&g

Shahid Bahonar
University of Kerman

Journal of Livestock Science and Technologies

Iranian Society of
Animal Science

ISSN: 2322-3553 (Print) ISSN: 2322-374X (Online)

Paper type: Original Research

Evaluation of head and neck characteristics in Leghorn, Marandi, and
Leghorn—Marandi crossbred chickens

Fatemeh Mohalati, Ali Esmailizadeh Koshkoiyeh, Diana Shaban Jorjandy, Masood Asadi Fozi*

Department of Animal Science, Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran

*Corresponding author,
E-mail address:
masadi@uk.ac.ir

Abstract Native chickens in Iran play a crucial role in food security and rural
livelihoods, yet their productivity is lower than that of commercial breeds.
Crossbreeding with high-yielding lines has been proposed as a strategy to
improve economic traits. This study aimed to evaluate head and neck
characteristics in three genetic groups of Marandi, Leghorn, and their crossbreds.
A total of 50 hens and 50 cocks from each group were assessed at maturity.
Quantitative traits (head circumference, comb height and length, wattle length
and width, beak length, and neck length) and qualitative traits (comb type, eye
color, earlobe color, and beak color) were recorded. Data were analyzed using a
general linear model with Tukey’s test for mean comparison. Results revealed
diverse patterns of heterosis, with significant effects of both sex and trait type.
Crossbreds showed increased neck and beak length, while comb and wattle size
decreased in hens but increased in cocks. Qualitative traits displayed sex-
dependent dominance patterns, particularly for eye and earlobe color. These
findings highlight the potential of phenotypic traits as indirect indicators of health,
physiology, and productivity, providing valuable insights for breeding and
management programs aimed at improving native chicken performance.
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Introduction ) o o
production efficiency (Pourhamidi et al., 2024). Therefore,

Poultry farming, particularly chicken production, holds a
special position as one of the most important sources of
animal protein in the world and in Iran. Due to the limited
natural resources available for raising other livestock in
many countries, the development and genetic
improvement of poultry has gained even greater
importance (Yang and Jiang, 2005). In Iran, the rearing of
indigenous chickens has long been common in rural
areas, where they not only supply part of the household’s
food needs but also serve as a source of income for
villagers (Azarbayjani et al., 2015; Ghorbani et al., 2024).
Indigenous chickens of Iran are highly resistant to harsh
environmental conditions; however, compared with
commercial breeds such as Leghorn, they show lower

crosshreeding programs between indigenous and
commercial breeds have been proposed as a strategy to
enhance performance and improve economic traits
(Khosroshahi and Afraz, 2008).

One of the key aspects of poultry breeding studies is
attention to visual traits, especially head and neck
characteristics. These traits are important not only for breed
identification and phenotypic classification but also because
they are directly or indirectly linked to bird health status,
production efficiency, and physiological mechanisms (Smith
et al., 2002; Guo et al., 2016). For example, comb and
wattle size and color may serve as indicators of,
physiological condition thermoregulation, and productive
Capacity (Ahmad et al., 2014).
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The Marandi breed is one of the best-known
indigenous chickens of Iran, recognized for its distinctive
appearance, such as glossy black plumage, as well as
for its climatic adaptability and resilience (Ghorbani et
al., 2024). In contrast, the Leghorn breed is a well-known
commercial layer, widely raised in many countries for its
high egg production (Yakubu et al., 2009). Studying the
crossbreeding of the native and commercial breeds can
provide valuable information on changes in
morphological, productive, and economic traits in the
resulting generations (Tixier-Boichard et al., 2011).

The present study was conducted to compare the
head and neck characteristics of the Leghorn, Marandi,
and Leghorn—Marandi crossbreds. The results of this
research may be useful in the designing of the breeding
programs and in improving the productivity of indigenous
chickens in Iran.

Materials and methods

To investigate the effects of crossbreeding between
indigenous and commercial chickens on visual traits,
Marandi males were crossed with Leghorn females.
Details of the crossbreeding were reported previously
(Pourhamidi et al., 2024). In this study, 50 hens and 50
roosters, sexually-matured, were randomly selected
from each of the three genetic groups including Leghorn,
Marandi, and Leghorn—Marandi crossbreds.

The studied traits included neck length, comb type, comb
length, comb height, earlobe color, beak color, beak
length, head circumference, eye color, wattle length, and
wattle width. The traits were classified into quantitative
and qualitative categories. Quantitative traits were
measured using appropriate measuring tools (tape
measure), while qualitative traits were determined
through direct observation and visual assessment. The
definition of each trait, along with its measurement or
evaluation method, is presented in Table 1.

Table 1. Definition, method of measurement, and classification of the head and neck traits in Leghorn,

Marandi, and Leghorn-Marandi crossbred chickens

Trait Definition Method of Trait category
measurement/assessment

Head From the base of the comb to the beginning of the I

. Tape measure Quantitative
circumference  wattle
Comb height Ztr; Tﬁ:@:{%g?ﬁé%ﬂggm the comb to its Tape measure Quantitative
Comb length From the base of the comb to its end Tape measure Quantitative
Wattle length Ztrt?;\ Tht:]z:t'%ﬁﬁte '?:ggm the wattle to its Tape measure Quantitative
Wattle width Maximum width of the wattle Tape measure Quantitative
Beak length From tip of the beak to its attachment to the head Tape measure Quantitative
Neck length From the junction of the neck with the head to its Tape measure Quantitative

attachment to the body

Comb type General appearance Direct observation Qualitative
Eye color orange-yellow, yellow Direct observation Qualitative
Earlobe color White, white-pink, pink, red Direct observation Qualitative
Beak color White, white-black Direct observation Qualitative

Statistical analysis

Quantitative data were analyzed using SAS (2008) for
the following model:

Yik = U+ ai + Bj + €ijk

where, yik is the measured trait, p is the mean, qi is the
ith effect of genetic group, Bj is the jih effect of sex, and eijx
is the experimental error. The chickens were the same
age at the time of evaluation. The Tukey’s test was used
for mean comparison at P<0.05.

Heterosis for each trait was calculated using the
following equation:

F1-(—
P1+P2
2

P1 +P2)
Heterosis (%) = ]

where, F1 is the average performance of crosses,
and P1 and P2 are the average performance of parents
(Fairfull et al., 1987).
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Results and discussion

In this study, the head and neck traits of female and male
Leghorn, Marandi, and Leghorn—Marandi crossbreds
were investigated. The results are presented in Tables 2
and 3.

Head circumference

Head circumference in female Leghorns was
significantly (P<0.05) smaller than in Marandi, while no
significant difference was observed between Leghorns
and crossbreds. Heterosis for female head
circumference was -6.64%, showing a decreasing effect
of crossbreeding on this trait in females.

In males, head circumference in Leghorns was
smaller than in Marandi (P<0.05), but crossbreds had
larger heads than both parents. Heterosis for this trait in
males was 26.94%, indicating that, unlike in females,
crossbreeding increased head size in males.



Head and neck traits in Leghorn, Marandi, and their crosses

Past studies showed that head circumference could
serve as a useful genetic marker in the selection of birds.

(Abdulraheem et al., 2020; Kyere et al., 2020).

Table 2. Least-squares means (+SEM) of the head and neck traits in female
Leghorn, Marandi, and Leghorn-Marandi crossbreds

Trait Leghorn Marandi Crossbred Heterosis (%)
Head circumference (cm) 10.83 +0.102 14.17 £ 0.26P 11.67 + 0.292 -6.64
Comb type Single Single Single -
Comb height (cm) 5.86+0.172 2.46+0.13> 1.46 +0.13bc -60.10
Comb length (cm) 9.73+0.122 550+0.13> 4.66 +0.15¢ -38.80
Waittle length (cm) 2.90+£0.052 1.40+0.04° 1.90+0.03° -11.63
Wattle width (cm) 2.03+£0.032 1.00 +£0.01> 1.06 +0.01b -30.03
Eye color Orange-yellow  Yellow Yellow -
Earlobe color White-pink White White -
Beak color White White-black White -
Beak length (cm) 3.0+0.01* 25+0.01° 3.0+0.01% 9.09
Neck length (cm) 9.06 £0.22> 13.00 + 0.352 13.03 + 0.362 18.13

&b Within row, means with common superscript (s) are not different (P>0.05).

Table 3. Least-squares means (+SEM) of the head and neck traits in male
Leghorn, Marandi, and Leghorn-Marandi crossbreds

Trait Leghorn Marandi Crossbred Heterosis (%)
Head circumference (cm) 11.71 +£0.112 16.65 + 0.28> 18.00 £ 0.32¢ 26.94
Comb type Single Single Single -
Comb height (cm) 5.95+0.182 250+0.12> 5.40+0.162 35.00
Comb length (cm) 9.98+£0.13* 7.86+0.13° 10.50 +0.22° 19.39
Wattle length (cm) 2.60+0.06a 1.90 £0.05> 2.90 £ 0.072 28.89
Wattle width (cm) 2.36+0.052 1.50+0.026 2.60+0.112 34.72
Eye color Orange-yellow Yellow Orange-yellow —
Earlobe color White-pink Red Pink -
Beak color White White-black White -
Beak length (cm) 3.0£0.012 3.0+0.012 3.5%0.01b 16.67
Neck length (cm) 9.60 £0.25> 12.06 +0.272 12.60 + 0.292 16.34

ab\within row, means with common superscript (s) are not different (P>0.05).

Comb

The comb type was single in all groups, but Leghorn
females and males had larger combs compared with
Marandi. Previous studies also showed that comb size
in the Leghorn breed was significantly larger than that of
native Iranian breeds (Ghorbani et al., 2024). Comb
length differed significantly among the studied breeds.

In females, the comb height in leghorn was higher
than in Marandi and crossbreds but no significant
difference was found between Marandi and crossbreds.
The heterosis for this trait was -60.10%, indicating that
crossbreeding reduces comb height in female offspring.
In males, the highest comb height was in Leghorn and
the lowest in Marandi.

In males, the comb height in leghorn was higher than
Marandi, while Leghorn and crossbreds show similar
comb length. Here, heterosis was 35%, suggesting an
increasing effect of crossbreeding on comb height in
male offspring. Comparing these results in females and
males shows that the effect of crossbreeding on this trait
is sex-dependent.

Significant differences (P<0.05) were observed in
comb length across the female breeds. In hens,
Leghorns had the tallest combs, while crossbreds
showed the lowest values. In males, the tallest and the
lowest comb length were found in crossbreds and
Marandi, respectively.

For this trait negative heterosis (-38.80%) was
observed in females, whereas positive heterosis
(19.39%) was recorded in males. In other words,
crossbreeding reduced comb length in females but
increased it in first-generation males. Since comb size
depends on both the height and length, it can be
concluded that crossbreeding between Leghorn and
Marandi reduced the comb size in crossbred females but
increased it in crossbred males, while the comb shape
remained unchanged.

Previous studies showed that comb size was not
merely a simple phenotype but also an indicator of
physiological status and thermoregulation capacity in
birds. Larger combs may be associated with greater heat
dissipation capacity and higher levels of sex hormones
(Smith et al., 2002; Yakubu et al., 2009; Lan et al., 2013).

Wattle
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In females, the greatest wattle length was observed in
Leghorn, and the lowest one Marandi. Crossbreds did
differ significantly (P<0.05) from Marandi in this trait.
Heterosis for female wattle length was -11.63%,
indicating a decreasing effect of crossbreeding on this
trait in female offspring. Crossbred and Leghorn males
had the highest wattle length, while Marandi males had
the lowest. Heterosis for wattle length in males was
28.89%, showing that crosshreeding increased wattle
length in crossbred males.

Wattle width in Leghorn hens was significantly
greater than in the other two groups, while no significant
difference was observed between Marandi and
crossbred females. Heterosis for female wattle width
was -30.03%, indicating that crossbreeding reduced the
wattle width in females.

In males, wattle width was highest in crossbreds and
Leghorns and lowest in Marandi. Heterosis for this trait
in males was 34.72%, showing that, unlike females,
crossbreeding increased wattle width in crossbred
males.

Overall, these results show that crossbreeding
reduced the wattle size in females but increased it in
males, a finding consistent with similar studies on
crossbreds of native and commercial chickens (Tixier-
Boichard et al., 2011). The wattle is a fleshy skin
appendage that hangs in pairs on either side of the bird’s
beak, differing in shape and size across chicken breeds,
though with less variation than combs. Some hens have
long, rectangular wattles, while others have short,
rounded ones. Roosters generally have larger and
longer wattles than hens of the same breed. Previous
studies indicated that wattle size can be influenced by
sex hormones and is positively correlated with body
weight. Wattle and comb size also play a role in
thermoregulation. Moreover, their color and vitality can
serve as indicators of physiological condition and as a
quick measure of bird health (Smith et al., 2002; Ahmad
et al., 2014; Guo et al., 2016).

Eye color

Eye color in Leghorn and Marandi females was orange-
yellow and vyellow, respectively. Crossbred females,
similar to Marandi, had yellow eyes, while crossbred
males, like Leghorn, had orange-yellow eyes. These
results showed that in females, yellow color is dominant
over orange-yellow, while in males, orange-yellow is
dominant over yellow color. Similar to previous studies,
the present study also showed that genetic relationships
between colors are influenced by sex (Emrani et al.,
2020).

Earlobe color

In females, Leghorns had white-pink earlobes, while
Marandi and crossbreds had white earlobes. In other
words, crossbred females resembled Marandi, showing
that white earlobe color is dominant over white-pink. In
males, Leghorns had white-pink earlobes, Marandi had
red, and crossbreds showed pink, which indicates an
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intermediate dominance between white-pink and red.
These results suggested that earlobe color inheritance is
affected by both crossbreeding and sex.

The presence of white earlobes is due to purine-
based deposition, while colored earlobes are attributed
to a mix of pigments such as melanin or carotenoids.
Earlobe color is not only a simple phenotypic trait but is
also associated with production traits such as eggshell
color. Across breeds, earlobe color ranges from white to
almost black. It has been reported that hens with white
earlobes usually lay white-shelled eggs, while birds with
darker earlobes lay brown eggs, though exceptions exist
(Nie et al., 2016; Baylan et al., 2017).

Beak

Beak color in Leghorns and Marandi was white and
white-black, respectively. In both sexes, crossbreds
resembled Leghorns with white beaks. These results
showed that white beak color is dominant over white-
black and is not sex-dependent. The beak is an external
structure of the upper and lower jaws covered with a
keratinized epidermal layer, used in many essential
activities such as feeding, drinking, and fighting (Bai et
al., 2014). Previous studies suggested that beak color
may serve as a dynamic indicator of bird health. Unlike
feathers, which are replaced during molting and are
inactive tissues, the beak tip contains blood vessels, and
changes in its color may reflect physiological changes in
response to environmental conditions (Schull et al.,
2016).

Beak length in female Leghorns was significantly
larger than in Marandi, while crossbreds were similar to
Leghorns. Heterosis for female beak length was 9.09%,
showing an increasing effect of crossbreeding. In males,
crossbreds had the longest beaks, while Leghorn and
Marandi were similar. Heterosis for male beak length
was 16.67%. These results indicate that crossbreeding
increased beak length in both sexes, though the effect
was stronger in males.

The importance of this trait lies in the fact that
changes in beak shape and length can influence feed
intake, growth rate, and bird behavior in birds (Bai et al.,
2014; Schull et al., 2016). Therefore, increased beak
length in crossbreds may have either economic
advantages or disadvantages depending on the rearing
conditions.

Neck length

Neck length in female and male Leghorns was
significantly shorter than in the other two groups, while
no significant difference was found between Marandi
and crossbreds. Heterosis for this trait in females and
males was 18.13% and 16.34 %, respectively, indicating
an increase in neck length in crossbreds due to
crossbreeding.

The bird’s neck is not simply a connection between
the head and body but a complex structure performing
various functions such as feeding, maintaining balance,
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and more. Previous studies have reported a significant
negative correlation between the neck length and body
weight, such that birds with longer necks tend to have
lower body weight (Abdulraheem et al., 2020; Kyere et
al., 2020). Previous research showed that linear body
measurements such as neck length can serve as useful
indicators in bird genetic selection (Abdulraheem et al.,
2020). Due to negative correlation between the neck
length and body weight (Abdulraheem et al., 2020; Kyere
et al., 2020), selection based on visual traits should also
consider the production performance (Abdulraheem et
al., 2020; Suyatno et al., 2023).

Conclusion

In the present study, head and neck traits were
investigated in Leghorn, Marandi, and Marandi-Leghorn
crossbred chickens. Crossbreeding can induce
significant changes in these traits; however, the
response of crossbreds to the mating of commercial and
indigenous parents is strongly dependent on sex and the
specific trait, with both positive and negative heterosis
patterns observed. These results highlighted the
importance of considering visual traits as indirect
indicators of bird health, hormonal status, and production
performance. Therefore, incorporating these traits into
breeding programs and poultry management strategies
can could be beneficial.
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