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INTRCDUCTTON

The aconomy af much of our Graat Plains region depands upem the ef-
ficiancy with which we use 'ts most important crop--grass, Since ovar 75
marcent of the feed of ml]l beef eattls =nd sheesp 18 ~rass, anything that gan
k& don® to increase ita wval ueps a fesed for liveatoek 1a of tremendous im-—
portance to ths wenlth and sconomy of the mation,

In addition to tha impartance of grass to the Graat Plainm reginn, it
is playing an sver more impartant rol ein the aconomy of tha southeastern
states and even of many areas in the corn helt, With higher prices for live-
stock and the incresssd cost of rrain ferming, meny farmers in the carm halt
are conv ering more and more of their land to grassland for the praduction
of 1iv.estok, Fecent edusationsl work to encourage planting of grass mixturss
ind grass and legume mixtures for 'uilding the 'soil, ms well as petting cash
‘r eturn from the land as pastures or hay, has alsc mdded considerable importancs
to the grass and hay crop of thea mation,

A number of experiments have heen conducted to detarmine the nutritive
value of hay and pasture crops and to find ways of improving thair value,
Sev eralof theses experiments hava shown the i.lmurhnu- of properly harvesting
hay and of harveating 1t mt the proper time to obtain the greatest ratura of
nutrients psr acre., Somes of the more important changea that occur as plants
mature are discussed in the raview of literature, The most serious lose of
nutrisnts by delayed harvesting is thst of protein,

Loss of nutrisnts that occur during the harresting of hay and when havy
i8 not cut at the proper times means that the crop ean wary sonaiderably in

feeding value, It ia mot alumys poss ible tn produce unifermly high quality



hay. Therefors, to get the most out of mny particular quality roughage, it
should be supplemented according to its deficiencies,

The study revorted herein wms comlucted to determine the digestibility
of good gquality and poor quality prmirie hay when supplemented with varying
levels of protein., Sovbesan meal and ures were used to determine their com-
parative value at marious levels with the two gqualities of hay, Both cattla
and gheep ware used in the experiments to obtain informetion on their com-
mrative ability in utilization of theses haym of diffarent quality and in

the vaes of the wmrious levels of the two supplmments teatad,



REVIEW OF LITERATURE

Effect of Stage of Maturity on Contant and Digest’bility of !rotein in

Prairie Hay and Grasses

The results of a number of axperiments heve shown that preirie hay and
grasses decrsase ‘n mutritive value as they mature. FProtein, earotsne and
phosphorus have srown marked decreases. Frotein is generally the most ex-
pensive portiom of the animel's ration and is the nutrient under study in
the experiment renorted herein. Therefore, some of the more signifieant
stulies on the effsct of mtage of maturity on protein content and digesti-
bility of range grassas are roviewed.

Furkitt (1940) reported that beardless wheatesrass in Weshington con-
tained 20,79 parcent protein on a dry htmsis mt the 3-5 inch stage, but that
it contained only 8,95 percent im the headed stage. Similar reports have
heen made by othar workers on other kinds of preirie grasses, Sotol a (1940)
analyzed crested wheatgrass at various stages of growth, He foumd 1t to
contain 6,13 parcent protein in early May, but that it had dropped to 1,98
parcent by July 15 and then rose to 3,02 on Septamber 1. The riss again in
tha f211 no doubt could ke attributed to the fact that a characteristic of
this grass 1s sarly spring and late fall growth with little growth during
the hot part of the summer,

Blue grama grass, buffmlo grass and Russian thistles were analyzed by
MaMil An et ml. (1943) in Oklahome, and they too found that the protein wms
high in serly season and that it decressed rapidly as the plants matured,
The same ocewrred in big end little Hluestem according to Hobbs &t al,

(1945) in their work in Oklahoms,
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Previous work in Jouth Dakote by Welson (1342), Jorden (1949), Staples
et m1, (1251}, mand Moxon et ml, (1951), all heve shown that there is a de-
cided raduction in protain content of native grasses with maturity. The work
by Moxon et al, (1951) shows that early-cut hay (ecut from July 1 to 15) con-
tained fiv etimes more dipestible prota'm for steers and four times more for
lamte than the late-cut hay (cut in late Septembar and early Octoter), Om
chemical anmlysis, this late-cut hay contained only 50 to 77 percent a& mmuch
total protein as 4id the sarly-cut hay. Staples et al. (1951) further re-
ported that the sarly-cut hay ylelded 400 pounds more dry matter per acre and
that 1ts total yield wms 50 pounds more protein per mcre them the lste-cut hay,

Several workers hawe reported that the digestibility of the crude protein
in hay 1s affected materianlly by the stage of maturity of the grassea when
harvested. This was reported by Moxon et al, (1951) on South Dakota grasses
and by other workers prior to that damte, Burkitt (1940), Hobbs et al. (1945)
and Nelson (1948), sll reported significant differences in the digestibility
of the protein amd stated thmt mot only 4id the grasses contain more protein
when cut sarly than when cut lats but what they did contain was more digest-
itle.

Embry (1951) compiled the rasults of chemieal analysis om & number of
samples of hay cut at three different stages of maturity in South Dakota,
This compilation is shown in Table I, Both protain and phosphorus decreassed
decidedly with advancing maturity, The daseraase in proteim represents a con-
sidemable mconomic l-es becauss the amount of protein supplement needed ia
greatly increased with the late—cut hay.



Tebla I, Average chemical composition and coafficienta of apparent digesti-
Eility of prairie hay cut at different stagea of msturity.

Early Madium Late
Stage of Maturity (Heading) (Sesd Ripe) (Mature and
i s e e Weathered)
Approx. Cutting Dates Iate June to Mid, to End Late Sept, or
L . Mig, J of A t Early October

(Samples talan 1947, 1948, 1949, amd 1950)
Avaraga parrent chemicel composition

Humber of Samples 36 34 35

Dry Matter 91.25 91,57 91,02
Crude Protein 7.43 6.11 4.9
Bther Extract (Pat) 2,66 3.2 3.35
Crude Fiber 29,23 29,64 30.30
Nitrogen-free Extract £3.11 43,91 43,50
Ash 8.%2 8,71 B.93
Caleium 0.29 0.31 0.32
Phosphorus 0,19 0.13 0.09

Average coefficients of apparent digestibility (Each walue is an average for
12 steer calves.)

Dry Matter 47.1 43.5 39.4
Crude Protein 42,6 30.6 9.3
Ether Extract m.o 29.3 3407
Crude Fiber 59.1 54.8 52.9
Nitrogen—~free Extract 49.4 47.4 43.2
Total Digestible

Nutrients (TDN) 4412 £1,06 37.99
Digestible Protein 3,17 1.97 0,46

Calculsted True Digest-
ible Protein 5093 AQUH- 3.27




A much greater losms of digeatible protein than af totsl protein is indi-
eated in Teble I. These values rapresent the apparent digestible protein;
the real differences are not as great,

Apparent digestion coefficients repreasent the percentage differsnce be-
twren the intake of m nutrient mamd the outgo in the feces, However, not all
the protein appearing in the feces is undigested protein from the feed. A
portion of the feeal orotein is deriwed from the body and is kmown 28 metab-
olic fesal nitregen, A thorough diseougsion of this is given by Maynard
(1951).

The metabolic fecml nitrogen fraction i1s conaidered to be dependent uvon
the dry matter consumption, Blaxter end Mitchell (1948) heve calculated the
metabolie feeal protein from a number of experimente in which the protein
content of the rations varied widely., They found it rather constant and
equal to 2,811 pounds per 100 pounds of dry matter consumed,

Embry (1951) used ths walue enlculated by Blaxter and Mitchell (19i8)
to correct for the metabolic feeal protein in the South Dakota digestion
trimls to arrive at the true digestible protein in the bays cut at the three
astages of mmturity. The caleulated velues for the trua digestible protein
represents the percent of the feed protein that wms digested besed upon the
assumption that the metabolic feeal protein is equal to 2,811 pounds par 100
pounds of dry matter consumed, They are highar tham the apperent digestible
protein values and do mot vary as widely between stages of maturity (See
Table I), The decrsass with adwmneing mmturity is still evident even in the
true digestible protein,

In most of the work cited prev tusly an increase in crude fiber and m
decreass in digestibility of the total dry matter hes been found as plants



matura, Cellulose is m comnlex carbohydrate making up m large part of the
crude fiber fraction (Morrimon, 194%; Maynard 1951), It is not readily
brolktem down into simnle products that can be used by the mmimal, Thus, m=
high cellulose content in n fead is indieative of a low fesding value,

Lignin is mnother complex compound appaaring in the crude fiber frac-
tion, It im 20 incompletely digested that it is used ms a reference mate-
rial in digestion atudies (Crampton and Maynmard, 1938; Forbes and Garrigus,
1948), Lignin is considered not only indigestible itself, tut mctumlly
lowers the digestibility of other nutrismts in the ration (Maymard, 1951).

Patton and Giesaker (1942) tested five species of Montena grasses for
1ignin and cellulose content and found m considersble increase in these
materials with maturity of the gramses. The waristions found waried from
5.2 parcent lignin on May 16 to betwsen 14.C and 17.3 percent lignin on Sep-
tembear 4. The cellulose content likewise increased with sdwmncing maturity
from maround 21 percent on May 16 to betwsen 36.9 emd 41,3 percent on Septem-
ber 4. These workers believad that the lignin content wms of great valua in
pradieting feeding value of forage plants besamuse of the correlation of thesa
figures with thoss of digestion trimls on feeding velue of grars at vmrious
stages of maturity,

It 43 apparent from this work thet ss prasses mature they incresase
thelr content of callulose and ligmin, Tha digestibility of the mutrisnta
is corraspomdingly decreamged, The greatest nutritional loss with maturity
is in the amount of protein snd in the digestibility of the mratein thers is

in the grasses,



Effacts of Lewal of Protein on Digestibility of Rations by Cattls and Sheep

The animal body doss not possess lnirua eapnble of !reaking down cellu-
lose to simpla compounds which @an he absorbed from the digestive tract, In
the ruminant, the breakdown of cmmplex carbohydrates, such as cellulose, is
mecomplished by numerous microorganisms present in the rumen, These miero-
organisms have nutritiomel requirssments which must be met for maximum activ-
ity. The idea 1is not new, but it has received considerabls mttention since
the develorment of the artificiml rumen technique for the atudy of bacterisl
digeation, (Marston, 1948; and Burrourhs st al, 1950=).

Rumen microorgeniams require protein and it has been shown that the
laval of nroteim in the ration influences the extemt to which roughages are
digestad nnd utiliz=d, However, the propar leval of protein or proper pro-
portion of protein to othar nutrients has not teen wvary well established.

Watson st al, (1947) reported thent digestibility by eattls of rations
containing a roughage, a protein concentrate, mnd a emrbohydrate concentrate
is wmaffected by the nutritive ratio within the ranges of mproximately 1:2
and 139, Total protein content of the rations fed would have varied from
alightly over @ to nmarly 20 percemt. The lowmst level used is considernbly
hirher than in meny rations fed under range conditioms,

Swift ot ml. (1947), in work with lambs to determine interaction of
feads as it affects digestibility, compared a bamal ration of mixed timothr
end mlfalfa of good quality, corn meal, and linseed oil meal with this same
ration plus additions of various feeds, They found that the addition of omt
straw to an elready bmalanced and adequate diet signifieantly decresased tha

digsatibility of the protein in the ration, This would corrslate with the



findinrs of workers previously cited who found that as grass inereased in
celFulose and lignin, the digestibility of thea protein decreased. 7dditions
of smsein by Swift st al, inereased the digestibility of the protain as did
the addition of urea.

The protein contant of native hay is a good imdax of the mutritive
value of hay rations containing similar supplements mccording to Gellup and
Briggs (1948)., Addition of protein to hmy rations even in smal)l amounts
merkedly increased the comsumption of feed, The digestibility of the mutri-
ents of tha hay was increared ms the protein content was inecreased from 3 to
6 parcent., Above 6 percent the mmount of protein fed did not incremse di-
gestitility of other nutrisnts except protein,

In work on the affact of protein lewals on the digeatibility of carn
cobs for sattls, Purroughs and Gerleugh (194i%) fed ratioms of eorn cobs and
mineralized starch with varying amounts of dried skim milk added so thet the
protein level of the ration varied from 5 to 18,5 percent, The digestibility
of the corn cobs increased from 4%.0 to 63,5 percent with edditions of mro-
tein up to the 13,5 percent level, In the first trial there wams no added
benefit from additions of dried akim milk that raised the protein level mhove
13,5, wheress in the second trial benefits were the maximum at the 12,5 per-
cent laval,

In the same rapart by Furroughs and Gerlaugh, it was reported that in
rationa consisting of clover hay and stareh, thare was likeawise & decided im-
provemant in the digestibility of the clover hay with mdditions of zrotain
fram © to 12 percent, Above the 12 percemt level there wme no added henafit
from additional protain heing fed,
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In another series of digestion trials, these workers (Purroughs et al.
1949h) tested the effect of protein on digestibility of corn coba when no
gtarch was fad, Dried skim milk wms used at various levels to give ratioma
with total protein contemt of 4, 12, and 18 percemt, There was practically
no difference in corn cob digsstibility hetween the high and low levels of
protein., Digesatibility of corn cobs was quite high at all lavels,

Thase workera concluded thst the protein requirements for efficiant
roughage digestion in eattle s extremely low when roughages are fed in the
atsance of starch or starchy grmins, However, wken stareh forms a part of
the ration, the neasd for px;?toin supplement is increased in meintaining
roughage digestion, but fectors other than protein appear to be involved,
They pointed out that protein fed to ruminants presumably serves two mepa-
rate physiological functions, One of these functions pertaina to the growth
and development of rumen microorganisms necessary for roughage digestion mmd
synthesis of amino acids and F-vitamins, The other function pertainas to
growth mnd development of the animal's body., Thus, the minimum requirements
for protein depends upon wiich function h=s the greatest nead,

Acecording to these experiments, the influence of protein on digestibil-
ity of roughage would he of 1little, if any, practical concern when the ration
consisted of roughaze with no grain, These results are in general ‘ugrumont
with the Oklahoms studies (Gallup and Bricgs, 1948). The level of protein
for afficienmt roughage digestion in this case appears to be much lower than
thmt required for the body needs, Om the other hand, when rations contain.
ing grain are fed, n level of protein sufficient for body needs mey not tae
ligh enough to maintain efficient roughage digestion, In further studies by
Furrourhs et al, (1950b), they concludad that with roughage and no grain, ns
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little ae 4 or 5 percent protein is ample for good digestion. However, with
a ration containing & large amount of starch, tha lavel of protain for good

digastion at times must excead 11 percent,
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Urea as a Protein fubatitute for Ruminants

The resulte of a number of experiméntu have shown that urea and othar
non-protein, nitrogen-containing campounds may be used as a partial subati-
tute for nrotsin in the rations of cattle and sheep, MNumerous microorgan-
isms present in the fumen of these animsls can utilize the nitrogen cone
tained in urse for the synthesmis of protein, Thase mieroorganicazs are di-
gested further down tha digestive trmct amd thus supply protein for the needs
of the host animml, Work at the Ohio station (Poundem et al, 1950) has showm
thnt mome of these bacterla are disintegrated early in the abomasum, others
later in the intestinal tract, and same peess through undigested,

Several methods of experimentation have tesn used to show that urea ni-
trogean serves ms a mource of protein for rumimants. Py use of rumen fistu-
las, ‘7isconsin workers (Wegner et al, 194la, 1941k} have shown thet the pro-
tain contant of rumen ingesta of dairy cattle raseiving a low-protain ration
(corn, silage, timathy hay, oats and corn] wms inersased bty the addition of
ursp, The rate of conversion of urss nitrogen to protein decressed vhen tha
protain level of the rumen ingesta becrme greater than 12 percent, When
both 1inseed meal and urea were used to supplement the low-protein tmsasl
ration, utilimation o urse deereased decidedly when the total protein con-
tent of the ration exceeded 17 percent.

Confirmmtion of this meximum level of protein in the ration abowve vhich
ursa is not efficiently utilized hes been obtainad by Johnson et ml, (1942)
using lambs as the experimental animmls., These workers stated that there
was no difference in the utilimation of urem nitrogen ard the nitrogen from
common protein surplements when ths level of protein in the ration did mot

exceed 12 percent.
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A 8lightly lower lawvel of total protein in the ration for afficient
utilizntion of urea was obtainad by Gallup et al, (1952), Tn their experi-
ments with lamba, urea was added to a tmsal retion with 37 parcent cotton-
seed hulls and containing 7 percent protein, Urea wms used to incremse the
total protein content of the ration to 8,5, 10,1, and 12,2 percent, Maxi-
mum nitrogen retantion wms obtaimed at the 10 persent protein 1 esl with
uraa, but a higher retention wms obtainesd with cottonseed meal at the 12
parcent level, In these same studies, there was no difference in the utili-
zation of wrea vhen added to & ration containing soybean meal, cottonseed
meal, or corn gluten feed,

While urea appears te te about ms well digested as othar sources of
nitrogen up to the 12 percent lawml of total nrotein, it may not always be
as well assimilated by the body, Harris amd Mitchell'sm work (1941) compering
urea with casein as a souree of nitrogen gives evidence that they wers emqual-
ly digestible, but that urea was only 80 percent as efficiemt in the replece-
ment of the losses of endogenous nitrogen, This wms confirmed by Harris et
al, (1943) who noted that at highsr 1 wel sof feeding ursa there was consid-
arable nitragen given off in the urine but digestion was equal to soybasn oil
mail. He found the biologieml walue of wrea nitrogen to be about 34 compared
to & value of soybean oil meal nitrogsn of 60 awen though both were about
equally well digested, (Arparent digsstion coefficient for urea was 74, for
soybean oil meal, 78),

The greatest value from urea appears to be wvhen it forms not all but a
part of the protein source in the retion, Hemilton et al. (194#) did work
which indicated that best results with urea were obtained when at lmmat 25

percent of the total nitrogen is in the form of preformed protein., They
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further found that the sddition of certein amino acid materials with the urea
hed no appreciabls beneficial effects, indiecating that the bacteria sre capa-
ble of making all the essential amino acids in the rumen from urea nitrogen.
To learn this thay fed differsnt lots of growing lambs the same amount of
nitrogen "rom dried skim milk, dri:d skim milk and eystine, corn glutean

fesed, casein plus cystine and uraa, The nitrogen of the urea was as well
utiliged as was the nitrogen from the other protein sources,

With rations far vintering cattle and shenp, it appears that the mexi-
mum levels of ures foading are lowsr than the level cited ebove, Briggs
et a1, (1948) found, with lamls receiving a proteir supplement in the form
of pellets to prairis hay, the beat results were oltained vhere urea fur-
nished about 25 percent cf the sunplemented nitrogen, Storage of nitrogen
by the body decreased ae the urea provided 50 to 75 percent of the nitrogem,
In work with steers, Srigge (1947) had found the pellets with 25 percent
of the nitrogen ms uwrea preferable to those where urea furnished e higher
permntage of nitrogen.

In ths works cited above, there dees nmot appsar to be any differencs
between sheep and cattle in the utilization of urea. Dimming et al. (1949)
added urea to m fattening ration compesed of prairie hay, corn and cotton-
seed meal to increase the protein content from 10,0 up to 12.4 percent.

They reported that lambs appsared to utilize this level of urea for fatten—
ing better than did steers, However, 1t has been pointed out in two recent
reports (Tadd, 1951; and 'orrison, 1952) that urea may be unsatisfactory for
sheep, Faid recommended that comventions]l forms of rrotein ba fed to sheep.

The wor® aitad on the nse of urea appsars to furnish amnle proaf that

ures ean be used as a partial subatitute for protein in the rationa of rmi-
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nants. The present work mlso indicates timt the level of total protein in
ths ration should not sxceed 12 parcent _ilr most afficient utilization of
urea and that 1t is utiligzed best when fed with conventiomal forms of pro-
tein, However, in view of the conflicting reports on the utilization of
urea by eattle and by shesp, further work on its comparative value for
these animals seam justifiable,
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Comparative Digestive Powers of Sheep and Cattle

Many investigators have asmmed that the effieciency with which sheep
and eattle digest feeds 1s essentimlly the mame, In his tables of digestible
matrients and digestion coefficients of variouns fasds, Merrison (1948) has
combined the results of digestion trials conducted with cattle and shean,
Coafficients of digestibility for tha various spacies of livestock for manmy
feeds have been compiled by Selmieder (1947).

Guilbert and Loosli (1951), after a stwdy on the comparative nutrition
of farm animalm, conecluded that the feed capacities of various animals are
proportiemal to the same fractiomal pswer of body weight as the maintenance
requirement and basal heat production, They also concluded that there wma no
firmdamental difference between large and smmll animeles in sfficisncy of fead
utilisstion for growth that depemds upom body size as such, The authors atate
that at physiologically asquivalent ages, the requirements for digestibvle pro-
tein, ealcium, and phosphorus mppear to be mimilar for the warious spacica but
the retie of these mutrients to smergy intake change with alterations in the
camposition of growth increments and advencing age, They further state:
"Prograss in all sciences has congistently demonstrated that we are living in
an orderly universe amd that the basic laws apply generelly if one can but fimd
the means for doing reaesrch and expressing results on = comparable basis,
Progress in compmrative nutritien offers smple evidence that this field is no
exception, that sach species im not a special crestion functioming in its own
peculiar manner, but rather that the similarities are far more striking then
the differencaes,”

From the above study one could camclmia that thera is not a bmsiec Aiffar-
ance between emttle and sheep in their nutritive requirements and ability to
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utilize fesd, Thia 1s an importent problem confronting the ressarch werksr,
In the determination of dipsstibllity, metebolimm, and requirements of wari-
ous nutrients, sheep ean be wed for a fraction of the cost of emttle., Tha
cost of animals, feed, facilities mnd labor required are much leass with
shesp than with esattle, n the other 'and, a much larger peresntage of our
total fead is fed to cattle than to sheap,

Jemmings (1949) reperted the percentamge of different feeds consumed by
the varit;un farm animsls, Of a1l feeds consumed by farm animmis from 1942
through 194%, beef cattle camsumed 21 percent, dairy cattle 31,3 percemt, and
sheep only 7,1 percent, In the total roughage consumed beef cattle consumed
31.2 porcent, dairy eattle 42.1 percent, and sheep only 12,3 percent, Thus,
it ig evident that cattle consume a far greater amount of feed than shesep,
but most of the stmlies on the digestibility of feads have been conducted
vith sheep.

Several experiments have been sondueted in which direct comparisona of
the digeative rowars of sheep and eattle have bean mmde, Cipolloni st al,
(1951) reviewed this work and made n statistieanl study of digestibility of ver-
fous feeds by sheep snd cattle from published date., From the review of the
literature they stated that it was not possible to state that sheep had better
or poorer digestive powers than ecattls btut that differences between the two
species did exist.

From mublished deta which nllowed comparisoms of the digestive powers of
sheap and cattle, a statistioeal study was made on the digestilility of orgamic
matter, crude protein, erude fiber, nitrogen-froe axtract, and ether extract
of dry roughages, silages, and concentrates., Cattle appeared to dipest dry
roughages and silages htetter than sheep but sheep tended to digest concentrates



18

batter, In tha case of roughages, eattle digested the protein signifieantly
batter in some fesds, but in others sheep digested the protein better, Tha
authors concluded that greater accuracy will result if digestibility data to
be used for cattle are obtained with cattls, and similarly for sheep.

Crampton et al, (1951) mede comparisons of the digestive powers of rats,
guinea pigs, sheep, swine and humans., They concluded thmt there was no large
differences between these species in digestibility of diets negligible in
erude fiber content. This being trus for specles differing conmiderably im
anatomy of the digestive tract, it would seem that shesp and cattle should be
quite similar ewen wvhen & large mmount of eruie fiber was present in the
ration,

Digestion trials are subject to errors, smi considerable wariation exists
in reperts by various workers on digestion confficients of nutrients in similar
feeds, Diffarences in ages of the animals, environmental comditions, and level
of feeding in the species comparisons mey mccount for mame of the variatiom
between ecmttle and sheep, Therefore, it wms thought to be worth while to maie
further comparisons on the relative digestive powers of sheep and cettle when
the experimentel conditions would be ecantrolled as rigidly as possible,



19
METHOD 0# FROCEDURE

The purpose of the experiment reported herein was to dstermine the ef-
fect of level and souroe of rrotein om the digeatibility of different quali-
ties of prairia hay hy sheap and eattla, Specifienlly, the chlectives were:

1, To determine the effect of various levels of total protein on the
digeatibility of good quality (early-sut) and poor quality (late-cut) prairie
hay,

2, To compare soybean meal and wrea a8 proteln sources for supp'ament-
ing pmirie hay,

3. To compare the digestive povers of sheep and cattls being fed dif-
ferent qualities of prairie hay surplemented with wvarious levels of protedn
from different sourees,

Twelve high-grade Hereford mtesr calvos and twelve white-faced, western,
wether, feeder lambs predominetly of "ambouillet breeding were used as the
experimentel animels, The steers were purchased from a local commission com-
pany in December and averaged approximately 475 pounds, They were dehorned,
gprayed, end vaceinated for blackleg shortly after arriwel at the sallage,
Approximately a full feed of prairie hay and one pound of oats were fed until
Pebruary 9, After this date, the experimental rations were fed,

The lambs were bought from & local commission company in early Jamuary
and averaged about 90 powmls in weight, Shortly after arrivel, they were
sheared, dusted with rotenons for tieks, and dremched with phenothisszine for
® control of internal paresites, The lambs wers fad sbout e full feed of:
prairie hay and ons-fourth pound of anta daily wntil Fabroary O,

Both steers and lambs vere mssirmed to thes trentments on February 9,
1952, and they were fed the experimental retions after this date, All ealves
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remained healthy except one (No, 4) which developed lumpy jew, This healsd
without sny difficulty following treatment with potassiim iodide, Wo
trouble was encountered with any of the lambs,

The good quality hay used wms cut in mid-July and contained sbout 93
percent western wheatgrase with traces of blue gramme and weeds, It was es-
timated to contaim ons percemt old hay, but there was no moldy hay in it,

The so-ealled noor quality hay was cut in mid-Jctober., It contained mbout 95
parcent weatern wheatgrass mnd 5 percent weeds, Two percent aof the late ocut
hay wms estimeted to be moldy, but there was no old hay that could he de-
tectmd,

The animals were fad tuice daily during the entire experiment, egual
amounis of feed beingy offered at the morning and afternoon feedings. In order
to reduce sorting to a minimum mnd besnuse of the type of feeding crates used
for the lambs, ths hay was chopped for both ths lambs and steers,

The rete of feeding in this mxperiment wms 454 grums of air dry matter
per feed par 100 pounds of bedy welight based on a 1000 pound animal and cal-
eulated as being proportional to threa—fourths power of body weight (W075),
This rate of feeding was tmosed upon s statement by Guilbert and Loosli (1951)
in which they stated tmt the feed capacity of an animal wms proportional to
the same power of body weight as the maintenance requirement, They sccepted
the maintenence requirement as lwing proportionsl to three-fourths power of
body weight (W0«75), It wms believed that this weuld be the most mccurate
method of feeding for a comparisan of the relative digestive powers of sheep
and eattle and might overcome some of the wvariation hetuesn individuals that
varied in size,

Lambs and steers 1, 2, 3, and [ wers fad the late-cut hay during all

periods of the digestion trials, T ir supplement wma soyhean meal mixed
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with various propertions of groind common sats, cat groats, and oat hulls to
give the desired amount of protein in the mixtures and a calculated totsl
digestitle nutrient contant of about 70 percent, Lembs and steers 5, 6, 7,
8, 9, 10, 11, and 12 ware fed the early-cut hay during all periods of the di-
gestion trials, The same supplement as fed to the first four animals was fed
to mmmbers 5, 6, 7, and 8, Mumbers 7, 10, 11, and 12 were fed a supplement
composed of diffarent levels of urea to giwve the desirad level of protein in
the supplement, The uras was mixed with wvarious proportions of ground common
ocats and mat groats to give m calculated total digestible mutrismt content of
about 70 percent, Common ocats, oat groats, and ocat hulls were selectsd as
the ingredients to mix with the protein inmgredients so that the energy con-
tent of the supplements could be regulated merely by changing the proportion
of hulls and groate, In commaring supplements as & soures of protain, it is
important that they be similar in energy content and ‘ngredients except feor
the mmjor source af protein.

The amount of ingredients umed in the mupplements and the feeding sched-
ule are given in Table II, In peried 1, enly hay was fed, The total amount
of feed fed in pariod 2 wma the same as in period 1, but 15 percent of the
total was composed of the supplement, This smme ratio of hey te supplement
was used in periods 3, 4, and 5, Some jrewth ocenrred after period 1 and ine-
creases in feed were needed to keep tha dry matter intake per unit of body
weight approximately that offered initially. The sheep and cattle were weighed
at the end of sach collaction period and the weights are given in Table III,
Feed increases were begsed upon the averasge weight increase for the group during
the period. The increase in feed offered amounted to 4 percent for period 3,

3 percant for period 4, mnd 4 percent for period 5. Only hay was fed in pariod
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6 to gheck the digestibility of the hay at the end of the experiment with the
beginning of the sxperiment,



2

Table IX. Ingredients and protein comtent of concentrate mixtures fod in the
digeation trials (percent).

__Digestion Period *
2 2 i 3

Soybean Menl Mixes

Ground Whole Omta 98.4 52,5 32.4

Ground Oat Hulls 5.0 9.2 15.0

Dienlcium Fhosnhate 1,6 140 .8 ol
Parcent Frotein 13,26 22,72 27.94 36,24
Urea Mixes

Ground Whole Oats 98.4 79,6 68,7 54.0

Urea 3,3 545 8,2

Diemlcium Phosphate 1,6 1.7 5.7 1.8
Percant irotsin 13,26 .84 27,44 36,64

* WNo supplement wms fed fo any steers or lambs in perieds 1 and 6



Table III, Weight of stmers an! lambe at end of sach colleetion period
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(pounds) .
Steer To, Digestion FPeriod and Date of Wo:l.ghinﬁ
Initial 1 2 3 4 5 6
March April April May May June July
14 3 22 12 5n 19 7
1 408 408 422 428 435 451 N
2 465 475 455 486 51, 521 527
3 482 502 495 498 531 553 565
4 Ay 471 469 490 516 541 522
5 520 553 575 619 639 672 697
6 500 536 562 594 617 660 672
7 432 471 491 525 552 576 59
8 490 536 549 582 623 649 663
9 505 535 550 578 585 615 647
10 430 458 476 - 499 522 537 555
11 443 478 505 532 551 566 589
12 560 605 636 673 701 721 740
Lamlb: No,
1 n = 80 81 86 96 85
2 % 74 8 86 89 92 83
3 83 82 91 9% 9 105 100
4 4 | - 81 84 9 93 91
5 78 a5 93 100 104 105 109
& 87 95 101 106 15 17 18
7 79 8, 93 2 98 106 108
8 91 99 107 12 1ns3 14 123
9 7 87 M 100 105 107 14
10 86 97 101 105 111 115 14
11 86 93 100 a7 110 116 16
12 88 94 97 99 106 12 ns3
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The total feed offered wasm the same as during pariod 5.

The animals were famtened frr aprroximately three hours for sach feading
to pive ample time to consume all feeds, DPetween feadinps, toth morning and
avaning, they were given access to =n amercise srea where they had free ec-~
cese to wntar and a mineral mixture. Tha mineral mixture consisted of disal-
cium phosphate with 10 percent salt and additional salt was supplied in mmother
container. The exercise areas for both sasttle and sheep had a conerets [loar
well sloped mo the urine would drain into m sewer, No bedding was used for
the stesrs but sawdust was used as badding for the sheep when they were nat
on collaction periods,

In periods when the supplements vere fed, they were fed before the hay.
Ample time was given for their conamption hefore the hay was fed, The mor-
bean meal supplement wms consumad reaiily by both sheep amd eattle, No diffi-
culty wms encountered in the consumption of the supplomert with 3,1 percent
urea in period 3, However, ateers 9, 10, 11 and 12 refused small amounts of
the supplement with 5.5 parcent urea in period 4. Mo refusal was encountared
with the lambs, In period 5 whan the supplement contained 8,2 persent urenm,
largar smounts were refused by the steers than in period 4. Lamb 12 refused
a small amount, but mumbers 9, 10, aml 11 consumed the urea supplement read-
11y,

Any of the supplement that vms not consumed wms swept up end saved before
feeding the hay. Hay refused was also saved. At the end of the colleetion
period the refusad fesds wore welghed and pamples saved for chamioal analwsia.

Collection pariods wvere 7 deys in length, At the end of a collaction
perisd, the rations were changed for the next peried, I ten to twelve Aday
preliminery feeding period with the mev ration wms allowed prior to tha next
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collection pariod, The length wes believed ample time for the animals to Le-
coms adjusted to the mew fesds end to overcome effacts of tha previous ratioms
since changes in tyre of rations were not great,

The total collection method wms used and feoes were gollested by means of
canvass bags fastened to the eattle and sheep by a harmess, The bags were
worn during the nreliminary period as well as during the collmection parinsd,
These bags wers emptied twiee daily and the total weight of fieces teken at the
time they were emptisd. A sample of the feces was taken at this time which
consisted of 2 percent of the wmight for the ateers mnd 3 percent for the lambe,
This sarmple wag placed in a glass jar for mach animal and kept frozen until
the and of the collection paried,

At thas end of the collaction periad, s fresh sample of the feces wms an-
rlyzed by the Station Elochemistry Department for mnisture, protein and ash,

A sample of the hay, supplement, and orts wvera also analyzad for moisturs, mro-
tein mnd ash, The totel mmeunt of nutrisnts refused wmas subtracted from the
total amount offered to get the nutrisnts actumlly consured, Hutrients ex-
creted in the feres wvere deducted from the nutrients consumed to arrive at the
amourt that wms digested, 111 calculationa vere on a moisture-fres banmis, Di-
gestion coefficients were then daterrinsd for dry matter, organic matter, snd

protein by dividing the ameunt digasted by the intake of these items,
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AESULTE A'D DISCUSSIOH

Effact of Level and Source; of Protein and 'umlity of Hay on Digestibility of

Frotein by Shaep and Cattle,

The coefficients of epparent digestibility of protein by mteers mnd lamie
in this experiment are given in Tables IV and V, Coefficients of apparent di-
rostibility of the organic matter are given in Tables VIII snd IX, Summeries
of the feed consumption and digestion coefficients for asch period are pre-
sented for the steers in Appendix Tebles I-VI and for lambs in Appendix Tables
VII-XII,

The late—cut hay fed during the warious periods contained hetwmen 3,38 and
4,15 percent crude protein while the early-cut hay contained between 8.14 and
9.73 parcent. It will be seen in Tables IV and V that the digestion coeffl-
ciants for protein on the unsupplemented late—cut hay were extremely low (first
four mnimels in periods 1 and 6). In period 1, three of the lambs and ona
stasr actually showed negative digestion coefficients for protein,

Nagetive digestion coefficients for protein are not surprising on this low
protain hay unsupplemented with protein since the values represent apparent
4ipestion, In such a case, metabolic fecal nitropgen compases a large part of
the totel fecal nitrogen which result in these apparent negntive wmluesa, While
thay do not represent tha true digestibility of tha protein, thay do remresent
the net worth of protein in the hay to the animal whem fed in an unsupplementad
ration, When onas considers that there would he an additiomml lass of nitrogen
in the urine, it is obwious that the animmls ware in serious negmtive nitrogen
balance, Thase coefficients of digestibility of protein emphasize the in-

adequacy of such low protein rations for wintering ealvam and lambs,
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Table IV, Coefficients of apparent digestibility of protein by stears fad
late-cut or early-cut prairie hay 'upp.emnted with various lewvels of
soybean meal or urea,

Steer No, Digestion Period

1 2 3 4 5 6

Late-cut hay, supplament, P1l, none; P2, oats; P3, L & 5, SBIM; P6, None

1 ’15.2 35.7 41;.5 4806 5405 2101

2 Tk 38,6 42,2 Ll ol 58,6 11.9

3 12,9 38,1 48.3 44,7 59.0 15,3

4 16,0 45.9 86.0 51.6 65.2 17.4

Av, 1-4 5.3 39.6 49.2 47,3 59.3 16.4
Av, protein in

rations, dry

h.ia’ % 3.!2 5.58 7.% 8030 9.67 4038

— =

Early-cut hay, supplement, F1l, none; P2, eats; P3, 4 & 5, SEOM; P6, None

5 £9.8 58,4 66.6 0.3 7.3 2.8
b 47.6 58,5 &h.1 63,3 71,8 L7l
L4 53.5 60,2 65,6 63.5 7.2 50.9
8 49.4 64.8 64..3 65.1 T3 56,7
Av, 5-8 50.1 50,5 65.2 63.0 71.8 51.9
Av, protein in
rations, dry
basis, % 9.12 9.82 12,18 13.40 15.66  9.54
Early-cut hay, supplement, P1, none; P2, sats; P3, 4 & 5, Urea; P6, Fome
9 53.4 61.0 64.2 4.7 75.0 53.3
10 52,3 59.3 68,1 62,5 72.0 £7.2
1 43.7 60.9 €7.8 63.2 n.s 53.4
12 47.3 59.3 619 63.3 73.6 51.0
Av, 9-12 49.2 60.1 65.5 63.4 73.1 51.2
Av, protein in
rations, dry
vesis, % 9.07 9.82  12.01 12,99 14.86  9.53

—
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Table V, Coefficients of apparent digestibility of protein by lambs fed
late or early-cut hay supplemented w‘th various levels of seybean
meal or ursa,

Lamb No, Digestion Period
1 2 3 4 5 6
Late~cut hay, supplement, F1, mona; P2, satsg F3, 4 & 5, ShM; P6, Hone
1 —101 42.2 58-1 5604 5909 1906
2 -0,8 33.2 50,7 52.3 5.8 r <~
3 =5.9 43.8 55,0 55.4 62,7 24.9
4 343 39.8 55.9 54.1 59.7 20.7
l'o 1'\4 '1-1 39.8 5500 5406 60.5 :-1-8
Aw, protein in
rations, dry
basis, ¥ 3.72 5.59 7.96 8.41 9.94 4420

—— e

Early-cut hay, supplemsnt, P1, none; P2, sats; P3, 4 & 5, SBROMj PG, lione

5 55.2 62,9 68,9 47,2 70.9 A.5

ﬁ 55-5 63.7 68.3 6802 70l9 59.0

v i 54,4 67,0 68,6 69,3 71,3 61,2

8 57.0 56,8 69.3 68,2 73,2 61.2

Av, 58 55.5 62,6 68,2 8,2 71,6 60,7
Av, protein in
rations, dry

basis, % 9.15 9.86 12,30 13.43 1.4  9.31

Early-cut hay, supplement, Pl, none; P2, oatsy F3, 4 & 5, Urea; P&, None

9 51007 5508 IE'E,6 HIT 7209 5908

10 62.5 65.2 H.? ﬂll 7503 w.g

11 5540 64.3 66,2 9.9 75.0 59.5

12 56,6 61,3 63,4 mn,2 76.1 63.4

Av, 9-12 57.2 64.2 B, 0.5 7,.8 60,9
Av, protein in

rations, dry

besis, % 8.96 9.86 12,23 13.43 16,62 9.29
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In perioda 3 through 5, the rations econtained 15 percent comcentrates
with verious lovels of total rrotein, Digestibility of protein by both sheecp
and eattle increased with each incresse in the level of protein in the total
ration when the late-cut hay wam fad. During period 5, digestibility of pro-
tein in the late-cut hay ration wms about equal to the digestibility obtainad
in pariod 2 with the early-cut hay. Total vrotein in the two rations was
about equal,

Digestion cosfficients obtained with sheep were considersbly higher than
those for cattle in periods 3 and 4 on the late-cut hay ration., However, in
pariod 5 with the hizheat lewvel of protein, the coefficisnts were zbout tha
Bams .

When earlv-cut hay was fed, apparent digeatibility of rrotein increasad
with emch increese in protein level of the ration with steers except during
period 4. VWhy the drop occurrad in period 4 cannot be expleinai, This oc-
curred in all groups of steers end lambs, Feed consumption was good and no
unusual behavior of the animals wums noted,

Lambs showed smaller incremses in dipeatibility of pretein than did the
steers after period 3 when the retion contained slightly over 12 percent pro-
tein, mcisture-free basis, Apparently the maximum lewel of protein in the
ration for best digestion of protein was reached sooner with lambs than with
steers, *t the highest leswel of protein fed, pariod 5, the digeation coef-
ficienta obtained with steers nnd lambs were about equal,

It would appeer from the results, with both hays, thet sheep have =
smaller requirement for dietary protein than do cattle., The digestible pro-
tein requirements for the two species could still be similar as indiented hy
Guilbert and Loosli (1951),
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The coefficienta for the apparent digastibility ef protein by both steers
and lambs were as high or mlightly higher on the rations supplemented with
ures (animals 9=10) as on rations supplemented with soybean meal (animals
5-8). In period 3, the leval of urea was 3,1 percent, It wms increased to
5.5 parcent in period 4 and 8,2 percent in period 5, The lambs consumed the
supplaments with urea readily except lamb 12 in peried 5 st the highest lewel
of ursa., Thls lamb refused about 3,1 percent of the supplement offered, The
steers consumed all of the supplement offerasd when the level of urea was 3,1
permnt, Howewer all refussd considerable amounts when highar levels of urea
were used (Appendix Tables I-VI). The sverage refusal for thes four stears
was about 12,1 percent in peried 4 snd 2{.1 percemt in peried 5, In spite of
thi= refusal, the apparent digestibility of the rprotein in the rations with
ursa was quite similar to that of the rations with saybean meal,

Apparent digestibility of the protein in the rations with ures by lambs
was also gquite simlilar to thome with soybean meal, The coefficients were
slightly higher than for steers at each level of protein excapt at the hilghest
level of protein, period 5, with urea ns well as with soybean meal, As far ns
digestibility of the protein in the total ration wms econcerned, lamba utilized
urea fully as wwll as steers, Thay conmumed higher levels befare refusal than
did the steers.

Direct avidence that tle trues digestibility of the protein in the late-
cut hay wms less than the true digestibility of the protein in the emrly-cut
hay was not olitained in this experiment. However, it was previously pointed
out that the Adigestibility of the ration when latewcut hay was fed in peariod 5,
the highest level of protein used, wms sbout egual to the digestibility of the
early-gut hay and oats fad in period 2. The twe kinds of rations contained
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nearly the same amowit of protein, sbout 9.7 to 9.9 percent, molstare-free
bas'e. Fifteen percent concentrate was used with both kindes of hav,

The avarage dipestion cosfficient of protein by the four lemb® on late-
cut hay in period 5 wms 60.5. The twe groups om ths sarly-cuot hay in perlod
2 had everage digestion coefficients of 62,6 and 64.2., Less wariation was
obtained with the steers., An sverage digestion coefficient for protein of
52.3 was obtained on the late-cut hay in period 5, In period 2 on early-
cut hay and oats, the digestibility of the protein wR B 60,5 peresnt for one
group and 60,1 for the other. These wvalues are 0 close as to sugcest that
the digestitility of the protein in the rations with either esarly or late-
cut hay weres squal when surplemsnted to rive squal protein levels,

Coefficienta of true digestibility of the proisin were calculated ms=
suning thet the metabolic fecal nitrogen wms emual te 2,811 pounds per 100
pounds of dry mmtter consumed (Blaxter and Mitchell, 1948), This was done
to see how the digmsstibility of the rations with the two hays compered when
this correction wms made, The differsmce between shmep and cattle would still
axist since digestion cosfficiants for loth wers corrected at the sama rate,

Theze caleunlations nre rressnted in Tables VI ~nd VII,
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Stear No,

Digmstion Period

a

2

3

4 5

6

Lete~cut hay, supplemenmt, Fl, none; P2, oatsy PF3, 4 & 5, Soybean meal mix;

P6, lone,

SwWwhH

v, 1-4

Av, percent pro-

57.1
78.7
8644
94.0

79.0

tain in r=tions

{moisture freel 3,82

86.5
38,6
89.5
95.3

89.9

5.58

80.8
83.8
BL.2
90.2

84.9

7.90

82,6 83.6
78.7 87.9
79.0 28.3
84.6 93.8
81,2 88.4
8.30 9.67

83.%
76.4
2.0
81.3

m.?

4.38

Farly-cut hay, supplsment, Fl, none; P2, ontsj r,

P6, lone,
5
6
7
8
Av, 5=

iv, pearcent pro-

tain in rations

(moisture fres) 9,12

Early-cut hay, supplemsnt, P1, none; F2, eats; P3,

?
10
1
12

iv, 9=12

fv. peresnt pro-
tein in ratl

ons
{moisture free 9,07

84.2
83.3
4.9
78.4

80.2

87.1
87.0
8a8.8
4

89.1

9.75

89.7
87.2
88,7
87.4

88.3

12,18

4 & 5, Soybean meal mix;

81,3 89.9
84.2 "3
8445 90.7
86.1 9301
84.0 91.3
13,40 15,66

82.3
7647
80,3
86.1

B1.3

9454

ﬂ.ﬁ-
87.9
"-5
28,0

28.8

9.82

87,6
9.4
91.3
85.3

g2.9

12.01

4L & 5, Urem mix; P6, lione,

8644 94..8
83.9 9.5
85,5 93.9
84.6 93.7
85.1 93.7
12.29 14.86

82.7
76,6
83 .0
80.5

80.7

9453
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Table VII, Caleulated trus digestion coefficients for srotein by lambs,

Lamb Na, Digeation Period
L 2 3 4 5 6
Late-cut hay, supplement, P1l, none; P2, cats; F2, 4 & 5, Soybean meal mixj
P6, Nome,
1 74.3 91.8 9.6 88,9 87.2 89.1
2 73.2 35.1 %09 85.9 8802 &.6
3 72.2 95.1 91.2 89,4 91.6 9.6
4 78.0 88,3 91,5 87.7 88.3 87.0
Av, l=f 4.4 90.1 903 82,0 88,8 88,8

Av, percant pro-
tein in rations
(moisture free) 3,72 5,59 7.96 8.41 9.% 420

Earlymmt hay, supplement, F1, nome; P2, ;tn; P3, 4 & 5,A Soybean meal mix;

76, None,
5 85.9 91.3 91.8 B3.1 B85.2 91.7
6 86,3 92,1 91,2 89.1 85,5 89.0
7 85.1 95,6 7.2 90.1 90.1 9.6
a 87.8 85.4 92,3 89.3 91.2 91.3
Av, 5= 86.3 9.1 91,6 9.2 90,3 0.9

iv, parcent pro-
tein in ratioms
(moisture free)9.15 9.86 12,30 13.43 16.14 9.31

" -

Esrly-—cut hay, supplament, P1, nome; F2, oatm; P3, 4 & 5, Urea; P6, lNona,

9 B5.4 %l 92.1 20,7 2,6 90,0

10 93.2 93.9 91.4 92,0 93.0 91.7

) 1 § 85.8 92.8 89.5 ,.0 /.9 89,7

12 8.4 89,6 92.0 92.1 4.5 93.4

-IIT. fa]2 88.0 92.7 ‘?1.2 9104 9302 91.2
iv, percent pro-

teln in retions

(moisture free 2,15 9.86 12,23 13443 16,62 9.29
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True digestion coefficients for rrotein were quite high with 1ittle dif-
ferences betwean hays axcept for late-cut hay unsupplemented for sheep in
reriod 1, Digestibility of the unsupplemented hay by steers was about ths
same in both periods 1 and 6 but considerably less thon the rations with 15
percent concentrates, periods 2, 3, 4, snd 5, Adding a more digestible pro-
tein 4n the concentrates to the hay could hardly ascount for ths differsnces
ottained since only a small emount of concentrates were used, However, it
may be that the metabolie fecal fraction waries with the type of ration fed
or the small amount of concentrstec exerted a teneficial effect om the di-
peatibility of the protein by suprlying mdditionsl protein and/or energy,

Oats alone were sbout am effective as the high levels of soybean meal or urea.

With sheep some increase in digestibility of protein occurred by adding
onts in period 2, However, the coefficients abteined in period 6, alse with

_hay alona, were about the same as the supplemented rmtion in periods 2, 3, 4,
and 5., Again it is apparent that sheen digested the protein btetter than
eattle excapt at the highest level used, period 5.

Fo consistent improvement in the calculated true digestibility of the pro-
tein occurred after period 2, In this period, the ration of late-cut my and
oats contained only 5.6 peresnt protein, dry basis, It would appear fram this
that the maximuw level of protein far 'est digestion of protein in tha rough-
nge is low, ©Such waluss are lower then considered nacessary to mmet the
physiological neads of the animal, This i2 in agreement with the work of Bur-
roughs nnd Gerlaugh (1949) and Gallup and Priggs (1948).

The valusg for true digestible protein ealeulated in this way are subject
to criticism sines the metabolic fecal protein fraction determined by various
investigators 1s quite veriable (Lofgreen end Kleiber, 1953). It is usually
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given on the basis of dry mmtter conmumption, but it is alse influenced by
body size (Lofgreen mnd Mleiler, 1953). - Evem with an error in assuming a
metabolic protein value, the caleulated true digestibility of the protein
would represent the true wmlue of the protein in the hay better then tha
apparent digestion wmlues, This statement is suppoerted by the digestion co-
efficienta obtained with the rations compased of the two guelities of hay
when the protein contants were sbout the same (late—cut hay, period 5, amd
early-cut hay, period 2),

On tha above asinm, it would appear that the protein raquirements of
eattle and sheep would be more securate if given on the basis of total pro-
tein, Eince mpparent digestibility of proiein increases with increesing
levels of protein at least to wery high levels in thia axperiment, digestible
protein obtained with roughages wvarying wildely in protein content can be
mislsading, This would be partiecularly true for those roughages lew in pro-
tein when fal in a ration centaining snough protein.
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Effect of Level and Source of Protain mmd Quality of Hay on Digestibility of

Organic Matter by Sheep amd Cattle,

The canfficisnts of mpparent digestibility of orpmmic matter are given
in Tablea VIII and IX, It is apperent that the digestibility of the orgamic
matter was lower on the lste-cut hay ration, This ums true even at the
highest lewsl of protein fed (psried 5). The lowering of digestibility of
organic matter with adwancing maturity of grasses is in sgreement with several
referances cited in the review of literature, It apparently is due to an in-
creamsa in the lignin contant of th:frage as it matures,

Digestibility of the orgeniec matter in the late-cut hay retion wms con-
giderably improved vhen 15 percent concentrates were inclwied, The values
obtained for lambs were greater than for steers in all periods emeept in
period 1 when no suppleament wms fled, Slightly hicher values weras obtained
with the lambs with inereasimg levels of protain, Howewer, the higher lewels
of protein had little if any effect on the digestibility of the orpanic matter
by the staers.

When early-cut hay wms Ted, the hirhast coefficisnt of digestibility of
organic matter ims obtainad vhen 15 percent oats vas fed with the hay, High
lavels of protein 'ut still with 15 per mnt concantrates resulted in slight
decreases in the digestibility of the erganic matter. This occurrad with
both steers and lambs, Differences in digeatibility of orgenic matter om the
aarly-cut hay by steers and lambs were small end inconsistent,

Ewven though incressing the lawel of mrotein in thes late-sut hay ration
brought sbout only slight improvement in the dipestibility of the orpganic
matter, it did sreatly incresse ths consumption of the hay., The late-cut hay

wns fad at the rate the same m# the serly-put hay even though it was recog-
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nized that the conmmptien would be mich lower at the lower lewels of protein,
This wae dome so that differences in consumption af the lste—cut hay comld be
determined at diffarent lewels of protein,

Stears on unsupplemented late-cut hay in period 1 consumed from 14,672
grams to 22,731 groms of orgamic matter (Appendix Table I). The consumption
of organic matter by thess ateers was inereased an average of 6,000 grams per
heed when oats were added to -tho ration (Appendix Table II), and the hay re-
fusal was cut in half, Progressive increases in consumption of orgmnic matter
wera noted with each addition of protein up to amd includins peried 5 in which
the high levels were fed (Appendix Tebles I-VI), The percent of hay refused
by the steers $s shown in Table IX, Hey consumntion was good on the early-
cut hay even without any supplement,
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Table VIII, Coefficients of apparent digestibility of organic matter by
stesrs fed late-cut or esrly-cut prmirie hay supplemented with warious
lavels of moy ean meal or uraa.

Steer N-o, Digeation Period
1 2 3 4 5 6
late-cut hay, supplement, Fl, none; F2, omts; P3, 4 & 5, SBOM; P6, None,
1 38.8 45,0 47,9 48,0 51,1 38,7
2 435 48.4 L34 46.0 46.1 40.4
3 4-800 4805 50-5 4804 4804 4501
4 93.3 56.0 53.0 50,7 49.3 56.9
H'vo 1—4 4509 1&906 ‘807 4803 “07 45'3
Av. perecent pro-
tein in rationa
(moisture free) 3.82 5,52 7.90 8.30 9.67 4.38

Early-cut hay, supplement, P1, name; P2, cats; F3, 4 & 5, SBMM; P6, Nome.

5 61.5 6645 61.9 58.4 57.0 61.4
& 60,3 63.9 59.2 60,0 59.9 59.6
7 6106 '.-7501 6204 6109 5902 MQ'?
8 61.0 67.4 61.5 63,8 61,8 63.1
-‘LVO 5—5 61.1 65.7 - 61.2 61.0 59.5 61.-!

Av, pereant pro-
tein in rations
(ﬂOiSturo fr“) 9.12 2.75 12.18 13040 15066 9054

Farly-cut hay, supplsment, P1, none; P2, omta; P3, 4 & 5, Ursa; P6, Nona,

9 58,6 62,6 55.1 59.8 59.3 57.6
10 61,2 63.1 O 60.4 58,9 59,7
r k.3 57.4 6l.5 60,8 53.6 58.4 59.3
12 57.9 65.3 60.0 62.4 59.5 60,5

Av, 9-12 5808 6301 wno 6003 5900 5“-3

Av, percent pro-
tein In rations
(moisture fres) 9.07 9.82 12,01 12,99 14.86 9.53
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Table IX, Coefficients of apperent digestibility of orgenic matter by
lambs fed latg-cut or sarly-cut prairie hay supplemented with varioua
levels of soybean meal or uras,

lemb Wo, Digestion Poriod
1 2 3 4 5 &
Latea—cut by, supplement, Pl, none; P2, cats; P3, 4 & 5, SEM; PL, Home,
1 45,6 53,7 55.2 52.5 54.3 50.2
2 A3.0 48,0 47,3 50.3 50.8 &.1
3 39.3 51.7 51.4 51,6 51.4 48,6
4 41,1 9.2 53.7 48,6 48.3 5.5
’lvo 1"'1& 1&2‘2 50.6 51.9 50¢8 51.2 4701
iv, percent pro-
tein in rations
(moisture free) 3,72 5.59 7.96 B.41 9.94 4420
Early—cut hay, supplement, Fl, none; P2, omts;. P, 4 & 5, SBOM; P6, None.
5 59.1 62.4 59.8 60.7 58.3 €3.2
6 60,0 6d.1 62.9 63.1 61,7 62,2
T 87.2 62,5 60,8 62.5 60,2 61,6
e 59.6 61,7 63.C 61,8 59,2 60.6
Av, 5.8 59.0 62.7 61,6 62,0 59.9 61.9
iv, paresnt pro-
teln in rations
(moisture free) 9,15 9.86 12,30 13,43 16.14 9431
Early-cut hay, supplement, P1, none; P2, oats; F3, 4 & 5, Urea; P6, None,
9 58,7 64.3 63.0 63,2 €1.4 62,0
10 63.3 64.1 59.0 €1.8 57.8 63.0
1 61.8 4.0 60.8 3.3 63.5 61.6
12 60.6 6109 61.ﬂ :.']l-g {ﬂoE E2.2
Av. 9-12 61,1 63,6 61.2 63.0 6.3 62,2

Av, paroant rro=
‘iot:l.l in rationa
moisture free) 9,15 9.86 12,23 13.43 16,62 9.29




Parcantage of hay rafused by steers,

Teble X,

Digestion Period

Steer Nn,

Lete-cut hay

5958

deds

8356
2119

6.3

140
16,9
28,.

43.7
40,3
21,2
29,6

= 0y

29.7

16.-!0, nQB 6.2 3.8

33.7

Av, 1/

Early-cut hay

0677
3 Y

2381&
2110

W -t

2.8

1.6 0.9 0.5 1,6

1.0

v, 5=

Rarly-cut hay

5961
3131

~3 30 0
* o o o
~HNNO

00 O\ N
ol
oSN

WO -
& 0 i8NS
- N M

==

2.9

2.9 2.5 1.8 2.4 3.2

iv., 9-12
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Lembs, 1ikewise, showed considerable increamse in consumption of dry
matter from hay on rmtions with the late-cut hay and greater amounts of pro-
tein (Appendix Tablas VII-XII), They consumed approcimetely 3,000 grams more
of hay dry matter on the late-cut hey ration with supvrlement than when fled the
late—cut hay slone, The parsent of hay refused by the lamba is shown in Talkle
XI. When late-cut hay wms fed there was a progressive insremse in consump-
tion of hay with inereasing levels of protain, They wers quite gimilar to the
steers in theair consumption of late-cut hay that wms offered., However, the
steers consumed a greater parcantage of the emrly-cut hay offered than 4id
the lambs. It appears that e'ther the lambs did not have the same feed capa-
city per unit of weight as the stesrs or that the hay wms not as palatable to
lambs as to steers,

In comparing the ability of the two pecies to digest orgamic matter, it
should t& noted that the steers axcesded tha lambs only three times im eighteen
in their coefficlents of apparent digestibility. These were on the unsupple-
mented late-cut hay, msupplemented early-cut hay and with oats, It would
appear from these studles that lambs digest orgmnic matter in these types of
rations batter than do steers but the difference is only slight.

There was no difference in the digestibility of organic matter by either
steers or lambs when fad either supplements with wrea or soybean msal, In-
ereasinc the level of urea had no effect on digestibility of orgsnic matter.
Iambs had 87ightly higher digestion coafficients of organic matter digesti-
bility at a1l levels of ursa than did the steers. Comparisons on the bmsis of
digeatibility of organic matter shows that urea was as good as soytean mesl

and that the lambs utilized it fully as well asm steers,



Percentage of hay refused by lamba.

Table II.

Digestion Feriod

lamb No,

Late-cut hay

46
30.
31.1
42,7

17.3
7.6
5.4
6.9
9.3

6412
85/.:.1.

S~ unon
CECEN

0098

1530
N N

nonH O
e o o o

ISS

e~ O ey =f

37.7

20,2 13,2 8.8

30.4

Av, 1-4

Early-cut hay

[Tl =l 8 - i}

16.2

2,7 5.6 3.9 17.2

3.2

v, 5-8

Farly—cut hay

~ N\ 0 O
g . is

mMLm

8080
.I__l..._lhn

9!68
Ol.nql.lsv

17.6

742 9.6 502 16.7

3.0

Av, 9-12
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SUMMARY AND CONCLUSIONS

Digestion trimls have been conducted with 12 calves weighing mbout 475
pounds initially and 12 wethers weighing mbout 90 pounds, Comparisons were
made of the effeect of leval and mource of protein on the digestibility of
good smd poor qmality prairie hay. Comparisons of the digestive nowers of
sheep and sattle were made on all rations tested,

In this axperiment lsmbe hed sligh‘!lz but consistently highar digestion
soafficienta for protein than did steers when fed rations varying from about
3.7 to about 13,4 percent protein, dry besis, Steers and wethers digested
the protein equally well at the highest level tested, 15 to 16,6 percent
protein, Apparent digestibility of the mrotein inereased with both stsers
and lambs with sach incremae in protein in the ration,

Cnlculated true digention coefficients were about the seme for the poor
quality hay (late-cut) and the good quality hay (early-cut). The apparent
digestibility of the late-cut hay ration, supplamented with 15 percent of a
protein supplement to give ntout 9.2 percent total protein, was nearly the
same as ths early-sut ration supplemented with the same amount of ocats mnd
containing about the same level of total protein,

Digeatibility of protein im rstions containing 0,47, 0,82 end 1,23
percent urea (3.1, 5.5 and 8.2 percent urea in the protein supplement) was
squ=l to those containing the seme level of total protein but with soybean
meal as the major source of mitrogen, Thus urea 'wd no effect on the appar-
ent digeatibility of the protein in the ration iend sheep appsared to utilize
it fully as well as cattla, However, lambs were found to sammume higher
levels of ursa supplement than would stesars, Supplements with 5,5 percent
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urea were unpalatable to steers but only one lasmb out of four left sny sup-
plement when it contained 8.2 percent urea.

Increasing the level of protain in tha sgupplement had no affect on the
digestibility of the orgenic memtter in either the early-ecut or late-cut hay
ration, Digestibility of organic matter in the late-cut hay ration was
lower than for the early-cut hay at a1l levels of rrotein tested, Lambe
tanded to digest the organie matter in these rations better than steers but
tha differences wvare small, Inaressing the lewvel of oroteln did greatly ine
crease consumption of hay, Thus when the higher levels of protein were fed,
toth sheep and aattls consumad more hay end digested it fully as well es
they 4id the lower intakes, Thiaz indiestes that at the hisher levels of pro-
tein the rations with late-cut hay were digested at & faster rate but not
more completely,

Organic matter in mtions eontaining the ¥arious levels of urea was
digested ap completely sz it vas with soybean meal, Incressing the level of
urea had no affmet on the digestibility of orgmmic matter.
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Appendix Teble I

FEED CONSUMPTION AND COEFFICIENTS OF DIGESTIBILITY FOR STFERS DURDI PERICD I

Bteer | Dry ':tm Dry Matter Nutrients Consumed Gedﬁzicnt of Amt
Gme tes tre Cme Matter 4 S Matter
CGms Gms Gms #
Lh—qﬂ. hay, [3.81% protein, ?ry besis, unstpplemented
2 }30422 12245 1 403 18177 n7 16560 39.1 T4 43.5
3 | 31363 6646 | 21,2 20717 946 | 22531 4do6 12,9 |48.0
4 |31226 9234 | 29.6 21992 793 207118 - 49,1 16.0 53.3
Prly-but hay/ 9.15% *:rotem* dry besis, unsupplemented
5 32811 1.8 32215 2927 29503 57.8 49.8 6l1.5
6 {32337 AS'I' 1.4 31900 2903 29209 56.4 47.6 60,3
7 | 28651 196 .7 28455 2598 | 26038 57.8 53.5 | 61,6
8 | 31033 9 o3 30934 2829 28289 57.0 49.4, 61,0
4
2 131389 466 1.5 30923 2823 28295 55.0 53.4 58,6
10 | 28378 140 2,6 7638 2509 25321 57.3 52.3 61,2
11 | 29765 ny| 3.8 2862 2584 26263 53.4 A3.7 57 o
12 | 35858 132¢:.| 3.7 34532 3116 31676 54,0 47.3 57.9




Appendix Table II

FERD CORSUMPTION AND COEFFICIENTS OF DIGESTIBILITY FOR STEERS DURING PERI® II

s'g Dry Matter Dry Matter Wutrients Consumed Coefficient of Apparent
Hay | Conoen-{ __ Concend4 Dry Matter| Protein| Organiq Dry Ma Protein| Organic
Gms | trates Gms trates Cms Cmus | Matter % % Matter
Gms Cms Cms %
Late-but hay,' 3.38% protein, is, sugplemented wifh common loats
1] 25047 | 4479 | 3508 | 1.0 26021 141 | 23888 40.9 35.7 ! 45.0
2| 26695 | L7719 | 4504 { 16.9 26010 | 1519 | 2477 44,8 38.6 | 48.4
3| 27525 4923 | 1732 6.3 30M6 1480 | o 45.0 | 38,1 | 48.8
4| 206 4999 | 89 | 28.4 24516 1395 | 22586 51,5 45.9 56.0
Eer hayly 8.14% p-otau‘P dry b'fd" sqpplemented wjth am? oats
5! 28330 ] 4983 |, 789 | 2.8 32524 3192 | 29958 62.7 58.4 | 66.5
6| 21921 | M1 i3 | 1.5 32419 3188 | 29852 60,2 58,5 63.9
7] 241301 439 | 20| L6 28694 2820 | 26423 1.2 | 60.2 | 652
8] 20m%9| M9 | 19 K/ 31309 3076 | 28834 63.7 64.8 61.4
s U omoz | 4167 243 9 31626 3110 | 29122 58,9 61,0 62,6
10 | 24501 43m1 6 ! 2.8 28115 27160 | 25900 554 | 59.3 63.1
11, 25705 4515 | 752 | 2.9 29468 2890 | 2714 57.8 | 60,9 | 61.5
12 | 20955 | sss2 | 10% | 3.3 35371 3468 | 32579 613 | 59.3 | 65.3

T¢



Appendix Table III

FEID COSSUMPTICH AVD COBFFICIENTS OF DIGESTIBILITY FOR STEERS DURING PERICD III

Bteer | Dry Matter Dry Metter Nutrients Consumed Coefficient of Apperent
| No, | ' e Digestibdlity
¥ mﬁm Dry Matter | Protein |Grganie | Dry Matter | Protein |Grganic
Gms t:_m Gms mgz. Gms Gms lh:.t:r % i m;m
hto-cLut hay, |4.15% protein, dax-y basis, W with SBOM .#z
1 | 26688 | 4782 Lno 6.6 | 29670 2302 | 26860 43.8 | 445 | 47.9
2 | 28129 | 5090 '!m ha.s 30165 | 237 | zmso | 305 | 482 |34
3 | 29303 4.6 3323 2561 | 30060 46,5 | 48.3 | 50.5
i | 29122 bu.s 27714 2247 | 24843 48.1 | 56.0 | 53.0
Farly«cut hay, 9.19% prptein, dry pasis, W wiith SBOM mix
5 30,7 | 5324 |476 | 1.6 34995 4260 | 31982 57.9 | 66.6 | 61,9
6 |29m04 |s250 113 | .6 34781 4238 | 310 55,9 | 64.1 | 59.2
7 |26328 | 4606 [279 |1 30695 3738 | 28046 58,7 | 65.6 | 62.4
¢ | 28520 | 5028 92 | .3 33456 4075 | 30551 57.9 | 64.3 | 61,5
Berly-cut hay, 9.19% prrd.n,, dry besis, sypplemented with ures mix
? | 2881 | 5029 1.4 33457 023 | 30583 5.8 | 6h.2 | 55.1
10 26059 | 4554 61'7 2.4 30006 3607 | 27443 a,2 | 68.1 64,0
13 |2m38 lerm 722 | 2.6 31389 3766 | 28721 1.6 | 7.8 | 60,8
12 |32944 | 547 |278 | .8 38413 A7 | 3518 | 55.8 | 69 | 60,0
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Appsndix Table IV
FEED CONSUMPTION AND COEFFICIENTS OF DIGESTIBILITY FOR STEERS DURING PERICD IV

h Dry Matter Dry Matter Rutrients Canswmsd Coefficient of Apparent
No, | _Fed 4 Refused e ___Dige
Ham | Concen- ﬁf" [Concen~| Dry Matter | Protein | Organic w%ggf%dﬁ Qrganic
Cms | trates Cms % |trates Gms Cme Matter % % Matter
Cms | Oms Cms %
Late-gut MT 3.62% prptein, fry begls, supplemented with SBOM
1 | 27086| 4960 |1033 | 3.8 31013 2567 | 28072 43.6 | 48.6 {48.0
2 |28M6| 523 | M6 | 2.5 33453 24 | 30291 e s Taso
3 | 29777 | 5453 598 | 2.0 24632 281 {31335 44.0 | 447 | 48.4
4 | 29646 | 5428 4931 ‘16.6 30143 2566 | 21420 6.6 |5.6 |59
Tyypout hey, 9.38% der! hrlin. supplemented with SBOM
5 | 3116| 5527 203 | .7 36440 4882 | 3339% 53,1 | 60.3 58,4
6 | 30663 | Si40 66 | .2 36037 4833 {33019 5,.8 | 63.3 60,0
7 | 2nv9) at2s | 195 | .7 31409 4261 | 29156 56,7 | 63.5 |6€1.9
8 | 20428] 5231 |13 | .4 34546 4630 | 31652 59.4 |65.1 |63.8
hrlyremhqr%m tein, dry bagis, supplemented with urea
9 | 29759 v257 | 8m [3.0 | @35 33300 4313 | 30581 54,8 64,7 59.8
10 | 26922 4744 | s10 | 1.9 | 266 30890 4099 | 28405 55,5 | 62.5 60,L
1N | 28218| 97 | 992 3.6 | 1113 31089 3933 | 28582 55,1 | é3.2 88,6
12 | 34001 4003 369 | 1.1 | 323 39712 5192 | 36114 57.8 | 63.3 62.4

£9



Appendix Table V
FEED CONSUMPTION AND COEFFICIENTS OF DIGESTIBILITY FrR STexRS DWRING PFEIM vy

’mu- Dry Matter Dry Matter wﬁutrlms Censumed Coefficient of Apperent
No, Fod Refused D
g: ﬁ&.. "65-"’&7 tes Dry; o rrgm tto: _Jnry’mtm
Cms Cms Gms

Late-cyt hay, B,57% protein, dry basis, supplemented with SBOM

1 |27840 |5206 (827 b.g 32219 3113 72 4.2

2 [29679 |55% |401 @ p.3 34832 3341 1571 41,6

3 |[30593 |5728 279 .5 35842 347 |aLse 44.0

4 30464 | 5703 Im .6 3453|328 osss 45.3

ks

*:1 hay,, 9.72% protein, dry badis, supplemented with SBOM

5 28950 |s5%02 |mé 13936 5,53  [30553 52,2 3 0

6 23 |5716 {586 33653 5401 B0O379 55.8 8 9

7 5286 |5069 |509 29846 780  Reé3gy 544 o2 942

8 5492  |137 32730 5222 boszo 57.9 js.v .8
Barly-cut hay,'9,72¢ pretein, 4m vith urea _

9 553 17 1.0 |79 32119 5024 5447 5.0 3
10 5010 £ 27803 4263 70 54,0 0 B89
1 5258 3623 4.8 [2333 27550 3920 om 54.0 8 ks
2 preao fes  bse 2.2 | oes 36193 5597 58 Shud 3.6  bo.s




FEED CONSUMPTION AND CORFFICTENTS OF DIGESTIBILITY FOR STEERS DURING PERIMD VI

Appendix Table VI

:!f;e Dry Matter Dry Matter ~ [Rutrients Consumed !coemoxm of Apparent
Hay | Concen- __&_r__vconcen— Dry Matter |Protein E:ganic ry Matter | Protein ganie
Gms | trates| OCms trates Cms Gms tter 4 p tter
Cms Cms %
ﬁm.-ﬁm hay, 3.93% protein, dry basis, mTlmM
1 |38 8261 | 28.5 25933 1161 23205 34.8 21.1 38.7
2 | 36446 6344 | 18.9 30102 {1311 21012 35.8 11.9 404
3 |3mn 8523 | 2.6 29048 1244 26049 Qa.5 15.3 45,1
o |2 heos2 | 46.8 21360 938 19185 | s1.6 | 17.4 56,9
f—r hay, 8,64% vshin, dry begis, unsypplemented
5 | 38364 4 | 4.0 36923 3518 33386 56,6 52.8 61.4
6 | 3798 1603 4.6 36195 3434 3zre 5.2 47.1 59.6
4 33510 554 e ¥ 32956 5153 . 29805 56.4 50,9 €0,7
8 | 36282 258 7 36024 3450 32505 58,2 56.7 63.1
9 | 36701 78 | 1.1 36323 3474 32775 53.4 53.3 57.6
10 | 33'9%0 699 | 2.3 32491 3098 29364 55.5 47.2 59,7
11 | 3792 1721 | 5.4 33071 3143 29941 55,0 53.4 59.3
12 | 41925 1065 | 2.7 40860 3897 36969 56,1 51.0 60,5
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Appendix Table VII

FEED CONSUMPTION AND COEFFICIENTS OF DIGESTIBILITY FOR IAMBS DURING PERIOD I

Lamb tter Mat Nutrients Coeff"
Hay | Concen- g Concen=| Dry Matter| Protein | Organie |Dry Matter | Protein |Organic
Gms | trates | trates Gms Gms | Matter 4 4 Matter
. Cms Cms V - Gme %
u»+m mia.m prv{dh, +y mLs. wn;plm
1 | g208 lswe 41.5 r 4800 179 | 4386 aa 5 | 45,6
2 | 76 35 | 4.9 6488 246 5906 38,7 -0, 43.0
3 | 8633 2 | 2.1 [ 6072 - 219 5351 37.4 =5.9 3%9.3
4 | 8295 bos 33.0 56G2 71, | 5204 .2 3.3 1
Rarlylout hay 9.15% prdtein, iry bepis, wmebyplemnted |
5 | 8167 240 | 2.9 1927 725 7278 55,7 55.2 59.1
6 | 801 557 | 6.4 8145 744 7452 56,6 55.5 60,0
T | 809 210 | 2,6 886 T23 7221 53.6 Shed 57.2
8 | 8985 92 | 1,0 8803 a2 8137 56.2 57.0 59.6
9 | 809 75 9 8so21 733 T340 55,2 54.7 58,7
10 | 883 421 | 4.8 8422 770 7728 60,2 62,5 63.3
1 | em 137 | 1.6 8564 783 | 7852 58.0 55,0 61.8
12 &7l 416 4.8 8285 759 7581 57.3 56.7 60,6

9¢
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Appendix Table IX
FEED CONSUMPTION AND COEFFICIENTS OF DIGESTIBILITY FOR LAMPS DURIRG PERI® III

Nutrients Consumed

Cosfficient o{lkga.mt

Concan- | Dry Matter |Protein |Organic nqm IQL’ganic
trates Oms Cas |Matter % % Lht‘hr
Cms Cms Gms %
Xe'-o-#mt bay|4.15% rrofein, i}y basis, unppt’mtd with|SBM
1 | %669 | 1380 |2357 |30.7 6692 561 6072 51,5 58,1  [55.2
2 | N3 | 1@ |64 | 6.5 7941 €9 |75 43.8 150.9  |47.3
3 | 80690 | 142 | s | 7.3 8930 694 |80 48.0 55.0 51.4
4 | 7936 | 130 | 672 | 8.5 8694, 685 7866 50.8 55.9  [53.7
Ear ha} 9.19% pr&toin, ?ry t_n}:a, supjlemented with SBQM
5 7503 131 | 145 1.9 8689 1063 7936 57.1 68.9 59.8
6| 799 | wos t339 | 4.2 9062 |14 (8275 0.0 [68.3 [62.9
7 | 741 | 1306 | 82 1.6 7885 982 7203 58.0 |e8.6 [c0.B
8 | 854 | ws4 | 319 | 4.6 9329 1 |85y 60,2 9.3 63,0
lurb*—cut hay 9.19% m‘*tain, ?ry bakh, ouv#h!-nted witﬂ: urea
9 | T | 1291 31 A 8701 1046  |79%1 60.1 |68.6 63.0
10 1731 | 412 M [u.5 8362 1034 {7647 5642 68,7 59,0
1| 7996 | 1388 | 385 | 4.8 8999 1087 |8227 58,1 6.2 |e0.8
12 7996 1388 1487 18,6 7897 983 7221 58,6 69.4 é1.8

A



Appendix Teble X
FEED CONSUMPTION AND COEFFICIENTS OF DIGESTIBILITY FOR LAMBS DURING PERICD IV

E Dry Matter Dry Matter Futrients Consumed Coefficient of Apperent
I Eofused |
Hay | Concen- Concen~| Dry Matter | Protein |Organie | Dry Matter | Protein
Gms | trates | Gms trates Gms | Gms Matter % 4 Matter)
Gms Cms Cms 4
raufnmrz.wm*m, tadis, -ammvmjm
1 [ 7800 | U2 L6 | 18,6 7782 674  |7058 48.8 | 56,4  |52.5
2 |73 | 129 |39 | 5.4 @181 683 |73% 46,8 |52.3 50,3
3 |81 | 1502 {336 ! 4.1 9357 T |8469 48,2 |55.4 |s1,6
L | som2| um |[s8 | 72 gom1 750  |&19 15.4 |54 |48
[Far hayy 9,38% protein, firy besis, supplememted with SBOM |
5 {71 | 139 303 | 3.9 8827 1187 {8095 7.6 |erz2 et
6 j 253 | wes | m| .o 9647|1297 |se0 59.8 |es.2 |31
T | me66 | 1366 | 468 | 6.2 8564 1156 | 7856 59.3 | 69.3 62,5
8 | 8522 | 154 |39 | 4.6 9645 1285  |88us 58,5 |é62.2 |68
l)rmt hq 9.38% mrin, fry basis, supplemented wm}; urea
1357 e | .8 8962 198 |8235 60.0 |69.7 |63,2
1o 8387 1479 661 7.9 9205 1243 a7 58.5 7.1 61,8
1 | 8253 | 155 9 | 1.1 9617 1284  |8839 60.1 [69,9 |63.3
12 ' e2s3 ' wuss  'ses '10.9 2810 1189 's1n10 6., |7.2 |63.9

69



Appendix Table XI
FEED CONSUMPTION AND COEFYICIENTS OF DIGESTIBILITY FOR LAMES DURING PERIOD V

Lemb| Dry Matter | Dry Matter Futrients Cansumed Coefficient of Apparent
Bo.| Fed Fefused Digesyibility
Hay| Concen- | Concent Dry Matter| Protein| Organie Dry Matter Protoin Organi
Gms| trates | GCms| & | trates| Cms Gms | Matter Metter
Cms Cms Gms %
late-cut hay 3.57% progein, ?rr basis, lvppﬂ—satod with SBOM
1| sma] 1503 |1301 | 17.3 83 | s Vil 50,2 | 59.9 54.3
2 | 79 1392 | 515 | 7.6 8326 824 7529 46.8 | 59.8 50.8
3 | &) 1578 | | 5. 9588 935 8683 3 [627 | 4
4 | s292| 1553 | s | 6.9 9321 916 2462 .7 | 597 8.3
Early-cut 9.72% prptein, dry bagis, cnmlﬂln‘bod with SBM
5 | 78] w1 |1153 | 15,9 7506 1259 | 6e 55.0 | 70.9 58.3
3 ‘76‘78‘ 72, | 9.8 8495 1403 | 7662 58,1 - | 70.9 61.7
7 | T2 1353 | 19.1 7218 1231 | 6530 57.0 7.7 60.2
! i
8 | 7918 1603 {1975 | 23.8 7546 1315 6821 55.9 73.2 59.2
PR S | .,
Early-cut hay 9.72% pretein, r!ry ba.?ia, supplemented wn‘rh uree
9 | 72| 126 | 945 [13.2 9623 1283 | 6926 577 [72.9 61.4
10 | 798| 1562 (2126 ,26.8 7234, 1305 | 6561 54.4  |75.3 57.8
11 7678 1538 642 9.1 8574 i 1414 T786 39.7 75.0 63.5
12,7678 | 1538 |1364 |17.8 | 48 7804 | 1339 ! 7082 s8.8 |76, | 62,6




Apperndix Tabls XTI
FEED CONSUMPTION AND COEFFICIENTS OF DIGESTIBILITY FOR LAMBS DURING PERTD VI

Lemb | Dry Matter Dry Matter Nutrients Consumed Coeffieient of Apparent
No s Refuped . _ 1. . _ Digestibility
Hay | Concen- : Concen~ | Dry Matter |Protein |Organic |Dry Matter |Protein |Organie
Gms | trates Eﬁ'—r‘mm Gms Cms |Matter 4 % Matter,
Cms Cms Gms %
Into-?ut hay 3,93% Win, ?}7 basgs, mn*plc-ntd
1 9842 4155 | 46,5 5687 - | 230 5097 46.5 13,6 50.2
2 | s 2518 | 30.6 =g 298 5899 40,9 |[22,2 41
3 |10343 2968 | 31.1 775 297 6620 45.5 24.9 48,6
4 ]10184 4020 | 42.7 6164 261 5507 £3.0 20,7 45.5
Earlyrcut n-# 8.64% prptein, dry bagis, W
5 | 9560 1271 | 151 : 8289 ! 7545 59,7 61.5 63.2
6 (10176 159 | 17.5 8597 | 804 T79L 58.5 59.0 62,2
7 | we2 1536 | 18.6 79% | T 722, 58,3 |61.2 61.6
8 [10509 1292 | 13.6 9217 861 8339 57.6 61.2 60.6
9 | 9462 919 | 11,6 8543 797 T84 59.4 59,8 62.0
10 10336 291 | 2.1 8145 7L4, 7456 59.7 €0.9 63.0
1 [10176 1368 | 18,2 8308 819 8020 58.0 59.5 61,6
12 }10176 176 | 16:6 8700 816 7896 59.0 63.4 62.2




	Effect of Level and Source of Protein on Digestibility of Different Qualities of Prairie Hay by Cattle and Sheep
	Recommended Citation

	tmp.1515445899.pdf.hj6_v

