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Technical Bulletin 724 . April 1940

Milk and Butterfat Production by Dairy
Cows on Four Different Planes of Feeding'

By R. R. GravEs,'chigf; GeorGE Q. BateMman, agent;® J. B. BerpARRD, associale
dairy husbandman, Dision of Dairy Cattle Breeding, Feeding, and Management,
Byreau of Dairy Industry, Uniled Slales Department of Agriculiuve; and GEORGE
_‘% CaINE, profefsor of dairy husbandry, Ulah Siate Agricultural College

United States Department of Agriculture, Bureau of Dairy Industry,
in cooperation with the Utah Agricultural Experiment Station
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INTRODUCTION

Pasture grasses and other roughege crops as a rule produce nutrients
for livestock rations at less cost than the grain erops. It is important,
therefore, to know the extent to which home-grown roughage crops
mey be used instead of the more costly grain crops in feeding dairy
cows for the most economical production.

This bulletin presents the results of & feeding experiment with
dairy cows at the Utah Agricultural Experiment Station, covering
the period 1928 to 1935. The object of the experiment was to obtain
data on the quantity of milk and butterfat produced by dairy cows
when kept under good average herd conditions, milked twice daily,
and fed throughout the lactation period on a ration containing home-
grown roughages and either a moderate or limited amount of grain,
or on a ration of home-grown roughages only, with or without corn
silage. Also, data were to be oblained on the effect of the rations on
the health and reproductive activities of the cows.

' Recelved for publication July 11, 1930,

14, Q. Bateman, asslstant dairy husbandman, Utah Agricultural Experiment Ststion, ls superintendent

of tha gairy experiment farm and has charge of the ¢ooperative work between the station and the Bureay of
Trairy Induostry.
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This experiment, which involved the comparison of four different
rations, or so-called planes of feeding, wes somewhat similar to an
experiment?® conducted by the Bureau of Dairy Industry at its
Huntley, Mont., field station, in which cows were fed on three planes
of feeding. The rations used in the two experiments were different in
many respects, howevor, those used in the present experiment being
amore comparable to dairy-feeding practices in Utah. Also there were
& number of differences in the methods of handling the cows during
the experimeptal period, which accounts for certain differences in the
results of the two experiments.

EXPERIMENTAL PROCEDURE

Twelve registered and grade Holstein-Friesian cows were used in
this experiment, each cow being'fed throughout one complete lactation
period on sach of the following four rations, or so-called planes of
feeding: Full-grain ration; ration 1 (alfalfa hay and pasture); ration 2
(alfelfa hay, pasture, and ground barley); and ration 3 (alfalfa bay,
pasture, and corn silage).

The quantity cf _:'nili and butterfat produced on rations 1, 2, and 3
was compared with the quantity produced on the full-grain ration.

Ramons FED

The full-grain ration consisted of alfalfa hay, corn silage, pasture
in season, and a grain mixture made up of barley, 2 parts; oats, 1
part; and wheat bran, 1 part. The cows were fed the grain mixture
at the rate of 1 pound a day for each pound of butterfat produced
per wesk. Grain feeding was discontinued when butteriat production
dropped below 20 pounds per month. The quantity of grain fed on
the above basis varied somewhat with the individual cows, ranging
from 1 pound of grain for each 3.73 pounds of milk produced to 1
pound for each 5.62 pounds of milk produced, the average for the 12
cows being 1 pound of grain for each 4.33 pounds of milk produced.

Ration 1 consisted of alfalfn hay alone, or pasturage alone when
zood pasture was available. Sowme hay was fed during the pasture
season, however, when pastures became short.

Ration 2 consisted of alfaifa hay and pasture, with the addition of
eround barley grain. The barley was fed at about the same rate both
summer and winter. The rate of barley feeding varied somewhat
with the individual cows and ranged from 1 pound for each 5.57
pounds of milk produced to 1 pound for each 6.50 pounds of milk
produced, the average for the 12 cows being 1 pound of barley for
each 6.03 pounds of milk produced.

Ration 3 consisted of alfalfa hay ‘and pasture, with the addition of
corn silage. Both the bay and corn silage were fed largely during the
winter months, although a small percentage was fed during the
pasture season wheu the pastures were short.

With the exception of the wheat bran, all feeds were grown on the
Utah station farms. All the crops, including pasturage, were grown
under irrigation. The barley was the Trebi variety, with a weight
gf 150 pounds to the bushel or slightly above. The oats were Swedish

elect,

1 MosELEY, T W.; 3TUART, DUNcay: and Graves, B. R, DATRY WoRK al THE JIUNTLEY HELD STATION,
HUKTLEY, MONT., 1018-162T, U, 8. Dapt. Agr. Tech. Rull. 115, 48 pp., [ins. 1920,
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The alfalfa hay fed was principally of the first and third cutting,
with o very small amount of secomf cutting. On an average, it is
believed, the hay would grade U. 8. No. 1, though no hay was actually
graded. At times the different cuttings would be slightly under this
grade, mostly because of color. At other times, the hay, especially
the third cutting, would probably grade No. 1 Extra Leafy or Extra
Green, or both. ~ The cows were given all the alfalfa hay they would
clean up, with bus little waste. The amount of hay refused was only
2.89 percent of the amount offered in the full-grain ration, 1.71 percent
of the amount offered in ration 1, 2.08 percent in ration 2, and 3.26
percent in ration 3,

The corn from which the silage was made was the Improved Leaming
variety. It was well eared and was cut when a majority of the ears
were well dented and the stalks and leaves were still of 2 good green
color. The quality of the corn silage was very geod. Representative
samples of corn ears pulled from stalks at silo-filling time, allowed to
become air dry and then husked and shelled, indicated an average
yield per acre of 45 bushels of corn that would grade No. 2 to No, 3.

The pasture herbage consisted chiefly of Kentucky bluegrass and
white cfover, grading down {o sedges and rushes in the lower aress.
Five pestures were grazed in rotation. The cows wers kept on each
pasture from 5 to 7 days, depending on the amount of forage available.
There was plenty of water available each year for irrigating the
pastures, even in 1931 when the general wafer supply was limited,
and the pestures were irrigated every 10 to 14 days throughout the
pasture season.

With the exception of the one rnalysis made on third-cutting
&Xalfa, no analyses were mede of these feeds. Table 1, however,
shows the average analyses given by Morrison * for the class of feeds
considered to be most representative of the feeds used in this
experiment,

TaBLE L.—dAverage dry-maller, prolein, and tolal-digestible-nutrient content of feeds
of the kind used in this feeding experiment |

Tatal

Dry DHgestibie
Foed dipestible
matter pratein nutriencs

BPercent Percent Pereeni
Allnlla hoy, lrafy [25- to 28-percent fiber) 3 120 511
Corn silago, dent (well maturedy d, 70T TTTT T 18.7
Barley, commaon 1 -

Qatcd . ..

3 767
. 4 0.6
Wheat bran . _.____ . . _ T 5 31 .2

! From Feedls and Feedlng, Ed. 20, 1936,
1Al annlyses.
! Wot including that grown lo the Pacific Cnast States.

MansceEMENT oF THE Cows

The ciws were milked twice daily by machine throughout each
lactation period. During the winter months they were housed in a
stanchion barn and for 2 part of each day, in goud weather, they
were allowed to run in an open lot that was well protected from the
wind. During the winter months, and also during the pasture season,

‘Morriagy, F. B. FEEDR AND FEEDING, A ITANDBOOE FOR TIE STUDENT AND STOCEMAN. Ed. M,
unabridged, 1,050 pp., illus, Ithaea, N, ¥, 1635




4 TECHNICQAL BULLETIN 724, U. S. DEPT. OF AGRICULTUERE

they received all their feed in individual mangers while they were
stanchioned. All feeds, except pasturage, were weighed as fed and
the refused feed was weighed back. The cows had access to water
in drinking cups in the barn and in a large watering trough in the
barnyard, and to running spring water in the pastures.

Since these 12 cows were also being used in & breeding experiment,
in which they had been fed the full-grain ration during their first
lactation period to determine their inherent producing capacity, pro-
duction records on the full-grain ration were already available for
use in this four plenes of fecding experiment. Subsequently, each
cow was placed on each of the 3 other rations, at the beginning of a
dry period preceding calving.

ORDER OF LACTATION oN TBE DIFFERENT RATIONS

The order in which each of the 12 cows made her lactetion records
on the 4 different rations is shown in table 2.

TaBLE 2.—QOrder in whick each of the 12 tows made her lactation records on the
4 raitons

Rstion during lndicated lactation meentd

Firse Third Fonrth

.| Ratien i._____| Ratlon 2.
Ratlon 3.
Ration 2.
Ration 3.

1 1 gonaxperimental Jactstion Intervensd between the fullgrain ration and ration 1.
11 nomexperimontal lactation intervencd between the fuli-zreln ratlon and ratlon 2.

In every instance, the lactation on the full-grain ration preceded
the lactations by the same cow on the other rations. Of the lactations
on ration i, six followed a lactation on the full-grain ration and six
followed a lactation on ration 3. Of the lactations on ration 2, one
followed a lactation on the full-grain ration, nine followed a lactation
on ration 1, and two followed & lactation on ration 3. Of the lacta-
tions on ration 3, five followed a lactation on the full-grain ration,
two followed & lectation on ration 1, and five followed a lactation
on ration 2.

Ace oF Cows oN Eaca Ration

Table 3 shows the averasge age of the cows, at the time of calving,
prior o starting the lactation period on the different rations.
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Tanre 3.-—Age of each cow al the time she salved lo start ker lactation on each ralion

Cow No. Fullgraia Ratlou ! Ratlon 2 Ration 3

I;r. Mo, Daya . A

¥r. Mo. Days | ¥r. Mc. Deps
8 4 17 5 i 0®W
2 11
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1

8
11
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On the full-grein ration, 10 of the cows were heifers with their
first calf, 8 wers under 3 years old, 2 were between 3 and 4 years, 1 was
between 4 and 5 years, and 1 was over 6 years old. On ration 1,
I cow was between 3 and 4 years old, & were between 4 and 5 Fears,
4 were between 5 and 6 years, and 2 were over 7 years. On ration 2,
1 cow was between 4 and 5 years old, 5 were between 5 and & years,
3 were between 6 and 7 years, 1 was between 7 and 8 years, and
2 were over 8 years old. On ration 3, 3 cows were between 3 and 4
years old, 2 were between 4 and 5 years, 2 were bebween 5 and 6

years, 3 were between 6 and 7 years, 1 was between 7 and 8 years,
and 1 was 10 yenrs old.

Dates oF Cavvineg

The detes of celving to start the lactetion on each of the four
rations (table 4) ranged from March 15, 1928, to June 19, 1935.

TaBLE 4.—Dale eoch cow calved fo start her lactation period on eack ration

Dato of ealving 1o start lactation on—

Cow No.

Foll-grain .
i Ration | Ration 2 Ratlen 3

Mar, 15,1823 | July 41831 | Apr.  4,1934 | Nov. 18, 1932
-.| Feb. 18,1920 | June 6,031 | Aug Nov.
-l Jupe 21,1930 | June 7,1931 | Feb. Jam.
-.| June 30,1930 | June 17,1931 | Qo Now.
o Deeo 171530 Mar. 22,1933 | Jugpe Jan,
.| June 8 1630 { Nov. 15, 1534 Hepi. Get.
| Aue. 15,1930 1 Dep. 31, 1932 | Jan. Dec.
Sept. 27,1930 | Nov. 23, 1532 | Jan. 3 Nov.
| Oet. 27,1030 | July 13,1033 | Jan. 3 Aay
.. do Mar, 4, 1033 | Mar. Jan.
.| Get. 151830 F Oct. 17,1951 | Dec. 3 Jan.
Feb. 25,1439 [ May 8 1031 | May June

There was some variation in the seasonal distribution of the calving
dates on each ration. On the full-grain ration, 4 cows calved during
the pasture season and 8 during the winter period between September
27 and March 15. On ration 1, 6 cows calved during the pasture
season and 6 between October 17 and March 22. On ration 2,
3 cows calved during the pasture season and 8 between September 2§
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and April 4. On ration 3, 2 cows calved during the pasture season
and 10 between October 17 and January 25.

MILK AND BUTTERFAT PRODUCTION RECORDS
Actuar Recorps oF Propucrion

A number of factors, other than the rations, caused one or more of
the four lactation periods for some of the cows to be shorter than the
365-day lactation period originally planned. Tor this reasen, the
four lactation records of each cow were adjusted {o an equal perlod of
time (table 5). This period was usually the length of the cow’s
shortest lactation on any one of the rations. However, a longer
period was used in several instances where the ration appeared to be
the cause of the shortness of the lactation and there was no other known
reason for a limited lactation, such as advanced pregnancy. The
adjusted lactation period for the different cows ranged from 291
to 365 days, with an average of 331.4 days for all cows.

Production per cow per day averaged 31.2 pounds of milk and 1.051
pounds of butterfat on the full-grain ration; 25.9 pounds of milk and
0.825 pound of butterfat on ration 1; 83.1 pounds of milk and 1.039
pounds of butterfat on ration 2; 27.2 pounds of milk and 0.870 pound
of butterfat on ration 3.

It i1s to be expected that the percentage of butterfat will decline
somewhat with advance in age, but not to the extent shown in this
experiment.

In the three planes of feeding experiment conducted by the Bureau
at its Huntley, Mont., field experiment station,® the 10 ¢ows had an
average butierfat test of 3.45 on the full-grain ration, 3.59 on the
limited-grain ration, and 3.49 on a roughage ration similar to ration
3. In that expertment the productlon records on the full-grein ratien
were glso made at the most immature age.

In another experiment conducted by the Bureau,® in which 15 cows
were fed throuzh 24 lactation periods on alfzlfa hay alone, the average
percentage of butterfat was 3.51; and when the 15 cows were on a’
full-grain ration, at a younger age, the average percentage was 3.35.

Why the trend in butterfat percentage should have been downward
on the roughage and limited-grain retions in the present experimens,
when the reverse was true in the two previous experiments, is not known.

+ Sec footnole 3, p. 2.

tGravea, R, R, Dawaon, J. R, KorLanD, . V., WatT, A. L., aod ¥VaN ilorx A, 0. rEfbDING
DATRY COWS ON ALFALFA AT ALONE. U, 8. Dept Agr. Tech, Buil. 610, 47 pp. illus. 1938,




TanLe 5.—Milk and butterfal production (actual basis) for each cow, on the 4 rations

Lacta- Full-grain ration Ration 1 Ration 2 Ration 3

tion
period 1 ey Butterfat Butterfat

=

Butterfat;

<
R

Butterfat

Per-
cent | Pounds
3.35| 2717.4
256.76
7
207,35
a87. 4
324.18
312.02
238. 75
237.44
331.89
251. 74
325.94

288,46

J
§

Per-
cent
3. 57

]
&

Pounds
284, 50
305, 89
109. 36

0 Y
i3
B

OROODDN
=~

L atad
38
NN

=3

o«
o
8
»
8

5

=3
5@??
&g

g

(=23
b=
(-]

S o
£8
2888

bt pt
2,
=
23
SSE
g
o,
SEos
=1
»

LesRasy

- B — O
Dt et bt 4t

-~
3R

—
POLOPNO®mN,

-
=3
2
N

D0

353
333
315 .
318 303, 07

331. 4 5 3.37 | 348.31

gpsg

Py
200D 00D O

PO = Y- P N

SERIRBEnER
mEZEARN]S

€ o

60 60 £ £0 09 23 £ po £ 09

=]

D001

By

b3

OO Y

SERBB=VEN
ERE3E
PRBER G

-
—
—
®
&>
)

[
-
—-
o0

0| pempwmmmmme ]
o | papoporopegspapapanag
[~ XD ODRO~IDN
o | e

e
s
=
—
=)
-
=
g
©
bt
-
)
Lot B e
=

1 The 4 lactation-period record: for sach cow have been adjusted to the same number of days. (Sce opposite page.)
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TanLe 6.—Milk and butlerfal preduction (calculated to mature-age equivalent) for each cow on each ration

Full-grain ration Ration 1 Ration 2 Ratlon 3

Age- Age-
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AeE-CORRECTED RECORDS OF PRODUCTION

Table 6 shows the production record of easch cow for each ration,
calculated to a mature-age equivalent, and the age-correction factors
that were used.

The average (msture-age equivalent) production of the 12 cows
was the highest on the full-grain ration. The average daily produc-
tion per cow was 38.9 pounds of milk and 1.309 pounds of butterfss
on the full-grain ration; 27.1 pounds of milk and 0.861 pound of
butteriat on ration 1; 33.5 pounds of milk and 1.050 pounds of but-
terfat on rotion 2; and 28.6 pounds of milk and 0.915 pound of
butterfat on ration 3.

RELATIVE INDIVIDUAL PRODUCTION ON THE FOUR
RATIONS

There was considerable range in the level of production of the indi-
vidual cows on each ration (teble ). Some of this difference is no
doubt due to differences in their inherited ability to produce. On the
full-grein ration the five highest butterfat-producing cows averaged
503.6 pounds of butterfat {mature basis) and the five lowest butter-
fat-producing cows averaged 356.6 pounds. The average yield of
butterfat of the five low cows was 70.8 percent of that of the five
high cows. On ration 1 the five high cows averaged 315.1 pounds of
butterfat; and the five low cows averaged 255.0 pounds, or 81.0 per-
cent as much as the high cows. On ration 2 the five high cows aver-
aged 404.6 pounds of butterfat; and the five low cows averaged 296.1
pounds, or 73.2 percent as much as the high cows. On ration 3 the
five high cows avereged 360.7 pounds of butterfat; and the five low
cows averaged 252 4 pounds, or 70.0 percent as much as the high cows.

It was expected that cows with the inherent ability for high pro-
duetion would not be able t6 produce as nearly up to their capacit
when they were on roughage alone as when they were on the fuIK
grain ration; and that, for this reason, there would be less difference
between the low producers and the high producers when they were
on the roughage rations. This proved to be the case when these
cows were on ration 1, but when they were on the other three rations
the ratio of the yield by the five low cows to the yield by the five
high cows was almost the same.

In 2 period of 4 years or more. many Inctors other than the ration
may affect the level of production of a cow. A cow mey not be in
the physical condition to produce up to her eapscity in one lactation;
yet by the time she begins the next lactation, the causes for her poor
condition may have been removed and, as a result, her production
level may increase greatly. In this experiment cow W—201 probably
represents & case of this iind. On the full-groin ration she was next
to the lowest butterfat produecer; but on ration 1 she was the third
highest producer, on ration 2 she was the highest producer, and on
ration 3 she was the fifth hichest producer. Perhaps an explanation
of her poor production on the full-grain ration is to be found in the
reproduction data (table 13). These data show that she was dry
only 24 days prior to starting on the full-grain ration and that she
dropped & bull calf weighing 110 pounds.

1857217 ———2
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Some of the cows were very consister.t in their relative production
level throughout the four lactations. Cows E—41 and E—42 appear
among the five highest-producing cows on ench of the four rations,
while cows E-38 and E-44 appear among the five lowest-producing
cows on each of the four rations. On the other hand, cow E—435, the
fifth highest produecer on the full-grain ration, ranks eleventh in pro-
duction on ration 1, tenth on ration 2, and ninth on ration 3.

If some cows are able to produce up to 360 pounds of butterfat on
roughage alone, as did the five high cows on ration 3, it would seem
that cows whose inherent ability 1s below 360 pounds, as shown by
their lower production when on a full-grain ration, should be able to
produce up to their inherent capacity when on a ration composed
entirely of roughage. This does not appear to be the case, however.
The five lowest producers on the full-grain ration, with an average
yield of 356.6 pounds of butterfat, had an average yield of only 277.4
pounds on ration 1 and 274.0 pounds on ration 3. Their yields on
these two roughage rations wore epproximately 77 percent of their
yields on the full-grain ration. This is a higher percentage than the
average for all 12 cows, but not as high as was to be expected if these
five low ecows ectually produced up to the limit of their inherent
ability when they were on the full-grain ration.

At least one reason why these five cows were the lowest producers
on the full-grain ration is that they became pregnant in a relatively
short time after starting the lactation—95 days on the average as
compared to 183 days for the five highest-producing cows. Also,
prior to starting the lactation on the full-grain ration, four of these
low-producing eows dropped calves that were very large, averaging
100 pounds i weight, and the fifth cow had difficulty in calving.
Four of the five highest-produeing cows, on the other hand, dropped
calves averaging only 99.5 pounds.

The five high cows on the full-grain ration, with an average yicld
of 503.6 pounds of butterfat, averaged approximately 284 pounds on
ration 1, or only 56.4 percent as much as on full grain, and 347 pounds
on ration 3, or nbout 69 percent as much as on full grain.  The yields
on the two roughage rations do not seem consistent, relntive to the
yield on full grain, and there are probably other factors that affected
the results. All these cows had been accustomed to a ration of atfalfa
huy and corn silage in addition to grain, which may account in part,
at least, for their better showing on the roughage ration that inclided
corn silage.

In the present experiment, the relasion of the yield on roughnge
rlone (rations 1 and 3) to the yield on the full-zrain ration was very
similar to that obtained in the three-planes-of-feeding experiment at
Huntley, Mont., and also at the other stations of the Bureau where
similar experiments were conducted. The relation of the yield on
ration 2, however (barley was fed rt the rate of ! pound to 6.03 pounds
of milk produced), to that on the full-grain ration was considerably
lower in this experiment than the relation of the yield on the limited-
grain ration to that on the full-grain ration in the Huntley experiment.
In the latter experiment, however, the cows received a grain mixture
instead of only one kind of grain and they also received corn silage in
the roughage part of the ration instead of being restricted to alfalfn
hay or pasturage.
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PensisteEncy oF Mk YIieLp oN Eace Rartion

Table 7 shows the average drily milk yield (actual basis) by ealen-
dar months threughout the lactasion periods on the different Tations.
The average daily yield for each month of lactation is also expressed
as a percentage of the average daily yield for the mouth of maximum
production,

Cr the full-grain ration the cows reached their meximum milk
yield during the second month of lactation, on the average. Four
cows reached their maximum yield in the first month, five in the
second month, and three in the third month. The four that reached
their maximum milk yield in the first month averaged 415 pounds of
butterfat (mature basis) for the lactation and produced 46.9 percent,
as much milk in the tenth month as in the first; the five that reached
their maximum in the second month averaged 418 pounds of butter-
fat for the lactation and produced 64.2 percent as much milk in the
tenth as in the second month; and the three that reached their maxi.
mum in the third month averaged 485 pounds of butterfat for the
lnctation and produced 69.8 percent as much milk in the tenth month
as in the third. On the average these 12 cows produced 59.7 percent
as much milk in the tenth month as they did in their month 6f maxi-
mum yield. Two of the cows {A-42 and E-44) that declined very
rapidiy in the Inte months of their lactation periods were on pasture
in the late months of lactation and had conceived 83 and 100 days,
respectively, after calving.

On ration 1, all but 2 of the 12 cows reached their maximum rield
in the first month of lactntion, and those 2 (E—41 and E—43) renched
their maximum during the second month. On this ration, the cows
received no feed but pasturage during the pasture season, unless the
pasture became quite short. Then the pasture was supplemented
with alfalfa hay. This resulted in more rapid declines in yield during
the pasture season than was the case when the cows were on the full
grain ration and on ration 2, when the pastures were supplemented
with grain throughout the pasture season. It is often difficult o
judge just when pestures reach the stage of scareity or of maturity
in which they must be supplemented with other feeds in order to
prevent o decline in milk yield by grazing cows. Had the cows on
ration 1 had sccess to alfalfa hay throughout the pasture season they
would undoubtedly have made a much more favorable showing.

There were seven cows that were on pasture 3 months or more
during the first 6 months of the lactation period on ration 1. In the
sixth month these cows produced an sverage of 60.6 percent as much
as they did in the month of their maximum yield. The five cows
that were on pasture not more than 2 months during the first 6
months »f the lactation were producing an average of 67.5 percent as
much in the sixth month as in the month of maximum yield and
three of the five were producing in excess of 70 percent ‘as much,
There were four cows that had no more than 1 month of pasturage
from the fourth to the tenth month of the lactation, inclusive. On
the average these cows declined from 74.7 percent of their maximum
monthly yield in the fourth month to 48.4 percent in the tenth month.
The other eight cows, that had more than T month pasturage in this
period, declined on the average from 75.7 percent of their maximum
morthly yield in the fourth month to 22.7 percent in the tenth month.




TaBLE 7.—Average daily milk yield per cow, by months, and the relation of each monthly average to the mazimum monthly average !
ON THE FULL-GRAIN RATION

Data for indicated month in lactation

Cow No., and items of comparison
Second Fifth Sixth | Seventh | Eighth Eleventh
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TaBLE 7.—Averoge daily milk yield per cow, by months, and the relation of each monthly average to the mazimum monthly average—Contd.
ON RATION 2

Data for Indicated month in lactation

Cow No., and items of comparison
Second Fourth Fifth Sixth | Seventh | Eighth Eleventh | Twelfth
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ON RATION 3
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On ration 2, all but 2 of the 12 cows reached their maximum yield
in the first month of lactation, and those 2 reached their maximum
in the second month.

On ration 3, 1 cow renched her maximum yield in the second montl:
of the lactation peried and the other 11 in tile first month,

There was not as great a difference in the average daily milk yield
between the individual cows, when they were on the fullgrain ration
and on rations 1 and 3, as there normally would have been if all the
cows had been mature when they were on these rations or if the
yields had been calculated to a mature-age basis, The ages of the
cows when starting their Inctations on the various rations are shown
in table 3. While the daily milk yields shown in table 7 are hardly
comparable, the percentages of maximum yield (as o measure of the
persistency on the differen’, rations) are probably more accurate
than they would be if based on yields that had been caleulated to
maturity.

In the third month of lactation, the average daily yield (expressed
as a percentage of the maximum monthly yield) was 86.1 percent for
the full-grain ration, 83.0 percent for ration 1, 84.5 percent for ration
2, and 83.4 percent for ration 3. The percentages for the third month
and for the preceding months are very uniform for rations 1, 2, and 3.
In the sixth month of lactation the percentinges were as follows, in
the order given above, 82.2, 63.7, 66.8, and 72.7. At this point in
the lactation period the cows were holding up better on ration 3 than
on either ratlon 2 or ration 1. In the tenth month of lactation the
percentages were 59.7, 30.6, 38.0, and 33.2. During the ninth and
tenth months the cows declined more rapidly on rations 1 and 3 than
they did on ration 2, and, of course, on the full-grain ration they
showed a much slower rute of decline than when they were on any of
the other three rations. In view of the marked superiority of the
full-grain raiion in maintaining the persistency of the cows it is
rather surprising that there was not a grealer difference in their
persistency on ration 2 (in which barley grain was fed) and on rations
1 and 3, in which no grain was fed.

The cows had some advantage in maintaining persistency on the
full-grain ration because they were younger at the time they were
fed this ration, most of them being in their first lactation period, but
they also were at some disadvantage in that 3 of the 12 were due to
freshen again within 2 months after eompleting 10 months of lacta-
tion. On ration 1, 3 of the 12 cows were due to freshen in from 2 to
24 months after completing 10 months of lactation; only 1 cow on
ration 2 was due to freshen 2 to 2 months after completing 10 months
of lactation, and 4 cows on ration 3 were due to freshen in from 2 to
2% months. In mary, though not all cases, these cows that were
due to freshen early were less persistent than the other cows, par-
ticuiarly 1 cow on the full-grain ration, all 3 cows on ration 1, and
2 cows on ration 3.

Pasturing the cows was an important factor in causing & more rapid
decline 1n the yield on the all-roughage rations. The reason was
brought out in discussing ration 1 (p. 15). A comparison of the
declines in milk yield on each ration by all cows that were on pasture
5 consecutive months shows the following faets: On the full-grain
ration the average daily vield by 7 cows (expressed as a percentage
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of the highest monthly yield) was 86.6 percent for the first month on
pasture and 61.7 percent for the fifth month on pasture, or a decline
of 24.9 points; on ration 2, the average daily yicld for 8 cows was
79.0 percent for the first month on pasture and 4£1.2 percent for the
fifth month, or a decline of 37.8 points; on ration 1, the average daily
yield for 7 cows for the first month on pasture was 82.4 percent and
for the fifth menth 37.8 percens, or a decline of 44.6 points, aud for
11 cows ou ration 3 the average for the first month was 80.69 percent
and for the fifth month 41.34 percent, a decline of 39.35 points.
Thus the decline while the cows were on pusture was least on the full-
grain rafion and greatest on ration 1.

WErcHTS oF Cows oN DirFErReExT RaTions

The weight deta for the cows when they were on rations 1, 2, and
3 are given in table 8. The before-calving and after-calving weights
were not obtained when the cows were on the full-grain ration; the
weight data for that ration are therefore not entirely comparable
with the other rations and for thab reason are emitted. The date
in table 8 include the weights of the cows immediately before and
soon safter calving, weights by months throughout the lactation
periods, the net gain or loss in weight, and the average weight for
the Inctation period. A fractional month longer than 15 days, or
the first whole calendar month, is used as the first month of the
lactation period. Table 8 also shows the months during the lacta-
tion period when the cows were on pasture.

The cows were fed ground barley during the dry period preceding
their start on ration 2. During the dry pertod preceding their start
on rations 1 and 3, however, they received no grain. This probably
accounts for their heavier after-czlving weight when they started on
ration 2,

The average weights, and gains and losses in weight, of these 12
cows during their lactation pertods on rations 1, 2, and 3 were remark-
sbly uniform. During the first month of lactation the cows lost an
average of 104, 105, and 105 pounds on rations 1, 2, and 3, respec-
tively; during the second month they lost an average of 17, 14, and 15
pounds, respectively; and during the third month they gained an
average of 6 pounds on ration 1, lost an average of 4 pounds on ration 2,
and gained an average of 2 pounds on ration 3. Up to and including
the tenth month, they had made an average net gain of 10 pounds on
ration 1, an average loss of 19 pounds on ration 2, and an average gain
of 34 pounds on ration 3. They were making somewhat greaier
gains from the sixth to the tenth months inclusive, on ration 3 (the
ration that contained corn silage) than on the other two,

At the end of the tenth month the average weight of the cows on the
three rations was 137 pounds less than the precalving weight. They
hed gained 44 pounds during the tenth month, however, and ecould be
expected to gain faster when they were dry and more advanced in
pregnancy. Since they still had an average of 4 munths before calving
again there seems little question but that they regained their pre-
calving welghts on the respective rations,

185721 °—40-——38




TasLE 8.— Average weight, and the gain or loss by each cow, during the lactation period on each raiion !

ON RATION 1

Weight at end of indicated month of lnctation Qain (+) | Average
Weight | Welght ?f_ l)oﬁs’ 33{%};;
(;J;l!{’( ;:Ju c;lx‘lr\l"i!; weight | the lac-
g B | First | Second | Third | Fourth | Fifth Sixth | Sevouth  Wighth | Ninth | Tenth | Eleventh | Twelfth | at end of | tation
lactation | period

Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Poutnds | Pounds | Poiwnds | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds
1,837 641 1,886 8 1,491 1, 847 1,552 1,499 : 1,540 —
1,413 1,228 1,158 | 1,180 o8
1,349 ;] 1,338 7 1,358
1,189

1, 655
1, 540

A-42 1,233 } nogal 1w
Wo 9L L ciaseans S 1,82% 1, 359 f 1, 368

Averigo. ... 3 1,312 1,340 E 1, 366

ON RATION 2

1, 567
1, 260

1,418 E 1,410

TEALTIAOIMHYV A0 ‘IIEA S "N ‘93 NITITING TVOINHOIL |1

Avernge. [ 7 i 1,407 A9 1,434 R 1,488
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ON RATION 3
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1,303
1,350
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1,320

_
[37Y
8|88

-
-

1 Figures in italics are for months when cows wereon pasture, (Pasture season extended from May 1to Oct. 1.)
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TabLe 9,~—Tolal feed consumplion per cow and the number of days of pasture with each ration

Full-grain ration

Ration 1

Ration 2

Ration 3

Alfalfa
hay

Corn
silago

Pasture

Grain
mixture

1 pound of
grain fed
per milk
yield of—

Alfalfa

hay Pasturo

Alfalfa
hay

Pasture

Qround
barley

1 pound of
grain fed
per milk
yield of—

A’lmlm

Corn
silage

Pasture

42

A-42
W-201

Pounds
5, 460

Pounds
4,185
0

Pounds

Pounds
1.00

4.30
414
4.37
4.12
4.32

-
—
=3

30 2S00
RS Ui

Pounds

Pounds
3,019
7,974
4,005
B, 445
7,075
9,057

,
3,850
6,307+
5,567
6,444
7,788

Pounds
1,237

Pounds
{i

6.08
6. 903
5,57

(=]

-t € CI TN ED ST LD O
mcﬁ =

o

Pounds
11,870
9, 825
10, 245

Lol Bl el abadnd,

8

8,346

o omporne
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Feep Cowsumerion

Table 9 shows the total consumption of the various feeds and the
number of days of pasture per cow for each of the four rations,

Because of the fact that the cows on all of these rations were on
Fast.ure from 4 to 5 months of the yesar, and that they received only a
imited amount of supplemental feed while on pasture (other than the
grain fed in the full-grain ration and ration 2}, o separate analysis
of the requirements and consumption of digestible nutrients was nmiade
for the pasture seasen and for the nonpasture or winter season.

WINTER SEASON

Table 10 shows the quantity of nutrients required (for maintenance
and production) and the quantity consumed by the 12 cows during
the period when they were not on pasture, for rations 1, 2, and 3.

When they were on alfalfa hoy alone (ration 1) the 12 cows had
an average daily consumption of 34.8 pounds of bay. The average
ranged from 23.1 pounds for E~25, the lightest consumer, to 45.8
pounds per day for A—42, The daily consumption of alfalfa hay in
this experiment was not as great as in the experiment 7 in which 15
cows that were fed on alfalin hay alone throughout 24 lactation
periads consumed an everage of 39.3 pounds per (kmy. One of the 15
cows averaged 47 pounds per day, and several averaged over 44
pounds, throughout the year.

One reason for the lower consumption of hay in the present experi-
ment is that these cows were fed in such manner as to eause them
to consume practically all the hay offered, less than 2 percent being
refused. In the 15-cow experiment there was a refussl of 15 per-
cent. In other words, the 15 cows were fed enough hay so they could
refuse the less palatable parts. Whether this would sccount for the
13 percent greater consumption is questionable. The cows in the
present experiment were not accustomed to a ration limited to alfalfa
hay and this may have caused the somewhat lower consumption of
hay. Assuming that the hay fed in this experiment contained 12
percent of moisiure, the barf;y 10 percent, and the corn silage 70
percent, it is found that the cows on ration 1 consumed an average
of 34.8 pounds of alfaifa hay per day that contained 30.6 pounds of
dry master; on ration 2 they consumed an average of 31.7 pounds of
alfalfa hay and 5.5 pounds of barley per day that contained 32.85
pounds of dry matter; and on ration 8 they consumned an average of
22.8 pouunds of alfalfa hay and 42.2 pounds of corn silage per day that
contained 32,76 pounds dry matter. Thus it appears that the addi-
tion of eithor the grain or the corn silage to the ration of hay resulted
in an incrensed dry-matter consumption of approximately 7 percent.

Consumption of total digestible nutrients friled to meet the re-
quirements for maintenance and production by 1.19 percent when
the cows wére on ration 1, during the winter season, although 7 of
the 12 gained in weight and the average net gain for the group was
3.4 pounds. Consumption failed to mect requirements by 3.5 per-

iSee foothole §, p. 8.




TabLe 10.—Total digestible nutrienis required and consumed on each ration during the period the cows were without pasture
RATION 1

Production Feed eonsumed N Total digestible nutrients
et

Period gain
o Aver-
with- Age (-lH ;"' Required
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cent when the cows were on ration 2, and 7 of the 12 lost weight,
with an average net loss per cow of 86 pounds. Consumption faled
to meet requirements by & very small margin, 0.64 percent, when
the cows were ol razion 3, and 8 of the 12 lost welght, with an ever-
age net loss of 25 pounds per cow. On ration 1, all of the nutrients
wero obtained from alfelfn hiay during the winter season: on ration
2, 21 percent of the total digestible nutrients consumed were sup-
plied by the barley and the remainder by the alfalfs hay; and on
ration 3, 39.8 percent of the total digestible nutrients consumed eame
from the comn silage and the remainder from the alfalfa hay.

YWhile the cows on the three rations failed by & small margin to
consume enough totsl digestible nutrients to meet. their requirements
during the winter feeding period, they exceeded thelr requirements
for digestible crude protein by a wide margin. The consumption of
digestible crude protein exceeded the requirements by an average of
96.4 percent on ration 1, by 67.4 percent on ration 2, and by 41.3
percent on ration 3.

When the production figures for the winter season were reduced to
a daily basis in order to correct for the differences in the length of
the winter feeding period on the different rations, the alfalfa-fed cows
(ration 1) produced 74.6 percent as much milk as the barley-fed cows
{ration 2), and the silage-fed cows {rution 3) produced 86.6 percent
as much as the barley-fed cows.

The data in table 10 indicate that the nutrients in ration 2 were
used somowhat more efficiently than the nutrients in the other two
rations, with ration 3 second in efliciency.

In the analysis of the dete in table 10, the differences in the time
of year or sezson the cows calved and started on the different rations
hove an effect on the results shown., In general, the ration on which
the grentest number of cows freshened early in the winter senson
would have the greatest number of cows producing at thair maximum
rate during the period covered by these date and the cows on that
ration would show grenter average production and greater efliciency
in the utilization of feed. They would likewise be more likely to lose
weight and to show o deficit in the consumption of nutrients as eom-
pared to requirements. Six of the twelve cows freshened during the
winter season to start on ration 1, 9 on ration 2, and 10 on ratien 3.
There were only 4 cows (E-42, £-43, E—44, and A-42) that were at
all comparable in the seasen of freshening with respect to the winter
season, and they are not as comparable as is to be desired. Their
dates of fresherung and starting on the different rations may be seen
in table 4. The average length of time during the winter season that
these 4 cows were on rations I, 2, and 3 was 182, 166, and 164 days,
respectively. The greater length of time these 4 cows were on ration
1 appeats to make a separate comparison of the data inadvisable,

Cow E-25's record in these experiments Is an unusual one. This
cow was larger than any other cow in the group and yet oun ration 1
she was the lightest consumer of roughage. Shie consumed an aver-
age of 23.1 pounds of hay per day, failing by a much larger margin
than any other cow in the group to consuine sufficient nutrients to
meet requirements, but she geined 46 pounds in weight and was the
ninth highest butterfat producer among the 12 cows. On ration 2,
she was again the heaviest cow and the hightest consumer of nutrients,
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failing by the widest margin to consume enough to meet require-
ments. Bui on ration 2 she was the lowest producer. On all three
retions she wps among the group that utilized the nutrients consumed
most efficiently.

PASTURE SEASON

The number of days the cows were on pasture, thair milk and
butterfat production, feed consumption, and weights while on pas-
ture, are given in table 11. Six of the cows freshened during the
pasture season to start on rafion I, three to siart on ration 2, and
two to start on ration 3. The larger number of cows that freshened
during the pasture season to start on ration 1 accounts for the shorter
average period on pasture for that ration than for rations 2 and 3.

Dadly preduction per cow averaged 27.5 pounds of milk containing
0.91 pound of butterfat for ration 1, 33.04 pounds of milk containing
1.01 pounds of butterfat for ration 2, and 26.6 pounds of milk con-
taining 0.82 pound of butterfat for ration 3.

The figures for quantities of feed and the number of pasture days
{(table 11) mciude the period from calving to the start of the record,
for the cows thab calved during the pasture season. This period
ranged from 4 to 7 days.  The total given for pasture days in table 11
{coluinn B) Is, therefore, longer in some cases than the figures given for
length of period on pasture {column 2). On rations 1 and 3, the
supplementsal feed was fed during that purt of the pasture season when
the grass was short. On ration 2, alfalfa hay was likewise fed only
when pasture was short, but the ground burﬁ:y was fed throughout
the pasture senson nccording te the level nt which the cow was pro-
ducing. 1f spread out over the entire pasture season the supplemental
feeds consumed would amount to 2.65 pounds of alfalfa hay per cow
daily on ration 1, 3.44 pounds of alfalfe hay, and 545 pounds of
ground barley on rtation 2, and 1.75 pounds of alfalfa hay and 9.4
pounds of corn silage on ration 3. Thus on rations 2 and 3, the cows
received supplemental feeds (in addition to the ground barley fed in
ration 2) st & somewhat heavier rate than on ration 1.

On ration 1, 6 cows gained weight and 6 lost weight during the pas-
ture sesson, with an average net gain of 42 pounds per cow. The
cows that freshened during the pasture senson were the ones that lost
weight. On ration 2, 10 cows gained weight and 2 lost weight, with
an average net gain of 57 pounds per cow for the season. On ration 3,
9 cows gnined welght and 3 lost weight, with an average net gain of
49 pounds per cow for the season.

The nutritive requirements of the cows for maintenance and pro-
duction, allowance being made for gain or loss in weight, were cal-
culated on the basis of the Haecker feeding standard. From the total
requirements for total digestible nutrients thus caleulated, the total
cligestible nutrients contained in the supplementary feeds have been
subtracted. The difference is assumed to be the quantity of total
digestible nutrients obtained from pasture (table 11). The averaze
deily requirement per cow was 20.43 pounds of total digestible
nutrients on ration 1, 22.32 pounds on ration 2, and 20.92 poumds on
ration 3. The quantity of nutrients in the supplementary feeds wns
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1.37 pounds for ration 1, 6.05 pounds for ration 2, and 2.85 pounds for
ration 3. Thus the average daily quantity of digestible nutrients each
cow obtained from pasture was 19.06, 15.27, and 18.27 pounds,
respectively, for the three rations.

The proportion of the total feed requirement for the pasture season
that was derived from pasturage was calculated at 93.3 percent for
ration 1, 72,9 percent for ration 2, and 87.3 for ration 3. The pro-
portion of the total feed requirement for the entire lactation period
derived from pasture was 412, 34.1, and 41.0 percent, respectively,
for rations 1, 2, and 3.

The daily consumption of nutrients from pasture was sufficient for
maintenance and for the preduction of 27.2 pounds of milk and 0.865
pound of fat on ration 1; 17.4 pounds of milk and 0.534 pound of fat
on ration 2; and 26.0 pounds of milk and 0.798 pound of fat on ration 3,
if no allowances are made for gains or losses in weight,

Table 12 shows the average daily quaniity (caleulated) of total
digestible nuirients obtained from pasfure during each month of the
pasture season for each of the three rations,

TasLE 12.—-dyerage daily quenisiy of total digesiible nuirients oblained from pasiure
{per cow) for each month of ihe pasiure season

Ration fed May | Jume | Tuly | August | Septom-

Povnds | Pounds | Pounds | FPoundy | Pounds
Retlon 14 e o). 56 20. 83 20,97 18. 60 16. 37
Ration 24 ___. P R . 2042 19. 85 14. 85 15.85 4.0
Rotlon 3% L icoaniaane - 22 5 21,26 17. 84 16,358 12, 54
Average 21,17 20,65 17.93 18.95 14.33

15 oows on pasture in 1931; 1 o 1832; 5 In 1933; and 1 in 1935,
' 5 pows on pasture in 1833; 5in 1834; and 2 in 1935
35 cows on pasture o 1032; 4 o 1933; and 2 In 1934,

The smeller amount of nutrients the cows on ration 2 obtained from
pasture, 8s shown in each of these monthly ealeulations, ts no doubt
due to the fact that cows receiving supplemental feeds do not work as
hard te obtain the greatest possible quantity of nutrients as cows
whose entire supply of nutrients must be obtained from pasturage.
At the Huntley station ® the Bureau found that cows on pasture that
received no supplemental feeds grazed an average of 9.16 hours per
day (between 5 a&. m. and 9 p. m.}); cows that received alfalfa hay in
addition to the pasture grazed 29 percent less time than the cows on
pasture alone; those that received grain at the rate of I pound to each
6 pounds of milk produced, grazed 39 percent less time; and those
that recetved grain at the rate of 1 pound to each 3 pounds of milk
produced, grazed 42 percent less time,

4 Sea footnote 3, p. 2.
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FACTORS AFFECTING PRODUCTION AND REPRODUCTION

Data bearing on reproduction, on sex and weight of calves, and on
other factors that might affect milk and butterfat production on the
different rations, such as the length of time the cows were dry prior
to the lactation on a given ration, and the length of the period between
freshening and subsequent conception, are brought together in table 13.

In order to show the effect oF the preceding ration on some of the
reproduction items, the data are given both for the calving just before
the cow started on the ration and for the calving immediately follow-
ing lactation, for each of the rations. Instudying these data reference
to table 2, which gives the order of succession of the four rations, will
be helpful. In brief, it may be stated that the full-grain ration was
the first in the order of oceurrence for all cows. Six of the twelve
records made on ration ! each followed a record made on the full-
grain ration, except that for one cow a nonexperimental lactation
intervened between the record on full grain and the record on ration 1.
The remaining six records made on ration 1 each followed & record
made on ration 3. Eleven of the records made on ration 2 each fol-
lowed & record made on rations 1 or 3 and the twelfth record followed
a lactation not in this experiment that had been preceded by a lacta-
tion on full grain. Ten of the records made on ration 3 ench followed
a record made on the full-grain ration or ration 2, and the other two
each followed a record on ration I.




TasLE 13.—Breeding and calving data jor the period preceding the experimental laclation on each ration, and jor the period during the experi-

menlal lactalion

FULL-GRAIN RATION

Porlod preceding the experimental Jactation

Period during the experimental lactation period

Cow No.
Length | Length Bex 1and | Timefrom Time from | Length Sex tand
Times of ges- of %13' Calving con-| weight of | calvingto{ Times | calvingto | of ges- | Calving con-| weight of
bred tation | period! dition calf first heat bred [econception| tetion dition calf
period period period

Numiber Days Days Pounds Days Number Days Days Pounds

1 278 ¥ Normal.....[ F 86 92 3 143 277 F 90

) (N U L) 7 148 2 160 284 M 77

4 203 Q) 65 1 65 286 ¥ 01

3 200 » 45 2 67 285 M 103

7 201 3 77 2 109 290 ¥ 96

1 287 3 71 3 147 274 M 103

1 71 (9 57 5 220 277 ¥ 87

1 201 '; 37 2 100 284 M 101

2 286 3 85 8 279 277 F 98

I 285 3) 9l 3 161 279 F 103

1 281 81 83 1 83 283 F 102

2 283 24 09 3 161 285 F 88
2.08 p2:1 N P, 76.7 2.9 142.0. 281.8 —- 9.8

RATION 1

3 7 215 Normal.....| F 90 33 2 222 279 M 109

H 284 do M 77 79 1 149 202 M 120

1 280 30 P 01 55 7 276 200 F 90

2 285 49 M| 103 15 5 197 202 M 103

3 282 51 F 85 79 2 103 284 F 05

1 281 48 M 112 57 1 130 282 F 84

1 278 45 F 81 33 1 09 278 M 90

1 285 52 M| 102 34 1 124 285 M 98

2 280 78 ¥ o100 107 5 201 270 M 165

1 289 F 85 53 1 104 281 F 83

1 283 48 F I 102 36 1 120 280 ¥ 88

3 285 54 ¥ 88 30 1 04 283 M 100
AVOrage. oooieeinainaais 1.75 282.9 65.4 |aen- 93,0 - 309 2.3 157.3 97.1
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! All dry perfods logror than 90 dnys are calculated as 90 days In averages,
1 Fw=fomale; M =male,

3 Heifor with no provious lactation.

¢ Calf born dead,

s Difficult calving, calf died.

% Retained placenta.

1 No record, cow sold before calving,

! Twin-males, 85 and 75 ggunds, respoctividy, not included in the average weight.
* Mixed twins weighing 86 pounds each, not {ncluded fn the average weight.
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ErreEcT OoF THE RaTioN oN BreEepiNe ErriciEncy

The 12 cows required an average of 2.08 services per conception
prior to starting the lactation on full grain and 2.9 services per con-
ception during the lactation on full geain. There were 3 cows that
required 3 or more services for a conception prior fo the lactation on
full grain and 6 eows that required 3 or more services for a conception
while they were on the full-grain ration. Ordinerily more services
are required for the first conception than for subsequent conceptions.

The 12 cows required an average of 1.83 services for the conception
prior to the start of the lactation on ration 1 and 2.3 services for the
conception during the lactation on ration 1. There were 5 cows
whose lactation on ration 1 followed 2 lactation on full grain. Tlese
5 cows averaged 1.8 services for the coneeption prior o the lactation
on ration 1 and 3.0 services for the conception during the Iactation on
ration 1;2 of the 5 cows required 5 and 7 services, respectively, while
on ration 1 and the other 3 each required 1 service per conception.
There were 6 cows whose lactation on ration 1 followed 2 Inctation on
ration 3. These 6 cows required an average of 1.5 services for the
conception to start on ration 1 and 1.83 services for the conception dur-
ing the lnctation onration 1. Twa of these § cows required more than
1 service for & conception for the calvings prior to and following the
lactation on ration 1.

Eleven of the twelve cows were on rations 1 or 3 before making their
records on ration 2. The 11 cows required an average of 1,82 services
per coneeption for the calving prior to the lnctation on ration 2 and
1.73 services per conception during the lactation on ratien 2. How-
ever, only 3 cows required more than 1 service for the calving prior
to the lactation on rdtion 2 and they required 2, 5, and 5 services,
respectively; while there were 6 cows that required more than 1 service
for & conception during the lactation on ration 2.

Ten of the records mace on ration 3 followed a record made on either
the full-grain ration or ration 2; the other 2 records each followed &
record made on ration 1. The 10 cows {that made & record on f{ull
grain or ration 2 prior to the record on ration 3) required an average
of 2.7 services per conception for the calving to start on ration 3, and
1.4 services per conception during the lactation on ration 3. Seven
of the ten cows required more than 1 service per conception for the
calvings prior to, and 3 of the 10 required more than 1 service per
conception for the ealvings following ration 3. Two cows (E-25 and
E-38) made records on ration 1 just before making their records on
ration 3. Cow E-25 required 2 services for the coneeption during the
lagtation on ration 1 and 2 services for the conception on ration 3.
Cow E-38 required 7 services for the conception during the lactation
on ration 1 and 1 service for the conception on ration 3.

Ou the whole, it appears that the cows were far more regular breeders
when they were on the two roughage rations (rations 1 and 3) than
when they were on the two rattons in which grain was fed. There
are so many other factors that may be responsible for irregularity in
breeding efficiency, however, that 1t is not wise {o draw too definite
conclustons from such limited numbers and from experiments in which
the rations were changed so offen. In nddition to disease or other
abnormal conditions that may ecause irregularity in breeding, there
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is the guestion of the presence or absence of hereditary, or constitu-
tional vigor of reproduction.

Some cows were relatively uncertain breeders on & number of the
rations. Cow E-38 is an example. She required 4, 1, 7, 1, 4 services
per concepiion, respectively, for her five calvings in this experiment
(see table 2 for the order in which the different rations were fed).
This was an average of 3.4 services per conception. Cow E—41 is
another example with 7, 2, 3, 1, 2 services respectively, for five con-
ceptions, or an average of 3.0. Cow E—45 with 2, 8, 2, 5, 1 services,
respectively, for five conceptions, had an average of 3.6 services per
conception, Some examples of pood breeding records on all rations
are: Cow A—42 with 1, 1, 1, 2, and 1 services for each conception, an
average of 1.2; cow E-42 with 1, 3, 1, 1, 1, and 1 services for ench
conception with an average of 1.3; and cow BE—44 with 1,2, 1, 1, and 2
services for each respective conception, an avernge of 1.4. It ean be
stated definmitely, however, that there is no avidence to indicnte that
rations 1 and 3 were in any way detrimental to breeding efficiency.

ErrEcy oF EarLy ConcerrioN on YIELD AND PERSISTENCY

Records were also kept of the time elapsing hetween calving and
the first oestrum on the different rations. (Sec table 13.) 'The aver-
age time was 76.7 days for the full-grain ration, 8.2 days for ration 2,
50.9 days for ration 1, and 57.3 days for ration 3. It appears that the
elapsed time was somewhat shorter when the cows were on the two
ritions that were composed entirely of roughage. The significance
of this fact is not known. The average length of the gestation period
when the cows were on the different rations was very uniform, ranging
from 281.4 days for ration 2 to 284.3 days for ration 1.

It is generally thought that if a cow is bred soon after she freshens
she is not likely to reach as high a level of milk How, nor to be as
persistent. in milk yield, as when a long period elapses between fresh-
ening and the next conception. A. B. Chapman and 1. K. Casida ?
of Wisconsin have presented some data that indicate the sooner cows
are bred following calving, the better they will produce for each day
between the start of the lactation and the next ealving. These results
do not prove or disprove this theory since the data are not entirely
comparable to those of Chapman and Casida, but they do have a
bearing on the subject. A study of the data in table 13, which show
the days elapsing between ralving and the next conception on the
different rations, and the data in table 7 which show the daily avernge
milk yield by months of Iactation and the percentage that the average
daily milk yield for any given month is of the average daily yield for
the month of maximum yield, appears to indicate that both yield
and persistency of yield are markedly affected by the length of the
period between calving and the subsequent conception. Three cows
on the full-grain ration conceived in less than 90 days after they had
calved—the average time being 71.7 days—and in the tenth month
of lactation they were producing an average of 17 pounds of milk
per day, which was an aversge of 43.9 percent of their maximum
yield in any month. Four cows on this ratton concetved beiween
90 and 150 days after calving—the average time being 125 days—
and their average daily yield in the tenth month was 22,7 pounds,

bt Amer. S0¢, Anim. Prod. Rec. Proe. Anon. Mecting 1935: 65670,
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or 59.0 percent of the maximum monthly yield. Five cows on this
ration did not conceive until more than 150 days had elapsed from
the date of culving—the average time being 198 days—and their
avorage daily yielf in the tenth month was 26.4 pounds, or 68.8
percent of the maximum monthly yield. Theso averages show a step
up in yield, and in percentage of the meximum yield, for each addi-
tional division of time elapsing between celving and conception.

Studies were made of the yield and persistency of the different
cows (on rations i, 2, and 3) for similar time intervels between calv-
ings and subsequent conceptions, that is, for intervals of less than 90
days, between 90 and 150 days, and more than 150 days following
calving. On rations 1, 2, and 3 there were, with one exception, no
coneeptions in less than 90 days following calving, and that exception
was 87 days. On ration 1, there were eight cows that conceived an
average of 116 days following calving and their average yield in the
tenth month was 10.1 pounds, or 23.4 perceni as much as the highest
monthly average. The other four ecows on that ration conceived an
average of 239 days after calving and their average vield in the tenth
month was 16.9 pounds, or 47.5 percent as much as the highest monghly
average. On ration 2, there were seven cows that conceived an aver-
age of 120 days following calving and their avernge daily vield in the
tenth month was 19.7 pounds, or 39.5 percent of the highest monthly
average. The other five cows on ration 2 coneceived an average of
175 days following calving and their average daily yield in the tenth
month was 18.2 pounds, or 36.1 percent of the highest monthly aver-
age. This is the only instance in which yield and persistency were
greater for the cows having the shorter period heiween erlving und
conception. On ration 3, eight cows conceived an average of 108
days following calving and their average yield in the tenth month
was 11.5 pounds, or 26.9 percent as much as in the highest month.
The figures for the other four cows on this ration, that conceived an
average of 181 days following calving, are 17.1 pounds and 43 percent.

The data show that the persistency of yield was scmewhat more
affected by early conception when the cows were on ration 1 than
when they were on ration 3, buf that it was depressed much more
sharply when the cows were on the two roughage rations than when
th?ﬁ' were on the two grain rations.

he average weight of the calves born, as the result of conceptions

during the lactations on the different rations, indicates that those con-
ceived while their dams were on the two roughage rations were slightly
heavier than those conceived while their dams were on the two
rations that included grain, although the difference is not great.
There were 15 female an:d ¢ male ealves born as & result of conceptions
while the dams were on the two grain rations and 13 females and 12
males while the dams were on the roughage rations.

SUMMARY AND CONCLUSIONS

Twelve Holstein cows were each fed four different rations, each
ration being fed for one complete lzetation period. In one lactation
period they were fed the so-called full-grain ration, that is, a grain
mixture consisting of barley, 2 parts; oats, 1 part; and whenat bran,
1 part {at the average rate of 1 pound to each 4.33 pounds of milk
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produced), pasture in season, and alfalie hay and corn silage when
they were not on pasture.

In snother lactation period they were fed only alfalfa hay, and
pasturage during the pasture season. This is ration 1.

In still another lactation period they were fed ground barley as the
sole grain_(at the rote of 1 pound to each 6.03 pounds of milk pro-
duced). In addition they were fed alfalfa hay, and pasturage during
the pasture season. This is ration 2.

During a fourth lactation period they were fed alfalfa hay and corn
silage, and pasturage during the pasture season. This is ration 3.

Compared to their production on the full-grain ration, the 12 cows

roduced 69.75 percent as much milk and 65.77 percent as much
guttcrfﬂt on ration 1, $6.03 percent as much milk and 80.24 percent
as much butterfat on ration 2, and 73.57 percent as much mlk and
69.93 percent as much butterfat on ration 3 (mature basis). The
percentage of butterfat in the milk averaged considerably lower when
the cows were on rations 1, 2, and 3 than when they were on the full-
grain ration, The reverse was true in two other experiments con-
ducted by the Bureau of Dairy Industry.

Only 4 of the 12 cows were consistent In their relative yield through-
out the 4 lactation periods, 2 of these being among the 5 highest-
producing cows, and 2 among the 5 lowest-producing cows on ench of
the 4 rations.  Many things may happen in the course of four lactation
periods to affect the relative yield other than the rations that ere
being weighed. Among the important things are abnormal calvings
and differences in the length of time between freshening and concep-
tion, and in the length of the dry period.

On the full-grain ration, 4 of the 12 cows reached their maximum
daily yield in the first month of lactation, 5 in the second month, and
3 in the third month. The total yield, and the persistency of yield,
were greatest for those reaching their maximum yield in the “third
montil and least for those reaching their maximum yield in the first
month.

On ration 1, all but 2 of the 12 cows reached their maximum yield
in the first month of lactation. The cows that were on pasture durihg
the early months of their lactation period declined much more rapidly
in milk flow than those that had little or no pasturage during the
early months of lactation. The cows probably would have produced
considerably more had thay had access to alfalfa hay throughout the
pasture seasoen,

On ration 2, all but 2 of the 12 cows reached their maximum yield
during the first month of lactation; and on ration 3 all but I reached
the maximum in the first month.

In the sixth month of lactation, the average daily yield (expressed ns a
percentage of daily yield in the highest month) was 82.2 percent for
the full-grain ration, 63.7 percent for ration 1, 66.8 percent for ration
2, and 72.7 for ration 3. In the tenth month, the relative percentages
were 59.7, 30.6, 38.0, and 33.2, respectively, for the four rations.

The changes in weight during the first 3 months of the lactation
period on rations 1, 2, and 3 were remarkably uniform. Up to and
including the tenth month, the cows made an avorage net gain of 10
pounds on ration 1, an aversge loss of 19 pounds on ration 2, an
average gain of 34 pounds on ration 3. Sinee, on the average, at the
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end of the tenth month they were still 4 months away from the next
culving, there is little question but that they regained the precalving
weights for the different rations.

On ration 1 the cows consumed an average of 34.8 pounds of nlfalfa
hay per day during the part of the lactation that they were not on
poasture. One cow ate only 23.1 pounds per day, but the heaviest
consumer ate 43.8 pounds per day. The amount of hay consumed
probably would have been increased had they been offered sufficient
hay to permit a larger refusal of the least palatable parts of the hay.
In this experiment the hay offered was so limited that the refussl was
less than 2 percent.

During the winter feeding season, the cows consumed an average
of 30.6 pounds of dry mntter per day on ration 1; 32.85 pounds on
ration Z; and 32.76 pounds on ration 3. On ration 1 they failed to
consume sufficient nutrients to meet requirements by 1.19 percent,
although they gained an average of 4 pounds per cow; on ration 2
they [ailed to consume sufficient nutrients to meet requirements by
3.6 percent, and the average loss in weight was 36 pounds; and on
ration 3 they failed to meet requirements by 0.64 percent, and the
nverage loss in weight was 25 pounds. During the winter feeding
season, 21 percent of the total digestible nutrients for ration 2 came
from the barley, and 39.8 percent of the nutrients for ration 3 came
from the corn silage.

During the pasture season, the average amount of supplemental
feeds fed to each cow on the different rations was: Ration 1, 2.65
pounds of alfalfa hay per day; ration 2, 3.44 pounds of alfalfa hay and
5.45 pounds of ground barley per day; and ration 3, 1.75 pounds of
alfalfa hay and 9.4 pounds of corn silage per day. The amount of
total digestible nutrients supplied by these supplementary feeds was
1.35 pounds per day for ration 1, 6.05 -pounds per day for ration 2,
and 2.65 pounds per day for ration 3. It is estimated that each cow
obtained the following daily amounts of total digestible nutrients
from pasture: Ration 1, 18.75 pounds; ration 2, 16.27 pounds; and
ration 3, 18.27 pounds. During tite pasture season, on ration 1 the
cows obtained 93.3 percent of their nutrient requirements from the
pasturage; on ration 2, 72.9 percent; and on ration 3, 87.3 percent.
On ration 2, the cows were fed the ground bariey throughout the
pasture season, while on rations 1 and 3 they were fed supplemental
feeds only when the grass was short.

There is some evidence f{o indicate that these cows were more
regular breeders when they were on the rations in which no grain
was fed.

The calves that wers born as a result of coneeptions that occurred
while their dams were on the roughage rations were slightly heavier
than those born as a result of coneeptions occurring while the dams
were on the rations that included grain.
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