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ABSTRACT

Two experiments were conducted in two vineyards consisting of vines from the organic-
certified Cabernet-Sauvignon/1103P graft combination and the conventional cultivation
Cabernet Sauvignon/5BB graft combination. Vines were identified based on pre-dawn leaf
water potential values according to stress levels in a Split-Plot Experimental Design.
Grapevines were classified as <-0.8 MPa and >-0.8 MPa. These vines were further grouped
into dryland-shallow soil and bottomland-deep soil areas, and for each area-soil type,
Control, Stress 1, and Stress 2 levels were created. At harvest, the berries were divided
into four groups based on their diameter: 10mm-12mm, 12mm-14mm, 14mm-16mm, and
16mm-18mm (In some measurements, no berries belonging to the 16-18mm category
could be found). The grapes were grouped as Control, Stress 1 (S1 >-0.8 MPa), and Stress
2 (S2 < -0.8 MPa) based on size groups and stress levels, and certain morphological
characteristics of the clusters were examined. The width and length of the clusters were
not significantly affected by the area-soil type. Cluster weight, cluster volume, and
number of berries per cluster criteria were influenced by stress levels. It was determined
that organic vineyards with higher stress levels had fewer clusters compared to
conventional vineyards. The number of berries in the clusters showed significant
differences based on vineyard area and soil type, water stress levels, and berry size. In
conclusion, in the Tekirdag province, to obtain high-quality grapes from the cv. Cabernet-
Sauvignon, it is considered suitable to utilize berries ranging from 10mm to 12mm in size,
in conjunction with dryland-shallow soil conditions where the water potential (W,q4) can
decrease to as low as -0.8 MPa during the ripening period.

Key Words: cv. Cabernet Sauvignon, Organic vineyard, Heterogeneity, Cluster
characteristics

6z

Organik sertifikali Cabernet-Sauvignon/1103P asi kombinasyonu ve Konvansiyonel
yetistiricilige sahip Cabernet Sauvignon/5BB asi kombinasyonundaki omcalardan olusan iki
bagda deneme ylritalmustir. Stres dizeylerine goére Bolinmis Parseller Deneme
Deseninde Ws0-safak dncesi yaprak su potansiyeli degerlerine gore <-0.8 MPa ve >-0.8 MPa
olan omcalar belirlenmistir. Bu omcalar ayrica kirag arazi-ytizlek toprak ve taban arazi-derin
toprak olarak gruplandirilmis ve her arazi-toprak tipinde Kontrol, Stres 1, Stres 2 diizeyi
olusturulmustur. Hasatta salkimlardaki taneler caplarina gore 4 gruba ayrilmistir. Bu
gruplar; 10mm-12mm, 12mm-14mm, 14mm-16mm ve 16-18mm capa sahiptir. Uziimler
boyut gruplarina ve stres diizeylerine gore Kontrol (K), Stres 1 (S1>-0.8 MPa) ve Stres 2 (S2
< -0.8 MPa) olarak gruplandirilmis; bu gruplara gore salkimin bazi morfolojik 6zellikleri
incelenmistir. Salkim eni ve boyu arazi-toprak tipinden fazla etkilenmemis; salkim agirhgi,
salkim hacmi ve salkimdaki tane sayisi kriterleri stresten etkilenmistir. Stresin yogun oldugu
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Organik Bag omcalarinda Konvansiyonel Bag omcalarina oranla daha az sayida salkim oldugu belirlenmistir. Omcalarin
salkimlardaki tane sayilari; arazi konumu, su stresi seviyeleri ve tane boyutlarina gére 6nemli dlgtide farkliliklar gostermistir.
Sonug olarak, Tekirdag ilinde Cabernet-Sauvignon lziim ¢esidinden yiiksek kalitede tiziim elde etmek igin; olgunluk doneminde
Ws6 -0,8MPa’a kadar diisebildigi kirag arazi-yiizlek toprak kosullarinda ve 10mm-12mm boyuta sahip tanelerin kullaniimasinin

uygun olacagi distinilmustar.

Anahtar Kelimeler: Cabernet-Sauvignon, Organik bagcilik, Heterojenite, Salkim 6zellikleri

Introduction

The presence of water and its efficient use are
influential in vineyard management. Additionally,
irrigation is a factor that not only stabilizes yield but
also affects wine quality (Chaves et al., 2010). Signs of
abiotic stress due to water deficiency in grapevines
start to appear depending on drought conditions
(Hirayama and Shinoza, 2010). The water status of the
vine is an important factor that determines yield,
grape composition, and wine quality (Roux et al.,
2019). Excessive water deficit leads to yield loss and
negatively affects wine quality (Zsofi et al., 2014). The
differences in the land where the vineyard is
established and the soil characteristics limit the
efficient use of water throughout the vegetation
season. In this way, if an irrigation schedule is
established without considering the variations in area
and soil type, there is a risk of excessive water stress
in certain areas, resulting in a decrease in yield and
2021).
measurements of plant water status, pre-dawn and

quality (Bellvert et al,, Among the
midday leaf water potential and stem water potential
can be mentioned (Suter et al., 2019). The effects of
water stress vary depending on the vine's
phenological stage, the level of water stress, and the
duration of stress (Deloire and Pellegrino, 2021).
Furthermore, it has been found that climate and soil
conditions can modify the impact of water stress
(Wenter et al., 2018; Zufferey et al., 2018). Limited
irrigation strategies applied at different phenological
stages have varying effects on vine growth and yield.
Early-stage (pre-veraison) water restriction has been
reported to negatively affect vine growth (Munitz et
al., 2016; Korkutal et al., 2022). However, Intrigliolo
et al. (2012) determined that early or late water
restriction did not have a significant impact on vine
development. Nevertheless, the climatic conditions

and genotype at the experimental site also play a role

in determining the vine’s response to water stress
(Bota et al., 2016; Cogato et al., 2022).

Cheng et al. (2014) have shown that water
deficiency and low organic matter in the soil reduce
cluster density in Cabernet Sauvignon cv. Echeverria
et al. (2017) have mentioned that shallow soil has
limited access to water, resulting in reduced yield due
to slow vegetative growth, but it improves grape
quality. Munitz et al. (2016) achieved the best
vegetative growth and high yield in a parcel with
regular and continuous water deficit regime, ranging
from easy access to water from flowering to cluster
formation and low limited irrigation from berry set to
harvest. Calderon-Orellana et al. (2019) reported that
post-veraison water restriction did not affect cluster
density, moderate stress prevented uniform color
development at harvest, and high stress led to green
remaining berries.

In wine grape varieties, characteristics such as
berry size, color, taste, and aromas are important
(Poni et al., 2018). Additionally, Kontoudakis et al.
(2011) stated that the heterogeneity of grape berries
has a significant impact on wine composition and
quality. Especially in red grape varieties, moderate
stress is desired for high quality (Ferrandino et al.,
2014; Levin et al., 2020). On the other hand, Ojeda et
al. (2001) reported that water stress observed at the
beginning of vegetation leads to a lower number of
berries per cluster, severe water stress occurring
between berry set and veraison reduces berry weight
and increases heterogeneity in berry size. Chen et al.
(2018) divided Cabernet Sauvignon grape berries into
three groups: small (< 0.75g), medium (0.76-1.25g),
and large (> 1.25g), and found that medium-sized
berries accounted for over 50% numerically. Melo et
al. (2015) grouped Syrah grape berries based on their
diameter as small (<13mm), medium (13mm< to
<14mm), and large (>14mm) using a sieve, and they
found that small berries were more abundant and
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their size distribution did not change over two years.
Decreased berry volume (bunch closure stage to post-
veraison/ripening) reduces vyield but generally
supports quality (reduced cluster density, increased
concentration of primary and secondary
metabolites), and it is important to avoid inhibiting
ripening (Deloire and Pellegrino, 2021).

Soil characteristics also influence grape quality.
However, Van Leeuwen et al. (2004) determined that
three different soil types (gravelly, heavy clay, sandy-
loam) had less influence on grape quality compared
to climate. Seguin (1986) stated that grape quality
originates from the physical properties of the soil.
Additionally, it should be noted that in some
vineyards, the capacity of a wide and deep, well-
developed root system enables vines to withstand
water deficiency (Zufferey et al., 2018).

In this study, grapes from vines exposed to high
water stress for many years in two vineyards, one
organic and one conventional, were grouped based
on leaf water potentials at harvest time, and berry
sizing was performed to determine the effects of
berry heterogeneity on cluster characteristics.
Furthermore, the effect of berry heterogeneity on
clusters characteristics and how this will be reflected

in quality has been investigated.
Material and Methods
Experimental area, vineyards and experimental
design

Two separate vineyards were used in the study,
one organic and one conventional. The organic
vineyard is located at 41° 02' 20.74" N and 27° 48"
41.90" E, with an elevation of 130m. It consists of 12-
year-old vines of Cabernet-Sauvignon/1103P graft
combination, planted with a spacingof 2x2.5mina
N-S direction on a slope of 18%. The vertical shoot
positioning (VSP) trellis system was used. Cultural
practices in this vineyard included fertilization (with
compressed granular animal manure), soil cultivation
(once with a hoe and hoeing), and weed trimming.
Summer pruning involved two topping and two shoot
thinning operations. In terms of pest control,
Bordeaux mixture (max. 4 kg ha), sulfur, and copper-
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based preparations were used. No irrigation was
applied in the organic vineyard.

The conventional vineyard is located at 40° 55'
50.23" N and 27° 25' 19.16" E, with an elevation of
200m. It is situated 5km away from the sea. The vines
in this vineyard were of the Cabernet-Sauvignon/5BB
graft combination. They were planted with a spacing
of 1.5 x 2.5 min a N-S direction and trained using the
Double Cordon Royat trellis system. Soil cultivation
involved four times of hoeing and mechanical
weeding. Summer pruning included one topping and
one shoot thinning. Regular applications of Bordeaux
mixture and systemic preparations containing copper
and sulfur were carried out every 15 days. No
irrigation was applied. Additionally, it should be noted
that cluster and shoot numbers were not equalized in
both the organic and conventional vineyards.

The study was conducted using a Split-Plot Design,
with two soil types (Dryland-Shallow soil and
Bottomland-Deep soil) and three different stress
1, 2). The
experiment was replicated three times, with two

levels (Control, Stress and Stress

vines per replication.

Sample collection

A total of 144 clusters were selected, with four
clusters per vine. The berries were then grouped
based on their size: berries with a diameter smaller
than 12mm, berries with a diameter between 12mm-
14mm, berries with a diameter between 14mm-
16mm, and berries with a diameter between 16mm-
18mm. Due to the characteristics of the variety,
berries with a diameter larger than 18mm could not
be identified. There were also some parcels where
berries with a diameter between 16-18mm were not
found.

Area and soil types

In both vineyards, the northern and southern sides
had different soil characteristics due to the slope. The
northern slopes consisted of gravel, sand, and
limestone structure, with lower organic matter
content. Due to the low presence of clay, the
cultivation and surface soil treatments resulted in the
formation of an impermeable limestone layer. This

soil structure, with a very low water holding capacity,
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was defined as barren. Similarly, the southern slopes
in both vineyards had a soil structure with abundant
clay and sand, resulting in a soil with a high water
holding capacity. These slopes, rich in water and
organic matter from rainfall, were defined as base.
This soil was more resistant to water stress compared
to the barren soil.

The trial field is divided into two different land-soil
types as seen below (Table 1):
Dryland - Shallow soil (DS): Parcel with high water
permeability and abundant gravel

Bottomland - Deep soil (BD): Parcel with high clay
content and deep base soil

It is also divided into three groups according to stress
levels as given below:

Conventional vineyard (Control): Vineyard using
conventional methods

Organic vineyard (Stress 1): Low predawn leaf water
potential (Wpq)

Organic vineyard (Stress 2): High predawn leaf water
potential (Wpq)

Table 1. Trial design according to the area-soil type and stress levels

Repetition
Area and Soil type Stress Levels | Il 1} Total
1l.vine 2.vine 1l.vine 2.vine 1.vine 2.vine
Control 1 1 1 1 1 1 6
Dryland-Shallow soil (DS) S1<-0.8 MPa 1 1 1 1 1 1 6
S$2 >-0.8 MPa 1 1 1 1 1 1 6
Control 1 1 1 1 1 1 6
Baseland-Deep soil (BD) $1<-0.8 MPa 1 1 1 1 1 1 6
S2 >-0.8 MPa 1 1 1 1 1 1 6
Total Grapevine Number 36

Data Collection

Climate data and phenological development

stages

In order to determine the effects of different

soil types and vineyard management techniques
(organic-conventional) on the vegetative growth
and vyield of the Cabernet Sauvignon variety, the
dates of phenological development stages were
determined according to Coombe (1995) and
Lorenz et al. (1995).

Leaf water potential (W4, MPa)

The predawn leaf water potential (Wy4) has
been measured once at harvest time using a
Scholander Pressure Chamber (Deloire et al.,
2020). These measurements were taken pre-dawn
between 03:00-05:00 A.M. (Cole and Pagay, 2015).
The measurements were evaluated according to
Table 2.

Table 2. Predawn leaf water potential and grapevine water status (Carbonneau 1998, Deloire and Rogiers 2015)

Classes Predawn leaf water potential Level of water stress

0 0 MPa 2 W,4>-0.2 MPa No water deficit

1 -0.2 MPa 2 W 42> -0.4 MPa Mild to moderate water deficit

2 -0.4 MPa 2 W42 -0.6 MPa Moderate to severe water deficit

3 -0.6 MPa >Wy4 >-0.8 MPa Severe to high water deficit (= stress)
4 <-0.8 MPa High water deficit (=stress)

Cluster size groups (%)

The grape berries on the clusters were classified
according to diameter groups and examined based on
soil type characteristics (Table 3). The proportion of
berries in each diameter group is provided as a
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percentage. The evaluation of all examined criteria
was conducted based on these groups. In both area
and soil types, clusters with a berry size of 12mm-
14mm constituted around 60% of the total. Following
this group, there were clusters with a diameter
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between 10mm-12mm (23.68%) and the 14mm-
16mm group (13.55%). The diameter group with the

lowest proportion was the 16mm-18mm range
(1.84%).

Table 3. Berry diameter group percentages acording to the area and soil type

Berry diameter groups (%)

Area and Soil type

10-12 mm 12-14 mm 14-16 mm 16-18 mm
DS 25.89 65.85 7.,29 0.97
BD 21.46 56.01 19.81 2.72
DME (Diameter Main Effect) 23.68 60.93 13.55 1.84
IZSJLyIand- Bottomland
ellos -Deep Soil
Soil P
vineyard S1 vineyard S2
(Control) y '

{ Vi

Figurel 1. Area-soil type and berry size groups

Cabernet Sauvignon cv.

Some morphological characteristics of the clusters
For determining the cluster characteristics, 144
clusters were selected and grouped according to their
sizes, with 4 clusters per vine at harvest (Figure 1).
The width and length of the cluster were measured
using a ruler (cm). The cluster weight (g) was
calculated by dividing the yield per vine by the
number of clusters. The cluster volume (cm3) was
determined using the water dipping method.

Cluster density was calculated using the formula:

Cluster Density = Number of Berries in the Cluster
x Berry Volume (cm?)
/ Cluster Volume (cm?®)

(OlVv, 2009). The obtained value was evaluated as
dense if it was less than 1 and sparse if it was greater
than 1.

Number of berries in the cluster (number): In order
to determine the number of berry per cluster, 3
replicates were conducted for each stress group. In
each replicate, 2 vines were sampled, and 4 clusters
were taken from each vine. Harvested clusters were
brought to the laboratory as soon as possible, and the
berries were separated from the clusters without
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mixing. They were then classified using sieves with
diameters of 10mm, 12mm, 14mm, 16mm, and
18mm. The clusters were counted and weighed
according to the berry groups. Subsequently, every 4
clusters per vine were combined into 4 different size
groups: 10mm-12mm, 12mm-14mm, 14mm-16mm,
and 16mm-18mm. In some measurements, no berries
belonging to the 16-18mm category could be found.

Additionally, the yield (kg da) was calculated by
weighing the clusters after individual harvests from
each vine and multiplying it by the number of vines
per decare.

Statistical analysis

The data were analyzed using the MSTAT-C
statistical program, and the LSD test was used to
determine significant differences at the 1% and 5%
levels. In some statistical analyses, the 16mm-18mm
berry size group was not used due to an insufficient
number of berries.

Results and Discussion
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During this period, the average temperature was
Climate data 25.2°C, and the average relative humidity was 71.5%.
According to the Winkler Index, the accumulated heat

units were 2235 degree-days (TMM, 2018) (Figure 2).

Throughout the entire vegetation period, there
was a total of 173mm of rainfall, with 16mm of rainfall
occurring from budbreak (EL 35) to harvest (EL 38).
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Figure 2. Precipitation, temperature, and relative humidity values in Tekirdag province (TMM, 2018)

Phenological development stages

The phenological development dates for the
organic vineyard were recorded as budbreak (EL
14) on April 15, flowering (EL 23) on May 25,
veraison (EL 35) on July 24, and harvest (EL 38) on

29.9
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29.8
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28.5

Dates

27.4 154

15.4

27.3
24.2

24.1

==@==Conventional vineyard

August 31. In the conventional vineyard, budbreak
(EL 14) occurred on April 15, flowering (EL 23) on
May 28, veraison (EL 35) on July 26, and harvest (EL
38) on September 17, 2018, based on maturity
analysis conducted after veraison (Figure 3).

17.9

6.7 31.8

Bud burst (EL 14) Flowering (EL 23)

Veraison (EL 35) Harvest (EL 38)

EL phenological stages

Figure 3. Phenological development stages of organic and conventional vineyards

Predawn leaf later potential (¥,4, MPa)

The vine water status, represented by the pre-
dawn leaf water potential (Wp4), was determined
(Table 4). The vines were grouped according to
area and soil type x Stress levels, and their pre-
dawn leaf water potentials (MPa) were examined.
In the Dryland-Shallow soil (DS) vineyard, the
average leaf water potential of vines at Stress level
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1 was -0.77 MPa, at Stress level 2 it was -1.22 MPa,
and for the Control group, it was -0.92 MPa, which
In the
Bottomland—Deep soil (BD) vineyard, the average

falls between the two stress levels.
leaf water potential of vines for the Control group
was -0.29 MPa, for Stress level 1 it was -0.77 MPa,
and for Stress level 2 it was -0.92 MPa.
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Table 4. Leaf water potential (Wpq; MPa) values in terms of area and soil type, and stress level

. Replication
Area and Soil type Stress Levels I m m Mean
DS Conventional (Control) -1.00 -0.90 -0.85 -0.92
. S1>-0.8 MPa -0.75 -0.80 -0.77 -0.77
(Dryland - Shallow soil)
$2 <-0.8 MPa -1.28 -1.15 -1.22 -1.22
BD Conventional (Control) -0.25 -0.30 -0.31 -0.29
. S1>-0.8 MPa -0.77 -0.80 -0.72 -0.76
(Bottomland — Deep soil)
$2 <-0.8 MPa -0.95 -0.92 -0.90 -0.92

According to Table 1 (Thresholds of predawn leaf
water potential and grapevine water status), the
average values of Area and soil type and Stress levels
indicate that the DS x Control interaction had a value
of -0.92 MPa, indicating high stress. The DS x Stress
level 1 interaction had a value of -0.77 MPa, indicating
severe-high stress. The DS x Stress level 2 interaction
had a value of -1.22 MPa, indicating high stress. In
terms of the BD vineyard, the average values of Stress
BD x Control
interaction had a value of -0.29 MPa, indicating low-

levels interaction were as follows:

medium stress; BD x Stress level 1 interaction had a
value of -0.76 MPa, indicating severe high stress, and
BD x Stress level 2 interaction had a value of -0.92

MPa, indicating high stress.

Percentage of grape berry diameter groups in the
cluster

When grape berries in the clusters were classified
according to diameter groups and analyzed based on
field-soil type characteristics, it was observed that
clusters with a diameter of 12mm-14mm accounted
for approximately 60%. This group was followed by
the group with a diameter of 10mm-12mm (23.68%)
and the group with a diameter of 14mm-16mm
(13.55%). The lowest percentage was recorded for
the 16mm-18mm diameter group (1.84%) (Table 5).

Table 5. Grape berry diameter groups according to area and soil type

Area and Soil Type

Berry diameter groups (%)

10mm-12mm

12mm-14mm 14mm-16mm 16mm-18mm

DS (Dryland—Shallow soil) 25.89 65.85 7.29 0.97
BD (Bottomland—Deep soil) 21.46 56.01 19.81 2.72
DME (Diameter Main Effect) 23.68 60.93 13.55 1.84

N.S.

Some morphological characteristics of the cluster
Cluster width (cm)

When examining the cluster width criteria for all
berry diameter groups, the Stress Main Effect (SME),

Area and Soil Type Main Effect (ASTME), and Area and
soil type x Stress Levels interactions were not found
to be statistically significant (Table 6).

Table 6. Cluster width values at different stress levels based on area and soil type

Stress Levels

Area and soil type

ASTME (Area and Soil Type Main Effect)

Control Stress 1 Stress 2
Dryland-Shallow soil 9.16 8.91 9.02 9.03
Bottomland-Deep soil 8.71 8.01 8.66 8.46
SME (Stress Main Effect) 8.93 8.45 8.84

N.S.
When examining the criterion of cluster width in
terms of Area and soil type Main Effect (ASTME)
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values of 9.03 cm were obtained from the Dryland-
Shallow soil (DS) and 8.46 cm for the Bottomland-
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Deep soil (BD). When analyzing the interaction
between stress level and area and soil type, it was
found that cluster width values ranged from 8.01 cm
(BD x Stress 1) to 9.16 cm (DS x Control). From the
perspective of SME (Stress Main Effect), cluster width
values were ranked from lowest to highest as follows:
Stress 1: 8.45 cm, Stress 2: 8.84 cm, and Control: 8.93
cm. The cluster width of the Cabernet Sauvignon
grape variety was classified as medium (~120 mm)
according to OIV (2009) standards and assigned a
code of 5.

Cluster length (cm)
No statistical differences were observed in terms

of the main effect and interactions for cluster length
(Table 7). In terms of area and soil type, the Dryland-
Shallow soil had a length of 12.91 cm, while the
Bottomland-Deep soil had a length of 15.71 cm.
When examining the length of clusters from a stress
perspective, they were ranked as follows: Stress 2
(13.80 cm), Stress 1 (14.15 cm), and Control (14.99
cm). Regarding the interaction between area and soil
type and stress level, the values ranged between
12.03 cm (DS x Stress 2) and 15.89 cm (BD x Control).
The cluster length of the Cabernet-Sauvignon grape
variety was classified as short-medium (120 - 160
mm) according to OIV (2009) standards and given
codes 3 and 5.

Table 7. Cluster length values at different stress levels based on area and soil type

Stress Levels

Area and soil type

ASTME (Main Effect of Area and soil type)

Control Stress 1 Stress 2
Dryland-Shallow soil 14.08 12.63 12.03 12.91
Bottomland-Deep soil 15.89 15.67 15.57 15.71
SME (Stress Main Effect) 14.99 14.15 13.80
N.S.
Cluster weight (g) Stress 2 group (135.32 g) and the Stress 1 group
The ASTME and SME had a statistically (145.71 g). In terms of the interaction between area

significant impact on cluster weight (LSD %1) (Table
8). It was determined that the BD (181.98 g) had a
greater effect on cluster weight compared to the
DS (133.98 g). When examining cluster weight from
a SME perspective, the Control group (192.92 g)
formed the first significant group, followed by the

and soil type and stress levels, cluster weight values
ranged between 111.93 g (DS x Stress 2) and 221.09
g (BD x Control).

Table 8. Cluster weight values at different stress levels based on area and soil type

Stress Levels

ASTME (Main Effect of Area

Area and soil type

Control Stress 1 Stress 2 and soil type)
Dryland-Shallow soil 164.76 125.27 111.93 133.98 b
Bottomland-Deep soil 221.09 166.15 158.71 181.98 a
SME (Stress Main Effect) 192.92 A 145.71 B 135.32B

SME LSD %1 = 17.90629; ASTME LSD %5=15.98

According to Ojeda et al. (2001) and Zombardo et
al. (2020), no significant differences were found in
cluster weight between control and stressed
grapevines, indicating a lack of similarity. It is
believed that this difference could be attributed to
the grape variety. However, a parallel result was
observed between the research findings of Shellie
and King (2020), which showed that stress reduced

cluster weight by approximately 27%. Similarly,

Bahar et al. (2017) obtained results in line with the
finding that the highest cluster weight occurred
between -0.3 MPa and -0.7 MPa, while the lowest
cluster weight was observed at stress levels of -0.7
MPa and above.
Cluster volume (cm3)
The SME (LSD %1) and Area and soil type x
Stress (LSD %5) interactions were found to have
a significant effect on cluster volume (Table 9).
When examining cluster volume from a SME
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perspective, the Control group (163.92 cm?)
had the highest cluster volume, placing it in the
first significant group, while Stress 1 (111.04
cm3) and Stress 2 (106.00 cm3) levels were

classified in the second significant group.

Table 9. Cluster volume values at different stress levels based on area and soil type

. Stress Levels
Area and soil type

ASTME (Main Effect of Area and soil type)

Control Stress 1 Stress 2
Dryland-Shallow soil 146.00 b 82.42d 88.04d 105.49 b
Bottomland-Deep soil 181.83 a 139.67 b 123.96 ¢ 148.49 a
SME (Stress Main Effect) 163.92 A 111.04 B 106.00 B

SME LSD %1 = 12.5976; Area and soil type x Stress interaction LSD %5 = 12.5214; ASTME LSD %5=11.34

Bottomland-Deep soil (148.49 cm3) increased cluster
volume compared to Dryland-Shallow soil (105.49
cm?3). In terms of the Area and soil type x Stress levels
interaction, the BD x Control interaction (181.83 cm3)
is in the first significant group. The DS x Stress 2 (88.04
cm?3) and DS x Stress 1 interactions (82.42 cm?) form
the last significant group.

It is found that the decrease in berry volume is due
to an increase in water deficit, obtaining similar
results. It should be noted that the decrease in berry
volume (from the bunch closure to the post-
veraison/ripening reduces

stage) yield while

supporting quality (Deloire and Pellegrino, 2021).

Number of berries in the cluster (number)

When examining the number of berries in the
cluster based on size groups, both DME (LSD %5) and
SME (LSD %5) were found to be significant (Table 10).
From a DME perspective, the 12mm-14mm berry size
group was in the first significant group with a value of
63.65 number. The 10mm-12mm (27.44 number) and
14mm-16mm (15.88 number) size groups formed the
second significant group. In this measurement, no
berries belonging to the 16-18mm category could be
found. From SME perspective, it was determined that
the number of berries in the cluster was lower in the
Stress 1 and Stress 2 compared to the Control. The
finding that the number of clusters per vine or berries
per cluster decreases as the stress level increases
(Deloire and Pellegrino, 2021) aligns with similar
results.

Table 10. Changes in the number of berries in the cluster based on area and soil type, different stress levels, and berry sizes

Berry diameter

Area and soil type and Stress

10mm-12mm 12mm-14mm 14mm-16mm ASTME
Dryland-Shallow soil 30.28 61.24 499 32.17b
Bottomland-Deep soil 24.6 66.06 26.77 39.14 a
SME
Control 39.57 67.02 29.39 453223
Stress 1 17.82 63.8 10.67 30.88b
Stress 2 24.94 60.13 7.59 30.76 b
Area-soil type x Stress Int
Control 51.42 73.04 1.82 42.09
Dryland-Shallow soil Stress 1 18.17 59.38 7.79 28.45
Stress 2 21.25 51.29 5.38 25.97
Control 27.71 61.01 56.96 48.56
Bottomland-Deep soil Stress 1 17.46 68.21 13.54 33.07
Stress 2 28.63 68.96 9.80 35.80
DME (Diameter Main Effect) 27.44 B 63.65 A 15.88 B

DME LSD %5 = 14.19287; SME LSD %5=12.03

Furthermore, when examining Table 11, it can be

seen that all main effects and interactions are

significant. In terms of SME, the highest number of
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berries in the cluster was obtained from the Control
treatment (135.98 number). The lowest berry count

values were obtained from Stress 1 (92.21 number)
and Stress 2 (92.90 number). From a ASTME
perspective, the number of berries in the cluster was
highest in BD with 119.34 number and the lowest

value was determined to be 94.72 number in DS. The
highest value in the Area and soil type x Stress
interactions was obtained from the BD x Control
with 146.17 The
interaction values were 77.29 number and 81.09
number (DS x Stress 2 and DS x Stress 1).

interaction number. lowest

Table 11. The number of berries in the cluster based on area and soil type under different stress levels

Stress Levels

Area and soil type

ASTME (Main Effect of Area and soil type)

Control Stress 1 Stress 2
Dryland-Shallow soil 125.79 b 81.09d 77.29d 94.72 b
Bottomland-Deep soil 146.17 a 103.34c 108.50 ¢ 119.35a
SME (Stress Main Effect) 135.98 A 92.218B 92.908B
SME LSD %1 = 10.07909; Area-soil type x Stress Interaction LSD %1 = 14.2598; ASTME LSD %5=8.94

According to Bahar and Oner (2016), the reported
value of 123.19 (number) for the number of berries
in the cluster for Cabernet-Sauvignon grape variety
in Tekirdag is consistent with the Control value. It has
been concluded, in line with Wenter et al. (2018) and
Deloire and Pellegrino (2021), that the number of
berries in the cluster excessively decreases in
grapevines during the rainfall-free vegetative period,

Cluster density

According to the formula provided by OIV
(2009), if the derived number is less than 1, the
cluster density is considered dense, while it is
considered loose if the number is greater than
1. When evaluating the cluster density criterion
statistically, SME and ASTME (LSD %1) were
found to be significant. It was observed that the
Control treatment had a value above 1 (1.02),

which negatively affects yield.

while Stress 1 (0.81) and Stress 2 (0.84) had
values below 1 (Table 12).

Table 12. Cluster density based on berry size classification and area and soil type

Stress Levels

Area and soil type

ASTME (Main Effect of Area and soil type)

Control Stress 1 Stress 2
Dryland-Shallow soil 1.07 0.74 0.82 0.88b
Bottomland-Deep soil 0.97 0.88 0.86 0.90a
SME (Stress Main Effect) 1.02A 0.81B 0.84B

SME LSD %1=0.1735883; ASTME LSD %5=0.16

Furthermore, in terms of ASTME, it has been
observed that BD (0.90) clusters are looser than DS
(0.88) clusters. And according to OIV (2009)
standards, both of them have been classified as dense
clusters. Although not significant in terms of the
interaction between Area and soil type x Stress levels,
the DS and BD areas had the highest values for the x
Control interaction. Due to their values being very
close to 1, they were categorized as loose.

These findings contradict the result reported by
Calderon-Orellana et al. (2019), which stated that
post-veraison water restriction did not affect cluster
density. It is believed that this discrepancy is due to
the differences in grape variety and experimental
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conditions. However, the findings are in line with
Deloire and Pellegrino (2021), indicating that the
decrease in cluster density (less than 1) is parallel to
the decrease in berry volume (Stress 1 and Stress 2
with respective berry volumes of 111.04 ¢cm3 and
106.00 cm?), and this contributes to an increase in
quality.

Yield (kg da?)

In terms of yield, SME, ASTME, and the Area and
soil type x Stress levels interaction were found to be
statistically significant (LSD 1% level) according to
Korkutal et al. (2023) (Data not shown).

When examined from the perspective of SME, it is
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observed that the Control treatment (1187.53 kg da-
1) obtained the highest yield value. This value was
followed by Stress 1 (657.08 kg da!). The lowest was
obtained from the Stress 2 (457.36 kg da). In terms
of the interaction between Area-soil type x Stress
Interaction, the BD x Control (1465.92 kg da™)
interaction had the highest, while the DS x Stress 1
(526.12 kg da') interaction had the lowest yield
value. In terms of ASTME, the highest yield value per
decare was recorded in the BD at 930.13 kg da’, and
the lowest was in the DS at 604.52 kg da. These
findings are consistent with the observation reported
by Nadal (2010) that yields are lower in hills, and they
are also parallel to the finding that non-irrigated and
severely stressed vines have the lowest vyield, as
reported by Carbonneau (1998), Deloire et al. (2004),
Deloire and Heyns (2011), and Bellvert et al. (2021).

Conclusion

In this study, the high-quality and globally
recognized Cabernet-Sauvignon grape variety was
examined in two vineyards with different cultivation
types: organic and conventional, located in Tekirdag
province. The effects of area and soil type and

different
characteristics were

levels of water stress on cluster

investigated in these two
vineyards.

In terms of ASTME, the BD only reduced the cluster
width, while the DS reduced the cluster length, cluster
weight, cluster volume, cluster berry count, and
cluster density. Regarding stress levels, Stress 1
decreased cluster width, weight, volume, berry count,
cluster density, and vyield (by 44% compared to
Control), while Stress 2 reduced cluster length,
weight, volume, cluster density, and yield (by 61%
compared to Control). As expected, the clusters in the
Control treatment were larger than those in Stress 1
and Stress 2.

Both in the organic and conventional vineyards,
based on the pre-dawn leaf water potential (Wpq)
measurements, it was determined that the 10mm-
12mm berry size group exhibited the desired
characteristics when compared in two separate
groups: Stress 1 with Wyq above -0.8 MPa and Stress 2
with Wyq below -0.8 MPa.
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It was found that the cluster berry count was
centered in the 12mm-14mm size group (60.93%)
and, in general, 76.32% of the berries had a diameter
larger than 12mm. This supports the finding that
smaller berries are positively correlated with wine
quality, especially in red wine grape varieties
(Matthews and Anderson, 1988; Chen et al., 2018).
Based on these data, it is necessary to develop
cultural practices and strategies to reduce berry size
in the vineyards where the study was conducted.

It can be said that better results were obtained
under DS conditions in terms of all the examined
cluster characteristics. Cluster width and length were
less affected by area and soil type. Cluster weight,
cluster volume, berry number per cluster, and cluster
weight criteria were significantly influenced by stress.
It was determined that there were obsolete clusters
in the organic vineyard with higher stress compared
to the conventional vineyard. The berry number per
cluster showed significant differences depending on
area and soil types, stress levels, and berry sizes. In
the organic vineyard under DS conditions, the
number of berries in clusters was very low (77.29
number) under the highest stress level, while in the
conventional vineyard under BD conditions, the
number of berries in clusters of low-stress vines was
very high (146.17 number) compared to the others.

In conclusion, in order to obtain high-quality
grapes from the Cabernet-Sauvignon cv. in the
Tekirdag province, it is possible to suggest the
following practices:

-Cultivation should be carried out under Dryland-
Shallow soil conditions where the predawn leaf water
potential can drop as low as -0.8 MPa during the
ripening period,

-Since grape quality is improved by the presence of
smaller diameter berries, and the smallest berries will
be obtained from the smallest clusters, it can be said
that it is appropriate to use berries of the 10mm-
12mm size, which have low cluster width-height-
weight-volume, berry number per cluster and cluster
density.
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ABSTRACT

The study aimed to expand the range of dairy products by developing a recipe and
technology for a fermented milk drink made from donkey milk with unique properties.
Additional functionality is provided by the introduced probiotic cultures and phytogenic
raw materials. Two functional drinks were proposed as experimental products: Koumiss-1
- koumiss with added probiotics and peony tincture, and Koumiss-2 - probiotic koumiss
with added dried burdock roots. The initial raw material, donkey milk, was collected in the
farm of the Ala Too State Farm located at an altitude of 800 m above sea level, in the Chui
Valley of the Kyrgyz Republic. The standard methods of physicochemical, microbiological
and organoleptic analyses were used for the study. The fermentation intensity (Is) and
fermentation coefficient (6) were determined for each case based on the data on the
change in active and titratable acidity during the fermentation of milk with koumiss
ferment. In the sample of koumiss-1 with the addition of peony tincture 6 appeared in the
first 3 hours, and 6 in koumiss-2 was closer to 6 hours. Based on organoleptic evaluations,
the developed drinks exhibit a pleasant sour-milk aroma and taste. The consistency is liquid
with a slightly foamy texture, while the drink with added burdock roots has a pleasant
creamy flavor. Lactic acid bacteria and yeast are similar to the specifications found in
natural koumiss made from mare's milk. Throughout the experiment, sour-milk beverages
were successfully produced, and they can potentially to fill the market niche for functional
products with medicinal properties.

Key Words: Donkey milk, probiotics, koumiss, functional foods
6z

Bu calisma, benzersiz 6zelliklere sahip esek siitiinden yapilan fermente bir sit icecegi
Uretimi icin teknoloji gelistirerek sit triunleri yelpazesini genisletmeyi amaglamaktadir. Ek
islevsellik, eklenen probiyotik kiltirler ve fitojenik hammaddeler tarafindan
saglanmaktadir. Deneme urinleri olarak iki farklh fonksiyonel icecek énerilmistir: Koumiss-
1 - probiyotik ve sakayik tentiirti eklenmis koumiss ve Koumiss-2 - probiyotik koumiss icine
eklenmis kurutulmus dulavratotu koki. ilk hammadde olan esek siiti, Kirgiz
Cumhuriyeti'nin Cuy Vadisi'nde, deniz seviyesinden 800 metre ylkseklikte bulunan Ala Too
ciftliginde toplanmistir. Calisma boyunca standart fizikokimyasal, mikrobiyolojik ve
organoleptik analiz yontemleri kullanilmistir. Fermantasyon yogunlugu (Is) ve
fermantasyon katsayisi (8), stitlin kimiz mayasi ile fermantasyonu sirasindaki aktif ve titre
asitlik degisikliklerine dayal olarak her bir 6rnek icin belirlenmistir. Sakayik tenttri
eklenmis kimiz-1 6rneginde 6 ilk 3 saat icinde gozlenirken, kimiz-2'de & yaklasik olarak 6
saat stirmustiir. Organoleptik degerlendirmelere gore, fermente edilen icecekler hos bir

eksi st aromasi ve tadi sergilemektedir. Kivami hafif kopikli bir dokuya sahip olan
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dulavratotu koki eklenmis icecek ise hos bir kremsi tada sahiptir. Laktik asit bakterileri ve
maya varligi, dogal kimizdan uretilen kimizin 6zelliklerine benzemektedir. Deney siiresince,
eksi sut icecekleri basarili bir sekilde Uretilmistir ve tibbi 6zelliklere sahip fonksiyonel
Urlinler igin pazar boslugunu doldurma potansiyeline sahiptir.

Anahtar Kelimeler: Esek stti, probiyotikler, kimiz, fonksiyonel gidalar

Introduction

Functional products, known as foodstuffs, are
being actively introduced into the global food
markets and are widely used in classical and
traditional medicine. These products include
ingredients of plant origin, prebiotics, probiotics,
vitamins, etc., which possess therapeutic, health-
improving, preventive, and functional properties.
Dairy products are a technologically advanced
group for developing new functional products and
can be used purposefully as preventive and
therapeutic products. Popular dairy products with
and

antimicrobial, anti-tuberculosis

immunomodulatory properties are koumiss or
(Kyrgyz),
(Azerbaijani), kimiz (Turkish), qimiz (Uzbek), and
gymyz (Turkmen). The therapeutic properties of

airag (Mongolian), kymyz gimiz

koumiss were mentioned in the writings of Abu Ali
ibn Sina, who cured Vizier Suhailia (Kudayarova et
al., 2010). lactic acid streptococci produce an
antibiotic substance called nisin, which has
bactericidal and bacteriostatic properties against
tubercle bacilli (Explanatory Dictionary, 2018;
Afzaal et al., 2021). In addition to treating the
respiratory system, koumiss has beneficial effects
on the digestive system, improves metabolism,
increases the body's immunity, modulates gut
microbiota and is known to have antioxidant
activity against coronary heart disease (Giosue et
al., 2008; Nikkhah, 2011; Gilmutdinova et al., 2018;
Hou et al., 2019). Traditionally, koumiss is made
from mare's milk, but other variations include
using cow's milk, a blend of camel's milk and
cheese serum, and nontraditional milk types with
anti-inflammatory, immunomodulatory,
antitumor, and hypoallergenic properties. The
utilization of non-traditional types of milk for
producing dairy products with anti-inflammatory,
and

immunomodulatory, antitumor,
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hypoallergenic properties is a current topic of
interest. According to many scientists, donkey milk
possesses all of these properties. Both donkey and
mare milk are classified as albumin milk, which is
low in fat and cholesterol but high in PUFAs
(polyunsaturated fatty acids) compared to cow's
It
synthesized in the body and must be obtained

milk. is known that these acids are not
through dietary sources (Lobanov, 2003). The
percentage ratio of saturated and unsaturated
fatty acids in donkey milk is 40% to 60%,
respectively, and this ratio has high health benefits
for humans (WHO, 2020). The protein composition
of donkey milk differs significantly from cow's milk
and is the closest to that of mare's and breast milk.
Donkey milk is characterized by a high content of
lysozyme, lactoferrin, and immunoglobulin which
have an inhibitory effect on the development of
pathogenic bacteria (Angela, 2011; Salimei and
Fantuz, 2012). Recent studies have shown that a-
lactalbumin possesses antiviral and antitumor
properties. Additionally, it forms a complex with
oleic acid called GAMLET, which has been inhibited
in tumorigenesis (Mao et al., 2009; Fantuz et al.,
2001). The high lysozyme content of 21% in donkey
milk indicates its antibacterial properties, while in
mare's milk, the lysozyme content is 10,5%, and
trace amounts have been found in cow's milk.
Lysozyme interacts with a group of cytokines,
helping to reduce proliferation and destroy tumors
through the activation of lymphocytes and blood
macrophages (Shidlovskaya, 2010).
Considering the unique properties of donkey milk,
it is advisable to use it as a primary ingredient for
creating a koumiss-like drink. Masses of cultured
strains of lactobacilli and bifidobacteria were used
as probiotic material, which can contribute to the
activity of beneficial intestinal microflora (Kwoji et
al., 2021).

Dried burdock root and peony root tincture
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studied herbal
supplements. Burdock root, also known as "lupan"

were considered and as
in Asian cuisine, is popular due to its sweet taste
and is used in preparing bread, soups, and
casseroles. In scientific medicine, burdock roots of
the first and second year of life are used, while in
folk medicine, all plant parts are used (Masalova,
2018). In folk medicine, burdock roots, leaves, and
petioles used diuretic, diaphoretic,

are as

antipyretic, antimicrobial, and antineoplastic
agents. The antioxidant activity of burdock root is
attributed to caffeoylquinic acid derivatives
(Kolomiets, 2021; Derusheva, 2021). The root
45%),

polyacetylenes, arctic acids, volatile acids (acetic,

contains inulin (approximately
propionic, oily, isovaleric, 3-hexene, 3-octene,
etc.), fatty acids (such as lauric, myristic, stearic,
palmitic, etc.), tannin, polyphenolic acids (such as
caffeic and chlorogenic acids), rutin, quercetin,
guercetin rhamnoside, coumarin, umbelliferon,
scopoletin, esculin, esculetin, valine, leucine,
tryptophan, threonine, lysine, histidine, proline,
cysteine, glutamine, serine, ornithine, aspartic
acid, and others (WHO, 2020; Khan, 2010; Belmer
and Gasilina, 2010; Dos Santos, 2008). In England,
the popular beverage Dandelion & Burdock is
considered a unique product, combining burdock
root and dandelion to impart a unique taste and
aroma. lIts special production technology and
naturalness make it beneficial for health.

Peony (European peony, common peony) has been
cultivated in Europe for many years. The root has
been used in medicine for more than 2000 years,
mainly to treat epilepsy and

menstrual cycle. It has been experimentally proven

improve the

to have hypotensive, abortifacient, and antiulcer
effects. The roots of this plant have significant
therapeutic value in Unani and homeopathy. The
roots contain asparagine, benzoic acid, flavonoids,
paeoniflorin, peonin, peonol, protoanemonin,
tannic acid, triterpenoids, and essential oil (Khan,
2010; Ahmad, 2012).

The study aims to develop a functional probiotic
dairy product based on donkey milk with the
introduction of phytogenic additives that possess

immunomodulatory and antioxidant properties.
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Material and Methods

Fresh donkey milk was collected from a private
entrepreneur residing in the Ala-Too state farm in
the Chui region, Kyrgyz Republic. Milk samples
were taken from two donkeys, which were mixed
to obtain a representative sample. After milking,
the milk was filtered through a sieve and poured
into sterile bags for storage and freezing. The
protein, lactose and fat content in donkey milk was
1.7g 100 g?, 6.2 g 100 g' and 1,2 g 100 g?,
respectively.

Starter cultures: Lactobacillus acidophilus,
Bifidobacterium animals ssp. lactis, Streptococcus
thermophiles “Lyofast SAB 439 A” (BioChem, Italy);
Lactobacillus delbrueckii subsp. bulgaricus “Lyofast
SAB 438B” (BioChem, Italy) for yogurt production;
yeasts Saccharomyces cerevisiae (Saf Moment);
cut dried burdock roots, 1 cm in average size, for
an herbal tea drink from the manufacturer LLC
"Biolit" Russia, corresponding to I1SO 22000, TU
10.83.15-191-20680882-2020,

tincture from the manufacturer LLC "Hippocrates"

and a peony
Russia, Samara were used.

Preparing the functional drink involves heating
the milk to a temperature of 75°C for 5 minutes.
This temperature regime is necessary due to the

sensitivity of donkey milk proteins. Additionally,

the high lysozyme content in donkey milk
contributes to a longer preservation of its
bactericidal effect (Ljubisa et al., 2014).

Organoleptic evaluations of the raw donkey milk
indicated a sweet taste and smell, homogeneous
consistency, white color with a bluish tint, pH of
7.2 for acidity, and a titratable acidity of 70 °T.
The technological process for producing the
sour milk drink was conducted as follows:
For the production of Koumiss-1, Donkey milk was
heated to 75 °C for 5 minutes and then cooled to
25 °C.
introduced according to the manufacturer's

Subsequently, starter culture was
recommendations Lyofast SAB 439A and Lyofast
SAB 438B - 1 UC for 100 L of milk, yeasts (5 g for
1250 L milk) and peony tincture (1%) were added.

The mixture underwent fermentation at 25°C until
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reaching an acidity of 75 °Th. Throughout the
fermentation process, the drink was aerated for 5
minutes every hour.

For the production of Koumiss-2, 2.8% of dried
burdock roots were rinsed in cold running water
and added to the tested milk. The mixture was
then heated to 75 °C for 5 minutes, filtered, and
cooled to 25 °C. Subsequently, starter culture was
introduced according to the manufacturer's
recommendations Lyofast SAB 439A and Lyofast
SAB 438B - 1 UC for 100 | for milk, yeasts (5 g for
1250 | milk). Fermentation was carried out at 25 °C
until reaching an acidity of 75 °Th. Throughout the
fermentation process, the drink was aerated for 5
minutes every hour. Figure 1 and 2 display the
titratable and active acidity of the investigated
drinks.

Experimental studies and microbiological
analysis were conducted in the Faculty of Food
Engineering Laboratory, Kyrgyz-Turkish Manas
University, Bishkek, Kyrgyzstan.

Standard,

chemical,

well-known methods of physico-

microbiological and organoleptic
analysis were applied for the research. The
samples titratable acidity (TA) was measured every
60 min during fermentation with the titrimetric
method according to AOAC method no. 947.05
(AOAC, 2005e), and pH values were measured
using a digital pH meter (Model 220, Denver
Instrument, USA) hourly.

Based on the data on the change pH and
titratable acidity (TA) during the fermentation of
milk with koumiss ferment, for each case, the
values of the fermentation intensity (Is) calculated
by Eq. 1 and the fermentation coefficient (8) are
calculated by Eq. 2 (Tepel, 1979) were determined,
expressing the biochemical nature of the process
of mixed lactic acid fermentation. The intensity of
fermentation refers to the increase in lactic acid
concentration, expressed in °Th, per time unit.

Iy = TA¢; —TAcy (1)
where TA.;, — titratable acidity at the beginning of
(eTh), and TA., — titratable

acidity at the end of observation (2Th).

the observation

The fermentation coefficient is defined as an
increase in the concentration of lactic acid,
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expressed in 2Thorner (Th), per unit time At. The

fermentation coefficient is calculated by Eq. (2).

_ ATAc,
- ATACl, (2)

where ATA.,, difference between the initial
acidity and the acidity measured at the end of the
°Th; ATAc4,
acidity and the acidity

observation period, difference

between the initial
measured at the beginning of the observation
period, Th. Based on the acidity data in the process
of milk fermentation for samples 1 and 2, the

(Is)

fermentation rate (8) were determined, and the

values of fermentation intensity and
results are shown in Figure 3 and Figure 4,

respectively.

Three female and one male participant took
part in the organoleptic analysis of the products.
The participants were aged between 40 - 50 years.
The evaluation was carried out according to SS
22935- 2- 2011 (SS, 2011) organoleptic analysis of
milk and milk products. Trained panelists
evaluated sensory properties: color, texture, odor,
taste, mouthfeel, and overall acceptance of the
fermented donkey samples. Participants evaluated
the samples using a five-point hedonic scale: liked
very much (5), liked moderately (4), generally liked
(3), neutral (2), disliked moderately (1), and
disliked very much (0) (Smanalieva, Iskakova, &

Fischer, 2021).

Results and Discussion

As a result of the action of the microflora
present in the koumiss microflora lactose is
partially digested into lactic acid, as evidenced by
an increase in the acidity of the product during
ripening. Lactic acid formed during fermentation
plays a crucial role in the formation of a protein gel
in milk. This gel has a significant effect on the
viscosity of milk products and contributes to the
quality of fermented milk products. During milk
fermentation, pH reaches values for koumiss-1 of
4.51 and koumiss-2 of 4.61. The duration of
donkey milk fermentation was 7 hours, at which

the acidity reached a level for koumiss-1 of 65 °Th



Turganbaeva et al., 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(4): 458-466

and for koumiss-2 of 75 °Th. For koumiss from
mare's milk, these values correspond to koumiss of
weak strength (SSK, 2019). The analysis results
indicate noticeable differences in the titratable

and active acidity between the Koumiss-1 and
Koumiss-2 samples, which were determined

simultaneously.

Indicators of change TA in samples

titratable acidity °Th
N
o

0 2

4 6 8

Time, hour
Koumiss-1

Koumiss-2

Figure 1: Indicators of change in titratable acidity (TA) in the studied samples

8 Indicators of changes in active acidity in
samples
7
6
[oX
5
4
3
2 Koumiss-1 Koumiss-2
1
0 Time, hour
0 2 4 6 8

Figure 2: Indicators of changes pH in the studied samples

According to the findings depicted in Figure 1
and Figure 2, the titratable acidity in the Koumiss-
2 sample is higher than that in the Koumiss-1
sample. This difference could be attributed to
carbohydrates in burdock roots, which may create
a favorable environment for the vigorous activity
of microorganisms.

Following this, the drinks undergo further
maturation at 4°C for 5 days to observe the
changes in acidity levels over time. According to
the results of titratable acidity, the koumiss 1 and
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koumiss 2 reached values of 89-94 °Th on the fifth
day, respectively, indicating a degree of acidity
characteristic of medium-strength koumiss (SSK,
2019).

Based on the fermentation intensity graph of
both drinks, we can observe significant activity
during the first hour of fermentation, indicating a
favorable environment in the milk. Subsequently,
fermentation progressed steadily with a moderate
increase in beverage acidity.
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Fermentation intensity Is in koumiss samples

Is

Koumiss

100

150 200 250

Time, min

-1

Koumiss-2

Figure 3: The dynamics of the intensity of the fermentation of the drink in the studied samples

2,5
2

1,5

Koumiss

-1

4

6

(o]

10

Time, hour

Koumiss-2

Figure 4: The dynamics of changes in the coefficient of ripening in the samples

The fermentation intensity (ls), calculated
Eq.1, better the
accumulation rate of lactic acid (Fig.3). The

according to expresses
fermentation intensity curves indicate that the
rate of lactic acid accumulation in donkey milk with
and burdock root did differ

significantly. Already at 60 min in both samples

propion not
thereis anincreased accumulation of lactic acid. At
the same time, in koumiss-2, the accumulation of
lactic acid was more significant. Perhaps this is due
to the high content of carbohydrates in burdock,
which the
microorganisms.

favorably affects growth of
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As depicted in Fig 4, the maximum fermentation
coefficients were observed at different time
intervals in the tested samples. In the case of
Koumiss-1, with the addition of peony tincture, the
fermentation coefficient reached its peak within
the first 3 hours. On the other hand, in Koumiss-2,
the peak fermentation coefficient was

observed closer to the 6-hour mark.

The sensory properties of fermented samples
Koumiss 1 and Koumiss 2 were evaluated by
reaching 75 2Th at storage 4 °C. Organoleptic
evaluation of experimental samples of milk

product are represented in Figure 5.
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e KOUMIiSS 1 === koumiss 2

Overall
acceptability

Taste

Color
5

Texture

Odour

Figure 5: Sensory properties of fermented samples Koumiss 1 and Koumiss

The organoleptic evaluation of koumiss-1
reveals it an opaque liquid with a pure sour-milk
taste, devoid of any extraneous flavors and odors.
The consistency is liquid, homogeneous, slightly
foamy, and free from flakes or clumped lumps of
fat.
throughout the mass. The participants of the

The color is milky-white and uniform
organoleptic analysis gave high marks and noted

that the sour-milk product made from donkey milk

with burdock roots had a pleasant creamy color,
differed from the drink with peony tincture by a
sweeter taste. It is an opaque liquid with a clear
sour-milk taste, without extraneous taste and
odor. The consistency is liquid, homogeneous,
slightly frothy, without flakes and clumped lumps
of fat.
Microbiological analysis of experimental
donkey milk product samples results were shown

in Table 1.

Table 1. Microbiological analysis of experimental donkey milk product samples

Significative Koumiss-1

Koumiss-2

1 day 2 day

1 day 2 day

Total microbial count 1.1x107 CFU/cm?

2.8x107 CFU/cm?3

1.5x107 CFU/cm?® | 3.9x107 CFU/cm3

Lactic acid bacteria 1.0x107 CFU/cm?

1.4x107 CFU/cm3

1.2x107 CFU/cm?® | 1.5x107 CFU/cm?

Yeast

<1.0x10° CFU/cm3

1.0x10° CFU/cm?

1.0x107 CFU/cm? <1.0x10° CFU/cm3

It is known that the composition of donkey milk
is closest to mare's milk. Therefore, the standards
for mare's milk koumiss can be used as a basis for
compliance. In accordance with SS 52974-2008 (SS,
2008), the number of lactic acid microorganisms in
koumiss from mare's milk at the end of shelf life
should be at least 1 x 107 CFU/cm?3, and yeast - at
least 1 x 10° CFU/cm?3. Microbiological parameters
of koumiss from donkey milk during the 48-hour
maturation period indicate that the composition of
donkey milk is favorable for microflora growth. The
total number of microorganisms in koumiss-2 on
the second day is significantly higher than in
koumiss with peony tincture. When conducting
microbiological analysis of the product under
of

study, it was found that the number

microorganisms corresponds to the indicators of
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SSK 720:2019 (State Standard of the Kyrgyz
Republic) technical conditions for koumiss natural
from mare's milk (SSK, 2019). According to the
standard, the recommended shelf life for koumiss
made from mare's milk is not exceeding 5 days
when stored at a temperature of 4°C. Given the
absence of specific state standards for donkey milk
koumiss, it is advisable to adhere to these
established This
recommended due to the close similarity in

standards. approach is
composition and properties between mare's milk
and donkey milk, providing a reliable reference for
ensuring the quality and safety of the product (SS,

2008).
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Conclusion

Drawing from both theoretical insights and
experimental findings, it becomes apparent that
donkey milk boasts a remarkable composition of
biologically active substances. This revelation
undeniably prompts the consideration of its
potential utilization in the creation of a functional
By
bifidobacteria and lactobacilli, known for their

koumiss-like beverage. introducing
antagonistic activity against intestinal diseases and
their capacity to enhance the biological activity of
the drink, and incorporating dried burdock root
and peony tincture, we have successfully enriched
the beverage. The active growth of bifidobacteria
is known to benefit from the presence of prebiotic
cultures, such as inulin, in products. Burdock roots,
with an inulin content of 45%, inherently
contribute to the functionality of the experimental
drink. The organoleptic assessment of Koumiss-1
revealed it to be a cloudy liquid with a distinct
sour-milk flavor, devoid of any unwanted tastes or
aromas. The texture is fluid, uniform, with a slight
frothiness and an absence of clumps or fatty
deposits. The color is a consistent milky-white
the
Evaluators in the organoleptic analysis bestowed
high
product derived from donkey milk infused with

throughout entirety of the beverage.

ratings, emphasizing that the sour-milk

burdock roots possesses an appealing creamy hue.
Notably, they observed that this variant, when
compared to the version containing peony
tincture, exhibits a sweeter and milder taste. The
liguid maintains its opacity, delivering a clear sour-
milk taste without any unwanted sensory
elements. The overall consistency remains liquid,
uniform, and mildly frothy, with no presence of
flakes or clustered fat particles.

Employing gentle temperature regimes during
the processing of donkey milk has been

instrumental in safeguarding its inherent

biologically active substances. The results of
thorough organoleptic  evaluations have
consistently reflected positive outcomes. Through
our experimentation, we have positioned the

resulting sour-milk beverages to occupy a unique
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niche among functional products endowed with
therapeutic properties.

In conclusion, our findings strongly suggest that
sour-milk beverages based on donkey milk hold

substantial promise as functional products,

offering therapeutic benefits. This exploration

opens avenues for innovative and health-

enhancing dairy products, show casing the

potential of donkey milk in the realm of functional
beverages.
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ABSTRACT

Using raw milk in cheese-making has microbiological risks, however a considerable number
of artisan cheese makers around the world prefer raw milk, as heat treatment damages
natural microbiota and alters the characteristic taste and flavor of the cheese. The potential
of the gamma irradiation process to make the raw milk cheese microbiologically safe was
investigated in this study. A total of 5 groups of cheese were produced, including control
groups (control pasteurized milk cheese and control non-irradiated raw milk cheese). After
the white cheese samples were kept in brine for 1 night, they were vacuum-packaged and
each group was subjected to gamma irradiation at doses of 1, 2, and 3 kGy, respectively.
Chemical composition, pH, acidity, Urea-PAGE images, total aerobic mesophilic bacteria
(TAMB), coliform group bacteria, E. coli, yeasts and molds, Lactobacillus and Lactococcus
counts of cheese samples were determined during 60 days of storage at 4°C. All analyzes
were performed on days 1, 30, and 60 of production. We found that irradiation reduced
the microbiological load of the cheeses and slowed down the degradation of as;-CN and B-
CN especially at 3 kGy. Irradiation at 3 kGy successfully inhibited the coliforms and E. coli,
however yeast and mold counts were still high due to initial high levels. Our study showed
that irradiation of the raw milk cheese is a promising method to reduce the microbial
counts to acceptable limits which could reduce the required ripening periods for the
microbial safety of raw milk cheeses.
Key Words: Food irradiation, irradiation dose, white cheese, low-fat

(0
Peynir yapiminda ¢ig sutiin kullanilmasi mikrobiyolojik riskler tasimasina ragmen, isil
islemin dogal mikrobiyotayr bozmasi ve Urinin tipik tat ve aromasini degistirmesi
nedeniyle diinya ¢apinda 6nemli sayida artizan peynir Ureticisi ¢ig sit kullanimini tercih
etmektedir. Bu calismada ¢ig sit peynirinin isinlama islemi ile mikrobiyolojik agidan giivenli
hale getirilme potansiyeli arastirildi. Kontrol gruplari (kontrol pastorize sut peyniri ve
kontrol i1sinlanmamis ¢ig st peyniri) dahil toplam 5 grup peynir dretildi. Beyaz peynir
ornekleri salamurada 1 gece bekletildikten sonra vakumla paketlenerek 3 gruba ayrildi ve
her gruba sirasiyla 1, 2, ve 3 kGy dozlarinda gama isinlamasi uygulandi. Peynir 6rneklerinin
kimyasal kompozisyonu, pH, asitlik, Urea-PAGE goriintileri, total aerobik mezofilik bakteri
(TAMB), koliform grup bakteri, E. coli, maya - kif, Laktobasil ve Laktokok sayilari 4°C'de 60
glnlik depolama siiresince analiz edildi. Analizler Gretimin 1, 30, ve 60. giinlerinde yapildi.
Isinlamanin peynirlerin mikrobiyolojik yukini azalttigini ve 6zellikle 3 kGy'de as;-CN ve B-
CN'nin bozunmasini yavaslattigini bulduk. 3 kGy'deki i1sinlama, koliformlari ve E. coli'yi
basarili bir sekilde inhibe etti, ancak maya ve kif sayilari, baslangictaki yliksek seviyeler
nedeniyle hala yiksekti. Calismamiz, ¢ig siit peynirinin i1sinlanmasinin, mikrobiyal yuki
kabul edilebilir sinirlara diisirmek ve cig siit peynirleri icin gerekli olgunlasma siirelerini
kisaltabilecek umut verici bir yontem oldugunu gosterdi.

Anahtar Kelimeler: Gida isinlamasi, 1sinlama dozu, beyaz peynir, az yagli
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Introduction

Raw milk had been used for cheese making over
centuries. Artisan and farmstead raw milk cheese
makers still exist in many countries around the
world. Today about 10% of the total cheese
production in most European countries is made
from raw milk (Beuvier et al., 2004). Some
traditional raw milk cheeses in Europe have a
protected designation of origin (PDO). Food and
Drug Administration (FDA) legally permitted using
raw milk for about 30 of the 72 defined cheeses
(FDA, 2012). Artisan cheese makers prefer to use
raw milk for its native microbiota and enzymes
that help develop their signature aroma and
texture (Beuvier et al., 2004). Especially in Turkey,
lack of the starter cultures for most traditional
cheese types drives local dairy farms and family-
owned dairies to use raw milk for cheese making.
They do not prefer pasteurization as it impairs
natural microbiota and alters the original taste and
flavor of the cheese. However, raw milk cheeses
carry microbiological safety risks, as they might be
contaminated with pathogens and have a high
microbial load (Beuvier et al., 2004). The Centers
for Disease Control (CDC, 2012) advises that risk
groups, such as children below 5 years old,
pregnants, and people with chronic diseases
should not consume raw milk products. There are
legislations made for raw milk cheeses in many
countries. It is prohibited to sell raw milk cheese
before 4 months of ripening in Turkey (Turkish
Food Codex Cheese Bulletin, 2015). FDA stated
that, raw milk cheese must be aged before
consumption for at least 60 days (FDA, 2012).
Irradiation of the raw milk cheese could reduce
microbial counts to acceptable levels eliminating
the costly ripening period for microbial safety.
Gamma irradiation comprises the exposure of the
food to ionizing radiations obtained by gamma
rays from radioactive isotopes of Co-60 or Cs-137.
This exposure excites the atoms in the treated
food. While the energy is not sufficient to create
radioactivity, it is detrimental for microorganisms
in the food at certain doses. Irradiation inactivates
microorganisms by damaging the cell, mainly by
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damaging the chromosomal DNA and the damage
either suppresses multiplication or cause death by
terminating most cell functions (Odueke et al.,
2016). Food
extending the shelf life of the certain food

irradiation has been used for

products by many countries and it has the
potential to preserve and extent the cheese shelf
life without impairing nutritional and sensory
characteristics. If applied properly, food irradiation
is safe and doesn’t cause unwanted organoleptic
changes. However, it has been demonstrated by
several researchers that higher doses impair
organoleptic and nutritional properties of the
food. Irradiation of the dairy products is not as
widely accepted as other products such as meat
The
main reason for that is the sensitivity of the lipids

and poultry, fruits, vegetables, and spices.

to irradiation even at low doses. Polyunsaturated
fatty acids are prone to oxidation by free radicals
produced by ionizing energy. lIrradiation can
oxidize the casein and form methyl radicals.
Unwanted off-flavors can occur through oxidation,
polymerization, de carboxylation, and dehydration
reactions caused by irradiation (Arvanitoyannis
and Tserkezou, 2010). However, use of irradiation
for reducing the microbial load of the cheese is still
promising with a careful adjustment of the
irradiation dose. In previous studies, irradiation
have been applied successfully at doses under 5
kGy to improve the safety and shelf-life of various
cheese types including Queso Blanco (Ham et al.,
2009), Mozzarella (Huo et al., 2013), Karish (Aly et
al., 2012), Ras (Shalaby et al., 2016), Cheddar (Seisa
et al., 2004) and Feta (Konteles et al., 2009). There
is no previous study on irradiation of raw-milk
Turkish White cheese to the authors knowledge.

Effectiveness of irradiation on different
microorganisms found to be different between
studies on different types of cheeses

(Arvanitoyannis and Tserkezou, 2010). Irradiation
of Artisan Hard cheese at 5 kGy effectively reduced
E. ACC spp.
monocytogenes counts below the recommended

coli, coliforms, and Listeria

limit (Nyamakwere et al., 2022). Irradiation of
post-process contaminated feta cheese at 2.5 and

4.7 kGy was effective to inhibit Listeria
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monocytogenes, while pre-process contaminated
cheeses still had high load (Konteles et al., 2009).
Irradiation resistance among microorganisms
varies depending on several factors such as
population size, properties of the substrate and
microorganisms (Blank et al., 1992). Proteins and
lipids in cheese can provide irradiation protection
for microorganisms. Therefore, effectiveness of
irradiation on reducing the microbial load below
acceptable limits is dependent on not only the
irradiation dose, but also the type of the cheese
and its initial microbial load. In order to determine
the effective irradiation doses and conditions,
type should be
individually. In this study, we aimed to examine the

each cheese investigated
impact of irradiation at doses up to 3 kGy on
chemical and microbiological properties of raw

milk cheese samples during 60 days of storage.

Material and Methods

Cheese manufacture

Cheese samples were produced at the pilot
dairy plant of the Harran University Department of
Food Engineering. A total of 200 L milk was used
for cheese production provided by Harran
University animal farm. After preheating to 35-40
°C, fat was removed using separator (Alfa Laval,
Sweden). Milk used for cheese making had 9.45%
total solids, 1.7% fat and its pH was 6.72. One part
of the milk was separated for control cheese and
low pasteurized at 63 °C for 30 minutes, while rest
of the raw milk was used for cheese making
without any heat treatment. No starter culture
was used in cheese manufacture. When the milk
temperature reached to 30+1 °C, 0.02% CaCl2 and
rennet (CHY-MAXTM M, 600 international milk-
clotting units (IMCU) per mL; Chr-Hansen A/S,
Hoersholm, Denmark) that is sufficient to curdle
the milk in 1 h, were added. Curd was cut into 1
cm3 cubes and allowed to sit for 15 min before
collecting into cheese cloth. After all cheese curd
was transferred into cheese cloth, whey was
drained for 30 min on its own weight and then
pressed under added weight for about 3.5 h.
Cheese was then cut into 7x7x7 cm? blocks, brine
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salted at 16% salt (NaCl) concentration for 12 h.
After draining the brine, cheese blocks were
vacuum-sealed in 20x30 cm 80 p vacuum-sealer
bags. Cheese making was replicated twice, and all
analysis were performed at least in duplicate.

Irradiation treatment

Vacuum packed cheese

irradiated on the first day of the production in a

samples were
cobalt-60 gamma irradiator cell (Izotop, Ob-Servo
Sanguis Co-60 Research Irradiator) at the Turkey
Atomic Energy Research Institute, Ankara.
Irradiation was applied only to raw milk cheese
samples and the applied doses were 1, 2, and 3 kGy
with a dose rate of 1.5 kGy/h. No irradiation was
applied to control pasteurized milk cheese (Cp)
and control raw milk cheese (Cr) samples. Cheese
samples stored at 4°C for 60 days and all analysis

was done at day 1, day 30, and day 60.

Chemical analysis

Prior to chemical analysis, each cheese sample
(whole package) was ground for homogeneity
after sterile sampling for the microbiological
analysis. Moisture content was determined by the
standard drying method at 105+2 °C (IDF, 1982),
fat content was determined according to the
method of Van Gulik (ISO 3433 | IDF 222, 2008),
nitrogen content by the Kjeldahl method (AOAC,
1998) and NaCl content by the Mohr titration
method (IDF, 1988). The pH was measured by a pH
meter (Testo 230, Germany).
Moisture in non-fat solids (MNFS) were calculated
based on these parameters and expressed as mass
fraction in %. All measurements were carried out
in duplicates and results were expressed as mean
value + standard error (SE).
Urea-page gel electrophoresis was conducted to
assess proteolysis (Andrews and Alichanidis,
1983). A with 12.5% total
acrylamide, 4% cross-linking agent at pH 8.9 was

separating gel

used. Final gels were monitored with Bio-imaging
systems (mini BIS PRO, Israel) and photographed.

Microbiological analysis

Enumeration of total aerobic mesophilic
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bacteria (TAMB), coliforms, E. coli, yeasts and
moulds, Lactobacillus and Lactococcus were done
during storage on day 1, day 30 and day 60, as
colony-forming units (cfu)/mL. Cheese samples (10
g) were weighed inside a sterile cabin into a sterile
stomacher bag containing 90 mL of sterile peptone
solution (0.1 % m/V) and homogenized for 2 min in
the stomacher. Prepared homogenate was then
immediately used for preparing the successive
dilutions. TMAB counts were determined on Plate
Count Agar (PCA, Merck) at 30 °C for 24-48 h
(Messer et al., 1985); yeast and molds counts were
determined on Potato Dextrose Agar (PDA, Merck)
at 25 °C for 5 days (Frank et al., 1985). Coliform
group bacteria were determined on Violet Red Bile
Agar (VRBA, Merck) at 37 °C for 24 h; Lactobacillus
count was determined on MRS agar under
anaerobic conditions at 30+1 °C for 72 h (Harrigan.,
1998). Lactococcus counts were determined on
M17 agar at 30+1 °C for 48 h (Cabezas et al., 2007).
E. coli count was determined using two layers of
agar, first incubated for 2 h with Triptic Soy Agar
(TSA) and after adding a layer of VRBA, incubated
24 h at 44+1 °C (Harrigan., 1998).

Statistical analysis

SPSS version 18 (SPSS Inc., Chicago, IL, USA) was
used for analyzing the results. All the experiments
were carried out in duplicate. One way ANOVA was
used to find the statistical differences between the
chemical and microbial properties of the samples.
Differences between means were determined by
Duncan’s multiple range test. Mean values and the
standard deviations (SD) were reported.

Results and Discussion

Chemical analysis results

Chemical composition, pH and acidity of the
in Table 1.
Pasteurized control cheese (Cp) had higher dry

cheese samples are presented

matter than other cheese samples. Irradiation had
no impact on moisture, fat, MNFS and salt levels.
Most other studies also showed that macro
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components such as fat were not influenced by
irradiation doses below 10 kGy (Nyamakwere et
al., 2022, Lalaguna, 2003, Olson, 1998). There was
a decrease in the protein content of 3 kGy cheese
samples. Some previous studies have also found a
reduction in protein content due to gamma
irradiation (Nyamakwere et al., 2022, Shalaby et
al., 2016, Omer and Elshirbiny, 2005) and they
attributed this to the destruction of natural
microbiota and milk enzymes by irradiation
resulting in a decrease in total nitrogen content. It
was stated that gamma-irradiation could destroy
biogenic amine molecules (Kim et al., 2004) that
can reduce the total nitrogen content of the
cheese. Although biogenic amines appear at low
concentrations in cheese, raw milk cheese might
have higher amounts of biogenic amines due to
microbial decarboxylase activity on free amino
acids (Rabie et al., 2011). Cp had higher pH and
lower acidity than other cheese samples which
could be due to the limited microbial growth and
acid development in pasteurized milk during the
cheese making steps. Irradiation did not influence
the pH of the cheese samples significantly (p>0.05)
with the studies
(Nyamakwere et al., 2022, 2003).
However, acidity of the 3 kGy cheese on day 1 was

in accordance previous

Lalaguna,

lower than the Cr and 1 kGy. During the storage,
pH of the cheese samples was stable except for the
Cr. There was an increase in the acidity of Cp and 3
kGy cheese samples during the 60 days of storage.
We did not see any significant difference at
composition throughout the storage (p>0.05).
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Table 1. Composition and pH of White cheeses (Cp: Control pasteurized cheese, Cr: Control raw milk cheese) at

day 1, day 30 and day 60

Irradiation dose (kGy)

Paramete
rs Day 0 (Cp) 0(Cr) 1 2 3
. 1 57.97+0.27°* 59.54+0.71° 60.7130.35"* 61.91+0.00" 60.330.00°*
%/(MO'St”re) 30 56.44%0.00°% 58.95+0.00%* 61.17+0.00" 60.74%0.00  61.34+0.00
° 60  56.69+0.09**  59.09+0.35°* 58.83+0.35°* 60.01+0.35"* 59.43+0.00°*
1 7.8+0.22A 7.5+0.7 8.7+0.32A 7.0+0.03* 8.0+0.0*
w(Fat)/% 30 8.00.0°* 8.040.0%A 8.00.0°* 8.5+0.0% 7.540.0%
60 8.540.1 % 8.240.3 %A 8.240.3 %A 8.70.3% 9.040.0°*
, 1 27.72%¢135°  27.35$2.30° 27.91#3.47°  25.12¢1.62°  23.45%0.78"
;’(Pmte'”)/ 30 27.37+0.14°  26.46%1.62°  26.46+1.21°  24.56+0.23°  22.33+4.39
° 60  27.36%3.75°  26.24+2.76°  26.94+1.28°  25.58+0.97°  22.33%0.56"
1 6201025  587+0.02** 5.40+1.66%* 5.70+1.17°*  5.45+0.24%
w(Salt)/% 30  6.01+0.54%*  575:0.91°*  50240.01*  5.40£0.07**  5.21+0.01%
60  5.34:0.00%*  5.20£0.23%*  5.030.46%  6.03t1.44°*  6.09+0.23%
1 62.88t1.02°" 64.36:2.54° 66.54+3.22°* 66.57+1.69%* 66.57+0.52%
w(MNFS)/% 30  61.35$0.58°*  64.08t1.54°* 66.49+1.35% 66.38+0.07** 66.31+4.70°
60  62.00+4.15%*  64.41+2.90%* 64.11+1.52°* 65.77+0.79**  65.31:0.33°
1 6.3810.04"*  520%0.01"  519:0.07°  525:0.01°  5.23:0.08"
pH 30  6.43#0.00*  5.36£0.00°®  5.28+0.01°  5.27+0.00°  5.300.06"
60  6.53£0.01*  5.37+0.01°®  53320.01°  5.35+0.02°®  5.35+0.01°*
o 1 0.05:0.00°*  0.24+0.01*  0.23:0.01*  0.21#0.01°*  0.18+0.00°*
;/(ng::g 4 30 007:001"  0.23:001°%  023:0.00%  022:0.00%  0.22+0.00"
60  0.08:0.00®  0.23:0.00°  0.24+0.01°*  0.23:0.01°*  0.26+0.00°C

Values are means * standard deviations. Means within the same row marked with different lowercase letters are significantly
different and means within the same column marked with different uppercase letters are significantly different (p<0.05).

MNFS: moisture in non-fat substance

Urea PAGE results

Urea-PAGE results are given at Fig 1. We
observed differences between as1 and B-CN bands
and their degradation products of irradiated, non-
irradiated and control pasteurized cheese
samples. The cheese sample Cp had the highest
amount of as1-CN band through the storage which
could be due to the fact that pasteurization
inactivates native milk proteases and microbiota to
some extent. Proteolysis of the as1-CN occurs first
by the coagulants with the cleavage of Phe23-
Phe24 bond, forming as;-CN (f1-23) and as1-CN |
(f24-199). Then residual coagulant, native milk
enzymes and other microbial enzymes hydrolyze
the as1-CN | (f24-199) into smaller fragments (Dave
et al., 2003). The as1-CN band was almost invisible
in Cr and became more distinct as the irradiation
dose increased. This indicates that irradiation
could be effective in inactivating some of the
proteolytic enzymes and microbiota that would act

on as1-CN. While the intensity of the as1-CN band
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of 2 and 3 kGy cheese samples didn’t change much
during the storage, a decrease observed with the
others. The as1-CN | (f24-199) band of irradiated
samples were similar on day 1. However, Cp had a
slighter as1-CN | (f24-199) band, which could be
due to other factors that limit rennet action on a;:-
CN, such as high pH. The intensity of the asi-CN |
(f24-199) band of Cp and irradiated cheese
samples increased during the storage. There was a
decrease in the amount of as1-CN | (f24-199) band
in Cr on day 30, while it increased in irradiated
cheese samples with increasing irradiation doses.
The non-irradiated raw milk cheese appeared to
have high proteolytic activity due to native milk
enzymes and microbial enzymes that consumed
both as-CN and ag-CN | (f24-199)
Irradiation could have inactivated some of the

rapidly.

proteolytic enzymes and microbiota that could
further degrade as1-CN | (f24-199). The increase in
the as1-CN 1 (f24-199) band intensity also indicates
that rennet

irradiation didn’t inhibit residual
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activity. The B-CN band of all cheese samples
appears to be similar on day 1. However, its
degradation products differed between cheeses.
Plasmin and neutral proteases degrade B-CN into
y-caseins (Fox, 1989). The sample Cp appear to
have higher number of y-CN fractions. When we
look at the 30th and 60th day results, the intensity
of the B-CN was higher at higher irradiation doses.
A slight B-CN-I band was visible at 3 kGy sample
after 30 days of storage. B-CN-lI (f189-192) is
correlated with bitterness. Thus, it is possible that
irradiation may have inactivated some
microorganisms that break down bitter peptides,
leading to bitter B-CN-I (f189-192) fraction in 3 kGy
cheeses (Oztiirk et al., 2013). In the end of the 60
days of storage, irradiated cheese samples
exhibited smaller amounts of as- and B-CN
degradation products as compared to both Cr and

Cp. Seisa et al. also reported that irradiation
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slowed down the enzymatic hydrolysis of the 3-CN
and as1-CN during ripening of Cheddar cheese at
16°C (Seisa et al., 2004). They claimed that
irradiation can cause protein degradation resulting
in differences in the development of the peptide
profile of Cheddar cheese. Ham et al. reported a
dose dependent decrease in as1-CN and BA1-CN in
both milk and Queso Blanco cheese after
irradiation (Ham et al., 2009). They did not see
difference at BB-CN levels at 5 kGy and below.
They found an increase in as0-CN and BA3-CN due
toirradiation and they postulated that BA3-CN was
formed by the breakdown of PBA1-CN during
irradiation. Nyamakwere et al. did not report any
difference in the amount of whey proteins and
caseins after irradiation at 5 kGy, except for -CN
which was reduced dramatically (Nyamakwere et
al., 2022).
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Figure 1. Urea-PAGE results of the non-irradiated (0(Cp): Control pasteurized cheese, (0)Cr: Control
raw milk cheese) and irradiated (1 kGy, 2 kGy, 3 kGy) cheese samples a) on day 1, b) on day

30 and c) on day 60.

Microbiological analysis results

Changes of microbial populations of irradiated
and non-irradiated White cheeses during storage
are given in Fig 2. Impact of the irradiation on
microbial counts was dose dependent and 3 kGy
irradiation was more effective. Irradiation of the
raw milk cheese at 2 and 3 kGy dose reduced the
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TMAB the levels achieved by

pasteurization (Cp). Other studies have also

counts to
reported a decrease in total aerobic bacteria
counts due to irradiation (Nyamakwere et al.,
2022, Konteles et al., 2009). There was an increase
in TAMB count of the Cp at day 30 with a higher
rate than Cr, and a decrease was observed at day
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60. Irradiated cheese TAMB counts were rather
stable during the storage except for 3 kGy, which
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Figure 2. Changes of microbial populations of irradiated (1 kGy, 2 kGy, 3 kGy) and non-irradiated (0(Cp): Control
pasteurized cheese, (0)Cr: Control raw milk cheese)White cheeses during storage: (a) TAMB (total
aerobic mesophilic bacteria), (b) coliform bacteria, (c) E. coli, (d) yeasts and molds, (e) Lactococcus

and (f) Lactobacillus

Coliform group bacteria and E. coli were not
detected at Cp and 3 kGy cheese samples at any
storage point. On the other hand, Cr had about 5
log cfu/g coliforms at day 1, and counts increased
about 2 logs by 60 days (Fig 2b). Irradiation
reduced the coliforms 1 log at 1 kGy dose, and 2
logs at 2 kGy on day 1. Irradiation doses below 3
kGy was not effective on E. coli counts (Fig 2c).
While there was an increase in E. coli counts of Cr
and 1 kGy on day 60, 2 kGy sample counts didn’t
change. Previous studies have also reported a dose
dependent reduction in coliform counts,
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where a complete inhibition was achieved at high
irradiation doses (Nyamakwere et al., 2022,
Shalaby et al., 2016, Konteles et al., 2009). It is
claimed that irradiation can cause death of the
pathogens or sublethal injury preventing their
by damaging their
membrane or DNA (Wang et al., 2018). Irradiation
at 3 kGy reduced the yeast and mold counts to a

multiplication cellular

similar level with Cp, however that was still high
probably due to the initial high load of the raw
milk.

The Cr cheese had the highest Lactococcus
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counts (Fig 2e). Irradiation at 1 kGy was effective
to reduce the Lactococcus counts to a level
achieved by pasteurization, and a higher reduction
was observed at 2 and 3 kGy doses on day 1.
Lactococcus counts were stable during the storage
except for the 3 kGy samples, where a complete
reduction occurred at day 30. No Lactobacillus
colonies were detected at 3 kGy sample
throughout the storage (Fig 2f). The highest
Lactococcus counts were observed at Cr and
irradiation reduced the counts in a dose
dependent manner. Seisa et al. reported that
irradiation greatly reduced the number of non-
starter lactic acid bacteria of the Cheddar cheese

(Seisa et al., 2004).

Conclusion

Irradiation treatment effectively inhibited E.
coli and coliforms at 3 kGy dose. All microbial

group
application in a dose dependent manner. We

counts were reduced by irradiation
determined that microbial safety of the irradiated
cheese at 3 kGy dose was similar to pasteurized
milk cheese for the analyzed microbial groups. It
should be considered that irradiation would
influence the ripening and flavor development in
cheese since it has a detrimental effect on most
the

degradation of as1-CN and B-CN especially at 3 kGy.

microbial groups and slowed down
Irradiation treatment could be applied after some
aging period to prevent any undesirable effects on
ripening. Safety of raw milk artisan cheeses are
concerned, and irradiation could be a good option
to avoid pasteurization which impairs native flora
and the desired flavor development during initial
cheese making process. Irradiation appears to
have an influence on proteins and degradation of
caseins. More study is required to investigate the
possible radiolytic products that could form after

irradiation of the cheese.
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Bu calismada, makarna formilasyonunda bugday irmigi ile kirmizi mercimek unu (RLF), yesil
mercimek unu (GLF) ve siyah mercimek unu (BLF) farkl oranlarda (0-10%) ikame edilmistir.
Mercimek cesitlerinin ve mercimek unu katki oranlarinin makarnanin fizikokimyasal,
teksturel 6zellikleri ve pisme kalitesine etkisi arastirilmistir. Mercimek gesitleri arasinda en

yuksek kiil, ham yag ve fitik asit icerigine BLF'nin, en yiiksek antioksidan aktiviteye (AA) ve
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ve hacim artisi degerlerinin sirasiyla %200.04 ve %238.59'dan %174.92 ve %222.28'e
dismesine neden olmustur. GLF iceren makarna érnekleri, RLF ve BLF iceren makarnalara
gore daha yuksek sertlik degeri ortaya koymustur. %10 mercimek unu igeren orneklerde
pisme kaybi degerinin kontrole gore daha ylksek oldugu belirlenmistir. Formulasyonda
mercimek unu kullanilmasi makarna orneklerini protein, kil, TPC, AA, Ca, Mg, Zn ve Fe
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Introduction

Pasta is frequently preferred by people of all
ages and walks of life due to its long shelf life, low
cost, and ease of preparation (Melini et al., 2020).
It also contributes to long-term satiety due to its
lower glycemic index than bread (Atkinson et al.,
2008), its compact structure, and slower digestion
than other starchy foods. Wheat pasta is usually
produced from refined flour/semolina, which is
rich in carbohydrates and low in micronutrients,
phytochemicals, and dietary fiber (Dziki, 2021). It
has been recognized as a good vehicle for
fortification by the FDA (Food and Drug
Administration) and the WHO (World Health
Organization) (Chillo et al., 2008). Recently, pasta
has been the subject of many food fortification
strategies to improve its functional properties
and nutritional value (Dziki, 2021).

Nowadays, consumers are making changes in
their eating habits due to the increase in health
awareness, and the advantages of a diet rich in
plant-based foods and low in animal foods, both
to the body and to the environment (Messia et al.,
2021). Legumes have an important place in
human nutrition with low fat, high protein,
dietary fiber,
(Sanchez-Chino et al., 2015). Legume proteins

and micronutrient content
provide integrity in terms of essential amino acid
balance when used with cereals (Singh and Singh,
1992). Also, legumes and products are good
vitamin and mineral sources. Recently, the
demand for legumes has increased, because more
people, such as vegans, vegetarians or
flexitarians, are looking for alternative animal
protein sources (Dogan et al. 2013; Pedrosa et al.
2021). Legumes represent a component in the
development of healthy diets for humans and
sustainable for the environment, because they
are friendly to the planet with their low water and
carbon footprint (Boukid et al. 2019; Messia et al.
2021).

Lentils, peas, chickpeas, and beans are among
the most consumed legumes worldwide (Boukid
et al. 2019). Among legumes, the relatively short

cooking times of lentils provide an additional
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advantage. Lentil has advantages for producers
such as having high tolerance to extreme
environmental conditions such as drought and
high temperatures and being able to be grown
without irrigation in semi-arid regions (Yadav et
al. 2007). Lentils can be found in yellow, orange,
green, red, brown, or black colors according to
their type, seed coat, and cotyledon composition
(Xu et al., 2010). It has the highest protein content
after soybeans (Kamboj and Nanda, 2018). Lentils
contain phytochemicals and various bioactive
compounds along with protein, carbohydrates,
dietary fiber, minerals, and vitamins (Rebello et
al., 2014). Studies show that lentils contain much
higher concentrations of phenolics (760 mg
GAE/100 g) compared to other legumes, and this
high polyphenolic content of lentils and excellent
nutritional composition may contribute to their
high anti-obesity,
anticancer and anti-inflammatory properties
(Mo’ez Al-Islam, 2020; Romano et al.,2021).
These nutrient contents positively affect the

antioxidant, antidiabetic,

quality of the foods to which it is added (Migliozzi
et al., 2015).

There is no report in the literature comparing
the use of red lentil, green lentil, and black lentil
flour in pasta quality. The aim of this research is
1) to assess the effect of three lentil species on
the physicochemical, textural characteristics, and
cooking quality of pasta 2) to determine the
effects of lentil type and lentil flour ratio on pasta
quality 3) to develop a new functional pasta
formulation with improved nutritional quality.

Material and Method

Materials

Wheat semolina was kindly supplied by Golda
A.S., Karaman, Turkiye. Red lentils and green lentils
were procured from local supermarkets in
Karaman, Turkiye. Red lentils and green lentils
were milled with a lab grinder (MKM®600, Bosch,
<500 um) and used as whole flour. Black lentil flour
was obtained from Ingro Gida Bilisim Pazarlama,

Karaman, Turkiye.
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Preparation of pasta samples

Pasta preparation was done according to the
method stated by Ajila et al., (2010). A control
sample was prepared with wheat semolina (100%)
and for pasta samples containing lentil flour, red,
green and black lentil flour replaced wheat
semolina by 5 and 10%, separately. While
preparing the pasta, the ratio of wheat semolina to
water was adjusted to be approximately semolina
(1000 g): water (300 ml). The moisture content of
the wheat semolina+lentil flour mixture was
determined by preliminary trials to produce a
visually optimal dough before extrusion. A pasta
machine (La Monferrina, Dolly, Italy) was used for
production. To prepare the pasta, 1500 g wheat
semolina was mixed with 500 ml of warm water in
the rotary shaft mixer of the pilot pasta machine
for 10 min until the semolina was hydrated with
water. Then the mixture was extruded and cut
using a pasta mold (penne). The dried samples
were packaged in polypropylene bags and stored
at room temperature (approximately 25-27°C) for

further analysis.

Color measurements

Minolta CR-400 (Konica Minolta, Japan) device
was used to determine the color values. Color
L*
(brightness/whiteness), a* (redness/greenness),

readings are expressed as
and b* (yellowness/blueness). The saturation
index (S/, vividness of color) and hue angle were
calculated using the equations below (Francis,

1998).

Sl=(a*2+b*2)1/2 (Eq. 1)

Hue = Arctan [b* a*]) + 180 where a<0 and b>0
(Eq. 2)

Hue = Arctan [b* a*!] where a>0 and b>0 (Eq. 3)

Chemical analysis

The moisture (method 44-19), ash (method 08-
01), crude protein (method 46-12) and crude fat
(method 30-25) contents of the wheat semolina,
flours and pastas containing lentil flours (0%, 5%
and 10) were quantified according to AACC (1990).
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Mineral content was assessed with ICP-OES
(Agilent 720, USA) using the method used by
Levent et al., (2020). The colorimetric method was
used for phytic acid analysis. In this method, the
sample extraction was performed by using 0.2 N
HCL, and then the extract was precipitated with a
ferric solution in a test tube. After heating in a
boiling water bath for 30 min, and cooling in ice
water for 15 min, 2.2' bipyridine solution was
added and the absorbance was read at 519 nm
(Haug et al., 1983).

The colorimetric method and Folin-Ciocalteu
reagent were used for TPC determination. The
samples were extracted with 10 ml of solution
consisting of a mixture of hydrochloric acid,
methanol, and distilled water at a ratio of 1/8/1
(v/v), respectively, for 2 hours at room
temperature (Beta et al., 2005; Gao et al., 2002).
After centrifugation at 3000 rpm for 10 minutes,
the extract (0.1 ml) was mixed with Folin-
Ciocaltaeu reagent (0.5 ml, 10% diluted, v/v,
water) and sodium carbonate solution (1.5 ml,
20%, w/v) and distilled water (to make up to 10 ml)
in a test tube. After 2 hours in a dark place, the
read at 760 nm with a
spectrophotometer (Shimadzu UV1800, Japan).

The antioxidant activities (AA) of the wheat
semolina, lentil flours, and pasta were assayed as

absorbance was

described previously by Beta et al.,, (2005) and
Gyamfi et al., (1999). For analysis, samples were
extracted according to the method used in TPC
analysis. Absorbance values at 517 nm in the
spectrophotometer were read at the beginning of
the treatment with DPPH and after 30 minutes. AA
was determined as percent inhibition according to
the following equation.

Inhibition %= (1 — [(A of samplet=30) (A of
controlt=0) ]) x 100 (Eq. 4)

Cooking properties of pasta samples

Twenty grams of pasta samples were cooked in
250 ml of boiling distilled water for the optimum
cooking time. The optimum cooking time was
determined by squeezing the pasta samples taken
from boiling water at different times between two



Levent et al., 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(4): 477-488

the white central

disappeared (Ozkaya and Kahveci, 1990; Sobota et

glass slides until core
al., 2015). After cooking, the samples were drained
for 2 min. Weight increase % (WI) was calculated
based on the pre -and post-cooking weights of the
samples. For the volume increase (VI) values, the
dry and cooked samples were placed in a
graduated cylinder filled with water and the
amount of overflowing water was determined and
the VI values were obtained from the volume of
dry and cooked pasta samples. To determine the
cooking loss (CL) value, the cooking waters were
evaporated to a constant weight in the oven (KD-
200, Nuve, Ankara, Turkey) at 135°C and the
residue was weighed to determine the CL value as

a percentage of the pasta weight before cooking.

Statistical analysis

The results obtained were statistically analyzed
with a computer package program (SPSS, Version
22.0). Data were subjected to analysis of variance
and means were compared using the Duncan
multiple range test. P<0.05 was considered as
statistically significant.

Results and Discussion

Raw material properties

The physical and chemical analysis results of
wheat semolina, RLF, GLF, and BLF used in pasta
formulation are given in Table 1. Wheat semolina
presented higher L* and lower a* values than lentil
types. RLF has higher a*, b*, and S/ values than GLF
and BLF. The moisture content of the raw materials
varied between 86.0 g kg and 127.7 gkg?, and the
highest value was observed in wheat semolina. Ash
contents of raw materials ranged between 7.5-
42.6 g kg'l. Among the lentil varieties, BLF had the
highest ash content. Crude protein and fat

contents of raw materials were found in the range

480

of 124.8-267.9 g kg' and 6.8-13.8 g kg7,
respectively. The chemical analysis results of raw
materials are generally in agreement with previous
studies reported by Rizzello et al. (2014),
Piergiovanni (2021), and Yaghtini et al., (2021). RLF
and BLF had significantly higher amounts of crude
fat had significantly higher amounts of crude fat
than wheat semolina. Lentil varieties had 1.89-
2.15 times more crude protein content than wheat
semolina. Bhatty (1988) reported that lentils are
an excellent source of protein and amino acids that
complement the amino acid pattern of cereal
proteins. Due to its high protein content and
reasonable price, lentils are defined as “poor
2017). Lentil
varieties revealed significantly higher TPC and AA
values (1.54-3.03 g GAE kg, 21.27-45.80%) than
wheat semolina (0.5978 g GAE kg™, 12.80%) and
GLF had the highest TPC and AA values among the
raw materials. Xu and Chang (2008) reported that

man’s meat” (Samaranayaka,

lentils had the highest total phenolic content and
antioxidant capacity compared to chickpeas,
yellow peas and green peas. Lentils contain
phenolic compounds such as phenolic acids,
flavonols, stilbenes, flavones, flavanones
anthocyanidins and proanthocyanidins (Alshikh et
al. 2015; Paranavitana et al., 2021). They have
been reported to have many biological effects,
including antioxidant activity (Kdhkonen et al.
1999). The phytic acid content of wheat semolina,
RLF, GLF, and BLF was found as 1.87 g kg?, 13.70 g
kg?, 14.65 g kg! and 14.87 g kg?, respectively.
Reddy et al., (1982) reported that the amount of
phytic acid in cereals excluding polished rice
ranged from 0.50 to 1.89 % (w/w), from 0.40 to
2.06% (w/w) in legumes, from 2.00 to 5.20% (w/w)
in oilseeds excluding peanuts and soybeans

evaluated in legumes.
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Table 1. Color values and chemical properties of raw materials®

Wheat semolina

Red lentil flour

Green lentil flour

Black lentil flour

Color
L* 88.76+0.28? 79.11+0.34° 80.23+0.30° 72.10+0.42¢
a* -1.71+0.08¢ 16.03+0.11° -0.50+0.06° -2.24+0.08¢
b* 23.56+0.16¢ 34.44+0.27° 24.77+0.30¢ 19.03+0.35¢
Sl 23.62+0.40° 37.99+0.172 24.78+0.30° 19.16+0.35¢
Hue 94.15+0.28° 65.04+0.40° 91.16+0.21¢ 96.71+0.142
Moisture (g kg™) 127.7+2.5° 86.0+1.6 99.8+1.0° 94.6+1.8°
Ash (g kg) 7.5+0.7¢ 19.4+0.6° 21.1+0.4° 42.6+0.8°
Crude protein (g kg?) 124.8+2.1¢ 264.2+1.0° 236.0+2.8° 267.9+2.7°
Crude fat (g kg™) 6.8+0.8¢ 10.4+0.6° 7.3+1.0¢ 13.8+0.4°
TPC (g GAE kg)? 0.598+0.01¢ 1.54+0.01°¢ 3.03%0.01° 2.530.01°
AA (Inhibition%)? 12.80+0.28¢ 21.27+0.30¢ 45.80+0.65° 38.550.21°
Phytic acid (g kg% 1.87+0.03¢ 13.70+0.07¢ 14.65+0.04° 14.87+0.07°
Minerals (g kg™?)
Ca 0.26+0.006¢ 1.35+0.003° 1.28+0.003° 1.20+0.002¢
Fe 0.016+0.0008¢ 0.066+0.001° 0.064+0.001° 0.081+0.001°
Mg 0.29+0.002¢ 0.95+0.002° 0.88+0.001¢ 1.05+0.0012
Mn 0.015+0.0006°° 0.016+0.0004%° 0.01440.001° 0.0175+0.0007°
Zn 0.017+0.0008¢ 0.034+0.0003° 0.0311+0.001° 0.053+0.0006°

!Means followed by the different letters within a raw are significantly different (P<0.05). Based on dry matter (except moisture).

2TPC: Total phenolic content. 3AA: Antioxidant activity.

As expected all lentil varieties had higher Fe, Ca,
Zn, and Mg content than wheat semolina. Among
the raw materials, Mg, Fe, and Zn content of BLF
were found to be richer. Igbal et al., (2006) studied
the composition of chickpeas, lentils, cowpeas and
peas and reported that all four legumes were
better suppliers of mineral substances, particularly
K, P, Ca, Cu, Fe, and Zn. The accumulation of
mineral elements in plants varies depending on
soil characteristics, cultivation and fertilization
system, climate, as well as plant characteristics
(Juknevicius and Sabiene, 2007).

Color measurement results of pasta

Color values of pasta samples were discussed
according to two main factors (lentil type and lentil
flour ratio) (Table 2). According to the lentil type
factor, the highest L* value was obtained in the
pasta samples containing GLF. The lowest L*, b¥*,
and S/ values were determined in pasta containing
BLF, while pasta samples containing RLF had the
highest a*, b* and S/ values. According to the raw
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material analysis results, RLF had the highest a*,
b* and S/ values among the raw materials (Table
1). The color characteristics of the raw material
may affect the color of the pasta. Bae et al., (2016)
reported that in noodles enriched with red lentil
flour, as the amount of red lentil powder
increased, the L value of the noodles decreased
and the a and b values increased. In the study
conducted by Teterycz et al., (2020) green pea, red
lentil and grass pea flours were included in the
pasta formulation and it was reported that all
legume flours affected the color of the pasta and
the most intense color was obtained with red lentil
flour. It was determined that the most suitable
coloring component in all examined legume flours

was red lentil flour (Figure 1).
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Figure 1: Pasta samples prepared with red lentil flour (RLF), green lentil flour (GLF), and black lentil flour (BLF)
(A:Control, B: 5% RLF, C: 10% RLF, D: 5% GLF, E: 10% GLF, F: 5% BLF, G: 10% BLF)

Table 2. Color values of pasta samples?

n L* a* b* SI Hue
Lentil type
RLF 6 82.55+1.76° 2.94+3.39° 22.41+1.76° 22.82+1.61° 82.2148.52°
GLF 6 83.7510.61° -0.41+0.60° 21.67+2.28° 21.60+2.20° 90.92+1.35°
BLF 6 79.2445.21¢ -0.37+0.74° 18.68+4.52°¢ 18.65%4.47°¢ 90.79+2.08°
Lentil flour ratio (%)
0 6 84.47+0.31° -1.1740.06° 24.4740.28° 24.40+0.17° 92.68+0.26°
5 6 82.09+1.65° 1.03+2.11° 19.32+2.0° 19.44+2.09° 87.2445.89°
10 6 78.97+4.75¢ 2.29+3.08° 18.95+3.34° 19.2443.67° 84.00£7.59°¢

Means followed by the different letter within a column are significantly different (P<0.05). RLF: Red lentil flour, GLF: Green

lentil flour, BLF:Black lentil flour.

in the
formulation significantly decreased the L* and Hue

The increased lentil flour ratio
values and increased the a* values of pasta
samples (p<0.05). The b* and S/ values of pasta
samples containing lentil flour (5 and 10%) were
lower than the control, but they were not
significantly different from each other. For good
pasta quality, a translucent bright yellow colored
smooth surface is preferred. Carotenoid pigments
in durum wheat semolina give the desired yellow
color intensity on the pasta surface (Demir and
Bilgicli, 2020). The use of the increasing ratio of
lentil flour in the formulation caused dilution of
yellow pigment from semolina and loss of yellow

color in pasta samples.

Cooking quality of pasta samples
The cooking properties of pasta samples are
shown in Table 3. According to the lentil type
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factor, WI, VI, and CL values of pasta samples
varied in the range of 181.60-190.94%, 218.72-
246.06%, and 6.58-6.60%, respectively. Control
pasta had the highest WI values (200.04%)
followed by pasta containing 5% lentil flour
(186.72%) and pasta containing 10% lentil flour
(174.92%), respectively. In a study conducted by
Bahnassey and Khan, (1986) pasta samples were
prepared by supplementing semolina with navy,
and their
concentrates, and a decrease was observed in the

pinto, and lentil flours protein
cooked weights of fortified samples as the
fortification level increased. Similar results were
also reported by Doxastakis et. Al., (2007). This
effect may be due to the weakening of the gluten
matrix by the addition of gluten-free legume flours

(Teterycz et al., 2020).
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Table 3. Cooking properties and firmness values of pasta samples!

" Weight increase Volume increase Cooking loss Firmness (g)
(%) (%) (%)

Lentil type
RLF 6 181.60+15.97° 243.71+10.44° 6.58+0.19° 248.71+19.99°
GLF 6 189.13+9.40° 218.72+24.75° 6.60+0.26° 303.17496.72°
BLF 6 190.94+8.962 246.06+8.99° 6.58+0.24° 257.78+21.26°
Lentil flour ratio
(%)
0 6 200.04+1.72° 238.59+2.05° 6.41+0.12° 236.79+12.62°
5 6 186.7246.51° 247.62+14.77° 6.57+0.15% 247.94+12.10°
10 6 174.92+7.61° 222.28+27.12°¢ 6.78+0.20° 324.94+80.09°

!Means followed by the different letters within a column are significantly different (P<0.05). RLF: Red lentil flour, GLF: Green

lentil flour, BLF: Black lentil flour.

The use of different lentil varieties in pasta
production did not cause a significant difference
between CL values (p>0.05). The lowest WI and VI
values were obtained at a 10% lentil ratio. CL value
was determined as 6.41% in the control sample
that did not contain any type of lentil flour. This
result is in agreement with Manthey and Schorno
(2002) who reported that the CL value in pasta
made from semolina was around 6.5%. Increasing
the lentil flour ratio in the pasta formulation
increased the CL value and a higher CL value
(6.78%) was obtained in the highest lentil flour
ratio (10%) compared to the control. A similar
trend was also observed by Zhao et al., (2005) who
used milled flours of lentil, chickpea, yellow pea,
and green pea (5-30%) in spaghetti production.
They reported that CL increased with the increase
in the legume flour ratio in the formulation.
Gluten can form a protein network, which is
responsible for the low CL value and good textural
properties in wheat pasta (Laleg et al., 2017,
Matsuo and Irvine, 1970). The use of non-gluten
flours in pasta formulation diluted the gluten
strength and weakened the structure of the
product. This may cause more solids from the
pasta samples to seep into the cooking water,
resulting in higher cooking loss (Rayas-Duarte et
1996).
globulins) do not form an elastic network like

al., Legume proteins (albumins and
durum wheat proteins (gliadins and glutenins)
(Rosa-Sibakov et al., 2016). Pasta cooking quality is
determined by the physical competition between
protein coagulation into continuous network (I)

and starch swelling (II) during cooking. If the first
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(I) predominates, starch particles are retained in
the network causing the cooked pasta to increase
in firmness, while if the second (Il) predominates,
the protein coagulates into discrete masses devoid
of a continuous framework, starch granules swell
easily and some of the starchy material passes into
the cooking water and the pasta exhibits softness
and often stickiness (Marti and Pagani, 2013;
Resmini and Pagani, 1983). In addition, the use of
legume flour in the form of whole flour and its
higher ash content than semolina may weaken the
gluten network and increase dry matter losses
(Table 1) (Teterycz et al., 2020).

The firmness values of the pasta samples
containing red, green, and black lentil flour were
determined as 248.71 g, 303.17 g, and 257.78 g,
respectively (Table 3). As the lentil flour ratio
increased in the pasta formulation, the firmness
values increased partially, and a higher firmness
value was obtained at the 10% lentil flour ratio.
Bahnassey and Khan (1986) and Zhao et al. (2005)
found similar results. They reported that the use of
legume flours (navy, pinto, green pea, yellow pea,
chickpea, and lentil) and protein concentrates in
pasta formulation caused an increase in firmness
values. Also, it was reported that firmness values
of fortified pasta samples increased with the level
of fortification. Similarly, in a study by Teterycz et
al. (2020), it was determined that preparation of
the pasta with 15-20% red lentil flour and 5-15%
green pea flour increased the firmness values,
significantly.

Chemical characteristics of pasta samples
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Moisture, ash, crude protein and crude fat and

crude protein contents of pasta samples
containing red, green, and black lentil flours were
found in the range of 8.0-9.3 g kg*, 8.1-9.6 g kg'?,
132.8-133.4 g kg'! and 8.2-9.1 g kg!, respectively
(Table, 4).
flour in the formulation, there was an increase of
21.5%, 8.4%, 10.9%, 39.3%, and 24.8% in ash, fat,
TPC,

compared to the samples without lentil flour in the

In the samples containing 10% lentil

protein, and AA values, respectively,
formulation. Bayomy and Alamri (2022) reported
that fortification of durum wheat flour with yellow
lentil flour (25%) increased the protein, crude fat,
and ash content of the control sample from
12.79%, 2.62%, and 1.47% to 15.84%, 3.21%, and

1.93%, respectively. In a study by Bae et al., (2016)

Table 4. Chemical properties of pasta samples?

red lentil powder was used (15-45%) in the noodle

formulation and it was reported that the

antioxidative activities of the noodles increased
lentil ratio

significantly as the red

increased (p<0.05).

powder

There was no significant difference between
moisture, crude protein, and crude fat contents of
pasta samples according to lentil type (p>0.05).
Higher ash and phytic acid values were determined
in pasta samples prepared using BLF compared to
those containing RLF and GLF. According to the raw
material analysis results, it was determined that
the ash and phytic acid content of BLF was more
remarkable than other lentil varieties (Table 1).
From these results, it can be said that raw material
properties are reflected in the final product.

Moisture  Ash Crudg Crude fat  Phytic acid TPC? AA

ke  (gkel) ey ke  (eke?) (8GAEkg?) Inhibition(%)’
Lentil
type
RLF 6 8.0+1.2° 8.1+0.5P 132.845.8° 8.6+0.7° 1.92+0.54° 0.689+0.007¢ 15.5941.10°
GLF 6 8.2+1.3° 8.3+0.5P 133.446.6° 8.2+0.5° 2.02+0.65° 0.800+0.166% 17.23+2.37°
BLF 6 9.3x2.3° 9.611.6° 133.047.7° 9.1+0.8° 2.16+0.74° 0.705+0.082° 16.41+1.56°
Lentil
flour ratio
(%)
0 6 7.5%1.1° 7.9+0.3° 126.2+2.9° 8.3+0.5° 1.34+0.06°¢ 0.608+0.007¢ 14.38+0.27¢
5 6 8.4+1.6° 8.4+0.7° 133.0+2.2° 8.6+0.7° 1.97+0.11° 0.739+0.065° 16.90+1.11°
10 6 9.6x1.8% 9.6+1.67 140.0+3.0° 9.0£1.0°% 2.78%0.22° 0.847+0.099° 17.95+1.21°

Means followed by the different letters within a column are significantly different (P<0.05). Chemical properties except
moisture are based on dry matter. RLF: Red lentil flour, GLF: Green lentil flour, BLF: Black lentil flour, 2TPC: Total phenolic

content, 3AA: Antioxidant activity.

Phytic acid forms a complex with minerals such
as Ca, Cu, Fe, Mg, and Zn, which are necessary for
human nutrition and reduces their bioavailability
(Bilgicli, 2002). Therefore, phytic acid is considered
as an antinutrient. For all that, phytic acid has
positive effects on health such as having an
antioxidant, and anti-cancerous effect, lowering
serum cholesterol and triglyceride, reduction of
apoptosis, and preventing foodborne pathogens
(Kumar et al., 2021). With the use of lentil flours in
pasta formulation, it was determined that the
amounts of all minerals (except Mn) examined in
pasta samples increased significantly (p<0.05). It
can be said that the increase in the amount of
lentil flour

minerals with the use of can

484

compensate for the undesirable effects of phytic
acid.

The AA and TPC values of pasta samples varied
from 15.59% to 17.23% and from 0.689 g GAE kg
to 0.800 g GAE kg, respectively. Pasta samples
containing GLF presented the highest TPC and AA,
followed by pasta samples containing BLF and RLF.
In legumes, total phenolic compounds are mostly
found in the seed coats, so seeds with more color
pigments within each species have higher contents
than their pale or white-coated counterparts
(Piergiovanni, 2021). In a study by Durazzo et al.
(2013), the highest TPC and antioxidant capacities
measured by means of FRAP were obtained with
green lentils in both aqueous-organic extract and
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residue when compared to red lentils, chickpeas
and sweet chestnuts. A recent study by
Paranavitana et al. (2021) found that both black
and green lentils were found to have potent
antioxidant properties, as determined by in vitro
antioxidant activity and radical scavenging
capacity assays. Xu et al. (2007) studied the
phenolic compounds and antioxidant activities of
legumes (peas, lentils, beans, soybeans, and
chickpea) produced in the USA and reported that
lentils had the highest phenolic compounds
concentrations and antioxidant activities. In
addition, antioxidant activities measured with
DPPH, FRAP and ORAC methods were highly
correlated (r =0.94, 0.96, and 0.89, respectively)
with TPC (p<0.01).

Table 5 represents the mineral contents of pasta

containing lentil flour. Pasta prepared with RLF

Table 5. Mineral contents of pasta samples (g kg™)*

revealed higher Ca content than BLF, while those
containing BLF revealed higher Fe content. The
substitution of lentil flour in the pasta formulation
at a 10% ratio, resulted in 1.26-, 1.29-, 1.29-, and
1.15-fold increases in the amounts of Ca, Fe, Mg,
and Zn, respectively. According to the lentil flour
ratio, the increase in the amount of Mn was not
found significant (p>0.05). Kaya et al. (2018) used
pea, lentil, and faba bean hulls in noodle
formulation. It was reported that a general trend
of increasing Mg and Ca contents of noodles was
observed with legume hull substitution. Goncii and
Celik (2020) used red, green and yellow lentil
whole flour in tarhana formulation and reported
that the K, Zn and Cu content of samples increased
significantly (p<0.05) compared to control tarhana

prepared with wheat flour.

n Ca Fe Mg Mn Zn
Lentil type
RLF 6 0.41+0.05° 0.018+0.002° 0.0028+0.00032° 0.011440.0003® 0.0155+0.00082
GLF 6 0.40+0.04%° 0.019+0.002%° 0.0027+0.00025° 0.0110+0.0003° 0.0152+0.0010°?
BLF 6 0.40+0.04° 0.021+0.003® 0.0028+0.00034° 0.0113+0.0006° 0.0166+0.0018°
Lentil flour
ratio (%)
0 6  35.83+0.24¢ 0.017+0.0008° 0.0024+0.0007¢ 0.0111+0.0004° 0.0147+0.0005°
5 6 40.37x0.61° 0.019+0.0011° 0.0027+0.007° 0.0112+0.0004° 0.0158+0.0012%°
10 6 45.06+1.0° 0.022+0.0024° 0.0031+0.012 0.0114+0.0005° 0.0169+0.0013?

!Means followed by the different letters within a column are significantly different (P<0.05). RLF: Red lentil flour, GLF: Green

lentil flour, BLF: Black lentil flour.

Conclusion

In this study, lentil flours (red, green, and black)
were used at different ratios (0-10%) in pasta
formulation. While the highest L* value was
obtained in the pasta containing GLF, the L* and
Hue values of the pasta samples decreased as the
lentil flour ratio increased. The use of GLF in the
pasta formulation revealed a lower volume
increase and higher firmness values compared to
other pasta samples. The highest firmness value
was obtained at the highest usage ratio of lentil
flour. Lentil flours (10%) significantly increased
crude protein, ash, AA, TPC, Ca, Fe, Mg, and Zn
samples (p<0.05).

content of pasta Pasta
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containing GLF had the highest AA and TPC values
among pasta samples. When the physicochemical,
textural and

properties cooking quality of

uncooked and cooked pasta samples were
evaluated together, it was concluded that GLF and
BLF could be used up to 10% in pasta production
and that usage ratios higher than 10% of RLF
should be investigated. The results showed that
the use of lentil flour in pasta production will be of
great importance as it meets our nutritional needs
without affecting  its

more significantly

technological properties.
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ABSTRACT

In this study, the effect of the use of buckwheat flour on some quality characteristics of
Fatayer which is a bakery product containing breakfast Zahter mixture as a top filling
material and traditionally produced in Syria was investigated. The effect of buckwheat flour
in different proportions on the physicochemical, textural, and sensory quality
characteristics of Fatayer was investigated. In the study, 5 different types of Fatayers were
produced with buckwheat flour ratios of 0, 30, 50, 70 and 100 % (g/g). The Fatayer
produced with 100 % (g/g) wheat flour was used as a control. As the buckwheat content
of Fatayers increased, the moisture content decreased from 26.61 to 14.92 % (w.b.), the
fat content increased from 18.66 to 20.17 % (d.b.), and the weight loss decreased from
17.16 to 14.74 % (g/g) . The increase in the buckwheat flour ratio decreased the diameter
(mm) and thickness (mm) of the Fatayers. It was observed that the increase in the
buckwheat flour ratio causes an increase in hardness, flexibility, gumminess, chewiness
and elasticity values, and a decrease in stickiness values. The sensory appearance, shape,
color, hardness/softness, taste, smell, fragility, internal structure, chewiness and general
acceptability scores of the pastries were detected in the ranges of 2.50-7.50, 2.30-7.70,
2.5-7.70, 2.30-8.40, 2.40-7.80, 4.30-7.30, 4.00-6.80, 3.40-7.60, 3.30-8.40 and 3.00-7.66,
respectively. Considering the sensory properties of the samples, it was seen that the
addition of 30% buckwheat flour was close to the control sample in terms of general
acceptability. Considering the optimum chemical, physical, textural and sensory
properties, it has been revealed that up to 50 % (g/g) Buckwheat flour can be used in the
Fatayer formula.

Key Words: Buckwheat, Fatayer, Zahter pastry, quality
0z

Bu calismada, Suriye'de geleneksel olarak tretilen ve lst dolgu malzemesi olarak kahvaltilk
Zahter karisimini igeren bir firin Griini olan Fatayer'in karabugday unu kullaniminin bazi
kalite 6zelliklerine etkisi arastirilmistir. Fatayer fizikokimyasal, tekstirel ve duyusal kalite
ozellikleri Uzerine farkh oranlarda karabugday ununun etkisi incelenmistir. Calismada
karabugday unu oranlari % (g/g) 0, 30, 50, 70 ve 100 5 farkli Fatayer gesidi Uretilmistir.
Kontrol olarak % 100 (g/g) bugday unu ile Uretilen Fatayer hamuru kullaniimistir.
Fatayerlerde karabugday orani arttikca nem orani ve agirlik kaybi sirasiyla 17.16'dan %
(k.m.) 14.74'e ve % (g/g) 26.61'den 14.92'ye duserken, yag orani ise % (k.m.) 18.66'dan
20.17'ye artmistir. Karabugday unu oraninin artmasi Fatayeryerlerde ¢ap (mm) ve kalinlik
(mm) degerlerini distirmustir. Karabugday unu oraninin artmasinin sertlik, esneklik,
sakizimsilik, cignenebilirlik ve elastikiyet gibi yapisal degerlerinde artisa, yapiskanlik
degerlerinde ise azalmaya neden oldugu gézlemlenmistir. Fatayerlerin goriinis, sekil, renk,
sertlik/yumusaklik, tat, koku, kirilganlik, i¢ yapi, ¢ignenebilirlik ve genel kabul edilebilirlik
gibi duyusal puanlari sirasiyla 2.50-7.50, 2.30-7.70, 2.5-7.70, 2.30-8.40, 2.40-7.80, 4.30-
7.30, 4.00-6.80, 40-7.60, 3.30-8.40 ve 3.00-7.66 araliklarinda tespit edilmistir. Orneklerin
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duyusal 6zellikleri incelendiginde % (g/g) 30 karabugday unu ilavesinin genel kabul edilebilirlik agisindan kontrol 6rnegine
yakin oldugu gorulmustur. Optimum kimyasal, fiziksel, dokusal ve duyusal 6zellikler dikkate alindiginda Fatayer formiliinde
% 50 (g/g) oranina kadar Karabugday unu kullanilabilecegi ortaya gikmistir.

Anahtar Kelimeler: Karabugday, Fatayer, Zahterli bérek, kalite

Introduction

Powdered Zahter is a traditional spice mix
consumed with olive oil for breakfast in North Africa,
the Middle East and the Eastern Mediterranean
regions (Syria, Tirkiye). The use of Zahter, which
consists of spice mixtures, as a breakfast dates to
ancient times. Its composition is very rich and varies
from country to country. It consists of many
different raw materials, such as menengic, sesame,
chickpea powder, watermelon seeds, melon seeds,
sumac, salt, cumin, red pepper, black cumin, lemon
salt, coriander, fennel, thyme (zahter), and peanuts.
Zahter-mixture is usually not eaten alone, it is
consumed with olive oil by dipping with bread.
Zahter mixture is also used as a medicinal ingredient
in addition to its cholesterol-lowering effect
(Hayoglu et al., 2016; Dalkilig et al., 2020). Fatayer is
a traditional pastry filled with various flavors such as
cheese, zahter, and spinach in Arab countries
(Hassan et al, 1991). Fatayer is known as a bread
with Zahter-mixture in the Hatay region of Tirkiye
(Iflazoglu and Sarper, 2021).

In recent years, there is an increasing interest in
pseudocereals as substitutes for cereals or as a
complete replacement. The use of pseudocereals
with food products increased because they are rich
in nutrients (vitamins, minerals, balanced amino acid
and protein content, bioactive components such as
lipids, dietary fibers and polyphenols) and because
they do not contain the gluten protein that most
cereals contain. Buckwheat belonging to the
Polygonaceae family, which is in the pseudo-cereal
group, is a product rich in antioxidants such as
protein, dietary fiber, vitamins, mineral substances,
basic polyunsaturated fatty acids, rutin, orientin,
vitexin, quercetin, isovitexin, catechin (Dizlek et al.
2009; Sedej et al. 2011; Hayit and Gil, 2017).
Buckwheat is a gluten-free product with great
potential in the functional and clinical food industry,

is used to enrich gluten-free foods produced for
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celiac patients (Mariotti et al. 2013; Hayit and Giil,
2015).

In the literature review, it was seen that scientific
studies on Breakfast Zahter and Fatayer were not
sufficient. In this study, the effect of using different
ratios of buckwheat flour on the physicochemical,
textural and

sensory quality of Fatayer was

investigated.
Material and Method

Materials

Wheat flour (WF) was supplied from Dayioglu flour
factory (Gaziantep, Tirkiye). Buckwheat flour (BWF)
was purchased from Smart Kimya (izmir, Tirkiye).
Zahter-mixture, yeast, salt, milk, sugar, sunflower oil
and olive oil used for Zahter-pastry (Fatayer) were
obtained from local markets in Sanliurfa. Zahter
mixture contains sesame, coriander, wheat, thyme,
fennel, anise, citric acid, salt, pistachio, soy and
mustard.

Methods
Fatayer production

The dough for Fatayer production contained 330 g
flour, 15 g sugar, 10 g salt, 10 g dry yeast, 100 ml milk,
185 ml water and 27 ml sunflower oil. Fatayer
contained 100 % (g/g) wheat flour (A) was chosen as
the control Fatayer. The production of Fatayer was
made with the modification of method of Hassan et
al. (1991). In the study, “Kitchen Aid” brand, “Model
5KSM150 model Inc., St. Joseph, Michigan, USA”
mixer with 2 kg of batter capacity and 10 different
mixing speeds was used for batter preparation. Ten
dough balls of approximately 50 g each were formed
from the prepared dough. After the dough was
shaped, 27 g Zahter-mix and 27 ml olive oil was used
for top filling of each loaf of dough. The dough lined
on baking paper then was baked at 180 oC for 30
minutes.

Baked samples were stored to room

temperature for analysis. Wheat flour-buckwheat
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flour mixture ratios determined by preliminary trials

are given in Table 1. The production flowchart of

Fatayer was shown in Figure 1.

Table 1. Percentages of wheat and buckwheat flours for Fatayer samples

Sample Wheat Flour (%, g/g) Buckwheat Flour (%, g/g)
A 100 -
B 70 30
c 50 50
D 30 70
E ) 100
Chemical and energy analysis of samples Measurement of color

Standard methods of analysis (AACC, 2000) were
used to determine moisture (AACC 44-16.01), ash
(AACC 08-01), crude protein (AACC 46-10) and crude
fat (AACC 30-10.01) contents. The nitrogen-to-
protein conversion factor of 5.80 and 6.25 were used
for wheat and buckwheat flours, respectively. The
total carbohydrate was calculated using the standard
100% (%protein + %fat +%ash +
%moisture) (FAO, 2003). The energy calculation was
done by multiplying the protein, fat and carbohydrate
by the factors 4, 9 and 4, respectively (FAO, 2003).

equation:
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The color (L*, a* and b*) of raw materials and
Fatayer samples were measured using a Hunter’s Lab
color analyzer (Hunter lab scan XE, Reston VA, USA)

Dimension analysis

The diameter (D, mm) and thickness (T, mm) of 10
Fatayer samples were measured with a digital caliper
with an accuracy of 0.02 mm (Model: 505-633,
and the

Mitutoyo, Tokyo, Japan), respectively,

average of 10 measurements was obtained.
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Baking (30 min, 180 2C)

Cooling of Fatayers at room temperature

Figure 1. Production flow chart of Fatayer

Weight loss
In order to calculate the weight loss, the average
of 10 dough of the samples was weighed before and
after the baking process and the weight loss was
calculated by using Eq. (1) (Turabi et al., 2010).
) W, — We
Weight los(%) = [T) * 100] (D

L

Where, Wi and Wf are the weight of the
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sample before and after baking (g), respectively.

Texture profile analysis (TPA)

Texture profile analysis (TPA) tests of Fatayer
samples were performed using a Texture Analyzer
(TA-XT Plus Stable Micro Systems, UK) with a 36 mm
diameter cylindrical probe (P/36) to determine the
textural properties of the pastries. Hardness,
springiness, cohesiveness, gumminess, chewiness,

and elasticity values were calculated from the TPA
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curve (Karaoglu et al., 2008).

Sensory evaluation

Sensory evaluation of Fatayer samples in different
formulations were carried out by 10 semi-trained
panelists at Harran University, Faculty of Engineering,
Department of Food Engineering. The panelists were
asked to evaluate each sample attribute applying a
Hedonic scale of 9-points (1 - dislike extremely, 9- like
extremely). Test was applied to the panelists in terms
of appearance, shape, color, hardness/softness,

taste, smell, fracturability, internal structure,
chewiness and general acceptability of the pastry
samples (Volpini-Rapina et al., 2012; Emmanuel and

Sackle, 2013).

Statistical analysis

For the statistical analysis of data, the SPSS version
26.0 (IBM, Statistical Package software for Windows,
SPSS Inc., USA) was used. Mean and standard
deviation were computed for all the attributes.
Significant differences were determined by Duncan

Multiple Range Test. Differences were considered
significant at P < 0.05 to know the accuracy. All
analyses were performed in triplicate.

Results and Discussion

Chemical, energy and color values of raw materials
used in Fatayer samples

Chemical and color properties of composite flours
and Zahter mixture were given in Table 2. Moisture,
ash, fat, protein, total carbohydrate, energy, L*, a*
and b* values of Zahter mixture were found as 2.19%,
7.36%, 6.73%, 17.96%, 67.95%, 404.21 Kcal/g, 48.58,
3.34 and 16.80,
composition of breakfast zahter is varied from the

respectively. The chemical

origin of ingredients used in production. Its
composition varies according to different cultures
and countries. Similar results were reported by
Hayoglu et al. (2016), Ucan et al. (2014) and Koten

and Satouf (2019).

Table 2. Chemical composition and color (L*, a* and b*) of raw materials

Propery A B C D E Zahter
Moisture
content 10.97°40.03 11.30°+0.01 11.65°+0.02 11.63°:0.01 11.76°+0.04 2.19+0.02
(%, w.b.)
Ash content 4 . . b .
(%, d.b) 0.719+0.03 1.21°40.02 1.30°+0.03 1.65°+0.01 1.932+0.02 7.3610.03
Fat content p o be ab .
(%, d.b) 1.40°¢0.02  1.71°+0.03  1.92°°+0.01 2.12°*+0.04 2.432+0.02 6.73+0.04
Protein
content 11.94°+0.01 12.269+0.02 12.47°40.02 12.69°+0.03 13.01°+0.02 17.96%0.03
(%, d.b)
Carbohydrate
content 85.95°+0.02 84.829+0.03 84.31°¢0.02 83.54°+0.04 82.63°+0.01 67.95+0.01
(%, d.b)
Energy

404.16°¢0.03 403.71°+0.01 404.31°+0.02 404.00°+0.03 404.43°+0.01 404.21+0.02

(Kcal/100 g)
L* 92.76%+0.02 90.87°+0.04 89.00°+0.03 88.61°*0.06 92.769+0.02 48.58+0.03
a* 0.539+0.01 0.81°£0.02 0.89°+0.02 1.23%+0.03 1.57°+0.02 3.3410.04
b* 8.952+0.05 8.22°1+0.02 8.17°£0.03 8.06°+0.06 8.05°+0.04 16.80%0.02

A:100%(g/g) Wheat flour, B: 70%(g/g) wheat flour+30%(g/g) Buckwheat flour, C: 50%(g/g) wheat flour +50%(g/g) Buckwheat flour,
D: 30%(g/g) wheat flour + 70%(g/g) Buckwheat flour and E: 100%(g/g) Buckwheat flour. Results are Mean * SD; Means having the

same superscript do not differ significantly at P<0.05.

The chemical composition of composite flours was
shown in Table 2. As the buckwheat flour addition

increased, the moisture, ash, fat, protein contents of
flour samples increased from 10.97 to 11.76%(w.b.),
71 to 1.93%(d.b.), 1.40 to 2.43%(d.b.), 11.94 to
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13.01%(d.b.), while the carbohydrate content
decreased from 85.95 to 82.63%(d.b.), respectively.
Energy value also increased with buckwheat flour
addition. In a study, it was reported that ash (0.49-
2.4%), fat (1.03-2.05%) and protein content (11.69-
12.04%) increased in a mixture of wheat flour and
buckwheat flour as the buckwheat flour ratio
increased (Selimovic et al., 2014). Yildiz and Bilgigli
(2012) reported that moisture, ash and protein
contents of wheat flour were found to be 0.70%,
0.47% and 11.60%, and those of buckwheat flour
11.10%, 1.73% and 12.10%, respectively. The study is
compatible with the literature studies.

Color changes of composite flours were given Table 2.
As the buckwheat flour addition increased, L* (92.76-
92.76.0) and b* (8.95-8.05) values decreased, while
a* (0.53-1.57) values increased. While the decrease in
L* value and the increase in a* value were significant
(P<0.05), the decrease in b* value was not significant
(P>0.05). Similar results were reported in the study of
Bilgicli and ibanoglu (2015).

Chemical and physical properties of Fatayer samples
This work deals with the use of buckwheat and
wheat flour to produce gluten-free pastry with zahter
mixtures. A gluten-free cereal can be widely used for
producing gluten free products (Wronkowska et al.,
2010; Sedej et al., 2011).
Visual appearance of Fatayer samples produced from
wheat and buckwheat flours were shown in Figure 2.

Table 3 shows chemical, energy and physical
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characteristics of Fatayer samples. As the buckwheat
addition increased in formulation of Fatayer samples,
the moisture, carbohydrate contents and weight loss
decreased, while the ash, fat and protein contents
increased (Table 3). The decrease in moisture,
carbohydrate contents and weight loss and the
increase in fat, ash and protein contents were found
to be significant (P<0.05). This is in consistent with the
levels of these components observed in the raw
materials (zahter mixture and buckwheat flour).
Mohajan et al. (2019) reported in a study that as the
buckwheat flour rate increased, the moisture content
of the bread decreased (29.91-25.41%), while the fat
content increased (4.88-5.85%). In another study,
related bread production (Selimovic et al. (2014), it
was reported that the weight loss decreased as the
buckwheat ratio increased. The results of previous
studies were found to be compatible with this study.
The decrease in the moisture content and weight loss
samples is a result of the decrease in the water
absorption capacity of the dough due to the addition
of buckwheat flour. The lower water absorption
capacity of buckwheat flour could be attributed to the
presence of lower amount of hydrophilic constituents
in buckwheat flour (Akubor and Badifu, 2001). Also,
oil in the zahter mixture would be the reason of
decrease of hydrophilic propery. Isolated buckwheat
starch was reported to have higher water-binding
capacity than wheat and corn starch (Wijngaard &
Arendt, 2006).
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A

B

C

D

E

Figure 2. Pictures of different Fatayer (A:100%(g/g) Wheat flour, B: 70%(g/g) wheat flour+30%(g/g) Buckwheat
flour, C: 50%(g/g) wheat flour +50%(g/g) Buckwheat flour, D: 30%(g/g) wheat flour + 70%(g/g)
Buckwheat flour and E: 100%(g/g) Buckwheat flour)

Table 3. Chemical, energy, and physical characteristics of Fatayer samples.

Property A B C D E

Moisture content b b 4

(%, w.b.) 26.61°+0.20 21.46P+2.1 21.04°°+0.06 18.35°¢0.22  14.929+1.31
0, W.D.

Ash content g b

(%. d.b) 8.07°+0.00 8.57°40.10 8.66°t0.06  9.01°+0.01 9.292+0.07
0. .

Fat content d 4 b b

(%. d.b) 8.13°40.12 8.44°°+0.06 8.65°°+0.08  8.85%°+0.14 9.16°+0.23
0. .

Protein content d b

(%. d.b) 29.90°+0.04  30.229+0.02  30.43°¢0.02 30.65°+0.03  30.972+0.05
0. .

Carbohydrate 4 b

53.90°+0.16  52.779+0.09  52.26°¢0.05 51.49°+0.14 50.58%+0.31

content (%. d.b)
Energy (Kcal/100 g)

408.37°+0.02

407.92+0.03

408.61%+0.04 408.21°+0.04

408.64°+0.06

Weight loss (%, g/g) 17.16°t0.33  16.58+0.46 16.26%°+0.57 15.06°+0.91  14.74°+0.11
Diameter(mm) 82.01°%42.80  70.76°+8.22  79.43°12.04 64.74°t4.97 68.12°°+2.79
Thickness (mm) 18.74°+1.42  19.36°+2.16  13.70°+1.04 14.56’+1.46  15.25°+0.65
L* 26.16°+0.05  27.80°t0.04  29.89°¢0.02 34.39°+0.06  32.38°:0.03
a* 5.80°+0.04 5.66+0.02 6.50°t0.03*  5.89°+0.02 5.83%¢+0.02
b* 11.03°+0.02  12.62%+0.07 14.66°+0.19 15.85%t0.03  13.73°0.01

A:100%(g/g) Wheat flour, B: 70%(g/g) wheat flour+30%(g/g) Buckwheat flour, C: 50%(g/g) wheat flour +50%(g/g) Buckwheat flour ,
D: 30%(g/g) wheat flour + 70%(g/g) Buckwheat flour and E: 100%(g/g) Buckwheat flour. Results are Mean * SD; Means having the

same superscript do not differ significantly at P<0.05.

The size (diameter and thickness) variation of
Fatayer samples was presented in Table 3. Addition of
buckwheat flour decreased the diameter and
thickness values of Fatayer samples. These decrease
values were found to be significant (P<0.05). The
results indicated that an increase in the proportion of
buckwheat flour resulted in a decrease in the size of
the samples due to the lower water absorption
capacity of buckwheat flour and buckwheat flour
does not contain gluten. Buckwheat-supplemented
samples exhibited a decreased spread (Figure 2).

Similar results were found in the studies of Baljeet

et al. (2010), Mahmood et al. (2019) and Makpoul et
al. (2015) for biscuits.

Color is animportant quality characteristic that can
animate individual’s appetence. It is a considerable
factor used for process control during baking and
roasting because of brown pigments appearing due to
browning and caramelization reactions (Pereira et al.,
2013). The surface color changes of Fatayer were
shown in Table 3. The surface L*, and a* color values
increased but b* values of Fatayer samples decreased
with buckwheat flour addition and the colors changed
to dark brown from creamy yellow (Figure 2 and Table
and b*

redness and

3). The positive values of a* values

represented the superiority of
yellowness of Fatayer samples. The change of color of
fatayer samples from yellow to dark brown may be
due to the ingredient composition such as buckwheat
flour, zahter mixture, and red pigment formation
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resulting from the Maillard reaction or nonenzymatic
browning which depends on the amount of reducing
sugars and amino acids on the surface, baking
temperature and time. The results of color values of
the present study were found compatible with the
findings of other previous researchers (Pereira et al.,
2013).

Texture profile analysis (TPA) of Fatayer samples

The hardness is the main determinant of the
quality of the bread and similar bakery products and
is closely related to the perception of fresh bread by
consumers. The textural properties of Fatayer
samples were given in Table 4. As the buckwheat flour

content of samples increased, it was seen that

Table 4. Textural properties of Fatayer samples

cohesiveness decreased while hardness, springiness,
chewiness, gumminess, and elasticity increased. The
hardness value of bread increased as the ratio of
pseudocereals addition increased breads (Yesil and
Levent, 2022) Similar results were reported by Sanz-
Penella et al. (2013), Bilgicli & ibanoglu (2015) and
Azizi et al. (2020). Lower hardness reached the
control sample without buckwheat (1506.30 g) in
comparison with sample 100% buckwheat (3487.47
g), but the increasing trend of hardness was observed
with higher portion of buckwheat flour in the mixture.
Similar results were observed in the study of
Dvorakova et al. (2013).

Property A B C D E
Hardness 1506.30°4139.95  2149.29°°+447.13 2871.61%°+504.13  3459.57°+584.04 3487.472+354.55
Springiness 0.95¢£0.08 1.08°+0.02 1.15%°+0.01 1.18%°+0.03 1.21°+0.03
Cohesiveness 0.52°1£0.01 0.512°+0.01 0.51%°+0.02 0.49%°+0.01 0.46°+0.04

Chewiness 785.74°¢85.22  1087.03°+241.18
Gumminess 783.30°484.47  1118.99*°+219.02
Elasticity 0.44°£0.02 0.45°40.02

1514.43%+257.26
1541.582°+293.97
0.48°¢+0.01

1703.00°+313.59
1691.47°+352.24
0.51%+0.02

1845.62°+87.81
1704.05°+90.31
0.56°+0.04

A:100%(g/g) Wheat flour, B: 70%(g/g) wheat flour+30%(g/g) Buckwheat flour, C: 50%(g/g) wheat flour +50%(g/g) Buckwheat
flour, D: 30%(g/g) wheat flour + 70%(g/g) Buckwheat flour and E: 100%(g/g) Buckwheat flour. Results are Mean * SD; Means

having the same superscript do not differ significantly at P<0.05.

Sensory properties of Fatayer samples

Table 5 shows the sensory properties of Fatayer
samples were evaluated between 1-9 points.
Accordingly, appearance, shape, color,
hardness/softness, taste, smell, fragility, internal
structure, chewiness and general acceptability
scores are found as in the range of 7.50-2.50, 7.70-
2.30, 7.70-2.50, 8.40-2.30, 7.80-2.40, 7.30-4.30,
6.80-4.00, 7.60 -3.40, 8.40-3.30 and 7.66-3.00,
respectively. Considering the sensory properties of

the samples, it was observed that

30% buckwheat flour addition was close to the

control sample in terms of general acceptability.

Sensory evaluation

indicated that successful

Fatayer could be manufactured with the addition

of buckwheat flour up to 50%. In particular, similar

sensory scores were found with the control

Fatayer samples, and 30% buckwheat added

samples Similar results have also been reported by
Lorenz and Coulter (1991), Bojnanska et al. 2009)
and Bilgicli & ibanoglu (2015).
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Table 5. Sensory score of Fatayer samples

Property A B C D E
Appearance 7.50°+1.65 7.40°+1.65 6.30°°+2.00 4.80°+1.69 2.50°+1.08
Shape 7.70°#1.25 7.60°+1.51 6.90°°+1.79  5.20°+1.75 2.30°42.06
Color 7.70°£1.49  7.50°+1.72 6.70°°+2.36  5.00°+2.11 2.50°¢1.58
Hardness 8.40°+0.70 7.80%+0.79 6.40°+1.27  4.20°41.62  2.309+0.95
Taste 7.80°+1.40 7.50°+1.43 6.40°°+1.65 5.10°+1.10  2.40°¢1.35
Smell 7.30°+1.77 7.10°#1.52 5.90°*+2.13 5.20°*+1.93  4.30°+2.45
Fracturability 6.80°+2.57  6.60°+2.32 6.00°+1.33  5.10°#1.52  4.00°+2.91
Internal

7.60°£1.90 7.70°#1.06 7.20°°+1.32  5.50°+1.08  3.40°¢1.51
structure
Chewiness 8.40°+0.84  7.90°+0.88 7.00°+1.16  5.20°+1.87 3.30°¢1.34
General X

7.66°+1.02  7.46°+0.96 6.53?+1.33  5.03#1.13 3.00°¢1.16

acceptability

A:100%(g/g) Wheat flour, B: 70%(g/g) wheat flour+30%(g/g) Buckwheat flour, C: 50%(g/g) wheat flour +50%(g/g) Buckwheat flour ,
D: 30%(g/g) wheat flour + 70%(g/g) Buckwheat flour and E: 100%(g/g) Buckwheat flour. Results are Mean + SD; Means having the

same superscript do not differ significantly at P<0.05.
Conclusion

This research shows that Fatayer produced by
substituting Buckwheat flour at a 50% (g/g) level with
wheat flour can successfully be produced. At 70 and
100 % (g/g) levels of buckwheat flour however, has
been less acceptable in their sensory characteristics
and physical properties. The nutritional content of the
Fatayer pastries were improved with buckwheat
flour. Since buckwheat contain higher levels of
nutrients than many cereals, Fatayer pastries improve
the diets of consumers. Buckwheat provided the
Fatayers darker crust as a result of natural
pigmentation. Considering the optimum chemical,
physical, textural and sensory properties, it has been
revealed that up to 50 % (g/g) Buckwheat flour can be

used in the Fatayer formula.
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Giris

Badem (Prunus amygdalus L.), dinyadaki en
onemli ve en buylk sert kabuklu yemislerden biridir
(Kester ve Gradziel, 1991; Yildirim ve ark., 2008).
Turkiye, badem uretimi agisindan diinyanin énemli
Ulkelerindendir. Diinya capinda 2021 yilinda kiresel
badem lretimi 4 milyon tonun (zerindedir.
Diinyanin en bilyik dort badem Ureticisi sirasiyla
Amerika Birlesik Devletleri 2189040 ton, ispanya
365210 ton, Avustralya 285605 ton ve 178000 ton ile
Turkiye yer almaktadir (FAO, 2021). Ayrica, Tirkiye
Cumbhuriyeti istatistik Kurumu (TUIK) Aralk 2022
yilinda meyve, icecek ve baharat bitkilerini iceren en
son raporuna gore; Turkiye 2021 yilinda 178000 ton
badem Uretimine sahipken 2022 yilinda 190000 ton
badem Uretimi gerceklestirmistir. Boylece bir dnceki
sezona gore toplam badem lretiminde yaklasik %6.7
oraninda artis meydana gelmistir (TUIK, 2021; TUIK,
2022).

Badem E vitamini,

K vitamini, bakir, fosfor,

manganez ve magnezyum acisindan zengindir
(Khalid ve ark., 2021).
cekirdegi, son derece duisuk su igerigi (%4-6), ylksek
diizeyde protein (%18), yag (%54) ve karbonhidrat

(%20) ile cok besleyicidir ve antioksidan icerigi

Bunun vyanisira; badem

acisindan da degerli bir tohumdur (Wareing ve ark.,
2000; Safary ve Chayjan, 2016). Badem, yenilebilir ve
¢ig veya islenmis olarak tiketilebilirken, sekerleme
sanayinde, sekerleme, kek ve seker kaplh badem
Uretiminde (Yildirnm  ve
ark.,2008).

Diger bircok tarim Uriniu gibi badem de hasat

degerlendirilmektedir

edildikten sonra 6nemli miktarda hasat sonrasi
islemeye ihtiyac duymaktadir. Tirkiye'de badem
hasat sonrasi uygulanan mekanizasyon islemleri
genellikle yikama, ayirma, kurutma, ayirma, kirma,
kavurma ve paketlemedir (Bilim ve Polat, 2008).
Farkl isleme asamalari arasinda kurutma, badem
endistrisindeki en dnemli suregtir (Mokhtarian ve
ark., 2017). Badem, eksimeyi onlemek ve kaliteyi
korumak igin hizli bir sekilde hasat edilmeli ve 24 saat
icinde kurumaya hazirlanmalidir (Gazor ve ark.,
2009).
Kurutma, kontroli ve tarim

artn kalite
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Urtnlerinin - muhafazasi  icin  hayati 6nem
tasimaktadir. Kurutma islemi, Grlinlerin nem igerigini
ve su aktivitesini belirli bir dizeye kadar
dislrebilmektedir (Oliveira ve ark., 2010). Cok
ylksek nem

icerigi ve su aktivitesi

mikroorganizmalarin  (remesine ve  Urilnde
fermantasyona neden olarak Urinin kalitesini
bozabilirken, ¢ok disik nem igerigi ve su aktivitesi
ise asirt enerji tiketimine ve Uridn kalitesinde
bozulmalara neden olabilmektedir (Correa, 2010;
Oliveira ve ark., 2011).

Hasattan sonra bademler, %6'dan (y.b.) daha az
su icerigine ulasana kadar birkac hafta veya ay
boyunca kurutulur (Monteiro ve ark., 2003), bu da
0.7'den disik aw'ye karsilik gelmektedir. Bu sekilde,
bademler, yeterli cevre kosullari (esas olarak nem)
korunursa, gozle gorilir bir deger kaybi olmadan en
uzun depolama siirelerine dayanan meyveler olarak
kabul edilmektedir (Campbell ve ark., 2003; Schade
ve ark., 1975; Schatzki ve Ong, 2001).

Termodinamik parametreler, biyolojik
sistemlerde suyun 6zelliklerinin anlasiimasi ile is1 ve
kitle transferiicin gerekli olan enerjinin belirlenmesi
acisindan 6nem tasimaktadir (Iglesias ve ark., 1976;
Dalgic ve ark., 2012). Kurutma islemleri sirasinda
tarim  Urdnlerinin @ termodinamik  6zelliklerini
anlamak, bu siregte gerekli enerjiyi hesaplamak,
adsorbe edilen suyun Ozelliklerini incelemek ve
gidanin mikro yapisini ve ylizeyinde meydana gelen
fiziksel olaylari degerlendirmek icin de 6nemlidir
(Corréa ve ark., 2010; Silva ve ark., 2019). Ayrica,
entalpi, entropi ve Gibbs serbest enerjisi gibi

termodinamik ozelliklerin iyi anlasiimasi, nem
icerigini glivenli depolama seviyelerine indirmek icin
mumkin olan en az enerjiyle saglarken, uzun siire
saklanabilen bir Grin elde etmek icin tarimsal
Urtnlerin kurutulmasi gereken son noktayr tahmin
etmede gerekli olmaktadir (Resende ve ark., 2017).
Entalpi, entropi ve Gibbs serbest enerjisi, sirasiyla
suyun bilesenlerle etkilesiminin, su-kuru madde
iliskisinin mekansal dizenlemesinin ve Urldnin
bilesenleriyle suya olan
(Junior ve ark., 2021).

Sert kabuklu yemislerin kalite 6zellikleri genellikle

ilgisini yansitmaktadir

kurutma kosullarina duyarlidir. Onceki calismalar
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incelendiginde, badem (Nakariyakul ve Casasent,
2011; Rogel-Castillo ve ark., 2016) ve macadamia
findiklarinin (Nakariyakul ve Casasent, 2011; Le
Lagadec, 2009; Walton ve ark., 2013) kurutma
Kalite
kusurlari, kurutma sicakligi ve kurutma hizlariile ilgili

sirasinda bazi sorunlari ortaya c¢ikmistir.

olabilmektedir. Daha dislik kurutma sicakhginin

Urtiinde meydana gelen kusurlari azaltabilecegini 6ne

stirmistlir (Pearson, 1998). 55°C'nin altinda
kurutulan yiksek nemli bademlerin, daha yiksek
sicakliklarda kurutulanlara goére daha kusurlu

oldugunu ifade etmistir (Rogel-Castillo ve ark., 2017)
. Kotiledonlarin (¢enek) bolinmesini dnlemek igin
40°C'nin
kurutulmamasi gerektiginden bahsetmistir (Coates,
2018).
kalite kusurlar ile sicak hava kurutma kosullari

bademler Uzerinde isitilmamali  ve

Bununla birlikte, kurutulmus bademlerin
arasindaki iliski henliz net olarak belirlenmemistir.
Ceviz, badem ve antep fistigi gibi kuruyemisler
icin sicak hava (Chen ve ark., 2020), kizilotesi
(Venkitasamy ve ark., 2018; Yang ve ark., 2010),
radyo frekansi (Li ve ark., 2018) ve firin i1sitmasi (Fu
ve ark., 2016) gibi farkli kurutma teknolojileri
calisiimistir. Bu yontemler arasinda, yliksek kurutma
kapasitesi ve nispeten disiik isletme maliyeti
nedeniyle (Chen ve ark., 2020), sicak hava ile derin
yatakli silo kurutma, ceviz ve tahillar igin yaygin
(Jia 2016).

kurutma  ozellikleri

olarak uygulanmaktadir ve ark.,

tek tabaka
literatlirde konveksiyonlu firin tipi kurutucularda

Bademlerin

calisiimis olmasina ragmen (Rogel-Castillo ve ark.,
2017), kurutma sistemlerinin tasarimi ve kurutma
kosullarinin secimi ve glvenli depolanmasi icin
termodinamik 6zellikler ile su aktivitesi (aw) degerleri
hakkinda az bilgi mevcuttur. Bu calismada, yesil dis
kabuklu ve sert kabuklu bademlerin konvektif bir
sicak hava kurutucusunda kuruma karakteristikleri
arastirilmis ve farkh ortam hava sicakliklarinda
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kurutulmus badem orneklerinin kuruma kinetikleri
ile su aktivitesi degerleri belirlenmistir. Ayrica,

kizilotesi  kurutucu ile hurma  o6rneklerinin
kurutulmasinda Henderson ve Pabis, Newton, Page,
Logarithmic, Two-term, Two-term exponential,
Wang ve Singh, Approximation of diffusion, Midilli ve
ark. ince tabaka matematiksel kurutma modelleri
kullanilarak en uygun model arastiriimis (Taskin ve
izli, 2017), kiraz domatesi iki farkli yéntem kurutucu
ve mikrodalga kullanilarak elde edilen deneysel
veriler, literatlirde yer alan 13 farkli modele
uyarlanmis olup Logarithmic, Wang ve Singh ve
Midilli ve ark modelleri en iyi uyum gostermistir
(Kutlu ve Asli, 2016). Calismamizda deneysel nem
yaygin

matematiksel esitlikle modellenmis ve bademlerin

orani verileri, olarak kullanilan bes
efektif diflizyon katsayisi, aktivasyon enerjisi ile
entalpi, entropi ve Gibbs serbest enerjisi gibi

termodinamik  parametreleri bu calismada

belirlenmistir.
Material and Method

Materyal

dis  kabuklu
Universitesi Ziraat Fakiiltesi Ayas Bahce Kiiltirleri
dis
kabuklari henliz acilmaya baslamis badem ornekleri

Yesil badem o6rnekleri Ankara

Arastirma Uygulama temin edilmistir. Yesil
agactan elle hasat edilmistir. Daha sonra nemlerini
kaybetmemeleri icin 6zel bir kutu icerisinde hemen
laboratuvara tasinmis ve kurutma deneylerine kadar
4°C'de buzdolabinda
deneylerinden en az 12 saat Once buzdolabindan

saklanmistir. Kurutma
cikarilarak ortam sicakhgina gelmesi saglanmistir.
Kurutma denemeleri hem yesil dis kabuklu hem de
yesil dis kabuklari elle soyularak elde edilen sert
kabuklu badem ile gergeklestirilmistir (Sekil 1).
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Sekil 1. Yesil dis kabuklu ve sert kabuklu badem
Figure 1. In-hull and in-shell almond

Orneklerin baslangic nem icerigi, 105°C'ye
ayarlanmis Halojen Nem Tayin Cihazi HB43-S
(Mettler Toledo-AG, Ziirih, isvicre) kullanilarak
belirlenmistir. Bu deneyler, kabul edilebilir bir
ortalama elde etmek uc kez
tekrarlanmistir. yesil dis
kabuklu ve sert kabuklu badem 6rneklerin yas baza
(y.b.) gore baslangic nem igerikleri ortalamasi
sirasiyla %40.48 ve %22.48 olarak bulunmustur.

icin en az

Kurutmadan sonra,

Deney diizenegi

Kurutma deneyleri, daha 6nce detaylari Sacilik
ve ark., 2010 verilen sicak hava akish konvektif bir
Laboratuvar

kurutucuda  gergeklestirilmistir.

olcekli konvektif sicak hava kurutucu, 57 cm

yuksekliginde, 68 cm genisliginde ve 57 cm
derinligindedir (Sekil 2). Bu kurutucu, hava akisini
saglayan fan, elektrikli isitici, sicaklik ve bagil nem
Olgclim sistemi ile tarti sisteminden olusmaktadir.
Fan hizi bir hiz degistirici ile ayarlanarak hava akis
hizi degistirilmistir. Tim kurutma deneyleri icin
hava hizi 1 ms™de sabit tutulmustur. Ornekler 12
cm yiksekliginde 576 cm?‘lik delikli bir sepet icinde
kurutulmustur. Kurutma sepetindeki 6rneklerden
kaybi,  bir
Olculmustir. Sicaklik ve bagil nem 6lglim sistemiile

nem yik hicresi  kullanilarak

tartim sisteminden elde edilen veriler, kurutma
islemi boyunca 6zel olarak gelistirilmis bir yazilim
surekli  olarak  bir

yardimiyla bilgisayara

kaydedilmistir.

Bilgisayar

@'

Yiik hiicresi

D ||

"Kontrol
Unitesi

Sekil 2. Deneylerde kullanilan sicak hava akish kurutma sistemi
Figure 2. The schematic diagram of hot-air drying system used in experiments

Kurutma islemleri kontrolli olarak 45, 50, 55 ve Kurutucu en az 30 dakika

hava

¢ahstirilarak g¢alisma

60°C sicakliklarinda  gergeklestirilmistir. sicakliklari igin stabil sartlara ulagsmasi saglanmistir.

502



Het Battal ve Sacilik., 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(4):

Ardindan bademler, 6rnek sepetine ince bir tabaka
halinde esit bir bicimde yerlestirilmistir. Her deneyde
yaklasik 100 g badem 6rnegi kullanilmistir. Kurutma
islemi sirasinda o6rneklerin kitlesi, yazilim tarafindan
sirekli olarak 10 dakika araliklarla bir bilgisayara
kaydedilmistir. Kurutma islemleri, kiitlelerinde baska
bir degisiklik kadar
strdurdlmastar. 10 dakika
sogutulduktan sonra ayni giin icerisinde su aktivitesi

gozlemlenmeyene
Kurutulan o6rnekler
(aw) Olc¢limleri, Rotronic HygrolLab Il su active cihazi
kullanilarak belirlenmistir. Cihaz, su aktivitesi 6l¢iim
sistemi 0-0.99 aw araliginda ve 6lgiim sicakhgi -10 ile
55°C arasinda olciim yapabilmektedir. 20, 25, 30, 35
ve 40°C ortam sicakliklarini elde etmek igin su
aktivitesi Olcerin Olgclim probu ve o6rnek kutusu,
konvektif bir sicak hava kurutucusuna yerlestirilmistir.
Denge bagil nemi ve denge sicakhgina ulasincaya
kadar denemeler devam etmistir.

Matematiksel modelleme
Deneysel nem orani verileri (Mg), literatlirde yaygin

olarak  kullanilan bes matematiksel esitlikle

modellenmistir (Cizelge 1). Deneysel nem orani
verileri (Mg), Esitlik 1’de gosterilmektedir:

CM-M,
" MO_Me

Burada, Mg boyutsuz nem oranidir, M, M. ve M,

(1)

sirasiyla herhangi bir andaki nem icerigi, denge nem
icerigi ve % w.b. cinsinden baglangi¢ nem igerigidir.

hizi  (DR), Esitlik 2 kullanilarak
hesaplanmistir:
Mt —Mgiat

DR:[ At j

Burada, Mt herhangi bir t aninda Urliniin nem
icerigidir (%w.b.), Mt+t, t+At (%w.b.) anindaki nem
icerigidir ve t (dakika), kuruma siiresidir.

Kuruma

(2)

Cizelge 1. Badem kurutmada kullanilan bes ince tabakali kurutma modelleri
Table 1. Five thin-layer drying models used in almond drying

Model adi Model Referans
Page Mg = exp(-kt™) El-Mesery ve ark. (2022)
Logarithmic Mg = a exp(-kt) + ¢ Tarafdar ve ark. 2021
Two-term Mg =a exp(-kt) + b Sahoo ve ark. (2022)

exp(-kot)
Approximation of Mg = a exp(-kt) + (1 - a) Meerasri ve Sothornvit (2022)
diffusion exp(-kbt)
Midilli et al., Mg = a exp(-kt™) + bt Polat ve IzIi (2022), Midilli ve

ark. (2002)

Modellerin parametreleri dogrusal olmayan
regresyon yontemi kullanilarak analiz edilmistir. En
uygun modeli secmek icin belirleme katsayisi R?,
ortalama bagil hata Emp, kare koklerinin standard
hatasi Egus ve indirgenmis ki-kare x2 kullanilmistir. Bu
karsilastirma kriterleri yontemleri Esitlik 3-5’e gore
hesaplanmistir (Sacilik ve ark., 2010; Yurtlu, 2011):

100 N ‘MRexi_MRprei
Evo = — — 3
- N ; M R.exp,i ( )
1 N 1/2
Erus = {W (M Rexi M R,pre,i )Z}
(@)
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N-z ©)

Burada, MR, ex,i ; i'inci deneysel boyutsuz nem
oranidir, MR,pre,i; i'inci tahmin edilen boyutsuz nem
oranidir, N gozlem sayisidir ve z sabitlerin sayisidir.En
iyi modeli se¢cmek icin birincil karsilastirma kriteri
R?2 dikkate
orneklerinin kuruma kinetiklerini agiklayan en uygun

olarak alinmistir.  Ayrica  badem

modeli se¢cmek icin Emp, Eruws ve x*nin en dusik
degerleri kullanilmistir (Sacilik ve ark., 2006).
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Efektif difiizyon katsayisi ve aktivasyon enerjisi

Gida kurutma isleminde, belirli kurutma kosullari
altinda gidadan ylizeye hareket eden Uriin neminin
hareketi, nem diflizyonu olarak tanimlanmaktadir.
Efektif diflizyon katsayisi, nem icerigi ve kuruma
slresinin bir fonksiyonu olarak ifade edilmekte ve
kurutma sicakhgl ile degismektedir (Das ve ark.,
2021). Desf, Fick Difizyon denkleminin Esitlik 6’da kiire
icin formu kullanilarak

verilen basitlestirilmis

hesaplanmistir (Yurtlu ve ark., 2022):

(2] 2

Burada Re, m cinsinden kurutulan bademin
1

7% Desyt
Re?

(6)

esdeger yaricapidir ve Def m? s cinsinden etkin
yayilmadir.
Efektif diflizyon In(Mg)

egimine karsi kuruma siiresinden (t) belirlenmistir.

degerleri, grafiginin

Efektif nem difizyonunun sicakhga baghligl,
kullanilarak Esitlik 7

tanimlanmistir. Aktivasyon enerjisi (Ea) degerleri,

Arrhenius tip baginti ile

In(Desr) ile mutlak sicakhgin (Ta) tersi grafiginden
hesaplanmistir (Tarafdar ve ark., 2021).

E
D, =D, exp(— - J

RT,
Burada, Do, Arrhenius denkleminin m2 s cinsinden

(7)

én Ustel faktoéridir, Ea, kJ mol™? cinsinden aktivasyon
enerjisidir, R, kJ molK?! cinsinden evrensel gaz
sabitidir ve T,, K cinsinden mutlak hava sicakligidir.

Termodinamik 6zellikler

Kurutulan bademlerin termodinamik o6zellikleri
olan entalpi (AH), entropi (AS) ve Gibbs serbest
enerjisi (AG) sirasiyla Esitlik 8, 9 ve 10 kullanilarak
hesaplanmistir (Yildirim, 2021; Moura ve ark., 2021):

AH =E, —-RT, (8)
AG =AH -T,AS (10)

Burada AH, AS, AG, kb ve hp sirasiyla entalpi

AS=R[In Do—InE—b—lnTa (9)

p
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degisimi (k) mol?), entropi degisimi (k) molKt), Gibbs
serbest enerijisi degisimi (k) mol?), kb ise Boltzmann
sabiti (1.38x10-23 J K1) ve hp, Planck sabitidir
(6.626x10-34 J s%).

Arastirma Bulgulari ve Tartisma
Kurutma kinetigi

kabuklu
sicakliklarinda

Yesil dis kabuklu ve sert badem

orneklerinin degisik hava
kurutulmasinda nem igeriginin kuruma siresi ile
degisimleri sirasiyla Sekil 3 ve 4'te verilmistir.
Ortalama baslangic nem igerigi yaklasik %40.48 ve
%22.48 (y.b.) olan yesil dis kabuklu ve sert kabuklu
badem o6rnekleri kiitlelerinde herhangi bir degisiklik
gozlenmeyene kadar sirasiyla yaklasik %9 ve %6 (y.b)
kadar Bu

egrilerden, 6rneklerin nem igeriginin kuruma siresi

son nem icerigine kurutulmustur.
ile strekli olarak azaldigl ve tim durumlarda daha
daha hizli

gorlilmektedir. Baslangicta nem igerigi hizla azalmis

yiksek sicakliklarda oldugu acikca

ve ardindan nem icerigindeki duslis beklendigi gibi
onemli 6lclide yavaslamistir.
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Sekil 3. Yesil dis kabuklu badem 6rneklerinin nem icerigindeki degisimler

Figure 3. Changes in moisture content with the drying time for in-hull almond samples
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Sekil 4. Sert kabuklu badem 6rneklerinin nem igerigindeki degisimler
Figure 4. Changes in moisture content with the drying time for in-shell almond samples

Sekil 3’de gorildugu gibi yesil dis kabuklu badem
orneklerinin ilk nem igeriginden son nem igerigine
kadar gecen kurutma siiresi, 45, 50, 55 ve 60°C hava
sicakhklarricin sirasiyla 1140, 1020, 900 ve 840 dakika
olmustur. Sert kabuklu badem 6rnekleri icin ise bu
slreler ayni sirasiyla 780, 660, 540 ve 420 dakika
olmustur. Hava sicakligindaki artis beklendigi gibi
badem o&rneklerin nem icerigi lizerine 6nemli bir
etkiye sahip olmus ve hava sicakhiginin artmasi
kuruma siiresinin

kisalmasina neden olmustur. Diger arastirmacilar da
benzer yaklasimlari ifade etmislerdir (Doymaz, 2003;
Ertekin ve Yaldiz, 2004; Oztekin ve Sacilik, 2020).

Sekil 5 ve 6 sirasiyla yesil dis kabuklu ve sert kabuklu
badem o6rneklerinin nem igerigi ile kuruma hizinin
dis  kabuklu
bademlerin sert kabuklu badem o6rneklerine gore
daha
gozlemlenmistir.

degisimini  gostermektedir.  Yesil

yavas bir  kuruma hizi gOsterdigi
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Sekil 5. Belirtilen hava sicakliklarinda yesil dis kabuklu badem 6rnekleri icin nem igeriginin bir

fonksiyonu olarak kuruma hizinin degisimi

Figure 5. Variation of drying rate as a function of moisture content for in-hull almond samples at

indicated air temperatures
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Sekil 6. Belirtilen hava sicakliklarinda sert kabuklu badem 6rnekleri icin nem igeriginin bir

fonksiyonu olarak kuruma hizinin degisimi

Figure 6. Variation of drying rate as a function of moisture content for in-shell almond samples at

indicated air temperatures

Kuruma hizi egrilerinde gorialdagu gibi tim
kurutma islemleri azalan hizda kuruma periyodunda
gerceklesmistir. Azalan hizda kuruma periyodunda
nem icerigi azaldikca ve kuruma siiresi arttikca
hizi

orneklerden nemi uzaklastirmak icin difizyonun en

kuruma sirekli olarak azalmistir. Bu da
onemli etken oldugunu gostermektedir (Kayran ve
2021).

sicakliklari kuruma hizini artirirken kuruma siresini

Doymaz, Daha vyuksek kurutma havasi

azaltmistir.  Bunun nedeni, hava ile ornekler

arasindaki 1si transferinin artmasi ve iclerindeki nem
transferinin hizlanmasidir.

Sonuglar diger
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arastirmacilarin bulgulari ile uyum saglamaktadir
(Eminoglu ve ark., 2019; Nguyen ve ark., 2019;
Tarafdar ve ark., 2021; Dhurve ve ark., 2021; Sahoo ve
ark., 2022).

Matematiksel modelleme

Dogrusal olmayan regresyon analizi sonuglarina
gore yesil dis kabuklu ve sert kabuklu badem 6rnekleri
icin test edilen bes modelin model katsayilari ile
kiyaslama kriterleri olan R?, Emp, Erms ve X2 kriterleri
Cizelge 2'de verilmistir. Her durumda bes modelin
timunin R? degerleri 0.9819 degerinden biyiiktir ve
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deneysel verilerle yeterli bir uyum saglamistir. Her iki
%10'un altinda
oldugundan tiim modeller kabul edilebilir diizeydedir.

badem grubunda Emp degerleri

Ancak Egrms ve x2 kiyaslama kriterlerine gore, her iki
badem grubunda test edilen sicakliklarda Midilli ve
iyi
performans gostermistir. Cizelge 2'de gorildigu gibi,

ark. modeli, diger dort modele gore daha

yesil dis kabuklu ve sert kabuklu badem ornekleri icin

en yiksek R? degerleri ve en dusuk Emvp, Ermvs ve X2

degerleri, Midilli ve ark. kurutma modelinde elde
edilmistir. Buna goére Midilli ve ark. modeli, her iki
badem grubunda badem orneklerinin sicak havayla
kuruma davranisini temsil etmeye uygun model
olarak secilmistir.

Cizelge 2. Yesil dis kabuklu ve sert kabuklu badem &rnekleri igin modellerin parametre tahminleri ve karsilastirma kriterleri
Table 2. Model constants and statistical results of the models for in-hull and in-shell almond samples

°C Model no Model katsayilari R? Emp Ermis X
Model Model coefficient
number

Sert 45 1 k=0.3931; n=0.4696 0.9948 2.76  1.55x10?  2.84x10*
kabuklu 2 6=0.6301; k=0.4277; c=0.3168 0.9825 494  2.96x102 10.53x10*
badem 3 a=0.5403; ko=0.0516; b=0.4492; k;=0.9474 0.9975 1.61  1.14x10? 1.61x10*
In-shell 4  =0.4551; k=0.9913; b=0.0529 09974 1.66  1.14x102 1.56x10*
almond 5 a=1.0021; k=0.3900; n=0.5752; b=0.0086  0.9992 1.24  0.65x102  5.20x10°
50 1 k=0.4446; n=0.4597 0.9951  2.88 1.57x102%  3.01x10*
2 a=0.6413; k=0.5425; c=0.3118 0.9819 521  3.16x102? 12.53x10™
3 a=0.4653; ko=1.1575; b=0.5275; k1=0.0613  0.9973  2.18  1.29x102  2.14x10*
4  a=0.4697; k=1.1899; b=0.0520 0.9972 222  1.24x10?  1.94x10*
5 a=1.0012; k=0.4473; n=0.5707; b=0.0104  0.9996  0.74  0.49x102  3.16x10°
55 1 k=0.5079; n=0.4723 0.9901 4.68  2.44x10?% 7.69x10*
2 a=0.6816; k=0.7205; c=0.2931 0.9906 4.74  2.52x10%  8.47x10*
3 a=0.4546; ko=0.0628; b=0.5415; k;=1.1397 0.9987 1.86  0.98x102  1.36x10*
4  a=0.5436; k=1.154; b=0.0549 0.9987 1.86  0.93x10?%  1.15x10*
5 a=1.0020; k=0.5243; n=0.6359; b=0.0173  0.9989 1.26  0.91x102 1.16x10*
60 1 k=0.5896; n=0.4721 0.9920 4,67  2.37x10%  7.92x10*
2 a=0.7026; k=0.9375; c=0.2804 0.9931 437  2.38x102  8.54x10*
3 a=0.4272; ko=0.0769; b=0.5695; k1=1.3604 0.9990 0.39  0.40x10?  2.75x10°
4  a=0.5713; k=1,3732; b=0,0564 0.9990 130 0.68x102  7.02x10°
5 0=0.9994; k=0.6185; n=0,6092; b=0.0176  0.9991 0.65  0.36x102  2.24x10°
Yesil dis 45 1 k=0.1242; n=0.8928 0.9950 4.56  1.87x102  3.93x10*
kabuklu 2 0=0.8797; k=0.1294; c¢=0.1267 09981 2.49  1.16x10%  1.53x10*
badem 3 a=0.9965; k;=0.1059; b=0.0027; k;=-0.1839 0.9992 1.44  0.78x102  7.02x10°
In-hull 4  =0.9971; k=0.1062; b=-1.7082 0.9992 1.42  0.76x10? 6.59x10°
almond 5 0=0.9910; k=0.0995; n=1.0875; b=0.0109  0.9990 1.30  0.87x10? 8.71x10°
50 1 k=0.1424; n=0.8742 0.9956 4.13  1.76x10?%  3.54x10*
2 a=0.8670; k=0.1474; c=0.1363 0.9986 2.03  1.00x10% 1.14x10*
3 6=0.0711; ko=-0.1532; b=0.9896; k;=0.1209 0.9993  1.07  0.73x10?  6.29x10°
4  =0.9910; k=0.1224; b=-1.1556 0.9993 1.02 0.72x10?  6.01x10°
5 0=0.9939; k=0.1209; n=1.0470; b=0.0071  0.9991 1.16  0.83x102  7.99x10°
55 1 k=0.1614; n=0.8751 0.9944  4.89 2.06x102  4.91x10*
2 a=0.8667; k=0.1760; c=0.1438 0.9988 2.16  0.09x10? 1.10x10*
3 a=0.9958; k;=0.1421; b=0.0072; k1=-0.1792 0.9996 0.89  0.05x102  3.20x10°
4  @=0.9940; k=0.1406; b=-1.3563 0.9996 0.89  0.05x102 3.11x10°
5 6=0.9982; k=0.1402; n=1.0638; b=0.090 0.9995 1.03  0.62x102 4.68x10°
60 1 k=0.1807; n=0.8954 0.9936 524  2.29x102  6.20x10*
2 a=0.8813; k=0.2063; ¢=0.1351 0.9987 2.23 1.06x102  1.36x10*
3 a=0.0056; ko=-0.2226; b=1.0035; k;=0.1681 0.9997 0.80  0.51x103  3.24x10°
4  a=0.9967; k=0.1636; b=-1.5918 0.9995 1.02  0.62x102 4.62x10°
5 0=0.9987; k=0.1592; n=1.1016; b=0.0109  0.9999 0.47  0.23x102  0.65x10°
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Sekil 7 ve 8de belirtilen hava sicakliklarinda
yesil dis kabuklu ve sert kabuklu badem 6rnekleri
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icin Midilli ve ark. kurutma modeli kullanilarak elde
edilen deneysel ve tahmin edilen nem oraninin
karsilastirmasi  gostermektedir. Bu sekillerde
gorildugl gibi, Onerilen modeller deneysel ve
tahmin edilen nem oranlari arasinda iyi bir uyum

saglamistir. Bunlar, badem 6rneklerinin kuruma
davranisini tanimlamada Midilli ve ark. kurutma
modelinin diger modellere goére GstUnlGguni
gostermektedir.
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Sekil 7. Yesil dis kabuklu badem 6rnekleri icin Midilli ve ark. modeli kullanilarak elde edilen

deneysel ve tahmin edilen nem oraninin karsilastiriimasi

Figure 7. Comparison of the experimental and predicted moisture ratio obtained using the

Midilli et al. model for in-hull almond samples at indicated air temperatures
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Sekil 8. Sert kabuklu badem 6rnekleri icin Midilli ve ark. modeli kullanilarak elde edilen

deneysel ve tahmin edilen nem oraninin karsilastirilmasi

Figure 8. Comparison of the experimental and predicted moisture ratio obtained using the

Midilli et al. model for in-shell almond samples at indicated air temperatures

Su aktivitesi

Kabuklu yagh yemisler icin aw degerleri, kuf

olusumunu ve aflatoksin kontaminasyonunu
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onlemek icin kisa siireli depolamada 0.82, uzun sireli
depolamada 0.70 olmaldir. Bunun yanisira kabuklu
yemiglerin mikroorganizma gelisimi igin aw limitleri
0.65 ile 0.75 arasinda oldugu tespit edilmistir
(Fontana, 2000; Aktas ve Polat, 2007). Yesil dis
kabuklu ve sert kabuklu badem o6rneklerinin cesitli
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ortam sicakliklarinda elde edilen aw degerleri Cizelge
3'te verilmistir. Her iki kurutulmus badem grubunda
elde edilen aw degerlerinin 0.56’dan kiguk oldugu
gorilmustlir. Bu nedenle bu calismada elde edilen ay

degerleri, uzun sureli depolama esnasinda mantar ve
kuf gelisiminin 6nlenmesi igin kritik degerin altinda
bulunmustur.

Cizelge 3. Cesitli ortam sicakliklarinda taze, sert kabuklu ve yesil dis kabuklu badem &rneklerinin a, degerleri
Table 3. Water activity values of fresh, in-shell and in-hull almond samples at different temperatures

Sert kabuklu badem - ay,

In-shell almond - ay,

Ortam sicakhgi (°C) Taze 45°C 50°C 55°C 60°C
Air temperature (°C) Fresh
20 0.9131 0.4861 0.4793 0.4721 0.4691
25 0.9312 0.4988 0.4805 0.4752 0.4712
30 0.9370 0.5088 0.4983 0.4906 0.4811
35 0.9465 0.5058 0.5005 0.4948 0.4856
40 0.9546 0.5094 0.5024 0.5004 0.4905
Yesil dis kabuklu badem - ay,
In-hull almond - ay,
Ortam sicakhgi (°C) Taze 45°C 50°C 55°C 60°C
Air temperature (°C) Fresh
20 0.9321 0.5145 0.5012 0.4980 0.4896
25 0.9496 0.5225 0.5194 0.5087 0.4998
30 0.9513 0.5304 0.5225 0.5132 0.5054
35 0.9601 0.5413 0.5355 0.5294 0.5167
40 0.9689 0.5547 0.5404 0.5325 0.5255

Efektif difiizyon katsayisi ve aktivasyon enerjisi

Her iki badem oOrnekleri igin Defr degerleri Cizelge
4'te verilmistir. Yesil dis kabuklu ve sert kabuklu
bademler icin Des degerleri sirasiyla 2.123x1071° ile
3.643x10%° ve 2.502x10710 jle 3.955x101° m? st
arasinda degismistir. Bu degerler tarimsal Grlnler icin
10-9-10-11 m? s genel araligindadir. Efektif difiizyon
katsayisi, hava sicakligindan  biylik Odlclde
etkilenmistir. Dess degerleri, ylksek sicakliklarda suyun
hizli hareket etmesinden dolayl hava sicakligindaki
artigla birlikte ylkselmistir. Ayrica, ayni kurutma
kosullarinda vyesil dis kabuklu bademlerin Deft

degerleri, sert kabuklu badem 6rneklerinkinden daha

kiicik bulunmustur. Bu calismadan elde edilen Dest
degerleri, Baru cinsi badem icin 50-70°C sicaklik
araliginda elde edilen 18.15x10! ile 37.08x10!! m?
s’! (Teixeira ve ark., 2015) ve 40-60°C ’de bulunan 8.02
x 10-10ile 19.90 x 107® m? s (Reis ve ark., 2018) ile
Bu  Deff
verilerden yilksek bulunmustur. Degerler arasindaki

karsilastirilabilir. degerleri, literatirdeki

farklihklar g¢esit, kurutma ekipmani, kurutma havasi ve

diger kontrolsiiz parametrelerdeki farkhliklardan

kaynaklanabilmektedir.

Cizelge 4. Yesil dis kabuklu ve sert kabuklu badem 6rneklerinin ¢esitli hava sicakhklarindaki efektif difiizyon degerleri
Table 4. Values of diffusion coefficient of in-hull and in-shell almond samples at different temperatures

Ortam sicakligi (°C) Desrx10%°, m?s’? R?
Air temperature
(0
Yesil dis 45 2.123 0.9717
kabuklu badem 50 2.670 0.9859
In-hull almond 55 3.053 0.9791
60 3.643 0.9775
Sert kabuklu badem 45 2.502 0.8759
In-shell almond 50 2.809 0.8696
55 3.495 0.8676
60 3.955 0.8723
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Aktivasyon enerjisi, Sekil 9'da gosterildigi gibi
Detf 'in dogal logaritmasi ile mutlak sicakhgin tersi
gizilerek hesaplanmistir. Dogrunun egimi (-
Ea/R)'dir ve kesisme noktasi In(Do)'ye esittir.
Sonuglar, Arrhenius tipi bagimlilik nedeniyle
dogrusal bir iliski gostermektedir. Mutlak sicakhgin
yesil kabuklu

orneklerinin Deff Gzerindeki etkisi Esitlik 11 ve 12

dis  kabuklu ve sert badem

verilmistir:

Yesil dis kabuklu badem:

D, =2.532x107° exp(— MJ (11)

a

Sert kabuklu badem:

a

D, =9.94x10°° exp(—@} (12)

-21,6
O Sert kabuklu
W Yesil dis kabuklu
-21,8
3
e 22,0 1
-22,2 A
]
-22,4
0,00295 0,00305 0,00315
1/T,, (K1)

Sekil 9. Yesil dis kabuklu ve sert kabuklu badem 6rneklerinin icin efektif diftizyon ve hava sicakligl

arasindaki Arrhenius tipi iliski

Figure 9. Arrhenius-type relationship between the effective diffusivity and air temperature for in-

hull and in-shell pistachio samples

Esitlik 11 ve 12'ye gore aktivasyon enerjisi yesil dis
kabuklu badem igin 30.87 ve sert kabuklu badem igin
28.05 kJ mol? olarak bulunmustur. Yesil dis kabuklu
badem 6rneklerinin aktivasyon enerjisi, sert kabuklu
badem 6rneklerininkinden daha yliksek olmustur. Bu,
kabuklu
uzaklastirmak icin daha diislik enerjinin gerektirdigini
gostermektedir. 40, 50 ve 60°C sicakliklarda kabuklu
badem ve yagi alinmis badem 6rnekleri icin bu degeri

sert badem  &rneklerinden  suyu

sirastyla 22.39 ve 39.37 kJ mol? olarak elde etmistir
(Reis ve ark., 2018). 60,70 ve 80°C sicakliklarda
kurutulan kabuklu ve yagi alinmis badem drnekleri
icin elde edilen aktivasyon enerji degerlerini sirasiyla
39.24 ve 29.01 kJ mol™* olarak tespit etmistir (Alves ve
2021).
aktivasyon enerjisi,

olarak tarimsal Urunlerin
12.7-110 kJ

degismektedir (Zogzas ve ark., 1996).

ark., Genel

mol?! arasinda

Termodinamik Ozellikler
510

Yesil dis kabuklu ve sert kabuklu badem
orneklerinin AH, AS ve AG degerleri Cizelge 5'te
verilmigstir. Cizelge 5'te goruldugi gibi her iki 6rnek
icin de AH ve AS hava sicakhgi arttikca azalirken, AG
hava sicakligl arttikca artmaktadir. Yesil dis kabuklu
badem o6rneklerinin AH degerleri tim sicakliklarda
kabuklu daha

bulunmustur. Bu, sert kabuklu badem orneklerini

sert bademlerinkinden ylksek
kurutmak icin daha az enerjiye ihtiya¢c duyuldugunu
ve daha ylksek hava sicakliklarinda kurutma igin daha
disiik miktarda enerjiye gereksinim oldugunu
gostermektedir (Costa ve ark., 2016; Moura ve ark.,
2021). incelenen her iki érnek icin kurutma havasi
sicakhgindaki artis, AS degerlerinde dislise neden
olmustur. Bu beklenen bir sonugtur ¢linki sicakhktaki
diuslsler su molekillerinin daha az uyarilmasina
neden olmaktadir (Silva ve ark., 2020). AS 'nin negatif
degerleri, adsorpsiyon yapisal

kimyasal veya

modifikasyonlarin varligina baglanmaktadir (Moreira
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ve ark., 2008; Alves ve ark., 2021). Yesil dis kabuklu ve
sert kabuklu badem orneklerinin AG degerleri, 45-
60°C sicaklik araliginda sirasiyla 134.31 ile 139.32 kJ
ve 133.97 ile 139.09 kJ
degismistir. Artan hava sicakhgl ile AG artmis ve

mol? mol! arasinda

pozitif ¢ikmistir. Bu durum badem &rneklerinin
kurumasinin bu calisma kosullarinda kendiliginden
olmadig anlamina gelmektedir (Silva ve ark., 2019).
Ayrica, bu endotermik bir reaksiyonu tanimlar, yani
enerji seviyesini artirmak ve reaktifleri sividan buhar
durumuna harici  bir

donustirmek igin enerji

kaynagina ihtiya¢ duymaktadir (Ong ve ark., 2013;

Silva ve ark., 2020). Jabuticaba kabugu (Costa ve ark.,
2016), boldo cayi yapraklari (Silva ve ark., 2019),
oenocarpus bacaba meyve posasi (Morais ve ark.,
2019), aci limon (Silva ve ark., 2020), Crataeva tapia L.
cinsi meyvenin kabuk ve tohumlari (Moura ve ark.,
2021), baru cinsi bademden elde edilen un (Alves ve
2021) gibi
¢alismalarinda, artan kurutma havasi sicakligi ile AH

ark., yapilan c¢esitli tarim Grdnleri
ve AS degerlerinde azalma ve AG degerinde artis

gozlenmistir.

Cizelge 5. Cesitli hava sicakliklarinda yesil dis kabuklu ve sert kabuklu badem 6rneklerinin termodinamik 6zellikleri
Table 5. Thermodynamic properties of in-hull and in-shell almond samples used in the test at different temperatures

Hava sicakhgi (°C) AH, k) mol* AS, kJ mol K? AG, k) mol?
Air temperature ( C)

Yesil dis kabuklu 45 28.22 -0.3335 134.31

In-hull 50 28.18 -0.3336 135.98

55 28.14 -0.3337 137.65

60 28.10 -0.3338 139.32

Sert kabuklu 45 25.40 -0.3412 133.97

In-shell 50 25.36 -0.3414 135.67

55 25.32 -0.3415 137.38

60 25.28 -0.3416 139.09
Sonuglar sert kabuklu badem o&rnekleri igin 28.05 kJ mol?
olarak belirlenmistir. Test edilen Page, Logarithmic,
Yesil dis kabuklu ve sert kabuklu badem = Two-term, Approximation of diffusion ve Midilli ve

orneklerinin konvektif sicak hava kurutucuda 1 m s
hava hizinda ve 45-60°C hava sicakliginda kurutma
ozelliklerinin  belirlenmesi amaciyla deneysel bir
calisma vyapilmistir. Orneklerin deneysel kurutma
verileri  igin Logarithmic,

Page, Two-term,

Approximation of diffusion ve Midilli ve ark.
modelleri kullanilmistir. Calisma sonuglarina gore;
deney kosullarinin hicbirinde sabit hizli kuruma
periyodu goézlemlenmemistir. Badem Orneklerinin
kuruma kinetikleri hava sicakhigindan etkilenmis ve
hava sicakhgindaki artis  kuruma  slresinin
kisalmasina ve kuruma hizinin artmasina neden
Fick'in

efektif diflizyon katsayisi, 45-60°C hava sicakligi

olmustur. ikinci kanunundan hesaplanan
araliginda yesil dis kabuklu badem ornekleri igin
2.123x10%0 jle 3.643x1071° ve sert kabuklu bademler
icin 2.502x107 ile 3.955x107° arasinda degismistir.
Aktivasyon enerjisi, Arrhenius tipi bir denklemle
tahmin edilmis ve yesil kabuklu badem o6rnekleri icin

30.87 k) molt ve

ark. kurutma modellerinin tamaminda Midilli ve ark.
kurutma modeli, deneysel verilerle en iyi uyumu
gostermistir. Kurutulmus badem icin aw degerleri
artan kurutma havasi sicakhgl ile dismustiir. Bu
calismada elde edilen aw degerleri 056'dan daha
disik oldugundan uzun sireli depolama igin kritik
degerin altindadir. Yesil dis kabuklu
orneklerinin 45-60°C hava sicakligi araligindaki AH, AS
ve AG degerleri sirasiyla 28.22 ile 28.10 kJ mol?, -
0.3335ile -0.3338 k) molK ve 25.40 ile 25.28 k) mol
L sert dis kabuklu badem orneklerinin 45-60°C hava

badem

sicakhgl arahgindaki AH, AS ve AG degerleri ise
sirastyla 134.31ile 139.32 k) mol?, -0.3412 ile -0.3416
kl molK! ve 133.97 ile 139.09 kJ mol?! arasinda
degismistir.

Cikar Catismasi: Makale yazarlari arasinda herhangi
bir gcikar ¢atismasi bulunmadigini beyan ederiz.
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Bu calismada on islem olarak ozmotik dehidrasyon (OD) ve vakum emdirme (VE)
uygulamalarinin birlikte kullaniimasinin kirmizi pancarda kitle transferi, kurutma kinetigi
ve kalite ozellikleri Gzerine etkisinin belirlenmesi amacglanmistir. Bu amagla dilimler
halinde pancara %40 ve %60 sikroz ¢ozeltisinde OD islemi uygulanmistir. OD islemi ilk 20
dakika boyunca vakumlu (OD-VE) veya vakum uygulamasiz olarak toplam 180 dakika
boyunca gergeklestirilmistir. OD 6n islemi uygulanmayan 6rnek kontrol 6rnegi olarak
degerlendirilmistir. On islem uygulanmis ve uygulanmamis érnekler 60 °C sicaklikta 1 m s
! hava hizinda konvektif olarak kurutulmustur. OD islemi su kaybi (SK) ve dolayisiyla
agirhk kaybinin (AK) énemli diizeyde artmasina neden olmustur. Bununla birlikte kati
madde kazanimi (KK), OD-VE uygulamasi ile 6nemli diizeyde artmistir. Kontrol érneginde
nem iceriginin %8’in altina inmesi icin 390 dakika kurutma siresi gerekli iken OD-VE
uygulamasi ile bu stire 180 dakika kisalmistir. Pancarin kurutma davranisini tanimlamak
icin 8 farkli yari teorik matematiksel model uygulanmis ve Page modelinin (R?>>0.997,
RMSE<0.018 ve x?<0.431x103) OD ve OD-VE 6n islemi uygulanan pancar dilimlerinin
deneysel verilerine en iyi sekilde uydugu, kontrol 6rneginde ise Diffusion Approach
modelinin daha uygun (R? =0.998, RMSE=0.013 ve x°=0.183x103) oldugu saptanmistir.
Calismamizda en disik bizilme orani (%56.98) kurutma kinetigi verileri ile uyumlu
olarak vakum altinda %60 siikroz ¢ozeltisinde dehidre edilen 6rnekte saptanmis olup en
yiiksek toplam fenolik madde icerigi (3.39 mg GAE g) ile antioksidan aktivite (%36.43) de
ayni 6rnekte tespit edilmistir. Renk olgtimleri sonuglarindan OD-VE 6n isleminin kirmizi
pancarin dogal kirmizi rengini korumada kullanilabilecegi anlasilmistir.

Anahtar Kelimeler: Kirmizi pancar, kurutma, ozmotik dehidrasyon, vakum emdirme,
kitle ve isi transferi

ABSTRACT

Determining the effect of using osmotic dehydration (OD) and vacuum impregnation (VI)
applications together as a pretreatment on mass transfer, drying kinetics and quality
properties of red beet was aimed. For this, OD treatment was applied to samples in 40%
and 60% sucrose solutions. The OD process was carried out for a total of 180 minutes,
with (OD-VI) or without vacuum during the first 20 minutes. Pre-treated and untreated
samples were convectively dried at 60 °C at an air velocity of 1 m s. The OD process
caused a significant increase in water loss and thus in weight reduction. However, the
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solid gain increased significantly with the OD-VI application. While 390 minutes of drying time was required for the moisture

content to fall below 8%, this duration was shortened by 180 minutes with the OD-VI application. To describe the drying
behavior of red beet, 8 semi-theoretical models were applied. Page model (R?>0.997, RMSE<0.018 and x?<0.431x103) had
the best fit to the experimental data of pretreated beet slices. For the control sample, Diffusion Approach model (R? =0.998,
RMSE=0.013 and x?=0.183x103) was more suitable. The lowest shrinkage rate (56.98%) was found in the sample dehydrated
in 60% sucrose solution under vacuum in accordance with the drying kinetics data. The highest total phenolic content (3.39

mg GAE g?) and antioxidant activity (36.43%) were also detected in the same sample. According to the color measurements,

it was understood that the OD-VI pretreatment could be used to preserve the natural red color of red beet.

Key Words: Red beet, drying, osmotic dehydration, vacuum impregnation, mass and heat transfer

Giris

Pancar (Beta vulgaris), gimis pancar, seker pancari,
pancar ve yem pancari cesitlerini iceren
Chenopodiaceae familyasinin tatlandirma ajani
olarak kullanilan bir Gyesidir (Hamid ve Mohamed
Nour, 2018). Pancar gesitlerinden biri olan kirmizi
pancar (Beta wvulgaris L.), igerigindeki ylksek
miktarda betalain, askorbik asit, karetonoidler,
polifenoller, flavanoidler ve saponinler gibi biyoaktif
bilesenlere bagh olarak en degerli iki yillik
sebzelerden biridir (Calderéon-Chiu ve ark., 2019;
Ciurzynska ve ark., 2021; Kowalski ve techtanska,
2015; Seremet Ceclu ve ark., 2020). Ayrica iceriginde
dogal olarak bulundurdugu nitrat, kan
damarlarindaki agilmaya ve daha fazla oksijenin
tasinmasina yardimci olan nitrik oksit adi verilen
molekilin artisini saglayarak; vicuttaki beyin, kalp
ve kaslara giden kan akisini gelistiriimesinde rol
oynamaktadir (Hamid ve Mohamed Nour, 2018).
Kirmiz pancar tiiketiminin kardiyovaskiler saghgi
gelistirdigi, sistolik kan basincini distrdigu, kolestrol
seviyesini ve karaciger fonksiyonlarini dizenledigi
yoninde cok sayida calisma mevcuttur (Ciurzynska
ve ark., 2021; Hamid ve Mohamed Nour, 2018;
Seremet Ceclu ve ark., 2020). Kirmizi pancar ayni
zamanda cilt rahatsizliklarinin, soguk alginhgl ve
sindirim sorunlarinin tedavisinde kullanilabilmektedir
(Ciurzynska ve ark., 2021). Ancak taze kirmizi pancar
diger sebzeler gibi yliksek nem icerigine bagh olarak
kolay bozulabilir nitelikte olmasindan dolayl uzun
donem tlketimi icin muhafazasina yonelik islemler
gerektirmektedir (Hamid ve Mohamed Nour, 2018;

Seremet Ceclu ve ark., 2020).
arlinlerin glivenliginin

Biyolojik mikrobiyal

saglanmasinda kullanilan en eski ve Onemli
metotlardan biri kurutmadir (Calderén-Chiu ve ark.,
2019; Hamid ve Mohamed Nour, 2018; Mina ve
2022).

uzaklastiriimasi yoluyla mikrobiyal cogalma

ark., Kurutma ile gidadan suyun
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onlenerek gida bozulmasinin 6niine gegilmektedir.
Ayrica kurutma ile birlikte gidanin hacmi ve agirhgi
azaltilarak tasima ve depolama islemleri de
kolaylasmaktadir (Mina ve ark., 2022). Bununla
birlikte konvektif kurutma fazla zaman ve enerji
gerektiren (Aydos ve Erta$, 2023; Carvalho ve ark.,
2020) ve son (rinde besinsel, fiziksel ve duyusal
kalite

olumsuz etkileyen bir proses oldugu icin bu olumsuz

Ozellikler acisindan bazi gostergelerini

taraflarin iyilestiriimesine yonelik 6n islemlerin,

kurutma islemine uyarlanmasi gereklidir (Bozkir ve

Erglin, 2020; Karaboga ve Yildirim, 2022).
Literatirde bu dogrultuda yeni tekniklerin
gelistirilmesini  amaglayan  c¢esitli  ¢alismalar

bulunmaktadir (Ahmad ve Zaidi, 2020; Carvalho ve
2020).
kurutma etkinligini ve kurutma siresini kisaltmaya

ark., Son yillarda vyapilan ¢alismalarda
yonelik ozmotik dehidrasyon (OD), kimyasal ajan
donma-¢6ziilme, hidrokolloid kaplama, sulu etanole
(US)
kombinasyonlari  gibi 6n islemler Uzerinde
durulmaktadir (Wu ve ark., 2023; Yun ve ark., 2023).
OD gidadan nemin uzaklastiriilmasinda az ener;ji

daldirma, ultrasonikasyon veya bunlarin

tiketimi ve fazlar arasinda degis tokus meydana

getiren teknolojik ve dinamik bir yontemdir
(Xiaojuan Wang ve ark., 2022). OD isleminde gida
materyalinin hipertonik bir ¢ozeltiye daldiriimasiyla
hiicre duvarinin yari gecirgen bir zar gibi davranmasi
2021;

Mokhtarian ve ark., 2014). Bu islemin arkasindaki

saglanmaktadir (Hashemi ve Jafarpour,
itici guig, her iki faz arasinda meydana gelen ozmotik
basing farkidir. OD sirasinda, iki ana kitle akisi
meydana gelmektedir (Macedo ve ark., 2022).
Hipertonik cozelti ile hiicre i¢i sivilar arasindaki
konsantrasyon farkiyla dokulardan ozmotik etkiyi
yaratan hipertonik ¢ozelti igerisine suyun diflizyonu

gerceklesmektedir. BoOylece hiicre suyu ve bazi
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¢ozlinen bilesenler ozmotik ¢Ozelti icerisine
sizarken; ozmotik ¢ozelti de hiicreler arasina diflize
2021;
Hosseinzadeh Samani ve ark., 2021; Nowacka ve
ark., 2021; Xiaojuan Wang ve ark., 2022). OD
nitelikli
gerektirmediginden

olmaktadir ~ (Hashemi ve Jafarpour,

teknolojik ekipmanlarin ve isglclnin

kullaniimasini ve oda
sicakliginda duslik maliyetle gergeklestirilebilen
dogal bir islem olmasindan dolayi son yillarda daha
fazla dikkat cekmektedir (Macedo ve ark., 2022).

oD

kalitesinin arttig1 ifade edilmektedir (Rahaman ve

islemini takiben yapilan kurutma ile Urin
ark., 2019). Fakat ozmotik uygulama esnasinda kiitle
transferi genellikle yavas gerceklesmekte olup kiitle
aktarim  hizini arttirmak amaciyla c¢alismalar
yapilmasi ayri bir 6nem tasimaktadir (Xiaojuan Wang
ve ark., 2022). Bu amagla uygulama esnasinda ya da
oncesinde kitle transfer hizini arttirmaya yonelik
vurgulu vakum, vurgulu elektrik alan, ylksek
hidrostatik basing, radyasyon, merkezka¢ kuvveti,
US, mikrodalga, ohmik isitma gibi OD ile birlikte
kullanilabilecek  ¢esitli  teknikler  gelistirilmistir
(Nowacka ve ark., 2021; Prithani ve Dash, 2020;
2022).

zamanlarda OD sirasinda kitle transfer hizini en st

Xiaojuan Wang ve ark,, Ozellikle son

diizeye ¢ikarmak igin, OD surecinin ilk dakikalarinda
(VE)
Vakum

vakum  emdirme uygulamasi  Uzerinde

durulmaktadir. uygulamasi ile
boylece gidanin

yer

basing

diismekte ve hiicreler arasi

bosluklarinda alan gazlarin  hidrodinamik
mekanizma ile uzaklastiriimasi desteklenmektedir.
Atmosfer basincinin yeniden baslamasiyla hipertonik
cozelti bu bosluklari doldurmakta ve kitle transferi
icin uygun alanin artmasi saglanmaktadir (Junqueira
ve ark., 2021; Le ve Konsue, 2021; Macedo ve ark.,
2022). oD

uygulamasinin (OD-VE) ayrica kurutulmus Grindn

Yani sira vakum kombinasyonuyla
besinsel degerini ve fizikokimyasal karakteristigini
korudugu ifade edilmektedir (Le ve Konsue, 2021).
Bu calismada konvansiyonel kurutma yodntemiyle
kirmizi pancarin kurutulmasinda 6n islem olarak OD-
VE uygulamasinin kitle transferi, kurutma kinetigi ve
kurutulmus dilimlerinin

pancar fizikokimyasal

Ozellikleri Gizerine etkisi arastiniimigtir.
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Materyal ve Metot

Pancar dilimlerinin hazirlanmasi

Taze kirmizi pancarlar Kastamonu ilinde ve yetisme
déneminde (Ekim, 2022) yerel marketten temin
4-6°C
de
edildikten sonra

sliresince sicakhkta
ve 1 hafta icinde
Dikkatlice kontrol

renk agisindan agirlikli olarak kirmizi kabuk, buttnlik

edilmis;  calisma

depolanmis analizde

kullanilmistir.

acisindan zarar gérmemis ve olgunlasmis olanlari
¢alisma igin secilmistir. Pancarlar saplar kesilip ve
kabuklari soyulduktan sonra 5x1x1 cm ebatlarinda
dilimler seklinde kesilerek kurutma islemleri ve
analizlere hazirlanmiglardir (Ginel, 2022; Kirbas ve

ark., 2019).

OD ve OD-VE én isleminin uygulanmasi

OD isleminde kullanilacak hipertonik ¢ozelti, %40 ve
%60 (a h?)
tiketilebilir
hazirlanmistir.

konsantrasyonlarinda gida olarak

sikroz ve destile su kullanilarak
Bu konsantrasyonlara yapilan 6n
denemeler sonucu karar verilmistir. Buna gore
kontrol (dehidrasyon islemi uygulanmamis, S1), %40
seker cozeltisinde OD (S2), %40 seker cozeltisinde
OD + VE (S3), %60 seker ¢ozeltisinde OD (S4) ve %60
seker ¢ozeltisinde OD + VE (S5) olmak lzere toplam 5
ornekle c¢alisiimistir.  Analize hazirlanmis  kirmizi

pancar dilimleri, oda sicakhginda belirlenen
konsantrasyonlarda ozmotik ¢ozelti iceren beherlere
1:10 (a h?) olacak sekilde
aktarilmistir. Kontrol érnegi harig¢ tim orneklerde OD
180 dakika

uygulamasinin

ornek/cozelti orani
islemi boyunca gergeklestirilmistir.
yapildig oD
isleminin ilk 20 dakikasi stiresince 200 mbar basing

Vakum orneklere
altinda vakum emdirme yapilmigtir. Dehidrasyon
isleminin homojen sekilde gerceklesebilmesi icin her
30 dakikada bir ozmotik c¢ozelti
Kirmizi pancar dilimleri dehidrasyon siiresi bitiminde

karistirilmistir.

¢Ozeltiden alinarak lzerlerinden ozmotik ¢Ozeltinin
uzaklastirilmasi amaciyla absorbant bir kagit ile
kurulandiktan sonra tartilmistir (Macedo ve ark.,
2022).

Sicak havada kurutma
On islem uygulanan ve uygulanmayan (kontrol)
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ornekler laboratuvar ortaminda fanli  hava

sirkilasyonlu etiiv (Miprolab, Tirkiye) kullanilarak
tabi
tutulmuslardir. Bu amacla orneklerin nem icerikleri

konvansiyonel olarak kurutma islemine
%8'in altina disene kadar atmosforik basing altinda

60 °C’'de kurutma islemi gergeklestirilmistir.

Ktiitle transfer hesaplamalari

Kirmizi  pancar oOrneklerinin OD o6n islemleri
sirasindaki kitle transferi olgusu, su kaybi (SK), kuru
madde kazanimi (KK) ve agirhk kaybr (AK)

parametreleri hesaplanarak degerlendirilmistir. Nem
icerigi, orneklerin etiivde 105°C'de sabit bir agirliga
ulasilana kadar kurutulmasiyla gravimetrik olarak
SK, KK AK
parametrelerinin hesaplanmasinda asagida verilen

belirlenmistir. ~ Orneklerin ve

esitlikler kullaniimistir (Bozkir ve Erglin, 2020):

SK = MMETMZE L 100 (1)
m;
KK = % «100 2)

AK =T 4 100 (3)

mi
Burada m; ve my Orneklerin baslangic ve son
agirhklaridir (g); z ve z; suyun ilk ve son kitle
fraksiyonlaridir (g su g numune); ve s; ve sy, toplam
katilarin (g toplam kati g numune) ilk ve son kitle
fraksiyonlaridir.

Kurutma karakteristikleri

Nem orani

Kurutma kinetigi, kurutma islemindeki degisimi

analiz etmek icin zamanla nem oraninin (MR)
degisimini kullanmakta olup kuruyan &rneklerin
bir andaki
esitlikten yararlanilarak hesaplanmistir (Elhussein ve
Sahin, 2018; Li ve ark., 2020):

MR = 2= (4)
Mo—Me

Burada M; t anindaki nem igerigini ve M. denge nem

herhangi nem orani asagida verilen

icerigini ifade ederken; Mo baslangictaki nem icerigini
ifade etmektedir. Denge nem igerigi, oOrneklerin
105°C'ye ayarlanmis fanli etiiv kullanilarak sabit
agirhiga kadar kurutulmasiyla elde edilmistir.

Kurutma orani
Kurutma hizi (DR) kullanilarak Esitlik 5 kullanilarak
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hesaplanmistir.

DR — M1 —M¢; (5)
ta—ty

Burada t; ve t; sirasiyla kuruma siiresidir (dak), DR t;
ve t, arasindaki kuruma hizidir (g g dak?) ve M ve
M2 kuru bazdaki nem icerigidir (g g). Kuru bazda

nem igerigi Esitlik 6 kullanilarak hesaplanmistir.
M, === (6)
Burada W, herhangi bir andaki toplam kdtle (g) ve G,
kuru madde kutlesidir (g).

Kirmizi pancar orneklerinin  kurutma islemi
sirasindaki nem kaybini agiklamak igin; yaygin olarak
kullanilan Newton (7), Page (8), Modified Page (9),
Logarithmic (10), Henderson and Pabis (11), Wang
and Singh (12), Two Term (13) ve Diffusion Approach

(14) olmak uUzere 8 adet ince-tabaka kurutma

matematiksel model kurutma egrilerine
uygulanmistir.

MR = exp(—kt) (7)

MR = exp(—kt™) (8)

MR = exp(—(kt)") (9)

MR = aexp(—kt) + b (10)

MR = aexp (—kt) (11)

MR =1+ at + bt? (12)

MR = a, exp(—k t) + a, exp(—k,t) (13)

MR = aexp(—kt) + (1 — a) exp(—kbt) (14)
Kirmizi pancar oOrneklerinin  kurutma egrilerine
uygulanan modellerin uyumlulugunun
belirlenmesinde istatsitiksel parametreler olan

belirleme katsayisi (R?), indirgenmis ki-kare (x?) ve

ortalama karesel hata (RMSE) kullanilmistir. R?, x? ve

RMSE, sirasiyla Esitlik 15, 16 ve 17 kullanilarak

hesaplanmistir.

N (MRexpi—MRpre)”
SN (MRexp,~MR)®

N 2
2 _ Zi:l(MRexp,i_MRpre,i)
N-z

R?=1

(15)

X (16)

RMSE = |+ {Ll(MRW,i—1\/11%,61,,1-)2]1/2 (17)

Burada MReyxp,i, test icin deneysel olarak boyutsuz
nem oranini; MRyrei, tahmini boyutsuz nem oranini;
ifade
etmektedir. En disik x> ve RMSE degeri ile en

N, gozlem sayisini ve z model sabitini

yiksek R? degerlerine sahip olan model, kurutma

davranisini  en iyi tanimlayan model olarak

secilmistir.
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Renk él¢iimii
Kirmizi pancar orneklerinin renk degerleri, beyaz ve
seramik plakalar ile 6ncesinde kalibre edilen bir
kolorimetre (Konica Minolta CM-5, Osaka, Japan)
kullanilarak olculmistir. CIELAB grafigi L*, a* b*
renk degerlerinin degerlendirilmesinde kullaniimistir
(Macedo ve ark., 2022). Uygulanan OD isleminin renk
degisimi Uzerinde etkisini tanimlamak igin toplam
renk farki (AE) Esitlik 18 kullanilarak hesaplanmistir.
2E=JT = L)E+ (@ —ag)? + (b — by )?

(18)

Biiziilme orani (Sg)

Kurutulmus kirmizi pancar orneklerinin Sg degerleri
Esitlik 19 kullanilarak hesaplanmistir. Taze ve
kurutulmus 6rneklerinin her bir ekseninin (x, y ve z)
kenarlari, bir dijital kumpas (+0,01 mm) (Western,
DC-60 modeli, Zhejiang, Cin) kullanilarak en az 5
Olcim yapmak suretiyle belirlenmistir (Macedo ve

ark., 2022; Wu ve ark., 2023).
Se(%) = 222 %100

. (19)
Burada V, ve V: kirmizi pancar érneklerinin sirasiyla

kurutma oncesi ve sonrasi hacimlerini

gostermektedir.

Toplam fenolik madde miktari ve antioksidan
kapasite

OD ve OD-VE 6n islemi uygulanmis ve uygulanmamis
kuru kirmizi pancar o6rneklerinin toplam fenolik

madde  miktari ve antioksidan  kapasitenin
belirlenmesinde Tekin ve Baslar (2018) tarafindan
verilen ekstraksiyon yonteminden yararlaniimistir.
Ekstraksiyon amaciyla 5 g ornek, 1:10 oraninda
metanol-su (80:10, h h) ¢ézeltisi ile karistinlarak
ultra-Turrax (IKA, T18 Basic, Almanya) ile 1500 rpm
hizinda 5 dakika boyunca homojenize edilmistir.
Ardindan oOrneklerdeki aktif bilesenlerin c¢ozeltiye
gecebilmesi icin 2 saat boyunca calkalama islemi
takiben

gerceklestirilen santriflij isleminde (4000 rpm’de 10

uygulanmistir. Calkalama islemini

dakika, Nuve NF 800, Turkiye) elde edilen
sipernatant filtre edildikten sonra toplam fenolik
madde miktari ve antioksidan kapasite igin

kullantimistir.
Toplam fenolik madde miktari, Na,COs'in fenolik
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bilesikler varliginda fenol ayracinin indirgenmesi
esasina dayanan Folin-Cioceltau yontemine gore
tespit edilmistir. Bu amagla oncelikle 5 mL ekstrakt
2.5 mL 0.2 N Folin-Ciocelteau ayraci ve 2 mL %35

konsantrasyonda Na,COs ¢ozeltisi ile karistirilarak 30

sn sire ile vortekslendikten, sonrasinda oda
sicakhginda karanlik ortamda 30 dakika inkibe
edilmis  ve inkiibasyon bitiminde ivedilikle

spektrofotometrede (Shimadzu UV-1800, Japonya)
760
yapilmistir. Toplam fenolik madde miktari, farkl

nm dalga boyunda absorbans Ol¢cimu
konsantrasyonlarda standart gallik asit ¢ozeltisi (5-50
mg L) kullanilarak olusturulan kalibrasyon egrisi
(R?=0.998) ile hesaplanmis ve sonuglar mg GAE g*
olarak verilmistir.

Kurutulmus kirmizi pancar orneklerinin antioksidan
kapasiteleri, serbest bir radikal olan 2,2-difenil-1-
pikrilhidrazil (DPPH) kullanilarak belirlenmistir. Bu
amacgla, 0.1 mL ekstrakt lizerine 4.9 mL 0.1 mM
metanolli DPPH c¢oOzeltisi eklenmis ve 30 saniye
sireyle vorteklendikten sonra  karisim  oda
sicakhginda 30 dakika sireyle karanlik ortamda
inkiilbasyona  birakilmistir.  inkiibasyon  siiresi
sonunda spektrofotometrede 517 nm dalga boyunda
absorbans olclimi gerceklestirilmistir (Abs517smek)
(Singh ve ark., 2002). Sahit olarak pancar numuneleri
yerine 0.1 mL metanol iceren ayni asamalarin
yapildigi 6rnek hazirlanmistir (Abs517anit). Sonuglar
Esitlik 20 kullanilarak hesaplanmis ve % inhibisyon

olarak verilmistir.
Abs 5175qnit—AbS5175rnek
Ab5517$ahit

% inhibisyon = x100 (20)

Istatistiksel analiz
Uygulanan tim on islemler ve analizler 2 tekerrirli

ve 2 paralelli olarak gerceklestirilmistir. Elde edilen
+

sonuglar ortalama standart sapma olarak
verilmistir. Analizlerden elde edilen veriler SPSS
istatistiksel paket programi (21.0 Versiyonu, SPSS
Inc., Chicago) kullanimiyla varyans analizine
(ANOVA), ardindan %95 gliven araliginda Duncan
testine tabi tutulmustur. Matematiksel modellerin
deneysel verilere uyarlanmasinda ise Sigma Plot
programi (versiyon 10.0) lineer olmayan regresyon

analizi kullanilmistir.
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Arastirma Bulgulari ve Tartisma

OD, OD-VE 6n isleminin kiitle transferi lizerine etkisi
Farkli
uygulanan ve uygulanmayan OD 6n isleminin kirmizi

konsantrasyonlarda OD ortaminda vakum

pancarda neden oldugu kitle transferi sonugclar
Cizelge 1’de verilmistir. OD-VE (S3 ve S5) islemi
sadece OD (S2 ve S4)
daha vyiksek KK
gostermistir (p<0.05). Bu sonucun vakumun kitle

uygulanmis ornekler,
uygulanmis Orneklere kiyasla

transferini artirmasina dayandigl ifade edilmistir
(Junqueira ve ark., 2021; Macedo ve ark., 2022).
Vakum o©n uygulamasi hiicreler arasi bosluklardaki
gazi dokulardan uzaklagtirmis ve atmosferik kosula
anda sukroz c¢oOzeltisi

geldigi gida matrisindeki

gozeneklere giris yapmistir. Bu da gida ve ozmotik
¢Ozelti arasindaki acikta kalan alani artirarak kitle
transfer hizinin artmasina yol agmistir (Sharma ve
Dash, 2019). Beklenildigi gibi en dusiik KK degerleri
%40 seker vakumsuz OD
uygulanan oOrnekte tespit edilmistir. S2 ve S4
orneklerinde ozmotik ¢o6zeltinin konsantrasyonuna

¢cOzeltisi ortaminda

bagh olarak kati madde kazaniminda artis oldugu
gozlenmistir. Benzer sekilde Garcia-Noguera ve ark.
(2010) calsmalarinda, kati madde kazanimindaki
artisin uygulamada kullanilan ¢Ozeltinin
konsantrasyonundaki artis ile iliskili oldugunu ifade

etmislerdir.

Cizelge 1. OD ve OD-VE 6n isleminin su kaybi (SK), kati madde kazanimi (KK) ve agirlik kaybi (AK) parametreleri Gzerine etkisi
Table 1. Effect of OD and OD-VI pretreatment on water loss (WL), solids gain (SG) and weight reduction (WR) parameters

OD ortami SK (%)* KK (%) AK (%)
OD conditions WL (%) SG (%) WR (%)
S2 15.03+1.18° -0.32+0.23¢ 22.64+1.39%
S3 12.06+0.59¢ 3.01+0.87% 16.20%1.21°
S4 24.61+0.91° 1.29+1.09b° 30.97+1.81°
S5 23.43+2.06° 4.44%1.12° 26.42+3.02°

ad Ayni siitundaki farkli harfler istatistikel olarak énemlidir (P < 0.05). S2, %40 seker ¢ozeltisinde OD; S3, %40 seker
¢Ozeltisinde OD + VE; S4, %60 seker ¢Ozeltisinde OD; ve S5, %60 seker ¢ozeltisinde OD + VE.

@d Different letters in the same column are statistically significant (P < 0.05). 51, control (not dehydrated); S2, OD in 40% sugar
solution; $3, OD + VI in 40% sugar solution; S4, OD in 60% sugar solution; S5, OD + VI in 60% sugar solution.

Orneklerin  SK degerleri incelendiginde vakum
uygulamasinin 6rnekler Uzerinde artirici etkisinin
olmadigi; aksine vakum uygulamasinin SK degerlerini
azalttig) tespit edilmistir. Benzer sonug¢ Junqueira ve
ark. (2021) tarafindan gergeklestirilen calismada da
gozlenmis olup bu sonucun disik goézenekli
sebzelerde bulunan siki/yogun doku yapisi ile iliskili
oldugu belirtilmistir. %60 konsantrasyona sahip OD
ortaminda vakum uygulamasinin o6rneklerin SK
degerlerinde bir fark
gozlenmistir (p>0.05). Kejing An ve ark. (2013)

tarafindan yapilan calismada atmosferik kosullarda

istatiksel olusturmadigi

yapilan OD 6n islemine kiyasla vakum altinda yapilan
OD uygulamasinin érneklerin SK degerlerinde ¢ok az
bir artisa neden oldugu ve hatta 70 °Brix degerine
sahip hipertonik ¢ozeltideki SK’nin istatistiki olarak
ifade
¢Ozeltinin konsantrasyonundaki artisa bagh olarak

onemli  olmadig edilmistir.  Hipertonik

¢Ozelti viskozitesinin arttigl, yliksek viskozitenin de
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SK icin gerceklesen kitle transferinde bir direng
meydana getirdigi ve hidrodinamik kitle transferini
arttirdigi arastirmacilar tarafindan ifade edilmistir. S2
ve S4 ornekleri degerlendirildiginde dehidrasyonda
kullanilan hipertonik ¢6ézelti konsantrasyonuna bagh
olarak KK degerlerine paralel sekilde SK degerinde de
artis oldugu belirlenmistir. Orneklerde artan SK
degerinin, ozmotik ¢ozelti igerisinde ¢ozlnebilir
toplam kuru madde konsantrasyonunun artisiyla
gerceklesen yiksek ozmotik basinca bagh oldugu
literatlirde bildirilmistir (Kejing An ve ark., 2013;
Rodrigues ve ark., 2009).

Orneklerin AK verileri SK verileri ile uyumlu olacak
sekilde belirlenmistir. Agirhk kaybinin en fazla
(%30.97) gozlendigi ornek su kaybinin en fazla
oldugu orneklerden biri olan S4 6rneginde; en az
(%16.2) oldugu ise su kaybininin en az oldugu S3
orneginde belirlenmistir.

Vakum uygulamasinin orneklerin kurutma kinetigi
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parametrelerinde KK lizerinde SK degerine gore daha
anlami bir etkiye sahip oldugu anlasilmaktadir. Bu
durum vakum emdirmenin su ve ¢0Ozlinenen
maddelerin akisi Uzerindeki etki mekanizmasinin
farkli sekilde gerceklesmesi ile iliskilidir. SK, gida
materyali ve ozmotik ¢Ozelti arasindaki basing
gradyenleri tarafindan tesvik edilen temel kinetik
parametresidir. Ancak KK daha ¢ok gida dokularinin
mikro yapisina baghdir ve her ikisi de hipertonik
VE
etki

gostermemekte fakat blylk oranda gida dokusunun

cOzeltinin vizkozitesi ile sinirlandiriimaktadir.

ozmotik  basing  gradyenleri  (zerinde
yapisini degistirmekte boylece ¢6zinmis seker ve
sivi duflizyonunun artmasinda rol oynamaktadir.
Ayrica KK ve SK orneklerin gézenekli yapisindan da
etkilenmektedir. Bundan dolayi OD esnasinda uygun
bir KK/SK elde edebilmek

konsantrasyonu ve gidanin biyolojik yapisi

icin vakum, c¢oOzelti
goz

onlinde bulundurulmalidir (Kejing An ve ark., 2013).

Pancar érneklerinin sicak havada kurutulmasi

CGalismada kullanilan tim 6rneklerin nem ve kurutma
Sekil 1'de Grafikler
incelendiginde tim orneklerin kuruma hizi kurutma

oranlari verilmistir.
isleminin baslangic asamasinda Urin sicakhgindaki
artis ile hizla artmis, tepe noktasina ulastiktan sonra
bir
Maksimum degere ulastiktan sonra kuruma hizinin

ise  kademeli azalma egilimi sergilemistir.
azalmasinin nedeni, 6rneklerin cok fazla serbest su
kaybetmesinden sonra bagh suyu uzaklastirmak icin
daha fazla enerji harcamasi ve dolayisiyla hizin
yavaslamasidir. Sicak havanin etkisi nedeniyle, ic
nem zamanla ylizeye yeterince transfer olamamakta

ve materyalin igindeki nemin diflizyon hizi, ylizeyin

buharlasma hizindan daha kiguk oldugundan
materyal sabit hizda kuruyamamaktadir. Bazi
¢alismalarda  benzer kuruma hizi  davranis

bildirilmistir (K. An ve ark., 2019; X. Wang ve ark.,
2019). Beklenildigi gibi 6n islem uygulanmasiyla
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kurutma isleminin hizlandigl gozlenmistir. Kurutma
hizh
gerceklestigi ornek %60 seker ortaminda vakum
emdirmeli OD o6n
olmustur (p<0.05).
iceriginin %8’in altina ulasmasi i¢in gecen siire 420

isleminin  baslangicinda  kurumanin  en

islemi uygulanan S5 oOrnegi

Kontrol o6rneginin (S1) nem
dakika olarak belirlenmis olup OD 6n islemi kurutma
suresinin 6nemli bir sekilde kisalmasini saglamis, S2,
S3, S4 ve S5 ornekleri icin kurutma siiresi sirasiyla
300, 270, 240 ve 210 dakika olarak tespit edilmistir.
oD bir VE

kullanilmasinin  kurutmada hedef nem

ile  kombine sekilde Onislemi
icerigine
ulasiimasi igin gerekli olan silreyi kisalttigl tespit
Sicak

ylizeydeki nem uzaklastiginda, dokularin icindeki su

edilmistir. havayla kurutma sirasinda,

molekillerinin sicak hava ile tasinabilmesi igin
ylzeye go¢ etmesi gerekmektedir. Nem goglyle
dokudaki
(karbonhidratlar ve digerleri) ylizeye tasidigindan
bu da ¢

dokularindan suyun uzaklastirilmasina karsi daha

beraber ¢Ozlnr maddeler

numune ylizeyi zenginlesmekte;

blyuk bir direng saglamaktadir. Literatirde vakum

isleminin  dokularin  hicreler arasi  bosluklar

kati tabakadaki
tikaniklari azaltabilecegin ve sonuc¢ olarak VE-OD

geniglettigi, bunun da ¢6zlnlr
uygulanmis orneklerde nemin daha hizli salinacagi
belirtilmitir (Xiaojuan Wang ve ark., 2022). Janowicz
ve ark. (2021) tarafindan da vakum uygulamasiyla
yapilan OD isleminin atmosferik kosullarda yapilan
OD islemine kiyasla denge nem icerigine ulasmada
kurutma siresini istatistiki olarak anlamli sekilde
kisalttig belirtilmistir. Ayni sekilde Sahin ve Oztiirk
(2016) tarafindan incirlerin kurutulmasi
gerceklestilen calismada OD
ortaminda gerceklestiriimesiyle kurutma siiresinin

Uzerine
isleminin  vakum
onemli bir sekilde kisaldig, 6n islemin kabukta
meydana gelen mikro kabuklar ve mumsu tabakalari
uzaklastirmasi kurumanin

sonucu kolaylastigini

bildirmislerdir.
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Sekil 1. Kontrol ve OD 6n islemi uygulanmis pancar dilimlerinin kurutma siliresince nem ve kurutma oranindaki degisim (S1,

kontrol (dehidrasyon islemi uygulanmamis); S2, %40 seker ¢ozeltisinde OD; S3, %40 seker ¢ozeltisinde OD + VE; S4,
%60 seker ¢ozeltisinde OD; ve S5, %60 seker ¢dzeltisinde OD + VE)

Figure 1. Change in moisture and drying rate of control and OD pretreated beet slices during drying (S1, control (not
dehydrated); S2, OD in 40% sugar solution; S3, OD + VI in 40% sugar solution; S4, OD in 60% sugar solution; and S5,

OD + VI in 60% sugar solution)
Kurutma kinetigi
Pancar  orneklerinin  kurutma  karakteristigini
tanimlamak icin elde edilen deneysel veriler sekiz
farklh modele uyarlanmis ve elde edilen ciktilar
Cizelge 2’de verilmistir. R?, x> ve RMSE degerleri
hesaplanarak olusturulan modellerin uyumluluguna
karar vermek igin kullanilmistir. Pancar orneklerinin
kurutulmasinin tahmininde, modellerden elde dilen
yiksek R? (>0.95), dustik x? (en yiiksek 2.731x103) ve
RMSE  (<0.05) batun

degerleri  uygulanan
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orneklerinin
kurutma davranisina  uyumlu oldugunu ifade
etmektedir. Ancak R?, x> ve RMSE degerleri tek tek
incelendiginde Page modelinin kontrol 6rnegi harig

matematiksel modellerin  pancar

bitlin 6rneklerin kurutma davranisini tanimlayan en
Literatlrdeki
calismalar incelendiginde nar taneleri (Horuz ve
Maskan, 2013), seftali dilimleri (Zhu ve Shen, 2014),
sarimsak piresinin (ilter ve ark., 2018), patates

iyi  model oldugu soylenebilir.

dilimleri (Rojas ve Augusto, 2018), kirmizi pancar
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Cizelge 2. On islem uygulanmamis (kontrol) ve OD &n islemi uygulanmis kirmizi pancarin kurutulmasi icin 8 adet ince-tabaka

kurutma matematiksel modellerinin parametreleri ve istatistiksel parametreler

Table 2. Parameters of 8 thin layer drying mathematical models for drying unpretreated (control) and OD pretreated red beet

and statistical parameters

Ornek Model Model sabitleri
Sample  Model R RMSE x(107) Model constants

Newton 0.9946 0.021 0.482 k=0.0058
Page 0.9969 0.016 0.317 k=0.0036; n=1.0844
Modified Page 0.9965 0.017 0.316 k=0.0057; n=1.0858

51 Logarithmic 0.9949 0.019 0.457 k=0.0059; 0=1.0265; b=7.29x1013
Henderson and Pabis 0.9952 0.019 0.433 k=0.0049; 0=1.0261
Wang and Singh 0.9808 0.039 1.719 a=-0.004; b=4.11x10®
Two Term 0.9946 0.019 0.484 k:=0.0059; k,=0.0059; 0;=0.5458; 0,=0.4808
Diffusion Approach 0.998 0.013 0.183 k=0.0051; 0=1.0495; b=0.4127
Newton 0.9827 0.041 1.731 k=0.0058
Page 0.9982 0.017 0.355 k=0.0014; n=1.2581
Modified Page 0.9962 0.018 0.384 k=0.0055; n=1.2592

5 Logarithmic 0.9849 0.036 1.515 k=0.0061; 0=1.0597; b=9.45x1013
Henderson and Pabis 0.9857 0.036 1.435 k=0.0056; a=1.0547
Wang and Singh 0.997 0.016 0.296 a=-0.004; b=4.03x10®
Two Term 0.9840 0.036 1.605 k;=0.0061; k,=0.0063; a;=1.0597; a,=0.4059
Diffusion Approach 0.9888 0.031 1.118 k=0.0064; a=1.121; b=0.4707
Newton 0.9814 0.038 1.558 k=0.006
Page 0.9988 0.009 0.119 k=0.0015; n=1.2766
Modified Page 0.9988 0.01 0.121 k=0.0058; n=1.2773

s3 Logarithmic 0.9873 0.039 1.265 k=0.0061; a=1.065; b=8.34x1013
Henderson and Pabis 0.988 0.032 1.198 k=0.0061; 0=1.006
Wang and Singh 0.9932 0.025 0.679 0=-0.0042; b=4.33x10°
Two Term 0.9866 0.033 1.339 k:=0.0064; k,=0.0063; a;=1.065; a,=0.4077
Diffusion Approach 0.9922 0.026 0.775 k=0.0068; 0=1.1373; b=0.4671
Newton 0.9938 0.023 0.535 k=0.0071
Page 0.997 0.018 0.431 k=0.0048; n=1.0761
Modified Page 0.9961 0.019 0.435 k=0.007; n=1.0763

sa Logarithmic 0.9932 0.022 0.589 k=0.0072; 0=1.0061; b=6.84x1013
Henderson and Pabis 0.9935 0.022 0.558 k=0.0059; 0=1.0081
Wang and Singh 0.9694 0.049 2.646 a=-0.0046; b=5.09x10°
Two Term 0.9928 0.022 0.624 k:=0.0072; k,=0.007; a;=0.5089; 0,=0.4972
Diffusion Approach 0.9932 0.022 0.585 k=0.0072; a=1.014; b=0.6217
Newton 0.9935 0.024 0.591 k=0.0072
Page 0.9998 0.003 0.018 k=0.0029; n=1.1761
Modified Page 0.9991 0.004 0.022 k=0.0071; n=1.1769

s5 Logarithmic 0.9952 0.019 0.441 k=0.007; a=1.047; b=5.49x1013
Henderson and Pabis 0.9954 0.019 0.418 k=0.0075; a=1.0485
Wang and Singh 0.9701 0.049 2.738 a=-0.0046; b=5.21x10®
Two Term 0.9949 0.019 0.467 k;=0.0075; k»,=0.0071; a;=0.8352; 0,=0.2117
Diffusion Approach 0.999 0.004 0.018 k=0.0092; 0=1.4936; b=0.6003

S1, kontrol (dehidrasyon islemi uygulanmamis); S2, %40 seker ¢ozeltisinde OD; S3, %40 seker ¢ozeltisinde OD + VE; S4, %60

seker ¢ozeltisinde OD; ve S5, %60 seker ¢ozeltisinde OD + VE.

S1, control (not dehydrated); S2, OD in 40% sugar solution; S3, OD + VI in 40% sugar solution; S4, OD in 60% sugar solution;

S5, OD + VI in 60% sugar solution.

(Ceclu ve ark., 2016) gibi Urinlerin kurutulmasinda
da Page modelinin en uygun model oldugu rapor
edilmistir. Kontrol 6rneginin kurutma davranigini
belirleyen en iyi model ise Diffusion Aproach modeli
oldugu belirlenmistir. Kontrol 6rneginin kurutma
davranisindaki farklilik kurutma kinetigi verileri ile de
ortismektedir. Literatlirde kurutma calismalarinda
Diffusion Aproach modelin etkinliginin arastirildigi ve

hatta
bulunmaktadir (de Freitas ve ark., 2021; Fotiou ve
ark., 2023; Mina ve ark., 2022; N. C. Santos ve ark.,
2023; Newton Carlos Santos ve ark., 2022; Wu ve
ark., 2023)

Page modeldeki kiitle transferi ile iliskili kinetik
parametrelerden biri olan k degeri 0.0014 ile 0.0048
arasinda tespit edilmistir ve ozmotik dehidrasyonda

uygun bulundugu cok sayida calisma
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seker konsantrasyonunun artisina bagli olarak arttigi
kitle
transferi ile ilgili parametrelerden bir digeri olan n
degeri (Simpson ve ark., 2017), 1.0761 ile 1.2766
araliginda

gozlenmistir. Yine kurutma esnasindaki

bulunmustur. Genel bir ifadeyle
hesaplanan n degerlerinin 1’den biylik olmasi stiper
difiize olma 6zelligine isaret etmektedir (Simpson ve
ark., 2017). Page modeli ile elde edilen n degeri
hipertonik ¢ozeltideki artan seker konsantrasyonuna
bagl olarak azalma gostermis, OD isleminin VE
uygulamasiyla birlikte yapilmasi sonucu kismen
artmistir.

Biiziilme orani

Bitkisel gidalar kurutma sirasinda dokulardan nemin
uzaklastiriimasiyla orantih olarak biziilmektedirler
(Richter Reis ve ark., 2022). Bizilme tanim olarak

Uriinden suyun uzaklastirildigi andaki olusan basing

sonugta ortaya c¢ikardigli hacimsel azalmadir. Kasilma,
OD sirasindaki diflizyon katsayisini distrerek yapiyi
degistirmekte ve bitkisel dokunun gozenekliligini
azaltmaktadir. Bu nedenle biiziilme, OD’a maruz
kaldiginda gidada meydana gelen temel fiziksel
degisikliklerden biridir (Macedo ve ark., 2022).
Kuruma hizlar diislik oldugunda uriin bizilmekte ve
daha yogun hale gelmektedir. Kuruma hizi yiliksek
oldugunda ise buzlilmeyi bir dereceye kadar
sinirlayan ylzey sertlesmesi meydana gelmektedir
(Richter Reis ve ark., 2022). Sekil 2’de pancar
orneklerinde meydana gelen biizilme oranlari (%)
yer almaktadir. On islemin biziilmeyi azalttigi ve OD
esnasinda VE uygulamasinin da bu orani daha da
disiirdiigi tespit edilmistir (p<0.05). Sahin ve Oztiirk
(2016) calismalarinda sonuglarimiza benzer sekilde

on islemin blzilme oraninda azalmaya sebep

dengesizliginin neden oldugu kasilma stresinin oldugunu saptamislardir.
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Sekil 2. Pancar o6rneklerinin kurutma sonrasi buzilme oranlari (%) (S1, kontrol (dehidrasyon islemi uygulanmamis); S2, %40
seker ¢ozeltisinde OD; S3, %40 seker ¢ozeltisinde OD + VE; S4, %60 seker ¢ozeltisinde OD; ve S5, %60 seker

¢ozeltisinde OD + VE)

Figure 2. Shrinkage rates (%) of beet samples after drying (S1, control (not dehydrated); S2, OD in 40% sugar solution; S3, OD
+ VI in 40% sugar solution; S4, OD in 60% sugar solution; and S5, OD + VI in 60% sugar solution)

GCalismamizda en disilk biiziilme orani (%56.98) %60
siikroz c¢ozeltisinde vakum altinda dehidre edilen S5
orneginde saptanmistir. Bu sonug¢ kurutma kinetigi
Hizli
kabarma olgusu,

verileri ile de oOrtlismektedir. kuruma ile

kurumaya eslik eden gidada
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gozenekli bir doku olusturmaktadir. Bu da citir ve

narin bir doku olusumunu saglayarak (Grinin
yogunlugunu ve bizulmesini azaltmaktadir (Nistor ve
ark., 2017). Kejing An ve ark. (2013) arastirmalarinda

en az bizilme oranini 50 °Brix degerinde vakum
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altinda OD 6n islemi uyguladiklari 6rnekte tespit
etmislerdir. Bu durumu ozmoz sirasindaki seker
inflzyonunun  kurutma  esnasinda  meydana
gelebilecek hicresel hasara karsi, pektin iskeletini
desteklemesi ve kaplamasi ile agiklamislardir. On
islemlerin kullanimi ve bunlarin kombinasyonlari
kullanilan kurutma yonteminden bagimsiz olarak
kurutulmus meyve ve sebzelerin bizilmesinde
azalmaya neden olmakta ve bu da daha iyi bir Griin
kalitesi ile sonuglanmaktadir (Richter Reis ve ark.,
2022).

Renk ézellikleri

Gidalarin rengi, tuketicilerin gidalarda algiladigr ilk
Ozelliktir ve kalite degerlendirmesinde kullanilan en
onemli parametrelerden biridir (Mocanu ve ark.,
2020; Richter Reis ve ark., 2022; Seremet Ceclu ve
ark., 2020). Kirmizi pancara rengini veren pigment
betalain olarak adlandirilmakta ve bu bilesigin
yaklasik %75-95’i betaninden olugsmaktadir (Kowalski
2015).

kirmizihklari betasiyanin ve betaksantin oranlarina

ve techtanska, Pancarin gesitleri ve
baghdir (Seremet Ceclu ve ark., 2020). Taze ve
kurutulmus kirmizi pancar orneklerinde meydana
gelen renk degisimleri (L*, a* ve b*) ve hesaplanmis
AE ve C* degerleri Cizelge 3’te gorilmektedir.
Maillard

enzimatik esmerlesme ve askorbik asit oksidasyonu

reaksiyonu, pigment degredasyonu,

ozelliklerini belirlemektedir (Richter Reis ve ark.,
2022; Xiaojuan Wang ve ark., 2022). Benzer sekilde,
OD ve OD-VE sireglerindeki farkli konsantrasyona
sahip ozmotik c¢ozeltiler pancar orneklerinin renk
degerlerinde farkhlasmalara neden olmustur.
Cizelgeden de gorildigl Gzere taze kirmizi pancarin
L* a* b* ve C* degeri sirasiyla 23.96, 24.39, 9.86 ve
25.91 olarak belirlenmis olup kurutma islemi ile
birlikte renk degerlerinde azalma meydana gelmistir
(P<0.05). Uygulanan OD o6n islemi S4 oOrnegi haric
kontrol o6rnegine kiyasla L* degerinin daha fazla
azalmasina neden olmustur. Bununla birlikte OD’nun
birlikte

degerlerinde daha fazla azalma gozlenmistir. Her iki

VE islemi ile gerceklestirilmesiyle L*

konsantrasyonda da OD’na VE isleminin dahil
edilmesi 6rneklerin parlakhginin azalmasinda rol
oynamistir. L* degeri icin ortaya ¢ikan degisimin
benzeri C* parametresi icin de gozlenmistir. Kirmiz
rengi ifade eden a* degerinin hem OD c¢ozelti
hem de dehidrasyon

konsantrasyonunun artisi

isleminin  vakum ortaminda vyapilmasiyla artis

gosterdigi saptanmistir (p<0.05). OD-VE 6n isleminin
kismen kirmizi pancarin dogal kirmizi
etkili  bir

anlasiimaktadir.

rengini

korumada sekilde kullanilabilecegi

Sari rengin gostergesi olan b*
degerinin ise kurutma islemi ile birlikte azalma

gosterdigi tespit edilmis olup ayni zamanda OD ve

gibi bircok faktor, kurutma sirasinda Grlin renginin OD-VE islemlerinin  azalma  hizint  arttirdig
degismesine neden olabilmektedir. Bahsi gecen bu gozlenmistir (p<0.05).
faktorlerin  kombinasyonu, Urldnin nihai renk
Cizelge 3. Taze, 6n islem uygulanmamis (kontrol) ve OD 6n islemi uygulanmis kirmizi pancarin renk degerleri
Table 3. Color values of fresh, unpretreated (control) and OD pretreated red beet
Soa::;'; L* a* b* AE c*
Taze
Fresh 23.96+0.59° 24.39+0.42° 9.86+0.637 - 25.91+0.57°
S1 21.65+0.79° 11.66+0.19¢ 3.63+0.61° 14.57+0.27° 21.91+0.91°
S2 20.21+0.19¢ 12.2740.83¢ 3.39+0.39¢ 14.12+0.64% 20.55+0.22°¢
S3 19.78+0.54¢ 13.25+0.19¢ 2.6+0.28< 13.97+0.68% 19.95+0.56°
S4 22.17+0.46° 14.01+0.48° 1.84+0.5% 13.29+0.53%¢ 22.25+0.48°
S5 19.67+1.56°¢ 16.39+0.32° 1.34+0.1¢ 12.4910.61°¢ 19.71+1.56°¢

ad Ayni siitundaki farkli harfler istatistikel olarak 6nemlidir (P<0.05). S1, kontrol (dehidrasyon islemi uygulanmamis); $2, %40
seker ¢ozeltisinde OD; S3, %40 seker ¢ozeltisinde OD + VE; S4, %60 seker ¢ozeltisinde OD; ve S5, %60 seker ¢ozeltisinde OD +
VE.

@d Different letters in the same column are statistically significant (P < 0.05). S1, control (not dehydrated); S2, OD in 40% sugar
solution; S3, OD + VI in 40% sugar solution; S4, OD in 60% sugar solution; S5, OD + VI in 60% sugar solution.
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Bu sonug¢ dogrudan kurutma isleminin kirmizi

pancarin rengini sari-kahverengiye dogru
degistirdigini gdstermekte; 6te yandan VE ve OD 6n
islemlerinin  kurutma  esnasinda  gerceklesen
esmerlesme reaksiyonlarina yon veren enzimleri
inhibe ettigini ifade etmektedir (K. An ve ark., 2019;
X. Wang ve ark., 2019). AE islem gérmemis taze
kirmizi pancar 6rnegi baz alinarak hesaplanmistir. Bu
baglamda dusliik AE degeri taze oOrnek ile islem
goérmis ornek arasinda renk farkinin az oldugunu
OD 6n

meydana gelen toplam renk farklihgini azalttigini,

ifade etmektedir. isleminin  orneklerde
dahasi uygulanan OD-VE 0On isleminin bu azalmaya
onemli dizeyde katki sagladigi gorilmektedir. En
dislik AE degeri vakum altinda %60 siikroz cozeltisi
dehidre  edilen S5
belirlenmistir. Sonucumuza paralel olarak. Kejing An

kullanilarak orneginde
ve ark. (2013) calismalarinda 50 °Brix slikroz ¢ozeltisi
yaptiklari
ornekte on islem gérmeden kurutulmus 6rnege gore

kullanarak dehidrasyon islemindeki
daha disiik AE degeri saptamislardir. Ote yandan
Macedo ve ark. (2022) tarafindan da ¢alismalarinda
dehidrasyon esnasinda slikroz ve eritritol ¢ozeltileri
kullanildiginda vakum uygulamasinin AE'yi arttirdigini
tespit etmisler; bunu da vakumun kitle transferini
artirmasina baglamislardir. Calismalar arasindaki bu
farkhlik kullanilan hammadde ve bilesiminin farkli
olmasi, kurutma kosullarindaki farkhlik ve dahasi OD
sirasinda kullanilan hipertonik ortam farklihgindan
kaynaklanmis olabilir.

Toplam fenolik madde icerigi ve antioksidan kapasite

Cizelge 4’te kontrol ve OD islemi uygulanmis pancar

orneklerinin toplam fenolik madde igerigi ve
antioksidan kapasite (% inhibisyon) degerleri
verilmisti.  On islem uygulanmadan kurutulan

kontrol 6rneginin toplam fenolik madde icerigi ve
antioksidan kapasite degerleri sirasiyla 2.29 mg GAE
gl ve %22.39 olarak belirlenmistir. Kurutma oncesi
uygulanan OD isleminin orneklerin toplam fenolik
madde icerigi ve antioksidan kapasite degerlerinde
onemli artisa neden oldugu tespit edilmistir (P<0.05).
Dahasi OD ile birlikte vakum uygulamasi yapildiginda
vakum uygulamasi yapilmayan o6rneklere kiyasla
toplam fenolik madde miktari ve antioksidan
kapasite degerlerinde kismi bir artis gézlenmis olup
istatistiksel olarak 6nemsizdir (P>0.05). Buna gore en
yuksek toplam fenolik madde miktari ve antioksidan
kapasite degerleri S5 6rneginde tespit edilmis olup
373 mg GAE g! ve %36.43'dur.
Bulgularimiza benzer sekilde Xiaojuan Wang ve ark.

sirasiyla

(2022) tarafindan da vakum on islemi uygulanarak
ozmotik dehidrasyona tabi tutulan ornekler ile yalniz
OD uygulanan ornekler arasinda toplam fenolik
madde igerigi ve antioksidan kapasite acisindan
onemli bir fark tespit edilmedigi ifade edilmistir.

Tabloda veriler degerlendirildiginde genel olarak
toplam fenolik madde icerigi degerlerinde saptanan
farkhlasmanin antioksidan kapasite degerlerinde
tespit edilmedigi gozlemlenmektedir. Antioksidan
kapasite OD
bilesenlerin tutulmasina baghdir.

esnasinda fenolik ve flavonoid

Cizelge 4. On islem uygulanmamis (kontrol) ve OD &n islemi uygulanmis kirmizi pancar érneklerinin toplam fenolik madde

icerigi ve antioksidan kapasitesi

Table 4. Total phenolic content and antioxidant capacity of unpretreated (control) and OD pretreated red beet samples

Ornek Toplam fenolik madde (mg GAE g) Antioksidan kapasite (% inhibisyon)
Sample Total phenolic substance (mgGAE g™) Antioxidant capacity (inhibition %)
S1 2.29+0.04¢ 22.39+3.27°
S2 2.83+0.09° 32.34+1.78?
S3 2.94+0.07° 35.54+1.66°
S4 3.3240.13? 35.24+2.2°
S5 3.3940.18? 36.43+2.97°

ad Ayni siitundaki farkl harfler istatistikel olarak 6nemlidir (P<0.05). S1, kontrol (dehidrasyon islemi uygulanmamis); S2, %40
seker ¢ozeltisinde OD; S3, %40 seker ¢ozeltisinde OD + VE; S4, %60 seker ¢ozeltisinde OD; ve S5, %60 seker ¢ozeltisinde OD +
VE.

@d Different letters in the same column are statistically significant (P < 0.05). S1, control (not dehydrated); S2, OD in 40% sugar
solution; S3, OD + VI in 40% sugar solution; S4, OD in 60% sugar solution; S5, OD + VI in 60% sugar solution.
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Bazi arastirmacilar, OD'nin nihai Urlinin kimyasal
ozellikleri Gizerindeki etkisinin, OD sirasinda degisen
ve degismeyen hicrelerin orani ile ilgili oldugunu
(Calderén-Chiu 2019).
Bununla birlikte kurutulmus pancar orneklerinde AK

belirtmislerdir ve ark.,
artisinin toplam fenolik icerigindeki artis ile paralel
sekilde gerceklestigine dair literatlirde calismalar
mevcuttur (Hamid ve Mohamed Nour, 2018; Petrut
2018). Ancak
konsantrasyona sahip hipertonik ¢ozeltide uygulanan
oD

artisin

ve ark., aksi sekilde ylksek

isleminde 6rneklerdeki kazanimindaki
biyoaktif
antioksidan kapasite lizerinde dogrudan etkiye sahip

seker

bilesiklerin  tutulmasinda ve
oldugu da literatirde ifade edilmistir (Le ve Konsue,

2021).

Sonuglar

Bu ¢alismada farkli konsantrasyonda vakum altinda
veya vakumsuz OD islemi uygulamasinin kirmizi
pancarin kitle transferi, kuruma 6zellikleri ve kinetigi
ile Grin kalitesi Uzerine etkisi ortaya konmustur.
Gahsma, on islem gérmemis ve %40 ve %60 seker
ortaminda sadece OD ve OD-VE 0On islemlerinin
arasindaki  farklhklarin

uygulanmasiyla ornekler

karsilastirilmasiyla kuruma kinetiklerinin

matematiksel modellemesini iceren yenilikgi bilgiler
sunmaktadir. OD-VE 6n isleminin kirmizi pancarin

kurutulmasi Gzerine etkili oldugu, kurutulmus

orneklerin  o6zelliklerinde degisiklikler meydana

getirdigi belirlenmistir. Dehidrasyon isleminde artan
seker konsantrasyonunun yaninda vakum
kati

kazaniminin arttigl ve sonugta bu artis ile iligkili

uygulanmasiyla su kaybinin ve madde
sekilde kurutma siresinin anlamli dizeyde azaldigi
belirlenmistir. On islem uygulanmis kirmizi pancar
orneklerinin kurutulmasinda kuruma davranisini en
iyi tanimlayan modelin Page modeli oldugu; buna
karsin kontrol orneginde ise Diffusion Approach
modelin kurutma islemine en uygun matematiksel
model oldugu tespit edilmistir. OD-VE 6n isleminin
nihai kurutulmus kirmiz pancar dilimlerinde renk,
mekanik (blzlilme) ve biyoaktif 6zellikler (toplam
fenolik madde igerigi ve antioksidan kapasite)
acgisindan iyilesmelere yon verdigi ¢alismanin garpici
ve arzu edilen sonuglardan olmustur.
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Bu ¢alismada, ¢cimlendirilmemis (ham) ve ultrason destekli ¢gimlendirilmis mas fasulyesi
ununun geleneksel tahil Urlnlerimizden tarhanada kullanilarak tarhananin besin
degerinin arttirilmasi amaglanmistir. Bu amagla ham mas fasulyesi unu (HMFU) ve
¢imlenmis mas fasulyesi unu (CMFU) tarhana formiilasyonunda bugday unu (BU) ile
farkli oranlarda (%0, 15, 30, 45 ve 60) yer degistirilerek kullanilmistir. Uretilen tarhana
orneklerinin fiziksel (renk), kimyasal (su, kil, protein, yag, karbonhidrat, fitik asit,
toplam fenolik madde (TFM), antioksidan aktivite (AA), pH, mineral madde, fonksiyonel
(viskozite) ve duyusal 6zellikleri belirlenmistir. Mas fasulyesinin ¢imlendirilmesi ile kdl,
protein, yag, TFM ve AA degerlerinde sirasiyla %11, %12, %17, %60 ve %50 artis,
karbonhidrat ve fitik asit miktarinda ise %4 ve %72 azalma meydana gelmistir. Tarhana
formiilasyonunda CMFU kullanimi, HMFU iceren orneklere kiyasla L* ve Hue degerlerini
distirmus, a* degerini ise yukseltmistir. Mas fasulyesi unu kullanimi ile kontrol
orneginin viskozite degeri 155.30 cP'den 44.60 cP’ye azalmistir. Tarhana
formiilasyonunda mas fasulyesi unu orani arttikg¢a kul, protein, fitik asit, Ca, Mg, Fe, Zn,
TFM, AA ve pH degerleri de artis gostermistir. Duyusal analiz sonuglari
degerlendirildiginde, HMFU ve CMFU’nun yiksek kullanim oranlarinin genel kabul
edilebilirlik puanlarini distirdigt belirlenmistir. Fiziksel, kimyasal, fonksiyonel ve
duyusal 6zellikler birlikte degerlendirildiginde tarhana tretiminde %30 oranina kadar
HMFU ve CMFU kullaniminin mimkiin olabilecegi belirlenmistir.

Anahtar Kelimeler: Tarhana, Mas Fasulyesi, Cimlendirme, Ultrason

Abstract

In this study, it was aimed to increase the nutritional value of tarhana, one of our
traditional cereal products, by using ungerminated (raw) and ultrasound-assisted
germinated mung bean flour. For this purpose, raw mung bean flour (HMFU) and
germinated mung bean flour (CMFU) were used in tarhana formulation by replacing
wheat flour (BU) at different ratios (0, 15, 30, 45 and 60%). Physical (color), chemical
(moisture, ash, protein, fat, carbohydrate, phytic acid, total phenolic content (TFM),
antioxidant activity (AA), pH, mineral matter), functional (viscosity) and sensory
properties of produced tarhana samples were determined. With the germination of
mung beans, ash, protein, fat, TFM and AA values increased by 11%, 12%, 17%, 60% and
50%, respectively, while the amount of carbohydrates and phytic acid decreased by 4%
and 72%, respectively. The use of CMFU in the tarhana formulation decreased the L*
and Hue values and increased the a* value compared to the samples containing HMFU.
Viscosity value of control sample decreased from 155.30 cP to 44.60 cP with the use of
mung bean flour. Ash, protein, phytic acid, Ca, Mg, Fe, Zn, TFM, AA and pH values
increased as the amount of mung bean flour increased in the tarhana formulation.
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When the sensory analysis results were evaluated, it was determined that high usage rates of HMFU and CMFU decreased the
overall acceptability scores. When the physical, chemical, functional and sensory properties are evaluated together, it was
determined that up to 30% HMFU and CMFU can be used in tarhana production.

Key Words: Tarhana, Mung Bean, Germination, Ultrasound
Giris

Geleneksel fermente drlnlerimizden biri olan
tarhana, herhangi bir bugday Uriinine, yogurt ve
diger tat ve lezzet verici bilesenlerin katilarak
fermente edilip ve daha sonra kurutulup 6gitiilmesi
ile elde edilmektedir (Bilgicli, 2004). Tarhanalarin
Uretiminde kullanilan malzemeler ve tiiketim sekilleri
Ulkeden ulkeye farkhlik gostermektedir (Sabbag ve
Bogan, 2019). Tarhananin besinsel ve fonksiyonel
ozelligi, formilasyondaki bilesenlere ve oranlarina
bagli olarak degismektedir (Erbas ve ark., 2005).

Tarhanaya uygulanan fermantasyon islemi, yogurttaki
laktik (LAB) ile

(Saccharomyces cerevisiae) bir

asit  bakterileri mayanin
arada ¢alismasi
(Yurddas, 2003).

Tarhanada fermantasyonunun mineral emilimine

sonucunda gerceklesmektedir
neden olan antibesinsel bir bilesik olan fitik asit
miktarinda azalma sagladigi ve tarhananin besinsel
2015).
Fermantasyon sonunda olusan organik asitler, pH

degerini arttirdig1 belirtilmistir (Kumral,

degerini diuslirmekte ve (riinde istenmeyen
bakteriler lGzerinde bakteriyostatik etki olusmaktadir
(Temiz ve Pirkul, 1990; Ucok ve ark. 2019).

Tarhana, hayvansal ve bitkisel kaynakl proteinleri
bir arada icermesi nedeniyle dengeli bir aminoasit
profiline sahiptir. Tahil unlari, yogurt ve cesitli
sebzeler iceren fermente bir Griin olmasi nedeni ile B
grubu vitaminleri, mineraller, serbest amiasitler ve
organik asitler icin iyi bir kaynaktir. LAB ve maya
fermantasyonu Uriini oldugundan fonksiyonel ve
probiyotik olarak degerlendirilebilir (Ozdemir ve ark.,
2007). Bu nedenle bitiin yas gruplarinin 6zellikle de
bebek ve ¢ocukbeslenmesinde dnemli bir yeri vardir
(Tuluk ve Ertas, 2019).

Baklagiller, karbonhidrat,

besinsel

zengin protein,

mineraller, B grubu vitaminleri, lif ve
biyoaktif bilesen icerigi ve dusiik glisemik indeks
degeri ile 6nemli bir besin grubunu olusturmaktadir
(Duranti, 2006; Ertas ve ark., 2008; Lopez-Martinez ve

ark., 2017). Flavonoidler ve polifenoller, bakliyatlarda
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yliksek miktarda bulunan, antioksidan aktiviteye
sahip biyoaktif bilesiklerdir (Mamilla ve Mishra, 2017;
2017).
familyasina ait bir tir olup besinsel lif, protein,

Pal ve ark,, Mas fasulyesi, baklagiller
vitamin ve mineraller yoninden olduk¢a zengin bir
icerige sahiptir. Mas fasulyesinin protein igeriginin
yaklasik %24 oldugu ve tahillardan g kat daha fazla
protein igerdigi bildiriimektedir (Meral ve Karaoglu,
2019).

Cimlendirme islemi, tohumlarin besinsel kalitesini
arttirmak icin kullanilabilen ucuz ve etkili bir gida
isleme yontemidir. Cimlendirme islemi ile hububat ve
baklagillerde protein, besinsel lif, vitamin, mineral ve
fenolik madde icerikleri ile antioksidan aktivite
degerlerinde artis saglanirken antibesinsel bilesen
olarak kabul edilen fitik asit miktarinda ise azalma
saglandigl rapor edilmistir (Okur ve Madenci, 2019).
Gidalarin besinsel iceriginin arttirlmasi ve daha
fonksiyonel hale getirilmesi amaciyla gimlendirilmis
tahil ve baklagiller 6nemli bir katki maddesi olarak
Urin formilasyonlarinda yer almaktadir (Senlik ve
Alkan, 2021).

Ultrason yontemi, gidalarda kalite kayiplarina
neden olmayan ve kisa slrede isleme avantaji
saglayan hizli bir teknik olarak ifade edilmektedir
(Garcia-Alvarez ve ark., 2006). Bu yontem ile gidalarda
yuksek sicakliklarin etkisiyle olusan vitamin, ugucu
tat-koku maddeleri ve diger besin 6geleri kaybi gibi
olumsuzluklarin engellendigi bildiriimektedir (Sahin
Ercan ve Soysal, 2011). Ultrason gidalarda ¢ok farkli
amaglarla kullanilirken baklagillerde oligosakkarit
iceriginin azaltilmasi, 1slatma ve ¢imlenme siresinin
kisaltilmasi gibi amaclarla uygulanmaktadir (Mason,
1998; Yaldagard ve ark., 2008).

Bu calismada, ultrason yonteminden yararlanilarak
verimliliginin  ve islem

¢imlendirme isleminin

kalitesinin  arttirllmasi  hedeflenmistir. Tarhana
formilasyonunda HMFU ve CMFU kullanimi ile
besinsel kalitesi daha yiksek tarhana (retilmeye
cahisiimigtir. Bu amagla HMFU ve CMFU, BU ile ikame

olacak sekilde farkh oranlarda (%0, 15, 30, 45 ve 60)
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tarhana formuilasyonunda kullanilmistir. Tarhana
orneklerinin bazi fiziksel, fonksiyonel, kimyasal ve

duyusal 6zellikleri belirlenmistir.
Materyal ve Metot

Materyal

Tarhana formilasyonunda kullanilan un (Tip 550),
yogurt, kuru sogan, kirmizi toz biber, yas maya
(Saccharomyces cerevisiae), domates salcasl ve tuz
yerel marketlerden, mas fasulyesi Migros Ticaret
A.S.den (Karaman) temin edilmistir. Mas fasulyesi ve
ultrason yontemi uygulanarak c¢imlendirilen mas
laboratuvar tipi Ogltlicide (Bosch
MKM600) tam un haline getirilmistir ve 500 um’lik
elekten gegirilmistir.

fasulyeleri

Metot
Mas fasulyesi tohumlarinin ¢imlendirilmesi

Mas fasulyesi %1 (w/v) sodyum hipoklorit ¢ozeltisi
(NaOCl) icinde 5 dakika bekletilerek dezenfekte
edilmistir ve 12 saat boyunca 25 £ 2 °C'de distile suda
(1:10, birakilmigtir.  Islatiimis
tohumlara ultrasonik banyo ile (35 Khz, 160-640W,
Bandelin Electronic Gmbh & Co., Berlin, Germany) 10
dakika ultrason islemi uygulandiktan sonra pamuk

w/v) islatiimaya

Uzerine serilerek karanlikta 25 £ 2 °C’'de 120 saat
¢imlenmeye birakilmistir. Cimlenme islemi sirasinda,
mas fasulyesi tohumlarinin nemlenmesini saglamak
ve tohum yuzeyinde olusabilecek mikrobiyal gelisimi
onlemek amaci ile mas fasulyeleri her 12 saatte bir saf
sudan gecirilmis ve pamuklar yenilenmistir. Cimlenen
taneler etlivde (Nive FN-500, Ankara, Turkiye) 50
°C’de 20 saat sureyle kurutulmus ve kurutulan taneler
laboratuvar tipi oOgltlicide (Bosch MKM600)
ogitlilmustir (<500 pm).

Tarhananin hazirlamasi

Tarhana Uretimi, Bilgigli (2009) tarafindan onerilen
metota gore gerceklestirilmistir. HMFU ve CMFU
katkili tarhana Uretimi icin, formilasyonda yer alan
BU ile HMFU ve CMFU, %0, 15, 30, 45 ve 60 oraninda
yer degistirilmistir (Cizelge 1). Tarhana bilesenleri bir
mikserde (Kitchen-aid Artisan) 15 dakika boyunca
disuk hizda karigtiriimis ve elde edilen hamurlar oda
sicakhginda 120 saat fermantasyona birakilmistir.
Daha sonra etlivde (Niive FN-500, Ankara) 50 °C’'de 20
saat slreyle kurutulmustur. Kurutulmus tarhana
tipi 6gltlicide (Bosch
MKM®600) 6gutilerek 500 um’lik elekten gegirilmistir
ve

ornekleri laboratuvar

polietilen

posetlere konularak analiz

buzdolabinda muhafaza edilmistir.

icin

Cizelge 1. Ham ve gimlenmis mas fasulyesi unlu tarhana formiulasyonlari
Table 1. Tarhana formulations with raw and germinated mung bean flour

Bilesen %0 %15 %30 %45 %60
BU(g) 200 170 140 110 80
HMFU/ CMFU (g) - 30 60 90 120
Yogurt (g) 80 80 80 80 80
Domates salgasi (g) 20 20 20 20 20
Sogan (g) 10 10 10 10 10
Kirmizi toz biber (g) 4 4 4 4 4
Yas maya (g) 5 5 5 5 5
Tuz (g) 2 2 2 2 2

'BU: Bugday unu, HMFU: Ham mas fasulyesi unu, 2CMFU: Cimlenmis mas fasulyesi unu
1BU: Wheat flour, HMFU: Raw mung bean flour, ’CMFU: Germinated mung bean flour

Kimyasal analizler
Tarhana dretiminde kullanilan hammaddeler (BU,
HMFU ve CMFU) ve tarhana orneklerinin nem

miktari AACC (44-19) metoduna gore, protein miktari
ise  AACC (46-30) metodu esas alinarak Dumas
metodu ile (Anonim,  1990).
Hammaddeler ve tarhana oOrneklerinin kil ve yag

belirlenmistir
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tayinleri AACC (08-01) ve AACC (30-25) metodlarina
gore gergeklestirilmistir. BU, HMFU ve CMFU ile
tarhana orneklerinin karbonhidrat miktarlari nem,
kil, protein ve yag miktarlarinin toplami yilizden
¢ikartilarak hesaplanmistir.

Fitik asit degerleri, kolorimetrik metot kullanilarak
Haug ve Lantzsch (1983)'e gore belirlenmistir.

Ornekler,

hidroklorik asit ¢ozeltisi ile ekstrakte
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edilerek demir (lll) shlfat ¢ozeltisi ile ¢oktlirtilmis,
serum kisminda kalan demir miktari bipiridin ¢ozeltisi
ile renklendirilmis ve spektrofotometrede 519 nm’de
absorbans degeri okunarak belirlenmistir. Sonuglar
mg 100 g* cinsinden verilmistir.

Tarhana (retiminde kullanilan hammadde ve
tarhana orneklerine ait TFM miktari, kolorimetrik
olarak Folin-Ciocalteu metodu ile belirlenmistir.
(1 g 10 ml (hidroklorik
asit/metanol/distile su, 1:8:1, v/v) oda sicakliginda 2
saat slire ekstrakte edilerek, 10 dk santriflij (3000
rpm) edilmistir (Gao ve ark., 2002; Beta ve ark., 2005).
0.1 ml ekstrakt, 0.5 ml Folin-Ciocalteu reaktifi (%10
seyreltilmis, v/v, suda), 1.5 ml sodyum karbonat

Ornekler solvent ile

¢ozeltisi (%20'lik, w/h, suda) deney tiupine eklenmis
ve distile su ile 10 ml’ye tamamlanmistir. Daha sonra,
oda sicakhiginda ve karanlik bir yerde 2 saat inkiibe
edilerek, spektrofotometrede 760 nm’de absorbans
degerleri ol¢lilmustlir. TFM miktari gallik asit esdegeri
(g GAE kg1) olarak hesaplanmistir (Slinkard ve
Singelton, 1977; Gamez-Meza ve ark., 1999).
Hammadde ve tarhana 6rneklerinin AA degerleri
DPPH (2-2- Diphenyl-2-picrylhydrazyl) metodu ile
belirlenmistir (Gyamfi ve ark., 1999; Beta ve ark.,
2005). TFM analizindeki gibi oOrnekler ekstrakte
edilerek DPPH ile muamele edilmistir. Absorbans
517
formile

Olctimleri spektrofotometrede nm’de

gerceklestirilmis  ve  asagidaki gore

hesaplama yapilmistir.

% inhibisyon= [(AbSkontroi —AbSsrnek)/ AbSkontrol] x
100 (1)

Toz tarhana orneklerinde pH degeri icin, 5 g 6rnek
50 ml saf suda ¢ozindirilmis ve pH metreyle (WTW
pH315 i / set) 6l¢tim yapilmistir (Bilgigli, 2004).

Mineral madde tayini icin hammadde ve tarhana
orneklerinden 1 g tartilmis ve 50 ml’'lik behere
konularak Uzerine 15 ml saf HNOs ilave edilmistir.
bir (8-10
Sire

Ornekler, gece boyunca saat) oda

sicakhginda bekletilmistir. sonunda her

numuneye 4 ml HCIO, ilave edilmistir. Cozelti, ceker
ocak altinda 5-6 saat slireyle yavas yavas kaynamadan
Isitilmis ve asitlerin bitimine yakin isitma islemi kesilip
¢Ozelti oda sicakhginda sogumaya birakilmistir.
Soguyan c¢ozeltilerin her biri tGzerine 5 ml H,0; ilave

edilerek berrak renk elde edilene kadar isitma
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islemine devam edilmistir. Daha sonra isitma islemi
kesilip ¢ozeltiler sogumaya birakilmistir. Filtreleme ve
seyreltme isleminden sonra Orneklerin mineral
madde icerigi ICP-OES (indiktif Eslesmis Plazma Optik
720)

Emisyon  Spektrometresi, ile

belirlenmistir (Bicer, 2018).

Agilent

Fiziksel ve fonksiyonel analizler
Renk 6l¢iimii

Tarhana Uretiminde kullanilan hammaddeler ve
tarhana orneklerindeki renk degerleri L*, a* ve b*
degerleri cinsinden, Minolta CR-400 (Konica Minolta,
Osaka, Japan) cihazi ile o6lglilmustur. SI (doygunluk
indeksi, (aZ+b?) ¥2) ve Hue (renk 6zii, arctan (b*/a*)

degerleri ise a* ve b* degerleri kullanilarak
hesaplanmistir (Francis, 1998).
Viskozite

20 g tarhana ornegi 200 ml su ile sirekli

karistirilarak kisik ateste 12 dk boyunca pisirilmistir.
Analiz viskozimetre cihazi (Brookfield RTV) ile 5 nolu
spindle (RV/HA/HB-5) kullanilarak gerceklestirilmistir.
Rotasyonel hiz ayari 100 rpm yapilarak 60 °C’de 6l¢im
gerceklestirilmistir (Bilgicli, 2009).

Duyusal analizler

10 g tarhana 6rnegi ile 100 ml distile su sirekli
karistirilarak orta ateste 12 dakika pisirilmis ve kagit
bardaklara alinarak 60 °C sicaklikta panelistlere
sunulmustur. Panelistlerden tarhana 6rneklerini renk,
tat, koku, kabul edilebilirlik
parametreleri agisindan 1-9 arasindaki 6lcegi (1: asir

kivam ve genel

kotd, 5: orta, 9: asiri iyi) kullanarak degerlendirmeleri
istenmistir (ibanoglu ve ark., 1995).

Istatistiki analizler
+

Elde edilen sonuglar ortalama + standart sapma
olarak verilmistir. Verilerin istatistiksel analizi SPSS
22.0 istatistiksel yazilimi (Version 22.0. Armonk, NY:

IBM Corp.) kullanilarak analiz edilmistir.
Arastirma Bulgulan ve Tartisma
Tarhana Uretiminde kullanilan hammaddelerin

renk degerleri ve kimyasal analiz sonuglari Cizelge
2’'de verilmistir. Hammaddelerin L* degerinin ise
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75.00-91.30 araliginda degisim gosterdigi, en ylksek
L*
belirlenmistir.

degerine bugday ununun sahip oldugu

Cimlenme ile a* degerinde artis
gorilirken, b*, SI ve Hue degerlerinde azalma
(2018)

cimlenme siiresi arttikca mas fasulyesinde L*, b* ve S|

belirlenmistir. Benzer sekilde, Kilinger

degerlerinin azaldigini, a* degerinde ise artis
oldugunu rapor etmistir. Renk degerlerinde gortlen
degisimlerin cimlendirilen tane cesidi, 1slatma siiresi,
suresi kurutma sicakligi gibi

cimlendirme ve

faktorlerden kaynaklanabilecegi bildirilmistir.
Cimlenme sirasinda sicakhgin ve ¢cimlenme siresinin
renk Uzerine etkili oldugu bildirilmistir (Sharma ve
ark., 2019).

Hammaddelerde, en yiliksek protein miktarina
CMFU’nun (%23.50) sahip oldugu ve bunu sirasiyla
HMFU (%21.08) ve BU’nun (%10.44) takip ettigi
belirlenmistir. HMFU ve CMFU, BU’ya kiyasla sirasiyla
2.0 ve 2.3 kat daha fazla protein icerigine sahip oldugu

belirlenmistir. Cimlenme ile HMFU’'nun kil ve yag
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miktar da istatiksel olarak 6nemli dizeyde artis
gostermistir (p<0.05).

Cimlenme sirasinda, tohum biinyelerinde bazi
fenolik madde, mineral ve vitamin gibi bilesenlerin
sentezlenmesi, yag, karbonhidrat ve protein igeriginin
degismesi gibi biyokimyasal olaylar
gerceklesmektedir (Yang, 2000). Cimlenme sirasinda,
tanenin yapisinda bulunan proteaz enziminin aktif
olmasi proteinlerin serbest aminoasitlere, peptitlere
ve oligopeptitlere parcalanmasini saglamaktadir

(Kanmaz, 2017; Kilinger, 2018).
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Cizelge 2. Hammaddelerin kimyasal 6zellikleri ve renk degerleri
Table 2. Chemical properties and color values of raw materials

BU HMFU CMFU
Nem (%) 11.2740.24a 9.59+0.16b 9.1740.31c
Kiil (%) 0.62+0.07¢ 3.25£0.10b 3.62+0.16a
Protein (%) 10.44+0.28c¢ 21.08+0.16b 23.50+0.33a
Yag (%) 0.65+0.08¢ 1.48+0.06b 1.73+0.11a
Karbonhidrat (%) 77.02+0.62a 64.60£021b 61.98+0.37¢
TFM (g GAE kg™!) 0.29+0.02¢ 1.52+0.02b 2.43+0.01a
AA (Inhibition %) 16.99+1.68c¢ 52.17+3.01b 78.32+2.05a
Fitik Asit (mg 100g™) 137.10£2.26¢ 1486.79+9.60a 412.57+5.19b
Ca (mg 100g™) 27.55+0.55c¢ 96.08+0.61b 138.70+0.49%
Fe (mg 100g™) 1.48+0.11c 5.65£0.35b 7.31+0.23a
Mg (mg 100g™) 33.7120.91c 50.40%1.10b 56.83+1.46a
Mn (mg 100g™) 0.67+0.13b 1.07+0.17ab 1.28+0.08a
Zn (mg 100g™) 0.92+0.16¢ 3.04+0.10b 3.85+0.07a
L* 91.30+0.25a 75.82+0.21b 75.00£0.48b
a* -0.41+0.07a -1.55+0.10b -0.48+0.04a
b* 12.710.16¢ 20.48+0.34a 19.09+0.21b
S| 12.7240.24c¢ 20.54+0.32a 19.10£0.19b
Hue 91.85+0.28b 94.33+0.35a 91.44+0.20b

Farkh harfle isaretlenmis ayni satirdaki ortalamalar istatistiki olarak birbirinden farkldir (p<0.05), Nem hari¢ sonuglar kuru madde tzerinden verilmistir. BU:
Bugday unu, HMFU: Ham mas fasulyesi unu, CMFU: Cimlendirilmis mas fasulyesi unu, TFM: Toplam fenolik madde, AA: Antioksidan aktivite, L*: Parlaklik renk
degeri, a*: Kirmizi-yesil renk degeri, b*: Sari-mavi renk degeri, SI: Doygunluk indeksi, Hue: Renk 6z

Means in the same line marked with different letters are statistically different from each other (P < 0.05). Chemical properties except moisture are based on dry
matter. BU: Wheat flour, HMFU: Raw mung bean flour, (MFU: Germinated mung bean flour, TPC: Total phenolic content, AA: Antioxidant activity, L*: Brightness
color value, a*: Red-green color value, b*: Yellow-blue color value, Sl:Saturation index, Hue: Hue angle

Cimlenme sirasinda artan a-amilaz etkisiyle, yikima
ugrayan karbonhidratlar solunumda kullaniimak
Uzere basit sekerlere dontismektedir. Cimlenme ile
protein miktarinda goériilen artis, karbonhidratlarin
yikimindan meydana gelen kuru madde kaybi ile
aciklanabilmektedir  (Ziegler, 1995). Cimlenme
esnasinda, tohumun binyesinde bulunan lipaz
enziminin aktif hale gelmesi ile yaglar, yag asitlerine
ve gliserole parcalanmaktadir. Buna karsin,
¢imlendirilmis  tohumlarin  yag igerigi, ham
(cimlendirilmemis) tohumlara kiyasla artis
gostermektedir. Bu durum, tohum filizlerinde
bliyime asamasinda, tohum c¢esidine gore farkh
diizeylerde olmak lizere, yeniden yag ve yag asitleri
sentezinden kaynaklanmis olabilir (Kanmaz, 2017;
Kilinger, 2018). Cimlenme islemi ile mas fasulyesinin
karbonhidrat miktarinda 6nemli (p<0.05) bir azalma
gerceklesmistir. Benzer sekilde, Okur ve Madenci
(2019), yaptiklar
tohumlarin  karbonhidrat miktarlarinda azalmaya

calismada  ¢imlendirmenin,
neden oldugunu bildirmislerdir.

BU'nun fitik asit iceriginin HMFU ve CMFU’ya
kiyasla daha diisik oldugu ve ¢cimlenme ile HMFU’nun
fitik asit iceriginin 1486.79 mg 100 g’dan 412.57 mg
100 g'Va azaldigi belirlenmistir (p<0.05). Cimlendirme
anti-besinsel

islemi,  baklagil tohumlarindaki
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bilesenlerin miktarinin azaltilmasinda kullanilan en
onemli proseslerden biridir (ibrahim ve
ark., 2002). Cimlenme sirasinda fitaz aktivitesinin
artmasi nedeni ile fitik asit miktari 6nemli oranda
azalirken minerallerin biyoyararlihg artis
gostermektedir (Demir ve Bilgicli, 2020).

Cimlenme ile HMFU’nun AA degeri ve TFM miktari
artis gostermistir. Cimlendirme islemi, antioksidan
Ozellik gosteren fenolik bilesik miktarinda artisa
neden olmaktadir (Dziki ve ark., 2015). Cimlenme
siresinin artmasina bagli olarak, TFM miktarinda artis
gorilmesinin nedeni, yeni bilesiklerin
sentezlenmesinden kaynaklanmaktadir (Kilinger ve
Demir, 2019).

Kullanilan hammaddeler iginde, CMFU Ca, Mg, Fe
ve Zn icerigi acisindan da en zengin kaynak olarak
degerlendirilmistir. Cimlendirme sirasinda tanelerinin
blinyelerinde depo edilen maddeler pargalanmakta
ve yeni bilesikler sentezlenmektedir. Bu durum,
mineraller, TFM, yag ve protein igeriklerinde degisime
neden olmaktadir (Kilingcer, 2018). Cimlenme
sirasinda meydana gelen kuru madde kaybi, mineral
madde iceriginde artis saglamaktadir (Demir ve
Bilgicli, 2020). Vayupharp ve Laksanalamai (2013),
farkli cesitteki mas fasulyesi unlarina (Chinat 72,

Chinat 80, MS-1 ve L3-8) ait Ca ve Fe miktarlarinin
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sirasiyla 28.26-32.25 ve 5.27-6.67 mg/100 g arasinda
degisim gosterdigini belirtmislerdir. 77 saat ¢cimlenme
islemi ile 6rneklerdeki mineral madde miktarlarinin
(Ca, K, Na, Fe) artis gosterdigi rapor edilmistir.

HMFU ve CMFU katkili tarhana 6rneklerinin renk

degerleri Cizelge 3’de verilmistir. HMFU katkil
tarhana orneklerinde L* degerinin, CMFU iceren
tarhana orneklerinden daha vyiksek oldugu

belirlenmistir. CMFU kullanilarak Uretilen tarhana
orneklerinde a* degerinin (7.97), HMFU kullanilarak
Uretilen tarhanalardan (7.55) daha yiksek oldugu
belirlenmistir. Hammadde olarak kullanilan HMFU ve

Cizelge 3. Tablo 3. Tarhana 6rneklerinin renk degerleri
Table 3. Color values of tarhana samples

CMFU’nun renk degerlerinin son {rline yansimis
olabilecegi dusunlulmektedir (Cizelge 2). Tarhana
Uretiminde mas fasulyesi unu orani (MFUO) arttikca
L* ve a* degerinin azaldigl, Hue degerinin ise artis
gosterdigi belirlenmistir. Kilic Keskin (2022), baklagil
miktarinin,

Maillard
reaksiyonunu artirarak oOrneklerdeki L* degerinin

unlarinda bulunan vyiksek protein

tarhanalarin kurutulmasi sirasinda

azalmasina neden olabilecegini bildirmistir.

n L* a* b* Sl Hue
Cimlenme durumu
Germination status
Ham 10 76.46+2.01a 7.55+1.03b 29.19+1.04a 30.18+0.75a 75.45+2.40a
Raw
Cimlenmis 10 72.54+4.39b 7.97+1.03a 28.64+1.12a 29.74+1.00a 74.4442.10b
Germinated
MFUO(%)
0 4 78.73+0.30a 9.18+0,08a 27.5740.22b 29.0610.20b 71.59+0.21e
15 4 76.3412.24ab 7.62+1.61b 28.50£0.38ab 29.6910.35ab 73.76+0.99d
30 4 75.07+1.66bc 7.81+0.63b 29.77+0.90a 30.78+0.92a 75.31+0.81c
45 4 71.9613.41cd 7.09+0.09¢ 29.2310.92ab 30.07£0.88ab 76.35+0.53b
60 4 70.42+4.06d 6.43+0.17d 29.51+1.21a 30.21+1.02ab 77.69+0.75a

Farkli harfle isaretlenmis ayni siitundaki ortalamalar istatistiki olarak birbirinden farkhdir (p<0.05), 2MFUO: Mas fasulyesi unu orani, L*: Parlaklik renk degeri,
a*: Kirmizi-yesil renk degeri, b*: Sari-mavi renk degeri, SI: Doygunluk indeksi, Hue: Renk 6zl

Means in the same column marked with different letters are statistically different from each other (p<0.05),. °MFUO: Mung bean flour ratio, L*: Brightness

color value, a*: Red-green color value, b*: Yellow-blue color value, Sl:Saturation index, Hue: Hue angle

Tarhana orneklerinde viskozite degeri (izerine
etkili “oran x ¢cimlenme durumu” interaksiyonu Sekil
1’de verilmistir. CMFU iceren tarhana orneklerinin
viskozite degerlerinin HMFU iceren tarhanalardan

daha distik oldugu belirlenmistir.
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Bu durum, cimlenme ile baklagillerin nisasta
iceriginde azalma olmasina baglanabilir (Li ve ark.,
2019). Tarhana formilasyonunda MFUO arrtikca
viskozite degerlerinde azalma gorilmustir.
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Sekil 1. Tarhana 6rneklerinde viskozite degeri lizerine etkili “oran x ¢imlenme durumu” interaksiyonu

(MFUO: Mas fasilyesi unu orani)

Figure 1. "Ratio x germination status" interaction affecting the viscosity value in tarhana samples

(MFUO: Mung bean flour ratio)

Tarhana o6rneklerinin kimyasal analiz sonuglan
Cizelge 4’de verilmistir. CMFU ile zenginlestirilen
tarhana orneklerinde daha yuksek kiil, protein, yag,
TFM miktari ve AA degerleri belirlenmistir. CMFU’nun
HMFU’ya kiyasla daha ylksek kil, protein, yag, TFM
miktari ve AA degerine sahip olmasi, son Urinin
kimyasal kompozisyonunu etkilemis olabilir (Cizelge
2).

CMFU iceren tarhana orneklerine kiyasla HMFU
iceren orneklerde daha yiiksek karbonhidrat ve fitik
asit  miktar Hammadde

belirlenmistir. analiz

sonuclarinda da c¢imlenme ile mas fasulyesinin
karbonhidrat ve fitik asit miktarinda istatistiki olarak
onemli bir azalma meydana geldigi belirlenmistir
(Cizelge 2). Sofi ve ark. (2020), glutensiz eriste
Uretiminde ¢imlenmis nohut cesitleri (GNG 1581,
GNG 469) katkisinin karbonhidrat miktarini azalttigini
belirlemislerdir.

HMFU kullanilan tarhana érneklerindeki TFM miktari
sirastyla 1.79 mg GAE kg? iken, bu deger CMFU
kullanilan tarhanalarda 2.50 g GAE kg™'a yukselmistir.
HMFU kullanilarak tretilen tarhanalarin AA degerinin
%37.12, CMFU kullanilarak uretilen tarhanalarda ise
%45.56 oldugu belirlenmistir. Yaver (2022), ham,
olgunlasmis, fermente edilmis ve ¢imlenmis siyah

%20

kullanmustir.

nohut unlarini oraninda ekmek

formilasyonunda Cimlenmis siyah
nohut unu ilavesi ile en yiksek TFM iceriginin elde

edildigini bildirmistir. Torres ve ark. (2007), spagetti
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Uretiminde %10 oraninda ¢imlenmis bezelye unu
kullaniminin, AA degerini yaklasik 2.0 kat arttirdigini
bildirmislerdir.

Tarhana lretiminde MFUQO’daki artisa bagli olarak
kil, protein, TFM miktari ve AA degerleri de artis
gostermistir. Tarhana formuilasyonunda mas fasulyesi
ununun maksimum kullanim oraninda belirlenen
ortalama protein miktarinin kontrole kiyasla yaklasik
1.5 kat arttig1 gortlmustir. Mas fasulyesi unu iceren
orneklerin  (%15-60) ortalama yag miktarlarinin
kontrole gore daha yiliksek oldugu gorilmuis ancak
kullanim oranina gore mas fasulyesi unu iceren
tarhana orneklerinin yag miktarlari arasinda istatistiki
olarak énemli bir farklihk belirlenmemistir (p>0.05).
En yiiksek karbonhidrat miktari kontrol 6rneginde

MFUO
miktarinda

belirlenirken,  formilasyonda
karbonhidrat

gorilmustir. MFUO arttikca fitik asit miktari da artis

arttikca
orneklerdeki azalma
gostermis ve en yiksek fitik asit miktari %60 kullanim
oraninda belirlenmistir. Tarhana formilasyonunda
MFUO arttikga TFM miktarinin ve AA degerinin de
yukseldigi belirlenmistir.

Tarhana 6rneklerinde CMFU kullanimi ile HMFU’ya
kiyasla Ca, Fe, Mg ve Zn miktarlarinda istatistiki olarak
onemli artislar belirlenmistir (p<0.05, Cizelge 5).
Tarhanalarda MFUO arttikca biitiin mineral madde
miktarlari da (Mn harig) artmistir. Mas fasulyesi unu
kullanimi ile (%60) Ca, Fe, Mg ve Zn miktari, mas
kullanilmadan Uretilen tarhana

fasulyesi unu
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orneklerine kiyasla sirasiyla 1.5, 1.7, 1.2 ve 2.0 kat  tarhana orneklerinde mineral madde miktarinda artis
artmistir. Benzer sekilde, yapilan bir c¢alismada oldugu rapor edilmistir (Ertas, 2018).
tarhana Uretiminde farkli baklagil unlari kullanilmis ve

539



Cizelge 4. Tarhana érneklerinin kimyasal dzelliklerit
Table 4. Chemical properties of tarhana samples!
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Nem (%) Kiil (%) Protein (%) Yag (%) Karbonhidrat (%) Fitik asit (mg 100g™) Phytic TFM (g GAE kg) AA(%inhibisyon) pH
n Moisture (%) Ash (%) Protein (%) Fat (%) Carbohydrate (%) acid (mg 100g™) TFM (g GAE kg') AA (Inhibition %) pH
Cimlenme durumu
Germination status
Ham 10 4.40+0.3a 3.03+0.7b 17.45+2.3b 3.85+0.5b 71.26+3.5a 363.461£243.5a 1.79.54+0.7b 37.12+3.3b 5.25+0.21a
Raw
Cimlenmis 10 4.35+0.3a 3.25+0.8a 18.11+2.9a 4.1510.3a 70.13+3.9b 126.88+63.5b 2.50+1.0a 45.5616.0a 5.28+0.20a
Germinated
MFUO (%)
0 4 4.3610.22a 2.17+0.09e 14.3210.21e 3.39+0.50b 75.77+0.55a 34.3414.86¢ 1.00+£0.06e 35.34+3.39¢ 4,99+0.10c
15 4 4.44+0.36a 2.71+0.16d 15.95+0.24d 3.95+0.18a 72.96+0.62b 142.91463.35bc 1.62+0.29d 39.15+4.55bc 5.18+0.14bc
30 4 4.35+0.23a 3.131£0.31c 17.84+0.55c 4.09+0.24a 70.60+0.83c 254.174145.56abc 2.11+0.48c 41.60+5.97ab 5.31+0.06ab
45 4 4.32+0.30a 3.61+0.14b 19.7040.58b 4.22+0.24a 68.15+0.58d 348.87+203.81ab 2.69+0.60b 43.98+6.56ab 5.4040.15ab
60 4 4.4310.27a 4.10+0.21a 21.12+0.87a 4.37+0.21a 65.99+1.01e 445.57+274.40a 3.27+0.63a 46.63+6.62a 5.46+0.11a

L Farkl harfle isaretlenmis ayni siitundaki ortalamalar istatistiki olarak birbirinden farklidir (p<0.05), 2 Nem hari¢ sonuglar kuru madde {izerinden verilmistir. 3MFUO: Mas fasulyesi unu orani, , “TPC: Toplam fenolik madde, >AA: Antioksidan aktivite
IMeans in the same column marked with different letters are statistically different from each other (p < 0.05). ’Chemical properties except moisture are based on dry matter. MFUO: Mung bean flour ratio, “TPC: Total phenolic content, *AA:

Antioxidant activity
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Cizelge 5. Tarhana érneklerinin mineral madde miktarlari (mg 100g™2)

Table 5. Mineral contents of tarhana samples (mg 100g™?)

n Ca Mg Fe Mn Zn
Cimlenme durumu
Germination status
Ham 10 109.79+11.92b 64.61+3.25b 4.68+0.84b 0.8410.13a 2.13+0.50b
Raw
Cimlenmis 10 125.47+24.43a 68.45+4.37a 5.27+1.26a 0.91+0.14a 2.30+0.62a
Germinated
MFUO (%)?
0 4 92.88+0.34e 61.61+1.56¢ 3.6410.23d 0.75%0.11a 1.47+0.12d
15 4 106.07+3.72d 63.87+2.02c 4.2340.33cd 0.81+0.13a 1.85+0.12c¢
30 4 117.69+8.27c 66.76+2.51b 4.97+0.48bc 0.88+0.10a 2.25+0.18b
45 4 129.42+14.48b 68.93+3.23ab 5.72+0.52ab 0.94+0.11a 2.56+0.21b
60 4 142.10+18.87a 71.48+2.86a 6.3210.72a 1.01+0.11a 2.94+0.20a

L Farkli harfle isaretlenmis ayni siitundaki ortalamalar istatistiki olarak birbirinden farkhdir (p<0.05) Sonuglar kuru madde iizerinden verilmistir. 3MFUO: Masg

fasulyesi unu orani

IMeans in the same column marked with different letters are statistically different from each other (p < 0.05). *Results are based on dry matter. *MFUO: Mung

bean flour ratio

Tarhana 6rneklerinin duyusal analiz sonuglari Sekil
2’de verilmistir. Tarhana tretiminde HMFU ve CMFU
kullanimi koku ve kivam puanlari tizerinde olumsuz bir
etkiye sahip olmamistir. HMFU'nun %45 ve 60
kullanim oranlarinda tarhana orneklerinin renk, tat ve
genel kabul edilebilirlik puanlarinda kontrole kiyasla
onemli dususler belirlenmistir. Tarhana
formilasyonunda CMFU kullanimi tat puanlarini

kontrole kiyasla disirmis, en disik puan %60

kullanim oraninda elde edilmistir. Genel olarak
degerlendirildiginde, HMFU ve CMFU’nun tarhananin
duyusal parametrelerinde benzer sekilde etkilere
neden gorilmustir. Tarhana
MFUO

degerlerinde goriilen azalmanin duyusal olarak kivam

oldugu

formiilasyonunda arttikca viskozite

puanlarini etkilemedigi gorilmustir (Sekil 1). Tarhana

Uretiminde %30 oranina kadar HMFU ve CMFU
kullanilabilecegi belirlenmistir.
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Sekil 2. HMFU (A) ve CMFU (B) iceren tarhana drneklerine ait duyusal analiz sonuclari (B: Renk,

: Tat, ®: Koku,

B: Kivam, B: Genel kabul edilebilirlik, HMFU: Ham mas fasiilyesi unu, (MFU: Cimlenmis mas fasiilyesi

Figure 2. Sensory analysis results of tarhana samples containing HMIFU and CMFU @: Colour,

unu)
: Taste, K1: Odour,

B: Consistency, B: Overal acceptability, HMFU: Raw mung bean flour; CMFU: Germinated mung bean

flour)

Sonuglar

Bu ¢alismada, HMFU ve CMFU farkl oranlarda (%0,
15, 30, 45 ve 60) BU ile ikame edilerek tarhana
dretiminde kullanilmistir. HMFU ve CMFU katkisi ile
kullanim oranlarinin tarhana kalitesi lizerine etkileri
incelenmistir.

Tarhanalarda CMFU kullanimi daha distk L* ve
daha
saglamistir.

yuksek a* degerlerinin elde edilmesini
Formilasyonda artan oranlarda mas
fasulyesi unu kullaniminin ise L* ve a* degerlerinin
dismesine neden olmustur. HMFU iceren orneklere
kiyasla, CMFU kullanilarak tretilen tarhanalarda daha
ylksek kil, protein, yag, Ca, Mg, Fe, Zn, TFM ve AA
degerleri belirlenmistir. CMFU kullanilan tarhanalar
daha disiik karbonhidrat degerlerinin elde edildigi
ornekler olmustur. Cimlenme ile mas fasulyesinin fitik
asit miktarinda gorilen azalmaya bagh olarak,
CMFU’nun kullanildigi tarhana érneklerinin fitik

asit miktarinin HMFU igceren orneklerden daha disiik
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oldugu bulunmustur. CMFU iceren tarhana
orneklerinin viskozite degerlerinin ise HMFU iceren
tarhanalardan daha dusik oldugu belirlenmistir.
Tarhanalarin kil, protein, bitin mineral madde
miktarlari da (Mn harig), TFM ve AA degerlerinde
MFUQ’na bagh (p<0.05) artislar
belirlenmistir. CMFU’nun HMFU’ya kiyasla tarhananin

besinsel

olarak o6nemli

ozelliklerini  daha  ¢ok  gelistirdigi
gorllmustir. Duyusal analiz sonuglarina goére, hem
HMFU hem de CMFU kullanimi tarhananin koku ve
kivam puanlari lizerinde olumsuz bir etkiye sahip
olmamistir. BUtlin duyusal parametreler birlikte
degerlendirildiginde, HMFU ve CMFU’nun tarhana
formilasyonunda %30 oranina kadar kullanilabilecegi

sonucuna varilmistir.
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0z

Bu galisma; Pamuga potasyum kloriir (KCI) uygulama zamani ve dozlarinin, verim ve verim
ogelerine etkisini belirlemek amaciyla, 2020 ve 2021 yillarinda Sanhurfa ekolojik
kosullarinda planlanmis ve yiritilmustir. Denemede, Fiona pamuk gesidi bitki materyalini
olusturmustur. Deneme, tesadif bloklarinda bélinmus parseller deney desenine gére 3
tekrarlamali olarak, her parsel 6 siradan, olusturulmustur. Denemede ekimden sonra 30.,
40. ve 50. GUn potasyum uygulamalari ana parsellere, 0 kg/da 10, 20 ve 30 kg/da potasyum
klortir (KCI) dozlari ise; alt parsellere uygulanmistir. Arastirmadan elde edilen sonuglara
gore kiutlii pamuk verimleri 396 kg/da ile 520 kg/da arasinda degismistir. En yuksek kutli
pamuk verimi (520 kg/da) ekimden sonraki 50. Gin x 30 kg/da KCl interaksiyonundan elde
edilmistir. Bitki boyu degerleri 2020 yilinda 85.41 cm ile 77.95 cm, 2021 yilinda 87.63 cm
ile 81.13 cm; koza agirligi degerleri 2020 yilinda 6.49 g ile 5.97 g, 2021 yilinda 6.97 g ile 5.92
g arasinda; 2021 yilinda 6.97 g ile ekimden sonraki 50. giin x 30 kg/da KCl uygulamasindan
elde edilmistir. Meyve dali sayisi degerleri 2020 yilinda 9.02 ile 11.3 adet/bitki ve 2021
yilinda 7.78 ile 10.44 adet/bitki sayisi arasinda gozlemlenmistir. Koza sayisi 2020 yilinda
16.24 ile 13.69 adet, 2021 yilinda ise 15.75 ile 10.15 adet arasinda olup en yiksek koza
sayisi 40.giin x 20 kg/da uygulamasinda tespit edilmistir. Onceki ¢alismalarda bélge
topraklarinin potasyum igerigi bakimindan yeterli oldugu ifade edilse de toprakta bulunan
potasyumun bir kisminin bagli halde oldugu ve pamuk bitkilerinin bundan yeterince
yararlanamadigi, bu nedenle Bolge tariminda potasyumlu giibreler 6nerilebilir.

Anahtar Kelimeler: Pamuk (Gossypium hirsutum L.), Potasyum uygulama zamani ve
dozlari, Verim ve Verim Unsurlari

ABSTRACT

This study was carried out in Sanliurfa ecological conditions, in order to determine the
effect of potassium (KCl) doses after planting time, on yield and yield components in 2020
and 2021. In the experiment, Fiona cotton variety was used as plant material. The
experiment design was planned in randomized blocks according to the split plot
experimental design, with 3 replications. potassium applications time were applied 30%,
40 and 50t days after sowing to the main plots, and potassium (KCI) doses of 0 kg/da, 10,
20 and 30 kg/da were applied to sub-plots. According to the results obtained from the
research, the seed cotton yields varied between 396 kg/da and 520 kg/da. The highest seed
cotton vyield (520 kg/da) was obtained from the 50th day after sowing x 30 kg/da KCI
interaction. Plant height values are 85.41 cm and 77.95 cm in 2020, 87.63 cm and 81.13 cm
in 2021; boll weight values are between 6.49 g and 5.97 g in 2020, between 6.97 g and 5.92
gin 2021; In 2021, 6.97 g was obtained from the 50th day x 30 kg/da KCl application after
sowing. The number of sympodial branches was observed between 9.02 and 11.3 units
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per/plant in 2020 and between 7.78 and 10.44 units per plant in 2021. From the study, it
was concluded that the application of potassium fertilizers in cotton farming in the region

Key Words: Cotton (Gossypium hirsutum L.), Potassium, application time and doses, Yield and Yield Components

Giris

Pamuk, yasamin her asamasinda insanoglunun vaz
gecemeyecegi bir Grindur. Nifusun artmasi ve hayat
seviyesinin ylkselmesi, bu Urline olan talebi daha da
artirmaktadir. Dinyanin en 6énemli tarimsal Urinleri
arasinda vyer alan pamuk, (retimi, islenmesi
dolayisiyla kullanima hazir Girlin haline gelene kadar,
blyik insan kitlelerine istihdam saglayan, Ulkeler icin
stratejik Gneme sahip bir Grlindir. Son 45 yilda dlinya
pamuk tiketimi %140 artarak, yaklasik 25 milyon tona
ulasmistir.  Nitekim Pamuk bitkisi diinyada Pamuk
Kusagl (Cotton Belt) olarak isimlendirilen ve kuzey
yarim kiire icinde 37° N ve Asya Ukrayna’da 47° N ile
Guney yarikirede 35° S enlem dereceleri arasinda
kalan alanda yetismektedir. Ulkemiz pamuk kusaginin
sinirinda yer almis olsa da Turk mihendis ve ¢iftcisinin
caliskan ve becerisi ile Gretim ve verimde Diinyanin
GAP

uretim

sayih Ulkeleri arasina girmeyi basarmistir.

projesinin  gergeklestirilmesi  sonucu
Guneydogu Anadolu Bolgesine kaymis, bu bdlgenin
iklim ve toprak yapisiyla Ozdesleserek, GDO’suz
kaliteli Tark pamugu markasi haline gelmistir. 2021
yihinda Sanlurfa ilinde yaklasik 1 milyon 850 bin dekar
alanda 893 bin ton Kitli pamuk Uretilmistir. Bu
dretim miktari ile Turkiye pamuk Gretiminin % 39,6's
Sanlurfa’da gergeklestirilmistir. Sanhurfa Tirkiye
pamuk Gretiminde ilk sirada yer almaktadir (Anonim,
2022).
hammadde saglanmasi acisindan, bitkisel Gretimin

bitki
onem arz

Ureticinin  karlihgr ve artan niifus igin

artirilmasinda islaht, iklim ve kiltdrel

uygulamalar etmektedir.  Kiltlrel
uygulamalar icerisinde ise bitki besleme iyi bir verimin
ve kalitenin belirleyicisidir. Bitkilerin blyuyebilmeleri
ve gelisebilmeleri adina gereksinim duyduklar 16
besin maddesi bulunur. Bunlar arasinda en ¢ok ihtiyag
duyulan ve “makro elementler” olarak adlandirilan
besin maddeleri arasinda en ¢ok bilinenler azot, fosfor

ve potasyumdur (Mert, 2011). Makro bitki besin
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maddesi olan potasyum; fotosentezin

gerceklesmesine, bitkilerin biyolojik gelismesine,
karbonhidrat ve N metabolizmasina, N elementinin
etkinligine, fotosentez sonucu olusan {rlnlerin
bitkinin degisik yerlerine tasinmasina, kok gelisimine,
bitkinin ekstrem kosullara dayanikliigina, Grinin
olgunluk zamanina ve irin kalitesine dogrudan etkili
olmaktadir (Kacar, 1977). Potasyum igerigi yoniinden
zengin olduguna inanilan Tirkiye topraklarinda
bitkiye faydali potasyum miktarlarinin bazi yorelerde
uygun sinirlarin altinda kaldigi bilinmektedir. Aslinda

tim tarla bitkileri vyetistiriciliinde siklikla besin

maddesi  eksikligiyle karsilasiilmaktadir.  Pamuk
topragin besin maddesini fazla kullanmamasina
ragmen, iklim ve toprak kosullarina goére, besin

maddesi ihtiyaci degismektedir. Bu nedenle besin

maddesi eksikliginde Ureticisine sorun

yasatabilmektedir. Pamukta su stresine karsi
potasyum uygulamalarinin yaprakta SOD (superoxide
dismutes) ve CAT (cotionic amino acid) enzimlerini
onemli oranda arttigini, bu enzimlerin pamugun su
stresine dayaniklihgini artirmada essiz  bir rol
oynadigini saptamislardir Oosterhuis ve ark. (2013).
Pamuga farkli dozlarda K’lu giibre uygulamasi
yapilan bir calismada; verimin 6nemli derecede arttig
saptanmistir (Colakoglu 1978). Potasyum dozlari kiitl{i
pamuk ve lif verimlerinde 6nemli diizeyde farklilik
olusturmakla birlikte 5 kg/da K uygulamasinin kitli
pamuk verim artisi yoniinden en ekonomik doz
oldugu tespit edilmistir (Geng, 2007). Bitkilerin cokca
ihtiyac duydugu ve bitki icerisinde enzim sistemini
ybneten potasyum; meyve olgunlasmasi ve kalite ile
de dogrudan iliskilidir. Potasyum uygulamalarinin
karbonhidrat

osmotik basinci

fotosentez, azot metabolizmasini,

metabolizmasini  ve artirarak
pamukta kurakhk stresini azalttigl ifade edilmistir
(Zahoor et al.,, 2017a; Zahoor et al., 2017 b).
Bumguardner (2018), Teksas bdlgesinde yapilan bir
calismada; pamuga farkli zaman, farkh uygulama sekli
ve farkh  dozlarda

potasyum  uygulanarak;



Yilmaz ve Hacikamiloglu, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(4): 545-560

potasyumun orani, sulama miktari ve uygulama

yonteminin  yaprak  dokusundaki  potasyumu

etkiledigini, bunun sonucunda gelisme ve lif kalite
ozelliklerinde oldugunu

artis ancak potasyum

uygulamasindan o©nce toprakta yeterli miktarda
potasyum var ise uygulamanin pamuk bitkisine
State

Universitesinde pamuga ciceklenme déneminde

etkisinin olmadigini  bildirmistir. Missisipi
verilen potasyumlu besin sollisyonunun koza sayisi,
koza agirligi verim ve lif randimanini 6nemli diizeyde
artirdigini bunula birlikte pamuk bitkisinde diger
verim ogelerinin de K uygulamalarindan etkilendigini
rapor etmislerdir.

Yapilan calismalarda potasyum farkl doz ve veya
farkli gelisme doneminde topraktan, yapraktan veya
hem topraktan hem de yapraktan uygulanmasi
sonucu; kutli pamuk veriminin arttigi bildirilmistir
(Gormis ve Kanat (1998), Akhtar ve ark.,(2003),
Pettigrew, W.T. (2003), Mozaffari (2006), Read ve
ark., (2006), Gadhiya ve ark., (2009), Khalifa ve ark.
(2012), Adeli, (2014), Zia -ul Hassan ve ark. (2014),
Yang ve ark. (2017), Magare ve ark. (2018), Deshish et
2020; Hussain et al.,, 2021).
calismalarda ise potasyum uygulamalarinin kitli

al., Ancak bazi
pamuk verimine etkisinin  ©6nemsiz  oldugu
bildirilmistir (Faircloth ve ark. (2004), Gwathmey ve
(2006).
uygulamasinin bitki boyunu artirdig! ifade edilmistir
(zhao ve ark. 2001; Gerardeaux ve ark. 2009; Shahzad
ve ark. (2019), Hussian ve ark., (2021). Shahzad ve ark.
(2019) Pakistan’da 0, 100 ve 200 kg/ha KCl'u ekimle
birlikte topraga uygulayarak, 100 kg/ha potasyum

ark. Bunula birlikte pamuga potasyum

uygulamasinin bitki boyuna olumlu etkiler yaptigini
ancak lif kalitesi Gzerinde bir farklilk olusturmadigi
ifade edilmistir.

Pakistan’da pamuga uygulanan 250 kg/ha N ve
100 kg/ha P’a ilaveten 0, 40, 80 ve 120 kg/ha
potasyum uygulamalari sonucu bitki boyunun 100.25-
134 cm, koza agirliginin 4.2-5.2 g ve kitli pamuk
veriminin 2.379-3175 kg/ha arasinda kaldigi, en az
verimin kontrol parsellerinden alindigi bildirilmistir
(Hussain et al., 2021). Bir diger ¢alismada Topraktan
ekimle birlikte verilen potasyuma ek olarak ekimden
80 ve 105 gin
potasyumun bitki boyunu, bitki basina koza sayisini,

sonra yapraktan uygulanan

koza agirhigini ve kutli pamuk verimini O6nemli
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diizeyde artirdig1 bildirilmistir (Aslam et al. 2020).
Diger bazi arastirmalarda; Potasyum uygulamalarinin
genellikle pamuk verimini, verim ogelerini ve Iif
kalitesini iyilestirdigi saptanmistir (Harmon ve ark.
2017; Thu ve ark. 2017). Pamukta potasyumlu glibre
uygulamalarinin  kitli pamuk verimini artirmada
onemlirol oynadigi rapor edilmistir (Tian ve ark. 2017;
Yang ve ark. 2017).

Cin’de potasyumlu gibrelemenin pamuk lizerine
etkisini arastirdiklari calismada; 3 yil siire ile, Simian
3 ve Siza 3 pamuk cesitlerine 45, 90 ve 180 kgha K,0
uyguladiklayarak, 45 kg/ha
lif %19.4
arttirdigini, ancak bu glibre dozu uygulamasinda diger

potasyum K dozu

uygulamasinin verimini oraninda
Ozelliklerle ilgili olumlu yada olumsuz bir cevap
alinamadigi rapor edilmistir Yang ve ark. (2017).

Bir Azot

uygulamalarinin verim ve verim oOgeleri Uzerinde

diger c¢alismada; ve potasyum
onemli bir etkiye sahip oldugu, 60 kg N+24 kg K glibre
uygulamasinin bitki basina meyve dali sayisi, koza
sayisi, koza agirligi ve kitli pamuk verimin énemli
Olclide artirdig1 bildirilmistir (Deshish et al., 2020).
Pakistanda pamuga farkh gelisme dénemlerinde ve
farkli dozlarda yaprak glbresi olarak uygulanan
potsyumun bitki basina meyve dal sayisini arttirdigi
(Mahmood, 2011).

topraklarda yetistirilen pamuga farkli doz ve farkli

belirtilmistir iran’da tuzlu
gelisme donemlerinde uygulanan potasyumun koza
agirhgi ve kiatli pamuk verimini artirdigini buna karsin
bitki boyu, koza sayisi ve meyve dal sayisinin
potasyum uygulamalarindan etkilenmedigi ifade
edilmistir (Ardakani ve ark. 2016). Hindistan’da N
seviyesi dilstk fosfor seviyesi orta derecede, Ph’si
8’den daha yilksek olan tuzlu bir toprakta pamuga
yaprak glibresi olarak uygulanan K dozlarindan dekara
3 kg potasyumun bitki boyu, meyve dali sayisi, koza
sayisi ve katli pamuk verimini artirdigini belirtilmistir
(Solaimalai, ve ark. 2019, Malik, ve ark. 2022).

Bu calisma Ulkemizde en ¢ok pamuk ekilen
Sanliurfa ili'nde farkli zaman ve farkh dozlarda
uygulanan potasyumun pamugun verim ve verim
ogelerine etkisini belirlemek amaciyla planlanmis ve
yurGtilmustir.

Materyal ve Metot
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Arastirma 2020 ve 2021 yillarinda, Sanliurfa’da
Harran Ovasinin kuzeyinde yer alan Haliliye ilgesi
Cekgek mahallesinde bulunan bir gift¢i tarlasinda
ylrittlmustir. Denemenin ylrttuldtgi alan allviyal
ana materyalli, diiz ve diize yakin derin topraklardir.
Tum profil ¢cok kiregli, organik madde kapsamlari
duslik, K.D.K’lari yliksektir. Organik madde ylizeyden
asagillara dogru azalarak %0.9-0.3 arasinda
degismektedir. Katyon degisim kapasitesi kil icerigine
bagli olarak alt katmanlara dogru artmaktadir (Ding ve
ark., 1986).

Deneme alanindan 2020 ve 2021 yillarinda alinan
toprak orneklerinin, Tuzliner (1990)'e gbre yapilan
analizi sonucu, Killi-tinli, siltli binyeye sahip olup

yillara gore sirasiyla Ph 7.56, 7.80; Potasyum igerigi
98.8, 109.8 kg/da; fosfor 6.31, 6.26kg/da; kirec
%25.4, 28.1; organik madde %1.59, 1.24 olarak
belirlenmistir (GAP TEAM MudurlGgu Toprak Analizleri
Laboratuar Kayitlari, Sanliurfa 2021).

Iklim ézellikleri

Sanliurfa, Gulneydogu Anadolu iklim bdlgesine
dahil olmakla beraber, Karasal ikliminin etkisi
altindadir. Yazlari sicak ve kurak kislari ise soguk olan
bir iklim 6zelligi gostermektedir. Deneme yerine ait
iklim ozellikleri sekil 2, sekil 2.1 ve cgizelge 2’de
gosterilmistir.

2020
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Sekil 1. 2020 yili iklimsel veriler (Anonim 2020)
Figure 1. Climatic data for 2020 (Anonim 2020)

2021
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Sekil 2. 2021 yili iklimsel verileri (Anonim, 2021)
Figure 2. Climatic data for 2020 (Anonim, 2020)

Sekil 2 ve 3’den, pamukta gelisme siirecinde
(Nisan-Ekim Aylari) sicaklik ortalamasi 2020 yilinda
13.5 ile 34.2 °C; 2021 yilinda 15.6 ile 33.8 °C; uzun
yillar ortalamasi 12.8 ile 33.1°C arasinda- kaldigi,
maksimum sicaklik ortalamasini 2020 yilinda 26.1°C

548

ile 45.3°C; 2021 yilinda 28.4 ile 44.4°C; uzun vyillar
ortalamasinin ise, 18.6 °Cile 38.6 °C arasinda degistigi
anlasiimaktadir. Yine ayni sekillerde minimum sicaklik
ortalamalarinin 2020 yilinda 4.8 °C - 23.8 °C; 2021
yihinda 5.5 - 22.6 °C; uzun yillar ortalamasi ise, 8.3 °C -
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26.8 °C; toplam yagis miktarinin 2020 yilinda, 0 - 84.3
mm; 2021 yilinda 0 - 14 mm; uzun yillar ortalamasi
ise, 0.6 - 49.2 mm. Ortalama nispi nem, 2020 yilinda,
% 24.9-69.1- ile % 60.9 2021 yilinda % 25.7 - %51.6;
uzun yillar ortalamasi ise, % 29.7 - % 59 arasinda
degistigi izlenebilmektedir.

Calismada, Sanliurfa yoéresinde yaygin olarak ekilen
BASF firmasina ait Fiona pamuk cesidi (Gossypium
hirsutum L) bitki materyali olarak kullaniimistir. Bu
cesit orta erkenci, orta boylu, yapraklar orta
genislikte olup tlystzdir. Kisa meyve dali olusturmasi
nedeniyle klastir yapidadir. Bu durum sik ekilmesine
imkan vererek makinali hasada da uygun olmasini
saglar. Kozalar orta bulyuklikte ve koza acimi
kuvvetlidir. Ekimden ilk koza acimina kadar gecen giin
sayisi 90-100 giin kadardir. Cirgir randimani % 43- 44,
lif uzunlugu 30-32 mm, lif inceligi 4-4.5 micronaire, lif
mukavemeti 33-35 g/tex, uniformite %84-88, SCI 150
ve lzeridir (www.agro.basf.com.tr).

Arastirmada, ekimden sonra glin olarak potasyum
uygulama zamani ve potasyum dozlari olarak 2
faktorlu bir deneme seklinde ele alinmistir. Potasyum
uygulama zamanlari ekimden sonra 30’uncu, 40’inci
ve 50’nci glin ana parsellere, potasyum dozlari ise (O,
10, 20 ve 30 kg/da alt parsellere, gelecek sekilde,
tesadif bloklarinda boélinmis parseller deney
desenine gore, 3 tekerrirli olarak tasarlanmis ve
Calismada her parsel 12 metre
6'sar  siradan

Calismada sira aralari 75 cm, sira Uzeri mesafeleri ise

yarGtilmastir.
uzunlugunda olusturulmustur.
5.4 cm araliklarla bitki populasyonu olusturulmustur.
Parsel buyuklikleri ekimde 4.5x 12 m =54 m?; hasatta
ise her bir parsele uygulanan potasyumun diger
parsele gecmesi ihtimalini bertaraf etmek icin, her bir
parselin kenarlarda yer alan 2’ser sira ile bastan ve
sondan 1’er metrelik kisim kenar tesir olarak
atildiktan sonra, geriye kalan 10 m uzunlugundaki 2
sira (2x0.75x10=15 m? ) dan ibarettir.

Potasyum dozlarinin uygulamasi: 54 m? ‘lik her
parsel icin dekara 10, 20 ve 30 kg potasyum dozuna
karsilik gelen 540 g, 1080 g ve 1620 g olarak
hazirlanan % 98 oraninda potasyum iceren KCl,
30uncu, 40'inci ve 50’inci glinlerde, sirt pompasina 15
It su konularak ¢oézindirilen KCL, her bir siranin
sagina ve soluna uygulanmistir. Kontrol parsellerine
de 15’er litre saf su uygulanmistir.

Deneme alani, 2019 ve 2020 yillari kasim ayinda
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pulluk ile 25-30 cm derinlikte strilmustir. 2020 ve
2021 yili nisan ayi sonlarinda, ikileme yapilmistir. Ekim
oncesi yabanci otlara karsi trifluralin etkili madde
iceren herbisitten 200 cc/da uygulanarak, tapan
cekilmis ve deneme alanlari her iki yilda da ekime
hazir hale getirilmistir. Ekim islemi 6 sirali pndmatik
pamuk mibzeri ile 2020 yilinda 24 Nisanda, 2021
yilinda ise 28 Nisan tarihinde 3-3.5 cm derinlige
yapilmistir. Calismada her iki yilda da taban glbresi
olarak 20 kg/da DAP (%18-46) ekimle birlikte topraga
uygulanmistir. Her iki deneme yilinda da toplamda 9,2
kg/da saf fosfor (P,0s) ve 22 kg/da saf azot (N)
topraktan uygulanmistir. Azot uygulamalari her iki
yilda da saf olarak 3.6 kg/da ekimle birlikte, 9.2 kg/da
ekimden 30 gin, 9.2 kg/da da ekimden 50 giin sonra
yaptmistir.

Her iki deneme yilinda da parsellerde yeknesak bir
bitki populasyonu olusturduktan sonra, yabanci otlara
karsi 2 kez el capasi uygulanmis daha sonra 2’si verilen
st gubre ile olmak lizere toplam 3 kez traktor gapasi
yapilmistir. Her iki yilda da; haziran ayinda tripslere
(Aphiss gossypii) karsi (Dimethoate % 40) terkipli
insektisit (100 cc da™) ilaglama yapilmistir. Temmuz
ayinda kirmizi 6riimcege (Tetranycus urticea koch)
karsi nissoril (hekythiozox 100 cc/da) uygulanmistir.
Agustos ayinda yaprak piresi (Empoasca ssp) ve
beyazsinek (Bemisia tabaci Genn)’'e karsi 20 g da?
hekplan (Acetamiprid) ve 60 cc da! sumigold
(Esfenvalerate) karisimi ile  kimysal savasim
yaptimistir. Agustos sonlarinda beyazsinek (Bemisia
tabaci Genn) ve yesilkurt’a (Heliothus amigera Hibn.)
karsi; 20 g da* Hekplan (Acetamiprid) ve 200 cc da™
Dursban-4 karisimi ile ilaglama yapilmigtir. Ayrica
2020 yilinda popilasyonu artan yaprak biti (Aphis
100 da

(Spirotetramat) ve ikinci defa ise yaprak biti ve pamuk

gossypii)’'ne  karsi, cc Movento
tahta kurusu (Lygus ssp) icin de 15 g da™* Transform
(sulfoxaflor) uygulanmistir.

Her iki deneme yilinda da yorede ilkbahar yagislari
dismediginden, ekimden 6nce nisan basinda tarla
salma sulanmis olup ¢imlenme icin uygun nem
saglandiktan sonra ekim vyapilmistir. Denemeye
haziranda 2, temmuzda 3, agustosta 3 ve eylil
ortalarinda 1 kez karik usulii olmak tzere, toplam 10
kez sulama yapilmistir.

Denemenin her iki yilinda da son sulamadan 15 giin

sonra yaprak déktiriict bayer finish drop (60 ml da?)
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ile koza actirici (tihidiazuron + diuron) uygulanmstir.
Bu uygulamadan 10-12 gin sonra her parselin
kenarindaki 2’ser sirasi ile bastan ve sondan!’er
metrelik kismi kenar tesir olarak atildiktan sonra
geriye kalan 2 sira (10m x 0.75 m x 2sira =15 m?) elle
hasat edilmistir.
incelenen 6zellikler ve yéntemleri

Gahsmada 6lgme, sayma ve tartma ve sonucu elde
edilen bitki boyu, bitki basina meyve dali ve koza
sayisl, koza agirligi, koza kutli agirhgr ve kiatli pamuk
verimi; Senel, 1980’in belirttigi yontemler uyarinca
saptanmistir. Calismamizda incelenen 06zelliklere
iliskin elde edilen rakamsal degerler SPSS istatistik
paket programinda tesadf bloklari deney deseninde
bolinmus parsellere gore analizleri yapilarak Tukey

testine gore gruplandirilmistir.

Arastirma Bulgulari ve Tartisma

Kiitlii Pamuk verimi (kg da™?)

Fiona pamuk cesidine, 2020 ve 2021 yillarinda,
farkli zaman ve farkli dozlarda uygulanan potasyum
glbrelemesinin, kutli pamuk verimine (kg/da)
etkileri ile Tukey testine gére olusan gruplar Cizelge
1 ve sekil 1’de gosterilmistir. Dekara verimde F testi
ile hata varyanslarunin homojenligi kontrol edilmis
olup, yil ortalamalari homojen olmadigindan, yillarin
birlestirilmis analizleri yapilmamistir.

Cizelge 1’den 2020 yilinda uygulama zamanlari
ve uygulama dozlari arasinda istatistiksel olarak
onemli fark bulunmadigi; ancak uygulama zamani
ile uygulama dozlari arasindaki interaksiyonlarin
onemli bulundugu anlasilmaktadir. 2021 yilinda
ekimden sonraki giin sayisi, uygulama dozlari ve
ekimden sonraki gin sayisi x uygulama dozlari
interaksiyonlarinin istatistiksel olarak ©6nemli
oldugu saptanmistir.

Cizelge 1: Fiona pamuk cesidine, farkl doz ve zamanlarda uygulanan potasyum (k) glibrelemesi sonucu, kitli pamuk verimi
ile bitki boyuna iliskin saptanan ortalama degerler ve tukey testine gore olusan gruplar

Table 1: Average values of seed cotton yield and plant height as a result of potassium (k) fertilization applied to fiona cotton
variety at different doses and times, and groups formed according to Tukey test

Kutlt pamuk verimi (kg/da) Bitki boyu (cm)
Seed cotton yield (kg/da) Plant height (cm)
Yillar 2020 2021 2020 2021 Yillar ort.
Yil Ortalamalari 431.64 b 455.02 a 82.97 b 85.16 a 84.07
Ekimden 30. Gun 425.78 417.56 ¢ 85.41a 85.26 85.33a
Sonra (K) 40. Giin 443,57 447.79 b 83.42b 84.75 84.09 ab
Uygulama
zamani 50. Gun 425.57 499.72 a 80.06 ¢ 85.47 82.77b
L.S.D. (0.05) 0d 17.86 1.67 0.d 2.31
Potasyum Kontrol 426.35 436.24 b 82.45 82.72 82.58
Uygu. Dozlar | 10 kg 428.97 468.83 a 83.63 86.07 84.85
(Kg/da) 20 kg 442.50 443.48 b 82.04 87.22 84.63
30 kg 428.72 471.54 a 83.76 84.64 84.20
L.S.D. (0.05) 0.d 14.99 0.d. 0.d. 0.d.
30.GiinXKontrol 396.98 b 436.60 cd 84.69 abc 84.18 84.43 ab
; 5 30. Gin X 10 kg 428.50 ab 418.97 de 87.46 a 85.73 86.60a
g S 30. Glin X 20 kg 449.07 ab 394.88 e 82.84 abc 87.62 85.23 ab
S 2 30. Giin X 30 kg 428.56 ab 419.77 de 86.66 ab 83.53 85.10 ab
g g 40.GinXKontrol 468.02 a 411.11 de 84.71 abc 81.13 82.92 ab
%’ ks 40. Gin X 10 kg 451.78 ab 47331b 83.95 abc 85.49 84.72 ab
%‘3 b 40. Gin X 20 kg 427.09 ab 432.71d 83.18 abc 86.73 84.95 ab
v (Dc 40. Gun X 30 kg 427.37 ab 474.04 b 81.86 abc 85.64 83.75ab
s g 50.GiunXKontrol 414.05 ab 461.02 bc 77.95c 82.84 80.40 b
2 E’o 50. Giin X 10 kg 406.63 b 514.22 a 79.47 c 87.00 83.23 ab
E 3 50. Giin X 20 kg 451.35 ab 502.86 a 80.09 bc 87.31 83.70 ab
50. Giin X 30 kg 430.24 ab 520.79 a 82.75 abc 84.73 83.74 ab
L.S.D. (0.05) 56.47 25.96 2.30 0.d. 6.03
%CV 5.79 4.99

kitli pamuk veriminin potasyum uygulama
zamanina gore 2020 yilinda 431.64 kg/da, 2021
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yilinda ise 455.02 kg/da oldugu ve vyillar arasinda

istatistiksel ©6nem seviyesinde farkliik olustugu
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anlasilmaktadir. 2020 yilinda kitli pamuk verimi
425.57 ile 443.57 kg/da arasinda degismis olup en
yuksek verimin ekimden sonraki 50. glinde yapilan
potasyum uygulamalarindan alinmistir (Cizelge 1).
2021 vyilinda
uygulama zamanlarina gore kiitli pamuk veriminin
417.56 - 499.72 kg/da arasinda degismis olup en
ylksek verim potasyumun ekimden sonraki 50. Giin

Yine ayni cizelgeden, potasyum

uygulamasindan elde edilmistir.
Yapilan uygulama dozlari ve uygulama zamani
arasindaki interaksiyonlar incelendiginde 2020 yilinda
glbre dozu x glibre uygulama zamani arasindaki
interaksiyonlara gore; kitli pamuk verimi 396.98
kg/da ile 468.02 kg/da arasinda kalmis olup en ylksek
deger 40. GUn wuygulama zamani ve kontrol
uygulamasindan alinmistir. 2021 yilinda ise kutla
pamuk verimi 394.88-520.79 kg/da arasinda kalmis
olup en yiiksek deger 50. Gun ve 30 kg/da potasyum
glbresi uygulamasindan elde edilmistir.
elde edilen sonuclara

Calismamizdan gore;

potasyum  uygulama dozlart ve uygulama
zamanlarinin kitli pamuk verimine etkisi birinci yilda
onemsiz bulunurken ikinci yilda genel olarak kitli
pamuk verimini artirdigl soylenebilir. Bu sonug;
Gormus ve Kanat (1998), Zhao ve ark., 2001; Akhtar
ve ark. (2003), Pettigrew, (2003), Reddy ve Zhao 2005;
Mozaffari (2006), Read ve ark., (2006), Makhdum ve
ark., 2007; Pervez ve ark. (2007a)), Gadhiya ve ark.,
(2009), Khalifa ve ark. (2012), Adeli, (2014), Zia-ul
Hassan ve ark. (2014), Yang ve ark. (2017),
Bumguardner (2018), Magare ve ark. (2018), Deshish
ve., 2020; Hussain ve ark., 2021 adh arastiricilarin
bulgulari ile tamamen veya kismen ortismektedir.
Faircloth ve ark.

incelenen literatiirler arasinda;
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(2004), ark. (2006) tarafindan

potasyum uygulamalarinin katli pamuk verimine

Gwathmey ve

etkisinin 6nemsiz oldugunu bildirilmistir. Bu durum
denemelerin yapildigi farkli yorelerin sahip oldugu
farkli
denemelerde kullanilan farkh cesitler ve uygulanan

ekolojik  faktorlere baglanabilir.  Ayrica
kiltirel uygulamalarin farkhligindan kaynaklanmis
(2021) ozellikle

potasyum oraninin yiksek oldugu topraklarda,

olabilir. Nitekim Yaw ve ark,,

potasyum pamuk etkilesiminin tam olarak
anlasiilmadigini, yaptiklari tarla denemelerinde her bir
¢esidin potasyum uygulama dozu, uygulama zamani
ve uygulama seklinden farkh olcilerde etkilendigini

saptamiglardir.

Bitki boyu (cm)

Fiona pamuk c¢esidine, farkli zaman ve farkl
dozlarda wuygulanan potasyum glbrelemesinin
2020, 2021 ve birlestirilmis yillar ortalamalarina
iliskin, saptanan bitki boyu (cm) degerleri ile Tukey
testine gore olusan gruplar Cizelge 1'de
gosterilmistir.

Cizelge 1 ve sekil 1'den; 2021 yilinda ortalama bitki
boyunun 2020 yilina gére daha uzun oldugu; 2020
yilinda potasyum uygulama zamanlari sonucu bitki
boyuna etki etmedigi, 2021 yilinda ise uygulama
zamanlarinin 80.06-85.41 cm arasinda kaldigi en uzun
bitki boyunun 30. giin potasyum uygulamasindan
alindigy; bilestirilmis yillar analizine gére de uygulama
zamanlarinin bitki boyuna etki ettigi, bitki boyunun
82.77-84.07 arasinda kaldigi, en uzun bitki boyunun
ekimden sonra 30. Giin potasyum uygulamasindan

saptandigi anlasiilmaktadir.
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Sekil 3. Potasyum uygulama dozlari, uygulama zamanlari ve uygulama dozu x uygulama zamani interaksiyonlarinin

kitli pamuk verimi Gzerine etkisi

Figure 4. The Effect of potassium application doses, application times and application dose x application time

interactions on seed cotton yield

Yine ayni gizelge ve sekilden; potasyum
uygulama zamani ve uygulama dozlarinin bitki
boyuna etki etmedigi izlenebilmektedir.

Potasyum uygulama zamani ve uygulama dozu
2021 yili
birlestirilmis yillar interaksiyonlarinin 6nemli, 2021
yilinda ise interaksiyonlarin 6nemsiz oldugu
gorulmektedir. 2020 yilinda bitki boyu 77.95 cm ile
85.41 cm arasinda saptanirken, 2021 yilinda 81.13
cm ile 87.62 cm arasinda tespit edilmis ve iki yilin

birlesik analizinde bitki boyu 80.40 cm ile 86.60 cm

interaksiyonlari incelendiginde; ile

¢alismasindan en uzun bitki boyu 2020 yilinda 10
kg K x 30. Glin uygulanan glibre interaksiyonundan
(87.46 cm) elde edilmistir. Birlesik yillar analizinde
ise ekimden sonra 30. Gun uygulanan 10 kg/da K
interaksiyonundan elde edilmistir (86.60 cm).
Farkh doz ve farkli gelisme doénemlerinde
uygulanan potasyumun bitki boyuna etkisine iligskin
sonuclarimiz; (Zhao ve ark. 2001; Gerardeaux ve
ark. 2009; Solaimalai, ve ark. (2019), Shahzad ve
ark. (2019), Solaimalai, ve ark. (2019), Hussian ve
(2021), Malik ve (2022)
arastiricilarin bulgulari ile tamamen veya kismen

ark., ark. isimli

arasinda  olmustur.  Yapilan interaksiyon  paralellik arz etmektedir.
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Sekil 4. Potasyum uygulama dozlari, uygulama zamanlari ve uygulama dozu x uygulama zamani
interaksiyonlarinin bitki boyu lzerine etkisi
Figure 4. The Effect of potassium application doses, application times and application dose x application time
Interactions on plant height
birlestirilmis yillar ortalamalarina iliskin, saptanan
Meyve dali sayisi (adet/bitki): Fiona pamuk  meyve dali sayisi (adet/bitki) degerleri ile Tukey

cesidine, farkli zaman ve farkli dozlarda uygulanan
glibrelemesinin 2020, 2021

testine gore olusan gruplar Cizelge 2 ve sekil 3'de
ve gosterilmistir.
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potasyum
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Cizelge 2 ve Sekil 3’den; 2020 yili meyve dali
sayisinin 9.02 adet/bitki ile 11.33 adet/bitki; 2021
yilinda ise 7.78 adet/bitki ile 10.44 adet/bitki arasinda
kaldig
istatistiksel analizinde meyve dal sayisinin 8.51 ile
10.17 adet bitki
uygulama dozlari ve uygulama zamani arasindaki

anlasiimaktadir. Birlestirilmis  yillarin

arasinda saptanmistir. Yapilan
interaksiyonlar incelendiginde 2020 yili en fazla
dali 30. 30 kg/da K
uygulamasindan, 2021yilinda ise 50. giin x kontrol
2020 vyilinda K
uygulama dozlari meyve dali sayisina etki etmezken,
2021 vyihnda 20 kg/da (9.78
adet/bitki) en fazla meyve dali sayisi tespit edilmistir.

meyve sayisl gin x

uygulamasindan saptanmistir.

uygulamasindan

Meyve dali sayisina iliskin elde ettigimiz sonuglar.
inan (1994); Mahmood, 2011 Zhao ve ark 2001; Yang

ve ark. 2017; Solaimalai ve ark. (2019); Deshish ve
ark., 2020 adh arastiricilarin sonuglari ile tamamen
veya kismen paralellik arz etmektedir. incelenen
literatiirler arasinda iran’da tuzlu topraklarda
yetistirilen pamuga farkh doz ve farkli gelisme
dénemlerinde uygulanan potasyumun koza agirligi ve
kitli pamuk verimini artirdigini buna karsin bitki
boyu, koza sayisi ve meyve dali sayisinin potasyum
uygulamalarindan etkilenmedigi ifade edilmistir
(Ardakani ve ark. 2016). Bu durum denemelerin
yuratulduga bolgelerin farkh ekolojik faktorlerinden,
denemelerde kullanilan pamuk cesitlerinin farkli
genetik yapisindan ve denemelere uygulanan kdlturel
islemlerin  farkhiligindan kaynaklanmis olabilecegi

kanaatine varilmistir.

Cizelge 2. : Fiona pamuk ¢esidine, farkl doz ve zamanlarda uygulanan potasyum (k) glibrelemesi sonucu, meyve dali sayisi
(adet/bitki) ile koza sayisina (adet/bitki) iliskin saptanan ortalama degerler ve tukey testine gore olusan gruplar
Table 2.: Average values determined for fiona cotton variety, potassium (k) fertilization applied at different doses and times,
number of fruit branches (number/plant) and number of bolls (number/plant) and groups formed according to

tukey test
Meyve dali sayisi (adet/bitki) Koza sayisi (adet/bitki)
Sympodial branches (per/plant) | Boll number (per7plant)
Yillar 2020 2021 Birlesik | 2020 2021 Yillar Ort.
Yil Ortalamalar | 10.05 a 9.37b 14.68 a 12.15b 13.415
Ekimden Sonra (K) Uygulama | 30. Giin 10.58 a 9.00b 9.79a 15.27 10.97 13.13
zamani 40. Gln 10.20 b 9.62a 9.91a 14.61 12.72 13.66
50. Gun 9.38¢c 9.50a 9.44 b 14.14 12.76 13.45
L.S.D. (0.05) 0.32 0.45 0.23 0.d 0.d 0.d
Potasyum Uygulama Dozlari Kontrol 9.94 9.69 a 9.82 14.49 11.52b 13.00
(Kg/da) 10 kg 10.05 8.61b 9.33 15.09 11.04 b 13.07
20 kg 10.09 9.78 a 9.94 14.55 13.68 a 14.12
30 kg 10.12 9.39ab 9.76 14.59 12.35ab 13.47
L.S.D. (0.05) 0.d 0.98 0.d O.d 1.82 0.d
30.GinXKontrol | 9.98 abc | 9.68 abc | 9.83a 14.26ab | 11.02 ¢ 12.64b
30.Gin X 10 kg | 10.31 abc | 8.57 bcd 9.44 ab | 15.33ab | 1046 ¢ 12.30b
E = 30.Glin X20kg | 10.69ab | 9.57 abc 10.13a | 15.60ab | 12.24 bc 13.92 ab
g g 30.GUn X30kg | 11.33a 8.15cd 9.74 a 15.95ab | 10.15¢ 13.05 ab
8 = 40.GunXKontrol | 9.95abc | 8.95abcd | 9.45ab | 14.09ab | 10.64 c 12.36b
g Af:" 40. Gin X 10 kg | 10.60ab | 9.49 abc 10.04 a | 16.24 a 11.82 bc 14.03 ab
L; *E 40. Gin X 20 kg | 10.22 abc | 9.96 ab 10.09a | 14.09ab | 15.75a 1492 a
:°)>9 E 40. Gin X 30 kg | 10.02 abc | 10.07 ab 10.04a | 14.02ab | 12.66 abc | 13.34 ab
> ?U 50.GinXKontrol | 9.89 abc | 10.44 a 10.17a | 15.11ab | 12.91 abc | 14.01 ab
§ g 50. Glin X10kg | 9.24 bc 7.78 d 8.51b 13.69b 10.84 ¢ 12.27b
£ 3 50. Gin X 20 kg | 9.35 bc 9.82abc | 9.59ab | 13.98ab | 13.04 abc | 13.51 ab
=z = 50.Gin X30kg | 9.02c 9.95 ab 9.49ab | 13.80ab | 14.24ab | 14.02ab
L.S.D. (0.05) 1.56 1.70 1.12 2.50 3.16 1.94
%CV 9.80 15.6

Koza sayisi (adet/bitki)
Fiona pamuk cesidine, farkli zaman ve farkh
dozlarda wuygulanan potasyum gibrelemesinin
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2020, 2021 ve birlestirilmis yillar ortalamalarina
iliskin, saptanan koza sayisi (adet/bitki) degerleriile
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Tukey testine gore olusan gruplar Cizelge 2 ve sekil
5’de gosterilmistir.
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Sekil 5. Potasyum Uygulama Dozlari, uygulama zamanlari ve uygulama dozu x uygulama zamani
interaksiyonlarinin meyve dali izerine etkisi
Figure 5 Effect of potassium application doses, application times and application dose x application time

Interactions on fruit branch

Cizelge 2 ve sekil 5’den 2020 yilinda koza sayilari
13.69-16.24 adet/bitki arasinda, 2021 yilinda ise
10.15-15.75 adet/bitki ve 2020, 2021 birlestirilmis
yillar ortalamasina gore 12.27-14.92 adet/bitki
izlenebilmektedir. Potasyum
uygulama iki

potasyum uygulama dozlari ise 2020 deneme yil

arasinda oldugu

zamani her deneme vyilinda;

ve birlestirilmis yillar analizinde koza sayisi lizerine

etkili olmamistir. Potasyum uygulama zamani ile

uygulama

dozu arasindaki interaksiyonlar

incelendiginde; koza sayisi en fazla olarak 2020
yihinda 40.glin x 10 kg K uygulamasindan (16.24

adet/bitki), 2021 vyih ve birlestirilmis yil
ortalamasina gore 40.gin x 20 kg/da K
uygulamasindan (15.75 adet/bitki) saptandigi

anlasiimaktadir.

Uygulamalar

30.GUnX20¢g
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w2021

40.GUnX20¢g
40.GUn X30¢g
40.Gin X40¢g
50.GlnX20g

o0
o
(2]
=
c
S
O
o
wn

50. Giin X Kontrol
50.Gin X40g

Sekil 6. Potasyum uygulama dozlari, uygulama zamanlari ve uygulama dozu x uygulama zamani interaksiyonlarinin

koza sayisi Gizerine etkisi

Figure 6. The Effect of potassium application doses, application times and application dose x application time

Interactions on boll number

Gahsmamizda potasyum uygulama zamanlari her
iki yllda da bitki
bulunmamistir.  Potasyum uygulama dozlari 2020
yilinda eki etmemis ancak 2021 yili ¢alismalarinda
etkili Potasyum uygulama

basina koza sayisina etkide

oldugu saptanmistir.
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zamani x potasyum dozu interaksiyonlarin her iki
deneme vyilinda da onemli etkide bulunmustur.
Potasyum uygulama zamanlari her iki yida da koza
sayisina etki etmemistir. Potasyum uygulama dozlari
2020 yilinda koza syisina etkili olmamis ancak
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denemenin ikinci yilinda etkili oldugu saptanmistir.
interaksiyonlar ise her iki denem yilinda da etkili
bulunmustur. Calismamizdan elde edilen sonuglar;
Arkadai ve ark. (2016) A. Bumguardner (20018),
Aslam ve ark. 2020; Deshis ve ark. 2020 adl
arastiricilarin sonuglari ile tamamen veya kismen
uyum icerisindedir.

Koza agirligi (g): Fiona pamuk c¢esidine, farkli zaman
farkh
glibrelemesinin 2020, 2021 ve birlestirilmis yillar

ve dozlarda uygulanan  potasyum
ortalamalarina iliskin, saptanan koza agirhg (g)
degerleri ile Tukey testine gore olusan gruplar
Cizelge 3 ve sekil 7’de gosterilmistir.

Cizelge 3 ve Sekil 77den; 2020 yilinda koza sayisinin
K uygulama zamanlarindan, uygulanan K dozlarindan
ve K wuygulama zamani x K wuygulama dozu
interaksiyonlarindan etkilenmedigi, 2021 ve birlesik
yillar ortalamasina gére hem K uygulama zamanlari
hem potasyum uygulama dozlari ve hem de
interaksiyonlarin Koza agirligina istatistiksel olarak
etki ettigi anlasiilmaktadir. 2021 yil en agir koza
ortalamasi (6.75 g) 50. Glin K uygulamasindan; 10, 20
ve 30 kg/da K uygulamasindan alinirken, birlestirilmis
yil ortalamalarinda en agir kozalar 30. Ve 50. Giin
uygulamasindan, 30 kg/da K uygulamasindan elde

edilmistir (Cizelge3 ve Sekil 7). 2020 yili denemesinde
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interaksiyonlar istatistiksel olarak Onemsiz
bulunurken, 2021 ve birlestirilmis yillar ortalamasina
30 kg/da Kx50. Gin

uygulamasindan, en hafif kozalar ise 40. GlinxKontrol

gore en agir kozalar
uygulamasindan elde edilmistir.

Pamuga farkh gelisme donemi ve farkli dozlarda
uygulanan potasyum glibresinin koza agirligina etkisi
Uzerine iliskin sonuglarimiz; Arkadani ve ark. (2016);
Harmon ve ark. (2017); Deshish ve ark. (2020) A.
(2018); (2021)

¢alismalari ile tamamen veya kismen paralellik arz

Bumguardner Hussain ve ark.
etmektedir. incelenen literatiirler arasinda Read ve
Bu

durum; denemelerin ylritildiglu bolgelerin farkli

ark., (2006)'nin sonuclari ile ortiismemektedir.

ekolojik faktorlerinden, denemelerde kullanilan
pamuk cesitlerinin farkli genetik yapisindan ve
denemelere kiltarel

uygulanan islemlerin

farklihgindan kaynaklanmis olabilecegi kanaatine
varilmistir.
Koza kiitlii agirhgi (g)

Fiona pamuk cesidine, farkli zaman ve farkl
dozlarda wuygulanan potasyum glbrelemesinin
2020, 2021 ve birlestirilmis yillar ortalamalarina
iliskin, saptanan koza agirhgi (g) degerleri ile Tukey
testine gore olusan gruplar Cizelge 3 ve sekil 8'de

gosterilmistir.
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Cizelge 3.: Fiona pamuk cesidine, farkli doz ve zamanlarda uygulanan potasyum (k) glibrelemesi sonucu, koza agirligi (g) ile

koza kitli pamuk agirligi (g) iliskin saptanan ortalama degerler ve tukey testine gore olusan gruplar

Table 3.: Average values of boll weight (g) and boll seed cotton weight (g) determined as a result of Potassium (K) fertilization
applied to Fiona Cotton Variety at different Doses and Times, and groups formed according to Tukey test

koza agirligi (g) koza kiitli pamuk agirligi (g)
Boll weight (g) Boll seed cotton weight (g)
Yillar 2020 2021 Yillar Ort. 2020 2021 Yillar Ort.
Y1l Ortalamalari 4.86b 5.14 a
Ekimden 30. Gun 6.36 6.60 ab 6.48 a 4.96 5.17 ab 5.06a
Sonra (K) 40. Giin 6.13 6.40 b 6.26 b 4.67 4.99 b 4.83b
Uygulama
zamani 50. Gin 6.35 6.75a 6.55a 4.96 5.28 a 5.12a
L.S.D. (0.05) 0d 0.30 0.17 0.0 2.26 0.18
Potasyum Kontrol 6.36 6.35b 6.35b 4.92 496 b 4,94
Uygu. 10 kg 6.20 6.61a 6.41 ab 4.85 5.20a 5.03
Dozlari 20 kg 6.22 6.62 a 6.42 ab 4.75 5.16a 4.95
(Kg/da) 30 kg 6.33 6.74 a 6.54a 4.93 5.25a 5.09
L.S.D. (0.05) 0.d 0.21 0.18 0.d 0.17 0.d
30.GunXKontrol 6.49 6.42 b 6.46 abc 4.99 5.00c 4.99 abcd
30. Gun X 10 kg 6.42 6.67 ab 6.55 ab 5.03 5.22 abc 5.13abc
>E< = 30. Giin X 20 kg 6.12 6.65 ab 6.39 abcd 4.79 5.18 abc 4.99 abcd
g 75 30. Giin X 30 kg 6.40 6.65 ab 6.53 ab 5.02 5.27 abc 5.15ab
N E 40.GunXKontrol 6.24 592c 6.08d 4.85 4.63d 474 d
g _fj“ 40. GUn X 10 kg 5.97 6.43 b 6.20 cd 4.59 5.09 bc 4.84 bcd
'—3" % 40. GUn X 20 kg 6.13 6.62 ab 6.38 bcd 4.49 5.14 abc 4.82 cd
:°)>° E 40. Gun X 30 kg 6.17 6.60 b 6.39 abcd 4.74 5.08 bc 4.91 abcd
z ?U 50.GinXKontrol 6.34 6.70 ab 6.52 ab 492 5.26 abc 5.09 abc
§ g 50. Giin X 10 kg 6.21 6.73 ab 6.47 abc 4.92 5.31ab 5.11 abc
£ ?n 50. Giin X 20 kg 6.41 6.59b 6.50 abc 4.96 5.16 abc 5.06 abc
=z = 50. Giin X 30 kg 6.42 6.97 a 6.69 a 5.03 5.39a 5.21a
L.S.D. (0.05) 0.d 0.36 0.32 0.D 0.02 0.31
%CV 4.19 5.26

Cizelge 3 ve Sekil 8den; 2020 yih koza kitlu
agirhklari 4.49 ile 40. giin x 20 kg/da interaksiyonunda
en hafif olarak, 5.03 g ile 50. giin x 30 kg/da
interaksiyonunda en agir koza kitlim olarak tespit
edilmistir. 2021 yili ise koza kutli agirhgr 50. glin x30
interaksiyonunda 5.39 g olarak tespit edilirken, en
hafif koza agirligi 40. giin x kontrol interaksiyonunda
4.63 g olarak gozlemlenmis olup birlesik yillar koza
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kutli agirhgr ortalamalan 5.21 g ile 4.74 g arasinda
degisiklik gosterirken 4.99 g birlesik yillar koza kutli
2021 il
uygulama dozlarn arasinda 50. giin uygulamasinda

agirhgr ortalamasi tespit edilmistir.
5.28 g sirasiyla 40. giin uygulamasinda 4.99 g ve 30.
gln uygulamasinda 5.17 g koza kitli agirligi tespit

edilmistir.
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Sekil 7. Potasyum uygulama dozlari, uygulama zamanlari ve uygulama dozu x uygulama zamani
interaksiyonlarinin koza agirhgi tizerine etkisi
Figure 7. The Effect of potassium application doses, application times and application dose x application time

interactions on boll weight

2021 yil uygulama dozlari kontrol 10 kg/da. 20
kg/da ve 30kg/da potasyum uygulamalari sonucu
koza katll agirhgr ise birbirilerine yakin olup 4.96
gile 5.25 g arasinda tespit edilmistir. Pamuga farkh
gelisme donemi ve farkli dozlarda uygulanan
potasyum glibresinin koza katli agirhgina etkisi
Uzerine iliskin sonuclarimiz; Sawan ve ark., (2006);
Faircloth ve ark., (2004)'nin sonuglarinin ilk yili ile

uyumlu ikinci yili ile uyumsuz gostermektedir.

Pervez ve ark.,, (2004)'nin sonuglarn ile
ortismemektedir. Bu durum; denemelerin
yaratuldagi bolgelerin farkl ekolojik

faktorlerinden, denemelerde kullanilan pamuk

cesitlerinin ~ farkli  genetik  yapisindan ve
denemelere  uygulanan  kiltirel islemlerin
farklihgindan kaynaklanmis olabilecegi

duslintlmektedir.
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Boll seed cotton weight (g)

Sekil 8. Potasyum uygulama dozlari, uygulama zamanlari ve uygulama dozu x uygulama zamani interaksiyonlarinin

koza kiitlt agirhg Gizerine etkisi

Figure 8. The effect of potassium application doses, application times and application dose x application time

interactions on boll body weight
Sonuglar

Katli pamuk verimine 2020 yilinda K uygulama
zamanlari, K uygulama dozlari ve K uygulama zamani
x K uygulama dozu interaksiyonlari istatistiksel olarak
onemsiz bulunmustur. 2020 vyili ¢alismalarinda
dekara 431.6-455.0 kg verim alinmistir. 2021 yilinda K

uygulama zamani, K uygulama dozlari ve K uygulama
zamani K uygulama dozu
istatistiksel olarak dnemli bulunmus olup dekara kiitll
pamuk verimleri 394.8-520.8 kg arasinda tespit
edilmistir.

Dekara verimde F testi ile hata varyanslarinin

X interaksiyonlari

homojenligi kontrol edilmis olup, yil ortalamalar
homojen olmadigindan, yillarin birlestirilmis analizleri
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yapilmamistir.

En yiksek verimler 50. giinx10 kg/da K
uygulamasindan (514.2kg/da), 50. Giun x 20 kg/da
(502.9 kg/da) ve 50. Gun x 30 kg/da (520.7 kg/da)
interaksiyonlarindan elde edilmistir. Nitekim koza
sayisinda 40. Giin uygulamalari ve uygulama dozlari
kontrole gore daha yiksek bulunmustur. Ayrica koza
agirhgr ve koza kutli agirligi degerleri 50. Giin x 30
kg/da K uygulamasindan elde edilmistir. Sanliurfa
yoresi topraklari her ne kadar potasyum icerigi
yonilinden yeterli gorilse de, her yil bitkiler tarafindan

kullanildigindan, zaman igerisinde azalmaktadir.

Ayrica potasyumun bir kismi da toprakta bagl halde

oldugundan bitkiler tarafindan alinamamaktadir.

Bolgedeki pamuk tarlalarinda yaptigimiz gozlemler

sonucu potasyum eksikligi semptomlarina

rastlanilmaktadir.  Tim  bunlar g6z o©6ninde

bulunduruldugunda; yéredeki tarimsal Gretimler igin

bundan boyle potasyum glbrelemesi yapilmasi

tavsiye edilebilir.

Cikar gatismasi Yazarlar arasinda herhangi bir gikar
catismasi yoktur.

Yazarlarin katki beyani Yazarlar arastirmaya esit
oranda katki saglamislardir.
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Arastirmanin amaci, mahre¢ isaretli Erzurum Kadayif Dolmasi profillerinin
tasarlanmasi ve her bir tiiketici kiimesi icin mamul profillerinden saglanan toplam
faydalarin hesaplanarak, maksimum faydanin belirlenmesidir. Bu amaglar igin
Erzurum ilinde ikamet eden ve Erzurum Kadayif Dolmasi tiiketen tiiketicilerden elde
edilen birincil veriler, ana materyal olarak kullanilmistir. Ayrica, tiiketim sikliklarina
gore homojen tiketici kitlelerini olusturmak icin kiimeleme analizi ve her bir kitlenin
toplam faydasini hesaplanmak icin de Conjoint Analiz (CA) tabanh seg¢im modeli
kullanilmistir. Arastirmanin sonuglari, antepfistigi ile hazirlanan biyilk boy ev yapimi
kadayif dolmasinin yerel marka altinda orta fiyat seviyesinden (140%) restoranlardan
satin alan disik dizeyde Erzurum Kadayif Dolmasi tiiketen tiketicilerin toplam
faydasini maksimum kilan Griin profili oldugunu gostermistir. Diger taraftan ilimli ve
yogun diizeyde bu mamuli tiiketen tiketicilerin toplam faydalarini maksimum kilan
aran profili ise ceviz ici ile hazirlanmis orta boy ev yapimi kadayif dolmasinin ulusal
marka altinda dustuk fiyat seviyesinden (120%) imalatgi satis magazalari olarak analiz
edilmistir. Dolayisiyla her bir tiketici kitlesinin toplam faydalarini maksimum kilan
arin profillerinin ulasilabilir perakendecilerde arzi, hem tiketicilerin maksimum
fayda saglayabilmelerine hem de ureticilerin kisa arz zincirinde gida gilivenligi ve
guvencesi agisindan surdirulebilir Gretim ile daha yliksek kazanglarin saglanmasina
olanak saglayabilecektir.

Anahtar Kelimeler: Conjoint Analiz, Erzurum Kadayif Dolmasi, Mamul profili,
Kiimeleme Analizi, Toplam fayda

ABSTRACT

The aim of the research is to design Erzurum Stuffed-kadayif profiles with Protected
Geographical Indication, and to determine maximum utilities by calculating the total
utilities provided from the product profiles for each consumer segment. In order to
achieve these goals, the main material was composed of the primary data obtained
from the consumers residing in Erzurum, and consuming Erzurum Stuffed-kadayif. In
addition, K-means Cluster Analysis was used to segment homogenous consumer
masses according to consumption frequencies; CA-based choice model was also
applied to calculate the total utilities for each consumer cluster. The results of the
study highlighted that the product profile maximizing the total utilities of the light
users consuming Erzurum stuffed-kadayif was designed with medium price levels
(£140) at restaurant selling points under the local brands of the large size-homemade
stuffed-kadayif prepared with the core of pistachio. On the other hand, the product
profile maximizing the total utilities of the medium and heavy users consuming this
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product

was also analyzed as the low price levels (£120) at manufacturer selling points under the national brands of the middle size-
homemade stuffed-kadayif prepared with the core of walnut. Offerings of the product profiles maximizing the total utilities
of each consumer cluster for the stuffed-kadayif sold at accessible retailers could allow both the consumers to maximize the
total utility and the suppliers to achieve sustainable production and higher benefit in view of food safety and security along

short supply chain.

Key Words: Conjoint Analysis, Erzurum Stuffed-kadayif, Product profile, Clustering Analysis, Total utility

Giris

Son yillarda yasanan kiresel iklim degisikliklerinin
negatif etkileri altinda bitkisel ve hayvansal orijinli
gida Urilnlerinin maruz kaldig1 disiuk verim ve kalite
nitelikleri, biyocgesitlilik kayiplariile tarimsal Grinlerin
dretimden tiketime kadar devam eden mamul yasam
doéngisindeki gida glvenligi ve glivencesindeki disls
trendleri yaninda insan saghg ve cevre lzerindeki
olumsuz etkiler, tiketicilerin gida tiiketim tercihleri
ve satin alma modelleri lizerinde 6nemli bir degisim
ortaya koymaktadir (Rojas-Downing ve ark., 2017;
Godde ve ark., 2021; Bouranta ve ark., 2022;
Bernabeu ve ark., 2023; Mesias ve ark., 2023).

iklim degisikliginin negatif etkileri yaninda patlak
veren Covid-19 salgini ve Ukrayna ve Rusya savasinin
etkileri altinda, dinya bugday Uretimi ve stoklari
2019 yilinda 764 ve 284 milyon tondan 2022 yilinda
769 ve 271 milyon tona gerilerken, tiuketim ise 741
milyon tondan 782 milyon tona yilkselmistir. Hem
diinya bugday Uretimi hem de bugday stoklarinda
meydana gelen azalmaya karsilik, diinya bugday
tiketiminde ise onemli bir artis godzlenmistir. Bu
durum diinya genelinde bugday arzinin tiiketici
taleplerini karsilamada ciddi bir problemin varligina
ve gelecekte de gerekli 6nlem ve adaptasyon
calismalari yeterli boyutta yapilmaz ise buyuk bir arz
acigina isaret etmektedir.

Turkiye'de ise bugday tretimi 2019, 2021 ve 2022
yillarinda 19,00, 17,65 ve 19,80 milyon ton iken,
bugdayin yurt ici tiketimi 20.00, 19.01 ve 19.00
milyon ton olarak belirlenmistir (TEPGE, 2022).
Ozellikle 2019 yilini etkisi altina alan Covid-19 salgini
ve devam eden iklim degisikliginin negatif etkileri,
bugday ve unlu mamullerin arzini daraltarak,
oncelemis talep artislarinin etkisiyle de mamul
fiyatlarinin ciddi bir sekilde ylkselmesine neden
olmustur. Dolayisiyla 2018 yilinda bugdayin ortalama
fiyati 1,5 TL kg-1 iken, 2022 yilinda yaklasik 5,5 TL kg"
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Yna kadar vyikselmistir (PTB, 2022). Bugday

fiyatindaki bu dramatik artislar, 2018 yilinda 1,76 TL
kg’dan islem gdren un fiyatinin, 2022 yilinda 7,7 TL
kg¥na yikselmesine neden olmustur (PTB, 2022a).
Arastirma konusu olan Erzurum Kadayif Dolmasinin
temel girdisi olan un fiyatlari yaninda seker, ceviz,
antepfistigl ve findik gibi Grin bilesenlerinin de
fiyatlarindaki  asiri artiglar,  Grin  maliyetini
yukselterek birim fiyatlarin 2019 yilinda 15 TL kg-
Ydan giinimuzde 140 TL kg'’na kadar yikselmesine
neden olmustur.

Diger taraftan, tarim ve tarima dayali sanayi
isletmelerinde negatif etkisi devam eden dogal risk
2022-2023
makroekonomik verileri de dikkate alindiginda, mart

faktorlerinin ~ yaninda, Tirkiye’nin
ayina gore yillik tiiketici fiyat endeksi (Yi-TUFE) ve
gida fiyat artislari (gida enflasyonu) %50,51 ve
%67,89 olarak gerceklesmistir (TUIK, 2023). Uretici
fiyat endeksi (Yi-UFE) ve gida girdi fiyatlarindaki yillik
artislar ise %62,45 ve %88,38 olarak hesaplanmistir
(TUIK, 2023a).
unsurlarinin

Bu enflasyonist ve dogal risk

baskilari  hem Uretim girdilerinin
maliyetlerini artirarak ekonomide daralma ile gida
fiyatlarinin dramatik bir sekilde artmasina hem de
tiketici gelirlerinin reel olarak dismesiyle talep
daralmasindan kaynaklanan sosyal refah kayiplarinin
tesekkiiline sebebiyet vermistir. Bu durum
tiketicilerin zorunlu ihtiyaglar kategorisinde agirlik
verdikleri gida Grlnlerine ayirdiklari paylarin harcama
biitcesi icerisindeki paylarinin asiri artmasina ve
pazarlama karmasi bilesenlerine baglh olarak 6deme
istekliliklerinin (WTP) kategorik bir sekilde 6nemli
Olglide degismesine neden olmustur.

iklim

ihtiyaglarini karsilamak durumunda olan tiketiciler,

degisikliginin  etkisi altinda  zorunlu

hem ihtiyaglar hiyerarsisinde o©nemli yer tutan

mamullerin memnuniyet/hazci motivasyonunu hem
de ekonomik konjonktirdeki degismeleri dikkate

alarak, gida Urilnleri satin alma modellerini
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sekillendirmektedir.  Tuketicilerin  satin  alma
modelleri Gzerinde etkili olan ve toplam faydalarini
maksimum kilan mamul profillerinin i¢sel ve dissal
arlin kalite niteliklerinin (mamuliin igerigi, Gretim ve
isleme teknikleri, markalari, fiyatlar, mamul ambalaj
ve gramajlari, satis noktalari, orijinleri, cografi
isaretleri gibi pazarlama karmasi bilesenleri) dikkate
alinarak, mamul profilleri ve tercih modellerinin
bir
koymaktadir (Burnier ve ark., 2021; Wang ve ark.,
2022; Magalhaes ve ark., 2023; Ong ve ark., 2023).

ifade edilen arastirmalarda, tiiketicilerin satin

belirlenmesi  6nemli zorunlulugu ortaya

alma karari Uzerinde satin alma istekliliginin major
belirleyicinin mamul fiyati olduguna ve tiketicilerin
satin alma giclinidn belirleyicisi olan sosyoekonomik
nitelikler hakkinda da o6nemli bilgiler sunduguna
isaret edilmistir. Benzer sekilde markalarin,
tuketicilerin satin alma kararlarini etkileyecek mamul
karmasi ve arz zinciri giivenirliligi konusunda énemli
bilgiler sunarak, satin alma motivasyonunu dogrudan
etkileyen digsal mamul niteligi oldugunu ve fiyatinda
ana belirleyicisi olarak dogrusal glicli bir korelasyona
sahip oldugu da beyan edilmistir. Diger taraftan,
tiketim memnuniyetinin belirleyicisi olan temel
fayda odakh duyusal kalite niteliklerinden mamul
tipi,
kategorisinde tiketicilerin

icerigi ve imalat icsel Grun nitelikleri
satin alma modelleri
Uzerinde blylk rol oynadigl ve iklim degisikliginin
etkileri altinda daha yiksek 6deme istekliligine neden
olduklarina da vurgu yapilmistir.
Ozellikle hedonik

algilariyla deneyimlerine bagl

tuketicilerin
ilgili
Urtnleri satin alirken; mamullerin marka ve fiyatlar
(Topcu ve Cavdar, 2022; Bernabeu ve ark., 2023;
Chaffee ve Ross, 2023; Noor ve ark., 2023; Ong ve
ark., 2023), uridn icerigi ve bilesenleri (McLean ve
ark., 2017; Schiano ve ark., 2020; Racette ve Drake,
2022; Baptista ve ark., 2022; Bernabeu ve ark., 2023),
mamul gramaji ve blyuklugi (Best ve ark., 2023;
Campbell ve ark., 2023; Chaffee ve Ross, 2023),
perakende satis noktasi (Best ve ark., 2023; Campbell

ve duyusal

olarak gida

ve ark., 2023; Widyaninggrum ve Muhammad, 2023)
ve imalat tipi (Bytyqi ve ark., 2023; Curutchet ve ark.,
2023; Seo ve Kim, 2023) gibi pazarlama karmasi
bilesenlerini dikkate alarak satin alma kararlar

verdikleri rapor edilmistir.
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Mevcut arastirma kapsaminda, islenmis gida
Urtnleri kategorisinde yer alan ve g farkh isleme
surecine tabii olan Erzurum Kadayif Dolmasi tiiketim
tercihleri ve satin alma karari lzerinde tiketicilerin
saghk endiselerini minimum kilacak cografi isaretli
Urtnlere odaklanarak, duyusal kalite niteliklerini
garanti altina almalari ve hedonik yaklasimlarla da
pazarlama karmasi bilesenlerine yonelik pozitif
motivasyonla hareket etmelerinin temel dayanag,
alternatif mamul profillerinden saglanan fayda
maksimizasyonu yaklasimidir. Dolayisiyla tiketicilerin
Erzurum Kadayif Dolmasi tercihleri lzerinde etkili
icsel kalite

tasarlanmis mamul profillerinin nispi

olan ve dissal niteliklerine gore
ve kismi
tiketici
kitlelerinin toplam faydalari Uzerinde etkili olan
faktor

memnuniyeti artirilmasina hem de arz edenlerin daha

faydalarinin belirlenerek, homojen

seviyeleri hem tilketicilerin  tiiketim

ylksek katma deger temin etmelerine olanak
saglayabilir. Belirlenen hedeflere ulasabilmek icin
Erzurum ilinde ikamet eden ve Erzurum kadayif
dolmasi tiiketen homojen tiketici gruplarinin igsel ve
dissal mamul niteliklerine dayali nispi ve kismi
faydalarin hesaplanarak, toplam faydayr maksimum
kilan mamul profillerinin belirlenmesi amacglanmistir.

Materyal ve Yontem
Materyal

Arastirmanin ana materyalini, Erzurum ili Yakutiye,
Aziziye ve Palandéken Merkez ilcelerinde Mahrec
isaretli Erzurum Kadayif Dolmasi titketen hane halklar
ile yliz ylze yapilan anketlerden elde edilen birincil
veriler olusturmustur. Ayrica, ¢esitli istatistik kurum ve
kuruluslarinin (TUIK, FAO, Erzurum Ticaret Odasi)
verileri ile yerli ve yabanci bilimsel arastirma proje
raporlari ve makale bulgu ve sonuglarindan elde
edilmistir.

Metotlar

Orneklem biiyiikligiiniin hesaplanmasi

Erzurum ilinin (i merkez ilgesi dikkate alinarak;
Yakutiye (44.325 hane halki), Aziziye (14.818 hane
halki) ve Palandoken (38.674 hane halki) ana kiitleyi
olusturmustur (TUIK, 2022). Bu ilgelerde yiiriitiilen 6n



Topcu ve Gliler, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(4): 561-573

anket calismasi ile mamulli  tiketen ve

ilgili
tiuketmeyen hane halklarinin oranlari belirlenmis ve
daha sonra, 6rnek kitle buyuklGgi Esitlik 1 yardimiyla
hesaplanmistir (Malhotra, 1993; Churchill, 1995;
Topcu, 2012).
_Z°*p*(l-p)
= 2

n =385 (1)
Esitlik 1'de;

n: Ornek buyikligi

Z: Standart Z degeri, (%5 6nem seviyesinde 1.96)

p: Erzurum Kadayif Dolmasi tliketim olasiligi (0.50)

c: Hata terimi (0.05)

Cizelge 1. Erzurum Kadayif Dolmasi igin Conjoint Analizde kullanil

Orneklem kiitle biiyiikligi ve her bir ilcedeki hane halki
sayilari dikkate alinarak, oransal yontemlerle milakat
sayllari: Yakutiye’de 175, Aziziye’de 58 ve Palandoken’de
152 ve toplamda 385 olarak hesaplanmistir.

Anket formlarinin hazirlanmasinda uygulanan metot

Arastirma bolgesinde Erzurum Kadayif Dolmasi tiketen
hane halklarinin satin alma tutum ve davranislari belirleyen
icsel ve dissal Grlin nitelikleri ile tlketicilerin
sosyoekonomik ve demografik karakteristikleri ile ilgili
faktorler, yerli kullanilan

ve vyabanci aragtirmalarda

degiskenlerin bolgelere ve ilgili Griine uyarlanmasi ile elde

edilmistir.

an faktor ve faktor diizeyleri

Table 1. Factor and factor levels used in Conjoint Analysis for Erzurum Stuffed-kadayif

Faktorler Faktor seviyeleri

Factors Factor levels

imalat tipi Ev tipi Fabrika tipi -

Uriin icerigi Cevizigi Findik igi Antepfistigi igi
Marka tipi Yerel Ulusal Jenerik

Satis noktasi Restoran Pastane imalatgi

Mamul boyutu Bliylik boy Orta boy Kiguk boy

Fiyat Disuk fiyat (120 %) Orta fiyat (140 %) Yiiksek fiyat (160 %)

Tiketicilerin Erzurum Kadayif Dolmasi satin alma
modeli Uzerinde etkili olan igsel ve digsal (riin
niteliklerinden Grlin bileseni (ceviz, findik, antepfistig
ve yer fistigl igi), Uretim teknigi (fabrika ve ev tipi),
marka kategorisi (ulusal, yerel ve jenerik marka),
mamul satis noktasi (perakendeci, imalatgi, pastane,
restoran), mamul boyutu (kiiclik, orta ve blylik boy) ve

kilogram fiyat seviyeleri (120, 140 ve 160 %) olarak 6

faktor ve 17 faktor seviyeleri dikkate alinarak (Tablo 1),
Conjoint tabanli se¢cim modeli altinda Orthogonal
Design ile tasarlanan 18 mamul profilleri elde edilmistir
(Tablo 2).
aktarilarak, her bir tiketiciden kart numarasi verilmis

Bu mamul profilleri anket formlarina
olan mamul profillerini ordinal skala Uzerinde (en
yliksek memnuniyet saglayan profilin 1. tercih ve en az
memnuniyet saglayan profilin 18. tercih) siralanmasi

istenmistir.
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Cizelge 2. Orthogonal Design ile tiiretilen Erzurum Kadayif Dolmasi profilleri
Table 2. Erzurum Stuffed-kadayif profiles derived by Orthogonal Design

Kart No  Fiyat Uriin igerigi imalat sekli Marka tipi Biyiklik Satis noktasi
Card # Price Content Manufacturing type  Brand type Size Retailers
1 140 % Antepfistigi ici Fabrika tipi Yerel marka Orta boy imalatgi
2 120% Findik igi Fabrika tipi Yerel marka Orta boy Pastane
3 160 % Cevizigi Fabrika tipi Yerel marka Kuglk boy imalatci
4 160 ¢ Cevizigi Fabrika tipi Yerel marka Buyik boy Pastane
5 140 % Cevizigi Ev tipi Jenerik marka Kiguk boy Pastane
6 120 % Antepfistigi ici Fabrika tipi Jenerik marka Kiguk boy Pastane
7 120% Cevizigi Ev tipi Ulusal marka Orta boy imalatgi
8 140 % Cevizigi Fabrika tipi Jenerik marka Orta boy Restoran
9 120 % Antepfistigi igi Fabrika tipi Jenerik marka Biiylk boy imalatgi
10 160 % Findik igi Ev tipi Jenerik marka Biiylik boy imalatgi
11 140 % Findik igi Fabrika tipi Ulusal marka Buyuk boy Pastane
12 140 % Antepfistigi igi Ev tipi Yerel marka Buyuk boy Restoran
13 160 % Antepfistigi ici Fabrika tipi Ulusal marka Kiguk boy Restoran
14 160 % Findik igi Fabrika tipi Jenerik marka Orta boy Restoran
15 120% Cevizigi Fabrika tipi Ulusal marka Bliylk boy Restoran
16 160 % Antepfistigi igi Ev tipi Ulusal marka Orta boy Pastane
172 120% Findik igi Ev tipi Yerel marka Kiiguk boy Restoran
18° 140 % Findik igi Fabrika tipi Ulusal marka Kiiguk boy imalatgi
9Holdout

Verilerin istatistiki analizinde uygulanan metotlar

Conjoint Analiz

Conjoint Analiz (CA), piyasa aktorleri tarafindan

tasarlanmis Urin profillerine yonelen tiketicilerin
tercihleri i¢in yapisal istatistiki teknikleri tatbik ederek
mamul dizaynini gelistirmek, bu tasarlanan profillerin
ile WTP olgmek ve piyasa paylarini
hesaplamak istatistiki bir

teknigidir (Green ve Krieger, 1991). CA ile 6nceden tespit

similasyonu
icin kullanilan modelleme
edilmis faktor ve faktor seviyeleri dikkate alinarak,

indirgenmis faktoriyel dizayni ve 0Olgcek boyutunun

belirlenmesiyle veri toplama sireci, doért asamada

uygulanir ve model sonug tahmin edilir (Topcu, 2019).

CA'in, ilk iki asamada, uygun faktér ve faktdr seviyeleri
belirlenir ve full-profil teknigi ile indirgenmis kart dizaynlari
gerceklestirilmistir. Arastirmada 6 faktor ve 17 faktor
seviyesi dikkate alinmistir (Cizelge 1). Faktor seviyelerine
bagh
siralayabilmeleri icin tam profil yaklasimi altinda toplam
486 (3°x2) hipotetik profiller elde edilmistir. Ancak, olasi
486 mamul profillerinin tiketiciler tarafindan rasyonel bir

olarak, tuketicilerin tercihlerini ordinal olarak

degerlendirmeye tabi tutulmasi imkansizdir. Bu nedenle,
Generate Orthogonal Design prosedirid kullanilarak,
Erzurum Kadayif

indirgenmis faktoriyel tasarimiyla

Dolmasi profil boyutu 18 profile kadar indirgenmistir
(Cizelge 2).

CA ile elde edilen birincil mamul profillerinin tiketiciler
tarafindan siralanmasiyla her bir faktor icin saglanan fayda

skorlari, kismi fayda olarak hesaplanir. Her bir faktoriin
kismi faydalardaki degisimlerini gdsteren faktorlerin nispi
onemini (RI), en etkili faktor diizeylerinin belirlenmesinde
oldukga etkili sonuglar vermektedir (SPSS Conjoint 20,
2020).

Son olarak, her bir faktoriin Rl ve onlarin seviyelerinin
kismi faydalarini belirlemek icin faktor seviyeleri ile
tiketicilerin profil siralamalari arasindaki iliskileri en iyi
tanimlayan eklemeli dogrusal modellerdir (SPSS Conjoint
20, 2020). CA modellerinde strekli olmayan modeller;
faktor seviyelerinin kategorik ve faktorler ile siralamalar
arasinda herhangi bir tahminin bulunulmadigini, fakat
surekli dogrusal modeller; faktorler ile bunlarin siralanmasi
arasindaki dogrusal iliskileri pozitif ya da negatif yonli bir
iliskiye sahip olduklarini ifade eder. Bu kapsamda, dogrusal
modelde fiyat negatif yonli (linear less); ancak marka ve
imalat tipi, mamul icerigi, mamul blyuklGglu ve satis
noktasi ise ayrik olarak tanimlanmistir. Mevcut
arastirmada, en basit ve en yaygin olarak kullanilan ve
faktor seviyelerinin kismi faydalarinin toplamlari ile

hesaplanan eklemeli dogrusal toplam fayda modeli

kullaniimistir ve bu model Esitlik 2'de verilmistir.
TU;j = Bo + Xi=q P1iDri + Xty B2jDa; +

Z%:l ﬁkaxk(z)

Esitlik 2’de;

TUj: i(i=1,..,n)vej(=1,..,mbher bir faktor

seviyesi icin hesaplanan toplam fayda,

B1ir B2js Bxk: faktor 1,2,vex'ini (i=1,..,n);j(j =
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1,..,m),k(k =1,....,y) seviyelerinin kismi faydalari,

Dy;,Dyj, and Dyy: rin profilinde nitelik seviyesinin
karsiligi varsa 1 ve diger durumlar icin O degerinin temsil
edildigi kukla degiskenler,

Bo: her bir faktor seviyesi icin sabit degeri ifade eder.

Kiimeleme Analizi

Tiketicilerin farkh homojen kiimelerini belirlemek icgin
K-means Cluster Analizi kullanilimistir. Bunun igin 6rneklem
kitle Erzurum Kadayif Dolmasi tiiketim sikliklarina gore;
yogun (haftada en 4-5 kez tiiketim), ihmli (haftada 2-3 kez
tiketim) ve dlsik (ayda en az 4-5 kez tiketim) diizeyde
tiketenler olarak, U¢ grupta ele alinmistir (Kotler ve
Armstrong, 2004; Kalayci, 2005). Her bir tlketici kitlesinin
toplam 6rneklem kitle igerisindeki oranlariise sirasiyla %30
(117 hane halki), %41 (156 hane halki) ve %29 (112 hane
halki) olarak hesaplanmistir.

Aragtirma Bulgular ve Tartisma

Tliketicilerin demografik ve sosyoekonomik profilleri

Tuketicilerin gida Urinleri satin  alma modelleri
Uzerinde etkili olan davranissal nitelik faktorleri Gizerinde
demografik, sosyoekonomik ve durumsal ozelliklerle
temsil edilen kisisel nitelikler nemli bir rol oynamaktadir
(Kotler ve Armstrong, 2004). Arastirma bolgesindeki hedef
tiketici kitlesinin cinsiyet, yas ve yasam doéngis, egitim ve
mesleki stati, aylik gelir ve harcama gruplari, Cizelge 3'de

verilmistir. Genel olarak hedef tiketici kitlesinin %59’u
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erkeklerden olusup, Erzurum Kadayif Dolmasi tiketim
sikligi gruplarinin tamaminda yiksekdgretim egitim dizeyi
ve memur mesleki statlisi yogunluk sergilemistir.

Diger taraftan hedef tiketici kitlesinin genel vyas
ortalamasi 43,38 ve aile blyuakligu 4,22 birey olup, bitin
tiketim sikligi kiimelerinde orta yas grubu ve biyik aile
tipi baskin konumdadir. Disudk, ihml ve yogun dizeyde
kadayif dolmasi tiiketen tiliketici gruplarinda ortalama yas
sirasiyla 39,96, 44,81 ve 44,97 yil olarak belirlenirken, aile
blyukliglu ise 3,63, 4,32 ve 4,71 birey olarak analiz
edilmistir. Erzurum Kadayif Dolmasi tiketen tiiketicilerin
disik, ihmli, yogun ve genel tiketim gruplarinda ortalama
gelir sirasiyla 3694 %, 3951 %, 3887 £ ve 3854 % iken, bu
gruplarda ortalama harcama ise sirasiyla 3089 %, 2977 %,
3160 % ve 3064 % olarak belirlenmistir (Cizelge 3).

Conjoint Analiz sonuglari

Tuketicilerin toplam faydalarini maksimum kilan
Erzurum Kadayif Dolmasi tiiketim tercihi ve satin alma
kararlari Gizerinde etkili olan pazarlama karmasi faktorlerin
nispi 6nemleri ile faktér seviyelerinin kismi faydalari ve
model uyum istatistikleri, Cizelge 4’de sunulmustur. Full-
profil yaklasimi altinda goézlenen ve beklenen tercihler
arasinda korelasyon olgimi saglayan Pearsons’s R ve
Kendall’s tau degerleri, hem genel tiketici kitlesi hem de
her bir tiketici kiimeleri igin anlamh ve glicli bir iliskiyi
ortaya koymustur (Pearsens’'s R = 0.960 —
0.986; p < 0.000) ve (Kentall's tau = 0.843 —
0.961;p < 0.000).
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Cizelge 3. Tiketicilerin bazi demografik ve sosyoekonomik nitelikleri
Table 3. Consumers’ various demographic and socioeconomic attributes

Erzurum Kadayif Dolmasi tiiketim sikliklar
Consumption frequencies of Erzurum Stuffed-kadayif

Tuketicilerin ozellikleri

Genel tuketiciler

, . Distk Iliml Yogun Overall consumers
Consumers’ attributes . .
Light users Medium users Heavy users
n % n % n % n %
g Erkek 77 66 85 55 65 58 227 59
':E; Kadin 40 44 71 45 47 42 158 41
(Pearson Chi — kare) = )((22603;2) = 24746 p=0.000
Okur-yazar 4 4 9 6 3 3 16 4
£ ilkégretim 20 17 39 25 31 28 90 23
B Ortadgretim 45 39 39 25 35 31 119 30
Yiksekogretim 48 41 69 44 43 38 160 42
(Pearson Chi — kare) = x{ye06.4) = 77.378  p=0.000
is adami 11 9 27 17 13 12 51 13
s Memur 50 43 49 31 42 38 141 37
£ s 18 15 12 8 17 15 47 12
% Esnaf 27 23 40 36 26 24 93 24
& Emekli 15 10 12 11 36 9
2 (Ciftci 7 5 1 1 9 2
Ev hanimi 6 4 1 1 8 2
Toplam 117 100 156 100 112 100 385 100
x n x n X n X n
= +<30vyas (gencler) 30.76 37 30.43 30 30.56 16 30.60 83
g :_:i 30-50 yaglari (orta yas) 42.23 69 43.33 84 42.59 64 42.76 217
™ +>50yas (olgunlar) 56.64 11 58.05 42 56.94 32 57.45 85
Grup ortalamasi 39.96 117 44.81 156 44.97 112 43.38 385
F(382,2) = 10.559 p=0.000
2 +<2000 % (dustik gelir) 1607.14 14 1800.00 24 1825.00 12 1752.00 50
g’ 2000-5000% (orta gelir) 3580.22 91 3757.80 109 3754.55 88 3700.69 288
&  +>5000% (ytiksek gelir) 6991.67 12 7108.70 23 6923.33 12 7031.49 47
Grup ortalamasi 3694.02 117 3950.64 156 3887.32 112 3854.23 385
F(ss22) = 0.903 p=0.406
g < 2000 % (dustk harc) 1600.00 21 1593.02 43 1550.00 19 1584.94 83
S 2000-5000 % (orta harc) 2959.68 62 2914.49 69 2982.79 61 2950.78 192
T +>5000% (ytiksek harc) 424412 34 4426.82 44 4454.69 32 4378.45 110
Grup ortalamasi 3088.89 117 2976.79 156 3160.27 112 3064.23 385
F(ss22) = 0.903 p=0.404
x +< 4 birey (cekirdek) 2.55 56 2.63 40 2.68 25 2.60 121
% 3 4-6 birey (biyik aile) 4.18 57 4.64 108 4.67 75 4.54 240
2 +> 6 birey (genis aile) 11.00 4 8.50 8 9.17 12 9.25 24
Grup ortalamasi 3.63 117 4.32 156 4.71 112 4.22 385

F3s22) = 10.084 p=0.000

X: Aritmetik ortalama, n: Gézlem sayisi, %: Nispi dagilm
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Cizelge 4. Erzurum Kadayif Dolmasi tercih faktérlerinin nispi 6nemleri ve faktor seviyelerinin kismi faydalari
Table 4. Relative importance of Erzurum Stuffed-kadayif preference factors and their levels’ part-worth

Erzurum Kadayif Dolmasi tiiketim sikliklari”®

Mamul nitelik ve

Consumption frequencies of Erzurum Stuffed-kadayif

Genel tuketiciler

seviyeleri Dusuk Ihmli Yogun Overall consumers
Product attributes and Light users Medium ue-sers Heavy users
their levels Fayda Fayda SE Fayda SE Fayda SE
Utility Utility o Utility o Utility o
- Ceviz ici 1.487 0.507 1.332 0.286 1.750 0.249 1.501 0.338
§ it;» Afistigi igi -0.077 0.507 -0.382 0.286 -0.705 0.249 -0.384 0.338
§ &S FAindikici -1.409 0.507 -0.950 0.286 -1.045 0.249 -1.117 0.338
Nispi 6nemi %17.55 %18.56 %21.47 %19.10
£ Fabrika tipi -2.467 0.380 -2.220 0.214 -2.298 0.186 -2.317 0.253
g :f;’; Ev tipi 2.467 0.380 2.220 0.214 2.298 0.186 2.317 0.253
2 Nispi 6nemi %29.89 %36.11 %35.31 %33.98
Ulusal marka 0.105 0.507 0.048 0.286 0.030 0.249 0.060 0.338
% 5 Yerel marka 0.753 0.507 0.858 0.286 0.690 0.249 0.777 0.338
§ = Jenerik marka -0.858 0.507 -0.906 0.286 -0.720 0.249 -0.837 0.338
Nispi 6nemi %9.76 %14.35 %10.84 %11.93
— x Biliyik boy 1.358 0.507 0.710 0.286 0,991 0,249 0,989 0,338
E :z Orta boy -0.238 0.507 0.114 0.286 0,140 0,249 0,015 0,338
§ > Kiglk boy -1.120 0.507 -0.825 0.286 -1,131 0,249 -1,004 0,338
@ Nispi Gnemi %15.02 %12.49 %16.30 %14.37
= Restoran -0.644 0.507 -0.800 0.286 -0,573 0,249 -0,687 0,338
o % Pastane 0.148 0.507 -0.029 0.286 -0,006 0,249 0,031 0,338
& %' imalathane 0.497 0.507 0.829 0.286 0,579 0,249 0,655 0,338
S Nispi 6nemi %6.91 %13.25 %8.85 %10.05
- ;s Dusuk fiyat 1.722 0.439 -0.323 0.247 0.471 0.215 0.530 0,292
L% E Orta fiyat 3.444 0.878 -0.645 0.495 0.942 0.431 1.059 0,585
~  Yuksek fiyat 5.167 1.318 -0.968 0.742 1.413 0.646 1.589 0,877
Nispi 6nemi %20.87 %5.25 %7.24 %10.57
Sabit deger () 6.873 0.957 10.884 0.539 9.327 0.469 9.212 0.637
Gozlenen ve beklenen degiskenler arasindaki iliski
istatistik dlgiimler Deger p Deger p Deger p Deger p
Pearsons’s R 0.960" 0.000 0.979" 0.000 0.986" 0.000 0.975" 0.000
Kendall’s tau 0.843" 0.000 0.895" 0.000 0.961" 0.000 0.908" 0.000

*p<0,001

S.E: Standart hata (standard error)

Utility: Part-worth

“Koyu ve koyu italik degerler, sirasiyla nitelik seviyeleri icin en yiiksek fayda ve nitelikler icin en yiiksek nispi 6nem degerlerini

ifade etmektedir.

Genel tliketici kitlesi icin Erzurum Kadayif Dolmasi
satin alma kararlari tizerinde igsel Grtn niteliklerinden
mamul Uretim tipi, icerigi ve boyutu sirasiyla %34,
%19 ve %14’liik nispi paylara sahiptir.

Diger taraftan digsal trin niteliklerinden mamuliin
marka tipi, fiyati ve satis noktasi tiketicilerin satin
alma algisi Gizerinde sirasiyla %12, %11 ve %10’luk
nispi 6nemlere isaret etmistir. Benzer sekilde Erzurum
Kadayif Dolmasi tiiketen bitiin tiketim gruplarinda
mamul Uretim tipi ve mamul igerigi en ylksek nispi
Ancak, ilgili
diizeyde tiketen grup icin fiyat, tlimh dlzeyde

onemlere sahiptir. mamulli  dislk

tuketenler icin marka tipi ve perakende satis noktasi
ile yogun dizeyde tiketenler i¢cin mamul boyutunun
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nispi 6nemleri en yiksek dizeyde tespit edilmistir.
Tuketicilerin gida Urlinlerinden saglamis olduklar
memnuniyet, fayda ve haz duygularinin mamul
tercihleri ve satin modelleri Gizerinde ¢ok buiyik bir rol
oynadigina isaret gida
Uranlerinin i¢sel/duyusal niteliklerinden Gretim ve

eden arastirmalarda,
isleme teknikleri (Bernabeu ve ark., 2023; Bytyqi ve
ark., 2023; Curutchet ve ark., 2023), mamul icerigi ve
bilesenleri (Bastista ve ark., 2022; Best ve ark., 2023;
Bytyqi ve ark., 2023; Chaffee ve Ross, 2023) ve mamul
boyutu (Best ve ark., 2023; Campbell ve ark., 2023;
Chaffee ve Ross, 2023) faktorlerinin satin alma
kararinda yiiksek nispi 6nemlere sahip olduguna ve
yuksek fiyat 6deme istekligi ile ylksek bir korelasyona
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sahip olduklari rapor edilmistir. Ayrica Realini ve ark.
(2013) ve Grunert ve ark. (2015) tarafindan Avrupa
Birligi Ulkelerinde tiketicilerin kirmizi et tiketim
karari tizerinde bolge orijinin %45-88, tretim seklinin
%18-62 ve Urln iceriginin %25-75 araliginda iliml ve
yogun diizeylerde nispi dnemlere sahip olduklarini,
fakat fiyatin %4-35 araliginda daha dusuk nispi 6nem
araliginda yer aldigini bildirmislerdir.

Diger taraftan Bernabeu ve ark. (2023), Bytyqgi ve
ark. (2023), Campbell ve ark. (2023), Chaffee ve Ross
(2023), Curutchet ve ark. (2023), Noor ve ark. (2023),
(2023), (2023) ve
Widyaningrum ve Muhammad (2023) tarafindan

Ong ve ark. Seo ve Kim
yuratilen CA tabanh tercih arastirmalarinda, online
ve gida perakendecilerinden satin alma kararinda
dissal gida niteliklerinin 6zellikle fiyat, marka,
promosyon, ambalajlama ve perakendeciye ulasimin
nispi 6nemlerinin belirleyici major faktorler olduguna,
ancak 6zellikle son yillarda yasanan iklim degisikliginin
etkileri altinda Urlnin 6z nitelikleri ve bilesenleri
Uzerine odakli duyusal kalite niteliklerinin daha etkili
karar degiskenleri olduguna da isaret edilmistir.

Benzer sekilde Murphy ve ark. (2004), Adanacioglu
ve Albayram (2012), Topcu (2019), Topcu (2019a) ve
Topcu ve Sari1 (2019) tarafindan CA odakl bolge orijinli
st ve sUt Urlinlerine yonelik tiketicilerin satin alma
kararlarinda etkili olan faktorlerde liretim tekniginin
%25-35, isleme tekniginin %8-20, mamul igeriginin
%7-35 araliginda nispi 6nem sergiledikleri, ancak
markanin %10-30, fiyatin %10-25 ve bolge orijinin %8-
20 araliginda etkili olduklari da rapor edilmistir.

Tuketicilerin satin alma kararlan (zerinde etkili
olan deneyimsel memnuniyetleri Uzerinde nispi
onemlerin yaninda, toplam faydanin belirleyicisi kismi
faydalarin da hesaplanmasi bliyik bir 6nem arz
etmektedir. Bunun icin hedef tiketici kitlesinin
Erzurum Kadayif Dolmasi satin alma kararlari tizerinde
etkili olan faktor seviyeleri dikkate alindiginda ev tipi
imalat, ylksek fiyat dlizeyi, mamul icerigi olarak ceviz
ici kullanimi, kadayif dolmasi buylkligi, yerel marka
tipi ve imalathane satis noktasi en yiksek kismi
faydalari saglamistir (Cizelge 4).

Kimelerdeki tuketicilerin memnuniyetleri
bakimindan ise dusik dizeyde Erzurum Kadayif
Dolmasi tiketen grupta yiksek fiyat, ev tipi Gretim

teknigi ve ceviz ici ile hazirlanmis Uridn icerigi en
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yuksek kismi faydalari saglamistir. llimli ve yogun
dizeyde ilgili mamuli tiketen tiketici gruplari igin ev
tipi Uretim teknigi ile ceviz iginden yapilmis Urin
icerigi daha ylksek kismi faydalar sunmustur. Bitin
tiketim gruplarinda en yiksek kismi faydalar ev tipi
Uretim, ceviz ici ile hazirlanmis mamul icerigi ve
yuksek fiyattan olustugu icin (ihmli dizeyde
tuketenler harig) tliketiciler yiksek fiyatlardan daha
fazla miktarlarda mamul kabul edebilecek 6deme
istekliligine sahip olup, ev tipi Uretim ile ceviz
kombinasyonlu mamul iceriginden sagladiklari temel
fayda memnuniyet motivasyonlari, onlarin satin alma
kararlari Uzerinde de oldukg¢a etkili oldugu analiz
edilmistir.

Tuketicilerin kismi faydalari tGizerinde pozitif etkiye
sahip ve toplam faydalarinin maksimum kilinmasina
hizmet eden (retim tipi teknikleri, mamul igerigi,
marka tipleri, mamul boyut standartlari ve perakende
satis

memnuniyetleri

noktalarinin  kismi faydalari ile tiketim

Uzerinde iliskiler, cesitli
arastirmalarda rapor edilmistir (Murphy ve ark., 2004;
Realini ve ark., 2013; Adanacioglu ve Albayram, 2012;
Grunert ve Aachmann, 2016; Gracia ve Magistris,
2016; Skreli ve ark., 2017; Roselli ve ark., 2018; Topcu,
2019).

Beyan edilen bu arastirmalarda, duyusal algi
Uzerinde buyuk bir etkiye sahip olan cografi orijinli
dogal veya organik liretim modelleri ile Griiniin temel
faydasi Uzerinde negatif etki yaratmayan ev tipi
isleme tekniklerine dayali icsel mamul niteliklerini
garanti altina alan yerel markali mamuller icin
tuketicilerin sosyoekonomik profillerine bagh olarak,
daha yiksek bir 6deme istekliligine sahip olduklarini
ve bu mamullerin perakendecilerine ulagmak igin
bliylk bir caba icerisinde olduklarina isaret edilmistir.
Dolayisiyla gida Grinleri satin alma kararlari (izerinde
etkili
etkileyebilen

olan ve odeme istekliliklerini dogrudan

mamul fiyatlari, ayni zamanda

tuketicilerin  mamullerden temin ettikleri kismi
faydalarini dogrudan etkileyerek, bireysel ve kitlesel
olarak mamul profillerinden saglanan toplam
faydalarin da tesekkiiliine olanak saglamaktadir.
Hedef tlketici kitlesi ile her bir tliketim sikhgi
gruplarindaki tiiketicilerin, Erzurum Kadayif Dolmasi
profillerinden sagladiklari

toplam faydalari ve

memnuniyet dizeyleri, Cizelge 5’'de verilmistir. Genel
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tuketici kitlesi sirasiyla 7, 12 ve 16 kart numarali
Erzurum Kadayif Dolmasi profillerinden en yiksek
toplam faydalari temin ederken; 6, 14 ve 13 kart

numarali mamul profillerinden en disuk faydalar
saglamistir.

Cizelge 5. Erzurum Kadayif Dolmasi tiiketim profillerinin toplam faydalari
Table 5. The total utilities of Erzurum Stuffed-kadayif consumption profiles

Erzurum Kadayif Dolmasi tiiketim sikhklari

Consumption frequencies of Erzurum Stuffed-kadayif

Kart No Diisiik limh Yiiksek Toplam tiiketiciler
Card # Light users Medium users Heavy users Overall Consumers
Fayda Siralama Fayda Siralama Fayda Siralama Fayda Siralama
Utility Ranking Utility Ranking Utility Ranking Utility Ranking

1 8.785 9 9.438 10 8.675 10 9.017 11
2 5.382 17 8.334 12 7.279 14 7.131 14

3 11.190 7 9.890 8 10.330 10.413
4 12.531 5 10.567 11.867 11.789 6
5 12.441 6 12.031 3 12.460 5 12.279 5
6 4.221 18 6.199 16 4.938 18 5.231 18
7 12.913 4 15.104 1 14.595 1 14.290 1
8 7.597 14 7.759 14 8.568 11 7.946 12

9 7.048 15 8.592 11 7.645 13 10.165
10 14.095 2 11.819 5 12.879 3 12.808 4
11 8.052 12 7.798 13 7.941 12 7.917 13
12 17.618 1 12.845 2 12.970 2 13.283 2
13 7.837 13 5.737 17 6.063 17 6.469 16
14 9.865 8 5.154 18 6.244 16 5.858 17
15 8.434 11 9.631 9.698 9.288 10
16 13.653 3 11.887 4 12.497 12.840 3
172 8.642 10 11.064 10.037 10.028 9
18° 5.923 16 7.121 15 6.404 15 6.548 15

9Holdout

Ordinal fayda yaklasimi altinda genel tiiketici kitlesi
icin hesaplanan mamul profillerinin maksimum ve
minimum toplam faydalari, ilimh ve yogun diizeyde
Kadayif Dolmasi tliketen tiketici gruplarn icinde
oldukca benzer ozellikler sergilerken, disiik diizeyde
tuketen tilketici grubu icin hem maksimum hem de
minimum fayda bakimindan c¢ok kiiclik saptalar
gozlenmistir. Genel tiketici kitlesi ile ilimli ve yogun
Kadayif
tuketicilerin toplam faydalari; distk ve orta fiyatl

diizeyde  Erzurum Dolmasi  tlketen
ceviz ve antepfistig icleri ile orta veya buylk boy
olarak hazirlanmis ev tipi imalat teknigini kullanan
ulusal ve yerel markali mamullerin imalat ve restoran
perakendecilerde sunum profilleri ile maksimum
kilinmistir. Disik dizeyde kadayif dolmasi tiketen

tuketicilerin toplam fayda maksimizasyonu ise orta ve
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yuksek fiyatl antepfistigi ici ile blylk veya orta boya
sahip ev yapimi mamulleri yerel marka adi altinda
restoran veya imalat¢i satis noktalarindan satin
almayi tercihleri saglanmistir.

Erzurum Kadayif Dolmasi tiketimi ile en distk
faydanin temin edildigi 6 numarali profilde, distk
fiyath antepfistigl iceren fabrika tipi kiglk boy
Uretimin jenerik marka ile pastanelerde satisa
sunulmasi, bitin tiketim kitleleri igin 6n plana
cikmaktadir. Fayda maksimizasyonu profillerinden

ayrilan en onemli farkhligin fabrika tipi kicik boy

mamul imalatinin ~ jenerik  marka altinda
perakendecilerde satisa sunulmus olmasidir. Bu
durum Erzurum Kadayif Dolmasi imalati yapan

isletmeler, tiketicilerin memnuniyetlerini maksimum
kilan ceviz icinden hazirlanmis blyldk boy ev tipi
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mamul Uretimlerinde yerel marka stratejilerine
odaklanirken, o6zellikle jenerik marka altinda findik igi
ile hazirlanmis klglk boy fabrika tipi kadayif dolmasi

Uretim stratejisi minimize edilmelidir.

Sonug

Ordinal fayda yaklasimi altinda CA tabanh se¢im
modeli yaklasimi ile Erzurum Kadayif Dolmasini
dislk, orta ve yliksek dizeyde tiketen tiiketicilerin
tuketim sikhklari dikkate alinarak planlanan bu
arastirmada, her bir gruptaki tiketiciler ve genel
tiketici kitlesi i¢in kadayif dolmasindan saglanan nispi
onem ile kismi ve toplam faydalar hesaplanmistir.

Disuk diizeyde Erzurum Kadayif Dolmasi tiketen
tiketicilerin orta ve yliksek fiyat dizeyinde
antepfistigl veya findik ici ile hazirlanmis blyiik veya
orta boy profilli kadayif dolmalarindan daha yliksek
fayda saplarken, distk fiyath kliclik boy fabrika tipi
Uretim teknikleri altinda dizayn edilmis mamul
profillerinden ¢ok dislik fayda temin etmislerdir.
Diger taraftan dlsiuk ve orta fiyath ceviz ve
antepfistigl icleriyle hazirlanmis ev tipi blyik boy
Erzurum Kadayif Dolmalarindan daha yliksek toplam
fayda temin eden orta ve yogun diizeyde tiiketen
tiketici gruplari ile genel tiketici kitlesi, fabrika tipi
Uretim teknigi altinda ceviz i¢i disindaki Grin icerikleri

ile hazirlanmis kiigtik boy trtn profillerinden minimal

fayda saglamislardir. Dolayisiyla hedef kitlenin
faydasini maksimum kilacak ve
memnuniyetsizliklerini asgari dizeye indirecek

Erzurum Kadayif Dolmasi profillerinin ulasilabilir

perakende noktalarinda mamul farkhlastirmasi

yoluyla sunulmasi, hem tiketim memnuniyetini
maksimum kilarak toplam faydanin temin edilmesine
hem de arz edenlerin daha yiksek kazan¢ temin
ederek arz glvenligini ve glivencesini surdirebilir
kilmalarina olanak saglayabilir.

Ekonomi literatiriinde tiketim memnuniyeti
konusunda yuratialmis olan mevcut galisma, mahreg
isaretli Erzurum Kadayif Dolmasi tiiketim profillerini
tasarlayan ve tiketicilerin toplam faydasini 6lgen ilk
biri
kisitlamalara da sahiptir. ilk olarak; mevcut arastirma

arastirmalardan olmasina ragmen, cesitli

sadece Erzurum vyerelinde yapilmis olup, Tirkiye

geneline uyarlanabilir.  ikinci olarak; mevcut
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arastirmada CA tabanli se¢cim modelinin imkan verdigi

kosullarda i¢sel ve dissal mamul nitelikleri
sinirlandirilmis olarak kullaniimistir, fakat sadece igsel
veya dissal nitelikler ayri ayri ele alinip 6lgtlebilir. Son
olarak; mevcut arastirmanin sonuglarinin gelecekte
tasarlanabilecek CA tabanli secim modeline dayali
simillasyonlar ile o©6deme istekliligi ve mamul

profillerinin piyasa paylarinin 6lglilmesinde de
kullanilmasi olasidir.

Beyan: Bu arastirma makalesi, Atatiirk Universitesi
Fen Bilimleri Enstitlisi tarafindan onaylanmis Yiiksek

Lisans Tezinden tlretilmistir.

Cikar Catigmasi: Yazarlar arasinda herhangi bir gikar
catismasi bulunmamaktadir.

Yazar Katkisi: Tuba Giiler; alan verilerinin toplanmasi,
analizlere hazir hale getirilmesi ve veri girislerinin
katki

arastirmanin kurgulanmasi, veri toplama araclarinin

yapilmasina vermistir. Yavuz Topcu ise

hazirlanmasi, verilerin analiz edilmesi ve analiz

sonuglarinin raporlanmasina katki saglamistir.
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Calismada, farkli illerden (Kirikkale, Kirsehir, Sivas, Tokat ve Yozgat) mayis ayinda hasat
edilen madimak (Polygonum cognatum meissn) otlarinin kimyasal kompozisyonlari, nispi
yem degerleri (NYD), in vitro gaz iretimi (GU), metabolik enerji (ME) ve organik madde
sindirim derecesini (OMSD) saptamak amaciyla ylratialmustir. Madimak otlarinin kimyasal
iceriklerinde &nemli farkliliklar tespit edilmistir (P<0.001) ic Anadolu Bélgesinde hasat
edilen madimak otlarinin ham protein igerikleri (HP) %22.83 -27.98 arasinda bulunmustur.
Madimak otlarinin noétral deterjan lifi (NDF) ve asit deterjan lifi (ADF) degerleri sirasiyla
%37.53 - 41.53 ve %28.64 - 31.21 arasinda saptanmistir. Madimak otlarinin nispi yem
degerleri (NYD) 144.14 — 165.05, metabolik enerji (ME) 8.18 — 9.37 MJ/kg KM ve organik
madde sindirim dereceleri (OMSD) %62.68 - 70.37 arasinda bulunmustur. Kirsehir ilinden
hasat edilen madimak otu HP orani %28.70, Tokat ilinden hasat edilen madimak otunun
NDF orani %37.53, ADF orani %28,64 ve Kirikkale ilinden hasat edilen madimak otunun
NYD’ i 165,05 bulunmustur. Gaz Uretimleri agisindan Kirsehir ili 31.46 ml, metan Uretim
orani (CH4) bakimindan Kirikkale ili %13.07 ile 6ne g¢ikmistir. Sonug olarak farkl illerden
hasat edilen madimak otlarinin potansiyel bir kaba yem kaynagi olabilecegi ve yem tiiketim
miktarlari Uzerine etkilerini gérmek igin in vivo c¢alismalara gereksinim oldugu
soylenebilmektedir.

Anahtar Kelimeler: in vitro gaz iiretimi, Madimak otu, metabolik eneriji, nispi yem degeri

ABSTRACT

This study was carried out to determine the chemical composition, relative feed value
(RFV), in vitro gas production (GP), metabolic energy (ME), and organic matter digestibility
(OMD) of knotweed (Polygonum cognatum meissn) grasses harvested in May from
different provinces (Kirikkale, Kirsehir, Sivas, Tokat, and Yozgat). Significant differences
were detected in the chemical contents of knotweed grasses (P 0.001). The crude protein
contents (CP) of knotweed grasses harvested in the Central Anatolia Region were found to
be between 22.83 and 27.98%. Neutral detergent fiber (NDF) and acid detergent fiber (ADF)
values of the knotweed grasses were found between 37.53 and 41.53% and 28.64 and
31.21%, respectively. Relative feed values (RFV) of knotweed grasses were found between
144.14 and 165.05, metabolic energy (ME) between 8.18 - 9.37 MJ/kg KM, and organic
matter digestibility (OMD) between 62.68 - 70.37%. The CP rate of knotweed harvested
from Kirsehir province was 28.70%, the NDF rate of knotweed harvested from Tokat
province was 37.53%, the ADF rate was 28.64%, and the RFV of knotweed harvested from
Kirikkale province was 165.05. In terms of gas production, Kirsehir province stood out with
31.46 ml, and Kirikkale province stood out with 13.07% in terms of methane production
rate (CHy). As a result, it can be concluded
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that knotweed grass harvested from different provinces can be a potential roughage
source, and in vivo studies are needed to see their effects on feed intake amounts

Key Words: In vitro gas production, knotweed hay, metabolic energy, relative feed

Giris

Son zamanlarda hayvancilik endstrisi geleneksel

yontemleri birakarak modern yontemlere

yonelmistir. Ancak gelismekte olan Ulkelerde
modernizasyon saglansa da hayvancilik sektoériinde
yine de ciddi sorunlar goériilmektedir. Hayvancilik
isletmelerindeki organizasyonun belirli bir kismi
ilgili
isletmenin en 6nemli b6limini hayvan besleme ve

yetistirme ve saglikla olmasina ragmen

yemleme olusturmaktadir. Ruminant hayvancilik
isletmelerinin en blylk gideri yem maliyetleri
olmakla birlikte, bu gider toplam maliyetin iginde
%60-70 oraninda olmaktadir (Boga ve Cevik, 2012).
belirli sinirlar
verildiginde hayvanlarda herhangi bir toksik etki

Ruminant hayvanlara icerisinde

gostermeyen, enerji ve protein ihtiyaclarini

karsilayabilen, organik ve inorganik besin
(Kutlu, 2008).
Bircok bolgede ciftciler, gevis getiren hayvanlarinin
kaba

miucadele etmektedirler. Bu nedenle ciftciler, kaba

maddelerine yem denilmektedir

beslenmesinde yem eksikligi sorunuyla

yem ihtiyacini  karsilamak icin alternatif yem
kaynaklarina yonelmektedirler (Kilic ve Abdiwali,
2016). Kaba

kullanilmadan 6nce besin madde igerikleri, sindirim

yemlerin ruminant rasyonlarinda
dereceleri ve bu yemlerin ne kadarinin metabolik
enerjiye  donlseceginin  belirlenmesi  6nemli
olmaktadir (@rskov & McDonald, 1979). Ayrica
metabolize olabilir enerjinin ruminant hayvanlarda
yasama pay! i¢in kullanim etkinligi yaklasik olarak
%72, laktasyon icin kullanim etkinligi yaklasik %60 ve
besi icin kullaniima etkinligi ise yasina bagh olarak
%30-56 arasinda oldugu bildirilmistir (Ergin ve ark.,
2020). Ulkemizde yetistiriciligi yapilan yem bitkileri
mevcudiyetinin

hayvancihigin  ihtiyag

nitelikli kaba yem ihtiyacini tam olarak karsilama

duydugu

potansiyeli  bulunmamaktadir. Bu nedenle
yetistiriciler ~ farkh  karakterdeki kaba yem
kaynaklarina yonelmektedir (Gulimser ve ark,

2021). Alternatif kaba yem kaynagi olarak diisiiniilen

madimak otu (Polygonum cognatum Meissn.)

Polygonaceae ailesine ait ¢cok yillik yesil yaprakli ve

farkh iklim sartlarina dayanikli yabani bir bitkidir
(Pekdemir ve ark., 2020; Demirgll ve ark., 2022).
Madimak otu Tirkiye’ de Erzurum ve Sivas basta
olmak lizere Anadolu’nun degisik sehirlerinde dogal
olarak vyetismektedir (Pekdemir ve ark., 2020).
Bununla birlikte, madimak otu Bursa ile Erzurum
illeri arasinda kalan, 300-3000 rakimlarda farkl iklim
sartlarina  dayanikh ve dogal olarak da
yetisebilmektedir (Davis, 1967; Baytop, 1984). ic
Anadolu bolgesindeki ciftcilerin bu bitkiye artan
talebi karsilamak lzere tarimsal Gretime basladiklari
bildirilmistir (Onen ve ark., 2014). Madimak otu halk
Turk halk
hastaliklarin

arasinda sebze olarak tuketilmesi,
hekimliginde diliretik, diyabet gibi
tedavisinde kullanilmasindan dolayi talebin artigi
bildirilmistir(Tatli, 1988; Baytop, 1999; Sarag ve ark.,
2018)

Calismada farkl illerde yetisen madimak otunun
kimyasal kompozisyonlarinin, in vitro gaz
Uretimlerinin, metabolik enerji degerlerinin ve nispi

yem degerlerinin belirlenmesi amaglanmistir.

Materyal ve Metot

Madimak
cognatum meissn.) otlari 2022 yili Mayis ayinda dogal

Calismada  kullanilan (Polygonum
olarak yetisen Kirsehir Kaman, Kirikkale Keskin, Sivas

Zara, Tokat Zile ve Yozgat VYerkoy ilcesinden
toplanmistir. Toplanan madimak otlari golgede 1
hafta kurutularak analiz icin laboratuvara getirilmistir.
Kurutulmus olan madimak otlart 1 mm’ lik elekten
gecebilecek boyutta degirmende 6gutilerek kimyasal
analizlere hazir hale getirilmistir.
Kimyasal analizler

Madimak
belirlenmesi icin kuru madde (KM), ham kil (HK), ham
yag (HY), ham protein (HP) AOAC (1990)’ a gore g
tekerrir olacak sekilde yapiimistir. Notral deterjan lif
(NDF) ve Asit deterjan lif (ADF) icerikleri ise Van Soest

ve ark., (1991) e gore belirlenmistir. Madimak

otlarinin kimyasal iceriklerinin

otlarinin kondanse tanen (KT) icerikleri Makkar ve
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ark., (1995)'nin bildirdigi yonteme goére yapilmistir.
Fermantasyon parametrelerinin belirlenmesi

Degirmende 06gltilen madimak otlari hassas
terazide 0.2 gr #* tartilarak 100 ml hacimli cam
siringalara koyulmustur. Cam siringalarin pistonlari alt
ve Ust kisimlardan 2-3 parmak temiz kalacak sekilde
vazelin slirtilmustir. Daha sonra cam siringalar 30 ml
gizgisine gelecek sekilde itilmistir ve siringalarin
uclarinda bulunan cam hortumlardaki klipsler ile
kapatilmistir. Ozel bir kesimhaneden 3 bas kivircik irki
koyundan rumen Onceden

sivisi  alinmistir.

hazirlanmis olan vyapay tuklrik sivisi  Uzerine
kesimhaneden alinan rumen sivisi homojen olarak
karistirilip stizilerek dokiilmastir (10 ml Rumen sivisi
+ 20 ml yapay tukirik). Cam siringalara hazirlanan
karisimdan 30 ml eklenerek 390C sicaklikta bulunan
su banyosuna 3 tekerriir olacak sekilde 6rnekler 24
saat inklibasyona birakilmistir (Menke ve ark., 1979).
Metan Uretimlerinin belirlenmesi

inkiibasyon sonunda cam siringalarda olusan
gazlarin olglimleri Infrared metan analiz cihaziyla
GmbH,  Ekrath,

belirlenmistir. Cihazda olgllen sonuglar % ve ml

(Sensor  Europe Germany)
olarak belirtilmisve asagida belirtilen formile gore
hesaplanmistir (Goel ve ark., 2008).

CH4 (ml) = GU (ml)* CH4 (%)

Bu denklikte;

GU: 24 saatlik fermantasyon sonucundaki gaz

liretimi 200 mg KM.

Metabolik enerji degerlerinin belirlenmesi

Madimak otlarinin metabolik enerji icerikleri (ME)
ve organik madde sindirim dereceleri (OMS) Menke
ve Steingass, (1988)’
hesaplanmistir.

ME (Mj/kg KM) = 2.2 +(0.136 * GU) + (0.057 * HP)
+(0.002859 * HY2)

OMSD (%) = 14.88 + 0.8893 x GU + 0.448 x HP +

In belirttigi formile goére
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0.651 x HK
ME: Metabolik enerji (Mj/kg)
GU: Gaz uretimi (ml)
HP: Ham protein (%)
HY: Ham yag (%)
HK: Ham kil (%)
OMSD: Organik madde sindirim derecesi (%)

Nispi yem degerlerinin belirlenmesi

Van Soest ve ark., (1991)’ nin bildirmis oldugu
formiile gére NDF ve ADF degerleri hesaplanmistir.
Farkli illerden hasat edilen madimak otlarinin nispi
yem degerleri (NYD) Van Dyke ve Anderson, (2000)’
nun bildirmis olduklari formiile gére hesaplanmistir.

KMS(%)= (88.9-(0.779 x %ADF))

KMT (%)= (120/%NDF)

NYD= (%KMS x %KMT)/1.29

Bu denklikte;

KMS (%): Kuru Madde Sindirimi

KMT (%): Kuru Madde Tiiketimi

NYD: Nispi Yem Degeri.

istatistik analizi

Yapilan galisma sonucunda olusan parametreler
SPSS 20.0 (2011) paket programi ile varyans analizine
tabii
karsilastirlmasinda Duncan ¢oklu karsilastirma testi

tutulmustur.  Gruplarin  ortalamalarinin

kullanilmistir (Duncan, 1955).

Bulgular ve Tartisma

Madimak otlarinin kimyasal igerikleri

Turkiye’nin bazi illerinden hasat edilen madimak
otlarinin kimyasal igerikleri Cizelge 1’ de verilmistir.
Madimak otlarinin kimyasal igerikleri toplanildig
illere gore 6nemli seviyede farklilhklar belirlenmistir
(p<0.05).
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Cizelge 1. Turkiye’'nin bazi illerinden hasat edilen madimak otlarinin kimyasal icerikleri

Table 1. Chemical compositions of knotweed hays harvested from certain provinces of Turkey.

Madimak Otlari KM (%) HK(%) HP(%) HY(%) NDF(%) ADF(%) KT(%)
Kirikkale 91.68% 6.02° 22.83° 5.14° 41.67°¢ 31.21° 10.36¢
Kirsehir 91.69% 10.70° 28.70¢ 4.89° 40.21b¢ 29.36% 7.82°
Sivas 91.76° 7.96° 23.97° 5.40° 39.19% 30.55"¢ 10.35°¢
Tokat 91.53° 8.57¢ 27.98¢ 7,47° 37.53? 28.64° 4.12°
Yozgat 92.01¢ 11.13¢ 25.84¢ 5.74% 39.23% 30.52"¢ 9.34kc
SHO

0.058 0.13 0.18 0.26 0.52 0.53 0.70
P .000 .000 .000 .000 .000 .005 .000

abcde Ayni siitunda farkl harf olan ortalamalar arasindaki farkhlik dGnemlidir
KM: Kuru madde, HK: Ham kiil, HP: Ham protein, HY: Ham yag, GU: Gaz Uiretimi (200 mg KM), OMSD: Organik madde sindirim
derecesi, NDF: Nétral deterjan lifi, ADF: Asit deterjan lifi, SHO: Standart hata ortalamasi. P: Onem seviyesi (p<0.005).

Lamb (2004)'in yapmis oldugu calismada rumen
fermantasyonu faaliyetlerinin devamlilgi i¢in rumen
mikroorganizmalari eneriji, vitamin, protein ve mineral
birlikte, bu
maddelerinin yemlerde ya da rasyonda yetersiz olmasi

maddeler ihtiya¢ duymakla besin

durumunda rumen faaliyetlerinin  aksayacagini
bildirmistir. Rumen faaliyetlerinin diizglin calismasi ya
istenilen miktarda

da rumende protein

sentezlenebilmesi  icin  ruminant  hayvanlarin
yemlerinde kuru maddesinde %12-13 ham protein
icermesi gerekmektedir (Aksoy ve ark., 2000; Norton,
2012). Turkiye’'nin bes farkli ilinden toplanan (Kirsehir,
Kirikkale, Sivas, Tokat ve Yozgat) madimak otlarinin
%22.83- 28.70 arasinda

degismekle birlikte, ham protein igerigi en yiksek

ham protein icerikleri
Kirsehir ilinde bulunmustur. Atalay ve Kamalak
(2018)'in  yapmis oldugu calismada ise; madimak
%12.30-28.41 arasinda
degistigi bildirmistir. Calismada kullanilan madimak

otunun HP degerlerinin

otlarinin ham protein oranlari hayvanlarin gunlik

epey
gozlemlenmistir. Madimak otlari proteini diistik olan

protein ihtiyaclarinin Uzerinde oldugu
yemler ile karistirilarak hayvanlara yedirildiginde
rasyonun protein orani dengelenebilmektedir.

Bitkilerdeki kil miktari, toplam mineral madde

miktarinin  belirleyicisi olmaktadir (Tunctirk ve
Ozgokce, 2015).Calismada

otlarinin ham kil icerikleri ise sirasiyla %6.02-11.13

kullanilan  madimak
arasinda degismekle birlikte, en yiksek ham kil icerigi
Yozgat ilinden toplanan madimak otunda, en disik
ham kil icerigi ise Kirikkale ilinden toplanan madimak
otunda tespit edilmistir. Atalay ve Kamalak (2018)’in
yapmis oldugu calismada madimak otunun HK
degerleri %7.22-10.36 arasinda degistigi bildirilmistir
(Atalay ve Kamalak, 2018). Ozer ve Aksoy (2019)’un
yapmis olduklari calismadaise madimak otunun ham
%8.42-10.21
bildirmislerdir. Yapilan ¢alismalardaki HK degerleri bu

kil icerikleri arasinda  degistigini
calismaya benzerlik gostermektedir. Grainger ve
(2011)"'in
calismasina gore, ruminant rasyonlarinda korunmamis
(>%5-6),
olumsuz

Beauchemin kapsamli bir meta-analiz

yaglarin ylksek miktarlarda bulunmasi

yapisal  karbonhidratlarin  sindirimini
etkiledigini bildirmektedir. Madimak otlarinin ham yag
%4.89-7.47 arasinda degisiklik

gostermekle birlikte, en yliksek ham yag orani Tokat

icerikleri sirasiyla
ilinden toplanan madimak otunda tespit edilmistir.
Atalay ve Kamalak (2018)'in yapmis oldugu calismada
madimak otunun HY degerlerinin %1.15-1.85 arasinda
degistigini bildirmislerdir. Bu calismada HY icerikleri
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yliksek bulundugu icin yapilan ¢alismaya arasinda
farklihk bulunmaktadir.

Farkli illerden toplanan madimak otlarinin NDF ve
ADF icerikleri sirasiyla % 37.53- 41.67 ile %28.64- 31.21
arasinda bulunmustur. Yem bitkilerinin hiicre
duvarlarinda ADF, seliiloz ile ligninden NDF ise hemi-
sellilozdan olustugu bildirilmistir (Van Soest ve ark.,
1991). Yapilan bir calismada yemlerde bulunan NDF
miktarinin  yliiksek olmasi yemlerin sindirimini
azaltacagini ayrica hayvanin fiziksel olarak tokluk
hissine kapilacagini ve hayvanlarin yem tiiketiminin de
bildirilmektedir 1994).

Ruminant hayvanlarin rasyonlarin da belirli bir

kisitlanacagi (Van Soest,
miktarda NDF olmasi gerektigi ve bu oranin ise % 40’
dan az olmasi gerektigi belirtilmistir. Ayrica ADF’ nin
ise %30’ dan disuk olmasi gerektigi bildirilmigtir
(Redfearn ve ark., 2006). ADF oranlarinin yemlerde
yiksek olmasi  ruminant hayvanlarda verim
dislkligline sebebiyet vereceginden ciddi metabolik
hastaliklara neden olabilmektedir (Avellaneda ve ark.,
2009; Yang ve ark., 2009). Khafipour ve ark., (2009)’
nin yapmis olduklari calismada NDF igeriginin %32’
den fazla olmasinda hayvanin yem alma kapasitesinin
rumen tarafindan diisecegi ve rumenin selllotik
mikroorganizmalar lehine cevrilecegi bildirilmistir.
NRC (2001)’ e gore ruminant rasyonlarinda kaba-kesif
yem oraninin 60/40 olmasi gerektigi bildirilmektedir.
Yapilan calismada kullanilan madimak otlarini rasyona
karistirdigimizda ya da tek basina yedirildiginde NDF
ve ADF iceriklerinin istenilen seviyede oldugu cizelge
Atalay ve Kamalak (2018)" in
yapmis olduklari calismada madimak otunun NDF ve
ADF degerlerini sirasiyla %49.59-56.67 ile %15.53-
29.95 arasinda degistigini bildirmislerdir. Bu ¢calismada
NDF-ADF oranlarinin Atalay ve Kamalak (2018)" in

yapmis oldugu calismadan farklilik gosterdigi ve diisiik

1’ de gorilmektedir.

oldugu belirlenmistir.

Kondanse tanenler bitkilerdeki fenolik bilesikler
olup ruminant beslemede hayvanlarin sindirim ve yem
tuketimini  etkileyen  unsurdur.  Ruminantlarin
rasyonlarinda kondanse tanen miktari %3’ e kadar
kullanildiginda rumen de mikrobiyal aktiviteyi olumlu
etkileyebilmekte ve %3‘ln uzerinde rasyonlarda
kullanilmasi durumunda ise hayvanlarda toksik etki

gosterebilmektedir (Makkar ve ark., 2003; Jayanegara

ve ark., 2012). Bu calismadaki madimak otlarinin KT
(%) igerikleri %4.12-10.36 arasinda degismistir. NRC
(2001)’e gore Madimak otunun kondanse tanen orani
ylksek oldugu icin rasyonda kullanilmasi durumunda,
oranin duslik tutulmasi ile herhangi bir toksikasyona
neden olmayacagi soylenebilmektedir.

Madimak otlarinin in vitro gaz ve metan uretimleri,
metabolik enerjileri ve organik madde sindirim
dereceleri

Yem ham maddelerinin gaz Uretimi fermente
olabilen madde miktari ile iliskili olmaktadir (Sampath,
1995). Yemlerin gaz Uretimleri her ne kadar da
rumende UYA ile iligkili olsa da, gaz tretimindeki artig
yemin iyi fermente olabileceginin bir gostergesi olarak
kabul edilebilmektedir (Wolin, 1960).
secilirken sadece gaz Uretimlerine gore degil, ayni

Yemler

zamanda sindirilebilir besin miktarina ve mikrobiyal
protein Uretimine gore de degerlendirmek daha dogru
olmaktadir (Blimmel ve ark., 1997). Farkh illerden
toplanan madimak otlarinin 24 saatlik fermantasyon
sonuglari Cizelge 2’ de verilmistir. Madimak otlarinin
in vitro gaz Uretimleri 31,46-41,23 ml arasinda
degismistir. Madimak otlarinin 24 saatlik metan
Uretimleri ise; %13,07-%16.65 arasinda degismistir.
Lopez ve ark., (2010)’ nin yaptiklari bir calismada
yemleri metan Uretim potansiyellerine gore
siniflandirmiglardir. Bu siniflandirmaya goére yemler
%11-14

arasinda dislik anti-metanojenik ve %0 -6 arasinda ise

%6- 11 arasinda orta anti-metanojenik,

yiksek anti-metanojenik karaktere sahip oldugunu
bildirmislerdir. Metan Uretim potansiyelleri acisindan
Kirikkale, Sivas ve Tokat illerinden hasat edilen
madimak otlari disik anti-metanojenik karakterde
oldugu tespit edilmistir. Ruminantlardan kaynakh
metan salinimi hayvanlardan sindirilebilir enerjinin
%12’ sine kadar enerji kaybina neden oldugu ve bu
kaybin kalitesiz kaba yem kullanimi ile %15’lere kadar
cikabilecegi bildiriimektedir (Johnson ve Johnson,
1995). Bu sebeple bu calismada Kirikkale, Sivas ve
Tokat illerinden hasat edilen madimak otlari disiik
anti-metanojenik karaktere sahip olmalarindan dolayi
hayvanlardaki sindirilebilir

enerjiden kaybin

azalmasinda blyuk rol oynayabilecegi

soylenebilmektedir
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Cizelge 2. Tirkiye’nin bazi illerinden hasat edilen madimak otlarinin in vitro gaz ve metan uretimleri, metabolik enerjileri ve
organik madde sindirim dereceleri
Table 2. In vitro gas and methane productions, metabolizable energies, and organic matter digestibilities of knotweed hays

harvested from certain provinces of Turkey.

MADIMAK OTLARI GU (ml) Metan(ml) Metan(%) ME MJ/kg OMSD(%)
Kirikkale 38.70 5.09 13.07° 8.84 64.09
Kirsehir 31.46 5.24 16.65° 8.18 62.68
Sivas 36.17 4.95 13.67° 8.56 62.97
Tokat 34.36 4.78 13.86° 8.63 63.55
Yozgat 41.23 6.24 15.10% 9.37 70.37
SHO 4.37 0.79 0.82 0.59 3.76

P 276 429 .010 422 289

abcAyni siitiinda farkli harf olan ortalamalar arasindaki farklilik nemlidir (P<0.05). GU: Gaz {iretimi (500 mg KM), ME MJ/kg:
Metabolik Enerji, OMSD(%): Organik madde sindirim derecesi SHO: Standart hata ortalamasi, P: Onem seviyesi.

Farkh illerden hasat edilen madimak otlarinin

metabolik enerji degerleri 8.18 ile 9.37 MJ/kg KM-
1 arasinda degismistir. Atalay ve Kamalak (2018)’in
yaptiklari bir calismada farkli dénemlerde hasat
edilen madimak otunun metabolik eneriji
degerlerini 8.66- 11.90 MJ/kg KM-1 arasinda
oldugunu bildirmislerdir. Calismadaki madimak
otlarinin OMSD degerleri %62.68-70.37 arasinda
degismistir. Atalay ve Kamalak (2018)'in yapmis
oldugu calismada ise; farkli donemlerde hasat
edilen madimak otunun OMSD degerleri %63.03-

84.73 arasinda degistigini bildirilmislerdir. Bu
calismada madimak otlarinin OMSD degerleri
bildirilen arasinda

literatlrde degerler

bulunmustur.

Madimak otlarinin Nispi Yem Degerleri, Kuru
madde sindirimi ve Kuru madde tiiketimleri

bes farkli
madimak otlarinin nispi yem degerleri (NYD), kuru

Tarkiye’nin illerinden toplanan
madde sindirimi (KMS) ve kuru madde tiiketimleri

(KMT) Cizelge 3’te verilmistir.

Cizelge 3. Tlrkiyenin bazi illerinden hasat edilen madimak otlarinin kuru madde sindirimi (KMS), kuru madde tiiketimi (KMT) ve nispi

yem degerlerleri (NYD)

Table 3. Dry matter digestibility (DMD), dry matter intake (DMI), and relative feed values (RFV) of knotweed weeds harvested from

certain provinces of Turkey.

Madimak Otlari KMS(%) KMT(%) NYD
Kirikkale 66.58¢ 3.20¢ 165.05¢
Kirsehir 65.10%° 3.06% 154.51°
Sivas 64.58° 2.88° 144.14°
Tokat 65.123° 3.06% 154.40°
Yozgat 66.02°¢ 2.98% 152.71%
SHO 0.41 0.042 2.66
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P .005

.000

.000

abcAyni sitinda farkh harf olan ortalamalar arasindaki farkliik 6nemlidir (P<0.05).

NYD: Nispi yem degeri, KMS: Kuru madde sindirimi ve KMT: Kuru madde tiiketimi. SHO: Standart hata ortalamasi. P: Onem

seviyesi(P<0.05).

Cahsmada madimak otlarinin  kuru madde
sindirilebilirlikleri %64.58-66.58 arasinda degismistir.
En yiksek kuru madde sindirilebilirlikleri Kirikkale
ilinde, en disuk kuru madde sindirilebilirlikleri Sivas
ilinde tespit edilmistir. Kuru madde tiketimleri ise;
%2.88-3.20 arasinda degismistir. En yiksek kuru
madde tiiketimi Kirikkale ilinde gézlemlenirken, en
disik kuru madde tiketimi Sivas ilinden toplanan
madimak otunda gézlemlenmistir. Madimak otlarinin
%144.14-165.05
degismistir. En yiliksek nispi yem degeri Kirikkale

Nispi yem degerleri arasinda
ilinden toplanan madimak otlarinda tespit edilmistir.
En dislik nispi yem degerine Sivas ilinden toplanan
madimak otlarinda tespit edilmistir.

Nispi

yem degeri, yem ham maddelerinin

kalitesinin belirlenmesinde cok 6nemli etkenlerden

biridir (Glirsoy ve Macit, 2017). Nispi yem degeri yem
ham maddelerinin kimyasal analizleri sonucu ortaya
¢citkan veriler ile yem ham maddesinin kalitesinin
belirlenmesine dayanan bir yontemdir (Kaya, 2008).
Bugdaysgil, bugdaygil+baklagil
karisimlarinda sinifini

baklagil ve
kalite

amaciyla, Rohweder ve arkadaslari (1978) tarafindan

yemin belirlemek
gelistirilen NYD indeksi kullanilmaktadir. Bu indekse
gore NYD >150’ nin lzerinde oldugunda en kaliteli,
NYD 125-150 arasinda oldugunda 1. kalite, NYD 103-
124 arasinda oldugunda 2. kalite, NYD 87-102
arasinda oldugunda 3.kalite, NYD 75-86 arasinda
oldugunda 4.kalite ve NYD< 75’ in altinda oldugunda
5. kalite olarak yer almaktadir. Bu indekse gore farkl
illerden toplanan madimak otlarinin kalite indeksleri
Cizelge 4'te verilmistir.

Cizelge 4. Turkiye’nin bazi illerinden hasat edilen madimak otlarinin NYD indeksine gore kalite tayini

Table 4. Quality determination of knotweed weeds harvested from certain provinces of Turkey based on RFV (Relative feed

value) index.

Madimak Otlari NYD Kalite indeksi
Kirikkale 165.05 En kaliteli
Kirsehir 154.51 En kaliteli
Sivas 144.14 1.Kalite
Tokat 154.40 En kaliteli
Yozgat 152.71 En kaliteli

NYD: Nispi Yem Degeri

Sonug

Farkli illerden hasat edilen madimak otlarinin
kimyasal kompozisyonlari illere gore degisiklik
gostermis  olup, istatistiksel olarak anlamli

bulunmustur (P<0.05). Madimak otlari NDF ve ADF
yoniunden Tokat ili uygun bulunurken ME degerleri
yoninden Yozgat ili one c¢ikmistir. Calismada
kullanilan madimak otlari hasat zamani, yetisme

kosullari, iklimsel farkhlik ve gevre sartlari sebebiyle
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farkhhk
madimak

kimyasal kompozisyonlarinin
birlikte,

otlarinin yiksek ham protein ve duslk anti-

gosterebilmektedir. Bununla

metanojenik  karakterlerinden dolayr ruminant
hayvan beslemede kabul edilebilir bir kaba yem
kaynagi olabilecegi belirtilebilmektedir. Bu ¢alismada
in vitro bulgular ile elde edilen sonuglarin ruminant
hayvanlar Gzerinde madimak otlarinin yem tiiketimi
ve kuru madde alimina olan etkilerinin belirlenmesi
icin in vivo ¢alismalar ile desteklenmesine ihtiyag

duyulmaktadir.
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Cikar Catismasi: Yazarlar arasinda herhangi bir gikar
¢atismasi olmadigi beyan ederiz.

Yazar Katkisi: Makaleyi Yakup BILAL ve Bilal SELCUK
tasarlamis ve analizler Hilya AKCAM tarafindan
yapilmistir. Arastirmaya konu olan madimak otlari
Cagri OZKAN
Arastirma sonucunda elde edilen bulgular Adem

Ozgir tarafindan  toplaniimistir.

KAMALAK tarafindan incelenmis ve makale Tugba
BAKIR tarafindan yazilmistir. Makalenin son hali tim
yazarlar tarafindan okunarak onaylanmistir.
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Introduction

The Pyraloidea superfamily is one of the richest
superfamilies of the Lepidoptera order in terms of
the abundance of species it involves. It is in the
Microlepidoptera (Hannemann, 1964; Robinson et
al., 1994). The Pyraloidea comprises about 16,000
1991;
Munroe and Solis, 1999). The larvae of many species

described species world-wide (Heppner,

are economically important pests of crops (e. g.:
sugarcane, corn, rice), and stored products such as
seeds and grains (Solis, 2007). In Europe, 914
pyraloid species have been recorded so far (Nuss et
al., 2004). The Pyraloidea consists of two families:
Crambidae and Pyralidae.

In the order Lepidoptera, the tympanal organs of
hearing are found in various anatomical positions,
including the mouth parts, abdomen, and thorax
(Minet and Surlykke, 2003; Yack, 2004; Faure et al.,
2009). Tympanal organs were only used in the
studies of Marion (1954) and Munroe (1972, 1973)
as a diagnostic feature for the Pyralidae. It is found
in the abdomen in the Pyraloidea family (Hasenfuss,
2000; Scoble, 1995; Yack and Fullard, 2000). The
Pyraloidea is characterized by a pair of tympanal
organs located on sternite two, each with a
tympanum and a conjunctivum, a maxillary palpus
that is usually present, a proboscis that is basally
scaled, and forewing venation (Minet and Surlykke,
2003; Yack, 2004; Faure et al., 2009; Hasenfuss,
2000; Solis, 2007). The subfamilies Pyralidae and
Crambidae are distinguished by the morphology of
the tympanal organs (Goater et al., 2005).

The Pyralidae have a tympanal case that is almost
closed, the conjunctivum and tympanum are in the
same plane, and the praecinctorium is absent (Faure
et al., 2009; Marion, 1954). In the Crambidae family,
the conjunctivum and tympanum are in a different
plane (Minet 1982; Maes 1985). The prominent
maxillary palpi, with distinctive paired abdominal
tympanal organs and genitals, generally
distinguishes Evergestinae from other subfamilies
(Goater et al., 2005). Larvae, when known, feed on
Brassicaceae (Munroe, 1972); the full-fed larva

spends the winter in a tough subterranean cocoon,
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pupating in the spring.

Kemal and Kocak (2017) provided male genital
and tympanal photographs of Evergestis flavifuscalis
Rebel, 1903, E. mundalis (Guenée, 1854) and E.
umbrosalis (Fischer von Roslerstamm, 1841) in their
study, in which they published Pyralids collected
from different regions of Turkey but did not make
any definitions. Ozyolci and Caliskan (2022), defined
and compared tympanal structures in 4 taxa
belonging to Pyralinae and Phyctinae subfamilies in
their study.

It is thought that the intraspecies variability in
which tympanal organs are used to differentiate the
super categories is low. It was compared the
hypothesis that tympanal organs can also be used in
this
purpose, was compared the photographs of the

the differentiation of subcategories. For

tympanal structures of 4 species belonging to the
genus Evergestis, (Evergestis frumentalis (Linnaeus,
1761) E. flavifuscalis Rebel, 1903, E. mundalis
(Guenée, 1854) and E. umbrosalis (Fischer von
Roslerstamm, 1841)) together with their parts. Aim
of this study to reveal the differences of these
structures between closely related species.

Material and Method

The specimens examined in this study are
preserved in the Gazi University Zoology Museum and
CESA collection.

samples, their abdomens were cut and their tympanal

Before the preparation of the

organs were photographed with an Olympus SZX7
brand Then,
preparations were prepared for detailed examination

stereo  microscope. permanent
of the samples. The abdomen as a whole was boiled
in 10% potassium hydroxide, passed through water
and alcohol series respectively, the inside of the
abdomen was cleaned with special needles and
brushes, cleaned and closed in a mixture of clove oil
and xylol, and turned into a permanent preparation
with
photographed and compared with Olympus Leica ES7

entellan. Permanent preparations were
and Leica DMLB2 microscopes. The information on
Evergestis frumentalis (Figure 1a,b) is the data of the

last author's master's thesis. Tympanal terminology
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definitions are taken from Maes (1985) (Figure 2a,b).

Figure 2. Tympanal organ of E. frumentalis a: Before preparation b: After prepation

Bulla tympani (bt): It is formed by the invagination
This
membrane, which is opaque when dried, attaches to

of the first-sternite. Conjunctivum (con):
the tympanum. Fornix tympani (ft): Framework
supporting the eardrum tympanum. Pons tympani
(pot): The median zone of the first sternite which
forms a connection between the praecinctorium.
Praecinctorium (prae): Extended hairy structure
above sakkus tympanum. Processus tympani (prot):
lobulus:

Invagination of the bulla tympani below or within
the fornix tympani. Tergo sternal sclerite (tsc): Small
sclerite anterior to the fornix tympanum and between
the tergite and sclerite. Tympanum (tym): The very
thin membrane of the organ of hearing that is
transparent when dry. Venula (ven): Mid-lateral

sclerotized rod inside the sternite. Zona glabra
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tympani (zgt): Scaly, occasionally curved area behind
the pons tympani (Maes, 1985).

Results and Discussion

Results

Seizmair (2021) described some tympanal organ
structures of Evergestis viridifuscalis Seizmar 2021
and E. angularis Seizmar, 2021 species (Table 1 gives
the tympanal descriptions of these species according
to Seizmar). Kemal and Kocak (2017) presented
tympanal photographs of Evergestis flavifuscalis, E.
mundalis, E. umbrosalis. It was described that
tympanal species.
Comparisons of tympanal organ structures are given
in Table 1.

organ structure of these
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Table 1. Comparison of tympanal organs of species

of the genus Evergestis (pot: pons tympani, con-tym:

conjunctivum-tympanum bt: bulla tympani, ft:fornix tympani,prot: processus tympani, prae:
praecinctorium, ven:venula, zgt: zona glabra tympani, tsc:tergo sternal sclerite)

Tympanal E. E. E. E. E. E.
organ ftrumentalis | flavifuscalis | mundalis | umbrosalis | viridifuscalis angularis
structures
pot thinly thick,long long,bifurc | thick,long elongate dilated
elongated bifurcation ation bifurcation
con-tym different different different different different different
plane plane plane plane plane plane
bt narrow oval oval Oval wide narronly narronly
invaginated invaginated
ft thick thin large thick medium thin
thickness
prot small crest | hump elongated | pointed pointlike elliptic
shape
prae Unilob, Unilob, Unilob, Unilob, - -
fringed fringed fringed fringed
ven elongated long sloping | long long distinct slanted,
corrugated | straight straight
zgt prominently | narrow expansive | wide short stroke-
shaped
tsc onion long-slim long-slim long-slim onion guadrangula
shaped shaped r dilatation

Fornix tympani is thinner in E. flavifuscalis than
the one in E. umbrosalis, E. frumentalis and E.
mundalis (Figure 3e,3f,3g,3h). In E. mundalis and E.
umbrosalis, the processus tympani structure is thin
and pointed (Figure 3g, 3h), while in E. frumentalis
and E. flavifuscalis, it is larger and humped. (Figure
3e, 3f). Processus tympani is distinctly larger in sp.
frumentalis than others (Figure 3e). Bulla tympani
structure E. umbrosalis is wider than other species
(Figure 3h). The structure of the pons tympani is
similar in all species but differs in length. The
length of the
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pons tympani is shorter in E. flavifuscalis than in the
other three species (Figure 3f). Venula and zona glabra
tympani differ in all 4 types (Figure 3e, 3f, 3g, 3h). Tergo
sternal sclerite is bulb-shaped in E. frumentalis and long
and thin in other species (Figure 3e). Praecinctorium
structure is similar in all species, unilobal and fringed
(Figure 3k,31,3m,3n). Conjunktivum-tympanum
structure is in a different plane in all species (Figure 3k,
31, 3m, 3n).
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Figure 3. Evergestis frumentalis (a), Evergestis flavifuscalis (b), Evergestis mundalis (c), Evergestis

umbrosalis (d) adults. Evergestis frumentalis after preparation tympanal organ (e), Evergestis
flavifuscalis after preparation tympanal organ (f), Evergestis mundalis after preparation tympanal
organ (g), Evergestis umbrosalis after preparation tympanal organ (h). Evergestis frumentalis
before preparation tympanal organ (k), Evergestis flavifuscalis before preparation tympanal
organ (l), Evergestis mundalis before preparation tympanal organ (m), Evergestis umbrosalis

before preparation tympanal organ (n).

Discussion

The genus Evergestis Hibner, which was placed in
its own Evergestinae, is currently associated with the
subfamily Glaphyriinae according to the suggested
classification supported by the phylogenetic study of
Regier et al. (2012). The subfamily Glaphyriinae
includes 326 species in 51 genera (Regier et al. 2012)
and Evergestis, which is the largest genus of this
subfamily with 79 known species worldwide. There
are 32 known species in the genus Evergestis in
Europa (Goater et al., 2005). This genus is known to
be the most diverse genus in the Holarctic region
(Munroe & Solis 1999) with few representatives in
India, Africa, and South America (Goater et al. 2005).

One of the features that characterize the
Pyraloidea, which includes Evergestis, is the location
and morphology of the tympanal organs.

Evergestis is a genus of moths of the family

Crambidae. In Crambidae, the tympanal membrane is
open anteriorly, the tympanum and conjunctivum lie
angle and the
praesinctorium structures are present (Goater et al.,

at an obtuse lobulus and
2005). In subfamily Evergestinae, the bulla tympani is
open; the praesinctorium is unilobal; the tympanum
and conjunctivum are in a different plane (Maes,
1985; Minet, 1982). Solis (2007) gives the following
features for Evergestinae: Fenestra media forms a
true dorsal counter-tympanum; praecinctorium is
usually sagittal, rarely bilobed; spinulae are spiny,
inserted in the anterior region of the eardrums;
antero-lateral tympanic projections. In the species
that was examined, the praecinctorium is single-
lobed. Results support the literature information.
The intraspecies variability of tympanal organs is
low. Sometimes the relative length of the venula
secunda/saccus tympani can be used at the specific
level. Differences in some parts of these organs of the
interspecies are usually clear enough to allow for
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species differentiation (Maes, 1985). The this study
reveals that some parts of the tympanal organs differ
between species. Characteristics such as venula, zona
glabra, pons tympani and fornix tympani, which have
high chitin structure, were determined as distinctive.

Conclusion

The tympanal organs of the investigated Evergestis
genus species show Crambid type morphological
design features. The result of the study supports the
hypothesis that the tympanal structure can be used
to differentiate subcategories. Comparative studies
on the tympanal structure with more taxa will
undoubtedly make important contributions to the
Crambidae systematics.
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Neoscytalidium cinsine ait tiirler son zamanlarda diinyada ve Tirkiye’de kiltir, peyzaj ve
orman bitkilerinde dnemli ekonomik kayiplara yol agmaktadir. N. novaehollandiae tiirii tek
yillik bitkilerde kurumalara ve iletim demetlerinde kararmalara yol agarken agaglarda gévde
¢atlamalarina kabuk alti nekrozlarina ve dal kurumalarina yol agmaktadir. Bélgemizde yeni
yayllmaya baslayan bu hastalik etmenine karsi herhangi bir micadele yontemi
bilinmemektedir. Bu ¢alismada -5 ila 402C araligindaki farkh sicaklik degerlerinde 3 giinlik
sire icinde N. novaehollandiae etmeninin misel gelisimleri 6lgtlmustir. Hastalik etmeni 15
ve 35°C araliginda gelisme gosterirken optimum gelisimleri 25 ve 30°C araliginda
bulunmustur. Fakat etmenin misellerinin 10°C ve 40°C’lerde 4. giinde gelismeye basladigl
gozlenmistir. Bu sicaklik calismasi N. novaehollandiae etmenine karsi miicadele zamaninin
belirlenmesinde 6nemli bir adim olmus ve bélgemizde son zamanlarda ortaya gikan ve
epidemi yapma potansiyeline sahip fungal etmenin fizyolojik karakterinin aydinlatiimasi
hedeflenmistir.

Anahtar Kelimeler: Neoscytalidium novaehollandiae, sicaklik, gelisim, hastalik kontroli
ABSTRACT

Species belonging to the genus Neoscytalidium have recently caused significant economic
losses in crop, landscape and forest plants in the world and in Turkey. While N.
novaehollandiae causes drying in annual plants and darkening of vascular bundles, it causes
trunk cracks, sub-bark necrosis and drying of branches in trees. There is no known method
of struggle against this disease agent, which has just started to spread in our region. In this
study, mycelial growth of N. novaehollandiae was measured in 3 days at different
temperature values between -5 and 40°C. While the disease agent developed between 15
and 35°C, their optimum development was found between 25 and 30°C. However, it was
observed that the mycelias of the agent started to develop on the 4th day at 10°C and 40°C.
This temperature study was an important step in determining the control time against N.
novaehollandiae and it was aimed to enlighten the physiological character of the fungal
agent that has recently emerged in our region and has the potential to cause an epidemic.

Key Words: Neoscytalidium novaehollandiae, temperature, growth, disease control
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Giris

endofitik
mantarlarinin ¢ogu diinyada cesitli bolgelerde ¢ok

Dothideomycetes sinifina ait
farkli agaglarda kansere neden olan firsatgi bitki
patojenleridir (Chuang ve ark., 2012; Ezra ve ark.,
2013; Yi ve ark., 2015). Bugline kadar, morfolojik ve
molekiler 6zelliklere dayali olarak sinirlh sayida
Neoscytalidium tirli tanilanmistir. Bu tlirlerden N.
dimidiatum tiridnidn hem N. novaehollandiae (Polizzi
ve ark., 2009) hem de Scytalidium hyalinum (Madrid
ve ark., 2009) tiirleri ile benzer oldugu bildirmistir. N.
novaehollandiae tirl( Mangifera indica (mango) (Ray
ve ark., 2010), Pistachia vera (Antepfistigi) (Kiling ve
ark., 2022), Solanum lycopersicum (domates) (Dervis
ve ark., 2020), Pinus eldarica (¢cam) (Alizadeh ve ark.,
2022), Prunus dulcis (badem) (Oren ve ark., 2020) gibi
konukgularda enfeksiyon yaptigl ve yaygin olarak
N.
dimidiatum etmeninin de enfeksiyona yol actigl

gorildigu  belirtilmis, ayni  konukgularda
yapilan farkli calismalarda ortaya konmustur. Bu
tdrleri birbirinden ayirt etmek icin cesitli denemeler
N. dimidiatum, N.

novaehollandiae'nin

Bununla birlikte,
N.
muriform veya dikomer benzeri konidia Uretme

yapilmistir.
novaehollandiae'den,

yetenegi ile ayirt edilmistir (Pavlic ve ark., 2008). Bu
muriformlar kolayca taninmazlar ve bu nedenle N.
dimidiatum ve N. novaehollandiae tirleri uzun bir
morfolojik gbzlem periyodu boyunca benzer 6zellikler
sergileyebilir (Mohd ve ark., 2013). Ote yandan, S.
hyalinum, N. dimidiatum'un bir ¢esidi veya melaninsiz
olan kultirel bir mutant varyanti oldugu ifade
edilmistir (Madrid ve ark., 2009). Bu morfolojik ve
mikrobiyolojik verilerin g¢ikarilmasi zaman alici bir
slire¢ gerektirir ve bu sorunu ¢6zmek icin heniz
dogru molekiler markorler kesfedilememistir. Sonug
olarak
2004).
Biyolojik kontrol (Ubalua ve Oti, 2007; Louzada ve

olarak, fungusun tir dlizeyinde kesin

tanilanmasi zordur (Machouart ve ark.,
ark., 2009), Urin rotasyonu (Reis ve ark., 2011),
dayanikli gesit kullanimi ve kimyasal kontrol (Fischer
ve ark., 2005) esas alinarak daha siirdirdlebilir bir
Uretim sistemi saglamak en etkili kontrol yontemidir
(Onyeka ve ark., 2005). Ote yandan, islah programlari
su

turlerinin

¢alismalarina  ragmen, anda Brezilya'da

Botryosphaeriaceae yol actigi  kok
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clruklugline direncli sadece birka¢ manyok (Manihot
esculenta) cesidi mevcuttur (Brito ve ark., 2020).
Tarla kosullarinda kék gurakligi hastaligina dayanikli
biri
genotipi degerlendirmek icin gecen siredir (yaklasik

genotiplerin secimindeki ana sorunlardan

12 ay). Dolayisiyla bu gibi hastaliklarin miicadelesinde

Islah calismalari zaman almaktadir, N.
novaehollandiae da bu hastaliklardan biri olmaya
adaydir.

Funguslar 45°C'de daha iyi bliyime olarak

tanimlanan termofili, Ascomycota'nin birgok tiirlinde
gorilmektedir (Raspor ve Zupan, 2006; Berka ve ark.,
2011; Morgenstern ve ark., 2012). Yirminci ylzyilin
basindan beri termofilik tlrler, blylleyici fizyolojik
Ozellikleri ve endistrideki potansiyel degerleri
nedeniyle blyuk ilgi gormustlr. Fungal termofillerin
de arasinda oldugu okaryotlar icin Gst sicaklik sinirini
602C veya bunun hemen (zerindeki sicakliklar
olusturmaktadir (Tansey ve Brock, 1972; Powell ve
2012).
hyalinum’un misel ve konidi Uretimi, bes sicaklikta
(10-, 15-, 25-, 35- ve 40°C) PDA ortaminda

degerlendirilmistir (Hohenfeld ve ark., 2018). Patojen

ark., Yapilan bir calismada Scytalidium

icin misel gelisimi ve sporlanma igin optimum sicaklik
araligr 30 ile 36°C arasinda bulunmustur. Hastalik
siddeti 32 ila 36°C'de gozlenmistir. Optimal blylime
kosullarin 48 saatlik inkiibasyondan sonra Petri kabini
tamamen kaplamis olan N. hyalinum ig¢in optimum
sicakhk 32°C iken, daha disuk sicakliklarda (10°C)
onemli bir biyime gozlemlenmemistir. Bitki koklerin
35°C'de tutulmasi daha bilyik lezyonlu alanlarin
ortaya ¢ikmasina neden olmustur. Buna karsilk, 40°C
gibi daha yuksek sicakliklara maruz kaldiginda daha az
zarar meydana gelmigtir. Dolasiyla ile sicakhigin artisi
ile hastalik siddeti arasinda dogrusal bir iliski tespit
edilmistir.

Bu calismada farkh sicaklik degerlerinde N.
konidi
gelisimleri o6lgllerek etmenin en uygun gelisme

novaehollandiae etmeninin  misel ve

sicakhginin belirlenmesi amaglanmistir. Elde edilen
sonuclar hastalik yonetimine 1sik tutacaktir.

Materyal ve Yontem

Calisma, Harran Universitesi Ziraat Fakdiltesi Bitki

Koruma  Bolimi  Fitopatoloji  laboratuvarinda
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stok
kiltirinden alinan N. novaehollandiae (ITS bolgesi

yurGtilmustir. Calismanin  ana materyalini
icin erisim no: OL455801, LSU bolgesi icin erisim no:
0L589617) etmeni, PDA (Patates Dekstroz Agar) besi
ortami, spor sayimi i¢cin heamocytometer (Thoma
lami) ve diger temel laboratuvar malzemeleri
olusturmaktadir.

Antepfistigindan izole edilen ve saflastirilan N.
novaehollandiae kiltiriinden bir parca alinarak
cogaltilmis ve calismada kullanilmak Uzere +49C’'de
muhafaza edilmistir. Sicaklik degerleri lger gunlik
araliklarla inktibatorde -5-, 0-, 5-, 10-, 15-, 20-, 25-, 30-
, 35-, 40°C'ye ayarlanmistir. Saf olarak gelisen gencg
misellerden mantar delici yardimiyla 8 mm lik diskler
alinip antibiyotik (tetracycline) ile desteklenmis PDA
besi ortamina Petri kabinin ortasina gelecek sekilde
yerlestirilmistir. Her sicaklik degerinde 3. glinde
misellerin gelisme c¢aplari cetvel yardimi ile yatay ve
dikey yonli o6lgulmis ve ortalamalari alinmistir.
Gelismenin goruldtugli sicaklik degerlerinde Thoma

lami kullanilarak 1 mL’deki konidi sayimlari yapiimistir.
Arastirma Bulgulari ve Tartisma

Stok kiltliriinden alinip saflastirilan taze olarak
cogaltilmis ve her bir sicaklik degeri (-5, 0-, 5-, 10-, 15-
, 20-, 25-, 30-, 35- ve 40°C) icin 4 tekerrirli olarak
hazirlanmis Petri kaplari 3 glin sire ile inkiibe
edilmigtir. (Sekil 1)

N. novaehollandiae -5-, 0-, 5- ve 10°C’de herhangi
bir gelisim goéstermemis, ancak 10- ve 40°C’lerde 3
glnlik inklibasyon periyodu sonunda disik dizeyde
miselyal gelisme tespit edilmistir.

15 20 25 30

misel ¢ap uzunluklari (cm)

9
8
7
6
5
a
3
2
1
0

-5 o 5 10 35

Sicakhk degerleri (°C)
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Sekil 1. Farkli  sicaklik

novaehollandiae etmeninin gelisimi

degerlerinde  Neoscytalidium

Figure 1. Development of Neoscytalidium novaehollandiae at
different temperatures

Bu durum, fungal etmenin daha uzun siren
inklibasyon periyotlarinda bu sicakliklarda gelisme
gosterebilecegini ortaya koymustur. Fungal etmenin
10 ve 40°C’'lerde patolojik etki yapip yapmayacagi
bilinmemekle birlikte, bu durumun belirlenmesinin
hastalik etmeninin kontrolii agisindan blyik 6nem
tasidigl aciktir. Fungal etmen 15-35°C araliginda
gelisme gostermis, 25 ve 30°C’lerde ise optimum
bicimde N.

hyalinum tirinin 10°C de gelismeye baslayip 32°C

olarak gelisme gostermistir. Benzer
deki optimum kosullarda 48 saatte Petriyi kapladigi ve
40°C nin tzerinde konidi olusumunda azalma meydana
geldigi Hohenfeld ve ark. (2018) tarafindan rapor
edilmistir.
Farkli
gelisimi Petri kaplarinda “mm” olarak tespit edilmis,

sicakhk kosullarinda fungusun fizyolojik

funguslarin  gelisimleri goérsel olarak da tespit
edilmistir. Buna gore, artan sicaklikla birlikte misalyal
gelisime paralel olarak fungusun melanin pigmenti de
yogunlasma gostermis, 322C’de en yiksek melanin
konsantrasyonu gortntilenmistir (Sekil 2). Yapilan bir
sicakhgin  15°C'den

32°C'ye ylkselmesi sonucu N. dimidiatum etmenine

calismada ejder meyvesinde

ait koloninin kapladigl alan ve misel blylime hizi
ancak 37°C'de
belirtilmistir (Mayorquin ve ark., 2016). Benzer bir

artmis, onemli Olcide azaldigl
calismada Kaliforniya’da incirde siirgiin kurumalarina
yol acan N. dimidiatum etmeninin 20 ila 352C'deki
sicaklik aralklarindan en iyi gelismenin 352C'de
%92’lik bir gelisme oldugu ve misel kolonizasyonu ile
konidi miktarinin sicakligin artmasiyla beraber arttigi
ifade edilmistir (Gusella ve ark., 2023). Ayni zamanda
bu calismada da sicakhk arttikca konidi sayilarinda da
bir artis goézlenmis, sicaklik optimumun (zerine
ciktiginda ise konidi sayilarinda azalma meydana

gelmistir.
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Sekil 2. Farkli sicakliklarda gelismeye birakilan Neoscytalidium novaehollandiae etmeninin Petri kaplarindaki gorintaleri
Figure 2. Images of Neoscytalidium novaehollandiae in Petri dishes incubated at different temperatures

turuncggillerde Scytalidium solgunlugunu arttirdigini
farkli
kosullarinda gelisen sporlarin sayimi yapiimis 1 mL’deki

Sanlurfa ilinde ¢ogu zaman 30°C nin (zerinde

sicakhgin  seyretmesinin  hastaligin yayiima ve  rapor etmislerdir. Bu ¢alismada, sicaklik

enfeksiyon riskini artirdigi diisiinilmektedir. Ornegin,

Sadowsky ve ark. (2007) 34°C’nin Gzerindeki sicakligin ~ spor yogunlugu Cizelge 1’de verilmistir.

Cizelge 1. Farkl sicakliklarda gelismeye birakilan Neoscytalidium novaehollandiae etmeninin konidi yogunlugu
Table 1. Conidia density of Neoscytalidium novaehollandiae at different temperatures
Sicaklik degerleri (°C)
Temperature values (°C)

Conidia (mL™) 15 20
1.08x10° 1.36x10°

Isik mikroskobu altinda yapilan sayimlara gore spor
sayisi en fazla 2592C de 8.38x10° spor mL™ olarak
hesaplanmistir. Sicaklik arttikga spor sayilarinda da
artis gozlemlenmis sicakhgin 252C’nin altina inmesi ile
veya 25°C Ustiine ¢gikmasi ile yani optimum sicakliktan
uzaklasmasi sonucu konidi yogunlugu azalmistir.
Konidi yogunlugunun optimum sicaklik kosullarindan
uzaklasmasi ile disttugi tespit edilse de farkl sicaklk
kosullarinda Uretilen konidi miktarinin dolayisi ile
yogunlugunun herhangi bir bitkiyi enfekte etmek icin
yeterli oldugu gorllmistiir. Buna benzer bulgular
Dikilitas (2003) tarafindan da ifade edilmis olup, NaCl
kosullarinda Verticilium albo-atrum’a ait azalan
konidilerin yine de enfeksiyon yapabilme kabiliyetine
sahip oldugunu ve domates bitkilerinde simptom
olusturacak seviyeye geldigini rapor etmistir. Fungal
etmenin ekstrem kosullarda miselyal gelismesi hiz
kaybetse bile, konidi Gretiminin bu kosullarda bitki
dayanikhginin  da disecegi ©n gorildiginden
patojenin  enfeksiyon kapasitesinin  artacagi
dustnidlmektedir. Virdlenslik konusu, virllenslikle
ilgili genler ile direkt iliskili oldugundan patojenin
ekstrem kosullarda gen ekspresyonu ve genlerin
592

8.38x10°

25 30 35
4.56x10° 4.41x108

aktivasyonu ile sentezlenen enzimlere bagh oldugu
bilindiginden bu konunun ayrica degerlendirilmesi
gerekmektedir.

Bununla birlikte bodlgemizde Antepfistiginda
hastaligin gelisimine sadece sicakhgin degil ayni
zamanda konukcu duyarliiginin da etki ettigi

distnilmektedir. Benzer bicimde yilksek sicakhk ve

konukgu duyarliiginin turuncgillerde
Bortyosphaeriaceae Uyesine ait tirlerin Kaliforniya
turuncgil bahcelerinde hastaliklari arttirdigi rapor
edilmistir (Adesemoye ve ark., 2014).

kurak

yetistirilen baglarda N. dimidiatum’un %15 oraninda

Guney Kaliforniyada vyari alanlarda

bulundugu ve bu nedenle hastaligin
rapor

Benzer

epidemiyolojisinin  belirlenmesi gerektigini
2013).

bicimde bdlgemizde de hastaligin antepfistiklarinda

etmislerdir (Rolshausen ve ark.,
enfeksiyon orani %28.07-43.68 arasinda degistigi ve
hastaligin epidemiyolojisinin belirlenmesinin 6ncelik
arzettigi vurgulanmistir (Kiling ve ark., 2022).
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Sonug¢

Antepfistig, kayisi, badem, asma, incir, zeytin ve
dut agaglarinin ana dallarinda meydana gelen derin
kabuk catlaklari ve kanser gibi belirtilerden sorumlu
olan N. novaehollandiae hastalik etmeni bu bolgede
gorilen yeni bir hastalik etmenidir.

Hastalik yonetimi igin farkl sicakliklarda gelisme
durumu degerlendirilmis ve hastallk etmeninin
Farkh
sicaklik degerlerine maruz birakilan Neoscytalidium
etkili
zamanlarini belirlemek igin yapilan bu galismada 15
°C’'de hastalik basladig
optimum gelismenin ise 25-30°C araliginda oldugu

olusturdugu konidi miktart hesaplanmistir.

hastaliginin  yonetiminde en miicadele

etmeninin  gelismeye

gozlemlenmistir. Bu ylizden hava kosullari 15°C’ye

ylikselmeden once ilk ilaglamalar yapilmalidir.
Hastalilk etmeninin sicakligin artmasiyla hastalik
yapabilme kapasitesinin artmasi es zamanli

oldugundan erken miicadele 6nem arz etmektedir.
En fazla sporun optimum sicaklikta yani 25°C’de
8.38x10°
Sicakhigin optimum sicakligin tstline ¢itkmasi ile konidi
Bu
problemin ¢6ziim olanaklari acisindan bundan sonraki

spor mL™" dretildigi tespit edilmistir.

sayllarinda azalma gozlenmistir. arastirma,
calismalara katki saglayacaktir. Fungusun sicaklik
tepkisi yaninda kuraklik ve tuz stresi gibi diger
cevresel faktorlere ve pestisit toksisitesine tepkisi
artan cevresel sorunlar icinde blylik oOnem arz
etmektedir. Clink{ patolojik stres kosullarinin gelecek
periyotlarda tek basina tarimsal alanlarda etkili
olmayacagi, abiyotik stres faktorleri ile etkilesime
girerek daha fazla kayiplara yol acacagl tahmin

edilmektedir.

Cikar Catismasi: Yazarlar arasinda herhangi bir cikar
¢atismasi bulunmamaktadir.

Yazar Katkisi: Calisma, Mehmet Ertugrul GULDUR
tarafindan tasarlanmis ve Berfin KILING tarafindan
ylrittlmastir. Berfin KILINC makaleyi yazmis Murat
DIKILITAS makaleyi okuyup gerekli diizeltmelerde
bulunmustur.
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Calisma, Kahramanmaras Siit¢ii imam Universitesi, Ziraat Fakiiltesi, Bitki Koruma Bolimii
uygulama arazisinde 2021-2022 yillarinda yuritiImastir. Bu arastirmada tarla kiskitinin
(Cuscuta campestris Yunck.) bakla (Vicia faba L.)'nin fenolojik ve pomolojik 6zelliklerine
etkisi arastirilmistir. Bakla deneme alani tarla kiskati ile infekteli ve infektesiz olmak tizere
iki karakterli ve 4 tekrarli olarak tesadif bloklari deneme desenine gére planlanmistir.
Deneme alaninda verilerin iki yilhk ortalamasina gore; C. campestris yogunlugu 19.25
adet/m? olarak hesaplanmistir. C. campestris’in infeksiyonu sonucunda V. faba’nin
fenolojik 6zelliklerinden; bakla bitki boy gelisimini %71.79, c¢icek sayisini %62.16, dal
sayisint %57.90, V. faba hasat sayisini %55.56 ve bakla verimini %66.31 oraninda olumsuz
etkilemistir. V. faba’'nin pomolojik 6zelliklerinden; bakla meyve boyunu %42.52, bakla
meyve agirligini %31.47, meyve sayisini %76.80 oraninda olumsuz etkilemistir. Bu arastirma
sonucunda taze baklanin analiz sonucuna gore C. campestris infeksiyonu sonrasinda V. faba
meyve proteini, demir, karbonhidrat ve potasyum oranlarinda sirasiyla; %24.39, 21.60,
17.78 ve 2.27 azalisa neden olmustur. Bu arastirmada elde edilen sonuglara gore, C.
campestris infeksiyonun V. faba kiltir bitkisi icin dnemli bir tehdit oldugu tespit edilmistir.

Anahtar Kelimeler: Bakla (Vicia faba L.), tarla kiskit't (Cuscuta campestris Yunck.),
yogunluk, fenoloji ve pomoloji.

ABSTRACT

This study was carried out in the application area of Kahramanmaras Sutcli Imam
University, Faculty of Agriculture, Department of Plant Protection between 2021-2022. In
this study, the effect of field dodder (Cuscuta campestris Yunck.) on the phenological and
pomological properties of broad bean (Vicia faba L.) were investigated. The broad bean
trial area was planned according to a randomized trial design with 4 repetitions, with two
characters, infected and uninfected with field dodder. According to the two-year average
of the data in the trial area; C. campestris density was calculated as 19.25 units/m?2. As a
result of the infection of C. campestris, the phenological characteristics of V. faba; It
negatively affected the pod plant height growth by 71.79%, the number of flowers by
62.16%, the number of branches by 57.90%, the harvest number of V. faba by 55.56% and
the pod yield by 66.31%. From the pomological features of V. faba; It negatively affected
pod fruit length by 42.52%, pod fruit weight by 31.47%, and fruit number by 76.80%. As a
result of this research, according to the analysis results of fresh broad beans, after C.
campestris infection, V. faba fruit protein, iron, carbohydrate and potassium ratios were;
It caused a decrease of 24.39%, 21.60, 17.78 and 2.27%. The results obtained in this study
determined that C. campestris infection is a significant threat to the V. faba cultivar.

Key Words: Broad bean (Vicia faba L.), field dodder (Cuscuta campestris Yunck.),
density, phenology and pomology.
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Giris

Bakla (Vicia faba L.) Fabales takimi, Fabaceae
familyasi, Vicia cinsine ait, tek yillik ve diploid
yapida bir bitkidir. Bakla 6zellikle gida ve saglik
yoninden onem arz eden bir kuiltir bitkisidir
(Karakoy ve ark., 2015). Gida maddesi olarak;
protein, diyet lifi, nisasta, mineral ve vitamin
(Kutos 2003).
karbonhidrat icerigi %42-56 arasinda, seker orani
%3.1-7.1, nissata orani %41.2-52.7 ve lif orani %8-
13.8 arasinda bulunmaktadir (Reddy ve ark., 1984;
Peksen ve Artik, 2005; Anonim, 2020).

FAO verilerine goére 2019 vyilinda dinya
Ulkelerinde bakla ekim alani 2.577.201 ha, Uretim
miktari 5.431.503 ton ve tohum verimi ise 210.75
kg daVdir. Diinyada en fazla tiretim yapan ulke Cin

kaynagidir ve ark., Baklanin

olup, 873 bin ha alan ile birinci sirada vyer
almaktadir (Anonim, 2019a). TUIK verilerine gére
Tirkiye, 2020 yilinda toplam 4.3 bin ha’lik ekim
alanina sahiptir (Anonim, 2019b). Uretim agisindan
bakla; kuru fasulye, bezelye ve nohuttan sonra
Diinyada dordiincii, Avrupa’da ise ikinci sirada yer
Bakla,
baklagiller icerisinde ekilis alani ve Uretim miktar

almaktadir. Turkiye yemeklik tane

bakimindan dordincli sirada yer almaktadir.
Ulkemizin taze bakla tretim miktari 44.000 ton
cogunlukla Ege, Marmara ve Akdeniz

Bolgesinde yetistirilmektedir (Anonim, 2022a).

olup,

Baklagil vyetistiriciliginde sorun olan bircok
yabanci ot, hastalik ve zararli bulunmaktadir.
Yabanci otlar tir ve yogunluklarina bagh olarak
bakla
etkilemektedir.

verim ve kalitesini o6nemli oranda

Baklagil yetistiriciliginde sorun
olan monokotil, dikotil ve parazit yabanci otlar
blylik 6nem arz etmektedir (Kadioglu ve ark.,
1997). Bu yabanci otlar ile miicadele yapiimadigi
zaman ¢ok o©Onemli verim ve kalite kayiplarn
meydana gelmektedir (Ustiiner ve ark., 2019).
Kaltir bitkileri

yabanci ot tlrleri igerisinde yer alan tarla kiiskit’u

yetistiriciliginde sorun olan

tek basina 6nemli oranda verim ve kalite kaybina
kiskat’'a
familyasi bitki tirleriyle su ve suda erimis besin

neden olmugstur. Tarla Solanaceae

elementleri (N, P, K, Ca, Mg, Fe, Zn vb.) yoniinden
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rekabete girerek Dila biberinin hem vejetatif hem

de generatif gelisimini olumsuz etkilemistir
(Ustiiner, 2020).
Cuscuta campestris; Cuscuta cinsi,

Convolvulaceae familyasi, Solanales takimina ait
yillik ve tam parazit bir bitkidir. Tarla kuskit’d
tutundugu bitkinin etrafini sararak, giineslenme,
havalanma, gelisme ve blylme gibi fizyolojik
faaliyetlerine de engel olmasindan dolayr kdltir
bitkisini zayif ve gigsliz birakarak verim ve
kalitenin 6nemli 6lclide diismesine sebep olan tam
govde
olmadigindanklorofil igermez. Kiskut sahip oldugu

parazitdir. Kiskutin yapraklari
emecleri ile konakgi bitkilerden beslenmektedir
(Yuncker, 1932; Davis, 1978; Dawson, 1984; Fang
ve ark., 1995).

Davis (1978) tarafindan Turkiye’de 21 adet
Cuscuta taksonu bulundugu, Kahramanmaras’ta
ise 2 tariin dogal olarak vyayilis gosterdigi
bildirilmistir. Parazit olarak yasamasindan dolayi
kiltir bitkisinin gelisim bozukluguna, durmasina,
hatta oOlmesine sebep olur. Bitkilerin etrafini

sarmak suretiyle gelisme ve biylime gibi
1992).

Anadolu’da kultir alanlarinda bulunan kuskit

faaliyetlerine engel olur (Kadioglu,

turlerinin yayilislari ve konukgulari {zerinde
yapilan arastirma sonuglarina gore; kiltir bitkileri
Uzerinde parazit olarak yasayan 6nemli olan (¢
farkli kiiskGt ttrd (C. campestris, C. approximata ve
C. monogyna) saptanmistir. Bunlarin yaninda C.
arvensis'in de goruldigu ve konukgularinin ise
sekerpancari, sogan, yonca ve vyazlik sebzeler
oldugu tespit edilmistir (Nemli, 1986). Kuskut (C.
campestris) bitkilerin goévdesinde bulunan ve
yoncanin gelismesini engelleyip verimini distiren
sorunlardan biridir (Uygur, 1991;
1993). Anadolu’da C

campestris’in 55 konukgusu saptanmis, ¢ogunlukla

en Onemli

Kondap ve Kumar,
otsu olan bitkilerden 27’sinin tarim bitkisi oldugu
anlasiimistir. Bu tdriin en yaygin olarak bulundugu
tur ise Beta vulgaris L. olmustur. Bunu Medicago
sativa L., Trifolium spp., Vicia faba L., C. annuum L.,
Allium cepa L., Daucus carota L., Pimpienella anisum
L., Carum carvi L., Nicotiana tabacum L., Vicia sativa

L., Solanum melongena L., Cicer arietinum L.,
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Asparagus officinalis L., Vitis vinifera L., Cucumis
melo L., Solanum tuberosum L., Lycopersicon
esculentum Mill., Helianthus annuus L. ve bazi sis
bitkilerinin oldugu degisik calismalarda bildirilmistir
(Nemli, 1978; Parker ve Riches, 1993; Dawson ve
ark., 1994; Kadioglu ve ark., 1997; Ustiiner ve
Oztiirk, 2018; Cakir ve Ustiiner, 2019; Ustiiner ve
Dal, 2019; Kaya ve Uremis, 2019; Ozkil ve ark.,
2019; Dal ve Ustiiner, 2020). Yildinm ve Tepe
(2014), Van'daki

kiskatd (C. approximata) yogunlugu 38 stirglin m-

yonca alanlarindaki yonca
2 olarak bildirmistir.

Baklagiller kuskite duyarlliklari bakimindan
spp.),
Hindistan'daki Cin kiiskitline (C. chinensis) ve tarla
kiskatd (C. campestris)’'ne karsi direngli olarak

farkhlik gosterir. Fasulye (Phaseolus

belirlenmis, ancak Fransa'da C. lupuliformis'e
duyarli oldugu bildirilmistir (Rao ve Reddy, 1987;
Nemli, 1986; Liu ve ark., 1991).

Cuscuta campestris tam parazit bir tlr oldugu
icin tutundugu konukgu bitkinin su ve besinine
ortak olarak verimi disiiriir. infekte ettigi bitkilerin
zayiflamasina, bodurlagsmasina, meyve tutumunun
engellenmesine veya tamamen 6limiine neden
olabilmektedir (Ustiiner, 2018; Ustiiner, 2020;
Ustliner ve Aksoy, 2021; Ustiiner, 2022;). Ayrica,
kiskatin virGs tasiyicisi oldugu da bildirilmistir

(Hull, 2002; Jayasinghe ve ark., 2004). Konukgu

bitkileri infekte eden tarla kiskiti, %100'e varan
verim kayiplariolusturabilmektedir (Dorr, 1987,
Mishra, 2009).

Diinyada ve Tirkiye’de bugline kadar tarla
kiskiat (C. campestris)’inin bakla (V. faba)
fenolojik ve pomolojik 6zelliklerine etkisi ile ilgili
bir arastirmaya rastlanilamamistir. Bu nedenle
yapilan  galismanin Kahramanmaras
kosullarinda tarla kiskut’inin bakla fenolojik ve

pomolojik 6zelliklerine etkisinin arastirilmasidir.

amaci;

Materyal ve Yontem

Materyaller

Bu arastirmanin materyalleri; Bakla (V. faba) ve
tarla kuskiut (C. campestris) ‘G tohumundan
(Sekil 1). Kaskut
dormansiyi kirmak igin 3 dk stireyle %1 Sulfirik asit

olusmustur tohumunda
(H2S04) solisyonunda tutulmustur (Ustuner ve
Cakir, 2018). Ayni zamanda bakla’da olusabilecek
mono ve dikotil yabanci otlarin zararini 6nlemek
amaciyla el capasi kullanilmistir (Sekil 2).

Bakla tohumlari sekil, renk ve buylklikleri
cesitlere gbre buylk farkhlik
Cok kiiclik daneli olanlarin
yaninda ¢ok iri olanlara da rastlanir. Tohumlarin

bakimindan
gostermektedir.

renkleri esmerimsi, yesilimsi, sarimsi ve beyazimsi
olabilir.

Sekil 1. Vicia faba ve Cuscuta campestris tohumlarin genel gériinimi (Orijinal)

Figure 1. General view of Vicia faba and field dodder seeds (Original)
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B ) - AW
Sekil 2. infektesiz bakla fide parsellerinde el ¢apa

uygulamasi (Orijinal)
Figure 2. Hand hoeing in uninfected bean seedling plots (Original)

Bakla Ekolojik Ozellikleri bezelyeye nazaran soguklara biraz daha
dayaniklidir. Bakla, tohumlarinin ¢imlenip bitkinin
Deneme alanin iklim 6zellikleri toprak yiizeyine ciktigi ilk dénemde -4 ve -6 °C

Kahramanmaras ili, Ttrkiye’nin Dogu Akdeniz g cakliklara dayanabilir.
Bolgesinde 38°.02" ve 38°.24’ kuzey enlemi, 36°.48’
ve 36°.91 dogu boylaminda yer alan ve 558 m’lik Deneme alanin toprak ézellikleri
rakima sahiptir. Bu ilin merkezi Akdeniz iklimine Deneme alani toprak analizleri KSU, Ziraat
sahiptir. Vejetasyon suresi uzun (120-200 giin)  Fakiiltesi, Toprak Bilimi ve Bitki Besleme b&lim

olmasina karsin sicaklik istegi dusuktdr. Iiman  |aporatuvarinda yapilmistir. Toprak ozellikleri
iklim bitkisi 0|up, bértﬂce, fasulye ve Cizelge 1’de VerilmiStir.

Cizelge 1. Deneme alanin toprak analiz degerleri
Table 1. Soil analysis values of the trial area

Toprak icerigi (Alinabilir)/ Soil content (Available) Oran/ Rate
pH/pH 6.95
Toplam Tuz/ Total Salt (%) 0.18
Kireg/ Lime (%) 7.85
Organik Madde/ Organic Matter (%) 3.89
P (mg kg?) 6.99
K (mgkg?) 210
Ca (mg kg?) 11200
Mg (mg kgt) 648
Na (mg kg?) 36.5
Fe (mg kg?) 6.1
Zn (mg kg) 0.3
Cu (mg kg?) 0.85
Mn (mg kg?) 7.40
Ni (mg kg™?) 1.25
Blinye/ Structure Killi

Kum/Sand (%)
Silt/Silt (%)
Kil/ Clay (%)

Kiiskiit (C. campestris Yunc.) Tanimi ve Biyolojisi tarafindan  Convolvulceae familyasina  dabhil
Kuskit, Cuscuta cinsi ve Cuscutaceae  edilmektedir. Bitki turuncu-sarimsi renkli, ipliksi ve
familyasinda yer alan tam parazit bir bitkidir  yapraksiz govdelidir. Kiskit govdesi ikiye
(Yuncker, 1932). Ancak bitki bazi arastirmacilar dallanarak gelisme gostermektedir.
598
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Turuncu govde Ulizerinde cigekleri kiguk olup
kimos ¢icek durumunda olup salkim halinde
cicekler acmaktadir. Cicekler 2-3 mm boyunda,
pedisel (cicek sapi), cicek boyundan kisa, cicekler
kompakt cicek topluluklarinda toplanmistir. Kapsul
3.0-3.5 mm ¢apinda basik yuvarlak sekillidir.
Meyve kapsili icerisinde sarimsi-turuncu renkte
daha sert kabuklu tohumlar bulunur (Lawrence,
1965).

Kiskat'n yasam dongusl, tohum cimlenme
evresi, konukcuya tutunmadan Onceki evre ve

Haustorium olwyumu

Topraktan clsalenssesd

Kiiskiir siirgiislerinde laive dallanma

Baklada C. campestris yasam dongiisii

parazitik evre konukgu Uzerindeki gelisimi olmak
Uzere 3 evrede gorilur (Sekil 3). Kuskit govdesi
konukgu bulup tutunursa yasamini
Kiskatiin  govde ucu saat

surdirdr,
tutunamazsa olir.
ibresinin aksi yoniinde hareket ederek ulastigi
konukguya sarilir (Sekil 3). Boylece konukgusundan
icin gerekli su, organik ve inorganik

yasami
maddeleri alir (Nemli, 1978; Agrios, 2005; Lanini ve
Kogan, 2005).

Ceek

. e o=

C. campesiris tohuma

Sekil 3.Tarla kiiskut’'in (C. campestris ) bakla tizerinde yasam donguisu (Orijinal)
Figure 3.The life cycle of field dodder (C. campestris) on broad bean (Original

Yontem

Calisma; Kahramanmaras  Sitci  imam
Universitesi, Ziraat Fakdltesi, Bitki Koruma Bdlimii
uygulama arazisinde 2021 ve 2022 yillarinda
yapilmigtir. Arastirmada bakla deneme deseni;
Tesadif  bloklari gore

planlanmistir. Deneme deseni 4 blok ve her blokta

deneme desenine
2 parsel (infekteli ve infektesiz) olusturulmustur.
Parsel boyu 5 m eni ise 4 m olarak kurulmustur.
Parseller arasinda 1 m, bloklar arasinda ise 2 m
kenar tesir payi birakilmistir. Her parselde baklalar
4 sira ve sira arasi mesafe 25 cm sira lzeriise 5 cm
olacak sekilde ekilmistir. Bakla ekimi siraya ve
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20 kg da' hesabiyla 04.01.2021 ve 05.01.2022
tarihlerinde  yapilmistir.  Bakla ¢imlenmeleri
05.02.2021 ve 07.02.2022 tarihlerinde gorilmeye
baglanmistir.

Bakla deneme alaninda iki karakter olup tarla
kiiskiit (C. campestris) ile infekteli ve infektesiz
parsellerden olusmustur. Datalarin iki yilhk
ortalamasi alinmstir.

C. campestris 11 Nisan 2021 ve 13 Nisan 2022
tarihinde toprak ylizeyine c¢ikmaya baslamistir.
Cikistan hemen sonra konak bitki govde ve
yapraklarina ulasmadan 6nce birinci el ¢apa ve el
ile yolma uygulamasi 15.04.2021 ve 2022, ikinci

uygulama 30.04.2021 ve 2022, lglincl uygulama
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15.05.2021 ve 2022, dordincli uygulama
15.06.2021 ve 2022 tarihlerinde vyapilmistir.
donemi bakla

Boylece vejetasyon boyunca

infektesiz olarak gelismesini stirdiirmustur.

Cuscuta campestris yogunlugu

Bakla deneme parsellerinde kiiskiit yogunlugu;
1 mZlik alanda kuskut ile infekteli bakla dal sayisi
Uzerinden hesaplanmistir. Yabanci ot yogunlugu
ise asagidaki formdl ile hesaplanmistir (Glincan,
2001).
Yogunluk=B/n
-B= Alinan Ornekte toplam birey sayisi, -n= Alinan
ornek sayisi

Yabanci otlardan, dar vyaprakhlarda kardes
sayisl, genis yapraklilarda birey sayisi ve tarla
kiiskut’a ile infekteli bakla dal sayilari belirlenerek
sayim yapilmistir (Giincan, 2001; Ustiiner, 2018;
Ustiiner ve Oztiirk, 2018).

Bakla kiskat

yogunlugu Ustiiner (2018)’in kullandigi 1-5 élgegi

yetistiriciliginde sorun olan

esas alinarak belirlenmistir.

Bunun icin asagida verilen Olgltlere gore
arazide gozleme dayali  degerlendirmeler
yapilmistir:

(1) Kuskat yok,
(2) Az bulasik (baklalar saglikh ve verim kaybi
gbzlenmiyor)
(3) Orta seviyede bulasik (baklalarda gozle gorilar
bir zarar baslamis)
(4) Bulasik (baklalarda 6nemli Olglide verim kaybi
var)
(5) Cok bulasik (baklalar 6lmis)
Ustiliner ve Giincan (2002) tarafindan yabanci ot
yogunluk skalasi kullaniimistir.
Yogunluk skalasi;
A. Cok yogun (bitki ortalamasi >10)
B. Yogun (bitki ortalamasi 1-10 arasi)
C. Orta yogun (bitki ortalamasi 0.1-1 arasi)
D. Az yogun (bitki ortalamasi 0.01-0.1 arasi)
E. Nadir rastlanan (bitki ortalamasi 0.01 den az)

Cuscuta campestris’in V. faba’nin bazi fenolojik ve
pomolojik 6zeliklerine etkisi

Bakla bitki boyuna etkisi (cm)

600

Bu arastirmada 1 m? alanda C. campestris ile
infekteli ve infektesiz V. faba’da bakla bitki boyu
metre ile Olgilmustlr. Daha sonra her bir infekteli
ve infektesiz bakla bitki boyu ortalamasi alinmistir.

Bakla cicek sayisina etkisi (adet)

Bu arastirmada 1 m? alanda C. campestris ile
infekteli ve infektesiz V. faba’da cicek sayilari
hesaplanmistir. Daha sonra her bir infekteli ve
bakla bitkisinde
ortalamasi alinmstir.

infektesiz cicek  sayisinin

Bakla dal sayisina etkisi (adet)

Bu calismada 1 m? alanda C. campestris ile
infekteli ve infektesiz V. faba’da dal sayilari
hesaplanmistir. Daha sonra her bir infekteli ve
infektesiz bakla bitkisinde dal sayisinin ortalamasi
alinmstir.

Bakla hasat sayisina etkisi (adet)

infekteli
infektesiz V. faba’da baklalar hasat blyikligine
Bakla
vejetasyon sliresinin ilk hasattan son hasada kadar

Arastirmada C. campestris ile ve

geldiginde hasat edilerek kayit edilmistir.

yapilan hasat sayilari kayit edilerek toplam hasat
sayisi belirlenmistir.

Bakla verimine etkisi (kg da)

Bakla deneme alaninda infekteli ve infektesiz
her uygulamadan 1m? alanda hasat edilen taze
bakla meyvesi tartilarak ortalama verim miktari
hesaplanmistir. Verim miktari oranti formillyle
dekar Gizerinden hesaplanmistir.

Bakla meyve sayisina etkisi (adet)

Calismada 1 m? alanda C. campestris ile infekteli
V. faba’da
hesaplanmistir. Daha sonra her bir infekteli ve
bakla bitkisinde
ortalamasi alinmistir.

ve infektesiz meyve sayilari

infektesiz meyve sayisinin

Bakla meyve boyuna etkisi (cm)

Bu calismada 1 m? alanda C. campestris ile
infekteli ve infektesiz V. faba’da bakla meyve boyu
cetvel ile dlgllmustlr. Daha sonra her bir infekteli
infektesiz bakla

ve bitkisinde meyve boyu
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ortalamasi alinmistir.

Bakla meyve agirligina etkisi (g)

Bu calismada 1 m? alanda C. campestris ile
infekteli ve infektesiz V. faba’da bakla meyve
agirhgl hassas terazi ile 6lglilmiistir. Daha sonra
her bir infekteli ve infektesiz bakla bitkisinde
meyve agirligl ortalamasi alinmistir.

Glibreleme
Bakla ekim esnasinda DAP giibresi 4 kg da*
hesabiyla  uygulanmistir.  Bakla ¢iceklenme

evresinde fosfor ve potasyum 4 kg da* hesabiyla
uygulanmistir. ikinci uygulama ayni miktarlarda
ciceklenme déneminde

devam eden

uygulanmistir.

Bakla meyve analizi
Taze bakla meyvesinde alinan numunelerin
Kahramanmaras Sitcii imam Universitesi, USKiM

analiz laboratuvarinda Protein analizi Kjeldahl
iGi

metoduna gore digerleri ise Laboratuvar
metoda gore analizleri yapiimistir.

\» R
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Sekil 4. C. campestris ile cok yogun infekte

/ N A
R sl

li V. faba (Orijinal)

Istatistiksel analiz

Calisma sonunda elde edilen verilerin
istatistiksel degerlendirilmesi SPSS paket programi
(SPSS) ile yapilmistir. Bu verilerde (n = 10), sonuglar
Uzerine parametrelerin Independent T testi ile
yapimis

farkhliklar hesaplanmistir.

analizi ve ortalamalar arasindaki

Arastirma Bulgulari ve Tartisma

Cuscuta campestris yogunlugu

Bakla deneme alaninda C. campestris ile
infekteli ve infektesiz bakla dal sayisinin iki yillik
ortalamasi hesaplanmistir. Bakla deneme alaninda
infektesiz bakla parsellerinde el capa ve el ile
yolma yoOntemi uygulanarak C. campestris
yogunlugunun 0.00 adet m=2 olmasi saglanmistir.
infekteli parsellerde ise C. campestris yogunlugu
19.25 adet m? olarak hesaplanmis ve yogunluk
skalasina gore degerlendirildiginde ¢ok yogun

oldugu tespit edilmistir (Sekil 4, Cizelge 2).

Figure 4. V. faba heavily infected with C. campestris (Original)

Cizelge 2. Cuscuta campestris’in yillara gére yogunlugu
Table 2. Density of Cuscuta campestris according to years

Yillar 2021 2022
Karakterler infekteli infektesiz infekteli infektesiz
T1 18.50 0.00 19.25 0.00
T2 18.25 0.00 18.75 0.00
T3 19.00 0.00 21.00 0.00
T4 19.25 0.00 20.00 0.00
Yillik ortalama 18.75 0.00 19.75 0.00
Genel ortalam 19.25 0.00

C. campestris’in V. faba’nin bazi fenolojik ve
pomolojik ézeliklerine etkisi

Vicia faba’nin C. campestris ile infekte edildiginde
bazi fenolojik ve pomolojik 6zelliklerine etkileri

601

arastinilmistir. Bunlar;

Bakla bitki boyuna etkisi (cm)
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Bu arastirmada iki yilhk ortalama sonuca goére C.
campestris ile infekteli V. faba da bitki boyu 19.80

olmustur. Tarla kiskat'a bakla bitkisinin en alt
dallarindan slirglin  ucuna kadar tamamen

cm iken infektesiz V. faba da 70.20 cm olarak  sarmistir.
hesaplanmistir (Sekil 5). C. campestris gelisimi V.

faba Gzerinde hem yatay hem de dikey ve hizli

= ) A > ~ M

Sekil 5. C. campestris ile infektesiz V. faba bitkisi ve infekteli bitki (Orijinal)
Figure 5. C. campestris uninfected V. faba plant and infected plant (Original)

Cuscuta campestris bakla bitki boy gelisimini Bakla ¢igcek sayisina etkisi (adet)

%71.79 oraninda engellemistir. Tarla kiskata Cuscuta campestris ile infekteli V. faba’da cicek
baklanin fenolojik 6zelliklerini 6nemli oranda sayisi 4.97 adet iken infektesiz baklada ¢icek sayisi
15.0 adet bitki* hesaplanmistir (Sekil 6, Cizelge 3).
Tarla kiskit'd  bakla ¢icek sayisinda %62.16

oraninda azalmaya neden olmustur.

olumsuz etkilemistir (Cizelge 3).

Cizelge 3. C. campestris’in V. faba fenolojik 6zelliklerine etkisi
Table 3. The effect of C. campestris on the phenological characteristics of V. faba

V. faba Fenolojisi infekteli infektesiz t ve P degerleri
V. faba Phenology Infected Uninfected t and P values
t=103.60, df:18, P<0.001
Bitki Boyu (cm)/ Plant Height (cm) 19.80+0.42 70.20£0.75
t=19.08, df:18, P<0.001
Cicek sayisi (adet)/ Number of flowers (pcs) 4.97+0.12 15.00+0.14 ’ ’
1=8.79, df:18, P<0.001
Dal sayisi (adet)/ Number of branches (pcs) 1.5240.25 4.30£0.53
t=11.40, df:18, P<0.001
Hasat sayisi (adet)/ Number of harvest (pcs) 4.00+0.0 9.00+0.0 ! ’
t=36037.66, df:18,
Verim miktari (kg/da)/ Yield amount (kg/da) 549.30+1.23 1630.40+1.75

P<0.001
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Sekil 6. V. faba gicekleri (Orijinal)

Figure 6. Flowers of V. faba (Original)

Bakla dal sayisina etkisi (adet)

Cuscuta campestris ile infekteli V. faba’da dal
sayisi 1.52 adet iken infektesiz baklada dal sayisi
4.30 adet bitki* hesaplanmistir (Cizelge 3 ). Tarla
kiskut’d bakla dal sayisinda %57.90 oraninda
azalmaya neden olmustur.

Bakla hasat sayisina etkisi (adet)

Bu arastirmada C. campestris ile infekteli V.
faba’da ilk hasad 10.05.2022 tarihinde ikinci hasad
25.05.2022, lg¢linct hasad 10.06.2022, dordinci
hasad 25.06.2022 tarihinde yapilmis olup toplam 4
kez hasad yapilmistir. C. campestris ile infektesiz V.
faba’dailk hasadi 06.05.2022 tarihinde ikinci hasad
10.05.2022, Gginci hasad 15.05.2022, dordinci
hasad 20.05.2022, besinci hasad 25.05.2022,
altinci hasad 30.05.2022, yedinci hasad 05.06.2022

ve sekizinci hasad 10.06.2022, dokuzuncu hasad
15.06.2022 tarihinde yapilmis ve toplam 9 kez
hasad yapilmistir. C. campestris V. faba hasat
sayisina %55.56 oraninda negatif etki yapmistir.

Bakla verimine etkisi (kg da*)

Bu arastirmada C. campestris ile infekteli V.
faba’da dekara verim 549.3 kg iken infektesiz
parsellerde ise 1630.4 kg hesaplanmistir (Sekil 7).
Tarla kiskut’t bakla verimini %66.31 oraninda
azaltmistir.

~__

Sekil 7. Tarla kiskit emeglerin iletim demetine penetrasyonu, bakla meyve yiizeyine tutunmasi, bakla dal ve

yapraklara infeksiyonu (Orijinal)

Figure 7. Penetration of field dodder haustorims into the vascular bundle, attachment to the pod fruit surface,
infection to pods and leaves (Original)

Tarla kiskit’t bakla verimini olumsuz etkiledigi
gibi bitki vejetasyon siiresini de kisaltmis ve erken
donemde bitki 6limiine neden olmustur (Sekil 8).
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i ) A T 5
Sekil 8. C. campestris ile infekteli V. faba bitkisinin kurumasi (Orijinal)
Figure 8. Drying of V. faba plant infected with C. campestris (Original)

Bakla meyve sayisina etkisi (adet) meyve sayisi 4.50 adet bitki " iken infektesiz
Cuscuta campestris ile infekteli V. faba’da baklada meyve sayisi 19.40 adet bitki* olarak
hesaplanmistir (Sekil 9 ).

Sekil 9. Bakla meyvesinin genel gériinimi (Orijinal)
Figure 9. General View of broad bean fruit (Original)

ile  azaltmistir. Tarla kuskit’a bakla meyve sayisinda

Tarla kuskut’d tek basina bakla bitkisi
%76.80 oraninda azalmaya neden olmustur

rekabette 6nemli Ustlinlik saglayarak bakla meyve
tutum oranini da 6nemli oranda (Cizelge 4).

Cizelge 4. C. campestris’in V. faba pomolojik 6zelliklerine etkisi
Table 4. The effect of C. campestris on the pomological properties of V. faba

V. faba Pomolojisi infekteli infektesiz t ve P degerleri
V. faba Pomology Infected Uninfected t and P values
t=16.99, df:18,
Meyve sayisi (adet)/ Number of fruits (pcs) 4.50+0.13 19.40+0.16 P<0 601
t=26.11, df:18
Bakla meyve boyu (cm)/ pod fruit size (cm) 8.13+0.11 14.30+0.15 ! ’
P<0.001
t=13.23, df:18,
Bakla meyve agirhgi (g)/ Pod fruit weight (g)  8.3110.12 12.90+0.17
P<0.001
Bakla meyve boyuna etkisi (cm) bakla meyve boyunda %42.52 oraninda geligimi

Bu arastirma sonucuna gore C. campestris ile engellemistir.
infekteli V. faba da bakla meyve boyu ortalamasi
8.13 cm iken infektesiz V. faba da ise 14.30 cm
olarak hesaplanmistir (Sekil 10). C. campestris
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Sekil 10. C. campestris ile infekteli V. faba meyvesi ve infektesiz meyve (Orijinal)

L
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Figure 10. C. campestris-infected V. faba fruit and uninfected fruit (Original)

Bakla meyve agirligina etkisi (g)
Bu arastirmada C. campestris ile infekteli V.
faba da bakla meyve agirligi 8.31 g iken infektesiz

meyve agirhigl 12.90 g hesaplanmistir (Sekil 11). C.
bakla %31.47
oraninda negatif etki yapmistir.

campestris meyve agirhigina

Sekil 11. C. campestris ile infekteli V. faba meyvesi (Orijinal)
Figure 11. Fruit of V. faba infected with C. campestris (Original)

Bakla meyve analizi

Cuscuta campestris bakla siirglin ve yapraklarin
ylzeyinden sarilarak stirglin ve yapraklarda baski
olusturmus haustoriumlari vasitasiyla da bakla’nin
besin elementlerini absorbe ederek bitki gelisimini
onemli oranda engellemistir. Taze baklanin analiz

Cizelge 5. Taze bakla meyve besin elementi analiz sonuglari
Table 5. Results of fresh broad bean fruit nutrient analysis

sonucuna gore C. campestris, V. faba meyve
protein, demir, karbonhidrat ve potasyum
elementlerinde sirasiyla; %24.39, 21.60, 17.78 ve
2.27 oranlarinda azalmaya neden olmustur

(Cizelge 5).

Besin elementleri/ Nutrients

Analiz Sonucu/ Analysis result

Analiz Metodu/ Analysis Method

Protein (infekteli)/ Protein (Infected)
Demir (infekteli)/ Iron (Infected)
Karbonhidrat/ (infekteli) Carbohydrate
(Infected)
Potasyum
(Infected)
Protein (infektesiz)/ Protein (Uninfected)
Demir (infektesiz)/ Iron (Uninfected)
Karbonhidrat (infektesiz)/ Carbohydrate
(Uninfected)
Potasyum
(Uninfected)

(infekteli)/ Potassium

(infektesiz)/  Potassium

31g Kjeldahl metodu
0.98 mg Laboratuvar ici metod
37¢g Laboratuvar i¢i metod
301 mg Laboratuvar ici metod
41¢g Kjeldahl metodu
1.25mg Laboratuvar i¢i metod
450¢g Laboratuvar ici metod
308 mg Laboratuvar ici metod

Kahramanmaras ilinde yapilan bu arastirmada
tarla kiskut (C. campestris) tohumlari ilk yil 11
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campestris ¢imlenme tarihi llkemizde vyapilan
calismalardan Tamer ve Nemli (2012) hava sicakhgi
15.5 °C’de ¢cimlenmenin gériildigi, Ustiiner (2020)
ise Kahramanmarasilinde 15-25 °C’de araliginda ilk
cimlenmenin goruldigind bildirmistir. Calismalar
arasinda benzerlik bulunmaktadir.

Bu C.
yogunluk skalasina gore ¢ok yogun

¢calismada campestris  yogunlugu,
olarak
hesaplanmisolup elde edilen bulgulara gore; C.
campestris’in infeksiyonu sonucunda V. faba'nin
fenolojik ozelliklerinden; bakla bitki boy gelisimi
%71.79, cicek sayisi %62.16, dal sayisi %57.90, V.
faba hasat sayisi %55.56 ve bakla verimi %66.31
V. faba’'nin

bakla meyve boyu

oraninda olumsuz etkilenmistir.
pomolojik 0Ozelliklerinden;
%42.52, bakla meyve agirligi %31.47 ve meyve
sayisl %76.80 oraninda negatif etkilenmistir.
Ustiner (2020) tarafindan Kahramanmaras

ilinde yapilan arastirmada C. campestris ile
infekteli Dila biberi ciceklenme oraninda % 7.5
azalisa neden oldugu bildirilmistir. C. campestris ile
infekteli biber meyve boyu %2.2, meyve eni %0.4
gelisimi engellenmistir. C. campestris biber dal ve
govdesinde olusturdugu emecler vasitasiyla
konukgusunun besin elementlerini kullanmistir
(Ustiiner, 2020). Yapilan diger arastirmalarda C.
campestris ile infektesiz bakla meyve boyu
Terzopoulos ve ark. (2003) 5-14 cm, Giivencg (2022)
10.68-14.70 cm, Kog¢ ve Orak, (2016) 9-17 cm
arasinda degistigini bildirmistir.

Cuscuta campestris ile infekteli biberde bitki
%7.71’lik

hesaplanmistir

boyunda azalisa  sebep
2020). Bu
yapilmis diger arastirmalarda C. campestris ile
infektesiz bakla bitki boyu Genckan (1983) 40-120
cm, Sehirali (1988) 42-150 cm, Sepetoglu (1992)
20-200 cm arasinda, Alan ve Geren (2006) kisa
boylu cesitler 37.86-50.13 cm arasinda uzun boylu
79.4-130.1

bildirilmistir.

oldugu

(Ustiiner, konuda

cesitler cm arasinda  degistigi

Turkiye’de vyapilan calismalarda; Cuscuta
spp.’nin neden oldugu urin kaybi %20-57 arasinda
%91’e kadar da ¢ikabildigi

belirlenmistir (Nemli ve Ongen, 1982). Ustiiner ve

degistigi ancak

Oztiirk (2018) Kahramanmaras ilinde kiskiitli ve
kiiskitsiiz seker pancari parsellerinde sirasiyla; kok
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verimi 57.4 ve 83.1 t ha'l, yaprak verimi 18.4 ve
32.9 t hal, antilmis seker verimi 8.2 ve 12.4 t ha
olarak bulunmustur. Bu ¢alisma sonucuna goére C.
campestris seker pancari verim ve kalitesini dnemli
oranda disirmustiir. Cakir ve Ustiiner (2019)
tarafindan yapilan arastirmada C. campestris'in
mercimek verim ve Kkalitesini 6nemli oranda
etkiledigi bildirilmistir. Ustiiner (2020) tarafindan
yapilan arastirma sonuclarina gore, C. campestris
ile infekteli biberde meyve agirhgr %1.12 g azalis
Bu yapimis
arastirmalarda kiskit ile infektesiz baklanin g
cesidiyle yapilan arastirmada bakla meyve agirligi
13.3-24.9 g arasinda degismistir (Glveng, 2022),
kisktut ile infektesiz diger arastirmalarda
Saglamtimur ve ark, (1990) bakla verimi 800-1800
kg da! arasinda, Manga ve ark. (1995) 1000-1500
kg da!, Peksen ve Artik (2005) 897.48-1620.33 kg
da arasinda oldugunu bildirmistir. Diger tilkelerde

gostermistir. konuda diger

tarla kiskit’Gnin verim kaybi ile ilgili yapilan
arastirmalarda ise; Lanini (2004), tarla kiskit’ Gnin
domateste % 75, Bewick ve ark., (1988) havucta %
70-90, (2005)

pentagona’nin % 50-75,
alanlarinda % 50, havug alanlarinda ise % 70-90,
Mishra ve ark., (2007) Guizotia abyssinica’da % 86,
Phaseolus radiatus’da % 82, Sesamum orientale’de
% 67, Cajanus cajan’da % 25, Mishra (2009) kirmizi
biberde % 60-65, domateste % 72, nohutta % 86,
yoncada % 60-70 ve mercimekte % 87 oraninda

Lanini  ve Kogan, Cuscuta

domateste yonca

verim kaybi tespit etmislerdir.

Bu arastirmada taze baklanin analiz sonucuna
gore C. campestris infeksiyonu sonrasinda V. faba
meyve protein elementinde %24.39, demir
%21.60, karbonhidrat %17.78 ve potasyum’da
%2.27 azalmaya neden oldugu belirlenmistir. Tarla
kiskat’G gelisimi icin konak bitkisinin protein,
karbonhidrat
elementlerini degisen oranlarda kullandig tespit

demir, ve potasyum besin
edilmistir. C. campestris ile infektesiz baklanin 100
440 g
karbonhidrat 3.60 g protein, 305 mg potasyum
bulunmaktadir (Anonim, 2020; 2022b). infektesiz
bakla gesitleri arasinda en yuksek protein orani
Sevilla ¢esidinde (%19.92)

da

graminda vyaklasik 1.10 mg demir,

belirlenmistir. Yillar

arasinda onemli farklihiklarin  belirlendigi
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karakterde, ikinci yila ait protein orani (%19.48),
birinci yildan (%18.42) daha yilksek oldugu da
dikkati cekmistir (Heinzmann, 1981; Sehirali, 1988;
Cevheri ve Avcioglu, 2004). infektesiz baklada elde
edilen bulgular ile 6nceki literatirler arasinda
infekteli baklada elde
edilen sayisal degerlerin infektesiz bitkilerden
disliik olmasi tarla kiskitin’den
dislintlmektedir.

benzerlik goéralmistar.

ileri geldigi

Bu calisma sonucu ile Ulkemizde ve diger
Ulkelerde yapilan ¢alisma sonuglari genel anlamda
benzerlik gosterirken sayisal olarak degiskenlik
C.
cimlenme zamani, C. campestris yogunlugu, kilttr

gostermistir.  Bunun nedeni campestris

bitkilerin farklihgi, infeksiyon dénemi, rakim, iklim

ve toprak faktorlerin  farkliik gdstermesi
olabilecegi degerlendirilmektedir.

Sonug¢

Kahramanmaras kosullarinda ylritilen

deneme alaninda verilerin iki yillik ortalama
sonuclarina gore; C. campestris Nisan ayinin ilk
haftasinda itibaren hava sicakhiginin 12-14 °C
Uzerine c¢iktigi zamanda c¢imlenmeye basladig
gozlenmistir.

Cuscuta campestris’in infeksiyonu sonucunda V.
faba’'nin arastirilan fenolojik 6zelliklerinden; bakla
bitki boy gelisimini, ¢icek sayisini, dal sayisini, V.
faba hasat sayisini ve bakla verimini %71.79-55.56
arasl degisen oranlarda olumsuz etkilemistir. V.
faba’'nin pomolojik 6zelliklerinden; bakla meyve
boyunu, bakla meyve agirlhigini, meyve sayisini
%76.80-%31.47 arasi degisen oranlarda negatif
etkilemistir. Bu sayisal degerlerin istatistiki analizi
sonucunda C. campestris’in infksiyonu neticesinde
V. faba’'nin arastirlan fenolojik ve pomolojik
ozelliklerine olumsuz etkinin 6nemli oldugu tespit

edilmistir.
Tarla kaskatd baklanin igerdigi bazi besin
elementlerini  kendi gelisimi i¢in kullandigi

gdzlenmistir. infekteli bakladan elde edilen besin
elementi sayisal degerlerin infektesiz baklaya gore
disuk olmasi, tarla kiiskatindn gelisimi igin konak
besin elementlerini degisen oranlarda kullandigini
gostermistir.
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Cuscuta campestris
faba’'da
evresinde

infeksiyonu sonucu V.
bakla fide
kuruma gigek
evresinde bodurluk, gilines 1sigini engelleyerek

olusturdugu
yapraklarda

simptomlar;
Once

bitkinin zayif kalmasi, meyve tutumunda azalma ve
bakla vejetasyon siresini kisaltmadir. Bakla bircok
kilthr bitkisinin aksine gulgli kok sitemi ve hizl
bliyime o0Ozelliginde olmasina ragmen erken
evrede infekte oldugunda gelismenin 6nemli
oranda durdugu ve bitki 6liminin gerceklestigi
gozlenmistir.

C.

campestris’in yogunluga bagl olarak V. faba igin

Bu arastirmada elde edilen sonuglar,

onemli bir tehdit oldugunu géstermistir.

Tesekkiir
Bu proje (2022/3-36 LAP), KSU Bilimsel
Arastirma Projeleri Yonetim birimince

desteklendigi icin tesekkir ederim.

Cikar gatismasi
Makale vyazari herhangi bir g¢ikar c¢atismasi
olmadigini beyan eder.
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Bitki yetistiriciliginde makro bitki besin elementi olan fosfor (P) bitki gelisiminde 6nemli bir
besin kaynagidir. Topraklarda yeterli P olmasina karsin bitkinin bu P’dan faydalanamadigi
durumlar bitki gelisiminin kisitlanmasina neden olmaktadir. Bu amagla alinabilir P
problemleri olan agir biinyeli iki toprakta g¢alisma yapilmistir. Topraktan kireg, organik
madde ve demir oksitler uzaklastirilarak P fraksiyonlarina etkileri takip edilmistir. Organik
madde giderme islemi (OG) igin topraga %30’luk H,0; ilave edilerek 1sitma islemi yapilmis
fazla H,0, yikanarak uzaklastiriimistir. Kire¢ giderme islemi (KG) islemi icin topraga 1.0 N
HCI ¢ozeltisi ilave edilmis, kabarma tamamlandiginda toprak ylzeyindeki su yikanarak
sifonlanmistir. Kireg, organik madde ve demir giderme islemi (KODG) igin toprak izerine 0.5
M NaHCOs, 0.3 M Na3CgHs07 ¢Ozeltisi ve Na-dithionite ilave edilerek su banyosunda isitilip,
buharlastirilmis, renk beyazlasincaya kadar isleme devam edilmistir. Her iki toprak igin tek
tek ve ardisik bilesen uzaklastirma islemi yapilarak OG, KG, Kireg ve organik madde giderme
islemi (KOG) ile KODG konulari olusturulmustur. Farkli 6n islemlerden gegirilerek toprak
bilesenleri uzaklastiriimis topraklarin P-adsorpsiyon maksimumlari (Syax) bulunmustur. Elde
edilen denge ¢o6zeltisi P miktarlari (C) ve adsorplanan P (S) verileri kullanilarak Langmuir
adsorpsiyon izoterminin dogrusallastirilmis denklemi olusturulmustur. P fraksiyonlari, yas
yakma, kuru yakma ve NaHCO; (pH 8.5) ekstraksiyonu kullanilarak tayin edilmistir. Duver
ve Harran serisinde toplam fosfor (Pt) 804 ve 858 mg kg, organik fosfor (P,) 430 ve 340 mg
kg, inorganik fosfor (P;) 374 ve 518 mg kg?, Olsen fosforu (Pois) 4.10 ve 11.67 mg kg™ olarak
bulunmustur. Toprak bilesenlerinin giderilmesi ile Pt arasindaki regresyon, Diiver serisinde
onemli olmustur (0.795*). Giderme islemleri Pr degerinde azalma gerceklestirmis ve
istatistiki anlamda 6nemli olmustur (F=10.24*, P<0.05; F=16.95**, P<0.01). Giderme
islemleri ile Pi miktari arasindaki regresyon iliskisi (0.905* ve 0.789*) 6nemli olmustur.
Duver serisinde istatistiki onhem F=31.43**, P<0.01 iken Harran serisinde F=51.15**, P<0.01
elde edilmistir. Her iki toprakta konular arasindaki 6nemlilik sirasiyla (F=6.06*, P<0.05;
F=8.59%*, P<0.05) %5 seviyesinde olmustur. Pr'un en diisiik oldugu noktada (her g bilesenin
de topraktan uzaklastirildigi durum) Spax degerinin de disuk oldugu gorulmistir. Pr
miktarindaki degisime karsin Spax degisimi Duver serisi topraginda 6nemli olmamis, Harran
serisi topraginda onemli olmustur (F=7.75, P<0.05). Toprak bilesenlerinin giderilmesi
topragin Smax ve Pt miktarlarinda artisa neden olurken Pgis miktarinda azalmaya neden
olmustur.

Anahtar Kelimeler: Fosfor fraksiyonu, demir, organik madde, kireg, toprak
- ABSTRACT

Phosphorus (P), a macro plant nutrient element in plant cultivation, is an important
nutrient source for plant growth. Despite sufficient P in the soil, there are situations
where the plant cannot utilize this P, leading to constraints in plant growth. T To address
this, studies were conducted on two heavy-textured soils with P availability issues. The
effects of removing lime, organic matter, and iron oxides from the soil were monitored
on P fractions. For organic matter removal (0G), 30% H,0, was added to the soil and
heated, and excess H,0, was washed away. For the lime removal process (KG), 1.0 N
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HCl solution was added to the soil, and when swelling was completed, the water on the soil surface was washed and siphoned.
For lime, organic matter an d iron removal process (KODG), 0.5 M NaHCO3, 0.3 M Nas3CgHs07 solution and Na-dithionite were
added to the soil, heated in a water bath and evaporated, and the process continued until the color turned white. OG, KG, lime
and organic matter removal process (KOG) and KODG subjects were created by removing components individually and
sequentially for both soils. P-adsorption maximums (Smax) of soils from which soil components were removed by undergoing
different pre-treatments were found. The obtained equilibrium solution P amounts (C) and adsorbed P (S) data were used to
create the linearized equation of the Langmuir adsorption isotherm. The P fractions were determined using wet digestion, dry
digestion and NaHCOs (pH 8.5) extraction. In the Diiver and Harran series total phosphorus (Pr) was found to be 804 and 858
mg kg, organic phosphorus (P,) was 430 and 340 mg kg?, inorganic phosphorous (P;) was 374 and 518 mg kg?, Olsen
phosphorous (Pois) was 4.10 and 11.67 mg kg. The regression between removal of soil components and Pt was significant
(0.795%*) in the Duver series. Removals resulted in a decrease in the Py value and was statistically significant (F=10.24*, P<0.05;
F=16.95**, P<0.01). The regression relationship between removal processes and P; amount was significant (0.905* and 0.789%*).
While statistical significance was obtained as F=31.43**, P<0.01 in the Diver series, F=51.15**, P<0.01 in the Harran series. The
significance between the subjects in both soils was at the level of 5%, respectively (F=6.06*, P<0.05; F=8.59%*, P<0.05). It was
observed that at the point where Pt was lowest (when all three components were removed from the soil), Smax Was also low.
While there was no significant change in Smax in response to changes in Pt in the Diver series soil, it was significant in the
Harran series soil (F=7.75, P<0.05). The removal of soil components led to an increase in Smax and Pt amounts of soil, while
causing a decrease in the amount of Pgys.

Key Words: Phosphorus fraction, iron, organic matter, lime, soil

Giris immobilizasyon/mineralizasyon ve bitki alimi/bitki
parcalanmasi gibi kimyasal ve biyolojik etkiler
Fosfor (P) bitkilerde, enerji transferinin altindadir (Campbell and Edwards, 2001). Bununla
yapilmasini, sekerlerin ve nkleik asitlerin birlikte bitkiler simbiyotik iliskide olduklari
olusmasini, genetik 6zelliklerinin belirlenmesini, mikorizal mantarlar ile toprak ¢ozeltisinden az
DNA’nin olusumunu, hiicre bélinmesini, cicek ve miktarda inorganik fosforu (Pi, ortofosfat-HPO4?*
meyve olusumunu etkileyen 6nemli bir besindir  yadaHPOs’) alabilmekte (Lambers, 2021), organik
(Foth, 1984; Plaster, 1992; Aktas ve Ates, 1998; fosfor (P,) kok salgillari ve hidroliz ile
Bosgelmez ve ark., 2001; McCauley et al., 2009) alinabilmektedir (Ghahremani et al., 2019).
Bitkiler P’u fotosentez, solunum, nikleik asit ve zar . .
) ] i Toprakta hareketsiz  P’un  mobilizasyonu,
biyosentezinde ve enzimlerde kullanmaktadirlar
(Xu et al., 2019; Hawkesford et al., 2022). Fosfor,

bitkiler ~ tarafindan  ortofosfatlar  seklinde

karboksilat veya fosfataz salinimi ile absorbe
edilmis inorganik fosfor (Pi) veya P,'un ayrisarak
i yarayish formlara donlisimu ile olusmaktadir. Bu
alinmaktadir (Cong et al.,, 2020). Topragin kati . o o L
o o o ) mekanizma bitkilerin kiime kokleri ve mikorizal
fazindan ¢ozeltisine P gegisi nedeniyle iki faz (Labil L . L
) ] ] ) ) mantar tlrleri ile saglanmaktadir. Bitkiler
ve inlabil P havuzu) denge halinde kalabilmektedir. L .
) ) mantarlarla mikorizal kolonizasyon olusturularak
Hedley et al. (1982) fraksiyonasyonlarinin labil P . o .
) ) cok sayida kok olusturur ve kok rizosferine uzak
havuzu (recine-P ve NaHCOs-P) metotlari dogal P . . , . .
bolgelerin P’una ulasabilir (Mai et al.,, 2019,

alimint  taklit  ettigi icin aygin  olarak
& ¢ yave Lambers, 2021).

kullaniimaktadir (Hou et al., 2018; Johnson et al.,

2003; Negassa and Leinweber, 2009; Klotzbiicher ~ Genelde topraklarda toplam fosfor (Pt) 500-1000

et al., 2019, Gu et al., 2020). mg kg! arasinda degismektedir (Schulte and
Kellikng, 1996). Toplam P/un %75'i asidik
topraklarda demir/aliminyum fosforu (Fe/Al-P) ve
alkali topraklarda kalsiyum fosforu (Ca-P)’dan
olusmakta ve topraga ilave edilen P’dan bu formlar
etkilenmezken Olsen fosforu/alinabilir fosfor (Pois)

Topraktaki P dinamigi, ) ]
etkilenmektedir (Marschner et al., 2005; Voort,

adsorpsiyon/desorpsiyon, ¢cokme/tekrar ¢6ziinme,
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2010). Organik fosfor yari kurak iklim bolgelerinde
Pr'un 6nemli bir bélimiini olusturmakta, topragin
Po’'unun pek ¢ogu Fe-P ve Al-P’u olarak tutulmakta
ve P/un cogu ise Ca-P’u formunda tutulmaktadir
(Cross and Schlesinger, 2001). Kirecli topraklarda P;
daha fazla kalsiyum fosfatlar halinde bulunmakta
(%69-71)
tutulabilmektedir (Cross and Schlesinger, 2001;

gerisi  demir  fosfatlar  olarak
Shen et al., 2003). Agir metal kirliliginin s6z konusu
oldugu topraklarda Po fraksiyonu kirliligin olmadigi
topraklara gore Fe/Al-P formunda daha fazla
bulunmaktadir (Wagai and Mayer, 2007; Zhang et
al., 2008). Kiregli topraklarda P hareketliligi distik
olurken, P fiksasyonunda demir oksitler ve kalsit
etkisi goriilmekte, bitki kokleri hidroksil (OH") ve
hidrojen (H*) salgilayarak rizosfer pH'sini hizla
degistirmektedirler (Bertrand et al., 1999).

Toprak bilesenlerinden organik madde (Li et al.,
2007), kireg (Carreira et al., 2006; Sardi and Csatho
2002; Braschi et al.,, 2003; Gahrooee, 2003) ve
demir oksitler (Castro and Torrent, 2003; Li et al.,
2007) yuksek kiregli kurak bolge topraklarinda P
adsorpsiyonunu etkilemektedir. Bu topraklarda P,
Ca-fosfat olarak cokelip alinabilirligi azalmaktadir
(Sardi and Chasto, 2002; Braschi et al., 2003;
Gahrooee, 2003). Organik maddenin disik oldugu
topralarda fosfor adsorpsiyon maksimumu (Smax)
Fe ve Al bilesiklerinin etkisinde kalmaktadir (Wang
et al., 2005; Tajamul et al., 2019). Topraga Pi ve
tavuk gibresi ilavesi yapilarak dikey P hareketi
olusmaktadir (Gebrim, 2010). Organik P ve P;
yapildig P
adsorpsiyonunda P, ve P; arasinda bir vyaris

ilavelerinin topraklarin
olusmakta ve P, hizlica adsorbe olurken Piun
desorpsiyonu gerceklesmektedir (Berg and Joern,
2006). Reddy ve ark. (2005) yaptiklari calismada
tropikal topraklara bugday+soya artiklari+P; ilave
edilmesi ile NaHCOs ile ekstrakte edilen P ve NaOH
ile ekstrakte edilebilir P artarken HCl ile ekstrakte
edilebilir P azalmistir.

Aritma camuru ardisik fraksiyonlama yontemi
(CaCl;, NaHCOs3, NaOH, HCl ve HNOs3+HCIO4) ile
ekstrakte edilen P dagiliminda, topragin Iabil
fraksiyonu (CaCl; ile ekstrakte edilen P ve) orta labil
fraksiyonunu (NaOH ile ekstrakte edilen P)
%11.2’den %20.3'e yikseltmektedir (Munhoz et
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al., 2011). Orman topraklarinda, organik yiizey
katmani bulunmuyorsa, bagh olmayan P formlari
(recine-P, NaOH ile ekstrakte edilen P) ve organik
formlar (NaHCOs ile ekstrakte edilen P, NaOH ile
ekstrakte edilen P, HCl ile ekstrakte edilen P) diger
bagh P formlarindan (HCl ile ekstrakte edilen P,
kalinti P) daha disik konsantrasyonda olmaktadir
(Chacon and Dezzeo, 2004).

Toprakta bitkinin alabilecegi formda kalan P,
bitkilere P
acisindan 6nemli rol oynamaktadir (Matar et al.,
1992; Gallet et al., 2003). Bitkilerin bakiye P’dan
%22.5 ile 62.7 oraninda faydalandigi bilinmektedir
(Gallet et al., 2003). Asiri miktarda uygulanan P’lu

tarim topraklarinda saglanmasi

bilesiklerin bakiye etkileri nedeniyle
glbrelemeden 6nce var olan P’un dikkate alinmasi
1999).

topraklarindaki P uygulamalari, sanayi atiklari ve

gereklidir  (Amrani et al,, Tarim
cevresel atiklardan dolayr ortaya c¢ikan cevre
sorunlarinin idaresi ve P yonetim stratejileri icin
P’un topraktaki dinamiginin anlasilmasi, etken
faktorlerin yeterli galismalarla ortaya konulmasi
onemlidir. Fosforun etkin ve ekonomik ydnetim
stratejisinin olusturulmasi igin fraksiyonlarinin,

dinamiklerinin ve agir binyeli topraklardaki
etkilesimlerinin bilinmesi gereklidir. Toprakta P
fazlaligi sularin kirlilik riskini de artirarak, olumsuz
etkilerde

(Carpenter et al., 1998). Organik maddenin, kirecin

bulunulacagl icin ayrica Onemlidir

ve demir oksitlerin topraklarin P’u lzerine

etkilerinin  arastirnldigi  calismalar,  ardisik
fraksiyonlama ile P fraksiyonlarinin karsilastirildig
calismalar yapilmis olmakla birlikte, toprakta P
etkileyen  toprak

tutulmasini bilesenlerinin,

toprakta varhgi/yoklugu durumunda
kiyaslamalarin yapildigi calismalar fazla degildir.
Topraklar tarafindan P’un adsorpsiyon ve
desorpsiyonunu bilmek, toprak kalitesi ve glibre
kullanim etkinliginde 6nemlidir (Zhou and Li, 2001;
Nwoke et al., 2004). Toprak bilesenlerinin, P
adsorplama kapasitesine etkileri ve bu etkinin P
formlarina katkisinin bilinmesi, pratik calismalarda,
glbrelerin daha etkin kullanimina, olayin toprak
yapisi bakimindan agiklanmasina énemli yorumlar
katacagl gibi Ulkemizde bu ydnde yeni bilgilere

ulasma firsati da verecektir. Saglkli ve verimli Griin
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yetistirebilmek i¢in toprak bilesenlerinin oldugu ve
olmadigi durumlari kiyaslamak sureti ile topragin P
formlarindaki degisikligini ortaya koymak tizere bu
calisma planlanmistir. Calismada kurak bolgenin
agir bunyeli, kireci orta ve yiiksek olan iki toprak
kullanilmistir.  Toprak  striktiir  bilesenleri
topraktan tek tek ve birlikte uzaklastirilmis ve her
uzaklastirma isleminden sonra elde edilen 6n islem
gormuis toprak ile islem gormemis toprakta P
fraksiyonlarinin (P, Po, Pois ve Pi) tayini yapilarak

toprak bilesenlerinin etkileri degerlendirilmistir.
Materyal ve Metot

Materyal
Toprak ézellikleri
Calisma, Vertisol blyik toprak grubunda yer
alan i¢c Anadolu Bélgesi, Diiver serisi topragi ve
Gulney Dogu Anadolu Bolgesinde yer alan, Harran
serisi topragi ile gerceklestirilmistir. Diver serisi
agir binyeli, alt katmanlar gegirimsiz, kurak
donemde hegzagonal ¢atlaklari olan bir topraktir
(Arcak, 2003).

horizonlarindaki kil mineralleri dagilimlarina gére

Harran serisi agir bulnyeli,
smektit ve paligorskit silikat killerinin baskin
oldugu anlasiimaktadir. Alt katmanlarda kireg
1988;

cepleri bulunmaktadir (Din¢ ve ark.,

Oztiirkmen ve ark., 2021).

Metot

Calismada Duver ve Harran serisine ait agir
iki
uzaklastirilarak bilesenlerin fosfor fraksiyonlarina

blnyeli toprakta bazi toprak bilesenleri
etkisi kontrol edilmistir. Toprak érnekleri, 0-20 cm
derinlikten (Jackson, 1962) alani temsil edecek
sekilde tarladan alinan 6rneklerin harmanlanmasi
ile elde edilmistir. Toprak bilesenlerinden OG igin
%30’luk H,0, ilavesi ve fazlasinin yikama ile
(1971)

gerceklestirilmistir. Kireg giderme islemi igin 1.0 N

uzaklastiriimasi Hartge gore
HCI ¢ozeltisi kullanilarak yikama yapilmis ve fazla
su sifonlanarak uzaklastirilmistir (Uzunoglu, 1992).
Kire¢ organik madde ve demir oksitlerin
giderilmesi icin 5 ml 0.5 M NaHCO3zve 40 ml 0.3 M
Na3CsHsO7 ¢ozeltisi Gzerine Na-ditiyonit (Na2S204)

ilave edilerek, karisim rengi beyazlasincaya kadar

613

Aquiera ve Jackson (1953) ile Mehra ve Jackson
(1960) yontemlerine uygun g¢alisma yapilmistir.

Toprak bilesenlerinden her birinin uzaklastirma
islemi her iki toprak igin tek tek ve ardisik olacak
sekilde 0G, KG, KOG ile KODG olacak sekilde
konular olusturulmustur. Bu islemler coklu tekrar
edilerek analizler igin yeterli olabilecek miktarda
bilesenleri giderilmis topraklar biriktirilmistir.
Uzaklastirma islemi yapilmamis dogal iki toprak ile
tek tek ve ardisik uzaklastirma islemleri yapilmis
sekiz farkh toprak elde edilmistir. Toplamda 10
farkli bilesenlere sahip toprak kullanilarak fosfor

fraksiyonlari (Pt, P, ve Pj) tayin edilmistir.

Farkli  6n islemlerden gecirilerek toprak
bilesenleri (kireg, organik madde ve demir)
giderilmis topraklarin P-adsorpsiyon

maksimumlari bulunmustur. P-adsorpsiyon
maksimumunun bulunmasi icin KH,PO4 ¢ozeltisi ile
hazirlanmis 0-50 mg P L icerikli ¢ozeltiler ile 0.01
M CaCl; ¢ozeltileri hazirlanmistir. 1.00 g hava kuru
toprak kullanilmak sureti ile bu ¢6zeltilerden 25 ml
edilerek 25 °C'de 24

calkalanmistir. Elde edilen ¢6zelti Whatman No:42

Uzerine ilave saat
filtre kagidi ile filtre edilip sivi fazi ayrilip dengedeki
fosfor konsantrasyonu spektrofotometre (Jenway
6300) ile tayin edilmistir (Pierzynski, 2000). Elde
edilen denge c¢ozeltisi fosfor miktarlari (C) ve
(S)

Langmuir adsorpsiyon izoterminin asagida verilen

adsorplanan fosfor verileri  kullanilarak

dogrusallastirilmis  denklemi  olusturulmustur
(Denklem 1). Langmuir P-adsorpsiyon izoterm
grafiginin  egim (Smax=1/egim) ve kayma
(k=1/(kayma*Smax)) degerleri kullanilarak Smax
ve k hesaplamalari yapilmistir (Guilherme et al.,

2000; Pant and Reddy, 2001; Allen, 2002).

C/S = 1/kSmax + C/Smax(1)

S : Adsorplanan fosfor miktari (mg kg™)

C : Denge ¢oOzeltisinin fosfor konsantrasyonu (mg
L)

Smax: Fosfor adsorpsiyon maksimumu (mg kg™)
k: Fosfor ylikleme enerjisi

Toprak analizlerinde kullanilan metotlar
Toprak 6rnekleri hava kuru 6zelliklerde 2 mm’lik

elekten  gecirilmistir.  Topraklarin  binyesi
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hidrometre = metodu 1951)

kullanilarak, su ile doygunluk toprak saf su ile

(Bouyoucous,

doyurularak, toprak reaksiyonu, suya doyurulmus
toprakta pH-Metre (Jenway 3510) kullanilarak,
alinabilir potasyum, 1 N CH3COONH; (pH 7.0)
ekstraksiyonunda fleymfotometre (Model
PFP7) Scheibler
kalsimetresi kullanilarak tayin edilmistir (Richards,
1954, Martin and Reeve, 1955). Toplam tuz,
4520
Conductivimeter) ile tayin edilmistir (Richards,
1954; Yurdakul, 2018). Organik madde miktari, hot
plate (Lab Tech EG20B)'de organik maddenin
yakilmasi ve demir siilfat ile geri titrasyon yapilarak

ile

Olglilerek, toplam kireg,

kondaktivimetre aleti (Jenway

tayin edilmistir (Walkley and Black, 1934).
Alinabilir fosfor, 0.5 M NaHCOs; (pH 8.5)
ekstraksiyonunda  spektrofotometre (Jenway

6300) ile tayin edilmistir (Olsen et al., 1954).
Katyon degisim kapasitesi (KDK) 1 M sodyum
asetat metoduna gore (Polemio and Rhoades,
1977) yapilmistir. Toplam fosfor tayininde HCIO4
ile yakma metodu (Page et al., 1982) kullaniimistir.
Toplam demir asit karisimi ile yakilarak AAS ile

edilmistir. Toplam fosfor tayininde HCIO4 ile yakma
metodu (Page et al., 1982) kullaniimistir. Organik P
550 °C'de gore
belirlenmistir (Page et al., 1982), Olsen fosforu, 0.5
M NaHCOs (pH 8.5) ekstraksiyonu kullanilarak
(Olsen et al., 1954) tayin edilmistir. inorganik

kuru yakma metoduna

fosfor, Prile P, farkindan hesap yontemi (Saygan,
2007) ile bulunmustur.

Analiz ve dederlendirme yéntemleri

Agir blnyeli iki toprakta toprak bilesenlerinin
(organik madde, kire¢ ve demir oksitler)
uzaklagtiriimasi durumunda fosfor fraksiyonlari
arasindaki fark kontroli ve islemler arasindaki
iliskinin kontrolic. MSTAT programi kullanilarak

yaptmistir.

Arastirma Bulgularn ve Tartisma

Diiver serisi topraginin binyesi killi, reaksiyonu
orta derecede alkalin, kireg icerigi orta derecede,
organik madde ve alinabilir P miktari disuk bir
topraktir. Harran serisi topraginin binyesi killi,

(Jackson, 1958) tayin edilmistir. Bilesenleri reaksiyonu hafif alkalin, kire¢ miktari fazla, organik
giderilerek biriktirilen sekiz toprak ve dogal iki madde miktari az, alinabilir P miktari orta
toprak numunesinde fosfor fraksiyonlari tayin seviyededir (Cizelge 1).
Cizelgel. Topraklarin bazi fiziksel ve kimyasal 6zellikleri
Table 1. Some physical and chemical properties of soils
Kum Silt Kil pH Tuz CaCo oM KDK P Pois Pr Po Fer
Sand Silt Clay Salt 3
Top. % dS/m % me/100g % kg/da mg/kg %
Soil
S ﬁ 8 o 5 sy B 8 — ~ sy
e = = e e ™~ e =} =} 9 < (s} e
o +l +I o o n o +l +| . — ~ o
1 & 5 N 3 a 3 4| o @ S| I 5| &
N o a S ! & ® < S ™ S R o
- (o] o [oe] — — — o o v (o] [ee] < (a2}
b} Yo} (42} o g
= S = S g s N S - ~ g
[=] [=) =1 = < - = =1 =1 9 < o e
2 & g & % g 5 S| & 3 s| ¢ 5| 9
N © ) 3 o q o N @ H ? ) o
< o0 o o 1 < a < Q N N < -
— o~ wn ~ — o — (a2} o e} [oe] on Ll

1: Diver serisi (0-20cm), 2: Harran serisi (0-20 cm), pH: Toprak reaksiyonu, OM: Organik madde, KDK: Katyon degisim kapasitesi

P: Alinabilir fosfor, Pois: Olsen fosforu, Toplam demir: Fer

Fosfor adsorpsiyon maksimumlari

Diver serisinin dogal ve toprak bilesenleri
giderilmis topragina ait Smax degerleri 182-125 mg
kg arasinda bulunmustur. Kirecin daha yuksek
oldugu ve pH degerlerinin daha fazla oldugu
(Cizelge 2), Diiver serisi topraginin adsorpsiyon
kapasitesi daha fazla bulunmustur (Shen et al.,
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2019). En yiksek Smax KG topraginda ve KOG
topraginda (182 mg kg?) bulunmustur. En distk
Smax degeri ise KODG toprakta 125 mg kg! olarak
bulunmustur (Cizelge 3). Harran serisi topraginda
Smax 161-92 mg kg?! arasinda belirlenmistir. En
yiksek Smax degeri KOG topraktan 161 mg kg?
olarak elde edilirken, en diisiik Smax degeri her ¢
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bilesenin de topraktan uzaklastirildigi KODG Gaziantep yoresi topraklarinin Smax 58-113.3 mg
konusundan 92 mg kg?! olarak elde edilmistir kg (Derici and Agca 1999), killi topraklarda Smax
(Cizelge 3). Calismada Duver serisine ait dogal 48-1429 mg kg! arasinda olmasi (Valladares et al.,
toprakta Smax 167 mg kg ve Harran serisine ait 2003) calismada bulunan Smax degerleri ile
dogal toprakta Smax 156 mg kg bulunmustur. ortismektedir.

Cizelge 2. Toprak bilesenleri uzaklastiriimis topraklarin reaksiyonlari
Table 2. Reactions of soils from which soil components have been removed

Dogal toprak OG toprak KG toprak OKG toprak KODG toprak
Natural soil OG soil KG Soil OKG soil KODG soil
Toprak pH (%)
1 8.09 7.90 6.98 7.10 9.18
2 7.64 7.80 7.29 6.96 9.01

1: Diiver serisi (0-20 cm), 2: Harran serisi (0-20 cm)
OG: Organik madde giderilmis, KG: Kireg giderilmis, OKG: Organik madde kireg giderilmis, KODG: Organik madde kire¢ demir oksitler giderilmis

Cizelge 3. Topraklarin fosfor adsorpsiyon degerleri
Table 3. Phosphorus adsorption values of soils

Konular Smax k Langmuir esitligi

Subjects (mgkg?) (Lmg™?) r? Langmuir equality
Diiver

Toprak

Soil 167 8.57 0.902 y= 0.006x+0.0007

OG toprak

OG soil 143 14.00 0.992 y= 0.007x+0.0005

KG toprak

KG soil 182 18.33 0,999 y= 0.0055x-0.0003

KOG toprak

KOG soil 182 2.62 0.861 y=0.0055x+0.0021

KODG toprak

KODG soil 125 0.49 0.837 y=0.008x+0.0165
Harran

Toprak

Soil 156 12.8 0.988 y= 0.0064x+0.0005

OG toprak

OG soil 154 9.29 0.967 y= 0.0065x+0.0007

KG toprak

KG soil 156 10.67 0.987 y= 0.0064x-0.0006

KOG toprak

KOG soil 161 0.91 0.973 y=0.0062x+0.0068

KODG toprak

KODG soil 92 8.38 0.989 y=0.0109x+0.0013

OG: Organik madde giderilmis, KG: Kireg giderilmis, KOG: Kireg ve organik madde giderilmis, KODG: Kireg organik madde ve demir giderilmis

Toprak bilesenlerinin fosfor fraksiyonlari ile kirec olmayanlara gore daha yiksektir (Frossard et
iliskileri al., 2000; George et al., 2003). Duver serisi ve

Dilver ve Harran serisi topragi Py igerigi sirasi ile Harran serisinin dogal topraklarinin Pou Prlarinin
804 ve 858 mg kg P, icerigi 430 ve 340 mg kg P; %54-40'1n1 - olusturmustur. Genelde topraklarin
icerigi 374 ve 518 mg kg Poys icerigi 4.10 ve 11.67 organik fosfor miktari ile toplam fosfor miktari
mg kg olarak bulunmustur (Cizelge 4). Tirkiye arasindaki oran 3/4 olarak belirtilmektedir (Walker
topraklarinin Pt icerigini belirlemek icin yapilan and Adams, 1958). Dogal topragin P, ile islem
calismalarda en yuksek Pr 978 mg kgtile Carsamba (organik madde, kire¢ ve demir giderme) yapilmis
ovasinda, en dusuk Pt ise 449 mg kg miktarinda topraklarin P, degerleri arasindaki farkin giderme
Trakya yoresinde tespit edilmistir (Kacar ve Katkat, islemleri esnasinda serbest kalan P’un P-
1997). Kire¢ tasi ve benzeri ana materyalden adsorpsiyon yuzeyleri tarafindan tutulmasindan
olusmus topraklarin Prigerigi ana materyal kaynagi kaynaklanmis olabilecegi distnilmektedir. Bu
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olay inorganik fosfor artisina neden olmustur

(Benzing and Richardson, 2005).

Cizelge 4. Giderme islemi yapilmis topraklarin P fraksiyonlarinin miktarlari

Table 4. Quantities of the P fractions of the removed soils

Pr Po Pi Pols
Konular (mgkg?) (mgkg?) (mgkg™) (mgkg™)
Diiver Serisi
Toprak (Soil) 804 430 374 4.10
OG toprak 338 - 338 23.06
KG toprak 372 170 202 139.71
KOG toprak 216 - 216 68.95
KODG toprak 135 - 135 67.79
Harran Serisi
Toprak (Soil) 858 340 518 11.67
OG toprak 406 - 406 17.27
KG toprak 405 128 277 97.00
KOG toprak 277 - 277 109.00
KODG toprak 277 - 277 76.77

OG: Organik madde giderilmis, KG: Kireg giderilmis, KOG: Kireg organik madde giderilmis, KODG: Kireg, organik madde ve demir giderilmis

Toprak bilesenlerinin uzaklastiriimasinin toplam
fosfora etkisi

Toprakta pes pese gerceklestirilen giderme
islemleri sonucunda Pt degerinde dikkate deger bir
azalma gerceklesmistir (Cizelge 4, Sekil 1). Toprak
Pr
regresyon iliskisi Dlver serisinde 6nemli olmustur
(r>= 0,795*)(Cizelge 5). Topraktan uzaklastirilan
her bilesene goére topragin Pt miktari biraz daha
Pr
degerini normal topraga gore Duiver serisinde %58,

bilesenlerinin  giderilmesi ile arasindaki

azalmistir. Organik maddenin giderilmesi
Harran serisinde %47 azaltmistir. Organik madde,
mineral P ve mineral ve toplam Fe arasinda denge
P’'un demir tarafindan

(Voort, 2010).
konularla kiyaslandiginda Pr'da kire¢ giderilmis

roli  oynamaktadir,

tutunmasinda aracidir Diger
konu ile organik madde giderilmis konu arasinda
blyuk bir fark olusmamistir. Py'da en ¢ok azalma
konularin birlikte giderildigi durumlarda olmustur.
Pr’un biyiik bir bélimind olusturan P/un %75'i
Fe/Al-P ve Ca-P’undan olustugu icin giderilen Ca ve
Fe toplam fosforun azalmasina neden olmustur
(Yang et al., 2002). Diiver serisinde her Uc¢ toprak
bileseninin giderildigi konudan 135 mg kg Py elde
edildigi bunu organik ve kirecin birlikte giderildigi
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konunun takip ettigi (216 mg kg!) gérulmektedir.
Diiver serisinde Pr meydana gelen azalma istatistiki
(F=10.21*, P<0.5)
(Cizelge 6). Harran serisinde ikili ve lgli giderme

anlamda onemli olmustur
islemleri sonucunda Py’da azalma gerceklesmekle
birlikte iki giderme isleminin birbirleri arasinda fark
olusmamistir. Harran serisi topraginda giderme
islemleri ile Py iliskisi istatistiksel anlamda 6nemli
(F=16.95**, P<0.01).
olusmasinda Harran topraginin diger topraga gore

olmustur Bu durumun
daha distk demir icerigine sahip olmasi nedeniyle
Ca-P ve organik madde ile tutulup giderme
isleminden sonra aciga c¢ikan P’un Fe tarafindan

Nitekim
durumda

adsorplanamadigini  gostermektedir.

organik maddenin olmadigl
adsorpsiyona asil etki metal bilesikleri tarafindan
gerceklestirilmektedir (Chacon and Dezzeo, 2004).
Organik maddenin ve kirecin ayri ayr giderildigi
topraklarin Pr degerlerinin de diger topraklar
icersinde en ylksek degerler oldugu goriilmektedir
(Cizelge 4). Bu olay topragin P havuzunu daha fazla
P, ve CaCOsa bagh fosforun olusturdugunu
2006).

bilesenlerinin giderilmesinin Py

dislindirmektedir (Samadi, Topragin
Uzerine etkisi

Diiver serisi ve Harran serisi topraklarinda onemli
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olmustur (F=10.21*, P<0.05), (F=16.95**, P<0.01) (Cizelge 6).

Cizelge 5. Bazi toprak 6zellikleri ile fosfor formlarinin regresyon (r?) parametreleri
Table 5. Regression (r?) parameters of some soil properties and phosphorus forms

Konular Pr P; Pois
Subjects
1 2 1 2 1 2
Pt - -
P; 0.648 0.822" _ _
Pols 0.232 0.504 0.531 0.839" _ _
Sax 0.106 0.128 0.025 0.113 0.132 0.013
Ts 0.795" 0.724 0.905 0.789" 0.273 0.603
1: Diiver serisi, 2: Harran serisi, TG: Toprak bileseni giderme islemleri, *: P<0.05
Cizelge 6. Bazi toprak 6zellikleri ile fosfor formlarinin varyasyon (F) kriterleri
Table 6. Criteria for variation (F) of phosphorus forms with some soil properties
Konular
Subjects Pr Pi Pois
1 2 1 2 1 2
Pr - -
Pi 0.93 0.63 _ _
Pols 6.98* 12.26** 14.57** 30.01** _ _
Smax 3.36 7.75%* 4.11 16.93** 14.53** 11.47**
Ts 10.21* 16.95** 31.43** 51.15%* 6.06* 8.59*

1: Diiver serisi, 2: Harran serisi, TG: Toprak bileseni giderme islemleri, *: P<0.05, **P<0.01

Diiver serisi giderme islemleri PT

Harran serisi giderme islemleri PT

iligkisi iliskilsi
1000 1000
750 250
K 500 K 500
250 250
OI T T T T ! OI T T T T 1
o 1 2 3 4 5 o 1 2 3 4 s
Giderme islemleri Giderme islemleri

1: Dogal toprak, 2: OG toprak, 3:KG toprak, 4: OKG toprak, 5: OKDG toprak
Sekil 1. Topragin bilesenlerini giderme islemlerinin Pt miktarlarina etkileri
Figure 3. Effects of soil decomposition processes on Pr amounts

Toprak bilesenlerinin uzaklastiriimasinin inorganik
fosfora etkisi

Topraklarda giderme islemleri ile P; miktari
arasindaki regresyon iliskisi Dliver serisi ve Harran
serisi topraginda 0.905* ve 0.789* ile 6nemli
olmustur (Cizelge 5). Dilver serisinde istatistiki
onem F=31.43**, P<0.01 iken Harran serisinde

islemi sonucunda toprak pH degerinde 9.01-9.18
arasinda ylikselme olusmustur. Ortamda kireg
varken giderilen Fe/Al ortam pH’sinda yiikselmeye
neden olmakta aciga c¢ikan PO43 Ca tarafindan
adsorplanmaktadir (Benzing and Richardson,
2005) (Cizelge 2). Bitkilerin toprak ¢ozeltisinden P;
(Ortofosfat) aliminda toprak reaksiyonu 6nemli bir

F=51.15**, P<0.01 elde edilmis ve toprak etken olmakla birlikte, bitki 6zelliklerinin de toprak
bilesenlerini giderme islemlerinin P; Gzerine etkisi pH’si lzerine etkisi bulunmaktadir. Azalan pH
onemli olmustur (Cizelge 6). Topraklarda degerlerinde de P; aliminin arttigi, fosfor az oldugu

gerceklestirilen her giderme islemi sonunda P/'da

zaman topragin P tamponlama kapasitesi ile P

azalma meydana gelmistir (Sekil 2). En dlsik pH difiizyon kapasitesinin de ©6nemliligi ortaya
degeri kire¢c giderme isleminden sonra 6.98-7.29 cikmaktadir (Lambers, 2022). Diver serisi ve
olarak elde edilmistir. Topraklardan demir giderme Harran serisi topraginda kirecin topraktan
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Pi miktarina etkisi

bilesenlerin uzaklastirilmasindan fazla olmustur.

uzaklastiriimasinin diger
Her iki topraktaki kire¢ miktarinin bu olayda etken
oldugu goriulmektedir (Carreira et al., 2006). Kurak
ve vari kurak iklimlerde kirecin topraklarin P;
miktarinda dominant faktor oldugu gorilmektedir.
Topraktan Uc¢ bilesen (organik madde, kire¢ ve
demir oksitler) birlikte uzaklastirildiginda P; degeri

Diiver serisi giderme iglemleri Pi

iliskisi
400
300
a 200
100
0 T T T T T 1
0 1 2 3 4 5
Giderme islemleri

en dustk miktar olan 135-277 mg kg* seviyesine
inmistir (Cizelge 4, Sekil 2). Ortamdan kireg
giderildiginde agiga ¢ikan fosfor Fe/Al tarafindan
tutulmakta iken Fe’li bilesiklerin de giderilmesi ile
P-adsorpsiyon alanlarindaki eksilmeden dolayi,
Pi‘da azalma olusmustur (Benzing ve Richardson,
2005).

Harran serisi giderme islemleri Pi

iliskisi
600
500 *~—
400
‘= 300
200
100
0 T T T T T 1
0 1 2 3 4 5
Giderme islemleri

1: Dogal toprak, 2: OG toprak, 3: KG toprak, 4: OKG toprak, 5: OKDG toprak

Sekil 2. Topragin bilesenlerini giderme islemlerinin P; miktarlarina etkileri
Figure 4. Effects of soil decomposition processes on P; amounts

Toprak  bilesenlerinin  giderilmesinin ~ olsen
fosforuna etkisi

Toprak bilesenlerinin (kireg, organik madde ve
demir oksitler) giderilmesi ve Pois arasindaki
regresyon iliskisi Dlver serisi (0.273) ve Harran
serisi (0.603) topraginda 6nemli olmazken (Cizelge
5), her iki toprakta konular arasindaki énemlilik
sirasiyla F=6.06* ve F=8.59* olarak %5 seviyesinde
olmustur (Cizelge 6). Organik maddenin topraktan
giderilmesi Pgi’'unu Diver serisinde, normal
topragin 5 katindan daha fazla (4.1-23.06 mg kg™),
Harran serisinde % kati (11.67-17.27 mg kg?)
arttirmistir.

Organik maddenin parcalanarak topraktan
Po, P-

adsorpsiyon yizeyleri tarafindan adsorplanarak

giderilmesi esnasinda ortaya ¢ikan
P/un agiga ¢ctkmasina neden olmustur (Chacon and
Dezzeo, 2004; Voort, 2010). Bununla beraber diger
giderme iglemleri ile kiyaslandiginda en az artisi bu
Bikarbonatta

olabilen Poi’nun topragin organik C, kil

islem olusturmustur. ekstrakte
ve
okzalatta ekstrakte olabilen Al, Fe ve mangan (Mn)
ile pozitif, pH ve CaCOs ile negatif korelasyon

verdigi (Turner et al., 2003, Benzing ve Richardson,
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2005),
durumda P-adsorpsiyonunda etkenlik mineral

bu olaya organik maddenin olmadig

ylzeyleri ile oldugu ve alkalin ortamda organik
maddenin parcalanmasinin serbest minerallerin
P’u
adsorplayarak diger bilesenlere gére daha az artis

olusumuna neden olarak da bir miktar

sagladigi gorilmektedir (Chacon and Dezzeo,
2004; Voort, 2010).
ortamdan sadece kirecin uzaklagtiriimasi Pois’'unu

Diver serisi topraginda
en fazla arttiran etki olmustur, Harran serisinde
sadece kire¢ giderme ve kirec ile organik maddenin
birlikte giderilmesi islemlerinin birbirleri arasinda
fark olusmamistir. Olsen fosforu en fazla bu
giderme islemlerinden sonra elde edilen toprakta
Cunkd, P-

artirarak fosforun

kalsiyum karbonat
yarayisli
azalmasina neden olmaktadir. CaCOs'in giderilmesi
aciga
artmasina neden olmaktadir (Tisdale et al., 1985;

bulunmustur.

adsorpsiyonunu
fosforun ¢tkmasina ve vyarayishhginin
Laljee, 2012). Diver ve Harran serisi topraklarinin
bilesenlerinin Ugli giderildigi ortamlarda Poisda
yaklasik ayni degerlere ulasiimis (67.79 — 76.77 mg
kg?!) ve Pois miktarinda dogal topraga gore cok
fazla artis olusmustur. P-adsorpsiyon 6zelligi olan



Yurdakul ve Usta, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(4): 610-623

bilesenlerin giderilmesi ile killerin P-adsorplama
kabiliyeti topragin fosforunu tutan ana ozellik
olarak ortaya c¢ikmaktadir. Bu durumda Poisnun
Nitekim fakh
tampon kapasitelerine, toprak bilesenlerinin etkisi,

artisina  meydan vermektedir.
sirasiyla Demir>kil>degisebilir Aliminyum olarak

belirtilmektedir (Bahl and Singh, 2009).

Toplam fosfor ile fosfor adsorpsiyon maksimumu
iliskileri

Her iki toprakta da Prnin en disiik oldugu
noktada (her Ug¢ bilesenin de topraktan giderildigi
durum) Smax nunun en diisiik oldugu goriilmektedir
(Cizelge 4). Prile Smax arasindaki regresyon iliskisi
Diiver serisinde o6nemli olmazken (Cizelge 5),
Harran serisi topraginda énemli olmustur (Cizelge
6). Diiver serisinde Prda artis olmasi (ortamda
demirli bilesikler mevcut), Harran serisinde Prda
artis olmasa da ortamda demirli bilegiklerin varhgi
Smaxda artis olusturmus olabilecektir. Diiver
serisinde ortamda kirecin olmadigl durumda da P+
Nitekim
biyokatinin kalsiyumu ¢oktirildiginde en fazla
ekstrakte edilebilir P edildigi,
topraklarda en cok HClI'de ekstrakte edilen P

artisl ile Smax artisi devam etmistir.

elde kiregli
bulundugu bunun da Ca-P’u oldugu, Fe/Alile dusik
korelasyon elde edildigi, kurak bélge topraklarinda
P tutulmasi ve fiksasyonunda CaCOs’in birincil etkili
oldugu bildiriimektedir (Bertrant et al., 1999;
Carreira et al., 2006). Harran serisinde ortamda
kirecin olmadigi durumda Pt artisi ile Smaxda
degisim olusmamustir. inorganik P’un dolayisi ile
bir boliminu Ca-P ve Fe/Al-P
Bu
bulunmasi Smaxnun artmasinda etkili olmustur
(Wang et al., 2005; Benzing and Richardson, 2005).
Kalsiyumlu

Prun onemli

olusturmaktadir. Ozelliklerin  toprakta

ve demirli bilesiklerin ortamda

bulunmasina karsin, organik maddenin
uzaklastiriimasi ile Pt arttirilsa dahi Smax degerinde
disls olusturmustur. Bu da asil P-adsorpsiyon
alanlarini isgal etmede kirecin etkisinin organik
daha

parcalanan

etkisinden fazla
birlikte,

maddenin bir kisminin Fe/Al bilesenleri Gzerindeki

maddenin oldugunu

gostermekle organik
P-adsorpsiyon ylizeylerini isgal etmis olmasindan
kaynaklanmaktadir (Alam, 1999; Zhang et al,,
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2008). Her g bilesenin de toprakta bulundugu
konumda normal toprakta Pr artisina karsin Smax
degerinde azalma olusmustur. Bunda da toprak
kendilerinin

bilesenlerinin P-adsorplama

yeteneklerinin yani sira diger P-adsorpsiyon
alanlarini isgal etmeleri etkili olmustur. Sadece
toprak bilesenlerinin uzaklastirildig konularda, Pt
pH'yi
degerlendirdigimizde dusik Pr ve disik Smax

ve Smax iliskisini gdz oOnilne alarak

degerinde en yiksek pH degerini gormekte iken,
yuksek Pt ve yliksek Smax degerinde de en distik pH
degerini gérmekteyiz. Dlsik pH degerlerinde

ortamda kirecin olmamasi demirli bilesiklerin
adsorpsiyon glgclerinin artmasina neden olarak
Pru vyiikseltmektedir. Toprak reaksiyonunun
yuksek oldugu ortamda (organik madde, kireg ve
P-

topraktan

demirli  bilesiklerin  giderildigi  durum)

adsorpsiyonunda etken ylizeylerin
uzaklagtirilmis olmasi Smax degerinin azalmasini

aciklamaktadir.
Sonuglar

Diver serisi ve Harran serisi topraginin Prigerigi
804 ve 858 mg kg™ P, icerigi 430 ve 340 mg kg P;
icerigi 374 ve 518 mg kg Pois icerigi de 4.10 ve
11.67 mg kg olarak bulunmustur. Topraklarin Pt
ve P;'u toprak bilesenlerinin giderilmesi ile azalmis,
en fazla azalma da her Ug bilesenin de giderildigi
durumda gergeklesmistir. Olsen fosforu her iki
toprakta da kireg giderildigi konumda en fazla artisi
olustururken, her (¢ bileseninde giderildigi
konumda yine artis gbstermistir. Giderme islemleri
aciga P,
adsorlanmis bu fosfor Pois miktarini arttirmistir.

esnasinda cikan tercih edilerek
Toprak bilesenlerinin giderilmesi, topragin Smax ve
Pr miktarlarina azaltma etkisinde bulunurken, Pois
miktarinda artmaya neden olmustur. Ekonomik ve
cevreye dost bir glibreleme programi yapabilmek
icin topragin P, Smax ve Pois miktarlarinin bilinmesi
ve aralarindaki iliskinin sorgulanmasi, gibreleme
programinin bu bilgiler isiginda gergeklestirilmesi,

verimlilik ve cevre koruma anlaminda 6nemlidir.

Ekler
Bu calismada kullanilan veriler Agir Blinyeli
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Toprakta Bazi Toprak Bilesenlerinin Fosfor

Adsorpsiyon Kapasitesine Etkilerinin Langmuir

izotermleri ile Arastirlmasi (TOVAG-1060300)
projesinin bir boéliminden alinmistir. Proje
TUBITAK tarafindan desteklenmistir. Yazarlar

TUBITAK’a desteklerinden dolayi tesekkiir ederler.

Cikar Catismasi: Bu ¢alismada ¢ikar ¢atisma beyani
gereksinimi bulunmamaktadir. Calismanin tamami
makalenin yazari tarafindan yapilmistir.

Yazar Katkisi: Fikir/hipotez,
arastirma, veri toplama ve isleme, veri analiz,

materyal, metot,

gorsellestirme, veri yonetim, yazma, gobzden
gecirme ve diizeltme ilknur YURDAKUL tarafindan

yapilmistir.
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ABSTRACT

The study assessed the properties of soils derived from medium-grained granite gneiss,
developed their taxonomic classification, established soil suitability groups for the
selected arable crops production, and proposed sustainable land management
practices to improve soil sustainability. Four soil profile pits were established along each
of the two topo-sequences identified at the site in compliance with FAO/UNESCO
standards. From the identified genetic horizons, soil samples were collected and
subjected to routine physical and chemical analyses in the laboratory for
characterization and suitability assessment. Data generated from the analyses were
subjected to descriptive and inferential statistics. Employing a parametric approach,
land attributes observed in the field were merged with those established in the
laboratory and crop requirements to produce soil suitability classes. The soils
encountered were classed according to the USDA classification system as Typic
Isohyperthermic Paleustult, Plinthic Isohyperthermic Paleustult, and aquic Psamment.
They were further classified as Lixisol, Plinthic Lixisol, and Fluvisol (WRB), in that order.
The actual suitability revealed that all the soil series were presently unsuitable for crop
production. Potentially Typic Isohyperthermic Paleustult soil was rated moderately
suitable while Plinthic Isohyperthermic Paleustult and Ustipsamment soils were rated
marginally suitable for cassava and maize production. All the soils, however, are both
actual and potentially unsuitable for rice production. Slope, soil nutrient availability and
nutrient retention together with physical characteristics were the key agronomic
constraints of the soils encountered in the studied area. Although the soils have a
complex relationship, the investigation indicated that they are not homogeneous and
vary in potentiality with different physiographic units; as a result, different
management techniques at different physiographic positions are required to ensure the
sustainable use of soil resources.

Key Words: Soil suitability, Arable crops, Granite gneiss, Taxonomic classification,

isohyperthermic and Paleustult.

Calismada, orta taneli granit gnaysit TUzerinde olusmus topraklarmm Gzellikleri
degerlendirilmis, bunlarin taksonomik siniflandirmasi yapilmig, misir, maniok ve piring
tiretimi igin toprak uygunluk siniflar1 belirlenmis ve toprak stirdiiriilebilirligini artirmak igin
bir arazi yonetimi stratejisi dnerilmistir. iki topografik kesitte, FAO/UNESCO standartlarmna
uygun olarak her bir topografik kesit boyunca dort toprak profili agilmistir. Tanimlanan
genetik horizonlardan toprak Ornekleri toplanmis ve karakterizasyon ve uygunluk
degerlendirmesi i¢in fiziksel ve kimyasal parametreler agisindan analiz edilmistir.
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Analizlerden elde edilen veriler tanimlayict ve ¢ikarimsal istatistiklere tabi tutulmustur. Parametrik ve CBS tekniklerinin
kullanilmastyla, saha gozlemlerinde gozlemlenen arazi ozellikleri, laboratuvarda belirlenenler ve bitki gereksinimleri ile
birlestirilerek toprak uygunluk smiflart olusturulmustur. Calisma bdlgesinde haritalanan topraklar, USDA'ye gore Typic
isohyperthermic Paleustults, Plinthic isohyperthermic Paleustults ve Aquic Psamments olarak siniflandirildi. Bu topraklar
WRB'ye gore sirastyla Lixisol, Plinthic Lixisol ve Fluvisol olarak siniflandirildi. Ger¢ek uygunluk, tiim toprak serilerinin su anda
bitki tiretimi i¢in uygun olmadigini ortaya koymustur. Potansiyel olarak Typic isohyperthermic Paleustults topraklar, orta
derecede uygun olarak degerlendirilirken, Plinthic isohyperthermic Paleustults ve Aquic Psamments topraklar, maniyok ve misir
iiretimi i¢in marjinal olarak uygun olarak degerlendirilmistir. Ancak, tiim topraklar hem gergekte hem de potansiyel olarak piring
tiretimi i¢in uygun degildir. Calisma alanindaki topraklarin baslica tarimsal kisitlamalari, toprak fiziksel 6zellikleri, besin
maddelerinin bulunabilirligi, besin maddelerinin tutulmasi ve egim idi. Calisma, topraklar yakin iligkili olmalarina ragmen,
homojen olmadiklarin1 ve farkli fizyografik birimlerde farkli potansiyellere sahip olduklarini ortaya koymustur; bu nedenle,
toprak kaynaklarinin siirdiiriilebilir kullanimini saglamak i¢in farkli fizyografik konumlarda farkli yonetim tekniklerine ihtiyag
duyulmaktadir.

Anahtar Kelimeler: Orta taneli granit gnays, Taksonomik siniflandirma, Tipik Izohipertermik Paleustults, Plintik Izohipertermik
Paleustults ve Aquic Psamments

Introduction management techniques that are unrelated to its
acceptable potential and at large socioeconomic
Soil is a valuable nonrenewable resource that situations (FAO, 2015). Nigeria is currently
can be found all over the planet. Different types of  implementing a program of increasing cultivated
soil behave differently, provide critical support in area and increased crop output that involves a
terms of food security to human existence and play ~ continuous cropping system of some arable crops
a critical role in a wide range of human activities including Maize (Zea mays), rice (Oryza sativa),
and society (FAO, 2015). The resource is vital to the and cassava (Manihot esculenta) because of their
health of the Earth's biosphere. It is essential to global relevance in response to the current global
maintain healthy soil, its functions, and its qualities food crisis (Nwite et al., 2012).
to sustain agricultural output and food security These arable crops are among the most
(Blum, 1993; De Groot et al.,, 2002; European important staple food crops that play great roles in
Commission, 2006). As a result, every effort to  the rural economy of Southwestern (SW) Nigeria,
wisely use land must begin with an understanding and by extension, their use is vital for both humans
of the nature, type, and spatial distribution of soils and livestock. Because of their enormous
in a region as established by land resource surveys relevance to human survival and contribution to
(Thapinta and Hudak, 2003). It has been identified food security, there is a need to boost production
that in any location, a lack of information on soil (Ezedinma et al., 2006). Domestic production for
resources contributes to the problem of soil each of these crops has yet to satisfy demand due
degradation and global food crises, among other  to less viable agricultural inputs, the cropping
things, because of improper land resource use and system, and, most importantly, a lack of
management (Esu, 2004). Research has indicated information on the crops' land adaptability
that soils currently in their native state are found potential. Increased crop production and
on a few landscapes across the globe, based on its sustaining it can only be achieved if there is a
characteristics and possibilities, each piece of land better understanding of the soil’s suitability
is best suited for a specific land use (Opeyemi, potential in the area.
2008). Nigerian agriculture and indeed African
Due to the anthropogenic activities, the earth's agriculture have not succeeded in meeting the
surface is being drastically altered, and man's continuously changing needs of the citizenry
presence on the planet together with the use of (Chukwu et al., 2013). Persistent food insecurity
land has had a significant impact on the natural and failure to supply adequate quantities of raw
ecosystem (Wilkie and Finn, 1996; Briney, 2008). materials to industries are stark realities. These are
This problem is aggravated by a lack of knowledge attributed to many factors, among which soil
about land's potential, which leads to land resource illiteracy is that hinders agricultural
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development in some parts of Nigeria (Chukwu et
al., 2013). This is not a surprise as similar
observations had been made in most parts of
Africa (Ololade et al., 2010). Some of the reasons
for this situation are related to lack of soil survey
reports of most rural communities and Local
Government Areas (LGAs). However, agricultural
activities had been taking place in the study area
from time immemorial, nevertheless, up till date,
no documented studies have been carried out to
determine the suitability of the area for the
specific crop production. Detailed information on
the soils is still very limited, yet, there is the need
to generate soil data to improve agricultural
production and for detailed knowledge of the
potential and agronomic limitations of the soils for
their sustainable management and use.
Evaluating soil genesis characteristics and
suitability potential is crucial in the land use
planning process because it guides decisions on
land utilization in such a way that the soil's
resources are and

optimally exploited, a

sustainable land management strategy s
accomplished. Therefore, this study is aimed at
documenting the soils properties such as
morphological, physical, and chemical properties
in the study region to classify them, evaluate their
suitability for rice, cassava, and maize production,
and recommend land management strategies for

long-term crop production at an optimal level.

Materials and Methods

Study area

An integrated farm settlement located at Alaye
village, near lkire in Irewole Local Government
Area of Osun State in southwest Nigeria was
selected as the study location owing to its
immense contribution to agricultural output
within the southwestern Nigeria. The region which
is situated within the rainforest zone, and is
by
Basement complex rocks in Southwestern Nigeria
1988), within  7°21’40”N and

4°11'00"E with a land expanse of about 271 square

characterized underlying  Precambrian

(Rahaman, lies

kilometers and a population of 143,599 people
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(NPC, 2007). The location like other parts of Nigeria
has an equatorial climatic system with wet (April -
October) and dry (November - March) seasons
marked by occasionally high humidity. FMANR,
(1990) reports that the average daily atmospheric
temperature all year-round ranges between 25 °C
and 35 °C, which is moderately high, and has a
narrow range between the monthly mean
minimum (25.0 / 27.9°C) and maximum
temperatures (33.8/ 35.0°C). The point at which
the temperature is mostly felt (high temperature
regime) which falls within February and March
coincides with the start of rains, while the lowest
temperature regime which falls within July and
August marks the peak period of rainfall. The
selected arable crops together with other crops
such as yam, cacao, watermelon, and a variety of
peppers are among the most important crops in
the area.

Fieldwork

On the field, the free method of soil survey was
employed, taking into consideration geological
and geomorphological properties, with the use of
a base map developed to identify soil units. The
based Smyth
Montgomery's (1962) soil-landscape relationship.

observations were on and
Random sampling was carried out across the study
area within each of the physiographic units which
in turn guided in citing of profile pits. Following
that, standard profile pits which are eight (8) in
number were established by the various soil units
along various physiographic positions observed
throughout the area. Cluster sampling at 0-15cm
and 15-30cm depth was also carried out across the
study area both within and outside each of the
physiographic unit to assess the fertility status of
the top and sub soils and examine the soil
Soil
according to the identified genetic horizons from

morphology. morphological descriptions
each soil profile pit established were performed
and soil samples were collected following the
FAO/UNESCO (2006) recommendations. The soil
samples were transferred to the laboratory for the
analysis. A soil core sampler was also used to

collect undisturbed soil samples to determine soil
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bulk density (Blake and Hartge, 1986).
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Figure 1. Map of the area under investigation

Laboratory analyses

Soil samples collected from different horizons
together with the cluster soil sample across the
area were air-dried, gently crushed, and passed
through a 2 mm sieve size to separate gravel
content from other soil components. The portions
of the soil that are less than 2 mm were retained
for physical and chemical procedures.

Soil bulk density was carried out with the use of
the core method as reported by (Blake and Hartge,
1986), while Bouyoucos hydrometer method
(Bouyoucos, 1965) as reported by (Gee and Or,
2002) was used to evaluate the particle size
distribution of the soil samples employing the use
of 0.2 M sodium hydroxide as the dispersing agent.
Soil pH was determined in both water and 1.0 M
KCl solution using a 1:1 soil/solution mixture
(Thomas, 1996). Total exchangeable acidity and Al
of the soil samples were evaluated by titration
using 1.0 M KCl solution for extraction (Sims, 1996)
and titrated with 0.05N NaOH solution (Bertsch
and Bloom, 1996 and Sims, 1996). Exchangeable
cations were determined by extracting with 1.0 N
ammonium acetate (NH4OAc) solution (Thomas,
1982). Concentrations of Ca, Na and K in the
extract were determined flame

using a
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photometer while that of Mg was determined
using an atomic absorption spectrophotometer
(AAS). The effective CEC (ECEC) was estimated by
the summation of exchangeable cations (bases)
and exchangeable Al (Sumner and Miller, 1996).
The soil organic carbon was evaluated by the
Walkley-Black method (Nelson and Sommers,
1996), total nitrogen in the soil samples was
determined by the Kjeldahl method (Bremmer,
1996) and available phosphorus was determined
by the Bray-1 method (Kuo, 1996). Selected
extractable micronutrients (Cu, Zn, Mn, Fe and Co)
contents of the soil samples were determined by
the with 0.5
ethylenediaminetetraacetic  acids

sodium-
(Na-EDTA)
solution and the concentrations of the elements in

extracting soils

the filtrate were then determined with the use of
(AAS).
However, the soil’s electrical conductivity (EC) was

atomic absorption spectrophotometer
determined in deionized water.

All the data generated were subjected to
inferential and descriptive statistics that include
the coefficient of variation and correlation to
determine the relationship between the soil, its
geographical location and its productive potential
as physical

related to their and chemical



FAWOLE et al., 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(4): 624-642

properties.

Soil development and classification

A modified version of Bilzi and Ciolkosz's (1977)
and Meixner and Singer's (1981) field morphology
rating systems were utilized to assess pedological
development by quantitatively evaluating the
relative  distinctiveness of  horizons and
determining the relative development of the soils.
All of this, together with the laboratory results of
the physical and chemical properties of the soils,
was used for soil classification into different

taxonomic groups.

Land suitability parametric approach

Land characteristics observed in the field were
combined with those identified in the laboratory
to provide the necessary land qualities needed to
determine crop suitability. The suitability classes
were obtained from the matching, according to
the rating guidelines specified by Sys (1985). The
land indices were then determined before being
converted to suitability classes using Storie's
(1976) equation. The suitability index (Si) was then
transformed into the suitability class using the
conversion table developed by Sys et al. (1991).

The land characteristics that were selected for
the rating were those that have been found to
contribute to the growth and yield of maize, rice
and cassava to avoid repetition of characteristics
that may depress the final land index. Therefore,
the
characteristic were rated together. As such, a

all land qualities expressed by one
single rating of the soil texture was made regarding
the capacity to retain nutrients, water availability,

permeability, and drainage.

Land qualities/ characteristics
The following land qualities/characteristics
were employed as the basis for assessment in the
parametric approach for rice, maize, and cassava
suitability.
(i)
(c)
(i)

Climate: annual rainfall, mean temperature

Soil physical characteristics: soil depth,
texture, clay content (s)
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(ili)  Wetness: drainage (w)

(iv)  Topography: slope percent (t)

(v)  Nutrient availability (f): pH, N, P, K, Mn, Fe,
Cu, Zn

(vi)  Nutrient retention capacity (n): organic

matter, base status, and effective cation
exchange capacity (ECEC).

Application of the ratings
The land characteristics (LC) for each soil

the

and

were matched with land use

type
requirements for rice, maize, cassava.
Suitability classes were then derived from the
matching. Land indices were calculated before
converting them to suitability classes using the
equation as developed by Storie (1976):
Si= Ax B x C..n
100 100 100

Where, Siis the suitability index, A is index of
the most limiting characteristic, B is the index of
topography, Cis the index of moisture availability,
n is the index of nth characteristic. The index of
suitability (Si) was then converted to the suitability

class using Sys (1978) conversion table.
Results and Discussion

Relationship  between landforms and soil
morphology in the research area

Medium-grained granite and gneisses were
reported as the parent materials of the soils along
the top sequences under investigation are derived
from. Smyth and Montgomery (1962) classified
similar soils formed on similar rock types as Ondo
association (Local classification). The sequence of
soils along the topography was Balogun, Ondo,
Oba and Jago series which are located at the
different physiographical positions of the top
sequence (upper, middle, lower slope, and valley
bottom) respectively. Changes in slope position
and drainage conditions influence the color and
texture of the soils in the area down to the Jago
series at the valley bottom. Well drained, with

sandy loam topsoil overlying sandy clay loam to
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sandy clay subsurface were the characteristics
observed among the soils that occupied the higher
elevation position, a characteristic observed in
practically all the pedons under study. Conditions
favourable for iron segregation, most likely in the
form of plinthites might have played out at a time
with the presence of iron stone gravels in-situ in
residual upland soils as observed in some of the
profiles. A sufficient supply of iron, alternating wet
and dry seasons, and typically flat land surfaces
with seasonally wet soils, such as those found in
the research area, are requirements for this
process Ogunwale et al. (1975).

Physical properties of the soils

Table 1a and b display the soils' bulk density and
particle size distribution information. Across the
is the
observable characteristics of the soil texture for

top sequences, sand to sandy loam

surface horizons. Clay loam texture, except a few

pedons that were more clayey was the
composition of the B and BC horizons as noted in
the area. The soils' sand percentage varied from 57
to 92%, however, it followed an irregular pattern
down the profiles, except for pedon 6, where the
maximum sand content occurred at the surface
and declined with profile depth. This observation
was applicable to all the topographical segments
on the two top sequences. Amusan (1991)
reported that the translocation of colloidal clay
particles deep into the profile with percolating
water as well as selective erosion and
transportation of fine particles to the lower slope

position during heavy rains was responsible for the

higher content of sand in the surface horizon.

The soils silt concentrations as observed on the
field ranged from 3% to 19%. The soils generally
have low silt contents, which is a characteristic of
1975),
especially the soils from the basement complex in

most Nigerian soils (Ojanuga, most
southwest Nigeria according to reports from
Mbagwu et al. (1983) and Okusami and Oyediran
(1985) which is consistent with the study. The clay
content ranged from 02 to 35%, it increased
generally with depth to a maximum, perhaps
caused by the interaction of illuviation and
eluviation and then decreased in the BC horizon.
Ojanuga (1978) observed a similar pattern in the
Ife and Ondo soils in southwestern Nigeria. This
could be a result of sorting of soil material by
biological and

agricultural activities, clay

migration, surface erosion by run-off or a
combination of these factors. In general, clay
content was higher in the intermediate and lower
slope positions compared to the valley bottom
position. The soil bulk density measured ranged
between 1.09 g cm= in the Ap horizon and 1.65 g
cm3 in the subsurface. Root penetration becomes
an issue when bulk density surpasses 1.6 g cm3,
but high total porosity in soils is typically linked
with low bulk density (Payne, 1988). Except for the
valley bottom, where the trend varies, the bulk
density value often increased with depth to reach
a maximum. However, as shown by the deep roots
of plants into deeper depth in some cases, the
higher values at depth in the profiles seem to have
barriers

not produced any to plant root

penetration.

Table 1 (a). Soils physical characteristics along Transect 1

. Total
Horizon
sand

Depth in (cm) Silt Clay

Bulk
Silt/Clay density Textural class
Ratio (g/cm3)
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(%)
Profile 01 (Upper slope) (Balogun series)
Ap 0-15 75 19 06 3.17 1.10 Sandy Loam
AB 15-65 80 12 08 1.50 1.28 Loamy Sand
Btl 65-140 80 08 12 0.67 1.55 Sandy Loam
Bt2 140-175 57 08 35 0.23 1.58 Sandy Clay
Profile 02 (Mid- slope) (Ondo series)
Ap 0-15 83 11 06 1.83 1.15 Lomay Sand
AB 15-55 89 07 04 1.75 1.57 Sand
Btl 55-115 75 07 18 0.39 1.61 Sandy Loam
Bt2 115-160 64 12 24 0.50 1.64 Sandy Clay Loam
Profile 03 (Lower slope) (Oba series)
Ap 0-10 69 19 12 1.58 1.23 Sandy Loam
AB 10-40 77 15 08 1.88 1.36 Sandy Loam
Btl 40-85 77 11 12 0.92 1.42 Sandy Loam
Bt2 85-140 83 05 12 0.42 1.55 Loamy Ssand
Profile 04 (Valley bottom) (Jago series)
Ap 0-12 70 18 12 1.5 1.23 Sandy Loam
AB 12-45 84 10 06 1.67 1.48 Loamy Sand
Bg 45-70 75 15 10 1.5 141 Sandy Loam
Table 1 (b). Soils physical characteristics along Transect 2
Total Bulk
Horizon Depth in (cm) Silt Clay Silt/Clay density Textural class
Sand .
Ratio (g/cm?3)
(%)
Profile 05 (Upper slope) (Balogun series)
Ap 0-15 88 08 04 2.00 1.22 Sand
AB 15-55 86 08 06 1.33 1.43 Loamy Sand
Btl 55-100 84 06 10 0.60 1.52 Loamy Sand
Bt2 100-150 90 03 07 0.43 1.60 Sand
BC 150-195 73 07 20 0.35 1.65 Sandy Clay Loam
Profile 06 (Mid-slope) (Ondo series)
Ap 0-20 90 06 04 1.50 1.09 Sand
AB 20-60 76 04 20 0.20 1.38 Sandy Clay Loam
Btl 60-95 67 06 27 0.22 1.44 Sandy Clay Loam
Bt2 95-160 61 14 25 0.56 1.65 Sandy Clay Loam
Profile 07 (Lower slope) (Oba series)
Ap 0-25 90 08 02 4.00 1.34 Sand
B1 25-65 86 10 04 2.50 1.43 Loamy Sand
B2 65-145 90 04 06 0.67 1.45 Sand
BC 145-180 73 03 24 0.13 1.65 Sandy Clay Loam
Profile 08 (Valley bottom) (Jago series)
Ap 0-11 75 19 06 3.17 1.54 Sandy Loam
AB 11-35 80 14 06 2.33 1.48 Loamy Sand
Bg 35-60 92 06 02 3.00 1.26 Sand

Chemical properties of the soils

The chemical characteristics of the pedons
under investigation are shown in Tables 2a and 2b.
(Orimoloye et. al., 2019) justified the classification
of soils investigated as slightly acidic to neutral as
observed from the pH (H,0) values that ranged
from 5.2 to 6.8 and pH (1M KCl) values ranging
from 4.1 to 6.1. In general, pH decreased with
increasing depth
definite pattern. Sharu et al. (2013) observed and
reported similar trends in some of the soils of

soil and followed no
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southwest Nigeria. The surface soil horizons were
medium to neutral acid class (pH 6.1 — 6.9), while
the subsurface soils, B and C-horizon were slightly
acid to medium acid having pH values that ranged
from 5.2 — 6.7. The pH range across the profiles in
1M KCl was lower than the pH in water (H,0), thus
the difference in soil pH values between the pH in
KCl and H30 (as expressed by ApH = pH (KCI) — pH
(H20)) were all negative ranging from -0.1 to -2.2.
This
predominate over oxides (Van Raij et al., 1972).

implies that the silicate clay minerals
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Landon (1991) revealed that a pH range of 5.5-7.0
is the ideal range for most crops. Heavy rainfall, the
acidity of the parent rock, crop removal around the
study region, and other factors have been
proposed as potential contributors to the amount
of acidity in the soils in the study area. The
research areas receive between 1200 and 1400
mm of rain annually, with the majority of that
falling between five to seven months in the year,
this pattern of rainfall is assumed to be responsible
for leaching and colloidal translocation which is a
common occurrence in the humid tropics
(Amusan, 1991). The higher pH values observed at
the soil surface could potentially be attributed to
nutrients bio cycling and the liming the effects of
bush burning which is a common practice in the
area.

The total exchangeable bases decreased with
soil depth, except for some cases where this was
due to nutrient biocycling. Other possible
explanations include differential weathering that
had taken place, plant uptake, and leaching losses.
In general, there was a higher accumulation of
bases in the surface horizon of the soils (3.24-9.22
cmol(+) kg?). Exchangeable calcium and sodium,
as earlier discovered in most tropical soils
dominated the exchangeable sites of the soils
under investigation. Calcium and magnesium
concentrations vary at random as the soil depth
increases and changes in slope position.
Exchangeable potassium (K*) and sodium (Na*)
concentrations in soil ranged from 0.08 to 0.53
cmol(+)kg-1 and 0.22 to 1.32 cmol(+) kg?,
respectively. Due to their mobility within the soil,
these low values suggested that the soils under
consideration originated from low K* and Na*
content sources or had been depleted by plant
uptake or leaching. Higher values observed at the
pedons' surface horizon may be due to a higher
level of organic materials. However, the readings
varied erratically down the soil profile.

Soil organic matter (SOM) values ranged from
0.18 to 4.81% and decreased with increasing soil
depth. SOM concentrations were higher on the soil
surface than in the subsoil, likely because the

topsoil contained more decomposable plant
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components. Akinbola et al. (2006), reported that
surface horizons are the site where organic
materials disintegrate and humified, hence the
reason for the higher organic matter contents
encountered. The subsurface horizons' SOM
ranged from 0.18 to 2.87%. Adepetu (1986) rated
SOM percentage into three categories: >2.5%
rated high; between 1.5-2.5% are rated medium,
and low values ranged between 0-1.5%. The
overall organic matter content of the soils studied
was often less than 2%, with a few exceptions
yielding higher values. These higher values were
most likely caused by the transfer of organic
materials from one part of the topography to
another, resulting in erosional deposition at the
valley bottom. The effect of high temperature and
relative humidity on organic matter
mineralization, or rather the degradative effect of
agriculture and other land use and management
activities, such as the regular burning of farm
wastes, which destroys most of the organic
compounds that could have been provided to the
soil could be attributed as the reasons for the low
the

Exchangeable soil acidity (AI** and H*) levels varied

organic matter encountered in area.
from 0.1 to 1.4 cmol (+) kg. The exchangeable
acidity of all the examined pedons exhibited little
variation, and the values were essentially constant
with soil depth. Exchangeable AI** was observed to
account for a higher proportion of overall acidity in
the soils studied, subsequent increases in Al** will
result in aluminium toxicity, reducing plant
nutrient availability if the soil is not adequately
managed.

Effective cations exchange capacity (ECEC)
values in the soils under investigation ranged from
3.38 to 9.42 cmol (+) kg soil and are adjudged
generally from low to medium going by Esu (1987)
low, 6-12

medium, and >12 = high. The values were higher in

ratings that put the values as 6

most of the surface horizons of all the soils studied
than in the subsoil, most likely due to the impacts
of organic carbon on the soil exchange sites.
Research has revealed that low ECEC values were
compatible with low soil organic carbon content,
which is not

particularly in the B-horizons,
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unconnected most likely to the kaolinitic nature of
the soil clay (Yakubu and Ojanuga, 2009). In most
of the horizons investigated, as the soil depth
increased, the ECEC values decreased. This is an
indication that the soil's ability to hold plant
nutrients is limited, underlining the significance of
Total
concentrations in the soil are severely low, having

effective soil management. nitrogen
values that are less than 1 g/kg across the pedons.
Surface soils had total nitrogen contents ranging
from 0.07 to 0.13% and subsurface soils had total
nitrogen contents ranging from 0.02 to 0.11%.
Total nitrogen percentages were classed as low
(0.10%), medium (0.10 - 0.20%), and high (>0.20%)
(Sobulo and Adepetu, 1987). Low nitrogen values
in soils are most likely caused by a rapid rate of soil
organic matter decomposition, a high rate of
leaching, and loss because of soil erosion (Solarin
2006). Total

fluctuated irregularly with depth in the area, which

and Ayolagha, nitrogen values
could be attributed to the influence of continuous
cultivation, a common practice on most Nigerian
soils that are accompanied by constant crop
residue removal. Values of the soils' Extractable
Micronutrients concentration revealed that Fe
ranged from 80.0 to 520.0 mg/kg, Zn from 0.25 to
1.52 mg/kg, Co from 0.12 to 13.46 mg/kg, and Mn
from 0.90 to 13.0 mg/kg with an irregular
the Fe

concentration was higher in all the pedons studied,

distribution down soil  profiles.
probably because of the mineral composition of
the underlying rock or transported materials,
uptake of essential nutrients by plants, leaching of
cations due to heavy rainfall or erosion, or a
combination of these factors. The higher values
recorded may lead to the occlusion of some plant
nutrients, such as phosphorus and so unavailable
for plant uptake, as well as the lower exchangeable
cations found in the soils under study. This can be
handled with a good soil management system.
The range of the soils' electrical conductivity
(EC) was 0.01 to 1.32 dS/m. All the soils' EC values
were typically less than 2 dS/m. Brady and Weil
(1999) stated that soils with EC values less than 2
dS/m were neither saline nor sodic. Many plants

typically experience salt stress when the soil EC

632

surpasses 2.0 dS/m salt index (Hanlon et al., 1993).

The correlation studies of soil physical and
chemical parameters along the top sequences
(Table 3) revealed the levels of interaction and
importance among the soil properties. Positive and
significant relationships thus suggested that the
more components in the soils, the more available
they were, and vice versa for every negative and
significant association.

The genesis of the soil

In general, all the pedons studied have
comparable morphological, physical, and chemical
properties, which are highly correlated with
landforms and landscapes. The results suggest that
pedogenic processes operating in the study area
formation are

that might have led to soil

decomposition and humification of organic
materials as evidenced by the dark color of the
eluviation/  colloidal

topsoils, illuviation/

transformation, and leaching. This could be
beneficial for predicting the spatial distribution of
soil characteristics that are directly related to local
land use and management in the area.

Soil classification (Local system)

The report of Smyth and Montgomery's (1962)
soil survey work in central western Nigeria served
as a reference for the local classification of the
soils. The characteristics of the parent material,
bedrock type, physiographic position, drainage,
and soil morphology were all taken into
consideration. The parent rock of the Ondo
Association soils encountered in the area is
medium-grained granite and gneisses (Smyth and
Montgomery, 1962). The soils at the upper slope
the

investigation were therefore classified as Balogun

position  from two transects under
series, Mid slope position as Ondo series, lower
slope position as Oba series, and the soils that
occupied valley bottom position in the top
sequences as Jago series, a member of Jago

association.

Higher category classification (Taxonomic)
All the pedons studied exhibited subsoil clay bulge
that is distinctive with low activity clay, ECEC at 125
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cm below the top boundary of the kandic horizon
is reported low with a slightly acidic subsoil horizon
(USDA, 2010). All these classified the pedons
examined as Ultisol. The soils encountered in the
area are mineral soils with high color values and
chromas but low SOM concentration. The soils are
dried for a period that was above 90 days but less
than 180 days. Periaswamy and Ashaye, (1982)
and Okusami and Oyediran (1985) reported a
moisture regime of soils encountered in
southwestern Nigeria as ustic, placing the soils in
the Ustult suborder. Amusan and Ashaye (1991)
have reported

temperature regime in southwestern Nigeria,

an isohyperthermic  soil
although the landscape is old and geologically
stable with ochric epipedon, making the profiles
pale. The soils at the upper and mid slope position
are thus classified as Typic isohyperthermic
Paleustult in the USDA Soil Taxonomy, while soils
at the lower slope position that displayed a plinthic
material within its 100 below soil surface are
classified as Plinthic isohyperthermic Paleustult,
soils of Jago series at the valley bottom position
were classified as Ustipsamment (Soil Survey Staff,

2006). However, employing the FAO/UNESCO
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system of classification, Upper and mid slope soils
were classified as Chromic Lixisol owing to the
displayed presence of argillic B horizon that is
reported to be low in CEC, base saturation with
high chroma. Lower slope soils with plinthitic
material are Plinthic Lixisol and the soils at the
valley bottom as Fluvisol respectively.

Land characteristics and qualities

The climatic condition of the area in terms of
the amount of rainfall, rainfall distribution and
temperature were favorable for the cultivation of
the three crops. All the pedons regardless of their
position on the top sequence were deep (140 cm
to 195 cm) while groundwater table was
encountered at a depth of 75 cm and 60 cm in
Profiles 4 and 8 respectively. All the mapping units
were well drained except for the two pedons that
occupied the valley bottom, and this was due to
their location on the top sequences. The fertility of
the soils was low, and the slope of the area is
moderate to slightly steep of about 2 to 6% and the
sand content was high.
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Table 2a. Selected chemical properties of soils along transect 1 in the studied area

Exchangeable Bases Excf;. Acidity Sum of Total
EC ) e e . OM AR+ ECEC Base Al N  Avail
Horizon D(isqt)h (I_F:F(I)) I?C-II ApH  (dS/m) Ca Me K Na (%) H™ Bases sat. Sat. P Mn Co Fe Cu Zn
’ (cmol/kg) (cmol/kg) (%) (%) (%) (mg/kg)
Profile 01 (Upper slope) Balogun series
Ap 0-15 6.3 53 -1.0 0.59 3.09 0.79 053 047 3.56 0.4 0.2 4388 5.28 92 8 0.10 4766 270 8.58 88.00 3.60 0.72
AB 1565 6.1 51 -1.0 0.70 261 041 0.19 0.32 1.34 0.2 0.3 3.53 3.73 95 5 0.06 17.28 1.10 9.32 80.00 3.40 0.59
Btl 65-140 5.7 56 -0.1 0.95 451 052 031 0.36 0.74 03 03 5.70 6.00 95 5 008 29.07 1.30 9.50 166.00 2.20 0.85
Bt2 140-175 5.2 4.8 -0.4 0.90 3.80 098 0.27 0.65 0.41 0.7 0.3 5.70 6.40 89 11 0.02 33.12 4.30 9.60 96.00 2.20 1.49
Profile 02 (Mid- slope) Ondo series
Ap 0-15 6.8 59 -09 0.71 3.32 0.66 0.51 0.65 2.68 04 0.2 5.14 5.54 93 7 0.12 75.21 0.90 9.51 118.00 4.10 1.50
AB 15-55 6.6 6.2 -04 031 3.09 046 0.29 0.57 1.68 0.4 0.3 441 4.81 92 8 0.07 3414 1.10 10.47 122.00 290 0.62
Btl1 55-115 6.5 6.1 -04 0.75 3.09 0.39 0.27 0.57 0.74 0.1 04 432 4.42 98 2 0.04 18.08 1.10 10.84 80.00 2.10 0.78
Bt2 115-160 6.5 54 -1.1 0.52 428 0.69 0.29 0.65 0.67 0.4 0.3 5091 6.31 94 6 0.06 1149 1.30 10.87 520.00 2.00 1.52
Profile 03 (Lower slope) Oba series
Ap 0-10 6.9 52 -1.7 0.49 261 1.07 0.27 1.32 3.05 04 0.3 5.27 5.67 97 7 0.13 12.34 4.60 11.43 510.00 7.70 1.38
AB 10-40 6.7 59 -0.8 0.61 285 098 0.13 0.72 1.27 0.3 0.3 4.68 4.98 93 6 0.08 6.42 1.50 10.63 486.00 5.60 0.83
Btl 4085 6.5 6.1 -04 1.12 285 1.05 0.13 0.65 1.07 0.2 0.2 4.68 4.88 94 4 0.08 6.08 1.00 5.66 120.00 6.40 1.07
Bt2 85-140 6.1 5.7 -04 1.32 3.09 103 0.17 0.75 04 0.2 0.3 5.04 5.24 96 4 0.05 69.12 1.90 11.67 106.00 190 1.50
Profile 04 (Valley bottom) Jago series
Ap 0-14 6.1 45 -1.6 0.52 3.7 2.05 023 024 481 06 04 6.22 6.42 97 3 013 3212 13.00 544 386.00 3.10 0.48
AB 14-50 5.7 43 -14 0.56 2.9 1.67 0.12 022 287 05 03 491 5.11 96 4 011 2814 7.10 7.32 356.00 2,44 0.25
Bg 50-75 5.7 41 -16 1.11 2.2 1.67 0.08 024 201 0.7 04 419 4.39 95 5 007 1444 812 9.10 368.00 2.28 0.51
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Table 2b. Selected chemical properties of soils along transect 2 in the studied area

Exchangeable Bases

Exchangeable

Acidity f ECEC B I
Horizon Depth  pH — pH ApH EC Ca* Mg* K* Na* Total B:ses - s‘:ie SAat Avail.
cm  H,0 KCl (dS/m) N oM APt H* (0/). (0/)' P Mn Co Fe Cu Zn
(cmol/kg) (%) (%) (cmol/ke) R (mg/ke)
Profile 05 (Upper slope) Balogun series
Ap 0-15 6.5 52 -13 0.32 2.61 0.66 049 057 007 3.02 04 0.2 433 473 91 8 10.82 4.60 11.50 192.00 1.50 0.39
AB 15-55 65 52 -13 0.40 2.85 0.56 0.15 0.54 0.03 1.07 0.2 03 410 430 95 5 10.14 7.10 12.89 112.00 1.70 0.38
Btl 55-100 6.3 5.0 -1.3 0.51 3.56 0.54 0.21 054 0.05 054 03 0.3 485 5.15 94 6 2214 1.20 12.60 170.00 1.30 0.40
Bt2 100-150 59 5.8 -0.1 0.46 3.56 0.64 042 072 0.02 04 0.7 03 534 6.04 88 12 14.87 1.00 11.97 152.00 0.60 0.42
BC 150-195 5.7 5.5 -0.2 0.52 2.61 095 0.33 0.79 0.02 067 11 04 468 5.80 81 19 19.44 1.30 11.54 80.00 0.70 1.24
Profile 06 (Mid- slope) Ondo series
Ap 0-20 6.6 52 -14 0.14 2.38 0.61 042 061 0.13 168 04 0.2 4.02 442 91 9 10.82 1.30 12.82 120.00 0.10 0.41
AB 20-60 6.1 5.7 -04 0.04 2.85 046 0.23 029 009 087 04 03 383 423 91 9 1470 1.10 12.27 94.00 0.90 0.40
Btl 6095 5.7 4.8 -0.9 0.03 2.38 0.74 025 040 0.09 114 01 04 377 3.87 97 3 12,84 1.40 13.46 112.00 2.50 0.57
Bt2 95-160 54 51 -0.3 0.06 2.38 090 040 043 005 054 04 03 411 451 91 9 10.82 1.20 12.73 138.00 0.20 0.41
Profile 07 (Lower slope) Oba series
Ap 0-25 65 54 -11 0.02 2.14 049 0.29 0.32 0.12 107 04 03 324 364 89 11 15.72 1.10 12.25 194.00 0.50 0.39
B1 25-65 6.0 55 -0.5 0.02 2.14 0.38 0.27 0.29 0.08 0.81 0.3 0.3 3.08 3.38 94 9 13.01 1.40 0.12 198.00 0.20 0.36
B2 65-145 58 55 -0.3 0.09 3.56 0.62 0.19 040 0.03 0.81 0.2 0.2 477 497 96 4 2434 2.20 0.53 146.00 1.60 0.67
BC 145-180 5.2 5.0 -0.2 0.02 2.76 1.05 0.15 0.75 0.04 087 0.3 0.2 471 4091 96 4 1411 2,44 1,12 24400 1.12 0.42
Profile 08 (Valley bottom) Jago series
Ap 0-11 6.7 45 -2.2 0.03 4.7 405 0.23 024 013 145 04 0.2 09.22 9.42 98 2 32,22 7.10 6.43 520.00 5.11 0.31
AB 11-35 6.2 43 -1.9 0.01 3.2 567 0.12 022 005 08 04 03 0921 9.41 98 2 23.66 4.22 8.22 296.00 5.42 1.50
Bg 35-60 59 41 -1.8 0.17 2.2 567 008 024 003 018 06 03 819 8.39 98 2 1555 6.23 13.46 354.00 6.86 1.52
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Suitability evaluation using parametric approach
The suitability of the soils for the selected crops
(maize, rice, and cassava) was evaluated using the
physical and chemical parameters of the pedons
across the study area, as suggested by Sys (1985).
The parametric approach thus, assigns a numerical
rating to each limitation, with no limitation (highly

suitable) being 100%, low limitation (highly
suitable) being 95%, moderate limitations
(moderately suitable) being 85%, severe

limitations (marginally suitable) being 60%, and
very severe limitations (not suitable) being 40%.
Suitability classes were established based on the
nature and severity of the constraints. They were
often tied to the specific land index value. Soils
were classified based on their suitability for the
cultivation of a given crop. The rating scores were
by
characteristics/land qualities crop
requirements to develop suitability classes (Tables

determined combining land

and

4 a, b, and c) for the various mapping units in the
study region. Soils were placed in classes according
to their suitability to produce specific crop.

Actual suitability defines the soil's suitability for
crop production in its current state when
correctable limits (in this case, nutrient availability
- N. P, K, Mn, Cu, Fe, Zn) are not modified.
(p)
performance when fertilizers are given to rectify
cropping. This
presentation is required since the distinction
between actual and potential suitability is merely

Potential  suitability evaluates  crop

fertility deficiencies during

a management factor.

The actual (a) suitability examination revealed
that the soils are not presently (N1) suitable for
commercial cultivation of maize, rainfed rice, and
cassava in their current state. The soils, on the
other hand, were graded as moderately suitable
(S2) at the upper, middle, and lower slope position
but marginally suitable (S3) at the valley bottom
for maize production. Potential suitability for
cassava production at the upper and lower slope
position were rated moderately suitable (S2),
while those at the mid slope and valley bottom
were rated marginally suitable (S3). However, all
the soils in the area are potentially not suitable
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(N1) for upland rice.

Physical factors are the primary agronomic
restrictions of these soils such as texture, structure
and coarse fragments, nutrient availability, and
nutrient retention such as nitrogen and organic
matter contents of the soils and perhaps their
position on the topography (slope) in the order of
severity.

Suitability assessment of the soils using GIS based
approach

The following steps were followed in the GIS
environment: Database was created for the soil
properties collected on the field using Microsoft
Excel. The soil map of the areas were produced in GIS
environment using digital elevation model guided by
the field data; Land quality maps were produced
using Boolean operations; Diagnostic queries on the
spatial and attribute data was carried out to compare
soil characteristics/qualities with crop requirements
for maize, rice and cassava; and thereafter, overlay
and intersection functions performed on the land
guality maps generated to produce the soil suitability
maps.

The suitability map of the studied area using GIS
for maize production was mapped as permanently
not suitable, not suitable, marginally suitable, and
moderately suitable. About 15% of the area was
mapped as permanently not suitable, 50% not
25%
remaining 10%

suitable, marginally suitable and the
was mapped as moderately
suitable for maize production. The area mapped as
not presently suitable was occupied by soils of
Balogun and Jago series, Figure 2. The suitability
map of the area for rice production showed a
different result from that maize. About 80% of the
study area was mapped as marginally suitable and
the remaining 20% was not presently suitable for
rice production, figure 2.

The suitability map of the area for cassava
producAtion showed that about 50% of the study
area was presently not suitable (N1) and 40%
marginally suitable (S3) while 10% are moderately
suitable (S2) for cassava production. The area
mapped as not presently suitable was occupied by

the soils of Balogun and Jago series, figure 3.
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Table 4 a. Aggregate Suitability evaluation scores of the soils from the study area for maize production using parametric approach

Soil Profiles Soil series name Topography slope (t) Drainage Moisture Avail (m) Physical soil properties (s) Nutrient availability (f) Nutrient retention (n) Suitability
(w) Soil Base Sat Organic
Texture Gravel Depth N P K Mn Zn Cu ECEC Matter Index Class
1 Balogun 85 100 100 95 95 100 95 100 100 40 40 60 60 100 95 4 NS a
85 100 100 95 95 100 - - - - - - - 100 - 77 S2p
2 Ondo 95 100 100 85 95 100 95 100 100 40 40 60 85 100 95 6 NS a
95 100 100 85 95 100 - - - - - - - 100 - 77 S2p
3 Oba 95 100 100 85 95 100 95 100 95 40 40 60 85 100 95 5 NS a
95 100 100 85 95 100 - - - - - - - 100 - 77 S2p
4 Jago 100 85 100 60 100 95 95 100 95 60 40 60 60 100 95 4 NS a
100 85 100 60 100 95 - - - - - - 60 100 95 48 S3p
a = actual suitability when characteristic (f) is not corrected. p = potential suitability after the correction of characteristic (f).
Table 4 b. Aggregate suitability evaluation scores of the soils from the study area for cassava production using parametric approach
Soil Profiles Soil series name Topography slope (t) Drainage Moisture Avail (m) Physical soil properties (s) Nutrient availability (f) Nutrient retention (n) Suitability
(w) Soil Base Sat Organic
Texture Gravel Depth N P K Fe Mn Zn Cu ECEC Matter Index Class
1 Balogun 85 95 100 95 85 100 95 100 100 100 40 85 95 60 100 85 6 NS a
85 95 100 95 85 100 - - - - - - - - 100 - 65 S2p
2 Ondo 85 95 100 85 60 100 95 100 100 100 40 60 95 85 100 85 4 NS a
85 95 100 85 60 100 - - - - - - - - 100 - 41 S3p
3 Oba 95 95 100 95 85 100 95 100 100 100 40 60 95 85 100 85 4 NS a
95 95 100 95 85 100 - - - - - - - - 100 - 73 S2p
4 Jago 95 60 100 95 95 85 95 100 100 100 60 60 95 60 100 60 5 NS a
95 60 100 95 95 85 -- - - - - - - - 100 - 44 S3p

a = actual suitability when characteristic (f) is not corrected. p = potential suitability after the correction of characteristic (f).
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Table 4 c. Aggregate suitability evaluation scores of the soils from the study area for rain fed rice production using parametric approach

Soil Soil Topography  Drainage Rainfall  Temp. Physical soil properties (s) Nutrient availability (f) Nutrient retention (n) Suitability
Profiles series slope (t) (w) Struc  Coarse Soil ECEC Base Organic

name Texture  ture Frag Depth  pH N P K Fe Zn Mn Sat Matter Index Class

1 Balogun 85 100 100 100 95 85 40 100 100 40 95 100 100 85 100 40 100 100 4 NS a
85 100 100 100 95 85 40 100 - - - - - - - - 100 100 27 NS p

2 Ondo 95 100 100 100 85 85 40 100 100 40 100 100 100 85 95 60 100 100 5 NS a
95 100 100 100 85 85 40 100 - - - - - - - - 100 100 27 NS p

3 Oba 95 100 100 100 95 85 40 100 100 40 100 95 100 60 100 60 100 100 5 NS a
95 100 100 100 95 85 40 100 - - - - - - - - 100 100 31 NS p

4 Jago 100 60 100 100 95 85 60 95 100 40 100 95 100 60 100 40 100 95 2 NS a
100 60 100 100 95 85 60 95 - - - - - - - - 100 - 28 NS p

a = actual suitability when characteristic (f) is not corrected. p = potential suitability after the correction of characteristic (f)
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Figure 2 A. Map showing the suitability order of the study site for Maize production, B: Map showing the
suitability order of the study site for Rice production, C: Map showing the suitability order
of the study site for Cassava production

Conclusion and Recommendation

The purpose of the study was to characterize
and classify the soils in the study region, as well as
to evaluate their suitability for maize, cassava, and
rice production using a parametric method, to
suggest land management strategies for
sustainable crop production. The soils in the area
differ in their suitability for the selected crops
based on their agronomic constraints ranging from
texture, nutritional makeup, position on the
topography and the ecological region.

The study thus revealed that although the soils
are not homogeneous, they are closely related.
Different soil types are present on the landscape
because of pedogenesis, which was influenced by
physiography in the studied area. Hydrolytic
weathering and leaching of bases are the main
pedogenetic processes that appear to have
evolved the soils, together with lessivation,
mobilization and immobilization of iron, and cyclic
As this

demonstrated the need to adopt different

climatic change. a result, study
management practices such as prevention and
control of soil erosion through practicing of cross
slope farming at the upper slope position, deep
ploughing to break up the plinthic material at the
subsoils and promote tuberization in cassava,
practicing of crop rotation to sustain fertility status
of the soils over a long time, avoidance of soils at
the low level for root and tuber crops. In the same

vein, considering the economy of liming in an area
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with low pH to meet the agronomic requirements
for each soil type at the various physiographic
positions to ensure the sustainable use of soil
resources.
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HARRAN TARIM ve GIDA BiLiIMLERi DERGISI
YAZIM KURALLARI

1. Makale, Microsoft Word programinda, Calibri yazi karakterinde, 1.15 satir araliginda, 12

2.

10.

11.

12.

punto diiz metin ve tek sttun olarak yazilmalidir.
Kenar bosluklari; sol, sag, alt ve list- 3 cm birakilarak, her satira ardisik olarak satir numarasi
verilerek hazirlanmalidir.

. Yazar(lar) makalenin ne tlrde bir yazi (Arastirma makalesi, derleme, teknik not vb.)

oldugunu belirtmelidir.

. Tiirkge baslik 14 punto (koyu ve ortah) kiiclk harflerle (Bashgin sadece ilk kelimesinin bas

harfi biyiik) ve diiz yazilmaldir. ingilizce bashk 12 punto ve ortali yazilmalidir.

Yazar isimleri Adi SOYADI kuralina gére Tirkce baslik sonrasi 12 punto (koyu, ortali ve
diiz) ve bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin ist simge olarak
rakam, sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri
sonrasinda 1 bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir.

Adres satirindan sonra 1 bosluk birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID
satirinin altina, sorumlu yazar e-posta adresi belirtilmelidir.

. Metin genel olarak;

e Oz
e Abstract,
e Giris,

e Materyal ve Metot,

e Arastirma Bulgular ve Tartisma,
e Sonuglar,

e Ekler

e Kaynaklar seklinde olmalidir.

. Ana basliklarin yaziminda koyu olarak kelimelerin sadece bas harfleri bliyik yazilmalidir.

ikincil ve Gglincil bashklarda sadece ilk kelimenin bas harfi biyiik, diger kelimeler kiigiik,
koyu degil ve italik yazilmalidir. Metin ana basliklari, metin baslangici ve sonunda olmak
Uzere 1’ er bosluk birakilmahdir. Alt basliklardan 6nce 1 bosluk birakilmali, ancak,
sonrasinda bosluk birakilmamalidir. Tim basliklar girinti verilmeden sola yasli olarak
yazilmahdir.

. Metin icerisinde kaynak gésterimi (Yazar, yil) esasina gore yapilmalidir. Metin icerisinde

iki yazarli bir kaynagin gosteriminde, metin Tirkge ise (ilk yazar soyadi ve ikinci yazar
soyadi, yil) kurali uygulanmalidir. ikiden fazla yazarin bulundugu kaynaklarin gésteriminde
(ilk yazarin soyadi ve ark., yil) kurali uygulanmalidir.

Ornegin; (Mamay, 2020), (ikinci ve Bolat, 2018); (Séylemez ve ark., 2019),

Makale ingilizce olarak yazilacaksa (ilk yazar and ikinci yazar, yil) ve (ilk yazarin soyadi
et al., yil) kurali uygulanmalidir.

Ornegin; (Séylemez, 2018), (Bolat and Mamay, 2015), (Mamay et al., 2010).

Metin icerisinde birden fazla kaynaga ayni anda atif yapilacak ise; kaynaklar
yayinlandiklari yil dikkate alinarak kronolojik olarak siralanmalidir.

Oz (ABSTRACT): Baslk sola yasli olmali, 10 punto, koyu, paragraf basinda girinti
verilmemelidir. Tiirkce ve ingilizce metin 300 kelimeyi asmayacak sekilde, 10 punto ve 1
satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler ve Abstract ile Key Words arasinda tek



satir bosluk (10 punto, diz) birakilarak metnin hemen altinda en fazla 5 adet Anahtar
Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin (Giris) arasinda iki satir bosluk
birakilmalidir.

13. Makalelerde fotograf, grafik, cizim vb. “Sekil” olarak, Tablolar ise “Cizelge” olarak ifade
edilmelidir.

14. Cizelge ve Sekiller ardisik olarak numaralandiriimalidir (Sekil 1. veya Cizelge 1.). “Sekil”
ve “Cizelge” icerikleri 1 satir aralikh ve 10 punto olarak hazirlanmalidir.

15. Cizelge basliklari gizelgenin Ustlinde, sekil bashklari ise sekillerin altinda ilk harf biylk
olacak sekilde 1 satir aralikli 10 punto olarak yazilmalidir.

16. Tiirkge yazilmis makalelerde Sekil ve Cizelge basliklarinin ingilizceleri, Tiirkge bashgin
hemen altinda italik olarak yazilmahdir. (Makale ingilizce olarak yazilmissa, Sekil ve Cizelge
basliklarinin Turkge karsiliklari yazilmayacaktir)

Sekil 1. Arastirma bahcgesinde tespit edilen ortalama sicaklik, ortalama nispi nem ve aylik yagis miktari
ortalamasi degerleri (2007-2011 yillari ortalamasi)

Figure 1. The average temperature, average relative humidity and average monthly rainfall data detected in the
research garden (average of the years 2007-2011)

Cizelge 2. Seftali gesitlerinin 2007 - 2011 yillari arasindaki fenolojik gdzlem sonuglari
Table 2. Phenological observation results of peach cultivars for between 2007 and 2011

Tirkgce yazilmis makalelerde Cizelge ile Sekillerin igerisinde bulunan parametrelerin
ingilizce karsiliklari bu parametrelerin hemen altina italik olarak yazilmalidir. (Makale ingilizce
olarak yazilmissa, Sekil ve Cizelgelerin icerisinde belirtilen parametrelerin Tlrkge karsiliklari
yazilmayacaktir.)

Cizelge 3. Denemede yer alan seftali gesitlerinin bazi pomolojik 6zellikleri
Table 3. Some pomological properties of peach varieties

Cesitler Meyve agirhgi(g) Meyve eni (mm) | Meyve boyu(mm) Cekirdek agirhigi (g)
Varieties Fruit weight (g) Fruit width (mm) |  Fruit length (mm) Kernel weight (g)
Cardinal 78.19 f 50.73 d 48.48 ¢ 5.06d
Cresthaven 129.58 b 61.69 bc 59.56 b 8.31 bc

17. Makale metni ve Cizelge-Sekil icerisinde bildirilen ondalik rakamlar, nokta ile ayrilmalidir.
(123.87; 0.987 vb.).

18. Cizelge-Sekillerden dnce ve sonra bir satir bosluk birakilmalidir.

19. Makale yaziminda “Uluslararasi Birim Sistemi” (SI)’ye uyulmalidir. Buna gore; g/l yerine g
I, mg/l yerine mg I'* ya da ppm kullaniimalidir. Yuzde ile belirtilen ifadeler aciklayici
olmalidir. Ornegin; %3 yerine %3 (w/v), %3 (v/v), %3 (w/w) seklinde belirtilmelidir.

20. Harran Tarim ve Gida Bilimleri Dergisi Kaynaklar listesinin bildirisinde APA Formatini
kullanmaktadir. Buna gore kaynaklar listesi asagidaki kurallar c¢ergevesinde
hazirlanmalidir.

1. DERGIi YAYINLARINA ATIF VERME

1.1. Tek yazarli makale

Mamay, M. (2015). Nar yaprakbiti [Aphis punicae Passerini (Hemiptera: Aphididae)]’nin
Sanlurfaili nar bahgelerindeki bulasiklik haritasi. Tiirkiye Entomoloji Biilteni, 5(3), 159-
166.



1.2. iki yazarl makale

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions.
Applied  ecology and environmental research, 15(3), 759-770. DOI:
http://dx.doi.org/10.15666/aeer/1503 759770

1.3. ikiden fazla yazarl makale

Mamay, M., Unli, L., Yanik, E., Dogramaci, M., & ikinci, A. (2016). Efficacy of mating
disruption technique against carob moth, Apomyelois ceratoniae Zeller (Lepidoptera:
Pyralidae) in pomegranate orchards in Southeast Turkey (Sanliurfa). International
Journal of Pest Management, 62(4), 295-299.

Ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat
requirements and effective heat summations of some pomegranate cultivars grown
in Southern Anatolia. Erwerbs-Obstbau, 56(4), 131-138. DOI:
https://doi.org/10.1007/s10341-014-0220-8

2. KITAPLARI KAYNAK GOSTERME

2.1. Kaynak kitap ise,

Mohsenin, N. N. (1970). Physical Properties of Plant and Animal Materials. New York:
Gordon and Breach Science Publishers.

2.2. Kaynak kitaptan bir boliim ise,
Author, A. A. (Year). Chapter title. In E. E. Editor (Ed.), Title of book: And subtitle (pp.
pages). Place: Publisher.

2.3. Editorla kitap

Yesilyaprak, B. (Ed. ). (2003). Gelisim ve égrenme psikolojisi. Ankara: Pegema Yayincilik.

2.4. Yazari bilinmeyen kaynaklari veya internet kaynaklarini kaynak olarak gosterme;

Anonymous (2005). Tereyagl, diger sit yagi esash sirilebilir Grlinler ve sadeyag tebligi. Turk
Gida Kodeksi, Teblig No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from:
http://faostat.fao.org/site/567/default.asp.

3. YUKSEK LISANS ve DOKTORA TEZLERINE ATIF VERME

Doktora ya da vyuksek lisans tezlerine elektronik veri tabanlarindan, kurumsal
arsivlerden ve kisisel web sayfalarindan erisilebilir. Eger bir teze ProQuest doktora ve yiiksek
lisans tezleri veri tabanindan ya da diger bir kaynaktan erisildiyse, atifta bu bilgi verilmelidir.
Bir veri tabani servisinde mevcut olan bir doktora ya da yiiksek lisans tezi icin asagidaki
kaynak gosterme bicimi kullanilir:


http://dx.doi.org/10.15666/aeer/1503_759770
https://doi.org/10.1007/s10341-014-0220-8
http://faostat.fao.org/site/567/default.asp

3.1. Yayimlanmamis tez

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards
in Sanliurfa province and using mating disruption technique for its control
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant
growing, yield and some fruit quality features at soilless grown grafted tomatoes
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

3.2. Yayimlanmis tez
May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol, UK: Canopus
Publishing.

4. SEMPOZYUM VE TOPLANTI BiLDiRILERINE ATIF VERME

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3" International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture,
Forest, Food Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia,
Turkey.

Sonmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
hydroponic culture and different NH4:NO3 ratio on the density of aphid [Aphis spp.
(Hemiptera: Aphididae)] population in greenhouse lettuce. 1% International Gobeklitepe
Agriculture Congress (IGAC-2019), (pp. 599-604), 25-27 November, Sanliurfa,
Turkey.

Not: Yukarida yer alan kaynak goésterimlerde bulamadiginiz farkli materyal veya konu

bashklarindaki kaynak bildirisleri icin internetteki APA Kaynak Gosterimi ile ilgili
web sayfalarindan ya da asagidaki linkteki bilgilerden yararlanabilirsiniz.

https://libguides.library.usyd.edu.au/ld.php?content id=47913440

Sencan, i., ve Dogan, G. (2017). Bilimsel yayinlarda kaynak gdsterme, tablo ve sekil
olusturma rehberi: APA 6 Kurallarl. Tiirk Kitiphaneciligi Dergisi, Ankara.

https://www.tk.org.tr/APA/apa_2.pdf


https://libguides.library.usyd.edu.au/ld.php?content_id=47913440
http://www.tk.org.tr/APA/apa_2.pdf

HARRAN TARIM ve GIDA BiLIMLERi DERGISi
YAZAR REHBERI

1. Harran Tarim ve Gida Bilimleri Dergisi’'ne génderilen makaleler Dergi Yayin Kurulu tarafindan
belirlenen yazim kurallarina gore yazilmalidir.

2. Makaleler, Dergipark Sistemi lizerinden online olarak yiklenmelidir.

3. Tum vyazarlar tarafindan imzalanan Telif Hakki Devir Soézlesmesi ve Makale Kontrol
Listesi (sorumlu yazar tarafindan imzalanacak) makale ile birlikte sisteme yuklenmelidir.

4. iThenticate Programi Benzerlik Raporu (%20’yi ge¢memelidir) ve gerekli ise Etik Kurul
Karari makale ile birlikte sisteme yuklenmelidir.

5. Hazirlanacak olan makale metni genel olarak;

e Oz,
e Abstract,
e Giris,
e Materyal ve Metot,
e Arastirma Bulgulari ve Tartisma,
e Sonuglar,
e Ekler,
e Beyanlar
e Cikar Catismasi

¢ Yazar Katkisi

e Kaynaklar bélimlerinden olusmalidir.

6. Bashlik: Kisa ve aciklayici olmali, Calibri yazi karakterinde, 14 punto, koyu, diiz, ortalanarak ve
kiicuk harflerle (Basligin sadece ilk kelimesinin bas harfi biyik) yazilmalidir. Baslik tercihen 15
kelimeyi gecmemelidir. ingilizce baslik Tiirkge basligi tam olarak karsilamali, 12 punto ve koyu
yazilmahdir.

7. Harran Tarim ve Gida Bilimleri Dergisi'ne yayinlanmasi i¢in makalenin ilk gonderiminde yazar
isimleri, kurum isimleri, adresleri, ORCID numaralari ve e-posta bilgileri yer almamalidir.

8. Makalenin hakem degerlendirmesi tamamlandiktan ve makale Yayin Kurulu tarafindan kabul
edildikten sonra, 7. maddede yer alan yazar isimleri ve diger bilgiler, hakem Onerilerine gore
yeniden diizenlenmis olan makale sayfasi (izerine yazildiktan sonra, Dergi web sayfasinda yer alan
dizenlenmis makaleyi gonder sayfasindan Dergi sistemine yiklenmelidir. Kontrol edilmis veya
diizeltilmis olan makale, yeni bir makale gibi Dergi web sayfasindan yiiklenmemelidir.

9. Yazar isimleri Adi SOYADI kuralina gére Tirkge baslik sonrasi 12 punto (koyu, ortali ve diiz) ve
bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin (st simge olarak rakam,
sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri sonrasinda 1
bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir. Adres satirindan sonra 1 bosluk



birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID satirinin altina sorumlu yazar e-posta
adresi belirtilmelidir.

10. 0Z: Calismanin yiiriitildigii yer ve zamanini, amacini, ydntemini ve sonuglari icermelidir. Sola
yasli, 10 punto, koyu, paragraf basinda girinti verilmemelidir. Tiirkce ve ingilizce metin 300
kelimeyi asmayacak sekilde 10 punto ve 1 satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler
ve Abstract ile Key Words arasinda tek satir bosluk (10 punto, diz) birakilarak, metnin hemen
altinda en fazla 5 adet Anahtar Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin
(Girig) arasinda iki satir bosluk birakilmalidir.

11. Giris: Bu bolimde; ¢alisma konusu, gerekgesi, konu ile dogrudan ilgili dnceki ¢alismalar ve
calismanin amaci verilir. Bu bélimde; calismanin konusu 6zetlenmeli, konu hakkindaki mevcut
bilgi dogrudan iliskili 6nceki ¢alismalarla degerlendirilmeli ve bilgi Uretimine ihtiya¢ duyulan
hususlar vurgulanip ¢alisma ile iliskilendirilmelidir. Son olarak ¢alismanin amaci net ve agik bir
sekilde ifade edilmelidir.

12. Materyal ve Metot: Bu bolimde; calismada kullanilan canli ve cansiz materyaller, uygulanan
yontemler, degerlendirilen dlcitler, uygulanan deneme desenleri veya 6rnekleme yontemleri ile
istatistiksel analizler gerektiginde kaynaklarla da desteklenerek, acik ve net bicimde
anlatilmalidir. Yeni veya degistirilmis yontemler, ayni konuda calisanlara arastirmayi tekrarlama
olanagi verecek nitelikte agiklanmalidir. Bu amacgla gerektiginde alt baslik kullanilmalidir.

13. Arastirma Bulgulari ve Tartisma: Calismada elde edilen bulgular sekil ve cizelgeler yardimiyla
ve istatistiksel analizlere dayali olarak acik ve net bir bicimde verilmelidir. istatistiki olarak &nemli
bulunan faktorler, uygulanan istatistik analiz teknigine uygun Kkarsilastirma yontemi ile
yorumlanarak ilgili istatistikler tGzerinde harflendirme yapilmalidir. Ayni veriler hem grafik hem
de cizelge ile verilmemeli, konuya en uygun arac¢ secilmeli, anlatimda tekrarlayan ciimle ve
ifadelerden kaginilmalidir. Tartisma kisminda, uyum ve zithk agisindan Onceki calismalarla
karsilastirilmali, doldurdugu bilgi agigl vurgulanmali, dnceki bolimlerdeki ifadelerin oldugu gibi
tekrarindan kaginilmahidir.

14. Sonuglar: Bu boélimde; elde edilen nihai sonuclar ve varsa oneriler, bilime ve uygulamaya
katkisiyla birlikte kisa ve 0z olarak verilmelidir.

15. Ekler: Calismayi destekleyen kurum ve kuruluslar ile calismaya katki saglayanlar bu kisimda
ifade edilmelidir. Ayrica, makalenin lisansistl tezlerden Uretilip Gretilmedigi, abstract olarak
kongre ve sempozyumlarda sunulup sunulmadigi da Ekler bélimiinde belirtilmelidir.

16. Beyanlar (Declarations)

Cikar Catismasi: Kisiler makalelerin etik ilkeler cercevesinde degerlendirilebilmesi ve bagimsiz bir
sirec yurutilebilmesi icin olasi ¢ikar catismalari ile ilgili olarak yayin kurulunu bilgilendirmelidir.
Ekonomik veya kisisel fayda saglanan durumlar gikar catismasini meydana getirir. Bilimsel siirecin
ve yayinlanan makalelerin glvenilirligi; bilimsel calismanin planlanmasi, uygulanmasi, yazilmasi,
degerlendirilmesi, diizenlenmesi ve yayinlanmasi sirasinda c¢ikar catismalarinin objektif bir
sekilde ele alinmasiyla dogrudan iliskilidir. Makale ile ilgili ¢cikar ¢atismasi s6z konusu degilse,
“makale yazarlari, aralarinda herhangi bir ¢ikar catismasi olmadigini_beyan eder” ifadesi
yazilmahdir.

Yazar Katkisi: Calismanin tasarlanmasi, planlanmasi, kurulmasi, ylrittlmesi, verilerin analizi ve



makalenin yazilmasinda igerige bilimsel agidan katki saglayan her bir yazarin makaleye katki sekli
belirtilmelidir. Yazar katkilari, 6rnek olarak “MM galismayi tasarlayarak denemeleri kurmus, MM
ve AA calismay yiiriitmiis, BB verileri analiz etmis, MM, AA ve BB makaleyi yazmistir” seklinde
ifade edilebilir.

17. Kaynaklar: Makalede atifta bulunulan literatiirlere Harran Tarim ve Gida Bilimleri Dergisi
Yayin Kurulu tarafindan belirlenen yazim kurallarina gore yazilmalidir.

Harran Tarim ve Gida Bilimleri Dergisi Yazim Kurallari icin

18. Kisaltmalar ve Semboller: Makale basligi ve basliklarda kisaltma kullaniimamalidir. Gerekli
olan kisaltmalar kavramlarin ilk gectigi yerde parantez icinde verilmelidir. Kisaltmalarda ve
sembollerin kullaniminda ilgili alanin evrensel kurallarina uyulmasi zorunludur.

19. Formiiller: Makalelerde formuller “Esitlik” olarak adlandirilmali ve italik olarak yazilmahdir.
Makalede birden fazla esitlik varsa numaralandirilmali, numara formiliin yaninda saga dayali
olarak parantez icinde gosterilmelidir.

20. Makaleye ardisik olarak satir ve sayfa numarasi verilmelidir.
21. Calibri karakterinde, 12 punto ve 1.15 satir aralikli yazilan makale 20 sayfayi gecmemelidir.

22. Yayinlanmasina karar verilen eserler, sadece sekilsel olarak, yukarida yer alan bilgiler
dogrultusunda yeniden diuzenlenmeli, yazar(lar)ca herhangi bir eklenti ya da cikartma
yapitimamalidir.

23. Makale igerisinde, dergi basildigi haliyle gériinen hatalarin sorumlulugu yazarlara aittir. Yayin
Kurulundan kaynaklanan basim hatalari icin ise dlizeltme yayinlanabilir.

24. Harran Tarim ve Gida Bilimleri Dergisi; yazarlardan makale génderimi, degerlendirilmesi ve
basim asamalarinda herhangi bir basim Ucreti almamaktadir.


https://dergipark.org.tr/tr/download/journal-file/12907

MANUSCRIPT WRITING RULES

1. The manuscript should be written in Microsoft Word program, in Calibri
font, 1.15 line spacing, 12 pt. plain text and a single column.

2. Margins; Left, right, bottom and top 3 cm should be left, and each row
should be prepared consecutively by giving the line number.

3. Author (s) should indicate the type of manuscript (Research Manuscript,
Review, Technical Note etc.).

4. The English title should be written in 14 pt (bold and
centered) lowercase letters (only the first word of the title is capitalized) and in plain text.
The Turkish title should be written in 12 font size and centered.

5. Author names should be written in 12 pt. (Bold, centered and plain) and a

space after the title according to the Name SURNAME rule, followed by a number as superscript
for the address and a * symbol to indicate the corresponding author. Address line should be
written after the author names, leaving 1 space and 10 pt (normal, straight and centered).

6. Authors' ORCID numbers should be written, leaving 1 space after the

address line. Under the ORCID line, the responsible author e-mail address must be
specified.

7. The text should generally be in the following form;

e Abstract

e Introduction

e Material and Method,
e Results and Discussion,
e Conclusions

e Acknowledgement

¢ References

8. Inthe writing of main titles, only the initials of the words should be capitalized

in bold. In secondary and tertiary titles, only the first letter of the first word should be
capitalized, other words should be in small, not bold and italic. There should be 1 space each,
including the main headings of the text, the beginning and the end of the text. 1 space should
be left before subtitles, but no spaces should be left after them. All titles should be left justified
without indenting.

9. Reference should be cited in the text based on (Author, year) rule. In the

presentation of a reference with two authors in the text, the rule (first author's surname and
second author's surname, year) should be applied. In the display of sources with more than
two authors (first author's surname et al., year) rule must be applied.



For example; (Bilgili, 2020), (Bilgili and vanEs, 2018); (Bilgili et al., 2019).
10. If more than one reference will be cited at the same time in the text;

Referencens should be ordered chronologically, considering the year they were
published.

11. ABSTRACT: Title should be left justified, 10 pt, bold, not indented at the

beginning of the paragraph. Turkish and English texts should be written in 10 font size and 1
line spacing, not exceeding 300 words. A maximum of 5 Key Words should be written just
below the text, leaving a single line space (10 pt., Plain) between Abstract and Keywords, and
Oz (Turkish Abstract) and Key Words. Two lines of space should be left between Key Words and
the main text.

12. Photographs, graphics, drawings, etc. should be expressed as "Figure" and
Tables as "Tables".

13. Tables and Figures should be numbered consecutively (Figure 1. or Table
1.). Contents of "Figure" and "Table" should be prepared with 1 line spacing and 10 pt.

14. Table titles should be written above the table, and figure titles should be
written below the figures in 10 pt, 1 line spacing with the first letter capital.

15. Figure and Table titles should be written in italics;

Figure 1. The average temperature, average relative humidity and average monthly rainfall
data detected in the research garden (average of the years 2007-2011) Table 2.
Phenological observation results of peach cultivars for between 2007 and

2011

16. Decimal numbers in the manuscript text and Table-Figure should be
separated by a period. (123.87; 0.987 etc.).

17. One blank line should be left before and after the table-figures.

18. Manuscript writing should comply with the "International Unit System" (SI).

According to this; Use g I-1 instead of g / |, and mg I-1 or ppm instead of mg / |. Percentages
should be descriptive. For example; It should be specified as 3% (w / v), 3% (v / v), 3% (w / w)
instead of 3%.

19. Harran Journal of Agriculture and Food Sciences uses APA Style in the
submission of the sources list. Accordingly, the list of references should be

prepared in accordance with the following rules.

19.1. Citation to journal publications;

19.1.1. Single author manuscripts;



Mamay, M. (2015). Infestation map of pomegranate aphid [Aphis punicae Passerini (Hemiptera:
Aphididae)] in Sanliurfa province pomegranate orchards. Turkey Entomology Bulletin, 5(3),
159-166.

19.1.2. Two-author manuscripts;

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions. Applied
Ecology and Environmental Research, 15(3), 759-770. DOI: http://dx.doi.org/10.15666/
aeer/1503_759770

19.1.3. Manuscripts with more than two authors;

ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat requirements
and effective heat summations of some pomegranate cultivars grown in Southern Anatolia.
Erwerbs-Obstbau, 56(4), 131-138. DOI: https://doi.org/10.1007/s10341-014-0220-8.

19.2. Referencing Books;

19.2.1. If the source is a book;
Mohsenin, N.N. (1970). Physical Properties of Plant and Animal Materials. New York: Gordon and
Breach Science Publishers.

19.2.2. If it is a chapter from the source book;
Author, A. A. (Year). Chaptertitle. In E. E. Editor (Ed.), Title of book: And subtitle (pp. pages). Place:
Publisher.

19.2.3. Edited book;
Yesilyaprak, B. (Ed.). (2003). Development and learning psychology. Ankara: Pegema Publishing.

19.3. Citing sources of unknown author or internet sources;

Anonymous (2005). Butter, other milk fat-based spreads and plain butter notification.
Turkish Food Codex, Communiqué No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from: http://
faostat.fao.org/site/567/default.asp.

19.4. Citing Master's and Doctoral theses;

Doctorate or master theses can be accessed from electronic databases, corporate archives and
personal web pages. If a dissertation is accessed from the ProQuest database of doctoral and
master's theses or any other source, this information should be provided in the reference. For a
doctorate or master thesis available in a database service, the following citation format is used;

Unpublished thesis;

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards in
Sanliurfa province and using mating disruption



technique for its control (Unpublished doctoral dissertation). Harran University, Graduate
School, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant growing,
yield and some fruit quality features at soilless grown grafted tomatoes (Unpublished doctoral
dissertation). Harran University, Graduate School, Sanhurfa.

Published thesis; May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol,
UK: Canopus Publishing.

19.5. Citing Symposium and Meeting Papers

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3rd International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture, Forest, Food
Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia, Turkey.

S6nmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
hydroponic culture and different NH4:NO3 ratio on the density of aphid [Aphis spp. (Hemiptera:
Aphididae)] population in greenhouse lettuce. 1st International Gobeklitepe Agriculture
Congress (IGAC-2019), (pp. 599-604), 25-27 November, Sanliurfa, Turkey.

Note: You can use the web pages related to APA Referencing Style on the internet.



Eserin Adr:

Yazar(lar);

TELIF HAKKI DEVIR SOZLESMESI

Harran Tarim ve Gida Bilimleri Dergisi Yayin Kurulu Baskanligina

a) Sunulan makalenin yazar(lar)in orijinal galismasi oldugunu;
b) Tum yazarlarin bu ¢alismaya bireysel olarak katilmis olduklarini ve bu ¢alisma icin her ttrli sorumlulugu aldiklarini;

c) Tum yazarlarin sunulan makalenin son halini gérduklerini ve onayladiklarini;

d) Makalenin baska bir yerde 6zet disinda basiimadigini veya basilmak igin sunulmadigini;
e) Makalede bulunan metnin, sekillerin ve dokiimanlarin bagkalarina ait Telif Haklarini ihlal etmedigini taahhtt ederler.

Bununla birlikte, yazarlarin veya varsa yazarlarin igvereninin;

a) Patent haklari;

b) Yazar(lar)in kitaplarinda veya diger ¢alismalarinda makalenin timinu Gcret 6demeksizin kullanma hakki;

c) Makaleyi satmamak kosuluyla kendi amaglari igin gogaltma hakki gibi fikri mulkiyet haklari saklidir.

d) Makalenin herhangi bir bolumunin baska bir yayinda kullanilmasina Harran Tarim ve Bilimleri Dergisi yayimci kurulus
olarak belirtiimesi ve Dergiye atifta bulunulmasi sartiyla izin verilir.

Ben / Biz, telif hakki ihlali nedeniyle lglincli sahislarca istenecek hak talebi veya agilacak davalarda Harran Tarim ve Gida
Bilimleri Dergisi Editérlerinin higbir sorumlulugunun olmadigini, tiim sorumlulugun yazarlara ait oldugunu, ayrica makalede
higbir sug unsuru veya kanuna aykiri ifade bulunmadigini, arastirma yapilirken kanuna aykiri herhangi bir malzeme ve yéntem
kullanilmadigini taahhiit ederim/ederiz.

1. Yazarin Bilgileri

Adi SOYADI

Kurum Adresi

ORCID Numarasi Tarih imza
2. Yazarin Bilgileri

Adi SOYADI

Kurum Adresi

ORCID Numarasi Tarih imza

Telif Hakki Devir Sozlesmesi tiim yazarlarca imzalandiktan sonra tek bir form olarak sisteme yiiklenmelidir)

Litfen arka sayfaya geginiz.
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