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The value of silage in a duiry cattJ.e feeding program has boen demon-

stro.ted by nUI10rous feeding investigo.tions o.nd through the practical ex-

perience of dairy farmers ull over the country. A lorgo po.rt of the silage 

fed in this country is made from corn, however, in recent years the produc-

tion of gro.ss silo.go has more tho.n doubled. It is estimnted that upproxi-

matezy 55 1000 tons of ha.y-crop silage was produced in Virginia in 1956. 

Although it is possible by careful wilting to muke good grass silage 

without the addition of preservatives, most farm.ors feel that the use of 

such materials are good insura.nco. Thus, over the ycors many different 

materials have been used and much has boon written concerning their value 

as preservatives. 

It was the objective of the work herein reported to determine the effect 

of some of the more recently recoDtJ.ended preservatives or conditioners on the 

feeding value of hay crops ensiled without wilting. 

1 Deceased. 
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REVIEW OF LITERATURE 

The literature pertaining to the making and feeding of hay-crop silage, 

including the effect of various preservatives and the ensiling process, is 

extensive as evidenced by the reviews of Bender and Bosshardt (2), Huffman (12), 
Le Clerc (17), Monroe tl ~. (1.9) 1 Ingham (1.3), and Barnett (l). 

Reference will be made hero only to the more recent studies in which 

the feeding value of preserved and unpreserved hay-crop silage has been com-

pared. 

In a study of the value of sodium meta-bisulfite as a silage conditioner, 

Gorden, tl al.. (9) found that the preservative did not enhance the feeding 

value of the silage as determined with lactating de.icy cows. In latter 

studies -with high moisture hay-crop silage, Gorden et~. (10) observed that 

the addition of bisulfite, o.nd too. lesser extent Kylage 1* decreased the dry 

matter losses of the siluge. Feeding trio.ls with IJ.illdng cows showed no 

essestial differences in Dille production, body weight gains, or digestibility 

of the dry mttcr of the trco.tcd o.nd untreated silo.gos. Still la.tor work by 

the sane group (ll) showed that Kylo.gc ga.ve inconsistent results with respect 

to silo.ge preservation, however, o.s in the oo.rlier work there was no essential 

difference in the feeding vo.luo of untreated and Kylage treated silage. 

Dufour tl al. (8) were unable to show any significant difference in feed 

intake, weight c~ins or milk production between sulfur dioxide and untreated 

grass-~egUII'e silage containing 80% moisture. Workers at the Pennsylvania 

Station (16) showed th£:..t grass silD.ge preserved with sulphur dioxide was equnl 

in feeding val.u.o to tho.t prcse:rvod with hcminy. No llllprcserved silage was 

included in the test. 

* A material containing chiofly sodium nitrite and calcium formate. 
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In a study covering a period of two yea.rs, the Cornell workers (22) 

found that unwilted grass-legume silage preserved with molasses, brewer 1s 

dried grains, or sodium bisulfite was not superior in feeding value to the 

unpreserved silage. 

Voelker & Becker (21) found that sodium chloride or sodium bisul.f'ite 

did not improve the foeding value of wilted alfalfa silage stored in bunker 

silos. 

The Pennsylvania workers (4, 61 7) havo consist~ntly reported that 

sodium bisulfitc silage ws higher in digestibility than unpreserved sila.go 

and very recent results from tho Northern Virginia Pasture Research Station 

indicate that bisulfite increases tho digestibility of grass silage. Dato. 

from the Cornell Station (22), tho Beltsville Station (9, 10, ll, 15), and 

earlier results from the Northern Virginia Pasture Research Station (3) do 

not confirm these reports. Jones tl al. (14) have shown that sodium bisulfite 

was not superior to dried molasses boot pulp with respect to their effect on 

the digestibility and total digestible nutrient content of grass silage. 

EXPERIMENTAL METHOD 

The work was conducted over~ 3-year period. All of the foregos were 

harvested by the d.:i.roct-cut uothod and stored in tower silos. 

The fecdine value of the silo.gos was determined with producing cows. 

Silage consUiaption, nilk production, body weight changes and digestibility 

data were usod in evaluating the silages. The forage was sOL1plod for proxi-

mte analysis o.s the silos were being filled and silage samples for analysis 

were to.ken during each digestion triul.. Saupling wus started two days prior 

to the beginning of the dieestion triul and sruaples were taken duily (at 

each feeding) until two days before the end of the triul. Those sru:iples were 

composited and sub-sampled for analysis. 
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1954-55 

The forage used the first yea:r was pre-bloom all'alf'a. Sodium bisuliite 

at the rate of 8 lb. per ton of fresh material was added to one silo; a 

molasses-urea mixture (60 lb. molasses, 15 lb. urea per ton of fresh material) 

to a second silo. A third silo was filled with untreated forage. Tho bisul­

fite and urea were added to the silAge by means of a hopper mounted on the 

blower. The molasses wa.s applied to the fresh forage by hand just before the 

material entered tho blower pipe. 

The experimental design for tho feeding trial was that suggested by 

Cochran et Q;!. (5). Twelve cows in four groups of three cows each were used. 

The trial -was divided into three, 28-dey" periods. This design allowed each 

cow to receive ea.ch of the silages during tho feeding trial. A 14-dAy pre­

liI:rl.nary period during which time all cows were fed alike preceded the first 

experiIJ.ental period. The cows were changed abruptly from one silage to another 

with no change-over time between. 

In addition to the siln.go the cows were fed avero.go quality first and 

second cutting alfu.lfa. hay a.nd a concentrate ration composed of 370 lb. ground 

shell corn, 360 lb. ground oats, 150 lb. wheat bra.n, 100 lb. cottonseed meal, 

10 lb. salt a.nd 10 lb. steaned bonclilOal. 

Silago -was fed a.d libitun. The level of hay intake wn.s sto.rted o.t the 

rate of approxirntoly 1 lb. per 100 lb. livoweight and inta.ke wa.s held cons­

tant throughout tho trial. Grain was started o.t tho beginning of tho first 

period at a rate which would supplonent the nutrients furnished by the rough­

age in sufficient q_u.untities to supply the rrl.ninui.--i Morrison requireuents (20). 

Adjustt1ents in grain intake were r.w.de weekJ.J, uccordine to the method re­

conm.ended by Lucc.s tl 2].. (18) • 
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The cows were weighed on three consecutive days at the beginning and end 

of each experimental period. One-day composite millc samples were taken weekly 

for butterfat test. 

Digestion trials employing er2o3 and the "grab sampling" technique were 

conducted during the last week of each experimental period. Fecal collections 

were made on two cons~cutive do.ys and all u.n:imals wore included in each trial. 

1955-56 
A mixture of millet, soyboans, sudan grass and sorghum was used the second 

yea:r. One silo was filled with unpreserved material and one with mn.terial to 

which 8 lb. of sodium bisuJ.fitc per ton had been added. The bisuJ.fite was 

added as in first yea:r. 

A single reversal trial employing 12 cows was used to deterIJi.nc the feed-

ing value of tho £il.age. The experioental periods were 28-days in length. 

MediUIJ. quality alfalfa ho.y and a concentrate IJ.i.xture consisting of 440 lb. 

ground shell corn, 41./J lb. ground outs, 100 lb. cottonseed ooa.l, 10 lb. salt 

and 1D lb. bonemoo.J. were fed in addition to tho silage. 

The feeding was the sane o.s during tho first year except grain adoust-

oents were nade at 2-week intonals instead of wcekzy. 

Body weights were to.ken for all cows on throe consecutive days a.t the be-

ginning and end of each experioentul period. 

Digestion trials were conducted during both oxperiDcntal periods. In 

Period l the total collection n.ethod wo.s used involving nine a.nina.ls. During 

the second period, digestibility estiIJates were obtained as in the first year. 

All cows were used except one which had a. thront infection at the tine the 

trial was conducted. 
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l956-57 

The forage ensiled consisted largezy of a mixture of sudan grass and soy-

beans. The preservatives used were sodium bisulfite (8 lb. per ton) and i<ylage 

(5 lb. per ton). Ono silo was filled with untreated forage. Tho preservatives 

were broadcast over tho top of each load of fresh forage before it entered the 

silo. 

The experimental design for testing tho feeding value of the silage and 

the number of cows used w.s tho same as in the first yeo:r. The periods were 

21 days instead of 28 in length, however. 

Medium quality alfalfa hay was again fed with the silage. Tho grain mix-

ture used -was composed of 250 lb. snapped corn1 200 lb. ground oats I Ji)O lb. 

barley, 130 lb. cottonsoed meal, 10 lb. sc.lt and 10 lb. stowaod bonemeal. 

Grain was fed during the first uxpcriucntal period at c. rate which wouJ.d 

supplement the nutrients furnished by the forage in sufficient ai:1ounts to 

supp]¥ the Lrl.nitluc:L Morrison requirements (20). The amounts fod during the 

second and third periods wore an adjustment downward no.de uniformly for all 

cows (18). Huy wr..s fed at the ra.te of 0.5% of bodyvoight end hold constant 

throughout the cxperinent. 

Body weights were taken as in the two previous years. 

Digestion trials were conducted as in the first year except the ool-

loctions were me.de over 6-duy periods o.nd only six of the 12 cows were used. 

EXPERIMENTAL BESULTS 

General Quality of Silage. 

Bisulfite and Kylage were effective in producing silo.go which hud a 

pleasant aroma and which roselilblcd fresh forago in peysico.l appem-ance. On 

the other hand1 tho uroa-:ciola.sses troa tod sil.o.ge was quite similar to the 
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unpreaerued silage being dark in color and possessing a disagreeable, cling­

ing odor. 

Composition of Feeds. 

The chemical composition of the fresh forage as it went into the silo 

is given in Table l. 
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Table 1. Chemical Composition of Fresh Forage. 

Per cent of drY matter 
Crude Nitrogen-

D.M. Protein Fat Fiber free Extract 

1954-55 

Bisulfite 23.0 18.4 2.1 21.8 46.8 

Urea-molasses 23.6 19.2 2.2 20.e 46.5 

Untreat0d 22.3 17.6 2.0 23.0 47.1 

1955-56 

Bisulfite 20.9 11.1 2.0 ro.1 49.0 

Untreated 19.4 12.1 2.1 31.8 47.3 

1956-57 

Bisulfite 24.7 llcl lo4 29.5 47.1 

Kylo.ge 20.2 1006 1.4 33.4 46.3 

Untreated 19.2 11.4 1.2 34.0 44.4 

Ash 

10.9 

11.3 

JD.3 

7.8 

6.7 

10.9 

8.3 

9.0 
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1956-57 

The forage ensiled consisted largezy of a mixture of sudan grass and soy-

beans. The preservatives used were sodium. bisulfite (8 lb. per ton) and Kylage 

(5 lb. per ton). One silo was filled with untreated forage. Tho preservatives 

were broadcast over the top of each load of fresh forage before it entered the 

silo. 

The experimental design for testing tho feeding va.luc of the silo.ge and 

the number of cows used was the same as in the first year. The periods were 

21 days instead of 28 in length, however. 

Medium quality alfalfa hay was ago.in .fed with the silage. The grain mix-

ture used was composed of 250 lb. snapped corn, 200 lb. ground oats, 400 lb. 

barley, 130 lb. cottonseed 11eal1 10 lb. sa.lt a.nd 10 lb. stearaod bonemeal. 

Grain wo.s fed during tho first oxpcriuental period at c. rate which would 

supplement the nutrients furnished by the forage in sufficient amounts to 

supply the uinim~ Morrison requirements (20). The run.cunts fed during the 

second o.nd third periods wore an a.djustment downward no.de uniforraly for all 

cows (18). Har wc.s fed at tho ro.te of 0.5% of bodyweight end held constant 

throughout the experitlent. 

Body weights were taken as in the two previous yeo.rs. 

Digestion trials were conducted a.sin the first year except tho col-

lections were mo.de over 6-da.y periods and only six of the 12 cows were used. 

EXPERIMENTAL RESULTS 

General Quality of Silage. 

Bisulfite and Kylage were effective in producing silo.ge which hlld a 

pleasant aroma and which reser;iblcd fresh forage in physica.l appearance. On 

the other hund., tho urea-molasses treated silage was quite sitrilnr to the 
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Chemical an�rsis revealdd that the silages fed in 1954-55 were higher 

in crude protein and ether extract (fat) and lowur in crude fiber than the 

silages fed the followi:".lg two ysars. These diffu:-onces c.ro to bo expected 

when the forf'.gos ensiled aro teJcon into con�idora:�ion. Tho siJ.ages fed the 

first yea:r wore also hig:1cr in ash content than the silages fed the second 

and third yoar, however, these differences ere not consj_derod to be of major 

importance. 

It is interestL11g to note that tho urea-molasses silg.g0 fed the first 

year was lower in crude protein content tha..'1 either the untrer.l ted or bisul­

fi te silage. Theoretically, the quantity of urea added increased the crude 

protein content of the silage o.pproximatczy 2 per cent. The reason for this 

lower protein value is not definitely known, however, it is probabzy due to 

sampling error� 

Feeding Rosults. 

Feed consumption, milk production, efficiency of feed utilization and 

body weight changes of tho a.nimals for the first, second and third years 

a.re summarized in Tables 3, 4 & 5, respectively. 
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Table 3. Feed Consumption, Milk Production, Efficiency of Feed Utilization 
and Body Weight Change. 

1954-55 

§ilage ll:fi!& tmen.t 
Items Compared Bisulfite Urea Untreated 

Feed consumed per cow per day, lb. 

Silage 61.2 58.7 61.3 

Hay 11.4 11.7 12.0 

Grain 11.3 10.6 11.3 

Feed D.M. consumed per cow per day, lb. 

Silage 17.0 15.6 14.7 

Hay 9.7 9.9 10.2 

Grain 9.8 9.2 9.8 

Total 36.5 34.7 34.7 

4% FCM produced per cow per day, lb. 40.2 38.8 40.0 

1$, FCM produced per cow per day during 
last 7 days of ea.ch experimental period, lb. 39.0 38.9 38.0 

Silago D.M. consumod por 100 lb. 
4% FCM produced, lb. 42.4 40.2 37.3 

Gain in body weight par cow per day, lb. 0.64 o.79 0.32 
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Table 4a Feed �D-1 
MiJ.k Pr-<Y�ncy of Feed Utilization 

and Body Weight Changes. 

Items Compared 

Feed consumed per cow per day, lb. 

Siluge 

Hay 

Grain 

1955-56 

Feed D .M. consumed per cow per day 
1 lb. 

Silage 

Hay 

Grain 

Total 

4% FCM produced per cow per dny, lb. 

4% FCM produced pur cow p(,r da.y during le.st 
7 days of each oxpcr:i.m.Lnw.l period, lb. 

Silage D .H. consumed per 100 lb. 
4% FCM produced, lb. 

Gain in body weight per cow per dny: lb. 

___ s=u=-a£S, Treatment 
Bisulfite Untreated 

66.5 

a.1

15.2 15.2 

7.7 7.7 

6.9 7.1

29.8 30.0 

30.7 30.8 

29.0 30.4 

49.2 49.3 

Oo20 0.41 
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Table 5. Feed Consumption, Mille Production, Efficiency of Feed Utilization 
and Body Weight Changes. 

1956-57 

Silage l'reatment 
Items Compared Bisulfite K3'lage Untreated 

Feed consumed per cow per day, lb. 

Silage 

Hay 

Grain 

Feed D .M. consumed per cow per day, lb. 

Silage 

Hay 

Grain 

Total 

4% FCM produced per cow per da.y, lb. 

4% FCM produced per cow per day during le.st 
7 days of each experimontc.l period, lb. 

Silo.ge D .M. cons'\lill.Cd per 100 lb. 
4% FCM produced, lb. 

Go.in in body weight per cow per day, lb. 

75.5 

8.0 

17.8 

5.3 

6.9 

30.0 

26.4 

25.6 

68.l 

-0.10 

80.2 

7.9 

18.4 

4.9 

6.8 

30.1 

27.8 

27 .6 

66.2 

-0.19 

78.2 

5.8 

7.8 

15.9 

5.1 

6.8 

27.8 

27.0 

27.8 

59.3 

-1.24 
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In 1954-55 all of the silages were consura.ed at essentially the same 

rate, however, the molasses-urea appeared to decrease palatability slightly. 

Total dry matter into.kc on the bisuli'ite ration was soroowha.t higher than for 

the other two rations duo to the increased intake of drJ mo.ttcr from the bi­

sulfite silage. 

The production of 4% FCM was not significantly at'foctod by tho kind of 

silage fed, however, when u compo.rison wo.s mado o:£ the milk produced on each 

ration during the last 7 days of the experimental poriods, it was observed 

that production -was better maintained on the urea-molasses and bisulf'ite 

silages than on tho untreated silage. 

As shown in Table 31 the dry matter of tho untreated silage was more 

efficiently utilized for milk production than either of the other silages. 

All of the a.nima.ls on the experiment guined weight, however, the go.in on 

the untreated silage ration was sOiilCwho.t lower �'1an on the other two rations. 

In 1955-56 the silages wore again consumed in upproxino.toly equal a.mounts 

with the unpreserved silage being consuned ut a slightly hiehor ratu. On a 

dry matter busis, however, the intake of the preserved and unpreserved silage 

was identical. 

The production of/$ FCM was likewise practically identico.J. for the two 

rations as was tho production during the la.st week of each period. 

Appo.rently, tho two silo.gos wore equo.lly well utilized for Dille produc­

tion. 

Body weight guins were higher for tho a.n.ims.ls on tho untreated silage 

ration than on the bisulfite ration. 

The intake of silage during the 1956-57 trials appeured to be increased 

by the addition of 1\¥1.age. On tho other hand, sodiura meta-bisulfite appeared 
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to decrease silage consumption. As can be seen in Table 5., the u.11treated 

silage was consumed at essentially tho same rate as the Kylage treated silage 

and at a slightly higher level than the bisuli'ite silage. There was very 

little difference between the Kylage and bisulf'ite silo.gos with respect to 

dry matter intake., however., the intake of the untreated silage was lower 

than either of tho preserved forages. 

The uverago production of 4% FCM for the entire experiment as well as 

for the last 7 days of each period wo.s significantly lowor (P < .05) for the 

bisulfite silage ration than for either the Kylage or untreated silage rations. 

Mille production on the Kyl.age ration was significantly better (P<. .05) thrul 

on the untreated silage ration. 

As shown in Table 5., tho efficiency of utilization of the untreated 

silage was considero.bly higher than either of tho other silages., 

During the 1956-57 trio.ls., all of the cows lost weight. The weight loss 

was greatest for the cows on tho unpreserved silage ration. 

Digestibility of Rations. 

Tho presorvo.tivos used did not appear to approcinbly o.ffoct the digest-

ibility of the various feed nutrients of tho whole ration (Table 6). There 

was a tendency., consistent from yea.r to year, for the bisulfito sila.ge ration 

to be higher in crude protein digestibility than tho other rations. On the 

other hand., in 1956-57 the digestibility of fat, crude fiber and nitrogen-

free extract was lower for tho bisulfito ration than for either the Kylace 

or unpreserved silage ration. 
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Table 6. Average Coefficients of Apparent Digestibility of the Experimental 
Rations. 

Dry Crude Crude Nitrogen-free 

Ration matter protein Fat fiber extract 

% % % % % 

1954-55 

Bisulfite 60.4 67.3 56.6 50.1 67.2 

Urea-molasses 59.6 64.8 55.2 49.8 66.0 

Untreated 59.l 66.1 55.7 50.2 64.2 

1955-56 

Bisulfite 62.3 68.7 66.l 57.4 64.0 

Untreated 6l •. 6 64.8 62.7 55.4 64.5 

1956-57 

Bisulfite 51.1 58.2 45.7 42.1 53.2 

Kylage 52.8 55.1 54.1 48.2 56.l

Untreated 52.4 55.5 51.5 48.2 55.3
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SUMMARY 

The use of sodium meta-bisulfite., Kylage and a mixture of urea and mo-

lasses as preservatives for unwilted hay-crop silage wus studied over a 3-year 

period to determine their effect on the feeding valuo of the silage for dairy 

cows. The forages ensiled consisted of pre-bloom alfalfa, o mixture of millet, 

soybeans, suda.n grass and sorghum, and a mixture of sudo.n grass and soybeans. 

Bisulfite wa.s added at the rate of 8 lb. per ton; Kylage at tho rate of 5 lb. 

por ton; and the urea-molasses mixture at the rate of 75 lb. per ton of fresh 

material (15 lb. urea, 60 lb. molasses). 

Ti..ielve cows were used each year. In the first and third yeo:r u double 

ehunge-over experimental design was employed. A single reversal trial was 

run the second yea:r. The experimental periods va:ried from 21 to 28 days in 

length. The silages were £Gd in complete rations. Digestibility of the total 

ration was determined each yea:r by the total collection method or the Cr203 

grab-sampling technique. 

Under the conditions of those trials, neither sodium mota-bisulfite nor 

a mixture of urea and molasses sufficiently increased the palatability, feed-

ing value or digestibility of silage to warrant their use. Limited data in-

dicate that Kyla.go may increase the milk producing value of grass silage. 

There was a tendency for tho cows on tho preserved silage rations to 

better maintain their body weight, howevor, this effect wo.s not consistent. 

In general the dry matter of tho unpreserved silage w--~s moro efficiently 

utilized for milk production tho.n that of the preserved silage. 

The sodium meta-bisulfitc and Kyluge wore effective in controlling ob-

noxious silage odors and in improving tho physical appoo.rance of the silage. 
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The molasses-ul.'ea mixture, on the other hand, did not favorably e.ffect the 

odor or appearance of the silage. 

The results of this study indicate that no increase in palatability or 

feeding value of grass silage could be expected as a result of using either 

sodium meta-bisulfite or a molassos-ureu mixture as preserving agents •• It 

is indicated tho.t Kyla.ge IDAY be of some value in increasing milk production 

from hay c�op silo.go. If the farmer is concerned with the odor of the silage 

he feeds, the results suggest thut either bisulfite or Kylage is of value in 

favorably influencing this particular churactcristic. However, at current 

prices and recommended application rates, the farmer would be paying appron­

mately 50 to 60 cents per ton of forage ensiled for better smelling silage. 
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