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Abstract

MAKOVICKY PAVOL, MARGETIN MILAN, NAGY MELINDA, MAKOVICKY PETER.2017. Growth
Curves in Lambs of Various Genotypes Created on the Basis of Improved Valachian and Tsigai Breeds.
Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 65(1): 0111-0118.

Changes in live weight or dimension for a period of time are explained by growth curves.
The objective of this work was to evaluate the growth curves in lambs of 6 (1* experimental group)
and/or 5 genotypes (2™ group) created on the basis of Improved Valachian (IV) and Tsigai (T) breed.
Alllambs (n = 209 and 205) were kept from birth to 9 months of age in identical conditions. Lambs of
both experimental groups were weighed at birth and then every week until weaning (8 weightings
totally). After weaning only breeding ewe and ram lambs were weighed (6 times totally). The growth of
lambs created on the basis of IV a T breeds showed linear course till weaning expressed in regression
equation y = 0.2659x + 5352 and y = 0.2404x + 4.7364 respectively (R? = 0.985 and/or 0.9954; x — day
of raising). Weight differences between genotypes grew after weaning. The average weight of lambs at
the age of 150 days was 40.15 kg in the 1*tgroup and 38.31 kg in the 2" group respectively. The lowest
weight was in purebred IV (38.13 kg) a T lambs (34.98 kg) and the highest in the purebred Lacaune
lambs (43.82 kg and/or 44.29 kg). Differences between genotypes were statistically highly significant
(P < 0.001). The differences among genotypes were even more marked at the age of 9 months. Growth
of lambs from birth to the age of 9 months can be expressed in the best way by means of polynomic
equation (R? = 0.99 in both experimental groups).
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INTRODUCTION

Growth is described as a change in volume, size or
shape of an organism over time. Itis a very important
characteristic of living organisms. Changes in live
weight of lambs or dimension for a period of time
are explained by the growth curves. Analysis of
animal growth performance through the life span
is helpful to establish appropriate feeding strategies
and the best age for slaughtering. Studies focusing
on growth curves have increased in recent years due
to the development of new computational methods

for faster and more accurate analyses as well as
the availability of new models. Growth curve models
provide a set of parameters that describe growth
pattern and estimate the expected weight of animals
at certain ages. In addition, the parameters obtained
from growth functions are highly heritable and have
been used in selection studies (Ulutas et al., 2010;
Daskiran et al., 2010; Koncagul et al., 2013; Sen et al.,
2013; Aktas et al., 2014; Bahreini Behzadi et al., 2014;
Kopuzlu et al., 2014; Ghavi Hossein-Zadeh, 2015).
Farmers are interested in collecting knowledge of
genotypic and phenotypic relationships among
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weights of lambs during all phases of growth. Fitting
growth curves to growth functions is an effective
method for assessing different management factors,
or for breeding purposes. Growth intensity of lambs
before weaning and after weaning significantly
affects the economics of farming (Petr et al., 2009;
Pajor et al., 2008; 2009a; 2010; Wolfova et al., 2009;
Komprda et al., 2012; Svitdkova et al., 2014; Koutna
et al., 2016). The growth is affected by many factors
where the most important are the breed, nutrition,
sex, litter size, management, biotic stress, health
and age of mothers (Kuchtik and Horik, 2007;
Dobes et al., 2007; Ho3ek et al., 2008; Pajor ¢t al., 2007;
2009b; Kuchtik et al., 2010; 2011; Zapletal et al., 2010;
Stolc et al., 2011; Ptacek et al., 2013; 2015; Lupi et al.,
2015; Waheed et al., 2015; Aguirre Riofrio et al., 2016;
Mellado et al., 2016; Moreira et al., 2016; Sieklicki et al.,
2016).

According to genotype and growing characteristic
of lambs is necessary to formulate breeding
programmes to improve efficiency of animals
(Daskiran et al., 2010; Keskin et al., 2009). Growth
performance of the local sheep genotypes is
essential in planning breeding programs to improve
the amount of meat, milk and wool production
of these genotypes. There is very little knowledge
about the growth intensity of sheep breeds and their
crosses bred in Slovakia. The objective of presented
paper was to evaluate the growth curves in lambs
and the shape of their growth curves in different
stages of rearing (before weaning and after weaning).
The rearing method of lambs was realized so, that
it can express their genetic potential as much as
possible.

MATERIALS AND METHODS

In the Slovak Republic, the dairy flocks used are
mainly Improved Valachian (IV) sheep and Tsigai
(T) and considerable attention is devoted to research
into their production, breeding and hybridization
(Makovicky et al., 2013a,b; 2014a,b; 2015a,b,c,d).
Lacaune (LC) breed is also ranked among most
important dairy sheep breed, however this breed
originated from France and its milk is there above all
used for making a cheese called Roquefort (Novotna
et al., 2007; 2009; Pokorna et al., 2009; Konedna et al.,
2013). To improve meat production and carcass
quality, about 10 % of the ewe population is crossed
with rams purchased from meat breed populations.
As for the meat production of Tsigai sheep, they
are most frequently crossed with meat type rams,
mainly with Suffolk sires.

Investigations were performed at the Sheep
Station of the Animal Production Research Centre
Nitra. All lambs included in the experiment
were bred under the same conditions (including
nutrition of ewes and lambs) throughout the whole
experimental period. The nursery system
was designed according to modified methods
reported by Margetin et al. (2003). The lambs were
allowed to leave the nursery in accordance with

the time schedule proposed. In the beginning of
the experiment, the nursery was opened the whole
night for two weeks. Later, the nursery was closed at
nightsince 11 p.m. The nursery, in which lambs were
kept, was of dimensions 5 x 2.5 m. The group pen, in
which ewes were kept, was of dimensions 10.5 x 2.5
m. All born and viable purebred lambs of Improved
Valachian (IV) breed, Lacaune (LC) were gradually
included in the experiment, and also crossbreeds of
IV x LC with 25 %, 37.5 %, 50 % and 75 % proportion
of LC (1 experimental group), and also purebred
Tsigai (T) lambs, crossbreeds of T x LC with 25 %
and 50% proportion of LC, and crossbreeds
T x Suffolk (SF) (2" experimental group). All lambs
were weighed on a digital scale with an accuracy of
0.1 kg at birth, and then every week until weaning
(8 weightings totally). After weaning only breeding
ewes and ram lambs were weighed (totally 6 times)
and kept for further farming. All breeding ewes and
ram lambs were cropped after the penultimate (13™)
weighing. On the basis of each weighing, weights
of lambs were calculated and analyzed using linear
interpolation from 1 to 8 weeks (before weaning),
and weights of lambs at age 60, 80, 120, 150, 210, and
270 days (after weaning). Multifactorial analysis of
variance and covariance using a linear model with
fixed effects was used for evaluation of primary data.
In both experimental groups in each model were
included in the genotype of individuals (6 genotypes
in the 1% group, 5 genotypes in the 2" group),
the litter size (single litters respectively multiple
litters); the age of mothers (7 groups: from 2 to 8
years of age), gender of lambs (female and male) and
the age of lambs at each weighting. For primary data
analysis the mathematical and statistical software
package SAS/STAT 1999-2001 ver. 8.2 (GLM
procedure) was used. For determining the shape of
growth curves of lambs in various stages of rearing,
and also for the whole monitored period (from
birth of lambs to 9" months of age) the graph editor
of Microsoft Excel — MS Office software package
was used. By analysing data with the help of line
graphs, we found out - both for the first and second
experimnetal group separately, what influence
does the genotype, gender and litter size have on
the growth curve of lambs. The most appropriate
regression equation for each stage of rearing and
the most appropriate trend line (growth curve) was
determined based on the averages provided by
Excel, taking into consideration the coefficients of
calculability and determination (R2).

RESULTS AND DISCUSSION

Tab. 1 shows the weight of six genotypes of
lambs, observed within the first experimental
group and Tab. II shows five genotypes observed
in the second experimental group, depending on
their rearing period. The above data are estimates
averages (least-squares means) reflecting the impact
of systematic factors (gender, mother age, litter
size). The data can therefore serve to farmers as
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LI: The average weight of lambs (LSM=+SD) before weaning and after weaning according to different genotypes — lambs generated based on

breed Tmproved Valachian

Genotypes of the individuals

Improved  IVxLC IVx LC IVxLC IVxLC
Valachian (IV) (25%LC) (37.5%LC)  (50%LC)  (75%LC) Lacaune (LC)
Markers 1) (2) 3) (4) (5) (6) Total averages
Lambs weight before weaning (kg)

Atbirth 478 £ 011 508+ 018 482+ 017 483 +018 481+017 418+ 013 471+ 0.81*1
7daysold o5y, 631 001+ 051 8324055 005+050 883 +045 805+040 855+ 155
(15t week)

(124,,?;&1‘3‘1 9.55 £ 026 992 + 045 950 + 039 941 + 051 9.81+ 047 1003+ 032 9.70+1.89
(Z;f;zzl‘:)ld 10.62+027 11.14+045 10.68+041 1095+ 0.46 10.75+0.43 10.81+ 037 10.69 +2.03
f‘ﬁhd;g'zl‘(’)ld 11.85+031 12.66+054 1251+£050 1243+0.54 1233+0.52 12.13+042 12.24+247
?;h‘&z’:li’)ld 1406+035 1436+0.61 14654055 1438+ 0.60 1457+ 058 1459+ 050 14.27+2.74
?gm‘&z:l‘(’)ld 1573041 1670+ 071 16.74+0.64 1679+ 0.70 16.87+0.67 16.78+0.67 16.26+3.17
?;h‘ﬁ’zl‘(’)ld 1676 047 1875+ 0.85 1887+ 0.77 1893+ 0.78 19.07+0.75 18.68+0.82 1830%3.53
?gﬁ’e’zf(’;d 19.88+ 0.60 2036+129 2055£0.96 2032+090 2022+ 0.84 21.0f02+2.23 19.93+3.55
?;hd;g’ili’)ld 2237+1.03 2332+190 2239+172 2292+114 23.59+1.08 21.80+255 22.88+3.90

Lambs weight after weaning (kg)

60daysold 2698+079 2757+ 017 2981+ 110 28.14+094 2791+101 2886+0.70 27.04+3.59
80daysold 3414+101 3465+1.28 3745+ 127 3507+ 111 3633+1.16 38.69+0.81 353({; 392
120daysold 38.13+1.14 39394144 4177+ 142 4054+121 4139+ 132 43.82+0.92 40'15; 439
150 daysold 38.61+1.23 4137+155 4397+153 4275+ 129 4322141 44.99 +1.00 41'50*j 473
210daysold 41234146 4404+186 4745:183 45542155 4613:175 4959:121 ORE>O

*1 - Significant differences: 6:1,2+++;6:3,4,5++;

*2 - Significant differences: 6:1,2++; 6:4+; 1:3+;

*#3 — Significant differences: 6:1,2++; 6:4+; 1:3,5+;

*4 - Significant differences: 6:1+++; 6:2+; 1:3,4,5++;

*5 — Significant differences: 6:1+++; 6:2+; 1:3++; 1:4,5+;

a comparative table of lamb weight in various stages
of rearing (before weaning and after weaning). Tab.
and Tab. IT shows that most lambs in the studied
population reached the weigt ideal for dairy
slaughter lambs within 4-5 weeks, using the selected
method. On average the lambs of the 1 group
reached the weight of 12.24 kg on 28 day, and up to
14.27 kg on 35" day (Tab. I), respectively the weight
of 11.63 kg and 13.57kg in the second group
(Tab. II). The proportion of ewes and ram lambs
was approximately equal in the study population.
IV lambs have reached the weight of 14.06 + 0.35 kg
and T bred lambs the weight of 13.63 +0.22 kg at

the age of 35™ days. The differences in growth curves
between the lambs of monitored genotypes before
weaning were minimal and non-significant (Fig. 1
and 2). Differences between the two compared
genotypes were in relation to their weight in
various stages of rearing before weaning, in most
cases statistically non-significant. The growth of
lambs after weaning in the first experimental group
can be expressed by linear regression equation
y=0.2659x + 5352 (x=age of lambs in days;
R?=0.985),and in the second group using regression
equation y =4.7364 + 0.2404x (R*=0.9954).
Differences in weight between the different
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IL: Theaverageweight of lambs (LSM + SD) before weaning and after weaning according to different genotypes depending on their age - lambs

generated based on breed Tsigai

Genotypes of the individuals

Markers Tsigai (T) TxLC TXLC 1y Suffolk (SF) Lacaune(LC) Total averages
0 (25 % LC) (50 % LC) @ )
(2) (3)
Lambs weight before weaning (kg)

Atbirth 4.91+0.08 4.84+0.17 4.70+0.18 5.15 +0.19 419+0.12 4'73,30'73
7 days old 659+0.17 6484042  656+041 786043  606+032 047153
(].5t week) *9
iyl 7.84+0.17 8.21 +0.40 8.04+0.37 8.19 + 0.42 7.90 +0.26 7.82 +1.46
(2 week)

21 days old 9.88 +0.20 10.85+0.46  10.49 +0.47 9.98 +0.49 9.99 +0.33 9.95+1.75
(3" week)

Pyl 1161020  12.69+047  11.76+045  1225+049  1147+037 1163 +1.77
(4t week)

?;hd;zzl‘(’)ld 13.63+022 1444053  13.63+051  13.86+0.55  13.89+043  13.57+1.98
el 15114028  1622+0.67 15174064  1550+0.68  1630£059 1523 +2.42
(6™ week)

49 days old 1628+032  17.03+0.69  17.63+0.68  1692+073  1727+137  16.29+2.17
(7t week)

EOCLyRE] 1829+038  18.83+0.80  19.68+091  18.11+0.92 - 17.77 + 2.44
(8t week)

Lambs weight after weaning (kg)

60 days old 2139+051  2405+093 22474086  2342+093  21.69+0.69 21'2?; 301
80 days old 2441054  2671+087  2542+088  2596+098  27.28+070 20 'Ol*j 310
120 days old 3008+072  3333+136 31944114  3374:148  3926+081 3'38*§ 3:92
150daysold 3498089  3711:168 37445134 4024182  4420:099 07l r480
210daysold  3521:088  3759:156  3793:136  39.66+181  4548:101 00 4T
270 days old 38654138 4260290  4239+208  4294:286  4831+156 4253% 7:48

*1 - Significant differences: 5:1,4+++; 5:2++; 5:1+;

*2 - Significant differences: 4:1++; 4:2,3+; 4:5++;

*3 - Significant differences: 1:2+;

*4 - Significant differences: 1:5++; 1:2+;

*5 — Significant differences: 5:1,2,3+++; 5:4++; 1:2,4+;
*6 — Significant differences: 5:1,3+++; 5:2++; 1:4++;
*7 - Significant differences: 5:1,2,3+++; 5:4++; 1:3,4+;
*8 — Significant differences: 5:1+++; 5:3+;

genotypes progressively increased after weaning,
manifesting the different genetic predisposition
for the growth of different breeds of lambs (Fig. 1
and 2). At the age of 150 days the lambs had an
average of 40.15 kg respectively 3831kg (Tab. I
and Tab. IT). The lowest weight had IV breed lambs
(38.46 £ 1.13 kg) and T lambs (34.98 + 0.89 kg), while
the highest had the LC breed lambs (43.82 + 0.92 kg,
respectively 44.29 +0.99 kg). Differences between
genotypes were statistically highly significant

(P < 0.001). At the age of nine months the differences
were even more significant and lambs in the studied
populations have reached the averaged of weight
4494 +5.81 kg respectively 42.53 +7.48 kg. Ewes
of the first group reached weight 41.77 kg at this
age, and ram lambs 49.55 kg. Singleton lambs
reached 46.52 kg, and lambs from the multiple
litters 44.81 kg. Ewes of the second group at the age
of 270 days reached the weight of 42.89 kg, and ram
lambs 43.07 kg. Singleton lambs reached 44.26 kg
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1: Growth curves of lambs of different genotypes generated based on breeds Improved Valachian and Lacaune
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2: Growth curves of lambs of different genotypes generated based on breeds Tsigai and Lacaune

and lambs from the multiple litters 41.69 kg. Lambs  if the farmer wants to know how much weight
growth in the first group at this stage of rearing can  the lambs should achieved during the different
be best expressed by the logarithmic regression rearing phases. From both figures is also clear that
equation y=14.126In(x)-33.188 (R?=0.9385) the genetic predisposition of LC lambs and their
and in the second group with regression equation crosses grew more in the second rearing phase
y = 14.414In(x) - 36971 (R*>=0.9542). Fig. 1 shows (after weaning). It is connected to early maturity of
the growth curves of lambs of different genotypes improved LC breed. Our results clearly show that
generated based on breed Improved Valachian, LC ewes and ram lambs, and also their crosses with
and Fig. 2 shows the growth curves generated higher proportion of the LC breed, can be used in
based on breed Tsigai. It is evident from the two breeding as early as the first year of life.

figures that the growth of lambs in this the rearing

phase can be best expressed by polynomial

regression equations — for the lambs in 1 group

y =-0.0007x% + 03272x + 45191 + (x = age of lamb

in days), and for the lambs in the second group

y =-0.0006x%+ 0.3153x + 3.6406. In both cases,

the coefficient of determination (R?) is approaching

to the value 1 - in the first group R? value

reached 09927, and in the second group 0.9915.

The differences in the regression equation between

the two groups are minimal, so the numbers can

be used in predicting the weight of the lambs
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CONCLUSION

Our findings regarding the growth particularly in ewes and ram lambs might be best expressed
by using polynomal regression equations. The same is valid for singleton lambs and lambs from
the multiple litters. The coefficients of determination (R?) of observed regression equations always
reached values greater than 0.99.
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