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Abstract: The study aimed to investigate the effects of sex – linked 
feathering alleles on laying performance, hatchability parameters and body 
measurements in hens from two White Plymouth Rock lines (line L and line K) 
used as maternal lines in broiler production. Four groups of 18-week-old hens were 
formed, two of each line, with genotype K/W (slow feathering) and k+/W (rapid 
feathering) respectively. Groups of line L included 72 hens divided into 6 boxes 
with 1 rooster per 12 hens, whereas line K groups comprised 96 hens of each 
genotype, housed in 8 boxes with one rooster per 12 hens, totally 192 birds.The K 
locus alleles had no significant effect on egg production traits (p>0.05). The 
presence of slow feathering allele resulted in lower fertility and hatchability of set 
eggs in both studied lines (p<0.05). A substantial effect of feathering rate alleles 
was observed with respect to the egg shape index (p<0.05), eggshell thickness 
(p<0.001) and albumen index (p<0.05). The presence of the slow feathering allele 
resulted in lower live body weight of birds from line K at the age of 36 weeks 
(p<0.05), but in longer thighs (p<0.01) and metatarsi (p<0.001) in both lines. The 
selection for creation of slow feathering lines for feather sexing purposes should 
take into consideration the effect of the K gene on studied traits.  
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hatchability 
 
Introduction 

 
The presence of the K locus in the sex Z chromosome, which determines 

feathering rate, was established by Serebrovsky (1922), and phenotype 
manifestations of alleles are described in details by Hut (1949).  
 The sexing of one-day-old chicks according to the extent of development 
of flight feathers (feather sexing) is widely used in the practice, as this method of 
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sexing is more efficient and less stressful (Harris et al., 1984,; Wilson et al., 2007). 
For this purpose, roosters with k +/k+ genotype are mated to K/W hens, resulting in 
slow feathering of one-day-old male chicks and rapid feathering in female one-day-
old chicks. The autosexing allows a rapid identification of the sex of chicks without 
any special training or sexoscopes, with minimum inaccuracy. 

The utilisation of the dominant K allele (slow feathering) in the maternal 
line for production of autosexing chicks distinguished by feathering rate could, in 
the belief of some researchers, be linked to an unfavourable effect on sexual 
maturity  (Verma and Singh, 1983; Harris et al., 1984; O’Sullivan et al., 1991; 
Ning et al., 2005; Abd El-Rahman, 2006), egg production (Lowe and Garwood, 
1981; Saleh et al., 1987; Havenstein et al., 1989; Abd El-Rahman. 2006; Wilson et 
al., 2007; Durmus et. al, 2010), livability (Bacon et al., 1988; Alsobayel and Al – 
Muhlem, 1997), feed conversion (Белоречков & Алиуи, 1986) and reproduction 
(O’Sullivan et al., 1991), although others did not show any differences between 
slow- and rapid feathering hens in these parameters (Dunnington and Siegel, 1986; 
Ning and Chen; 1988; Prijono and Smith, 1994; Холодков, 2004; Younis and 
Galal, 2006; Ledvinka et al., 2011).  

In the view of Chambers et al. (1993) the contradictory results suggest an 
interaction of the K allele with other genes from the genome. For instance, Bacon 
et al. (1988) established a close relationship between the K slow feathering gene 
and ev 21 gene in a White Leghorn line and this way explained the lower egg 
productivity and livability in the offspring of birds with the slow feathering 
genotype. On the other side, Dunnington and Siegel (1986) outline as a possible 
cause for contradictory results the effect of K gene on some biological factors such 
as heat insulation properties of vane feathers, and the genetic origin of studied 
populations. 
 Our observations have demonstrated the presence of a slow feathering K 
gene in two White Plymouth Rock lines. One of the main prerequisites of using 
marker K locus genes is the lack of negative impact on production traits of hybrids, 
and therefore, the knowledge on effects of K/k+  alleles on productivity is essential 
for breeding programmes.  

Taking into consideration the contradictory results, we aimed to establish 
the effect of sex-related alleles for feathering rate on some production traits, 
morphological and incubation traits of eggs and exterior traits in hens from these 
two lines.  
 
Materials and methods 
 
 The experiment was performed in the selection base of the Poultry 
Breeding Unit at the Institute of Agriculture – Stara Zagora in 2009–2010. 
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Two original White Plymouth Rock lines of chickens were used as maternal forms 
for broiler production – line L and line K.  

In the progeny of these lines, the sex of day-old chicks was determined 
with sexoscope, the feathering rate was evaluated according to the wing feathering 
speed, and the chicks were wing - banded. At the age of 10 days their tail feathers 
were checked. Chicks without tail feathers were slow feathering. For line L, the 
frequency of slow and rapid feathering genotypes in female chicks was 79.70% and 
20.30%, respectively. In female chicks from line K, the rapid feathering genotype 
was encountered at a frequency of 69.40%, whereas the slow feathering genotype – 
at 30.60%. Chicks from each line and genotype were housed uniformly, on a deep 
wood shavings litter according to the technology requirements implemented in the 
selection base until the age of 18 weeks. At that time, four groups were formed – 
two of each line with genotypes K/W (slow feathering) and k+/W (rapid 
feathering). Groups of line L included 72 hens divided into 6 boxes with 1 rooster 
per 12 hens, whereas line K groups comprised 96 hens of each genotype, housed in 
8 boxes with one rooster per 12 hens, totally 192 birds. 

The hens were housed until 48 weeks of age on deep litter with uniform 
conditions with regard to density, feeding and drinking widths.  Restricted feeding 
was practiced with weekly rations according to the age and egg production. The 
compound feed contained: metabolizable energy 1810.005 kcal/kg, crude protein – 
16.012%, crude fat – 6.836%, crude fibers – 5.889%, lysine 0.75%, methionine 
0.38%, calcium 3.2%, phosphorus 0.81%  
 During the experiment, the following traits were evaluated:  

• Age of sexual maturity (days) – age when 50% of egg production 
was attained in the different groups; 

• Egg production – daily from egg lay beginning to 48 weeks of age. 
On the basis of these data, the hen-day and hen-housed egg production 
percentages were established;  

• Average egg weight – by weighing eggs laid by each group for the 
day at 2-week interval between 32 and 48 weeks of age 

• Morphological traits of eggs – 10% of the daily egg yield during 3 
consecutive days at 40 weeks of age was analysed. The individual egg 
weight, shape index, albumen index, yolk index, Hough units, yolk 
colour by the La Roche scale and eggshell thickness were determined.  

• Incubation traits of eggs – they were investigated at 48 weeks of age 
by collection of eggs over 7 days. The fertility was evaluated as the 
relative share of fertilized to eggs set in the incubators; the hatchability 
of eggs set (HS) – the relative share of hatched chickens from eggs set; 
the hatchability of fertile eggs (HF) – the relative share of hatched 
chickens from fertilised eggs, embryonic death rate – for the 
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incubation intervals 0–6 days, 7–18 days and 19–21 days – as relative 
proportions of dead embryos from fertilised eggs.  

• Live body weight and exterior traits at 36 weeks of age – the live 
body weight was determined by weighing on a balance with precision 
of 5 g. The following body parts were measured with a centimetre 
tape: body length (between the last cervical vertebra and the tail root), 
breast  circumference (between the last cervical vertebra behind and 
under the wings to the anterior end of the keel bone ridge); keel bone 
length (between the anterior and posterior ends of keel bone ridge), 
thigh, drumstick and metatarsus lengths (between the end points of 
respective bones); the chest depth between the last cervical vertebra 
and the anterior keel bone border) – with compasses.  

 Data were statistically processed by lines and by genotypes by means of 
ANOVA/MANOVA and LSD post hoc test with Statistica 8 software (StatSoft, 
2009). Percentage data were arcsine transformed prior to be analysed.  
 
Results and discussion 

 
The analysis of results in table 1 showed that the age of sexual maturity in 

hens from line L did not differ significantly between both genotypes as also 
reported by Holodkov (2004), Ledvinka et al. (2011). Тhis tendency was not valid 
for line K, where the beginning of egg lay in the group with rapid feathering 
genotype k+/W occurred 6 days earlier (p<0.05). Similar results were reported by 
Harris et al., (1984); O’Sullivan et al., (1991); Ning et al., (2005) and Durmus et 
al. (2010).  
Table 1. Laying performance of hens as affected by feathering genotype  
 

Line 
K L 

Feathering genotype  

 
 

Traits 
k+/W K/W k+/W K/W 

Significance 
P - value 

Age at sexual  
maturity (day) 177,38c 183,13b 189,83a 190,17a 0,135 

 Hen – housed  
egg production (%) 62,28a 67,73a 62,46a 61,99a 0,317 

 Hen – day egg production 
(%) 65,71a 68,81a 64,89a 64,73a 0,498 

Average  
egg weight (g) 65,35a 65,35a 62,30b 63,46b 0,286 

Average consumption  
of feed for one egg (g) 240,71 226,42 249,37 250,02 0,412 

Livability (%) 90,63 96,88 94,45 93,06 0,442 

a–c statistically significant differences (p<0,05) in row are indicated by different superscripts 
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The hen-housed and hen-day egg production, the feed expenditure per one 
egg produced and the livability during the period of lay were not influenced by the 
feathering rate genotype. With this regard, our results confirmed the conclusions of 
Prijono and Smith (1994), Holodkov (2004) and Younis and Galal (2006). 

Table 2 presents the data from ANOVA statistical analyses about the effect 
of K locus genotype on morphological traits of eggs. The feathering genotype had a 
significant impact on the shape index (p<0.05), eggshell thickness (p<0.001) and 
albumen index (p<0.05). The shape index values in hens carrying the slow 
feathering gene in both lines were higher, meaning that their eggs were of a more 
round shape. A similar conclusion was attained by Belorechkov & Aliui (1986) and 
Ledvinka et al (2011). Chickens with the rapid feathering genotype (k+/W) from 
both lines produced eggs with thicker eggshells with statistically significant 
differences between genotypes within the line ((p<0.05). In this connection, our 
results were in agreement with those of Abd El-Rahman (2006), who concluded 
that eggs produced by slow feathering layers exhibited a marked deterioration of 
eggshell quality, but not with data reported by Belorechkov & Aliui (1986) and 
Ledvinka et al. (2011) about thinner eggshells in rapid feathering hens. The 
albumen index was higher for slow feathering birds from line L (K/W) – 9.01 vs 
8.04 (p<0.05), as also demonstrated by Belorechkov & Aliui (1986), while the 
values were almost identical in both genotypes within line K. 

 
Table 2. Egg quality measurements of hens at 40 weeks of age as affected by feathering genotype  
 

Line 
K     L 

Feathering genotype  

 
 

Traits 
k+/W K/W k+/W K/W 

 
Significance 

P - value 
 

Egg weight (g) 66,13a 66,00a 63,03b 62,27b 0,624 
Shell (%) 12,12 11,86 12,23 11,68 0,086 

Yolk (%) 30,85a 30,30a 29,20b 29,34b 0,583 
Albumen (%)  57,15b 58,23b 60,15a 60,96a 0,059 
Shape index (%) 76,08a,c 77,17a 76,97a 78,03a,b 0,035 
Shell thickness (mm) 0,378a 0,360c 0,373b 0,338d 0,000 
Yolk index (%) 42,35b 42,60b 44,54a 43,41a 0,427 
Albumen index (%) 7,38c 7,76c 8,04b 9,01a 0,038 
Haugh unit 75,14b 76,97b 78,72a 81,37a 0,141 
a–d statistically significant differences (p<0,05) in row are indicated by different superscripts 

 
The effect of the K locus genotype on fertility and hatchability of eggs 

(table 3), a significant impact was established (p<0.05). These parameters had 
higher values in chickens with the k+/W rapid feathering genotype from both lines 
studied. The embryonic death rate during the different incubation periods was not 
influenced by the feathering genotype in this study. Having compared hens with 
slow and rapid feathering of Line 54 layers, Durmus et al. (2010) demonstrated a 
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pronounced effect of K locus alleles on fertility, early embryonic death and 
hatchability of fertile eggs, but unlike our results, the fertility, early and late 
embryonic death rates were higher in slow feathering birds, whereas the 
hatchability of fertile eggs – in rapid feathering birds. The hatchability of incubated 
eggs was similar. On the other hand, Alsobayel and Al – Muhlem (1997) did not 
report any significant differences with regard to fertility rate, hatchability and 
embryonic death rate between slow and rapid feathering Baladi chickens.  
 
Table 3. Hatchability traits of hens as affected by feathering genotype  
 

Line 
K  L 

Feathering genotype  

 
 

Traits 
k+/W K/W k+/W K/W 

 
Significance 

P - value 
 

Fertility (%) 92,88a 86,73b 92,19a 85,84b 0,022 

Early embryonic 
mortality (%) 0,42 0,00 0,68 1,40 0,631 

Middle period  
embryonic mortality (%) 6,29 3,75 5,73 6,76 0,701 

Late embryonic  
mortality (%) 3,61 8,28 5,52 4,56 0,302 

Hatchability  
/fertile eggs/, % 92,65 92,98 94,66 89,94 0,364 

Hatchability 
/set eggs/, % 87,50a 80,77b 88,79a 81,01b 0,044 

a–b statistically significant differences (p<0,05) in row are indicated by different 
superscripts 

The data presented in table 4 showed a substantial effect of the studied 
factor on live body weight at 36 weeks of age (p<0.001). Differences between 
genotypes were present in line K with rapid feathering hens being heavier than 
slow feathering hems – 3874.70 g vs 3546.20 g (p<0.001). Lower body weight of 
slow feathering chickens was also reported by Abd El – Rahman (2006) – at the 
age of 40 weeks; by Nakamura et al. (2010) – at 250 days of age. Ning et al. 
(2005), Durmus et al.(2010) and Ledvinka et al. (2011) believed that slow 
feathering chickens were heavier than others. In the research of Younis and Galal 
(2006) there were no differences related to the genotype with regard to live body 
weight. This was the case with line L in the present investigation, where the 
chickens from line L were with similar live body weight.  

Exterior traits allowed making a more detailed evaluation and 
characteristics of the type and body structure of birds (table 4). The thigh and 
metatarsus length were significantly influenced by the feathering genotype, at 
levels of significance p<0.01 and p<0.001, respectively. The slow feathering 
genotype was better with regard to in agreement with the findings of Khosravinia 
(2008).  
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Table 4. Body weight and body measurements of hens at 36 weeks of age  
 

Line 
K L 

Feathering genotype  

 
 

Traits 
k+/W K/W k+/W K/W 

 
Significance  

P - value  
 

Body weight (g) 3874,7a 3546,20b 3327,90c 3377,14c 0,000 
Body length (cm) 21,30a 21,17a 19,90b 20,70b 0,346 
Breast  circumference (cm) 39,83 38,30 39,70 39,07 0,080 
Breast depth (cm) 12,67a 12,60a 12,90a 11,93b 0,081 
Keel length (cm) 14,03a 14,30a 13,37c 14,23a,b 0,050 
Thigh length (cm) 14,03a 14,23a 13,20b 14,30a 0,003 
Drumstick length (cm) 15,90a 16,20a 14,40b 14,83b 0,055 
Metatarsus length  (cm) 8,43d 9,03c 9,60b 10,13a 0,000 

a–d statistically significant differences (p<0,05) in row are indicated by different superscripts 
 
Conclusion 
 

K locus alleles had no significant effect on egg production traits (p>0.05). 
The presence of slow feathering allele resulted in lower fertility and hatchability of 
incubated eggs in both studied lines (p<0.05). A substantial effect of feathering rate 
alleles was observed with respect to the egg shape index (p<0.05), eggshell 
thickness (p<0.001) and albumen index (p<0.05). The presence of the slow 
feathering allele resulted in lower live body weight of birds from line K at the age 
of 36 weeks (p<0.05), but in longer thighs (p<0.01) and metatarsi (p<0.001) in both 
lines.   

The selection for creation of slow feathering lines for feather sexing 
purposes should take into consideration the effect of the K gene on studied traits.  

 
 

Uticaj alela operjalosti (K/K+) na nosivost, parametre 
izvođenja i pojedine telesne mere kokoši nosilja dve linije 
rase beli plimut rok      

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

Cilj istraživanja je bio da se ispita uticaj pola – povezan sa alelima 
operjavanja, na nosivost, parametre izvođenja  i telesne mere kokoši nosilja dve 
linije rase beli plimut rok  (linija L i linija K) koje se koriste kao majčinske linije u 
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proizvodnji brojlera. Četiri grupe kokoši nosilja uzrasta 18 nedelja, dve grupe po 
liniji, genotipova  K/W (sporo operjavanje) i k+/W (brzo operjavanje), respektivno.  
Grupe linije L su sadržavale 72 kokoši podeljene u 6 bokseva sa 1 petlom na 12 
kokoši, dok su grupe linije K imale 96 kokoši svakog genotipa, smeštene u 8 
boksova sa jednim petlom na 12 kokoši, ukupno 192 grla.  

K locus alela nije imao značajan uticaj na osobine proizviodnje jaja (p> 
0,05). Prisustvo alela za sporo operjavanje je rezultiralo u slabijoj plodnosti i 
procentu izleženih jaja u obe ispitivane linije (p <0,05). Značajan uticaj alela za 
operjavanje/perje je registrovan kod indeksa oblika jajeta (p <0,05), debljine ljuske 
(p <0,001) i indeksa belanca (p <0,05). Prisustvo alela za sporo operjavanje je 
rezultiralo nižim telesnim masama grla linije K u uzrastu od 36 nedelja (p <0,05), 
ali dužim karabatakom (p <0,01) i metatarzusima (p <0,001) u obe linije. 

Prilikom selekcije na stvaranje linija sa sporijim operjavanjem u svrhu 
seksiranja, trebalo bi uzeti u obzir uticaj K gena na ispitivane osobine. 
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