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ABSTRACT

HAY AND SILAGE STUDIES WITH DAIRY CATTLE

by Leonard D. Brown

During a three-year period, a series of experiments

were conducted to determine the relative feeding value of

alfalfa hay, alfalfa silage, corn silage, and combinations

of each silage with hay for lactating dairy cows. Prelimi-

nary studies were conducted to determine the affect of add-

ing organic solvents to direct-cut alfalfa stored in glass

Jars and conventional silos.

In.Experiment I, alfalfa silage was fed gd libitum

and hay feeding controlled to 0.0, 25.0, 75.0, and 100 per

cent of the ration dry matter. Combined data from two trials

showed significantly (P‘t0.05) greater dry matter consumption

per 100 pounds body weight of groups fed all hay, 75 per cent

hay, and 50 per cent hay, than of groups fed all silage ra-

tions. Similarly, the all hay group and 75 per cent hay

group consumed significantly more dry matter per 100 pounds

body weight than the 25 per cent hay group. The milk produc-

tion followed a trend similar to dry matter consumption; how-

ever, the differences among groups were not significant.

The average pounds of milk per day for the 90-day trial were

50.4, 30.1, 31.2, 31.4, and 31.2 for the all silage, 25 per
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cent hay, 50 per cent hay, 75 per cent hay, and all hay

groups, respectively. Differences among ration groups in

persistency of milk production or in body weight gain were

not significant. There was a general trend for body weight

gain to increase as the level of hay in the ration increased.

who average 90-day change in body weight for both trials was

~69.l, -49.6, -4.6, +33.8, and +13.2 for the all silage, 25

per cent hay, 50 per cent hay, 75 per cent hay, and all hay

groups, respectively. When.dry matter consumption, four per

cent FCM production, and body weight change were all cons

sidered, the dry matter from silage appeared to be more effi-

ciently utilized than.dry matter from hay.

In a second experiment, cows consumed significantly

(I’<0.0l) more dry matter from alfalfa hay than from alfalfa

silage. Grain feeding significantly (P «0.01) decreased dry

matter consumption from either hay or silage but significantly

(I’<0.0l) increased total dry matter consumption.(roughage

dry matter plus grain dry matter). In this study, cows con-

suming silage produced significantly (P «0.01) more milk than

cows consuming hay. The average daily milk production of

cows fed hay was 29.2 pounds as compared to 34.8 pounds for

cows fed silage. In like manner the average daily milk pro-

duction.of cows fed only roughage (hay or silage) was 27.8

pounds compared to 35.2 pounds for cows fed roughage plus
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grain. When the data from both.roughage groups were com-

bined, it was observed that each pound of grain.dry matter

fed replaced approximately 0.56 pounds of roughage dry mat-

ter and produced an additional 0.82 pounds of four'per cent

ECU and 0.06 pounds of body weight gain.per day.

In.Experiment III, two separate trials were conducted

to determine the relative feeding value of hay and corn si-

lage fed separately and in combination to lactating dairy

cows. Similar results in dry matter consumption were ob-

served in these trials as that observed in Experiment I. In

general, dry matter consumption increased as the level of

hay in the ration increased. Body weight gain followed a

trend similar to dry matter consumption. The differences

among groups in.milk production.were not significant. The

average daily milk production was 36.1, 38.2, 34.7, 36.0,

and 34.8 pounds for groups receiving 5d libitum corn silage,

corn silage plus 10 pounds of hay, corn silage plus 20

pounds of hay, corn silage plus 30 pounds of hay, and a;

libitum.hay, respectively. Similarly, the differences among

ration.groups in persistency of milk production were not

statistically significant. Based on this work, it appears

that a.pound of dry matter from corn silage is more effi-

ciently utilized for*milk production than a.pound of dry mat-

ter fron.hayx
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Preliminary observations in the laboratory indicated

beneficial effects from adding small quantities of 95 per

cent ethanol to direct-cut alfalfa stored in glass Jars.

Therefore, a larger scale experiment was designed to deter-

mine any changes in feeding value of forage preserved with

two levels of denatured ethanol as compared to the same for-

age preserved with sodium metabisulfite. In a 30-day growth

trial, heifers fed the ethanol preserved forage gained approx~

imately 0.5 pounds more per day than.heifers fed metabisul-

fite preserved forage. The average daily dry matter consump-

tion.of heifers was 14.0, 13.2, and 13.7 pounds for the meta-

bisulfite forage, 1.0 per cent ethanol forage, and 3.0 per

cent ethanol forage groups, respectively. The average gain

per 100 pounds of dry matter consumed was 7.28, 10.98, and

12.26 pounds, respectively, in the same order.

Additional studies were conducted to determine the

effect of adding formalin, ethyl acetate, butyl alcohol, and

acetone to direct-cut alfalfa stored in glass jars. Based

on.human.preference tests, acetone and formalin appeared

promising. Additional work is currently in progress to fur-

ther elucidate the mode of action of formalin, ethanol, ace-

tone, and other organic solvents in forage preservation.
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INTRODUCTION

Preservation and storage of excellent quality forage

is an ever pressing problem with dairymen throughout the

world. It is generally recognized that good forage is the

most economical source of nutrients for ruminants, and its

role in their daily ration usually means the difference be-

tween a profitable or unprofitable dairy Operation. Since

this is true, it behooves the dairyman to have not only a

good pasture program in the summer, but to preserve and store

a large portion of this highly nutritious feed for winter feed-

ing. The two principle methods of forage preservation are

It is generally recognized that hay

e United States

(1) hay and (2) silage.

is the most important harvested roughage in th

in.that over 100 million tons are made each year with an esti-

mated value of nearly two billion dollars. However, recent

advances in forage harvesting and feed handling equipment have

brought about widespread interest in.the use of more silage

in dairy cattle rations. In fact, several dairymen in

Michigan are changing to a complete stored feeding system

with silage playing the predominant role in their forage

program. Therefore, additional information concerning the

relative feeding value of silage and hay is desirable.

The data reported herein are results of studies com-

paring the relative feeding value of alfalfa hay and alfalfa

- 1 -



silage (with and without supplemental grain) for lactating

Additional data are reported, concerning the

Pre-

dairy cows.

relative feeding value of alfalfa hay and corn silage.

liminary observations are reported on.methods of improving

the feeding value of direct-cut alfalfa forage stored in

conventional silos.



REVIEW OF LITERATURE

Factors affecting the appetite of dairy cattle as well

as the relative feeding value of hay and silage for dairy

cattle have recently been comprehensively reviewed by Hillman

(52). In this review an attempt was made to add current in-

formation to Hillman's review and, more precisely, to review

related material in an attempt to more clearly elucidate the

apparent differences in feeding value of hay and silage.

Ihree general areas are covered: (1) hay vs. silage as feeds

for mature dairy cattle, (2) hay vs. silage as feeds for

growing dairy cattle, and (3) silage preservation as influ-

enced by microbiological and chemical changes and the rela-

tionship of these changes to the feeding value of the silage.

Egy;vs. Silage: Feeding Value for Mature Daigz Cattle

Since roughages are generally the cheapest source of

nutrients, it is essential to obtain.maximum roughage intake.

In order to accomplish this the appetite of the animal must

be considered. Appetite as defined by Huffman (36) is the

total amount of dry matter consumed when the animal is fed

ad libitum. It was also pointed out in this review that food

consumption is affected by factors inherent in the animal as

well as factors inherent in the feed. Factors given consid-

eration in the feed are palatability, amount of feed offered,

-5-
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bulk and balance of the ration. Since it is rather diffi-

cult to change the factors inherent in the animal, consider-

able research has been directed toward changes in the palata-

bility of roughages stored by different methods. In order

to be able to preperly evaluate the success of storing rough-

ages, it is necessary to compare the acceptability of the

stored product to the acceptability of the fresh forage as

well as comparing the different methods of preservation. In

general, milking cows receiving no supplemental feed will con-

sume approximately 30.0 pounds of pasture dry matter per 1000

pounds body weight per day when an abundance of fresh succu-

lent pasture is available (Huffman, 37). This amount of dry

matter from pasture supplies sufficient quantities of total

digestible nutrients (TDN) to supply the cows maintenance re-

quirements plus 30-40 pounds of four per cent fat corrected

milk (FCM) per day. However, since considerable nutrient loss

is experienced in storage as well as a decrease in digesti-

bility, it becomes necessary to obtain a higher dry matter

intake from stored forage (hay or silage) to supply the same

TDN.

Graves 2!.El- (27), using hay and silage cut from the

same field at the same stage of maturity, reported that cows

consumed approximately 6.0 pounds more dry matter per day

from grass in the form of hay than in the form of silage.

No supplemental grain was fed to either group. In a second



experiment using a similar experimental design, it was ob-

served that lactating dairy cows consumed approximately

eight pounds more dry matter per day from grass hay than

from.grass silage. The hay had an average dry matter cone

tent of 83.3 per cent as compared to the silage with an

average dry matter content of 25.2 per cent. The difference

in dry matter consumption by these two groups was reflected

in a change in body weight. The hay group lost approxi-

mately 0.8 pounds per day per cow whereas the silage group

lost approximately 1.5 pounds per day. Even though a con-

siderable difference was noted in dry matter consumption and

loss in body weight, only slight differences were observed

in persistency of milk production. This indicated to the

authors that the silage (pound for pound of dry matter) had

a greater feeding value for milk production than the grass

hay. It should be pointed out, however, that the duration

of these trials was entirely too short to make any real comp

parison of the prolonged effect on.milk production. The hay

trial lasted only 20 days whereas the silage trial lasted

#0 days.

Horwood and Wells (55), using a double-reversal exp

perimental design, compared alfalfaemolasses silage with

alfalfa hay as the sole roughage for dairy cattle. When

the intake of these roughages was controlled, the silage

group produced slightly more milk whereas the hay group



 

 

gained more in body weight. Neither of these differences

were found to be significant. Similarly, Graves 93 5;.

(26) reported that cows on an all grass hay ration consumed

approximately 10 pounds more dry matter per day for the en-

tire lactation period than did cows on an all grass silage

ration. These workers also reported that the average amount

of dry matter consumed per pound of milk produced was some-

what greater for the grass hay group than for the silage

group. This cannot be interpreted to mean that the dry mat-

ter in grass silage was more efficiently used for milk produc-

tion than that in grass hay since both groups consumed more

than enough dry matter to meet their requirements and, of

course, the excess consumption was greater for the hay group.

Hodgson and Knott (54) conducted two experiments com-

paring the nutritive value for milk production of a ration

made up exclusively of clover-mixed hay plus grass silage

with a ration consisting solely of alfalfa hay. The first

experiment was continued for 168 days whereas the second

experiment was terminated after 140 days. In the first

' experiment, the cows receiving mixed clover hay plus grass

silage consumed an average of only 26.1 pounds of dry mat-

ter per day as compared to 55.2 pounds for the cows receiv-

ing all hay. In the second experiment, the cows receiving

nixed hay plus silage consumed 26.5 pounds of dry matter per

day compared to 55.4 pounds for the group receiving alfalfa



hay. In both experiments, the groups receiving hay plus

silage consumed approximately 57.7 per cent of their daily

dry matter from hay. The differences in dry matter intake

between the two groups were reflected in changes in body

weight and milk production with the all-hay group being some-

what superior in both respects.

Ely gt al. (18) compared the feeding value of second-

cut alfalfa stored as wilted silage, barn-cured hay, and

dehydrated hay. All forages were harvested at the same time

with a field chopper using a four-inch cut for the barn-cured,

l/4-inch cut for the dehydrated, and 5/8-inch cut for the

silage. When fed according to appetite, only slight differ-

ences were observed in dry matter consumption between the

groups receiving silage vs. barn-cured hay. However, slightly

more dry matter was consumed by the cows receiving the de-

hydrated hay. Little difference was observed in persistency

of milk production between the two hay groups. However, both

were somewhat higher in this respect than the silage group.

This difference can probably be explained on the basis of

dry matter intake.

Blosser 233 pl. (6) reported that cows receiving either

alfalfa-grass silage or pea vine silage fed according to ap-

petite showed a marked craving for some dry roughage in their

ration. When some medium quality alfalfa hey was added to

the ration, cows consumed approximately 1.0 pound more dry





matter from their roughage per day and produced approxi-

mately 1.1 pounds more milk. Grain was fed to both groups

at the rate of 1.0 pound of grain for each 5.0 pounds of

four per cent FCM. It was concluded that at least some hay

should be fed to dairy cows in order to maintain maximum

production.

Trimberger (86) made comparisons of barn-dried hay,

field-cured hay, and hay-crop silage when harvested at the

same and different stages of maturity. When six pounds of

“second-cut mixed hay were added to all rations, the dry mat-

ter intake for the roughages harvested at the same stage of

maturity were 24.4, 24.5, and 25.1 pounds, respectively, for

barn-dried hay, field-cured hay, and. hay-crap silage. Grain

was fed at the same rate for all cows. It was also found

that cows consumed more dry matter from early-cut silage

(boot stage) than from hays cut at later stages of maturity.

Keys and Smith (51) compared the feeding value of

chapped, baled, and loose hay and wilted grass silage for

milk production. In general, the consumption differences

among the hay groups were slight. However, the silage group

consumed approximately five pounds less roughage TDN per

day than did the group receiving loose hay. The silage

group was fed considerably more TD]! in the form of grain,

however, and thus produced significantly more milk. Body

weight gains differed only slightly among any of the four

groups.



Huffman g§,§;. (58) reported results comparing the

relative feeding value of pea and cat silage. It was ob-

served that cows receiving only silage consumed considerably

less dry matter and 25-50 per cent less TDN than when some

hay was included in the ration. Similar results were ob-

tained by Huffman.g§,al. (44) concerning the grain equiva-

lent value of pre-bud alfalfa hay, alfalfa-rye-grass silage,

and mature alfalfa hay in which average daily.FCM production

of 54.2, 29.0, and 52.5 pounds, respectively, were obtained.

The dry matter intakes were 50.6, 27.5, and 24.7 pounds per

day, respectively. Grain feeding was increased 6.0 pounds

per day when the cows were changed from the immature rations

to the mature hay ration. The TDN intakes of cows on the

pro-bud hay, silage, and mature hay rations were 18.7, 15.5,

and 19.4 pounds, respectively, which might explain in part

the decreased milk production of cows on the silage ration.

However, more FCM was produced by cows on the pro-bud alfalfa

hay ration with 0.7 pounds less TDN than cows on the mature

alfalfa hay ration. In a later study, Huffman.g§,gl. (59)

reported that Ladino silage was more appetizing to dairy cows

than was corn.silage but less appetizing than grass hay.

The cows only consumed 14.8, 14.4, and 11.4 pounds of dry

matter from silage when it replaced 16.2, 17.7, and 17.8

pounds, respectively, of dry matter in.hay. However,

slightly more dry matter was consumed from.the Ladino clover
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silage than from corn.silage. It was also concluded from

this experiment that Ladino clover silage supplies approxi-

mately as much grain equivalent value in terms of milk pro-

duction as corn silage.

In a study utilizing a double-reversal design, Cobble

and Wildes (9) found only slight differences in dry matter

intake from grass-legume silage fed at 2.0 pounds of hay-

equivalent per 100 pounds body weight as compared to an

equivalent amount of hay-silage combination. However, in a

second study using the same procedure, the cows receiving

the hay-silage combination consumed approximately 5.0 pounds

more dry matter per day and gained considerably more in body

weight than those fed grass-legume silage. Similar results

were reported by Pratt and Conrad (72) in which either hay

or silage made up from 0.0 to 75.0 per cent of the total dry

matter intake of dairy cows. Based on three-years results,

these workers found that in general, the dry matter consump-

tion and four per cent FCM increased slightly as the pro-

portions of hay increased in the ration. However, when milk

production was adjusted for differences in.dry matter intake,

silage dry matter was utilized somewhat more efficiently than

that from hay. These results are somewhat complicated by

the feeding of sufficient grain to supply approximately 25

per cent of the total dry matter.

Nicholson and Parent (67), using lactating Ayrshire

cows, compared rations in which the roughage portion was
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grass silage alone, or grass silage plus hay at the rate of

1/5, 2/5, and 1 pound hay daily per 100 pounds body weight.

The grass silage was fed according to appetite in all cases

and grain was fed at the rate of one pound grain for every

four pounds of four per cent FCM. No significant differ-

ences existed among groups in terms of FCM, butterfat per-

centage, or changes in body weight. However, there was a

progressive increase in dry matter consumption as the level

of hay feeding increased. It was also observed that signifi-

cantly more TDN was required per 100 pounds of four per cent

FCM for the group receiving 1.0 pounds of hay per 100 pounds

body weight daily than for the all silage group.

Dijkstra (14) observed that cows receiving grass 81-

lage (25.8 per cent dry matter) lost body weight and pro-

duced somewhat less milk than similar cows fed barnpdried

hay or hay plus silage. In the first experimental period,

the differences among groups in milk production were very

slight. However, in the second period, a very distinct dif-

ference was observed which appeared to be associated with a

poorer quality silage.

Gordon.g§_g;. (21), using first cutting alfalfa, eb-

served dry matter intakes per 100 pounds of body weight of

2.4, 2.2, and 1.8 from.barnpdried hay, wilted silage, and

direct-cut silage, respectively. The differences among

group means were highly significant (cho.01), The average
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milk yield followed similar trends as dry matter intake

(I’«0.05). However, when expressed as dry matter intake per

100 pounds of FCM, the mean values were 90.5, 85.4, and 72.6

pounds for barnsdried hay, wilted silage, and direct-cut

silage groups, respectively. In a second study using second

cutting alfalfa, these authors observed a slightly greater

dry matter intake from wilted silage than from comparable

hay.

Similarly, Shepherd gt g1. (77) reported comparisons

of wilted silage (54.4 per cent dry matter) and half-dry

silage (54.5 per cent dry matter) stored in gas-tight silos.

The cows receiving the half-dry silage consumed approximately

2.5 pounds more dry matter, were more persistent in milk pro-

duction, and increased more in body weight than the cows re-

ceiving wilted silage. In a second trial, these authors

reported no differences in dry matter consumption, milk pro-

duction, or change in body weight of cows receiving wilted

silage (approx. 56 per cent dry matter) stored in a convene

tional silo as compared to silage stored.in a gas-tight silo.

In a later report, Shepherd gt g1. (78) observed that wilted

alfalfa silage and dehydrated alfalfa hay were more palat-

able than comparable field-cured hay or barn-dried hay. It

was also Observed that when the four experimental roughages

were fed on an equalized dry matter basis, the differences

among groups in.four per cent FCM were not statistically
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significant. Changes in body weight were similar among

groups. In agreement with these results, Voelker and

Bartle (88) observed slightly greater dry matter intake and

gain in body weight of cows fed alfalfa haylage (40-52 per

cent moisture) than from artificially dried hay. The aver-

age four per cent FCM production was similar among groups

averaging 37.7 and 57.5 pounds per cow per day fer the hay-

lage and hay groups, respectively.

Conversely, Hill 23 a1. (51) compared the performance

of milking cows fed either legume-grass silage or hay har-

vested simultaneously and found that the silage cows con-

sumed slightly more dry matter, produced more milk, and

gained more in body weight than cows fed hay. The average

daily dry matter intakes and four per cent FCM produced were

30.5, 25.1, and 29.7, 20.4 pounds per cow for the direct-cut

silage and hay groups, respectively. Similar results were

reported by Trimberger gt_gl. (87), where it was observed

that lactating dairy cows consumed equal quantities of dry

matter from silage as from hay if both were harvested at

the same stage of maturity. However, the cows receiving

early-cut silage produced significantly (P’<0.0l) more four

per cent FCM than.comparable cows consuming early barn-dried

hay, fieldpcured hay, or late-cut silage. The differences

among groups in.hody weight gain were not significant. In

this study each cow received an average of 11.2 pounds of



l4

grain.per day, The average dry matter digestibility coeffi-

cients were 70.5, 58.5, 57.6, and 52.2 per cent, respectively,

for the early-cut silage, barn-dried hay, late-cut silage,

and field-cured hay. In a later study, Slack 93,21. (80)

utilized a change over design covering two consecutive years

and observed no significant differences in milk production

of cows fed silage, barn-dried hay, or a combination of ai-

lage plus barn-dried hay. However, all groups produced sig-

nificantly more milk than cows fed field-cured hay harvested

at a more mature stage of growth. In contrast to the pre-

vious study, cows consumed significantly more dry matter from

the barn-dried hay than from silage. Two levels of grain

feeding failed to significantly affect dry matter consumption

of the different forages. The grain feeding levels employed

were 1.0 pound of grain to 4.0 pounds of milk and 1.0 pound

of grain to 6.0 pounds of milk. Cows receiving hay tended

to maintain body weight somewhat better than cows receiving

silage. In a second study covering a three-year period, a

continuous type trial was employed covering twenty weeks in

a three by two factorial design (two levels of grain and

three experimental roughages). Grain feeding levels calcu-

lated as previously mentioned were one to four and one to

eight for cows receiving either early-cut silage (24.5 per

cent dry matter), early-cut barn-dried hay or late-cut field-

cured hay. Cows receiving the low level of grain consumed
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significantly (I’¢0.0l) more roughage dry matter than cows

fed the high level of grain. It was also observed in this

study that significantly (P4:O.01) more dry matter was con-

sumed from the early—cut hay than from silage or late-cut

hay; However, the cows receiving early silage as the only

source of roughage maintained milk production better than

cows on either hay. When calculated on a four per cent FCM

basis, the silage cows produced significantly (P’¢0.01) more

milk and gained significantly (P «0.01) more body weight than

either of the hay groups.

Ramsey gt 3;. (74) found no difference in dry matter

consumption or digestibility of oat forage stored as either

silage or hay, Similarly Breirem gt 3;. (7) summarized 15

years experimental data and reported that cows fed rations

containing silage or artificially dried grass produced more

milk than similar cows fed hay when each was fed as the sole

source of roughage. These workers also observed that silage

fed alone produced equal results to hay plus silage in re-

spect to milk yield and general condition of the cow.

Hillman gt 1. (55) compared the performance of lac-

tating dairy cows fed either all alfalfa hay or alfalfa si-

lage rations harvested from the same field at the same stage

of maturity (late-bud). The cows receiving the all-hay ra-

tion consumed approximately 7.5 pounds more dry matter per

day and gained significantly more in body weight than.the
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cows receiving the all-silage ration. However, no signifi-

cant differences were observed in actual milk production.

A second trial was conducted to determine whether moisture

or pH were the principle factors affecting the reduced dry

matter intake of cows on all-silage rations. Four rations

were fed: (1) alfalfa hay, (2) alfalfa hay that had been

soaked in water to increase the moisture content equivalent

to silage, (5) alfalfa silage, and (4) NaOH silage (regular

silage treated with sufficient quantities of sodium hydroxide

to adjust the pH equal to that of the hay). The average

daily dry matter intakes from the four rations were 55.5, 55.8,

23.7, and 24.7 pounds, respectively. In like manner, the

changes in body weight were +10.7, +15.0, -56.9, and -22.6

pounds per cow during a ten-day period. The dry matter in-

take and gain in body weight on either hay were significantly

greater than on either silage. In a later study, Hillman (52)

fed silage 2Q libitum and controlled the hay feeding to 0.0,

25.0, 50.0, 75.0, and 100.0 per cent of the ration dry mat-

ter. The average daily dry matter intakes were 26.2, 28.6,

32.8, 55.1, and 41.0 pounds, respectively. Dry matter intakes

were significantly greater (P «0.01) for the cows fed all-hay

or 75 per cent hay than for cows fed all-silage or 25 per

cent hay plus silage. Milk production.and changes in body

weight followed a pattern similar to that of dry matter in-

take.



17

In palatability trials, Shepherd gt 5;. (79) reported

no significant differences in dry matter intake of cows fed

either wilted alfalfa silage.or alfalfa hay. When control

feeding was employed only slight differences in milk produc-

tion were observed among groups. Both forages were harvested

from the same field at the same stage of maturity. Similarly,

Wittwer 22.2l- (94) observed no significant differences among

cow groups fed direct-cut silage, wilted silage (25-50 per

cent dry matter), and unwilted silage to which was added

200 pounds dry hay per ton of fresh forage with respect to

dry matter intake, body weight change, or four per cent FCM

production.

Considerably less data are available comparing the

feeding value of corn silage with hay than data comparing

grass silage with hay, A summary of several years work

showing the average chemical composition, coefficients of

digestibility, and TDN content of corn silages has recently

been published by Huffman and Duncan (42). The average TD!

content was approximately 68.6 per cent which is some 15.0

percentage points higher than excellent quality hay.

W011 and Voorhies (96) found that cows consumed ap-

proximately two pounds less dry matter and produced slightly

less milk when fed alfalfa hay plus milo silage gt libitum

than when fed alfalfa hay alone. However, when Indian corn

silage was substituted for the milo silage, a slight increase
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in.dry matter consumption occurred accompanied by an increased

milk flow.

Only minor differences in.dry matter consumption or

efficiency of utilization of corn silage as compared to

grass silage (with three per cent added molasses) were ob—

served by Camburn gt gt. (8). Similarly, Lassiter gt gt.

(56) observed that cat silage (harvested in the early-dough

stage) supported milk production at slightly higher levels

than.corn silage when both were fed at levels of 65.0 per

cent of the total roughage intake. However, when fed at

higher levels (77.0 per cent of the total roughage intake)

significantly more milk was produced by cows receiving corn

silage. Body weight gains followed a pattern similar to milk

production.

Huffman and Duncan (40) reported that corn silage con-

tained unidentified factor(s) needed for milk production.

In.this study all cows were fed an all-hay ration until they

showed a marked drOp in milk production. The cows were then

changed from hay to corn silage on an equalized TDN basis.

In general, the cows decreased slightly in body weight but

increased considerably in milk production amounting to ap-

proximately five pounds per cow per day. Similarly, Dunn

2t gt, (17) observed that on an equalized TDN basis, corn

silage supported milk production at a higher level than red

clover hay. Indication was obtained that the factors
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associated with the increased milk production were related

to the grain portion of the corn silage since a grainless

corn silage appeared to have about the same "milk-producing

power” as hay. The TDN content of the regular corn silage

.and grainless corn silage was 75.4 and 58.9 per cent, re-

spectively. However, in a later study, Huffman and Duncan

(41) observed no significant differences in milk production

of cows fed either immature corn silage or well-matured corn

silage. These authors concluded that the grain equivalent

was in the stalk of the immature corn silage just as it was

in young grass.

White and Johnson (91), however, observed no beneficial

effects from adding succulent feeds in the form of corn si-

lage or soaked beet pulp over that of mixed hay and grain

alone for lactating dairy cows. When water was offered only

once daily, the hay group consumed approximately 2.5 pounds

more dry matter than the silage group. In general, hay

consumption.was slightly decreased when animals were watered

only once per day as compared to free choice.

Waugh gt gt. (90) compared corn silage as the sole

roughage for lactating dairy cows with similar rations cons

taining 1.0, 0.5, and 0.25 pounds of hay per 100 pounds body

weight. Limited quantities of grain were fed to all groups.

No significant differences in milk production were observed

among groups. However, the total dry matter consumption
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significantly (I’<0.01) increased as the level of hay in the

ration increased. The mean total dry matter intakes were

25.7, 25.1, 22.8, and 21.6 pounds per day for cows receiv-

ing the 1.0, 0.5, 0.25, and 0.0 pounds of hay per 100 pounds

body weight, respectively. No significant differences in

body weight gains were observed. In general, the milk pro-

duction was lowest on the all-corn silage ration and increasai

up to the 0.5 pound hay group and then declined slightly in

the all-hay group.

Hg: vs. Silage: FeedinggValue for Growing Daipngattle

Sykes gt gt. (85) compared the relative feeding value

of alfalfa hay and alfalfa silage for growing dairy heifers.

The heifers which were fed alfalfa hay as the only roughage

grew at a normal rate as compared to accepted standards.

However, when silage was the sole source of roughage, the

growth rate was markedly reduced; and at two years of age,

the difference in body weight was 91 pounds for Jerseys and

240 pounds for Holsteins as compared to hay-fed animals.

When small quantities of hay were fed in addition to the si-

lage, the growth rate was improved somewhat, but still re-

mained below that of the heifers receiving the all-hay ration.

These results were confirmed by Thomas gt gt. (84) when it

ias demonstrated that dairy heifers can be reared to calving



21

time on limited quantities of whole milk and grain with un-

limited quantities of good alfalfa hay, However, when a

mixture of wilted alfalfa silage and corn silage was sub-

stituted for the hay, a decided drop occurred in both feed

consumption and gain in body weight with the final weight

of heifers being only 76 per cent of normal. When hay (one

pound per 100 pounds body weight) or grain (two pounds per

day) was added to a wilted alfalfa silage ration, heifers

were only slightly smaller at two years of age than similar

heifers reared on alfalfa hay. In general, heifers consumed

less roughage dry matter from silage than from hay. In a

later report, Thomas gt gt. (85) reported that the subsequent

milk and fat production during the first lactation of the

smaller heifers reared on grass silage was somewhat less

than heifers reared on hay or hay plus silage.

Bender and Tucker (5) compared the growth rates of a

group of dairy heifers receiving only timothy grass silage

with a second group which received the same silage plus hay.

The average daily gain in body weight by the heifers on

timothy silage was 0.67 pounds as compared to 0.8 pounds for

the heifers receiving hay. Similarly, Everett gt gt. (19)

reported greater dry matter consumption and average daily

gain of heifers fed alfalfa hay than similar heifers fed

wilted or direct-cut alfalfa silage. The average daily dry

matter intakes by groups were 15.8, 15.8, and 10.4 pounds,
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respectively. In like manner, the average daily gains were

1.69, 1.28, and 0.09 pounds. In a second trial, these

authors reported no effects on dry matter intake or average

daily gain from adding dilute hydrochloric acid to hay

(lower pH) or adding Silo-Joy (flavor compound) to the

wilted silage. However, they did obtain significant ins

creases in.dry matter intake when ground hay was added to

the wilted silage which resulted in increased average daily

gains of 0.81 pounds. In a third trial, these authors ob-

served no changes in dry matter consumption of silage by in-

creasing the moisture content at time of feeding (adding

water) or of hay by adding a dilute solution of acetic acid

to the hay in quantities approximating that normally found

in silage.

In contrast, Moore gt gt. (62) reported that wilted

silage as the sole roughage for growing dairy calves pro-

duced gains equal to those of calves fed barn-cured or field-

cured hay when fed at equally controlled levels. Moderate

amounts of grain were fed to all groups. Similarly, Porter

and Kesler (70) reported comparable gains of dairy calves

receiving either hay, grass silage, or grass silage plus hay

as their sole roughage source. When silage was the only

roughage source, however, the dry matter and TDN intakes were

significantly reduced. In a later study, Porter and Healer

(69) studied the effect of feeding young calves high levels
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of alfalfa silage with three levels of a calf starter. In

general, the feeding of gg libitum quantities of alfalfa si-

lage resulted in growth for the first 16 weeks of life com-

parable to that obtained on hay or hay plus silage. The

calves receiving alfalfa silage consumed slightly less dry

matter and TDN than calves receiving alfalfa hay or alfalfa

hay and silage.

Wilson and Bartle (92) reported that yearling heifers

wintered on alfalfa hay consumed approximately 5.0 pounds

more roughage dry matter per day than similar heifers

wintered on wilted alfalfa silage (41.1 per cent dry matter).

The average daily gains in body weight were 1.56 and 1.25

pounds, respectively. However, the average gain per pound

of roughage dry matter consumed was slightly in favor of

the silage group (0.125) as compared to the hay group (0.105).

Heifers in both groups received 5.0 pounds of grain per

heifer daily.

The feeding value of alfalfa stored as baled hay or

silage stored in stacks (uncovered), trench silos, and up-

right silos was compared by McCone and Olson (60). Based

on three years work, there were no consistent differences

in average daily gains of steers fed any of the above

treated forages plus three to seven pounds of grain per day,

The three-year average daily gain of steers fed silage from

the upright silos was 1.85 pounds as compared to 1.85 for



24

the group fed hay. Similarly, Flipse gt gt. (20) reported

that bulls receiving four pounds of grass silage per 100

pounds body weight daily increased slightly more in body

weight, heart girth, and height at withers than comparable

bulls fed equal levels of TDN from grain. Both groups re-

ceived limited quantities of hay.

Keener 22.31- (49) compared a clover timothy mixture

preserved as silage, mow-dried hay, and field-cured hay

taken from the same field at the same stage of maturity.

Digestion and energy balance studies showed the field-cured

hay to be slightly higher in TDN and metabolizable energy

than either the mow-cured hay or silage. The average TDN

values on the dry matter basis were 54.5, 57.7, and 59.8

per cent for silage, mow-cured hay, and field-cured hay, re-

spectively. However, when the roughages were fed free

choice to dairy heifers with only two pounds of supplemental

grain, the heifers receiving silage gained 1.80 pounds per

day as compared to 1.16 and 1.26 pounds per day for heifers

receiving mow-cured and field-cured hay, respectively. In

the same order, the average roughage dry matter intakes were

7.6, 11.7, and 11.4 pounds, respectively. Similarly,

Newlander and Riddell (66) observed in two experiments that

calves consumed slightly more dry matter from hay than from

wilted silage but gained slightly less in body weight. It

was also observed in a fourbyear study that wilted grass
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silage (51.6 per cent dry matter) supported greater body

weight gains than comparable high moisture silage (22.0 per

cent dry matter). Similar trends were observed in dry mat-

ter consumption.

In a trial comparing the relative feeding value of

corn silage, oat silage, and hay, Lassiter gt gt. (56) re-

ported that heifers fed hay consumed significantly more dry

matter than comparable groups fed either silage. However,

the average daily gains were comparable among groups receiv-

ing hay or corn silage and significantly higher than heifers

fed oat silage. Similar results were reported by McClaugherty

and Carter (59) concerning the relative feeding value of

wheat silage and corn silage.

Keener gt gt. (48) raised 24 Holstein and Guernsey

calves from a few days to two years of age on milk replacer,

500 pounds of concentrates, and one of four experimental

roughage rations: grass silage alone, grass silage plus

corn silage (50-50), grass silage plus limited hay, and

grass silage plus corn silage (50-50) plus limited hay. In

all cases the inclusion of hay in the ration at 0.75 pounds

per 100 pounds body weight increased total energy consumption

and body weight gains. This observation is not necessarily

a measure of the energy value of hay and corn silage but

simply points out the preference of these animals for hay.

The groups fed grass silage plus hay averaged 94 per cent of
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normal at two years of age. All other groups failed to make

satisfactory growth during this period.

In contrast, Converse and Wiseman (10) reported re-

sults of long-time studies to determine the value of corn

silage as the sole roughage for growth of calves and sub-

sequent milk production. Eight heifers (three Holsteins

and five Jerseys) were reared from birth and milked through

at least one lactation with corn silage as the sole source

of roughage. These authors concluded that the heifers ex-

hibited normal growth rates and milk production during the

first lactation. The average milk production for Holsteins

and Jerseys fed the corn silage ration was 12,149 and 10,516

pounds, respectively. The control animals fed a normal ra-

tion (grain, hay, and pasture) averaged 11,406 and 9,585

pounds in the same order. The cows and heifers receiving

corn silage were fed somewhat more grain than the control

animals. However, all animals were fed to approximately

equal the TDN requirements of Savage (76).

Based on the previously cited references, it appears

that, in general, both mature and growing dairy cattle con-

sumed more dry matter from hay and heavily wilted silage

than from direct-cut silage. However, the animal response

in terms of milk production is somewhat more variable than

dry matter intake or body weight gain. It appears that

some factor(s) in silage has a depressing effect on appetite
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which limits dry matter consumption. However, in many

cases, indication is given of more efficient utilization

of the dry matter consumed from silage than from hay. Thus

the relationship of chemical changes during silage fermen-

tation and the feeding value of the resulting silage is in

need of further clarification.

Silage Fermentation: Relationship of Preservatives1

Microbiologicaligand Chemical Chapges to

Feeding Value of Grass Silages

The chemistry and bacteriology of silage fermenta-

tion has been reviewed by Watson (89) and more recently by

Barnett (4). The use of preservatives in silage fermenta-

tion was reviewed by Hillman (52). In general, the follow-

ing review will consist primarily of recent data pertaining

to bacteriological and chemical changes both with and without

preservatives and the relationship of these changes to the

feeding value of grass silage.

Dufour gt gt. (16) reported nonsignificant differences

in the feeding value of sulfur dioxide silage vs. untreated

silage for lactating dairy cows. The average consumption of

both groups was 65 pounds per day with average milk produc-

tion of 25.4 pounds of FCM for the cows fed SO2 silage and
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25.5 pounds for the cows fed untreated silage. Limited

quantities of hay and grain were fed to both groups. Simi-

lar results were reported by Wittwer gt gt. (95) concerning

the value of molasses, brewers-dried grains, and sodium

metabisulfite as preservatives for unwilted hay—crop silage.

The feeding values of these silages as well as that of an

untreated silage were not significantly different as measured

by four per cent FCM, roughage dry matter consumption, and

changes in body weight. Limited information concerning the

palatability of these silages was reported in which the

molasses-treated silage appeared to be the most palatable,

whereas the sodium metabisulfite silage was the least palat-

able.

In contrast to this, Cowan gt gt. (11) observed that

pro-bloom alfalfa when ensiled as either wilted or unwilted

without a preservative produced poor quality silage. How-

ever, when the same crop was preserved with 8 pounds sodium

metabisulfite per tom, the silage was of excellent quality

as adjudged by color, odor, lactic acid content, pH, and

feeding value. In a second experiment, these authors pre-

served first cutting alfalfa with 0, 5, 8, 12, and 18 pounds

of sodium metabisulfite per ton of fresh forage and found

that all treated forages were superior to the untreated but

that no improvement was observed from the higher rates of

application over five pounds per ton. At the very high levels
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of sodium metabisulfite (18 pounds per ton) palatability

was adversely affected.

The results of a three-year study conducted by

Hardison gt gt. (28) showed no significant beneficial results

as measured by palatability, digestibility, or feeding value

from adding sodium metabisulfite or a mixture of urea and

molasses to a variety of ensiled forages. There was some

indication in this study that Kylage (calcium formate and

sodium nitrite) may improve the milk-producing value of

grass silage. This, however, was not confirmed in studies

by Gordon gt gt. (23) when Kylage was reported to have little

or no effect on nutrient preservation, feeding value, or

milk-producing value of hay-crop silage. It was also observed

by Hardison 2£.§l° (28) that silage treated with either

sodium metabisulfite or Kylage exhibited a considerably

improved aroma.

Little (57) reported that lactating dairy cows con-

sumed considerably more dry matter and produced slightly

more milk from metabisulfite-preserved silage than from un-

treated silage. The four per cent FCM, butterfat test, and

changes in body weight were not significantly different be-

tween groups.

Camburn 22.§l: (8) observed that timothy grass silage

preserved with phosphoric acid was superior to field-cured

timothy hay as a feed for growing dairy heifers. The heifers
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receiving silage grew somewhat faster and required slightly

less TDN per pound of body weight gain than similar heifers

fed hay.

Good preservation of alfalfa forage (20-25 per cent

dry matter) was obtained by the addition of sulfuric and

hydrochloric acid (A.I.V. method) and molasses as reported

by Hegsted gt gt. (50). When fed to lactating dairy cows,

no differences in milk production were observed among groups

receiving A.I.V. silage, molasses silage, or corn silage

plus linseed meal. Hayden gt gt. (29), in two trials,

observed slightly greater dry matter consumption and milk

production when cows were fed A.I.V. silage than when fed

hay. For a more complete discussion of the advantages and

disadvantages of A.I.V. silage see Watson (89) and Barnett

(4)-

The use of antibiotics in silage preservation has met

with varying degrees of success. Dexter (15) observed that

silages preserved with aureomycin, bacitracin, and strepto-

mycin were excellent in odor whereas silages preserved with

penicillin and neomycin were undesirable. However, in later

work, the results were quite variable and in general no con-

sistent advantage was observed from adding antibiotics to

grass silage. Rusoff gt gt. (75) compared zinc bacitracin

(10 gm. per ton), molasses (80 pounds per ton), and sodium

metabisulfite (8 pounds per ton) treated silage, and untreated
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silage as a feed for lactating dairy cows. Differences

among groups as to FCM or efficiency of milk production

were not significant. This observation was further substan-

tiated by Pratt and Conrad (71). Similar results were re-

ported by Ramsey gt gt. (74) where no apparent beneficial

results were observed in terms of dry matter intake or di-

gestibility of oat silage from adding zinc bacitracin (five

gms. per ton) or Silo-Joy (1.5 pounds per ton).

Some of the earliest and most fruitful investigations

concerning alfalfa as a possible silage crOp and the rela-

tionship of chemical changes and silage quality were made in

1912 and 1915 by Swanson and Tague (82). These authors con-

cluded from their work that alfalfa alone makes good quality

silage when finely ground and well packed. However, when

coarsely ground and loosely packed, alfalfa made very poor

silage. When corn chap was added to the ensiled alfalfa, the

resulting product was of such quality that the authors postu-

lated practical realization of this new silage. The fact

that silage quality is related to the dry matter content of

the ensiled crop was observed in this study. In all cases the

addition of water to fresh forage was harmful rather than bene-

ficial. In a second experiment, these authors observed that

silage resulting from bud-stage alfalfa (high moisture) was

less desirable than silage from more mature alfalfa. Simi-

larly, it was concluded that wilted alfalfa was more suit-

able for silage making than unwilted alfalfa. These authors
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observed that the soluble carbohydrates present in ensiled

materials rapidly disappeared with a corresponding increase

in acidity. Most of the acidity was encountered during the

first two weeks with only slight increases thereafter. No

feeding information was collected.

The pH, total volatile acids, and volatile bases of

unchopped alfalfa ensiled without a preservative decreased

as the dry matter content increased from 19.8 to 55.9 per

cent in a study reported by Murdock (65). The lactic acid

production was relatively low in all silages but tended to

increase from 0.1 to 2.4 per cent as the dry matter content

increased from 19.8 to 27.1 per cent. Using different silages,

the dry matter consumption of cows increased approximately

2.9 pounds per day as the dry matter content of the silage

increased from 18.7 to 26.5 per cent.

Pratt gt gt. (75) reported that meadow crop silage

preserved with 195 pounds of ground corn per ton of green

material was somewhat more palatable than untreated meadow

crop silage. Similar results were obtained with Kylage,

sulfur dioxide, and sodium metabisulfite. Low levels of hay

and grain were fed in most cases. In general, palatability

declined when less lactic and acetic and more propionic and

butyric acids were formed in the silage.

Experiments comparing the quality of alfalfa-timothy

silage preserved by wilting or by the addition of 160 pounds
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of 2.0 normal glycollic acid, 60 pounds of molasses, or 112

pounds of barley meal per ton of fresh forage were reported

by Bailey gt gt. (2). The pH values were quite similar among

groups with a high of pH 4.9 in the wilted silage and a low

of pH 4.2 in the glycollic acid silage. The lactic acid

contents, however, were quite variable among groups with a

high of 7.8 per cent on a dry matter basis in the barley

meal-preserved silage and a low of 2.2 per cent in the wilted

silage. Butyric acid and volatile bases were quite similar

among groups with the exception of the molasses-preserved si-

lage which was somewhat higher in both respects. When the

silages were fed on an equal dry matter basis, glycollic

acid-preserved silage supported the highest average daily

gain of heifers followed in descending order by molasses-

treated silage, wilted silage, and barley meal-treated silage.

Similar results were obtained by Murdock gt gt. (64) in com-

paring the quality of a direct-cut lucerne-timothy mixture

ensiled without treatment or preserved with glycollic acid,

molasses, barley meal, or formic acid. In general, the

resulting pH of the silages were similar among treatment

groups but slightly higher for the wilted silage than for

the unwilted silage. The lactic acid content of the molasses-

treated and barley meal-treated silages were slightly higher

than for the other experimental silages. These authors con-

cluded that good quality silage can be made from direct-cut
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forage by the addition of glycollic acid, formic acid, and

barley meal or by wilting the forage prior to ensiling.

Molasses added to the fresh forage resulted in an inferior

silage due to the large amounts of volatile bases and butyric

acid formed during fermentation.

Kane gt gt. (47) reported that first cutting orchard

grass—ladino clover silage treated with 8.2 pounds of sodium

metabisulfite or 5.1 pounds of Kylage showed a lower pH,

ammoniacal nitrogen, and butyric acid content than a similar

untreated silage. The lactic acid contents were 1.8, 6.2,

and 4.9 per cent for the control, metabisulfite, and Kylage-

treated silages, respectively. In an 80-day feeding trial,

.cows consumed approximately 20 per cent more of the treated

silages than of the untreated silage. In this study, the dry

matter consumption appeared to be positively correlated with

high levels of lactic acid and low levels of pH, ammoniacal

nitrogen, and butyric acid. Similar results were reported

by Gordon gt gt. (24) where it was observed that Kylage-

treated silage was considerably higher in lactic acid and

lower in ammoniacal nitrogen and prOpionic and butyric acids

than an untreated direct-cut control silage. The average

pH values were 4.52 and 4.98, respectively. When fed to

milking cows as the only source of roughage, the average dry

matter consumed per 100 pounds body weight were 1.47 and 1.80

pounds per day for the control and Kylage-treated silage
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groups, respectively. The following year the same procedure

was duplicated without showing any apparent advantage from

adding Kylage. In the second year's work the pH, ammoniacal

nitrogen, butyric, and lactic acid contents were 5.76, 5.67;

7.5, 6.5; .05, .05; and 7.78 and 8.00 for the untreated and

Kylage-treated silages, respectively. The average dry matter

consumption values per 100 pounds body weight were 2.01 and

1.96 pounds per day, respectively. This work points out the

dominant role played by the control silage in determining

what beneficial effects are obtained by using a silage pre-

servative. It is interesting to observe, however, the appar-

ent correlation in this work between lactic acid, butyric

acid, and ammoniacal nitrogen and the resulting dry matter

consumption of milking cows.

In a later study, Gordon gt gt. (25) preserved a first

cutting, direct-chOpped orchard grass and Ladino clover mix,

ture with 200 pounds corn meal per ton of forage or 4.5 pounds

of Kylage per ton. These treatments were compared with a

control silage (untreated) as to chemical composition and

feeding value. The Kylage-treated silage was slightly lower

in pH and ammoniacal nitrogen and slightly higher in lactic

acid than either of the other two silages. Only traces of

propionic and butyric acids were observed in any of the si-

lage treatments. Based on these criteria, all silages were

considered to be of good quality. This evaluation was
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further substantiated by feeding the experimental forages

to lactating dairy cows. The average daily silage dry mat-

ter consumption was 2.01, 1.96, and 2.58 pounds per 100

pounds body weight for the control, Kylage-treated, and corn

meal-preserved silage, respectively. The increased dry mat-

ter consumption of the corn meal-preserved silage could

probably be accounted for by the lower grain feeding level

of this group (0.54 pounds of grain dry matter per day) as

compared to the other groups (7.4 pounds of grain dry matter

per day). The lower grain feeding rate probably accounts

for a slightly greater rate of decline in milk production of

the group fed the corn meal-preserved silage. In a second

year's work, recirculated seepage and beet pulp additive

were compared with a control silage on the same basis pre-

viously mentioned. The recirculated seepage improved the

silage quality slightly. However, the added beet pulp in-

creased lactic acid content and dry matter intake consider-

ably. The average daily dry matter intakes were 2.08, 2.06,

and 2.58 pounds per 100 pounds body weight for the control,

recirculated seepage, and beet pulp-preserved silages, re-

spectively. The 50-day decline in.milk production was

slightly less for the control group than for either treated

silage group.

Murdock gt gt. (65) ensiled a legume-grass mixture as

unchopped, lacerated, unchopped wilted, and chOpped wilted
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forage and collected samples at 0, 1, 2, 4, 7, and 14 days

after ensiling. In general, the pH decreased with time

whereas the lactic acid content increased. The final pH

values were similar among groups whereas the lactic acid

content differed considerably with final values of 5.2, 8.5,

and 10.2 per cent of dry matter for the unchopped, chopped,

and lacerated silages, respectively. However, in successive

trials this trend was not repeated, with the final conclu-

sion that lacerating the forage had little or no effect on

the lactic acid content of the silage. In a similar study,

Balch gt gt. (5) compared the chemical changes and digesti-

bility of unchOpped, chOpped, and lacerated silage. The final

pH values were similar among groups, averaging pH 5.1. The

lactic acid content was relatively low in all silages, with

the ch0pped silage highest (1.2 per cent of dry matter) and

the lacerated silage lowest (0.5 per cent of dry matter).

The butyric acid values were 5.0, 5.1, and 1.8 per cent on

the dry matter basis and the volatile bases 59.5, 17.1, and

35.6 per cent of the crude protein for the unchopped, chopped,

and lacerated silage, respectively. The crude protein,

ether extract, and crude fiber contents were lowest in

chopped silage, intermediate in lacerated, and highest in

unchOpped silage. The nitrogen-free extract losses in stor-

age were 49.0, 57.0, and 64.8 per cent in the chopped, lacer-

ated, and unchopped silage, respectively. In the same order,
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the average starch equivalents of the dry matter were 50, 47,

and 45 pounds, respectively. It is interesting to note in

this report that, in general, mature cows had higher di-

gestibility coefficients than steers which indicates the

fallacy of determining the feeding value of various feeds

with steers, dry cows, or heifers and then applying the

data to high—producing dairy cows.

In contrast to the work of Murdock gt gt. (65) and

Balch gt gt. (5), Gordon gt gt. (25) observed that forage

bruised with a "silorator" resulted in silage lower in pH,

ammoniacal nitrogen, and acetic and butyric acids than a

chopped control silage. Similarly, the lactic acid content

of the bruised silage was 8.02 per cent as compared to 2.01

per cent for the control silage. It was concluded that the

higher percentage of ruptured cells in the bruised silage

accounted for this difference in chemical composition. How-

ever, the mode of action remains an enigma.

In a later study, Gordon gt gt. (22) compared the

chemical constituents and feeding value of alfalfa stored

as hay, haylage (heavily wilted silage), and direct-cut si-

lage. In general, only slight differences were observed in

roughage dry matter consumption and four per cent FCM pro-

duction between cows fed direct-cut silage or haylage in two

of the three experiments. In one experiment, haylage cows

were significantly higher in both respects than cows
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receiving direct-cut silage. In general, haylage was con—

siderably lower in ammoniacal nitrogen and organic acids,

with the exception of lactic acid, than direct-cut silage.

When the various measures of chemical quality were corre-

1ated with dry matter intake per 100 pounds of body weight,

the correlation coefficients were as follows: pH, -.561;

ammoniacal nitrogen as a percentage of total protein, -.890;

acetic acid, -.725; propionic acid, -.909; butyric acid,

-.725; lactic acid, +.562; and dry matter, +.694. The am-

moniacal nitrogen and acetic acid correlations were signifi-

cant. These data indicate that thecriteria used to char-

acterize poor quality silage are better measures of feeding

value than the principle criterion of good quality silage

(lactic acid) alone. This conclusion was further substan-

tiated by McCullough (61). In this study, the correlation

between pH at four days after ensiling and dry matter intake

was -0.55. In like manner, the correlation between lactic

acid content and dry matter intake was +0.57.

In contrast, Wittwer ££.§l- (94) compared the chemi-

cal composition and feeding value of legume-grass forage

ensiled as direct-cut, wilted to 25-50 per cent dry matter,

and unwilted plus 200 pounds of dry chOpped hay per ton of

ensiled forage. The average final pH values were quite simi-

lar among groups (approximately 4.5). However, the wilted

silage and unwilted plus dry hay silage contained slightly
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more lactic acid and less acetic and propionic acids than

the unwilted silage. When fed to lactating dairy cows,

however, differences among groups in dry matter intake, body

weight change, or four per cent FCM production were not sig-

nificant. Similarly, Derbyshire gt gt. (12) compared si-

lages made from first cutting orchard grass grown on land

untreated or treated with 400 pounds of ammonium nitrate

per acre. The following values were observed: percentage

of crude protein, 14.1, 25.1; ammoniacal nitrogen as per

cent of protein, 7.8, 25.2; and pH, 4.0 and 5.1, respectively.

In general, the silage resulting from the highly fertilized

forage had all the characteristics of poor quality silage.

When both silages were fed gg libitum to lactating dairy cows,

the average FCM production was 28.8 and 29.4 pounds per day

with average daily dry matter consumption of 2.00 and 1.97

pounds for the silage made from the unfertilized and fertil-

ized areas, respectively. In the same order, the average

dry matter digestibility was 71.0 and 71.8 per cent, re-

spectively.

Even though it is well known that microorganisms play

a very important role in silage fermentation, only limited

data are available relating specific classes of microorgan-

isms with particular roles in the fermentation process. In

early work on silage fermentation, there was considerable

disagreement as to the cause of heat production during the
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first few days after emailing the forage. In 1917, Hunter

(45) reported the comparative heat production of glass jars

filled with (1) fresh forage, (2) forage treated with weak

antiseptic (2-5 per cent chloroform), (5) forage treated

with heat, (4) heated forage innoculated with silage bacteria,

and (5) cured forage plus water. The untreated fresh, cured,

and innoculated forages all produced good silage with normal

fermentation, heat production, and organic acid production.

The chloroform and heated samples showed no heat or acid

production. It was thus concluded that heat production in

silage fermentation results primarily from microbial activity ‘

and not from intracellular respiration of the plant tissue.

Archibald gt gt. (1) analyzed 102 lots of green for-

ages and the resulting silages and subjected the results to

simple and multiple correlation analysis to determine the

influence of the constituents of the green forage on the

quality of the resulting silage. The criteria used in evalu-

ating the silage were pH, volatile bases, butyric acid, and

lactic acid. High moisture content (75 per cent) was sig-

nificantly correlated with high butyric acid, pH, and vola-

tile bases. This correlation was not observed when sodium

metabisulfite or calcium formate-sodium nitrite additives

were used. A positive correlation was observed between sugar

content of the forage and lactic acid content of the silage.

In general, additives high in sugar or other readily
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fermentable carbohydrates (such as molasses, cereal grains,

hominy feed, and citrus pulp) gave similar results.

Dobrogosz and Stone (15) determined microbiological

counts and chemical changes during active fermentation of

untreated silages and silages treated with 8 and 12 pounds

of metabisulfite per ton of fresh forage. The microbiologi-

cal counts as well as the utilization of reducing sugars for

organic acid production were in inverse correlation with the

amount of metabisulfite added. There were no apparent dif-

ferences in bacterial cultures between the treated and un-

treated silages during the active fermentation period. These

results show that metabisulfite has a general suppressing

effect rather than a selective action on the microbiological

population of the silage. Similar conclusions were reported

for the action of zinc bacitracin on silage microorganisms

(Langston gt gt., 54).

Alfalfa and orchard grass were stored in small experi-

mental silos by Irvin gt gt. (46) and subjected to a variety

of treatments in an effort to produce several levels of si-

lage quality. The acids studied in each quality of silage

were formic, acetic, propionic, butyric, lactic, and succinic.

In poor quality silages, acetic and butyric acids were pre-

sent in large amounts with only small quantities of lactic

acid. Butyric acid was present in small amounts after five

to eight days and in some cases, later increased up to 4.0
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to 6.0 per cent. In general, lactic acid increased quite

rapidly for the first five days and then decreased to ap-

proximately 1.0 per cent on the dry.matter basis. In the

good-quality silages lactic acid increased rapidly during

the first 8 to 12 days and then leveled off at approximately

8.0 to 9.0 per cent. Butyric acid was absent, or if present,

in amounts less than 1.0 per cent. A close relationship

was observed between pH and lactic and butyric acid content

of the silage. In general, when the pH rose above 4.2 to

4.4, the lactic acid decreased considerably with a correspond-

ing increase in butyric acid. Bacteriological examinations

showed an increase in spore-forming anaerobes coinciding

with the increase in pH and butyric acid. Two spore-forming

groups were isolated; one was proteolytic whereas the other

was an active lactate fermenter.

Langston gt gt. (55) reported studies of 50 different

direct-cut silages of varying quality and characterized the

good and poor-quality silages as follows: (A) good-quality

silage: (1) pH, 5.9 to 4.8; (2) ammoniacal nitrOgen (per-

centage of dry matter), 1.02 to 2.87; (5) butyric acid, 0 to

trace amounts; (4) spore counts, erratic but usually con-

tained no spores; and (5) lactic acid (percentage of dry

matter), 5.05 to 15.16; and (B) poor-quality silage: (1)

pH, 5.2 to 5.7; (2) ammoniacal nitrOgen, 5.25 to 9.82; (5)

butyric acid, variable but usually high; (4) spore counts,

usually high; and (5) lactic acid, showed an initial increase
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followed by a decrease with a corresponding increase in bu-

tyric acid. Bacteriological examinations showed little cor-

relation between numbers and types of organisms present in

good and poor-quality silages when grouped on the basis of

total anaerobes and lactic acid bacteria. However, a larger

number of anaerobic spore formers were found in the poor-

quality silage. When grouped on the basis of homofermenta-

tive and heterofermentative rods and cocci, the percentage

of heterofermentative rods was higher in good-quality silages.

Regardless of the silage quality, all silages tended to in-

crease in rods and decrease in cocci with time. The good-

quality silages, however, showed a high initial percentage

of cocci as compared to the poor-quality silages. It was

suggested that this protocol might be important in establish-

ing pr0per silage fermentation since it had previously been

shown by Pedersen (68) that for prOper fermentation in

sauerkraut, it was necessary that cocci appear first, closely

followed by lactobacilli organisms.

In a later publication, Langston and Bouma (55) re-

ported that in good-quality silage, three species of lactic

acid bacteria were predominant: Lactobacillus brevis, Lacto-

bacillus plantarum, and pediococci L. brevis. In poor-

quality silage, the three classes previously mentioned plus

Lactobacillus casei were observed. The reason for the appear-

ance or the role played by Lactobacillus casei in the poor-

quality silage was not evident. It was observed that the
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spore-forming anaerobes found in poor-quality silage were

able to convert lactate to butyrate, which might explain

why the same organisms appear in both silages, but at the

same time, a marked difference occurs in lactic acid con-

tent of the good and poor-quality silages. Similar results

were reported by Hampton and San Clemente (50).

Based on this review, it is apparent that the animal

response from feeding direct-cut silage is somewhat more

variable and less repeatable than the response from feeding

heavily wilted silage or hay. The efficiency of utilization

of silage as compared to hay also is quite variable. The

chemical changes during silage fermentation appear to be cor-

related with the acceptability and utilization of the result-

ing silage. In general, lactic acid content is positively

correlated with dry matter intake whereas pH, volatile bases,

and prepionic and butyric acids are negatively correlated

with dry matter intake.

Due to the lack of agreement among the previously cited

references as to the feeding value of hay and silage, addi-

tional work in this area appeared feasible. The general

procedure was to (1) determine the relative feeding value

of alfalfa hay and silage taken from the same field, at the

same stage of maturity, when fed separately and in combination

to lactating dairy cows, (2) compare alfalfa.hay and alfalfa

silage with and without supplemental grain for lactating
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dairy cows, (3) determine the relative feeding value of

alfalfa hay and corn silage fed separately and in combination

to milking cows, and (4) develop a new process of forage

preservation resulting in increased feeding value of stored,

direct-cut, legume-grass forage.



EXPERIMENTAL PROCEDURE

During a period of three years, three separate trials

were conducted to determine the relative feeding value of

legume grass silage and hay for lactating dairy cows. In

two of the studies, varying levels of hay and silage were

fed gg libitum as the sole source of feed (Experiment I).

In the third trial, only hay or silage was fed as the sole

source of roughage with and without limited quantities of

grain (Experiment II). In all cases the hay and silage

were taken from the same field and at the same stage of ma-

turity (approximately one-tenth bloom). Two additional

trials were conducted to determine the relative feeding

value of corn silage and alfalfa hay when fed singly and in

combination to milking cows (Experiment III). In the first

portion of Experiment III, grain feeding was corrected for

the amount of corn in corn silage, whereas in the second

study, the supplemental grain was similar among groups. In

both trials supplemental protein was fed to the groups re-

ceiving the highest level of corn silage. The principle

criteria of evaluation used were: (1) dry matter intake,

(2) milk production, and (5) changes in body weight. All

feeds were weighed and recorded at the time of feeding.

Weigh-backs were taken periodically and deducted from the

amount fed. In general, all roughages were fed in slight

- 47 _
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excess (approximately 10 per cent) of the amount actually

consumed.

In all experiments, the cows were milked twice per

day and the milk weighed or measured via a milk-o-meter and

recorded. Butterfat determinations were made at regular

intervals from three-day composite samples.

All cows were weighed for three consecutive days

prior to the beginning of the experiment and at thirty-day

intervals thereafter. Dry matter intake per 100 pounds

body weight for any particular period was calculated on the

basis of the average weight of the animals at the beginning

and end of that period unless otherwise stated in.the dis-

cussion.

Data pertaining to dry matter intake, milk production,

and body weight changes were summarized and analyzed statis-

tically according to procedures outlined by Snedecor (81).

Significant differences among means were determined according

to procedures outlined by May (58).

As pointed out in the review of literature, the results

of feeding direct-cut legume grass silage are highly variable

and less repeatable than results from feeding hay. In gen—

eral, the quality of any particular lot of silage may be very

good or very poor regardless of whether or not a preservative

is used. Therefore, a series of trials were conducted in an

attempt to improve the feeding value of legume grass forage
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stored in conventional silos (Experiment IV). The prelim-

inary work in this area was conducted in the laboratory

where small glass jars were filled with treated forage and

stored for various lengths of time to determine any bene-

ficial effects in preservation. One compound which appeared

promising was used as an additive to direct-cut alfalfa-brome

grass forage stored in small conventional silos. The feeding

value of this forage was compared with sodium-metabisulfite

treated silage in growth trials with dairy heifers.

Egperiment I. Effect of Hgy, Silage, and HayeSilage

Combination on Roughage Dry Matter Intake;

Milk Production, and Body Weight Change

Two separate trials were conducted to determine the

effect of all hay, 75 per cent hay and 25 per cent silage,

50 per cent hay and 50 per cent silage, 25 per cent hay and

75 per cent silage, or all silage rations on dry matter in-

take, milk production, and body weight change of lactating

dairy cows. In 1958, twenty-five Holstein cows were divided

into five comparable groups on the basis of milk production,

stage of lactation, and body weight and assigned to one of

the five experimental rations for a period of 90 days (Hill-

man, 52). Inl959, this procedure was essentially duplicated

81Ving a total of ten cows per group. Since slight differences
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in.preliminary milk production occurred among groups in the

first year's work, an attempt was made to correct this in

the second study.

The hay and silage fed in the second trial were har-

vested approximately five days later than that used in the

first trial. However, in both years, the stage of maturity

was estimated to be late-bud to early-bloom. The silage

was direct-cut with a forage harvester and ensiled with

sodium metabisulfite at the approximate rate of eight pounds

per ton of fresh material. The approximate dry matter con-

tent of the fresh alfalfa at the time of cutting was 22 per

cent in both trials. The hay was out at the same time as

the silage, field-cured, baled, and stored approximately

three days after the silage. The hay used in the first trial

was put up without rain, whereas that used in the second

trial received one very light rain soon after cutting. How-

ever, the quality of the hay was considered to be good to

excellent. The average chemical composition on a dry matter

basis of the hay and silage fed in both years is given in

Table l. The average dry matter content of the silage fed

in Trial 1 was slightly lower than that of Trial 2, averag-

ing 22.5 and 24.5 per cent dry matter, respectively.

Since a preference was shown for hay, in essence,

the silage was fed gg libitum to all cows with the exception

of the all hay group. The amount of hay offered was limited
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Table 1

Chemical Composition of Forage Fed in

Experiment 1 (D. M. Basis)

 

 

Crude Ether Crude N-Free

Forage Year Ash Fiber Extract Protein Extract pH

 

..................%p--—---—-----—---- *——

Silage 1 8.7 51.2 4.8 17.1 58.1 4.5

2 8.4 51.9 4.9 19.0 55.6 4.8

Hay 1 6.4 52.2 2.5 17.2 41.9

2 6.2 54.0 2.1 19.4 58.5

 

to equal its respective part of the total ration. In the

first year's study, it was observed that on the average,

cows receiving the 75 per cent hay - 25 per cent silage,

50 per cent hay - 50 per cent silage, and 25 per cent hay -

75 per cent silage should be fed 50, 20, and 10 pounds of

hay per day, respectively. Therefore, in the second trial,

these levels were fed continuously instead of making

periodic adjustments in the hay-feeding schedule. All cows

were fed their respective ration in slight excess of that

actually consumed.
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Egperiment II. Effect of Haygand SilageggWith and Without

Supplemental Grain Feeding, on Drngatter Intake,

Milk Productiong_and Body Weight Change

Fourteen lactating Holstein cows were divided into

two balanced groups on the basis of milk production, stage

of lactation, and body weight and assigned to either hay or

silage gg libitum as the sole source of roughage. Four

pairs (four cows in each group) were fed grain on the basis

of one pound of grain for each four pounds of milk produced

daily during the preliminary period. The other three cows

in each group received only roughage. All cows remained on

experiment for 120 days.

The hay and silage were harvested from the same field

at the same stage of maturity (early-bud stage). The botani-

cal composition was estimated to be approximately 85 per cent

alfalfa with the remaining 15 per cent as grass and weeds.

The silage was direct-cut and ensiled with eight pounds of

metabisulfite per ton of fresh material. The hay was cut

at the same time as the silage, field-cured, baled, and

stored approximately three days after the silage. The silage

was classified as good-quality, whereas the hay was classi-

fied as only fair-quality on the basis of color and physical

texture. The chemical composition of the hay (sampled by

two methods) and silage is given on the dry matter basis in

Table 2.
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Table 2

Chemical Composition of Hay and Silage Fed

in EXperiment II (D. M. Basis)

 

 

 

Sampling Crude Ether Crude N-Free

Forage Method Ash Fiber Extract Protein Extract

Hay “Grab" 5.9 39.0 1.0 13.5 40.6

Silage "Grab" 7.8 32.4 0.4 18.7 40.6

Hay "Forage

sampler" --"' 50 o 1 "'"'- 18 o 5 -"-‘-

Silage "Grab" --- 55.9 --- 18.8 ----

 

The first "grab" samples were composites of small

quantities of hay and silage taken periodically throughout

the experiment. The reason for the apparent difference in

chemical composition of the hay and silage is not known.

However, based on the high fiber and low protein content of

the hay as compared to the silage, some indication is given

of excessive leaf loss in this method of sampling. Since a

considerable difference in chemical composition occurred, a

second set of samples (obtained after completion of the ex-

periment) were analyzed. The chemical composition of the

hay sample obtained with the "forage sampler," which was

deveIOped at Pennsylvania State College, compared very

closely with the two samples of silage. Based on this ob-

servation, it appears that hay sampling procedures are quite
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critical and that the "forage sampler" may offer a means of

obtaining more representative samples of baled hay.

Egperiment III. Emfect of Hgy, Corn Silage, and Hay-Corn

Silage Combinations on Dry Matter Intake,

 

Milk Production, and Body Weight Chgngg

Two separate studies were conducted to determine the

effect of hay and corn silage, when fed separately and in

combination on dry matter intake, milk production, and change

in body weight of lactating dairy cows. In the fall of l958,

five cows (four Holstein and one Brown Swiss) were assigned

to one of five levels of hay and corn silage and continued

on this ration for a period of 84 days. Hay was fed at a

rate to approximate 0, 25, 50, 75, and 100 per cent of the

total roughage dry matter. Corn silage was fed ad libitum

to all cows. Grain was not fed uniformly to all cows since

an attempt was made to correct for the amount of corn grain

in the corn silage. For each 10 pounds of corn silage con-

sumed, one pound of grain was deducted from the calculated,

pounds of grain required. The cows on 29 libitum silage and

75 per cent silage were fed 2.0 pounds of soybean oil meal

per day in place of an equal amount of the regular grain.mix.

In 1959. this procedure was essentially duplicated with the

exception that only three Holstein cows were used.per group
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and the grain feeding was not corrected for grain supplied

by corn silage. In both trials, the amount of grain offered

each cow was calculated on the basis of 0.4 pounds of grain

for each pound of milk in excess of l6 pounds per day.

Grain feeding was decreased at the end of each experimental

period on the basis of rate of decline in milk production

for all groups.

The hay fed in both trials was first cutting alfalfa

and rated good to excellent quality. The grain mix was made

up of shelled corn, soybean oil meal, and minerals. The

grain mix contained approximately 14.0 per cent crude pro-

tein, 2.8 per cent crude fiber, and 78.4 per cent TDN. Each

year, corn silage was made from well-eared corn in the early-

dent stage. The average dry matter, crude protein, and

crude fiber content of the corn silages were 27.0, 27.1; 2.0,

2.4; and 6.4, 5.8 per cent, reSpectively, for the two years.

In the same order, the average pH values were 5.6 and 5.8,

respectively. The corn silage was considered to be of good

quality in both trials.

Experiment IV. Effect of Organic Solventg

in Forage Preservation

During the summer of 1959, a program was initiated

to screen antibiotics and organic solvents for possible bene-

ficial value as forage preservatives. In early September,
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a series of glass jars were filled with approximately 680

grams of fresh chopped alfalfa which had previously been

treated with one of the test products. All jars were immedi-

ately sealed and stored for a period of seven months. On

April 14, 1960, all jars were Opened and the resulting pro-

ducts ranked on the basis of color, smell, and taste. Several

members of the dairy staff participated in the judging; and

in all cases, a jar containing approximately three per cent

ethanol was considered quite superior in all three previously

listed criteria. The results were considered adequate to

warrant further investigation of the product in terms of

animal response.

During the summer of 1960, three experimental concrete

stave silos (12 feet by 12 feet) were filled with direct-cut

second-cutting alfalfa taken from the same field. The ma-

terial in Silo l was preserved with eight pounds of sodium

metabisulfite per ton. A specially denatured alcohol (4.26

gallons of ethyl acetate per 100 gallons) was added to silos

2 and 5 at the rate of 20 pounds per ton in Silo 2 and 60

pounds per ton in Silo 5. Following a 35-day fermentation

period, the silos were Opened and the resulting product fed

to three comparable groups (six animals per group) of Holstein

heifers for a period of 50 days.

During the growth trial, all heifers were fed one of

the three experimental forages gd libitum. No supplemental
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feed was offered. Daily forage consumption was determined

by weighing the amount offered and subtracting the amount

each animal refused. All animals were weighed at the be-

ginning of the trial and every 15 days thereafter.

The dry matter content of the ensiled forages was

25.0, 20.5, and 21.6 per cent for silos 1, 2, and 5, re—

spectively. In like manner, the crude protein and crude

fiber values were 20.8, 51.6; 18.6, 54.5; and 19.8, 55.5

per cent, respectively. The forage preserved in silos 2 and

3 was cut approximately one week after that of silo 1. The

slightly lower dry matter content of this forage was prob-

ably due to rainy weather during this period. The later

date of cutting was evidenced by a slightly lower protein

and slightly higher crude fiber content of the forage. The

pH values were 5.1, 4.6, and 4.8, respectively, for silos

1, 2, and 5.

Additional studies were made comparing the effects of

adding various organic solvents to direct-cut alfalfa stored

in small glass jars. The criteria used in evaluating the

forages were organic acid production, gas production with

time, pH, and human preference tests based on color, smell,

and taste. The organic acids were determined by the method

of Wiseman and Irvin (95).



RESULTS AND DISCUSSION

Experiment I. Effect of HayLSilagei and Hay-Silage

Combinations on Roughage Dry_Matter Intake,

Milk ProductionL and Body Weight Change

In both trials of Experiment I, cows receiving all-

hay rations consumed more total roughage dry matter than cows

receiving all-silage rations. During Trial 1, the total

roughage dry matter consumption increased from 26.2 pounds

per day to 41.0 pounds per day, as the level of hay in the

ration increased from 0 to 100 per cent. In Trial 2, the

same trend was observed. However, cows receiving 75 per cent

hay and 25 per cent silage rations consumed slightly more

total dry matter than cows receiving the all-hay ration. In

general, cows consumed slightly more total dry matter per

day on all rations in Trial 1 than in Trial 2. (Table 5).

Similarly, the same trend was observed in dry matter con-

sumption per 100 pounds body weight (Table 4). When the dry

matter consumption per 100 pounds body weight in Trial 1 was

analyzed statistically, it was observed that cows on the all-

hay ration consumed significantly more dry matter than simi-

lar cows fed all-silage or 75 per cent silage (P <0.01) and

more than those fed 50 per cent silage and 25 per cent si-

lage (P <0.05). The 75 per cent and 50 per cent hay groups

consumed more dry matter than the all—silage groups (I’<0.05).
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Table 4

Average Daily Dry Matter Intake and Dry Matter Intake

per 100 Pounds Body Weight (Experiment I)

 

DRY MATTER INTAKE
 

 

 

Per 100 1b. Average Per

Ration Per Day B. w. 100 lb. B. w.

Trial Trial

1 2 1 2

lb. 1b. 1b. 1b. lb.

111 Silage 26.2 25.4 2.46 2.08 2.27a

75% Silage 28.6 24.7 2.70 2.28 2.49b

50% Silage 52.8 51.2 2.97 2.77 2.87°

25% Silage 55.1 56.6 2.99 5.21 5.10d

All Hay 41.0 54.5 5.52 2.94 5.256

c, d, and e ) a (P< .05;

d and e > b (I’<0.05

In the second trial, the average pounds of dry mat-

ter consumed per 100 pounds body weight were 2.08, 2.28,

2.77, 5.21, and 2.94 for the all silage, 25 per cent hay,

50 per cent hay, 75 per cent hay, and all hay groups, re-

spectively. In this trial, the 75 per cent hay group con-

sumed significantly (P“0.01) more dry matter than any

other group. In like manner, the 50 per cent hay group and

all hay group consumed significantly (P «0.01) more dry mat-

ter than the 25 per cent hay group and the all silage group.

Differences between the all silage group and the 25 per

cent hay group and between the 50 per cent hay group and
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the all hay group were not significant. However, in both

cases significance was approached at the five per cent

level of probability.

When the two trials were combined, the average daily

dry matter consumption per 100 pounds body weight was 2.27,

2.49, 2.87, 5.10, and 5.25 pounds for the all silage, 25

per cent hay, 50 per cent hay, 75 per cent hay, and all hay

groups, respectively. In Table 5, the analysis of variance

summary is given for the two trials.

Table 5

Analysis of Variance Table of Dr Matter

Consumption (Experiment I

 

 

 

Source d.f. Sum of Squares Mean Square

Total 49 11.560

Rations 4 6.710 1.678

Trials 1 .885 .885

EXT 4 .920 .250

Residual 40 5.045 .076

 

Since in Trial 1, the all hay group consumed con-

siderably more dry matter than the 75 per cent hay group,

but in Trial 2 the reverse was true, the ration x trial

interaction becomes significant (P‘t0.05). Therefore, if

these data are to be interpreted and utilized to predict
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future results, the significant interaction must be used as

the error term for testing ration and trial effects. When

this term is used as the error term instead of the residual

variance, the significance of rations is reduced from

(P (0.01) to (P «0.05) and the difference between trials is

non significant. In these terms, the all hay group, 75 per

cent hay group, and 50 per cent hay group, consumed signifi-

cantly (P (0.05) more dry matter per 100 pounds body weight

than the all silage group. Similarly, the all hay group and

75 per cent hay group consumed significantly more dry mat-

ter than the 25 per cent hay group. No other differences

among means were statistically significant.

In the first year's study (Trial 1), the average milk

production per cow tended to follow the same trend as dry

matter consumption. In other words, cows on the all hay,

75 per cent hay, and 50 per cent hay rations produced some-

what more milk than.cows on the all silage and 75 per cent

silage rations. This trend was not repeated in Trial 2.

The average milk production for both trials is given in

Table 6.

When the two trials were combined the average milk

production per cow was slightly higher on.the all hay, 75

per cent hay and 50 per cent hay rations than on the all

silage or 75 Per cent silage rations. When statistically

analyzed, no significant differences among groups were
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Average Milk Production Per Day by Rations and

50-Day Periods for Trials 1 and 2 (Experiment I)

 
 

 

 

 

Prel. Period Period Period Ave. for

Ration Trial Milk I II III 2

Trials

1b. 1b. 1b. lb. lb.

All Silage 1 56.8 55.1 29.0 25.1 50.4

2 45.9 54.6 52.1 28.7

75% Silage 1 54.1 51.8 28.4 25.4 50.1

2 46.8 55.5 51.5 28.2

50% Silage 1 57.4 55.5 51.0 29.8 51.2

2 45.4 55.4 29.4 28.5

25% Silage 1 59.5 55.8 55.0 28.1 51.4

2 44.4 55.5 50.4 28.1

All Hay 1 57.5 55.9 52.6 50.4 51.2

2 47.1 54.6 2 .1 26.4

Average 41.5 54.1 50.6 27.9

 

observed due to rations or years (Trial 1 versus Trial 2).

In fact, the variance in total milk production between

trials was very slight, which indicates that the total milk

production on all rations was quite similar in both trials.

The only significant difference observed in.milk production

was among periods, which is simply a measure of the decreased

milk production as lactation progresses. Therefore, it is

evident that even though cows consumed more dry matter as

the level of hay in the ration increased, the extra dry
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matter consumed did not result in increased milk production.

This fact is further substantiated by the average persis-

tency of milk production as shown in Table 7.

Table 7

Average 50-Day Persistency Values by Rations and

Periods for Trials 1 and 2

  

 

Period Period Period Ave. for

Ration Trial I II III 2 Trials

1b. Ib. Tb. IE.

All Silage 1 86.8 89.2 88.5 86.4

2 71.2 95.5 87.2

2 72.5 89.7 87.4

50%»Silage 1 88.7 92.1 97.0 89.4

2 68.2 97.0 95.2

25% Silage 1 87.6 91.0 86.0 86.8

2 72.2 92.2 91.8

All Bay 1 90.9 96.4 94.0 87.5

2 68.4 88.4 85.5

Average 79.4 91.9 90.6

 

The average 50-day persistency values in Trial 1 were

calculated by dividing the average pounds of milk produced

per day by each group during the last 10 days of the pre-

vious period into the average pounds of milk produced dur-

ing the last 10 days of the period in question. In.Tria1 2,

the last 7 days of the period were used instead of the last
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10 days. In general, the average persistency values by

rations were relatively close among groups and did not ap—

pear to be directly related to the level of hay in the ra-

tion. It is interesting to observe the significant (E’<0.01)

difference among periods. The average persistency of

period I was considerably lower than periods II and III.

When tables 6 and 7 are compared, it appears that the all

roughage rations were not sufficient to maintain the level

of milk produced during the preliminary period (41.5 pounds),

and thus all cows showed a considerable decline in produc-

tion to the level produced during period I (54.1 pounds).

The average persistency values after this initial drop were

approximately normal for the expected decline in milk pro-

duction due to advancing stage of lactation. The average

persistency values in Trial 1 were somewhat higher than those

in Trial 2. However, the major differences were observed in

period I. A portion of this difference can probably be ex-

plained on the basis of a higher initial production and thus

a greater decline to the level of production supported by the

all-roughage ration. The average level of initial production

in Trial 1 was 57.1 pounds as compared to 45.9 pounds for

Trial 2. Based on the results obtained in both trials, it

appears that all roughage rations consisting of all silage,

all hay, or combinations of silage and hay will only support

milk production of Holstein cows at approximately 50 to 54

pounds per day.
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In Trial 1, the gain in body weight appeared to be

closely related to the level of hay in the ration. The

average daily changes in body weight of cows fed the five

experimental rations were as follows: all silage, -0.64

pounds; 75% silage, -0.22 pounds; 50% silage, -0.06 pounds;

25%»silage, +0.57 pOunds; and all hay, +0.26 pounds. The

differences among groups were not significant. However,

significance was approached at the five per cent level of

probability. In Trial 2, the same trend was observed in

average change in body weight as in Trial 1. The average

daily gain and loss of body weight per cow by treatment

groups were as follows: all silage, -0.89; 75% silage,

-O.88; 50% silage, -0.05; 25% silage, +0.18; and all hay,

+0.04 pounds for the 90-day period. The differences among

groups due to rations were not significant. However, there

was a definite trend for body weight gain to increase as the

level of hay in the ration increased. The average 90-day

body weight changes for both trials are given in Table 8.

When the data from both trials were combined the

changes in body weight followed dry matter consumption very

closely down to the 25 per cent silage - 75 Per cent hay

group. However, when tables 4 and 8 are compared it will

be observed that the all—hay group consumed slightly more

dry matter, but gained less body weight, than the 75 per

cent hay group.
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Table 8

Average 90-Day Body Weight Change by Rations and Trials

 

 

 

Ration Trial 1 Trial 2 Average

1b. lb. lb.

All Silage -58.0 -80.2 -69.1

75% Silage -2o.0 -79. 1 .49. 6

50% Silage - 5.0 - 4.5 - 4.6

25% Silage +51.0 +16.7 +55.8

All Hay +25.0 + 5.5 +15.2

 

This experiment was not designed to determine the ef-

ficiency of dry matter utilization of cows fed hay and si-

lage, however, the question is always of interest and these

data give some information of this nature. To determine

the efficiency of utilization, dry matter consumption, milk

production per daygand change in body weight must all be

considered. In Table 9, the average daily dry matter consumed

per 100 pounds body weight, FCM production, and body weight

changes are given by rations for both trials.

When the two trials were combined the average daily

FCM production increased as the dry matter intake per 100

pounds body weight increased. When compared on the basis

of FCM produced per pound of dry matter consumed, the effi-

ciency of dry matter utilization was considerably greater

for the all-silage group than for the all-hay group. However,
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Table 9

Average Daily Dry Matter Intake per 100 Pounds Body Weight,

FCM Production and Body Weight Change for Trials 1 and 2

W

 

Dry Matter FCM Body Weight

Ration Intake Production Change

1b. lb. 51b.

75% Silage 2.49 27.6 -0. 55

25% Silage 5.10 29.4 +0.58

All Hay 5.25 29.4 +0.15

 

in a comparison such as this, the change in body weight has

not been considered. Therefore, some correction must be

made for gain or loss of body weight. The TDN or energy

value of one pound of body weight loss is not known. How-

ever, with the limitations of this calculation fully in

mind, the values of 5.55 pounds of TDN per pound of body

weight gain and 2.75 pounds of TDN per pound of body weight

’ loss were employed (Knott gt 31., 52). The estimated pounds

of FCM were calculated on the basis of a l200-pound Holstein

cow requiring 8.0 pounds of TDN daily for maintenance. An

average value of 55.0 per cent TDN on the dry basis was used

for both silage and hay. The amount of TDN required per

pound of four per cent milk was 0.52 pounds. These values

were used to calculate the theoretical production possible
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from.the ingested forage and then compared to the actual

production.(Tab1e 10).

Table 10

Calculated Production on the Basis of Dry Matter Consumption

Versus Actual Production by Ration Groups

 

 

Calculated Actual Difference

Ration Production Production Calculated-Actual

1b./day lb./day lb./day

All Silage 28.5 27.6 0.7

75%’Silage 51.0 27.6 5.4

50% Silage 54.7 28.6 6.1

25% Silage 54.8 29.4 5.4

All Hay' 40.0 29.4 10.6

 

The results shown in Table 10 indicate that in general

the differences between the calculated production and actual

production of FCM increased as the level of hay in the ra-

tion increased from 0 to 100 per cent. Since the changes

in body weight were converted to a FCM equivalent basis,

this increased difference suggests less efficient utiliza-

tion of the all-hay ration than of the all-silage ration.

An estimate of gross efficiency corrected for body weight

change was made and presented in Table 11. The dry matter

intake was adjusted for change in body weight and the effi-

ciency of dry matter utilization calculated by dividing the
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corrected daily dry matter intake into the daily FCM pro-

duction. The same average correction constants were used

in.this calculation as used in calculating the theoretical

FCM production.

Table 11

Efficiency of Utilization of Silage and Hay for

Milk Production with Dry Matter Intake

Corrected for Body Weight Change

 

 

Corrected D.M. Intake FCM Mil D.M.

Ration M m b. lb.

All Silage 2.58 51.0 27.6 0.89

75%>Silage 2.72 52.6 27.6 0.85

50% Silage 2.89 54.7 28.6 0.82

25%rSilage 2.90 54.8 29.4 0.84

All Hay 5.15 57.8 29.4 '0.78

 

When no consideration was given for maintenance re-

quirements, cows on the all-silage ration.produced 0.89

pounds of FCM per pound of adjusted dry matter as compared

to 0.78 pounds of FCM for the all-hay group.

A comparison of net efficiency was made by converting

forage dry matter consumption to a TDN basis, subtracting a

maintenance value and dividing the FCM production by the ad-

justed intake. The net amount of TDN required per pound of

FCM was 0.55 and 0.44 pounds for the all-silage and all-hay

groups, respectively. The different hayhsilage combinations
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were in between these ranges and tended to increase as the

level of hay in the rations increased. However, the 25

per cent silage group had a slightly higher net efficiency

than the 50 per cent silage group.

Based on the results of two trials, it appears that

dry matter consumption increases as the level of hay in the

ration increases. Milk production and body weight change

follow a pattern similar to dry matter intake. However,

when total dry matter consumption is compared to milk pro-

duction response, with corrections for body weight change,

the efficiency of dry matter utilization appears to decrease

as the level of hay in the ration increases. Additional

studies,employing controlled feeding practices, will be

necessary to further elucidate this point.

Experiment 11. Effect of Hay and Silag§,With and Without

Supplemental Grain Feedinngn Dry_Matter Intake,

Milk Production and Body Weight Change

In Experiment II, 14 Holstein cows were paired on the

basis of milk production, body weight, stage of lactation,

and age and assigned to either hay or silage as the sole

source of roughage. Four pairs of cows were fed limited

grain, whereas, the remaining three pairs were fed only

roughage. The average preliminary milk production data and

grain feeding schedules are shown in Table 12.
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Table 12

Average Daily Preliminary Milk Production and

Grain Feeding Schedule in Experiment II

 f1

_-. —-:

 

 

Ratio

Group Prelim. Milk Hay Silage Grain to Milk

lb.

1 41 e 6 ad lib e ------ ""-

1A 42.9 ad lib. ------ 1:4

2 42 e 8 ------ ad lib e -""-

2A 44.2 ------ ad lib. 1:4

 

As mentioned previously, the hay and silage were har-

vested from the same field and at the same stage of maturity.

The chemical analyses of both forages are shown in Table 2.

Grain was fed at a constant rate throughout the 120-

day experimental period. In all cases, hay and silage were

fed in slight excess of that actually consumed.

Forage consumption data are given by groups and

periods in Table 15.

When either hay or silage was fed as the sole source

of roughage, limited grain feeding decreased forage con-

sumption slightly. The average decrease in hay consumption

for the l20-day period was approximately 5.6 pounds as com-

pared to an average decrease of 15.2 pounds in silage con-

sumption. When compared on a dry matter basis, the decreased

roughage intake attributable to grain feeding was approxi-

mately equal.
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Table 15

Average Daily Forage Consumption by Groups and 50-Day Periods

 

 

Period

Group I II III IV Av.

1b. lb. lb. lb. lb.

2--ad lib. Silage 100.6 108.9 107.5 108.6 106.4

 

The average daily forage dry matter consumption is

given in Table 14 by ration groups and periods.

 

 

 

 

Table 14

Average Daily Forage Dry Matter Consumption by Groups and

Periods

Period

Group I II III IV Av.

1b. lb. 1b. lb. lb.

1A--ad lib. Hay + Grain 25.1 24.4 24.4 25.1 24.8

2A--ad lib. Silage + Grain 22.4 25.6 25.6 25.2 25.2

 

The average dry matter consumption from hay was 26.4

as compared to 24.6 pounds from silage. Similarly, the
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average roughage dry matter consumption of cows fed only

roughage was 27.0 as compared to 24.0 for cows fed roughage

plus grain. When analyzed statistically, it was observed

that cows consumed significantly (P’<0.0l) more dry matter

from hay than from silage. In like manner, cows fed grain

consumed significantly (P (0.01) less dry matter from either

roughage than cows not fed grain. However, when total dry

matter consumption was considered (roughage dry matter +

grain dry matter), cows fed grain consumed significantly

(P «0.01) more total dry matter than cows not fed grain.

It was also observed that cows fed hay consumed more total

dry matter than cows fed silage (P‘(0.05). Cows fed hay

plus grain consumed 8.9 pounds of grain dry matter per day

as compared to 9.2 pounds for cows fed silage plus grain.

In all analyses, there were no significant forage x grain

interactions which indicates that grain feeding had similar

effects on dry matter consumption when fed with either for-

age.

Total roughage dry matter per 100 pounds body weight

was calculated for each individual cow and statistically

analyzed by groups and periods. The body weight values at

the beginning and end of each 50-day experimental period

were averaged and used in calculating roughage dry matter

consumption per 100 pounds body weight. When analyzed on

this basis, no significant differences were observed among
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groups due to the forage fed. However, the effect of feed-

ing grain was significant (P <0.01). Later when the body

weight data were calculated, it was observed that cows re-

ceiving hay gained somewhat more in body weight than cows

receiving silage. Therefore, the dry matter intake per 100

pounds body weight as previously calculated was confounded

with the change in body weight. The dry matter intakes per

100 pounds body weight were recalculated on the basis of

beginning body weight only and are presented in Table 15.

Table 15

Average Daily Roughage Dry Matter Intake Per 100 Pounds

Beginning Body Weight

 

 

 

 

 

Period

Group I III III IV5 Av.

lb. lb. 1b. 1b. lb.

1--ad lib. Hay 2.41 2.54 2.58 2.66 2.55

1A—-ad lib. Hay + Grain 2.17 2.11 2.10 2.17 2.14

2--ad lib. Silage 2.16 2.55 2.45 2.47 2.41

 

Based on beginning body weights, the average roughage

dry matter consumption per 100 pounds body weight was 2.51

from hay and 2.19 pounds from silage. Similarly, the aver-

age roughage dry matter consumption of cows fed grain was

2.08, as compared to 2.48 pounds for cows not fed grain.
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When analyzed statistically, cows consumed significantly

(I’<0.05) more roughage dry matter per 100 pounds body weight

from hay than from silage. In like manner, cows fed grain

consumed significantly (P <0.01) less dry matter from hay or

silage than cows not fed grain.

The preliminary milk production of cows fed hay was

42.5 pounds per day as compared to 45.6 pounds per day for

cows fed silage (Table 12). The average daily milk produc-

tion by rations for the l20-day experimental period is given

in Table 16.

Table 16

Average Daily Milk Production by Rations and Periods for

the 120-Day Experimental Period

 

 

 

 

Periodgj

Group I II III IV Av.

1b. lb. lb. lb. 1b.

l--ad lib. Hay . 50.8 25.7 24.0 22.8 25.8

lA--ad lib. Hay + Grain 58.8 55.2 29.4 25.8 51.8

2--ad lib. Silage 54.0 51-5 28.8 25-4 29-9

2A--ad lib. Silage + Grain 41.7 40.1 57.5 55.0 58.5

 

The average daily milk production of cows fed hay was

29.2 pounds as compared to 54.8 pounds for cows fed silage.

In like manner, the average daily milk production of cows
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fed only roughage was 27.8 pounds as compared to 55.2 pounds

for cows fed roughage plus grain. When groups receiving

grain were combined, the average grain dry matter consumed

per day was 9.0 pounds, with an increased milk yield of

7.4 pounds. However, this comparison does not take into

consideration any change in body weight. It is interesting

to note that a greater response was obtained from feeding

grain to cows consuming silage than to cows consuming hay.

When analyzed statistically, it was observed that cows fed

silage produced significantly (P ‘0.01) more milk or FCM

than cows fed hay. Similarly, cows fed roughage plus grain

produced significantly more milk than cows fed only roughage

(P‘<0.01). It was also observed that cows receiving silage

were significantly (P <0.05) more persistent in milk produc-

tion (91.6%) than cows receiving hay (86.7%). The higher

milk production of cows fed silage as compared to those fed

hay is not in agreement with results obtained in Experiment

I.

The average change in body weight per cow for each

50-day period is given by ration groups in Table 17.

Both groups fed hay gained in body weight during the

l20-day experimental period. The group receiving grain

gained approximately 65 pounds more per cow than the group

fed only hay. In the silage-fed groups, only the one fed

grain gained in body weight, whereas the other group lost
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Table 17

Average Change in Body Weight Per Cow by Groups and Periods

 
 

 

 

Period' Total

Group I II III IV Change

1b. lb. 1b. 1b. 1b.

lA--ad 1ib.Hay + Grain +15.5 +21.5 +20.4 +20.7 +75.9

2A--ad 1ib.Si1age + Grain -l6.5 +27.6 + 5.5 +52.5 +49.1

 

approximately 16 pounds per cow. In both cases greater

average body weight gains were made when grain was fed in

addition to either roughage. The average daily gain of cows

fed hay was 0.41 as compared to 0.18 pounds for cows fed

silage. When statistically analyzed, no significant dif-

ferences were observed among groups due to kind of forage.

It was observed, however, that grain feeding significantly

increased body weight gain of cows fed either hay or silage.

In Table 18, the average daily dry matter consumption,

FCM production, and body weight change are given for Groups

1, 2, 5, and 4, respectively.

When assuming an average weight of 1200 pounds per

cow and the roughage groups are combined, 1.0 pound of grain

dry matter replaced 0.56 pound of roughage dry matter and

produced an additional 0.82 pound of four per cent FCM and
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and 0.06 pound of body weight gain per day. Gross effi-

ciency of dry matter utilization (calculated as outlined in

Experiment I) was highest for the group receiving silage

plus grain and lowest for the group receiving only hay.

The average pounds of FCM produced per pound of dry matter

consumed were 0.82, 0.99, 0.91, and 1.19 pounds, respectively,

for groups 1, 2, 5, and 4. The average pounds of TDN re-

quired per pound of FCM were 0.54 for the all-hay group and

0.51 for the all-silage group. In both cases silage was

more efficiently utilized than hay for milk production.

Based on these results and under the conditions of

this experiment, it appears that cows consume less dry mat-

ter from silage than from hay. However, cows consuming

silage, with and without supplemental grain, produced more

milk than similar cows fed hay,with and without supplemental

grain. Grain feeding significantly decreased dry matter in-

take from silage and hay but significantly increased total

dry matter consumption. Similarly, grain feeding increased

FCM production and body weight gain of cows fed either hay'

or silage.
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Experiment III. Effect of H52, Corn Silage, and Hgy-Corn

Silage Combinations on.ny Matter Intake,

Milk Productiop,and Body Weight Change

In this experiment, two separate trials were conducted

to determine the relative feeding value of hay and corn si-

lage when fed separately and in combination to lactating

dairy cows. In the first trial, grain feeding was corrected

for the amount of grain in corn silage on the basis of 1.0

pound of corn grain for each 10.0 pounds of corn silage

(Huffman 22,3l., 45). In the second trial, this correction

was not made. In both trials, hay was limited to 0.0, 10.0,

20.0, and 50.0 pounds per cow per day, whereas, corn silage

was fed 5g libitum. A fifth group received hay gg libitum

as the only source of roughage.

The average roughage dry matter consumption, and

total dry matter consumption per day and per 100 pounds

body weight during Trial 1 are given in Table 19.

In general, the total roughage dry matter and total

dry matter increased as the level of hay in the ration in-

creased. This trend was more marked in the case of total

dry matter, which is probably the result of decreased quan-

tities of supplemental grain fed, as the level of corn silage

consumption increased. The average daily rate of supplemental

grain feeding was 4.8, 5.5, 5.2, 7.2, and 11.5 pounds per cow

for groups 1, 2, 5, 4, and 5, respectively. When analyzed
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statistically, it was observed that ration groups 2, 5, 4,

and 5 consumed significantly (P’<0.01) more total roughage

dry matter than group 1 (all corn silage group). Similarly,

ration groups 5, 4, and 5 consumed significantly (P (0.05)

more roughage dry matter than group 2 (ad lib. corn silage

plus 10 lb. hay). Differences among groups receiving ra-

tions containing 20 and 50 lb. hay or all-hay were not

significant. When roughage dry matter consumption was based

on body weight, it was observed that ration groups 5, 4, and

5 consumed significantly (P’<0.01) more dry matter than

groups 1 and 2. However, significance was approached at the

five per cent level of probability between groups 1 and 2 in

roughage dry matter consumption per 100 pounds body weight.

When comparing total dry matter intake per 100 pounds body

weight, groups 5, 4, and 5 consumed significantly (P’<0.01)

more total dry matter per 100 pounds body weight than group

1. In this trial, roughage dry matter consumption followed

a Similar trend as observed in Experiment I, where hay and

grass silage were compared singly and in combination. The

increased total dry matter consumption from feeding supple-

mental grain is in agreement with results reported in Experi-

ment II.

In Trial 2, the experimental procedure was the same

as Trial 1 with the exception that all cows were fed grain

at the same rate. In other words, no correction was made for

the amount of grain supplied in the corn silage.
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The average roughage dry matter consumption and total

dry matter consumption data are given in Table 20.

The dry matter intake of cows in Trial 2 followed the

same pattern as that observed in Trial 1. However, since

only three cows per group were used in Trial 2, the average

values of dry matter consumption were quite variable. The

exceptionally high average dry matter intake of Group 4 was

primarily due to two cows in that group which consumed very

large quantities of corn silage. It should also be pointed

out that since Trial 2 was conducted to supplement Trial 1,

the cows were grouped so as to give similar values for be-

ginning milk production among treatment groups for both

trials. In other words, if one particular treatment group

was lowest in milk production during the preliminary period

of Trial 1, then the highest producing group was placed on

that treatment in Trial 2. As mentioned previously, grain

was fed according to milk production. The average level of

grain feeding for the 90-day trial was 9.7, 7.7, 9.8, 15.0,

and 11.7 pounds for groups 1, 2, 5, 4, and 5, respectively.

The slightly higher rate of grain feeding would partially ex-

plain the higher rate of total dry matter consumption by

group 4, but certainly would not explain the higher rate of

dry matter consumption from roughage.

When these data were analyzed, it was observed that

cows on ration 4 consumed significantly (P «0.01) more
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roughage dry matter than any other experimental group. The

group receiving only corn silage consumed significantly less

roughage dry matter than groups 5 and 5 (P’<0.01) and less

than 2 (P’<0.05). The same statistical conclusions were

obtained when roughage dry matter consumption was calcu—

lated on a per 100 pound body weight basis, except that ra-

tion groups 5 and 5 consumed significantly (P’<0.05) more

dry matter on this basis, than group 2. When total dry mat-

ter intake was compared among groups, it was observed that

the group receiving 50 pounds of hay per day consumed sig-

nificantly (P’<0.01) more total dry matter than all other

groups. Similarly, the all—hay group and the 20 pound hay

group consumed significantly more total dry matter than the

all-silage group. Differences between the all-silage group

and 10 pound hay group were not significant. However, sig-

nificance was approached at the five per cent level of prob-

ability.

In both trials, the addition of hay to an all corn

silage-limited grain ration increased roughage dry matter

intake and total dry matter intake per cow per day. The

two years' data were combined and the average roughage dry

matter intake and total dry matter intake per 100 pounds

body weight are shown in Table 21.

When the combined data for Trials 1 and 2 were sta-

tistically analyzed, Group 4 consumed significantly more
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Table 21

Average Roughage Dry Matter Intake and Total Dry Matter

Intake Per 100 Pounds Body Weight for Both Trials

 

 _———__

1

Dry Matter Intake/100_Lb. B. W.
 

 

Group Roughage Total

1b. 1b.

1 (All Silage) 1.82 2.26

2 (Silage + 10 lb. Hay) 2.07 2.47

5 (Silage + 20 1b. Hay) 2.51 2.76

4 (Silage + 50 1b. Hay) 2.55 5.16

5 (All Hay) 2.54 5.08

 

roughage dry matter than all other groups (P’<0.01). Simi-

larly, groups 2, 5, and 5 consumed significantly more rough-

age dry matter than group 1 (P <0.01). The differences be-

tween groups 5 and 5 were not significant, however, both

were significantly higher in roughage dry matter consumption

than group 2 (P’<0.01). A summary of the analysis of vari-

ance for the combined data is given in Table 22.

It is interesting to note the small difference be-

tween trials even though grain was fed at two different

levels, which indicates that grain level has a much smaller

effect than hay on total roughage consumption. This obser-

vation is further substantiated by the small period effect,

which indicates that cows consumed similar quantities of
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Table 22

Analysis of Variance Table for Roughage Dry Matter

Consumption Per 100 Pounds Body Weight for Both Trials

 

 

 

Source d.f. Sum of Squares Mean Square

Total 119 14.84

Rations 4 7.15 1.79

Periods 2 0.16 0.08

Trials 1 0.01 0.01

Residual 112 7.52 0.067

 

roughage dry matter in all periods, even though less grain

was fed in each successive period. As mentioned in the

experimental procedure, grain was decreased each period on

the basis of average rate of decline in milk production for

all groups.

No significant differences were observed among groups

in milk production during Trial 1 or Trial 2. Therefore,

in order to conserve space, the combined milk production

data for both trials are given in Table 25.

When the combined milk production data for the two

trials were statistically analyzed, the differences among

group means due to rations were not significant. It was

Observed, however, that when the data were combined, there

was a significant (P’<0.05) difference in average milk pro-

duction for all cows between trials. Cows in Trial 2,
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Table 25

Average Daily Milk Production Per Cow by Ration Groups

and Periods for Both Trials

 

 

 

 

 

 

Prelim. Period g__

Group Prod. 1 2 5 Av.

1b. lb. lb. lb. Ib.

1 (All Silage) 44.6 59.8 56.2 52.2 56.1

2 (Silage + 10 lb. Hay) 45.4 41.2 57.6 55.9 58.2

5 (Silage + 20 lb. Hay) 40.1 58.8 54.2 51.1 54.7

4 (Silage + 50 1b. Hay) 42.0 59.4 56.0 52.7 56.0

5 (All Hay) 45.9 58.8 55.4 50.0 54.8

 

produced significantly more milk on all rations than cows in

Trial 1. The average daily milk production was 54.0 and

59.2 pounds for Trials 1 and 2, respectively. The average

preliminary milk weights were slightly higher in Trial 2

than in Trial 1. However, the differences in grain feeding

level probably attributed to the higher level of milk pro-

duction in the second trial. When milk production was con-

verted to a four per cent FCM basis, differences among ra-

tion groups were not significant. However, as might be ex-

pected, a significant period difference was observed which

is simply a measure of the normal decline in milk production

as stage of lactation progresses. In general, the trends

observed in comparing groups as to FCM production were the
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same as those Observed in comparisons made on the uncor-

rected basis.

The average persistency values for Trials 1 and 2

are shown in Table 24. When these data were analyzed sepa-

rately, no significant differences were observed among

groups due to rations.

Table 24

Average Persistency of Milk Production by Rations

and Periods for Both Trials

 

 

 

 

PERSISTENCY

Group Period

I II III Average

% % % %

1 (ad lib. Silage) 84.4 90.6 85.4 86.8

2 (Silage + 10 1b. Hay) 94.5 90.8 95.9 95.0

5 (Silage + 20 1b. Hay) 91.9 89.0 88.7 89.9

4 (Silage + 50 lb. Hay) 90.8 90.2 86.1 89.0

5 (All Hay) 86.2 88.5 85.5 86.0

Trial 1 Average 89.2 87.6 87.6 88.2

Trial 2 Average 90.0 95.5 87-5 90-5

 

 

Due to considerable variation in persistency of cows

within groups, no significant differs

among rations.

all corn silage or all

noes were observed

The average persistency of cows receiving

hay were quite similar but slightly
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below that of cows receiving any combination of Silage and

hay. The persistency data support the conclusions from

total milk production in that no significant differences

were observed among rations in either case. The average

persistency of milk production was slightly higher in Trial

2 than in Trial 1. This difference was not significant,

but was in agreement with average milk production for the

two trials. This observation lends further support to the

fact that the additional grain fed in Trial 2 resulted in

slightly higher milk production, irrespective of treatments.

The average change in body weight per cow for each

period was analyzed statistically by trials. In both trials,

the differences among groups due to rations were not sta-

tistically significant. It was observed, however, that in

both cases there was a significant period effect. The aver-

age daily gains for each trial by periods are given in Table

, 25.

The changes in body weight by periods were somewhat

unusual in that greater body weight gains were made in

period 1 than in periods 2 and 5. The same trend was ob-

served in both trials regardless of ration. In Trial 1,

however, the cows receiving higher levels of silage appeared

to gain somewhat less in period 5 than cows receiving ad lib.

hay. In Trial 2, when supplemental grain was fed on an equal

basis, this trend was reversed. When body weight data for
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the two trials were combined, the differences among ration

groups were not significant. It was observed, however, that

the period x trial interaction was significant (P <0.05).

As shown in Table 25, cows in Trial 2 irrespective of ration

gained more in body weight during periods 1 and 5 than cows

in Trial 1, whereas during period 2 the reverse situation was

observed. Due to the significant period x trial interaction,

the differences among periods were not significant when the

data were combined for both trials. It is difficult to ex-

plain the greater gain in body weight during period 1 than

during periods 2 and 5, since in both trials the total dry

matter consumption remained relatively constant for all three

periods. When calculated on the basis of dry matter intake

per 100 pounds body weight, however, the dry matter consump-

tion decreased as the trial progressed. Some additional

feed would be required for the increased body weight mainten-

ance during the latter periods. However, as discussed pre-

viously, milk production decreased as the trial progressed

which should more than counter—balance any increase in main-

tenance requirements. The difference in body weight gain

between trials was not significant. However, somewhat greater

average daily gains were observed in Trial 2 than in Trial 1.

This is probably associated with the high levels of supple-

mental grain feeding employed in Trial 2.

Based on the results of these two trials, it appears

that cows consume more roughage dry matter from hay than from
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corn silage. However, only slight differences occurred in

dry matter consumption among groups receiving ad lib. hay,

20 pounds of hay plus corn Silage, or 50 pounds of hay plus

corn silage. The increased dry matter consumption by these

groups did not result in increased milk production. A dif-

ference in milk production between trials was observed

which indicated slightly greater milk yields with increased

grain feeding. NO Significant differences in persistency

of milk production were observed among ration groups which

further supports the milk production data.

Experiment IV. Effect of Organic Solvents

on Foragg Preservation

Preliminary observations had indicated beneficial ef-

fects from adding small quantities of 95 per cent ethanol

to direct-cut alfalfa stored in glass jars. Therefore, a

larger scale experiment was designed to determine any

changes in feeding value of forage preserved with two levels

of denatured ethanol as compared to the same forage preserved

with sodium metabisulfite. For this evaluation a 50-day

growth trial with Holstein heifers was conducted and the

results are shown in Table 26.

The data presented in Table 26 are interesting from

several view points. The ethanol-treated forages were
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Table 26

Effect of Forage Treatment on Dry Matter Consumption,

Growth, and Feed Efficiency of Growing Dairy Heifers

 

 
 

 

 

Silo l Silo 2 Silo 5

Metabisulfite 1% Ethanol 5% Ethanol

1b. lb. 1b.

Initial body weight 818.5 810.2 804.7

50-Day Gain 50.6 45.5 50.5

Av. Daily Gain 1.02* 1.45 1.68

Daily D. M. Consumed 14.0 15.2 15.7

Gain Per 100 1b. D. M. 7.28 10.98 12.26

 

‘ SignifiEant (P (0.05).

harvested approximately one week after the sodium metabisul-

fite-treated forage which resulted in approximately 1.5 per

cent less crude protein and 2.5 per cent more crude fiber

than the metabisulfite-treated forage. Therefore, on an

equal dry matter basis, greater body weight gains would have

been expected for heifers receiving the metabisulfite-

treated forage. However, as shown in Table 25 these heifers

gained approximately 0.5 pounds less than heifers fed the

ethanol-treated forages. Differences among groups in rough-

age dry matter consumption were small which indicates little

or no effect Of ethanol on acceptability of the forage. An

increased efficiency of dry matter utilization from the

ethanol-treated forage was evident since the two ethanol-treated
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forages supported higher weight gains than the metabisulfite-

treated forage while dry matter consumption remained rela-

tively constant. When efficiency was calculated on the

basis of pounds of gain per 100 pounds of dry matter con-

sumed, the resulting values were 7.28, 10.98, and 12.26

pounds for heifers receiving the metabisulfite—treated for-

age, l.0 per cent ethanol-treated forage, and 5.0 per cent

ethanol-treated forage, respectively. Without question, the

addition of ethanol to the forage supplied some additional

energy. However, it was observed that a major portion of

the ethanol was lost within the first 50 days after ensiling.

At the end of 77 days, the forage in Silo 2 contained only

0.2 per cent ethanol whereas the forage in Silo 5 contained

only 0.4 per cent. The exact contribution of the ethanol as

an energy source in this trial cannot be determined. How-

ever, regardless of what values are used for the energy con-

tent and efficiency of utilization of the ethanol, only a

small portion of the increased gain of heifers receiving the

ethanol—treated forage can be explained on that basis.

Additional studies were conducted to determine the ef-

fect of adding small quantities of ethanol, ethyl acetate,

formalin, butyl alcohol, and acetone on the fermentation of

direct-cut alfalfa stored in small glass jars (Table 27).

In general, lactic and succinic acids were slightly

higher in the ethanol and butanol-treated forages than in

any of the other treated forages. The butyric acid content
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was relatively low in all forages with the exception of the

forage-treated with 1.0 per cent butyl alcohol. Similarly,

the forage treated with ethyl acetate was somewhat higher in

acetic acid than all other experimental forages. It is in-

teresting to note the organic acid content, pH, and prefer-

ence test of the forage treated with 1.0 per cent formalin.

This forage was characterized by low levels of all organic

acids and a resulting high pH. The preference test score was

highest for this treatment due to the pleasing aroma, color,

and taste of the forage. The general appearance and aroma of

the formalin-treated forage was very Similar to fresh-cut for-

age. The mode of action of the formalin is not presently

known but it appears to have had a general bacteriostatic

effect with only slight fermentation occurring during storage.

The pH values were quite similar among other experimental for-

age treatments. The gas production during the first 70 hours

of storage indicated that 1.0 per cent ethanol slightly de-

pressed initial gas production. However, the exact mode

of action of ethanol and other organic solvents in forage

preservation remains unknown. Based on human preference test

the formalin-treated forage was ranked highest followed by

the control forage (no additive), ethanol (2.0%) treated

forage and acetone (1.0%) treated forage.

Based on these studies it appears that (1) ethanol

preservation increases the feeding value of ensiled
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direct-cut forage and (2) that fermentation can be altered

by adding small quantities of formalin, ethanol, and other

organic solvents.



SUMMARY

Two separate trials were conducted to determine the

relative feeding value of alfalfa hay, alfalfa silage, and

combinations of alfalfa hay and silage as the sole source

of feed for lactating dairy cows. A third trial was con-

ducted to determine the effect of feeding supplemental grain

to cows on.all-silage and all-hay rations. In all three

trials, the hay and silage were harvested from the same

field and at the same stage of maturity. In a similar ex-

periment, two separate trials were conducted to determine

the relative feeding value of good-quality alfalfa hay and

corn silage when fed separately and in combination to lac-

tating dairy cows. A fifth study was conducted in an attempt

to improve the feeding value of direct-cut alfalfa forage

stored in conventional silos.

In the first two trials, it was observed that cows

consumed significantly (P’(0.0l) more dry matter from hay

than from silage. In general, the dry matter consumption

increased as the amount of hay in the ration increased.

When data from the two trials were combined and statisticalky

analyzed, it was observed that cows fed all hay, 75 per cent

hay, and 50 per cent hay rations consumed significantly

(P (0.05) more dry matter than similar cows fed all-silage

rations. In the first trial, milk production followed a

- 100 -
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similar trend as dry matter consumption, however, when the

two trials were combined the differences among ration groups

in milk production were not significant. Therefore, it is

evident that even though cows consumed more dry matter from

hay than from silage the extra dry matter did not result in

increased milk production. This fact was further substan-

tiated by similarity among groups in persistency of milk

production. It was observed that cows gained somewhat more

in body weight as the level of hay in the ration and dry

matter consumption increased. When the efficiency of dry

matter utilization was calculated, it was observed that dry

matter from silage was more efficiently utilized for milk

production, than dry matter from hay.

When cows were fed supplemental grain in addition to

ag libitum silage or hay, it was found that cows consumed

Significantly less dry matter from silage than from hay

(P«<0.0l). Supplemental grain feeding reduced dry matter

consumption from either hay or silage (P <0.01). However,

when total dry matter consumption was considered, cows fed

grain consumed significantly (P (0.01) more dry matter than

cows not fed grain. In like manner, cows fed grain produced

significantly more FCM (P (0.01) and gained more in body

weight (P (0.05) than cows fed all-roughage rations. In

this study, cows fed silage produced significantly (P (0.01)

more milk than cows fed hay.
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When alfalfa hay and corn silage were fed singly and

in combination to lactating dairy cows, the roughage dry

matter consumption generally increased as the level of hay

in the ration increased. Cows fed corn silage ag libitum

consumed significantly (P’<0.0l) less roughage dry matter

than cows fed 20 or more pounds of hay per day. The differ-

ences among groups in milk production were not significant.

Similarly, no significant differences were observed among

groups in persistency of milk production or gain in body

weight. The average gain in body weight was slightly less

for cows receiving corn Silage as the only source of roughage

than for cows receiving limited quantities of hay or hay ag

libitum. Since significantly more dry matter was consumed

from rations containing hay than from an all corn silage ra-

tion, whereas differences in milk production and body weight

gain were not significant, it appears that a pound of dry

matter from corn silage was more efficiently utilized than

a pound of dry matter from hay.

Preliminary observations in the laboratory indicated

beneficial effects of adding small quantities of 95 per cent

ethanol to direct-cut alfalfa stored in glass jars. It was

later observed that heifers fed 1.0 and 5.0 per cent ethanol

preserved forage gained approximately 0.5 pounds more per day

than heifers fed sodium metabisulfite-treated forage. The

daily dry matter consumption was similar among groups, aver-

aging l4.0, 15.2, and 15.7 pounds per heifer for the
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metabisulfite, 1.0 per cent ethanol and 5.0 per cent ethanol

preserved forage, respectively. In the same order the pounds

of body weight gain per 100 pounds of dry matter were 7.28,

10.98, and 12.26 pounds, respectively. The exact mode of

action of the ethanol is not known. Based on this work,

however, ethanol-preserved forage appears to be higher in

feeding value than similar forage preserved with metabisul-

fite.

Preliminary Observations were made with formalin,

ethyl acetate, butyl alcohol, and acetone as preservatives

for storing direct-cut alfalfa. Based on human preference

tests, acetone and formalin appeared promising. Additional

work is in progress to further elucidate the mode of action

of formalin, ethanol, acetone, and other organic solvents

in forage preservation.
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