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1990
PRODUCER RECOGNITION AWARD

James Frank Sparks

Plevna, Montana

Biography

James Frapk Sparks was born August Z1, 1927 to pioneer
rafchers on their homestead near Plevoa, Montana. He attended
the local Lame Jones Corsmunity Elementary School, completing
the 8th grade with perfect sitendunce. Frank graduated from the
Graham School of Livestock Management and Al in 1936 and
sttended the Savory Schood for Holistic Management in 1986, He
is an avid reader and keeps up with changes in the industry by
reading articles from numerous periodicals.

He purchased z neighboring homestead in 1947 and additional
land later. Frank married Goldie E. Collie on September 8, 1948,
The family has three sons: James of Glendive, Thomas of Plevna,
and Donald of Bowman, North Dakota.

As a lifelong Hereford breeder, he has maintained Line 1 and
Line 6 cattle and an imported Torrington line. He experimented
with inbreeding and had coefficients of inbreeding as high as 50%
in individusl animais. He hae porchased both Line 1 and Line 6
cows and bulls. The Torrington Line was added in 1960 and 2
bull imported from England in 1967, A complete performance
dats record has been maintained on all his cattle since 1956, As
& believer in survivat of the Bttest, he practices what he preaches
through 2 rigid culling program. He has worked diligently o
relate barometric pressure and lunar cvcles (o bovine endocrine
cycles and growth rates snd has utilized this information to select
snimals in his herds. For many years he also raised Montana Mo,
1 hogs 2nd actively conducted inbreeding studies with the hogs.

In 1961, Frank was the recipient of the Ford Motor Company,
Beef Efficiency Award and 3 grant of 32,508, to be donated 1o the
fnstitution of his choice. This award resulted from his providing
carcoss dats derived from calves sired by one of his Line 1 buils.
He gracicusty donated the award to Fort Keogh Hrperiment
Seation to purchase 3 Sonar backfot measuring machine. He was
recipient of the frst Montana State Rural Area Development
Froducer Award in 1984

Frank is a charter member and past president of The Montana
Beef Performance Association, and member of the American

Hereford Association, Moatana Steckgrowers Association, Montana
Farm Buresu, and Society for Range Management. He i also past
president of the Northern Great Plains Section Society for Range
Management. He has served on the Montana Livestock Sanitary
Board, Burean of Land Management Advisory Council, Montana
Rural Ares Development Range Commities, County Farm and
Home Administration Commities, and iocal school boards.

Frank has contributed greatly to the conservation of range resources
in eastern Montapa. He modified and demonstrated the effective-
ness of the contour furrower for enhancement of water retention on
rangelands thus reducing the degree of decline in forage prodaction
often observed during periods of drought. He began working
tewvard rodification of existing machines in 1964 and completed his
model by 1965, This machine i currently being used in four states
tes improve utilization of precipitation and increase forage produc-
tion on rangelands. Frank continually shares his ideas and practices
with interested groups by providing tours on his ranch and
presenting falks and slide shows at ficld days around the state.




1990
PRODUCER RECOGNITION AWARD

Dale H. Davis
Belgrade, Montana
Biography

Diale i1, avis was born {6 homesteader parents Augist 26, 1925,
at Belficld, North Bakota. iIn 1936 following 4 vears of extreme
drought, the family moved to 2 small fanch iy Bridger Canyon
cast of Bozeman, Montans, Their mouschold goods, horses, cows
and sheep ware moved in an emgram car and twe szack Cars on
the Northern Padiflc Railvoad, i . S

Dale bwagiz: TR mgzstersd Angas éze:xfers fsr h;s F F Al pm;ect
in 1939, ‘bat four years later he' enlistad in the’ Navy: Dale and

Betty Jo Cole were married on December 29, 1946, while both

attended Montana State Caiiege In 1958, “they: leased 3 srnall

ranehon Resss Croek northeast of Beigrada, M’Qmana and Diale
again pursaed hig dream b Having rezistered Angns By baymg'
Ew&lve haifers mih ::f:mies fmm Jafm Hea!h x}f Ci&ede Park

in 19‘?6 Da g atieﬁded a ﬁeef Prﬁdl}Ch{Jﬁ Schm at MSC whem
he learred BF “heritability “estimtes “for sorme econGmically
important traits from Teseéarch at the 118, Range Station af Miles
City.  Obvious niew 100l ~were available * £9¢ - beef “eattle
improvement.  Dale was' fvolved in fle ‘Montsna  Beef
Performance Association and h&]ped set a new direction for beef
caitle selection and bmeémg “Diale served two 35year terms as a
director {1960-62; - 1969-1971 Y and two i~year terms as Pres;dez;i
{196*% 19’?2) He re;)eated the seqtzmce agam in I‘}’?%

As performance testing based om dccurate within herd cem;)ariébn
grew, so did Dale & Betty Davis’ Rolfin® Rock Anghs heérd. "They
also participated in both of Montana’s Central tests and had high
gainers and seflers at both stations. In 1970, théy Held thair first
annual prodiiction sale with bulls and heifers goinig to severi states:
By 1972, they Had ‘bought ‘and paid for additional tand and hada
herd ef I’?? regzstered Angus COwS,

Betty passed awiy orf Nmrember 28,1972 With sapport fromhis
daughier, Patrich; ‘and: his two sons, Bl and “Tom, and other
family and friends; the tanch operation continued 16 funczzcm Bﬂi
atid famlly returned 1o the ranch in 1973, R

Drade and Carol Sssm}p were married and moved to the town of
Befgrade. Dale and Carol rensined active in the Arigus operation
and he was glected 1o the Board of Directats of the American
Angus Ass«maiien from 1973-1979. - He was’ 3ctive in braed

i

3c}:miy with ABS. Daie'aﬁd Caml also ;}ur’ch&sed some of zizazoidfzr
Rollin’ Roci: Lows, : .

Today the new herd caiie{i ?APA (Pmcﬁcai zmd }’:edxcta%ﬁe ﬁmgzss}
has gmwn 10.0ver, 100, Thfrjr éaughter, Patrma, anda aetghb@r tun
pcrsmﬁs on shares. The PAPA. herd is one of four herds that make
up the gml}p ca!ieé 'ﬁse Ps:rfom}ance Emaders PAPA balls make
a substarzi;a] contribu tion 1o ‘the succe:,sfni "Am;;zai Pﬁrf@rmanﬁe
Breeders Buli Szie Ehfié %he ;aasi ’3 years 3% Be%graée

I}ale serves er; thﬁ MSGA an;scsrz comm;iiee at ?riiies City and the
MSU ‘Animal and Range Beience Aév;mm Ccmm;ﬁee Heis an
immediate past member of the MAES Advisory Couneil. He is a
past ?res;deﬂi of the Meniam Angas Assoc;a%;ezz and is ;}reseszziv
serving on the Board of Directors again for that ﬁrgamzahcrz as well
as the Soath Montand Angus Association,




A DECADE OF RANGE BEEF CATTLE
'WUTRITION RESEARCH

s . o) Aé_:gmsz

’§a§m@§§§€ﬁm

R”mg&i animal notrition'is a ﬁev fo m&rfacmg plant d!’id arz*zm;
" Yesenvch Tange nutrifion A beal ‘an important srea of research
at TISDA-ARS Fort Keogh LARRL since ‘the mid-1970%. A
review, summary, snd Htersture citations of this research follows.

The ‘goal of the rasige ﬁﬁ%?iini}'i research has been 1o reduce
trnitations of a cychc: range Forape resdnroe @a bﬂfﬁ‘f Broduction
and impmws efficiency ‘of E?ﬂ(ﬁiﬁd}ﬁn " This resenrch has
forised on 13 devei&;}méﬁi of methodole Ggy o ?t{:{}mg‘;h@%l fesearch
chjectives, 2} éﬁ?ﬁlﬁ?mﬁni of 2 fatd base gad- managemeht
strategies that ccuild be utilized in 10dsy's pm{h;cgseﬁ gysiﬂms ané
3} study of biclogieal mechanisms.

Me&hﬂds a;}«z% Rmi&s

Asn antorsated raﬁgs ammal égm miiectm system was dem ng.d
to oollect daily weights and watér intake of graving camﬁ swithout
human intervetition’ {Aﬁﬁ?ﬂﬁ ctal 1987by Use of this sisten has
provitted dati fo mors precisely’ émem’z & ;e%atfmsm;:s Botween
furage charscteristics environment angd ammz eatind FCuFriE et al.

1989; Adans etials mpﬂb‘tséﬁzd} Curs‘se el (Fo8gy éeve%ggﬁed
growih corves Toryesrlings on suininer fange from daily weights,

Braily gains by yenrlings were ‘small 1o hegative by early A;zgszsi
and gaitis refsalned smallinto. Sepiomber even whsn Agist rains
ocourred. Fhterestingly weights taken 4t 28»&33’ ineervals in this
study showed catile to be gaining weight in Avgust at.a rate
sirmilar fo thet in June or July. A data set of daily. welght. sad
water consumption of cattle receiving various winter sapg}iema,m
treatments is:presently being: pmgawd fcr gnﬁhmtmn :

Dretermination of forage mta%;e i}y gfazzﬁg @iie %zas Exﬁl'i E
significant. obstacie’ 0. Testarch: - Intake has -generally. been
estimated by measuring fedal r,;zzsgmf and dividing-#t by fﬁmge
indigestibiity, Two methods to more readily and: precisely
determine fecaloutput { {‘xxhraz‘a eral. 1987a; Mam*z &t 3l 19603}
and 5 methods. . for “moere . precisely. determining . forsge
indigestibility - {Cochran’ ¢t al 1986} were evalunted andior
developed for range nutrition research. Use of these methiods has
greatly expanded graving animal research 21 Miie’s'{:ﬁ,‘_ityv..éﬁé:;éaia
that was onee ﬁmt}gbiémpr&gté@i to collect is nowbeing coliccted.

A meth@d for smg}mi eﬁiabizshmmz o%' e&aphage.z Bstula in
siuckling cabves was iié’v‘sﬁ}i);}aé {Adams et al. 1990b),. Dics of
suckibng: cai%g were compared do these of mamre steers {Adams
et ol 19903, Interestingly, in June, Fuly, and September, diets of
the calf were shout 38 10 38%  greater. in crude pr@tam than

: Aamw wWas fm‘""}&ﬁ% 2 nge %‘mnism;s{ i‘s‘i'i:b?i Keﬁgh
Livestock . andRange Research. Laboratory and s presently
affiliated with the University of Nebraska, Wast Central Research
and Bxtension Center, Route 4 Box 464, North Platte, Mebrakss.

" mature steets {Table 13 Diet collection and fecal collettion of

suckling calves hus greatly exg;méed thie reséarch ot Miles Tity'ihto
svalugtion of different’ bidlagienl types of catfle and gueniificition
of niitrient inpits rez,;mreé by & cowloall pale Witk diilr ssthmites
of ghin by the calf sad nutrient ingake by the chw nvd £alf, efﬁuewy
of production is now E}amg égwm}meé for rmiia gr:mag on
mﬁge%am '

Colt eczénn 'sf diet sdmples ‘can be very time consoming. . To help

afleviste: this: problem; e developed 'z 4mple ‘procedure “for
atfachment. of esophageal Prgs 1o cattle {Kar Ficliner and Adds
1983y This: sémp&, g‘!‘&’:ﬁéﬂi‘é reduced the - time 'toatiachi  a
collection bag by about %4, seliminated several straps; und faciiitated
changing bagsin pen or: ;&’zswrv: rather than chutes We fonnd thie
provedare par%;caéari’z helptul a‘%mmg gt w:zieﬁs ma;zie i harsh
winier Wea{her or'whers catile hamiimg famhitgs are some dxs{am:e
i’mm thﬁ Me af mii&cnofs S

I’ab&e } . Cm{k pm&ms:; m t&e ﬁmts e:;f wcki;ﬁg m&fes and: mamfe
s&x&ma&mé&m SRR

ﬁ’%{ﬁ S

i Jung: 1% .313*, v 26 Sé Lember 20
MatureSteer 0 -_-_fé,_l St e e il B
Suckiing Calf _ 131 ) ¢.7 L iabde

* Bxpressed as a percentage of drgatic matler

Mathematical models and @impling procedires were studied for
estimating rate.of particulate patsage through the gastrointestinal
tract of cattle {C@chraﬁ et Al 1986b; Cochran ot al, 1987a), Tizés
mezéadoagw has been gied in ‘other studies to ias:ip ‘unidérstan
relationships  between f@mgﬁ matarity and stipplementation m
forage intake anid beel production. - Passage taie of forage &%mz_g‘;
the gastroimtestinal trag éedmes as fc}rages mamm {Ward et al
1950a; "Waré Erogh Eiﬁﬁb} HF me*h&d& dan be” Foumd {16_

apg}r@pﬁate Sﬁp;} em&maz’wﬂ} 15 intrease pass;zge ratvz: of fomge .

intake of forage might bé tiicreated 1 help caltle tiore readil Y meet
thely zm_trzefsz _reqwremems wherz_graz;sg pecr qmisiv raages _

A zmm?ser gf gsazdms %’2&%& ;};avzdaé m?srma;z(m §€}Z“ zhfi éf&velepmeni
of maﬂagefnam and nutrition ‘strategies for rabge’ “cattle Dur
rf:sezamh showed greater forage A w&g%g gaim of vearling eattle

peracre from contour furrowed | AEIge VS, native, fange; however,
gaing per i dﬁal ‘animal were similar for both native’ :argﬁ and
contoir fbrrowed mnge {ﬁarteh@;er et all 19838 A dyear stady
e‘ba?il&iﬁé cz}mbmazmgs of cresfed whestirads, Russian %;idrjg:. orEsE,
and contonr fﬁrr@weiﬁ rangeland with native rangeland on apimal
performance from calving b w&an%ﬁg {&{é&ms 2t ul, 1989} I this
study, fail pregﬁaacy rzis ‘and animal gaine were similar for all
forage’ wmbﬂmmﬁ& gmmas} be:r;ef” ts from ihe seaded afzé Contour
furrowed raﬂgeiazzd were Ge&rmam of mriy spring grazing on native
TAngE and memaééé smﬁzsgg fate, Eéwz‘e: dm&;ghz mﬁézizoﬁs
persxsied ém‘zgg bng of the 4 yedrs af e fore- mentioned 3?3:(33;
{}mmg ihe severe e:fmﬁghi caives %ere wa&’mﬂd n Eﬁiy at about 80

S T R
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days of age. Barley grain either rolled or whole or whole oafé
were fed free choice with zlfalis hav, Resulis of this study
{Staigmiller and Adams 1989} showed that if drought or other
managerneat dechions mandate early weaning, calves can be fed
on the ranch with minimum labor, equipment, or feed processing
i obisin sstisiaciory growth,

A model was developed from digt samples coliected from
esophagenlly fistulated cattle over a 10-year period to predict
dietary erude profein of cattle graving native range {Adams and
Short 1988 Figure I} Thi model shows ample protein
concentration during May, June and July to support relatively high
levels of growth and lactation. During Augast through October,
the protein would be expected to support only modest gains, or
production, or maintenance only. During winter months dietary
profein was in the 3 to 4% range, which could be expected to be
suboptimal for digestion snd intake of range forage. Supporting
our interpretotion of the diet model, research with rumenaily
fistulated animals showed that rumen NH,-N fevels during August
and inic the fall and winter were near or below levels suggested
as optimum for forage digestibility (Adams ef al. 1987a; Ward et
sl 1990s; Ward ot al. 1990b). When supplementsl protein was
fed, rumen NHo-N level and digestibility of winter increased. A
study (Adams and Kartchner 1984) conducted in drylot which
related level of intake with rumen NH; concentration and rumen
floid volume was of value in interpreting romen NH-N data in

grazing frials.

Figore 1. Concentration of crude protein in cattle diets at vations
times of the voar on Northorn Great Plains rangeland.
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Gur rescarch with cattle during the winter demonstrated that
energy {grain) supplements lower and protein supplements
increase intake and digestibility of range forage by cattle when
compared to non-supplemented cattle (Kartchner 1980; Ward et
al. 199063 We concluded from our supplementation studies that
feading prains 1o cattle grazing winter range may be of little value.

However, we found negative effects of feeding corn grain on change
in body weight and body condition were significantly reduced by
feeding the grain daily rather than on an alternate day basis (Adams
1986). Protein supplements fed during the winter improved the
energy status of the oow by increasing the smount and digestibility
of the forage consumed. Our studies showed a large beneficial
effect on maintenance of body condition and body weight from
feeding various sources of supplemental protein inclnding soybean
mesat {Kartchper 1980}, a cottonseed meal-barley peliet or alfslfa
hay cubes when compared (o pon-supplemented cattle (Cochran et
el 19864},

During the late summer and emrly fall when forage quality wes
greater than expected during the winter, daily gain of yearling steers
wat improved by .5 pound/iday by feeding 2 pounds of corn at 1:30
p.m. versus feeding 2 pounds of com at 7:30 am. or feeding no
supplemental corn (Adams 1986}, Steers fod in the p.m. consumed
more forage and total energy than did steers fed In the a.m. or not
fed supplement.

In some of our most fascinating research, we found that as ambient
sir temperatures declined from 32° to 40°F that the time cattle
spent grazing during the day declined linearly (Table 2). As wind
speed increased, a further reduction of grazing time was noted
{Adams et al. 1986}, This decline in grazing time was accompanied
by a large reduction {up to 50%) in forage intake. Cow age
{Adams 1 al. 1986) and body size of the cow {Adams et al. 1987¢)
influenced grazing behavior. Effects of cold on grazing behavior
were greater for younger and smaller cows. Body condition of the
cow did not influence grazing behavior. Forage intake per unit of
body weight was greater for smaller {1000 1b} than larger {1290 Ib)
and for thinner than fatter cows (Adams et al. 1987c).

Table 2. Predicted daily srazing time of cows at varions air

Average Dhaily Wind Velocity (MFPIHD

Minimum Daily

Temperature °F G g 18 13
3y g1 88 84 8.6
15 8.1 78 14 74

0 7.1 87 34 6.0

218 6.0 5.6 33 4.9

30 5.0 4.6 4.3 39

wm‘

Much of the range nutrition research at Miles City has been
summarized and imtegrated with other research in various
symposium or proceedings (Adams and Short 198%; Adams 1957;
Cochran et zl. 1987b; Adams 1986, Cochran et al. 1986), When the
knowledge gained from these studies is put into practice, producers
will benefit through more efficient use of their feed resources and
reduced production costs.
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Effect of the 1988 Dirovght on Seeded
Rangelands in the Morthern Great Plaing

BERL Halerkamp, PO Currle, 11 ‘{gi@sk}g,
B.W, Knapp and K.E. Peterson®

Entroduction

The Morthern Grest Plains area nesr Miles City, Montana, ex-
periences frequent pericds of dronght (Fig. 1), The area received
1.8 inches of rainfall in August 1987 and then received only 1.7
inches of precipifation during the pericd from Seplember 1987
through March 1988, setting the stage for a dry growing season
{Fig. 2% Past records on responss of vegetation to drought in this
srea {Eliison and Woolfolk 1937, Whitman et all 1943; Hurtt
1951, Reed and Peterson 1961} show plants go through
alternating pericds of dormancy and growth and production s
reduced during veses with limited precipitation. Actual die off or
toss of plant basal area sometimes oocurs for many native species
such as bine grama (Boutelous gracilis), western whealigrass
{Asropyron smithil), bullalo grass (Buchloe dactvloides), and
seedie-and-thread grass (Stips comunta) if the drought s severe.
Fopulations of other species such as Sandberg bluegrass (Pog
sandbereily, prairie junegrass (Koeleris cristata), and thread leaf
sedge (Carex filifolia) may increase or remain stable during these
drought periods, since they grow primarily during early spring
when some soil molsture is available and then quickly go dormant
when il moistore s lacking.

Many acres on the northern Great Plains, are alo seeded to
mtroduced grasses such as crested whestgrass (Agropyron deser-
torumy and Russisn wildeye (Psathrostachys junces). These two
species were reported by Currle and White {1982} to be more
droughi resistant than many of the species recommended for
seeding in the area. Heports, however, from both Colorado
{Currie 1978) and Canada (Mclean and van Ryswyk 1973)
indicated death loss of these grasses can occur during drought
YEBTS.

The objective of this study was to determine the potential death
loss incurred on stands of crested wheatgrass and Russian wild rye
during the sumner and early falf of 1988 in the northern Great
Plains.

Methods

Potential survival of plants was determined by collecting plants in
the field, watering them and then maintaining them in controfled
environments for at least 25 days. Plants were coliected from the
Rosebush pasture on the Fort Keogh Livestock and Range
Research Laboratory nesr Miles City, Montana, Soils of these

Authors arer Haferkamp i & Plant Physiologist, Currie &5 a
Retired Range Scientist, Knapyp s 5 Stanisticisn and Peterson is a
Hesearch Associste in Range at USDA-ARS Fort Keogh
Livestock and Range Research Laboratory, Miles City, Montana.
Yolesky is & Range Scientist, Forage and Livestock Research
Laboratory, El Reno, Oklahoma,

pastures are described as MHavre Varfand foam, Henz loam, and
Havre Variani-Bushy Variant compiex. Nordan crested wheatgrass
was drilled at 6.3 Wfacre on 14-inch centers in 1978 and Viea
Russian wildrye was drilled at 6.5 W/acre on 21-inch centers.

Une hundred ‘dormant” plants of each species were collected on 11
July, 23 August, and 22 September 1988, Plants were dug with a
tile spade at 10 1o 20 step intervals across the pasture. Care was
ssed to expose o mindmal amount of roots.  FEach plant was
promptly placed Into a plastic pot, brought to the laboratory and
soaked with distilled water. Twenty-five plants of each species were
rapdomly aliocated to one of four environments for the 25 day
period.  These planis were (1) kept on a table outside; or in
chambers with controfied environments of (2) 41-569F, (3) 50-68°F,
or {43 56-77°F; with 12 hours of dark during the low temperature
and 12 hours of light during the high temperature,

Daily records were kept on the number of plants developing green
shoots, Water was added as needed 1o keep the scil moist. At the
end of the incubation pericd, plant basal areas were estimated,
green shoots were counted, olipped at the base, oven-dried, and
weighed.

In addition to monitoring plants in the growth chambers, the
percentage of Hve plants remaining in each pastore, was estimated
following rains in September. Estimates were made by determining
the number of dormant and green plants occurriag in 12 x 12-inch
plots randomly distributed across the pastores.  Environmental
conditions for the general area were monitored at local weather sta-
tions.

Besults and Discussion

The Miles City area received 2.8 inches of precipitation during the
period, April-September 1988 with 1.1 inch occurring in Sepiember
{Fig. 1). This amount was 30% of the long term average of 94
inches generally recelved during this same time period. Tempera-
tures during this period were alsc higher than normal} with
maxitnum temperatures of 100°F + occurring on 23 davs,

Plants coflected in July began growth relatively soon after watering,
Russian wildrye plants produced green shoots rapidly, and over 20
plants had produced shoots in 10 days in all environments except the
41-59°F treatment where it took 14 days to produce any shoots. By
day 20, 23 out of 25 wildrye plants had produced shoots in all envi-
ronments. In comparison, fewer than 20 crested wheatgrass plants
greened up. They also grew at 2 slower rate than Russian wildrye
plants,

Plants which were left in the fieid ap additional 43 days in the dry-
hot environment (sample date 23 Angust) soffered additional and
severe death loss, During this dry period meximum temperatures
were aver 100°F for 14 days, and only .33 inch of precipitation was
received, Also plants collected in August grew at a much slower
rate than those collected in July. The maximum number of pisats
producing green shoots was reduced 62% for Russian wildiye and
31% for crested wheatgrass,




Figore 1. Tolzl and sversge prodipitation for salected periods at
biles City, Moniana for 1877 through 1985,
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September collections were made after the site received 98 inch
of precipitation, and a cooling trend had occurred. However, only
16% of 100 plofs on the crested wheatgrass pasture and 163 plots
on the Russian wildrye pasture contained green plants. When the
dormant planis wers collected and incubated at the laboratory,
21% of the Russian wildrye and 7% of the crested wheatgrass
plants produced green shoots in 20 days. Rate of greenup was
releiively slow in ali environments. These data suggest that over
70% of the crested wheatgrass plants asnd over 60% of the
Russian wildrye plants were lost during the drooght. The most
savere foss seemed to occur in late July and early August,

Figure 2. Sessons! distribution of precipitatioe for 1987 dwongh
1989 for Miles City, Montans,
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These findings show significant losses of plants occurred on some
ranges seeded to crested whestgrass and Russian wildrye during the
1988 drought in the MNorthern Great Plains. Residual seeds were
adequate for natural seeding on some stands, but seeding was
requited on others to provide productive stands needed for post
calving pastures. Land managers need to be aware of this potential
ioss during similar drought periods in the futore.
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LATE SUMMER FORAGE VALUE OF GRASSES =

ADAFTED TO SALINE-SODIC SOILS OF THE
NORTHERNMN GREAT PLAINS

M.M. Borman, D.C. Adams, B.W. Knapp,
ard MR, I"iaferkampg’

Introduction

Several introduced perennial grasses have potential for use on the
90,000 acres of saline-sodic soils in the Northern Great Plains.
Before seeding extensive areas to one or more of these introduced
grasses, it would be of value to producers to have information
concerning nutritive values and livestock preferences of the grasses
being considered. During late summer and early fall, native
rangelands normally do not provide adequate nutrition for young,
growing livestock. This study was designed to evaluate 6 saline-
sodic soil adapted grasses for their nutritive values and preferences
by lambs at the late summer green, mature stage of development
and following regrowth after late sammer harvest.

Methods

Six introduced, cool-season, perennial grasses were utilized in this
study. The 6 grasses were “Jose' and ‘Orbit’ tall wheatgrass
{Agropyron elongatum), “Garrison” creeping foxtail {Alopecurus
arundinaceus), ‘Kenmont’ iall fescue (Festuca arundinacea),
“Vinall’ Russian wildrye (Psathyrostachvs juncea), and a quackgrass
X bluebunch wheatgrass hybrid {Agropyron repens X spicatum)
which will be referred to as RS hybrid. The grasses were mowed
to a 2 inch stubble height in August 1985, The material was
chopped iato 2 inch lengths. Regrowth was mowed and chopped
in a similar manrer in September,

Laboratory analyses were conducted to determine the percent
composition of each for dry matter, organic matter, crade protein,
neutral detergent fiber, acid detergent fiber, acid detergent lignin,
and gross energy. Percent dry matter is the part of the grass
which is not water, Percent organic matter is the part of the plant
which containg carbon as part of the structure. Crade protein is
total nitrogen multiplied by 6.25 based on the fact that feed
protein on the average contains 16% nitrogen. Neutral detergent
fiber (NDF) is primarily the cell walls of a plant after the cell
solubles have been removed. Ceil solubles are almost completely
digestible. Components of neutral detergent fiber range from
readily digestible in the rumen to not digestible. Acid detergent
fiber {ADF) is composed of ceflulose, lignin and lignified nitrogen.
Hemiceliviose and fiber-bound protein, which are partially
digestible, have beén removed from ADF. Acid detergent lignin
{ADL) is the part'of the plant fiber that is totally unavailable to
the animal {i.e. the animal cannot digest it), Gross energy is the
total amount of energy contained in the plant. |t does not in any
way reflect energy available to the animal. In vitro dry matter and

3 Borman is a Postdoctorat Research Associate in Range Science,
KEnzpp is a Statistician and Haferkamp a Plant Physiologist at
USDA-ARS, Fort Keogh Livestock and Range Research
Laboratory. Adams is Range Nutritionist, University of Nebraska.

organic matter digestibilities were also determined in the lab. o
vitro digestibilities are determined in the lab by digesting feed
materials in rumen fluid that has been extracted from a steer. Two
digestibility trials with lambs were conducted to determine dry
matter, organic matter, nentral detergent fiber, protein and energy
digestibilities. In the digestibility triais, the amount of a nutrient in
the feces is subtracted from the amount of the nutrient in the feed
actually eaten fo determine the amount of that nutrient apparently
digested. In trial 1, grasses were at the mature, green stage of
development. In trial Z, they were in a vegetative, regrowth stage
of development.

Lambs (115 Ib. average weight} were used to evaluate preference
for the following 4 grasses: Jose and Orbit tall wheatgrass, Garrison
creeping foxtail, and Kenmont tall fescue, Material from the initial
harvest of green, mature grass mowed to a 2 inch stubble height and
chopped into 2 inch lengths was used. Two triaks were conducted to
evaluate preference. In the first trial, all four grasses were included.
Foliowing trial 1, the most preferred species were removed and 2
second trial conducted to evaluate the 3 remaining species. An
experimental design was used that aflowed us to account for
differences due to animal, day, pen, and grass placement within a

pen.
Results

Nutritional values of the 6 grasses at both mature and vegetative,
regrowth stages of development are presented in Tables 1 and 2.
Nutritive values at the green, mature stage of development were
not significantly different among the grasses. During regrowth,
crude profein levels of Kenmont tall fescue and Orbit tall
wheatgrass were Jower than for the other 4 grasses. With that
exception, nutritive wvalues of regrowth were not significantly
different among the 6 grasses.

Apparent digestibilities of the grasses at the mature stage of
development are presented in Table 3. Dry matter and organic
matter digestibilities of Jose tall wheatgrass were significantly greater
(P < 0.10} than for Garrison creeping foxtail. Neutral detergent
fiber digestibilities of Orbit and Jose tall wheatgrasses and Vinall
Russian wildrye were significantly greater (P < 0.10) than for RS
bybrid, Garrison creeping foxtail, and Kenmont tall fescue. Energy
digestibilities for Orbit and Jose talf wheatgrasses tended to be
higher than for Garrison creeping fostail (P < 0.10).

Apparent digestibilities of the grasses at the vegetative, regrowth
stage of development are presented in Table 4. Dry matter
digestibility of Jose tall wheatgrass was low (P < 0.10) relative to
the others. Protein digestibilities were high for Jose tall wheatgrass,
RS hybrid, and Vinalt Russian wildrye and low for Kenmont tall
fescue relative to the others. Neuiral detergent fiber digestibilities
were high for Vinall Russisn wildrye and Garrison creeping foxtail
and low for the 2 wheatgrasses relative to the others.

Since no one grass stood out relative to the others with respect to
all nutritional factors and digestibilities, selection based on these
factors as a group would not be warranted. Digestible energy and
protein of the grasses at both mature and regrowth stages of
developrent relative to growth requirements for 110 b, lambs are



Tabie 1. Nutritional values of green, mature grasses when cut in Aﬁzns[ 1985

invilro. -

in vitro

% Qf drv matier . _
. neutral acid acid dry OFganic gross
% dry  orgapic  crude detergent  detergent detergent matter matter . energy
Species matter — matter protein  fiher fiber . . lignin digestibility . digestibility  {Mealib)
RS hybrid 94.06 9231 - 7.39 7.67 2.5 1.1 S £ 60.02 59.63 1.98
Vinall 93.68 9211 857 67.66 41.74 4.13 56.26 57.19 197
Russian wildrye
Garrison 94.64 91.05 8.24 64.60 39.50 an 39.90 6015 L9z
meadow foxtail o . . E . L
Kenmont tall 94.19 96.40 7.87 66.63 3970 3.33 50.50 2060 1.88
feseue 7 PO : G . o
Orbit tall 94.41 91.81 7.53 68.29 41.56 3450 EeR37 et SRS 015 |
wheatgrass - - : : TN R
Jose tall S B455 09156 0 121 6836 42.52 38400 RURRE - N N X~ RN 17
Table 2. Nﬁtntwnaf walues of m rﬁmh folkawmg harvesl in Augg§t }985
Gf dry matter invitro < -in vitro _
T T O ' :ze;utr’ii agig avid dry. . ~ orgagic gross
o . %:dry.: orgapnic  crude . detergent desergem detergent matter matter encrgy
Spedies L omatter  mster . protein  fiber fiber lignin digestibility  dipestibility  (Meallih)
RS hybrid 94,65 88.36 13.87 5391 34.29 437 66.1% 64.03 1.96
Vinall 94.64  86.19 14.05 66.28 39.25 484 63,00 60.90 1,93
Russian wildrye o Co e B
Garrison 9569 8716 11.08 5829 36.80 413 66.77 65.10 1.5
meadow foxtail N '
Kensont tall 95.61  B7.67 826 5470 33.47 2.9 67.05 64.24 182
Orbit tall 9576 87.90 9.90 58.08 38.60 4.66 66.63 6354 1.88
wheatgrass ' o e
Jose tall 9592 8309 11.24 58.74 41.20 482 60107 T U866 1.80
wheatgrass '
Table 3. Apparent digestibilitics (%) of green, mature grasses Table 4. Apparent digest estibill iies f%") of regrowth of grasses
when cut in Ansust 1985, foﬂmqg hamm in Angnst 1985
) neusral neutral
dry orgamic defergent i dry ofganjc detergent
-Spﬂmes me%zer matter fiber . profein. - enérey Species. "L . omatier Eﬂ_gjtmf . fiber protein energy
RS hy%md 5‘94' 6(39;_'_- CR00 579 RE hybrid 593 6286 333 4.7 5712
Vifiall v 602 616 {694 512 Vinalf 391 629 626 74.1 581
Russian wildrye™ 0 000 - Russian wildrye
Garrisori~ 5757 594 721 54.8 Gardison 6L 6537 603 69.5 600
‘micadow fogtall .o oo : meadow toxtail’ R '
Keomont = 5814 - 6027 560 T3 %6.1 Kemimont - 618" 671 - 341 636 621
tall fesciie : : : tall fescie - = :
Orbit all 603 - 629 61.4 703 387 Orbif tall - - 580 - 627 501 70.8 58.5
wheatgrass whestgrass -~ ~
Yose tall 62.0 64.1 62.5 71.6 60.4 Jose tall 343 6313 49.1 76.5 39.0
wheatgrass wheatgrass
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presented in Figures 1 through 4 AL the msinre stage of
desvelopment, all & grasses were deficient in both protein and
energy. A protein supplement would be needed for adequate
lamb growth and development. At the vegetative, regrowth siage
of development, RS hvbrid and Vinsll Russian wildrve exceaded
and Garrison creeping foxtail met digestible protein requirements.
Eenmont (sl fescve and the 2 whestgrasses would reguire a
protein supplement. Al 6 grasses were deficlent in digestible
EnETLY.

Rexults from the prefersnce irials indicated that Jose tall
wheatgrass was by for the most preferved of the 4 grasses
evaluated at the green, mature stage of development (Table 5%
Kerenont 1ol fescue was & distant second, but was much preferred
ower Garrison cresping foxtall asd Orbit 2l wheatgrass, There
were no indications in the nuirient analyses (Table 1) or in the
digestibility trial vesnils {Table 2} that would suggest any reason
for the very marked differences in preference. I grasses are to be
harvested and included in a mized ration for growing lambs, it
appears that # would be very beneficial to have an indication of
refative preferences. Grasses with low palatability may be
refected, Abso of interest is the quantity of iniske. Even the Jose
ta¥ whealgrass Tl far short of the approximately 4 1bs. per day of
intake requived for growing 1106 1b. lambs. If these grasses are to
be vsed a8 iate sesson complementary forages, it appears that they
will have to be supplemented or included 2: part of 2 mixed
ration.

Tuble 5. Daily intake mates (Ibdday by prass species.

Snecies dry matter intake
Jose tall whentgrass 1.1%
Trial § Kenmont tall fescue 011
Garrison creeping foxtall 0.02
Orbit wall wheatgrass HALY
Total 132
Kenmont tall fescue 6.84
Trial 2 Grarrisos creeping foxtail 8.32
Grbit 1all wheatgrass 8.05
Toiai 1.22
Conclusions

The ¢ grasses evalusted in this study are adapted to saline-sodic
soils. They are not adequate on a nutritional basis to function as
Izte-season complements to nathve range unless they are
supplemented or used as components in 2 mixed ration, Extreme
differences in preference among the 4 grasses evalusted indicates
that it would be very useful to have an idea of palstability of a
grass if i s not to be wasted when wtilized as part of 8 mixed

ration.  Nutritional anslyses alone do not provide an Indication of
palatability. Rumen 54 may be a problem if the grasses ave fed as
sole source of feed during Iste summer and fall

Figare 1. Dpestible proteis required by 116 [b. growing lambe snd
digestible protein provided by 6 grasses ot the proes, mature stage
of develmwnent.
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Figure 2. Digestible encrgy required by 110 1b. growing lambs and
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of development.
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RESPONSE OF THE BLUEBUNCH
WHEATGRASS-QUACKGRASS HYBRID TO
FERM?!ON AN'{) QEF()LEATE}N

M.R. Haferkamp, D.C. Adams, M.M. Borman, P.O, Curtie,
B.W. Knapp and K.R. Peterson®

Entroduction

The RSZ-hybrid was developed by the USDA-ARS Crops
Hesearch Laboratory, Logan, Utsh, by cressing the native
bluebunch wheatgrass {Pseudurcegneria spicata)y with'the intro-
duced sodformer quackgrass (Elytrigia repensy. This hybrid has
been grown successfully since 1981 i irtigated pastures on Fort
Keogh LARRL (Currie et al. 1986}, The R82s adapted to saline
soils and s readily gram:i by iivestock, C@mgzambiﬁ to other grass
species, forage quality of REZ declines as plants mature {Currie ot
sl 1986}, Kesearch with quackgrass showed the summer slump
in forage quality could be moderated with a split application of

% Authors are: Haferkdimy s » Plant Physiologist, Borman is a
Postdoctoral Research Associate in Range Science, Currie is a
Cotlaborator, Knapp is Siatisitician and Peterson is a Resgarch
Associate at the USDA-ARS Fort Kengh Livestock and Range
Research Laboratory, Miles City, Montana. Adams is 2 Range
Mutritionist, University of Nebraska.

nitrogen fertilizer spplied twice a season (Schoper et sl i??‘)} Cther
studies bave alo shown defoliation by mowing or grazmg can
miintain plants in' 4 vegetative staté ‘and prodice hsgher ‘gpaality
forage. We conducted a study at Fort Keogh LARRI 1o determine
how an irrigated pasture of the RS2 hybrid growing on 2 saline soil
responds to fertilization and defolistion by mowing,

Hﬁiﬁs&

iseparata areas of an irrigated pasi%zre of the RSZ hy{md were
treated in 1988 and 1989, in 1988, fervilizer treatments of 8, 105,
and 200 §bfacre %ééﬁ?‘e 3@;}&@3& on'S June. A split skazon agpizcamzz
of 100 I/acre was applicd on'13 Septémber to one set of piols that
had been Tertilized with 100, Tofacre in - June. The mowing
freatments cotuisted of no mowing, oy mowing to 2 2-nch stubble
height on 11 July or 24 Auvgust. Plant response was evaiuated by
measuring forage yields in June, July, Asgost, September and
Diecomber. Tiliers were coliected at 1- to Zowesk intervals, oven-
dried, snd semples from 8 collection pericds were sorted into leaf
and. stem components. Tiller samples from 14 of the collection
dates were left intact. . Leal stem and tiller compotents wers
weighed, grovnd andanalyzed for aitrogen. Nitrogen is rf:mrif:é a8
perceni trude protein (BN X 6.25).

During 1989, fertilizers were applied on 2 May, and the second
spplication of the split 100 Ibfacre freatment was applied on 1
August. Six mowing treatments were applied as follows: (1) May,




June, July, August, and September, {2} June, July, Aogust, and ix
September, (3} July, August, and September, (4) August and
September, (5) September and {(6) October. All treatments were
supposed to be mowed again in October, but regrowth was not
adequalg {o justify mowing. Plant response to treatment was
monitored by measuring phenological development, forage yields,
tiller density and height, and nitrogen content of leaves and stems
for the 6 mowing dates and intact tillers for an additional &
intermediate collection dates. Air temperature was measured at
a nearby weather station. Moisture received as rain, irrigation
waler from a center pivot irrigation system used periodically to
supplement moisture, and soil moisture were measured on site.

Results

The pasture received 1.3 inches of moisture as rain or as irrigation
water in June, 1.9 in July, 1.1 in September, and 1.5 in October
1988. During August the center pivot irrigation system was not
working and no rainfall occurred. The 1988 growing season was
one of the hottest and driest on record in the Miles City area,
These hot~dry conditions reduced plant yields. The control or
unmowed plants developed slowly and remained in the vegetative
state for most of the growing season. Yields of the unmowed
controls increased from a low of 777 th/acre on 29 June (o a high
of 2716 Ibfacre on 7 September (Fig. 1). Plots, mowed on 11 July
when yields averaged 1248 Ib/acre, were yielding 270 Ib/acre by 28
July and 1248 Ib/acre by 13 December {Fig. 1). Plants mowed on
24 August grew only slightly daring late fall. Fertilizer treatments
did not appear to significantly increase production during 1988,
The lack of response to fertilizer may have been due to past
fertiization and grazing practices or the hot-dry environmental
conditions.  Yields were depressed to below 2768 Ib/acre.

Figure 1. Seasonal yields of RS2 in 1988 on unmowed plots (defol.
1) and piots mowed on 11 Juiy.

Yinida {ibe/mcre)

Crude protein contents remained high during the drought period
when yields were low. Percentages of crude protein contained in
sorted and unsorted tillers for the control plants that were neither
fertilized nor mowed ranged from a high of 18.8 in June to a low of
10.4 in November (Fig. 2). Crude protein was consistently higher
in samples from fertilized plots ranging from 19.7% in June to
12.1% in November and December. These values are quite high for
forage in late fall and winter. Crude protein contents of leaves of
unmowed plants ranged from 20.1% in late June to 12.5% in
December. Plants mowed in early summer contained 26% crude
protein in July and 14% in December, and ones mowed in late
summer contained 27% in September and 16% in December,
Fertilizer applied at 100 and 200 bfacre increased crude protein
content in leaves of plants mowed in July, but did not affect crude
protein content of unmowed plants or those mowed in Aungust.

The 1989 growing season was cooler and wefter than in 1988,
Moisture from -precipitation and irrigation totaled 2.49 inches in
April, 2.15 in May, 0.15 in June, 1.65 in July, 1.0 in August and 0.6
inches in September. Yields of unmowed controls increased from
1809 Ib/acre in late May to 4998 in late July, and then decreased to
3379 in October (Fig. 3). Yields were increased almost 900 Ih/acre
by fertilization. Total accumulated yields were 3032 Ibfacre for plots
mowed monthly from late May through September, 5590 for June
through September, 5521 for July through September, 4485 for
August and September, 4548 for September, and 3379 for October.
Significantly lower yields were produced by stands mowed initially
in May and October. Total yields were also increased 893 Iblacre
by fertilization. Other researchers have reported total yields of
other grass species are reduced when they are clipped or mowed
early during inflorescence development, and yields are also less in
tate fall after leaf senescence occurs.

szmmmmmmmdmmm
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Figure 3. Seasonal yields of unmowed RS2 plots in 1989,
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Dats

Regrowth following the first mowing ranged from 16.3 Ibfacre/day
for plants mowed in late May to 5.3 Ib/acre/day for plants mowed
in late Acgust (Fig. 4). Regrowth following the second harvest
was similar for plants mowed on the different dates averaging 11.0
Ib/acre/day, but fertilization almost doubled the rate of regrowth
when compared to the 7.0 lb/acre/day recorded for unfertilized
controls. Although rate of regrowth was high for plants mowed
in the 4-5 leal vegetative stage in May, the amount of forage
harvested from these plots was only 55% of the forage harvested
from plots where the initial harvest occurred in late July and
August when plants were in anthesis.

Figure 4. Predicted average rate of growmth for RS2 plants
following the first mowing applied on 25 May, 28 June, 25 July, or
24 Angust 1989,
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Crude protein contents were lower in 198¢ than in 1988 in plants
that had not been fertilized or mowed (Fig. 5). Percentages
decreased from 16.4 in May to 53 in August. An increase to
8.4% in October resulted from greenup occurring with fall rains.

Fertilization consistently increased crude protein in RS2 plants {Fig.
5. Crude protein contained in leaves of unmowed plants decreased
from 24.2% in May to 14.1% in August, and increased to 16.7% in
October, When plants were mowed in May, June, July, and August,
forage produced during the regrowth periods was in the 3-5-leaf
vegetative stage and contained relatively high crude protein contents
of up to 27%. Leaves produced during the first and second
regrowth periods for plants harvested in May, June, July or August
averaged over 25% crude protein, a value similar to the content of
leaves harvested in May. Fertilizer increased crude protein in Jeaves
harvested in the first and second regrowth periods by 2.6 to 4.1%.

Conclusions

Qur results suggest that fertilization and season of defoliation can
be used to increase forage production and quality on irrigated pas-
tures of RS2 hybrid growing on saline soils in the Northern Great
Plains. Fertilized pastures harvested in late June and July, rested
and utitized again in fall or early winter could provide large amounts
of relatively high gquality forage for grazing livestock. Research is
being continued to better define the impact of irrigation and defolia-
tion in early and mid summer on the yield and forage quality of RS2
forage produced in the regrowth period, and its potential use as fall
and winter forage.

Figure 5. Predicied crade protein contents of sorted and unsorted
tillers from unmowed control RS2 plants fertitized with 0, 100, or
200 1b Nfacre or a sphit application of 100 + 100 b N/acre in 1989.
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ESTIMATING BODY COMPOSITION
HLIVE CATTLE

#.F. Short, W.L. Revnolds, BE. Knapp, L.O. ‘i{ji‘ﬁﬁ%‘s}’,
W Larsen, LR, Doke and LEL Orme’

Intreduction

The amount of fat contained in beef cattle and their carcasses is
Inportant in determining quantitative and qualitative nutritional
value of mest produced as well as production efficiency, Relative
amounts of fat in an animal are often referred to as body
eomposition although amounts of other components such as
protein can also be incuded.  In this discussion the term
composition will mean the proportion of fat i 2 body or carcass.

Composition is important in defermining quaiity of meat. Meat
from matority score A or B carcasses should have 2 mintmum of
3% fat within the loin muscle for acceptable palatability and aot
exceed 7.5% so amount of fat consumed is not excessive (Savell
and Cross, 1988 This recommendation considers only the fat
within the muscle so total carcass composition would be higher,
This range or "window” of acceptability would be comparable to
LISE3A grades from low select (fow good under the old system} o
mid-choice. Palatability of cuts of mest from areas other than the
inin or rib are not affected by composition.

Composition is aiso a major factor in defermining the production
efficiency of a cow-calf production unit (Shert et ab, 1990}
Frergy stored as fat is an insursnce policy for cows agsinst
insufficient energy being svailable during times of environmental
{exiremes in temperatures) and production (lactation or deficient
forpge supply) stresses.  In cases where fal reserves {condition
score} ars too low, there s a decresse in reproductive efficiency,
Condition scoves can ako be oo high because having excess
reserves does not increase any measure of production.  Efficiency
of production sysiems where composition is too high will be fower
because exira fnputs invested in fat reserves will aot incresse
FRLEns.

Since composition i an imporiant component of prodoction
efficiency and meat guality, &t would be nseful o be able to
socurstely measure composition in Hve andmals. Topel and
Kanffman (1988) reviewed over thirty methods for assessing
compesition In live caftle. They concluded that acouracies were
oaly 60 to 89% and many of the methods were expensive and{or;
inpractical. Whatever methods are used they must be validated
for the population.of catile being used,
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Retired Geneticist, Enapp is Statistician from USDA-ARS Fort
Heogh Livestock and Range Research Station, Miles City, MT.
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ABS, Fort Colins, €0, Orme & 2t Brigham Yound University,
Prowo, Utah,
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The obiectives of the following research were lo develop new
methods for evaluating composition of live animals and to develop
prediction equations for composition using cor popalation of cattle
and existing ss well new methods.

Moterials and Methods

Fsperiment 1. Fifty mature, open, crossbred cows were fed varying
amounis of a ration to obiain condition scorss of two o ien
{1=thinnest o 1i=Ialtest} at the time of slaughter. A complete set
of physical measnrements was taken that included body weight, bip
height, heart girth and condition score. Body water was estimated
by urea dilution (Preston znd Koch, 1973} In this procedure 60 gm
of ures dissolved in water was Injected into the jugular vein, Blood
samples were taken before the ures was injected to get a baseling
value and then at three minste Intervals for 15 minutes to estimate
body water by dilution.  Ures concentration in samples taken at 3
and & minutes were more variable so were not used, Urea space
was estimated by sversging the urea concentration of the 9, 12 and
15 mimute samples, subtracting from that average the urea
concenfration of the preinjection sample, dividing the difference into
&0 gm and comverting to kg, The kg of US was then calcuiated a8
a percentage of body weight. Urea space or body water are related
to composition because fat has & low water content as compared o
iean sissue (muscle) which has a high water content.

The cows were then shipped from LARRL, Miles Ciiy, MT w
Brigham Young University, Prove, UT where they were slaughiered
within two weeks of the presiaughier measurements. At slaughter
3 complete set of tissue weights was recorded and the right half of
she carcass was bomed out snd the soff fssue ground info
hamburger. Samples were obtzined from the hamburger which
were anatyzed for fat by the ether extract method. Composition was
estimated by a weighled aversge of the fat content of ihe
forequarter, hindquarter and 9-12 rib section. Dats rom one cow
was incomplets so her complele data set was deleted from the
analyses. The data were analyzed by correlation, standard partiai
correlations and multiple regression provedures.

Frperiment 2 Eight mature cows, 8 two.year-old steers and 16
yearling steers were fed a moderate or high ration to resull in s
range of condition scores from moderate (4-7) to high (7-10). This
set of crosshred catile was used 16 evaloate the accuzacy of an
sirtight chamber [plethysmometer) for estimating body volume,
specific gravity and composition.  Bach animal was assigned 3
condition score by three trained technicians and then were weighed
and volume measured three times each day for three days. The
date were anmbred 1o ger sn  estimate of repeatability
{measurements rust have high repeatabilities to be any good) and
cotrelation with composition as estimated.

A plethysmometer s an sittight chamber constructed such that &
known or constant amount of air can be injected into the chamber,
This instrument 5 based on the Archimedesn principle that an
obiect displaces z volume equal 1o its own volume. A common way
of utilizing this principle s to weigh an object under water, The
difference betweer the weight in air and under waler I8 the weight
of water displaced by the object. This procedure of underwater
weighing f= often used fo estimate volume aned composition in
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hummans, bot for obvicus reasons wonld nol be practiosl forcattle
or any noshoman asimak. ¥olume . sazz lso %s@ measured: %ﬁm the
amount of alr dzﬁgﬁﬁs&é bv.an oblect . dn this procedure
{piez%gsm@mam} when a knows amount of air is inferted intp an
airtight dontainer; the Tise in air prossure ds proportional o the
volome of 2noobjert In the chamber.  This basis for a
plethysmormeter has been known for many years bat nstraments
b very sccarately messure changes in air pressure and computers
w0 control operations and process dats have not been. avallable
until recantly. : .

A plethysmomséter (1o hold cattls up. 1o 2000 pounds was
constrncted and i ofien referred 1o as.dbe Joow Bl Enirgnce
aad il é@c—s with imfiatable seals, door Ea%:chas% seif—aatchmg Ezead
gaieg 2 piston for infecting air and avent fo syuaiize chamber air
pressurs 1o atmospheric presgare . are 2l operated. by air: Cyfinders
controlied by solencids. . Alr pressure and pressure. changes are
measured by a p;emeiecm;: strain gauge transducer. . The control
of piston- movement. sndair bent - as Well as) ei:é ectipn and
processing of data are by g pﬁrs{:ﬁbi& Compnter wﬁh w16 bt A3
converter board. . The: &agaai shal somes Fram e tz‘a?sdﬁmz‘ s
anslog or mﬁimaa;aa sndmust he mweﬁéé S ﬁzg;mi; For
processing by the mmphier 'i‘iza teensducer and AT converter
are both manufactured here-in Montana by Lawson Labs m
Caiamb;a Falis. Astanda; £ cam’é thh imiﬁwza Yol “objee ;
de:%isped using eylinders made: from il ,m}‘z frrigation pipe.  Theé
pipes were precision.cut dn g lathe to exxc{ ieﬁgths and s:az;%; gad
se,aied with: a ﬁgi ;%&ace; of g}iastzc : : R

Repeaiabmzy was ﬁsizmamﬁ %3? cerreiam}zz of repeaiﬁé easuTes
within ananimal - Relationships among varlables werd méasared
using simple. correlations. - Effects. of feed tevel am:i zage wers
aa&?z%eﬁ by anaiyszs of variance. . . e

Rgmlizs

Haperiment 1. Inthe initial agﬁaisrs;s usieig I‘ﬁtﬁiipﬁ& regression, inp
height did ot have any rélationship: precent 4t F%F) sp it was
deleted fmm ﬁ‘fa model. . The multiple regte&sx}n azmiysz@ of the
remaining measurements is s%;m in 'E’abie R

- Condition score was by far. ihﬁ measﬁrﬁmem mai WA TORL kzgh?g
zeiazed 1o mmg}cas:i:eﬁ . i
Eﬂdm&i{}?& ofclose reEa{mﬂsEn;}s 'Ihe st acm}mie el Wasthe

one with fonr’ variablﬁs, it froma pmcﬁcai pers@es:tfvgs the pwio

varisble model sccounted ibr aimos.t as mizch varistion: {Rz B9
vs B1Y ’i’here is & problem in using an. 351313«*31& such 4 this for
this data set. This aaaé}ms assumes a causé and effect. reiatzsﬁgth
shm in Figure L. ‘This relaiasnship assumesthat ihﬁ variablos on
the left cadse or create bs:xﬁy mmp%zimn. Thcse mamptzﬁﬁs are
not maiiy frue bacatzse the b;eiaggcai miazmz;s%zig}s are mem a;;i
el };e as z§ ﬁsﬁmt&d 18 Fzgana 2 : S

We can nﬁw see ‘imi compesmaﬁ causes or srﬁaies ﬁi‘fs‘:tﬁﬁi‘,ﬁs in
the measurements rather than the other way around. Therefore
other statistical methods meay be more appropriates”. These dita
were then amiymﬁ using. partial correlation woeilicients which
have the advantage that cnpe and effsct reiaimmmps do nothave
tos be assumed.  This analysis is shown i Table 2,

Hzgh R“ and mw CP “re statisheal

é

Meazaréments i sibdel & ,,Rj - Malic’s OF
Condition Score (€5} &6 2128
Heney Girth (HGS 75 7219
Body Weight (B9 : T 8232
Blopd Urea {17} . .32 27
Ures Space U8} ey - 33343
CE S HG . A G482
B+ HO+ U ' Rt 4.34
CE+HE + 4 + U8 S 4.2%
O8 + HG .+ U+ UE + BW i CA00

.?igmgi Kﬁiﬁﬁm&;@ sﬁm&m o mmpmgm na mﬁi&gﬁ&

In this’ anziyszﬁ we CAn see i?}ai mndaimﬂ Seore i st ﬁ*ez siost
“highly related 1o 'composition. The migritude of 1his ra:lamz;s%ﬁ;}
_and the order afd m’zpoﬂaace ‘pfsome of the Gther measurements are

different than’ in the régression analysis In this analysis’ the

'ra?assﬁnshxp be&:w&ﬁ twa msamremems i ad;n.,sief:% 10 4 standard

valbe Tor &l other mﬁasammsmts For ‘example, the" partial

a@z‘m%ﬁ*sﬁrz ef mmim@n seore and’ pez‘f;sﬁf: fzz* is .80, ’ﬁns means

“thAL 64% Sﬁzxmﬁ} of the variation i perceit fal can be adtounted

for by C‘S m{h atf sthfzf measirements Held condtant. '

The relationship iha& wm}zsmz smm bas to percent fat & illustrared
in ﬁgﬂrﬂ 3. When wﬂéaf:;ﬁﬁ score was less than 4 then percent fat
wis below A% A condition scors incrensed percent Fat incréased
$o that iy cows with condition score of over § the percent {al was
greater than 30%. This'set of cows had 4 large range in condition
score.  H we dook st smuller segments of the rangs in condition
score- {iLe., condition score. of 5 f0°7), wé can ‘set’that the
relationship betwesin pefseni i’"at smi mﬁd;ima score may rzm %:se a8
good. :
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Table 2 Partinl correlation coefficient wmatrix for the

measurements taken,

%CEF__HH HG BW us U

cs 800°° 166 176 203 3770 4m™
U 410" 015 -2007 . 240 .600”"
Us -345" 337" .74 ax’

BW 256 -193 800

HG 067 182

HH 057

3 BCF=% carcass fat, CS=body condition score, U=urea
concentration before injection, US=urea space estimate of body
water, BW =body weight, HG =heart girth, HH=hip height.

* Probability that this correlation is real = .90

" Probability that this correlation is real = .95
Probability that this correlation is real = .99

Figure 3. Relationship of composition (%F) to condition score.
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Ezperiment 2. Repeatability of body volume measurements was
high (.968) but less than that for body weight ((998). The effect
of feed level and age is shown in Table 3.

Table 3. FEffect of age and feed treatment on weight (BW, by,
spetific pravity {3€3) and condition score (CS).

Treatment Age Feed BW SG S
COWS mature H 1556 197 9.0
L 1243 1.11 6.6

steers 2 H 1378 1.10 82
L 1153 1.12 1z

1 H 7588 1.13 6.5

L 693 115 59

Specific gravity decreased andl condition score increased (P<.03)
with increasing age and high feed level. There was a high
correlation (r=-.71, P<.01) between condition score and specific
gravity.  Pressure readings for determining volume in the
plethysmometer were sensitive to noise, breath cycles, air movement
and temperature changes.

At present condition score is the best way to predict composition in
live cattle with a wide range in composition. Accuracy can be
improved by including heart girth with minor gains in accuracy by
including blood urea concentrations and urea space. The gains
obtained by the last two variables do not warrant the cost of those
procedures. Care must be taken in using data such as this to predict
composition if the relationships have not been validated for the
population of caitie being used (Ruie et al., 1986).

Plethysmometry estimates of volume can be used to estimate
composition but more research needs to be done to improve
accoracy and to validate the measurements against actual staughter
data.

References

Preston, R. L. and 8. W. Koch. 1973, In vivo prediction of body
composition in cattle from urea space measurements. Proc. Soc.
Exp. Biol. Med. 143:1657.

Rule, D. C,, R. N. Amold, E. 1. Hentges and D. C. Beitz. 1986,
Evaluation of urea dilution as a technique for estimating body
composition of beef steers in vivo: validation of published equations
and comparison with chemical composition. J. Anim. Sei. 63:1935.

Savell, J, W. and H. R. Cross. 1988. The role of fat in the
paiatability of beef, pork and lamb. In: Designing foods; Animal
product options in the marketplace. NRC, National Academy Press,
Washington. pp. 345-355,

Short, R. E, R. A Bellows, R. B. Staigmiller, . G. Berardinelli and
E. E. Custer. 1990. Physiclogical mechanisms controlling anestrus
and infertility in postpartum beef cattle. J. Anim. Sci. 68:799-816.

Topel, I). G, and R. Kauffman. 1988, Live animal and carcass
composition measurement. Im Designing foods; Animal product
options in the marketplace. NRC, National Academy Press,
Washington. pp. 258-272.

14




DEVELOPING REPLACEMENT BEDF
HEIFFRS TO ENHANCE
LIFETIME PR(H}U{"HV]TY

RB Statgmifler, RF Shgf% sirsed RA Beiiews
Inmﬂm SR

Cows are calfed fmm Gty pation’s i}eef herds at'anaverageage of
510 6 years old. I these cows were bred to calve first a1 2 vears
of age, which most of them are, 4 producer fias ‘supported thém
far 40 1o 50% of their life’ by the time they have weaned their first
calf. " That représents 4 very-sizable "up; fmm investinént. - This
becories an extremely important investment in-terms of the fufure
of the cow herd, and there aré several waysin which producers
can protect this investment.  First; they-must use good judgment
in selecting the right femates in wh:cfa teanake the investment;: ¥
performance records are available on the dams, they: ean-be gsed
along with. dther- criteria. for-selection -of replacement hé‘i‘ers
Second, they need. 1o establish.a management plan:for growing
ane - developing - the -heifers - that. will . enhsnee. thf:x.r_ ;fatmm
productivity, ~The major emphasis of 1his és&cussion will
management factors that influénce Irfei:me yrodus:tmiy

Scwra éetg;i@{i stuéses have sh&}wa iziezzm pmducﬂar&
advantage 1o Reifers that breed early, and e b
their first year.. These early calvers tend:to feﬂmw Ifmz paiif:rn
throughout. their lifetime.and tend 10 be older at. cuEEmg than
heifers which calve in the second }aatf of the caisrmg season. the

first year. As a resuit, these cows.not only wean older and he&vas:r :

calves, they also produce more calves than their slower-developing
herdmates. - These. facts show a clear advantage of hawﬁg the
heifers reach. ptzbertv garly.and be. ready to-breed at the start of
the &reedmg SEASON, . A

Two stuéz&s have heeﬂ canéucted here az M;ies C!ty io imk at
fertility of the. repiacement heifer. These studies pmwdu solid
evidence for the need 10 have heifers at pﬂbcr!y eatly in relation
to the breeémg s.ﬁamn

Study 1. Over the period of several years we have noticed that
some heifers each year will stand 1o be r;dden E}y wother heifers,
md;catmg that they have reached puberty and are ready to breed,
but have pot continued to show evidence of nmml estrons oycles.
The first study was conducied to see if that was indeed occarring,
and if so, how frequently.

One tindred farty~£hi-ee crosshred heifers were placed in"the
feedlot after weaning and were fed a sﬂagwhay-bariey ration to
gain 1.25to 1.5 pounds per day i?}mug?xont the wmter A sterile
bull was penned with the heifers to detéct ‘When they were in
estrus. As each heifer stood to be mounted b} the bzﬁl or’ t%se

! Authors dre Research Physiclogists at USDA-ARS, Fort Keogh
Livestock and Range Research Laboratory, Miles City, Montana.

other heifers:she was given ‘an” examination that” involved ‘réetal
palpations, similar to pregnancy testing, to deterniing s ovulation
point on the ovary. t also included taking 2 blood ssmple to
determing ifa common’ kormone: {progesterone) found after
ovulation:was present as it shoulit-be.. Those animals:that stood to
be mounted but did not-ovulate or did not show. the appropriate
levels -of “progesterone; were .comsidered to have shown .2 non-
puberal estrus (NPE). Hence, they were considered not to have
actually reached puberty. All heifers were monitored throughout
the entire wintering period fo determine if they showed repeated
NPE ar'if they shme& ndrmal’ esimus q:c%

Study 2 Seaferal §!I§ES of “évidence. over. the last 20 years have
suggested that: I}etfers may 1ot concelve s madx?g i 1hey are bred
on theit very first. QSH‘HS (p&berty) as. they wcuid I they were bred
at some later estrus. This study was demgr;ed 10 det@rmme fertility
rates at pubﬁrty mmpared to a iater BSIFis.

One hnﬁérﬁd fifty-six beufers Were ass;g:aed to be bred af either their
first (puberai} esiros ar at their’ third estrus. They were fed as'in
study 1 and were ¢ striis, to detsfmine ovalation as-in
study 1. Pregnancy tests were ‘done at 45 t 6(} days after. breeding.
The same imlls swm usaei o reed b@ﬁ; gr@nps of hetfers o

Study 1 ..__Exammaimn (}f 1he ﬁexfers At pubem'siwweé 3;?;3& :::anw

;}uberal estrias was indeéd: x)c:cnmng Aiihough the, Helfers would.

stand: 10 be: meuaieﬁ %2 outof 143 {22 percenty: did not {wglate at
their first estrns. This was Farther confirmed by the bioad samples
which shemd that fhe hormone pregestemne was 10t present atthe

Ieveis it should be fm* :;:ormai CStrons :;ycies 15 occur, Fm’iha'more, .
it was not pms:ble m farecast the repmdnctwe perf@rn}an _{}f the .

heafers after ‘they 5howeé an N?E ‘Seme heiers showed | severai

ﬁc}igia;ﬁ;s;:.as.high:_&s 60 percent of the

lI-heifers that iand o be ridden are

when they ate bred. In'spite of showing oiitward
s;gns of havmg 5 reatheé pube ‘these heifers will not become
pregnan: These results help us: uade:’s!and that if heifers are’ ust
starting 1o cycle as the breeéisig season is Teady to begm, soma of
them wﬂi be deiayed m gemng pregnaut and wﬂl caive tater Wiﬂ}
Ezghter mlves : :

’I‘ab!e 1 (‘m;’s{m rams f()i gg mg at t’tu: ﬁrst and ﬁnrd

Estrus Period Conception Raie
Frst . 5Te

Third i o gy
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Same went compisteiy aaesims .

scm has be;:ome kﬁGWﬁ cther re;x:xrzs
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Stady T Results of breeding at the frst and third estrus are

shosvn in Table 1.

Bt is clepr that the conception rate is lower at puberty thas it s
afier the heifer hes shown soversl esirus oycles. This provides
forther information on why it & neosssary to have the heifers
pycling well before the breeding season starts (o insure the best
possile conception rates. :

MM.

It should be obwioos Som these studies that it 5 not eaough o
shnply have the helfers reaching puberty at the start of the breading
sessrn iF magisum conception rates are fo be achieved. Helfers
need to be wintered In such a manner that they will bave reached
suberty 5t 4 1o 6 weels before the start of the breeding season 1o
avoid the Iack of fertiity of MPE and the reduced feriiiity of
breeding at the Hrst estrus.

DIES OF CALVING DIFFICULTY

R A, Pellows, BB, Staigmilier and R.E. Short®?
Broedaciion

il desths cansed by ifflonlt cabving {dystocin) result in & major
reduction in the nef @lf crop sid income veslized by beef
producers. Based on 1989 projected figures, a 5% increase in
animsls gvailable for sale could potentially incrense gross Tecsipls
by $1.85 bilion apnuafly. These same projection figures also
stipgest that the loses attributed io calf deaths from dystocia
alone exreed $850 milion sunually, Tdentifving ways to decrease
dystocia and the sccompanying colf deaths is the subject of this
paper.

Assoristed Pactors

Early work demonstrafed that dystocls is affected by two
eategories of factors: (1) those attributed to the dam, and (Z)
e sitrituied to the caif  OF factors of the dam, precalving
weight and pelvic area were the most important. For aalf factors,
calf sex and bivth weight were the most fmportant. Al of these
were statistically significans, and Table 1 shows the relative
itnporiance of the four factors. Mote calf birth weight was the
most important. This mesns that any efiort. jo reduce the
incidence of dvstonis pant inclede controlling call Bhrth weight.
However, notice that the precaiving weight.of the dam also had a
megative offect on dystocks indicating fat heavier (larger) dams
had less dustocia. This means thal growing the beifer adequately
during the 2 years prior to calving is apother important aspect of
managing dystocis.  Replacement heifers that are not fed and
managed properly will be lighier (smaller) at calving and
sxperience more dysiocia.

Ol sex was alse ihportant. The research indicated that heifer
salves wers associated with fower calving problems thas were bull
calves, However, since coif sex is determined ut concspiion, we
are not able 1o do much sbout this problem unless calf sex conlrod
can bBe achieved. This b not an impossible scenario sines
procedures for soxing semen and{or) embiyos appesy proavsing.

Authors sre Research Physiologists st USDA-ARS, Fort Keogh
Livestock and Wange Hesearch Laboratory, Miles City, Montana,
# Appreciation is expressed to the American Angus Association
for financial support of this work

Production of ooy fomale cabves from frst-calf heifers wouid
poteniially reduce dystocia.

The precalving pelvic ares of the darm also had 3 significant negative
effect on dystocia mesning thet deps with larger pebic aress
experienced fower dystocia problems.  This relationship & shown
graphically in Figore 1. Mote that as pelvic areas became larger, the
incidence of dystocia declined in all birth weight dasses. This iz an
importang relationship, bot we must study ali dats svailable before
we draw Br-reaching conclusions.

Fiest, ooy data, end that of other scientists, show the following: (1)
larger heifers produce calves with higher birth weight and,
remember, high ooff birth weight I the most imporiant factor
cousing dyvstocis; (2} lnrger heifers hiave larger pelvic sreas; but (3)
nheifers with larger pelvic aress produce calves with higher birth
weights, This seemingly ciroalar relationshis nwst also be evaloated
ins Hght of data showing the genetic correlation beiween beifer size
and birth waight 20 hetfer size and pelvic aren are relatively large
snd positive, These facts are of oiticsl imporiance when we
consider selecting breading rmales snd females for larger pelvic areas.
Crar studies show thet lnrger pelvic size of the dam bs associated with
larger dimensions of the entire skeieton {Table 2). Peivic height,
width and ared are skeletal growth irsits, and there i Hitle
Hkelinood thet selection for thess traits will resnlt in an inorease in
pelvic size only. The vesult will be larger total skeletal size, Le., an
imcresse in frame score. I addition, pelvit ares of the dum at 231
dmys of gestation and at calving were posizively sssoclated with all
skeletal traits viss placenizi and skeletal size of the clf {Tables 2

ge of factoprs affectine duwtods I Gt

Relative

imporiane
Pactor ratin
Diam precalving weight 115
Diarn precalving pelvic ares Li6
Calf sex 103
Calf birth weight 308
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and 3}. These resuits mean that the increaseéd skeletal size of the
dam will be transmitted 1o the <aff resulting in higher birth
weights, Therefore, prcxiz}s:ass must be aware of what will
acmmgsz}y selection for pelvic areas.- We have ca fculated that a
18em® increask in peiifm ares. wonld e amampameé by a 02
decrease in cz?vmt: diffi feulty score and 4 2-1b. increase in calf birth
weight,  The Effa‘iﬁi on dystocia score is small but desirable.
However, there is a real pﬁsslbzhtg that the : accompanying increase
in calf birth wgzght ﬁGﬁiﬁ ew;smaﬂ} cancel gnv gams realized
from incresses in pelvic area,

‘I’ahﬁe Z Rmném% meiahms betwesn da nelvic ares af 231
s of o tmn;md cirgass and fetal traits :

e vgiaes

Dram pelvic srea and:
Live weight . T
Hot carcass weight 435%
Carcass length 5;. ApTe
Shank length : gee
H-bone length 400
Rear leg length 33
Rib lean welght 26t
L. dorsi weighs, 0%
Petal -
Placentome weight AfrE
Avg. placentome weight A2es
Carmon cireamference A7

P e 16" P < 05 %5 P < 01,

Heosilugd oogrelatione belowen dewm sbe znd el

L Doy nreeatulne:

Body weight - Pelvic ares
Precalving pelvic area. i -
Calf: o Bimbyweight 0 - d4Fx 35
Hoad width - . 3 I AL £ )
Head circumference A4eE A0
Hear girih ik Ry
Hip width. 3557 ALF®
Body length Sk 34
Leglengtho . TR e R
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This'ls dise &mitx}rmm since much interest 3;35 éeva?s;}eé i using
pelvicareasio pmsizci calvingoroblems, ﬁsmg pelvicares slone has
héen of minorvalue i predicting dystodia st Fos ngiz Thvestock
and: Range Research Laboratory: ' The resson being that we cannet
accufately predict.call birth weight.. There are two- prediction
outcomes that must be considérsd: 113 identifying heifers that will
aot ex@emfmg ﬁ}’ﬁf{?ﬁi&, {2} adenﬁzfymg he;i’em that mﬂ gxg;e;zms&
dystocia. - We have been. stightly ‘more siccesshal ($10%) in
pmémimg heifers ﬁmx wzd m:,ti esg;&rmm::& dvstoctz than heifers that
witl experzeﬁta

Other %Eﬂtﬁ&iﬁ bave mom r@mﬁﬂy éé?efﬂg}eé comp&ziﬁr mosdels that
are c:sf %ng?ser accursey i predactmg dystocia. These mq:séeés involve
cow  age, exzemal "By dxmeas;{ms ?ﬁ?ﬁ?‘iﬁ mensurements snd
estimated calf birth weight. We need 1o.watch these developments
carefully sinee | the field of :;csmpzzief ms:xig:lmg is very:dymamie and
will Jikely jead to valuable %amakﬁxmag%s in, ﬁmzﬁn making.
i%ewevar at th@ ﬁresmz time, the best mezh@&s of 3 managing dystocia
are: {1). ralstag the repiaeemsni heifer om a management program
that allows maximuem, rates of. fewlst‘y Bﬂd skeletal. growth; (23
controlli ting! 3l birth weigizt tamug%s wise sire seiem@ - {3) do sot
underfesd of @VEi‘ﬁ:ﬁd tt%e pregnant, ﬁeafer dmng gssiamﬁ Lats
dincusg, these f&smrg in mm’e demsi : S

1 ab?é 4 3!“{:@5 a summarv @f a Mﬂes‘ Csty ai’z;dy z}f fae:ﬁ effécis on
puberty, fapm:iumm aaé dysmcsa in Heraf{}rdu%gss £rosshred
heifers.. Mote that the winter rate of gain_ had marked sffects on
g}mg*‘}aﬁ{g Iate. H{}we%r, there were mi:,resnag g:ffc{:is Ol
precalving: p&f’ﬁi area and incidence of dystogia. Since the heifers
were. all. treaied alike fz:ﬂlowmg ihe winter. dﬂ&i freatments, the
catving data shows s important eatryover ei’&x:{ of the dietary level.
Development of heifers.on the low feed levet was retarded, sndd they
had smaller pebvic aress at celving and 2 higher incidence of
dystocia,

Point 2 {above) is in regard to sire effects on birth weight and
dystocia. - When EPD. {(expected progeny difference}. vaives are
available, average birth weight <an be predicted with ressonable
accoracy.. Table 5 shows resulls of & Miles City study where we
sefecied Angus bulls for moderate or high birth weight based solely
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on EPD values. Note that birth weight and dystocia percentages s
ranked as predicied. Note also that the study demonstrated the
well-known relationships between prenatal and postnatal growth.
The gestation lengths were essentially the same between the two

Table 4. Fffects of postweaning diet on reproduction, pelvic area
and dystocia in heifers.

Winter diet group®

Data Low High
Number of heiférs 36 59
Data gain - winter (Ib./day} 0.6 13
Daily gain - summer {Ib./day) 1.3 1.0

October preguancy (%) 50 36
Calving data
Precalving pelvic area {sz) 240 52
Dystocia (%) 46 36

4 Fead first winter period from weaning to breeding as yearlings.

sires so the differences in birth weights resulted from different
growth rates of the fetus while in the uterus. This same ranking
for growth rate continued after the calf was born resulting in
differences in weaning weight and carcass weight and value.

Thus, the producer must make a decision as to how much growth
rate he is willing to sacrifice to manage dystocia or how much
dystocia he is willing to accept in order to maintain maximum
growth, Use of EPD’s can be of great value when available.
When EPDYs are not available, then birth weight of the potentiat
sire can be evalusted as this pives a fairly accurate method of
predicting and ranking birth weights. Sires can also be ranked by
using an index (Index = adjusted yearling weight - 3.2 X birth
weight]. The yearling weight must be adjusted for age of dam.
It is thought that use of this index will continue to increass
postnatal growth rate and, at the same time, reduce the expected
increases in calf birth weight by about 535%.

Point namber 3 (above) is in regard to the gestation diet for the
pregnant heifer. 1 have reviewed seven studies summarizing
research in the U8, and Australia that were specifically designed
to study effects of gestation feed level. Feeding was for as long as
150 days or as short as 45 days before calving, Low and high feed
levels were variable, but animals on the low diets lost weight and
those on high diets gained weight during the precalving feading
period. Results are shown in Table 6. The values represent the
averages of the varions traits from the seven studies. It is realized
that problems can be encountered when summaries like this are
made, but the resulis were very consistent.

Birth weight was increased, but the effect on incidence of dystocia
was slightly in favor of the high gestation dists. Calf survival at
birth did not differ but there was a 27 percentage point advantage
in survival at weaning in calves from dams on the high precalving
diets. The major reason for this survival difference was due toa

much higher incidence and death rate from scours in the calves from
the low-fed dams.

There was also marked carryover effects of the gestation diet on
rebreeding of the dam. Breeding seasons ranged from 45 to 120
days duration. High feed levels resulted in more cows showing
estrus by the beginning of the breeding season (+217%) and

‘Table 5. Production of sires selected on birth weight EPEYS?

Sire birth weight EPD

Moderate High

No. caives 53 74
Gestation length {days) 2826 2825
Calf birth weight (Ibs.) 68 &3
Dystocia (%) 13 61
Calf losses (%} 5 8
Calf wean weight (1bs.) 397 419
Carcass data

Weight (11s.) 576 G4
% choice 90 68
Value/carcass (§) 536 627

8 Data from first-calf heifers only.
Feedlot data on steers only.

pregnancy rate {+10%). Precalving pelvic areas were determined
in four of the studies, and there was a comsistent positive effect
{+15 cmz) in favor of the high feed levels. A word of caution--
these results do not mean that animals should be overfed during
gestation. I they are and they become fat, the results will be
drastically different. When the birth canal becomes filled with fat,
more dystocis and calf deaths will occor at calving.

Materoal Fffects, Dystocia studies presently underway at Miles City

. are designed to determine the effects of maternal environment on

18

calf ‘growth in the uvterus and subsequent birth weight. Five
maternal environmerits were studied involving Ty heifers of 30%
Brahman, Charolais, Jersey, Longhorn or Shorthorn breeding. The
Fy heifers were bred to one of two Angus bulls selected for either
a moderate or high birth weight. This study was designed to
determine fetal genotype X maternal environment interactions. The
study was conducted in two parts; part § evaluated the calving and
production performance of the F; dams, and part 2 involved
slaughter of the F, dams at 231 days of gestation to determine fetal
and placental growth. The calving and production phase is
summarized in Table 7.

Shorthorn Fy dams were the heaviest before calving and had the
largest pelvic areas and highest calf birth weights, Jersey and
Longhorn Fy dams were the lighiest precalving, had the smatlest
precalving pelvic areas and ranked next to the lowest for calf birth
weights. Brahman F; dams ranked third for precalving body weight
and pelvic area and lowest for calf birth weight. Calvings that
required assistance were lowest in F, Brahman dams and highest in




F1 Charolais dams. - Gestation lengths were not greatly different

among the breed groups but averaged shortest in Fy Jersey and
longest -in ¥ Shorthorn dams.  Call weaning weights were
heaviestin Fy Brabman dams and lightest in Fi Longhorn dams,

Table 6. Effects of gestation feed lovel on aﬁﬁ&i" g

reproduction.
- Gestation diet of dam

Item . o Low Hgg__
Calf birth weight (1bs) 63 59
Dystocia (%Y _ 35 28
Calf survival (%)

At birth- 93 91

Weaning 58 85
Scours {%):

Incidence 52 - 33

Mortality 15 0
Dam traits: R :

Estrus begin'of breed. séason {%) T8 gl

Pregnancy (%) " SE 650 s

Precalving: pefvac area: fcmz}c 256 R 2’?1

a Averages from-seven studies:; cows and hexfers combined.
® Diet level fed from up to 150 days precaivmg, low and hagh

animals lost or gained wmght precahqng, respet:szy .

€ First-calf hexfers oniy ' .

The second ;}hase of this work mvoiva& slaughbt:r of F dams at
231 days of gestation. .Dams had been bred to the mm}erzte or
high birth weight Angus sires, and :ietaﬂed fotal and pfacemai data
were obtained as was carcass data on the dam. In interest.of
brevity eviscerated fetus weight will be the only trait discussed.
Results are sammamd in F;gum 2, which shows eviscerated fatus
wmghts of caives fmm the two,_ sires wzthm the ﬁve matamai
erwamnments : - :

The most stnkmg d;tfemnm :s the growth of caivas fram ﬂ}ﬁ two
sires in the F Jersey maternal environment. Nnte also; that the.
sire . growth . effect  was approxxmately e&;&ai among - the - F
Charolals, Shc;riham and Brahman matemai enmrcmments but
the Brahman ap;}eawd ji¢] have: the ability to suppress ‘the overall

growth potential of both sires. - This; mayled with the 3% assisted
birth rate (lowest) and the highest weaning weight (430.1b, ¥ mkes
this a very interesting maternslinfluence. Figure 2 demonsirates s
sigmificant - (F<.05) fetal " génotype X - maternbl - environment
interaction. This-can e sutnmatized by stating that some maternal
environments did ot allow the fetus to-express its genetic growth
potential in uiero while-othefs appeared {0 complement it. This
finding “is of -importance in helping us understand why some
producers expirience severe calving :ixfﬁmity with somé sires while
others CATL H5E the same sires and’ have: reiatwe!y few pmbiems

Summary G

H;gh caif birth wzzghts ‘are the i ciuse {3{ dystoma Paiv:c area
of the dany inust be: iarge enough 1o accomodate the ¢alf. - Selection
for large peivic aréas in bulls and heifers will result in increased size
of the éntife skeléton and incréssed calf birth weights - Low feed
levels darmg theé tast onie-third ‘of pregnancy will .not” result in
pred:ctab!e effects on dystocia but will be detnmez:tai toali aspects
of rﬁbmeémg of the dam;” ngmﬁcam fetal’ genotype X maternal
environment “effects have ‘beenshown: This resulted in  some
matérsal environinerits not. aiiawmg the fetis to express ifs genetic
growthi - potential  in ntero while other maternal - epvirotiments
appeared -t ; compiemﬂm it~ These. studies. are heiping with
uﬁderstandmg factors that 60 and do m)t affect dystgcia

Figm“ez, Fdalgmﬁype)(mamnalmnmmim
' zv;smmmzswsmm

CWEIGHT (b) . .

" SIRE CODE -

Jersey Fy; M, H = moderate and high birth Wihi_ghm_tn’m?w_

Table 7. Production of Fy dams.

Precalving.

_ Body Pelvic Calf hirth. Assisted . CGiestation Calf wean

E; dam breed No. wt. (b)) . area {cml) wt. (1b) calvings (%) length (d} wt. (1)
Brahman 20 935 260. 68 3 283 430
Charolais 18 975 264 . i 46 282 413
Jersey 31 864 243, o 22 281 417
Longhorn 22 833 252 71 YA 83 353
Shorthorn 25 . 1,038 278 79 28 284 427
: P i P ils Pe. 1)1 P<.10 P<.05 P 03

1%




MANAGEMEPENT OF COWSE TO MINIMIZE
POSTPARTUM INFERTILITY

F.E. Short, BB, Staigmiller, R A Eiel!ﬁg%s_._
1,0, Adams and 1.0, Berardineli'

Introdection

Most beef production systems sre based on an annunl calving
seazon with the length of this season being veriable. More than
one season of calving may exist within and between production
units. In order for any system o be efficient and remsin on an
anmual cycle, cows should rebreed within 32 davs of calving
{assuming 2 283 day geststion period). Many Iactors work against
ihat time line and couse 2 period of time during which cows are
inforifle. Severnt factors contribute o this infertiiity and result in
reproductive losses and lowered production efficlency.  The
Hierature covering this lopie & exlemsive.  Therefore, this
presepiation is based on several recent review papers {Meg, 1987;
Short and Adams, 1988, Bellows and Short, 1990 Odde, 1990
Handel, 1990; Short et sk, 1990s; Willlams, 1990, Plesse consult
these reviews for 2 complete reference citation and coverage of
data,

Factors sffecting postpartum infertilis

Alter parturition, cows are infertile for a varianle pericd of time.
Several factors contribute to that infertidily, Hiustrated in Figure
Loarsr 1) the relationship between probability of & pregrancy
oecurring (infertility vs fertility) and time afier calving and 2) the
four madn factors that contribuse Lo infertility, In this figore the
bBokd curved line shows the increase in potential ferdlity that
cocurs as time postoarium progresses. By forty davs postpartem,
poiential fertility i3 guoite high, assuming thers are no severe
problems with prolonged anestrus. A general  infertlity
component £xists that decreases fertilily by 20 1o 30% for any
estrus regardless of whether it ovcurs after calving or at any other
reproductive state, This component will not be discussed Farther,
buf it must be recognized 28 3 fhotor in posipartem infertiiny,
The other three factors shown in Figure 1 are related specifically
o the posipariem poriod and will be discussed

Lterine mvolating

Uierine invohntion has no relationship to fengih of the anestrous
period. Mevertheless, sterine involution i 2 barrier to fertily
during the early postpartum period.  Ferilfization rates and
preguancy rates are low in cows bred before 20 days after cabving,
bat fertility returns 1o normal between 20 snd 40 days after
calving.

1% Authors are:  Short, Staigmiller and Bellows are Hesearch
Physiclogists with USDA-ARS Fort Keogh Livestock and Range
Hasearch Laborstory, Mies Ciy, Moptana,  Adams & Range
Mutritionist, University of Mebrasks, West Ceniral Research and
Eziersion Center, Boute 4 Hox 46A, Morth Platte, Nebraska,
Berardimell, Deptl. Ammal and Hange Science, Mountana State
Usdversity, Bozeman, MT 55717

I several expeviments, we bred cows which showed estrus very aarly
after cabving. Half of the cows were bred by normal Al procedures,
and haif were bred by surgically deposiiing semen into the tip of the
uterine horns, Ova wers recoversd 3 days after insemination io
determine fertiization rates.  Inseminstions into the tp of the
wtorine horn reduced the interval to conception by increasing the
proportion of cows with fertilized ova when inseminations wers done
before 20 days after calving, Fertilization rates after 20 davs were
similar for both groaps. We concluded that Infertility during the
frst 20 days afier calving is caused by & physical bartier 1o sperm
transport and not by any inherent defect in the ova or other
physiological mechanismz. We do sot have data on whether an
early posipartum uiervs sctually could maistain a pregnancy if a
fertilized ovem were present. The noninveluted wieres may not only
be 1 physica] barrier 1o sperm transport, bot also i may be a barrier
to mplantation.

Froan s practical point of view, oterine nvolution ususlly & aot a
problem for besf catile because # doss nof affect anestrus, Very
few cows would exiibit estrus early enough after calving for uierine
volntion to interfere with conception 5o long as disease conditions
do not prevent or delsy mormal involution.  As discussed iater,
progduction systems with long breeding sensons are more likely o be
affected by infertiiiy related fo uterine wolution.

Short estvous oyckes

Short estrous cycles also contribule to postpartum mferiility during
the first 30 to 40 d after calving. Most estrous cycles after 40 d are
norimal length, Ovelation following an estros destined to start a
short eygie are novmal with ova relessed that can be fertilized,
However, pregaancy vsaally does not cocur apparently becanse the
corpus loteum (CL) regresses before the ovary receives 2 signal
from the uterus that a pregnancy exdsts.

Why s this first esirons oycle short? Is the CL not capsble of
fanctioning normally, or are vegression signals being piven
prematurely?  The CL formed during a short estrous ovele @5
stmalier, setreles less progesterone (P} and Is less responsive to
stimulation.  Gonadotropie stiemulation of the short-cycle CL
appears to be normal and not z limitation to s development,
although follicke stimuizting bormone soncenfrations may be low
preceding this ovalation. The shortcycle CL i not hypersensitive
to prostaglandin, sor is there any svidence of a problem with
receptors o enzymes.  So far, this evidence dossa’t answer the
guestion asked earlier; it merely reinforces the evidence thet the
short-cycle CL s fonctionally deficlent.

Prostaglandin Fy (PUF} appests to be the normai physiciogical
signal whereby the vlerss causes regression of the CL at the end of
the estrous cycle. During the early postparium period, high FGF
concentrations probably prevenis sormai CL function becsuse
hysterectomy reduces POF concenirations and sllows normat CL
fanction. The early postpariom uterus produces and metabolizes
isrge amounts of PGF, and suppression or infusions of PGF further
implicaze 2 role of POF In the control of CL functien i the
posipartim oow, [herefore, evidence exists 1o answer the question
rafved earfier. The fanctional capabilitizs of the corly-postpartum
CL are sormal, but the CL b caused 10 regress prematurely by




abnormally bigh PGF concentrations from the werus. Regression <

occars before the signal can be given that 3 pregnsncy exists,
These gh POF concentrations presumnably are 2 part of the
mechanisms involved I involstion of the uterss.  Uterine
ivolution i involved with prevention of pregnancy, not only by
blocking fertilization as desertbed earlier, but alse by preventing
aormsat CL Rnciion.

Mormat CL fupction during sn early postpartum estrous ovcle can
be obtained by prefreating with 2 progestin,  The mechiniem
associated with the progestin effect fwvolves 2 redugtion in PGF
with the effect mediated vin the ovary rather than the pituitary.
Some evidence edsts for 3 luciinizing  Bormone-follicle
mvolvement, Fven ovarian or follicular involvements could be
mediated indirectly through atleration in ulering ezﬁémrﬁnsiegg.

The shortestrous-cycle symdrome B2 araciicsl beefcéziée problem
because some cows exhibit estrus and are bred during the period
that these esirous cycles occur, espesially in more _;ﬂ_ﬁ:ﬁﬂsm
operations where postpartum intervals are short and sstrous
synchronization s wsed.  For early POSIpartum. cows, estrous
synchronizing trestments that fhoicde 3 %mgesiiﬁ may have an
advantage (Odde, 1985). .

Posfporiam anesiros

In beel prodoction systerns, postparium anesiris con affect
infertiity for a long time (Figare 1Y; therefore, anestros is 2 more
serious problem than either ulerine fnvolution or short estrous
cycles.  Postpariom snestrus commonly i3 referred to as
postparium interval (PP, the interval from parterition o 8
estrus.  Intervsis to other endpoints such as to ovolation or
concaption also are important, but from » practical point of view,
sstrus i& the most Jogicsl messure of the commencement of
potential fertility. Postparium infervale will typleally range from
33 to 7 d in ressonably managed beef cows.  However, it is
possible to bave intervals as short as 10 10 20 4 in well-nourished,
nonsuckied cows and over 1880 4 in suckied, nuiritionally strossed
cows,

Figwre 1. Relationship of fertility {probabiity of 2 pregaaacy

oocarring} fo tme afler cabing.  The Bators costributisg fo
infertility are showe above the fertifity jive.
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Postpartum anestrus of post partum interval is affecied by several
minor factors: season, breed, age or parity, dystocia, presence of

(2
jo

2 bull, wterine palpstion and carryover effects from the previous
preguoncy #s well =s two major factors: suckling and metrition,
These factors ail hove direct eifects and each factor can also Interact
with one or mors of the other (actors. Bechuse of the many faviors
and intersctions that affec! postporium intervel, control and
menagement of postparien anestrus i comple,

Sliney Hactors

1. Sesson was ope of the Orst factoss 1o be zssocinted with
postpartun: anestrus.  Cows calving Iater in' the spring had shorier
postpartem intervals. In this case, day-ofvwear effects could be trus
season effects associated with light snd temperature differences, or
the ‘effect could be confoended with nutritions] changes as year
progressed. S&&gam work ks confirmed that day-ofvesr
decréases p@s&p&z‘mm interval as the spring s;g%vmg SLAS0H DIOgresses
and ‘has shown that cows calving from lute spring’ o ezs;r%y falf have
shotter postpartum intervel than cows calving from fate fall 1o aaﬂg
spring. ~ These seasonal effects are not doe to mutritions] and
mptagethen: differences but are Wue sessonal effects related 1o
changessin light.  However, sessonal effocts are modified by
autrition and other factors such s gendtype snd suckling. From
receit evidénie, it appears that seasonsl effects are medisted via the
pineal.  Injections of mslatonin will incresse pestparium interval.
Mot pruch c2n be done through wiEnagement 1o correst sezsons!
effects on postparium interval other than to shift the calving season.

Z. Breed and genctype effects On postparium anesizas 230 be seen
by msking fomparisons between stodies.  Dalry breeds that are
mitked have shorter postperiom intervals than suckied beef breeds,
However, when dairy cows are suckied, they have longer postpartom
intervals than beef cows. Comparisons also have been made within
studies which have shown that, when managed comparably, deiry
gencivpes have longer postparium intervals than beef genotypes.
These effects are more pronounced 1 frst perity and on lower
dietary intakes. Differences aiso have been reported befween beef
breeds with the effect being more pronounced &t lower detary
intakes. How genotype affects postparium inferval i oot known;
effects may be dué 10 true physiclogical differences among breeds,
snd(or)they may be due o confonnding etfects such as differences
in amount of milk produced or appetiie and feed dntake. The effect
of breed on poitpattum interval is 4o important factor, and even
though breed s usually prédetermined, this effect must be accotnted
for whiesr misnaging postpartun cows.

3. The effect of age and parity on postpartum interval is due mosily
o the difference betwésn 2- and 3ar-bid dams and older cows,
Young cows have longer posipartum  intervais and lower
reproductive potential. Dystocta also is associated with age and will
incresse postpartum interval and delay rebreeding. The effects of
age and parity cannot be eliminated, but the adverse effects of
dystocia can be overcome, st least partially, by providing early
obstetrical assistance.

4, Presence of a bull will decresse postpartum interval.  The
mechanism whereby presence of g bull accelerates the physiological
processes  that  initinte resempiion of estrous owcles s not
undersioed.  Available evidence implicates no involvement with
either progesterone or luctinizing hormone. Putting sterile teaser




Figure 2. ?arﬁtim:ingofnﬂuimfsinamwwithnu&iantmmvaryinginqmﬁtyandqmmy(mmandAdams,19&).
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bulls with cows during the early postpartum period could be a
useful tool in managing postpartum anestrus in beef cattle.

5. Postpartum reproduction also may be affected by other factors
such as rectal palpation, treatment with a synthetic prostaglandin
and effects of the calf. The effects of the ealf apparently are
related to differences in growth rate and amount of milk
consumed; fast-growing, larger calves and (or) calves consuming
more mitk wiil have dams with longer postpartum intervals. These
effects are more subfle or are fixed and are less fikelv to be
manipulated by management. However, they shoumld be
considered when devising management strategies.

Major Factors

Suckling and nutrition are by far the most important factors
determining the lengih of postpartum anestrus. Suckling probably
has the most dramatic effect on postpartum interval and was one
of the first factors to be related to postpartum repraciuction.
Cows that have their calves weaned at birth have shorter
postpartum intervals than do cows that are suckled. If calves are

weaned at some time after birth but before estrous cycles begin
{usually between 20 and 40 days after calving), cows will return to
estrus in a few days. Regulation of the suckling and lactation
stimulus by weaning is a viable management option to decrease
postpartum interval.  Postpartum intervals can be decreased by
complete weaning, short-term weaning (48 hours) or partial weaning
{restricting suckling to short periods of titne each day}. However,
response to weaning treatments will vary with other factors such as
age, nutrition, genotype of the cow and age of the calf,

Nutritional effects are elicited via 2 complex interplay among many
variables such as guantity and quality of feed intake, nutrient
reserves stored in the body and competition for nutrients from other
physiological functions besides reproduction. The effects of nutrition
have been most commonly measured using energy as a variable,
Other putrients also may affect reproduction, but their effects are
not well docomented.

The allocation of nutrients to various body functions is commonly
referred 1o as nutrient partitioning. A schematic representation of
these relationships is shown in Figure 2. Illustrated in Figure 2




Figure 3. A model depicting the hormonal control of estrus and ovilhtion in postpartam cows (from Short et al, 1990a).
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are several points about nutritional and production inter-
relationships. The first is that cattle (and other ruminants) have
a unique niche in animal agriculture because they have the ability
te convert low guality forages to useful products. The second is
that excess nutrients can be stored during excess periods to be
retrieved at a later time to mainiain production. However,
extended periods of limited nutrient availability because of low
quantity and(or) poor quatity will decrease production. The third
is that nutrients are partitioned by a priority to first maintain life
of the cow and then to propagate the species. The approsimate
order of priority for partitioning of nutrients is as follows:

1. Basal metabolisin

2. Activity

3. Growth

4. Basic energy reserves

5. Pregrancy

6. Lactation

7. Additional energy reserves

8. Estrous cycles and initiation of pregnancy

9. Excess reserves
The relative priority of these functions can change depending on
what functions are present and at what level,
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Energy reserves can constitute almost 50% of an apimal’s maximum
passible weight. One of the best ways of estimating nutrient
reserves is the use of condition scores. As shown in Figore 3,
estrous cycles usually can be maintained if condition score is 4 or
greater although this may differ depending on other factors such as
breed and whether an animal is entering into or coming out of
anestrus.

The effect of nufrition on postpartum reproduction depends
somewhat upon whether nutritional differences exist before or after
calving. In general, the differences that exist at calving as estimated
by precalving condition score are more important than those that
exist after calving. These relationships are depicted in Figure 4.
The effects of condition score al calving on postpartum interval are
nonlinear with the effects being greatest at very low scores {<4),
becoming less as condition score increases, with very little effect as
condition score increases above 7. Postealving dietary intake can
alter these relationships, but postealving differences in diets have
their main effect when condition score at calving is <6 and when the
feed intake is low vs adequate {100% of NRC) rather than adequate
vs high.




Controd of the resumption of estrous cycles in the postpartum cow
s socomplished by 2 complex relstionship among  the
bypothalsmus, pituitary snd ovary which & mgacted by a varkety
of emernal and interns] signels. A maior portion of this
refationshin is socomplished by hormone signals. A mode! for the
rormonal controd of estres and ovelation i shown i Flpare 3.
Posiparium anestros exists because the varions factors discussed
eurlier vrevent postpartum cows from provesding through the
normal steps {Steps 1 %o 6, Flgurs 3} leading to estrus and
avulation,  This series of events leading to estras and ovulation s
similar for posipartem cows and oows which are having estrous
cycles.  Somehow, the postparium oow & prevented from
continuing throvgh these steps by one or more of the fGoors
discussed eatlier. We will now examine some evidence for how
each of E%é@;ﬁ'&i&?s it involved with postparium anestrus.

The functionsl competence of the hypothalamus and pitultary is
decreased for 3 18- 1o 20-day peried after cabving, Dhuring this
time, the smonnt of lnctinizing hormone i the piteitary &s lowey,
fess LEH i relensed In refponse to sither estradiol (By) or GaRH,

sad the beastivity of LH is lower. These differences do not seem
3 be related to suckling, piluitary LH content, hypothalamic
GeRH content or pitadary GaRM receplors,  However, thess
negative sffects are not sestalned and do oot appesr to account
for the normal delay in resumption of estrots cycles observed in
the suckled postoarium beef cow.

The primary defect thar exlsts in the postpartum cow is 3 low
sevum concentration of LH caused by a low-frequency pulsatile
secretion pattern of LH and presamably GnB3 {8teps Zand §,
Figure 3} During postpertum anestras, the pulss patiern of LH
typically is vary low frequency {1 pulse/d bowrs. The frequency
incrauses durlnp the time preceding estrus to abowl one pule
every 100 2 hours. The GalH "pulse penerstor” somehow must
be inhibited during the sarly postparium period,

A pulsatile pattern of LH release can be seproduced by giving low
dose injections of GaREHL m@fy iio 2 hours, ?ﬁaﬁg}ﬁﬁém COWS
tregted i osueh 2 menner %&v@ shorter gxm?;&rmm intervals,
Hemwever, 28 cows do not ?esgﬁmé to such treatment, especially if
they ars early in the postpartom gsnz:aﬁ of o 3 fow distary intake.
The mosnsistency in the response (o thess treatimends leads us to
conclude that inhibition of the GeBH "pulse penerator” s not the
only cause of snestrus.  The mechanisms for control of anestrus
may be difforent depending on the couse (Lo, sutrition w
suckiing), or the privhary defect may change as the postparium
oo progresses from Ndesp” anesing 10 Tthallow” anestrus with

time afler caving. The amount of time required to make this

trzmsition variss with the amount of nput fom each of the
vontroliing factors,

A pulsatile gattern of GaREH relesse may be only the strategy
gvoived o malniain 3 cortaln level of secretion bessuse contmious
infusions of GoRY will 2licit 2 response similar to the pulse
imections.  Prolonged infusions of GaRH result in 2 decreased
refease of L over time, but this decreased sensitivity to GeRH
& not reflected by the endogenous pulsatile release of LH, At

present there is no evidence 10 suggest thet FSH s s miting Gicter
i postparium anesirus.

The ovarian component of snestros (Step 4, Figure 1) i highly
dependent on the statues of the preceding sters, but in general the
ovary per se does not seom (0 be 2 Hmiting faclor beoause it will
respond fo exogenows stimulation.  Follicelar development and
function are normal although there are some carryover effects of the
CL. of preguancy. Follicles are selected Bom a pool of medium-
sized follickes, and as follicles mature, they show &n incresse in
munber of LH receptors and switth from progesierone io E,
production.  Atresia is not related to geﬁgésiri}pm binding, The
main evidence for the ovary being Involved In anestrus s that the
pltuitary-hypothalames k& hypersensitive 1o negative feedback of
sstrogen rather than an sbsence of the positive feedback mechanism
diseussad earlicr.

This bypersensitivity to estrogen graduslly & overcoms 1o sllow
Steps Z to 4 o proceed mesuliing in the contimustion through
precwulatory LH relesss, estris and ovelation {Steps 5 and 6, Figurs
3y Then the C,?Qi& repents itself or preprismey sodurs (Stens Ta o
T

The stimuli that are deteeted by control mechanisms to retard or
block the normal progresston through these steps in Figure 2 are
not understood, bist severn] possibilities have been investignted. A
role of the sdrenal was implicaled by some circumstantisl evidenos,
bit careful experimentstion has roled this out. Proluctin and
orvtocin also were enplored a5 5 possible mediator but were ruled
out. A direct neural involvement from the udder does not seem 1o
be present.

The only positive evidence for 2 control pathway involves glucos
and the endogenous opioid peptide (BOP) system.  Bren though
evidence exisis that the BOP system s involved in the comtrof of LH
refease during the postpartum perind, this system is only a pant of
the control systemn because prolonged trestment with s BOP
aptagonist only temporarily will release LH without subsequent
griation

Figre 4. Relstionslip of length of the breeding seasop to fertiliny
during the postpmrtom period (from Short ef 2l 1990a)
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Conclusions and munsgement sossiderstions

Postpartum ipfertility and anestrus are complex phenomens
controlied by many factors, which may either act individuslly or in
concert 10 decresse the production potential of beef cattle. Many
of the factors that impact noon postpartum reproduction cannct
be eliminaied but can be incloded when making mansgement
decisions relative to other factors that can be manipulated. In
svaking 4 mansgement decision about posipartum anesirus, one
must consiler not ondy the poteatial benefits of 2 treatment on
postpartan fertility bot alko the cost of implementing thk
tresiment. For most preduction svstems, mvadman fertility wiil
nof be the most profitable. Optimum fertility rate for 2 gven
production sl will be that which returns the greatest proff for
some other defined measure of success) over & period of time.
Urnfortunately, only limited data are svailable on the couts of most
treatments 1hat alfect postpartum fertility, so that aspect of the
decision making process i left to the individus! oroducer,

Butrition

The most common problem sncounisred when mrolonged
sustparivm intervals occur in a herd & poor putrition 8t ope O
more stages of the production cyele. Resumption of estrous oyolex

after calving i3 2 b@fév function that hes s [y w priority
eompared 10 other Dunctions such a5 lactation, activity, growth and
vasie body maintenznce. The competition for and partitioning of
aitrients in 2 cow was illostrated In Figare 3. Suckling gremly
exmggerates the effects of poor nutrition, so netritions) snd body
reserve deficiencies are ususlly the frst place 1o kook when
problems with postpsrium ansstras are encoustered.

Length of breading season

Longth of the breeding season has & very direct effect on whether
postpartum anesirus & 2 poteniial problam. This relatfonship i
hustrated in Figure 4 which was created by superimposing on the
fertility graph from Figure 1 an lustration of the effects of the
lengih of the bresding sesson, When cows are bred in 2 45 day
breeding season, they will be Fom 35 to 82 days postpariom =
the begianing of the next breeding season, and most of them will
have 2 high potentiad fertfiity &t the beginning of the breeding
season. As the length of the breeding season lnoreases to 60 or
80 days, more cows gre in the early postpartum pericd 2t the
beginning of the nest breeding season. When breeding sensons
are longer thar 8 davs, some cows won't even have calved at the
start of the next breeding season, Breeding seasons that are 45
days or less have seversl advantages that Include weaning » larger,
more oniforse calf orop, bot there abso 5 an advaniage i
aleviating many of the problems due to snestrus.

Weaning

This option includes & wide array of possibilities from partis! and
lempOrary Weaning o comydete weening and the weaning
trestments can orour anywhere from right after calving up o Yor
10 months after cabving. In order for a weaning treatinent 1o have
an imnediate effect on postpartum reproduction, # must oooar
before or early in the broeding season. Partial weaning is when

B

calvas are separsied from thelr dams for most of the day and then
zre aliowed one or two short periods during the day to suckle
Temporary wesning is when oalves are completely remewed from
thelr dams for a féﬁ@rﬁ zwe fusually 2 to 4 davs), Both temporary
weaning and pertial weaning cun increase the number of cowws that
relurn (0 oSiT0S émfag §’§s': ‘:‘f&mmg seasorn, Hlowever, the response
o these treatments & variable and management of thess options &
somewhal difficall. To maximize response of femporary weaning,
the lengih of time calves and cows sre separated nesds fo be Jonger
than four days, However, prolonging the interval bevond four davs
will potentially decrease milk production and weaning weighis. Uil
more Is known gbout the causes of variation in response snd how o
manage correctly, femporary and partial wesning hove Hmiled
practical applications,

i prolonged anestrus & & problem in a2 herd, then 2 more wrs
shori-term solution may be complete weaning shortly before the
beginning of the breeding season.  Assuming that body C%B%é%iz{)i’%
scores are reasonable (24 on 8 scale of 1=tkinnest o 10={atiest)
and most calves are over 20 davs old, then moel cows J}fg are
anestrys wil refurn o esfrus i 4 10 15 davs. This trentment can be
guite effective in Inducing and synchironkzing estrus n anes éf S LW,
and the sarly weaned calves can be sucoessfully reared on a2 Faage
{grazed or harvested) smd concestrate diet. However, this option
kas miore severs goonomic Hmitations and must be carefully
evalusted before implementing.

The weaning options that have the mos! practical application in the
fong raa and will affect postpartum anestrs have to do with the age
of calf at pormal wesning, Mot cowcalf operations wean their
calves somewhere sround sbe or seven months of age, but & would
Gt be ummomnmon to delay weaning o 8 o 18 m@mé}s
Manipulating age at weaning In the rangs of 6 1o 10 months
have po immediste effect on apestrus and rebresding becauss if
oo are calving o an snounal basis, the breeding season should

already have passed. The potentisl benefits of 3%?6%%5 age B
weaning al this stage will not be realized until the newt bresding
season.  The primary objective to consider at thiz point is body

condition at cslving thne the nest vear. Cows that cale in late

winter of early spring are normally wintered in situstions where
guantity and quality of feed {mainly forage) & low, and the cows
ofien are subjected to envirommental stress {oold temperatures
This Hmited avaliability of Red snd ¢old siress makes #t hard to
recover from body condition soores that are B0 low going inlo the
wintar.

Data from a recent study ot LARRL o Miles City flustrate how
changing weaning age can affed body weight snd condition scors.
Forty-sight cows that calved in April were assigned st random o
have theilr calves weaned on either September 19 or r}&”%?}@!’ it
Hall of the cows in each weaning age treaiment recefved 75 1h. of
supplemental protein per day and half received no supplement. Al
cows grazed on native range forage during the stody. Changss in
Body weight (Figure 5) and condition score (Figore 63 were guilz

dramatic. The losses induced by late weaning were almost
compleiely  prevented by profein sﬂg}piﬁﬂeazaié{sﬁf and

supplementing the normal weaning age cows resulied in marked
improvements.  We conclude from these deta that even though
£
£

supplementing during (ks thse is unusual, ¥ can prevent problems




created by late weaning. However, if cows are going into the fll
in poor condition, it would not he wise o wean late even with
supplementstion. 1F cows are thin enough to require an increase
in condition score, then supplemental protein along with weaning
at five to six months of age can help cows recover. Supplemental
protein will only work if sufficient energy is available from grazed
forage.

anumS.Weigbtghang&sofmﬁnmScptemhetmm
Bewmberilwbmm}vesmmnedeiﬂwrm&ptemmw
or December 11, Half of the cows on each weaning treatment
mceivedmmpplcme&amihaifremi’md.?ﬁpoumkperdayof
sapplemental protein.
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#ost work with manipulating suckling effects has been done with
spring calving cows. Very little work has been done with fall
calving cows which is 2 management practice: that is becomting
more common in some regions. Fall calving has advantages, but
a real problem is that the peak demand for nutrients that occurs
during lactation is gut of synchrony with peak nutrient availabiity
from forage. Theréfore, fall calving cows may respond differently
to different weaning treatments, We have a fall calving herd that
is a contemporary to the spring calving herd used in the study
covered previously. The fall herd is weaned either before the
breeding season (~60 days postpartum) or at six months
posipartum,  This ks the first year of this study, and the early
weaned cows had a 50% pregnancy rate after 2 10-day breeding
season compared to only 16% for the cows that will be weaned at
6 months. If fall calving cows are not early weaned, then late
weaning may be more appropriate since there will be a greater
amount and quality of forage available for them at this time than

spring calving cows. Fxperiments need to be done to test that
possibility.

B sronizati

Synchronization of estrus is 2 useful tool for shortening the breeding
season, concentrating labor and making the use of artifical
insemination more feasible for beef cattle. A secondary benefit is
realized in postpartum cows when synchronization treatmenis
include the use of progesierone or a progestin. Progestins in the
synchronization treatment will induce some cows that are anestrus
1o start estrous cycles. Therefore, if many of the cows in the herd
are apestrus, then a higher percentage of cows will be bred in
treatments that inciude z progestin. Progestin treatments should
not exceed 10 to 12 days for maximum fertility. If treatments are
to be longer than that, they should be given as a pretreatment with
breeding occurring at the second postireatment estrus. The best
treatment was feeding melengesterol acetate (MGA) for 14 days
with an injection of a prostaglandin 16 to 18 days after the last
MGA feeding. Cows are detected for estrus after injection of
prostaglandin and bred by Al Conception rates of 60 to 80% are
obtained with this treatment. A disadvantage of this ireatment is
that it is long and difficult to use if calving seasons are greater than
50 days.
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Presence of a bull during the postpartum period will decrease the
interval to first estrus. ‘The mechanisms involved with this effect are
not known, but it may be advantagecus 1o use a sterile teaser bull




to run with postpartum cows before the breeding season starts to
stimuilate resumption of estrous cycles earlier. Care should be
used in selecting these teaser bulls to insure that they are sound
and free of disease. Information is needed 1o understand more
about the situations in which this treatment wili work, how
beneficial it is and how response can be maximized (ie., what is
the best cow:bull ratio?).

Dystocia

Cows that have dystocia (calving difficulty) have longer
postpartum intervals. Management systems which minimize
dystocia will not only save more calves but will also have higher
rebreeding rates of the cows the next breeding season.

Summary
Anestrus is one of the major problems with low potential fertility
in beef cattle. Suckling and poor nutrition are the main causes of
anestrus.  Solving nutritional problems can partially overeome
inhibitory effects of suckling, but other management decisions can
also reduce the negative effects of suckling induced anestrus.
Shortening breeding seasons to =45 days, using appropriate
weaning times, synchronizing estrus with a treatment that includes
a progestin, using 2 teaser buil before the breeding season and
minimizing dystocia are alf management options which can
decrease the effects of anestrus. The decision of whether to
include any of these options should include an assessment of the

value of the increased production potential in refationship fo the
anticipated cost of implementing these practices.
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MANIPULATING EMBRYOS: NEW APPROACHES
TO "REAL WORLD" QUESTIONS

R.B. Staigmilier, R.A. Beliows and R.E. Short!1
introduction

When we look at 2 healthy newborn calf it is hard o imagine that
some 284 days earlier it was a very simple 2 cell structure (see
Figure 1} about the size of the point of a pin, yet containing all
the genetic potential of a full grown animal. The embryo is very
fragile during this early period of time, but it also holds
tremendous potential for usefulness to the beef cattle industry.
Our interest in studying Barly embryos is based on four different
aspects of their importance to beef cattle production: 1) embryo
mortality during early pregnancy; 2) use of embryo transfers as a
production alternative; 3) use of embryos as a rescarch took and
4) use of embryos for genetic enhancement. Lets look at each of
these factors in detail.

L1 Authors are Research Physiologists from USDA-ARS, Fort
Keogh Livestock and Range Research Laboratory, Miles City,
Montana.
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of pregnancy is often not recognized for what it is.
embryo dies at this stage of pregnancy the cow will evcle again after

Figure 1. Two cell embryo.

Embryo Mortality. [.oss of an embryo during the first 20 to 25 days
When zn
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But apart from disease condi can 20
e ipdicative of other problems. Bmbryo mortality can result from
conditions ocourring a1 fertilization. ¥ the ovulated egp must
reside too long in the reproductive tract before the semen B
deposited ihis aging cgp may fertiize bur death ofien Oeurs

ring early embryo deveiopment. In this case, our breeding
management, particularly in artificial insemination programs, may
need to be fine tuned,

Also, D, Short andd e, Beliows demonstrated »’a.'"}f z?} right
here at Mies Oy that embryo mortalily can ressll from
andernmirition. Changes in the ovidoct and ulerus are ocourring
on z dally basks during early pregnancy and in anderfed cows the
capability for the appropriasle changes are limited. As we gain
more zad more ondersizading of the fertilization process and the
relationship between the embryo and the reproductive tract, we
should be able to manage our breeding berds in a manner (o
decrense embryve morialily and Incresse our net calf crop,
Embryo Transfer. The use of embryo transfer in the beel industry
has increased by lesps and hounds during the last 10 fo 15 years.
It has been vsed most commondy in the seed stock industry a5 9
means of increasing the number of offspring from superior
fermales. In this progedure, selected femslos are treated wilh
hormones that cause them to ovelate multipie eggs. They are
bred to selected males and when the embryos are 7 1o B days old
they are recovered nonsurgioally through 2 rabber tube inseried
into the uterss in a manner similar 1o that used for depositing
senen during artificial insernination. Once recoverad the embryvos
are iransferred 10 recipient females, or froven until appropriste
female recipients can be obtained. Some highly successful cows
have produced more than 60 living offspring over a five yeor
period wsing these techmigues.  While such performance is
certzinly more the exceplion than the rule, It does demonstraic
the contribution that can be made by this technalogy.

The embrvo transfer technology B also useful a5 2 means of
importing cattie.  The cost associated with Importing frores
embryos is only @ token of that needed to bring caifle info this
country and go through the necessary quarsniine. Very siried
messures are necsssary to puard against transferring disease along
with the embryos, however, aznd embivos must meet certain
specifications 1o insure that they are disease free. But imagine the
extent to which embryo transfer could have been used if it waus
availzble in the 6{7's and T{¥s when the so calfed “exotics” were
demand and bemg imporied from all around the world

The fulf extent to which embryo transer will find Hs place in the
cattle industry s yet to be decided. Artificis] insemination is now
the major means of breeding dairy caftle but represents only a
srali percentage of the beef caltle bred in this country. Embryo
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fkely to be greatly different. Like Al embryo
Emﬁsfez recuires infensive management, sod i3 slso guite labor
tntensive. There are, however, some distinet advantages and dis-
advantases of embryo transfer when compored to AL H is an
advaniage (o be able {0 solect the genetics of both the dam and the
sire, 25 opposed 1o just the sire in the case of AL By selecting
supsrior producing animals for both, the rate of genetic progress can
be speaded up. Ancther advaniage 15 thet the tming of the transfer
is not as crivical a8 it is in AL There is & 24 to 36 hour time span for
rransfer that will vield optimum conception, as opposed 1o :z%mm B
1o 12 hoars for Al Transfer is performed 7 or 8 days after the
recipient female has been detected in hest so the scheduling of
transfers can be done well i advance.  On the side of the
disadvantages, an embrve 5 more sxpensive to generate than s 2
dose of semen. The technology for producing large pumbers of
embryos inespensively is still @ wayvs off, and costs will have 1o be
reduced considerably before embryo transfer can be used 1o B3
fuallest potential in the beel Industry. Also, the best conception rates

with embryo transfer are § to 10 porcent lower than they are for AL
This is improving continually, however, and probably will not be 2
sericus proplem in future years.

Cartainly embryo transfor will oot be applicable to all, or even 2
majority of beef catile operations. bt will obvicusly have very limited
application in the western rangelands where very iarge pastures and
free ranging Hvestock represent the major means of production
While the full potentisi of embryo transfer awails continoed
improvemenis in technology, the contributions being made at the
present are valuable and we cap expect this new techoology to
continue to play an important role in ihe beef industry.

Hesearch, Embryos and the embryo transfer technology are being
ased as research ool to provide information that was unatfaing
without these techaiques. Gur work on two speaific projects here st
Miles City can demonstrate its usefulness,

We have shown that replacement heifers bred af their first estrus
{pubertyy are not as likely (o conceive as they are when bred al &
later estrus, We would Iike 1o know i the reduced conception Is due
to the oviduer and ulerine enviroamen! not belng adeguately
developed, or alternatively if the first egg that the Temale ovalates
is of poor quality and not capable of fertifzation and development.
We can pnswer that question by fransferring embryos [rom mature
cows inle heifers at the fisst estrus of 2 a later estrus. ¥ the
conception rate is the same, we will know thal the ulerus s fully
capable and the problem must be with the embryo. This guestion
could not be answercd without the capubility of using embryos
unreizied (o the heifers being bred

in @ second example, D, Bellows bas shown thal size of the calt m
birth is dependent o the breed of the dam. That is, calves sired by
the same bull will be heavier at birth when bred o Hereford dams
than Brahman dams. This differentinl growth rate of the fefus may
be due to the genetic contribution it recetved from the dam, or it
may be due 1o the utering environment of the dam. To determine
which of these two ;xassébii;%;ﬁs is fne cause i i necessary 1o
separate the breed of the dam from the breed of the calf. This can
only be sccomplished by oblaining embryos whose genetics are
totally unrelated to that of the female that will carry the offspring



throngh pregnmacy. Embeyo fransfer provides the means of dodng
these studiss,

These are just two examples of how ambryos are being used here
at Miles Clty, but there sre many mors opportunities for their
use, DEmbryos can be sphit in half with each hall being transferred
o separate famales to vield identical twins, By muliple splitting
as many as 5 identical offspring have been bora. Since identios!
offspring perform more alike than uorelated offspring they are
valuable 1o research for determining differences between
freatments,

At Fort Keogh we are now lrving to generate smbrvos enfirely in
the aboratory. By starting with just an ovary we can extract the
eggs and over the next 8 days will fertilize them and culture them
i an incubator as they grow from a l-celled egp o an embryo
egulvalent 1o those recovered s¢ day 7 of pregnance. This gives us
the opportunity (o study every mspect of embryo biclogy from
before concestion 1o s day 7 embryo and to determine more
precisely what the oviduot and wlerns must provide for the new
offspring.

Gepetic UDobancoment. Embryos also provide us with vt snother
important capebility. In the last few vesrs advances in genetis
engineering and gene fransfer, have provided the capsbility (o
transfer desirable penes into newly concelved embryes. Genes are
injected shortly after the sgg b fertilized 5o being abis to fertilize
them in the zboratory Is 2 greai advaniage over recovering them
surgically from the cow after mating and fertitization has oocurred,

Perhaps it s worth looking af some of the poientials and some of
the imitatlons of genetic engineering and gene trangfer. First of
al, this technology really does not do anything different than what
ranchers have tried to do for vears, namely, select animals that

M

contain the type of genes desived in the offspring. When normat
selection procedures are used, however, we must tnke 2 wide varfety
of genes that sccompany the ones we want in an animal. With gene
injection we can select specific individual genes 19 be ncorpoyated
inio the herd. The most difficeit part of the procedure is identifyin
the gene for the trait desired, and solating i in a form that can be
mnjected. This is the work of the genetic engineers,

Ore of the Bmitations of this pew technology is that many of the
trafis we would like to see developed In our herd are not conirolied
by lust o single gene. Growih for instance, s controlied by many
genes. We can infect 2 single gene that will increase the rate of
growih bul it results in animals that sre not sound becaise aif the
factors that contribute to growth are not in balance. O the ofher
kand, the immune system has the potential 10 respond quite well io
this new technology. An sutibody produced by the immune system
to fight a specific disease is produced in the body by the action of a
single gene. B s not anthinkable that In the Buture we may be abie
o develop smimals with increased resistance fo specific disenses by
changing the immune sysiem through gene injection. Iragine the
savings eath vesr o the beef industry i we could enhance the
response of the immune system o scours and cut calf losses to that
disease by as Biile as even 15 to 20 pereent.

Conchosions

In surnmary, the stage of early embyvo development s critical in the
fife of the newly concsived calf Dmbrvo transfer continues o make
soand contributions o anlmal agricolture through the abifity 1o
ncrease the number of offspring from superior fernsles, a8 well as
serving as 2 valuable ool for answering important questione through
research in beel production.  Purthermore, sarly embryos provide
the means of making some dramatic and important changes in the
genstic makenn of our future cow herds,

PIMNE MEEDIE ABORTION UPDATE

HLE. Short, B.B. Stsigmiller, 130 Adams, R A Bellows,
L7 Ford, LE Christianson, £F Panter,
J.A Plister and L.F. Jamest?

Introduciion

Abortions can ocoar i esttle afler consumption of needles from
Ponderosa pine fress (MeDonsld, 1952 James et al 19890
Sigaificant economic ky are caused by pine needie induced
abortions in the western United Stafes (Lacev ef al, 1888
Adfustimants must be made Inn range menagersent 1o alleviate the
problem {Gartner et al, 19885 The term zbortion s 5ot

“ Anthors arer Short, Staigmiller and Bellows are Research
Physiclogisis from Fort Keogh Livestook and Range Research
Laborstory, Miles City, Montana, Adams & Range Nutritionise,
University of Nebraska, Ford asd Christianson are from fowa
State University, Ames, fowa, Panter, Pister and James ore from
USDA-ARS Poisonous Plant Research Laboratory, Logan 1iah

sechnically correct since the fotuses are ssually alive at birth (James
et al, 1989 Feen though noi technically correst, we will use
shortion in this paper when referring to the effects of pine neadiss
sinos | s such a commonly used term o describe this effect, We
know very Hitle about how or why these abortions ocour. The effect
appesrs 1o be pharmacological rather than pathological (Sinar et
al., 1989, presn needies work as well as dried ones (fensen et al,
1989, snd there & evidence that the hormones respousible for
maintalning pregrency have sbnorma! secretory patierns In cows
that have eafen pine needles (Short et al, 1989%  Seversl
experiments with pine needles have been conducted sines our st
field day report {Short et al, 1987} and will be presented.

Faperimenisl Procedures

Fregnant oows at a known siage of pregnency were fed a3 ghven
amount of pine needles. Pine needles were eollected by cuiting
down Fonderosa pine trees and elther stripping off needles divently
or cutting off branches 1o have needles siripped off at 5 ter tme.
The branches and needles were then transported 1o the iboratory
where they were sir dried and stored untll used, Alr drisd neadies
were ground through 2 one inch screen hammermill and were fog




to cows at & specified rate mixed with ground hay, In the®
following studies the effect of pine needles on pregnancy
maintenance is estimated by the interval to calving which is the
number of days from the beginning of pine needle feeding to
calving

Fxperiment 1. Little is known about the mechanisms regulating
consumption of pine needles by cows or the response (o pine
needles after they are consumed. Providing increased levels of
rutrients, alternative forages or additional forages for fill may
alleviate or decrease cither consumption of or response to pine
needies.

Trial A Thirty-two pregnant crossbred cows were placed on
experiment at 250 days of pregnancy to study the effects of
protein level of the diet and availability of straw on consumption
of Ponderosa pine needles {PN) and abortion response to PN,

Isocaloric diets were fed that were either high (HP =1020 g/d) or
adequate (AP =710 g/d) for protein requirements. Dietary protein
was increased for HP cows by partially substituting soybean meal
supplement {8B) for alfalfa hay (AH).  Coarse-ground wheat
straw {8) was either not fed or fed ad bbitum. Dried, coarse-
ground PN were fed ad libitum to all cows. The base diet, § and
PN were each fed in a separate container. Cows were paired by
weight and breeding date and each pair was penned separately
during the trisl. Four pairs were assigned fo each of the 4
treatments. Feed consumption was measured by pair but is
reported on a per cow basis. Feed intake and calving data are
shown in Table 1.

Table 1. Effect of amount of dietary protein and availability of
straw on consumption of pine needles and parturition response.

Amount/day (Ib) davs to calving

Treatment AH SB 5 FN ave.  range
AP 25 0 1] 1.6 125 B-19
AP+8 25 1] 3 13 134 520
Hp 18 4 o 2.9 1.5 5-20
HP+5 18 4 25 2.2 11.8 4-19

The interval o calving for control cows fed the AP ration but no
PN was 33.9 days. All cows with access to PN did abort. The
consumption of PN was highly variable in amount and when
consumed. No sigpificant differences were observed for amount
of PN consumed of for interval to abortion. Our conclusions are
that these data do not provide any evidence that protein content
of the diet or availability of straw will affect consumption of PN
or abortion response after consuming PN,

Trial B. Forty pregnant cows were assigned at random to one of
five treatment groups fo study the effect that weathering of
needles, feeding a mineral supplement or feeding corn silage
rather than hay have on response to feeding pine needles and to
determine whether abortions continue after feeding pine neediles
is discontinued. The five treatments were: 1. Control, fed 18 Ib.

]

of hay. Z. Hay + pine needles (PN}, cows were fed 13,5 1b, of hay
and 4.5 b, of pine necdles per day ontil 30% had aborted. 3. PN
+ magnesium supplement (PN-Mg), diet as in treatment 2 with the
addition of 20 g. of a magnesiom supplement per day. 4. Silage +
PN (SPN}, ration the same as in 2 except that corn silage was
substitufed for hay on an equivalent energy basis. 5. Hav +
weathered pine needles (WPN), the ration was as in treatment 2
except that the pine needles were aliowed 1o weather for 12 months
at the site of collection on trees that had been cut; processing was
then as usual. The base rations were started 4 weeks before the
beginning of PN feeding which started at 250 days of pregnancy.
Pine needles were fed for 7 days which was the point at which 50%
of treatment 2 cows had aborted. Results are summarized in Table
2.

Table 2. Effect of diet ou interval (days} to calving and proportion
of cows aboiting {number of cows in cach catepory shown in
parentheses).

Treatment
Aborted Control PN PN-Mg 8PN WEN
o IT3(1L) 39.0(4)  MH3) —0) —(O)
yes el (3} 6.8(4) 7.0(5) 83(7y  3.8(6)

Pine needie feeding caused abortion in 50% of the cows after only
seven days of feeding, and the cows that did not abort had a normal
gestation length. Feeding a magnesiuom supplement had no effect on
the response, while either feeding silage instead of hay or weathered
needies instead of nonweathered seemed to accentuate the response.

Experiment 2 Four trials were conducted to determine effects of
feeding a progestin {melengestercl acetate, MGA), corn (C) or a
prostaglandin inhibitor (ketoprofen, KP) on abortions cavsed by
feeding Ponderosa pine needles (PN} during late pregnancy. PN
were air dried, ground and fed (6 Ib. per day) with an equal amount
of hay for 21 {Trials 1 & 2} or 8 {Trials 3 & 4} days or until
parturition. Trial 11 48 cows were assigned to 1 of 6 treatments at
250 days of pregrancy. MGA was fed during the PN feeding period
but started 1 day before PN and was fed mixed with 4 Ib. of ground
Cat the rate of 0, .5, 2 or 4 mg per day. Trial 2: 54 cows at 240
days of pregnancy were assigned to 1 of 6 treatments to study the
effects of feeding MGA on pine needle abortion. MGA was either
not fed (OMGA) or fed (4 mg per day) either from day 240 to the
end of PN feeding (short MGA, SMGA) or to day 280 (long MGA,
LMGA). 65% of LMGA calves were born dead. Trial 3: 12 cows
were fed PN at 2530 days of pregnancy with half being fed no corn
(OC) and half fed 4 ib. of corn per day (C). Trial 4: 15 cows at 260
days of pregnancy were assigned to 1 of 3 treatments. KP was fed
(4 g} 2 times daily during PN feeding. Intervals to partarition from
the first day of PN feeding are shown in Table 3.

Our conclusions were that pine needles caused 3 premature
parturition which was delayed by MG A or ketoprofen but continued
feeding of MGA resuited in a high death loss of calves, that corn did
not delay the response to pine needles and that pine needles induced
parturition by causing an interruption in the progesterone
maintenance mechanism through a prostaglandin pathway.




Table 3. Fffect of foeding MGA, com (C) or a prostaglandin inhibifor (KP) on interval {davs) 1o calving.

length of MGA
PN . Amount of MGA, Trial 1* feeding, Trist 27 Trial 3 Trial 4*
fed 3] .5 2 4 ) 8 L 0c C OEP KF
no s 319 439 367 420 240 -
yes 144 1583 199 225 267 241 411 £3 93 12 175

Experiment 3. This experiment was conducted o determine if
ground needles would lose their abortifacient’ activity if they were
left éxposed to air for ‘several months and whether: feeding
bentonite or a mineral supplement will prevent abomcms The
experiment is outlined in Table 4. A portion of the pine needles
were ground the previous summet, spread out on'a concrete floor
and left exposed nntil being fed in March. - The remainder of the
needles were not ground until within a week of being fed.
Bentonite is commonly used in cattle diets as-a binder; filler or
autritionat enhancer, but it also has unique chemical properties
that aflow it to bind orgamc molecnles. If it would happen to bind
the chermical that causes abertmm then it wouté be usefal to
prevent:abortions, “The magaes;um sn;};:alemem tried aafhe; did

not’ prevent ab()rtmm 30 Zhis time a more mmpieie mmerai_

Needles were fed for two weeks or until abﬂrtmﬁ mf:urw:i The
mineral - ‘supplement was fed starting 60 days ‘before” the
cxper:ment started, and the bentoniie was started 7 days carly.
Leaving ground pine neédies eipined to air for severalmonths did
not Giminish their -ability to -induce abortions, and ‘neither
bentonite nor minersl supplemment affected tbe whortion res;aonse
to pme aee{iies

Exper;mt 4, ch}r little is tnown what affeﬁs pme needics have
in the rumen so'a digestion tridl was run with lambs o determine
the effects that pine needles have on both in vitro'dnd in vivo

digestibility. Crested wbﬁaigrass wis used as the base diet, and

then pine needles were fed in m{:reasmg perceniag&s of the diet.
In vitrd organic matter d:gestibxhty déecreased b pememage of
pine needles iwreased in the substrate, The main decrease
occurred as percent PN went from 0 fo 40% (IVOMD décreased
from 55 down to 30%). ‘Effects of pine needies in tamhs is shown

in Table 3.

Drigesiibility of dry matter, organic matter and fiber decreased
somewhat uniformly throughout the range 'of %PN in the diet.
Protein effects as measured by digestibility, formation of ures
nitrogen and nitrogen r}:tentioa also decreased as %PN increasad,

Table 4. Effect of diet variables on abortion respoise.

but there were very dramatic changes at the 50% level Pine
needies have very marked effects on digestion but it is not known
whether these changes have any reiatmnsh;;} to the eﬁ'ects of pine
needies on aboman

Caope:mtm stﬁéiex mﬂz Jowa Sﬁitﬁ Unmty Recenﬁy we have
started some cooperative work with Dr. Stevé Ford at Jows State
University. -He and his associates have been studying blood flow and
hormone - metabolism during -~ late pregnancy i tattle. - The
laboratory and animal models they are using fn these studies appear
to be ideal for studying the g}hysmiog;::at mschanisis in pme “nieedie
abortion; - Results' of the first study ‘with them on’pine needle
abortion hiave been quite exciting (Christianson et al, 1989). They
found that plasma collected from-pregnant ‘cows fed pine needles
drastically reduced blood flow ina. lahoratmy gsrﬁzﬁmn iest as
compared tono effect-for plasma: fmm cows notfed pine needles,
'The laboratory test is condutted by dissecting a complete fetal and
maternal placentome {cotyledony from 4 uterds obtained from's cow
in late pregnancy” at slatghter. ' The placentome is placed in 3
perfusion chamber so that-fluid ‘can be pomped independently
through -arteties on the fetal and - materdal “sde and" efflvent
collected from veins after the fluid passes through the placentome
tissue: The-pressure and amount of fluid pumped through the tasue
15 used to-estimate’ blood flow This in'vitre system 3§ now being
used to assay pine needles to-ideéntify the active agent. " Di. Jack
Rosarza at the University of fowa is using different -extraction and
isolation techniques 10 separate components which dre then assaved
in the in vitro system. They are now in Ehe third phase 0? the
isolation procedare’

Dy, Ford's laboratory also has'the capability of monitoring blood
flow and endocrine activity of the uterus during pregnancy in cows.
A group of ‘cows ‘and- dried pine rieedles were sént to Ames last
winter for them to condact an experiment 16 -determine the effects
of pine needle feeding on blood flow and hormone production in the
uterus. . Al cows were fitted surgically with appropriste ‘tannulse
and fiow monitors on day 240 of pregpancy. On day 250 half were
fed 6 T of pine needles and 12 1b of hay per day. The other half

no. days to calvine

a0, amount fed (1b)
Treatment COWS hay COrn P suppl aborted aborted - pormal
control 7 16 2 : L] P 346
PN 8 12 2 4.5 5 54 397
ground PN 7 12 P 45 7 63 -
PN +bentonite 8 12 2 4.5 & 6.5 -
PN +mineral 8 iz 2 43 2oz ] 56 -




Table 5 [o%ciz of pine ooodles on diecstibilingd %y of diet =
components in lambs,

% PH i the die

Trait o 12 i3 0
Dry matter 5% 51 51 4z
Crganic matier &1 53 5z 4
Heutrai fiber 54 49 24 31
Ao fiber 52 40 A7 24
Protsin 44 P i1 4
LUres W 8 23 23 84
M retention -3 -1.3 -1 . =77

served ag controls and were continued on straight kay (18 [biday).
Blood flow decressed markedly after the start of pine needis
feeding and decreased {o 30% of control values by five days after
feeding started.  There was no evidence that uierine production
of steroids was aliered cgcept in one cow which did not abort. In
that cow peripheral progesterone concentrations initially decreased
bot then rebounded as the unterns started production of
progesierone. Pine aecdle leeding was discontinued to her after
wo weeks, and she calved normally, This experiment confirms the
sffect of pine needles on blood flow 1o the ulerus shown in the in
vitzo study sbove.  The mechanbm invelved in pine needie
abortion appears o ivolve an interference with blood flow (o the
ulerts with the sabseguent siress to the calf cansing the signal for
parturition to start to be initiated by the calfl

Comchasions

Eesalts from thess experiments snd thoss reviewed sarlier provide
ug with nsefnl clues in onravelling the pine needle abortion puzzle.
Unfortunately, we have not progressed to the point of having &
praciical solution to prevent these abortions (other than making
sare cows don't have access fo needies). On the bright side
though, (ke results From these studics have brought us 1o the point
whers we are starting to uhderstand pine needle abortion. We
are staried on z research path that should resolve this problem.

Orar comcinsions from these studies are:

Mo evidence was found that meneral supplements, bentonite,
aging ground needles, varying protein content of the diet,
providing sivaw free cholce or feeding silage instead of hay
will prevent shortions caused by pine needles.

b

Feeding a synibietic progestin (MGA)Y or a prosiagiandin
inhibitor {ketopicfen} will delay or prevent abortions but
these compounds probably are omly usefu! for determining
phvsiodogical effects and not as a practicsl solution,

3. Ine effect of pine nsedles is to decrease blood flow 1o the
uterus 50 that the resulting stress to the fetus canses & sigaal
10y be given by the folus for parturition to start. This finding
& wseful in understanding the mechanism and provides an
assay for the active ingredient in the pine needies.

4. Untll we have » better onderstanding of the mechanisms
involved with pine needle abortion and can develop sppropriate
treatments to prevent these abortions, management of pregnant
cows on ranches with a history of pine needle abortion should
follow graving mansgement recommendations outfined hy
Gartrer ef gl {1988y, Management practices (o prevent sine
needie abortions may include appropriste use of leacing, early
grazing of pastures with pine trees, clear cutiing or seiective
cutling and trimming of lower branches,
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THE POTENTIAL FOR GENETIC
TECHNOGLOGY: DEVELOPING
BREEDING OBITOTIVESR

) . 13
Seott Newman and R.W. Ponzonil®
introdection

Rather large potential responses 1o selection for weights af various
ages has eacoursged cattle selection programs that are based
almost exclosively on weight and weight galn.  Bic-economically
important characters such as reproduction and materas] characters
as well a8 correlated characters, some of which are deleterions
{e.z., incremsed cow mainlensnce cosis) have been neglected.
There is noi 2 single "best” breeding program io mprove beef
production in the Unlled States today.  Talloring breeding
programs for specific resources and merkets, bul, at the same
time, making them comprehensive (o overall industry needs, &
essontial.

Developing 2 breeding program can be locked upon as @
sequential procedure.  An cxample of this would be (1) defins 2
breeding objective; (2) choote appropriste selection orfteria; {33
orgenize 2 performancs recording scheme; (4} use performance
information for making selection decisions; {3} wse the selented
animals. Noties that development of the breading objeciive s the
first step of the procedure, and B therefors crucial” Fallure or
inadequacy in defining a proper objective conld resoll in genetic
change in an undesirable direction.

The bresding objective can be defined s the combinstion of
soonomically Important traffs of beef cattle @ the production
system. Breeding objectives should account Tor fnputs (e, feed
costs, hushandry costs, marketing costs) as well as for outputs such
as income from weanling animals, surplst heifers and culfl-for-age
cows,  1he breeding gohjective s what we want fo imorove
Decisions about which traits should be included in the objective
should he based purely on economic prounds, and not on whether
they are difficult or easy to measure or chenge genetically, The
traits in the breeding objective are the eonds, whereas the
characters used o5 selection criteria are the means wed 1o achieve
the ends. Sslection corileria are utilized 1o make selection
decisions, snd these criteria sre the chersclers we assess io
estimate the breading value of the animals,

Broeding objectives for beef cattle production are reqeired fo
guide the primary tools of genetic improvement currently svailable
to the breeder: {1} selection and {2) crossbresting. Within-herd
selection provides susfalned, continuous improvement in breeding
value {profitability?}, and provides the basls for all breed genetic

13 apthors zre Ressarch Genstichst, LISDA-ARS, Fort Eeogh
Livestock and Bange Hessarch Laboratory, Miles City, Montana,
and Sepior Livestock Ceneticist, South Awsstraliap Dept. of
Agriculture. FResearch desoribed in this report was completed
while the senior author was 1.8, Davies Senior Researeh Fellow in
Beef Cattle Breeding af the Waite Agriculters! Besearch Institute
of the Unbversity of Adelaide, South Australia,
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evaluation schemes.  Alternatively, orossbreeding represents an
opportunity o combing breads 1o snhance productivity, and abo
provides an opporfunity to make progress in one generation that
would otherwise require gonerstions of selection o obiain
Advances due 1w g well defined and executed selection program zre
cumulaiive. A stroctursd croasbreeding program (e, rotational,
of crise-oross) sitompis to mudnize productivity through combining
of economically inportent cheraciers of different breeds and
exploiting hetorosis, Maintenasce of increasing productivity canonly
ccouy i the commercial producer s purchasing performance
recorded eattie of saperior genetic merit from seed-stock producers
with well defined scloction programs.

The present resesrch is based opon rabing beef cattle in Australia.
While the production and marketing systems may be different to
those of Americsn beefl catile production, the axzmple presented
shows the potential bnportancs of well defined breeding objsctives
in improving the efficiency of beefl cattle production.

Prevelopment of the Bronding Oblective

A hiersrehicsl structure seemingly exists in the beef eattle industry,
Bull breeding herds {which breed thelr own mele and fomalke
repinoements and commercia! herds (which purchase bulls from bull
breeding herds) can be distinguished. Commercial heeds produce
virtually all the product (meat}, but they are dependant on bull
braeding herds for permanent genetic mprovement.  Thos, bull
breeding merds should define their breeding objectives iy acoordance
with the characieristics of commercial herds, and this was the
approach taken in the presant stody.

The development of the breeding objective can be described In
terms of the following four phases:

. Specify breeding, production and marketing system,
L. Identify sources of income and sxpenze m commercial
herds.
L Determipe biclogicat traits influencing income and
CAPERLS,
B, Derive an economic yalue of gach teail,

Each of these phases s deséoibed in detsll below wing 2¢ an
example Australian beel production.

I Breeding, production and marketing system.

Breeding swstesn Specifying the breeding system Involves defining
the role of the breed (for which the breeding objective s belng
developed) in the prodoction sysiem. In broad ferms, the roles
could be general purpose, maternal Hane, or termingl sire line. The
role of the breed infiuences the fraction of genes present in various
segments of the production system. Pors breeding was assumed in
the present context, the breed in guestion being wmed In 2 genernl
purposs role. For ezample Hereford, Anges, Shorthorn and other
British breads are often vsed in such s role.

Froduction snd marketing sysiem. Specification of the production
and marketing system Involves the desoription of how animsils are




fed and managed, the age composition of the herd, the
replacement policy, and age(s) of the slaughter animals.

The feeding regime assumed was that of grazing animals,
consistent with the fact that Australian beef is almost entirely
derived from pastures. Standard management practices of
drenching, lice treatment, vaccination, branding, tagging and some
veterinary assistance were assumed. Figare 1 shows the herd
composition. Defining herd composition aids in identifying age
and nwmericat distribution of the bherd, the number of
replacements required each year, the number of animals of ail
classes available for market each year, and is required in the
calenlation of the economic values, as pot all traits are expressed
with the same frequency, or at the same time.

Figure 1. Herd composition.

total aumbar of bresding cows (= F0003

um (gearsy ¢ 2 3 * 5 5 ? -] ]
Aumber § 139 | XA 1IN0 127 | 2%} 19| 116 1 112

BEO calves wenned
s

ffﬁ haifara raeded e | 450 mate catvar |

§ 2T surpli daifery ,‘
—*{ ttz :uil-(ur—mmai

[ MARKET I

Heifers were assumed to be mated at approximately 15 months of
age to calve at two years. Calving takes place in late
summer/earlty autumn { March through April}). Rebreeding occurs
at the beginning of June. Calves are weaned at 8 to 10 months of
age. It was assumed that slaughter of male calves and of heifers
was at a fixed age, rather than at a fixed weight.

IL Sources of income.and experse in commercial herds.

The identification of sources of income and expense in commercial
herds enables the development of a profit eguation, where profit
{P} is a function of income (I} and expense {E):

P=1-E

Income is composed of the value of steers, surplus heifers and coll-
for-age cows. Expenses identified includes feed intake, husbandry
costs and marketing costs for the three classes of livestock, Fixed
costs are also identified in the expense part of the equation, where

fixed costs are those cosis incurred by the producer (e.g., rates,
interests, business costs) independent of the level of herd
production. Al other costs are known as variable costs and vary
with the level of herd production.

Carcass vaiues and husbandry and marketing costs are presented in
Tabie 1. These values were extracted from information published
weekly by The Stock Joursal of South Australia, and from the
publication *Farm Costs and Returns - a budger guide for 1987,
prepared by the Economics Division of the South Australian
Department of Agriculture. Feed costs were calculated based on
agistment rates in the following manner. A cow’s yearly feed intake
was estimated to be 9,904 1b dry matter (DM). The agistment!?
rate over 12 months (52.14 weeks) at AS2.60 per week is AS135.60,
which vields a cost per Ib of DM of AS0.014. Feed costs per 1b of
DM for all dasses of cattle were assumed to be the same.

HI. Determination of biological traits influencisg income and
expense.

Here the profit equation is expressed as a function of biological
traits that impact on income, expense, or both. The biclogical traits
assumed to have an effect on income and expense derived from the
herd are listed in Table 2. Details explaining the rationaie behind
the calculation of each economic value are given elsewhere {Ponzoni
and Newman, 1989). In some instances the justification for inclusion
of a trait in the breeding objective may be immediately obvious, but
in others it may not. In the case of calving day (CD) it can be
shown that with a restricted calving period a redoction of one day
in the average CD will result in a one percent improvement in
calving percentage.

The profit equation can be expressed in many different ways. For
example, grouping terms by classes of cattle and calculating retorns

and expense in one year yields:

P = (Prale calves T Preifers ¥ Feull cows) - fixed costs

where the right hand sides (P_) represent income minus expenses
frota the three sources of product. Each of these terms were then
expressed s a function of traits in the breeding objective.

V. Derfvation of the economic value of each traif,

Not all traits in the breeding objective are expressed with the same
frequency, or at the same point in time. To account for this we
used the "discounted gene flow” method (McClintock and
Cunningham 1974). A discount rate of 5 per cent was applied and
a period of 20 years was considered. With the "discounted gene
flow” method income and expense accrued early in the life cycle of
the herd receive greater weight than income and expense accrued
fater.

T Agistment is 2 word used in the UK., Australia and New
Zealand to describe the feeding of livestock on leased pasture.




Table 1a. Pescription and value of products for production system, &

Live Carcass Fat depth Price Price
Class weight weight (12113 1iby per kg® per hiead
Male calves 638 1b sz din $1.95 3312.00
(% mo old)
Heifers 770 440 A L&g 36000
{13 mo old)
Cull cows 1,166 583 - 1.65 43725
A Al monetary values in Australian dollars; multiply by .75 to convert to U.S. dollars,
Table 1b, Value of expenses for production sysiem.
Fxpense Calves Heifers Cows
Feed alf classes: $0.014 per |b of dry matter in pasture
Husbandry (per head) $2.68° $4.430 $6.25¢
Marketing {per head) $21.62 $26.75 $30.61

Includes drench, lice treatment, vaccing, brand, tag.

“Includes drench, lice treatment, veterinary.

Table 2. Biclogicat traits incloded in the breeding objective because of their effect on incomne and _expenses derived from the herd

Effect on Class of
profi Product or activity cattle Traits
Surplus offspring Calves Calving day (CD)}
Carcass weight - direct
(9CWd)
Income Carcass weight - maternal
OCWm)
Fat depth (9FD)
Heifers CD, carcass weight (hCW)
fat depth (hFD)
Cull-for-age animals Cows Carcass weigh_t {cCWY
Feeding Calves Feed intaké (Y1)
B
Heifers Feed intake (hFD
oo
Cows Feed imtake (cF)
Expense Husbandry Calves D
Heifers Ch
Marketing of Calves CDh, 9CWd, 9CWm, 9FD
surplus cattie Heifers CD, hiCW, hFD
Cows cCW




Choioe of Selection Criteria

e %s ceding objective involves making

decisions of 2n cconontic nature, T 5 not until we begit making

considerations sbout the wals that gesetic

considerations are strictly 1 Some iraits in the bresding
&

The development of

abiective may be difficalt or expensive to messure, while theremay
b characters Bighly correlated with traits in the objective, but that
ars not themsetves included in it This s the reason why only very
ravely there will be an exact ©
iraits in the Breeding obiective and the sot of characiers used &
selection oriteria.

Tahie T shows the characters chosen as selection criteria and the
information from relatives sssumed avalizble for the examination
of the consequences of selection. The characters were, of course,
chosen becguse their recording is feasible on-farm and because of
their genetic correiations with the traifs in the breeding objective.
‘The heritabilities, genetic and phenolyplc corrslations among all
raits {breading objective) and characlers (riteria} assumed In owr
cxtoniations were chosen afier a search of the lerature, Adl of
this information i combined into a selection index (which is
significd by 1., the 5 corresponding o 5% discounting), and
selection of animals is based upon the value of their index.

Table 2. Characters chosen 5 selection orteria and information
sssened syvaibsble from relatives.

Characiers Reiatives
individusl

Hine month Hve weight (JLW) Sire

Liirasound and far record {US) Dram

30 paternal half sibs
2 maternal half sibs

Dam {3 records}
Cabving Day {01

13 puternal half sisters

{oma record)

Hesolts and Discossinn

One of the merits of the approach presented in this paper & that
it enables the investigation of a broad range of situations, which
may be of specific intgrest to individual breeders. Here we
present some numerical results usirating this point.

The contribution of each trait to oversll gain i ecopomic unils.

Oine mothod of messuring how useful selection (based upon the
index eomposad of the characters from Table 3) has been b o
iook at the percentage gain in economic anits accounted for by
each trait foliowing index selection. The following points emerge:!
{1} calving day (O3 was the tralt making the greatest
contribution; (2) the contribution of the maternal component of
careass weight (9CWin) was negligible when compared to that of

rrespondence between the set of

other traits, confrary fo current thinking given the bresding,
production and marketing system sssumed, and (3} several trails
changed in the ‘wrong’ direction (notably cow feed intake). When
dealing with multi-tralt objectives it does not necsssarily follow that
hecavse p iralt has economc vaine # has to be ‘improved”. Rather,
the selection pressure placed upon it will depend on which other
traits are in the breeding ohiective, and on the information available
for the estimation of breeding values.

Fiffoct of ignoring the coonomic value of feed intake in the breading
£ g ?ﬁ' X:Eé&@.

Setting the value of feed custs a1 zaro, in broad terms, had the effect
of spprozimately halving the gain in CI), widle doubling the
magritude of the change in all other traits except 9CWm, in which
case the sign of the change was reversed.

Assuming feed costs are egual to zero is the same as ignoring the
need to sccount for such costs in the defimition of the breeding
oljective, Fmphasis was shifted from reproduction {CD) to growth
traits (CW and FI3}, with 2 comsequent increase in feed tntake. The
17% loss of efficiency resulting from ignoring feed intake m the
breeding objective is large enough 1o justify careful consideration of
feed costs in future development of breeding objeciives for beef
cottle.

i s thus suggested that any examination of economic benefits of
genetic gains which ignores correlated responses in feed intake can
sericusly overestimate those benelits.

Fifiet of the inchision of vearling weight or deletion of walving day
from the index

The consequences of selection can change depending on the
information (selection criteria) available for the estimstion of
breeding vahues. The addition of vearling weight to the index
changed the magnitude of the genetic gain in some traits. Favorable
changes in carcass weighis were accompanied by unfavorable
changes in feed intake. The accuracy of the index changed very fitile
with respect 1o that of Lg. In practice, this means shat in the confexd
of the breeding 02};&3{@& being examined, if live weight at nine
months of age has been recorded, the small gain from recording
another live weight at approximately 15 months of age may not
compensate for the extra cost. The deletion of calving day from the
index had a spectacular effect, reversing the sign of the gain of two
traits {CEF and SCWm), and most importantly, halving the sccuracy
of the index with respect to that of L. CI3 is usually recorded in
buil breeding herds so that calf Hve weights can be adjusted for age.
These results indicate that if CD s 2 traif in the braeding objective,
it i highly desirable that the system of genetic evaluation utilize the
D records in the oversil index of economic merf, The accuracy of
the estimated breeding value of CD using Te was 0.33, but decreased
b 0.09 when CD was removed from the index.

Fianl Bemarks
In this paper we presenied a description and Hustraiion of the

develooment of breeding objeciives for beef cattle. Only & few
alternatives were investigated, but the model enables the




sxamination of the effect of varistions in herd composition,
product values and costs, phenolynic and geneiic parameters,
breeding system, efc.  The objectives developed under different
assumptions can be comparsd, and the effects of refinements in
the procedures used can be procisely assessed. The adoption of
a0 approach such as that outlined here in the design of 5 beefl
catile breeding program could further enhance the benefils
derived from performance recording and the profitability of beef
production. Similar projects are planned for the development of
bresding objectives for the Northern Great Plains.
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PERFORMANCE OF BEEF CATHLE GF
DIFFERENT BIOLOGICAL TYPES UNDER
RANGE ENVIIONMENTE.

L REPRODUCTION AND CALF GROWTH RATE

W.L. Heynolds, 1.1 Urick and B.W. Knapp!®
Entrodoction

Beef cattle production is one of the major indusiries in the
western range ares of the United States. Most of the beef catile
in these states obtaln their nutrients from grazing grasses or forks
on the range. Supplemental forages and sources of energy may be
fed ¥ pecessary, particolarly during the winier months,

roduction of forage sad forage qualify it highly varisble fom
vear to year depending apon amount and distribotion of rainfull
Tempersiures in winter and also in summer can be extreme
resuliing ot times in 2 harsh environment.

Beel cattle differing in size and milk production needed 1o he
evaluated under western range conditions to provide guidelines to
selection and menagemernt practices for optimum beef production.
An objective was 10 evalusts these biological types a3 cows and the
porformance of thelr progeny from birth to market

This paper reports some of the faotors affecting reproduction and
calf growth rate of mating sires of different bresds 1o Hereford
dams o produce frstcross calves. This paper abo provides
resuits of postweaning growth rate and pregosncy refe of Ars
cross heifers snd factors affecting calving of 2-vear-old heifers, calf
servival and performance of calves from Z-yvésr-old heifers.
Preliminary data of this study were reported in the 1981 and 1984
Fleld Day Reporis,  Resolts teporied here were analyzed
statistically and the means differ only dightly from previcus
FEpTis,

Methods
This szudy involves the cooperation of the Fort Ksogh Livestock

and Hange Research Laboratory (LARRL), Miles Cliy, Moniana,
the Meat and Animal Research Center (MARC), Clay Center,

© Authors are: WL Reynolds, Hetired Geneticist, 11, Urnick,
Retired Geneticit, BW, Knapp, Statistician, all from USIHA.
ARS, FL Kzogh Livestock and Range Research Laboratory.

Mebrasks and the State Fzperiment Siations of Montans and
MNebraska, The report contsins resulls from studies condocted st
LARRL,

Initislly for this study, four types of F, crossbred females
representing different biologival types of cattle were produced.
These were the Angus X Hereford, Red poll X Hereford, Plazgauer
X Hereford and Simmental ¥ Hereford,  Thess animals wers
produced inyears 1975 through 1978, A berd of approximately 280
Hereford females were bred by artificlal insemination to Angus,
Finzgauer, Hed Poll and Shmmenisl bulls to produce the Fy
cressbreds.  This program was repested vemrly umif over 60 Fy
femmales of cach sire breed were obtained. In 1978, 2 group of
Tarentalse X Hersford Fy fomales were donmted by breeders
throughout Montans, and in 1977, Tarentsise bulls wers included 2
a sire breed. Many of the same dres used 2t MARC wers used in
this study,

Hixisting information suggest that the Simmentsl and Pinzgaver
should be among the rger sive breeds in msture size and the
Angus, Hed Poll and Torentaise among the smaller reeds. The
Simrental were expected fo hove higher milk produstion than the
Pinzgaver, and the Fed Poll and Tarentsise to have higher milk
production than the Angus.

The first-cross heifers were kept to form 2 herd of breeding fomales
and were fed 1o gain about 1.3 pounds daily during the winter after
weamng, Heifers were placed on native grass pastore sbout April
20 each vear. Yearling crosshrod heifers wers exposed to Shorthorn
bulis in muliple sire herds for 45 daye. Al of the offspring, both
male and female, from the fBrst-cross dams were pleced on fead
after weaning in the fall

Hesuliz

Table 1 shows the results of mating sives of different breeds 1o
Hereford dems to produce Arst-cross offspring, Statistical differences
were found b gestation length and percent caiving diffienlty with the
dams maled 10 Angas sives having the shortest gestation leogih and
dams mated o medinmesize stres having the lowsst amount of
calving difficelty. This was comsed by the lighter birth weight of
Anguse and Hed-Poll-sired calves. No difference was found in the
average daily galn of calves from the four sire breads, but Shnmental
X Heveford calves were heavier than others ot weaning and in 200
dagy weight,




Table 1. Means for Hereford dams mated fo sires of different breddls 1o produce first-cross calves.

Breed of Sire

Item Angus Red Poill Pinzgaper Simmental
Number of calves 165 152 152 161
Gestation length, days 2848 280.0 2812 288.5
Calving difficulty score® 1.4 1.3 16 1.7
Calving difficulty, % 12 12 20 26
Calf death loss, %

Birth 41 2 30 29

Preweaning 81 7.3 117 72
Birth weight, pounds 76.6 822 88.9 88.9
Average daily gain -

birth to wean, pounds per day 1.67 1.57 1.60 1.69
200-day weight, pounds 412 398 410 427

8 1 = no assistance, 2 = easy pull, 3 = hard pult.

Table 2. Postweaning growth traits (ponnds), pregnancy rate (%) and Fall condition soore of first-cross beifers from Hereford dams.

Breed of sire of 2-yr-old heifers

ftem Angus Red Poil Pinzgauer Simmental Tarentaise
Number 65 71 66 73 31
Initial weight, Ib. 430 4066 438 432 436
140-day test weight, Ib. 631 598 642 649 643
Gain, init. 10 140 days, 1b. 201 192 204 217 207
Prebreeding weight, lb. 700 671 710 726 il
Fall weight, ib. 831 805 849 869 845
Gain, 140 days to fall, [b. 200 207 207 220 202
18-month weight, Ib. 861 846 882 916 884
Fall condition score® 7.2 62 6.1 6.6 6.3
Pregnancy rate, % 90.0 833 91.3 73.8 94.2

& Condition score: 1 = extremely thin, to 10 = very fat.

The results of postweaning growth are shown in Table 2. The
Red Poll X Hereford heifers gained at the lowest rate for the first
140 days while the Simmental X Hereford heifers gained the most
rapidly during this period and from 140 days to fall. Pregnancy
rates of the medium size heifers (Angus-, Pinzgauer- and
Tarentaise-sired) had the highest overall pregnancy rate while the
Simmental-sired heifers had the lowest pregnancy rate. In years
when growth rate was highest, all breed groups had over %%
pregnancy rate in a 45-day breeding season. Therefore, all groups
have a potential for high pregnancy rates if nutritional levels are
adequate.

The results of percent calving difficulty of the first-cross 2-year-old
heifers mated to Shorthorn sires to produce 3-breed cross calves
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are shown in Table 3. First-cross heifers from Angus and Tarentaise
sires had the least amount of calving difficulty and first-cross heifers
from the Pinzgauer and Simmental sires the most. Most Angus-
sired heifers that required assistance required mechanical belp.
However, a number of Red Poll- and Simmental-sired heifers
reguired only hand assistance in order to calve,

Death loss of calves in the first 72 hours was greater for the calves
from the first-cross Angus X Hereford dams. Calves frons first-cross
2-year-old heifers differed as might be expected in birth weight with
calves from Pinzgaver X Hereford and Simmental X Hereford
heifers having heavier calf birth weights than the other breed
groups. Calves from 2-year-old heifers did not differ statisticaily in
growth rate from birth to weaning or in weaning condition score.
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from 2-yr-old crossbred heifers mated fo Shorthory bulls

Breed of sire of first-cross Z-yr-old heifers

ftem Angus Red Poll Pinzgaver Simmental Tarentaise
Calving difficulty %,

none vs assisted 28.6 408 533 60.4 286
Mechanical assistance, % 210 281 451 394 -
Calf death loss

ist 72 hours, % 15.5 31 86 34 4
Calf survival rate

Birth to weaning, % 83.1 94.4 873 93.2 86.5
Birth weight, Ib. 69.1 729 78.9 76.0 73.7
ADG birth to weaning, b, L7t i1 176 1.80 1.85
Weaning age, days 197 195 197 195 195
Weaning weight, Ib. 408 406 428 427 436
200-d weight, Ib. 413 414 432 436 445
Weaning condition score® 6.6 6.3 63 8.5 6.7

21 = extremely thin, 10 = very fat.

Calves from first-cross 2-year-old Pinzgauver-, Simmental- and
Tarentaise-sired fernales were heavier in 200-day weight than
calves from first-cross 2.year-old Angus- and Red Poll-sired
heifers; however, this was primarily due to differences in birth
weight.

Conclusions

These studies show that no one breed or breed cross exceeds in all
calving and weaning traits. The results also indicate the initial

matings or first-cross mating of breeds is 8 good indicator of the
production or rank of the firstcross 2-year-old females as dams. As
an example, breeds ‘mated 1o Hereford dams which resulted in
higher levels of calving difficuity, their first-cross heifers also had
higher levels of calving difficulty. Large breed differences were
found in calf birth weight but no statistical breed differences were
found in calf growth rate. These results show selection of a breed
should be carefully considered based upon the level] of nutrition that
can be provided to yearling heifers; level of management that'can be
imposed at calving and also nutrition level of lactating heifers.

PERFORMANCE OF BEEF CATTLE OF
DIFFERENT BIOLOGICAL TYPES UNDER
RANGE ENVIRONMENTS. I POSTWEANING
GROWTH AND CARCASS CHARACTERISTICS
OF FIRST-CROSS STEERS AND THREE-BREED
CROSS HEIFERS AND STEERS

1. Urick, W.L. Reynolds, M.ID. MacNeil and B.W. Knapp!®
Introduction

This paper reports the postweaning growth and carcass data of the
firstcross steers of different biological types produced in the
experiment déscribed by Reynolds in this Field Day Report
{1990}. The paper also reports on the postweaning growth and

L Authors are: Urick and Reynolds are Retired Geneticists,
MacNeil a Quantitative Geneticist and Knapp a Statistician with
the USDA-ARS Fort Keopgh Livestock and Range Research
Laboratory, Miles City, Montana.
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carcass traits of the offspring of the first-cross heifers and cows of
different biological types. By design, all first-cross heifers were
mated to Shorthorn bulls to reduce c:aivmg dﬂﬁcnity of 2-year-old
heifers. The 2- to S«yr-oid ﬁrst-a*oss cows were mated to Charolais
bulls as a terminal sire breed to obtain maximum growth of the
steers and heifers produced.  Preliminary data of the growth and
carcass traits of the offspring of the firstcross heifers were
previously published in the 1981 and 1984 Field Day Reports.

Methods

First-cross steers from Hereford dams: The original experiment
included Angus X Hereford, Red Poll X Hereford, Pinzgauer X
Hereford and Simmental X Hereford groups, which were produced
in years 19‘?5 101978, In the final yéar, a group of Tarentasse X
Hereford were produced for evaluation. After weaning in_mid-
October each year, the steer calves were assigned to individual pens
(7 X 45 feet) with access to individual waterers. They were given
a Z-week adjustment period to allow the steers 1o adapt to the
facilities and rations. The ration fed ad libitum, consisted of $7.1%
corn silage, 33.5% cracked barley and 94% protein-mineral




supplement on 2 dry matter basis apd provided approximately 262
Meal energyfg dey matter, The sieers were weighed ot 28-day
intervals and feed consumed totaled for ench period throughowt
the feed fest. A sequential sloughiter was used o permil
adjustment to weight, age and fat depth constant endpoints. The
iritial slanghter group soincided with the time when 60% of the
Angus ¥ Hereford steers were estimated by visual appraisal 1o
grade choice {small smount of marbling). Al that point, 2
sandom one-third of the steers of each sire breed was slaughtered
at s local packing plant. A second rspdom ope-third were
slanghtered 28 days later and the final one-hird, 28 days
thereafter. The final weight was the unshronk weight off feed
before sianghter, Bstimates of marbling score, kidney, pelvic and
heart fal wers obtained by USDA graders foliowing a 36-howr
chill. Arsa of rib eve end fat thickness af the 12th rib were
obvained from iracings tsken on scetate paper. Marbling scores
were coded as follows: slight (s}, s = 8, sl = 9, gl+ = 10, small
{sm}, sm- = 11, s = 12 and em+ = 13, Percent cutsbility was
calculzted using the Heef Cstte Improvement Federation (BIF)
standards, which express the percentage of irimmed {to 1/2-inch
of sizrface fat), honeless retall cuts from the round, loin, rib and
chuck.

Since steers of {his experiment wers sliughterad at three different
time peripds, the breed group growth and carcass comparisons
were made at adiusted age snd iime endpoints. Average dafly
gain on test was caleniated from inftial weight to 382 days of sge,
and carcass evaluations were made frows steers slaughtered at the
adjusted age of 247 doys.

Hesults

Firstcross steers from Hereford dams. The ranking of breed of
sire groups for initial weight (Table 1) closely follows thelr ranking
for weaning weight as shown in the report by Heynolds et al
(Figtd Dyay, 1900} Angus-, Red Poll- and Pinzgauer-sired calves
had similar initial weights,  Simmentslsired calves were the
hepviest and were significantly heavier than Hed Poll and
Pinzgauer. Tarentaise-sired calves were intermediate for initlal
weight. Postweaning average dally gain of the Simmental-sired
steers 10 382 days of age exceeded the ADG of the Angus, Red
Polt and Pinggauer steers.  The Tareniaise sleers were
intermediate for ADG. Simmental-sived steers were heavier al
382 deys and suceeded by 78 pounds the average weight of the
Angus-, Red Poll- and Pinzgaver-sired steers, which were similar
to each others. Tarentsisesired steors were not significantly
different than the other groups.

Feod effidency: In this set of data, feed efficiency was calculated
as Meal of foed intake for sach unit of body weight galn. When
the sire breed groups were compared at age and weight constant
endpoints, breed rankings for feed sfficlency were mostly m the
same order as they were for average daily galn. Simmentabsired
steers reguired less foed per unit of gain than Angus- and Hed
Poli-sirad steers to reach 382 days of age and §82Z-pound weight,
Foed conversion ratios of Simmental, Pinzgauer and Tarentaise
were not sigaificantly different, and the Angus- and Red Poll-sired
stesrs were similar at age and weight endpoints,
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When feed efficiency of the five breed groups was adjusted 1o 4
comstant boekfat thickness (5 inch), the breed rankings differed
vom the resulis for age and weight endpoints,  Simmentalsived
steers were intermediate for feed conversion and did not differ from
any of the other breed groups. Angus-sired steers used loss energy
per onit of gain to reach 5 inch of backiat than the Red Poll,
Pinzgauer- or Tarentaise-sired steers, which were similar.  The
favorable results of the Anpus-sired steers at the fal constant
endpoint may be partially explained by the fuct that the Angus-sived
steors were Hghter and vounger than the other breed groups when
reaching .5-inch bacikdat.  These factors favor lower feed
requirement for maintenance and growih, The results of this study
verify other stadies, which have found that cautle of differem
biclogical types may vary in their utilizarion of feed in different
feeding management schemes,

Carcsss trasts: Uayoass daia as shown in Table § are comparisons of
the breed groups when adpusted o constani time on feed (242
days). The Sirmmental-sired steers ranked highest for carcass weight,
aren of b eve and culabiity percent, For the same iraits, the
Pinzgauer- and Tareniaise-sired steers were similar and ranked
higher than the Angus- and Red Poll-sired steers. At this endpoint,
the rankings of breed groups for murbling score were from high to
lows, Angus, Tarentaise, Red Poll, Pinzgaver and Simmental Beoef
from ali bresd groups were considered acceptable for consumer
desrrand sven though there were some differences in marbiing score.

Ab an adjusted weight endpoint of 882 pounds breed differences
were relatively small with the exception that Angus-sired steers wereg
predicted to have an increased amount of {5t over the rib, inn the
hody cavity and intramuscular, all of which contribute to lower
catability. At an adjusted backist endpoint (5 inch), the Angus and
Red Poll were predicted to have lower fnal weight and carcass
weight, smadler rib eye ares and retall weight than the other breed-
sired steers,

Three-breed cross beifer sl steer cabves from first-oross Zyear-cid
dams and Shorthorn sires. The first-cross yearting heifers produced
in Phase ! were bred o Shorthorn sires to produce three-breed
cross progeny. At 2 vears of age, these heifers calved in April and
iay and their calves wers weaned around October 15 each year,
Calves were not creep fed on pasture. After weaning, the heifer and
steer calves were given a 14-day adjustment period 1o become
accustomed to the facilities and dists, The calves were inttially fed
for 148 davs on 5 high roughage ration {corn silage and protein
supplement - 2.32 Meal/kg feed). The finishing period for steers was
118 days and 112 days for heifers and the diet for both sexes
consisted of corn silage and protein supplement ard four pounds of
cracked bartey (252 Mcalkg feed}. The Onal weight was taken at
the end of test with no shrink, Carcass dala were izken &t the local
packing piant. Procedures used for collecting carcass data from the
thres-breed cross sieers and heifers were the same as for Brat-cross
seers.

Steer and heifer progeny data from the first-cross Z-year-old heifers
and Shorthorn sires are shown in Tables 2 and 3. The calves of this
data set contained only one-fourth the inheritance of each maternal
grandsire breed in comparison o the first-cross steers of phase &
that had one-hall the inheritance of u sire breed.




Table 1. Postwesning evowth smd carcass irafts of Brsfcros stesr citves From Hereford doms.

Breed of sire

Hem Angus Hed Poll Pinzgauer Simmental Tarentalse
Mutnber of calves &% 56 56 S8 26
Tnitial weight, b 390 368 384 415 416G
ADG initial to Onal v,

i, {196 doys) 223 222 230 2.48 228
Weight of steers at 382

days of age {Ib.} 827 803 833 S 860
Carcass fraifs adiusted to 242 davs on feed:
Slaughter weight., ih. G44 434 g57 1014 958
Hot careass weight, b, 364 &7 558 34 £75
Diressing, % 387 63,3 583 586 954
Rib eve ares, sq. in. 113 113 117 125 1.9
Fat thickness, in. BE et A5 A5 43
KHP fat, %, 28 1.0 Z3 25 38
Cutability 491 43,7 513 5= 511
Muarbling score 12.7 N 164 102 113
Table 2. Postweaning erowlh snd coroass irails of heifers from Shorthorn-sives and Srst-cross beifers from Hereford dams,

Breed of sire of first-cross 2-vear-oid heifors

Item Ansus Fed Poll Pinzeauer Simmentsl Torermtate
Postweaning growih
Number of calves 19 24 20 an 1B
Initial weight, Ih. 404 A 431 432 452
140-day test weight, b 675 656 HES 704 iR
Gainflay, initial to 140 days, b, 192 183 1.BS 1.93 218
Final test weight., b, 417 886 959 G50 G84
Gain, 140 days to final weight, b 215 1.98 2.37 215 pAL ]
Gain, initial to final weight, Th, 2403 196 209 204 218
Carcass traits
Hot carcass weight, Ib. 517 564 538 538 373
Diressing % 363 513 56.1 56.6 583
Ribr eye arex, sg. i 164 163 113 113 11.5
Fat thickness, . e 3 4G A6 44
RHEP fat, % 31 iz iz 28 i
Cutability, % 4.7 497 54 0.6 252
Marbling scove _ 146 138 141 38 138
Percent choice : 180 94 g1 1 83,

Breed differences in the heifer calves {Table 2} from the firstcross
cows were greater for all growth traiis than in the steers (Table
33 In the heifers, the initial calf weights from first-cross cows of
different breeds ranged from 400 to 452 pounds and for fina!
weight from 880 to 984 pounde. In the steer calves, the range in
initial weights were from 428 to 454 pounds and for final weight
994 to 1,038 pounds. Ir the heifers, there was a tendency for
breed group rankings for the 140-day initial feeding period 1o

change for some groups during the final 112-day pericd. The heifer
calves from Tarentaise maternal sire breed ranked highest for ADG
during the 140 days but ranked lowsst in the Bna! peried, In the
steer groups, dilferences for growth in both growing perinds were

smail.

The carcass data comparisons are shown in Tebles 2 and 3. As
cbserved for feedlot growth traits, heifer carcass traifs relnted to



Table 3, Postweaning prowth and carcass traits of steers Frong Shortf?m"n sires and first-cross beifers from Hereford dams.

Breed of sire of first-cross 2-vr-old heifers

Hem ‘ Anpus Red Poll Pinzgaver Simmental Tarentnise
Postweaning growth

Number of calves 25 29 26 18 23
Initinl weight, i 440 428 454 433 448
140-day test weight, (b, 719 710 153 712 744
Gainfday, initial to 140 days 2.00 202 2.14 2.00 212
Final test weight, Ib. 998 994 1038 1,014 1,016
Gain/day, 140 days to final weight, ib. 235 240 241 2.56 230
Gain/day, initial to final weight, th. 216 2.20 2.26 2.36 2.20
Carcass traits

Hot carcass weight, 1b. 570 564 595 578 579
Dressing % 572 56.7 574 571 57.0
Rib eye area, sq. in. 107 110 113 113 115
Fat thickness, in. S 45 44 A3 A1
KIP fat, % 313 293 109 293 292
Cutability % 495 30,2 50.1 50.6 50.8
Marbling score 14.3 11.9 129 11.4 132
Percent Choice 92 84 73 67 G5,

growth were more different than steer traits among dam breed
groups. In the heifers, the maternal grandsire breed groups of
Pinzgaver, Simmental and Tarentaise ranked higher thana the
Angus and Red Poll groups for carcass weight, area of rib eye
ares and percent cutability. The Angus and Red Poll heifer
groups had higher percentages of Choice carcasses.

Differences among steer breed groups for feedlot test
performance and for carcass growth trails were small. Differences
among steer breed groups for marbling score were greater than
for growth, Carcasses from the Angus-sired first-cross females
rantked the highest for marbling and were followed by Tarentaise,
Pinzgauer, Red Poll and Simmental in that order,

Three-breed cross calves from 3- to 6-year-old dams and Charolais
sires. Calves for this data set were produced by mating Charofais
sires via multiple sire matings to the five types of the first-cross
dams on the range. The dams were 3 o 6 years of age, which
produced calves as 2-year-old dams from Shorthorn sires.

Offspring of Shorthorn and Charolais breeds cannot be compared
in this experiment because they are from cows of different ages.
Calves in this daia set were born mostly in April and May and
weaned around Cctober 15, Calves were not creep fed on the
dams. After an adjustment period of 14 days, the calves were
separated into heifer and steer groups and assigned at random to
outside pens. Both heifers and steers were fed a diet consisting of
comn silage, cracked barley and protein supplement but with a
slightly lower energy for heifers (.77 Mcalfkg) compared to 282
Mcal/kg for steers. Steers were fed for an average of 258 days
and heifers 230 days.

Results of feedlot growth of Charolais-sired calves are shown in
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Table 4 for heifers and Table 3 for steers. The heifer calves from
the five different breeds of first-cross dams showed larger differences
for all growth traits than the steer calves, The breed group means
in heifers for ADG on test was from 2.27 1o 2.44 pounds and the
range in final weight was from 1,014 to 1,082 pounds. In the steers,
the range for ADG was 2.58 to 2.64 and for final weight LT to
1,209 pounds. The heifer vs steer results from this set of calves
from Charolais sires compared closely to that from the first set
where the calves were from 2-year-oid heifers and Shorthorn sires.
Tt is, therefore, postulated that the conditions under which these
calves were fed at this location were less favorable than needed for
the steer calves to express their full potential for growth inherited
through the maternal grandsire. The heifers grew slightly faster if
their dams were produced from the larger European breeds of sires
in comparison with dams from Angus and Red Fall breeds.

Carcass traits of Charolais-sired calves are presented in Tables 4 and
5. Among the heifer groups, those from the Simmentabsired first-
cross dams had the heaviest carcasses and ranked high along with
Pinzgauer heifers for area of rib eye and percent cutability. The
heifer carcasses from all five first-cross dam breeds were not
different for marbling score.  In the steer calves, the carcass weights
of the five breed groups were similar.  The Pinzgaver and
Simmental steers had a higher perceat cutability due to the
advantage of larger rib eye area and lower backfat thickness, The
steers with 25% Angas inheritance had the highest marbling scores.

The steer carcasses from Red Poll-, Pinzgaver-, Simmental- and
Tarentaise-sired first-cross dams were similar for marbling. Even
though the marbling scores among the five steer breed groups were
small, the overall summary of carcass grades (Table 5} reflected
some differences in the percentage of Choice-grading steer carcasses
among the groups. Pereentage of carcasses grading Choice in the




Table 4. Postweaning erowth and carcass traits of heifers from Chardliiis sires and Srst-cross cows from Hereford dams.

Breed of sire of first-cross cow

Item Angus Red Poll Pinzganer Simmental Tarentaise
Postweaning growth
Number of calves 97 81 ) 73 46
Initial test wi,, Ib, 481 461 495 517 507
140-day test wt., b, 799 &2 827 853 a24
Gain initial to 140 days, b, 2.28 2.36 2.31 2.40 2.27
Final test wi,, fbh. 1014 1,032 1,043 1,082 1,031
Gain/day 140 days to final wi. ih, 235 230 2.37 2.50 2.27
Gain/day initial to final wi., Ib. 2.31 234 237 2.44 227
Carcass traits
Hot careass wt., |b. 603 614 618 642 516
Diressing % 595 363 5392 293 5G.8
Rib rye ares, sq. in. 123 124 13.6 13.0 12.5
Fat thickness, [2th rib, in. A2 38 34 37 34
KHP fat, % 25 26 2.4 2.5 28
Cutability, % £1.2 51.4 521 517 516
Marbiing score 12.2 124 11.8 111 112
Percent Choice 64 72 36 63 65,
Table 5. Postweaning growth and carcass traits of steers from Charolais sires and Frst-cross cows from Hereford dams,

Breed of sire of first-cross cows
Hem Angus Red Poll Pinzeauer Simmental Tarentaise
Postweaning srowth
Number of calves &1 85 67 65 43
Initin test wi, B, 518 321 546 536 326
140-day test wi,, Ib. 890 599 914 901 894
Gain/day, initial to 140 days, 1b. 266 270 2.64 2.61 2.63
Final test wt., b, 1,179 118G 1,200 1,195 1,180
{rain 140 days to final wt., Ib. 2.587 2.56 2.61 2.58 2.52
Gain initial to final wt,, Ib. 2.61 2.64 2.63 2.60 2.58
Carcass traits
Hot carcass wt., 1b. 708 Ti4 719 Ti6 759
Dressing % 60.1 601 59.5 6.0 6.1
Rib rye ared, sq. in. : 127 127 133 135 129
Fat thickness, 12tk rib, in. A8 48 A0 40 A2
KHP fat, % 25 27 2.5 2.5 2.6
Cutability, % 50.2 50.1 516 512 50.7
Marbling score 12.4 11.8 11.7 118 113
Percent Choice 81 71 61 64 63,
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three-breed cross steers Prom the Anpus group was 8%, i -

comparison o 71% for Red Poll, 81% for Pinzgauer, 64% for
Simments! and 65% for Tarentaise.

Conclosions

Angus, Had Poll, Finzgaver, Simmental and Tarentsise breeds
were comparsd as sire breeds for postweaning performance of
first-cross steer progeny and as sive breeds of first-cross cows bred
to produce three-breed helfer and sieer progenv.  Breed
represeniation of each of the five breeds was 50% in the first-
cross calves and 23% in the three-breed cross calves. In the
evalustion of the Brst-oross calbves, those from Simmenial sires had
heavier weights, gained slightly faster postweaning and had higher
feed efficiency a( age and weigh! endpoints. Calves by Pinzgauer

and Tarentaise were infermediste and those by Angus and Bed Poll
the lowest. In the three-breed cross calves from frst-cross dams,
the ranking of the same breeds was similar 25 in the fSrst-cross
cabves, but the breed differences in the three-breed calves was ahout
one-half that of the differences In the first-cross calves. The
maternsl grandsire breed groop differences for growth among heifer
progeny were larger than among the steer progeny group.

For carcass traits related to growth, the rankings of the five breeds
was similar to live apimal weights and gains in the feediot, There
was 2 tendency for the laster gaining breed groups o have higher
cistability but lower marbling scores and carcass grades. In the
overall carcass grade evaluations, the Angus and Red Poll progeny
groups had s higher percentage of carcasses In the Choice grade
than did the other three breed groups.

HERITAREITY AND GHENETIC OORRFLATIONS
OF GROWTH AND CARCASSE TRAITS OF
HEREFORD BUIIS [N A RANDOMLY
SPLECTED HERD

WL Reynolds, 1.1 Urick, DA, Veseth, I_%,B, Hress,
M.D, MacNeil and R.E. Short!’

Introduction

firth weight, weaning weight, vearling weight and pre- and
postweaning growth rate, slong with carcass traits are important
economic characteristics. Many studies have been published on
the heritabilities and genetic correlations of birth weight, growth
rate and carcass fralis of beef cattle. Most of these studies have
used data from herds where sites were selected for a meanwe of
increased growth, As a result, estimates of heritability and genetic
correlation may be blased apward., The purpose of this stady was
oy estimate heritabilities and genetic correlations for growth and
carcass iraits of bulls in 2 population where po selection was
practiced for any trail. Comparing estimates of heritability and
genetic correlation obtained in this study with the literature
esfimnates fromy selected populations leads to a conciusion of bias
due 10 seiection if the litersture estimates exceed those from the
prosent stady,

Methods

In 1975, 1{4 pregaant Hereford cows and veariing Hereford
heifers from a completed inecross study were assigned at randor
to 10 breeding herds. The lnecross Herefords were various
combinations of Miles Cley Lines 1, 4, 6 and 10, The 16 herds

" Authors are: Heynolds and Urick are Retired Geneticists,
Backeil Quantitative Geneticist and Short, Research Physiologist
with USDA-ARS, Fort Keogh Livestock and Range Research
Laboratory. Veseth and Kress are with Dept. Anim, and Range
Sci., Montana State University, Bozeman, Montana,
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were divided into two replications of five single-sire breeding herds.
Since 1988, two replications of four single-sire breeding herds were
maintatned with a total of approximately 240 females sxposed per
vear. Ose bull and an alternate were selected each year at random
within 4 sire group, and cows were reassigned at randon: to breeding
herds within replication.  All heifers were exposed 1o bulls as
yearlings, and random culling was practiced within older age groups
1o maintain herd size. No other culling was practiced except as a
result of disesse, injury or diagnosed reproductive abnormalifies. All
cows over 5 yr of age at the end of the breeding season were
removed from the project after 1980, Al bulls used in the project
were Zyr of age at the beginning of the breeding season.

A 60-d breeding season (June 15 (o August 157 was used, and sl
calves were weaned 2t approximately 185 4 of age in mid-Ociober,
Corws wers managed ander range conditions with winter supplement
supplied as needed.  Bull calves were moved to drylots after weaning
and fed a growing diet consisting of 48% corn silage, 48.7% barley
grain, 1.8% soybean meal, 5% urea on a dry matter basis, plus salt,
minerals and vitamins. This diet was fed throughout the 168-d feed
test,

After the 168-d test, bulls were fed the same diet but at 2 level for
& growih rate of approximately 2 1b.4d for most of the years. Length
of time from end of 168-d feed test to slaughter and the concentrate
level of feed fed varied in some years, Yearling bulls averaged 16.3
me of age when sent to slaughter.  Carcasses were graded and
mensured the day after slaughter. One side of each carcass was
separated between rib 11 and 12, and marbiing (small = 12, slight
= O, and Iraces = 6} and percent kidney, heart and pelvic fat
{EPH}, rib eve area and fat depth of the 12th rib were determined.

The Z-yrold bulls went directly from grass pasture to siaughter,
were in medivm condition, and sveraged 30 months of age.
Carcasses had wvery little fat covering owver the ribs and were
practically devoid of marbling and KPH. There was 5 597 lapse
between the ime a herd sire was born and when his offspring were
slaughtered.




The regression of son’s growth and carcass churacteristics on those
of their sires znd the correlations among paternal haifsibs wers
used to estimate heritabilities and growth correlations. The son-
sire regression procedure mensures the degree of similarity
between & sire and his offspring. The paternal halfsib procedurs
meastres the extra degree of similarity among progeny of the
same sive over and above the similarity of urrelnisd individuals in
the same contemporary group. Al analyses were conducied in
cooperstion with Montana State University, and Vaseth et al
{1989} reported resuite of paterns! half-sib snalyses.

Resniin

The popuation represents 2 moderats growth rate group of
Herefords. The adjusted means for birth weights, growth and
carcass data for the bull calves are shown in Table 1. Comparison
of the slanghier data for the 2-yr-old balls with that of yeariing
bulls would indicate bulls incressed in weight and rib eve area
from I to 2 yr of age, but the rib eve ares per unit of carcass
waight was slightly less. Bulls also decreased in all measnres of fat
as they increased in age, ie., fat covering over the 12th rib,
marbling score and percent KPH fat. Dressing percent of 2wyr-old
bulls were lower than that of yearfing bulls, probably due to
differences in carcass faf confent.

Table 1. Least-souares means of traits of bulls shauebtiered at two
#PEs,

I6-mo-old bulls 2evrecld bulls

Trait Mo, Mean Mo Mesn
Birth wt., Ib, 736 757 10 717
Preweaning daily gain, Ih. 616 1.65 iGi 167
Weaning wit, b, 816 1808 jii1] 3836
Diaily grin on fest, b 516 2558 i 2.53
Fipal test wi., b 616 848 it Biez
Slaughter wi., Ib. 401 14351 1L 12826
Carenss wt., [b, 401 5100 W 899
Dressing percent 401 588 iAH 54.1
Rib eye area, sq. in, 401 128 I 147
Rib eve/owt. of carcass

wi., 5. in. 401 210 il 208
Marbling score® 401 7 i1
Eliduey, pelvic and

heart fat, % 4031 10 i1

® Smak = 12, Stight mings = 8, Trace + = 7.

Heritabiliths. The estimated heritability of birth weight in this
unselected popolation of Hereford cattle averaged 20, This
estimate appears lower than the aversge for birth weight of 45
reported in the Kterature but does fall within the range of
estimates typically reported. We conclade there is no need 1o
change  selection  procedwres  that  are  presently  being
recomumended {6 the indostry based on these results.

K

- The heritabilities in this stody (Table 2) of an unselected population

of bulls for growth traits were gimilar to those reported in musch of
the Hteratore, Herfiabliity estimates of .19 and .22 were found for
proweamng growth and weaning weight, respectively. The Hterature
shows an average of .30 and 24, respeciively, for these two trais,
Estimates of heritability for weaning weight in adverse TaRge
siwvironments and in years when calfl weaning weight was considered
poor are iypleally lower then estimates from more favorable
environments.

Table 2 Heritabifities of vorions tralts.

Paterna!l
Son-sire half.sih

Trait regression  correlations  Litersture
Birth weight 21 g 45
Preweaning gain 2 A7 A0
Weaning weight .24 et 24
Guain on feed fest Rt 47 A4
B test wi 54 47 AT
Carcass wt. 23 e+ Bz
Dressing % 32 25 g
Eib eve aren Rif1 31 A4
Hib eye areafunit

of carcass wi 28 23 32
Marbimg A1 A2
Kidney fax 37

The heritability of daily gain on test and end of test weight wers 48
and 48, respectively. Heritabilities reported in the Jiersture for
these traits were very similar.,  Similarity of beritability for
postweaning growth and fimal test weight in bk study of an
urselected population with those in the literatire where selection for
growth rate was practiced indicates the absence of bias in lterature
estimates due fo selection. The agreement in size of heritubilities
tuken at the end of test weight at approximasely 3635 d of age and
then at slaughter at 438 to 540 d of sge would indicate bulls could
be selected on welght at any time between these age polnts with
similar accuracy.

Sires and offspring were not slaughtersd at the same age In this
stady 5o the estimates of heritability calealsted by son-sire regression
assume a gemetic correlation of 18 between the same traits
measured at differen! sges.  Although the number of sires
represented are small (30), these data are supporied by the resulfs
obtained from covrelations smong paternal haifsibs,

The heritability estimates for carcass weight aversged 36, This
vaie was kwwer then the heritability of carcass weight reported bl




Table 3. Genetic correlation estimaies among growih and carcass traifs 2

Dhasly eain

, Weaning Birth On Carcass Ribeve Marbling
fterm weight to wean 1est wi, area SOOTE
Birth wi. 54 20 32 A1 57 -18
Final wt. 1.00 100 1.06G 98 71 15
Carcass wi. 1.06 1.0 106G - & .38
Dressing % 0 16 36 32 -11 00
Kidney fat, % 33 .49 15 21 36 59
Riby eye area 72 68 82 80 - Sl
Muarbling score A1 89 19 3R 51 -

& Paternal haif-sib correlation estimates.

other research workers, Animals in all of the other studies were
stanghtered diractly from a high growing ration whereas the bulis
in this study were slaughtered, in some years, after bulls had been
placed on 2 lower nutritional plane. Whether or not this change
in enviroament affected the estimate of heritability is unkaown,

The heritability of rib eve area by the son-sire regression
procedure was .01 and is different from the heritability of rib eye
area £.51) calculated by the paternal half-sib method, which is
comparable to heritabilities reported in the literature for this trait.
These results indicate rib eye area of 2Z-yr-old bulls was not a
good indicator of rib eyve area of offspring slaughtered at 16 mo
of age. Thus, use of ultrasound and other imaging techniques on
mature animals may not be useful for predicting carcass merit of
their offspring. A more acceptable alternative may be fo estimate
rib eye areas of polential sires at about 16 menths of age.

The estimaled heritability of rib eve area per unmit of carcass
weight was 26. Resaits would indicate progress could be made by
selection for this trait when data are adjusted for carcass weight,
Results of this and other studies would indicate carcass traits could
be changed by selection if market conditions made it economically
feasible to do so.

Genetic Correlations. The genetic correlations among the growth
traits in this study nearly all approached 1.00 (Table 3). When
selection is made to increase any growth characteristic, other
growth traits simuitaneously increase. Some other research

workers have reported very large genetic correlations among (raits
indicative of growth pofential. Most reports also indicate selection
for growth at any time results in growth at other phases of the
animal’s life. The relationship between growth fraits and rib eye
area approach .80 which indicate selection for size results i larger
rib eye areas. Selection for calves with heavier weaning weights
results in carcasses with higher marbling scores. (Gain on test,
however, had little influence on marbling score which would be
expected since rapid gaining animals do not ordinarily carry the
most condition at young age.

Conclusions

These results indicate that the heritability estimates being used for
growth and carcass traits by the beef cattle industry are useful even
though they were ealculated on populations selected for growth
traits. No major genetic antagonisms appear to exist between growth
and carcass traits. Selection for improved carcass merit is expected
to simultaneously either not affect growth rate or increase it.

Literature Cited

Veseth, . K, DL D. Kress, W. L. Reynolds, 1. 1. Urick and R, E.
Short. 1989, Paternal half-sib heritabilitics and genetic,
environmentat and phenotypic correlation estimates from randomly
selected Hereford cattle.  Proc. West. Sec. Am. Soc. Anim. Sci.
446,

46




A GENETIC HISTORY OF LINE 1 HEREFORD
CATTLE: 35 YEARS OF SELECTION FOR
GROWTH
M.D. MACHEIL, L1 URICK, B W, KNAPF

$. NEWMAN and B. GOLDENS

Iniroduction

A serfes of projects to develop lines of beef cattle of superior
genetic merit were inftiated in 1931, The general goal of theése
projects was to use inbreeding and selection, in combination, to
produce prepotent lines with consistently favorable breeding valies
for economically important traits. Many of the resulfing Hines
have since been discontinued. However, 4 Tine of Hereford catile
designated Line 1 hus had 2 profound influence on the registered
Hereford catile industry (Kuykendall, 19893, in this report we
examine components of the genetic history of Line § Hereford
esttle at the Fort Keogh' Livestock and Range Research
Laboratory near Miles City, Montana,

Procedures

The Fort Keogh Livestock and Range Research Laboratory is
located near Miles City, Montana at an elevation of about 2200
ft above sea level. Anmual precipitation averages 13,39 inches wiih
8.18 inches during the March to July growing season. In Janouary,
the average temperature at Miles City 515 F and in July 73 F,
Broken badlands and plains rangelands tvpical ‘of Fastern
Montana and the Northern Great Plains Reglon support a cow on
about 35 acres. The native vegetation has been predominantly
western wheatgrass, Sandberg bluegrass, blue grama grass, buffalo-
grass, needle-and-thread, green needle grass, thread leaf sedge and
siiver and big sagebrush. Annual bromegrasses have become
increasingly important in recent years.

Much of the early history of Line 1 Hereford cattle is chronicled
in three experiment station bulleting {Knapp et al, 1951; Brinks
et al, 1965; and Urick ef al 1966} The description. of
managenent practices given here hzghi;ghis those reported in
these earlier reports and provides 2 brief overview of more tecent
management of Line 1 at Fort Keogh. :

Management practices have wméinﬁd rea.smabiy.céastam over
the period for 1935 (o 1989, with some notable exceptions
described below.  Cows grazed on native range throughout the

18 The authors are, rc:spex:tweiy, Research Geneticist, Research
(Geneticist (retired), . Statistican, Résearch Geneticist at Fort
Keogh Livestock and Range Research Laboratory and Assistant
Professor at Ceioradc State Uﬂwersny Gratelully acknowledged
are important sonirzbutxons by numerous individuals, both named
and unmentioned, who have mﬁaeﬁc&i the deveia}pment of Line
1 Herefard cattle They mctade Al Baker, WH. Black, 1.8,
Brinks, R.T. Clark, B. Knapp, Jr., AW, Nordskog, O.F. Pabnish,
R.W. Phillips, LR Quesenberry, and W.L. Reynolds, F.5, Wilison
and R.R. Woodward. Bernice Love and Mary Krausz have been
responsible for records since the foundation of Liné 1.
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o, H:ey are miwed 1o Winter ;}asmre arcund January 1. Varving
amonnis of profein supplement were fed amﬁ hiay provided when
heavy snow prevented normal grazing: ‘Cowis wers placed in'talving
pastures i mid-March, Calving heifers a5 two-vear-clds was
initiated in 1977 and the heifers have been-cajved in'lots of about 20
acres since that time, In ‘1989 cows’ weré calved with the heifers,
provided hay. during the r:afvmg period and cow-calf pairs moved to
pasture & fow days after Birth, Cow-ealf- pairs were moved from
calving pastures tosmaller ‘breeding pastures sbout Jupe 1. A 45.
o GB-day breeding season’ began dbout July 1 through 1945 snd
about Jurse 15 thereafier: After the breeding séason cows and their
calves were moved to rangeland summer pastures: Up 1o the ealy
195¢Fs cows and their valves-have beerr gathered sbout September
first of each year. and less promising bull calves were-castrated at
that time. Since . the mid 1970 calves have received prewsaning
vaccinations for stress.induced diseases at the Tate Summer working.
Calves were weaned during the week of October 20th at an average
age of 180 days. Cows were moved to Tl range after weaning,

After weaning, beifer calves were wintered on pasture and fod alfalfa
hay to gain approximately 0.5 ‘poimnds per day until the wwinter of
1965-70. These heifers grazed native range and were provided some
supplementsl feed during their second winter, The heifers were then
moved-to breeding pastures with the cows and bred 1o Brst oatve as
three-year-olds. From 1970 until: 1987 heifer catves continued 16 be
wintered on pasture, but fed to.gain 1.0 pound per day.. During the
winter of 1987-88 and ihereafter: the heifers were wintered in a
feediot and fed to gain 1.25 pounds pér day. Since 1976, yearling
heifers have been: moved to breeding . pa&iur&s with t%*e cows and
bred’ ie first caive, a8 %wo—year»ciés R

Fach fal after weanmg minte caives were pfaced on feeé Up to E?ﬁfi
they were. put directly on feed. Since that time:the calves have had
an aégn&tment period of sbout Ty w&eks Lsitil the iaie 19307, the
males were fed o mixed ration consmtmg of & parts corn ot barley,
1 parts dried miolasses beet pulp, 1 part wheat bran, 1’ part finseed
oit meal and .3 part slfalfa leaf meal with first and second cutting
alfalfa hay provided as roughage. Since the mid 1970's a ration
consisting of 15% corn, 10%0ats, 5% of a 33% protein supplement
plus 70% comn silage has been fed A mixed roughage and
concenitrate yation formulated 1o provide about 68% total digestable
nulrients was fed-in the intervm: EMet constituents varied from year
t0 year dependent’ upon availability: Across all years rations were
formulated to'result in predicted average growth rates between 2.5
and 275 pounds per day. Bull calves were fed for 196 days uniil
1980 and for 168 days thereafter.

Progeny testing of potential herd sires was initisted in the 1940%.
Each candidate for selection was mated to 20 to 30 head of grade
Hereford cows. From each progeny group eight steer calves were
randomly selected and fod for 252 to 283 days. Management of
progeny test steers was similar to that of contemporaty bull caives.
Bulls that were eventually wsed in Line I were selected from the
results of the progeny test until the early 1960s when the basis of
selection switched solely to individual performance. Only the faster
gaining, heavier bulls were considered as potential herd sires.
Coafermancn of hniis was also evaluated 2t the end of the feeding
period. Some bulls were ei:mmate,d based on their conformation or
if they were not’ yhymca%%y or structurally sound.




Virtoally all colves were weighed within 24 hours of birth and
these surviving wers weighed at wesaing, at 23-day intervals after
weaning and 8t about ong year of age. Repeated weights were
taken st the bepnping and end of the postweaning gain test
sericd. Pre-apd postweaning growth rates were caleulated from
these woights. Best linear unbiased prediction {BLYPY mathods
o an individual animsal model were used fo predict direct ana
maternal breeding vaiues for birth weight and prewsaning average
daily gain and a gdirect breeding vaius for postweaning averags
datly gains on each of the 3703 straight Line 1 cattle born in the
project from 1935 to 1989, BLUP methods properly secount for
aif of the mformation on individuak and their relatives. The
predicied breeding valves are adjusted for environmental effects
of year, sge of dam, sex of calf and for effects of inbreeding of caif
snd dam which are not trapsmijled from parent to progeny,
Cienetic trend & (he frend in hreeding value over birth years of
the calves.

Besnlis

Two half brothers, Advance Domino 20th and Advance Domino
Sdih ave the primary foundation sires of Line 1. Average
reiationships of 5l calves bom in 1989 to Advance Domino 20tk
and Advance Domino 54th were 53% and 34%, respectively. Both
these sires excelled in growth relative to contemporaries of the
era. Mature weights of Advance Domine 20th and Advance
Plomino 54th were about 1800 and 2000 pounds, respectively.

Inbreeding increased rapidly in the late 19307 and early 40%
{Figure 1} as a result of mating daughters of each haif brother to
the other. Since that time inbreeding has increased ot 2 lesser rate
that s consistent with some avoidance of matings between close
relatives, However, it continues to increass as it must as long as
the population remains closed. Inbreeding of the cow herd lags the
inbreading of the calves by one generation.

Figure 1. Inbreeding level of calfl (—) and dam (- - -} in Live |
froum 1935 o 1980,
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Seiected bulls and heifers exceed the average vearling weight of
the surrent vear's caif crop. The selection differential for yearling
weight measures that superiority for those individuals who actually
sroduce offspring. ustrated in Figure 2 are the male and fernale

48

selection differentials sccumuiated over birth years. As expected, the
selection process has continuously resulted in above average bulls
being used ss sires. However, since the mid-1960' heifers that
uitimately bscame dame appsar © have very slighily less than
aversge yearhng weights. This is surprising in light of the intended
selection for increased postweaning growth pofential A possible
explanation is that the range envircnment in which these cattle
produce places a0 opper Hmit on the growth potentisl that also
permits reproduction. Also, from the mid-1960's through the 70's
cattie were exchanged with a research station at Brooksville, Flovida,
Very little culling of heifers based on performance occurred during
this ora and slightly different selection indicies were used. Further
investigation of this finding is needed o understand it. Un a long
term hasis buils contribute far more genetic material to a population
than do cows because they pofentinlly leave more progeny.
Therefors, continued increases in genetic potential for postweaning
growth of the Line 1 Hereford catile are expected.

Figare 2. Sclection applied i Line 1 op male (—) and female
{- -} yearling weights from 1935 to 1989
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The abserved trend of breediag values for postweaning average Caily
gain (Figure 3) is positive, as anticipated. Selection has resulted i
breeding vaines for postweaning daily gain of Line 1 Hereford catile
increasing by .64 pounds per day in 55 years. It is noteworthy that
despite 55 years of continuous selection there is no evidence for 2
platesy in genetic improvement. There continues 10 be opporiunity
for selection to increase the genetic potential in postweaning growih
rate of Lipe 1 Hereford cattle. This finding s consistent with
selection experiments for increased growth in laboratory snimals
where genetic improverment remains possible after 36 to 1060 plus
generations.

All growth traits have some common genetic basis, probably due 1o
the genetic makeup of the animals themselves (termed direct effects
by geneticists). Therefore, the usual expectation is that selection for
incroased weight at ope age will lead to increased waight at other
ages. Maternal genetic effects provide a less certain impact on this
exnectation. However, maternal characters which have a genstic
component that I transmitted from parent te offspring, tike uierine
capacity and milk production, are known to affect birth weight and
prewesning growth rate.
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fustroted In Figure 4 are the trends in direst and maternal
breading values for birth welght of Line I Hereford cattle. Both
irends are positive. Togather they scocunt for spprodmately 2 7
pound genetic incresse in birth weight sines 1993, Abow T3% of
the genetic incresse in birth weight is scoouniad for by direct
effects and 27% by meterna] effects.

Birect and maternsl effects contribute almest equally to the
incresse in gﬁzzgaég pieniial of Line § for g:»raw%gz*ifzg growth rate
{Figure 5). Thus, whils bresding values for growth (potentinl of

caif} and for 'zggs,amf ability (enviromment provided by dam) are
thought to be anfsgonistic, Improvement was observed in both in
the 55 yesry Line 1 bes been s dosed breading population. The
total genetic Engravement shoald resyit in & 32 pound increase o
200-day weight. However, accumulated effects of inbreeding bave
reduced expression of genetic potential for growsh sadd majernal
ability to the extent that the results of sslection fuve been siightly
more than offset. This finding noed act concern & breeder using
Line 1 Hereford bulis 1o produce outoross calves, because the
effects of inbreeding are not transmitted from parent to progeny,

45

The user of Line 1 sesdstock benefis from improvsd genstic

pofential for growth resalting from selection wiile costs of
maintaining the inbred line are scorved by the foundation herd ot
Fort Keogh

trends B direct (-} aod materssl (- - )
ix of dailly gatn from birth fo weaniag I
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Cromedusion

Selection & the only mechanim for meidng contiruow and
cummlative genetis mprovement. The genetic potential for growth
of Line 1 Hersford cuttle continues 1o increase #t sl ages less than
one yesr. Hereford breeders can benefit by using 1his seedstock as
it may improve genstic potential for growth o some herds, The
relatively fong and well documented history of the Line 1 breeding
program at Fort Beogh Livestork and Range Research Laboratory
prowides losight for developing crganbied bresding proprams.
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FORT KEQGH LIVESTOCK AND RANGE
RESEARCH LABORATORY

. Historical Porspective

The Custer Massacre led congress to establish Fort Keogh as an
Army cavalry post, July 22, 1876, Fort Keogh was named afier
Captain Myles Keogh, an adjutant to General George Custer, whoe
was kitled in the Battle of the Little Big Horn on June 25, 1876,
Faiablishment and early development of Fort Keogh was under
the direction of General Nelson A, Miles for whom Miles City is
named. In 1878, Miles City, Montana, was desigmated the ecunty
seat of Custer County and the first court session was held there
in May 1879, Both Fort Keogh and Miles City have remained to
serve the vast ranching arveas of southeastern Montana and the
surrounding Nerthern Great Plains.

in 1807, 2}l infaniry troops were withdrawn and in 1909 Fort
Keogh became & Remoun Station for the US. Army. This
Remount Siation was very active in World War L During this
period, move horses were processed here than at any other ariny
post in the Linited States. Horses were shipped worldwide. In
1922, the Army relinguished the land and the Fort Keogh military
withdrawa! was completed on February 7, 1924,

Hy an Act of Congress dated April 15, 1924 (PLSG, 43 Stat. 99)
jurisdiction of the Fort Keogh Military Reservation was
transferred 1o the U8, Depariment of Agriculture for experiments
in stock raising and growing of forage crops. On site remains of
the original Fort include the parade ground, & wagon shed built
in 1883, the flag pole erected in 1887, and seven other structures
built prior to 1924

The size of the original Fort Keogh Military Reservation was 160
square miles or 64,000 acres. The Fort Keogh Livestock and
Range Research Iaboratory row occupies about 55,357 acres. In
1878, a large piece of land east of the Tongue River was released
by the Army and is now the present site of the City of Miles City.
Since that time, additional Iand has been released for the Miles
City industrial sites, Custer County fairgrounds, the warm-water
fish hatchery snd Spotted Eagle Recreation Area. Approximately
1,800 acres are under irrigation in the Yellowstone River Valley
west of the Laboratory headquariers. About 623 acres are In
cultivated crops and 1158 in irrigated pastures, The remainder of
the iaboratory is rough, broken badlands typical of range cattie
proxducing areas of the Northern Great Plains.

'The early laboratory, then referred to as a station, was a widely
diversified unit. There were approximately 1200 Rambouiliet ewes
on experiment during the early days. Ewes and lambs were on
breeding and feeding experiments and wool studies.  All sheep
were transferred to the U8, Sheep Experiment Station, Dubois,
fdaho, in 1941,

There was also a Milking Shorthorn dairy herd maintained at the
iaboratory. The milk was sold to the emplovees, but the animsls
were not used extensively for research purposes. The herd was
dispersed in the late 1930s.

A

Thers have also been many horses on experiments. In 1934, the
inventory showed 256 head on breeding, feeding and reproduction
studies ipvolving purebred Belglan, Morgan and Thoroughbred sires.
Some of the early work to develop successiul semen collection and
artificial insemination fechnigues in horses was conducted at this
iaboratory. Fhe Thoroughbred breeding herd was maintained wntil
1964, Horses that remain at the Iaboratory today are used solely for
waorking cattle.

Research on turkeys was also conducted 2t the laboratory.  Studies
with Bronze turkeys started In 1929 and ipvolved approximately
1500 young tarkeys and 330 breeding hens. Studies consisted of
feeding, breeding and rearing experiments, and the original crosses
and the early work lead to development of the Beltsvitle White
breed. This lne of research was closed out in 1939 when the
turkeys were shipped 1o Beltsville,

Early swine research was directed largely toward production of
Wiltshire Sides for the Buropean pork market. In 1930, pork from
the 118, Range Livestock Fxperiment Station was reported to be
the best American Wiltshire Sides on the Londen market, The
swine work is most famous for the development of the Montana No.
i breed. This was produced by crossing the Danish Landrace and
the Black Hampshire breed. Crosses were inbred and through
selection, one of the frst meat-type breeds was established, Federal
funding for swine research ai the laboratory was terminaled in 1968
and, swine work was then directed by stalf members in the Animal
and Range Sciences Department st Montana State University.
Work involving the Montana No. b and the Yorkshire breeds was
terminated in 1971 and 2 crossbred Herd was established to supply
animals for stmiles directed by Montapa  State  University
nutritionists. The swine rescarch was moved from Fort Keogh to
Boreman in 1986 and the swine unit closed out.

Today, the research program focuses on improving efficiency of beefl
cattle production for rangeland it the Northern Great Plains, These
rangelands, some 150 million acres in Montana, North Dakota,
South Dakota and Wyoming, are both ecologically fragile and vital
to the economic well-being of the region. The work involves studies
in genetics, reproductive physiology, nutrition and growth of beef
cattle, and in range pasture development, improvement and
management.  This mix of disciplines provides an effective and
integrated attack on basic and applied problems related to efficient
and sustainable use of rangeland resources for livestock preduction.
Emphasis is on problem solving basic research fo meet the
immediate and future needs of farmers and ranchers in the region
and nation. Funding for research is provided by appropriation
through USDA-ARS. Cooperation with Montana Agricultural
Faperiment Station provides livestock and labor resources to the
iaboratory. No appropriated funds are received from the State of
Montana.

Landmark Accomplishments

Research in range improvement and management was initisted at
Fort Keogh by the U.S. Forest Service in 1932, Farly studies were
designed to determine optimum stocking rates for cattle and sheep
on Northern Great Plains rangelands, Use of the results from this
research by ranchers and Federal agendies took the Plains out of an




erz of exploitation into one of grazing management. Reduced soll
loss, increased plant growth aad inereased production of both
domestic livesiock and wild animals has resuited.

Eegiﬁﬁiﬁg in 1936, water spreading systems were developed by
buiiding diversion dams and contour dikes, These studies were
among the first in the nation to demonstrate that water normally
lost to runcif could be used effectively to increase growth of native
and introduced grasses.

Methads for genetic evaluation of beef cattle were pioneered at
Fort Keogh in the 1930s. Al beef performance testing programs
now active in the United States and much of the remainder of the
world are built on this foundation. Today's producers continue to
benelit from this work as they use estimated breeding values and
expected progeny differences to select breeding stock that meets
thelr needs. Success of Line 1 Hereford cattle are proof of the
knowledge gained.

The usefulness of crossbreeding to improve the efficiency of beef
production was first demonstrated at Miles City in the late 1930s,
While it tock thme for the results to be adapted by the industry as
a whole, a look through cattle country today verifies s
importance.

Neoonatal mortality resulting from calving difficulty continues to be
a major scurce of lost revenue for beef producers. Workers at
Miles City first established the role of birth weight as the most
important causative factor associnted with calving difficulty,

Winters in the Northern Great Plains can be long and coid.
Grazing time and forage intake may be reduced by extreme cold
and the energy requirements of the cow are increased, Nutrition
studies copducted st Fort Keogh have demonsirated the
importance of proper winter supplementation regimes for
optiram rates of subsequent conception, calf survival and cow and
calf weight gains.

Livestock Facilities and Management

Cattle and farming operations at Fort Keogh Livestock and Range
Research Laboratory (LARRL} serve 1o support the research
work, Numbers of cattle and production of farm crops are driven
by resesrch needs within limits imposed by responsible stewardship
of resovrces. Husbandry practices are designed to meet specific
research protocols and the animals” needs as humanely as possible.
The farming operation is managed to provide guality feed stuffs
for research livesiock using proper comservation and agronomic
practices. :

The rescarch laboratory is located west of Miles City, Montana.
The east boundary is the Tongue River and the Yeliowstone River
crosses from southwest to northeast. There are spproximately
1500 acres of improved early spring pastures of crested wheatgrass
and Russian Rye. There are approximately 2000 acres of frrigated
land in the Yeliowstone River Valley. Although acreage may vary
acoording to research needs, spproximately Z70 acres produce
corn for silage, 300 produce alfalfa for hay, 150 are used for small
grains and the remainder of the irrigated lands are used as

irrigated pasture.

There are two feedlot units st the Isborstory, one used for
physiclogy of reproduction research and the other for the genetics,
lean beefl and nutrition research programs. The physiology program
feeds mostly cows and vearling heifers and includes 20 lots, eight
with pole sheds. These lofs are tied to 2 large barn with working
faciiities, including a hested operating room, field laboratory and
offices. This barn also serves its original function as 3 horsebarn.
The genetics feedlot consists of 24 lots, 15 of which have pole sheds.
These facilities are tied to a2 guonset type barn that serves as a
working facility and sick pen area. The lean beef-nutrition area of
this feedlot consists of 13 pens. This entire feedlot area is tied to =
large scale house and sort- pen facility. One-half of the scale house
serves as a cattle and sheep metabolism area and alsc houses a
sample drying and grinding area. An individual feeding facility is
also tied to this scale house ares and s being remodeled and
upgraded to hold up to 150 animals. The unit will be equipped with
electronic identification device actuated, individual gates that are
opened only by the animal wearing the specific electronic
identification device for that gate. Cattle in the feedlots or being
fed individually, generally receive o silage-based ration.

The feedlots are supported by a modern feed mill. The grains are
provessed by a dry roller mill and stored in an overhead bin cluster
that empties directly in 10 a clam-shell hopper equipped with an
electronic scale. This clam shell empties directly into a mixer-feeder
trisck which weighs and delivers the specific ration (o each pea.

‘there are several remote working faciiities that are equipped with
a scale building, crowd alley, scale, squeeze chute and sorting pens
for working cattle away from the headguarters area.

The rangeland consist of diverse range sites supporting cool and
warm season grasses, forbes and shrubs. Cows are divided by age
imto vearling, 2-year-old and mature cows for fall and winter
management are grazed on rangeland year sround except during
calving or when winter weather prohibits grazing.  Caitle are
supplemented on winter range with alfaifa or grain pellets and are
fed grass or alfalfs hay when not on native winter range. Cows
confined during the fall and winter for experimental purposes are
fed a silage ration. With the exception of 4 small fall and winter
calving herd, most cows are bred in a 43 1o 60 day breeding season
beginning around June 15 and calve in Agril apd May. The
physiology of reproduction and lean beef herds are artificially
inseminated al the Al unit near the Yellowstone River. A 320 acre
eenter pivot irrigator is nsed with 2 short durstion pasture rotation,
The remainder of the cows are bred by natural service in single sire
breeding herds beld mosily on native range.

Pemales are palpated for pregaancy In October at weaning, Those
cows surplus to research needs and of breeding value in the Line 1,
CGC and SCE herds may be selected for the research animal sale,
The remaining surplus females will be sold at auction.

Flerd Health

Prior to calving all cows are weighed and number brands clipped.
During calving all calves are tagged, tattoced, weighed, and



messured i required, Foliowing calving all calves are branded,
eastrated if required, and immuonized ageinst seven clostridia types
including blacklsg and C and Db entorctoxemia.  Frior o the
broeding season, all cows, heifers and breeding bulls arve vaccinated
for five types of leptospirosis and vibriosis. Following (he breeding
season, cows, heifers, calves and herd bulls are weighed, Calves
are given preweaning shots of IBR.PL,, Tway dlostridie, BRSY,

haemophilie somnus and BYD.  Heifer cabves are vaccinated for
prevention of brocellosie, Calves sre weighed and trucked fo the
feediots for weaning  All caitle on the station are treated for
internal and external parasites in lale fell. Al weight-on-test in sarly
Hewember, weaned calves are given booster vacetnations for BRSY,
hsemophilus sorsnus and BYDL
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HIGHLIGHTS

A decade of range nutrition rescarch leads to more efficient use of feed resources and reduced production
COSIS.

Studies spanning the 1988 drought demonstrate significant plant mortality in crested wheatgrass and Russian
wildrye seeded ranges and the need for seeding in some arcas to reestablish productive stands.

Grasses adapted to saline-sodic soils differ markedly in palatability and does not provide suflicient encrgy or
protein to sustain growth of livestock as a late summer compliment {0 native range.

Fertilization and defoliation increase the yield and quality of a bluebunch wheatgrass-quackgrass hybrid that
is adapted to saline-sodic soils ander irrigation.

Body composition of live cattle is being estimated in a new instrument which measures volume. Condition
score provides a useful index of body composition.

Yearling heifers should reach puberty 4 to 6 weeks before the breeding seasor to maximize conception rate.

Culling heifers for small pelvic areas may reduce the number of cesarean deliveries. Direct selection for large
pelvic areas will increase cow and bulls frame size and also calf birth weights.

Nutritional management is the key to minimizing postpartum ancstrus and infertility. Other factors such as
Iength of breeding season are also important.

Embryo development in the first weeks after conception is critical to establishing pregnancy. Manipulating
embryos provides enhance genotypes and accelerated genetic improvement.

Pine ncedle abortion is caused by a decrease blood flow 1o the uterus and cannot be prevented by nutritional
variabics such as straw, protein, bentonite or mincral supplement.

Developing breeding objectives leads to better sclection criteria and genetic progress to maximize profitability
of beef prodaction.

Breeds with maximum genetic potentials for growth and milk production may not have maximum productivity
as 2-year-old crossbred heifers under range conditions.

Bias due to selection in literature estimates of heritability and genctic corrclations was found to be
unimportant by comparing those estimates with estimates derived from an unsclected herd.

Genetic potential for growth of Line 1 Hereford cattle continues 10 increase at all ages less than one year,
even after 55 years of sclection and inbreeding,






