
University of Tennessee, Knoxville University of Tennessee, Knoxville 

TRACE: Tennessee Research and Creative TRACE: Tennessee Research and Creative 

Exchange Exchange 

Masters Theses Graduate School 

8-1942 

Tennessee roughage experiments with dairy cattle Tennessee roughage experiments with dairy cattle 

Norman Ray Thompson 

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes 

Recommended Citation Recommended Citation 
Thompson, Norman Ray, "Tennessee roughage experiments with dairy cattle. " Master's Thesis, University 
of Tennessee, 1942. 
https://trace.tennessee.edu/utk_gradthes/9111 

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and 
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE: 
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu. 

https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_gradthes
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_gradthes?utm_source=trace.tennessee.edu%2Futk_gradthes%2F9111&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu


To the Graduate Council: 

I am submitting herewith a thesis written by Norman Ray Thompson entitled "Tennessee 

roughage experiments with dairy cattle." I have examined the final electronic copy of this thesis 

for form and content and recommend that it be accepted in partial fulfillment of the 

requirements for the degree of Master of Science, with a major in Animal Husbandry. 

C. E. Wylie, Major Professor 

We have read this thesis and recommend its acceptance: 

Marshall C. Hervey, S. A. Hinton 

Accepted for the Council: 

Carolyn R. Hodges 

Vice Provost and Dean of the Graduate School 

(Original signatures are on file with official student records.) 



Aogttft 1942

To tho Comittoo on (hvdiuito Studyt

I AB sul»d.tting to you a thesis writton hy Koraan Hay Thoiq>aen
entitled "Tennessee Roughage Experiments with Dairy Cattle". I
recMuwnd that it be accepted for nine quarter hours credit in partial
fulfillBent of the requireBents for the degree of Master of Science,
with a major in Dairying*

Major Prefessor

We hare read this thesis
and reooBBsnd its acceptancet

7

Accepted for the CcMBidttee

Dsco of t^^radiiate School



� �

TEHinSSSEE BOUGHAGE EIPERIMElfTS

WITH DAIRI CATTLE

A THESIS

Submitted to
Tb« Committae on Graduato Stud/

of
Tho ItelToroit/ of Toanoamoo

in
Partial fblfillnent of tha Baquix>amanta

for tha dagraa of
Maatar of Soianoa

Boraum Ba/ Thot^aon

Auguat, 1948

1^^ miiiyiiti

V..-'. y:p)s



icanowLEDGEiiniTf

ippreciation if expreaaed to Profesaor C* 8* liy^lie and to

Profaaaor S* A* Hlatcm for uae of tha ailaga axparlaa&t data froa

tha ShoxTllla Station« alao for Taluabla auggaatloia both la con«>

ducting tha original InTaatigatioa and in analysing tha rasulta of

tha mrioua axpariaantai to ir. L* R. Haal, Superintendant of tha KLddla

Tmneaaaa £xpariaant Statioa for inforaation and aaaiatanoa regarding

tha ailaga vs. vintar pastura and tha Irrigatad pasture aapariaantsf to

Mr* Ban P. Haaalvoodf Superlntmdant of tha laat Tannasaaa Eiqperiaant

Station^ for inforaation and aaaiatanoa regarding tha all-year pasturing

axpariawnts} and Miaa Rabacea Z. Tauxa for typing this thesis*

—Moraan R* Zhoapaon

iSGneg



TABLE OF COHTSHTS

PAGE

INTRODOCTION I

PART I. EEVIiar OP LITERATURE . , . • . . ♦ 4

Iaportanc« of tb« problM £

Dairy- cattle need rotigJiAgea 6

Roogbages ooMMXily fed, 8

Pdftures* * # • • •,•••»••••# *«««!• » • « 8

B»7« * • 11

Silages. 16

Interrelations of feeds for dairy cattle 17

PART II, EXFERimHTAL 80

Soybean and alfalfa silage trials at Khoxville, Iddl'-dP , , • 28

Flan of e:q>eriMat 88

Feeds ,,,,,«• ,«,•••••, 84

Selectim of cows. 84

Conduct of experiaent. 85

Feed ccmsuaption 87

llaint«xaace of body weij^t 87

Production, •• 81

Physiological efficisnsy 81

Silage trials at laorTille, 1989-40 and 1940-41 ,,«•••• 40

Procedure • *,,,,,, 40

Results, ,,,,, 40

Silage ws. winter pasture. Middle T«messee EXperinent Station 45

Procedure. * ,,,,,,. 48



iv

PAGE

F«ed eonsuaptlon • »••» • •• •••••• * •••« 46

Chamget in bod/ wolght •»•••*••«••««»•• 46

Milk and buttarfat production. ••••»• «••»•• 51

Rutriant intaka raquiraaenta • ••**•• » • • « 51

Irrigated paatura^ Middle Tannaaeaa Ezperimant Station. * • 61

Plan of aj^arinwit. • • • • • * 61

Milk and buttarfat production. • • • • •••• * «•• 68

Maintenance of bod/ velid^t* • « ••• •«*• «••• 68

Kutrlents aupplled by pasture. •• «••• « ••••• 66

Significance of the results. «...•• • ••,•• • 68

All-/aar pasturing with and without concentrates. Wast

Tennessee E^perlaent Station. 70

Procedure. « • • • • ••• •• *••• • *« 70

Feed consuaption •...• •••• •••••••«•• 71

Maintenance of bodjr weight «««•«•« ».*••«• 71

Produotion • • • • •••••••• ••• • • * ••• » 77

Health and o(»aditien of cows • • •.* • •• • • • *. 77

Nutrients supplied by pasture. 77

Sxying hay in tiie bam ..• •• •.•• «., 81

Cisoussion of results 88

Accurao/ of results • • • •••••• ••«•.«•# 88

Conclusloas. *«•••««••• * •• « • « ••••• 84

Sunnarj 88

BIBLIOGRAPHI ..... 90



 

 

 

LIST Of TABLES

TABLE PAGE

Z B««ult8 froa f*«ding fall-grain, Ilaitad grain, and

all-reughaga rations to dairy Oovs • • « •••••• * 14

II faed c<nisuMd lay azparianatal groapsf silaga

expariamt, 1941-48 16

III Body vaights of eovs in silaga espariaaat, 1941*48 • • • 88

IV Production of axparijmital groups| silaga a^riaant,

1941*48 • 88

V Coaparison of ailk production bataam aji^ariawital

groupsi silaga asqparlaant, 1941*48 .• • ••• « • •• 85

VI Vutrlent intaka vs. raquiraaants) afficianoy of

nutrirats for aillc production} silaga aapariaant,

1941*48. .••••,.«.. . 54

VII Analyses of alfalfa and sqjrbaaa silaga} samples takaa

February 2, 1948 • • • • • • •• • •• • • • • • • •. 59

VIII Proxiaate chealcal analyses of com, alfalfa, and

saricea silages put up in 1959 • •.• • • • • • ••• 4l

n Results of silage feeding axpariaent, 1959*40. • • • « • 48

X Results of silage feeding experiment, 19^)-41« • • , , • 45

XI l\uibar of di^s pasture each winter} silaga vs. winter

pasture exparimmit • • ••• • « • • • •••••• « , 47

XII Feed c(msuaption} silage vs. winter pasture experiment • 48

ZIII Changes in avarmge body weight par oow} silaga vs.

winter pasture expariamt .••••••••«•,*• 49



TABLl PAGE

ZZT 8^ of £^lnB Bad losoof in bodbr «oi|^t of oowo botvoia

Buecosaivo aonthlj v«ighlng«| allAgo ointor

paatux^ exporinont .•• •••* * • * •« • « • ••* 6£

XV Analysis of T&rianeo in body voight) silago ts* wintar

pasture e^qporisMat *• « • « • • »•• « ••••• • « 58

ZVX Avorage nuiid}er of days in milk at start of experinent|

and average number of days aiUced during experl«eat|

silage winter pasture. £4

ZVII Production of experiaental groupsi silage ▼§• winter

pasture • • • • • • • • • • , • • • • • « • • ••• • 55

XVIII Analysis of variance in persistency of ailk production}

silage vs. winter pasture • • • • • • • • • • « . • • 57

XIZ Mutrlent intake vs. requireaents} silage vs. winter

pasture 58

XZ Inches of rainfall and irrigation water} irrigated

pasture experiment « • . « •«• • ••* .•.•«»* 62

XXI Besults fro* Irrigated pasture experiaent 64

XXII Aaounts of pasture supplied by each oropf all-year

pasturing experiMnt. • • . • . *• • « • . . . . . . 72

XXIII Pasture days by Mmths} all-year pasturing es^rinent. . 75

XZXV CS«qparison of perfomanoe of ease seven cows idian givim

linited-grain and all*roughage ratimis for successive

lactaticms. 75



 

 

 

▼11

TABLB ?AGB

XXV Coaparison of performance of sama seven covt

glvan limited-grain and all-roughage rationi for

sueoesslve laotatlonsf nutrlmt intake , .

reqnirementa 79

, >j- ,

■ ' ; ' > ■' - ■ ' ■ f

• • ? • « » » > . * * . T' ' .* ^ ' * * * / f
j- ^ . ■

. . . r.. ^



LIST Of nOORES

FIGORE PAC®

!• Gnqph fhovlng dumg«« in bo^f wi^ti 8ilag«

•iqierlMRitf 1941-42 • ••«« * * • • •• « •••« •« • 29

2« Gtrvgh ahowJjig what part of laotati<m oova were in ailk

during experianatt alae avaraga for groupai ailaga

axperinent, 1941 -42 • * •••••••••••« ••• * 80

8* Silaga aiqperiMnt graupa* 1941 •> 48.* • • • ••••••• 86

4* (^aj^ ahowing ̂ umgaa in avaraga body vai^t of groupa)

ailaga va* winter paatura aaparinant* • « • «••• * « • 60

6« CVaq^aite lactation ourvaa ahowing relative persiatanoa

in nilk prodactl<my ailaga va* winter paatura • • • ••• 56

6« Saaaonal diatribution of paatura aaourad fron varioua

oropa» Waat Tminaaaaa Expariamat Station* * • • »• *•« 74

?■ Graph ahowing duoigaa in body weight fron beginning to

end of laotabloni all-year pasturing axperisrat * • • ■ • 76

8* Graph ahowing paraiatenqr of laotati(m| all-year

paaturing osqpariaant #*»•• ••«»•»•*• «««• 7i



IHTRODIJCTION

The deTelopaent of cattle raising in all coontriet Is ̂ racterised

sooner or later by the oultlvati<m of InproTed grasses and leguiws for

forage. The lntroducti<m of clovers froa the Hetherlands aas said to be

a great step forward in the Snglish agriculture. The spread of alfalfa^

originally a desert plant of southwestern Asia» tiien introduced in

suocessioa to Greecsi Italy, ̂ >ain, the westera parts of the Aaericas,

and finally the huaid regions, has benefited the livestock industiy

perhaps aore than any other plant except com. Likewise, the use of

other leguaes such as sweet clover amd lespsdeaa has aided dairying*

The saae way be said for aany of the ii^roved grasses.

The use of rou^ges for feeding dairy cattle has undergcme

several changes, Rative pastures were suppleaented with grass hays

veiy early. The high yields and high protein contents of leguae hays

have led, aore recently, to their frequent although not gmeral use in

place of grass hays. Silages had their start in the early days—when

hay quality was probably poorer than today. General use of leguae hays

and iaproveaents in harvesting have reaoved aost of the advantage in

feeding value which silages once my have posessed. The developawnt

of pasture crops and systeas, particularly in the South, has recalled

attention to the original, and still best source of rouj^bage for dairy

cows, namly pastures.

Several factors aake stuty of roughages for daiiy cattle in the

South especially desirable. The climte, the soils and topograjdiy, ths

growth of dairying, the need for aors dairy products in the Southern diet



Had pratmt mr energ«n<7 are all faotora. Theae win be dlaouaaed

briefly with eapeolal reference to the State of Teimeeaee.

Tennesaee la in a region of heavy rainfall, averaging about

50 inchee a year (62). fhe oliMte ia aild, about 60^ F* ia the

average aunoal tMqperature, and the aoil ia frozen for only a few daya

each winter* Iheae oonditiona favor rapid eroaion, alao the zvipid

loaa of aoluble calciua and phoaphatea* A progzvua of aoil oonaervatioa

la indicated, and the long growing aeaaon of 170 to 225 daya favora

develoiMBent of an exteneive ayatea of forage cropa, both for eroaion

control and for feed*

Xh general, the eoila of Tenneaaee vary greatly in fertility (62)*

Ihoae on the weatem Plateau Slope and theae of the Central Baain are

▼ery productive* Ihe broken topography and lower fertility of regiona

auoh aa the Valley of Baat Tenneaaee, for inatanoe, oake then leaa produo*

tive and therefore better adapted to enterpriaea auch aa dairying than

to grain and oaah cropa*

NuBbera of nilk oowa and wanufacturere of dairy producta have

inereaaod faster in the South of late yeara than in the Northera Dairy

Begi(m (26)* The trend la eapeclally pronounced in recent Bcmtha

(1941-42)* In order to neet the need for additional producta for Lend-

ILeaae ea^rt, the Federal Govemaent haa aaked the South to Increaae

production sore than wotild be poaaible in other regiona*

Before the preaent war eaergeney, ahipaonts of dairy produota

fron the South to principal Horthem aarketa were relatively aaall (26)*

The further fact that ahipaMnta did not increaao in the paat deeade.
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tM« in spite of Inereaisiag produoti(w, suggests that hose ctmsuaption

tms on the inore&se* Ihere is eridence^ hoveTerf that still aore daiiy

produets are needed before the Southern diet contains optisnl, in

sone oases niniaal, aaounts for good health and growth*

■•i--'
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fXnW Of LITEMTORS

Iqportaaee of the Problea| Ibq^rlaenta with Boughegee

for Selxy Cattle

A« of Jaauaiy 1, 1942, there vere S6 allk oovs in the

United Statee (87). The U* 3« fam Censua for 1855 (88) showed <«e

hilllon acres in fam land, of which 517 willicm were in pasture and

another 68 wiUlon in haf crops. The growing of roughages^ then«

eiq>lQ!]rs Bore than 60 percent of all fam land in the Ihiited States*

further ewidwaoe of the Inportance of the roughage problea is found

in the nuaerous hay* silage* and pasture experisents at aaiqr stations*

Work with hays Includes feeding walues of hay crops, digestibility,

aineral and witaain walues, and use of silages and concentrates to sup~

pleamt hays. Experiaents with silages include feeding values of

silage crops, feeding values as cospared to hay and pasture, and on

ehether or not silage is needed in dairy rations* Pasture studies

include those on yields, (m feeding values of pasture crops, en oultuml

practices such as irrigation and use of fertilizers, <hi rotati«i systeas,

and on develoj^sent of year-round pastures. Several workers have shown

the possibilities of all-roughage rations for dairy cattle. Others

have attespted to grow cattle on rations of concentrates alone, with

unsuccessful but interesting results*

It would seea, froa the nuaerous experiaents, that little reaalns

to be done* On the contrary, however, we need to study local situations

anoh further and to develop a tmiversal aj^eciation of the great

feeding value of young, rapidly growing forage plants.



BrIt/ Cattle iMd lUmghagea

Saliy cattle not mlj need* l3at eoMoalj are given rou^gt at

their nain source of nutrients. Pastures are used^ alnost tslthout

03ceoptionf idierever and ehenever available. Ba/ is the principal feed

for neaii-pasture periods^ with silage ({uite frequentljr given. Attespts

to grov cattle ea idlk and eoneentrates have failed in every instaneey

and farther investigatiims iuave revealed several nutritive needs of

dairy cattle that only rough feeds can supply.

Homdiage for Calves, fiavmport (15) tried to raise four calves

en diets of skin ailk and equal parts of com and oats. Each oalf

developed a ravenous appetite at firsts followed by enlargeaent and

stiffening of the Joints and later by dlszinesa and difficult locoaotion.

The calves finally beeaae indifferent to feed. One calf was given

rou^ge at six aonths and became normal again at eight.

XoCandllsh (64} tried growing calves on ailk alone, on ailk and

grain, and on milk and alfalfa hsy. Those on ailk shoved depraved

appetite. Joints weak and later becoming stiff, skin sensitive when

touched, and an enmciated condition due to lack of bodf fat. The

ailk«and«*graia group developed siallar sysptoms, but even more rapidly

than the milk group. One calf finally died from ncm-specific septioeida.

Calves on milk and alfalfa hay grew satisfaotorily, while adding alfalfa

to oither the ailk or milk-and^grain rations would bring calves on such

rations back to noxaal. leade and Regan (65) raised calves to 19 aonths

of age without roaghena ood liver oil and alfalfa ash were added to

the ration. Huffaan (49) cites work at the Minnesota Station in ahieh
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adding eod liver oil to a concentrate ration did not furnish factors

found in roughage* Re also reports work at the Vlchlgaa Station in

ahleh aineral supplenents failed to prevent convulsions in calves due

to lack of roughage* Heraan (48) reports that calves fed on adIk plus

cod liver oil and mineral supplements aside supemoraal growth, but

would live only to 12 or 16 Moths of age*

lhat Ihese RtperiWMts Revealed. Oavenport (16) suggested that

rooghagas were neoeesary for tha proper fdiysiologle fimotloning of tlie

digestive syetem of ruminants. MeCandlish (64) thought that the

beneficial effects of alfalfa were to increase the oaloiiuB eontent of

the rati(m and to fumlidi bulk* He did not believe that alfalfa added

any appreoiabla aaounts of vitamins idiieh might havs bewa absmt in

the other rations*

Huffman (49) showed that the bulk characteristic of roughages

was not an essoatial factor* Experiments on vitamin A deficianoy in

oattle (5, 86y 65, 60, 68, 69) show lymptoms idiich are strikingly like

those resulting fr<» abSMoe of roughage In t&e ration. These sysptoas

include edema and incoordination of ̂ e legs, anorexia, respiratory in*

feoticais, calves bom dead or weak, and spasms and increased rate of

respiretion, followed frequently (in young growing animals) by death.

Suhlman, Gallup, and Weaver (69) found that low blood ealclua or pho8»

phorus values geaerally preceded or coincided with vitamiQ A deficient

symptoms* Beth good quality roughages (81, 55, 86, 51, 68, 66, 60, 68,

85, 98) and eod liver oil (6, 55, 55, 59, 68) have been used to supply

vitamin A* The work by Hermea (48) euggests that other factors in

T!':- . 



•ddltion to BineraLls and rltaaia A (and D) ara naodad ly eattle and

aui^llad hf roug^ faeda*

Factors Supplied by Rough Faede. Hoffoan (50)» in his extansi^a

re-vlev of tha litaratura, shows that rooghagas ara ganarally adaquata

in sawaral factors known to ba essantial to cattle, in Titanins A and D,

in quailtgr of protein, in fat (niniaal, howaTer), and in calciua. Ha

points out that fribosphorus say ba daficiant in sowe oases, and that

iodine, ir<m, copper, and cobalt My be low in i*oughagas grown in

certain areas# 9im-carad hay sujylied vltaadn S, necessary for proper

calcification in growing calves (46, 89) • Thus roughages supply a

nunbar of known factors, and apparently sons unknown factors as well,

that ara needed hf cattle#

Roughages Coaaonly Fad

1# Pastures

Pasture, originally tha only roughage, is still of prlMry

inportanca to dairy cattle, lorrisiMi (70) lists *1 lagunas and 58

cultivated grasses as being used for pasture purposes In tha Ohitad

States# Tha native grasses in this country famished oust of tha pasture

in earlier days. Later, as aore land was cleared and brought tmdar

cultlvati<Mi, efforts were aade to use new crops for pasture# New cultural

practices were eq^oyad and seasonal factors ware investigated. Rotation

systens, fertilizers, and irrigation warn triad# Attanpts ware aade to

fill in tha low periods of tha pasture season with special crops, and to

extend the season at both ends# Studies of tha feeding value of pastures
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l«d to o ronovod a|ipr«olati<»i of their loportanoe, too. 8om

ex|>erioeat» and reports iri.ll he discmssed.

Pee tore Yields and Conauaptlon. loodmrd (101) reports that cows

will cimsuae up to 150 pounds of grass a da/i ihieh is equivalwit to

80*55 potsids of diy aatter. In the eacperiments quoted« Holstein cows

aweraged 110 pounds» JersoTS 106 pounds of grass dalljr. The experiaents

showed that a yield of S^SOO pounds or aore of grass per acre (at one

cutting) was needed for cows to grase their fin. This yield is auch

less than is ooaacnly secured froa crops groan for hay, hut fully as

high as aay be secured from good grass pasture. Faires, Dawsooi, Laaaster^

end Wise (S4) found that peraenaat pasture over a 5*year period yielded

1S58 pounds total digestible nutrients per acre for the mtlre season*

This would be roughly equal to three outtings of 9,000*2,500 pounds of

grass* Gort<m (80), froa a surrey of 205 faras in eastern Oregw,

reports that irrigated bluegrass carried an arerage of 0.85 aninal units

per acre, aixed taae grass 1.58. A siallar surrey of 88 coast faras

(not irrigated) showed carrying capacities ranging froa 0.50 unit for

aixed grass to 1.25 units for Reed eanary* Probably those pastures

carrying less than 1*00 aniaal unit per aore would not proride growth

luxuriant enough for a eow to grase her fill*

Irrigated Pasturee. Esalt and Jones (22) report that it is

profitable to establish and irrigate Ladtno clever and grass pastures

for dairy eattle under Oregon conditions* L&dino clover pastures yielded

the equivalent of 4*87 tons alfalfa hay a year for a four*year period*

Ziadino clover and grass yielded the equivalent of 4.6 t<ms alfalfa* The
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of 800 poimda auiterphosphate p«r acre secured the «^l-valent of

6«4 tons as cospared to 5*7 tons without fertiliser* Trusible (86)

reeowsends the use of saperphoephate, seeding of grass and clower

slxtureSf and frequent rotation of pastures under conditions in southern

Australia* Beruldsen (8) urges farmers not to ower-graze and to rotate

pastures frequently,

All-Year Pastures. faireSf Dawsimf XAoaster, and Wise (24) used

a whole series of crops—soybesns and pearl millet» millet alone, oats-

barley-rye-vetoh, Italian rye grass and crimson clover, and com stover

with velvet beans—to provide continuous graslng for dairy cows*

Etheridge, Helm, and Brown (£1) reeowund Korean lespedesa, winter

barlqy and bluegrass for an all-year pasture listen under Missouri oen-

ditlons* Heel (78) reeommended Balbo rye and crimscm olover for late

fall and early spring pasture in Tennessee* Haselwood (89) describes all-

yeau: pasturing^ with and without ccncRitrates, at the West Tennessee

S^tion* Limited numbers of cows were used* Crims«»i clover for late fall,

winter, and early spring, plus Sudan grass and mixed permanent pasture the

rest of the year, provided an almost unbroken suecessitm of pasture crops*

Dorranoe and Bather (19) report that alfalfa any be uaed for

pasture, and that it gave even better returns in milk production than did

hay from the same area* flnnell (25) reports on the use of winter barley

aad winter wheat for fall and spring pasture in the High Plains region of

western Oklahoma* Jeter (SS) describes winter pasturing in the flats and

coves of western Horth Carolina* A mixture of ordiard grass, bluegrass,

tlmotby and clover was seeded w new land following two years of com.
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St««rf m meh pasture aade greater gains than on dry feed*

timltatlons of Pasture as Feed* Morristai (70) states that "good

'pasture alone will provide sufficient nutrients for body aoiintenanee and

the production of 10 to SO potinds of ailk or sorOf depending on its

richness** He makes reecMUBendations for feeding ccmeentrates to cows on

{mature ehiefa allow for varying pasture qualities* Woodward (101) showed

that cows on good pasture would consume enough nutrients to produce a

maximua of about (me pound of butterfat a d^r* Sims (8S) reports that

Jersqy cows on machine-dried hay and pasture grass averaged 6,585 pounds

of milk and SS9 pounds butterfat in a lactation* The sane cows averaged

9^656 pounds of milk and 627 pounds fat on the same roughage plus liberal

concentrate allowances such as are givwi to cows on official test*

Haselwood (59) states that cows on pasture alone with hay and silage

produced 6,888 pounds of milk and 548 pounds of butterfat as coaqiared

with 6,669 pounds milk and 578 pounds fat idxen concentrates were given*

later work at the same station, a cow that had produced 14,481 pounds

of milk and 1,008 pounds fat under official test conditicms, came baok

with 9,814 pounds silk and 688 pounds fat in 566 days on roughage alone*

8* Hays

Hext to pasture, hay crops are our aoit Important source of

roughages for daiiy cattle. The crops used for pasture are, for the most

part, used for hay with good results. Low growing plants and very young,

Kicculent plants are out and cured with some difficulty, however, and so

aro not used frequently*
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Ctoaltty of Hay. Huff«»n (50) atates that yoting planta are hl|^«r

in protein, lower in cellulose and lignin, and have a hi^er eoeffioient

of digestibility than older plants* llorrls<m (70) giwes 'values of ower

17% protein and 64* 7)1 -total digestible nutrimts <m an air-^ied basis

for yotmg actively growing pasture grass, centred to about 7% protein

and Sl,7% total digestible nutrients for ordinary aixed hay, Lileewise,

the caloluB and phos^orus cmtwats of dried young grass are signlfieantly

higher than for hay* These facts suggest -that tha quality and feeding

-value of hi^ vary greatly, depending on stage of growth the crop

is cut*

Quality of hey may be affected further hy wumer of harvesting and

Storing* Huffwu (50) states -that losses My occur fron respiraticm in

the freshly-cut plant before drying, fron iiecduuiieal losses in handling,

from exposure to rains and frcHi fomenting in storage* The sun of su^

losses aay reach 40K, or e-ven hi^er if the hay "browns" in the now*

Total losses idioa bay is artificially dried aure significantly less* Gordon

and Hurst (S9) in experiaents at J'eaneret'te, Louisiana, found the oost of

aaachlne-drying too hi^ except for very large growers* Weaver and %lle

(90), using a low cost bam drier, aade hay that was one grade bet-ter

than the sane hay dried in -the field* The bam-dried hay averaged S*S

percent mova leaves and 19 percent sore color, was higher in vitauein A

-value, amd gave results slightly superior -to good field-dried hay in

feeding trials with daity heifers*

Uses and Liaitations of Havs* iorriscm (70) states that leguae

hay is especially -valuable in feeding dairy cows, because it provides

generous supplies of high quality proteins, of calcium, amd of -vl-taains
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A and C« Ha farther states that feeding of concentrates is generally

desirablOf especially tmder Com Belt condltlcms and those farther east*

Early experlaents (57) with leguae hays shoved that such hays supplied

more protein than grass or nixed hays^ thus pernlttlng a saving In anount

of high protein concentrates. Hodgson and R:iott (47) found alfalfa hay

superior to alxad hey and grass silage as a ration for covs in allk

no eoncentrates ware given* Kelgs and Converse (66)» hovever« report

that cows vould eat nore of a mixture of alfalfa and tlnothy than of

either alone*

Hay Alone* Experln^sts with oovs given fall-grainy United grainy

and all-roughage ratl<ms (17y ISy SSy 54y 59y 40y 41y S6y 65y 7Sy 81y 85y

95y 99) show that oovs on all-roughage rations vUl produce about 60%

as nuoh nilk as m full feed* The llalted-graln group In sone experinrats

produced nore in proportion to grain fed than those groups on full-grain*

This In turn indicates a hl^er physiological efficiency for the llnlted-

grala ratiimSy and suggests that oonblnations of roughages end o<moen-

trates nay supply neeessary factors not present in either alone* In

Table I It will be noted tiiat sons of the best results fron all-roughage

rations were secured at Western Stations where alfalfa hay was the

principal rou^iage. Huffaan (50) states thaty while cows fed alfalfa

alme in the Western experlnonts appeared to nake exeaedlngly good uso

of the total digestible nutrientsy the produotlve energy of alfalfa

varies and grain should probably be fed to oows in aedlun and high nilfc

production# Zt should be noted in Table I that oows generally did not

exceed 800 pounds butterfat production m all-roug^age rations*
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RESOLTS FROM FEEDING FDUu-GRAIN, LIMITED GBAIN, IND ALL-ROOGHAGl
RATIONS TO DAIRI COWS

Station Milk Fat

Liadtad grain
FMilk at

All rouehaga

Milk

lbs* lbs. lbs. lbs. lbs. Iba

SuasMUT* 18746 654 n416 406

Utah** 10849 848 9029 288

Montana** 15795 544 16407 676 18295 464

Naaada 10852 869 9168 826 8644 804

Wyoniiig 10180 828 9886 810

Tannassaa 6442 876 6266 867

Tannassaa 9656 627 6888 829

California 7889 824 6068 245

Dragon 7208 278 6696 214

Oregon 7181 822 5875 266

Louisiana 6806 252 6576 264 4581 216

* Work at Fadaral Statiaaa* to 1956

*» Fadaral Stations
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fhariloloylo and F«onoKlo Factors^ katrvf (S) report* « higher

phyBiologic efflolenoy for ell-rowghege ration* then for either ll*lted

or full grain, Thl* obserTatlon 1* confirmed or Indicated ly other*

(18, 55, 40, 45, 78), Cow* on full-grain ration* coneume more dry-
witter and total dlgeetlblo nutrients than do llmlted-graln or all

roughage groups (8, 78, 99), Cow* on all-roughage rations lose more

weight early In the lactation, readi a peak In milk production earlier

and may be less persistwjt than com* fed concentrates (18, 58, 54,

41, 68, 81, 95, 99), Ihether or not grain feeding la profitable

depends both on the quality and cost of rou^age and concentrates and

the price of butterfat, Autrey (5) concluded that It peya to feed

grain tmdar Iowa conditions. Lush (68) raports similar findings for

Xoulslana, Headl^ (4l) found that cow* wider Ne-vada condition* produced

more eoonomloally on roughage alone,

8. Silage*

SSSSSl^MA* Early experiment* (11, 12, 85, 44, 67, 91) shommd

that adding silage to the dairy ratlwi would secure small but apparently

significant Increases In milk production, Swae later experiments (15,

27, 47, 84, 97) do not agree. A* a result of the early experiments,

howeTwr, uee of silage la dairy ratione became a atondard practice,

particularly la the Xortheiti Dairy Reglwi, The writer ha* seen old

stone ellee in upper Heeonela that must hawe been at least 80 or 40

years old. Com was used most frequently In the early days, foil and

Huiphrey (98) made trials of •cybawi silage without preservatlTea, at

the Wisconsin Station about 1904, Reed and ntoh (79), at the Kansas
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Station, reported In 1917 the successful ensiling of alfalfa alone,

alfalfa with oom ehop, and alfalfa with aolasses* The eiqperlaents

with alfalfa silage are too nuaarous to discuss in detail here, hut

sereral studies (48, 74, 80) rtiow good results fros feeding alfalfa

silage to dairy oovs.

Beoent e^riaents (6, 75) with s^beaas alone for silage gare

good results* The saae can be said for com and soybeans in coabination

(4, 88, 98)* Ragsdale and Herasn (78) list 10 leguaes, 9 grasses and

4 eereals that are ooaBHSuly used for silage in l^e Middle West*

Bender and Bosshart (7) state that "Xn general,* all erops

shidi can be aade into hay oan be stored as grass silage**

Factors in Preserving* Bender and Bosshart (7) list six aethods

of preserving silages, in addition to natural feraentation* Reed and

Fitch (79) found aolasses a»re satisfactory than com chop in ashing

alfalfa silage. Btriiistedt and co-workers (9) found com meal to be an

effective preservative for grass silage when added at the mte of

150-200 pounds per t(m of gre«a forage* In several experinents (16,

54, 61, 74) aineral acids have been used successfully as preservatives*

XiciMSird amd co-workers (61) showed that {diosphorie acid grass silage did

not affeot the alkaline reserve of the blood, even when fed as the only

roughsgs* Huffman (50) states that about lOjS of the dry matter is lost

in the silo* Mewlander and co-woidEers (74) give losses of 11)6 and 14$

for 56- and S4-foot silos, respectively* Bavles, Bothas, and Thospson (16)

fotmd the loss of nutrients to be gmatest from hatural feramtation and

significantly less from the use of either mineral acids (A* I* V* process)
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or tBolassef* The 8U» irorkers recoaaend aolasses as being nost

practical to use ft Carotene losses in aaking silage are lets thioi in

Baking hajr (58» 60) under ordlnaiy conditions* Qood hasr aty >3e et|ual

or snpeidor^ howeveri in carotene content to tone silages (86^ 48)*

Bender and Bosshart (7) state that silages made with preservatives have

especially hl§^ rltaain A values* This stateaffiit agrees^ in substance^

with a report by Taylor and co-workers (85)*

Psf of Silage. !nie reason idiy silage gave such good results in

early eaqwrlaentB (11, 12, 88, 44, 57, 91) vas not investigated for

SMe tiae. More reeent studies <m the problea (10, £7, 88, 58, 48, 77)

show that eater content alone is not a factor* Higr and silage aade

from the sane orop have given alaost Idwatloal results in feeding trials

with dairy eows* Idkewise, wet beet pulp gave restilts no better than

dry pulp, when eows had free access to water* Pratt and Ihite (76)

report slightly groater dry oatter consuapti<m with heavy feeding of

silage than wildi li^t« Rodgstm and Shott (47) found that cows would

oat Bore dry natter on a ration containing U« 8* Ho* 8 alfalfa hay than

m aiawd hojr and graoe silage* Pratt (77) found that eows would eat

less dry natter in wet beet pulp than dry, but acre in wet silage than in

dehydrated. Apparmtly, the value of silage in the dairy ration is not

due to its sraisture eontent, but to iriiatever additional nutri«cts it nay

possess that are not found in ordinary to poor grados of hay*

Intorrelatioas of Poodo for Balry Cattlo

vs* Hay vs* Pasturo* It should bo noted that one crop noy
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b« used for bMj, for tilftgo^ or for pooturo. Am stotod above, the

dlfferwaoo betwe«a hay and allage aade from the mum erop la rery aaall,^

aaaualng that eare la tak«!\ to eonaervs aoat of the autrlenta la each*

The dlfferenoea, however, between pasture oa the es&a head and hajr or

silage en the other ■19' be slgnlfleant. Bawscm and (hw^vea (17) found

that with cows on rations restricted to roughage, those <mi pasture

produced the avezage aeven percent nore thm the non-paature groups.

Graves, Cawson, aad Koplend (SS) found the dzy natter la hay and silage

Mide fjrom i«B»ture pasture herbage to be apcnrsntly superior for nilk

production to the diy natter in alfalfa hay, Huffwm (50) shows that

youBg pasture grass is higher la protein, lower la fiber, and has higher

coefficients of digestibility than found in hays. The good rosults

secured by Hsselwood (S9) with cows on all-rou£^ge ratitme aay be re

lated to the fact that about three-fourths of the nutrients were aoourad

froa pastors.

Roughages vs. Conoentrates. As statsd sarlier, rou|^ges are

Indlspwasable for dairy cattle because th^ famish factors, haom and

unknown, Ihat are not availablo la e<mcentrataa. Also, the efficient of

nutrinzt utllisatl<m appears to be hi^er an ell-roughage rations than

Ihose with grain. Huff nan (50) points out that roughages eay be low in

phosphorus, a deficiency efeich can ba supplied either by ninersl sup-

pleaents or by bl^-protein concwatrates. Willard (94) fotmd no advantage

in feeding .grain to yearling heifers when given alfalfa hay and irrigated

pasture, but found it desirable in a later study (96) to feed grain to

calves up to nine aonths. lonroe (67) found that soae grain was necessary
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to heifer# growlag well «ad In a. norwd state of fleshing mle##

high qualltf hsj ##■ fed* Hth covs in nilk^ the result# of soae

experlnents #ith full->gi«in ts* United grain v#* all-roughage rations

(68* It) indieate sonenhat aore efficient use of nutrients lAien a

aoderate aaount of ooneentrate# is fed.
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work reported here Inoludea four aajor experlaents* fh*

object! of the indlvidoal eacperlMnts are soMidMit diverse, bat their

final ala Is to develop a sound roughage progru which will use to best

advantage the cllnatlc, soil, and eo<»ionle factors related to dairying

In Tennessee*

Silage Eacperla^f^ Knoxville* Ihe work reported Includes

trials of com, alfalfa, and lespedeaa sericea silages for the winters

of 1989>40 and 1940-41, also com, alfalfa, and soybean silages for the

winter of 1941-48. The latter year oonstltutes an original Investigation

by the author. Bhta for the first two years were already on file*

Winter Pasture Rimerlffient at Ooluahla. The four years of work

reported consist of trials with conventional winter rations that Include

silage, vs. rations with snail grain pasture and with pemanent and

snail grain pastures In place of silage. Trials were started usually In

Novenber and extmded Into the following kprll. The data for four winter

seasons, 19S7-&8 to 1940-41, wore already <m. file at fiioxvllle*

Irrigated Pasture Exoerlnent at Colunbla. This e^erlnent includes

trials of Irrigated pastures vs. noi-lrrigated pastures for the sunner

season* Trials were begun in May or June and extended Into September or

October* ihe data for four seasons, 1958, 1959, 1940, and 1941, wers

already on hand at EnoxviUe*
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Grain md r ft̂ sture at J»ok»<m. This experlsMnt

followed •lailar work with Halted nuabers of oows at the eaae etatlon*

Cowa were paetared aoet of the year and fed hay and/or silage only

during the days when pastures were short or not available. Concentrates

were fed In Halted aaounts to certain cows for cme or two lactations f

foHowed by no concentrates during succeeding lactations* The data for

four fhole years, Jane 1987 to isy 1941, were already on file*



SOIBEiH AHD ALFALFA SILAGE TRIALS AT K»OmLLE|
WINTER Of 1941-42

Th« experlaentiil work reported here eaa done In the winter of

1941-42* It repreaente the third year of oooperatlTe ailage inveatl-

gationa hy the Itepartaent of Dairying of the UniTeraity of TenneaaeOf

and the ToBaeaooe Valley Authority**

Flan of Exoeriaient. 1941-42. Jeraey cowa were divided into

throe groupa^ with four eowa la ea^ group* Silage waa fed to the

■liking cowa in ea^ group aoaetidiat according to individual ailk

prodnctioa and ao that the total for each gx^p waa the aaae* Aa mioh

hay waa fed aa each group would conanne* Feed not eaten waa weighed

back*

The cowa were weighed at aonthly Intervala on three aucceaaive

daya* and the average taken* Froducti«i waa eoaputed aa the actual ailk

producti(«y tiaea tiie average of one-day teata at the beginning and end

of eatdi aonth* The experiaent waa continued for 160 daya* It ahould be

noted that the experiaental perioda were all 80 daya in length, in-

atead of being calendar aontha*

The eaperiaent waa planned to obaerve feed conaunptiony changea

in body weighty ailk and butterfat productioui and to note any differencea

in reaults between groupa* Feed conaunptioa data 1^ individual cowa were

not keptf thus liaiting any coaqplcte analysis of the reaults to group avwagea*

* The Twcmesaee Valley Authority furnished two 6* z 20* experimental
ailoa and the 90f phoa^oric acid*



54

Ffeeda* Corn sil&ge used in the experiment w&a put up in 14* x 60*

ailoe and used both for experimental cow* and the rest of the herd.

Alfalfa for ailage Haa cut in aid-June when in full bloos and ensiled

with 60 pounds of blackstrap molasses and 20 pounda of 80)t phosphorle

acid per ton. Soybeans were cut at the end of September when well

matured and ensiled with molaaaes and phosphoric acid, as above. Both

alfalfa soybean silages were stored in G* x 20' experimwatal silos.

The alfalfa silage kept well and was eaten readily. The soybean silage

did not pack well in the small silo and beoame somewhat moldy, inalyses

by Mr. 0. A. Sbu^. Sxperiment Station Chemist (Table VIl), showed pH

values of 4.42 and 4.40 for alfalfa and soybeans, rsspoctively. The

alfalfa silage was eomewtoat highsr in moisture than the soybean, and

lower in fat and earb<hydratea»

The hay fed varied from mixed grass-and-legume to pure lespedesa.

At the beginning of the oj^riment all hay was ground. Later it was fed

whole. Grain mixture for the com silage group eontainod 100 pounds com,

100 pOGOids oats, 100 pounds wheat bran, and 200 pounds cottonseed meal,

with a calculated digestible protein content of 19.4 percent. Grain

mixture for the alfalfa and soybean silage groups contained 200 pounds

com, 100 pounds oats, 100 pounds wheat bran, and 60 pounds cottonsood

seal, with 11.8 percent digestible protein. The reason for varying the

grain mixture between groups was to equalise the protein intake as nearly

as possible. Average analyses of alfalfa and scybean silages show wore

digestible protein than in com.

Selection of Cows. Individuals were grouped according to previous
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r«eord0» bodf stag* of laotatlon^ allk produotlon at tlm* of

starting «iqp*rlaeiitj and dat*s 1n>*<t« Tho rosulting groups wore vltiiin

eOO pounds of OB* another In initial valght. All cows that nilked

during the e^qporlnent showod on* or nor* lndloatl«is of nastltls* Saq>l*s

taken ncnthly showed high leuoocyte counts in nany eases* Two oows showed

streptoeoool at tlnesf one showed staphyloeocol. One cow. In the eom

silage group, that showed streptococci was treated with a silver oxide

preparation and went dry sooner than planned* One cow, In the soybean

silage group, dereloped a staphylococclo infeetlcm in three quarters

following ealvtng and produced nuoh less than nomal for the last 80 days

of the experlnwat*

the cows on eom silage were designated as Group 1} those on

alfalfa silage as Group II} those on soybean silage as Group III. In

the text and tables whloh follow, the groups will be referred to In this

aHumer.

Conduet of Scperlamt* I«oh group was kept in a large box stall

and renoved only for adlklng, for weighing, for cleaning the stalls, or

for exercise* Cows were nilked thzwe tines dally, In the ■mfing parlor,

except the last six weeks triim they were nilked twice a dajr* Silage and

hay were fed once a day, concentrates twice*

Three cows calved during the experlnent, three wmt dry. Bach

group had one or two dry cows nost of tho tine* One dxy cow died near

the end of the first nonth and was replaced by another* The experlnent

started Decehber 8, 1941, and ended April 80, 1948. (Both dates are

inclusiwe*)



 

TABLE II

PIED COHSOHED BI EKPERIMSKTAI GR01JPS| SIUQI EaPMIMEST
1941-1942

26

Itsai
Amount
fed

Amount
refused

Amount
eonsumed

Total
digestible
nutrients
sunolled*

lbs. lbs. lbs. lbs.

Group It
Hay
Silage (com)
Grain

8,825
12,000
2,092

180
0
0

8,645
12,000
2,092

4,409
2,244
1,189

Tft+* t.». - ̂ . 8,139

Group lit
Hay 8»824
Silage(alfalfa) 11,840
Grain 2,092

140
6

0

8,684
11,654
2,092

4,429
1,680
1,561

Ta+ji1 . . . , 7,670

Group nil
Hay 8,762
Silage(soybean) 12,000
Grain 2,092

76

189

0

8,686
11,811
2,092

4,450
2,051
1,561

Total, 8|022

* Total digestlbla nutrient values used are baaed on average
analyses (itorrison)^ vith adjustnenta for moisture content In the
ease of alfalfa and soybean silages.



27

Conwaptlon* IJ&blft IX »howm the aaounts of feed given«

refused aad coneuaed by each group end the total digestible nutrients

supplied. Kay consumption sas surprisingly olose for the groups» idiilo

grain for each eas the sas*. Silage eonsustption eas practically the saae^

except that the soybean silage eas aoldy and soeeehat less palatable,

althooi^ nearly as such eas eaten as of the others. This lack of relation

beteeen palatability and total asount eaten is noted by Huffsan (50).

The total digestible nutrient intake eas lorn for the alfalfa silage group

because of the high aoistuire eontent of the alfalfa silage.

Maintenance of Bodr leight. Table III shoes both individxial and

group eeights hy souths fros beginning to end of the 150~day experinentad

period, figure 1 shoes graihically the changes in body eeight. It eiU

be noted that all coes but three lost the first m/rnth, regardless

of groups. It should be noted also that (hroups I and II gained eeight

after the first nonth, efaile Group III resained at about the ease level

throughout. Theee differences probably are not significant, hoeever,

because of the differences beteeen groups in stages of lactation.

Figure 2 shoes that Groups I and II eera in advanced stages of

lactatlraa ehen started oa ei^rinent, tritiile Group III eae earlier. It

la nomal for a eoe to lose eeight early in lactation and to regain eeight

after the sixth nonth and during the dry period.

The nonthly loasea and gains idioen in Table III represent dif

ferences beteeen eeighings for succesaive nonths. These data ere used

in ooi^uting i^siological efficienqr.



T
A
B
L
E
 1
1
1

H
O
S
T
 
W
E
I
G
H
T
S
 O
f
 C
O
W
S
 I
W
 
S
I
L
A
G
E
 Z
Z
P
E
B
I
M
E
W
T

1
9
4
1
-
1
9
4
2

I
n
i
t
i
a
l

1
s
t
.

2
n
d
.

5
r
d
.

4
t
h
.

&
i
d
 
o
f

M
o
n
t
h
l
y

M
o
n
t
h
l
y

w
e
i
j
j
h
t

B
o
a
t
h

■
o

n
th

B
o

n
th

»
}n

th
e

z
n

e
rl
B

M
it

lo
s
s
e
s
**

*
g
a
in

s
**

*
Ib

a
.

Ib
a
.

Ib
a

.
Ib

a
.

lb
s
.

Ib
a
.

Ib
a
.

lb
s
.

G
r<

»i
p 

It
L

o
u

ia
e

7
9
9

7
2
6

7
8
5

7
9

1
8
1
1

8
7
0

7
4

1
4
5

Y
e

n
u

a
8

9
5

8
7
8

9
2
8

8
5
7
»

8
5

1
8

5
6

1
6

6
9

S
o
n
s
h
in

e
9

9
2

99
2

1
0
4
0

1
0
5
6

1
0
8
7

1
1
5
0

0
1

5
8

fa
a

z^
8
9
2

8
8

4
9
5
2

9
5
6

9
4
9

1
0
5
5

6
5

2
0
8

T
o
ta

l
5

5
7

6
5
4
2
9

5
6
8
5

5
6
4
0

5
6
9
8

5
9
1
1

1
5
4

5
8
0

(h
ro

np
 l
it

L
il
y

85
8

8
1
1

8
4

2
84

1
8

6
2

8
9
7

2
5

8
7

Ja
y

9
7
6

9
6
0

1
0
2
1

1
0
5
2

1
0
6
5

U
4
8

1
6

1
8
8

fa
n
cy

 F
lo

86
8

8
7

4
9
1
0

9
5

6
9

5
5

9
7
1

5
1
0
6

S
u
s
ie

7
1
8
«
»

7
1
0

7
1

6
7
4
5

7
6

2
8

5
2

D
ai

^y
9
1
4

—
—

T
o

ta
l

5
6

9
1

5
5
6
5

5
4

8
5

5
5
4
5

5
6
0
5

5
7
7
8

5
0

4
5
5

G
ro

up
 H

it
D

u
re

s
s

9
5
5

8
4

2
8
6
3

8
4
9

8
8
7

8
9
4

1
1
2

7
1

P
an

sy
8

1
0

8
0
4

7
1
9
*

6
6
6

7
0
4

7
1
5

5
9

4
9

H
o
se

7
8
9

7
1
1

7
2
7

7
0
8

7
5

1
7
7
5

9
7

8
5

S
u

lt
a

n
e

1
0
1
6

1
0
2
6

1
0
6
6

1
0

9
8

1
0
6
8

1
0
1
1

5
0

8
2

T
o

ta
l

5
5
5
0

5
5
8
5

5
5
8
0

5
5
2
1

5
5
9
0

5
5
9
5

2
9
8

2
8
5

* 
D

ro
p 

In
 v

e
lg

h
t 

fr
o
a
 p

re
ce

di
ng

 n
an

th
 l

a
 d

ue
 t

o
 c

a
lr
in

g
*

**
 S

ta
rt

ed
 s

ee
oa

d 
■o

at
h 

to
 r

ep
la

ce
 D

ai
ag

r*

C
ha

ng
ea

 i
n

 b
od

y 
w

e
ig

h
t 

be
tw

et
m

 B
cm

th
ly

 w
e
ig

^i
n
g
a
. 

Lo
sa

ea
 d

ue
 
to

 c
a

lv
in

g
 n

o
t 

in
cl

u
d
e
d
.

r9 C
B



 

Z9

No. MoN'rHa ON cxpeRiMfN'r

o ( f i V vT
^fioup X

10I/I8£

Venus

SUNSHINE

TANNV

0-NOUP 3t

iny

f
JOY

fANOY Flo

SuetE

8-fttuF mE

DUOffFSS

PANCr

PoSE

SUt.'FANF

^pObP Z

O-PobP X

Q-OOUP^OC.

-I

figure !• Graph showing changes In body wel^t during ea^rlnenti
silage experlnent at Knoxrllle, 1941<^2«



 

m

No, Nef^rMJ J/A(e£

P I f i ^ I ? t ^ >0 II n la jf
Q-ntfp jr

uooise

veubs

eot^f/i/i£

fanhy

<i-RtbP jr

lUY

oey

fAHHY

SO<flE

(bBY)

S^Roup -^ar

J5De.//£<J<f

pAR-fy

Ro <?£

SvhY-ANS

9-RopP JT ^

^Roup :2r

^RbUP UV

■»£pen£ BXPCni^'H'r

bOKll^ CXPERIft^f^lp

Figairs S. Graph shoalng what part of lactation oowa were In ailk
during experioenty also average for groupai eilage
experiaenty 1941-42*



a

Production. Tkbla IV showf tha aUk and buttarfat production

for each group* Group III produced about 60 paroant Bora than the otheray

both in actual and four percent fat-convertad Bilk.

Figure 2 ahoes graj^lcally the ataga of lactation and nuobar of

■OBtha Bilked for aaeh cow during the aaperlBant. Ihen production Is

reduced to a oovHiay baala (Table V) the dlffereneaa betvaan groups are
not -rery great, and the varlatlona In ataga of lactation between groups

probably account for ooat of the dlfferenoea. It will be noted that

Group I had iillked on the aweraga 164 days when started on experlaent)

Croup II, 152 days} and Group III only 68 d^ra*

Physiological Efficiency. Rutrlent Intake and raquiz*aBenta are

shown In Table VI, In arrlwing at the yaluea shown, Morrison's standards

and ayarage analyses (70) were used. Weight losses (excluding those due

to calylng) ware considered as aqulvalwat to supplying extra nutrients,
while wel^t gains ware oonsldered as requiring additional nutrient. The

valnas of 2,78 pounds total digestible nutrients for ma pound loss In

wei^t and 5.56 pounds for ma pound gain, as reeoBBandad by Knott,

Hodgsm, and EUlngtm (58), were used, Bie soybean silage group showed
the lowest physiological efflcimoy by producing mly 2.19 pounds of 4%

allk per pound of total digestible nutrients above Balntenance. The other

tee groups did soaeihat better by producing £.58 pounds of 4% allk with

oem silage and 2.74 pounds with alfalfa,

iatrey (8) reports that cows on full feed at the Iowa Station

produced 6,20 pounds of 4% milk for each pound total digestible nutrients

above aalntmanoe. Graves and co->workers (56) report that cows at the
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TABLE IV

PROroCTlOH OF EtPHlIMIHTAL GRODPSj SIUGE EEPIRIMEHT
1941-1948

!to* dayg in ■ilk
B

Prod-uctlop
efore

experi-
«ent

During
expari-
aent

Milk Fat 4$ F.C.M.

Group I (com sllago)
lbs. lbs. lbs.

Louise
Venus
Sunshine
Fanny

75
Dry
275
504

150
78

120
10

1»980.9
1,265,1
1,558.5

71.6

83.4
59.8
89.5
5.7

2,118
1,408
1,878

84

Totel 558 4,655.9 241.4 5,485

Group II (alfalfa silage)

Lily
J<*y
Fancy Flo
Susie

118
552
Dry
165

150
54.8

Dry
108.5

2,251.5
558.7

1,651.4

125.1
19.0

90.2

2,747
420

2,014
Total 292.7 4,241.4 252.5 6,181

Group III (soybean silage)

Duchess
Pansy
Rose
Sultane

68
Dry

85
Dry

150
118.7
150

50

2,879.8
1,916,2
1,767.7

286.6

156,8
94.0

104.5
12.0

8,496
2,176
2,272

295

Total 448.7 6,849.8 566.6 8,259

y ~ ' ■

F- . ,

'JV."'.'
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TABLE ?

GOMPARISOi Of MUK PROIXJCTION BETVEER EZPERIMESTAL GROUPSl
8IUGE EXPERIMENT, 1941-1948

Group

Ato, Ho* days
in Bilk whan
started on
ezDarlamt

Ho. cow
days Bilked
during
exDorlBent

Total
produc
tion

43L Bilk

A% Bilk
per cow
ner day

days days lbs* lbs.

I. Com allage 164 858 5481 15.5

11. Alfalfa silage 152 898,7 5181 17,7

Ill, Sojbaaa aUaga 88 448,7 $m 18,4
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TABU tl

NUTRIENT INTAKE VS. REQDIRIHENTSi EFflCIEHCr Of SUTRIMTS FOR
mUC PRODUCTIONi SIUGE EZPERIIENT 1941-1942

Item I. Com II. Alfalfa III. Soybean
silage silage silage

lbs. T.UvN. lbs. T.D.N. lbs. T.D.N.

Hutrlwits supplied1

Hay 4409 4429 4480
Silage 8244 1680 2051

Grain 1556 1561 1561

Weight losses* 420 157 814

Total nutrients available 8609 7807 8886

Nutrients required!

IfailntMumoe** 44S9 4585 4067

Weight gains 2048 1529 1006

Total 6487 5914 5075

Left for milk productioo 2122 1895 8765

Foxmds 4$ milk 5485 6181 8259

Ratio! T.D.N. to 4% milk li2.58 ll2.74 1:2.19

* Equivalent to aupplylng extra nutrients.

^ Based c« average velght during experimental period. (It Is
aesuned that all groups usad nutrients both for aalntenanoe and for
weight gains with equal efficienqf).
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Pedsral Statlcms produced 8.71 pounde of alUe teitiag 8»491( cm full

feed for each pcnmd total digeetlble nutriwaite*

In eoapntlDg ̂ eiologloaX efficdm&ejr ae aboye^ It ie asauaed

that all cowe are equally efficlaat in the nee of nutriente for aain»

tenance end for inereaeee in bo^ vei^tf and that the aaae cmwe are

not eq:uall3r efficient in tJie uee of nutrients for alUt production, Soae

cove aey nee nutrimite m>re efficiently for cme purpose than for another,

Ihere aay be differanoee betveen individual cove in cme or acre of the

three uses, AleOf cove My uee nutrients for aiUc producticm with

varying efficiency at different levels of production. However, the data

in Table 71 indicate that Group III used nutrients lees efficiently in

soae aanner, whether for aaintcmanoe or milk prochxetion, than the other

groups.
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TABLE VII

ANALYSES Of ALFALFA AND SOYBEAN SILAGE| SAMPLES TAKEN
FEBRUARY S, 1942*. 8IUGES MADE FROM 1941 CROPS

On 75,21$
■oistxire
basis

On eater-
free
basis

. ■ .n yyrti
On 68.81$
aoisture
basis

On eate]>>
free
basis

% % $ %

Holatore in
fresh silage 75.21 68.81

pH Talne of
fresh silage 4,42 4.40

Ash (nlneral
natter) 2.54 9,50 8.82 10.68

Crude fat (either
extract) 1,10 4,18 1.54 4.89

Crude protein
{tux 6.25) S.49 iO.SO 5,58 17.65

Crude fiber 8.51 81,79 10.21 82,74

Nitrogen-free
extract 9,15 84*08 10,60 54,07

« Analystt* Mr, G, A. ^ue7, Experlscnt Station Chealst,



SIUGE TRIALS AT OOIVILLE| WINTERS OF 1959-40
AND 1940-41

Proodure* Thes* experlnents were started with the daiz7 herd

at SaoxyiUe In the fall of 1959. The procedure differs but little

froa that for 1941-42• Lespedesa serieea was used Instead of st^beans*

Alfalfa and serioea were ensiled with molasses and i^osphorio acid.

First-cutting alfalfa in early blooa and first-cutting serioea were used

in 1959. Com was ensiled in the usual asnnery without preservatives.

Table VIII shows the chemioal analyses of silages put up in 1959. It

should be noted that serioea silage was almost equal to alfalfa in

protein but soaevhat higher in fiber.

Cows were divided into groups of four^ according to breeds sisof

stage of lactatim, previous production, and conditim. Two Holstelns

and two Jerseys per group were used in 1959-40, one Holstein and three

Jerseys in 1940-41. Silage was fed at the rate of 20 pounds a day per

cow, grain at 10 pounds per cow. As Rich hay was fed as each group would

eat. Feed not eaten was weighed back and the weights recorded.

Results. Tables IX and X show the results for 1959-40 and 1940-41#

respectively. The serieea silage was emsuaed less eonqpletely than the

others. Hay consumption was about the sane for all groups. The serioea

silage group produced slightly more 4$ fat-converted milk the first

year, but somewhat less the second year than the com and alfalfa silage

groups. Likewise, the serieea group lost weight the first year, but

gained the second.

La computing nutrient intake and reipilrements, T.D.N. values of
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TABLE VIH

PROXIMATE CHEMICAL ANALISES OF CORH, ALFALFA* AND
SIRICEA SILAGES POT DP IN 1959*

Com Sericea Alfalfa

%
silaee

%

Moisture 75.83 68.79 75.54

Dry- nstter 34.18 81.31 34.46

pH emlue 8.99 4.48

ktih (alBeraX aatter) 1.58 1.9T 3.43

Crude protein (HZ 6*2S) 1.46 4.88 4.47

Crude fat (ether extract) 0.64 0.65

Crude fiber 6.46 10.38 8.86

Nitrogen-free extract 14.U 18.99 8.06

* Analyses ly Hr« Qt A* Shuey* Tsomssiss Biperlae&t St&tlca
Cheaist*



 
 

 
 

 
 
 

 

TABLI IX
42

RESOLTS OF SILAGE FEEDING EXPERIMIHT, 150 DAIS| WINTER OF
19«9-40»

No* covg
Avo, wt. per cow «t beglimlng,lb8*
Ave. wt. per cow at «ad, lbs*
Gain or lose per cow, lbs*

Grain consuaed, lbs*
Hay feedy lbs*
'refused, lbs*
* COTSuaedy Iba*
Silage fed, lbs*
" refused, lbs*
* consuaed, lbs*

Total Bilk produced, lbs*
• butterfat produced, lbs*
• 4% F.C.B., lbs,
" cow-days in ailk

4% F.C.M, per ooi^>day, lbs*

Nutrient intake ts* reouireaentst

T.D.N* supplied by feed, lbs*

T.D.N* for aaintenance, lbs*
• • Bilk production,lbs*

Total requireaents, lbs*

RatioI T.D.N* supplied, abowe
aaintmance, to 4% ailk

Group I Group II Group III
com sericea alfalfa
silaee silage silage

4 4 4
1,151 1,125 1,119
1,155 1,168 1,108

4 45 - 11

6,000 6,000 6,000
12,754 15,251 15,259

516 78 114
12,448 15,155 15,145
12,000 12,000 12,000

0 115.6 45
12,000 11,886.5 11,956

15,955.1 14,261.4 17,185.5
698.0 600.1 717.1

16,845 14,706 17,650
552 541 540
51.7 27.2 52.6

12,888 15,229 15,256

5,570 6,262 5,562
5,457 4,765 5,712

10,827

lt2.24

10,027

111.85

11,074

lt2.24

• Pr«i WLaeographed Report No. 68, Departaent of Dairying, Oni-
rersity of T«me8Soe.



 
 

 
 

 
 

 

TABUS Z 48

RISOLTS Of SIUGE FEEDING EXPERIMEHT, 150 DAYSj WINTER OF
1940-41»

Group I Group IX Group III
com serlcea alfalfa
silase silase ailacre

No* C0W8 4 4 4
Ave* wt« per eow at beginning, Iba* 1,015 1,049 1,058
Awe* wt. per oow at end, Iba* 1,054 1,010 1,018
Gain or loaa per oow, Iba* 19 - 89 20

Grain conauned, Iba* 6,000 6,000 6,000
Hay feed, Iba* 11,448 11,159 U,076
* refused, Iba* 149 90 182
" eonsuned, lbs* U,S94 U,069 10,945
Silage fed, Iba* lf,000 12,000 12,000
* refused, lbs* 2 764 6
" oonsuned, lbs* 11,998 11,246 U,995

Total ttilk produced, lbs* 14,460*6 13,851.6 15,526•6
• butterfat produced, lbs* 684*6 657.1 669.5
• 4% F*G,M,, lbs* 16,054 15,588 16,170
Total cow-daya in milk 568 529 562
4^ F.C.M. per oowniay, lbs* 28*5 29.1 28.8

Nutrient Intake ts* reaulrenentsi

T*D.N* supplied bf food, lbs* 12,500 12,057 12,120

T*D*N» for naintenance, lbs* 4,818 4,962 4,940
* " nilk production, lbs* 6,201 4,986 5,259

Total requirenents, lbs* 10,019 9,948 10,179

Hatioi T*D*N* supplied, above
aaintenanoe, to 4^ nilk li2*15 1:2.17 1:2.25

♦ Fr©* original data, on filo with tha B»]^rt»«it of Dallying,
Uniweraiiy of Toanesaea*
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75% for grmin, Bljf for hoy, and 17% for slUgoa wore used, ill groups

for both years ecmsuawd approxiaately Z,OQO pounds core nutrients per

group than requiredy aocording to Morrison's standards (70). The physi*

ologleal efficiency of the three groups (ratio of T.D.N. aboTO Minteiumee

to 4 percent fat-conrerted nilk) vas quite oosparable each year, exeept

that the serioea group shoved less efficient use of nutrients than the

others in 1989>40.



SILAGE VS. WINTER PASTORE
MIDDLE THINESSEI EXPERIMENT STATION*

Th» ezpsrlaent* r»port«d here eonslet of trials of eOttventional

winter ratiwa ttiat included silage vs. lotions with swall grain

pasture and with ssuill grain and persanent pastures in place of silage*

The Mitt object of the investigation was to coaq;>are winter

pasture with com silage for feeding daiiy cows thrcmi^ the winter

season* The experiwent was started at the Middle Tennessee Experinmxt

Station in 1987 and eon tinned for four years*

Procedure. Cows were divided into three groups according to bo^

weighty age* previous records* and dates bred. Group X was fed

alfalfa hi^, com silage* and a grain ratim of epial parts eom->and«*

cob weal* ground oats* and cottonseed seal* Group 11 was fed hay and

grain, and turned on rye pastures idie&ever weather and pasture pemitted*

Group III was fed hay and grain* tamed on rye pasture rtienever available,

and pastured on bluegrass sc»e tiae in addition*

All groups were fed as auoh bay as th<y would eat* Com-euid*

soridma silage was fed at ttie rate of 80 pounds a day per cow to

Group I. Grain wlxture was fed at a rate of one pound for every three

pounds of wilk. All groups were silked twice daily. Cows were weighed

■onthly M three successive days and the average taken* Group II was

kept in a dry lot when lye pasture was not available. Groups II and III

♦ Eros data on file with the Departsent of Dairying, thiiversity of
Shoxville*
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vers kop't Inside 11A1011 weather did aot perwlt pasturing#

Daily Bilk records were kept* Batterfat production was eo»»

puted fro* the actual milk produced and the teat for «ie day during

the Bonth*

The oows used were shifted from group to group for suoceeding

seasons^ but no attaint was aade to follow a definite reversal systeB,

However, a sufficient nuBber of changes were nade to avoid meh of the

error that Bi|dit arise froB keeping cows In the saae groups continuously.

Table H shows the nujiber of days of pasture obtained eaoh

season. It should be noted that the winter of 1989-40 was unusually

severe and wioh less graaing was secured that 8aas(» usual, the

winter pasture vs. silage trials usually were started In Noveaber *nd

extended through March,

Feed ConsuBBtioa. Table XII shows the aaotrnts of feed cmsuaed

by eaoh group, Oroup II ata the aost hay In every Instance, Group XII

ate aore hay than Group I in two out of four years, and about the

the other two years. Apparently the hay oonsuj^tl<m of bolh Groups II

sad III was Influenoad 1:^ the aiMunt of feed available froa pasture,

(hs.lB consuaed was deterained, of course, by ailk production and could

vary only as tha groups behaved in this respect.

Changes In Body Weight, Table ZIII shows ths changes in average

body aalght per cow la eaoh group froa beginning to end of each experl-

aental period, and tiie saae data is shown graphically in figure 4,
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TABUB H

SiniBSR OF MT8 PASTURE EACH WINTIH FOR GROUPS (»
PASTURE! SIUGE VS, IIBTER PASTURE

47

7«ir

Groao II Grouo HI

Psro pastiire mstura

Panument
paature Total

days days daya days

X987»19SS 81 81 80 141

1988-1989 n 71 68 154

1989-1940 18 IS 96 no

1940-1941 88 88 41 1«7

. .. ; • ' ' ' r-':'

i'

'\f0^VrC0.

' v-v'



TABLE III

FEED CONSUIPTKW OF EXPERIMENTAL GROUPS| SILAGE
V8, WINTER PASTURE EXPERIMENT

48

1887-88
(168 days)

1988-89
(186 days)

1989-40
(162 days)

1940-41
(151 days)

Group ly
silaes

(k>oup II,
rys

nasturs

Group III
rys and
psroansnt
oasturs

lbs* lbs. lbs.

Hay 15,829 22,857 17,517
Silags 27,606 .- ■TI IH-L

Grain 5,081 6,040 5,268

Hay 18,056 16,216 15,724
Silags £2,848
Grain 5,576 4,987 6,061

Hay 12,960 21,850 19,524
Silags 20,250 - 1 , 1

Grain 5,817 8,989 4,281

Hay 15,762 16,979 16,218
Silags 17,476
Grain 5,042 5,648 5,954
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TABLE nil

mBQiES IS ATEEAGE BOUT WEIGHT PER COWj SIUGE VS. WINTER
PASTURE EXPERIMENT

Grcmp
Initial
waight

Months on Eroariaent
8

lbs. Iba Iba Iba Iba Iba Iba

1957-88

I 916 897 848 878 688 885 861
II 856 824 829 814 811 786 865
III 840 818 818 796 809 768 808

1988-59

I 888 911 958 885 906 902 ♦
II 844 842 852 882 814 878
III 929 859 879 840 857 881

1959-40

I 828 826 852 849 878 898 869
II 947 902 988 910 965 981 909
III 880 885 874 878 850 828 825

I 808 807 827 817 854 859 *

II 801 782 818 787 816 806
HI 749 742 758 751 765 748

♦ Sxperiamt andad bafore aixth nmth.

■Vr-aLM: ^
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Table XIV ahowa the total galna and total loaasa of eowa In

eaeh group between auooeaaire aonthly welghlnga, after deducting

loaaea due to ealwing* (Calving loaaea were aeauned to be equal to

the difference between noithly welghlnga before and after calving)*

An analyala of the variance In bod^jr weight of Individual cowa

(Thble IV), baaed <» dlfferencea between flrat and laat nontha of

experlMnt, ahowa the difference between groupa to be not algnlfleant*

Thua, the ratlona fed did not have any significantly different effects

on wilntanance of body weight.

mUt and Butterfat production. Table IVI ahowa the average

nunber of daya In wllk for each group at the atart of the ezperlnental

period, also the average nuwber of days allked during the period.

Table XVII shows the wllk and butterfat production of each group

for each year. It should be noted that Group III pz*oduoed the aoat

per cow per day in three out of four years, also the aoat per group

in all years. At least a part of the difference way be explained Tn^

greater peralatenee of lactation fron nonth to acmth, as shown In

figure 5. The dlfferencea In persistence are highly significant, as

the analysis of variance reveals (Table IVIII).

Hutrlent Intake vs. Reoulrenents. The nethod reoownended tgr

Knott, Hodgson, and Ellington (58) was used In computing the nutrient

balance (Table XXX). &ky was figured at 50.5 percent total digestible

nutrients, oom->and-8orghus silage 16,9 percent, and grain slxture

75.7 percffict. Ibl^t losses were aaauaed to be equivalent to supplying
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TABLB XIV

SOM Of GAINS AND LOSSES IN BOOT WEIGHT OF COWS BETWKB
8DCCESSIVE lOiTHLI WBIGHINQS) SILAGE VS. WINTER

PASTORE EXPERIMENT*

Group If

I

Group II>
rye

pfcgturo

&roup IIII
rye and
peroanent
tmature

Ibe. Xbs« ba,

1957-58
Gains
Losses

685
660

ess
810

680
455

1958-59

Gains

Losses

545

456
576

880
495

585

1959-40
Gains
Losses

450

170

600
560

885

590

1940-41
Gains
Losses

600

190

490
415

446
276

* Losses due to ealvlng haTs been deducted.
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TABLS IV

ANALYSIS Of VARIANCE IN BODY WEIGHT BASED ON DIffEREHCES
BETWEIN FIRST AND UST MONTHS OF EXPIRIII1ST| SIUGE VSl

WINTER PASTURE

Souroa of
rarlatlMi

Dagraaa of
fraadoa

SiMI of
aouaraa

Haaa

Total 69 m,486

Betweaa grwfm t 5,888 2,666

Betwaan y-Mira 8 24,885 8,128

Batwaan eowa ragardXaaa
of groupa or years 64 202,718 8,167

"f*

F (Groupa) « ̂ 167 « •Ignlfloiot)
£666

F (Year® ) « 83.28 » p. 67 (not algnifleant)
5167
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TABLl m

AVERAGE iraiBER OF DAIS IN MIIX AT START 0# EXPERIITOT,
AND AVERAGE NUMBER OF DAYS MILKED IXJRIRG EXPERIMENT

SIUGE VS. WINTER PASTURE

Group

1987^88

Days in milk
at start

per cow

Days in milk
during experiment

per cow

I Silage
II I^e pasture
III I^e and permanent

pasture

1988-89

I Silage
II I^e pasture
III I^e and permanent

pasture

1989-40

180
144

lux

178
156

188

187

154

156

117
1X9

120

I Silage
II Rye pasture
III I^e and permanent

pasture

1940-41

208
X59

200

149
158

159

I Silage
XI Rye pasture

III I^e and permanent
pasture

Average. 4 years

I Silage
II Rye pasture
III Rye and pemanmit

pasture

96
88

US

168
162

166

188
181

186

185
142

148
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TiBLE ZVII

PHOOTCTIOH OF IXPERIMIHTAL GROUPS| SIUGS V8* fttlSE
PASTDRE EXPERIMMT

I987»88
Aye* Bo* cows
Cow-dajB In illk
total allk, lbs*
Total butterfatf lbs,
4i F.C*M., lbs*
A% P*C,M, per cow, lbs*
4^ F»C.M, per oow-day, lbs*

1988-89
Are* No* oows
Cow-days in wllk
Total ailk, lbs*
Total butterfat, lbs*
4% F,C.H., lbs.

f.G.li* per oow, lbs,
4% F.C.M, per cow-day, lbs*

1989-40

Aye* No* cows
Cow-days in ailk
Total Bilk, lbs*
Total butterfat, lbs*
4% F.C.M., lbs*
4^ F.C.M. per cow, lbs*
4% F.C.M, per cow-day, lbs*

1940-41

Aye. No. cows
Cow-days in ailk
Total ailk, lbs.
Total butterfat, lbs*
4% F.C.M., lbs,
4% F.C.M. per cow, lbs*
4% F.C.M. per oow-day, lbs*

Group I,
Group II,
rye

pasture

Group III,
rye and
pemanent
pasture

6*0

see
15,666.7

948.1
£0,486
8,414

£4.9

6.0
708

16,96£.7
918.8

17,9£6
£,988

£5.5

5

746

11,187.6
687.7

14,795
£,959

19.8

6

8£7

15,£49.4
980.8

£0,050
8,84£

£4.£

6.88
1,054
18,558.6
1,086.5
£8,7£7
8,474

££. 5

5.8
751

14,815,7
8e8.£

16,885
£,9U

£2*5

5

768
11,796.0

701.9
15,248
8,050

£0.0

6

788

16,628.£
895.5

20,089
5,848

£5.5

5.67
866

16,188*2
992.4

21,585
8,765

24*1

5.4
649

15,146.0
822*2

18,860
5,400

£8.5

6

795

15,207*9
801.1

17,298
8,460

21.8

6

818
17,462.1

961.0

21,400
5,567

26.8
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RYt AMD PAS'TVUES

RYB PASTURE.

S)kA6rB

Figure 5« CoMposite lactation curves showing relative pereietenoe
in silk production of experiaental group* over 4<-7ear
period} silage vs. winter pasture experisent*
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TABLE mil

AMALTSIS Of VARXAHGl IN PERSISTBICY Of MILK PRODDCTION
Of EXPERIMENTAL GHOOPS OVER A 4-YEAR PERIODf SILAGE VS.

WINTER PASTORS

S<mro« of Sua of
aemaroa

Degroos of
fraadoa

Maaa
aauara

Total 10.1619 885

BetvoflU group* 8.7S4 8 1.877»»

Botvooa yoar* 8.181 8 *707«*

Botwoon oomi ro^rdlea*
of groups or yoars 6.887 888 *01618

f (Groupi) * 1»S77 « 85.4«m
.01618

f (TMiri} * *707 * 48.9**
.01618

•* Highly sigxilflMmt
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NUTRIEUT INTAKE VS. REQDIRBIUITSi SIUGE VS. WINTER
PASTURE EXPERIMENT

Group III,
Group II, rye and

Group If rye perasnent
silaee oasture oasture

Lbs. m Lbs. TBH Lbs. TSN
1987-88

Nutrient intakei
Hay 7,968 11,488 8,810
Silage 5,168
Grain 8,847 4,578 8,984
Pastare» 5,127 5,885
Weight losses** 1.802 2.211 1.188

Total 18,774 21,598 17,565

Nutrient requireaentst
6,208Maintenance 7,115 7,826

Milk production 6,657 7,688 6,915
Weight gainsi»» 8.418 2.912 1.856

Total 16,168 18,426 14,957

1988-59

Nutrient intake!
5,865 7,280 6,155

Silage 8,815
Grain 8,765 5,570 5,850
Pasture* —— 2,868 4,466
Weight losses** 1.188 764 887

Total 14,658 14,277 14,558

Nutrient requireaentsi
Maintenance 5,456 5,561 5,221
Milk production 5,808 5,471 5,949
Weight gains** 1.984 2.050 1.747

Total 15,188 12,862 12,917

♦ Total digestible nutrients not furnished Igr oldier feeds were
assuaed to cone froa pasture.

** Differenoes between weighings for iuooesslT* aonths of eaperiamit*
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TABLE m (C(»IT*D.)

NUTRIMT INTAKE VS, REQPIRIMENTS} SIUGS VS. WINTER
PASTORE EXPERIMENT

Group If
Silage

Group II,
rye

oasture

Group III,
rye and
permanent
pasture

1959-40
Lbs. TOR Lbs. TIN Lbs, TEH

Nutrient intake 1
Hay
Silage
Grain

Pasture*

Weii^t losses**

6,580
S,42S
2,889

464

10,991

2,982
-1,082
1.529

9,821

5,241
- 720

1.066
Total 15,295 14,420 15,407

Nutrient requireaentst
Maintenance
Milk production
Weight gains**

5,626
4,794
1.589

5,968
4,940
2.118

6,500
6,605
1.006

Total 12,009 15,026 12,111

1940-41

Nutrient intaket
Hay
Silage
Grain
]^iBture*

Weight losses**

7,928
2,958
5,817

619

8,540

4,196
685

1.127

7,666

4,507
1,791
751

Total 15,217 14,546 14,704

Nutrient requireacntst
Maintenance

Milk production
Weight gains**

5,700
6,496
2.U8

5,445
6,509
1.750

5,528
6,954
1.571

Total 14,514 15,684 15,855

* Total digostlbla nutrlenti not fumlahod by othor feeds were
aesuaed to eose froa pasture*

w* Differences between weighings for successive aonths of experiaent*
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extra nutrlenta at the rate of t,7Z pouade T.D.II. for eaoh potmd

lest* Sladlarlyy gains in weight ware figured as requiring 5*55 pounds

T.D.H. for eaoh pound inoreas# in bodf weight* In addition, it was

found that Group I (silage) ate nore nutrients than apparently re

quired, 16,1 pereent nore the first year, 11.0 percent aore the

seowid, 10,7 percent the thiz*d, and 6*5 percent the fourth* Based on

this finding, the calculated nutrient intakes of Group II and III were

increased above the caloulated requireaents by the saae percentages for

the respeotive years* The differences between total Intake and

nutrients furnished hy hay and grain were assuaed to coae froa pasture.

The data for 1958-50 show certain discrepancies* The nutrients

supplied by hay and grain alone exeeeded the requireMnts* The ap

parent result was that the few days of pasture for that season showed

a negative value* that seeas aore likely is that the cows did not

use the nutrients supplied by hay and grain as efficiently as expected.



IRRIGATI® PASTURE AT THE KCDBLl TBnJESSEI
EIPERIillHT STATIOS«

%!• project vas startsdl in the euiamer of 1938 aa a eooperative

project with the Teimesaee Valley Authorily* The object of the eaperiwMit

waa to atu^y the walue of irrigated paatare for dairy oattle at the

Middle Tenneaaee Experiaent Station. !3ata were on hand for the yeara

1988 to 1941, inoluaire.

Klan of Etperiaent. Jeraey cowa were aelected acoording to ago,

body weight, previoua reoorda, and atage of lactation and divided aa near

equally aa poaaible into two groups. Oho group waa pastured on a S l/i*

acre lot of irrigated pasture, containing bluegraaa, Berwuda grass, and

white clover* The other group was pastured on a siwilar lot that waa not

irrigated. Each cow in either group was fed five pounds a day of the

saae grain aixture as used for the herd. Alfalfa hay was fed when pasture

becaae short. No hay and very little grain ware fed in the auaner of 1941.

Cowa were nilked twice a day. Butterfat produoti<m was conputed

frow the dally allk weights and wonthly <me<<-day teats* Cows were weighed

sonthly.

The ezperiaant started with June the first year, and May the following

three yeara, and ended in Septeoiber or October.

Pasture Trea^awat. The irrigated plot was watered «ie or wore tinea

a aenth except in those nontha when rainfall was unusually heavy. Table IZ

shows the amounts of rainfall and of irrigation water for each yMr, later

* Fron data on file with the Departnent of Dairying, University of
Twaneasee, KhoxviUe.



TABU XZ

INCHES Of RAINPAIL AMD IRRIGATION WATER ON IRRIGATED
AND OiECK PLOTSi IRRIGATED PASTURE EXPERIMENT

6N

T«ar Plot Da7S Rainfall Irrigation
eetnr , ^

inches inches

1956 Irrigatod 156 18.12 8
Cbook 156 13,12 -

1969 Irrigated 169 18.69 9*2
oheok 169 18.59 —

1940 Irrigated 168 14.96 16
Cheek 168 14.96 —

1941 Irrigated 146 12.08 26
Check 146 12.08
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for lrrlgatl<m ms paiq>«d fro* a naarby atraa* ty electric Botor-driT«n

jmapa* kx orerhead rotating aprinkler ayate* was uaed to diatributa

the water. He additional treatment, bealdea ixrrlgation, was given any

plot*

The paatores were inapeoted twice a month to note height of

graaaea and proportiona of the graaaea and idiite clover*

Reaolta* Reaulta of the triala for 1958, 1959, 1940, and 1941 are

ahown in Thble XXI* Production, peraiatence of lactation, changea in

body weight, and nutrient Intake va. requiremwnta have be«a examined*

All figurea, unlesa otherwiac noted, are groap totala* *Cow daya milked

during experiment" equala the aum of di^s in milk for all cowa in the

group* Althou^ not ahown in the table, irrigation increaaed the percMtagea

of white clover and bluegraas aomewhat and reduced the percentagea of

Bermuda graaa and weeda* However, Bermuda dominated the scene after nddr*

June*

iilk and ftitterfat Production* Kien reduced to a cow-day in milk

baaii, the irrigated pasture group produoed slightly more the first two

years, and the same and slightly leas, respectively, the laat two* A oom-

pariaon of the average daily milk production between the first and laat

iKmtha for both irrigated and non-irrigated pasture groups (Table XXI)

shows no large or eonsistent differences in decline in milk yield.

Maintwumce of Body Weight* Examination of '^e loases and gains

between monthly weighings (Table XXI) shows that the irrigated pasture

group made groater not gains for 1958 and 1959 than the check group, but
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TABUB tTT

RESULTS FROM IRRIGATED PASTURE EIPERIIIIMT, 1958

Irrigated
Not

irrigated

Ave* No« eovs 4.3 4.8
Ave. No* days in allk at start 56 48

Cov days ailked during expt* 712 745
Total aillcy lbs* 16,108.7 16,804.2
Total fat, lbs* 875.9 895.5

4^ F.C.M., lbs* 19,55S 20,166
4^ F.C.M* per cov^day, lbs* 27.5 27,2

Initial weight per oow, lbs* 882 920
Gains betwerai weighings, lbs* £15 280
Losses • • • 570 705

Nutrients* required for
Haintenanee, lbs* 6,141 5,415
Live weight gains, lbs* 759 988

WLlk production, lbs* 6.555 6,6M
12,255 12,955

Nutrients* supplied by
Alfalfa hay, lbs* 952 9S£

Concentrates, lbs* 2,4U 2,422
Live weight losses, lbs. 1,010 1,925
Pasture, lbs* 7.882 7.656

12,255 12,955

Portion of nutriwits supplied
"by pasture 54,4% 59.25

Actual ailk per cow per dayt
First aonth (June), lbs. 24.8 26.0
Last aonth (October), lbs* 14.7 14,5

* Total digestible nutriwats*



TABt£ Xn (CX»IT*&)

RESULTS FROM IRRIGATED PASTURE EXPERIMENT, 19S9

Av«, No* cowt
Ato. No* dmy9 in ailk at Start
Cos dajs ailked during axpt*
Total Bilk, lbs*
Total fat, Iba*

4^ F*C.H., lbs.
At F*C.M* por cov-daT", lbs*

Initial weight por cow, lbs*
Gains botwooB woighinga, lbs*
Losses • » e

Irrigated

6.67
54

1,0S8
19,609*8
1,058.8
28,717

28*8
881

545
685

Mot

6.67

81
958

18,485.7
986*8

21,865
28*2
008
690
995

Nutrients* required for
Malntenanoe, lbs*
Lire weight gains, lbs.
Milk production, lbs.

Rutrlents* supplied bj
Alfalfa ha/, lbs*
Concentrates, lbs.
Live weight losses, lbs.
Pasture, lbs*

Portien of nutrimts supplied
bf pasture

Aetual wilk per cow per deyt
First aonth (Ma/), lbs*
Last aonth (October) lbs.

7,552
1,984

17,160

58*5^

26.1
15*9

8,150
2,486

17,160 17,476

1,401 1,401
8,851 4,018
1,870 2,716
10*088 9|W

17,476

58.5$

24*6
15*6

* Total digestible nutrients.
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TABLE XXI (CONT'D.)

RlffiJLTS FRO* IRRIGATED PASTDRE EJOPERIMENT, 1940

T . . . Hot

Av«. No. eowa
Ayo* Ho. days in allk at atart
Cow da/a allkad daring e:qpt«
Total Bilk, lbs.
Total faty Iba.

4% f.C.M.y lbs*
4^ F.G.M. par oo«-*dayy Ibw*

Initial weight par oowy lbs.
Galna between weighingSy Iba.
Loaaea a « a

6.64
64

1,070
H1,94S,1
1,127.«
25,685

24.0
882
400

670

5.88
70
902

17,251.1
986.4

21,668
24.0
846
865
276

Hutrienta'* required for
Maintaoaaeey Iba.
Lire wel^t gaina, Iba.
Milk prodactiony Iba.

7,496
1,412
8.822

6,145
1,288
7.027

17,280 14,458

Nutrienta* auppUed bj
Alfalfa hajy Iba.
Concentrateay Iba.
Live wei^t loaaea. Iba*
Paature. Iba.

2,058
4,158
1,556
9.468

1,629
8,059
751

9.089

17,250 14,458

Porti(m of nntrienta supplied
bgr paature 54.9^ 62. SK

Aetual Bd.lk per eow per daji
first Bonth (May). Iba.
Last B(Ath (Ootober). lbs.

26.8
15.5

27.8
15.2

♦ Total Hlgastlble nutrimto*
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TABLE m (CONT»a)

BESOLTS FROM IRRIGATED PASTORE EXPERIMENT, 1941

Irrlfl^ted

kv* No* cows
Ato, No* dajo in allk ot start
Cow days ailkod during eiq^t*
Total silk, lbs*
Total fat, lbs*

A% F.C.M*, lbs*
A% F*C*M* per cow-day, lbs*

Initial weight per cow, lbs*
Gains between weighings, lbs*
Losses « » 

Nutrients* required for
Maintenance, lbs*
Live weight gains, lbs*
Milk produoticm, lbs*

Nutrients* supplied by
Alfalfa hay, lbs*
Concentrates, lbs*
Live weii^t losses, lbs*
Pasture, lbs*

Portion of nutrients mpplie4
by pasture

Actual allk per cow per dayi
First south (May), lbs*
Last aonth (Septesber), lbs*

6*0 4*4
129 1S6
849 6£6

18,974 10,676
756.6 699*6

16,959 15,864
£0,0 £1.£
770 740
106 £95
415 £10

5,908 8,871
871 1,041

5.488 4.S98

11,762 9,210

644 470

1,185 675

9.985 8*167
U,762 9,210

84*9^ 88.7^

19*9 21*7
U*2 12.7

* Total digestible nutrients*
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•nailer net gains for 1940 and 1941* All oovs in either group were

niUcing In the earlj part of their laetations during the experinent*

Cows under sueh conditions nay be expeoted to lose weight regularly, and

the effect of ration on wei^d^t naintenance is easily noted*

Ihitrients Supplied by Pasture* It will be noted fron Table XXI

that the irrigated pasture supplied sonewhat nore total digestible

nutrients each year than the non-irrigated plot of the sane siae* The

calculations were nade according to the method of Khotti Hodgson, and

EHingtoi (58), using standards and average uialyses fron Morrison (70)*

In percentage of total nutrient intake supplied by pasture, the irrigated

pasture led for 19S8 and 1989, Imt ms behind for the last two years*

The onitting of alfalfa hay fron the ration and reducing of the oonoein<*

trates fed in 1941 had the effect of increasing the percent of nutrients

secured from pasture, but it greatly reduced both total nutrient intake and

also nilk productioa*

Significance of the Results. The smallness of differences and laok

of consistency between groups for the four years of esqierimrat suggest

that there was no significant diffsrencs in i^oduction of individual cows

Ml oither kind of pasturs* Data on individual food ocmsunption wsro not

available, and the varlancee in body woi^t and in milk production were

not ooi^tod, but it Is likely that there was aoro difference within,

than botwesn groups* In order to have significant individual differences,

it would bo nooessary for the group moans to bo consistently apart in the
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MM direotloa aad for individual eova in each group to not var7 greatly

from the group aeana*

It ehould be noted* however* that the irrigated plot carried nore

oowa than the ami«irrigated plot during the tuMera of 1940 and 1941* and

that the irrigated plot produced acre ailk than the other plot in each of

these two yeara* Ihe effect of irrigation was to provide aoMidiat aore

feed per aore* and thua aahe it possible to carry wore eowa per acre and

secure aore ailk per aore than from the non-irrigated plot* Ihe increase

in ailk production was secured by eaployiag aore cows rather than by

increasing produetiM of individual cowa*

- i' I I -■ ki



ILIr-IEAR PASTORIMG flTH AMD WITHOnT CONCENTRATES
AT THEWST TBWESSEI KXPERI!II»T STATION*

Ih* i»ork r«port«d !■ « eontinuatlcoi of previous work with Halted

nuabers of eows st the Itast Tenaesaeo Station, Results up to 1957 showed

88 pereent as aneh allk and 9S pereent as auoh butterfat aa silage^
and pasture as with rouij^gs id.us 1^979 pounds of eoncentntes per eow

for eoqplete lactations (59)♦ Wth these results, the ejperlaent was

extended to inolude acre eows.

Procedure. Older eows were ocmtlnued on all-roughage rations,

this being Chroup I, Heifers were entered two aonths before expected

date of first calving In Qroup II and fed eoncentrates. In addition to

roughage, both while dxy and during the laetatlcm. Four pounds of con

centrates a day usually were given during the dry period. The rate while

allklng was generally less than the cmventlonal figure of one pound to

three pounds allk. Following one lactation with etmoentrates, cows in

Group II were switched to Group I cm all-rougdi^age rations. The data on

hand extend froa June 1997 to May 1941, and In that tlae seven cows

eoppleted one or acre lactatl<ms in each of both groups,

and silage were given both groups ahenever pasture was short

or not available. Mixed grass and leguaws were used for the pezaanent

pasture, generally through May, June, and early July, also In early fall,

Crlason clover with or without ryegrass was used froa Noveaber to April,
Inclusive, Sudan grass furnished gracing In July and August,

♦ Froa data on file wl^ the Departaent of Dairying, University of
Tsaaessee, XnoxvHle,
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Tables XXII and XXIII show the ntuber of pasture days from

ea<di orop each year^ also the total pasture days for the year, and by

Months. The seasonal distribution is shonn in figure 6.

Cows in both groups were wei|d>^ed Monthly. Daily niUc wei^ts

were keptj and butterfat production was oosputed fron daily ailk weights

and Monthly oae<-d^y fat tests. All cows were silked twice daily.

feed ConsuMDtion. Table XXIY shows the anounts of feed eonsused

by sewen cows during lactations when grain was fed and during tihe

following lactations on roughage alone. The quantities of hay and Silage

were not greatly different for the two laotations.

Silage feeding extmided fron Noweaber to Mardi the first and

seccmd years. 1959 and in 1940^ silage feeding started in Septeaber.

Hay e<»giSttVption was low during the pasture season, dropping to one pound

a day In soae aonths. Judging by aonthly data on ailk production and

ohanges in body weight, eriason elower during April furnished the aost

nutrients per aore of all pasturas. Ey the saae evidence, peraanmt

pasture during late siuuer and aarly fall furnished the least. Ibea

turned on eriason clover In April, cows generally would ooao up in

milk production and. in soae eases, show fairly large increases in body

weight.

Maintentuace of Body Welidit. fignra 7 shows ths ohanges in body

weight from beginning through end of lactations for tha saaa seven eovS|

both efaea fed grain and oa roughage alone. It is obvious that on all*

roughage raticms the eows lost aors weight the first two amiths of



TABLE XIII

AMOaMTS Of PASTURE SUPPLIED BY EACH CHOP}
ALL-YEAR PASTURING EXPERIMBRT

78

I«ar Peroanent
nasture

Sudan
«rasa

GrlBson
clover

Total

1987-96 191 15 156 848

1958-99 156 88 50 814

1989-40 185 — 80 155

1940-41 184 — 178 868
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TABUS mil

PASTURE DATS BT MOMTHSi ALL-TEAR PASTURING HPBRIIIBBT

Month 1987-58 1958-59 1959-40 1940-a Arerftge

Jua* SO 80 80 80 80

Jttly 51 81 81 80 81

Aagust 51 a 81 81 51

SeptoBber 50 80 0 50 ££

Ootobor a 81 0 a £8

NOTMibor t7 0 0 50 14

fioomlMr 25 0 0 so 14

January £2 0 0 51 18

February £5 0 0 £6 15

March £9 0 0 51 15

April 80 80 80 50 80

May -a .a 51 51 81
84£ £14 Iss 56£ 267
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y) r M

NefirrH Of T/Zf YEAfJ

A M J J A S O H b

SUb A N

(Uras^

CRtt^ScN iiovpR AND AY^ etRASif

PSfiy^At^^f pji^'TORK

flguf« 6« 8»&i<«al dl8trlbatl<m of paitoro foourod froa
various eropsi foot Tonneasoo £xp«rlaent Station
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TABUS mv

COIPARISOB or PmOHMARCE Of SAMB SEVm COWS WHM GI71H
LIMITED-GRAIN AND AUr-ROOGHAGE RATIONS FOR SDCCl^IVl

UCTATIONS

On Halted-
grain ration

On rottghaga
jtisaa.

faada glT«ni

Bajf Iba*

Sllagaf lbs*

Grainy Iba.

Pasture days

Produotlcm datai

Days ailked

mik, lbs.

Eatf lbs.

4S r. c. u,, ibs«

4% f. C. M, per oow-days, lbs.

Initial body weight, lbs.*

Monthly losses, lbs.**

Monthly gains, lbs.**

A-ve. per cow Awe. per cow

8,117

4,889

1,685

199

556

7,744

406.6

9,197

87.4

888

588

660

8,195

4,491

199

584

6,888

514.1

7,886

88.8

859

456

655

* Beginning of lactation.

** Differences between weighings for successive aonths.
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laotatioa and rcMilned lovar until later in laotatlcm than on roughage

plus grain* These results agree with those fros other experinents

(18, 85, 54, 40, 41, 65, 81, 95, 99}*

The striking inereases in eeij^t from the tenth to the twelfth

months, partioularlj in the laotations when grain was fed, are due to

the faot that the oows were in their first, second, or third laotations

and still growing*

Produotion* Table XXIf shows the production of the sewen oows,

both with and without oonomtrates* The sane oosv produoad 81 percsnt

as Hnoh milk and 77 percent as much butterfat on roufdutge alone as with

grain* then giwra conoentrates, the cows milked longer than wh«a not*

Figure 8 shows that with e<meentrates the cows reached a peak

the seocmd monlh of lactaticm rather than the first, and continued at a

higher level in succeeding mcmths than with roughage alttie* This in

creased persistency of lactation idiaa grain is fed agrees with other

reports (£, 18, 55, 54, 41, 65, 95, 99).

Health and Condition of Cows* Except for heavy losses in weight

the first six months of lactation, the all-roughage rations seesMd to

have no undesirable effect on health or condition of the cows* The

records show no evidence of breeding troubles, since cows calved regularly

throughout the four years of the e3q;>eriment*

Hutriwits Supplied bv Pasture* Table XXV shows the average

nutrient requirements per cow, based «a Morrison's standards (70), and

the estimated amounts furnished by each feed* It was assumed that the

;i



78

He

;«/

» ye

ro

7o

60

lIMirtO

Akl f^OU^HAO-E

~3 iy P 2 7
'E XAC-fArieH

ia

Tlgor* 8« Grajb showing persistsney of lactation| ell-ysar
pasturing sxporinont



79

f ABLE m

COMPAHISOH OF PERFORMANCE OF SAME SE7IH C0W3 WHEN GtVM LUITED*
GRAIN AND ALL-ROUGHAGE RATIONS FOR SDCCISSIVE UCTATIONSf NUTRI

ENT INTAKE VS. RS;piRlll£liTS

T. P. N. reqalr*aont«t

Milk produotion

Malntttiuukoc

Gains in waight
Total

T* P* N. auppXiedt

Ear

Silaga

Grain

Losses in val{^t

Pasture (estlaatad)
Total

Liadtad Rou^ga

Lbs. per oov Lbs. per oov

S»980 2,541

2,244 2,242

660 658

5,884 5,286

1,590 1,680

779 808

1,201 —

982 456

1.988 2.842

5,884 5,286

ii-%
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oovt at« only their actual reqaireaents and that the extra nutrienta

abore these supplied hy other feeds Muse from pasture. Since coirs

soaetimes do eat aore than their actual requirenents» it is safe to say

that pasture furnished at least the aaounts shosn. Esalt and Jones (it)

reported actual pasture yields by the olip~plet nethod to be 8 percent

hi^er than by the nethod used here.

Cows on roughage alone reoeiTsd 47 percent of their nutrients

frM paoturSf those on liaited grain and roughage 88 percent. This is

soaeidiat lower than the figures of 74 and 58 pereent« respeetlyelyy fron

preyious work at the sane station.
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KIXIHG IlAX IS THE BARB

"Qxlfli workf which was begun at Shozvllle in 19B4 and is still in

progress^ has bean reported in Tennessee Bulletin Ho* 170 (90)* ISie

results^ as nentioned earlier in this paperi haee bee® highly satis*

factory* Hay has been produced that was soweahat superior to field-

dried hiy, both in quality and in feeding walue* The wethod is rela

tively inexpensive and appears to be quite practical for west farmers

to use* for further details the reader is referred to ttie above bulle^^e



DISCOSSIOH Of RESULTS

Aeearacy ef Raanlts. In emluatlng th* refulta of fooding

expariaenta with dairy oowa, it should ba raaeabarad that wa ara

daaling with biologioal aaterial ahich is inharently wariabla» In

•iaplar words» no tw» cow are e»otly alilca* Bayond these inherwt

differences* environaent nay affect greatly a eow*s perforwanee* It

follows that the production of any cow Is a cwsbinad result of

heredity and environawt. In selecting cows for experiaenti wo can

atteapt to equalise groups on the basis of past perforaanco, and we can

try to control the onvironBental factors, "She repeatability of past

perforaanee is not perfect* howeyer, Ck>peland (14) found correlation

yalues of 0,59 to 0.71 for two conaeoutiya records by the saae cow«

This Beans that different records of the saae cow any yary SO^t or

aore fr<ai one another,

Enyironaental factors are numerous and not eaqy to doteraine

or o<mtrol. Stage of lactation of the different cows at the start of

an experiBHmt asy affect their perforaanee in the following waeks* The

cows In the winter pasture experiment reached a peak in ailk produetiw

in the seccmd month of lactation. If cows in the third month were

selected for one eiqwrlaental group* end cows just fresh for another

group, the results in terms of ailk production might differ between

groups froa this eause alone, Leyels of feeding alone affect the results.

It would be entirely possible to giye cows waough supplementary feed

alone for aaintenanoe and ailk production* in which case the test feedm

would famish emly tinnecessary surplus nutrimts. In the irrigated
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pasture experlaent, hay and grain were fed the first three year8> but no

hay and very little grain the fourth year. In this experiaent, however,

the order of results did not change with a reduction in the anounts of

suppleaentary feeds*

Body reserves nay affect the perforoance of cows, especially in

short-time experiments, the cows when on all-roughage at the West Tennessee

Station drew more on their body reserves in the first four months of

lactation than during the same months of preceding lactations in which the

same cows were given concentrates. Cows on experiments employing a reversal

system say carry over positive or negative residual effects, in the form of

differences in body weight, from one period to the next. Autrey (5) claims

to have accounted for these residual effects by suitable experimental design

and proper statistical treatment of the results.

In starting aui experiment, it is generally thought desirable to use

fairly large numbers of animals and, by determining group averages, to

reduce the variability in results arising from individual differences in

cows. The tendency in interpreting data from such experiments is to con

sider the group averages only. However, cows within each group may not

react the same way or to the same extent from experimental treatment, nie

differences between cows within groups may be great enough, in some cases,

to render the differences between group averages almost meaningless.

The silage experiments at Knoxville showed that gains and losses

in bod^ weight, including calving losses, should be considered in com

puting nutrient requirements. The gains in weight during later months
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Of laetatlon» both be47 voight and the dovoloping fotot, requiro oxtra

feed. IdkewiBOf the loeaes in body weight during earlier oontha of

lactation auj^ly extra nutrients orer and abort that a oow tay eonauaw

in the forn of feed.

Conoluslona. fhe results of the alXage experiawats at IhoxriXle

showed that physiologic effioienoy of a ration tends to rary inreraely

with Ihe lerel of feeding. !Ehe phyalologio effioienoy (ratio of T.D.N.

aboTO aaintenance to A% fat-conrerted adlk) was hi^er for the winter

of 1941-42. idien liMted aaounts of grain were fed. than for the two

winters prerious.

The winter pasture ra. silage trials at ColuiA>i« showed that

both rye pasture al(me and rye plus peraanent pastures would aMlntain

■ilk produetlon at a soaeidiat higher lerel than would eom silage. The

results with erinson elorer pastuire at the Jaekson station are sistilar.

Ciows turned on oriason clorer pasture in April after hawing been on

hay and silage through the winter oaM up in nilk production.

The all-year pasturing work at Jaekson showed that the saae cows

fed United anounte of eonoentrates ueed a larger porticm of their total

nutrient intake for silk produotloa then whm fed roughage alone. In

effect, these pertieular eowe produced nilk with greater efficient idien

giren grain than <mi a lower lerel of feeding. Whether or not the feeding

of still nore eonoentrates would hare glren further Increase both in

total allk produotion and in efficiamoy of adlk production is not knom.

The reeulte with irrigated pesture at Coluabla suggest that other

factors than water supply should be inrestigated. In the Oregon and
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Australian a^qperlaents oitad (8, iZf 66), fartllisara vere used and

▼arloua ooBbinations of ei*op8 were tried. Soatte orope way respond

sore effeetlTely to irrigaticn than others* later is not the only

food aatarial that plants need, and fertilizers aay supply other

factors also necessary* It any be possible to su^ly too auoh water

to erops in regions of nonaaUy heaay rainfall, thus interfering with

foroMiticKi of nitrates by bacterial aotion in the soil and tending to

reaore soluble nitrates, phosphates, and other plant food waterials

by leaching*

The experiaents in general show that nutrient balance eoaputations

as used to deteraine yields of pasture aay net be reliable at high

loTols of feeding* The ai^>arently negatiwe value of pasture at the

Coluabia Station In the winter of 1989-40 can be explained best ly

assualng that the cows were fed aore than enough h^y and grain alone to

supply their needs, and that pasture represented excess nutrients* In

such oases, pasture yields should be checked by soae other aethod, such

as clip plots, besides the total digestible nutrient aethod*

The results of feeding trials with silages at KnoxviUe show that

alfalfa, soybeans, and sericea can be preserved successfully and fed

to ailking cows with good results* The sericea silage appeared to be

less palatable than com and alfalfa silages* The work with winter

pastures at Coluabia shows then to be s<mezhat superior to com silage

for ailk production, also capable of saving up to one-fourth in hay or

an equivalent aaount of silage through the winter season*

The experiaents with irrigated bluegrass, Berauda, and idiite clover

pasture at Coluabia lAow that it aay be advantageous to apply irrigation
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water, evwn in eeasona of norwal rainfall, in trying to inoroaoo yields

of that particaleur pasture eoabination on the particular soil used.

The re8ult%ia toras of milk production per cow, wore consistently

negative for oaoh of the four years, both with and without fairly

generous anounts of suppleaentary hay and grain. The results, in terns

of Bilk production per acre, showed an advantage for irrigation in the

seasons of 1940 and 1941 when enough cows were put on the irrigated

plot to use all the available growth. The results night or night not

be the sane with different soil typss, with fertilisers, with other

erops than bluegrass, Bemuda, and white olover, or in a season of

sub-nornal rainfall over a period of several weeks. The separate or

conbined effeots of these factors renain to be investigated* One posi

tive result fron the irrigated pasture eoqperlnents was to show that

good pemanent pasture nay supply nutrlMits equal to 8 to 5 tons of hay

per acre in a single season.

The work on all-year pasturing at the JTackson Station showed that

cows capable of producing 400 pounds of butterfat a year with United

anoomts of concentrates would produce about three-fourths as nueh on

good hay, silage, and pasture alone. The liniting factor seened to be

that cows on roughage alone did not i*eaoh a high peak in production, even

with the help of body reserves. If dry natter intake renains constant,

the T.B.M. Intake <ni an all-roughage ration is lower than idien con-

oentratee are fed, and the T.D.N. frm rougiULgs nay have less net energy

value for nilk produotion than the T.D.H. fron concentrates. Ihether or

not to feed cancentrates, end how nuoh to feed, would depend on (1)

naxinui ability of the oow, (8) the prices of grain end butterfat, and

(5) idiat erops, roughagos or grains, will produce the nost nutrients and
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net enerer per eere* It oov« eaa produce 800 pounde butterfat a year

on rou^g»» then It nj not pay to feed concentrates to cove ihoee

oaxlnoi ability to produce is arotmd 800 poimds* However^ the higher

producing cove aay sake good uee of gwierous uounts of grain* The

difference in the Jackson e:q^riiBmt of M pounds hutterfat per oov per

lactatlcm betveen all-rou^ge rati(»is and raticns vith concentrates

would bring |86* at current prices, ahile the 1,6S2 pounds of conc«n»

trates fed per ocm per lactation should cost ouoh less* The fact that

rougbttges generally produce sore nutrients per acre than do grains

would favor feeding of roughage alone, but the high efficiencqr of hi^

producing cows nay cause feeding of generous saounts of concentrates

to be aoet profitable with such cows*
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1, Alfalfa^ aerleaa> and ao/baana iMra analled with aolaasea

and iihoaphorlo aoid and fed to dairy- cova* Alfalfa and aoybean ailagoa

gave reaulta fully equal to thoae froA eom ailage* Serlcea allege

gave reaulta allghtly inferior to thoae froA com ailage, apparently

beoauae it aaa conauAed leaa readily -then the o-tber ailagea*

2« Cowa were dirided into groupa and fed (l) omventional winter

ratlona of hay, com ailage, and grain, and (S) hay and grain with

winter paature in place of eom ailage* Unter paature waa fotmd equal

to com silage in aaintaining body weight and superior to oom ailage

in aaintaining ailk production.

8* Irrigated pemaamt pasture oonalating of bluegraaa, Berauda,

aad white clover was coqpared with non-Irrigated pasture of the aaae

ooAPOSitioQ. Cowa on the irrigated plot did not produce significantly

greater aaounta of ailk per cow than cowa on the ncm-irriga-ted plot*

The irrigated plot produced aore ailk per acre than -the nw-irrigated

plot ihen enough cowa were put cm it to eonsuoe all the available feed*

4* Cowa were fed hay, silage, gxain, and pasture throughout oaa

or aore lactaticms, followed by all-rouj^iage rationa in succeeding

lac-tations* Cowa ihen fad only hey, ellage, and paature produced leaa

-total Bilk, also reaohed a peak in ailk production aoasihat earlier end

were less persistent than shen fed grain in addition* Cowa on all*

roughage ratima lost aore weight the first two nonthg of laotetion

and raaained lower in body weight till a later stage of lactation than

whan grain was fed*
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Qorm oowB produc«d «a &v«r&g« of 7,744 poundo of adlk and

406 ponjBds fftt in eoa^jleto lactations oheo grain was fod, but only

6,988 pounds silk and 5X4 pounds fat in inaediatsly foUoving

lactations on roughags alone.
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