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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

FEEDING DAIRY COWS ON ALFALFA HAY
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INTRODUCTION

?““Dunnﬂ' the lnst few years investigators have given much thought
and st udy to the dairyman’s problem of ohtn,ml.n(r better quallby in
roughage and of utilizing roughages to a gu,&ter extent in feeding
dairy cattle. This increased attention bas been brought about
partly by the economic situation, which has emphasized the necessity
of ]\eepmn’ costs of milk produt‘tlon at o low level; and partly by a
growing realization that extremely high milk ploductlnn per cow,
obtained by heavy grain {eeding, is not nccessm'ily the most cconomieal
production.

The Bureau of Dairy Industry has long recognized the important
adventages of growing and feeding rmwhage crops on the dairy farm,
and for & number of years the dairy-cattle feeding investigations
carrted on at the Bureau’s regionsl experiment stations huve been con-
cerned with various phases of the problem of including more and better
" 1 Submitien for publication Aug. 27, 1987,

1 Mr, Koplaiud is in ehorge of the dairy work ot the Huotley, Mont., Wxperiment Statfon and Mr, Whatt

and Mr. Ven Horn rre superintendents of the U, S, Duiry Experitnent Stations ot Mandun, N, Dok, snd
Woaolword, Okla., respectively.
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roughage in the dairy ration. In its experiments (17, pp. 15-2%) °
at the Huntley, Mont., station, for example, the Bureau has shown
the relative production of ecows when fed roughage exclusively, and
when fed roughage with grain. Graves and Shepherd * have shown
the relative economy of milk production under different feeding
systems when the crops (both grain and roughage) are home grown.
The importance of cutting roughage crops (grasses aud hays) at early
stages of maturi:y in order to tmprove their nutritive vatue {for milk
production was shown in experiments with Sudan grass at the Wood-
ward, Okln. station (4) and with pasture grasses at the Huntley
station (7). Experiments arc now under way to furnish information
cn other phases of roughage feeding.

_ In many irrigated sections of the United States alfelfu hay is grown
in abundance, and is the crop, next to pasturage, in which nutrients
for milk production can be produced at the lowest cost. In these
regions dairy cows are fed rations consisting almost ensively of aifuifa
hay. Apparently, this heavy feeding of alfalfa hay, year after year,
liag no detrimental effect on the animals’ health. However, very faw
definitely controlled experiments have been conducted to show the
comparative effects on millc production and on the condition of the
cows, of fecding alfalin hay alone for extended periods as compared
with other systems of feeding.

Experiments by the Bureau have shown that cows will produee
somewhat more milkk when they have access to pasture during the
pasture season and some other good roughage such s silage is adided
to the ration, than when they ave restricted to alfulfa hay. Whether
these other feeds add some nutritive element that is not present in
alfalfa hay or whether they sirpply nrovide a greater variety in the
ration, and thereby stimulaie a greater consumption of feed which
brings about this greater proluction, is not definitely known.

This bulletin gives the resilts of {feeding 15 Holstein-Triesian cows
thronghout 26 lactation perisds entirely on alfalfa hay. As a rule,
alfalfx bay would not be fed exclusively throughout the year under
commereial conditions, But restricting the experimentsl cows to
alfalfa hay throughout the lactation period provides a most scvere
test of its efficiency for millc production and also of its effects on various
phases of animal health. Teeding alfalfa hay aloue also has an
experimental advantage over feeding a ration in connection with
pasturage, in that the amount of nutrients consumed can be meusured
more accurately.

The production of alfalfa has incrensed greatly in many sections
in the last few yenrs and will prebably continue to increase for vears
to come. This Is because alfalfa is not only a cheaper source of
nutrients for milk production than most other crops produced where
it grows abundantly, but is also & suil improver and has an important
place in conservation of the land and in control of erosion.

The results of the experiment herein presented should he a uselul

3 ] thlie numbers in pareniheses refpr to Literature Ciied, p. 5.
1 GRaves, B and SEEMERD, 1, TH A STUDY OF CERTAIN MIASES OF THE FOONOM G 03F DAIRY-CATTLE
FEEDING, U, 5 Bur, Dwiry Indos., Roughage Feeding Ser. 1, BDIM-625, 10989, (Olimeographbed.}

USITED STATES DEPARTMENT OF AGRICULTURE, BUREAU QF IJAIRY INDUSTRY. ROUGHAGE RATIONS
POR DAIRY COWHS MAKE LESS MILE ANG MORE *ROFIT. 7. 8. Bue, Dairy Indoes,, Roughage Feeding Ser. 2,
BDIM-626. 1934, |Mimeographed.|

Graves, R, R., sl Suepinrend, 1. B, a4 §TUDY OF THE EFFECT OF MODIFIED SYSTEMY OF FARMING ON

MILE PRODUCTION AND NET RETURSS OVER CaAslt GUTGO FOR FURLMSED FEEDS. U, 8, Bur. Dairy Madus.,
loughage Feering Ser. 3, BDIM-62¢. 1034 [Mimeocraphed.)
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contribution to our knowledge coucerning one phase of the feeding
of dairy cows that has herctofore received very little attention, and
also of the efficiency of alfalfa hay {or milk production.

REVIEW OF THE LITERATURE

The literature is rather extensive concerning experiments in which
alfalfa hay has been fed as a part of various rations for dairy cattle.
This review is confined to the comparatively few investigations wherein
alfalfa hay, with or without mineral supplements, was the only feed
used over periods long enough to bring out the advantages or dis-
advantages of such a system of feeding, as indicated by its effects on
the animals and on the eronomy of milkk production.

Reed, Fitch, and Cave at the Kansas Agricultural Experiment
Station (19) fed a group of six Holstein heifers on alfalfa hay exclu-
stvely from the age of 6 months through their first and second 10-
meonth lactations. ~ For the two lactations they aversged 4,124 pounds
of mmlk and 150 pounds of butferfat, or an average of 1 pound of
milk for each 2.24 pounds of alfalfa hay consumed and 1 pound of
hutterfat for each 61.6 poundls of hay consumed. Two of these
hicifers were lafer carried through a third lactation peried under
full-feed conditions, in which they received grain and silage and pas-
ture in addition to alfalfa hay. On the full-feed ration the two heifers
sveraged 8,191 pounds of milk c¢ontaining 298 pounds of butterfat.
Both heifers inereased very materially in body weight.

Two additional groups of heifers that were fed hay, grain, silage,
and pasture produced approximately 40 percent more milk and
hutterfut during the first lactation than the group receiving alfalfs
hay alone.

The breeding records revealed that there was slightly less difficulty
in hringing about conception in the animals fed exclusively on alfalfa
bay than in those fed on hiay, grain, and silage.

Woll (20) at the Calilornia Agricultural Experiment Station fod three
heifers (one Idolstein and two Jerseys) through two lactations on
allalfa hay and green alfalfa. They consumed 1.7 pounds of alfalfa-
hay equivalent for ench 1 ponund of milk produced in the first lactation,
and 1.6 pounds of hay equivalent in the second lactation. The hay
consumption per pound of milk was somewhat Jower than that re-
ported by the Knnsas station. There was no evidence that the ex-
clusive feeding of alfuifa affeeted the breeding or fertility of the cows.

A later report by Woll and Voorhies (7), comparing production on
alfalfa hay with that on a mixed ration that included full-grain feed-
ing, gave the following summary: The average production on the
alfalfn ration was 6,491.5 pounds of milk and 258.86 of butterfat, and
on mixed rufion, 7,33G.8 pounds of milk and 323.37 of butterfat. The
anitnsi- <0 the alfaife ration produced 88.4 percent as much milk and
80.0 L.ereent as mueh butterfat as those on the mixed ration that
included full-grain fecding.

Headley (72) of the Nevada Experiment Station fed four grade
Holstein cows for 4 years on selocted alfalfa hay alone. They averaged
8,644 pounds of m lk containing 304 pounds of butterfat per cow per
year, and consumed 1.6 pounds of hay for ench pound of milk produced.
Their body weights remained practically stationary, averaging 1,355
pounds per cow per year, Four similar grade Holstein cows that were
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allowed selected alfalfa hay at will were fed an average of 2,160 pounds
of grain in addition, which was approximately at the rate of 1 pound
to each 5 pounds of milk produced. Their production for the 4 yoers
averaged 10,352 pounds of milk and 359 pounds of butterfat per cow
per year. The cows on alfalfa hay alone produced 83 percent as much
milk and a little less than 85 percent as much butterfat as the cows
that were fed alfalfa hay and grain. The grain feeding apparently
had little efiect on the amount of hay consumed. A third group of
cows fed the alfallz hay rution and the geain and hay ration in alter-
nating vears averaged 4,163 pounds of millke and 326 pounds of butter-
fat. Their avernge hay consumption was only slightly less than that
of the first group., Their body weights increased, especially during
the years when grain was fed. There was some indication that the
cows fed continuously on alfalla hay alone were more inclined to
breeding trouble, but the small number of animals does not warrant
definite conelusions.

In comparing the feeding value of alfalln hay produced in central
Orecon and in the Willametts Valley, the Oregon Agricultural Experi-
ment Station {78) fed 1wo groups of three cows each on alialfs hay
exclusively for 342 davs. Little difference was fonnd in the tweo hayvs.
The six cows consumed an avernge of only 9,936 pounds of hay during
this period or less than 30 pounds per cow per day.  Their production
was very low, however, averaging only 3,953 pounds of milk containing
148 pounds of butterfat. 1% was stated that
this comparcs very unfavorably with the produetion of 300 to 430 pounds of
butterfat per year elaimed by many dairymen feeding only alfalfa hoy, This
discrepaney can hardly be duc to better cows, as several of the cows used in the
test have demonstrated their ability,

Later, in referring to the same experimoent, Hang and conuthors
(177 state that “the milk production of the nnimals restricted to alfalfa
hay was approximately one-half that to he expected on the regular
herd ration.”” They concluded that the intalke of total digestible
nutrients was not adequato for more than very moderate milk produe-
tion. Thoe body weights of the cows wepe not given. It the Savage
standard of totul digestiblo rwtrients reguired for a body weighi of
1,000 pounds is used, the consumption of 9,936 pounds ol alfalia hay
of average nutrient content, would be enough for maintenance and
the production of approximately 7,300 pounds of milk testing 3.7
porcent of fab and containing 270 pounds of butterfut.  This, however,
is 3,346 pounds more milik than they actually produced.

Metabolism studies with some of the shove-meniloned cows on .
alfalfa hay alone showed that early in the lactation period the cows
were usually in positive calcium balanee and were always In nogative
phosphorus balance.  Feeding disodium  phosphate changed  (he
negative phosphorus balances to slightly positive balances.  The lay
contained 1.6 percent of caleium and 0,153 pereent of phosphorus.
A later report by Haag und others (/0) showed that cows on alfalin
hay alone gave negative cnleivm and phosphorus balances and that
the supplemental feeding of honemes! resulied in distinetiy positive
caleium and phosphorus balances,  They peint oat, however, in a
genernl roview of their work that the rapid decline in milk flow of cows
fod Inrgely on allnlfa hay is suggestive of a lack of speeific nutrients
rather than of total digestiblo nutrients.  They question tho biologieal
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value of the proteins of alfalfa hay (when fed alone), especially the
lack of the amino acid cystine as reported by Haag (9) i work with
rats, A preliminary feeding trial indicated that wheat bran, & fairly
good source of cystine, was effective as a supplement, to alfalfs hay for
dairy cows.

Huffman and coworkers (14, 15) st the Michigan Agricultural
Experiment Station and Eckles and coworkers (3) at the Minnesota
Agricultural Experiment Station have published results that apply to
certain phases of this experiment. Their publications also include o
complete review of the literature covering phosphiorus deficiencies and
requirements of dairy enttie,

Some investigators have reported wndesirable effects on the milk
(and its bypreducts) produced by caws fed exclusively on alfalfa hay,
Richardson and Abbott (3) at the California station found indications
that from 6 to 8 weeks on straight alfalfa feed cavsed cows to produce
butterfat that made up into a typical sticky butter. Adding silage
to the ration removed this condition, but it required ahout the same
length of time for the butterfat 1o hecome normal,

Roadhouse, Rogan, and Mead () of the same station showed that
alfalfa in the form of hay or pasture, or when cut and fod in the green
form, produced a nmarked flavor in the milk if fed within 5 hours hefore
milking.  The hay produeced the feast noticeublo flavor.

EXPERIMENTAL PROCEDURE
EXTENT OF THE DATA AND HISTORY OOF COWS USED

The Bureaw of Dairy Industry maimtains seven field experiment
stations, located in as many diflerent regions, for the purpose of con-
dueting breeding and feeding experiments of regional and Nation-
wide interest and Importance.  The data {or the study reported herein
are from the results of work at the stations at Mandan, N, Dak,,
Huntley, Mont., Woodwurd, Okla., and Ardmore, 8. Duk .

The breeding experiments at these stations require that all females
be ratsed to producing age under similar environmental conditions,
and festedd under full-feed conditions 1o determine their inherited
capacity Tor milk and butterfat production,  Aftor completing these
tests, the cows are available for use in various other feeding experi-
ments.

Since all cows are raised, handled, and tesied under similar condi-
tions at all stations, comparable production records under full-feed
conditions are normally available.  But comparable records to show
the relativo level of produetion by the same cows when thov are fed
other rations must be obtained by further feeding experiments.

For the purpose of this study, 15 registered Holstein-Friesian cows
that had comploted 365-day production records under full-feed con-
ditions were subsequenily fod for yearly Jaetation records on a ration
restricted to alfalfa, bay. Tablo 1 gives the herd number, the pre-
vious history and hreading record, and the age of cach of thess cows
at the time they wero entered in the alfalia hay feeding experiment,
as well as their breeding records during their two or three consecutive
lactations on tho allalla hay rations.

* Dairy work at the Ardoiore, £ Dok, station wos discontinmed in Bee,
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TasLE 1.—History and breeding records of the 15 Holstein-Friesian cows Jor the period before they were fed the alfalfa hay ration, and observations
(Iurznq the ea:perwwnt by lactation periods

{Age at start of

xperi . . .
Cow No | experiment History hefore use in experiment on

0 alfalfa hay alone - S e e e e e s e o !
\ enrsiMonths First lactation Second lactation : Third lactation

History by consecutive lactations on alfalfa hay ration

Had 2 Iactations on linited grain, | on | Normal in all respeeis Normal in all respects.. ...
roughngo alone, and 1 on fuil feed, Per-
+ fect breeding record,
I Had 1 lactation on full feed, 1 Inetation on | Did not coma in cestrus during lactation.
limited grain.  Some breeding trouble. Developed vaginitis. Conceived later
on full feed after treatment. .
Breeding frouble.  Inbred. . . Breeding rormal. Rather poor appe- | Breeding normal, but was bred too
tite for hay. soon; record for 285 days. Appetite
. better. Milk developed alfalfa
; flavor and odor,
. DBreeding trouble.  Aborted twin fotuses. © Breeding  trouble. Abnormal  ealf. | Breeding normal. ~ Calved normally,
"1 abnormal presentation, ¢ Abnormal flavor and odor in milk Calf weak.

AT TTVOINHDUL

NIL

: for a short period.
¢ Breeding normal. 1 dead call, 1 abor. : Normal jinall respeets.. .. ...............{ Normal in all respects
©otion,
Normal in all fespects .. ... . L Developed vaginitis.  Bred once, did
. not conceive or later come ' in oestrus.
Sold as nonhreeder.
Breeding  normal. Bred 100 soon. § Accidentally bred at first heat period. | Bred 4 times before con-
Record for 308 days. Record for 265 days, ceiving.. Aborted.
In nestrus at all times; did not conceive, | ... :
Sold as nonbreeder upon completion of
; record, :
" Normal breeding record.  Aborted first ¢ Nonnal breeding record. Heavy con- | Normal breeding record, - Went dry | Normal in all respects,
salf.  Inbred. o swmption of hay with high refusal. i 284 dnys.
Normal breeding record B Normal breeding record. - Aborted a de- © Normal hreodmg record, Dry for 16
composed fetus that was carried 199 1 ontbs previous to this lactation.
) days.  Low production. Low production,
i Normul in .xllre~poct~ .. Normal in all respects e e mmaene e
: do.. . N - Normal breeding record. Poor pro- i Did not show signs of oestrus until 6
ducer, months after calving.
W63 B Bred 4 times for first calf,  Some mastitis | Normal in all respeets. .. . . -
\\ —6(1 Ll 51 Normal in all respects.. ... Lodos. ool !
200 : ¢ ¢ Some breeding trouble as n 30un;.cr eow. | ide. I
© Extremely high- producer. Raised at
Beltwille, Md., shipped to Mandan,
N. -Dak., few months previous to start |
of o\penmen( :

1 s 0 ‘019
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TaBLE 2.— Production records of the 15 Holslein cows when fed the alfalfa hay raiion and when on full feed

When fed the alfalfa hay

Cow Xo. Alfalfn Are . Period
¢ hay con- : L. earrying [ Milk
sumed ealf
Muanth

. Pounds Days Pounds

16, 134 ] 248 12,235
16,304 3 : 211 14,735
15, 795 ; ¢ 0 B0
12, 857 : 1060
11, 490 ; 251
15, 561 ‘ 4 G

‘ 941 |

rition

! |

| Butterfat

J’UUmI! :
e

5

xl

9,713 |

e s F
-h;nc.-‘-:xo:—ﬂm:‘ao-o-wwcmc- o

Calculuted to
maturity

Alilk

Pounds
o won

‘ Bullorl’:\{‘

Pounds |

When on full feed

Age

Year ¢ Month

Period
carrying
call

Milk

Butterfat

Chlculated to
maturity

Mitk | Butterfat

Pounds
16, 677

5 067
11, 587

14 0s0
160071

15,215

17, 947

93

Pounds

563. 5

TU20, 9057

Tageno|

Tl

Pounds | Pounds
16, 677

14,368

20, 732
19,475

J(), 151

17,8107

23, 511

23, 100
21, Y81

10,702

11,125 ¢

359. 6

1 Milked twice a day on the alfalfa hay ration; 3 times a day on full feed.

19, 421

2 Bred 100 soon, milked for 285 days on the slfalfa hay ration; this record on hay was not used in the nverage.

3 Bred too soon, record for 308 day's on the alfalfa hay ration.

+ Bred too soon, milked for 265 days on the alfalfa hay ration; this record onhay was not used in the av erage.

s-Record on the alfalfa hay raticn for 285 days when cow & ent dry.
& Average for 24 records on the hay ration; 15 records on full feed,
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At the Mandan station, cow H-64 completed three consecutive
lactations on the alfalfa hay ration and cow 270 completed two. At
the Huntley station, cows H-31, H-52, and 11-53 cach completed two
consecutive lactations, and H-38 and H--62 exch completed one lacta-
tion. At the Ardmare station, H-3%¢ compleied two consecutive
lactations. At the Woodwurd station, W—44 completed three con-
secutive lactations, W-47 and W-55 two each, and W-21, W-54,
W63, and W69 one lactation each.

The 15 cows completed o total of 26 Inctation records on the alfalfa
hay ration. All but 4 of the 26 records were for 365 days. Two of
the records (second records of 11-30 and 11 -64) were for less than 300
days, beeause the cows were accidentally bred too soon alter calving,
and are omitted from the ealenlations because they are not comparable.
On the other hand, two other records, one Tor a fittle more and one
for a little less than 300 davs, vwere considered comparable with the
365-day records and are Included in the caleulations.

Table 2 gives the production records of the 15 cows for their 26
lactation periods on the alfalfa bay ration, also their production
records Tor their 15 Iactation pertods on the full-feed ration.

All the records on full feed with the exception of cow 270 were
mude in stanchions, and the cows were milked three times a day.
(irain was fod at the rate of approximately 1 pound to cach 3 pounds
of milk produced, and the roughage pars of the ration consisted of
aliaifa hay, silage, and pasture.

Although the feeding and manngement conditions under which the
[ull-feed records were made were not extreme, they were such as fo
enable these cows Lo produce somewhere near their inherent capacily.
Asg will be shown later in the diseussion of the feed and nutrient con-
supiption, all these cows wore capuble of a hieh level of production
under good feeding conditions.

Nearly all the cows made their full-feed recomds at an unimabure age,
but they varied considerably in age when they were on the :1lf:1%f:t
hay ration. Because of such variations, and also heeanse of the fact
that some of the cows had been accustomed to roughage for long
periods, 16 is necessary 1o present and diseuss the results in more detal
Uhnn if all the cows had heen equal in age and production and had
been acenstoned to a miion of roughage only.

FERIMNG THE ALFALFA HAY RATION

The cows were nob all on the alfalfa hay ration simultancously.
Tndividual cows were started on the ration, independently of other
cows, whenever they were available and always at a tine when they
cowld complete the entire lactation perlod on alfalin hay. Fiach cow
was slarted on the nifalfs hay ration ab approximalely 36 duys before
calving in order that she would be accustomed 1o the ration wheu hey
Jactation began.  After a cow had once started on the sialin hay ex-
periment, she was fed aifalia hoy exclugively, throughout the entire
lactation period and the dry period, antil she was taken off the ~xpoeri-
ment.  OFf the 15 cows, 7 were on the experiment lor 2 consecutive
lactations, and 2 for 3 conseculive lactations. )

At Woodward, Ardmore, and 1luntey, the cows were keplin stanctf-
ions while the hay was being fed. When the weather was favorable
they were turned inlo an exercising lot where no [eed was available.
The hay was weighed out to the cows twice a day, nnd the wmount not
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eaten was weighed back once a day. Cows W-54, W-63, and W-69
at the Woodward station were carried as a group for part of their
lactation and the hay consumed and refused was prorated. At the
Mandan station, cows H-84 and 270 were kept in a pen barn, cach
cow being kept m a small pen in order to obtain individual hay-con-
sumption records. Al cows either had frequent access to water in
the lots or drinking cups were provided in the stanchions.

After the cows heeame well accustomed to the hay ration, sn at-
tempt was made to offer them approximately 10 percent more hay
than they were consuming. Lt was found, however, that when the
amount offered wns restricted too closely the amount they would
consume was Jessened. The average amount rejocted varied wiiely
for different cows. Oue of the cows consumed as high us 83.4 per-
cent of the amount offered over the year and one consumed only 65.4
percent (table 8). However, the wide varintions in percentage con-
sumed by the different cows was probably due move to the palatabil-
ity of the hay and to the individunl preferences of the cows, than to
the smount offered in cxecess of what they would eat. The average
consumption ior all cows was 84.7 pereent of the amount offered. It
was noted with the majorily of the cows that the refused hay was
not confined entirely to the course stems. A portion of the weigh-
back consisted of shallered leaves.

QUALITY OF ALFALFA HAY FED

The alfalin hay used in these feeding experiments was produced in
severnl different regions and varied in quality.  The msjority ol the
hay fed at Ardmore was produced locally under dey-lnnd conditions,
althongh some was purchased in northern Nebraska.  All the hay fed
at Fluntley was produced loenlly under Irrigation and was fickd evred,
for the most part under good conditions, 1t was of excellent qual-
itv. Most of the hay fed at Woodward was produced Jocally under
dry-land conditions and was of good quality and color; one year some
of it was purchased near Garden City, Kans., and was of high quai-
ity. Most of the hay fed at Mandan, was/purchnsed In the vieinity
of Huntley, although a simall amount of locally grown lay was fed
vhich was also of good guality.

No attempt was made {o scleet the hay for any of the animals; 1t
was foid as 15 came. 16 was the practice, however, to purchase only
good-quality hay. Although poor—uality bay was fed oceastonally
for short periods the majoriby of the hay would have graded UL 8,
No. 1 aifalla,  Samples were {aken oceasionally and senl to Belis-
ville, Md., for chomienl nnalysis. A total of 34 sumiples were annlyzed,
consisting of 4 from Ardmore, 16 from Huntley, 8 from Woodward,
and 6 from Mandan (table 11).

MINFItAL SUPPLEMENTS 'ED

Afl cows had access to salt a6 will while they were on the alfulla
hay ration.  In addition, a box containing speciad steamed bonemenld
was so placel that each cow had nccess to it Tt was observed that
most of the cows nte Bille i auy of the boncwenl.  The amound con-
sumed was measured for o time, but the consumption proved so small
that measuring was discontinued.  This 1s discussed more fully under
Consumption of Caleium and Phosphorus.

BT —18-. —2
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MANAGEMENT OF COWS

All cows were milked three times a day, both when making their
records on the alfalfa hay ration and under full-feed conditions, ex-
cept cows H-39 and H-52, which were milked twice & day throughout
the first lnctation period on the alfalfa hay ration.

It was planned to have all the cows in miik for 365 days with a
dry period of & month or 6 weeks between lactations. Unfortunately,
some of the cows were accidentally bred too soon, and calved agaln
in less than 200 days. Their records are included, but in some cases
they are not used for comparisons.

RECORDI KLEPT

Daily milk weights were kept, and once each month a sample of
the milk was tested for butterfat. Daily weights were kept of the
amount of hay fed and weighed back.” The difference was con-
sidered as having been consumed. Body weights were taken for 3
consecutive days each month. The average monthly welgh$ was cal-
culated by averaging the weights for 2 consecutive months. The
average lactation-period woights are the average of the weights for
the first and last month in lactation. Some of the cows wers weighed
a day or two previous to and immediately following calving. For
the others the nearest 3-day avernge weight previous to calving or
following calving was considered as the precalving or after-calving
weight,

Routine breeding and calving data were recorded at all times.
Complete data were also avsilable for all cows when under full-foed
conditions. In addition, the men in charge of the cows noted any
abnormal conditions they thought might be due to an exclusive ration
of alfalfa hay. Theso observations will be referred to as the discus-
sion of the data proceeds.

PRODUCTION OF MILK AND BUTTERFAT
PRODUCTION ON ALFALFA HAY ALONE

The individual records of milk and butterfat production on the
alfalfa hay ration by lactation periods, the ages a6 which the records
were made, the number of days each cow carried g call, and the
records caleulated o o mature basis are given in table 2. Similar
records for the same cows under full-feed conditions are included for
comparison, and are discussed in subsequent sections. The indivi-
dual amounts of alfalfa hay consumed are also included in table 2,
but are discussed in a later section on Feed and Nutrient Consump-
tion. The production records are for 365 days, unless otherwise
nefed.

The second record made by cow H-3% on the allalla hay ration is
not comparable because she was nectdentally served by & young bull,
and since the exact breeding date was not known, it was considered
advisable to dry her off at the end of 285 days. It should be men-
tioned, however, that during the first 255 days, before drying-off was
started, she produced 7,338 pounds of milk and 292 pounds of butter-
fat, as compared with 8,320 pounds of milk and 313 pounds of but-
terfat during the first 255 days of her first lactation on the aifalfa
hay ration, although she conceived 34 days after freshening for the
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second record, wherers she conceived 191 days after freshening for
the first record. She also consumed more hay during the 255-day
period in the second lactation than in the first lactation. She was
milked only twice o day for her first lactation record, however, and
three times a day for her second.

Cow H-64 was bred too soon after freshening for both her first and
second lactation on the alfalfa hay ration. During the first lactation,
she was bred 62 days nfter calving and it was necessary to dry her off
at the end of 308 days, when she was still producing 16 pounds of
milk a day. She calved again in 30 days. During the second lactn-
tion, she was accidentally bred 34 days after ealving, and it was con-
sidered advisable to dry her off at the end of 265 days, when she was
still producing 15 pounds of milk a day. She calved again in 51
days. This latter record is not included in the calculations because
of its short duration.

Cow W- 44, in making her second lactation record on the alfalfa hay
ration, went dry in 285 days. This record is included in the caleuln-
t10ns.

Although -39 and IT-32 were milked twice a day for their first
Inctation records on the allulla hay ration and three times a day for
their second records, no corvection has been made for this difference
in number of milkings, with one exception noted on page 14. In the
case of H-52, the zecord made on twice-a-dny milking materinlly ex-
ceeds the lnter record made on three-times-n-day milking. THowever,
the lactation in which she was milked twice a day followed a rather
short and low-producing Jactation following an abortion. Further-
more, a8 she was an uncertain breeder and had to be bred five times
for a coneeption, she did not carry a calf in the lactation period when
she was milked twice o day, whereas she carried a calf for 241 days
during the lactation when she was milked three times o day.

C'ows H~ 38, F1-62, and W21 also exhibited breeding troubles nnd
did not carry "ealves. during their Iactation period on the allalfa hay
ration, as shown i table 2. H-38 failed to come in ocstrus, H-62
developed vaginitis, and W—-21 wus in oestrus at all times. These
breeding troubles are discussed later from the standpoint of possible
]{'llllorl‘\lllp to exclusive allalla hiny feeding, They are mentioned
here heeausr of the the effect of the number of days between [reshening
and conception, or conversely, the nomber of days they carried calves,
on production.

It is evident that the period belore conception, or the number of
days the call wns carried, did have o decided effect on preduction,
when the records are oompared from this standpoint. There were
six comparable records made by cows that conceived on an average
of 351 days after [reshening and that carried a call 40 days or less
during o lactation period on the alfalfa hay ration. The 6 records
m’otaocd 2,020 pounds more in milk and 55 pounds more in butterfat
than 18 records made by cows that conceived, on an average, within
145 days after freshening and that earried a call more than 100
days, The 4 records made by nonpregnant cows (table 2} averaged
2,642 pounds more milk and 79 pounds more butterfat than the 20
records mide by cows that conceived on an avernge of 163 days after
freshening and that earried ealves an average of 197 days. This is
a 25-percent greater production in mille and 21-percent greater pro-
duction in butterfat for the nonpregnant cows.
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The 24 comparable lactation records on the alfalfa hay ration
averaged 10,702 pounds of milk and 375.8 pounds of hutterins (actual
basis) and were made at the average age of 5 years 11 months, A few
cows mnde their records ab immatwre ages, and when these are
calculated to o mature basis the 24 records average 11,125 pounds of
milk and 389.6 pounds of butterfat. 1t should also be noted that the
2 yearly records of cow 278 on alfalla hay were undoubtediy affected
By her advanced age. This cow was raised at Beltsville and sent to
Mandan as a mature cow.  She had the highest production record on
full feed of any cow in the experiinent. Tt was made in o box stall 0t
the Beltsville station.  When she was placed on the alfalfa huy ration,
ab 9 years 4 months of age, shie was showing the effects of age to a
marked degree, but otherwise appeaved to be in good condition and
completed 2 fuli-time yearly reeords on hay.

The highest comparable milk record made ou the alfaifa hay ration
was 15,109 pounds in 365 days, and the lowest was 7,641 pounds for
& 285-day lactation pertod. The cow making the highest record con-
sumed 17,092 pounds of hay and produced 1 pound of milk for each
1.13 pounds of hay consumed. The cow making the lowest record
(W44, second record) produced 1 pound of milk for each 1.59 pounds
of hay consumed. Fourteen of the twenty-four milk records are nbove
10,600 pounds. The highest hutterfat record is 509.9 pounds ([1-53,
first record) which i3 approximately iwice as much as the lowest
butberfut record (W 47, second recond).

COMPAIIRON BY (ONSECUMVE LACTATIONS

Table 3 was prepared to show the comparative prodoetion by nine
cows that were on {he alfalfa hay ration for two or more conseculive
Inctation periods.  The aumber of days elapsing hetwoen  treshening
and coneeption is included beeause of its apparent effeet on production.,

TArLE 3.-—Campuralive milk and butlecfol production and pumber of days befuen
freshiening and conception for cows fed the affalfa hay ration for twe or more eon-
seculive lucialion perrods
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1 ATilked twice a day,

* Bred too soon; milked for 255 duys) revords nel nsed in averpes,
2 Brad ton senn; recarl for 308 davs.
¢ Prad fun sao malked far 268 days: revorsds nol ssed o nverges,
¥ Record {or 0B5 duys; cow went dry.
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One cow (W-55) on the alfslia hay ration for two consecutive 365-
day lactations produced 4,498 pounds more milk and 133 pounds more
butterfat in the second lactation than in the first. She carried a calf
only 155 days in the second lactation, however, and 219 days in the
first, which may account in part for the higher production in the second
lactation.

The records of cows H-39 and H-84 are omitéed from the average
because of abnormal factors other than feed. The other seven cows
averaged 10,974 pounds of milk and 395.4 pounds of butterfat in the
first lactation with an average of 171 days between freshening and
coneeption, eompared with 10,239 pounds of milk and 357.0 pounds of
butterfat in the second lactation, with an average of 159 days between
freshening and conception. The average production for the second
consecutive lactation on the alfalls ration was 10 percent less in but-
terfat and 6.6 percent less in milk than that for the first lactation.

The third consecutive lactation records made by the two cows (H-64
and W-44) are not comparable with their first and second records.
The fuact that both cows had a short second lactation may be partly
responsible for the incrensed production during the third lactation,
though there are many other factors than varintions in the ration that
may be responsible for differences in amount of production from lacta-
tion to Inctation.

COMPARATIVE PRODUCTION ON ALFALFA HAY ALONE AND
OW FULL FEED

The individual mille and butterfat production records made by the
15 cows, both under full-feed conditions and on the alfalfa hay ration,
are shown In table 2. Since all the records on full feed except two
(H--31 and 270) were made at immature ages, it was necessary 1o cal-
culute them fo & mature basis in order to afford a fair comparison with
the records on alfalfa hay. The correction factors used were those
published by Fohrman (6). The average production (mature basis)
on full feed was 19,421 pounds of milk and 651.5 pounds of butterfat
per cow.  This is an increase of 8,208pounds of milk and 261.9 pounds
of hutterfat, as compared with the average production {mature basis)
for the 24 comparable records made on the alfalfa hay ration. The
average production (mature basis) on the alfalfa hay ration was 57
percent as much in milk and 60 percent as much in butterfat as the
average under full-feed conditions.  If the actual records are used as a
basis for comparison, the average production on the alfalin hay ration
was 70 percent us much in mille and 73 percent as much in butterfat as
the average under full-feed conditions.

The 15 cows carried their calves for an average of 164 days per lac-
tation when making the 24 records on the allaifa hay ration, and for
an average of 183 days under full-feesl conditions. Any difference in
this respect would be in favor of the records made under full-feed
conditions,

The 20 vecords (matarc basis) made by the cows that became preg-
nant during lactations on the alfalfs hay ration averaged 10,685 pounds
of milk and 376.5 pounds of butterfat, and thoy carried calves for an
average of 197 days. The 12 records mude by the same cows under
full-feed conditions {mature basis), when they carried calves for an
average of 189 days, averaged 19,282 pounds of milk and 652.3 pounds
of butterfat. On this basis of compurison, the average production
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on the alfalfs, hay ration was 85 percent as much milk and 58 percent
as much butterfat as the average under full-feed conditions.

By comparing the records of those cows that conceived within n
period of 30 days of each other in each group following calving, it is
found that 11 records made on the alfalfa hay ration averaged 10,707
pounds of milk and 373.8 pounds of butterfat, with an average period
of 155 days between Ireshening and conception. (In this csse the
first record of cow H-39, when she was milked twice a day, was in-
creased by 20 percent so that it would conform to a three-times-a-day
basis.) Seven records made on full feed by the same cows averaged
18,543 pounds of millk and 620.5 pounds of butterfat, with an average
period of 162 days between freshening and conception. On this basis
of comparison, the average production on the alfalfa hay ration was
58 percent as much milk and 60 percent as much butterfat as the
average under full-feed conditions. The average percentage by
months in lactation for these two groups is discussed on page 17.

Another point of interest in considering the two systems of feeding
is the higher ratio of production on alfalfa hay at the Huntley station
as compared with the records made at the Ardmore, Mandan, and
Woodward stations. Cows H-31, H-38, H-52, H-53, and F[-62
made their records at the Huntley station. Their eight records on
the alfalfa hay ration (mature basis) averaged 12,017 pounds of milk
and 435.1 pounds of butterfat, and they carried their calves for an
average of 135 days. Their five recerds made under full-feed condi-
tions averaged 18,697 pounds of milk and 641.6 pounds of hutterfat
(mature basis) and the average number of days each carried a calf
was 172. These records indicate that they produced 64.3 percent as
much milz and 67.8 percent as much butterfat on the alfalfa hay ration
as on the full-feed ration. However, cows H-38, II-52 (first record),
and H-62 were not pregnant during their lactations on the alfalfa
hay ration. On eliminating these three records and the full-feed
records of H-38 and H-62, comparison of the five records of H-31,
H-52, and H-53 on the alfalfa hay ration (when they carried calves
for an average period of 216 days) with their three records on full
feed (when tﬁ-ley carried calves for 200 days) shows that they pro-
duced 64 percent as much milk and 87 percent as much butterfat on
alfalfa hay as they produced under full-feed conditions.

The records made on the alfalfa Lay ration at the Mandan station
are those for cows H-64 and 270. The first lactation on the allalfa
hay ration by H-64 was of short duration, and she carried a calf only
40 days during ber third lactation, while her fullfeed record was
made at Huntley. The full-feed record of cow 270 was made at
Beltsville. Although not entirely comparable, the four records
(maturs basis) made on the alfalfa hay ration averaged 10,428
pounds of milk and 398 pounds of butterfat, which is 50 and 54 per-
cent, respectively, of the production on full feed.

The 11 records made on the alfalfa hay ration at Woodwerd (by
the 7 eows, W-21, W-44, W-57, W—54, W-55, W-63, and W-69)
probably form a better basis of comparison with the Huntley records
because the full-feed records were also made at Woodward., These 11
records (table 2) average 10,803 pounds of milk and 353.8 pounds of
butterfat, which is considerably less than the cows at Huntley pro-
duced on the alfalfs hay ration. The Woodward cows carried calves
an average of 177 days while on tho alfalfn hay ration, whereas the
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Huntley cows carried calves only 135 days. The seven full-feed records
of the Woodward cows, on the other hand, when calves were carried
for an average of 195 days, averaged 20,286 pounds of mills and 648.5
pounds of butterfat, which is considersbly higher in milk than the
Huntley cows produced and somewbat higher in butterfat. On the
alfalfa hay ration the Woodward cows produced 53.2 percent as much
milk and 54.5 percent as much butterfat as they produced on the full-
feed ration. As compared to the Huntley ratio of production on
alfalfa hay versus full feed this represents a decided decline,

COMPARATIVE PRODUCTION BY MONTHS IN LACTATION

The two systems of {eeding have been considered from the stand-
point of total production for the lnctation period. Tuble 4 was pre-
pared to show the comparison in average daily milk production by
months in lactation for the two systems of feeding. Figure 1 shows
the same data graphi-
cally. Themillyields
shown are the actual
vields made by each
cow, unless otherwise
indicated. The aver-
age daily production
by months in terms of
percentage ol the max-
inum daily procuetion
1s also shown,

On thealfalfa hay o
tien the cows reached
their highest average
daily production dur-
ing tho first month in o
lactation, produced ™OO%* jioiteme (uilv itk production hur cow, by months i
slightly less during the
second month, and declined stendily and rapidly from then on (table 4).

On the full-feed ration the cows did not reach the peak of production
until the second month in lactation, from which there was g more
gradual decline (table 4). In the twelfth month they were still
producing 62.1 percent as much milk as in their higlest month. If
the age-corrected figures are used instead of actual-yield figures, the
rate of decline is much greater. This greater decline may be due to the
fact that cows generally are more persistent in their early lactations
(the actual records on full feed were for the most part for first lncta-
tions) and also that the great body of records from which the agen
correction factors were derived were made by cows that were not as
persistent producers on an average as the cows in this experument.
In studying figure 1 it will be noted that while the plane of production
(nge-corrected basis) was much higher after the second month on full
feed, the rate of decline on this busis was somewhat similar to that on
the nlfalfa hay ration.

Since the 15 cows varied eonsiderably in the length of their apen or
nonpregnant periods while making their records on the two different
rations, a comparison was made using only the records of 7 cows thet
were considered to have comparable open periods on both rations.
An open period on one rution (elapsed time between freshening and
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the next conception) was cousidered comparable with the open period
on the other ration if the difference was less than 30 days. For
example, if & cow eonceived 150 days after freshening on one ration and
170 days efter freshening on the other, the difference between the two
open periods is less than 30 days and her lactation records are used in
the comparison indicated; but if a cow conceived 150 days after
freshening on one ration and 200 days after freshening on the other,
the difference between the two open periods is more than 30 days, and
her records are not used in this comparison. This comparison there-
{ore (table 4) ineludes 11 records by 7 cows on the alfulfn hay ration
that were open for an average of 155 days, and 7 records on full feed
when they were open for an average of 162 days. The rate of decline
in milk yield by these 7 cows was considerably greater on both rations
than the rate of decline by the entire group of 15 cows. The longer
period of pregnaney for the 7 cows may have been responsible for this
greater rate of decline. The rate of decline by the 7 cows was also
relutively greater on the alfalfa hay ration than oun the full-feed ration.

Tante 4.—.Average daily milk production by wmonths in lactation, of the 15 cmes

when fed the alfelfe hoy ration {average age 7 years 11 montds), and when on
full fred {aecrage age 2 years 11 months)
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T Average daily milk produciion by monihs in lactalion, of 1he 15 cows when
feel the alfalfe hay rofion {aocrage age 5 years 11 months), end when an full feed
(average age 2 years 1T nondhs)--—Continued

COWS ON FULL FEED
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The lack of persisteney in lnelation, which is characteristic ol the
vows on the alfalfa hay ration, is one of the reasons why their total
production on that ration is 1ot higher in relation to their production
on the full-feed mtion.  The greater relative decline on the alfalfn
hay ration ns the [netation ndvanees may be incliented in another w Ly
that is, the relative yield on the two ralions may be compared hv
months in Jnetation. ~ ¢ amparing the rerovds matlc by the seven cows
that had contparable open ]mmds on both r:ions (table 4) the millke
vield on the alfalfa hay ration was 75.8 percent of the yviekl on full feed
during the first month of l.u'u-.lon 08.1 pereent the second month,
64.9 the third, 62.1 the Tourth, 54. 3 the filth, 53.6 the sixth, 47.3 the
seventh, 42.8 the eighth, 304 the ninth, 35.2 the tenth, "32.6 the
cleventh, and 28.7 percent the twelfth month.

The hypothesis advanced for this more rapid decline in production
on the alfelfa hay ration is: (1) These cows were more adyvanced tn age
when they made their records on the alfalla hay ration than when

BMTO"— 38—}
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they made their records on the full-feed yation (for the most past in
their fivst lactation period) anditis to beexpected that they would bhe
somewhat ess persisteut for that reason; (2) these were high-producing
cows, and while they were nble to consume enough nutrients when on
the full-feed ration to produce up to somewhere near their inhierent
capacity they were unable to consume enough of the more hulky
alfalla hay wation to meet the requivements for maximum production,
Conseguently the level of production deelined {0 mect the amount of
nutrients consmned,  Thming the first 3 months the alfalfa-fed cows
were drawing on body veserves to some extent to meet the demands for
production.  The cows never reached as bigh o level of production on
the alfalfa hay ration as on the {ull-leed ration, but why the deeline
should have been more rapid after reaching the point where the con-
sumption of nuirients was more than meefing the demand of produc-
tion is diflicult to delermine.

In an attempt, to throw {urther light on the greater rapidity of
decline in mitk yield on the alfalia hay vation, compiintions were made
in which the variable length of pregnancy period, rate and rapidity
of dectine in milk vield, and rale and decline In amount of hay con-
sumad were hrought together in {able 5, The data in the first part
of the table are for the cows that had comparable pregnancy periods
on hoth rations; the data In the second part of the table are for the
cows that were open throughout most of the lactation peried on the
alalfa hay ration.  In this table the average daily milk yvield and (he
pereentage that it represents ol the highest avernge vield doring that
factation period, is shown for the third, sixth, ninth, and twelfth
months of lactation,  For comparison the average daily consumplion
of hay sud the percentage of maxinium daily consumption is shown for
those same months; and also the average daily yvield and the percent-
age of maximum yield for the same cows when on the full-feed ration.
Data for 4 months only are given in order to reduee 1ho number of
figures to be compared.

I the cows that conceived within 4 to ¢ months alter starting a
Inctation on such o bulky ration as alfulfy hay had had their consump-
tion of hay greatly reduced, owing to the development of the letus,
it might account for the rapid decline ia yield. The cows listed in
table 5, that were pregnant approximately 7 nionths of the lactation
period, did have a greater dechne In hay conswmption than the cows
that were open throughout most of the fzciation period on allalla
hay, but the difference in hay consumnption was not nearly so great
us the difference in millk yvield. The pregnant cows consumed an
average of 35.7 pounds of hay per day during the twelfth month and
produced an average of 4.5 pounds of milk per day, while the open
cows consumed an average of 0.5 pounds of hay and prodoeed an
average of 2015 pounds of milk.

There were exceptions {o the genernl {rend, however. Four of
the five open cows were producing in the twellth month from 27 to
4} pereent as mueh as their maxinonn produetion in any month, and
were consunung from 74,4 to 87.7 pereent as nueh as thetr naximum
consumplion of hay. The Ofth cow was producing in the twellth
month 68.6 pereentl as mucl as her maximum yield and conswming
43.2 pereent as tneh as her maximmm consnmption. Three of {he
pregnant cows were more persistenl in yield thaw four of the open
cows, and a fourth cow was in the same range.
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Tarne b.—Comparison of the avevage daily mill yield an the alfelfu hay ration and
on the full-feed vution, apd the peveentage of marimam yield, for the Hivd, sixth,
vinth, and bwelfth months of lnelation, and the average daily hoy consum Mion and
percentage of muximuw cansnmption for the seme periods, for Lie seven cows having
compurable preguancy periods wnder the biro systems of feeding, and for the five
cowes thut were open throughout wost of the Inclation period on the alfalfo hay rofion
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Cow H-31, with two conseeutive lactations on the alfalfa hay ration,
conceived 117 days after starting on the first lnetation.  In the twellth
month of the lactation, or the eighth month of preguancy, she was
still producing ag the rate of 405 pereent of her naximum yield of
milk and consuning 90.1 pereenl as moeh hay as tn the month of
maxtmum consumnption.  Her second factation period was similar to
the first, though on a somewhat lower plane of production.  She was
more persistent on the affalln hay rtion (han she had been on fuil
feed. The othier two cows were 11-39, producing 40 pereent as muceh
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milk in the twelfth month as in her maximum month’s yield and
consuming 60.4 percent as much hay; and cow W-54, producing 31.1
percent of her maximum yield and consuming 87.4 percent of her
maximum consuinption in the twellth mont:,. The latter cow did
not raach as high a level of production as the other cows, at any time
in her lactation.

Some of the other cows, including H-53, W-44, W47, and W-55,
that showed a great Iack of persistency on the alfalfa hay ration, had
been very persistent producers en the full-feed ration. The cows tested
at the Woodward station were the most noticeable in this respect.
Possibly this was due to the fact that they were not accustomed to
rations consisting entirely of roughage. The cows raised at the
Huntley station were fed from the age of 8 or 9 months to the time of
first freshening, on mtions consisting entirely of roughage, and, there-
fore, were probably more secustomed to such a diet.

FEED AND NUTRIENT CONSUMPTION

The consnmption of alfalfs hay, digestible crude protein, and total
digestible nufrients by the cows when fed the allalla bay ration, and
their nutrient requirements according to the Savage feeding standard,
are shown in table 6. The amounts of various feeds consumed ex-
clusive ol pasture, together with nutrients consumed and vequired,
by the same cows under full-feed conditions are also shown, An
average ol the lirst monthly body weight after ealving and the body
weight nearest the date of record completion, was used in caleulating
the yearly nutrient requirements for maintenance,

HAT CONSUMPTION

The average nmount of hay eonsumed during a laetation perind
when 1he cows were fed the alialfa hay ration was 14,352 pounds ar a
little inore than 7 tons per cow,  Thie highest individiat oy consump-
tion was 17,199 pounds {more than 84 rons), by cow 11-53 daring her
second Inctation. The lowest consnmption was 11,085 pounds for
cow W47 during her second luetation,

The cows praduced an average of 1 pound of milk for eaeh 1.3 ponnds
of hay consumed and 1 pound of butterfat for each 38 pounds of hay
consumed.  This ratio of milk production to allalfa hay consmaption
1s higher than was reporteil in the experiments by the Kausas {1,
California (F, 260, Nevada (12), and Oregon (/8) stations,  The mitio
of butterfnt production to allalfa consumption is alzo higher than that
reported by these stations, with the exceeption of Calilornia where the
cows consnmed only 36 pounds of alfalla hiay (or cqnivalent) for ench
pound of butterfal produced.  The mitios of mille and butierfat
produced to allalfa hay consumed for (he stations naned and for this
experiment are ghown in {able 7. The 15 cows used in this experi-
ment may have had aninhervitance for higher levels of production than
the cows used inthe other experiments, and they were vtlso milked three
times 2 day as compared with {wice a day lor the others,
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I'asLe 6,—Comparative feed and nuirienl consumplion and nulrien! requiremenis of
eows by laclation periods when fed Uu, aifalfa !'mr,r ralion ami 1 hrn on full fecti
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Tasue 7.—Ratie of alfalfa hay conswmed lo milk and bullerful praduction by cows
Jed alfalfa hay only et zeveral cxperiment staiions
e et S I EEIEEE LR
; IIm CoR- H’u eol- : P Haveon- Haycon-
;o oswed summ; . ‘ §osutnmE l-ulumri
. Ree= | foreach | for cach = Ree- 1 for enelt for enedi
Flation ords o of § poumlof Statinn 1 oorde T poumd al pouad of
milkk 1 hatlere . Eomik L barpleriag
prodiesd  preiueerl : ! i“‘i)ﬂli(‘l'{li o leedd
' 1 : i
\:uubrr Ponnds © Panads .\'mm'r:-r f’ﬂmad» U Pownds
RANSAS . veuesiaao. 12 -4 02 Orepon X [ ! H7
California o fi [ W This experiment 24 25
Novadde. o in . [ 41 - S ————
: Avernee L0 L L i.!! : 42

The amount of hay consumed daily by the 13 cows In this experi-
ment increased on an average until the sixth month in lactaiion,
when a slight but Fairy steady decline was noted (table 8),  The o nily
oomumption averaged slightly more, however, at the end of the luc-
tation than at the beginning. Some of the cows consumed over 50
pounds of allulia hay per day for several mouths, The areatest
amount consumed in T day was G pounds by cow 11-64 at the
Alandan station,

Tapnie 8- JAeerage daily consiemplion of alfaifa hay by 15 cowes during 24 lacialion
periods, for each wmanth in lactation

Averare slrily eapsanpion by month in Ketiion

i N, —— e
bk 3 b e AR b Tith oMb
| i
DR TR N TR N TR ) '
H-31 RTOW IR T Nl T3 73 O PR . T Y
R - R T IR PN TR I ) X ) .
H-38 IR IRERSRAE Y T U T KIR R U R T
B33, . s P aaa | 3o fasa T
T NN IR (N T ISR I TS AT . 31 4z
u= B A A AT I I TN S R < ) =3 43,
- S I TTRC N IR O[T I TRECR I T i
S R TR I TN I T T I T LN D,
-2 sppanstan s T ana|sen | wa E -
1161 2 O I R L I TR I SO TN N ¥
' B dlavg  analasg]ans iy I TR
W-aq . [ 4B AL 1] SR A2 | AN A , )
N R O R I N T Rl S TN P XN T
W=ti, 0 BRI 04| 1hz l 2 i L2
A R I N LI 3 0 I R | IS X E
. H PO I T BT I R T A TR I P T L
Wi 7 R TN U BT AT .rl Wy I,
Wit # IR T IO I TR I P O I 45 T
i TR ST g A N T i
Wb, T YRETE: I R N U P TR
Wai3 1] iyl 1% | dad o v
W-h4, | alan s, Al s L1y L i
970 { T HEG [ 116 i O8I R T I R 5, 4 !
=t 6.3 B0 DAL RGN S G ] :

Avorape . B . T L ll | R ERENE D A B TR KLU | E T 11 AL Pl ] Whoao WnLu

The total amount of hay offered and the amount consumed hy each
cow are shown in table 9. [t was the inlenton 1o offer the cows nbout
10 pereent in excess of what they would consume.  Diflienlty was
experienced, however, in doing this.  For example, cow - 62 ab the
Huntley station consumed 11,954 pounds of hay, or only 5.4 pereent
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of the 18,278 pounds offered. On the other hand, cow W—47 (second
lactation) at the Woodward station consumed 11,085 pounds of hay,
only 869 pounds less than cow H-62, and consumed 93.4 percent of
the amount offered. There was also considerable varintion with
individual cows in their different lactation periods. Cow [1-31, for
example, at the Huntley station consumed ahount the same amount of
hay for hoth Iactalions, nlthough she was offercd 21,434 pounds during
her first faetation and 18,681 pounds during her second.  In the firsh
lactation she consumed 75.3 pereent of the amount offered, and in
the second 87.3 percent.

Tanire 0. Amownl of alfalfe hay offered and the amonnd and pereentage consumed
by 15 cows in 2] lactation periods
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The eontinued feeding of alfalfa bay alone does not significantly
affeet the amount consumed, as is shown by the average consumption
per cow for the second successive lactation on the alfalfa ation by
the five cows H 31, 1132, 1T 533, W 47, and 270, which was only
251 pounds less than in the first Jactation (lable 10). The hay
consumption was maintained although the average millc production
was less for the second than for the fisst Inclation.  Body weights
were shout the same.

Tanii 10, Comparative consenpdion of alfella hay by cows that were fed the alialfa
hary raion throughout beo or more conscentive baelalion poriids
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The records of the two cows (FI-64 and W-44) that were fed the
alfalfa hay ration continuously for three consecutive lactations are
not entirely comparable, but offer further evidence on this poiné.
H-84 consumed approximately the same amount of hay in all three
lactations, but her first lactation period was only 308 days, her
second was 265 days, and her third was 365 days. The second
lactation of cow W—44 is not comparable with her first and third
lactations, so far as hiay consumption js concerned, beesuse of its
short duration, but in her third lactation period she consumed 13
percent less hay than in her first lactation, and produced 32 pereent
less milk,

While there was considerable varigtion in consumption, duc proba-
bly to the characteristics of the individual cows and to the quality
of the hay, it is apparent that cows will consume laree amounts of
alfalfa hay i it is fed exclusively and will continue this heavy consump-
tion over long periods without any depressing efleet on their appetites,
For limited periods some of the cows on the alfalfa iay ration exhibited
a craving for other roughage.  This was moest pronounced in the case
of cow 270 at the Mandan station.  This cow wus kept in o fencod-oft
portion of 4 new pen barn and was stanchioned only at feeding time.
Her pen was bedded with wheat straw. At times she consumed
suflicient. amounts ol the straw hedding to affect her alfalla hay
consumption markedly. Qeceasionally, some of the cows nt the
other stations would eat small quantitics of bedding but the craving
was nob marked and they didd not eat enough to affecs the amount ol
hay consumed. Possibly, for the cows that were light consumers of
alfalfa hay the addition of some other kind of hay to the cxclusive
alfalfa vation might have increased the consumption of roughage,
with a consequent {favorable effect on produetion, but with the heavier
consumers 16 does not scem possible that their eapacity for such
bulky feed would have permitted » very great increase in consumption,

CHEMICAL ANALYSES AND NUTRIENTS IN THE HAY

The composition of the 31 samples of hay taken for analysis at
the 4 stations, and the caleulated amonnts of digestible erude protein
and {otal digestible nutrients averaged hy stations, are given in
tuble 11, The digestion eoclfieients used for caleulating the digestible
crude profein and the total digestible nutrients in this table and under
Consumption of Nutrients are from Henry and Merrison (73).

The averuge erwde protein content of the hayv fod at each station
was fairly elose, but there was gront variation in the individusl
samples,  There was likewise considernble variation in the other
nutrients, especially crude fiber. The Huntley and Mandan hays
had a much higher average phosphorus content and o lower caleium
confend than the hays rom Ardmore and Woodward. The averpge
ratio of phosphorus to ealeiuntis 1 to 6.6 Tor the Huntley and Mandan
samples and 1 to 10.0 Tor the Ardmore and Woodwad samples, The
hay fed at Ardmore and Woodward Jor the most part was produced
under dev-land conditions, white most of the hav fed at Mandan and
all of that fed at Huntley was grown under irrigation.
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TanrE 11— Analyses of samples of the alfalfa hay fed as the sole ration, wrranged
by stations
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CONBUMPTION OF NUTRIEXTS'

Al the cows on thoe alfalle hay ration consnned miore than enough
digestible protein, and in 15 of the 26 lactation periods more than
cnouigh total digestible nutricnts, (o meet thelr requirements for mainte-
nance aid for the amonnt of milk nwd butterlat produeed during the
lactntion period {table 63 In only two lactation periods was the
defictency of total digestible nutrients as great as 10 pereent, of the
total requirements.  This Incl Is probably not very significant, how-
ever, since the production probably dropped o somewlhere near the
level of nutrients consumed.

Theso siume cows when on the full-feed ration and producing at o
higher fevel probably also consumed sullicient natrients fo meet tlelr
requirenienis.  The dalain table 6 showing the nutrients consumed on
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the full-feed ration are for the entire lactatinon period, but do not take
into account the nutvients supplied by pasture. "The amount of
nutrients consumed and required by the 15 cows during that part of
their lactation period on full feed when they did not have access to
pasture is shown in table 12.

TanLe 12, - Aetual production nnd feed conswmption by the 15 cows duvring the time
they were on the full-feed ration without pasiure
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Theso data indicate that all bt | cow consumed an excess of nu-
trients over their requirements, and that for the 15 head the digestible
nutrients consumed exceeded the requirements hy an average of 6.7
percent. On both rations, then, the buoks were practically balanced
at the end of the luctation year insofar as the consumption of total
digestible nutrients meeting the needs for maintenaneo and millk and
butterfat preduction”is concerned.  Aetually, however, there was
considerable difference in the way in which the requireraents were met
on the two mtong,  Six cows on the Tull-leed ration di<dd not have
aceess to pasture in the early months of lactation and consumed on an
average ol 83 percent of their nutrient requirements in the first month
of hnctation, 93 pereent in the second month, and 96 percent in the
third month. The 15 cows in 24 lactation periods on the alialfa hay
ration had an average consumplion of 74 percent of their nutrient
requirements m the hirst month, 82 percent in the second month, and
91 pereent in the third month.

The average daily requirenients per cow for anch month for mainte-
nanee and Tor milic yield during the 24 lactations on the allalln hay
ration, and the percentage of the total requirements that was con-
sumed, are shownin tnble 13,
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Taspe 13.—dverage daily reguirements and average daily consumption per cow of
tolal digesitbie nulrients, by months in laclation, during 24 lacletion periods on
the alfalfa hay ration
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On the alfalla hay ration the greatest doficicney in consumption of
total digestible nutrients occurred in the months of greatest produc-
tion. The fivst month in Juctnsion showed the greatest deficiency and
as consumption increased and production decreased, the defliciency
became less each month until by the fourth month there was a small
aversge excess in daily consumption, The declino in milk yield {on
the avoerage) was not seriously checked when this cecurred, however,
and since the consumption of alfalfa continucd to increase until the
fifth month and to hold up well through the sixth and seventh months,
then to decling bid slowly to the twellth month, there was an increns-
ingly greater average excess ol nutrients constned over requirements.

Why was the decline in milk yield not checked in the lourth month
when the consumption of nutrients was more than enough to meet the
needs for the amount of milk and butterfut produced? Wus it berause
these animals had expended too much energy in the consumption of
the large smounts ol hulky fecdsin the first part of the lactation period
when heavy production was making o great demand on reserve nutri-
ents, or was there a deficiency ol some essentinl nutrient in the alfulfn
hay ration that limited the vield? Some light may be thrown on
these questions by comparing the two rations to show tHie amount of
mille produced per pound of digestible nutrients consumed. Since
most of tlese cows made their records on {ull leed during their first
lactation periods and their records on the sifulin hay ration when most
of them were mature, they were larger animals when the latter records
were made. Therefore, any comparison shoulid be based on the
amount ol total digestible nuiricuts avallable for production, that
is, on the difference between the nmount consumed and the nmount
required Tor maintenanco.  The fact that all but 2 of the 15 cows were
on pasture varving lengths of time during the lactations in which they
were on the full-feed rations mukes some of the individual data
incomparable. ¥Five cows (FE-64, 270, W-35, W-63, and W-069)
were seleeted for comparison,
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TasLr 14.—Comparison-of the production, and the lotal digestible nuirienis consumed in cxcess of maintenance requirements, by five cows on the
alfalfa hay ration and on the full-fecd ration withoul pasturc for comparable lengths of time

i Nutrients con- : i
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= re(}mrununls on full feed consumed,
whenon— in exeess
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363 3, 6UY 3,717 1,248 1,285 15, 215 9,978 2,313 65,3 7L9 39.4
184 1,557 1,559 1,068 1,007 10, 307 6, 788 2, 536 63,9 65. 5 73.8
184 1,507 1,704 1, 068 1, 149 10, 307 6, 796 2,716 63.9 62. 6 79.1
234 2,004 2, 156 1,129 1,179 8, 045 §, 254 2,400 92.3 4. 6 65.1
252 1,461 2,243 982 1,124 12, 468 8,375 2,572 67.2 GS. 4 58.8
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Cows H—64 and 270 had no pasture while on the full-feed rations,
and cows W—55, W—63, and W-69 were on the full-feed ration 184, 234,
and 252 days, respectively, before they had pasture. The amount of
digestible nutrients consumed in excess of maintenance requirements,
that is, the amount of nutrients available for produstion, was com-
puted for these cows up to tho time they had access to pasture and
also for comparable periods on the alfsifs hay ration. The data for
the comparison of nine lactation periods for these five cows are shown.
in table 14.

The comparison shows that the five cows for nine lactations (280
days) on the full-feed ration produced 2.71 pounds of milkc containing
3.42 percent butterfat to each pound of total digestible nutrients
available for production; and during their nine lactations on the alfalfa
hay ration (280 days) they produced 3.16 pounds of milk containing
3.57 percent butterfat to each pound of nutrients available for pro-
duction. This comparison would appear to indicate that the digestible
nutrients in the slfalfa hay were just as efficient, pound for pound, as
were the digestible nutrients in the ration that contained a variety of
grains, corn silage, and alfalfa hay.

However, the Individual results as indicated in table 14 are guite
variable. Cow I1-64 had yiclds of milk in her three lactation periods
that were 77.9, 61.4, and 65.5 percent as great on alfalfu as on full
feed for the same perieds of time; whereas, the amount of nutrients
available for production was 54.9, 7.7, and 39.4 percent, respectively,
as great on alfalfa as on full feed.  This is & great variation in relutive
consumption on the two rations, and does not seem consistens with
the relative yields. The percentages for relative yields of cow W—55
in her two lactation periods on alfalfa were lower than the percentuges
for her relative consumption, while the reverse was true for cows
W-63 and W-69. Cow 270 hud two 365-day lactation periods on
alfaifa hay for comparison with g 365-day lactation period on full feed
without pasture.  This cow made a very large record on {ull feed and
was well advanced in age when she made the records on alfulfa.  Her
vield on alfaifa was relatively low and her consumption was also
relatively low. The relationship between yicld and eonsumption is
closer for this cow in her sccond lactution on alfalfa shan for any other
cow.

The data for these five cows show surprisingly little relationship
between the ratio of yield on the two rations and the ratio of consump-
tion of total digestible nutrients above the requirements for main-
tenance, Perbaps this was due to environmentad factors that affected
the individund ammals in different ways, such as the differences in age
of the animals when they made the different records, or the fact that
all the cows except those raised at the Huntley station were unac-
customed to rations consisting entirely of roughage, which undoubtedly
resulted in some cases in @ lowered conswnption. The ideal method
of carrying out sueh an experiment would be to use only mature cows
for malking records on hoih the alfalfs hay and the full-feed rations,
anl only cows that had been aceustomed to rations consisting entirely
of roughage. Buch animasals were net available in sufficient numbers
in the station herds. Perbaps if immabure grass, or alfalin hay with
less crude fiber and a more concentrated nubrient content than hay cut
ab the usual stages of maturity, had been fed to these cows in the early
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months of the lactation period, they might have been able to consume
more digestible nutrients, reach a higher level of production, and
have a less rapid decline in milk yield.

CONSUMPTION OF CALCIUM AND PHOSPHOILLS

It was not planned to determine the possible mineral deficiencies of
a ration composed eatively of allalfa hay in this experiment, beesuse
{acilities for balance experunents nre not availalde nt the field stutions.
The data available from this experiment, therelore, do not aftord
conclusive evidence on this phase of the problem, thoogh they are of
interest when considered from the standpoing of results obtained by
other investigators.

To offset a probable shortage of phesphorus in an exclusive ration
of allalfs hay and with cows of such high production, speetnl stowmed
bonemeul was placed 10 a shelltered box where each cow had con-
tinuous or frequent aceess to it. A weighed amount was placed in
the box aad at frequens intervals the remaining portion was weighed
andl the difference was considered as the nmount consumed,  After
thie experiment had been in progress » fow weeks, 16 was observed that
some of the cows were not taking any bonemeal and some only o small
amount.  The amount consumed from some of the hoxes was so small
as to be casily accounted for by a change in moisture content.  Cows
in the regular milking herds also consumed extremely small amounts.
At the Mandan station bonemen! prepared especially for poultry
feeding was substituted for the steamed bonemeal with the expectation
that consumption might he inereased, ns was indicated by resulis at
the Beitsville station {27). The change had hitle effect, however.
Measuring the bonemenl consumed by the nujority of the cows was
later discontinued because 16 was realized that the methods employed
were not sufficiently aceurate.  Towever, data were obtained for
sevenr cows for an average of 361 duys covering both the lactatling
and dry periods. These cows consumed an average of 9.26 g of bone-
meual per day. Samples of the bonemeal which were chemienlly
analyzed were very uniform and showed an average calelum content
of 32.82 percent and a phosphorus content of 13.45 percent.

The amounts of ealcium and phosphorus consumed by the 15 cows
when fed the alfalfa hay ration during 24 lactations are shown in
tabie 15. The phosphorus requirements of these cows were ealeulated
according Lo the standard recommended by Hufinan and assoeinles
(14}, thatis, 10 g of phosphorus per dax per {060 pounds body weight
and 0.75 g of phosphorus per pound of mille prodoced,  During lace-
tation the cows consumed on an average 11,601 g ol phosphorus in the
hay and honement, or $1 percont of the 12,720 ¢ required, 1 only the
phosphorus in the alfalin hay is considered, the cows econsumed 88
pereent of their phosphorus requirements during Iactation,  The
lowest consumpiion of phorphorus was for cow W47 during her
second laetation when she consumed only 74 percont of her require-
ments; thoe highest was Jor cow H-53, second Lnetatlon, when she
exceeded her roquirements by 10 percent,

The caleinm nnd phosphoras consumption and the phosphorus
reuiremients per cow per doy by months in Inclation are shown
table 16, Caleinm and phosphorus consumption tn the hay is based
on the average content i all {ho hay samples analvzed {uble 11).
During the first monih in lactation the cows consumed only 61 porcent
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of their phosphorus requirements il in addition to the hay they ate an
average of 9.26 g of honemenl per day, or 58 percent without the bone-
meal. The deficiency steadily beeame less, hut it was not until the
sixth month in the laetation period that the phusphorus consumption,
approached the requirements. From then on the consumptionexceeded
ihe requirements and by the twellth month the cows were consuming
35 percent more phosphorus than they required. The average hay eon-
sumption continued at .111])10\1:11‘1101\' 35 pounds dailv while the cows
were dry, and they wero consuming enough phosphoras in hay alone to
exceed their maximum body Wcurht requirements by 81 percent.
While the shortage of phosphorus was rather pronounced during the
first 4 moanths in lactation, the excess during the last 4 months in
lactation and during the dry period would probably offset tho shortawe
ineurred during the first few mon{hs and the cows should have been
able to build up o reserve supply.

Taoer 15—~ Culefum and plosphorus conanmption und phosphorus requirements of
£ cows fed the alfalfo hey ration Qeith free access to benement) for 24 lactafions
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Results of investigulions on ealeium metabolism have bheen some-
what contradictory.  Consequently, tho data in tables 15 and 16 are
confured to the amounts of ealeivny cousumed.  Melgs and coworkers
(77) recently sugeested that Tfor Jersev cows which are capable of
giving 3,000 kg ol millk or more annually, an intake of 25 ¢ of ealeium
duily s somewhat insdequate.  As the average daily intuke of ealeium
for the Heolstein cows in this experiment in each month ol lactulion
wis well over 200 ¢ per day, it is evident thist they received sulficient
calclum,
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Tasie 16.—Average duaily coleium and phesphorus congwmplion and phosphorus
reqiciremcnds by months in luctation of 15 cows fed the elfelfa hay retion for 24
lactations
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The caletum-phosphorus ratio of the hay samples analyzed uveraged
7.6:1, which Is a much higher ratio than is usually considered desirable.
The ideal proportion ol these minerals is assumed to be between the
ratiog of 1:1 and 2:1, When an ample supply of vitamin I} is present,
the propurtion of calelum ean probably be mueh greater than 2:1 and
still give satisfoctory results.  Haug, Jones, and Brands (/0) obtained
distincetly positive caleium and phosphorus halunees with a cow fed
on abaify hav and bonemeal. There were no ontward indientions
that anv of these cows on the alfallu huy ration suffered from mineral
deliciencies.  One of the cows at the Woodward station was killed at
the end of her lactation period on the alfalin hay ration and bones
from her skeleton were oxamined and analvzed.  They appenred {o
he normal in every respect.

EFFECTS OF FEEDING ALFALFA HAY ALONE ON CONDITION OF
THE ("OWS AND ON THE MILK

Mueh information concerning the condition of thoe cows, such as age,
hreeding and calving rcords, hody weights, ele, has been given in
considering the comparative guantities of milk and butterfat pro-
dueced on the two rations, and i diseussing whether the putrients
and minerals consumed on (he hay ration were meeting the snimals’
requirciments fur mainlenanee and produetion,

Additional informution obiained in thiy experiment from observa-
tions of the eflects of foeding alfalfn hiny alone over Jong periods, on the
condilion of the cows in respeet to gain or loss in hody weight, fortility,
breeding and ealvitg, pereentage of {up in the milk, and abnormsl
milk 15 presented in this part of the bulletin,  The observations and
conclustons of other vesligators were previonsly mentioned in
reviewing the literatarve,

LIALN 2t LOSS TN BGIDY WELGHT

One of {he chief points of luterest with respect to the feeding of a
ration restricted {o allalin hay for extended periods is the effeet on
body weight. 1L was recognized thal n comparison of the monthly
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body weighis during the lactation periods on the alfalfa ration with
corresponding body weights under ather systems of feeding would not
necessarily give a correct interpretation, since it would not show the
ability of the alfalfa-fed animals to recover any loss in weight sus-
tained during the dry period. Comparisons based on yprecalving
weights before going on alfalfa and precalving weights following
lactation on alfalfa, together with the monthly weights while on
alfalfa, probably offer the fuirest means of comparison,

Table 17 was prepared to show these data for the cows during their
first and second lactations. All the cows hud been fed grain (either
full-feedd or limited-grain rations) during the lactation period pre-
cedln% their first lactation on the alfulfa hay ration. The average
precalving weight following the grain feeding, and just prior to the
lactation on alfalfs, of the 11 cows thut are comparahle was 1,505
pounds. The average precalving body weight of the sume cows
following one lactation on alfalfn wes 1,483 pounds, an average Joss
ol 22 pounds per cow on this methad of comparisou. However, 5
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cows, of which 4 were at the Woodward station, gained weight and 6
cows lost weight, the maxiinian loss heing 154 pounds for cow 270.

16 is probably more significant {o compare the welghts of eight of
the nine cows that were on the alfall hay ration fer two consecutive
lactalions.  The ninth cow, W47, is not ineluded because she abortod
during the eleventh month of her first lactation and was dry for ap-
proximately 17 mouths belore she started her second nctation.  The
precalving weights of the cight cows previous te their first Lietation
on the alfalln hay ratien avernged 1,549 pounds, and their preculving
weights following their first fnetation averaged 1,504 pounds, or a loss
of 45 pounds per cow.  Their average preealving welght following
their second lactation on alfalfa was 18 pourcls fess thau their pre-
calving weight following their first lactation. For their two lacta-
tions on alfulfn they showed an nverage combined loss of 63 pounds,
based on preealving weizhts,

In the firstlnctation period there waga decided drop inweight from the
first to the second monthand acontinued small loss until the fifth month,
after which the eight cows gained gradually and steadily. Their
continuous weight curve for the two laetations is shown in figure 2,

1t is interesting to note the marked difference in the weight curve
for their second lactation periml.  Although they avernged 45 pounds
Jess previous to calving than for their preceding lactation, period, their
first cnlving weight (first month in laetation) was slightly more than
that of the first month of the first Inctntion period.  They started to
gain in weight beginning with the [ifth month in lactation and con-
tinued b0 gnin steadily. For their twellth month in lactation they
averaged 1,411 pounds, which was 3¢ pounds more than they weighed
at the corresponding month during their first lnctation.

AVERAGE WEIGHT (POUNDS)




TanLe 17.~—Precalving and monthly weighls and gain or loss in weight of coiws fed the alfalfa hay ration for one and two conseculive
g y . i ght o) y
lactation periods

Average weight during months of first lnctation period Pre-
Pro- e i — e J— ealving { - Differ-
. calving weight | eneein
Cow No. woight t . . . . following} ~ pre-
(A) First |Second ] Third } Fourth| Fifth | Kixth .| Seventh | Eighth Ninth Tenth | Eleventh| Twelfth | luctation | ealving
- month { month | month { month | mouth | month | month manth month month month month Ptzli;())d weights
3

Pounds | Pounds | Pounds | Pounds | Pounds { Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pouwnds
1,042 1,320 1, 205 1,263 1, 260 1, 256 ;2 1, 30! 1,831 1, 360 1,384 1,403 1,427 1, 603 —139
1,606 1,402 1,326 1,242 1, 205 1,208 1,285 1, 263 1,262 1,271 1,200 1, 205 1,202 [ TR P
Lo64 1 1,270 1,305 1,340 1,351 1 1361 [ 1,338 1,313 1,275 1,247 1, 259 1,203 1,334 1,518 —46
1,683 1,340 1, 260 1,282 1,303 1,301 1,204 1,205 1,326 1, 340 1,340 1,349 1,368 1,607 —-76
38! 1,421 1,365 1,302 1,402 1,385 1,340 1, 304 1,434 1,457 1,401 1,485 1,540 1,725 +44
1,450 25 1,043 1,011 1,042 1,053 1. 066 1,070 1, 044 1, 054 1,007 1,114 1,135 (2 P
1493 1,244 1,218 1,223 1,248 1. 248 1,275 1, 296 1,310 1,317 1,345 1,480 41,380 —113
1,542 1,305 1,238 1,203 1,233 1,250 1,232 1. 184 1,181 1,108 1, 190 1,210 £ T DU,
1,285 1,096 1, 050 1,083 1,043 1,033 1,051 1,047 1,027 1,065 1,001 1,128 1,302 417
. L3310 I 1086 1,006 1, U6 1,004 1,060 1,081 1,008 1,155 1,195 41,187 1,212 1, 682 +-106
1,300 1,117 1, 105 1,110 1126 1, 134 1, 149 1,134 1,121 1,146 1,167 1,189 1,230 1,350 ~+50
1,310 1, 118 1,078 1,048 1,033 1,083 1,050 1,074 1,078 1,120 1,151 1,234 1,281 1,415 +105
1, 571 1,245 1,201 1,190 1,211 1, 185 1, 163 1, 10 1,113 i,121 1,140 1,168 1,225 [0 1NN R,
1,240 1,190 1,083 1,068 1,086 1,066 1, 048 1,049 1,057 1,072 1,109 1,163 1,223 1,250 —40
1,737 1,523 1,454 1,447 1,433 1,380 1,408 1,443 1,440 1,482 1,480 1,511 1, 560 1, 553 —1
Average of 117, 1,505 1,272 1,229 1,222 1,22 1,218 1,219 1,225 1,229 1,242 1, 264 1,204 1,336 1,483 —-22
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TasrLe 17—~ Precaleing and monthly weights and gain or loss in weight of cows fed the alfalfo hay ration for one dnd two conseculiv
g q /4 Uy
laetation p(’rmrls—( ontinued

Average weight during months of seeand Inetation period Pro- Difference in pre-
calving ealving . weights
woeight hetween—
following | . . ______

| Lwo con-
First i Second . Third | Fourth, Fifth | Rixth - Seventh | Eighth | Ninth | Tenth | Eleventh: Twelfth | secutive
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F
|
o e e e
Pounds Pounds  Pounds | Poinds | Pounds | Ponnds i Pounds | Pounds | Pounds | Pounds {Pounds | Pounds | Pounds | Pounds ]’oundv Pounds
Rep (]U) ¢ 1,324 1,305 1, 364 1,374 1,373 1, 3% 1, 357 1,407 WAL 1,40 AIB 1,439 1,168
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O () fu]l-;.r.nn or ¢L) limited-grain system of fwd.uN
2. Not with calf
3 Milked for 308 days, calved in 11 months.
¢ Aborted,
& Not available.
6 Includes cows T1-31, T1-39, T1-52, Y1=53, TI-04, W4, Wd7, Weit, W35, W-69, and 27
“ Includes cows H-31, 11-30, H-52, H-53, FI-(4, W-44, W55, anid 270,
& Milked for 285 dx\)e [ x]wd inn 10 months.
¥ Milked for 265 days, calved in 11 months.
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The previous system of {feeding may have had some effeet on the
body weights during the first lactation on the alfnlfa hay ration,
Four cows, 1131, W4, W-55, andl W-69, had been on [ull feed
belore they were started on the alfalfa hay wation.  They lost an

Fpure do—Condition of eaw 11380 ditferent toes e Bt tion e Che 18060 oy eadion: AL after 214
haws far itk Clbesd Jawtzr iy Mudter 1805 by~ ok teeod Bwelabions,

average o 14.2 pounds during the first laetutions on the alfalfa hay
ration.  Three ol these four cows started the leetulion as 3-vesr-olda,
They carried ealves Tor an average of 233.5 duvs during the Iaetation
period and prodaced 353.3 pounds of hutierfut (aetual produetion).
Six ocows, 1136, H a2, 1143, 11 64, W 5, and 270, had been fed
under limited-grain conditions hefore they were siarted on (he alfalfa
by ration,  Their average loss in body weight was 485 pounds




FEENING DAIRY COWs ON ALFALFA LAY ALOXNE 37

during the first lactation on the alfalfa hay ration. They earried
calves for an average of 179 days and produced 4173 pounds of
butterlnt (aetual production).  Four of these cows were mature when
they started the lactation period 2l two were d-venr-olds.  Differ-
cneces in age, production, and length of time a call was enrvied, may

Fiun e 1 Consdibon rf eoow 1 33 9t dhirferent Gmnes darine Baebagiot o $he alfdfa hay maiton: o, Alter
Islocbad= an rilh dliesn Lwclsugene. fofier D88 ol - e il coverae] Twetagions,

have been Taetors in causing the dilferenee in loss of weight in the (wo
groups, as well as methml of feeding i the prioe lietation period,
The data indieate {here is a slight deeline in body welght during
the first lactation on an exelusive ration of alfalfn hay, which is some-
what more pronoimeed when the netation Tollows one on limited
griin than when it follows heavy Teeding of grain. There does not
appear o be any significant decline in body weight for the seeond
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consecubive lactation on alfalfa. Data for the third consecutive Jac-
tation are very limited, but they show no evidence of a further decline
in weight. The c\pmnnonta by Headiey (/2), previously reviewed,
corroborate this inter pretadion.

Frivny S—Condition of cow =4 s diTerent times doriop lietation oo'the aitslfa bay ration: o, Afler 97
deys in ik fliest Mewadond; 22, after WS days o milk (Uhicd netation),

While the cows fed alfaifa hay alone were lighter in weight than
when they were fed grnin in addition, &b no time could they be called
extr emoiv thin or emacialed. Rarly In their luctations they became
thin, bui at the ead of their nctations and during sheir dry periods
thoy took on welght and bad the appenrance of weli-fed cows. The
photographs of cows H 31, [ 53, and H-64 arve included as being
typieal of their condition (figs. 3 5).
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FEEDING DAIRY COWS ON ALFALFA HAY ALONEK 39
EFFECT ON FERTILITY AND ON RREFDING AND CALVING

During the progress of this experiment numerous questions have
been asked as to the effect of an exclusive ration of alfalla hay, espe-
cially when fed over long periods, on the fertility and other breeding
conditions of the cows. These questions have arisen probably be-
cause the feed was restricted to one plant and because a shortage of
phosphorus was possible. A review of the literature does not reveal
any data that would suggest lack of fertility or breeding troubles in
cows when fed exclusively on alfnlfa hay. Tn the Kansas experiments
(19) less difficulty wns experienced in bringing about conception in
cows Ted alfalfn hay than in those fed mixed rations. The data from
the Nevada expertment (72) are limited snd inconclusive from this
standpoint, and only a suggestion of breeding trouble with cows fed
alfulfa hoy was mentioned,

One of the best mensures of fertility in cows, if the buil is known to
he fertile, is the number o1 services necessary for conception. Table
18 was prepared to show the number and ratio of services per con-
ception (1) when the cows were fed alfalfa hay as the sole ration, (2)
when the same cows were on full-feed rations, and (3) when the cows
were fed on all planes of feeding except a sole ration of alfalfn huy.
The latter grouping includes those cows fed full-grain rations, limited-
grain rations, and roughage-nlone rations. In niost cases, pasture
was o part of the ration.

TabLe 18, Effect af freding an exclusive ration of alfalin hay as compared with other
syslems of feeding an vatin of serviees o conceplions

When fed ndfalfiy hay ns (e ale ratinn : When an all sys-
When ou Tl tems el Jn-

. : Teed eluding hay
First lartution "Secotd lactntion "Fhird leitog nlona

fow Nn,
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! H-38 did nel come in oesteus during her Inetation onnlfaifa hay.  Datg pot included 1o Latols o ratlos,
2 162 developed vaginitis; did not congefve,  Dadn not ineluded Jo totals o rlios,

¥ LR nsed wos of guesttonalila fernility.

1 W=21 wus i oestrus ot sl times; Qi nat coneeive,  Dautn not inehulel.
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If H-52, the only cow that gave any great trouble in conceiving
during the first lactation, is execluded, the ratio is 1.27 services per
conception instead of 1.58. Tt will be noted also that cow H-64 was
bred four times before she conceived during her third lactation. The
bull to which she was bred wag of uncertain fertility and undoubtedly
was respensible for her failure to conceive. Her breeding record for
other lactations is almost perfect, Apparently the continuous feeding
of alfalfa for as many as three lactations had no effect on the fertility
of the cows as indicated by the ratio of servieces to conceptions. Con-
sidering all the lactations on the alfalfa hay ration together, the ratio
is 1,58 services per conception, Omitting the data for H-52 during
her first Inctation on the alfalfn hay ration and for H-64 in her third
lactation on alfulla, there wore 22 concepticns resulting from 29
services during nll lactations on the aifalfa hay ration, a ratio of 1.32
services per conception.

The breeding records of cows H-38, H-62, and W-21 are given but
are not included in the enleulations. Cow H-38 did not come in
oestrus during her lactation on the alfalfa hay ration and was not
bred. An epldomlc of vaginitis started in tho Huntley herd during
the time {his experiment was running and approximately half of the
cows showed irregulnr oestrunl periods and other symptoms of the
disense.  The uferus of cow FI-38 was enlarged and flabby, although
her ovaries were pronounced normal,  After completing her record
on alfalfa hay, she was given « limited-grain ration and pasture with
the regular herd.  She came in oestrus 7 months after completing her
record on alfalfa hay and was bred hut did not conceive. She cnma
n oestrus again in 78 davs, was bred and conceived.  As so many
other cows in the hierd fed limited- and full-grain rations wero similarly
affected, it Is belicved that the exclusive feeding of alfaifa hoy was
ot responsible for the abnormal breeding condition of cow H-38.
Cow H-62 was also i the Huntley herd and developed vaginitis at
the same fime. Cow W-21 developed ihe tvpical symptoms of a
nymphomaniae early in her Iactation on allnifa. Near the end o
the lactation she boenme stiff iIn the renr quarters and walked with
difficulty. She wus later sold as o nonbreedor. The ration of alfalfa
hay wns not considered responsible for her condition.

Under full-feed conditions the same cows required 1.47 services per
conception,  [ndar all systems of feeding, except the alfalfa hav
ration, the samo cows required 1.61 services por coneeption, which 1s
essentinlly the same ratio ns when they were fed the alfslfa hay ration.
Somea of the sires used were quito old and at times showed evidence of
fow fertility which would influence these data. This-was the case
under all systems of feeding, however. The datn clearly show that
the exclusive feeding of alfalla hay over long periods had no detri-
mentai cffect on the fo._rtilitv of cows as measured by the ratio of
services to conception. That the exclusive foeding of alfalfa bay was
not harmful from tho atﬂndpomb of normal ealves (ll opped is evidenced
by the fact that of the 23 conceptions resulting in births, 20 of the
citlves, or 87 pereent, were normal and living at hirth. One calf was
dead at birth and there wers two abortions, Of 48 conceptions re-
sulting in births on all ether systetns of feeding, the samo cows dropped
43 living normal ecalves or 80 porcent. Two of the calves were dead
at birth and thero were three abortions.
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SEX RATIO OF THE CALVES

The total number of calves of each sex that were born following the
lactation periods on the alfslfa hay ration and following the lactation
period on the full-feed ration was determined in order to learn whether
either type of ration had any effect on the sex ratio. There were 24
calves born following lactations on the alfalfa hay ration, of which 14 or
58 percent were females. There were 16 calves dropped following
lactations on the full-feed ration of which 11 or 69 percent were males.
The number of calves is probably too small for the Tesults to be signifi-
cant, but they are so interesting that further duta on the subject will
besecured. This study of the sex ratio is prompted by the observation
of Gerstell (8) that the fawn crop produced on an overbrowsed
portion of the Pennsylvania deer range showed a sex ratio wherein the
females outnumbered the males by more than 2 to 1, while on the less
heavily browsed portions of the range, the ratio never equaled or
exceeded a 2 o 1 ratio in favor of the females.

It bas been shown previously that the cows on the alfalfs hay ration
In this experiment were actually underfed only during the first 3
months of the lactation period. Presumably any factor that would
affect the sex ratio would have to be sctive at the time of conception.
At the fime of conception most of the alfalla-fed cows were receiving
sufficient nutrients to meet their requirements, though a short time
previcusly they had been somewhat underfed.

INFLUENCE OF EXCLUSIVE RATION OF ALFALFA HAY ON PERCENTAGE
OF FAT IN THE MILK

There was an increase in the average percentage of fat in the milk
when the cows were on the alfalfa hry rution. The average percentage
of fat in the milk of each cow for each of the 26 records made on
nlfnlln hay and also for the 15 records made on full feed is given in
table 19. In 18 of the 26 lactations (70 percent) on alfalfa the
percentage of fat in the milk was higher than when the same cows
were on full feed. It is probable that the increase in percentage of
fat is the result of the reduced level of milk production when on the
alfalfa hay ration. The average percentage of fat in the milk was
higher when on the alfalla hay ration in spite of the fact that the cows
were practically mature, whereas their average age was 2 years 11
months when they were on the full-feed ration.  Ttis a well-established
fact that as age advances the percentage of fat in the milk tends to
decline slightly.

The cows that had two or more consecutive lactations on the
allalfa hay ration showed a slight tendency toward an increased
percentage of [at in the milk produced during the second and third
lactations. OI the nine cows that had two consecutive lactations on
the alfal{a hay ration, five showed & higher percentage of fat during
their second lactation. This increase, however, was salways ac-
compenied by, and was probably the result of, a lowered level of milk
productic 1 for the later Inctution.

One Holstein cow fed exclusively on alfalfa hay by Woll (1) at the
California station for two consceutive lactations showed an increase
in percentage of fat in her second as compared with her first lactation.
Her total milk production was slightly less for the second lactation.
In the Kanses experiment (19) there was o decrease in the percentage
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of fat for the second consecutive lactation on hay alone as compared
with the first, which in this case was accompanied by a slight increase
in the smount of milk produced. In the Nevada experiment (12)
there was 2 gradusl decline in percentage of fat from the first to the
third consecutive lactation and a gradual inerease in total milk pro-
duced by lactations. For the group of cows that received grain in
alternate years the average milk production and percentage of fat was
slightly lower than during the 2 years when only alfalfa hay was fed.

TaABLE 18.—Comparative effect of the alfalfe hay ration and the full-feed ration on the
average percentage of butlerfat in the milk

Average bukter- Average butter- Average butter-
nt test. of mifk fat lest of milk fat test ofmiik
when on— when on— when 1n—

Caw No. Cow na. ——
Alfnifa Full Alfnlfa Full Alfalfa Full

huy hay
foed alone feed alons ieed

Pereent Frercent | Percent Percend| Percent

3. - 3.40 A a1
L N I Y- } L AT T { it 3.43 {:s.or.} 34
33 393 : doEa| a2

va - g

Wit . 3; 3.4 - {1{01} 3.8
144 T v " : o
g lowear.._.| & 441 Averape | 363 3,42

aoe M wome ! a 3.21‘

While the data in this experiment are not extensive enough to show
that the exclusive feeding of alfalin hay over long periods will in itsel
definitely increase the percentage of fat in milk, they do indicate there
is no decrense.

W2l .. a2 3.13

ABNQRMAL FLAVORS AND ODORS IN THE MILK

The milk of cow H-39 at the Ardmore station developed a very
strong odor and taste shortly after she calved for her second lactation
on the alinlfp hay ration, and the condition persisted for practically
the entire lactation. If the same sbnormality was present during her
first lnctation on alfalfa, it was so slight that 1t was not observed.

The milk of cow H-52 at the Huntley station developed a very
distinet odor of sulphur and tar immediately after she calved for her
first lactation on the alfalfa hay ration. ¥er calving was abnormal
and she was given daily vaginal douches over a period of 30 days.
The odor in the milk cleared up in 3 weeks, however, and was probsbly
due to her condition following abnormal calving rather than to the
alfalfa hay ration. It will be recalled that this cow required five
services for conception during this lactation which is further evidence
of an abnormal physical condition. These were the only cases of
abnormal milk noted. No attempt was made, however, to detect
alfalfa flnvors or adors in the milk during the experiment.

ECONOMIC PHASE OF EXCLUSIVE FEEDING OF ALFALFA HAY

The economic phase of feeding dairy cattie on rations restricted to
alfalfa hay is of great importance.

Data from this_experiment and from other feeding experiments
carried on at the Bureau’s fiekl stations have been used by Graves
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and Shepherd ® as & basis for 2 study of certain phases of the economics
of dairy cattle feeding. They analyzed the published information
showing the cost of producing various erops in eight counties in three
Midwestern States and found that alfalfa hay produced a greater
quantity of total digestible nutrients per acre than any other crop, or
18 percent more than corn, which ranked second. The cost of pro-
ducing 100 pounds of total digestible nutrients was the same in alfalfa
hay and timothy hay and these hays produced the nutrients at less
cost than any other crop, with clover hay a close second. Compared
with the cost in alfalfa or timothy hay, the cost was 34 percent greater
in husked corn, 154 percent greater in corn silage, 155 percent greater
i};‘x ?ats, 189 percent grester in wheat, and 111 percent greater in
arley.

Usfng these cost figures and the acre yields on which they were
based, Graves and Shepherd ealculated the cost of growing the feeds
consumed by cows in feeding experiments at the Bureau’s various
stations, when the cows were fed the following rations: (1) Roughage
alone; (2) roughage at will and 1 pound of grain to ench 3 pounds of
millc produced (full-grain ration); and (3) roughage at will and 1
pound of grain to each 6 pounds of millc produced (limited-grain
ration),

When the relative production of millk and butterfat on the three
rations was compared, and the cost of producing the feed and the value
of the product were also taken into consideration, the results were
such that the investigators concluded that many farmers would find it
advantageous to change their system of farming to one in which they
would keep most of their land In permanent pastures and in legumes
and grow very little grain. The pastures and other roughage would
be the basal ration and grain would be fed only when the resulting
inerease in milk or butterfat produetion could be obtained at a profit,
based on the cost of producing home-grown grain or on the price of
purchased grain.  When the prices for milke or butterfat were low in
relation to grain prices the dairy farmer would feed roughage more
exclusively.  Production would be lower wlien less grain was included
in the ration, but the cost of the ration would also be enough lower to
make production more profitable.

SUMMARY AND CONCLUSIONS

This study was undertaken primarily to determine the advantages
or disadvantages of Teeding dairy cows on a ration consisting entirely
of allalfa hay, as compared to other svstems of feeding, with par-
ticular reference to the relative production of milk and butterfat and
to_the effects of tho allalfa hay ration on the fertility, breeding, and
calving activity, and general condition of the cows.

Feeding experiments were conducted over a period of several
years at four of the Buresw’s field experimont stations, in which
15 Holstein-Friesian cows were fed for a total of 26 lactation periods
on the allalla hay ration, for comparative study with 15 luctation
records mude previcusly by the same cows under Tuli-feed conditions.
The latter records were made in connection with the regular test
required of all cows in the Bureau’s breeding experiments.

The cows fed the allalfa hay ration had access to bonemeal snd
the full-feed ration consisted of roughage and grain {ed st the rate of
1 pound to each 3 pounds of milk produced, and pasture in most cases,

¢ Qraves, B, R, sl Shepherd, J. B, Sev foothote 4,
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On the alfalin hay ration, the 15 cows averaged 11,125 pounds of
milk and 389.6 pounds of butterfnt (mature basis) for 24 lactation
periods. ‘This was 587 percent s much millk and 60 percent as much
butterfat as they averaged under full-feed conditions.  There is evi-
dence, however, to indicate that cows accustomed 1o o ration con-
sisting entirely of high-quality ronghage for long periods may exceed
these percentages somewhat.

Seven cows that were lfed the alfalfa hay ration for twe consecutive
lactation periods averaged 16 pereent Iess in butterfat production in
the second Iactation than in the fitsb.  The difference for individual
cows ranged from a 40-percent decerease to a 40-pereent inerease in
the second lactation, although only one cow made an inerease.  The
higher average production in the firsk Inetation may have heen due in
in parb to the higher condition of the cows resulting from grain foed-
ing in preceding lactations,

The decline in daily milk yiel! throughout the Iactution period
wus more rapid when the cows were on the alfalin hayv ration than
when they were under full-Teed conditions.  During the sixth month
in actation, the average daily milk production was 61.8 percent of
the maximum daily production on the alfalfa hay ration, compared
with 85.5 pereent of the maxirmum on full Teed.

The cows in this experiment consunmed an average of 14,352 pounds,
or slightly more than 7 tons, of allalfa hay por cow for each Inctation
perod.  One cow consumed more than 84 tons.  The cows reached
their highest average daily consumplion of 41.2 pounds during their
lifth month n lactation, The highest individuad daily consumption
was 69 pounds,

They consumed an average of 1.3 pounds of allalfa hay for cach
pound ol milk produced and 38 pounds of alfally hoy for cach pound
of huttorfat produeed.,

Feeding alfulfn hay eontinvously over two laetation periods had
little effect on consmnption.  This s shown by the fact that five
cows Ted hay alone wnder comparable conditions consuimed an average
of only 251 pounds fess hay in the second laetation than in the first.

Under the conditions of this experiment the cows refused to eat
approximately 15 poreent of the wmount of hay offered Lo them, but
there was gread variation in this respeet, due probably to differences
in the palatability of the hay fed and individuality of the cows.

Thera was marked variation in the nutrients aind minerals in the
various lots ol hay led, oven in that produced on the same Tand and
during the same year

On the alfalfa hay mation, the 15 cows consumed an average of 3.6
pereent more total digestible nutrients per Inctation than they requirved
for nmintenanee and production.  They consumed only 74, 82, and ¢
pereent ol their requirements in the first, second, ad thivd month of
the luctation, vespeetively.  From the fourth o ihe twellth month
there was nnrinerease each suceessive month in the nutrients consumed
in exeess of requirements,

Six of these cows that did not have pasture carly In the Inctation
period when they were on the Nil-feed ration, consumed on the aver-
age 83, 93, and 96 pereent of their nulrient requirements in ghe first,
second, and thivd month of the lactation, respectively.

A comparison of nine records under hoth systems of Teeding for the
first 280 days of lactation (the avernge numboer of davs the nine cows
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were on the full-feed ration without pasture} shows that on the
alfalfa hay ration the cows produced 62.5 pereent as much milk and
consumed 53.6 percent as much total digestible nutrients above
maintenance requirements as when they were on the full-feed ration.
There was great variation in the ratio of production and the ratio of
consumption of nutrients for the nine records, however. On alfalfa
hay alone they gave an average of 3.16 pounds of (3.57-pereent fat)
milk for each pound of total digestible nutrients available for produc-
tion, as compared with an average of 2.71 pounds of (3.49-percent fat)
mille Tor each pound of total digestible nutrients consumed ahove
maintenanee requirements when on full feed.  Apparently there was
little difference in effiviency for milk production of the total digestible
nutrients derived from the alfalfa and that derived from the grain,
hay, and silage ration.

The cows on the alfalfa hay ration consumed but litile of the special
steomed bonemenl fhat was made available to them.  The amount
they did consume was insignifieant from the standpeint of the caleium
and phosphorus Turnished.

From the standpoint of phosphorus conswmed, 1t 1s believed that the
cows dild not suffer o shortage as measored by the standard used.
While there was o delicieney up to and ineluding their sixth month in
lactation, the exeess Tor the remuinder of their lactations and dry
periods would probably more than offset any deficiency incurrved dur-
ing the fivst 6 months in lactation,  The data, however, do not show
how meeh of the phosphorus was ulilized.

Only two cows in this experiment showed any marked evaving for
other 1oughage or feed,  Tlowever, other cows in the station herds
that were fed on o variely of feeds showed similarsymptoms. None of
the symptoms that wre conunonly associated with depraved appetite,
ot larck of appetile were observed,

The decline in body weight for the first vear on the allalfa hay
rafion, as shown by the preeslving weightl prior (o the fivst luctation
period and the precalving weight subsequent to the first luctation,
average for 11 cows, was 22 pounds, or L4 pereent. After the first
lactation there was no lurther measarable decline in body weight when
all influeneing factors are considered.

While the eows were lighter in body weight when fed on hay only,
they had a well-fed appearance,

The Jong-continued feeding of the wlfalla hay ration had no detri-
mental effect on the fertility or breeding and ealving condition of the
COWA,

The exelusive Teeding of alfulla Tny over long periods did not lower
the pereentage of hutterfut in the milk,  There Is evidenee that the
pereentave of butferfal was inereased somewhat though this increase
was probably associnted with level of milk produetion.
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