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IHTRODUCTIQ!!

Silage has an important laoo la dairy cattle foodinc. The

high tonnage yield par acre f silage crops, low ooat of harvest-

log, audi quality of feed produced aake it a valuable aeans of

storing sush crops as torn, sorghums and acre roeently hay crops.

Mash Interest has bean aroused in the use of alfalfa as a silage

crop. In Kansas, a protein deficient area, apparently there is an

increased Interest in hay crop silago* Using hay crops for silage

Is not a new idea9 but the need for producing acre protein during

World War XI is probably ana of the reasons for renewed interest

in hay crop silage*

With the possibilities of saving a hay crop under unfavorablo

leather conditions by ensiling it, aany farmers and research

workers have experimented with various ensiling asthods of pro-

serving hay crops* Favorable and unfavorable results have been

obtained, liuoh has been learned about asthods bast suited for pro-

ducing hay crop silage and it now appears that a satisfactory

product can be produced when alfalfa is used*

Hesearch investigators report different results in feeding

trials when alfalfa silage has bean fad (6, 7f 3, 12, 20, 2% 33,

3*t, 3?, 1*0, **3>. It was the purpose of this study to determine

if satisfactory milk production could be aalntained on a ration

of alfalfa silage, prairie hay, and fara grain} and to doteraine

the aaount of protein concentrates that 2ould be saved by the in-

clusion of alfalfa silage in an otherwise low protein ration.

Research workers generally are in agreeaent in the belief that in-



eluding hay crop silago In the dairy ecu 1 1 ration should mt
protein, ainoe alfalfa silage la a high protein succulent (6, 13,

1»*, 23) Theoretically, It la possible to uoot tlie nutrient re-

qulraiasnt of dairy eova on the suggested ration however, no mm
peridental work tea been found to support this theory.

lliaas 0*3) of Indiana has reported one farmer who fed a

farm grain fixture, alfalfa silage end alfalfa hay and secured

high milk production*

WHOM OF LITKRAKIHE

Literature dealing with hay crop silage Is rather extensive*

This review shall be lldtod largely to literature dealing with

alfalfa •**»— or other sertlnent to this iwweefef flfl*%few» Moat

authors of technical papers are in agreement that aaoh aore skill

in control nattTuWlir is hoosiij.u to oreduoe a seed Quality alfalfa

silage than to produce high quality corn or anrghm silage.

Huffaan (26) refers to a Vermont farmer, who in 1887 made the

first legume silago. In 1395, Hoa/ldon eompared alfalfa, red

clover, and pea vine silago on a chemical basis* He stated that

seldom would It be advantageous for a farmer to sake a hay crop

into silage, but that such silage would compare favorably with a

good quality hay.

the work of Bead and Fitch (35) of the Kansas station in 1917

was among the early investigations of alfalfa silage* They recom-

mended feeding of such silages within four months after being en-



siled. Thar «lso I'sacniBSiwlsil that whan passible to nates a

quality bay tho orop should not bo pat to tto alio* TWx work

indicated that tho addition of sooo fors of carbohydrate aaterlal

such as corn nasi, aolasses, sweet eorghua, stover or groan rya

to alfalfa vhen put to the silo, resulted in bettor preservation

and for a laager period of tlie than when alfalfa was ansilad

alone. Bohstedt, rotorson, and Bahlor (15) at tho isooasto

station reported that ground oorn was uaad with fair suaoaas to

preserving legrcas silage. Aeeordto ; to those investigators, a

larger proportion of the stareh of the oorn grain apparently was

converted to preservative acid than had previously been thought

possible* Ons outstanding result of using sueh a preservative wis

tho ioproved palntability of the alfalfa silage as eoapared vith

alfalfa silage made vith sevoral other aothods* They also sug~

gasted that when either shelled or ear oorn was used that they

shall be ground rather finely. 4 survey oonduotad in 1935 by the

Pennsylvania station (7) revealed that 100 fanners within the

state stored grasses, loguoes or sons kind of orop other then oorn

to the silo, A stmt In* survey five years later shoved that this

practise had been carried out by two to three thousand farriers

<7>.

Advantages of Say Orop Silages

She asking of hay orop silages has aany advantages. It is

known that in Kansas, where heavy rains often occur to



the spring during the first hay isarvesting, amh hay is seriously

daaaged or ruined* Dalvleha et al* (19) reported IM in

Wisconsin plans vista follTwed whereby hay was aade out of the

cleanost atop of alfalfa, and the woody crop that contained tiao-

thy and quaok grass was aade into silage* This silage was put

up without a preservative and proved to be satisfactory feed,

whereas it would have aade poor Quality hay. Jany aatboritios

(3, 13, 23, 35
', 33) agree that ensiUns hay crops is particularl

advantageous for harvesting first cutting hey crops that sight

otherwise be lost and that good Isguas silage provides boaa grown

protein for oeonoaioal feeding* Other advantages which they

listed in comparison vith hay raising are the use of crops coating

less to produce, preservation of acre nutrients la weedy crops,

acre extensive use of the silo, sere even distribution of labor,

easier control of insects and soil erosion, destruction of via*

blllty of weed seeds, and the reaeval of fire hazard* Qohstedt

ct al. (13) stated that hey crop silage has aore protein than

com silage in that an early cut hay crop of any kind Is relative-

ly high in protein and that it usually contains acre or less

lagaaa forage* In the northeastern part of the United States

perennial ljtg*«*ES sod aiacturos of laguass and tlacthy can be pre*

dueed aore cheaply than corn under noraal conditions* Jairynsa

in that area have always had to purchase protein suppleaent to

increase the protein content of their hose grown grain whereas

the use of hay crop silage will olininato nosh of the need for

purehsssd high protein feeds (8).



Li^iitation of Hay Crop Silage*

In spite of the advantages of using hay crop silage in the

daily cow's ration, such silage has its limitations* Archibald

and Parsons (*t) state that although the nnfring of grass silage

has become the accepted alternative method of storing forage, it

should be considered as a supplement to rather than as a sub-

stitute for ordinary hay rankings ITevens et a3. (35) also state

that the making of hay crop silage is much more complicated than

ordinary silage

•

Legume silage is not as palatable as corn silage f however,

covs will loarn to eat it (7, 1*0 • Bendor (8) concluded that hay

crop silage may be used to replace all of the corn silage in the

dairy cow's ration or all of the corn silage and part of the hay,

however the hay should not be reduced below a ninlnwm of six

pounds daily.

Duffee et al. (20) stato that the high initial cost of

necessary equipment needed to harvest economically hay crop

silage and the high cost as well as scarcity of farm labor has

proved to be a limiting factor to smaller farms. They listed the

mlnirmm equipment needed to harvest hay crop silage to bes a

forage harvester, one tractor, a blower equipped with a motor and

3 wagon type conveyances, either trucks, wagons or trailers

equipped with a box type bed. They also predicted that the day-

is coming when many farmers will put up hay crop silage on a

custom basis due to the initial cost of the mir^im,^ equipiaant



to liar-vast hay orop sOage. la a study of bamittng

oosts t- joy roparted that a forage harvester saves labor and ooats

in imfcttng up hay crop silage* Tho oqnirsaent use* handled $.7

tons of hay orop silage par hour at a oost of 0.317 when uaad

only 60 hours per week* Duffee at ttJU (20) also cited labor ra-

intiewnTii in Ohio for tills sedera aathod to bo 1*0% nan hours

par ten as acayared with fcj ma houra nor ton vhan loss aedern

aathods vara used,

CansarvaUan of nutrients

Sua conservation of nutrients in hay orop silage* has been

studied ay aevlander at al* (33) , who eaployed 10 pound cheese

oloth bags which vera filled with variously treated siloes and

burled in thoir respective silos in an effort to aoteroiae

nutrient conservation in silages prepared ay the following aotheda*

.Alfalfa out oaeHfourth bloom

A Gilsge ensiled proaptly after outting, not sun vlltsd

(1) -iolasoos added, none

<2) Molasses added, three percent

3 Silage, sun wilted two hours

(1) Classes added* none

(2) Classes added, three percent

.usaiaal analyses vera aade of the feed aaterlal before sad

after ensiling and the nutrients vara oaleulafced* In tills in*

vestigation, the alfalfa silago in tv«hioh all nutrients were best



preserved was aade froa alfalfa t > vtsieh three pereerit of

classes had bwn added • Tim sun vLlted silage to which 3 per*

cent of classes l»ad boon added outranked its competitors, having

7 pounds of digestible crude protein a: id ¥* pounds of total di-

gestible nutrients recovered par 100 pounds of dry matter. Tim

with a recovery of 5*V pounds digestible crude protein and 35.

pounds of total digestible nutrients per 100 pounds dry matter of

the fresh green aatorlal vliioh was ensiled* The sun wilted, 3

persent aolasses silage oontalnea Vl*5 pereent dry natter when

ensiled end showed a loss of 19*03 percent User aattor during the

ensiling presses. . y aatter of the unvilted lots when ensiled

usee less then 30 pereent and produced a foul-saeXling silage*

Canton, et al. (17), in a series of trials on conservation of

nutrients in alfalfa silage treated by various aethods, shamed

that alfalfa to which 10 pereent aolasses vers added resulted in

the greatest recovery of nutrients* The digestible nutrients

covered in edible portions per 100 pounds dry matter ensiled by

various asthods are shown below*

•; •
-

Alfalfa When ensiled

Gllage^eslaseee added, none 29*A

Molasses added, 2$ 38.05

Molasses added* *$ 33. $*

Holasses added, 1D# 3*»*77

Phosphoric aold added, 1$ 27*33

A.I.7. solution, 11' **1*5D

Actual recovery

3. 0. P. f.

3*3 **'*3

7.1 W0.9

7.3 **2*2

7.7 »*8*8

7.9 W7.6

*% 37.3
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the alfalfa silage to which 10 poroont anUewi had bMB

addod was foil :>wod by the alfalfa cilaco without aolassos with a

rocovory of *t*t*3 pou As of total digestible nutrients, indicating

sroen forage oaa bo ensiled successfully vlthout a preservative

being added* liaydoa at al. (31) treated 1** lots of aeadcnr crops,

aostly alfalfa, with ko to 100 pounds of aolassee par ton* These

lots vara 3oaparod with cash other sad with lots prepared by the

uiltiag aothod* Vhen all faetors ware considered, the aolasaes

traatod silage appeared to bo slightly batter than the wilted

lots, as judged on the basis of taste, odor, and appearance*

There was m decided Increase la palatability or aU& production

as shown by tests with dairy ears* The average aoldity of

aolassos treated silages was joaawhat higher than the wilted lots*

In no ease where the crop was largely legume, was the acidity

greater than pH W>* In tho opinion of those investigators, in-

oreasos in voluao of aolassos greater than ko pounds per ton

seeaed to have no particular benefit upon the quality of silage

in these trials* They also concluded that dry matter was probably

the nest important single factor caroming the quality of

crop silage in their study*

la an attenpt to dotemino differences in fermentation,

MeAuliffe, Stone and Beohdol (29) propared alfalfa silage under

;
':.' '.

'-.:. • v: :
•'.

.
>;•

'. . .;; :
:}''



aixturo of nolasses m& phosphoris aeid« Theso aliases were

studied with respect to bacterial or^anlsas present and obemieal

ahanges prodded* Serial saaplss were taken, froa those silages

by drilling holes through the silo walls at different levels and

removing the silage with a soil auger* Irrospeotivo of the large

nssaber of laetobaeHU present, the oaeunt of laetio aoid was

a. jail. Itftsj} QilffjjU *f feht SUaft Mqp&ea rr.ir.-oa tao ?.Lrst

stage of fermentation to be nomal tilth an inoroase of laetio

acid to a relative high level and a oorcespondlng drop in pll and

fementable sugar* i.'hen the reducing sugars decreased to approxi-

aately one percent 07 dry weight, a second stage of fermentation

brought about a lowering 1 1 the laetie aoid and an increase in

the sU* The fate of the laetie aoid was suggested by the eon*

tinned increase in volatile acid? however, there was no apparent

change in the bacterial flora during the second period of fomen-

tation.

Mason 0*6) in early chemical studies involving alfalfa

silage, stated that most of the acids present in alfalfa silage

were produced during tile first two weeks of the ensiling process,

and that wilted alfalfa silage was aore suitable for aakiag

silage than was unwilted.

Stone, et al. (*£) prepared a number of alfalfa silages which

were ensiled in nine email silos in an effort to determine the

effect of wilting, addition of ^gy hay, corn stover, ground corn

and salt as preservatives. >>uring the first week following en-

siling, all silages ware subjected to the development of laetie

acid bacteria, rogardlese of treatment used* All silages dmmtep-
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ed en initial concentration of at least &»$ percent lactic acid.

In the control silage with no treatment, this condition aeon gave

way to the foraation of acetic acid and was aoooapanled by a

rise in pll and a decrease in quality* In tho silage in which

aoisture bad been lowered by tho addition of dry hay and corn

3tovor, the rate of spoilage wee retarded best nevertheless a high

quality silage was net produced* Tiio addition of 15 pounds of

ealt per ton did not maintain the lactic acid* The silage to

which aoo pounds of grousd corn and cob seal per ton were added

produced a silage equal in quality to that produced by the

addition of 80 pounds of laolasses to the ton. Alfalfa which had

been wilted two to three hours produced a good quality silage*

All el lag— of feed quality continued to develop laetio acid until

at least 2 percent or save was preseat. Apparently an adequate

supply of fermentable oarbobydrato is a prise requisite for aalclag

seed quality alfalfa sllago. Avehibald and Parsons Of) state

that the use of laetio acid cultures and eoaaon salt failed to

produce desirable results in preserving hay crop sllagee* other

authorities alee are in agreement (**, h$).

Beefeer et al. ('>) prepared silages froa Kapler crass and

pigeon pea forage in which citrus oelasses was used as a pra~

servativo*

Inflttanoe of Moisture and Acidity on Palatability
end Ferlaentn 1 1.on Losses

loisture control apparently is an ioportant factor in the



asking of high quality hay crop silage* tfoodwurd and Shepherd

(**9) are of the opinion that about 58 percent aoisiror* Is Ufa

Is the dividing lino In respect »*Aelnc satisfactory alia

A reduction tn iaoist'.iro content o a »oistare croi

aide either by vUting or adding a dry aaterial mall

fore ensiling* or the acidity Increased by the addlti

or sosw acid forming aaterlal* The addition of acid

odor of high zaolsture legatee silage end palatability of all hey

crop silages* Hadpatftg aeicture content of crops has m material

affect on the acidity of silage* The crop to be ensiled should

be vilted only enough to prevent leakage vhioh vlll Insure a good

odor and better Mreeoxvatlon of carotene*

should be

bey be*

. of aeld

tmnm 9m

Ited Silage

tinder certain veil controlled conditions, grass silage can

be aade without preservatives (U, 33, 35, 33, kl, ^3). The for-

mation of lactic aoid la one of the stoat important factors la the

production of good silage from crops of various kinds* Slnee the

formation of lactio aoid la frea sugars or oarbehydrates in the

plant by laetobaellli organisms, it is necessary to add carbo-

hydrate in the fera of aolasses or soae ether carbohydrate

material to leguae crops, because these crops lack sufficient

natural carbohydrate necessary for lactic acid formation 0+1).

Satisfactory legone silage aey be made by wilting the crop long

enough to bring the dry laatter content to 30-**0 percent* One



reason vilting the forage Improves the silage is that it increases

the ft"wvit of sugar in each yttnuft or rorags luo to the removal of

part of the water (¥; rfitrel conditions sue)', as wilting the

crop to approximately 5? porcaat oelsturc, Halting the filling

of tho silo to two, not aoro than 3 lays, thoroughly traaping

tho upper third of the silo and putting h to S foot of hoavy un-

wilted silage on top of the wilted silage are to bo considered

tho uost Important phases in asking wilted sllago (U, 33}* Tho

percentage losses of nul fros too spot logo will vary with

tho sice of silo and precaution taken in sealing the silo (31) •

They roport that a loss of 3 to o percent of the total dry aatter

of ensiled material has been estimated* The poroontaae looses of

nutrients through seepage varied also vith Hie sise of the silo

and moisture content of the aaterial ensiled* Archibald sad

Ounness (3) stHdlod seepage losses from a 100 ton silo and eon**

eluded that those losses in silage are not so serious as the

losses from other senses and that proper nanageaent can reduoe

such losses to an insignificant aneaat* Hh»y found that the dry

natter losses fraa this cause are less than ens pereent when the

original forage contained 70 pereent or less aolsture and that

feraentation losses in dry aatter normally varied between $ and

10 pereent* Honroe at aJU (31) found that carotene is generally

well preserved in the ensiling process* The type of treatment

was also shown to have an effect on carotone preservation* In

general, treatment vith niaeral acids shows high retention of

carotene and no treataent or wilting shows lowest retention of

carotene (3D.
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Correlation Between Aoidity and Quality of Silage

the laportanee of acidity in silage in relation to high

quality has boo . studied by several workers (12, 30y **2). There

appears to be a definite oorrelation between aoidity of silage

and its quality, regardless of the crop froa which it is oade

(**2). 3est silage is obtained when the aoidity is at a pH of h+0

or lover (12, 30, »*2).

Importance of Quality in Crop to be Ensiled

Quality of silage is largely determined by the quality of

the crop to be ensiled. 3ohstedt et al. (13) have reported that

palatability and nutritive value of grass silage depend largely

on the quality and palatability of the crop ensUedt and that

sons hays are sore palatable than others, and so are silage

crops* Legojes, or grass and legos* aixture usually oatee a acre

nutritious silage than grasses alone (to). Weedy crops of

leguaes or grasses will aske a acre satisfactory silage crop than

hay (19, 35).

Feeding Value of Alfalfa Silage

In an effort to eoapare the feeding value of wilted alfalfa

silage, Shepherd et al* (39) conducted four feeding trials in

which such silage was coopered with alfalfa hay as the sole



ih

roughage* Sons grain ooneontratos ware fed with the wilted al-

falfa silage and vlth the alfalfa hay to dairy cows* The alias©

vaa of good quality* The hay usod was purchased and graded U.

number 2 leafy* Hh© ooua on the alias© aaintained their live

weight better and neve aore consistent in maintaining the body

weight than those on alfalfa hay. In ©aeli of the four experi-

nents the deeline in average ailk aroduotion wee lees rapid when

the oovs vers setting vilted alfalfa silage than when they were

getting alfalfa hay* In the last two ©speriaento, sills production

««e 7»2 pereent and 3*1 percent highor respectively when the eews

received wilted alfalfa silage than when alfalfa hay was fed* It

was concluded that such silage was as palatable as the best

quality hay used since the cows ate as aueh or sore alfalfa dry

natter in the form of silage as in the fern of hay* ilupel et el*

(37) found that cows fed wilted alfalfa silage lost body weight

rapidly and when the two groups of cows which were on the feed-

ing trial were reversed the cows getting wilted alfalfa silage

dropped off aore rapidly in nilfc production and lost an average

of 33 pounds of body weight each while the cows on alfalfa silage

preserved with corn and cob aeal gained U pounds each*

Molasses and Phosphoric Acid Alfalfa Silage
for Dairy Cows

A eonparison of ^classes and phosphoric acid-alfalfa silage

was aade by Sing et al* (23)* Those silages were fed to two

groups of three dairy cows each on a continuous feeding trial*



Liaestone su£fioiaat to neutralise one hydrogen of too phoaphorlg

aoid was fed for & period of 30 days to the group receiving acid

3llage alone* Mgeation trials -and balance studios of nitrogen,

calling and phosphorus were run tlxroughout the trial at various

tlass* A significant difference was found In the nitrogen

balance of all oovs depending oa th» istthod of analysis* The

daily :atro2«n balance changed as aaoh as 20 grans whan analysis

was aada on a wot basis as ooapared with analysis aade on dry

basis* All of the oalciua and phosphorus values war© negative

with the aoid silage even when limestone was fad* A cooper1son

of digestion results for the silages whan fed alone or vhea fad

with hay and grain shewed only snail differeneee between the two

aethods (7, 28).

• I. V* Alfalfa Silage Compared With
Classes Alfalfa Silagem

It is interesting to note that negated at al* (2*0 prepared

alfalfa silages by both the U I. to process and aclaaees tsethod.

These silages vara ooapared during throe years* Such ooaparisons

vara aada on oheaioal analysis of the product and quantity and

quality of aiUi produced. Cheaioal studies ahovad no aaterial

difference although the protein and carotene vera batter preserved

with the A. |« V, process. When dry natter content of the alfalfa

ranged between 90-25 percent satisfactory preservation resulted.

There was no iapressivo dlfforonce in either Silases when

for nilk producing ability. However, under general fara eon-



diUons, the aolas^as astUod was oonsioered to be tho sost

satlsfaetorr aathod of ^
fliVlng silage*

Waagh et al- (
;>7) carried on too feeding trials In which al-

falfa brow grass silage was ooaparod with oom silage and con-

cluded that, whan alfalfa and bro_» grass vera treated with SO

sounds of iaolacses per ton, It was equal to or nearly equal to

corn silage la Maintaining ailk production* They also Indicated

that the alfalfa-eros* grass silage vas superior to corn silage

In preserving carotene*

expertibstal phocsdois

KUMIflMI MNNI MHNI .i
-

v'..1od IflfeSj tw,> gnSSMI if Mi?lo MMA on

the basis of age. stage of lactation and ailk yield* A double

reversal aystaa was used for the purpose of determining If satis*

factory aiUc production could bo maintained aad heir aaoh protein

could bo sated* Two different combinations of foods vara used:

Batlon A - Prairie hay* sorgo silago and 2b percent
protein dairy concentrate*

Ration 3 # Prairie hay, alfalfa silage aad a farm
^aaw MResi

The grain aixtures were as foUewst

Batloa A - £* percent protein eoaooatrate

100 pounds ground corn
100 pounds wheat bran
100 pounds soybean aeal

3 pounds salt
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Ration B • F&ra grain mixture

UOO pounds ground corn
200 pounds ground oats

S poondf mlt
5 pounds boneoaal

The ehealeal oorspositlon of all foods Is civeu In labia 3 of

the Appendix.

This axperlaent was divided into three periods of tiiae.

Saoh consisted of a 10 day conditioning period followed by a 21

day tast period. The ©owe In group I began their first period on

ration 3f were ohenged to ration A during the third period.

Group II began tiie first period on ration A, ma switched to

ration 3 for the seoond period and returned to ration A for the

third period* This is shown graphically as follows

s

Period droop X Group II

1 Hation B Ration A

2 Bation A BaUon B

3 nation B Hation A

Prairie hay for eaoh of the two rations was taken froa the

seas source of supply. Two different lots of hay vera used

during the expori-Aental period. 2ho prairie hay was purehased

looally and was judged by a competent grader to be of u. a. oa. 2

and 3 quality, the hay was fed as long hay*

The sorgo silage was aade froa atlas sorgo grown on the

Kansas State College farm, aowed, winrowed, and hauled to a

stationary outter as soon as possible after cutting. It was blown

into an upright, aenolithio oonorete silo on top of approximately

12 feet of alfalfa silage held o**r froa 19»*7. About &* tons of
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alfalfa ware ensued* 2hs stlo uas not eoopletely filled bgr this

alfalfa silagef therefore the silo filling was completed vlth

sorgo solas* *WLeh «&* 2**** fod off until the alfalfa silage Ml

Plana of Feeding

The sows ware fed silaijo on tho basis of throe pounds per

100 pounds of body weightf hay was fed on the basts of eight-

tooths pounds per 100 pounds body weight and enough grain was fed

to oo&v>lete the total digestible nutrient requirement of eaeh eov*

It was deseed neeessary to Inorease the total digestible nutrient

Intake to 110 yetsent of suggested requlreasnts for the eeoond

period doe to less in body weight, otherwise the feeding standard

reeoanesded by the TTational Iteseareh Oounoil (**5) was oloeaiy

followed. All feeds offered war* aesnratoly neighed and recorded

daily for eaeh eov at eaeh feeding* All refused feed was save-

fully weighed and reeerded oaea daily. All grain offered was

saapled dally, eooposlted for oheaieal analysis in the first

period only*

'.lege saaples ware taken by aeoepted aatho&s weekly. Those

for eaeh of the three periods.

Hay asnples ware seeured aoeording to aeoepted aethods.

Seoh —«»i*« ware around la a liaaasr at11 tiioroughiy nixod and

saaplad for oheoleal raethodc.



All faa& saapias vara analysed W th*

try, Kansas State Collage.

;>epartrjant of Ghaals-

Saoh oov mx vaighad on throe ooasaeaUaa osys at tha ee-

Claning of taa asperfcaaat and on tares eeaaeatttlva day* at tha

end of eeah 31 day periad. She average «f «* ***** **%&$* vas

used Hi ealeulaUag aalateaanee requireaeats for the ensuing

period and a« part of tha basi* for evaltsatias the nutrient vorth

of tha ration*

The afl!k production of the pwrloiw nwk ms used ia esti-

aatine the feed to be fad for tea sueasediag period, Daily all*

weights vara kept on eaafc sow and the allfe aaaplad at aaah ailfc-

lag for autterfet teats* Tha oil* ataales were eaapasWad aad

tested oaoa aaah ***** Produetian was evelaated on the eaais of

yield of four percent fafc-eorreefced ziiXI-u

Observations oa ta* paysioal appea*aae* aad behavior of tea

aaM vara raaardad at frequent intervals. Any aliniaal history

during taa trial was roeorded» apeediag raoorda as wall aa

of astrus vara isept.

oatrs used In this

seetlon of tha Kansas

housed la taa

Oellose .>atay 3«*a* ^0°°
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ahavings were used for bea&iag. All sows vero fad and nilfced

The cows were tumi&d out into a saall lot about two hours

daily for exoraise and sun exposure on all except sfcorr$r days.

Each cow vac groaned dally. Any oov which needed treafcaeat

for UlEiaaa was administered to by end on the diaeretion of tho

college veterinarian assigned to the dairy hard*

ssCTBra&E. sssoxss asd di&tjs,. tot

For convenience, th© results of this a^ortaant shall be

pMHMHwM QBhHP fxPB tieesSQggg Ml nowuyaiHM

' Kef IjMMBWpg ;L>"

.

. Lk Hroduotion
Effiaiaao;
Changes in
Haalth and Appearance of

Pood Constuaption

Ubilo tho food offorad wis constant sod deterained according

to body weight and ailk production, there was a diffarono© in tloo

aseunt consumed, particularly of ailaga and grain* Food offorod

and consumed la shown in Tables 8 and 9 of the Appendix. Porta-

bility was dofinitoly a fuotor in the results obtained in this

trial* 2ho quality of tho alfalfa silage was Judged to be only

fair on the basis of appearance, odor, and aooeptanae by the

sows* There was oonsidorable variation in the quality of the al-
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falfa silage \ihieh. -ado It dlffleult to get the eovs to oonsuae

enough alfalfa ailaso to aeet their nutrient requiro-ient */

1?2A disliked the alfalfa alias© :aoro t.!ian did any of the other

govs* The low palatability of the alfalfa silage resulted In

eonsiderable ^asto. Often Ions, coarse voods vox© found in the

refused feed* She quality of the alfalfa silage was undoubtedly

affooted by the Quality of the aaterial ensiled end the aetlieds

prasticod in the ensiling process* the alfalfa silage vas cut

rather long and apparently did not pack veil in the silo as evi-

deseed by sseldbr snots tf^umffsnally found in the f*llo wiilon sods

it nooeasary for the feeder to use en tjissimi oare to avoid offerine

suoh undesirable silage.

The amount of feed offered during She first period was bawd

on the nutrient reguiroaonts for malntenenoe and n&r : production

using the atandards of the National Sesearoh Council (V5) and

average feed analyses as published by Morrison (33)* Since the

feeds offered were sailed for ebaaisal analyses during the

period, it vas impossible to deteralne accurately the nutrients

offered until actual ebeoioal analyses vers made* The nutrients

offered9 the average daily intake of digestible crude protein sad

total digestible nutrients in percent of requirements are shovn

in Figs* 2 and 3* Actually the nutrients offered the group fed

alfalfa silage were less than the nutrient requirements vhioh vas

duo to the feet that it vas impossible to staple the feed in

advance of feeding*

She digestible protein and total digestible nutrients vera



found bar ohiBlcal analysis to be loss than anticipated, thus the

enount of protein and total digestible nutrients of?crod vas loss

than calculated. Purtliaraore the nutrient intake vas loss than

oaleulated because the oovis gattinc; alfalfa silage refused to eon-

KM all of tha silage offarad* Lack of sufficient nutrient In-

take also occurred in trie second period of tha trial because of

feed refusal despite the faot that tha total digestible nutrients

offorad vara Increased to HO paroant of roquire:»nts. Zn tha

Sited period, tha oova fad ration Bt vhleh consisted of prairie

hay, alfalfa sUaco and a fara grain aixture, vara offered asm

nutrionts than they required. This vas due to tha silage having

a hi$*er dry aattor content which resulted in excess digestible

protein and total digestible nutrients* As in the first two

periods, ehaalmL analysis of the ;:ilaso vas not available until

after tha period was ooaplete&.

Intake of digestible erode protein during the first period

by group X vhlea vas fed ration B containing the alfalfa silage

vas only 33 percent of requireasnt for body i iiiTiiliaiisiMMl and nilk

production. Group II fed ration A, oontainine sorgo sUace, had

an average intake of digestible erode protein of 150 percent of

Zn the eeoond period, group X vas svitehed froa ration 8

oontainine alfalfa silage to ration A vhioh eontained sorso

silage and group IX was changed froa ration A to ration B#

During tide second period, the average dail intake of digestible

erode protein far group X increased to 1**6 percent of requireiaants,



while for group II the average dail? intake of digestible ©rude

JiWH» l^^*<e»*» W1Hw ^(HWIWipr^PWKflpW^'ft Wi^ *M^^S ftP^PSl^^l^awa' *^ai A v^£4a4mk *^a*e^aaav w

In the third and final nariod of the trial, group X was

nwttriTiafl book to the original ration 3 and gf iwii II was ehaaaed

book to ration A« In group I the average daily Intaia of at-

Q^^eF^^i^w^ai^w ^^» *^w^^» ^ >*a *» %«^^ %*« piWr *atw»jf b^^h»^w^k*^^w s^sw <s^^^^e.~awiBS ^wwwp^ay ae*^pw am

group II it averaged 151 percent.

da a dry aatter basis, protein content of the alfalfa si-

lage varied out little during the three periods.

The total digestible nutrient intake shows a soasvhat differ-*

ant picture as aay he seen by observing Pig* 3, Appendix. Group

I had an average daily intake of total digestible nutrients of 93

oareant of reculreaent whan fad ration B darlna Mia final oaried.

vhile group II averaged 99 percent. In the seoond period group I

on ration A had an average daily intake of total digestible

nutrients of 97 peroent of requireaents while group II averaged

39 pflMNMtf

In the third period, group I on ration B averaged 110*0 per-

sent of raquireaents and group XI averaged 99*9 peroent. The

higher average daily intake in peroent of reqttireaant for group I

was apparently due to the higher total nutrient oontent wiiieh was

a direct result of the higher dry flatter content of the alfalfa

Milk Production

The two groups of oovs were so divided that production of



four peraent fat-corrected salT: waa almost ideatiaal at the be-

gianiag of the aRjarlaeat. Lower ail* prodaetioa occurred in the

group whea fad alfalfa sllago thou whan fad sorgo silage. In

generalf greatest radiation of aUfc pradaaiSon occurred la group

I vhea fad alfalfa silaga during the first 10 day eoaditioniag

period. Shis is illustrated la Pig. 1 and la Table 17 of the

Appendix. This red-action extended ever late th* ea&eriaaatal

period in a©*a» instances before tha low point of reduction was

reached, and before the aawa tomtom* a teadattqr ***«*d leveling

off la production. At tha beginning of this eesejrtaeat, the eowa

la group 1 had aa aferaee of 3&*3 pounds of * peswea* fat-correct-

ad ^^T Daring tha first 10 days of tha pwliaiaary period of

taa experlacat, this average decreased to 30*5 pounds of h paroaat

fat-oo«ee*ed WW* aad further decreased to 29.5 pounds for tha

first waefe of tha first period, and aa average of 27.3 pounds tha

aaooad weak before increasing to 29.0 pounds during tha last weefe

of tliis first poriod of tha orporioant. torn oowa la group II had

aa avurage of 3&k pounds of *f paroaat fat-oorraetad ailfe at tha

beginning af the p^liniaarr. 55sis average daaraaaad to 35.1*

pounds for t*» 10 day preliminary, 33.5 pounds &m first waak of

the first poriod, 31*8 pounds ia the aaaoad week aad praatlaally

ramiaad at this leva! (31.? pounds) far tha third waak* She

TMiiflur* milmi in i ia production oaaurrad with tha group receiving

the patioa containing alfalfa silage. She aowa that ware fed tha

sorgo silage ration daaraaaad acre sadarately*

Group I actually increased ia production of ** paroaat fat*
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corrected atlk daring the second period of the agaarlfflan* while

on ration A. This group had an average of 29*1 pounds far tha

preliminary period of 10 days in ti*a second period* This was in-

creased to an average of 30.0 pounds In tha first week of the

second period, 30,? pounds In the second weals and of 31*0 pounds

In the tl^ird wee: of this soaond period. The cows in sroup IX

declined In nill: production while on ration S fron 31*5 pounds of

*» peveent fat-oorrccted aJLH: In tha third week of tha first

period to 27*3 pounds in the third week of tha second period.

In tha third period group I had an averaga of 29*0 pounds in

the preliminary period. This decreased each weeh and In the last

tha awMoge had decreased to 2fc*6 pounds. Group IX had an

at 26*3 pounds of h paroant fat-correoted sOXz wlilch de-

creased slightly during tha period and ended with an average of

25.X pounds in the last week of tha period, this, as in other

periods, was a suae Moderate decrease in all?: production in the

group receivlru: soma silage than in the group receiving the al-

falfa ailaaa* She eonolate sraohlo curve of "itiflfc production far

toe axperioent is shown in ISgg Si In every instanoa vhare tha

cows vara switched froo sarge silage to alfalfa cilaso there was

a aarteed decrease in fhITP* produation. As toe end of toe feeding

trial naaredf there was a noticeable narrowing of the difference

that existed in ailk produation between tha two sreapa. this

apparently can be aeeoutted for by tha fact that there was a

higher average daily intake of protein in group I which was fad

ration &



Total productlon of U percent fatxsorreeted aUJs of the oowa

receiving the ration containing alfalfa silage was 98 porooaft of

the silk produced by the oowa receiving the ratIon vhieh con-

tained sorgo silage, These data euro shown 3a Table 20 of the

Apptndl

Average dally aUk production In eoapariDon tilth average

dally Intake of digestible crude protein In percent of rogulre-

aants and with daily intake of total aigestiblo nutrients In per-

cent of requirements has boon shown in lies* 2 and 3* date on

-Uc production have boom analysed, using Breast's (16) aethod

for testing the slgnlfioanoo of results la reversible or switch*

B<Kyw^V^g to the following forxxtlat

Difference - Xj, - 3S2 / X3

Xt s Perforoanoe for Period 1

X3 g rorfoTiiorioo for Period 2

X3 s Perfewrjsse for Period 3

It will be noted In Table 23, where the results ore given

Iron the use of the above fcrania, that In every Inatanoe a

negative difference ooourred for oows In group I while In every

instanae a positive difference ooourred for caws la group II.

These differences in favor of the sorgo silage, high protein grain

ration vera found to be highly significant (P » < .<&) She de-

tailed analysis Is shown in Table S3 of the Appendix.

It Is believed that the results shown in the tliird period,

where protein was increased, indicate that inadequate protein was
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the mom of the low production of the group fed alfalfa silage

In Period 1 and Period 2*

Sffioiaaoy of iSUs Produetiofi

JKfioionoy of production has been jssasurad by using tha

pounds of protein awl the total digestible nutrients needed to

produce 100 pounds of h percent fat-eorrooted mills. It is

interesting to note that, although the alfalfa silage, farm grain

ration was inadequate for aaxtoaa silk production, the oowe aada

aore officiant use of the protein \M1q on this rationf Uuwefer,

the aera efficient use of protein did not result in ecenaaiaal

niUc production* It is apparent that a limited saouat of protoin

suppleaant furnished la a ration containing alfalfa silage , would

result in satisfactory production* la the ration used la this

esperiaeat, greap I required ?M pawls ef disestibla eruda

arotoin for each 100 pounds of V percent fat-eorreeted ailfc while

on ration 3 in the first period* In the second period, this

group required H*0** pew*** while on ration A and 10**>9 pounds on

ration B in tha third period* Qroup II required 11.00 pounds of

digestible crude protein for 100 pounds of *fr poroent fat-corroct^

ad adlk in the first period on ration A, 7*93 pounds on ration 3,

and 11*30 pounds en ration A* Although differences vera snail,

tha sown aado acre efficient use of total digestible nutrients

when fad the sorgo silage ration* Cava in Group I required 69*1

pounds total digestible nutrients to produae 100 pounds of ** per-
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fa&KSorreetad ff*^ la Period 1 or. ration *ia&s

ration A and pounds when returned to ration

Similarly the total di«D I nutrients required per 100 pounds

of h percent irreetsC :*onp tJ w!iile on ration A

vara o&4 pounds, 72.6 pounds when ehaaged to ration 8 and 70.9

pounds when svltehed bask to ration A» Sals infwmtion Is pre-

sented to tables IS and X9 of the Appendix.

of the Nations on Body Uelgai

2ho sows la group I had an aveses* body waisist In the i»a»

liainary weighings of 977 pounds* At the and of the first period

it had deareassd to 932. pounds or a aaeroaso la body weight of

pounds vails on tlia first period when ration 3 was fad or a lass

of h.7 psreeat* Oreup II had an average initial weight of lOSfc

pounds. At the and of the first period* it had dearaaaad to 980

pounds or a Oaaraaso of ^.3 percant.

During tSas sooond period. s*oup If walla on ration A shoved

an average gain of $ pounds In body */eight while group II on

ration shoved a loss of Id pounds of body weight. These differ-

eases ware no aore than noranl variations on dally weighings.

In. the third period, group X was returned to ration B and at

the and of that period, the average body weight was 97$* pounds or

a sain of 39 pounds over the average weight at the end of the

aeooad period* Groip II, upon being returned to ration A, aisovad

an average gain of 17 pounds in body weight during the third
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parlot war tho "-jht c. I.

It Is ap:*£rent that tho changes t:*at od in body ueight am

of no signifieaaeo in evaluating t&» nufcrle rtb of tho

fevfclaUh

Health and ^jpaaranoe of the

In jreamnrt > the ^—^th of tha eovs reftaalned &ood throoaSioufc

col eaEpOYXSMKB* XawBPO mWO ifll.' OasOO Of XXJuEtOOS VPli lv mm
• . .- . ;.» > - •..' 1*3 00O Mm -. .. , .MS 01 Uiit3 cso.L4.3j73 OVOOvXISsrUnli

Cow 3^A stopped oft the oM of her ri^ht front toot and

rimPOtuiiofl a slight 0000 of Hastitis In the first period* Sroafc-

aoat was adalnlstored, utlns penieilliii bong$*» placed In tho toot

canal, aeooooty was fairly rapid and vith little lose in latlk

production*

3ow 357.*. developed a rather oouto attach of aootitls in tho

loot veoli of tho ooooml period* She mm treated trith penicillin

bougies locally on 1 saOfanilajsfcie orally. SoooTcry was

rather rapid with little loos In aUk taroduotlon* An adjustaent

curve oat using tho figures union applied to the curve* This ill-

nssa occurred during tho last vesfc of tho second period and 07 the

first wool: of tho third period she apparently had fully reeofwod

nor nffff^ml at,13c production*

Gov 262A devalapod a Slid caso of infection In tho first

mmk of tho second period* gioatumut mm odainistorod by tho



college veterinarian ana she recovered with little loss in ailk

l^^^^^atlofi*

C09 **98A had a rathar severe case of infection during the

t&ird 10-day conditioning period* Trentiniint was administered" fop

throe succeeding days- Shis cow apparently recovered partially}

however , a nilder recurrence developed faring the second week of

the third period* The experiment was over before eoafjleto re-

covery was sate* Snare was a larger loss in ai2& production on

this cov and aa adjiitiwint was state similarly to that aado on cow

25?A« It is believed that the adjufftaaat did not affect tha

average aills production of the groups to wtiieh these four oows be-

lon&od* Other "tsfff xor the oases cited shoves

V: ISai 'i)r:; j r~\ ISMSSaaSg SB SSBtaHatlfe 'i^iAr* i-'>.'
,

'ls a

';
: .a :.. .;: , ; ; .; • .:.".,

Two groups of 9 cows each were placed on aa experiment whieh

consisted of three 21 day periods, each preeeded by a 10 day con-

ditioning period, A double reversal system of feeding was used

with two different rations* nation A consictod of prairie hayf

serge silage and a high protein concentrate, and ration 3 eon-

sisted of prairie hay, alfalfa silage and a fara grain aixture.

The experlaent was designed to include extremes in protein intake,

ration A to furnish nore then adequate protein and ration S to

furnish approximately only enough protein to neat the ainlaun

needs of the cow.

aaoa
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She quality of the alfalfa silage was Judged to be of only

fair quality baaed on appaarenee t adar and aaooytanee by tl» eova.

Because the nutrient content of the alTalfa silage was lower then

was anticipated and beoause the cows refused to eoneuaa all of the

feed offered, their daily iatalse of iwtrteUta was inadaeuato to

maintain satisfactory laUis production* Xfee production of V per-

cent fat-eorroefted tatIk of the cowa fad the ration containing

alfalfa silage vos only 93.0 pareent of that of the cows fad the

ration containing toe sorsa silage* Shis difforenea in pro-

duction is highly significant.

If the protein intake in tlia cows fed the ration that con-

tained alfalfa silage had beam higher in the first and second

period, apparently there vwuld have bean leas difference in the

production of h percent fat-corrected alii:, Thia is borne out by

the third period when a higher dry natter content of the alfalfa

silage developed. This resulted in the cava in group I to have a

higher intake of nutrients than the cows that were fad alfalfa

silage in period one and two* Mb intake was reflooted in a

narrow aargin in the aim produetion between the group that was

fad the ration which contained alfalfa silage and the group fad

the ration that contained sorgo silage.

It Is apparent from these results that the leak of palate*

bllity and the lack of protein in the alfalfa allege ration ware

the limiting factors la aaiataiaing satisfactory ailk produetic

It farther appears that if a high quality alfalfa allege waa

used, that such silage would save protein and that satisfactory
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r-rtVe pgoOad&m could be aaintalnod. It is ajjparent that with a

ration containing fair quality alfalfa silage that flatiafactory

production could be aaiatataed provided the grain ration was

oqppI<tr»nt*a vith a liuited aaount of protein concentrate*

Further %*ork ia neoeaeary beforo final conclusion can be deter-
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Table 1. General information on cows used in experiment.

Ear tag no.

366A
373A
271A
262A
152A

39^-'

261A
2J6A

t Last calving 1

Date of birth t date prior to s

5-2W*2

7-16-J+6

12-22-^5
2-lWf6

if-13J+6

7- 9-i»5

12-19«^«^

Group I

10-20-*f8
11-21-W
U-23-1^
11-21-^8
11- i-*+a
11-16-W
11-13-^8
if-19-1+8

5-23-^7

Bread

Jersey
Jersey
Ayrshire
Ayrshire
Holstoin
Jersey
Ayrshire
Ayrshire
Ayrshire

Group II

39.^ •

139A
257A
137A
2?9A
WA
30IB
2#A
25U

5-28-^?
ll-28-Mi-
1-19-1*"

9- 1^4¥
3-l8-**f
6- 5-^6
5- 7-^6

12-15-M-
3.. 9-M+

11- 6-W
10-2Wf8
10-22-J+8

7- $J*Q
9-1^8
10-23-^
11-17-^8
3-10-^8
M-19-W

Jersey
Hoistein
Ayrslilro
Holstoin
Ayrshire
Guernsey
Jersey
Ayrshire
Ayrshire
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Table 2. Details of double reversal experimental design.

Cow's ear tag no.! Period I Period II I Period III

: « J— —

366A
373A
271A
262A
1?2A
305B
20*A
261A
256A

Group I - Rations

B A
B A
B A
B tB

aB A
B A
B A
B A

B
B
B
B
B
B
B
B
B

392A
139A
257A
13?A
259A
M-98A
301B

251A

Group II - Rations

A 2
A 2
A B

A B
A 2A 2A 2
A B

A
A
A
A
A
A
A
A
A
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Table 3» Body weights of cows based on average weights of three
consecutive days.

mat m
\

t :
*.

,
.~*..~ . .

.

nos, of t Initial j End of 1 End of : End of
qows ...t

.

weight s Period 1 j Period 2 t Period ^

Group I

366A 8?*
966

301 Bi 8»f3

373A 900
397

873 910
271A 836 900 9$+
262A 1029 990

11^1
973 1037

152A 12X7 117& 1217
71*
1033
1003261A

1088
955

67?
10*2
929

633
1051
962

256a IO69 1001 998 1019

Average 977 931 936 975
Porcont of previ
weight 95.3 100.5 10**.2

Group II

392A 805 m 7j7 778
103*139A 1122 1077 1060

257A 900 810 776 826
137A 1323 1256 *» 1253
259A 1007 956

980
965

*93A 1000 935 956
3023 ?Z2 765 752
255A 1157 1121 1118 115s*

25U 1132 103* 1068 1070

Average 102* 980 970 987
Percent of previous
weight 95.7 99*0 101.7
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Table h. Protein and total digestible nutrient content of feeds
WWrti

wHuacMnHHHn
i Digestible
i crude

-J £££&liO

Wilted alfalfa sil orrison)
Fed period 1 (let analysis)
Fed period 2 (2nd analysis)
Fed period 3 (3rd analysis)

Atlas sargo silage (Morrison)
Fed period 1 (1st analysis)
Fod period 2 (2nd analysis)
Fed period 3 (3rd analysis)

Prairie hay (Morrison)
Sample no. 1

1e no. 2

Farm grain mixture (calculated from
Morrison)

Actual analysis

High protein concentrate (calculated
from Morrison)

Actual analysis

p

3.29
$.86

1.03
1.29
1.09

.

2.6
2.29
1.71

7.7**

19.0
13.67

SRsasacssBKaNHi
t

t digestible

21.3
20.5
19.*
27.9

15^
17*3
17.9
16.69

^.7
51.4

76.9
77.^7*

76.1
7^.7*

* Calculated, using average digestion coefficients.
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Table 5 . Daily nutrient requirements - Period 1.

r Production : Maintenance : To

Cow's
t retirements * reauirements ,: u req

sDigest-
uirements
.-Total:Digest- 1 Total : Digest- j Total

eartag tible : digest- ;ible tdigest- able :digest-
no. » crude :ible : protein :ible : protein lible

rcrot^ia :nutriQ^P : umitr-fAnt.n

lbs.Lbs. lbs.

Group I

366A 2.12 15.16 .503 7.16 2.62 22.26
373A 2.26 16.06 .58 7*77 2.84- 23.83
271A 1.31 9.3*+ .92 10.1+3 2.23 19.77
262A 1.97 13.98 .61 8.02 2.58 22.00
152A 1.93 13.70 .70 9.62 2.63 23.32

1
305B 1.60 11.36 .88 9.30

.97 11. ft
2.4-8 20.66

26kA 1.1+9 10.62 2.1+6 22.06
261A 1.07 7*(>5 .99 10.77 2.06 18.1+2
256A .95 6.78 .63 8.50

Group II

1.58 15.28

392A 2.28 16.22 .502 7.07 2.78 23.29
139A 2.03 Ih.hG .66 8.92 2.69 23.38
257A
137A

2.02
1.73

l^.^K)
12.29

.55 7.33

.71 10.4-2
2.57
2.4-4-

21.73
22.71

259A I.63 11.61 .97 11.00 2.60 22.61
M-98A 1.39 9.86 .95 11.0 2.31*- 20.86
30113 1.37 9.73 .89 9.77 2.26 19.50
255A 1.25 8.90 .68 9.17 1.93 18.07
251A U<* 7.39 .66 9.00 1.70 I6.39

•
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Table 6. Daily nutrient requirements - Period 2,

Gov' s

eartag
no.

366A
373A
271A
262A
152A
305B
26*+A

261A
2?6A

Maintenance
requirement

s

Total require-
: Production «

^Dllest^Total feli iDlgest-

sible : digest- :ible * digest- :ible :dlgost-

: crude sible : crude Jible '.crude *lble

«t>ro*'»in » nutrients»orotein x nutrient s * protein Inutrients
i lbs. r lbs. s 3J&I

1.5+9

1.65
1.10
1.60
1.55+

1.39
1.30
.98
.72

10.56
11.71
7.8^
11.39
10.98
9.89
9.25
6.9*+

5.12

Group I

.503

.58

.92

.58

.70

.88

.97

.99

.63

7.16
7*77

10.5+3
8.02
9.62
9.3p

11.

^

10.77
8.50

2.18
2.*+5

2.22
2.5+3
2.5+5

2.5+9

2A9
2.16
1A8

19.*+9
21.5+2

20.09
21.35
22.66
21.10
22.75
19. *+8

1^.98

392A
139A
257A
137A
259A
5+98A
301B
255A
251A

1.59
1.69
1.89
1.^+0

1.57
1.32
1.26
1.17
.93

11.30
12.03
13.^1
9.98

11.15+

9.38
8.96
7.9^
6.56

Group II

.502

.66

.5?

.71

.97

.95

.89

.68

.66

7.07
8.92
7.33

10.5+2
11.00
11.00
9.77
9.17
9.00

2»?9
2.58
2.63
2.32
2.79
2A9
2.36
2.03
1.75

20.20
23.05+
22.81
22.5+5+

25+.35
22.5+2

20.60
18.82
17.11



Table 7 . Daily nutrient requirements - Period 3.

1 1 Maintenance 1 Total

Co^s U)igest- : Total *l>igest- tTotal st- *Total
oartag able * digest- *ible *digeat- able 1 digest-
no. * crude ible Jjrude *ible 1 crude ible

»protein
*

; natrients Iprotein, -nutrients « protein, * nutrient

3

Lbs. t lbs. ab

Group I

366A 1.61 ll.*+2 .503 7.16 2.11 18.53
37 1.65 U.71 .53 7.07 .23 19.W
271A 1.13 S.06 .92 10A3 2.05 18.^

- 262A
1.7^

LI.71 . Si .02 2.26 19.73
152k 12.33 .70 9.62 2.M+ 22.00

m

305B
26&A

U5&1M
10.93
10.50

. >3 9.30 2M
2.06

20.23
21.9>

26lA
.00

7.62
1 .36

.99 10.77 13.39
256a . >3 .#> 1.31 13.36

Group II

392A Li 3.83 .502 7.07 1.7^ 18»53
X39A l.5p 10.65

11.68
. 56 3.92 2.16 19.61

257A 1.6>h •^ 7.33 .19 19.01
137A 1.19

1.3|+ 9.#
.10

.71 10.52 1.90 13.87
20.&

J+98A
.97 11.00 2.31

Ulh .95 11.00 09 19.10
30XB 1.13 .^2 .89 .77 .07 .19
255A 1.00 7.1^ . $ 9*17 1.63 16.31

»

251 .75 5.31 .66 9.00 1.M 1^.31
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Table 8. Amount of feed offered during experiment.

-Mr :: : N
-ow* s

ear
tag
-iO.

Poriod 1 Period 2

Hay j Silage: Grain* Hay * Silage t Grain

I - 1 jn.tr —-^ .. .ti...i Vrl.i. l. il mill »_ _» — '<• » — -»

It?a* JL JUuu

Poriod 3

: i

Hay i Silage: Grain

JJ&Si

Group I

366A
373A
271A

152*

|6&A
261A
2<#A

l^A
153.8
151.2
172.2
197.8
117.6
13J+.8

159.6
180.6

609. *f

709.
651.0
7;^./

678.0

36V.O
331.7
29^.0
310.8
323.0

298.2
^35.2
117.6

131*-.1*

1*3.8
151.2
172.2
205.8
117.6
18^.8
159.6
180.6

525.8

6^oIo
768.6

672.0

331. 1*

353.2
335.6
338.2

!

359.2
30%h
lk7.

lJfA
163.8
151.2
172.
205.3
117.6
18**8

180.6

6M-2.6

558.6
651.0
76 .

M+5.2

600.6
672.0

273.0
26$.6

28ll5

39*. 8

i
79. S

Total l*+62.0 5653.7 269^.9 1^70.0 550^ 2902.1+ l>+70.0 5708.2 2+69.9
Aver*"

aft 162.»+ 628.2 299.H- 163.3 611.6 322.5 163.3 63^.2 27^.^

Group II

13*+.^
139.0
ltL.2
222.6
172.2
168.0
130.2
193.2
189.0

: .

705.V
567.0
835.8
63^.2
630.0
*+87.2
730.8
71^.0

^53.6
382.2

>**•

386.1
3^.2
357.0
226.3

189.0
151.2
222.6
172.2
158.0
130.2
193.2
139.0

508.2
705.6

.0
835.8
634.2
620.0
W.2
730.8
71^.0

31^.0

3^10
229.0
326.8
321A
3^5.0
130.2
138A

131*. 1*-

189.0
151.2
222.6
172.
155.0
130.2
193.2
189.0

508.2
705.6
567.0
835.8
63M-.2

582.0
1+87.2
730.8
71^.0

26M
289.
336.C
210.C
3^3.^
286.1
3M+.^
120.^
126.C

Total 15^9.3 5812.6 3032.I l5*+9.8 5802.8 250U-.6 1536.8 5761+.3 2325.9
Avor-
aft 172.2 6>5.8 336.9 172.2 6M+.7 278.3 170.7 6*K>.5 258.^



Table 9. Aaount of food consumed during experiment.

Gov' si
Period 1 Poriod 2 Period 3

tfg \ Hay Ullage! Grain! Hay :Silage: Grains Hay : Silage; Grain

366A
373A
271A
262A
152A

26&A
261A
25&A

Total
Aver-
age

110,2
133.U-
113.0
13&.9
157.1
84.2

161.1
110.2
lVf.5

1*9**.2
606.9
551.3
601.7
537.3
371.7
551.7
571.9
609.3

3>+6.5
3gX.7
283.2
310.8
328.0
365.2
298.0
23^.8
117.0

Group I

120.3
lW.8
106.1
X2W.0
176.2
92A

l*k>.8
109.0
1^-2.7

333>

S?3. J+

338.2
325.6
W3.7
359.2
3p4.9
lij-7.6

110.5
1^.0
123.5
1^3.2
181.9
35.2

133.3
109.1
139.1

XLCh.h ^7.0

129.^ 5^9.7

2670.2 1160.3 5500.2

296.7 128.9 611.1

30^2.2 1175.3

338.2 130.6

637.5
709.3
55^.1
6Vf.»f
7^3.^
403.1
575.5
562.4
563.3

5438.0

599.7

Group II

392A
139A
257A
137A
259A
498A
301B
255A
25U

122.4
133.9
110.5
194.3
159.8
159.3
37.0

171.2
150.1

508.2
705.6
567.0
835.2
634.2
330.O
436.2
730.5
714.0

453.6
332.2
380.2
315.0
331.7
339.9
357.0
226.8
l3>:-.-n

105.1
173.7
101.1
181.3
147.6
150.3
31.9

501.2
705.6
485.1
304.0
628.9

44-7.3
687.0

^.9

299.3
303.8
325.9
229.0
306.2
320.9
343.3
18 .

13t>.4

126.9
134.4
125.3
201.2
159.3
122.4
112.1
173.2
156.6

508.2
705.6
567.0
835.8
634.2
r;54.9
437.2
730.8
714.0

264.6
289.8
334-*2
210.0
343.6

180.6
126.0

Total 1339.0 5310.9 3021.2 1235.5 5434.4 2^7.5 1361.9 5737.7 2378.1

Aver-
age 143.8 645.6 335.7 137.3 609.4 271.9 151.3 Wm$ *M



Table 10. Nutrient intake during experiment.

Digestible crude protein j_ Total digestible nutrients
:

Cow
!

s
-.Alfalfa iSorgS JAlfalfa : Alfalfa : Sorgo » Alfalfa

eartag
:sllaco t silage : silage J silage tallage I silage

nmi
'JL^iJ-Lfe'^4 2'PQgiod ^'PeriodJjPex^od 2: Period, 3

:

366A
373A
271A
262A
152A
305B
264A
261A
256A

Total
Average

45.44
52.1*8
42.86
if6. 72
48.42
'(•2.86

44.72
39.31+
32,23

395.07
1+3.89

J&& JJUU

Group I

69.71* 5^.63
75.21
70.
72.20
72.26
81.93
77*04
65.36
37.35

621.75
69.08

58.2:
52.76
56.1*9

62.93
51.73
56.07
50. li*

36.72

437.62
391.79
42^.91
456.06
1*03.66
i*22.i*9

352.83
236.03

1*79.30 366?. 77
53.31 407.75

1*03.50
1*^9.31*

1*05.21
428.95
1*71.31
428.73
463.18
390.65
303.82

39i*4.^9

416.07

443.1*1
473.06
445.38
470.22
522.19
456.95
476.76
413.70
278.10

3979.77
41*2.19

392A
139A
257A
137A
259A
498A
301B
255A
25U

Total
Average

Sorgo
silage

94.24
84.70

.94
74.12
83.21
75.33
75.01
52.76
47.17

667.48
74.16

Alfalfa
silage

41. 50
1*9.77
42.96
^7.35
46.98
46.7?
42.77
39.13
34.26

391A9
43.4v

Group II

Sorgo
sil

58.76
67.28
72.50

.22
76.79
62.13
73.12
46.92
36.14

555.36
61.76

Alfalfa Sol
silage silage

^35.91 3'

474.75 4

486.33
497.11
J5.9X
474.7?
472*
440.46
393.31
379.15
33 5

: •

3?1**.37
434.93

83.20
'1.60

98.59
26.62

1*3547
435
3?^42
349.35
30 !

3595.J*6
399.49

Alfalfa
silage

383.20 3 1

461.60 4
1+4 1Q

i
11. 17
-23.96
405.23
394.26
443.86
361.24
393.11
341.14
239.49

3396.48
377.38
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1 .W
2.09

87,6

22.26
23«a3
19.77

22.06

1W8

Hfc*

20.**7
21.72
19.22
20.12
16.30
13.62

17^.75
19Al

93.1

Group XX

ratal
\vorajo
Pavoant odf

2.69

1.93
L.70

^1.31
.36 3.53

1*»9»6

.39

irvyr
20.9*^

2345
23.
20.70
22. ?.

22.51

ap

1S6.39
20.71

94.9
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Table 12. Average dally nutrient requirements and intake,

Period 2.

'Digestible crude protein 'Total digestible nutrients

Ear tag : Daily t Daily
numbers : requirements: intake

: t

i 1&£j

366A
373A
271A
262A
152A
305B
26hk
261A
256A

Total
Average
Percent of
requirements

2.18
2M
2.22
2.U-3

2M2M
2.16
l.W

20.36
2.26

Group I

HI

3.90
3*67
3.11
1.78

29.60
3.29

1^.6

J

Daily :

requirements*
:

Daily
intake

19A9
21.h2
20.09
21.3?
22.66
21.10
22.75
19.^8
1^.98

133.31
20.36

19.21
21.UO
19.29
20.W
22.W
20.Ul
22.06
18.60
ih.h?

178.31
19.81

97.3

392A 2.29
139A 2,^8
257A 2.08
137A 2.32
259A 2.79
if98A 2.^f9

301B 2.36
255A 2.03
251A 1.75

Total 21.29
Average 2.39
Percent of
requirements

Group II

1.98
2.37
2.0*f

2.25
2.2*f

2.22
2.0^-

1.36
1.63

18.63
2.07

87.7

20.20
23.Oh
22.81
22.^
2^.35

.4-2

20.60
13.82
17.11

191.79
21.31

18.25
21.98
18.98
20.31
20.72
20.93
18.83
16.66
1^.55

171.21
19.02

89.3
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Table 13, Average daily nutrient requirements and intake,
Period 3.

E3SX3

J Digestible orude protein |Total digestible nutrients

Bar tag i Dally : Daily » Daily i Daily
numbers : requirements* intak» i requirements* intake

I I I I

*
. , . jUra, , , , i . , Ifrg» ,

Group I

366A 2.11 2.60
373A •23 2.77
271A 2.05 2.51
262A 2.26 2.69
152A !.Mf 3.00
305BM 2.1*2 2.MS

2.**5

2.06
1.31

2.67
261A
25&A

2.39
1.75

Total %* 22.6%
Average 2*9*
Percent of
requirements 118.7

18.58 21.11
19.W 22.53
13.**9 21.21
19.73 22.39
22.00 •*7
20.28 21.76
ra.9^ 22.70
18.39 19.70
13.36 13.2M-

172.25 189.51
19.13 21.06

110.0

392A UT*
139A 2.16
257A 2.19
137A 1.90
259A 2.31
U-98A 2.09
301B
255A 1.63
25U UM

Total 17.55
Average 1.95
Percent of
requirements

Group II

2.80
3.20
3.^5
2.96
3.66
2.96

2.23
1.72

26.**6

2.9%

150.7

15.90
19.61

16.3$
20.li

19.01 19.30
18.87
20.?+

18.77
2U»

19.10 17.20
13.19

% Q ryt

.31
ll«-.31 13.78

161.3>* 161.71
17.98 17.97

99.9
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Table 17, Average dally production four percent fat-corrected
irlod*

Period 3

tag »cows were »Preliai- J licperi- 1Frolioi- 1 >icperi- JProllial- » ifcqwrl-

no« idivided *nary iiaental tnary :s»ntal tnary tiaontal

: lbs. i lbs, » 2&U 1 UUt

^7.2
50.2
29.2

**2.3

33.2
23.9
21.2

326.9
Average 36.3

35.*
39.2

i.**

20.3
17.7

>.o

30.?

Group X

3l*.2
36.1*
2M-.7

35.1
5*.3
30.1
29.

6

22.2
15.3
261.7
29*1

37.1
25.1
36.1
37.9

.9
31.7

.5
27^.7
30.5

33. 30.2
33.B 29.7

22.3
30.3

37.t> 35.1
32.2 29.6
29.5 26.2
23.3 19. *+

13.2 10.1
.1 233.7

29.0 25.9

Group II

392A
139A
257A
137A
259A
1+9<3A

301D
255A
251A
Total
Average

33.^
.3

30.3
30A

.

23.1
32?.3

**6.5
kB.7
1+6.1

35.9
35.2

28.6
25.2
21.7

319.0
35A

36.8
S2.3
32.9
35.3
».2

2
20.7

291-
32.3

23*1*

35.6

.

27.1

17.5
V

27.6

25.3
29.3
25.7
25.8

27.C
32.1
3?.7

25.2

21.9
17.8

2**A
31.7
36.1

23.3
.1

20.0
16.
23^.30



Taolo 13,

i

373A
271A
262A
152

2614
256A

Pounda T.D.I7. consumed per 100 lbs.

oorreotad all.

four percent fafc-

T.D.3. Period 2T.D.N, Period 1
Ear *

.

,

. 1, I,

tag s ilMt por J *lbs. per

no. 1 I itatea *100 lba. « lata**

L.M 33

391.79

V56.O6
M)3.66
h?.2.hq
352.33
236.03

Total 36$9.77
tor.

l*07.75
Daily av.
par oow 19. 1&

6f:.

:.**

7&.8
?8-
68.U
61.0
69.3
79.$
33.5

1.9
).l

Group I

>*03.50
¥*9.3l «-

1*05.21
V23.95
U71.31

.

1+63.I8
390.6?
303.82

37Vf.o9
1*16.0

19.31

8&
57.5

.9
55.7
59.2
'4
A

79.9
93.2

609.3
>7.7

MHMMMM MM
Period 3

Jib;, por
Intake tlOO lb .

3. }H
**73.3
U%.38
V70.22

%6.9 ri
1*76.75
1*13.70
278.10

3930,09
Mf2.23

21.06

70.7
75.9
U0

72.6
70.

8.1
101.6
130.5

775.0
..1

392A
139A
~\?r
137A
259A

30m
255^
25HA

.38
W.ll

¥*0.*f6

393.31
379.15
331^.

Total 391^*37
Av. «*3*»9
Daily ftV,

por 001/ 20»71

61.
1*9.1

68.7
6\J

.5
71.
7^.9

590.5
'.6

Group II

383*20

39--.5I
.

^35.17
^•39.

395.19
3^9.§5
305.62

3595.^5 653.9
399.1*9 72.6

19.02

66.3
52.0
80,2

31.5
72.9
75.3
t.9

3^.19
**23.96
>*05.23

36l«2**
393.11
S^l.l1*

239.1*9

377A
17.97

70.9
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Table 19. Pounds digestible protein consumed per 100 lbs, four

percent fat-corrected milk.

Period 1
:

Period 2
:

Period 3
Ear *

tag : Jibs, per * ilbs. per » xlos. per

no. : Intake :100 lbs. t Intake :100 lbs. : Intake :100 lbs.

: (lbs.) i4g F.C.H.1 (lbs.) :45S?.C .K.: (,l.b^) :4v5 F.C.M.

Group I

366A
373A
271A
262A
152A
3053
264A
261A
2?6A

45.44
52.1+3
42.86
46.72
48.42
42.86
44.72
39.34
32.23

Total 395.06
Av. 43.89
Dally av.
per cow 2.09

6.477
6.723
8.413
6.328
7.272
6.485

8.906
9.418

67.366
7.

69.74
75.21
70.66
72.20
72.26
31.93
77.04
65.3 >

37.35

621.75
69.08

3.29

9.5S£
9.633
13>15
9.390
9. O83

11.870
11.551
13.368
11.467

99.365
11.04

54.63
53.23
52.76
56.49
62.98
51.73
56.07
50.14
36.72

479.8O
53.31

2.54

8.719
9.339

11.021
3.729
3.547
8.316

10.135
12.322
17.239

94.417
10.49

392A
139A
257A
137A
259A
498A
301B
255A
251A

94.24
84.70
30.94
74.12
83.21
75.33
75.01
2.76
7.17!

Total 667A8
Av. 74.16
Daily av.
per cow 3.53

11.333
10.396
9.118

10. 731*-

11.235
12.711
12.683
9.996

10.843

99.049
11.00

Group II

41.50
49.77
42.96
47.35
46.98
46.72
42.77
39.18
34.26

391A9
43.50

2.07

7.166
7.151
5.612
8.903
7.632
8.664
7.399
3.434
9.967

71.408
7.93^

58.76
67.26
72.50
62.22
76.79
62.13
73.12
46.92
36.14

555.84
61.76

2.9^

11.451
10.096
9.572

11.412
11.498
12.671
13.851
11.176
10.739

102.466
11.38



Table 30. Smaaary of production resulting frasa tho te*> rations
fad.

I» I . '^V*|# .1

l > * — asggrr-T :sz-.z:^tsx ssrigja?
* I I • S -V*
s Period « Poriod ? Period t Total ion

I .fprpflAioUffim Easaaafc.

Sorgo silago
milk production 6106.? 5770.9 ^3«7 16,801.3 100.0

milk production 5^i-9.8 509^.1 k90%7 VJ,^%6 91.9
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Tabic 21. Saasary by groups
yaK-rlent intakes,

ration as of tl» other.

production, food
results on

Period 1
jp t Oroup
wiwmmJU ii iiKW im

Period 2 ! Porlod 3

t Group i Group j Sroup i Group

i ti n ! iiJ> ii ii * m 4l iilim in WM "« »*'» !» '

Hody lOttffl

Batrlent intaJsa
(protoln)

nutrient Intake
<?.D*!f.)

Actual allk pro-
duction

Actual fat pro-
duction.

Poor poroont
fat-corrected

Pounds protoln
per 100 lb
all!;

Pounds *•..>»»•

por 100 lbs.
Uk

j« lbs.
Bl 980

.09 3.53

19.1H 30.71

29*7 31.7

1.13 1.30

28.8 32.3

I

0:
por pound
protoln intafce

ittlk oroduced
nor sounds
T.a.fr. Intatos

13.8 9.2

lee.
wo

3.29 .07

9.3 12.9

lbs. lbs.
975 *87

.^*

19.81 19.02 21.06 17.97

30.6 25.9 fU 25.**

1.22 1.10 1.0** 1.06

30.5 26.8 25.9 26.0

7.**3 11.00 ru<* 7.93 10.^ U.

6f.l 65.6 67.7 72.6 86.1 70.9

10.2 .

1.U3 1.55 U*> l. la 1.23 lM
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Table - ,*i n i /% - * *5 /^y* >r <*

Co\/ no*

373-
271-

152A
305B

2 SiA

it fat- Ik in

3S expar lods.

MMMwESi

701*5

>.3
Mn*7
3^ •

5Mf9.0

P«ric

727*7
730*3
^•7
7^3.9
795.5
690.2

.

325*7

577

I Period 3 iMi

jlJ: !

.^.

>*$

,'.1

'+0 .

21 .

1*90 .

- 157.1
5.3-

- 15s,
- '

'

.

.9
- 17^.0
- L29*
- 96.2

-1137*0

139A
257A

i3JA
2

'

U-93
r

.

3011

25U

Am

'-5
01^*7

690*5

'„ -

1.7

579.1
6?5.9
65.^

5076*5

757.^
'.o

hi .

33

U-92^*2

4
J
4
4
4
4
4
4
4

'•A
.1

172.1
177. **

ir.

^ 302*9
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Table 23. Statistical analyses of differences in production
responses from the two rations used (t-test used as

method of analysis).

Group I Group II

Sd - 11&7.0 882.9

t

Sd2

n

S(d-d) 2

- 131.89

169,538.76

156,552.10

12,986.66

98.10

125,585.85

86,612.^-9

38,973.36

s

t

=

a

^/. 13.
9j

6.66

56.99

\f ?1,960.Q2
16

99.10 7 (-131.99?
56.99

329.99 X 2.12
56.99

* 33,973.36

.^3,2^7.50 56.9868

J ( 9) ..(9)1N 9/0

lf.0356 X 2.12

8.555 U.F « 16

P a <.01

highly significant.


