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INTRODUDCTION

Angeles Puhli~ T
g B
M i &

Alfalfa hay ranks high as a roughage feed for dairy cattle and is
& giown widely thmun'lmut the Tnited States. In 1938, according to
i Agricultural Statx{stlcs {15),® 28,858,000 tons of alialfa luty wis pro-

t Suhrnnturl for publication January 1948,

2Alr. Kopdand isinchargeof thedpiry wark at tha 7. 8. T A, Dalry Fieki Statinn, Tontley, Aont. Duan
Hanpsen, nssoci:l:eagrﬂnomist. Office of Dey Laned Agricuiture, and superintendentof the U. 5. D, A Hunt-
ley Field Station, and Arthur E. Beamans, associnte apronomist, Oflice af Tiry Land Aericulture, Bureawn
ol’ Plant Indusiry, wers consnlied and gave valuabie advice in regarl (o agropomnic fentures of this work.

. G. Melin, {lumor chemist, Division of Nutrition and Physiology, Buremd of Dabry Industry, conducted

the analytical wark, W. H. Hesterman, marketing specmalise, and C. F, Welsh, asslstant’ marketing
specialist, Gmin anid Seed Dirvision, Apricaltursl Marketing Service, determined tite color, leaflness, and
grade of the bay., R. E. Bodgson, sgent, Burean of Dairy Industry, and dairy husbandman, Western
Weaeshington Expariment Station, Puysilup, Wash., ennductad the digestien trials with sheep.,

# Italic numbers In mrentheses refer to Li;erumrc Clted, 1 30
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duced on 13,462,000 acres. This was 24 percent of the total acreage
and 36 percent of the total production of tame hay.

Several years ago the Bureau of Datry Induséry began a serics of
roughage-feeding experiments af its various field stations to develop
information with which to improve the quality of roughages and
increase thelir use in feeding dairy cows for economieal milk production,
In one experiment (6}, Holstein cows of good producing ability were
{fed throughout the lactation period on good-guality alfalin hay
exclusively, and they produced at remarkably high levels. Feeding
experiments with Sudan grass (1) and pasture grasses (4, &) showed
definitely that these roughages had o much better milk-producing
value when they were cut ab an early stage of maturity than when
they were cub at & more mature stage.

Bince alfalfa hay is so widely used for milk produetion, it is impor-
tang to know what effects cutting the crop at various stages of maturity
might have on the duration of the stand or on the total yield of feed.
1vis also important to know whether cutting the crop at any particular
stage of maturity would improve its milk-producing value enough to
compensate for any adverse effects on the stand or yield.

This bulletin gives the results of an investization, at the United
States Department of Agriculture Dairy Field Station, Huntley,
Mont., in which alfalfa hay was cut at three diderent stages of matunty
and fed to dalry cows as the sole ration throughout the lactation
period.

REVIEW OF TiHI LITERATURE

A number of research workers have studied the offect of cutting
the aifaifa crop at different stages of maturity on the stand and on
the yiold and composition of the hay ebiained. 1% is well established
that within certain limits the stand 1s not matertally affeeted and that
as the plants advance toward maturity there is a decerease in protein
content and an increase in fiber content.  Comparalively few experi-
ments have been ecarried out to test the relative feeding value of
allalfa ent at different stages, and the present investigation appears to
be the first long-time feeding expertment with dairy cows. This
review of the literature on work with alfalfs cut at different stages is
confined to the fow experiments that include nutritional aspeets,

Mills (9} i 1896 and Foster and Merrill (2) in 1899 carried out
probably the earliest work of this nature, at the Utah Agricultural
Experiment Station.  As a result of harvesting alfalfa (1) when first
hlossoms appeared, {2} when in full bloam, and (3) when half the
blossoms had fallen, they cbtained the largest yields of hay per acre,
and the greatest amount of beef per aere and per unit of hay, from
the earliest stage and the smallest amounts from the most mature
stage.  The enarliest stage hay also contained the highest amount of
protein and most leaves.  All factors considered, they concluded that
for beef-cattle [eeding, alfalfa should be cut when the first bloom
apprars.

Salmon and coworkers (72) at the Kansas Agricultural Experiment
Station cut alfalla from small plots for 8 vears {1914-21), when at the
bud, one-tenth-bloom, full-bloom, and seed stages, Cutling in the
bud slage (before any blossoms appeared) markedly decreased the
vigor, stand, and yield, the effect being clearly apparent during the
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second year. Cutting at one-tenth bloom also had a similar cffect,
but this result was not apparent until much later. Cutting at full
bloom: maintained the stand and the vigor of the plants to o satis-
factory degree. Delaying cutting until the seed stage (when pods
were well formed but not mature) reduced the yicld, but not the
subsequent stand or apparent vigor of the plants.” They were of the
opinion that frequent cutting stimulated growth and caused larger
yields, until the plants were weakened, after which the yiclds were
reduced. The proportion of the leaves harvested tended to decrease
as cutting became less frequent, but the first cuttings made up so
much of the total crop that the effect was not great. The ash and
protein content decrcased as cutling was delayed, while the crude
fiber content increased. Sixty- to nincty-day feeding tosts (for 3
years) with steers on alfalfa hay without any other feed showed that
1,628 pounds of bud-stage hay produced 100 pounds of gain in live-
weight as compared to 2,086 pounds of the one-tenth-bloom hay,
2,163 pounds of full-bloom hay, and 3,910 pounds of sced-stage hay.
Digestion trials showed an average digestion cocflicient, of 78 pereent
for the protein in hay cut at the bud stage, 73 percent for that in the
one-tenth-bloom and full-bloom hay, and 67 perecent for that in the
hay cut at the seed stage.  The crude fiber in the bud-stage hay had
an average digestion coeflicient of 35 pereent, as compared to an
average of 48 percent for the one-tenth-bloom, 43 percent for the full-
bloom, and 41 pereent for the seed-stage hay.

Kiesselbach and Anderson (8) at the Nebraska Agricultural Experi-
ment Station cut wlfalfa at the prebloom, initial-bloom, one-teuth-
bloom, new-growth (between one-tentii-bloem and half-bloom), half-
bloom, full-bleom, and sced stages. They showed conclusively that
the protein content decreased from 21.98 percent for the prebloom
stage to 18,13 for the full-bloom stage, and that the crude-fiber content
increased from 25.13 to 30.82 percent. The new-growth (definite
appearance of new shoots at the crown) and hall-bloom stages wave
the greatest yield of hay per acre and the seed stage gave the smatlest,
Cutting at relatively immature stages tended to thin the stand and
retard root development. The investigators concluded that from
the combined standpoint of aerc-yiclds of hay and feed constituents,
quality of hay, and pormanency of stand, cutting at the new-prowth
stage was the most desivable practice.  Under normal blooming con-
ditions this stage falls between the one-tenth-bloom and hal{-bloom
stages and the time to cut may be judged by either the new growth oc
bloom.

Woodman and associates (16, 17} in England carried out exhaustive
field trials and digestion trials with sheep on alfalfa (lucerne) cub at
the prebud, bud, and flowering stages.  As compared to froquently
cuf pasture grass, they considered that aifalfa cut 1n the bud and
flowering stages was distinetly inferior to the Immature grass, and
comparable in nutritive properties to what they term a superior coarse
fodder.  Alfalfa cut at a prebudding stage was superior to later
cuttings, and compared favorably with young pasture grass in nutri-
tive value.  These workers point out that the alfalfa plant produces
fiber ab &: warly stage of growth, and that the digestibility of the
fiber diminished rapidly as a result of lignification. The fact that the
digestibility of the protein and nitrogen-free oxtract did not diminish
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correspondingly early, suggested to them that development of fiber
and its lignification takes place mainly in the stems. The average
crude pretein content was 28.1 percent for five cuttings of prebudding
hay (moisture-free basis} as compared to 21.5 and 19.3 percent for the
bud-stage and bloom-stage cuttings, respeetively. The crude-fiber
content averaged 19.3 percent for the prebud-stage, and inereased to
26.5 for the bud-stage, and 27 for the bloom-stage hay. Digestion
coefficients were considerably higher for hay cut in the prebud stage
than for hay cut at the Iater stages. The digestion coefficients for
crude protein averaged 80 percent for the prebud-stage, 78 percent
for the bud-stage, and 76 percent for the bloom-stage hay. Those for
crude fiber averaged 64, 48, and 43 percent, respectively.

Sotola (13) of the Washington Agricultural Experiment Station
carried on investigations with irrigated alfalfa hay that was produced
in the Yakima Valley and cut &t one-fourth, one-half, and three-fourth
bloom stages. The protein content decreased and the fiber content
increased as the plants matured. Digestion trials were conducted
with lambs. ‘The hay that was cut at the half-bloom stage was highest
in digestible crude protein and in total digestible nutrients. It also
gave the highest yields of nutrients per acre. In Iater experiments
comparing the nutritive value of alfalfa Ieaves and stems, Sotola (14)
found that 67 to 83 percent of the protein of the allalfa plant was con-
taines in the leaves, and that & given weight of leaves was 3.57 times
as efficient as the same weight of stems in supplying digestible protein.

The results obtained ab these stations, and by Newlander and co-
workers ({71} ab the Vermons Agricultural Experiment Station, are
compared later with data obtained in this experiment (pp. 25 and 26).

EXPERIMENTAL PROCEDURE

The investigation was conducted with two distinct objectives in
view: (1) To determine the effect of cutting alfalin at dilferent stages
of maturity on the stand of alfalfa, on the yield of hay, and on the
chemical composition, color, and leafiness of the hay. (2) To deter-
mine the relative nutritive value of the hays cut at the different stages
of maturity, by feeding experiments and digestion trials.

The investigation was continued for several years in order to observe
the cumulative effect, on the yield and stand of alfaifa, of cutting the
crop &t the different stages and also to minimize yearly variations in
the data obtained. Data on yiclds were obtained for the 3 yenrs
1935, 1936, and 1937, and observations were made on the stand
during these years and also during the cropping season of 193S.

Three stages of maturity were seleeted for cutting the alfalfa in this
experiment, as follows: (1) Initial-bloom stage, when not more than
10 pereent of the plants were in bloom, (2) half-bloom stage, when
approximately 50 percent of the plants were in bloom, and (3) full-
bloom stage, when 90 to 100 percent of the plants were in bloom.
Under the conditions of this experiment, the extent of bloom was con-
sidered the most desirable basis on which to determine stage of
maturity because the diflerent stages could be easily recognized.
These three stages were selected also bocause it was thought they would
have the least undesirable effect on the yield and stand.

The agronomists at the Huntley station assisted in the agronomic
phases of the experiment and gave valuable advice in regard to stuge
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of bloom and stand.* Determinations of the composition of the hay
were made at Beltsville, Md.*

The feeding trials with dairy cows were for full vearly lactation
periods; and the ration of each group was limited to hay, thus making
any difference in the nutritive value of the different hays more ap-
parent than if other feeds were included in the ration.,

Digestion trials with sheep were run on the dilferent hays.

The Huntley station, where the field work and the feeding trials
with dniry cattle were carried out, is located on the Huntley Reclama-
tion Project in the Yellowstone Valley of southern Montana. The
essential climatic data for this locality are given on pages 8 and 9.

Tre T'1eLo Usep

A field was rented for this experiment, which consisted of 15 acres
that had been seeded to alfalfa in 1033, Thoe soil was considerced heavy
and not as desirable for alfalla as some of the Lighter soils. The stand
of alfalfs was excallent and uniform, however, and as the ficld could
be irrigated quite uniformly it was considered desirable for this in~
vestigation. It was remarkably free of weeds. Although no accurate
records are available concerning the history of this field prior to 1935,
no fertilizer or manure was applied for several years prior to 1935 or
during the 3 years the experiment was in progress.

Currive, CURING, AND STORING THE Hay

The ficld was divided into three plots of approximately 5 acres each,

Each year of the experiment the allalfa on one plot was to be cut at
the initial-bloom stage, that on another plot at the hulf-bloom stage,
and that on the remaining plot ab the full-blaom stage.  Because of
weather and seasonal conditions it was impossible to adhere strictly
io tllais schedule at all times, as will be brought out in discussing the
results,

After the hay was cut it was allowed to remain in the swath until
well wilted, when it was raked into windrows with a dump rake and
cocked. When considered properly cured it was hauled to the barn-
yard, weighed, and either stacked in g yard adjacent to the barns or
placed in the mow. As was to be expected n an experimont of this
kind, some of the cuttings were put up in ideal condition while others
were somewhat damaged by rain. Figure 1 shows the extent of
blooming in the three differcnt stages jist before the second cutting
1937, Figure 2 shows a portion of the experimental field on which
hay was being eut, and also Hlusteates the geaeral topography.

Dereryiziye Comrositioy axp FEEpizG YaLLe

Samples of each individual citling were taken at the time it was
stacked or placed in the mow, and also later when it was fed, Most
of the hay produced on the three plots was fed to groups of Holstein
cows for full Iactation periods of 365 days. Details of the feedine
procedure are given on page 26.

1 %ee footnnie 2, 1, |
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When, the bay from a cubting was being fed, weekly samples were
taken. At the end of the feeding period (365 days) these samples
were thoroughly mixed by cuttings, divided inlo two parts, and both
parts sent to Washington, D. C,, for analysis. Oue part was used for
determining the chemical composition and the other for determining
the eolor, grade, and lealiness of the hay?

In ovder to caleulate the amount of dry mabier and nutrients con-
sumed by the eows, dry-matier determinations were made on the
alfalfa hay at approximately mouthly intervals during the feeding

Ficore 1.—:t, Initial-bloom, B, halft-bloom, and €, full-Blosm stage bay, 1937,
readdy for second culling.

experiment. These determinativns showed somewbat higher per-
centages of dry matter than those made ab the time of stacking or
placing the cutting in the mow. To avoid the use of Lwo sets of dry-
matter percentages, those made at Lhe time of feeding are used in all
dry-matter caleulations.

A sullicient amount of each stage of hay from the 1937 crop was sené
to the Western Washington Esperiment Station, Puyallup, Wash,,
for conducting a 15-duy digestion trial with sheep? Samples of the
hay fed and the fecos of the sheep were sent to the Beltsville, Md,,
lahoratory, where the chemical analyses for determinntion of digesti-
hility were made,  This is referved to in more detail in the discussion
of the digestibility of the hays.

i See looinote 2, i 1,




FEEDING VALUE OF ALFALFA HAY FOR MiLK PRODUCTION

£y 3 ..

Ficone 2.-—Portion of the experimental field, on which hay is being cut, showing
the general topography.
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CLIMATIC DATA

Climatic data on the general weather conditions at Huntley, includ-
ing temperatures, precipitation, and frosts, are summarized by month
and years in tables 1, 2, and 3.

TABLE 1.-— Highest, lowest, and mean monthly lemperatures af the Huntley, Manl,,
field station? for the years 1935, 1936, and 1937, and mean {emperatures for the
pertod 1911-37

Year Tan. | Feb. |Mar, | Apr. | May  Jone | Tuly | Ang. Sept.! Oct. !No\'. Dee.
eF. | oF. { F. ] PF. | PR | OR | TR OF. ] °F, { eF. | ®F.

G7 T2 81 n o2 1H 102 43 83+ 61 a7

1] —13 -1 ar a3 i3 33 22 4 =14 5

H 23 41 al G2 T Gr 30 A6 5 30 al

1
43 iz} 86 86 1 104 | K| Wt a0 8 l
-5 =7 | -7 a4 a4 17 11 26 161 —101 —i5
—3 35 44 62 69 T il E] 45 A

33 67 i 93 [ 103 | 1044 1N a3 1l 7 49

—i3 2 15 M 38 a4 40 20 2 —3F -0

Mean_... . In 3 16 30 63 T4 70 61 0, 33 24
1911-37 (mesan)_. 3 32 15 53 [ T2 69 38 44 : 34 n

1 Diata furgished by the Division of Western Troigation Agricullure, Bureau of Plant Industry.

TaBLE 2.—Precip-iation al the Fluniley slation by months and years during 19385,
1586, and 1937, and the overage precipilation for the period 1810-87!

Year .1 Apr, E May j June | July | Aug. Sopt.g Oet. iNm-.’; Dee. |’I‘otnl
—_— -— e B

. . l Injda, | Mo fmo | fn. oMl Dol b,

| L1 R | 2 LA 108038, 043 ] 047t 0.sd o113
036 0 0 L L8813l L7 . TR PR T I B E IS R .
1937 R - I Ya.35] 47T DS MR [ A3G; 45y .38 052
WI0-37 {average) .. . L83 0 .53 - .08 Lt | L8R L2 LY L0, s3] b2

1 §ew Fpotnote 1, table 1L

"'anLe 3.—Data on last killing frosls in spring and first in awlwmn, and length of
frost-free period, at the Huniley station

TLast kilting frost [ First killing frost
{n spring ; in gutunin
Frost-
Yoear . : free
Minimum FMinimum | perigd
Date tem- : Date wm-
peratiee | poral ey
H
o, i aF. Days
[ S vaemneooo.| May 14 5190 Sept. 24 3 132
15035 e e Apr, W 31l Sept. 15 0 134
Wid. ... . . . .. Aay 15 5 b Bept. 21 a2 130
1915=-37 (average) ... . oo May 10 30 ; Sept. 17 3 12

1 See footnote 1, table 1.

Table 1 shows temperature data. It will be noted that extremcly
low temperatures were recorded in February 1936, when a low of
—53° F. was reached and in January 1937 when a low of —42° was
reached. While the mean temperatures for 1935, 1036, and 1037
vary somewhat from the 1911-37 mean, it is not believed that this
had any significant cffect on the resulis of this experiment.

Table 2 shows the monthly precipitation at Hunticy during the
years the experiment was in progress.  Attention is directed to the fact
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that the total yearly rainfoll in 1936 and in 1937 was markedly lower
than the yearly average for 1910-37, The amount and distribution of
rainfall, or especially snowfall, during the winter months may have
been o rather important factor in causing the winter-killing of plants
that were weakened by too frequent cutfing during the summer
months,

Table 3 shows the dates of the last killing {rost in the spring and the
first in the autumn, together with the length of the frost-free period.
The frost-frec peviod for cach of the 3 vears that this experiment was in
progress was somewhat longer than the 1811-37 average of 120 days,

GROWTH OF ALFALFA ON THE INITIAL-, HALF-, AND
FULL-BLOOM PLOTS

Considerable varviation in scasonal conditions and in insect damage
oceurred during the 3 vears that the experimoent was In progress.
Since these factors are of importance in the interpretation of the
results, & description is given of the field observations, by seasons, of
the growth of the alfaifa and the cuttings obtained on the three plois
harvested ab different stages of naturity, in 1935, 1836, and 1937,
and the growth and stand in the spring of 1938. The date of each
cutting and the period of growth are listed in table 5 on page 19.

OBservaTions oF Guowrtn anp Currives 1~ 1935

INITIAL-BLOOM PLOT, 1935

Growth started Aprit 15, and the first cubting was made on June
20, when the alfalfa averaged 25 inches in height. Some yclliow

sweetclover was present, which was in bloom, There were practi-
cally no weeds. The second cutting was made on Auvgust 1, when
the alfalfa averaged 18 inches in height. The bloom was frirly uni-
form throughout the plot. Grasshoppers were too few to check
growth of new shoots. The third cutting was made on September 18,
when the alfalfe averaged 10 inches in height, and was beginning to
flower uniformly over the entire plot. New growth shoots were Just
beginning to appear.  Some damage was done by grassheppers along
an irrigation ditch.  This plot went into the winter with an aftermath
of 4 inches. The hay from this third cutling was stacked somewhat
too green. It came out of the stack in good condition but was of a
tobacco-brown color in the center of the stack. No mold was present.

HALF-BLOOM PLOT, 1933

The first cutting was made on June 24. The alfalia averaged 27
inches 1n height and was quite uniform, except that a small strip
along on hrrigation head ditch was somewhat shortor and o little
farther along in bloom, A few yellow sweetclover plants were present
and in bloom. The second cutting was made on August 12, nt an
average height of 17 inches and was uniform, Grasshoppers had
checked the growth somowhat for this cutting, although poisoned
bait had been spread continually,  The third cutling was made on
October 1. Several frosts had checked the blooming and it was
difficult to determine when the planés were in the hali-bloom stage.
The new growth shools were from one-fourth Lo once-half of an iach
in height. The aftermath averaged 2 inches in height.

23T ——2
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FULL-BLOOM PLOT, 1933

Heavy rains fell after the first cutting on July 2, and two light
rains fell after the hay was raked.  Consequently this eutting was of
poor color, although most of the leaves were saved.  The hay aver-
aged 27 inches in bieight, and a small amount of yellow swectclover
was present and in bloom. The second cutting was mude on Sep-
tember 1 under good haying conditions, when the plants averaged 17
inches in height.  Grasshoppers had damaged this plot and cutting
more than the initiai-bloom and half-bloom plots, as they seemed to
concentrate on the full-bloom plot after the enttings on the other
two plots were made. The tops of the plants in many instances hac
fallen becavse of grasshopper damage. The full-bloom plot went
into the winter with an aftermath averaging 7 inches in height,

OnservaTiONs oF GrOowTi axp CUrnines 1x 1936

The summer of the 1936 growing scason was one of the hottesh on
record for Huntley, which no doubt materially affected the yiclds of
bay on all plots. In an effort to keep down grasshoppers, puison
bait was applied on all plois throughout the scason.

INITIAL-BLOOM PLOT, 1936

The first cutting was made on June 13, and averaoed 25 inches in
height. Light showers and ot winds caused a small loss (estimated
at 5 pereent) of leaves in ewring, hauling, and stacking. A few weeds
were present especially in the area along the irvigation ditelies. The
second cutting was made on July 22 when the temperature was 100°
F. The hot weather and grasshoppers that followed the first culting
had considerably checked the growth and the alfalfa averaged 13
inches in height. The new shoots were from onc-cighth to one-
fourth of an inch in length. The third cutting on August 29 was
put up under ideal weather conditions with practically no loss of
leaves,  While the weather was exceptionally hot during August, the
grasshoppers did practicully no damage to the third cutting. The
mitinl-bloom plot went into the winter with a growth of 6 inches.

HALF-BLOOM PLOT, 14

Damage by grasshoppers was so grent that it was diffieult to deter-
mine the extent of the bloom, but the alfalfa was cut on June 22 and
the plants averaged 25 inches in height.  The grasshoppers altacked
the flowering parts of the plants, destroying and shattering the
petals.  The loss of leaves was esiimated to be between 5 and 10
percent, and was attributed to extremely hot weather. Recovery
following the first cutting was vory slow beenuse of grasshopperinjury.
The plot was mowed the secondl time on August 3, but rain prevented
raking until August 5. The growth was rather uneven as regards
bloom, probably on account of grasshopper damage. The plants
averaged about 16 inches in height when cut. It is estimated that
the yield on this cutting wus redueed by 25 percent as a result of
grasshopper injury. The third cutling wns made on September 16,
Press of other work eaused delay in rnking and hanling.  This
together with a light frost the day before cutting enused considerable
loss of leaf. The aftermath was 2 to 4 inches in height.
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FULL=BLOOM PLOT, 1vi6

The yicld of first eutting, mace on June 25, was reduced because of
grasshopper damage.  Although the plants were at least in the full-
bloom stage, no flowers remained because of the damage.  The plants
avernged 26 inches in height.  The second cutting sn” August 12 was
put up under ideal conditions with but little grasshopper damage. A
third eutting was made on this plot on September 80, At the timoe
of cutting tne first flowers had not appeared and the plants averaged
10 inches in height. The hay from this cutting was not fed as full-
bleom hay. The aftermath averaged 8 inches in height,

As o whole, the hot weather, grasshopper damage, and rains at the
time of cutting for the 1936 season, were unfavorable from the stand-
peint of yicld and quality of the hay.

OBservaTions oF GrowTH anp CuTrings 1N 1937

The alfalla on all three plots started growth about April 5. On
Aprl 20, a cheek was made to determine whether there had been any
noticenble effect on the stand from eutting at various stages of ma-
turity, Very little winter-killing was noticed, possibly less than 1
pereent, and it appeared to about the same extent on all three plots,
The growth on the initial-bloom plot was taller on that date than that
on the hall-bleom or full-bloom plots. Tlis was probably because
the initial-bloom plot went into the winter with & greater aftermath
than the other two plots.  This aftermath had a tendeney to hold the
snow, which provided more moisture for the plants to start spring
growthin 1837.  About 1 nere of the initinl-bloom plot showed a slower
starting growth than the remainder of the plot. It was noted during
the winter of 1936-37 that the snow blew off of this portion of the ficld
and left it bare.

Tlhe spring of 1937 was extremely dry, making it necessary to irri-
gate the entire ficld as soon as water was availeble, on May 10.

Continued dry weather made it necessary to irrigate the field again
the first week in June, but immediately following this irrigation a tain
that totaled 0.64 inch fell. By June 10 the first flowers were appeae-
ing on the initial-bloom plot, but the field was too wet to cut. Be-
tween June 10 and 13 there was an additionnt 1.84 inches of rainfall,
This delayed cutting of the initinl-bloom plot until June 21, ot which
time the ficld was in the half-bloom stage.  Gensshoppers were held
in check hy the rain. A description of the cuttings obtained from the
three plots during this season follows.

INITIAL-BLOOM PLOT, 1937

When the delayed first cutting was made on June 21, 1937, the new
shoots were 1'2 to 2 inches long and the plants were 32 inches in height.
While the alfalfa was mostly in the half-bloom stage, there was a small
aren in the three-fourths-bloom stage, due probably to difference in
soil. The hay was raked on June 23, cocked on June 24, and hauled
and stacked on Junc 25 and 26. The color was good and practicelly
all leaves were savoed.

The sccond cutting on this plot was made on July 20, raked on July
21, and cocked on the same day.  The plants averaged 20 to 24 inches
in height, and new shoots were 1 to 1% inches.  The hay went into
the stack i an excellent condition.
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The third cutting was made on August 29, raked on September 2,
and hauled and stacked on September 3. The alfalfs averaged 22
inches in height, and averaged sabout one-tenth in bloom. A small
aren of the piot was in full bloom, half of it was one-tenth in bloom,
and the rest was in the initial-bloom stege. New shoots were about 2
inches in height,.

The fourth cutting was made on October 25, raked and hauled on
October 27. The alfalfa averaged 8 to 8 inches in height. No bloom
was showing, neither were there any new shoots.  The fourth cutting
was made in order to closc the experiment as the lease could not be
renewed. ‘There was practically no afternath.

HALF-ELOOM PLOT, 1937

The first cutting in 1937 on the half-bloom plot was made on June
21. The new sheots were 1 to 1} inches in height. The alfalfs aver-
aged 26 inches in height. The bloom was rather uneven but the plants
would average one-half bloom. The stand did not appesar to be quite
as heavy as the first cutting on the initial-bloom plot, elthough there
appeared 10 be no appreciable amount of winter killing. The hay
was raked on June 23, eocked on June 23 and 24, and hauled on June
26. It was of good color and there was very little loss of leaves.

The sccond cutting was made on July 28, raked on July 29, and
cocked on July 29. g‘[b was hauled and stacked on July 30. There
was a slight excess of moisture in the hay when stacked, but not enough
to make it turn brown in the stack. Practically all leaves were saved.
The bay averaged 18 to 20 inches in height, but was not uniform.
The new shoots were from 3 to 5 inclies in length.

The third cutting was made on September 9, and averaged 16 to 18
inches in height with considerable varintion.  New shoots were 2 to
3inchesin height. It was raked on September 12, bunched and eocked
on September 14, and hauled and stacked on September 16. Prac-
tically all leaves were saved. The aftermath averaged 3 inches in
height,

FULL-BLOOM PLOT, 1947

The first cutting this season on the full-bloom plot was made on
June 26. The south half of the plot had been in full bloom 2 days
before the entire plot was cut, as the north half was a trifle slower in
reaching full bloom. New shoots were from ¥ to 13 inches in length.
The slialfa aversged 26 inches in height when cut.  The hay was raked
on June 27, hauled aud stacked on June 80. It had & good color, and
the leaves were fairly well retained with only slight Joss,

The second custing suffered from water injury and sunscald when it
was irrigated the first time.  As irrigation water was somewhat searce,
irrigation was postponed several days in order to secure a head of water
that would run over the field. The water was very slow in covering
the field and the weather was extremely hot. A considerable amount
of this elfalfa did nof start to grow for about 2 wecks, after which it
made fairly rapid recovery, although the yield of the second cutsing
was probably reduced 20 to 25 percent.  The second cutting was made
on August 6, raked and cocked and stacked on August 7.

The third cutting was made 2t an immature stage. The plants
averaged 14 inches 1n height; new shoots were about 1 inch in length.
One-half of the field was in about ¥-bloom, one-fourth wes in about
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¥4-bloom, and one-fourth was in Xs-bloom stage. The hay was eub on
September 25, and raked on Qctober 1 and was in condition to be
stacked on Qctober 2, but teams were not available and hauling was
deferied. Because of rains in the meantime the hay was not hauled
until October 11. Practically all leaves were saved but considerable
bleaching took place. This hay would be classed as very poor in color.
The aftermath was from 2 to 4 inches in height.

As the lease of the ficld expired at the end of the 1937 cropping
season, the hay-cutiing experiment was ended at that time, when the
alfalfa had been cut at different stages for 8 years. The following
observations of the field were made, however, during the spring of
1938 to determine the cumaulative effect of cutting at the different
stages on the growth and stand of the alfalfa on the three plots.

OBSERVATIONS OF GROWTH AND STAND IN SerinG oF 1938

In 1938 growth on this field started markedly about March 15,
although many plants were turning green about 2 weeks earlier. On
April 1, the plants on the full-bloom and half-bloom plots were about
1 Inch in height, while those on the initial-bloom plot were about one-
half of an inch in heizht, During April about one-haif of the field
appeared to be quite slow in making cerly growth. This was espec-
iali'ly true of the initiel-bloom plet, which had had a fourth cutting
late in the fall of 1937 and had gone into the winter with practicall
ne aftermath from the 1937 crop.  On April 20, the plants on the fu]ly:
bloom plot averaged about 4 inches in height, those on the half-bloom
plot about 3, and those on the initial-bloom plet about 2 inches.
There was marked improvement in the growth and stand on all plots
during May.

The last observations of this field were made on May 25, The
average height of the plants on the initial-bloom plot at that time was
from 8 to 10 inches. There was noticcably shorter growth over the
east two-thirds than over the west one-third of the plot. The stand
was good to excellent on most of the plot. The number of dead and
weak plants was apparently slightly larger on the initial-bloom plot
then on the half-bloom or full-bloom plots.

On the hali-bloom plot, the growth averaged from 10 to 13 inches
in height. Growth was uneven and the stand was irregular on small
areas distributed over the entire plot. The growing plants appeared
to be slightly more vigorous, darker in color, and farther advanced
than those in the initial-bloom plot. Dead and weak plants were
fairly numerousin very small areas, but appeared to be fewer in this
plot as a whole than in the initial-bloom plot.

On the full-bloam plot the average height of the plants was from 9 to
12 inches. ‘The stend, growth, and color were about the same as on
the half-bloom plot. The number of dead and weak plants appeared
to be slightly greater than that in the half-bloom plot, but less than
that in the initisl-bloom plot.

The alfalfa as o whole on the entire field was considered very good
as to stand, development, and general condition, in late May 1938,
With the exception of the retarded growth of plants on the cast side
of the initinl-bloom plot, the field was equal to or above the average
for this locality.
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The removal of o fourth cubting late in the fall of 1937 from the
initial-bloom plot probably had more to do with the late stact and
retarded growth in 1938 on that plot than any other factor. During
the 1938 and 1036 seasons, the plet that was cut Iatest in the fall made
the slowest growth the suceeeding year. In 1937 the final or fourth
cutting on the initial-bloom plot was made on October 25, or 1 month
later than the last eutting on the full-bloom plot, which was cut later
than the half-bloom plet.

Another factor that may have retarded growth in 1938 on the initial-
bioom plot, is that this part of the field is on & somewhat higher level
that the rest of it. Consequently, 15 does not hold as much spow
during the winter, and docs nob take water quite so easily during
irrigation.  Then, too, the short aftermath tended to let the snow
blow away. While growth was slow, there were not many more dead
and sick plants, however, on the initial-bloom plot than on the half-
and full-bloom plots. A stand count of plants was taken on 6 arcas
on each of the 3 plots, or 18 areas in all. On averaging the results
for cach plot, it was found that the number of plants per acre was
about the same over the entire field—that is, the avergge number of
plants for the half-bloom plot and the average for the full-bloom plot
were each about the same as the average for the initizl-bloom plot.
An estimate was also made of the number of dead and sick or weak
plants on each plot. This indicaled that the proportion of such pleants
was approximately 4 percent on the half-bloom plot, 5 on the initial-
bleom plot, and a trifle less than 5 on the full-bloom plot.

Since this field was originally seeded fo alfalfa in 1933, 1938 was
the sixth year of growth, It is geoerally recognized that a stand of
alfalfa, continuously cropped and not permitted to be grazed, will
meintain itself for 6 to 7 years under the local conditions. In the
fifth or sixth year the stand hezins to get thin and grass starts to
come in.

Considering all factors, cutting the alfalfa b the three stages of
maturity, as practiced in this cxperiment over the 3-year peried,
appears to have had no significant effect or the stand.

QUALITY AND YIELD OF HAY OBTAINED FROM
CUTTINGS AT DIFFERENT STAGES

ConrosiTioN OF THE Hay

Table 4 shows the chemical composition (dry-matter basis) of the
alfalfe. hay made from individual cutiings, aceording to the stage of
maturity and the year. Yearly average and 3-year aversge results,
by stages, are also shown. Three of the cuttings were aftermath
which did not reach the desired stage of bloom. These were the third
cutting on the full-bloom plot in 1936 and 1937; and the fourth cutting
on the initial-bloom plot in 1937. The analyses of these three
cuttings are given, but are not included in the averages, One other
cutting, included under initial bloom {first cutting 1937), was in a
more advanced stage when cut. This advance in growth wsas no
doubt largely responsikle for the low protein and high crude-fiber
content of this cutting.




TABLE 4.—Composition (dry-matler basis) of the alfalfa hay made from cvitings at different sltages of malurity

Crude protein -+ Ether extract Nitrogen-free extract Crude fiber Calcium Phosphorns

Yesir and cuttin ’
& Toitinl | Halt | Full | Initial | Half | Full | Initial | Walf | Full | Initinl| Half | Full | Initlal | Waif | Full | Initiol | Malf | Full
bloom | bloom | bloom { bleom | bloom [ bloom | bloom | bloom | bloom | bloom | bloom | bloom | bloom | bloom | bloom | bloom | bloom | bloom

1935: Pereent | Percent| Percent | Percent| Percent| Percent| Percent | Percent!| Percent | Percent Percent | Percent | Percent cent | Percent | Percent | Percent | Percent
First entting. . ......| 13.50 7 15.31 . 1,62 1,06 54 | 43.27 [ 40.32 [ 31.08 N 1,068 1,150 | -0.211 0.139
Second.... 1.34 1.57 . 8 4 .2 30. 52 20,91 1.396 . L1017

Third.wccannnns 10,98 1,63 1,30 3 2,3 25,58 2 L707 . 162

Average, 1935 7 ; 68 1.51 1,46 . 3 . 20. 06 33, 0 1,360 12 .31 . 188

1936:
Flese. . . ... o 201 141 1.6 33,37 . 7
Second .. 5 ] 15:.04 . 1.65 4 43. 42:33 2 32,49
Third 17.24 , 21 120,07 . 2,38 2,35 { 43.00 142,30 .20 | 23.64 | 123,48

©Average, 1936, .. 7 14,72 1.80 42, 46,99 3 28.20 | 34.33

1037:
First2 . ... . on 16,06 5 . 1.78 42.40 33.33 [. 32,33
Seeond .o..o.. . 20,40 X L1 3 1,04 2 41, 42,43 3 | 30.00 | 20.03
Third ....... . 10,53 . 2.10 . . A 25,38 .
Yourth . .. . .. 420,73 |... ke ma 443,44 5. § U

Averge, 1037 18, 66 5. £ 1.90 5 4173 k 5 20,57 . . . .208
Average, 3 vears 1524 | 1820 . 1,74 42,00 . 31 N 25,45 | 32.08 . . . 25 . 197

1 Represents aftermath cut in the pre-initial-bloom stage, not Included In the yearly or 3-year average.

211 1937 the first eutting that was to be madeat the initial-bloom stags was delayed by rain and represents approximately half-bloom. Included in the averages.
3 Represents aftermaih cut when in one-fourth bloom. Not included in the averages.

4 Represents aftermuth cut before any blooms sppeared.  Not ineluded in the averages.
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CRUDE PROTEIN

On the average there was little difference in the crude-protein
content of the hay cut at the initial-bloom and that cut at the half-
bloom stage of maturity (table 4). The bay cut at the full-bloom
stage, however, averaged 2.56 percent lower in protein contenf than
thie twe earlier stages.

There was rather wide and extreme variation in protein content,
however, between the different cuttings made at the same stage of
bloom. ‘This is clearly illustrated by the difference between the
first and second cuttings in 1936 on the half-bloom plet. The former
contained 13.27 and the [atter 19.49 pereent of protemn. It is probable
that the slower growth early in the season was responsible for the
relatively low protein content of the first cuttings, This conclusion
is further borne out by the fact that with but two exceptions the first
cuttings on all plots were markedly lower in protein than the later
cuttings.

The highest crude-protein content {21.8 percent) was the third
cutting in 1835 on the balf-bloom plot, which represented 50 days
of growth, and the lowest {13.27 percent) was the first cutting in 1936
on the half-bloom plot, which had 73 days’ growth. The number of
days’ growth for all first cuttings was computed from the time that
first growth was noted in the spring and probably is not comparalle
with the period of time elapsing between the first and second or the
second and third cuttings,

The second cutting on the initial-bloem plot averaged 37 days’
growth for the 3-year period 1935-37, and 18.84 percent of protein.
The third cutting averaged 42 days' growth and 18.92 percent of
protein, ot 2lmost the same protein content as the second, yct repre-
senting 5 more days of growth.

The second cutting on the half-bloom plot averaged 43 days’ growth
and 18.34 percent of protein, while the third cutting avernged 46 days
and 20.65 percent of protein. ‘This was a considerably higher content
of protein, yeb it represents o longer growing period. On the other
hand, the second cutting on the full-bloom plot averaged 50 days’
growth and only 16.40 percent of protein.

While the hay representing the longest growing period on the average
contained the least amount of protein, it is apparent that the number
of days’ growth is not & true criterion of the stage of the plant, at least
so far as the protein content is concerned. This bears out previous
ohservations by the authors in experiments with pasture grasses {4}
The aversge protein content of the alfalfa hay cut in 1936 n this ex-
periment was considerably lower than that of the hay cut in 1935 and
1937, doubtless beeause of the poor seasonal conditions in 1936 and
the damage caused by grasshoppers.

It is also evident that, as & rule, the profein content is correlated
with the proportion of leaves to stems. The percentage of leaves in
cach of the initial-, half-, and full-hloom cutlings is given later on in
table 7. The two samples with the least protein {first cotting, 1936,
half-bloom, and first cutting, 1935, full-bloom} contained but 28 and
25 percent of leaves by weight, while the samples with the most
protein contained between 50 and 60 pereent of leaves. The avernge
for all cuttings at both the initisl- and half-bloom stages was 46 per-
cent of leaves and 18.27 pereent protein, while all cuttings made at the
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full-bloom stage averaged only 41 percent of leaves and 15.71 percent
of protein.

Although there was considerable variation betwecn cuttings, it is
apparent that so far as protein content is concerned there was little
difference between the alfalfa hay eut at the initial-bloom and that eut
et the half-bloom siage, but the hay cut at the full-bloom stage was
distinetly inferior. It is also quite evident thabt the first cnttings of
all stages were inferior to the later cuttings in proteiu confent.

ETHER EXTRACT

The results obtained for determinations of ether-extract content of
the various cuttings are presented in table 4. The samples, as pre-
viously stated, had aged for socme menths when these determinations
were made. Since weekly samples were taken as the hay was being
fed to dairy cattle, a large composite sample of each cutting had
accumulated at the end of the feeding trial, when the samples of each
cutting were thoroughly mixed ard small samples were sent to Belts-
ville. Hence the analysis for ether extract could not be made until the
year following the one in which the hay was cut.

Additional analyses for cther extract were obtained on some of the
hay in connection with the digestion trials with sheep at the Western
Washington Experiment Statien, Puyallup, Wash. The digestion
trials, which are fully discussed in a later section (pp. 23-26), were
conducted on hay from 1937 cuttings which was sent there in the spring
of 1938. Samples of the hay fed to the sheep and the feces excreted
were dried and sent to Beltsville for chemical analyses. These
samples were finely ground. In caleuinting the digestion coefficients
from these analyses it was disecovered that in practically cvery case the
results showed more ether extract was voided in the feces than was
consumed in the hay.

By coraparing analyses made at different times on the same eutting
of hay, it was found that the ether-extract content of the hay samples
was diminishing rather rapidly as the samples aged. For example,
the original samples of the unground hay of the 1937 crop were
analyzed in May 1938. Similar samples, but finely ground, from the
same lot of hay used in the digestion trial, were analyzed in August
1938, and additional analyses on the same ground samples were made
in September 1938. The results of the three monthly determina-
tions for percentage of ether extract with hay cut in 1937 and analyzed
in Mny 1938 (when unground), August 1938 (when finely ground),
and September 1938 (finely groundl) were: Initial bloom, 2.06, 1.19,
and 1.03; half bloom, 1.96, 1.17, and 1.07; full blooem, 2.09, 1.44, and
1.23. These figures indicate that the ether extract in the ground
samples of hay was unstable, and that some components were either
lost or converted into constituents insoluble In ether. Tt is probabic
that the ether extract recovered in the feces was more stable, as it
had undergone enzymatic action in the stomach and intestines of
the sheep. In the case of the protein, crude fiber, and ash, the
corresponcling percentages of the two sets of samples showed but
little wariation. i

Tt seems evident that the ether-extraet figures were too low, probubly
even for the original determinations presented in cable 4, beczuse such
a long interval of time elapsed before the determinations were made,

234372°—0—3
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and very little significance should be attached to them. With the
exception of six samples that were mostly from the 1937 crop, the
content when analyzed was less than 2 percenf, which is considered
exceedingly low for aifalfa Lay.

CRUDE FIBER

With few exceptions the crude-fiber content of the various cuttings
was lower for the initial- and half-bloom stages than for the full-bloom
stage (table 4). Furthermore, the crude-fiber content in most cases
decreased with each successive cutting during the growing season. As
hgnification takes place largely in the stems of the plant, it is of
interest to consider the fiber content in conneetion with the proportion
of leaves present. By comparing the crude-fiber content (table 4)
with the proportion of leaves to stems as shown in table 7 (p. 22) it is
seen that as a rule a low ceude-fiber content wns nccompanied by u
high proportion of leaves. The third cutting in 1935 at half-bloom
stage had the lowest crude-fiber content (22.04 percent) and the
highest amount of leaves (66 pereent) of all samples. Conversely,
the first cutting in 1936 at the full-bloom stage, with a crude-fber
content of 38.17 percent, had the lowest percentage of leaves of
any sample. The significance of the amount of leaves present has
already been brought out as regards protein content.

CALCIUM AND PHOSPHORUS

The ecalelum content generally averaged slightly higher for the hay
made at the initial-bloom stage than for that made at the Inter stages
(table 4. There was wide variation, however, between individual
cuttings. The investigations of Salmon and coworkers (12) at the
Kansas station and Woodman (16, 17) in England show that the
caleium content increnses slowly as the plant matures. In their
experiments samples of green hay were taken for analyses which did
not undergo the weathering due to curing, as did the samples in this
experiment.  Et is helieved that this could account for any lack of
consistency in the caleium percentages as it is well known' that the
curing process can materially affect the amount of ealeium.

In average phosphorous content, there was little ditference between
the initial- and hatf-bloom stages, but the full-bloom stage was
distinctly lower. This is in accordanee with the findings of Salmon
(12) and Woodman (16, 17). The former expressed the opinion that
phosphiorus is associnted with new growth, and that after the plantis
n full bloom, but little new growth takes place and there is less plant
need for phosphorus.

In general the relative effect, on the composition of alfulfa bay, of
cutting it ab the initial-, half-, and full-bloom stages was in accord
with the results of other investigations, in that the protein and phos-
pherus decrensed and the crude fiber incrensed as the plants matured
and that the protein and crude fiber were closely associated with the
amount of leaves present. The calcium content in some cases may
have been affected by curing and storing methods. The results for
the ether-extract determinations, owing to aging of the samples, are
of doubtful significance.

It is clearly apparent that under the climatic conditions the farmer
would likely meet in cutting and putting up his alfaifa hay, there
would be little choice between cutting at the initizl-bloom stage or
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the half-bloom stage from the standpoint of nutrient ecomposition.
On the other hand, allowing the hay to reach the full-bloom stage
would be distinctly detrimental to its nutrient ecomposition.

Errecr oN YiELp oF Hiy sanp NUTRIENTS

Table 5 gives the number and dates of the cuttings, the yields of
cured hay per acre, and the dry matier, crude protein, and total
digestible nutrients produced per acre according to the stage and
cutting, by years, together with the 3-year average results.

TasLe 5.—Yvelds of hay, dry matter, and nulrienis per acre for alfalfe hay cul af
three slages of maturiby in 1935, 1586, and 1837, and the average yields for the
8-year period

INTTIAL-BLOOM BTAQE

| os . | Totsl digestible
Period Xﬁ";;l]‘é_of Dry matter  |yjagar)  putrients?

de
of ) cured CTUCE |

. - protein
growih thgcr%er By | Yield |peracre! By 1 Yield
! anslys:s.. POF BCFS :soglysis | per sere

Date cut

N ¢
Days 1| Pounrds | Percent | Pounds | Pounds | Fercent I Pounds
Jume 20 66 ;4 a0 B2 . 4,1 5
Aoz 1 | . 2, 309 415

PhHiFd. .. ooaoionaenn. ] Sept. 18 B 245 .7 2, 204 340

Tatal 60 GVETARC. e oo oo lemamaen S GBEL ] BS. 8304} L616: MO2| 517

June 13 .
July 22 H
Aug. 20 f

3,413 55 __.._..--E.........
1, 0 290 1.
7 335

Potal OF BVOIRER.._.. . sl o i

1937; i I
First? s Jone 21
I Joly 20
Thind.. .. Aug. 29
Fourth .. ... ...} Och. 25

Total or average

3-yenr average:
First. . .- f :
Second . .. ecmeaaat L33
Third_._. _ . ... 20 262

Total OF AVETAZe. . .. oyeoemrmcann ememeeo.. 8038

ITALF-BLOOM STAGE

.| June 24} 55.68 © 4,531}
Aug. 12 - 86.27 . 2,052
Oct, 1 ; | 8n00 LB

: B30 . Ga0 ) 1,59 5673}

1936
First. ... ....... .. | Jung 22
Secont . . - Aug. 3
Thivd Sept. 16

Total or average.... .

88,70 3,283
8503 1, 7
G, 56 641

ARG - B USS .

[=RE-1]

1837 . : .
Pirst _ .. ... June 21 i . - BR02 0 3,847
Second. ... ..., o duly 28 37 86.00 | 2,558
Sept. 9 43 - BRL.BY I, 648
Total of AVerage.. ... R (e S 7 8795 7,810
3-year average: . )
Pirst . - w3 88,13 . 3,89
Seconed . .. . ... .| . : i .06 2123
Third.... . . ..o.ceees : ! BR.47 © LEIT

Taotal or AYeraEe.. . ...{ . : %7, 85 778

See footnotes nt end of table,



http:3.701\-88.70

20 TECHNICAL BULLETIN 739, U. 8. DEPT. OF AGRICULTURE

Tanie 3.—Yields of hay, dry matter, and nulrients per acre for elfalfa hay cul at
three siages of wmaturity in 1035, 1936, and 1937, and the average yiclds for the
§-year period—Continued

FULL-BLOOM STAOE

i I i
§ : i
by . i Total digestiblo
Perimt p“é‘é‘{}l_"r Dry matter | yio g or nutricots
Cutting { Datecnt] ot eurel frzul:zicn
i grawth | hay ;;er By Yield ;:yer acre| By Yiehd
i i | aen unalysis | per aere panalysis | per sere
El_..._._-..y_-é.—,._. —— H
1933: ; © Daps , Poxnils | Percent | Potrnds | Pounda | Percent 1 Porunds
First. ... .. July 9 WL OL155 | 8843|367 b
Bpcomd . .. ... Sept. 1 51t 1,078 | 8587 i, 600 79 T
Total or aversge o i B3] 8RL13) A3 B2 s3] 2dss
1935 i . i i | f
First .. . June 254 i 3408 LI . 2,800 U0 b
Second cang 13 480 2 559 803, 278 MO L
Third¢ .. 1 Sepl. 3§ #0403 8410} Liso L T I
Total or average TN 8031} 6881006 503  Aam0
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! Idgestion coellicients abtained in digestion frials with 1537 hay nsed for 1935 and 1936 caleulations.
2 The first cutting, 19037, was in the half-hlopm staere,

¥ Adternath, no bleoms, not included in total ylalds or averages.

L Cug at pre-hloom stage.

3 Thind euttings, 1957, was mowe! at 3i-hlooin stage.

The initial-and half-bloom plots each furnished three typical cutéings
ench season, and the aftermath on the former plot in 1937 was also cut.
The {full-bloom plot furnished two cuttings of typical full-bloom hay
ench season, and in 1036 and 1937 thiwd cuttings were made but
the hay did not reach the twpical full-bloom stage. The fverage
3-year yiclds were 8,938, 8,888, and 6,940 pounds of field-cured hay
per acre, respectively, for the three stages. Considering the 3-vear
average vield of the initial-bloom plot as 100, the half-bloom plot
vielded 99.4 percent as much, while the full-bloom plot vielded only
77.7 percent as much. The yields on the initial-and half-bloom
plots in 1936 were materielly lower than in 1935 and 1937, due to
extremely hot weather and serious grasshopper damage. On the
other hand, the yield on the full-bloom plot in 1936 was greater than
n the other 2 years. The first cutting, 1936, of {ull-bloom alfalfa
was materially reduced in yield by grasshopper damage, but the second
cutting was very heavy for that year and apparently made its growth
when the grasshopper damage was small.

Table 6 shows the relation of the separate cuttings to the total yickd
of ficld-cured hay obtained per acre from the first, second, and third
cuttings, expressed as a percentage. The 3-year average results
indicate_that there was little difference hetween the initial- and half-
bloom plots in this respect, as the first cutting made up approximately
49, the second cutting 27, and the third cutting 24 percent of the total
vield.  On the full-bloam plot the first cutting nveraged 55, the second
cutting 31, and the third cutting (none of which reached the typical
full-bloom stage} 13 percent of the total yield.
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Tapue 6.—Relation of the yield of field-cured hay obiained from the first, second, or
ihird eulting at inilial-, half-, or full-bloom stage to the total yield per acre d wring
each year of the experiment, and the velative average yield for the 3-yeur perind

i .
Rris] I 1536 14 i d-yeariverage

Stage of ! \ i i ' N 1 |
maturity First Meeond]Third | First jSevond Third | Firs Second'—’i‘!lir(li First iRecond. Third
=) tut- [ cud- | oent- | oowee | ocut- | ewbs | oetw- | oewe- U ooine- | ocut- | oent-
ting | tizg | ting | ting | ting | ting | ting | tiog | tivgr | ting | ting

. t. | Pet. 4. el | Pt 1 Pt 1 Ped. | Pel. | P, | FPe
Tiitind-bloom | . 3 2:.9 . 2. 2.0 15,3 48] 220 49.6 ) w1
Hal{-blecn; . .1 33 2 . 2.0 N} X, MEg 6T 3.8 3.4 R ]
Ful!—bloum_,.l 7| s o i, TRy S Mg |3 i 350 | 3L2

| b

1 Represents approvimaiely hnif-bloom; included in the 3-vesr averve,
2 'Third euiting made at pre-inicial-hloctn staee; included in tho avernge.
3 Third cutting made et iy -bioom seager Included {5 e nverum.

As the dry-matter content of the hay when eut at different stages was
approximately the same with little variation, on & vearly basis, the
yield of dry matter per acre naturally follows the yield of feld-cured
liny per acre, as shown in table 5.

‘Tae yield of crude protein per acre averaged 1,427 pounds in hay
cut from the initial-bloom plot as compared to 1,381 for the plot cut at
half bloom, and 977 for the plot cut at the full-bloom stage. These
figures indicate that cutting a$ half blcom produced 26.8 and cutting
at full bloom only 68.4 percent as much crude protein as cutting at
initial bloom.

Table 5 also shows the preduction of total digestible nutrients per
acre. The digestion coefliclents obtained by digestion trinls with
sheep {using only hay produced In 1937) were used in computing
the total digestible nutrients of the hay for the 8 vears. Tha details
of the digestion trials are presented on pages 23-26. The initial-bloom
plot produced a 3-vear average of 4,660 pounds of tolal digestible
nutrients per acre as compared to 4,413 for the hall-bloom plot, and
3,269 for the full-bloom plot. The hali-bloomn plot produced 94.7
percent and the full-bloom plot produced 70.2 percent as much total
digestible nutrients per acre as the initial-bloom plot.

On the whole, from the standpoint of yields of hay and nutrients,
there apparently was a slight advantage m harvesting the hay at the
initinl-bloom as compared to the half-bloom stage, the difference
being chiefly in the increased yield of total digestible nutricuts.
Because of the fewer cuttings and the lower content of digestible
nutrients, the full-bloom plot produced only about 78 pereent as
much hay and about 70 percent as much total digestible nutrients.
These yields of hay are in line with the investigations at the Kansas
station (12) when allulfa was cut at the one-tenth-bloom and full-
bloom stages. At the Nebraska station (8), however, during n 4-vear
period, alfnlfn hay cut at the half-bloom stage outvielded that eut
at the initial-bloom stage by 12.5 percent, while alfalfa cut ut the
full-bloom stage gave an increased yviekd of 3 percent.

Frrecrs ox CoLon, Learisess. axpy GRARE

The amount of green color, leaves, and the grade nssigned to hay
from each cutting at initinl-, haif-. or Tull-bloom stage during the
3 years, are shown in table 7. These determinations were made by
the Grain and Seed Division, Agricultural Marketing Service, [rom g
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composite of samples that were taken weekly throughout the feeding
yenr, Atleast o year elapsed between the time of cutting and grading
the hay. The accumulated lots were kepé in burlap bags in 2 hay
mow that was fairly dark. The samples were handled considerably,
and the moisture content was low, which no doubt caused some shat-
tering of leaves and loss of color. As all hay produced was remark-
ably free from grasses, weeds, and foreign material, nothing was
removed from the samples. The harvesting and storing methods,
together with field notes, have already buvan discussed.

TasLe 7.—Amouni of green color and leaves in alfalfa hay made from cultings af
different stages of maturily, 1936-87, and the grade classification of the hay

l Green colyr [ Leaves Crrmle chussifeativn of hay
—_— i
=Ll
Yonr nndd entting | 2 §t § % 2 g
% EI = el E = Tnitin! bloom iTalf bloni Fuil bloom
| 5Z)E|5|2
i
M35 Pet., Pet.y Pt Pet.| Pt Pel
First i ssfEbsa3las )25 U8 Ne.2,. ... U.8 No.2 P ULB Ne 3
Beood Bt 46| 48 | U_8. No. | Extra U.GS. o, 1 Fxlra | 7.8, Neot
! i, TOCT.
Iheird 4] ! fo D5l 60 U. 8. No. ! Extra | U. 8. Nu. 2 Extra
i H L Lanty. uly.
Averme 65 1 EO , &1 f 42 l Wl o 0 L . . -
o _! i . ...= R T T U DU I pem——
Fiest. CTHIEG 624210 WBIU S Noo i Extrdn | UL 8. No.2Exten | U, 8. No. 2
o Qreen. Creen. Green.
Secomd CBO TR B215h | 46| S U.S. No. I Extra | L8, Wu. L Extrs | U. 8. No. L Extru
. ! Laaly, Extra Gireen, Leafy.
Toen.
Titbred oL UhS. Mo, L Extra | . ..do.._...y.‘.*.i
. [
Average . !
. . . __ B B e e
First ... A r T2oAD - 40 42 43 | U, 8. Na,t L 1NB . No. U L. L8 No. L.
Seecond ... . ED ;05 85 51 52|52 U.8. No.l Exurs | U8 No. ! Extra | 1.5, No. 1 Extra.
: : Lesly, Extra Losfy, Extra lealy, Extra
H : Green. Green. Clreen.
Third ... 170, 7% 0158 J 7.8 Na. ! Exten (... doo .., .
[ l N Leafy.
Avernpe . e I
Aversgofor | Ta | T b G jee b &1 . o LT
3 years. | |

The sumples of hay made in 1935 and 1936 at the initial- or half-
bloom stage coutained more green color as & rule than the hay cut
at full bloom. With the hay cut in 1937, the half bloom ranked
highest in color, the full-bloom next, and initial-bloom lowest. The
3 years’ results for the initinl- and hall-bloom stages averaged 73
percent in color as compared to 64 for full bloom.

In most cases the hay from first euttings contained less eolor than
the later cuttings, especinlly in 1935. The first cutting of full-bloom
hay in 1935, which was sugjected to heavy rains after mowing, con-
tained only 33 pereent of green color.  Although the 1936 scason was
extremely hot and demage by grasshoppers was hieavy, that year's
cuttings were superior in color to those of 1935. As » rule, the lots
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of hay with lower percentages of green eclor were rained on of werd
stacked before the hay was well eured. ]

On an gverage for the 3-year period, the hay from the initials and
half-bloom plots contained more leaves (46 percent) than the hay cut
at full-bloom stage with only 41 percent. Without exception the
first cutting, all stages, had = lower proportion of leaves than the
second cutting, and except in 1936 the third cutting, all stages, con-
tained more leaves than the second cutting. The first-cutting
samples, all stages for 1935, were extremely low in leafiness as well
as eolor, as shown by the low grades assigred to thewm,

In considering the grades assigned to the various cubtings and the
importance of green color and leafiness in determining the grade, it
is of interest to note that none of the samples of first-cutting bay of
any stage or year wers classified as Extra Leafy, and that only a few
first-cutting samples (for 1936) were classed as Extra Green or Green.
Tn general, the later or second or third cuttings were progressively
superior in these respeets.

SUMMARY ANP Coxcrusions From THE FIELD WORE ANP ANALYSES

Summarizing the results of the field work of this experiment, it is
evident that on the whole the alfalfa cut at the initial- or half-bloom
stage was markedly superior in yicld of bay, composition of the hey,
and yield of nutrients per acre to the alialfe cut ai the full-bloom
stage. The alfalfa cut ab the initial-bloom stage was shightly superior,
especially in yield of total digestible nutrients per acre, to the alfalia
cut at hali—b{:)om, but the differences were too shght {o have any
great significance. Apparently the line of demarkation between
these two stages is indistinet, and under practical farm conditions
cutting at or between either stage would be good practice.

The first cutting at the initial- or hali-bloom stage was distinctly
inforior with few exceptions, in practically all points of comparison,
to the subsequent cuttings on the same plots, but represented approxi-
mately 50 percent of the total erop. This suggests the advisability
of employing & combination of different stoges in putting up alfalin
hay where conditions are the same as in this experiment. I the first
cutting were made just before the first bleoms appear and the secand
cutting were made at the half-bloom stage, this practice might tend
to improve the quality of the first cutting and increase the propor-
tional yield of the later cuttings, which are of better quality.  While
this experiment does not afford specific information on this combina-
tion of stages, the assumption sppears logical. A somewhat similar
combination was suggested by Salmon and coworkers (12) at the
B%;mlsas station, after extensive experiments relating to time of cutting
alfalfa.

THE DIGESTION TRIALS

EXPERIMENTAL PROCEDURE IN THE DicesrioNn Triars

Facilities were not available at Huntley for conducting digestion
trials, and this feature of the investigation as previously noted {p. 6}
was conducted at the Western Washington Experiment Station.
The digestion trials were run in May and June of 1938 with hay cut
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in 1937 from the experimental plots. Tor this purpose the first three
cuttings from the initial-bloom plot in 1937 (luble 4) were mixed
together and fed; also the three cuttings from the half-bloom plot;
and the first two cuftings from the full-bioom plot. Thus the diges-
tion coeflicientis represent an average for three cutfings or two cut-
tings, as the case may be. Trials were not conducted with bayr from
the 1935 and 1936 cutiings, and the digestion coefficients obtained
for 1937 cuttings were uscd in all ealenlations involved for the 3
years. Sheep were used as the experimental animals and the alfalfa
hay fod was the sole diet during the trials.

The gencrally accepted method of conducting digestion trials was
used. Three sheep were used in each trial for each stage of alfalfa
hay, and the average cocfficient for the three results was used. Al-
falfa hay of the stage under trial was fed for a period of 20 days, and
only the last 15 days’ dato were used. Feces excreted during the 15
days were collected and weighed.

The chemical analyses of the hay and feces were made at the Belts-
ville, Md., laboratories of the Bureau of Dairy Industry, from finely
ground samples sent to that laboratory, Determinations were made
for moigture content on the hay as fed and on the feces collected at
the time of the trials, and for the amount of dry matter consumed
and amount of dry matter excreted in the feces.  Using these figures
the results of the chemical analyses were converted to a dry-matter
bosis, and the digestion coefficients were caleulated. As was pre-
viously noted (pp. 17-18), complications arose in regard 1o the deter-
minations for ether extract,

Resvurs oF tuE DicestioN TriaLs

The quantity of nutrients ingested and voided in the feees, together
with the quantity and percentage digested for the hay cut et the
initinl-, half-, or full-bloem stage are given in table 8.

TaeLe 8.—Digestibility of alfelfa hay cut ol tiree different stages of malurity
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Tasre 8.—Digestibility of alfalfa hay cutl et three differenl stages of maturity—Con.
HALF BLOOM

L |
Nuirients Dry mat- Etherex- | Crudo pro-  Nitrogen- ¢
ter tract - tiin free oxtract . Crucde fiber

By sheep 1 t

ingested..
Yoided in
Dizestedd____.
Digestee! . oL

By sheep 2:

Logesiedo. oo eiieeiei e
Voirded! in feces..

Ligesied

Digested. ...

By shoop s }
Iopested... . .. ... L0 . ...gyams..
Vobded in fecvs... - ... ... L. ol
Uigestodd .. _. . ... . e,
Digested.. ... .0 o . .l JHTOEDL .

16, 345,

Ll batutyl
LHES LBEd
SHzg Lasg

dn
(B0

o

pas gms

L1 B8
LEkg

Averape pereentage digeszed by 3 sheep.

I

-

FULL BLOOM

By sheep i:
Lapested. .
Voidwt in feces..__ ...
Digested | .
Digested_ ... . .
By sheep 2
inpestedd. .. . .
Vobded in fopes
Digestod e - .
Prseseed oL pureent...
By sheep 3: !
Inpesud .. . L [T
Voithal in feees.. do ..
LYieesred 1IT
Prigested jHreent

Lt S
N kam ol
4HEE
283

eyaga
2z
Luke

HHETE wohd

=]

:".'-‘l.“*
2

~RES

%
ol

Averace percentope digesteld by 3shoep '
L}

Discrssion axp Sussary oF Rescuts oF DiceEstTion TRIaLS

¥With the exception of the ether extrael, the digestion covilicients of
the nutrients {table 8) were remarkebly consistent for the individual
sheep, and the averages show a consistent decrease in digestibility
from the inital- to the full-bloom stage. The average digestion
coefficient for the crude protein was 77.7 for the initink-bloom hay as
compared to 77.1 for half-bloom and 75.4 for full-bloom hay, The
digestion coefficients for the erude fiber were more signifieant, and
pveraged 47.7 for initial-bloom. 41.4 for half-bloom. and 38.3 for full-
bloom hay. With this coustituent the widest difference was hetween
the tnitial- and half-bloom stages.  This result lends to corrobornte
observations by Woodman (77 as to the effeet of stage of growth on
digestibility of alfalla when cut at an early {prebud) and flowering
stage, us discussed on pnges 3and 4. In hisexperimental work an aver-
age olf our digestion trigls witli sheep on allalia (ucerne) cut at the so-
called flowering stage gave the following digestion cocfRicients: Crude
protein, 76.3; nitrogen-free extenct, 71.6; and crude fiber, 42.6.

The resulls of the three digestion trials at the Nansas station (12}
with steers using one-tenth-bloom and {ull-bloom alfslfa hay, were
discussed on pages 2 and 3, and are very similur to those obtained in this

LT —
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experiment. In the Kansas trials the digestion coefficient of erude
protein was approximately 73 perceut for both stages and the
coufficionts of erude fiber were 47.7 lor one-tenth-bloom and 42.6 for
full-bloon: hay.

The digestion trials at the Vermont Agricultural Experiment
Station (1) with cows on sun-cured alfalfa that was cut at astage of
Little or no bloom and also from allalfa that was cut at the half-bloom
stage gave an avernge digestion cocflicient for crude protein of 71.3
for the no-bloom and 65.8 for the half-bloom hay. The digestion
coctlicient of the nitrogen-free extract compared closely for both hays
but that of the erude fiber was eonsiderably higher (averaging 55.3)
for the no-bloom than for the half-bloom hay (53.2). The total
digestible nufrient content of the dry matter averaged €3.3 percent
for the no-bloom and 58.3 for the half-bloon: hay.

Using the digestion coefficients that were obtained for the alfalfa
hay produced at Huntley in 1937, the total digestible nutrient content
of the dry matter was 59.02 percent for the initial-bloom, 58.73 for
the half-bloom, and 53.93 for full-blecom hay (table 5).

In summarizing the results of the digestion trials in this experiment,
it 1s apparent that the superior gualities of the hay cut at an early
stage of growth (initial- or half-blecom stage) as judecd by the com-
position, [eafiness, and color, are borne out by the superior digestibility
of the nutrients important for milk production, as compared with
alfalfn hay cut at full-bloom.

The differences in quality between the initial- and half-bloom hays
were rather slight. but in relative digestibility, for example, of the
crude fiber, the initial-bloom hay was markediy superior to the half-
bloom hay. As a matter of fact, the differenees would probably have
been greater if the hay of the first cutting (initial-bloom plot) in 1937
could have been mowed at the proper time, or if this cutting had been
withheld from the digestion frial. It will be reealled that this eutting
had reached the half-bloom stage, because mowing was delayed by
unfavorable weather conditions.

THE FEEDING TRIALS WITH DAIRY COWS
ProcepUre 15 TPesoive Triacs

Alfalfa hay cut at the fhree different stages of maturity was fed to
three groups of Holstein cows.  (See table 11, pp. 31-32,) The feeding
trinls cach ran for a full Iactation period of 365 days.  Each group was
fed exclusively on hay cut at the initiad-, hall-, or full-bloom stage
and ne other feed was given duing the trial, but the cows had access
to salt and bonemeal.  The cows were 1ot started on the experiment
simulianeously, bul were plared in their particular groups a short
time before they f{reshened. .

Stnee the amount of hay of each stage produced cach year was not
sufficient to carry two cows for a 365-day lactation period. it was
necessary Lo use some of Lhe hay produced in 1936 to complete lacta-
tion records begun on 1935 hay; and to use some of the hay cut in 1937
to complete the records begun on hay cut in 1836, Thus, while the
field data include 3 full cropping vears, the feoding trials cover only a
feeding period of 2 years but hey from all 3 cropping yoars was used.
The cows were started on the hay approximately 30 days before they
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tliey were accustomed to eating large quantities of roughage and some
of them had previously been used in roughage-feeding experimonts.

freshened so they would become thoroughly aceustomed to it, although

Dara on Tae Inprviouasn Cows Usep

The breeding experiments at the Hantley station reqguire that all
females raised to producing age be tested under full-feed conditions
tv determine their inberited eapacity for milk and butterfat produc-
tion. Prior to being placed in the alfalfa-feecding experiment, all the
cows had made official production records when fed gran at the
approximate rate of 1 pound to each 3 pounds of milk produced, in
addition to a good quality of alfalfa hay, corn silage, and pasture.
Their feed and production records under this system of feeding were
available for comparison with their feed and production records whex
they were fed the respective alfalfa-hay rations.

The herd number and the age of each cow when she entered the
hay-feeding experiment, the number of days she carried a calf during
the Inctation, and the length of her dry period prior to her lackation
are shown in table 9. Similar information is also given for each cow
when she was on the full-feed ration. With the exception of cow a5,
all were first-calf heifers when they made their official records on full
feed. The group on initial-bloom hay averaged 5 years 6 months in
age, while the other two groups averaged 5 years 2 months and 4
years 8 months, respectively,

TanLe 8.—Ages, days carried celf, and other date for cows when fed alfalfa hay cut
at three diflerent stages of maturity, and when on full-feed rations
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t For deseripiion of each cutling, aml menths in lactation period when fed, see table 11,
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Eight different cows (registered Holstein-Friesians) were used in
the hay experiment and they completed a totel of 11 yearly production
records. Cows 88, 95, and 96, each completed 2 yearly lactation
records during the experiment, and cows 97, 98, 301, 311, and 31§
each completed 1. One cow that started on initinl-bloom hay -de-
veloped a bad case of foot rot and was dropped after 169 days, thus
the results for this hay are based on the production of 3 cows instead
of 4.

The cows were kept in stanchions when on the hay rations. In
favorable weather they were turned into an exercising lot where no
feed was available, While making their {ull-feed records they were
lkept in a pen bamm and had access to a dry lot and pasture when
available.

The experimental hay was weighed out to the cows twice a day and
the amount not eaten was weighed back once a day. Records were
kept of the cutting as well as the stage of hay that was fed.

Afl cows were milked three times a day, by milking machines, both
when making theiv vecords on the alfalfa hay and under full-feed
conditions.

Recorns Kerr Durine tir Fuepive Triaus

Daily milk weights were kept, and once each month a sample of
milkwas tested for butterfat. Bodyweights were taken on 3 consecu-
tive days each month. The average monthly weight was calculated
by averaging the weights for 2 consecutive months.  The average body
weight for a lactation period is the average of the weights for the first
and last month in lactation. The cows were also weighed ench day for
a few days previous to and immediately following calving, which
provided precalving and after-calving weights. Routine breeding
and ealving data were recorded at all times.

Ratox Fen WaEN e Cows Mape Rucorns Usper Frin-Feen
CoNDITIONS

The fuli-feed system used when the cows were on officinl test at
Huntley has been outlined on page 27, The grain mixture fed under
full-fecd eonditions consisted of 200 pounds of corn meal, 200 of oats,
200 of millfeed, and 100 of linseed meal.  This mixture was varied
slightly at times to tuke advantage of price differences, but the
caleulated total-digestible-nutrient content of 76.9 percent, as based on
Morrison’s tables (10), remained practically the same.

The alfalfn hay fed when the cows wore on full feed was grown locally
under irrigation and was of good quality. The average content of
crude protein, as indieated by 16 samples analyzed over a 5-year
pertod and reported in 1938 (6), was 15.72 percent, while the average
crude-fiber content was 31.34 percent. The usual custom in the
locality wheve the hay was purchased is to cut alfalfa at approximately
the full-bloom stage.  Based on the coeflicients for digesti\)ilit}r of the
full-blootn hoy obtained by digestion trials in the present cxperiment,
the purchased hay contained 48.15 pereent of total digestible nutrients
on & total basis or 52.20 on & dry-matter hasic.  The average moisture
content was 8.28 percent.

The total-digestible-nutrient content of the corn silage, heets, and
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dried beet pulp, fed when the cows were on full feed, was 18.7, 14, and
71.6 percent, respectively, based on analyses given by Morrison (103,
for such feeds, The cows were on good, irtigated, tame-grass pasture
a part of the day during the grazing season when on full feed.
»
CoMparaTivE MILK anD BuTterrFaT Propucrion

Table 10 shows the milk and butterfat produetion by the individual
cows and by groups, when they were fed initial-, half-, or full-bloom
hay; also the production by the same cows under full-feed conditions,
Since all but two of the records were made at immature ages, all records
have been ealculated to a mature-age basis to make them comparable.
The correction factors used were based on unpublished data of the

Buresu. Both the actual and the caleulated records are given in the
table.

TABLE 10.— Milk and butterfat production by yearly laciation periods of cows when
Jed on alfalfe kay eul at initial-, half-, or fuli-bleom stage of malurily, and their
praduction under full-feed conditions

. Relation of
When fed the zlfalfn lisy ration When on full feed caicyluted
prcluction
on eifzlix
hay to

Actupl | Caleulated| Actual ] Caleulated | ealeniazed
Cow Na. Irrodue- protlue- protue- produc- | produetion

tion tica Lien tion on ruli feed
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Lo | b Ih j LB ) b L I8} Ih, | Eb. ] Per. I Pet.
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The group on initial-bloem hay (table 10) averaged 55.7 percent as
uwich milk and 58.1 pereent as much butterfat as they had produced
under full-feed conditions; whereas, the group on half-bloom hay
averaged only 51.3 percent as much milk and 50.6 percent as much
butterfat as they had produced on full-feed (mature basis). The
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calculated production on half-bloom hay was gbout 88 percent as
much milk and 85 perceat as much butferfat as the production on the
initial-bloom hay, although both groups of cows had shown about the
same producing capacity under full-feed conditions.

The groups on qu-bi)om hay averaged the lowest of the three
groups 1 both milk and butterfat production, despite the fact that
these cows had made the highest butterfat record on full feed and
were favored with a longer dry period than the other groups before
going on the hay ration.

The ealeulated buiterfat production on full-bleom hay was 96
percent of that on half-bloom hay and 82 percent of that on imtial-
bloom hay.

It is interesting to compare the two consecutive records by two cows
{96 and 88) on the hay ration. Both cows made a higher record on the
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Fioore 3.—Average daily milk production by months in laciation of cows fed
initiai-, haif-, or fuli-bioon: hay for entire lactation periods.

initial-bloom hny than en the half-bloomn hay, although cow 96 made
ﬂer record on the initial-bloom hay after shie had been on hali-bloom
ay.

For cow 96 the difference in the effect of the dry period prior to
freshening and the pregnancy period on the two records was in favor
of the record on initial-bloom hay, but for cow 88 the difference was in
favor of the record on half-bloom hay. One probable reason for cow
88 making a lower record on half-bloom hay was that it was much
lower in protein content that the initial-bloom hay, particularly that
fed during the last 3 months of the laetation. [ her lactation on
initial-bloom hay all cuttings fed had a high protein content with the
exception of that fed during the twelfth month.
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It 1s also interesting to note the apparent inconsistency of the two
consecutive records by cow 95 in the hay experiment. Her production
on hali-bloom hay, which followed her lactation on full feed, was lower
than her production on full-bloom hay. She was dry for 30 days longer
prior to her lactation on full-bloom hay than when she was on the half-
bloom hay, but she was also pregnant for 30 days longer. During her
last 6 months on half-bloom hay, however, she was fed a cutting of
hay that was the lowest in erude protein and one of the highest in
crude fiber of any cutting in the experiment (table 4). The low quality
of this particular cutting was apparently caused by extreme grass-
hopper damage. Her yield dropped heavily when this cutting was
fed, but held up well during the last 6 months of the following lactation
on full-bloom hay.

The three groups of cows were very similar in their inherent milk-
and butterfat-producing eapacity, as indicated by their official records
made under full-feeding conditions (mature-age basis). Their pro-
duetion on the three stages of hay, therefore, apparently indicates a
relative feeding value for these havs as follows: Initial-bloom hay
first, half-bloom hay second, and full-bloom bay third.

PRODUCTION BY MONTHS IN LACTATION

Table 11 was prepared to show the relative persistency of milk
production on initial-, half-, or full-bloom hay. The comparison is
for average daily mitk production by months in lactation. As the
quality of the various cuttings of hay fed apparently bears a close
relationship to the increase or decline in milk yield, the relative periods
that the various cuttings of initial-, half-, or full-bloom alfalie were
fed are also indicated. Table 11 also shows the relation expressed as
a percentage, of the average daily production for any month to that
of the maximum or highest month, which was considered as 100 per-
cent. Figure 3 shows the same data graphically.

TaBLe 11.—Aeverage daily mill production by months in laclalion of the cows when feil
alfalfa hay cul of different stoges of wmaturity
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Tanrp LL—Average daily milk preduction by months in lactalfon of the cows when fed
alfalfa kay cul at different stages of maturity— Confinued
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On the initial-bloom hay the maximum produciion per cow per
day was resched during the second month of lactation (37.1 pounds;.
There was a steady decline until the ninth month, when there was a

slicht increase. Thereaflter the decline was rather gradual.  During
the twelith month this group averaged 18.6 pounds of milk per cow
per day, or 50.1 pereent of its hl"h(‘ab vield in any one month. The
merease that began with the ninth month corresponds to a change
from second- to third-cutting (1935) hay for cows 88 and 98, The
slight rise in the average for the fifth month was due to the increased
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yield by cow 96, which apparently was the result of shifting her from
first- to second-cutting (1936) hay during that month.

On hall-bloom hay the maximum production per cow per day was
reached during the first month of lactation (33.6 pounds). There
was # decline until the fifth month, when o rather sy rprising increase
occurred npparently &s a vesult of shifting cows 88 and 311 fron
first- to second-cutting (1936) bay. Up to the end of the elzhth
month the yield of this group was fairly persistent, but in the ninth
month it deelined rapidly, until in the twelfth month it was mueh
lower than for the other two groups. Starting with the ninth month
cow 05 was changed from third-cutting, 1935, bay that contained
21.8 pereent of protein to first-cutting, 1936, hay, which had g protein
cantent of 13.27 percent, and she dechned rapidiy in milk production.
Why cows 88 and 311 declined so rapidiy in thie ninth month when
they were still on third-cutting, 1936, hav, which was high in protein
content, is not known. When they were changed to first~cutting,
1937, hay in the tenth month there was a further sharp decline,
which continued through the twelfth montl,

On full-bloom hay the maximwn production was also reached
during the first month of lactation, then it declined more rapidly
than on hall-bloom hay until the third month, when a shift to second-
cutting hay caused a shight increase in produetion [or the next 2
months.  After this there was a steady decline in milk yield, though
nob quite so rapid as with the half-bloom hay, During the twelfth
month of luetation on full-bluom hay the average daily milk vield
was 35.6 pereent of the maximum, as compared to only 21.1 percent
on the half-bloom hay.

RELATIVE EFFECT OF FEEDING HAY MADE FROW THE FIUST, SECOND, OR
THIRD CUITING

In all eases the lactations were started on a first cutting of the
stage of hay fed, followed by the second cutting, and 1n the case of
cows fed initial- or halt-bloom hay, by the third cutting,  When the
hay cut during one year had been fed out, the lactation periods were
completed with hay from the first cutting of the succceding year
{table 11).

Since the first cutting of ench stage was shown in practically all
cases to he inferier in composition to the latter cuttines, the frst~
cutting hay would be expected to produce less milk than the later
cuttings. Further evidence that the later euttings were superior to
the first for milk production is afforded by the change in avernge
daily milk production of the individual cows (table 113 when shifted
from an early to a Inter cutting.

With initial-bloom hay the change from a first to a second cutting
apparently resulted in Increasing the milk flow in the case of one
cow and deereasing it in two enses {table 11). That is, when the
secoml-cutting, 1933, hay which was lower in protein than the first-
cubting, 1935, huy was {ed to cows 88 and 98 their milk vield declined,
but when the sccond-cutting, 1936, havy which excelled the first-
cutting, 1936, hay in protein was fed to cow 96 her vield incereased.
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Shifting from second-cutting, 1935, to third-cutting, 1935, hay which
was higher in protein resulted in an increased flow of milk for cows
88 and 98, but shifting from second to third cutting, 1936, decreased
the vield of cow 96.

With balf-bloom hay when cows 95 and 96 were shifted from first-
to second-cutting, 1935, hay that differed but little in protein content,
one cow gave shightly more and the other less milk. When cows 88
and 311 were changed from frst-cutting, 1936, to second-cutting,
1936, hay which was more than 6 percent higher in protein than the
carlier cutting, the milk yield of both cows increased decidedly. The
shift from a second to a third eutting resulted in a slight increase by
three cows and a decline by one cow. The latter was being fed some
of the third cutting obtained in 1936, which was lower in protein
than the second cutting for that year. When the four cows were
again shifted to the first cutting of hay obteined during the next year,
thay all decreased in produection.

When full-bloom hay was fed three cows showed an increase in
production and one a decrease when shifted from a first to a second
cutting, while all four showed rather sharp declines when changed
from o second-cutting to first-cutting hay of the sueceeding year,

For each of the three stages of growth (initial-, half-, or full-bloom)
the average percentage of protein for the 3 years in the first-cutting
hay was lower than that in second- or third-cutting hay. The feeding
and production records indicate that as a rule the cows producec
better on second- or third-cutting than on first-cutting hay. The
decline in production was more pronounced when ecows were changexl
to first-cutting hay in the late months of the lactation period than
when they were started on first-cutting hay at the beginning of the
lactation period, as was to be expected. Also in the latter part of
the lactation periods (table 11) the decline was much more rapid
with cows that were changed to first-cutting hay in the seventh,
cighth, or pinth monfh than with those fed second- or third-cutting
hay until near the end of the lactation.

The superior yield of the group on initial-bloom hay was no doubt
partly due to the fact that ﬁlis group received first-cutting hay for o
total of only 3 cow-months in the closing months of the lactation
period, whereas the group on half-bloom hay received first-cutting
hay for a total of 11 cow-months, and the group on full-bloom hay
received first~cutting hay for 24 cow-months.

Figure 4 shows the differences in the lactation curves of the three
cows that were in two different groups in the hay-feeding trials in
two different lactations. These eurves show graphically the average
daily milk production of each of the three cows, when fod solely on
hay made from various cuttings at the three stages. The elfect of
changing from cne te another cutting of the same stage can be seen.

SUMMARY OF DATA ON MILKE PRODUCTION

The comparative yearly production of the three eroups of cows on
the three different stages of hay indicates that the milk-producing value
of the initial-bloom hay was the highest, half-bloom hay next, and
full-bleom hay the lowest.
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Fi6ure 4.—Changes in milk production of threc cows when ench made a yearly
reeord on allalfa hay obtained from various cuttings at the initipl-, half-, or
full-bloom stage, and a second reecrd on a different stage than was fed in the
first lactation: 4, cow 88; B, cow 96; C, cow 95.
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From the standpoint of mainlaining persistency of production,
however, the initial-bloom hay was best but the full-bloom was
slightly better than the half-bloom hay. This rank is indicated both
by the rapidity of the decline in daily production and the percentage
of change from the maximum. The superiority for mille production of
the later cuttings of hay as compared to the first cuttings all stages, is
vory evident, as shown by the increased production that resulted when
the cows were shifted from a first cutting Lo & later cutting.

Feep axp NuTrieNT CONSUMPTION
HAY CONSUMPTION WIEN INITIAL-, HALF-, OR FULL-BLOOM HAY WAS FED

The total consumption of hay by the individual cows during
lactation periods on alinlfs hiay of imtial-, hall-, or full-bloom slage
with the average of each group is shown in table 12, The amount and
pereentage of refused hay, and the consumption per pound of milk and
butterfat preduced, are ulso shown.

Tasbe (2.~ Telal amaunt of hay fed, conswmed, aud refused by cows when jed alfalfo
hay cut ab different stages of malurily, for yearly lactation periods
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There were, apparently, some inconsistencies in bay consumplion
by the individual cows on the different stages of hay.  For example,
hoth the highest and the lowest consumption per cow was on the hall-
bloom hay (cows 88 and 96). Also while both of these cows each
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made o record on the initial-bloom hay and on the half-bloom hay,
one consumed more of the initial-bloom hay and the other consumed
more of the hal-bleom hay, Another cow (85) with records on both
the half-bloom and the full-bloom hay ¢onsumed more of the full-bloom
hay. On the average, however, the three groups of cows received
about the same amount of hay, consumed about the same amount,
and refused about the same amount. This appears to indiente that
thcire was little or no difference in the palatability of the three stages
of hav.

The cows on the initial-bloom hay consumed the least hay per pound
of milk and butterfat produeed, followed by those on the half-bloom
bay and the full-bloom hay in the ovder named.

In an earlier investigation by the Bureau (6) 15 registered Holstein-
Friesinn cows at several stations were fed for 28 lactations on alfalfa
hay alone. The hay was of good quality and included first, second,
and third cuttings of alfaifa which probably averaged between half
bloom and full bloom when cut. Some of the hay was produeed in
the vieinity of Huntley, Mont. The average hay consumption by
these 15 cows was 14,134 pounds for an average lactation period of
356 days, or at fhe rate of 39.7 pounds per cow per day. Five of
these cows made a total of eight lactation periods at the Huntley
station on hay which had about the same average protein content as
the full-bloom hay fed in this experiment. Their average daily con-
sumption was 42.7 pounds, or 4.2 pounds more than was consumed
by the group fed full-bloom hay in this experiment. They were fed
larger quantities of hay, however, and the amount weighed back was
approximately 15 percent of the amount fed. The 15 cows on an
average ate 1.3 pounds of hay for each pound of milk produced, and
36 pounds for each pound of butterfat. These ratios of hiay consump-
tion to milkk and butterfat production are approximately the same as
for initial-bloom hay in this experiment (table 12).

In another experiment by this Buresu (5) immature grass hay was
fed to four Holstein cows for a total of six lactation periods. The
consumption of grass hay averaged 15,648 pounds per cow, or 43.5
pounds per cow per day, which was 6.7 pounds higher than the con-
sumption of initial-bloom hav in the present expermment. The grass
hay apparently wus more palatable than the initinl-bloom alfalfa,
yet the amount of grass hay consumed per unit of milk and butterint
production was higher than the amount of mitial-bloom hay.

During the present experiment grasshoppers were o serious menace
to the quality of the hay erop.  They damaged certain cuttings more
than ofhers, particularly the leaves and blossoms. On the stems of
alfalfa hay that has been damaged by grasshoppers will be found spots
of brown stain said to be excreta from the grasshopper. 1t is the
opinion of many farmers in the Huntley region that hay thus stained
is unpalatable to cattle. How much this factor affected consumption
in this experiment is not known.

Table 13 shows the changes in the average daily consumption of
hay as the cuttings were fed throughout the lnetation peried, by in-
dividual cows and by groups. Iigure 5 shows the relutive daily con-
sumption by the three groups on the three different stages of hay.
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TaBLE 13.—Average doily hay consumption by months in luctation of the cows fed
alfalfa hay cut al different stages of maturity—Conlinued

COoWS FED FULL-BLOOM I1AY

1
Cow 3nt : Caw D5 Cow 316

CAverago dally

Month of
Inctatinn

perivd Cutting fed

iy constinp-
tion {4 vows}

Cutting fed \ Cutting fedd

Amouni
consimed
Awount
consumed

|

...0 Flrst, 1835 26,2 | First, 133 . 2.8 First, 1036 2
do . T AL0 | Secomd, 1935 , ! 44 cde LR,
do_ . J. . to g2 K .o 3.3

ty . 1 ! Sevomd, 1946 © 49,

3 tlo '

ooade
| Sveaul, 1653
flo

K
. First, 19306 do . . .oode
_dp Firsi, 1947 48,8 | First, 107
Eighth ..... { First, 190 . T {1 DR | 3 S 1111
Ninth ._... do ... N Lo A, thy . B du
Tenth ... . 2, . .. 3.6 . . . Lol
Elrventh. . ' ! it c..do. . 4.4 0 de. . 3.4 . . .do. . 3
Twellth. . . o odoe..... 43.5 Cee-atlol 4.5 e oo 8

It was shown previously that the first cuttings were usually inferior
in chemical composition to the later cuttings. It is not surprising then
to note (table 13) that the cows increased their daily hay intake as
they were shifted from the first to the lnter cuttings, but it s surprising
o note that hay consumption often incressed (or decreased only
slightly) when the cows were again shifted to first-cutting hay near the
end of the laciation period.

The first-cutting hay fed at the end of the laciation periods was
newly made hay, since it was from the crop of the year following the
start of the lnctation period (table 13). ‘Table 14 shows the amount of
this cutting fed to each cow, the pereentage consumed, and the average
duily consumption, as compared fo the other cuttings.

On the average the cows consumed & higher percentage of the first-
cutting hay that was fed at the end of the lactation period than of the
first-cutting hay fed &t the start of the lactation.

Moreover, the percentage of Lhe first-cutting hay consumed at the
end of the lactation was usually higher than when hay from the same
cutting was Iater fed to other cows at the start of a lnctation. For
example, cows 88 and 98 in the initial-bloom hay group (table 14} con-
sumed 94.6 and 97.1 percent, respectively, of the first-cutting, 1936,
hay that was fed at the end of the lactation period; whereas cow 96
starting on hay from the same cutting at a later date consumed only
93.8 percent. The same trend holds true for the first cuttings of the
kalf- and full-bloom stages.

Several possible explanations are suggested for the ralatively high
consumption of the first cutting at the end of the lactation period.
One is that the cows that had been on hay for the greater part of
lnctation period were doubtless thoroughly accustomed to” the hay
retion and for this reason ate more hay than cows just starting on thie
hay ration. Also, the cows, after being fed on rather fine, leafy hay for
extended periods, may have craved the more stemmy and coarser
kinds like the first cuttings. It should be borne in mind that an
alfalfa-hay ration is higlly restricted. Previous experimuents by the
Bureau (6) showed that cows restricted to alfalfa hay for long periods




TABLE 14.—Amounts of kay from different cuttings thal were fed to-dairy cows in the feeding trials with alfalfa cut at different stages of mauturily,
the amounts consumed, and the average datly consumption

HAY CUT AT THE INITIAL-BLOGSY STAGE

Hay from aiitting made in the year indieated l

Iay obtained from the first cutting
of following year

First cutting Second cutting Third cutting

Cow No,
Average Average Average Averago
Amount| Percent-|  daily Amount Amount; Pereent-]  daily Amount Amnunt; Pereent-|  daily Amount| Amount} Percent-]  daily
con- | agecon-| con- y con-  |agecon-| con- - con- [agecon-} con- o con-  |agecon-| ¢on-
sumed | sumied | sump- offered | gyinea | “Sumed sump- offered | gimed | sumed | sump- | °ered | qumeq | simed sump-
tion tion tion tion

Lb. Pet. Lb. 1 Ib, Lb. . b, L. Lb. 8 Lb, Lbh, Pt b,
1935 5,777 92.3 38.3 4,492 4,444 04 44.0 3, 607 3,368 . 40.1 1, 154 . 39.8
35 , 4, 105 02,0 321 4,379 4, 144 4L 0 3, 586 3,386 3 40.3 A 2, 140 8 42.3
1936 7, 568 03.8 41,0 3,911 3, 480 2 40.5 2,901 2, 635 . 39.3 1,032 8.2

92.9 138,21 12,082] 12,008 . 14L9 9,994 9, 380 5 140.0 4, 385 140,60

Antount|
offered

HAY CUT AT THE HALF-BLOOM STA

3,701 30.9 2,848 2. 019 . 3
3,472 . 36.5 2. 850 2,025 . . 2,137
. 8 3 3, 104 N 47.0 3,500 2424 3 3 3,926
5,813 3 . 2,742 . 4L 6 3,520 3,326 3,415

18,079 13, 100 3 140.7 1 12,820 | 11,994 . 14, 644

HAY CUT AT THE FULL-BLOOM STAG

1,853 . 3 45,9 758 6, 51

547 5 3 A 32.2 8,008
3,248 . 3 401 8,240
2,225 5 38.61¢ ... 7, 800

7.873 . 18, 160 | 16, 810 139, 4 31,512

HEALTAOINOV J0 “IJAd -5 0 ‘68 NITTTING TIVOINHOEL (474

! Weighted average.
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crave other kinds of roughage, and that the refused portion of the
alfalfa 13 not always the stems but may be the leafy portion. The
changes from one eutting to another, and especially the shifts from a
late cutting of one year to & first cutting of the following year, prob-
ably afforded some variety in the ration, which may in itself have
caused the inecreased consumption of the poorer custings.

The daily consumption in pounds per cow averaged 38.2, 41.9, and
40.0 respectivaly, for the first, second, and third cuttings ab the initial-
bloom stage; 37.1, 40.7, and 41.4 for the first, second, and third cuttings
ab the half-bloom stage; 29.9 and 39.4 for the first and second cuttings
ot the full-bloom stage. When the cuftings are grouped without
regard to the stage of growtlh, the average was 38.3 pounds for first
cutting, representing, 2,453 cow-days; 40.5 pounds for second cutting,
representing 1,087 cow-days; a.ncf, 40.7 pounds for third cutting,
representing 525 cow-days.

When the hay consumption is compared from the standpoint of the
TU. 8. grade of the hay, without regard to the subclassificntion of the
grade for leafiness or color, it is found that U. 8. No. 1 hay was con-
sumed at the average rate of 40.4 pounds per cow per day for 71 cow-
mornths, as compared to an average of 38.4 pounds for U, 8. No, 2
hay for 56 cow-months. Only two lots of hay were graded as U. S,
No. 3, and the daily consumption averaged 33.4 pounds per cow for
5 cow-months.

Considering the hay-consumption date from all angles, it is con-
cluded that there was little difference in the smount of hay the eows
consumed by lactation perieds or by months in lactation ou the three
stages of hay. From the standpoint of the least hay consumed per
unit of milk and butierfas production, the initial-bloom ranked first,
half-bloom second, and full-bloom stage third. The palatability of
the three different stages of hay, as measured by the percentage con-
sumed of the amount fed, wes practically the same.

NUTRIENT CONSUMPTION

The total consumption of digestible nutrients by the individual eows
when fod for an entire laetation period on initial-, half-, or full-bloom
hay, and the average for each group, arc shown in table 15. The total
digestible nufrient requirements are also shown, together with the
percentage of Tequirements consumed.

All cows consumed mere than e¢nough hay to meet their nutrient
requirements for maintenance and for the amount of milk and butter-
fat they produced during the lactation period. On an eversge the
cows fed initial-bloom hay excecded their requirements by 7.2 percent,
the half-bloom group by 10.4 percent, and the full-bloom group by
6.5 percent. Al three groups inereased in average body weig%t during
the lactation period, but the average increase was considerably groater
for the hali-bloom and full-bleom groups.

Of more significance, bowever, 18 the amount of milk each group
produced from the nutrients consumed above maintensnce require-
ments—that is, from the nutricuts that were theoretically available
for milk production. When the actual quantity of milk produced is
converted to o uniform 4-percent-{at basts, according fo the formula
of Galnes (3), the amount produced per pound of available nutrients
ia 2,71 pounds for initial-bloom, 2.4% for half-bloom, and 2.67 for




TABLE 15.—Comparative consumpltion of total digestible nutrients and nutrient requirements by 8 groups of cows fed alfalfa hay cut at different
stages of maturity

Digestible nutrients Milk pro-
Gain () required for— Total di dueed ? :
ain otal di- | 1 . pound o
Hay con-| Avergo | or loss gestible Itlgtc;']()ls(slgf lgg;‘i‘i‘%%%" total digesti-
Cow No. Stago of hay and cuttings v e hody —) in nutrients 3 i ble nutrients
sumed |y uioht od. N consmmed) Bostible jofnutrients| "y gyned
& wolaht [Mainte-Produc-t qyer 0y hay | Dutrients| required [, SORSTEROC
g nance | tion ¥
nance re-
quirements
88 Initial bloom (3 cutti»gs, 1035, and first cut- | Pounds | Pounds | Pounds |Pounds | Pounds |Pounds | Pounds Pouudx Percent Pounds
tingg, 1936, e a 14, 643 , +77 ,80L 1 3,422 | 7,31 7,648 104. 2.
FU1 USSR MU do. 13, 792 1,363 =72 | 3,780 | 3,302 , 001 7,203 -I—l 1" 101.6 3.00
L R Initial Dicom (3 enttings, 19’(6 ,and first cut-
Bing, 1037) e ek e aymmnecnn aaea] 14,735 1,236 474 3,482 3,143 | 6,625 7,600 | 41,071 116.2 2.32
Average (3 COWS) oo cafomvamaauns e mm A MM mEmma et ame—aroamn 14, 300 1,334 <420 | 3,720 3,280 | 7,010 7,510 —+506 107.2 2.7
L T Il bloom’ (3 cuttings, 1035, and first cut- T )
Llng L1511 R S 13, 761 1,308 +126 | 3,657 | 2,454 ] 6,111 G, 856 +745 112.2 2,37
[ S T YRR B [+ SOV, 13,221 1,270 -5 | 3,670 | 2,763 | 6,323 6, 687 4204 1042 2,7
88, mccnememmeia e an “Har bloom [¢] cuttlm,s, 1036, ‘and first cut-
ting, 1037) e et 15, 765 1,376 ~23 | 3,851 3,160 | 6,0M 7,855 4861 112.3 2.41
123 5 SRR BUIN 01 ...................................... 15,021 1,385 241 3,847 | 2,798 | 6,645 7,484 4839 112.6 2.37
AVErage (4 COWS) v o omfemccacmmecc oo cveacemmmrmanim e aman 14, 442 1,835 +85 | 8,725 | 2,70¢] 6,519 7,195 +676 110. 4 2.49
L ORI Full bloom (2 cuttings, 1035, and first cut-
ting, 1936 ).,..4...-.-_.‘...-_N.‘...‘.._ o 14,282 1,206 —70 | 3,628 2,307 | 5,035 6, 708 774 113.0 2.31
B (1) RV ORI (P do - 13,715 1,242 78] 3,500 2,837} 6,337 6,445 -+108 10L.7 2.4
L5 S S Full bloom ( cumngs, 1986, ‘and first eit-’
ting, 1037) .. 14,085 1,372 +89 1 3,811 | 2,811 6,622 7,038 +416 106.3 2.66
31 USRI N L1 T ——— 13,256 1,198 +145 | 3,387 | 2,528 | 5,915 6, 229 4314 105.3 2.75
Avernge (4 cows) ... 14, 060 1 1,277 ‘ -+60 ] 3,682 | 2,621 6,203 6, 505 4402 108.5 2,67

1 Morrison feeding standard used ns basis for calculation,

2 Corrected Lo 4-percent

butterfat basis,
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full-bloom hay (table 15). On this basis of comparison the initial-
bloom hay appears to be superior to Loth the half-boom and full-bloom
hay for milic production, nud apparcntly the full-bloom hay was
superior to the hal-bloom hay. However, the cows in the full-bloom
group were dry for a much longer period than the hall-bloom group,
prior to freshening for this experiment, and this may account for the
surprising difference in the way these groups utilized theic available
nutrients. Ab the start ot the laetation period the group on full-
bloom hay averaged abowut 46 pounds lighter in body weight than tho
group on half-bloom hay. The two groups were gaining ab nbhout the
same average rate until the eighth month in lactation, when the aver-
age gain for the half-Lloom group exceeded that for the full-bloom
group (table 16 on page 45, and fizure 6 on pages 44.)

A lack of consistency in the resulls for utilization of nutrients is
apparent in some of the individual records, especially with cows that
had two records on hay. Cow 88 when [vd initial-bloom hay during
o yearly lactation record (begun in 1935) produced 2.81 pounds of
millk for each pound of total digestible nutrients constred above
meintenance requirements, and when she was fed half-bloom hay
(1936} the ratio was 2.41 to 1. On the other hand, cow 96 when fed
hall-bloom hay (1935) had a ratio of 2.7¢ to 1; and when on initial-
bloom hay (1936), only 2.32 to 1.  Cow 95 when fed half-bloom hay
(1935) Lad a ratio of 2.37 to 1, and when she was fed full-bloom hay
(1936) 2.66 to 1.

On the whole, the nutrients furnished by the hay cut a$ the initial-
bloom: stage appeared to he more efficient for milk production than
the nutrients from the hay cut at the half-bloem and full-bloom

stages, with rather wide vaviations botween individual cows of ench
group.  Mare eows in the groups probably would have eliminated
some variations that were due to the small number of individ uals, and
would have given more uniform results.

CONSUMPTION OF CALCIUM AND PHOSPHORUS

Facilities for balance experimenls were nob available at Huntley
to compare the possible mineeal deficiencies of the throe hay rations.
Steamed bonemenl was made available (o all cows in this expertment,
to offscb & probable shortage of phosphorus. In a previous experi-
ment (7)), cows that were fod for long periods on alfnifa liay exclusively
ate little if any of the bonemeal offered as g supplement.  Although
no attempt was made to measure bonemeal allowed the cows in this
experiment, it was observed that but littie honeteal was consumed,

In the former experiment the 15 Holstein cows made 24 lactation-
period records averaging 10,702 ponnds of milic and 376 of butterfat.
They consumed an average of 14,352 pounds of alfalfa hay which
contained on the average 1.46 percent of caleium end 0.191 of phos-
phorus (dryv-matter basis).  During their Inctation periods they eon-
sumed in the alfulfa hay 88 percent of their requirements for phos-
phorus, according to the standand sugeosted by Huffman and
assaciales (7). 1t was concluded that they did not saffer o shorlage of
caleium or phosphorus on the alfalfa hay ralion when the amount
thev consumed duriug their dry periods was taken into consideration.

The 3-year average for percentage of calcium in the hay of this
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experiment was as follows: Initial bloom 1.355, half bloom 1.251, and
full bloom 1.259. The phosphorus content averaged: Initial bloom
0.196, haif bloom 0.202, and full bloom 0.155. On_ the lactation-
period basis, the cows on initial-bloom hay consumed 81 percent of
their phosphorus requirements, aside from any bonemeal they might
have consumed, the cows on half-bloom hay, 99, and the cows on
full-bloom hay, 78. This result, together with those of the other
experiment noted, would warrant the assumption that the deficiency
of phosphorus in the hay ration woiild be offset by a slight consumption
of }{)onemeal and by storage of cxcess phosphorus in the body during
dry periods.

ReLATIVE CRANCES 15 Boby WEIGHT

It is of inberest to know the relative effeet, on body weight, of feeding
initial-, balf-, or full-bloom alfalfa as the sole ration.

Various factors, ineluding age, days of pregnancy, length of dry
period, system of feeding during the previous lactation and dry period,
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Fiaune 6.—Precalving, afler-calving, and average monthly body weights of
cows when fed nlfalfa hay ent at different stages of maturity: a, Precalving
weight; &, aflec-calving weight; ¢, precalving weight following lactation.

may have affected the gains or losses in weight during the lactation on
the experimental ration, and there is no accurate method known for
determining the true effect of these factors. Differences in the prior
dry period or prior ration are more significant than differences in age
or pregnancy period, however. For this rcason the data given in
table 16, on the average monthly weights during the experimental
lnctation periods, include the precalving and after-calving weights
nrior to starting on the experimental rations, also the preealving
weights following the experimental feeding periods. Figure 6 shows
Lhe weight curves.

Before going on the initial-bloom hay, cow 88 had been on a ration
of roughage aloue (alfalfa hay, silage, and pasturce} during the preced-




TaBLE 16.—Body weights by months in lactalion of the cows fed alfalfa hay cut at different stages of maturity

Average body weight by months in lactation

ing weight

following lactation

period

Cow No. Stage of hay nnd cuttings

Eleventh
Twelfth
Pracaly

After-calving weight
Faurth
Eighth

; Precalving weight

1]

INTVA DNIGHTT

Lh, | Lb. | Lb, | Lb. V Lb,  Lb. | Ib, | Lb. { Ib. | Lb. | Ib. | Lb. | Ib.
Initinl bloom (3 cuttings, 1035, and { 1,602 { 1,416 | 1,306 | 1,340 | 1,374 ] 1,345 | 1,280 1,302 § 1,276 | 1,203 1,381

first cutting, 1034),
cdo o . : 1,610 | 1,300 | 1,300 1 1,275 1,200 | 1,280 § 1,202 1,271 L260 | 1,205 1,314
Initinl bloom (3 cuttings, 1036, and | 1,373 | 1,226 1,100 § 1,201 | 1,236 | 1,256 | 1,275 1,250 |'1,258 | 1,273 | 1, 1,273
first cutting, 1937).
Average (3 cows) . e ek e 1,50 | 1,347 | 1,820 | 1,274 [ 1,200 ] 1,207 | 1,285 1,275 | 1,206 | 1,267 1,323
TR I 11 ] hlluom (3 cuttings, 1035, and first [ 3,661 | 1,474 §{ 1,245 1,221 1.25; 1,241 11,237 4 1,253 2062 | 1,288 1,328

eutting, 1936),

do [T 1,450 | 1,272 141,272 | 1,206 { 1,193 71,173 | 1,174 1,18 156 { 1,180 1,225
Half bloom (3 cuttings, 1936, and first | 1,856 1 1,380 1 1,389 | 1,300 | 1,203 | 1,317 § 1,334 1,342 312 | 1,300 1,340

|7 cutting, 1937).
. odo S, 1,850.1 1,361 | 1,264 | 1,220 | 1,2 1,261 | 1,271 1,315 325'| 1,306 1, 409

v,
§

Average (4 cows). . e mimrkemmmman iy n 1,556 1,374 11,203 [ 1,230 2 1,28 | 1,254 5 1,205 264 | 1,284 1,341
Full bloony (2 cuttings, 1035, and first | 1,593 | 1,306 | 1,331 [.1,215 1,213 11,203 1,186 106 | 1,207 1,237

cutting, 1936).
v do ST 3,537 1 1,357 1,203 | 1,151 1,164 | 1,172 | 1,185 1,211 235 | 1,233 1,250
Full bloom (2 cuttings, 1936, and first | 1,446 | 1,327 1,827 | 1,312 1 1,207 | 1,204 | 1,305 1,333 | 1,348 | 1,369 1,399

cutting, 1037).
do . . 1,330 [ 1,128 § 1,125 } 1,140 § 1,164 | 1,186 | 1,106 T 1,101 243 | 1,239 1,203

Avernge (hepws) L . ;1,470I1,302I1,§47 L5 | 1,200 | 1,216 | 1,222 1,230 | 1,250 | 1,262 1,272

! Welght nat avaflable,

NOLLONAO¥d MIITE Y04 IVH VIATVIIV d40

Sy




46 TECHNICAL BULLETIX 739, U. & DEPT. OF AGRICULTURE

ing lactation period; cow 96 had been on half-bleom hay, so this was
her second consecittive lnctalion record on allaifs hay alone; and cow
98 had been on o full-feed ration. The latter cow aborted during her
preecding lactation so her dry period (169 days) was rather long (table
9, p. 27).

Before going on the half-bloom hay, cows 95 and 311 had been on
full feed during the preeeding lnetation; cow 46 had been on roughage
slone, and cow 88 had been on the initial-bloom hity, making this
her second consecutive lactation on alfalfn hay alone,

Before going on the full-bloom hay, cows 97 and 301 had been on
full feed during the preceding lactation; both aborted while on the
full-feed lactation and therefore had had extremely long dry periods
(333 and 419 days). Cow 95 had been on half-bloom hay, and cow
316 on full feed during the preceding lactation. Difficulty in getting
cow 316 with calf for the lactation on full-bloom hay (she was bred
six times before conception) accounts for her long dry period of 276
days. Thus, the full-bloom group had n considerable advantage over
the other groups, in length of dry period and the plane of feeding dur-
ing the preceding lactation.

On the experimental hay rations, all three groups lost weight rather
heavily during the first 2 months of the lactation period, alter which
the balf- and full-bloom groups made gradual gatns until the eighth
month. The initial-bloom group gained somewhat more rapidly than
the others for the third and fourth months, but lest weight during the
next 4 months.  After the eighth month the [uli-bluom group gained
materially less than the other groups.

The average net gain in weight from the first to the twelith month
was 27 pounds per cow for the initiul-bloom group; 84 lor the hsli-
bloom group; and 60 for the full-bloom group, A comparison of the
precalving weights before and following the luctations on allalfn shows
there was an average gain in live weight of 22 pounds by the two cows
in the initial-bloom group for which comparative weights nre avail-
able, o loss of 87 pounds by the three cows in the ball-bloom group,
and a loss of only 9 pounds by the founr cows in the Tull-bloom group.

COMPARATIVE COSTS O PRODLCING THID 1IAY

Detailed records were kept of the actual costs of various operations
for producing the alfalfa hay cut at the diflerent stages of maturity.
From these records the cosls in table 17 woere caleulnted,  The rates
at which labor, use of tractor, and gasoline and oil were charged
represent average costs during the 3 years of this experiment.  The
yearly charge for water for irrigation wos $1.25 per acre.  No charge
was made for use of cquipment other than a tractor. The land
rental, which was $15 per acre per cropping year, is ineluded in the
production costs. The seeding costs are not included, because the
experimental field when rented had been sceded several years belore
then and there was no record of them.  The total costs in table 17
with the exceptions noted, cover all fiekl operations including hauling
and stacking the hay near the bun or placing it in the mow. They
do not cover the feeding operations.
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TaBLe 17.—Comparative costs of producing alfalfe hay, costs of nuirients, and the
amount of milk produced per acre, when 5 plols were cul al different siages of
malurity !

Initkl-tloom stige 1nl-Bloon: staeg Fubl-blogmnt siage

Cust Cost
peer U0 | Mkt prer W Milkc 2 per 1000 Mk e
puartls|  pre- | pounidsl  pro- st | pounls)  pra-

Lotal | duteed total | ol total | died
ifigest- |per acre dipest- | per nere digest- { por acre
HALYIS iblc nu- ibte mui-
trients tricats trieals

Dol
Daflars | Pounds Doflars | Pounds | larx Rotlars | Pounds
7129 N R, .16 . OB fo_ . .| 3740
s |amas s 817 . 23
e | HL I -1 Nt 311 B P I 1) B 1)

695§ 6,330 | 42 707 | 5,251 |—-.n1'£.‘£' sm| Lws| 30w

t[n epleulsting the costs, the fotluwing vaiues were used: *Fractor tse, 3075 per lour: man labar, #.30
prer botr; Borse labor, #0005 per hour: lnnd rental, $15 per acre per yoar water rental, 51,25 per sere per yoar;
gasoline, 3013 per gallon; smet oil, 30.20 per guart.  Seciding charges not fnelirded,

? Corrverted Bo 4-pereent fut basis smd caleudaterdt from the averape itk production and hay consumption
of the 1 groups of cows for 2 [petotion years, andd the sversye yield of by per acre for thed cropping seasons.

The average yearly cost of the hay obtained per scre amounted to
$32.17 for the initial-bloom, $32.48 for the half-bloom, and only
$29.54 for the full-blecom hay. The lower per-acre costs fer the
full-bloom hay were Inrgely due to the fewer cultings made in a
year. The average cost per ton of hay obtained wus $7.27 for the
iinitial-bloom, $7.40 for the half-bloom, and $8.53 for the full-bloom
WY,

Of particular interest are the comparative costs of produeing 100
pounds of total digestible nubrients, which amounted to 70 and 77
cents, respectively, for the initinl- and half-bloom hay as compared
to 91 cents for she full-bloom hay.

When the netual quantity of milk produced per acre was corrected
to a uniform basis of 4-percent bulterfat content, the ealeulated
vield was 6,330 pounds for the initizl-bloom plot, 5,254 pounds for
the half-bloom, and 3,970 pounds for the full-bloom plot. Fwenty
pereent more milk per gere was produced by cutling at the initisl-
bloom stage than by cutling at the half-bloom stage, and 60 pereent
more than by cutting at the full-bleom stage. On the above basis,
100 pounds of milk was produced at a feed cost of 51 ¢ents by the
initind-bloom hay, 62 cents by the half-bloom hay, and 74 cents by
the full-bloom hay.

SLUMMARY AND CONCILUSIONS

This experiment was indertaken primarily to determine the com-
parative effect on the yield, stand, and feeding value for milk pre-
duction of irvigated alfalfa cut for hay at three different stages of
mafurify, ‘The stages ot which the alfalfa was cut were: Initinl-
bloom stage, when not more than 10 pereent of the plants were in
bloom; hail-bloom stage, when approximately 50 percent of the plants
were in bloony; and full-bloom stage, when 90 (o 100 percent of the
plants were in bloom.  The lield work of the experiment was carried
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out under practical dairy-farming conditions on a 15-acre field of
alfalfa that bad & uniferm stand and had been sceded 2 years previ-
ously. The field was divided into three S-acre plots. On one the
alfalfa was cut ab the initial-bloom stage, on another st the half-
bloom stage, and on the other at the full-bleom stage.

Comparative yiclds of hay and nutrients on the three plots were
determined for the 3 years, 1935, 1936, and 1937, and observations
were made during these 3 yenrs and also in the spring of 1938 on the
cumulative effeck en the stand, Data were also obtained on the
cliemieal analysis, color, leafiness, and grade of the hay produced;
also on the comparative costs of production.

When all factors are taken into consideration, cutting the alfalfn
at the three stages of maturity, as practiced in this experiment over
g 8-year period, had no significant effect on the stand.  Plant counts
made in the spring following the 3-year cropping period showed
that the number of plants per acre and thie vigor of tiwe plants was
practically the same for the three plots.

In average erude-protein content there was little difference between
the hay cut at initial-bloom and that cut at hali-bloom stage; the
average of 3 vears' resulls was 18.24 percent for the former and 18.29
percent for the latter. The hay cut at the full-bloom stage was
markedly lower in profein, averaging 15.71 percent for all full-bloom
cuttings, or 2.56 percent less than the two earlier stages. The first
cuttings of all stages were lower in crude-protein content than the
later cuttings.

VWith but few exeaptions the erude-Gber confent was lower for the
initinl-blocm and half-bleom cuttings than for the full-bleom euttings.
The 3-year average for the inttial- and hali-bloom hay was 28.86
and 28.45 percent, respoectively, as compared to 32,68 pereent for
the full-bloom hay. In most cases the crude-liber content of the
hay eobtained from each plot decreased wilh ench successive cutting
during the growing season. The proportion of stems in the hay
had o direct bearing on the percentage of crude fiber.

The caleiumn content had a tendeney to be somewhat higher for
the hay cut at the initial-bloom stage than for the hay cut at the
Inter stages. There was litte difference between the initinl-bloom
and hall-bloom stages in {he phosphorus content, but the Tull-bloom
stage was distinetly lower.

The 5-acre plots cub at the initial- and half-bloon: stages furnished
three typieal cutlings cach season, and the full-bloom plot furnished
two typical cultings each season.

The average (3-year) vields of field-cured hay in pounds per acre
were: Initinl-bloom plot, 8.938; hall-bloom plot, §,888; and fuli-
bloom plol, 6,940, Considering the 3-vear average yield of the
initini-bloom plot as 166, the haif-bloom plot yielded 99.4 percent as
much, and the [ull-bloom plot only 77.7 percent as much as the
initinl-bloom plet. On the initial- and balf-bloom plots, the first
cutlings averaged approximately 49 percent of the total yield for the
3 years, the second cuttings about 27, and the third cultings about
24. The fiest cuttings of the full-bloom plot comprised about 55
pereent of the total vield, the second cuttings 31, and the third
cuttings, none of which reached the typical full-bloom stage, 13.

The average yield of crude protein obtained per acre when the
Lay was cub ab the initial-bloom stage was 1,427 pounds, as compared
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to 1,381 pounds for the half-bloom stage and 477 pounds for the full-
bleom stage. Cutting at the full-bloom stage produced 68.4 perecent
as much crude protein as cutting at the initial-bloom staye,

The average quantity of digestible nutrients produced by the initial-
bloom plot for 3 years was 4,660 pounds per acre per year, as compared
to 4,413 pounds for the hali-bloom plot and 3,269 pounds for the full-
bloom plot. The half-bloom plot produeed 94.7 percent and the full-
bleom plot 70.2 percent as much total digestible nutrients per acre
as the initinl-bloom plot,

Incolor, the hay cut at the initial- and half-bloom stages averaged
73 pereent green eolor for the 3 years as compared to 64 pereent for
hay cut nt thefull-bloom stage.  Asarule the first cutting of each stage
contained less green color than later cuttings. The hay cut at the
initial- and half-bloom stages averaged 46 percent leaves as comparec
to 41 percent for hay cut at the full-bloom stage.

Digestion trials were eonducted with sheep, using hay of the three
stages produced during 1937. The avernge digestion coeflicient for
crucle protein was 77.7 pereent for the initial-bloom hay; 77.1 for the
half-bloom hay; and 75.4 for the full-bloom hay. The average diges-
tion cocflicient for erude fiber was 47.7, 41.4, and 38.3 perecent, respec-
fively, for the initial-, half-, and full-bleom hay.

Feeding experiments were conducted with tj}u'oe groups of Holstein
cows, each of which was fed exclusively on alfalfu hay produced at the
initial-, half-, or full-bloom stage. Eight different cows were used in
the feeding trials, and completed a totul of 11 yearly produetion rec-
oredls, 5 cows making 1, and 3 making 2 records on the alfalfa-hay
rations. All the cowshnd previously made oflicial records on full feed.

The 8 cows that completed a 365-day lacation record when fed the
initial-bloom hay as their only feed produced an average of 11,099
pounds of milk and 404 pounds of butterfat (calculated to 2 mature-
age basis), which was 53.7 pereent as much milk and 59.1 pereent as
much butterfat as they produced under full-feed conditions. The 4
cows on half-bloom hay averaged 9,763 pounds of milkk and 345
pounds of butterfat (mature-age basis), which was about 51 percent as
mitch milk and butterfat as they produced when on full feed. The
4 cows on full-bloom hay produced an average of 8,981 pounds of
milk and 331 pounds of butterfat {mature-age basis), which was about
47 percent of their production on full feed.

The consumption of the 8 stages of hay was about the same, The
3 cows on initial-bloom hay consumed an average of 14,390 pounds
during the lactation period, or 39.4 pounds per cow per day. The 4
cows on half-bloom hav averaged 14,442 pounds for the lactation pe-
riodt, or 39.6 peunds daily, and the 4 cows on full-bloom hay averaged
14,060 pounds for the Inctation period, or 38.5 pounds daily. Each
group refused only about 7 pereent of the hay offered.  Luss initial-
bloom hay was eonsumed per pound of milk and butterfat produced,
than of half-bloom or full-bloom hay.

On all stages of hay, the average hay consumption was lower for the
first than for later cuttings, indieating that the first-cutting hay was
less palatable.  This was also indicated by the relative composition of
the cuttings. The superiority of the later to the first cuttings, ail
stages, was also shown by inereased production resulting frony shifting
the cows from first euttings to later cuttings.
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The nutrients furnished by the hay cut at the initial-bloom stage
appeated to be more efficient for milk production than the nutrients
frosn the hay cub at the lnter stages, but there was lack of consisteney
between the results for individual cows fed hay cut at the half-bloom
or full-bloom stage.  The groups of cows were probably too small to
overcome individual variations in this respect.

The comparative costs per ton of the hey produced on the 3 plots
over a 3-year period were as follows: §7.27 for the initial-bloom, $7.40
for the half-bloom, and $8.53 for the full-bloom plot. “The sverage
cost of producing 100 pounds of totai digestible nutrients was 70
nnd 77 cents, respeetively, for the initial- or half-bloom plot as com-
pared to 91 cents for the full-bloom plot.  When the actual quantity
of milk produced was correeted to a uniform basis of 4-percent butter-
[ut, the caleulated amount of milk produced per acre was 6,330 pouncdls
for the intial-bloom plot, 5,254 for the half-bloom plot, and 3,970
for the full-bloon: plot.

Considering all phases of this experiment, it is evident that alfnlfa
hay cut atb the initial- or half-bloom stage is markedly superior in all
respeets to alfalfn cut at the full-bloomn stage. While cutting at the
mitinl-bloom stage has some advantages over cutting at the half-
bloom stage, especinlly in yield of total digestible nutrients, the
advantages are oo slight to have any great significance, especially
when considered from the practical standpoint. The line of do-
markation, or the change that takes place in the plant betweon the
nitinl-bloom and the half-bloom stage is rather indistinet; and
cutting at either stage, or between the two strges, would be good
practice.
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