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ARTIFICIAL1.T CORED ROOGaAfiES FOR DAIRt OAJTLE 

IOTR0DUCTIOH 

ArtlfiolalXy oured roughages may be dlrldod into two olasses^ 

aiaoly, silages and hays« All r^ghages omred or preserved artifl-

oially will fall into this grouping^ either as laaohine dried hays or 

preserved silages. In the past few years there has been a tremendous 

inorease in orops grown for roughage* The Agricultural Adjustment 

Adninislnration has estimated that one acre out of every six formerly 

produoing row orops of a depleting nature have been put baok into persia* 

nent pasture land or sown to legume orops for soil improvnsent. This 

inoreasing interest in soil oonservatien and improvement has resulted 

in an inoreasing volume of leguminous orops available for hay or silage. 

The problem of preeerving these orops without losing their nutritive 

value is faced by the majority of tho farmers of our nation* 

The artificial curing and preserving of rou^ges is not a new 

disoovery, but has been {waotioed since the ehanglng of man from tl« pas 

toral stage to the fanning stage of history. However, probably more ex 

perimental and improvement work has been done in regard to the otirlng of 

euoh rcm^ageo in the last fifty yeare than in any o^r period, in 

ttMt, the artifioial curing of hay on a ocxnaeroial soale ie a rather 

modem praotioe of soientifio agrioulture. The Improvenwnt of machinery 

used in drying and preserving rtnighages, the need for suoh feeds, and ad 

verse weather oonditions which hinder nature in her method of curing 

roughages havs all entered into the development of the ouring of rough 

ages artifioially. 

As roughages are a primary consideration in dairy oattie 

feeding* the object of this report is to give information regarding the 
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ouring and pr«Mrring of reu^agoa ortlfloially, their feeding value 

for dairy oattle, and eccperintental results with suoh feeds as ohtained 

hy the author in researeh work* 
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ARTIflCIALLT OJRED HCOGHAOES IH DAIOT CATTLE FEEDIHO 

THE DIGESTITO SYSTiat OF THE COW. 

The digestive syBteia of the cow nakes her, by nature, a 

rou^age oonsuoiAg animal* In fact, in the evoluti<m of oattle and 

for a Imug time after their domestioation, the rations of oattle were 

mftde up entirely of rou^ages* The digestive system of iiie cow has 

endowed her with the power to ohangs large quantities of oheap roug^* 

ages into milk and meat for human consumption# The secret of this 

povTcr lies in the fact that the oow is a ruminant, or an anlmaX with 

four stomaohs# The first and largest of these stomachs is the paunch 

or store house idiere a oow may store large quantities of roughages 

idiioh she will later digest by a rather unique method# A roughage Is 

defined by Bsnry and liorrism as "A feed being high in fiber and 

low in nutritive value," 

A ruminant, or cud ohewing animal, is unique in its digestion 

in that such an animal may oat or swallow large quantities of rou^ages 

In a short time and beloh them baok up into the mouth later for the 

proper ohewing and mastication before complete digestion will take 

place* This accounts for thio fact that a dairy oow may eat grass or 

sofme other type of roughage in the morning and then lie down in the 

afternoon and chew her cud. She has stored the food up in the morning 

and prepares it in the aftemooa for the digestive prooesa whioh really 

takes plaoe in her seomd and third stomachs# Aooording to Henry and 

Horrison the paunoh of a good sise oow may have a capacity of 

sixty to sevoniqr»five pounds of silage or grass# This i^ysioal ohar<* 

aoteristio of the oow makBs roughages not only the eomieraioal part of 



her patioft but an essential part. The ecwiOBsioal part of her ration 

is or should be made of large quantities of cheap roughages suoh as 

silage, hays, fodders, and by-products of other feeds whioh other 

aaimals on the fara may be unable to utilise. The deer, the elk, and 

the goat are also na&inant animals and are able to utilise large 

quantities of rou^iages in the ssaae swnner as the oosr, 

GREEN OR SPCCPLENT FEEDS Pa0VID>D TijE ROIM). 

It is a rather cosmumly known fact that gre«si feeds id.ll 

stimulate milk producti«i in dairy oattle, espeoially is this true 

sftiere the cows do not hare aooess to water at all times. As pasture 

{grass serves as a source of green feeds and roughage, its iripoirtanoe 

in tlie dairy ration should not be overlooked. However, in most parts 

of the temperate sone where oattle are kept for milk produetl<m, year 

round pasture is almost impossible, Muoh experimental work has been 

dwie in regard to pasture tm^ovenent suoh as mowing, growing a vari 

ety of grasses, fertilising, and pasture rotation, but at the best 

there are generally two seasons of the year when suooulent or green 

feeds should be added to the ftwmer*s dairy ratlm. Those two seasons 

are in the hottest and driest part of the summer and the extreme oold 

nmths in the winter, Suoh a owditlon would exist idiere the dairy 

man had Buffioimt improved pasture land, but many dairymen do not 

have their pastures istj^oved and in many oases wliere milk is produoed 

near the larger oities no pasture is available for the animals. In 

this oase green feeds and roughages would have to be provided the 

year round if eoonomioal milk produotlon and growth of younger animals 

was expected. The two shoxi: seasons mentioned above would be only a 

minimum time that the dairyman would need a green or succulent feed, 

for in reality many dairy farmers feed silage and hays the year rotaid 



 

and out dom on these feeds only when pasture is aTallable, Uany dalzy« 

nsn figure the aTsrage dairy oow will need about three pounds of sueou* 

lent feed and one pound of dry rou^ge per 100 pounds of live weight 

per day, Suoh high figures should indicate to the dairyman with the 

unprofitable herd that some provision should be made to meet these 

requirements, as nature has olearly dttuonstrated that she is unable to 

proride suoh large amoiints of feeds day in and day out in the form of 

pasture and growing erops. The answer to the problem lies in providing 

silage and oured roughages at all seasms of the year and eepeolally 

in those seasons when nature is a poor provider, 

GCMPLETE CROP UTILIZED. 

The secret of dairy oattle feeding is found in the amount 

and kind of feed the otntsumes end her utilisation of the nutrients 

within these feeds. Possibly the greatest advantage that silage has 

as a feed is that the oomplete growing plant with all its nutrients 

may be utilised for feed. This suiy be more olearly Illustrated by 

Table 1, takKi frsm the First Annual Report of the Bsnnsylvania State 

College, 

Table 1, Yield of Digestible Matter in Corn. 

Constituent Ears 

Protein, lbs, 244 83 327 
Carbohydrates, lbs, 2,301 1,473 8,774 
Fat, lbs, 125 22 147 

Total lbs, 2,670 1,678 4,2^ 

Aooording to the data in this table, 63 per oent of the 

digestible food materials present in the oom plant are found in the 

ear and 37 par cent in the stover. If only the corn ears are gathered 

end tht stalks left in the field,as is generally the ease, the 37 per 

I 'f fi tui'iiltiiiti 



 

of tho possible nutrients of the ocum crop Is lost* 

Large yields my be obtained from orops grown for sUage; 

in faot, a yield of as high as SO tons may soi&etimes be obtained fron 

an acre of oom. A flfty*bu8hel crop of oom yields from 8 to IS tons 

of silage, depending on the amount of stalks that aooompa^ the ears 

and the stage of maturity at v^iloh it is siloed. The foantit^ of silage 

that may be expeoted per aore Is often roughly estimated at one t<m for 

eaeh fl-ve or six bus^iels of ear com* Soutd^m -varieties of oom as a 

rtde have larger laroportlwi of stalk and leaves than northern grown 

(2)
varieties* Some legume orops and woody forage orops msy be fed 

-wi-tii lees -waste when made Into silage beoause stook will leave some of 

the dry sto-ver uneaten* Jlirthermore, weather has little, if any, ohanee 

to cause deterioration In the quality of forage when harvested for 

silage or if dried artlflolally for hay, while great losses in feeding 

value often results -then forage orops are allowed to lie out In the 

field and oure for hay* The effect of allowing forage plants to lie 

out In the weather in -the curing prooess is shown by Beadden in 

Table 2 as related to alfalfa* 

Table 2, Composition of Alfalfa Hay Before and After 
Exposed to 1*8 Inohes of Rain* 

0. Protein ' ni»r I-»t ' 
' —J f f ? 

Bay not rained on 18*7 26*6 58*7 3*9 

Hay dSBMiged by rain 11.0 56.8 33*8 3*8 

It will be noted that the damaged hay contained meh less 

orude protein, oonslderable less nitrogen free extraot, and muoh more 

fiber* Of the original, 41^ of the orude protein and 13^ of the 

nitrogen free extraot was lost, due to the rain* aotuaX damage 
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vaf 9ir&& grMtor for the nutrients loot were those most soluble and 

(2)henoe most easily digested* Wbedimrd ̂ on the other hand found that 

when orops were mde into silage the losses of dry mtter for various 

orops were as follows: eom, 4*01^; grass orops, 18*03^; peas and oats, 

6*90^, and leguise orops, 2*12^. As hay cured artifioially Is taken 

from the field inoediately after cutting, no such loss from weatlaering 

(3)as found by Beadden would occur. In a further study Beadden also 

found that when legumes were allowed to field o\ire, large amoimts of 

food nutrients were loet in the leaves due to shattering id:ile hand* 

ling, lihen cured in swaths or windrows, the leaves beoane dry and 

brittle long before the stems were dry enough for storage. He found 

that 40 to 60 per cent of the weight of the alfalfa plant was in the 

leaves, idxioh carry fbur*fifths of the orude protein end over half of 

the nitrogen*free extract• For eaoh ton of alfalfa hay taken off 

the field, he estimates Idiat as much as 350 lbs* of leaves may be 

lost, and with unfavorable conditions and oareless handling, there miy 

be a greater loss. The eoonomio value of saving these food nutrients 

through the prooess of silaglng and curing hs^s artificially is very 

important to the dairy farmer, 

CHOPS ORO^'W iU)V5RSE WEATffi^R COHDITIOHS. 

The widely varying character of grass ai^ legiane orops, tbs 

dryness and tsmperature of the soil of the meadow, the humidity of the 

atmosphere, and the intensity and oonbinuity of sunshine and heat, are 

all modifying factors that oombine to make the field otxring of hay a 

very difficult problem* In faot, in mwy looalitles it is almost an 

impossibility* In the last few years muoh work has been done on the 

drying of hays artificially either by hot or cold air blast* This 

method is proving its worth in many sections of the country, especially 
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iriiero weather eonditions are unfavorable for field curing. In raway 

sections of the ttoited States where rainfall is exoesslve, this method 

of hsy iMilclng is beoomtng jaore important and sereral agriculture exper 

iment stations, -jdiioh will be referred to later, are testing tiie 

machine cured hay as to econoay and feeding value with the sun cure4« 

AH ECOHOggCAL FEsaP FOH GRQl^H AHD MILK PRODUCTICW. 

One of the chief advantages given by those who advocate 

silage as a feed Ibr dairy animals is its economy. As none of the 

silage is wasted and very little of the food nutrients lost in the 

(2)
curing process the total cost is charged against the growing of 

the crop and the ensilaging oost. Such oost per ttm may vary from 

one dollar to several dollars per t«m, depending cm the type of equip* 

ment used in making it,the yield per acre, extra labor, and many other 
(4)

variable faotors. The general fact is conceded by Ansen that the 

use of silage and hay as a feed for milk and meat production can not 

be exeeeded in economy by any other type feed, except pasture. 

A PALATABU FSW. 

Silage being a succulent feed is veiy palatable to most 

olasees of livestock. The cow being a nsoinant will consume large 

quantities of such feed wittioufc injury to herself or her appetite. 

The general practice of most silage feeding for dairy animls is to 

feed three povmds of silage for eaoh huzidred pounds of liveweight. 

This would be about 30 pounds a day for an average dairy oow, but 

she will oemsume moh larger quantities if allowed acoess to good 

sila^. %ile silage is an excellent feed and dairy animals will con 

sume large amounts, it is not a oomplete feed. It is too bulky and 

watery and contains insuffioient protein and mineral matter to meet 

fully the requirements of the dairy oow. It should be fed with some 
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hi^ iaflh a» olovo^r, wmg/amp or alfalfa and also toiat gralUp 

idiloh idlX tend to 1»alanoe the slXace in dry mtter^ j^otein, and oin* 

era! oonstituente* A ration of siXaise and hay alone ie satisfactory 

for oom irhloh are dry or those gi-ving mxXy a snail aaotnt of milk, and 

for heifsrs and bulls. Goes in full nilk should hare sotoe oonoentrate 

feed in addition to hay and silage, as they cannot oonsmoe enough of 

these feeds to keep up a large flow of milk and tfiaintain body wei^t, 

(2)Wsodnard '̂has the following to say in regard to tiie 

palatabllity and the amount of silago to feed to dairy cattlet 

"The amount of silage to feed a oow will depend 
upon the oapacity of the animal to oonsume feed. She should 
be fed as moh as she will olean up without waete when oon-
aumed along with her hay and grain, Raias or lower the 
amount until the proper quantity is found. Qenerally speak 
ing, a good oow should be fed just short of the limit of her 
appetite. If She sliould refuse any of her feed it should be 
reduced at onoe. The small breeds will eat 25 to 30 pounds 
per day; the lar^ breeds 40 or more; and the medium ones 
amoimt varying between." 

The palatabllity of air dried hay is a meh discussed topic. 

This is probably duo to so wsaty factors that enter into the curing 
(6)

and feeding of sueh a feed. Kewland found artificially 

eured hay could bo substituted for regular sun oured hsys and that 

dairy animals would oonsume like amounts of both kinds. The pala-

tability of either the sun enured or the inaohlne oured would of course 

depend upon the kind of hay or green material to start with and ^10 

curing prooess* 

STORAGE SPACB. 

One of the big problema of any type of livesto^ farming 

is the storage of feed. This is indeed a problem for the dairy 

farmer as a large sasunt of raighages must be kept on hand at all 

times to supply the milking herd, bullc^ end yotssg growing 8took« 
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Bay lofts and hay dieds are rathor oonmon lauildlnge on roost dairy farms 

and illos ars beoosdng standard dairy farm «q[uipoont» Silos haro tho 

adrantaj^^ hoaover, in as far as storags oapaeity is eonoemed* 

(l)
HorriSon * ostimatos l^at a oubio toot of hay in a mow will woi^ 

about fiws pounds and oontain approxiroatoly 4*3 pounds of dry matter, 

^ile an average oubio foot of ooxn silage in a 80 foot silo will vsi^ 

about 39 potmds and oontain 10.2 pounds of dry matter* Fr(»a these 

figures it can be seen that nearly two and mie-half times as muoh feed# 

ing stuff oaloulated In dry matter oan be stmred in a given spaee 

Idien stored as silage as tdien stored as hay. the oost of providing a 

<nd>io foot of storage space in a silo and in a hay mow would, of course, 

enter into the total oost of storage* A oubio foot of storage space 

oould be provided cheaper in a hey mow than in an above ground silo, 

but wbether it oould be provided two and one«half tlmee oheaper would 

depend upon the type of oonstruoti«m and the material used in both 

oasee* Bowever, the increasing use of the trenoh silo is a marked 

advantage in favor of such feed, espeoially in the oost of storage* 

the praotloe of ohopplng hey will deorease the etorage ooet, but 

idiether aueh a praotloe is eoonomioal when all factors are considered, 

is a debated queetion* 

\ 



ARTIFICIALiar CUHED RCHJGIIAflES 

mHciHJ^s oy nig pRyinG* 

%)»th«r hays are mohloe dried or sxsa oured^ the objeotivee 

eought are the samoi that ifl| the eeouriag of a bright green oolor, 

good aroina, retention of lea^s and other fin«r parts, and freedom 

from dust and molds, ttoder ordinary hay curing conditions, according 

(8)to Piper 'three distinct processes take place. (1) A reduction in 

eater content to about 16 per cent (ranging from 7 to 86 per oent). 

(8) Fermentation of the hay produced by ensymea, vdiioh usually develop 

a oharaoteristlo aroma. (6)More or less bleaching, due to the des* 

truotimi of the ̂ een ohlorophyll by sunlight, the ble«ujhlng being in 

creased by the action of the d«r. In the artificial curing of hay 

machinery or either in ventilated mows the third process as given by 

Piper is omitted. 

By eliminating the bleaching effect of the sun, machine cured 

hays are at a distinct advantage, other factors being ecfual. The 

machine ourlag of hays Is not a vide praotioe, but Its Importanoe is 

groving rapidly, especially in regions ̂ diere excessive rainfall inter 

feres sdth hay making. Probably the artificial curing of hays will 

never be developed <m:a small scale but will be limited to large 

oommereial growers who have oaidtal to invest in maohineity, however, 

the increasing interest in bam curing and ventilated mows may ohangs 

the si^iation quite a bit. An understanding of the three principal 

methods of ouring rou^ges artificially as given below may be helpful 

in analyzing the above problem. 

-9» 
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80T AIH DRIKD MIS. 

(7)Gordon and Hurst *'hairo the following to say la regerd 

to tho principle* of drying hay* with hot air driers. 

"The prinoiples involved in these maehine* are not 
nev^ hut the direct exposure of mterial to be dried to 
the fumaoe gaeses is a praetioe that ha* been closely 
assooiated with the hay drier* of various types in the 
United State*. Previously steasi was oosmtonly used, the 
mterial to be dried being broii^t into direct contact vdth 
or exposed to air heated by steam radiators, lliglier 
effici<mcy in the utilisation of heat and elimlnatim of 
the expense and trouble oonimcmly assooiated with stesa 
boilers are factors freijaently cited in favor of direct 
application of fumaoe gasses." 

Hany types of hot air driers of one kind or another have 

bemi tried, but it se«a* that only two of them have ever reaoiied any 

coHBueroial importance. In the apron-conveyor i^pe of drier the green 

forage is loaded on an endless screen wire apron and conveyed through 

the drying chamber, fdMre hot air or fumaoe gasses are oiroulated 

through the layer* of forag* on tlui apron by means of one or more fan*. 

Driers of this type nay have a single endless conveyor or several oon-

veyors, one above the other. The moisture i* allowed to esoape trtm 

the maohine into the outside atmosphere. Tlie forage stay be fed inteo 

the drier whole, crushed, or chopped. 

(8)
Barr working with the Louisiana Station found tltat the 

drying was most effeotive in single apron machines yAim the plant was 

left whcle. The apron driers are usually mu(^ larger mat^ines than 

drum driers, which is necessary beoause of the longer period of ex 

posure in the ayrm maohines* 

Dma hay driers are very similar to the ones used in dry 

ing granular substances mieh as salt. Ctae end of the Arm is slightly 

elevated and as the drus revolves the mterial is picked up by baffles 

fastened inside of the shell and thsn allowed to fall. Eaoh time 
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MM of th« iHiterlal is plolosd up It falls olossr to tho disohargi 

and duo to tho sloping position of tho dnm* In hay drying the drum 

li plaood in a horistmtal positioa, and a eurrent of heated air or 

furnaoo gasses relied upm to dry the hay and move the forage throu# 

the raohine. In some driers of this type the dry mMberial io draon 

into a ohsmber at the disoharge end from ohioh it is oonTSyed moohan-

loally to a storage structure. In most oases, hooerer. the dry hay 

passes through the exhaust fan and is blovm to a dust collector from 

sdiioh it is collected. 

The aprffli-oonvoyor drier is a relatively low temperaturo 

drier in ohioh the toaterial remains for a oonsidsrable period of time. 

The temperature of the air or ihrnaoe gasses entering the maohine is 

usually held at frcmi 250 degrees to 360 degrees F«. and the period of 

exposure may vary from 16 to 46 minutes, depsnding.of course, upwi tha 

initial moisture content of the forage. The temperature of the forage 

rematos moh lever theua the surrounding gasses. due to the oooling 

effeot of evaporation. The drum driers differ from the a^on drier 

in one respect, in that it is olaased am a temperature maohine 

necessitating a short period of exposure to prevent oharring and burn 

ing of ̂ e hay. The temperature of the furnace gasses entering the 

maohine is usuaCLly held at from 1000 to 1600 degrees F. by means of 

air inlets from the furnace and ^antlty of fuel supplied to the burner. 

The material rematlns in a drier of the drum type for one te three 

minutes, or even less, depending somewhat upm the initial moisture 

content of the forage, and ease upcm the sise of the stKos of the 

ouring faara^. the larger stem forages requiring longer. The ̂ np-

erature of the hay in this type of drier is also loser tlian the drying 

gasses. 

https://depsnding.of
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Th0 nutrlti-w value of the hot air dried hay ooapared with 

regular field oured hay ia fortunately a jrobleo on whioh moh exporl-

nental work hae been dene, and at the same time, not muoh oonflioting 
(9)

data appeare, Hodgsen, Ehott, and Murer, of the Bureau of Dairy 

Induetry, in six trials, conducted to determine the digestibility of 

air dried hay, found that a mixture of 40jS Engli^ rye grass, 40^ Italian 

rye grass, and 20^ idiite clover dried at a temperature m hi^ as 

360 degreee F« showed no signifioant differenoes. Their work also 

showed that suoh a temperature did not aff^ot the oalolum and phos-

]^oru8 balaaee idim the hay was fed to sheep. However, they also foun4 

that when the hay was dried at a temperature of 400 degrees F. and 

above that not only the digsstibility was impaired but the calcium 

balanoe in suoh a feed waa low and that the percentage of natural 

color in the herbage was only 76,3^ of that dried at a trnq^era^re of 

260 degrees F, Bart, Kline, and Humphrey ̂  ^ ia a similar experiment 
with dairy cows found very similar results. They did find, however, 

tJiat no detrimental effect was noticed when the hay was dried in a 

temperature up to 600 degrees F., while Eodgsen, Xnott, and Murer found 

that the nutritive value ofthe hay was affSoted when exposed to a 

hoat of 400 degreea F. Zt is possible that the type of hiQr drisr and 

Imigth of time that the forage was exposed to the two tonmratuires 
(11) 

may account for the differenoe. Hodgaen and Knott, ia another 

experiment using dairy heifers, found that when put on a striot air 

oured hay ration that the protein digestibility ooeffSolent was 74.92^, 

the nitrogen free extract 74.5^, and the ether extraot 21.90^. This 

would be considered rather good for all exoept tlie fat or ether extx>aot« 

The animals also shewed a favorable balanoe of calcium and phosphorus 
. (12) 
wnsn fed on the striot air oured hay ration. Oambum, at the 
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Tomonll Agricultural Bxperiment Station« found that idtoa artificially 

dried young grase hay'nae fed to a group of milking ooim^ together 

with t«ro<^irde of the usual eaiowanoe of hay and silage, in comparii* 

eon with grain tuid the usual allowanoe of hay and silage to another 

group, i^at the produoticn of milk, tBit, and solidSHnot-fat from the 

two groups were eesentially the eeme* It appears from these WEperi-

meats that the digestihility and feeding value of air dried rou^iages 

is not impaired hy the drying prooeee with the exoeption of the slight 

differenoe in the fat or ether extraot. There ie knoim to he a dif 

ference in the vitamin content of the two kinde of hay* 

The vitamin oonteat of fOeda ibr animals has been found to 

be just as important as vitamins in foods fcnr huxoans. Probably the 

two most important in animal feeding u>e A and P, and it appears that 

it ie also these two that are affected most in ths curing of hay arti-

(13)ficially, fiussell, 'at tlie Sow Jersey Agricultural Experiment 

Station, found that machine cured alfalfa processed at a t«apera» 

ture of 127-129 degrees C, for tiiirty minutss contained seven tiajes as 

muoh vitamin A ae the same type of hay sun cured* In the eicperlment 

white rats wars used to determiixe the vitamin A content of the two 

feeds* The author of the experiment also reported that the air cured 

hey was of a dark green color sdiile the sun cured hay was a brownish 

color, which was probably dus to the bleaching effect of the sun during 

the curing process* Bussell also found in another experiment that tlM 

air dried hay was low, however, in the sntirachitio vitamin P, idille 

the sun dried hay was relatively hi^* The earns results were obtained 

(14)by Bethke ami Eloke as they found that exposing alfalfa hay to 

sun, rain, and dew over a period of several days resulted in a marked 

loss of vitaaia A, but that sunligtit inorsased the vitasda P content 
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of tho hay. It is an established faot that the direot raya of the 

sun oauso the Inorease of vitamin D in field cured hay, but no defi 

nite proof has been given that the destruotion of vitamin A in sun 

eurod hay is due to the effect of sunlight* In faot, Hauge and 
(15)

Aitkeidxead, at FUrdue Ifeirersity, indioated in an experiment 

that the loss of the vitamin A in the field cured hay eas due to 

ensymatio action and not to the ultra-violet rays of the sun* Al-

tiiough the two bays may be equal in nutritive value, as the majori^ 

of experiments indicate, there is a big difference in "tSieir vltamift 

content. In animal feeding, however, wsoeptlng poultry, vitamin A 

is Euoh more imj»rtant than vitamin D, As an animal is exposed to 

the direot rays of tho sun a groat deal of the time, not mch trouble 

Is had in securing a suffioisnt amount of vitamin D, The fsot that 

air dried hay is lower in Vitamin D than sun cured hay would, there 

fore, net make any material difference, but the fact that air dried 

hay is high in vitanin A Is a distinct advantage to it, because an 

animal needs large amounts of vitamin A for proper growth and develop 

ment and oan seeure it only through feeds* However, one must not over 

look the faot that the quality of tho forage to begin with, olimato 

oonditions for sun curing, and tho method of air curing might material 

ly change the nutritional value or vitamin content of either typo hay* 

BAHH CURPP Higr. 

Comneroial hay driers hava been on the market for a number 

of years and vary in pries from ̂ 3,500 on up into many thousands* As 

oan easily be setm a farmer would have to be in the hay producing 

bnslnosa on a oommercial scale before auoh expsneive equipment oould 

be afforded. Suflh a condition hae given rise to some experimental 

wwrk in dj^ing hay by the use of cold or slightly warmed air blast. 



or what la toonm aa tha tani ourlng method* Such a method raqulrea a 

muoh langar time to bring tha noiatnre content dom within a aafe 

keeping range, but the eoat ia mere in line with the average farmer* a 

purohaaing power and Tsry aatiafaotory raeulta have been obtained 

under certain oonditiona with tloia inexpensive drying system. 

lisaver,^^^^ working in oonjunotitm with the Tennessee Valley 
Authority, haa probably dene more experimental work thia method of 

hay ourlng ̂ an any other individual. Hia first work was with a one 

h*p* olectrie motor idiioh was belted to a oentrifugal blower. The 

air was foroed through a duot containing an air blast heater and then 

on up through the hay from a oentral slatted ohamber 9 feet long, S 

feet hi^, and 4 feet across. Tl^e ohamber was made of 2 x 4 members 

standing on end and slatted down the side with wooden lath. Zn the 

test partial}^ oured alfalfa hay from ths field, with 40 per oent 

moisture, was placed on the platform. The heater was uMd ooily to 

heat the air at night. After 22 hours of drying, the moisture con 

tent was reduced to 19 per cent. Another test was conducted using 

partially cured hay of 50 per cent moisture in idiioh 48 hours were 

required to reduoe the moisture content to 20 per oent. The resulting 

hay was reported to be of good uniform quality and green in color. 

Another type of teet was condxioted by Vileaver in whioh a small 

gasoline engine was used to drive the blower which was oennaoted by 

a duot to the hollow center of a smll hay stack. The stack was mads 

up of hay containing 65 per oent moisture and the air was blown throu^ 

the staok for 4 to 6 hours. The results obtained were similar to 

(17)
those obtained by Aitkenhead, at Purdue University* The method 

of curing was very tedious and quite a bit of moldy and poorly oured 

hay was ebtslited when the hsy stack was not unifomly made, Wsavsr, 
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jMrwrrsr, ewiidcred th« method a failure, but Altkenhead in hie work 

ittwted tbftt auofa a isethod nay^ uaed if hay prioea ara rather high* 

IWaarer, la hie work, uaed hAy of a higher laoiature ocmtent and smaller 

staoke thaa AitkenlMad, which nay account for his oonolusicn* It 

appears, howewer, that such a method would he far to trouhleswse for 

drying hay under ordinary oonditions. 

Still another experimental matlxod was developed ly ?feavor 

when it was thought that partially oured hay from the field oould be 

leaded in the afternoon on wagons with special hay framsa, hauled to 

a blower, and ly attaohing air ducts and blowing warmed air through 

the hay, finish the drying process 1y morning* It was hoped that by 

the use of such a simple method timt a good quality hay oould be ob 

tained rather ̂ eaply* In faot, very good results semned to be ob 

tained, but it was found that the time required to dry the hay was 

longer thaa expected, and too many wagons were required for the plui 

to be practical* 

The last work reported by Vtieavar was the building of a 

sain dtMt 16 X 18 and eight lateral ducts 10" x 12" on the floor of 

a regular hay loft* The sides of the air ohannels iriiiOh were made 

of ordinary lumber wwre open up one inch from the floor to allow the 

air to eaoape up threuf^ the hay* A 16 inoh oentrlfugal blower was 

placed at one sad of the main duot ar^ belted to a 6 h* p* motor. 

The main duot eraolosed a seriea of adjustable gates so that the air 

oould be blown Intsrmittently into any eombination of laterals doslred* 

Several different tests were run using this set-up in whioh the mois 

ture content ran as high as 50 per cent when placed in the barn and 

depths rangsd ftom 6 to 12 feet* The air was blown throu^ the 

tiay only in the dcy tLme and the heater was used only on ooeasions 
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lihBn teiBidity high* 

A syatam of hay drying fts giren abo-ve was installed in th« 

Univorsily of Tonnesses dairy ham at Enoxville in t}w summer of 1057* 

Several tons of mixed hay with varying moisture oontents were cured 

and very satisfactory results were obtained. It was found that the 

hay, while ouring, oould easily be kept from heating by simply blov 

ing oold air up through it* No heat was applied, but the top of the 

bam near the metal roof was boarded up and the air for the blower was 

Buoked down along the metal roof whioh had warmed the air to soeae ex 

tent* It was also found that the intermittent blowing of air up through 

the hay would dry it out just as fast as the oontinuouB blowing. It 

was oonoluded l^at as outside moisture from the plants evaporated that 

the inside moisture had to work to the outer oells before being evap 

orated, By blowing air up throu^ the hay part of the time and then 

sucking it baok down, no moisture was allowed to aooumulate in the 

top of the bam* In general, the curing process might be considered 

a suooess although a few minor details still remain to be worked out, 

(17^
In sussning up his findings. Weaver ^ 'makee the following 

observations in regard to this method of curing hay: 

1* The kilowatt-hour o<m8umption of eleotrioity per 
dry ton varied greatly throughout tne entire group of tests, 
dependent largely upon Initial moisture oontent of hay, vari 
ety of hay used, air oonditions, and the need for observa 
tions requiring power beyond that neoessary to complete the 
normal drying oyolo, Hurthor observations are neoessary 
before any definite average figure can be given, and then it 
will vary with the variety of hay being dried* 

2* Uttle difficulty was experienced in drying 
olean hay of the small stem varieties, such as alfalfa 
and lespedesa* The higher the grass oontent in the hay, 
the more difficult it was to dry* The large stem vari 
eties of hay, suoh as Mammoth Yellow sc^beans, proved difH-
oult in that tlie drying was slow and drawn out over a long 
time* 

S* Present indioations are that drying is just 



as rapid with interaittwit blowing as with oontlnuous blow 
ing. Further otsenmtlons are needed to find the extent to 
which this is true, in order that the most effioient oper 
ation of the systera oan be definitely determined, 

4, Indications with this plan of drying are that 
a bam with a hay mow of 20 to 40 t(m oapaoity oan be equipped 
for drying the season*s hay orop with an inTeslmient of about 
$300*00 (1938 improved system $400.00), 

5, Most of the tests conduoted to date dealt with 
hay of above the average grass and weed content. Weather 
conditions were at times adverse; however, a period of three 
or four days of rain and high ho^dity ie yet to be enooun-* 
tered during the oritloal drying period of 8 to 10 tons of 
hi^. Further observations are believed neoessary before this 
system oan be declared entirely sueoessful. 

It appears from the mall amount of work done on the subject that the 

ouring of hay by cold or only warmed air is not as yet suooessfUl, 

but a bam curing systam msy have possibilities, aith the inereaslng 

UM of eheap eleotrieal power to furnish an abundanoe of air and small 

heating units, this method may inorease in use beoause of the low in 

itial oost of equipment needed. As far as ths author oan determine, 

no experimental work has been done in determining the feeding value of 

hay cured by this rethod except that being done as researoh work for 

this tiiesis, whioh is reported in Ibrt II of this paper, 

YEHTIUTBD MOWS. 

In addition to ouring hay with hot air blast and cold or 

«mly warmed air, some work has bem done on the ouring of forage In 

ventilated morws. The development of such a method has not, as yet, 

reaolwid the experimental stage that the previously mentioned methods 

have, but suoh a method, if developed, would probably meet the demand 

of individual farmers muoh better than the othw two methods dlsoussed. 

The use of ventilated buildings to reduce the moisture content of 

forage Is not only a hay curing process, but also involves storage, 

Saiaurally one would not suppose that hay with an «ctr«mely high 
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moisture content eould bo oured in such « my, bub moBt eorkere oho 

hOTO experimented vii^ this process of hey curing hare depended upcm 

natural otxring to a great extent, and being able to store the hay only 

after the larger part of the sioisture has bem reraoved in the field, 

(18)
Witsel, reporting <m ohopped hay in ventilated sunrs ttm the 

Visoonsin Agricultural Experiment Staticm, indicated that ehere hay is 

chopped and stored in ventilated containers the lengtii of out or den* 

sity is the us^or factor in determining the quality of hay secxired 

and not th* ventilation factor as eould be mepeoted, Zn the Investl* 

gation as reported by Witsel, six wooden bins varying from 8 to 6 

feet vide,8 feet long on the inside, and 10 feet deep, were used* 

The sides and end vails were double, with 1x2 inch slats spaced 10 

inches apart making up ths inside wall, esoept that some of the bins 

were lined with poultry netting, tdiile yie outer vail vas of floor 

boards* An additional oontainer vhioh vas a wooden stave silo 14 feet 

in diameter, equipped with a floor about two feet above the bam floor, 

was covered with water proof building paper so as to make it praoti-

oally air-tight, and a ventilated flue three feet square was con 

structed in the center of the silo* This vas oonstruoted so as to have 

a S'X 9' oonneoti«i at the bottom to one side of the doors, thus allow 

ing free movemottt of air through the chute. In the investigation with 

^is arrangement, Witsel makes the following oonclusion in regard to 

ventilated oontainers of this typo for ohopped hayst 

"General oonoluslona vhioh oan be drawn at this 
time indioate that the major factor determining the temper 
ature and keeping qualities of hay in storage is the density 
or length of out. iiihether the ooarse length of out affects 
it only through density is a question* In any event the 
longer out undoubtedly keeps better and does not heat as 
much as the shorter outs* 
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"Wldth of storage unit is not a -wry important fac 
tor, The differenoo la the keeping qualities and tempera 
ture beteeen a 3-ft« box aiui a 9-ft, box is not extremely marked, 
althou^ definitely measurable, HoireTer, it will probably be 
a controlling factor, along with density, in the elimination 
of danger of spontaneous owabustion in the storage of hay that 
is too damp," 

Such oonolusions would indioate that the ohopping of hay 

and plaoing in ventilated mows is not a satisfactory method of curing, 
(19)

but investi^tion by Rothe with unohopped hay in ventilated mowe 

has given more encouraging results, Rothe in his investigation found 

that hay of fair quality could be obtained if stored in a oompartiMmt 

witihi one side of the hay exposed. This would apply only to hay that 

contained not over 305^ of moisture when placed in the mow and provided 

that no hay was over six feet from the exposed side. In further study, 
(19)

Rothe also found that hay stored in sueh a manner did not go above 

190 degrees F. in the curing prooess,which is far below the temperature 

that spontaneous combustion will take plaoe. He indioates that the 

division of large mows into smaller oompartments, by means of alleyways 

or open work partitions that are not over six feet across with one side 

exposed or 12 feet with two sides exposed,will serve very satisfaotorily 

as ventilated mows, 

Suoh an arrangement as outlined by Rothe would probably fit 

in rather nioely with the average livestook farmer vdio already had a 

large hay loft and was interested in removing his hay from the field 

before complete ouring took plaoe, Suoh a prooedure should at least 

preaervs part of the green oolor and aid materially in preventing the 

loss of leaves by shattering. As far as the author ean determine, no 

investigation has ever been made as to the feeding or nutritional value 

of hay that has been partially cured in ventilated mows. As the general 

prooedure of oiuring ie very similar to the oold or warmed air system. 
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ono might oo&olud* ttuit Ita lading value vtould also be similar, other 

fftotors being equal« 

POST OF ARTIFICIALLY CURIIP HA?. 

the octt of curing bay artificially will depend to a great 

extent upon the type of machinery used in ^e curing process# The 

initial cost of dehydrati<m equipment and the depreoiaticm of this equip 

ment is very high* this must be spread over a large tonnage of material 

to keep these oosts from being prohibitive* The Mew Jersey Experiment 
( 88 )Station reports that approximately SO gallons of fuel oil are re 

quired to dry one ton of hay, and $16,00 per ton as a total cost of 

dehydrated hay. This figure included all cost of labor, fuel, power, 

fertilizer, transportation, ropair, rent, interest and depreoiation. 

Other investigators report a range in total oost of from $8,00 to $16,00 

per ton for hay dried in either the drum or conveyor type del^drators. 

In these large eosnaereial driers idie labor and fuel costs are the two 

most important items of expense. These two factors are notaffsoted to 

any great extent by the tonnage, but of oourse the investment cost per 

ton will depend upcm the volume of hay driod, Greene, at Brook 

Bills Farms in Wisoonsin, reports a oost of from. $2,50 $3,00 per ton 

for fuel and power in dehydrating hay. Suoh a oost is very muoh in line 

with legume silage east per ton m a dry basis. 

Yery little data are available on the cost of barn cured hay. 

In fkot, the results of the Tennessee Yalley Authority experiments are 

the only data obtainable at this time, Heaver reports that a loft 
\ 

oapable of ouring 20 to 30 tons of hay may be equipped for $4S0. This 

includes all labor, blowers, motor, and building material, Suoh a oost 

would be the initial Investment, but there would be very little depre 

oiation oost en this type of drying equipment. 

V 



E» ftlao reportB that the SToragie oleotriolty oo«t tot dry 

ing a ton of hay at tha UnlToroity of Tonnoesee dairy barn in 1957 naa 

86 cents, tim eents per Iciloeatt hour nas the rate used in figuring 

this oost. The in-vestmtt oost per ton vould depend upoa the tons of 

hay dried, but the peeer oost eould retoain unohanged. Of course, the 

extra labor repaired to got the g;reen material into the left must be 

oonsidered in the total oost. 

Me data is available on the oost of drying partially cured 

hay in ventilated movrs. It seme, however, that the only expense in 

volved would bo the oonatruotion of the ventilators and alleyways for 

proper air ciroulation, Suoh an expense, however nsall, might be too 

much for the benefits derived frtm suoh a system. 

The ouring of hay in large dehydrating plants will probably 

never be praotioed exoept whera hay is produced on a oommercial scale 

and a high grade of hay for sales purpose is desired. The barn curing 

system and Idie ventilated mow laay however inoreaae In popularity be-

oause of their low cost. Additional experimental data and improve 

ments will be needed, however, before the individual farmer should o<m-

sider installing suoh systms. 
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gRIHCIPLSS OF RiES!I!RVINQ SIUCBS* 

Ihsn gre«n Ibragt 1« piMilettd flmly into an alr-tlght ohna-

auoh ao a sllOj, foneontatlon takes plaoe. Tills fomentation la 

oaused the enzyixies oontained in the plant oells and l3y bacteria and 

yeast carried into the silo vn ̂ e forage* During these ferntentations 

nuoh of the sugar in the ensilaged forage is broken doen into organic 

aoida, chiefly laotio acid,(the acid in sour milk) with some acetio 

(tdM aoid in vinegar), and also traces of other acids* In these 

ohanges oxygen is taken up and oarbon dioxide given off* At first 

the oxygen in the air irtiiioh has been entrapped in the ensilaged mass 

is used upi but if the maee hae 1»en sell oompaoted, this is soon ex* 

hausted. The ensymes and bacteria thim obtain the additional oxygen 

needed for these deoompositions from the oxygen containing compounds in 

the forage**ohiefly the sugar* ®ien the sugar in the forage has besn 

ohsnged into aoid ^e fermentation is checked for the other oarbohy* 

dratee are attacked to only a small extent* It is due to thle that sell 

matured oorn or sorghum makes loss aoid silage than immature plants srtiioh 

contain more sugw* Even thou^ an excess of sugar is present, tt« 

fermentation comae to an end at length, for suffioient aoid is finally 

produoed to larevent both the fturthw growth of bacteria and yeast 

the action of the plant ensymes. During the fermentation prooess, the 

temperature rises s<»nsidiat, but if the mass has been well oompaoted 

BO that little air is prosent, the temperature of the interior of the 

silo sliould rarely reach 100 degrees F. 

fhm aoouiQUlatiim of aoid not only automatioally ehecks the 

further action of the aoid forming ensymes and bacteria, but it also 

j^eventa the growth of xmdesirable baoterla that eause putrefioation 

*25* 



iaA ■polling* After a few days the silage naklng process oeasee, and 

no appreoiable oimnges will tsJko plaoe so long as the air is kept out» 

Xh faotf instanoee are en reoord where silage twelwe to fourteen years 

old has been found to be of exoellent quality* Soo» types of forage, 

espeoially i^o logkiotos, require additional treatnent to bring about 

the proper preservation aetion, but tl» principles involved in the en* 

siling prooess are the sone» 

08DIHARY SILACa. 

By ordinary silage is neant silage that has been rode from 

oarbo!MOeous green forages without any special treatment usckt to pre* 

serve it, Suoh silages as corn and eaas are in t^iis grmp* this is 

by far the most important type of silage that is used, in fact, the 

special treatment of legumes and grasses for silage is only in the 

experimental stage* Suoh a olassifioatiws would inoludo a great num* 

ber of forage plants, but no detailed discussion will be made here of 

each plant* All crops used for silage must be cut while green or if 

allowed to dry out to any extent water must be added at the tiiae the 

forage is placed In tdio silo* Ihe orop may either be out by hand or 

with binders, but hand cutting is rather slow and laborious and is used 

only to a maall extent, A binder, as reported by IWbodward, Hosamel, 
(20)

Ward, and Shaw, with three horses will cut on the average of si* 

acres a day* The green forage is then loaded on wag<ms and hauled to 

the cuttwr, or in some oases the forage is out in the field by a com* 

binftti(«i binder and outter and then hauled te the silo, ^lere the 

forage is out into one*half te mo Inoh lengths by the outter and is 

blown directly i«to the slle. If the forage ie rather dry and shows 

many dead leaves, water is usually added either ae ttwi forage la being 

out or on tbo material in silo# As much air should bo excluded 
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£rm th» out Mtorial as posslblo in order for the proper ohenioal and 

baoterial aotion to take plaoe* to get the desired or jaost sueeessfUl 

(20)
results (aooordlng to the United States UepegrlsBent of Agrioulture) 

Miae peeking should be done as the material is added to the silo, or at 

least when the complete silo is filled in a few hours time and no 

settling is allowsd until filled, Se-veral years ago it was a oammon 

praotioe to oorer the silage with some material sueh as dirt or out 

straw in order to prevent the top layer from spoiling* How, however, 

the general praotioe is to omit the dirt and place smne of the coarser 

BAterial of the forage that is being used to fill the silo rather tium 

the chopped straw and dirt* Ti^tere will always be a layer of spoiled 

silage no matter irtiioh system is followed and the use of dirt and straw 

it rather troublesome* After covering, the idiole mast is wet down and 

sometimee oats are sown on top of the silage as the fermenting silage 

will generate enough heat to sprout the oats which, in turn, form a 

dense eed that serves to shut out all air* This is espeoially true of 

(21)
trenoh silos that axw covered with dirt* Hunter indioates that 

any green forage orop of the oarbtmaoeous type may be ensiled suooess* 

fully if it contains the proper amount of moisture and the air ex* 

oluded from the fermenting silage* More silage is made from corn than 

from any other forage* Acoording to the Agricultural Statistics of 

—. (22)
1937, the number of acres of oorn harvested for silage in the 

United States was 4,721,000, and about three^fourthi of this total was 

harvested in the North Central States* The grain sorghums and sweet 

sorghums are other oerbonaoeous plants that are used for eila^^. 

LEOSMS SILAGE. 

As stated before most investigations show that a Idgume crop 

oannot be ensiled in the ordinary way and good results seotureid* Bow* 
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eyer, a fair axparlmenta hayt dlsprovad this rule. One of the prinelpai 

reasons for the mzoerous failures in the making of sllags from legatnee, 
(25) 

as obsened bgr Wilson, is that leguminous materials require more 

erganie or sdneral aoid to reduce their pH one unit than is required 

by a similar quwitity of a non-le^ime material. Be also emjdiasised 

the fact that legume forage orops may Imi defioient in aoid producing 

oarbohydrates. If the latter is true, then these two oliaracteristlos 

of iim legumes may explain the numerous failures in efforts to produoe 
(24) 

silage from hi^ly nitrogenous orops, Wilson and Webb, at Cornell 

Iftiiversity, in experimental work on legume and non«legume silage, found 

that there was three times as mutdi fermentable sugar in the nonolegumes 

that prodtuied aeoeptable silage as there was in idie legumes that pro-

duoed inferior silages. Their conolusion is also strengthened by the 

fact that yeteh and possibly red cloyer, whioh proyed to be l^e most 

reliable silage legume in their inyestigatiim, had the hi^est per-

oentage of water soluble oarbohydrates of all the legumes analysed. 

Conclusions thus far indieate that legumes, when ensiled by themselyes, 

will not usually be satisfactory, therefore, they must be gi-wen addi 

tional treatment to take care of their low carbohydrate content, 

Tho different mett^ods have been used to take oare of this 

deficienoy. As the main objeotiye is to get enou^ aoid to get proper 

preserration one method has been the addition of a carbohydrate ma 

terial from ahioh aoid may be formed, and the other the direct addition 

of aoid itself to the material as it is being put in the silo, 

MOLASSES SILAGE. 

Molasses has been one of the most widely used carbohydrate 

materials to be used in presenring legiuns and grass silags. Molasses 

may senre a twofold purpose in such a capacity by furnishing material 
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from which acid roay h« fonaed and at th« aame tica aonra a« a feed it-

■elf in ease all of it is net used up in produoing aoid* Probably 

this is the reason that suofa varying amounts of molasses are added te 

a ton of green material. In oase molasses is a rather oheap feed, Idten 

a larger amount may be put on the silage than is actually required to 

preserve it, and at the same tiiae it is not wasted* Investigators at 

the Hew Jersey Experiment Statimi foxmd that with a varying amount 

of from 72 to 120 pounds of molasses to a ton of dry nmtter that the 

pereentags of moisture was the most important factor to be taken oare 

of* They found that 40 pounds of inolassea on a ton of grass oimtain-

ing 6d per oent moisture made satisfactory silage, while a lil:e amount 

on grass containing 44 pwr oenb moisture proved to be unsatis^otory 

for feeding* 
(26)

Similar investigations by Mevens and Euhlman at the 

Unlversil^ of Illinois showed that alfalfa silage put up with lesa than 

66 per oent moisture did not prove satisfactory even thou^ molasses 

and several other carbohydrate materials were added* Such resulte 

would, therefore, indioate that legume silage mi^t be made rather 

suocessful with molasses if the green material oontained the oorreot 

amount of moisture, however, Swanson and Tague at the Kaneas 

Agricultural Experiment Station found that satlsfaetory legume silage 

may be made with either fresh out alfalfa, wilted alfalfa, or wilted nd 

watered. In all the oases listed, the xoelasses was diluted with water 

for eaee in handling and for proper distribution* In most instances 

the Biixture was one part molasses te two parts of water, howeve;*, oo j* 

oonaercial enterprises and unofficial roports indioato that molasses 

nay be added direct to the grem feed as it is being run into the silage 

eutter and that from three to seven gallons per ton of green material 
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BMgr !>• U99d irlth good results* A rather oomman nethod of regulating 

the flcnr of isolasees onto the green xoaterlal as it is being put in tliO 

silage outter let 

(1) Time rofuired for a load of hay to go throu^ the outter. 

(2) Time it required to fill a quart jar with molasses, 

(3} Multiply the number of mimtes it takes to run a t<m 

through the outter by 180 and divide by the number of seoonds it takes 

to fill the bottle* 

(4)The results will give the numlwr of pounds of molasses 

used per ton* 

Other methods^ especially the use of acldS| have been used 

for legume, grass, and eereal plant silage, but it appears that mo 

lasses is rather easy to put on and alae glvea aatiafaotory results* 

The use of molasses in laaking silage mill probably be greater than the 

use of aolds beoauae the average farmer is not acquainted uith the 

chemistry involved in the aoid preparation and applioatitm, ahile the 

use of molasses is rather a simple prooedure* The results obtained 

irill always be the main faotor, however, with the cost seoend in im 

portance* 

ACID SILAGE* 

Instead of adding material from idileh wganlo aoid may be 

formed to preserve legtsaee and grasses for silage, seme investigators 

have added mineral aoid directly to th» silage to bring about the oorreot 

aoldity* Among the first to develop suoh a method was A. I* Virtanen 

of Finland. This method is now known as the A*1*V* system of silage 

making, the initials being taken from his name* It oonsists of the 

use of a mixture of hydrochloric and sul|d^urie aoid* A great deal of 

variation as to the proper mixture and amount of application la en-



oouniMir^d* fht ebjeot, of oourse, is to obtain a pH «f bttwMKi thrcxi 

and fbtor of tha ensiling matter, idiloh Is oonsldered the beat aoldity 

for ellage presenratlcA. The n&ount of soluble oarboliQrdirtttes In the 

legume or grass sfao\ild govern the enount of aoid required, 

(S4)
An example of this is shown by Wilson and WObb who found 

that vetch and rod olover were extra hi# in soluble carbohydrates e<m«> 

pared with other legams plants, and required a smaller amount of acid 

or molasses to {oreserve properly, Ti« general aooepted method is te 

use four parts of hydroohlorlo aoid to ono part of sulphuric. This 

mixture is made into a ZNermal solution before being added to the silage, 

A relatively easy but satisfaotory method for laalcing a 2S solution of 

C285
the aolds as givm by liQ-lson is to obtain the oommeroial form 

of aoid in oarboys holding 12 #llona and mixing the o<mtentB with 60 

gallons of water, This would give a SN solution of aoid without in 

volving nuoh ohsmisal osleulation. 

The idea generally assooiated with making aoid silage is that 

the ohemioals are rather diffioult to apply. Several different methods 

of applioatlon have been used but Wilson and associates, idio have 

put up many hundred tons of silage in the United States iiave the follow 

ing to say in regard to this problem, 

"The amount of aoid required varies with the kind 
of crop, the stage of maturity, and the type of soil on 
which it is grown. Therefore, it is neoesasry to assay the 
orop to determine how muoh aoid to use. This assay requires a 
very limited amount of chemioal e^pment and can be carried 
out with anywie who is someidiat familiar with chemical methods, 

"the silo to be used may be of the pit or tower type, 
T}^ inside surface should be wood or else painted with asphalt 
paint. The equipment usually used for mixing and applying the 
2n acid should consist of: 

(1) A mixing tank of about 300 gallon oapaoity, 
(2)Measuring barrel for measuring the aoid. 
(3) An aoid resisting pump. 
(4) A hose to convey the aoid into the silo. 
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»<the Biixlng tank should be of wood or else BStal 
thiokly ooated with asphalt# It should be set up on a 
platfom M it will drain into ̂ measuring barrel# 

"Oil di'uius holding 65 gallons make satisfaotory 
measuring barrels# they are set on end, the tops knocked out, 
and the bottoms fitted with oonneoting drains. The drains 
Should be ooated with asphalt paint# A oalibrated woodm 
stiok is used to swasure the amount of aoid in the barrels# 
Zt is advisable to have two barrels so that me can be Jelled 
while the aoid is being used out of the other, l^ie pump 
should be bronxe or some other aoid resisting material# A 
gear type marine pump has been found very satisfactory# All 
fittings should be of brass or rubber to prevent reactions 
with the aoid# Ikioh load of fodder is weighed and the valves 
are regulated so that the amoimt of 2H aoid indicated by the 
assay is applied. It it best to run the fodder through the 
cutter and spray the aoid on in the silo." 

As will be noted, ISLlsem gives no definite amount of aoid 

to be ueed, but explains that different faotors will eause the amount 

to vary. His investigation is also supported by Psterson, Bohstedt, 

(29)Bird, and Beeson, at the Wisconsin Collegs of Agriculture, who 

used amounts of aoid varying from 90 litsrs to 120 liters per ton of 

green material with satiefactory results# 

F!rom the data available it a;^ars that satisfaotory silags 

may be made from legjuoes and young grasses by the use of hydroohlorio 

and Bulphurio aoid or the A,I,T# method, although a little knowledge 

of ohemlstry and some Special efuipment is re(|ulred# It Is still 

doubtful if this method will become popular witli the moall te^rmr be-

oause of these two factors, but larger stock farms may use this method 

if it continues to prove successful# 

Other kinds of aoid have bera used besides hydroohlorio and 

wilphurio but none of them have proven quite so effSotlve as these two. 

Beoent InvestlgatiM with phosj^orlo acid, however, has proven interest 

ing# The general ocmoassion by Rommel is that this aoid will 

bring down ths pB enough to prevent xmdesirable ensymatio and bacterial 

action and at the same time furnish phosphorus in the ration of the 



•airnal* If 8uoh oonoessions are true it would have one advantage over 

the A*I*7. laitbed in that no Itmsetone would have to be added to the 

animal*t ration to take oare of the exeeae aeld whioh ie uaually dene 

when feeding A*I*7« allage* The amount of i^aphorlo aold to use for 
(gg\ 

a ton of grew material will varyj but Babooek, in a popular report, 

indicates that he hae had very good results with one and one-fourth 

pylons of 68 per cent phosphorio aold ndiloh would be about 74 liters 

of 2H aold* ISsrk at the Cornell (Hew York) Bxperiment Station as given 

(29)
by Baboook 'also indicates idiat around 17 pounds of 90 per o«at 

phosphorio aold will be sufficient for a twi of ̂ reen material* Sudli 

figures are slightly lower than the amounts used for the A*1,7. method 

and would, therefore, suggest that phoBphorio aold has a sll^t ad 

vantage over the hydroohlorio and aulphurie aold in bringing down the 

content of legume silages other faotors being equal* Other investi 

gators have used as high as 20 to 25 pounds of 90 per om% phosphorio 

aoid with satisfactory results; however, if 17 pounds should prove sat 

isfactory there would be no need for the extra amount whioh would in 

volve extra expense. 

OYHBH fREAmSNTS FOR EHSILIMQ LEGOI^S AMP (BASSSS* 

Ho other methods of ensiling legumes and young grasses have 

Biet with at muoh suooess as the molasses and aoid treatcients, however, 

(26) 
aony loore have been tried* Xevens and Kuhlman ueed idiey powder 

to sorvo in an aoid increasing oapaelty and found that it proved rather 

Mitisfaotory but was expensive* They also used laotle aoid oultiure and 

bulgax>tao culture by inoorporatlng the material with the alfalfa at 

the time of ensiling* Although they stated that such materials would 

increase the aoid content of the silage, they also indicated that the 

procedure was not praotioal for tho averago farmer* 
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SiHuuwn and fagun alao found that fuob inroduota aa corn 

tnoalf dried milk, and suigar irould inoraaaa tha aoid oontant of legmna 

and graaa ailaga hut were either tee expenaiva or not ̂ aotioal* Tha 

mixing of a legume or graaa roughage with a roughage high in earhe« 

hydratea haa long hean in use for anailing idtaae low oarbohydrata 

plantB and in many mixturea very good resulte have been eeoured* 

From the limited amaunt of data available on tha eubjeot, one 

might aaauma that any oarbohydrata material that contained a hi^ water 

aoluble ataroh content might be uiad to raise the aoid content of 

legume or grasa ailaga, however« sueh faotors aa ooat and praetieaHl* 

ity would limit their uee* 

COST OF SILAGE. 

The cost of ailage la a mueh diacusaed topic. Beoauaa the 

ooat of ailage la given aa ao meh per toni^ moet farmers consider sil 

age ae their meet eoonomioal fead« Suoh a belief may or loay not be 

true. The total amount of digeatlble matter in a feed ahould be oca-

eldered in arriving at its oost* The fact that silage may oontaln aa 

high aa 70 per eent of water ia very aignlfloant in determining the 

ooat of production. The yield per acre, labor, and the type of machin 

ery ueed are all faotors that vdll enter into the ooet of producing a 

too of digestible nutrients in the form of ailage* 

Fitoh reports that cost etudiee made in Hinnesota indi-

eated that 100 pounds of nutrients in tha fom of alfalfa hay ooat 

about 43 oenta ae compared vfith 79 cents for ailage. Some of the proj-

eeti studied showed a still wider variation betnem tha two types of 

faada, other investigators report, however, that ailage wa be 

duoed with less expense than hay. It aeeioi that local oonditione 

would determine the cheapest feed. Fitch also stated that legume sil 

ages put up with molasses or acids will involve an extra expense of 



 

txraa 68 oenta to 88 eenbi per of green isaterial* Suoh extra ex« 

pBTkWf Inoludes only the ooat of the preserving mterials, hut sozae 

extra equipment and labor would also he needed to apply tlie preserva> 

tives. 

So nany variable faotors enter into the cost of producing or 

(mailing a crop that no definite figure oan be given as the eost of a 

ton of silage* Some of the faotors affecting the cost and the rela 

tive importance of the different olasses of cost arei (1) Quantity of 

silage made,(2)Yield per acre,(s) Amount of iwgular labor.available 

on Wie farm,(4) Cost of hired labor, and (6) Alternative uses'for labor, 

power, and capital, 

f42)Ifyers, ^ 'in a study of the cost of filling silos in the 

Rorth Central States, found that the average cost of filling a silo 

with a stationary outtor waa |l,4l per ton when the equipment was 

crmeA by the farm operator and ̂ l,4d per ton shm a custom machine was 

hired. It cost |1«30 per ten to fill with a field harvester, either 

a power take-off or a motor-mounted,typo. Theso average costs included 

all items suoh as direct cash eost, allowance for depreciation, and 

interest on invostment, the asslgnod value of the operator's labor and 

that of his IWdLly, eost of housing the eq[uipmsnt, and the oost of 

horse work, 

Suoh figures appear to bo rather low for tlM9 oost of a ton of 

feed stuff, but it must be kept in mind that this does not include the 

cost of growing ̂ e orop, and the fact that the silage is approximately 

86 to 78 per oont water. An additional expense of from 65 to 86 oents 

per ton should be expected for legume sllsges to oover the oost of ths 

molasses or acid noodod. From the data surveyod, it appears that the 

total ooat of preduoing and plaodng silago to a silo may rengo froa 

$2,00 to|5,00 per ton of green material. 
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SOIMABT OF SOEVEI OF LITEHATORB 

the oaw le by neture « rou^age ooneuming animal, and 

requires largt aaoonta of suoh fsede for eomuaaioal milk produotl(»u 

2. Suooulont feeds sttoh as silage should form a part of the 

dairy oow*s ration 'Hheneeer possible because of its economy and palata-

bill-t^« 

S« Forages cured in the field frequently lose part of their 

nutrients due to the action of rain and the bleaching effect of the son* 

lettering of leaves also aooounts for part of the nutrients lost 

in field oured hay. 

4« Bot air drying plants f^r curing hay are very ej^ensive, 

but a good ifuality hay with all the known original nutrients preserved 

oan be made by this artifioial drying inrooess* 

d* Artifioially dried hay oured by hot air or the bvn our» 

ing system is higher in vitamin A than the ordinary field cured hay. 

It is Xonrer, however, in vitamin D. 

d* the drying of hays by the bam ouring method may be the 

answer to tho problea of s low cost hay drier for the average farmer. 

7, The enuring of partially oured hay in ventilated mows 

involves some extra trouble and expense and the quality of the hay may 

not be improved to any great extent. 

g, nie artifioial ouring of hay apparently hae no detrimental 

effect on its feeding value, and zaore of the original nutrients in the 

plant are preserved. 

9. S<»!)e expense is involved in tl>e artifioial ouring of 

hay. The extent of such an expense will depend upon tlie type of equip* 

ment or the ouring method used. 



10* tha praaerr&tion of fiilaga lavolTea a ohetnioal and 

baoterial aotion* Tho rosulta is an aoldity of fron S to 4 pH ohi<^ 

realXy i« prosenring agont. 

11, Ordinary ailagos stado from oarbonaooous plants nood no 

special treatxusnt booause thoy oontain sufficient carbohydrates fron 

obioh the presenring acids jnay bo fonood, 

12, Xogtuno plants and grasses requirs a supplement to la* 

oreaoi the carbohydrates from which the presenring acids are formed. 

The direct addition of certain mineral acids will bring about tho 

same results, 

13, liolasses is tho most widsly used sti^pl«sent for presenr* 

Ing legume silage. It is easy to apply, inexpensive, and is very 

effective in its preservation action* 

14, Many other carbohydrate materials have been used in 

leguDGoe silage experiijuHiits, but thus far, none of them have reaohed aagt 

oomnercial importance* This does not mean, hcrwever, that eome of them 

iMve not proven eucoessfnl. Among thoee tested have been sweet pota* 

toes, apples, sugar, oarrots, mlllc powder, oom meal, and eu^ beets. 

15, The use of mineral acids, such as hydrochloric, sul* 

phurio, and phosphoric has glvm very good results in preserving leg 

ume silage, but scsne knowledee of chemistry and special equipment is 

needed in its applloatiim* 

16, Qood legume silage is a nore valuable feed then oerboo-

aoeous silage because of its hi^ protein otmtent* 

17, In feeding value, three potuids of silago has been 

found to be #qaal to about one pound of hay* 

18, The cost of silage is somowfaat variable beoauM of the 

many factors involved, but it is oonsidifcd <»e of the most eoonomleal 

feeds for dairy oattle feeding. 
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HTRPOSE. 

Th« purpoM ot tills •xpsfiami^ vuto AstsriBins ths 4ii^irsae« 

In the feeding value of air oured ha^jr (ham oured) and similar hayj, 

field otnred^for.dairy heifers* Sueh information eas needed in fVirther* 

ing the Investigation being ownduotod here at the University of 

Tennessee vrith the barn curing system of hay drying. The air dried 

hay irae oured in a oooperative parojeot by the Tennessee Valley Author 

ity and the University of Tennessee by the barn curing method as out* 

lined on page 17* 

PLftH oy SCTBRIMBST, 

This enperiment was oonduoted at the University of Tennessee 

Tians, at Enozville^ during the five and one-half month period from 

October 20, 1937, to April 3, 1938* Too groups of heifers, ewtii oon-

slsting of three Bolsteins and tm derseys ranging in age from thirteen 

to seventi»en monthe, were used in the experiment* The groups mere 

divided as equally as possible in regard to age, eeight, tsai^t at 

vrithers, heart girth measurement, and condition of the animals* 

The following rations were fed to the two groups of heiferst 

Oroup 1* Artificially dried (bam oured) mixed alfdlfa and nlover 

hi^ ad libitum* 

Conoentrai^s, 2 pounds per animal per day—equal parts 

gnmnd com end cotton seed meal. (First month,4 pounds 

per animal per day). 



Oom 10 pound* per ftnlml per di!^« 

Minerals, stea^d Iwne meal and salt egoal i^iii 

mixture. 

Ihroup XI. Field oured hay ad libitum. 

Conoentrates, 2 pounds per animal per day<>-«<)ual parts 

ipround oorn and cotton seed meal. (First month, 4 pounds 

per anixBAl per day). 

Oorn silage, 10 poimdi per aninal per day. 

Minerals, steaioed bone meal and salt espial part8*#3^ of 

grain mixture* 

The heifers uere kept in too large stalls in the dairy barn, 

^re'being plenty of room for them to move about as they desired* 

^ter Mms available at all times at drirJcing fountains, and the heifers 

were never allowed out of the bam exoept for exercise in an ad;}acent 

lot. W»od shavings were used for bedding, the stalls being kept a« 

dry and olean as possible. 

The heifers were fastened in stanohions ̂ en silage and gfain 

was fed. The grain and silags was fed as the first feed in the morning. 

After they had oleaned up this feed a generous amount of their respeo-

tiws hay was plaoed before them in open troughs. A seoond feeding of 

hay was given in the late afternoon. IRte hay was weighed vdien fed and 

any that was left over was wei^ied baok the next morning. All the hay 

was ̂ ound to prevent waste and tot ease of handling. 

The heifers were kwpt under close observation in order te 

note any ohange in their condition or oorreot any irregularity that 

might have any influenoe on the experimmt. The grain feed wae out 

from 4 pounds per animal per day to 2 pounds per animal per day after 

first imsath, beoause the heifers were beooming too fat. 
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mccmmQ data. 

Ih« h»if«r» wttro nolghod thrve days In auAoesslon at^ 

taginnlng af tbi Mparistent, and also maaaurod for haight at wHdiwriji 

and heart girth at the eaao time. This was repeated at thirty day 

intervals and at the end of the experistent* Pally feed records of tiM 

iraount of Imy fed, amount refusedj, and amount oonwiiaed were kept of 

the two groupa* Rone of the allage or ̂ ain waa refused ao monthly 

records of oonsumptltm waxw adefuate for tiieae fceda, A breeding 

reoort of each heifer waa also kept* Any abioirnial condition was re> 

oorded in a "Hemarks" oolumn on the dai3y feed reoord* 

RESULTS OBfAINEP. 

Group I« ^Alr Cured Hay) 

At the beginning of the experiment this group of heifers 

avoraged 44«8 Inohea in heif^, 67.8 Inohes in heart girth, and 667.2 

pounds in weight. At the end of the experiment, five and «te*half 

months later, they averaged 47.9 Inohea in height, 64.6 inohes in heart 

girth, and 815 pounds in weight. This was an average gala of 3*1 

inohea in height, 6.8 Inohes in heart girth, and 247.8 pounds in 

weight during the five and ime*half months. 

The five heifers in tills group oonsumed a total of 1950 lbs. 

of grain, 8250 pounds of com silage, and 10,927 pounds of the air 

eured hay during the experiment* This was an average, per animal, of 

890 pounds of gfain, 1660 pounds of corn silage, and 2185 pounds (or 

slightly over a teai} of hay* The daily feed of grain was rsduoed 

from 4 pounds per animal per day to 2 pevnds per animal per day after 

the first month, beoause the heifers were fattening too rapidly, 

ScRoe diffioulty was encountered In getting the two Jersey 

heifers in this group bred* It was thought, however, that the trouble 
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HM du» to tho tall «» ooM difficulty nas also onoounterod la getting 

elder ooirs in the herd tred to the eaise ball« 

!nie fbllowlng pages ehoir the photographle grosth records 

of the heifers fed the air oured hay. The lower picture on eaofa page 

appears to be slightly out of proportion^ but this is due to the faot 

that the anioals were ferldier away froa the oaniera as oonpared with the 

upper pietures. 

graphs after eaoh picture show the growth of that partleu* 

lar aninal eesipared with the nonaal growth of heifors the um age and 

Inreed. The normal growth standards for hoart girth were taken fron 

Bagedalo, A. 0., Growth Standards for Dairy Cattle, Missouri Agricultural 

Experiment Station Bulletin Ko. 336, The normal height at withers and 

wight rtmdard.wn talon from Soklaa."t.^.^ttl* Km Frofea-

tiottt 
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Group II, (Field Biy) 

Thlf group of heifers averaged 44*2 inches in beighh^ 

56*7 inohes in heart girth, and 562*6 poimds in eeight at the beginning 

of the experitoent* At the end of the experisient, five and mie-half months 

later, they averaged 47*76 inohes in height, 63*6 inohes in heart girth, 

and 793 pounds in weight* This was an average gain of 3*65 inches in 

height, 6*3 inohes in heart girth, and 230*4 pounds in weight during 

ttM five and one-half months* 

The five heifers in the group also oonsumed 1960 pounds of 

grain, 8250 pounds of com silage, and 9691 pooads of the field cured 

hay during the experiment* This was an average per animal of 390 lbs* 

of grain, 1650 potmds of com silags, and 1938 pounds, or slightly less 

than a t<A, of hay* Tho daily food of grain to this group was also 

reduoed from 4 pounds por animal par day to 2 pounds per animal per day 

after the first aonldi* 

Oiffioulty was also enoountered in brooding one of the doreey 

heifers in this group* The other Jersey in the group. So* T56, wa« 

unknowingly with oalf at tho beginning of the experiment* She oalv^ 

eoon after the experiment wao ov»r* 

The following pages show the photograi^ile growth rooords of 

the heifers fed field cured hay. The graphs after each picture show 

tho growth of that particular animal compared with the normal growth 

of heifers the same breed and age* The normal growth stax^Uurds mnre 

taken from the same aotiroes as those used in Group I* 
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DlSCUSSIcai OF RESULTS 

th# d&ta Indioatoc that thsro was no slg^ifioant dlTfarenea 

In the feeding TOlue ef the field oured hay and the air eured hay 

(tarn oured) for dairy heifers* Aa aaiy be eeflu in Table 5, there eas 

▼ery little difference in the total feed oonsuskptlon and growth of 

the two groups* 

Table 3* Feed (kmstmption and Qrvtith Chart* 

^eld Total iv. 
oured oured differ-. ferenoe 
group group ence per ani 

mal 

Total hay oonsumed. lbs* 10,927 9.891 1.236 247 

Total concentrates consumed, lbs. 1,950 1.950 0 0 

Total com silage consumed, lbs. 8.250 8.250 0 . 0 

Gain in height, inches 15.50 17.75 2.25 .45 

Gain in weight, lbs. 1.240 1.153 87 17.4 

Gain in heart girth, inches 34 34 0 0 

Although the heifers fed the air oured hay gained a total of 

87 pounds more than the heifors fed field oured hay|| this was to be 

expected because they consumed 1238 pounds more hay. The air oured 

hay did, howerer, appear to be more palatable, ishioh aooounts ftor the 

extra consumption. There was no difference arhatB0€nrer in the total 

gain at heart girth of the two groups, and the 2*26 inohea differenoe 

in the height at withers growth was easily in the range of <Ksperl3aental 

error. 

It may bo noted by the growth graphs for the individuals and 

for the groups that all of the animale made abmit normal growth*.^ It 

was found, however, that four of the heifers in eaoh group or a total 



oi^ •nlmftlt wer« orer the weight etandarda aa Mt up 

by Eoklea in Dairy Cattle and Milk Pt'oduotion, 

Am the field oured hay uaed in thla feeding trial wm eured 

under ideal hay ouring oonditiona, not eo nueh differenee eae to bO 

expeoted between it and the air oured hay« Plane are now being loadeji 

hoee-ver, here at the UniTersity of Tenneeaee to eonduot a aiiailar ex 

periment ufling ;^eld oured hay,part of ehioh haa been expoaed to xui-

farorable weather eenditiona ehioh will really be the ayerage kind of 

hay produoed in thia aeotion of the oountry. The air dried hay will 

again be oured by the bam ouring ayateia through the oooperaticm of 

the Tenneeaee Valley Authority* Tlie drying ayatem haa been reriaed 

and better l»y ia expeoted for the next feeding trial. 
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4* SugBMMry Srowth (Siurt. 

185 I>Ay» 

Qroup I (Air eured hay) 

No. Height Heart Girth might 

Inches Inches Pounds 

T58 8.76 6.26 197 

T55 2,76 4.25 164 

309 2.25 7.50 324 

311 3.50 9.50 301 

3X2 4.26 6.60 264 

Tom 15.50 34.00 1240 

Averagio 3.10 6.80 248 

Group 11 (Field cured hay) 

Tee 3*00 4.00 X3X 

T57 3.60 6.50 244 

310 4*60 X0.60 337 

915 3.25 5.60 162 

308 3.50 8.60 289 

TOTAL 17.75 34,00 1153 

Average 3.53 6.80 230.6 



SECTIQS B 

THE mrnvf A COITBHT OF FIELD CURED Alffi AIR CURED HAX 

(Rat Foadlng XnTsstigation) 

FIStFOSS. 

Ih« purpose of th« ozporlcsnt vas to deterEiino the diffOr* 

«tioe in the -ritaoia A eontent of mlxod alfalfa and oloirer air oured 

hay(ham oured) and siBtilar hay field oured. The hay ms approaci-

natoly 76 per oent alfalfa and 26 per cent red clover. The ham. 

-fitajBin A stands for a substanoe present in certain foods and feeds 

that is essential to normal growth in the young* Evidence has also 

(44)
been brought forward that supports the belief aiaong some stookmen 

that a lack of vitamin A will cause breeding difficulties. In the ex* 

periment carried on at the University of Tenneasee with dairy heifers, 

as reported in Seoticm A of this paper, no material diffsrenoe was 

foxmd in these iaio hays, but some diffioiilty was encountered in getting 

some of the heifers bred* Under average conditions artifioially oured 

hay will contain more vitamin A fiaaa. field oured, but it was deoided 

to determine the vitamin A content of these two hays in furthering 

the Aovestigatlon as to their nutritional value. 

With the Inoreasing interest in the air curing of hay it la 

desirable te know its nutritional value as oompared with the more 

oommonly field cured type. Of oourse the nutritional value ef hay will 

depend upon several faotors and will vary frcaa yeeo' to year, but it 

has been found that the curing process plays an important part in its 

furttual feeding value. Sinoe vitamin A is an essential in the ration 

for optisBim growth and reproduction, its importance muet not be over# 

looked. 

m89«* 
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MSTBOD OF mocmjm, 

th9 feeding AxperlnientB in this vtiudy were porfonasd upon 

yminC albino ratB ral«od in tha Nutritional Labwratory of tho %kiT*r«ity 

of Tonnessoe* Xt ia osBontial to use animals of knom nutritional his* 

tory booauso vitamin A is stored In ihs body aooording to the asiottnt 

of vitamin A furnished in the diet* The breeding animals in this 

laboratory are given a stook diet oonsisting of oasein 18 per oent| 

oomstaroh 4A per eentj butter 8 per oentj ood liver oil Z per oent| 

Osbome and UMdel salt i&lzture 4 per oentj and dried yeast 20 per eent. 

Approximately 30 grams per week of lean beef is given to eaoh adult 

rat in order to promote reproduoti(m* laotation* and to secure health* 

ier^ sturdier animals* 

A vitamin A-free diet* oonsisting of A~free oasein 18 per eent} 

oomstaroh 67 per oent; Osbome and Ueldel salt mixture 4 per oent; dried 

yeast 10 per oent} salt 1 per oentj and irradiated ergesterol eas used 

for furnishing vitasdn 0« fills basal diet laoks vitamin A but is adequate 

in all other respeots* aooording to present day information* 

flm protein in the diet eas furniidxad by use of purefled 

oasein* the oasein was freed of vitamin A by extraction with hot 96 

per cent aloohol* fiie extraotion method was as followst Fivs hundred 

gramo of fine grained high grade oasein was plaoed in a 1diree*liter 

Pyrex flask with 1*250 oo* of 95 per cent aloohol* The oasein was 

boiled for one hour cm a steam bath under a reflux condenser* and then 

transferred rapidly without cooling to a heavy canvas bag and tlwi aloo 

hol thoroughly prossod out. fiie oasein was returned to the flask and 

the prooess was ropeated with the redistilled aloohol# Tho third tire 

1*250 00* of fresh 95 per oent aloohol was used* After the third boil* 

ing the oasein was dried at room temperature and sifted* 
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VltaiBia D nas furnished hy washing irradiated ergosterol 

direotly into the mixture with ether. The ether was then allcmed to 

eo«a|M| by leaving the adxture in an open container* 

The pure eornstaroh wae added to furnish energy. 

Titardns B and 0 were supplied by a tested yeast especially 

rich in these Tltamins and manufactured by the Horthwestern Toast Ck>. 

The mineral essential to noraal growth was furnished in the 

Osbomo and Usndel salt mixture 

Sodium chloride was added in order to maks the diet more 

palatable* 

Toung rats, weighing SB to 42 grams, whose mothers had bem 

fed the stock diet and raised in this laboratory,were wemied at about 

21 days of age. At the time of weaaingf each litter of rats was 

plaoed in a large galvanised iron wire cage with raised sorema bottom 

to prevent aooess to oxoreta. 1R«s vitamiA A-free diet described sbovi 

az^ fresh distilled water wmw kept in the oage at all times. One 

litter of rats was started on this diet at weaning, 21 days of age, 

but the second litter was started vhen they were 28 days old# The 

animals were kept en this A-free diet until they were depleted of 

their bodily stores of vitamin A. The average depletion period for 

rats used in these experiments was 80.6 days. The younger rats 

startsd at 21 days required 23 daye, while the older rats required S3 

days for depletion* The end of the depletion period wae determined by 

the time idikWi tlw antmala oeased to gain in weight. At the end of 

the depletion period the animals were started on the five weeks ex 

perimental test. They were plaoed in separate round galvanised iron 

wire eages. One representative rat fr<8a each litter was left on the 

vitamin A-fTee diet as a "negative control." After death -they were 
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ftBd thi of A deficlen^^ ««r« reoorded* 

tho othw aoimaia tP»r« fed^ In addition to th« banal vita* 

nin Aofree diet, graded portions of air cured and field oured hf^ la 

an effort to find their vitamin A oontent* The supplement vae fed 

three times a eeek during the test period of five eeeks, dnimals fren 

•aoh litter mere plaoed on eaoh level of feeding* For oompsrieon of 

the air oiured and field oured hay for their vitamin A cimtent, the 

rats of eaoh litter ai^l eex were as equally divided as eas possible 

on the graded amounts of eaoh kind of hay* 

The air oxired hay used in this experiment was grown on the 

TTniversity of Tenaessee farm and oured In the U. T. dairy bam aooord* 

ing to the metdiod previously described* 

The sun or field oured hay ueed was similar hay, but oured 

in the field* The hay was a mixture of alfalfa and olover with aome 

Johnson grass* 

In theaa ttxperimsnts, uetng the air enured and the field oured 

hmy, a total of ten rata were used on the four levela of feeding* Tao 

rats were plaeed en eaoh of the levelsi *09 fgem air cured dally, .06 

gram sun oured daily, ,1 gram air oured daily, *1 gram stm oured daily, 

and tno rats were left on the A-free diet as the "negative controls." 

Bo two rats from the sasae litter were plaeed on the same level* The 

eleventh rat depleted of vitamin A was not used in the experiment be<* 

(Hkuse it oould not be fitted in vory well on any of the levels. These 

grada4 smoonte of hay were the enly souroe frm whioh the mnimals opuld 

reoeive vitamin A* 

Beeords of the weights of the animals, of ths food eaten, 

and of their physioal condition were iimpt each week* newspapers were 

used in the pens to catch the exereta and were ohanged dally. The 
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Mtgss mv0 k«pt oleasi* 13]« food oup«« drinking fountains, and pans 

wnfm siiauagsd onoa a mek, and olean sufq^lemsnt dlshos wwo used fer 

•ftoh feedingf A rooord of oaoh rat Including ssac, ear 

tiba aaiMBt of sup^amnb glran, and tfaa asio\mt of basal diet con* 

suDOd dtnrlng aaoh veak aas kept on a card attaehad to the oage* fhiM 

ra<mrds aare also recorded in tto laboratory book* 

the rats aara oarrled idurougb an experls^tntal period of 

flaa aaeks and aara then killed and autopslad* Wssn rats died before 

tbs «Kper&naatal period aas ovrer 12iay aara autopSlad and all syaptons 

of vitamin A defiolency aara raaorded* 
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i®ESENTATIO» OF DATA OH TimiK A 

9h« two ne^ti-re oontrol anlmalt that «irw loafrt on the Tltasdn 

A-free diet, without angr supplement, showed a total average loss of 

-42 grams, and sunrival average of IS days after the test period hepn. 

The results for these (uilnols ore summarized in Table 6» 

The results for the different levels of air ciured and field 

cured hey ore also sumarised in Table S# All of tlie animals with 

the exeeption of the negative oontrols end one m *06 gram of air 

eured hay survived the experimental period of five weeks* 

The low level of feeding was *0S gram per rat per day, six 

days a wediu The 2 rats reeeiving «0S groa of air oured hay showed 

on average loss of -18,6 grosui* The average survival was 28 days as 

fas of the rats died at the end of the third weelu The 2 rats sw-

oeiving *06 gram of field oured hay showed on overage loss of -12*0 

grams, but both rats survived the experimental period of five vroeks* 

The two rate reoeiving the higher level of air oured hay, 

«1 gram per rat per day, made on average gain of 44*0 grams for the 

five weeke* The two reeeiving *1 gram of field ouiwd hay showed on 

average ei»in of 12*5 grams for the same period. 

Figure X shows the average gain oiurves of rats fed different 

amounts of air oured and field oured hay as the sole souroe of vitamin 

A. The kind and eneunt of hay fed per rat per day is shown at the 

end of osfth ourve* 
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])ISCUSSX(» or RESOLTS WISH RATS 

Ih« resiUti obtaln«4 oaiuioft be eaid to be a true blologioal 

teat for the Titiiisiii A ocntent of the heya tested beoatuM not enough 

animala eez^ used on eaoh level to determtoe the aotual vitamin A units 

in eaeh kind of hay* Boeever^ the results obtained are aoourate as 

far as research prooedure is oonoemed^ and do give a good indloation 

of adiat the results might be with a larger number of animals. 

the data indioate that the low level of .OS gram of hey per 

day does not oontain enough vlimoidn A for the normal growth of rats. 

In fact, the four rats on this level lost weight and one died before 

the M^riment was ended. So material differenoe oould be seen be 

tween the two hays at l^s low level beoause it was below normal and 

no aoourate measure oould be obtained. 

the hi^r level of ht^ fed, .1 gr«n per day, did oontain 

enoui^ vitamitt A for growth in the four rate on this level* The data 

also indioate that the air oured }my is hi^er in vitamin A as it gavs 

an average gain of 44 grams for the five weeks while a similar smount 

of sun oured gave only a gain of 12.S grams. 

As the data obtained were from such a msall number of rats, 

no attempt will be made to determine the aotual unit value of vitamin 

A in the two hays. The results might be given in general terms by 

saying that both hays were rather low in vitamin A or oarotene, but 

that the data iiidioatedthat the air oured hay contained more vitamin 

A lhan the field cured idim fed on a level high enough to support 

growth. 
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smouBT m amcwsim of ntma a xwestigatkbi 

Th<i results ot the experiments reported in this study 

indioate that there is a dlfferenoe in the Titaiain A oontent of hays. 

Whether suoh differences itill affeet the reproduoticm of livestock or 

ehether the average hay eill famish <meugh vitsain A fbr reproduotim 

is still a disputed point. 

It is an es^bliihed fdot that vitamin A is affected by 

light and heat, and that hay vill deorease in its vitamin A value in 

storage. Suoh factors and knowledge lead one to question other possi« 

hie avenues of researoh in relatiofn to the vitamin A value of all 

livestook feeds* 

In viev of the faot that vitamin A is essential to nomal 

health and nutrition of hnmani it is reasonable to expect that it is 

neoessary for optimum growth in livestook. Sinoe hays and forages 

form a largs part of an animal*s ration, their vitamin A oontent should 

net be overlooked. Of oourse. an animal is able to get plenty of 

vitaain A if it hae aeeess to pasture.Mid is also able to store the 

vitamin in its body, but during the Isng wintsr months hay is about 

the only eouroe of vitsmin A on most farms. 
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SECTXOil 0 

WTIKD ALFALFA AND RED CLOVER SIU^ PILOT EZPERlMEItT 

PURPOSE. 

€ora ■lX«g« hat be«& «3ct«nilvely used for dairy oattlo 

tiirou^uiut th« tbited States for many years. There have be«s many • 

experiments idth -t^is kind of silage to determine Its value« but very 

little experlmmtal eork has been done idth silage made froa legume 

grasses. Sln<w legtime crops fit into the National Soil Conservation 

program it is Important to obtain informatifm on their use as sllags. 

The objeet of this investigatioQ eas to determine the keeping qualities, 

color, aroma, aoidity, and palatablli^ of mixed alfalfa and elover 

silage preserved by varioue methods, 

jreomgKB. 

six fifty-gallon lard barrels mere used as silos for ^s 

SQq>eri2nent, They mere eteaaed and mashed In order to r^nove all of 

the lard. The barrels mere very sturdy, being made of hardmood staves. 

The alfalfa and olovor mas raldior matery and had attained a helg^ of 

about six Inohes following a previous cutting, Xt mas momed the 

morning of October 25, 1937, and plao^ In the barrels Ismediately, 

Xt mas cut mlth a regular silage cutter into one-half inch lengths and 

paokod firmly in the barrels up to about eight Inohes from the top, 

Thle space mas left for covering material to seal the barrel. 

The following shows the treatment of the silage put In each 

barrel* 

No, X, Hiosphorio acid (P.O^) 80 per oent mas sprinkled
A O 

over the alfalfa and clover ae it mas being put in the barrel, Xt 

veas sprinkled <»i at a rate of 24 pounds aold to a ton of green mmter-

lal, the aoid being diluted mlth two parts of mater by volume In order 
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s»t it •fually distrlbutod and for oase of handling* At tho aoovo 

rate 2 pound* of aold was ueed for the barrel* The uei^t of the grem 

SAtorial was 176 pounds* 

So* II* Phosphorio sold ^ o*nt was added to this 

Iwrrel in tbs saae proportifin as barrel No* I, but it was sprayed on 

with a sprayer instead of being sprinkled, and was therefore given a 

more equal distribution* V8eight of green aaterial, 178 pounds* 

Io» III* Blackstrap molasses (regular oonmereial feeding 

type) was added to this barrel at the rate of five gallons to a tm 

of green material* It was diluted one part of molasses to four peurts 

of water by volume and sprinkled an the silage as it was being put in 

the barrel* One-half gallon of molasses was used for tiie barrel (175 

pounds of green siaterial) at the above ratio* 

No* 17* Same treatment as No* 1X1* Weight of green material, 

176 pounds* 

No* V* The A.I.7* method of silage making was used on this 

barrel* The acid xedjcture being one part of oosunercial sulphuric aoid 

(^So^) to four pajrts of hydroohlorie (B61) by vnl^t was mads into a 
ZS solution* The aoid wae sprayed on the gre^ material as it was 

added to the barrel at the rate of 100 liters to a ton of green mater 

ial. At the above ratio, 800 oo. of HOI wae added to 200 oo. of B^SO^ 

and the mixture added to 9 liters of water for the barrel* Weight of 

green material, 176 pounds* 

No* TI* This barrel was used as a oheok and was, therefore, 

given no treatment* the green material being chopped and paoked in it 

in the regular manner* Wei^ of green material, 176 peunds* 

Sie barrels were all covered alike* First a wet burlap 

plaoed over the top of the silage, and then about three Inobiff of 
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of net ttrav was addod* Th« mainlng seiren inohea of the harrel 

ma filled vlth dirt (olay loaia} and packed firmly* After being paoked 

fimly the aeil «aa given a thorou^ aoaking vith all the eater it 

eould take up and the barrela placed in the Univeralty barn* 

the phoaphorie aoid eaa aupplied for the eicperlment by the 

lexmesaee Yalley Authority through the cooperation of George W, Ronnel* 

Iteeh kind of the silage was packed in half gallon glasa jara 

and sealed for obaenration* the d*''" hept in the dark at the 

aama temperature of the lutrrela* 

Each kind of the silage ma also placed (not packed) in 

quart ^ars and sealed* Some air ma left in these ̂ ars to study mold 

end bacterial growth on the different treated silages* 

RBCORDIHQ DATA. 

Changes that ooounred in the silage placed In the glass ;Jars 

mre observed and the data reoorded* One barrel each of the phoaphorie 

acid, molasses* oheokj* and A.I.V* treated silage ms opened after three 

and one-half monthe* The other two barrels* phosphorio acid treated 

and molasses treated* mre opened after five and one-half months. 

Professor 0* E* Viyiio and Mr* S« A* Hinton of the Dairy Department* 

Professor 0* W* l^es of the Agronomy Department, and the author examined 

the silages as to odor* keeping quality* odor* and aoidity* The pala-

tability of the silages ms determined by feeding to dairy cows in tho 

University herd* 

SESULTS OBTiUHED, 

Loosely Packed Jars 

Fl^ire 46 shows the loosely packed ̂ ars of silage at the 

beginning of the experiment. After one month's time the silage 

treated with phosphorio aoid showsd mold growth* At the end of two 

i*-
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montiui thd A«I«7« treated and oheok samplaa also showed mold ^owi^* 

Zn fact, at this stage, these three three samples were almost covered 

wlt^ iBold growth* Ho mold growth ever appeared on the molasses 

treated silage, however, idiioh may he seta in the photograph in fig. 

46. This photograph was taken tour sxHiths after the heglzming of the 

experimmt* The molasses treated sample was still mold-free after 

seven months and had been preserved into a typioal legams silage, fhe 

phoephorlo aoid, oheok, and A.I.T. treated eeoplee were all deei^ed 

at this time* 

IRie fuiok ̂ Qwth of mold on the phoephorlo aoid treated 

silage was probably due to tho presenoo of tho aoid itself. The phos-

phorio aoid being a weak aoid, and in the presence of air, was oon-

duoive to mold growth. The A*I*7. silage being preserved with a strong' 

er acid and the oheok being of a rsore neutral nature, were not so oon-

duoive to mold growth, and therefore did not show ttieir development so 

quickly as did the phoephorlo aoid silage. Such an explanation was 

given by Dr. W, H. Maolntlre, Chemist, Agricultural Experiment Station, 

Enoxville, Tetmessee, and seems very logioal. 

The faot that no mold appeared m the molasses silage is 

rather diffloult to explain. I^ere is a possibility that there was 

not enough air spaoo loft In the jar and ths lid was tl^tenod so 

muoh that it sealed tho jar. Tho absenoe of suffloient oxygen in tho 

jar would, of oourse, prevent mold growth. This seems to be the only 

satisfsotory explanation that oan bw given for tbs results obtained on 

Ihia j«r* 

Tightly Packed Jars 

The jars of silage shown in figure 47 were treated in the 

same manner as the loosely packed jars and the barrels, but the silage 
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ifaa paok9d very ti^tly and th« j&ra saaled* inthin a very short ttsie 

(two honrs) after sealing the silage treated with phosphorio aoid and 

the A.1,7. solution turned rather dark, while the oheek 3®-' and lao-

lasses jar retained their gpreen color. This sudden darkening of the 

silage material was probably due to the immediate effeot of the aolds 

on the green material* At the end of four months, however, as shown 

in figore 47 the molasses treated silage was muoh darker than the 

other silages. All of the silages, inoluding the obeok, appeared to 

be well preserved even after el^t months. At these jars were under 

the same oondltions as the barrels it is assumed that similar oolof 

and preservation <diangee took plSMse in the barrels. 

Barrels 

One barrel eaoh of the phosphoric aoid, molasses, check, and 

the A.I.7. treated silage was opened after three and one-half months* 

All of the silage was in samellont condition and only two or three 

inches of spoilags was taken off of the top of eaoh barrel. The phos 

phorio aoid treated appeared to be slightly lighter and greener in 

color, idiile the melassee treated was the darkest* All of the barrels 

had a very good aroma, but the molasses treated seemed te have a sweeter 

aroma. There was no material diffsrenoe in the palatability of the 

silages as the oowe ate eaoh kind readily, and appeared to make no 

choioe between the legume silage and tlie oom silage that they had been 

aooustomed to receiving* The two remaining barrels that were treated 

with j^osphorie aoid and molasses respeotively, whioh were open^ 

after five and one-half months had very similar eharaoteristios to the 

ones opened previously, 

BISOnSSlOK OF BESULTS. 

The results obtained from this experiment indicate that 

..ikm A.ifrlll 
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legujaett smy tie eatiofaotorily ©neilaged Ijy the use of eiidier phoa-

^orio aoid, the A*1.V« treatioent^ stolassee^ or e-ven vdthout any 

treatr<ent« Secdlt a stateiaent, however, regarding legum silage with 

out WE^treateent eoixfliots with csost of the data available on this 

subject* Although the barrel oontaining the silage material without 

any treatmwit was isreservsd into very satisfaotory silage, ifis posei^ 

ble that the alfalfa and clover ueed in this experiment may have been 

rather lew in protein beoause it was out late in the season* A low 

protein oontmt auKy have been reepmsible fbr the absenoe of putra-

faotion or spoila^ whi^ is usually assoelated rdth early out legume 

silage* the results obtained with the phosphorlo aoid, the A*I*T*, 

sad the nolasses treated supports the data obtained by o^er investi 

gators in that satisfaotory legume silage xsay be made by either of 

these three methods* l^e fact that the molasses silage ms darher and 

had a sweeter artsna was to be eapeoted due to the presmoe of the 

B)elaBses» the phosphoric sold treatmsnt seems to be more popular and 

effars greater possibilities than the A*I*Y* treatment, espeolally la 

this ootmtry* 

In furthering this investigation two barrels of phosphorlo 

acid treated serloea and four barrels of molasses treated serioea 

have been put up for silags. tlie proooduro of ensiling was very 

similar to the prooedure followed in the experiment above* These 

barrels are now in storage and will be opened sometime in the fall 

of 1938* 



SnOfASf AHD COHCUJSXQKS 

1* No material diffsrenoe vac fecund in the feeding Taltit of air^ 

cured (tarn cured) hay and eimilar hay field cured idieni fed to 

dairy heifers. Under average farm conditions, however, a poorer 

grade of field cured hay is produoed than waa used in this In 

vestigation* Suoh poor hay is in nany oases the direot result 

of the damage done hy rain and the bleaching offset of the sun* 

Further investi^tion should be conducted in order to determine 

the feeding value of hay cured by the two methods. Including soise 

hay whi(A has been cured under everage farm oonditic»e* 

A significant difference in the vitwaia A content of the air cured 

hay and field cured hay was found idien fed to young albino rats* 

Although both hays o<»ttained vitamin A in measurable quantities, 

tl» air oured hay oontained ai^roxiimtely three times as many 

vitamin A units per gran as did the field oured hay* 

8* There are several satisfaotory methods of making legume grass 

silags* Either the direot addition of n mineral aoid or the addition 

of a oarbohydrato or sugar supplement from which acid miy be formed 

have given satisfaotory results* Pilot experiments proved very 

promising for the direot application of phosphoric aoid or the use 

of molasses as a supplemnat in making legume silage. 

4« Additional investigation as to the best miethods of ouring roughages 

artifioially and their feeding value should be oonduoted in order 

t}»t such feeds may be more efficiently produoed and used in live* 

etoedlE feeding. 
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