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The productive energy of feeds for ruminants was calculated
for 336 tests in 81 feeding experiments with sheep made by
various Experiment Stations. Feeding experiments can be
used for this purpose when feeds are compared with a standard
feed in a check ration, with few or no other variables. Many
feeding experiments examined could not be used for this cal-
culation on account of the presence of two or more variables.
The productive energy calculated from the feeding experi-
ments agreed reasonably well with the productive energy cal-
culated from analyses and production coefficients previously
published, for alfalfa hay, corn, corn silage, corn gluten feed,
native hay, hominy feed, kafir, oats, oat and pea silage, peanut
meal, roots, rutabagas, soy bean oil meal, soy bean hay, sugar
beets, and timothy hay. Revised production coefficients, based
upon the feeding experiments, are given for alfalfa hay, bean
straw, dried beet pulp, clover hay, corn fodder, corn stover,
emmer or spelt, molasses, oat straw, rye, soy bean straw, sun-
flower silage, whole wheat, ground wheat, and wheat bran.
The productive values of corn fodder and of oat straw were
greater in balanced than in unbalanced rations. Cottonseed
meal and linseed meal had higher productive values, which
was 50 per cent higher with cottonseed meal, when they were
added to and compared with an unbalanced ration, than when
compared with another protein feed fed in a balanced ration.
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PRODUCTIVE ENERGY OF FEEDS CALCULATED FROM
FEEDING EXPERIMENTS WITH SHEEP

By G. S. FRAPS

Exact methods for estimating the feeding values of feeds are needed
for agricultural and for commercial purposes. For agricultural purposes
they are needed in formulating standards for feeding animals, in decid-
ing on rations to be used for feeding purposes, and in studies of the
relative economy of various feeding stuffs. For commercial purposes
they are needed for aid in comparing the values of different lots of the
same feed, or different kinds of feeds with one another, for compounding
commercial mixed feeds of the highest possible nutritive value at the
lowest possible cost, and for comparing different kinds of commercial
mixed feeds with one another.

A number of factors enter into the value of a feed for animal pro-
duction; these include the productive energy, the digestible protein,
the constituents of the proteins, the vitamins A, B, C, D, E, G, the
minerals, especially lime and phosphoric acid, and the bulk, or volume.
The palatability also appears to be an important factor in inducing the
animal to eat liberally of the mixture. The relative importance of these
factors in the individual feed depends upon the kind of feed, the kind
of animals, and the possible deficiency of the ration to be fed. For
ruminants it may be said that the productive energy, the digestible
protein, and the bulk, or volume, are the most important factors in the
feeding value of the feed. The commercial value of unmixed feeds is
measured by other factors, presumably closely related to the feeding
value, but perhaps assigned commercial significance out of proportion
to the feeding value.

The only one of the factors mentioned above which will be discussed
in this Bulletin is the productive energy.

PRODUCTIVE ENERGY

It was formerly assumed that the digestible nutrients of one feed
were as good as those of another, pound for pound; thus, one pound of
digestible nutriment in straw was assumed to be equal in feeding value
to one pound of digestible nutriment in corn. It has been shown by
Kellner, Armsby, and others, that this assumption is not correct. The
losses consequent on digestion are much greater for each unit of digesti-
ble nutrient in straw, than in corn, so that the net energy which the
animal could secure from a pound of digestible material in corn is much
greater than that which it could secure from a pound of digestible
material in straw. Kellner (14) determined the quantities of fat which
could be put on a fattening steer, fed on a slightly fattening ration, by
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additions of protein, of fat, of starch, of crude fiber, and of sugar.
Using the values so secured, he calculated the values of certain feeds
from the digestible constituents, and compared the calculated value
with the actual quantity of fat put on a fattening steer, by additions
of the feed to the ration. With cottonseed meal, peanut oil meal, palm
oil meal, and linseed oil meal, the experimental values were practically
the same as those calculated, but with other feeds the value found by
actual test was decidedly below that calculated. Some of these results
are given in Table 1. It is seen from this table that the assumption
of equal value for the digestible nutrients would be only about 20 per
cent correct in case of wheat straw, 63 per cent correct in case of meadow
hay, 69 per cent correct for clover hay, and 77 per cent correct for
wheat bran. To put it another way, the assumption of equal value for
digestible nutrients would be five times the actual value found by
experiment with the wheat straw, nearly 50 per cent too high with
meadow hay or clover hay, and 30 per cent too high for wheat bran.

Table 1. Productive value in calories per 100 grams of food found by experiment compared
with productive value calculated on the assumﬁtion that digestible

nutrients have equal value. (Kellner)
Calculated .

_from Found on Per cent
digestible experiment found of
nutrients calculated

Eattongeer nRal, . o 000 5 e e S e e 190.4 186.9 98
Peanut oil meal. . . . S 179:5 179.8 100
‘Wheat straw...... 98.9 20.1 20
Oat straw........ piaala 103.6 40.8 61
T S SN L SR el R 122.8 i (5 63
L T A I L ML i 118.3 81.1 69
Wheatbran Sl iyt ot 146.5 113.5 77
Brewers grains, dried 146.9 123.9 84
Bt PulD, Artel N 0 e 0 11t 15 R e v ieta e i) 172.6 135.3 78

After establishing the diversity in the feeding value of the digestible
nutrients of different classes of feeds, Kellner (14, 15) devised methods
for estimating and for calculating the productive values of feeds, and
proposed feeding standards based upon them. Kellner expressed pro-
ductive value in terms of starch. Armshy (1) also proposed standards
and devised methods for estimating the productive values of feeds,
expressing the value in terms of therms, a therm being 1,000 large
calories. Kellner’s system has been extensively used in Europe, but the
system based on equal value of digestible nutrients is still used in this
country. Forbes and associates (2, 3, 4, 16) have continued the work
of Armsby.

It has been objected that the data on which the systems of Kellner
or of Armshy are based are too limited to permit the general application
of the results. If one examines the evidence, however, he will find that
in spite of the data being not as extensive as might be desired, they are
not so limited after all but are sufficient to serve the basis of the
system, and that the productive energy comes much nearer to express-



ENERGY OF FEEDS CALCULATED FROM FEEDING EXPERIMINTS 7

ing the correct nutritive value of the energy of the feed, than does
the content of the digestible nutrients.

Disposition of energy of feed. A portion of the material and energy fed
to an animal appears as undigested materials in the solid excrement.
Some metabolic products (waste material of the animal body) also
appear in the excrement. The difference between the amount of each
nutrient fed and the corresponding amount in the excrement, is said
to be digested.

Quantity fed — quantity excreted = quantity digested.

However, this is not strictly correct, both on account of the presence
of metabolic products in the excrement, and for the further reason that
fermentation takes place in the stomach or intestines of some animals,
producing in addition to marsh gas and carbon dioxide, soluble products
which may be absorbed and utilized by the animal. This fermentation
is especially noticeable with horses, and with ruminants, such as sheep
and cows. It does not occur to a large extent with chickens, hogs,
or dogs.

Quantity digested (so—cal‘led) — quantity lost as gases = quantity absorbed.

A portion of the energy in the nutrients absorbed by the body is not
utilized but is excreted in the urine, some of it in compounds of nitrogen,
and some in other compounds and some also is evolved as marsh gas.
After the energy in the urine and the energy in the gases are sub-
tracted from the energy absorbed, the remainder is termed the metab-
olizable energy.

Energy of food eaten — energy in solid excrement — energy in gases — energy in liquid

excrement = metabolizable energy.

The metabolizable energy doés not, however, represent the net energy
| available to the animal from the food. There must be deducted from it
the loss of energy in the fermentation in'the intestines, in addition to
that contained in the marsh gas, and the energy used up in the processes
of digestion, including chewing of the feed, moving the material through
the body, and all other energy required to place the material of the
food in condition for use by the animal. When the consumption of
energy is deducted from the metabolizable energy, the result is the net
energy or productive energy available for the use of the animal body.

The energy consequent on the digestion of food is evolved as heat.
Whether or not this heat is of any service to the animal depends upon
conditions. If the animal receives a ration near or below its mainte-
nance requirements and if the temperature is below that of the animal
body, the heat of digestion may aid in maintaining the temperature of
the animal, thereby taking the place of food or body material which
would otherwise be oxidized to provide heat and permitting it to be
used for other purposes. At higher planes of nutrition or at higher stall
temperatures, the heat of digestion is of no value to the animal, and
with heavy rations, the disposal of the heat of digestion may be a burden
to the animal in hot weather, and may cause the animal to go off feed.
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MEASUREMENTS OF PRODUCTIVE ENERGY

Measurements of the productive energy of feeds have been made by
Kellner, in Germany, and by Armsby, Forbes and associates, in this
country. The method of Kellner consisted in first measuring the pro-
duction of fat and flesh on a fattening steer, fed a basal ration suffi-
ciently above maintenance to avoid any possible utilization of heat of
digestion. The food or material to be studied was then added to the
basal ration, and the production of flesh and fat again measured. The
difference between the two experiments gave the gain in flesh and fat
due to the additional feed, and from this the productive value of the
feed tested was calculated. Corrections were made for any change in
weight of the animal, conversion of flesh to fat, or differences in the
amount of the basal ration eaten.

It is to be noted that Kellner measures the productive energy of the
food by the additional quantity of fat secured, and makes no allowance
for the energy used in the chemical changes involved in the trans-
formation of the productive energy in the nutrients into the form of
fat or flesh. It is hardly conceivable that the transformation occurs
without consumption of energy. The productive energy measured by
Kellner is not, therefore, the actual productive energy but should be
approximately in proportion to it. The actual productive energy is the
productive energy of the fat stored up, plus the energy involved in the
transformation. Likewise, the percentage of the productive energy used
for work, or milk, may be different from that used for fat. Since, how-
ever, there is at present no method of measuring the energy consumed
in transforming the material of the food to flesh and fat, we can do
no better than to take the energy in the fat and flesh stored up as a
measure of the productive energy of the feed.

The method of Armsby and of Forbes and associates (1, 2) for net
energy is based upon the increased elimination of heat due to the inges-
tion of the food. As pointed out by them (3, 4), the net energy varies
with the conditions of the test. The productive energy must be estimated
under standard conditions, as was done by Kellner.

Based upon the methods referred to above, Kellner (14, 15) and
Armshy (1) have devised feeding standards for various classes of ani-
mals, calculated the productive values of feeds, and discussed the theo-
retical aspects of the problem.

The term productive energy as used in this Bulletin is confined en-
tirely to the amount of net energy which can be used for the produc-
tion of fat and flesh. If measured in terms of maintenance or milk, it
may have a different value.

PRODUCTION COEFFICIENTS

The procedure for calculating the productive energy of feeds used
by Kellner (15) is somewhat complicated. That proposed by Armsby (1)
is not closely related to the chemical composition of the feed. The cal-
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culation of the digestible nutrienfs (except the digestible protein) is
not necessary if the productive emergy is to be used. By combining the
different calculations (including the coefficients of digestibility) it is
possible to secure factors by meéans of which the productive energy may
be calculated directly from the chemical composition of the feed. The
Texas Agricultural Experiment Station has published some factors for
ruminants (5, 6, 8) and fox poultry (7).

CALCULATIONS FROM FEEDING EXPERIMENTS

The respiration or calorimetric experiments to ascertain the productive
energy of feeds referred to above require expensive apparatus, including
respiration chambers or animal calorimeters, involving considerable
expenditures of time amd money, and are difficult to carry out. For
this reason the data rgégarding the productive energy of feeds and of
their constituents areflimited in amount.

It should, howeves, he possible to calculate productive energy from
feeding experiments. ! That this can be done has already been shown (10,
11, 12, 13), and productive values for ground kafir, kafir heads, ground
milo and ground feferita heads have been corrected by means of these

feeding experimepfts (6).
THOD OF CALCULATION HERE USED

of calculation used for the work here reported is outlined
in Tables 2%and 3. In Table 2, the comparison is made for a roughage ;
in Table /5, for a concentrate. One of the rations in the lot (Lot 2 in
Table 2./T.ot 1 in Table 3) which comes the nearest to containing feeds
of Stal}/ﬁard feeding value, was selected as a standard. The productive
energy fed in the standard ration was calculated from the productive
values'jof the various feeds contained in it (Total T for Lot 2 in
Table/"2). The productive energy used in the calculations, in therms
per jound, is given after the name of each feed. The weights of the
animals at the beginning and at the end were added and divided by 2,
- and/ the result was assumed to represent the average weight during the
expreriment (W). The average weight was multiplied by the maintenance
relquirement for one pound (H) using Armsby’s values) to secure the
total productive energy used for maintenance. The total productive
ergy fed in the ration less the energy for maintenance gave the energy
eft for production (B), and this divided by the gain in weight gave
the therms required for one pound of gain in weight, on the standard
ration (B+~G=K).

One of the feeds was selected as the unknown in each of the other
rations. The productive energy of the remainder (T) was calculated
from the other ingredients. The energy for maintenance (M) was cal-
culated as stated above (WXH=M). The energy in the gain in weight
(L) was calculated from the therms per one pound of gain as found in
the standard ration (KXG=L). The value of the ration was the
energy required for maintenance added to that required by the gain

8%

/
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Table 2. Productive energy of feeds calculated from feeding experiments, Bulletin 143, South D akota Experiment Station.

Siberian Sweet Corn Prairie Corn
allfalfa Standard clover Pea hay fodder hay silage
ay

Average weight, pounds (W), .5, 0. oo . vu Limsiee. . . 99.0 100.4 99.2 95.5 102.6 95.8 83.1
Average-daily gain, pounds:(G).. ......c 000l . .. s, . .48 .56 .43 .35 T .36 3

SVXHAL ‘967 'ON NILATING
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SN R GO BRIARE .. ... i i e s s e s i e A R | . L B LR . 0

I O s i e s R e i e, o
G T I S N e e SR A (RIS R

R R e ot RPN
Maintenance therms, W X.0079 =M......................

Productive value of gain, T—M =B ....... o b Y F AL, A8 sy S s B o
Therms for 1 1b. gain in standard B +G =K . 4 1 S e s Al B
Productive energy of gain, KXG =L............... 5 : . 4 —.026

Productive energy of ration, M RO i, o
Productive energy of s(\)ng)lement fed, 0—T =E. .
Productive energy of 100 lbs. supplement =E +w
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in weight (M+L=0). The productive energy (E) of the feed con-
sidered was the productive energy of the ration, as measured by gain
in weight of the animal (O) less the productive value of the ration (T')
fed in addition to the feed tested (O—T=E). The productive value
of the feed in therms for 100 pounds is E divided by the weight fed
multiplied by 100.
The method does not measure the absolute productive value of the
feed tested, but compares it with a standard feed of known feeding value.
There is no more objection to this method of calculation than to the
other methods used for stating the results of feeding experiments.
If the feeding experiment is well planned and properly conducted, so
that all variables are eliminated except those due to a single feed being
studied, there is no reason to believe it will not give reasonably accurate
results. Chemical analyses of the feeds used are desirable on account of
the variable character of feeds and the necessity of calculating their
productive values from the analysis. Errors in the assumed productive
energy of the supplementary feeds would be eliminated if practically
the same quantities of these feeds are fed to each lot. The same applies
to the assumed maintenance requirements of the animals and to the
calculated energy requirements for one pound of gain in weight, if the
animals average nearly the same in weight and make nearly the same
gains. If there is much difference in the average weights of the animals,
an error in the assumed maintenance requirements could affect the
results of the calculation. If there is much difference in gain in weight
in the several lots of animals on experiment, there may be differences in
the energy required to make the gain, for it has been shown that the
energy stored up for each pound of gain increases as the animal becomes
fatter.
The composition of the gain in weight in fattening depends upon the
kind of animal and the degree of fatness attained. The percentage of
fat in the gain is much larger near the end of the fattening process
than at the beginning. The composition of the gain near the beginning
of the fattening depends upon the condition of the animal at that time
and also on the stage of growth. Thin animals will put on material of
lower fat content than those in better condition. The gains of young
| animals contain more water than those of mature animals. According
| to Armsby (1), the energy per pound of increases in weight (excluding

some doubtful results) may vary from R2.49 to 4.00 therms with an
Eaverage of 3.25 (page 362) for various animals. For sheep the energy
| content of the gain (page 352) varied from 1.4 to 4.0 therms.

The therms required per pound of gain, as found in the calculations
of the standard lot in the experiments, are tabulated and summarized
in Table 3. The average is 2.60 therms per pound, which is somewhat
lower than the average for various animals (3.25) given above. It
varies from 1.124 to 4.136, which is a wide distribution, and there is a
somewhat even spread in the distribution. Variations in maintenance
requirements and in the fill taken in by the animal, of course, affect
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Table 3. Productive energy of feeds calculated from experiments, Bulletin 185, Washington Experiment Station. E
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Standard ‘Wheat Barley Oats o
RN %, e e oy S oL R SR S TR SRR B s SO S 1 2 3 4 &
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the therms required for a pound of gain. These tables are of interest
in connection with the establishment of economical rations, but this
Bulletin deals with the productive energy of the feeds.

Table 4. Therms required for one pound gain.

Number of tests Therms
2 D
2 .8
8 ]
10 .3
12 =0
17 i
8 .9
10 .1
6 -
4 ok
2 4.2

Total 81

SELECTION OF THE FEEDING EXPERIMENTS USED

A large number (over 168) of feeding experiments were studied in
connection with the work here reported. It was found that many of the
experiments were unsuited for calculating the productive energy for one
particular feed, for various reasons, some of which will be mentioned.

The method of calculation involves comparing the productive energy
of a feed of known productive energy, with the unknown, as illustrated
in Tables 2, 3, and others and as already described. In addition to the
assumed productive value of the standard feed, productive energy must
be assumed for the other feeds fed with it in the ration, and for the
maintenance requirements of the animals. These assumed values are
necessarily not exactly correct, even when chemical analyses of the feeds
were made. If the quantities of the supplemental feeds eaten by the
different lots of sheep are the same in each lot, if the sheep average the
same in weight at the beginning of the experiment, and make the same
gain, any error in the assumed productive energy of the supplemental
feeds, or in the assumed maintenance requirements, would be canceled
out. The result would be a direct comparison between the standard feed
and the feeds studied, expressed as therms. The only variable would be
the two feeds being compared.

The number of experiments which exactly meet the requirements
given above is low, especially with regard to an equal gain in weight.
Experiments were selected which were reasonably close to the require-
ments, and all the experiments were carefully scrutinized. Experiments
were "excluded when there were too wide variations in the quantities
of feed eaten in the supplemental ration or when no direct comparison
could be made of any particular feed with a standard feed on account
of the presence of two or more large variables. Many experiments which
make comparisons of the effect of mixtures or rations or other conditions
upon the growth of animals, cannot be used to compare individual feeds
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used in the ration on account of the many variables between rations
fed the different lots. Some experiments were used in which there
were wide variations in the gain in weight of the animals, although
this condition is not desirable; these variations must be considered in
connection with the conclusions.

Feeding experiments in which a standard feed is compared with
several other feeds, in rations in which the quantity of all other feeds
is kept constant (as illustrated in Tables 2 and 3) are few in number.
The usual procedure is to make several comparisons in the same experi-
ment, instead of comparing all the lots with a single one. For example,
Lot 1 may be compared with Lot 2, Lot 2 with Lots 3 and 6, Lot 4%
with Lots 5 and 6. The same method of procedure, of course, could
be used in comparing the productive energy of the variables, but the
use of a single standard is preferable.

Another procedure involves the use of one of the roughages or con-
centrates in two or three of the rations, but not in the others. It is
sometimes possible to calculate the productive energy of the variable
addition from one of the experiments and use this calculated value m
calculating the others.

Experiments in which two or more new feeds are introduced into one
ration, or in which there are decided variations in the quantities eaten
of two or more of the feeds, or into which two or more variables are
introduced, are unsuitable for comparing the productive values of indi-
vidual feeds, or estimating the productive energy. They may give infor-
mation regarding the value of the ration as a whole, or the palatability
of the mixture but all the effect of the ration cannot be ascribed to one
variable selected from two or more variables.

Experiments in which two feeds are fed in variable quantities are
not well suited to calculate productive energy. In the first place, one
of the two variables must be selected from which to calculate the pro-
ductive energy. In the second place, an error in the assumed productive
value in the other feed will result in too high or too low a productive
value for the feed calculated. This is illustrated in Table 5, in which
the calculated productive energy of the alfalfa increases from 32.8 to
45.7 therms per hundred pounds as the quantity fed increases.

PRODUCTIVE VALUES USED

When analyses of the feed used were given, the productive values were
calculated from the analyses, using the production coefficients already
published (6, 8), and these values were used in the calculations. In many
cases the analyses were not given, and for these, average productive
values were used, calculated from the production coefficients and the
ordinary analysis of the feed, either of the Texas Station or of Henry
and Morrison (9). Many of the productive values used are given in
Table 6. These values no doubt deviate in many cases from the pro-
ductive values of the feeds actually used, but since the experiments
were conducted and conclusions drawn with no knowledge of the com-



Table 5.

The calculated productive energy may be different when the same feed is fed in different quantities.

Standard Alfalfa Alfalfa Alfalfa Alfalfa
Joah IS e e n T R Tk L P sk s R U M Sty A 1 9 6 8 13
VoS T TR T U T e RSN R e N S R e e R A S Rl e e A e L 73.00 73.59 72:26 69.89 70.20
e L e B R e e e .246 .352 .299 .218 .220
Daily ed—corn I e G R e =l R L e S T pes e .745 1.345 . 960! .500 .277
T S T U e e N G S L S 2.078 1.833 1.919 2.210 2.412
Productive value thermin per-100- poundSaalralfa . 16, Sl 0 R R R o s o v B Pes s o el 31.6 38.5 39.2 44.7
Fhelras Ear PP QU HAME .. s o iy i DR o i e VR I o) A oel Bl s 3.321 3.594 3.211 3.078 2.459
Table 6. Productive energy of feeds used in calculating feeding experiments—Therms per pound.
Therms Therms Therms
Feed per pound Feed per pound Feed per pound
VIR AR o R < T (T e o R .345 |[Cottonseed meal. .. ....c.....uinn > LD Oat and pea silage vt lie L .150
S L e D T T e A S et .740 COWDER HaYe, S0 NGt s 4 L i s e b T e e e R ST S A AL g R S .546
T et N A e e G e T .760 LSy D e N SRR R R e e o .820 Oat BB Yoo hs e X v, hvd e s ST 219
Barley, chopped. ................. 0 | T S R S S s e 119 GHE TSR b i ) et L < .780
5T (e T e bt SRR S S B30 iGhstenLTeed i it L e e .740 B Rau ke e R 380
Beetpulp, dry.o . s i e s 610 [ICuten. meals . " s n it U aa ey .700 Pa el e oo L s L .750
Bestm N anparte. 4t = i e s .070 ||Hay, Minne. + clover............ 350 ) B G S S R R S S R .260
Blue frabs BAR - e s s .360 R VEROWEIL .« 5 or a5 s e e b s 350 a0 DO SR T .220
Buffalo gluten feed............... 200 I oy £eRl . . . e e i .850 Rutabagas.’!. ... .0 .. .060
@ave sildge o s v .103  ||June grass. . .340 Rye, choppe .830
Clover, Alsike. . .. .360 ||Kafir, ground .800 110} 2 7 .740
Clover’ hay.. <304 Kafir heads. . .680 Soybean oil mea .760
Clover hay, sweet .380 Kafir, shelled .800 Soybean, whole. . .850
Clover rowen hay .350 ||Kafir, silage. .100 Sorghum silage .103
Clover silage. . . 150 ||Linseed meal . 780 .780
Corn. . .822 Maize feed . .780 .330
Corn fodder-. . .380 |[|[Mangels... .063 .320
Corn and kafir's ag .150 ||Mangels and carrot .070 .063
Corn meal. . .860 Millet hay.. .360 .840
Corn sxlage 1556 Milo heads, ground. .724 ‘Wheat bran..... .489
Corn and soja bean silag .150 Molasses. . ....... .057 ‘Wheat, chopped .860
Corn stover. b 540 Oathays. 25, . o .350 ‘Wheat salvage .800
Corn stover, YRG5 e b o .300 Oat hay.feut. . 7F. 22 e .330 Wheat straw. .240
Dabay whole: - 2.2 05 el B o g .330 Wisconsin hay. ...... .360
NVOTHIE RO . o o 10w isote is” s o o4 o .360
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position of the feeds tested, it was considered permissible to study the
results in the same way; but of course the matter must he considered
in the final interpretation of the results. These assumptions are not
greater than the assumptions made by those who originally carried out
the experiment.

COMPARISON OF PRODUCTIVE ENERGY WITH FEED FOR 100
POUNDS OF GAIN

The results of feeding experiments are frequently compared in terms
of pounds of feed required to make 100 pounds of gain. The feed used
by the animal for maintenance and for fattening are both included, so
that the greater the cost of maintenance, the greater the number of
pounds of feed required per hundred pounds of gain in weight. The
chief items entering into the cost of maintenance are the weight of
the animal and the length of the period of the experiment, which vary
in different experiments. The proportion of the total ration used for
gain in weight materially affects the weight of the feed required for
100 pounds of gain; if one lot uses one-fourth of the ration for pro-
duction, while another lot uses one-third, it is obvious that the pounds
of gain for 100 pounds of feed could he correspondingly influenced.

The largest gains in weight are secured when the animal eats daily
a ration containing the largest amount of productive energy which it
can handle to advantage. The quantity of productive energy consumed
depends upon the proportion of concentrates to roughages, the adequacy
of the ration, and the appetite of the animal, influenced by palatability.
If the ration is deficient in any respect, the appetite of the animal is
likely to fall off. The palatability of the mixture is an important factor,
since heavy rations must be especially attractive. Different amounts of
the same ration would cause differences in gain in weight; consequently
a difference in the pounds of feed for 100 pounds of gain is thus not
a measure of any particular factor or feed in the ration, but it is the
measure of the ration as a unit, and is especially related to the palata-
bility of the mixture.

The calculation of the productive energy, on the other hand, attempts
to eliminate the other factors, and confine the results entirely to the
therms of productive energy in a unit of feed.

Variations in the composition of the gain in weight, uncertainty
with respect to the composition or feeding value of the feeds used, and
the presence of several variables, affect the interpretation of results by
means of feed required for 100 pounds of gain, just as they affect the
results of the calculation of productive energy.

CALCULATION OF DIGESTIBLE NUTRIENTS FOR A POUND
OF GAIN

The same method of calculation used for productive energy could be
applied to digestible nutrients, provided they were of equal value to the
animal. A comparison of such a ‘calculation with that of productive



Table 7. Comparison of therms per pound gain with digestible nutrients per pound gain and feed per 100 pounds gain.
Experiment from Illinois Bull. 167.

B B o o bt o UL BN A S wr P O

Average weight, pounds (W)....................oooinnnt.
Kererage daily:@ain (G) . defiis v b iihin e s b mle o disre o Mens B

Daily feed——ecorn G ((822)..... .. conversersidasuvaroonars
T R R S P e N R R

Prof NI ey Al e B0 T 4 b, 2 s hath st o e ) i karesls e i ke Lo
IR o e e e i e e e e R e

Maintenance. War 0085 =M. v 5 uie oo voi st Galateainsial =
Productive value T=—M =B .. ... oL ahicomca - s eilesmsv o
Therms for 1b, gaInAB FG =K. i v vuisial sy a s w e gie s

Digestible nutrients, pounds—
(BT oh s 7 1) gt S N TR e o G G S i
AMBIS Hawsl BOBY - . o i N R e i

Total dlg(‘Shb]L TR o3 1 el R TR O s S S N
Maintenance W X. 0091 =M. .....c.ooiiiivinnrmosonnan

Digestible nutrients for gain made B............... ... ...
Nutrients for 1 pound gain B+G=K.....................

GOt Ior 00 CUIIAS BRI . L, 6o o By o e oo s o s w1 85505 51 e
Alfalfa for 100-DORRAE GAIN: "' i v i g o o 50w s 5o 5 h badon 2T

. 2 3 4 i 2 3
83.0 81.0 78.7 78.0 81.3 80.6 78.8
430 .27 .22 .20 .33 .32 .29
1.24 1.05 o3l .54 1.36 1.14 .88
1123 1.42 171 1.87 117 1.49 1.78
1.019 .863 .584 .444 1.118 .937 .723
.459 .490 .590 645 .404 .514 614
1.478 1.353 1.174 1.089 1.522 1.451 1.337
.706 .689 .669 .663 691 685 .670
.772 .664 005 .426 831 766 .667
2.573 2.459 2.295 2.130 2.518 2.394 2.300
991 .839 567 .431 1.087 211 .703
.621 AT .864 944 591 .752 .899
1.612 1.556 1.431 1.375 678 1.663 1.602
755 .737 .716 .710 740 .733 ALl
.857 819 715 .665 938 .930 . 885
2.857 3.033 3.250 3.325 2.842 2.906 3.052
413 389 323 27 413 3567 303
410 526 Vi 935 354 466 614
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energy is given in Table 7. The requirements for maintenance are
based upon the figures of Max Kriss (16). The experiment used was
selected because the animals were fed variable amounts of roughages and
concentrates, between which there are wide differences in the productive
energy per pound of digestible nutrients.

In both the experiments, it is seen that the therms of productive
energy for each pound of gain decreases as the gain in weight decreases.
This is in accordance with the fact that the thinner animals put on
material containing less heat units than do the fatter animals. On the
other hand, the total of digestible nutrients required for a pound of
gain increases as the gain in weight decreases and as the quantity fed
of alfalfa increases, and of corn decreases. This shows clearly that the
digestible nutrients of alfalfa have lower values than those of corn.
It is in accord with the evidence that the productive energy of the
digestible nutrients of alfalfa is lower than that for corn.

THE PRODUCTIVE ENERGY CALCULATED FROM THE FEEDING
EXPERIMENTS

A summary of the results of the calculation of the productive energy
from the feeding experiments with sheep is given in Table 8. Detailed
calculations of a number of the experiments are given in Tables 2, 3,
and 9 to 38, inclusive. The calculations were made by the method
already described. In Table 8 the feeds are listed in alphabetical order.

In Table 8 the productive energy calculated from the feeding experi-
ments is given in the column headed “Therms productive energy from
feeding experiments”. The column headed “Therms calculated from
analysis” contains the productive energy calculated from the analysis
of the feed used in the particular experiment, where such analysis is
given, by means of the production coefficients (6, 8). The column headed
“Gain in weight” shows whether the average gain in weight was 10 per
cent or more higher (H) or lower (L) ‘than the gain in the lot used
for the standard.

Two columns give references to the bulleting or reports in which the
experiments were published. The last column gives the numbers of the
tables in which the experiments are given in detail in this Bulletin, if
they are given.

In general it may be said that the results of the feeding experiments
agree with the productive energy calculated from the production coeffi-
cients. There are some unusually high results secured from protein
supplements, especially cottonseed meal. Some of the calculations indi-
cate the need for correcting the production coefficients previously given
for some of the feeds, such as corn fodder, in which case the production
coefficients seem to give too high a productive value. On the whole, the
results show that the productive values coincide reasonably well with
the results of the feeding experiments, and show the usefulness of the
method.
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Table 8. Productive energy in therms per hundred pounds caleulated from feeding experiments with sheep

Therms
productive Therms
Name of feed energy from | calculated Gain in State Bulletin | Table No.
feeding from weight or report
experiments analysis
Alfalfa hay, Siberian (alfalfa 34.5)...... 29.7 29.7 L 5.1, 143 2
Alfalfa hay, second cutting (first cutting
........................... 30.4 35.3 L Wash 170 9
Alfalfa. hav, second cutting (first cutting
........................... 31.3 35.3 M Wash 185uut. vt v
Alfalfa hay, third cutting (first 36.8).. 32.4 29.9 M Wash 170 9
Alfalfa hay, third cutting (first 35. 5) 32.8 29.9 M Wash 185
Alfalfa (clover hay 38.0) 36.4 0 M Ind. 179
Alfalfa (clover hay 35.4)........ 37.0 0 M Mich 136
Alfalfa hay (timothy hay 34.0) . . 42.9 0 H Ohio 245
Alfalfa hay (timothy hay 34.0) . . 45.1 0 H Ohio 245
Alfalfa hay, long (compared with cut
........................... 34.0 0 H Idaho Cir. 19 10
Alfalfa ‘Thay, long (cut 35.4). 37.5 0 H Idaho Cir. 19 10
Average (11) .50 o s riiesin s pin 35.4 Lo 11 e (CRRUR S ok (e SIS F AR ) e FESRERE
Alfalfa, chopped (long 34.5)........... 36.8 0 M Ohio iy {1 [ RERITETI - s
Alfalfa meal (hay 35.4)............... 39.0 0 H Idaho Cir. 19 10
Alfalfa meal (hay 35.4)............... 41.7 0 H Idaho Cir. 19 10
Alfalfa meal (native hay 42.0)......... 42.2 39.6 M Wyo. 89 12
Alfalfa and molasses................. 35.7 0 M Neb. 197 o daghag=:
Isngel beeb. .. ..c...ooo0iiiiianiienn 9.4 0 H Towa 110 33
Mangel beet, caleulated. .............|-ccooceenens | R e [ R
CTITAT PR AR RS R T S 22.4 0 M Mich 136 29
B A LT RW —vo ks bispio 8 il B St 29.6 0 M Mich 136 29
Bean straw, calculated, coefficient soy-
R e e L 17.8
48.9 79.8
57.4 81.7
61.4 0
63.3 80.3
65.6 0
66.4 82.4
66.7 76.0
68.0 0
70.5 82.4
70.8 0
1.1 0
72.2 0
74.2 79.8
74.2 0
75.9 0
77.5 0
77.6 82.4
79.4 0
79.8 0
80.4 77.5
80.7 0
82.2 82.0
86.8 79.5
88.3 0
129.3 0
Average (28) .. ..cooiiiiienen 74.7 e R - O | S I P s
Barloymieal........cco0niieiiciiaens 69.2 82.4 M Wyo. 103 1
BRI DATIoy. .. .. cioiveniveiasaneaonns 51.2 84.3 L Wyo. 89 12
BRI DATIEY. . ¢ oo ciovsvvs e sviinsonses 86.7 84.7 L Wyo e R
Beet pulp, wet............. 8.0 0 L Colo. by e MR
Beet pulp, wet........... > 13.0 7.8 M Colo. D88 L. e saelooi
Beet pulp, wet, average. ............o b YT IR et SR e e
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Table 8. Productive energy in therms per hundred pounds calculated from feeding experiments with sheep

—Continued.

Therms
productive Therms
Name of feed energy from | calculated | Gain in State Bulletin | Table No.
feetjing from weight or report
experiments | analysis
Beet pulp, dried T M Mich. 220 13
Beet pulp, dried 81.8 M Wis. 006 ] . 1 5
Beet pulp, dried 85.6 M Mich 220 13
Beet pulp, dried 89.7 M Mich. 220 13
Average(#).. .. . it lasiiiane 83.7 862 e e o i e S
LR G e Y e SRR R BN (S S RO e b e e e e e N bl
Molasses beet pulp, dried.............. 68.5 61.9 M Colo. b TN SN T
Molasses beet pulp, dried. L 80.0 61.9 M Colo. 268 3 57055 N 800
Molasses beet pulp, dried. . . o4 83.6 61.7 M Mich 220 13
Molasses beet pulp, dried .............. 98.1 61.9 M Colo. 261°AT e
AVCEAPE (4]0 5 ekt 82.6 I e R R s B L S e L LR s,
Cottonseed cake, cold-pressed.......... 100.0 0 H Neb. 173 20
Clover hay, sweet 20.3 0 M Kan. Cir. 109 24
Clover, sweet. .. .. 23.4 38.2 L S. D. 143 2
Clover hay, sweet , . 23.8 0 M Kan. Cir. 109 24
Clover hay. ....... 25.0 29.9 L Ohio 245 16
Clover hay, sweet . . 26.0 0 M Kan. Cir. 109 24
Clover hay........ 26.8 0 H Ind. ATO e e
Clover hay. . .... 27.2 7.1 L Wyo. 8 Py e
Clover hay, red . . 28.6 29.9 M Ohio 245 17
Clover hay . ..... 28.7 0 M Ind. 192 21
Cloverhay. ..... 31.2 0 M Ind. 202 23
Clover, sweet. ....... o 32.5 0 L Kan, £y i ORI
Clover hay, sweet, first cutting 32.8 35.4 M Wash b
Clover hay . 35.9 0 M Ind. 179 19
Clover hay s 36.7 38.1 M Ohio 245 18
CloveR iyl V.o, 22, b S 37.8 0 M Ind. 184 22
Cloveriaweet. et TNV e Wl o o, 41.1 34.5 H Wash 170 9
Average (16).......covnvvnn... 29.9 S I e
Corn, ghoand., 2 28 . Tl ke 79.7 0 M Kan, Cir. 88 i i
Corn, ground (.82 whole)............. 79.3 0 M Neb. 257 38
BOTIIRONE /1% .15 05 bty el it 69.6 0 M Idaho T el
Cermadagens 1oL 0 NE R T 3.0 0 M Idaho Cir. 19 10
Gomitilage, 1o 2 il e e K 4.1 0 L Kan. Cir. 79 26
ComBilage. .. ..o e o) 7.4 0 M Ohio g O N
Cornsilage................ 9.6 0 M Neb. 197 14
Camy silge 300 s T 0.4 0 M Towa 110 33
Carniilage . 111 0 M N oa 47
Comgilage t. S, - N s 11.3 0 M Neb. 211
(Cormraagd o . o 11.6 0 M Ind. 162
Somstiage. 1ol o o e, 11.6 0 M Ind. ' 162
Coenisilage T N {7 13.9 M Neb. 197
Corgliage .. o 1.9 13.9 M Neb. 197
Eoriailager . S BOUk G e 12.0 0 L Ind. 202
Corn silage. . . 12.3 0 L Ind. 202
Corn silage. .. 12.7 13.9 L Neb. 197
Corn silage . 13.8 0 M Neb. 197
Camgilageios. oo s 14.0 0 M Neb. 197
W o DR 16 S R 14 .4 0 M Ind. 162
Biotieailipe N0 5 L e 14.6 0 M Ind. 162
Cornisilage (barn). . ... .. covsoes o 15.2 0 M Ind. 179
COE S lge et e e 16.1 0 M Neb. 197
Cornsilage (barn). . ........oo0ount 16.4 0 L Ind. 192
CornaIage .\ ... Lt 16.8 0 M Ind. 162
Carnailige. & W s e A 16.8 17.1 L S. D. 143
L8 TN e e o e 18.5 0 M Ind. 192
Ehtnallage o Bk e 18.6 0 L Mich 107
BEN mial s 1 So 0 G b Y 19.4 0 M Ind. 162
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Table 8. Productive energy in therms per hundred pounds calculated from feeding experiments with sheep
—Continued.
Therms
productive Therms i y
Name of feed energy from | calculated | Gain in State Bulletin | Table No.
feeding from weight or report
experiments | analysis
Corn sifage 20.2 0 M Ind. - Ll S R o
Corn silage. . 20.4 0 M Ohio : i ikt e e ho)
Cornsilage 20.5 0 M Ind. i E S R
Corn silage. . 20.9 17.0 M Wash. e B S
Corn silage. . 21.4 0 H nd. i) R
Cornsilage. . 21.6 0 H Neb. 173 20
Corn silage. .7 0 M Ind. 179 19
Cornssilage. 21.7 0 L Kan. ) {1 Lol (R Y
Corn silage . 22.3 0 M Ind. R s e
Corn silage . 24.6 0 M Ind. 162 15
| Corn silage. .. 25.4 0 H Ind. 1 140 SR
| Cornsilage 25.9 0 H Ind. 184 22
| Cornsilage. .. 26.7 0 H Ind. 184 22
| Cornsilage. .. 30.9 0 M Ind. ORI tall”
Corn silage. .. 33.2 15.1 H Wash. 170 9
| Cornsilage 35.9 0 H Mo. 115
| Cornsilage 36.8 15.1 H Wash. 170
| Corn silage 41.8 15.1 H Wash. 170
] AVeIago (). T v e 18.4 15.1
Calculated immature............[-......counne 11.0
Calculated well matured.........[............ 15.5
e ftalln ot o R 25.3 0
e T R el S R S A R 32.9 0
D R M R S L 4.4 27.9
| BIOTH stoverts sl L e e 12.0 27.9
‘ i e S e b et M A 15.9 27.9
\ Corn stover. .. 17.1 27.9
| Corn stover. .. 18.5 27.9
‘ ROrD stover. .- .. v e elln s 34.6 0
i Average (0). . o5 ol 17.2 DL 0 IR BT, PSR Wl PHC Aol | fieesall we
‘ Shredded corn fodder. ................ 15.3 37.0 L S. D 143 2
‘ Corn glutenfeed........c..c..c...ui, 75.6 75.5 M Towa O3 (1 ) SR
Corn glutenfeed. ......... .. ... 00 80.0 0 L Kan. Cir. 79 26
Born gluten feed. . .0 .o..vuvvniiilinn 80.2 74.4 M Towa. ' a88 Lsl s
E Kyerage (B)o. 00 ol G 78.6 T L0 k] IO O M [ T W ) it et D
w Cottonseed meal. .................o... 47 .4 0 M Ind. 109 | S soine
\ Cottonseed meal . . i 66.7 0 L Ind. 184 22
1 Cottonseed meal. . 68.5 [1} M Ind. 162 15
Cottonseed meal . . 72.7 0 M Ind. 188 (S ncoes
i Cottonseed meal . . 78.5 0 L Ind. 192 21
i Cottonseed meal . . 79.2 0 M Ind. FO8 < BIEeS S
: Cottonseed meal . . 81.2 0 M Mo. L
- Cottonseed meal . . 85.2 0 H Ind. 179 19
Cottonseed meal. . . 85.2 73.7 H Wyo. 130" S B
Cottonseed meal . . 94.2 0 L Ind. 179 19
: Cottonseed meal . . 97.0 0 M Ind. 162 st e
‘ Cottonseed meal . . 97.3 0 M Ind. 168 (P MR
: Cottonseed meal . . 101.0 0 L Ind. 168 S ST
" Cottonseed meal. .. 106.0 0 M Ind. 192 21
. Cottonseed meal 107.0 0 M Ind. 202 23
' Cottonseed meal 107.2 0 M Ind. 202 23
; Cottonseed meal 108.6 0 H Ind. 179 19
: Cottonseed meal 109.5 73.1 M Wash. 180 P e ek
' _Cottonseed meal 110.2 0 H Ind. 184 22
Cottonseed meal 116.0 71.5 H Wash. 170 9
Cottonseed meal 116.9 0 H Ind. 184 22
Cottonseed meal 117.2 0 L Ind. 202 23
Cottonseed meal 123.0 0 L Kan. Cir, 79 26
Cottonseed meal 123.0 0 H Neb. 173 20
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Table 8. Productive energy in therms per hundred pounds calculated from feeding experiments with sheep

—Continued.
Therms
productive Therms
Name of feed energy from | calculated Gain in State Bulletin | Table No.
feeding from weight or report
experiments analysis
Cottonseed meal . . ......\............ 149.3 0 L Ind. 162 15
Cottonseed meal..................... 170.0 0 H Ind. 162 | el
Average. (26)-. ... ...n. i viins 100.7 0o IR ReRpa o] SIS PR i8] o v [
Onwpien By mnst 0 s b e e 37.4 0 M Okla. Y Tl i o A
IRy N IR e T ey 86.0 | e Okla. £
-
Pagsoisilfge R0 L o 12.0 (e o s AR e B s A
Hay, native, Wyoming................ 19.4 43 .2 L Wyo. B0 LR T
Hay, prairie, South Dakota e 23.3 25.5 L oD 143 2
Hay, native, Wyoming................ 26.7 37.7 L Wyo. 79
Hay, native, Wyoming................ 27.1 0 L Wyo. 51
Hay, native, Wyoming................ 20T 36.7 L Wyo. 73
Hay, prairie, Oklahoma. .............. 28.1 0 L Okla. 78
Hay, prairie, Nebraska 31.1 0 L Neb. 66
Hay, native, Wyoming o 31.8 SV L Wyo. 79
Hay, native, Wyoming................ 39.1 0 L Wyo. 47
AVErage (9). . ovnisis s sl 28.3 2 R L e ey
Homby foed. .o, 5 o s o ol s 83.6 L Kan. Cir. 79 26
Hominy meal 85.4 0 M 1520 o e SR T TR B T
Hominy feed......... 87.5 0 M Neb. 173 20
Homtiny fead ..« i .15y ottt s 87.5 87.2 M Towa 210 “Vrpblls
Averfpei () o4 v s 86.0 (- e [ e e [SE I, O e o] e
TR A R R R 51.7 0 M Kan. Cir. 109 24
Fealip Swholar ot tr s ek e 77.6 0 M Kan. Cir. 109 24
Kafir, whole. . 7.8 0 M Kan. #4014 L P
1 84.1 0 M Okla. P I AR
Kafir, ground 74.3 0 L Okla. I £ i S R
Kafir, groumd 76.8 0 M Kan. Cir. 109 24
ANOERPe (B).l0 s 1« e s 78.1 (IS OMERNEE | B ol e T T e TR
Average Texas Feed Control samples. . .|............ C b S S N R e e e S ) T S
Linseed meal 46.9 73.9 M Neb. G S NS PR
Linseed meal. . . . 52.3 72.2 L Ohio 245 17
Linseed meal . VSR et h T T e M Neb. 847 2 AR SN
Linseed meal. 63.1 73.9 M Neb. 0y A L) SRt S T R
Linseed meal. 63.1 73.9 H Neb. 197 14
Linseed meal 71.9 0 L Neb 66 35
Linseed meal. . .. 76.8 72.2 L Ohio 245 16
Linseed meal. .. 77.2 72.2 M Ohio 245 16
Linseed meal. .. 80.7 0 M Ind. 2ol sl sl
Linseed meal. .. 80.7 73.2 H Towa 180 Ntk
Linseed meal . 80.9 76.5 L 111 260 31
Linseed meal. 81.3 71.4 L TI1. 260 30
Linseed meal. 83.2 0 L Wyo. B aeless
Linseed meal, 83.8 72.2 M Ohio 245 17
Linseed meal. 84.7 0 H Neb. 211 27
Linseed cake. . 85.0 76.8 M Wyo. 89 12
Linseed meal. . . 87.8 0 H Neb. 211 27
Linseed meal.. 93.2 0 L Kan. Cir. 79 26
Linseed meal. . 96.7 73.9 H Neb. 197 14
Linseed meal. . 122.0 0 H Neb. 173 20
Linseed meal. . 4 123.2 0 H Ohio 245 25
Linseed meal. ....... 124.0 0 M Mo. (U T IR PR,
Fiinated meRle o e st 234.0 0 M Kan. Cir. 79 26
S hane, o ) B SO e S 89.1 ML [T et S Sy Lot e e e A ket
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Table 8. Productive energy in therms per hundred pounds calculated from feeding experiments with sheep

—Continued.
Therms
productive Therms
Name of feed energy from | calculated | Gain in State Bulletin | Table No.
feeding * from weight or report
experiments | analysis
Millet hay. ... 22.0 0 L Mich. 136 29
Millet hay... .. ’ 40.9 10 M Mich. 136 29
Milleh (Rrain) b Do s ks s it 79.5 0 M Bl 86 32
MolasEes; GOPR. o svyiisdonilvs vismens 4 43.6 0 H Towa 215 28
Molasses, CRAB. oo, Juine i o nrss s 46.0 0 M Towa 215 28
TR B R e il S R 49.5 0 M Neb. VI ST A
Malagees . . L5t SN S 49.5 0 M Neb. 197 14
Molansealibeat ", ... . o doti oS el 53.5 0 H Towa 215 28
Molasses;beeb .t oo, Sabailiv sl 59.2 0 M Towa 215 28
MEOIRBEOR T ORI 15 i« cion vy lacisis s 7n 505 65.9 0 H Towa 215 28
Molasses, beeb. . ..c........coiooiiinn 76.7 0 H Idaho Cir. 19 10
Molasses, beet. . ............covuennn. 80.2 0 H Towa 215 28
Malassheant 5o i s v - ok aites i 84.9 0 M Ind. 192 21
Molasses, beet. . .......oovviiiiiiian. 92.0 51.7 M Colo. 2B e T o
Average (B s e, D iiaiar oy 1% 1 et W gl SR I 0 i o I S o e D i i A
Molasses, cane, caleulated . ............[............ 54.7
Molasses, beet, calculated. . ...........[............ 52.9
O, I e TR, e e 60.9 0
Onts. 5. . 63.5 0
Oate. .. ne. i 66.0 0
(0 e e e R e R I 66.0 0
8 P SRR G e Ny A A 66.5 0
Qte Gwhole). impal st i Lnae s 67.4 0
Ostaimhole) 2 oo n s it s velle s 67.6 70.9
T S N Y SR R 67.6 0
Oatritwhale)s oo Tl o R e, s 69.2 0
Oalaltwhole) el vl aie s Imt sl 70.1 0
P e e s RS i 71.8 0
8 7T DR e e B L R S 71.9 75.4
T TR LI e P P R 73.5 0
ML 5 v gt s e T 73.9 74.3
A o A B 1T A e O S 74.3 75.4
(54 e i e Ty P s e B ol o 81.5 0
GatesCwhole). RaZ ook et 85.7 71.9
(05T el G PR S0 [T SR e S s 88.8 0
(2 e e B (e B UL e S 89.4 0
Ot e e e e v e 91.2 0
Ryerhpe (200 ... & Boaddhnlas 73.3 73.6
Oat and pea silage 13.8 15.8
Oat and pea silage. 14.1 15.1
Oat and pea silage. . 16.6 15.1
Oat and pea silage. . 16.8 15.8
Oat and pea silage 18.5 15.8
Average (. it o, 16.0 15.5
b T T e s 2o L s RO R 0 24.2
Qat straw. . ... 3.8 0
QOat straw. . ... 8.7 0
Qat straw. . ... 10.8 25.8
Qatstraw....... 11.4 25.8
Qat straw. . ... 13.7 25.8
QOat straw. . ... 15.1 0
Oat straw. . ... 18.4 26.3
Oat straw......... 20.8 0
Oatstraw. ........ 26.2 0
Oatistiawn ™ . i1 . e osshant 26.6 0
Average (10) 15.6 95,6 v st e e sl oY, 2L il e RO
P BRR 0  h d57s 00  Sona  A s s 4. ohecs 55 8 0 L Idaho L i 8
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Table 8. Productive energy in therms per hundred pounds calculated from feeding experiments with sheep
—Continued.
Therms
productive Therms
Name of feed energy from | calculated | Gain in State Bulletin | Table No.
feeding “from weight or report
experiments analysis

Pea hay (Canadian field).............. 12.0 42.0 L 8. D. 143 2
e R I N Mo 38.9 0 L Wyo. @ i a5
BERNY L e e M e 40.3 0 L Wyo. b Rl B
Pea and barleysilage. . ............... 14.2 0 M Ore. 184 =)o
Pea and bald barley silage............. 16.1 0 M Ore. 108 St S
Peanuloanenl: oo el E T 85.7 71.6 M Iowa BBE Y. 3n el
Rl R R e 1 Rl =Y 5.3 0 M Mich. b e
BRant =y L N e B e 8.7 0 M Mich. PR E
BSHERBRENEL. - (i o orsinsi. v a2 3 5 6 0 (S o S B Mich. 3 {1 A0 IR DV TR
o T R R L O P R 8.7 0 L Mich. 107 o6 ooy 0lg
ST 7 S P et e S = s, [ P o ek - E e e, et o B S R R T

i e ) A R L TSR 77.3 0 M Neb. , 256 37

Yo R mNO)0. . o e s e s T 74.1 0 M Neb. 256 37
Bl Average, caloulated.............|............ 2R S o PR o e peans T e

Soy bean oilmeal. .......coviiaircoen 80.5 79.0 L I 260 31
Boy'beanoll meal: . . :c...stvrmameptse 88.0 0 M I, 200 Sl

Bovheanhay. .. /.o iilean. Fraaaliaalon . 25.9 41.7 M 1L 260 31
Soy bean hay . . 26.0 0 M Ind. 296w A

By Deathay.; . .l i e 3ok oo 31.7 34.5 M I 260 30
AWeenme (B). . - v i b e 27.9 g B | £ T R, [Erar i [0 s o e

SO BRRD BULRW. 4 %; il s resiertia 13.0 5.5 L Il 260 31

Soy bean straw. . . 15.0 8.3 L 111 260 30

B0y DEBNBITAW:. . ... s vobivciote 5o e ninvisins 22.7 11.9 L Ohio 245 18
AVRERBE ()= . i in s e 16.9 ol B I e v A e St e B R
Soy beans, whole..................... 49.4 0 M 111, 2081 Wl orin )y AN
Soy beans. ....... - 72.4 0 L Wis. 1081 s
Soy beans, ground. 74.0 0 M Ind. Py 2 T BRSPS

Soy beans, ground 76.4 85.2 L 1L 260 31

Soy beans, ground. 84.2 0 M Ind. 192 21
Soy beans, whole. . 88.0 0 M IlL. D o B SRR

Soy beans, whole. . 89.1 85.2 L 1. 260 30

Soy beans, ground 141.1 0 M Ind. 202 23
AVOeape (B . o lintovn sy 84.4 889 i sk e ) IR Sl o (ST B T
g P RS TR R S 0 B e Kaun. (6,15 L T S )
R Y il e s S IAE e o 53.0 0 L Wyo. SEol e
L R e R 53.8 78.9 L Wyo. s e
Emmer or spelt 61.5 80.8 L Wyo. - o oL o AR

Emmer or spelt 65.6 0 L S. D. 86 32

Emmer or spelt 73.4 0 M 8.1, 86 32
Emmer or spelt 76.0 0 H Colo. e L
Averape-f8). L. ouish Sode ey 63.9 o REE < TN RAREE | ST PR ) BintE oy KT
BURIR IO, . ..\ o ey vioes wieib s wisip 5 ohoio o'n 9.8 0 L Mich. 198 1 omion

T e M A LI 12.5 0 H Iowa 110 33
e I ES S A 13.0 0 L Colo. R O

BHERTBOEE. o lon e s sa s a s 13.7 0 M Neb. 173 20
Average (4). . ..c..i.Saiiivime 12.3 A A o S A o L LT T L BN Py o
Enlonlated et i A e g T I A e | S B T Tt [ DB A e M
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Table 8. Productive energy in therms per hundred pounds calculated from feeding experiments with sheep

—Continued.
Therms
productive Therms T .
Name of feed energy from | calculated | Gain in State Bulletin | Table No.
feeding from_ weight or report
experiments | analysis
Sunflower silage 9.7 8.3 H Wyo. 130
Sunflower silage 12.6 0 M Ore. 198
Sunflower silage 13.4 0 M Ore. 184
Sunflower silage 13.6 8.5 M Mont. 131
Sunflower silage 15.2 9.0 L Wyo. 130
Sunflower silage 23.7 8.3 M Wyo. 130

Average (6)......ccocovnrnsins 14.7 Bab e o e e R
Danlage: St 2l e v e 48.3 0 M Neb 211 27
Timothy hay......... 23.4 0 L Ind.

Timothy hay....... 29.3 0 L Ind.
Timothy hay....... 30.6 0 L Ind.
Timothy hay......... 30.9 0 L Ind.
Timothy hay......... 32.3 0 L Ind.
Timothy hay......... 37.7 0 L Ind.
Timothy hay........... 40.5 0 M Mo.

AVEFREO= LN BIrE 7 e o s aiir s b0 A0 Dty SRR Y] SR s P | S P o RO e L,
Velvet bean feed meal................. 42.8 70.0 M Towa 088, 1
Wheat screenings. . . . 70.8 0 M Mont. 59
Wheat screenings. . 82.7 0 M Mont, 47
Wheat screenings. . 88.3 0 M Mont. 47
Wheat (macaroni). 66.3 0 L S. D. 86 32
‘Wheat (macaroni). 85.3 0 M S. D. 86 32
Wheat (bread) .. 85.9 0 M 8. P, 86 32

eat, whole 67.4 0 M Neb. oLy | T, S e
70.7 0 M Mich 12R RN e
. 0 L Neb. 257 36
72.2 0 L Neb. 257 38
73.0 0 M Colo. 4] e LN
73.8 86.0 M Wash. 185 3
Wheat, whole. .. 75.2 0 M Neb. 256 37
Wheat, ground 75.8 0 L Neb 275 36
Wheat 76.3 0 M Mich 1o Iy
77.0 0 M Mich 128 Il s RO
77.0 0 M Neb. 257 38
77.1 0 M Ore. 198 34
7.4 0 M Neb. 256 37
79.0 0 L Mich. G e
78.5 0 M Neb. P e N
83.3 0 M Mich 128 e
84.6 0 M Neb. 967« 1.7 n SRR

Average (20) 76.3 800 | it feinins oot arany | it e

OAlBatOd L o 5 cin o so e s FRul s sl b BO.BE el e et s ik ol ke S SR
Wheat bran 48.3 0 M Mich 128 I oriithss
Wheat bran 51.7 0 L Mich. 19 R A
Wheat bran 51.9 0 L Mich 187 o T e
Wheat bran 52.2 0 L Mich 106 [ XN e
‘Wheat bran 54.5 0 L Neb. 66 35
Wheat bran 58.9 0 M Mich. TOF S = N
Wheat bran 61.3 0 L Idaho 80 L. s Whs
Wheat bran 65.4 0 M Neb. 66 35
Wheat bran. ... v By d 0 M Neb. 66 35

Average (9) BT .4 - Vi i eatilsawe b Sl el LA e Sl I S

ERIBHATE . o o iy s s e vl e e e o I A L R O o s
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EFFECT OF BALANCING THE RATION WITH PROTEID FEEDS

When the productive energy of a carbonaceous feed is caleulated in
a ration low in protein, and the calculation is also made for a correspond-
ing ration high in protein, the results are higher in the latter case.
Thus, corn stover (Table 16) has a productive energy of 12.0 therms
‘when fed with corn, 18.5 therms when fed with corn and linseed oil meal,
4.4 therms (Table 17) when fed with corn, and 15.9 therms per 100
pounds when fed with corn and linseed oil meal. Millet hay in a ration
without clover (Table 29) had a productive energy of 22.0 therms; with
clover it was 40.9 therms. Oat straw likewise gave higher results with
linseed oil meal (Tables 16,1%7) or clover hay (Table 29), than in
rations containing less protein. Cottonseed meal and linseed oil meal,
when used in such a way as to supply protein to a ration otherwise
deficient in protein, have higher productive values than calculated
ordinarily, as can be seen by reference to the discussion in connection
with these feeds.

The addition of a proteid feed to an unbalanced ration increases the
utilization of the energy of the entire ration. The productive energy of
a feed in an unbalanced ration is lower than it is in a balanced ration.
The measurement should be made in a balanced ration, since in an
unbalanced ration, another factor than the productive energy of the
feed is depressing the results.

A proteid feed added to an unbalanced ration has an effect greater
than its own productive energy, since it increases the utilization of the
other feeds to which it is added.

The productive energy of a proteid feed will be higher when it is
compared in a balanced ration with an unbalanced ration, than when
it is compared in another ration with a ration balanced with some other
proteid feed. The excess productive energy of the supplemental proteid
feed is a real benefit, which should be taken into consideration when
supplemental protein is added. The quantity of the excess will depend
upon conditions, such as the extent of the deficiency of the ration to
which it was added.

DISCUSSION OF THE INDIVIDUAL FEEDS

The feeds are listed in alphabetical order in Table 8. Detailed calcula-
tions are given in tables referred to in Table 8 and mentioned in the
text.

Alfalfa hay. A number of experiments were made with alfalfa hay,
but it was usually used as the standard. Table 8 contains the results
of a few comparisons of second and third cuttings of alfalfa with the
first cutting, and of alfalfa hay with clover or timothy hay. Some
detailed calculations are given in Tables 2, 9, 10, 20, 25, and 29, as
shown in Table 8. The results are about what could he expected, and
agree quite well with the calculated values.

The high productive energy of alfalfa hay (42.9 and 45.1) obtained




Table 9.—Productive energy caleulated from feeding experiments, Bulletin 170, Wyoming Experiment Station.

Alfalfa | Alfalfa
Stand- | hay hay Sweet | Alfalfa | Alfalfa | Alfalfa | Alfalfa | Corn | Cotton | Corn Corn
ard (2nd (3rd clover hay hay hay hay silage seed silage | silage
cutting)| cutting) meal
79 T LR L e o S i T IS R S LN B ) 1 2 3 4 5 6 8 13 10 11 12 9
Average weight, pounds (W)..............ooiiininiiireenns 73.00
Average daily gain, pounds (G) . . ..........cooiiiiiiiiat .246

Dailyfead, POMRAET=00T . . i oo s b d v e st b o 5 e il
Atpliahave (1Ebontting). .\ 3 L s i s et s
Alfalfa hay (2nd cutting)
Alfalfa hay (3rd cutting)
EottogseadineRl T . fo L lin s e S ANA A g
CormElaea- T v s A SR
AT o Gty S S bl e il ] S W e

Productive value, therms—corn (.904)......................
Alfalfa hay (1st cutting) (.868).................coon.
] b T B (€ 6 R ST T e R s B
CBITIBIREE (1:800) . a5 st e 65 5 oo v o Eores v erae

745

Dol Rl RIS el i st ol Bidels o By deans T iaid 1.438
Maintenance therms WX.0085=M........................ .621
Productive value of gain T—M=B......................... b e R L e s o e L [ e ) e I et S R s
Therms for 1 Ib. gain in standard B+G=K.............. ... 22 301 St T e e el Dt NG e el P (i e CEn S O i) i, o I e S E ) TSR
Productive energy of galt KXG=L0 .. (L@ voiiin. ot b dinicfrnvomsss S 780 976 1.169 993 724 731 1.103 1.302 923 1.342
Productive energy of ration M+L=0...................... [..oueen 1.298 1.396 1.586 1.795 1.607 1.318 1.328 1.719 1.944 1.537 1.980
Productive energy of supplement fed O—T=E............... [........ .625 .723 913 579 739 .866| 1.078 .56 o .450 .498
Productive energy of 100 Ibs. supplement = E-~+-wt. feed X 100 |........ 30.4 32.4 41.1 31.6 38.5 39.2 4.7 41.8 | 116.0 33.2 36.8

SINHWISHIXHT HNIAIHA WOTA AALVINDTIVO SAHHd 0 XDUUNIT

L2
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in two tests (Table 25) may have been due to the fact that too high a
productive value (34.0) was assigned to the timothy hay with which
it is compared. The average productive energy calculated from the
eleven feeding experiments is what would be expected.

In the experiment calculated in Table 9, corn to alfalfa were fed in
four ratios, and these were calculated for the productive value of alfalfa.
As previously pointed out, tests of this kind are likely to give inaccurate
values for productive energy, on account of error in the estimated pro-
ductive energy of the other feed. In this case, the comparison can be
made only against alfalfa itself; so these results were omitted from
Table 8.

Chopped alfalfa and alfalfa meal. Tong alfalfa compared with cut
alfalfa, gave in two tests 4 and 8 per cent higher productive energy; in
another experiment it gave 8 per cent less. Detailed calculations for
one experiment are given in Table 10.

Table 10.—Productive energy calculated from feeding experiments, Circular 19, Idaho Experiment Station,

Stand- | Corn | Alfalfa | Long Long | Alfalfa Beet
ard silage meal | alfalfa | alfalfa | meal syrup

Average weight, pounds (W). .................
Average daily gain, pounds (G)................

Daily feed, pounds, barley....................
Long sltala by 0 o e :
T S e,
Alraifs aneali oo o0 . LT
Cormillaga fs. 1% L te
Beehsysud sl fn

Productive value, therms, barley (.760)
Cut alfalfa (.354). .
Alfalfa meal (.354)
Corn silage (.030). . .

K G B T T R S ’ 3 279
Maintenance therms, W.0085=M .......... .701 .699 743
Productive value of gain T—M=B............ LTI i STy il e K ot S I s A e
Therms for 1 1b. gain in standard B+G=K.....| 8.298 |........|........looeoco b e iibee st
Productive energy of gain KXG=L.......... |........ 784 .884 .978 .981 .829 [ 1.005
Productive energy of ration M+L=0..........[........ 1.483 | 1.627 | 1.690 | 1.688 | 1.569 | 1.733
Productive energy of supplement fed 0—T=E..|........ .008 | 1.348 | 1.411 | 1.417 | 1.204 511
Productive energy of 100 lbs. supplement

s Hstewd, Feed SCI008 1% o8 TS s il v 3.0 41.7 37.5 34.0 39.0 76.7

Alfalfa meal gave in one test 3.6 therms, or about 11 per cent higher
value (Table 10) than alfalfa hay; in another test, 6.3 therms, or about
17 per cent (Table 10) ; in the third test, the comparison is made with
native hay and not alfalfa (Table 12). Some uncertainty (Table 10)
is introduced by the use of corn silage in one of the tests, though the
productive value of the corn silage is that calculated from this par-
ticular experiment. If the average of the two tests is accepted, grinding
to a meal would add 14 per cent to the productive energy of alfalfa hay.
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Table 11. Productive energy of feeds calculated from feeding experiments, Bulletin 103, Wyoming Experiment

Station.
Soaked Cracked Barley
Standard | Barley barley barley meal
AR S s G BBl e sl £ 1 2 3 4 5
Average weight, pounds (W) . . 62.95 64.9 62.3 61.7 61.2
Average daily gain, pounds (G). ... .36 .34 .33 32 .33

Daily feed, pounds—corn
DR TR S e L 20
Soaked barley...............
Cracked barley
Barlevimenal .. cod e il
TR e R e et b g T I R e o

Productive value, therms—corn (.822) . ...............
Al M ( Sa0) el e, W e s s

Total thermiSil i .. . . v sz aslitsluns »an s eines
Maintenance therms W.00933=M..................

Productive value of gain T—M=B....................
Therms for 1 Ib. gain in standard B+G=K............
Productive energy of gain KXG=L...................

Productive energy of ration M+L=0.................
Productive energy of supplement fed 0—T=E.........

Productive energy of 100 pounds supplement =E-wt.
e irar [ ety R S R P

P PR o R A e T e R R T

.932 .932 .932 .932 .932

1.524 .932 .932 .932 .932

587 . 606 .581 576 571

QBTN 5.c & ki oo v s 0 [T SR A S S

p ) SR TS ORI S| R A [ e

.......... .885 .859 .834 .859

.......... 1.491 1.440 1.410 1.430

.......... .559 .508 .478 .498
.......... 77.6 70.6 66.4 69.2

Table 12. Productive energy calculated from feeding experiments,

, Bulletin 89, Wyoming Experimen

t Station.

Bald Scotch Linseed Alfalfa
Standard barley barley oil cake meal
DGR O A S I T I VA, s e 1 2 3 4 5
Average weight, pounds (W). ........................ 85.9 85.3 89.2 87.7
JIT. .19 .27 .23

Average daily gain, pounds (G)
Daily f(e)ed, pounds—native hay
n

T Nl B e A e Bl
Paldbaley. .5 G ey

Bentoh Biipleyie) oo 0 il oed e il
13nmeetlio GRKE, - .7 i s s aimd T3 o
AHOIERRITENE 5 st - s ok sl ottt it i s 2

Productive value, therms—native hay (.423)
ISP BRRY 0. s i ve b Bidis ARBp s

Patal extlB'E .. i o is Tl
Maintenance therms W<.0085=M

Productive value of gain T—M=B....................
Therms for 1 Ib. gain in standard B+-G=K.. e
Productive energy of gain KXG=L...................

Productive energy of ration M+L=0.................

Productive energy of supplement fed O0—T=E.........
Prodél(ctli(\)'g energy of 100 lbs. supplement=E-

1.617
.204
85.0

42.2
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Table 13. Productive energy calculated from feeding experiments, Bulletin 220, Michigan Experiment Station.

Dried
Standard Beet Beet molasses Beet
pulp pulp beet pulp pulp
R T 1 e Cnt i e S & SR g 1 2 3 4 5
Average weight, pounds (W)......................... 80.13 82.92 81.68 81.53 82.25
Average daily gain, pounds (G)....................... .330 .348 .329 .343 .332
Daily feed, pounds—cloverhay....................... 1.539 1.403 1.505 1.300 1.400
e e e 728 A2 EORTIRRER ORI L IR, o W5+ RN
PRI, ool S8 e d e Oy C B .364 .185 (7 ROz S T B
Xinggodivaenl . .. f o on i e e ks .182 913 .182 .319 .319
Bt T e o R R e L R R .640 ) PO G .955
Fiviod-wslasseRrhbethinln. o, ool et sl s e el s b LY N,
Productive value, therms—eclover hay (.354)........... .545 .497 533 460 .496
301 P M R R S e 600 3111 4 IKCCRR (1 Rmarn ot 9 <5 e
Bron(-488). ... ... .178 .090 SHEBE S L R R IR
Linseed meal (.780) 142 070 142 250 250
DotaldhermE T o) o . (e vavs Doy 1.465 958 853 710 746
Maintenance therms WX .0085=M................... .681 705 694 693 699
Productive value of gain T—M=B.................... TGAL L i e LA R N L A R S
Therms for 1 Ib. gain in standard B+G=K. ... : A% RN PSP BT STV o o] LR IR
Productive energy of gain KXG=L...................[.......... 827 782 815 789
Productive energy of ration M+L=0.................[.......... 1.532 1.476 1.508 1.488
Productive energy of supplement fed 0—T=E . QG ¥\ P 574 .623 798 742
Productive energy of 100 lbs. supplement=E
X 100 89.7 85.6 83.6 7.7

The correction of the productive energy for grinding used in previous
work was 0.318 therms for each per cent of crude fiber (6). The results
of the feeding experiment with sheep would indicate that the correction
is too high, and should be about 0.488 therms instead of 0.318. According
to Henry and Morrison, page 271 (9), chopping alfalfa hay may increase
its value for fattening cattle or sheep 15 to 25 per cent. This probably
includes the reduction in loss by waste.

Beets—mangels. The value (Table 33) secured from the feeding ex-
periment is about 50 per cent greater than the value calculated from the
average analysis of Henry and Morrison (9) and the previous produc-
tion coefficients, but one experiment is not sufficient to justify correction
of the production coefficients, especially as the comparison had to be
made with mixed hay, of uncertain productive energy.

Bean straw. The value secured from the feeding experiment is much
higher than the value calculated from the average analysis (9) with the
production coefficients for soy bean straw previously used (8). The pro-
duction coefficients for soy bean straw are probably low. To judge from
the experiments (Table 29) the comparison is correctly made. Corrected
coefficients are given in Table 39.

Barley. Detailed calculations with experiments with barley are given
in Tables 3, 11, 12 and others as shown in Table 8. The productive value
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of barley as found in the various tests varies widely, from 48.9 to 129.3.
The average productive energy from 25 tests is 74.7 therms compared
with 80.3 therms calculated from analyses made for eleven tests using
the previous production coefficients. This is a deficiency of 7 per cent.
In view of the many experiments, a change in the production coefficients
appears justified and is given in Table 39.

Beet pulp, wet. The results secured with the feeding experiments are
variable, and somewhat higher than those calculated.

Table 14. Productive energy caleulated from feeding experiments, Builetin 197, Nebraska Experiment Station.

Corn Corn Linseed | Linseed
Standard silage Molasses silage oil meal | oil meal
Ti0k N Ohr . ot e, S i 2 3 4 5 6

Average weight, pounds (W)............... 67.71 68.21 69.46 (8.58 71.50 70.32
Average daily gain, pounds (G)............ .331 347 .367 .357 .403 .397

Daily feed, pounds—shelled corn........... 1.20 1.18 1.23 1.16 1.31 1.21
Nolapaes o) ome bt iriata o8 [ BB A 2| (e .095 0961 - i S SRy S die 40
AHBIRe S s Sl IR N S 0 R .095 095Y. . o e S

Linseed oil meal. .. .. AN, RS ST AP RS ] yriole, S o .16 .15

Cornsilage......... oo IR o o S0 L N e L% L ase. Sl 1.21

LS T MRS e ) e 11 .87 1.08 .81 1.11 .79
Productive value, therms—shelled corn (.822) 986 970 1.011 954 1.077 .995

Molasges (BT0Y L5 e s U000,
Alfalfa (.345).. ...
Corn silage (.100). ..
Alfalfahay (382)L oo . T ven

Total therms T i A y ; - .
Maintenance therms W.00933=M....... .632 .636 . 648 . 640 . 667 .656
Productive value of gain T—M =B........ By 2 RN IOTR RN Gl RO T e
Therms for 1 Ib. gain in standard B+~G=K.. P L7 R e ) OSSR AR i el o st S
Productive energy of gain KXG=L........ 758 .802 .780 .880 .867

Productive energy of ration M+L=0

Productive energy of supplement fed O—T
................................. 135 047 .110 .101 .145

B:ewhioed YXH00w., o bt B e i 1.7 49.5 9.7 63.1 96.7

Beet pulp, dried. Detailed calculations of one of the experiments with
beet pulp is given in Table 13. Other variables than the dried beet pulp
are present and in this respect the experiment is not a good basis for
calculating the productive energy. The four results in Table 8 are all
higher than those calculated from the production coefficients. The
average calculated from the feeding experiments is 83.7 therms per
hundred pounds while that calculated from the production coefficient
is 66.2. This is a deficiency of 26 per cent. The results appear to
justify a change in the production coefficients but more tests are needed
in which heet pulp is the only variable. The corrected production co-
efficients are given in Table 30.

Molasses beet pulp, dried. This feed is composed of dried beet pulp
and molasses. Like the dried beet pulp, the productive energy calculated
from the feeding experiments are higher than those calculated from the
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production coefficients. One calculation is given in Table 13, in which
test there are too many variables.

Clover hay. The productive energy for clover hay calculated from
the feeding experiments varies from 20.3 to 41.7 with an average of 30.7
therms per 100 pounds for the nineteen tests. Detailed calculations are
given in Tables 18, 19, 22, and others cited in Table 8. The variations
are wide but there are no doubt wide variations in the composition and
quality of clover hay. The results are about what might be expected,
considering the variations in the composition of the hay, and the sources
of error in the feeding experiments. The average productive energy in
the seventeen tests is lower in seven tests than that calculated from the
analysis and previous production coefficients, and with one exception,
the value found is lower than that calculated in the individual tests.
The average values would indicate that the production coefficients may
be about 10 per cent too high. (See corrected coefficients, Table 39.)

Table 15—Productive energy calculated from feeding experiments, Bulletin 162, Indiana Experiment Station.

Corn Corn
Timothy| Cotton- | Stand- | Cotton- | Corn silage | silage

ay seed ard seed silage | (once | (twice
meal meal daily) | daily)
BB A e N O S | TR s 1 2 3 4 5 6 7
Average weight, pounds (W).................. 64.4 68.9 70.8 71.6 71.5 1.2 7.7
Average daily gain, DOuRAB ). ks e .198 .294 827 .343 .342 .334 .339
Daily f(@)ed pounds—shelled corn. . ............ 1.008| 1.055( 1,118 1.055| 1.118| 1.055| 1.055
................... s 6 ¢
Cottonseed meal. .
Clover hay.......
Timothy hay. ..
O RIREB . o LTS cviion b A albisBis 24
Productive value, therms—shelled corn (.822). .. .829 .867 919 .867 .919 .867 .867
0 T G PR R el

Cottonseed meal (.717)
Clover hay (.354)... ... g
Timothy hay (.310)...................

o VI T Oy R
Maintenance therms WX .0085=M.. !

Productive value of gain T—M =B R, L
Therms for 1 1b. gain in standard B+G=K... |........[........ R AT
Productive energy of gain KXG=L......... 512 Rl 1) Ch .886
Productive energy of ration M +-L=0......... 1.059] 1.346]........ 1.495
Productive energy of supplement fed O—T=E. . .194 R U | o ©.100 .197 1171 .208
Productlve energy of 100 lbs. supplement =
oWk FoedCT00. . o vn o G fE o R T st 241005 | 10BN 68.5 24.6 14.6 19.4

Ground corn. The evidence of these two tests (Table 8) is that grind-
ing the corn did not increase its productive energy for sheep.

Corn silage. The productive energy of corn silage, calculated from
the feeding experiments, varies from 3.0 to 41.8, with an average of 18.4
therms per 100 pounds for the 44 tests. Many of these experiments given



Table 16. Productive energy calculated from feeding experiments, Bulletin 245, Ohio Experiment Station.

Linseed Linseed

Clover Oat Corn oil oil Oat Corn
hay Standard straw stover meal meal straw stover
R T e e T N e e e | 2 3 4 5 6 7 8
Average weight, pounds (W). .. 70.04 77.04 68.03 68.43 76.67 77.95 72.04 72.73
Average daily gain, pounds (G) 332 372 220 .258 339 387 2.47 308

Daily letd, POUNIS, GOTH. . . v v v o vinnwsdisvnn
inseed oil meal..

Alfalfa hay......

S R A e R S T

USORBIRYRE | o0 Lo, o it 4s aie shs e mials

S e R R S R s Pl e
Productive value, therms, corn (.860)........... 1.066 1.049 .972 1.006 .890 .890 .890 .890

TANECert 01  THBRL [L737) . - % oo v oo g siston |ssctatate ool iaiataie s 5o he oim oo v alaisfowpie s slois s B sraais S v blie &0 vtk aiosniars 1563 153

AT NI G U T ST RN b (RN (e M g PASR Yo T e i s i ey N B 50 o e B peghetaas o 7

CIONERIR AT C DN o s o iy o o il S s o o oty 8 o [l O as o e s s o w5 e » LOABM. rvie Losll N8 aaEE W R S

Totalthetng T, . ..o Lol nils 1.066 1.473 .972 1.006 1.238 1.355 1.043 1.043
Maintenance therms, W X.0085 =M. ........... .595 .655 ,578 .582 .652 .663 .612 .618
Productive valueof gain T—M =B............. |.......... P L R TS G PSRRI bOheiale! SO i Y e B o s MU | (R
Therms for 1 1b. gain in standard B+G=K.....|.......... o 56T T MO e i (I A o, AP b (AR T e el e e e
Productive energy of gain K XG=L............ 5 <1 [ e S .484 .567 .745 .851 .543 .677
Productive energy of ration M4+L=0.......... F880 b sud . 1.062 1.149 1.397 1.514 1:1556 1.295
Productive energy of supplement fed O—T =E. .. B0 I R .090 .143 159 .159 112 252
Productive energy of 100 lbs. supplement =
EwE feed XI0D. i o veansinagiinnes s or (TR A I 8.4 12.0 76.8 77.2 10.8 18.5
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in Table 8 have a productive value near the average. A few give very
low values, while a few others give very high values. Some details are
given in Tables 2, 10, 14, and others. In some of the experiments with
corn silage, the animals seemed to take a greater fill than on the
roughage, which would, of course, increase the apparent gain in weight
and give too high a productive value. There is also a wide variation
in the composition of corn silage. The calculated productive energy per
100 pounds of immature corn silage, Henry and Morrison’s average, is
11.03 and for well matured corn silage it is 15.48, but the maximum
and minimum vary considerably from these figures. The Towa Experi-
ment Station (Bull. 210) gives an analysis which calculates to a pro-
ductive energy of 29.93. No change in the production coefficient for
corn silage seems to be necessary.

Corn stalks. These have a higher productive energy in the one experi-
ment (Table 29) than would be expected. The comparison was made
with alfalfa. The production energy was higher in the test in which it
was fed with clover hay (32.9) than when it was fed alone (25.3).

Corn stover and corn fodder. Seven calculations from feeding tests
with these materials are given in Table 8. Detailed calculations are
given in Tables 2, 16, 17, and 18. With one exception, the productive
energy for corn fodder or corn stover, calculated from the feeding test,
is much less than that calculated from the analysis and production co-
efficients previously used. The average calculated from the six feeding
tests is 17.2 therms compared with 27.9 calculated from production
coefficients, a deficiency of about 38 per cent. It is a question how much
of this difference is due to a low productive value of the feed consumed,
and how much due to waste in feeding, or refusal of the animal to eat
the feed. The production coefficients are based upon the digestion co-
efficients for feed eaten. Waste in feeds is a separate consideration,
and should be allowed for separately. The calculated productive energy
is higher when it is fed with linseed oil meal and corn than when it is
fed with corn alone (see Tables 16, 17), increasing from 12.0 to 18.5 in
one case, and 4.4 to 15.9 in the other. Corrected production coefficients
for corn stover and corn fodder are given in Table 39. Since some of
the tests were in unbalanced rations, the factor 0.75 was used instead

of 0.62.

Corn gluten feed. The productive energy calculated from the feed-
ing tests was about what was expected. A detailed calculation is given
in Table 26.

Cottonseed meal.  The productive energy of cottonseed meal was
calculated from 26 tests with sheep, as given in Table 8. Details of
gsome of the calculations are given in Tables 9, 15, 22, and others, as
listed in Table 8.

One of the tests gave a low productive value, and a number gave
values about what would be expected, but most of the experiments gave



Table 17. Productive energy calculated from feeding experiments, Bulletin 245, Ohio Experiment Station.

Linseed Linseed
Clover Oat Corn oi oil Oat Corn
hay Standard straw stover meal meal straw stover
Tt o O i s sl S T O et i 2 3 4 5 6 7 8

Average weight, pounds (W)...................
Average daily gain, pounds (G)................

Dailyfeed DODMAR COTTI « o s n vt seia s 3o iaig = B30 0
pnseedsalbmneal. - e s e

S L S B e S

Clover hay.

Corn stover

BT EENAW, 5. acte w125k wsn e

Productive value, therms, corn (.860)
Linseed oil meal (.737)
Alfalfa hay (.314). ..
Clover hay (.286).......

Totaltherms T .. ... .o.%. . e
Maintenance therms W X.0085 =M.............

Productive value of gain T—M =B.............
Therms for 1 1b. gain in standard B +G =K. . ...
Productive energy of gain K XG =L

Productive energy of ration M +L=0..........

Productive energy of supplement fed O—T =E. ..
Productive energy of 100 lbs. supplement =
Birewhtfead @100 7 w5 S XV din v e ol

11.4
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high results. These high results were secured with small additions of
cottonseed meal, when a small difference in gain would make a large
difference in productive energy, but the fact that the results are con-
gistently high, indicates that they are not due to errors. The average
productive energy in the 36 tests on sheep was 100.7, compared with
72.8 calculated from the production coefficient, or about 49 per cent
excess.

Table 18. Productive energghcal%ulated froms feeding experiments, Bulletin 245,
io Experiment Station.

Soy
Corn bean Clover
stover straw hay Standard
b 173 b Ul S G p e R R e 3 2 3 4
Average weight, pounds (W)................ 81.96 83.04 85.82 85.38
Average daily gain, pounds (G)............. .259 217 .359 .329
Daily feed DoundS;  COPH. . . ...\ uvis comanes 1.15 1.15 1.38 1.34
ahgeed gl meal . .. .o L . .23 At Sl | B R SR ISR
T R R e e N P A o [ e T BN T 1.35
T A e o e e e j 0 e e e e
BT R S g e T o o St S b St b o i e s i
SOV EEANESETOWS . o 7 o orsaia o aietathe s |16 sl T nce Sosa I { Rl e e Sl S e
Productive value, therms, corn (.860)........ .989 .989 1.187 1.152
Lanseed mealiCI87) i o s s naie o mben .170 T O T, e o Bt e o e
VB AR TR L e RN i | PRI O e oo BRI .424
Total thermas i1, ., o 4850 v b ohiis, & 1.159 1.159 1.187 1.576
Maintenance therms, W X.0085 =M. ........ 697 .706 .729 .726
Produetive-value-of gain T—=MEsBir 0. coole ovvov oo s sonanvsolinmsonssed .850
Thermzfor'11b geininstandard B +G=K...[..........|. .. ccooi i eiinnsend 2.584
Productive energy of gain K XG=L......... .669 .716 28 L e
Productive energy of ration M +L =0....... 1.366 1.422 L e el e
Productive energy of su(}))plement fedO—T =E, .207 .263 FATOREIO T o o
Productive energy of 100 Ibs. supplement
wBEAwt. feed X100, . .....vnmvonaecesns ) (% & 22.7 oLy R S S )

It appears probable that the supplementary action of the protein in
cottonseed meal either increases the digestibility of the mixture or the
capacity of the animal to utilize the productive energy of the other
feeds, or else it decreases the maintenance requirements of the animals,
perhaps by making them more quiet and less restless, so as to leave more
of the productive energy of the feed to be used for productive purposes.
In either case, the net result is that cottonseed meal added in small
amounts to supplement a ration, has an effect upon fattening higher
than its own productive value. This effect may appear not only when
the cottonseed meal is fed with roughage low in protein (Table 15) but
also when it is added to a ration containing alfalfa and corn silage
(Table 26) or clover hay and corn silage (Tables 19, 22). It occurs
only when fed in moderate amounts; when fed in large quantity, the
productive value is lower and apparently the same as that calculated
from previous production coefficients (Table 19, Lot 8).



Table 19. Productive energy calculated from feeding experiments, Bulletin 179, Indiana Experiment Station.

Corn
Cotton- Clover | Stand- Oat silage | Cotton- | Cotton-| Corn
seed Oats hay ard straw (open seed seed silage
meal shed) meal meal (barn)
E T [ R e R SRRl ey N W el 1 2 3 4 5 6 7 8 9
Average weight, pounds (W). .. 70.9 75.2 75:3 74 .2 70.5 74.8 76.6 76.6 74 .1
Average daily gain, pounds (G) .24 .334 .344 ) & .241 .333 .374 .365 .315
Daily feed sponnds; SheHet CoTn N i i the wiehis Sneriosiy .88 s ) 115 1.08 .89 p IRy} 1.03 .95 113
I N e P R R b o .07 .45 07 .07 .07 .07 L0 .07 .07
Clottonsepd aien] i T T e T e e 1 pRGEReT R S S R N e s e .14 P e
BTN o e i e 1.80 5T P [ A 1.60 Trz2l; 1xa2 1.22 1.22
3 T T R R e T R .04 1.06 b 5 IR G O 1.04 1515 1.15 1.05
NLEE e R i e e s s S T oF S e £ L&t e P e o R e R e e e
(B3, B et R0 s SN e s T o Sl [ RTERSS - e e T AN R o e e | R
Productive value, therms, shelled corn (.822)............ .723 .649 . 945 . 888 L7132 .912 847 .781 .929
8 A o e 0381570558 038 038 .038 .038 038 .038 .038
Fotlomsaedimealr 6 717) . s s e e e L e e e e 0, =1 IR PR PRl i SRR A0N SRS T
COPRRIAROREADO Ny, n’ . 1, e e e o g .396 11 ) PR el Dy Sl SBB20 e e .268 Y2681, . ¢ Sas
(ke sren Rl T RS e S S e 014 SCA) REERE S A B T e R S .368 .407 .404 372
L T O T S N e e TR e e R ] Bt 3 5] I SO T e S - | || S
oAl erms g S e e N I 1.171 1.290 .983 1.5H19 1.215 1.318 1.560 1.491 1.339
Maintenance therms, W X.0085=M............ ...... .603 .639 639 .631 .599 .636 .651 .651 .630
Eraductive yalue of gain T-~M =B. .. .. ... . 0.0 o P vvons s vesvesile oo 221001 (ST IESE SR L Pcn., A (R
ihermsiperel. Ibigaintin:standard B +G =K .. % oo e el Sl % RIS WS O AT S
Productive energyof gain K XG=L...............,... .681 .948 2t L o] S R .684 .945 1.061 1.036 .894
Productive energy of ration M+L=0................. 1.284 1.587 i 63 S 1.283 1.581 1.712 1.687 1.524
Productive energy of supplement fed O—T =E.... ... .. 13 .297 RS e i .068 .263 w1052 .196 185
Productive energy of 100 lbs. supplement =E +wt.
L e e T o 94.2 66.0 b3 15t el | RPN 1651 217 108.6 85.2 15.2
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Table 20. Productive energy calculated from feeding experiments, Bulletin 173, Nebraska Experiment Station.

Cold-
Cotton- | pressed A f
Standard| Corn 0il seed cotton- | Prairie | Hominy| Sugar | Alfalfa
silage meal meal setl*,(d hay feed beets hay
cake

Average weight, pounds (W)..........................
Average daily gain, pounds (G).......................

Daily Ieed ipOuR@BREOTN., .« « t0 v s 5 e s o7 eun o0 5 5 Siare i
T AT R S R R

0T 1 G DR SR S RN A S B
BRI i e e Tt Pt
Bere iR o L L S T s e
A A R O A e
R S e A R B

Productive value, therms, corn (.822)..................
OHlnealGGIRON ol ah sy o s o et e
PR R TR e e SR

Productive valueof gain T—M =B....................
Therms for 1 lb. gain in standard B +G=K............
Productive energy of gain KXG=L...................
Productive energy of ration M+L=0.................

Productive energy of supplement fed O—T =E...... . ...
Productive energy of 100 lbs. supplement =E +wt.
BN NN, o Sl b s e i % S R e e Yk e

NOILVLS LNHWIIAIXHT TVIALTADIYOV SYXHEL ‘987 'ON NILATING




Table 21. Productive energy calculated from feeding experiments, Bulletin 192, Indiana Experiment Station.

Cotton- Cotton- | Ground
seed |Molasses| Clover [Standard| Oat Corn seed soy Corn
meal (cane) hay straw silage meal beans silage
7 S O TR o e S A S R IRl 1 2 3 1 9 6 2 8 9
Average Weighi. pettndn (W Us 0 T s S e 64.9 69.0 68.4 69.1 64.7 68.7 68.6 68.4 68.2
Avcragc daily gan s poRnds (G, -0, 5 0 iul e e i s .175 .256 .240 .26 172 .247 .252 .24 .239

Ground soy LY e R T T W, TR AT
Molasses (cane)
Corn silage
Clover hay
Alfalfa hay
R R e e S R e

(35300 (1057 1) e 5 e T o SRR P RO (P S
Cottonseed meal (.990
Corn silage (.170). ...
Clover hay (.290. .
Alfalfa hay (.345). .

Total therms T .
Maintenance therms, W X.00¢
Productive value of gain T— B,
Therms for 1 1b. gain in standard B +
Productive energy of gain K XG =L

Productive energy of ration M+L=0.................
Productive energy of supplement fed O—T =E..........
Productive energy of 100 lbs. supplement =E +wt.

feed X100

106.1

16.4
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A similar high supplemental value is observed in some experiments
with linseed oil meal (Table 9) and with soy beans, but it does not
occur in so many of the feeding experiments here reported as with cotton-
seed meal.

The supplemental value of cottonseed meal varies so it does not seem
to be advisable to give corrected production coefficients for cottonseed
meal when it is used to balance a ration.

Hay, native or prairie. The productive energy varies from 19.4 to
39.1 therms. These results are approximately what could be expected.
Native hay varies so much in composition and constituent grasses that
it is difficult to decide on the digestion coefficients or production co-
efficients to be used for the particular hay. On an average of the eleven
tests the productive value of the native hay was about ten therms lower
than the value calculated from the assumed production coefficients, which
is about 30 per cent. If digestible nutrients were used, the discrepancy
would be still greater.

Hominy feed. The productive energy calculated from the results of
the feeding experiments with the sheep, check with the productive energy
calculated from the production coefficients. The average of the four tests
agrees quite well with the calculated result from the analyses. Detailed
calculations are given in Tables 20 and 26.

Kafir, grain. There seems to be little difference in the productive
energy of the ground and the whole kafir. The average productive
energy agrees closely with the value calculated from the production
coefficients.

Linseed meal. TLinseed meal, like cottonseed meal, gives a higher
productive value in many of the feeding experiments than would be
expected from the calculated value, no doubt due, as with cottonseed
meal, to the supplemental value of the protein. The difference is not
so great as with cottonseed meal. The average productive energy cal-
culated from the 24 feeding experiments with sheep was 88.3, while
calculated from the production coeflicients it was 73.6, a difference of
14.7 therms or nearly 20 per cent. The average difference with cotton-
seed meal was about 40 per cent.

Millet hay. There is a wide difference between the results calcu-
lated from the two tests in the same experiment (see Table 29). The
difference is due to supplementing the ration with clover hay. The pro-
ductive value without clover hay was 22.0 therms; with clover hay it
was 40.9 therms.

Molasses. The productive energy calculated from the feeding experi-
ments in four tests is approximately the same as that calculated from
the production coefficients, in two tests it is materially lower, while in
five tests it is materially higher. The average is about 17 per cent higher
for the feeding experiments than for the calculated. It seems that a



Table 22. Productive energy calculated from feeding experiments, Bulletin 184, Indiana Experiment Station.

Cotton- Cotton- | Cotton-
seed Oats Clover [Standard| Oat Corn seed seed Corn
meal hay Straw silage meal meal silage
{ ST AN R B b e i e e Sl e 1 2 3 4 5 6 7 8
Averagdesweight, pornds (Wi .5 i el S T 66.6 70.5 70.3 69.5 70.1 71.3 1.7 72.2 v |
Average daily gam, pounds (G).......c.coiiiuivves oo .256 .307 .304 .286 .301 .327 +335 , 35! .324
Daily feed, pounds, shielled BOIN Ji i Rt o i h Bt o bl . 846 .640 1.028 1.028 .903 1.028 .903 .840 1.028
....................................... .053 .360 .053 .053 .053 .053 1053 .053 053
Cottonseed S ALE S s o % it alists wrsed e B sl o2 it R o RIS (R oae 51 2 PR o0 < A .128 BT (s e e
OB geR VS S0 s s b e e S e g 2.170 BRI 1.880 1.380 1.380 1.380 1.380
T T B e g T O e o R .040 1.030 RSN s .020 1.120 1.120 1.120 1.120
A A hat 2 T e M | e g e TR e SR R il £ e 1 o a i et | P [ SR LS s
(6T s oAt g A g i £ N S LR SR s o R (v | B e B LAt et RGO e i L R il e R e AR
Productive value, therms—shelled corn (.822)........... .695 .526 .845 .845 .742 .845 .742 690 .845
et I TR AR S S e S e .029 .029 .029 .029 .029 .029 .029
(oS oy ooy et W0 0 U B i aaets RS weaikt. SCimmw il Sl (S0 i i, [t il TR ot L e e R el o et i S, L
Gornlage=CAB) L, L ol s s s el e el e .564 et e e S T RS e 3569 Rt | R
Glaver BB CBB2YI . . ot o ooy Wt 3 st .014 05 S S S o .007 .394 .394 .394 .394
AR TR BB i T S T ay s i RS ettt Bl ey o oty (e i e . | PR S e i e T
y g VBT i DN SR R P 1.302 1.248 .874 1.498 1.408 1.268 1.524 1.472 1.268
Maintenance therms, W X.00933 =M. ................. .621 6568 .656 .648 .654 .665 .669 .674 .663
Produetive valtte of gain T- NI =B . ..o vt cdio o o ot e e s v oo, T e e L e o ety
Therms for L1bgain instandatd B-G =K. ... . .00 b et o oo cnbie o] v ibs b s R A e e e e e
Productive energy of gain KXG=L................... .761 912 S0Rk. . o .895 .972 .996 1.040 .963
Productive energy of ration M+L=0................. 1.382 1.570 T=B09 . s 1.549 1.637 1.665 1.714 1.626
Productive energy of supplement fed O—T =E....... ... .080 322 S T R 141 .369 .141 .242 358
Productive energy of 100 lbs. supplement = wt.
U R T RS G DI R S 66.7 89.4 BES ) aniti- 26.6 26..7 110.2 116.9 25.9

SINFWISAIXHT HONIAHTI WOHA ILVINDTIVD SAIdd A0 ADUUNH
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Table 23. Productive energy calculated from feeding experiments, Bulletin 202, Indiana Experiment Station.

Cotton-
seed Shorn
Corn (Shorn | Clover |Standard| Corn meal | Cotton- | Ground and
silage lambs) hay silage (clover seed S0y fed in
every meal beans barn
5th day)
T DU m. Lt e T D e e 1 2 3 4 3 6 7 8 9
Average welght, pounds (W o oo ii ioas fas o enies it otk 68.8 77.0 76.4 77.1 76.9 74.0 77.8 7.3 758
Average ‘daily gamipounds (G) . 5 . vn oo b o o kb .145 .281 .287 .305 .288 238 .304 29, 276
Daily feed, pounds, shelledcorn....................... 805 916 1.044 1.064 1.075 949 977 916 916
e o Ml T w . [ R o .050 .048 048 048 .048 048 .048 048 048
Cottonsead meale i, 5m wivr s ot i o 2e s ai + XIS BN e s b o o sl 134 O 7 21 Wi A 129
GOURH SR BOANE, 10 s e v e a4 o Yot i Lo o Lo LRI S Ll S A e s el e e e, L 241 A
GO AEAROS 25 %0 Sl e b gl i M e T 1.922 (i T | RS 1.401 1.792 1.426 1.356 1.50
CloNer MaY. Al TR L G s e .038 1.157 r o ] Eraeeiied BN 231 987 961 1.045
Alfalfachar, S0 ol 08 T U o s s e A b s e e e 1.594 O PR TRl SRS e
Productive value, therms, shelled corn (.822)............ .662 <7153 .858 .875 .884 .780 .803 D3 .753
(825 A T R e N S R i DS AU e . E

Cottonseed meal (.717)
Corn silage (.120)
Clover hay (.310)
Alfalfa hay (.345)

TOSAIERG ISR, 05 il e (A e e .782 1.410 .884 1.451 1.238 1.093 1.306 1.240 1.375
Maintenance therms, W X.0085 =M. .................. .585 .655 .649 .655 .654 .629 .661 .657 642

Productive value of gain T—M =B....................
Therms for 1 1b. gain in standard B +G =K
Productive energy of gain K XG =L

Productive energy of ration M +L =0

Productive energy of supplement fed O—T =E..........

Productive energy of 100 lbs. supplement =E +wt. feed
MO0 s A R LR LR L R 7.} Wb B0 Plaee (IGH S0 12.0 117.2 107.2 141.1

(a4

NOILVLS INIWIYHIXH TVINLINOIIHV SVXHAL ‘967 'ON NILIATING



ENERGY OF FEEDS CALCULATED FROM FEEDING EXPERIMENTS 43

higher productive value is justified, and a change in the production
coefficient is made, as given in Table 39.

Oats. The productive energy calculated from the feeding experiment
on an average agrees well with that calculated from the production
coefficients. In the 20 tests, the productive energy calculated from
the feeding experiments averaged 73.3 therms, while the value calculated
from the production coefficients was 73.6 therms, or practically the
same.

Silage, oat and pea. The productive energy calculated from the feed-
ing experiment agrees well with the productive energy calculated from
the production coefficients. The average productive emergy calculated
from the five tests with sheep was 16, compared with 15.5 calculated
from the production coefficients.

Table 24, Productive energy calculated from feeding experiments, Circular 109, Kansas Experiment Station.

Sweet | Sweet | Sweet
Stand~- | Whole | Ground | Kafir | clover | clover | clover
ard kafir kafir heads hay hay hay

Average weight, pounds (W).................. 75.16 | 74.67 | 73.20 | 76.66 [ 78.26 | 75.16 | 74.39
Average daily gain, pounds (G)................ .36 .34 .34 .34 .36 .34 .36

Daily feed, pounds—shelled corn. ............. B30 . nsieilodon ensifon wastess 1.29 1.29 1.29
Wholekafit.., . cinie.es s b 1.30

Sweet clover hay
Alfsa bay......c.......ui 5
(T TS S R e D

Productive value, therms—shelled corn (.822) 3008 i s Wl s 1.060{ 1.060] 1.060
Cottonseed meal (.717) . ’
Alfalfa hay (.345) . .
Corn silage (.103) . .

Total therms T........... e 1.629 .561 .559 ;) s o s
Maintenance therms W<.0085=M............ .639 .635 .622 652 .665 .639 .632
Productive value of gain T—M=B............ Y0001 Ll e ks ae s fe s an ekt el Sl PR
Therms for 1 1b. gain in standard B+G=K.....| 2.750|........ c.cccc.o]oveeeinloaeieiafoniiniifiiiienas
Productive energy of gain KXG=L...........|........ .935 .935 .935 . 990/ .935 .990
Productive energy of ration M+L=0..........[........ 1.570] 1.557| 1.587| 1.655| 1.574| 1.622
Productive energy of supplement fed 0—T=E. .|........ 1.009 .998| © 1.060 .342 .390 .562
Productive energy of 100 lbs. supplement

IO PRORINC IO, Lo uli el caie vt b oinmis 77.6 76.8 51.7 23.8 26.0 20.3

Oat straw. The productive energy calculated from the feeding
experiments varies widely, from 0 to 26.6 therms per hundred pounds,
but is on an average lower than that calculated from the production
coefficients. The average of the ten tests with sheep was 15.6 therms
per 100 pounds, while that calculated from the production coefficient
was 25.6 therms, a difference of 9.1 therms, or about 35 per cent. How
much of this is due to failure to eat the straw cannot be stated. Higher
production values were obtained when linseed meal (Tables 16,17) or
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Tab le 25. Productive energy calculated from feeding experiments, Bulletin 245,
hio Experiment Station.

Linseed
ol Alfalfa Alfalfa
Standard meal hay hay
Lot N0t 'S L el Ll s 2 gl 1§ 2 3 4

Average weight, pounds, (W)...............
Average daily gain, pounds (G) . . ...........

Daily feed, pounds, corn
inseed meal

Timothy hay

Alfalfa hay

Productive value, therms, corn (.860)
Linseed meal (1.232)
Timothy hay (.340)

Productive value of gain T—M =B........ ..
Therms for 1 1b. gain in standard B +G =K . .
Productive energy of gain K XG =L

Productive energy of ration M +L =0.......

Productive energy of supplement feed O—T =E
Productive energy of 100 lbs. supplement
=E +wt. feed X100

.......... 1.006 1.109 1907
.......... 1.694 1.808 1.583
......... .287 319 .356
.......... 123.2 45.1 42.9

Table 26. Productive energy calculated from feeding experiments, Circular 79, Kansas Experiment Station.

Linseed
meal

Corn
gluten
feed

Cotton-
seed Corn
meal silage

Hominy | Linseed
feed meal

Standard

Average weight, pounds (W)..................
Average daily gain, pounds (G)

Daily feed, pounds, shelled corn
Hominy feed..........
Linseed meal. . ..
Cottonseed meal . .
Corn gluten feed . .
Alfalfa hay . . ...
Corn silage (a)

Productive value, therms, shelled corn (.822). ... 1019y V1.019] - A0Pelentt0aBl e . L s 1.019
Alfalfa hay (.345)................... .35¢ 359 .359 .359 373 .400 .738
CorniRilage-CO8T) . .ciiisvn s it .062 .062 b b e 065 L6 IS

otakiherms B, 2. 0 o i 1.440 1.440 1.440 1.378 438 473 1.757

Maintenance therms, WX.0085=M..... ... .. 633 .623 633 614 619 620 635

I oduichivervalie of gaimi P-=WisaR 48 UL TS e e e RS e 1.122

Therms for 1 1b. gain'in standard B=G=K. ... |iooce...booieiiidirouiiidioniaoe e 2.953

Productive energy of gain KXG=L........... 1.181 .945)  1.004 827 856 (577 S

Productive energy of ration M4+L=0......... 1.814] 1.568( 1.637| 1.441] 1.475) 1.535|........

Productive energy of supplement fed C—T=E. . .374 .128 197 .063 1.037 b k) e

Productive energy of 100 Ibs. supplement =

fwb foed 00 . L e 233.8 80.0 123.1 4.1 83.6 R P U
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Table 27. Proluctive energy calculated from fea™

45

. experiments, Bulletin 211, Nebraska Experiment Station.

Linseed | Corn | Linseed
Standard| meal silage meal |Tankage| Barley | Barley
U v SRSt B L AR S SR 1 2 3 4 5 6 7
Average weight, pounds (W).................. 70.66 | 74.80 | 72.16 ) 75.28 | 72.18 | 71.74 | 73.20
Average daily gain, pounds (G) . .............. .240 .308 .260 .322 .261 .263 .278
Daily feed, pounds, shelled corn 1.16 1.25 1.22 1.25 Uk I .75
Tanseodimtenli BY S bbb Lo B A8 ¢ A o & VAR L T L 0 o R e N R
Bl O o ST SR e R M | e o e .70 Ar L T ITIE R s Ll S et
Alfalfa Ay . oo s e s o .95 .98 .78 S, .96 .94 .99
B Ly i TRy o ER e R b (ot U ooy B sl | et 1.43 .56
Rankaial it o T a4 i\ b, o C e SR St e R R S e L1 e GCNR, S B
Productive value, therms, shelled corn (.822).. .. 954 1.028) 1.003] 1.028 RQUBRD TL0 & 617
Corn silage (.155) . . fn L e e B A by 11 R TR £ o RN et
Alfaltathay ((346) .1 ve ool riiens .328 .338 .269 .259 .331 .324 .342
Tiobabithermy B> reblhos S o, o 1.282 1.366 1.272 1.396 1.326 .324 959
Maintenance therms, WX.0085=M........... 601 .636 613 .640 614 610 .622
Productive value of gain T—M=B... ... .. ... 195725 U et b e S DTN e Sl b B | K
Therms for 1 [b. gain in standard B+-G=K. . .. QURESLI el sl e e e e T I et e R
Productive energy of gain KXG=L........... |........ 874 .738 914 741 746 789
Productive energy of ration M4+L=0......... |........ 1.510 1.351 1.554 1.355 1.356 1.411
Productive energy of supplement fed O—T=E.. |........ 144 079 .158 .029] 1.032 .452
Productive energy of 100 lbs. supplement=
R R OBASCORINR. 21 W LT e SR e ok e RS 2 id 84.7 11.3 87.8 48.3 72.2 80.7

Table 28. Prolustive energy calculated from feeding

experiments, Bulle

tin 215, Iowa Exper:

iment Station.

Cane Cane Cane Beet Beet Beet
Standard | molasses| molasses| molasses|molasses | molasses| molasses
150y (B gars S e o s e e T 1 2 3 4 5 6 o
Average weight, pounds (W).................. 71.6 72.7 75.3 74.5 73.1 75.6 74.9
Average daily gain, pounds (G)............... .290 313 .366 .355 .323 .391 .384
Daily feed, pounds, shelled corn............... 1.182f 1.120| 1.050| 1.033 1.116] 1.048| 1.042
Linseed oil meal.........:.... 150 150 150 .150 150 1150 150
(&) SRS S et Sk = M) (M M) .250 504 AL o e
BEEBIGIRRRERT R . Al o el rilat d o et B el TR R R .250 .504 716
Corn silage 1.504 1.537 1.539 1.533 1.537 1.531 1.537
Hayu:. . .180 179 .179 .178 179 .180 178
Bloek'salbi ... -v.on s L0 005 .005 .006 .003 .003 .002 .001
Productive value, therms, shelled corn (.822). ... 972 .921 .863 .849 917 .861 .857
Linseed oil meal (.606) 091 .091 091 091 .091 .091 091
Corn silage, (181)S v o .242 247 .248 247 247 .246 .247
38 A8 11 A e e S S L .059 .059 059 .059 059 059 .059
3 Totaltherms T, ... ... coceneo s 1.364PF 1.318 1.261 1.246 1.314 1.257 1.254
Maintenance therms, WX.0085=M ........... .609 618 640 .633 .621 . 643 637
Productive value of gain T—M=B............ /3 P Ui e e B | ESIRERERT | 60 R | (SO e e 2
Therms for 1 Ib. gain in standard B+G=K. ... 2. 808 1oy L el ol et oA S n sl § Al RISNERE
Productive energy of gain KXG=L...........|........ 815 .953 924 .841 1.018f 1.000
Productive energy of ration M+L=0......... |........ 1.433 1.593 1.557 1.462 1.661 1.637
Productive energy of supplement fed O—T=E.. |........ 115 .332 .311 148 404 .383
Productive energy of 100 Ibs. supplement =
B wh feed COOTN HE S Gl e S b o o R e s 46.0 65.9 43.6 59.2 80.2 53.5




Table 29. Productive energy calculated from feeding experiments, Bulletin 136, Michigan Experiment Station.

Millet Millet Oat Oat Corn Corn Bean Bean
Standard| Alfalfa hay hay straw straw stalks | stalks straw straw
20 i L B e Wi 1 2 3 4 5 6 7 8 9 10
Average weight, pounds (W)................. 91.4 912, 91.4 85.8 89.3 88.2 89.3 90.4 90.5 89.3
Average daily gain, pounds (G)............... .330 <30 .338 .263 323 .290 .340 .307 .328 .301
Daily feed; DONRAR, COTIL: &~ ivwa's o« s s kislsal b el ks 1.397 1.385 1.397 1.378 1.391 1.391 1.391 1.390 1.386 1.398
S e e o S G e 1.205 1.191 1.205 1.191 1.191 1.193 1.191 1.191 1.191 1.191
CIOVOR DAY, M . L0 aiubid o s aie s ¥e £ 1.108):. Ll iine 9636] .. s - 2 L L S M e B e
poLn il e A e R ek e L (oo Rl o PRI (PPN |1 NP S YRRy s S IR 28 B v
0 (TR TR T N W e R PR .553 i 0.1 VR G [ onr, R S P GRS I F s i 1
Oat straw. . . . . Al e e e S BT P A e ey o S TR .667 p 50 b2 1 (SRR R St I Bt PR LS (-
(o it T g e T RS TR ) S RIS [P | P SO e B e R (ST T .668 Q0 R
2T e R [ R e Bl | L - T e ) e i R e ST, (e e .683 .
Productive value, therms, corn (.822).......... 1.143 1.143 1.139 149
s tanc v R L S R e P e e .071 .071 .071 .071
Clover Baw O e s v caiis sasvs g i} R I I sl e
TotalTheRmEBI: - con <o v ah donn s 1.431 1.214 1.428 1.220
Maintenance therms, W X.0085 =M. . 159 .768 .769 . 7159
Productive value of gain T—M=B........... k
Therms for 1 1b. gain in standard B +G =K ) AR se
Productive energy of gain KXG =L....... .892 .806 .861 .790
Productive energy of ration M +L =0......... 1.651 1.574 1.630 1.549
Productive energy of supplement fed O—T =E. .220 .360 .202 .329
Productive energy of 100 lbs. supplement
wh +wt. feed W00, .. v Lt pan e 37.0 40.9 22.0 26.2 20.8 32.9 25.3 29.6 22.4

|
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clover hay (Table 29) was present. In Table 17 the value increased
from 0 to 11.4. Detailed calculations are given in Tables 16,
17, 19, 22, 29, and 30. Revised production coefficients for oat straw
are given in Table 39. Since unbalanced rations were used in some of
the tests, the factor used is .75 instead of .65.

Peas and pea hay. The value for peas is low; it is low for one of

the experiments with pea hay, but the other two are about what could

be expected.
Pea and barley silage.  The results are about what could be expected.

Table 30. Productive energy calculated from feeding experiments, Bulletin 260, Illinois Experiment Station.

Soy bean | Whole Oat Soy bean | Linseed
Standard hay soy bean straw straw oil meal
Rk N L e ey S e 1 2 3 4 5 6
Average weight, pounds (W)............... 75.6 74.5 72.3 71.8 72.4 72.3
Average daily gain, pounds (G). .. b .32 .31 .24 .24 .26 .25
Daily feed, pounds—corn, shelled........... 1.16 1.10 .87 .91 .92 .01
T T oG RO T, BTt TR pp .23 o e i LR

Rialit It e SRS A el 1.34
B0y BeaR RO’ - e i An s s
Whole soy bean
Soy bean straw
' AL i o e D S sy s
1O B R R TR RIS WA e

Productive value, therms—corn shelled (.822) 954 .904 .715 748 756 .748
e Behrroll el IO o e o I B el g o T e TR .182 JBRL. sim F RS
Alfaltahay (.848):. . L e .462). . o
Soy bean straw (.14)

Total thermaiT- ., .ot oqve i ilas
Maintenance therms WX.0085=M........

Productive value of gain T—M=B.........
Therms for 1 Ib. gain in standard B+G=XK..
Productive energy of gain KXG=L........

Productive energy of ration M +L=0 .....

Productive energy of supplement fed O—T
T S e el b gashara e s & 4 s e 478 .196 .260 .305 .187

dBrwt, fepd MOM00L . v ol vl s e s e s 3 o 31.7 89.1 18.4 15.0 81.3

Peanut meal. The results are a little high.

Roots and rutabagas have values about what would be expected.

Rye. The results average about 11 per cent lower than the calculated.
Corrected coefficients are given in Table 39.

Soy bean meal and soy beans, whole or ground. The average of the
results checks as closely as could be expected with the calculations.
There are some wide variations.

Soy bean hay. The results calculated from the three feeding tests
average somewhat lower than those calculated from the production co-
efficients, but the results do not seem to justify a change.
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Soy bean straw. Soy bean straw averages better than was calculated,
and corrected production coefficients are given in Table 39. Detailed
calculations are given in Tables 18, 30, and 31. The results justify a
change in the production coefficients.

Emmer or spelt. The average productive energy calculated from the
seven feeding experiments is about 25 per cent lower than that calculated
from the production coefficients. A correction of the production co-
efficients seems to be justified, and is made in Table 39.

Table 31. Productive energy calculated from feeding experiments, Bulletin 260, Illinois Experiment Station,

Soy bean | Soy bean | Ground | Soy bean | Linseed

Standard hay straw soy bean | oil meal | oil meal
Dot g N sT N v Rl 1 2 3 4 B 6
Average weight, pounds (W)............... 74.65 74.45 71.20 71.00 70.85 70.90
Average daily gain, pounds (G)............ .34 .33 .26 .25 .27 .27
Daily feed, pounds—ecorn.................. 1.09 1.12 .88 .87 .90 .90
Alfalfahay.......... e
Soy beanhay..........

Whole soy beans. . .. ...
Soy beanstraw...........
L aL s R R e IR e ] i e R B e e e S e e

Soy bean oil meal. . S P | S e 5 P e ) KOS e ] A %\ e ST
AT 0 PN T T e i) D 0 (o Sl o S e [T e ool (S L e e .23 ¢
Productive value, therms—corn (.822)...... 896 921 723 71D 740 740
Alfalfa hay (. 84B) ., oo cvivns - 2 )
‘Whole soy beans (.83)
Soy bearatraw (o 13} dram 87 - HE AN Vol | 2 e A s .281 .281 .281
Total thérmsiT . v ord a0 1.396 .921 906 996 1.021 1.021
Maintenance therms W.0085=M........ 635 .633 605 604 602 603
Productive value of gain T—M=B......... L R [ 0 e R - e o e e
Therms for 1 1b. gain in standard B+G=K. . e I o e . e TR L
Productive energy of gain KXG=L........[.......... .739 .582 .560 .604 .604
Productive energy of ration M+L=0......|.......... 1.372 1.187 1.164 1.206 1.207
Productive energy of supplement fed O—T
i DR S L T SR B L S .451 .281 .168 185 .186
Productive energy of 100 Ibs. supplement=
Bit-whefoed DC 100 « &0 o sie il e e aralei 25.9 13.0 76.4 80.5 80.9

Sugar beets. The average of the productive energy calculated from
the feeding tests (12.3) agrees well with the productive energy (12.6)
calculated from the average composition given by Henry and Morrison,
and the production coefficients.

Sunflower silage. The productive energy calculated from the six tests
averages 14.8 therms per 100 pounds compared with an average of 8.5
therms calculated from the analyses and production coefficients. This
is a difference of 6.3 therms, or 74 per cent. The sunflower silage evi-
dently has higher production coefficients than were assumed. Corrected
values are given in Table 39.




Table 32. Productive energy calculated from feeding experiments, Bulletin 86, South Dakota Experiment Station.

Wheat | Wheat Wheat
bread |macaroni| Oats Barley Spelt Millet [Standard{ Spelt Barley |macaroni
B N G L e o 1 2 3 4 5 6 7 8 9 10
P T T LT o e A el 86.3 86.3 81.3 | 81.8 | 82.7 86.4 86.4. | ‘84.2 86.6 | 82.2
e LR et L F R G e , 28 95 : 22 28 ‘27 25 3 21
Daily feed, pounds, prairie hay. .. ...«..--...- R S e R RS R e s o R e e T e e (e el I Tt
XWheat (Bread) .. ... . .ocvs oty it § RS s S8 e B I (Rt R PO | P el S PR erorie (R
Wheat (Macaroni)........ -ccswverss fivinoae. SR T R a e e B e Bt Tl M o) (I e T R 795
(05 e R S Bl L s B Y e R e [ el BN s BB e eters [ e i (B L S e o e Vo Boaiien Wi ofg o b UM AR
TS et S SRS L e e e Sl I U B SR i (S R [ S He B501 e M
S S R T e A e S e L St (e 1.653|. ... .. 0 Kt .764 852 795
e S oraaste R Al e e 1 L e Ak B Teh P o a1 o g (e T S
e e A N e R e s B L i e L L e 1.542 et e
Productivaivalile, therms, prairie hay (:220). . - . 293 1293 .293 293 293 .293 .293 .293 93 .293
ST TR e [t e e e I et B i [ | e e 559 1522
COrR 8320 % 21 .y s TS ¥ e B 0 R e T 5 A )k A [t e I o e O B 1 1.268 B8 M B A Sy
N DAl CHETINS L & e b s s s 293 .293 .293 .293 .293 203 1.561 921 .852 .815
Maintenance therms, W X.0085 =M. .......... .734 .734 =7 ) .721 .703 .734 .734 .716 .736 .699
’Il)‘xiloductigrc \ialltl’le of gain ’{—é\/{ 31133 SO BT SRR B PR AR R YR 33%; ........................
ms for . gai sta T A SR A e e e M R e ] 1 gl P P SR S R S e R i NP |l i o ol Yo e [ v o B
bl R g et o ke TR 858|858 T I766 613 " l674| iasgl... 766 796|643
Proltive SrorEy oL TRtORM Y Li=05. i 2 . 1.502(  1.503)% "1 4831 51 .834(F ‘1877l 1Bealil ik 1.482] 1.532] 1.342
Productive energy of supplement fed OTT =E, 1.299 1.299 1.190 1.041 1.084 1220007 5 P .561 .680 .527
i 1 < lement =
i = e g R e el P PR St e i M R T S e B 73.4 | 79.8 | 66.3

E+wt.feed X100..........ccooreeceneen

SLNEWIYHIXH DNIAHEI WOdd dALVINDTVD SAFdHd A0 ADYANH
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Table 33. Productive energy calculated from feeding experiments, Bulletin 110,

Towa Experiment Station.

Corn Sugar
Standard silage beets Mangels

DO N s Bt o i o st B b s 1 2 3 4
Average weight, pounds (W)................ 100.7 102.1 106.3 102.2
Average daily gain, pounds (G)............. s .29 .39 .37
Daily feed, pounds, corn. . ................. 1.37 1.33 1232 1.34

ottonseed meal. . o iiive e v firn i bk .15 .16 .16

VIO AN o S0 i ks 7 g s 1.89 1.43 § .52 .55

COTRIIIREO . i e oo > vl e | Srimia o S e O e R e o (P e

oqed - e o e S e R R e ) (R R P N AR

L o B o T i | e ) 4.37
Productive value, therms, corn (.822)........ 1.126 1.093 1.085 1.101

Cottonseed meal ((855)............: 145 .128 .137 .137

Mixed ' hay ((03D0) . s o vs vaene v o g .624 .472 498 .512

. Totalhthermm T -v.. oo 1.895 1.693 1.720 1.750
Maintenance therms, W X.00794=M......... .796 .807 .840 .807
Productive value of gain T—M =B.......... 0T R R SO | Ve R ) e R
Therms for 1 1b. gain in standard B +G =K. . 86630 1 e e e N e
Productive energy of gain K X G =T...c:cci0v | cinvnonves 1.062 1.429 1.355
Productive energy of ration M+L=0.......|.......... 1.869 2.269 2.162
Productive energy of supplementfed O—T =E, | .......... 176 .549 .412
Productive energy of 100 lbs. supplement
= DA B T v e e e S ek B e 10.4 12.5 9.4

Table 34. Productive energy calculated from feeding experiments, Bulletin 198,

regon Experiment Station.

Standard Wheat Qats Barley
Lo g o ot e o Ty 1 2 3 4
Average weight, pounds (W)................ 70.5 68.8 68.6 65.5
Average daily gain, pounds (G)............. .366 .348 .332 .334
Daily feed, pounds, alfalfa hay.............. 2.42 2.38 2.13 2. 17
1A e R R e i SR e b b et el e e O R I T L e
e el e S g ROt S | e P O R bl | e
(6 e e R A LS L e ik o M Tt N SN e I 7| (LR o R Kl e A
0 T D e e e RSOl (S IR [ e s e .95
Productive value, therms, alfalfa hay (.345).. . .835 .821 <735 .749
(o3 el 2 204 TR R e L R P R S R R S A [ R [ e e S
f LOEQIEGhERINS ) 2010 oo wsis 1.616 .821 .735 749
Maintenance therms, W X.00933 =M. ....... .658 .642 .640 .611
Productive value of gain T—M =B..., ...... o b e e R [
Therms for 1 lb. gain in standard B +G =K. . i L B e oo NN, et 15 Ut
Productive energyof gain KXG=L.........|.......... .911 .869 .874
Productive energy of ration M+L=0.......|.......... 1.553 1.509 1.485
Productive energy of supplement fed O—T =E | .......... .732 774 .736
Productive energy of 100 lbs. supplement
wilS Aot Teed 0 -, o L il i | e e ns 1.1 81.5 77.5




Table 35. Productive energy calculated from feeding experiments, Bulletin 106, Nebraska Experiment Station.

‘Wheat Prairie Linseed ‘Wheat ‘Wheat
Standard Oats bran hay meal Oats bran bran
70y 22 ot N G P e A e e ey 1 2 3 4 5 6 7 8
Average weight, pounds (W)...c..db. i daciis 69.28 69.75 6716 62.25 64.50 61.38 60.19 68.25
Average daily gain, pounds (G)................ 337 327 .306 .204 2.45 .194 .194 .347
Daily feed, pounds, shelled corn................ 1.00 79 .72 .86 .80 .66 .66 .78
ip .............................. 1.36 1.27 RUSOET, Pl | i b S Sk B I L, e sy 1.42
Oats ......................................... #5500 B e S e R B B e L e e
3 T et e e e r AR e e L ) [ SRR b R . T e O RS e o o .22 .26
T T R e T et Ml e R AR i o i e .85 .96 .86 0 g [ g 1
[T TR et el SR SRR SRR e e E T s et R e s ISl i e e el ol e L e R
Productive value therms, shelled corn (.822)..... .822 .617 .592 .707 658 .543 .543 .641
AL CBABY 5 o b o & A5 e dvs sl v o : .490
Praleieiay 0810) ol e S s veses
CEOCAIERETIMB T 3 1o o s o cionearaas
Maintenance therms W X.00933 =M............

Productive value of gain T—M =B
Therms for 1 1b. gain in standard B +G =
Productive energy of gain K XG=L........

Productive energy of ration M +L = iz sy
Productive energy of supplement fed 0—T=E...
Productive energy of 100 Ibs. supplement

DR T T B L R e R L

SLNANIYAdXH ONIAITL WOdd dALVTINDIVDO SAHTA 40 ADYIANH

19
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Timothy hay. The results are about what would be expected.

Wheat screenings. 'These screenings, consisting chiefly of broken
grains and some weed seeds, have a high productive value.

Wheat. The productive energy of wheat is less than would be expected.
The average productive energy in the 20 tests, including both whole
and ground wheat, is 76.3 as compared with 89.8, calculated from Henry
and Morrison’s averages and the production coefficients. As only one
analysis of the wheat used in the feeding tests was made, it is not pos-
sible to say whether it averaged poorer or better than the average. I1f
we assume that the wheat was a little poorer than the average (86
therms), there would be an average deficiency of 10 therms, or about 11
per cent. A change in the production coefficients of wheat seems to
be justified. It is made in Table 39. Detailed calculations of the tests
with wheat are given in Tables 3, 34, 36, 37, and 38.

Whole versus ground wheat.  Comparisons of ground wheat with
whole wheat are given in Tables 36, 37, and 38. Grinding slightly
increased the productive energy of wheat, on an average of three tests,
3.9 therms, or 5 per cent of that of the whole wheat.

Wheat bran. The average productive energy of wheat bran from the
nine tests was 57.4. No analyses were reported in connection with any
of the experiments, but the average productive energy of wheat bran
calculated from Henry and Morrison’s averages and the production co-
efficients is 49.1. Wheat bran seems to have about 16 per cent higher
value than has been assigned to it. Corrections are made in the pro-
duction coefficients in Table 39.

Table 36. Productive energy of feeds calculated from feeding experiments, Bulletin 257,
Nebraska Experiment Station.

‘Whole Ground
i Standard wheat Wheat
0 N O e e e ey e 5 2 1 2 3
Average weight pounds (W), . ....0..cocoqiniiavniis 80.55 78.80 77.65
Axerage dallvigain. DOUNASRIG) . o o . vwn e i s s ) .278 .249
Daily feed, pounds, shelledcorn. . ..................... IR 0 R S S o i e R
A i s e R S A e T [ F L g W s R e
Gronngewhieat Tt L 2 RN b e i T T Dl s ettt | e s i ene 1.01
L O e B A T et SRR R 1.31 1.32 1..31
Productive value, therms, shelled corn (.82)............. Lo A R ) P e
NSk o n T T T s S B St I B s .464 _ .467 .464
Total therms T......... 1.440 .467 464
Maintenance therms W X .0085 =M. . 685 670 660
Productive value of gain T—M =B.................... ST R s ] | e
Therms for 1 1b. gain in standard B+G=K............. 2P R AR RS I TS O i
Productive energy of Bain K XGi=T,. ... 0. ..o coivevinvns|onesonnnes .636 570
Productive energy of ration M+L=0..............c...|iiiiinnnn. 1.306 1.230
Productive energy of supplement fed O—T=E..........[.......... .839 .766
Productive energy of 100 lbs. supplement
=B ewikrfee 00 Sis e Dl L i e e e s e Bl LA 75.8
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Table 37. Productive energy of feeds calculated from feeding experiments, Bulletin 256, Nebraska Experiment

Station.
Whole Whole Whole Whole
Standard wheat rye wheat rye

BobiNOLL o R S e R o M 1 2 3 4 5
Average weight, pounds (W)................cooou..e. 76.60 75.10 75.35 75.75 75.50
Average daily gain, pounds (G)....................... .252 .231 .237 . 246 238
Daily feed, pounds—shelled corn. ..................... F06 ] L A s Bt .53 525

Wholetwheat S RRbir, o b ddi bl £ b S LIRS ik T066]. e0 i, o e e

LT T e et e S AT B S by Y8 e s ] 8 e 3 11 T e .525

AR Ry S O e e B ol S A e 1.39 1.39 1.40 1.39 1.39
Productive value, therms, shelled corn (.82)........... 2RO et e A S 43; .431

AdfsHanhay (B08). < st Sale il wh bkeidy .492 .492 .496 492 .492

Total thepm T 00 Swn il s e o 1.361 492 496 927 923
Maintenance therms WX.0085=M................... .651 .638 640 644 642
Productive value of gain T—M=B. ... ............... B4 {1 H SRR IEMART ] R PR L0, el A PRI
Therms for 1 Ib. gain in standard B+G=K............ 2 B A e o s v e e o e g
Productive energy of gain KXG=L..................[.......... .651 .668 693 670
Productive energy of ration M+L=0................([.......... 1.289 1.308 1.337 1.312
Productive energy of supplement fed O—T=E.........[.......... 797 .812 410 .389
Productive energy of 100 1bs. supplement=E-wt. feed
b R e P e M et e e ST e 75.2 77.3 77.4 74.1

Table 38. Productive energy of feeds calculated from feeding experiments, Bulletin 257,
Nebraska Experiment Station.

Ground ‘Whole Ground
Standard corn wheat wheat
Taat DO :omgl, 3ol o LRl L i R R o 1 2 3 4
Average weight, pounds (W)................ 74.80 74.30 73515 s 1 s
Average daily gain, pounds (G)............. .304 .294 .267 .284
Daily feed, pounds, shelled corn............. " L LY BEPR ORI vl o - ISR ot A
GTOBNAMEBIN L L e Al o aie e e o R SR 0% gl e e R
IWIhDIeSwhant . G e s s el Ll S e Sl S RN 2 (511 5 ot SRRy . T
Gronid Reat, & Hers ot s et e b o T S e SIS Mot e A 1.044
A gl a iy el e sl 1.44 1.44 1.44 1.44
Productive value, therms, shelled corn (.82).. . 0 O e - A O SN T ey Ly
Alfalia bhay (354), Ll BLdol Ta UanL _ .10 510 510 510
Total therms T, vt s o wis 0 1.371 =516 .510 .510
Maintenance therms, W X.0085 =M. ........ .636 .632 .622 .627
Productive value of gain T—M =B.... ... ... ey 7l e A SR RNl o T | Rt
Therms for 1 1b. gain in standard B +G =K. 3L B G R Y o B el
Productive energy of gain K XG =L......... .| isohioas. 5 | .646 .687
Productive energy of ration M+L=0.......|.......... 1.343 1.268 1.314
Productive energy of supplementfed O—T =E | .......... .833 .758 .804
Productive energy of 100 lbs. supplement
S St FeRdNG0 e AR TR s rae SRS AT 79.3 72.2 Tl

CORRECTED PRODUCTION COEFFICIENTS

The results of the feeding tests discussed in the preceding pages justify
changes in the production coefficients for some feeds, as stated in con-
nection with the discussion of the individual feeds.

These changes may

s



54 BULLETIN NO. 436, TEXAS AGRICULTURAL EXPERIMENT STATION

be partly due to differences in digestibility, partly due to waste of feed,
especially of corn fodder or oat straw, and partly to the digestible
nutrients of the feeds having a higher or lower energy value than that
previously assumed. Further study and investigations will no doubt
make other changes necessary. It is to be expected that as the matter
is studied more thoroughly, the quantitative data will become more exact,
more nearly accurate.

The revised production coefficients are given in Table 39. The changes
made from those previously published (6, 8) are as follows:

For alfalfa meal, the correction for grinding, made on the crude
fiber, is .488 instead of .318.

With molasses, the factor was changed from .88 to 1; with wheat
bran, from .77 to .88. With the other feeds listed, the production
coefficients previously given were multiplied by the factor shown in
Table 39.

Table 39. Energy production coefficients revised from results of feeding tests with sheep.

Nitrogen
Feed and factor Protein Ether Crude free Factor
extract fiber extract

Alfalfa meal (30 to 33% fiber)........................ .720 .618 A/ .755| CT

Alfalfa meal (26 to 30% fiber)........................ 761 .833 0 .778| CT

L O R T e R L D .648 531 .053 .757| CT

Bean straw (same as soy bean straw).................. .184 .373 —.276 .720| CM 1.25
7 T e R OLE TR b : 756 1.692 .010 .915| BM .93
Beet pulp, dried . .602 0 .340 1.070) BM 1.20
Clover hay (red)................. .545 1929 —.062 .643] CM .90
Corn fodder cured, dough to mature .394 1.113 077 .566| CM .75
Corn stover, blades or shucks. . . ... .364 .890 .123 534 CM .75
Corn stover, pulled, chiefly blades. . . . 297 1.021 101 .499| CM .75
Corn stover, entire plant except ears. ... .. .308 .956 .058 472 CM .75
Soni i A o DO S [ et i 5 .620 1.521 .132 .725| BN .75
BRI . s T o e * .141 0 0 .961 1.00
L T B T A T Y S O T 122 590 .019 .425| CM .75
1 SR et il S i .763 1.298 0 .876| B .89
Boy beat straw. . oL vl ol e it los s e 184 .373 —.276 .720| CM 1.25
Sunflower silage..................... L2 .866 2.830 —.075 1.211| CM 1.75
WY hen whplelaeh SRR Fa Chr S B e s 732 1.541 .038 .949| BM .89
b f o e e O O S N 774 1.628 .040 1.002| BM .94
L e R TR .683 1.346 .302 678 B .88
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SUMMARY

The productive energy of a number of feeding stuffs is calculated
from 81 feeding experiments for 336 lots of sheep, made by various
Experiment Stations.

The productive energy is measured by the gain in flesh and fat of
the animal when the feed is added to a ration a little more than suffi-
cient for maintenance. The productive energy was calculated by com-
paring the gain in weight from a ration containing a standard feed,
with the gain for corresponding rations in which the standard feed was
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replaced by the feed for which the calculation was made. The method
of calculation is described fully.

Many feeding experiments could not be used to calculate the produc-
tive energy of individual feeds on account of the presence of two or more
interfering variables.

One pound of gain in weight of fattening sheep on an average re-
quired 2.60 therms of productive energy.

Productive values used were calculated from the production coefficients
for sheep, already published, and the composition of the feed, as given
in the experiments, or from average analyses, if it was not given.

Pounds feed for 100 pounds of gain is a measure of the ration as a
unit, and is especially closely related to the palatability of the feed,
since the gain depends upon the quantity of productive energy in the
ration the animal is induced to eat daily.

The digestible nutrients required for a pound of gain when sheep
were fed mixtures composed of various proportions of corn and alfalfa,
increased as the gain in weight decreased, which is evidence of the
lower value of the digestible nutrients of alfalfa compared with corn,
since the energy in the gain increases as the gain increases. The pro-
ductive energy required decreased as the gain decreased.

The productive energy of corn fodder and of oat straw was greater
in a balanced ration than in an unbalanced ration.

The productive energy of cottonseed meal and of linseed meal when
used to balance a ration was apparently greater than when used to
replace another proteid feed in a ration already balanced.

The effect of a protein concentrate used to balance a ration may be
much greater than the productive energy of the protein concentrate
itself. o

Grinding alfalfa to a meal added about 14 per cent to its productive
energy, which was less than provided for in the production coefficients
previously published. Corrected production coefficients are given.

The productive energy calculated from the feeding experiments agrees
reasonably well with the productive energy calculated from the analyses
and production coefficients previously published, with alfalfa hay, corn,
corn silage, corn gluten feed, native hay, hominy feed, kafir, oats, oat
and pea silage, peas and pea silage, peanut meal, roots, rutabagas, soy
bean oil meal, soy bean hay, sugar beets and timothy hay.

The productive energy calculated from the feeding tests was some-
what different from the values calculated from the analysis and previous
production coefficients, and revised production coefficients are given for
alfalfa meal, bean straw, dried beet pulp, clover hay, corn fodder and
stover, emmer or spelt, molasses, oat straw, rye, soy bean straw, sun-
flower silage, whole wheat, ground wheat, and wheat bran.

The productive energy of cottonseed meal or linseed meal is greater
than the calculated value when they are used to balance a ration, but
as the effect is variable, no attempt is made to give corrected production
coefficients for them under this condition.
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References to the feeding experiments are listed in Table 8.
ik
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