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THE COMPARATIVE VALUE OF KALE AND
CORN SILAGE FOR MILK PRODUCTION

( NE of the most important considerations in eco-
nomical milk production is to feed the cows a

sufficient amount of a balanced ration so that they can
produce to the limit of their inherited capacity.

Succulence and palatability are important consider-
ations in formulating the ration for milking animals. Good
pasture furnishes the most economical succulent and pala-
table feed.

When good pasture is not available other succulent
feeds must be relied upon. In most sections of the country
ensilage has proved to be the most economical substitute
for pastures. In the Willamette Valley of Oregon cli-
matic conditions are not favorable to high yields of corn
for silage.

Kale is a succulent feed, the acreage of which has
been gradually increasing in the Willamette Valley since
its introduction about forty years ago. Each year about a
third of a million tons of succulent feeds are consumed by
dairy cows in the Willamette Valley. Kale can be grown
for about one-half the cost per ton of corn silage.

The growing of kale as a succulent feed for dairy
cows is recommended, based upon the results of experi-
ments conducted at the Oregon Agricultural Experiment
Station.
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SUMMARY

I. This bulletin reports the results of four feeding trials com-
paring the value of kale and corn silage for milk production.

The feeding of kale in place of corn silage resulted in a pro-
duction of milk and butter-fat beyond the expected according to the
digestible crude protein and total digestible nutrient contents of the -

two feeds. This held true in the case of both milk and butter-fat for
each of the four years' experiments.

On the average, 74.6 pounds of total digestible nutrients in
hay, grain and kale and 82.2 pounds in hay, grain and corn silage
were required to produce 100 pounds of milk. The difference of 7.6
pounds of total digestible nutrients is equivalent to 82.6 pounds of
kale. The possible reasons for the high feeding value of kale as -
compared to corn silage are discussed.

As an average of the four feeding trials on the green weight
basis, one pound of corn silage was equivalent to 1.31 pounds of kale
for milk production and 1.39 pounds of kale for butter-fat production.

The most economical amount of kale to feed per cow per day
was from 30 to 35 pounds. This represents from 3% to 3% of the
body weight. At this rate of feeding kale gave practically the same
milk and butter-fat production pound for pound as corn silage.

The feeding of corn silage resulted in a slightly greater gain in
weight than the feeding of kale, the average daily gain in body weight -

on corn silage being .656 pound and on kale .568 pound.

A combination of kale and corn silage fed in one trial proved
economical for milk and butter-fat production, the results being in-
termediate between kale alone and corn silage. The feeding of the
combined succulents resulted in a gain in body weight of 1.105
pounds daily.

Using basic prices for the feedstuffs, the feed cost of pro-
ducing 100 pounds of milk was $1.37 when kale was the succulent and
$1.55 on the corn-silage ration, a saving of 18 per 100 pounds of milk
when kale was fed. The feed cost of a pound of butter-fat was 31
on the kale ration and 34 when corn silage was the succulent, a say-
ing of 34 when kale was fed.

When kale was fed one hour before milking, the milk and but-
ter produced were found to have a characteristic and objectionable
flavor and odor. There was no noticeable effect on the flavor and
odor of milk and butter when kale was fed shortly after milking.



The Comparative Value of Kale and
Corn Silage for Milk Production

By

I. R. JONES and P. lvi. BRANDT*

INTRODUCTI ON

A dairy cow gives the maximum returns when succulent feed forms a
part of the ration. Pasture is, of course, the most widely used source of
succulence. Dairymen have been continually striving to imitate pasture
conditions throughout late fall, winter, and early spring months by intro-
ducing various silage, soiling and root crops into the rotation.

In those sections of the United States where dairying is the chief
enterprise, where the size of the individual herd warrants a silo, and where
the land is rich and the growing season long and warm, silage crops have
been found to be the most economical and practical source of needed
succulents when pasture is not available.

In the Pacific Northwest west of the Cascade Mountains, climatic
conditions are not favorable to high yields of corn for silage. This fact
has in many instances made a silo impractical. In the Willamette Valley
of Oregon other crops have been taking the place of corn for silage in the
crop rotation of many dairymen. Oats and vetch, cut green and put into

Thousand-Headed Kale as grovn in the Willamette Valley, Oregon, averaging 18 tons per
acre at a cost of producing of $3.78 per ton. Its high feeding value is

indicated in this bulletin.

Aclsnowledgment is due H. W. Jackson, who supervised the 1927-28 and 1928-29
feeding trials and presented the results as a thesis in partial fulfillment of the requirements
for his M.S. degree.

7
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the silo, has been found very satisfactory as a source of succulence. Oats-
and-vetch silage can be produced for about 60 percent of the cost of corn
silage per ton in the Willamette Valley.11

Kale is another feed that has replaced corn silage as a source of suc-
culence in the ration of dairy cattle in the Pacific Northwest. Kale can be
produced for about one-half the cost per ton of corn silage.1' Kale was
introduced into the Willamette Valley about forty years ago. Since
that time the acreage of this succulent and high-yielding crop has
been gradually increasing. A study of the literature fails to reveal any
very definite information on the comparative feeding value of these two
succulent feeds.

This bulletin gives the results of a series of experiments covering four
years, 1925-26, 1926-27, 1927-28, and 1928-29, comparing the feeding value
of kale and corn silage.

REVIEW OF LITERATURE

Comparative composition of kale and corn silage. A survey of report-
ed analyses shows that corn silage has on the average about two and one-
half times as much dry matter as a similar amount of kale. The two feeds
are very similar in their crude-protein content. About 20 percent of the
dry matter of kale is crude protein, however, in contrast to about 8 percent
of corn silage. Corn silage contains on the average about 6 percent of
crude fiber whereas kale contains less. The two succulents are very similar
in their actual ash content, but in kale about 17 percent of the dry matter
is ash, whereas in corn silage from 6 to 7 percent is ash. Kale is especially
high in calcium and iron. Ordinarily about 1.5 percent of the dry matter of
kale consists of calcium in contrast to about .3 percent of the dry matter
in corn silage. Actually, the kale plant contains about three times as much
calcium as corn silagc. The two succulents analyze very similarly in their
phosphorus content. The high iron content of kale is indicated by Rose,9
who states that kale has about 12 times as much iron as milk. In iron
content kale compares very favorably with spinach, one of the best sources
of iron.

Davies' has made a study of the distribution of nitrogen in some plants
of the Brassica species. The results of his study are shown in tables I and
II. It would seem from this study that kale is high in some of the amino
acids, probably essential for milk production, especially lysine, arginine,
and histidine. Kale is also a very good source of cystine, especially in the
case of the leaves.

TABLE I. DISTRIBUTION OF NITROGEN IN SOME PLANTS
OF THE BRASSICA SPECIES

(Percen ages of Iota nitrogen)

Plant Extract.
ed N Protein N Amino N Other N Unextract-

ed N

Cabbage 84 21 9.3 53.7 16
Kohl Rabi 91 10 8.6 71.4 10
Kale leaves -- 91 14 9.7 67.3 9
Kale stems
Turnip leaves

60
95

10
29

8.3 41.7
10.2 55.8 I

Turnip roots 69 13 8.8 47.2 31
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TADLE II. DTSTRIBUTION OF NITROGEN IN COAGULA FROM PLANTS
OF THE BRASSICA SPECIES

(Percentages of total nitrogen)

The feeding value of kale. McConnell5 conducted a short-time investi-
gation comparing rape, maize, and two varieties of kale. He concluded
that of the kale and rape Thousand Headed kale was the best fodder
to grow as it gave the second highest average milk yields, the high-
est yield of fodder per acre, and proved itself more resistant to drouth and
parasites. He stated that neither variety of kale nor rape could take the
place of maize for increasing milk flow when cattle were put upon this
feed. It would seem that too few animals were used and the trial was too
short to make the results very conclusive.

Miller, Brandt and Jones' and Miller, Yates, Jones and Brandt8 have
investigated the effect of kale on mineral metabolism in early lactation,
after prolonged lactation and mineral equilibrium during gestation. When
kale was given to cows receiving a ration of red clover hay, oats-and-vetch
silage, and grain in early lactation, the milk yield was increased and the
absorption of total solids from the intestines was also increased. Negative
phosphorus balances were changed to one of phosphorus equilibrium and
maintained while kale was fed. In comparing the digestibility of phos-
phorus during the two periods, it was observed that during the kale period
38.6 percent of the phosphorus was absorbed from the intestines com-
pared to 28.1 percent during the period when kale was not included in the
ration. The feeding of kale to cows after prolonged lactation caused an
increase in milk production as well as an increase in calcium storage. The
phosphorus storage, however, was not increased.

Withycombe and Bradley'3 obtained data indicating that a large pro-
portion of the protein in kale is digestible, an average of 80.63 percent
digestibility being obtained from four tests with dairy cattle. The percent-
age of digestibility of the other constituents was also normal or above,
with the exception of the ash, which they found to be present in excessive
amounts. They found that the ash content of the feces of each animal
gradually increased during each successive day of the experiment.

Golding, Soarnes and Zilva' have reported experiments conducted at
the National Institute for Research in Dairying at Reading, Great Britain,
to determine the effect of kale feeding upon the vitamin-A and vitamin-D
content of milk. The basal ration consisted of mangolds, Oat straw, and a
meal mixture. During the experimental period kale replaced the mangolds.
The authors found that when the basal diet was supplemented with kale
there was an increase in the vitan-i.in-A content of the butter, but the anti-
rachitic or vitamin-D factor remained unaltered. The work of Miller and
coworkers, however, indicates that kale has an antirachitic value, for in

Amide
N

1-lum in
N

Arginine Histi-
dine N

Lysine
N

Cystine
N

Amino N
of filtrate

us % %
Coagula front-

Cabbage - 7.49 3.82 13.33 5.29 7.55 1.18 47.05
Kohl Rabi - 6.57 5.43 14.45 8,37 7.23 1.26 46.91
Kale leaves 6.90 3.66 14.72 8.02 778 1.35 47.14
Kale sterns 7.53 5.29 15.10 7.56 6.91 -0.98 46.97
Turnip leaves 6.95 5. 1 7 13.67 8.63 7.52 1.02 49.30
Turnip roots 6.77 5.04 15.12 7.23 8.86 1.01 46.81
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metabolism trials with dairy cattle it favorably influenced both calcium and
phosphorus assimilation.

Factors concerned in the growing of kale. Hyslopi states that under
average conditions in Western Oregon kale will survive when covered
with snow. When not provided with a snow cover, kale is injured by
a temperature of about 13° F. Scudder'° recommends for the growing of
kale a deep, well-drained, rich loam soil thoroughly tilled and heavily
manured. Kale ground should preferably be fall plowed, but can be plowed
in the spring after being manured during the winter. Kale seed should be
planted in a warm, sandy loam bed in March and transplanted to the field
along about the middle of June or the first of July.

Selby°° after several years' study of conditions in the Willamette
Valley states that the net cost of rowing kale per acre was $58.48, with an
average yield per acre of 18.1 tons, making the cost per ton $3.78. Corn
silage produced in the Willamette Valley was found to cost $42.23 per
acre, with an average yield of 5.7 tons per acre, making a net cost per ton
of $7.40. In other words, in the Willamette Valley it costs almost twice as
much per ton to produce corn silage as kale.

EXPERIMENTAL

Problems considered in the study. During the four years' study from
1925 to 1929 in which the comparative value of kale and cOrn silage for milk
production has been considered, four objects have been kept in mind as
follows:

The comparative feeding value based on milk and butter-fat pro-
duction and gain or loss in body weight.

The most economical amount of succulence, especially of kale, to
feed.

The effectiveness of a combination of kale and corn silage.

The effects of kale on milk and its products.

Not all of these objects were considered during each year's work; con-
sequently each trial will be reported separately. Also, there was consider-
able variance in the method of conducting the four trials. In all the
trials Thousand-Headed kale was the variety used.

Investigations in 1g25-26. The 1925-26 experiments were conducted
with two objects in view; namely, to determine the comparative feeding
value of kale and corn silage and to obtain information as to the most
economical amount of the succulents to feed.

Twelve cows were used in the first trial. These animals were divided
into two groups as equally as possible on the basis of breed, age, stage of
lactation, stage of gestation, weight, apd milk and butter-fat production.
The data on these cows at the start of the test are given in Table III.
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TABLE III. GROUPING OF COWS (FIRST TEIAL) 1925-26

Cow 232 became sick and was replaced by cow 218 at the middle of he trial. The
average given is for the 6 cows originally comprising Group A.

The double-reversal method of experimentation was used, Group A
starting on corn silage and Group .B on kale. The experimental periods
were of 28 days duration and were preceded by either a 7-day preliminary
or transitional period.

The ration of each cow based upon her weight and milk and butter-fat
production was determined at the start of the test, according to Henry and
Morrison's tables4 of feed analyses and Haecker's feeding standards.4 The
ration consisted of alfalfa hay; a grain mixture consisting of 2 parts ground
barley, 2 parts ground oats, and 1 part coconut meal; and either kale or
corn silage.

The amount of hay and grain fed during the 105 days of the experi-
ment was kept constant. The plan was to change from one succulent to
the other on the dry-matter basis. The rations were made up containing
fairly large amounts of kale, somewhat more than 50 pounds per day,
inasmuch as kale ordinarily has only about 45 percent of the dry-matter
content of corn silage.

Thus, at the start of the trial the cows in Group A were receiving from
22 to 27 pounds of corn silage per day, while the cows in Group B were re-
ceiving from 48 to 62 pounds of kale per day. When the kale and corn
silage were analyzed during the early part of the experiment, however, it
was found that the corn silage being used was very high in moisture while
the kale had more dry matter than usual. Hence the ratio of 1 pound of
silage to 2? pounds kale used in figuring the rations was incorrect. The
rations were therefore corrected on the basis of 7 pounds of corn silage for
8 pounds of kale and vice versa at the time the groups were reversed. This
meant that the cows in Group A received a ration somewhat lower than
they required, while the cows in Group B received a ration above their
requirements. Frequent analyses of the corn silage and kale were made so
that an accurate determination of the amount of dry matter being fed
throughout the trial would be obtained. During the latter part of the trial

Herd number and
breed A ge Stage of

lactation
Stage of
gestation

Milk
daily

Butter-fat
daily w - hteig

Group A
26 Jersey
31 Jersey

year.e

7.2

months

30
2.5

rnonth

1.3
0.6

lb.

34.3
18.1

lb.

1.54
0.94

lb.

900.0
875.5

219 Holstein 8.2 5.6 .. 37.0 1.18 1185.0
5 232k Holstein 4.5 4.3 2.8 34.6 1.00 1025.0

218 Holstein 8.9 0.7 .. 54.0 1.78 1231.0
423 Ayrshire ..... 8.3 6.0 4.9 19.0 0.74 1215.0
479 Ayrshire 2.2 0.9 24.2 0.85 730.0

Average 6 cows 6.0 3.7 1.6 27.9 1.042 988.4

Group B
41 Jersey 3.4 f.o 1.6 23.6 1.25 737.0
42 Jersey 3.7 0.2 ... 25.2 1.26 862.0

221 Holstein 7.4 5.4 2.0 32.6 1.08 1262.5
233 Holstein 4.5 1.5 40.8 1.31 1276.5
468 Ayrshire 2.7 5.4 3.8 20.8 0.74 980.0
473 Ayrshire 2.6 1.1 .... 25.7 1.05 788.5

Average 6 cows 4.1 3.1 1.2 28.1 1.115 984.4
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it was found that the kale was lower in dry-matter content, while the corn
silage which came from a second silo was considerably higher.

Accurate records of feed given and consumed were kept throughout
the trial. The amount of milk produced was carefully weighed and
recorded. Butter-fat tests were made at the beginning of the trial and every
two weeks thereafter. The cows were weighed on three successive days at
the start and at the end of each experimental period, weighings being taken
before the cows had received water in the morning. Observations were
made daily to note any abnormal conditions appearing in any of the
animals.

The results of the 1925-26 trials are given in tables IV, V, VI, and
VII. Table IV shows the feed consumed by groups per 28-day experi-
mental period during the trial. It will be noted that there was slightly
more hay and grain consumed by the average cow when kale was the
succulent fed. Table IV shows also that Group B received almost twice the
amount of succulence in the ratjon as Group A.

TABLE IV. FEEDS CONSUMED BY GROUPS PER 28-DAY
EXPERIMENTAL PERIOD (FIRST TRIAL)

Table V shows the milk and butter-fat production by groups for the
various experimental periods. A survey of this table shows that the cows
produced somewhat more milk and butter-fat when receiving kale than
when receiving corn silage. On corn silage the averagc daily milk pro-
duction was 23.44 pounds; on kale it was 24.51 pounds. On corn silage the
average daily butter-fat production was 1.006 pounds; on kale it was 1.063
pounds.

Table V shows also the greater milk and butter-fat production of
Group B, which was fed on a higher plane than Group A. It should be
noted that Holstein cow No. 232 in Group A went off feed on the four-
teenth day of period 2 and was replaced by the only Holstein available at
the time, No. 218. The latter cow was milking about 54 pounds daily in
contrast to about 34 pounds for animal No. 232. Consequently the produc-
tion figures for Group A in periods 2 and 3 are higher than if this switch
in cows had not been necessary. Records were used on cow 232 for period

Experimental periods Hay Grain Corn
silage Kale

Group A lb. lb. lb. lb.

Period 1. Corn silage
Period 2. Kale
Period 3. Corn silage
Average periods 1 and 3. Corn silage

1895
1897
1533
1565.5

1762
179S
1519
1790.5

4042

4076
4060

4534

Group B
Period 1. Kale
Period 2. Corn stiage
Period 3. Kale
Average periods 1 and 3. Kale

1795
IS1J
1811
1503

1792
1779
1802
1797

7864
9058

9212
9135

Average per period, both groupa
Corn silage
Kale

1838
1850

1785
1798

5962
6835

Average daily feed per cow
Corn silage
Kale

10.94
11.01

10.63
10.70

35.49
40.68
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1 and 14 days in period 2, and records of cow 218 for the remaining 14 days
of period 2 and all of period 3.

TABLE V. MILK AND BUTTER-FAT PRODUCED BY GROUPS PER 28-DAY
EXPERIMENTAL PERIOD (FIRST TRIAL)

TABLE VI. WEIGHTS OF COWS BY GROUPS PER 28-DAY EXPERIMENTAL
PERIOD (FIRST TRIAL)

Table VI gives the weight of the cows by groups for each 28-day
experimental period. From this table it will be seen that in the case of
Group A the cows gained more weight when receiving kale than they did
when receiving corn silage. On the other hand, in the case of Group B the
cows gained more weight when receiving corn silage than they did when
receiving kale, the group as a whole losing weight when receiving kale in
the first period. Considering both groups of animals together, the average
gain in weight per 28-day experimental period was 79 pounds when re-

Experimental periods Milk Butter-fat

Group A lb. lb.
Period 1. Corn silage 3880.0 3.94 153.02
Period 2. Kale 4028.0 4.207 - 169.46
Period 3. Corn silage 3943.0 4.26 168.16
Average periods 1 and 3. Corn silage 3911.5 4.11 160.59

Group B
Period 1. Kale 4640.4 4.21 195.19
Period 2. Corn silage 3964.1 4.48 177.54
Period 3. Kale - 3772.8 4.62 174.34
Average periods 1 and 3. Kale 4206.6 4.39 184.76

Average production per period, both groups
Corn silage -- 3937.8 4.29 169.07
Kale 4117.3 4.34 178.55

Average daily production Per cow
Corn silage - 23.44 4.29 1.006
Kale 24.51 4.34 1.063

Experimental periods I'it F 1

we?1t
Gainor

Group A lb. lb. lb.
Period 1. Corn silage 5931 5946 15
Period 2. Kale 6007 6162 155
Period 3. Corn silage 6332 6449 117
Average periods 1 and 3. Corn silage 6132 6198 66

Group B
Period 1. Kale 5908 5803 -105
Period 2. Corn silage 5968 6074 106
Period 3. Kale 5987 6114 127
Average periods 1 and 3. Kale 5948 5959 11

Average per period, both groups
Corn silage 6050 6176 86
Kale 5978 6061 83

Average Per cow
Corn silage 1008.3 1022.7 14.4
Kale 996.3 1010.1 13.8

Average daily gain in weight
Corn silage .512
Kale .494
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ceiving corn silage and 61 pounds when receiving kale, with an average
daily gain in weight of .512 pound and .494 pound respectively when corn
silage and kale were fed. This indicates a slight advantage for corn silage
in comparison to kale when considered from the standpoint of gain in body
weight.

Table VII shows the feed consumed per unit of production. Expressed
on a total-digestible-nutrient basis for all the feed consumed per hundred
pounds of milk it was found that more digestible nutrients were required
to produce 100 pounds of milk or a pound of butter-fat when the cows
received corn silage than when kale was fed.

TABLE VII. FEEDS CONSUMED PER UNIT OF PRODUCTION (FIRST TRIAL)

Examination of Table VII shows that it required 1.75 pounds more
hay and 1.66 pounds more grain to produce 100 pounds of milk with the
151.40 pounds of corn silage fed than with the 166.01 pounds of kale. After
converting the extra hay and grain to its corn-silage equivalent according
to the actual total-digestible-nutrient content of the feeds it is found that
for milk production 166.01 pounds of kale were equal to 167.01 pounds of
corn silage, or 99 pound of kale was equal to 1 pound of corn silage.
Using the same method of calculation it was found that for butter-fat
production 96 pound of kale was equivalent to 1 pound of corn silage. It
should again be pointed out, however, that the corn silage used in the first
feeding trial was exceptionally low in total digestible nutrients owing to a
very high moisture content.

Investigations in 1926.27. The 1926-27 experiments were conducted
with the primary object of determining the comparative feeding value of
kale and corn silage. Preliminary analyses of the kale and corn silage
available indicated that the kale contained approximately one-half the dry
matter of the corn silage, the corn silage analyzing approximately 29 per-
cent dry matter in contrast to 14 percent in kale. Consequently the rations
were made up using two pounds of kale for each pound of corn silage
required and vice versa.

Fourteen cows were selected for the trial. The animals were divided
into two groups as equally as possible on the basis of breed, age, stage of
lactation, stage of gestation, weight, and milk and butter-fat production.
The data on these cows at the start of the trial are given in Table VIII.

The grain mixture fed consisted of equal pounds of ground barley,
ground oats, mill-run, and coconut meal. Clover hay that had been chopped
by a silage cutter was fed to both groups throughout the feeding trial.

Unit of product
Hay Grain Succulents Total

digesti-
ble
triefltSAmount T.D.N. Amount T.D.N. Amount T.D.N.

Per 100 pounds of milk lb. lb. lb. lb. lb. lb. lb.

Corn silage 46.68 22.80 45.33 33.85 151.40 20.35 77.00
Kale 44.93 21.94 43.67 32.61 166.01 15.98 70.53

Per pound of butter-fat
Corn silage 10.87 5.31 10.56 7.89 35.26 4.74 17.94
Kale 10.36 506 10.07 7.52 38.28 3.69 16.27



THE COMPARATIVE VALUE OF KALE AND CORN SILAGE 15

TABLE VIII. GROUPING OF COWS (SECOND TRIAL) 1926-27

The cows in Group A received kale for a period of 28 days after a
preliminary period of 7 days and were then changed to corn silage allow-
ing a 7-day transition period for the change of feed. The cows in Group B
started on corn silage and were changed to kale for the second period with
similar 7-day preliminary and transition periods.

TABLE IX. FEEDS CONSUMED BY GROUPS PER 28-DAY
EXPERIMENTAL PERIOD (SECOND TRIAL)

The ration of each individual cow was determined at the start of the
test and kept the same throughout the test except for the change from
kale to corn silage and vice versa. Accurate records of milk production,
feeds given and consumed, weights at the Start and end of the experimental
periods, and butter-fat tests were kept.

The summarized results of the
XI, and XII. Table IX shows the
28-day experimental period. It will
grain consumed by the two groups
corn-silage periods. As a matter of

1926-27 trial are given in tables IX, X,
feed consumption by groups for each
be noted that the amount of hay and
was fairly constant for both kale and
fact the average consumption of grain

Herd number and
breed Age Stage of

lactation
Stage of
gestation

Milk
daily

Butter-fat
daily We htg

Group A years months months lb. lb. lb.
26 Jersey 8.1 4.7 0.2 29.7 1.01 874.0
41 Jersey 4.6 3.1 1.0 17.8 104 791.5.
52 Jersey . 3.1 5.7 19.9 1.03 834.
54 Jersey 2.9 7.1 3.2 15.7 .72 831.0

233 Holstein 5.4 3.4 2.8 36.4 1.31 1273.5
479 Ayrshire 3.0 3.1 22.1 .78 790.0
638 Guernsey 2.3 4.2 2,.5 17.2 .76 776.0

Average 7 cows 4.20. 4.47 1.39 22.7 .95 881.5

Group B
31 Jersey 5.7 4.0 ... 21.1 1.39 889.5
45 Jersey 3.9 6.0 0.6 16.7 1.03 958.0
57 Jersey 2.4 3.3 1.0 16.3 .77 730.5
60 Jersey 2.0 5.0 17.5 .76 752.0

221 Holstein 8.5 5.4 1.8 30.3 .95 1219.0
248 Holstein 2.0 7.7 5.3 21.4 .72 976.0
641 Guernsey 4.4 3.4 ... 23.8 .83 834.5

Average 7 cows 4.13 4.97 1.24 21.0 .92 908.5

Experimental periods Hay Grain Kale

Group A lb. lb. lb. lb.
Period 1. Kale 2063 1568 10,029Period 2. Corn silage . 2061 1568 5007

Gioup B
Period t. Corn silage 2127 1232 5464Period 2. Kale 2125 1232 10,856

Average per period, both groups
Corn silage 2094 1400 5236Kale 2094 1400 10,443

Average daily feed per cow
I

Corn silage . 10.68 7.14 26.71
Kale 10.68 7.14 53.28
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and hay per period for both groups was the same for each succulent. There
was practically no refused feed at any time during the trial. It will be
noted that practically twice the amount of kale was consumed as of corn
silage. The average ration per cow daily consisted of 10.68 pounds of hay,
7.14 pounds of the grain mixture, 26.71 pounds of corn silage or 53.28
pounds of kale.

Table X shows the milk and butter-fat production by groups for each
28-day experimental period. A study of this table shows that the average
production for both groups was somewhat higher when receiving kale
than when corn silage was fed. On the other hand, a slight advantage in
butter-fat production was shown when the cows received corn silage. The
average daily production per cow was 19.38 pounds of milk and .944 pound
of butter-fat when receiving corn silage and 19.76 pounds of milk and .943
pound of butter-fat when receiving kale.

PRODUCED BY GROUPS PER 28-DAY

26-DAY EXPERIMEN lAL

Table XI gives the weights of the cows by groups per 28-day experi-
mental period. It will be noted that Group A gained considerably more

TABLE X. MILK AND BUTTER-FAT
EXPERIMENTAL PERIOD (SECOND TRIAL)

Experimental periods Iv! ilk Butter-fat

Group A lb. lb.
Period 1. Kale 4214.4 4.74 199.77
Period 2. Corn silage 3836.2 5.23 200.60

Group B
Period 1. Corn silage - 3760.5 4.51 169.58
Period 2. Kale 3532.2 4.81 170.06

Average production per period both groups
Corn silage - 3798.6 4.87 185.09
Kale 3873.3 4.77 184.92

Average daily production per cow
Coin silage 19.38 4.87 .944
Kale 19.76 4.77 .943

TABLE XI. WEIGHTS OF COWS BY GROUPS PER
PERIOD (SECOND TRIAL)

Experimental periods Initial
weight

Final
weight

Gain or
loss itt
weight

Group A lb. lb. lb.

Period 1. Kale 6171 6310 139.000
Period 2. Corn silage 6494 6549 5 5.000

Group B
Period 1. Corn silage 6360 6509 149. 000
Period 2. Kale 6481 6603 122. 000

Average for period both groups
Corn silage - 6427 6529 102000
Kale 6326 6457 131. 000

Average per cow
Corn silage 918.1 932.7 14. 60 0
Kale 903.7 922.4 18. 700

Average daily gain in weight
Corn silage - .520
Kale .668



THE COMPARATIVE VALUE OF KALE AND CORN SILAGE 17

weight when receiving kale than when receiving corn silage, the gain
being 139 poun1s for the 28 days on kale and 55 pounds for the 28 days on
corn silage. In the case of Group B the cows gained 149 pounds when
receiving corn silage and 122 pounds when receiving kale, with an average
28-day gain for the two groups of 102 pounds when receiving corn silage and
131 pounds when receiving kale. This is an average daily gain per cow of
.520 pound for corn silage and .668 pound for kale. This indicates an
advantage for kale over corn silage considered from the standpoint of
gain in body weight when the cows consumed equal amounts of dry
matter from the two succulents.

Table XII gives the amount of feed consumed per Unit of production.
The table shows the actual amount of the various feeds in pounds and the
total digestible nutrients in the feeds as determined by actual analyses. It
will be noted that when corn silage was the succulent it required 83.18
pounds of total digestible nutrients for each 100 pounds of milk produced,
and when kale was the succulent fed it required 80.63 pounds. In the case
of a pound of butter-fat it required 17.07 pounds of total digestible nutrients
when corn silae was the succulent and 16.88 pounds when kale was fed.
The larger amount of total digestible nutrients required to produce 100
pounds of milk in the second trial over the first trial is due to the fact that
the milk from the cows used in the second trial averaged 4.8 percent but-
ter-fat in contrast to 4.3 percent for the first trial. The total digestible
nutrients requi-ed to produce a pound of butter-fat were quite similar for
the two trials.

TABLE XII. FEEDS CONSUMED PER UNIT OF PRODUCTION
(SECOND TRIAL)

A study of rrable XII reveals that 1.07 pounds more hay and .72 pound
more grain weie consumed per 100 pounds of milk when corn silage was
fed at the rate of 137.84 pounds in comparison to 269.62 pounds of kale.
After converting the extra feed to its equivalent in corn silage it was found
that 1 pound of corn silage was equal to 1.88 pounds of kale for milk pro-
duction. On cacti1ating the value of the two feeds for butter-fat production
in the same manner it was found that 1 pound of corn silage was equal to
2 pounds of kaJle. The cows gained somewhat more body weight in the
second trial thin they did in the first trial. It should be pointed out also
that the corn silage used in the second trial was considerably higher in
dry matter and total digestible nutrients tItan that used in the first trial,
whereas the kale was lower in dry-matter content.

Investigatipns in 1927-28. The primary object of the experiments
conducted in 1927-28 was to check the results of the two previous trials
comparing the eeding value of kale and corn silage. Results obtained in

Unit of produict
Hay Grain Succulents Total

digest 1-
ble nil.
t rien isAmount T.D.N. Amount T.D.N. I Amount T.D.N.

Per 100 kourids of milk lb. lb. lb.
I

lb. lb. lb.
Corn silage 55.13 29.18 36.86 2694 137.84 27.06 83.18
Kale 54.06 2861 36.14 26.42 269.62 25.60 50.63

Per pound of buttr-fat
Corn silage 1131 5.99 7.56 5.53 2829 5.55 17.07
Kale 11.32 599 7.57 5.53 56.47 5.36 16.85
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the first and second trials indicated that the actual analyses of the kale and
corn silage were a fairly good indication of the feeding value of the two
succulents. Consequently the rations for the 1927-28 experiments were
made up on the basis of actual analysis of the feeds available at the start
of the trial. Frequent analyses were made of the succulents as fed through-
out the feeding trial.

Twelve cows were selected for the experiment. These animals were
divided into two groups of six cows each, the groups being divided as
equally as possible on the basis of age, breed, stage of lactation, stage of
gestation, body weight, and milk and butter-fat production. The data on
the two groups of cows at the start of the trial are given in Table XIII.

TABLE XIII. GROUPING OF COWS (THIRD TRIAL)

The ration of each cow based upon her weight, milk and butter-fat
production was determined at the start of the test and the hay and grain
mixture fed was kept constant throughout the trial. The double-reversal
method of experimentation was used. Group A was fed kale for 37 days,
the first 7 days of which were preliminary, then after allowing a 7-day
transition period was changed to corn silage for 28 days; for the third
period, the group following a 7-day transition period was fed kale for a
period of 28 days. Group B received corn silage for the first period, kale
during the second period, and corn silage during the third period, allowing
the intermediate periods as in the case of Group A. Oats-and-vetch hay
was fed throughout the feeding trial. The grain mixture consisted of 225
pounds of ground oats, 75 pounds of ground vetch, 200 pounds of wheat
bran, 50 pounds of soy-bean meal, and 50 pounds of cottonseed meal.

Accurate records of experimental data were kept as indicated in Trial
1. Daily samples of milk were taken and the composite tested for butter-fat
once each week throughout the feeding trial.

The results of the 1927-28 experiments are given in tables XIV, XV,
XVI, and XVII. Table XIV shows the feed consumed per 28-day experi-
mental period by groups. A glance at this table will show that the grain,
which was kept constant throughout the experiment, was all consumed.
There was a slight variation in fl-ic hay consumption, but the average con-

Herd number and
breed A ge Stage of

lactation
Stage of
gestation

Milk
daily

Butter-fat
daily Weig h

Group A sears months mont/is lb. lb. lb.
26 Jersey 9.5 3.0 36.8 1.44 870
57 Jersey 3.7 3.0 0.3 16.2 0.87 775

221 Holstein 9.9 5.0 2.0 32.1 1.12 1242
240 1-lolstein 5.1 0.3 . 39.5 1.30 1062
483 Ayrshire 3.9 2.1 36.1 1.26 839
629 Guernsey 3.1 9.5 .. 25.1 1.47 944

Average 6 cows 5.9 3.8 0.4 31.0 1.24 954.5

Group B
55 Jersey 4.3 2.0 0.7 24.5 0.93 900

244 1-lolsrein 4.1 7.5 . 32.1 1.24 1227
245 Flolstein 4.0 2.0 32.1 096 1239
246 I-Iolstein 4.0 0.5 48.8 1.76 1026
423 Ayrshire 10.8 6.0 21.4 0.94 1188
638 Guernsey 3.6 5.0 3.3 23.2 1.11 902

Aveiage 6 cows 5.1 3.9 0.7 30.4 1.16 1080.3
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sumption witl kale and with corn silage was very similar. It will be noted
that in the cae of Group A about 1 pounds of kale were fed to each
pound of corn silage. This was based on the dry-matter content of the
two succulents. On the other hand, in the case of Group B the cows were
fed practically pound for pound of either corn silage or kale. Thus in con-
sidering this tial it should be borne in mind that the cows in Group A were
fed a more libral amount of kale than the animals in Group B.

TAB:E XIV. 1'EEDS CONSUMED BY GROUPS PER 28-DAY EXPERIMENTAL
PERIOD (THIRD TRIAL)

TL'able X\ gives the milk and butter-fat production of the two groups
of cows by priods with an average of the first nd third periods. The
table also gives the average production per period and the average daily
production per cow on both kale and corn silage. It will be noted that in
the case of Group A the cows produced more milk when receiving kale
than they did when receiving corn silage. On the other hand, butter-fat
production was slightly higher when corn silage was fed. In the case of
Group B, there was also a slight advantage for kale in milk production and
sligitly more butter-fat production when corn silage was fed. The pro-
duction of animals in Group B when kale was fed is considered especially
significant inamuch as this group received kale or corn silage on a pound-
for-pound bass. There was only a slight difference in the average daily
prouction pr cow whether corn silage or kale was the succulent in the
raticn.

Table XVI shows the weights of the cows by groups per 28-day experi-
mental period It will be noted that the animals in Group A gained only a
small amoun of weight when receiving kale, whereas a good gain in
weight was obtained when corn silage was fed. The animals in Group B
gained in weight during all three periods, averaging slightly higher for the
kale period than for the two periods on corn silage. The average daily gain
in weight per cow was 1042 pounds when receiving corn silage, and .696
pound when lale was fed.

Experini4ital periods Hay Grain Corn silage Kale

Grosj A lb. lb. lb. lb.
Period 1. Kale 2455 1736 7834
Period 2. Corn silage 2461 1736 4423
Period 3. Kale 2462 1736 7551

Aven ge periods I arid 3. Kale 2459 1736 7693

Group B
Period 1. Corr silage 2463 1512 5527
Period 2. Kale 2462 1512 5530
Period 3. Coir silage 2464 1512 5544

Avenge periods 1 and 3. Corn silage 2464 1512 5536

Averrpe per period, both groups
Corn silage 2462 1624 4980
Kale 2460 1624 6612

Averqe daily feed per cow
Coin silage - 14.65 9.67 29.64
Kale 14.64 9.67 39.36



20 AGRICULTURAL EXPERIMENT STATION BULLETIN 272

TABLE XV. MILK AND BUTTER-FAT PRODUCED BY GROUPS PER 28-DAY
EXPERIMENTAL PERIOD (THIRD TRIAL)

TABLE XVI. WEIGHTS OF COWS BY GROUPS PER 28-DAY EXPERIMENTAL
PERIOD (THIRD TRIAL)

A study of tables VI, XI, and XVI, showing the weight changes of the
cows for the first three feeding trials, shows that the cows tended to lose
weight for a time after being given kale in place of corn silage. This is
undoubtedly due to the physiological effect of the two feeds. Kale has a
tendency to be somewhat laxative in nature and undoubtedly reduces the
fill of the cow. This undoubtedly is not a loss in body weight if it were
possible to measure by some such means as the dressing-out percentage of
a carcass but is more or less a change in weight due to the fullness of the
intestinal tract. In other words, in comparing these two feeds it seems that
major emphasis must be placed on the effect on milk and butter-fat produc-

Experimental periods Milk Butter-fat

Group A lb. % lb.
Period 1. Kale 4841.8 4.187 202.77
Period 2. Corn silage 4432.2 4.423 196.02
Period 3. Kale 4338.6 4.237 183.83

Average periods I and 3. Kale 4590.2 4.211 193.30

Group B
Period 1. Corn silage 3934.8 3.869 152.22
Period 2. Kale - 3468.4 3.856 133.74
Period 3. Corn silage 2962.1 4.020 119.09

Average periods 1 and 3. Corn silage 3448.5 3.934 135.66

Average produclion per period, both g,oups
Corn sitage - 3940.4 4.21 165.84
Kale 4029.3 4.06 163.52

Average daily production per cow
Corn silage - 23.45 4.21 .987
Kale 2398 406 .973

Experimental period Initial
weight

Final
sverght

Gain or
loss in
weight

Group A
Period 1. Kale
Period 2. Corn silage
Period 3. Kale

Average periods I and 3. Kale

lb.
5731
5885
5907
5819

lb.
5757
6083
5931
5844

lb.
26

198
24
U

Group B
Period 1. Corn silage 6482 6614 132
Period 2. Kale 6486 6694 208
Period 3. Corn silage 6721 6894 173

Average periods 1 and 3. Corn silage 6601.5 6754 152.5

Average per period both groups
Corn silage 6243.3 6418.5 175.2
Kale 6152.2 6269.0 116.5

Average per cow
Corn silage 1040.5 1069.7 29.2
Kale 1025.3 1044.8 19.5

Average daily gain in weight
Corn silagc - 1.042
Kale .696
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tion without too much consideration for the changes in body weight over
so short a period as 28 days, as used in the various feeding trials. It should
be pointed out, however, that kale is not objectionable because of its
tendency to be laxative in effect; on the contrary, it keeps the cows in the
very best of physiological condition.

Table XVII shows the feeds consumed per unit of production for the
third trial. This table shows that it required more total digestible nutri-
ents to produce 100 pounds of milk or 1 pound of butter-fat when corn
silage was the succulent than when kale was fed. On the milk-production
basis 100 pounds of total digestible nutrients in the kale ration were
equivalent to 109 pounds of total digestible nutrients in the corn-silage
ration. On the butter-fat basis 100 pounds of total digestible nutrients in
the kale ration were equivalent to 103.5 pounds of total digestible nutrients
in the corn-silage ration.

TABLE XVII. FEEDS CONSUMED PER UNIT OF PRODUCTION
(THIRD TRIAL)

From Table XVII it will be noted that it required 1.38 pounds more
hay and .91 pound more grain to produce 100 pounds of milk on the corn-
silage than on the kale ration. After converting this extra hay and grain
to its corn-silage equivalent it was found that 134.52 pounds of corn silage
containing 21.66 pounds of total digestible nutrients gave the same milk
production as 164.09 pounds of kale containing 15.07 pounds of total digesti-
ble nutrients. In other words, 1 pound of corn silage was equivalent to 1.22
pounds of kale for milk production. Using the same method of calculation,
1 pound of corn silage was equivalent to 1.42 pounds of kale for butter-fat
production.

Investigations in 1928-29. The primary object of the fourth year's ex-
periment was to test kale and corn silage as to comparative feeding value.
Three secondary objects were also kept in mind during this year's work.
Attempts were made to determine the most economical amount of kale to
feed and to compare the feeding value of a combination.of the two feeds,
kale and corn silage, with either feed fed alone. The effect of kale on the
quality of milk and butter was also considered in this year's investigations.

The results of the 1927-28 trials seemed to indicate that kale fed in
quantities of 30 to 35 pounds daily was almost equal to corn silage pound
for pound. In order to obtain more information on this point, the 1928-29
experiments were planned so that the cows would receive similar amounts
of kale, corn silage or a combination of one-half kale and one-half corn
silage.

Unit of production
Hay Grain TotalSucculents digest

ble

Amount T.D.N. Amount T.D.N. Amount T.D.N. nutri-
ents

Per 100 pounds of milk lb. lb. lb. lb. lb. lb. lb.
Corn silage 62.43 31.00 41.21 28.73 126.38 20.35 80.10
Kale 61.07 30.32 40.30 28.12 164.09 15.07 73.51

Per pound of butter-fat
Corn silage - 14.83 7.36 9.79 6.83 30.02 4.83 18.74
Kale 15.05 7.47 9-93 6.93 40.35 3.71 18.11
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Twenty-one cows were selected and divided as equally as possible into
three groups on the basis of age, breed, stage of lactation, stage of gesta-
tion, weight, and milk and butter-fat production.

All three groups of cows received oats-and-vetch hay and a grain mix-
ture consisting of 650 pounds ground oats, 150 pounds ground field-peas,
400 pounds of wheat bran, 33 pounds of soy-bean meal, 33 pounds of cot-
tonseed meal, 33 pounds of linseed-oil meal. A sufficient quantity of the
grain mix was mixed up previous to the trial, so that there would be as
little variation as possible in the analysis of the grain mixture fed. The
amounts of grain and hay fed were kept constant throughout the trial.

The grouping of the cows at the start of the trial is given in Table
XVIII.

TABLE XVIII. GROUPING OF COWS (FOURTH TRIAL) 1928-29

The cows in Group A received kale for the first period of 28 days, were
then changed to a combination of kale and corn silage for a 28-day period,
and for the third period received corn silage. The cows in Group B were
started on kale and corn silage, were then changed to corn silage alone,
and for the third period receive.d kale. The animals in Group C began the
experiment on corn silage, were changed to kale for the second period, and
for the third period received the kale and corn-silage combination. Seven-
day preliminary and transition periods were used throughout the trial.

Herd number
and breed Age Stage of

lactation
Stage of

gestation
Milk
daiI

Butter-fat
daily Weight

Group A yearj montks tnonthj lb. lb. lb.
26 Jersey ... 10.42 2.0 37.0 1.48 879
56 Tersey ... 4.75 4.0 2.0 14.8 .83 964
60 ersey . 4.33 1.0 24.1 1.25 929

641 Guernsey 6.75 0.75 38.0 1.39 847
477 Ayrshire.. 5.75 0.75 40.0 1.62 923
258 Holstein. 3.42 2.0 25.4 .83 1 127
229 Holstein.. 8.95 14.5 1.0 26.6 .96 1145

Average 7 cows 6.34 3.57 .42 29.4 1.19 973.4

Group B
52 Jersey .. 5.29 2.0 22.4 1.10 902
59 Jersey ... 4.54 1.0 21.1 .92 986
55 Jersey ... 5.5 1.0 32.0 1.92 922

222 Holstein.. 10.63 2.0 37.9 1.16 1198
244 Holstein. 5.08 19.0 23.0 .88 1250
638 Guernsey 4.8 S.d 19.6 .98 931
497 Avrshire.. 4.33 5.5 3.5 23.2 1.02 1320

Average 7 cows 5.59 5.07 25.6 1.14 1072.7

Group C
42 Jersey ... 6.75 3.0 27.0 1.66 930
54 Jersey .. 5.3 2.0 19.6 .97 912

246 1-lolstein.. 4.95 0.5 43.0 1.60 1106
255 Ho1stein 3.66 11.9 27.4 .904 1226
469 Ayrshire.. 6.0 3.5 43.0 1.56 1072
445 Ayrshire.. 8.5 4.5 30.0 .98 909
629 Gueinsey 7.5 7.0 17.1 .75 1165

Average 7 cows 6.09 4.62 - 29.6 1.20 1045.7
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Accurate records of feed consumed, milk produced, body weight, and
other experimental data were kept throughout the feeding trial. Composite
milk samples were tested weekly for butter-fat.

The records on one animal in Group A, No. 26, and two animals in
Group B, numbers 59 and 497, were eliminated owing to feeding dis-
turbances. Consequently averages rather than totals for each group are
used in summarizing the records.

Table XIX shows the feed consumed by the three groups of animals
per 28-day period for the fourth trial. There is given also an average feed
consumption per cow of all groups when kale, corn silage, and a combina-
tion of the two succulents were fed. It will be noted that the amount of
grain consumed throughout the feeding trials remained constant for the
various groups. There was a slight variation in hay consumption owing to
a small amount refused. There was slightly more kale consumed than corn
silage alone or a combination of the two feeds.

TABLE XIX. FEEDS CONSUMED BY GROUPS PER 28-DAY EXPERIMENTAL
PERIOD (FOURTH TRIAL)

The milk and butter-fat production per 28-day experimental period by
groups is shown in Table XX.

A study of Table XX will show that the average milk production of all
groups was higher when the combination of kale and corn silage or corn
silage alone was fed than when kale alone was the succulent used. Kale
alone gave the lowest average butter-fat production. It should be pointed
out again that the kale and corn silage were fed on practically a pound-for-
pound basis, disregarding the fact that kale has a much lower dry-matter
content.

Experimental period Hay Grain c Kale
Combination

Kale Silage

Group Ad cows lb. lb. lb. lb. lb. lb.
Period 1. Kale 2459 2044 5420
Period 2. Kale and

corn silage 2473 2044 2639 2617
Period 3. Corn silage 2484 2044 5373

Group BS cows
Period 1. Kale and

corn silage 1864 1540 2447 2419
Period 2. Corn silage 1844 1540 4862
Period 3. Kale 1850 1540 4928

Group C? cows
Period 1. Corn silage 2425 2408 6303
Period 2. Kale 2411 2408 6385
Period 3. Kale and

corn silage 2410 2408 3184 3146

Average per cow per
period

Kale 376.3 331.9 933.7
Corn .silage 375.1 331.9 922.8
Kale and corn silage. 376.1 331.9 461.3 456.5

Average daily iced per
cow

Kale 13.44 11.85 33.35
Corn silage 13.40 11.85 32.96
Kale and corn silage. 13.43 1185 16.48 16.3
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TABLE XX. MLK AND BUTTER-FAT PRODUCTION BY GROUPS PER 28-DAY
EXPERIMENTAL PERIOD (FOURTH TRIAL)

Table XXI gives the weights of the cows by groups per 28-day experi-
mental period with the gain or loss in weight.
TABLE XXI. WEIGHTS OF COWS BY GROUPS PER 28-DAY EXPERIMENTAL

PERIOD (FOURTH TRIAL)

Experimental period
Milk Butter-fat

Total Average Percent Total Average

Group A-a cows lb. lb. lb. lb.
Period 1. Kale 4502.0 750.3 3.80 171.22 28.54
Period 2. Kale and corn silage 4431.9 738.5 3.90 173.84 28.97
Period 3. Corn silage 4068.0 678.0 4.01 16329 27.22

Group B-5 cows
Period 1. Kale and coin silage 3123.5 624.7 4.56 140.67 28.13
Period 2. Corn silage 2829.3 565.9 4.42 124.97 24.99
Period 3. Kale 2603.2 520.6 4.61 120.04 2401

Group C-? cows
Period 1. Corn silage 5177.2 239.6 4.24 219.85 31.41
Period 2. Kale 4689.7 670.0 4.4s 210.24 30.03
Period 3. Kale and corn silage 4349.1 621.3 4.68 193.70 27.67

Average per cow per period
Kale 647.0 4.26 27.53
Corn silage - 661.5 4.27 28.26
Combination kale and corn

silage - 661.2 4.22 27.87

Average daily production per cow
Kale 23.11 4.26 .983
Corn silage 2363 4.27 1.009
Combination kale and corn

silage 23.61 4.22 .995

Initial Final Gain or loss

Total Average Total Average Total Average

Group A-6 cows lb. lb. lb. lb. lb. lb.
Period 1. Kale 5935 989.2 6022 1003.7 87 14.5
Period 2. Kale and

corn silage 6018 1003.0 6299 1049.8 281 46.8
Period 3. Coin silage 6341 1056.8 6437 1072.8 96 16.0

Group B-5 cows
Period I. Kale and

corn silage 5203 1040.6 5381 1076.2 178 35.6
Period 2. Corn silage 5398 1079.6 5539 1107.8 141 28.2
Period 3. Kale 5504 1100.8 5618 1123.6 114 228

Group C-? cows
Period 1. Corn silage 7320 1045.7 7360 1051.4 40 5.7
Period 2. Kale - 7374 1053.4 7382 1054.6 8 1.1
Period 3. Kale and

corn silage - 7503 1071.9 7601 1085.9 98 14.0

Average per cow all
groups

Kale ... 1047.8 1060.6 12.8
Corn silage 1060.7 1077.3 16.6
Kale and corn silage. 1038.5 1070.6 32.1

Average daily gain in
weight

Kale .415
Corn silage .550
Kale and corn silage 1.105
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It will be noted in the case of every group tl1at when kale was the
succulent the smallest gain in weight was obtained, corn silage being
intermediate, and a combination of the two feeds giving the greatest
amount of gain. The fact that the cows averaged considerably more gain
in weight when a combination of kale and corn silage was fed than when
corn silage alone or kale alone was the succulent seems to be significant.

The feeds consumed per unit of production in the fourth trial are
given in Table XXII.

TABLE XXII. FEEDS CONSUMED PER UNIT OF PRODUCTION
(FOURTH TRIAL)

Table XXII shows the actual amounts of the various feeds consumed
per 100 pounds of milk and per pound of butter-fat, and also the total
digestible nutrients as found in the various amounts of hay, grain, and suc-
culents. It will be noted that it required a little more hay and grain to
produce milk and butter-fat when kale was the succulent fed in comparison
to corn silage or a combination of the two feeds. After converting the
extra feed to its equivalent in kale it is found that 1 pound of corn silage
was equal to 1.16 pounds and 1.19 pounds of kale for milk and butter-fat
production, respectively.

On the same basis 1 pound of corn silage was equal to 1 and 1.07
pounds of the combination of kale and corn silage for milk and butter-fat
production, respectively. Based on the total-digestible-nutrient content of
the rations the kale ration was considerably the most efficient for milk and
butter-fat production, with the ration containing the combined succulents
intermediate and the corn silage ration the least efficient.

Summary of the four feeding trials. The summarized results of the
four trials comparing the feeding value of kale and corn silage are tabu-
lated in tables XXIII, XXIV, XXV, XXVI, XXVII, XXVIII, and XXIX.

As shown in Table XXIII, the average cow consumed daily approxi-
mately 121 pounds of hay, 10 pounds of concentrates, and either 31 pounds
of corn silage or 411 pounds of kale. The amount of hay and grain fed was
kept constant throughout the particular feeding trials. On the other hand,
the amount of corn silage or kale fed was varied from equal amounts of
the two to twice the amount of kale as of corn silage. Thus in the second
trial the average cow received either 261 pounds of corn silage or 53 pounds
of kale. In the fourth trial about 33 pounds of either corn silage or kale
was fed. -

Unit of production
Hay Grain Succulent S Total di-

gestible
nut rientsAn,Ount T.D.N. Amount I T.D.N. Amount T.D.N.

Per 100 pounds of milk lb. lb. lb. lb. lb. lb. lb.

Corn silage
Kale
Kale and silage

56.70
58.16
56.88

26.65
27.34
26.73

50.17 33-35
51.30 34.10
50.20 33.37

139.50
144.31
138.50

28.35
12.26
19.88

88.35
73.70
79.98

Per pound of butter-fat
Corn silage
Kale
Kale and silage

13.27
13.67
13.49

6.24
6.43
6.34

11.74 7.80
12.05 8.01
11.91 7.92

32.65
33.92
32.93

6.64
2.88
4.72

20.65
17.32
18.98
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TABLE XXIII. AVERAGE DAILY FEED CONSUMPTION PER COW
(FOUR TRIALS)

The average daily milk and butter-fat production per cow for each of
the four trials is given in Table XXIV. A study of the table will show
very close agreement in the amount of milk and butter-fat produced when
the two succulents were interchanged. In three of the four trials kale
feeding resulted in slightly higher milk production and slightly lower but-
ter-fat tests. A combination of kale and corn silage in the fourth trial gave
good results.

TABLE XXIV. AVERAGE DAILY MILK AND BUTTER-FAT PRODUCTION
PER COW (FOUR TRIALS)

First trial
Corn silage ration
Kale ration

Second trial
Corn silage ration --
Kale ration -

Third trial
Corn silage ration
Kale ration

Fourth trial
Corn silage ration
Kale ration
Combination kale and corn silage ration

Average four trials
Corn silage ration
Kale ration

Milk Butter-fat

lb. %
23.44
24.51

19.38
19.76

23.45
23.98

23.63
23.11
23.61

22.48
22.84

lb.

The value of kale and corn silage for body maintenance and gain in
weight is given in Table XXV. In three of the four trials the cows aver-

Hay Grain S°a Kale
Combination

Kale Sl°a

First trial lb. lb. lb. lb. lb. lb.
Corn silage ration 10.94 10.63 35.49
Kale ration 11.01 10.70 40.68

Second trial
Cot-n silage ration 10.68 7.14 26.71
Kale ration 10.68 7.14 53.28

Titled trial
Corn silage ration 14.65 9.67 29.64
Kale ration -- 14.65 9.67 39.36

Fourth trial
Corn silage ration. 13.40 11.85 32.96
Kale ration 13.44 11.85 33.35
Combination kale and

silage ration 13.43 11.85 16.48 16.30

Average four trials
corn silage ration 12.42 9.82 31.20
Kale ration 12.44 9.84 41.67

4.29 1.006
4.34 1.063

4.87 .944
4.77 .943

4.21 .987
4.06 .973

4.27 1.009
4.26 .983
4.22 .995

4.39 .987
4.34 .991
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aged higher in gain in body weight when corn silage was fed. In the sec-
and trial kale feeding resulted in a greater gain in weight than corn silage.
It should be pointed out, however, that in this trial kale was fed at the rate
of two pounds per pound of corn silage, whereas in the fourth trial .when
the two succulents were fed on a pound-for-pound basis corn silage gave
the greatest gain in weight. Practically every individual cow in each of the
four feeding trials gained in weight regardless of whether kale or corn
silage was the succulent, thus indicating that the cows were receiving an
adequate ration.

TABLE XXV. AVERAGE INITIAL, FINAL, AND DAILY GAIN IN WEIGHT
PER COW (FOUR TRIALS)

Table XXVI shows the average chemical analyses and Table XXVII
the computed digestible crude protein and total digestible nutrients of the
feeds used in the four feeding trials.

Corn silage was the feedstuff varying most in composition from year
to year. Thus in the first year's investigation the corn silage contained
only 20 percent dry matter in contrast to 30 percent in the second and
fourth trials. The silage used in the first trial came largely from a cpncrete
silo and the corn had been watered at the time of ensuing. The silage for
the second, third, and fourth trials came from a stave silo, the corn also
having been watered at the time of ensuing but any excess moisture
apparently drained away.

The total digestible nutrients consumed per unit of production when
corn silage, kale, or a combination of the two succulents was fed is shown
in Table XXVIII.

A study of Table XXVIII shows that in the case of each of the four
trials a smaller amount of total digestible nutrients was required for milk
and butter-fat production when kale was fed than when the cows received
corn silage. This seems to be an important finding, as it indicates that kale
when fed with hay and a grain mixture to dairy cows in comparison to

Initial
weight

Final
weight

Daily

First trial lb. lb. lb
Corn silage ration 1008.3 1022.7 .512
Kale ration 996.3 1010.1 494

Second trial
Corn silage ration 918.1 932.7 .520
Kale raiion - 903.7 922.4 .668

Third trial
Corn silage ration . 1040.5 1069.7 1.042
Kale raiion 1025.3 1044.8 .696

Fourth trial
Corn silage ration 1060.7 1077.3 .550
Kale ration . 1047.8 1060.6 .415
Combination kale and corn silage ration 1038.5 1070.6 1.105

Average four trials
Corn silage ration 1006.9 1025.6 .656
Kale ration 993.3 1009.5 .568
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'fABLE XXVI. AVERAGE CI-IEMICAL ANALYSES OF FEEDS USED IN
FEEDING TRIALS

TABLE XXVII. DIGESTIBLE NUTRIENTS IN 100 POUNDS OF FEED USED
IN FEEDING TRIALS

corn silage results in a production beyond what might be expected from its
total-digestible-nutrient content. It will be noted from Table XXV that
the cows averaged slightly higher in gain in body weight on corn silage,
the figures being .656 pound as the average daily gain in body weight on
corn silage and .568 pound on kale. The additional gain in body weight on
corn silage, however, is not sufficient to account for the considerably more
economical production of milk and butter-fat based on the total-digestible-
nutrient content of the rations when kale was the succulent.

Feeds Water Ash P0te

Carbohydrates
Fat

Fber N-free
extract

First trial (1925-26) % %
Kale 86.00 1.64 3.08 1.92 6.80 .56
Corn silage 79.96 1.10 1.74 4.17 12.50 .53
Alfalfa hay 15.39 6.74 11.56 30.50 35.00 .81
Grain mixture 8.82 5.30 11.85 9.35 60.96 3.72

Second trial (1926-27)
Kale 85.90 1.58 2.47 2.34 7.36 .35
Corn silage 70.50 1.76 2.50 5.84 18.71 .69
Clover hay _. 10.20 4.93 8.40 27.30 47.92 1.25
Grain mixture 9.65 4.36 14.64 8.15 59.41 3.79

Third trial (1927-28)
Kale 86.80 1.47 2.10 1.78 7.52 .33
Corn silage 74.25 1.21 1.84 5.82 16.45 .43
Oats and vetch hay 14.40 6.72 5.94 27.41 43.42 2.11
Grain mixture ------------- 13.85 4.43 18.75 8.69 49.70 4.58

Fossrth trial (1928-29)
Kale 87.81 1.34 2.36 1.56 6.39 .54
Corn silage 70.26 1.06 2.18 5.49 20.37 1.64
Oats and vetch hay 16.07 5.49 6.86 30.22 39.52 1.84
Grain mixture 12.46 4.08 13.74 8.97 47.24 4.51

Flay Grain r Kale

First trial lb. lb. lb. lb.
Crude protein 8.208 9.617 .887 2.495
Total nutrients 48.835 74.680 13.451 9.628

Second trial
Crude protein - 4.986 10.991 1.275 2.001
Total nutrients 52.928 73.101 19.628 9.496

Third trial
Crude protein - 3.861 14.623 .938 1.701
Total nutrients 49.648 69.783 16.101 9.184

Foisrth trial
Crude .protein - 4.459 12.085 1.112 1.912
Total nutrients 47.002 66.477 20.325 8.490

Average of 4 trials
Crude protein 5.371 11.829 1.053 2.027
Total nutrients - 49.603 71.010 17.376 9.200
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It seems that the rations containing corn silage could be considered as
normal rations. In the first trial alfalfa hay was used; in the second trial
clover hay; and in the third and fourth trials oats-and-vetch hay. The grain
mixtures were made up of concentrates from three to six plant sources, the
crude-protein content varying with the amount contained in the hay.

The concentrate mixture in the first trial consisted of 2 parts ground
barley, 2 parts ground oats, and 1 part coconut meal, and contained 11.85
percent crude protein. In the second trial the grain mixture consisted of
equal parts ground barley, ground oats, mill-run and coconut meal, and
contained 14.64 percent crude protein. The grain mixture used in the third
trial was 225 pounds ground oats, 75 pounds ground 'etch, 200 pounds
wheat bran, 50 pounds soy-4ean meal, and 50 pounds of cottonseed meal.
This mixture analyzed 18.75 percent crude protein.

In the fourth trial the grain mixture consisted of 650 pounds of ground
oats, 150 pounds ground field peas, 400 pounds wheat bran, 33I pounds each
of soy-bean meal, cottonseed meal and linseed-oil meal. This mixture
analyzed 13.74 percent crude protein.

From the results as summarized in Table XXVIII it seems that kale
has a value for milk production beyond its digestible crude protein and
total-digestible-nutrient content when compared to rations containing corn
silage. The cause of the stimulation of milk secretion by kale cannot be
definitely stated at the present time. In all cases there was a larger amount
of digestible crude protein in the kale than in the corn-silage rations. This
was due to the fact that kale averaged somewhat higher in crude protein.
According to Henry and IVIorrison, crude protein in the case of kale has a
coefficient of digestibility of 81 percent in contrast to 51 percent in the
case of corn silage.

In the second and fourth trials when corn silage was the succulent,
the cows received somewhat less digestible crude protein than planned,
owing to the fact that in the second trial the clover hay analyzed quite
low in crude protein, and in the fourth trial both the oats-and-vetch hay
and the grain mixture were found to contain less crude protein than expect-
ed. In both cases the cows showed a considerable gain in body weight,
however, thus indicating an adequate ration. The stimulation of milk pro-
duction on feeding kale then hardly seems to be due to excess protein feed-
ing, especially as in the first and third feeding trials an excess of protein
was available in the corn-silagc rations.

First trial 77.00 70.53 17.94 16.27
Second trial 83.15 80.63 17.07 16.88
Third trial 80.10 73.51 18.74 18.11
Fourth trial 88.35 73.70 79.98 20.68 17.32 18.98

Average 82.16 74.59 79.98 18.61 17.15 18.98

Per 100 pounds milk Per pound butter-fat

Corn
sitage Kale

Combination
kale and

corn silage
Corn

silage Kale
Combination

kale and
corn silage

lb. lb. lb. lb. lb. lb.
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The stimulation in production hardly seems to be due to an increase
in the mineral supply. Kale supplies about three times as much calcium as
corn silage, but calcium is hardly a factor inasmuch as alfalfa hay was fed
in the first trial and clover hay in the second trial. Corn silage and kale
analyze very similarly in phosphorus content. Golding, Soames, and Zilva,3
in England, failed to increase the \Titamin-D content of butter by feeding
kale in place of mangolds. On the other hand, Miller and coworkers7
found that kale favorably influenced calcium and phosphorus balances in
milk cows.

Kale has been found by Davies to contain protein of good quality. It
is comparatively high in several Qf the essential amino acids, especially
lysine, arginine, histidine, and cystine. It is entirely possible that the high
value of kale for milk production is due to the fact that it supplies essen-
tial amino acids in greater amOunts than corn silage.

Kale is fed as a natural green feedstuff containing the original plant
juices. It has a slightly laxative effect on the animal. It contains about
one-half the dry matter of corn silage. Possibly its high value for milk pro-
duction is due to its superior value for succulence as such. Superior protein
quality, however, seems to be indicated by the results as given in Table
XXVIII. Further studies on this question are being made.

The comparative production values of kale and corn silage on the
green-weight basis are given for the four trials in Table XXIX.

TABLE XXIX. COMPARATIVE VALUE OF KJLE AND CORN SILAGE ON
GREEN-WEIGHT BASIS FOR MILK AND BUTTER-FAT PRODUCTION

In the first trial kale and corn silage gave practically the same pro-
duction pound for pound. The corn silage analyzed high in moisture but
contained 6 percent more dry matter than kale. Actually kale gave higher
milk and butter-fat production when it was fed at the rate of 8 pounds of
kale to7 pounds of corn silage.

The kale used in the second trial knalyzed 14.10 percent dry matter in
comparison to 29.50 percent in corn silage. In this trial kale was fed at the
rate of two pounds per pound of corn silage and the average daily feed of
kale per cow was 531 pounds. This was a heavy allowance of succulence.
As the cows averaged about 900 pounds in weight at the start of the trial
they consumed succulence to about 6 percent of their body weight per day.

In the third trial the cows in Group A received daily about 4.5 percent
of their body weight as kale. The cows in Group B received about 3 per-
cent of their body weight or in amounts the same as when corn silage was

For milk production For butter-fat
production

Corn
silage Kale Corn

silage Kale

lb. lb. lb. lb.
First trial 1 .99 1 .96
Second trial . 1 1.88 1 2.00
Third trial 1 1.22 1 1.42
Fourth trial 1 1.16 1 1.19

- Average - 1 1.31 1 1.39
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fed. The most economical production was obtained on the lower level of
kale feeding.

In the fourth feeding trial kale gave results much beyond the expected
from its analyses when fed at the rate of 3 to 3.5 percent of the body
weight.

As an average of all four trials and including the different rates of
feeding, 1 pound of corn silage was equal to 1.3 pounds of kale for milk
production and 1.4 pounds for butter-fat production.

These data suggest that the feeding of kale at the rate of 3 to 4 percent
of the body weight gives the most economical results. This question is
receiving further attention.

Comparative cost of production on kale and corn silage. The com-
parative efficiency of kale and corn silage on the basis of the feed cost of
milk and butter-fat production is indicated by the costs given in Table
XXXI. This table is obtained by applying the basic feed prices as given
in Table XXX to the actual amounts of hay, grain, and succulents required
to produce 100 pounds of milk or 1 pound of butter-fat as given in tables
VII, XII, XVII, XXII.

TABLE XXX. FEED PRICES UPON WHICH COMPARATIVE COSTS OF
PRODUCTION ARE BASED

TABLE XXXI. COMPARATIVE COST OF PRODUCTION

The prices used for corn silage, kale, and the hays are the prices given
by Selbytmt 12 as the cost of producing these feeds in the Willamette Valley.
The prices for grains and mill feeds are an approximate average of the
prices paid for the feedstuffs by the Dairy department of Oregon State
Agricultural College in the period 1923 to 1930, inclusive. In some cases
the price represents only one or two purchases.

Feed Cost per toil

Corn silage $ 7.40
Kale 3.78
Alfalfa hay 7.93
Clover hay 7.08
Oats-and-vetch hay 9.87
Ground barley 35.00
Ground oats 35.00
Mill-run 30.00
Wheat bran 30.00
Soy-bean meal 51.00
Cottonseed meal 52.00
linseed-oil meal 56.00
Coconut meal 38.00
Ground vetch seed 36.00
Ground field peas 34.00
Grain mixtume first trial 35.60
Grain mixture second trial 34.50
Grain mixture third trial 36.20
Grain mixture fourth trial 347

Per 100 pounds of milk Per pound of butter-fat

Corn silage Kale Corn silage Kale

First trial -- $1.55 $1.27 $0.36 $0.29
Second trial 1.34 1.32 .27 .28
Third trial 1.52 1.34 .36 .33
Fourth trial 1.67 1.45 .39 .34

Average 1.55 1.37 .345 .310
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A study of Table XXXI clearly shows that milk and butter-fat can be
produced more economically with kale as the succulent feed than with
corn silage. On the average there was a saving of l8 and 3 in producing
100 pounds of milk and 1 pound of butter-fat respectively where kale was
fed rather than corn silage.

The variation in the cost of production in the four trials is largely due
to the variation in the quality of the feeding stuffs. Thus in the second
trial a much better quality of corn silage was available than in the first
trial, averaging 50 percent higher in dry matter. Kale was fed in too large
an amount to be economical in the second trial. The costs are greater in
the third and fourth trials owing to the higher-priced oats-and-vetch hay
being fed. The larger grain and smaller hay consumption in the fourth
trial in comparison to the third trial was not economical.

EFFECT OF FEEDING KALE ON THE QUALITY OF
MILK AND BUTTER PRODUCED, 1928-29

Object of the experiment. It has been a contention on the part of
milk-plant operators, creamerymen, and consumers in general that the
feeding of kale to dairy cows is objectionable because it imparts undesir-
able flavors and odors to milk and butter.

A survey of the literature reveals that Babcock' of the U. S. Bureau
of Dairy Industry has studied this problem in so far as milk is concerned.
He found that the feeding of 15 and 30 pounds of kale one hour before
milking produced a very abnormal flavor and odor in the milk. The larger
amount of kale caused a more abnormal flavor and odor. When 30 pounds
of kale was fed after milking, there was practically no effect on the flavor
or odor of milk. The results were based on 886 opinions on 174 samples of
milk. The variety of kale used was Thousand-Headed kale, which was 15 to
18 inches in height.

Experimental. Six cowstwo Jerseys, two Guernseys, and two Hol-
stemswere selected for the trial. They were fed a basal ration consisting
of oats-and-vetch hay, corn silage, and a grain mixture consisting of
650 pounds ground oats, 400 pounds wheat bran, 150 pounds ground field
peas, 33 pounds each of soy-bean meal, cottonseed meal, and linseed-oil
meal. The silage and grain were fed previous to milking and the hay
following milking.

The cows were fed the basal ration for one week, during which time
samples of milk from each individual cow were taken. This milk was
scored for flavor and odor, separated, and the cream churned by means of
a hand churn. The butter obtained was scored immediately after churning
and again after being kept in storage several weeks. After one week on the
basal ration, the cows were divided into three groups of two cows each.
For the first experimental period Group A received 15 pounds of kale iii
place of corn silage twice daily one hour before milking; Group B received
15 pounds twice daily one hour after milking; and Group C received 30
pounds twice daily after milking. After the cows had received kale for 8
days milk samples were taken for scoring and making into butter. The
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method of feeding was then changed so that the cows in Group A received
kale after milking and those in groups B and C were fed kale one hour
previous to milking.

The samples of milk and butter were judged as normal or off in flavor
and odor by several dairy staff members and students having experience in
judging dairy products.

Results. Seventy-five samples of milk were obtained for the study. In
the case of the samples of milk taken when cows received the basal ration,
98.6 percent of the opinions considered them normal in flavor and odor.
In the case of the samples of milk obtained when 15 pounds and 30 pounds
of kale were fed after milking, 98.2 percent and 96 percent respectively
of the opinions considered the milk normal in flavor and odor.

When 15 pounds of kale was fed before milking, 41.6 percent of the
opinions considered the milk off in flavor and 45.6 percent off in odor. The
feeding of 30 pounds of kale, of which 29.4 pounds was consumed before
milking, resulted in an even more noticeable kale flavor and odor, 75.2
percent of the opinions considering the milk off in flavor and 79.6 percent
off in odor.

It was easy for the judges to detect an objectionable kale flavor in
the butter samples obtained from the groups of cows when 15 or 30 pounds
of kale was fed previous to milking. The kale flavor and odor was stronger
in the butter samples obtained from cows fed the larger amount of kale
before milking. It was thought that the samples of butter from cows fed
kale before milking would have been objected to by the ordinary con-
sumer.

The butter samples obtained when kale was fed after milking scored as
high as the samples from the basal ration, and were not objected to from
the standpoint of feed flavor or odor.

Conclusion. Kale should be fed after milking in order to prevent a
deleterious effect on the flavor and odor of milk and butter. Fed one hour
before milking, it causes an objectionable kale flavor and odor in the milk
and butter produced.
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