not Dehunlled
debulled

Pereent Pereeni Percent
3.5 . 05
6.8 3 3.0

42 4 a0

Calories Calories Catories
Productive energy por pound. .o G40 a70 I 530

Hubbelf (22, p. 15).

Linseed processing is centered in Minnesola—thatl State accounted
for 72 perecent of the lotal quantity processed o Lhe 1951-52 season.
New York, Penasylvania, Ohio, and Iilinois processed 28 percent;
Californin, 6 percent; and olher States, 2 percent.  As shown in
table 29, Lhe screw press method accountled for 54 percent of all
linseed processed. Data on other melhods were nol indicated for
the 1952-53 season; for the 1851-52 scason, the serew press method
accounted for 53 percent; prepress solven, 30 pereent; and other
methods, 17 percent.  The oil content and the recovery of oil is high
for linsced—about twice that of sovheans—so that the meal obtained
per ton processed is correspondingly less.  Solveni-process linseed
meal coutains 34 percent protein as compared with 32 percent for
screw-proess meal, but it has a lower [al content and productive energy.
Protein content of linsced meal varies somewhat from year to vear,

Peanut processing is done mainly by the hvdraulic and serew press
methods.  Data on processing by Stales are not readily available, but
it is known te correspond in general with the producing areas, The
oil yield from peanuts {on a kernel basis), as shown in table 29, is
higher than for the other oilseeds. The meal yicld is lower than for
soybeans and linseed but higher than for cottonseed,

The value of individual products obtained [vom processing sovbeans,
cotionseod, linsced, and peanuls, expressed as = percentage of the tota]
value, are given in table 31 for the seasons 1947 Lo date. These data
are published regularly by the Agricultural Marketing Service (49)
and are caleulated from values oblained by multiplying the yield of
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TarLE 31.—Principal oilseeds: Value of producis expressed as «
percentage of total ralue, 194756}

Borbeans ? Cattonsced ? I Linseed * Peanuts §
Year ]
beginning

Ot | Meal | Gil | Meal Other| O3 | Meal! Oil | Meal

Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per-

cend cenl cent cend cend cent cend cenld cent
1047 .o 5t 406 60 28 12 80 20 79 21
1948 ... 45 50 59 31 10 81 19 76 24
1949 ____ .. 44 506 5l 34 15 73 27 74 25
1950 . __. 53 47 30 24 26 i} 24 80 20
1951 .. _ 306 6l 43 37 20 72 28 70 30
1952 ... 44 50 19 36 15 68 32 77 23
1983 . _ ... 44 56 53 34 13 70 30 73 25
1954 ... 48 52 52 36 12 68 32 72 28
1955, ... 5 46 37 33 10 T3 25 80 20
19568 ____. 35 45 ab 32 13 73 27 81 19

! Values ealeulated by multiplying yield by simple averapge priee, using specified
quotations noted below,

? Octeber-Beptember season.  Price quotations are: Soybean oil, crude, tank
cars, f. o, b. DMidwest milis; soybean meal, bulk, Deesatur, quoted as 41 percent
prior to July 1950 and 44 percent protein content beginning July 1950,

3 August—July season. Priee guotations are: Cottonseed oif, erude, £. 0. b.
southeastern mills; cottonsecd menl), 41 percent pretein content, bulk, carlots,
Memphis.,  Other produets include Hnters and hulls.

tJuly-June season. Priee quotations are: Linseed oil, raw in tank carg
Minneapolis; lingeed meal, bagired, carlots at Minneapolis. Protein content, 34
percent prior fo July 1950 and 3G percent since that date.

§ Beptember—August season.  Price quotations are: Peanut oil, erude, tank
ears, f. 0. b, southeastern mills; peanut meal, 45 percent protein content, £, o, b,
southeastern mills,

¢ Preliminary.

the several products by simple average prices using specified quota-
tions. The value of sovbean meal exceeded the value of the oil in
6 of the 9 seasons during 1947-55. A similar longer-term series,
caleulated by using the price of soybean meal, bagged, at Chicago
rather than the bulk price at Decatur, indicates a value of meal higher
than that for oil in 13 of the 16 seasens during 1931-46. The relative
value of the meal in soybean processing is more important than for
cobtonseed, linseed, and peanut processing.

ANIMAL BYPRODUCT FEEDS

Production of meat scraps in 1957 was more evenly distributed
throughout the country than was production of tankage for feed (see
table 32). Moeat scrap production during 1957 amounted to 1,159,000
tons, or four times the quantity of tankage produced for feed.

Milk products fed to livestock in the year beginning October 1954
is estimated at 1,330,000 tons, dry-weight equivalent. Commercial
milk preducts fed to livestock, including skim milk (dried and con-
centrated), buttermilk (dried and concentrated), and whey (concen-
trated, condensed and dried}, amounted to about 176,000 tons for this
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Tavre 32.—Meat scraps and tankage: Production by reqions, 1957

Meab seraps (or meat | Tankage ! (digester
meal) or feeding}

Percent- Percent-
Amount age of Amount age of
total {oinl

1,000 tons | Percend | 1,000 tons | Percent
North Atlanbie_ __________ . _._ 254 8 22 23, 8
Bast North Cenfral. _. ... .. 3218 28 7
West North Centeal . 0 | 15
South Atlantic . L 2 8
South Cenbrai___... .. ... .. 43, 6 12
2

27
44
10
Mouvnbain.______. ... _. . ... .. 2.7 2
Paciic ... ___. .. ... ..... i, 5 13

e D G0 e D

100

ped

Total .o ... . ... Y 100

! Excludes tankage praduced for fertilizer.
Special ishbulation prepared by the Crop Reporting Board, Agricultural
Jlarketing Serviee.

year, including 27,000 tons of sales by Lthe Commodity Credit Corpora-
tion for feed use. A large proportion of these products are produced
in surplus milk producing areas of the Alidwest. Noncommereisl
mitk products fed on farms where produced are estimated at 1,160,000
tons {dry-weight basis) for the vear beginning October 1954; these
inelude skim milk, buttermill, whole milk, and whey. Regional use
of these products is related chiefly to the areas of production of butter,
cream, and cheese.

FISH BYPRODUCT FEEDS

Fish meel production by area and specics is reported ennually in
Canned Fish and Byproducets (67). Production on the Atlantic and
Gulf Coasts accounted {or 85 percent of domestic production in 1955.
Menhaden mesl is by far the most important, accounting for about 70
percent of total United States production. Crab, groundfish, and
Maine herring arc other important mesals produced in this area.
Production on the Pacific Coast, Alaska, and American Samoa
currently accounts for about 15 percent of the United States total.
Tunsa and mackeral meal is most important, folowed by sardine and
Alaska herring meals,

The quarterly pattern of preduction for important meals for 1955 is
shown 1n table 33. This pattern is sumilar for the last few years,
although yearly differences are important. Alaine herring meal is
produced mainly in the second and third quarters of the year. This
also holds true for menhaden meal, with no production reported for
February and March, and negligible quantities in January, for the
five years 1951-55. On the West Coast, Alaska herring meal is pro-
duced in June, July and August, with minor quantities reported for
some years in Seplenmber. PProducéion of tuna and mackerel meal is
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less sensonal.  Tmports of menl even oul seme of the seasonal patlern.
I each year during 1951-55, unports weee larger than produetion in
the fivst quarter of the year, and {for the month of Decentber in three
of the five vears,

Production trends by species are shown in table 34.  Menhaden
neal has shown the sharpest inerease in produelion sinee 1931-35.
Production of neidulated menhaden serap and meal, whieh is not used
(or (eed purposes and is exeluded from the dat in table 34, amounted
to 15,000 tons annually i 194135, but cuwrrently ia negligible,  Pro-
duetion of sardine meal on the Pacifie Cloast has declined deastien]ly
in recent yvears.  In 193134, (his meal aceounted for 42 perceni of
the total production o the United Stites, whereas v 195054, it
amounted to less than 3 pereent. Producetion of tuna and mackerel
meal has bereased, as has produection of “othee”™ meal. A large
proportion of “other” meal 15 produced on tie Mlantic and Gulf
Coasts; erab meal and groundlish meal are the prineipal classified items.

Tanre 33.—Fish meal: Production by kind, imports, and supply, 1955,
and pereerdage disiribution by quarters

Pereentage diztribution by

' gunriers
liein 1033 o
L N L S A
bopaon : i
Production:t o dows o Poreend - Pereent P Pereend | Percent
Adiantic and Gnlf Coasts: ' ) ' E

Maive herring L RRSLE 1 a8 . 40 16
Menhadens_______ . _ " ojuolg e A 29 GBI 16

Qther3_ .00 -0 . . ._. 2008
Tolal ... .o L. .

Pacific Coast, tlaskn, awd
Samoal :
Magkan heering. . oL L
Rardine (Pileldy
Tuna and mackerel. _. .

Other. .. ... . oo
Tatal . ... . ..
Total produetion 1. ..
Imports._.. o ... ...
Bupply oo e

URrom Canned Fish aond Byproduels—3055 87 and Fish Meal and 011 (78},

2 Production by speeificd rroups of States §s as follows, expressed in thousand
tons: Maione, Massachosetts, Rhade Island, 6.0; New York, New Jersey, Dela-
ware, Marviand, 79.9; Virginin, 32,7; Narth Caroling, South Cacoling, 19.9;
Mississipni, 12,65 Florida, Toexas, 9.0; and Louvisiana, 31,2,

3 Includes some unclassiliod meanl produced in Minnesola,

A0 ther” meal amounting 1o 16.7 thousand rons alloented by quarters using
factors provided by the Fish and Wildlife Service.
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On the Pacific Coast, salmon, crab, anchovy, and fur scal meals are
included ia the “other’ eategory, as shown in table 34, in addition to
unclassified meals.

TaBLE 34 —Fish meal: Production by kind, averuges 1931-551

Sardine | Tana
FPeriod Men- | Herring ! (Pil- and Other Total
huden ? chard) i mack-
erel

1,000 1,000
Average: ; tons fons

1431-35 . . a0 0 886 . 131,

193640 X 16, 3 12. 6 .\ 195,

} . y 198.

2i1.

238.

* From Clonned Fish vnd Byproducts—I1955 (67).

? Excludes acicdulaled menbaden serap which amounted fo an average of 15.4
thousund tons in 1031-35; 21.7 thousand tons in 1936-40; 3.9 thousand tons in
1641—45; 1.3 thousand tons in 1946—17.  Small quantities produccd from 194852
are included in these duba but sinee (hut thne produciion hus been negligible.

3 19832-35 avernge.

Production of fish solubles, reporled since 1944, has inereased {rom
12,600 tons (6,300 tons on a 50 pereent solids basis) to 78,500 tons
(39,300 tons on a 50 percent solids basis) in 1955, The location of
this production lor 1955 is as follows:

1,000 tons

Maine, Massnehuselbs . L L
New York, New Jersey, Delaware. .o ... . ___.______.__.._.__ 3
Vieginbn ..o ... ..
North Caroling, Floridu
Mississippi

Lonisiang, Texns_ . ...
California, Oregon

RN
(XS PR I =T

In addition to the fish solubles production, another product—homog-
cnized-condensed  fish—is produced in Massachusetts and Rhode
Island. Production lor 1955 is reported {68) at 20,600 tons.

GRAIN HIGH-PROTEIN FEEDS

Gluten feed and meal and corn oil meal are produced in a limited
number of plants—mainly in the Central States—that are engaged in
the wet-processing of corn. Data on sales of these products are re-
ported for the total industry but are not available by States.

Brewers' dried grains production is reported to the Agricultural
Marketing Service by companies having plants in 15 States. In 1954,
production in the four States of Ilinois, Missouri, New York, and Wis-
consin accounted for 68 percent of the total United States production,
with an approximately equal distribution hetween these States for that
year.
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Distillers’ dried grains and solubles production is reported to the
Agricultural Marketling Service by companies having plants in cight
States. In 1954, production in Kentueky accounted for 44 pereent of
the United States total, and in ITndizna for 25 percent.

OTHER BYPRODUCT FEEDS

Wheat millfeed production, by States, is reported anpually by the
Bureau of the Census (62).  Wheat grindings and oftal production are
indicated for 18 States, with the production of wheat millfeeds in
“other States” in 1935 accounting for 10 percent of the United States
total. For that year, the five leading States were Kansas (13 percent),
New York (12 pereent), Minnesola (12 pereenty, Missourt (9 percent)
and Ilinois {7 pereent).

Dehydrated and suncured alfelfa nical production are reporied
separately by months by the Agricultural Marketing Serviee (52).
Production, also is repovted by States for the April-March season.
For April-March 1955-56, production of dehydeated alfalfn meal
amounted Lo 1,173,000 tons, er 86 percent of the tolal. Nebraska
produced 33 percent of the total, followed in importance by Wansas
(15 pereent}, Colorado (9 pereent), Californin (9 percent), Ohio (8
percent), and MMissourt (6 pereent).  Tor suncured alfndfa meal, Cali-
fornia produced 55 percent of the total production ol 180,000 tons
in this scason, followed In imporiance by Colorade (11 pereenty,
idaho (8 percenty, Nehraska (7 perveenty, and Qhio (7 percent).

Beet pulp production is not reported by States, but its distribution
probably cosrespondds approximately to the production of sugar beets,
which are veported separately for 16 States and in the ageregale for
other States by the Crop Reporting Bowrd (6, Production of sugar
beets in the Western States for 1954 amounted {o 76 percont of the
total, Chalifornia is the leading State, {ollowed by Colorado and Idaho.
Production in the Central States acconnted for 24 percent of the total.

Rice milliced production is obtained monhly for the total Tnited
States by the Agricultural Marketing Service.  Unpublished data for
1855 indicate about 2¢ percent of the total produced in California
and the remsining 86 percent in the soullwra Slates.

Industrial molasses supplies ave oblained from mainland processing
of sugar beets, corn (hydrol), citrus, and sugae cane: from inshipments
of molasses produced [rom sugar cane in Hawaii aud Puerto Rico; and
from imports of molasses produced [rom sugar eanc in Cuba, Mexico,
the Dominican Republie, and other countries. The relative impor-
tance of these sources of molasses for 1956, taken from Walker (69),
is given in the following tabulation:

Afillion

Mainland produetion: gc::}!?rzg
Citrus__._ .. .. S .. ... 88
Hgdrolo_. ... oL . S R i

Caneoo_. ... .ou. . 406, 3
Hefiners” Dlackstrap____ . .

Total . L. el
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Millign
Inshipments: gallons
Mawajioo_____._ . et e e el 46, 5
Puerto Rieoo____ ... .____. . .. o .. 376
Tobal___ .. ... .. . ... . L . 841
Imports:
Cuba.... . .... . ... . . . 2029
Dominiean Republic. - 2.5
Mexico o ... oo .. ... . L 38 4
Othero .. o e 76. 1
Total ..o - . .. L ... 31009
seand tolalo oo ... L. L L. e 574 4

Of the total supply of 574 million gallons, 10 million gallons were
exported, 8 million were used for industrial and food uses, and 406
millien were used in mixed feeds, diveet feeding, and in silage. The
location of the mainland production of heet molasses is approximately
that indieated for beet pulp production. Citrus molasses is that re-
ported by the Florida Citrus Processors Association. Domestic pro-
duction of cane molasses and refiners’ blackstrap is mainky in Louisi-
ana, but some is in Florida. Hydrol is obtained from the corn wet-
milling industry as a byproduct in the manufacture of corn sugar.
Processing plants are located in the Central States. Imports or in-
shipments arc mainly eane melnsses,

Hominy feed production is not reported exeept in recent Censuses
of Manufactures. It is procduced in the dl‘y-mi'lling of corn which is
located mainly in the midwestern States.

A similar situation holds for oat millfecds production.

Sereenings production is largely that from wheat and flax milling;
it corresponds to the production areas of these products.

DEMAND FOR HIGH-PROTEIN FEEDS

High-protein feeds are used maiuly in manufactured feed rations,
especially for poultry, dairy cattle, and hogs. The demand for the
various feeds depends on (1) the specifications of these rations, in-
cluding any ingredient restrictions considered in their formulation
and (2) the productlion funetions of the various livestock. A com-
plete study of the demand relationships of the feed factors of produc-
tion would require knowledge of the production response to various
levels of feed inputs and the physical substitution of the various feed
ingredients.  Since this report is divected toward analysis of demand
elasticities obtained from time-series data, it is not feasible to discuss
in detail the aspeets that relate more directly to nutrition and pro-
duction cconomics research. IMowever, some discussion of these
considerations is thought to be basic to the interpretation of the
demand relationships for feed grains and high-protein feeds.

The actual supply response by producers, which is reflected in feed
prices, involves consiceration of factors other than thosc already
noted. These include (1) the influence of uncertainty as to product
and factor prices; (2) the short-run versus the long-run adjustment

454045—58-—-5
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possibilities to changing conditions; (3) institutional factors, such as
those that might influcnee changes in feed ingredients ineluded in
Tormula feeds; and (4) the influence on timing of livestoek preduction
of changes in the ingredient composition of the ration.  Thus, even
when the basie production response data wre known, they will not
provide the complete angwer to the produclion adjusiment furmers
will make with given changes in ecoponic conditions.

PRODUCTION FUNCTIONS FOR YARIOUS KINDS OF
LIVESTOCK

Poultry

The economic implications of the prodaction lunction for ogg pro-
duction are discussed by Liansen and Mighell (£7). These authors
indicate that the maintenanee portion of the total ration is a much
layger proportion of the total ration for laying hens than for dairy
cows. for example. Yeeding standards mdicate o straight-line rela-
tionship between feed npuls and cvg production for the production
part of the ration.  These suthors conclwde that, although teelinieal
research in feeding supports the thesis of diminishing retwns present
in the feed-pgo refationship, practical {feeding of laying hens requires
full-feeding; that is, the produetion function does not differ signifi-
cantly from the straight line of the feeding standavds.  But important
problems arise in the choiee (1) of ingredients in mixed poultey rations
and (2) between “high elficieney™ and “standard” rations.

In a given year, commercial poullry producers normally make
adjustments in nambers of layers rather than in quantity led per
layer; these adjustments depend on how profitable cgg production is
in relation to other production alternatives,  Producers also ave faced
with a decision as to the tvpe of ratien to feed; this deeision is nflu-
enced By the relative production response obtained from the vavious
rations, prices of the feeds, and prices of eges and poultey meatl, as
well as other pertinent factors,  The guantity of the varicus feed
ingredicuts used n these Teeds depends on these demand and supply
conditions for egg produciion, and alse on conditions for other poultry
and livestock produets,

For broiler production, Hansen and Mighell (18) give experimental
data that indiente net returns diminish as feed inputs are mereased.
Eowever, the important production decisions in hroiler production
include a choiee as to the {ype of rution fed, the number of batehes of
broders raised, and (he weight ot which broilers are sold.  The major
supply response in broiler production, lor a given year, is likely to be
in numbers erown rather than in variation i weights at which birds
are sold.  As (he production period for beoilers is relatively short,
within a given year more adjustment in numbers js possible for broilers
than Tor other livesiock products, The derived demand for the
various leed ingredients thus depends on (1) the production response
obtained from the various rations and (2) the supply response by
broiler producers in numbers of bivds raised. The demand for indi-
vidual loed ingredients also depends en the nutritive content of these
feeds in relation to the nuiritive specifications ol the “high efficiency™
or “standud” ralions.
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Substitution «f feed ingredicnts in poultry rations.—-We first con-
sider the substitulion of feed ingredients in broiler or fayer mashes
manufactured Lo neet o given set of nutritive specifications.  This
involves a determination of a wmultidimensional iso-product eurve,
rather than the production response from added fewd inputs,  QOne
set ol asstuned minimam speeifiea tions of mixed fecds Tor these mashos
is given I Lable 33, together with the compaosition ol the prineipal
feed ingredients,  The feed fngredionts are arouped into tose valued
mainly for their content of (1 protetn, 2) entrgy, (33 minerals, and
L) vitumins, althongh an inspection of the Lable ndieaies that most;
feed ingredients comain at least some of the ather desired chaeac-
feristios, s shown in Ghe last two columns, cortain feeds have limits
which are considered desivable by poultes mutritionists ns to he
guantity (o be inclided in the mGon.  With given prices of the in-
aredients, Waneh 70 has demonstrated (hat 2 minimam cosl eom-
binption of ingredion(s moeling a given sel of specifications ean be
obtained by linear programming techniguos.

The brotler feed specilicd in this example is a “high officieney”
eation, with a protein content of 21 percent amd o productive energy
conteat of 4530 calories per pound.  The amount of substitution of
gredicnts for this ratien i move limited than For one with loss cost so-
tve xpeeilications.  Ta this feed, soyvbean meal wonld be the prineipal
protein and coeu e peincipal onerey Geed, ider most currenl price
relationship<.  ITn eertain regions of the coniiry, however, other
grains or protein feeds mishit well be subsiitaied (0 2 grester or fesser
extent for these ferds, By varviog the prices of the ingredients, we
ean determine (he substitation of 1the several feeds, Assonie, for
exainple, that the price of meat seraps doelines,  .As 3 miion i satis.
Tactory i 1t pontains ai feast as moell of each nuteient as specitiod,
the substitution of meat meal for sovbean mead would diffor somoewhad,
depending on the extent 1o which certain nantretive spoecilications are
over-supphed fn the minimum eost miion,

A study by Heady, Ballonn, and Meddexander 020) indicates the
quantity of feed, and tie nuntber of days, requived to produce broitees
to o weight of 13 pounds and 3.1 ponds, respeetively, Tn this ex-
periment, the protein content of the wtion was varied from 16 (o 26
pereent by substitating sovbenn meal for eorn.  These experimental
rations inchidod adequate gnantities of minerals, vitamins, snd olher
ingredients,  Thiz study differs from (he example disenssed previ-
ousty - -the protein contont of the ration was raised by inereasing the
amouil of soyhean meal, the eperay content was rodneed by deereasing
the amount of corn, The vate of substitntion of savhean menl for
corn deercased as the profein level inerensed. as shown in table 36,
Forgrowth of broilers up (o 1.3 pounds, i pound ofzoxhenn mealveplaced
333 pounds of corn o ration of 16 pereent protevy; whoress in a
ralion coninining 26 pereeat protein, 1 ponnd of soybean meal replaced
0.71 pounds of corn. For the henvierweight broilees, the rate of
subsiitution of soyhean meal for corn is lower, {hal i, the slope of
the dso-product enrve s flatter, for comparable levels of protein
conlent than for the lighter-weight birds,  This refloets the reduced
need for protein for larger hivds, op conversely, the relntive merease
1 productive energy requironionts,
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Tavre 35.—Broiler mash: Assumed minimum. specific ations of maxed feed, composition of ingredients, and assumed
angr cdzent restriclions, per lon
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Composition of ingredlonts, yior ton 3

Ingreddpnt group; ! ! | i } : -

Protelns ! : ; : : ; i
1. Soybean nieal: ) i i : : ;
Solvent, 4405 BRI 1T T N ) 12,42 495, ST N
Wmmut hll]lS, 5(".'1.- 1,018 L 004f 1,580 -, . ST S . : 3.0 2. h . 1672, 510

Linseed meal, sojvent; : 1S ! i 3
or 7020 1,820 1,00 o L 50 R | S B F 1D O E
& nHonboul mml umol- § {

e N1 s, 828} 1, Bo W w8 ob b sS4 atodond o 0
(orugluu-n meal, 4177, 858% 1,920 TP P B ] .2 24 i 0 s i A5 4 3000 M, i1
Maoeat, and honc .\»Lrup i .
l‘-)(])(.n..- . 1,002{ 1,066{ 1,748 - 2 . 41 1084 ) 345 43 411,086 ; 500
tish:

Mmﬂ, Menhaden,

1, 2261 1,086; 1,882 k A5 2 B (1N ¥ 4.4 20 508, 8200 O ;13 n,t B0

'Dq‘oluhlps, condensed ...} 625 1,088 . . i - 2.2 14,0 13,20 3200 1RS48, 062 20 690,212, 000
rled: . ]
Buttermilk,. . H0E 1,0020 4,879 228 4N LI 26,8 18.8 : o 97, - 10, 0
Skinr milk... L 0708 1, 0008 1, 530 2 2520 0.0 1 ] 2l Anel 10,4 » 204 48,0
Whey, chpsse 8., . - 2621 1,004 1,57'?. 3 a4 3 16.G ; 3 A4 8] 1218 15,2
nrewms }onst. w2 1 0461 1, 14 44 R 2 2, 8.0 R 00. 8 ~N)(i.bJ o ]
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L0241 2,040] W z ; 8 8.0 07 60.8)2, 240 0
J)Jstlllcrs grains, with

solubles. ... 41 3,820f 1,782 £ P . 1. 0 I 0.6; 1045814, 3500 5 b}
Methlonine suppleaentd .. 1L O o . o bl A L




Energy: ! ! H
Cornao... .. . ot 1780 1,0600 12,2100

=g
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Milomaize. . ... . . 9361 1,950]° 2,108
Wheat;:
Itard red winter. .. . 047 1,048 1,74
Standard middlings:. .4 3441 1, 848! -1, 388
Hominy feed, yellow
COFMvn s . 222 1,002 1,670
Oats, excluding Paclfie
rons :

e 2
s
3

o
3
[

-1
Nt
=t
o)

Tp e

—
&
=

st o 240} 1,780:9'1, 620

Barley, excluding Tacific

008t e el 25411, 80211 1, 624
THlloW. v on 0: 2,0000 5,756

Minerals:

Bong meal, steamed. . © 2421 1,066 610
Calelunt carbonate. ... . 0 0
Phosphate:

Diealelum. .0
Defluorinated._... ..
Sbumain L
Mineral supplement......

YVitamins;

Alalfn meal,.  dehy-
diated; 179 2. cou o

Supplements:
Riboftavin ... ... |
Calelum pantothennte.,
Niaeln, e : ————
(a;?]llne. - % IS DR S - . ENN N B . A ‘- o Ll B
i D ST SEUIIDE UL SO, NN .. L R SRS S FUER S
B—12........ [ERVRCI RN P A FRRU R S SV SRR SRS SN . - B

! Broiler feed specifications, Ingredlent composition: faetors, and ingredient restrictions given here ml;')rcsont. the cooperative work of nutritionlsts and cconomists of the United
i\mltlts ‘J)e]mrttniel(w?( Agriculture and the Pennsylvania State University, A more complete explangtion of these faclors and a mmndnium cost solutlon of a broller mash Is given
n Hutton, et al, (24).

2 Data relate lo‘mlnlmum specifieations excent for ealelum and ineorganie phosphorus which must equal the level indleated,  An additional specifieationi relutes to the ratio
of productive cnergy (ealories per pound) to protein content (percent) waich should vary between the lHmlts of 422 1 to 4521, Also; the mash should Include adequale mmounts
of antibiotics and antioxidants,

3 Data oningredient content are from the following sources: Productive mnergy, Titus (44); content of byproduct feeds, National Research Council Publ, 449 (40); contont of
{ocdi gmié)?)mld 1)1!!:11[1\ meal, Natfonal Rosearch Coumcil Publ, 30t (89).  The neu-phytin: phospharus content of plant ingredlents is tiken as 30 percent of the tolal phosphorus
content, (.9, p.4). . .

+As shown T National Research Counell Publ, 301 (s9). )

5 Values for protein, fiber, amino acld, and folic acld content not, speetfied for solvent menl, and refer to *‘linseed meal,”’

¢ Value for productive energy Is for “cottonseed meal, 435 protein, 474 fat”; and for amino selds, “*cottonsced meal,”

¥ Contains varying umount of indicated specifieation. :

¢ Values for productive energy, pantothenic acid, and choline content not speeified for Menhaden, and refer to “‘fish meal'; that for eystine is for “fish meal, 6705 proteln'’; and
that for folicacid s for *‘fish meal, herring,”

$ Values for methionine, ‘eystine, ealcium, phosphorns, pantothenic seid, and- nincin content not specified for dried cheese whey, and refer to “whey, dried"” us Indleated In
National Researeh Council Publ. 301 (9).

10 Value for productive energy is for “‘all onts,”

fLValue for productive energy s for “all barley,"”

12 Guaraniteed vitamin A content of:100,000 1, U, per pound,
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'J,\n.,n, 306. ~~~J>ruzlu' rations: Combinations of soybean meal and corn which produce 1 pound of gain for broilers of
lwo 11‘(1(//z/s- mln u/ .w()‘sluu(mn uf fm[s' an({ llll?(’ u(/uu{(/ fm‘ (/am !

Weight of broiters

g S e e

Up to 1.3 pounds 1,3 to 3,1 pounds

Percentage protein-in ration

Feed per p()mul of gain Total Feed per pound of gain Total 3

U S N

i, , .
;Suyhm‘m Rate of Soybeant  Rate of v
Corn 0 ameal ! substitn- -~ Fred Time Corn meal { suhstita- -} Feed Time
tion? : tion 2

i
§

SR V0, S S P S T Y o

C Ponds | Pounds | Powids Pounds | Days Pownddst Pounds ;° Pounds I’mmdx Days

8 LA 3.35 4 810 45 2,5 0.5 2,751 0, sd S:
| T2 2,00 13 9,8 .G 2,231 0.

2. 86 43 2,91 N 1.86 . O 29
2,79 42 N 8 LEG L 017
2. 74 41 . 8 L83 ¢ o.1]
2,71 | 41 . ) oI5 1 0.00
2,60 40 Y 001 0011
2,63 40 .9 87.1- 0.18
9

2

p)

1L0
o JVL]

Pt Rt B Bt o s Rloct

2, )(i i
L0

~l~1n
W] ] T ]~

68 40 L 6 9,28
L 70 11 1 66 | 0.1
{ 20T 4 .5 55 | 0.62
% - _— ! - - e - . NP . - - e - st

1 Iu\p(\mnvnln] d’lla s up(nl('d by Heady, Balloun, and MeMexander (20).
* Pounds of corn replaced by an ‘ul(lmmml pound of soyhean meal.
8. Prom starting time to a weight of 3,25 pounds.
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DEMAND AND PRICE STRUCTURE FOR BYPRODUCT TEEDS 85

These data indicate thal the time required for growth decreases
as the protein level is increased up te a certain point, and then in-
creases for very high Jevels of protein content, with corresponding
changes in the energy level in the opposite direction.  The decision
as to the type ol feed to be used to prodnce hroilers depends on the
prices of the various ingredients, the total leed requirements, the rates
of substitution hetwoeen the various feeds, and the time required
for growth.

Suflwenee of wwtritinnal derdopmends —XNutritional advasees, over
tune, have influenced the relative importanee of feed ingredienis in
poullry and livestock rations. Before the amino acid methionine
was produced synihetically, For example, it was necessary to add
feeds rich in this nutrient in ovder to meet the requirement. Cur-
venlly, other feeds ean be used o a greater extent (f snpplemented
with synthetic methionine,

The isolation of vitamin B-12 and its subsequent syonthelic produc-
tien is another illusteation of the tmpact of nuivitional advances on
the velative prices of certain byproduct feeds, A roeent report on
broiler nutcifton hy the Agricultoral Reseaveh Service {57, p. 6) de-
seribes this development as followa: “For a long Ltime it was known
that chicks would not grow properly on veeetable protein alone, even
il the rations were 2upplentented with those amino acuds the vegetable
proteins happened to be defieient in, Buat the inelusion of an animal
protein seemed Lo correet the apparent deficiencey. Aecordingly, re-
scavehers referved to the quality ol animal proteins that rendered them
superior to vegetable proteins s the “Animal Protein Factor’ or APK,
Other workers, searehing for the factor in liver that prevented or cured
pernicions anemia, sueeessfully =olated a cobalt-containing substance
which is called B-12. TFeeds containing only vegetable proteins (such
as =ovhbean meal envichied with methionine:, bot supplemented with
B3-12, pave growih results comparable (o leeds confalning anumal
proteins. U owas therefore concluded that vicamin B-12 was the
main constitueni of APF.  Sinee then the term, AP, has fallen into
disuse.”  Vilamin B-i2 cwerendy i vzed widely in manufactured
poultry teeds, as reported by Bronsike 71,

Currently, poultry nutritionisis vefor to three unudentified factors
in brotler nutrition; namels, the ~hish,” <wlex,"” and “alfalia® lactors.
The ARS rveport (37, pp. # 70 indieates that the “fish Iactor" is
thouglit (o be present in (st men!, fish solubles, erab meal, meat by
produets, lver preparalions. and ceviain fevmentntion prodaets. The
“whey lactor” Is theught to exist in dried distillers” solubles, deied
hrewers' yveast, butyl fermentation <olubles, dried whey produets, and
eertain fermentation prodieets. The salfalfa factor” s thought to
exist in dehydeated aifalla leaf meal, erass juice concenlrate, and
deied Brewers” yeast.  The Lroiler vation specified in 1able 35 allows
for the inclusion ol these unidentified factors, but the reguirements
are roush approximations at tus time. Forther researel may isolate
these “Factors;” the nuteifive speeilications then will change accord-
ingly.

Antibioties are ineluded in most manufactured poultry ralions at
this time, as repocted by Brensike 73, The use of autibioties was an
puterowth of the syvunthetic production of vitamin B-12. This de-
velopment is deseribed in the ARS report (37, p. 7 as follows: “Sub-
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sequent work provided that another prowth-promoting factor was
present 1n the crude sources of B-12. When isolated, it proved to be
the antibiotic aureoraycin. Its beneficial effect was attrihuted to its
ability to control inapparent or low-grade infections. When the in-
apparent infections were brought under control, increased growth,
greater feed efficiency, and lower mortality usually followed. Similar
benefits were attributed to the use of terramyein, penicillin, and baci-
tracin. As a result, most commeieial broiler rations include minute
amounts of one of the antibjotics or a mixture of two or more, Higher
levels of antibiotics (100 to 250 grams per ton) appear ta be of value
in reducing mertality and restoring birds to a healthy condition during
outbreaks of many diseases.”

Other ingredients sometimes added to poultry feeds include anti-
oxidants, arsenicals, and hormones. Antioxidanis arc chemical pre-
servatives that are included to retard the rancidityof added fais and
to reduce the loss of the fat-soluble vitamins (A, D, E, K). Arsenicals
are used as growth stimulants. As indicated in the ARS report (57,
pp. 7-8), ‘“although toxic at higher lovels, they have been used as
tonics for a number of years. Their inclusion in broiler rations is
relatively recent, and it is thought that the manner in which they
attain their beneficial effects is similar to that of the antibiotics.
Some rvesearch workers, however, doubt that arsenicals provide a
growth response in addition to that given by antibiotics.” Hormones
are used somelimes in producing certain meat-type birds.

Use of the protein and energy feed ingredients in vatious poultry
rations depends not only on the level of demand for poultry producls,
but on the demand for vatious livestock products. The specifications
for complete rations or protein supplements for dairy cattle, hogs,
beel cabtle, and other livestock differ from those for poultry feeds.
As indicated previously, poultry feeds are the most important item
in terms of tonnage of manufactured feeds, with shipments in 1954
of 15.4 millien tons, comparcd with 4.7 million tons of dairy [eeds,
2.3 million tons of hog and pig feed, and 1.5 millien tons of beef and
range cattle feed, as reported by the Census (63). Manufactured
feeds do not acconnt for as large a percentage of the total ration for
livestock as for poultry. However, the dertved demand for protein
supplements for livestock production exerts an important influence
on the demand for protein feeds, and especially for the energy feeds,
and thus tie in the demand for protein feeds with the overall feed-
livestock complex.

Dairy

Hay, silage, and pasture account for roughly 75 percent of the total
tonnage of feed consumed by dairy catile, 1n contrast with the rations
of poultry and hogs which consist mainly of concentrates. The
protein content of the dairv concenirate fed can be varied according
to the protein content of the roughage, Moore (36, p. 5) points out
that “in genetal, it is recommended that where the forage part of a
ration consists of poor-quality grass hay, the grain mixture should
contain about 20 to 24 percent of protein; where the forage is mixed
hay, about 16 to 18 percent; and where the forage is good-quality
Iegume hay, 12 to 14 percent.”
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The most profitable level of grain feeding depends on such [actors
as the quality and cquantity of roughnge, the productive capacity of
the cow, and on economic considerstions such as the price of the
various feeds and of milk. In contrast with eggs, input-output
relationships in milk preduction, reported by Jensen, et al. (29),
follow a law of diminishing physical output. That is, although milk
production increases as the grain ajllowance is increased, the additional
mitk produced for cach additional unit of grain decreases. Bub the
response varies with the quality of roughage and the productive
capacity of the cow. These experiments were conducted with
varying levels of grain [eeding but with free feeding of roughage.
Further experimenis on feeding of dairy cattle to measure the substi-
tution relationslips among the various leed inputs are required for
more exach counclusions as to the demand relationships for cattle
fecding.

Nulritional specifications for daivy cattle ralions include such.
[actors as digestible protein, total digestible nutrients, certain mincerals,
and vitamins. Protein requirements arve stimpler {or ruminants than
for poultry and plgs; in ruminants simple nitrogenous compounds are
converted to complete proteins by bacterial action. TUres thus can
be used in ruminent rations. Moore (36, p. 8) points out that
“ruminants, wiidch have lour stomaehs, are able to convert it (vea)
to amino acids and protein, The protein is stoved in the hacteria
and becomes available to the host animal as the bacteria are digested
during their passage from the paunch into the true stomach and
intestines. Most all of the experimental data show quite definitely
that urea is not effeclive when added to high-protein grain vations for
milk production purposes. Tluws, urea should not be added to grain
rations already containing 14 (o 18 percent protewn. It is most
effective when added to grain rations containing 10 pereent or less of
protein, such as home-grown grains. It appears that when urea is
added to a mixture containing 10 to 11 pereent of protein, it may be
utilized to the extent of 40 percont or less.” Requirements other
than those of a strictly nutritive nabure, such as palatability, must be
considered in formulating mixed feeds. Other considerations in
producing feeds under mill-operating conditions are described by
Hutton and Allison (£3). These authors point out how these resirie-
tions may be introduced in determining minimum cost rations meeting
nulritive and operational specifications by means of lincar program-
ming techniques.

Hogs

Economic considerations in the production of hogs are given in
two basic research bulleting by Atkinson and Klein (3, 4). These
authors (4, p. 3) indicate that, ss hogs arve grown to increasingly
hieavier weights, “four changes take place which demand consideration
in & study of the efficieney of hogs in converting feed into food:
(1) The feed required per pound of gain in liveweight increases,
(2) the dressing percentage increases, (3) the proportion of edible
prodilct incresses relative to skin and bone, and (4) the proportion
of [ab increases relative to the lean”  The price received per hundred-
weight for hogs of various weighis reflects the last three points. The
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type of relationship between [eed inputls and weight gain is illustrated
in table 37, based on data given in 2 National Research Council report
on swine nutrition (38, pp. 2-3). As weight is increased, the [eed
required per pound of gain increascs, as indicated in the third row of
this table. These data indieate a constant percentage content of
total digestible nuirients in ralions for all weight groups. But the
protein requirements decrease from 18 percent of the ratisn for 25-
pound pigs to 12 percent for 200-pound pigs. This decrease in
proteln requirements is charaeteristic for other livestock and poultry,

Tapre 37 —Nutrient requirements for swine: Frpected daily guin and
composition of ration for various weight pigs

|
I Liveweight of market stock, pounds
Ttem Tnit |
235 50 100 | 150 | 200 | 250

Expected daily gain. _._. Lbooo . 0.8 | 1.2 115 |18 [1.8 lLs
Tatal fed daily. . ______ Tho_____.] 2.0 3.2 5.3 6.8 7.5 83
Fend per pound of gain_. | Lh_______ 2.5 27 |83 138 |42 |4.6
Towal digestible nutri- | Peto.____ .YB Lia LB .75 78 . %3

enfs.
Crude protein._.._. . __ Peto.o__. 18.0 160 4.0 130 1220 |12.0
Inorganic nutrients:

Calejum_._._________ Pef . .8 .85 .83 .35 .83 { .53

Phosphorus______.____ Petoo_.__. .6 .45 451 L33 . 33 . 33

Balt (NaClyo_ . .. Pet. .__. .5 .5 . d .8 L& .5
Vitaming:

Carotene ... Mg .o __ 251 .31 884 .44 1 .a3) .60

Vitamin Do ____ I U.___. 80.0 [00.0 90,0 {90.0 90, ¢ [90.0

Thismine .. ____.__. Mg.._ .. LA S S .8 4.3 .3

Riboflavin._ _____.___ M L 1.2 1.0 LY LG 1.0 1.0

Niaein . ... .. Mg 80 160 {50 {50 (a0 |50

Pantothenic acid_____ Mg______ 50 5.0 145 143 |4d |45

Pyridoxine.___ ... ___ Me _____ .G DO T INUSOU ENRIU RN BRI

Choline. _ . ooemena_ oo Me . 0000 | ..

Vitamin B-1%_______. Meg..___ 7.0 5.0 8.0 foeoeo- ARht EE

Nutrient Requirements for Swine (38, pp. 2-3).

These dataindicate the gencral feed requirements for hog production.
But in this study we are interested in the demand relationships
between protein feeds and the feed grains.  Data reported by Hendy,
Woodworth, Catrou, and Ashton (I%) are uscful in this regpent.
These authors give results of experiments in growing hogs to various
weighls with various levels of sovhean meal and corn in the ration.
These rations were Jormulated Lo include other feed ingredients, such
as mincerals, vitamins, and antibieties. These data, shown in table 38,
indicate the feed required per 100 pounds of gain with vurying levels
of protein and encrgy in hog rations. Data on the Lime rersuived for
growth are given in table 39, These data on hog production are taken
to illustrate the nature of the devived demand for feed inputs under
certain restrictive conditions,
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TasLe 38.—Pig rations: Combinations of soybean meal and corn which produce 100 pounds of gain for pigs of thiree
wetghts and rates of substitution of soybean meal for corn '

Weight of pigs, pounds

75-150 150-200

Feed per 100 Feed per 100 Yeed per-100
pound gain Marginal Protein pound gain Marginal Protein pound gain Marginal-| Protein

rale of in total . - rate of in-total rate of in total

substi- rafion # sithsti= ration ® substi- | ration3
Soyhean Corn tution ® Soyhean Corn fution ? Soybean Corn tution?
meil menl meal”

Pounds | Pounds | Pounds Pereent Pounds | Pounds.|  Pounds Percent Pounds | Pounds | Pounds Percent
422 23.5 0.1 10 357 0. s 10 387 o 9
337 12, . 8 151 336 4. 15 371
287 . 6 20 319 3 20) 359
253 1.5 25 300 2, 25 3561
2290 4 30 295 1. 30 342

1 oy

1

1

1

-

10.

210 L 4 35 208 35
195 40
182 45
172
163
155
149
143
137

PDOWTTIO=J W
= ORI I RO =T

PO =TI LW O I
e =t

e e RO RO R TR
R L S -

1 Data presented by Heady, Woodworth, Catron, and Ashton (19, p. 944). The feed quantities were derived for the gains neces-
sary to take a pig from the beginning of the specific interval o weights of 60, 110, and 175 pounds, respectively.  These quantities
were then transformed to the equivalent of & 100-pound gain. These results are for a ration containing aureomycin in addition to
various minerals and vitamins. :

2 Pounds of corn replaced by one pound of soybean meal.

3:Soybean meal contained about 45 percent protein and corn 8.4 percent-in experiment number 554 and 7.2 percent in experi-
ment number 536, Data from these two experiments were pooled in this particular analysis, bub results from each experiment also
are presented in the original report (19). : )
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TasLE 39.—Pig rations: Total days required Jor gains for four weight
ntersals, with varying protein contént in ration

Weight of pigs, pounds
Percentage protein in ration

34-Ta 75-150 150-225 34225
{41 pound | (75 pound | (75 pound (191 nound

gain) gain} gain) pain) ¢

Percent Days Days Days Days
81 53 40 151
41 46 40 127
a8 44 38 120
34 42 36 113
33 42 36 B
31 42 36 108
30 42 36 108
29 43 33 110
28 44 40 112
28 47 44 118
28 48 40 132

! Data presented by Heady, Woodworth, Catron, and Ashton (13, p. 953), for
ration which includes aureomyein,
* Assumes that the same ration is fed cantinuously.

THE DERIVED DEMAND FOR FEED INPUTS

Feeds are purchased as factors of production for producing live-
stock and the demand for them depends directly on the demand for
the various livestock products.  The demand curve for foeds is directly
related to the output of livestock products that may be obtained with
varying levels of feed inputs. Alore specifically, the price of a given
feed, under competitive equilibrium, is egual to the price of the live-
stock product multiplied by the marginal productivity of that feed.
For an individual producer the demand curve for feed can be derived
by assuming a given price of livestock products, and by determining
the most profitable level of feed input associated with specified lovels
of feed prices. The market demand for foed must refiect the equilib-
rium feeding rate by preducers, allowing for changes in the prices of
livestock products resulting from inereased or decreased output of
livestock products. Shifts in the demand eurve for livestoclk products
will be reflected back to the demand for feed inputs.

To simplify the presentation, the following discussion refers to ad-
justments in rates of feeding on individual farms. A more complex
formulation would be reguired to allow for the various types of live-
stock products and regional considerations. Fven in this simple ease,
important assumptiions have to be introduced, and the results should
be considered as useful only for purposes of illustrating the nature of
the demand for feed inputs.
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Assume that the production function for hogs is as follows: ?
X=¢(C,9) (1)

where X represents the weight of hogs, and € and S represent the
quantities fed of corn and soybean meal, respectively.  Assume that
these are the only varinbie inputs.

The 1soproduct curves on this production funciion are of the type
presented by Hendy, et &l. (19}, and any isoquant can be expressed

as:
X|=¢(C, 3)
Taking the differentiel of this function and setting it equal to zero,

we gal: )
0‘—“¢cdc+fpsd5 (3)
orf

4

which is the well-lmown relationship that the slope of the 1soquant at
any point cquals the ratio of the margmal productivitics.  The change
in the slope of the isoquants as the quantity of one feed s increased,
holding the guantity of the other constant, is given by the second
derivatives:

(dC . PCPEs T E5PsC
38

48 (.902
aud

v _(}_-_O — . Pe¥ecT Pefoc
dC\dS T et

The cliange in the slope along 8 given isoquant is given by:

&*C_ 2 (dCY (dC dc
ds—5s\as/Tac\as /@S

From equations {3) and (6} we may substitute and get:

d*C_ __pssvcdt2oscespc—Poces (8)
a8 el

Thus, a close relationship exists between the isogquant patlern and
the properties of the marginal productivities of the feed inputs.

If we assume that the prices of these feeds are considered fixed by
individual producers attempting to maximize profits, we can proceed
readily. The isocost curves are then straight }incs, that is,

P, . C-+P, . S=n constant cost (9}

§ This presentation follows that of Carlson (§). Readers who are unacquainted
with ealeulus may wish to skip fo p. ¥3.  Tlcre the results are disgussed in terms
ol graphs.
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where P, and P, represent prices of corn and soybean meal, respec-
tively; and C and S represent quantities of these feeds.  If we differ-
entiate this function, we get:

dC_ P,
s F, (10)
which indicates that the isocosts are straight and parallel lines with o
negative slope equal to the relationship between the given feed prices.

BEquating the slopes of the isoquants and the isocost curves, we
generate an expension path along which the marginal productivitics
of the two feeds are proportional to their prices, or:

Py
§i==fi (11)

In determining the scale of output, we consider the hehavior of a
firm which maximizes profits by equating marginal cost and marginal
revenue.  The fotal cost, in this simplilied development, is given as
follows, where K represents all other costs which are considered as

fixed:
TC="P.C+PS+K (12)
and the marginal cost of an additional output (x) is given by:

1TC P AC+HP.AS
T 13)

However, if we assume that feed prices are considered as given by the
individual producer, the price of the feed represents the marginal unil
cost of that feed, and this is equal to the cost-productivity ratio ®
of the feed multiplied by its marginal praduciivity, ov:

P=.Cq. Ps (14)

But Lhe cosl-productivity vatios of the Lwo feeds nre equal on the
expansion path, and we may write marginal cost as;

ATC_ 17 prdStesdC
dx ~ F dx

(15}

and, since the sum ol the marginal products equals d x, we can write:

MC=Us=.Te (16)
That is, at any point on the expansion path, the marginal cost (MC)
of output is equal to the cost-productivity ratio of soybean meal
(zUg) and corn (;Ug).

*The cost-productivity ratio is defined as the marginal unit cost of a factor

divided by the marginal productivity of that factar, or ,U.::g_s..
3
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To maximize profits from hog production, we set margineal revenue
equal to marginal cost. In this case marginal revenue (MR} is the
incrosse in revenue obiained from an added pound of hog weight, or
the price per pound for hogs (P,). Thus, we may express the following
relationships:

MR=P,=MCO=Ug=:Uc (17)
Also, from equations (14) and {17) we get:
P=.Us . s (18)
=P, . w3 (19)
and Pe=P, . ¢o (20)

which expresses the relationship that the price of the factor equals
the price of the output multiplied by the marginal productivity of
that factor.

The theoretical considerations that are stated above indicate the
necessity of knowing the shape of the entire production function.
Such functions are presented by Ieady, et al. {79) with several
alternative stabistical functions fitted to the observations. The
following graphic derivation of the demand for corn is based primarily
on these data; howover, some arbitrary assumptions are introduced to
simplify the presentation, 1We assume that a farmer has hogs weigh-
ing 125 pounds and that he is {aced with deciding the most profitable
welght at which fo mavket these animals. The data given in table
38 for feeding hogs from 150 to 200 pounds are used to generate s
series of isoproduct conlowurs, assuming that the same marginal rate
of substitution between corn and soybean meal holds for hiogs weighing
[rom 125 to 258 pounds.” 'This production function for hogs 1s given
in figure 3. Lines arc drawn through the origin representing rations
with a given protein content. With the assumption of cqual marginal
substibution rates within this weight interval, these lines also represent
isaclines, or lines along which the ratio between the marginal preduc-
tivities of the two feeds are equal, The line indicated as 1.5, for
example, represents a ration of 10.7 percent protein content, and is
the locus of points for which the slope of the isoguants equal 1.5.
This slope equals the inverse ratio of the marginal productivities
of these feeds, as indicated in equation (4). Since the ratio of prices
is oquated to the ratio of marginal productivities (cquation (10)), this
line also represents the applicable expansion path when the price
per ton for soybean menl is 1.5 times the price per ton for corn.

Isoquants are drawn in figure 3 for equal fced increments. The
weight of hog associated with these isoquants, as indicated in figure 3,
are based on the feeding cfficiency assumptiions given in table 40.

To determine the most profitable Ievel of feeding, revenue and cost
curves must be obtalned. The price of hogs per hundredweight
varies with the weight of the animal, as indicated In table 41, The

7 The logarithmic function ftted to the datn, and upon which the datn in table
38 are based, introdusces the implicit nssumption that the marginal substitution
rates are egual within & given weight interval, as poionted out by Heady, et al.
(19, p. 945).




74 TECHNICAL BULLETIN 1183, U. 5. DEPT. OF AGRICULTURE

HYPOTHETICAL PRODUCTION MAP .
FOR HOGS WEIGHING 125 POUNDS

ADDED QUANTITY OF CORN (LB.)
4.2 27

Iseclines

20 30 40 50 60
ADDED QUANTITY OF SOYBEAN MEAL (LB.)

T 5Er TEXT FOR DETAILS

Iy b DEFARTWUENT DF AGRICULTLRE FEG, €2 -2717) ARTFULTIRM a@riTinn LERYICE

Figure 3.—This hypothetical produetion map for hog production indieates the
quantities of soybean meal and corn required by n 125-pound hog to atiain
the indicated weight levels,  Yarjous isequants sliow the marginal substitution
rates of corn for soybean meal, Lines radiating I[rom the origin represent
rations with constant percentnge protein content. Witk the agsumption of
equal marginai substitution rates within the weight interval, these lines also
represent isoclines, or lines along which the ratio between the marginal produc-
bivities of the twa feeds wre equal.  Points A, B, and C ropresent most profitable
weight levels for given [eed and hog prices (see fignre 4).  These relationships
are only rough approximations used to iHustrate the nuture of the demand
for feed Inputs,
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Tasue 40.—Hogs: Hypothetical production response from an inerement
of feed of 75 pounds !

Weight of tiog Weight of hog

Increment of feed Inerement of feed

Added Total Added Total

Pounds | Pounds || Pounds | Pounds
lab L 22 VA7 & Hthoo . ... .. 18 225
4o W 21 168 Glh o _______._. 17 242
51 O 20 | 188 3] Fihooo. ool 16 258
sth_ ol 01T 19 i 207

! Assuming 2 ration of 10.7 percent protein content consisting of 70 pounds of
corn, & pounds of soxbean menl, and small quentities of minerals, vigamins, and
aureomyein, The weight grin for the thi-d lncrement of feed approximates that
obtained from the produciion function cquation (C-l-n) presenled by Heady,
et sl (18, p. 924} for 150-pound hoge.  The gther data on weight gains are rough
approximations of the diminishing productivity of feed inputs, and are presented
for dlustrative purposes only.

shape of the revenue curve is obtained from thesc data, as shown in
figure 4. To obtain cost curves, the price of soybean menl is held
constant at 875 per ton. The cost curve assoctated with a price ratio
of 1.5 is obtained by taking the price of corn at $50 per ton, and ob-
taining the lotel additional feed cost associnted with growing the
hog to the various weights indicated on the production function.  For
example, to attain the weight of 207 pounds, under these assumptions,
20 additional pounds ol soybean mea) and 280 additional pounds of
corn are required. In addition o these costs, an allowance of 15
percent is made for olher associaled costs. These cost data are
summarized in table 42, and the cost curves are plotted in figure 4.

Tasre 41 —FHogs: ITypothelical revenue function

Price

torelative .?Sscgitlee? Caleu-
Weight of hog . (200-21p | DUC drg o Inted
pound revenie ?

ihog= 100) weight 2

Pounds i Pereent Dollarys Dollars
AO0-1 7 03. 5 | 11! 2. 50
180-169. . ... m e aae e —— 99, 6 1042 i 37. 85
200-20Y e ———————— 100.0 ¢ 20. 00 42, 00
220-23% .. __ .. e m i m e m e amemmmmm————n ! 49, 5 19.90 ! 45. 75
240209, ] 97.6 1 19.52 49. 50

i H
i

! Average of the relative price per hundred pounds of the specified weight hog
to the price of 200-220 pound hogs: Barrows and gilts, Chieago, 1951-53.

* Price of a 210-pound hog assumed fe be $20 per hundred pounds.

3 Caleulated for madian-weight.

454045 —55—86
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HYPOTHETICAL TOTAL REVENUE AND
ADDED COST CURVES FOR HOGS™

ADDED COST {§) TOTAL REVENUE ($)
30 50

Total revenue

N

N\ -

Cost curve

Cost curve 1

N

25

1 1 1 i e, %0
125 150 175 200 225 250 275
WEIGHT OF HOG (LB.)

® jr# TEXT XOR DETAILS

U. 1 DEFPARTAEWMT OF AGRICULTURE HEG. 4391=47 (7] AGAICULTUNAL MARKETING LERVICE

Figure +.—The most profitable weight to market hogs depends mainly on the
prices of feeds and bogs. The price of hogs per hundred pounds varies with
market weight, as reflected in the hypothetical total revenue curve, The
feed costs associated with raising hogs from 120 pounds to various market
weights are indiealed for three levels of corn priees, with soybean meal price
constant. The quantity of feed associsnted with these threo price ratios arve
gnken from Lhe isoelines in figure 3. Points A, B, and € are the maximum
profit weights for the assumed feed and liog prices, {n this hypothetieal situation.
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Tanun 42 —Ilogs: Iypothetical additional feed cost eurce

Cost eurve | corn per

Priee of | Additional feed cost to altain weight in pounds of 2—

ton! }
147 | 1G8 i 188

o207 | o225 | 242 | 938

08,73 | 3. 49
33.30 1 3.5

i i : ; , :
Dollurs Dﬂ!?ursi Dollars' Doilars Dn{lgrs; Dollars Jzob'ars‘-DcHnrs
P80 1170 0 1950 23,4

.50 23,40 5730
TG0 2L 25§ 24, 80

15.
14,15 ¢
12

]
+
7a i
1
I
t

68 40 3.
50,00 2.1
39. 60
27.85

45, HL10 Y 22,30

iso.‘ 7.
595,

! .16 1 13,40 | 15.65

o

[$)

| 7.0

Y851 0.2
Fads !t 6
i 3.60 A
I 2, GO ; 3.

1S

U5
a0 !
25

o

65! 10.85 | 12.65
E55 1 7.85 ] 4,20

1
H

LR 3 IV [
oo

Gimg

! Price of =oybean meal constant at 875 per ton.  For cost curve IV, for ex-
nmple, the prive of coru is $5¢ per ton, giving a price ratio of 1.5, The feed fod
with this price ratie is taken from isocline 1.5 in figuree 3.

* Includes an allownnee of 15 pereent above cost of corn and soyhean meal to
aliew for other assovinted eost=,  Nee Atkinson and Kicin (8, p. 17).

The most profitable level of leeding for the various prices of corn
is the polut at which the marginal revenue (the slope of the vovenue
curve) equals the marginal cost (the stope of n given cost curve).  For
& price ol corn of $93.75 per Lon {as shown by cost curve 13, the hing
would be rised Lo o market weight of 200 pounds (point A in figure 45,
Similarly, for a price of corn of 86840 per ton (as shown by cosl eurve
1), the hog would be raised to a market weight of 220 pounds (point
By; and for a price of corn of $50 per ton {as shown by cost curve 1V)
the hog would be raised to n market weight of aboul 255 pounds
{point ). 11 these points ave plotted on the production Tunelion, as
i figure 3, we ean read off the quantity of corn associnted with the
various prices of corn,

The demand curve for corn, relating only 1o the feeding of hogs to
market weighl under the various assnmptions, can be oblained
directy from these data. Wik o corn price of $84.75 por ton, these
data indicate that hogs would be fed 223 pounds of corn i addilion to
that required for growth to the weight of 125 pounds liveweight,
With a price of $68.40 per ton, 310 pounds of corn would be fed: and
with a price ol $50 per ton, 460 additional pounds of corn would boe
fed.  These data are plotted in figure 5. "The elasticity of demand
of this curve, estimated by an are clasticily formula® for the range
helween points B and O, is 1.2, which is more clastic than that usuaily
considered applicable for the total demand for corn. 1t is emphasized
that this formulation is based on several assumptions which eannot be
substantiated; il is used only to illusteate the nature of the demand for
feed inputs in a rough way.

 This formuln, given by Boulding (7, p. 143), i ns follows:

P .ag
o--4ag ap
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HYPOTHETICAL DEMAND CURVE FOR
CORN-HOG PRODUCTION*

PRICE OF CORN
PER TON (%}

» A
b}

.
L

Demand curve /

100 200 360 400 500
ADDED QUANTITY OF CORN FED {1B.)

® :rx oTziT ROR DETAILS

W5 DEFARTUENT OF AGRICHLTURE HEG, 4302-37(FF  LGRICULTUAAL WARKETING JERYICE

Froore 5—The demand for corn {or hog production depends on the basic pro-
duction funection. With given prices of other feeds and the price per hundred
pounds for various weight hogs, the demand for corn mey be oblained by
detenipining the most profitable weight of hogs with varying prices of corn.
The are clasticity of demand bebween points B and C on the above curveis 1.2,
based on the hypothetical data presented in figures 3 and 4 and discussed in the
text.
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This formulation relates Lo hog leeding only.  Under the conditions
of competitive equilibrium, however, these feeds are used in the varicus
livestock rations in such a way that the following relationships hold :

Ps o3 (hogs} s {(broilers) ¢s {other Jiveslock) 1)

P, oo (hogs) et (hroilors) e (olher vesioel)
This equation states that the ralio of prices equals the ratio of
marginal productivities in cach livestock ration.  With given supplics
of these two feeds, prices are so determined that these relalionships
hold, with the utilization among various livestock rations depending
on the price of the given livestock produet, the number of nnimals
available for feeding, and the associnted production functions. The
analysis of the aggregate demand for high-protein feeds and for feed
grains, with livestock prices combined in one index and with animal
numbers similarly combined, averages out many of the delails of the
demand structure for feeds. But at the time this resenrch study was
completed, lack of information as to the individual production fune-
tions and related data feft no alternaiive to the ageregalive approach.

AN ECONOMIC MODEL RELATING TO THE DEMAND
FOR HIGH-PROTEIN FEEDS

The cconomic Tactors that detormine the demand for high-proloein
feeds are much the sanie as (hose for feed grains.  The special charace-
teristies of Ligh-protein feeds, however, warrant Uhe formulation of a
model of the demand for feed concentratos that differentiates bebween
these feeds and the feed grains. This model does not atlempt to
specily all of the relationships involved in the feed-livestock coonomy,
and several simplifving assumptions are introdueed.  Further rescarch
on the demand and supply of individual liveslock producis is planned;
this will allow a more complete madel to he developed al alater date.

Condition of range land, pastuves, and the quantily and guality of
all roughages are important faclors that affect the demand for feed
concentrates, espeeially by sheep, beel eattle, and dairy cattle.
These Factors are not included in our analysis beeause adequate data
are not available.  Further, all poultry and Nvestock numbers are
nggregaied into one variable-—grain-consuming animal units. Thus,
inereases or decreasos in livestoek inventories, which are assocviated
with below or above “normal” production of livestock products with
a given leed input, are not considered.  Similarly, an index of prices
of all livestock and livestoek products is used.

In general terms, the demand functions for high-protein feeds and
for Teed grains may be expressed as follows:

Q hpf==[, (P-hpf, P-¢, P-L, AU (223
Q-{g =§ (P-hpl, P-¢, P-1., AL (23}
where Q-hpl and Q-fg represent approprinte quantity variables for

high-protein feeds and feed grains; P-hpl and P-¢ represent the re-
spective prices of these feeds; I’-Li represents the price of livestock and
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livestock products; and AU represents the number of grain-consuming
animal units.

Data, on feed ubilization and animal units relate to the October-
September feeding yesw. The price of corn is taken to represent the
price of feed grains, an assumption used in previous studies (12).
The November-May average price is used; by November, the price
of corn has adjusted to & new-crop basis in most years, and by June
and July, the price begins to reflect the outlook for the coming crop.
For comparability, the November-May average is used for the price of
high-protein feeds.

Operation of the support program for fced grains introduces com-
plications in stabistical cstimation of these rclationships m some
years. An analysis of some of the cffects of the support program on
the price of feed grains, by King (81), provides onc approach for
introducing these factors.  This method is used in the following
developmeont,.

FGRM OF AND RESULTS FROM A STATISTICAL MODEL

Several statistical models were formulated to estimatbe the demand
relationships for high-protein feeds and feed grains. The first is a
recursive approach which utilizes previous research on the estimation
of quantitics of clrent-crop grain placed under loan W a given mar-
keting year. The other models are modifications of this; primcipal
differonces arc confined to verying the time periods covered by the
analysis and translormations of the basic data.

Estimation of the demand cocflicients for relations (22) and (23}
require special consideration of the supply variable for feed grains for
years in which the support program exerbed an mmportant influence
on prices. The following equations were formulated to allow the
estim:;.tion of the demand cocfficionts from the reduced-form equa-
tions:

Q-s: P-s, Q-t, P-L, AU, u, (24)
P-hpf: Q-hpf, Qv—Q-s, P-L, AU, u. {25)
P-p: Q-hpf, Qr—Q-s, P-L, AU, us (26)

¢ Bauation (34) is the cquivalent of the partially reduced-form equation © in
the following model, whica is described in more flelail in Friedman angd Foote
(18, pp. 73-74):

log P-f=log Q-t+log P~Ltlog AT {4)

log Q-s=log []—1?'__—-;] =log P-f—log P~s (B}

log (-s-=log Q-+ log P-L+log AU-~log P {C)

where P-f represents the price which wouald have prevailed had there been no
suppork progrian,

Phe use of reduced form eqguations, such as (25) and (26) is described by Foote
(11, pp. 984-988).
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where Q-t=Total supply of feed concentrates, including total stocks
of corn and sorghum grains on Qctober 1, and of oats
and barley on July 1, production of the four feed
grains Imported grains, domestic wheat and rye fed,
and typroduct feeds fed, minus stocks owned by CCC
plus old-crop grain resealed as of May 31 for corn and
March 31 for oats, barley and sorghum grains, ex-
pressed in million tons (unweighted).

Q-hpf="Total quantity of high-protein feeds fod minus quantities
of non-commercial milk, for the year beginning October,
expressed in million tons (soybean meal equivalent).

Q-r=0Q-t minus unweighted value of Q-hpf,

Q-s=Quantity of loans cutstauding as of specificd dates, plus
purchase agreement grain delivered to CCC or placed
under the %oa.n program. For corn, the cutoff date
is taken as May 31, and for oats, barley, and sorghum
grains, March 31.

Q-fg=0Q-~r minus Q-s.

P-s=National average price support per bushel for corn, in
cents.

P-c=Price per bushel received by farmers for corn, average for
November to May, in cents.

P-hpt=Index numbers of wholcsale prices of high-protein feeds
(1935~39=100), average for November to May.

P-—L=Index numbers of prices received by farmers for livestocl
and livestock produets (1910-14=100), average for
November to May.

AU=Number of grain-consuming animsl wnits fed on farms
during the year beginning October, in millions.

u;=Random disturbances,

In this model, the variables Q-t, Q-», Q-hpf, P-1, and AU are
assumed to inflaence the endogenous variables P-hpf, P-c, and Qs
but not to be influenced by them to a significant extent during the
period from November to May. Thus, they ave treated as prede-
termined _variables in this analysis. Strictly speaking, only the
varisble P-s can be so classified, but the amount of statistical error
introduced by this simplifying assumption is believed to be small.

The variable Q~t includes the following components which are pre-
determined: (1) Production of the four feed grains, and (2) commer-
cial stocks of the fowr feed grains It also includes: (1) Imports of
grains for feeding during the year veginning October (such quantities
are generally negligible); (2) domestic wheat and rye fed: (3) by-
product feeds fed; and (4) any decresase in stocks owned by the Com-
modity Credit Corporation from October 1 to May 31 for corn and
Mareh 31 for cats, barley and sorghum grains, or any decrease in
old-crop loan stocks resenled. An important assumption of this
analysis is that the stocks owned by the COC as of May 31 for corn
and March 31 f~v the other feed grains do not affect the November-
May average price of corn, and so are deducted from the total supply
as of October 1 (see I{ing (51)).

The veriable Q-hpf is the quantity of high-protein feeds fed during
the October—September feeding year. As discussed on P- 2, these
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byproducts are utilized almost entively for domestic [ced use. To the
extent that production of these items 1s predetermined, quantities fed
are similarly predetermined. Possible exceptions to this are fish meal
and copra meal, since imports are important for each of these feeds.
Production of most of these feeds takes place during all the yenr,
although it is heavier during the first and fourth quarters, for most
feeds.® Estimates of the use lor feed of the individual byproduct
feeds arve published annually in Grain and Feed Statistics.(55) and
in the Feed Situation (May and October issues) (54). Kstimates
for the oilseed meals, for example, are based on the Crop Reporting
Board (46) production data on soybeans for beans, cottonseed, flax-
sced, and peanuts picked and threshed, and on estimates of crushings
for the season. To the extent that erushings of soybeans depend on
the current price of soybean meal, it is not correct to assume that
production of meal is predetermined. For the other oilseeds, however,
the oil recovered in processing is the principal product in terms of
value, and this also applics to soybeans in some years (see table 31).
For other high-protein fecds, production depends only to a limited
extent, il at all, ou the current price of the byproduct feed.

The variable Q-1 cquals Q-t minus Q-hpf, and the comments on
these two variables apply equally to this quantity.

The variable P-L may be considered mainly as predetermined, ow-
ing to lags in the marketing of livestock products. However, to the
extent that producers of poultry and livestoek products adjust the
quantities coming onto the market depending on the current price ot
feeds, and thus influence the current price of livestock produets, this
assumption is nob entirely correct. As indicated for hog feeding,
producers tend to vary the market weight to some extent depending
on the price of fecds purchased, the marginal productivity of these
feeds, and the price of livestock products. Similar adjustments in
feeding may be possible in the production of dairy products, [attening
of beel cattle, and in the numbers of broilers raised. But a large
proportion of the livestock and products sold during the November—
May period are produced on feed from the previous crop of grains
and from roughage, and sould be sold during this period vegardless
of price, Some inventory adjustments ave, of course, possible. In
this model, as dala are not deflated, the variable P-Li serves to adjust
for price level effcets as well as to serve as an cconomic factor as such,

The variable AT has some of the limitations indicated for P-L,
in that prices of feeds may influence, to some extent, the number of
livestock fod during the October-September feeding year. This is
more the case for poultry, such as broilers, which liawve & short produc-
tion period, than for livestock, which require n Jonger time to attain
market weight. It would be desirable to include wventory adjust-
ments in a complete model.

Statistical Esfimation of Current-Crop Grain Under Support

Factors thal influence the quantity of eurrent-crop grain under
price support, as of a specified date, include several not easily specified
such as the availahility of storage and the amount of cooperation in
the program. Farmers who arc not eligible for the progrum, owing to

0 Index numbers of seasonal variation in production are given in table 72.
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non-compliance with acreage allotments, may tend to increase animal
numbers and levels of feeding, and the aggregate quaniity moving
under support may be less than 1t would it all farmers were eligible for
the loan.  Although prices of livestock and livestock products and
numbers of animals are, to some extent, determined simultancously
with the price of feed and the quantity going under support, for this
[ormulation we assume they ave given, This allows a least squares
eslimation of the guantity of current-crop grain placed under loan,
The “degree of eligibility” is assumed to be reflected in liveslock
producers’ reactions, that is, with changes in animal numbers; feed-
ing rates are reflected o some extent in livestock prices. Under
these conditions, the quantity of current-crop grain under support
can be expressed as o funetion of the announc d support level, supplies
of feed concentrates not controlled by the government, prices of
livestoek produets, and animal numbers,

The lermulation is that given iy cquation (24}, A stalistical
estimation of this relationship, based on an analysis for the years
193741 plus 1948, 1949, 1952 and 1953 is given below.  Observations
were transformed to logarithas, sinee a multiplicative relationship is
assumed to hold among the severnl variables.

Log Q-s=—15.4+6.0 log P-5--17.8 log Q-1—9.7 log P-L
(1.3) (6.4) (2.1}

—5.6 log ATT (24a)
(3.6)

The numbers in parentheses benealh the regression coeflicients are
their respective standmed crvors. The coeflicient of determination
was 0.95 and the standavd ereor of estimate 0,115,

This funetion does not give a maximum limif lo the guantity of
current-crop grain under support. as was argued as plausible on theo-
retieal grounds by the author (3/7). Nor did it secem reasonable to use a
Miretion that would allow [or this, as enly 9 years of data were avail-
able and certain important factors cannot be specified. The results
from this equation are sueh that, with o given level of livestock prices
and animal units, the estimated quantity of curreni-crop grain under
foan increases ot an increasing rafe us the quantity of feed concentrates
is inereased. This implies that the quantity fed increases less, with a
given decrease in priee, than it would under the same demand condi-
tions with no support program, (that is, the feeding curve is more
inclastic under a support program at prices below the support price).
When quantitics of feed concentrates are very large in relation to
livestoelt prices and animal units, the function implies that the demand
curve for feeding actually turns back and becomes positively sloped.
This, of course, is unrealistic; & method for cstimating quantitics of
current-crop grain placed under support under these unusual con-
ditions is given in the appendix (pp. 155-58).

Statistical Estimation of the Reduced-Form Equations

Bguations {25) and (26} are the veduced-form equivalents of the
demand relationships (22} and (23), respectively.  Under the assump-
tions of the model, cach of these reduced-form equations contains only
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one endogenous variable other than the variable Q-s, estimated from
equation (24a). Bstimates of the cocfficients in these equations that
ave counsistent, in a statistical sense, can be oblained if the equations
are fitted divectly by least squaves, provided caleulated values of Q-s
are substituted for actual values before making the caleulations.
Systems of equalions in which cach equation can be fitled by least
squarcs by the successive substitution of caleulated values of endo-
genous variables are kinown as recursive systems, and the method of
sokving them is called the veeursive approach.  Although the estimates
of the sirnclural coeflicients are siadistically consisient, Treguently
they have larger standard creors than they would il they were esti.
mated divectly, as in the limited information approach. This method
was used here because there appeared to be a need for adjustment in
the estimated values of Q-s in certain years, based on the considera-
tions previeusly noted.

In this model, the vanables are assumed to be related in & multi-
plicative manner; that is, the cffeet of an inerease in the price of pro-
tein feeds on the quantity Fed vavies in absolule amount depending on
the level of the other variables in the analyvsis. A velationship of this
kind was speeificd by converling the ohservations to logarithms.
Statistical results from this specification give divectly claslicities of
demand which ace constant throughout the range of the demand curve.
Although the assumption of constant clasticity is considered as rea-
sonable for the range of quandities fod included in the annlysis, it is loss
satisfactory for very large or very small quantities Ted. This is re-
flected, i pard, by the data given on rates of substilution for hog feed-
ing (see p. 68) which indicate that if supplies of high-protein feeds
become relatively large in velation to feed grain supplivs, the clasticity
of demand more nearly approximates that of feed grains.

Data were traonsformed further to first differences of logarithmsg of
the observations for (wo reasons: (1) An indieation ol serial correla-
tion of the residuals of the reduced-form equalions was found when the
variables were expressed in logavitiums (see table 45). A conversion to
first differences has heen found to correct for this in some analyses,
(2} A variable may be needed to reflect the inereased importance of
protein feeds over the period analvzed.  The use of first differences of
logarithms provides a time factor in the constant term. A positive
value implics a constant percentage increase over Lime.  This is not as
appropriate as the inclusion of a specific trend variable, but ik scemed
to be the only feasible selution in this instance.

Resulls from fitting equation (25) for high-protein feeds snd equa-
tion (26} for feed grains ave given below. This analysis included the
years 192141 plus 1946-54, with observalions transformod to Hrst
differences of logarithims,

>-hpf=0.014—0.93 Q-Ipl—0.84 Q-{g+1.19 P-L4-1.61 AU (25a)

(.609) (39) (.18} (.19) {.58)
P—=0.014—0.78 Q-hpi—2.06 Q-{g+1.52 P-L.4+2.43 AU  (26a)
(010) (42) (19) (.20) (61)

The numbers in parentheses beneath the regression coeflicients are
their vespective standard crrors, For cquation (25a), the coefficicnt
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of determination was 0.81 and the standard error of estimate, 0.045.
For equation (26a}, the cocflicient of determination was 0.2, and the
standard error of cstimate, 0.048,

Derived Estimates of the Demand Equations

The demand coefficienis similarly are given oy high-protein feeds
fequation (22)] and for feed grains Jequation {(23}].

Q-hpl=0.014—1.65 P~hpl—0.68 P~c+0.93 P-L-+1.01 AT  (22a)
(1.03) (.35) (48) (.89)

Q-{g=0.001+40.63 P-hpf—0.74 P-c40.39¢ P-L+0.80 AU (232)
(70) (.34) (.27) (51)

The coeflicients in the demand equations are obtained by algebra from
the reduced-form equations; the figures in parentheses are standard
crrors of the coefhicients compubed by a method suggested by Klein
(32, pp. 258-259).

COMPARISON OF DEMAND ELASTICITIES FROM
ALTERNATIVE FORMULATIONS

The statistical analyses given in the preceding section are those
which ave considered most reliable by the author. A number of
alternative analyses were formulaled Lo provide comparisons of results
obtaned for (i) different time periods, (2) logarithmic versus first
difference ol logarithmic transformations of observations, and (3) the
price of an individual high-protein feed (cottonseed meal} versus the
ndex of prices of high-protein {eeds.

Changes Over Time

These analyses saggest that the demand for high-protein feeds for
1921-41 was less elastic than for 1921-41 plus 1946-54, althongh the
two coefhicients do not differ by a statistically significant amount,
Analyses for 19406-54 tend to substantiate this finding of a greater
degree of elasticity in later years, although the cocflicients are not
sufficiently reliable from a statistical standpoint io warrant publica-
tion. These results suggest the advisability of revision of these
demand relntionships as more years of data become available.

Compazison of the demand elasticities for the two time periods are

iven i the upper section of {able 43, The reduced-form or price-
Texibility equations, from which the demand coefficients were devived,
are given in the lower part of table 43. In cach case, observations
were expressed as first differences of logarithms. Results for equa-
tions (25¢) and {26¢) differ slightly from those in equations (25a2) and
(262}, respectively, since in the ¢ analyses actual values of the variable

— wore nsed to obtain the quantity of feed grains, Q—ig, whereasin the
recursive system, cstimated values of Q-; were used.  Although the
differences are small, usc of the estimated values of Q- is preferable
from the point of obtaining estimates of the demand coefficienls thas
are sbatistically consistert. As indicated in tnble 43, the elasticity of
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TasLe 43.—High-protein Jecds and feed grains: Demand elasticities
and price flemibility coefficrents obtained from analyses based on first
differences of logarithms for alternative tume periods}

ELASTICITIES

Elasticity with respect to—

Price of—
Guantity Con-
Analysis variable stant
for feed Animal | f{erm
High- units
protein
feed

192341
Q-hpfo___ . <
) . 30)
(231) _ . .38

.18}
192141 and 1946-Kt:
. 67
. 60)
.72
. 34)

PRICE FLEXIBITLITIES

Price flexibility with respect to— ¢
Io_
cffi- |Stand-
Priee | Quantity of— | Priceol cient | nvd
Analysis  jvariable live- | Anij- of de-| error
for feod sbock | mal termi- | of esti-
High- | Feed and | units nation| mate
protein | graing | prod-
feed ucts

1921-41:
P-hpf. E . . . 0. 014

ot : 2| Cesy| Corny
(26b) Pc._| - 3 ) ‘ 006

{. 413)

1921-41 and
1946-54:
P-hpi. .18 L . 014 . 046
. . L1 € {. 009}
Po_.. . . 1. 48 . L (i4 LOL . 052
3 {. 21) . 223y (. 683 (. 010}

P Numbers in parentheses are the respecbive standard ervors of the coefficients.

demand for high-protein fecds in 1921-41 is —1.04 as compared with
—1.62 for 192141 plus 1846-54. An Increase in the elasticiby of
demsand for fecd grains is noted also. Examination of the price
flexibility coeflicients in equations (26D} and (268¢) for feed grains
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indieates that much of this increase in elasticity is due to a change in
the cocflicient associnled with the quantity of high-protein feeds,
since the price flexibility associated with the quantity of {ced grains is
about the same i ench analysis,

A comparison between these time periods also was made with ob-
servations in logavithms, as shown in table 44. A similar inerease in

Tasuw 44 —THigh-protein feeds und feed grains: Demand elasticities and
price flevibility cocfficients oblained from analyses based on logarithms
Sor allernatire iime periods

ELASTICTTLERS

i Ilasticly wilh respect to—
Quanfiiy Price of—
Analysis variabie
for feed Animand
High- Livestock | unils
protein | Corn and
fooed produets
192)-41; !
@ody ... .. ... Qehpil. ] =568 1. 86 3. 88 2 74
| (3. 28)) (1 46} (2.29) (3. 36)
23y oo Qe .48 —., 63 .30 .75
gy L 18) {. 28) {.42)
1021— | ane I G=54: t :
99 .. e A Qebpr_ 0861 280 8.06 1 381
I (6.62) (2 33) (419} (4. 96)
80y Qe ' AT = 62 L34 .78
i R 59)] {. 19} {.32) {.38)
I
PRICE FLEXIBILITIES
’rice flexibility with respect to—
Price Coeli-IStand-
variable]  (uantity of— [Prive o] Con- { cient | ard
Anolysis for | ___ Tive- | Ani- | stant of crror
foeed i s{opek | mal ferm | doler- af
High- ' Feed and | unils mina-{ esti-
protein § geains | oprod- tion | mate
1 feed uets
1921-41:
{25a) ... .. P-tpf |[—0.24 (—0.70 | L3 | L18i—1 30| 4838 ] 0048
{. 10) (.30} (. 18) (. 67}
(26 .. Poc._.} —. 18 {—2 14| 138’2 it’|—1 121 95 .042
{. O8) {2031 {09} (5
192141 and
1940654
£250) .o P-hpf | —. 134 | —. 63 LIS | .09 |—1 13| .05 .046
.067) (.29 (.08)] ( 61}
(260} .. P | — 10 |~2001 1427 Les|—Los| .97 | .04
{. 06} {. 2601 (.08) (. 58)
t

1 Numbers in pareatheses ave bhe respeetivg standard errors of the coefficients.
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the demand elasticity [or protein feeds is suggosted, whereas the
demand clasticity for feed grains is more nearly the same in hoth
periods.  However, the coelficieats obtained from the logarithmie
analysis differ mntevially i magnitude from those given by the
analyses based on first differences of logarithma.  As noted previously,
the first-difference transformation seeied desirable to allow for trends
in the use of protein [eeds. Rosolts of the Durbin-Watson test for
serial corvelation in the four price flexibility equations in table 44
were tconclusive in three eases as Lo the presencee of serial correlation
(sce table 431, We conclude that results obtained from the firsi-
difference Lransformations arve more valid, especially for the demand
cocflicienis for high-protein feeds, than resulls from the logarithmic
analyses,

Tanne 48.—ligh-protein freds and feed grains: Resulis of Durbin-
Watson test of sevial corvelation for price fleeibility analyses based on
logarithms 1

! Analysis values Tabular values [
. i of-— ol-—
Equation ST A Rezult 2
i i
[t I s i l dy i
e - ———
25y . b onsei 2w - i L6y | Ineonclusive,
126dy ... .- T Nt A i .83 L GO ¢ Rejeet,
(347130 N L33 f 467! .43 ! L6 ] Twonelusive,
(‘.’Gc)---,_-.,..--___-__i 1. 5% LA P [ 63 e

i

P Tested at the 5-pereent lovel of stanifieance. For a deseription of the test,
see Fricdman and Foote (55, p. 77,

? Null hypothesiz lested 5 thal residuals arve serially correlated.  To veject
this hypothesis, analesis values of d¢' and Jd-d’ st e greater than dp. I§
neither df or -i=t’ iz less than dg, bol one lies helween di and dg, the test is
fneonclusive,  fE boih d" and 4=d' are greater than dy, we assime (hat there is
no serial correlation of residuals.

Use of the Price of a Single High-Protein Feed

Analyses were made, alse, using the price of cottensced meal for
November--May rather than the index of prices of all high-protein
feeds,  This iz similar Lo the use of the price of corn to represent the
price of all feed grains, slthough it is less satisfactory. This facl is
dlustrated by subscquent analyvses of the individual protein feeds.
Results of this compavison arve given i fable 46, Implications for
different time periods arve similar to those from the analyses diseussed
previously, But, the! indicated demand elastieily for high-protein
feeds is about hall that obtained by using the index of prices ol high-
protein feads.  This analysis is believed (0 refleel the less-clastic
demand for cottonseed meal as compared with other protein feeds,

Additional evidenee to support this assertion is provided by inspec-
tion of thoe price flexibility coeflicients of various high-protein feeds,
as shown i fable 47, These data summarvize results for price-
generaling cquations fov individual leeds presented in the next major
section of Llhis bulletin, For 1921-41, the coltonsced meal price
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TasLs 46 —High-protein feeds and feed grains: Demand elasticities and
price flexsbility cocfficients obtained from analyses based on first dif-
Jerences of logarithms for alternative time periods when the price of
;oti}}nseed meal is used as representaiive of that for all high-protein

eeds !

ELASTICITIES
! Elasticity with respecet to—
Quantity Price of— Con-
Analysis variable stant
lor feed Animel | term
Cotton- Live- units
seedl Corn stock
meal | and
| i produels
. ]
192141
(220 . e Q-hpf____| —0. 58 032 0. 54 1. 01 0013
1T Q-fe_ ... 130 —. 506 .87 .29 . 000
19214 L and 19406-54: : ! !
(22E) oo e Q-hpf.__| — 711 .301 55 1.10 L0014
{.38), (.(]3)1' {. 21} {. 60)
PR 71 S Qfo .. 25, — 621 .8l .82 .oz
|' G 2--1-)L (. ]S)} (15)  (.48)
i H : } i
PRICE FTLEXIBTLITIES
1
E Prive fiexibility with respect to— { {
Price | ; i Coefli-{Btand-
vari- ! Quantityof— | Price | Con- | eient | ard
Analysis able ool ] stant of error
for ' live- | Ani- { term {deter-; of
fead Hipgh stork | mal mina-{ esti-
protein | Feed and ; units tion. | mate
feed | grains | pred-
: nets
19211 | ‘
(25f) o -m P-esm| —1.98 1—1. 14+ 31.72 3131 0.025| 0. 77 | 0.070
(.76): (.33) (. 38)i(].(}9} {.18)
{(26h)Y ... Peo_. .45 —2.05 Ldl | 2048 006 .92 055
192141 and (.583) (.23) (.206) (.76) (.013)
194654 : !
(260 _....] P-cami —1.83 j—1 3% b 15912057 028 .76 | .0GS
(G0Y; (.28) (.28 (8T (01D
(266) < - P-c_.i —.75|-2.07 | L48}253| 014 [ .91 .05
{. :lG)f {. 21)]’ {. ‘22}| (. (5‘6)_i (. o1
1

I Numbers in parentheses ave the respective standard errors of the coclReionts.
The price of cottonseed meal used is the November—May average, wholesale per
ton, bagged, at Memphis.

flexibility coeflicient was —0.87 with respect to the quantity of
cottonseed meal, which was larger than that for the other feeds for
which analyses were made. In this conneetion, it should be noted
that the price flexibility {or total high-protein feeds in relation to
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total quantilics of prolein {eeds fed refleets the direct- and eross-price
flexibility coefficients for the various individual feeds. The weighted
average of the direct- and cross-price flexibility coeflicients is —1.18,
compared with a price flexibility for tofal high-protein feeds using the
index of prices of all protein feeds of —1.14. This comparison is
imprecise sinee some feeds, such as fish meal and brewers’ and dis-
tillers’ dried grains, are not included in the annlyses of ndividual
feeds. Further, the manner in which a weighted average of flexibility
coefficients are related to the total for all protein Ieeds is only known

TasLe 47— High-protein feeds: Comparison of price flexibility co-
efficients for individual feeds and that for the total from analyses based
on first differences of logarithms for alternative time periods

H !

. [ Price flexibility with respeet to—
Quan- -

tity : s

Time period and feed weight 1] Own | Other Total :
quan- ] high- Ligh- } Feed
tity protein | protein | grains

[eed feed

Pre-World War I1:

Tudividual feed:? :
Cottonseed menl.__._ .. .. "
Soybesn meal___ .. _____.__._._
Linseed meal ;
Tankage and meat seraps . o
Gluten feedo _ . o ...

Weighted average ?

Total high-protein feeds in- i
dex i

Pre-World War IT plus postwar:
Individus} feed: 2
Cottonseed mesl
Soybean meal
Linsecd mcaj
Tanksege and meat seraps_ - _
Giluten feed

Weighted average 3

Total high-protein feads jn-
AOX e . O L84

! Relative guantity fed during ench period.  Tecds listed aceounted for about
85 percent of those included in the analysis for total high-protein feeds,

2 These anelyses ave discussed in deiail beginning on page 93, Postwar years
incinded are 1946-54. Prewar years and the referral humber for each equation are
as follows: Cottonseed meal, 1921—41 and {20a}; soybean meel, 1930—41 and
{32a); linsccd meal, 1921-41 and (33a); tenkege and meat seraps, 1926-41 and
{34n); gluten feed, 192641 and (35s). Referral numbers for the combined anal-
yses arc (20b), (32h), (33h), (34b}, and (35h), respectively.

3 Weighted average of the direct and eross-pric. fexiiility coellicients,

+ Prewar years included are 1921-41 and postwir years arce 1946-54. Referral
é;umhers are {25b) for the prewar period and {(25¢) for the postwar years (see page

) .
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in an approximate way, especially since the nnalyses for individual
feeds do not all relate to the entire pericd fram 1921. A similar
relationship lor 1921-41 plus 1946-54 indicates similar results,with a
conclusion that the price fexibility for cotlonseed tends to be larger
than those for the other proiein feeds. Narmally the price flexibility
coelficient for an individual fced tends to be somewhat less than for
the total ol all feeds, so that the individunl demand elasticily is more
elastic than that for the tolal of all feeds of a given classification.
The incregse in the price flexibility coelficient in 192141 and 1921-41
plus 1946-54 is duoe in part to the difference in composition of the
prolein feed aggregate. This is reflected in the weights shown in
table 47.

COMPARISON OF DEMAND ELASTICITIES WITH RESULTS
FROM OTHER STUDIES

A statistical analysis relating to the demand for total feed concen-~
trates reported by IFoote (10) indlicates a price fiexibility of —2.05 for
the period 1921-41 with observations couverted to logarithms, and a
price llexibility of —2.36 with observations converted to frst dif-
ferences of logarithms. Thoese analyses wore cstimated by least
squares, and relate also to the November-May period for prices of
corn and livestock and livestock prodnets; total supplies of {eed con-
centrates and noimnl units fed relate (o the October—September
feeding year. This study preseuts other analyses relating o various
aspeets of the feed-livestock cconomy. If the price Acxibility co-
efficients in the logarithmic nnalyses (25d) and (26d) are weighted by
the relative quantities of protein feeds and feed grains fed, the price
flexibility for total concentrates is —2.28; if a similar computation is
made for the price Aexibility coefficients obtained with observations in
first differences of logarithns in cquations (25h) and (26h), the
esbimated price {flexibility for totnl concentrates is —2.48. Dif-
[erences between the respective coefficients obtained in owr stucly and
by Foote probably arc not stalistically significant. Also, in the Foote
annlyses, the price of corn was related to the quantity of total feed
concentrates, and thus the weighting of the coeflicients in the present
study would not give an identical relationship.

Another statistical analysis of livestock production and marketin
s that by Hildreth and Jarrett (21). Coefficients are estimateﬁ
botlh by the limited information and least squares methods for various
demand and supply relationships.  Analyses relating to the demand for
feed grains and for protein feeds are singled out for comparison, and
the statistical results of the analyses by Hildreth and Jarrett are
shownin table 48. For both the feed grain and protein foed equations,
& complementary relationship between these foeds is indicated by the
limited information fit, and a competitive relationship is suggested
by the least squares fit. As pointed out by the authors, the co-
cificients upon which the cross-clasticities ate based are not sta-
tistically significant. They conclude (21, p. 74) “Our a priorl knowl-
edge in this ease is probably insuflicient for us to regard cither out-
come as implausible.” Their annlyses relate to calendar year averages
of prices for the period 1920-49. Quantity variables relate to amounts

454045—058—7
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fed {expressed in toerms of Golal digestible nutricnts) of feed grains,
protein feeds, and ronghage. A total supply variable for feed grains
was included in the complete systom of equations.  Prices of livestock
and inventory of livestock on January 1 were additional variables in
this analysis, which was run with observations expressed in logarithms.

TaBLE 48.—FHigh-protein feeds and feed grains: Demand clasticilies
esiimated by Hildreth and Jarrell jrom analyses based on logarithms
for 1920-48?

Elasticity willy respect to—

Price of—
Quantity variable and method Inven- | Quan-
of estimalion {ory of | tity of

live- rough-

Probein | Feed stock | age fud

{eeds graing on to live-
farms stock

Iligh-prolein feeds fed:
Lisnited information —1. 81| —0.069 . 81 119 -8 51
Loash SGUaIres_ooeeomcoooos —1. 88 .23 . G .16

Fecd graing fed:
Limited information —. 18 —. 68 1. 07 1. 88 —. 48
Least squarves_ .o C L33 —. 80 M th 1.83 —. 3B

! See Hitdreth and Jarvett (27, pp. 72-03). Results of the Durbin-Watson test
aba  pereent level of significance allows the assnmption of no serial corrclation of
residuals with the exception of the [eed grains equation estimated by least squares,
where the resulis were ineonelusive,

Several dilferences between these and our analyses deserve special
mention. The use of calendar year data was especially uselul in Ehielr
analysis of the demand for livestock products, bup is considered less
satisfactory for the demand for feed grains sinee this period overlaps
two crop yonrs, Further, the transformintion of observations to first
differences of logarithns in our analyses may itend to give cross-
elasticities whiell are lavger than those obtsined with observations
expressed in logarithms (for example, sec tables 43 and 44). Auto-
matic allowance for a time lrend v the first-difference analysis is a
possible explanation. The inclusion of the roughage fed variable is
thought to have had little effect on the demand cocflicients. The
Hildreti-Jarrett protein feed cquation, estimated by least squares,
was rerun with this varioble excluded, with little change in the
demand coefficients for protein feeds and feed grains.

Conclusions reached from the present study and that of Hildreth
and Jarrest indicate that the direct elasticity for high-protein feeds 1s
approximately twice ns clastic as that for feed grains.  Their analysis
gnve a direct elasticity of —1.84 for protein feeds and —0.68 for feed
grains; whereas cquations (22a) and (23n) give a dircet elasticity of
—1.85 for high-protein feeds and —0.74 for feed grains. Results
from the two studies are less in agreement as to the demand inter-
relationships bebween feed grains and high-protein feeds. For the
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lesst squares estimates of the Hildreth-Jarrett study, the eclasticily
of the quantity of protein feeds fed wibth respect to the price of feed
grains is .23, compared with 0.68 as indicated Ly eqguation {22a),
The elasticity of the quantity of feed grains fed with respect (o the
price of protein feeds 15 0.03 as given by Hildreth and Jarrett, com-
pared with 0.63 in equation (23a). Statements as to these demand
interrelationships must he tenlative sinee statistical coefficients vary
counsidernbly among the soveral annlyses. This present study tends
to indicate thab these feeds have slvong competitive relationship,
based on sualyses with observations in first differences of logarillims,
whereas the logarithmie relationships indicate a much weaker com-
petitive 1elnuonshlp more in lme with the findings of the ITildreth-
Jarrett study.  Study of the aggregate ol all high-protein feeds tends
to average oul the demand structuve of the individual feeds. The
following section attempts to isolate some of the special faciors that
mfluence prices of the most important byproduct feeds.

THE DEMAND FOR INDIVIDUAL BYPRODUCT
FEEDS

Determination of demand coefficients for individuel high-protein
and other byproducet Teeds is difficult, owing to the interrelationships
with ofher feeds.  FThe nalure of this substitution m mixed feeds has
been discussed previcusly. For ceclain of Uwse feeds, regional con-
ditzons of supply and demand are especinlly important. In a given
region, quantity of a given feed fed is related to (1) the price of that
feed and prices of other protein [eeds, other byproduct [eeds, and
feed grains, (2) prices of livestock and livestock products, and (3) the
number of variovs types of livestock to be fed.  With » such fceds,
we have n equations expressing relationships of this sort. In terms
ol statistical analysis, however, regression coefficients for such a model
cannot be estinated, mamh* beeause of the lack of regional daka, but
even for the aggregnte for the United States, some simplifying ﬂssump-
tions must be introduced. _

Demand relationships are cstimoaied for some of the princimpal
byproduct {eeds ab principal markets. Before we consider the formu-
Iation of these models, we discuss regional differences in prices of
certain feeds thot sre expected vuder various sssumptlions as to the
kind of physical substitution pessible among the feeds. Sovhean
meal and cottonseed meal are taken for this study, for they are the
prineipal high-protein feeds.  Similar ressoning can be applied to the
other feeds.

REGIONAL DIFFERENCES IN PRICES OF SOYBEAN AND
COTTONSEED MEAL

The market price of a particulay feed in a given region depends
upon such factors as: (3) Level of demand for protein su])plcmonts
in that region as compared with other regions; (2) physical substitu-
tion rates among the various feeds; (3) Available supply of feeds In
the principal producmn areas; (4) location of the region studied in
relation to various pr oducmof ar eas; and () transpor rlation costs of
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shipping the f2ed to various points. The determination of cquilib-
rivm regional prices for these feeds, assuming coaditions of perfect
compoetition, would require a complicated spatial equilibrium model
which specificd the various factors noted above. This was not
attempted heve because of the difficulty of separating out the demand
functions for individual byproduct feeds, by regions, and of obtaining
regional supply estumates.

The analysis in this section is concerned instesd with price differ-
ences in seleeted major markets {or given yenrs and for ¢hauges over
time. QCousideration is given to phasical subslitution helween
sovhean meal and cotlonseed menl. Presented also is o theoreticsal
model for the expecled price differences among reglons under certain
resiviclive assumptions.  Actual price differences then are analyzed
in the light of these theoretical considerations.

Production and nel vegional shipments of soybean meal and cotlon-
seed meal ace shown fov the year heginuing October 1949 (iable 49).
Production of soybean meal 15 conecentrated in the Corn Beltf region,
thouglht processing pi‘m[s are located In most regions. Decatur,
Tilinois, t‘ommonh’ is cousidored the major market {or sovbean muﬂ
this markot js tales as a base Jor some of these price compnrisons.

sattonseed meal produclion is localed in the areas surrounding four
principal marke(s—>Memphis, Fort Worth, Los Angeles, aud Atlanta,
The Fort Worth markel is taken as representative of production in
the Southern Plains reglon, which normally accounls for aboub a
third of the United States tolal.  The Memplis market is taken as
representative of production in the surrounding avea {see figure 2,

. 41) cluding the States of Tennessee, Arkansas, and Mississippi.

TanLe 49.——Soybean and cottonseed meal: Production and nd ship-
ments, bJ mr;wm‘ year b(f;nmmq Cetaber 18591

Boybean menl Cottonseed meal

Region 2
FPro- Net re- Pro- Net re-

duetion gional duction gionul

shipinenls shipments

Thowsand | Thousand | Thovsand | Thousand
fong {ons E tois
Northeust . .. . . ___ . __._._. v 016 G7
Corn Belto oo oo 3, 7h7 — I, 787 . 272
Tmke oo eeiaaaa 200 184 . 16
Northern Plains. oo ... 136 e 150
Appalachian. . . ... ... 278 T —G0
Southenst___.... . . 30 k —3
1‘25 - : — 275
Southern Plains. i 130 : —301
Mounladn,_ ..o aona .- : : 7d 05 O
Poeifieo..o .- .. ... . e . 210 21 — 496

! Compiled from da.t n, by States, presented by Jeanings (27}, Negalive fipures
represent inshipnents.

2 Repional hreakdown is ghab used by Fox (78) in his shudy of o spatial equilib-
rivr model of ihe livestock-feed economy.
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Production in these three States, which normally acecount for aboub
s third of total production, amounted to 620 thousand tons in 1949—
50. Net regional shipments from these three States amounted to 355
thousand tons for this year, or abou half of the tolal shipped. The
Los Angeles market is taken to represent California production,
which has become relatively more important in recent years. In the
discussion of market price differences to follow the Atlanta merkes is
taken to represent production in Georgia and Alabama,

Substifulion Beiween Soybean and CoHonseed Meal

Sovbean and cottonsecd meals are considered as substitutes in
cerlain livestock ralions, though allowance must be made for differ-
ences in specified nutritive values. Substitution applies particularly
for feeding of ruminant, because they are not subjecl to certain
foxic effects In cotlonseed meal duc (o the gossypol content. In
recenl years processing techniques have been developed to remove
these pigment glauds, and some meal is sold as “low gossypol’’ meal.
But cottonseed meal can be fed to hogs and poultry without advorse
cffects if 1t comprises a limited proportion of the ration. Practical
limits for use in broiler feeds are discussed on page 61, and Lable 35
shows that these feeds differ in puirient content. These meals also
differ, by method of processing, as to protein and fal coutent. A
comparison between the most commonly sold meals—soybean meal,
solvent-process, 44 pereent protein content, and coltonseed menl,
expeller-process, 41 percent protein contenl—indicates the following
differcnces: Soybean meal coutains a higher crude and digestible
protein content and a lower fiber conlont, whereas cottonsced meal
contains n higher productive energy conlent. Qther dilferences are
noled in table 35, page 62.

The preference for one leed over the other in o formula feed, for
example, depends, alse, on the available supply of specified nutrients
in other tngredients aud the ingredicnl prices, as discussed previously
(see p. 61). Sinece the substitution would vary by the nutrient speci-
fications of varicus livestock ralions, n complex equilibrivin solation
is indicated. Although it is difliculi to defermine the exact substi-
tution between these meals, it is fuirly clear that they are used inler-
changeably within certain limits. The patiern of regional prices for
these two meals would be expected to depend directly on how these
feeds arc substiloted by feeders and feed manufaclurers in the various
poultry and livestock valions.

The pattern of ulilization of these menls, by kind of livestock,
for the vear beginping October 1949 is shown 1 lable 50. This
pailern of utilization to a large extent reflects the location of meal
production in relation Lo the major type of livestock produced in
that region, or in regions for which thore is a (ransportation-cost
advaniage for that particular meal. Before discussing actual price
differences for these menls in specified mavkets, we shall develop the
patiern of prices thiat would be expected under certain restrictive
conditions,
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TaBLE 50.—Soybean and coltonseed meal: Porcentage wutilization for
feed by type of livestock, year beginning October 1949

Meal

Livestock group

Soybesn | Cofton-

: seed
i
i Farcent Pereent
Poulbryon Inrms . Lot 43 B3
O/ o e e i g 5
Cattle I
DY (L e e e 20 36
Beal . o e e ! b 51
OB o e e e ! 7 3
Mot o e e e ; 106 100

TFrom table 19.

‘Regional Prices and Trade for Homegeneous Feeds Under
Conditions of Competitive Equilibrium

For an understanding of regional price differences, it is useful to
cousider a hypothetical regional poattern of production and demand,
and to isolate the efiects of changes in sapply and transportation costs.
Samuclson (48) presents a clear bheoretical deseription of the deter-
mination of spatial price equilibrium ooder conditions of perfect
competition, and the eff~cis on prices and shipments with changes in
regional supplies, or demand, and transportation costs. Also, he
Dlustrates the apphcation of linear programing techniques to the solu-
tion of suel problems.  Statistical application of spatial equilibrivm
models to problems in agriculture are given by Fox (78, 14) for the
livestock-feed economy, and by Judge (80) for cggs.  As a complete
model is not given here, 1t scems imporiant to the discussion bo
present some of the basic consideratioas of spatial equilibrium theory
as background for an cxamination of market price differences for
tliege mceals,

The problem onlropting us is this: ** We are given at cach of two
or more regions a demand and supply curve for a particular feed in
terms of its market price at that locality,  We also are given constant
transportation costs for carrving one wmil of the feed between any
two of the specified localities.  What then will be the final competitive
equilibriam of prices n all the markets, the amounts supplied and
demanded at ecach market, and the shipments among regions? In
this dewvelopment, we vonsider the leeds ns bomogencous—that is, for
practical purposes, we hove only one leed—and that cach is produced
and demanded ot bwo markets only,

Figure 6, section A, illustrates the {wo-market ease under conditions
of perfect competition for a good whose supply is uot influcoced by
current price; the supply carve s inelastie {or any given period. In

M This development (ollows bhe discussion given by Swmuelson (487 and Judge
.
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Region I, the supply curve is indicated as 8, and in Region 1T, as S,
leen thc nmuerket demand relationships I, ﬂ.ll(l Dg, and with no trade
between the two regions, the eguilibrium price in Region I is Py and
1 Region IT is P,. These are the points where the qupplv and demand

SECTION A. EFFECT OF INCREASED SUPPLY IN REGION I

By} By
55 ,
£5, S1 i1
P
24 ES1 ks’ i
1
/ C\ _’f A Ey el

1 W 1
I = N

]
ED, ,‘ . [}
D 7 q !
. 5,

Q

\_‘}Tn Q,

0'2
Region I Region I

SECTION B. EFFECT OF INCREASE IN TRANSPORTATION RATE
FROM REGION T TO REGION T

ESy

Oy
0| T2
M~
@y
Region II Region I
U, b DEFARTMEHT QF AGRICULTURE MEG. 4i%1=3717} AGRICULTURAL MAREETIWG AERVYICE

Figune 6,—The level of (1) equilibrivm market prices and 12} shipmenis between
regions depend upon the respective supply and demund cooditions v ihe
various markefs aod the transportation cost betweoen nrkets.  The cffeets
o prices and shipments of an merense in the supply in one market arve illus-
trated in Scetion A Tor a hypothetiead 2-narket vnse.  Tbe ciffects of & vhange
in travsportetion egsts are Wusteated in Seetion B,
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curves in each marlet just mect, or where the excess-supply funciions
ES; and IS, —which equal the demand ewrve subtracted lnterally a6
every price from the supply ewrve—sare at their respective zero values.

Now assume that the fecds can move from Region I to IT for T,
dollars per ton, and from II to I for Ty dollars per ton. Since the pre-
trade price is lower in I than in IT, trade flows only from I to II and
T\ is the relevant transport cost.  Since the jnitial difforence in prices
exceeds the transport cost, shipments are made from I to I1; and P,
at equilibrium, exceeds P, by the amount of Ty,  Tor this reason the
axes of Region T are displaced relative to those of Region IT by the
distance Ty The new equilibrium price under interregional flows is
established at OC where the excess-supply curve of Region T (ES,)
intersects the excess-supply curve of Region IT (B8,). Under thesc
counditions, Region I ships quantity B, to Region JI to fulfill the
excess demand EDs. The price in Region IT equuls the price in
Region I plus the transportation cost, or

Py 4+ Mo (27)

Iffects of a shift in supply in Region IT—-I1 shipments are made
botween these regions, an inercase in gupply in either market must
have a downward effect on prices in both regtans, and the decrease in
the price in one market must exacily equal the price decrease in the
second. In figure 6, section A, such an inerease in supply is shown
for Region I, with the shift in the supply curve from 8, to 8. The
excess-supply function shifts to the right and is indicated as ES],
and the resulling new cquilibriwn price is now loeated 2t OX. The
guantity of shipments is increased to anmount Eb.

Effects of an inercase in transport cost—~In this 2-region case, an
inerease in transportation cost resuls in o decrease in shipments from
Region T to Region I1.  The effeeis of this change are ilustrated in
figure 6, section B, Transportatlion costs are increased by an amount
OM, which shifts the exeess-supply cwrve for Region 11 downward
from ES, to 1485, and shipmenis are decreased from amount B ta E..
The market price in Region I is deereased from LX to LY; the price
in Region 1T is increased from OX to MY and the price difference
hetween Region I and Region 1T is increased by amount OM, the
transportalion cost, inerease.

The multi-region case.—~With more thaa two markets, considerations
as to market equilibrium are more complex.  Samuclson (45, p. 301)
indicates these effeets for shifts in the excess-supply functjon at one
market as follows: “An increase in the excess-supply at (markel) 1
must have a downward effect on every single priee, or at worst lenve
it unelnanged.  The downward cffect on other prices cannol exceed
the downward effect on its own price; lor 2ll regions that stav cou-
tinuously counected by divect or indirect trade with 1, the changes
in P must exactly equal the drop in By; hut any regions that at any
time remain disconnected from 1. . . the change in P's will be less
than the drop in P, And so long as we assume ‘normal’ positive
sloping excess-supply curves evervwhere, we can confidently assert
that an increase of excass-supply in region 1 must decrease algebraic
exports everywhere else, or al worst leave some of them unchanged.”
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Further, he points out (43, p. 302) that “a change in i’s excess-supply
function hes exactly the same quantitative effect on By (that is, the
shipments of region J) that & change in i’s excess-supply function would
haveon B,.”

Also, as o the cffect of an Increase in transportation costs between
iand j, he says (43, p. 299-300) “however other variables may change,
exports from i to } must ceriainly decrcase or at worst remain the
same; such exports can certainly not increase.”

Regional Prices for Nonhomogeneous Feeds Under Conditions of
Competitive Equilibrium

Tl relationsh’p among feed prices, by regions, for feeds which are
not equal in feedivg value, but differ only by & certain fixed percentage,
can be specifiod readily. But for feeds which have cortain character.
istics that are more desirable for certain kinds of pouliry or livestock,
a more complex type of demand relationship is implied.

Feeds with a conslant difference in feeding value—If two feeds arve
used interchangeably, but differ only by some fixed amount, such as
protein content, the eguilibrium solution of prices and trade tends
to be the same as that given for a homogencous feed with one excep-
tion. The prices of the fecds differ by some fixed percentage, assuming
that the feeds are purchased for protein content only.

Assume that feed 1 is produced exclusively in Region I and feed 2
is produced exclusively in Region II, and that the only difference
between these feeds is that feed 1 has a protein content 90 percent
of that of feed 2. The relalionship between the prices of these feeds,
if trade is assumed, is given as:

Pl-——O.QPg—FT;g (28)

Under equilibrinm conditions, the solution is similar to that presented
for the 2-region case discussed previously; this solution can be general-
1zed for the case of multiregion producing and consuming aress.

Feeds with varying rates of substitution.—If the feeding value of 2
given feed varies with the amount included in the ration, the simple
relatiouships noted in the preceding paragraphs do not hold. Further,
if this rate of substitution varies by the type of livestock fed, additional
regional demand factors have to be specified in the relationships.
This more complex type of interrelationship is the one which holds
among the various protein feeds, as indicated in the previcus discussion
of the composition of the feeds and the use by various kinds of live-
stock and poultry. Bul prices of soybesn meal and cotbtonseed meal
tend o indicale that these feeds are valued mainly for their protein
content and are substituted in rations t0 a certain extent on the basis
of & constant difference in protein content.

Implications as to expected price differences~—Several implications
are obtained from the consideration of market equilibrium conditions
which may aid in the comparison of market price differences. For
any particular year, part of the price differcnces are random, reflecting
at least partially, imperfections in the marketing system. But
certain price differences occur consistently over time and are to be
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explained. We attempt Lo gain insight into the nature of the substi-
tution between these meals by comparisen of prices in various markets.
It is recognized that use of specified markets to represent production
and demand for a large surrounding area introduces error into the
COMparisons.

If the 2 feeds are 1-for-1 substitutes, we expect meal prices to be
equal in markets connected by shipments. If the meals differ only
by protein content and are purchased for nulritive content oply, an
added differcnce allows for this factor. Alarket pricedifferences that
deviate from this pattern reflect such factors as: (1) varying substi-
tution rates for various kinds of livestock; (2) certain noncompetitive
demands (see Armore I, p. 18), siuch as mentioned for formula feeds
where there is a definite requirement for o cerfain amount of a given
feed, but substitution can be made after this requirement is met;
(3} restrictions as to the amount of a given feed which may be used
for cevbain types of livestock; and (4) o market solated {from shipments
from other regions.

Comparison of Cotfonseed and Soybean Meal Prices at
Specificd Markets

The Qctober-Septembear average price of sovbean meal tends to be
higher than the price of colttonsesd meal af certain markets, whereas
the reverse 15 true in other markets, A comparison of market prices
for these meals, given in table 51, ndicates that the soybean meal
price normally is higher in AMemphis, Atlanta, Fort Worth, and San
Francisco; whereas cottonseed meal prices sometimes are higher at
Chicago, fBoston, Cincinnati, aud Kansas City. These prices refer
to the most commonly sold meal. Differcnces in price for a given
meal processed by the expeller or solvent method are discussed
beginning on page 107.

Prices of these meals at Chicago indicabe the wvariation in price
differences for 4 centrally located market. For the year begiuning
QOctober 1950, the price of cottonseed meal was $9.75 per ton lLigher
than soybean meal; whereas for the year beginning Gcetober 19853, the
price of soybean meal was $12.85 pec ton higher than the price of
cottonsced meal. Inspection of quantities of these two meals available
for feeding indicate sharp changes from the respective previous years.
In 1950, soybean meal supplies increased by 27 percent from the
previous year, wherens cottonsced meal supplies dropped by 22 per-
cent. In 1953, soybean meal supplics decrensed by 10 porcent from
1952, whereas eotfonsecd meal supplics increased by 8 percent from
the previous year. ‘This suggests that, for o given year, prices move
independently to & certnin extent. If the meals were considered as
direct substitutes, prices would tend to be equal regardless of the
quantity of each. Additional evidence of & certain independence in
demand 15 obtained from the lack of consistent price differences of
one meal over the other from one market to another.

The relationship between the price of coltonseed meal at Memphis
with maricet prives in places that are niajor producing areas and with
prices in places that are primarily consuming areas is given in table 52,
A similar comparison is given lor soybean meal, relating prices at
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specified markets with the Decatur price. Prices in these markets,
over time, reflect varying conditions as to demand and supply and
changing transportation costs. In the section on regional prices and
trade vnder conditions of competitive equilihrium, we indicated the
expected effcct oun prices of changes in supply (or demand) in the
various regions or changes in transporlation costs, if the markets are
conneched by shipments.

For cottonsced menl, price differences between Memphis and the
consuming arsas of Boston and Chica, go show & trend over time that is
closely velated to general changes in ratlrond froight rates. The
railvoad freight rate for wheat is taken as 2 rough indicator of the
general level of change over the period. This is less appropriste in
arens where truck shipmenis are important.

The relationship between prices in two produocing sreas tends to be
more complicated as shipments from those markets 10 CORSUINIng
centers vary, depending on the demand for the {feed in the several areas
and the supply In o given yvear. Also, over fime, shipments vary,
depending on their tmmporialiou costs. In (fenoml the price at
AMemphis is lower than in other producing areas. A more detailed
comparison of macket price differences between Memphis and Fort
Worth is given in table §3. For the year beginning August 1949,
the price of cottonsecd meal atFort Worth was shﬂhil\' lower than the
price at Memphis. These dala cefiect the influence of uwnusual
supply changes on (hie market price difference. Texas production
for the year betrmmng August 1949 was 60 pereent above that for
1948; whereas Tennessee puodm {ion n ]‘140 remained about constant,
and the production in the three States of Arkansas, Mississippi, and
Tennessee decreased Dy about 20 percent.  Similarly, clinnges in
the price difference during 1946-56 refleet the bvpe of changes illus-
trated in figure G, plus changes in the level of demand in the given
region and in other regions to which shipments are made.

For sovbean menl, n more speeific comparison of market prices than
that shown in table 32 is given in table 54 for November-May 1952-54.
Specific rail freight rates for sovbean meal shipped from Decatwr to
several markets are available, and these rates were constant for the
calendar years 1953-35. Tt is recognized that railvoad freight rates are
not too appropriale Jor markets for which {ruck shipments are
important, and this is & limilation, Marleet prices at Clincinnali are
related cloqolv lo the price &t Decatur plus freight charges, whereas
at Memphis the price difference is mueh less than at Decatur plus
freight. The location of processing plants in the various regions
infiuence the points Trom which shlpmvnis are made to deficit areas,
and the price differences belween selected markets. The regional
price structure {or these menls cannot be explained by a sonple
comparison of the sort dlustrated in table 54. A complete siudy
would require quantification of the regional supply and demand
curves and adequabe daln on {ransportation costs. The type of
approach that should be used for supply aspects is Qlustrated by work
on milk doue by Bredo and Rojko (6).  These aspects of the problem
could then be wincorporated inlo & model, such as that developed for
the feed livestock economy by Fox (7 3), for which regional dermand
curves also are specified.
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Tasui 51.—Soybean and cottonsecd meal: Comparison of average wholesale price per ton at 8 markets, average
198741, annual 1946-56 1

Year beginning
October

Markets at which price of soybean meal tends to exceed that of cottonseed meal

Meniphis

Atlanta

Fort Worth

San Francisco

Soy_
bean
meal

Cotton-
sead
nieal

Soy-
bean
meal

Cotton-
sced
meal 2

Soy_
bean
meal

Cotton-
seed
meal

Differ-
crice

Soy-
rean
meal

Cotton=
seed
meal

Differ-

enee

Average:
1937-41______

Dollars

Dollars
27. 45

Dollars

Dollars

Dollars

Dollars

Dollars

Dollars

39,
89,
105,
91.
90,
93,
112,
97.
106.
87.
81.
(i

55
70
10
40
50
90
40
35
05
90
10

77. 00

Dollars

Dollars
4.
4.

@YALTN0IEOV J0 "IJAQ 'S 'O ‘8811 NILATING TVOINHOIL ZOT




Markets at which price of cotlonseed meal tends to exceed that of soybean meal
Chicago Boston Cineinnati Iansas City
Average: ,
1037-41_.._._ 31.00 | 33.80 | —2.50 |-vinio.- 36. 80 | feeanian] 8300 [Looio__- 3240 34156 =175
1946 oo SL 10 { oL 85.90 | 8470 0.20{ 81.45] 8220 —~0.75 ] 80.35{ 82051 —1.70
C194T 1.60 {- -91. 95 —. 35 97.457 96.10 1.35 1 9L 45 [ 90.85 .60 1 90.907 90.75 .15
1048 . .... 76.40 | 72.30 410 | 83.80 | 74.85 895 76.55| 71.30 525 7560 70.00 5. 60
1049 o oL ol 27460 T4 10 .50 81.35 | 79.95 140§ 74101 73.85 .25 | 7400 | 70.95 3.08
1950 ... ... v6.90 [86.66 | —9.75{ 81.85( 900.15| —8.30 | 76.45| 86.30 [ —9. 85| -77.25 | 85 30 —8.05
1951 ol 96. 25 | 93.45 2.80 1 104. 60 | 97. 70 6.90 | 93.50 | 98701 —5.20} 97.10 | 97. 30 —. 20
1962, .. __. 80.051 8250 | —2.45° 86.60 | 88.20 y —1.60 | 79.70( 83.50 | —3.80.{ 79.30| 81.25| —1.95
1953 . .. ... 80,801 76.95 ¢ 12.85| 97.10 | 8485} 12.25] 89.75| 730 11. 45| 88.70 1 75.70 1300
1954 L oL 7150 7440 | —2.90 1 79.00| 81.50 | —245 | 71804 7520 | —3.40 | 70.50 | 73.30| —2.80
1955 . ool 63.50 | 650601 —2.10| 7165 72 35 —. 701 63.75] ©66.30 | —2.55| 63.00 | 63.95 —. 95
1956__ -2 - 58.85| 66.80} —7.95| 66.55| 75.00] ~8.45 | 59.55| 6730 | —7.75 | 5910 65 05 —5. 95

! Cottonseed meal: Bagged, 41 percent protein for all markets exeept San Francisco prior ta October 1953 (43 percent); Kansas City
prior to 1940 (43 percent); and Fort Worth prior to April 1947 (43 percent). )

Soybean meal: Bagged, 41 percent protein prior to specified date for indicated markets: Memphis (July 1953); Atlanta (November
1953) ; San Francisco (July 1951); Chicago (July 1950); Boston (December 1951); Cineinnati (April 1951); and Kansas Gity (July 1950).
Meal prices quoted for 44 percent protein for subsequent periods, - Meal at Fort Worth, 41 and 44 percent protein. For all markets,
quotation is for “mixes’ for April to September, 1952,

2 Quotation for Georgia mills, April 1949 to date.
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Tasie 52.—Cottonseed and soybean meal: Average wholesale price per ton in specified markets, difference in price be-
tween these markets and specified markets in producing and consuming areas, and index numbers of ralroad freight

rates, averages 1923-64 1

Year beginning October

Cottonseed meal

Memphis

Relation to Memphis

Producing areas

Consuming aresds

Fort
Worth

Atlanta ?

Los

Angeles

Boston

Chicago

Differ- Relative
ence differ-
enged

Index
numbers
of railroad

freight

rates 4

Averagc

Dollars

Dollars

Dollars
4, 85
4. 80
5. 50
6. 05
9. 10
9. 40

65
67
66
70
100

114
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Soyhean mea)
Relation to Decatur for consiiming arcas Index
numbers
L of railrond
Buffalo freight
Deeatur . rates !
Kuansas Minne- [ Memphis | San Fran-
City apolis cisco Differ- Relative
grice differ-
ence ?
Average:
103436 L il 30. 80 5. 55 5,20 ... I, 87, 60 5. 80 56 68
TO37-41 L i im i e e 27. 45 4. 05 5. 45 [ocmcniaoan 12. 10 6. 00 57 69
104740 L i idim e 74.05 5. 20 6. 30 1. 30 20. 70 10. 45 100 100
1950-54 - e i o 76. 40 6. 15 7. 35 3.70 23.10 11,10 106 114

! Cottonseed meal: Bagged, 41 pereent protein for all markets and years except Fort Worth prior to April 1947 (43 percent protein),
and Los Angeles, quoted as 40~43 percent meal,

Soybean meal: Bagged, 41 percent protein prior to specified date for the indieated market: Deeatur, Kansas City, Minncapolis and
Buflalo (July 1950); Memphis (July 1953); and San Franeisco (July 1051). - 44 percent meal for subsequent periods.  For all markets,
quotationis for “mixes™ for April to September, 1952,

2 Quotation for Georgia mills. ~April 1949 to date.

3 Index numbers, 1947-49=100,

+ Tndex nuinbers, 1948-50==100"that relate to wheat. . Computed from data published in the Marketing and Transportation Situation
(60) for-recent years and by Reese (4£) for prior years. Index numbers refer to the July-June year for 1923-41, and to calendar years
for 1047 to date. s :

& Based on 1928-31.

8 Based on 1935-30.
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TapLe 53.—Cottonseed meal: Average wholesale price per ton at Memphis
and Fort Worth, and production in specified States, 1946-66

Price ! Production 2
Year beginning Arkansag,
August Fort Differ- | Missis- | Tenneu-
Memphis| Werth ence sippd, L) Texas
Tennes-
sec

Thousand | Thousand | Thousand

Doliars Doilars Dallars tons lons {ons

1946 _ .. ____ 74 55 79. 85 5. 30 158 133 2908
1947 ... B6. 80 90. 90 4, 10 a78 148 5069
1948 _.______ 63, 30 87. 85 4, 35 840 144 570
1949 . ... 63. 20 62. 50 —. 70 654 193 911
1950 ________. 77.70 53. 40 5. 70 450 115 559
1951 . ___. $3. 85 91. 535 7.70 607 161 723
1952 _ ... 77.70 83. 50 T. 80 716 203 732
1953 _____.__ 64, 70 46. 30 2.20 856 222 815
1954 __. G6. 55 71. 93 5. 40 73 3200 Y69
L+ 15T5 TR [N RN VRO A FI S
1956 e e e

! Bagged, 41 percent protein. Computed from reports of the Grain Division,
Agricultural Marketing Service.

* Production at oil mill loeations, by States, as reported in Animal and Vegetable
Fats and (ils (59).

? Datn estiinated for some months.

Tasre 54.—Soybean meal: Difference between wholesale price per fon
al specified markets and ai Decatur, and rail freight rates between
Decatur and these markets, November—May, 195254

Price difference from Decatur for

period beginning t— Rall
Market freight
rate ?
1952 1953 1454

Dollars Dollars Dollars Dollars
6

Cinelonati, ____________.______ 6. 58 6. 85 .76 6. 78
Kansas City oo _____ 6. 15 4,04 4,79 862
Memphis_ ____ ... 33,76 3. 85 2. 45 8 74
Minneapolis_____________.______ 3. 39 4. 62 4. 50 0. 44
Buffaloo o 10. 83 10. 66 10. 66 11, 96
Fort Worth__________________._ 14,42 13, 87 13. 96 12. 30

! Price quotations for bagged mea] containing 44 percent protein. Computed
from reports of the Grajn Division, Agrieultural Marketing Service.

* Based on interstate rates per 100 pounds, minimum weight 40,800 pounds.
Data include the three percent Federal transportstion tax, buf exelude charges
for proteclive services.  Applies to calendar years 1043~55, during which rates
were constant.  Data do hot allow for in-transit privileges.

? 41 percent protein.
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DIFFERENCES IN PRICE DUE TO METHOD OFf PROCESSING
OILSEEDS

Cuwrrently, seybean meal is processed largely by the solvent-process,
which yields a protein content of about 44 percent. This method re-
placed the screw press and hydraulic press methods, which accounted
for more than half of the total soybeans processed until the year be-
ginning October 1949. For the year beginning Qctober 1948, solvent
extraction accounted for 27 percenk of the soybeans processed; for
1846, 38 pereent; and for 1952, 86 percent. The price quotations,
given in the previous section, were changed from 41 percent meal to
44 percent miesl in July 1950 for several of the principal markets.
At present, meal obtained by the solvent process from dehulled beans
also is sold willi & protein econtent of 50 percent.

The price of solvent and expeller soybean meal for the 1954 and 1955
seasons 1s given 1n fable 55 for the Decatur market. xpcler meal
prices averaged $3.70 per Gon higher than solvent meal for the year
beginning October 1954, and $5.13 higher for the year beginning
October 1§55, Although the solvent mesal has a higher protein con-
tent, the productive cnergy and fat content is lower and the fiber
content s shightly hizher,

Cottonsced meal is processed mainly by the hydraulic and screw
press methods, as noted on page 52, the solvent method accounting for
21 percent of the tobal processed in the vear beginning August 1952.
Meals from the different methods aive sold with a guaranteed protein
content of 41 percent. The expeller meal contains 8 higher produc-
tive encrey and fat content, as shown in table 55. The average price
of expeller meal at Memphis for the year beginning August 1954
averaged 32 per ton higher than that for solvent meal, and $1.80
higher for the year beginning August 1955,

Linsecd meal procossing for the yeur beginning July 1952 was
mainly by the serew press method (54 percent), with prepress solvent
extraction accounting for most of the remainder.  {See table 29, p. 52).
As imdicated in table 55, the July—-Junc average price for expeller
linseed meal at Alinneapolis averaged $5.30 per ton higher than that
for solvent meal for the 1954 July—June year, and $5.65 higher for the
1955 July—June year. Expeller meal contains a higher fat and produc-
tive energy content, but a lower protein content,

4534045—08 g
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TaBLE 55.—Soybean, coftonseed, and linseed meal: Nufritive content and
season average price, by type of processing, and range in mondhly price
differences between the expeller and solvent types, 1954 and 1955

Nutritive characteristic ! Sesson average
price per ton 2

Produc-
Protein tive 1454 1955
energy
per pound

Soyhean meal: Perceni | Percent | Calories
42 3.5 640
45 . 570

Ranpge in monthly price
differences:

ig
Cottonseed meal:
Expeller
Solvent

Difference

Range in monthly price
differences:

Expeller___. . ___.___
Solvent

Difference

Range in monthly price
differences:

. 80 .10

. 00 . 00

t From 1956 Feedstuffs Analysis Table (22, p. 14;.

? Price quotation for soybean meal {Decatur, bulk, unrestricted billing) for the
October-September year; for cottonseed meal {Memphis, bagged) for the August—
July year; and for linseed meal {Minneapolis, bagged) for the July—June year.

STATISTICAL ANALYSES THAT RELATH TO INDIVIDUAL
BYPRODUCT FEEDF

An economic model that provides a framework for the analysis of
the demand for individual high-protein feeds was formulated to
permit the estimation of demand elasticities for individual feeds from
reduced-form equaftions. Price-estimsting equations velste to the
November-Mey period, although the period is not entirely appropriate
for all feeds. The general formuintion of this mode! includes three
reduced-form equetions for each of the feeds to be analyzed. These
are illustrated for cotionseed mesal,
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Pcm“:a'l +b1 1chm "I" meo— cm+ blaQ g + biiPL'i'b!-':A-U "i' U (2 9)
Pn —fin +b21Qcm + b?.EQo- cm + b:.’iQ 14 +b2-lPL+ bESAU + Uy (3 0)
Ptx &3 +b3IQesm +b&'Qo— om +b33QI¢+ b.uPL'i' bJSAU+ U3 (3 1 )

where P.—Frice per ton at Memphis for cottonseed meal, bagged,
average for November to Meay, in dollars.

P.~=Index numbers of wholesale prices for high-protein feeds,
excluding cottonseed mesal, average for November to
May.

P ~Price per bushel received by farmers for corn, average for
November to May, in cents.

Qem=Quantity of cottonseed meal fed during the year be-
ginning October, in million tons.

Q.-.x=Total guantity of high-protein feeds fed during the year
beginning October, excluding (1) noncommercial milk
and (2) cottonseed meal, in million tons of soybean
mesal equivalent.

Q:e=Quantity of feed grains {Q.—Q.). See page 81 for defini-
tions.

P;—Index numbers of prices received by farmers for live-
stock and livestock products (1910-14==100}, average
for November fo May.

AU=Number of grain-consuming animal units fed on farms
during the year beginning October, in millions.

TUtilization of the individual feeds differs by kind of livestock,
and the argument might be made that different animal units and
livestock prices should be used, depending on the protein feed being
analyzed. This was not considered desirable for several reasons.
If statistically significant coefficients are obtained from the model
specified in equations (29}-{31), demand coefficients can be derived
from these reduced-form equations by the method outlined previously
for the demand for total hugh-protein feeds (see p. 83). Further, the
demand for individual feeds having similar characteristics is related,
even though the utilization by type of livestock may differ, due i
part to location of production. Also, since an equation for the esti-
mation of feed grain prices is included in the model, it is more reason-
able to use data for totel animal units and livestock prices.

Equstions of type (29) were estimated first to determine whether
the coefficients had a sufficient degree of statistical significance to
warrant transformation of the price flexibility coefficients to demand
elasticities. Although the direct price flexibilities were significant,
in most cases, the cross-price flexibility coefficients for “‘other protein
feeds” were not. Thus, none of the relations of the type specified
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in equations (30) and (31) woere fitted. Although the results of these
analyses are not satisfaciory in termns of determining demand infer-
relationships among individual protein fecds, they are in agreement
with a priori Teasoning as to the expected relationship. -

This analysis was formulated with the assumption that the efect
of a change 1n the quantity of & given {eed on its price depends on the
level of supply of the other feeds. This implics that the quantity of
cotionsced meal, other protein feeds, and feed grains cxert a multipli-
cative effect ou the price of cottonseed menl. This differs from the
analysis for total high protein {eeds, since in that analysis the protein
feeds were sggregated inte o single supply variable, weighted on the
basis of prolein content, thus lmplving that the feeds are direct
substitutes if allowance 1s made for the difference in profein eon-
tent.”” There is some question as to the eorreet specification of this
relationship; however, based on previous consideration of the demend
reirtionships among these feeds, the formulation used appears res-
sonable,

Cottonseed Meal

The analysis of factors that affeet the price of ecollonseed menl
parallels that for total high-protein feeds with the exceplion that the
quantity variable is separated into cottonseed meal fod and other
protein feeds fed.  Also, the price of cotlonseed menl is used rather
than the index of prices of high-protein feeds. Results from the
statistical fitting of equalion (29} are given iv table 56 for two time
perieds, and for analyses with observations expressed in logaritions
and in first differences of logaritluns. The use of the first-difference
trensformation gives cross-price flexibilities which are relatively more
significant than for the logarithmic anelyses, but the standard error
of these coefficients in egnations (29s) and {29b) each is larger than
the value of the coeflicient. The values of the divoct-price flexibility
cocflicients, obtained by these two translormations, are about cqual.
Application of the Dwbin-Watson test Tor sevial correlation for the
192141 analysis with observations in logarithms iudicates absence
of serial correlation iv the residusls; however, for the combined
time period, the test is inconclusive, Thus, there is sorae preference
for the first-dilference analvsis both from the view of possible serial
correlation in the logarithmic analysis and the reliability of the values
of the cross-price fexibility coeflicients.

The direct-price fiexibility for cotlonsecd meal, as indicaled by
analysis (29a), is —0.87 as compared with a value of —1.98 oblained
in analysis (25f) (see p. 89) for which the price of cottonseed menl
was related to the tolal quantity of high-protein feeds. The value
of —1.98 includes both the dircct- and cross-price flexibility effects.
If the value of the cross-price flexibility coefficient in equation (20a)
is added to the dircet-price Hexibility cocfficient, n value of —1.50
is obtained. The difference between Lhese values is due partly (o the
unrelinbility of the cross-price fexibility coefficient, but more impor-
tantly, fo the difference between the additivity hypothesis of equation

# The additivity hypolhesis a5 lo the relationship awmoug the high-protein
feeds could have been tested statistienllv by using nn adaptation of an iterntive
procedure presented by Foote (49, pp. 37-39).




TapLe 56.~Cottonseed meal: Price-estimating equations that relate to the November-May average wholesale price,

bagged, al Memphis

Coeflicient with respect to—

Quantity of-— Coelli- Standard
Analysis Price of Constant | cient of error of
livestock Animal value determi- | estimate
, Other and units nation
Cotton- high- TFeed products
seed meal | - protein graing
feeds
Tfirst difference of logaritluns:
1921-41 (29n):
Coefficient. Jo oo e —0.87 ] v —0. 0b; —1.22 1,46 2, 59 10,012 0.77 0. 082
Stendard error. i Lo (. 34) (. 74) (. 34) (. 44) (1.22) (. 019)
1921-41 and 1946-54 (29h): :
Coefficient. o onuncomoio —. 5 V-, 80 —1.31 1. 23 2, 24 1,011 74 L 073
‘ Standard error.. .o i ooz o (, 22) (. 60) (. 29) (. 34) (L.01) (. 014)
Logarithins:?
1921-41 (29¢):
Coeflicient. .. .o .. .. —. 70 L —.03 ~1.1 1. 20 3155 —2.08 .89 . 089
Standard error______..____.. (. 18) (. 10) (. 37) (.'13) (. 84)
1921-41-and 1946-54 (29d):
Coeffcient .. ... ... _ —. 51 1 —.01 -1, 11 1. 30 1,67 —2.45 . 94 061
Standard error__ o io...oo (. 15) (. 08) (. 36) (. 11) (. 82)

1. Coeflicient does not differ significantly from zero.
2 The Durbin-Watson test rejects. the null hypothesis that serial correlation in the residuals is present for equation (29d) sid gives

inconclusive results for equation (29¢).

1 Coefficient differs significantly from zero at the 5-10 pereent probability level.
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(25f) and the multiplicative hypothesis of equation (29a). Ttis clear,
however, that the direct-price flexibility coefficient obtained by re-
lating the price of a feed to its own guantity, holding the guantity of
other substitute fecds constant, is lower than if related to the total
quantity. Thus demand for an individual feed is more elastic than
for the aggregate of total feeds.

Constant terms in the first difference aualyses do not differ from
zero by a statistically significant amount, suggesting no trend in the
demand for cottonsced meal.

Soybean Meal

Formulation of the model used to estimate the demand relationships
for soybean meal parallels that for coltonseed meal given in equation
(29), with the obvious replacement of quantity and price variables.
The price-estimating equation is as follows:

P-sbm=a,+b,,Q-sbm + b, Q-o-stn4-bQ-Ffe+b,, P-L+by; AU (32)

where P-sbm="Price per ton at Chicago for soybean meal, bagged,
average for November to May, in dollars.

Q-sbm=Quantity of soybean meal fed during the year begin-
ning October, fu thousand tons.

Q-o-sm=Total quantity o high-protein feeds fed during the
year beginming October, minus (1) noncommercial
mill and (2) soybean meal, in million tons of soy-
bean meal equivalent.

The period of analysis relates to the years 1930-41 and to the period
1930-41 plus 1946-34. A statistical analysis of the period 1946-54
did not give reasonable results and is not shown. As more vears of
data become available, it scems desirable to attempt further analyses
of the demand for seybean meal, which is now the single most impor-
tant protein feed. Results from the statistical ftting of equation (32)
are given 1n table 57 for the two time periods and for analyses with
observations expressed in logarithms und in first differences of
logarithms.

In equations (32c) and (32d), for which variables were cxpressed
in logarithms, the direct-price flexibility coefficicnts suggest a highly
elastic demand. Also, the cross-price flexibility coefficients suggest
& complementary demand between soybean nieal and other high-
protein feeds. These results do not appear reasonable. The upward
trend in quantities fed was sharp during 1930-41 and again from this
period to 1946-54, and probably a time variable should be ineluded
In this anaiysis. Further, results of the Durbin-Watson test are in-
conclusive es to the presence of serial correlation in the residuals of
eich equation.

Analysis of factors that affect the price of soybean meal using
the first difference transformation of observations expressed in logar-
ithms provides results more in line with ¢ priori reasoning. The
constant coeflicients in annlyses (32a) and (32b) each are statistically
significant, suggesting a positive trend over time. The cross-price




TasLE 57.—Soybean meal: Price-estimating equations that relate to the November-May average wholesale price,
bagged, at Chicago

Coeflicient with respect to—

. Coefii-
Analysis Quantity of— Constant | cient of | Standard
: Price of value determii- error of

livestock Animal nation estimate
Soybean Other Feed and units
meal high-pro- grains products
tein feeds

First difference of logarithms:
1930-41 (32a):
Coefficient , 58 . 80 =0, 88 .56
 Standard error_____.o_ .. . 23) . 94) . 45) . 50)
1930-41 and 1946-54 (32b): i
Coefficient .48 .18 .97 .23
Standard error . 16) . 48) . 32) . 29)
Logarithms:+ ; '
1930-41 (32¢):
Coefficient .14 2. 87 . 39 . 66
Standard error . 10) (. 86) ..50) . 38)
1930-41 and 1946-54 (32d):
r— 17 2,48 .92 .25

. 1
Standard error : (. 08) (. 41) . 45) (. 16)

1 Coefficient differs significantly from zero-at the 5-10 percent probability level.

2 Coefficient does not differ significantly from zero,

8 Coeflicient differs significantly from zero at the 10-20 percent probability level.

4 The Durbin-Watson test for serial correlation of the residuals gave inconclusive results for both equations.

€11 sdm¥d IHNdo¥dAd MO4 HINLOAWLS HOIUS ANV ANVAEA




114 TECHNICAL BULLETIN 1182, T. & DEPT. OF AGRICULTURE

Aexibility coefficients do not differ significantly from zero; this also
was true in the analysis of cottonseed meal. However, the coeflicients
have the expected negative sign, indicating a swostitution relation
between soybean meal and other protein feeds (mainly cottonseed
meal).

More years of data are required hefore reasonable cstimates of the
current demand elasticitios for soybean meal can be obtained from
stetistical analyses.

Linseed Meal

The moedel used to analyze the demand relatjonships for linseed
meal parallels that given for cottonsced meal on page 109, The price-
estimating equntion for linseed menal was fited first Lo determine
whether it was feasible to attempt fitting the second and third equa-
tions in the reduced-form set. The equation is as follows:

P-lsm=an,+b,Q-1sm-+b;;Q-0-Im-+bsQ-fg4-b,, P-L4-b AT +u, (33)

where P-lsm=2xrice per ton at Minneapolis for linseed meal, bagged,
average for November to May, in dollars,

Q-lem=Quantity of linseed meal fod during the year be-
ginning October, in thousand tons,

Q-o-Im=Total quantity of high-protein feeds fod during the
year beginning October, minus (1) noncommereinl
milk and (2) linseed meal, in million tons of soybean
meal equivalent.

The periods of analysis relates to the years 1921—41 and 1921-41
plus 1946-54. Resulls of these analyses are given in tablle 58 for
equations fitted to observafions translormed o first differences of
logarithms, The constant value, which reflects trend over lime, is
not significant in either equation. The level of the direct-price Hexi-
bility coefficients approxtmate that for soybean meal, and similarly,
the cross-price flexibility cocflicients do not differ from zero by a
statistically significant amount.

Statistical time series analysis of the three principal oilseed meals
do not provide a sound basis for determining the demand interrela-
tionships among these feeds, Appraisal of various price and quantity
date indicates that the price variation from year to vear depends
principally on the guantily of the particular feed in question. How-
ever, the general level of prices tends to reflect the influence of similar
factors for all feeds, These cllects vary from region to region depend-
ing on the relevant supply and demand condilions, as discussed on
pp. 93100 in connection with relationghips between prices of colton-
saed and seybean meals,

Comparisons of the price of linseed meal af Minnecapolis and af
Chicago and Bufialo, given in table 59, indicate the magnilude of
yvear-bo-year [luctuntions in price diflerences between various markels.
Although the bulk of the linseed processing is done in Minnesota,
some is processed in Illinois and New York, In all yenrs prices are




TaBLe 58 —Linseed meal: Price-cstimating equations that relate to the November-May average wholesale price,
bagged, at Minneapolis when the variables are converted to first differences of logarithms

Cocflicient with respect to-—

Quantity of— Coefficient] Standard
Analysis Price of Constant | of deter- | error of
livestoek | = Animal value mination | estimate
Other and prod- units
Linseed high- Feed ucts
meal protein grains
feeds
First difference of logarithms:
1921-41 (33a):
Coefficient_ o i _ ... ~—0.55 | ' —0.24 —0. 94 . 1.45 1. 99 1.0. 004 0.77 0..062
Standard error.___._c_ ... (. 13) (. 57) (. 26) (. 31) (.88) GOl i i
1921-41 and 1946~54 (33b):
Coefficient.. .. _.___- P, —. 45 1—.13 —. 97 1. 08 2 1. 24 1,007 .64 . 060
Standard error.. ... oo (11 (. 50) (. 25) (. 26) (.77) COL2)) el

! Coeflicient does not differ significantly from zero. o
? Coeflicient differs significantly from zero at the 10-20 percent probability level,
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TanLe 59.—Wholesale price per ton: Relaizonships amony prices of
linseed meal at Minneapolis, Chicage, and Buffalo and among prices
of linseed, soybean and cotionseed meals at Chicago, averages 1925--
29, annual 1946-56

Price of linsced meanl Percentape that
price of linsecd
menl is of price of
Yeur beginniug Difference between| specified menl,
October Actual specified market Chicageo !
and Minneapolis

Chi- | Buflalod Chi- Bov- | Cotlon-
ongo ? cago bean sced

Average: rs | Dallars | Dollurs Pereent | Percend
192526 _ ... __ L8, . 35 g . 40 119
. 60 . & . 4. 112
. 80 5
.10
.85

PN NG g G
o b o

8.25
10.05

1 84 percent protein, Qutober 1925-March 1933, December 1936-Augrusi 1937,
May 1947-June 1058, August 1054-December 1954; 37 percent, April 1933-
November 1936, September 1937-September 1938; and 36 percent, July 1950-
July 1954, Jenuary 1955-Seplembeor 1555.

¥ 34 perceut protein, October 1025-April 1985, July 1948-June 1850, November
1950-August 10561, and February 1954-8cplember 1956; 32 pereent, May 1935—
August 1935, March 1937-October 1938, May 1039-November 1839, October
1946-June 1948, September 1951~May 1958; 87 percent, October 1935-February
1687, October 1937-March 1939, September 1939-August 1941, December
1953-January 1954,

332 percent prolein, October 1946-April 1047; 34 percent, May 1947-June
1950, August 1954-November 1954; 36 percent, July 1950-July 1984, Devember
1954-September 1950,

s Protein conteut of soybean and cobionsesd menl is shown in {able 51,

DO O DGO o e 0010

2

higher in Chicago and Buffalo than in Minneapolis, but the price
spread varies widely from year to year.

Complications in the analysis of linsced meal prices ave (1) the
difference in protein comfen{ from one season to another and (2)
changes due to the method of processing. The latter applies also to
soybean and cottonsced meals.” Despite these limitations, 16 is useful
to compare prices of the three meals at the Chicago market, as shown
in table 59. The price of linseed meal averaged 104 percent of the
price of soybean meal during 1930-34; 125 percent for 1935-39; and
95 percent for 1946-55. As linseed menl has 82 percent of the protein
content of soybean mesl, the relative prices indicate that this is not
the only factor comsidered by purchasers. As noted previously,
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linseed meal is a desired feed, especinlly for cattle, due to its slightly
laxative effect and other characteristics. Substitution between these
feeds can be studied more acewrately by an analysis of the substitution
of ingredients in the broiler feed specified on page 62, although, for
linseed meal, feed ingroedients for dairy cattle rations would be more
appropriate.

Copra Meal

No stalistical Lime series nnalyses were attempted to delernine
the demond for copra meal. This item is utilized mainly on the West
Coast and would require & regional analysis. A comparison of the
price of copra meal with cottonseed meal at the Los Angeles markel
is shown in table 60. Covra meal is quoled at 20 pewent protein
as compared with 41-43 pmconl for cottonseed meal. However,
prices of copra meal have avernged higher than cotlonseed nieal in
recenk years,

Tannk 60.~Los Angeles: Wholesale price per {on of copra and cotton-
sced meal, averages 1932-89, annuel 1846-66

Actual priec for— [ Price of copra

menl as u

Year beginning October percentage

Copra  |Coitonseed| of price of

mignl ! meal 2 sotltonseed

meal
Average: I Dolfars Dallars Pereent

1932-3-E 0 L .. 31.20 26.75 79
T085-3Y L s e m e am e 24, 65 29, 00 a2
R VU 70. B5 81. 03 87
AT o e e e mmmmmmea e 5§5. 35 90. 50 94
___________________________ mwmm—a 7. 35 68. 05 99
e ;e G 05 6. 35 99
o mme mmmme e G, 655 75. 80 85
e e H) Oh 82,15 110
e e e 82. 55 74. 30 111
e e e a—aa (7. 70 G7.75 100
S P 70. 80 G940 102
e e mm e meea 68, 60 62, 70 109
....................... GO. 63 63, 63 105

v Bugrpred, 20 pereent protein.
? Baggred, 40-43 pereent profein for 1932-39, and 40 pereent for 19468-56.

Peanut Meal

The price of perut meal at southeastern milling points has tended
to be about 90 percent al the price of soybean meal and about 101
percent of 1he price of cot{onsecd meal for 1946-55. The fluctuations
Trom vear to yvear in the relative prices of these meals are indicated in
table 1. Exports of peanul meal, for 1946-55, have been important
in relation to available supplies, as noted in table 7, page 14. A
statistical analysis of {he demand for peanut meal was not attempéed
sinee it aecounts for a relatively small proportion of fotal high-protein
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supplies, and it is difficult to specify an cxport equation. Asin the
case of copra, regional demand conditions would have to be specified
to obtain an accurate reflection of the demand for this feed.

TasLe 61.—Southeasiern milling points: Wholesale price per lon for
peant, cottonseed, and soybean meals, overages 1925-39, annual 1946-56

Price of peanut
Season average price!? menl 85 4 per-
centage of the
price of—
Year beginning October

Sovbean| Cottoo- | Soybean
meal seed meal
mesal

Averape: Dollurs | Dollars | Dallars | Pereeni | Percent
192529 _ . _ L oo 42, 85

24. 10
.25
.10
.20
35, S0
38, 30
. 35
.85

. 40

! Bagred quotations as follows: Peanut meal, 45 percent protein, cotlonseed
merl, 41 percent protein, Atlunia threugl March 1949, and Georgia milis for
subsequent period; and soybean meal, 41 percent protein through 1951-52, and
44 percend, 1953 to date, sovtheastern milling poinis.

Meat Scraps and Tankage

Year-to-year changes in the price of meat scraps are closely associ-
ated with changes in the price of tankage. ¥or 1831~41, 83 percent
of this variation was associsted with the price of tankage, and 96
percent for 1946-53. The price of digester tankage at Chicago aver-
aged 105 percent of the price of meat scraps for 1946-55, as shown in
table 62. 'These price gquotations refer to 50 percent protein content
for meat scraps and to & high-grade tankage which contains a protein
content higher than that for meat scraps.

Data on production of these feeds has been reported separately
since July 1944. Due to the close association of the prices of these
products and to their similar characteristics, an analysis of the demand
for these products was formulated expressing the price of tankage as
& function of the combined quantity of the two products and other
relevant varigbles. The form of this equation is as follows:

P-t=2,+b1Qt1mt PQ-o— t4mstbuQ-Tg 4D P-L+ by AU E;:i
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where  P-t=Price per ton at Chicago for tankage, average for No-
vember to May, in dollars,

Q-t+ms=Quantity of tankage end meat scraps fed during the year
beginmmng October, in thousand tons,

Q—o—t+ms=Total quantity of high-protein feeds fed during the year
beginning October, manus (1) noncommercial milk sand
(2) meat scraps and taukage, in million tons of soybean
meal equivalens.

TasLe 62—Tankage and meat scraps: Wholesale price per ton at
Chicago, averages 1925-38, annual 1946-58

Actual price Price of tank-
fige a5 4 per-
Year beginning (Jetoler centage of
Tankage, | Meat scraps | price of meat
digester | (50 percent sCraps
protein)}

Average: Deollars J Doliars Percent
198529 e - 67,40 1o
1980-34. L L ... 30,15 e e __
108539 i e . 50. 40 49, 26 102

E R 118, 65 4 101. 80 109

1947 ... .. e e e o 119, 443 110, 3¢ 108

P L T 120, 65 116. 55 104

Bt L 118. 05 113. 05 104

D VS 118. 55 ; 1314. 15 104

B 115, 55 j 113. 25 192

1 TP 43. 70 %1, 00 1043

A T { 146, 70 14245 104

L 1 ! 84. 70 4 79. 10 147

L322 78. 75 1 71. 80 103

108G, e am A i 3. 10 106

| i

Resvlts from this formulation did not warrant the estimation of
the other reduced-form cqualions. The statistical estimation of the
above relationships was for the periods 1926—41 and for 192641 plus
1946-54, with obscrvations transformed to first differcnces of loga-
rithms. Results given in table 63 agree with expectations based on
economic theory. Meat scraps sre used in rations such as broiler
feeds to supply part of the so-ealled fish factor. In the period of the
analysis, these feeds were valued also for the so-called “animal protein
factor,” a term which has since fallen into disuse due to the isolation
of vitamin B-12 (sec p. 63). Also, prior to the synthetic produc-
tion of methionine, these feeds were an important source of this
aming acid.

The cross-price flexibility cocfficient indicates a complementary
demand relalionslip with other protein feeds; however, this coefficient
does not differ from zero by a statistically signifieant amount and no
definite conclusions may be drawn from the results, The result is not
unreasongble, since if there is a fixed requirement in certain manufac-
tured feeds for this quantity of amimal protein, a complementary




TABDE 63.—Tankage: Price estimating equations that relate to the November=May average wholesale price at C’/mcaqo
when the variables are converted to first differences of logarithms

Cocficient with respeet to—

Quantity of— Constant, | Coeflicient | Standard

Analysis Price of value of detér-- | error of

B livestock Animal mination | estimate

Tankage |Other high-| Feed and units )

and meat | protein grains products
scraps feeds

First difference of logarithms:

192641 (34a): :
Coeflicient.__ .. .62

Standard. error .72)

1926—41 and 1946-54 (34b): )
Coeflicient .10

Standard error . . 42)

1 Coeflicient does not differ significantly from. zero.

FUAIINOIENV 40 “IdFd ‘S "Q ‘€811 MITATIAL TVOINHOHL (FT
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relationship is implied. The coeflicient with respect lo leed grains
indinates that a given change in the supply of these grains has less
effect on the price of tankage and meat scraps than on the price of
ollseed meals,

Fish Meal

Astudy by regions would be necessary to quantify the demand for
fish menl, Data are nol readily avaidable for this analysis. Imports
of meal are an important source of quantities fod, which would add
further complieations. Prices of fish meal for the Atlantic and Pactfic
(Coasts are compared with prices of ment seraps and soyhean meal in
table 64. The quotation for Bullalo refers to menhaden meal, 60 per-
cent protein conteot, {. o. L. seabonrd, whereas the prices for meat
seraps and soybean meal relabe fo prices at Buffalo. Thas, an addi-
tional transportation charge should be added to the fsh meal price
for direct comparability.

The price of fish meal expressed as u percentage of meat seraps has
averaged higher since 19406 than durving 1935-39. Since the “fish
factor” of broiler nutrition is suppesedly present in meab scraps os
well as in fish meal and fish solubles, it 1s not possible to attribute
the change in the relative prices to this factor alone. A miore detailed
analysis of the demand for fish meal is required to isolate factors influ-
encing the changes shown i relative prices. Fish meal inrelation to
soybean menl indicates a change in the price relatives In the same
direction but of less magnitude.

Gluten Feed ond Meal

The price of gluten meal at Chicago averaged 138 percent of the
price of ghuten feed for 1946-54, whereas the protein content of gluten
meal 15 about 185 percent of that for gluten feed. The price com-
parisons, shown in table 63, relate the price of gluten meal to soybean
meal, sinee these feeds have a similar protein comtent. For the
1046--55 period, gluten meal averaged 98 percent of the price of soy-
bean meal. A comparison befween gluten feed prices and prices of
middlings indicates that for 1946-53, gluten feed prices averaged 102
percent of the price of middlings which has a slightly lower protein
content. These comparvisons ndicate considerable year to year
variation in price rabios, however.

Production and sales dats refer to the tolal of these two feeds.
An attempt was made to delermine M there is o diff erence in the price
flexibility coeflicients for these feeds. The price of ghuten meal and
the price of gluten feed wore related o the total quantity of the meal
and feed and the same other variables. Results of these analyses
were inconclusive.  Regional analyses would have been more appropri-
ate, but adequate data were not available. Further, small variations
in production of minor feeds in general do not exert a mossurable
affect on the level of prices determined in the feed-livestock economy,
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TaBLE 64.—DBuffalo-and San Francisco: Wholesale price per ton for fish meal, meat scraps, and soybean meal,
, average 1985-39, annual 1946-56

Buffalo ! Price of fish meal as San Francisco ? Price of fish meal as
a percentage of— a percentage of—

Year beginning October

Fish Meat | Soybean Meat | Soybean Fish Meat | Soybean Meat | Soybean
meal SCraps seraps meal meal scraps meal scraps meal

Average: : Dollars | Dollars Percent | Percent .| Dollars | Dollars | Dollars | Percent | Percent
51. 02 50. 4 32. 101 156 43. 43 38.76 360. 112 118
125. 112. 2 111 149 159. 98. 89. 162 (178
137. 117. 95. 117 144 163. 110. 105. 147 155
134. . 127 212 193. 122. 45 91. 4 158 212
120. X 126 190 156. 104. 90. 149 173
120. . ) 109 162 148. ¢ 95. 03. ¢ 155 159
125. a 110 134 160. 111, 112. 145 143
97. 3 139 161 160. 93. 97. 172 165
107. . 125 143 150. 101. 106. 148 142
78. . 177 185 162. 91.15 87. : 178 185
73. . 186 206 156. 1 81. 81.1 191 192
74. 33. 180 209 149, 5( 79. 77. 188 194

.1 Bagged quotations as follows: Fish meal, menhaden; 60 percent protein, f. 0. b, seaboard; meat scraps, 50 percent protein and
soybean meal, 41 percent protein; 1935-39 and 1946-49, and 44 percent for subsequent years. '

z Bagged quotations as follows: Fish meal, sardine, 67 percent protein; meat seraps, 55 percent protein, 1935-39 and 1946-53,

and 50 percent for subsequent years; and soybean meal, 41 percent protein, 1935-39 and 1946—49, and 44 percent for subsequent years.
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’

The model used is as follows:

P—E-'.'f:ﬁ-i —+bh, IQ—KU&m! + bl?Q“o—u{ temy T me—fg—'r bl-t]-)_L_I_

b AU 4-u, (33)
P—gf= a4y |_Q,_|_.-(:.m1 +b1:Q_u—grt&m} - }JlaQ*‘fg—f‘ by P-Li+4
b AUy, (36)

where P-gf=Price per ton at Chicago for gluten feed, bagyed, average
for November to May, in dollars.

P-gm=Price per ton at Chicago for gluten meal, bagged, averame
for November to May, in dollars,

Q-g(f&m)==Cloten feed and meal sales during the year beginmne
Octoboer, in thousand tons,

Q-o-g{f&m)="Total quantity of higli-protein feeds fod during the years
beginning Octoler, mirus (1} noncommereial milk, and
(2) gluten feed and meal, in million tons of soyvbean
meal equivalent.

TasrLe 65. -Chicagn: Wholesale prices per ton for corn glulen meal and

Feed, and selected arereges 1880--39. annual 1846-56 1

Actuad priee Price of Actual priee
e . phuten . * Price of
Year beginning - : menl az a0 . Jeluteu feed
Oetaber ) L pUreentige, © Middling=  as a per-
- Gluten * Soybean of soyhbean’ Gluten - tstandard | centape of

el imeal mead feetl | =pring middlings
: wheat)

Average: . Dallars © Datlars © Perceni | Dallars | Dollurs | Percent
L3034 .. .. ©o2p.03 ) 249 54 - 88 - 20.03: 17.70 113
1935-39. ... 30.72 ° 30.37 . 101 . 23.70 2425 U8

146 ... . 73,70 8L 10 ui, 88 30 58. 30 100

1947 ... .1 B8 457 4l.60 a7 A LE TH OO . L4

1948_.__ .. . TLEB3! THH) 98 © 53.80 52,70 1092

1949 . . .f TR0 760 103 5L40 5L 50 ¢ 141

1950 __._ . _.... 7985 - TH. Y0 13 ¢ 82 05" 58. 65 - 89

50 .. ... 8345 . 86.25 - a4 63. 45 ¢ 63. 70 - a7

1932 ... ... 8233 8005 103 60. L0 53. 33 109

1953 ..., 82,35 8480 Y2 53, 8D a0, 71 10

1936 . . ... G730 TLoa) 03 a6 80 47. 7D 106

1935, . ....._. B7.235 {i3. o0 106 . 00 45, (8) - 102

1856 - .. 6. 13 O8, 85 - 118 43, 30 4370 04

! Bagged quotations. Gluten menl generally containg shout 41 percent protain;
soybean meal quotations are for 41 percent protein for 193049, and 44 percent
for subsequent years. Cluten feed generally contains about 21 percent protein,
and standard spring wheat middlings, about 13 perceent.

The results from the statistical estimation of the above relation-
ships for 192641 and for 1926-41 plus 1846-34 are given in table 66.
Observations were transformed to first differences of logarithms,

454045-—58-—9
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TanLe 66.—@uien Jeed and meal: Price estimating equations that relate 10 the November-May average wholesale price
at ¢ ’Inmqo when all variables are converted to first differences oj quamt/wns

Coefficient with respect to—

‘ - Quantity of— Constant | Coeflicient | Standard
Analysis . . Price of valiie of deter- | - errur of
livestock | Animal mination | estimate

Gluten Other Teed and units
feed and | high-pro- grains producls
meal tein feeds

Giluten feed:

1926~41 (35a): 7
Cocllicient. oo o. S mdwanzan 1. 38 -0, 6 —~1.13 1. 44 2,00 011 . 0. 0
Standard ervor (. 69) . (. 406) B L& . 024, USRI CH,

1026—41 and 1940654 (35h): |
Coefficient . 1-—, 38 .61 .18 1. 1L . LTk , 078
Standard crrov (. 40) . .37) {122 SRR S

Giluten meal: :

1926-41 (360): ‘
Coellivient. __. ..o 0. 114 s - 05 L3 . . Q0% .84 .06
Standard error (. 45) i . 30) . 33) O D} RS SRS OO SR .

192641 and 194654 (3()1)) ,
Coceflicient 1,02 . 08 . 99 .09 3y, .o . REALT!
Standard error (.28) R . 26) ( 24) 35 B

1 Coeflicient does not differ significantly from zero.
2 Cpelficient differs significantly from zero at the 10-20 percent probability level.
3-Coellicient differs sm,mhc antly from zero at the 5-10 pereent probability level.
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Values of direct-price flexibility coefficients do not differ from zero
by o statistically significant amount. The same is brue for the eross-
price flexibility with respeet to the quantity ol other high-protiin
feeds.  Relationships for glufen feed sre more satisfaelory, with the
expeeted sign obtained for all coellicients, The results for gluten
meal are ineluded only as an indication of possible lunitations o (his
approach.  Gluten meal gecounts for about ene-fourth of the total
production of these produels, nud prices tend to corresponid to soy-
bean mesland other camparable high-protein foed prices, as indieated
i fable 645,

Brewers' and Distiliers' Dried Grains

I did not appear feagible to deterntine demand elasteity coefliicients
for these feeds, since they acconnt Tor a small proportion of the (otal
fod. Brewers' dried grains eontain about 25 percent protein as coni-
pared with about 28 percent {or corn distillers’ ried geains,  [Dis-
tillors” dreied graing are sold as “light” (withoui solubles) and “dark”
fwith solubles).  The “dark™ grains priees, ag indicated in table 67,
are slightly higher (han for the “liehC’ grains. The cistillers’ dried
solubles are higher in price and valued Tor the content of B-complex
vitaming aml as o possible source of the *‘whey faclor” desired Tor
broiler rutions {see p. 63).

Prices of brewers’ dried grains and distillers' dried grains at Buffalo
and Cincinnati are indicated in table 88 for the years heginning Oclo-
ber 1935-39 and 1946-56. At Buffalo, Lhe price of brewers' dried grains
averaged 83 pereent of the price of distillers’ dried grains for 1946-55,
as compared with 79 percent for 1935-39. At Cincinnati, a similar
comparison indicates an average relative price of 89 percent for 1946—
55, and 84 percent for 1935-39. The protein content of brewers’ dried
grains is about 89 percent of that of distillers’ dried grains, hut other
feed characteristics probably are important in determining their rela-
tive feeding value (see table 35, p. 62). Prices of brewers’ dried grains
at Bultalo averaged 70 percent ol soybean meal prices for 1946-55,
and 74 pereent of soybean meal prices at Clueinnati.

Tanue 67 —istillers' dried grains, “Hght” and “dark”, and distillers’

dried solubles: Average wholesale price per ton at Buffalo, 1958-56

! Distillers” dried grains :
T I Distillers’
Year begiuning Oeloboer . © dried
I Light, Trark [ osoinbles
Coiwithont - owhih  Dilfereuss !
solubles) + solubles) |}
Dollars | Dublar Paltars ] Doliars
1083 e e T0.55 TS 1. 9{} ! 85 0u
195 o .. 8, 445 ; 6, (o | bo20 i T ]
00D L L e 2. 00 G3. 30 1. 40 5200
Y0506 . o e e G1. 75 i 3. 30 i 1. 55 95, 40
I
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Tanre 68~ Buffelo and Cineimnati: Wholesale price per ton of brewers'
and distillers’ dried grains as compared with price of soybean meal,
average 1986—388, annual 1946-56.

Buffalio ; Cineinnati

- Priee of brow- : : Priee of brew-
Actual priee ! oers’ dried : i o' dried
Yeur bo- yeraing as a per-. D Erains a8 per-
pinning Togentage of - . . [orentage of -—
Oviober 1 __s Brew- Dis-
I

i ; ! v coers' ) Lllers' :
! Brew- | Iis- Soy- - dried ¢ dried T Boy-
ooers’ Ciillers’ o D3is- 1 bean prwins! geainsd: Dis- o bean
Codricd 0 dried | tillers’? aneal 3 : Ctillers' Comeal ¥
Cerainstograins ! : |
] . H I

AverigEe: D Dellars | Doblars: Pereent Pereents Dollurs Dellars Purrmdg Pereent

1035-30. i 30,25 T4 T3 2380, 28 20 - 5
1944, i 8. Ub G770 86 . G4 0 5900 ¢ G4 40 92 72
1447 DT ¢ B3, 30 87 760 G5 T 00 87 6
148 o e s L TLO0 1. 71 | 56.30 G830 g2 T4
1941 o b LAY 83 B8 1 54,15 . 63. 35 85 . 73
AR 170 PO S A { .20t 84 67 ' 5A. 70 eV thi 73
1951 . N O e A TV ul G G5.30 - 68 30 § 96 ¢ 70
195 . 6 G » T g2 73 . 6195 0 7320 82 75
1453 ... . B& 1 7055 83 63 - 60.30 07,40 84 47
1454 . . .o b * G845 - 81, 74 - 45,20 , G3. B0 - 87 77
1855, ... . . 5h.un g G2, 81 76 w2050 ¢ BE 00 a4 32
10560 1 5295 1 OL . sS4 8% .05 15 ¢ 57,06 95 03

' Baggoed.

T Bagped, in eurlols. Desipnated as “light” beginning Mareh 1948, (Sce
table 67 for price of “‘dark’ graing.)

8 Bugged, 41 perceut protein, 1935-30 und 1946-49; and 44 pereent for sub-
sequent years.

1 Bagged. Beginning January 1952 ciassified as “light” and begivning July
1954 cleseribed us *fearn’’.

5 Ragged, 43 pereent protein prior to April 1951, and 44 percent for subsequent
YRR,

Wheat Millfeeds

Data on production of wleat millfeeds, by class ol wheat, are not
publishod, and the statistical estimation of demand relationships ap-
plies to e total quantity fed in the United States. A major markel
for spring wheal millleeds is ot Minneapolis.  Production of this type
ol whent is eontered ju the Northern Greal Plains.  For purposes of
price comparisons, Kansas City, Missourd, is taken as representative
ol the hard red winter wheat millfeeds.  “This type wheal is grown
principnily in the Central and Southern Great Plains. Solt red
winter wheat is produecd in inany Bast North Central and Southern
States, white wheat preduction is loeated in the Preific Northwest
and also i Michigan, New York, and Calilornia, and durum wheat is
produced principally in North Dakotn. A study of the demend
for wheat by Meinken (33} provides a deladled analysis of {actors (nat
allect the utilization of wheat amang milling, exports, and led as such.
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Principal milling centers, include Kansas, New York, Minnesota,
Missouri, and Illinais.

Wheat millfeeds from hard spring wheat generally contain a slightly
higher content. of protein, fat, and total digestible nutrient than com-
parable millfeeds from hard winter wheat, as indicated in feed composi-
tion tables presented by Morrison (37, pp. 1129-1130). Although
regional conditions are not fully accounted for, the data presented in
table 89 indicate that the price of bran from spring wheat at Min-
neapolis averages slightly lhigher than from winter wheat at Kansas
City. The price of bran at Minneapolis for 194655 averaged about
95 percent of the price ol siandard middlings, a fecd which has a
lower fiber and higher total digestible nutrient content.

Tasue 69.—Wheat millfeeds: Awverage wholesale price per ton for spring
wheat millfeeds al Minneapolis and for winter wheat millfeeds at
Kansas City, cverages 1920-89, annual 1946-56

From spring wheat, Minne- TFrom winter wheat, Kansas
apolis City
Year beginning :
Oetoher

Standard | Bran rela- Grey | Bran rela~

Bran | middlings tive io Bran shorts tive to
middlings grey shorts

Averape: LDallars Liollars Pereent Dollars | Dellars Fereent
1920-24____. 22,20 23.10 96 22,40 | L
1935-29. . . 26, 10 27.15 1 25, 65 30. 43 84
1930-34__ .. 15. 43 15. 80 a8 14. 65 17. 63 83
1935-39. . ... 20, 45 21. 85 94 18, 45 23. 20 B84
1946 ____ . ._..1 51.30 8d. 70 92 49. 95 50. 50 88
1947 ... oL 8210 08, 30 a1 549, 95 69. 65 8G
1048___ ... ... 47. 85 4%. 05 a7 45. G0 44, 75 90
1040 __. .. . 45, 50 48.10 493 42, 70 48. 90 8%
1950.... . .. 52.00 o4, 95 95 49, 70 56. 10 89
1961._.. . .1 59.80 G1. 95 97 58. 60 63. 35 92
g2, .. . . % B0 10 50. 90 98 49, 60 53. 00 a4
1958 . C 45,15 4. 80 6 43, 00 47. 495 90
1954 .. . ... 4L 10 43. 00 96 | 39.15 | 45.70 86
19a5_.... ... ! 39.65 41. 10 a6 37. GO 41. 60 90
196G ... .. .. i 39,25 39. G0 99 37, 45 39, 33 95

Grey shorts are winter wheal millfeeds which covtain about the
same nutribive content as standard middlings. The price of these
millfeeds at Kansas City was consistently higher than for standard
middlings at Minneapolis, as shown in table 69. The price of bran at
Kansas City averaged about 89 percent of the price of grey shorts for
1946-55, and about 84 percent for 1925-39,

Prices of the principal wheat millfeeds nermally move in the some
direction from year 1o year, For 1921-41, 98 percent of the year-to-
year variation in the price of bran at Minneapolis was associnted
with changes in the price of standard middlings, and for 1946-53,
99 percent of this variation was so related. A statistical analysis of
the price of standard spring wheat middlings was run for 1926-41
and for 1926-41 plus 1946-54. Observations were expressed in first

45404 5—58——10
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TaBLe 70.—Wheat millfeeds: Price-estimating equations that relate to the November-May average wholesale price of
standard spring wheat middlings at Minneapolis when all variables are converted to first differences of logarithms

Analysis

First difference of logarithmns:
192641 (37a):

Coeflicient. ... ..

) Standard error.. . ..
. 1926—41 and 1946-54 (37bi:

Coeflicient . _ oo iciiman

Standard error. ... ..o

Cocflicient with respeet to—

Quantity of-—

Wheat-
mill-
Afeeds

High-
protein
feeds

TFeed
grains

Price of
livestock
and
products

Animal
units

Constant
valug

CGoelfi-
cient, of
determi-

nation

Standard
error .of
estimate

. 59
L 94)
.31

- 66)

, 65
.71)

.08
. 60)

L7l
- 97)

! Coefficient does not differ significantly from zero.

2 Coeflicient differs significantly from zero at the 5-10 percent probability level,
3 Coefficient differs significantly from zero at the 10-20 pereent probability level,
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differences of logarithms. The price-estimating equation is of the
following form:

P =1, —i"‘bn(;)_—]'ﬂf-i— bl:)Q—}_lpf—i_ me_-mg "I"b;;P’—L'i—
AU, (37}

where P-m=Drice per ton at Minneapolis for stondard middlings,
bageed, average for November to May, in dollars.

Q-mf=Wheat milifeeds fed during the year beginuning October,
in million fons.

Q-hpf="Total quantity of high-protein feeds fed during the year
beginning October, minus noncommercial milk fed, in
million tons,

Q-mg=Q-dg (sce p. 81 for deflinition) minus Q-mf, jn million
tons.

The results of these analyses, shown in table 70, indicate con-
siderable change in the direct-price-flexibility coefficient when the
yvears 1946-54 are mcluded in the analysis. A separate analysis for
1946-54 indicates & reduction in the direci-price Hexibility for wheat
millfeeds, altbough the results do not warrent publication. These
resulls tend o iudicate that wheat millfeeds have o demand structure
approximeting more nearly that of f2ed grains than of some of the
high-protein feeds.

SEASONAL VARIATION IN PRICES, PRODUCTION,
AND DISAPPEARANCE

Index numbers of seasonal variation were computed uniformly for
the post-World YWar II period 1947-54. DBecause of a shaxp change in
the seasonal paltern in prices for soybean meal, index munbers also
were computec for 1930-42 for this ilem. These index numbers were
obtained by the method developed by the Bureau of the Census for use
on their electronic computer, and the computaiions were made by
thermt. This method provides 2 check on whether the seasonal pattern
is changing over lime, bub the index numbers shown in all cases repre-
sen{ an average for the periods indicated. No significant changes in
patterns witlun periods were found.

Data on prices are given in table 71 and on production and disap-
pearance or related varisbles, m table 72. Disappearance figures are
obtained by adding production, imports, and stocks st the start of the
month and sublracting exports and stocks at the end of themonth, Tn-
fortunately, date on stocks are lacking for iimportant positions other
than at processing plants, so that the dissppearance data in part
represent accumulations or reductions in stocks in wweported posi-
tions. Thus the sensonal pattern indicated {or disappearance does not
necessarily represent the sessonal paltern in actual consumption. No
data on stocks are available for the Tollowing feeds: Meat scraps,
tankage, fish meal, gluten feed and meal, and wheat millfeeds,
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TanLe 71.~—Byproduct feeds: Index nwmbers of seasonal variation in wverage wholesale prices, selected markets,

average 1947-641

Feed and market Jan, § Teb. | Mar. { Apr. | May | June | tuly | Aug. | Sept. | Oct. | Nov. | Dee,
Qilseced meal:

Soybean, Chicago:

108049 . 104 99 07 08 08 95 ) 1001 102 [ 7104 98 | 101 104
104750 e i e 08 05 06 100 101 104 108 106 101 95 97 99

Cottonseed, Memphis. o . .oiiomnoia 103 98 08 99 08 98 | 103 ] 104 96 971 101 105

Linseed, Minneapolis . .o oooinamiean. 117 1031 1001 101 a7 92 95 96 97 99 | 102 107

Peanut, SOthlxe'lst___,_-»_--__- evmmnama| 103 100 99 99 08 099 104 103 | 100 96 08 101

Copra, Loz Angeles. . ooceicmmermmwaenns 102 102 09 98 100 101 1()3 100 08 96 101 100
Tankage, GhieaBo.. o cu i el aceane 106 101 49 96 93 93 07 101 103 104 1 102 105
Meat seraps; Chieago. . cncimniodoiannin. 103 100 09 08 95 a6 101 104 103 101 99 101
Fish meal, Fastern oo ciciaianian 105 105 | 104 104 99 95 84 06 06 99 100 103
Dried gu’um : : .

Brewers’, Milwaukee. o .vcncomncmninsan 1131 1101 104 | 100 96 90 90 91 03 98§ 104 111
a " Distillers’, Cineinnabi L. .. .. .. 104 101 10% 101 102 09 98 97 97 98 100 102

luten— : )

Meal, Chieago - oo liie i 102 | 100 994 1015 1007 101 103 ¢ 1031 100 96 96 99

¥ ed Chicago . - e an 104 {105 | 103 102 | 103 99| 100 a8 a7 94 95 100
Alfalfa meal Kanszas City:

- Sun-cured_.___ ... 106 | - 102 96 96 07 02 04 98 102 105 106 106

Dehydrated 119 119 108 105 8t 76 82 87 44 107 108 111
Wheat milifeeds, Minneapolis: . v )

Branm. oo i i et 105 08¢ 1001 1141 109 04 96. 02 02 a1 97 103

MIddliNgs i i S e e L 100 94 106 110 111 108 102 92 04 91 93 94
Molasses, blackstrap: : )

New York. oo mii i wim e ticcmaecmnaan 1006 100 07 103 97 96 95 98 99 100 102 107
Beet pulp (with molasses), San I ratteisco._ .. .| 103 107 106 104 100 98 08 1 96 96 06 L]
Groups of feeds: ‘ )

High-protein feedS o . oo inrecaeoaawwa] 101 98 99 100 100 100 105 103 99 96 08 101

Oilseed meals__ . c i i Vi 101 a7 98 99 101 101 | 106 104 i 96 98 101

Animal and fish byproduels..on oo, 103 100 99 09 97 97 102 103 101 100 08 101

Grain byproduets. .. oo Lol aaoool 106 | 104 | 102 | 101 102 08 48 98 97 96 97 102

1 Unless otherwise specified. - Numbers in italics represent respective seasonal highs and lows based on unrounded data.
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"TABLE 72 —Byproduct feeds: Index numbers of seasonal variation in production and disappearance, Unitecl’tates,

average 1957-04"

Item Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dee.
- Oilsced meals:
Soybean: ' ,
Produetion_ ... ... e 116 105 100 102 101 90 91 86 74 103 111 112
Disappearance. .. ... ... .. ._ . 110 08 103 18 101 93 93 93 82 109 110 110
Cotlonsced:
Produetion... ... ... .. .. .. 148 115 a7 60 5l 37 31 44 114 177 171} 148
i Diisappeamnce _______ ERE 138 113 102 73 52 48 45 53 102 164 167 148
inseed?
Produetion. ... . e i . Lo 99 01 93 83 82 097 102 106 116 119 109 103
Disappearance .. ..o L o uaoo. 112 93 08 84 77 74 84 113 112 128 112 118
Peanut:
Production. ... ... .0 e 123 120 115 118 122 111 33 062 49 72 108 117
o Disappearavee. . o ... ... 1111 113 105 110 129 105 06 806 64 77 102 102
‘opra: .
Produetion, oo ... ..o .. ——— 108 88 ¢ 1041 104 95 095 781 105 102 115 102 104
Disappearance. ..., ... . .. 00 090 05 07 101 09 89 96 101 109 109 116
Produetion:
Tankage ..o i 113 103 05 88 00 a1 a1 09 04 103 116 117
Meat seraps. ..o oo, el L 103 03 98 08 101 101 08 101 09 103 103 102
Trish ‘meal:
Produetion2. . . __ o . ...l .. 27 14 15 30 70 181 220 213 165 129 67 60
Disappearanced, . ____ . e o 49 35 a6 56 88 167 187 167 137 119 68 71
Sales of gluten feed and meald__ - o . ... 09 92 103 04 100 07 [AE] 08 101 110 104 103
Production:
Dried grains:
Brewers' . i e e 88 82 g8 08 I 106 118 120 118 {103 98 84 87
Distillers’ o m oo IRES 119 128 110 100 88 72 74 87 100 96 112
Wheat millfeeds. ... ... ... .. 108 05 98 91 92 g4 09 103 104 1121102 102
Alfalfa meal:
Sun-cured.. .. .ol 0 o L1 123 08 00 70 71 04 109 105 06 107 114, 117
8 12026 47 137 + 282 197 159 107 31 -13

Dehydreated. ..o oo oo

2 Prin¢ipal mals.
3 Data on stocks not available.

! Numbers in italics represent. respective seasonal highs and lows based on unraunded data.
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OILSEED MEALS

Prices of oilseed meals tend to drop markedly at the start of the
pew crushing season.  Index numbers of seasonal variation in market
prices ol oilserd meals and other byproduct feeds arc shown In table
71. For soybean meal, prices in reeent years have decreased on the
average from an index of 101 in September to 45 for October.  Pro-
duction of sovbean meal for these same months inereased from an
index of 74 to 103, as shown in table 72, Disappearance dala show
a similar inerease at the beginning of the new erushing season, although
this undoubledly refleets, at least in part, some stock aceumulations
in_unreported positions.  Index numbers of seasonal prices vary from
alow of 45 in Octaber to a high in July of 108, or a range of 13 points.
There is less seasonal variation in soyhean meal prices than in certain
hyproduet foeds with more marked scasenal patterns of production
{ffor example, defrvdrated alfalfa mealy, bul somewhat more variation
than in those with little scasonal variation in production (for example,
meat serapst,  Prices during October-JMarel tend (o e low velative
to those in April- -September, whereag computed disappearance tends
to be high during the fiest period and low in the seeond.  There is
some reason to believe {hat price variation is associated In pare,
with avuilable supplies of the mweal, though other factors, such sas
seasonal requircments for pmlvin supplements, exert important
influcneos on the pattern of prices by months.  Also, some variation
in crushines eecur during the season, depending on the price of
oilseeds and o1l and mesl,

Seasenal variation in production ol coltonseed meal is considerably
greater than in that of soyhean meal; it ranges from a low of 31 1
Tuh‘ to o high of 177 in October, Index numbers of voltonseed meal
prices drop sharply Irom Angus{ 1o Se ptember, the start of the new
crushing seasor. The mdex numln e of prices vary [rom a low of 96
in September to o high of 105 in Deesmber, or a pange of enly 9
points. Production of meal is heavy fron valvmbt-x Lo February
relative (o the low produetion in May through August,  Cottonseed
meal is used to a large extent for winter I("dln(f ol beof atltle, and
prices tend to e rvelatively high duripg December and January.
Prives also tend to rise towards the end of ile marketing season,
reflocting, in part. the Jimited availability ol cottonseed menl.

The crushing season for linsced meal gonerally is regarded as the
July <June yeur.  Production ol linseed menl is loss seasonal than for
coltonseed meal bul. as indieated in table 72, it has tended to reach
uoseasonal low in May end to inercase (o o high o Qetober. Index
numbers o prices of linseed meal af Minneapolis drop {rom May to
a seasonal Jow in June, aud then nersase to o seasonal Ligh in Janu-
ary.  Disappearance data tend to be high from Ht‘pltmhv to Ifeh-
ruary relalive to the Mareh July pmm:i As for cottonseed meud,
prices tend (o reflect seasonal wquuvmvnlu for the meal in addition
to some effoets Trom variations in seasonal supplies,

The erushing season for peanut meal varies b\*walon of production.
Jor the United Stales, peanut meal prodoction reaches o low in
September and g senzonal high 1 January, as :«hm\ n in table 72,
Prices of peawrt mend at Southenstern mills show a seasonal low of
96 in October, a month for which production of meal for the United
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States shows a marked increase from the previous month. Prices of
peanut meal fend to rise seasonally through January, to decrease
through the Spring, and then to reach a seasonal high of 104 in July;
bowever, the range in price index numbers was only 9 points.

Copra meal prices exhibit & similar pattern.

OTHER BYPRODUCT FEEDS
Animal and Fish Byproducts

Index numbers of seasonal varafion in the price of tankage at
Chicago range from a low of 93 in June to a high of 106 in January, as
shown in table 71, Prices tend to be relatively high Irom Septembor
through January, & peried for which production is relatively lngh also,
as shewn in table 72,

Production of meal seraps show somewhat less seasonal varintion
than dees tankage, and prices of meat seraps at Clieago also show
somewhat less variation,  Index nombers of seasonal variation in
prices of meat seraps range frony o low of 895 in May Lo a lugh of 104
In August; however, the dex was 103 in January. These dota tend
Lo indieate (he influence of seasonal requirements for meat seraps and
tankage rather than a elear cul seasonal pattern ol prices associated
with variation hn supplies, ns for some olher feeds.

Index numbers of seasonal variation in the price of fish meal yuoted
for Buffalo (I, o. b, seaboard) range from alow of 94 in July to a Ingh
of 105 m February. These prices reflect, to somne extent. the varia-
tion in produclon aunc disappearance of fish meal which is highly
seasonal. lndex numbers of seasonal disappearance of fish meal for
the United Slates are given i table 72, and refleet the Iow production
in the first fow manths of the year as compared with the heavy pro-
duction in June throogh October.  Imports of meal offset this pro-
duction variation to some extent, as Js mdicated by the seasonal
pattern of disappearance, Data on stocks are not available, but
varintions are assumed to be of minor imporiance. Seasonal varia-
tion in production by regions s discussed on page 55.

Grain Profein Feeds

Tndex numbers of seasonal variation at Chicago for vorn glufen
meal and corn gluten feed indicale o slightly different pattern of
prices. This differcnce mav be due, In part, to the difference in
composition of the two feeds, and their use by the various classes of
livestock. Index numbers of the seasonal variation of sales, as given
in table 72, refer to the total of gluten feed and meal.  Meal 15 be-
lieved to represent approximately one-fourth of the total,

Prices of brewers’ dried grains at Milwauiee indicate considerable
seasonal variation, as shown in table 71, ranging from a low of 90 in
June to a high of 113 in January. Similarly, production is highly
seasenal, with a low of 82 in February and a high of 120 in July, as
indicated in table 72, Although the seasonal pattern of production
of distillers’ dried grains is about the reverse of that for brewers' dried
graing, the seasonal pattern of prices for distillers’ dried grains at
Cincinnati tends to be similar, with a seasonal high in January of
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104 and a low of 97 in September (rather than June as for brewers’
dried grains). These feeds are utilized mainly by dairy cattle, and
prices probably reflect the seasonal requirements during the winter
feeding period.

Wheat Mill{eeds

Index numbers of seasonal variation in the price of bran and mid-
dlings at Minneapolis show & similar pattern of monthly prices, as
shown in table 71. Prices tend to reach a seasonal low around Qctober
when production is at the seasonal high (see table 72) and then tend to
be high in April and May when production is low. As discussed on
page 25, poultry utilizes the largest proportion of millfeeds (mainly
middlings) fed during the year, followed by dairy cattle (mainly bran).
Seasona% requirements of feed for poultry are heavy during sprin
and for dairy cattle during the winter months. Thus, the seasons
pattern of prices prohably reflects both the seasonal production pat-
tern of millfeeds and the seasonal requirements of the various kinds

of livestock.
Alfalfa Meal

Index numbers of seasonal variation of sun-cured and dehydrated
alfalfa meal prices at Kansas City, as given in table 71, indicate a
seasonal low in June and & high in January, The seasonal pattern of
production of these meals for the United States, as given in table 7 2,
indicates that production of dehydrated alfalfa meal is highly sea-
sonal, with heavy production during the months from May to Sep-
tember. As noted previously, Nebraska and Kansas are the ieading
producing States of dehydrated meal. For sun-cured alfalfs meal,
California produced about 55 percent of the total during the 1955-56
marketing year; this accounts for the high seasonal production during
the winter months.

Other

Indexes of scasonal variation in prices are given also for molasses at
New York, and for beet, pulp with molasses at San Francisco.
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APPENDIX

In this section, the basic data used in the several statistical analyses
are presented, plus a summary table of the estimated quantities of the
various byproduct feeds fed for the years beginuing October 1921-56.
Comparisons between actunl and estimated prices are shown for the
principal statistical studies discussed previously., Methods used in
caleulnting the high-protein feed supply per animal nnit and related
series are discussed in detail, and a modified procedure for estimating
current-crop grain placed under price support is explained.

THE DATA AND THEIR SOURCE

The variables used in the various statistical analyses are given in
table 73. Current values for the total [eed supply are published
annually in Grain and Feed Statistics (56) and in issucs ol the Feed
Situation (84). Data on quanfities of high-protein feeds fed also
may be obtained from these sources, and mey be converted to soy-
bean meal equivalent using the method outlined on pages 138-39.
Table 74 indieates the unweighted tonnage of the individual by-
product feeds fed lor the years beginning October.  Current date on
stocks owned hy the Cominodity Credit Corporation, required to
obtziz variable QQ-t, are given in the Report of Financial Conditions
and Operalions (64) for the applicable date for the four feed graivs,
This report also indicates the quantity of current-crop loans out-
stending as of speeified dates, quantities of purchase agreement
grain delivered to the CCC or placed under the loan program are
mcieated in various issues of the Feed Situction (54). These data
are used for variable Q-s.

Index numbers of the price of livestock and livestock products are
published monthly in Agriculiural Prices (51).  The series on numbers
of graim-consuming animal units is published in dnimal nis of
Livestock Fed Annually (25). The national average price support
per bushel for corn is reported in the Feed Situation (54) as well as in
other reports.

COMPARISON OF ACTUAL AND COMPUTED PRICES

Comparisons between actual and computed prices, obtained from the
several slatistical analyses discussed previously, are summarized in
tables 75-80. TFootnotles to the tables indicate the analyses to which
the estimated prices apply.

METHODS USED IN CALCULATING THE HIGH-PROTEIN
FEED SUPPLY PER ANIMAL UNIT AND RELATED SERIES

Three series were developed to measure trends in quantities of high-~
prefiein feeds fed from 1926 to date. The first relates to tonnage led
during the October-Septembor feeding vear, Tudividual feeds are
wreighted according to the digestible protein conteut in relation to
that of 44 percent soeybean moeal, and are expressed in terms of soy-
bean menl equivalent. The second is 2 new series on high-protem
feed consuming animal units, obtained by re-weighting the published
scries on grain consuming animal units by the relative use of high-
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protein feeds by the various kinds of livestock. The third serics,
that of quantity fed per animal unit, 1s obtained directly from the
first two.

Supplies of high-protein feeds, expressed in sovhean meal equiva-
lent, are shown w1 table 81, grouped as oilseed meals, animal-protein,
and grain-protein feeds.  The tonnage of the individual feeds included
i these groups are shown in table 74, which also indieates the tonnage
of other byproduct feeds. Conversion of these values to soybean
meal equivaleny is based on digestible protein content taken from
Morrison (37) [or livestock feeding and from Ewing (9, pp. 60-63) lor
poultry feeding. A single weight for cach feed was obtained by com-
bining these two protein values on the basis of the quantities of the
feeds fed Lo Livestock wnd poultry Tor the year heginning Oclober
1949, as given by Jennings (27) (see table 82). The digestible pro-
tein content of sovbean neal was taken ns o base of 1.00 and other
[eeds were expressed as o ratie of this.  These weights are indicated
in foolnole 1, {able 81.

The protein content of soxhean meal Las inereased over the period
with the shift from expeller wid hydraudic processing Lo the solvent
methed.  The bulk of the soybean meal sold currently con{uins 44
percenl protein.  Before 1944, soxhean mieal generally was sold as 41
pereent meal; the weights for soybean meal were adjusted to reflect
this change.  To allow Jor the increase in digestible protein content,
the factor for sovbean meal was inercased from 90 pereent in 1943
and earlier years to 100 pereent in 1933, This transition was made by
inereasing (he protein content laclor used in these ealeulations 1
percentage point each yvar, (that is, from 90101943 to 91 in 1944 and
so on untid 1t reached 100 percent for 1953, when it was assumed that
the bulk of the meal was ol 44 percent prolein contenl. A ton of
soyhean meal, 44 poercent protein content, is taken as o standard for
high-protein feeds, and the other protein feeds are expressed in terms
of equivalent tons of soybean meal. It is recognized that some
Ieeds have various nutritive characteristies which make them more
valuable than other feeds of higher protein content. 1o developing
this series, however, protein content s the only factor considered in
deciving the conversion factors,

A series of high-protein-consuming aniwal units also was developed
for wse as a basis for measuring demand and requirements ol protein
feeds,  Grain-cousuming animal units, excluding horses and mules,
had previously been used as a measure of high-protein-consuming
animal units. However, the former series, which is based on the rela”
tive quantitics of groin and other concentrates fed, gives too heavy a
weight Lo some livestoek groups nnd too light o weight to others, Ra-
tions fed {o hogs, for example, consist of relatively small quantitios of
high-protein feeds as compared with other livestoek rations. The new
series of high-prolemm-consuming animal units is based on the grain-

- consuming ammal unils for varmous livesiock groups, as published by
Jeanings (28, p. 18), bul the various groups are reweighled to reflect
the wmportance of protein feeds led,  Horses and mules consume such
small quantities of these leeds they are not ineluded tn the computa-
tion ol the protein-consuming series. The five other groups were
weighted on the basis of the quantity of high-protein feeds consumed
relative fo consumption of total feed concentrries in (he year heginning
Oclober 1949 (sce tablo 82),
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Tanue 73 —Data used in various statistical analyses that relate to byproduct feeds, 1921-56

Quantity of feed coneenirates
Feed graing High-prolein feeds fed, in soybean meal equivalent ¢ Price of | Grain- | Natlohal
Yvestoek | consum- | avernge
" ) Total i Qe |u lm{l . iing ~1 prlcet
Year heginning §  Tota minus ' Q-upf - _ " -hp vestock | onima suppor
October | supply | stocks [@-tininus Q rminug Q-rminas Q-rmlius Husted | Minus Q Tl Q ihp f1 Q 1,”’! winus | products { units fed  per .
owned by un- estimated]  actual © | quantity [ Adjusted cotton- | 1minus | minus minus gluten (Nov.- |annuatly | bushel
i seeighted {value of | value of | of wheat | total s seod soybean|linseed jtnukageand foed and NMay) ¢ for corn
\'ahie (I)I Q-s*3 Q~s3 | millfeeds moeal meal | meal jmeatseraps) "7l posi
~Ip;
Q-t Q-r Q-fg¥ Q-fg Q-mng Q-hpt | Qo-em | Qo-sm | Qo-lm | Qo-t&ms | Qo-g{f&m) -1 AU P-s
Millien Million } AMillion | Million |' Million | Million | Million | Million |Million |Million| Million Million
: tong *ang tons tons tons tons tons tons tons tons tons tons Millions Cents
1921 connioion e 133.9 1 -133.9 131.3 1313 131.3 2,16 U2 b 11 O R SOOI 123 150
1922 ... e 124,06 1240 121.6 - 12L6 1210 §. 2.44 148 [. 132
1923 il 127.8 327.8 124.6 1246 2,64 1,58 i 128
1024 i il 112,8 112.8 1003 109.3 2,80 L6l 144
1925 e 128.5 128.5 3.20 1,72 . 151
B 110 Y 123.2 123,2 3.45: 1,74 3.18 2,74 3.05 150.
1027 eni i 123,0 123,0 3.18 1.89 2,79 2,44 2. 74 151
T028L iy icmmans 126.2 120.2 .44 1,901, B 3.11 2.7 3.03 160
1020 .. n:cmames 121.0 1218 3.47 L8O [ aiee.o. 3,19 2,79 3.09 148
1080 ... . i 113,0 113.0 3,10 1,70 3.05 2,01 2.47 2.85 110
B 317 SO, 122.7 322.7 2, 06 1.57 2.84 2.81 2,30 2,64 7!
1082 137.7 137.7 2,99 164 2,89 2.84 2,20 2. 60 047
1983 e cvcmisina 115.5 115, 5 3 3.09 L3 3.00 2.94 2.40 2,73 4
b33 SR, 2.0 82.8 .0 3.08 1.86 2.84 2,93 2,40 2.80 106
1 N 114.3 114.3 108, 9 104,2 3.88 2,50 3.82 3.68 3.17 3.53 118
1936, 80.9 89,0 84.9 2 437 2,49 3.69 3. 06 3.47 3.84 124
1037w 123.0 123.0 SRLIN 112.2 4,20 2,42 3.04 4,10 3.062 3.45 115
1938 130.3 1290.3 117.5 112.7 4.48 2,88 3.67 4,33 8.75 411 100
1039... 136. 1 199.1 115.1 110. 5 4.73 3.32 3.58 4,44 3.9 4,35 107
1940... 40,5 129.0 110. 4 11468 5.60 4.11 4.25 5,04 4,71 5.12 123
1041 150. 9 146. 1 135. 4 330.9 8. 4,55 4,40 5.34 5.09 5.30 159
1942 172, 5 1712 16, § 150, 1 7.31 5. 05 4.04 6.72 6,35 6.76 105
1943 .. 104.8 164.8 155.5 180, 5 7.60 6.17 4,0 §.85 6. 53 7.006 197
1944 i 158.2 157.5 147.06 142, 1 7.59 6,01 .20 7.25 3. 72 7.04 207
1945 154.4 154.8 1459 11,1 7.02 6.88 3, 66 6. 60 6. 20 6. 51 216
1946, 157. 6 157.3 148.0 1419 7.24 6,09 3.76 6.00 .42 6.58 280
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N i

132.8 132.8 124.0 123.9 124.0 118.5
167.0 166.8 156.8 146.2 143,2 138.3
175.5 1811 150. 5 140.4 138.4 133.0
178.8 162.8 150. 9 149.4 147.8 143.0
180.2 158.4 140.3 1444 145.3 140,3
107.1 160.1 148.3 135, 5 137.5 132, 8
172.5 159.4 147.3 133.4 133.1 128.4
182,2 161.5 140.8 136.9 137.3 132.7
196.9 172.0 159.0 145.6 142.9 138.4
201.0 171.4 157.8 144.3 2.7 138.1
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' Includes total stocks of corn and sorghum grains on October 1, and of'oats and. barley on July 1, production of the four feed grains, imported grains, domestic wheat and rye

fed, tnd byproduet feeds fed (unweighted).

2 Deducts stocks owned by the Commodity Credit Corpordtion plus old-crop grain resealed as of May 31 for corn and March 3t for oats, barley, and sorghum grains.
T The variables Q-5* and Q-s represent the estimated and actual-quantity of current-crop loans outstanding as of speeified dates, plus purchase agreement grain delivered to
the Commodity Credit Corporation or placed under the loan program. For'corn, the cut-off date is taken as May 31, and for outs, barley, and sorghum grains, March 31, The

actual and estimated values are given in table 84,
1 Converted to soyhean meal equivalent. as deseribied on pp, 138-130,

3 Noncommereial milk Is excluded from total high-protein feeds fod, and included in the variable Q-r,

§ Index numbers, 1910-14=101),
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; TaBLE 74—DByproduct feeds: Estimated quantities fed, 199156

Year beginning October

Byproduet feed
) 1921 1922 | 1923 | 1924 | 1925 | 1926 | 1927 | 1928 | 1929 | 1930 | 1931 | 1932

High-protein: 4,000 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 1,000 | 1,000 } 1,000 | 1,000 | 1,000
ilseed meal: lons tons tons tons tons tonsg tons tons tons tons tons tons
Soybean . ool 4 17 24 26 28 32 (133 91 114 123 133 113
Cottonseed. ... ... ... 2. 1,045 1,209 |'1,334 | 1,559 ] 1,929 | 2,148 | 1, 587 1,922} 2,015 | 1,821 | 1,740 | 1,680
Linseed. oo oo il 199 (. 307 365 417 442 426 493 439 368 334 204 202
Peanut_ _ ... ..l ... 16 10 6 15 12 10 292 18 35 18 14 S v
(670757 ¢ WO SN 61 87 86 68 89 87 85 110 110 96 75 95
. Total oilseed meal_____... 1,325 | 1,630 | 1,8 i.5 2,085 | 2,500 | 2,703 | 2,258 | 2,580 | 2, 642 | 2, 392 2, 166 | 2, 107
Animal and fish;:
Tankage ool e
Meat seraps. -~ .|| T T e N P
Total tankage and meat ,
SCIAPS - - e s e e i e e 040 655 630 620 625 600 635
Fish2 . i o 100 113 148 151 121 107 {130
Milk: 1 )
Commereial 3, ... ). ____ | .. 1. | . ___ AP 65 801 90 105 105 110 115
Non-commereéial *_ .7 o |l TP YR [ P, 1,970°| 1,820 | 1,925 | 1,925 | 2,005 | 2, 060 2,080
Total milk__ . __..0.... SERRPRUR FEVIVIPEPUUON FRICUURPO RPREIRUN 2,035 1,900 | 2,015 | 2,030 | 2,110 { 2,170 2,195

Total animal and fish..._| 2,550 | 2,570 | 2,625 | 2,650 | 2,720 | 2.775 | 2,668 | 2,793 | 2, 801 | 2, 856 2,877 | 2, 960
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Grain:
Corn gluten_ .- ____Z__.
Dried grains:

Brewers’ . .conmoeailen.

Total grain_____ ... ..

Total high-protein_._._.

Other:

Wheat millfeeds__. ... ...
Alfalfa meal .. .. . __ ...
Dried and molasses beet pulp..
Rice millfeeds. oo mmno__

Total other ... ... .....
Grand total . ... ...

_________ oo b esT 70T | 675 | 628 505 539 | 553
.................................... 8 8 7 7 6 5 18
,,,,,,,,,,,,, RO S SO - 79 93 90 79 71 59
550 | 555 | 630 600 | 740 | 7s5L| 794 | 7vs| 725 | 500 | 615| 630
4,425 | 4,775 | 5,070 | 5,335 | 5,960 | 6,220 | 5,720 | 6,148 | 6,168 | 5,838 | 5, 658 | 5, 697
___________________________________ 4,877 | 5,020 | 5,079 | 5,111 | 4,946 | 4,370 | 4, 368
___________________________________ 950 | 874 | 351 | 375| 248 | 178 | 104
___________________________________ 183 1831 165| 211 | 285 | 103 | 262
___________________________________ 03| 100 99 88 87 79 97
___________________________________ 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2 000
7,300 | 7,680 | 7,680 | 7,355 | 7,460 | 7,403 | 7,677 | 7,694 | 7,785 | 7,566 | 6,820 | 6, 921
11,725 (12,455 [12, 750 |12, 690 |13, 420 (13, 632 |13, 307 |13, 842 |13, 053 {13,404 |12, 478 |12, 618

See footnotes at end of table.
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TasLe 74.—Byproduci feeds: Estimated quantities fed, 1921-56 '—Continued

Year beginning October
Byproduet feed

1937 | 1938 | 1939 | 1940

High-protein: 1,000 | 1,000 | 1,000 | 1,000
Qilseed meal: tons tons tons tons

: 719 | 1,020 | 1,276 | 1,491

2,333 | 2,013 | 1,762 | 1, 862

177 203 394 740

50 75 38 137

118 129 179 175

Animal and fish:
Tankage., .colven i oian
Meat seraps

*. Total tankage and meat
BCFAPS - o mmmmm S m

Fish 2

Milk:
Cominercial 3
Non-commereial . ... .

Total milk
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Total animal and fish.__.




Grain: , -

Corn gluten. - ............. 608 474 583 547 569 618 642 798 | 1,029 992 900 918
‘Dried gmms j
Brewers'. ..o oo 70 84 97 114 102 104 100 116 174 230 231 217
Distillers’ __.ov. ool 110 160 244 231 149 149 163 200 345 356 444 634
Total grain........ . .. 788 718 924 892 820 871 905 | 1,120 | 1,548-| 1,578 | 1,575 | 1,769
Total high-protein__.... 5,737.| 5,621 | 6,520 | 6,793 | 7,026 | 7,104 | 7,485 {8, 620| 9,139 110, 551 |10, 777 |10,716
Other: )

Wheat millfeeds. oo oo 4, 267 | 4,413 14,730 [ 4,670 4,448 | 4,762 | 4,041 | 4,702 | 4,533 | 4,739 | 4,963 | 5,488
Alfalfa meal._ .. .. . 234 205 284 380 370 410 | 440 470 590 680 734 0 922
Dried and molasses beet pnlp-_ 282 249 228 200 246 339 286 311 204 204 154 175
Rice millfeeds. . ... .. 83 39 88 108 124 124 120 125 124 145 139 150
Miscellanicous 5. . ... _=..{ 2,000 ] 2,000 | 2,000 | 2,000} 2000 | 2000 2000 2000 | 2000 1,600 | 1,600 | 1,600
Total othera. .o woliaaa. G, 8066 | 6,956 | 7, 339 7,448 | 7,188 | 7, 635 1.7, 487 0668 | 7,541 | 7,458 | 7,500 | 8,335
Grand total. . .. . ..- 12, 603 |12, 577 {13, 868 | 14, 241 114, 214, — 14, 829 14, 972 {16, 288 16, 680 {18,009 118, 367 19,051

Sece footnotes at-end of table.
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TaBLE 74.—DByproduct feeds: Estimated quantities fed, 1921-56 '—Continued

Year heginning October

Byproduct feed
1945 1946 1947 1948 -1 1949 1950 1951 1052 1953 | 1954% | 1955 | 1956
High-protein: 1,000 | 1,000 { 1,000 ) 1,000 | 1,000 } 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
Oilsced meal: tons lons tons tons tons tons lons tons tons Alons tons lons
Soybean_ - oL ialus 3,055 13,745 | 3,383 | 4,158 | 4,517 | 5,718 | 5,640 | 5,510 | 4,965 | 5,428 | 6,042 | 7,093
ottonsced. . .. ..ol 1,433 (1,434 ¢ 1,953 { 2,271 2,382 11,853 | 2,650 | 2,671 | 2,026 | 2,405 } 2,511 | 2,216
Linseed ... .. .o .. L. 5063 370 606 620 670 732 520 478 526 488 439 486
Peanub. ... oL Lol 90 08 122 96 04, 130 99 44, 63 18 26 46
CoPran cweinlinri i 69 190 177 171 204 2206 220 213 196 182 160 181
Total oflsced meal ... ... 5,810 ¢ 5,837 | 6,241 | 7,316 | 7,867 | 8,659 9,120 | 8916 | 8676 | 8 521 | 9,178 |10, 022
Animal and fish:
Tankage . oo e il 178 188 228 pPATE 231 242 248 251 243 297 328 303
Meat seraps.. ... Lol 567 552 595 610 611 G40 698 781 8356 [ 1,042 1,229 1 1,182
Total - tankage and meat, ) 4 '
SCTApS. ..o iaw.owi ] 74D 740 823 854 842 882 046 | 1,082 | 1,078 | 1,339 | 1,557 | 1,485
]\?}sh A R 213 202 236 288 324 332 438 390 438 395 4064 404
Milk: ’
Commereial ® .. ..o ... .. 100 120 90 110 115 100 110 115 395 170 155 150 -
Noncommereial 4. . ... .1 1,520 1,475 | 1,415 | 1,400 | 1,400 | 1,350 | 1, 265 | 1, 250 1,215 | 1,160 [ 1,120 | 1,100
Total mitk_ . ... .04 1,620 | 1,59 | 1,505 | 1, 510 1,515 | 1,450 | 1,375 | 1,365 { 1,610 | 1,330 | 1,275 | 1,250
Total animal and fsh_..| 2,578 | 2, 537 2,564 | 2,652 | 2,081 2,664 | 2,759 | 2,787 | 3,126 | 8,064 | 3,296 | 3,139
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Graing . .
Cormnglulen. ... . .., 85611,007 ] 883 866 | 016|1,006] 011l 955 1,001 | 1,034 | 1,072 | 1,010
Dried grains; » , v

Browers oo v 213 220 228 233 233 241 223 224 228 238 2406 236
Distillers’ .. ... RPN 320 410 353 334 352 (42 339 186 244 251 286 290
Tolal grain.. . .| 1,305 | 1,786 | 1,434 | 1,433 | 1,500 | 1,940 | 1,473 | 1,365 | 1,473 | 1,523 | 1,604 | 1, 530
Totad high-protein_. 2.1 9,783 110, 110 110, 239 {11,401 {12, 049 113, 272 113, 36113, 068 {13, 275 |13, 108 |14, 078 |14, (397
oo ‘ PN S : s . ’

Wheat millfeeds. .~ ... - 14,806 | 6,008 | 5480 | 4,017 | 4,754 | 4,818 | 4,974 | 4,720 | 4,669 | 4, 567 | 4,487 | 4, 622

Alfadfo meal. . T 0192 ] 10040 | U999 | 1122 | 1,004 | 1,218 | 1,178 | 1,043 | 1,200 | 1,324 | 1,243 | 1,152

Nricd and molasses beet pulp.. 218 285 207 332 352 443 396 385 497 554 500 525

Rice millleeds . . .o cul 155 160 178 100 214 187 243 263 273 303 238 257

Miscollancous 5 " _2 11,700 | 2,000 | 2,000 | 2,300 | 2,550 | 2,400 | 2,750 | 3,350 | 3,600 | 3,800 | 3,500 | 3,400

Total other. .. . L8 108 | 0,589 | 8,054 | 8,806L 8,064 | 9,066 ] 9,841 | 9,761 |10, 249 110, 548 1 9, 968 | 9,956
Grand tolel - . 17,004 110,609 110, 103 120, 262 {21, 013 |22, 338 122, 002 |22, 820 {23, 524 [23, 656 |24, 046 |24, 653
i ‘ :

1 Tor detailed explanation of the various series, see tables 2-18,

2 Tneludes fish meal and serap plus condensed fish solubles (solids hasis) beginning 1043, and homogenized eondensed fish beginning
1950, . ~
3 Tneludes dried and eoneentrated skim milk and buttermilk, dried whey, and beginning January 1954, concentrated and condensed
whey. )

+Tneludes the dey=weight equivalent of skim milk, buttermilk, whole milk, and whey fed on farms where produced.

5 Includes estimated quantitics of hominy feed, ont millfeeds, molasses, and sercenings fed fo livestock,

8 Revised, Unrevised data on which the analyses were based are ns follows: tankage 235; ment seraps 838; total tankage and meat
seraps 1,073; total animal and fish-2,798; total high-proicin 12,842; alfalfa mesl 1,821; total other 10,545 and grand total 23,387.
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TasLe 75 —High-protein feeds: Index numbers of wholesale prices,
November to May, actual and computed, 1981-56

{1935-38=100]

Computed with Computed with
observations observations
expressed as— expressed as—
Period Period
beginning | Ae- beginning | Ac-

November | fual First November | tual First

Loga- differ- Loga- differ-
rithms | ences of rithms? | ences of

loga- loga-
rithms 2 rithms ®
1921, .| 138 100 |._______ 1639 ... 146 G5 Q7
1922 .. __ 145 128 156 1) 1940 . ____ a8 106 167
1823 ... 131, 120 130\ 1943 ____| 137 139 129
1824 .} 128 142 151 10423 __ 137 176 164
1925, .. 123 134 100 || 1943 _.___ G2 182 144
1926 _ .1 121 140 130 § 19443 _ ___ 1451 178 154
1927 150 143 1837 (1 194635 _____ 166 185 180
1928 ___._ 148 148 180 | 1946 ____ 234 235 207
1928 ______ 131 139 144 || 1947 _______ 283 279 283
1030 .. 9 104 100 | 1948 . __ 227 238 222
1931 __ . . 5% 69 68 || 149 . __ 221 221 210
1932 ... 54 55 47 (| 19504 .____ 240 283 271
1933, _____ 75 68 T 19514 __ 272 273 232
1034 ___._ 1 111 106 119 5 195824 _____ 274 224 232
19356 . ... 83 100 87 || 1953.._.__ 251 225 230
Ig36.______ 128 122 104 | 1954 . __ 2235 158 235
1937 _____. 94 a1 ag 19586 .. __ 1493 190 103
1938, ... 92 92 30 1956 ____| 182 197 195

1 1

! Based on analysis (23e), page B7.

? Based on anaiysis (25c), page 86.

* Excluded from stabistical analyses sinee price coilings, regulated by the Office
of Price Administration, were in ¢ffect for most byproduet feeds. Price eeilings
an fish and animal byproduet feeds were introduced on January 20, 1942, and by
May, most of the other byproduet feeds hud maximum price eeilings,  Price von-
trols lapsed on July 1, 1846, but were reinstated for some byproduct {eeds for a
short period before controls were diseontinued in mid-October, 1946,

! Although price ceilings were cstablished by the Office of Price Stabilization for
eerfain byproduct feeds eurly in 1951, prices it general were below eeilings during
the year begiuning October 1950, During the vear beginning October 1851,
prices of many byproduct feeds were ab about the nuximum permitted under price
regulations.  For the year beginning October 1952, most feed prices were some-
what helow the ceilings, and in March 1953, all feed prices were decontrolled.
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TarLe 76.—Corn: Price per bushel received by farmers, November to
May, actual and computed, 1521-56

Computed with
observations
expressed as—

Computed with
ohservations
expressed as—

Period Period
beginning | Ae- beginning Ac-

November | tusl First November | tual Firat

Loga- differ- Loga- | differ-
rithms ! | ences of rithres 1| ences of

loga- loga-
rithms 2 rithms ?

Cents | Cents Cents Cents | Cents Cents
1921 ___. al 50 |l 1939 . bh] Bli 50
1922 _ . ___ 73 72 Y2 1940_______ 58 61 56
1923 _____. 76 65 64 | 1941 ____.. T4 76 76
1924 _______ 108 92 104 || 19423 _____ 90 92 89
1925.. .. 69 72 80 |} 19433 ___.. 112 101 100
1926 . ___. 66 82 TO|| 19448 ____. 107 96 104
1927 _. ... 83 34 T4 |} 1045 ____ 115 99 118
1928 ... 83 &85 83 || 1946 _.__ 138 127 147
1929_______ 78 84 84 || 1947_______ 220 193 207
1930, ______ 60 64 G3 || 1948 ___.___ 120 136 149
1931 ______ 33 34 35 | 1949, ____. 118 130 14
193._ .- 23 22 22 1960_._._._ 155 171 153
1933 __._ 45 39 40 || 19585 ... 167 167 152
1934 . ___ 83 a0 00 || 1952_______ 147 137 137
1935 .- 56 57 49 )| 1953 ... 142 140 152
1936 ____| 106 102 a7 1954 . __ 138 117 126
1937 .ol 51 47 49 |} 1955 __..__ 121 104 115
1938 ______._ 44 49 506 1856 ... 121 107 123

1 Based on analysis {26e), page 87.
? Based on analysis {26¢), page 86.
2 Excluded from statistical analyses since price ceilings on corn, regulated by
the Office of Price Administration, were in effect fromn January 1943 to July 1, 1946.
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TaBLE 77.—Cottonseed meal: Whalesale price per ton, bagged, at
Memphis, November to May, actual and eomputed, 1921-56

Computed with Computed with
observations observations
expressed as— expressed as—
Period Period
beginning | Ac- beginning

November | tual First November First
Logo- differ- Loga- | differ-
rithms 1 ences of rithms 1 | ences of
ioga- loga-
rithms 2 rithms 2

Dollars! Dollars | Dellars Dallars,

41 34 1039 _____ 30

44 41 ] 26
42 306 37
38 42
32
1925, ... 30
1927 . ___ 48
42

3 Based on analysis /20d), page 36.

? Based on analysis (29b}, page 56.

3 Excluded from stetistical analyses. Sce {ootnote 3, table 75,
¢ Bee footnote 4, table 75.

In reweighting the grain-consuming animal units to obtain the
series on high-protein-consuming animal units, animal units of dairy
cattle are taken as the base or standard, with the grain-consuming
animal units of dairy cattie weighted by 1.00. Thus, the number of
animal units of dairy eattle is the same 1n both series.  The grain-con-
suming animal units of the other groups of livestock are weighted on
the basis of the percentage which the high-protein feeds consumed in
1949-50 was of the total concentrates consumed. These data, given in
table 82, indicate that this percentage was 13.45 for dairy cattle, The
relative quantities fed to other groups of livestock were less than for
dairy cattle. Taking 13.45 percent for dairy cattle as o base of 100,
beef catile consumed 81.6 percent as much high-protein feed, relative
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to all feed concentrates, as did dairy catile; sheep, 79.6 percent; hogs,
36.3; and poultry, 77.5 percent. The rounded vaiues of these percent-
soes were used as weights in converting the grain-consuming animal
wuits. The weights applied to the grain-consuming animal units of
each proup were as follows: dairy cattle, 1.00; hogs, 0.35; and beef
cattle, sheep, and poultry, 0.80. While these weights may not apply
so well to some of the earlier years because of changes in feeding prac-
tices, it is eonsidered desirable that the weights should be most appli-
cable to the post-World War IT years, which are so important in the
high-protein feed situation. Grain-consuming animal units and high-
proteiu feed consuming animal units for 1946—56 are shown in table 83
to illustrate this caleulation.

From these two revised scries, the third series is computed—-the
supply of high-protein feed available for livestock feeding per animal
unit. This series is shown in table 81 for 192656,

Tasuve 78 —Soybean meal: Wholesale price per ton, bagged, af Chicago,
November to May, actual and computed, 1930-56

Compufad with Computed with
ohservations observations
expressed as— expressed as—
Period Period
beginniug | Ac- beginning Ac-

November ! tual First November | tual First,

Loga- ditFer- Logn- | differ-
rithing ! | enees of rithms I | ences of

loga- loga-
rithms ? rithing ?

Dollars| Dollars | Dollurs Daflars| Dollars | Doflars
1930.__.__. 36 L 19443 52 35 51
1931 . 21 24 24 || 19453, . 54 52 o8
1932 .. _.. 23 14 18 || 194G, .. 74 66 72
1933....-.. 32 25 35 1 1947___ ... 43 38 105
1934 _._ 38 a5 35| 1948 ... ... 72 75 75
1035.._ ... 24 30 24 f| 1949___ .. _ 70 72 70
1936 ... 4. 43 374 19504 _ ... 77 a2 90
1937 . ... 28 28 27 4| 19514 ... 88 093 80
1938. ... 25 27 a7 19824 _____ 81 75 74
1939 ... 31 28 26 | 1953..... .. a0 79 80
1940 . ___. 28 34 35 || 1954______ ¢ T4 64 83
1940 .. .. 43 46 38 | 19585.. ..... 62 Gl U8
10429 . 41 h1Y 48 |1 1956 -, .. b8 60 65

19439 .. 52 (52 45

' Bascd on analysis (32d), page 113.

z Bosed on analysis (32b), page 113,

1 Excluded from statistical analyses. See footnote 3, table 735,
* Bee footnole 4, table 75.
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TaBLe 79 —Linseed meal: Wholesale price per ton, bagged, ai Minne-
apolis, November to May, actual and computed, 1921-56

Period beginning | Actual Com- Period beginning | Actusi | Com-

November putec November puted !

Dollars | Dollars Deollurs | Dollars
1921 .- 46 1. ... 1939 ... 32 3L
1922 .. 47 47 ) 1040 L. 28 iy
1923 . .. 42 41 1941 L L. ... 4 39 33
24 L 43 40 ) 1942 L 46 30
1925 ... .... ; 46 38 o430 1 403 Ak
1926, . ... 43 A0 ) 19442 0 . R 46 G2
1927 . [ 49 45 | 1945 . | ! 47 43
1928 _ ... ... 55 Al 1946 . L 84 70
1920 . ... ... ! 53 S8 1947, .. .. 87 85
19800 . .ol 33 43 1048 . . . 72 72
1931 ... _.... i 29 27 | 1949._ .. A Tl 6
1932 ... 21 23 M 19a03 - . ol 66 BG
1933, ... 31 32 |t 19513, e e T4 75
L E T S ! 40 43 W 19528 .. . . 79 G0
1935, .. ool . \ 26 S R R . 74 76
1936_-_.,...___‘_-F 44 84 W54 . L. L. . 67 (1]
1937. .. ..o i 41 36 9 1985.. ... .1 58 65
1938 ... l 35 40 o 1956, . e e a8 a8

i

' Based on anulysis (83b}, page 115, and computed with observations expressed
us first differences of logarithms,

2 Excluded from statistical analysis. Seec footuote 3, table 75.

3 Bee footnote 4, table 75.

TawvLe 80, —Standard spring wheat middlings: Wholesale price per ion,
buggyed, at Minneapolis, November to May, actual and compuied, 1926-56

Period beginning | Actual Com- Period beginning | Actual | Com-
Novetntber pufed ! November puted ¢
BDollars | Dollars Dollars | Dollars
19260 .- ... 7 oz L 36 44
1927 .. ; 33 30| 19432 Ll 38 37
1928 . .. ... f 27 32 4 1944 e 38 24
1920 .. .._ : 26 26 )| 1940 . .. ... . 38 44
1930 . ... 16 2 S 1 1 S, . 49 37
193000 L. . 2 W0 1947, . .. : 74 ! 78
1932__ ... . . 9 Sy IME._. . . 51 ¢ 58
1933__. ... .. ..t 16 L3 |3 1940, (... . . 47 3 52
1934 . .. e 27 ! 20 19503 | L 5| 60
1935 ... S 16 . w19 L G4 50
1086 .. .. 35 26 ) 1952 L. o ad . a3l
B i ; 20 PRI -1 S 50 ¢ 5
1038 . ... .. 19 b N | A s 45 A6
1939__ 1. ag 22 W 1955 ... ... - &Y 47
1940 ... 21 A I 1 T | ) L3 34
1941 . .o ! 344 32 E!

i [
! Based on snaiysis {37b), page 128,

? Excjuded from statistieal unalysis., See loptnote 3, table 75.
3 Bee footnote 4, table 75.
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Tasrs 81.—High-protein feeds: Quoantidly available for feeding, high~
protetn feed-consuming andmal wndts, end quuntity fed per enimal
undt, 1926-56

Quantiby aveilabie for feeding, soybean
menl equivalent Animal § Quantity
Year beginning units per
October fed animal
Oilsced | Animal Gruin Total ! |ennualty ™  unip
meal protein | protein

1,000 lons| 1,000 lons| 1,000 tens) 1,000 lons| Millions | Pounds
W26 ... 2, 12 2, 274 441 4, B27 83.0 116
1997 __ ... 1, 755 2,214 4068 4, 437 83.2 107
1628 .. . . 2,011 2, 319% 454 4, 784 HE N 14
1929 S 2,070 2, 323 425 4, 818 86. 2 113
19306 __ . ... I, 874 3, 341 346 4, 561 85.5 107
1931__ .. 1, 709 2,834 367 o, 404 87. 7 100
1932 ... ©1, 683 2,423 370 4, 445 90. 5 98
1933_. .. i i, 613 2,368 453 4, 461 8% 4 101
1034 ... .. v 1,703 2,290 402 4, 395 78. 3 112
1935 ... . 2,22% 3, 416 al6 5, 156 82.5 125
1936, .. L. 2485 2, 414 485 5, 394 30. 8 134
1937. .. ... - 2743 2, 373 461 5, 57¢ 81.3 137
1938._._ . . 2,807 2, 470 443 S, 768 86. 8 133
1939, .. .. © 2,804 2, /22 512 3, 9498 0. 2 133
1940, ... ... 3, 50 2, 684 834 G, 912 92. 0 150
1941 .0 .. 3. 830 2,555 867 7,252 99,2 146
1942 ... ... 3,148 2,522 835 S, 508 112. 3 152
1943 ... 5, 245 2,604 8646 8, 765 113. 3 155
1044 . 3, 350 2,402 866 8, 718 106. 0 164
1945 __ .. 5, 049 2,263 773 8, 085 16L. 5 (5]
1946, . - . 5, D82 2,223 966 8§, 271 97. 4 370
1947, ¢ 5,389 2,301 741 B, 481 g2, 8 183
1948_ . . 6, 306 2, 414 792 i, 602 96, 3 199
1448 . .G, 920 2, 456 831 14,207 9. ¢ 206
1950, .. . Yoo TeY 2, 466 1, 06l 11,332 105. 3 234
el . o 8234 2, 638 17 11, 679 102. 0 229
1952_ .. .. . w 8, 079 2, 637 767 11, 503 160. 2 230
198300 ... 7, 841 2,948 820 11,615 100, 2 232
1954- ... .1 7.809 < 684 g53 | 10318 | 1015 224
1835, ... .. .. 8§47l 3, 278 847 12, 646 104. 4 242
19a6. ... - i 9,346 3, 095 8a7 13, 298 102. 9 258

¥ Soyvbean meal eguivalent (44 percent protein content) obtainud on basis of
digestibie protein vsing the following [netors: soyhean meal 1943 and carlier years,
0.80; this faclor was increased by oue percentage point in ench of the succeeding
10 vears, to sllow for incrensing protein conient, to a factor of 1.00 in 1953 and
subseguent yoars; collonsced meal, 0.8; linsced wmeal, 0.75; peanut meal, 1.0;
copra wmeal, 0.4; lankage and wmeal seraps, 1.1; fish byproducts, 1.45; drivd wmills
produets, 0.7; glulen feed, meal and corn oil meal, 0.6; brewers’ dried grains, 0.45;
distillers’ dried grains, 0.5.

2 High-peotein feed-consuming livestoek. Based on animal units of grain-
consuining livestock, excluding horses and mules, adjusted {or importance of
high-protein feeds in total concentrates fed. The following {aelors were applied
to the grain-consuming livestock animal units: dairy enttle, 1.00; beef cuttle,
shuécp, sud poultry, 0.80; and hogs, 0.35. TFor basis of these datu, see tables 82
and 83.
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TaBLE 82.—~High-protein feeds consumed by specified groups of livestock
s &

as compared with total concentrates fed, year beginnang October, 1949+
Concenbeates fed
High-protein
feeds as o
Class of livestock High-protein pergentage
feeds, soy- All Total of total
trern meal oiher
eguivalent
1,000t 1,000
1,000 lons tons lons Pereent
Dairy cattle .. . . 3, 829 | 18, 204 | 21,033 13. 45
Beef cattle.. .. 1,152 | G, 352 | 10, 504 . 87
Sheep_____. e 40 560 560 10. 71
HOgSe oL 9,298 | 44, 764 | 47, 062 4. B8
Poulbry ..o L 3, 314 | 28, 455 | 31, 769 1. 43

1 Compiled from Jenniugs {27).

TaBLE 83 —~Grain-consuming and high-protein consuming animal « nits,
excluding horses and mules, 1946-36

1
! Toa!
Yenar heginning Dairy | Beof Sheep Hogs | Poullry | {exeluding
October caitle | eatlle horses and
mnthes)
! _
Graio-consuming ani- | Myilion | Afiltion | Million | Billion | Million | Million
mal units: ¢ HnEls unils wits wnity unils wnifs
1946 __ _ .. 30. 3 14 8 1.4 58. 2 42,5 147. ¢
I8¢ v 23.9 13.2 1.2 58. 0 4.1 14l 4
1948 . . ____ . 28.1 4.7 i1 Gi.3 42, 6 147, 8§
1049 ... LR 2 14. 8 1.0 66, 2 43. 7 153. %
1950, .. 28. 4 15. 8§ 1.0 70.1 44. 3 159. 0
1981 ___ ... 27.6 17,3 1.3 §9. 0 44, 4 158 4
1053 __ . oo 28 2 20.2 i1 8. 7 42. 5 151. &
1983 . _ 28. 6 19. 5 1,1 57. 8 3. 6 150. 6
1364 ... Cat 28.0 20. 5 1.3 64,1 42,2 1559
1955 ... .. . 277 24,6 L1 (3. 9 45. 3 160, 6
1986, . .. .. 27,3 28, 8 PR 63. 5 db 8 137. 5
High-protein  feed
Consuming animal
unifs: ?
M6 .. L. 30.1 1.8 12 26, 4 34. 0 07. 4
1947 _____ ... 28 49 10, G 1§ 20.2 321 92. 8
1948 ... .. 28. 1 it 7 .8 21.5 31 96. 2
1940 - 38. 2 LR .8 23.2 35.0 95, 0
1950, .. __ 28. 0 12,5 .8 24. 5 25. 5 101, 8
851 .. ... 27. 6 13. 8 .4 24,2 35. 5 102. 0
932 ___ ... .. 28 2 16, 2 LY 20. 9 340 100. 2
1953 28. 6 15 G .9 20. 2 3 g 100. 2
1954 . 22.0 Y6, 4 .8 22, 4 33.8 .5
1935 - o7 G, 5 .8 231 36, 2 M, 4
1956, .. ___ 273 16. 6 .8 222 35. 9 102.9

! Grain-gonsuming animal units as given by Jeunings (28, p. 183,

? High-protein feed consuming enimel units computed from gra
units using the following weights: dairy cattle, 1.06; beef eatile,

hogs, 0.35; pouliry, 9.86.

in-consuming
(.80; sheep, 0.84;
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MODIFIED PROCEDURE FOR ESTIMATING CURRENT-CROP
GRAIN PLACED UNDER PRICE SUPPORT

Estimation of current-crop grain under price sapporl by use of
equation (24n) is not satisfactory for certain years in which quantilies
of concenlrates are very large in relation to the level of demand,
The particular funetion ftled to the datn does not allow for a
maximum limit o the quantily of current-erop grain placed under
support Tor a given year. Thus, this function does not refleet the
theoretical relationship outlined as plausible by this author (81) in an
analvsis of the price support program.  But it did net seem renson-
able {o spocify such o funelion, as only nine years of observations
were ineluded in the analysls and important Taclors were not readily
quantifinblo.

The alteruative approach adopted was to use the function, but to
choek the estimated guantities of currentl-crop groin under suppor{
againgt vonosp(mclnw values of the demand curve for feed use.  Iosti-
mates for 1933 52, oxcloding the yvears during World War 11, are
roasonably elose o actual vilues, ns indicated in table 84, For
subsequent yeaes, the function was less adequate.  The nature of the
maodificd estimating foncetion is illustrated for selected years 1 table
85, For 1049, the feed concentrate variable Q t cqualed 160.9
million tons.  Using this value in equation (242), plus the relevant
vatues of (1) the price support level for corn; (2) the price of livestock

Tasue 84, --Current-crop grain pluced wwder support: Actual and
g 7 @i
exlimaded, 18933 561

Crop of D Actnal o EsG- Crop of i Actuad | Iisti-
mated 7 i mled ?
o Midlion - Millian P Anittion 1 Million

I lons  ° ows o lens 2 dgns
138, . L 5.6 8.4 0 IMAL. S 3. 6
3934, B .3 SO WL ol AV 1.2
1935. . e N £ S ! S0 .1
19346 i S0 18R R 3.6 10. &
14937 E) 1,2 13 Jas o 12,1 101
1438 3 64 T30, 0 T3 L3
1035 8. 3.3 G5 105t . ; L1 |' 1LY
1940 2.4 2,5 0 1838 : 10, 8 i 12. 8
79413 . 33 A5 1035 0 L . 14. 2 +13. 9
1942_ A I T . 125 | 12,9
143 0 . . L2 6.3 0 150 ; 14, 1 1134
1044 o L8 .40 19555 T I 1135

LIk 1La rei’er to qummh of luans utitstd.mimg ag of apemﬁe(i (i.ntes, [)hlb purchase
ngreement, grain delivered to CCC or placed under the loan program, Tor corn,
the cut-ofl dale is taken ag May 81 of the Getobee-Sepletber erop year 111d1cui.ed-
uud for eats, burley, and sorghum grains, March 31,

2 Iosthinnted frowr cquation (24a}, page 83, except where noted,

3 Yewr included in Lbe analysis.

¢ Approximalbed as shown in tuble 85 and deseribed on pages 155-158.

§ Preliminary.
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TasLe 85.—Feed grains: Current-crop grain under support and derived nonsupport quantity in relation to specified
levels of Q-t, specified yea,

t

Year

1949 : 1951 1953 1954

Placed Placed Placed v Placed
under “Ted’ 3 under HFed? 3 under “Tred' .3 under Hled 3
support support 2 suppaort ? support ?

Mil. tons | MAl. tons] Mil, tons | Mil. tons] - Mil. tons | Ml tons] Mil. tons | Mil. tons
0, B 134 0: 8 134. 2 2.5 132, 5
139. 138. 4.
1« M 142. 0
142.6
301
143. 6
144, 1
L. 5

.0
, o : 1.6
346 LI llTIl L I 1.8
W7o LTI o AR 2.0
148, o TTT e 2 2.8

135.
136.
135.
136
135.

3‘};
133.
125.

s - T
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1 Total quantity of feed concentrates ab start of marketing year, miniis stocks owned by CCC plus old-crop grain resealed as of May 31
for corn and March 31 for oats, barley, and sorghum grains.” Figures in brackels are Q-1 values for specific years, and estimates for
these values are.in italics and in brackets.

> Tstimated current-crop grain under support as of specificd date (see table 84, footnote 1) with varying values of Q-t, but with
(1) price support for corn, (2) price of livestock products, and (3) animal units for the specified year.

3 Derived quantity fed obtained by subtracting the estimated quantity placed under support from Q-t.

4 Approximation of quantity placed under support, assuming that the quantity “fed’ curve does 1ot become positively sloped to
a greater extent than was true for 1953. The solution is one associated with a quantity placed under support such that the quantity
*fed” is only slightly less than for smaller-Q~t values,
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products; and (3) animal units, the estimated quantity of current-
crop gram under support was 10.1 million tons. If this value is
subtracted from 160.% million tons, o derived quantity ‘‘fed” is
obtained which equals 150.8 million tons** A series of estimates for
the quantity of grain placed under support and the derived quantity
{ed can be obtained by varying the quantity fed variable Q-t, while
holding constant the value of the three varables noted above which
refer to the particular year under consideration.

As the feed concentrate wvariable Q-t is increased, the estimated
quentities under support increase at an inereasing rate and the derived
quantity fed series inereases to a maximum and then decreases. The
shape of this derived quantity fed curve 1s not satisfactory on theo-
relical grounds, and the decreasing phase is untenable, By perform-
ing calculations similar to that illustrated for the yaar 1949, we can
detelmnm if the estimate obtained {rom equation (24g) is reasonable
in a given vear.

Tor 1949 and 1951, table 85 suggests that equation (24a) gives &
reasonable estimate.  The derived quantity fed curve is still increas-
ing at ihe value of the Q-t variable. The same is true for 1952 (not
shown). But for 1953 nnd 1954, the derived quantity fed curve is
decreasing for the respeclive Q-t values estimated by holding the
other three variables in equation (24a) at their specified values. Tt
also is decreasing in 1955 and 1956 (vot shown)}. For the years in
which the dcu\'ca quantity fed curveis decreasing, the quantity placed
under support is taken as that value associated with & derived quan-
tity fed which is about 1 million tons less than the maximum of the
derived quantity fed curve, For example, the maximum derived
quantity fed for 1853 is 145.1 million tons, and the approximated
quantity of current-crop grain placed under support is 13.9, associated
with a derived gquantity Ted of 144.1 million tons. Similar estimates
are made for 1954, 1955 and 1956.

Thus, for years in which equation (24a) gives unreasonable esti-
mates of the current-cr op grain placed under support, a check of the
type iHustrated in table 85 should be made. The appraximation of
the quantity under support can be obtained by assuming that for
such years, the quantity under support is associated with a derived
quantity fed which is slightly less than the maximum of the derived
quantity fed series. This only is a rough approximation since, at this
range, slight changes in the Q-t variable are associated with large
changes in the estimated quantity of current-crop grain placed under
suppmb

W The derived quaniiiy *fed” ineludes quantities of grein for nonfeed uses,
including eemmercial stornge; an impliclt assumption of the analysis is that the
demand for total nonfeed uses has an elasticity equal to that for feed uses,

O







