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UNITED STATES DEPARTMENT OF AGRICULTURE
WAAINGTON, D.C.

. .FEEDING VALUE FOR MILK PRODUCTION OF
PASTURE GR..SSES WHEN GRAZED, WHEN FED GREEN
' AND WHEN FED AS HAY OR SILAG_E
By R. BR. GraVEs, chief, J . R. Dawson, senior datry husbandmen, D. V. KorLAND,
vasistont dgiry husbendman, ard T. W. MossLey, associale dairy husbandman,

. Diwision of Dairy-Cattle Breeding, Fesding, and Management, Buregu of Dairy
Industry?
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INTRODUCTION

Pasture grass af its best has long been considered the best ration
for the dairy cow. In sonm s sections of the world where the climate
is such that pasture grasses thrive especially well, the dairy cow
obtains almost sll of her ration in the form of grass. In the Nether-
lands and New Zealand especially, the winter roughage for the dairy

cow may consist entirely of hay made from pasture grasses, silage
made from pasture grasses, or both hay and silage,

Recent experiments have reestablished the fact that the nutritive
composition of grasses may vary widely sccording to their stage of
maturity. Immature pasture gressis a highly digestible and nutritious
animal food.

There would be many advantages to the livestock man in keeping
s larger ares of his farming land In permanent grasses and legumes.
Saving the labor of cultivation in the production of annusl crops,
preserving soil {ertility, and lessening soil erosion, are some of the
nnf[?rmnt advantages.

most regions of the United States pasture grasses do not grow

at & uniform rate through the growing season. Usually the most
rapid rate of growth is during the spring. During this period most
farms have more grass than can be consumed by the livestock, and
a considerable amount of the grass matures. It is egsentinl: (1) To
1 "T'he writers sre indebied to Dan Hopsen, nssoclate agronontist, Borenn of Piant Indaslry, and superin-

tendent of the Euntley (Mont.) Beid statien, for his sssistance in ¢errylng on the sxperlmental worlr, and
to Obatles B, Parker, jusler chem!ist, Bureay of Dralry Industry, who ¢id the apalytical work.

178445°—-3—1
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know whether the changes in chemiesl composition of grass at the
various stages of growth are reflected in the rate of consumption and
yield of milk by t%e dairy cow; (2) to know how best to preserve the
surplus growth of grass when at its best stage of growth, to be fed at
other seasons; and (3) to obtain some indication as to what extent
the high-producing cow can be expected to obtain the nutrients she
‘needs for maintenance and production, from grass and from grass
hay or grass silage.

"T'o obtain such information an experiment was started at the United
States Experiment Station at Huntley, Mont., in 1928, The experi-
ment was planned to secure the yields and feeding valuo for airy
cows of pasture grasses when pastured and when ocut at different
stages of maturity and fed as fresh green grass, as cured hay, and

T i -

. F1GURE 1,~Cows on irrigated pasture at Huntley held station, with buildings in boekgronnd.

as silage. This bulletin gives the results of 2 years’ work on this
problem. :

The 4)-acre plot used in this test wos a part of a field that had been
seeded to alfalfa in 1919, and used as an alfalfa hog pasture from 1921
to 1924, It had been plowed and seeded to corn in 1925. In the
spring of 1926, it was seeded at the rate of 20 pounds per acre to the
following pasture-gress and legume mixture, now known as the
Huntley mixture: Awnless bromegrass, 2 pounds; orchard grass, 5
pounds; meadow fescue, 3 pounds; perennial ryegrass, 3 ounds;
Kentucky bluegrass, 4 pounds; white clover, 2 pounds: ang alsike
clover, 2 pounds.

No manure or fertilizer other than the droppings of the grazing
animals has been applied to this pasture or ha,cf ever been applied to
the soil before it was sown to pasture.

THE 1928 EXPERIMENTAL WORK

In 1928 two plots containing 0.92 acre each were reserved for grazing
(fig. 1) and clipping. The remainder of the pasture, 2.66 acres. was
used for the production of hay and silage.

The results of the experiment in 1928 are given in table 1.




" GRASSES A8 FEEDING VALUE FOR MILK PRODUCTION 3

TaBLB 1.-4lﬂqmpara££vé yields and feeding value of pasture grasses when grezed,
when clipped and fed green, and when fed as hay and os silage, 1928

l Yieid and feeding value of grass—

. Items of camparisen "}"h"‘“ When | Whan'
shpred | dit | i
gTeen

Average deily number of cows [er nere
Traration of grezing or fesding trigl__ ..
Total cow-lays per acre
Average body welzht of cows per season
Loss in body weight per pera,
Froduction per acre:

Milk

Buotterfat,
Yield of rougheyxe per acra
Yield of dry matter por care
Average ronsumption of fead per cow per day.. .o d
Aversgs cousimplion of dry malter pe2 cow per doy,

1 Seo text, page 6. 113.1 percent molsture, alr-dry welght.
1 73,8 percent moisture, green weight. 1 Green welght.

GRAZING EXPERIMENT

The plot used for grazing was divided inio two parts, to permit alter-
nate grazing and irrigation. Milking Holstein-Friesian cows were
kept on the pasture day and night, the pastuss grass being their only
feed. Three cows were placed on the pasture May 19 and during the
season others were added or removed, according to the rate of growth
of the grasses. The pasture season ended August 25, having exiended
over a period of 99 days.

GRASS CLIPPED AND FED GREEN

The clipped plot was also divided into two parts, to permit alternate
irrigating and clipping. It was planned, in order to make the clipping
as nearly like grazing as possible, to clip each day a sufficient area so
that ell of each part would be clipped about every 10 days. Actually,
however, the intervals differed greatly.

The clipping was done once each day, as soon as the dew wss off,
with a 1-horse mower having a homemade metal grass catcher at-
tached to the sickle bar.

Cows similar in breeding and age to those used in the grazin
experiment were kept in & barn and dry Iot and were fed the clippe
guass in mangers, with no other feed. The grass was fed in the morn-
ing and evening. The portion of the morning’s clipping that was not
fed was placed in a dark place in the barn and covered with canvas
to prevent undue wilting or loss of moisture.

%hi le the areas clipped differed somewbat each day, the total

amounts of grass clipped by 7-day periods indicate the seasonal growth
b

of the pasture grasses. These totals are:

7-do¥ period: Pounds 7-day period:

May 19-25 July 7-13

May 26—-June 1 July 14-20
July 21-27
July 28-Aug. 3
Aug. 4-10
Aug. 11-17
Aug, 18-24
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It is apparent that in 1928 pasture grasses were not making & very
rapid growth at Huntley till the end of May. Growth was rapid in
the first part of June and in the first part of July. Except during the
week of Juny; 9 to 15, the 2-week period, June 30 io July 13, seems to
have been {he pericd of most repid growth. The growth decreased
very rapidly during August. Itis presumed that at all times sufficient
motsture was preseni to provide maximum growth, sincz the plots
were irrigated.

The sverage mean, maximum, and minimum temperatures at the
Huntley station during the 1928 pasture season are given by 5-day
periods in table 2.

TaBLE 2.— Average mean, mazimum, and minimum lemperatures by 5-day periods
during the grazing season al Hunlley, Moni., 1925

Aversge tempers- Average terpera-
tra ture

Sday paried s-tay perlod

Mean %’t‘]‘; Mean,

« F,

7
F]

61

July 21-25. .
July 26311

HARHIERSR2RB™

1 ¢~day period.

The temperature ranges from August 16 to September 20 are not
greatly different from those during most of June when the grass made
its most rapid growth. But by August 25 the rate of frowtn had
dropp: d {0 & point at which not enough grass was obtained to warrant
further clipping.

Table 3 shows the average daily consumption of clipped grass, by
7-day periods, by individual cows, These periods started May 19
and ended August 25, '

Cow 13 was fed this clipped grass continuously for 82 days. Her
average daily consumption increased from 49.3 pounds during the
first, week to 105.6 pounds during the eighth week. Cow 52 started
on clipped grass on June 15. Her consumption the first week was
at the rate of 64.5 pounds per dey, but gradually increased until her
meximum daily consumption averaged 99 pounds during her eighth
week. She was fed the green grass for 72 consecutive days. Cow
50 was fed for 49 consecutive days and cow 46 and cow 48 were fed
for 30 and 31 days, respectively.

These amounts do not represent all that the cows would have esten,
however, as will be shown later in discussing the 1929 results. It
was thought that the amount of grass obtained by clipping every
10 to 15 days would approach fairly closely the amount of grass
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TarLy 3.—Amount of grass clipped each dey from a portion of the 0.92-acre clipped
plol, and datly consumplion per cow, 1928

N CGrass consuthed by cow f Grass consumad by cow
‘.\:je:k sx{zd of no.— Py ng.—

clippins cHppin,
13§ 4 s [ 52 PImg | gress 52

First weel:

&
g

Minth weak:
Juiy 14

SRBEHRY SBBRLEE

Eieventh
Weoi:

Jnpe 191
June 2. ...

Aug. 17
I-‘ourteeinh

July 13__...] 208 .1 -

t Hain prevented cilpping grass on this data, Cows wers (ed sifalfa boy,

available on the plot where cows were sllowed to graze. An attempt
was made to feed this amount of grass to the same number of cows
as were being grezed on an area of the samne size. Probebly nc one
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- of the cows consumed as much as her maximum capacity after be-
coming thoroughly adjusted to the clipped-grass ration. This is
shown by the 1929 results when the method of feeding was changed
to ’%ive the cows all the grass they would consume.

'he moisture content of the clipped grass averaged 78.8 percent
and underwent but little fluctuation. The erude-protein content of
composite samples made up of portions of daily clippings was very
uniform and renged between 11.5 and 12.2 percent, (dry-matter basis).

On an acre basis this plot produced feed for 261 cow-days or at®
the rate of 2.6 cows for 99 days. In that time the computed produc-
tion was 4,041 pounds of milk containing 171.1 pounds of butterfat
per acre. These cows lost weight during the season at the rate of
238 pounds per acre. (See table 1.)

GRASS-HAY AND SILAGE EXPERIMENTS
FEEDING VALUE OF GRASS HAY

The plot reserved for hay production was mowed on July 11, and
again on September 15. ‘The first cutting represented 53 days’
growth, measursd from May 19, the date the cows were turned on
the grazed plot, but it probably represented at least 72 days’ actual

wth, while the second cutting represented 66 deys’ actual growth.
he two cuttings yielded at the rate of 7,481 pounds of air-dry grass
hey per acre. (See table 1.)

Five cows that were fed this hay as their sole ration consumed an
average of 32.8 pounds per day per cow over a feeding period of 37
days. These cows had been accustomed to a ration of slfalfa hay,
corn silage, and grain. At first the cows did not take readily to the
hay and declined rapidly both in body weight and in milk production,
but as they became accustomed to the dry feed, they gradually re-
gained most of the lost weight: and maintained their production,

At the rate the cows consumed this hay, 1 acre produced sufficient, *
hay to feed one cow for a period of 228 days. The computed pro-
duction for this length of time would be 5,195 pounds of milk con-
taining 180.9 pounds of butterfat, The decline in production of these
five cows is 18.6 percent when measured by comparing the average
Froduetion for the firsi 8 days of the 37-day period with that of the
ast 3 days. If, however, the fivst 2 days are not considered and the
average production for the third, fourth, and fifth days is compared
with that of the last 3 days, there is an average increase in production

of 1 percent.
FEEDING VALUE OF GRASS SILAGE

The plot used for production of silage was cut at the same time
as that used for producing hay. This plot produced at the rate of
22,130 pounds of green uncured grass per acre. The moisture content
and chemical anslyses of the green grass ensiled were not obtained,

The green grass was placed in a small wooden-stave silo. The first
cutting was placed in the silo on July 11 and the second was put on
top of the first on September 25. 'The grass from the first cuttin
was allowed to wilt before it was run through a silage cutter ang
placed in the silo; the second cutting was put in the silo immediately
{ollowing mowing. Water was added to the first cutting.
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In October the silo was opened and six milking cows were fed the
second-cuiting silage as their sole ration. The secend-cutting silage
lasted 11 days. When the first-cutting silage was reached the cows
would not eat it. The silage had not spoiled but it did not appear
to have developed the proper fermentation. The only reasons that
can be ascribed for its poor quality are that it was allowed to become
too mature and dry, end tuat 00 much water was added.

During the 11 days on the second-cutting silage the six cOWS col-
surmed an average of 83.9 pounds of silage per cow per day. {See
table 1.) The cows apparently relished this silage snd for each cow
the consumption increased meterially up to the time the silage gave
out. The average consumption of grass silage per cow & day was
only 61 pounds at the start and increased o 95 pounds at the end
of the 11 days. During the last 5 days the average consumption
was over 90 pounds per day. The average production of milk was
32.5 pounds on the first day, dropped to 28.8 pounds on the ninth
day, when it was the lowest during the experiment, but rose again
to 20.2 pounds on the eleventh dey. Cemparing the average pro-
duction on the first 3 days with that on the last 3 deys, the decline
was 4.9 percent for the 11-day period. This dechine does not seem
great, especially when the production (an average of 30 pounds of
milk and 1.17 pounds of butterfat per cow per g&y}, the relatively
low consumption of dry matter (averaging a little over 21 pounds
per day), and an excessive loss in budy weight, are considered.

Loss in body weight was calculuated frem only two weights, one at
the beginning and one at the close of the 11-day feeding period, and
was subject to error due to difference in fill and other factors. The
aix cows lost 8, 97, 103, 120, 57, and 90 pounds, respectively, an
average of 79 pounds per cow, or more than 7 pounds per cow per day.
It would appesr that the limited number of weights has Tesulted in
an error that overemphasizes the loss in b .dy weight.

THE 1929 EXPERIMENTAL WCORK

In 1929 the investigation followed the same general plan as in 1923,
and was conducted on the same plots. The principal change was in
feeding the cows on the clipped grass to capacity and in the stages of
maturity at which the cuttings were made.

Plot no. 1 was grazed by milking Holstein cows.

Plot no. 2 was clipped and the grass was fed green to milkin
Holstein cows. The nomber of days’ growth varied, but average
30 for the season.

Plot no. 3 was cutb at intervals of 45, 48, and 43 days and the grass
wag made into hay snd silage, which was later fed.

Plot no. 4 was sllowed to mature end was made.into hay and
silage, which was later fed.

Companrisons are therefore available on the grazed grass; on green
grass cub at an average of 30 days’ growth; on hay and silage, repre-
senting 45, 48, and 43 days’ growth of grass; and onr mature hay and
mature silace made from two cuttings of grass, representing approx-
imgtely 80 and 56 days’ growth, respectively.

Samples of all cuttings were analyzed for dry matier, crude protein,
fat, crude fiber, nitrogen-free &xtract, and ash.
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The 1929 season as 2 whole was unfavorable for pasture growth, the
first, of the season being cold and the growth of the grass very slow.
July and August were extremely warm,

GRAZING EXPERIMENT

The pasture season started May 30 and ended September 15, a
grazing period of 109 days. No other feeds were fed to the cows while
they were on grass. Two cows were started on the grazed plot, but
on July 12 it was necessary to remove one because the grass was
insufficient. The other cow grazed through July 28. It was not
necessary to add other cows, as the sesson was slow and backward.
During the latter part of the season the grass became bunchy., How-
ever, when the pasture became shor$, the bunches were eaten. Al-
though the season was longer than that of 1928, the pasture carried
only 1.46 cows per acre as compared to 1.84 in 1928,

The total production of the cows, on an acre basis, was 5,509
ﬁounds of milkk containing 205.2 pounds of butterfat. This 1s a
ittle greater than the production of the previous year, Body weight
was lost at the rate of 196 pounds per acre,

A summary of the date from the grazing experiment in 1929 is
given in teble 4. Daily milk yields for the three cows during ti:
periods they were on pasture, together with the percentages of but-
terfat and the body weights, are given in table 5.

Cow H-53 was in the two hundred and seventy-eighth day of her
lactation period and in the sixth month of her pregnancy at the time
her grazing period started, so it is not surprising that she showed a
very rapid decline in milk production. The decline in milk yield of 55
percent in 25 days, which was hastened to some extent by an mjury
to her foot on the eighteenth day, can hardly be charged against the
pasture, which was at its best during this period. Ordinarily, & de-
cline in’ weight during the sixth mor h of pregnancy would not be
expected.

TapLe 4.— Production by cows on grazed plot and the amount of grass needed lo meet
their daily nutrient requirements, 1829

Items of comparison Co':a II-

Btage of inctation
Duratlen of grazing periorl
Average daily body waight
Loss in body we:;i:ht.
Average detly mitk production .
Dec%?ﬁ ;v produstion over grezlng periad:

Da I ‘
Avem§e percentaga of butterfot in milk
Total dlgestibis nutrients reguired per day . pounds.
Grass needad deily to lurnish digestible nuttrlent requiteents 3, do___j

1 The data are for the 92-day period, May 30 to Aug. 20. )
t Qow H-53 injured 1 foot on June 16 and this bandicapped ber graziog. .
37t is asstumed that grazed grass contained the sawe pereeninge of digestible nuirients #s clipped prass,
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TABLE G.—The daily yield of milk, the percentage of butierfat in the milk and the
body weights of cows on grazed plol, 1029

Cow H-53 1 Cow H-18 Cow H-37 Cow H-37

Milk But- | Milk Bat- | Milk But- Milk
rg- | Bod tez- Sm- Bydy | ter- Er(r Body | ler- 1o- | Body
ue- | weight | fat ue- | weight | [nt uc- | weight weight
test | tion test | tien

BrmNENERRRRENREEREEH
B e O Gl e O b O ] W O T ] =

+ Iojured a foot on June 18, hendicapping ber grazipg and reduciug her mille production.
¥ Average ol three weighs.
? (3razing on othor postore.

Cow H-19 took the place of cow H-53 in the experiment. She was
on the pasture only 18 days before the grass became too short to
support two cows, and she was removed. She was in the fifth month
of her lactation period when she was started in the experiment.
Comparison of the yields of the first 3 days with those of the last 3

179445533 —2
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days of this 18-day period shows a decline in yield of 8.2 percent,
This is & more rapid decline, perhaps, than would be expected under
the best feeding conditions. ~ During this period the first hot weather
of the senson occurred. (See table 7.) During this same 18-day
period cow H-37, who was only in the fourth month of her lactation
period, declined almost 15 percent in milk vield. To meet her nutri-
tive requirements for milk yield and maintenance, cow H-19 would
have needed to consume 136 pounds of grass per day. Her rapid
loss in weight would appear to indicate that she did nof consume
suffieient grass to provide for her putritive Tequirements,

Cow H-37, in the eighty second day of her lactation, when grazing
started, grazed for 109 days. There were two short periods, however,
July 29 to August 3, inclusive, and August 30 to September 8, in-
clusive, when she was not on the experimental plot. (See table 5.)
During these short periods she was grazing on other pasture and was
fed nothing but pasture grass. As a basis for comparison the 92-day
period from May 30 to August 29, inclusive, is selected as being most
indicative. During 85 days of this 92-day period she produced an
average of 42.5 pounds of milk per day, and lost 47 pounds in body
weight during the 92 days.

At the start of the grazing season she was probably producing
somewhat more than she could be expected to maintain on pasture
elone unless the grazing were unusually good. However, at the end of
the first 30 days on pasture her production had declined only about,
12.7 percent (measured by comparing her average production for the
first 3 days with that for the last 3 dags). During that time she lost
11 pounds in weight. Considering that this was her fourth month
in lactation and that she was etring no other feed than pasture,
this decline was not excessive. gl‘hes pasture during this time was at

its best, During the period July 1 to 28, she declined 16.8 percent

in milk flow and 7 pounds in body weight., The other pasture on
which she then grazed for 6 days was evidently better than the ex-
perimental pasture, for she maintained production and gained 18
pounds in weight. This brought her back to the welght at which
she sterted the grazing season on May 30. During the next 26 days
on the experimental pasture (August 4 to 29) a season when the
growth of pasture grasses is usually slowing up at Huntley, she lost
weight rapidly, a total of 47 pounds. Until the latter part of this
period she maintained production, her decline for the period being
7.9 percent,

GRASS CLIPPED AND FED GREEN
YIELD OF GREEN GRASS FROM CLIPPED PLOT
In 1929 the aren used for clipping was divided into two plots (A

end B) to permit alternate clipping and irrigating. Plot A ¢ontained
0.478 acre and plot B contained 0.493 acre. Each plot was 336 feet
in length. Each day a swath of different width, extending the entire
length of the plot, was clipped. Each plot vwas clipped fou times
during the season. Table 6 shows the yvield of each plot ateach
cutting, the average number of doys’ growth for each cutting, and
the average amount clipped daily.
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TapLE 6.—Seasoncl yiclds of clipped plot, and yields of each culting, 1929

Tege | AV 8
Cutiing Duration of clpplng perlod Ly g‘}g&i

Number
bE
147

Aug. 12-18_.
Anp. W23
) = S d Sept. 514, ..

1 The combined ares of plots A and B was 0.071 nere.  ‘Total yield of green grass on the two plots was
17,863 pounds, or 18,340 pounds per acre.
1t 15 sssumed that growth starled May 1. Thers may have been s few days’ verlation from this.

The decided drop in yield for the second cutting as compared to the
first for both plots is partly explained by the fact that the growing
period between the first and the second cutting was shorter than the
growing period before the first cubting. Assuming that growth
previous to the first cutting started May 1, the first day’s clipping on
plot A represented 30 days’ growth; the second day's clipping, 31;
the third, 32; the fourth, 33; etc., while the ninth or last day’s clippin
represented 38 days’ growth. Therefore the average number o
deys of growth for the 9 clippings was 34 days. In the same manner,
the number of days ~f growth for the first cutting on plot B (assuming
that growth started May 1) ranged from 39 to 55 days or an average
of 47. In fact, this grass was approaching maturitg. Another
probable reason for the (%ecreased rate of growth is the hifg er tempera-
tures that prevailed, beginning in the 5-day period of June 26-30.
Another reason is the slowing down in growth of perennial grasses
after flowering. Toble 7 shows the range of temperatures at the
Huntley station, by 5-day periods, during the 1929 season.

TaBLE T.—Average mean, mazimum, and minimum lemperatures by S-doy periods
during grasing season of Huntiey, Mont., 1929

Averape temperatute Average temperature

f-dey period .
Maxi- i Maxi- | Mini-
mum

L]
"y

°F,

BEYIRBSRCEBS

1 8<lay peried,

The total vields of clipped grass by cutt.inlgs show that seasonal
owth wae much greater in June and early July, than in August and
September, After the high maximum temperatures occurring from
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July 186 to 31, growth was insufficient to permit cli ping from August
110 12. Between the fourth cutting on plot A a,n.d;J the fourth cutting
on plot B there was another intermission in the cutting. This inter-
raission from Angust 23 to September 9 also followed s period of high
maximum terperatures that prevailed from August 11 to 31.

The 1929 growing season was slower in starting than that of 1928,
Clipping was started on May 19 in 1928 and on May 30 in 1929, a
difference of 11 days. Clipping ended on August 25 m 1928 and on
September 14 in 1929, The growth was not so uniform in 1929 as in
1928, and the total yield, 18,340 pounds per acre, was less.

COMPOSITION OF CLIPPED GRASS

Table 8 shows 2 marked difference in the nutrien:. content of the
grass samples taken from the various cuttings as the growing season
advanced. ]

TapLe B.—Average composilion (dry-matier besis) of the grass cut at different
periods of the 1989 grouwring season

Duratioa of elipping | i
: uratioa of elippin ples
Cutting period £ ana-
lyzed

May 30-Juae 7

-1 Juna 25-Tuly 9. __
July 10-24__

July 25-31

Aug. 12118 ..
Aug. 10-23___
..do Sapt. 914

EERENEES

1Tt is assumed thot growth started May 1.

There was a distinct increase in erude-protein content by cuttings
as the season advanced. This is shown by the second and fourth
cuttings on plot A, which represent 30- and 25-day growing periods
respectively. The second cutting averaged 16.7 percent crude protein
while the fourth cutting averaged 20.5 percent.  There was a similar
increase in protein confent from the second to the fourth cutting on
plot B. This is evidence that the number of days’ growth is not
always an accurate measure of the stage of maturity or the nutritive
volue of grasses.

Possibly the change in flora of the clipped plot as the season
advanced also had an effect. Volunteer alfalfa was more noticeable
the latter part of the season. It was rather surpiising, however,
that & higher protein content was not obtained in the ear%y clippings,

The percentage of fat and the percentage of ash also showed &
distinet tendency to increase as the season advanced. The crude fiber
and nitrogen-fres extract showed just the opposite tendency. How-
ever, there does not appear to be any definite corralation between the
percentages for crude fiber and nitrogen-free exiract and the number
of days’ growth.




GEASSES A8 FEEDING VALUE FOR MILK PRODUCTION: 13

FEEDING VALUE OF THE CLIPFED GRASS

The 1929 experimentsl work in feeding clipped grass differed some-
what from that in 1928, in that the cows were fed to their capacity
whereas in 1928 an attempt was made to feed the same number of
cows on the clipped grass as were kept on _the grazed plot. The con-.
sumption per cow was much greater than in 1928. In 1928, the cows
consumed an. sverage of +5.6 pounds of clipped grass per day. Since
the same number of cows were grazed a8 were fed the clipped grass
in 1928 and since the fives.was the same, it may be assumed that the
cows on pasture and the ¢ows fed the clipped grass obtained approxi-
mately the same quantity of grass. In 1028, when the cows were fed
the clipped grass to capacity, however, they consumed an average of
136.6 pounds per day. If the cows on pasture in 1928 obtained as
much grass as they wanted it may be assumed that cows on pasture
do not consume as much as when the grass is cut and delivered to
them. Or it may be that ib is not possible to judge very closely just
how much grass is available for consumption on a pasture, and there-
fore, it is difficuit to allocate properly the number of ammals for a
pasture of given size, for different pertods of the growing season.

Three cows were required to consume the grass from the clipped
plot during the period of its most rapid growt.%r up to the latter part
of June. After that onc cow, H-32, was able to consume the entire
growth. Furthermore, during two periods, August 1 to 11, and Aug-
ust 24 to Scptember 8, it was necessary to transter this cow to pasture,
because the growth of grass was insufficient to permit clipping.

Table 9 gives the daily consumption of grass and the daily produc-
tion of mulk for the threéa cows that were started on the experiment,
and table 10 gives the consumption and preduction of the cow that
replaced them.

A summary of the production, consumption, and nutrient require-
ments for the four cows in the experiment is given in table 11.

Cow H-32 (table 10) received clipped grass from June 235 to Sep-
tember 14, with the ezception of the two short periods when it was
necessary to put her on pasture because of a lack of sufficient grass
to clip. For the 55 days she received clipped grass she was offered
8,329 pounds and consumed 8,343 pouunds, or an average of 151.6
pounds daily. The smsllest amount consumed in any one day was
101 pounds and the largest was 218 pounds (fig. 2). Thers was
considerable variation in the amount she consumed from day to day.
She would consums & large smount for one or two days and then =
small amount the rext day or two. Apparently she would gorge her-
self and lose her appetite for large amounts for a few days. This
was also the case with the other cows.

At the beginning of the clipped-grass experiment cow H-32 received
the grass dafly for 37 consecutive days. Her averags deily milk
production at the beginning of this period (average otg June 25, 26,
and 27) was 40.7 pounds. Her average at the end of the first 37
duys of consecutive feeding (average of July 29, 30, and 31) was 37
pounds, & decline of only 3.7 pounds, or 9.1 percent for the 37-day
period. .

From August 1 to 11 she grazed on pasture grass similar to that
clipped. Her average daily production declined from 37 pounds
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TA'BDE 10.—Clipped grass consumed and milk prod’uced per day by cow H-32 1 in
the clipped-gross feeding experiment, 1929
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TasLg 11.—Summary af production, consumpltion, and nulrien! requiremenis of
Sfour cows fed clipped grass, 1829

Ttens of compnrizon Caw H-32] Cow BH-41| Cow H-51| Cow 48
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{average of July 29, 30, and 31) to 81.1 pounds {average of Aug. 9, 10,
and 1?{%, a decline of 15.7 percent in the 11 days. From August 12 to
23, when she was again on clipped grass, her average daily production
increased from 31.1 pounds to 34.8 pounds (average of Aug. 21, 22,
and 23), an incresse of 11.9 percent. This increase wes made at the
time of some of the highest maximum temperatures of the season.
(See table 7.) '

From August 24 to September 8, inclusive, 16 days, she was grazing
again. Her average daily production declined from 34.8 pounds to
27.5 pounds (average of Sept. 6, 7, and 8), or approximately 21 per-
cent. It is probable that the grazed pasture was getting short at
this time. When on September 9 she was placed on clipped grass
again, her sverage daily production increased from 27.5 pounds to
32.3 pounds in § days, an increase of 17.7 percent.

FigurEe 2.—Cow H-32, and 218 pounds of ellpped grass, the largest amount she consamed i . - ooe day

In every case when she was shifted from the clipped grass to grazing
there was a substantiel decline in milk production. The same is
largely true for her body weight. She practically maintsined ber
bggy welight while being fed the elipped grass but lost weight while
on the grazed pasture, especially from August 24 to September 8,
when she declined 21 pounds in body weight for the 16 days.

These figures appear to indicate that this cow did not consume as
much grass while grazing us she did when the grass wes clipped and
fed to her in quantities as great as she would eat. It is believed that
there was plenty of grass on the grazed plot, except possibly from
August 24 tq September 8, when the grass had become short and
coarse. Possibly the physical effort of grazing was so great that this
* cow did not work hard enough to secure as much grass as she could
consuine.
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The cow in the grazing part of this experiment that provides the
best comparison with H-32 is H-37. (See takle 5.) Both were in
about the same stage of lactation when started on the experiment.
The grazed cow was producing 10 to 12 pounds of milk a day more
than the cow fed clipped grass, but on the other hand she was some
400 pounds lighter and thus required less nutrients for maintenance,

During the first 30 days cow%[—32 declined about the same in milk
flow as the grazed cow, 12.4 percent as compared to 12.7 percent, but
she gained 31 pounds in weight whereas the grazed cow lost 11 pounds.
The comparison could not be continued for the remainder of the
season hecause the slow growth of grass made it necessary to switch
the fed cow to pasture at frequent intervals.

The grazed cows lost slightly more body weight than did the cows
fed clipped grass and their decrease in milk was considerably greater.
Their greater loss in weight and their heavier decrease in milk flow
indicate that the grazed cows did not secure encugh grass to meet
their caleulated requirements.

Euach of the four cows fed clipped grass consumed more total digest-
ible nutrients and digestible crude protein than they required. (See
table 11.) In the case of H-32 aad H-51 the excess of digestible crude
protein was 42 and 36 percent, respectively. Both cows were milk-
ing heavily and were in early stages of lactation. The average crude-
protein content of the clipped grass (dry-matter basis) was 17.6
percent.

The results of this experiment (table 11), although not so complete
as desired, appear to indicate that these cows had the capacity to
consume suﬁ'ﬁuent grass to meet their needs for body maintenance
and for producing 35 to 40 pounds of milk per day, without any
unusual decline. The decline of 20.4 percent in milk flow for cow
H-32, which is for the period from June 25 to September 14, inclusive,
is misleading because much of the decline occurred during the two
periods when she was on pasture. The percentage decline for this
cow that is most comparable o that for the other three cows is for
the first 37 days, when she was fed the clipped grass continuously.
Her percentage decline for this period was 0.1, which compares
favorably with that of cows H-61 and H-51, and is somewhat less than
the decline expected under any system of feeding for a 37-day period
in the fourth month of lactation.

GRASS HAY AND SILAGE EXPERIMENTS IN 1929

COMPOSITION AND FEEDING YALUE OF GRASSE3 AT MATURE AND IMMATURE
STAGES

Severnl investigations in England during the last few years have
drawn attention to the superior feeding value and nutritive composi-
tion of grasses cut at immature stages of growth. When the Huntley
experiments were planned in 1929, a search of the literature revealed
that investigators in the United States had long ago discovered the

superior feeding value of immature grasses, but that apparently no
attempt has ever been made to take advantage of this most important
discovery in feeding livestock. It was planned, therefore, in the
feeding experiments with grass hay and siage, to cut the grasses at
mature and immature steges of growth and to study the L'efationship

170445°—~33—-3
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between the nutritive composition and the feeding value for milk
production, of the gress hay and silage at the different stages.

As long ago as 1883 the United States Department of Agriculture
(9, p. 231)* reported the chemical composition of Phleuwm pratense
(timothy) taken from its own gardens and from samples obtained in
Indiana. The percentages of crude fiber and albuminoids are shown
in table 12, which was compiled from that report.

Tapre 12.—Chemical composition of timothy cul ot differeni slages of maturily,
compiled from a report by the United States Department of Agricullure, 1888

United States gardens Indisna

Staga of mal wily
Crudo Albnmi- Crude Albami-
Oiber nolds ooids

Pereent Percent
TTeads not cut -
Hends out 3. 95
In bloom 27,36
Afler bloom. 2B. 26
Early seed_ . . 27.08

1 Reported os '"belara bloom.™

Morse (8) at the New Hampshire Agricultural Experiment Station
cut timothy grass at various stages of maturity in the summer of
1888. His analyses and conclusions on the nutritive constituents of
the grass at various stages of maturity agree closely in many respects
with those of investigators who have studied the subject more recently. .
His report appears to have been the first comparatively complete work
on this subject.

Morse (8, p. 65-66, 69) concludes:

The percentage of dry matter increased as that of water decreased. The ash
was more abundant during the rapid growth of the plant than after the growth
had ceased. The ether extract decreased till blossoming, then inercased until
the seed began to form, when it again decreased, reaching its lowest point as the
seed began to harden. The erude fiber increased stendily, with two exceptions,
until the formation of seed, after which there was a slight decrease. ¥ ok

The nitrogen-free extract after the grass had nearly reached its full height
remained nearly constant, * * ¥ rude protein steadily decreased with the
development of the plants, although nearly consiant after the blogm begab to
fade. The increase st the time of faking the last sample I atiribute to the
presence of sccond growth eaused by the wet season of thet year (1888).

The amount of grass per aere increases until the time of blossoming. It then
decreases.  The decrease is due to loss of water.

Dry substance steadily increases until the plant {forms seed.

The yvoung grass is richest in fat and protein. The mature grass is richest in
carholbydrates or fiber and nitrogen-free extract.

Timothy yields the largest amount of digestible protein when cut at the begin-
ning of bioom.

’lghe total amount of digestible matter is largest when the grass has passed out
of bloom or gone to seed.

Crozier (1) reported the resulis of experiments at ths Michigan
Agricultural Experiment Station in 1894 with. orchard grass and
timothy. A plot of timothy cut eight times between April 30 and
June 24 yielded 15.76 pounds of dry grass with a crude-protein content
of 22.62 percent. A similar plot cut once, on June 24, yielded 172
pounds of dry grass with a crude-protein content of 7.81 percent.

1 Italie numbers in parenthesey refer to Literature Clted, p. 47.
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Ellett and Carzier (4) report the results of experiments started in
1908 by the Virginia Agricultural Experiment Station and the Office
of Forage Crop Investigations, Bureau of Planf, Industry, United
States Department of Agriculture, in which plots in a permanent
bluegrass pasture were cut with a Iawn mower at periods of 7, 10, 20,
30 days, and once & year. Their data show a gradual falling off in
the percentage of protein in the grass cut everr 7 days to that cut
every 30 days. The greatest difference in protein content, however,
is between the grass cut every 7 days and the grass cut once a year.
The grass cut every 7 days had almost twice s much protein as the
grass cut once a year.

Woodman, Norman, and French (12, . 816} in their investigations
on the influence of the intensity of grazing on the yield, composition,
and nutritive value of pasture herbage found that under cenditions
prevailing at the University of Cambridge, a drought severe enough
to give the grass a scorched or brown appearance would have ihe
following effects on the chemical composition of the grass:

{1} A very decided falling-off in the percentage of protein; (2) & slight inercase
in the percentage of N-free extractives and crude fiber; (3) an ebrupt rise in the
percentage of lime, accompanied by a decline in the percentage of phasphoric

aeid; (4} a pronounced reduetion of the moisture content of the herbage at the
time of cutting.

Such effects, in 8 more modified form, result from such hot, droughty
conditions as are encountered over short periods in midseason accord-
ing to their results. They found also that such scorched herbage had
a Jower digestion coefficient, especially for the protein. The explana-
tion offered for this depressed coefficient of digestion follows:

It is not likely $hat the pronounced decrease in the digestibility of the protein
in the grass is to be attributed to any alteration in the chemical character of this
constituent, but is rather to be put down to the inevitable reduction of the
digestibility of the food nutrients, contained in the plent cells, which agcompanies
lignification of the fibrous cell walls. It has been shown, in the section dealing
with the nutritive value of the 1929 and 19306 herbage, that under a system of
monthly cuis no evidence of lignification is manifested if the weather condi-
tions are such as to encourage active and continuous growth, but that if lack of
rainfall leads to a slowing-up in the rate of growth, then a stage may be reached,
within the monthly inferval between successive cuts, when the lignification
processes will begin to modify the character of the herbage, This probably
occuts, on an intensive secale, during & drought which is of such duration as to
cause the herbage to become parched and brown. Transportation of fresh food
meaierial from the soil into the herbage plants becomes impossible owing tc lack
of the necessary moisture, and, as o consequence, the vegetative phase of plant
development comes to an untimely end. he processes of re-transportation and
re-elaboration of material niready within the plant, characteristic of the reproduc-
tive phase of development, set in prematurely, one result of these operations being
the gradual lignification of the eellulose in the cell walls. If this explanation be
carreet, it would follow that not only the protein, but also the fibre, N-free ex-
tractives and ether extraet in the brown herbage would be of low digestibility,
and the meterial would have s correspondingly low feeding value (13, p. 311y,

Woodman and coworkers (12, p. 316-318) also consistently obtained
higher percentages of protein than were obtained in the Huntley ex-
periments either in the grass clipped at various intervals of growth or
m that cut at intervals for hay and silage. Following are some of
their findings on the composition of grasses cut at various intervals of
growth:

Pasture grass during April and early May contains, on the basis of dry matter,

well over 20 percent of erude protein whether the system of cutting is weeldly,
fortnightly, 3-weekly or monthly; fthat is to say, ite richness in protein, and
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indeed its general composition, both organic and inorganie, are, within the limita
of the investigations so far carried out: independent of the frequeney of the cuts.

The distinetion in composition batween pasture herbage cut at weekly and at
monthly intervais only becomes marked with the advent of the “‘fiush’’ period of
growth. Al this stage of the 1929 season, for imetanee, the monthly cut grass
contained 18.71 percent erude protein and 18.84 percent of erude fber (dry
matter basis) whil~ the weekly mown herbage contained 23.66 and 15.97 percent
respectively of these constituents. Over the 1929 seascn (omitting the results
for the droughty period of late August and Seplember) the weekly cut herbage
was some 3 percent richer than the montblc{,r cut grase in respect of crude protein,
slightly poorer in N-free extractives and significantly poorer in erude fiber.
This constituted the main difference between the two tvpes of herhage, the dis-.
{inchion in respect to ether extract, lime and phosphoric acid being only slight.
The mesan crude protein content of the monthly eut grass, on tie basis of dry
laggiaer, for the geasons of experiment was 20.23 percent {(1929) and 19.35 percent

* & % Pagture grass grown under a syntem of 3-weekly culs is egual to
weekly and fortnightly mown herbage in respect of digestibility. If the interval
between successive culs be lengthened t¢ & month, the pross obtained in the
early part of the season is as digestible as that obtained under systems of weekly,
fortnightly and 3-weekly cutting. The cutting of the longer interval on the
digestibility of the harbage as the season advances will be determined largely by
the weather conditions. If conditions are eminently favourable to quick growth,
as in 1930, the digestibility of the herbage, including that of the fiber, will remain
high, as under more severe systemas of cutting, the only noticeable effeet being a
slight running-off in the digestibility of the protein constituent during the mid-
geason, followed by recovery at a lafer stage. If, on the other hand, ihe season ia
substantially one of drought, with consequent slow growth, the herbage will tend,
g6 the season advances, to suffer some degree of lignification, ang its digestibility
will be Iowered. * * *

Lignification in herbage plants is apparently delayed until the final stages of
fiber production. The process does not oceur during the vegetative phase of
development, but begins only in the late-flowering stage, or even during the
period of seed formation, when the stems and leaves are being depleted of nutri-
ents. If, however, persistent drought leads to an untimely check or cessation in
the growth of herbage, then the lignification processes may set in at an earlier
stage of distinetly lower fiber content than is indicated by the results of the quick-
prowing 1930 season.

Shutt and coworkerg (70) in Canada conducted experiments to
determine the effect of frequency of cutting and the stage of maturity
when cut, on the composition of grass. The grass was mostly meadow
foxtail. They used four plots, one of which was cut 16 times during
the season May 11 to October 16, the second 9 times, the third 8 times,
and the fourth 3 times. The range in percentage of crude protein for
the plot cut 16 times was from 25.24 for the cutting on June 1 to 32.6
for the cutting on July 27; for the plot cut 9 times the rangs was from
17.8 for the cutting on June 1 to 26.04 for the cutting on §4ny 18; for
the plot cut 8 times the range was 14.52 for the cutting on June 15 to
25.72 for the cutting on September 28; for the plot cut 3 times the
percentage of protein was 11,96 for the cutting on July 3, 11.61 for the
cutting on August 27, and 16.34 {or the cutting on October 26.

Ellenberger, Newlander, and Jones (3) conducted, pasture investi-
gations in Vermont in 1924, 1925, and 1926. They fenced off 1-rod
squares in a number of different pastures. The grass in these squares
was cut with a lawn mower often enough to simulate the condition of
the cropped pasture grass surrounding the lots. For the years 1925
and 1926 these clippings had an average chemical composition {(dry-
matter basis) of 11.68 percent of ash, 20.3 percenst of crude protein,
18.60 percent of crude fiber, 46.03 percent of nitrogen-free extract,
3.3 percent of ether extract, 0.816 percent of calcium, and 0.320 per-
cent of phosphorus. The composition of the grasses from the vartous
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pastures differed greatly with the productivity of the pastures. No
definite interval of time is given for these clippings but the average
composition is not greatly different, from that given by these authors
for grass plucked in the open pastures at intervals of a month.

CO]ﬁPOSlTlON OF HAY AND SILAGE BI‘!IJ{J?JEE{F%?M VARIOUS CUTTINGS OF GRASS AF

The grass for both the hay and the silage at Huntley was talen from
the same plot, bui the plot was divided and the grass from one part
was cut ab immature stages of growth on June 14, August 1, and
September 13, representing a growth perlud of 45, 48, and 43 days
respectively for the three cutiings. The growth period for the first
cutting was caleulated from May 1, the approximate date on which
growth started, Partof the grass cut on these three dates was cured as
hay and the rest was ensilted. The hay and silage made from the
grass cut on these three dates is referred to in the text as the firs,
second, and third cutting “interval” hay and silage.

The grass on the remnining part of the plot was allowed to mature
before 14 was cut. The first cutting was made on July 19, 80 days
after the approximate start of growth on May 1, and the second cut-
ting was made 56 days later, on September 13. Part of the grass from
these fwo cuttings was cured for hay and part was ensiled. The hay
and silare from these two cuttings of grass is referred to in the text -
as the first and second cutting “mature” hay or silage.

The grass made into hay was cured in the swath and then put in
the barn. The grass that was ensiled was raked and handled as soon
as possible after it was eut. More or less wilting took place, however.
The grass was run_through a silage cutter and no water was added.
The silage kept well, with very liftle spoilage. The silage made from
the mature grass was somewhat darker in color than that made from
the Iinberva.l-cut grass, but otherwise appeared to be of the same
quality.

At the time of cutting the first-cutting interval grass, June 14, the
orchard grass and the bromegrass averaged 12 inches 1a height and
lhad some heads showing at about 18 inches. The nlsike clover
averaged about 8 inches, and the white clover about 5 inches in height,
At the time of cutting the seeond-cutting interval grass, August 1,
the growth averaged about 6 inches and there was considerable volun~
teer alfailn in evidence. The alfalfa wasin full bloom and was from
18 to 24 inches high. Tt was estimated that about 5 percent of the
first- and second-cutting intervai grass, and of the first-cutting masure
grass was alfalfa. Tt wascstimated that 20 percent of the third-cutting
interval and 10 percent of the second-cubtting mature was alfalfa,
At the time of eutting the third-cutting interval grass, September 13,
the gross was very short, averaging about 4 inches.

At the time of cutting the first-cutting mature grass, July 19, the
orchard grass and the bromegrass averaged 18 inches m height and
were Tully headed. The clovers were in {ull bloom and the heads were
turning brown. Ab the time of cutting the second-cutting mature

ass, Jeptember 13, the grass was short, averaging only 6 inches in

eight. It was not nearly so mature as the grass cut on July 19, bué
all growth had stopped and the tips of the grass blades had been
nipped by frost.

The first-cutting interval hay was exposed fo a few light showers
while it was being cured,
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The second-cutting interval hay was exposed to two light showers
and the third-cutting interval hay and the second-cutting mature hay
were also exposed to a light shower. The other cuttings were not
rained on. Probably only the firstcutting interval hay suffered any
rain damage, ard that was not great.

Since the hay and the silage were made from grass from the same
vlote end cut at the same stages of maturity, the only differences
between the composition of the hay and that of silage wouid be those
cansed through loss of leaves and finer stems in the hay while it was
being cured and hendled or through leachiug by rain or dew, and those
caused by seepage, fermentation, or spoilage in the silage. Then,
too, there is the possibility that the semples analyzed were not
representative.

Table 13 shows the analyses of the silage and hay made from the
various cuttings of grass,

TABLE 13.—Composition {dry-meiter basis) of silage and hay made from grass cul
at different stages of maturily, 1929

Crude protein | Etber extract Crude fiber
Days'
growth

Stapge of malurity
Silnge | EHay | &ilage | Hay | Silage { Hav

Wuriber| Percent [Percent | Pereent | Percent | Percent | Percent
First-eutting imterval oo L5 1.7 9.0 4.1 1.0 320 3H.0
Second-cutting interval . 2. 15.3 13. 4 4.8 38 2.0
Third-putting interval. . 17.1 4.8 4.8 3

First-cutting mature. . - v 8. 6 .5 2.8
Second-cutting moture Sept. I 13.6 125 (X1}

Nitrogen-frag

extract Ash
Stage of maturity Daoys’
erowth

Silage | Hay | Silage

Number|Percent | Percent | Percent
First-cutting interval June 14 45| 3.8 0.2
Berond-cutting interval | Aug, 1 4B 36. 1
Third-cutting interval. .. Sept. 13 43 40. 5
First-cutting mature. July 19 80 40.0
Becond-cutting mature Bept. I3 50 42,8

The protein content (dry-maiter basis) is somewhat higher in the
gilage than in the hay, in all the cutltings, the greatest differences
being in the third-cutting interval and the firstcutting mature.

“"There is considerably more variation in fat content in the silage
from different cutiings than in the hay, but the ranking according to
cuttings is practically the same for both silage and hay.

The nitrogen-free extract content in the hay is remarkably uniform
for all euttings. It is lower in the silage but appears to follow no
definite trend in relation to stage of maturity.

The ash content is higher in the silage than in the hay, but it
follows the same general trend in relation to the various cuttings.
The ash was not analyzed for calcium nnd phosphorus in the hay and
silage, but some idea of the calsium and phosphorus content of the
grass 1s obtained from the analysis made of the clippings for the first
10 days (May 30 to June 8) on plots A and B. The grass clipped on
these dates had an average growth period of 34.5 days. The average
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percentage of calcium wes 0.676, and the average percentage of phos-
phorus was 0.288 (dry-matter basis).

While there are these differences in composition between the hay
and the silage made from the same cuttin? of grass, the trend of the
differences for the various cuttings is fairly consistent. The crude-
protein content for the interval cuttings is lowest in the first cutting
and highest in the third eutting. The crude-protein content of the
first-cutting mature hay is the lowest of the whole series of cuttings,
while the seecond-cutting mature hay has approximately the same
percentage of protein as the second-cuiting interval hay, but is not so
high as the second-cutting interval silage. As was to be expected the
sTude-fiber content varies inversely to the protein. In both the hay
and the silage the highest crude-fiber content for the interval cuttings
isin the first-cutting interval where the percentage of protein islowest,
and the lowest crude-fiber content is in the third-cutting interval
where the percentage of protein is highest. The percentage of erude
fiber is higher than was to be expected, in view of the faet that some
of the grass was not in a very mature stage when cut and becguse of
results obtained elsewhere with immature grass. The percentage of
crude fiber in the first-cutting mature hay seems very hig;h. The per-
centage of crude {iber (dry-masier basis) given by Woodman and
cowm%(ers {12) for first-cutting mature grass hay was 24.63 in 1929,
and 29.16, 30.84, and 32.49 for hay from three different plots in 1930.
Howerver, the hay in Woodman’s experiments also ran much higher
In percentage of crude protein than the mature hay at Huntley.

1t appears from these analyses that there was less loss of nutrients
in the dry matter of the silage than in the dry matter of the hay. It
also appears that protein acd crude fiber were the constituents moss
markedly affected by the stages of maturity entering into this experi-
ment, with the fat content and the ash content also affected to sume
extent. The nitrogen-free extract apparently was affected less by
the various stages of maturity of the grass than by the method of
presarving. It Is ratier surprising that the silage should be as
greatly superior to the hay in nuiritive value as the averages for all
cuttings indicate. With the exception of the crude fiber and the
nitrogen-free extract, which was reduced somewhat in the silage by
fermentation of the starches and their conversion into acid, the
nutritive constituents in the silage are greater by s considerable
margin than those in the hay. The average percentage of ecrude
protein for all cuttings is 11.4 in the hay and 13.5 in the silage, or an
increase of 18 percent in the silage. The average percentage of ether
extract for zll cuttings in the hay is 2.5 and in the silage 4.3, or an
incresse of 72 percent in the silage. The average percentage of ash
for al] cuttings is 8.1 for the hay and 11.8 for the silage, or an increase
of 30 percent in the silnge, The average percentage of crude fiber
for all cuttings is 30,7 for the hay and 29.7 for the silage. The aver-
age percentage of nitrogen-free extract in all cuttings is 45.6 for the
hay and 38.8 for the silage, or an increase of 15 percent in the hay.

{f the stage of meatunty of the grass when cut for either hay or
silage is judged by the higher protein content, the various cuttings
would rank lgrom ieast mature to most mature in the following order:
(1) Third-cutting intervel; (2} second-cutting iuntervsl; {3) second-
cutting mature; {4) first-cutiing interval; and (5) first-cutting mature.
If judged by the lower crude-fiber content, the cuttings would rank
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in the same order except that the rank of the second-cutting mature
and of the second-cutting interval would be reversed.

While the first-cutting interval grass had about the same number
of days for growth (sssuming growth started May 1) a= the second-
end third-cutting inferval, and 11 days less than the second-cutting
mature, growth was so rapid from May 1 to June 14 that the first-
cutting interval grass reached 2 more mature stage of growth in the
same period of time, hence the lower percentage of protein. There
is, of course, a possibility of error in stating that growth did not
start till May 1.  There were periods in August and early September
when the growth was very slow. Thus, though the period of growth
for the second-cutting mature grass was considerably longer than
that for the first-cutting intervel, the former did not reach so mature a
stage of growth as did the latter. It is possible that the greater
amounts of volunteer alfalfs appearing in the later cuttings may have
been partly responsible for the higher percentage of protein. How-
ever, to ofiset the influence of the alfalfa in the later cuttings, there
was a greater amount of clovers in the first cutting.

Data comparable to those on the composition of the grass silage
and grass hay made at Huntley are avsilable in the work of Watson
(1) in England. The grass Watson used for making the silage and
{or mgking hay by srtificial drying was—
from a field of permanent grass which had renched a stage when it might have

been cut for early hay and when some of the earlier grasses were showing a
“‘hend.” There was not much clover in the Lerbage.

Table 14 gives the composition of the original grass, the grass
silage, and the artificially dried hay, reported by Watson.

TaBLE 14.—Composition of ortginal grass, grass silage, and artificiclly dried grass
(siated as perceniage of dry-matier basis)—1atson

Artlilﬂci-
Original P ally
LTAsS Silage dried
bay
Crude proteln .. oo cammmm—m———— e - 13.93 14.78 14.55
Ether extrict.,cue.n - 3. 48 4.32 2.35
Crudoe fiber. ... _. - 1,99 28.2 25,33
Nitrogen-{ree cxtrae 5. 76 42,71 45.43
A e - - - — T.96 18 8.2

The composition of grass silage as given by Watson is not greatly
dificrent from that of the silage made from the immature grasses at
Huntley, being very similar to that of the second-cutting mature
silage. The composition of the artificially dried hay as given by
Watson is very similar to that of the hay made from the third-cutting
interval grass at Huntley.

YIELD OF GRASS CUT AT DIFFERENT STAGES OF MATURITY

The yields in green weight, dry matter, and protein of plots that
were cut twice, three times, and four times during the 1929 season, are
given in table 15.
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TARLE 165—Green weight and yield of dry malier and prolein, of grass from plots
cut 2, 3, and 4 limes during lhe growing season, 1929

Date cut

Size of plot and use made
of grass

il
?T:ffth ;?eri?;t Dry matter Proteln

. Pounds Pounds  Fercent 2| Founds
G.347-acre, cutb at maturity {Juiy 18 &) 4. 280 L 7 6.8 .8
for silage. Bept. i3 650 2415

Total 4,970
Total per aere.. . 14,323

' . L 8, 500
0.905-ana, cut at intervals Aug. oo, 5 51D

“fox sitage Sept, 13.. . 2 128

Takal - 17,428
Total per pere. .

Mry 30itoJune 7___.
DATS-aere, tised for olip- [plune 23 to July 8., .

ping (plot A} July 25 to July 31. __
Aug. 19t Aoy, 23

o | e imtn

R | Db || gEtn | oo

Total per nore

b

0.493-nere, used for clip-

) Tuly 10 to July 24__
ping (plot B)

Ang. 1210 Aup, 18__

IJ nne 8 to Tune M.
Sept. 9o Sent. 4. __

: | ;G a

PR ERSE

e
[~]

Total per scre__ ...

t Agsumed that prowth sisrted May 1.
T On dry-mabier basis.
3 Average number of days hetween clippioes.

The plots on which the various cuttings were made were not of
uniform size, and the yields are calculated on an acre basis to make
them comparable. Not all the variation in yield of dry matter per
acre can be atiributed to the number of times the grass was cut, nor
$o the maturity of the grass, since the yislds of dry matter do not fol-
low any definite order of frequency of cutting. Plot B cut four times,
with an average of 34 days between cuttings, had the greatest yield of
dry matter on an acre basts. The plot cut three times, with an average
of 45 days between cuttings, had the second highest vield of dry
matter; plot A cut four times, with an average of 29 days between cut-
tings, had the third highest yield and the plot cut twice, with an
average growth period of 68 days, had the lowest yield.

The yield of protein per acre followed definitely the number of
cuttings. Plot B cut four times, with an aversge of 34 days between
cuttings, had the greatest yield of protein, followed by plot A cut four
times, with an average 0{}’1 9 days between cuttings. The plot cut
twice, with an average growth period of 68 days per cutting, had the
lowest yield of protein per acre. The yield of protein per acre on
plot B (¢ut four times) was a little more than double the yield on the
plot that was cut twice.

The ranking of the average percentage of protein for the different
plots follows definitely the average days’ growth between cuttings.
The grass from plot A, with 29 days’ growth between cuttings, had
an average of 17.5 percent protein (dry-matter basis); the grass from
plot B, with an average of 34 days’ growth between cuttings, had an

+
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averagc of 17.3 percent protein; the grass from the plot cut three
times, with an average of 45 days’ growth between cuttings, had an
average of 14.7 percent protein and the grass from the plot cut twice,
with an average growth period of 68 days between cuttings, had an
average of 11.6 percent protein.

These high percentages of protein are not due to fertilizer treatment.
1t will be recalled that the soil on which these plots were located had
received no fertilizer treatment, other than the droppings from
animals pastured on alfalfa.

It is significant that iccreasing the number of cuttings to four,
during the growing season, thereby cutting the grasses at more imma-~
ture stages of growth, resulted in greater yields of dry matter and in
marked increases in both the percentage and the total yield of protein.

RESULTS OF FEEDING HAY AND SILAGE MADE FROM GRASE GUT AT INTERVALS AND
AT MATURITY

Because of limited storage space it was necessary to store the hey
from each succeeding cutting on top of that from the preceding cut-
ting. The various cuttings had to be fed in the reverse order to that
in which they were put in the barn. Because of the small quantities
of hay available from some of the cuttings, the abrups changes from
one cutting to another have brought out the differences in palatability
more clearly, perhaps, than would a feeding experiment in which the
hays were fid gimultaneously.

The ensiled grass was placed in two small experimental silog. Tn
one silo the first-cutting interval grass, the first-cutting mature grass,
and the second-cutting interval grass was ensiled in the order named.
In the other the second-cutting mature grass and the third-cutting
interval grass was ensiled in the order named. The silage was not
fed in the same order as the hay. The second-cutting interval silage
was fed first, and then for some undetermined reason, the third-
cutting interval and the second-cutting mature were fed from the
second silo before feeding was continued with the first-cutting mature
and the first-cutting interval silage that remained in the first silo.

Three cuttings of grass for hay were from & plot of 0.964 ncre,
and two cuttings were from a plot of 0.275 acre. The total yield of
hay from the total ares (1.239 acres) was 5,965 pounds, with a dry-
magtter content of 4,968.8 pounds.

Three cuttings of grass for silage were from a plot of 0.998 acre and
two cuttings were from o plot of 0.347 acre. The total yield of silage
from the total area (1.345 acres) was 22,398 pounds, with a dry-matter
content of 5,658 pounds. Thus there was somewhat more silage than
hay available for feeding. :

Three cows, H-53, H-48, and H-37, were started on the second-
cutting mature hay on October 30 and were continued on hay of the
various stages of maturity for 20 days. They received no other feed
while they were being fed the grass hay. As soon as one lot of hay
was consumed the cows were started on another. Because of the
varying smounts of hay available the results of both the hay and
silage feeding are measured only in terms of increase or decline in
hay and silage consumption, milk yield, and body weight. The
three hay-fed cows averaged 1,379 pounds in weight and 117 days
in lactation, :
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. Three cows, H-49, H-51, and H-52, were fed the grass silage.
They averaged 1,312 pounds in weight and 117 days in lactation.
They were started on the second-cutting interval silage October 10
and were fed continuously on silage of various stages of maturity for
40 days. They received no other feed during the silage-feeding
experiment.

A sufficient amount of the first-cutting mature hay, of the first-
cutting mterval hay, and of the first-catting interval silage, was held
for usein a 24-day feeding tess with two cows, H-49 and. H-53, in which
both, grass hay and grass silage constituted the entire ration. Cow
H~ 4 had bem in the grass-silage feeding test, and cow H-53 in the
grass-hay feeding test.

FEEDING GRAS3 BAY ALONE

Table 16 gives the daily consumption of hay, the mili production,
and the body weights of the three cows used in the feeding experiment,
with grass hay cut st intervals and at mature stages. A summary of
the average consumption of hay and the average yield of milk for
the three cows during the various periods is given in table 17,

There was a marked difference in the rate of consumption of the
hay cut at different periods of growth by the individual cows and with
this difference in consumption there was & decided variation in pro-
duction, as shown by table 17.

The three cows were started on hay made from the second-cutting
mature grass, representing 56 days’ growth and having & erude-protein
content of 12.5 percent. The feeding period was 2 days.

They were then changed sbruptly to the third-cutting interval hay,
This feeding period was also 2 days. The hay represented 43 days’
growth end bad a crude-protein content of 14.9 percent. During this
2-dey period the aversge deily consumption increased by about 11
pounds for cows H-53 and H-37, and 19 pounds for cow H-48.

The cows were then put on second-cutting interval hey for & period
of 8 days. This hay represented 48 days’ growth snd had a crude-
protein content of 13.4 percent. They declined in both consumption
and milk production during this feeding period (table 17).

They were next fed first-cutting mature hay for 4 days. This hay
represented 80 days’ growth and had s crude-protein content of 6.5
percent, end the change was accompanied by a sharp decline in daily
consumption (table 17). Itis unfortunate that there wes not a great-
er supply of this hey so that the extent of the decline in consumption
and produefion might have been determined.

With the next change (from the first-cutting mature to the frst-
cutting interval hay) there was & decided increase in consumption and
a slight increase in production (table 17). This hay represented a
growth of 45 days (computed from May 1) and had a crude-protein
content of 9.9 percent.

As was brought out in the discussion of the chemical composition
of dhe hay and silage of the various cuttings, the second-cutting
mature hey was more like the second- and third-cutting interval hays
in composition then was the first-cutting interval. The first-cutting
mterval hay was also more like the first-cutting mature hay in com-
position than was the second-cutting mature. That being the case
these three cows were fed on the three most immature hays uring the




‘ TaBLE 16.—Grass-hay consumplion and milk production per day, and changes in body weight, of 8 cows fed hay ecut at different stages of
o maturily : )

Cow H-53 ! Cow H-48?

Stage of maturity of the hay

Date fed | Grasshay - | Qrass hay "Grass hay

Milk Milk . :
Butter-| Body — ;| Butter-|- Body Butter-| Body
produc- 4ot | weight produes go¢ ¢t | weight fat test | weight -

Con- | ‘tion Son- | tion Con-
Offered [ o o0 Offered | . \mad Offered | o=

Pounds | Pounds | Percent | Pounds | Pounds | Pounds | Pownds | Percent | Pounds | Pounds | Pounds | Pounds | Percent
0 34,0 5.6 38.5 3L.0 4 40.5 32.0 3(4) g
Third-cutting interval ov. 1| GL& - &5 - . : : | 0| i
319

Second-cutting mature.

Second-cutting intesval

First-cutting mature

First-cutting interval

BNREBREREEIRRESE

Total
Average

o
B

= | RO WRNCOROTRR NS

1 Age 4 years 11 months; stage of lactation, 57 days, 3 Age 6 years 5 months; stage of lactation, 231 days.
? Age 5 years 3'months; stage of lactation, 62 days. - 4 Average of 3 weights,
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TasLE 17.—Average daily consumption of grass hay, the average daily production of milk, and the increase or decline in comdﬁption and
production, by 8 cows fed grass hay of different stages o° malturily

Cow H-53 Cow H-48 Cow H-37

w

Ini de- I d In de-
S e ety T Pt

Kind of hay fed andk length of feeding period

Brodue-~
tion

Con- “Con- g Con- 110
sump. | Produe- sump- ?x;ci)ggc samp- P‘;‘i’gg‘f

tion tion tion

Percent A 54 Percent | Percent Percent | Percent

Sscond-cutting mature §2day‘s) -
Third-cutting interval (2 days) 8 . . . . . -
Becond-cutting interval (8 day: 5 . 2.7 , 3 . 3 46, 3 +—5,8 11,68
First-cutting mature (4 days)_ . 5 1137 A 3 3 s : ; . 8 1~16.2| *-14.7
First-cutting interval (4 days).. ..o 5 34-16.5 . \ {-23. 2 . 3 $48.4 343.5

.

1 ¥roin last 2 dﬁyﬁ on third-cotting interval to last 3 days on second-éutting interval.
¢ From last 3 days ru second-cutting interval to last 3 days on first-ciitting ‘mature,
3 From last 3 days on first-catting mature to last 3 days on first-cutting interval.

NOIIDAJOUd TN dOd4 HATVA DNIGHEL SV SESSVED
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first 12 days of the test and on the two most mature hays during the
last 8 days. During the first 12 deys the cows consumed an average
of 45.9 pounds of hay per day, and produced an average yield of 42.8
pounds of mitk. During the lest 8 days they consumed an average of
41.3 pounds of hay per day, and produced an average yield of 37.3
pounds of milk.

The cows reacted very quickly in both consumption and production
to the changes in quality in the difforent hays. If is probable that
with longer feeding periods the cows would have become adjusted to
these differences in quality, and the resulting differences in econsump-
tion and production would have been measured more accurately.

The experiment does bring out the marked differences, in palata-
bility and in value for milk production, of hey cut from the same fields
and cured under the same conditions but differing in the stage of
meturity when cut. It also shows clearly that the number of days
of growth is not an accurate gage of maturity for grass cut at different
periods of the growing season. The 45-day growth of grass, cut June
14, had a very different composition and palatability from the 48-day

wth of grass, cut August 1, and the 43-day growth of grass, cut
ptember 13. Apparently the more rapid growth early in the season
resulted In & more mature plant than the slower growth for the same
length of time later in the season and the hay made from thiz more
mature grass was less palatable and had less value for milk production.

It is probeble that the cows would have done better on the second-
cutting mature hay, on which the experiment was started, had they
been accustomed to grass hay. These cows had always been fed
alfalfa hay.

FEEDING GRAES SBILAGE ALCNE

The individual consumption aund production date for the cows
H-49, H-51, and H-52 that were on the silage feeding test are given in
table 18. Cow H-51 had previously been in the cﬁpped-ﬁrass feeding
group. A summary giving the average consumption of silage and the
av&rage milk yield for the various periods of the test is given in
table 19.

Cow H-49 (table 18) consumed an average of 102.7 pounds of
silage per day. Her lowest day’s consumption was 46 pounds (the
first, day } and her highest was 144 pounds of the third-cutting intervel
silage. Her milk production for the 40-day feeding period dropped
from 41.8 pounds {average of second, third, and fourth days) to 33.4
pounds {average of the last 3 days). This is a decline of 8.4 pounds.
She had been 1n milk only 39 days when the test started, This cow
was badly physicked throughout the entire period, with only occa-
slonally o dg.y.th&;t. the droppings eppeared normal. The other two
cows were normal after the first few days, During the 4C-day period
E-49 declined 82 pounds in body weight, or about 2 pounds per day.

Cow H-51 {table 18) consumed an average of 104.9 pounds of silage
per day, with 136 pounds the highest day’s consumption. She pro-
duced an average of 20.5 pounds of milk per dey, declining 3.7 pounds.
Her decline in %ody weight was 61 pounds.

Cow H-52 (table 18) consumed an average of 104.2 pounds of silage
per day. Her highest day’s consumption was 158 pounds of the -
third-cutting interval silage, The highest day’s consumption for
each of the three cows was during the time they were fed the third-
cutiing interval silage,
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The three cows were started on silage made from the second-cutting
interval gross (table 19), representing 48 days’ growth and having a
crudé-protein content (dry-matter basis) of 15.3 percent. The feed-
ing period was 11 days. The three cows consumed an average of
106.6, 98.4, and 98.8 pounds, respectively, of this silage per day.

The cows were next fed for 4 days on third-cutting interval silage,
representing 43 days’ growth and having a crude-protein content of
17.1 percent. Their average daily consmmption during these 4 days
was 136.4 pounds, by far the highest rate of consumptton obtained
in the silage-feeding fest, and the rate of consumption was still increas-
ing when the supply of this silage was exhausted. The average daily
milk production also increased by 4.7 percent, 3.7 percent, and 12.3
percent, respectively. This siluge was more palatable than that
made from any other cutting. With o longer feeding period on this
silage 2 much greater inerease in production might have been obtained.

The cows were then changed to the second-cutting mature silage
for 2 days. This silage represented 56 days of growb% and analyzed
13.6 percent crude protein. This change was aceompanied by a 10.9
percent, 13 percent, and 13.4 percent decrease respectively in con-
sumption of silage by the 3 cows, but by a slight increase in produc-
tion. Since this feeding period lasted for only 2 days, the increase
in production is probably due to a carry-over effect from the feeding
of the third-cutting interval silage.

The cows were next fed the first-cutting mature silage for a period
of 12 days. This silage represeated 80 days of growth and the pro-
tein content was 9.6 percent. The average daily consumption, which
was 120.5, 125.2, and 143.3 pounds, respectively, while the cows were
on the third-cutting interval silage and the second-cutting mature
siloii, dropped to 78, 94.5, and 75.1 pounds, respectively, during this
feeding period.

During the last 11 days of the feeding experiment the cows were fed
first-cutiting interval silage, representing 45 days’ growth and having
11.7 percent crude protein. This first-cutting interval silage, like
the first-cutting interval hay, hod a comparatively low crude-protein
content and in composition was more like the firstcutting mature
silage than like the second- and third-cutting interval silage. Like-
wise the second-cutting mature silage resembled the second- and third-
cutting interval silage more closely than it did the first-cutting mature
silage. The first-cutting interval silage was better in quality, how-
ever, than the first-cutting matura silage, as is shown by the marked
increase in consumption and production. The incresse in con-
sumption during this 11-day period was 38.1, 26.2, and 41.2 percent,
respectively, for the three cows, while the increase in daily milk
production was 18.5, 18.4, and 20 percent, respectively.

In this study the first day on silage feeding was excluded because the
cows were not yet aecustomed to the silage ration and the consump-
{ton on that day was abnormally low. The average comsumption
for 16 days on the silage for the three cubtings that were most imma-
~ ture, namely, the thirs-cut.t.iﬂg interval, the second-cutting interval,
and the second-cutting mature, was 117 pounds per day while that on
the silage from the most mature grass, namely, the first-cutting mature
and the first~cutting interval, was 97.8 pounds for 23 days. The
consumption was 20 percent greater on the silage made from the less
mature grasy,




TaBLE 18. —Grass—szlage consumption and milk production per day, end changes in body wezght by three cows fed silage made from grass cut
. at different stages of maturity

Cow H-49'1 Cow H-51¢ Cow H-522

Kind of silage fed, and date | = . Slage Sllage Silage

Milk pro-| Butter-| - Body Milk pro-( Butter- Body Milk pro-{ Sutter-] Body

duction | fat test | weight duction | fat test | welght Offered Con- duction | fat test| weight
ere!

Con-
: Offered | yymed sumed

Con-
Offered | oimeq

Pounds Pounds |Percent| Pounds |. Pounds | Pounds Percent| Pourds | Pounds | Pounds Percent] Pounds

41,369 53.0 3 3 ¢ 57,0

: 93.0 5 - 79.0
123.0 . 115.0
120.0
135.0

Secogd;cutting interval:
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First-cutting intecval:
Nov. 8.ccnniven
Nov. 9..c...
Nowv. 10.-.

Nov. 11..

Nov, 12..

Nov. 13—

Nov. 4.

Nov. 15 e

Nov. 16..

Nov, 17...

NOV, 18 cvccininenn

88

»

BrREgRe

b

0O ] WONDLNLI DN

BREZELEBEIR

822

140.0
4,978.0
124.4

Total.. .o coooicicana} 4,000.0
AVErige. . ouoiemenn. l 124.7

R
o
85

OO | MIOORWMWI~TI~Ic

=
23
b

3.9

4 Age 5 years 1 month; stage of lactation, 39 days. 1 Age 5 years; stage of lactation, 89 days.
 Age 5 years'1 month; stage of lactation, 223 days, ¢ Average of 3 welghts.

TABLE 19.—Average daily consumption of grass silage, the average daily production of milk, and the increase or decline in production end
consumption by three cows when fed grass silage of different stages of maturity i

Cow H-9 Cow H-51 Cow H-52

Kind of silage fed, %ng length 6f feeding Increase (-ii—l)‘ or decline (<) Increase (+%noi decline (—) Increase (+Znoi decline (—)
perio : ’

Consumption| Production Consumption| Production Consumption| Production

Per- | Per- | Per- | Per- Per- | Per- | Per- | Per- Per- Per- | Per-
o Lbs. t Lbs, | cent | cent | cent -| cent g cent cent | Lbs, | Lbs. | cent cent | cent

8econd-cutting interval (11.days). .. ____ 42.4 ' ~11.8(1—4.3 98 14-56. 0 411 1.9 , 40. 0}t +-52.0

Third-cutting interval (4 days). .. -— 40,613 419.7 B s Y | PO 3 22,87 412.9, 3 147.5] - 40.6P4-32. 4

Second-cutting mature (2 days)._. 123, 44, 110109 ... R . I 25, 11 —13. 0| - 8l 135.0) - 44.1/¢—13.4 -

First-cutting mature (12 days) . _._ S 32, 6° —42, 6* ~34. 4° ~32. 716 37, 9 . 18, 4)8 =29, 2 9. 28. 76,1) 32,218 —42,7 s —20, 81633,

First-cutting intervsal (11 days)_-----_-_--_,..‘] . 33.1)7+38.1 7+18. 5 . 18. 6{7 +4-26. 2| - 3 120,2} .33, 3|7 41, 2] 1-4-20,0.. ...

I'From fint 3 days to last 3 days on second-citting interval. & From last 3 days on third-cutting interval to last 3 days on first-cutting mature,
1 From second, third, and fourth days to last ' days on second-cutting interval, ¢ From last 2 days on second-cutting mature to last 2 days on first-cuitting mature,
3 From Jast 3 days on second-cutting interval Lo last 3 days-on third-cutting interval, 7 From last-3 days on first-cutting mature to last 3 days on first-cutting interval.

¢ From ]ast 2 days on third-catting interval to last 2 days on second-cutting mature.
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FEEDING VALUE OF HAY AND OF SILAGE COMPARED

The hay from all cuttings of grass had an average dry-matter con-
tent of 83.3 percent, and the silage had an averageﬂiry-matter content
of 25.2 percent. Computing the dry-matter content of the hay con-
sumed daily by the three cows in the hay-feeding experiment and the
dry-matter content of the silage consumed daily by the three cows in
the silage-feeding experiment gives a basis for comparing the relative
a;nt;lunts of dry matter consumed in the form of hay and in the form
01 s11age.

Tab%e 90 shows the relative amounts of dry matter consumed in hay
and in silage made from the different cuttings of grass.

TaBLE 20.—Dry maller consumed in h?y and silage made from the different cutlings
af grass

Dry mat| Avoregs

" 1sumed in silage

Stags of matority hay per consumed
per doy

perr::){;w per cow

Pounds | Pounds
Eecond-cutting mature - X 29.9 125. 2
Third-cutting interval 3 41,7 130. 4
Second-catting interval. . . k1] 1013
First-cutting matura - 2o 825
Flrat-cutilog jntorvol . 36.7 114.4

It is apparent that the cows consumed a lorger amount of dry
matter in the form of hay than in silage. The relative amounts of
dry matter consumed in hay and silage do not follow the snme rankings
for the various cuttings, however. This may be due in part to dif-
ferences in palatability of the hoy and silage that resulted from the
curing and handling of the grass, but it is also due in part to the fact
that the cows in the hay-feeding experiment were not accusiomed to
grass hay, when they were started on second-cutting mature hay, and
did not have an opportunity to become accustomed to it before the
supply was exhausted. Nor were the cows in the silage-feeding
experiment accustomed to grass silage when they started on the
second-cutting interval silage, though in this case the cows had a
longer feeding trial and a better chance to become accustomed to the
silage. It is doubtful if there was much difference between the silage
and the bay made from the second-cutting interval grass or between
the silage and hay {rom the second-cutting mature grass. There is
no question but that the third-cutting interval grass was cut at the
stage of meturity that made both the hay and silage far more palatabie
than the hay or silage of any other cutting. But even in this case the
silage-fed cows consumed 7 pounds less dry matter per doy. It is
unfortunate that the supply of both hay and silage from this cutbting
was so limited. The difference in consumption of dry matter in silage
and hay is reflected in the loss in body weight in the two groups of
cows. One of the three cows in the hay-fed group gained m weight
but the average loss for the three was 17 pounds during their 20-day
test. All three cows in the silage-fed grou;t)] lost. weight, the average
loss for the three being 62 pounds during their 40-day test,
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Even though the silage-fed cows consumed less dry matter than the
hay-fed cows, and even though they lost more than thres times ss
much in body weight, their rate of decline in milk yield was just a
little less during the 40 days they were on the silege ration than was

‘that of the cows that were on hay for 20 days. Comparing the aver-

age milk yield of each group for the second, third, and fourth days
with that of the last 3 days of their respective feeding periods shows
that the silage-fed group declined an average of 14.66 -P[‘ercent and the
hay-fed group declined an average of 14.83 percent. ‘This appears to
indicate that the silage (pound for pound of dry matter) had o grenter

feeding value for milk production than the hay. It wes not possible

to conduct digestion trials on the hay and silage. Watson (11)
conducted digestion trials with sheep on grass silage and on grass hay
that was avtificially dried, and secured the digestibility coefficients
given in table 21.

TasLe 21.—Coefficients of digestibility on grass silage and artificially dried grass
i as reporled by Watsan, in irinls with sheep

Grass hay
Grass sitagei(nrtificially
drled}

Percend FPereent
1.

Dey modter__._..._.. .- _— 7L 71.63
Organic matter. [ 7302 T
Ether extroct. .. ... e e —————— v s ——————— 77,68 al.05
Crude fiber.._____.__ v e rwmas s aman - 7.5
Nitrogen-free extractives. _____ . _____ 1~ - L3 4. 28
Cruda proteln [ 67,70 a7, {8
True protein. oo eI T T 40, 55 67. 5@

Watson points out that the two points of difference in digestibility
between grass silage and grass hay are in the digestibility of the ether
extract and the true protein. He believes that the higher digestibilit;
of the ether extract is due to the fact that it includes the organic acids
formed as a result of the fermentation processes, all of which are
soluble and thus completely digestible. He has found in other experi-
ments that the digestibility of the true protein is depressed during the
making of silage. Watson points out, too, that artificially dried grass,
the (iliig;stibiﬁt.y of which is given in table 21, is superior to good field-
cured hay. :

The digestibility coefficients given by Watson for grass silage and
grass hay are not entirely applicable to the grass silage and grass hay
in the ﬁmtley experiment, particularly because his ficures apply to
artificially dried hay, whereas the hay used in the Hun tﬁ:y experiment,
was field cured. They do offer some support, however, for the belief
that the silage in this experiment (pound for pound of dry matter)
was better for milk production than the hay.

The hay-fed cows were on about a 27 percent higher level of pro-
duction at the start of the experiment than the silage-fed cows. This
may account in part for the more rapid rate of decline in milk yield
by the hay-fed cows. Comp iring the milk Eield of the silage-fed cows
on the second, third, and fourth days of the test with their yield on
the fifteenth, sixteenth, and seventeenth days, the period during which
they were fed the silage made from the most immature grass, shows
an Increase in milk yield of 8.8 percent. On the other hand, the hay-~
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fed cows declined 4.6 percent from the second, third, and fourth days
to the tenth, eleventh, and twelfth days of their test, the period during
which they were fed the hay made from the most immature grass.

A comperison of the milk yield of the silage-fed group for the lasi
3 days they received silage made from the most immature grass with
the yield for the last 3 days they received silage made from the most
mature grass, shows s decline of 21.6 percent. During this period the
silage-fed cows consumed 8 much smaller amount of matter than
the hay-fed cows. The decline in milk yield for the hay-fed cows
during the same period was 10.7 percent.

FEEDING GRASS HAY ANP GRABS BILAQE TOGETHER

At the conclusion of the feeding trials with hay alone and with silage
alone, 2 cows, 1 from the hay-fed group and 1 from the silage-fed group,
were continued in a feeding experiment in which they receivet% both
grass hay and grass silage. 1t was planned to feed them at the rate of
2 pounds of silags to each pound of hay consumed. Sufficient silage
was offered to meeb this ratio, but neither cow consumed enough silage
to maintain the balance. Because of the shortage of both hay and
silage, the trial was continued only 24 days, from November 19 to
December 12, inclusive. During the last 3 days, when both the hay
and the silage were offered in unrestricted quantities, the cows ate
more hay and less silage.

Table 22 gives the essential data on the hay and silage consumption
and daily milk production for these two cows, H-49 and H-53.

Cow H-49 had been on first-cutting interval silage alone just previ-
ous to this hay-and-silage feeding test. This cow had scoured almost
continucusly on silage alone s.ngl ghe continued to scour on hay and
silage. Her average consumption during the last 3 days she was on
silage alone was 111 pounds per day and her average milk production
{for the 3 days was 33.4 pounds. She was continued on first-cutting
interval silage in the hay-and-silage feeding test, and was fed first-
cutting mature hay, in addition, for the first 9-day period, November
19-27. She consumed an average of 21.3 pounds of grass hay and
40.9 pounds of grass silage per day for the 9-day period. The ratio
of consumption was 1 pound of hay to 1.9 pounds of silage. Her
consumption of hay increased slightly from the first 3 days of this
period to the last 3 days, but her consumption of silage remained
about the same. Her milk production declined from 33.4 pounds per
day (average of the last 3 days on silage alone) to 31.1 pounds per
day (average of last 8 days of first 9-day period on hay and silage).
This was 2 decline of about 7 percent in 9 days. It will be 'recafled
that the first-cutting mature hay fed during this period was the
poorest in quality of any cutting.

On November 28 the hay for cow H-49 was changed from first-
cutting mature to first-cutting interval, but the silage remained the
same. This feeding period was for 12 days. Her average daily
consumption of first-cutting interval hay was 28.9 pounds, an increase
of 7.6 pounds per day over her consumption of first-cutting mature
hay. Her daily consumption of silage was 37.2 pounds, a decrease
of 3.7 pounds per day. Apparently she preferred the first-cutting
interval hay to the first-cutting interval silage. The ratio of con-
sumption during this period was at the rate of 1 pound of hay to 1.3
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Tavre 22.—Conaumption of hey and silage, mitk production, and changee in body
weight by twoe cows tn the hay-and-silage feeding experiment

]

Cow H-49 Cow H-53

5
~

8ilage Silage
Kind of hay and

silage fed

Offered
Consumed
Consumed

Mk prodnction
Body welght
MUk production
Body weight

Offered

=
&
I

4
o
£
B

RE| BERRE
g

[}
ool
g
O

ohooonontoooonnal comes

First-cutting  [nter-
val hay and zilege. .

-t -

o=
wmoem
azansd

2]

REBREBRS

First-cutting mature
hay and first-cut-
ting interval silapo.

P i e e e

A=l LY ~]

e
blat

DESHLNEEEIREE
rlownoooconenoononne
- -

3
=

CHIALNCHEn o SFEn en Ch D Y
SEBRRHENRNINES

IS

PRBLBERAERERE
et T D S E OO B Y e £ R b £ e

gEsg:

nondn Sy Eh Ly

BERRRANSETEEASEL

Flist-cutting  inter-
vai hay nnd sisge..

RRHBEASEHES

]
bl

[~} (=]
$lEERRRREEES

MEanNREy
(] =~ ]~fw]a)—1a]

Flrstcutting inter-
val hay and silage |

L=l Ll b L L Lo Y e L e A TR e D E )

FERRYRIRAS!
=2

L
i
[ =]

1

me

=]

Lid=Lad =yl L =L Y P T P T R~ T = Y el Y

BB RRREN SR UNREE R ERRRNE R
[=]
SRR BB ARE RN ANEBRRESES

LD LY e 1D D D du i b

®o 194

Total for 24 days.|..._._. 792a|em51.m.a 857.9

Average for M
days 3300 20,2 5.0 365

=
4

1, 199. 5
4.8 39 ¢

&
[

Bad G
kol

Alfalfa hay, corn sl-
lege, and gealn.__. [

I No hay fed. 2 Avernge of A walghts.
1 Mo sflage fed. 1 Hay and silage affered in unrestricted quantitles,

pounds of silage. Her daily milk production increased 7 percent
Trorm the last 3 days she was on first-cutting mature hay to the last 3
days on first-cutting interval hay. Her average production during the
last 3 days of this ]iveriod returned to the same level as that of the last
3 days on silage nlone. It should be noted that this cow that had
seoured throughout the test declined omly 20 percent in milk yield
from the second, third, and fourth days on silage alone to the nine-
tt;:ent.h& twentieth, and twenty-first days on hay and silage—a period
ol 59 days.

Table 22 gives similar dafe for cow H-53. Just previous to starting
on this hay-and-silage feeding test this cow wus on first-cutting inter-
val hay alone. During the last 3 days on hay alone, her average
daily consumption was 43.5 pounds and her average daily milk
production was 42.8 pounds. :
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During the first 9 days of the test, when fed first-cutting mature
hay and first-cutting interval silage, this cow consumed an average
of 20.5 pounds of bay per day and 42.8 pounds of silage. She con-
sumed all the silage that was given her and refused a considerable
portion of the hay. The ratio of consumption was 1 pound of hay to
2 pounds of silage. Her average daily milk production declined 16
percent, as measured from the %ast 3 days on hay alone to the last
3 days of this 9-day feeding period.

- On November 28 she was sterted on first-cutting , interval hay,

and the firstcutting intervel silage was continued. This feeding
period was for 12 days. Her average daily consumption of hay
increased by more than 50 percent from the last 3 days on first-
cutting mature hay and first-cutting interval silage to the last 3
days of this 12-day period. The average daily consumption of silage
increased slightly during the same period. Her ayerage daily pro-
duction increased from 35.8 pounds to 41.5 pounds, an increase of
16 percent. Her milk yield at the close of this 12-day period was
black to within 3 percent of her yield at the close of her period on hay
alone.

Starting December 10, the plan was to allow the cows to eat as
much hay or silage as they desired. No aitempt was made to control
the ratio. The hay and silage were exhausted on the third day,
before the cows were accustomed to the method of feeding, or the
relative amounts of hay and silage they would have consumed were
known. During the first 2 days cow H-53 greatly increased her
conswmption of hay at the expense of the silage. Cow H-49 showed
some indications of doing the same, though not to the same extent.
Neither cow consumed us much dry matter on thess 2 days when
the hay and silage was offered in unvestricted quuntities as they had
on the last 2 days of the preceding period, when the ratio of hay to
silage was controlled.

able 23 shows the relative amounts of dry matter consumed when
the cows received both hay and silage and when they received hay or
silage alone.

TaBLE 23.-—Dry matter consumed by two cows when the ration was hay or silage
alone, compared with the amount consumed when the ration contained both hay
and silage

Avernge  dnil con-
sumptlon of dry mat-
Ratlon and feeding period 1er by cow—-

O-53

Pounils
Tast 3 d2YS 01 ¥ oo ivimar coommmmmmc e smie i mmram st 36. 20
Last 3 days on silage .
Last 2 deys oo frst-cutting mature hay end 4r 7.39
Last 2 da¥s on first-cuttiog interval hoy nndd silegs. 38,60

Cow H-53 consumed considerably less dry matter while she was
receiving the first-cutting mature hay and the first-cutting interval
silage than while she was receiving the ﬁrst.—cut.tm% interval hay

alone. When the first-cutting mature hay was replaced by first-
cutting interval hay, however, her consumption of dry matter in
hay and silage returned to the same level as when she was receivinﬁ
the hay alone, So far as this cow is soncerned, it cannot be sai
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that adding silage to the ration increased the amount of dry matter
consumed over the amount consumed when hay was the entire
ration. This is not true, however, of cow H-49 who had been on
& ration of silage alone. Even on ‘the hay-and-silage ration in
which the relatively unpalatable first-cutfing mature hay was fed,
her consumption of dry ruatter increased slightly over her consump-
tion when she was on silage alone; but when the hay was changed
to first-cutting interval there was a marked increase in the consump-
tion of dry matter over that on the ration of silage alone,

These very meager data appear to indicate that pood hay added
to 2 ration consisting entirely of silage will increase the consumption
of dry matter, but that silage addege to o ration consisting entirely
of hay will not necessarily increase the consumption of dry matter.

At the close of the hay-and-silage experiment both cows were put
on the herd ration to which they were accustomed—alfalfs hay, corn
silege, and a grain mixture. Table 22 shows the mill production by
these two cows on this ration for the 6 days following the bay-and-
silage feeding test. The two cows made = sharp increase in milk
flow durin%liiese 6 deys. This was probably because (1) they were

2gain on the ration to which they were acoustomed; and (2) they

received & grain mixture in sddition to hay and silage. Cow H-49
received 27 pounds of alfslfs hay and 30 pounds of corn silage a day.
Cow H-53 received 31 pounds of alfalfa hay and 30 pounds of corn
silage & day. 'These amounts do not differ greatly from the amounts
of first-cutting interval hay and silage they were consuming, but the
grain was inereased from 4 to 8 pounds per day during the 8 ds:iys.
The results of this experiment are in line with those obtained in )

feeding experiment with Sudan-grass hay and Sudan-grass silage at
the United States Dairy Experiment Station at Woodward, Qkla. (2).
The{; are also supported by the results of an experiment (18, p. 12)
ot the United States Dairy Experiment Station at Beltsville, Md.,
in- which the value for milk production of beet pulp fed dry and beet
pulp fed wet was compared.

Experiments condueted over much longer feeding periods will be
required to settle definitely the question whether there is any advan-
tage in feeding both hay and silege when the dry matter of the hay
and silage are of equa} value, but these experiments do indicate that
there is no value in ndding silage to the ration when hay that has a
dry-matter content of equal vsﬁue to that of the silage is available.

THE 1928 AND 1929 EXPERIMENTAL RESULTS COMPARED

The results of the grazing experiments, and of feeding the grass in
the green form, and ss hay and as silage for the 1928 and the 1929
seasons are summatrized in table 24.

In order to make the results as nearly comparable as possible, most
of the items of comparison have been computed on an acre basis.
Even so, the results for the 2 years arc not strictly comparable
because of (1) the more favorable conditions for growth of grass in
1928; (2) the differences in producing capacities for milk and butter-
{at yields of the animals vsed in 1928 and in 1929; (3} the animals not
being fed to capacity on the green grass, hay, or silage in 1928; and
{4} the variation in the milk yields resulting from the variation in
consumption of hay and silage made from grass of the various stages
of maturity.
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PanLE 24 —Summary of yields of feed, and of milk and butterfal production of the
cows fed grass in the different forms, for 1928 and 1928 seasons

Qruss elipped
Grazed and fod green QGrass hay Ciraas sflagn
Ttoms
18928 ity 1828 1820 1628 1929 1928 1929
Daration of grazing ssason or
feeding trial ... _days_.| o i0e o 92 a7 20 11 40
Average daily number of cows
T BCTB  _sooooo.- nutnber_ 184 1. 46 2.8 1.3 2.3 1.18 3.0 1.68
Praduction per acre:
)% (13 R, pounds_.| 4, §75.0 | 5 609.0 4,041.0 | 3,886.0 7 5,105.0 | 4,420.0° 7, 003.6 | 4,792.0
Butterfat oo 0. 1704 205. 2 171. 1 140, 7 180.9 185.9 300 2 184.9
Tecline In milk yield pereent_.| 135 2 130.6 i18.6 +20. 4 LN ) 148 4.9 14.7
Loss in body welght per acre
pounds_| 34 o 105. 6 28,0 480 101.0 95,0 . 238.2
Yleld of dry matter per acre
pounds_._. - 5.660.0 | 4,270.0 | 6,50L,0 | 3,891, 0 | 5,E76.0 3,941.0
Average consumption of fed
per cow per day_..pounds . 5.8 i36.6 32.8 4.1 3.9 103.6
Averape consmnptlon of dry
matter per cow per day
poand —— 10.8 325 .3 38,7 212 6.k

| By cow H-32 durfng 84 coosecntive days en nasture, from Juno 3 to Aug. 25, incluslve. She {reshened
May 20 and reached [ull fow of milk on Juna 3. .

1 By cow H-37 for the 92-dny period, Mey 30 to Aug, 24, inclusive {tables 4 and 5%

1 By cow no. 13 for the 68-day period from June 1 to Aug. B, inclusive. ‘This cow started on clipped grass
May 18, Ireshened May 28, but did not resch the peak of her milk fow until the last 3 days in June, Bhs
goined 15 percent In milk production from the first 3 days te the last 3 days InJune, and declined 29.2 per-
cont thereafter.

1 By cow H-32 for the 56 days cha received clipped grass (tables 10 snd 1),

+ See toxt p. 6.

The effects of the stage of maturity of the grass when cut for hay
and silage on the amounts consumed and the resulting milk yields are
perhaps the most striking results of the entire experiment, but because
of the limited amounts of hay and silage of the various cuttings avail-
able, it is not possible to show the results of feeding only the best hay
and the best silage. Consequently the figures given in table 24 are
for all the hay and all the silags, regardless of stage of maturity of
the grass at time of eutting or of the quality of the roughage, except-
for that part of the 1928 grass silege that spoiled and was not fed.

The carrying capacity for an acre of gress, in all forms in which the
grass was consumed, was higher for the 1928 season because of the
much higher yield of grass that year. This is also shown in the yields
of dry matter per acre, the average vield for 1928 in all forms being
approximately 3 tons as compared to 2 tons in 1929. The carrying
capacity per acre for the clipped grass, hay, and silage was somewhat
greater than that for the pasture in 1928, for the reason that the cows
were not fed to capacity on the grass hay and silage.

The carrying capecities for the four forms of feeding for the 1929
season agree fairly closely. The variations are due to the differences
in the amounts of dry matter consumed. The consumption of dry
matter was greatest for the hay, followed by the clipped grass and
the silage in that order. The fact that the carrying c;H:-acit.y for the
grazed pasture was second only to that of the grass silage probably
¢ dicates that the amount of dry matter consumed by the grazed
cows was between the amount consumed by the cows fed silage and
the amount consumed by the cows fed clipped grass,

The yields of milk and butterfat, caleulated to the amount that
would be obtained from an acre of gress when fed in each of the four
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form of feeding, are remarkably uniform for the cows that were
grazed and for the cows that were fed green grass and hay, but they
are high for the silage-fed cows. The higher yield of the silage-fed
cows in 1928 is probably due to the fact that they were on s higher
level of production and that the feeding trial was short, lasting only
11 days. The yields for the 1929 season are also very umform, except
that from green grass, which is much lower than those from the other
three forms. This low yield from green grass is partly due to the facte
that the cow on this experiment was put on pasture at seversal periods
during the season when there was not enough grasa available for
clipiin , and that during these periods on pasture she suffered o
mar eg dechine in production. Attention is called to the closeness
of the yields on the hay and the silage.

The percentage of decline in milk yield is probably more indicative of
the value of the grass in each of the four forms of feeding than is the
total milk yield calculated on an acre basis, since it is not influenced to
the same extent by the level of production of the cows. The decline
in milk yield by the silage-fed cows was just a little greaterin 1928 than
n 1929, if the difference in length of the two feeding trials is consid-
ered. This s to be expected in view of the lower consumption in 1928,
The percentage of decfine in milk yield for the silage-fed cows in 1929
was practically the same for a 40-day feeding trial as for the hey-fed
cows during a 20-day trial. In view of the lower consumption of dry
matter by the silage-fed cows, this appears to indicate that the silage
was superior to the hay in feeding value for milk production. The
percentages of decline in milk yield by the cows fed the green grass
and by those grazed are greater than for those fed hay or silage, if no

considerstion is given to the length of the feeding trial. Consitiering
the length of time cow H-37 was grazed, 92 days in 1929, the per-
centage of decline was no greater than for the cows fed silage for 40
deys. The decline of 9.1 percent for the cow fed the green grass for
37 consecutive days is less than that for the tﬁrazed cow when lenﬁ‘t‘;h

e e

of time is considered. On the other hand, ercentage of dec
for the cows fed hay and silage covers the period when they wers fed
both the good and the poor hay and silage.

To determine the actual feeding value of hay and silage as com-
pared to that of the green Frass or pasture, fgedjng trials should ba
cerried out over & period of a year with hay and silage as good as
that made from the third-cuting interval in 1929. If the hay or
silage does not lose any of its nutritive content during the process of
curing or fermentation and is made from grass cut at the most desira-
ble siege of maturity, the milk yield should be msintained better
when cows are on a ration of hay or silage than when they are grazed,
or when they are fed grass cut from a permanent sta.ncf‘ throughout
the growing season, for the reason that the guality and quantity of
the hay or silage would be more uniform than pasture or clipped grass
over a long period of time.

Oune of the facts developed from the 2 years’ work is that cows can
consume enough green grass, grass hay, or grass silage, without the
addition of other feeds to the ration, to supply the nutrients needed
for body maintensnce and o good flow of milk, The nutritive
reguirements of the cows in the various phases of the experiment have
been calculated from their average weight and average production by
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- the Savage feeding standards. The nutrients consumed were
calculated from the average consumption of dry matter and from the
analyses for the grass, hay, and silage.

. The samples analyzed in 1928 were so few that the 1929 anslyses '

. "have. been used for the 1928 computations. An average analysis.
' of the infervai and mature cuttings was used for the 1929 hay, and
 for the silage both years, while the analysis for the interval-cut hay
" .alone was applied to the 1928 hay, since the hay was cut at an earlier
stage that year than in 1929. The digestibility coefficients were
tsken from several sources. :
" Woodman {12) end associates conducted digestion trials with sheep
on aglr.ass cut st monthly intervals during the 1929 season. A digestion
trial was run on the grass representing esch month from April to
August, inclusive. An average of these five digestion trials is used
as the coefficient of dx(’igl;estibilit,y for the green grass fed in the Huntley
experiment. These digestibility coefficients are:

Pereent
Crude profein. o oo nccmcemene 76. 6
Ether extract - 48. 6
Nitrogen-free extract . : a1,
Crude fiber .

- Unfortunately there are no digestibility coefficients entirely satis-
factory for application to the grass hay used in this experiment.
Lindsey and associztes, as reported by Henry and Morrison (6, p. 724},
conducted & digestion trial on grass hay that wes cut when very
mature.

Hodgson end Knott (7) conducted a digestion trial on pasture
herbage cut st biweekly intervals and artificially dried by a process
that required 12 minutes at temperatures of 100° to 200° F. Two-year-
old Holstein heifers were used for this digestion trial.

Watson (71) conducted a digestion trial on pasture herbage arti-
ficially dried by a process that required approximately 20 minutes.
The air-intet temperature was 200° C. The hay wes made from
grass that had received a dressing of nitrogen 4 weeks before cutting,
and was deseribed as being ““short leafy gress,” which indieates that it
was quite immature, The digeston trial was conducted with sheep.

The coefficients of digestibility obtained from thew: three sources
ere shown in table 25. :

TanLE 25, —Cosfficients of digestibilily for grass hay as reported by other investigators

Nitrogen-|
Cruda Bther Crude
Reported by— protein | extrack | 222X | “aber

tract

Percent | Percent | Pereasl
Lindsey and sssociab 56. 00 48,00 82.00
Bodgson and Knott - 74. 692 21. 60
Walscn.... - —— 76,35 69, 61

Since the hay fed at Huntley was made from grass cuft before it
reached an advenced stage of maturity, and since it was field cured,
its digestibility probably would fall somewhere between thet reported
by Lindsey and that reported by Watson or Hodgsou. The total
digestible nutrients and digestible protein consumed are caleulated
for the hay for each of the above coefficients,
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" The ccefficients for digestibility of silage, taken from Watson, have

" been cited.

The dats showing the average body weight, and the average pro-
duction, with the calculated requirements and the consumption for
the cows fed the clipped grass, the grass hay, and the grass silage, are
given in table 26.

TisLe 26.—Digestible nutrients, digestible protein, calcium and phosphorus con-
sumed and required per day by cows on clipped grass, grass hay, and grass silags,
1928 and 1929

Olipped grass Qrass hay Girass silage

19281 1820 1929 1628

Averai:yamount of fead congumeed per cow
par - ponnds 138.8
Average amount of dry matter consemed
per ¢ow per day- pound, 204 34
Average daily body welght
Aversge dafly milk prodaction
Avernge percentage of butterfat in milk
nercent__ 3.9
Aversge amount of outrlenta consumed
per cow per day.

'™

....-a
i e

- Bab

- @

% o mmpl BRES

Average smount of nutei=nts reqaired per
TOW per day. pounds
Dige.-;trt:la crude proteln copsumed per

cow per d8¥. oo .. DOUDdAS_

8 BE8E BN

Digestible crude protein reguired per cow

perdey. .o .o e DoOunds. PR
Calelum consumed per cow per day

ounces. | 2,718

Phoaphorus consumed per cow per day

DUDCES.. . Y]

1 For cow 13, led clipped grass for 82 days.

Y Caleulated by the Watson coafflcient of digestibillty.

1 Caleulated by the Hodgson and Knott coefficieat of digestibillty,

¢ Calculated by the Lindsey and associntes coeflicient of digeatibility.

In 1928 the cows fed the clipped grass did not consume enough
grass to provide the protein or total digestible nutrients required for
maintenance and production. It will be recalled, however, that these
cows were not fed to capacity in 1928. In 1929 the cows were fed to
capacity, and with an average daily production of 30 pounds of 3.9
percent milk, they consumed enough grass to give them a slight margin
in total digestible nutrients and an excess of some 44 percent over
requirements in protein. There was a very slight loss in weight in
1929 as compared to that in 1928,

The hay-fed cows in 1923 consumed enough hay on the average te
supply the reguired amount of total digestible nutrients and protein
when the Lindsey and Hodgson and Knott coefficients of digestibility
are used. In 1929 the cows on the grass-hay ration had an average
production of 40.6 pounds of 4.1 percent milk per day. Their sverage
daily consumption of 44.1 pounds of hay was su%cieut to provide
them with the required amount of total digestible nutrients only, if
the Lindsey coefficient of digestibility is used. These calculations
are based on average consumption and average composition for ail
the various cuttings of hay. "When receiving the third- and second-
cutting interval hay the consumption was much greater and the hay

~was of much better quality than the average composition for all cut-




44  TECHNICAI, BULLETIN 381, U.S. DEPT. OF AGRICULTURE

tings. Consequently, on the better hay, even with the higher milk
yield, these cows obtained enough nutrients from hay alone to meet
their requirements.

In 1928 the silage-fed cows did not eat enough silage to provide
nutrients for their requirements. This probably accounts for some
of the loss in weight of the silage-fed cows in 1928, though it appears
that ot all the abnormally large loss in weight can be accounted for
in this way. In 1929 the increased consumption of the silage-fed
cows wasg still insufficient to provide enough nutrients for their
requirements, though the shortage in protein was slight.

As stated previously, caleium and phosphorus determinations were
made on the first 10 samples of the clipped grass secured in 1929.only.
The average for those 10 samples was 0.676 percent caleium and 0.288
percent phosphorus, en a dry-matter basis. This average has been
applied to the 1928 and 1929 consumption figures for green grass,
grass hay, and grass silage in table 26. These calculations for ca%cium
and phosphorus, especially for the hay and silage, are only indicative,
Estimates as to the caleium and phosphorus requirements of cows in
milk differ considerably. Ellenberger (3) states that results of his
experiments check fairly closely with the estimate of Keliner that a
1,000-pound cow producing 20 pounds of 4 percent milk would require
2.25 ounces of calcium and I ounce of phosphorus. On this basis, the
cows fed the green grass in 1928 did not receive encugh calcium or
phosphorus. In 1929, however, the grass consumed contained
approximately the amount of calcium and phosphorus estimated as
required by Kellner. The 1928 hay-fed cows consumed enough hay
to exceed their requirements for caleium and phosphorus, while the
1929 hey-fed cows consumed a little more calcium and phosphorus
then was needed to meet their requirements. The silage-fed cows
were considerably below their mineral requirements in both 1928
and 1929,

These experiments indicate that cows can consume enough grass to
meet their nutritive requirements for body maintenance and for o milk
flow of ai least 30 pounds per day. If grass hay is of good quality,
and is made from grass at an immature stage of growth, the grass hay
alone will supply nutrients for maintenance and a milk yield of some-
what more than 40 pounds of 4 percent milk, (See production of
cows when fed hay of the most immature stages of growth.) The
cows did not conmsume enough grass silage to provide the nutritive
requirements for maintenance and 30 pounds of 4 percent milk,
though the slower rate of decline in milk yield of the cows receiving
the grass silage as compared with those receiving the grass hay indi-
cates that the grass silage may be somewhat superior to the grass hay
in stimulating milk flow.

SUMMARY AND CONCLUSIONS

The fact that immature grasses are high in protein and low in
crude fiber and that the percentage of protein declines and the per-
centage of crude fiber increases as the plant matures was discovered
as far back as 1883 by research workers in the United States Depart-
ment of Agriculture, was studied in more detail by Morse at New
Hampshire in 1888, and has been confirmed by other investigators
from time to time since then; but apparently no attempt has ever
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been made to take advontage of this most important discovery in
feeding livestock. The work of Woodmsan and associates, on the
chemical composition of grasses at different stages of maturity, at
the University of Cambridge in more recent years, has emphasized
the value of immature grasses for feeding purposes.

So far as the authors know the investigational work reported in
this bulletin is the first work with livestock—outside of digestion
trials—to compare the feeding valr~ of the immature grass and iis
products, hay and silage, with the _. the mature.

Stage of maturity of grass cannot slways be accurately measured
in terms of “days’ growth.” Temperature or moisture conditions
may hasten or retard the growth.

The marked preference of the cows for bay or silage made from
immature grass as compared to that made from mature grass is shown
by the great difference in rate of consumption and production. A
change g}‘om immsature to mature hay or silage resulted in a prompt
decrease in consumption and production.

The gain in milk yield and loss in body weight of cow H-37 durin
the 1929 season when she was pastured on the experimental plot, ang
the decline in milk yield and gain in body weight when she was on
other pasture, suggests that grasses at different stages of maturity
may have very di%erent effect on the stimulation of milk flow and the

gain in body weight.

The experimental cows consumed more dry matter in the form of
hay than in silage. The consumption of both hay and silage wes
greatest when the hay or silage was made from the third-cutting
interval grass. The average daily consumption for this cutting was

50.1 pounds of hay containing 41.7 pounds dry matter, and 136.4
pounds silage containing 34.4 pounds dry matter. The consumption
of c(liry‘m&t,ter in the form of green grass was between that of the hay
and silage.

The cows fed the grass hay i 1929 were on g higher level of produc-
tion than the cows fed green grass or grass silage. Their average
milk yield per day wes 40.6 pounds. On the basis of the Hodgson-
Knott digestibility coefficient their consumption of digestible nutri-
ents and protein did not quite meet their requirements; on the basis
of the Watson coefficient of digestibility there was a considerable
shortage of digestible nutrients under requirements; and on the basis
of the Lindsey coefficient there was a slight excess of nutrients
conswmed over requirements.

The silege-fed cows lost weight more rapidly than the hay-fed cows
but theirz?ecline in milk flow was epproximately the same wm 40 days
8s that for the hay-fed cows in 20 days. These declines are for the
entite feeding period, however, and therefore include the time when
the cows were receiving both the good and the poor hay and silage.

There is some indication that the grass silage was more stimulating
to milk flow than the grass hay.

Adding grass silege to the ration of a cow receiving grass hay did
not _increase the consumption of dry matter, but adding grass hay
to the ration of o cow receiving grass silage did resuit in an Inecressed
consumpiion of dry matter.

Green grass, whether grazed or cut and fed green, can be consuned
in quanfities large enough fo supply the nutrients for body mainte-
nance and for & large flow of milk when the grass is available in
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sufficient «juantities and st an immature stage. The difficulty in
maintsining & large flow of mitk over a considerable period on grass
alone is caused by the great variation in rate of growth at different
seasons, even where moisture is available. The veriation in the
growth of the grass results in an oversupply of nutrients &t one period
and ar undersupply at another. This is apperently the main cause
of decline in milk flow of cows grazed or fed green grass.

In 1928 the same number of cows were fed the clipped grass as
were being pastured on g plot of the same size as that ?urnishing the
clipped grass. The 1928 cows consumed an average of only 75.6
pounds of green grass per day. Since the same number of cows were
grazed, it may be assurned that the grazed cows obtained approxi-
mately the seme amount of grass. The 1929 cows when fed to
capacity, however, consumed an average of 136.6 pounds of green
grass per day. This may indicate the impossibility of properly
determining the number of cows that should graze a plot of given
size, or 15 may indicate that 8 cow will eat & great deal more when
It;he g{fass is cut and brought to her than when she has to barvest it

[ersell, .

- Comparisons of the yields of dry matter, protein, and the per-
centage of protein, of the four plots in 1929, show that the two plots
that were cuf four times had the first and third highest yields o}:) dry
matter, the plot cut three times had the second highest yield, and the
plot cut twice had the lowest yield. The yield of protein and the
percentage of protein zre definitely relaied to the number of cuttings
the plots cut four times having both the greatest yield of protein eud
the If:ighest percentage of protein, while the plot cut twice had the
lowest. The yield of protein {on an acre basis) on one of the plots cut
four times was a little more than double that of the plot cut twice.

Although the incompleteness of these experiments is recognized,
the results, together with those of other experiments by this Bureau,

oint the way to possible changes in methods of livestock feeding.
gome of these methods or changes are—

The Bvestock man may have most of bis land In permanent grass
and legumes. He may graze his animals, but the surplus growth of

es and legumes may be saved in the form of hay or silage, to be
ed ss supplements to the pastures and to form either the entire
ration or tge main part of the ration during that part of the year
when grazing is not available.

To make such a system possible the grass would have to be cut at
an immature stage of growth such as that of the third-cutting interval.
This would be true at lesst for milk production.

. The hay, silage, or grazed gress would be the basal ration. Grain
could be added in such amounts as increased production would war-
rant. These experiments and others carried out by this Bureau and
under way, show that deiry cows can consume an smount of hay,
silage, or green grass sufficient to support body maintenance and a
good flow of milk.

The advantages of such a system of livestock farming would be:
Less cultivation of soil; conservation of soil fertility and reduction of
soil erosion; farms would keep the number of animals they could
support; when prices of products were low, more dependence could be
put on the hay or silage ration, with perhaps a lower but more profit-
able preduction. -
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Animals that have been accustomed to a heavy grain ration cannot
be changed abruptly to a ration of roughage alone without a marked
loss in production. Such animals must develop the ability to consume
large amounts of roughage. In any event a roughage ration will not
be successful unless the roughage is'of fine quality in every respect.
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