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ABSTRACT: This study was carried out to examine the effects of three plant combinations (white clover-perennial
ryegrass, bird’s-foot trefoil-perennial ryegrass, and alfalfa-perennial ryegrass) planted in the outdoor area of the free-
range system on the performance, egg quality, and behavioral characteristics of Turkey local chickens. Performance
characteristics of chickens (egg production, feed consumption, feed conversion ratio, broken egg rate, dirty egg rate,
and floor egg rate) were evaluated at 4-week intervals from 20 weeks to 36 weeks of age. In the study, the local layer
genotype ATAK-S was used. Each group in the study consisted of there different plant varieties, formed from four
replications. The mean values of hen-day egg production and hen-day cumulative egg yield of layers in the treatment
groups were found to be between 91.2% and 94.8% and between 87.9 and 91.7%, respectively, and there was no
statistical difference between the treatment groups. Similarly, there were no statistical differences between the treat-
ment groups in terms of feed consumption, feed conversion ratio, egg weight, egg mass, broken-cracked egg ratio,
or internal and external egg quality characteristics. There were no differences between the treatment groups in terms
of time budgets allocated to various behavioral characteristics. In this study, outdoor area use was found to be quite
high (41-41.6%) in all treatment groups. As a result, it was determined that the use of white clover-perennial ryegrass,
bird’s-foot trefoil-perennial ryegrass, and alfalfa-perennial ryegrass vegetation combinations in the free-range system
encourages layers to go outdoors. In addition, it has been found that these practices have positive effects on birds in
terms of both their performance and their well-being.
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INTRODUCTION
For decades, certain segments of society have
pushed for the abolition of traditional cage sys-
tems, claiming that birds raised in conventional cages
are unable to exhibit natural behaviors. They have ad-
vocated for the use of alternative production systems
that allow birds to exhibit their natural behavior while
also protecting animal welfare. As an alternative to
traditional cage production for laying hens, enriched
cage, aviary, extensive indoor, and free-range systems
are used (Appleby et al., 2002; Appleby 2003; Rudkin
and Stewart 2003). Consumers believe that eggs pro-
duced in an alternative system are healthier, more nat-
ural, and tastier than conventional caged eggs (Tauson
2002).

It is estimated that around 70% of egg production
in the world is done in traditional cages. In the USA,
this rate approaches 90%. In particular, the European
Union countries have started to produce eggs in alter-
native systems instead of the traditional cage system
(Molnar and Szo6llési 2020). But most countries are
in transition, and conventional production has not yet
been completely abandoned. Egg production in tra-
ditional cages will be terminated in Turkey in 2023.
However, the number of eggs produced in conven-
tional systems is still 85%. As a result, comprehensive
research is required to determine the best methods for
commercial egg production (TEPA, 2021).

The high stocking density and mass production
model in intensive poultry houses have greatly ben-
efited the industry, but this model has also revealed
many problems. Laying hens raised in conventional
cages exhibit health anomalies such as osteoporosis,
sudden death syndrome, cage fatigue, and leg prob-
lems. In addition, it is known that there are behavioral
disorders and deterioration in welfare characteristics
in birds (Lay Jr et al., 2011). It has been demonstrated
in many studies that battery cages restrict the natural
behaviors of birds and cause fear and stress (Dawkins,
1985; Dawkins and Hardie, 1989). Natural behaviors
like foraging, exercise, sand bathing, perching, and
feather cleaning are crucial for the physical and men-
tal health of laying hens. Other behavioral disadvan-
tages of conventional cages are the absence of nests
and perches, and the inability of chickens to escape
from other aggressive chickens (CIWF, 1999).

Scientific studies on alternative production mod-
els in terms of performance, welfare, and behavior-
al characteristics in poultry species have increased
recently. However, most of these studies have been

done on meat production models, and the number of
studies on laying hens is very small. Preisinger and-
Schmutz (2002) reported that the mortality rate (6.2-
8.8%) of chickens raised in enriched cages was lower
than that of those in conventional cages (8.7-10.6%),
but egg production was lower as well. Appleby (2003)
reported that the cost of eggs produced in enriched
cages and free-range systems was 15% and 50% high-
er, respectively, than those produced in conventional
cages. Shini (2003) found that the heterophile-lym-
phocyte ratios of chickens raised in free-range sys-
tems were lower than those raised in conventional
systems, and these layers were exposed to less stress.
Egg production, egg weight, and feed consumption of
chickens raised in the free-range system were found
to be lower, but with better use of feed conversion
ratio, compared to the conventional systems, while
their broken-cracked egg ratio was found to be higher
( Mostert et al., 1995; BPukic¢-Stojci¢ et al., 2009;Pe-
tek et al., 2009). It has been found that chicken eggs
reared in the free-range system have good qualities,
especially in terms of albumen height, Haugh unit
characteristics related to shelf life, and yolk color that
directly affect consumer preference (Puki¢-Stojci¢
et al., 2009; Petek et al., 2009). Sekeroglu andSarica
(2005) reared white and brown hybrid genotypes in
conventional cage, enriched cage, and free-range sys-
tems, examining the differences in performance and
welfare characteristics between rearing systems and
genotypes. According to research, chickens reared in
a free-range system had the best results in terms of
feather score and tibia fracture resistance, but the
worst averages in terms of dirty egg ratio, feed con-
sumption, and foot inflammation.

In the free-range system, there is no obligation
to have vegetation in the outdoor area. However,
birds usually spend more time indoors or in front of
the poultry house when there is no vegetation in the
outdoor area, and they do not prefer to go out to the
outdoor area. This situation can cause negative ef-
fects such as aggression and feather pecking among
birds. Therefore, it is essential to designate areas with
green plants in order to encourage these animals to
use outdoor areas(Mahboub et al., 2004; Horsted et
al., 2006; Aydin and Sozci 2015). Mahboub et al.,
(2004) found that the frequency of feather problems
caused by feather pecking was lower in chickens that
spent more time in outdoor areas. Feed consumption
costs can be reduced if some of the feed consumed
by animals is obtained from the plant vegetation in
outdoor areas(Horsted and Hermansen, 2007). Rob-
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inson (1951) stated that because the outdoor area of
the free-range system contains green plants, approx-
imately 10% of the feed can come from vegetation.
Birds not only consume plants, but also organic ma-
terials such as seeds, insects, and worms (de Almeida
etal., 2012).

There are many studies on the use of plants in the
outdoor areas of broilers, turkeys, and layinghens(Mo-
hammed et al., 2013; Kheiralipour et al., 2017; Asa-
duzzaman 2019; Davoodi and Ehsani 2020; Ianni et
al., 2021). In the current studies, only one plant or
natural vegetation was used in the outdoor area, and
no study was found on the determination of the effects
of different plant varieties on the performance and be-
havioral characteristics of laying hens. The purpose of
this study was to determine the effects of three plant
combinations (clover-perennia ryegrass, bird’s-foot-
trefoil-perennial ryegrass, and alfalfa-perennial rye-
grass) planted in the outdoor area of the free-range
system on the performance, egg quality, and behav-
ioral characteristics of chickens. Thus, the objective is
to determine the suitability of different plant materials
for egg production in small farms on rural areas.

MATERIALS AND METHODS

Animal material
This research was carried out in accordance with

the laws and regulations of the Ministry of Agriculture
of the Republic of Turkey on animal management and
welfare. In addition, the study fully complied with the
SCAHAW (2003)recommendations for the free-range
alternative layer rearing system. The study used 240
hens at the age of sixteen weeks of the ATAK-S layer
hybrid genotype developed in Turkey.

Experimental details and animal husbandry

A total of 12 poultry houses with three different
vegetation types were used in the study. These houses
were planned as 3 forage plant mixtures and 4 rep-
lications in accordance with the factorial treatment
design. The combinations of clover-perennial grass
(Group A), bird’s-foot trefoil-perennial grass (Group
G), and alfalfa-perennial grass (Group Y) were used
as plant material in the outdoor areas of free-range
poultry houses. A total of 20 chickens were placed in
each poultry house, with 7 chickens per square meter
in the indoor area and 4 square meters of outdoor area
for each chicken in the outdoor area. Feed and wa-
ter were given ad libitum (Table 1). When the chick-
ens were 16 weeks old, they were given 13 hours of
light per day, which was gradually increased to 16
hours per day by adding 30 minutes each week. The
multi-storey perches of 15 cm per hen were provid-
ed separately in the indoor and outdoor areas. Wood
shavings were used as litter material in the indoor area
for the chickens. A nest box measuring 140x40x40

Table 1. Nutritional compositions of the rations for the growth period (16-18 weeks), pre-layer period (18-21 weeks) and layer period

(21-36 weeks) of layers.

Ingredients (%) Growth Pre-layer Layer
Corn 58.64 56.92 56.42
Soybean meal (46%) 5.37 13.01 16.35
Sunflower meal (36%) 11.58 4.35 9.04
Wheat Bran 18.09 12.98 -
Gluten 3.35 6.00 5.65
Vegetable oil - 0.77 1.75
Limestone 1.74 4.04 9.04
DCP 0.81 1.50 1.25
DL-Methionine - 0.03 0.08
L-Lysine 0.08 - -
Vit-Min. premix 0.05 0.05 0.05
Salt 0.29 0.35 0.37
CalculatedValues

Crude protein (%) 16.0 17.0 18.0
Metabolic Energy (Kcal/kg) 2700 2750 2800
Ca (%) 1.0 2.00 3.80
Available P (%) 0.36 0.45 0.40
Methionine (%) 0.35 0.38 0.46
Methionine+cystine (%) 0.64 0.67 0.77
Lysine (%) 0.72 0.77 0.84
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cm was used in each poultry house. In order for the
birds to go out easily during the daytime, the entrance
doors were left open from 07:00 in the morning until
30 minutes before dark in the evening. Thus, the birds
were provided with at least eight hours of daylight
per day.

Characteristics

From the beginning of the experiment, the eggs
produced in the treatment groups were recorded daily,
as were the hens’ times to reach 5% and 50% yield.
To determine the egg weight, all eggs in each poultry
house were weighed for two consecutive days every
two weeks. The number of broken eggs and floor eggs
was determined daily. The Feed conversion ratio was
calculated by determining feed consumption during
four-week periods. The egg quality characteristics,
such as specific gravity, eggshell strength, shell thick-
ness, albumen height, Haugh unit, and yolk color, were
measured daily in eggs produced on two consecutive
days in the last week of each four-week period. The
specific gravity of the egg was determined according
to the Archimedes principle (Wells, 1968). Eggshell
strength was determined with the Egg Force Reader
device (Orka Food Tech. Ltd., China). The eggshell
thickness was measured with a micrometer (0.001
precision; Mitutoya, Japan) using samples taken from
the pointed, equator, and blunt ends of the shell and
averaged. Egg albumen height was measured with the
Egg Analyzer device (Orka Food Tech. Ltd., China).
The Haugh unit was calculated using albumen height
and egg weight values (Haugh, 1937). Egg yolk col-
or was measured with a portable colorimeter device
(Konica Minolta, CR-400, Japan).

In the study, focal sampling and scan sampling
methods were used to determine the behavioral char-
acteristics and outdoor area usage preferences of the
chickens in the treatment groups (Lehner, 1992). In
order to provide a source of behavioral sampling
methods, the living areas of the chickens were record-
ed continuously for 24 hours during the experiment by
using 24 cameras placed in the indoor and outdoor ar-
eas. The behavioral characteristics of 10 randomly se-
lected chickens from each treatment group were mon-
itored for 10 minutes, two days a week. During this
period, recordings were made of feeding, drinking,
lying, standing, walking, cleaning, pecking, scratch-
ing, mating, shaking, wing stretching, and jumping
behaviors. In the focal sampling, the percentage of
the relevant behavior in the total time was defined as
the time budget, and the number of times the behavior

was recorded as the frequency. Instant images were
obtained during scan sampling. In these images, the
rates of chickens’ use of indoor and outdoor areas, use
of nests, use of perches, eating feed, drinking water,
standing, and lying were determined.

Economic analysis

For each treatment group, the gross production
value, gross profit, and egg cost were calculated sepa-
rately. In addition, all calculations were made for each
forage plant combination. Relative profitability levels
in each group were determined with the aid of gross
profit. In the short term, gross profit is considered
a measure of success in business activity branches
(Erkus et al., 1995).

Statistical analysis

In the study, the variance analysis technique was
used to compare the groups for continuous data (egg
yield, egg internal-external quality characteristics,
feed consumption, and feed conversion ratio) ob-
tained from chickens in four replication poultry hous-
es with three different forage plant mixtures. First of
all, it was determined whether the collected contin-
uous data met the parametric test assumptions, and
for this, the normal distribution of the data and the
homogeneity of variance were checked. The rank
data transformation was applied to some data that did
not show a normal distribution, and then hypothesis
tests were carried out. When the group means were
compared with the parametric method, a significant
difference at the level of 0.05 was detected between
the groups, and Duncan’s multiple comparison test
revealed from which group or groups the difference
originated. The statistical analysis of discrete data
with a binomial or poisson distribution, such as mor-
tality, focused behavioral characteristics, or egg pro-
duction, was done using the GLIMMIX procedure of
the SAS program(Naring et al., 2016). In this statisti-
cal test, the Tukey-Kramer multiple comparison test
was used in order to determine from which group or
groups the difference between the groups resulted in
the rejection of the null hypothesis at a significance
level of 0.05 (Zhu, 2014).

RESULTS

Body Weight and Viability

The mean body weights of hens in groups A, G,
and Y at 16 weeks of age were 1015 g, 1003g, and
1014 g, respectively (at the beginning of the exper-
iment). The average body weights at the end of the
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experiment (36 weeks of age) were found to be 1812
g, 1833 g, and 1853 g, respectively. The relative body
weight gains in the treatment groups were 78.4%,
82.9% and 82.8%, respectively. There were no sta-
tistical differences between the treatment groups in
terms of both body weights and relative weight gains
(all P>0.05, not presented in any table). The effect of
different plant varieties on the viability of hens was
found to be insignificant (P=0.296). The mean values
of viability were determined as 96.3% in the A group,
97.5% in the G group, and 100% in the Y group (not
presented in any table).

Egg Production Traits

It was determined that flocks reached 5% egg pro-
duction at ages of 137, 141, and 138 days in groups
A, G, and Y, respectively. The ages at which the flocks
produced 50% the total number of eggs were deter-
mined to be 144 days in group A, 147 days in group
G, and 148 days in group Y (all P>0.05, not shown in
any table).

In terms of hen-day egg production, the differenc-
es between the treatment groups in all periods were
statistically insignificant (all P>0.05, Table 2). Hen-
day egg production in the last period was 94.8% in the
A group, 93.5% in the G group, and 92.6% in the Y
group. Hen-housed egg production in the last period
was 91.3% in the A group, 91.2% in the G group, and
92.6 in the Y group, and the differences were not sig-
nificant among treatment groups (Table 3).

The average values of the broken-cracked egg ra-
tio in 4-week periods in the treatment groups and the
statistical analysis results are given in Fig. 1. There
was no statistically significant difference between
the treatment groups in terms of broken-cracked egg
averages in any period. The mean of broken-cracked
eggs during the whole experiment varied between
1.78% and 4.91%. The percentages of floor eggs in
4-week periods in the treatment groups and the statis-
tical analysis results are given in Fig. 2. There was no
statistically significant difference between the treat-
ment groups in terms of the average number of floor
eggs in any period. The mean number of floor eggs
during the whole experiment varied between 0.00%
and 0.98%.

Feed Intake and Feed Conversion Ratio

The hen-day feed consumption and feed conver-
sion ratio averages of the chickens in the treatment
groups and statistical analysis results are given in Ta-
bles 4 and 5, respectively. There was no difference
between the treatment groups in any period in terms
of both feed consumption and feed conversion ratio
(P>0.05).

Egg weight

The mean values of egg weight in the treatment
groups and the statistical analysis results of the chick-
ens are given in Table 6. The differences between
groups in egg weight averages were statistically in-
significant in all periods (P>0.05 for all). In the last

Table 2. The hen-day egg production and statistical analysis results of hens with different plant mixtures in the outdoor area (%)

Group 21-24 wk 25-28 wk 29-32 wk 33-36 wk
A 48.4 89.2 93.8 94.8
G 47.1 89.9 94.4 93.5
Y 41.7 90.1 90.5 92.6
SEM 7.02 1.28 1.05 0.95
P-value 0.775 0.875 0.064 0.287

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass, Y: Alfalfa-Perennial grass.

SEM: Standard error of mean

Table 3. The hen-housed egg production and statistical analysis results of hens with different plant mixtures in the outdoor area (%)

Group 21-24 wk 25-28 wk 29-32 wk 33-36 wk
A 48.4 88.1 91.1 91.3
G 47.1 89.1 92.6 91.2
Y 41.7 90.1 90.5 92.6
SEM 7.02 1.36 1.15 1.35
P-value 0.775 0.598 0.404 0.705

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass, Y: Alfalfa-Perennial grass.

SEM: Standard error of mean
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Table 4. The mean values of feed consumption of hens in different treatment groups, and statistical analysis results (g/hen/day)

Group 21-24 wk 25-28 wk 29-32 wk 33-36 wk
A 97 114 120 127
G 102 113 121 125
Y 99 110 119 123
SEM 1.35 2.48 1.85 1.68
P-value 0.207 0.598 0.761 0.341

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass, Y: Alfalfa-Perennial grass.
SEM: Standard error of mean

Table 5. The mean values of feed conversion ratios of hens in different treatment groups, and statistical analysis results

Group 21-24 wk 25-28 wk 29-32 wk 33-36 wk
A 2.07 222 2.18 2.23
G 2.15 2.11 2.16 2.16
Y 2.04 2.04 2.08 2.10
SEM 0.041 0.063 0.053 0.042
P-value 0.256 0.297 0.323 0.134

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass, Y: Alfalfa-Perennial grass.
SEM: Standard error of mean

Table 6. The mean values (g) of eggs weight in treatment groups, and statistical analysis results

Group 21-24 wk 25-28 wk 29-32 wk 33-36 wk
A 49.3 51.6 54.5 57.7
G 49.9 53.6 54.9 58.3
Y 51.5 52.8 56.2 58.3
SEM 0.633 0.771 0.591 0.482
P-value 0.111 0.237 0.207 0.603

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass, Y: Alfalfa-Perennial grass.
SEM: Standard error of mean

period, egg weights were determined to be 57.7 g, strength, and Haugh Unit in the treatment groups
58.3 g, and 58.3 g in groups A,G, and Y, respectively. according to the periods and the statistical analysis
results of the hens are given in Figs. 3, 4, and 5, re-

Egg Quality Traits spectively. In terms of eggshell thickness and egg-
The mean values of eggshell thickness, eggshell ~shell strength, there were no differences between the
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Fig. 5 The mean values of Haugh unit in treatment groups

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass,
Y: Alfalfa-Perennial grass.

averages found in the treatment groups in all periods
(P>0.05 for all). In the study, the average values of
shell thickness of the eggs obtained from all groups
varied between 354 pm and 369 um, while the mean
values of eggshell strength were found between 3.55

kg and 4.21 kg. In the last period of the study, Haugh
Unit averages were determined as 68.6, 68.2, and 70.7
inthe A, G, and Y groups, respectively.

The mean values of lightness (L*), redness (a*),
and yellowness (b*) in egg yolk in the treatment
groups according to the periods, and statistical anal-
ysis results are given in Figs. 6, 7, and 8, respective-
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>
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Fig. 6 The mean values of yolk L* in treatment groups

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass,
Y: Alfalfa-Perennial grass.
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Fig. 7 The mean values of yolk a* in treatment groups

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass,
Y: Alfalfa-Perennial grass.

50
A
40- m G
. =Y
o 30-
=
L 20
10-
0_

21-24 wk 25-28 wk  29-32wk  33-36 wk

Fig. 8 The mean values of yolk b* in treatment groups

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass,
Y: Alfalfa-Perennial grass.
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ly. In the study, no difference was observed between
the treatment groups in terms of the mean value of
yolk L* only in the 21-24-week period, while the
differences between the treatment groups in all other
periods were found to be statistically significant. At
25-28 weeks of age, the highest yolk L* value was
found in the A group (53.4) and the lowest in the Y
group (51.3). Similarly, the highest averages in terms
of yolk L* at 29-32 weeks and at 33-36 weeks of age
were found in the eggs of group A. In terms of egg
yolk a* averages, higher values were found only at
33-36 weeks of age in the Y group (P<0.05). There
were no differences between the treatment groups in
all periods in terms of the b* means representing yel-
lowness in egg yolk (P>0.05 for all).

Behavioral Traits

The time budget averages determined by the fo-
cal sampling method for chickens’ feeding, walking,
drinking, scratching, standing, shaking, cleaning,
pecking, wing stretching, lying, and jumping traits
are presented in Tables 7 and 8. There were no statis-
tically significant differences between the treatment
groups in terms of the time budgets of all behavioral
traits (P>0.05 for all).

According to the treatment groups of hens in the
indoor and outdoor areas, the scan sampling method
was used to determine the mean values of area usage,

equipment usage, and certain behavioral characteris-
tics (scan sampling results are not presented in a ta-
ble). According to the scan sampling method, the out-
door area usage rates of chickens in groups A, G, and
Y were found to be 41%, 41.6%, and 41%, respec-
tively. In the same order, perch usage in the outdoor
area was found to be 1.35%, 1.67%, and 3.02%, while
these rates were determined to be 7.29%, 4.79%, and
5.42% in the indoor area. The rates determined in the
A, G, and Y treatment groups for the use of nests lo-
cated only in the closed area were 7.19%, 6.98%, and
5.42%, respectively. There were no statistical differ-
ences between the treatment groups in terms of the
averages determined for indoor and outdoor use, nest,
and perch use (P>0.05 for all).

Economic analysis

The chickens in the study were raised in three
different forage planted areas, and a total of 12 poul-
try houses were used. Gross production value, gross
profit, and egg costs were calculated for each poultry
house separately, and egg costs were determined for
each feed plant mixture. Gross production value was
calculated as 224 dollars in group A, 225 dollars in
group G, and 228 dollars in group Y, and the differ-
ences between groups were found to be statistically
insignificant (P>0.05, not presented in any table).
Gross profit was calculated as 82.5 dollars in group
A, 80.2 dollars in group G, and 82.7 dollars in group

Table 7. The mean values of time budgets of some behavioral characteristics of chickens in treatment groups determined by focal

sampling method

Group Feeding Drinking Lying Standing Walking
A 30.9 6.67 15.6 68.6 2.71
G 24.5 5.94 25.7 68.2 2.57
Y 21.9 14.5 27.9 70.7 2.42
SEM 3.41 3.28 8.55 1.84 0.25
P-value 0.180 0.125 0.385 0.656 0.705

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass, Y: Alfalfa-Perennial grass.

SEM: Standard error of mean

Table 8. The mean values of time budgets of some behavioral characteristics of chickens in treatment groups determined by focal

sampling method

Group Cleaning Pecking Streching Scratching Jumping
A 6.48 4.67 0.00 68.6 1.67
G 8.11 2.20 0.67 68.2 0.75
Y 13.3 2.36 0.67 70.7 0.78
SEM 3.29 0.712 0.001 1.84 0.122
P-value 0.424 0.061 0.087 0.656 0.084

A: Clover-Perennial grass, G: Bird’s-foot trefoil-Perennial grass, Y: Alfalfa-Perennial grass.

SEM: Standard error of mean
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Y, and the differences between groups were found to
be statistically insignificant (P>0.05, not presented in
any table). Egg unit cost was calculated as 10.7 cents
per egg in group A, 10.9 cents per egg in group G,
and 10.9 cents per egg in group Y, and the differences
between groups were found to be statistically insignif-
icant (P>0.05, not presented in any table).

DISCUSSION

In the study, the differences in egg production be-
tween the treatment groups in all periods were found
to be insignificant. The egg yields obtained in this
study are consistent with the results obtained in previ-
ous studies in the free-range system (Campbell et al.,
2017; Kiiglikyilmaz et al., 2012; Tutkun et al., 2018;
Tiirker and Alkan 2018). The 50% yield age deter-
mined in the study was found to be lower than the
50% yield age obtained by Tiirker et al., (2017) and
Sekeroglu et al., (2010) in the studies where they used
the ATAK-S genotype.

In the study, the differences between the groups in
terms of broken-cracked egg ratio were found to be
statistically insignificant. The rates of broken-cracked
eggs were determined to be between 1.78% and
4.91% in all periods. De Reu et al., (2009) found the
rate of broken eggs to be 4.10% in non-cage systems.
Kiigiikyilmaz et al., (2012) found the rate of bro-
ken-cracked eggs to be 0.310% in their study using
the ATAK-S genotype in the organic system. Mugnai
et al., (2009) reported that the rate of broken-cracked
eggs in the organic system was 2.0%. Tutkun et al.,
(2018) found that the rate of broken-cracked eggs of
the ATAK-S genotype in the free-range system was
0.890%.

In the study, the differences between the groups
in terms of feed consumption were found to be sta-
tistically insignificant. The amount of feed consumed
per determined animal varied between 123 and 127 g.
Sozcii et al., (2021) determined the feed consumption
of the ATAK-S genotype in a free-range system to be
117 g/day.

Similarly, Tutkun et al., (2018) found hen-day feed
consumption to be 124 g in their study, where they
used the ATAK-S genotype in the free-range system.
Differences between groups in terms of feed conver-
sion ratio were found to be statistically insignificant.
Feed conversion ratios obtained in the treatment
groups were between 2.10 and 2.23. The study’s av-
erage feed conversion ratio was lower than the 2.43

reported by Kiiciikyillmaz et al., (2012), the 3.4 re-
ported by Mugnai et al., (2009), the 2.42 reported by
Tutkun et al., (2018), the 1.71 reported by Sharma et
al., (2022), the 2.08 reported by Kop-Bozbay et al.,
(2021), and the 2.54 reported by Sozcii et al., (2021).
The main factors limiting the evaluation of forage
plants in the outdoor area are low palatability, high
fiber content, low energy, and high moisture content.
In addition, the presence of non-nutritive substances
(tannins, saponins, mimosin, trypsin inhibitors, he-
moglobin, phytate, and hydrogen cyanide) may limit
the use of these forages (Ndelekwute et al., 2018).

The differences in egg weight between the groups
were found to be statistically insignificant in the ex-
periment. Egg weight is an important criterion for
consumers. Egg prices in Turkey are determined
according to egg weight classes. According to the
Turkish Food Codex, eggs weighing less than 53 g
are classified as small, and eggs weighing between 53
and 63 g are classified as middle-class. Accordingly,
while the G group reached the medium size class in
the second period, the A and Y groups reached the me-
dium egg weight in the third period. The egg weight
value found in our study was comparable to the av-
erage egg weight (55.4 g) reported by Mugnai et al.,
(2009) in the organic system but less than the averag-
es (61.6 g and 63.2 g, respectively) found by Sharma
et al., (2022) and Kop-Bozbay et al., (2021) in the
free-range system.

The differences between the groups in terms of
eggshell strength were statistically insignificant. The
eggshell’s strength is important for minimizing losses
during egg laying, collection, storage, and transpor-
tation. In this study, the eggshell strength varied be-
tween 3.55 kg and 4.21 kg. These findings were found
to be compatible with the eggshell strengths (3.62 kg
to 4.36 kg) determined by Samiullah et al., (2014) in
the free-range system. On the other hand, Campbell et
al., (2017) found the eggshell strength to be between
51.4 N and 53.1 N in the free-range system. Addition-
ally, Kop-Bozbay et al., (2021) found a slightly lower
value (3,23 kg) than our study.

Eggshell thickness is affected by several factors,
including hen age, egg size, stress, strain, prevalence
of disease, and nutrition (Al-Batshan et al., 1994;
Aygun 2017; Sozcii et al., 2021). Due to a variety of
factors, eggshell thickness varies between 300 and
400 pm in chickens. The thickness of the shell acts as
a significant barrier, preventing bacteria from passing
through (Chen et al., 2019). The shell thickness value
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(354-369 m) obtained in our study is comparable to
the shell thickness value (371 um) reported by Sozcii
et al., (2021) for the ATAK-S hybrid grown in a free-
range system.

The Haugh unit value obtained in the study ranged
from 68 to 79. The Haugh unit is one of the important
internal egg quality characteristics calculated based
on egg weight and albumen height. A high Haugh unit
means good egg quality. Samiullah et al., (2014) stat-
ed that the Haugh unit value of eggs produced in the
free-range system varies between 63.3 and 96.5. On
the other hand, Petek et al., (2009) and Golden et al.,
(2012) found the Haugh unit values to be 83.4 in the
free-range system, which were higher than the values
obtained in our study.

L*, a*, and b* values were used to determine egg
yolk color. As the egg yolk L* value approaches 100,
its color becomes brighter, and as it approaches 0, it
becomes darker (McGuire, 1992). According to the
results of the study, it can be said that the yellow color
of'the Y group eggs is less bright than the other groups
in all periods except at 21-24 weeks of age. A positive
egg yolk a* value indicates an increase in redness, and
a negative value indicates an increase in greenness
(McGuire, 1992). Naring et al., (2015) stated in their
study on the Roche yolk color scale and a* value that
the a* value increases as the yolk color gets darker.
Therefore, it can be said that egg yolk darkness was
higher in the Y group (5.98) and the G group (4.81)
at 33-36 weeks of age, but there was no statistical dif-
ference with inthe A group (4.82). The carotenoids in
a chicken’s diet primarily determine the color of the
yolk. However, differences in the amount of carot-
enoids in feed and their bioavailability from different
sources can significantly affect egg yolk (Zurak et al.,
2022). Egg yolk color can also be determined accord-
ing to the Roche scale. In this method, it is detected
visually according to the color spectrum from 1 to 15.
Several of the researchers who used the Roche scale
value to determine the yolk color in the free-range
system, Sozcii et al., (2021) reported a value of 12.4,
Mugnai et al., (2009) reported a value of 7.40, Camp-
bell et al., (2017) reported a range of 11.7-12.3, Igbal
et al., (2018) reported a value of 7.0, and Kop-Bozbay
et al., (2021) reported a value of 11.8.

A free-range system with a well-designed out-
door area has great potential to improve poultry wel-
fare as it provides additional outdoor and open-air as
well as opportunities to meet behavioral needs such
as perching, foraging, and dust bathing (Lay Jr et al.,

2011; Weeks and Nicol, 2006). In the relevant liter-
ature, there is no study investigating the effects of
different vegetation types in the outdoor area on the
behavioral characteristics of laying hens raised in
the free-range system. In a study conducted by Geb-
hardt-Henrich et al., (2014) using 12 different gen-
otypes of laying hens on 8§ farms, it was determined
that the average usage of outdoor areasby chickens
was 15.7% using the scan sampling method. Gilani
et al., (2014)who carried out a similar study in 33
flocks on 28 farms, reported that this rate was 13%.
Based on the results of many studies, Pettersson et
al., (2016) reported that the percentage of outdoor
area usage by hens reared for egg production in free-
range systems rarely exceeds 50% of the flock and
sometimes decreases to 10%. In this study, outdoor
usage was found to be between 41.1% and 41.6% in
all treatment groups. It is thought that the reasons
for the high outdoor preferences of the birds in the
study were that the free-range system was well im-
plemented and that all three vegetation types applied
motivated the birds to go to the outdoor area.

Eggs are an important food source that meets the
protein needs of people. The easy availability and
cheapness of eggs are of great importance in terms
of feeding middle- and low-income families. There
is no study in the literature on the calculation of egg
production costs in the free-range system. In addition,
there are studies on the cost of eggs produced in the
conventional system. Giiltekin (2019) found the av-
erage egg cost of some enterprises engaged in egg
production activities in Turkey to be 2.94 cents per
unit. A similar study was conducted by Karasioglu et
al., (2021) for enterprises engaged in egg and poultry
farming. In the study, the cost of eggs in 2018 was cal-
culated at 2.67 cents per egg. According to the annual
sector reports prepared by the Egg Producers Central
Union, the egg cost in Turkey in 2017 was 6.37 cents
per egg, and the egg cost in 2018 was 6.23 cents per
egg (TEPA, 2021).

CONCLUSIONS

In the free-range system, it was observed that dif-
ferent plant varieties in the outdoor area did not dif-
fer in terms of egg performance, egg quality, or egg
cost. For this reason, it would be appropriate to use
the plant variety that can be economically grown in
the region. In future studies, it may be suggested to
determine the plant utilization rate in the outdoor area
of hens.
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