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Abstract: The new original egg laying lines T, P and N selected at the
Institute of Agriculture — Stara Zagora were used. Hybrid T4 x PQ, PJ& x TQ
crosses were obtained and used for paternal line. Thereafter, the following breeding
schedule of paternal and maternal lines was applied: Group I — (PA*T9Q)3 xNQ;
group Il — (TE*PQY)3 xNQ; group Il - TJI*NP; and group IV — PEXNQ. The
production traits of original and hybrid birds were recorded: live weight at the age
of 8 and 18 weeks, age of sexual maturity in days, 150 days egg production,
average egg weight — at 2-week intervals until end of lay; livability, heterosis
effect. The live weights of hybrids at 8 and 18 weeks of age were statistically
significantly lower compared to original lines. The values of heterosis for this
parameter were negative for all four hybrid combinations. The earliest beginning of
egg lay occurred in (TA*PQ) & xNQ (162.08 days of age) and PEXNQ (163.11
days of age). The relative (%) heterosis for age of sexual maturity of studied hybrid
combinations had moderate to low negative values. Average egg weights of
hybrids were higher and the values of heterosis — positive for all four groups
varying from 0.97% to 1.63%. The average 150 days egg production was lower in
purebred lines compared to hybrids. The highest average 150 days egg production
was determined in PA*NQ hybrids — 142 eggs. The heterosis effect for egg
production in hybrids was significant.
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I ntroduction

The production of hybrid birds is essential for attaining high productivity
from modern egg laying hens. Several crossbreeding methods are used for
production of hybrids: between breeds, between strains (two-line, three-line and
four-line) and combined crossbreeding, which results in heterosis.

Heterosis is a complex biological event, usually seen in first-generation
crosses (F;) and is characterised by increased livability and productivity
(Belorechkov, 2004, Szwaczkowski et al., 2003 ).
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The effect of heterosis is generally higher for reproduction traits than for
growth potential (Fairfull, 1990) and is influence by the maternal side and nutrition
(Liu et al., 1995).

Singh et al. (1992), Chaubal et al. (1994), Minvielle et al. (2000) and
Khalil et al. (2004) reported a lower egg production of original purebred chicken
lines compared to their crosses. A mild positive heterosis effect from 0 to 5% for
egg weight in produced crosses has been observed by Fuairfull et al. (1987),
Fairfull (1990) and Groen et al. (1998). Khalil et al. (1999) and Sabri et al. (2000)
detected a significant maternal effect on the live weight of offspring at an early age
(0 — 8 weeks of age), and according to Prado-Gonzalez et al. (2003) the maternal
influence was manifested from hatching to 4 weeks of age.

The monitoring and comparison of production traits of original lines and
their crossbred hybrids aimed to establish the best heterosis effect on the
commercial product.

M aterials and M ethods

The experiment was performed in the Poultry Breeding Unit at the Institute
of Agriculture, Stara Zagora, in 2009-2012. The newly selected egg laying lines T,
P and N were used for production of hybrid birds.

Line T has red feathering, brown eggshell and is characterized with
optimal live body weight and low feed consumption per one egg produced.

Line P has red feathering and high egg weight.

Line N has white feathering, used as maternal line for production of
feather-autosexing egg-laying hybrids. It has been selected for high egg production
and good hatching traits.

Hybrid two-line birds for the paternal line were T3 x P9, PJ& x T9Q
crosses 2009/2010. This reciprocal crossbreeding aimed to obtain the best two-line
paternal combination which should be bred to the maternal N line to produce the
three-line stock hybrids.

The last stage was the crossbreeding of paternal and maternal lines: Group
I - (PAXTQ) & xNQ; group Il — (TEXPY)J xNQ; group Il — TJEXNY; and
group IV — PAXNQ.

In 2011/2012, the following traits of layers from original and hybrid lines
produced by the aforementioned schedule were monitored:

e Live weight —at 8 and 18 weeks of age (g)

e Age of sexual maturity in days — at attaining 50 percent production for
each group.

e Egg production — daily over a 150-day period (number of eggs)

e Average egg weight — at 2-week intervals until the end of lay (g)
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e Livability — in percentage as ratio between the number of birds at a
specified age and the number of hatchlings (%)

e The heterosis effect was calculated according to the formula (Fairfull,
1990):

H%= [F1-(P+P,)/2] / [(P1+P2)/2] x 100,

where: H% — heterosis (%)
F,— average values of traits of hybrid lines
P, ,—average values of traits of original lines
Original lines and hybrids were divided in groups, according to the
crossing schedule. They were housed in separate 20 boxes at 10 hens with 1 cock
in the same premise on deep litter and fed rations respective to their age ad libitum.
Data were processed with Excel 2003-ANOVA using the Descriptive
Statistics and F-Test Two-Sample for Variances procedures (Zhelyazkov and
Tsvetanova, 2002).

Results and Discussion

Table 1 presents production traits of pure and hybrid chicken lines. With
regard to the live body weight at 8 weeks of age, hybrids were statistically
significantly lighter than chickens from the original lines.
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Table 1. Production traits of pure and hybrid chicken lines

Parental line Crosses
Parameters ® Ix
2 P (TExPQIxXNQ| TJ x N?Q PJ x NQ
TExTQ PdxPQ N xNQ T2)SxNQ Group 1T Group IIT Group IV
Group I
Body weight(g),
age 8 Wks | 3¢ 914 07cd| 521.40£4.79c b| 577.1754.47c | 495.95£5.62a| 491.12£6.36a | 509.67£6.36b | 492.31:6.69
age I8 WS | 1475 1118 4| 1444.26+14.08a]1490.99510.25cd] 1421.8049.014 1392.28£9.01b | 1431.69+8.86a |1396.9129.23b
Age of
Sex“?é:;:;”“ty 173.68+1.09a| 178.5:2.47b | 168.76+1.83c | 168.1242.33¢c| 162.08+2.40d | 169.031.67ce | 163.11=1.07d
Average

eggg’“?gh‘ 60.25+1.85a| 60.65+1.17a | 60.86+1.78a | 61.58+0.64a | 61.32+0.53a 61.15£0.56a | 61.57+091a
g

Egg production
for 150 days | 102.63+3.61a| 100.76+6.53a | 111.36+5.03b | 132.03+4.61c| 139.60+3.33c 125.61+4.21d | 142.42+4.67¢c

Livability

%) 95.83+1.44a| 98.05+0.88a 91.67+2.02b | 97.74+0.48a 97.59+0.72a 96.69+1.03a 95.58+1.41a

* different letters within a row indicate statistically significant differences

The lowest body weight at 8 weeks of age was determined in birds from
group Il —491.97 g, followed by birds from group IV (492.31 g), group I (495.95
g) and the heaviest hybrids were from group III (509.67 g). Purebred lines were
significantly superior to hybrids as body weight was concerned. There were no
considerable differences between the weights of paternal and maternal lines.

At 18 weeks of age, chickens from the pure lines N and T have attained
the highest body weights — 1490.99 g and 1472.10 g, respectively, while birds from
line P were the lightest (1444.26 g), but these average weights were statistically
significantly higher than live weights of hybrid combinations. Within the hybrids,
the lowest weight was that of group II (1392.28 g), which was significantly lower
only vs group IV.

The earliest beginning of lay was observed in birds from group II - 162.08
days of age, followed by group IV (163 days of age), with insignificant differences.
The sexual maturity was attained at a statistically significantly later age in groups I
(168 days) and 11 (169 days).

Lines T and P, used as paternal lines in the breeding plan for production of
hybrids, attained sexual maturity at 173.68 and 178.5 days of age (p<0.05). The
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beginning of lay of the maternal line N (168 days) was the lowest compared to
paternal lines T and P. In general, hybrid forms were statistically significantly
superior to purebred paternal lines and were comparable to the maternal line with
regard to the age of sexual maturity. This is in agreement with the data of Chaubal
et al. (1994) and Kicka (1997) about earlier onset of sexual maturity in crosses of
purebred lines. In this study, similar to what was reported by El-Salamony et al.
(2002) there were no statistically significant differences in age of sexual maturity
among original lines and hybrid combinations. Lumatauw et al. (2002) established
that the age of sexual maturity varied from 150 days (Paraoakan) to 177 days
(Bolinao).

The average weight of eggs produced from studied pure line and hybrid
hens over the control period varied within a narrow range - 60.27 g, 60.65 g and
60.85 g for lines T, P and N; 61.15 g, 61.32 g, 61.57 g and 60.58 g 3a for groups
III, II, IV and I respectively. Although the differences were not statistically
significant, the average hybrid egg weights were higher.

The egg production of hens is influenced by numerous factors, particularly
by the genotype and the production system (Gerzilov et al., 2012). The established
average 150 days egg production was lower in purebred lines compared to hybrid
combinations. The highest average 150 days egg production was determined in
hens from hybrid group IV — 142 eggs, followed by 139 eggs laid for 150 days by
group II, 132 eggs (group 1) and 125 eggs (Group III). The purebred maternal line
produced the highest number of eggs — 111, for 150 days. The high production of
eggs by hybrid combinations compared to pure lines corresponds to data reported
by other authors (Yahaya et al., 2009).

The livability of all studied hens was within the reference range. The
lowest livability was recorded in line N (91.67%; p<0.001). Hybrid combinations
and other purebred lines did not differ substantially with regard to this trait.

Table 2 presents the percent values of heterosis effect on production traits
of hybrids. Heterosis for live body weight at 8 and 18 weeks of age ranged from
high to low negative percentages — from minus10.37 to minus 3.22 for all hybrid
combinations. This is in agreement with the findings of Williams et al. (2002)
about a negative heterosis effect for live weight, increasing with age in the
offspring of two White Plymouth Rock lines with high and low live weights.



308 P. Hristakieva et al.

Table 2 Heter osis effect (%)

Traits PExTYIxNQ | (TS xPRIxNQ | TS x N? | P& x NQ
Group I Group 11 Group III Group IV
Body weight (g)
8 weeks of age -9.62 -10.00 -8.65 -10.37
18 weeks of age -3.22 -5.22 -3.36 -5.02
Age of sexual maturity 304 6.70 129 6.05
(days)
Average egg weight (g) 1.63 1.20 0.97 1.34
Egg production for 150 days 31.56 33.06 17.40 34.28
Livability (%) 2.68 -7.97 3.13 0.75

After breeding local hens with Lohmann Brown and Leghorn, a number of
researchers found out that the heterosis percentage for age of sexual maturity
varied from —25% to 11.5% (Singh et al., 1983; Fairfull et al., 1987; Bordas et al.,
1996; Gavora et al., 1996, Mohammed 1997, Williams et al., 2002). Lumatauw et
al. (2002) reported that the heterosis for age of sexual maturity in the offspring of
Paraoakan x Banaba was 6.24%. In our experiment, the heterosis for age of sexual
maturity had moderate to low negative values. The highest negative heterosis
percentage was observed for group II (6.7%) followed by group IV (6.05%). The
lay in birds from those groups began at the earliest age, followed by birds from
groups I and III.

The heterosis for average egg weight was positive in all four hybrid groups
and varied from 0.97% to 1.63%. This supported the superiority of hybrids over
original breeder lines with regard to egg weight.

As egg production was concerned, the effect of heterosis on hybrids was
high. The calculated percentages were from 17.40% (group III) to 34.28% (group
IV). The positive high heterosis values confirmed that the offspring of original egg
laying lines produced more eggs than purebred birds. This was also related to the
age of sexual maturity, which occurred earlier in hybrid hens than in original lines.
Abou EIl-Ghar et al. (2012) concluded that this could be attributed to increased
number of produced eggs together with the lower age of sexual maturity.

The calculated heterosis for the other controlled trait — livability
percentage, exhibited negative value only for hybrids from group II — minus
7.97%, whereas it was positive for the other two two-line combinations: 0.75% for
group IV and 3.13% for group III. The three-line combination from group I had a
heterosis percentage for livability of 2.68%. The data confirmed that only birds
from group II were with lower livability compared to original breeder lines.
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Conclusion

The heterosis percentage for live body weights at 8 and 18 weeks of age
for all four studied hybrid groups had high to low negative values.

The heterosis effect for average egg weight was positive and ranged within
0.97% to 1.63%. This confirmed the superiority of hybrids over original breeder
lines.

The positive heterosis values for egg production confirmed the high
efficacy of crossbreeding for production of commercial egg laying hybrid birds.

Heterozis efekat u meleza kokos nosilja

P. Hristakieva, M. Oblakova, M. Lalev, N. Mincheva
Rezime

Nove originalne linije kokoS$i nosilja T, P i N stvorene u Institutu za
poljoprivredu - Stara Zagora su kori$¢ene u ovom istrazivanju. Hibridni meleziT &
xR Q,R 3 xT Q sudobijeni i kori§¢eni za o¢inske linije. Nakon toga, primenjen
je slede¢i raspored o€inskih i maj¢inskih linija: grupa I - (REXTQ)J xNQ; grupa
IT - (TAxRY)F xNQ; grupa Il - T TAXNQ; i grupa IV - REXNQ. Proizvodne
osobine originalnih i hibridnih grla su evidentirane: Ziva masa u uzrastu od 8 i 18
nedelja, starost seksualne zrelosti u danima, 150-dnevna proizvodnja jaja, prosecna
tezina jaja — u intervalima od 2 nedelje do kraja noSenja; prezivljavanje, heterozis
efekat.

Mase zivih grla hibrida u uzrastu od 8 i 18 nedelja starosti bile su statisticki
znacajno niZe u odnosu na originalne linije. Vrednosti heterozisa za ovaj parametar
su bile negativne za sva Cetiri kombinacije meleza. Najraniji poCetak nosenja jaja
zabelezen je kod (TEXRQ)E xNQ (162,08 dana starosti) i REXNQ (163,11 dana
starosti). Relativni (%) heterozis za uzrast seksualne zrelosti ispitivanih
kombinacija meleza imao je umerene do niske negativne vrednosti. Prosecne tezine
jaja meleza bile su vece 1 vrednosti heterozisa - pozitivne za sve Cetiri grupe i
variraju od 0,97% do 1,63%. Prosecna 150-dnevna proizvodnja jaja je niza kod
Cistokrvnih linija u odnosu na meleze. Najveca prosecna 150 dnevna proizvodnja
jaja je utvrdena za RAXNQ - 142 jaja. Efekat heterozisa na proizvodnju jaja u
meleza je bio znacajan.
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