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INTRODUCTION

The term "silo™ was used by the Greeks as a place for storege of
dry grains duriag years of plenty for use during years of femine. The use
of the silo was taken from Greece into Spain and later passed into France.
The early silos used for storege of grein were built above ground and filled
from the top. The grain wes carried up steps and dumped in the top and re-
moved from doors at the bottom of the sile. The silos were sealed with
gress sad straw to prevent surface spoilage of the grein. The use of silos
for storege of green material was demonstrated in Germany and Hungary when
hay was used for ensiling. This silage was made in the pit type silo and
was desoribed as “sour” or "browm"™ hay (1).

Johaston (2) in 1843 was the first worker to give a detailed descrip-
tion of the process of making silage from greem forege.

The building of the first tower silo in the United States is oredited
to Tred L. Hatch of MoHenry County, Illinois im 1873 (S). In 1882 there were
92 silos in the United States end since that tino the advancement of the silo
bhas been very repid. By 1920 the use of the silo eand feeding of silage had
become an acoepted practice., Many green crops have beem used for making of
silage, such as corn, alfalfa, grasses, potatoes, sugar beets and tops, soy-
beans, sunflowers, sorghum and weeds. Of the ebove mentioned, corn is the
most common orop used for silege in the United States.

The United States Department of Agriculture (4) reported that in 1944
the United States harvested 4,661,000 'norn of ocorn for silage which produced
36,294,000 tons of silage. The same year Michigan harvested 288,000 aores

of com for silege and produced 2,014,000 tons of silage.



Many Michigan Farmers harvest their corn orop with a ocorn picker
end leave the stalks in the field. The common belief is that the stalks
have very little feeding value and are not worth harvesting. The average
yield of ocorn silage in Michigan is estimated at 7 tons per acre. If the
ears were removed and the stalks ensiled as stover silege, the averege
yield of stalk silage would be 4.2 tons per acre. One acre of this silage
would produce 1,140 pounds of total digestible nutrients which would be
equal to 2.2 tens of alfalfa hay.

Another fam problem in Michigan is the care and storsge of
frosted oora grein., Usually the silo is not large enough to hold the entire
oorn orop. There is a possibility, however, that immature ears may be ocon-
served in the silo as ear-corn silage.

It 1s the purpose of this investigation to determine the relative
feeding value of the total digestible mutrients in clover hay and grainless-
ocora silage for milk production; also, the relative feeding value of corn
grain in the silo and ground cora-and-ocod meal, and the relative feeding
value of the total digestible mutrients in clover hay, esr-ocorn luag; and

cora-and-oob meal,






Early experiments with corn silage, that followed the introduction
of the silo in the United States, indicated an increase in milk production
through the use of corn silege in the dairy ration. Bartlett (5) reported
in 1889 that a pound of digestible matter from ocorn silege produced slightly
more rapid growth in dairy heifers than a pound of digestible matter from
tho'thy hay. The previous data which were collected from a limited numdber
of feeding trials ocontributed a great deel toward the advancement of silage
making in this oountry. Chrieti (6 & 7) in 1916-17 stated that corn silage
was the most economical feed for both dairy and beef cattle. Haecker (8)
reported an increase in milk production when 14 pounds of timothy hay re-
placed S5 pounds of silage. A basal ration was fed oonteimning 7 pounds of
wheat bren, 4 pounds of cora, and 3 pounds of oil meal. The animals on the
hay ration gained weight during the experiment.

In 1925 Fairchild snd Wilbur (9) using deiry cows, imvestigated the
velue of ocorn silage using 28-day pericds. A change from silage to a non-
silege ration caused a decrease of 28 pounds of milk per cow over a 28-day
feeding period. When silege was sdded to the retion there wes a 16 pound
inorease in milk production for a 28-day period. The animels were fed grain
with both retions. Animals on the silage retiomn maintained their body weight
mach better than the animals on a nonsilage ration., These investigators ocon-
cluded that the best winter retion mmst include a succulent feed.

Carroll (10) in 1924 ocompared alfalfa hay with corn silage and found

that one ton of alfalfa hey was equel to 2.5 to 3.0 tons of corn silege for






milk production. Converse (11) in 1928 reported that a small amount of corn
silage added to the ration of good alfalfa hay and grein mixture gave no in-
ecrease in milk production. The experiment was designed to show the value of
silage in en experimentel retion end wes not intended to show the replace-
ment value of ocorn silage and alfalfa hay.

A great deel of the early work showed results in favor of a cora sil-
age ration; however, many workers have showm very little, if any, favorable
results for the use of corn silage in the ration. Sayder (12) reported a 2
perceant greater milk production om a nonsilage retion. Williems and Cunning-
hem (13) compared & retion containing S0 pounds of alfalfa hay with e retion
oontaining 20 pounds of hay and 35 pounds of corn silege., The cows fed hay
alone produced 2 per cent more milk tham the cows fed hay and corn silage
ration. No grsin was used in this experiment. Foster (14) and co-workers
reported an inorease in milk produotion when alfalfa hay replaced corn silage
in the retion, but there was a slight increese in totel digestible nutrients
when hay was fed,

Stadler (15) et al. reported thet for maximum milk production succu-
lent roughage in scme form is indispemsible., The succulent feeds were more
palatable and seemmed to act as a laxative in keeping the digestive tract in
order. These workers reported that while silege wes an excellent feed for
dairy cattle it 12 not a oomplete retion within itself and must be supple-
mnented with 4ry reughage and grein. Beef cattle, sheep, and horses showed
favoreble results when fed a ration oontaining some silege. Zeesmen (16) re-
ported that cora silege is the cheespest winter feed available, and that win-
ter milk production can be kept at a higher level through the use of a silo.

White and Pratt (17) oompared a heavy corn silege ration with a

light corn silage retioa. During three triels one group of cows received



S pounds of silage per 100 pounds of body weight. Another group received
1.5 pounds of silage per 100 pounds of body weight. The animals were fed
hay ad 1ibitum. The eanimals in the light silage group ate more hay and main-
tained their milk flow and body weight as well as the animesls on the heavy
silage ration

Gupta (18) reported that in India, due to the high oost of making
silage, a low level of silage feeding was advisable.

In an experiment with beef cattle and beef calves MoCampbell and
Winochester (19) reported that beef cattle fattened on high quality corn sil-~
age dressed out as high a percentage as 4id cattle on a corn-grain ration.
Beef calves when fed ocorn silage and cottonseed meal made 44 percent greater
dajly growth than did calves fed alfalfa hay rations.

Jacobs and Duncan (20) concluded that the use of the silo was the
most economical method of preserving the corn orop for fattening cattle.

Net returns per acre from feeding silage were three times greater than from

feeding shock corn or ear ocorn.

Yarieties of Oorn and Feeding Velye of Silage

Bazly vs, late maturing varieties for milk production

Jordan (21) in 1894 made some of the earliest studies on the oom-
parative feeding value of silage mede from various varieties of corn. Dur-
ing a five-year period two varieties of corn were studied, Maine field corn
and a southern variety of corn. In 7 trials over the five-year period the
Maine field corn produced 2 yield of 4,224 pounds of dry matter per acre,
while the southern variety averaged 5,036 pounds of dry matter per acre.
The Maine variety produced 3,076 pounds while the southern variety produced

3,251 pounds of digestible dry matter per acre. Jordan oconcluded that the



early maturing Maine variety ‘was the most economical veariety to rsise for
silage in Maine, because the pounds of digestible matter per acre were about
the seme with less green material to handle in case of the ear-corn variety.

White et al. (22) studied the comparative ylelds of milk per acre of
various varieties of corn for silage. Bureka, Leaming and Pride of the North
were studied. ﬁou workers concluded that Pride of the North, an esarly ma-
turing ocorn, produced just about as much milk per acre as the larger growing
late maturing varieties with less green material to handle. Slate and co-
workers (23) repeated the above work amnd oconocluded that 0.77 acre of medium
maturing and 0.82 aore of late maturing silage would be required to produce
the seme smount of milk as one acre of early maturing silage. The amount
of extra labor and equipment would have to be caloulated in order to compere
the eoonomiocal values of the various varieties.

Odland and Xnoblanch (24) reported that late maturing varieties of
oorn produced larger quantities of green material, but the dry matter yield
was about equal to medium maturing varieties. Xarly maturing corn did not
produce encugh dry matter per acre to warrant its use for silage. The author
concluded that the best corn to use for corn silage was one that will, omn
the averasge, reach the dough stege of maturity by silage cutting time. The

following teble was takem from Odland's report.



Average Yield of Nutrients per Acre of Varieties
of Corn Harvested for Silege 1931-1934

—-JXield in pounds per acre

Variety Dry 3 H : : $ N-free
:Matter: Ash :Protein: X¥at : Fiber :extract

Bureka 7,007 445 437 143 2,594 4,488
West Branch Sweepstakes 7,372 370 446 166 1,804 4,586
Bury Leaming 7,308 410 375 125 1,932 4,466
Lancaster Sure Crop 7,286 386 423 149 1,952 4,3%
Canada Leeming 6,987 384 445 137 1,623 4,378
Rhode Island White Flint 6,807 432 448 162 1,483 4,282
Goldea Nuggent 6,631 383 382 143 1,682 4,041
Cornell 11 6,337 293 293 183 1,443 4,055

Nevens (25) oconcluded that early maturing grain varieties were
superior to late maturing varieties for silage purposes. The late maturing
varieties yielded a greater weight of silage corn per acre than the grain
varieties but yield of dry matter per acre was highest for the grein varie-
ties. These data were true for the soils, growing oonditions, and corn
varieties used ian the experiment but might not hold true in other locations
or when using other corn varieties.

Hybrid coxn for silage

With the repid increase in smount of hybrid corn planted for both
silage and grain, the question arises as to the feeding value and yield of
silage per acre of the hybrid varieties. Nevens and associates (26) oom-

pared hybrid corn varieties with open-pollinated corn. In these investiga-






tions hybrid varieties out-yielded open-pollinated varieties in both pounds
of dry ntto;- per aore and digestible matter per acre. The hydbrid silage
was of better quality with greater mutritive value. Acocording to Nevens the
best quality of silage should contain 30 percent dry matter. Roberts and
Jones (27) reported that western hybrid varieties out-yielded open-pollinated
Connecticut varieties and southern types growmn for corn silage in that state.
Wisconsin workers (28,29,30) report the hybrid and open-pollinated
varieties of oorn silage showed no difference in chemical analyses. The hy-
brid verieties tended to out-yield open-pollinated types, and hybrids that
yielded the most ocorn per acre tended to yield the most silage. The hybrid

varieties stodd up better for outting than did the opem-pollinated varieties.

Y ess~

A limited amount of information is available on the feeding value of
greinless or stalk silege. Eckles (31) reported that one ton of good corn
silage contained 5 bushels of corn. Corn and ocob compose about 40 percent
of the silage, leaving 60 peroent stalks, One ton of regular silage was
equal to 2,700 pounds of grainless silage. To winter a 1,000 pound cow (dry)
without loss of weight would require 35 pounds of regular silage and 2 pounds
of alfalfa hay or 0.75 pound of linseed meal per day. It would require 50
pounds of grainless silage with 4 pounds of slfalfa hay and 4.5 pounds of lin-
seed meal per day to replace the regular silege ration. The author concluded
that the feeding of grainless-corn silage ocould be justified whemn used as a
maintensnce ration but mot for production of beef or milk,

Jacobs end Dunoan (32) made a very oomplete study of oomparative feed-
ing value of regular oorn silage and grainless-corn silage for beef production.
The grainless silege was made by snapping the ears from the stalks in the field



and letting the ears dry on the ground until ready to be hmsked and stored
in a orib. The stalks were ensiled as grainless silage., There was a de-
orease in feeding value of the eer corn due to weathering and heating. The
following table gives oomparative yields per acre of regular s:llage and

grainless silage.

Yield of Silage and Corn per Acre

:Yield per:Yield of:Bu. of :Percentage

Year ¢ Silege : Acreage :acre from:corn per:corn per:yield of
3 : ia silo :ailo tons:aore bu.:T.silage: silage
First (one Normal S.15 7.7 81.0 4.0 100
silo d4i-
vided Grain- 4.45 5.5 31.0 - n
. legs
Nomal 9.3 6.2 38.0 6.2 100
Second
Grain- 14.0(est.) 4.0(est.) - - 63
leas
Normal 7.73 7.5 52,2 7.9 100
Third
Grain- 10.81 4.7 82,2 - 63
Jless

Jaocobs et al. (32) also reported that steers fed grainless-corn sil-
age gained 75.9 perceant as fast as those fed nomal corn silage. The steers
fed nomal silage showed better market finish and socld for one doller per
hundredweight more than the steers fed grainless silage., These investiga-
tors concluded that the making of grainless silage could be of value only
when ocorn grein was needed for other farm animals and the grainless silage
was to be fed as a maintenance fation or where a premium was not paid for
highly finished steers.

Livesay and co-workers (33) studied the relative feeding value of the
dry matter from regular silage, grainless silage and ear-ocorn silage for year-
ling steers. The steers made the highest gains per pound of dry matter for



oar-ooi'n silage followed by regular ocorn silage, while grainless corn silage
gave the poorest gains. The workers reported that 34.4 percent of the green
weight, 46.2 percent of the dry matter, and 52.7 percent of the total digesti-
ble nutrients were contained in the ears.

Rusk and Snapp (34) oconducted test to compare normal corn silage and
green stover silage for wintering beef calves that were to be on pasture the
following summer. Two lots of 24 calves each were selected that were uni-
fom in age, size, and weight. In addition each calf received 1 pound of cot-
tonseed meal and 2 pounds of mixed hay a day. The stover silage was iaferior
t0 nomal corn silage for wintering calves., Although the greemn stover silage
was fresh and palatable and weas eaten by the calves in generous quantity it
was not nutritious enough for the calves to grow at a nomal rate. The calves
fed the regular corn silage gained 154.5 pounds during the 133-day feeding
~period while the green stover silage fed calves gained but 86.9 pounds. The
green stover silage fed calves were thinner in flesh at the close of the
test than they were when put in the feed lot the previous fall, On the other
hand, the nomal silage fed steers improved in condition as the feeding period
progressed.

Hamilton and Rusk (35) reported that stover silage has about 85 per-
cent as much totel digestible nutrients as the same weight of regular ocorn
silage. However, experimental feeding trials indicate that in practical feed-
ing stover silege is only about two-thirds as veluable as normel silage,

The authors reported less loss of material from exposure to rain and wind,
an increased palatability and a much greater ultimate utilization of th;
nutrients of the comm orop as stover silage than when the stover is fed
from the shock or as pastured in the field. The ensiling of corn stover

offers a method of utilizing the byprodusts of cormn culture in an effective



end economial way without limiting the utilization of the main product, the

mo

Teeding Velue of Ear-Corp Silage
Rusk and Snapp (36) reported that green corn fed as ear-corn silege

was es good as sound, well-matured corn fed as ocorn-and-cob meal, both from
the standpoint of the gains made by each steer and the total gains made from
an acre of corn. The steers fed ear-ocorn silage sold for a higher price,
theredby paying a oconsiderably more for each bushel of corn fed.

Livesay et al. (33) studied the digestibility of ear-corn silage,
using Hereford yearling steers. Hes reported a2 total digestible nutrient value

of 32.2 for the ear-ocorm silage as ocompared to 15.1 for stover silage,

losses during Storage and Feeding

Storege losges
Turner (37) states that the dry matter loss in corn silage during

storeage nl_ls percent, while with corn stover the loss was 20 percent.

Perkins (38) reported a loss of protein during the storage of ocorn
silage. VWhen no juice was lost from the silo there was a slight inorease in
nitrogen. The protein loss from the kernel was found in the juice not as
true protein but as products of protein hydrolysis.

Ragsdale and Turner (39) reported nutrient losses from 54 silos and
16 shocks of corn over a period of four years., Loss of nutrients in the
silos averaged as follows: dry matter, 7.59 percent; protein, 5.44 percent;
ether extract, ‘e. gain of 18,04 poreeht; ash, a gain of 5.94 percent; crude
fider, a loss of 1.95 percent, end nitrogen free-sextract a loss of 10.29 per-
cent. MNutrient average losses of the corn shocks in the field were as fol-

lows: dry matter, 15.12 percent; protein, 0.84 percent; fat, a gain of 3.82






percent, and nitrogen free-oxtract, e loss of 28,51 percent. The loss of
nitrogen free-extract and dry matter was about twice as great for the rield
ocured fodder as for the corn stored as corn silage.

Eckles (31) found that the loss in feeding value was 6 to 10 percent
in corn silage and 20 to 25 percent im corn fodder shocked in the field.
There was also a loss of 2 percent for ocorn grain stored in a orib.

The total loss in weight of corn silage while in storage was reported
by Ragsdale and Turner (40). Two s1l0s were filled with Leeming oorn October
8. One was weighed out Februery 18 and the other Mey 9. The two silos lost
4.84 percent and 7.4 percent respectively of weight or an average of 6.08 per-
cent. Two other silos were filled with corn stover from Leeming corn on
October 2. One was weighed out February 18 end the other June 2, The two
silos lost an aversge of 4.98 percemnt during storsge.

Stadler et al. (41) reported a dry matter loss of 7.59 percent in
oorn silage and a 15.12 percent in coxn fodder.

Storage losses in corn silege have been reported by Shew and assooci-
ates (42). Dry matter loss was 10 percent, crude fiber 6.34 percent, end
some loss ia total nitrogen. There was a slight inocrease in ether extreact.

Ohio workers (435) found that the dry matter content of corn silege
in the early milk stage was only 16.7 percent and the loss in weight due to
seepage would easily emount to 40 or 50 percent of the green weight., Wilt-
ing tends to reduce the loss of green weight in the silo, while pressure as
obtained at the bottom of the silo inoreased the loss of juice. Cutting
corn fine resulted in a more oompact silage which increased the loss of juice
though the more mature corn kept detter when finely cut.

Teeding losses
Becker and Galup (44) reported that 8.47 percent by weight of the






oorn kernels of oorn silage were volded in the feces when the cows were fed
a ration of 30 pounds of ocorn silage and 10 pounds of alfalfa hay per 1,000
pounds live weight, Of the whole kernels in the silage only 4.36 percent
were recovered as whole kernels from the feces. Analyses of the corn kernels
of the silage that passed through the cow's digestive tract showed slight
losses of protein, ether extract, and ash. The kernels voided in the feces
were caloulated to ocontain 5.22 percent of the digestive orude protein and

5.28 percemt of the total digestidle nutrients in the corn silage.

Digestion Trials with Coxn Silage

Taotors affeoting digestibility
Jordan eand Jenters (45) in 1897 made a study of the effect of the

plene of nutrition and the digestibility of the silage. In their work they
fed a reation containing corn silage at two different levels to sheep. The
results showed that the higher levels of nutrition the digestibilities were
lower than at the lower levels. |

Watson et al, (46) made a very complete study of the effect of the
plane of nutrition on digestibility of corn silage, using steers., Their
first experimnent was designed to study digestibility ef ocorn silage as a
sole ration at five levels of silege intake, 8 kilos, 14 kilos, 20 kilos,
26 kilos, and ad libitum per animal per day. As the plane of nutrition in-
ocreased there was & progressive decresse in the digestibility of the dary
natter, organic matter, crude fiber, and nitrogen free-extract. The digesti-
bility of nitrogen and ether extract tended to increase as the plane of
nutrition increased. There was a loss of from 6 to 8 percent in digestible
organic matter when on the higher pleme of nutrition. A second trial was

set up to study the effect of plame of nutrition on digestibility when the
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plene of mutrition of both alfalfa hay and ocorn silege was inoreased, The
results showed slight drop in digestibility values for animel on the higher
plene of nutrition. Watson et al. (47) reported in earlier work that plene
of mutrition had no effect on the digestibility of elfelfa hay. The slight
drop in digestibility with increasing plene of mutrition was thought to be
the results of the silage with no drop resulting trm the hay., In the third
experiment, increasing quantities of corn silage were added to a basel ration
of 4.0 kilogrems of hay and the digestibility of the resulting rations de-
temined. It was determined that in the case of dry matter, orgenic matter,
ocrude fidver, and nitrogen-free extract, the digestibility of oorn silege de-
creased as the plane of nutrition increased. These data indicate that whemn
the plane of nutrition is increased by feeding corn silage there will be a
decrease in digestibility of the nutrients.

Christensen and Hopper (48) reported that a pound of corn silege
produced less digestible crude protein but a much higher yield of totel di-
goestidble nutrients than did sweet clover silege on the dry matter basis.
Corn silage was about equal to sunflower silage in digestible crude protein
but much higher in total digestible mutrients on & dry matter basis.
Results of digestion triels

!'l}e following table gives the coefficients of digestibility of com
silage as reported in the literature,



Digestion Coefficients for Corn Silage

Protein: Fat
g _: %

:N-free :Orgenic:Total dig.:No.
Fideriextract:matter ‘nutrients :tri-
£ : % : % : % ~sals

Corn, dent, well matured 54.0 74,0 66.0 69.0 - 18.7 8%
All analyses (49)

Type of Silage

ee 00 oo
ee o0 oo

001‘, d“t, l-l‘hlr., b.‘ 58.0 75.0 6700 6600 - 15.8 41
fore dough stege (49)
Regular corn silege, low  57.5 64.5 49.7 7.6 62.8 - 6

pleme of mutrition (46)

Regular ocorn silage, medium 58.1 60.8 48.7 71.9 62,6 - 6
plene of nutrition (46)

Regular corn silege, high 60.3 66.8 48.6 7.1 62.3 - 6
pleme of mutrition (46) .

Reguler corn silege, aver- 58,6 63.7 49,0 7.5 62.8 - 18
age of all enalyses (46)

Cora, all experiments (50) 45.0 %0,0 64.0 69.0 670 15.2 119

Cora, milk stege (50) 4.0 .0 7N TR0 .0 14.9 4
Oorm, mature (50) 66.0 82,0 74.0 T2,0 73.0 16,7 2
(Sheep) (48)

Regular corn silege 49.0 80.8 61.2 T74.6 68.9 20.4 29
(Steers) (48)

Corn stover (] 5.0 66.0 67.6 6%.C - 13.€ 8

(ears removed) (49)

00111 m"r '11 33.0 60.6 6700 55.0 59.0 1‘.6 -
(ears removed) (50)

Rar-corn silage (49) - - - - - 6.3 s
Ear-corn silage (50) 54.0 80.0 34.6 80.0 72,0 s2.1 8
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Samaxy of Beview of Litersture
Corn silage is the chespest succulent feed available for dairy amnd

beef producticn. An acre of ocorn fed as silage will produce more feed nu-
trients per acre than by any other method of curing and feeding. Corn sil-
age 18 not necessary in the dairy retion for maximum milk production. The
feeding of corn silege in the retion of dairy and beef cattle has increased
feed oconsumption and general well being of the animals,

Experiments have shown that 250 to 300 pounds of good quality ocorn
silege will replece 100 pounds of good quality alfqlfa hay in feeding value
for milk production. Ia experiments with beefl cattle corn silage has showm
& feeding value of S0 percent of alfalfa hay.

Hybrid ocorns produce silage of equal feeding value to epen-pollinated
varieties, The yield of silage per acre has been greater for hybrid varieties
than for most open-pollinated varieties.

Oorn stover silege has a lower feeding value per pound than reguler
oorn silage. The corn and oodb composes ebout 40 percent of the emtire ocom
plant. One ton of regular corn silage was equel in feeding value to 2,700
pounds of corn stover silage for dairy cattle. In experiments with steers
corn stover silage was 75.9 percent as efficient for beef production as reg-
uler cormn silege.

Ear-ocomn silage was sbout equel to0 corn-end-cob meal on a pound of
dry matter basis for beef cattle and dairy cattle. Ear-cora silage has a
totel digestible nutrient value of 32.2 percemt as oompared to 15.1 percent
for stover silage. Soft corn, resulting from eerly frost, may be stored as

ear-corn silage.
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OBJECT

The ob jeoctives of this investigation were as follows:

a. To study the reletive feeding velue of the totel digesti-
ble mutrients in clover hay, grainless-corn silage and
oorn grein for milk production,

b. To study the relative feeding value of regular cora sil-
age and greinless-corn silage plus corn-and-cod meal for
milk productioa.

ce To study the relative feeding value of the totel digesti-
ble mutrients in clover hay, eear-cora silage and corn-and-

ood meel for milk production.

EXPXRIMENTAL PROCEDURE

The yield of corn silage was calculated in the field by a method ad--
vised by Dexter (31) whereby one thousandth of am acre of oorn was ocut from
ten different areas of the field by a definite plan agreed upon before start-
ing the sampling., Samples were taken u-gonan; across the field cutting 12
feet 6 inches out of every twentieth row, The rows were 42 inches sapart;
this gave 1/100 of an acre. Weights were made of the entire corn plant sem-
pled and the yleld of silege per acre calculated, The corn was husked from
the stalks and the yield of stalks and yield of ears were calculated per acre
and the ratio of stalks to ears determined. Smaller samples of stelks and
ears were taken for moisture deteminations. The samples were placed in a dry-

ing rack in the Michigan State College Experimental Farm Crops barn. Table 1






shows the yields of silege, ear corm and stalks, and the ear stalk ratio

of the oorn used in this experiment.

Table 1. Yield of Silage per Acre

Green basis (1bs.)
Total Ears Stalks % Zars % Stalks
10,510 3,660 6,850 34.3 65.2
Dry matter basis (1bs.)
5,094 1,4%0 1,664 46.2 53.8

Ear-stelk Ratio - 1 1b. of silege oconteins .348 lbs,
ears, wet basis,

It was the plan of the experiment to put part of the corn in the
silo as reguler corn silege and the rest in as grainless silege, This was
done by bhusking the corn from the stalks of slternate strips emnd storing
the ear corn which will be discussed later. Part of the grainless silege
was made by snapping the ears from the stalks end throwing them into a
wagon for ensiling es ear-corn silege,

The corn was cut with a corn binder, heuled to the silo and run
through a conventionsl silo filler set to ocut 1/2 inch lengths., One silo
was used for the regular silege and another for the stalk silage. The ear-
corn silsge mede from the snapped ears was run through the filler and placed
in the bottom of the silo which was later used to store the grainless silsge.

Alternate strips of corn were used for the reguler silege. The
corn was out and put in the silo e day ehead of the greinless silege. This
made it possible to run wegons along the strips for removal of the lmsked

and smepped corn,
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Care and Storege of Ear Corg

The oorn used in this phase of the experiment was of the King Cross
variety and in the early demt stage., It is doubtful if the corn would have
kept under oridb storege. In view of this fact the corn was placed in a drier
until the moisture content was reduced to about 10 percent. The oorn was
then bagged and stored in a feed storege room. The corn grein was not of
very good quality because of its immaturity.

Aninals Used for Milk Production Studies

The animals used for the milk production trials were selected from
the Miehigan State College experimentel herd and included representatives of
the Holstein and the Brown Swiss breeds. Animals were selected that had been
milking for at least two months and had leveled off to a normal milk produc-
tion. All animals were put on clover hay alone for sighteen days before the
trials started.

Animals Used in Digestion Trials

The animals used in digestion trials were selected from the Michigen
State College experimental herd. Four Holstein heifers approximately twenty
months of age and weighing about 900 pounds esach were used.

Chemioal Composition of Feeds Fed

Semples of all feeds fed were teken during the feeding trials and
chemical analyses were made by the Michigan State College Agricultural Chem-
istry Department. The silage samples were taken once a week and the results
have been aversged and reported in Table 2 along with clover hay and corn-and-
cob meal, The clover hay varied in gquality from 100 percent clover to & mix-
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ture of clover and grass. Therefors, semples were taken from several bales
in different areas of the barn, These samples were run through a hammer mill
and the chopped hay well mixed before the samples were takem for amnalyses.
Silage samples were taken from the silo by digging down at least one foot
under the surface before sampling, thus preventing the sampling of silage that
had been exposed to the air.

Table 2. Chemical Analyses of Feeds Fed

Crude Ether RE-free

Food Moisture Fiber Ash Nitrogen Extract Extract P Ca
% % % % % % % %

Regular oorn 7.7 6.5¢ 1,68 0,513 0.99 19.80 .07 ,1l19
silege
Greinless-corn 69.59 8.30 2,33 +488 1.01 15.84 .051 ,.235
silage
Ear-ocorn .11“. 63,92 4.58 0.76 +562 1.2 26,12 «100 «009
Clover hay 11.69 29.32 5.15 1.59 1.4¢ 42,48 .14 785
Corn-and-eob 13.55 7,42 1.50 1.44 2,19 66.34 .22 ,023
neal

Digestibility of Feeds Fed

The digestion trials included determinations of digestibility of the
various feeds fed. The trisls were 10 days in length with a preliminary
period of 7 days. The purpose of the preliminary period was to allow the
animals to become used to the digestion stalls and to determine the amount
of feed the animals would cleam up, thus preveanting weigh-backs during the
period of the digestion trials,

The digestion stalls were the mechanical type with an endless belt
ramning under the stall removing the feces and depositing them in a basket

in the basement. The urine was separated by e trough running along the edge
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of the belt. The weight of the animal, weight of feces and feed consumption
were recorded each morning. Two percent of the feces were takem each day
and oamposited for a ten-day period for chemical analyses. The feces were
preserved with conoentreted hydrochloric acid.

Table S reports digestibility of the clover hay fed in the experiments
while Tables 4 and § report the digestibility of the grainless-corn silage and
the regular corn silage,

Table 3. Digestion Trials with Clover Hay

E

Digestible :Total Digestible

iN-free : Dry

o0 00 00 o0

Animal llitroson; Yot ;nboﬁ Extract: Matter: Protein : [Nutrieunts
No. ¢ : % : : : : % s <

A 54 49.19 54.49 51.12 61.3¢ 55.80 4.69 47.69

A 85 46.79 49.35 53,23 60.64 S54.44 4.65 47.60
Average 47.99 51.92 352,17 60.99 55.12 4.77 47.64

Teble 4. Digestion Trials with Grainless-Oorn Silage

(1]

——Coefficiont of Digestibility

: : s :N-free : Dry : Digestible :Total Digestible
Animal: Nitrogen: Fat : Fiber:Extract: Matter: Protein : Nutrients
Mo, : % % : % : % ) 3 %

A 54 54,74 68.71. 712,36 T.=28 67.95 1.61 19.59
4 55 $3.12 67.69 68.32 0,87 66.36 1.56 19.45
476 51,97 68.72 72,21 70.84 66.84 1,52 19.43
477 . 51,90 65,08 67,90 TM.13 66,25 1.52 19,99

Average 52,93 67.854 70,19 T".0¢ 66.85 1.8% 19.62




Table 5. Digestion Trials with Regular Corn Silage

‘eCoofficiont of Digestibility : :
s H H iN-free : Dry :Digestidble ¢Total Digestible
Animal: Nitrogen: Fat : Fidber :Extract: Matter: Protein : Nutrients
Ko, % : % s % % : : %
A 54 50,36 T".31 59.56 T"M.72 65.49 1.62 20.41
A S5 51.25 72,66 66.69 75,01 68,91 1.65 21.57
476 53.07 74.48 67.55 76.09 70.05 1. 21,92
477 51.80 62,88 68,68 T5.23 69.36 1.66 21.68
Aversge 51.62 .32 65,62 74.51 68.45 1.86 £1.39

Zeeding Trial Methoda

The method used in this investigation for determining relative feed-
ing values of total digestible nutrients of various feeds was designed by
Huffuen (52). The animals were depleted on hay alone after fresheming. This
is oconsidered as the point where the animal levels off in milk production. A
certain emount of total digestible nutrients are replaced by the same amount
of total digestible nutriemnts in the feed or feeds to be tested. Clover hay
of the 1945 orop was used in this work. The hay which was of feir quality
was ocut in medium to late bloom stege. The corn-and-oob meal used was the
corn husked from the stalks in the field.

Daily milk and feed records were kept for all ocows and three-day ocom-
posite milk samples were saved for butterfat deteminations. All milk records
were recorded as t!u-n-dq averages of four percent fat corrected milk. The
animals were milked three times a day. They were turned into an exercise lot
daily which was free from gress or any feed material, The animals had free

acoess to water bowls., Salt was fed to all animals at the rate of S50 grems

per day,.
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Eight ocows were used to study the relative feeding value of the total
digestible mutrients in clover hay, grainless-corn silage, and ground corn
grein for milk production. The animals were placed on 35 pounds of clover hay
per day for a 15-day period. Twenty pounds of clover hay were then replaced
by 30 pounds of greinless-corn silage for an 18-day period. The 20 pounds of
hay and 55 pounds of grainless-ocorn silage each ocontained 10 pounds of total
digestible mutrieats acoording to Morrison (49). At the end of this peried
the greinless-ocorn silage was replaced with corn grain on a total digestidle
autrient basis and an additional 18-day feeding trial was run,

Seven depleted cows were used to study the relative feeding value of
regular oorn silege and grainless-corn suago.plns ocorn-and-oodb meel for milk
production. JFeed replacements were made using the results of the ear to stalk
ratio determined from field caleulations, The animals wers placed on 50 pounds
of regular oorn silage and 10 pounds of clover hay for 18 days. The regular
silage was then replaced with 32.5 pounds of grainless-oorn silage plus 7.5
pounds of corn-and-oodb meal., The cows were left on this ration for another
18-4ay feeding trial at which time the retion was changed back to 50 pounds
of regular silage and 10 pounds of clover hay,

At the oconclusion of the above trials, six animals were selected to
study the value of ear-corn silege and ground corn-and-eob meal as supple-
ments to clover hay. Replacements were made on the total digestible nutri-
ent basis as desoribed previously. The feeding period was reduced to 15 days
because of a shortage of hay and ear-corm silage. The animals were fed 35
pounds of clover hay for a period of 15 days at which time 25 pounds of ear-
oorn silage replaced 20 pounds of clover hay. At the end of 135 days on this

retion the ear-0orn silage was replaced by 9 pounds of corn-and-ood meal,
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The results obtained from replacing part of the clover hay ration

with grainless-corn silege or ground corn greim on a total digestible nutri-
ent basis are presented in figure 1. The replacing of clover hay with grein-
less corn silege resulted in an increase in 4 percent fat-corrected milk,
This inocrease reached its peek during the second three-dey pericd with em
average increase of l.1 pounds per dey. The replecing of greimless silage
with ground corn grein resulted in a marked inoreese in 4 percent fat-cor-
rected milk., This increase reached its peek during the fifth three-day
period with the averege increase of 2.5 pounds per day. Milk production de-
elined slightly during the last six days of the trial which was probably due
to the fact that severel cows were nearing the emd of their lactation., The
marked inorease in production, therefore, eppears very signifiocant,

Table 6 shows the individual aversge daily milk production, body
weight, total digestible nutrients received and required and feeds fed for
each experimentel period. Table 7 shows the aversge deily (by three-dey

periods) body weight, milk production and feed consumption of animel A 37,

The results obteined from replacing regular corn silege with grain-
less corn silege plus ocorn-end-cob meal ere presented in figure 2. The re-

plecing of regular corn silege with grainless-corn silege plus ocorn-snd-cob






meal resulted in no significeant change in milk production. All snimels con-
tinued their nomal decline in milk production, resulting from increased du~-
raetion of lectetion. The seme results were again noted when the grainless-

corn silege plus corn-and-codb meal were replaced with reguler corn silege.

Teble 8 shows the individual eaverage n:llk production, body weight,
total digestible nutrients received and required and feeds fed for each ex-
perimentel period. It is of interest to note that even though the repleace-
ment of regular corn silege with grainless-corn silege and corn-end-cob meal
was mede from field caloulations, the celculated totel digestible nutriemt
inteke was approximately the same. Teble 9 shows the aversge daily (by
three~-day periods) body weight, milk production and feed consumption of

Animsel No. 426,

The results obtained from replacing part of the clover hay ration

with ear-corn silage or corn-snd-cob meal on a total digestible nutriemnt
basis are presented in figure 3. The replacing of clover hay with ear-com
silage resulted in a marked inocrease in 4 percent fat-corrected milk, This
increase reached its pesk during the fifth three-dey period with an average
inorease of 4.7 pounds per day. The replacing of the ear-corn silege with
corn-and-oob meal resulted in no significant change in milk production. The
production remained at the higher level resulting from feeding of eer-corn
silage.

Table 10 shows the individual average deily milk production, body

weight, total digestible nutrients received and required and feeds fed for
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Table 6. Relative Feeding Value of the Totel Digestible Nutriemts in
Clover Hay, Greinless-Corn Silage and Ground Corn Greain for

Milk Production®

Exp'l :In  :Body ¢ :
Cow :Periods:Milk :Weight:F.C.M.: Rec. : Req.
Bo, : daysg :dayg**: 1bs, : 1bs, : lbs, 3 lbs, __Toods Fod

e 00 o0

joe oo

AST 15 156 1290 20,4 17.3 16.7 OClover elone
18 imn 127 20,7 16.0 17.0 Clover & greinless silege

18 189 127 23.2 16.2 17.6 Clover & corn grein

274 15 228 1196 9.0 16.2 13.1 Clover alone
18 243 - 7.3 15.9 12.6 Clover & greinless silege
18 261 - 7.1 16.1 12.4 Clover & corn grain

461 15 48 900 17.8 15.0 13.0 Clover alone
18 63 - 18,3 15.4 13.1 Clover & grainless silage
18 a1 - 20.1 15.8 13.7 Clover & corn grain

419 1% 50 1129 26.2 16.9 17.1 Clover alone
18 (1.3 - 26.2 16,0 17.1 Clover & greinless silege
18 83 - 26.3 16.2 1%.3 Clover & corm grein

A21 15 26 1318 10.4 15.3 13.6 Clover alone
18 266 - 9.9 15.%8 13.5 Clover & grainless silege
18 284 - 9.6 16.2 13.4 Clover & corn grain

285 15 255 1241 11,7 17,0 13.7 Clover alone
18 270 125% 9.2 16.1 13.2 Clover & grainless silage
18 288 1238 9.0 16.2 12.9 Clover & corn grain

A26 15 153 1189 1.1 17.1 15.0 Clover alone
18 168 1203 17.4 15.8 15.1 Clover & grainless silege
18 186 1140 21.7 16.1 16.5 Clover & comn grain

A3 1% 262 1004 10.9 15.7 11.5 Clover alone
18 27 1032 10,5 16.0 11.4 Clover & greinless silage
18 295 991 11.0 15.% 11.5 Clover & com grein

* The original data were compiled by three-dsy periods whereas the ebove
values represent the mean values obtained for each experimental period.

**At beginning of experimental period.
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Table 7. Effect of Replacing 20 pounds Clover Hay with 55 pounds
Grainless-Corn Silage or 10.8 pounds Ground Corn Grein
Cow A37
Days Grainless- Com
in Weight Milk Test TFat F.C.M.* Hay Corn Silage Grain
Milk __ )bs, )bs, % lbs, lbs, 1bs, 1bs, Abs.
156 1288 25.4 3.1 0.79 22,0 35.0 - -
189 1241 21.4 2,9 .62 17.9 35.0 - -
1‘2 1381 84.1 30 5 om 21.‘ 55.0 - -
165 1296 22.4 SeS 74 20,0 35,0 - -
168 1305 82.0 3. 5 ) ,7 mo ‘ “o 7 - -
Aversge 1290 23.1 S .74 20.4 34.5 - -
171 1275 23.8 30‘ 081 !1.7 15.0 55.0 -
1" 12’8 24.8 30 ‘ o“ gzo 6 1‘0 ' 5500 -
177 1319 23.8% S.2 L7 2.7 15.0 $5.0 -
lw lm 82. ’ 3. 2 'Y ” m.Q 1‘0 , 55.0 -
183 1250 21.8 3.2 .M 19.2 15.0 55.0 -
136 12‘7 25.1 501 .’z moo 15.0 55.0 -
Aversge 1271 23.3 3.3 .7 20,7 14,9 55.0 -
139 121, 86.1 3.2 oe‘ 2300 1500 - 10.8
192 11858 27,0 S.4 .92 24.6 15.0 - 10.8
195 1148 25.4 3.8 .89 23,8 15.C - 10.8
198 117 26,2 .4 .89 23.8 15.0 - 10.8
201 1165 26,0 J.&8 L83 22,9 15.0 - 10,8
m‘ 1159 25.0 301 ® ” 21.6 15.0 - 1008
Av‘m‘ 1171 5.0 5.3 _o“ 83.8 1500 - 1008

*4f fat-ocorrected milk



1 LELEY 11 1
1 RN I 1 H ¥
! e HHH 1 o q
i g
11
!
T { 141 : =5
T HHHHH T
1 ,u T
1 T
.A.\v
{ an
\__m 11T -
1 » . 1
il : 3 30
r e . T
44
H
a0
d )
T
T
1T
aas aan
s
11
1T
:
)
1
T
11 ¥ & "
1 1
— i aRRa el
o -
1 1
1 1
B G S
™ - .
T .
T : guses
] 1 i
) 11 B
i T I ] 8
+ T H-
1
+
:
T
+
[
A T
(8 R a8 T INEE I8 NEi
41 S an v e N
1
31
11




Table 8. Relative Feeding Value of Reguler Corn Silege and Grainless-
Corn Silege plus Corn-and-Cob Meal for Milk Production®
$Exp’l :In $Body $ :
W iPeriodsiMilk Woight ‘F,C.M.: Rec. : Req. ¢
mm idayg**: 1bg, : lbe, : lbs, : lbs, :  Feeds Fed

A32 18 168 1320 26.2 17.% 18.8% Regular silege
18 186 1326 R21.9 17.9 17,6 Grainless silage & corn-and-

oob meal

18 204 1329 19.6 17.% 16.8 Regular silage

A27 18 210 1145 27,7 17.3 18.4 Reguler silage
18 228 1173 23.8 18.0 17.1 Greinless silege & corn-asnd-

oob meal

18 246 1177 17.0 17.2 14.8 Regular silage

418 18 105 1148 24.2 17.2 17.2 Reguler silege
18 123 1148 23.8 18.6 1%.1 Grainless silage & corn-and-

cob meal

18 1l 1160 23.3 17.4 17.C Regular silage

460 18 1% 1101 25,8 17.0 16,9 Regular silege
18 188 1120 23,0 17.6 16.2 Grainless silage & corn-and-

cob meal

18 208 1109 21.4 17.C 15.8 Regular silage

337 18 169 1125 20.2 17.0 15.5 Regular silage
18 187 1146 18.0 17.%9 14.8 Greinless silege & corn-and-

cob meel

18 205 1138 17.2 14.9 14.5 Regular silage

338 18 89 1136 16.8 17.1 1l4.4 Regular silage
18 107 1183 1%.1 17.6 13.8 Grainless silage & corn-end-

: cob meal

18 128 1107 13.5 14.8 13.3 Regular silege

428 18 S8 1198 41.3 16.8 22.7 Regular silege
16 54 1168 31.8 18.0 19.7 Greinless silasge & corn-end-

codb meal

18 ™ 1146 28.7 17.£ 18.7 Regular silsge

* The original data were oompiled by three-day periods whereas the above
values represent the mean values obteined for eeach experimentel period.

¥*At beginning of experimental period.






Table 9. Effect of Replacing 50 pounds Reguler Corn Silege with 32.%
pounds Grainless-Corn Silage plus 7.5 pounds Corn-and-Cob Meal

Cow AS2
Days Regular Corn-and-
in Weight Milk Test Fat F. C. M.* Hay Silage Cob Meql

Mk 1bs, 1be, % _ 1lbs, 1bs, ibs, lbs, ___ ]1bs,

168 1262 29.1 3.4 0.99 26.8 15.0 50.0
in 1339 27.8 3.4 94 25.0 15.9 50.C
174 1329 25.6 3.4 .87  23.3 15.0 50.0
177 1332 24.9 3.7 .92 23.8 11.¢C 50.0
180 1340 24.2 3.8 92 23.% 15.C 50,0
183 i3 23.8 3.8 «90 23.1 15.0 50.0

Averege 1320 26.0 3.6 .92 24.2 14.3 50,0 -

Greinless

Silage
186 1328 24.4 3.6 .88 22,9 13.7 32,5 7.5
189 1322 23.4 3.6 84 22,0 15.C 32,85 7.5
192 13567 23.7 3.9 «92 23,8 12.3 32,6 7.8
198 1310 22,7 3.8 «86 28,0 15.0 32.% 7.5
198 1319 21.6 3.8 .82 21.0 15.0 38.95 7.5
201 1316 20,3 3.9 7 20,0 15.0 32,95 7.5

Average 1326 22,7 sS.8 «85 21.9 14,3 32,5 7.5
Reguler
Silage

204 1302 19.4 4.1 80 19.7 14.0 0.0
207 13359 20,7 3.8 ¢ 20.1 15.0 50.0
201 1314 21.8 4.1 -89 22,1 14.0 50,0
213 1353 18.2 4.0 «7  18.2 15.0 50.¢
216 1362 8.2 3.9 7 18.C 12.7 $0.0
219 137 17.9 4.1 T 18.2 15.C 50.0

Av.m. 1329 1’.‘ 4.0 [ ” 190‘ 14.3 50.0 -
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