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ABSTRACT

Shape defects originating from the manufacture in the orifice openings of the flat fan-pattern nozzles may result in
deteriorating the spray pattern. This study has been conducted with the aim of detecting the manufacturing defects of
the fan-pattern nozzle orifices in terms of shape uniformity using the elliptic Fourier descriptors (EFDs), and revealing
the shape differences among the nozzle orifices made in polyacetal for various nominal sizes ranging from 01 to 06.
At first, descriptive data describing dimensions (major and minor length, projected area, etc.) and shapes (shape factor,
elongation and roundness) of the nozzle orifices were obtained using an image processing method. The next process, to
evaluate the nozzles’ orifice shape using elliptic Fourier analysis (EFA), the progresses of generating the orifice’s contour
data, derivation of EFDs, principal component analysis (PCA) of EFDs and visualization of shape variations estimated
by the principal component scores (PCs) were followed respectively. Although the shape differences of the orifice
outlines could be visually distinguished, the descriptive shape data were not able to discriminate the contour differences.
The EFDs determined for each orifice size could individually detect the nozzle orifices with shape defect originating
from the manufacture and they could be explicitly distinguished from the scatter plots. The results of the Hotelling’s
pairwise comparison test showed that the nozzle orifices in shape were significantly different from each other. Linear
discriminant analysis demonstrated that the group centroids of the orifices of 03, 04 and 06 were found close-range to
each other. The orifice of 01 which is rectangular in shape had an extraordinary attribute compared to the other orifices.
The orifice outline of 015 with a smooth shape was in appearance of an oblate ellipse in shape. The contour of the
nozzle orifice of 02 size was explicitly found different from the others. It was concluded that the EF method can be used
intended for the manufacturers inspect and improve the quality of nozzle orifices.

Keywords: Image processing; Nominal size; Orifice contour; Orifice size; Shape analysis
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OZET

Yelpaze hiizmeli memelerin orifis agikliginda iiretimden kaynaklanan sekilsel hatalar, piiskiirtme deseninin bozulmasina
yol agabilmektedir. Bu ¢aligma eliptik Fourier tanimlayicilarini kullanarak yelpaze hiizmeli meme orifislerinin sekil
diizgilinliigii agisindan tiretim hatalarini tespit etmeyi ve anma 6l¢tileri 01 ve 06 arasinda degisen polyacetal malzemeden
tiretilmis meme orifislerinin sekil farkliliklarmi belirlemek amaciyla yiiriitiilmiistiir. Oncelikle, gériintii isleme metodu
kullanilarak meme orifislerinin boyut (major ve minér uzunluklar, izdisiim alani vd.) ve sekil (sekil faktorii, uzanim ve
dairesellik) 6zelliklerini tanimlayan deskriptif datalar elde edilmistir. Eliptik Fourier analiziyle memelerin orifis seklini
degerlendirmek igin sonraki siireci sirastyla orifis kontur datalarini olusturma, eliptik Fourier tanimlayicilarini elde
etme, tanimlayicilari temel bilesen analizine tabi tutma ve temel bilegen skorlariyla tahmin edilen sekil degiskenlerini
gorsellestirme asamalar takip etmistir. Orifis konturlarinin sekil farkliliklar: gézlem yoluyla ayirt edilebilmesine karsin
deskriptif sekil datalar1 kontur farkliliklarini gozetememistir. Eliptik Fourier tanimlayici tiretimden kaynaklanan sekil
hatalarina sahip meme orifislerini ayri ayri tespit edebilmis ve sagilim grafiklerinden belirgin bir sekilde ayirt edilebilmistir.
Hotelling esli karsilagtirma testi sonuglart meme orifislerinin sekil agisindan birbirlerinden 6nemli derecede farkl
oldugunu gostermistir. Dogrusal ayirma analizi sonuglari, 03, 04 ve 06 dl¢iilii orifislerin grup merkezlerinin birbirlerine
olduke¢a yakin bulundugunu gostermistir. Digerleriyle karsilastirildiginda dikdortgen bigiminde olan 01 6lgiili orifis,
sekilsel acidan sira dist bir 6zellik gostermistir. Piirtizsiiz bir kontura sahip olan 015 6lgiilii orifisin sekilsel agidan
digerlerine gore daha basik bir elips goriiniimiinde oldugu saptanmustir. 02 6lgiilii orifis konturu digerlerinden belirgin
bir sekilde farkli bulunmustur. Ureticilerin meme orifis kalitesini denetlemek ve arttirmak igin Eliptik Fourier metodunu

kullanabilecegi kanisina varilmistir.

Anahtar Kelimeler: Goriintii isleme; Nominal 6l¢ii; Orifis konturu; Orifis 6l¢iisii; Sekil analizi

1. Introduction

Flat fan-pattern nozzles are one of the most widely
used for both broadcast and banding spraying of
herbicides and insecticides. These nozzles produce a
tapered edge, flat-fan spray pattern. This attribute is
the most basic distinguishing characteristic for the flat
fan-pattern nozzles because their orifice is elliptical in
shape and forms a triangular fan. The spray volume of
the nozzles is the highest at the center of the pattern
and dissipates toward the outer edge of the orifice.

Spray nozzle is the most important and precision
component for a sprayer because the nozzles increase
pesticide efficacy resulting in better insect, disease and
weed control (Dursun et al 2000; Krause et al 2003).
These nozzles can wear over time during pesticide
application. The nozzle wear may lead to an increase in
the nozzle flow rate, a decrease in the spray pressure,
making the spray pattern irregular and produce larger
droplets (Barber 2006). These occurrences result in
ineffective and incautious pesticide use, waste of
active gradient, and decrease spray deposition which
potentially leads to increase the cost (Krause et al 2003).

© Ankara Universitesi Ziraat Fakiiltesi

In agro-chemical application, the spray nozzles
made in polyacetal, stainless steel and ceramic are
commonly used. As well as the spray nozzle wear leads
to undoubtedly many problems, nozzle manufacturing
defects should be also assumed as a significant quality
factor affecting the spray performance. It is likely to
come across the spray pattern disturbed by new spray
nozzles during the nozzle spray test or calibration
of any sprayer. There are many reasons for the
deterioration of the spray pattern such as clogging,
improper re-assembly, restricting flow and corrosion
which can be visually detected. However, at first, the
high quality standards relating to the manufacturing of
the nozzles should be ensured.

The shape defects in the outline of the nozzle’s
orifice can be assumed as one of the most important
manufacturing defect. Because the shape defects
on orifice outline is completely undetectable with
the naked eye, the nozzle tests have mostly focused
on the change in the flow rate (Reichard et al 1991
cited in Ozkan et al 1992). These tests have been
conducted with regard to the procedures standardized
by American Society of Agricultural and Biological
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Engineers organization (ASAE 1991 affirmed in
2012). According to these standardized procedures,
the flow rate from a used nozzle is compared with the
flow rate from a reference nozzle of the same size and
type, rather than relying on visual inspection.

Ozkan et al (1992) reported that the spraying
pressure, duration of test, type, abrasiveness,
concentration of material used in the spray mixture,
nozzle type, nozzle size, orifice shape and orifice
material were the factors affecting the nozzle wear.
It was indicated that much of the difference reported
in the nozzle wear rates is due to different operating
conditions used when testing nozzles (Krishnan et
al 2004). However, the shape defects on a nozzle
orifice can result in deteriorating the spray patterns,
even though a nozzle’s flow rate conformed to
standards at a constant spray pressure.

Special equipment would be required to actually
see the changes in the orifice size and shape. The
studies conducted by Krause etal (2003) and Krishnan
etal (2004) can be presented as an illustration. In these
studies, scanning electron microscopy was used in
order to observe the new and used fan-pattern nozzle
orifices and, indicated that the scanning electron

microscopy can provide nozzle manufacturers with
the required information about nozzle to improve
performance (Krause et al 2003).

The present study, without a nozzle wear test,
aimed to detect the shape defect of fan-pattern nozzle
orifices originating from the manufacturing, and to
reveal the shape differences and/or similarities of
the nozzle orifices with various nominal sizes using
elliptic Fourier descriptors.

2. Material and Methods

2.1. Obtaining the orifice images of the nozzles and
descriptive analysis

In the study, six flat fan-pattern nozzles, nominal
sizes of which ranged from 01 to 06, of 110° spray
angle were used and listed in Table 1. The number
of each nozzle sample of identical orifice size
ranged between 26 and 40. In order to get more
information about the nozzles’ design features,
the nozzle images, resolutions of which are 2289
x 1752 pixels, were obtained using a stereo zoom
microscope (Olympus SZ60, JP) equipped with
a digital camera (Panasonic Lumix DMC-FZ50),

Table 1- Properties of flat fan-pattern nozzles used in the study and their orifice shapes with regard to the

subjective assessment

Cizelge 1- Calismada kullanilan yelpaze hiizmeli memelerin ozellikleri ve subjektif degerlendirmeye gore orifis

sekilleri
Technical ~ Orifice  Nominal ~ Number  Nozzle Orifice Material ~ V-slot  V-slot
dimensions size spray of sample  color shape angle  height
and angle code (o) (h, mm)
designations

01 110° 40 Orange Rectangular POM* 19° 1.2

- 015 110° 26 Green Elliptical POM 19° 1.4

02 110° 39 Yellow  Elliptical POM 23° 1.3

03 110° 40 Blue Elliptical POM 30° 1.4

5 04 110° 40 Red Elliptical POM 32° 1.7

06 110° 39 Grey Elliptical POM 28° 1.9

Top side

*, polyacetal
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and the V-slot angle (0°) and height (4, mm)
shown in Table 1 were measured using UTHSCSA
ImageTool® version 1.28 CMEIAS software (The
University of Texas Health Science Center in San
Antonio, TX) after converting the length size in
pixel to millimeter unit.

To capture the nozzles’ orifice images, a video
microscopy system consisting of a camera, a
computer monitor and optics was used. A stereo
microscope with 6.3:1 zoom (Leica S6 D, Leica
Microsystems, DE) was integrated with a digital
microscope color camera (Leica DFC295, Leica
Microsystems, DE) offering a standard resolution
of 2048 x 1536 pixels. The images were saved
on a computer as colored .tiff extension files.
SigmaScan®Pro version 5.0 software was used
to determine the size and shape features of the
orifice openings of the nozzles. The resolution for
each image was 2048 x 1536 pixels. During the
processing on the image, the region of each nozzle
opening with a contrast color was manually marked
and automatically colored with the contour of this
region. The software automatically determined
the opening’s size parameters composing of the
projected area (PA, cm?), equivalent diameter (ED,
mm), perimeter (P, mm), major length (L, mm)
and minor length (W, mm). To reveal the shape
features of the orifice openings of the nozzles, shape
factor (SF) and elongation (£) (Sayinci et al 2012;
Kara et al 2013), and roundness (R) (Mohsenin
1980) parameters, formulas of which were given
in Table 2, were used. While the shape factor was
also automatically determined by the software,
the elongation and roundness parameters were
calculated using these equations.

The nozzle orifices’ size and shape data
consisting of mean, standard deviation and range
were tabulated. To test the variances of the size
and shape parameters, the ANOVA with a 95%
confidence level (P= 0.05) was performed and, the
differences between the means were compared with
Duncan’s Multiple Range Comparison test using the
SPSS version 20.0 statistical software.

2.2. Elliptic Fourier analysis

To evaluate the nozzles’ orifice shape based on their
elliptic Fourier descriptors (EFDs) SHAPE version
1.3 (Iwata & Ukai 2002) software performing the
image processing, contour recording, derivation of
EFDs, principal component analysis (PCA) of EFDs
and visualization of the shape variations estimated
by the principal components (PCs) was used.

Prior to the analysis, all digital images were
converted to full color (24-bit) bitmap (*.bmp
extension file) format. At the beginning of the image
processing, the images were split into three colors
(RGB) with 8-bit quantization and the orifice images’
background were converted into a binary image
(black and white) with an appropriate threshold
value which can be also automatically assigned by
the software. The closed contour of the orifice on
the image came out by edge detection. After the
noise reduction applied to eliminate undesirable
marks on the image, the contour codes of the orifice
with regard to their number were obtained as chain
code. The EFDs were obtained from the chain codes
and normalized so that the EFDs were invariant
with respect to the size, rotation and starting point
using elliptic Fourier transformation as suggested
Kuhl & Giardina (1982). To generate the coefficient
of the normalized EFDs, the first 40 harmonics
approximating the shape of each nozzle orifice were
used. The PCA based on the variance-covariance
matrix was applied to the normalized coefficients
of the EFDs having a very large data, and used to
reduce the shape descriptors to a smaller number of
independent shape variables.

To present the summary of the shape variations
of the orifice contours visually and to indicate the
percentages of variances explained by PCs, the
first two principal component scores obtained
from the shape descriptors for each orifice size
were tabularized, and the visual differences were
presented in figures.

The Multivariate tests (MANOVA) using PAST
statistical software version 3.01 (Hammer et al
2001) were performed with the aim of assessing the
PC scores obtained from the normalized chain codes
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referring to the orifice contours. The similarities
or dissimilarities among the orifice contours were
tested using Hotelling’s pairwise comparisons
with Bonferroni correction and uncorrected which
make possible pairwise comparisons of the orifice
contours.

To determine the class/classes of an orifice
within orifices with different nominal sizes, linear
discriminant analysis (LDA) which is known as
Fisher’s linear discriminant analysis or Canonical
variate analysis was performed on the PC score data
using SPSS statistical software version 20.0.

3. Results and Discussion

3.1. Visual and descriptive evaluation of the orifice
shape

In Table 1, the sizes of V-slot angle and its
height ranged between 19°-32° and 1.2-1.9 mm,
respectively. As the shape of orifices ranged between
02 and 06, sizes were visually elliptical, and the
shape of orifice of 01 was rectangular. The V-slot
angle and height data in Table 1 are important design
parameters in determining the nozzle capacity for
flat fan-pattern nozzles. Design parameters such as
angle and height concerning the nozzle orifice was
in tendency to increase as the orifice size ranging
from 01 to 06 increased.

The equivalent diameter and perimeter data of
the nozzle orifices given in Table 2 were calculated
as a function of orifice area varying between 0.21
and 1.56 mm?. The highest CV within the size
parameters was found at the minor length of the
orifice of 01, and at perimeter of the orifice of 04. It
was noted that the projected area, major and minor
length of the orifice linearly increased, as the orifice
size varying from 01 to 06 increased as seen in Table
2. Conversely, the CV data decreased as the orifice
size increased from 01 to 06. This result showed that
the manufacturing defects in the orifices of smaller
size are much more than that of the largest ones.

The shape factor, elongation and roundness
means in Table 2 ranged between 0.36-0.44, 3.59-
4.78 and 3.29-4.52, respectively. As for the CV

data for the shape factor, elongation and roundness
parameters, the values varied between 4.6-14.4%,
2.1-5.4%, and 2.0-3.8%, respectively. The CV data
in the shape factor were found remarkably higher
than the data of the elongation and roundness. All
shape descriptive data shows the circularity of the
nozzle orifice. If their values were close to 1, this
would mean that the shape of the orifice is akin to the
circular. These data could be separately evaluated in
terms of their shape differentials. However, the result
of the Duncan test in Table 2 showed that there were
significant differences among the descriptive shape
parameters, because they had different variances.
It was concluded that there were inconsistencies
among three shape descriptions enlightening about
the nozzles’ orifice shape. The identical stance was
also valid for the CV data of the shape parameters.
Basic shape data, such as shape factor, elongation
and roundness are acceptable as the most common
features for the nozzle orifice shape. However, these
data are not able to reveal the shape differentials
relating to the manufacturing defect of the nozzle
orifices.

3.2. Evaluation of the individual shape variations
for each orifice contour

Shape variations between the contours of the
orifices based on their first two significant principal
components (PCs) were shown in Table 3. Shape
contours shown in this table were obtained from the
orifice samples analyzed individually for each orifice
size. Their first two PCs except the orifice of 015,
which had the lowest shape difference, constituted
more than fifty percent of the total variance within
the shape contour.

In Figure 1, the scatter plots of the first two
component scores obtained from the PCA were
displayed for the nozzles with different orifice sizes.
In these plots, the orifices which are far from the
PC1 and PC2 axis were the most deviated samples
from the mean in shape.

The figures in Table 3 display prominently the
differences of the nozzles’ orifice contour. The
orifice of 01 size had the rectangular shape, while
the others had an elliptical shape with regard to the
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Table 3- Shape variations in contours of each orifice size with regard to the first two component scores
(PCs) obtained from the principal component analysis. The orifice contours from left to right display the
PC scores corresponding to: (mean-2 SD, mean, and mean+2 SD)

Cizelge 3- Temel bilesenler analizinden elde edilen ilk iki bilesen skorlarina gére her bir orifis dl¢iisiiniin
konturlarindaki sekil degisimleri. Temel bilesenler skoruna karsilik gelen orifis konturlar: soldan saga dogru:
(ortalama-2 SS, ortalama, ortalama+2 SS)

Orifice % of
size explained
variance -2 8D* Mean +2 8D

o (D D O ()

01

PC2 (23.7%)

PC1 (31.6%)
015

PC2 (16.9%)

PC1 (50.1%)
02

PC2 (20.5%)

PC1 (32.4%)
03

PC2 (21.9%)

PC1 (35.6%)
04

PC2 (19.7%)

PC1 (37.3%)
06

PC2 (27.1%)

*, standard deviation
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Figure 1- Principal component analysis scatter plot of orifice contours from flat fan-pattern nozzles with
six various nominal size; a, orifice of 01 size; b, orifice of 015 size; c, orifice of 02 size; d, orifice of 03 size;
e, orifice of 04 size; f, orifice of 06 size (The nozzles shown in ellipsoidal circle display the defective orifices.
The orifice contours of the nozzles which is closer to the origin can be accepted as smooth)

Sekil 1- Alt farkli nominal dlgiiye sahip yelpaze hiizmeli memenin orifis konturlarina ait temel bilegenler analizi
sagitlim grafigi; a, 01 orifisi; b, 015 orifisi; ¢, 02 orifisi; d, 03 orifisi; e, 04 orifisi; f, 06 orifisi (Daire i¢inde
gosterilen memeler kusurlu orifisleri gostermektedir. Orijinine yakin olan memelerin orifis konturlart diizgiin
olarak kabul edilebilir)
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mean PCs scores. The highest variations in the 01
orifice size according to the PC1 score in Table 3
were the size differences at the right and left side
of the orifice, which resulted in the enlargement-
narrowing or extension-lessening of the side edges
of the orifice. Although the orifice of 01 size was
rectangular in shape, it had a remarkably irregular
contour, and the orifice opening was expanded
to just one direction. The highest variations of
the orifice of 01 size displayed at PC1 score were
determined in the major length/minor length ratio
causing the elongation variation.

The major length/minor length ratio of the
orifice of 015 in PC1 score had the most important
variation in terms of shape differences, while the
variation in PC2 score constituted at the side edges
of the ellipse. However, the shape differences within
the orifice of 015 were the lowest level as seen in
Table 3.

It was visually noted that the orifice of 02 size
had prominently the largest shape variations. The
highest shape defect among the orifice images was
almost seen all over the edges of the orifices of
02 size in PC1 score displayed in Table 3. It was
concluded that the manufacturing defect for the
orifice of 02 size was more apparent compared to
the other orifices. The variations in PC2 for the
orifice of 02 were not seen in PC1. These variations
were the shape defects causing the distortion of the
orifice’s ellipse form.

There was a defect at the top-left side of the
orifice of 03 in PCI1 score compared to the mean
PC score displayed in Table 3. This defect reflected
to the PC2 score as enlargement-narrowing of the
orifice size through the orifice’s external line. The
manufacturing defect of the orifice of 04 caused
the inferior edge of the orifice for PC1 score. The
differences in the 04 orifice in PC2 score originated
from the variation of the minor length of the orifice.

Although the highest shape variation among
the orifices had been visually seen in the 02 orifice,
these distortions could be explicitly seen based on
the result of the comparison test of the shape factor
mean in Table 2.

In Figure 1, nozzle samples deviating from the
mean PC scores were seen, and the shape differences
within the nozzles with the identical orifice size
could be distinguished. These were displayed
within the circular area in the plots. The principal
component scores obtained from the elliptic Fourier
descriptors which are determined for each orifice
size provided to distinguish the nozzles which have
the manufacturing defect.

3.3. Comparison of the nozzle orifices with different
nominal sizes in terms of shape variation

Table 4 presented the relative proportions of the
first ten PCs based on a PCA of 224 orifice contours
(total sample number for 6 orifice sizes). Each orifice
contour was a 40 harmonic reconstruction from
elliptic Fourier data. The first ten independent shape
variables constituted 95.3% of the total variance.
The PC1, PC2, PC3, PC4 and PC5 were the most
important scores explaining the proportions of
59.7%, 19.1%, 5.6%, 3.2% and 2.0% of the total
variance, respectively. All orifice contours were
analyzed together and their variations were seen in
Table 4. Variations in the shape resulted from the
enlargement or narrowing in minor length of the
mean ellipsoidal and rectangular contour for PCI,
the narrowing or extension of major length of the
ellipse and geometrical shape difference for PC2,
the variation of minor length of the ellipsoidal
geometry for PC3, the size variations on top-side
edges of the rectangular and ellipse geometry
for PC4, and the shape destruction on contour
for PC5. The proportions in the total variance of
the other components ranging from PC6 to PC10
were considerably low, and they displayed smaller
differences in the orifice contour in shape.

The results of the MANOVA test were presented
in Table 5. The results showed that independent
variables which are the first ten principal components
(PC1 to PC10) were statistically different at the
significance level of 95% (P<0.000) as indicated by
Wilks’ Lambda and Pillai Trace statistics. According
to the Hotelling’s pairwise comparison results, the
orifice shapes of the flat fan-pattern nozzles with
different nominal sizes were significantly different
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Table 4- Eigenvalues and proportions of the first ten principal components (PCs) as shape variables in
orifices of 01, 015, 02, 03, 04 and 06, based on a PCA of 224 orifice contours obtained from all nozzle images

Cizelge 4- Temel bilesenler analizine gére tiim meme gériintiilerinden elde edilen 224 adet temel bilesenin sekil
konturuna bagl olarak belirlenen 01, 015, 02, 03, 04 ve 06 'lik orifislere ait sekil degiskenlerinin ilk on temel
bilesen yiizdeleri ve 0z deger istatistikleri

Components Eigenvalues Proportion Cumu{ative Shape vc.lriations within the
(%) proportion (%) orifice contours

PC1 1.084E-03 59.7 59.7

PC2 3.466E-04 19.1 78.8

PC3 1.022E-04 5.6 84.4

PC4 5.802E-05 32 87.6 C D
PC5 4.158E-05 23 89.9

PC6 3.623E-05 2.0 91.9

PC7 2.298E-05 1.3 93.1 Q

PC8 1.479E-05 0.8 94.0 @
PC9 1.284E-05 0.7 94.7 @
PC10 1.250E-05 0.7 95.3 ©
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from each other. Wilk’s Lambda statistic in Table 5
is the percent of the variance in the nozzles’ orifice
sizes (dependent variables). As the Wilk’s Lambda
statistic ranging from O to 1 decreased towards 0,
the differences between the orifice sizes being
analyzed increased. Pillai Trace statistic considered
the most reliable among the Multivariate measures
takes account of the sum of the variance in the
dependent variable that is explained by the greatest
discrimination of the independent variables (Foster
at al 2006). Both statistics illustrated prominently
the differences among the orifice sizes according to
the shape discrimination based on the elliptic Fourier
descriptors. The results of the Hotelling’s pairwise
comparison test demonstrated that the orifice shapes
of the nozzles with different nominal sizes had the
attributes which are dissimilar to each other.

The results of the linear discriminant analysis
containing the effects of the canonical discriminant
functions were shown in Table 6. The proportion
of 96.0% in the classification was correctly
grouped in reference to the nozzles’ orifice sizes.
The discriminant function analysis in Table 6 was
performed using the stepwise method instead of the
overall method. For the discriminant analysis, five

canonical functions were obtained. The canonical
correlation value is defined as a proportion of the
total variance, and indicates the relation between
discriminant scores and groups. The canonical
correlation value of the first function explained a
proportion of 97.6% (square of 0.988) of the total
variance in the dependent variables. The second
and third ones were the functions explaining a
proportion of 92.2% and 82.4% of total variance,
respectively. It has been indicated that the eigenvalue
statistic which is higher than 0.40 provide the best
discrimination in dependent variables (Kalayci
2006). Thus, it could be concluded that the first
three discriminant functions in reference to the
eigenvalue statistics in Table 6 had a drastic
distinctive attribute. The Wilk’s Lambda statistic
is defined as an unexplained proportion of the total
variance among the groups and the discriminant
scores, and the unexplained proportions deduced
from the table had a considerably low rate. Table
6 revealed a distinctive attribute among the orifice
shapes and demonstrated that the orifice shapes with
different nominal sizes of the identical nozzle type
were dissimilar to each other. Totally, the proportion
0f 96.0% in the classification in terms of the orifice
shape was located in its own group.

Table 5- Similarities and differences among the nozzle orifices based on their contour variations in shape

Cizelge 5- Kontur degiskenlerine bagl olarak sekilsel agidan meme orifisleri arasindaki benzerlikler ve farkliliklar

A. MANOVA results (computed in PAST ver. 3.01)

Effects Statistics Value
Orifice sizes ~ Wilks’ Lambda 2.42E-04
Pillai Trace 3.019

dfl df2 F P (Sigma)
50 956.6 99.62 0.000*
50 1065 32.46 3.279E-178*

B. The results of the Hotelling s pairwise comparisons. Bonferroni corrected P - values in lower triangle, P - values

uncorrected significance in upper triangle (computed in PAST ver. 3.01)

Orifice sizes 01 015 02 03 04 06
01 1.3E-47 2.4E-57 6.4E-60 3.2E-61 1.5E-59
015 1.9E-46* 1.5E-30 1.4E-34 1.5E-38 1.1E-25
02 3.6E-56 2.2E-29 1.9E-34 4.3E-41 1.8E-31
03 9.6E-59 2.1E-33 2.8E-33 7.4E-13 3.2E-16
04 4.7E-60 2.2E-37 6.5E-40 1.1E-11 2.5E-27
06 2.2E-58 1.7E-24 2.6E-30 4.8E-15 3.8E-26
*, P<0.000
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Table 6- Summary of canonical discriminant functions and classification results (%) of the linear
discrimination analysis of the PCs obtained from elliptical Fourier descriptors (96.0% of cross-validated
grouped cases correctly classified)

Cizelge 6- Kanonik ayirma fonksiyonlarinin dzeti ve eliptik Fourier tamimlayicilarindan elde edilen temel bilesen
skorlarimin dogrusal ayrrma analizine gore simiflandirma sonuglart (%) (gruplandirmada % 96 oraninda dogru
siniflandirma)

Eigenvalue statistic

Function Eigenvalue % of variance Cumulative (%) Canonical correlation
1 39.83 70.4 70.4 0.988
2 11.62 20.5 91.0 0.960
3 4.71 8.3 99.3 0.908
4 0.35 0.6 99.9 0.510
5 0.04 0.1 100.0 0.195
Wilks’ Lambda statistic
Test of functions Wilks’ Lambda Chi - square df Sigma (P)
1-5 2.42E-04 1790.2 50 0.000*
2-5 9.88E-03 992.7 36 0.000*
3-5 1.25E-01 447.6 24 0.000*
4-5 7.12E-01 73.1 14 0.000*
5 9.62E-01 8.3 6 0.216™
Linear discriminant analysis for the orifice sizes assignment (%)
Orifice sizes 01 015 02 03 04 06 Total
01 100.0 0.0 0.0 0.0 0.0 0.0 100
015 0.0 100.0 0.0 0.0 0.0 0.0 100
02 0.0 0.0 100.0 0.0 0.0 0.0 100
03 0.0 0.0 0.0 85.0 5.0 10.0 100
04 0.0 0.0 0.0 5.0 95.0 0.0 100
06 0.0 0.0 0.0 2.6 0.0 97.4 100

*, P<0.000; ™, non-significant

Figure 2 shows the group centroids and orifice
distributions in shape based on the PC scores
obtained from the linear discriminant function
analysis. According to the group centroids of the
orifices in Figure 2a showing the relation between
the canonical variate 1 and 2, the outmost orifices of
the axis were 01 and 015. In the Figure 2b referring
to the relation between canonical variate 1 and 3,
the 01 and 02 orifices were at the outmost of the
axis. The group centroids of the orifices of 03, 04

and 06 were in close-range to each other as seen in
both figures. The centroid locations of the orifice
groups in Figure 2a and Figure 2b displayed clearly
the shape similarities or differences of the orifices
with different nominal sizes. The orifice of 01,
shape of which is rectangular, had an extraordinary
attribute in shape compared to others. Although
the orifice of 015 had a smoother shape than the
other orifice contours, this orifice has an oblate
ellipse in shape. Because of this, this attribute of
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Figure 2- Group centroids and distribution of nozzles’ orifices with regard to canonical discriminant functions

Sekil 2- Kanonik aywma fonksiyonlarina gére meme orifislerinin dagilimi ve gruplarin merkezi konumu

the 015 orifice revealed at the first two canonical
discriminant functions. The extraordinary features
of the 02 orifice, the manufacturing defect of which
is much more than the other orifice, were explicitly
seen in Figure 2b. In both Figure 2a and 2b, it could
be seen that the group centroids of 03, 04 and 06
orifices were closer than the other. Thusly, the
findings and outputs were found compatible with
the classification results in the linear discriminant
analysis.

4. Conclusions

This study focused to reveal the shape differences
among the nozzle orifices made in polyacetal for
various nominal sizes ranging from 01 to 06. In the
present study, the nozzle orifices with shape defect
could successfully be distinguished using shape
descriptors obtained from elliptic Fourier analysis
(EFA). The elliptic Fourier method provided an
excellent discrimination among the polyacetal flat
fan-pattern nozzles with various orifice sizes in
respect to the orifice’s shape similarities and/or
differences, and their shape defects originating from
the manufacturing. The orifice shape of the nozzles
made from the polyacetal material may be different
than those of the other material such as ceramic and
stainless steel. Although this study did not have any
nozzle wear test study, the results obtained from the
study showed that the elliptic Fourier descriptions

will be also able to distinguish the worn nozzles.
The next step will be to determine the maximum
allowable limits of shape defect disturbing the spray
pattern for a nozzle orifice with the experimental
studies.
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OZET

Bu calismada farkl: tahil ve baklagil unlarinin (bugday, misir, ¢avdar ve soya) derin yagda kizartilmis pili¢ nuggetlarin
kalite karakteristikleri (nem miktari, yag miktari, kaplama tutunma yiizdesi, pisirme verimi, kaplama kalinligi,
penetrometre degeri ve renk) tizerine etkileri incelenmistir. Pilic nuggetlar esit oranda but ve gogiis eti karigimindan
dretilmis, ardindan 180 °C’ye 1sitilmis aygicek yaginda 5 dakika siireyle derin yagda kizartilmistir. Kaplama
formiilasyonlari; pili¢ nuggetlarin kaplama tutunma yiizdesi, pisirme verimi, kaplama kalinlifi ve penetrometre
degerlerini 6nemli (P<0.05) diizeyde etkilemistir. En yiiksek pisirme verimi sirasiyla misir ve bugday unlu kaplamalarda
elde edilmistir. Cavdar unu kullanimi pili¢ nuggetlarin penetrometre degerini 6nemli (P<0.05) diizeyde artirmistir. Pili¢
nuggetlarin nem miktarlar1 kaplama formiilasyonundan etkilenmezken, yag miktarlar1 degisiklik gostermistir. Tiim
kaplama formiilasyonlar1 kirmizilik (+a*) degerleri agisindan farklilik gostermezken (P>0.05) en yiiksek sarilik (+b*)
degeri misir unlu kaplamalarda elde edilmistir.

Anahtar Kelimeler: Pili¢ nugget; Sivi kaplama; Kalite; Derin yagda kizartma; Pisirme verimi

Effects of Different Batter Formulation on Some Quality
Characteristics of Deep-Fat Fried Chicken Nuggets
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ABSTRACT

In this study the effect of various cereal and legume flours (wheat, corn, rye and soy) on some quality characteristics
(moisture content, oil content, coating pick up, cooking yield, coating thickness, penetrometer values and color) of deep-
fat fried chicken nuggets were studied. Chicken nuggets were prepared with equal amounts of ground thigh and breast
meat and fried at 180 °C for 5 min in sunflower oil. Batter formulations significantly (P<0.05) affected coating pick up,
cooking yield, coating thickness and penetrometer values of chicken nuggets. The highest cooking yield was found in
corn flour and wheat flour, respectively. The uses of rye flour significantly (P<0.05) increased the penetrometer values
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of chicken nuggets. There were no significant (P>0.05) differences between the moisture content of chicken nuggets.
The batter formulation significantly changed the oil content of chicken nuggets. All the batter formulations had similar
redness (+a*) values whereas batter containing corn flour showed the highest yellowness (+b*) value.

Keywords: Chicken nugget; Batter; Quality; Deep fat frying; Cooking yield

1. Giris

Tiim diinyada oldugu gibi iilkemizde de kanatli
etlerine ve bunlardan {iretilen iriinlere olan talep
giderek artmaktadir. Kanatli etlerine talebi artiran
faktorler arasinda cazip fiyat, saglikli olma, kolay
ulasilabilirlik ve hazirlanabilirlik basta gelmektedir.
Ozellikle ileri islenmis kanatli eti iiriinleri katma
degeri yiiksek tiriinler olup; kér oranlarinin yiiksek
olmasi nedeniyle treticiler, lirlin ¢esitliliginin fazla
olmasi nedeniyle de tiiketiciler tarafindan tercih
edilmektedir. fleri islenmis iiriinler icerisinde de
kaplamali iriinlere ilgi giin gectikge artmaktadir.
Ozellikle altin saris1 kaplama rengi, gevrekligi, ve
lezzetli yapisi ile her daim sicak olarak kisa stirede
servis edilebilen kaplamali ftriinler, her yastan
tiiketici i¢in caziptir (Fiszman & Sanz 2010).

Kaplanmis iriinler farkli kompozisyonlarda
birka¢ katmandan olusan sandvi¢ benzeri bir yapiya
sahiptir. Dista kuru, siki ve gevrek bir kabuk, icte
ise yumusak yapilt et tabakasi bulunur. Bu yapinin
olusmasinda iriiniin nem igerigi, et parcalarinin
biiylikliigii, kaplama materyalinin bilegimi, pigirme
igslemi, pisirme siiresi ve sicakligi biiyilk 6nem
tagimaktadir (Albert et al 2014).

Kaplamali kanatli iriinlerin en c¢ok tercih
edileni pilic nuggetlardir. Uretim asamasinda
pili¢c nuggetlar dnce bugday, misir unu, nisasta ve
yumurta gibi katkilar bulunan sivi bir kaplamaya
daldirilir, ardindan tercihen galeta unlu bir kuru
kaplamayla islenir ve son olarak derin yagda belirli
stire kizartilir (Suderman 1983; Fiszman & Salvador
2003; Altunakar et al 2004; Albert et al 2009).

Kaplanmig firlinlerde kaplama materyalinin
viskozitesi, adhezyon ozelliklikleri (kaplamanin
iirtine tutundurulmasi) ve kizartma sirasinda yag
absorbsiyonunun azaltilmasi gibi kriterler kaplama
bilesimiyle dogrudan iligkilidir. Bunun yani sira
kaplama bilesimi, son iiriiniin tekstiir, renk ve lezzet
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gibi kalite kriterleri; pigirme sicakligi, yontemi ve
stiresini de etkilemektedir (Ergezer et al 2008). Farklt
unlarin kaplama sistemleri iizerindeki etkileri pek
¢ok aragtirict tarafindan incelenmistir. Bugday unu
icermis oldugu gluten ve glutenin film olusturucu
ozellikleri nedeniyle pilic nuggetlarda nem kaybin
azaltip, gevrekligi artirmaktadir. Bugday ununun
yani sira piring, misir ve soya unu da kaplama
formiilasyonlarinda denenmis ve basarili sonuglar
alimmistir (Suderman 1983; Fiszman & Salvador
2003; Altunakar et al 2004; Ergezer et al 2008; Albert
et al 2009; Fiszman & Sanz 2010; Albert et al 2014).

Soya unu ile gergeklestirilen kaplama
calismalarinda piring ununa kiyasla pili¢ nuggetlarda
nem kaybmnin ve yag absorbsiyonunun daha az
oldugu, rengin iyilestigi ve gevrekligin de arttigi
belirlenmistir (Altunakar et al 2004).

Misir unu, igermis oldugu karoten pigmenti
nedeniyle kaplanmus tiriinlerde aranan altin sarist renk
icin onemli ve dogal bir kaplama materyali olarak
kullanilmaktadir. Ayrica misir unu bilesiminde bulunan
zein proteini hidrofilik 6zelligi nedeniyle iirliniin
icerisinde suyun alitkonmasina yardimer olmakta ve
kizartma yaginin da iirline gegmesine engellemektedir.
Bu nedenle son iiriiniin i¢i sulu ve dist daha gevrek
algilanmaktadir (Fiszman & Sanz 2010).

Bu c¢alismada, farkli kaplama bilesenlerinin
derin yagda kizartilmis pili¢ nuggetlarin bazi kalite
parametreleri tizerindeki etkileri incelenmistir.

2. Materyal ve Yontem

2.1. Materyal

Calismada ticari bir tavuk kesimhanesinden
temin edilmis, kemiksiz ve derisiz but ve gogiis
etleri kullanilmistir. Kaplama ve pilic nugget
formiilasyonlarinin  hazirlanmasinda  kullanilan
karragenan (Tunckaya Kimya); peynir alt1 suyu tozu
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ve mono sodyum glutamat (AD Kimya); bugday,
misir, soya ve ¢avdar unlari; galeta unu, karabiber,
kimyon, sogan, tuz ve ay¢igek yag1 piyasadan temin
edilmistir.

2.2. Yontem

2.2.1. Pili¢ nuggetlarin hazirlanist

Tavuk but ve gogiis etleri 5 mm ayna go6zIlii kiyma
makinesinde (Ar1 Makine, PKM 12, Tiirkiye)
cekilmistir. Aragtirmada Cizelge 1°de belirtilen pili¢
nugget formiilasyonu kullanilarak elle yogurmak
suretiyle hamur hazirlanmistir. Elips seklindeki
paslanmaz ¢elikten imal edilmis kaliplar (1.5x 5.5x 4
cm) kullanilarak hamur nugget formuna getirilmistir.

Caligmada kaplama bileseni olarak % 35 un
(bugday, musir, soya ve c¢avdar), % 1 karragenan,
% 1 tuz ve % 63 su kullanilarak 4 farkli kaplama
grubu olugturulmustur.

Pili¢ nuggetlar  hazirlanmis kaplama
formiilasyonlarina daldirilmadan dnce daha etkin bir
tutunma saglamak amaciyla peynir alt1 suyu tozuyla 6n
unlamaya tabi tutulmustur. Kaplama uygulamalarinda
stvi kaplama tercih edilmis olup kaplama ¢ozeltisi
45+1 °C’deki su igerisinde 30 sn karnstirilarak
hazirlanmistir. On unlamanin ardindan pili¢ nuggetlar
bu kaplama ¢ozeltisine 10 sn daldirilmak suretiyle
kaplanarak kizarticiya konulmustur. Kaplanan pilig
nuggetlar 180 °C’ye ayarlanmis kizarticida (Tefal,
Filtra One 1900 watt, Fransa) 5’er dakika aycicek yag:
igerisinde kizartilmustir (Altunakar 2003).

Cizelge 1- Calismada uygulanan nugget formiilasyonu

Table 1- Formulation of chicken nuggets

Bilesen Oran (%)
Tavuk krymasi (1:1; gogiis:but) 82.5
Galeta unu 5
Kimyon 0.5
Karabiber 0.5
Sogan 10
MSG (mono sodyum glutamat) 0.5
Tuz 1

2.2.2. Analizler

Pigmis Orneklerin nem miktari etiivde (Memmert
UNE400, Almanya) 105£2 °C’de kurutma
(AOAC 2000), yag miktar1 Soxhlet ekstraksiyonu
yontemine gore belirlenmistir (AOAC 2000).
Orneklerin renk degerleri kizartma sonrasi (Hunter
lab Miniscan XE Plus, ABD) renk 6l¢iim cihazi
ile belirlenmistir. CIELAB sistemi, D65 referans
aydinlatma ve 10°’lik goriis a¢isinda 4 ayri okuma
ile kuartz oOrnek kabi igerisinde yapilmistir.
Sonuglar agiklik-koyuluk (L*), kirmizilik (+a*)
ve sarilik (+b*) degerleri kullanilarak saptanmistir
(CIE 2001).

Cig pilic nugget o6rneklerinde kaplama tutunma
ylzdesi ve pisirme verimi Esitlik 1 ve 2°de su
sekilde hesaplanmistir (Altunakar 2003).

% Kaplama tutunma= (C-I/I) x 100 )

Burada; C, kaplanmis pili¢ nugget agirligi (g); 1,
kaplanmamus pili¢ nugget agirligi (g).

% Pisirme Verimi= (CW/C) x 100 2)

Burada; CW, pismis pili¢ nugget agirligi (g); C,
¢ig pili¢c nugget agirligi (g).

Kaplanan  pilic  nuggetlar  kizartildiktan
sonra, kaplama bir bicak yardimryla siyrilmis ve
kaplamanin kalinligi (mm) dijital kumpas (Mitutoyo
CD-6 CSX, Japonya) ile belirlenmistir.

Hazirlanan  &rneklerin  sertlik  degerinin
belirlenmesi  amaciyla  penetrometre  cihazi
(Koehler, K95500 ABD) ile, 100 g agirliga sahip
ve et lirlinlerinde 6l¢tim igin kullanilan konik baslik
3 farkli noktadan olmak iizere delme derinligi 10
mm cinsinden belirlenmistir (Ergezer et al 2014).

2.3. Istatistiksel analiz

Elde edilen veriler 1siginda sonuglar ANOVA
(Varyans Analizi) kullanilarak analiz edilmistir.
Sonuglar Duncan Coklu Karsilagtirma Testiyle
degerlendirilmis ve uygulama gruplar1 arasinda
farklilik olup olmadigi SPSS istatistik paket
programi kullanilarak test edilmistir (IBM SPSS
2012).
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3. Bulgular ve Tartisma

3.1. Kalite karakteristiklerindeki degisimler

Kaplamali iiriinlerde son iiriin kalitesi {izerine
etkili faktorlerden birisi kaplanacak {irline kaplama
materyalinin tutundurulma yiizdesidir. Kaplama
formiilasyonlarina ilave edilen protein icerigi yiiksek
unlarvedegisik karakterdekihidrokolloidlerkaplama
tutunma ytizdesi iizerine etkilidir (Chen et al 2008).
Farkli kaplama formiilasyonlarma daldirilan ¢ig
pili¢ nuggetlarin kaplama tutunma ytizdesi % 11.53-
14.28 arasinda degisiklik gostermis olup (Cizelge
2) oOrnekler arasindaki farklilik istatistiki olarak
o6nemli bulunmustur (P<0.05). En yiiksek kaplama
ylizdesine cavdar unu kullanilarak hazirlanan pilig
nuggetlarda ulasiimistir. Bugday, soya ve piring
ununun pili¢ nuggetlarda kaplama bileseni olarak
kullanildigi bir ¢alismada kaplama tutunma yiizdesi
soya>bugday>piring unu seklinde gerceklesmistir
(Dogan et al 2005). Bu c¢alismada kaplama
tutunma ylizdesini artirmak amaciyla karragenan
kullamilmistir. Benzer bir g¢alismada bugday ve
misir unu igeren kaplama formiilasyonlara farkli
oranlarda ilave edilen gamlarin balik nuggetlarda
kaplama tutunma yiizdesini Onemli diizeyde
artirdig1 gozlenmistir (Chen et al 2009). Ancak balik
nuggetlarin kullanildig: farkl bir caligmada ise gam
olarak kullanilan okside nigasta, ksantan gam ve
hidroksipropil metil seliilozun kaplama tutunma
oranint artirmadigt, aksine kontrol grubuna gore
daha diisiik degerler elde edildigi gortilmistiir. Bu
durumda asil tutunmayi saglayan yapimin kaplama
formiilasyonuna ilave edilen undan kaynaklandigi
one siirtilmistiir (Albert et al 2009).

Cizelge 2- Nuggetlarda kalite karakteristikleri*
Table 2- Quality characteristics of chicken nuggets

Pisirme verimi, pisirme sirasinda kaplamanin
yiizeye tutunabilme Ozelliginin bir gostergesidir
ve verim arttikca Urlinlin ekonomik degeri de
artmaktadir (Altunakar et al 2004). Orneklerin
pisirilmesini takiben elde edilen verim sonuglarina
gore en yiiksek deger misir unlu (% 82.64) ve en
diisiik deger de soya unlu (% 78.10) kaplamalarda
bulunmus ve Ornekler arasinda farklilik oldugu
gozlenmistir (P<0.05). Nisasta jelatinize oldugunda
kaplanan yiizey {iizerinde bir film olusturmakta
ve dolayisiyla da pisirme veriminde artisa neden
olmaktadir. Hububat unlarindan farkli olarak
bir baklagil olan soyanin bilesiminde daha az
nisasta bulunmaktadir ve dolayisiyla da soya unu
kullanilarak kaplanan pilic nuggetlarda pisirme
verimi diislik kalmistir. Hububat unlart ile kaplanmis
pili¢ nuggetlarda ise verim agisindan herhangi bir
farklilik bulunmamistir. Farkli nisasta tiplerinin
pili¢ nuggetlarda kaplama verimi tizerine etkilerinin
incelendigi bir ¢alismada tapioka (veya tapyoka)
nisastast bugday ve musir nigastasina gore daha iyi
sonuglar vermistir (Altunakar et al 2004).

Pigirme sonrasi kaplama kalinliklart
incelendiginde en kalin kaplamanin soyali
orneklerde oldugu (1.28 mm) ve drnekler arasinda
farklilik oldugu goriilmistir (P<0.05). Ancak
bugday, misir ve cavdar unu kullanilan 6rnekler
arasinda kalinlik acisindan farklilik olmadig tespit
edilmistir (P>0.05). Benzeri bir sonuca pisirme
verimi degerlerinde de ulasilmistir. Bu ¢aligmada
pilic nugget drneklerinde pisirmeden sonra soyali
olanlarin kaplama kalinliklarinin diger 6rneklerden
daha fazla bulunmasi, protein icerigi yiiksek olan
kaplamanin kizartma esnasindaki davranisi veya

Ornek Kaplama tutunma Pisirme verimi Kaplama kalinlig: Penetrometre degeri
yiizdesi (%) (mm) (10" mm)
Bugday 11.53+0.58° 82.344+2.21® 1.17+0.09° 65.77+1.38%
Misir 13.19+0.65* 82.64+1.52¢ 1.18+0.06° 59.88+3.65°
Soya 12.11£1.12% 78.10+1.02° 1.28+0.14* 53.25+2.92°
Cavdar 14.28+1.432 81.91+1.46° 1.15+0.12° 73.62+3.432

*_ 2 tekrarli analizlerin sonuglari ortalama + standart sapma seklinde verilmistir; *°, ayni stitunda farkli harflerle isaretlenen ortalamalar

arasindaki farklar onemlidir (P<0.05)
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kaplama materyalinin partikiil biiylikligii ile alakali
oldugu disiiniilmektedir (Cizelge 2). Pisirme
sirasinda bazi kaplamalarda ortamdan buharlagsmayla
uzaklasacak su, yapi tarafindan tutulmakta ve bu
durumda gozeneklilik artig gosterebilmektedir.
Buna bagli olarak da pisme islemi sonrast kaplama
kalinlig1 artabilmektedir. Benzer bir calismada soya
unu kullanilan kaplamalarda daha fazla gézenekli
yaptya rastlanilmistir (Dogan et al 2005).

Kaplanmisg {irlinlerde en Onemli tekstiirel
ozellik gevrekliktir. Gevreklik tiiketici tercihlerinde
iiriiniin taze oldugunun bir gostergesi olarak kabul
edilmektedir (Ergezer et al 2008). Uriiniin tekstiirel
ozelliklerini belirlemek tiizere kullanilan aletsel
objektif analizlerden biri olan penetrometre degeri
arttik¢a tirtiniin daha yumusak ve arzu edilir tekstiirde
oldugu sdylenebilir (Candogan & Kolsarici 2003).
Penetrometre degerleri incelendiginde tekstiirel
acidan en yumusak {iriin ¢avdar unlu formiilasyonla
kaplanan pili¢ nuggetlarda elde edilmistir. Soya ve
misir unlu kaplamalarda ise penetrometre degeri
benzer olup (P>0.05), cavdar ve bugday unlu
kaplamalardan daha diisiik degerler elde edilmistir.
Bu degerlere gore soya ve misir unuyla kaplanmis
orneklerin sertlik degerlerinin ¢avdar ve bugday
unuyla kaplanmis Orneklere gore daha yiliksek
oldugu sdylenebilir. Orneklerin  penetrometre
degerleri 53.25-73.62x10"' mm arasinda degisiklik
gostermig (Cizelge 2) ve 6rnekler arasinda farklilik
oldugu goriilmiistiir (P<0.05).

Uriinde arzu edilen tekstiiriin saglanabilmesi
kaplama  bilesenlerinin  karakterine  baglidir.
Kaplama amaciyla kullanilan farkli karakterdeki
unlarin, nisastalari ve gamlarin son {riin tekstiirii
iizerinde etkili oldugu pek c¢ok arastirma tarafindan
ortaya konmustur (Mukprasirt et al 2000; Chen et
al 2009). Sorgum ve bugday unlu pili¢ nuggetlarin
karsilastirildigi bir calismada sorgum unu kullanilan
orneklerin daha sert oldugu gdzlemlenmistir
(Devatkal et al 2011). Bu ¢alismaya benzer bir bagka
calismada ise bugday ve piring unu kullanilarak
tiretilen pilic nuggetlarda bugday unu kullanilan
orneklerde daha yumusak bir yapi elde edilmigtir
(Jackson et al 2009). Yulaf ununun kaplama
bileseni olarak kullanildigi baska bir ¢alismada ise

formiilasyonda yulaf unu arttik¢a sertligin de arttig1
belirlenmistir (Santhi & Kalaikannan 2014).

3.2. Yag ve nem miktart

Cizelge 3’te pismis Orneklere ait yag ve nem
miktarlart verilmistir. Pili¢ nuggetlarin yag miktart
% 8.50-9.93 arasinda degisiklik gostermekte ve
ornekler arasinda farklilik bulunmaktadir (P<0.05).
Pigirme sirasinda en az yag c¢eken Ornek misir
unuyla kaplanan &rnekler olmustur. Orneklerin
nem miktarlar1 arasinda herhangi bir farklilik tespit
edilmemistir (P>0.05).

Kaplanmis iiriinlerin tiiketimindeki en 6nemli
problemlerden biri pisirme sirasinda emilen yag
miktaridir. Saglik riskleri agisindan bu tiir iiriinlerin
kizartilmasi  sirasinda  yag  absorbsiyonunun
minimum diizeyde tutulmasi i¢in pek ¢ok calisma
yapilmaktadir. Kaplanmig iiriinlerde  pigirme
kosullar1 (sicaklik, siire), 6n islemler (6n unlama),
gidanin  fiziko-kimyasal ~ 6zelikleri, pisirmede
kullanilan yagin kimyasal bilesimi ve kullanilan
katkit maddelerinin 6zellikleri yag absorbsiyonunu
etkileyen 6nemli faktorler arasinda yer almaktadir
(Cuesta et al 2001; Rimac-Brnci¢ et al 2004; Dana &
Saguy 2006). Kaplamali iiriinlerde kullanilan degisik
karakterli (nem, bilesen ve protein fonksiyonelligi)
unlar ve bunlarin amiloz ve amilopektin igerigi son
iirtiniin tekstiirel karakteristikleri, yag absorbsiyonu
ve duyusal ozellikleriyle ¢ok iyi bir korelasyon
gostermektedir (Fiszman & Salvador 2003; Fiszman
et al 2005; Fiszman & Sanz 2010). Kaplamada
kullanilan unda su, amilopektin veya protein
oraninin artmast son iiriinde yag absorbsiyonunu
artirmakta ve gevreklik 6zelligini azaltic1 yonde etki
yapmaktadir. Bu ¢aligmada da benzer sekilde protein
miktar1 daha yiiksek olan soya unlu gruplarda
yag igerigi diger gruplara oranla daha yiiksek
bulunmustur (Cizelge 3). Ancak baska bir calismada
karideslerin kaplanmasinda kullanilan soya ununun
yag absorbsiyonunu azalttigl, misir ununun ise
artirdigi belirlenmistir. Misir unlu karideslerde yag
iceriginin fazla bulunmasi bu undan hazirlanan
sivi kaplamalarda viskozitenin daha diisiik kalmast
sonucu yag absorbsiyonu igin etkili bir bariyer
olugmamasina baglanmaktadir (Nasiri et al 2012).
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Bilindigi ilizere viskozitenin artirilmasi amaciyla
degisik gamlar kaplama bilesenleri icerisine dahil
edilebilmektedir. Bu c¢alismada da viskoziteyi
artirabilmek amaciyla kullanilan karragenanin yag
absorbsiyonunu azalttig1 diigiiniilmektedir.

Cizelge 3- Derin yagda kizartilmis nugget 6rneklerinde
yag ve nem miktarr*

Table 3- Oil and moisture content of deep fat fried
chicken nugget samples

Ornek Yag miktar Nem miktart
(%) (%)

Bugday 8.96+0.18* 60.19+1.432

Misir 8.50+0.44° 59.50+0.65*

Soya 9.93+0.22¢ 59.39+0.992

Cavdar 9.18+0.36® 61.40+1.05°

* 2 tekrarli analizlerin sonuglari ortalama + standart sapma
seklinde verilmistir; *°, ayni stitunda farkli harflerle isaretlenen
ortalamalar arasindaki farklar 6nemlidir (P<0.05)

Pilic nugget gibi kaplamali iriinlerde aranan
duyusal ozelliklerden biri de sululuktur. Pisirme
sirasinda kaplama bilesenleri dogal bir bariyer gdrevi
gorerek etin bilesimindeki suyun digari ¢ikisini azaltir
ve boylece {iiriiniin sulu kalmasi saglanir. Kaplama
formiilasyonlarina ilave edilen degisik karakterdeki
tahil ve bakliyat unlarinin derin yagda kizartilmis
iirtinlerde nem miktarim etkiledigi farkli aragtiricilar
tarafindan belirtilmistir (Fiszman & Salvador 2003;
Salvador et al 2005; Fiszman & Sanz 2010). Ancak bu
galismada pili¢ nuggetlarm nem miktarinin kullanilan
undan etkilenmedigi gozlenmistir. Derin yagda
kizartma sirasinda ortam sicakliginin degismesi nem
miktarmin degismesine neden olmaktadir. Ozellikle
yag sicakligi arttikca son liriinde nem miktarmnin
azaldig1 bildirilmektedir (Nasiri et al 2012). Bu
calismada kizartma ortaminin sicakliginin degismemis
olmasmin nem miktarinin da degismemesine neden
olabilecegi diisiiniilmektedir. Ayrica ¢aligmada
kullanilan hidrokolloid yapidaki karragenanin da nemi
tutmada etkili oldugu diistiniilmektedir.

3.3. Renk
Pigmis orneklerin renk degerleri Cizelge 4’te
verilmistir.  Pili¢  nuggetlarm  agiklik-koyuluk

(L*) degerleri 28.79-39.16 arasinda degismis ve

orneklerin birbirinden farkli oldugu goriilmistiir
(P<0.05). En agik 6rnegin bugday kapli, en koyu
Ornegin ise soya kapli pili¢ nuggetlar oldugu
goriilmektedir. Pili¢c nuggetlarin kirmizilik degerleri
(+a*) arasinda istatistiksel olarak farklilik tespit
edilememistir (P>0.05). Pili¢ nuggetlarin albenisini
ortaya koyan altin saris1 renk (+b*) bu caligmada en
iyl musir unu ile kaplanmis 6rneklerde (18.88) tespit
edilmistir. Misir ununa yakin o6zellikler sergileyen
ornekler bugday unlu kaplamalarda saptanirken,
soya unuyla kaplananlarim agiklik-koyuluk ve
sarilik agisindan en diisiik degerlere sahip oldugu
gdzlenmistir.

Cizelge 4- Derin yagda
orneklerine ait renk degerleri*

kizartilmis nugget

Table 4- Color values of deep fat fried chicken nuggets

Ornek L* a* b*

Bugday  39.16+1.60° 11.93+£0.67*°  16.57+1.78°
Misir 37.67+£1.35* 12.37+0.88*  18.88+0.27°
Soya 28.79+£2.27°  11.96+£0.46*  13.11+1.05°
Cavdar 30.00+1.31° 12.01+0.41*  14.05+0.15%

* 2 tekrarli analizlerin sonuglari ortalama + standart sapma
seklinde verilmistir; ®, ayni siitunda farkli harflerle isaretlenen
ortalamalar arasindaki farklar 6nemlidir (P<0.05)

Kaplanmisg {iriinlerde tiiketici begenisinde
onemli kalite karakteristiklerinden biri de renktir.
Bu tiir trtinlerde arzu edilen renk altin sarisidir.
Uriinde istenen renk daha ¢ok pisirmeyle ortaya
¢iktig1 i¢in pisirme yoOntemi, kizartma yaginin
sicakligl, ¢esidi, kullanim siiresi ya da sikligi
ve kaplama materyalinin bilesimi biiyiik Snem
tasimaktadir (Ballard 2003). Renk stabilitesinin
saglanabilmesi i¢in kizartma sirasinda olusan
sicaklik profili siirekli izlenmelidir. Kaplanmis
iirlinlin  soguk veya asir1 sicak yagin icine
atilmamasi gereklidir. Bununla birlikte iirliniin
kizarticida kalma siiresi renk stabilitesi agisindan
¢ok oOnemlidir. Yine kizartma ig¢in kullanilan
bitkisel yagin ¢esidi ve durumu da renk agisindan
onemlidir.  Kullanilacak  kizartma  yaginin
dumanlanma noktas1 yiiksek olmali, hidrolize
veya polimerize olmus yaglar kullanilmamalidir.
Yaga gidadan gegen organik kirlilikler sik sik
temizlenmelidir.
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Kaplama  bilesiminde  kullanilan  katki
maddelerinin de renk iizerinde Onemli etkisi
bulunmaktadir (Fiszman et al 2005). Altin saris1
rengin saglanabilmesi i¢in misir ununun kullanimi
olduk¢a yaygindir. Bu c¢alismada kizartma
sicakligi, stiresi, kullanilan yag sabit tutulmus
sadece kaplama bilesenleri  degistirilmistir.
Caligmada en koyu renk soya unu ile kaplanmis
pili¢ nuggetlarda elde edilmistir (Cizelge 4).
Bu durumun soyanin protein miktarinin tahil
unlarina gore daha fazla olmasi nedeniyle kizartma
sirasinda Maillard reaksiyonlarina daha fazla
girme egiliminden kaynaklanmis olabilecegi
diigtiniilmektedir. Pili¢ nugget 6rneklerinde en agik
deger bugday unlu kaplamalarda elde edilmis olup
orneklerin kirmizilik degerleri kullanilan kaplama
bilesenlerinden etkilenmemistir. Nugget benzeri
kaplanmis iiriinlerde en 6nemli renk parametresi
sarilik olup misir unu ile kaplanmis 6rnekler bu
acidan en ¢ok tercih edilen 6rnekler olmustur. Misir
unlu Ornekleri takiben sarilik degerleri sirasiyla
bugday>¢avdar>soya seklinde gerceklesmistir.
Benzer sonuglar farkli arastiricilar tarafindan da
ortaya konmustur (Baixauli et al 2003; Fiszman et
al 2005; Chen et al 2009).

4. Sonuclar

Kanatli etlerinde tiiketimi artirmanmn  etkili
yollarindan biri nugget tipi kaplanmis {irtinlerdir.
Kaplama formiilasyonlari hazirlanirken standart
bugday unlu kaplamalar yerine farkli tahil ve baklagil
unlariin da kullanimiyla daha lezzetli, gevrek, sulu
ve besleyici degeri yiiksek Ttrlinlerin {iretilmesi
miimkiin olabilecektir. Bu calismada elde edilen
tim parametreler géz Oniinde bulunduruldugunda
kaplama formiilasyonlarina misir ve cavdar unu
ilavesinin iiriin lizerinde olumlu etkilerde bulundugu
ancak soya unu ile kaplanan pili¢ nuggetlarda ise ayni
diizeyde olumlu etkiye ulagilamadigi belirlenmistir.

Kisaltmalar ve Semboller

L* Aciklik-koyuluk

+a* Kirmizilik

+b* Sarilik

MSG Mono sodyum glutamat
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ABSTRACT

In this study, some physical and chemical properties of pekmez samples produced using the traditional method
with fourteen different grape cultivars were investigated. The water-soluble dry matter, pH, titratable acidity and
hydroxymethylfurfural (HMF) content of the samples were determined to be 66.19-80.57%, 3.59-5.23, 0.27-1.81 g
100 g! and 5.93-762.22 mg kg, respectively. The mean fructose and glucose contents of the pekmez samples were
determined to be 28.42 g 100 g and 31.67 g 100 g, respectively. The densities and electrical conductivities varied
between 1.33-1.43 g cm™ and 1.96-4.51 mS cm™, respectively. The content of the macro element K identified in the
pekmez samples (4449.86 mg kg') was greater than that of Ca (1275.52 mg kg™'), P (369.96 mg kg!), Mg (344.79 mg
kg') and Na (119.56 mg kg™'). The pekmez samples have antioxidant activities, ranging between 38.20 to 64.45 umol TE
g'!. Six phenolic compounds, caffeic acid, ellagic acid, ferulic acid, gallic acid, p-coumaric acid and rutin hydrate, were
identified in the pekmez samples, and significant differences were observed between samples (P<0.01).

Keywords: Grape; Antioxidant activity; Phenolic composition; Mineral; Pekmez

Farkh Uziim Cesitleri ile Uretilen Pekmezlerin Fiziksel ve Kimyasal
Ozellikleri
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OZET

Bu calismada on dort farkli iiziim ¢esidinden geleneksel olarak iiretilen pekmez orneklerinin bazi fiziksel ve kimyasal
ozellikleri incelenmistir. Orneklerin suda ¢oziiniir kuru madde miktari, pH, titrasyon asitligi ve hidroksimetilfurfural
(HMF) igerikleri sirastyla % 66.19-80.57, 3.59-5.23, 0.27-1.81 g 100 g' ve 5.93-762.22 mg kg olarak belirlenmistir.
Pekmez 6rneklerinin ortalama fruktoz ve glikoz igerikleri sirastyla 28.42 g 100 g ve 31.67 g 100 ™! olarak saptanmustir.
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Yogunluk ve elektriksel iletkenlik degerlerinin sirasiyla 1.33-1.43 g cm™ ve 1.96-4.51 mS cm™ araliginda oldugu
belirlenmistir. Pekmez 6rneklerinde belirlenen makro element K miktar1 (4449.86 mg kg'), Ca (1275.52 mg kg™'),
P (369.96 mg kg'), Mg (344.79 mg kg') ve Na (119.56 mg kg"') miktarindan daha olmustur. Pekmez Grneklerinin
antioksidan aktivitesi 38.20 ile 64.45 pmol TE g araliginda degismistir. Pekmez orneklerinde kafeik asit, ellajik asit,
ferulik asit, gallik asit, p-kumarik asit ve rutin hidrat olmak iizere alt1 adet fenolik bilesik tanimlanmis ve &rnekler
arasinda 6nemli farkliliklar oldugu belirlenmistir (P<0.01).

Anahtar Kelimeler: Uziim; Antioksidan aktivite; Fenolik kompozisyonu; Mineral; Pekmez

1. Introduction

Pekmez (molasses), which has been produced for
a long time in Turkey, is one of the popular and
traditional Turkish foods (Tosun & Ustiin 2003).
Pekmez is a concentrated and extended shelf-life
form of several fruit juices, and it is formed by
boiling without the addition of sugar or other food
additives (Yogurtcu & Kamigli 2006). Pekmez is
produced primarily from grapes by concentrating
juices with a soluble dry matter content of up to 70-
80% (Alpaslan & Hayta 2002; Batu et al 2007). In
Turkey, approximately 4185.126 tons of grapes are
produced per year (TUIK 2012), and approximately
30% of the grapes produced in Turkey are used for
pekmez, wort and sausage with pekmez production
in a year. Furthermore, some fresh or dried fruits
that contain high amounts of sugar, such as fig,
mulberry, carob, juniper, sugar beet, sugar cane,
melon, watermelon, apple and apricot, can also
be used to produce pekmez (Karababa & Isikli
2005; Akbulut et al 2008). Fresh fruits are directly
squeezed, whereas dried fruits are subjected to
extraction in an aqueous medium and then pressed
and derived extract called as must is homogenized
(Aliyazicioglu et al 2009).

Pekmez samples are produced in all regions
of Turkey and are named after the geographic
locations in which they are produced, such as
Zile Pekmez in Zile, Agda in Gaziantep, Calma
in Kirsehir, Bulama in Balikesir and Masara in
Kahramanmaras (Tosun & Ustiin 2003). However,
the varieties of grapes and processing techniques
used in pekmez production can be different
in these regions. Pekmez is produced using
traditional and vacuum evaporation methods in

© Ankara Universitesi Ziraat Fakiiltesi

Turkey. However, most of rural regions that do not
have modern processing units use the traditional
production method (Arici et al 2004; Batu 2000).
Pekmez processing techniques vary according to
the species of fruits used during production (Kaya
& Belibagli 2002; Arici et al 2004).

Pekmez is a good energy and carbohydrate
source due to its high sugar content (up to 50-80%) in
the form of glucose and fructose; therefore, it easily
passes into the blood without digestion. The average
energy value of pekmez is 293 kcal 100 g! (Simsek
& Artik 2002; Tosun & Ustun 2003). It contains
organic acids and, essential minerals such as Fe
(2.62-16.30 mg 100 g!), P (0-95.06 mg 100 g'), Ca
(50.9-206.1 mg 100 g') and K (792-929 g 100 g)
(Ustiin & Tosun 1997; Yogurtcu & Kamish 2006;
Batu 2011). The high Fe content makes pekmez a
recommended supplement for anemia (Oztiirk &
Oner 1999). Pekmez, which is an important product
for human nutrition due to its composition (Batu &
Gok 2006), is consumed at breakfast as jams and
marmalades by mixing with tahini as a dessert, used
in place of sugar in several traditional products such
as halva and it is also processed for snacks such
as sweet tarhana, kofter and kome (Yogurtcu &
Kamigh 2006; Koca 2014).

There is little information about the physical
and chemical properties of grape pekmez. The
purpose of this study was to determine the
physical and chemical properties of grape pekmez
produced using the traditional (classical) method
with fourteen different grape cultivars as well
as to determine the phenolic composition and
antioxidant activity.
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2. Material and Methods

2.1. Materials

In this study, fourteen different grape varieties
(Alphonse Lavallée, Miiskiile, Razaki, Eksenez,
Erenkdoy Beyazi (Bursa), Pafi, Hatun Parmag,
Horoz Karas1 (Hatay), Sira Uziimii 1, Narince
(Tokat), Parmak Uziimii (Nevsehir), Izabella
(Giresun), Siyah Dimrit (Manisa) and Sira iziimii 2
(Amasya)) were used for the production of Pekmez
samples. Pekmez samples were prepared from these
grape varieties according to traditional (classical)
method.

Standards and chemicals: rutin hydrate (R5143),
quercetin  hydrate (337951), and gallic acid
(G7384) were purchased from Sigma-Aldrich (St.
Louis, USA); caffeic acid (822029), p-coumaric
acid (800237), erulic acid (822070), methanol,
hydrochloric acid, oxalic acid, formic acid and
acetonitrile were purchased from Merck (Darmstadt,
Germany); and ellagic acid (45140) was purchased
from Fluka (Buchs, Switzerland). All chemicals
used were of analytical grade.

2.2. Methods

Pekmez preparation: Traditional method was used
preparation of pekmez samples. At first, grapes were
crashed by human power to obtain must. Pekmez
earth (75.84% CaCO,) was added to must and kept
for one night to acid reduction and clarification. The
obtained liquid must was boiled in open boilers till
pekmez sample become optimum consistency. The
samples arriving to the laboratory were placed in
jars with a volume of 100 mL and stored at 20 °C
in darkness.

Chemical analyses: The water-soluble dry matter
content of the pekmez samples was determined using
a refractometer (Kem RA-500N, Tokyo, Japan) at
20 °C. The titratable acidity was determined (tartaric
acid g 100 g!) using the potentiometric method (0.1
N NaOH solution up to a pH of 8.1), and the pH was
determined using a pH meter (Mettler Toledo Seven
Easy, Switzerland).

Determination HMF content: The HMF was
quantitatively determined following the procedure
described by the International Honey Commission
(IHC 2002) based on the colorimetric reaction
between barbituric acid, p toluidine and HMF,
which forms a red-colored complex. The intensity
of the red color was measured at 550 nm using a
UV-Vis-NIR-5000 spectrophotometer.

Determination sugar content: The fructose
(g 100 g") and glucose (g 100 g') contents of the
pekmez samples were determined according to
the International Honey Commission (IHC 2002)
with HPLC. HPLC was conducted using a system
composed of a Shimadzu LC-10 A pump and a
RID-10A detector using a reversed-phase waters
carbohydrate column (300 mm x 3.9 mm). The
mobile phase consisted of 80% acetonitrile and 20%
water, with a flow rate of 0.9 mL min™'. The retention
times (t,) of fructose and glucose were determined
to be 4.8 and 5.2 min, respectively.

Determination mineral content: Approximately
0.5 g of each completely homogenized sample was
placed into a Teflon crucible with 6 mL of pure
HNO,+1 mL H,O,. The samples were incinerated
in a Milestone microwave oven, and the incinerated
samples were diluted to 25 mL with distilled water.
The mineral elements (Ca, Fe, K, Mg, Na, and P)
were analyzed using ICP-OES (Yildiz et al 2009).

Determination  antioxidant  activity:  The
antioxidant activities of the pekmez samples were
determined wusing the 2,2,-diphenyl-2-picryl-
hydrazyl (DPPH) method (Tiirkben et al 2010) with
some modifications. Approximately 1 g samples
were extracted with 80% aqueous methanol (4.5
mL) on a mechanical shaker for 2 h. The mixture
was centrifuged at 10,000 rpm for 15 min, and the
supernatant was decanted into polypropylene tubes.
The pellets were extracted under identical conditions.
The supernatants were combined and filtered, and
the clear extracts were analyzed for antioxidant
activity. A 1.5 mL aliquot of 0.1 mM DPPH radical
in methanol was added to a test tube with 0.5 mL of
the sample extracts. Pure methanol, rather than the
methanolic extract of the samples, was used as a
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control. The reaction mixture was vortex mixed and
allowed to stand at room temperature in the dark for
1 h before the decrease in absorbance (A) at 517 nm
by Shimadzu UV/VIS 1800 model (Kyoto, Japan)
spectrophotometer was measured. The results were
expressed as umol Trolox equivalents (umol TE g).

Determination  phenolic  compounds:  The
methanol extraction method was applied with some
modifications as described by the International Honey
Commission (IHC 2002). HPLC was conducted
using a system composed of a Shimadzu LC-10 A
pump and a SPD-M10AVP detector using a reversed
phase Nucleodur C18 column (250 mm x 4.0 mm i.d,
5.0 um). The mobile phase consisted of 0.05% formic
acid and methanol (Table 1), and the flow rate was
0.9 mL min™ at 250-280 nm. The retention times (t,)
of each compound are presented in Table 2.

Table 1- HPLC conditions for the determination of
phenolic compounds

Cizelge 1- Fenolik bilesiklerin belirlenmesi igin
kullanilan HPLC kosullar:

Time (min) HPLC conditions

0.01 95% formic acid 5.0% methanol
50.00 50% formic acid 50% methanol
55.00 100% formic acid 0.0% methanol
57.00 100% formic acid 0.0% methanol
60.00 5.0% formic acid 95% methanol
65.00 5.0% formic acid 95% methanol

Table 2- Retention times (t,) of standard phenolic
compounds

Cizelge 2- Standart fenolik bilesiklerin alikonma
zamanlari (t,)

Phenolic compounds t, (min)
Gallic acid 9.95
Cafeic acid 27.4
p-Cumaric acid 349
Ferrulic acid 37.5
Rutin hydrat 453
Ellagic acid 46.0
Quercetin 56.5

Physical analyses: The electrical conductivity of
a 20% pekmez solution (dry matter basis) in CO,-
free deionized distilled water was measured at 20
°C using a WTW InoLab Cond Level 1 Digital
Ec-meter (Weilheim, Germany) and the result was
expressed as mS cm™ (AOAC 1990).

The density determinations of the pekmez
samples were performed using the oscillating
U-tube method. For this purpose, approximately 1 g
of pekmez was placed into a temperature-controlled
sample cell, and oscillation frequency data obtained
from the density-meter (KEM-DA-505, Tokyo,
Japan) were saved. By measuring the oscillation
frequency of a calibration fluid with a known
density and using predetermined cell coefficients,
the densities of the samples (g cm™) were calculated.

2.3. Statistical analyses

The experiment was conducted in a completely
randomized design with three replications. The results
were statistically evaluated by one-way analysis of
variance (ANOVA) using the JMP software package
version 7.0 (SAS Institute Inc. NC, 27513). The
significance of the treatments was determined at the
0.01 probability level using the F-test.

3. Results and Discussion

Some physical and chemical properties of grape
pekmez samples produced from fourteen different
grape varieties are given in Table 3. The water-
soluble dry matter content was found to be 66.19-
80.57%. The water-soluble dry matter in fruits is
primarily formed by sugars, including fructose,
glucose and sucrose, and by acids, such as citric
acid and malic acid (Cemeroglu 2010). Alpar (2011)
estimated the water-soluble dry matter content in
white grape pekmez processed using the traditional
method to be 61.50%. Koca et al (2007) and Ustiin
& Tosun (1997) also reported that the water-soluble
dry matter content in grape pekmez ranged from
69.00-73.90% and 68.60-78.30%, respectively.

The pH in grape pekmez was found to range
from 3.59 to 5.23. The titratable acidity (in terms
of tartaric acid) was determined to be the highest
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and lowest in the Pafi (0.27 g 100 g') and Izabella
(1.81 g 100 g') samples, respectively (P<0.01).
Titratable acidity is inversely proportional to pH.
Acidity may vary depending on the herbal sources
and producing regions (Batu et al 2013). According
to Grape Pekmez Notification (2007), pekmez is
classified as sweet pekmez if their pH range is from
5 to 6, and they are classified as sour pekmez when
their pH range is from 3.5 to 5. Therefore, while
Eksenez, Erenkdy Beyazi, Pafi, Hatun Parmag,
Horoz Karasi, and Sira Uziimii 2 pekmez are sweet
pekmez samples, the other samples are classified as
sour pekmez. The pH and titratable acidity of grape
pekmez have been identified in several studies as
4.36t0 5.12 and 0.08-0.97% (Ustiin & Tosun 1997),
5.20t0 5.33 and 0.71-0.79% (Simsek & Artik 2002),
8.11 and 0.59% (Alpar 2011), respectively.

HMEF is not naturally found in fruits; rather, it is
formed from monosaccharides by the action of heat

and acid and is a limited compound for preventing
the application of excess heat in many products. It is
an important quality factor that reflects the severity
of heat treatment (temperature and time) that were
applied to the foods thickened with the application of
a heat treatment (Tosun & Ustiin 2003; Cemeroglu
2010). The HMF contents of the grape pekmez
samples varied from 5.93 mg kg (Pafi) to 762.22
mg kg! (Izabella). According to Pekmez Standards,
the allowed formation of HMF in liquid pekmez is
75 mg kg', whereas in solid pekmez, 100 mg kg
is allowed. This value in pekmez samples derived
from grape varieties such as Alphonse Lavallée
(380.08 mg kg!), Miskiile (116.93 mg kg!), Razaki
(206.31 mg kg"), Erenkdy Beyazi1 (333.37 mg kg™),
Izabella and Sira Uziimii 1 (163.10 mg kg') were
quite high. A study conducted on the traditional
methods in homes with found an HMF content
that was approximately 20 times higher in high

Table 3- Physical and chemical properties of traditionally processed grape pekmez samples

Cizelge 3- Geleneksel olarak iiretilen pekmez orneklerinin fiziksel ve kimyasal ozellikleri

Water-soluble

Titratable

Electrical

Grape cultivars dry matter acidity pH HMF conductivity Densz:tsy
) (@100g) (mgke')  (mSem) &M
Alphonse Lavallée (Bursa) 68.38 d 0.79d 473 ¢ 380.08 b 4.07b 1.363 ¢
Miiskiile (Bursa) 69.43 cd 053¢ 4.84f 116.93 f 3.59d 1.380 b
Razaki (Bursa) 69.54 cd 0.82¢ 470 g 206.31d 3.85¢ 1.347 de
Eksenez (Bursa) 66.19 £ 0.35; 5.04c 57214 302¢g 1.327 f
Erenkdy Beyazi (Bursa) 68.10 de 0.45h 5.05¢ 33337 ¢ 1.961 1.337 ef
Parmak Uziimii (Nevsehir) 68.52 d 0.421 495de  60.85gh 297¢g 1.340 def
Izabella (Giresun) 68.86 cd 1.81a 3.591 762.22 a 2.48h 1.340 def
Pafi (Hatay) 66.33 f 0.27k 523 a 5931 326f 1.350 cde
Hatun Parmag: (Hatay) 66.73 ef 0.37] 5.13b 44.13 k 34le 1.340 def
Horoz Karasi (Hatay) 66.30 f 0411 5.00cde 58.13 h1 3.09¢g 1.350 cde
Siyah Dimrit ( Manisa) 80.57 a 1.02b 417h 46.87 k 301g 1.430 a
Sira Uziimii 1 (Tokat) 7427 b 0.69¢ 475¢ 163.10 ¢ 3.70d 1.393b
Narince (Tokat) 68.59 d 0.56 £ 494 ¢ 63.61g 4.05b 1.353 cd
Sira Uziimii 2 (Amasya) 70.07 ¢ 0.43 h1 5.00cd 54.57; 451a 1.363 ¢
LSD 1.47 0.02 0.06 1.00 0.13 0.01
CV (%) 1.27 2.26 0.73 1.23 2.39 0.63

* mean values within a column with different superscript letters were significantly different (P<0.01); CV, coefficient of variation
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temperature-produced pekmez (681.40 mg kg')
compared with the pekmez produced under vacuum
(35.25 mg kg') commercially (Batu 1991). The
high content of HMF in the grape pekmez samples
is a result of the boiling process in an open vessel
at high temperature. In the literature, the amounts
of HMF in grape pekmez samples range from 7.38
to 166.05 mg kg (Ustiin & Tosun 1997), from 18.4
to 200 mg kg! (Kus et al 2005) and from 29.56 to
801.80 mg kg (Koca et al 2007).

The sugar contents of the pekmez samples are
given in Figure 1. In the study of grape pekmez, the
amount of fructose changed from 22.34 g 100 g!' of
(Hatun Parmag1) to 34.69 g 100 g (Parmak Uziimii)
and was determined to be 28.42 g 100 g! on average.
On the other hand, the glucose ratios ranged from
27.57 g 100 g! (Hatun Parmagi) to 41.11 g 100 g
(Siyah Dimrit), with an average value of 31.67 g 100
g'. Simsek & Artik (2002) reported that the fructose

1

4
]
53
&
%
5]
&

TFructose content (g 100 g')
PR =Ny
D
e &
s ’0::::::: 3% ’:’:’0
S SRS
R e R

Glueose content (g 100 g')
)
s

and glucose contents of 25 commercially produced
grape pekmez samples changed from 30.14 to
34.42% and from 30.73 to 34.99%, respectively.
The densities of the pekmez samples were found
to range between 1.33 g cm (Eksenez) and 1.43
g cm? (Siyah Dimrit). The electrical conductivity
values also showed variations between 1.96 mS
cm’ (Erenkdy Beyazi) and 4.51 mS cm’ (Sira
Uziimii 2). Electrical conductivity provides more
information about mineral salts, organic acids, and
protein concentrations. When the product contains
high contents of mineral salts, organic acids, and
proteins, the electrical conductivity is higher
(Akbulut & Ozcan 2008). Akbulut et al (2008)
reported that the density and electrical conductivity
values of Juniperus drupacea (andi1z) pekmez were
1.34 g cm® and 6.14 mS cm’, respectively. In
another study, the electrical conductivity of sweet
sorghum pekmez was identified as 13.53 mS cm!
(Akbulut & Ozcan 2008).

O Alphonse Lavallée (Bursa)
@Migkile Bursa)

HRazak: (Bursa)

OEksenez (Bursa)
OErenkdy Beyaz: (Bursa)

= Parmak Uziimii (Nevsehir)
O lzabella (Giresun)

EPafi (Hatay)

B Hatun Parmag: (Hatay)
OHoroz Karas: (Hatay)

O Siyah Dimrit ( Manisa)

W Sira Uzamii 1 (Tokat)

FI Narince (T okat)

B Swra Giziimi 2 (Amasya)

Figure 1- The sugar contents of traditionally processed grape pekmez samples. Bars with different
superscript letters were significantly different (P<0.01)

Sekil 1- Geleneksel olarak iiretilmis iiziim pekmezi 6rneklerinin seker icerikleri. Farkli harflerle belirtilen degerler

istatistiki a¢idan farklidir (P<0.01)
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Minerals are food ingredients that are vital. The
mineral contents of the grape pekmez samples are
given in Table 4. The contents of macro elements
found in grape pekmez samples produced from
different grape varieties were determined to range
from 48.70 mg kg (Horoz Karasi) to 5109.56 mg
kg! (Horoz Karasi) (P<0.01). In terms of the average
values of macro elements, the highest amount was
found for K, with the value of 4449.86 mg kg,
followed by Ca (1275.52 mgkg™), P(369.96 mgkg™),
Mg (344.79 mg kg') and Na (119.56 mg kg™).
Several studies have reported that the K content was
highest in grape pekmez (Yumlu 2006; Akbulut &
Ozcan 2009; Alpar 2011; Coklar & Akbulut 2012).
The micro element Fe was identified in the pekmez
samples (average 46.91 mg kg'), and it was found
in lower amounts than other minerals. The pekmez
sample produced from Sira Uziimii 2 has the highest
Ca content (4973.93 mg kg'), the Miiskiile sample
has the highest Fe (403.67 mg kg ') and P (597.87 mg
kg') contents, the Izabella sample has the highest
Mg (612.83 mg kg') content, and the Narince

sample has the highest Na (344.28 mg kg™') content
with statistical significance (P<0.01). The pekmez
samples produced from Horoz Karasi varieties have
the highest K content (5109.56 mg kg'), and there
is no significant difference between Erenkdy Beyazi
(5063.11 mg kg') and Izabella (5045.81 mg kg™)
(P>0.01). Alpar (2011) determined that the Ca,
K, Mg, Na, P and Fe contents of pekmez samples
produced from white, black and red grapes using
the traditional method ranged from 1.56 to 1491.65
mg kg'!, from 1811.79 to 9581.34 mg kg', from
187.34 to 332.33 mg kg, from 153.14 to 248.86
mg kg'!, from 192.44 to 492.43 mg kg' and from
49.53 to 132.13 mg kg'!, respectively. On the other
hand, Yumlu (2006) reported that the most abundant
mineral in the grape pekmez was K (302.50 mg
100 g'), followed by Ca (153.49 mg 100 g'), Mg
(62.19 mg 100 g') and Na (54.84 mg 100 g™).
Aliyazicioglu et al (2009) determined the Ca, K, Na,
P and Fe contents in grape pekmez to be 186, 831,
1353, 48 and 3.4 mg kg'', respectively.

Table 4- Mineral contents of traditionally processed grape pekmez samples (mg kg")

Cizelge 4- Geleneksel olarak iiretilen pekmez drneklerinin mineral i¢erikleri (mg kg™)

Grape cultivars Ca Fe K Mg Na P
Alphonse Lavallée (Bursa) 265.501 1095 f 4007.93 h 412.16d 84.67¢g 307.09 gh
Miiskiile (Bursa) 894.62 f 403.67a  4560.95d 257.62h 133.64e 59781 a
Razaki (Bursa) 528.12¢g 742 ¢ 4693.47 cd 476.88 ¢ 80.82¢g 367.19¢
Eksenez (Bursa) 50717 g 13.56 ¢ 4059.66 gh 241.671 153.55d  33181f
Erenkdy Beyazi (Bursa) 3515.88b  4251Db 5063.11 ab 553.52b 84.05 ¢ 303.08 h
Parmak Uziimii (Nevsehir) 1322.33e¢  9.89fg 4933.78 b 191.97] 17336¢c  401.94d
Izabella (Giresun) 1743.63 ¢  34.04c 5045.81 ab 612.83 a 107.39f  370.70 ¢
Pafi (Hatay) 404.39 h 40.25b 3370.58 1 250.08 1 52.59 1 226.76
Hatun Parmag: (Hatay) 163.12 15.80 ¢ 4396.53 ¢ 25029 h1  52.59h 272.311
Horoz Karasi (Hatay) 564.17 g 2.27h 5109.56 a 308.17 g 48.70 1 513.04 b
Siyah Dimrit ( Manisa) 271.581 26.08 d 3961.60 h 32827 f 51.44 361.69¢
Sira Uziimii 1 (Tokat) 1405.18d  10.84 f 4206.90 f 320.89fg  24939b  489.56¢
Narince (Tokat) 1297.67e¢ 1593 ¢ 4191.56 fg 37053 ¢ 34428a  316.21 gh
Sira Uziimii 2 (Amasya) 497393a  23.52d 4696.66 ¢ 252131 57.32h 320.30 fg
LSD 78.99 2.59 132.67 13.46 7.13 13.62

CV (%) 3.71 3.30 1.79 2.34 3.58 2.21

* mean values within a column with different superscript letters were significantly different (P<0.01); CV, coefficient of variation
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Grapes are one of the richest sources of phenolic
substances in fruits, and the antioxidant activity of
these fruits results from the abundance of phenolic
substances (Revilla et al 1997). The antioxidant
activities and contents of phenolic compounds of
the grape pekmez samples are given in Table 5.
The antioxidant activities of the pekmez samples
changed from 38.20 to 64.45 umol TE g, and
significant differences were observed between
samples (P<0.01).

In this study, six phenolic compounds,
caffeic acid, ellagic acid, ferulic acid, gallic acid,
p-coumaric acid and rutin hydrate, were determined
in pekmez samples. The HPLC chromatograms of
standards and the Narince (Tokat) sample are shown
in Figure 2. The caffeic acid, ferulic acid, p-coumaric
acid, rutin hydrate and gallic acid contents of the
samples changed from 1.95 (Hatun Parmagi) to
14.69 (Narice) mg kg, from 0.35 (Parmak Uziimii)
to 2.62 (Sira Uziimii 1) mg kg, from 0.41 (Sira
Uziimii 1) to 20.4 (Alphonse Lavallée) mg kg,

from 0.51 (Alphonse Lavallée) to 7.48 (Parmak
Uziimii) mg kg'', and from 0.35 (Eksenez) to 10.14
(Miiskiile) mg kg!, respectively. Quercetin hydrate
was not determined in any of the pekmez samples,
whereas ellagic acid was determined only in the
samples produced from Izabella (0.20 mg kg™'), Sira
Uziimii 1 (0.23 mg kg') and Narince (0.32 mg kg™).
Phenolic compounds in grapes are affected by many
factors, such as properties of the varieties, cultivation
conditions, the location of the production area and
the degree of ripeness of the grapes (Revilla et al
1997). Alpar (2011) determined that the antioxidant
activity changed from 86.44% to 93.40% and that
the total phenolic content changed from 20.447 mg
L' to 24.188 mg L' in pekmez produced using the
traditional method. Kelebek et al (2012) reported
that the contents of gallic acid, p-coumaric acid and
caffeic acid in white grape pekmez were 8.93, 0.03
and 0.20 mg kg, respectively, and similarly, they
were 5.50, 0.03 and 0.25 mg kg!in black grape
pekmez, respectively.

Table 5- The antioxidant activities and contents of phenolic compounds (mg kg™!) of traditionally processed

grape pekmez samples

Cizelge 5- Geleneksel olarak iiretilen pekmez orneklerinin antioksidan aktivite degerleri ve fenolik bilesikleri (mg kg™)

Caffeic  Ferulic p-coumaric Rutin Gallic  Ellagic  Antioxidant activity

Grape cultivars acid acid acid hydrate acid acid (umol TE g)
Alphonse Lavallée (Bursa) 1250b 1.58b 20.04a 051g 2.59d nd 61.52b
Miiskiile (Bursa) 10.69¢ 135c¢ 1.39j nd 10.14a nd 5536 f
Razaki (Bursa) 6.60 ¢ 0.58g 1.87h nd nd nd 58.59d
Eksenez (Bursa) 9.46d 0.84e¢ 3.78¢ 0.84f 035e¢ nd 54.94 £
Erenkdy Beyazi (Bursa) 9.56d 0.73f 330f nd 3.75¢ nd 59.76 ¢
Parmak Uziimii (Nevsehir) 4.45g 0.351 1.73 h1 748a nd nd 5053 g
Izabella (Giresun) 5.76 £ 0.54g 1.87h 2.83d nd 0.20b 4542 h
Pafi (Hatay) 9.69d 2.62a 6.32d nd nd nd 56.53 ¢
Hatun Parmag: (Hatay) 1.951 083e 265¢g 1.10e nd nd 61.37b
Horoz Karasi (Hatay) nd 136c 151y nd nd nd 63.65a
Siyah Dimrit ( Manisa) 1242b  133¢c  9.67b 337¢  9.68b nd 38.201
Sira Uziimii 1 (Tokat) 336h  2.62a 041k 2.73d nd 0.23b 64.45a
Narince (Tokat) 1469a 1.17d 7.57c 466b 049e 032a 61.52b
Sira Uziimii 2 (Amasya) 4.68 g 045h  1.33] 0.66 fg nd nd 6348 a
LSD 0.15 0.14 0.14 0.15 0.15 0.17 0.31

CV (%) 227 3.90 4.06 5.49 3.32 6.93 1.12

*, mean values within a column with different superscript letters were significantly different (P<0.01); nd, not detected; CV, oefficient

of variation
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Figure 2- HPLC chromatograms of standard
phenolic compounds (a) and the Narince (Tokat)
pekmez sample (b). (1, Gallic acid; 2, Caffeic
acid; 3, p-coumaric acid; 4, Ferulic acid; 5, Rutin
hydrate; 6, Ellagic acid; 7, Quercetin hydrate)
Sekil 2- Standart fenolik bilesiklerin (a) ve Narince
(Tokat) (b) pekmez érneginin HPLC kromotogramlari.
(1, Gallik asit; 2, Kafeik asit; 3, p-kumarik asit;
4, Ferulik asit; 5, Rutin hidrat; 6, Ellajik asit; 7,
Kuersetin hidrat)

4. Conclusions

Grape pekmez is routinely produced in Turkey,
and open vessels are used with traditional
methods in many areas for the production of grape
pekmez. With the use of traditional methods for
the production of pekmez and the absence of any
standard implementation, the quality of the pekmez
is decreased, and compounds that are harmful to
human health, such as HMF, are also formed in
large amounts. To produce better quality pekmez,
standardization in production should be applied by
using modern technology, and traditional production
should be adapted to this technology.
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ABSTRACT

This study aims to determine heavy metal accumulation levels in the muscles tissues of two economically most
important demersal fish species in the Eastern Black Sea, Turkey, red mullet (Mullus barbatus) and whiting (Merlangius
merlangus), and evaluate the effects of fish species, sampling locations, fishing season and size groups on heavy metal
accumulation levels. Chromium (Cr), manganese (Mn), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As),
cadmium (Cd) and lead (Pb) concentrations in fish muscle samples were measured with Inductively Coupled Plasma
Mass Spectrometry (ICP-MS). Co, Zn, As and Cd accumulation levels in both species differed significantly (P<0.05).
The metal concentrations of muscle tissues of both species, in general, were higher during summer and autumn. In the
study, the differences in concentrations levels of As and Pb in whiting, Co, Cu, and Pb in red mullet muscle tissues were
significantly related to fishing locations. The results of metal concentrations were compared with various legal limits
such as Turkish Food Codex (TFC 2011), European Communities Commission Regulation (EC 2006) and Food and
Agriculture Organization (FAO 1983) and the obtained metal levels of fish muscle tissues of both species were found to
be below the limit values which are a threat to human health.

Keywords: Black sea; Fish; Heavy metal; Whiting; Red mullet; Pollution
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OZET

Bu calismada, Dogu Karadeniz’de (Tiirkiye) ekonomik dneme sahip en 6nemli iki demersal balik tiirii olan barbunya ve
mezgit baliklarindaki agir metal birikim diizeylerinin tespit edilmesi ve metal birikim diizeylerinin balik tiirii, 6rnekleme
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yeri, avlanma dénemi ve boy grubu gibi faktdrlerle iliskilerinin ortaya konulmas: hedeflenmistir. Balik kas dokularinda
krom (Cr), mangan (Mn), kobalt (Co), nikel (Ni), bakir (Cu), ¢inko (Zn), arsenik (As), kadmiyum (Cd) ve kursun (Pb)
derisimleri indiiktif eslesmis plazma kiitle spektrometresi (ICP-MS) ile dlgiilmiistiir. Barbunya ve mezgit baliklarinin
kas dokularindaki Co, Zn, As ve Cd birikim diizeyleri farklilig1 istatistiksel olarak dnemli bulunmustur (P<0.05). Her
iki balik tiirtiniin kas dokusundaki metal diizeylerinin de genellikle yaz ve sonbahar doneminde daha yiiksek oldugu
belirlenmistir. Caligmada mezgit baligi kas dokusundaki As ve Pb derigimleri farkliliginin, barbunya baligi kas dokusunda
ise Co, Cu ve Pb derigimleri farkliligimnin avlandiklari lokasyonlar yoniinden istatistiksel olarak onemli oldugu tespit
edilmistir. Tespit edilen metal derisimleri Tiirk Gida Kodeksi (TFC 2011), Avrupa Birligi Komisyonu Tiiziigii (EC 2006)
ve Gida ve Tarim Orgiitii (FAO 1983) gibi cesitli yasal limitler ile karsilastirilmis ve balik kas dokularindaki metal

diizeylerinin insan saglig1 agisindan tehdit olusturabilecek limitlerin altinda oldugu belirlenmistir.

Anahtar Kelimeler: Karadeniz; Balik; Agir metal; Mezgit; Barbunya; Kirlilik

1. Introduction

Metals are among the most detrimental elemental
contaminants in aquatic ecosystems due to their
toxic effects and accumulation by entering the food
chain (Tepe 2009; Boran & Altinok 2010). Some
elements such as iron (Fe), copper (Cu), zinc (Zn),
manganese (Mn) and selenium (Se) are considered
as essential for their important roles in biological
systems and nickel (Ni), vanadium (V), cobalt
(Co) are known as probably essential metals. Such
metals as lead (Pb), cadmium (Cd) and mercury
(Hg) are non-essential metals and even very low
amounts of these metals may have toxic effects
(Canli & Athi 2003; Tiizen 2003; Uluozlu et al
2007; Turan et al 2009; Mendil et al 2010; Ozden
et al 2010). Industrial wastes, mining activities and
marine sediment geochemical structure are potential
sources of heavy metals affecting aquatic ecosystem
(Balkis et al 2007; Mendil et al 2010; Alkan et
al 2012). Fish, major components of aquatic
ecosystems, are protein-rich foodstuffs (Findik &
Cigek 2011) containing high amounts of unsaturated
fatty acids. Moreover, they are very important both
economically and ecologically due to their key roles
in food webs dynamics. Fish accumulate heavy
metals as they are in the upper levels of the food
chain. Therefore, fish especially demersal fishes
are used as indicators of ecosystem contamination
in the monitoring programs for the determination
of metal pollution in seas (Has-Schon et al 2008;
Harmelin-Vivien et al 2009; Mendil et al 2010;
Ozden et al 2010; Alkan et al 2012). Red mullet

© Ankara Universitesi Ziraat Fakiiltesi

and whiting are generally known as demersal fish
species. Nevertheless, though red mullet inhabits in
more shallow waters compared to whiting and is an
entirely bottom feeding species, whiting is a bathi-
pelagic species. Heavy metal accumulation levels in
fish may change depending on species, size groups
(Canl1 & Atl12003), tissues, seasons and geographic
regions (Mendil et al 2010).

The Eastern Black Sea where almost 60% of
the total fishing takes place has an important role
in Turkish fisheries. The contributions of Eastern
Black Sea to the total fishing of red whiting and red
mullet were 68% and 19%, respectively (Turkish
Statistical Institute 2011). The decrease in fish stocks
due to overfishing and pollution made it necessary
to determine the quality level and usability of the
available resources.

In the present study, it is aimed to determine the
levels of heavy metal accumulation in the muscle
tissue of economically important fish species in
Turkey, whiting and red mullet and evaluate the
effects of fish species, fishing locations, fishing
season and size groups on heavy metal accumulation
levels.

2. Material and Methods

The study area fed by Kizilirmak, Yesilirmak and
Melet rivers is more densely populated particularly
Samsun and its vicinity, in terms of industrial and
agricultural activities.
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A total of 668 whiting and 519 red mullet
analyzed specimens were collected from six stations
in the Eastern Black Sea, which were located
in Samsun (S1, S2, S3) where trawl fishery are
permitted and in Ordu (O1, 02, O3) not permitted
(Table 1 and Figure 1).

S2, S3, O1 and O2 stations are more affected by
the industrial and urban pressures compared to others.
Sampling was carried out with trawl nets in July,
October, January and April corresponding to summer,
autumn, winter and spring seasons, respectively.
The fishes were grouped as small, medium and
large sizes following the separation of species

(Table 1) and the length and weight were measured
and muscle tissues were taken. Metal analysis in
tissues is usually done on the dry weight since the
legal limits are given as wet weight which requires
converting wet into dry weights. Muscle tissues of
fish samples were dried under vacuum with freeze
dryer (Eyela, Japan) until tissues reached constant
weight. About 0.5 g sample was taken from dried
and homogenized samples for digestion in a sensitive
manner after weighing. The samples were digested
with microwave system (Milestone Ethos 1, Italy)
and 7 mL ultrapure HNO, (65% Merck, Darmstadt,
Germany) and 1 mL H,0, (30% Merck, Darmstadt,

Table 1- Average lenght, weight and muscle wet/dried ratio of whiting and red mullet

Cizelge 1- Mezgit ve barbunya baliklart igin ortalama boy, agirlik ve kas doku yas/kuru agirlik orani

Species Size N Length (cm) Weight (g) Wet/Dried
group Mean Std. dev  Mean Std. dev Ratio
Small 261 9.8 1.3 7.2 2.9 5.8
Merlangius merlangus )
» Medium 235 13.2 1.4 18.8 6.3 5.7
(Whiting)
Large 172 16.4 1.6 38.3 13.4 5.6
Small 216 8.8 1.3 7.1 35 4.6
Mullus barbatus )
Medium 182 11.6 1.2 16.4 4.9 43
(Red mullet)
Large 121 14.0 1.7 30.8 11.0 4.0

36.00 36.50 37.00

36.00

36.50 37.00

Figure 1- Map of sampling stations

Sekil 1- Ornekleme istasyonlar:
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Germany) was used according to (Milestone 2011)
procedure at 200 °C in 15 min. The solution was
diluted to 25 mL with ultrapure water obtained
from deionized water system (Barnstead Nanopure,
USA) following digestion. Heavy metal analyses
were performed using Varian 820 model ICP-MS
(Melbourne, Australia) according to EPA (1994)
Working conditions of the instrument were given in
Table 2. Scandium (Sc) and Indium (In) elements
were used as internal standard in the measurements.
In order to validate digestion procedure and method
of analysis, DORM 3 (National Research Council,
Canada) certified reference material was digested and
analyzed with the same procedure.

Student t-test was applied for statistical differences
of the measured parameters between fish species.
One-Way ANOVA, followed by Tukey post hoc test,
was used to test difference in the metal accumulation
levels among the size groups, sampling locations
and sampling stations of both species. In order to
determine the factors affecting metal accumulation
levels, factor analysis was applied to the data using
principle component analysis.

3. Results and Discussion

The analysis results of DORM 3 certified reference
material are given in Table 3. The results of the
recovery metal values as percentage were within the
acceptable limits as specified on the certificate.

The mean concentrations of metals in each

fish species are summarized in Table 4. In
the muscle tissues, the mean concentrations
of the heavy metals were determined as

Zn>As>Cu>Mn>Cr>Ni>Cd>Co>Pb for whiting and
Zn>As>Cu>Mn>Cr>Ni>Co>Pb>Cd for red mullet.
The differences in the mean concentrations of metals
(Zn: 21.5 mg kg, As: 6.34 mg kg'!, Co: 0.03 mg kg!
and Cd: 0.031 mg kg') for whiting and red mullet
tissues (Zn: 19.7 mg kg, As: 14.7 mg kg, Co: 0.11
mg kg! and Cd: 0.018 mg kg') were statistically
significant (P<0.05). The mean concentrations of Co
and As of the red mullet were higher than those of the
whiting (Table 4). Cr, Mn, Ni and Cu concentrations
in muscle tissues of whiting and red mullet were not
statistically significant (P>0.05).

Table 2- Instrument parameters for Varian 820 ICP-MS
Cizelge 2- Varian 820 ICP-MS igin cihaz parametreleri

Parameter Value
Flow parameters (L min™)
Plasma flow 18
Auxiliary flow 1.65
Sheath gas 0.23
Nebulizer flow 0.87
Torch Alignment (mm)
Sampling depth 6.5
Other
RF power (kW) 1.4
Pump rate (rpm) 4
Stabilization delay (s) 20
Ion Optics (volts)
First extraction lens -1
Second extraction lens -169
Third extraction lens -204
Corner lens -206
Mirror lens left 39
Mirror lens right 40
Mirror lens bottom 32
Entrance lens 1
Fringe bias -1.5
Entrance plate -50
Pole bias 0
CRI (mL min™)
Skimmer gas source H,
Sampler gas source OFF
Skimmer flow 75
Sampler flow 0

Table 3- Concentration of metals found in certified
reference material DORM 3

Cizelge 3- DORM 3 sertifikalt referans materyali
analizinde bulunan metal derisimleri

Metal  Certificated ~ Observed value  Recovery
value (ugg) (%)
(ug &)
As 6.88+0.3 6.54+0.4 95.1
Cd 0.29+0.02 0.29+0.02 100.0
Cr 1.89+0.17 1.93+0.23 102.1
Cu 15.5+0.63 14.78+0.78 95.4
Ni 1.28+0.24 1.33+0.17 103.9
Pb 0.395+0.05 0.383+0.11 97.0
Zn 51.343.1 48.5+£1.9 94.6
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Table 4- Average heavy metal concentration of Merlangius merlangus (whiting) and Mullus barbatus (red
mullet) species in this study, results of the previous study and legal limits (mg kg™)

Cizelge 4- Bu ¢alismadaki mezgit ve barbunya baliklar: igin ortalama agir metal derisimleri, daha énceki

calismalara ait sonuglar ve yasal limitler (mg kg™')

Metal concentration (mg kg™)

Cr  Mn Co Ni Cu Zn As Cd Pb  References
097 1.96 - 1.92 1.25 48,6 - 0.55 093 Uluozlu et al (2007)!
0.14 0.08 - 1.36 - 6.03 - 0.19 0.5 Turan et al (2009)?
080 - 0.03 027 1.02 2276 565 0.04 0.08 Alkanetal (2012)!
082 3.6 025 - 1.8 20.6 - 0.18 046 Mendil etal (2010)2
o - - - 378 372 3134 - 0.002 0.58 Nisbetetal (2010)'
Whiting 0.69 0.74 0.10 090 1.03 1352 029 0.03 026 Ozdenetal (2010)2
0.86 7.63 1.14 132 654 0.17 021 0.53  Tiizen (2009)>
- - - - - - 0.03 0.22 13 Balkis et al (2012)!
1.5 - 0.04 031 2.5 18 496 0.03 0.05 Ergil & Aksan (2013)!
0.62 092 0.03 0.61 156 21.5 634 0.031 0.024 This study'
1.63  6.54 - - 0.98 106 - 0.45  0.84 Uluozlu et al (2007)!
1.06 0.005 - 0.66 - 757 - 0.21 0.73  Turan et al (2009)?
062 - 0.12  0.18 1.12 2736 1395 0.02 0.10 Alkanetal (2012)!
099 2.05 038 - 14 17.8 - 023 040 Mendil etal (2010)2
Red mullet - - - 247  3.14 2371 - 0.02 092 Nisbetetal (2010)!
1.83  1.31 0.17 0.57 0.96 17.38 0.44 0.05 0.15  Ozden et al (2010)2
1.35 276 - 1.55 096 755 0.11 0.17 0.36  Tiizen (2009)?
033 - 0.05  0.05 1.0 14.6 127 0.70  0.02 Ergiil & Aksan (2013)!
0.56 1.05 0.11 046 1.36 19.7 14.75 0.018 0.020 This study'
0.05 030 TFC(2011)
Legal limits 30 30 0.50 0.50 FAO (1983)
0.05 0.50 EC (2006)

!, based on dry weight; 2, based on wet weight

The small, medium and large length groups of the
whiting were determined as 9.8+1.3 cm, 13.2+1.4
and 16.4+1.6 cm, respectively (Table 1). The
differences in Mn, Co, Cu, Zn and Cd accumulation
levels among size groups of the whiting were
statistically significant (P<0.05), whereas the
differences in Cr, Ni, As and Pb accumulations
levels among size groups of the whiting fish were
statistically insignificant (P>0.05). Cu and Zn
concentrations of small size whiting were higher
than those of medium and large sizes (Table 5).

In the study the small, medium and large length
groups of the red mullet were determined as 8.8+1.3

cm, 11.6+1.2 cmand 14+1.7 cm, respectively (Table
1). The differences in Mn and Cd accumulation in
the red mullet fish size groups were statistically
significant (P<0.05); however, the differences
in Cr, Co, Ni, Cu, Zn, As and Pb accumulation
levels were statistically insignificant (P>0.05). Cd
concentrations of the small size group of red mullet
were found to be higher than those of medium and
large size groups. Mn concentrations of small and
medium size red mullet were significantly higher
than those of the large size group (Table 5).

When metal accumulation levels were evaluated
according to sampling location (Samsun-Ordu), it
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Table 5- Average heavy metal concentrations of Merlangius merlangus (whiting) and Mullus barbatus (red
mullet) according to different length groups, (mg kg™)

Cizelge 5- Farkli boy gruplarina gore mezgit ve barbunya baliklart ortalama agir metal derigimleri, (mg kg™)

Size groups

Heavy metals Whiting Red mullet

Large  Medium  Small  Large  Medium Small
Cr 0.49 0.64 0.72 0.65 0.50 0.55
Mn 0.64 0.80 1.28 0.79 0.89 1.38
Co 0.02 0.03 0.05 0.11 0.10 0.11
Ni 0.61 0.41 0.82 0.48 0.43 0.47
Cu 1.04 1.59 1.96 1.18 1.33 1.52
Zn 18.78 20.59 24.83 19.06 18.89 20.99
As 4.92 7.12 6.73 13.43 17.87 12.61
Cd 0.01 0.03 0.05 0.01 0.01 0.03
Pb 0.02 0.02 0.03 0.02 0.02 0.02

was found that the difference in accumulations levels
between locations for the whiting was statistically
insignificant (P>0.05), but was significant for Cr, Cu
and Pb accumulation levels between sampling location
(Samsun-Ordu) for red mullet (P<0.05). The length and
weight differences among fishing stations for the red
mullet were statistically significant (P<0.05 level), but
insignificant for the whiting. The stations dependent
mean concentrations of Cr, Mn, Co, Ni, Cu, Zn and
Cd in muscle tissues as well as length and weight were
statistically insignificant. Arsenic (As) concentrations
of S1 station which is under the influence of Yesilirmak
were higher than that of O3 station. Pb concentrations

in Ol station may be related to geological origin and
were higher than all stations (Table 6). The stations
dependent mean concentrations of Cr, Mn, Ni, Zn, As
and Cd in red mullet muscle tissues were statistically
insignificant (P>0.05). Co concentrations determined
in S3 station which was affected by urban pollution
were higher than those obtained in S1, S2 and O2
stations and Cu concentrations in S3 station were
higher than O2 and O3 stations. Pb concentrations may
be related to geological origin as it was obtained in O1
station and the difference was statistically significant
(P<0.05) and higher than all stations for red mullet
muscle (Table 6).

Table 6- Average heavy metal concentration of Merlangius merlangus (whiting) and Mullus barbatus (red

mullet) according to sampling stations, (mg kg™)

Cizelge 6- Ornekleme istasyonlarina gore mezgit ve barbunya baliklar: ortalama agir metal derisimleri, (mg kg™)

Sampling stations

Heavy
Whiting Red mullet

metals =57 02 03 SI S2 S3 01 02 03 S1 S2 S3
Cr 070 054 050 045 1.02 045 044 046 053 063 083  0.60
Mn 087 119 079 089 1.09 077 126 101 119 086 089 096
Co 003 005 002 004 003 003 009 009 011 012 007 0.16
Ni 068 1.19 009 032 096 044 026 041 044 055 064 057
Cu 171 161 103 166 165 152 134 108 1.07 140 133 181
Zn 2147 2195 19.57 2252 21.08 22.14 2145 1877 17.64 1898 1853 21.17
As 559 698 376 967 597 560 1228 1851 1408 1735 11.16 14.89
cd 004 002 002 004 003 003 002 001 001 002 002 002
Pb 0.05 001 001 002 002 002 004 001l 002 001 00l 0.0l
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Seasonal differences can cause changes in
tissue weights, fat contents/composition and water
content of aquatic organism because of variation
in food supply, reproduction, behavior and other
physiological function all of which affect tissue
contaminant concentrations (UNEP 1993). In the
study, the samplings were carried out seasonally.
Although seasonal differences in the mean length
and weight of the whiting and red mullet were
found to be insignificant (P>0.05), the mean length
and weight taken from the samples in autumn
and winter periods were found higher (Table 1).
The seasonal difference in Cr, Co, Cu, Cd and Pb
accumulation levels of the whiting and Co, Cu, Zn,
As and Cd accumulation levels of the red mullet

were statistically significant (P<005). Even though
Mn and Ni accumulation levels observed in autumn
were higher than those of other seasons for whiting,
the differences were found to be statistically
insignificant (P>0.05) (Table 7). The mean
accumulation levels of Cu, Zn, As, Cd and Pb were
detected higher than the mean levels in summer for
the whiting. The mean metal accumulation levels of
Mn, Cu, Zn, Cd and Pb values for red mullet were
higher in summer and Cr and Ni levels were higher
in winter. Co and As accumulation levels among
sampling seasons for the red mullet were statistically
significant (P<0.05). The lowest accumulation
levels of were obtained for Co in spring and for As
in summer (Table 7).

Table 7- Average heavy metal concentration of Merlangius merlangus (whiting) and Mullus barbatus (red

mullet) according to sampling seasons, (mg kg™)

Cizelge 7- Ornekleme mevsimine gore mezgit ve barbunya baliklart ortalama agir metal derisimleri, (mg kg™)

Seasons
ija‘?; Whiting Red mullet

Summer Autumn Winter Spring Summer Autumn Winter Spring
Cr 0.40 1.03 0.68 0.45 0.45 0.62 0.68 0.40
Mn 1.01 1.11 0.85 0.69 1.02 1.31 1.01 0.95
Co 0.04 0.05 0.02 0.03 0.13 0.13 0.10 0.07
Ni 0.35 1.49 0.22 0.45 0.27 0.42 0.57 0.49
Cu 2.12 1.60 1.23 1.10 2.11 1.39 1.18 1.08
Zn 2291 20.34 20.55 21.87 22.88 19.34 18.09 20.16
As 7.00 6.94 6.73 4.52 5.34 12.84 16.54 20.57
Cd 0.05 0.04 0.02 0.01 0.02 0.04 0.01 0.01
Pb 0.04 0.03 0.01 0.01 0.03 0.02 0.01 0.02

Correlation matrix for whiting and red mullet
were given in Table 8 and Table 9. Very high
correlation coefficients between length and weight
of both species were obtained. A high inverse
correlation coefficient was found between fish
length and Zn concentration in whiting and positive
high correlation coefficient was found between Mn
and Co. Positive high level correlation coefficients
were obtained between Cr, Ni and Cu, Cd metals in
red mullet.

The data were evaluated by the factor analysis to
express the relationships among variables. A small
number of unrelated but conceptually significant
new variables (factors, dimensions) from a large
number of variables were obtained and new findings
were gathered from these data (Kalayci 2010).
Factors were evaluated in terms of their contribution
to total variance and the number of influential
factors was determined. The variances expressed by
three factors were about 73% for whiting and 71%
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Table 8- Correlation matrix for whiting

Cizelge 8- Mezgit baligi i¢in korelasyon matrisi

Length  Weight Cr Mn Co Ni Cu Zn As Cd Pb

Length 1.00

Weight 0.97 1.00

Cr -0.05 -0.06 1.00

Mn -0.54 -0.47 0.14 1.00

Co -0.49 -0.48 0.10 0.74 1.00

Ni -0.03 -0.02 0.53 0.33 0.45 1.00

Cu -0.51 -0.50 0.05 0.45 0.62 0.10 1.00

Zn -0.77 -0.68 -0.16 0.68 0.53 0.10 0.44 1.00

As -0.17 -0.24 0.08 0.11 0.33 0.02 0.37 -0.01 1.00

Cd -0.59 -0.53 0.21 0.58 0.48 0.29 0.42 0.62 0.13 1.00

Pb -0.35 -0.31 0.14 0.45 0.37 0.30 0.44 0.38 0.08 0.64 1.00
Table 9- Correlation matrix for red mullet

Cizelge 9- Barbunya baligi icin korelasyon matrisi

Length  Weight Cr Mn Co Ni Cu Zn As Cd Pb

Length 1.00

Weight 097 1.00

Cr 0.05 0.10 1.00

Mn -0.49 -0.45 0.08 1.00

Co -0.03 -0.02 0.22 0.26 1.00

Ni -0.05 -0.03 0.88 0.11 0.19 1.00

Cu -0.48 -0.39 -0.01 0.33 0.31 -0.11 1.00

Zn -0.36 -0.29 -0.12 0.46 0.34 -0.07 0.56 1.00

As 0.18 0.08 0.05 -0.23 -0.14 0.25 -0.46 -0.31 1.00

Cd -0.49 -0.36 0.15 0.49 0.23 0.04 0.71 0.38 -0.46 1.00

Pb -0.11 -0.10 -0.03 0.55 0.05 0.04 0.27 0.44 -0.12 0.32 1.00

for red mullet (Figure 2). While factor 1 in whiting
is related to fish length in relation to the Zn, Mn and
Cd, factor 2 in whiting is related to sampling stations
in relation to Cr (maximum in S2 station) and Ni
(maximum in O2 station) and Factor 3 is related to
sampling season (maximum in summer) in relation
to arsenic. The first factor in red mullet was the
sampling season and was positively correlated with
Cu and Cd (maximum in summer) and negatively

correlated with arsenic. Second factor was related
to the sampling stations as it was in whiting. Fish
length in red mullet was related to Pb and Mn
(large<medium, small) indicating the factor 3.

In this study, the results relating to metal levels
of the fish muscle tissue were given in terms of
wet/dried ratio. The wet/dried conversion factor
was used 5.7 for whiting and 4.3 for red mullet
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Factor Loadings, Factor 1 vs. Factor 2 vs. Factor 3

Rotation: Varimax normalized
Extraction: Principal components

Factor 3

Factor Loadings, Factor 1 vs. Factor 2 vs. Factor 3
Rotation: Varimax normalized
Extraction: Principal components

Figure 2- Factor analysis for whiting, a and red mullet, b fish species

Sekil 2- Mezgit, a ve barbunya, b balik tiirleri i¢in faktor analizleri

(Table 1) and made it possible comparison with the
previous studies (Table 4). The maximum metal
concentrations in the whiting and red mullet were
found below the limit values set by TFC (2011), EC
(2006) and FAO (1983) (Table 4).

The Cr concentrations in the muscle tissues
of whiting were significantly lower than same
species fish Cr concentrations obtained by Tiizen
(2009), Ozden et al (2010) and Mendil et al (2010).
On the other hand red mullet muscle tissue Cr
concentrations significantly lower than determined
by Turan et al (2009), Tiizen (2009), Mendil et al
(2010) and Ozden et al (2010). The determined
Mn concentrations in muscle red mullet and
whiting were lower than all of the studies except
for the research conducted by Turan et al (2009).
In this research, Co levels in the whiting and red
mullet muscle tissues were lower than whiting
Co levels determined by Ozden et al (2010) and
Mendil et al (2010). It was also determined that
Ni concentrations in this study were lower than
Ni concentrations obtained by Turan et al (2009),
Tiizen (2009), Ozden et al (2010) and Nisbet et al
(2010) in whiting and red mullet. Cu concentrations

determined by Tiizen (2009), Nisbet et al (2010),
Mendil et al (2010) and Ozden et al (2010) and in
whiting and red mullet were relatively higher than
the results of this study. Arsenic (As) concentrations
determined in this study for the whiting and the red
mullet were higher than all the values detected in
the previous studies except for the results by Alkan
et al (2012) and Ergiil & Aksan (2013). In this study
Cd concentrations were lower than the values from
other studies except Alkan et al (2012) and Nisbet
et al (2010) and Pb concentrations were more
lower than the values other than Alkan et al (2012)
and Ergiil & Aksan (2013). Pb concentrations in
whiting muscle tissue were determined by Balkis et
al (2012) and were higher than the our values and
the others (Table 4). The mean length and weight
differences of three different size groups of fishes
(small, medium, large) were statistically confirmed
(P<0.05). The difference in the water content of the
muscle tissue of the both fishes was statistically
significant (P<0.05).

The average metal concentrations determined in
this study for the whiting and red mullet, the results
of the previous studies that have been made other

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 349-359 357



The Factors Affecting Heavy Metal Levels in the Muscle Tissues of Whiting (Merlangius merlangus) and Red Mullet..., Alkan et al

researchers and the limit values set by the various
regulatory authorities are given in Table 4. None
of the metals measured in this study in terms of
average values exceeded the limits established by
the legal authorities such as TFC (2011), EC (2006)
and FAO (1983).

4. Conclusions

In this study, metal levels of the muscle tissues of
the two fish species (whiting and red mullet) were
determined by ICP-MS which has high sensitivity
and lower detection limits. Chromium (Cr),
manganese (Mn), cobalt (Co), nickel (Ni), copper
(Cu), zinc (Zn), arsenic (As), cadmium (Cd) and lead
(Pb) concentrations in the muscle tissues of fishes
were found to be below the limits set by the Turkish
Food Codex (TFC 2011), European Communities
Commission Regulation (EC 2006) and Food and
Agriculture Organization (FAO 1983) (Table 4).

Whiting and red mullet fish in the Eastern Black
Sea region which occupies an important place in the
country’s fishery potential are safe for human health.
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OZET

Bu c¢alismada, hamsi baligindan doner yapilmasi ve kalite 6zelliklerinin belirlenmesi amaglanmistir. Hamsi baligi
donerinde % 52.17 su, % 24.79 ham protein, % 18.62 ham yag ve % 4.28 oraninda ham kiil saptanmistir. Muhafaza
siiresinin sonunda hamsi doner drneklerinde doymus yag asitleri (DYA) igerisinde C , tekli doymamis yag asitleri
(TDYA) igerisinde C,, ., ve goklu doymamus yag asitleri (CDYA) igerisinde ise C,, ;. lin en yiiksek orana sahip oldugu
tespit edilmistir. Genel olarak, hamsi donerler 6rneklerinde Y'n6/y n3 oraninda ve DHA/EPA (dekosahegzaenoik asit,
C,,¢.5/cikosapentaenoik asit, C, . ) oraninda énemsiz bir degisim tespit edilmistir (P>0.05). Depolama sonunda hamsi
doner 6rneklerinde pH, tiyobarbitiirik asit (TBA), toplam ugucu bazik azot (TVB-N) ve trimetilamin azot (TMA-N)
degerleri sirastyla 6.25, 3.53 mg MDA kg, 34.03 mg 100 g! ve 5.25 mg 100 g' olarak saptanmigtir. Hamsi doner
orneklerinde toplam mezofilik aerob bakteri (TMAB) ve toplam psikrofilik aerob bakteri (TPAB) sayisi depolama ile
birlikte artarak muhafaza siiresi sonunda sirasiyla 4.82 logkob g ve 4.39 logkob g degerlerine ulagmistir. Maya-kiif ve
koliforma ise rastlanilmamistir. Duyusal analiz sonuglarindan panelistlerce hamsi donerin begenildigi anlagilmaktadir.
Bu ¢alismada, hamsiden tiretilen doner 6rneklerinin 63.giinde bozuldugu belirlenmistir.

Anahtar Kelimeler: Hamsi; Balik doner; Besin bilesenleri; Yag asidi; Raf 6mrii
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ABSTRACT

In this study, doner producing from anchovy and determination of quality properties of anchovy doner were aimed.
Proximate composition of anchovy doner have been determined as 52.17% moisture, 24.79% crude protein, 18.62%
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crude fat and 4.28% crude ash. C, among saturated fatty acids (SFA) and C |, among monounsaturated fatty acids
(MUFA) and C,, ;. among polyunsaturated fatty acids (PUFA) were determined the highest rates at the end of storage.
Generally, 3'n6/3 n3 and DHA/EPA (decosahexaenoic acid, C,, , /eicosapentaenoic acid, C, ) rates of anchovy doner
were showed insignificant (P>0.05) changes at the end of storage. At the end of storage period pH, thiobarbituric acid
(TBA), total volatile basic nitrogen (TVB-N) and trimethylamine nitrogen (TMA-N) values of anchovy doner were found
as 6.25, 3.53 mg MDA kg, 34.03 mg 100 g' and 5.25 mg 100 g, respectively. The total mesophilic aerobic bacteria
(TMAB) and total psychrophilic aerobic bacteria (TPAB) counts of anchovy doner were increased during storage and
reached to 4.82 logcfu g and 4.39 logcfu g, respectively. Yeast-mould and coliform bacteria in anchovy doner were not
detected. It was found that the anchovy déner was enjoyed by panelists according to results of sensory analysis. In this
study, the results showed that deterioration of the déner samples produced from anchovy were determined on 63" days.

Keywords: Anchovy; Fish doner; Nutritional components; Fatty acid; Shelf life

1. Giris

Suiiriinleribesleyici degerinin oldukea yiiksek olmast
bakimindan insanlik i¢in 6nemli bir besin kaynagidir.
Gecgmiste genellikle taze olarak tiiketilen su tirtinleri
giinlimiizde gelisen teknolojiyle birlikte farkli
sekillerde islenebilmekte ve insanlar i¢in segenekli
besin gruplart haline  doniistiiriilebilmektedir.
Su driinlerinin gelecekte insanlar i¢cin en Onemli
hayvansal protein kaynagi olacag: diisiiniilmektedir.
Gliniimiiz hizli yasam temposu igerisinde beslenme
aligkanliklarindaki ~ degisimler  gdz  Oniinde
bulunduruldugunda aveilik ve yetistiricilik yoluyla
elde edilen iriinlerin damak tadina yenilikler
sunmast igin gergeklestirilecek ¢aligmalara Snem
verilmelidir. Deniz ve i¢su kaynaklarindan saglanan
su trinleri, igerdigi proteinler, ¢oklu doymamis
yag asitleri, mineral madde ve vitaminler sayesinde
beslenmemiz agisindan onemli bir yere sahiptir
(Turan et al 2006). Alternatif protein kaynaklart ile
kiyaslandiginda, su tiriinlerinin daha ekonomik besin
kaynagi oldugu ve degisik yontemlerle islenerek
depolandiginda da zaman icinde protein degerini
yitirmeden tiiketilme ozelligine sahip oldugu da
bilinmektedir (Kolsarict & Ozkaya 1998). Diger
besinlerde bulunmayan ancak insan beslenmesinde
o6nemli rolii olan Eikosapentaenoik asit (EPA) ve
Dekosahegzaenoik (DHA) asit gibi ¢oklu doymamis
yag asitlerini bulundurmasi su iriinlerini daha 6zel
bir besin haline getiren unsurlardan biridir (Kaya
et al 2004; Turan et al 2006).Yapilan arastirmalar,
insanlarin  karsilastigi  birgok hastaliga besin
maddelerinin ve beslenme aligkanliklarmin neden

© Ankara Universitesi Ziraat Fakiiltesi

oldugunu ortaya koymaktadir. Bu nedenle daha
saglikli olan doymamis yag asitleri bakimindan
zengin gidalarin tiiketilmesi Onerilmektedir (Kaya
et al 2004). Birlesik Krallik Saglik Departmaninca
ideal n6/n3 orant maksimum 4 olarak tavsiye
edilmis, n6/n3 oranmin maksimum degerden daha
fazla olmasinin sagliga zararl oldugu ve kalp-damar
hastaliklarini da artirict olabilecegi ifade edilmistir
(Moreira et al 2001). Hamsinin balik koftesi (Varlik
et al 2000), marinat (Olgunoglu 2007), dumanlama
(Ayas 2006), surimi (Kaba 2006), hamsi keki (Inanli
et al 2011) ve hamsikusu (Kose et al 2001) gibi
drlinleri tizerine farkli arastiricilarin ¢alismalari
bulunmakla birlikte hamsiden doner yapimina iliskin
her hangi bir ¢caligmaya rastlanilmamuistir.

Toplam tiretimimiz igerisinde 179615.2 ton ile
tilkemiz su diriinleri iretiminin yaklasik % 30’nu
olusturan hamsinin 76190.4 tonluk 6nemli bir kismi1
balik unu ve yagi fabrikalarinda yan iiriin olarak
degerlendirilmektedir (TUIK 2013). Bu ¢alisma ile
hamsiden yeni bir damak tadi olusturarak tiiketici
icin albenisi-begenisi yiiksek ve cagimizin 1sit-
ye cinsi beslenme aligkanliklarina uygun bir {irlin
grubu olusturulmasinin yani sira kalite 6zelliklerinin
belirlenmesi hedeflenmistir. Ayrica bu sekilde katma
degerinin daha da artirilmasi amaglanmustir.

2. Materyal ve Yontem

Calismada, perakende satis noktasindan temin
edilen hamsi balig1 (Engraulis encrasicolus) buzlu
strafor kutularda 1 saat icerisinde laboratuvara
getirilmistir. Ilk olarak bas, i¢c organ ve omurga
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¢ikartilarak filetolar1 elde edilmis, sebeke suyu ile
yikanarak temizlenmis, suyu sizdirilmis ve doner
yapimi i¢in hazir hale getirilmistir. Doner yapiminda
kullanilacak katkilarin oranlari toplam balik fileto
agirhigr dikkate alinarak % olarak hesaplanmistir.
Buna gore agz1 kapakli seffaf temiz plastik bir kap
icerisinde bulunan temizlenmis ve suyu sizdirilmis
hamsi filetolarinin iizerine katki maddeleri, toplam
fileto agirliginin % 2.00’si oraninda tuz, % 0.44’0
oraninda karabiber ve % 7.00’si oraninda sogan suyu
olacak sekilde ilave edilerek iyice karistirilmistir ve
aroma olusumu i¢in 4+1 °C’de 120 dakika siire ile
marine edilmistir. Bu siirenin sonunda filetolar doner
¢ubugunun altinda bulunan sirkiiler tablanin {izerine
dizilmistir. Marinasyon ve dizme islemi sonrasi
pisirme islemine gecilmistir. Doner g¢ubugunun
bagli oldugu ve et blogunun otomatik dénmesini
saglayan motor aparati ile esit pisirme saglanmaya
calistlmistir.  Pigen ylizeyler doner bigag ile
kesilmistir. Kesilen pargalar doner tepsisinde oda
sicakligina ulasir ulasmaz agzi kapakli plastik
seffaf kaplarda homojen bir karisim saglanarak
pisirme igleminin sonuna kadar 4+1 °C’de muhafaza
edilmistir. Daha sonra 100+10 g olacak sekilde
doner ornekleri vakum paketlenerek 4+1 °C’de 63
giin siireyle depolanmistir. Doner &rneklerinden
muhafaza siresince 1, 7, 14, 21, 28, 35, 42, 49, 56
ve 63. giinlerde analizler gergeklestirilmistir.

2.1. Kimyasal analizler

Tiim orneklerde su, ham protein (AOAC 2000),
ham yag (Lovell 1975) ve ham kiil (Lovell 1981)
analizleri yapilmistir. Yag asidi analizi; drneklerden
yag ¢ikarma iglemi yapilmig (Bligh & Dyer 1959) ve
sonrasinda metillestirme iglemi (Ichihara et al 1996)
kiigiik bir modifikasyon ile gerceklestirilmistir.
Gaz Kromotografisi (GC) Sartlari; Yag asitleri
GC Clarous 500 cihazi (Perkin-Elmer, USA), alev
iyonizasyon dedektorii ve silika kapiler kolon (30
m x 0.32 mm ID, 0.25 pm BP20 0.25 UM; USA)
kullanilarak analiz edilmistir. Enjektor ve dedektor
sicakliklari sirasi ile dnce 220 °C’ye sonra 280 °C’ye
ayarlanmistir. Bu esnada firm sicakligi 5 dakika
140 °C’de tutulmustur. Sonrasinda her dakika 4
°C arttirilarak 200 °C’ye kadar, 200 °C’den 220
°C’ye de her dakika 1 °C artirilarak getirilmistir.

Split 1:50 oraninda kullanilmigtir. Yag asitleri
standart 37 bilesenden olusan FAME karigiminin
gelme zamanlarma bagl olarak karsilastirilmasiyla
tamimlanmistir. GC analiz sonuglari + standart
hatalart ile birlikte % olarak ifade edilmistir.

Ayrica, pH (Varlik et al 2007), tiyobarbitiirik
asit (TBA, mg MDA kg') (Erkan & Ozden 2008),
toplam ugucu bazik azot (TVB-N, mg 100 g")
(Nicholas 2003), trimetilamin azot (TMA-N, mg
100 g') (AOAC 1998) analizleri yapilmustir.

2.2. Mikrobiyolojik analizler

Biitiin 6rneklerde toplam mezofilik aerob bakteri
(TMAB, logkob g') ve toplam psikrofilik aerob
bakteri (TPAB, logkob g') sayisi ile koliform ve
maya-kiif mikroorgnizma sayilarini belirlemek igin
mikrobiyolojik analizler yapilmistir (Harrigan &
McCance 1976; ICMSF 1978; Refai 1979; Arslan
et al 1997).

2.3. Duyusal ézelliklerin analizi

Duyusal o6zelliklerin degerlendirilmesinde renk,
koku, lezzet, tekstiir ve genel begeni 6zelliklerinden
yararlanilmistir (Tagkaya et al 2003; Tokur et al 2006;
Kenar 2009). Fakiiltemiz personeli ve 6grencileri
arasindan secilmis egitimli 12 panelistten 1sitilarak
sunulmus doner orneklerinin duyusal dzelliklerini
1-9 puan arasinda degerlendirmeleri istenmigtir.
Degerlendirmede 9 tamamen tazeligi, <3 ise
bozulmuslugu gostermektedir. Duyusal 6zelliklerin
belirlenmesine  yonelik  analizlere muhafaza
stiresince devam edilmistir.

2.4. Istatistiksel analiz

Calismada elde edilen veriler, SPSS 9.0 istatistik
paket programi ile varyans analizine (one-way
ANOVA) tabi tutulup, 6nemli varyans kaynaklarina
ait ortalamalar Duncan Coklu Karsilagtirma Testi ile
P<0.05 giiven araliginda karsilastirilmistr.

3. Bulgular ve Tartisma

Cig hamsi (C), marine hamsi (M) ve hamsi doner
(D) orneklerinin su, ham protein, ham yag ve ham
kil oranlarmi belirlemeye yonelik besin bilesen
analizleri yapilmistir (Cizelge 1). Ozellikle pisirme
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islemiyle birlikte {iriin su igeriginin dnemli (P<0.05)
miktarda azalmasina bagli olarak ham protein ve
ham yag igeriginde nispi olarak (P<0.05), ham kiil
miktarlarinda ise yine su igeriginin azalmasma ve
kullanilan katkilara bagli olarak son iiriinde (P<0.05)
artig belirlenmistir. Hamsinin aylara gore su igeriginin
belirlendigi bir arastirmada su igeriginin % 64.93 ile
% 74.32 araliginda oldugu (Oksiiz & Ozy1lmaz 2010),
benzer bir ¢alismada da % 66.0 ile % 77.0 (Gokoglu
et al 1999) olarak bulundugu, diger ¢alismalarda
% 66.95 (Kocatepe & Turan 2012), % 69.76 (Ozden
2005), % 68.21 (inanh et al 2010) ve % 61.45 ile
% 77.10 (Karagam & Diizgiines 1988) olarak tespit
edilmistir. Alabalik, orkinos ve somon tiirlerinin
doner olarak degerlendirildigi ¢alismada su igeriginin
baslangica gore diistiigli belirlenmistir (Simsek 2011).
Hamsi iizerine yapilan farkli aragtirmalarda, protein
oran1 % 16.31 (Kocatepe & Turan 2012), % 15.06
ile % 18.91 (Karagam & Diizgiines 1988), % 19.56
(Ayas 20006), % 16.94-% 17.36 (Kaya & Turan 2010),
% 19.07 (inanlh et al 2010), % 18.02 (Ozden 2005)
olarak belirlenmistir. Farkl tiirlerden doner yapilan
ornek gruplarinda protein oraninda artig saptanmistir
(Simsek 2011). Hamside yag oranint % 4.72 (Ayas
2006), % 5.1 ile % 13.6 (Gokoglu et al 1999) % 6.49-
% 16.32 (Oksiiz & Ozyilmaz 2010), % 10.04 (Inanli
et al 2010) olarak tespit edilmistir. Alabalik, orkinos
ve somon pigmis doner 6rneklerinde yag miktarinda
baslangica gore artig saptanmigtir (Simsek 2011).
Yapilan ¢aligmalara gore, hamside kiil miktar1 % 1.39
(Ayas 2006), % 1.35 ile % 1.68 (Oksiiz & Ozyilmaz
2010), % 1.03 (Kocatepe & Turan 2012), % 1.62
(Ozden 2005) olarak belirlenmis olup elde edilen bu
sonuglar bulgularimizla paralellik gostermektedir.

Cizelge 1- Cig, marine hamsi ve hamsi doner besin
bilesenleri (%)", (xxSH)""

Table 1- Nutritional compenents of raw, marinated
anchovy and anchovy doner (%)", (x+SE)™

Ham kiil
1.2740.05¢

Su Ham protein
C 67.91£0.29* 17.68+0.08"
M 71.05£2.13* 15.78+0.16° 10.38+0.75¢ 2.38+0.06°
D 52.17+0.41° 24.79+0.11* 18.62+0.29° 4.28+0.04*

“, aym siitunda farkli harfler bulunduran degerler arasinda
istatistiki fark onemlidir (P<0.05); ™, ortalama+standart hata; C,
¢ig hamsi; M, marine hamsi; D: hamsi doner

Ham yag
12.80+0.86°

Yag asitleri analiz sonuglarindan da anlasilacagi
gibi ¢oklu doymamis yag asitlerinden C, . ve
C 6nemli miktarlarda belirlenmistir (Cizelge

2)2.0Xéalizi yapilan tim 6rnek gruplari igerisinde en
fazla tespit edilen yag asidi ¢coklu doymamis yag
asitlerinden DHA olmustur. Ham maddeyi olusturan
¢ig hamside % 20.00 olarak tespit edilen DHA,
marinasyon islemiyle % 19.10’a depolamanin
baslangicinda (1. giin) doner Orneklerinde
% 18.76’ya azalmistir (P>0.05). EPA’da ise
¢ig hamside % 10.66 olarak tespit edilen deger
marinasyon iglemiyle % 9.94’e azalmig (P<0.05)
depolamanin baslangicinda doéner Orneklerinde
% 10.01°e artmustir (P>0.05). Cig hamside Y} DYA,
Y TDYA ve YCDYA sirasiyla % 31.40, % 20.16 ve
% 36.68 olarak, marine hamside ise sirasiyla
% 29.98, % 22.03 ve % 35.34 olarak, 1. giin
doner orneklerinde ise sirasiyla % 29.34, % 22.70
ve % 35.00 olarak saptanmistir. Hamsi doner
orneklerinde depolama siiresince > DYA, Y TDYA
ve Y CDYA kiiciik artis ve azalislar tespit edilmis
olup depolamanin 1. giinii ile depolamanin son giinii
(63. glin) > DYA’deki degisim onemli (P<0.05)
bulunurken, > TDYA ve YCDYA i¢in Onemsiz
(P>0.05) bulunmustur. Depolamanin baslangicinda
ve sonunda doner Orneklerinin Y n6/Yn3 orani
arasinda Onemli bir degisim gbzlenmemistir
(P>0.05) (Cizelge 2). Hamside > DYA % 33.40-
%37.91,Y TDYA%25.91-%31.51,5> CDYA%34.00-
% 36.18 (Oksiiz & Ozy1lmaz2010) olarak bulunurken,
bagka bir arastirmada > DYA % 35.07, > TDYA
% 19.50 ve YCDYA % 32.43, DHA/EPA orani
1.45 olarak saptanmistir (Kocatepe & Turan 2012),
Tufan et al (2011) ayni tiir ile yaptiklar ¢aliymada
>DYA % 29.81-% 37.58, YTDYA % 18.82-
% 22.49 ve YCDYA % 31.95-% 38.52 arasinda,
> CDYA/YDYA 0.86-1.29 ve > n6/Yn3 oranini ise
0.10-0.22 arasinda tespit etmislerdir. Zlatanos &
Laskaridis (2007) hamsilerde 6nemli doymamis
yag asitlerinden C,, . ’ii en diisiik oranda % 12.23
Subat ayinda, en yliksek oranda ise % 32.46’lik
oranla Haziran ayinda belirlemistir. Hamsi {izerine
yapilan bir ¢alismada yag asidi kompozisyonunda
DYA iginde C, 60, TDYA iginde C ., , ve CDYA
i¢ginde de C,,, /in en yiiksek oranda oldugunu
tespit edilmistir (Tanakol et al 1999). Bu sonuglar
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calismamizi genel olarak destekler niteliktedir.
Ortaya ¢ikan farkliliklarin hammadde ve calisma
kosullarindan kaynaklanabilecegi diisiiniilmektedir.

Caligmamizda ¢ig hamsi Orneklerinde 6.61
olarak tespit edilen pH degeri marinasyon
islemiyle birlikte azalmig (P<0.05) depolamanin
1. gliniinde ise artmistir (P<0.05) (Cizelge 3). Bir
caligmada, orkinos disinda alabalik ve somon
doner orneklerinde 1. giin pH degerinde ¢ig balik
etine gore onemli (P<0.05) degisim bulunmustur
(Simsek 2011). Balik etlerinde TBA degerinin
3-4 mg MDA kg"imn fiizerinde olmasinin kalite
kaybinin gostergesi oldugu Dbelirtilmistir (Kose
et al 2001). Varlik et al (1993) ve Cadun et al
(2005) tiiketilebilirlik degerinin 7-8 mg MDA kg
arasinda oldugunu bildirmistir. Aragtirmamizda
hamsi doéner Orneklerinin TBA degeri muhafaza
siiresince genellikle artis egiliminde olmustur
(Cizelge 3). Yapilan bir aragtirmada, tuzlanmis ve
tuzlanmamis hamsiden elde edilen hamsikusu,
pismis ve pismemis olarak depolamis ve bu
stire icinde TBA degerinin diizensiz bir degisim
gosterdigi tespit edilmistir (Kdse et al 2001).
Alabalik, orkinos ve somon doner Orneklerinde
TBARS degerinin depolamaya bagli olarak arttigt
saptanmustir (Simsek 2011). TVB-N su iiriinlerinin

bozulmasimin belirlenmesinde yaygin kullanilan
biyokimyasal metotlardan biridir (Ruiz-Capillas &
Moral 2001). Huss (1988) ve Kdse & Erdem (2004)
TVB-N i¢in kabul edilebilir limit degerini 30-35 mg
100 g, Varlik et al (1993) ve Akkus et al (2004)
35 mg 100 g olarak bildirmislerdir. Calismamizda
hamsi donerde TVB-N degeri depolamanin sonunda
(63. glin) 34.03 mg 100 g'"’a ulagsmistir (Cizelge 3).
Tuzlanmis ve tuzlanmamis hamsilerden yapilan
hamsikusunun pisirilerek -18 °C’de 150 giinliik
depolanmast sonunda TVB-N degerleri sirasiyla
12.72 mg 100 g' ve 9.37 mg 100 g"’e ulagmustir
(Kose etal 2001). Buzdolabi kogullarinda depolanan
hamsi baliginin TVB-N degerinin depolamanin
sonunda (5. giin) artarak 35.4 mg 100 g'-38.8 mg
100 g'a ulastigr bildirilmistir (Kose & Erdem
2004). Varlik et al (1993) TMA-N sinir degerini 8
mg 100 g, Huss (1988) ise 10-15 mg 100 g olarak
belirtmistir. Arastirmamizda TMA-N ¢ig hamside
0.84 mg 100 g iken hamsi doner yapimiyla birlikte
artmig ve depolamanin sonunda 5.25 mg 100 g'"’a
ulasmustir (Cizelge 3). Hamsi keki g¢alismasinda
kekin pisirilmesi ile 3.14 mg 100 g' olan TMA-N
degerinin 12 giin sonunda 4.11 mg 100 g"a artt1g1
tespit edilmistir (Inanl1 et al 2011). Sonuglar genel
olarak bulgularimizla benzerlik gostermektedir.

Cizelge 3- Hamsi doner orneklerindeki pH, TVB-N, TBA ve TMA-N degerindeki degisimler”, (x=SH)"
Table 3- Changes of the pH, TVB-N, TBA ve TMA-N values in anchovy doner samples®, (x+SE)™

Giin pH TBA, mg MDA kg TVB-N, mg 100 g TMA-N, mg 100 g
C 6.61+£0.01° 1.01£0.03¢" 10.67+0.36° 0.84+0.12 ©
M 6.29+0° 0.79+0.05° 11.17+0.44¢ 0.62+0°

1 6.40+0.03¢ 1.134£0.02¢ 28.40+0.22¢ 4.224+0.06¢
7 6.48+0.025¢ 1.91+0.01¢ 31.34+0.50% 4.36+0.11¢
14 6.54+0.02%® 1.86+0.05¢ 31.68+0.88% 4.46+0.07«
21 6.52+0.06%* 2.39+0.18" 32.94+0.88 4.22+0.154
28 6.43+0.01< 2.43+0.06" 31.59+0.67% 4.57+0,19bd
35 6.51+0.02° 2.25+0.07¢ 31.42+0.30% 4.71+0.09bd
42 6.43+0.02% 2.54+0.05% 30.58+0.22"% 4.87+0.25%¢
49 6.45+0.035 2.68+0.09° 31.76+0.14% 4.70+0.20b
56 6.30+0.02° 2.63+0.12° 32.18+0.36% 4.96+0.05®
63 6.25+0.03¢ 3.53+0.21* 34.03+0.66* 5.25+0.25%

*, aym siitunda farkli harfler bulunduran degerler arasinda istatistiki fark 6nemlidir (P<0.05); ™", ortalama=standart hata; C, ¢ig hamsi;

M, marine hamsi
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Su {driinlerinin  tiiketilebilirliginin belirlenmesinde
kullanilan ydntemlerden biri de mikrobiyolojik
analizlerdir. Aerobik bakteri sayisi i¢in limit deger
7 logkob g! olarak bildirilmistir (ICMSF 1986).
Bu calismada, baslangicta ¢ig hamside maya-kiif
tespit edilmemis olup, TMAB, TPAB ve koliform
icin sirasiyla 5.56 logkob g, 3.61 logkob g'! ve
1.87 logkob g olarak saptanmistir. Doner yapimi
ile uygulanan 1sil islemle TMAB sayis1 3.17
logkob g'’a diiserken TPAB ve koliform tespit
edilememistir. Ancak depolama siireci igerisinde
koliform ve maya-kiif disinda artis gosterdigi ve
limit degerlere ulasmadigi gorilmiistiir (Cizelge
4). Hamsiden kek tiretimi ile ilgili bir aragtirmada,
hamsi filetolarinda TMAB sayis1 2.30 logkob g7,

TPAB sayist 3.36 logkob g' ve maya-kiif sayisi
da 3.28 logkob g' olarak belirlenmis olup kek
yapimiyla elde edilen bu degerlerde diisiis, depolama
ile birlikte de tekrar artis tespit edilmistir (Inanli et
al 2011). Hamsi kuslarinin pisirilmesiyle birlikte
mezofilik ve pisikrotrofik bakteri sayisinda azalma
(Kose et al 2001), farkli balik tiirleriyle doner
yapilan arastirmada; alabalik, orkinos ve somondan
yapilan doner Orneklerinde 4 °C’de 1. giinlik
depolama sonrasinda toplam mezofilik aerobik
bakteri ve koliform sayisinda ¢ig baliketine gore
onemli (P<0.05) azalma tespit edilmistir (Simsek
2011). Yukarida bahsi gegen arastirma sonuglart ile
¢alismamiz sonuglart uyumludur.

Cizelge 4- Hamsi doner 6rneklerinin muhafaza siiresince mikroorganizma yiikii (logkob g)*, (xSH)""

Table 4- Microbial load of the anchovy doner samples during storage (logcfu g”)*, (x-=SE)™"

Giin TMAB TPAB Koliform Maya-kiif
C 5.56+0.04° 3.61+0.09° 1.87+0.03 <1.0
M 3.59+0.010 3.63+0.01" <1.0 <1.0
1 3.1740.04¢ <1.0 <1.0 <1.0
7 4.62+0.03¢ <1.0 <1.0 <1.0
14 4.22+0.01¢ <1.0 <1.0 <1.0
21 4.39+0.01F 2.70+0.03¢ <1.0 <1.0
28 4.51+0.03¢ 2.47+0.03f <1.0 <1.0
35 4.73£0.02% 4.34+0.01* <1.0 <1.0
42 4.65+0.03< 4.38+0.01* <1.0 <1.0
49 3.95+0.05" 3.48+0.01¢ <1.0 <1.0
56 4.25+0.03¢ 3.75+0.07° <1.0 <1.0
63 4.82+0.03° 4.39+0.05* <1.0 <1.0

*, ayni stitunda farkl harfler bulunduran degerler arasinda istatistiki fark 6nemlidir (P<0.05); **, ortalamatstandart hata; C, ¢ig hamsi;

M, marine hamsi

Hamsi doner orneklerinin  duyusal analiz
sonuglarma bakildiginda, panelistlerce degerlendirilen
parametrelerde yiiksek puanlar aldifi, muhafaza
stiresince bu parametreye iliskin puanlarin siireyle
dogru orantili olarak azaldigi, depolamanin 63.
giinlinde ise tiiketilemeyecek smir degerlere ulastigt
gortilmiistiir (Cizelge 5). Simsek (2011) galigmasinda
alabalik, orkinos ve somon olmak iizere ii¢ farkli
balik tliriinden elde edilen donerlerin panelistlerce

kabul edilebilirliginin yiiksek oldugunu bildirilmistir.

Bu sonuglar ¢alismamiz sonuglari ile benzerlik
gostermektedir.

4. Sonuclar

Calismada hamsi doner oOrneklerinin doymamis
yag asitleri, 6zelliklede DHA ve EPA gibi onemli
¢oklu doymamis yag asitleri ve > n6/3>n3 orant
bakimindan beslenme agisindan 6nemli bir kaynak
olabilecegi diistiniilmektedir. Calismada elde edilen
bilgiler 15181nda hamsi donerinin tiiketici begenisine
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Cizelge 5- Hamsi doner orneklerinin muhafaza siiresince duyusal analiz sonuglart’, (x+=SH)"

Table 5- Results of the sensory anaylysis of anchovy doner samples during storage®, (x+SE)™

Giin Renk Koku Lezzet Tekstiir Genel begeni
1 7.50+0.232 8.08+0.22° 8.33+0.14° 7.50+0.21* 7.91+0.15°
7 7.25+0.17* 7.66+0.22 8.16+0.20° 7.66+0.25* 7.91£0.14°
14 7.50+0.26* 7.58+0.28% 8.00+0.17 7.83+0.24* 7.83+0.16*
21 7.08+0.19° 7.66+0.28% 8.00+0.30* 7.75+0.25* 7.83+0.24°
28 7.25+0.21* 7.25+0.32° 7.33+0.33% 6.91+0.19° 7.08+0.19°
35 6.83£0.16® 7.08+0.19% 6.66+0.18 6.75+0.25° 6.83+0.20°
42 6.33£0.22° 6.75+0.21¢ 6.25+0.27¢ 6.33+0.25° 6.50+0.26°
49 5.00+0.27¢ 5.08+0.33¢ 4.66+0.30¢ 4.91+0.35¢ 4.75+0.35¢
56 4.66+0.22¢ 3.83+0.16¢ 3.75+0.27" 3.58+0.28¢ 3.91+0.25¢
63 2.33+0.14¢ 1.91+0.14f 1.50+0.15¢ 1.33+0.14¢ 1.41+0.15°

*, aym siitunda farkli harfler bulunduran degerler arasinda istatistiki fark onemlidir (P<0.05); **, ortalama+standart hata

sahip oldugu belirlenmigtir. Hamsi donerinin
depolama siiresince kimyasal ve mikrobiyolojik
olarak limit degerleri asmadig1 tespit edilmistir.
Hamsi doner 6rneklerinin duyusal analiz sonuglarina
bakildiginda, panelistlerce degerlendirilen biitiin
parametrelerin yiiksek puanlar aldigi, muhafaza
stiresince bu parametre iligkin puanlarin stireyle
dogru orantili olacak bi¢cimde azaldig1, depolamanin
63. gilinlinde ise tiiketilemeyecek smir degerlere
ulastig1 belirlenmistir.

Su triinleri Giretimimizin en énemli tiirlerinden
olan hamsinin alternatif isleme tekniklerinden
biriyle islenerek farkli bir lezzette sunulmasi,
hamsinin daha ¢ok kisi tarafindan tiiketilmesini
destekleyecektir.  Ayrica  ¢alismanin  benzer
konularda yapilacak AR-GE calismalar1 i¢in de
tesvik edici olacagi kanisindayiz.
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Bu calisma Siileyman Demirel Universitesi Bilimsel
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2624-M-2010) desteklenmistir.

Kaynaklar

Akkus O, Varlik C, Erkan N & Mol S (2004). Cig ve
haglanmig balik etinden yapilmis koftelerin bazi
kalite parametrelerinin incelenmesi. Turkish Journal
of Veterinary and Animal Sciences 28: 79-85

AOAC (1998). Offical methods of analysis. Association
of Offical Analytical Chemists USA.

AOAC (2000). Offical methods of analysis. Association
of Offical Analytical Chemists, USA

Arslan A, Celik C, Ates G, Kok A & Kaya A (1997).
Vakumlu vakumsuz aynali sazan (Cyprinus carpio
L.) pastirmalarimin  mikrobiyolojik ve kimyasal
kalitesinin incelenmesi. Turkish Journal of Veterinary
and Animal Sciences 21: 23-29

Ayas D (2006). Gokkusagi alabaligi (Oncorhyncus
mykiss), hamsi (Engraulis encrasicolus) ve sardalya
(Sardina  pilchardus)’nn  sicak tiitsiilenmesi
sonrasindaki kimyasal kompozisyon oranlarindaki
degisimleri. Ege Universitesi Su Uriinleri Fakiiltesi
Su Uriinleri Dergisi 23(1-3): 343-346

Bligh E G & Dyer W J (1959). A rapid method of total
lipid extraction and purification. Canadian Journal of
Biochemistry and Physiology 37: 911-917

Cadun A, Cakli S & Kisla D (2005). A study of marination
of deepwater pink shrimp (Parapenaeus longirostris,
Lucas, 1846) and its shelf life. Food Chemistry 90:
53-59

Erkan N & Ozden O (2008). Quality assessment of whole
and gutted sardines (Sardina pilchardus) stored
in ice. International Journal of Food Science and
Technology 43: 1549-1559

Gokoglu N, Ozden O, Erkan N, Baygar T & Metin S
(1999). Seasonal variationin fat content of anchovy

(Engarulis encrasicolus). International Journal of
Food Science and Technology 34: 401-402

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 360-369 367



Quality Changes of Anchovy (Engraulis encrasicolus) Déner During Cold Storage, izci et al

Harrigan W F & McCance M E (1976). Laboratory
Methods In Food And Dairy Microbiolgy, London

Huss, H H (1988). Fresh Fish Quality and Quality
Changes. FAO Fisheries Series No: 29, Rome

Ichihara K, Shibahara A, Yamamoto K & Nakayama T
(1996). An improved method for rapid analysis of the
fatty acids of glycerolipids. Lipids 31: 535-539

ICMSF  (1978). International ~Commission on
Microbiological Specifications for  Foods.
Microorganism in Foods 1., 2nd ed., Toronto

ICMSF  (1986). International
Microbiological Specifications for
Microorganism in Foods 2., 2nd ed., Toronto

Inanli A G, Ozpolat E, Coban O E & Karaton N
(2010). Marine edilmis hamsi baliginin (Engraulis
encrasicolus, L.,1758) kimyasal bilesimi ve farkli
soslarda duyusal degerlendirilmesi. Journal of
FisheriesSciences.com 4(4): 455-461

Inanli A G, Karaton N & Coban O E (2011). Sensorial,
chemical and microbiological quality of anchovy
cake. African Journal of Biotechnology 10(48): 9870-
9874

Kaba N (2006). The Determination of technology &
storage period of surimi production of anchovy
(Engraulis encrasicholus L.,1758). Turkish Journal
of Fisheries and Aquatic Sciences 6: 29-35

Commission  on
Foods.

Karagam H & Diizgiines E (1988). Hamsi (Engraulis
encrasicolus, 1.1758) baliklarinda net et verimi ve
besin analizleri iizerine bir arastirma. Ege Universitesi
Su Uriinleri Yiiksek Okulu Su Uriinleri Dergisi 5(19-
20): 100-107

Kaya Y & Turan H (2010). Comparison of protein, lipid,
and fatty acids composition of anchovy (Engraulis
encrasicolus) during the commercial cathing season.
Journal of Muscle Foods 21: 474-483

Kaya Y, Duyar H A & Erdem M E (2004). Balik yag
asitlerinin insan saglhgi icin onemi. Ege Universitesi
Su Uriinleri Fakiiltesi Su Uriinleri Dergisi 21(3-4):
365-370

Kenar M (2009). Aromatik bitkilerden elde edilen dogal
antioksidanlarin balik filetosu {izerindeki duyusal,
kimyasal ve mikrobiyolojik etkilerinin incelenmesi,
Yiiksek lisans tezi, Cukurova Universitesi Fen
Bilimleri Enstitiisii (Basilmamis), Adana

Kocatepe D & Turan H (2012). Proximate and fatty acid
composition of some commercially inportant fish

species from the Sinop Region of the Black Sea.
Lipids 47: 635-641

Kolsarict N & Ozkaya O (1998). Gokkusagi alabaligi
(Salmo gairdneri)y’nin raf omrii iizerine tiitsiileme
yontemleri ve depolama sicakliginin etkisi. Turkish
Journal of Veterinary and Animal Sciences 22: 273-
284

Kése S & Erdem M E (2004). An Investigation of quality
changes in anchovy (Egraulis encrasicolus, L.,1758)
stored at different temperatures. Turkish Journal of
Veterinary and Animal Sciences 28: 575-582

Kose S, Karagam H, Kutlu S & Boran M (2001).
Investigating the shelf-life of the anchovy dish called
‘Hamsikusu’ in frozen storage at -18+1 °C. Turkish
Journal of Veterinary and Animal Sciences 25: 651-
656

Lovell R T (1975). Laboratory Manual for Fish Feed
Analysis and Fish Nutrition Studies. Auburn, Alabama

Lovell R T (1981). Laboratory Manual for Fish Feed
Analysis and Fish Nutrition Studies, Auburn, Alabama

Moreira A B, Visentainer J V, de Souza N E & Matsushita
M (2001). Fatty acids profile and cholesterol contents
of three Brazilian Brycon freshwater fishes. Journal
of Food Composition and Analysis 14: 565-574

Nicholas T A (2003). Antimicrobial use of native and
enzymatically degraded chitosans for seafood
aplications. The University of Maine, MSc Thesis,
Maine

Olgunoglu I A (2007). Marine edilmis hamside (Engraulis
ancrasicholus  L.,1758) duyusal kimyasal ve
mikrobiyolojik degisimler. Doktora tezi, Cukurova
Universitesi Fen Bilimleri Enstitiisii (Basilmamus),
Adana

Oksiiz A & Ozyilmaz A (2010). Changes in fatty acid
compositions of Black Sea anchovy (Engraulis
encrasicolus 1.1758) during cathing season. Turkish
Journal of Fisheries and Aqutic Sciences 10: 381-385

Ozden O (2005). Changes in amino acid and fatty acid
composition during shelf-life of marinated fish.
Journal of the Science Food and Agriculture 85:
2015-2020

Refai M K (1979). Manual of Food Quality Control,
4. Microbiology Analysis, Food and Agriculture
Organization of the United Nation, Rome

Ruiz-Capillas C & Moral A (2001). Correlation between
biochemical and sensory quality indices in hake stored
in ice. Food Research International 34: 441-447

368

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 360-369



Hamsi Bali§i (Engraulis encrasicolus) Dénerinin Soguk Depolama Sirasindaki Kalite Degisimleri, izci et al

Simsek A (2011). Tiiketime hazir balik doner iiretimi;
kimyasal, mikrobiyolojik ve duyusal 6zelliklerinin
arastirilmasi, Yiiksek lisans tezi, SDU Fen Bilimleri
Enstitiisti (Basilmamas), Isparta

Tanakol R, Yazic1 Z, Sener E & Sencer E (1999). Fatty
acid composition of 19 species fish from the Black
Sea and the Marmara Sea. Lipids 34: 291-297

Taskaya L, Cakli S, Kisla D & Kiling B (2003). Qualitiy
changes of fish burger from rainbow trout during
refrigrated storage. Ege Universitesi Su Uriinleri
Fakiiltesi Su Uriinleri Dergisi 20(1-2): 147-154

Tokur B, Ozkiitiik S, Atict E, Ozyurt G & Ozyurt C E
(2006). Chemical and sensory quality changesof fish
fingers, made from mirror carp (Cyprinus carpio L.,
1758) during frozen storage (-18 °C). Food Chemistry
99: 335-341

Tufan B, Koral S & Kése S (2011). Changes during
fishing season in the fat content and fatty acid profile
of edible muscle, liver and gonads of anchovy
(Engraulis encrasicolus) caugth in the Turkish Black
Sea. International Journal of Food Science and
Technology 46: 800-810

Turan H, Kaya Y & S6nmez G (2006). Balik etinin besin
degeri ve insan saghigindaki yeri. Ege Universitesi Su
Uriinleri Fakiiltesi Su Uriinleri Dergisi 23(1-3): 505-
508

TUIK (2013). Su Uriinleri Istatistikleri, Yaym No: 4349,
Ankara

Varlik C, Ugur M, Gdkoglu N & Giin H (1993). Su
Uriinlerinde Kalite Kontrol ilke ve Yéntemleri. Gida
Teknolojisi Dernegi Yaymn No: 17, Ankara

Varlik C, Erkan N, Metin S, Baygar T & Ozden O (2000).
Marine balik koftesinin raf omriiniin belirlenmesi.
Turkish Journal of Veterinary and Animal Sciences
24: 593-597

Varlik C, Ozden O, Erkan N & Alakavuk D U (2007).
Su Uriinlerinde Temel Kalite Kontrol. istanbul
Universitesi Yayin No: 4662, Istanbul

Zlatanos S & Laskaridis K (2007). Seasonal variation in
the fatty acids composition of three mediterranean
fish sardine (Sardina pilchardus), anchovy (Engraulis
encrasicolus) and picarel (Spicara smaris). Food
Chemistry 103: 725-728

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 360-369 369



JOURNAL OF AGRICULTURAL SCIENCES 22 (2016) 370-376

TARIM BiLIMLERi DERGISi —

Tarim Bilimleri Dergisi Journal of Agricultural Sciences

Tar. Bil. Der.
Dergi web sayfasi: Journal homepage:
www.agri.ankara.edu.tr/dergi www.agri.ankara.edu.tr/journal

Dol Tutma Problemi Olan Holstayn Irk: Sigirlarda Sitogenetik ve
Molekiiler Genetik Taramalar

Korhan ARSLAN?, Fadime OZDEMIR?, Esma Gamze ILGAR?, Bilal AKYUZ?
“Erciyes Universitesi, Veteriner Fakiiltesi, Genetik Anabilim Dali, 38039, Kayseri, TURKIYE

ESER BILGISI

Arastirma Makalesi

Sorumlu Yazar: Korhan ARSLAN, E-posta: korhanarslan@erciyes.edu.tr, Tel: +90 (352) 207 66 66
Gelis Tarihi: 02 Aralik 2014, Diizeltmelerin Gelisi: 25 Mayis 2015, Kabul: 25 May1s 2015

OZET

Sigir yetistiriciliginde repeat breeder sendromu olarak adlandirilan dol tutma problemi dnemli bir sorundur. Holstayn
k1 sigirlarda bu problemin ortaya ¢ikmasinda bakim-beslemenin yani sira Robertsonian translokasyon ve faktor XI
yetmezligi (FXID) olarak adlandirilan genetik bozukluklarinda rolii oldugu diisiiniilmektedir. Bu ¢alismada Kayseri
ilinde bir ¢iftlikte bulunan repeat breederli Holstayn irki ineklerde Robertsonian translokasyon ve FXID varliginin
arastirilmasi amaglanmistir. Yapilan ¢alismada, repeat breeder tanist konan 62 bas Holstayn ki inek incelenmistir.
Kromozomal inceleme sonucunda 62 hayvanin 58’inin normal karyotip (2n= 60 diploid), dordiiniin ise en sik goriilen
1;29’dan farkli dort tip Robertsonian translokasyon [rob (1;21), rob (23;26), rob (24;26), rob (26;29)] profiline sahip
oldugu saptanmistir. Yapilan PCR analizi sonucunda, incelenen 62 6rnegin higbirinde FXID’e neden olan mutasyona
ait bant goriintilisii gdzlenmemistir. Caliyma sonunda, dol tutma problemi bulunan sigirlarda sitogenetik ve molekiiler
genetik taramalarin yapilmasinin kalitsal nedenlerle gelisen repeat breeder sendromu gosteren damizlik adaylarin
belirlenerek damizlik disi birakilmasina ve bu sayede 6zellikle damizlik yetistiren isletmeler igin ¢6ziim yollarinin
aranmasina katki saglayacagi diistiniilmiistiir.
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ABSTRACT

The infertility problem named Repeat Breeder Syndrome is an important issue in cattle breeding. Beside maintenance
and feed techniques, some genetic disorders such as Robertsonian Translocation and factor XI deficiency (FXID) are
thought to be involved some problems in Holstein cattle. In this study, it was aimed to investigate the presence of
Robertsonian Translocation and FXID in repeat breeder Holstein cows which grown a farm that located in the province
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of Kayseri. In the study 62 female Holstein cattle with Repeat Breeder Syndrome were examined. Chromosomal
examination results indicated that 58 of 62 cows had a normal karyotype (2n= 60 diploid) and four had different of
Robertsonian translocation [Rob (1, 21), rob (23, 26), Rob (24, 26), Rob (26, 29)] profiles. None of the 62 cows was
displayed the band of mutation which is the cause of FXID. As a result of the study it was determined molecular and
cytogenetical screening of cows with a fertility problem could contribute to understand the reasons of repeat breeder
syndrome and could be useful for the breeders to select the female breeding candidates and finding the solution for this

problem.

Keywords: FXID; Holstein; Repeat breeder; Robertsonian translocation

1. Giris

D&l verimi, siit sigirn yetistiriciligi yapan bir
igletmenin ekonomik yapisini etkileyen énemli bir
verim 06zelligidir. Bu sebeple infertilite gliniimiizde
siit sigirt yetistiriciliginde mastitisle birlikte en
onemli sorunlardan biridir. Sigir yetistiriciliginde
dol verimini olumsuz yonde etkileyerek, isletme i¢in
onemli ekonomik kayiplara neden olan durumlardan
biride “repeat breeder” olarak adlandirilan dol
tutma problemidir. Repeat breeder terimi; en az
bir dogum yapmus, diizenli seksiiel siklus gosteren,
genital organlarda klinik muayenelerle herhangi bir
patolojik bulgu ve anomali gériilmemesine ragmen
iic veya daha fazla sayida tohumlandig1 halde gebe
kalmayan ve tohumlamay1 takiben bir sonraki
Ostrus periyodunda kizgmlik gosteren sigirlar igin
kullanilmaktadir (Alagam 1997; Bage et al 2002).

Sigirlarda fertilite iizerinde direkt etkiye sahip
genetik tabanli patolojilerden biri kromozom sayisi
ve yapisindaki degisiklikler olarak tanimlanan
kromozomal mutasyonlardir (El-Bayomi et al 2011).
Kromozomal mutasyonlar tireme sisteminde goriilen
fonksiyonel ve anatomik bozukluklara sebep olur
(Iannuzzi et al 2001). Sigirlarda fertilite bozukluklarina
neden olan Robertsonian translokasyon, mayoz
bolinme esnasinda kendiliginden, kimyasal veya
radyoaktif mutajenlerin etkisi sonucu (Klug &
Cummings 2003) kisa kollar1 kaybolmus olan iki
akrosentrik  kromozomun u¢ uca birlesmesi ile
karyotipte markir bir kromozomun ortaya ¢ikmasi
ile karakterizedir (Chaves et al 2000; Di Meo et al
2006). Sitogenetik analizler ile damizlik adaylarinin
kromozomal  profilinin  ortaya  konulmasmmn
kromozomal yonden mutasyonlu disilerin belirlenerek

© Ankara Universitesi Ziraat Fakiiltesi

yetistirme dig1 birakilmast ile isletmelerin ekonomik
kazanim saglanabilecegi bildirilmektedir (Pinton et al
1997; Molteni et al 2005).

Faktor XI yetmezligi (FXID), Holstayn sigir
irkinda heterozigot durumda dahi infertiliteye
sebep olabildigi bildirilen kalitsal bir hastaliktir
(Kolgeci et al 2013). FXID tastyicilarinda hastaliga
ozel klinik semptomlar gériilmedigi i¢in hastaligin
teshisinde en etkili yontemin Polimeraz Zincir
Reaksiyonu (PCR) oldugu bildirilmistir (Citek et al
2006; Kolgeci et al 2013).

Kalitsal ~ hastaliklar  ¢iftlik ~ hayvanlan
yetistiriciliginde damizliklarin  {ireme giiciinde
problemler olusturmanin yani sira dogan yavrularin
yasama giliciinii disiirerek de isletmelerde donemli
ekonomik kayiplara sebep olmaktadir (Wathes
1992). Yetistirme programlarinin basarisinda,
yetistirilmesi planlanan wrklarda gen ve kromozom
diizeyinde en yaygin goriilen kalitsal hastaliklar
yoniinden damizlik adaylarin taranmasi 6nemlidir.

Yapilan caligmada repeat breeder’li Holstayn
ineklerde Robertsonian translokasyonu ve FXID’e
neden olan mutasyonun varligr/yoklugunun
aragtirtlmasi amaglanmustir.

2. Materyal ve Yontem

Calismanin hayvan materyalini, Kayseri ilindeki
bir siit sigircilign isletmesinde bulunan, aralarinda
akrabalik iligkisi olmayan, en az bir kez dogum
yapmis ancak, isletme kayitlarina gore hastalik
geemisi olmamasina ragmen gebe kalmadigi igin
isletme tarafindan repeat breeder olarak kabul
edilerek kesime sevk edilmis 62 bas disi Holstayn
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sigir olusturmustur. Calisilan sigirlarda her bir
hayvan i¢in sitogenetik analiz olarak, heparinli
tiplere alinan kanlardan, her bir hayvan icin
50 metafaz alaninin incelendigi GTG-bantlama
yapilmistir. Faktor X1 yetmezliginin aragtiritlmasinda
EDTA’l1 tliplere V. jugularis’ten alinan kanlardan
elde edilen DNA’lar kullanilarak PCR analizi
yapilmuistir.

Kromozom analizi i¢in Pinton et al (1997)
tarafindan oOnerilen yontem modifiye edilerek
uygulanmistir. Bu amagla 1 mL penisilin, 20 mL
fetal bovine serum ve 2.5 mL fitohemaglutinin
iceren RPMI 1640 ortami icine heparinize periferal
kanlar eklenerek hazirlanan karigim % 5 CO,’li
etiivde 37 °C’de 72 saat kiiltiire alinmistir. Etiivdeki
tiiplere 71. saatte 75 uL kolsisin ilave edilerek mitoz
boliinme bloke edilmistir.

Kiltir sonrasinda ornekler GTG-bantlama
(Seabright 1971) yontemi ile boyanarak her
preparattaki 50 metafaz alani “Cyt Vision Version
7.2” (Applied Imaging CytoVision™ Imaging
System) programi ile analiz edilerek Ornekler
Robertsonian translokasyon varligi/yoklugu
yoniinden degerlendirilmistir.

Molekiileranalizigin 6rneklere ait DNA’lar fenol-
kloroform yontemi ile izole edilmistir (Sambrook et
al 1989). incelenen &rneklerde FXID’e neden olan
mutant alleli belirlemek i¢in yapilan PCR igleminde
forward: 5'- CCC ACT GGC TAG GAA TCG TT-
3"; reverse: 5'- CAA GGC AAT GTC ATATCC AC
-3°, olacak sekilde bir primer seti kullanilmistir.
PCR islemi; 14 pL dH,0, 5 pL MgCl,, 2 uL 10
x PCR buffer, 1.1 uL dNTP, 0.4 pL (20 nmol)
primer, 0.2 pL Taq polimeraz (5 U pL") ve 3 pL
DNA eklenerek hazirlanan karisimla yapilmistir.
Hazirlanan karisimin baglangigta 95 °C’de 10 dakika
tutulmasini takiben her bir dongiisti; 95 °C’de 30
saniye, 55 °C’de 1 dakika, 72 °C’de 30 saniye olacak
sekilde 34 dongii olarak yapilmistir. PCR islemi
son dongiliniin bitiminden sonra ornekler 72 °C’de
10 dakika tutularak tamamlanmistir. Incelenen
bireylerin FXID yoniinden genotiplendirilmesi
ve elde edilen PCR iriinlerinin degerlendirilmesi
% 2’lik agaroz jel elektroforezi ile yapilmistir.

3. Bulgular ve Tartisma

Yapilan kromozomal inceleme sonucunda, 62
Holstayn inegin 58’inin normal karyotipe (2n=
60 diploid) sahip oldugu, dort hayvanin ise farkli
Robertsonian translokasyon [rob (1;21), rob (23;26),
rob (24;26), rob (26;29)] profillerine sahip olduklar1
belirlenmistir (Sekil 1, 2, 3, 4).

Yapilan PCR reaksiyonu sonunda, tastyici
bireyde 244 ve 320 bp’lik iki bant, homozigot
normal bireylerde 244 bp’lik tek bant, homozigot
hasta bireylerde ise 320 bp’lik tek bandin goriilmesi
beklenmistir  (Sekil 5). Ancak incelenen 62
ornegin higbirisinin homozigot veya heterozigot
FXID’e neden olan mutasyona sahip olmadiklar
gdzlenmistir.

Sigir  yetistiriciliginde, tohumlama sonrasi
gebeligin  sekillenmemesi ve erken embriyonik
Olimler yilda bir yavru alimmasini engelleyerek
isletme icin Onemli ekonomik kayiplara neden
olmaktadir (Rubes et al 1996). Ug¢ tohumlama
sonunda gebeligin sekillenmedigi repeat breeder
sendromu siit sigir1 yetistiriciliginde oldukga 6nemli
bir sorundur. Bu sendromun geligmesinde beslenme
ve ¢evre sicakligi gibi cevresel faktorlerin yani sira
FXID olarak adlandirilan bir gen mutasyonu ve
Robertsonian translokasyon gibi bazi kromozomal
mutasyonlarin etkili oldugu bildirilmistir (Wathes
1992; Joerg et al 2001; Gustafsson & Emanuelson
2002; Akyiiz 2013). Repeat breeder’in gelismesinde
etkili olan bakim-besleme gibi ¢evresel faktorlerin
minimize edilebilmesi i¢in ¢aligmanin hayvan
materyalinin ayni isletmeden temin edilmesi yoluna
gidilmistir. Calisma materyali segilirken isletmenin
dol verim kayitlart dikkate alinarak genital sistem
hastaliklar1 yoniinden daha oOnce herhangi bir
hastalik gecirmeyen hayvanlar se¢ilmistir.

Genetik kusurlar igerisinde onemli bir yer tutan
kromozomal bozukluklarin sigirlarda dol tutma
problemlerine sebep oldugu bildirilmistir (King
1990). Sayisal ve yapisal kromozom anomalilerinin
embriyoda anormal geligmeye veya gebeligin
ilk ti¢ aylik doneminde embriyonel 6liime neden
olabildigi bildirilmistir (Joerg et al 2001). Diive
ve ineklerde embriyolarin % 20’sinin gebeligin ilk
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Sekil 1- Rob (1;21) translokasyon metafaz ve
karyotip goriintiisii

Figure I- Rob (1;21) translocation metaphase and
karyotype image
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Sekil 2- Rob (23;26) translokasyon metafaz ve
karyotip goriintiisii

Figure 2- Rob (23;26) translocation metaphase and
karyotype image
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Figure 3- Rob (24;26) translocation metaphase and
karyotype image
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Sekil 4- Rob (26;29) translokasyon metafaz ve
karyotip goriintiisii

Figure 4- Rob (26,29) translocation metaphase and
karyotype image
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Sekil 5- FXID yoniinden yapilan PCR sonuclarinin
% 2’lik agaroz jel goriintiisii; M, 50 b¢’lik DNA
merdiveni; 5, homozigot normal kontrol (244 bc);
6, heterozigot kontrol (244 b¢, 320 be); 1,2, 3,4, 7
ve 8 homozigot normal bireyler

Figure 5- PCR results of FXID on 2% agarose gel
image; M, 50 bpDNA Ladder; 5, homozygous control
(244 bp), 6, heterozygous control (244 bp, 320 bp); 1,
2, 3, 4, 7 ve 8 homozygous normal subjects

12-16. giinleri arasinda dejenere olabildigi, ancak
repeat breeder sendromu gdsteren hayvanlarda
ise embriyonik kayiplarin gebeligin 4-7. giinleri
arasinda sekillendigi bildirilmistir (Seguin et al
2000).

Gergek sigir (Bos taurus) karyotipi 29 cift
akrosentrik otozomal kromozom ve bir ¢ift
submetasentrik gonozomal kromozom olmak iizere
toplam 30 ¢ift kromozomdan olugsmaktadir (Chaves
et al 2000). Akrosentrik kromozomlarda goriilen
kromozom fiizyonu sonucu olusan Robertsonian
translokasyon sigirlarda en sik goriilen kromozomal
anomalilerinden biri olarak bildirilmektedir (Joerg
et al 1999). Sigirda tanimlanan ilk Robertsonian
translokasyonu, tek heterokromatin bloga sahip
1. ve 29. kromozomlar arasindaki sentrik fiizyon
kaynakli rob (1;29) translokasyonudur (Parvatti
et al 1985). Heterozigot Robertsonian tastyiciligt
goriilen disi hayvanlar genellikle normal fenotipe
sahiptir. Ancak bu bireylerde erken embriyonik
6lim sekillenmesinden dolayr fertilitelerinde
% 3 ile % 5 arasinda bir azalma oldugu bildirilmistir
(Roberts  1986). Robertsonian  translokasyon
tagtyicist  hayvanlarda fertilite problemlerinin
normal hayvanlara gore daha fazla gorildigi ve
translokasyonun jenerasyonlar arasinda segrege
olabilen o6zellikte oldugu bildirilmistir (Pinton

et al 1997; Nicolae 2007). Belirtilen sebeplerle
bu kromozomal anomaliyi tasiyan hayvanlarin
belirlenerek  yetistirme  dist  birakilmasinin
yetistiricilik  agisindan  O6nemli  bir kazanim
olabilecegi ifade edilmektedir (De Lorenzi et
al 2008). Yapilan bu ¢alismada Robertsonian
translokasyon varliginin arastirilmasinda tabloyu
kesin olarak ortaya koyan, ayni zamanda benzer
amagcla kullanilan Floresan Insituhibridizasyon
(FISH) yontemi gibi daha pahali yontemlere gore
ucuzlugu nedeniyle avantajli olan GTG-bantlama
yontemi kullanilmistir.

Sigirlarda Robertsonian translokasyon tiplerinin
tespit edilmesi ile ilgili yapilan farkli ¢aligmalarda
Ingiliz etgi sigir irklar1, Holstayn, Jersey, Normande
sigir 1rklarinda rob (1;29) translokasyon tipinin
goriilmedigi ortaya konmustur (Seguin et al 2000;
De Luca et al 2002). Miyake et al (1991) yaptiklar
calismada sigirlarda rob (1;21) translokasyonu;
lannuzzi et al (2001) yaptiklar1 calisma sonucu
sigirlarda rob (26;29) varligimi bildirmislerdir.

Kayseri ilinde yetistirilen 62 bas repeat
breederli1 Holstayn inegin incelendigi bu
calismada da yapilan kromozomal tarama

neticesinde repeat breeder gdsteren hayvanlarin
% 6’sinin farkli kromozomal yapiya sahip oldugu
gozlenmistir. Sitogenetik taramalarda rob (1;29)
translokasyona rastlanilmamis ancak, incelenen
hayvanlarin dordiinde, dort farkli Robertsonian
translokasyonunun varligi belirlenmistir. Yapilan
literatiir taramasinda, bu ¢alismada belirlenen
rob (1;21), rob (23;26), rob (24;26), rob (26;29)
translokasyonlara yaygin olarak rastlaniimadig
gdzlenmis, dolayisi ile goriilen bu translokasyonlarin
nadir tipler oldugu diigiiniilmiistiir. Calisma bulgulart
neticesinde, sigir yetistiriciliginde 6nemli bir dol
verimi problemi olan repeat breeder sendromunun
ortaya ¢ikmasina neden olan faktorlerin daha kesin
olarak belirlenebilmesi i¢in sitogenetik taramalarin
da gbz ontinde bulundurulmasmin gerekli oldugu
diistiniilmiistiir.
Holstayn sigir
mutasyon,  kan
XI  yetmezligine

wkinda goriilen bir nokta
pihtilasma  faktorlerinden
(FXID) neden olarak, bu
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mutasyon yoniinden heterozigot bireylerde dahi
dol tutma problemlerine neden olarak repeat
breeder sendromunun gelismesine etkisi oldugu
bildirilmistir (Ghanem et al 2005). Ghanem
et al (2005) tarafindan yapilan c¢aligmada, dol
tutma problemi olan hayvanlar arasinda FXID
prevalansinin % 2.5 oldugunu bildirilmistir. Benzer
sekilde Polonya’da farkli g¢iftliklerden toplanan
ve 28’inde repeat breeder, 9’unda ise tekrarlayan
mastitis gosteren bireylerinde bulundugu rastgele
140 bas Holstayn inek secilerek FXID yoniinden
incelenmistir. Calisma sonunda rastgele segilen ve
herhangi bir problemi bulunmayan 103 bas drnekte
FXID alleline rastlanilmamigken, repeat breederl
28 Ornegin bir tanesinin FXID tastyict oldugu
belirlenmistir (Gurgul et al 2009). Benzer sekilde
Akyiliz et al (2012) tarafindan normal fertilite
gosteren 118 bas ve repeat breeder senromu gosteren
43 bas toplam 161 bas Holstayn inegin incelendigi
bir ¢alismada FXID prevalansinin normal fertilite
gosteren grupta % 0.85 olarak bulunmusken, repeat
breeder sendromu gosteren grupta % 2.33 olarak
bulunmustur.

4. Sonuc¢

Repeat breeder sendromu gosteren 62 bas Holstayn
inegin incelendigi bu ¢aligmada elde edilen sonuglar,
farkli  Robertsonian  translokasyon tiplerinin
repeat breeder sendromu gosteren Holstayn
k1 ineklerde bulunma sansmin olabilecegini
gostermigtir. Caligmada incelenen repeat breeder
tanist konulmus o6rneklerde FXID’e neden olan
mutasyona rastlanilmamistir. Ancak repeat breeder
sendromunun  gercek  sebebinin  belirlenmesi
¢alismalarinda daha 6nce yapilan ve FXID ile repeat
breeder sendromu arasinda iliski olabilecegini
bildiren ¢alismalarin sonuglarinin  (Ghanem et
al 2005; Gurgul et al 2009; Akyiiz et al 2012)
dikkate alinmasi gerektigi diisiiniilmektedir. Ayrica,
gerek erkek gerekse disi damizlik adaylarmin
farkli Robertsonian translokasyon tipleri ve FXID
yoniinden  degerlendirilmelerinin  yetistiriciler
icin avantajli olacagi disiiniilmektedir. Daha
kesin sonuglar i¢in daha ¢ok &rnegin incelenecegi
calismalar planlanmalidir.

Bu c¢alisma sonuglarina gore siit sigir1
yetistiriciliginde, olusumunda bir¢ok faktoriin etkili
oldugurepeatbreeder sendromunun sebebine yonelik
calismalarda genetik faktorlerinde diistiniilmesinin
gerekli oldugu sonucuna vartlmistir. Dolayisiyla
damizlik aday1 bogalarin se¢imi yaninda, d6l tutma
problemi olan disilerde de sitogenetik ve molekiiler
genetik tan1  yontemleri kullanilarak — genetik
sebeplerden kaynaklanan repeat breeder’in elimine
edilmesi diistiniilmelidir.
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ABSTRACT

This study attempts to evaluate interpolation technique for mapping spatial distribution of some soil characteristics at
the Lower Seyhan River Basin in Cukurova (Turkey). These soil characteristics may help to improve agricultural land
management practices. In the study area, 7 parallel transects each having 150 m of length were selected at 5 m intervals,
and 104 soil samples were collected. In these samples, calcium carbonate, organic matter, cation exchange capacity
and clay content (from particle size distribution) were determined. Inverse distance weighting (IDW) interpolation and
employing of GIS technology were applied on the results. Calcium carbonate, organic matter, cation exchange capacity
and clay content values derived from IDW interpolation were consistent with the results of the soil analysis. The verity
of the interpolation technique was tested by employing cross validation. Interpolation of organic matter values showed a
high mean error in 30-60 cm depth (2.82%) while this high deviation was not the case with the other parameters studied.

Keywords: Geographic information systems; Geostatistic; Inverse distance weighing; Cukurova (Turkey); Spatial
variability

Agirhikh Ters Uzakhik interpolasyon Yontemiyle Cukurova’da Kimi
Toprak Karakteristiklerinin Konumsal Dagiliminin Tahmini
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OZET

Bu calismada Cukurova Asagi Seyhan Nehir Havzasindaki kimi toprak karakteristiklerinin konumsal dagiliminin
belirlenmesi i¢in interpolasyon yontemi kullanilmistir. Bu toprak karakteristikleri tarimsal arazi yonetimini gelistirmede
katki saglamaktadir. Caligma alaninda 150 m uzunluga sahip, 5 m aralik ile 7 paralel transect secilerek ve 104 adet toprak
ornegi alinmis ve bu orneklerde kalsiyum karbonat, organik madde, katyon degisim kapasitesi ve kil (tane buyiikligi
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dagilimidan) belirlemesi yapilmustir. Sonuglara agirlikli ters uzaklik interpolasyon yontemi (ATU) ve CBS teknolojisi
uygulanmistir. ATU interpolasyon yonteminden elde edilen kalsiyum karbonat, organik madde, katyon degisim kapasitesi
ve kil degerleri ile toprak analiz sonuglar1 benzerlik géstermistir. interpolasyon tekniginin dogrulugunu belirlemek igin
capraz dogrulama yapilmistir. Organik madde degerlerinin 30-60 cm derinligindeki interpolasyonu, en yiiksek ortalama
degisim degeri (% 2.82) gostermis, diger parametrelerde bu durum gézlenmemistir.

Anahtar Kelimeler: Cografi bilgi sistemleri; Jeoistatistik; Agirlikli ters uzaklik; Cukurova (Tiirkiye); Konumsal

degiskenlik

1. Introduction

It is known that precision farming or site-specific
management aims to improve production efficiency
within the field for agricultural planning and
policy making both in regional and national
levels. Geospatial measurements consist of spatial
characterization of soil variability including calcium
carbonate content, particle size distribution (Piikki
et al 2013), cation exchange capacity and organic
matter content (Frogbrook & Oliver 2001) which
have recently become more useful and therefore
gained particular interest. Soil properties may vary
greatly depending on parent material, topography,
vegetation cover and climate. These all factors affect
the spatial distribution of the soil properties (Shi et
al 2009). Namely, critical important relationship
between the yield and soil properties and topographic
characteristics for precision agriculture was reported
(Drummond et al 2003). Dengiz (2010) reported
that alluvial soils, formed by rivers as accumulated
sediment deposited at different times, showed large
variation in their properties over short distances.
Geospatial measurement of some soil properties
has become one of the most useful tools for rational
agricultural practices (Corwin 2005). There have
been a number of conflicting reports on the use of
statistics to predict interpolation methods and their
parameters as well. For example, Mabit & Bernard
(2010), studied spatial distribution and content of
soil organic matter (SOM) in an agricultural field in
eastern Canada using ordinary kriging and inverse
distance weighting power two. Gotway et al (1996)
obtained better results when using inverse distance
weighting (IDW) than kriging for soil organic
matter and nitrogen contents distribution.

© Ankara Universitesi Ziraat Fakiiltesi

Cross validation method was employed in this
study using the Pronet software program. Given the
variability of the results obtained by the previous
studies mentioned, in this study it is aimed to identify
the spatial variability of various soil parameters at
the study area and to evaluate the accuracy of IDW
interpolation for determining the values related to
these parameters because of the inadequate sample
points available around the study area. It is supposed
that this would enable the identification of the areas
where remediation is required for improving the
crop growth, and for applying appropriate land
management processes.

2. Material and Methods

2.1. Description of the study area

This study was carried out at Lower Seyhan Basin,
an alluvial plain of southern Turkey. The study area
included 104 ha of irrigated agricultural land which
was located within a multi-directional drainage
system (WGS84; E 679312-681014, N 4079399-
4081100) (Figure 1). Detailed information about
study area and its climate characteristics was
clearly described in Tungay et al (2013). Seven
parallel transects each having 150 m of length were
designated at 5 m intervals within the study area.
In total, 104 soil samples were collected at different
soil horizons from 24 different points (as being 0,
50, 100 and 150 m in the 1%, 39, 5" and 7™ transects;
at 25, 75 and 125 m in the 2™ and 6™ transects; and
at 50 and 100 m in the 4" transect) (Tungay et al
2013).
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*  StudyArea

[ Tarsus District
2772 Wersin Province

Figure 1- The research area

Sekil 1- Arastirma alant

2.2. Sampling design, soil analysis and spatial
prediction methods

The study area is accommodated on an alluvial plain,
and it is conspicuous that the soil properties may
vastly display significant spatial variability in short
distances at alluvial soils. Soil samples from each
horizon were individually taken, air dried, crushed
and sieved (2 mm). Particle size distribution was
determined by using hydrometer method (Sheldrick
& Wang 1993), calcium carbonate (CaCO,) by
Sheibler calcimeter (Caglar 1949), organic matter
(OM) by Walkey Black method (Richards 1954),
cation exchange capacity (CEC) by using NH,OAc
(pH 7.0) and NaOAc (pH 8.2) (Rhoades 1982). IDW
via using the GemcomSurpac 3D software program
was used for evaluating the results. For each sample
point, soil samples were carried to a depth of 150 cm
and employed for availing five different depths (from
30 to 150 cm) of soil layer maps for each individual

property and parameter p (p; 2). The accuracy of IDW
is established on the number of definite samples those
were employed for estimation. The allocation of close
sample locations were fixed at 24, and each soil sample
point was evaluated with 4-5 soil horizons, determined
by the soil profile properties within the context of this
research. The interpolation procedures are abundant
in the literature (Franzen & Peck 1995; Gotway et al
1996). Estimated values are interpolated based on the
data from surrounding locations using Equation 1.

Z *(x0) = Z:’leiZ(xi) (1)

Where; wi, weight assigned to the value at each
location; Z (x) and n, number of close neighboring
sampled data points used for estimation. Weights
are established using Equation 2.

v
wi = @)

S1/d;
i=1

Where; d,, denotes the distance between point i and
the unknown point; p, exponent parameter. Weighting
is remarkably dependent on p, such that, an increase
in distance would cause an exponential decrease in
weighting. In this study, a power of 2 and a skewness
value of <1 was employed in IDW (Agris 1998).

3. Results and Discussion

3.1. Descriptive statistics result of the soil
properties

Soil analysis revealed that the clay content of
the study area ranged between 41.2-84.4% and
increased with increasing depth. Organic matter
content ranged between 0.11-2.76% (Table 1).

Table 1- Descriptive statistics for selected soil properties

Cizelge 1- Segilen toprak ézelliklerinin tanimlayict istatistikleri

Variable Min Max Mean Median  Skewness Kurtosis  SD CV (%)
CaCO, (%) 21.3 34.6 29.19 29.65 -0.33 -1.13 3.46 11.87
OM (%) 0.11 2.76 0.97 0.75 0.90 -0.14 0.62 64.30
CEC (meq 100 g) 21.8 452 35.10 3542 -0.31 -0.33 4.66 13.28
Clay (%) 41.2 84.4 61.83 61.89 0.18 -0.05 8.89 14.39

SD, standart deviation; CV, coefficient of variation

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 377-384 379



Assessment of Inverse Distance Weighting (IDW) Interpolation on Spatial Variability of Selected Soil Properties..., Tuncay et al

3.2. Selected soil parameter related inverse
distance weighting process, resulting maps and
cross validation of the results

Organic matter content values revealed that the
greatest variability of the different soil parameters
analyzed had the ratio of 43.42% for the coefficient
of variation. The mean overall clay content was
61.43% ranging between 49.1-75.9%. These
conditions were attributed to the inferior drainage
properties and high clay content, especially in the
subsurface horizons that restricting the downward
movement of water. Table 2 displays the descriptive
statistics of the selected soil properties via using
IDW method. As the sediment charges occupying
the alluvial plain formed from materials carried by
the Seyhan River and Tarsus Stream from Taurus
Mountains that have calcareous parent material
(Oner et al 2005; Atalay 2011), the content of free
carbonates was found above 20% almost everywhere
and every depth of the studied area. While the
calcium carbonate calcium carbonate contents in
the research area changed between 24.3-33.3%, it
was higher than 28% at 60-90 and 90-120 cm depths
(Figure 2). Due to the steady slow precipitation of
the fine fluvial material at the rather flat soil surface,
the clay content was always more than 49% in the
studied area. While the organic matter content was
barely below 1% in the surface soil, it was only
between 0.2 and 0.9% after 60 cm depth (Figure 3).

3.3. Clay content (using particle size distribution)

The particle size distribution suggested relatively
narrow particle fractionation in the research area.
Almost no coarse fraction was detected in the
analyzed soil samples. In the top four layers (0-30,
30-60, 60-90 and 90-120 cm, respectively), clay

1

Calcium Carbonate (%)

e
[T
(30-60 cm)

[ EES

(0-30cm) (60-90 cm) (90-120 cm) (120-150 cm)

Figure 2- Soil layer mapping of estimated calcium
carbonate contents

Sekil 2- Toprak tabakasinda tahmin edilen kire¢
degerleri haritas

® +

.a

(0-30 cm)

Organic Matter (%)
0208

s

(30-60 cm) (60-90 cm) (90-120 cm) (120-150 cm)

Figure 3- Soil layer mapping of estimated organic
matter contens

Sekil 3- Toprak tabakasinda tahmin edilen organik
madde degerleri haritasi

contents generally varied between 49-68%. The
deepest layer (120-150 cm) contained between 68-
75% clay mostly (Figure 4). Langella et al (2012)
reported that obtained interpolation surface using

Table 2- Descriptive statistics of some soil properties using inverse distance weighting (IDW) method

Cizelge 2- Bazi toprak ézelliklerinin agirlikly ters uzaklik kullanilarak elde edilen tanimlayict istatistikleri

Variable Min Max Mean Median  Skewness Kurtosis SD CV (%)
CaCo, (%) 24.3 333 29.33 29.54 -0.50 -0.55 2.08 7.10
OM (%) 0.24 2.28 0.98 0.86 0.54 -0.74 0.43 43.42
CEC (me 100 g!) 27.6 40.8 34.90 35.15 -0.21 -0.41 2.31 6.62
Clay (%) 49.1 75.9 61.43 61.44 -0.01 0.02 4.37 7.13
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inverse distance weighting is influenced mostly
by nearby points. They also stated that the highest
accuracy was obtained using 81 neighboring points
in prediction of clay content distribution of topsoil.
We have performed inverse distance weighting
using 104 neighbor points in our research area.

-
» x

—+

Clay (%)
[ Jae-s8
[]ss-68
-7

(0-30 cm) (30-60cm) (60-90cm)  (30-120cm) (120-150 cm)

Figure 4- Soil layer mapping of estimated clay
percentages

Sekil 4- Toprak tabakasinda tahmin edilen kil degerleri
haritasi

3.4. Calcium carbonate and organic matter
contents

Calcium carbonate content in the soil profiles in
general were increased with the increased soil
depth whereas decreasing contents were determined
through the deepest two layers (90-120 and 120-150
cm). This sinusoidal change in lime contents may be
attributed to different geological ages. Some 96% of
the top soil layer contained 24-27% limestone while
88.05% of the just underlying layer had 28-30%
calcium carbonate (Figure 2). Calcium carbonate
contents changing relatively in a narrow range along
the profile could be regarded as an indicator for the
development of an indistinct clay accumulation
zone in the soil. In this area, no steady change
was observed in percentage of calcium carbonate
contents along the profiles at sampling points and
between the sampling locations in general. This
finding suggested that the accumulation horizon has
been still developing in the soil under the impact of
“calcification” processes.

Anirregular decrease along the profile was noted
with the organic matter contents in the study area
(Figure 3). According to the previous results obtained
throughout the whole area, lime content, organic
matter content and pH values distributed randomly
(Tungay et al 2013). The amounts of organic matter
in the topsoil were significantly higher than in the
deeper layers. The amount of organic matter was
always less than three percent even in the surface
soil, in spite of the favorable climate and soil
characteristics for plant growth in the region, but not
enough to support accumulation of organic matter
more than a definite level. The pressure of intensive
grazing at the region may also be responsible for
this soil organic matter scarcity. Gotway et al (1996)
obtained more reliable results than kriging for soil
organic matter and nitrogen contents when using
IDW. Inigo et al (2012) compiled the results for the
comparison of mean values of paired up data on
organic matter quantities at the surface and at depth
for obtaining good interpretable values.

3.5. Cation exchange capacity (CEC)

Two important factors which are the most affecting
parameters on cation exchange capacity of soils
are clay content and organic matter amount. In
addition to that, significant correlations between
CEC and other soil properties including sand and
silt percentages, pH, bulk density and EC, have been
observed (Horn et al 2005; Jung et al 2006). Clay
content in our study essentially ranged from 49-
75% (Figure 4). The high amount of clay fraction
explains relatively high CEC values in Figure 5 and
when high clay content is coexisted with excess rate
of exchangeable sodium, this may result in higher
water saturation percentages and also explain the
most frequently low hydraulic permeability which
may be often close to zero in the field. This suggests
that special precautions and measures should be
taken to improve soil structure in eliminating those
adverse physical properties. In addition to this fact,
water ponding on land surface during preliminary
surveys before the establishment of the experimental
design was observed which most likely due to this
high clay content and heavy seasonal precipitation.

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 377-384 381



Assessment of Inverse Distance Weighting (IDW) Interpolation on Spatial Variability of Selected Soil Properties..., Tuncay et al

Obviously, the available drainage system was not
sufficiently effective. Salinity and sodification
problems could not be avoided in deep soil despite
the innovator underground drainage net established
some 30-35 years ago. This might have resulted
from the poor maintenance of the system, high clay
content in the deep soil or the resulting low hydraulic
permeability.

Clay content was between 49-68% in the upper
soils (0-45 cm) which was less in the deeper layers
(Figure 4), while clay content was again found higher
at deeper parent material (>120 cm). The general
high levels of cation exchange capacity were parallel
to the content of clay colloids in soil. Accordingly,
cation change capacity ranged between 33-36 meq
100 g'at 45-60 cm depth, 26-33 meq 100 g' at 60-
105 cm and 33-42 meq 100 g'at 120-150 cm depth
(Figure 5). The relative high levels of cation change
capacity in the upper horizons could be depended
on higher organic matter amount at the surface.
Cross validation was performed including all of the
variables in order to determine the accuracy of IDW
interpolation for each different depth (Table 3).
Mostly, the results of interpolation were consistent
with those of soil analysis for CaCO, organic matter,
CEC and clay contents. For the different parameters
examined, organic matter had the highest mean
error (2.82%) in 30-60 cm depth while it was 2.72%

in 120-150 cm, and attributed to the variability of
spatial stratification.

Soil CaCO, content gave the lowest mean error
values ranging between 0.02-0.72% (Figure 2).

IDW performance and accuracy are the proximity
in location and depth of the known soil characteristics
such as organic matter, calcium carbonate contents,
clay content and cation exchange capacity (Robinson
& Metternicht 2006). It was observed that the
majority of data with low skewness delivered the best
results with a power of 2.

Bl L
Al

CEC (meq 100 )
[a-n

[3-35
. | EX

(120-150 cm)

(0-30 cm) (30-60 cm) (60-90cm)  (90-120cm)

Figure 5- Soil layer mapping of estimated CEC
values

Sekil 5- Toprak tabakasinda tahmin edilen katyon
degisim kapasitesi degerlerinin haritas

Table 3- Cross-validation results for four soil properties

Cizelge 3- Dért toprak ozelligi icin ¢apraz dogrulama sonuglart

CaCO, (%) MEV MEP (%) Organic matter (%) MEV MEP (%)
0-30 cm 0.01 0.02 0-30 cm 0.01 0.75
30-60 cm 0.22 0.72 30-60 cm 0.02 2.82
60-90 cm 0.15 0.45 60-90 cm 0.01 1.72
90-120 cm 0.04 0.12 90-120 cm 0.01 1.44
120-150 cm 0.08 0.26 120-150 cm 0.02 2.72
CEC (meq 100 g") MEV MEP (%) Clay (%) MEV MEP (%)
0-30 cm 0.16 0.42 0-30 cm 0.66 1.03
30-60 cm 0.08 0.25 30-60 cm 0.48 0.87
60-90 cm 0.14 0.46 60-90 cm 0.57 1.06
90-120 cm 0.06 0.17 90-120 cm 0.31 0.50
120-150 cm 0.21 0.56 120-150 cm 0.52 0.77

MEYV, mean error value; MEP, mean error percent; CEC, cation exchange capacity
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Kravchenko & Bullock (1999) reported that
the data with high skewness (>2.5) were often best
estimated with a power of four and for most of the
soil properties with low skewness (<1) where a
power of one yielded the most accurate estimates.

Estimating the spatial variability of physical and
chemical soil properties is a prerequisite for soil
and crop-specific management and construction of
an ecological environment (Pal et al 2010; Sharma
et al 2011; Wang & Shao 2013). Mueller et al
(2001), reported that when the RMSE for IDW was
minimized with small distance exponents, the field
average approach performed well compared to other
procedures (kriging, nearest neighbor interpolation).

4. Conclusions

Land use and land management are key parameters
for sustainable crop production and desirable,
productive soil properties which integrate a variety
of environmental processes and human practice
in landscape. It is extremely important defining
a suite of indicators for site specific management.
These indicators must be focused on and be
targeted improvement of the physical, biological
and chemical properties of the soils in the research
region. This paper is focused on spatial interpolation
and it is integrated within a GIS to provide and to help
developing environmental models especially fitting
into in alluvial plains. In addition, the distribution
pattern of soil characteristics was mapped in the
study area using geostatistical methods. Inverse
distance method was employed and evaluated for
analyzing the features of some soil characteristics,
and its parameters such as minimum and maximum
sample numbers, maximum radius etc. Mean
error and mean error percentages for interpolation
accuracy along with limiting soil sample point all
over the study area were computed.

Calcium carbonate, organic matter, cation
exchange capacity and clay content values obtained
from IDW interpolation were consistent with the
soil analysis results, thus enabling the extension of
the obtained values to any similar none-sampled
region. On the whole, the data obtained from the

study can be utilized for site-specific management,
inclusive of the establishment parameters estimation
and testing the performance of the present irrigation
and drainage systems and also evaluating the land-
use practices.

Acknowledgements

This study was financially supported by the Ankara
University Scientific Research Coordination Office
(Project No. 09 B 4347001).

References

Agris (1998). AgLink reference manual. Version 5.3,
AGRIS Corp., Rosewell, GA, pp. 147-171

Atalay 1 (2011). Toprak Olusumu, Simiflandirilmasi ve
Cografyasi. Meta Basimevi, Izmir

Corwin D L (2005). Geospatial measurement of apparent
soil electrical conductivity for characterizing soil
spatial variability. In: A’ lvarez-Bened1” J & Mun" oz-
Carpena R (Eds), Soil-Water-Solute Characterization:
An Integrated Approach, USA, pp. 55-69

Caglar K O (1949). Toprak Bilgisi, Ankara Universitesi
Ziraat Fakiiltesi Yaymlart: 10, Ankara

Dengiz O (2010). Morphology, physico-chemical
properties and classification of soils on terraces of
the Tigris River in the South-east. Tarim Bilimleri
Dergisi-Journal of Agricultural Sciences 16: 205-212

Drummond S T, Sudduth K A, Joshi A, Birrell S J &
Kitchen N R (2003). Statistical and neural methods
for site-specific yield prediction. Transactions of the
American Society of Agricultural Engineers 46(1):
1-10

Franzen D W & Peck T R (1995). Field soil sampling
density for variable rate fertilization. Journal of
Production Agriculture 8: 568-574

Frogbrook Z L & Oliver M A (2001). Comparing the
spatial predictions of soil organic matter determined
by two laboratory methods. Soil Use and Management
17:235-244

Gotway C A, Ferguson R B, Hergert G W & Peterson T
A (1996). Comparison of kriging and inverse-distance
methods for mapping soil parameters. Soil Science
Society of America Journal 60: 1237-1247

Horn A L, Diiring R A & Gath S (2005). Comparison of
the prediction efficiency of two pedotransfer functions

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 377-384 383



Assessment of Inverse Distance Weighting (IDW) Interpolation on Spatial Variability of Selected Soil Properties..., Tuncay et al

for soil cation-exchange capacity. Journal of Plant
Nutrition and Soil Science 168: 72-374

Inigo V, Alonso-Martirena J I, Marin A & Jimenez-
Ballesta R (2012). Spatial property variability in a
humid natural Mediterranean environment: La Rioja,
Spain. Spanish Journal of Soil Science 2(1): 281-299

Jung W K, Kitchen N R, Sudduth K A & Anderson S
H (2006). Spatial characteristics of claypan soil
properties in an agricultural field. Soil Science Society
of America Journal 70: 1387-1397

Kravchenko A N & Bullock D G (1999). A comparative
study of interpolation methods for mapping soil
properties. Agronomy Journal 91(3): 393-400

Langella G, Basile A, Bonfante A, Manna P & Terribile F
(2012). The LIFE+SOILCONSWEB project: A web
based spatial decision support system embedding
DSM engines. In: Proceedings of the 5th Global
Workshop on Digital Soil Mapping, 10-13 April,
Sydney, Australia, pp. 482

Mabit L & Bernard C (2010). Spatial distribution and
content of soil organic matter in an agricultural field
in eastern Canada, as estimated from geostatistical
tools. Earth Surface Process and Landforms 35: 278-
283

Mueller T G, Pierce F J, Schabenberger O & Warncke
D D (2001). Map quality for site-specific fertility
management. Soil Science Society of America Journal
65: 1547-1558

Oner E, Hocaoglu B & Uncu L (2005). Tarsus ovasmin
jeomorfolojik gelisimi ve Gozliikule hoytigii. Tirkiye
Kuaterner Sempozyumu TURQUA-V Bildiriler Kitabi,
2-5 Haziran, Istanbul, Tiirkiye, s. 82-89

Pal S, Panwar P & Bhatt V K (2010). Analysis and in-
terpretation of spatial variability of soil properties is a

keystone in site-specific management. /ndian Journal
of Soil Conservation 38(3): 178-183

Piikki K, Soderstrom M & Stenberg B (2013). Sensor data
fusion for topsoil clay mapping. Geoderma 199: 106-
116

Richards L A (1954). Diagnosis and Improvement
of Saline and Alkalin Soils. U.S. Department of
Agriculture, Handbook, 60, 109, Riverside

Rhoades J D (1982). Cation exchange capacity. In: A L
Page, R H Miller & D R Keeney (Eds), Methods of
Soil Analysis. Part 2: Chemical and Microbiological
Properties (2nd ed.), American Society of Agronomy,
Madison, Wisconsin, USA, pp. 149-157

Robinson T P & Matternicht G (2006). Testing the
performance of spatial interpolation techniques for
mapping soil properties. Computers and Electronics
in Agriculture 50: 97-108

Sharma P, Shukla K & Mexal G (2011). Spatial variability
of soil properties in agricultural fields of southern
New Mexico. Soil Science 176(6): 288-302

Sheldrick B H & Wang C (1993). Particle size distribution.
In: M R Carter (Eds.) Soil Sampling and Methods of
Analysis, Canadian Society of Soil Science, Lewis
Publishers, Ann Arbor, pp. 499-511

Shi W, Liu J, Du Z, Song Y, Chen C & Yue T (2009).
Surface modeling of soil pH. Geoderma 150: 113-119

Tuncay T, Bayramin I, Tercan A E & Unver I (2013).
Spatial variability of some soil properties: A case study
of Lower Seyhan river basin in Turkey. Zemdirbyste-
Agriculture 100(2): 213-219

Wang Y Q & Shao M A (2013). Spatial variability of soil
physical properties in a region of the loess plateau of

PR China subject to wind and water erosion. Land
Degradation and Development 24(3): 296-304

384

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 377-384



Tarim Bilimleri Dergisi Journal of Agricultural Sciences

Tar. Bil. Der.
Dergi web sayfasi: Journal homepage:
www.agri.ankara.edu.tr/dergi www.agri.ankara.edu.tr/journal

Farkhi Sulama Programlarimin Krizantemin Kalitesi Uzerine
Etkileri

Yusuf UCAR?, Soner KAZAZ?

“Siileyman Demirel Universitesi, Ziraat Fakiiltesi, Tarimsal Yapilar ve Sulama Bolimii, Isparta, TURKIYE
b gnkara Universitesi, Ziraat Fakiiltesi, Bahce Bitkileri Boliimii, Ankara, TURKIYE

ESER BILGISI

Aragtirma Makalesi

Sorumlu Yazar: Yusuf UCAR, E-posta: yusufucar@sdu.edu.tr, Tel: +90 (533) 260 41 44
Gelig Tarihi: 15 Aralik 2014, Diizeltmelerin Gelisi: 08 Nisan 2015, Kabul: 24 Nisan 2015

OZET

Bu ¢galisma, farkl sulama araliklari (SA :2 giin, SA:4 giin ve SA:6 giin) ve sulama suyu miktarlarmin (S,:T x1.50,
S,:Tx1.25, S;:Tx1.00, S,:T x0.75, S,:T x0.50, S.:T x0.25) sera kosullarinda yetistirilen krizantem bitkisinin kalite
parametrelerine etkisini belirlemek amaciyla 2011 yilinda yiritilmisttr. Calismada, Chrysanthemum morifolium Ramat
tiirline ait sprey krizantem gesidi olan ‘Bacardi’ kullanilmistir. Sera dis1 radyasyon degerleri kullanilarak hesaplanan
potansiyel bitki su tiiketiminin (T ) farkli oranlari bitkilere sulama suyu olarak uygulanmistir. Deneme konularina gore
sulama suyu miktari 192.1-469.4 mm arasinda, 6lgiilen bitki su tiiketimi (ET ) ise 300.9-510.9 mm arasinda degismistir.
Farkli sulama suyu miktarlari ve sulama araliklari, ¢igek sapt uzunlugunu, ¢icek sap1 kalinliging, ikincil dal sayisini, bitki
basina ¢igek sayisini, dal agirligini, yaprak alan indeksini, vazo dmriinii ve kok uzunlugunu istatistiksel olarak énemli
diizeyde etkilemistir (P<0.05). Arastirmada, ¢igek sap1 uzunlugu, dal agirhigi ve cigek sap1 kalinliklart sirasiyla, 81.72-
40.04 cm, 140.70-19.31 g ve 8.01-4.00 mm arasinda degismistir. Dort giin araliklarla hesaplanan potansiyel bitki su
tiiketimin 1.25 katimin uygulandigi SA,S, deneme konusundan en kaliteli krizantemler elde edilmis ve bu konu sulama
programi olarak belirlenmistir.

Anahtar Kelimeler: Krizantem; Evapotranspirasyon; Sulama araligt; Su kisitt

Effects of Different Irrigation Schedulings on Quality of
Chrysantmemum
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ABSTRACT

This study was carried out to determine the effects of different irrigation intervals (SA: 2-d, SA: 4-d, SA, 6-d)
and water amounts (S,:T x1.50, S,:T x1.25, S.:T x1.00, S,:T x0.75, S.:T x0.50, S:T x0.25) on quality parameters of
chrysanthemum grown in the greenhouse in 2011. The spray chrysanthemum (Chrysanthemum morifolium Ramat cv.
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‘Bacardi’) plant was used as plant material in this study. Different ratios of the potential evapotranspiration (T ), calculated
using radiation values in outside the greenhouse, was applied as irrigation water. The irrigation water amounts applied to
the experimental treatments ranged from 192.1 to 469.4 mm, and seasonal evapotranspiration (Et ) measured from 300.9
to 510.9 mm. Different irrigation water amounts and irrigation intervals had statistically significant effects on flower
stem length, stem diameter, the number of secondary lateral branches, the number of flowers, stem weight, leaf area
index, vase life root length of chrysanthemum (P<0.05). In the study, flower stem length, stem weight and stem diameter
varied between 81.72-40.04 cm, 140.70-19.31 g and 8.01-4.00 mm, respectively. The best quality chrysanthemums were
obtained from SA,S, on which about 1.25 times of the potential evapotranspiration calculated in two day intervals was

selected as optimum irrigation program.

Keywords: Chrysanthemum; Evapotranspiration; Irrigation interval; Water deficit

1. Giris

Krizantem c¢ok yonli kullanimi (kesme ¢igek,
saksili ve dis mekan siis bitkisi) ve kontrollii iklim
kosullarina sahip seralarda yil boyu {iretilmesi
nedeniyle diinyadaki en onemli siis bitkilerinden
biridir (Van der Ploeg & Heuvelink 2006). Diinyada
2013 yilt verilerine gore, 1573167 ha alan ve 50
milyar 275 milyon € degerinde siis bitkileri tiretimi
gerceklestirilmektedir.  Siis  bitkileri  igerisinde
kesme c¢icekler ve saksili siis bitkilerinin iiretim
alan1 651800 ha, iiretim degeri 28 milyar 192 milyon
€’dur (Anonim 2013). Tirkiye’de ise 45125.7 da
alanda siis bitkileri iiretilmekte olup bunun 11046.8
da’mi1 kesme ¢igekler olusturmaktadir. Tiirkiye’deki
sis bitkileri ihracatinin (71 milyon 345 bin
$) % 49.06’sim1 (35 milyon $) kesme g¢igekler
olusturmaktadir. Kesme ¢igek tiirleri arasinda
krizantem iretim alant bakimindan (570 da),
karanfil (4890 da), kesme giil (1612 da) ve gerbera
(1131 da)’dan sonra 4. sirada yer almaktadir (TUIK
2014a; b). Diinyada kesme ¢igek ticaretinin en fazla
yapildig1 Hollanda ¢igek mezatinda (FloraHolland)
ise krizantem, kesme giilden sonra en fazla satisi
yapilan kesme ¢igek tiiriidiir (Anonim 2013).

Krizantemde fiyatlar biyiik 0l¢iide gorsel
kalite ozelliklerine (¢igek sapt uzunlugu, c¢icek
sapt kalinligi, cigek sap1 direnci, gicek sayisi,
¢icek biylkligii ve pozisyonu, yaprak sayisi ve
bliylikligii) bagli oldugundan tireticiler y1l boyunca
ylksek kalitede c¢igcek yetistirmeyi amaglarlar
(Carvalho & Heuvelink 2003). Siis bitkilerinin
gorsel kalitesi ilizerinde ise fotosentez, biyokiitle

© Ankara Universitesi Ziraat Fakiiltesi

tiretimi ve kuru maddenin 6nemli bir roli vardir.
Bitkilerin bu iglemlerinin olumsuz etkilenmemesi
icin su stresi i¢ginde bulunmamalart gerekir (Jones
& Tardieu 1998; Peri et al 2003). Bu nedenle siis
bitkilerinde biiylime siireci ve gorsel kalite iizerine
suyun etkilerinin belirlenmesi i¢in su yonetimini
optimize etmek 6nemli bir adimdir (Carvalho &
Heuvelink 2004; Lin et al 2011). Krizantemde
iklim kosullar (6zellikle sicaklik ve 1s1k) ve dikim
sikligi lizerine ¢ok sayida arastirma yapilmig
olmakla birlikte suyun biiyiime ve gorsel kalite
iizerine etkilerinin belirlenmesine yonelik olarak
yiiriitiilen arastirma sayist sinirlidir (Lin et al 2011).
Krizantem {reticileri {iretim sirasinda genellikle
hem asir1 sulama (De Farias & Saad 2005) hem
de yetersiz sulama ile verim ve kalite kayiplar
ile karsilagmaktadirlar (De Farias et al 2009). Bu
nedenle, hem olas1 verim ve Kkalite azalmalarimi
onlemek hem de mevcut su kaynaklar ile daha
genis alanlarin sulanabilmesi igin toprak, bitki, su
kaynagi gibi faktorlerin goz Oniine alinmast bir
zorunluluktur. Ayrica, bitkilerin, biiylime mevsimi
boyunca yeterli ya da kisith su kosullarinda bitki
su tiiketimi degerlerinin bilinmesi ve buna gore su
verim fonksiyonlarinin olusturulmasi gerekir. Bu
veriler, her bitki i¢in ¢ok sayida arastirma yapilarak
saglanabilir (Doorenbos & Kassam 1979). Sozii
edilen bu verilerin olusturulmasi igin krizantem
bitkisinde, Conover (1969), Harbaugh et al (1982),
Parnell (1989), Kiehl et al (1992), Schuch et al
(1998), Rego et al (2004), Conte e Castro et al
(2005), Fernandes et al (2006), Budiarto et al (2007),
De Farias et al (2009), Waterland et al (2010), Turan
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(2013), Villalobos (2014) sulama ve ¢igek kalitesi
ile ilgili aragtirmalar yapmiglardir. S6zii edilen bu
arastirmalarin biiyiik ¢ogunlugu saksi g¢alismalart
seklinde olup, farkli toprak nemi gerilimlerinde
bitki kalitesinin belirlendigi calismalardir.

Bu c¢alismada, Akdeniz iklim kusaginda
sera kosullarinda toprakta yetistirilen krizantem
bitkisine uygulanan farkli sulama araliklar1 ve su
miktarlarinin kalite parametrelerine olan etkisinin
belirlenmesi amag¢lanmistir.

2. Materyal ve Yontem

2.1. Arastirma alaninin yeri

Arastirma, Siileyman Demirel Universitesi Ziraat
Fakiiltesi Arastirma ve Uygulama Ciftligi’nde
(Enlem: 37.83° N, Boylam: 30.53° E, Yiikseklik:
1.020 m) bulunan 255 m?’lik (6 m x 42.5 m)
plastik ortiilii serada, 2011 yilinda yiiriitilmiistiir.
Denemenin yapildig1 sera topragimin tekstiirt killi
tin, hacim agirlig1 1.32-1.41 g cm?, tarla kapasitesi
% 24.80-27.01, solma noktas1 % 7.08-8.51 ve 0-60
cm’deki toplam su tutma kapasitesi 148.4 mm’dir
(Cizelge 1). 2011 yilinda sera igindeki giinlik
ortalama sicaklik 20-30 °C, sera disindaki sicaklik
ise 15-25 °C arasinda degismistir. Bagil nem ise sera
icinde % 70-80 iken sera disinda % 50-70 arasinda
olmustur (Sekil 1) (DMI 2011).

2.2. Sulama uygulamalar

Sulama suyu damla sulama yontemi ile
uygulanmistir. Damlatici araligi 20 cm ve damlatici
debisi ise 2 L s! olarak alimmustir (Ugar at al 2011).
Bitki kdk bolgesindeki toprak nemi, toprak nem
sensorleri  (Irrometer, Model, Watermark200SS,

Cizelge 1- Sera topraginin bazi 6zellikleri

Table 1- Some properties of the greenhouse soil

—a— Sera i¢i sicakligt —e— Sera dis1 sicakligi

—=—Sera disginemi ~ —e— Sera i¢i nemi

Sicaklik, °C, Bagil nem, %

169 179 189 199 209 219 229 239 249 259
Yilin giinleri

Sekil 1- Sera ici ve dis1 sicakhik ve bagil nem
degerleri

Figure 1- Temperature and relative humidity values in
inside and outside of greenhouse

USA) yardimiyla izlenmistir. Bu amagla ilgili cihaz
icin arazide gerekli kalibrasyon islemleri yapilmis
ve her deneme konusuna 2 adet olmak iizere toprak
yiizeyinden itibaren iki farkli derinlige (15 ve 45
cm) yerlestirilmistir.

Katsoulas et al (2006) tarafindan gelistirilen
Esitlik 1 ve 2 yardimiyla potansiyel bitki su tiiketimi
hesaplanmistir. Hesaplanan bitki su tiiketiminin
farkli oranlar1 deneme konularina uygulanarak
sulama konular1 olusturulmustur.

Tr: r C RGO (1)
C=keta/A )

Burada; {, sera ortli malzemesi gegirgenlik
orani, evaporasyon Kkatsayist ve latent (gizli)

Derinlik, Tarla kapasitesi,  Solma noktasi,  Hacim agirligi, Faydali su kapasitesi, Biinye sinifi
cm % mm % mm gcm? % mm

0-30 24.8 98.2 7.08 28.0 1.32 17.7 70.2 CL
30-60 27.0 1142 8.5l 36.0 1.41 18.5 78.2 CL
Toplam 212.4 64.0 148.4

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 385-397 387



Farkli Sulama Programlarinin Kesme Krizantemin Kalitesi Uzerine Etkileri, Ucar & Kazaz

1s1sma bagl katsay1; T, hesaplanan potansiyel bitki
su tiketimi, (mm); r, gdlgeleme faktorii (0.75),
(r= Ps/85<=1); R, g6z oOniine alman sulama
araliginda solar radyasyon miktar (kj m?) (Olgiilen
radyasyon degerleri; deneme serasmin yiiksekligi
(3.5 m), radyasyon o&lglimii yapilan sensoriin
yiksekligi (2 m) ve g¢aligma alaninin yiiksekligi
(1020 m) gbz Online alinarak, istasyon ile sera
catis1 arasindaki 1.5 m’lik yiikseklik farkina gore
diizeltilmis ve Tr hesaplamalarinda diizeltilmis
degerler kullamlmustir); k, bitki katsayisi (1.05;
Baille 1999); 1, sera oOrtli malzemesinin solar
radyasyon gecirgenlik orani (0.75); a, evaporasyon
katsayis1 (0.6; Baille 1999); A, latent gizli 1s1s1, (2450
kJ kg!)’dir. Esitliklerdeki hesaplamalar i¢in gerekli
olan solar radyasyon degerleri deneme serasina
500 m wuzaklikta bulunan tarimsal meteoroloji
istasyonundan (Davis, Model ““Vantage Pro II Plus”,
USA) alinmugtir.

2.3. Deneme konular

Alt1 (6) farkli su diizeyi (S= T x1.50, S,= T x1.25,
S,=Tx1.00,S,=Tx0.75,S,= T x0.50, S =T x0.25),
3 farkli sulama araligi (SA = 2 giin, SA = 4 giin ve
SA:6 giinde bir sulama) olmak iizere 18 sulama
konusu boliinen- boliinmiis parseller deneme
desenine gore 3 tekrarli olarak yuriitiilmiistiir.
Bitki su tiiketimi, su biitcesi esasina gore Esitlik 3
kullanilarak hesaplanmistir (Kirnak et al 2013).

ET=1+P-DP+RO=*AS 3)

Burada; ET, bitki su tiikketimi (mm); I, sulama
suyu (mm); P, yagis (mm); R, yiizey akisi (mm);
AS, kok bolgesi nem icerigindeki degisim (mm)’dir.
Deneme sera ortaminda yapildigindan P, sulama suyu
damla sulama yo6ntemi ile uygulandigindan R “0”
kabul edilmistir. Bitki su tiiketimi hesaplamalarinda
15. cm’ye yerlestirilen toprak nem sensorii degerleri
dikkate alinmis, 45. cm derinlikteki toprak nem
sensoriinden ise derine sizmalar incelenmistir.
Toprak nem sensorlerinin okuma sinirinin astldigt
(199 kPa) durumlarda deneme konularindan toprak
Ornegi alinarak toprak nem igerigi gravimetrik
yontemle belirlenmistir.

2.4. Kiiltiirel iglemler

Arastirmada bitkisel materyal olarak
Chrysanthemum morifolium Ramat. tiiriine ait
sprey krizantem ¢esidi olan ‘Bacardi’ kullanilmistir.
‘Bacardi’ katalog verilerine gore 7 haftalik tepki
stiresine sahip beyaz renkli ve yalinkat petallere
sahip bir ¢esittir (Anonim 2014). Krizantem fideleri
20 Haziran 2011°de boyutlar1 1x1.5 m olan yataklara
sira arasi 20 cm ve sira iizeri 12.5 cm olmak iizere
5 sirali olarak (40 bitki m?) dikilmistir. Calismada
bitkilere u¢ alma (ping) islemi uygulanmamis ve
bitkiler tek govdeli olarak yetigtirilmistir.

Bitkilerin normal gelisiminin saglanabilmesi
icin parsellere esit miktarda giibreleme yapilmustir.
Bitkilerin sulama ve giibrelemesinde kullanilan
besin ¢ozeltisinin iyon igerigi (mg L7'); N: 200,
P: 20, K: 150, Ca: 80, Mg: 25, Fe: 3.0, Mn: 0.5,
Cu: 0.02, Zn: 0.05, B: 0.5, Mo: 0.01’dir (Yoon et
al 2000). Kisa giin kosullarin1 saglamak ve erken
ciceklenmeyi tesvik etmek amaciyla bitkilere siyah
renkli 151k gecirmez plastik ortiiyle 17:00-08:00
saatleri arasinda karartma uygulamasi yapilmistir.
Kisa giin uygulamasina bitkiler 30 cm boya
ulastiklarinda baglanmis ve ¢icek tomurcuklari
renk gosterdiginde son verilmistir (Kofranek 1980;
Kazaz et al 2010). Hasat, 15 Eyliil 2011 tarihinde,
dal iizerindeki ¢igekler tamamen agtiginda
gerceklestirilmistir. Deneme  siiresince ana c¢icek
tomurcugunun koparilmasi, destekleme sistemi,
hastalik ve zararlilarla miicadele gibi standart
kiiltiirel uygulamalar yerine getirilmistir.

2.5. Denemede incelenen ozellikler ve istatistiksel
analiz

Denemede farkli sulama konularina iligkin bitki su
tiiketimi, ¢igek sap1 uzunlugu, dal agirligi, cicek
sap1 kalinlig, ikincil dal sayist (birincil ana dallar
tizerinde yetisen dallar), bitki basina gigek sayisi,
yaprak alan indeksi, kdk uzunlugu ve vazo omrii
incelenmistir. Kok uzunluklarint belirlemek icin
hasattan hemen sonra her deneme konusundan 3
bitkinin kok bolgesindeki toprak, icerisinde kokler
olacak sekilde blok halinde alinmis ve laboratuvarda
0.1 N NaOH ¢ozeltisinde 24 saat bekletildikten
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sonra igerisindeki kokler ayiklanmis ve daha sonra
kok uzunluklari 6l¢tilmistiir (Bohm 1979).

Yaprak alan indeksi Esitlik 4 yardimiyla
hesaplanmustir.
YA
== 4
YAI = = 4)

Burada; YAI, yaprak alan indeksi (cm?cm?); YA,
yaprak alani (cm?) [ Yaprak alanlarinim 6l¢iilmesinde
portatif yaprak alan olger kullanilmistir (ADC
BioScientific, Model: AM300, England)]; BA, her
bir bitkiye ait birim alan (cm?).

Cigeklerin vazo omrii; 21£1 °C sicaklik, 1000
liiks 151k, % 70+5 nispi nem, 12 saat 151k ve 12 saat
karanlik kosullarina sahip (Ferrante et al 2007; Lii et
al 2010) vazo 6mrii odasinda belirlenmistir.

Elde edilen verilere MINITAB 16 bilgisayar
yazilimi yardimiyla varyans analizi yapilmis,
ortalamalarin  karsilastirilmasinda ~ MSTAT-C
bilgisayar yazilimi yardimiyla LSD Coklu
Karsilastirma testi uygulanmustir.

3. Bulgular ve Tartisma

3.1. Sulama suyu ve bitki su tiiketimi

Denemede fidelerin gerek tutma oraninin artirilmasi
gerekse kok gelisiminin saglanmasi amaciyla
dikimden sonra 25 giin siire ile giinlik sulama
yapilmis ve hesaplanan Tr’nin tamami (136.7
mm) sulama suyu olarak uygulanmustir. S, S,, S,
S,» S, ve S, konularmna yetisme periyodu boyunca
sirastyla 469.4, 414.0, 358.5, 303.1, 247.6 ve 192.1
mm su uygulanmistir (Cizelge 2). Caligmada, en
yiksek su tiketimi, T ’nin 1.5 katinin 2 ve 4 giin
araliklarla sulama suyu olarak uygulandii SA S,
(510.9 mm) ve SA,S (492.8 mm) konularinda
Ol¢tilmiistiir. Bunu 2 giin araliklarla hesaplanan
bitki su tiiketiminin 1.25 katinin uygulandigi SA S,
(490.2 mm) konusu izlerken en diisiik su tiiketimi
ise 6 giin aralikla hesaplanan bitki su tiiketiminin
0.25 katmin sulama suyu olarak uygulanan
SA_S,’da (300.9 mm) l¢iilmiistiir. Cizelge 2°den de
goriilecegi gibi ayni miktarda sulama suyunun farkl
sulama araliklarinda uygulanmasi 6lgiilen bitki
su tiiketiminde farkliliga yol agmigtir. Daha fazla

sulama suyu uygulanan deneme konularinda, bitki
kok bolgesindeki toprak nemi deneme siiresince
tarla kapasitesine yakin oldugundan bu konularda
daha fazla bitki su tiiketimi ger¢eklesmistir (Sekil 2,
Cizelge 2). Ayrica, sulama araligi kisa olan konularin
daha sik sulanmasi nedeniyle toprak ylizeyinin
stirekli 1slak olmasi bu konulardaki bitki su tiikketimi
yiiksekliginin nedeni olarak gosterilebilir. Rego
et al (2009), Wenbin et al (2011) ve Turan (2013)
yaptiklart caligmalarda sirasiyla 192.2-355 mm,
70-305 mm ve 249.7-517.9 mm arasinda sulama
suyu uygulamislardir. Rego et al (2009) azalan
sulama suyu uygulamasinin sulama suyu kullanim
etkinliginin artirdigini bildirmislerdir. Wenbin et al
(2011) krizantemde bitki su tiiketiminin 52.3-259.4
mm arasinda degistigini belirtirlerken Turan (2013)
ise 340.9-560.5 mm arasinda degistigini bildirmistir.
Caligmada uygulanan sulama suyu miktarlar1 Rego
et al (2009) ve Wenbin et al (2011)’dan oldukca
farkli iken Turan (2013) ile uyumludur. Bitki su
titkketimi ise Webin et al (2011) ile farkli Turan (2013)
ile benzesmektedir. Sulama suyu miktarindaki ve
bitki su tiiketimindeki bu farkliligin kullanilan
gesitten, vejetasyon donemi farkliligindan ve
cevresel kosullarin farkli olmasindan kaynaklandig:
diistintilmektedir.

Cizelge 2- Deneme konularma gére uygulanan
sulama suyu ve bitki su tiikketim degerleri

Table 2- Applied irrigation water and evapotranspiration
values according to experimental treatments

Sulama Sulama suyu, mm  Bitki su tiiketimi, mm
programi S, S, S SA,  SA, SA,
S, 332.8 4694 5109 492.8 481.7
S, 2773 414.0 490.2 463.1 455.1
S, 136.7 221.8 358.5 458.4 451.5 442.0
S, 166.4 303.1 419.0 411.6 3983
S, 1109 247.6 381.3 3679 352.7
S 55.5 192.1 3285 314.2 300.9

S,, programli sulamaya gegmeden Once deneme konularma
uygulanan sulama suyu miktari; S, programli sulamaya gegtikten
sonra uygulanan sulama suyu miktars; S, toplam sulama suyu
miktari; SA |, SA, ve SA_, sulama aralig1 2, 4 ve 6 giin
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Sekil 2- Deneme konularina gore kok bolgesi nem
icerikleri (KBNI), (A, sulama arahg 2 giin; B,
sulama aralig 4 giin; C, sulama araligi 6 giin)
Figure 2- Root zone soil water contends according to
treatments (A, irrigation interval 2-day; B, irrigation
interval 4-day, C, irrigation interval 6-day)

3.2. Kalite parametreleri

Caligmada bitkilere u¢ alma iglemi uygulanmamis
ve bitkiler tek govdeli olarak yetistirilmistir. Bu
nedenle biitiin deneme konularindan bitki bagina
bir dal (40 bitki m) hasat edilmis verim y6niinden
bir karsilagtirma yapilmamigtir. Dikim tarihi ile
cigeklerin % 50’sinin hasat edildigi tarih arasinda
gegen siire olan gigeklenme siiresi S, S,, S, S,, S, ve
S, konularinda sirasiyla 67.3, 67.4, 67.9, 69.7, 70.3
ve 70.6 giin olarak gerceklesmistir. Farkli sulama
suyu miktarlarmin (S) ve sulama araliklarinin (SA),
cicek sap1 uzunlugu, dal agirhig, ¢igek sap1 kalinligi,
ikincil dal say1si, bitki basina ¢igek sayisi, yaprak alan
indeksi, kok uzunlugu ve vazo dmrii iizerine etkisi
istatistiksel agidan 6nemli bulunmustur (P<0.05)
(Cizelge 3). Cizelge 3’te goriildiigi gibi, SxSA
interaksiyonu sap uzunlugunda % 5 diizeyinde, yan
dal sayisi ve ¢igek sayist % 1 diizeyinde onemli
¢ikarken incelenen diger parametrelerde 6nemsiz
¢ikmistir. SXSA interaksiyonunun 6nemli ¢ikmasi,
artan sulama suyu etkisinin sulama araliklarina gore
farklilik gosterdigini ortaya koymaktadir.

3.2.1. Cicek sapt uzunlugu

Artan sulama suyu miktar1 ve daha sik sulama
araliklart ¢igek sap1 uzunlugunda istatistiksel olarak
(P<0.01) 6nemli artiglar gerceklestirmistir (Cizelge
3 ve 4). Calismada en uzun ¢igek saplari SA S *den
(81.72 cm) elde edilirken bunu SA S, (81.24 cm),
SA,S, (81.03 cm) ve SA,S, (80.08 c¢m) izlemistir.
En kisa gigek saplari ise SA,S, (40.04 cm), SAS
(42.46 cm) ve SA S .’den (42.60 cm) elde edilmistir.
Cigek sap1 uzunlugu sulama suyu miktart agisindan
degerlendirildiginde; en fazla sulama suyunun
uygulandifi S, konularinda ortalama 80.02 cm ile
en uzun ¢icek sapi elde edilirken, bunu 78.45 cm ile
S,, 7449 cm ile S,, 59.15 cm ile S, 46.81cm ile S,
ve 41.95 cm ile en az sulama suyunun uygulandig
S, izlemistir. SA| ve SA, konularinda artan sulama
suyu uygulamasi S, uygulamasina kadar gigek sap1
uzunlugunda artisa neden olurken S, uygulamasinda
istatistiksel olarak c¢igek sapt uzunlugunda artisa
neden olmamis aksine ozellikle SA ’de azalmaya
neden olmustur. Bu azalmaya asir1 su uygulamasimin
neden oldugu sdylenebilir. SA.’te ise artan sulama
suyu uygulamasi S ’e kadar artisa neden olmustur.
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Cizelge 3- incelenen parametrelerin ortalama degerlerine iliskin varyans analiz sonuclari

Table 3- The results of variance analysis of the mean values of the investigated parameters

Varyasyon D Kc.zreler ortalamasi )
kaynaklar: CcSU DA CSK IDS BCS YAI KU Vo
Blok 2 6.17 95.0 0.14 0.71 6.76 0.03 5.59 2.74
Sulama araligi (SA) 2 326.07 691.07 1.72™ 1433™  141.28" 0.81™ 112.33™  19.24™
Su diizeyi (S) 5 12410.51™ 89271.3"™ 97.99"  676.83" 6878.68" 62.16™ 135.96™ 18.95™
SAxS 10 182.61° 1259.0 1.89 68.50"  177.18"™ 0.17 18.23 5.62™
Hata 34 30540 2608.3 3.89 16.39 138.08 0.67 65.87 0.94
Genel 54 13230.76  93924.6 105.61 77647 734198  63.83 337.99  226.76

(DS, gigek sap1 uzunlugu, cm; DA, dal agirligi, g; CSK, cicek sap1 kalinligi, mm; IDS, ikincil dal sayist, adet bitki"'; BCS, bitki basina
cicek sayisi, adet bitki"'; YAI, yaprak alan indeksi; KU, kok uzunlugu, cm; VO, vazo omrii, giin

Sekil 3’den de goriilecegi gibi, ¢icek sap1 uzunlugu
ile bitki su tiiketimi arasinda dogrusal, ¢icek sap1
uzunlugu ile sulama suyu arasinda ise Onemli
egrisel (P<0.01) iliskiler elde edilmistir. Cigek sap1
uzunlugu ile sulama suyu arasinda egrisel iliskilerin
elde edilmesi belirli bir degerden sonra sulama
suyunun ¢igek sap1 uzunlugunu artirmadigi aksine
azaltic1 etki yapmast ile acgiklanabilir. Genel anlamda
uygulanan sulama suyu miktar1 arttikga gicek sapi
uzunlugunda artis sagladigi Harbaugh et al (1982)
tarafindan da vurgulanmistir. S6z konusu ¢aligmada,
0.16 cm giin"' konusunda bitki boyunu 62 c¢m, 0.24
cm giin”! konusunda 76 cm, 0.31 cm giin™! konusunda
86 cm, 0.40 cm giin' konusunda 92 cm, 0.47 cm
giin! konusunda ise bitki boyunu 97 c¢m olarak
belirtmislerdir. Schuch et al (1998)’de benzer sekilde
kisithi sulamanin tam sulamaya gore bitki boyunu %

12 oraninda azalttigin1 bildirmiglerdir. Turan (2013)
ise ¢icek sapt uzunlugu ile uygulanan sulama suyu
arasinda 6nemli bir iliskinin oldugunu vurgulamistir.
Bu veriler aragtirmadan elde edilen sonuglart
dogrular niteliktedir. Cigek sap1 uzunlugu iilkelere
gore farklilik gostermekle birlikte sprey krizantemde
genellikle 70-80 cm uzunlugundaki dallar tercih
edilmektedir (Kazaz et al 2010). Ulkemizde ise
sprey krizantemde ideal ¢i¢ek sapt uzunlugu 70 cm
(Hatipoglu 1987) iken bu deger Ingiltere’de 50-70
cm’dir (Mengiic 1996). Diinyada en fazla kesme
cicek satiginin yapildigi Hollanda ¢igek mezatinda
sprey krizantemler ¢icek sapt uzunlugu bakimimdan
65, 70 ve 72 cm olmak iizere 3 gruba ayrilmaktadir
(Anonim 2012). Calismada her ti¢ sulama araligindaki
S,, S, ve S, konularindan 70 cm ve iizerinde gigek
sapt uzunluklart elde edilmistir.
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Sekil 3- Cicek sap1 uzunlugu ile bitki su tiiketimi ve sulama suyu diizeyleri arasindaki iliski

Figure 3- Relationship between flower stem length and evapotranspiration and between flower stem length and

irrigation water levels
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3.2.2. Dal agirligi

Diinyada krizantemlerin pazarlanmasinda esas
aliman en Onemli kalite kriterlerinin basinda dal
agirligi gelmektedir. Caligmada dal agirliklari hem
farkli sulama araliklarindan hem de farkli sulama
suyu miktarlarindan 6nemli diizeyde etkilenmistir
(Cizelge 4). Farkli sulama suyu miktarlar
igerisinde en yliksek dal agirligi T degerinin 2
giin aralikla 1.5 katinin uygulandigt SA S, (140.70
g) konusundan elde edilmis bunu ayni miktardaki
suyun 6 giin aralikla uygulandigi SA S, (135.24
g) konusu izlemistir. Sulama araliklar1 agisindan
ise en fazla dal agirligi SA ’den (78.65 g) elde
edilmis, bunu diger parametrelerde oldugu gibi SA,
(76.53) ve SA, (70.23) izlemistir. Sulama aralig
ve sulama suyu miktar1 kombinasyonlar:1 birlikte
degerlendirildiginde, genel olarak daha ¢ok sulama
suyu uygulanan ve sulama aralig1 kisa olan deneme
konularindan elde edilen dal agirliklar daha fazladur.
Bu durum fazla sulama suyu uygulamasinin ¢igek
sapt uzunlugundakine benzer sekilde dal agirligini
da arttirmaktadir seklinde yorumlanabilir.

Konuyla ilgili yapilan ¢aligmada, Harbaugh et al
(1982), giinliikk farkli sulama suyu uygulamalarinda
0.16 cm giin' konusunda bitki agirhgmt 93 g,
0.24 c¢cm giin! konusunda 127 g, 0.31 cm giin’
konusunda 138 g, 0.40 cm giin' konusunda 149
g, 0.47 cm giin! konusunda ise bitki dal agirhig
168 g olarak saptamislardir. Dal agirligimi Turan
(2013) farkli sulama suyu diizeylerinde 123.61
g ile 32.48 g arasinda degistigini bildirmistir.
Bu degerler, denemeden elde edilen sonuclarla
uyumludur. Hollanda ¢igek mezatinda sprey
krizantemlerde ¢igek sap1 uzunluguna (65, 70 ve 72
cm) bagli olarak dal agirliklar: 45-105 g arasinda
degismektedir. Bununla birlikte optimal dal
agirhgr 70 g’dir (Anonim 2012). Dal agirliginin
45 g’dan 70 g’a kadar yiikselmesi durumunda satis
fiyatinda artig goriilmekte, 75 gramin iizerindeki
dal agirliklart artan nakliye masrafindan dolay1
tercih edilmemektedir. Japonya’da 80-90 cm
uzunlugundaki sprey krizantemlerde boylama ve
paketleme oOncesinde dal agirligmin 70 g, dalin
dip kismindaki (15-20 cm) yapraklar koparildiktan
sonra ise dal agirliginin 50-55 g olmasi durumunda

pazarda en kaliteli sinifta yer almaktadir (Yoon et al
2000). Bu calismada, dal agirliklar: biitiin deneme
konularinda ¢igek sapt uzunluklarina (40.04-81.72
cm) bagl olarak 19.31-140.70 g arasinda degismis
ve her li¢ sulama araligindaki (SA |, SA, ve SA)) S,
S, ve S, konularindan 70 g ve lizerinde dal agirliklari
elde edilmistir.

3.2.3. Cigek sapt kalinligi

Cigcek sap1 kalinligi dalin direncini belirlemede
onemli bir kriterdir. Sulama suyu miktarlan
agisindan en kalin g¢igek sapi, S, konusunda
ortalama 7.83 mm ile gergeklesirken bunu, S, S.,
S,» S, ve S, izlemistir. Bu konularda belirlenen ¢igek
sapt kalinlart sirasiyla 7.34 mm, 7.00 mm, 5.87
mm, 4.73 mm ve 4.19 mm’dir. Sulama araliklar1
incelendiginde ise en kalin ¢igek sap1 ortalama 6.35
mm ile SA ’de belirlenmis bunu SA, (6.22 mm) ve
SA, (5.92 mm) izlemistir. En kalin ¢igek sap1 SA' S,
kombinasyonundan elde edilirken en ince ¢igek sap1
en az sulama suyunun uygulandig ve sulama araligt
6 giin olan SA,S, (4.00 mm) kombinasyonundan
elde edilmistir (Cizelge 4). Turan (2013), yaptig1
aragtirmada ¢igek sap1 kalinliklarinin 7.69-4.62 mm
arasinda degistigini artan su miktarlarinin ve kisa
sulama araliklarmin ¢igek sap1 kalinliklarint artirict
yonde etki yaptigini bildirmistir. Arastirmadan elde
edilen sonuglar bu sonuclarla uyum igerisindedir.

3.2.4. Ikincil dal sayisi

Ikincil dal sayisimin artmasi bitki basina cicek
sayisini artirirken ayni zamanda dalin kompakt ve
estetik gorlintigiinii de artirmaktadir. Bu nedenle
ikincil dal sayisi sprey krizantemde 6nemli kalite
parametrelerinden Dbiridir. Ikincil dal sayis1 su
diizeyleri agisindan degerlendirildiginde en fazla
ikincil dal sayis1 15.34 adet ile S, konularindan elde
edilmistir. Bunu S, (14.54 adet), S, (14.16 adet),
S, (12.44 adet), S, (9.97 adet) ve S, (5.03 adet)
konulart izlemistir. S, ve S, konulari arasindaki
fark istatistiksel olarak nemsiz iken diger konular
arasindaki fark énemlidir. ikincil dal sayis1 sulama
aralig1 acisindan degerlendirildiginde ise en fazla
ikincil dal sayist SA konularinda ortalama 12.42
adet olarak bulunurken, bunu ortalama 12.12 adet
ile SA, konular1 ve ortalama 11.21 adet ile SA,
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Cizelge 4- Sulama suyu miktari ve sulama suyu araliklarinin bazi kalite parametreleri iizerine etkileri

Table 4- Mean values and significance groups of investigated parameters of the chrysanthemum

Sulama

Cigek sapt uzunlugu, cm

Dal agirligi, g

Ortalama Ortalama
programi SA4, SA4, SA, SA, S4, SA,
S, 78.93% 81.03° 80.08° 80.024 140.70 119.57 135.24 131.844
S, 81.721 81.24° 72.38° 78.45A 117.29 120.16 102.98 113.478
S, 77.45% 74.31% 71.70¢ 74.49% 94.27 97.14 84.33 91.91¢
S, 64.60¢ 57.91¢ 54.92¢ 59.15¢ 64.67 61.32 52.93 59.64°
S, 51.54f 46.29¢ 42.60¢ 46.81° 34.71 38.02 26.59 33.11%
S, 43,342 42 465 40.04" 41.95¢8 20.29 22.98 19.31 20.86"
Ortalama 66.274 63.878 60.29¢ 78.654 76.534 70.238
LSD, . S:2.871 SA:2.30 SxSA:4.972 S:8.390 SA:5933  SxSA:6d
Cigek sapt kalinligi, mm Tkincil dal sayisi, adet bitki”
S, 8.01 7.59 7.90 7.834 15.89° 14.82% 15.31% 15.34%
S, 7.43 7.74 6.85 7.348 14.71° 14.38% 14.54%¢ 14.548
S, 7.18 6.89 6.92 7.008 14.91® 13.42¢ 14.16% 14.16°
S, 6.35 5.79 5.47 5.87¢ 14.49%¢ 11.62¢ 11.22¢ 12.44¢
S 4.84 5.00 4.38 4.73P 11.47¢ 10.98¢ 7.47¢ 9.97°
S, 4.26 4.33 4.00 4.19¢ 3.07¢ 7.47¢ 4.56" 5.03%
Ortalama 6.354 6.224 5.928 12.424 12.124 11.218
LSD, S:0.4159  SA:0.2290  SxSA:o6d S:0.6651  SA:0.4703  SxSA:1.152
Bitki basina ¢igek sayisi, adet bitki! Yaprak alan indeksi

S, 36.81° 36.94° 37.11° 36.964 4.06 3.98 3.97 4.00*
S, 35.932 36.24° 26.38% 32.858 3.80 3.63 341 3.618
S, 28.88° 29.00° 26.58° 28.15¢ 3.04 2.99 2.73 2.92¢
S, 23.11¢ 17.36¢ 15.56% 18.67° 2.49 2.26 2.06 2.27°
S, 12.38¢ 12.69¢f 10.09% 11.72¢8 1.41 1.37 1.23 1.34%
S, 4.93h 7.27 4.60" 5.60" 1.30 1.20 0.93 1.14F
Ortalama 23.684 23.254 20.058 2.684 2.578 2.39¢
LSD, S:1.930  SA:1.365 SxSA:3.343 S:0.1345  SA:0.09508  SxSA:o6d

Kok uzunlugu, cm Vazo omrii, giin
S, 17.25 18.17 19.73 18.38° 15.7¢ 15.3% 14.0¢ 15.0¢
S, 17.57 19.85 20.94 19.45¢0 13.7¢ 16.34f 17.7%4 15.9¢
S, 17.88 21.71 22.08 20.565¢ 17.7>4 19.72 17.7%4 18.348
S, 18.13 22.50 22.26 20.965¢ 16.0< 17.3¢¢ 20.37 17.948
S, 20.32 22.68 23.13 22.0048 17.0% 18.7%¢ 20.37 18.74
S, 21.27 24.99 23.39 23.224 16.74F 16.6%F 19.0% 17.48
Ortalama 18.738 21.654 21.924 16.1¢ 17.38 18.24
LSD S:1.333  SA:0.9428  SxSA:o6d S:0.9273  SA:0.6557 SxSA: 1.606

0.05

SA, sulama aralig1, giin; S, sulama suyu diizeyi. Gruplandirmalarda biiyiik harfler S ve SA’nin ortalamalarina ait gruplandirmalari,
kiiglik harfler SxSA interaksiyonuna ait gruplandirmalari gostermektedir. 6d, onemli degil
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konular1 izlemistir. Sulama araligt 2 ve 4 giin
olan konulardan elde edilen ikincil dal sayilari
arasindaki fark onemli degilken bu iki sulama
araligl ile sulama aralifi 6 giin olan konulardan
elde edilen ikincil dal sayilar1 arasindaki fark
istatistiksel agidan dnemli bulunmustur. Hesaplanan
T nin 1.50 katinin uygulandig: S, konusu ile 0.25
katmin uygulandig1 S_ konusu arasinda ikincil dal
sayisi bakimindan yaklagik olarak % 80’lik bir
azalma so6z konusudur. Turan (2013), 2, 4 ve 6 giin
araliklarla A sinifi buharlagma kabindan buharlagan
suyun 0.3, 0.6, 0.9 ve 1.2 katin1 sulama suyu olarak
uyguladigr ¢alismasinda, farkli su diizeylerinin ve
sulama araliklarmin ikincil dal sayisin istatistiksel
olarak etkiledigini ve ikincil dal sayismin farkl
su diizeylerine gore 15.60-9.67 adet arasinda,
sulama araligina gore ise 14.51-13.23 adet arasinda
degistigini bildirmigtir. Arastirmadan elde edilen
ikincil dal sayilar1 dist sinir acisindan benzerlik
gosterirken alt sinirlarda daha diisiik yan dal
sayilarinin elde edildigi goriilmektedir. Bu durumun
uygulanan sulama programlarmim farkliligindan
kaynaklandig1 diisiiniilmektedir.

3.2.5. Bitki basina ¢igek sayisi

Sprey krizantemlerde ¢igek sapi uzunlugu ve dal
agirligindansonraendnemlikalite parametrelerinden
biri bitki basina cicek sayisidir. Bitki basina ¢igek
say1st bakimindan elde edilen veriler incelendiginde
hem sulama araliklari hem de uygulanan sulama
suyu miktart agisindan istatistiksel olarak onemli
farkliliklar oldugu goriilmustiir. Bitki basina en
fazla ¢icek sayisi ortalama 36.96 adet ile S, ’den
elde edilmis bunu uygulanan su miktarindaki
azalmaya paralel olarak S, (32.85 adet), S, (28.15
adet), S, (18.67 adet), S, (11.72 adet) ve S (5.60
adet) konular1 izlemistir. Bitki basina ¢igek sayilari
sulama araliklar1 agisindan degerlendirildiginde ise
en fazla gigek sayist SA ’de ortalama (23.68 adet)
belirlenmis bunu SA, (23.25 adet) ve SA, (20.05
adet) takip etmistir. SA| ve SA arasinda fark 6nemsiz
iken bu iki konuile SA, arasindaki fark ise nemlidir.
Turan (2013) farkli sulama suyu diizeylerinin
uygulanmasi ile ¢igek sayisinin 30.09 ile 10.60 adet
arasinda degisebilecegini bildirmistir. Calismadan

elde edilen sonuglar bu sonuglarla uyumludur.
Hollanda ¢igcek mezatinda sprey krizantemlerde bir
dal lizerinde ¢igek sayisinin en az 5 adet ve tizerinde
olmasi gerekmektedir (Anonim 2012). Caligmada
SA ’de en az sulama suyu uygulanan S, (4.93 adet
bitki"') deneme konusu ile SA,’de yine S, (4.60 adet
bitki') deneme konusundan dal basina 5’er adedin
altinda cicek elde edilirken, diger biitiin deneme
konularinda dal basina 5’er adedin iizerinde ¢icek
elde edilmistir.

3.2.6. Yaprak alan indeksi

Bitkilerde yaprak alani ve buna bagli olarak
hesaplanan yaprak alan indeksi vegetatif
gelismenin bir Ol¢iisii olarak degerlendirilir ve
yaprak alaninin buna bagl olarak da yaprak alan
indeksinin yiiksek olmast bitki su tiiketimini
artirict yonde etki yapar. Denemede yaprak alan
indeksi hem sulama araliklarindan hem de su
diizeylerinden istatistiksel olarak 6nemli diizeyde
(P<0.01) etkilenmis artan sulama suyu ve azalan
sulama aralig1 yaprak alan indeksini artirict yonde
etki yapmistir. En az sulama suyu uygulanan
S, (1.14) ile en ¢ok sulama suyu uygulanan S,
(4.00) arasinda yaprak alan indeksleri bakimindan
yaklasik 3.5 kat fark olusmustur. Sulama suyunun
2, 4 ve 6 giin araliklarla uygulandigi konularda
yaprak alan indeksi sirastyla 2.68, 2.57 ve 2.39
olarak belirlenmistir (Cizelge 4). Calismadan
elde edilen sonuglarla uyumlu olarak Schuch et al
(1998) 6 farkli krizantem ¢esidinde tam sulamanin
kismtili sulamaya gore yaprak alan indeksini
artirdigimi, Lin et al (2011) su stresinin yaprak
alanlarinda azalmaya yol agtigini bildirmistir.

3.2.7. Kok uzunlugu

Bitkilere uygulanacak sulama suyu miktarini derinlik
cinsinden ifade edebilmek i¢in kok derinliklerinin
bilinmesi gerekir. Literatiirde krizantem bitkisinin
kok derinligine iliskin bir bilgiye rastlanamamuistir.
Bu nedenle ¢alismada hasat sonunda bitki kok
uzunluklart da belirlenmistir. En uzun kokler en
az sulama suyunun uygulandig1 S da (23.22 c¢m)
belirlenirken en kisa kok uzunluklart ise en fazla
suyun uygulandigi S *de (18.38 cm) belirlenmistir.
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Sulama araliklar1 iginde ise en uzun kokler
sulama aralifinin en fazla oldugu SA ’te (21.92
cm) belirlenmistir (Cizelge 4). Incelenen diger
parametrelerin aksine sulama suyu ve sulama
araligr arttikca kok uzunlugu artmamis aksine
azalmistir. Bir baska ifade ile sik ve fazla miktarda
sulama suyu uygulamak kok gelisimini azaltmistir.
Bitkilerin su stresine girmemesi ve koklerin ihtiyag
duyduklar1 suyu kolaylikla alabilmeleri nedeniyle
fazla su uygulanan konularda bitki koklerinin az
su uygulanan konulara gore daha az uzadiklari
distiniilmektedir.

3.2.8. Vazo omrii

Kesme ¢igeklerde en 6nemli kalite kriterlerinden
biri vazo omriidiir. Biitlin kesme ¢i¢ek tiirlerinde
oldugu gibi krizantemde de hasat sonrasi
Omriin uzun olmasi istenir. Vazo Omrii sadece
tilketici memnuniyetini etkilemez ayni zamanda
tiiketicilerin ¢iceklere olan talebini de etkiler
(Onozaki et al 2001). Caligmada en uzun vazo
omrii SA'S, ve SA.S, (20.3 giin) konularindan
elde edilirken en kisa vazo omrii (13.7 giin) ise
SA,S/'den elde edilmistir. Sulama araliklar
acisindan en uzun vazo 6mrii ortalama 18.2 giin ile
sulama aralig1 6 giin olan konularda belirlenmistir.
Bu konu ile sulama araligi 2 giin (16.1 giin)
ve 4 giin (17.3 giin) olan konular istatistiksel
olarak birbirinden farklidir. Sulama araligina
benzer sekilde, sulama miktarlar1 da istatistiksel
acidan onemli diizeyde farklidir. Su diizeyleri
acisindan en yiliksek vazo Omrii ortalama 18.7
glin ile S ’te gergeklesirken en diisiik vazo dmri
ise 15.0 giin ile S ’de gerceklesmistir (Cizelge
4). Kesme c¢igeklerde hasat sonrasi dayanim
siiresini; hasat 6ncesi, hasat siras1 ve hasat sonrasi
faktorler etkilemektedir. Toprak yapisi, ¢esit,
11k, sicaklik, nispi nem, sulama, giibreleme,
hastalik ve zararlilarla miicadele, budama, ug
alma, tomurcuk seyreltmesi gibi hasat Oncesi
kaliteyi artirict uygulamalar kesme cigeklerde
kuru madde miktarint artirarak hasat sonrasi
omrii uzatirlar (Anonim 2002; Dole & Schnelle
2002). Halevy & Mayak (1981), su stresinin vazo
omriinii azalttigini bildirmesine karsin ¢aligmada

genel olarak daha az sulama suyu uygulanan
konulardan daha wuzun vazo Omiirleri elde
edilmistir. Bu durumun, vazo Oomriiniin sulama
uygulamalarindan ¢ok vazo Omriinii etkileyen
diger parametrelerden daha fazla etkilenmesinden
kaynaklandig1 disiiniilmektedir.

4. Sonuclar

Diinyada ticareti yapilan kesme ¢igekler
arasinda kesme giilden sonra ikinci sirada yer
alan krizantem bitkisine farkli sulama suyu
miktarlarinin ve sulama araliklarinin etkisinin
arastirildigi bu caligmada, sulama suyunun artmast
buna karsin sulama araliginin azalmasi ¢icek sap1
uzunlugunu, dal agirligii, ¢igek sap1 kalinligini,
ikincil dal sayisini, bitki bagina cigek sayisini ve
yaprak alan indeksini artirirken kdk uzunlugunu
azaltmistir. Ayrica sera disindaki radyasyon
degerlerini  kullanarak, sera igindeki bitkilerin
bitki su tiiketimlerini hesaplayan Katsaulas
et al (2000) esitliginin krizantem bitkisinin
sulama programinin olusturulmasinda basar1 ile
kullanilabilecegi sonucuna varilmistir. Deneme
sonucunda pazarlanabilir iiriin agisindan diinyada
sprey krizantemlerde kabul edilen en 6nemli kalite
kriterlerinden ¢igcek sap1 uzunlugu ve dal agirligt
dikkate almarak yapilan degerlendirmede SA_S,
konusunun sulama programi olarak segilebilecegi,
bagka bir ifade ile hesaplanan T 'nin 1.25 katinin
sulama suyu olarak uygulanmasi ile kaliteli
cigekler elde edilebilecegi sonucuna varilmistir.
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ABSTRACT

Seedling root rot seen in many plants including cotton is an important disease that leads to large economic losses.
Human health and the environment are negatively affected as a result of using fungicides for disease control. The goal
of this study was to determine the effects of fluorescent Pseudomonas (FP) bacteria against seedling root rot pathogens
both in vitro and in vivo conditions. 59 FP isolates obtained from the rhizosphere of cotton and weeds on the field were
tested by dual-culture assays in vitro. After applying effective FP isolates on the seeds, antagonistic effects against the
seedling root rot pathogens were investigated in a climate chamber. Resulting of dual-culture tests, FP40 had maximum
effect (49.60%) against Rhizoctonia solani. Besides, FP51, FP48 and FP35 had highest impact as 43.80%, 43.50%, and
43.10% against Fusarium sp., respectively. Pythium deliense was mostly effected by FP57 (59.80%), FP52 (57.80%)
and FP56 (57.60%). While isolates FP35 and FP57 provided protection over 70% against all three pathogens in a climate
chamber, they were as effective as commercial fungicides (Vitavax and Maxim) and biofungicide (Subtilex) and shown
promising results.

Keywords: Biocontrol; Biofungicide; Seedling disease; Fluorescent pseudomonas
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OZET

Fide kok ciiriikliigii pamuk dahil pek ¢ok bitkide goriilen ve ekonomik kayiplara yol agan 6nemli bir hastaliktir. Fungisitler
hastaliga karsi miicadelede kullanilmasi sonucu, ¢evre ve insan sagligi olumsuz yonde etkilenmektedir. Caligmada,
fluoresan pseudomonas (FP) bakterilerinin fide kok ¢iirtikliigli hastalik etmenlerine karsi in-vitro ve in-vivo kosullarda
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etkilerinin belirlenmesi amaglanmistir. Pamuk ve tarladaki yabanci otlarin rizosferinden izole edilen 59 adet FP izolati
ile in vitro’da ikili kiiltiir testleri ytriitiilmustiir. Daha sonra etkili bulunan FP izolatlar1 tohuma uygulanarak fide kok
ciiriikliigii etmenlerine kars: antagonistik etkileri iklim odasinda arastirilmustir. ikili kiiltiir testlerinde, Rhizoctonia
solani’ye kars1 en yiiksek etkiyi FP40 (% 49.60); Fusarium sp.’ye karst en yiiksek etkiyi FP51 (% 43.80), FP48
(% 43.50) ve FP35 (% 43.10); Pythium deliense’ye karsi en yiiksek etkiyi FP57 (% 59.80), FP52 (% 57.80) ve FP56
(% 57.60) izolatlar1 géstermistir. Tklim odasinda, FP35 ve FP57 izolatlar1 her iig patojene kars1 % 70’in iizerinde koruma
saglarken, ticari fungisitler (Vitavax, Maxim) ve biyofungisit (Subtilex) kadar etkili bulunmus ve imitvar sonuglar elde

edilmistir.

Anahtar Kelimeler: Biyolojik miicadele; Biyofungisit; Fide hastaligi; Fluoresan pseudomonas

1. Introduction

Crop losses in agricultural production occurred
in 9.1% by disease, 11.2% by pests and 14.7% by
the weeds in the world. This amount is equivalent
to one-third of the world agricultural production
potential. Annual monetary value of these losses
is about 550 billion dollars and the costs incurred
to protect the product are about 455 billion dollars
annually (Agrios 2005). The diseases caused
yield losses with average 3.1% per year and 27%
reduction in fiber production for 10 years study in
the USA (Devay 2001). Rhizoctonia spp., Pythium
spp. and Thielaviopsis spp. are seen as the most
common and destructive damping off disease agents
have been reported in the world (Agrios 1998).

These pathogens are seen in many plants including
cotton and causes large economic losses. Cotton
seedling root rot inducing factors can cause the
seedling root and root collar to decay and let them to die
especially in infected and heavy soils during wet and
cool seasons, thus leading major destruction in cotton
fields and sometimes requiring replanting of the field
(Agrios 2005). Despite their promise in prevention
of the damping off diseases, fungicides have some
problems because of phytotoxicity, environmental
pollution and human health effects (Ramamoorthy
et al 2002). Moreover, when disease effect is in the
level of requiring replanting, there will be space in the
field due to less seedlings and the farmers generally
use more seeds than necessary to compensate for this
risk. In replanting, the expenses for seed, seedbed
preparation and soil cultivation cost increase and the
yield decreases because of late planting.

© Ankara Universitesi Ziraat Fakiiltesi

Hoitink  (1986) reported that chemical
application is generally not successful for soil-
borne pathogens whereas bio-control agents are
well colonized in the rhizosphere and don’t have
the toxic effects on the leaves like chemicals, and
they have not only control the disease but also have
positive effects on plant development. On the other
hand, R. solani was suppressed about 60% due to
“chitinase enzyme” with the inoculated cotton seeds
with isolates of antagonistic bacteria of Bacillus
cereus, B. subtilis and B. pumilus in the greenhouse
(Pleban et al 1995). After the treatment of cotton
seeds with Pseudomonas fluorescens race 89B-61,
antagonist bacteria colonized the roots of cotton well
and protected the plant against soil-borne diseases
(Quadt et al 1997). Wang et al (2004) reported that
Pseudomonas fluorescens CS85 was previously
isolated from the rhizosphere of cotton seedlings
as a plant growth-promoting bacterium and
biocontrol agent against R. solani, Colletotrichum
gossypii, F. oxysporum f.sp. vasinfectum. Various
biocontrol agents such as Burkholderia cepacia
and B. subtilis have effective results throughout the
world. Isolate GBO3 of B. subtilis and Dagger-G
biofungicide of P. fluorescens were tested in vitro
against Pythium ultimum and Fusarium spp. in
cotton seeds and found that antagonists reduce the
damage of bacterial diseases in cottonseed (Agile
& Batson 1999). Nowadays, commercially named
biofungicides Deny®, Subtilex® and Kodiak® are
suggested against the seedling diseases (Gardener &
Fravel 2002).
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Works conducted against important damping
off diseases using non-pathogenic Pseudomonas in
tomato nurseries in the greenhouse and field showed
that the isolates 10, 11, 23, 32 and 44 had an effect
over 50% against P, deliense and R. solani in pot trials
while isolates 23 and 44 were also effective against
Sclerotinia minor and Alternaria solani in the field
(Askin & Katircioglu 2008). In another experiment
directed by Mahmood Janlou et al (2008) conducted
in the field during 2002-2003 in Iran with three
isolates of P. fluorescens and two isolates of Bacillus
spp. using two different fungicides (carbendazim
and carboxintthiram) and two different cotton
varieties (Sahel and Siokra). Resulting that one
isolate of P, fluorescens and two isolates of Bacillus
spp. were effective against seedling root rot disease
as fungicides in both years. They reported that it is
possible to use combination of both, fungicides and
antagonist bacteria against diseases in the field.

In the present study, the effects of fluorescent
Pseudomonas strains against cotton seedling diseases
were tested both in vitro and in vivo conditions.

2. Material and Methods

2.1. Plant material, pathogens and fluorescent
Pseudomonas spp. strains

Delinted seeds of cotton (Gossypium hirsutum L.)
cultivar Carmen were the plant materials. Fifty-
nine fluorescent Pseudomonas strains isolated
from cotton and weeds were used in this study
that effective in the root zone of cotton as well as
summer and winter weeds (Erdogan & Benlioglu
2010). Three pathogenic isolates of Rhizoctonia
solani AG4, Fusarium sp. and Pythium deliense
used in the experiment were originally isolated
from the roots of cotton and tomato seedlings
infected with damping-off disease. Isolation,
purification and identification of these fungi
were carried out at Adnan Menderes University,
Mustafa Kemal University and Siileyman Demirel
University, Faculty of Agriculture, Department of
Plant Protection. Fungicides, active substances and
application doses are given in Table 1.

Table 1- Fungicides, active substance and application doses

Cizelge 1- Fungisitler, etkili madde ve uygulama dozlart

Trade name* Company  Active substance and percentage Formulation Dose
Vitavax 200 FF Hektas Carboxin 205 g L'+ Thiram 205 g L"! FF 400 mL 100 kg™ seed
MaximXL,, .. Syngenta  Fludioxonil 25 g + Mefenoxam 10 g FS 300 mL 100 kg™! seed
Subtilex Seed™  Bioglobal  Bacillus subtilis MBI 600 WP 18 g 100 kg seed

*, Vitavax 200 FF and MaximXL

035FS”

2.2. Preparation of pathogen inoculums

Inoculum for seedling disecase agents (R. solani,
Fusarium sp. and P deliense) was prepared by
recommendation of Martin (2000) that is oat bran
formulation (30 g Oat bran, 30 g vermiculite, and 60
mL of sterile water). Then, R. solani and Fusarium
sp. cultures were developed in media of Yeast
Dextrose Agar (YDA) and Potato Sucrose Agar
(PSA) at 24+1 °C for one week. An agar disk from
the edge of P. deliense culture produced on Corn
Meal Agar (CMA) at 21+1 °C for one week was

commercial fungicides; Subtilex Seed™, Biofungicide

taken and mixed as 4-5 counts to each bag. Bags
were closed tightly and incubated (24+1 °C and
2141 °C) for three weeks and mixed at the end of
the first week.

2.3. In vitro assay

In vitro inhibition zone tests for FP strains against R.
solani, Fusarium sp. and P. deliense were performed
according to the dual-culture assay in which FP
strains were subjected to pre-selection against
three damping-off agents (R. solani, Fusarium sp.
and P. deliense) on Potato Dextrose Agar (PDA)

400
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plates. Then, to determine the rate of inhibition by
FP strains, in vitro experiment was conducted as
randomized plot design with three replications on
PDA plates. Each plate was inoculated with four
droplets of 10 pL bacterial suspension (at 10% cfu
mL! concentration) symmetrically placed on four
sites at equal distances (2 cm) from the center
of plate. As a control, 10 pL of sterile water was
dropped into four separate points on PDA plate.
After incubation of PDA in petri plates for one day
at 24+1 °C, an agar disc of 5 mm diameter taken
from the edge of ten days grown R. solani (AG4),
Fusarium sp. and P. deliense cultures and planted
into the middle point of the bacteria inoculated petri
plates and the control petri plates. After seven days
incubation period of media for R. solani (AG4) and
Fusarium sp. at 24+1 °C, for P. deliense at 21+1
°C, colony diameters of R. solani (AG4), Fusarium
sp. and P. deliense were measured separately and
percent inhibition zones were determined by the
Equation 1 (Weller & Cook 1986; Gamliel & Katan
1993).

Inhibition Zone (%)= C-7/C x 100 1

Where; C, diameter (mm) in the petri plates used
as a control; 7, fungi colony diameter (mm) in petri
plates with bacteria.

2.4. In vivo experiments

A local cotton variety cv. Carmen seeds delinted
with sulfuric acid were used in pot experiments
(Akpmar & Benlioglu 2008). Subsequently, these
seeds were tested for germination percentage in
a growth chamber (at 24+1 °C; 50-70% relative
humidity; a 12 h light/12 h dark). Germinations
were in plastic containers (1000 mL) and each
container received forty seeds (ten seeds for each
replicate) in a completely randomized plot design
in four replications. Firstly, biofungicides (Table 1)
were stirred in 1 mL of water at recommended doses
and after cotton seeds coated, they let to dry for
12 h at room temperature. The control seeds were
coated with only 1% of carboxy-methyl-cellulose
(CMC). To coat cotton seeds with FP strains, a 2.5%
of NaOCl surface disinfection for 1 min performed

with sterile water. In the trial, cotton seeds (totally
forty seeds for each treatment) were inoculated with
each FP isolates using 1% CMC. For this purpose,
antagonistic bacteria strains (at 10% cfu mL!
concentration) produced at Nutrient Broth (NB)
for 24 h, and were suspended with 1% of medium
viscosity of CMC (2 mL) to coat cotton seeds (Quadt
et al 1997). Seeds were spread on the filter paper to
be dried in a sterile cabinet at room temperature and
planted in one liter of plastic containers containing
100 mg of R. solani (AG4), Fusarium sp., and P,
deliense inoculum within 24 h. Approximately,
seven days after planting, germinated seeds
were counted and recorded. Seeds that were not
germinated or germinated but later knocked down
and intact seedlings were counted and evaluated.
Percentage of disease incidence (DI) was calculated
using the Equation 2 (Hassanein 2012). These trials
were performed as randomized plot design with four
replications in a growth chamber (at 24+1 °C; 50-
70% relative humidity; a 12 h light/12 h dark).

DI (%)= no. of infected plants/total no. of plants x 100 (2)

2.5. Statistical analysis

All data obtained in experiments were analyzed
using JMP statistical software (PC version 5.0, SAS
Institute, Cary, NC, for PC computer) with the 95%
confidence level.

3. Results and Discussion

3.1. In vitro assay

In our study, the effects of fifty-nine fluorescent
Pseudomonas strains isolated from the rhizosphere
of cotton and weeds on mycelium growth of seedling
root rot pathogens (R. solani, Fusarium sp. and P.
deliense) were tested. Results of dual-culture assay in
vitro against R. solani showed the highest inhibition
rate (49.60%) by strain FP40. Maximum effects
(43.80%, 43.50% and 43.10%) against Fusarium sp.
were obtained from strains of FP51, FP48 and FP35,
respectively. Strains of FP57, FP52 and FP47 had the
highest impact against P. deliense as 59.80%, 57.80%
and 57.60%, respectively (Table 2,3 and 4). In a similar
study, Waara et al (1993) concluded that Pseudomonas
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species suppressed R. solani, Pythium spp., Fusarium
spp. both in vitro and in vivo. Also, P. fluorescens
isolated from cotton fields in Egypt was suppressed by
Pythium carolinianum in vitro (Abdelzaher & Elnaghy
1998). The another research by Laha & Verma (1998)
aiming to investigate the effects of the 58 different P.
Sfluorescens isolates from cotton rhizosphere on root rot
of cotton, 16 of them inhibited the development of R.
solani by 10-36% in Pseudomonas agar in fluorescein
(PAF) culture. Demir et al (1999) used 128 isolates of
fluorescent pseudomonas isolated from healthy cotton
seedlings and rhizosphere soils to test in vitro for their
effect on R. solani and found that the application of
dried xanthum gum (XG) formulations to cotton seeds

were increased emergence, reduced disease incidence
as compared to control seeds without bacteria. P
Sfluorescens (Gh/R 1810) was the most effective strain,
resulting 16.36% greater emergence and 57.94%
greater survival of cotton seedlings than the untreated
control. The mycelia growth of fungi Pythium
aphanidermatum and R. solani were inhibited by five
of Pseudomonas isolates (Afsharmanesh et al 2006).
In a research to determine antagonistic effects of six
of Pseudomonas isolates and six of Bacillus isolates
in vivo and in vitro against Fusarium oxysporum f. sp.
ciceris, all isolates had antagonistic effect on pathogen
as a result of in vitro dual-culture assay (Karimi et al
2012).

Table 2- Inhibition rates of FP strains against R. solani in vitro

Cizelge 2- In vitro da fluoresan pseudomonas izolatlarinin R. solani’yi engelleme oranlar

Strains Origin Fungus colony diameter (mm)* Inhibition rate (%)
FP6 G. hirsutum (Nazilli 84 S) 14.41 cde 38.50
FP20 Solanum nigrum 13.33 def 43.20
FP30 G. hirsutum (Carmen) 17.40 b 25.70
FP35 Convolvulus arvensis 13.00 ef 44.40
FP40 Malva sylvestris 11.83 f 49.60
FP42 Raphanus sp. 16.80 b 28.20
FP43 Malva sylvestris 14.25 cde 38.90
FP45 Raphanus sp. 15.73 be 32.90
FP47 G. hirsutum (Nazilli 84 S) 13.83 de 36.40
FP48 G. hirsutum (Carmen) 15.03 cd 35.90
FP53 G. hirsutum (Giza 45) 14.67 cde 32.60
FP59 G. hirsutum (Carmen) 14.33 cde 34.20
Control 2340a 00.00
CV % 6.70

*, in the same column means with different letters indicate the significant difference (LSD test, P<0.05)

Table 3- Inhibition rates of FP strains against Fusarium sp. in vitro

Cizelge 3- In vitro 'da fluoresan pseudomonas izolatlarimin Fusarium sp.’yi engelleme oranlar

Strains Origin Fungus colony diameter (mm)* Inhibition rate (%)
FP9 Datura stramonium 18.53 bed 36.60
FP14 Solanum nigrum 18.17 bed 35.50
FP20 Solanum nigrum 16.75 cd 41.50
FP21 Datura stramonium 17.83 bed 36.70
FP23 Portulaca sp. 16.75 c¢d 41.50
FP25 Chenepodium album 20.00 b 31.50
FP30 G. hirsutum (Carmen) 19.57b 32.90
FP35 Convolvulus arvensis 16.58 d 43.10
FP48 G. hirsutum (Carmen) 16.50d 43.50
FP49 G. hirsutum (BA 119) 17.00 cd 41.30
FP51 G. hirsutum (Nazilli 143) 16.41d 43.80
FP57 G. hirsutum (STN-8A) 19.17 be 32.30
Control 29.20 a 00.00
CV% 7.20

*, in the same column means with different letters indicate the significant difference (LSD test, P<0.05)
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Table 4- Inhibition rates of FP strains against P. deliense in vitro

Cizelge 4- In vitro da fluoresan pseudomonas izolatlarinin P. deliense’yi engelleme oranlari

Strains Origin Fungus colony diameter (mm)* Inhibition rate (%)
FP5 Portulaca sp. 18.53 be 40.40
FP9 Datura stramonium 16.33d 47.60
FP14 Solanum nigrum 16.40 d 47.40
FP19 Chenepodium album 17.25 bed 44.70
FP20 Solanum nigrum 1897 b 39.20
FP21 Datura stramonium 16.06 d 48.50
FP23 Portulaca sp. 16.25d 47.90
FP28 Xanthium strumarium 1593 d 48.90
FP30 G. hirsutum (Carmen) 16.73 cd 46.30
FP35 Convolvulus arvensis 16.83 cd 46.00
FP48 G. hirsutum (Carmen) 17.25 bed 44.70
FP49 G. hirsutum (BA 119) 15.63d 49.90
FP52 G. hirsutum (Nazilli 84 ) 13.17 e 57.80
FP56 G. hirsutum (Nazilli 84 S) 13.23 ¢ 57.60
FP57 G. hirsutum (STN-8A) 12.53 ¢ 59.80
Control 31.18a 00.00
CV % 6.80

*, in the same column means with different letters indicate the significant difference (LSD test, P<0.05)

3.2. In vivo experiments

The results of germination seven days after planting
were given in Table 5, 6 and 7 for the experiment,
conducted in the pots in a growth chamber in order
to determine the effects of FP strains, commercial
fungicides and biofungicides against seedling root
rot agents in cotton. The FP strains were significantly
different in pots trials. Although commercial
fungicides Maxim (76.0%) and Vitavax (73.6%) as
well as strains FP35 (73.2%) and FP48 (73.1%) had
maximum effect against R. solani, they were in the
same statistical group with biofungicide Subtilex
(70.9%). The lowest antagonistic effect against R.
solani was obtained from the strains FP45 (50.5%)
and FP47 (51.9%). In addition, applications of
Maxim, Vitavax, FP35, FP48 and Subtilex that
showed highest effect against R. solani, also resulted
the highest number of total germinated plants, 37, 36,
36, 36 and 36, respectively. Commercial fungicides
Maxim (77.0%), Vitavax (73.3%) and strain FP57
(73.2%) had also maximum impact on Fusarium
sp. and found in the same statistical grouping. In

contrast, the lowest impact against Fusarium sp.
was obtained from FP21 (35.0%). Total numbers of
germinated plants were also obtained from Maxim,
Vitavax and FP57 as 39, 37 and 35, respectively. P,
deliense was affected by Maxim (79.1%) and Vitavax
(76.1%) at most and followed by Subtilex (73.9%)
and strains FP20 (73.9%), FP35 (73.8%) and FP57
(73.4%). The lowest impact against P. deliense was
belonging to strain FP5 (31.6%). Moreover, the
number of total germinated plants was also higher
in the applications that had the highest impact on P.
deliense (Table 5, 6 and 7). Prior to sedaxane, other
fungicides, such as carboxin fungicides and several
analogs, pyraccarbolid, fenfuram, methfuroxam,
furrmetamid, and pyrazoles Ila and IIb were
selectively effective in controlling R. solani in
cotton in either in vitro or in vivo experiments. A
seed treatment containing the active ingredient
sedaxane is an innovative option for growers whose
fields have a historic incidence of R. solani and
have previously experienced soybeans losses due
to the pathogen (Huppatz et al 1983). Dagger G,
bioformulation of P. fluorescens had suppressed
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both Rhizoctonia spp. and Pythium spp. in cotton
(Bradow 1991). P. fluorescens strain BL915 was
effective against R. solani by producing pyrrolnitrin
(Hill et al 1994). In a study, Zaki & Kersten (1998)
used P. cepacia D1 race, biofungicides such as Deny
and Kodiak and fungicidal mixtures (metalaxyl,
triadimenol and thiram) against R. solani in field
trials in Arizona in 1995-1996. Study resulted that
plants from the cotton seeds treated with D1 race
and fungicidal mixtures were not infected with
disease. Nemli & Sayar (2002) examined the effects
of many fungicides and fungicide combinations
against cotton seedling root rot and found that
combinations of carboxin+tthiram+metalaxyl and
fluodioxinil+metalaxyl were more effective than
other applications had. Akpmar & Benlioglu (2008)
used two of endophytic bacteria (Burkholderia
cepacia F5), one of Bacillus megaterium (C5),
one of biofungicide (7. harzianum KUEN-1565)
and fungicides (Trilex, BYF 182, Vitavax 200 FF)
against damping off diseases caused by R. solani in
pot and field trials in cotton during 2006-2007. The
best results of pot trials for pre-emergence damping

off disease were obtained from seed treatment
applications of BYF 182, Trilex, Vitavax and F5. In
field trials, the lowest rate of damping off disease
before emergence were obtained from fungicides
Vitavax and BYF 182 in Soke and from fungicides
Vitavax and Trilex in Nazilli. On the other hand,
Ardakani et al (2009) reported that Bentonite-B1
application increased healthy seedlings and was
more effective than applications of carboxin+thiram
against R. solani at 15, 30, 45 and 60 days after
planting in a study using P. fluorescens (talk
and bentonite formulation) and one of fungicide
(carboxin+thiram) with a cotton variety in a climate
chamber in Iran.

4. Conclusions

As a result, Pseudomonas strains 35 and 57 were
as effective as commercial fungicides (Vitavax
and Maxim) and biofungicides (Subtilex) against
especially all three pathogens (R. solani, Fusarium
sp., and P. deliense) and had promising results.
Coating seeds with the bacteria in the study was

Table 5- Effects of FP strains, commercial fungicides and biofungicide against R. solani in pot trials

Cizelge 5- Saksi denemelerinde fluresan pseudomonas, biyopreparat ve fungisitlerin R. solani’ye etkileri

Treatments Total emerged plants Average of emerged plants (%) Effect against R. solani (%) *
FP6 33 17.5 60.4 abc
FP20 33 17.5 58.1 abe
FP30 33 17.5 65.6 abc
FP35 36 9.0 732 a
FP40 33 17.5 61.9 abc
FP42 34 15.0 62.8 abc
FP43 33 17.5 59.1 abe
FP45 30 25.0 50.5¢
FP47 31 225 519¢
FP48 36 9.0 73.1a
FP53 33 17.5 67.4 abc
FP59 32 20.0 54.8 be
Control (+) 23 42.5 15.7d
Vitavax (K) 36 9.0 73.6a
Maxim (K) 37 7.5 76.0 a
Subtilex (K) 36 9.0 70.9 ab
CV % 32.03

* in the same column means with different letters indicate the significant difference (LSD test, P<0.05)
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Table 6- Effects of FP strains, commercial fungicides and biofungicide against Fusarium sp. in pot trials

Cizelge 6- Saksi denemelerinde fluresan pseudomonas, biyopreparat ve fungisitlerin Fusarium sp. ye etkileri

Treatments Total emerged plants Average of emerged plants (%) Effect against Fusarium sp. (%) *
FP9 31 22.5 553¢
FP14 33 17.5 64.8 abed
FP20 32 20.0 57.1 bed
FP21 27 32,5 35.0e
FP23 34 15.0 70.8 def
FP25 30 25.0 56.3 cd
FP30 33 17.5 67.6 abed
FP35 34 15.0 70.9 abc
FP48 34 15.0 70.5 abe
FP49 28 30.0 554c¢
FP51 33 17.5 64.5 abed
FP57 35 12.5 72.0 ab
Control (+) 25 37.5 18.6 f
Vitavax (K) 37 7.5 733 a
Maxim (K) 39 2.5 77.0 a
Subtilex (K) 34 15.0 70.1 abc
CV% 26.40

*, in the same column means with different letters indicate the significant difference (LSD test, P<0.05)

Table 7- Effects of FP strains, commercial fungicides and biofungicide against P. deliense in pot trials

Cizelge 7- Saksi denemelerinde fluresan pseudomonas, biyopreparat ve fungisitlerin P. deliense ye etkileri

Treatments Total emerged plants Average of emerged plants (%) Effect against P. deliense (%) *
FP5 28 30.0 316f

FP9 33 17.5 62.6 bede
FP14 35 12.5 71.9 abed
FP19 33 17.5 67.3 abede
FP20 36 10.0 73.9 abc
FP21 30 25.0 56.1e
FP23 30 25.0 58.8 de
FP28 30 25.0 60.0 cde
FP30 34 15.0 70.7 abed
FP35 36 10.0 73.8 abc
FP48 35 12.5 71.3 abed
FP49 33 17.5 65.9 abede
FP52 33 17.5 69.2 abede
FP56 30 25.0 62.7 bede
FP57 36 10.0 73.4 abc
Control (+) 24 40.0 203 f
Vitavax (K) 37 7.5 76.1 ab
Maxim (K) 37 7.5 79.1a
Subtilex (K) 37 7.5 73.9 abc
CV % 28.20

* in the same column means with different letters indicate the significant difference (LSD test, P<0.05)
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carried out with simple laboratory facilities and
the method used was effective and easy to apply
commercially. On the other hand, field trials with
these antagonistic bacteria and more detailed studies
of bio-controlling mechanisms of action are needed.
Since fungicides are polluting the environment and
demand for organic cotton production, biological
preparations can be used as an alternative to
fungicides.
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ABSTRACT

Golbasi district, located at 20 km south of Ankara city is one of the special environmental protection areas (SEPA) of
Turkey. The water resources of Golbasi district are under the pressure of urbanization and agricultural activities. In recent
years, the demand for groundwater has increased, however accesibility is limited by the quantity and quality of water.
This study aims to evaluate the irrigation water quality in Golbasi SEPA. A total of 41 water samples were collected from
existing wells and fountains in 11 villages of Golbasi SEPA and analyzed for relevant quality parameters to assess their
conformity with irrigation water quality standards. Analysis of samples led to classification of samples into 19 groups with
common characteristics. Among them, 20 samples in Group 1-5 had salinity and alkalinity class of C2-S1, and they had
the best water quality. On the other hand, 15 samples in Groups 6-14 had salinity and alkalinity class of C3-S1. Since these
waters have high level of salt, leaching and special soil tillage is required to avoid salinity problem on the long-term. Yield
reduction up to 10-25% may be experienced with alfalfa and corn. Among the samples, only 6 waters had salinity class of
C4, and alkalinity of S1, S2 or S4. These waters are not suitable for irrigation under normal conditions. In special cases, they
can be used if salt resistant plants are selected, where drainage is good and excess leaching is applied. Land reclamation
may be required on the long term. Yield reduction up to 25-50% may be experienced with alfalfa and corn due to salinity.

Keywords: Agriculture; Boron; Golbasi; Salinity; Water quality

Golbasi Bolgesi’nde Sulama Suyu Kalitesinin Degerlendirilmesi
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OZET

Ankara ilinin 20 km giineyinde yer alan Gélbasi bolgesi, Tiirkiye’nin 6zel gevre koruma bdlgelerinden (OCKB) birisidir.
Golbast bolgesindeki su kaynaklari kentlesme ve tarim faaliyetlerinin baskisi altindadir. Son yillarda, bolgede yeraltt
suyu talebi artmistir, ancak erisilebilirlik suyun kalitesi ve miktari ile snirlidir. Bu ¢alismanin amaci, Golbasi OCKB’nde



Evaluation of Irrigation Water Quality in Gélbasi District, Capar et al

kullanilan sulama suyu kalitesinin degerlendirilmesidir. Gélbast OCKB smirlart iginde bulunan 11 mahallede mevcut
kuyu ve cesmelerden 41 adet su 6rnegi toplanmis ve ilgili kalite parametreleri 6lgiilerek sulama suyu kalite standartlarina
uygunlugu degerlendirilmistir. Orneklerin incelenmesi sonucunda ortak ozelliklere sahip 19 grup ortaya gikmus,
bunlardan Grup 1-5 iginde yer alan 20 6rnegin tuzluluk ve alkalilik sinifi C2-S1 olarak bulunmustur. Bu 6rnekler, sulama
suyu olarak en iyi kaliteye sahip sulardir. Diger yandan, Grup 6-14 i¢inde yer alan 15 6rnegin tuzluluk ve alkalilik sinifi
C3-S1 olarak bulunmustur. Bu sular, yiiksek tuzluluga sahip olduklarindan uzun dénemde tuzluluk problemi yaratmamak
icin yikama ve 6zel toprak isleme gerekmektedir. Tuzluluk nedeniyle yonca ve misir gibi bitkilerde % 10-25’e varan
verim kayb1 gozlenebilir. Ornekler arasinda yalnizca 6 6rnegin tuzluluk smifi C4, alkalilik ise S1, S2 veya S4 olarak
bulunmustur. Bu sular, normal kosullarda sulama suyu olarak kullanilmaya uygun degildir. Ozel durumlarda, tuzluluga
dayanikli bitki tiirlerinin se¢ilmesi, drenajin iyi oldugu ve bol yikama yapilan durumlarda kullanilabilir. Uzun donemde
arazi 1slah1 gerekebilir. Tuzluluga bagl olarak yonca ve misirda % 25-50ye varan oranda verim kayb1 gozlenebilir.

Anahtar Kelimeler: Bor; Golbasi; Su kalitesi; Tarim; Tuzluluk

1. Introduction

Turkey is under the risk of becoming a water-poor
country by 2030 due to limited water resources and
expected adverse impacts of population increase
and climate change. As a candidate country to the
European Union (EU), Turkey has to adopt the
environmental policy of EU and transpose the related
legislation such as the Water Framework Directive
(WFD) (2000/EC/60) (Dalkilig & Harmancioglu
2008). The WFD promotes integrated management
of water resources to reduce problems associated
with excessive water abstraction, pollution, floods
and droughts (EC 2000). Therefore, Turkey has to
use her water resources wisely to minimize water
stress in the future.

Turkey gets an average of 643 mm precipitation
per year, however some regions suffer from water
scarcity due to lower precipitation levels. Golbasi
district, located at a distance of 20 km south of
Ankara city, is one of these regions. It gets an
average of 400 mm precipitation per year and has
a terrestrial climate. The weather is cold and rainy
in winters, whereas it is hot and arid in summers.
Annual average temperature is 11.7 °C (DSI 2007).
These conditions result in water scarcity in the
region. In addition, water resources are polluted by
natural and anthropogenic factors. Although Golbasi
has been designated as a Special Environmental
Protection Area (SEPA), it is not well protected
due to the increasing pressures resulting from

© Ankara Universitesi Ziraat Fakiiltesi

urbanization and agricultural activities. These
activities adversely affect the quality of surface
and groundwater resources in the district. Giingor
(2010) reports that the main reason of groundwater
pollution in the areas near Eymir and Mogan Lakes is
the presence of Hangili geological formation, which
results in natural pollution. However, pollution due
to anthropogenic factors also threatens the water
quality in the district.

Water quality is important for every type
of cultivation. When used for irrigation, poor
water quality may lead to reduced crop yield and
economical losses. Therefore, irrigation water
quality should be known in order to maintain long-
term productivity. The effects of irrigation water
on crop production and soil quality are described
by salinity hazard, sodium hazard, pH, alkalinity
and specific ions (CSU 2015). However, water
salinity, as measured by electrical conductivity
(EC) is the most influential water quality guideline
on crop productivity. In irrigated agriculture, if
salt accumulates in the crop root zone to a certain
concentration, a salinity problem occurs, causing
yield reduction. The salt originates either from the
saline, high water table or the irrigation water (FAO
1994). The usual range of EC for irrigation water
is given as 0-3 dS m! by FAO (1994). This range
is divided arbitrarily into three degrees of severity:
none, slight to moderate, and severe based on field
studies, research trials and observations.
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Sodium adsorption ratio (SAR) is used to define
sodicity in terms of the relative concentration
of sodium compared to the sum of calcium and
magnesium ions in water. SAR assesses the potential
for infiltration problems due to a sodium imbalance
in irrigation water (CSU 2015). The usual range of
SAR inirrigation water is given as 0-15 (FAO 1994).
SAR values of 1-10 are low and 10-18 are medium.
For medium SAR values, amendmends and leaching
is required. SAR values of 18-26 are high and they
are generally not suitable for continuous use (FAO
1994). Regarding infitration problem, SAR needs
to be considered together with EC. This is because
the swelling potential of low salinity waters is
greater than high salinity waters at the same sodium
content. Therefore, a more accurate evaluation of
the infiltration/permeability hazard requires using
EC together with SAR (CSU 2015).

The residual sodium carbonate (RSC) is
important for carbonate-rich and bicarbonate-rich
irrigation waters. RSC shows their tendency to
precipitate calcium. As RSC increases above zero,
sodium hazard to soil structure also increases since
water adds more carbonates than divalent cations
to the soil. When RSC is positive, calcium is lost
from the soil solution. Water resources having RSC
greater than 2.5 me L' cannot be used for irrigation
without amendment. However, in general water
samples having RSC less than 1.25 me L' can be
used safely for irrigation (FAO 1994). Similarly,
water resources containing high salinity (Class C3)
and high alkalinity (Class S3) are not suitable for
irrigation (USDA 1954).

In Golbasi SEPA, farmers mostly depend
on groundwater resources, which are naturally
contaminated with boron and salinity. The main
reason of salinity is low precipitation and high
evaporation in arid and semi-arid regions (Tas &
Ozturk 2011). The salt content of irrigation water
may adversely affect the yield by reducing the water
availability to the crop. In addition, groundwaters in
some regions contain high levels of boron as Turkey
lands are rich in this element. Although boron is an
essential element for plants, it becomes toxic at high
concentrations for some plants. Some plants are

more sensitive to boron than others. Sensitive plants
can tolerate irrigation waters up to 0.3 mg L' boron,
while resistant plants may be able to survive up to
4 mg L' boron in irrigation water (SKKY 1991;
Kabay et al 2007).

Although chloride is essential to plants in very
low amounts, it can cause toxicity to sensitive crops
at high concentrations. Like sodium, high chloride
concentrations cause more problems when applied
with sprinkler irrigation. Leaf burn under sprinkler
from both sodium and chloride can be reduced by
night time irrigation or application on cool, cloudy
days (CSU 2015).

In Golbasi SEPA, irrigated agriculture, although
limited, is still practiced. Therefore, there is a need
to determine the current quality of water resources
in the district. For this purpose, the aim of this
study is to evaluate the irrigation water quality in
Golbasi SEPA. The most widely grown plants in
the region, i.e., wheat, barley, alfalfa and corn, were
considered for evaluation. Water quality of samples
were evaluated in terms of salinity and alkalinity
class, effect of salinity on yield, SAR, RSC, boron,
chloride and sulfate contents.

2. Material and Methods

2.1. Sampling

In Golbasi SEPA (Figure 1), 11 villages (Ballikpinar,
Gaziosmanpasa, Gokcehoyuk, Hacilar, Hacihasan,
Karaoglan, Ogulbey, Orencik, Yaglipinar, Yavrucak,
Yurtbeyi) were visited during the irrigation season
(May-June) in 2012. The area of Golbas1 SEPA is
274 km?, which is almost one-third of the area of
Golbasi district (738 km?). It is known that irrigated
agriculture is very limited in Golbasi district due to
water scarcity. In Golbasi SEPA, the water resources
used for irrigation were identified with the help of
Golbasi Governorate District Directorate of Food,
Agriculture and Livestock. A total of 41 samples
were collected from several resources such as wells,
lagoons and fountains. In choosing the sampling
points, priority was given to the water resources
that were already used for irrigation. Among the
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samples collected, 10 of them were used only for
irrigation, 24 of them were used only for livestock
breeding, 3 of them were used for both purposes and
4 of them were not used for any purpose. Samples
were collected in 1 L polyethylene bottles and
immediately sent to the laboratory for analysis.

GANKAYA

Eslgesi &

BALA BELE
MUCAVIR

KARAALI MERK

Figure 1- Map of Golbasi SEPA
Sekil 1- Golbasi OCKB haritast

Table 1- Water quality parameters measured

Cizelge I- Ol¢iilen su kalitesi parametreleri

Before selecting the sampling points, the
chemical analysis results of another study were
examined; the study covered 65 samples collected
from water resources belonging to private and
corporate entities (DSI 2007). However, after
that time, it was found that some of these water
resources could not be used or dried out. Therefore,
it was possible to collect samples from 41 water
resources in this study. Most of the samples
belonged to families who deal with irrigated
agriculture and livestock breeding. In evaluation
of the water quality, the method of irrigation was
assumed as sprinkler irrigation.

2.2. Water quality analyses

Water samples were analyzed for electrical
conductivity (EC), sodium, calcium, magnesium,
carbonate, bicarbonate, boron, chloride and sulfate
(Table 1) (Richards 1954; Eltan 1998). Analyses
were carried out at the Irrigation Water Quality
Analysis Laboratory of Soil Fertilizer and Water
Resources Central Research Institute (Ministry of
Food Agriculture and Livestock).

Electrical conductivity was measured directly
with a Jenway model electrical conductivity meter
with temperature correction according to the method
TS 9748 EN 27888. Sodium was measured by a
flame photometer, where the color of the flame was
measured at a wavelength of 589 nm according to the
method TS 4530/T1. Calcium and magnesium were
measured by titration with EDTA according to the

Parameter Unit Method

Electrical conductivity (EC) uS cm! TS 9748 EN 27888
Sodium me L' TS 4530/T1

Calcium me L TS 8196

Magnesium me L TS 4474 1SO 6059
Carbonate me L' TS 8489

Bicarbonate me L! TS 8489

Boron mg L' TS 3661

Chloride me L' TS 4164 1SO 9227
Sulfate me L' Barium chloride method
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methods TS 8196 and TS 4474 ISO 6059. Carbonate
and bicarbonate were measured by titration with
sulfuric acid according to the method TS 8489.
Boron was measured by the Karmin method using
a spectrophotometer according to the method TS
3661. Chloride was measured by Mohr method via
titration with silver nitrate according to the method
TS 4164 ISO 9227. Sulfate was measured according
to barium chloride turbidimetric method.

Sodium adsorption ratio (SAR) was calculated
from sodium, calcium and magnesium data. USA
Salinity Lab class was determined for each sample
by using SAR and electrical conductivity (EC) data.
Residual sodium carbonate (RSC) was calculated using
carbonate, bicarbonate, calcium and magnesium data.

The quality of water samples were evaluated
based on the comparison with guidelines given in

Table 2. The values in Table 2 are applicable under
normal field conditions prevailing in most irrigated
areas in the arid and semi-arid regions of the world
(FAO 1994).

In terms of specific ion toxicity, sodium, chloride
and boron limits are considered (Table 2) depending
on the type of irrigation method. The usual range of
use for boron is reported as 0-2 mg L' and it is 0-30
me L' for chloride, 0-20 me L' for sulfate and 6.5-
8.4 for pH (FAO 1994).

3. Results and Discussion

The raw data are given in Table 3. As seen, pH of
samples changed from 7.0 to 8.7, which is within
the normal range of 6.0-8.5, except one sample,
that is HA-1 in Hacilar village. This result agrees
with previous findings in the district; Maral (2010)

Table 2- Irrigation water quality guidelines (FAO 1985)
Cizelge 2- Sulama suyu kalitesi kilavuz degerleri (FAO 1985)

Degree of restriction on use

Potential irrigation problem Unit
None Slight to moderate Severe
Salinity (affects crop water availability)
EC,, dS m! <0.7 0.7-3.0 >3.0
Infiltration (affects infiltration rate of water into the soil. Evaluate using ECw and SAR together)
SAR 0-3 EC,, >0.7 0.7-0.2 <0.2
3-6 >1.2 1.2-0.3 <0.3
6-12 >1.9 1.9-0.5 <0.5
12-20 >29 2.9-13 <13
20-40 >5.0 5.0-2.9 <29
Specific ion toxicity (affects sensitive crops)
Na Surface SAR <3 3-9 >9
Sprinkler me L <3 >3
Cl Surface me L <4 4-10 >10
Sprinkler me L <3 >3
B mg L! <0.7 0.7-3.0 >3.0
Miscellaneous effects (affects susceptible crops)
?I;Cé‘ng’)nate Spr(i)nfgﬁ;ajnly me L <15 1585 >8.5
pH Normal range 6.5-8.4
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have found that pH of two samples collected in
Golbasi are 7.7 and 7.8. Similarly, DSI (2007) have
found that pH of 34 samples collected from wells
in Golbasi SEPA villages are 6.6-8.0, with very few
samples having pH slightly higher than 8.0.

Electrical conductivity of samples varied
between 0.4 dS m™ and 4.0 dS m™' (Table 3). These
values are similar to those found by Maral (2010);
EC of two samples collected in Golbasi were found
as 1.3 dS m'and 1.9 dS m™ respectively. Similarly,
DSi (2007) have found that EC of 34 samples
changed from 0.3 dS m'to 4.5 dS m' in Golbasi
SEPA.

US salinity and alkalinity classes of samples
collected in Golbasi SEPA were determined. A total
of 21 samples (51%) were C2-S1, 14 samples (34%)
were C3-S1, and the remaining 6 samples (15%)
were C4-S1, C4-S2 and C4-S4 (Table 3). So, only
two samples were C4-S4, which are HA-1 and YC-3,
respectively. HA-1 (drilling well with 200 m depth)
is currently used for landscape irrigation in a school
garden in Hacilar village and YC-3 (drilling well
with 96 m depth) belongs to a private property in
Yavrucak, which can not be not used at the moment.
These data agree well with literature findings; Maral
(2010) found the salinity class of two samples in
Golbasi as C3. Similarly, DSI (2007) found that
16 samples (47%) were C2-S1, 11 samples (32%)
were C3-S1, and the remaining 7 samples (21) were
C1-S1, C3-S2 and C4-S4. Thefore, both the results
of this study and literature findings clearly show
that most water resources in Golbasi SEPA have
moderate to high salinity and low alkalinity.

The Na' concentration of samples changed from
0.1 me L'to 26.9 me L*'. The usual range for Na* is
0-40 me L' (FAO 1994). Therefore, all the samples
contain acceptable Na“ concentrations. The values
of Na* determined by DSI (2007) are also within the
acceptable range. The Ca*? and Mg* concentrations
of 41 samples changed from 0.1 me L'to 7.1 me
L'and from 0.1 me L' to 28.9 me L, respectively.
According to FAO (1994), the usual ranges for Ca*
and Mg™ in irrigation water are 0-20 me L' and 0-5
me L, respectively. Therefore, it can be said that

Ca™ content of the samples are acceptable, however
Mg content of 14 samples (34%) are much higher
than the acceptable range (Table 3). In Golbasi
district, the origin of Mg™ is the ophiolitic rocks.
The surface and shallow waters become rich in
Mg*? and bicarbonate while permeating through the
ophiolitic rocks and reach the aquifer formations.
Therefore, in groundwaters Mg™ content is often
dominant as compared to the Ca™ contents.

In magnesium dominated waters, i.e., Ca/Mg
is less than 1, the potential effect of sodium may
be slightly increased. This means a given SAR
value will show slightly more damage if the Ca/
Mg ratio is less than 1. The lower the ratio, the
more damaging is the SAR (Maral 2010). When
determining the suitability of a water for irrigation,
there are insufficient data to make the Ca/Mg ratio
an evaluation factor. However, if an irrigation
water is used that has a Ca/Mg ratio less than 1, a
further evaluation is needed. Such waters may pose
a potential problem related to plant nutrition. An
evaluation may be needed to determine if a readily
available source of soluble calcium exists in the soil
or whether further studies are needed to determine
if calcium should be added as a fertilizer or soil
amendment (FAO 1994). In this study, Ca/Mg ratio
of 23 samples (56%) is less than 1. These are BP-
1, BP-2, GH-1, OB-1, OB-2, OB-3, OB-4, OB-5,
OB-6, OB-7, OB-8, OR-1, OR-2, OR-3, YP-1, YP-
2,YP-3, YP-5,YC-1,YC-2, YC-3, YB-2 and YB-4
(Table 3). According to the comments given in Table
4, further evaluation will be required regarding plant
nutrition and addition of calcium as fertilizer or soil
amendment in case of using these water resources
for irrigation.

In most water samples, there is no carbonate. The
carbonate content of only four samples are greater
than zero; HA-1, KO-9, YP-3 and YC-3. They are
between 0.6-5.2 me L', which are higher than the
FAO usual range of 0-0.1 me L*!. On the other hand,
bicarbonate content of samples is between 3.5-14.2
me L', where FAO usual range is given as 0-10
me L (1994). Therefore, only four samples have
bicarbonate levels higher than FAO usual range;
these are GP-1, HA-1, OB-8 and YC-4 (Table 3).
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On the other hand, bicarbonate contents of BP-2,
OR-3 and YP-2 are very close to the upper limit
of 10 me L. Similarly, Maral (2010) have found
that bicarbonate content of two samples collected
in Golbasi were 6-13 me L. In addition, DSI
(2007) reports bicarbonate levels within 1.7-12.2.
These data show that bicarbonate levels of samples
analyzed in this study agree with literature.

According to FAO (1994), when using overhead
sprinklers, there is no restiction on use of waters
having HCO, less than 1.5 me L', but there is slight
to moderate restriction on use of waters having
HCO, of 1.5-8.5 me L, and severe restriction for
HCO, greater than 8.5 me L (Table 1). Therefore,
there is slight to moderate restriction on use of
34 water samples (83%), and severe restriction
is required for 7 samples (17%) in case of using
overhead sprinklers (Table 3 and Table 4).

RSC is zero for 31 samples and above the upper
limit of 2.5 me L for four samples, namely HA-
1, KO-1, KO-7 and YC-3 (Table 3). These water
samples cannot be used for irrigation under normal
conditions. On the other hand, RSC is below the
lower limit of 1.25 me L' for six samples, namely
KO-4, KO-8, OB-4, YP-4, YB-1 and YB-4 (Table
3). Although RSC method had been used to
evaluate potential infiltration problems, SAR is the
most commonly used recent method (FAO 1994).
SAR is within the usual range of 0-15 for all samples
except HA-1 and YC-3, which are as high as 61-
63. SAR and EC were evaluated together to assess
the possible infiltration problems. The SAR of 35
samples (85%) are between 0-3, SAR of 2 samples
are between 3-6, and that of 2 samples are between
6-12 (Table 3). There is no restriction on use of these
39 samples in terms of their EC contents. However,
for 2 samples having SAR of 61-63, namely HA-1
and YC-3, there is severe restriction (Table 4).

In terms of specific ion toxicity, sodium, chloride
and boron contents of samples were evaluated. The
boron concentrations in the groundwaters of Golbasi
district is of natural origin. For three samples; HA-1,
KO-1 and YC-3, boron concentrations were higher
than the usual range of 0-2 mg L. In addition, boron

concentration of BP-2 (1.9 mg L) is very close to
the upper limit. Boron contents of samples were
evaluated regarding four plants that are commonly
cultivated in Golbasi district, namely barley, wheat,
alfalfa and corn. According to FAO (1994), barley
and wheat are sensitive to boron; the acceptable
range is 0.75-1 mg L. Corn is moderately tolerant
to boron; the acceptable range is 2-4 mg L. On
the other hand, alfalfa is tolerant to boron; the
acceptable range is 4-6 mg L'. Therefore, BP-2 and
YC-1 are not suitable for barley and wheat, whereas
HA-1 and YC-3 are not suitable for any type of
plant considered (Table 4). On the other hand, the
remaining 37 samples (90%) are suitable for all
types of plants considered in this study. These data
are similar to those reported by Maral (2010) and
DSI (2007); 82% of samples collected in Golbasi
district had boron concentrations in the acceptable
range of 0-2 mg L. According to these results,
boron does not seem to be a significant problem
for irrigation, however it should be noted that most
of the samples were collected from existing wells,
which were probably drilled to the depth of safe
boron limits.

Low amounts of chloride is essential for plants
however it can be toxic to sensitive plants at high
concentrations. When used with sprinkler irrigation,
high chloride levels may cause more problems such
as leaf burn (Maral 2010). Night time irrigation
can be adopted to reduce this problem. The usual
range for chloride is 0-30 me L' (FAO 1994).
Wheat, alfalfa and corn are classified as moderately
tolerant, whose leaves may show injury at chloride
concentrations higher than 3.9 me L. Barley is
classified as tolerant, for which the lower limit of
chloride for showing injury is 9.9 me L. Another
consideration with chloride is the type of irrigation;
for sprinkler irrigation there is no restriction on use
of waters having CI concentration less than 3 me
L' and there is slight to moderate restriction above
this value. Based on these criteria, evaluation of
results showed that ClI- levels of all water samples
are within the usual range set by FAO (1994). A
total of 33 samples (80%) have Cl" concentrations
less than 3.9 me L°'; which is the safe level for
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alfalfa, corn and wheat. However, there is slight to
moderate restriction on use of GP-1, HA-1, YP-3,
YC-1 and YC-3 regarding irrigation of alfalfa, corn
and wheat with sprinklers. The use of HH-2 have
no restriction for plant types but there is restriction
for sprinkler irrigation. On the other hand, there
is slight to moderate restriction on use of BP-2,
OB-2 and OB-6 for all type of plants considered in
addition to sprinkler irrigation (Table 3 and Table 4).
Similarly, Maral (2010) and DSI (2007) have found
that chloride content of water resources in Golbasi
district are all in the usual range of 0-30 me L.

The sulfate ion in irrigation water has fertility
benefits. It is also a major contributor to salinity in
many irrigation waters. The sulfate concentrations
were within the usual range of 0-20 me L' for
all samples analyzed (Table 3). The literature
findings were also similar (DSI 2007; Maral 2010).
Therefore, it can be stated that Golbasi SEPA waters
have enough sulfate levels.

According to the evaluation of all results, 41
samples were classifed into 19 groups based on their
common characteristics, in the order of increasing
problematic issues (Table 4). It was found that 20
samples (49%) in Groups 1-5 can be used safely for
irrigation of alfalfa and corn, which are moderately
sensitive to salinity. Three samples (BP-3, GH-2
and KO-5) in Group 1 can be used without any
restriction. Eight samples in Group 2 (KO-2, KO-
3, KO-4, KO-6, KO-8, KO-9, YP-4 and YB-3) can
also be used safely for irrigation of these plants.
However, there is slight to moderate restriction
on use of these waters in terms of SAR and EC
contents. Two samples (OB-2 and YC-2) in Group
3 have the same evaluation as Group 2, however
further evaluation is needed regarding Ca/Mg ratio,
which is less than 1. Detailed explanation about
the possible further evaluations is given in Table
4. In Group 4, there are 6 samples (BP-1, OB-4,
OR-1, OR-2, YB-2, YB-4) having basically similar
characteristics with Group 3, but in addition, there
is slight to moderate restriction for these waters
in terms of SAR and EC. In Group 5, there is one
sample (KO-7), which can be used as the samples

in Groups 1-4 but KO-7 is not suitable for use in
terms of RSC.

In Groups 6-14, 15 water samples (GP-1, GH-
1, HH-1, HH-2, KO-1, OB-1, OB-5, OB-7, OB-
8, OR-3, YP-1, YP-2, YP-5, YB-1 and YC-1),
corresponding to 36% of all samples have high
level of salt. If these waters are used continously,
leaching and special soil tillage is required to avoid
salinity problems. Yield reduction up to 10-25%
may be observed for alfalfa and corn due to salinity.
Specific reduction percentages for each group of
samples are given in Table 4.

In Groups 15-19, six waters (BP-2, HA-I,
OB-2, OB-6, YP-3, YC-3), which correspond to
15% of all samples, are not suitable for irrigation
under normal conditions. They can be used under
very special conditions such as selection of plants
that are tolerant to salinity (such as salt resistant
barley varities) in areas with good drainage, and
application of excess leaching. Land reclamation
may be required on the long-terms if these waters
are used. Yield reduction up to 25-50% may be
observed due to salinity. Chloride may be harmful
for the leaves of moderately tolerant plants such as
alfalfa, corn and wheat. The water sample BP-2 in
Group 17 is not suitable for plants that are sensitive
to boron (wheat and barley). Water samples HA-1
and YC-3 in Groups 18-19 are not suitable even for
plants that are tolerant to boron (such as alfalfa).

4. Conclusions

This study figures out the existing situation in terms
of water quality used for agriculture in Golbasi
SEPA. The analysis of samples taken from 41 points
revealed that almost half of the samples are suitable
for irrigation, almost one-third of samples contain
high levels of salt and need proper management
to avoid salinity problems. Less than one-fifth of
samples are not suitable for irrigation under normal
conditions. Further research is required to determine
the specific land reclamation requirements.

Golbasi Special Environmental Area is suffering
from water scarcity and water quality problems. In
recent years, there has been an increasing demand
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for groundwater resources for irrigation. Indeed,
drilling new wells is not allowed anymore in an
attempt to protect the groundwater resources in the
region. Salinity problems may adversely affect the
agricultural activities in terms of finding suitable
water resources for irrigation. It is suggested
to switch to alternative water resources such as
wastewater reuse and rainwater harvesting in order
to minimize water extraction from groundwater
resources.
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ABSTRACT

In this study, Zippin’s triple-catch removal method was used to estimate density and biomass of fish species in Kirmir
Stream of Sakarya River, Central Anatolia Turkey. A total area of 1.5256 ha was sampled and 4167 fishes were caught
using electrofishing between February 2007 and November 2007. A total of 9 fish species representing 2 families
Cyprinidae and Cobitidae were recorded. Fish species identified are as follows: Chub (Leuciscus cephalus Linnaeus,
1758), barbel (Barbus plebelejus escherichi Heckel, 1843), Capoeta tinca Heckel, 1843, spirlin (4/burnoides bipunctatus
Bloch, 1782), Capoeta capoeta sieboldi Steindachner, 1864, tirgis-nase (Chondrostoma regium Heckel, 1843), bleak
(Alburnus orontis Sauvage, 1882), spined-loach (Cobitis taenia Linnaeus, 1758) and angora-loach (Noemacheilus
angorae Steindachner, 1897). 4. orontis was the most dominant species, constituting 1199 fish and 28.77% of the total
fishes, followed by C. tinca (1173 fish and 28.15%), B. p. escherichi (584 fish and 14.01%), L. cephalus (454 fish and
10.90%), A. bipunctatus (322 fish and 7.73%), C. regium (245 fish and 5.88 %), N. angorae (107 fish and 2.57%) C. c.
sieboldi (65 fish and 1.56%) and C. taenia (18 fish and 0.43%). The density and biomass values were estimated as 11456
fish ha' and 346.78 kg ha' in February 2007, 8982 fish ha'and 279.82 kg ha'' in May 2007, 6320 fish ha"' and 251.52
kg ha! in August 2007 and 2887 fish ha! and 168.87 kg ha! in November 2007, respectively. The lowest density and
biomass values were observed in November 2007.

Keywords: Density; Biomass; Electrofishing; Kirmir stream; Ankara; Turkey
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OZET

Bu caligmada, ¢ Anadolu Bélgesi’ndeki Sakarya Nehri’nin Kirmir Cay1’nda balik tiirlerinin yogunluk ve biyomas
degerlerini tahmin etmek igin {i¢ avli ayrilmaya dayali metot kullanilmistir. 1.5256 ha’lik alanda 6rnekleme yapilmig ve
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Subat 2007-Kasim 2007 tarihleri arasinda 4167 adet balik elektrogok metoduyla avlanmistir. Elde edilen 6rneklemelerde
2 familyaya (Cyprinidae ve Cobitidae) ait 9 balik tiri (tathisu kefali (Leuciscus cephalus Linnaeus, 1758), biyikli
balik (Barbus plebejus escherichi Heckel, 1843), siraz balig1 (Capoeta tinca Heckel, 1843), inci balig1 (A/burnoides
bipunctatus Bloch, 1782), sagakli siraz (Capoeta capoeta sieboldi Steindachner, 1864), karaburun (Chondrostoma
regium Heckel, 1843), anadolu inci balig1 (4lburnus orontis Sauvage, 1882), tas 1siran balig1 (Cobitis taenia Linnaeus,
1758) ve ¢opcii baligi (Nemachelius angorae Steindachner, 1897) avlanmustir. A. orontis toplam populasyon igerisinde
1199 birey ve % 28.77 ile en yogun tiirdiir ve bu tiirii sirasiyla C. tinca (1173 birey ve % 28.15), B. p. escherichi (584
birey ve % 14.01), L. cephalus (454 birey ve % 10.90), A. bipunctatus (322 birey ve % 7.73), C. regium (245 birey ve
% 5.88), N. angorae (107 birey ve % 2.57) C. c. sieboldi (65 birey ve % 1.56) and C. taenia (18 birey ve % 0.43) takip
etmistir. Yogunluk ve biyomas degerleri sirastyla Subat 2007°de; 11456 adet ha'! ve 346.78 kg ha!, Mayis 2007’de;
8982 adet ha'! ve279.82 kg ha!, Agustos 2007 de; 6320 adet ha' ve 251.52 kg ha™' ve Kasim 2007’de; 2887 adet ha! ve
168.87 kg ha! olarak tahmin edilmistir. En diisiik yogunluk ve biyomas degerleri Kasim 2007°de gozlenmistir.

Anahtar Kelimeler: Yogunluk; Biyomas; Elektrikle aveilik; Kirmir ¢ayi; Ankara; Tiirkiye

1. Introduction

A fish population is shaped by the geologic,
chemical, physical, and biological factors within
and surrounding the environment in which it lives.
The relative quality of that environment affects the
organisms living there, exerting positive or negative
pressure on the population (Platts & McHenry
1988). The fluctuation of the fish population is really
important for stock assessment and management. In
this way, a major decline and rise in the population
size or the population biomass can be detected,
and appropriate management strategies can be
adopted (Chen et al 2004). A relatively simple and
inexpensive method of evaluating the health of
lentic systems is to monitor the density and biomass
of the fish population (Platts & McHenry 1988;
Bohlin et al 1989).

Density and biomass estimates of targeted
species by electrofishing capture data are most often
generated using depletion (or sometimes referred to
as removal) (Moran 1951; Zippin 1958; White et al
1982) or the mark-recapture method (Ricker 1975;
Zubik & Fraley 1988). Because these methods are
labour intensive, they have been recommended only
when researchers require detailed knowledge of
the target population. Typically, removal methods
have been used in stream environments where
fish capture is by electrofishing during two to four
intensive sampling periods over a short time period
(often within a day) (Kelso 1989).

© Ankara Universitesi Ziraat Fakiiltesi

It was clear that estimates of population
density and biomass would be required if the
interrelationships of the various species were to be
evaluated (Williams 1965). Many authors in various
regions of the world have been studied the density
and biomass of fish or fishes per surface unit in
rivers (Pires et al 1999; Penaz et al 2003; Dikov
& Zivkov 2004; Namin & Spurny 2004; Vlach et
al 2005; Kolev 2010). The principal aim of these
investigations was to obtain population density
and biomass estimates of most, if not all, of the
fish species occurring at each site, and it is perhaps
pertinent to consider the accuracy of the results
obtained.

Little work has been done in Central Anatolia,
Turkey on river populations parameters (i.e. density
and biomass) of fish (Olmez 1992; Korkmaz & Atay
1997; Korkmaz et al 1998; Korkmaz 2005). With
this respect it is needed to establish the status of fish
density and biomass in a number of localities and
stream profiles in Central Anatolia, Turkey. As there
is no data about density and biomass of fish in Kirmir
Stream, the information obtained from Zippin’s
triple-catch removal method by electrofishing in the
stream sections could be important. The objectives
of this study were to determine density and biomass
estimates, and habitat structure for fish populations
in Kirmir Stream and to assess correlations between
density and biomass.
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2. Material and Methods

2.1. Study area

Kirmir Stream is a branch of the Sakarya River
geographically located in the north-western part of
the Central Anatolian Region of Turkey at 40-41° N
and 32-33° E (Figure 1). The depth of the stream is
generally shallow (30-50 cm), but reaches 2-3 m at
some points. The bottom structure varies between
sandy, stony and muddy (Kucuk & Alpaz 2008).

Figure 1- Study area and sampling sites

Sekil 1- Arastirma alani ve érnekleme yerleri

The bottom of site 1 was covered with small
rocky (5-10 cm), and the banks were occasionally
wooded; the bottom of site 2 was covered with
rocky (20-30 cm), sandy and standing water, and the
banks were un-wooded and rocky; the bottom of site
3 was covered with rocky (30-70 cm), and the banks
were occasionally wooded and standing water; the
bottom of site 4 was covered rocky (30-50 cm) and
big rocky, and the its around was reeds.

This study was carried out in Kirmir Stream of
Sakarya River. Four sampling sites were assigned on
Kirmir Stream (130 km long) for taking fish samples,
water samples and measuring water characteristics.
These sampling sites in Kirmir Stream were selected
according to habitat structure, depth, water velocity,
size and structure of substratum (Hankin 1984). At
each sampling site, we took the measurement per
10-20 m to determine the mean stream width (m)
over a 200 m standard reach length. Some physical
and chemical characteristics of sampling sites were
shown in Table 1. Width and depth of the stream
varies 3.16-6.12 m and 0.12-0.89 m, respectively.

2.2. Sampling methods

Fish populations in Kirmir Stream were sampled
approximately every 3 months between February
2007 and November 2007 using electrofishing (500-

Table 1- Some physical and chemical charecteristics of sampling sites

Cizelge 1- Ornekleme yerlerinin bazi fiziksel ve kimyasal ozellikleri

Sampling times and Water Dissolved Water velocity Conductivity Depth Width Area
. pH Temperature Oxygen > 3
sites 0 (mg L) (m sec™) (umhos cm’) (m) (m) (ha)
1 7.84+£0.01  10.5+0.00 9.6+0.24 0.24+0.02 1540£1.70  0.63+0.08 5.16+0.05  0.1032
February 2007 2 7.81+0.02  10.5+0.00 10.2+0.08 0.45+0.01 1580+1.82  0.17+0.04  5.80+0.06  0.1160
3 8.11+0.02  8.5+0.03 9.8+0.13 0.59+0.02 1696+1.73  0.51+0.04 3.33+0.06  0.0666
4 7.89+0.01  9.0£0.00 11.5+0.17 0.42+0.02 1674+1.29  0.41+0.07 5.66+0.05  0.1132
1 7.50+0.02  21.5+0.00 6.0+0.17 0.25+0.01 1486+1.71  0.53+0.05 5.08+0.05  0.1016
May 2007 2 7.51+0.02  23.5+0.03 8.8+0.17 0.45+0.02 1510£1.71  0.12+0.02  5.70+0.08  0.1140
3 7.69+0.03  24.5+0.00 8.7+0.13 0.71+0.03 1688+1.29  0.38+0.05 3.16+0.04  0.0632
4 8.07+0.02  25.0+0.00 7.7£0.15 0.50+0.01 1642+1.83  0.33+0.04 5.60+0.06  0.1120
1 8.12+0.02  24.0+0.00 8.6+0.24 0.28+0.02 1897+1.29  0.29+0.05 3.27+0.07  0.0654
August 2007 2 8.17+0.02  22.0+0.03 7.3+0.01 0.40+0.01 1584+1.29  0.46+0.08 4.25+0.07  0.0850
3 8.16+0.03  23.0+0.00 8.9+0.13 0.67+0.03 1966+1.83  0.37+0.06  3.28+0.07  0.0656
4  8.24+0.01  24.5+0.03 7.9+0.13 0.43+0.02 1786+2.16  0.30+0.06  5.45+0.06  0.1090
1 7.62£0.02  7.5+0.00 9.8+0.01 0.27+0.02 1300+£3.59  0.82+0.08  6.12+0.04  0.1224
November 2007 2 7.76+0.02  5.0+0.00 10.1+0.18 0.50+0.02 1243+£2.22  0.50+0.06  5.06+0.05  0.1012
3 7.56+0.02  6.5+0.00 10.5+0.18 0.67+0.03 1278+1.29  0.89+0.07 4.05+0.08  0.0810
4  7.83+0.01  7.240.03 9.7+0.18 0.53£0.02 1200£1.83  0.21+0.06  5.31+0.04  0.1062
Total sampling area (ha) 1.5256
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700 V, 2 A, D.C). The electrofishing team consisted
of three experienced crew members with one using
the anode and the other two using dip nets to capture
the fish. Each sampling site under study was closed
at both ends with 8-10 mm mesh size nets (Lacroix
1989). Each fishing pass (with 1.5 hour) was carried
out in an upstream direction. The time interval
between passes was at least 30-60 minutes. Each
sampling site was sampled three times with effort
standardized among sampling. The depth and width
of the sampling sites were measured per 10-20 m
(Neves & Pardue 1983). Fish caught in each sample
were anesthetized with MS 222 and mortality was not
observed. Then, fishes were identified as to species
and weighted (£0.01 g). Fish caught were returned to
the water as alive in accordance with permission. In
each sampling, the numbers and biomass of fish were
determined. Then, in order to determine fish density
(population size) according to species, it was used
Zippin’s triple-catch removal method (Zippin 1956;
Seber & Whale 1970). Zippin’s triple-catch removal
method is described as in Equation 1.

T _C1+C2+C3 (1)

N = ~% ~%
(1-g%) (1-g")

Where; 5 is the catch efficiency (p=1-¢);
T is total catch (C +C,+C;); k is the numbers
of removals; C,, C, ,C, are the catch in each
consecutive removal; N is population density. The
sampling variance and standard error of N were
estimated from the Equation 2 and 3, respectively.

O Ak Ak

T S s @
An approximate 95 per cent confidence interval
for Nis N+ .S,. An estimator of § is ¢ =(T'-C,)/
(T - C) (k=3). The validity of the Zippin method
was tested by calculating R and 7', R = (C, + 2.C,) /
(CHC,+C,), (If R=0 or R)I then the Zippin method is
not applicable) and the goodness of fit statistic (7,< y*=
3.841 with £-2 degrees of freedom) for a multinomial
distribution where the population size is not known

(Seber 1973). The computation used for 7', was:

k A B -
T,=Y/( C-E)/E] and (E =Np;E, = Np.g;E, =Npg*) (3)
=1

The biomass or standing crop (3) was estimated
by B= B. (N/ N). Where; B is the total weight of
fish caught and N is the total number of fish caught.
Values of density and biomass of fish per unit
area where catches were estimated by N4 and B4,
respectively. Where A is area of sampling sites (in
ha) (Bohlin et al 1989).

3. Results and Discussion

A total area of 1.5256 ha was sampled and 4167
fishes were caught from the Kirmir Stream between
February 2007 and November 2007. A total of 9
fish species representing 2 families Cyprinidae and
Cobitidae were recorded. Fish species identified
are as follows: Chub (Leuciscus cephalus), barbel
(Barbus plebelejus escherichi), Capoeta tinca,
spirlin (4/burnoides bipunctatus), Capoeta capoeta
sieboldi, tirgis-nase (Chondrostoma regium), bleak
(Alburnus orontis), spined-loach (Cobitis taenia),
angora-loach (Noemacheilus angorae).

Number of fish species of Kirmir Steam is
fewer than the most studies such as Guadina Basin
(Portugal, 16 species) (Pires et al 1999), Veleka
River (Bulgaria, 16 species) (Dikov & Zikov 2004),
Becva River (Czech Republic, 23 species) (Namin
& Spurny 2004), Upoi Brook (Czech Republic,
13 species) (Vlach et al 2005); more than Sakarya
Basin (Turkey, 4 species) (Olmez 1992), Sugul
Brook (Turkey, 4 species) (Korkmaz & Atay 1997),
Hatilla Brook (Turkey, 2 species) (Korkmaz et
al 1998) and Kadincik Brook (Turkey, 2 species)
(Korkmaz 2005). In freshwater, comparisons of
the difference between the numbers of species are
difficult. Because the habitat structure of sampling
sites and abiotic-biotic factors may vary. Small
streams may be characterized by great changes in
environmental conditions along the gradient of
stream size and discharge (Vlach et al 2005).

A. orontis was the most dominant species,
constituting 1199 fish and 28.77% whilst C. taenia
was the least species 18 fish and 0.43% (Table 2).
Number of fish identified (4167 fish) in Kirmir
Stream is fewer than 5548 fish Becva River by
Namin & Spurny (2004); more than 1303 fish Veleka
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River by Dikov & Zikov (2004), 1166 fish Sakarya
Basin by Olmez (1992), 2943 fish Sugul Brook by
Korkmaz & Atay (1997), 748 fish Hatila Brook by
Korkmaz et al (1998) and 79 fish Kadincik Brook

by Korkmaz (2005). These differences can be
explained by both species diversity and the higher
amount of fish in large rivers where it could be find
alternative habitats according to small stream.

Table 2- Population size, density and biomass % of each species in Kirmir Stream

Cizelge 2- Kirmir Cayi’nda tiirlerin sayisi, yogunlugu, biyomasi ve % degerleri

Species N (fish)  N% N (fish ha') N% B (kg ha'') B%
L.cephalus 454 1090 6100 1294  268.88 9.79
B. p. escherichi 584 1401 6880 1459 21592 7.86
Capoeta tinca 1173 28.15 13036 27.65 656.76 23.91
A. bipunctatus 322 773 3856 8.18 59.56 2.17
C. c. sieboldi 65 1.56 856 1.82 82.64 3.01
C. regium 245 5.88 2892 6.14 53.12 1.94
A. orontis 1199 28.77 12304 26.10 1404.28 51.13
C. taenia 18 0.43 161 0.34 1.34 0.05
N. angorae 107 2.57 1056 2.24 3.84 0.14
Total 4167 100.00 47141 100.00  2746.34 100.00

Total fish density in Kirmir Stream varied
between 161 fish ha! and 3036 fish ha'l. C. tinca
dominated with 27.65% (13036 fish ha') of the
total density. A. orontis was also very abundant
(26.10%, 12304 fish ha'). B.p.plebejus, L.cephalus,
A.bipunctatus and C.regium accounted for 14.59%
(6880fishha™), 12.94% (6100 fishha'),8.18% (3856
fish ha') and 6.14% (2892 fish ha™'), respectively.
The density of other species reached the total value
of 2073 fish ha' (<10%). The biomass of the fish
assemblage estimated the value of 2746.34 kg ha''.
The dominant species were A. orontis (1404.28 kg
ha!) and C. tinca (656.76 kg ha') which accounted
for 51.13% and 23.91% of the total biomass. Other
species are as follows: L. cephalus created 9.79 %
(268.88 kg ha'), B. p. plebejus 7.86% (215.92 kg
ha''), and the remaining species < 5% (2.976.98 kg
ha!) (Table 2). If these results are referred to the
components of the ichthyofauna, it can be stated that
the highest density of fish and biomass states were
estimated from locations in which the 4. orontis and
C. tinca were present.

The comparative analyses of fish density and
biomass in streams studied by Olmez (1992),

Korkmaz & Atay (1997), Dikov & Zikov (2004),
Namin & Spurny (2004), Vlach et al (2005),
Korkmaz (2005) have shown that the fish density
and biomass in the Kirmir Stream is >5338 fish ha!
and 126.1 kg ha' for 16 species in Veleka River,
35452.2 fish ha! and 1728.9 fish ha™! for 23 species
in Be¢va River, 1166 fish ha! and 319 kg ha! for
4 species obtained using mark-recapture in Sakarya
Basin, 1009 fish ha' and 48.47 4.1 kg ha' for 4
species in Sugul Brook and 32 fish ha' and 4.1 kg
ha! in Kadincik Brook. However, values of the fish
density and biomass 74074 fish ha'! and 395 kg ha!
for 13 species in Upoi Brook were higher than our
results. These differences can be said to be caused
by the fact that selective fishing or catch efficiency.
The variable catch efficiency is not only dependent
on the characteristics and habits of fish populations
but also on factors related to the design and
implementation of the sampling and on the physical,
chemical and environmental characteristics of the
habitat (Bravo et al 1999).

The results of successive electrofishing together
withestimatesofdensityandbiomassatthefourstations
and sampling periods are presented in Tables 3-6.
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Since T,< y* =3.84, there were no significant
difference (95% certainty) between capture
probabilities and equations (1-2) are appropriate.
According to sampling period, the lowest density
and biomass values were observed during
November 2007 with 2887 fish ha'! and 168.87 kg
ha! whilst the highest density and biomass values
were observed during February 2007 with 11456
fish ha' and 346.78 kg ha'. Water temperature
is the most important factor that influences on
population parameters ( N and B ). The reason for
the decrease in total fish density and biomass during
the sampling period can be explained by seasonal
changes occurred in the water temperature.

4. Conclusions

A total of 9 fish species representing 2 families
Cyprinidae and Cobitidae were recorded. 4. orontis
was the most dominant species by its density and
biomass. The results of this study contribute to
knowledge of fish density and biomass in Kirmir
Stream. Moreover, this study, being the first
quantitative survey on fish communities in the
Kirmir Stream, provides a baseline for future
evaluation of the changes. Therefore it has been
not put forward any recommendation terms of
managerial politics in this study. Additionally, long-
term sampling is necessary to predict changes in fish
communities and to implement successful planning
of stream fish monitoring.
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ABSTRACT

Fatty acid composition, antioxidant activity, total phenolics and a-tocopherol contents of wheat germ oils obtained
from two bread wheats (7riticum aestivum L.) and one durum wheat (7riticum durum L.) species commonly cultivated
in Turkey were investigated in this study. Fourteen different fatty acids were determined in wheat germ oil samples
in which linoleic acid (53.88-57.55%), oleic acid (16.56-20.38%) and palmitic acid (16.66-17.70%) were found as
predominant fatty acid types. Among the major fatty acids, linoleic acid was the primary fatty acid in bread wheat germ
oils whereas oleic and palmitic acids were the predominant fatty acids in durum wheat samples. The antioxidant activity
of the wheat germ oil samples ranged between 0.94-1.01 pumol g whereas the total phenolic and the a-tocopherol
between 67.79-126.51 mg GAE 100 g and 1343 to 2176 mg kg™!, respectively. The lowest antioxidant activity and total
phenolic content were detected in bread wheat germ oil while the other bread wheat and the durum wheat exhibited the
highest antioxidant activity and total phenolic content, respectively.

Keywords: Wheat; Germ oil; Fatty acids; Antioxidant activity; Total phenolic compound
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OZET

Bu ¢aligmada, Tiirkiye’de yaygin olarak yetistirilmekte olan iki ekmeklik (7riticum aestivum L.) ve bir makarnalik
(Triticum durum L.) bugday ¢esitlerinden elde edilen riiseym yaglarinin; yag asidi kompozisyonu, antioksidan aktivite,
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toplam fenolik madde ve o-tokoferol miktarlar1 arastirilmistir. Ruseym yag: orneklerinde toplam 14 farkli yag asidi
tespit edilmis olup, biitiin numunelerde hakim yag asitleri; linoleik asit (% 53.88-57.55), oleik asit (% 16.56-20.38) ve
palmitik asit (% 16.66-17.70) olarak saptanmistir. Ruseym yag1 6rneklerinin antioksidan aktivitelerinin 0.94 pumol g!
ile 1.01 umol g'!, toplam fenolik madde miktarlarinin 67.79 mg GAE 100 g ile 126.51 mg GAE 100 g! ve a-tokoferol

igeriklerinin 1343 mg kg ile 2176 mg kg arasinda degistigi tespit edilmistir. Antioksidan aktivite ve toplam fenolik
madde miktar1 bakimindan en diisiik oranin ekmeklik ¢esitte, en yiliksek antioksidan aktivitenin ise diger ekmeklik
cesitte bulundugu ve en yiiksek toplam fenolik maddenin makarnalik ¢esitte bulundugu gériilmiistiir.

Anahtar Kelimeler: Bugday; Riiseym yag1; Yag asidi; Antioksidan aktivite; Toplam fenolik bilesikler

1. Introduction

Cereals and cereal-based foods are the major
nutritional sources for human in Turkey as well
as in the world. Wheat is placed on the top among
the cereal plants consumed (Cifci & Dogan 2013).
Triticum aestivum (bread type), Triticum durum
(durum) and Triticum compactum (biscuit, Topbas
wheat) are major wheats grown in Turkey and all over
the world (Hoseney 1994; Bushuk 1998). Wheats
having horny endosperm are generally used for
production of leavened foods such as bread, pastry
and bagel while the ones having floury endosperm
are utilized for bakery products such as biscuit,
cracker, waffle and cake, which are produced with
chemical leavening agents. Durum wheat is used
for production of semolina for pasta and spaghetti,
and granular products including bulgur and kuskus.
Since production level of Topbas wheat is very low,
bread type wheat which has low protein level and
quality is preferred for biscuit production (Hoseney
1994; Elgiin & Ertugay 1995; Bushuk 1998; Morris
2004). Indeed, differences in hardness among
Triticum aestivum L. or between 7. aestivum L. and
T’ turgidum L. ssp. durum wheat cultivars determine
not only their milling properties, but also the
properties of flour or semolina endosperm particles,
their preferential use in cereal-based applications,
and the quality of the latter (Pauly et al 2013).

Wheat germ is one of the by-products of wheat
milling. Germ constitutes 2-3% of the wheat
grain and contains approximately 8-14% oil in
its composition. Several health benefits of wheat
germs were attributed to germ oil, such as the
plasma and hepatic cholesterol lowering effect and

© Ankara Universitesi Ziraat Fakiiltesi

anti-aging properties. These beneficial effects were
suggested to be related to the presence of several
bioactive compounds at high concentrations in germ
oil (Kahlon 1989). Additionally, wheat germ has
high vitamin content especially vitamins E and B
(Pomeranz 1987) and it is one of the richest natural
sources of a-tocopherol (Dunford 2001). Tocopherols
constitute approximately 18% of the non-saponifying
components of the germ oil (Azzi & Stocker 2000).
For these reasons, determination of physicochemical
and functional properties of the germ or germ oil is
important for the utilization purpose of it since due
to its functional porperties many foods could be
enriched with addition of this nutritive by-product.

In this study, the fatty acid composition as well as
antioxidant activity, total phenolic and a-tocopherol
contents were investigated as significant bioactive
characteristics, and components of germ oils which
were obtained from Triticum aestivum L. (bread
wheat) and Triticum durum L. (durum wheat),
commonly cultivated wheat species in Turkey. The
origin of the wheat determines the biochemical
characteristics of the germ. For this reason, the
chemical composition of germ samples obtained
from different wheat species, especially fatty acid
composition and several nutritional parameters were
investigated in order to determine the differences
among different wheat varieties.

2. Material and Methods

2.1. Materials

In this study, two cultivars of bread wheat [ Triticum
aestivum L; Bezostaja-1 (B) and Esperia (E)] and
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one cultivar of durum wheat [Triticum durum L;
C-1252(C)] were used as representative samples.
Wheat germ samples coded as B and C were obtained
from Tekbasak Flour Industry Co. (Afyonkarahisar,
Turkey), and samples coded as E were obtained
from Marmara Flour Industry Co. (Ankara, Turkey).
Figure 1 represents the germ production process
from wheat samples.

Wheat
1¥ Grinding Roll

Sieve

(Four different products are obtained based on their particule size)

Flour Roughly Grinded wheat Thin wheat materials Semolina
Semolina Ventilator
Sieve
Semolina purifier
Rough Semolina (Top of the sieve)
Grinding Roll (Germ flakes)
Sieve
Flour Bran Germ Semolina

Figure 1- Process flow chart for the production of
wheat germ

Sekil 1- Bugday ruseymi eldesi i¢in proses akim semasi

2.2. Analysis of the germ samples

Soxhlet method was used for the determination of the
oil content and, the moisture content was determined
according to the standard method of AACC (2000).
Kjeldahl method using a semi-automized device
(Foss) was used for the determination of the nitrogen
content, and protein calculated as N% x 5.7. Total ash
content of the samples was determined according to
the method reported by Ozkaya & Ozkaya (1990) and
AACC (2000).

2.3. Analysis of the germ oil samples

Germ oil was extracted from the germ samples
according to the methodology described by Megahad
& El Kinawy (2002) with slight modifications.
Briefly, 200 mL of hexane was added to 50 g of
ground germ and then the mixtures were blended
at 200 rpm for 4 hours at room temperature, the
solution was filtered and hexane was then regained
using a rotary evaporator at 35 °C.

The free fatty acids, peroxide, refractive
index and iodine values of germ oil samples were
determined according to previously described
methods of AOCS Official Method Ca 5a-40,
AOCS Official Method Cd8a-53 and AOCS Official
Method Cc 7-25, respectively (AOCS 1989).

The color of the wheat germ oil samples was
determined by measuring L, a, b values with a
Minolta equipment. In order to achieve this, the L, a
and b values of germ oil samples were measured and
the recorded values were averaged.

The fatty acid composition of the germ oil
samples and their quantities were determined with
gas chromatography (GC, Agilent Technogies 6890
N Network GC System) equipped with a Flame
Ionization Detector (FID). The germ oil samples
obtained by cold extraction were esterified and
injected into the GC according to the method of
AOAC (1990). Supelco SP-2380 analytical column
was used and oven operating temperature was
started up with 165 °C for 30 min and reached to
a final temperature of 200 °C for 5 min. The carrier
gas was hydrogen and dry air with a mobility of 30
mL min"! and 300 mL min'', respectively with a split
ratio of 70:1. The fatty acids found in germ samples
were expressed as % ratio.

The DPPH (1,1-diphenyl-2-picrylhydrazyl)
method was used to determine the antioxidant
activity of the wheat germ oil samples (Brand-
Williams et al 1995; Pokorny et al 2001; Yu et al
2002). The DPPH radical scavenging activity was
calculated as percent inhibition of the reaction
(Equation 1).
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AbSconye = AbSsupe 100 (1)

DPPH Radical scavenging activity, % =
AbSCunlml

The extract or standard material concentration
that provides 50% inhibition of the DPPH is defined
as IC, . This value was calculated by plotting the
studied concentrations against the % free radical
scavenging activity and the results were given as
IC,,, umol g™

The total phenolic content of the wheat germ
oil samples was determined with a modified Folin-
Ciocalteu method using gallic acid as standard
(Singleton & Rossi 1965). The total phenolic content
was expresedas mg gallic acid 100 g' sample.

The o-tocopherol content of the wheat germ
oil samples was determined according to AOCS
(1999) method by using High Performance Liquid
Chromatography (Shimadzu LC-10A). The injection
volume was 10 pL. The mobile phase was methanol
and the elution was performed at a flow-rate of 1.0
mL min’!. The temperature of the analytical column

(Nucleodur C, ) was kept at 30 °C. To determine
a-tocopherol in the samples, a-tocopherol standard
solutions were always analyzed together with
the samples, and peak-area ratios were used for
calculations following the internal standard method.
Detection was performed with an UV/Visible-Diode
array detector at 290 nm.

2.4. Statistical analysis

The results were presented as mean+standard
deviation. The SAS 8.0 package software was used
for the statistical analysis. The data obtained at each
analysis were analysed by Duncan’s new multiple
range test with a confidence interval of 95%.

3. Results and Discussion

3.1. Chemical properties of wheat germ samples

The moisture, oil, protein and ash contents of germ
samples obtained from different wheat species are
given in Table 1.

Table 1- Some chemical properties of the wheat germ samples

Cizelge 1- Bugday ruseymi érneklerinin bazi kimyasal ozellikleri

Sample Moisture Oil Protein Ash
(%) (%) (%) (%)

B* 11.59°+0.05 11.67°+0.49 27.70°+0.04 5.03%+0.01

C 11.58°+0.02 10.44+0.04 23.99°+0.38 4.58+0.06

E 12.96*+0.50 9.68+0.71 27.26°+0.61 4.87°+0.03

* different lowercase superscript letters in the same column show significant differences among the samples (P<0.05)

Moisture content of the germ samples was
determined in the range of 11.58% (C) and 12.96%
(E). As seen from the Table 1, moisture content of
the B and C samples was very close to each other.
As is known, wheat is conditioned prior to grinding
in order to maintain uniform moisture content.

Protein content of the B, C and E germ samples
was determined as 27.70, 23.99 and 27.26%,
respectively (Table 1). No significant difference
was observed between protein contents of B and
E samples (P>0.05) which were higher than that
of C. The differences in the protein content could

be attributed to the differences of wheat species,
cultivation conditions and environmental factors.
Previous studies reported the protein content of
wheat germ to be in the range of 26-35% (Posner
& Li 1991), 25-30% (Kirk & Sawyer 1991), 26%
(Atwell 2001) and 26.5% (Bilgicli et al 2006).
The results obtained in the present study were in
accordance with previously reported values. As seen
from the findings, wheat germ is a very important
protein source. They are rich in the essential amino
acids which are not generally found in many cereals
(Yigiang et al 1999). Protein isolate extracted from
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wheat germ meal can be utilized for some foods due
to their high nutritional values (Hettiarachchy et al
1996; Ge et al 2000).

Ash contents of the wheat germ samples analyzed
in the present study ranged between 4.58% (C) and
5.03% (B). The results of the present study were
consistent with the previous ones (Oymak 2006;
Gelmez 2008; Xie & Dunford 2011). However,
lower ash content values were reported for wheat
germ in the other studies (Posner & Li 1991; Atwell
2001; Jiang & Niu 2011). Ash content is an indicator
of the minerals in wheat and ash is widely present
in the scab and the germ parts of the wheat plant.
Due to the non-uniform fractionation by sieving,
the ash contents of different wheat germs may vary.
The wheat germ is also rich in mineral composition.
In a study conducted by Arshad et al (2007), it was
demonstrated that calcium, iron and potassium
levels of the cookies increased with supplementation
of the wheat germ.

Oil contents of the germ samples were between
9.68% (E) and 11.67% (B). The results obtained
in the present study were in accordance with
previously obtained results in the literature (Kirk &
Sawyer 1991; Oymak 2006; Xie & Dunford 2011).
The slight differences could be resulted from wheat
types, processing conditions of wheat and climatic
factors directly affecting chemical composition of

wheat. When considering the results obtained in the
present and previous studies, it can be concluded
that the wheat germ might be economically utilized
as oil source.

3.2. Physicochemical properties of wheat germ oil
samples

Colour values (L, a and b) of the extracted oil samples
were presented in Table 2. L, a and b values of the
samples ranged between 49.39-51.17, 0.75-3.92 and
32.17-35.19, respectively. There was no significant
difference in color values of the three samples with
the exception of sample B which had significantly
lower a value than the other two groups. As it is seen
from the results, color values of the samples were
found to be very close to each other.

Free fatty acids, peroxide, iodine and refractive
index values of the wheat germ oil samples extracted
from different wheat varieties were given in Table
2. Free fatty acid values of the oil samples were
determined to be 1.53, 1.82 and 4.95% oleic acid for
B, C and E, respectively. Sample E had the highest
free fatty acid value, which might result from its high
unsaturated fatty acid content and low antioxidant
activity. Jiang and Niu (2011) also studied free fatty
acid contents of two different wheat germ oils and
they found as 12.8 and 9.1% oleic acid, respectively.
In the other study, Eisenmenger & Dunford (2008)
studied bioactive properties of the wheat germ oil

Table 2- Some physicochemical properties of the wheat germ oils

Cizelge 2- Bugday ruseymi yaglarimin bazi fizikokimyasal ozellikleri

Sample FFA PV 4 RI
B* 1.53+0.10 1.68°+0.11 135.32:+0.01 1.4635°
C 1.82+0.18 1.45+0.17 130.20°+0.72 1.4602¢
E 4.95*+0.13 2.732+0.17 135.78+0.47 1.4672¢

Colour values
Sample
L a b

B 51.17*+0.23 3.92:+0.01 34.26'+0.82
C 50.93°+0.88 0.75+0.04 35.19%+1.12
E 49.39°+£0.61 3.20%+0.45 32.171.05

*, different lowercase superscript letters in the same column show significant differences among the samples (P<0.05); FFA, free fatty
acid (oleic acid, %); PV, peroxide value (meq O, kg™"); IV, iodine value; RI, refractive index

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 433-443 437



Some Chemical and Physical Properties, Fatty Acid Composition and Bioactive Compounds of Wheat Germ Oils..., GUven & Kara

extracted with hexane and they found that free fatty
acid value of the oil sample was 7.9%. There are
also different studies which supported our findings.
El-Shami et al (2011) determined the free fatty
acid values of wheat germ oils to be in the range
of 4.5-5.0%. There are many factors affecting these
variations since factors resulting in deterioration of
oil also influence free fatty acid formation.

Peroxide values (PV) of B, C and E samples
were determined to be 1.68, 1.45 and 2.73 meq
0, kg oil (Table 2). PV of B and E samples were
found to be higher than that of the durum wheat
(C) germ oil. This outcome was believed to be a
consequence of the higher unsaturated fatty acid
content of the bread wheat germ oil samples than
the durum wheat germ oil sample. The saturation
level of the oil sample was previously reported to
affect the oxidative stability. Higher unsaturated
fatty acid content is considered as an indicator for
lower oxidative stability (Nas et al 2001). PV of
solvent and SC-CO, (supercritical carbondioxide)
extracted wheat germ oil samples were reported to
be 2.95 and 2.05 meq O, kg oil (Jiang & Niu 2011)
and to be 0.9-1.0 meq O, kg oil.

El-Shami et al (2011) determined the iodine
value to be in the range of 115-120 in the previous
study related with the fatty acid composition and
nutritional value of the wheat germ oil extracted
with chloroform/methanol and hexane solvents. The
results obtained in the present study were lower than
the values obtained by Jiang & Niu (2011).

Another important parameter analyzed in the
present study is iodine value (IV) which provides
information about saturation or unsaturation level
of the oils. IV of the oil samples ranged between
130.20 and 135.78 (Table 2). The IV of the samples
was close to each other; however, IV of sample C
was found significantly lower (P<0.05) than those
of the other two oil samples. Jiang & Niu (2011) and
El-Shami et al (2011) determined IV of wheat germ
oils extracted with different solvents in the range of
142.8-148.1 and 115-120, respectively.

The refractive index (RI) value of oil increases
with the increases in the amount of unsaturated

fatty acids and fatty acid chain length. In addition,
it is possible to predict the IV based on the refractive
index value of oil; therefore, correlation between IV
and RI value is generally expected. RI value of the
oil samples extracted from wheat germs was found in
the range of 1.4602 and 1.4672 (Table 2). Data from
Table 2 also indicated that significant difference was
observed among RI values of the samples (P<0.05).
RIwvalues of different wheat germ oils varied between
1.474 and 1.483 at 25 °C (El-Shami et al 2011). The
differences in RI values in the present study could
be resulted from the fatty acid composition of the
oils. Many factors including wheat types, climatic
conditions, environmental factors and oil extraction
process could affect these variations.

3.3. Fatty acid compositions of the germ oils

The fatty acid compositions of the germ oil samples
were shown in Table 3. Fourteen fatty acids were
determined in the wheat germ oil samples. In the
fatty acids profile, palmitic acid (C16:0), oleic
acid (C18:1) and linoleic acid (C18:2) were found
as the predominant fatty acids with the varying
concentrations of 18.00-18.87%, 17.92-21.54% and
59.59-64.08%, respectively. On the other hand, there
was no significant (P>0.05) difference between total
SFA amounts of B and E samples whereas C sample
had the highest (P<0.05) SFA and MUFA levels.

Fatty acid composition of wheat germ oil has
also been investigated by different researchers.
Dunford & Zhang (2003) reported that the wheat
germ oil extracted with hexane under high pressure
conditions was composed of 56% linoleic acid. It
was also reported that 81% of the fatty acid of the
wheat germ oil was constituted by unsaturated fatty
acids, 64% of which was polyunsaturated ones.
The fatty acid composition of wheat germ oil was
comprised of palmitic acid (16.72%), oleic acid
(15.79%), linoleic acid (60.23%) and linolenic acid
(6.2%) (Megahad & El Kinawy 2002). Arshad et
al (2008) reported that fatty acid composition of
wheat germ oil consisted of linoleic acid (56.99%),
palmitic acid (18.09%), oleic acid (14.69%) and
linolenic acid (9.51%), 82% and 66% of which were
unsaturated fatty acid and PUFA, respectively.
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Table 3- Fatty acid composition of the wheat germ oil samples (%)

Cizelge 3- Bugday riiseymi yagi érneklerinin yag asidi kompozisyonlart (%)

. Sample

Fatty acids
B E

Myristic (C14:0)* 0.08+0.002  0.07*+0.006  0.07°+0.020
Palmitic (C16:0) 17.00+£0.04  17.70*+0.08  16.66°+£0.46
Margaric (C17:0) 0.03:£0.001  0.04*+0.001  0.04+0.016
Stearic (C18:0) 0.69°+0.01 0.74+0.047  0.59°+0.017
Arachidic (C20:0) 0.16+0.01 0.15*+0.055  0.18+0.045
Behenic (C22:0) 0.12*£0.001  0.11*£0.007  0.25+0.019
Lignoseric (C24:0) 0.09°+0.040  0.07°+£0.028  0.21+£0.027
Palmitoleic (C16:1) (C16:1) 0.07°£0.002  0.11*£0.002  0.09*+0.003
Heptadecenoic (C17:1) (C17:1)  0.06*+0.003  0.06°+0.001 0.07°+£0.013
Oleic (C18:1) 16.59°£0.10  20.38+0.048 16.56°+0.22
Gadoleic (C20:1) 1.65+0.04 0.80°+0.03 0.94°+0.05
Erucic (C22:1) 0.25*+0.01 0.19+0.02 0.24*+£0.01
Linoleic (C18:2) 56.05°+0.02  53.88t0.36  57.55*+0.21
Linolenic (C18:3) 7.15°+0.03 5.70°+0.50 6.53%+0.25
SFAs 18.18°+0.09  18.87+0.12  18.00°+0.24
MUFAs 18.62°+0.15  21.54+0.01 17.92°+£0.20
PUFAs 63.20°+0.05  59.59+0.13  64.08*+0.04

*, different lowercase superscript letters in the same row show significant differences among the samples (P< 0.05); SFA,
saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid

3.4. Bioavtive compounds of wheat germ oils

The antioxidant activity, total phenolics and
a-tocopherol contents of the wheat germ oil samples
were shown in Table 4. Antioxidant activity values
of the germ oil samples ranged from 0.94 to 1.01
pmol g' germ oil.The sample B had the highest
antioxidant activity (P<0.05). Total phenolic content
of sample E was found as the lowest (P<0.05). The
a-tocopherol levels varied from 1343 to 2176 mg
kg among the samples.

Table 4- Bioactive properties of the wheat germ oils

Cizelge 4- Bugday riiseymi yaglarinin biyoaktif ézellikleri

Antioxidant compounds neutralize free radicals
in living organisms, thus, protecting the cells or
facilitating cell renewal process (Gok & Serteser
2003). Antioxidant compounds react with free
radicals to prevent cellular damage and tumor
progression in tissues and they provide a healthy
and high quality life in which the adverse effects of
aging are minimal (Baser 2002).

The antioxidant activity of wheat germ oil has
been widely investigated in the literature; however

Antioxidant activity

Total phenolic content

o-tocopherol

Sample (umol g germ oil) (mg GAE 100 g oil) (mg kg')
B* 1.01°+0.01 116.4242.79 2176%1.41
C 0.95°+0.01 126.51%+8.17 1343%+2.83
E 0.94*+0.01 67.79°+6.53 1923%+1.41

* different lowercase superscript letters in the same column show significant differences among the samples (P<0.05)
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germ oils obtained from Turkish wheat varieties
have not been studied in terms of their antioxidant
activity. Wheat germ oil has been demonstrated
to have considerable antioxidant activity in the
previous studies. Jiang & Niu (2011) determined the
DPPH free radical scavenging activity of wheat germ
oil and noted that the sample concentration of 40 mg
mL! was able to inhibit 96.08% of the total DPPH
radicals. Megahed et al (2011) reported that 60%
free radical inhibition was achieved by the treatment
with 400 pg mL"' of wheat germ oil concentration.
Pellegrini et al (2006) determined total antioxidant
activity of white durum wheat as 13.1 mmol Fe*" kg™,
2.1 mmol trolox kg and 2.7 mmol trolox kg'! by
using the fluorescence recovery after photobleaching
(FRAP), total radical-trapping antioxidant parameter
(TRAP) and trolox-equivalent antioxidant capacity
(TEAC) assays, respectively. Gelmez (2008) tested
ultrasound assisted supercritical carbon dioxide
(SC-CO,) extraction method for antioxidant
extraction from roasted wheat germ. In the results,
amount of the total phenolics and tocopherols and
total antioxidant activity were found to be 3-7 mg
GAE g extract, 0.31 mg tocopherol g and 40-165
mg DPPH scavenger g germ, respectively. As can
be seen in the previous studies, different solvents
and extraction methods for extraction of bioactive
compounds from different food matrixes were
investigated (Tsao & Deng 2004; Huang et al 2005).
Phenolics were reported to be the most significant
compounds with strong antioxidant activity in wheat
(Andlauer & Fiirst 1998; Anil 2006; Dogan & Meral
2006; Dykes & Rooney 2007). In this respect, the
results of this study were in accordance with those
of the previous findings.

Similarly, Jiang & Niu (2011) reported that total
phenolic content of the wheat germ oil obtained by
SC-CO, and solvent extraction methods were found
to be 8.64 pg GAE mL"! and 4.02 pg GAE mL",
respectively. King (1962) reported the phenolic
content in wheat germ as 3.49 mg ferrulic acid
equivalent g''. Melikoglu (2005) noted that phenolic
content of the ethanolic extracts of roasted and
unroasted wheat germs were 1.7 mg GAE g and as
2 mg GAE g'!, respectively. In another study, total

phenolic content of wheat was reported as 150 mg
GAE 100 g! (Adom & Liu 2002).

Tocopherols constitute approximately 18%
of the unsaponifiable fractions of wheat germ oil
(Dunford 2008). Several different methods were
used for the determination of the a-tocopherol
content of wheat germ oil samples. In the previous
studies, a-tocopherol contents were reported as
1300-2700 mg kg' (Wang & Johnson 2001), 1660
mg kg (Arshad et al 2008), 1390 mg kg (hexane
extraction), 2560 mg kg' (SC-CO, extraction;
Eisenmenger 2003), 1510 mg kg' (hexane
extraction), 2560 mg kg' (SC-CO, extraction;
Eisenmenger & Dunford 2008), 1640 mg kg
(hexane extraction) and 1665 mg kg (chloroform/
methanol extraction) (EI-Shami et al 2011).

It is clear from the results of the previous
studies that oil extraction method had aconsiderable
effect on the a-tocopherol content of foods. The
a-tocopherol content of the wheat germ oil obtained
by SC-CO, extraction was reported to be higher
than that of the oil obtained by hexane extraction in
various studies (Eisenmenger 2003; Eisenmenger &
Dunford 2008; El-Shami et al 2011). In the present
study, the a-tocopherol contents of the samples B and
E were higher than the previously reported values
in spite of the employment of hexane extraction,
whereas the a-tocopherol content of the sample C
was similar to the previously reported values.

4. Conclusions

Several chemical properties of germ and germ
oil samples obtained from different species of
wheat were investigated in the present study and
the results were compared based on the wheat
variety. Investigation of the nutritional factors of
wheat germ samples including oil, protein and ash
indicated that the bread wheat germ (B, E) samples
exhibited higher nutritional value than the durum
wheat sample (C). Wheat germ is rich in protein
content especially in comparison to other vegetable
sources and it would be considered as a nutritional
supplement owing to its highly nutritious content.
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The wheat germ oil samples were shown to
be considerably rich in unsaturated fatty acids,
specifically polyunsaturated fatty acids. In addition,
essential fatty acids such as linoleic acid and
linolenic acid, which are not synthesized in the
metabolism but rather need to be supplemented,
were present in wheat germ oil at high levels. The
quantity of some of the most significant functional
compounds with favourable effects (apart from its
nutritional value) on human health in wheat germ
oil such as antioxidants, phenolic compounds and
a-tocopherol were also determined. The antioxidant
activity of the samples was almost similar. The
phenolic contents were shown to vary even though
it was the highest in the durum wheat germ oil
sample (C). The a-tocopherol contents of the bread
wheat germ oil samples (B, E) were considerably
higher than that of the durum wheat germ oil
sample. Approximately 5 g of wheat germ oil would
be sufficient to meet the daily adult requirement
which is 7-10 mg a-tocopherol. Wheat germ oil
samples exhibited high contents of unsaturated fatty
acids, essential fatty acids, antioxidant compounds
and a-tocopherol which are eminently important
bioactive compounds for human health. With this
purpose in mind, wheat germ and wheat germ oil
would be suggested as a supplement to enrich food
products.
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ABSTRACT

The objective of this study was to compare the energy efficiencies of flow rate valves used in different lines and variable
speed drive (VSD) in a small centrifugal pump irrigation system. The tests were done by using an outlet valve, inlet
valve, by-pass valve, and VSD. The study included four replications of constant speed and variable speed experiments,
and three replications of constant pressure experiments. In each test, power consumption, inlet pressure, and outlet
pressure were measured at different flow rates. During the constant speed tests at about the operating point, by-pass
valve saved energy up to 66% and 5% compared to the outlet valve and inlet valve, respectively. Reducing the flow rate
by 20% resulted in 7% less energy consumption with the use of both the by-pass valve and the inlet valve, and 19%
more energy consumption with the outlet valve. The use of VSD showed profound advantage over the valves used in
constant speed tests, with 41%, 44%, and 80% less energy demand compared to the by-pass, inlet, and outlet valve,
respectively. Also, VSD and by-pass valves were compared in constant pressure operations. VSD offered 2 to 37% less
energy consumption at pressures from 4.0 bar to 2.5 bar. The savings were less at high flow rates and quickly increased
as the flow rate need decreased. The low system efficiency found in constant speed tests suggested that the pump was not
appropriate for the hydraulic system used in low pressure applications. According to constant pressure tests, the system
efficiency for VSD (26-29.1%) was greater than that of the by-pass valve (21.3-25.5%). In conclusion, the VSD was the
most energy efficient method and suggested significant energy savings in small powered pump systems.

Keywords: Centrifugal pump; Irrigation; Power consumption; Energy efficiency; Variable speed drive
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OZET

Bu caligmanin amaci, kii¢iik bir santrifiij pompanin kullanildigi sulama sisteminde farkli hatlarda kullanilan debi ayar
vanalarinin ve degisken hizli siiriicti (DHS) kullanimmin enerji etkinliginin karsilastirilmasidir. Testler; emme vanast,
basma vanasi, by-pass vanasi ve degisken hiz kontrolii kullanilarak gerceklestirilmistir. Denemeler; sabit debi ve degisken
hiz sartlarinda dort tekrarli, sabit basing ¢aligma kosullarinda ti¢ tekrarli yapilmistir. Her bir testte, farkli debilerde gii¢
tiiketimi, emme basinci ve ¢ikis basinglari dlciilmiistiir. Isletme noktasindaki sabit hiz testlerinde by-pass vanasi, ¢ikis
vanasina ve giris vanasina gore sirastyla % 66 ve % 5 daha fazla enerji kazanci saglamistir. Debinin % 20 azaltilmasi,
by-pass ve giris vanasi kullanildiginda enerji tiketimini % 7 azaltirken ¢ikis vanasinda % 19 artirmistir. DHS kullanimz;
sabit hiz testlerinde kullanilan by-pass, giris ve ¢ikis vanalarina gore % 41, % 44 ve % 80 daha az enerji kullanimiyla
¢ok onemli avantaj saglamistir. Ayrica, DHS ile by-pass vanasi sabit basing testleri ile karsilastirilmisti. DHS 4.0 bar
ile 2.5 bar arasinda % 2 ile % 37 arasinda enerji kazanci saglamistir. Enerji kazanci, yiiksek debilerde daha az iken debi
gereksinimi diistiikk¢e kazang hizla artmistir. Sabit devir testlerinde bulunan diisiik sistem verimi, kullanilan pompa ve
hidrolik sistemin kiigiik basingli ¢aligmalar i¢in uygun olmadigini gdstermistir. Sabit basing testlerine gore, DHS niin
sistem verimi (% 26-29.1), by-pass vanasindan (% 21.3-25.5) daha yiiksektir. Sonug olarak, DHS enerji yoniiyle en etkin

yontemdir ve kiigiik debili sistemlerde dnemli oranda enerji kazanci saglayabilmektedir.

Anahtar Kelimeler: Santrifiij pompa; Sulama; Giig tiikketimi; Enerji etkinligi; Degisken hiz kontroli

1. Introduction

Different reasons can motivate a farmer to vary the
flow rate to irrigate plants in specific fields. The
need to vary the flow rate or pressure may arise
from irrigating different field or field segment sizes
using the same pump station. When the same pump
is to be used in different fields, the static head may
differ due to variations in topography. In this type
of operation the flow rate needs to be maintained
while pressure head varies. Warmer days during the
irrigation season may require more water than the
early growth stages of the plants. And in this type of
operation, the pressure should be constant whereas
flow rate varies. Since many fields have varying
elevations and different sizes with multiple blocks
to be treated, irrigation systems do not require
constant pressures (ITRC 2011) or flow rates.

In automated systems incorporating moisture
sensors to manage irrigation, the flow rate needs
to be variable, too. Variable rate irrigation systems
are used to apply different amounts of water to
different zones in the fields (LaRue 2011) and
may be used with various sensors with integrated
wireless communication systems as well (Coates &
Brown 2005; Han et al 2009). In such systems, the
flow rate adjustment needs to be done by varying

© Ankara Universitesi Ziraat Fakiiltesi

the pump speed automatically. Using valves is the
common method of varying the flow rate in small
scale irrigation systems. In most applications, flow
rate control is done by using a valve either on the
suction line, pressure line, or by-pass line without
using the speed control of the pump impeller.

Although the modernization of irrigation
techniques improves water use efficiency, the
pressurized pipes result in substantial energy use
in agriculture, increasing the concern for energy
savings and sustainability (Rocamora et al 2013).
For instance in drip irrigation water efficiency,
evaporation, and runoff are minimized and water
efficiency may be up to 80 to 90% (Provenzano
2007). When pumping station efficiency is
considered, however, there seems to be opportunities
for improving the overall energy efficiency during
irrigation. In central California, data from 15000
electric irrigation pumps showed that great number
of the pumps operate inefficiently (Urrestarazu &
Burt 2012). Thus, official administrations promote
initiatives to improve energy efficiency in irrigated
agriculture, and researchers are opt to develop
different tools to achieve more energy efficient
delivery of the irrigation water (Rocamoraetal 2013).
In some countries, agricultural energy conservation
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programs primarily focus on improving the energy
efficiency of the pumping plants (ITRC 2011).

Pumping costs can be minimized by focusing
on areas such as irrigation scheduling, application
efficiency, efficiency of the pumping plant, and the
pressure required for the system (Martin et al 2010).
The main areas for energy conservation regarding
the pumping station include controlling the flow
rate by speed variation, eliminating flow control
valve, and eliminating by-pass control (UNEP
2006). However, using the flow rate valves has
been the most common method of varying the flow
rate and the majority of today’s farmers use a flow
rate valve installed either at the outlet (discharge)
line or at the inlet (suction) line to vary the flow
rate. In most countries, only a few percentages of
the farmers practice the use of by-pass valves in
irrigated agriculture and most pumping stations lack
adjustable speed drives.

When energy consumption is considered, the
best method of reducing energy consumption is the
variable speed control of the pumps to meet varying
demands since a slight reduction in speed can resultin
a significant reduction in input power (NRCS 2010).
The improvement of pumping system performance
depends on VSD (Sobhy et al 2011). Energy savings
could be up to 35% by installing VSDs to pumping
stations (Barutgu et al 2007; Lamaddalena & Khila
2012). Instead of using a valve to reduce the flow
rate, reducing the pump impeller speed by 20% can
reduce input power requirements by approximately
50% under certain conditions (Boyadjis 2004).
Power demand from water pumps in big pumping
stations may also be dropped by 40%. Reduction
in the energy consumption in irrigation networks is
also possible through functional programming and
scheduling (Carrillo Cobo et al 2011).

The general objective of this study was to
determine the energy efficiency of a small centrifugal
pump under different operating conditions. The
specific aim was to conduct constant speed, variable
speed, and constant pressure experiments to determine
the differences in the energy consumptions among
different methods of varying the flow rate, including

the use of an outlet flow rate valve, inlet flow rate
valve, by-pass valve, and VSD (Sahib 2014).

2. Material and Methods

2.1. Material

The experiments were conducted on a centrifugal
pump test bench (Figure 1). The test system includes
a water tank, foot valve with suction strainer, vacuum
meter, inlet flow rate valve, a centrifugal pump, check
valve, flow rate valve, an analog manometer, an outlet
pressure sensor, inline flow meter (rotameter), and a
control panel consisting of a wattmeter to measure
the power consumption. Measurement ranges and
the resolutions of the manometer (Aterma En837-1),
pressure sensor (Gems 0-6 bars G) , inline flow meter
(LZS-32), and the wattmeter were 0-6 bar with 0.1
bar, 0-6 bar with 0.01 bar, 0.6-6 m?* h! with 0.2 m?
h!, and 0-9999 W with 1 W, respectively. Random
measurement error was not more than 0.05 bar and 0.1
m® h! respectively, for the manometer/vacuummeter
and the inline flow meter.

— 4

Flow meter |

By-pass valve

Pressure
I Pressure gage

sensor
Vacuum gage {_

|7

A
Outlet valve

g.

Motor-Pump

ARSI
e & f=°

Bresmore Meter ovonpRr)

Control panel

~| Foot valve

Figure 1- Schematic of the centrifugal pump system
used in the study

Sekil 1- Arastirmada kullanilan santrifiij pompa
sisteminin sematik goriintimii

H _-Q curve of the pump is given in Figure 2.
The rotational speed of the pump is 2900 rpm with
a maximum head of 70 m with a flow rate of 50 L
min”! (3.0 m* h'!).
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Manometric head (m)

0

o 05 1 15 2 25 3 35

Flow rate (m?h?)

Figure 2- Flowrate-head curve of the pump used in
the study (City Pump 2014)

Sekil 2- Arastirmada kullanilan pompanin debi-
manometrik yiikseklik egrisi (City Pump 2014)

2.2. Methods
The tests were conducted under three categories:

1) Constant pump speed tests with the outlet valve,
inlet valve, and by-pass valve,

2) Variable speed tests with the VSD,

3) Constant pressure tests with the VSD and the
pass valve.

In constant pump speed experiments, the tests
started at the maximum pump speed and the flow
rate was reduced from its maximum value of 3.0
m® h' by 0.2 m® h' decrement with each flow
regulating valve. During variable speed tests, the
VSD was used to change the pump impeller speed
from 2900 to O rpm, resulting in variable flow
rates. Although the speed of the electrical motor
can be estimated, it was not measured in this study,
rather predetermined flow rates were supplied by
fine tuning the potentiometer on the control panel
to collect the relevant data. In some pumping
applications, the pressure needs to be constant even
if the flow rate needs to vary during the operation.
For instance, in agricultural irrigation systems the
pressure demand may be from 1.0 bar to 3.0 bar for
drippers and from 2.0 bar to 4.0 bar or higher for
sprinklers. Therefore, the tests in the third set of
experiments relate to constant pressure operations
with varying flow rates.

Constant and variable speed tests were
replicated four times and constant pressure tests
were repeated three times. Among the measured
quantities, i.e. flow rate, inlet pressure, outlet
pressure, and power consumption, only the flow
rate and power consumption data were used in this
paper. The averages of measured values were used
for comparison purposes. The most energy efficient
method was determined by comparing the power
consumptions of different methods used for varying
the flow rate. To do so, the hydraulic power delivered
by the pump was calculated based on the data given
in Figure 2. The efficiency curve was unknown, thus
the hydraulic power curve was used to determine the
flow rate at the operating point. The hydraulic power
was calculated using the flow rate and head values
of the pump provided by the manufacturer (Figure
3). The greatest power delivered by the pump was
considered the best operating point, corresponding
to about 2.2 m?® h''. The test results were used to
compare the energy efficiencies for the operating
point and also for about £20% change in the flow
rate, i.e. between 1.8 and 2.6 m* h*l.

The system efficiencies were calculated and
compared based on calculated hydraulic power and
the measured total power needed for the constant
speed, variable speed, and constant pressure
operations.

=
]

©
o
=]

/

=

Cakulated hydraulic power (k)
o
5

0.05 /

0.00

0 05 1 15 2 25 3 35

Flow rate {m?h?)

Figure 3- Calculated hydraulic power based on
flowrate-head curve of the pump used in the study
Sekil 3- Arastirmada kullanilan pompanin  debi-
manometrik  yiikseklik egrisine bagl hesaplanan
hidrolik gii¢ degerleri
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3. Results and Discussion

Systematic tests were conducted on a small powered
irrigation pump to determine the energy efficient
means of meeting the flow rate and pressure
demands. The system had a small static lift (suction
head of 0.6 m and discharge head of 0.85 m) along
with a number of valves and elbows. Therefore, the
measurements do not refer solely to the pump but
to a small pumping station, consisting of some total
static lift and losses due to the components used in
the hydraulic system.

3.1. Constant pump speed tests

The power consumptions resulting from using an
outlet valve, inlet valve, and by-pass valve to vary
the flow rate were different. When the flow rate
was reduced using the outlet valve, the discharge
pressure of the pump increased remarkably,
resulting in higher power consumptions at lower
flow rates (Figure 4). The corresponding outlet and
inlet pressures are shown in Table 1. The slope of
the power consumption curve in Figure 4 suggested
undesirable impact due to very rapid increase in the
outlet pressure with decreasing flow rate.

With the use of the inlet valve to reduce the flow
rate, the power consumption reduced gradually.
However, the inlet vacuum pressure was somewhat
high (-0.61 bar) even at the operating point and
worsened (-0.70 bar) with a 20% decrease in the

1500

——Outlet Vaive

1300 | —m— Iniet Vave .

—a— By-Pas Valve \
1100
900 \
700 \\

” .iﬂ::l:#:’:;‘.z.:’:!

0 04 08 12 16 2 24 28 32
Flow rate (m® %)

Power consumption (W)

300

Figure 4- The effect of outlet, inlet, and by-pass
valves on the relationship between flow rate and
power consumption in constant speed tests

Sekil 4- Sabit pompa hizinda basma hatti, emme hatt
ve by-pass vanalarimin debi-giic tiiketimi iliskisine etkisi

flow rate, posing hazards regarding cavitations.
Thus, in terms of suction line design, the inlet valve
can be used to vary the flow rate, but only in a very
limited range below the operating point. When
energy consumption was considered, the inlet valve
was advantageous compared to the outlet valve. The
power consumptions were 1140 W and 409 W at the
operating point, and 1354 W and 387 W for a 20%
reduction in the flow rate, respectively for the outlet
valve and the inlet valve. The inlet valve could be
used safely at flow rates higher than the operating
point since the vacuum demand kept decreasing
accordingly (Table 1).

Table 1- Measured inlet and outlet pressures at different flow rates using flow regulating valves in different

lines in the hydraulic system

Cizelge 1- Hidrolik sistemin farkli noktalarinda debi ayar vanalari kullanilarak degisik debilerde él¢iilen girig

ve ¢tkis basinglart

Flow rate
(m’ " Outlet valve Inlet valve By-pass valve
Inlet pressure  OQutlet pressure  Inlet pressure  Qutlet pressure  Inlet pressure  QOutlet pressure

(bar) (bar) (bar) (bar) (bar) (bar)
3.0 -0.30 0.70 -0.30 0.70 -0.3 0.69
2.6 -0.23 3.46 -0.44 0.50 -0.3 0.55
2.2 -0.19 4.37 -0.61 0.33 -0.3 0.47
1.8 -0.12 4.96 -0.70 0.20 -0.3 0.25
1.4 -0.77 0.11 -0.3 0.13
1.0 -0.84 0.02 -0.3 0.05
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Efficiency of a centrifugal pump usually
decreases at a fast rate as the flow rate decreases.
Additionally, electrical motor efficiency could
reduce with increasing load on the motor. The back
pressure on the pump due to the use of outlet valve
could cause high loads on the electrical motor,
drawing high current values resulting in a combined
effect of low system efficiency. Therefore, the
combined effect of low pump efficiency with low
electrical motor efficiency should have resulted
in excess power consumption during outlet valve
adjustments, as shown in Figure 4.

The least amount of power was consumed in
the case of by-pass valve, compared to the outlet
and inlet valves. The energy savings (%) were
tabulated in Table 2 to compare the effect of the
three valves. Compared to the outlet valve, the
energy consumption at the operation point was 64%
and 66% less in the inlet and by-pass valve tests,
respectively. The energy efficiency increased further
for 20% decrease in the flow rate.

Table 2- Per cent energy saving comparisons of flow
rate valves in different lines at constant pump speed
Cizelge 2- Sabit pompa hizinda debi ayar vanalarinin

farkly noktalardaki yerlegsiminin oransal enerji kazanct
karsilagtirmast

Energy saving (%)
Flow Inlet valve By-pass By-pass
rate versus outlet  valve versus valve versus
m’ ') valve outlet valve inlet valve
3 0 6 6
2.8 45 47 5
2.6 53 55 5
2.4 59 61 4
2.2 64 66 5
2 68 70 6
1.8 71 73 6
1.6 6
1.4 6
1.2 6
1 4

Table 2 demonstrates that compared to the
operating point, the energy saving increased about
7% more, i.e.from 64% to 71% for 20% decrease
in the flow rate using the inlet valve versus outlet
valve. The additional saving in the case of by-pass
valve was the same compared to the outlet valve.

The energy use for the inlet and by-pass valves
seems to be similar in Figure 3, however by-pass
valve was more energy efficient, about 4% to 6%,
over the dynamic range of the flow rates tested
(Table 2). Also, it was impracticable to reduce the
flow rate using the inlet valve due to the rise in the
suction pressure, from -0.6 to -0.7 bar. Therefore,
even if the comparison is made only in terms of
power consumption, the use of by-pass valve proves
some advantage over the inlet valve. Since the by-
pass valve did not increase the vacuum pressure
(-0.3 bar) during the tests, it suggested a major
advantage over the inlet valve.

Consequently, the location of a flow rate valve
had a defining effect on energy efficiency. It was
concluded that using an outlet valve was not an
energy efficient method, which required the greatest
power for operation. For a constant speed operation,
i.e. when a VSD was not available on the pumping
system, the best way of varying the flow rate was to
use the by-pass valve. For a targeted flow rate, the
outlet pressure need was a little lower with the inlet
valve; however, the inlet pressure requirement was
much higher. The overall effect of these two valves
showed that the by-pass valve did not increase the
vacuum pressure, minimized the potential suction
line problems, decreased the outlet pressure, and
needed the smallest energy requirement to vary the
flow rate.

3.2. Variable pump speed tests

When all flow rate valves were open, decreasing
the pump impeller speed from 2900 to 0 rpm
reduced the power consumption due to the reduced
major and minor losses in the hydraulic system
(Figure 5). A gradual change was observed in
power consumption in the VSD tests. The system
had a small static lift, various valves, and elbows
resulting in losses that affected the system behavior.
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With no pressure demanding elements at the exit
of the pipe system, the power consumption was
about 100 W to 150 W at low flow rates. The power
consumptions were 298 W, 230 W, and 177 W at
flow rates of 2.6, 2.2, and 1.8 m? h'!, respectively.
Reducing the flow rate by 20% provided 23.2%
less energy compared to the operating point. The
savings in energy were 5.5% and 6.1% for the inlet
and the by-pass valve.

y= 45,4555 - 48,287 + 116,19
R*=0,9708

Power consumption (1)
| )

o - = o Iy ~
S

1,
1,
24
28
32

Flow rate (m®h?)

Figure 5- The effect of VSD on the relationship
between flow rate and power consumption

Sekil 5- Degisken hiz siiriiciistintin debi-giic tiiketimi
iliskisine etkisi

The energy use of VSD tests was compared to
the constant speed tests (Table 3). Energy savings
of VSD were 80%, 44%, and 41% compared to the
outlet valve, inlet valve, and by-pass valve at 2.2 m?
h'. Additional 7, 10, and 10% energy savings were
calculated in favor of VSD with 20% reduction in the
flow rate. Clearly, the VSD increased the dynamic
range of the flow rates that can be adjusted without
increasing the power consumption. As exclaimed in
the previous sub-section, the most favorable method
was to use the by-pass valve in the absence of
VSD. Integrating the VSD system into the pumping
station reduced the energy use further compared to
the by-pass valve.

It was concluded that among the use of VSD,
outlet, inlet, and by-pass valves, the most energy
efficient method to vary the flow rate was the use of
VSD since the desired flow rate could be obtained
with the smallest energy consumption.

Table 3- Energy savings of VSD compared to the
flow rate valves used in different lines of the system

Cizelge 3- Degisken hiz kontroliiniin sistemin farkl
noktalarina yerlestirilen debi ayar vanalarina gére
enerji kazanci

Energy saving (%)
VSD VSD VSD
Flow Power versus — versus versus
rate  consumption  outlet inlet by-pass
(m’ h) (W) valve  valve valve
3 451 0 0 -1
2.8 377 53 15 11
2.6 298 68 31 27
2.4 262 74 38 35
2.2 230 80 44 41
2 201 84 49 46
1.8 177 87 54 51
1.6 155 59 56
1.4 138 63 60
1.2 124 65 63
1 113 68 66

3.3. Constant pressure tests

In some pumping operations, the flow rate may
need to be varied while the pressure needs to be
constant. To simulate such operation conditions two
tests were conducted in this part of the study. The
first test was conducted by using the VSD to obtain
certain pressure values (4.0, 3.5, 3.0, and 2.5 bar) at
varying flow rates. The flow rate was adjusted by
using the VSD to achieve desired pressure head at
the outlet.

The power consumption decreased as the flow
rate was reduced at given outlet pressure settings
(Figure 6). The power consumption changed at
a slow rate at a given pressure setting as a result
of varying the flow rate. The power consumption
behaved accordingly as the pressure was reduced
step by step from 4.0 bar to 2.5 bar at a given flow
rate setting. For instance, at 4.0 bar the power
consumption decreased from 1000 W to 760 W with
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the flow rate reduction. Similarly, at a flow rate of
2.2 m*h'!, the power consumption reduced from 940
W to 550 W as the pressure demand reduced from
4.0 bar to 2.5 bar.
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g 400 —a—P35 T
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16 18 2 22 24 26 28 3 32
Flow rate (m* )

Figure 6- The effect of VSD on the relationship
between flow rate and power consumption in
constant pressure tests

Sekil 6- Sabit basing testlerinde degisken hiz
stirtictistiniin debi-gii¢ tiiketimi iligkisine etkisi

The second set of constant pressure experiments
were conducted by adjusting the flow rate with
the by-pass valve, instead of the VSD. The
power consumption fluctuated and did not vary
proportionally with the flow rate (Figure 7). It was
interesting to note that the power consumption was
almost the same at a given pressure setting. For
instance, the average power consumption at 4.0 bar
was 1039 W with the measured results ranging from
1033 W to 1045 W. This may be explained by the
fact that the pump always operated at the maximum
speed during the by-pass valve tests whereas the
pump impeller speed was reduced step by step
during the VSD tests.

The differences in the energy consumption
between the VSD and by-pass valve corresponded
to 2-27%, 5-30%, 3-35%, and 0-37%, respectively
for 4.0, 3.5, 3.0, and 2.5 bar operations (Table 4).
The energy consumption difference was low at
high flow rates showing more opportunities to save
energy as the flow rate needs to be lowered. Thus,
the VSD was more advantageous compared to the
by-pass valve for varying the flow rate at constant
pressure applications as well.
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Figure 7- The effect of by-pass valve on the
relationship between flow rate and power
consumption in constant pressures tests

Sekil 7- Sabit basing testlerinde by-pass vanasinin
debi-gii¢ tiiketimi iligkisine etkisi

According to literature, field experiments
under different conditions resulted in 33% energy
saving by using variable pump speed (Barutcu et
al 2007) and power demand from the irrigation
system dropped from 291 kW down to 175
kW, corresponding to 40% reduction in electric
consumption for one pumping unit in a big pumping
station (ABB 2013). In another study, installing
VSDs to pumping stations resulted in 27% and 35%
less energy consumptions in two different districts
in an attempt to optimize energy consumption
(Lamaddalena & Khila 2012). The energy savings
were similar in the case of a small centrifugal pump,
as shown in the current study. When there was a
VSD in the system, energy savings at the operating
point (2.2 m® h'') were 44% and 41% compared to
the inlet valve and the by-pass valve, respectively.
Using the variable speed drive, 20% decrease in the
flow rate further reduced the energy consumption by
10% compared to the operating point, making the
VSD a very efficient means of flow rate regulation.

When the irrigation pump is not equipped with a
VSD, an inlet valve could be used within a limited flow
rate range, and a by-pass valve within a wider flow rate
range compared to the use of an outlet valve. More
than 60% of the energy could be saved at the operating
point if a by-pass or inlet valve was used instead of an
outlet valve. Furthermore, the energy saving of a by-
pass valve was better (5%) than the inlet valve.
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Table 4- Energy saving comparisons between VSD
and by-pass valve for constant pressure tests

Cizelge 4- Sabit basing testlerinde degisken hiz
kontrolii ile by-pass vanast arasinda enerji kazanci
karsilastirmast

Power Energy saving
Outlet Flow consumption (W) (%)
pressure rate
(bar) (m’ ") VSD By-pass  VSD versus
valve by-pass

2.4 1014 1038 2

2.2 936 1045 10

4 2 875 1045 16
1.8 812 1033 21

1.6 757 1040 27

2.6 950 952 0

2.4 887 937 5

15 2.2 818 926 12
2 738 936 21

1.8 689 920 25

1.6 651 924 30

2.8 838 861 3

24 734 814 10

3 2.2 688 838 18

2 616 836 26

1.8 575 817 30

1.6 540 828 35

3 758 746 -2

2.4 596 734 19

)5 2.2 546 745 27
2 510 736 31

1.8 479 732 35

1.6 457 724 37

In the above discussion, the interpretation of
the experimental power consumption values for the
given operating conditions allowed to determine the
least energy consuming flow rate control method. In a
pumping system, the system efficiency is affected by
both the input (total power consumed) and the output
(hydraulic power). The use of outlet valve caused
back pressures exerted on the pump impeller, which
was the reason for observing high pressure values in
the discharge line during constant pump speed tests.
Accordingly, the hydraulic power of the pump was the
highest for the outlet valve tests compared to the other

options. It seems misleading to note that the bigger
hydraulic power obtained in outlet valve adjustments
provided better system efficiencies (Table 5). The
aim in these tests was to simulate unpressurized
fluid flow and to supply the flow rate values with the
minimum operational costs. For practical purposes,
high pressure head was not needed but the ultimate
effect of the outlet valve adjustment was to increase
the power consumption profoundly compared to the
other means of controlling the flow rate (Figure 4).
When the inlet and outlet valves in constant speed tests
were compared, the inlet valve was more efficient.
This could be due to the fact that more energy is
dissipated in order to pass the water through the
pump and the by-pass line compared to the reduced
mass flow through the pump in the case of inlet
valve operation. When the inlet and by-pass valves
were compared with the VSD, the system efficiency
of VSD was higher and rapidly decreased with the
reduction in the flow rate in all cases. Generally the
system efficiency was low at constant and variable
speed operations and were 14.1%, 11.2%, and 15.1%
for the inlet valve, by-pass valve, and the VSD at 2.2
m?® h'l. These findings prove that the pump and the
hydraulic system do not match well for low pressure
operations unless equipped with VSD.

Table 5- System efficiencies in constant and variable
speed tests

Cizelge 5- Sabit ve degisken hiz testlerinde sistem
verimleri

Flow rate Outlet SyStheiﬁiCleng/—(;/Z)ss
m’ ') VSD
valve valve valve

3 18.7 18.7 18.7 18.7
2.8 30.7 17.7 17.5 20.9
2.6 29.3 15.9 15.1 23.8
2.4 27.1 15.2 12.8 19.0
2.2 24.7 14.2 11.2 15.1

2 21.7 12.9 9.3 10.3
1.8 19.0 11.8 7.7 8.6
1.6 10.7 6.1 6.4
14 9.4 4.9 34
1.2 9.0 3.8 1.6

1 6.9 2.9 0.2
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Constant pressure tests demonstrated better system
efficiencies compared to the constant speed tests both
for the by-pass valve and the VSD (Table 6). The
calculated system efficiencies were roughly 20-27%
and 25-30%, respectively for the by-pass valve and the
VSD. More specifically, the system efficiency of the
five different flow rates in Table 6 at 4.0, 3.5, 3.0, and
2.5 bar were 26.0-29.1% and 21.3-25.5%, respectively
for the VSD and the by-pass valve. Eventually, the
results were more favorable for the VSD operations
and the degree of benefit in system efficiency depends
on the pressure and flow rate demand. As expected,
the system efficiency decreased with decreasing
flow rate at a set value of outlet pressure. Based on
the results and discussions, it may be argued that a
constant speed pump cannot be operated over a wide
flow rate ranges due to low efficiencies encountered
as a result of changes in the flow rate. Therefore, in
systems requiring wide dynamic flow rate ranges, it is
best to install a VSD in the system.

Table 6- System efficiencies in use of the VSD and
the by-pass valve in constant pressure tests

Cizelge 6- Sabit basing testlerinde degisken hiz siirtictisii
ve by-pass vanasi kullaniminda sistem verimleri

Pressure Flow rate System efficiency (%)
(bar) (m* ') VSD By-pass valve Difference

2.4 28.0 27.3 0.6

2.2 27.7 24.8 2.9

4.0 2 26.6 22.6 3.9
1.8 25.7 20.6 5.0

1.6 24.5 18.2 6.2

2.4 28.3 26.9 1.4

2.2 28.2 25.0 32

3.5 2 283 223 6.0
1.8 26.9 20.5 6.4

1.6 18.1 18.1 0.0

24 29.8 31.1 -1.3

2.2 28.9 27.7 1.2

3 2 28.7 252 34
1.8 27.5 229 4.6

1.6 26.0 20.4 5.6

2.4 31.3 25.6 5.7

2.2 314 23.1 8.3

2.5 2 29.5 214 8.2
1.8 27.8 19.3 8.4

1.6 25.8 17.4 8.4

It was concluded that, the use of VSD should
be the first preference followed by the use of a by-
pass valve for varying the flow rate of a centrifugal
pump. The use of a suction valve may be allowed
for flow rates above the operating point but could be
used very cautiously just below the operating point
due mainly to rapidly increasing vacuum pressure in
the suction line.

4. Conclusions

The followings could be summarized and
concluded as result of this study. A small centrifugal
pumping station was used to investigate the energy
efficiencies of using flow rate valves in different
lines and the VSD. When there was no VSD, the
most energy efficient way to deliver different flow
rates was to use the by-pass valve with 66% more
energy saving than the outlet valve and 5% more
than the inlet valve. The use of the inlet valve, albeit
energy efficient compared to the outlet valve, could
create suction line hazards. VSD provided the most
energy efficient operations with 41% less energy
consumption compared to the by-pass valve. As the
flow rate demand of the irrigation system decreased,
the VSD became even more efficient compared
to the by-pass valve for regulating the flow rate.
In constant pressure experiments, VSD provided
2% to 37% reductions in the energy consumption
compared to the by-pass valve, depending on the
pressure and flow rate demand. VSD technology
should be favored because of its significant impact
on increasing the energy efficiency in meeting
different flow rate and pressure demands. Ifa VSD is
not available, by-pass technique should be preferred
over the inlet valve and outlet valve. The VSD
provided better system efficiency compared to the
by-pass valve during constant pressure operations,
respectively with 26-29.1% and 21.3-25.5%.
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ABSTRACT

The objective of this study was to develop and test an automated extractant providing method utilizing pressurized air
in a laboratory setting. Pressurized air was applied to extractant holder filled with extractant. An electro-pneumatic
regulator valve was used to regulate the air pressure at 344.75, 551.6, and 758.45 kPa using an analog electrical signal. A
two-position solenoid valve that was controlled via Labview software according to pre-specified time interval was used
to provide a high pressure pulse at known durations to the extractant column inside the holder. The mass of extractant
transported to the mixing unit during a single air pulse was measured and recorded for all treatments in the experimental
design. Analysis of variance was performed to determine significance of each variable, namely pulse duration and air
pressure. Step wise linear regression analysis was used to develop calibration models for the prediction of extractant
mass. The only significant factor was pulse duration while pressure was insignificant (o= 0.05) on extractant mass for
all treatments. Pulse duration was used to find a model to predict extractant mass, and provided a very good prediction
(R?>=0.99) at fixed pressure setting. Laboratory test results proved that pressurized air was effective in obtaining known
quantity of extractant. The electro-pneumatic method was capable of obtaining and transporting a precise amount of
extractant needed for on-the-go soil nitrate analysis within a short time (less than 100 ms) with a coefficient of variation
of less than 3%. It was concluded that the electro-pneumatic method was a viable candidate to be a precise variable
extractant supply method for on-the-go soil analysis system.

Keywords: Real-time soil analysis; Extractant provider; Electro-pneumatic method; Agricultural automation

Gercek Zamanh Nitrat Analiz Sistemleri I¢in Degisken Diizeyli
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OZET

Bu ¢aligmanin amaci, basingli hava ile ¢alisan bir otomatik ektstraktan saglama yontemi gelistirmek ve laboratuvar
kosullarinda test etmektir. Hazne icindeki ekstraktant yiizeyine basingli hava uygulanarak hazne basinglandirilmistir.
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Hava basincini, bir elektriksel analog sinyal araciligi ile 344.75, 555.1 ve 758.45 kPa basinglarinda diizenleme amaciyla
elektro-pnomatik bir valf kullanilmistir. Puls siiresini kontrol etmek i¢in Labview yazilim programi araciligt ile
denetlenebilen iki-pozisyonlu bir selenoid valf kullanilmistir. Deneme desenindeki her bir uygulama i¢in puls siiresinde
elde edilen ekstraktant kiitlesi olgiilerek kaydedilmistir. Her bir degiskenin (puls siiresi ve hava basinci) 6nemlilik
derecesini belirlemek amactyla varyans analizi ve ekstraktant miktarinin tahmini i¢in ise model gelistirmede dogrusal
regresyon yapilmistir. Istatistiksel analizler sonucunda, biitiin uygulamalarda extraktan miktar1 iizerine sistem hava
basincimnin etkili olmadigi, sadece puls siiresinin etkili oldugu belirlenmistir (a= 0.05). Ekstraktant miktar: tahmini igin
modelde sadece puls siiresi kullanilmig ve tahmin sonuglari sabit sistem basing ayarlarinda oldukea iyi ¢ikmistir (R*=
0.99). Laboratuvar deneme sonuglart, istenilen miktarda ekstraktan saglamada, basingli havanin oldukga etkili oldugunu
ortaya koymustur. Elektro-pnomatik ekstraktant saglama yonteminin ger¢ek zamanli nitrat analiz sistemleri i¢in gerekli
kisa siirelerde (100 ms’den daha az) ve gerekli hassasiyette (% 3’ten daha diisiik degiskenliklerde) ekstraktan saglama ve
iletme kabiliyetine sahip oldugu belirlenmistir. Elektro-pnomatik metodun, degisken-diizeyli hassas ekstraktan saglama
yontemi olarak uygulamada kullanilmaya aday bir yontem oldugu sonucuna varilmstir.

Anahtar Kelimeler: Gergek-zamanli toprak algilama; Ekstraktant saglama; Elektro-pnomatik metot; Tarimsal otomasyon

1. Introduction

The goal of precision agriculture is to optimize
agricultural production by applying production
input such as fertilizers and pesticides on a point-
by-point basis within a field. Therefore, spatial
variation across the field has to be accurately
measured by collecting data on a finer resolution
for success of precision agriculture. Soil
nitrate measurement is an important concept to
optimize agricultural production and to decrease
environmental impact due to excessive fertilization.
For this task several different methods have been
studied by scientists during the last decades. Dalal
& Henry (1986) measured total nitrogen (N) in soils
with some success (R*>0.92) by using Near Infrared
Reflectance (NIR) reflectance method in the range
of 1100 to 2500 nm; however, the prediction was
very poor for lower nitrate concentrations and total
N prediction was not possible for a wide range of
soil colors. Upadhyaya et al (1994) investigated
the feasibility of determining soil mineral-N using
NIR absorbance data in the 1000 to 2400 nm range.
They used both partial least squares regression
(PLS) and Fast Fourier (FFT) techniques to analysis
data. They reported that NIR absorbance data could
be used to predict the amount of soil mineral-N in
the soil samples if the correlation was blocked by
moisture content (air dry, 10%, 15%). The standard
prediction error was also reported high. McGrath &

© Ankara Universitesi Ziraat Fakiiltesi

Skotnikov (1996) developed an integrated system
for determining optimum site-specific fertilizer
application. Their system consisted of a soil sampler,
a sample preparation unit, a laboratory workstation
for soil analysis, and an expert software system to
convert the soil analysis and supporting data into a
fertilizer application program. The sampler collected
samples automatically across the field and packaged
them in plastic bags that were connected to form a
long band. The automated laboratory workstation
set up near the field analyzed the banded samples.
The initial preparation of automated workstation
required 90 minutes and then samples could be
analyzed at a rate of 1 sample per minute. The
analysis results were then input into an expert
system to determine fertilizer recommendations.
However, this system seems complicated and time
consuming since soil sampling and analysis are
done independently.

Adsett & Zoerb (1991) developed a real time
nitrate sensing system. Their system consists of soil
sampler, a device to collect soil samples, a mixing
system to mix and extract a soil solution, and a
data and control system to evaluate the nitrates
in solution. Ion selective electrode was used for
nitrate measurement. In the field test, the sampling
component, which used a slot cutter to collect soil
from the ground was capable of delivering a soil
sample within three seconds; however, the system
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did not produce repeatable results, only 40% of
the nitrate readings were correct, and mixing and
filtration system required improvement. Extraction
system performance was affected by the soil
consistency, which varied with soil type, relative
speed, compaction, and soil moisture content. They
concluded that ion-selective electrode technology
is adaptable to automated field monitoring of soil
nitrate levels. Adsett et al (1999) built and tested
an automated, on-the-go; soil nitrate monitoring
system (NMS) consisted of a soil sampler, a soil
metering and conveying unit, a nitrate extraction and
measurement, and a control unit. The soil sampler
employs a woodsaw blade powered by a hydraulic
motor. Nitrate ion selective electrode (ISE) was used
to sense nitrate concentration. A field calibration
process predicted soil nitrate levels within 10 s after
soil sampling. Based on laboratory tests, nitrate
level could be predicted with 95% accuracy after 6
s of measurement for a silty clay loam soil. They
concluded that overall laboratory performance of
NMS was very satisfactory; however, more work
need to be done before using the system in the field.

Ion-selective field-effect transistors (ISFET)
technology is a newer development that consists
of a membrane, which responds to nitrate ions. It
is based on the same chemical principles as ISE.
Birrell & Hummel (2001) investigated the use of
ion-selective field-effect transistors (ISFET) in
conjunction with flow injection analysis (FIA) for
use as a system for real-time soil nitrate sensing.
They reported that the multi-ISFET/FIA system
was successful to measure soil nitrate within 1.25
s in manually extracted soil extracts (R*>0.9) using
washout time of 0.5 s an injection time of 0.75 s.
Nitrate ion selective field effect transistors (ISFETs)
technology promises a convenient and fast method
for on-the-go soil nitrate measurement. The nitrate
measurement system requires a very small sample
volume to minimize extractant use. They concluded
that the rapid response and low sample volume
requirement by the multi-sensor ISFET/FIA system
makes it a strong candidate for use in real time soil
nitrate sensing. However, automated soil extractant
system requires considerable improvement.

Continuous soil sampling must become faster
with increasing precision and accuracy in order to
automate overall nitrate measurement process in
the field. The collection of a known mass of soil, to
maintain a constant repeatable soil/extractant ratio,
is critical to the success of the complete nitrate
analysis system. Yildirim et al (2006) developed an
automated electro-pneumatic soil sampling method
for providing fast, reliable and accurate soil samples
for real-time soil analysis. Laboratory results
indicated that it was possible to obtain consistent
soil samples within a short time period (less than
36 milliseconds) across a range of soil texture and
moisture levels.

After collecting a soil sample the next step is
to mix a known mass of soil sample with known
amount of extracting solution, filter the slurry
and then present the soil filtrate to the sensor to
determine the nitrate concentration of the filtrate.
It is important that the soil/extractant ratio is fixed
and repeatable, or that this ratio can be accurately
determined, to calculate the in-situ soil nitrate
concentration. Therefore accurate extractant amount
has to be supplied according to known soil mass
collected by an automated soil sampler.

The objective of this study was to develop
and test an extractant providing method based
on pressurized air for soil analysis systems.
Overall objective was to develop a real time soil
macro nutrient measurement system based on soil
sampling using ISE/ISFET sensor technology. This
paper reports a variable extractant providing method
which can be integrated into a nitrate analysis
system. The effects of applied air pressure and pulse
duration on extractant mass were also investigated.

2. Material and Methods

2.1. Equipment

A desktop computer was used to coordinate the
operation of laboratory test set up of the electro-
pneumatic extractant providing method (Figure 1).
A labview program for control was developed and
used to run the system automatically. The Electro-
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Pneumatic Regulator (EPR) valve (ITV3000 series,
SMC, Inc.,) was used to regulate the air pressure.
The valve was capable of regulating the pressure
from 5 to 900 kPa in proportion to an analog
electrical signal. A two-position, direct operated,
normally closed solenoid valve (SMC, VX22 series)
controlled by Labview programming software
according to pre-specified time interval provided a
known high-pressure pulse duration to the extractant
column inside a holder. When the valve initiated, a
quantity of extractant was conveyed into the mixing
unit along a delivery pipe. The mass of extractant
transported to the mixing unit during a single air
pulse was measured and recorded for all treatments
in the experimental design.

DAQ board

Accumulator

Air out

Air Compressor

Extractant To FIA/Sensor system

Mixing

Soil sample

Electric Motor

Figure 1- Schematic diagram of the electro-
pneumatic extractant supply method for real-time
nitrate sensing systems

Sekil 1- Ger¢ek-zamanli nitrat 6l¢me sistemleri icin
otomatik ekstraktant saglama yéontem sematigi

2.2. Experimental design and analysis

The randomized, complete block experimental
design included three levels of pulse duration (30,
50, and 70 ms) and three levels of air pressure
(low: 344.75; medium: 551.60; and high: 758.45
kPa), resulting in 9 different treatments, with five
replicates of each treatment. Three levels of pulse
were used to determine the effect of pulse duration
on the mass of extractant obtained while the levels
of air pressure were used to determine the effect
of air pressure on the mass of extractant obtained.

To determine the significance of each variable
(pulse and air pressure) on the measured extractant
mass, analysis of variance was performed using
Matlab Statistics Toolbox for each extractant mass
individually. Air pressure and pulse duration were
the independent variables, with extractant mass as
the response (dependent) variable. Stepwise Linear
Regression was performed at each pressure level
and pooled data using Matlab Statistics Toolbox
to model the relationship between the extractant
mass and the independent variables (air pressure
and pulse duration). The statistically significant
(a=0.05) main variables and their interactions were
included in the final regression model. Water was
used as an extractant during the tests.

3. Results and Discussion

The laboratory tests were conducted to investigate
the effect and significance of air pressure and
pulse duration on the quantity of extractant mass
obtained. The mass of extractant transported to the
container during a single air pulse was measured
and recorded for all treatments in the experimental
design. The mean extractant mass and standard
deviations for all treatments studied in this
experiment are given in Table 1. Mean extractant
mass varied from 0.52 to 5.73 g depending on
levels of pulse duration and applied air pressure.
The standard deviation varied from 0.01 to 0.06 g,
and the coefficient of variation (CV) varied from
0.54% to 2.89% depending on the pulse duration
and applied air pressure levels.

Table 1- Mean extractant mass (g) and standard
deviation for all laboratory test treatments

Cizelge 1- Deneme desenindeki tiim uygulamalar i¢in
ortalama ekstraktant agirligi (g) ve standart sapma
degerleri

Pressure
Pulse 344.75 kPa 551.6 kPa 758.45 kPa
30 ms 1.05 (0.03) 1.02 (0.01) 0.52 (0.01)
50 ms 2.77 (0.06) 3.24 (0.02) 2.97 (0.06)
70 ms 4.72 (0.06) 5.69 (0.03) 5.73 (0.06)
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3.1. Effect of pulse duration on extractant mass

The results of statistics analysis showed that pulse
duration had a significant effect (a= 0.05) on the
extractant mass for all pressure levels. The mean
mass values at different pulse durations for each air
pressure level are shown in Figure 2. Mean extractant
mass varied from 0.52 to 5.73 g, depending on
pulse duration and air pressure levels. An increase
in pulse duration level yielded a corresponding
increase in the extractant mass for all pressure
levels. The standard deviations (shown by the
error bars) represent the overall standard deviation.
This included the variance due to the difference in
treatment means (pulse duration and air pressure)
and random error. The standard deviations were less
than 0.06 for all pressure levels.

Mean extractant mass, g

34475 kPa

551.60 kPa
Pulse duration, ms

75845 kPa

Figure 2- Pulse duration effect on extractant mass
for different pressure levels (n= 45), error bars
represent standard deviations
Sekil 2- Farkli sistem basinglarinda puls siiresinin
ekstraktant kiitlesi iizerine etkisi

3.2. Effect of air pressure on extractant mass

The statistics analysis suggested that air pressure
had no significant effect (o= 0.05) on the extractant
mass for all pulse duration levels. The mean mass
values at different pulse duration for each air
pressure level are shown in Figure 3. An increase
in pressure level did not resulted in a corresponding
increase in the extractant mass for all pulse
durations. The standard deviations (shown by the
error bars) represent the overall standard deviation.

Mean extractant mass varied from 0.52 to 5.73 g,
depending on pulse duration and air pressure levels.
The standard deviations were less than 0.06 g for all
pulse duration levels.

~

Mean extractant mass, g
-

551.60 | 75845

551.60 | 75845 551.60 | 75845

50 ms
Pressure, kPa

Figure 3- Pressure effect on extractant mass
for different pulse durations (n= 45) error bars
represent standard deviations
Sekil 3- Farkli puls siirelerinde sistem basincinin
ekstraktant kiitlesi tizerine etkisi

3.3. Linear models for extractant prediction

Stepwise linear regression analysis was used to
develop the calibration models for prediction of
extractant mass for each pulse duration level and
pooled data. In regression analysis, all parameters
were tested including their interactions. The
final models only included parameters that were
significant at the 5% level. In all cases, pulse duration
was the only prediction variable of extractant mass
and modeled to predict amount of extractant. The
prediction model results for low, medium, high
pressure levels, and pooled data are shown in Table
2. Pulse duration provided a very good prediction of
extractant mass for all pressure levels, and pooled
data. In the prediction model for the low level of
pressure, the root mean square error (RMSE) was
0.076 g (mean extractant mass= 2.84 g), and the
correlation of determination (R?) was 0.99. High
predictive capability of regression was obtained
for medium level of pressure (RMSE= 0.062,
R?=0.99). Similarly, the good predictive capability
of regression was obtained for high level of pressure
(the mean extractant mass= 3.07 g, RMSE= 0.093,
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and R?= 0.99). In the case of pooled data, the RMSE
was 0.342 g (R?>=0.97 and the mean extractant mass=
3.08 g). Figure 4 shows the correlation between the
estimated extractant mass and the actual measured
sample mass at low, medium, high pressure levels,
and for pooled data. Pulse duration provided a very
good prediction of mass of extractant for all applied
pressure levels, and pooled data.

Table 2- The regression model results for prediction
of extractant mass for different pressure levels, and
pooled data

Cizelge 2- Farkli sistem basinglarinda ekstraktant
agirligi tahmini igin regresyon model sonuglari

Pressure R’  RMSE Mean mass Model
(kPa) (g) (g) parameters (a)
344.75 0.99 0.076 2.84 Pulse
551.6 0.99 0.062 3.32 Pulse
758.45 0.99 0.093 3.07 Pulse
Pooled data 0.97 0.342 3.08 Pulse

a, the final models only included parameters significant at the
5% level

The linear model for the pooled data is shown
as Equation 1.

E, . =-2.566+0.11287P, (1)

mass

Where; £, extractant mass (g) and P,, pulse
duration (ms)

The model indicated that the amount of
extractant was only depended on pulse duration.
This information withdrawn from the model offered
several advantages; such as simplicity, fast response,
digital controllability, accuracy and precision to
allow automated extractant supply for complete
real-time soil analysis system.

4. Conclusions

An clectro-pneumatics method that utilizes
pressurized air to provide precise amounts of
extractant for on-the-go soil analysis was developed
and tested under laboratory conditions. The results
showed that electro-pneumatics method was
capable of obtaining precise extractant mass within

6
R=099 R'=0.99
w w0
£ 4 4
g 2
H H (]
5 5
g 3
z 2 g2
§ ]
= >
(] °
0
0 2 4 6 0 2 4 6
Predicted extractant, g Predicted extractant, g
(a) b
6 6
5 . 2_
R*=0.99 R=097
w w
2z 3
§¢ g4
£ g
5 (] 5
2 2
] H
g 2 g 2
= =
[ ]
° °
0 0

0 2 4 6 0 2 4 6
Predicted extractant, g Predicted extractant, g
(c) (d)

Figure 4- The correlation between measured and
predicted extractant mass: a, at low pressure
(344.75 kPa); b, at medium pressure (551.60 kPa);
¢, at high pressure (758.45 kPa); and d, for pooled
data (344.75, 551.60, 758.45 kPa; n= 45)

Sekil 4- Tahmin edilen ve élgiilen ekstraktant agirlig
arasindaki korelasyon: a, diigiik basingta (344.75
kPa), b, orta basingta (551.60 kPa); c, yiiksek basingta
(758.45 kPa); d, tiim basing degerlerinde (344.75,
551.60, 758.45 kPa; n=45)

30 to 70 ms with a CV < 3% for all treatments in
the experimental design regardless of pressure level.
The mass of extractant was only affected by one
variable, namely pulse duration. This dependency
on one variable provided the flexibility to maintain
a consistent soil/extractant ratio by changing pulse
duration as soil sample mass varies and allowed
easy automation of overall soil sensing system. The
electro-pneumatics extractant providing method has
the potential to be used in a real-time soil nutrient
analysis system based on soil sampling.
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OZET

Siit sigirlarma benzer sekilde uzun laktasyon siiresine sahip olan siit tipi kecilerin makineli sagimi hakkinda tilkemizde 6nemli
Olglide bilgi iiretimine gereksinim bulunmaktadir. Bu ¢aligmada, Tiirk Saanen kegilerinde makineli sagim ve elle sagim,
siit verimi ve siit bilesenleri bakimimdan karsilastirilirken, ayrica makineli sagimda memede kalan “kalintr siit” miktar1 ve
bilesenleri incelenmistir. Calisma, laktasyonlarinin 5. ayinda bulunan 3-4 yash 24 bas keci tizerinde yiiriitiilmistiir. On alt:
bas kegi elle ve makine ile sagimin yapildig: sekizer basli iki gruba ayrilirken, diger sekiz bas ke¢iden makine ile sagimdan
sonra memede kalan siit elle sagilarak alinmustir. Siit bilesenleri Milk-Lab Minor siit analiz cihaziyla tespit edilirken, yag
analizi ayrica Gerber yag analiz cihazi ile de yapilmistir. Kegilerde sagim denetimlerinde periyot bagina belirlenen siit
verimleri elle (1.073 L) ve makineli sagimda (1.095 L) birbirine benzer bulunmustur (P= 0.8807). Sabah sagiminda aksam
sagimina gore 140 mL daha fazla siit alinirken, aksam sagiminda elde edilen siit, daha yiiksek oranda siit bilesenlerine
sahip olmustur (P<0.0001). Elle sagimda elde edilen siit, makineli sagimda elde edilen siite gore daha yiiksek oranda siit
bilesenlerine sahip olurken, Milk-Lab Minor ile yapilan yag analizi 6nemli olgiide farklilagmustir (P= 0.0317). Makineli
sagimdan sonra 224-262 mL ve ortalama % 22.6 kalint1 siit elde edilmistir. Kalint1 siitteki siit yagi, makineli sagimdaki
stite gore aksam sagiminda % 43-46, sabah sagiminda ise % 75 daha fazla orana sahip olurken, yagsiz kuru madde (YKM),
protein ve laktoz oranlari kalintt siitte % 3-4 daha diisiik olmustur. Bu anlamda 6zellikle makineli sagimdan sonra kalmti
stitlin elle sagimla memeden alinmasi veya makineli sagimda memede bu 6lgiide siitiin kalmamasi adina sagim tinitesinde
diizenlenmelere ihtiyac oldugu belirlenmistir. Siit yag1 Gerber analizinde ortalama % 3.63 olurken, Milk-Lab Minor cihazi
ile ortalama % 3.80 olarak belirlenmistir (P<0.0001). Ayrica Gerber ile Milk-Lab Minor yag analiz degerleri arasinda
pozitif bir korelasyon katsayisi oldugu gortilmiistiir (r= 0.91; P<0.0001).

Anahtar Kelimeler: Tiirk Saanen; Aksam sagimi; Sabah sagimi; Kalinti siit; Siit yag1
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Turk Saanen Kegilerinde Elle Sagim ile Makineli Sagimin Sut Verimi, Sut Bilesenleri ve Kalinti St Bakimindan Karsilagtirilmasi, Tolu et al

ABSTRACT

Dairy goats have quite long lactation periods like dairy cows, but there is significant lack of knowledge and information
about machinery milking of goats. The present study was conducted to compare milk yields and milk components in
manual and machinery milking of Turkish Saanen goats and to investigate the amount of “residual milk” and milk
components of machinery milking. Experiments were carried out on 24 goats aged 3-4 years and on the Sth month of
their lactation period. Of these goats, sixteen were separated in groups of eight goats. The first group was hand-milked
and the other group was milked with a milking machine. The remaining eight were also milked with a milking machine
and then the residual milk in udders was hand-milked. Milk components were analyzed with Milk-Lab Minor milk
analysis device and fat analysis was carried out with Gerber fat analysis device. Milk yields of milking periods were
similar in hand milking (1.105 L) and machinery milking (1.095 L) (P= 0.8807). While morning milking had 140 mL
more milk than evening milking, evening milk had higher component values than morning milk (P<0.0001). Hand
milk also had higher component values than machinery milk and significant differences were observed in fat values
determined with Milk-Lab Minor (P= 0.0317). Residual milk after machinery milking was found to be 224-262 mL
and 22.6%. Milk fat ratio of residual milk was 43-46% higher than evening machinery milk, 75% higher than morning
machinery milk and residual milk had 3-4% higher non-fat dry matter (NFDM), protein and lactose contents. Thus,
residual milk after machinery milking should manually be milked up and arrangements should be made on milking units
to reduce such high amounts of residual milk. While milk fat ratio was 3.63% in Gerber analysis, the value was observed
as 3.80% in Milk-Lab Minor device (P<0.0001). A positive correlation coefficient was observed between Gerber and

Milk-Lab Minor fat values (r= 0.91; P<0.0001).

Keywords: Turkish Saanen; Evening milking; Morning milking; Residual milk; Milk fat

1. Giris

Onceki yillarda Akdeniz iilkelerinde genellikle
ekstansif kosullarda siit {iretimi amagh kegi
yetistiriciligi yapilirken (Morand-Fehr et al 1983), son
yillarda diinyada ve tilkemizde entansif siit kegiciligi
yayginlagmaktadir. Bu iiretimde siitiin tamaminin
hijyenik kosullarda ve hayvanin meme dokusuna
zarar vermeden sagilmasi Oncelikli amagtir. Siit
kegiciliginde siit kalitesi, zaman ve is giicii tasarrufu
gibi sebeplerden dolay1 makineli sagimin elle sagima
gore avantajli oldugu bilinmektedir (Boyazoglu &
Morand-Fehr 2001; Caroprese et al 2007; Toli &
Savas 2008). Ancak makineli sagimda da makinenin
basing ve pulsasyonu, hijyen kosullari, memeden
stitlin tamamen almmast gibi konularda sikintilar
olusabilmektedir. Italya’da keci isletmelerinde
yapilan bir calismada, makineli sagimin daha hijyenik
oldugu, ancak az sayidaki hayvanmn elle sagildig
isletmelerde de somatik hiicre sayisinin daha az
oldugu belirlenmistir (Delgado-Pertinez et al 2003).

Ciftlik hayvanlarinda siit verim denetimlerindeki
giinliik siit verimleri sabah ve aksam siit 6l¢limlerinin

© Ankara Universitesi Ziraat Fakiiltesi

toplamindan olugmaktadir. Siit verim kontrolii
Olciimlerinde genellikle sabah sagimindaki siit
miktarimin aksam sagimindaki siit miktarindan daha
ylksek oldugu belirlenmistir (Fuertes et al 1998;
Katanos et al 2005; Pala & Savas 2006). Ayrica
aksam sagimi ile sabah sagimi arasindaki fark, siit
verimi yaninda siit icerikleri bakimindan da farka
neden olabilmektedir (Fuertes et al 1998; Salama et
al 2003).

Makineli sagim ile elle sagim karsilastirmasinda
isletme ekonomisini ilgilendiren en Onemli
noktalar, siit verimi ve siit bilesenlerinin farklilik
gosterebilmesidir. Bu konudaki c¢alismalar daha
ziyade koyunlarda yapilmistir. Ornegin, Portekiz
mengeli Beira Baixa koyunlarinda ve Yunaninstan
mengeli Boutsiko koyunlarinda elle sagima gore
makineli sagim lehine siit verimi istatistiksel
olarak onemli seviyede daha yiiksek rapor
edilmistir (Carreiro et al 1989; Sinapis 2007).
Ispanyol Manchega 1rki koyunlarda yapilan diger
bir ¢aligmada ise, iki sagim tipinde siit verimleri
birbirlerine yakin seviyede belirlenirken (Linares
et al 1984), yine Ispanyol Churra irki koyunlarda
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yapilan ¢alismada ise, 6nemsiz olmakla beraber elle
sagimda biraz daha fazla siit elde edilmistir (de la
Fuente et al 1997).

Siit bilesenleri bakimindan makineli sagim ile
elle sagim arasindaki degisebilen en dnemli farklilik
siit yaginda gozlenmektedir (Labussiere 1988;
Millogo et al 2009). Bu anlamda dncelikle sagliklt
bir sagim siireciyle memedeki siitiin tamaminin
alinmasi gerekmektedir (Rushen et al 1999; Téoli
& Savas 2008). Memede kalan siit miktari artikga
siit yag orani da artmaktadir. Makineli sagimda
memede kalan ve elle sagilarak alinan siit “kalinti
stit” olarak tanimlanmaktadir. Normal bir sagimda
stitiin % 68’ini bulabilen kalint1 siitiin (Anderson
et al 1968) yag iceriginin, memeden tamamen
aliman siite gore % 19-46 oraninda daha yiiksek
oldugu belirlenmistir (Labussiere 1988; Millogo
et al 2009). Atlarda makineli sagimda elle sagima
gore onemli Olgiide daha yiiksek oranda siit yagi
tespit edilmistir (Caroprese et al 2007). Dolayisiyla
istenilen diizeyde siit yagi oranmi ve laktasyon
sonunda istenilen siit yag veriminin elde edilmesi
icin memede kalan siitiin tamaminin uygun sagim
yontemi ile alinmas1 gerekmektedir.

Siit yaginin belirlenmesinde tiim bilesenlerin
analiz edildigi cihazlar kullanildig1 gibi, sadece siit
ve peynir yagi analizinde kullanilan ve diinyada
en gilivenilir yontemlerden biri olan Gerber cihazi
ile slit yagi analiz edilebilmektedir. Saanen ve
Alpine kegilerinin siit yag1 analizlerinde Gerber
ve Foss ile yapilan analiz sonuglarinin birbirlerine
yakin seviyelerde seyrettigi goriilmiistiir (Zan et al
2006). Ulkemizde birgok isletmede yaygin olarak
kullanilan ve pratik olarak ¢ok sayida makro siit
bilesenini ayni anda analiz edebilen siit analiz
cihazlarinin siit yagi analiz sonuglari ile Gerber siit
yag1 analiz cihazinin siit yagi sonuglari arasindaki
farklilik veya benzerlikler merak konusudur.

Ciftlik hayvanlari igerisinde sigirdan sonra en
fazla ve enuzun siire siit tireten kegi tiiriinde, 6zellikle
iilkemiz i¢in makineli sagim ile ilgili daha fazla bilgi
iretimine ihtiya¢ duyulmaktadir. Bu calismada,
verim seviyesi yliksek olan ve iilkemiz i¢in 6nemli
bir siit tipi genotipi olan Tiirk Saanen kegilerinde,

makineli sagim ile elle sagimin siit verimi ve siit
bilesenleri karsilastirilarak muhtemel farkliklar ve
farkliliklara etkili faktorler belirlenmistir. Ayrica
makineli sagimda memede kalan olas1 “kalint siit”
miktar1 ve igerigi de saptanmustir.

2. Materyal ve Yontem

2.1. Hayvanlar ve sagim

Calisma, Canakkale Onsekiz Mart Universitesi
Teknolojik ve Tarimsal Arastirmalar Merkezi
(TETAM) Saricaeli Yerleskesi Kiigiikbas Hayvan
Yetistirme Birimi’nde, yar1 entansif sistemde
yetistirilen Tirk Saanen kecileriyle yapilmistir.
Yaklasik 250 da alana sahip olan merada, 30 da
alan ¢alilik formdadir. Sabah ve aksam saatlerindeki
sagimlarda pelet formdaki siit yemi (% 88.14 KM;
% 15.84 HP; 2600 kcal ME) bireysel olarak toplam
1 kg basg! sunulurken, sabah sagimindan sonra
musir silaji (% 27.69 KM; % 9.15 HP; 2500 kcal
ME) giinliik 2 kg bas™ grup kosullarinda verilmistir.
Deneme siiresince kegiler 7-8 saat merada
otlamislardir. Calisma, 3-4 yash ve laktasyonlariin
5. ayinda bulunan yirmi dort bas ke¢i iizerinde
yiriitiilmiistiir. Calismada 6ncelikle on alti1 bas kegi
elle ve makine ile sagimin yapildig: sekizer basl iki
gruba ayrilmistir. Diger sekiz bas kegi ise oncelikle
makine ile sagilmis ve hemen sonrasinda memede
kalan siit elle sagilmigtir. Calisma ardisik toplam on
alt1 giinde tamamlanmistir. Yirmi dort bas keginin
gruplara dagiliminda yas, dogum sirasi, canlt
agirlik, viicut kondisyonu ve deneme dncesi yapilan
aylik siit verimleri dikkate alimmistir. Gruplarda
laktasyonun ilk aylarinda periyotlara gore olgiilen
hayvan basina ortalama siit verimleri ise, makineli
sagim grubunda 1.354+0.41 L, elle sagim grubunda
1.3340.36 L ve kalint1 siit grubunda ise 1.32+0.45 L
olarak belirlenmistir. Calismada kullanilan kegiler 20
yildir yogun bir genetik 1slaha konu edilmektedirler.
Genetik 1slah parametresi olarak verim ve verim
unsurlart yani sira meme formuna 6zellikle 6nem
verilmektedir. Bu nedenle bu siire zarfinda meme
formunda belirgin bir {iniformite saglanmistir.
Tiirk Saanen kegilerinde laktasyon siireleri 275.4
ile 288.4 giin ve laktasyon siit verimi 408.6 kg ile
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521.6 kg arasinda degigsmektedir (TSl et al 2010).
Calismada sagimlar 2 x 12 paralel tipteki kiiciikbas
slit sagim tnitesinde, sabah 07:00-08:00 ve aksam
18:00-19:00 saatleri arasinda gerceklestirilmistir.
Elektronik pulsatorlii sagim iinitesi, 2000 L dak.!
kapasiteli vakum pompasina sahip, 40 kPa vakum
seviyesinde 60:40 nabiz oraninda dakikada 90 nabiz
sayisi ile calismaktadir (Gilirhan & Cetin 2003).
Sagim yapilirken siit akis1 stirekli takip edilmis
ve siit akist bittikten sonra sagim basliklari meme
baslarindan maniiel olarak ¢ikartilmistir. Ayni kisi
tarafindan yapilan elle sagimda avug i¢i sagim
yontemi kullanilmistir. Makine ile sagimda siit
6l¢timii, sistemin ICAR onayli mekanik siit6lgeri
ile yapilirken, elle sagimda bir kovaya alman siit
2 g’a duyarl terazide Olciilmiistiir. Tartilan siitiin
ozgiil agirhgr 1.030 g mL! olarak alinmus ve litreye
doniistiiriilmiistiir (da Costa et al 2014). Yapilan
siit Olgtimlerinden hemen sonra 25 mL kapla
her bir kegiye ait silit 6rnegi alinarak laboratuar
ortaminda analiz edilmistir. Oncelikle Milk-Lab
Minor siit analiz cihazinda (Milk-Lab Minor®) yag,
protein, laktoz, yagsiz kuru madde (YKM) oranlari
belirlenmis (Toli et al 2012), akabinde Gerber siit
yagi1 analiz cihazi ile siit yagi orani tespit edilmistir
(Metin 2006; Anonim 2014). Siit verimi ve igerigi
ile ilgili tim Sl¢im ve analizler ayni1 sekilde kalinti
stit belirlenmesinde de uygulanmistir.

2.2. Siit analizleri

Gerber siit yag analizi yontemi, biitirometre adi
verilen 6lgekli 6zel cam tiipte, belirli hacimdeki siitiin
protein ve zor ¢dziinen tuzlarmm derisik siilfiirik
asit ve amil alkol kullanilarak ¢oziindiiriilmesi ve
yagin parcalanmasi prensibine dayanir. Serbest hale
gegen yagin santrifiij yardimiyla ayrilmasi saglanir.
Santriftij islemi sonrasit biitirometrenin 6lgekli
kisminda okuma yapilarak, drnekteki yag miktart %
olarak ifade edilir (Metin 2006; Anonim 2014). Milk-
Lab Minor siit analiz cihazi, hizli sonug vermesi
ve diger maniiel yontemlerle kiyaslandiginda
pratik, masrafsiz ve is giiciinden tasarruf saglamasi
gibi konularda avantaja sahiptir. Cihaz bir¢ok
parametreyi ayni anda okuyabilmektedir. Cihazla
YKM, yag, protein, laktoz, yogunluk parametrelerine
bakilabilmektedir. S6z konusu cihaz ultrasonik

Ol¢tim prensibi ile caligmaktadir. Siit 6rnegi igerisine
ultrasonik ses dalgalar1 gonderilmekte ve cihaz, ses
dalgalarinin siit i¢erisindeki gegis hizina gére okuma
yapmaktadir. Okumada siit sicakligmm 10-25 °C
arasinda olmasi Onerilmektedir. Sonu¢ % olarak
verilmektedir (Anonim 2010).

2.3. Istatistiksel analizler

Siit verimi ve bilesenlerinin istatistiksel analizinde
tekrarlamali  ol¢limler  varyans  analizinden
yararlanilmigtir. Analizlerde Esitlik 1 kullanilmistir.
Yapilan 6n analizlerde tiim interaksiyonlar
istatistiksel olarak 6nemsiz (P>0.05) oldugu i¢in son
analizlerde interaksiyonlar modelden ¢ikartilmistir.
Coklu karsilastirmalarda TUKEY  testinden
yararlanilan analizler SAS (1999) istatistik paket
programi ile gerceklestirilmistir.

=p+T+G+P +tk +te (1)

yijklm ijklm

Burada; Y i’inci O6l¢iim gilintinde, j’inci
gruptaki, k’inc1 periyotta I’inci kegiye ait m’inci sit
miktari veya siit bilesenleri oranii; T,, i’inci 6lgtim
giintiniin sabit etkisini (i=1, ..., 16); G, j’inci grubun
etkisini (j= elle sagim, makineyle sagim); P , k’mc1
periyodunun sabit etkisini (k= sabah, aksam); ki,
j’inci gruptaki 1’inci keginin sansa bagl etkisini (1=
1,...,16);e. ,sansa bagl hatayi ifade etmektedir.

Siit yag analizi yontemlerinin karsilastirildig
istatistiksel analizlerde ise Esitlik (2) kullanilmistir.

ijklm

yijklnm:M+Ti+Gj+Pk+Y1+b(f_x"/kl’"")+kjm+eijklnm @

Burada; farkli olarak Y, [Iinci siit yag
yonteminin etkisini (I= Milk-Lab Minor, Gerber);
b, slit miktarmmn siit yag oram iizerine regresyon
katsayisini; X, siit miktar1 ortalamasmn ve X,
’inci  Olglim giinlindeki, j’inci grubtaki, k’inct
periyottaki, I’inci siit yag1 analiz yontemindeki, m’inci
kecinin, n’inci siit miktar1 degerini ifade etmektedir.

3. Bulgular ve Tartisma

Tirk Saanen kegilerinde sagim basina siit
veriminin sagim tiplerine gore benzer seviyede
oldugu belirlenmistir (Cizelge 1; P= 0.8807). Bu
¢alismadaki bulgulara benzer sekilde koyunlarda
yapilan c¢aligsmalarda makineli ve elle sagimdaki
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siit miktarlarinin birbirlerine yakin oldugu rapor
edilmistir (Linares et al 1984; de la Fuente et
al 1997). Bazi diger calismalarda ise makineli
sagimda, elle sagima gore siit veriminin daha
yliksek oldugu, koyunlarda (Carreiro et al 1989;
Sinapis 2007) ve atlarda (Caroprese et al 2007)
tespit edilmigtir. Kegilerde siit veriminin elle ve
makineli sagima gore dogrudan karsilastirildig: bir
calismaya ulagilamamustir.

Kegilerde sabah sagiminda aksam sagimina
gore daha yiiksek siit elde edildigi bildirilmektedir
(Katanos et al 2005; Pala & Savas 2006). Bu
calismada da sabah sagiminda aksam sagimindan
140 mL daha fazla siit sagimigtir (P<0.0001).
Ancak bu ¢alismada sabah sagimi ile aksam sagimi
arasinda gegen silirenin aksam sagimi ile sabah
sagimi arasindaki siireden yaklasik bir saat daha
fazla oldugu unutulmamalidir. Sabah ve aksam
sagimlar1 arasindaki siit verimi farki séz konusu
stire farklarindan kaynaklanabilecegi gibi, iki sagim
arasinda siireler esit dahi olsa sabah ve aksam
sagimlar1 arasinda fark olusabilmektedir. Bunun
muhtemel nedeninin, hayvanlarin gece daha fazla
dinlenme ve giindiiz tiikettigi besinin sindirimine
daha fazla vakit ayirmasi olabilecegi diigiiniilmiistiir.

Siit bilesenlerinden sadece Milk-Lab Minor
ile yapilan yag analizi sagim tiplerine gore dnemli
olgtide farklilik gosterirken (P=0.0317), periyotlara
gore siit bilesenlerinin tamaminda 6énemli farklilik

bulunmustur (Cizelge 1; P<0.0001). Sinapis (2007),
elle sagima gore makineli sagimda Onemli
diizeyde daha fazla siit miktart belirlemis, ancak
onemli bulunmamakla beraber elle sagimda daha
yiiksek oranda yag, protein ve laktoz bulundugunu
bildirmistir. Bu durumun, siit miktar1 artikga siit
bilesenleri oraninin diismesinden kaynaklandigi
bildirilmistir (Katanos et al 2005; Toli et al 2010).
Ancak atlarda makineli sagimda daha yiiksek siit
miktar1 elde edilmesine kargin, daha kisa sagim
stiresinden kaynaklanarak, onemli Olclide daha
yiikksek yag orani bulunmustur (Caroprese et al
2007). Dolaysiyla ozellikle yag igerigi orani siit
miktarindan etkilendigi dlciide, siit sagim hizi ve
siitiin memeden tamamen alinmasi ile de iliskilidir.
Mevcut caligmada da memede kalan siit miktari
daha az olan elle sagimda siit yagi (P= 0.0317) ve
diger bilesenler makineli sagima gore daha yiiksek
oranlarda belirlenmislerdir (Cizelge 1). Benzer
durum periyotlar bakimindan aksam sagimi lehine
gergeklesmistir (P<0.0001). Sagim siiresi birbirine
yakin gerceklesen elle (102 sn) ve makineyle
(114 sn) sagim arasinda ve yine periyotlar
arasinda siit bilesenleri farklarmin siit miktarindan
kaynaklandig1 soylenebilir. Nitekim elle ve makine
ile sagim benzer siit verimine sahipken, makineli
sagimda memede kalan % 22.6 oranindaki siit
miktar1 (Cizelge 2) nedeniyle siit bilesenleri orant
daha diisiik diizeylerde gerg¢eklesmis olabilir. Farkli
kegi rklarinda yapilan ve bu ¢aligmadakine benzer

Cizelge 1- Grup ve periyotlara gore siit verimi ve siit bilesenlerine ait en kiiciik kareler ortalamalar:

(EKKO), standart hatalar1 (SH) ve P degerleri

Table 1- The least square means (EKKO), standard errors (SH) and P values of milk yield and milk components

according to groups and periods

Elle sagim Makineyle Aksam Sabah Olciim
Ozellikler sagim giinleri

EKKO SH EKKO SH P EKKO SH EKKO SH P P
Siit verimi (L) 1.07 0.10 1.09 0.10 0.8807 1.01 0.07 1.15 0.07 <0.0001 0.7713
Siityagi' (%) 391 0.21 3.57 0.23 0.2884 398 0.16 3.50 0.16 <0.0001 0.1783
Siityagi® (%) 4.05 0.15 3.57 0.15 0.0317 4.07 0.11 3.55 0.11 <0.0001 0.0052
YKM (%) 7.72 0.08 7.59 0.08 0.2939 17.75 0.06 7.56 0.06 <0.0001 <0.0001
Sit proteini (%)  2.82 0.03 2.77 0.03 0.3209 2.83 0.02 276 0.02 <0.0001 <0.0001
Laktoz (%) 4.25 0.04 4.17 0.04 0.2698 4.26 0.03 4.15 0.03 <0.0001 <0.0001

1, Gerber; 2, Milk-Lab Minor; YKM, yagsiz kuru madde
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bicimde sabah sagiminda daha fazla siit miktar
belirlenen bir ¢alismada, aksam sagiminda siit yagi,
siit proteini ve laktoz (bir irk disinda) igerikleri,
sabah sagimindan c¢ok daha yiiksek seviyede
belirlenmistir (Katanos et al 2005).

Calismada makine ile yapilan sagimdan
hemen sonra yapilan elle sagimda periyotlara gore
degismekle beraber 224-262 mL arasinda kalintr siit
tespit edilmistir (Cizelge 2). Bu miktar sagilabilen
toplam siitin % 22.6’sidir.  Makineli sagimda
sit ile kalintt siit arasinda pozitif korelasyon
(r=0.27) tespit edilmistir (P= 0.0018). Katanos et
al (2005) farkli kegi irklart {izerinde yiirtittiikleri
calismada, makineli sagimdaki gilinliik toplam
kalinti siit miktarm 228-298 mL ve oranimi ise
% 19.8-29.9 arasinda belirlemislerdir. Ayrica giinde
iki 6gtin sagim ile bir 6giin sagimin Tinerfena
sit tipi kecilerinde karsilastirildign ¢alismada,
iki 6giin sagimda kalinti siit miktarinin haftalara
gore degiserek ortalama 150-320 mL (% 5.1-10.9)
arasinda oldugunu bildirilmistir (Capote et al 2008).
Ayni calismada ayrica siit miktarinin daha fazla
oldugu giinliikk tek sagimda, kalinti siit miktar1 da
daha yiiksek olmustur. Kalint1 siit oran1 farkli kegi
wklarinda % 11.61-14.49 arasinda degismistir
(Torres et al 2013). Anderson et al (1968) ineklerde
kalint1 siit oraninin ortalama olarak % 0.72-37.6
arasinda degistigini ve kalintt siit ile makineli
sagimda elde edilen siit arasindaki korelasyon
katsayisini, Onemsiz bulmakla beraber r= 0.41
olarak tespit etmislerdir. Bu ¢aligmada, siit verimi
sagim yontemlerine gore birbirine yakin seviyede
gergeklesmis olsa da (Cizelge 1), kalint siit oraninin
sagilan siit miktarmin % 22.6’s1 olmasi, makineli
sagimda uygun vakum, nabiz sayisi ve nabiz oranlart
ile memeden uygun zamanda siitiin alindigin1, ancak
belli bir seviyenin altinda mutlaka memede siitiin
kalabilecegini gostermektedir. Nitekim caligmada
kullanilan sagim {nitesinde sagim esnasinda siit
akisinin goriilmemesine ragmen, sagim bagliklarinin
memeden ¢ikartilmasindan hemen sonrasinda
yapilan elle sagimda 6nemli miktarda siit tespit
edilmistir (Cizelge 2). Muhtemelen elle sagima
gore daha kuvvetli bir vakum ile siitiin alindig
makineli sagimda, sagim esnasinda daha fazla siit

iiretiliyor da olabilir. Memenin anatomik farkindan
kaynaklansa gerek, kalinti siit, kecilere gore
sigirlarda ¢ok daha fazla sorun olusturmaktadir.
Bu anlamda sigirlarda, sagilan siitin % 68’ine
ulasabilen kalint1 siit miktarin1 azaltmak amaciyla
sagim oOncesi oksitosin hormonu yaygin bicimde
kullanilmaktadir (Anderson et al 1968). Kegilerde
ise sigirlardan farkli olarak, meme sarnict
boslugunun (cisternal), alveol meme bosluguna gore
daha fazla paya sahip olmasi nedeniyle (Salama et
al 2004) oksitosin enjeksiyonu tam anlamiyla sonug
vermeyebilmektedir (Bruckmaier et al 1994; Torres
et al 2014).

Makineli sagimda elde edilen siit ile kalinti
siitteki besin madde bilesenlerinin 6nemli 6lglide
birbirinden farklilik  gosterdigi  belirlenmistir
(Cizelge 2; P<0.05). Kalint1 siitteki siit yaginin,
periyotlara goére degismekle beraber % 43-75
oraninda makineli sagimdaki siitten daha yiiksek
seviyede oldugu goriiliirken, yagsiz kuru madde
(YKM), protein ve laktoz igeriklerinin % 3-4
oraninda daha diisiik oldugu tespit edilmistir
(P<0.05). Farkli hayvan tiirlerinde yapilan
calismalarda kalint1 siitiin, sagimdan elde edilen
site gore % 19-46 oraninda daha fazla yag
icerigine sahip oldugu belirlenmistir (Labussiere
1988; Millogo et al 2009). Bu c¢aligmada aksam
sagimindaki kalinti siit yag oranlart farki (% 43-
46) diger calismalarla benzer iken, 6zellikle sabah
sagiminda kalint1 siitlerdeki % 75°lik oran farki bir
hayli dikkat ¢ekicidir. Bu sebeple 6zellikle sabah
sagimindaki kalint1 siitlerin memeden tamamen
alimmasi ¢ok daha fazla 6nem arz etmektedir. Siit
sigirlarinda yapilan ¢alismada kalinti siitteki yag
orant makineli sagimdaki siite gére 2-2.5 kat daha
fazla yag igerigine sahip olurken, YKM oranlar
benzer bulunmustur (Anderson et al 1968). Farkli
ke¢i irklarinda alveol meme boslugundan alinan
siitteki yag oraninin meme sarnict (cisternal)
boslugundan elde edilen siite gore ¢ok daha yiiksek
oldugu ve bu calismadaki bulgulara benzer sekilde
YKM, protein ve laktoz bilesenlerinin birilerine
yakin diizeylerde oldugu tespit edilmistir (Torres et
al 2012).
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Cizelge 2- Periyotlara gore kahnt: siitiin miktar ve bilesenlerine ait ortalamalar1 (X), standart hatalar1

(SH) ve kalint1 siitiin makineli siite oranlari (%)

Table 2- The means (X)) , standard errors (SH) and the ratios of residual milk to machine milking of residual milk

amount and milk components according to periods

Aksam Makmfll sagimdaki Subah Makznf‘ll sagimdaki
Ozellikler stite orant stite orani
X  SH % X SH %
Siit verimi (L) 022  0.02 22.51 026  0.02 22.67
Siityagi' (%) 520 0.14 146.06 544  0.14 175.48
Siityagi® (%) 546  0.16 143.68 572 0.16 175.46
YKM (%) 7.50  0.05 94.22 732 0.05 96.31
Siit proteini (%) 2.83  0.01 97.25 2.67  0.01 96.04
Laktoz (%) 426  0.02 97.48 4.03  0.02 96.41

1, Gerber; 2, Milk-Lab Minor; YKM, yagsiz kuru madde

Siit verimi ile siit bilesenleri arasinda,
YKM disinda negatif yonde bir iligkinin oldugu
belirlenmistir (Cizelge 3). Ozellikle siit yag
oraninin siit verimi artik¢a 6nemli dl¢lide diistiigii
goriilmistiir (r=-0.47; r=-0.48; P<0.0001). Gerber
yontemi ile siit yagi tim gruplarda ortalama
% 3.63+£0.11 olurken, Milk-Lab Minor cihaz1 ile
% 3.80+0.10 olarak belirlenmesine karsin (P<0.0001),
iki yontem arasinda pozitif yonde bir iliski (=
0.91) tespit edilmistir (P<0.0001). Burada her
ne kadar ortalamalar arasindaki fark istatistiksel
acidan Onemli olsa da, veri sayisinin yiiksekligi
ve varyasyonun diisiikliigii nedeniyle ¢ok kiiciik

farklar dahi istatistiksel ac¢idan Onemli farka
isaret edebilir. Ote yandan iki yontem arasindaki
korelasyon katsayisinin biyiikligii, pratik olarak
birgok farkli parametrenin belirlenebildigi Milk-
Lab Minor cihazinin kegi siitiinde yag analizi igin
kullanilabilecegini gostermektedir. Benzer sekilde
Gerber ve Foss cihazlarinda Saanen ve Alpine
kegilerinin siit yagi orant birbirine yakin degerlerde
bulunmustur (Zan et al 2006). Gerber ile yapilan yag
analizi oran1 diger siit bilesenleri ile dnemli 6l¢iide
negatif korelasyona sahip olurken (P<0.0001),
Milk-Lab Minor cihazindan elde edilen siit yag
oraninin diger bilesenlerle korelasyonu onemsiz

Cizelge 3- Siit verimi ve siit bilesenleri arasindaki pearson korelasyon katsayisi (diagonalin iistii) ve P

(diagonalin alt1) deZerleri

Table 3- Pearson correlation coefficient (above the diagonal) and P values (under the diagonal) between milk

vield and milk components

s Stit verimi Stityagi! Siit yagi? YKM Stit proteini Laktoz
Oeellikler L) co ey %) 0 %9
Siit verimi (L) -0.47 -0.48 -0.01 -0.09 -0.10
Siityagt' (%) <0.0001 0.91 -0.20 0.20 0.16
Siityagi® (%) <0.0001 <0.0001 -0.03 -0.01 0.02
YKM (%) 0.8651 <0.0001 0.2488 0.85 0.84
Siit proteini (%) 0.0037 <0.0001 0.7215 <0.0001 0.98
Laktoz (%) 0.0014 <0.0001 0.4833 <0.0001 <0.0001

!, Gerber; 2, Milk-Lab Minor; YKM, yagsiz kuru madde
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bulunmustur. Siit proteini ile laktoz arasinda pozitif
yonde ve onemli dogrusal korelasyon (r= 0.98;
P<0.0001) tespit edilmis ve YKM nin de kendisini
olusturan protein ve laktoz oranlari ile korelasyon
katsayilari sirastyla r= 0.85 ve r= 0.84 pozitif yonde
onemli bulunmustur (P<0.0001).

4. Sonuclar

Siit tipi bir kegi genotipi olan ve iilkemizin birgok
bolgesine yayilmig Tiirk Saanen kegilerinde elle
sagim ile makineli sagim arasinda Onemli bir
farklilik tespit edilmemistir. Aksam sagimi ile sabah
sagimi arasinda onemli dl¢lide degisiklik gosteren
siit verimi, sabah sagiminda daha yiiksek olarak
belirlenmigtir. Sagim tiplerinin 6nemli Olctide
farklilasmadigi kecilerde, makineli sagimdan hemen
sonra yapilan elle sagimla % 22.6 oraninda kalinti
siit oldugu ve sagilan siit miktar1 artikca kalintt
siit miktarinin da arttigr goriilmistiir. Bu anlamda
aile isletmelerinde makineli sagim sonrasinda
memelerin kontrol edilerek memede kalan siitlerin
elle sagilmast yoluna gidilebilir. Diger yandan
makineli sagimda bu diizeyde siit kalmamasi igin
meme dokusuna zarar vermeyecek bigimde sagim
iinitesinde diizenleme ve kontroller yapilmalidir. Zira
kalint: siitte 6zellikle siit yagi, makineli sagimdaki
stite gore % 43-75 daha yiiksek orandadir. Gerber
cihazt ve Milk-Lab Minor cihazinda yapilan siit
yag1 analizi arasinda yalnizca % 0.17’lik bir farkin
bulunmasi ve iki yontem arasindaki korelasyonun
yiiksekligi, Milk-Lab Minorin siit yagi analizinde
rahatlikla kullanilabilecegini gostermektedir.
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Genel

Tarim Bilimleri Dergisi, tarim bilimleri alaninda ve yazim dili ingilizce olan 6zgiin arastirma makaleleri yaymlar. Sonuglar1 énceden
bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel calismalar ile veri
ve anket analizine dayanan c¢aligmalar derginin kapsami digindadir. Basilacak makalelerin daha 6nce higbir yerde yaymlanmamis
olmas: ve yaym haklarinin verilmemis olmasi gerekir. Dergide yayimlanacak makalelerin her tiirlii sorumlulugu yazarma/
yazarlarina aittir.

Yayimlanmasi i¢in gonderilen eser, yaym ilkeleri dogrultusunda Dergi Editorler Kurulu tarafindan 6n incelemeye alinir. Dergi
Editorler Kurulu, dergide yayinlanabilecek nitelikte bulmadigi makaleleri hakemlere géndermeden yazara/yazarlara iade karari
verme hakkina sahiptir. Ayrica yazim kurallarina uymayan veya anlatim dili yetersiz olan makaleler, diizeltilmek iizere yazara/
yazarlara iade edilir. Degerlendirmeye alinan makaleler, incelenmek tizere en az 2 hakeme gonderilir. Hakem degerlendirmesinden
gecen makalelere ait diizeltmeler, diizeltmeler listesiyle birlikte en fazla 30 giin igerisinde sisteme yiiklenerek gonderilmelidir. Bu
stireden sonraki gonderimler kabul edilmez. Baseditor, hakem raporlarini ve/veya istenilen diizeltmelerin yeterli olup olmamasini
dikkate alarak makalenin yayimlanip yayimlanmamasina karar verir.

Makalede isimleri yer alan tiim yazarlar, yayim haklarini Tarim Bilimleri Dergisine verdiklerine dair Makale Gonderme ve Telif
Hakki Devir Sézlesmesini imzalamalidir. Makalenin yayimlanmas: kabul edildikten sonra makale metninde, yazarlarinda ve
yazarlarin siralamasinda degisiklik yapilamaz. Makale yayima kabul edildiginde, sorumlu yazar Ankara Universitesi adina agilnus
banka hesabma 300 TL yatirmalidir. Makaleden sorumlu yazara banka hesap numarasi, makalenin basima kabul edilmesinden
sonra bildirilir.

Makale Yiikleme

Hazirlanan makaleler; sadece makaleden sorumlu yazar (makalenin yayim baslangicindan basim sonrasindaki her tiirlii yazigmalarda
sorumlulugu bulunan) tarafindan Tarim Bilimleri Dergisi web sayfasindaki ¢evrimi¢i Makale Gonderme ve Degerlendirme
Sistemi kullanilarak elektronik ortama yiiklenmelidir. Makale yiikleme bolimiiniin “Bagvuruyu Yiikle” bolimiinde pdf
formatindaki makale dosyasina ilave olarak “Ek Dosyalar” bolimiine asagidaki dosyalarin da yiiklenmesi gerekir.

v Makalenin Word (2003 veya daha iist versiyonlari) formatindaki dosyasi. Sisteme yiiklenen makalenin hem pdf formatinda
ve hem de Word formatinda iletisim, ad-soyad, kurum gibi yazarlar tanitic1 bilgiler bulunmamalidir.

v’ Tiim yazarlar tarafindan imzalanmus ve pdf formatinda taranmis olan “Makale Gonderme ve Telif Hakki Devir Sézlesmesi”.
Yayima kabul edilmesi durumunda bu formlarin ash da posta ile editére gonderilmelidir.

v" Yazar Makale Kontrol Listesi (pdf formatinda),
v’ Yazarlarin ad-soyad, kurum ve iletigim bilgilerini igeren Word dosyas1,

v Gerekiyorsa Etik Kurul Raporu eklenmelidir.

Derginin Kapsam

Tarim Bilimleri Dergisi, tarim bilimleri alaninda yapilan 6zgiin arastirmalari ve yeni bulgular1 igeren makaleleri yayimlar. Sonuglar:
onceden bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel ¢aligmalar
ile veri ve anket analizine dayana ¢alismalar derginin kapsami disindadir. Derleme makaleler, yayin komisyonunun ¢agrisi tizerine
hazirlanmigsa normal inceleme ve degerlendirme siirecinden gegirilerek yayimlanir.

Makale Hazirlama

Makaleler, A4 boyutundaki kagidin tek yiiziine 12 punto Times New Roman yaz1 tipinde ve ¢ift satir aralikli yazilmalidir. Sayfanin
saginda, solunda, altinda ve istiinde 3’er cm bosluk birakilmalidir. Makalenin her sayfasi ve satirlari numaralandirilmalidir. Yazar
ad(lar)1 agik olarak yazilmali ve herhangi bir akademik unvan belirtilmemelidir. Editérler kurulu, anlatim dili yeterli olmayan
makaleleri degerlendirme dis1 tutabilir. Yazar(lar)in makale gondermeden once eseri dil yoniinden bir dil bilimciye incelettirmesi
tavsiye olunur. Siralama olarak, Ingilizce 6zet ve pesinden Tiirkge 6zet verilir. Bu durum sekil ve gizelge baslhiklart icin de gegerlidir.

Makale; Tiirkge Baslik, Tiirkge Ozet, Anahtar Kelimeler, ingilizce Baslik, Ingilizce Ozet, Keywords, 1.Giris, 2. Materyal ve
Yontem, 3.Bulgular ve Tartisma, 4.Sonuglar, Tesekkiir (varsa), Kisaltmalar ve/veya Semboller (varsa), Kaynaklar boliimleri ile
Sekil ve Cizelgelerden olugmalidir. Boliim adlar1 koyu yazilmalidir.

Makale, “Kaynaklar” boliimii dahil 16 sayfay1 gegmemelidir. Yazar(lar), bu kisimlarin olusturulmasinda derginin web sayfasindaki
Makale Hazirlama Sablonunu kullanmalidir.

Bashk: Kisa ve agiklayict olmali, 14 punto ve koyu, kelimelerin ilk harfi biiyiikk olmali, ortalanarak yazilmali ve 15 kelimeyi
gecmemelidir. Ingilizce baslik Tiirkge basligi tam olarak karsilamali, 13 punto ve koyu yazilmalidir.




Ozet ve Anahtar Kelimeler: Tiirkge ve ingilizce zetlerin her biri 300 kelimeyi gegmemelidir. Tiirkge ve ingilizce 6zetlerde
sirastyla “Ozet” ve “Abstract” kelimeleri kullanilmalidir. Ozet, ¢alismanin amacini, nasil yapildigini, sonuglar1 ve sonuglar iizerine
yazar(lar)n yaptig1 degerlendirmeleri igermelidir. Ozetlerin 1 satir altina, her anahtar kelimenin ilk harfi biiyiik digerleri kiigiik
harflerle, miimkiinse baslikta kullanilmayan, ¢aligmay1 en iyi bicimde tanimlayacak ve aralarinda noktalr virgiil (;) olacak sekilde
en fazla 6 anahtar kelime yazilmalidir.

1. Giris: Bu boliimde; ¢aligma konusu, gerekgesi, konu ile dogrudan ilgili 6nceki ¢aligmalar ve ¢alismanin amaci verilir.

2. Materyal ve Yontem: Kullanilan materyal ve yontem ayni baslikta verilmelidir. Alt bashik verilecekse boliim numaras: ile
birlikte numaralandirilmali (2.1. gibi) ve italik yazilmalidir. Yeni veya degistirilmis yontemler, ayni konuda ¢alisanlara aragtirmay1
tekrarlama olanagi verecek nitelikte agiklanmalidir.

3. Bulgular ve Tartisma: Elde edilen bulgular verilmeli, gerekirse ¢izelge, sekil ve grafiklerle desteklenerek bulgular agiklanmalidir.
Elde edilen bulgular tekrardan kagmilmasi amaciyla ya ¢izelge ya da grafik olarak verilmelidir. Istatistiki olarak énemli bulunan
faktorler, uygulanan istatistik analiz teknigine uygun karsilastirma yontemi ile yorumlanarak ilgili istatistikler {izerinde harflendirme
yapilmalidir. Istatistiki analiz yonteminin dogru segilmedigi ve/ya analizin geregi gibi yapilmadigi durumlarda editérler kurulu
makaleyi degerlendirme disinda tutabilir. Bulgular tartisilmali ancak gereksiz tekrarlardan kaginilmalidir. Bulgularin baska
arastirmalarla benzerlik ve farkliliklart verilmeli, nedenleri agiklanmalidir.

4. Sonuclar: Elde edilen sonuglar, bilime ve uygulamaya katkisiyla birlikte kisa ve 6z olarak verilmelidir. Giris ile Bulgular ve
Tartigma boliimiinde verilen ifadeler bu kisimda ayni sekilde tekrar edilmemelidir.

Tesekkiir: Gerekli ise miimkiin oldugunca kisa olmali ve yapilan katki ifade edilerek verilmelidir.

Kisaltmalar ve/veya Semboller: Makalede kisaltmalardan miimkiin oldugunca kaginilmalidir. Semboller Makale Hazirlama
Sablonunda belirtildigi gibi verilmelidir. Kisaltma ve semboller metin i¢inde ilk kez kullanildig1 yerde agiklanmalidir. Uluslararas:
gegerliligi olan ve yerlesik kisaltmalar tercih edilmelidir. Kisaltmalar makalenin basliginda kullanilmamalidir. Semboller SI
sistemine gore verilmelidir.

Kaynaklar: Eserde yararlanilan kaynaklara iliskin atif metin iginde “(Yazarm soyadi y1l)” yontemine gore yapilmalidir. Ornek:
(Doymaz 2003), (Basunia & Abe 2001). Yazara atif yapilirsa sadece yayinin y1li parantez igine alinmalidir. Ornek: Doymaz (2003)’e
gore ya da Basunia & Abe (2001). Ug ya da daha fazla yazar i¢in makale igindeki atifta et al” kullammalidir. Ornek: (Lawrence
et al 2001) veya Lawrence et al (2001)’e gore. Ayn1 yazarin ayni yil iginde 1’den fazla yayini varsa, yildan sonra kiigiik harfler
verilmelidir. Ornek: (Akpinar et al 2003a). Aym yazarin birden fazla yaymina atif yapilacaksa yildan sonra noktali virgiil (;) isareti
ile ayirt edilmelidir. Ornek: (Akpmar 2007; 2009; 2013). Birden fazla atif yapilirsa atiflar arasinda noktali virgiil (;) kullanilmali
ve eskiden yeniye dogru yil sirasina gore verilmelidir. Ornek: (Perl et al 1987; Bailly et al 1996; Copeland & McDonald 2001;
Goel & Sheoran 2003). Eger bilginin, kaynagin belirli bir sayfasindan ya da sayfalarindan alindig: belirtilmek istenirse (Hardeman
& Jochemsen 2012, s 657-674; Naess 1991, s 34) bi¢iminde gosterilmelidir. Kaynaklarda Anonim ya da Anonymous seklinde
gosterim yapilmamalidir.

Kaynaklar bolimiinde metin iginde atifi yapilan tiim kaynaklar alfabetik olarak (yazarlarin soyadlarina gore) ve orijinal dilinde
verilir. Ayn1 yazara birden ¢ok atif yapiliyorsa 6nce tek isim, sonra iki isim ve sonra da ii¢ ve daha fazla yazarli kaynak sirasina
gore hepsi kendi iginde eskiden yeniye y1l sirasina gore verilmelidir. iki veya daha fazla yazarh eserlerin bildiriminde son yazardan
once “&” kullanilmalidir. Ornek: Lawrence K C, Funk D B & Windham W R (2001). Dergi isimleri kisaltma yapilmadan tam ad1
ile ve italik yazilmalidir. Kongre kitaplarinda Tiirk¢e ya da yabanci dilde 6zeti yayinlanmis ¢aligmalara atif yapilamaz. Makaledeki
yanlis atif ve kaynak gosterimlerine ait sorumluluk yazar(lar)a aittir. Kaynaklar boliimiindeki her bir kaynagin sonuna nokta (.)
konmamalidir.
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Sekiller ve Cizelgeler: Sekil, grafik, fotograf ve benzerleri “Sekil”, sayisal degerler ise “Cizelge” olarak belirtilmelidir. Ttiim sekil
ve cizelgeler makalenin sonuna yerlestirilmelidir. Sekil ve ¢izelgelerin boyu tek sayfa diizeninde en fazla 16x20 cm ve ¢ift siitun
diizeninde ise genisligi en fazla 8 cm olmalidir. Sekil ve ¢izelgelerin boyutu baskida ¢ikabilecek ¢oziiniirlilkte olmalidir. Aragtirma
sonuglarmni destekleyici nitelikteki resimler 600 dpi ¢oziiniirligiinde ”jpg” formatinda olmalidir. Renkli resimler yerine gri ya
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Ingilizce basliklari, Tiirkge baghigin hemen altina italik olarak yazilmali, ilk yazilan Tiirkge baslik yazis1 koyu olmalidir. Sekil ve
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