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Simmentalercattleof the HighveldRegionDevelopmentInstitutewereusedin this studyto determinethe geneticand environmental effects on birth mass,weaning massand the massgain from birth to weaning. During winter the animals were
kept in four groupsof roughly40 cowseach.The groupswere:(i) Group l- animalswere fed maizesilage(Silagegroup),
(ii) Group 2 - animals were fed foggage and hay as well as maize crop residues(Hay group), (iii) Group 3 - animals
were kept only on veld (Veld group) and (iv) the Control group. Startingin 1982,data were collected over a period of nine
years.The GeneralLinear Models (GLM) procedureof SAS was usedto analysethe data.The random effect of sire of calf
was, for all traits investigated,highly significant(P < 0.01). Birth mass,weaningmassand the massgain from birth to
weaningwas significantly(P < 0.01)lower for the silagegroupcalves.Therewereno significantdifferencesfor birth mass,
weaning massand massgain from birth to weaningbetweenGroups2 and3. The combinedmassgain of the cows and
calvesfrom birth to weaningfor Group 3 was significantly(P < 0.05) higherthan for Group 2.
van die HoeveldstreekLandbou Ontwikkelingsinstituutis in die studie gebruik om die invloed van
Simmentalerbeeste
genetiese-en omgewingseffekteten opsigtevan geboortemassa,
vanaf geboortetot speen
speenmassa
en die massatoename
te ondersoek.Gedurendedie winter is die koeie in vier groepevan ongeveer40 koeie elk verdeel.Die groepewas: (i)
Groep l- die koeie is mieliekuilvoergevoer(Kuilvoergroep),(ii) die koeie is aangehouop staandehooi,hooi en mielie
oesreste(Hooi-groep),(iii) Groep 3 - die koeieis alleenlikop veld aangehou(Veldgroep)en (iv) die kontrole.Data is oor
'n periode
van negejaar, vanaf 1982tot 1990,versamel.Die GLM prosedurevan SAS is vir analisevan die data gebruik.
Die toevalligeeffek van vaar van kalf was vir alle kenmerkehoogsbetekenisvol(P < 0.01). Die geboortemassas,
speenmassasen massatoenames
van geboortetot speen,washoogsbetekenisvol(P < 0.01)mindervir die kuilvoergroepkalwers.
Daar was geenbetekenisvolleverskil ten opsigtevan geboortemassa,
speen-massa
en die massatoenamevan geboortetot
van die koeie en kalwers vanaf geboortetot
speentussenGroepe2 en 3 gevind nie. Die gekombineerdemassatoename
speenvan Groep 3 was betekenisvol(P < 0.05) groteras vir Groep 2.
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lntroduction
Weanerproduction forms the backboneof beef productionin
mostof the ranchingareasof SouthAfrica (YanZyl et al., 1992).
Obviouslythe viability or profitabilityof most beef enterprises
dependsprimarily on herdfertility andthe birth of stronghealthy
calves.Furthermore,efficiencyof productiondependson a relatively high weaningmass (Harvin et al., 1966;Venteret al.,
1980).Efhcient cattle,performingwell underlocal production
systems,result in relatively lower managementcosts per unit
produced.Although cattle shouldbe able to adjustto the environmentto be productive(Dowling, 1981),it is unrealisticto
assumethat cattle of the samebreed(genotype)will performat
the same level under different environmental conditions
(Swanepoel
& Heyns,1988).
Variousmanagementsystems,from intensiveto extensive,are
adoptedduring the winter on the TransvaalHighveld. To optimize the useof availablegeneticmaterialthroughmatchinggenotypeswith environments,
one must considerthe constraining
(Armstrong et
resourcesbefore making any recommendations
al.,1990).
The known geneticand environmentalsources,including sire
of calf and the winter managementsystem,which contributeto

the variation in production traits, were investigated. The traits
under consideration were: birth mass, weaning mass, mass
gained by calf from birth to weaning (Gain I ) as well as the combined mass gained by the cow plus her calf from birth to the
weaning of the calf (Gain 2).

Materialsand Methods
Environment
Data were collected at the Highveld Region Agricultural Development Institute (27" 00' E, 26" 45'. S) in the Western Transvaal
from 1982 to 1990. The averagerainfall for this area is 600 mm
per annum. The average grazing capacity, on veld, of the experimental farm is 6 ha/larse stock unit.

Animals
Simmentaler cattle of the Highveld Region Agricultural Development Institute were used to study the genetic and environmental influences on birth mass, weaning mass and the mass gain
from birth to weaning. During the winter the herd was divided
into four groups. The first three groups were divided into: (i) an
intensive management system, where the animals were kept in
feedlots during the winter and fed maize silage (Silage group),
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(ii) a semi-intensivesystem,where animals were kept on maize
crop residues, Digiraria eriartrhn Steud. foggage as well as on
Digitariu eriantha Steud. hay during the winter (Hay group), and

The final models derived were:

(iii) an extensivesystem, where the animals were kept on veld
f or the duration of winter (Veld group). The fourth group of cat-

Where:

Yijktn,u=fr
+ S, + Y, + Mr+ X, + 7,,+ bW + bA + bD * € iikt,,,

Yijktn,n=
observation on the nthcalf subjected to the mth man-

tle (Control group) was a component group, used in mineral supplenrerrttrials, and was kept on veld as well as on Digitaria

agement system of the /'h sex born in the ft'hmonth in the 7'h
year for sire i,
p = population mean of the trait,
Si = rnndom effect of the jrhsire (i = l, ...40),
)', = effect of the7'hyear of measurement (j = I , ... 9),

eriantha Steud. foggage during the winter. All the cows grazed
on veld during the summer. Twenty per cent of the cows were
replacedby pregnant heifers annually. In the silage group, the
heit'erswere mated at 13 - 15 months of age, and in the other

M t,= effect of the k'hmonth of birth (k = 1,2,3),
Xr = effect of the /'hsex of calf (l = 1,2),
I., = ef'fectof the mtt' managementsystem (m = 1,2,3,4),
bW = linear regressionof the appropriate deviation from the
mean of individual age at weaning (in the model for weaning
mass),
bA = linear regression of the appropriate deviation from the

three groups at the more commonly used 25 - 21 months of age.
The breeding seasonfor all heif'erswas from 20 November to 2
.lanuaryand for all cows from l0 December to l0 February annually. Thirty cows were allocated to each bull. All bulls were
brought in fiom outside the herd and were kept for a maximum
o[ three years. The bulls were randomly used in all fbur groups.
All the animals received the same dosing, dipping and inoculation treatments.Calves were weaned as close as possibleto the
5th of May every year.

mean of individual age of dam at birth of the animal (in the
models for weaning mass,Gain I and Gain 2),
bD = linear regressionof the appropriate deviation from the
mean of individual mass of dam at birth of the animal (in the
models for birth mass, weaning mass and Gain 1) and,
= random error.
eilkln,n

Recording procedure
I'he foliowing data were recorded for each calf born from 1982
to 1990:sire of calf, year and month in which call'was bom, sex
of calf, wintering treatment, inter-calving period (ICP) of the
dam, the production status of the dam for the year n - 1 (n = )e&r
of calf's birth), the body condition score of the cow at calving,
dam age, dam mass at birth of her calf, birth date, birth mass,
100-daynrass,dam mass at weaning and weaning mass.
Statistical procedure
The GeneralLinear Model (GLM) procedureof SAS (1985) was

Resultsand Discussion
Although sires appear to be allocated randomly to management
systems,the random effect of sire influenced all the traits significantly (P < 0.01) (Table 1). This is an indication that the use of
mixed model methodology should always be consideredin an
analysisof this kind. A significant(P < 0.01) regressionof dam
age at birth on the mass of the dam at birth was found, but the R2
of the regressionwas 0.068 and it was decided that both parame-

used to analyse the data. The random effect, sire of calf; fixed
eff'ects:year, sex of calf, wintering treatment (groups) and month
of birth as well as the linear and quadratic regressionsof weaning

ters could be includedin the model.

age of calf, cow mass and cow age at birth were included in the

The random effect of the sire of the calf was significant at a significance level of P < 0.01. The effect of age of the dam at calving was not significant on birth mass of the calf when the mass of

modeis for all traits. The final operational models for each trait
included effects making a significant (P < 0.05) contribution to
the varianceonly. Becauseof the number of effects involved, the
complexity and the unbalanced nature of the data, no higherorclerinteractionswere included in the model.

Table 1

Birthmass

the dam at birth of the calf was included in the operational
model. All the managementsystems,except for the control, differed significantly (P < 0.05) from one another.The silage group

Analysisof variancefor birth weight,weaningweight,Gain 1 and Gain 2
Birth mass

Weaningmass

Gain I

Gain 2

dt

Source
Sire

39

3 . 8 9 **

39

3.50**

39

39

2 .I 0 * *

Year

8

8 . 3 4 **

8

8

3 0 I. 5 * +

8

Month

2

3 6 . 6 3* *

2

23.04*"
**
5.69

2

232.31*"

2

4 6 .I 0 * *
*
46.60*

Sex

I

I 14.73**

I

229.81,"*

I

I

5 5 . 3*7*

-)

1 6 . 2 7* *

3

155.45**
8 . 8 6**

3

12.29',',

2.81**

J

12.90**

Weaningage

l

107.94**

Dam age at birth

I

24.19**

I

3 4 . 0 8**

I

287.75*"

I

201.39"*

Manage.system

Dam massat birth
R2=

131.49**
0.34'7

* = (P < 0.05);x* = (P< 0.01)
Gain I - garn of the calf from birth to weaning
Gain 2 = gain of cow plus calf from birth to weaning

0.538

0.508

5 . 6 7*

0.405

S.Afr. J. Anim.Sct.,1994,24(4)

127

Table 2 The significantdifferencesbetween the various
managementsystem groupsfor all traits investigated
Birth mass Weaningmass

Gain I

Gain 2

Silagegroup vs. rest
Hay group vs. rest
Veld group vs. rest

the early calving silage group heifers seenls to be a lower milk
productionowing to reducedudder development(Scholtz et al.,
l99l). The hay group differed significantly (P < 0.05) fiom the
rest, but did not differ from either the veld group or the control.
The control did not differ from the rest and did not differ from
the veld group (Table 2). The differences in weaning mass are
possibly an effect of the birth mass differences.It is known that
birth mass is genetically controlled, subject to environmental
influences(Dowling, 1981) and that birth mass and post-parturn

Control vs. rest
Silagevs. Hay

growth are positivelycorrelated(Smith et a1.,1988).Reynolds er
aL. (1990) calculated that a one-kilogram increase in birth mass

Silagevs. Veld
Silagevs. Control

increasedweaning massby 1.4 kg.

Hay vs. Veld
Hay vs. Control

Gain 1

*

Veld vs. Control

**

* - P < 0.05 significance
level;*'o- P < 0.01significance
level
GainI - gainof thecalffrombirihto weaning
Gain2 - gainof cowpluscalffrombirthto weaning

Gain I representsthe gain of the calf from birth to weaning. Thc
random effectof sire of calf was significantat a level of P < 0.01.
The silage and veld groups both differed highly signiiicantly
(P < 0.01) f rom the rest,but the hay group, is well as the cc,ntri;1,

differed highly significantly (P< 0.01) from Groups 2 and 3 for
all traits investigated, and significantly (P < 0.05) from the
control for birth mass (Table 1 & 2). The mean birth mass of all

did not diff'er from the rest (Table 2). The calves ol'the hay arrci
veld groupsshoweda significantly(P < 0.01) better gain than thr
silage group, but the silage group did not differ fron-lthe cr)ntrol.
The hay group did not differ from either the veld group or the
control, but the veld group gained significantly (P < 0.05) nrore

the calves in the marze silage group was lower (Table 3) than
those of the other three groups. It is important to note that all the
heifers of the silage group were mated at 13 - l5 months of age.
Scholtzet al. (1991) found that the mean birth massof the progeny of a group of heifers mated at 13 - 15 months of age, was
signif,rcantlylower than that of a group of heifers mated at 25 27 months of age. A further possible explanation may be the
higher stresslevels experiencedby animals in the feedlots.There
were no significant differences between the hay and the veld
groups as well as between the hay group and the control, but the
veld group differed significantly (P < 0.01) from the control.

Weaningmass
The random effect of the sire of the calf was significant at a level
of P< 0.01. The silage group and the veld group differed highly
significantly (P < 0.01) from the rest. The silage group differed
highly significantly (P < 0.01) from the hay, the veld and the
control groups (Table 2), and the mean weaning mass of the
silage group was lighter than those of the hay, veld and control
groups (Table 3). This is also in accordancewith the findings of
Scholtzet al. (1991).They found that heifersmated at the age of
13 - l5 months weaned lightercalves than heifersmated at25 27 months, and that this effect remained throughout their productive life. The main reason for the differencesin weanins mass of

Table 3 Least Square means for birth weight, weaning
weight, Gain 1 and Gain 2
Birth mass

Wean m.r.s

Management kg + SE
of estimate
system

kgtSE
of estimate

S i l a g eg r o u p 3 8 . 7I t 0 . 3 1

2 4 2 . 9 0x . l . 5 l

G a i n2
kg t SE
of estimate

kg t.lE
of estimate

weight than the control.The leastsquaremeansof Gain I l'or all
the groups are given in Table 3.
Gain 2
Gain 2 representsthe combined gain of the cow and the calf from
birth to weaning.Again, the random eff'ectof sire of calf was significant at a level of P < 0.01. Only the silage and veld groui)s
differed highly significantly (P < 0.01) from the rest of the
groups (Table 2). The silage group gained significantly (F <
0.01) lessmassthan the hay and veld groups and signilicantly (P
< 0.05) less than the control . The silage group cows had ciif{lculty in adapting to the pasturesafter spending the winter in the
feedlots and showed a mass loss before they started to gain. The
hay group gained significantly(P < 0.05) less mass than thc vcld
group, but did not differ from the control. The veld group gained
significantly (P < 0.01) more mass than the control. The least
squaremeansof Gain 2 for all the groups are given in Table 3.
Conclusions
Becauserandom effect of the sire influencedall ihe traits signilicantly (P < 0.01), it is concluded that the randonr eff'ectof thc
sire of the calf should always be included in an analysesof this
kind. The value of mixed model analysisshould thereforenot ht:
limited to genetic evaluations.
Although the veld group seemsto be the most productive for
all traits investigated,it must be noted that the maize silag,;
(Group 1) and the foggage and hay (Group 2) groups were not
fed ad libitum. An economicevaluationof the three managemsnt
systemsindicatedthat the gross margin per hcctarefbr ali three
systemsfor the nine years are almost the same and that they lluctuateaccordingto the year'sclimate (Genis, 1989).

|
1 9 7 . 7 t0 l . 5 l 2 0 4 . 5x4. 2 ; 7

Haygroup

4 0 . 6 5t 0 . 3 1 2 5 1 . 8 5+ 1 . 5 0 2 0 4 . 1 8x . l . 5 l

Veldgroup

4 l . 0 2t 0 . 3 0

+ 2.62
2 5 2 . 1 3- r | . 4 6 205.16+ | .46 223.30

Control

3 9 . 8 0t 0 . 3 9

2 4 9 . 1 4t L 9 3 2 0 0 . 6 3+ 1 . 9 2 2 1 2 . 9+5 3 . 4 2

Gain I - gain of the calf from birth to weaning
Gain 2 - gain of cow plus calf from birth to weaning

216.04
x.2.69
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