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Abstract
In the present study, the fertility rate and egg-hatching results from either natural mating or arti�cial insemination using 1- and
2-year-old domestic Turkish geese were compared. Sperm quality traits of 1- and 2-year-old ganders used for mating were
determined. The study comprised 72 two-year-old females, 12 one-year-old, and 12 two-year-old ganders at the beginning of the
laying period. Thirty-six female geese were mated naturally (18 with 1-year-old ganders, 18 with 2-year-old ganders); the
remaining 36 were arti�cially inseminated (18 with 1-year-old ganders, 18 with 2-year-old ganders). Twenty-four ganders were
separated into groups (12 for natural mating; 12 for arti�cial insemination). The male-to-female ratio in both mating protocols
was 1:3. The geese were housed during the laying period in a natural and arti�cially ventilated house under natural lighting
(increased day length). Quality traits, such as semen volume, sperm concentration, sperm quality factor (SQF), sperm motility,
and some sperm morphological properties were determined. Fertility was higher in the groups containing 2-year-old ganders
than in those using 1-year-old ganders (P < 0.05). The effect of insemination on semen volume, sperm concentration, SQF,
sperm motility, total live sperm, normal sperm, macrocephalus sperm, and dead sperm was determined to be signi�cant (P <
0.05). As a result, there is a need to improve the egg production and broody behavior traits of domestic Turkish geese. In
addition, the use of 2-year-old geese in arti�cial insemination is appropriate and will contribute positively to the breeding and
selection process.

Introduction
Geese, are a species that can digest high cellulose-containing feedstuffs and herbs; are resistant to adverse climatic conditions,
especially cold environments and disease factors; have low housing requirements; and produce highly nutritional food (Labatut,
2002). Despite these desirable properties, they have a shorter laying period, lower fertility rates, and lower egg yield than other
poultry. In addition, sperm concentration, ejaculate volume, and live sperm count per unit ejaculate are lower in geese than in
other poultry (Lukaszewicz et al. 2000), which results in a decrease in reproduction with low egg yields due to low fertility rates.
Furthermore, the production of quali�ed breeding parents is di�cult because of low fertility rates, and the insu�cient
knowledge and experience of breeders increase the problem. Hatching di�culties also signi�cantly limit gosling production (Liu
et al. 2008). In the geese and other poultry species that enter a laying season, arti�cial insemination can be used effectively to
increase fertility rates during periods of low sexual activity (Kulaksız, 2016). For arti�cial insemination in geese using fresh
semen to become widespread and practical, the fertility rate results must be compared to those of naturally mating geese. It
has been generally observed that fertility rates from natural mating are lower than those from arti�cial insemination (Kowalczyk
and Lukaszewicz, 2012); therefore, arti�cial insemination can increase the yield of fertile eggs from domestic geese that
previously had low egg yields and fertility rates. Because the sperm quality in arti�cial insemination is also determined, low
fertility rates resulting from this can be controlled. There have been studies on sperm quality and reproduction using natural
mating and arti�cial insemination of different goose breeds (Liu et al. 2008; Lukaszewicz, 2010]; however, none were conducted
using the local geese native to Turkey. Turkish geese are the most common breed in Turkey. As a result of increasing the yield of
offspring by arti�cial insemination, the number of goslings will increase, and the pro�tability will be increased at the same time.

Turkish domestic geese attain sexual maturity at a late age (8–9 months). For this reason, it has become necessary to use
males and females for breeding for 2–3 years. In Turkey, geese producers can use stock up to 5–6 years old for production
(Boz et al. 2014; Demir et al. 2013). Studies have indicated that the annual egg yield of this population was 11–13 eggs, for
which the body weight, egg yield, and breeding traits are to be improved, the average laying period was 60–75 d, and the laying
season was February–May. Studies have also reported that the fertility rate in this population was between 70% and 80% (Boz
et al. 2014; Demir et al. 2013). Several studies have indicated that the domestic genotypes are inadequate in terms of egg yield,
fertility, and incubation results (Arslan and Saatçi, 2003; Boz et al. 2014; Demir et al. 2013;Tilki and İnal, 2004). In particular, the
e�ciency of mating young males to old females or old males to young females compared to that of mating geese of the same
age has not been su�ciently demonstrated. It will also be easier to obtain these mating pairs using arti�cial insemination than
natural mating. In this study, the differences in the fertility rate and hatching results of eggs obtained by natural mating and
arti�cial insemination of 2-year-old female Turkish domestic geese were investigated. The quality of the sperm from 1- and 2-
year-old ganders used in both mating protocols was determined over different periods.
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Materials And Methods
Animals

The animal used in the study were 72 two-year-old female domestic geese and 24 male geese, 12 one-year-olds and 12 two-
year-olds. Thirty-six female geese were naturally mated (18 females with 1-year-old males; 18 females with 2-year-old males).
The other 36 female geese were arti�cially inseminated (18 females were inseminated with the sperm of 1-year-olds; 18
females with the sperm of 2-year-olds). In both the natural mating and arti�cial insemination groups, the male: female ratio was
1: 3 (1 : 3 ).

In the present study, all female geese had an average live weight per experiment of 4.00 ± 0.03 kg (between 3.75 and 4.21 kg).
The live weights per experiment for the 1-year-old and 2-year-old ganders were 4.54 ± 0.03 kg (between 4.27 and 4.79 kg) and
4.60 ± 0.3 kg (between 4.33 and 4.80 kg), respectively. The experimental protocol was approved by the Ethical Committee on
Animal Experimentation of the University of Niğde Ömer Halisdemir.

Rearing and feeding

Our study was conducted in Yozgat Province, Turkey (located between 34º 05'–36º 10' N longitude and 38º 40–40º 18' E
latitude), where terrestrial climatic conditions are dominant. The geese were housed in an 8 m × 16 m enclosure with windows
and both natural and arti�cial ventilation. The housing conditions changed with natural light and seasonal temperature. The
daylight duration at the beginning of the study was 9.5 h and reached 13.8 h by the end of the study; temperatures ranged
between −3.5 and 33.8°C. The study was conducted between January and June 2019. In the natural mating group, 3 females
and 1 male were placed in 4.5 m2 sections with 6 replicates for 1-year-old ganders (NM-1), and 6 replicates for 2-year-old
ganders (NM-2). In the arti�cial insemination group, 6 replicates of 3 females were created, and the 18 female geese were
arti�cially inseminated with the sperm of 1-year-old ganders (AI-1) and 18 females with the sperm of 2-year-old ganders (AI-2).
Female geese used in arti�cial insemination were housed individually in pens of 4.5 m2, and the ganders were housed in 1 m2

pens.

During the study, the animals had free access to fresh drinking water and were fed 250 g/animal/d. Egg starter feed (17.5%
crude protein, 7% crude cellulose, 13.0% crude ash, 2.0–2.2% Ca, 11.51 MJ/Kg metabolic energy) was provided for 1 month
before the laying period. Egg production feed (17.0% crude protein, 7.0% crude cellulose, 13.0% crude ash, 3.5–4.0 Ca, 11.51
MJ/Kg metabolic energy) was provided from the beginning of the egg yield until the end of the study.

Egg yield and broodiness

The eggs collected in all compartments from the beginning of the laying period were individually numbered according to the
trial groups. The period during which egg production did not occur in all groups for 1 continuous week after the start of laying
was taken as the laying period. In addition, the brooding geese were determined according to the treatment groups and
recorded. Egg yield and broodiness were expressed as percentages (%) for all experimental groups. In the experimental groups,
the �rst laying took place on January 27, 2019, and the last laying took place on April 15, 2019, followed a 7 d period when no
laying occurred. The period between these two dates was accepted as the laying period, calculated as 79 d.

Fertility and hatching results

Eggs obtained from the experimental groups were kept in egg storage cabinets for 7 d at 15–16°C and 70% relative humidity
and then placed in an incubator. Egg fertility was controlled at 8 days of incubation, and fertilized eggs were also analyzed for
embryonic deaths and excluded from incubation. The fertility rates were determined according to the experimental groups.
During the incubation period (8–27 d), the eggs were regularly cooled and moistened using water. The incubation conditions
and the procedures performed during the incubation period are provided in Table 1. At 28 d, the eggs were taken from the
incubator, placed into a hatchery machine, and separately coded according to the treatment group. Incubation traits (early,
middle, late embryo deaths, pipped embryonic mortalities, contaminated eggs, morbid/dead eggs, hatchability, and incubation
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yield) were determined according to the treatment group for the eggs that did not hatch at the end of the incubation process.
The eggs obtained were incubated every 7 days. During the study, 11 incubation procedures were carried out. A total of 762
eggs were used in experimental groups (NM-1: 200, NM-2: 164, AI-1: 157, and AI-2: 241 eggs) for these incubation procedures.

Table 1 Incubation conditions adopted for the study

21 Temperature

(°C)

Humidity

(%)

Rotating Procedure

1–7 37.7 55–60 Once/h -

8 37.7 55–60 Once/h Fertility control + cooling + water spraying

9 37.7 55–60 Once/h 10 min. cooling + water spraying

10 37.7 55–60 Once/h 15 min. cooling + water spraying

11 37.7 55–60 Once/h 20 min. cooling + water spraying

12 37.7 55–60 Once/h 25 min. cooling + water spraying

13 37.7 55–60 Once/h 30 min. cooling + water spraying

14–20 37.5 55–60 Once/h 30 min. cooling + water spraying

21–24 37.5 55–60 Once/h 35 min. cooling + water spraying

25–27 37.2 55–60 Once/h 35 min. cooling + water spraying

28–31 36.9 75–80 - -

Semen collection and arti�cial insemination

Semen collection was performed 3 times a week for arti�cial insemination (2 times a week towards the end of the reproductive
period) for the continuity of sperm production. The insemination of the females was carried out twice a week, and the geese
were inseminated 26 times in total. The semen collection was completed within 20–25 minutes in each cycle. Dorsa-abdominal
massage was applied to ganders for collecting semen. Semen was diluted 1:1 with saline and kept at 4ºC, and injected into
females within 45 minutes. During the study, depending on the arti�cial insemination treatment group, semen taken from the
same males was injected into the same females (semen from 1 male was multiplied and injected into 3 females). For this
purpose, male and female groups in the arti�cial insemination group were enumerated. Needle-free tubercle injectors (HSW
HENKE-JECT® - TBC Dosage syringe for tuberculin testing 2 ml, Germany) were used for injecting semen. At each insemination
(for each female goose), 0.15 ml of diluted semen was injected 3–4 cm deep into the oviduct (Liu et al. 2008; Lukaszewicz,
2002; Łukaszewicz, 2010).

For semen quality traits, semen was collected from males in all experimental groups once every 2 weeks in the morning and
evaluated for quality traits within 30 minutes (Grunder and Pawluczuk, 1991; Liu et al. 2008). Three replicate samples were
obtained from each of three ganders. Although the laying period ended in April, the male geese (in the same experimental order)
continued to produce sperm. Since semen could not be obtained despite milking, the determination of semen quality traits in
males was terminated on May 15, 2019. Semen collection started on January 17, 2019, and ended on May 15, 2019. The
semen collection period lasted 119 days.

Determination of sperm quality

The collected semen samples were examined for speci�c parameters, such as ejaculate volume, color, blood, fecal
contamination, sperm motility, concentration, and sperm morphology. Both sperm viability and morphology were investigated
using an Olympus E-330 light microscope after the specimens were stained with eosin-nigrosin and Giemsa. Eosin-nigrosin
staining is conducted by spreading the preparations on a glass slide and adding an eosin-nigrosin suspension onto the semen
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sample. After drying, it is �xed and examined. Using this technique, the concentration between the sperm heads is increased by
the nigrosin. In Giemsa staining, the semen sample is dropped onto a slide, and a peripheral smear is conducted. The dye is
then placed on the slide and left to stand for some time. Later, the excess dye is removed, and the slide is examined. These two
staining methods complement each other. Sperm count, concentration, and motility were determined using a MicroCell counting
chamber. According to the results obtained, the sperm quality factor was determined using the following formula (Liu et al.
2008; Lukaszewicz, 2002):

Sperm quality factor = sperm concentration (nx106 mL-1) × ejaculate volume (mL) × live and normal-morphology sperm count
(%) / 100

Statistical analyses

The study was arranged according to a 2×2 factorial trial design, and the insemination method and gander age were considered
as the main effects. All variables were examined for normality and homogeneity of variance using the Shapiro–Wilk and
Levene tests, respectively. Results that were not normally distributed were log-transformed (especially sperm quality traits)
before univariate analyses were conducted. Other "percentage" data were determined to have homogeneous distributions
(Levene test; p > 0.05). All data were subjected to univariate analyses using a model that contained the main effects of
insemination type, age, and their interaction. Treatment means were separated using Duncan's multiple range test. All tests were
performed at a 0.05 signi�cance level. All data analyses were performed using the SPSS software program (Version 21.0,
licensed by Ondokuz Mayis University).

Results
Egg yield and broodiness

The effect of insemination type and age on average daily egg yields and broodiness is given in Table 2, and the change in the
laying period is given in Table 3. Depending on the type of insemination, there were no differences between the experimental
groups in terms of egg yield. There was higher broodiness in experimental groups AI-1 and AI-2, (P  0.05). Depending on the
laying period, the highest egg yield was obtained in February; the lowest yields were produced in January and April (P  0.05).
As the laying period progressed in all groups, broodiness also increased (P  0.05).

Table 2 Average daily egg yield and broodiness by insemination type and age
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Insemination method Ganders age Daily egg yield (%) Broodiness (%)

Natural mating 1-year-old 12.8 28.4

2-year-old 12.7 25.8

Total 12.8 27.1

Arti�cial insemination 1-year-old 11.9 33.3

2-year-old 16.4 32.6

Total 14.1 33.0

Total 1-year-old 12.3 30.9

2-year-old 14.6 29.2

SEM 0.600 1.110

Effects

Insemination method 0.253 0.008

Ganders age 0.064 0.456

Interaction 0.055 0.668

Notes: SEM: Standard error of the mean

Table 3 Average daily egg yield and broodiness by laying period

Properties (%) Laying period

  Jan Feb Mar Apr SEM P

Daily egg yield 6.9c 19.4a 13.9b 3.5c 0.609 0.000

Broodiness 0.0c 0.4c 42.6b 69.4a 1.110 0.000

Notes: SEM, standard error of the mean; a,b,c: The differences between the means shown in different letters in the same row are
statistically signi�cant

Incubation traits

The insemination method and the effects of gander age on hatching traits are given in Table 4. Egg fertility differed
signi�cantly according to insemination type and age (p < 0.05). In natural mating, the fertility rate of eggs was higher than in
arti�cial insemination (81.9% vs. 74.4%) and higher in 2-year-old geese compared to 1-year-old geese (84.5% vs. 71.8%). While
the incubation yield was not affected by the insemination method, the age of the geese signi�cantly affected the incubation
yield. It was higher in groups mated or inseminated by 2-year-old ganders than those mated or inseminated by the 1-year-old
ganders: 72.4% and 59.2%, respectively (p < 0.01). Hatchability, early-middle-late and pipped embryonic mortalities,
contaminated egg amounts, and morbid/dead chick ratios did not differ according to insemination method and gander age (p >
0.05; Table 4).

Table 4 Incubation results after natural mating and arti�cial insemination
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Insemination method Ganders age F H IY EEM MEM LEM PEM CE MDC

Natural mating 1 old 75.4 84.1 63.4 5.4 2.1 0.7b 3.7 3.1 0.8

2 old 88.5 85.3 75.3 3.5 2.2 5.7a 0.9 2.4 0.0

Total 81.9 84.7 69.4 4.4 2.1 3.2 2.3 2.8 0.4

Arti�cial insemination 1 old 68.1 80.6 54.9 8.7 1.5 2.8ab 2.3 4.0 0.0

2 old 80.6 86.1 69.5 6.2 1.7 1.6b 1.7 2.7 0.0

Total 74.4 83.3 62.2 7.5 1.6 2.2 2.0 3.3 0.0

Total 1 old 71.8 82.3 59.2 7.1 1.8 1.7 3.0 3.6 0.4

2 old 84.5 85.7 72.4 4.8 1.9 3.6 1.3 2.5 0.0

SEM 2.179 1.642 0.332 0.895 0.508 0.692 0.528 0.590 0.198

Effects

Insemination method 0.032 0.682 0.074 0.095 0.622 0.444 0.786 0.652 0.329

Ganders age 0.001 0.331 0.002 0.213 0.902 0.138 0.102 0.417 0.329

Interaction 0.932 0.528 0.733 0.875 0.975 0.021 0.309 0.792 0.329

Notes: SEM: Standard error of the mean; a,b : The differences between the means shown in different letters in the same column
are statistically signi�cant; F: Fertility; H: Hatchability; IY: Incubation yield; EEM: Early embryonic mortalities; MEM: Middle
embryonic mortalities; LEM: Late embryonic mortalities; PEM: Pipped embryonic mortalities; CE: Contaminated eggs; MDC:
Morbid/dead chicks

Sperm quality traits

Sperm quality traits in natural mating and arti�cial insemination using 1- and 2-year-old ganders are provided in Tables 5 and 6.
Semen volume, sperm concentration, sperm quality factor (SQF), and sperm motility were higher in the ganders used for
arti�cial insemination compared to the ganders in the natural mating group (p < 0.05). In addition, in terms of all quality traits,
2-year-old ganders had better quality sperm than the 1-year-old ganders (p < 0.05; Table 5). The interaction effect on sperm
concentration was also found to be signi�cant (p < 0.05).

Table 5 Sperm quality traits after natural mating and arti�cial insemination.
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Insemination
method

Ganders
age

Semen volume
(mL)

Sperm concentration
(nx106 mL-1)

Sperm quality factor
(SQF)

Sperm motility
(%)

Natural mating 1 old 0.18 220.47d 11.94d 46.77

2 old 0.21 240.42c 16.25c 48.69

Total 0.19 229.92 13.98 47.68

Arti�cial
insemination

1 old 0.23 311.89b 23.28b 48.21

2 old 0.26 370.19a 34.95a 50.13

Total 0.24 341.04 29.12 49.17

Total 1 old 0.21 269.86 18.07 47.55

2 old 0.24 313.90 26.84 49.51

SEM 0.004 5.900 0.968 0.378

Effects

Insemination method 0.000 0.000 0.000 0.050

Ganders age 0.000 0.000 0.000 0.011

Interaction 0.415 0.012 0.010 0.998

Notes: SEM: Standard error of the mean. a,b,c,d: The differences between the means shown in different letters in the column are
statistically signi�cant

The effect of the insemination method and age on total live and normal sperm in ganders was signi�cant (p < 0.01). The
ganders used for arti�cial insemination produced higher total live and normal semen in the 2-year-old ganders than the 1-year-
old ganders compared to the naturally mating ganders. Macrocephalic sperm percentages were higher in natural mating
ganders than those used for arti�cial insemination and were 27.51% and 26.53%, respectively (p < 0.05). Bent-neck and
midpiece sperm percentages were not affected by insemination type and age. However, immature sperm and other sperm
deformities were signi�cantly affected by the gander's age (p < 0.01). The immature sperm percentage was higher in 2-year-old
ganders than 1-year-olds (6.53% vs. 3.33%). Other sperm deformities were found to be higher in 1-year-old ganders (6.62% vs.
3.00%). Dead sperm percentages were also signi�cantly higher in the natural mating ganders and 1-year-old ganders (p < 0.01).

Table 6 Sperm morphology traits after natural mating and arti�cial insemination
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Insemination
method

Ganders
age

Total
live
sperm

(%)

Normal
sperm

(%)

Macrocephalic
sperm

(%)

Bent-
neck
sperm

(%)

Mid-piece
deformed
sperm
(%)

Immature
sperm

(%)

Other
sperm
deformities

(%)

Dead
sperm
(%)

Natural
mating

1 old 89.77 29.55 27.62 15.97 7.00 3.32 6.55 10.22

2 old 90.56 32.11 27.39 15.06 6.39 6.61 3.00 9.44

Total 90.14 30.76 27.51 15.54 6.71 4.88 4.87 9.85

Arti�cial
insemination

1 old 90.60 31.79 26.89 15.23 6.66 3.34 6.68 9.40

2 old 91.32 33.87 26.17 15.32 6.49 6.47 3.00 8.68

Total 90.96 32.83 26.53 15.28 6.57 4.90 4.84 9.04

Total 1 old 90.22 30.76 27.23 15.57 6.82 3.33 6.62 9.78

2 old 90.99 33.11 26.70 15.21 6.45 6.53 3.00 9.01

SEM 0.099 0.264 0.217 0.191 0.166 0.166 0.162 0.099

Effects

Insemination method 0.000 0.000 0.025 0.537 0.722 0.777 0.701 0.000

Ganders age 0.000 0.000 0.268 0.281 0.247 0.000 0.000 0.000

Interaction 0.876 0.620 0.573 0.194 0.513 0.726 0.701 0.876

Notes: SEM: Standard error of the mean

Discussion
Egg yield and broodiness

Although geese were the �rst poultry to be domesticated, their reproductive behaviors depend on the season and geographical
location (Shi et al. 2008; Kozák, 2019). In European countries, the reproduction period begins towards the end of January and
ends in June (Gumulka andRozenboim, 2015). Data obtained from the present study were in line with those reported by
Łukaszewicz et al. (2000), Gumulka and Rozenboim (2015), and Yu et al. (2016a). We determined that domestic geese have
seasonal laying behaviors and a short egg-production period between January and June. Although the genetic structure and
environmental factors in�uenced laying, this activity takes an average of 70–130 d (Bogenfürst, 2005; Gumułka and
Rozenboim 2017)]. In the present study, the laying period was found to be 79 d. The highest laying level was in February
(19.4%), followed by March (13.9%), January (6.9%), and April (3.5%). Breeding studies on the reproductive traits of domestic
geese have just begun, and the fact that the studies are conducted on populations taken from �ocks in which natural breeding
is used is a factor in low egg yield.

Broodiness is an important problem in commercial goose production (Qin et al. 2013) and is affected by factors such as
genetic structure, environment, nutrition, and the level of hormones in the blood. Changing levels of reproductive endocrine
hormones, including gonadotropin (GnRH), prolactin (PRL), luteinizing hormone (LH), progesterone (P4), and estradiol (E2),
have been considered to be the main factors causing brooding behavior (Yu et al. 2016b). In the present study, with the
progression of the egg-production period, an increase in the level of brooding behavior was observed. The brooding behavior,
which was never seen in January, increased to 69.4% in April. While egg production increased in January and February
concurrent with low broodiness, egg yield decreased with increasing broodiness in March and April (Table 3). Negative
relationships between brooding behavior and egg production have also been demonstrated in previous studies (Geng et al.
2013; Shimmura et al. 2010). Yao et al. (2019) report that geese with a high brooding rate have lower egg production than non-
goose poultry species and that the rate of brooding can reach 60%.
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Raveling (1978) has reported that synchronization of couple activities during the laying period can be an important determinant
of reproduction success in geese. Hormones, such as progesterone and estradiol, regulate the development of follicles, laying,
and sexual behavior in poultry (Liu et al. 2015), and varying levels of reproductive hormones are closely related to broodiness
(Yu et al. 2016b). Therefore, our results support the conclusion that for males in the natural mating groups, keeping the ganders
with the females can partially suppress broodiness in the females.

 Incubation traits

Incubation traits in poultry may be affected by factors such as fertilization rate, storage time, egg weight, genetic structure,
feeding, age, and disease (Elibol and Türkoğlu, 2014; Kırmızıbayrak et al. 2016). The �ndings of the present study were not
compatible with those reported by Gumulka and Rozenboim (2018), who stated that the frequency of mating and sperm quality
decreased due to low hormonal thyroid levels in the second half of the goose's laying period along with decreased fertility. In
geese, the fertility rate and incubation e�ciency values are generally lower than those in broiler chicken parent �ocks and
turkeys. With natural mating, the fertility rate in 2-year-old geese has been reported at 82%, and the incubation e�ciency 75.3%,
somewhat lower than those determined in the present study (National Poultry Council-Chamber of Commerce, 2009). Nitsan et
al. (1988) have reported that fertility from natural mating varied between 48% and 79%. Another study stated that the fertility
rate from natural mating in geese was lower than that of arti�cial insemination (Kowalczyk and Lukaszewicz, 2012) and that
the fertility rate of arti�cial insemination was approximately 76% (Kulaksız, 2016); however, in the present study, higher fertility
rates were observed from natural mating (81.9–74.4%). Gumulka and Rozenboim (2017) have reported that the frequency of
courtship and mating in 2-year-old geese was higher than in 1-year-old geese, and 2-year-old geese showed a 150% increase in
the frequency of sexual behavior over 1-year-old geese. In parallel, in the present study, we believe that sexual activity may be
higher in the groups in which 2-year-old ganders were used and that this positively affected fertility.

Sperm quality traits

SQF is an important trait that affects fertility and shows that there are important differences among ganders (Gumulka and
Rozenboim, 2013; Gumulka and Rozenboim, 2015; Lukaszewicz, 2002; Lukaszewicz and Kruszynski, 2003). Age, laying period,
growing system, feeding, semen collection technique, and frequency, and some individual traits affect the amount and quality
of the sperm (Lukaszewicz, 2010). In the present study, parallel changes in SQF were observed with the egg yield and sexual
activity, peaking from the beginning of the laying period until February (Fig. 1). In line with the present study, Łukaszewicz et al.
(2000) and Łukaszewicz (2010) have reported that there may be �uctuations in sperm quality during the laying period, and the
quality decreases as the period progresses. It has been reported that testosterone regulates sperm production and activation of
sexual behaviors in ganders (Hirschenhauser, 1999), and decreased levels of testosterone can be effective in both males and
females (Hirschenhauser, 1997). SQF, which includes the three most important sperm traits, evaluates semen volume, sperm
concentration, and percentage of live normal sperm together and is used to estimate the fertilization potential of the sperm
(Lukaszewicz and Kruszynski, 2003). The semen volume varied between 0.18–0.26 mL during the laying period, which was
similar to those reported by Gumulka and Rozenboim (2015), who worked with the Zatorska goose genotype, and partially
lower than the 0.18–0.90 mL reported by Liu et al. (2008) in Yangzhou geese. Sperm concentration, SQF, and motility levels
show great variations depending on genotype, age, and laying period (Gumulka and Rozenboim, 2015; Jerysz and Lukaszewicz,
2013; Liu et al. 2008; Lukaszewicz, 2010). The �ndings of the present study were not compatible with those reported by
Łukaszewicz (2010), who reported that SQF increased as the laying period progressed. In the present study, SQF, which
increased from January to March, decreased gradually in April and May. Although SQF values varied during the laying period,
they were similar to the SQF values reported by Gumulka and Rozenboim (2015), which varied between 6.4% and 37.3%, lower
than those reported by Łukaszewicz (2010). In the present study, the SQF increased from the beginning of the laying period to
end of the February and then gradually decreased in the following months. This pattern may have been caused by hormonal
changes resulting from genetic structures and geographical conditions.

Because there are many uncontrollable factors that affect natural mating conditions, the reproductive performance and
sustainability of sperm quality become di�cult, and problems can occur during fertility and embryonic development. Sperm
quality decreases at the beginning and in the last 6 weeks of the laying period, and sperm morphology deteriorates, affecting
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fertilization success (Lukaszewicz, 2010). The higher sperm quality in 2-year-old ganders may be explained by their more fully
developed organs for sperm production and the sexual experience they have gained. The fact that geese are a monogamic
poultry species causes sexual behavior problems that may result from preferential mate selection, which may not affect sperm
yield and quality (Lukaszewicz, 2010). In addition, a naturally mating gander mates 0.74–1.79 times/d during the laying period
and sometimes can perform less than one successful mating per day on average (Gumułka and Rozenboim, 2013). In the
present study, higher quality and higher amounts of sustainable sperm could be obtained arti�cially from the ganders because,
unlike natural mating, there are no problems arising from male–male and male–female antagonistic relationships (social
hierarchy), and unnecessary mating is prevented (Gumułka and Rozenboim, 2017).

Only morphologically normal sperm can reach the area where the storage tubes are located from the vagina, so ganders with a
high rate of morphologically normal sperm must be used to ensure fertilization success (Bakst et al. 1994; Liu et al. 2008). The
viability and life strength of sperm are especially important factors for reproductive success in local genotypes (Froman and
Feltmann, 1998; Froman and Feltmann, 2000; Froman et al. 2003). In the present study, live sperm and normal sperm levels
were found to be satisfactory and were between 89.83% and 91.48% and 27.78% and 34.95%, respectively, and were similar to
those reported by Gumulka and Rozenboim (2015) and Lukaszewicz, (2010); whereas these levels were higher than those
reported by Svoradova et al. (2019). Our results were similar to those reported by Łukaszewicz (2010), who observed that live
and normal sperm levels are low at the beginning of the laying period and tend to gradually increase. In the present study, the
relatively lower live and normal sperm levels increased gradually from January but decreased after March and April. In addition,
the results of the present study were compatible with those reported by Łukaszewicz (2002; 2010), who observed that the
semen of 2-year-old ganders has higher live sperm counts than that of 1-year-old ganders, but normal sperm levels did not
change signi�cantly with gander age. Compared to those reported by Gumulka and Rozenboim (2015), who observed that
deformed sperm levels (e.g., macrocephalus, large neck, and abnormal midpiece) were within the ranges of 14.3–20.0%, 9.1–
12.1%, and 3.5–5.3%, respectively. In our study, we observed sperm with poorer quality morphology; however, our �ndings,
which were similar to those of Łukaszewicz (2010) in terms of sperm levels with macrocephalus and an abnormal midpiece,
were higher than those reported by Łukaszewicz (2002). In addition, the �ndings were partially similar to those of Łukaszewicz
(2010), who observed that the level of macrocephalic sperm with a large neck and abnormal midpiece did not change
signi�cantly between 1- and 2-year-old ganders. In the present study, similar to the results of Łukaszewicz (2010), 2-year-old
ganders were observed to produce more immature sperm but fewer other deformations compared to 1-year-old ganders. The
dead sperm levels also showed an inverted bell curve over the laying period. The level of dead sperm, which was 10.17% at the
beginning of the laying period, dropped to 8.52% in March and increased to 10.00% in May. The dead sperm levels determined
in the present study were compatible with the results reported by Jerysz and Łukaszewicz (2013) of between 6.0% and 9.0%.

Conclusion
This study is the �rst study to compare the reproduction, hatching, and sperm quality traits of domestic Turkish geese mated
naturally and inseminated arti�cially. The results showed that the egg production level was low, and the brooding behavior was
high in domestic geese. It was determined that the incubation results of the natural mating and arti�cial insemination groups
were similar, and the resulting differences were mostly due to age factors. Two-year-old male geese were used for improved
fertility and hatchability compared compared to the 1-year-olds. In terms of sperm quality traits, it was determined that arti�cial
insemination with two-year-old males gave good results and had a good fertility capacity in terms of SQF value. The
morphological traits of semen change depending on the age and the laying period rather than the insemination type.

As a result, domestic geese need improvement in terms of egg yield and brooding traits, and the use of two-year-old ganders in
arti�cial insemination will contribute positively to commercial production and the breeding process.
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Figure 1

Changes based on the semen collection period during the study. Notes: SQF: Sperm quality factor; **: P < 0.01


