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Morphological Characterization of Pinto and Fresh Bean Genotypes Commonly

Cultivated in Erzincan
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ABSTRACT: This study was carried out to determine the genetic diversity based on the morphological characteristics of pinto
and fresh bean germplasm. In the study, 70 local pinto and fresh bean genotypes collected from Erzincan and four commercial
varieties were used as control. 12 bean genotypes (5 pinto bean and 7 fresh bean genotypes) having string pod and inadequate
seed were removed from the study in the first year. In the second year of the experiment, 58 genotypes were used and
morphological characteristics were determined in these genotypes. All genotypes involved in the study showed different
characteristics in terms of all morphological features. According to the cluster analysis, genotypes were divided into 3 groups. In
the three groups, the first cluster includes 11.29% of total genotypes, second cluster including 37.1% of total genotypes and third
cluster including %51.61 of total genotypes. The highest genetic distance was determined between ULU-44 and CYR-32
genotypes. Genotypes with different vegetative and generative characteristics were found in different groups.

Key words: Pinto bean, fresh bean, morphological, Erzincan

Erzincan’da Yaygin Yetistirilen Barbunya ve Taze Fasulye Genotiplerinin Morfolojik
Karekterizasyonu

OZ: Bu calismada Erzincan’da yetistiriciligi yapilan barbunya ve taze fasulye genotiplerinin morfolojik karakterizasyonun
yapilmasit amaglanmistir. Calismada Erzincan ilinden toplanan 70 yerel barbunya ve taze fasulye genotipi ve dort ticari gesit
kullanilmugtir. Ik y1l baklada kilgiklilik 6zelligine sahip ve tohum almamayan 12 fasulye genotipi (5 barbunya ve 7 taze fasulye)
calismadan ¢ikarlmistir. Denemenin ikinci yilinda 58 genotip kullanilmis ve bu genotiplerde morfolojik 6zellikler belirlenmistir.
Caligmada yer alan genotipler tiim morfolojik 6zellikler bakimindan farklilik gostermistir. Kiimeleme analizine gore genotipler 3
gruba ayrilmistir. Genotiplerin, % 11,29’u ilk kiimede, % 37,1’i ikinci kiimede, % 51,61°1 ise ti¢iincii kiimede yer almistir. En
yiiksek genetik mesafenin ULU-44 ve CYR-32 genotipleri arasinda oldugu goriilmiistiir. Farkli vejetatif ve generatif 6zelliklere
sahip genotipler farkli gruplarda yer almistir.

Anahtar kelimeler: Barbunya, taze fasulye, morfolojik, Erzincan

INDRODUCTION

Bean is an important species belonging to the
leguminous family, grown both in the world and in
our country in wide range (Dursun 1999; Maras et al.
2008). Within this species, Phaseolus vulgaris forms
most of the bean species that are cultivated in the
around of the word (Ulukapt and Onus 2014;
Akbulut et al. 2013). In Turkey, both dried and fresh
beans are an important food material in human
nutrition (Tan 2002). The reason for this is contains
high amounts of protein (approximately 22.6%) and
carbohydrate (56%). In addition, beans of mineral
material rich (Potassium, phosphorus, calcium,
magnesium, sulphur, iron and manganese) are a
particularly important source of iron. In 100 g of
beans comprise approximately 5-15 mg of iron (Geil
and Anderson 1994; Welch et al., 2000; Cejas et al.,
2013). Our country has an important place in the
world in terms of plant genetic diversity as well as
being the gene center of many plant species. The
bean, which has a significant place in our country
both in terms of economic and human nutrition, has a
high genetic diversity. The identification and
evaluation of genetic diversity has a major significant

for plant breeding programs. Some of the main
objectives of breeders are to develop new varieties
with disease resistance, durable to environmental
stresses, high yields, and improved seed quality while
sustaining or improving nutritive value for humans
(Dursun, 1994). Assessing the morphological
characteristics of the determination and identification
of the relationship between the varieties of local
beans is an important traditional method. According
to their morphological characteristics, a plant can be
distinguished  from other plant groups by
morphological markers (such as pod traits, flower
structure, leaf shape and seed) (Erding, 2013).

This study was conducted to determine the
genetic diversity based on the morphological
characteristics of pinto and fresh bean germplasm
and the correlation between morphological
characteristics.

MATERIALS AND METHODS

Seventy pinto and fresh bean landraces were
collected in district and villages of Erzincan province
located East Anatolian region of Turkey in 2015
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(Table 1). The characteristics such as, colour of seed,
seed-shaped and seed size were used to identify and
collected of different genotypes in the selected year.
In 2016, selected bean genotypes and four
commercial varieties were sowed along the drip
irrigation pipes at Erzincan Horticultural Research
Station. In the autumn of the 2016 year, 5 pinto bean
(ULU-48, ULU-52, ULU-55, UZM-62, UZM-64)
and 7 fresh bean (CVZ-17, CVZ-19, CVZ-20, EKM-
37, KML-41, ULU47, YBS-70) genotypes having
string pod and seed inaccessible were removed from
the study in the first year. In 2017, the field
experiment was undertaken at the randomized
complete blocks design with three replications and
each replication has 30 plants. Phenotypic and
morphological observations in plant were made
according to UPOV (International Union for The
Protection of New Varieties of Plants) parameters
(Dursun, 1999 and Balkaya, 1999). The studied

situation, style extension, leaf colour, tip leaf size, tip
leaf shape, pod brittleness situation, roughness on the
pod, pod ground colour, speckle status of pod,
speckle colour of pod, speckles density of pod,
degree of pod curvature, shape of pod curvature, pod
tip shape, clarity of seed in pod, anthocyanin
availability in hypocotyl, seed largeness, main colour
in seed, second main colour in seed, number of
colours in seed, seed uniformity, distribution of
second main colour in the seed, hilum colour in seed,
longitudinal section of seed, transversal section of
seed, pod shape (width / thickness based on ratio).
Frequency chart of morphological traits was
generated by using SPSS program. Correlation
analysis was performed to evaluate the relationship
between the characters. Clustering analysis for
grouping of genotypes was obtained using the Ward
method based on Square Euclidean Distance.
Correlation and cluster analysis were performed in

parameters comprised; growth form, flower the SPSS version 24 program.
wingcolour, banner flower colour, vanes opening
Table 1. Geographical origins and genotype codes of pinto and fresh bean landraces

Origin G%g(tj)épe Type” Origin Ge(r;(())ctj);pe Type” Origin G%‘g(%pe Type
Erzincan-Bahgelikdy BHC 01 P Erzincan-Catalarmut CTL 26 F Erzincan-Ulukdy ULU 51 P
Erzincan-Bahgelikoy BHC 02 P Erzincan-Catalarmut CTL 27 F Erzincan-Ulukdy ULU 52 P
Erzincan-Bahgelikdy BHC 03 P Erzincan-Catalarmut CTL 28 F Erzincan-Ulukoy ULU 53 P
Erzincan-Bahgelikdy BHC 04 F Erzincan-Cayirli CYR 29 F Erzincan-Ulukoy ULU 54 P
Erzincan-Bahgelikoy BHC 05 P Erzincan-Cayirh CYR 30 P Erzincan-Ulukoy ULU 55 P
Erzincan-Bahgelikoy | BHC 06 P Erzincan-Cayirh CYR 31 P Erzincan-Uziimlii UZM 56 | P
Erzincan-Bahgelikdy | BHC 07 F Erzincan-Cayirh CYR 32 P Erzincan-Uziimlii UZM57 | P
Erzincan-Bahgelikoy | BHC 08 F Erzincan-Cayirh CYR 33 F Erzincan-Uziimlii UzZM 58 | F
Erzincan-Bahgelikdy | BHC 09 P Erzincan-Cayirh CYR 34 P Erzincan-Uziimlii UZM59 | P
Erzincan-Ballikdy BKY 10 P Erzincan-Cayirl CYR 35 P Erzincan-Uziimlii UZM 60 | P
Erzincan-Ballikdy BKY 11 P Erzincan-Merkez EBK 36 F Erzincan-Uziimlii UZM 61 | P
Erzincan-Ballikdy BKY 12 P Erzincan-Ekmekli EKM 37 F Erzincan-Uziimlii UZM62 [P
Erzincan-Ballikdy BKY 13 F Erzincan-Ili¢ ILC 38 F Erzincan-Uziimlii UZM 63 | P
Erzincan-Bayirbag BYR-14 F Erzincan-Kemah KMH39 | F Erzincan-Uziimlii UZM 64 | P
Erzincan-Cevizli CVvz15 P Erzincan-Kemaliye KML 40 F Erzincan-Uziimlii UZM 65 | P
Erzincan-Cevizli CVZ 16 P Erzincan-Kemaliye KML 41 F Erzincan-Uziimlii UZM 66 | P
Erzincan-Cevizli Cvz 17 F Erzincan-Refahiye RFH 42 P Erzincan-Uziimlii UZM 67 | P
Erzincan-Cevizli CVZ 18 F Erzincan-Tercan TRC 43 P Erzincan-Uziimlii UzZM 68 | P
Erzincan-Cevizli CVZ 19 F Erzincan-Ulukdy ULU 44 F Erzincan-Uziimlii UZM 69 | P
Erzincan-Cevizli CVZ20 F Erzincan-Ulukdy ULU 45 F Erzincan-Yaylabasi YBS 70 F
Erzincan-Cevizli Cvz21 P Erzincan-Ulukdy ULU 46 F
Erzincan-Cevizli Cvz 22 F Erzincan-Ulukoy ULU 47 F
Erzincan-Cevizli CVvZ23 P Erzincan-Ulukdy ULU 48 P
Erzincan-Catalarmut CTL 24 P Erzincan-Ulukdy ULU 49 F
Erzincan-Catalarmut CTL 25 P Erzincan-Ulukdy ULU 50 F

~*Note: P: Pinto bean, F: Fresh bean
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RESULTS AND DISCUSSION

Frequency of morphological characteristics

The bean genotypes showed genetic diversity
in all of the characters studied. These genotypes
according of studied traits were divided in different
groups.

Growth habit

Genotypes based on the growth form were
divided into 2 groups (Figure 1.A). The vast
majority of genotypes (82.3%) have climbing
growth habit.

Flower vanes colour

Genotypes according to flower vanes colour
were placed white, lilac, violet and pink colour
group (Figure 1.B). The lilac is group that contains
most of genotypes (27%). The violet is group that
contains minimum of genotypes (4%).

Flag flower colour

Genotypes were categorized into 3 groups
according to flag flower colour. 14% of flag flower
colour was white, 26% lilac, 14% violet and 8%
pink (Figure 1.C).

Vanes opening situation

Three different vanes opening situation were
observed in genotypes. 20% of genotypes flower
vanes had open, 38% adjoining and 4% very open
(Figure 1.D).

Style extension

Genotypes were divided into 2 groups
according to style extensions. Most of the
genotypes (95.2%) have style extensions (Figure
1.E).

Leaf colour

Based on the leaf colour, genotypes were
separated into three groups. 9.7% of leaf colour was
light green, 41.9% dark green and 48.4% green.
(Figure 1.F).

Tip leaf size

The genotypes observed three different tip leaf
types. 30.6% of genotypes had wide, 11.3% small
leaf and 58.1% intermediate size (Figure 1.G).

Tip leaf shape

Three different tip leaf shapes were viewed in
genotypes. These groups are; quadrilateral, trigon
and round. It was viewed that the vast majority of
the cultivated varieties have a quadrilateral leaf
structure (Figure 1.H).

Pod brittleness situation

In terms of this characteristic, genotypes are
divided into two groups of brittle and not brittle.
According to observations made, 77.6% of
genotypes are brittle and 22.4% are not brittle
(Figure 1.1). One of the desired attributes for
genotypes is its easy brittle of pod.

Roughness on the pod

By classification based on the roughness on
the pod, the genotypes were divided into 3 groups.

H.1.0Oztiirk, A.Dursun

According to the evaluations, 16.1% of genotypes
are less rough and 16.1% rough and 66.7% smooth.
(Figure 1.J). Texture and appearance of pod were
rated by five experienced person in the region,
studying in classify and packing commercial snap
beans for export markets. The ground quality of the
pods was categorized as rough or smooth. Pod
texture scale formed; 1-extremely smooth surface,
2-smooth surface, 3-moderately smooth surface, 4-
rough surface, and 5- very rough surface (Beshir et
al., 2016).

Pod ground colour

Pod ground colours in bean were divided into
3 groups as light green, dark green and green. The
majority of genotypes (66.1%) had green pod
ground colour (Figure 1.K). According to a study
done, consumers in the black sea region have been
observed to prefer green and dark green colour pod
of beans (Balkaya, 1999).

Speckle status of pod

Speckle status of pod was expressed as
available or none. 51.6% of speckle status of pod
was available, 48.4% none (Figure 1.L). All fresh
bean genotypes was observed to speckles
appearance on the pod. In another study, all of the
fresh beans kinds were seen to be spotless
(Madakbas et al, 2004). Most of the pinto bean
genotypes were observed speckle on pod.

Speckle colour of pod

According to UPOV parameters, pod speckle
colours of genotypes were divided into 3 groups:
red, purple and colourless. Most of genotypes
(38.7%) containing speckle have red colour (Figure
1.M). In another study, speckle colour of pod was
observed in genotypes P13, P25, P29 and P40;
pigmentation was determined red and violaceous.
(Madakbas and Ergin, 2011).

Speckles density of pod

Genotypes according to speckle density of pod
were divided into 4 groups; low, intermediate,
dense and none. The most of genotypes (48.4%)
had none of speckle colour of pod (Figure 1.N). Ina
study carried out in Aegean Agriculture Research
Institute in Izmir; the 51 bean genotypes were
appraised based on morphological characters.
According to bean pigments, a majority of 51
genotypes has observed colourless. Red pigments
were seen in 3 genotypes (Madakbas and Ergin,
2011).

Degree of pod curvature

Based on the degree of pod -curvature,
genotypes were assigned into five groups (Figure
1.0). These groups contained absent or very slight,
weak, medium, strong and very strong. The most of
genotypes had weak and medium that is degree of
pod curvature. Desirable feature of varieties in the
production of fresh beans is that they have uniform,
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non-curling, smoothly shaped pod (Kar et. al.,
2005). In 19.4% of the genotypes, it has been
viewed absent or very slight to degree of pod
curvature (Figure 1.0).

Shape of pod curvature

Based on the shape of pod, curvature
genotypes were situated into two groups: Outward
and inward. 1.6% of genotypes had round outward,
98.4% inward (Figure 1.P).

Pod tip shape

According to the pod tip shape, genotypes are
divided into 3 groups. 9.7% of genotypes pod tip
shape was blunt, 25.8% pointed and 64.5% from
blunt to pointed (Figure 1.R). In a study conducted
by Dursun (1999); pod tip shape has been identified
sharp in all genotypes and standard varieties used in
the study.

Pod shape (width / thickness based on ratio)

In this study, pod shape of genotypes were
evaluated as flat and rounded. The majority of
genotypes and all of the standard varieties have
been detected flat of pod shape (Figure 1.S).

Clarity of seed in pod

According to clarity of seed in pod, it was
determined diversity among genotypes. Based on
this parameter; genotypes is divided into 3 groups;
little (45.2%), salient (29%) and unclear (25.8%)
(Figure 1.T). Seed salient of pod in bean is an
undesirable feature.

Anthocyanin availability in hypocotyl

Anthocyanin availability in hypocotyl of the
bean genotypes was grouped as available or none.
In almost all genotypes (98.4%) was not detected to
anthocyanin in hypocotyl (Figure 1.U).

Seed largeness

According to Dursun (1999), seed largeness
was separated to 3 groups as small, medium and
large. Studied genotypes in this research were
divided into two groups: large and medium (Figure
1.V). The plant nutritional status and the healthy
development of the organs in the plant are very
effective in seed size development (Akbulut et al.,
2013).

Main colour in seed

According to UPOV parameters, main colour
seed of genotypes were divided into 11 groups:
white, green or greenish, cream colour, yellow,
light brown, brown, red, claret red, blue, purple and
black. Studied genotypes in this research were
divided into eight groups. According to main colour
in seed, a majority of genotypes (58%) have been
observed cream colour (Figure 1.Y). In another
study, Isik (2012) reported 78.78% of genotypes
had brown, 9.09% white, 3.3% purple colour. The
colour genotypes demonstrated great variation take
into account main seed colour (Sozen and Bozoglu,
2013).
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Second colour in seed

Based on the second colour in seed, genotypes
were placed into eight groups (Figure 1.Z). 32.3%
of genotypes have not a second colour in the seeds.
The second colour seen on the seed was usually
detected as claret red (46.8%).

Distribution of second main colour in the

seed

According to UPQV criteria, bean was done 3
different groupings of around hilum, on half of
grain and on entire grain. Studied genotypes in this
research were divided into two groups: on half of
grain and on entire grain (Figure 1.AA). Those
without the second colour have been grouped as
none. The majority of genotypes (64.5%) were
found to have distribution of second main colour on
entire seed.

Number of colours in seed

According to the UPOV criteria, the number
of colours in the seed was determined to be one,
two or more than two. In 32.3% of the genotypes
have been viewed one colour, 66.2 % two and 1.6%
more than two (Figure 1. AB).

Seed uniformity

Based on seed uniformity, genotypes were
divided into 2 groups (not uniform and uniform).
Most of the genotypes (88.7%) in the study have
been determined that the varieties show uniform
properties (Figure 1. AC). In a study made by Isik
(2012); all of the 33 genotypes seed has been
showed uniformity.

Hilum colour in seed

The hilum colour was separated to 2 groups:
Same and different with main colour in seed. Most
of the genotypes (88.7%) were found to be different
colour (Figure 1. AD).

Longitudinal section of seed

67.7% of genotypes had kidney, 17.7%
narrow kidney and 14.5% wide kidney (Figure 1.
AE). According to Dursun (1999), bean was done 3
different groupings of narrow kidney, wide kidney
and kidney in his study.

Transversal section of seed

Three different transversal sections of seed
were observed in genotypes. 58.1% of genotypes
had narrow egg, 35.5% narrow elliptical and 12%
elliptical (Figure 1. AF).

Correlation among traits

Growth form showed significant negative
correlation with pod ground colour, shape of pod
curvature, clarity of seed in pod and significant
positive correlation with speckling status of pod,
speckle colour of pod, pod shape and second colour
in seed. The majority of the genotypes worked were
pinto beans and the remaining genotypes were fresh
bean. Only one local pinto bean genotype has dwarf
growth form. Flower vanes colour had significant



positive association with flag flower colour, second
colour in seed and significant negative correlation
with seed stature section. Flag flower colour
displayed a significant positive correlation with
speckle density of pod and second colour in seed.
Pod ground colour showed significant negative
correlation with pod shape, second colour in seed
and positive correlation with clarity of seed in pod.
Speckling status of pod showed very significant
positive correlation with speckle colour of pod,
speckle density of pod, number of colours in seed
and seed uniformity. In addition, speckling status of
pod showed significant negative correlation with
main colour in seed and transversal section of seed.
Speckle colour of pod had significant positive
association with speckle density of pod, number of
colours in seed, seed uniformity and significant
negative correlation with main colour in seed.
Speckles density of pod displayed a significant
negative correlation with main colour in seed and a
significant positive correlation with number of
colours in seed. It was observed that the number of
colours in the seed increased when the intensity of
the speckle increased. Main colour in seed showed
significant positive correlation with second colour
in seed. Longitudinal section of seed showed
significant positive correlation with transversal
section of seed (Table 3). A lot of genotypes in our
study have kidney shape with regard to longitudinal
section of seed and elliptical shape with regard to
transversal section of seed (Figure 1).

Cluster analysis

By envisioning the dendrogram, the genotypes
were categorized into three groups. Using
discriminant analysis revealed that 87% of the
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members constituted three groups. The first group
(7 genotypes), had flower vanes colour, flag flower
colour, speckle status pod, speckle colour pod,
speckle density of pod more than and tip leaf size,
pod brittleness situation, roughness on the pod,
clarity of seed in pod, transversal section of seed
less than other genotypes (Table 2). The first cluster
includes 11.29% of total genotypes, second cluster
including 37,1% of total genotypes and third cluster
including %51,61 of total genotypes. The highest
genetic distance was between ULU-44 and CYR-32
genotypes (Figure 2). According to Rahim et al.
(2010), the genetic distance between genotypes is
extremely important for plant breeding programs.
Because hybrids of genetically distant genotypes
have high yield and the cross between these
genotypes can be used in provides the best heterosis
in breeding programs.

CONCLUSIONS

This study has revealed that there is a
significant genetic variation among genotypes in
terms of the morphological characteristics
examined. A number of genotypes showed different
characters in view of the characters studied
compared to the commercial cultivars. Especially
genetically different genotypes are of great
importance in breeding studies. By determining the
variation between the genotypes, it is thought to be
beneficial to the bean breeding studies to be carried
out in this direction. The assessment of
morphological characteristics in plant will help
plant breeders identify the desired qualities in
populations to be used pinto bean and fresh bean
breeding programs in future.
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Table 2. Mean comparison of characters for each cluster in been genotypes

Traits Group 1 Group 2 Group 3
Growth form 0,94 0,82 0,00
Flower vanes colour 1,87 1,73 1,00
Flag flower colour 2,10 1,95 1,00
Vanes opening situation 0,32 0,68 0,00
Style extension 0,97 0,91 1,00
Leaf colour 1,39 1,23 2,00
Tip leaf size 1,13 1,18 2,00
Tip leaf shape 2,90 2,82 3,00
Pod brittleness situation 0,74 0,82 1,00
Roughness on the pod 1,29 1,68 2,00
Pod ground colour 0,84 0,77 2,00
Speckle status of pod 1,00 0,00 0,00
Speckle colour of pod 1,23 0,00 0,00
Speckles density of pod 1,58 0,00 0,00
Degree of pod curvature 1,45 1,45 0,00
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Traits Group 1 Group 2 Group 3
Shape of pod curvature 0,00 0,00 1,00
Pod tip shape 0,71 0,95 1,00
Pod shape 0,87 0,86 0,00
Clarity of seed in pod 0,84 1,05 1,00
Anthocyanin availability in hypocotyl 0,00 0,00 0,00
Seed largeness 1,94 1,91 2,00
Main colour in seed 2,19 5,77 5,00
Second colour in seed 6,71 7,00 5,00
Distribution of second main colour in the seed 2,00 2,00 2,00
Number of colours in seed 1,03 0,32 1,00
Seed uniformity 0,23 0,00 0,00
Hilum colour in seed 1,00 1,00 1,00
Longitudinal section of seed 0,90 0,95 0,00
Transversal section of seed 0,52 1,09 2,00
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Dendrogram using Ward Linkage
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ABSTRACT: The main goal of this work is to determine Eriophyid (Acari: Eriophyidae) mites fauna on weeds of Erzurum during
20102012 years. As a result Aceria egmirae Denizhan et al. 2006 on Althea roseae L., Aceria malherbae (Nuzzaci, 1985) on
Convolvulus arvensis L., Aceria novellae Denizhan et al. 2007 on Hedysarum sp. L., Aceria salviae (Nalepa, 1891) on Salvia
aethiopis L., Aceria tinctoriae Denizhan et al. 2006 on Anthemis tinctoriae Rech., Aceria verbasci (Boczek, 1964) on Verbascum sp.
and Eriophyes euphorbiae (Nalepa, 1891) on Euphorbia peplus L. were determined.

Key words: Acarina, Eriophyoidea, Weed, Erzurum, Turkey

Erzurum’da Yabanci Otlar Uzerinde Goriilen Eriophyoid Akarlar

OZ: Bu galismanim amac1 2010-2012 yillar1 arasinda Erzurum ilinde yabanci otlar iizerinde bulunan Eriophyid akarlarin tespitidir. Bu
calismanin sonucunda; Aceria egmirae Denizhan et al. 2006 Althea roseae L. lizerinde, Aceria malherbae (Nuzzaci, 1985)
Convolvulus arvensis L. lizerinde, Aceria novellae Denizhan et al. 2007 Hedysarum sp. lizerinde, Aceria salviae (Nalepa, 1891) Salvia
aethiopis L. lizerinde, Aceria tinctoriae Denizhan et al. 2006 Anthemis tinctoriae Rech. tizerinde, Aceria verbasci (Boczek, 1964)

Verbascum sp. tizerinde ve Eriophyes euphorbiae (Nalepa, 1891)’da Euphorbia peplus L. izerinde tespit edilmistir.

Anahtar Kelimeler: Acarina, Eriophyoidea, Yabanci otlar, Erzurum, Tiirkiye

INTRODUCTION

Eriophyid mites are obligate plant feeders
provided with strong host specificity. They are tiny and
often cause relevant alterations on their hosts. Their
economic importance is related to the direct damage
they cause to their plant hosts. A lot of species are
considered pests to include in quarantine lists, other
transmit viruses and other pathogens. Thanks to their
host specificity and to the ability to reduce the
reproductive fitness of some host plants, several
species are interesting candidates for weed control and
a few of them are efficiently and extensively released
in weed biological control programs. The known
species are still scarce in respect to the expected
worldwide species and the studied geographical areas
depend on the researchers involved in their study. The
Turkish eriophyoid fauna is scarcely known while the
geographical position and the botanical history make
the Turkish territory particularly relevant for a potential
large range of species. Some of these could have a
scientific and economical interest on crops and weed
control. Therefore, a large survey on the eriophyoid
mites of Erzurum (Center, Askale, Cat, Horasan and
Pasinler) with particular regard to the species on the
ornamental plants and on the weeds is needed. Of
course, the role played by the eriophyid species found

on the collected weeds and the economic importance of
the other species has to be searched and evaluated.
Concerning the small size and the difficulties that
scientists have in studying and managing these mites,
methods for collecting large number of live specimens
should be developed. In fact, laboratory and field
studies, other than the mite release in open field, often
are exposed to the risk of the accidental introduction of
predators and non-target pests, and often require too
much time for all procedures (Denizhan et al., 2015).

Eriophyoids cause a wide range of host injuries to
plants and the induction of the symptoms by these
mites is not yet understood, even if the saliva intake
seems to be particularly involved in this phenomenon.
Knowledge on this mechanism could stimulate new
research lines for genetic investigations, such as it has
been done on gall-making nematodes (Denizhan et al.,
2015).

MATERIALS AND METHODS

To identify eriophyoid species on natural and
cultivated plants of the Erzurum, surveys were
conducted from 2010 to 2012; one survey specifically
concentrated on species of ornamental and weed plants
at the following sites: Center, Askale, Cat, Horasan and

This research was supported by funds of Department of Scientific Research Project Management of Atatiirk University (BAP) with the project

number PRJ2008/40.
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Pasinler. Infested leaves were collected from May to
September. Specimens collected from plant materials
were prepared and slide mounted according to Keifer
(1975). Specimens were examined with a Leica DM
1000. The classification system followed is that of
Amrine et al. (2003). The taxonomical verification was
made according to Amrine and Stasny (1994), Amrine
et al. (2003), and De Lillo and Amrine (1998). Host
plants were identified by Dr. Isik Tepe (Department of
Plant Protection, Agricultural Faculty, Yiziinci Yil
University).

RESULTS

Family: ERIOPHYIDAE Nalepa, 1898
Subfamily: ERIOPHYINAE Nalepa, 1898
Tribe: ERIOPHYINI Nalepa, 1898

Aceria egmirae Denizhan et al. 2006

Type data: Alcea rosea L. (Malvaceae) which was
originally listed as Althaea rosea (L.) Cav. (misspelt as
rosae); Egmir lake area, Ankara, Turkey.

Geographic distribution: Palaearctic.

Relation to the host plant: Vagrant. Small
populations of this mite have been found on leaves and
flowers. No apparent damage has been observed.

Distribution in Turkey: Specimens recorded on A.
rosea from Ankara (Denizhan et al., 2015).

Examined Material: Erzurum-Center (Atatiirk
University Campus), Horasan and Pasinler on Alcea
rosea.

Aceria malherbae Nuzzaci, 1985

Type data: Convolvulus arvensis L.
(Convolvulaceae); near Roma, Lazio, Italy.

Geographic distribution: Africotropical, Nearctic,
Palaearctic.

Relation to the host plant: Gall-making. Leaves
become folded with the leaf-edges tightly curled
inwards, distorted, thickened and with a rough surface,
turning yellowish-green or reddish. Plants and flowers
are deformed, preventing reproduction (Denizhan et al.,
2015).
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Distribution in Turkey: This mite has been
recorded in the area of Van Lake Basin on Convolvulus
betonicifolius  Mill. and  Convolvulus  arvensis
L.(Denizhan et al., 2015).

Examined Material: Erzurum-Center (Atatiirk
University Campus), Askale, Cat, Horasan and Pasinler
on Convolvulus arvensis L.

Aceria novellae Denizhan et al. 2007

Type data:
Ankara, Turkey.

Hedysarum sp. (Leguminosae);

Geographic distribution: Palaearctic.

Relation to the host plant: Vagrant. Small
populations of this mite found on leaves and flowers.

No apparent damage.

Distribution in Turkey: Specimens were recorded
on Hedysarum sp. in Ankara (Denizhan et al., 2015).

Examined Material: Erzurum-Center (Atatiirk
University Campus), Askale, Cat; Horasan and Pasinler
on Hedysarum sp.

Aceria salviae (Nalepa, 1891)
Type data: Salvia sp. (Lamiaceae); Van, Turkey.

Relation to the host plant: The mites induce gall
and erineum on the leaves.

Geographic  distribution:  Palearctic.  Algeria,
Austria, Bosnia Herzegovina, Bulgaria, Croatia,
Cyprus, France, Greece, Hungary, Italy, Romania,
Serbia, Slovenia, Turkey (De Lillo and Amrine, 1998).

Distribution in Turkey: Erzincan (Alaoglu, 1996).
Van Lake Basin: Iskele on Salvia spp. (Lamiaceae)
(Denizhan et al., 2015).

Examined Material: Erzurum-Center (Atatiirk
University Campus), Askale, Cat and Horasan on
Salvia aethiopis L. Especially, it was determined in this
study that they formed significant symptoms on plants
in Ataturk University Campus area (Figure 1.)

Aceria tinctoriae Denizhan et al. 2006

Type data: Anthemis tinctoria L. (Compositae);
Karagol (Ankara), Turkey.
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Geographic distribution: Palacarctic
Relation to the host plant: Vagrant. A small
population was found on leaves and flowers. No

damage symptoms were observed.

Distribution in Turkey: Ankara (Karagdl) on

Anthemis tinctoria L. (Denizhan et al., 2015).

Examined Material: Erzurum-Ilica on Anthemis
tinctoria L.

Figure 1. General view of Salvia aethiopis L. found in Ataturk University’s Campus, Erzurum, damaged due to
feding of Aceria salviae feeding. (photo by Goksel Tozlu)

Aceria verbasci (Boczek, 1964)

Type data: Verbascum spp. (Scrophulariaceac)
Ankara, Turkey

Geographic distribution: Palearctic
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Relation to the host plant: Vagrant

Distribution in Turkey: Ankara.

Examined Material: Erzurum-Center (Atatiirk
University Campus) Askale and Cat on Verbascum sp.



Eriophyes euphorbiae (Nalepa, 1891)

Type data: Euphorbia peplus L. (Euphorbiaceae)
Van, Turkey

Relation to the host: Vagrant on upper leaf
surfaces.

Geographic distribution: Palearctic. Austria,
Hungary; Italy, Romania, Serbia, Slovenia (De Lillo
and Amrine, 1998).

Distribution in Turkey: Van Lake Basin: Giirpinar
on Euphorbia peplus L. (Euphorbiaceae) (Denizhan et
al., 2015)

Examined Material: Erzurum-Center (Atatiirk
University Campus), Askale, Cat, Horasan and Pasinler
on Euphorbia peplus L.

This article presents the results of a 2-year study
on wild eriophyoid mites in Erzurum. The aim of this
study was to collect and identify eriophyoid species
infesting wild. Understand of a herbivore’s host
specificity is necessary to develop effective control
strategies and is fundamental to the application of

E. Denizhan, G. Tozlu

herbivores as biological control agents of weeds.
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ABSTRACT: The volatile compounds, as well as fatty acid composition of crude and refined hazelnut oils, which are produced
by different brands in Turkey, were analyzed by GC/MS, using a solid phase microextraction and GC/FID. Free fatty acid and
peroxide value of samples were also determined. In crude hazelnut oils, there were significant differences between brands, in
terms of propanoic acid, hexanoic acid, 1-octanol, heptanal, octanal, nonanal, cyclopentane and heptane. In contrast, only a few
volatile compounds were determined in refined oil samples. In refined samples, major differences have been detected in terms of
nonanal, trans-2-decenal and 2-octyl furan. The refining process usually decreased the amount and counts of volatile compounds.
The industrial refining of the oils did not cause any significant changes in the fatty acid composition of the samples. However, the
refining process caused a decrease in the free fatty acid content and the peroxide value of hazelnut oils.

Keywords: Fatty acid composition, Hazelnut oil, Volatile compound

Ham ve Rafine Findik Yaglarimmin Ucucu Bilesikleri ve Yag Asidi Kompozisyonu

OZ: Tiirkiye'deki farkli firmalar tarafindan iiretilen ham ve rafine edilmis findik yaglarinin yag asidi bilesiminin yan1 sira ugucu
bilesikleri kat:1 faz mikro ekstraksiyon kullanilarak GC/MS ve GC/FID ile analiz edilmistir. Orneklerin serbest yag asidi icerigi ve
peroksit degerleri de belirlenmistir. Ham findik yaglarinda, firmalar arasinda propanoik asit, heksanoik asit, 1-oktanol, heptanal,
oktanal, nonanal, siklopentan ve heptan agisindan 6nemli farkliliklar olmustur. Buna karsilik, rafine yag orneklerinde sadece
birkag ugucu bilesik belirlenmistir. Rafine 6rneklerde, nonanal, trans-2-dekenal ve 2-oktil furan agisindan énemli farkliliklar tespit
edilmistir. Rafinasyon islemi genellikle ugucu bilesiklerin miktarmi ve sayisini azaltmistir. Yaglarin endiistriyel rafinasyonu,
orneklerin yag asidi bilesiminde onemli bir degisiklige neden olmamistir. Bununla birlikte, rafinasyon islemi findik yaglarinin

serbest yag asidi igerigi ve peroksit degerinde bir azalmaya neden olmustur.

Anahtar kelimeler: Yag asidi kompozisyonu, findik yagi, ugucu bilesikler

INTRODUCTION

Hazelnut is mainly produced in Turkey, Italy,
Spain and the USA. 675000 tones of hazelnut were
produced in Turkey in 2017, which approximately
makes up 70% of the world’s hazelnut production
(Anonymous, 2017). Hazelnut is considered an
excellent source due to its nutritional value, as well
as fatty acid composition (Ozdemir and Akinci 2004;
Crews et al., 2005; Karabulut et al., 2005). Besides,
hazelnut oil is also a good source of phytonutrients
and natural antioxidants such as alpha-tocopherol
(Alasalvar et al., 2003; Bacchetta et al., 2013).
Another important component in hazelnut oil is
sterol. In sterol-based hazelnut oils, B-sitosterol is a
major component followed by campesterol, AS-
avenasterol and stigmasterol (Parcerisa et al., 1998).
The total content of sterols in crude and refined
hazelnut oils ranges from 1057 ppm to 1832 ppm
(Parcerisa et al., 1998; Alasalvar et al., 2003;
Benitez-Sanchez et al., 2003; Bada et al., 2004;
Crews et al., 2005).

Furthermore, hazelnut oil is used for culinary
purposes, especially as salad oil due to having high
concentrations of oleic acid and desirable taste.
Additionally, hazelnut oil is also used in cosmetics as
a skin moisturizer (Bail et al., 2009). The nutritional
and sensory values of hazelnut oil depend on the

geographical origin, hazelnut variety and the
extraction process (Parcerisa et al., 1993, 1994,
Benitez-Sanchez et al., 2003). In addition, the fatty
acid composition of hazelnut oil is very similar to
that of olive oil (Bacchetta et al., 2013). The
percentage of oleic acid found in crude and refined
hazelnut oils varies between 72.8% and 83.5%, while
the linoleic, linolenic and palmitic acids change from
7.6% to 16.6%, 0.1% to 0.13%, 4.4% to 8.3%,
respectively (Parcerisa et al., 1998; Ozdemir et al.,
2001; Alasalvar et al., 2003; Benitez-Sanchez et al.,
2003). According to the Turkish Food Codex
Communiqué, hazelnut oil must contain 71-91% of
oleic acid, 5.70-22.20% of linoleic acid and 4.32—
8.89% of palmitic acid (Anonymous, 2012).

The characteristic flavor of hazelnut oil can be
affected by roasting prior to the pressing stage.
Hazelnut oil is marketed commercially in different
forms: crude products from roasted or unroasted nuts,
refined oils from unroasted nuts, or a mixture of both
(Crews et al.,, 2005). Several studies have been
conducted on fatty acid composition along with some
other properties of hazelnut oils (Bernardo-Gil et al.,
2002; Benitez-Sanchez et al., 2003; Crews et al.,
2005; Azadmard-Demirchi and Dutta 2007;
Miraliakbari and Shahidi 2008). However, there is
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very little information on the volatile profile of
hazelnut oil (Caja et al., 2000; Mildner-Szkudlarz
and Jelen 2008; Bail et al., 2009). The purpose of this
study was to determinate the volatile compounds,
fatty acid composition and other qualitative
characteristics of crude and refined hazelnut oils.

MATERIALS AND METHODS

Materials

In research, crude (unrefined) and refined oil
(including degumming, neutralizing, bleaching,
winterizing and deodorizing stages) samples were
taken from 5 different brands (A, B, C, D, E) as 15
crude and 15 refined, including 3 crude and 3 refined
oil sample from each brand. Oil samples were stored
in brown glass bottle at -20 °C until analyzed.

Free fatty acid content and peroxide value

Free fatty acid content and peroxide value of
samples were determined according to the official
methods (AOCS, 1998 a,b ) described by American
Oil Chemist’s Society.

Fatty acid composition

Fatty acid methyl esters were prepared from
hazelnut oil according to the method described by
(Metcalfe and Schmitz, 1961) and determined by gas
chromatography (GC, Agilent Technologies 6890N)
with FID dedector. GC system was equipped with a
capillary column (DB23, 60 mx250 pmx0.15 pum).
The oven temperature was increased from 100 to 200
°C with rate of 5 °C min™ and from 200 to 250 °C
with a rate of 4 °C min™. The injection block and
dedector temperatures were 250 and 280 °C,
respectively. Helium was used as a carrier gas with a
1.2 mL min™ flow rate.

Volatile composition

The volatile compounds of hazelnut oils were
extracted by Solid Phase Microextraction (SPME)
and analyzed by gas chromatography—mass
spectrometry (GC/MS) according to (Cavalli et al.,
2004). 50/30 um divinylbenzene/  carboxen/
polydimethylsiloxane (DVB/CAR/PDMS) fiber was
used for the extraction of the volatile compounds. 20
g of hazelnut oil sample were placed into a 40 mL
SPME vial (Supelco, Bellefonte, PA, USA) closed
with a PTFE-faced silicone septum (Supelco,
Bellefonte, PA, USA). The vial was placed in a
thermo block (Supelco, Bellefonte, PA, USA) and
waited for 90 minutes at 45 °C with magnetic
stirring. The fiber was thermally desorbed into the
injection port of the gas chromatography for 6
minutes. The enjector was set at 250 °C with splitless
mode. The GC analysis were carried out with a mass
selective dedector (MS, Agilent Technologies 5973).
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The gas chromatography was equipped with HP-1
(Agilent, 50m, 0.2 mm i.d., 0.55um film) column.
Helium was used as a carrier gas with a 1 ml/min
flow rate. Oven temperature programmes were the
following; held for 1 min at 45 °C, from 45°C to
230°C with a rate of 3°C min™, held for 5 min at 230
°C. Dedector and GC-MS interface temperatures
were 250 and 280 °C, respectively. Mass spectra
were obtained by electron impact at 70 ev. Data was
acquired across the range 30-400 amu. The
compounds were determined by comparing the
results with mass spectra from a database developed
by NIST and WILEY or standards molecules (for
calculating Kovats Index, Supelco 44585-U,
Bellefonte PA, USA).

Statistical analysis

The research was designed according to
randomized complete block design. Sampling was
conducted in 3 different times from 5 different
brands. Results from cured and refined hazelnut oils
were subjected to statistical analyses seperately.
Differences between means were evaluated by
Duncan’s multiple range test using the IBM SPSS
Statistics (Version 20) software  (SPSS, Inc.,
Chicago, USA).

RESULTS AND DISCUSSION

Free fatty acid content and peroxide value

The results of the free fatty acid content of
crude and refined hazelnut oils were given in Table
1. The free fatty acid content ranged between 0.87-
1.10% in crude hazelnut oil samples (Table 1). In
contrast, a high percentage of 2.096% of free fatty
acid content in crude hazelnut oil was found by
Karabulut et al., (2005). In crude oils, free fatty acid
content is an important indicator determining product
quality. This value provides information about
storage conditions prior to processing. Free fatty acid
content shows an increase with lipase activity in
unsuitable conditions (Akoh and Min, 2002).

In refined hazelnut oil samples, free fatty acid
content ranged between 0.10-0.22%. These values
were in accordance with the Turkish Food Codex
Communiqué (Anonymous, 2012). The lowest free
fatty acid content was determined in Brand A for
crude oils and Brand E for refined oils. The decrease
in free fatty acid content is thought to be caused by
the neutralization process carried out during refining
(Akoh and Min, 2002; Bhosle and Subramanian,
2005). Similar results were also observed in another
study, where free fatty acid content of crude oil,
neutralized oil and final product were found to be
2.096%, 0.087% and 0.051%, respectively
(Karabulut et al., 2005).
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Volatile compounds and fatty acid composition of crude and refined hazelnut oils

Table 1. The free fatty acid content and peroxide value of crude and refined hazelnut oils from different

brands
Brand Free fatty acid Peroxide value
(oleic acid%) (meq O, kg™ ail)
Ac 0.87+0.01a 10.97+0.06e
m Bc 0.92+0.01b 9.20+0.05b
2 Cc 1.08+0.01d 9.90+0.12¢
© D¢ 1.05+0.01¢ 10.46+0.15d
Ec 1.10£0.01e 8.1340.13a
Ar 0.16+0.01d 5.61+£0.06¢
a Br 0.13+0.01b 6.55+0.06d
2 Cr 0.15+0.01c 4.66+0.05a
:: Dg 0.22+0.01e 8.8610.11e
Er 0.10+£0.01a 5.18+0.10b

Means + SD, a-e: Any two means in the same column having the same letters in the same section are not

significantly different (P < 0.05), SD; standard deviation

The peroxide values of both crude and refined
hazelnut oil varies between 8.13 and 10.97 meq O,
kg™ oil, 4.66 and 8.86 meq O, kg™ oil, respectively
(Table 1). The peroxide value, which is an important
quality criterion, is an indicator of peroxides
resulting from auto-oxidation (Akoh and Min, 2002;
Anonymous, 2006). Moreover, it was found that
Brand E in crude oils and Brand C in refined oils
showed the lowest average peroxide value. Also,
Caponio et al.,, (2011) and Kesen et al., (2016)
indicated that refining process causes a decrease in
peroxide value.

According to Turkish standards, there must be a
maximum of 10 meqO, kg™ oil peroxide value in
refined oils. All results in refined oils were in
accordance with these standards.

Table 2. Fatty acid composition of crude hazelnut oils

Fatty acid composition

Oleic acid was the major fatty acid in the fatty
acid composition of both crude and refined hazelnut
oils, ranging between 78.97-to 84.79% in crude oils,
and 75.83%-84.86% in refined ones (Table 2, 3).
According to Turkish standards, the ratio of oleic
acid can ranged between 71% and 91%. Among
brands, significant differences were observed in both
crude and refined oils, according to statistical
analyses. In crude hazelnut oils, the differences
among Brands B, C and D were not significant. In
refined hazelnut oils, the lowest linoleic acid ratio
(75.83+2.5%) was detected in samples taken from
Brand E. This brand showed the highest linolenic
acid content (18.70£1.83%).

Brand

Fatty Acid Ac Bc Cc D¢ Ec

Cis0 0.02+0.02a 0.02+0.02a 0.03£0.01a 0.02+0.00a 0.02+0.02a
Cis0 4.16+0.80a 3.62+1.78a 5.09+0.10a 4.69+0.19a 4.81+0.27a
Cig1 0.07+0.03a 0.04+0.01a 0.08+0.01a 0.07+0.01a 0.10+0.03a
Cig:1n9c 78.97+0.49a 84.07+1.65b 84.794+0.30b 83.39+0.29b 79.7340.45a
Cigonee 15.55+0.98¢ 11.63+0.62b 9.56+0.40a 11.26+0.09b 14.69+0.19¢
Coo:0 0.06£0.07a 0.05+0.04a 0.09+0.00a 0.10+0.00a 0.11+0.08a
Cig:anm6 0.05+0.04a 0.09+0.05a 0.09+0.02a 0.09+0.01a 0.09+£0.01a
Coo1 0.13+0.05a 0.17+0.01a 0.12+0.03a 0.15+0.01a 0.15+0.02a
Cig:am3 0.04+0.05a 0.02+0.01a 0.00+0.01a 0.03+0.02a 0.03+0.02a
Coo:3n6 0.02+0.02a 0.02+0.01a 0.01£0.01a 0.00+0.00a 0.02+0.02a
Coo:313 0.01+0.01a 0.01+0.01a 0.01+0.00a 0.01+0.01a 0.02+0.00a
Coag 0.01+0.00ab 0.04+0.02¢ 0.01+0.00a 0.03+0.02bc 0.03+0.00bc
Coso 0.00+0.00a 0.014+0.00a 0.03+0.00b 0.03+0.00b 0.03+0.01b
¥ SFA 4.25+0.83a 3.73+1.77a 5.25+0.09a 4.89+0.18a 5.01+0.38a
¥ USFA 94.78+0.40a 96.05+1.83a 94.65+0.11a 94.99+0.17a 94.84+0.29a
¥ PUFA 15.67+0.92¢ 11.76+0.67b 9.67+0.38a 11.394+0.11b 14.86+0.18¢
¥ MUFA 79.11+0.52a 84.28+1.65b 84.98+0.33b 83.60+0.28b 79.98+0.45a

Means + SD, a-e: Any two means in the same column having the same letters in the same section are not significantly

different (P < 0.05), SD; standard deviation
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Table 3. Fatty acid composition of refined hazelnut oils
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Brand

Fatty Acid Ac Bc Cec D¢ Ec

Cuo 0.01+0.02a 0.03+0.00a 0.01+£0.01a 0.02+0.02a 0.02+0.02a
Ciso 5.06+0.03a 2.44+221a 4.17+1.53a 3.47+1.34a 4.75+0.61a
Cig 0.18+0.02a 0.09+0.06a 0.11+0.03a 0.11+0.05a 0.11+0.06a
C18:1n9c 82.19+0.13b 84.86+3.97b 81.76+2.08b 81,49+2,74b 75,83+2,50a
Cigonse 11.99+0.18a 11.95+1.91a 13.55+0.60a 13,42+1,11a 18,70+1,83b
Cago 0.10+0.01a 0.09+0.06a 0.11+0.01a 0,14+0,00a 0,13+0,10a
Cigans 0.06+0.02a 0.11+0.04a 0.07+0.04a 0,04+0,04a 0,08+0,06a
Coo1 0.13+0.01a 0.10+0.07a 0.13+0.04a 0,13+0,01a 0,15+0,06a
Cigans 0.02+0.03a 0.02+0.01a 0.01+0.02a 0,02+0,02a 0,02+0,01a
Coo:3n6 0.04+0.02a 0.02+0.01a 0.01+0.02a 0,02+0,02a 0,02+0,02a
Cog:an3 0.00+0.00a 0.02+0.02a 0.00+£0.00a 0,01+0,01a 0,01+0,00a
Caso 0.01+0.01a 0.02+0.01ab 0.00+0.01a 0,04+0,02¢ 0,01:+0,00a
Coso 0.05+0.04a 0.01+0.01a 0.02+0.01a 0,02+0,00a 0,01+£0,01a
2 SFA 5.24+0.04a 2.60+2.25a 4.30+1.53a 3,69+1,34a 4,93+0,71a
2 USFA 94.62+0.13a 97.16+2.17a 95.62+1.54a 95,24+1,96a 94,92+0,71a
2 PUFA 12.12+0.19a 12.11+1.87a 13.63+0.59a 13,50+1,14a 18,84+1,80b
> MUFA 82.50+0.12b 85.05+3.89b 81.99+2.10b 81,73+2,70b 76,08+2,50a

Means + SD, a-e: Any two means in the same column having the same letters in the same section
are not significantly different (P < 0.05), SD; standard deviation.

There are significant differences between PUFA
contents of brands, ranging from 9.67 %-15.67% in
crude oils, and 12.11%-18.84% in refined ones. In
addition, the unsaturated fatty acid ratio in total fatty
acid composition ranged between 94.65%-96.05% in
crude oils and 94.62%-97.16% in refined ones, with
a slight difference. Saturated fatty acids were minor
compounds in crude and refined hazelnut fatty acids,
ranging from 3.73%-5.25% in crude oils and 2.60%—
5.24% in refined ones. Similar results in hazelnut oils
were found by Alasalvar et al. (2003), Parcerisa et al.
(1998) and Benitez-Sanchez et al. (2003). In the
present study, there are no statistically differences
between brands in terms of saturated fatty acids in
crude and refined oils as well (Table 2, 3). As shown
in Table 3 and Table 4, the industrial refining of the
oils did not cause any considerable changes in the
fatty acid composition of hazelnut oils. For instance,
oleic acid, which is a major fatty acid in hazelnut
oils, ranged from 78.97%-84.79% in crude, and
75.83%-84.86% in refined ones. Similar results were
also confirmed for other fatty acids.

Volatile composition

The volatile profile of crude hazelnut oils was
provided in Table 4. A total of twenty-six volatile
compounds from six different chemical groups,
including aldehydes, ketones, acids, aromatic
hydrocarbons, aliphatic hydrocarbons and alcohols
were identified in the given samples. There are great
differences between brands in terms of propanoic
acid, hexanoic acid, 1-octanol, heptanal, octanal,
nonanal, cyclopentane and heptane. Propanoic acid
was only determined in Brand C. Within acids, acetic
acid was generally found to be of the highest
amounts. However, there were no substantial
differences between brands. Hexanal, on the other
hand, was detected as the major aldehyde in all
brands. In aliphatic hydrocarbons, hexane was
usually considered as a major compound. However,
there were no major differences between brands in
terms of this particular compound.

107



Volatile compounds and fatty acid composition of crude and refined hazelnut oils

Table 4. Volatile compounds of crude hazelnut oils

Brand
Kl Compound | Ac | | Cc | Dc | Ec
Acids
570 Acetic acid 11,1349,18a nd 2,60+1,82a 3,98+3,93a 0,25+0,43a
887 Propanoic acid nd nd 0,50+0,45b nd nd
950 Hexanoic acid 1,70+1,58a 0,25+0,22a 0,44+0,58a 3,22+0,51b 1,49+0,23a
1142 Octanoic acid 0,44+0,29a nd 0,20+0,20a 1,05+1,22a 0,20+0,07a
>1500 1,2-benzenedicarboxylic acid 1,19+1,30a 0,14+0,12a 2,60+1,45a 1,31+0,39a 0,54+0,50a
Alcohols
848 1-hexanol 1,17+£2,03a 0,13£0,11a 0,13+0,22a 0,32+0,55a 0,46+0,41a
1052 1-Octanol 0,70+0,37b 0,08+0,07a 0,46+0,07ab 0,86+0,34b 0,52+0,16ab
Ketones
1071 2-nonanone 0,14+0,24a 0,02+0,03a | 0,10+0,18a 0,20+0,18a | 0,07+0,13a
1211 3-penten-2-one 0,20+0,09a nd 0,30+0,15a 0,18+0,16a 0,19+0,06a
Aldehydes
773 Hexanal 4,99:+4 69a 0,46+0,20a 1,330,192 1,80+1,59a 1,49+0,26a
877 Heptanal 0,85+0,43b nd 0,42+0,22ab | 0,40+0,35ab | 0,69+0,29b
929 Trans-2- heptanal 0,15+0,26a nd 0,36+0,35a 0,57+0,49a 0,40+0,38a
980 Octanal 1,26+0,36¢d 0,10+0,09a 0,73+0,30b 1,38+0,11d | 0,92+0,19bc
1080 Nonanal 1,12+0,33b 0,10+0,09a 1,09+0,20b 1,49+0,43b 0,96:0,36b
1232 2-Decenal,(2) 0,47+0,56a 0,10+0,10a 0,90+0,79a 1,03+1,38a 0,89+0,39a
1260 2,4-decadienal nd 0,11+0,13a 0,21+0,20a 1,48+2,15a 0,10+0,09a
1323 2-dodecanal nd 0,13+0,12a 0,80+0,65a 0,98+0,54a 0,42+0,37a
Aromatic Hydrocarbons
752 Toluene | nd 0,94+0,84a | 0,55+0,95a nd Nd
Alifatic Hydrocarbons
500 Pentane nd 7,12+6,35a nd nd 2,44+3.61a
600 Hexane 7,46+£10,29a 15,10+11,44a | 9,26+4,58a nd 6,49+3,47a
625 Cyclopentane 0,08+0,14a 13,69+2,18¢c 0,98+1,70a nd 9,84+3,01b
671 Cyclohexane nd 2,70+£0,19bc | 2,95+1,83c nd 1,11+0,83ab
700 Heptane 0,22+0,38a nd 0,28+0,33a nd 0,44+0,02a
710 2-pentene,2-methyl 1,17+1,06a nd 0,23+0,39a 1,34+1,49a 0,93+0,28a
800 Octane 0,40+0,40a 0,14+0,12a 0,82+0,51a 0,32+0,55a 0,70+0,25a
1200 Dodecane 0,28+0,38a nd 0,24+0,22a 0,07+0,13a 0,05+0,09a

Means + SD, a-e: Any two means in the same column having the same letters in the same section are not significantly
different (P < 0.05), SD; standard deviation, nd; not detectable. Results are expressed in Arbitrary Area Units (x10°) as
means of 3 replicates of each samples. Kl: Kovats index calculated for HP-1 capillary column (Agilent, 50m, 0.2 mm i.d.,

0.55um film) installed on a gas chromatograph equipped with a mass selective detector.

The volatile profile of refined hazelnut oils was
given in Table 5. A total of eighteen volatile
compounds from six different chemical groups,
including aldehydes, ketones, acids, aliphatic
hydrocarbons, furans and alcohols were identified in
these samples. Results showed that a few volatile
compounds were determined in refined hazelnut oil
samples. The low concentration of the volatile
compound or the absence of these compounds is
considered to be an indicator of refining. It has been
reported that the refining process reduced the number
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of volatile compounds in refined rapeseed and
refined sunflower oil (Uriarte et al., 2011).

1-octanol was determined as the only alcohol
found in refined oils, while two types of alcohols
were identified in crude oils (Table 4, 5). Alcohols
are formed enzymatically from the lipoxygenase way
of linoleic and linolenic acids (ilyasoglu and Ozgelik
2011). Acetic and octanoic acids were not
determined in refined hazelnut oils. In contrast,
different alcohols and acids were determined in
previous studies on hazelnut and nut oils (Mildner-
Szkudlarz and Jelen, 2008; Bail et al., 2009).



Table 5. Volatile compounds of refined hazelnut oils

S. Sisik Ogras, G. Kaban, M. Kaya

Brand

Kl Compound | Ag | Br | Ck | Dg | Exr
Acids

887 Propanoic acid 0,16+0,28a nd 0,36+0,31a | 0,13+0,23a nd

950 Hexanoic acid 0,07£0,12a | 0,19+0,18a | 0,23+0,40a 0,44+0,18a 0,05+0,09a

>1500 | 1,2-benzenedicarboxylic acid | 0,69+0,62a | 0,69+0,10a | 1,71+0,74a | 0,78+0,13a | 1,68+1,55a
Alcohols

1052 1-Octanol | 0,24+0,22a | 0,36+0,13a | 0,24+0,21a | 0,18+0,16a | 0,33+0,30a
Ketones

1071 2-nonanone nd nd 0,11+0,19a nd 0,10+0,09a

1211 3-penten-2-one nd nd nd nd 0,10+0,18a
Aldehydes

773 Hexanal 1,51+0,46a | 1,4240,09a | 1,06+0,92a | 2,07+0,10a 0,97+0,84a

877 Heptanal 0,74+0,24a | 0,55+0,07a | 0,88+0,19a 0,64+0,11a 0,49+0,43a

929 Trans-2- heptanal 0,55+0,48a | 0,60+0,07a | 0,50+0,49a 0,76+0,14a 0,47+0,41a

980 Octanal 1,10+0,09a | 1,05+0,19a | 1,15+0,21a 1,03+0,12a 1,37+0,03a

1080 Nonanal 1,77£0,09a | 1,88+0,29a | 2,22+0,47a 1,97+0,22a | 3,27+0,71b

1232 2-Decenal,(2) nd 0,56+0,98a | 3,44+2,22b | 1,96+0,35ab | 1,49+1,30ab

1260 2,4-decadienal 0,23+0,21a | 0,30+0,05a | 0,83+0,48a 0,36+0,05a 0,84+0,80a

1323 2-dodecanal 1,64+0,70a | 1,74+0,49a | 3,21+2,28a | 1,90+0,45a | 3,27+2,15a
Furanes

1272 2-octylfuran | nd | 0,25+0,04b | 0,20+0,18ab | 0,34+0,04b [ 0,20+0,18ab
Alifatic Hydrocarbons

700 Heptane 0,59+0,57a | 1,11+0,18a | 1,17+1,03a 1,14+0,29a 0,73+0,71a

800 Octane 1,28+0,29a | 1,35+0,17a | 1,93+0,81a 1,34+0,17a 1,22+0,41a

1200 Dodecane 0,04+0,08a | 0,07+0,13a | 0,09+0,15a 0,18+0,06a nd

Means + SD, a-e: Any two means in the same column having the same letters in the same section are not significantly different (P < 0.05),
SD; standard deviation, nd; not detectable. Results are expressed in Arbitrary Area Units (x10°) as means of 3 replicates of each samples.
KI: Kovats index calculated for HP-1 capillary column (Agilent, 50m, 0.2 mm i.d., 0.55um film) installed on a gas chromatograph

equipped with a mass selective detector.

In refined hazelnut oil samples, considerable
differences were found in terms of nonanal, trans-2-
decenal and 2-octyl furan compounds. Hexanal and
octane were found to be major compounds within
aldehydes and aliphatic hydrocarbons, respectively.
Hexanal has also been identified with high amounts
in many other vegetable oils (Caja et al., 2000;
Mildner-Szkudlarz and Jelen 2008; Bail et al., 2009;
Uriarte et al., 2011). Aldehydes such as hexanal and
trans-2-hexanal are formed by the degradation of
unsaturated fatty acids (Bail et al., 2009). They cause
an undesirable flavor and limit the shelf life (Fullana
et al., 2004).

Another important finding for refined oils was
the presence of furans. This compound was detected
in all brands, except Brand A. Furans are colorless,
lipophilic, and highly volatile, low-molecular-weight
compounds. Formation of furans from unsaturated
fatty acids has been reported to be associated with
lipid oxidation (Owczarek-Fendor et al., 2010).

In crude hazelnut oil, toluene was determined as
the only aromatic hydrocarbon; however, in the some
samples, eight different aliphatic hydrocarbons were

determined (Table 4). No aromatic hydrocarbon was
observed after the refining process, and refining
caused a significant decrease in the number of
aliphatic hydrocarbons (Table 5). Two different
ketones were determined in hazelnut oils in both
(crude and refined), but the refining process has also
led to a decrease in the levels of these compounds.

CONCLUSIONS

It was evident that free fatty acids and peroxide
values of hazelnut oils were shown to be significantly
reduced by industrial refining processes. Similarly,
refining caused a reduction in the number and
amounts of volatile compounds. Among the different
brands, some differences have also arisen in terms of
fatty acid composition. The industrial refining of the
oils did not cause any significant changes in the fatty
acid composition of hazelnut oils. Oleic acid, which
was the major fatty acid, fluctuated between 78.97%—
84.79% in crude oils and 75.83%-84.86% in refined
ones. The refined hazelnut oils examined in this
study were all in compliance with Turkish standards.
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talep giderek artmaktadir. Tiiketiciler genellikle
dogal bilesenlere sahip, besleyici ve saglikli gidalart
tercih  etmektedirler.
kargilayabilmek icin gida iireticileri her gegen giin
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Kivi Ilaveli Dondurmalarin Baz: Fizikokimyasal, Reolojik ve Duyusal
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O2Z: Bu calismada farkli oranlarda (%4, %8, %12, %16 ve %20) kivi meyvesi ilave edilerek iiretilen dondurmalarin bazi fiziksel,
kimyasal, reolojik ve duyusal 6zellikleri arastirilmistir. Kivi oraninimn artmast ile dondurma 6rneklerinin kurumadde (%), kiil ve
pH degerlerinin azaldigi, ilk damlama ve tamamen erime zamanlari ile asitlik (%) degerlerinin yiikseldigi belirlenmistir.
Dondurmalarin C vitamini icerikleri ise kivi ilavesinden 6nemli derece etkilenmis (P<0.01) ve kivi oraninin artisina bagh olarak C
vitamini igerigi de artmistir. Dondurma ornekleri reolojik agidan incelendiginde, kontrol 6rneginin kivam katsayist kivi ilave
edilen dondurma 6rneklerine gére daha diigiik bulunmustur. Tim dondurma 6rnekleri psddoplastik davranig sergilemistir. Duyusal
acidan, %4 oraninda kivi ilave edilmis dondurma oOrneginin renk, sakizimsi yapi, tekstiir, lezzet, agizda erime, erimeye
dayaniklilik ve genel kabul edilebilirlik puanlarinin diger 6rneklere gore daha yiiksek oldugu ortaya konulmustur. Arastirma
sonucunda, dondurma tiretiminde kivi kullaniminin dondurmanin C vitamini igerigi ve kivami iizerine olumlu bir etkiye sahip
oldugu tespit edilmistir.

Anahtar kelimeler: Kivi, dondurma, C vitamini, reolojik 6zellikler, duyusal 6zellikler

Determination of Some Physicochemical, Rheological and Sensory Properties of Kiwi
Added Ice Creams

ABSTRACT: In this research, the physical, chemical, rheological and sensory properties of ice creams of kiwi addition at
different ratios (4%, 8%, 12%, 16% and 20%) were investigated. The increment of kiwi rations led to the decrease of dry matter,
ash and pH values, but the first dripping and complete melting times, titratable acidity values increased. Vitamin C content of ice
cream samples was significantly affected by addition of kiwi (P<0.01), and it increased depending upon kiwi amount. The
consistency coefficient of control sample was lower according to kiwi added ice cream samples. All ice cream samples had
pseudoplastic behaviour. The color, gumming, texture, flavour, melting in mouth, resistance to melting and general acceptability
score of the sample 4% kiwi added ice cream were higher compared with other samples. Consequently, the research shown that
kiwi usage at ice cream production has positive effect on vitamin C content and consistency of ice cream.

Keywords: Kiwi, ice cream, vitamin C, rheological properties, sensory properties

GIRIS

Son yillarda kaliteli ve saglikli gidalara olan nedenle son yillarda market raflarinda degisik
meyveli dondurmalar yer almaya baslamustir.
Meyveli dondurmalarin, ilave edilen meyveler
nedeniyle dogal antioksidan madde, mineral, vitamin,

lif ve dogal renklendirici igeriklerinin arttigi,

Tiketicilerin  isteklerini

yeni bir iriin gelistirme c¢abasindadir (Sikora vd.,
2013). Dondurma endistrisindeki yeni {iriin
gelistirme c¢abalari son yillarda hizla artmaktadir
(Soukoulis vd., 2014). Dondurma yiiksek diizeyde
protein ve yag icerigine sahip oldugundan degerli bir
stit trliniidiir. Dondurma besinsel ve kalori degeri
yiiksek bir iiriin olmasina karsin dogal antioksidan
maddeler, bazi mineraller ve diyet lifi bakiminda
yetersizdir. Bu yiizden dondurma iireticilerinin dogal
ve yeni bir dondurma iiretme egilimi gittikce
artmaktadir (Erkaya vd., 2012). Yeni ve fonksiyonel
dondurma gelistirmek amaciyla birgok arastirma
yapilmis (Soukoulis vd., 2009; Erkaya vd., 2012;
Sun-Waterhouse vd., 2013; Cakmakgi vd., 2016) ve
yapilmaya da devam edilmektedir.

Fonksiyonel ~ve  meyveli  dondurmalara
tilketicilerin talepleri her gecen giin artmaktadir. Bu

kolesterol ve yag igeriklerinin ise azaldigi ifade
edilmektedir. (Kavaz Yuksel, 2015). Meyve ve sebze
tiketiminin  birgok hastaligin  tedavisinde ve
engellenmesinde 6nemli bir rolii vardir (Park vd.,
2011). Kivi de insan saglhig iizerinde olumlu etkileri
olan meyvelerden biridir (Eksi ve Tiirkmen Ozen,
2012)

Kivi iiretimi {ilkemizde giderek yayginlasmakta
olup, ozellikle Dogu Karadeniz Bolgesi’nin dnemli
tarimsal {iriinlerinden bir tanesidir (Kilic ve Siray,
2016). Kivi antioksidan maddeler, renk pigmentleri,
bazi mineral maddeler, vitaminler ve diyet lifi
bakimindan zengindir (Du vd., 2009; Park vd., 2011,
Eksi ve Tiirkmen Ozen, 2012). Ozellikle C vitamini
bakimindan zengin olan Kivi, ayni zamanda zengin
renk pigmentlerine de sahiptir (Du vd., 2009; Eksi ve
Tiirkmen Ozen, 2012). Kivi sahip oldugu bu
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ozelliklerle hastaliklara karsi koruyucu (Park vd.,
2011) ve fonksiyonel bir meyvedir (Eksi ve Tiirkmen
Ozen, 2012). Bu ¢alismada fonksiyonel bir iiriin elde
edebilmek amaciyla farkli oranlarda Kivi ilavesiyle
(%4, %8, %12, %16 ve %20) dondurma iiretilmis ve
iretilen dondurmalarin  bazi fiziksel, kimyasal,
reolojik ve duyusal 6zellikleri aragtirilmistir.

MATERYAL VE METOT

Materyal

Dondurma {iretiminde kullanilmis olan siit ve
krema, Atatiirk Universitesi Ziraat Fakiiltesi 1sletme
Miidiirligi’nden temin edilmis olup, duyusal ve
teknolojik 6zellikleri dondurma yapimina uygun olan
inek siitii kullanilmustir. Uretimde kullamlan kivi,
siittozu, seker, stabilizatdr (salep) ve emiilgator
(mono ve digliseritler) ise piyasadan temin edilmistir.
Arastirma i¢in kullanilan deneme dondurma 6rnekleri
Atatick  Universitesi ~ Ziraat  Fakiiltesi Gida
Miihendisligi Bolimii  Pilot Siit fabrikasinda
tarafimizca tiretilmistir.

Metot

Dondurma Uretimi

Dondurma iretiminde kullanilan siitiin yag
orani krema ilavesiyle %5’c¢ ayarlanmig ve daha
sonra 12 kisma boliinmiistir. Her bir kisma %15
seker, %3.75 siittozu, %0.7 salep, %0.2 emiilgator
ilave edilerek 85°C’de 25 sn siireyle pastdrize
edilmistir.  Pastorizasyondan sonra elde edilen
miksler 4 °C’de 24 saat siireyle olgunlagtirilmustur.
Dondurmaya ilave edilecek kiviler yikandiktan sonra
kabuklar1 soyulmus ve rondodan gegirilmistir.
Dondurma makinesinde kontrol 6rnegi (K) digindaki
diger mikslere rondodan gegirilmis kivilerden %4
(KV4), %8 (KV8), %12 (KV12), %16 (KV16) ve
%20 (KV20) oranlarinda ilave edilmistir.
Dondurma makinesinden ¢ikan dondurmalar daha
sonra “-24 °C’de” bir gece sertlestirildikten sonra -
18°C” de muhafaza edilmistir.

Dondurma Orneklerinin  Fiziko-kimyasal

Analizi

Sit ve dondurna o6rneklerinde % kurumadde
orant gravimetrik yontem, asitlik miktart (°SH)
titrasyon yontemi ve % kil miktar1 ise yakma
yontemi kullanilarak belirlenmistir. pH Dbirlesik
elektrotlu pH metre ile ve % yag orani ise Gerber
yontemiyle belirlenmigtir (Demirci ve Giindiiz,
1994).

[lk damlama zamani ve tam erime siireleri
Giiven ve Karaca (2002) tarafindan belirtilen
yonteme gore belirlenmistir. Dondurma 6rneginden
25 g tartildiktan sonra, 0.9 mm ¢apinda delikli bir
slizgecin altinda darasi alinmig 250 ml’lik behere
konularak oda sicakliginda 2 saat siireyle erimeye
birakilmistir. Daha sonra ilk damlama siiresi ve tam
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erime siireleri belirlenmis ve sonuglar sn olarak
kaydedilmistir.

Dondurma o6rneklerinde viskozite Brookfield
Viscometer Model DV-II cihazi ile +4°C’de, 6
numarali baghik kullanilarak 20, 30, 50, 60 ve 100
rpm’de Olglilmistiir. 30 sn  siirelik  rotasyon
yapildiktan sonra sonuglar cP olarak belirlenmistir
(Akin vd., 2007). Dondurma orneklerinin reolojik
davramiglart  “power law” modeli kullanilarak
asagidaki formiille hesaplanmistir. Bu formiilde n
goriinlir viskoziteyi (Pa.s), K kivam indeksini, y
kayma hizin1 (rpm), n akis davranis indeksini
gostermektedir (Steffe, 1967).

_ (n-1)
n=Ky
C vitamini igerigi Ozkan vd. (2007) tarafindan
belirtilen  titrasyon  yontemiyle  belirlenmistir.

Orneklerin askorbik asit miktar1 tayininde 2.6-
diklorofenolindofenol  kullanilmistir. Homojenize
edilen orneklerden 15-20 g tartilarak 100 mL’lik
balon jojeye aktarilmistir. Balon joje ¢izgisine kadar
%3’liik metafosforik asit ile tamamlanmg ve filtre
edilmigtir. Filtrat titre edildikten sonra kullanilan
boya miktarina bagl olarak askorbik asit miktar1 mg
100 g olarak hesaplanmustir.

Duyusal Analiz

Meyveli dondurmalarin duyusal &zelliklerini
belirlemek amaciyla tiiketici testi kullanilmigtir. Bu
amacla 70 kisiye uygulanan tiiketici testi ile
dondurmalarin  sakizimsi1 yapi, tekstiir, lezzet,
yabanct tat, agizda erime, erimeye dayaniklilik,
meyve orant ve genel kabul edilebilirlik gibi
ozellikleri bakimindan begeni durumlari
belirlenmistir. Orneklerin degerlendirilmesinde 1:
Hi¢ begenmedim, 2: Begenmedim, 3: Orta derecede
begenmedim, 4: Hafif begenmedim, 5: Ne begendim
ne begenmedim, 6: Orta derecede begendim, 7: Az
begendim, 8: Pek ¢ok begendim, 9: Fevkalade
begendim olarak kabul edilmistir (Meilgaard vd.,
1999).

Istatistiksel Analiz

Arastirmadan elde edilen verilerin
degerlendirilmesinde SPPS (SPSS 17 Corp. Inc.)
istatistik paket programi kullanilmigtir. “Tek Yo6nli
Varyans Analizi (one-way ANOVA)” sonucunda
O6nemli bulunan ana faktorlere Duncan Coklu
Karsilastirma  Testi  uygulanmistir.  Istatistiksel
farkliliklarin ifade edilmesinde harfler kullanilmistir.

BULGULAR VE TARTISMA

Fizikokimyasal Ozellikler

Dondurma 6rneklerine ait fizikokimyasal analiz
sonuclart Cizelge 1’de sunulmustur. Dondurma
orneklerinin % kurumadde degerleri kivi ilavesinden
istatistiksel olarak oOnemli diizeyde etkilenmistir
(P<0.01). Kurumadde degeri en yiiksek “(%36.10)”



kontrol orneginde (K), en disik “(%29.57)” ise
KV16 orneginde bulunmustur (Cizelge 1). Kivi
ilaveli dondurma orneklerinin kurumadde
iceriklerinin kontrol ornegine gdre daha diisiik
oldugu tespit edilmistir. Goraya ve Bajwa (2015)
yaptiklart ¢aligmada amla meyvesinin pargalarini ve
pliresini ilave ettikleri dondurmalarin kurumadde
degerlerinin kontrol 6rneginden daha diisiik oldugunu
ve bu farklarin istatistiksel olarak 6nemli oldugunu
bulmuglardir. Erkaya vd. (2012) tarafindan yapilan
caligmada, altin ¢ilegi ilave ettikleri dondurma
orneklerinin kurumadde degerlerinin daha yiiksek
oldugunu ve kurumadde degerlerinin %29.31 ile
%35.20 arasinda degistigini tespit etmislerdir. Bu

T. Erkaya, Kotan, B. Urkek, M. Sengiil

caligmada elde edilen sonuglar Goraya ve Bajwa
(2015)’nin sonuglari ile benzerlik gosterirken, Erkaya
vd. (2012) tarafindan bulunan sonuglardan farklilik
arz etmistir. Ilave edilen kivinin &rneklerin % Kiil
degerlerini 6nemli diizeyde etkiledigi goriilmiistiir
(P<0.01). Kontrol orneginin kiil degerinin diger
orneklerden daha yiiksek oldugu tespit edilmistir
(P<0.05). %12 ve daha yiiksek oranda yapilan Kivi
ilavesinin %4 ve %8’lik ilaveye nazaran dondurma
orneklerinin kiil igeriklerini artirdigi belirlenmistir.
Kivi ilaveli dondurmalarda elde edilen kiil
degerlerinin Goraya ve Bajwa (2015) tarafindan
bulunan degerlerden yiiksek oldugu tespit edilmistir.

Cizelge 1. Dondurma 6rneklerinin bazi fiziksel ve kimyasal 6zellikleri.

Ozellikler K KV4 KV12 KV16 KV20
Kurumadde (%) 36.10+0.01° 31.57+0.88™ 30.66+0.20P 32.2140.21° 29.57+0.30% 31.17+0.05°
Kiil (%) 1.04+0.07° 0.82+0.01° 0.82+0.05° 0.91+0.00° 0.88£0.01% 0.93£0.01°
Asitlik (SH°) 14.02+0.08% 14.16+0.44% 18.05+1.16° 20.91+0.44° 22.72+0.02° 24.71+0.28°
pH 6.44+0.02" 6.19+0.04° 6.00+0.01° 5.83+0.01° 5.66+0.00° 5.45+0.02%
Yag(%) 490+1.17° 4.25+0.07% 4.25+0.35® 3.60+0.14%® 3.25+0.07° 3.25+0.07°
flk damlama (sn) | 1140.00+84.85° | 1585.004219.20% | 2115.00£106.07° | 1550.00+£325.27%° | 1500.00+339.41% | 1620.00+339.41%
Tam erime (sn) | 3910.00+£523.26* | 5100.00+£339.41% | 5550.00+0.26® | 4440.00+848.53% | 5370.00+721.25® | 6520.00+961.67°
C vitamini (mg
100g* ND? 3.23+0.00° 4.85+0.00° 6.26+0.28¢ 6.46+0.00 8.08+0.00°
kurumadde)

=T Aymi satirdaki farkli harfler istatistiksel olarak farklilig1 ifade etmektedir (P<0.05). K: kontrol grubu, KV4: %4 (w/w) kivi eklenmis,
KV8: %8 (w/w) Kivi eklenmis, KV12: %12 (w/w) kivi eklenmis KV16: %16 (w/w) kivi eklenmis, KV20: %20 (w/w) kivi eklenmis

dondurma.

Dondurma o6rneklerinin pH ve asitlik (°SH)
degerleri tizerine kivi ilavesinin etkisinin istatistiksel
olarak o6nemli oldugu (P<0.01) tespit edilmistir.
Orneklerin pH degerlerinin kivi ilavesine bagli olarak
diistiigii ve bu farkliliklarin istatistiksel olarak dnemli
oldugu (P<0.05) belirlenmistir. pH degerlerinin 5.45
ile 6.44 arasinda degistigi ve en yiiksek pH degeri
kontrol Orneginde, en diisiik deger ise KWV20
Orneginde saptanmustir. Erkaya vd. (2012) altin ¢ilegi
ilave  ederek frettikleri ~dondurmalarin  pH
degerlerinin  5.83-6.30  araliginda  oldugunu
belirlemiglerdir. Meyve ilaveli dondurmalardaki pH
degisikliginin meyvenin asitligi, polifenoller ile siit
proteinleri arasindaki interaksiyonlar ve siite
uygulanan pastorizasyon gibi islemlerden
kaynaklanabilecegi bildirilmektedir (Sun-Waterhouse
vd., 2013).

Orneklerin asitlik degerlerinin 14.02 ile 24.71
°SH arasinda degistigi, kontrol ile KV4 6rneklerinin
asitlik degerleri arasinda istatistiksel olarak onemli
bir farkin olmadig1 (P>0.05); diger 6rneklerin asitlik
degerlerinin ise kivi miktar ile dogru orantili olarak
arttigl belirlenmistir (Cizelge 1). En yiiksek asitlik
degeri KV20 o6rneginde tespit edilmistir (P<0.05).
Asitlik degerleri ile pH degerlerinin uyumlu oldugu,
asitlik degerleri yiikseldikge pH degerlerinin de
diigtiigi ortaya konulmustur. Erkaya vd. (2012)
tarafindan yapilan ¢aligmada altin ¢ilek ilave edilen

dondurmalarin asitlik degerlerinin 9.72-14.66 °SH
arasinda oldugu ve meyve ilavesiyle °SH
degerlerinin  yiikseldigi saptanmustir. Dondurma
orneklerinin yag oranlar1 {izerine kivi ilavesinin
etkisinin istatistiksel olarak 6nemsiz (P>0.05) oldugu
tespit edilmistir. En yiiksek yag orani %4.90 olarak
kontrol &rneginde, en diisiik yag oram %3.25 olarak
KV16 ve KV20 6rneklerinde (P<0.05) belirlenmistir
(Cizelge 1). Dondurma orneklerinde kivi ilavesiyle
yag oranlariin distiigii (P<0.05), KV4, KV8 ve
KV12 6rneklerinin yag oranlari arasinda istatistiksel
olarak onemli bir farkin olmadigi (P>0.05)
belirlenmistir. Akalin vd. (2008) ve Karaman vd.
(2014) tarafindan yapilan ¢aligmada dondurma
orneklerinin yag oranlarmin ilave edilen katkilarla
birlikte diistiigii tespit edilmistir.

[lk damlama ve tam erime zamanlarina ait
degerlerin kivi ilavesinden etkilenmedigi (P>0.05)
belirlenmistir. Dondurma orneklerinin ilk damlama
degerleri 1140 sn ile 2115 sn arasinda degistigi tespit
edilmistir. En diisiik ilk damlama degeri 1140 sn ile
kontrol 6rneginde, en yiiksek deger ise 2115 sn ile
KV8 6rneginde belirlenmistir (P<0.05). KV12, KV16
ve KV20 6rneklerinin ilk damlama degerleri arasinda
istatistiksel olarak Onemli bir farkin olmadigi
(P>0.05) ortaya konulmustur.  Yapilan  bir
arastirmada, limon lifi ilave edilen dondurmalarin ilk
damlama siirelerinin 2316 sn ile 2850 sn arasinda
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degistigi belirlenmigtir (Dervisoglu ve Yazici 2006).
Baska bir ¢aligmada ise farkli emiilgatorlerin farkli
oranlarda ilave edildigi dondurma orneklerinin ilk
damlama stirelerinin 2926-7213 sn arasinda oldugu
tespit edilmistir (Atsan ve Caglar, 2008). Aslaner ve
Salik (2017) dondurma Orneklerinin ortalama ilk
damlama zamanim 344 s olarak bulmuslardir. Bu
calismada bulunan degerler Atsan ve Caglar
(2008)’m buldugu degerlerden daha diisiik, Aslaner
ve Salik (2017)’mn elde ettigi degerlerden yiiksek
oldugu ortaya konulmustur.

Tam erime zamanina ait degerlerin Kivi
ilavesiyle diizensiz bir degisim gosterdigi, bu
degisimlerin istatistiksel olarak o6nemli oldugu
belirlenmistir (P<0.05). En yiiksek tam erime zamani
6520 sn ile KV20 6rneginde, en diisiik ise 3910 sn ile
kontrol 6rneginde tespit edilmistir. (P<0.05). KV4,
KV8 ve KV12 orneklerinin tam erime zamanlarinin
kontrol 6rnegine gore daha yiiksek oldugu (P<0.05)
ortaya konulmustur. Dondurma iiretiminde farkl
hidrokolloidlerin kullamildigi 6rneklerde tam erime
zamanlariin 3208 sn ile 7796 sn arasinda oldugu

ortalama tam erime zamamm 5297 sn olarak
belirlemislerdir. Diyet lifler yiiksek su baglama
kapasitesine sahip olduklarindan dondurmalarin
tekstiirel Ozelliklerine olumlu yonde katki saglarlar
(Dervisoglu ve Yazici, 2006). ilk damlama ve tam
erime zamanlarinin meyve ilavesine bagli olarak
yiikselmesinde meyvelerin igerdikleri diyet lifinin
rolii oldugu disiiniilmektedir.

Dondurma 6rneklerinin 20, 30, 50, 60 ve 100
rpm’deki viskozite degerlerinin kivi ilavesinden
etkilenmedigi (P>0.05) belirlenmistir. KV4, KV8 ve
KV12 orneklerinin ise 20 rpm’de oSlgiilen viskozite
degerlerinin diger o6rneklerden daha yiiksek oldugu
(P<0.05) tespit edilmigtir (Sekil 1). Kontrol 6rneginin
30, 50, 60 ve 100 rpm’deki viskozite degerlerinin
diger orneklerden diisiik oldugu fakat bu farkin
istatistiksel olarak 6nemli olmadigt (P>0.05)
belirlenmistir. Kivi ilavesine bagli olarak dondurma
orneklerinin 30, 50, 60 ve 100 rpm’deki viskozite
degerlerinin degistigi, bu degisimlerin ise Onemli
olmadigi (P>0.05) ortaya konulmustur. Meyvelerdeki
diyet lif iceriginin viskozite ilizerinde etkili oldugu

bulunmustur (Simsek vd., 2006). Aslaner ve Salik bildirilmistir (Ramadan and Moersel, 2009).
(2017) yaptiklar1 ¢aligmada dondurma &rneklerinin
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Sekil 1. Dondurma &rneklerinde kayma hiz1 ile goriiniir viskozite arasindaki iligki.
K: kontrol grubu, KV4: %4 (w/w) kivi eklenmis, KV8: %8 (w/w) kivi eklenmis, KV12: %12 (w/w) kivi eklenmis KV16: %16
(w/w) kivi eklenmis, KV20: %20 (w/w) kivi eklenmis dondurma

Akigkanlar, akis davramis indeksi (n) 1 ise
Newtonian davranis, 0<n<1 ise psodoplastik, n>1 ise
dilitant akis olarak ifade edilir (Steffe, 1967). Bu
calismada, tiim dondurma Orneklerinin psddoplastik
akis gosterdigi belirlenmistir (Cizelge 2). Benzer
sekilde, dondurma iizerine yapilan bagka bir
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calismada dondurma orneklerinin psddoplastik akis
davramis1 goOsterdigi tespit edilmistir (Akalin vd.,
2008). Dondurmalarm kivam indeksinin yiiksek
olmasi 6rneklerin viskozitelerinin yiiksek oldugunu
gostermektedir (Akalin vd., 2008). En yiiksek kivam
indeksi KV4 6rneginde bulunmustur.



Cizelge 2. Dondurma &rneklerinin reolojik dzellikleri.

T. Erkaya, Kotan, B. Urkek, M. Sengiil

Dondurma 6rnekleri K (kivamlilik katsayist) n (akis davranig indeksi) r’
K 10.166 0.536 0.996
KVv4 52.401 0.302 0.896
KV8 31.312 0.484 0.991
KV12 35.271 0.399 0.993
KV16 22.817 0.471 0.991
KV20 22.695 0.415 0.999

K: Kontrol grubu, KV4: %4 (w/w) kivi eklenmis, KV8: %8 (w/w) kivi eklenmis, KV12: %12 (w/w) kivi eklenmis KV16: %16 (w/w) kivi

eklenmis, KV20: %20 (w/w) kivi eklenmis dondurma.

C Vitamini

C vitamini insanlarin gidalarla almasi gereken,
biyolojik olarak aktif olan maddelerin en
Oonemlilerinden bir tanesidir. C vitamini demir
emilimi i¢in de gereklidir. Bu nedenle C vitamini
gidalarin kalitesini iyilestirmek ic¢in katki maddesi
olarak sik¢a kullanilmaktadir (Bai vd., 2014). C
vitamini  oksidasyonu onledigi i¢in antioksidan
ozelligine sahip bir vitamindir (Padayatty vd., 2003;
Bai vd., 2014). Siitte C vitamini miktar1 ¢ok diistiktiir
(Bai vd., 2014). C vitamini, stabilitesi ¢ok disiik
vitaminler arasindadir ve oksidasyona karsi ¢ok
hassastir. Metal iyonlar, sicaklik ve 151k C
vitamininin oksidasyonunu hizlandirmaktadir. Bu
nedenle siit {riinlerinin iretiminde kullanilan
teknolojik islemler son iiriindeki C vitamini miktarini
etkilemektedir (Bai vd., 2014; Martysiak-Zurowska
vd., 2017).

Dondurma orneklerinde kullanilan kivinin C
vitamini miktar1 43.64 mg 100 g olarak
bulunmugtur. Park vd. (2011) yaptigi calismada
kivilerin C vitamini igeriginin 6.56 mg g™ ile 152 mg
g arasinda degistigini ortaya koymuslardir. Eksi ve
Tiirkmen Ozen (2012) yaptiklar1 calismada kivinin C
vitamini igerigini 100 mg g* olarak bulmuslardir. Bu
aragtirmada, dondurmanin C vitamini degerlerinin
kivi ilavesinden istatistiksel olarak onemli diizeyde
(P<0.01) etkilendigi tespit edilmistir. En yiiksek C
vitamini degeri (8.08 mg 100 g™) %20 kivi oranina
sahip KV20 6rneginde bulunmustur (Cizelge 1). En
diisiik C vitamini degeri ise kontrol drneginde tespit
edilmistir (P<0.05). Dondurma o&rneklerindeki kivi
konsantrasyonunun artmasina bagli olarak C vitamini

Cizelge 3. Dondurma 6rneklerinin duyusal 6zellikleri.

degerlerinin  yiikseldigi belirlenmistir  (P<0.05).
Topdas vd. (2017) kizileik ilaveli dondurma
orneklerinin C vitamini igeriklerinin <0.6 mg 100 gt
ile 18.3 mg 100 g™ arasinda oldugunu, Cakmakgi vd.
(2016) kumkuat ilaveli dondurmalarda ise <0.6 mg
100 g* ile 13.40 mg 100 g* arasinda degistigini
bulmuslardir.  Bu  arastrmada  kivi ilaveli
dondurmalarin C vitamini igeriklerinin yiiksek
olmasimnin nedeni kivinin 6nemli C vitamini
kaynaklarinda bir tanesi olmasidir.

Duyusal Ozellikler

Dondurma orneklerinin renk, sakizimsi yapi
(P<0.01), tekstiir, lezzet, yabanci tat ve agizda erime
(P<0.05) ozelliklerinin kivi ilavesinden etkilendigi,
erimeye dayaniklilik, meyve orani ve genel kabul
edilebilirlik degerlerinin ise etkilenmedigi (P>0.05)
ortaya konulmusgtur. KV4 6rneginin renk degerlerinin
diger kivi ilaveli dondurmalardan daha yiiksek
oldugu (P<0.05), KV8, KVI12, KV16 ve KV20
Ornekleri arasinda Onemli bir farkliligin olmadig:
belirlenmistir. KV4 6rneginin sakizimsi yapi (6.94),
tekstiir (6.93), lezzet (6.40) ve erimeye dayaniklilik
(6.49) bakimindan en yiiksek puanlara sahip oldugu
tespit edilmistir. Kontrol Orneginin agizda erime
(6.62) puaninin diger Orneklerden daha yiiksek
oldugu saptanmistir. Meyve oran1 bakimindan %4 ve
%8 kivi ilaveli dondurma Ornekleri en yiiksek
puanlart almistir. Dondurma 6rnekleri arasinda KV4
Orneginin en ¢ok begenilen (6.44) 6rnek oldugu
belirlenmistir. KV12, KV16 ve KV20 o6rnekleri diger
orneklere gore daha az begenilmistir (P<0.05).

Duyusal K KV4 KV8 KV12 KV16 KV20
Renk 7.29+0.02° 7.32+0.03° 6.45+0.35° 6.50£0.08° 6.65+0.16 6.55+0.23%
Sakizimsi yapi 6.06+0.08% 6.94+0.04° 6.30+0.01° 5.97+0.46® 5.65+0.30° 5.54+0.07°
Tekstiir 6.43+0.10% 6.93+0.18° 6.16+0.08* 6.15+0.45 5.80+0.20° 5.79+0.40°
Lezzet 6.18+0.37™ 6.40+£0.38° 5.89£0.36™° 5.59+0.13® 5.19+0.30° 5.27+0.18°
Yabanct tat 6.06+0.45° 6.15+0.08° 5.63+0.18%° 5.80+0.04™ 5.21+0.15° 5.49+0.08%
Agizda erime 6.62+0.59° 6.30£0.18™ 5.52+0.03° 5.90+0.06™ 5.45+0.26° 5.67£0.18%
Erimeye dayanikhilik 5.69+0.40° 6.49+0.08° 5.96+0.14® 6.53+0.33° 6.03+0.19® 5.87+0.32%
Meyve orani 3.97+0.48° 5.07£0.47" 5.37+0.48" 5.55+0.49° 5.78+0.54° 5.90+0.70P
Genel kabul edilebilirlik 6.14+0.04 6.44+0.15° 5.90:£0.23%® 5.69+0.21° 5.59+0.03° 5.59+0.45°

*T Ay satirdaki farkli harfler istatistiksel olarak farklilig: ifade etmektedir (P<0.05). K: kontrol grubu, KV4: %4 (w/w) kivi eklenmis,
KV8: %8 (w/w) kivi eklenmis, KV12: %12 (w/w) kivi eklenmis KV16: %16 (w/w) kivi eklenmis, KV20: %20 (w/w) kivi eklenmis

dondurma

115




Atatiirk Univ. Ziraat Fak. Derg., 49 (2): 111-117, 2018
Atatiirk Univ., J. of the Agricultural Faculty, 49 (2): 111-117, 2018
ISSN : 1300-9036

SONUC

Dondurma tiim diinyada her yastaki tiiketici
tarafindan sevilerek tiiketilen bir dondurulmus siit
tatlisidir. Her glin yeni formiilasyonlara sahip
dondurmalar ise market raflarinda yerini almaktadir.
Bu aragtirmada kivi ilavesinin dondurma 6rneklerinin
bazi fizikokimyasal (kurumadde, kiil, asitlik, pH ve C

vitamini) Ozelliklerini etkiledigi (P<0.01)
belirlenmistir. Ayn1  zamanda, Kkivi ilavesinin
dondurmalarin kivamini yiikselttigi ortaya
konulmustur. Duyusal o6zelliklerden ise renk,

sakizims1 yapt (P<0.01), tekstiir, lezzet, yabanci tat
ve agizda erime (P<0.05) puanlarn iizerine kivi
ilavesinin etkisinin 6nemli oldugu tespit edilmistir.
KV4 6rnegi ise dondurma &rnekleri arasinda en gok
begenilen dondurma 6rnegi olmustur. Sonug olarak,
kivi ilavesinin dondurmalarin C vitamini i¢erigini ve
kivamini arttirmak ig¢in kullanilabilecegi ortaya
konulmus olup duyusal agidan ise en ideal oranin %4
oldugu belirlenmistir.
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Midyat ilcesi (Mardin) Tarim Isletmelerinde Mercimek Uretim Maliyetinin
Hesaplanmasi™
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OZ: Bu calismanin amact Mardin ilinde Mercimek iiretimi yapan tarim isletmelerinin mercimek iiretim maliyetlerinin
hesaplanmasidir. Bu amagla caligmada Basit Tesadiifi Ornekleme yéntemine gére yapilan 110 anketten elde edilen veriler
kullanilmistir. Arastirma sonuglaria gore mercimek tiretim maliyetinde tiretim masraflarinin %76,50’sini degisken masraflar ve
%23,50’sini sabit masraflar olusturmaktadir. Degisken masraflarin %36,82’sini toprak hazirhgi, %32,56’sin1 bakim masraflari,
%26,04’iinii hasat harman masraflar1 olustururken sabit masraflarin %90,00’1m1 tarla kirasi olusturmaktadir. Ureticiler 152,82
kg/da ana tiriin mercimek ve 110,83 kg/da yan iiriin saman verimi elde etmisler, 1 kg mercimegi 1,58 TL’ye ve 1 kg saman1 0,60
TL’ye satmuslar, mercimek tiiretiminden 91,57 TL/da briit kir ve 25,08 TL/da net kar elde etmislerdir. Cift¢i, tiriin fiyatinin
diisiikliiginden dolay1 ¢alismanin yapildigi yilda mercimek iiretiminden yeterine kar elde edememistir. Bolge mercimek
reticisinin daha yiiksek fiyatla iiriin satabilmesi igin orgiitlenmesi saglanmali, mercimek iiretiminde girdi ve prim desteginin
arttirilmas1 gerekmektedir.

Anahtar Kelimeler: Mercimek, maliyet analizi, Midyat (Mardin)
Determination of Lentil Production Cost in Agricultural Enterprises in Midyat District

ABSTRACT: This study aims to determine lentil production costs in lentil producing agricultural enterprises in Midyat District
of Mardin province. Data gathered from 110 questionnaires conducted as to Simple Random Sampling Method were used in the
study. According to the results of the study, 76,50% of lentil production costs consists of variable costs while the remaining
23,50% is constituted by fixed costs. 36,82% of variable costs are costs for soil preparation while 32,56% are maintenance costs
and 26,04% are harvest costs. 90,00% of the fixed costs are field rents. Producers get a 152,82 kg/da yield on the main product,
lentil, and 110,83 kg/da yield of the by product, hay. 1 kg of lentil is sold for 1,58 TL and 1 kg hay is sold for 0,60 TL. Producers
earned 91,57 TL/da of gross profit from lentil production and net profit of 25,08 TL/da. Due to low prices in the year of the study,
producers could not make enough profits from lentil production. It is necessary to organize the region lentil producers to sell

products at higher prices, to increase input and premium support for lentil production.

Keywords: Lentil, Cost analysis, Midyat (Mardin)

GIiRIS

Kuru baklagillerden olan mercimek bir¢ok
yonden 6neme sahip bir bitkidir. Tahillara gére daha
yiiksek protein miktarina sahiptir ve iyi bir protein
kaynagidir. Vitamin ve mineral maddeler bakimindan
zengin olup tahillarla beraber tiiketildiginde amino
asit dengesini iyilestirmektedir (Pellet, 1988; Baysal,
1988; Ozkaya vd., 1998). Bu bitki lif (posa)
iceriginin zengin olmasi nedeniyle aghig1 gidermekte,
istahin  dengelenmesine yardimci  olmakta ve
beslenmede oOnemli yer tutmaktadir. Mercimek;
kemik gelisimi ve sagligi i¢in gerekli olan kalsiyum
(Ca), metabolizmada kan yapici 6zellige sahip olan
demir (Fe), sinir sisteminin etkin ¢aligmasinda etkili
olan B vitaminleri bakimindan zengindir (Meiners et
al., 1976; Augustin et al., 1981; Desphande and
Damodaran, 1990). Ete gore ¢cok daha diisiik diizeyde
yag icermesinden dolayr kandaki yag seviyesini
digiirmekte ve damar sertligine bagh kalp
hastaliklarinin  ve kalin bagirsak bozukluklarinin
onlenmesine yardimci olmaktadir. Ote yandan
insiiline bagh olmayan seker hastalarinin diyetinde
mercimek yemeklerinin yer almasi, kan sekerinin ve
yaginin diizenlenmesine yarar saglamaktadir (Baysal,

1988). Icerigindeki folik asit sayesinde dogumsal
kusurlarin, kalp hastaliklarinin ve osteoporoza neden
olan kemik kiriklarinin 6nlenmesini vb. birgok agidan
insan agligi i¢in faydahidir (Trowell et al., 1985).
Mercimegin tane/sap orami 1/1,5 olup, saplarinda
%13,7 oraninda protein bulunmakta ve hayvan
beslenmesinde protein agigini kapatmasi bakimindan
1 ton baklagil sapinin 8 ton tahil sapina esit oldugu
belirtilmektedir (Togay ve Anlarsal, 2008).

2016 yili itibart ile diinya mercimek iiretimi
6.315.818 ton olup verim ise 115 kg/da dir (FAO,
2016). Diinya mercimek {iretiminde ilk siray1
1.978.000 ton ile Kanada, ikinci siray1 1.100.000 ton
ile Hindistan alirken Tiirkiye 345.000 ton ile ti¢lincii
sirada yer almaktadir. Tirkiye'de 1980°li yillardan
sonra mercimek {retim miktarinda biiyiik artis
meydana gelmesi mercimegin 6nemli bir ihracat
iriinii olmasini saglarken (Emeksiz vd., 2005), 2000
yilindan sonra iiretim alaninda azalma ve verimde ise
artis gozlenmistir. 1991 yilinda 537.000 ha olan
Tiirkiye mercimek ekim alan1 2016 yilinda 235.474
ha seviyesine gerilemis, aym yillar verim ise 82
kg/da dan 150 kg/da a yiikselmistir (TUIK, 2016).
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2013 yilinda 178.542 ton mercimek ihracat1 yapilarak
Tiirkiye  ekonomisine  167.814.000 $  katki
saglanmigtir (FAO, 2013). Tirkiye’nin yaptig
ihracat miktar1 2014 yilinda 182 bin ton, 2015 yilinda
218 bin ton ve 2016 yilinda ise 203 bin ton olurken
ithalat miktar1 ise 2013 yilinda 11 bin ton iken 2016
yilinda 271 bin tona yikselmistir. 2013 yili
mercimek fiyatt 1,96 TL/kg iken 2016 yilinda 7,29
TL/kg‘a yiikselmistir (Anonim, 2017). Ulkemizin
daha fazla mercimek ihracati yapabilmesi i¢in verimi
yiiksek, kaliteli, teknolojik oOzellikleri ve besin
Ogeleri yoniinden zengin mercimek ¢esitlerinin
yetistirilmesi 6nem arz etmektedir (Akova, 1997).
2016 yilinda Tirkiye’de {iretilen mercimegin
%17,37’s1 (59.924 ton) Mardin ilinde iiretilirken ayni
ilde ortalama mercimek wverimi 190 kg/da olup
Tiirkiye ve diinya ortalamasinin iizerindedir (TUIK,
2016). 1991 yilinda Mardin’de mercimek ekim alani
1.137.440 dekar iken bu alan 2016 yilinda 308.290
dekara gerilemistir. Mercimek iretimi Tirkiye’de
oldugu gibi Mardin ilinde de azalmugstir. 2013 yili
Midyat ilgesinde iiretilen mercimek miktart Mardin
mercimek dretiminin  %14,72’si olup verim 179
kg/da dir. Ciftginin daha fazla alanda mercimek
tiretebilmesi birim alandan daha yiiksek miktarda
lirlin elde etmesi ilgilidir.

Daha verimli kullanilan kaynaklar birim
alandan daha yiiksek {iriin elde edilmesine ve birim
iirin maliyetlerinin azalmasina sebep olmaktadir
(Karadasg, 2016). Tarim igletmelerinde faaliyet
sonuclarinin ekonomik analizi agisindan maliyet
hesaplamas1  yapilmaktadir. Maliyeti etkileyen
unsurlar olan fiyat ve verimlilik ekonomik ve dogal
faktorlerden etkilendigi i¢in zaman igerisinde
degisiklik gostermekte olup maliyet hesaplamalarinin
da zaman zaman tekrar edilmesi gereklidir. Bu
¢alismanin amaci Tirkiye ve diinya ortalamasindan
daha yiiksek verime sahip Mardin Ili Midyat ilgesi
mercimek iiretim maliyetini belirlemektir. Bu
kapsamda mercimek iiretiminde kullanilan girdi
miktarint ve degerini ortaya koymak, maliyeti
olusturan asil unsurlart  belirleyerek  iiretim
maliyetinin azaltilmasina yonelik Onerilerin ortaya
konulmasi amag¢lanmustir.

MATERYAL VE METOT

Materyal

Calismada kullanilan birincil veriler Mardin ili
Midyat Ilgesi’'nde toplam 110 adet mercimek
tireticisiyle yapilan anketlerden elde edilirken ikincil
veriler ise konu hakkinda 6nceden yiiriitiilen ulusal
ve uluslararast makale, rapor, istatistiki veriler,
kayitlar vb. den elde edilmistir.

Metot
Ornege Girecek Isletmelerin
Uygulanan Metot

Seciminde

K. Karadas, C. Bakg1, I.H. Kadirhanogullart

Arastirma popiilasyonunu olusturan isletmelerin
belirlenmesinde  Mardin 11 Gida Tarim ve
Hayvancilik Miidiirliigii, Midyat Ilge Miidiirliigii
Ciftci Kayit Sitemine (CKS) kayitli bulunan 4831
tarim isletmesi esas alinmis olup veriler 2013 yilina
aittir. Ornek populasyondan anket yapilacak
isletmelerin ~ se¢iminde  isletmelerin  mercimek
irettikleri arazi varliklar1 dikkate alinmig ve Basit
Tesadiifi Ornekleme Yontemi kullanilmustir.

Isletme arazi genisligi dikkate alinarak populasyonu
temsil edecek isletme sayisi;

_ (NS2t2) o
n= W-DErse) formiili

edilmistir (Ci¢ek ve Erkan, 1996)

kullanilarak  elde

n : Populasyonu temsil edecek isletme sayisini,

N : Populasyondaki toplam isletme sayisini
(4831),

S2 : Populasyonun varyansini (1402),

t : % 90 giliven siirlarinda cetvel degeri (1,65)

D=kabul edilebilir hata pay1 (Populasyon
ortalamasinin % 10’u: 5,8)

(4831x1402x2,72)

((4831 — 1)33,64 + 1402x2,72)

n

Anket yapilacak igletme sayisi hesaplandiktan
sonra ankete tabi tutulacak isletmelerin tespitinde
tesadiifi sayilar tablosu kullanilmistir.

Anket Safhasinda Uygulanan Yontem

Anket arastiricinin  planladigi yonde sorulart
belirleyerek inceledigi degiskenlere gdre veri
toplanmasini saglayan bir yontem oldugundan tercih
edilmistir (Karadas, 2000). Aragtirmanin amacina
uygun anket sorulart konu ile ilgili daha Once
yapilmig calismalardan yararlanilarak hazirlanmistir.
Anketlerde mercimek iretim maliyetinin
hesaplanmast  amactyla mercimek iiretiminde
kullanilan girdi gesit, miktar ve fiyatlari ile liretimde
kullanilan  girdilerin uygulama zamanlar1 gibi
sorulara yer verilmistir.

Anketlerin Analizinde ve Maliyet Hesabinda

Uygulanan Metot

Anket formlarmin analizinde bilgisayardan
yararlanilmis olup SPSS 19 paket programi
kullanilmigtir ve tiim verilerin dekara ortalamasi
almarak analizler yapilmistir. Maliyet unsurlari
olarak iscilik, materyal, arazi kirasi, genel idare
masraflar1 ve sermayenin faizi esas alinmustir. Bir
iiretim periyodunda calisilan tiim is giinleri anket
verilerinden belirlenerek Erkek Is Giinii olarak
hesaplanmis ve aile isgiicli i¢in de yabanci isgiicline
Odenen birim iicret dikkate alinarak bir giin igin
iscilik giderleri hesaplannustir. Incelenen isletmelerin
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mercimek tiretiminde kullandiklar isgiicii ile giinliik
yevmiye carpilarak toplam iscilik masraflari
hesaplanmis ve mercimek ekim alanlarina bolinerek
dekara iscilik masrafi hesaplanmigtir. Tohum, giibre,
ilac vb. masraflarin miktar ve birim fiyatlari
carpilarak hesaplanmis dekara diisen materyal
masraflart tespit edilmistir. Ayrica c¢uval, ip ve
amortismani hesaplanmayan ara¢ ve gerecler (capa,
tirmik, kiirek, vs.) icin yapilan dekara masraflar ile
tasit kirasi, igletmede kullamlan alet-makine igin
tamir ve uretimle ilgili diger o6zel giderler de
materyal giderlerinde incelenmistir. Arazi Kkirasi
hesaplanirken kiracilikla igletilenlere araziyi kaga
kiraladiklar1 miilk olarak araziyi isletenlere ise
arazilerini kaca kiraya verebilecekleri sorulmus ve
yilik arazi kiras1 hesaplanmigtir. Genel idare
masraflart  hesaplanirken,  degisken = masraflar
toplamimin % 3,00’4 esas alimmistir (Giines vd.,
1990).

2013 yilinda Ziraat Bankasi tarafindan tarimsal
diriinler i¢in verilen kredinin yaris1 %4,8 sermayenin
faiz karsihi@i olarak almmustir (Bilgi¢ vd., 1983).
Iscilik, arazi kirasi, genel idare masraflar1 ve
sermayenin faiz karsilig1 toplami tarla maliyeti olarak
dikkate alinmustir. Tarla maliyetine iriinii ambara
tagima, depolama, nakliye masraflar1 gibi pazarlama
masraflar1 ilave edilmis ve dekara mercimek icin
Odenen destek ve prim ddemeleri ¢ikarildiktan sonra
bulunan deger dekara elde edilen mercimek
miktarina boliinmiis ve bir kilogram mercimegin
maliyeti hesaplanmistir. Briit kar = Gayri safi (briit)
tretim degeri — Degisken masraflar ve Net kar =
Gayri safi (briit) iiretim degeri — Uretim masraflari
formiilleri kullanilarak hesaplanmistir.

BULGULAR VE TARTISMA

Mardin ili Midyat ilgesinde mercimek tretimi
yapan isletmelerden elde edilen anket verilerinin
degerlendirilmesi yapilmis ve dekara mercimek
maliyetini olugturan unsurlar belirlenmistir. Bu
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amagla mercimek {iretiminde kullanilan insan ve
makine giicli, materyal miktar1 ve degeri, uygulama
say1st ve birim maliyetleri hesaplanmistir. 2013-2014
iretim donemi birim fiyatlarina goére mercimek
maliyeti 282,88 TL/da olarak hesaplanmigtir (Cizelge
1). Toplam iiretim maliyeti igerisinde degisken
masraflarin oran1 %76,50 olarak belirlenirken, sabit
masraflarin orani ise %23,50 olarak belirlenmistir.

Daha once yapilan ¢alismalarda (Tiiziin, 1993;
Ozel ve Giil, 2010; Altintas, 2014; Cikman vd., 2016;
Anonim, 2016a) degisken masraflarin toplam
masraflar igerisinde %64 ile %74 arasinda degistigini
belirlenmis olup mercimek maliyeti ise 216,83 TL/da
ve 243,87 kg/da olarak bulunmustur. Mevcut
calismadan eclde edilen sonug daha Once yapilan
calisma sonuglar1 ile benzerlik gdstermektedir.
Degisken masraflar igerisinde en fazla pay1 (%36,82)
toprak hazirligi ve bakim masraflart (%26,04)
olusturmaktadir. Ulasilan verim diizeyini bir taraftan
iretimde kullanilan girdi miktarlar1 diger taraftan
bunlarin uygulama zamanlar etkilemektedir. Verimi
dogrudan ekileyen girdilerin dekara uygulanma
miktarlar1 ve zamanlar1 incelendiginde toprak
hazirlamada siiriim, tirmik ve tapan islemleri
sonbahar ve ilkbaharda ekim ve mart-mayis aylari
arasinda yapilirken 2,47 It/da yakit ve 0,35 saat/da
cekigiicii, ekim islemi nisan-mayis aylarinda
mibzerle yapilip 0,45 saat/da ¢ekigiicii ve 13,30
kg/da tohum kullanildig1 belirlenmistir.

Bakim islemi i¢in dekara 222,73 kg ciftlik
giibresi, 15,96 kg kimyasal giibre ve 0,44 kg ilag
(herbisit) kullanilmig ve ekim-mart-nisan ve mayis
aylarinda uygulanmigtir. Cikman vd. (2016)
mercimek tretiminde 18 kg tohum, 8 kg giibre ve
0,20 kg ilag atildigini, Tiiziin (2014) 4,42 kg tohum,
5,62 kg gibre ve 0,09 kg ilag kullanildigin
belirtmistir. Caligmada belirlenen tohum ve giibre
miktar1 daha Once yapilan c¢alisma sonuglar
arasindadir.
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Midyat Ilgesi (Mardin) Tarim Isletmelerinde Mercimek Uretim Maliyetinin Hesaplanmasi

Hasat-harman isleri agustos-eyliil aylarinda elle
ve 5 saat/da olarak yapilmakta olup harmanda 4,2
It/da yakit ve 0,38 saat/da ¢eki giicii kullanildig1
belirlenmistir. Degisken masraflar icerisinde en
diisiik pay1 %4,8 ile doner sermayenin payr almistir.
Uretim faaliyetine bagli olmayan ve yapilmasi
gereken sabit masraflarin  %90’m1 tarla kirasi
olusturmaktadir. Mercimek maliyetinde tarla kirasi
daha once yapilan c¢alismalarda (Tiziin, 1993;
Altintag, 2014; Cikman vd., 2016) %55-60 arasinda
belirlenmistir.  Anket c¢alismasi  yapilan 110
isletmenin  109’unun mercimek iiretim arazisinin
miilkiyeti sahsina ait olup tarla kirasi bolgede 1 dekar
arazinin kiralama fiyati sorularak itibari sabit masraf
olarak hesaplamaya dahil edilmistir. Bu ¢alismada
Midyat il¢esinde bir dekar araziden 241,46 TL
degerinde 152,82 kg ana {irlin mercimek ve 66,50 TL
degerinde 166,25 kg yan iirlin saman elde edildigi
belirlenmistir. Onceki yapilan calismalarda dekara
mercimek veriminin 93,08 kg ile 176 kg arasinda
bulunurken (Tiiziin, 1993; Togay ve Engin, 2000;
Karabak ve Cevher, 2002, Aydogan vd., 2008; Ozel
ve Giil, 2010; Altintag, 2014; Cikman vd., 2016),
Singh and Singh (2014) kuru sartlarda 45-65 kg/da
sulu sartlarda 200-300 kg/da verim alindigi
bildirmistir. Dekara mercimek verimi 2014 yili
Tirkiye ortalamasindan (144 kg) fazla ve Mardin
ortalamasinda (187 kg) diisiik olmasina karsin yeterli
diizeyde verim elde edildigi tespit edilmistir. GSUD
241,46 TL/da olarak hesaplanmistir. Uretici 1
dekardan 91,57 TL Briit kar ve 25,08 TL Net kar elde
ederken 1 kg kirmizi mercimegi 1,35 TL’ye mal
etmis ve 1,58 TL’ye satarak kg basmna 0,23 TL
kazang saglamistir. Ayni yil piyasada mercimek
fiyat1 1,96 TL/kg oldugu diisiiniildiigiinde tiiketicinin
6dedigi paranin %20’si aracilarin eline gegmistir. Bu
calismada mercimek fiyatinin disiikligi baslica
sorun olarak belirlenirken, 1985-2002 yillarinda
Tirkiye yemeklik tane baklagiller iiretiminde iiriin
fiyatlarindaki degisimin, verimden daha fazla oldugu
(Giindiiz ve Esengiil, 2004), mercimek
yetistiriciliginde verim artirllmasi i¢in erkenci
cesitlerin ge¢ ekilmesinin uygun olacagi (Temel vd,.
2012), nohut ve mercimek tarimini sinirlandiran en
Oonemli faktoriin iriin fiyatlarindaki distiklik ve
istikrarsizlik oldugu (Kabak ve Cevher, 2002) ve
mercimek {iretim ve pazarlamasinda sorunlarin
¢coziimii i¢in bakliyat borsasi kurulmasi gerektigi
belirtilmistir (Sahin, 2016). Ayrica 1 dekar kirmizi
mercimekten elde edilen GSUD’ni Altintas (2014)
154,06 TL, Ozel ve Giil (2010) 39,28 TL, Cikman
vd. (2016) 308,75 TL olarak belirlemistir. Tokat
ilinde yesil mercimek iiretiminde dekara 150 kg iiriin
alinirken 1 kg mercimek maliyeti 1,56 TL ve satis
fiyat1 5 TL/kg olup 1 dekar mercimek iiretiminden
516 TL net kar elde etmislerdir (Anonim, 2016b).
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2013 yilinda Midyat ilgesinde (Mardin ili)
mercimek {iretimi yapan isletmeler iizerinde yapilan
bu arastirmada mercimek iiretiminde girdi kullanim
miktarlar1 ve birim maliyet hesaplanmistir. Calisma
sonuglarma  gore; mercimek dretim  maliyeti
icerisinde degisken masraflarin %69,38’sini toprak
hazirligi ve bakim masraflar1  olusturmaktadir.
Ozellikle toprak hazirliginda kullanilan giibre ve ilag
fiyatlarinin  yiiksek olmasi degisken masraflar
arttirmaktadir. 2013 yilinda mercimek iireticilerine
4,3 TL/da mazot ve 5,5 TL/da giibre destegi yaninda
10 kurus/kg prim destegi verilmesine karsin
(Anonim, 2013) bu miktarlar oldukga yetersiz
kalmigtir. Mercimek tiretim maliyetinin
azaltilabilmesi i¢in toprak hazirhginda be tohum
ekimi icin gerekli olan ilag ve giibre girdilerine
verilen destegin arttirilmasi veya daha uygun fiyatla
iireticiye verilmesi Onerilebilir. Diger taraftan daha
diisik maliyetli olan c¢iftlik giibresi kullanimi
yayginlastirilarak giibre masrafi azaltilabilir. Dekara
2-3 ton ¢iftlik giibresi uygulanmasi gerekirken,
calismada dekara 222,73 kg ¢iftlik giibresi
kullanimimin yetersiz oldugu dikkati g¢ekmektedir.
Midyat ilgesi mercimek verimi 152,52 kg/da ve
mercimek samam verimi ise 166,25 kg/da olarak
belirlenmistir. Yeterli verim elde edilmesine karsin
ayni yil piyasada mercimek fiyat1 3 TL/Kg olarak
gerceklesirken Midyat ilgesi ireticileri 1 kg
mercimegi ortalama 1,58 TL’ye satmuslardir.
Mercimekte pazarlama marjinin yiiksekligi gerek
iireticiyi gerekse tiiketiciyi magdur etmektedir.
Ureticilerin mercimek iiretim ve pazarlamasinda
karsilagtigi sorunlarin ¢ozimii igin mercimegi de
icine alan  bir  bakliyat  borsasinin  ve
kooperatif/birligin kurulmasina ihtiyag
bulunmaktadir.  Ayrica  mercimek  yetistirilen
alanlarm  haritasinin ~ ¢ikarthp  diisik ~ verimli
bolgelerde bunun nedenlerinin arastirtlmasi  son
derece onemlidir.
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gorsel/estetik acidan degil, ekolojik, ekonomik ve ruhsal bakimdan da olduk¢a énemlidir. Bu yiizden giiniimiizde yesil alan
kavramu degiserek farkli bir boyuta ulagmig ve insanlarin 6zlemini duydugu yesil alanlar bulunduklar1 mekanin igine tasinarak
farkli bir kavram olan Sakli Bahge’yi ortaya ¢ikarmistir. Sakli bahge mekana kimlik kazandirmada, mekanin tercih edilmesinde,
kisa siirelerde rekreasyonel taleplerin saglanmasinda, estetik ve ekolojik faydalar saglamasinda iistlendigi roller nedeniyle kentsel
mekanlarda yeni bir anlayis olarak hizla yayilmaktadir. Bu ¢alismada Ankara’da 5 farkli kullanim alanina sahip (hastane, avm,
tesis, lokanta ve otel) fiziki dokunun sahip oldugu yesil alan sakli bahge kavramu altinda incelenmistir. Bu bahgelerde alan
kullanimi, konstriiksiyon ve yesil yap1 elemanlari, ¢evre ve bina iligkileri tespit edilmistir. Mekéni kullanan kisilerle yapilan
birebir goériismelerle bahgelerin kullanict memnuniyeti ortaya konmaya caligilmigtir. Calisma sonucunda sakli bahgelerin,
bulunduklart mekan tizerine gorsel, estetik, ekonomik ve ekolojik faydalar sagladigi sonucuna varilmigtir. Bu bahgelerin degisik
mekanlarda kullaniminin yayginlastirilmasi, gorsel/estetik ve fonksiyonel olarak sagladiklari katkilar yaninda, kent yasantisindan
sikilan kent insanlari i¢in de bir ¢ikis yolu olacagi {izerinde durulmustur.

Anahtar Kelimeler: Sakli Bahge, i¢c bahge, Ankara

Some Secret Gardens of Ankara City

ABSTRACT: The scale and contents of different open-green spaces located in or near daily life in urban spaces are of great
importance not only for the visual/aesthetic point of view, but also for the ecological, economical, and spiritual aspects. Because
of this reason, the concept of green space has changed and reached to a different extent nowadays. The green spaces, where
people have longed for, have moved into the space where they live, creating a different concept named as Secret Garden. The
concept of Secret Garden is a new understanding, which is spreading rapidly in the urban spaces due to the roles it undertake.
These undertaken roles can be summarized as follow; giving identification to the place, the preference of the place, the provision
of recreational demands in a short time and the aesthetic and ecological benefits. The pressure of concrete structures on human
psychology is reduced by the reflection of nature in a small cross section, and with the help of these reflections the area is
separated by a different atmosphere. Five different structural units differing in usage (hospitals, shopping malls, facilities,
restaurants, and hotels) and suitable for the concept of secret garden in Ankara were examined in this study. Field usage,
construction and green building elements, and environment-building relations of these secret gardens have been determined.
Satisfaction/pleasure status of the gardens was examined by interviewing the people using the space. Results obtained in this
study have shown that secret gardens provide visual, aesthetic, economic and ecological benefits to the space where they are
located. It has been emphasized that increase in the usage of these gardens in different places will not only be a way out for city
people who are squeezed from urban life but also give a visual/aesthetic and functional contribution to the city and place.

Keywords: Secret Garden, Interior Garden, Ankara

GIiRIS

Bahgeler, parklar ve diger tiim yesil alanlar nedenlerden  Otlirii  zamaninda  yesil  odakli

kentin yesil dokusunu olusturur. Kentin yesil dokusu
icinde Ozellikle parklar, binalara yakin olmasi
nedeniyle, gerek ev yasaminda, gerek is yasaminda
kent halkinin dogaya olan 6zlemini 6zel bir caba
sarfetmeksizin giderebilmesine olanak saglamaktadir
(Hindistan, 2006).

Ancak hizli niifus artisina bagli olarak cesitli
ihtiyaglar ortaya ¢ikmakta ve bu da betonarme
yapilanmayr  kaginilmaz  olarak  beraberinde
getirmektedir. Yapilagmanin planl ve yesil alanlar
koruyucu bir tarzda diizenlenmemis olmasi, 6zellikle
metropollerde yesil alanlar {izerinde yogun baskilar
olugturmaktadir. Halbuki insan i¢inde bulundugu
tabiatin bir parcasidir ve doga insan yasaminda
vazgecilmez  bir unsurdur. Modern hayatin
kagmilmaz bir getirisi olan yapilasmanin c¢esitli

yapitlmamis olmasi, giiniimiizde bu temel ihtiyacin
giderilmesi i¢in insanoglunu farkli arayiglara itmistir.
Bu ylizden yesil alanlar sadece dogada goriilen bir
varlik olmaktan ¢ikarilarak, imkan dahilinde farkli
yapilar igerisinde konumlandirilarak adeta farkli bir
boyut kazandirilmistir.

Giliniimiizde yesil alanlar, kitlelerin agik alanda
bir araya gelerek olusturdugu diizenekten farkli
olmasindan ve farkli fikirlere ihtiyag duyulmasindan
otirtt (Ekim, 2012), sakli bahgeler bu anlayigla
uyumlu bir yap1 gostermektedir.

Sakl1 bahgenin kullanim amaci ne olursa olsun,
toplayic1 ve diizenleyici olmasiin yaninda, yap1
birimleri arasinda gecisi saglamasi, insanlarin nefes
alacaklar1 bir ortam sunmasi, estetik, fonksiyonel
olma kaygilarinin hakim olmasi ve mekani konforlu



hale  getirmesi  dolayisiyla  peyzaj  tasarim
uygulamalarinin vazgecilmez Ogelerinden olmaya
adaydir.

Peyzaj Mimarhginda Sakh Bahce Kavram

Peyzaj calismalarindaki ama¢ insanlarin
isteklerini ekolojik ilkeler dogrultusunda
yapabilmektir. Fakat insanlarin cevreyi

diistinmeden/planlamadan yaptig1 isler ve niifusun
artmasindan dolayr dogan yogun yapilagmayla
beraber, yesil alanlarin imara agilmasiyla ¢evremiz
etkilenmeye baglamistir. Bagka bir deyisle kisi basina
disen yesil alan miktar1 azalmis ve bundan dolay1
sosyal ihtiyaclarimizi karsilamanin yaninda bizi
rahatlatacak ve nefes almamizi saglayacak, cevreyi
unutmadan her yerde gorebilecegimiz ve ayni
zamanda yagayabilecegimiz mekanlar olusturma
ihtiyac1 dogmustur.

Hem bu ihtiyagtan dogan etkenler, hem de
cesitli estetik kaygilar sebebiyle giliniimiizde yesil
alan varligi insanlarin uzun siire bulundugu veya
kullandigi mekanlarin igine tasmnmistir. Bu tarz
yapilarin her yerde bulunmasi ¢evreye olan ilgimizi

artiracak ve gevrenin sadece disarida
gozlemlenebilen bir olgu oldugu disiincesini
degistirecektir.  Biitin  bu  hususlar  dikkate

alindiginda, peyzaj mimarligi calisma alanlart
icerisinde sakli bahgelerin varligi oldukca 6nemlidir.

Sakli Bahge (Secret Garden), ana tasarim
Ogesini siirpriz/gizlilik olusturan, miilkiyeti 6zel olan,
biiyiikliigii mekana gore degisen, 6zel kullanim
alanlarina sahip, daha ¢ok yapisal elemanlar ile
cevrili veya bitisik, bulundugu fiziki mekanlar ile
iliskili agik-yesil alanlardir. Bu alanlar ¢ogu kez
yogun yapilasmanin oldugu kentlerde, kapali mekan
hizmet alanlarinda (lokanta, hastane, kafeterya vb.)
hizmet etmektedir. Bazen 6n sokaga agilan ve giris
kisminda yer alan sakli bahgeler ¢ogu kez yoldan
gorinmeyen, mekana girilince gorilebilen siirpriz
mekanlardir. Kis bahgeleri, balkon, teras, c¢ati
bahgeleri bir nevi kentlerin ve bulundugu mahallenin
ve sokagin sakli bahgeleri konumundadir (Angin,
2017).

Sakh bahgenin fonksiyonlari

Sakli bahgeler bulunduklari mekan1 gorsel
acidan  zenginlestirmekle  beraber,  psikolojik,
ekolojik, estetik, rekreatif ve ekonomik fonksiyonlara
da sahiptir.

a. Psikolojik faydalar

Sakli bahgenin kullanildig1 ortamin yapisina
bagli olarak insan psikolojisinde &nemli etkileri
olabilecegini  varsayilabilir. Mesela isyerinde
kullanilan bir sakli bahge, is yerinin kendine 6zgi
ortamimi yumusatabilecegi gibi, ¢alisanlarin s
verimliligi iizerinde olumlu etkiler de olusturabilir.

S. N. Angin, H. Yilmaz

Ya da kafeterya, restoran tarzi  yerlerde
olusturulmaya ¢alisilan sakli bahge, insanlarin yapay
ortamdan bir an i¢in bile uzaklagmalarini saglayarak,
onlar gehir hayatinin bunalticiligindan kurtarabilir ve
doganin i¢indeymis izlenimini uyandirabilir.

b. Ekolojik faydalari

Yesil alanlarin ekosisteme pek c¢ok katkisinin
oldugu bilinmektedir. Temiz hava temini saglama,
serinletme, gilirliltiiniin  emilmesi, kirli havanin
emilmesi, sera etkisini azaltmasi, 151k yansimasini
engelleme, yagmur suyunu tutma, istenmeyen
goriintiiniin  gizlenmesi, nem dengelemesi, riizgar
hizin1 kesmesi gibi katkilar bunlardan bazilaridir
(Kuchelmeister ve Braatz, 1993; Nowak, 1994; Giil
ve Kiiciik, 2001; Baris, 2005; Dirik ve Ata, 2005;
Konijnendijk, 2005; Yiiksel ve Yilmaz, 2008).

c. Estetik Faydalar:

Sakl1 bahgeler, bulunduklar1 yere estetik agidan
pek c¢ok katki saglar. Yapi yiizeylerinin sert
dokusunu kirmalari, ortama sicaklik hissi verir. Bu da
mekan hissinin olugsmasina olanak saglar. Ayrica eger
ortamda koti gorliniim varsa gizlemeleri, keskin
gegisleri yumusatmalart ve bitkilerle olusturulan
gorsel solen, mekan: cazip hale getirmektedir
(Aslanboga, 1976; Dirik, 2001; Oner vd., 2007).

Bitki  renklerinin  mevsimsel  degisiklik
gostermesi ve bunun gozlenebilir olmasi, bitkilerin
mekana vurgu yapmasimi saglar, bu ise gorselligi
optimum seviyeye cikarir (Oner vd., 2007). Bu da
sakli bahgeleri, sadece yesil alan toplulugu olmaktan
¢ikarir ve insanlara estetik bir gériiniim saglar.

d. Rekreatif faydalar:

Sakl1 bahgelerin, insanlarin bedenen veya ruhen
dinlenmelerini, tazelenip canlanmalarini
saglayabilecekleri bir mekan oldugu ifade edilebilir
(Giil ve Kiigiik, 2001). Ciinkii insanlara doganin bir
kesiti verilerek, onlara agik havada bulunma firsati
saglanmakta ve sessiz sakin bir ortam sunulmaktadir.
Saklt bahgeler, kent insanin o&zledigi ve doga
yasantisinda  aradigt  Ozellikleri  biinyesinde
barindirdigi igin (temiz hava, farkli ortam, dinlenme
vb.), giizel vakit gecirme yerleri olarak diisiiniilebilir.

e. Ekonomik faydalari

Saklit bahgeler kullanildiklar1 alana psikolojik,
ekolojik, estetik ve rekreatif acidan katki saglamakla
birlikte, ekonomik agidan da deger katmaktadir.
Ciinkii sakli bahge, miilkiin degerini artirict bir
Ozellige sahiptir (Wong et al., 2003; Pandit et al.,
2013; Rahman et al., 2015; Askan ve Yilmaz, 2016).

Bu c¢alismada; kentsel ortamlarda sakl
bahgelerinin 6nemini ortaya koyarak, Ankara kent
merkezinde 5 farkli Ozelikteki yapilarin bahge
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alanlarinin ~ sakli  bahge
degerlendirilmesi amaglanmistir.

kriterlerine gore

MATERYAL VE METOT

Materyal

Caligmanin materyalini Ankara kent
merkezinde sakli bah¢e tanimimna uyan 5 fakli
kullanima ait yapt bahgeleri olusturmaktadir. Bu
bahgeler;

(AVM)

Sekil 1. Calisma alaninin kent merkezindeki dagilim

Metot

Yapilan ¢alismada ilk olarak; daha Once
yapilmayan sakli bah¢e kavramimin tanimi ve
ozellikleri belirlenmistir.

Sakli bahge kavramiyla ilgili yapilan bu
degerlendirmelerden sonra, Ankara kent merkezinde
bu &zelligi gosteren 5 alan se¢ilmistir. Bu alanlarin
se¢iminde;
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*(zel hastane bahgesi

* Aligveris merkezi bahgesi

*Sosyal tesis bahgesi

*Lokanta bahgesi

*Otel bahgesi olarak belirlenmistir.  Bu
bahgelerin  kent igindeki konumu Sekil 1’de
verilmigtir.

o Farkli islevlere sahip olmasi (hastane,
ahigveris merkezi (Avm), sosyal tesis,
lokanta ve otel)

e Alan biiyiikliiklerinin farkli olmasi (hastane
5000 m?, aligveris merkezi (avm) 278.000
m? gibi)

¢ Bina ile olan iligkileri

e Mekan yapilagmalarinin farkli olmasi



¢ Kullanim yogunlugu

e Donati elemanlart dikkate alinmustir.

Bu bahgelerde alan bilgileri (konum, biiyiikliik,
kullanim sekli ve yogunlugu, bina bahge iligkileri vb.
) yerinde yapilan gozlemlerle tespit edilmistir. Her
bir bahcenin yapisal ve bitkisel Ozelikleri ortaya
gorsel ve yazili materyalle ortaya konmustur. Ayrica
alan  kullanicilar1  ile  bahgelerin  kullanici
memnuniyetleri karsilikli  gbriisme yontemi ile
(mekanin nigin tercih edildigi, sakli bahgenin onlar
tizerindeki etkisi, kullamm memnuniyeti vb. gibi
sorularla) belirlenmeye ¢alisilmistir.  Caligmanin
sonunda sakli bahgelerin gelistirilmesine yonelik bazi
oOnerilere yer verilmistir.

BULGULAR

Ozel hastane sakli bahcesi

Maltepe-Cankaya’da faaliyet gosteren ve 5 000
m? kapali alan1 bulunan hastane, i¢inde barmdirdig:
sakli bahgesiyle dikkat ¢ekmektedir. Hastane gibi,
insanlarin  6zel bir maksatla geldigi mekanda
kullanilan sakli bahge, ziyaretgiler icin giizel bir
slirpriz olusturmaktadir. Gergin bir ruh haline sahip

S. N. Angin, H. Yilmaz

olacag diisiiniilen insanlar i¢in, yesilin her tonundan
faydalanmak ve suyun rahatlatici etkisini kullanmak,
mekan igin arti bir ozellik olarak durmaktadir. i¢
mekan bitkileri arasinda yer alan ve kardes kam
olarak bilinen Draceana marginata ve smirlandirici
nitelikte Picea orientalis bitkisi kullanilmistir. Germe
tavan ile de, disarida/bah¢ede/doganin iginde olma
hissi pekistirilmistir. Her tiirlii konstriiksiyon ve yesil
yap1 elemanlarinin 6zenle secildigi hissini uyandiran
sakli bahge, oturma biriminin bahge mobilyasi
tarzinda kullanilmasiyla da dikkat ¢ekmektedir.
Rahatlik hissinin ahgap mobilya kullanmak suretiyle
pekistirilmesi ve bunun da hastane ortaminda
kullanilmasi, ayrica ifade edilmelidir. Dogada
bulunma hissinin var olmasini saglamak amaciyla
koprii  goriintiisiinden  yararlanilmigtir.  Kullanilan
malzemelerle de bu durum desteklenmistir. Sakli
bahge iginde dikkat ¢eken diger bir husus ise, kapali
mekanda kullanilan iist 6rtii elemanlart ve aydinlatma
eleman1 olarak da dis mekan aydinlatilmasinda
kullanilan  2-2.5 m  boyundaki  armatiirler
kullanilmasidir (Sekil 2).

Sekil 2. Hastane igindeki sakli bahge

Yapilan sozlii ankette gelen insanlardan alinan
tepkiler; gerginliklerinin azaldigi, rahat bir ortamda
hissettikleri, alan icerisinde kullanilan elemanlar
sayesinde farkli bir ortamda hissettiklerini ve siirpriz
bir etki olusturdugu yoniinde goriisler alinmustir.

Alisveris merkezi (AVM) sakh bahcesi

Ankara Yenimahalle ilgesinde bulunan AVM,
ziyaretcileri i¢in Botanik Bahge adini verdigi oldukg¢a
biiyiik bir dis sakli bahg¢e olusturmustur. Yaklasik
olarak 3 760 m? alana sahip bahg¢e daha ¢ok pasif
rekreasyona hizmet eden bir Ozellige sahiptir.
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Yuvarlak formdaki havuzlari, kullanilan bitkileri,
oturma birimleri, kafeteryalari, bakimli ¢im alanlar1
ve 3 tarafi bina ile kapli alan kentin belki de en
onemli sakli bahgesini olugturmustur. Oldukca genis

bir alana sahip olan sakli bahge, havuz, oturma
birimleri, aydinlatma elemanlari, ¢ocuk oyun parki
ve cesitli bitkileriyle adeta mini bir park havasi
olusturmaktadir (Sekil 3).

Sekil 3. Alanin stten gériiniimii (Anonim 2016)

Alanda iki farkli tirde oturma birimi
kullanilmistir bu da farkli hava kosullarinda
ziyaretciler icin alternatif olusturmaktadir. Alanda
farkli tiir, ¢esit, renk ve formlarda pek cok bitki
bulunmaktadir. Bu kadar gesitli bitki tiirlerinin
kullanilmasi, alanda  gorselligi  {ist diizeyde
saglamaktadir. Abies sp., Yucca flamentosa,
Juniperus virginiana ‘Skyrocket’, Sprea wanhoutti
vb. kullanilan bitki tiirlerinden bazilaridir. Peyzajin
vazgegilmez 6gelerinden olan su yiizeyleri, sakli dig
bahgede bulunan fiskiyeli, yuvarlak formlu, etrafinda
yesil alan bulunan {i¢ siis havuzuyla saglanmistir. Bu
havuzlar sayesinde alana canlilik, hareketlilik
kazandirilmistir. Suyun rahatlatict etkisi bitkilerle
yapilan  kompozisyonla  birlikte  ziyaretcilerin
gorselligine  sunulmustur. Nitekim arastirmanin
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yapildigi Avm’de Kkarsilastirildiginda insanlardan
alinan bildirimler genel olarak Avm’nin kendine has
baskisindan uzaklagsmak i¢in etkili bir yol oldugu,
sessiz sakin bir ortam sundugu, agik ve temiz havada
olmasi, Avm’de bdyle bir alanin olmasinin siirpriz
bir etki olusturdugu yoniinde olmustur.

Sosyal tesis sakli bahcesi

Yenimahalle ilgesinde yer alan, yaklagik 15 000
m? sahip tesis icerisinde yan yana dizilmis farklh
peyzaja sahip ii¢ sakli bahge bulunmaktadir. Ug sakli
bahge, birbirinden farkli tasarimlar1 ve boyutlartyla
miisterilerin begenilerine gore tercih edilmektedir.
Bu sakli bahgeler, kir bahgesi, selale ve havuzbasi’dir
(Sekil 4).


http://www.sakaryabotanik.com/Products.asp?StokId=205&title=juniperus-virginiana-skyrocket-skyroket-ardic-dik-ardic-cupressaceae-

S. N. Angin, H. Yilmaz

Sekil 4. Alanlarin goriintiisii

Her alanin boyutu ve farkli bir &zelliginin
olmasmin yaninda bu sakli bahgede de diger sakli
bahgelerde oldugu gibi su ylizeylerine, bitkilere,
aydinlatma elemanlarina ve iist ortii elemanlarina yer
verilmistir. Ayrica sosyal tesiste her bir sakli bahgeyi
birbirinden ayirmak amagli 6rnegin; duvara eski ev
gorinimii  kazandirmak  gibi  dikkat  ¢ekici
unsurlardan yararlanilmigtir. Alanda giinesli ve
yagmurlu hava kosullarinda kullanilmak iizere tente
tercih edilmigtir. Cesitli aydinlatma elemanlari
kullanilmig  olup, bitkilerle birlikte kullanilan
armatiirler ortamda ¢ok bulunmaktadir. Mekan
igerisinde ¢esitli bitki kullanimi vardir. Kullanilan
bitkilerden bazilari; Juniperus sabina,
Cupressocyparis leylandii, Thuja sp., Hedera helix,
Euonymus sp., Pinus sp. vb’ dir. Birgok bitkinin
bulunmasi gelen ziyaret¢gileri etkilemis olup, her

ortamin kendine has bir diizeninin olmasi mekam
kullanan ziyaretcileri memnun ettigi sonucuna
varilmistir.

Lokanta sakl bahgesi

Etimesgut’ta bulunan bu bahge yoldan
gorinmeyen sakli bahce oOzelligi tasimaktadir.
Lokantaya gelenlerin disaridan goremeyecekleri,
mekan igerisine girince camekanli bir boliimle
gecilen, yesil yap1 eleman yogunlugunun ¢ok oldugu
bir alandir. Ayn1 zamanda iginde yer alan kiiciik sis
havuzu ve oyun alaniyla mini bir bahge
goriiniimiinde olan bu alan, miisteriler i¢in oldukga
cazip goriinmektedir. Yillanmis bitkilerin yogunlukta
oldugu alanda, adeta yesil yap1 elemanlariyla dogal
golgelikler yapilmistir (Sekil 5).
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Sekil 5. Sakli Bahgenin goriintiisii

Lokantada i¢ ve dig mekan ayrimi doseme
elemanlartyla da desteklenmistir. Alan igin tercih
edilen bir diger oturma biriminde ise, masalar ve
ahsap katlanabilir sandalyelerin oldugu
goriilmektedir. Ancak, {ist teras kisminda zeminde
kullanilan yapay ¢im sakli bahgenin felsefesi ile
uyusmadigt belirlenmistir. Alanda kaskath siis
havuzu kullanmilmistir. Hedera helix ve Hedera helix
‘Care’, ile alanda golgeli mekanlar temel bitkisel
peyzaj karakterini olusturmaktadir. Ayrica gelen
miisterilerden elde edilen izlenimler sonucu bu alan;
dogada yemek yeme hissini yasadiklar1 ve bir
streligine de olsa sehrin baskisindan kurtulup

dogayla bas Dbasa kalabildikleri alan olarak
tanimlanmustir.
Hotel sakhi bahcgesi

Cankaya-Kavaklidere bolgesinde yer alan
Hotel’in Bahge Teras adimi verdigi sakli bahgesi
incelenecektir. Hotel’de, son zamanlarin popiiler
uygulamalarindan olan dikey bahge yani yasayan
duvarlar uygulamasi yapilmistir. Terastaki duvar
etkisini kirmak ve betonarme yapidan uzaklagmak
amaciyla duvarlarda olusturulmaya calisilan bahge
yapisi, ahsap yapt malzemeleriyle desteklenmistir.
Aralarda tas malzemenin de kullanildigi goriilen
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dikey bahge, ziyaretgiler igin gorsel agidan giizel
durmaktadir. Ancak dikey bahge uygulamasindaki en
dikkat cekici unsur, ¢im dolgu malzemesinin dogal
olmamasidir. Dikey bahge uygulamasinin dikkat
cekici tarafi ise, bahgenin diiz bir sekilde yapilmayip
boyut kazandirilmasidir. Fotograflarda bu durum net
bir sekilde goriilemese de, alana giren kisi i¢in bahge
derinligi olan boyutlu bir yap1 olarak goriilmektedir.

Alanda tas, ahsap ve yesil yapi elemanlariin
olusturdugu ahenkli bir yap1 bulunmaktadir. Bu
biitiinliigl saglamak adina renkli bitkiler yerine, yesil
ve mavi bitkiler tercih edilmistir. Alanda kullanilan
bitkilerin bazilari; Thuja occidentalis ‘Smaragd’,
Picea pungens ‘Conica’, Juniperus virginiana
‘Skyrocket’, Buxus sempervirens’dir. Alanda tist ortii
eleman1 kullanimiyla olumsuz hava kosullarina karst
ziyaretciler i¢in alternatif olusturulmus, mekénin
aciklik-kapalilik dengesi de saglanmistir. Dikey
bahgenin bitiminde ve havuz kenarinda ahsap yapi
malzemelerinden olusan oturma birimleri
konulmustur. Sakl1 bahgenin merkezinde
konumlandirilmis olan su elemani, dikey bahgeye
fiziksel gondermeler yapan formda olusturulmustur.
Ahsap dokusu verilerek yapilan ve dikey formda
uygulanmistir (Sekil 6).
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Sekil 6. Hotel sakli bahgesi

Ayrica miisterilerden alinan bilgiler
dogrultusunda; siirpriz bir sekilde karsimiza ¢ikan dis
sakli bahgenin oldukga dikkat ¢ekici ve gorsel agidan
tatmin edici durmakta oldugu, yapilan bahgenin iki
boyutlu olmasinin ilgi ¢ekiciligini artirdig1 seklinde
bildirimler olmustur.

TARTISMA VE SONUC

Her gecen giin insanlar kent merkezinde bir dizi
cevre sorunlar ile karst karsiya kalmakta, dogaya
olan 6zlem giderek artmaktadir. Kent merkezindeki
hizli fiziksel yapilagmalara arsa spekiilasyonlari,
artan niifus, kentlesme hizindaki artiglar agik yesil
alanlarin yok olmasina veya fiziki yapilasmada bu
alanlara  yeterince yer verilmemesine neden
olmaktadir. Insanlar doga 6zlemini ev ortamindaki
balkonunda, saksida veya ¢ati yiizeylerinde artirma
yoluna giderek dogadan kopmamaya c¢aligmaktadir.
Yeterince agik yesil alan bulunmayan yogun
yapilagmalarin oldugu alanlarda kiigiik bahgelerin,

avlu seklindeki teras veya agik alanlarin Snemi
giderek artmaktadir. Bu baglamda yapi kitleleri
arasinda kiiciik mekanlardaki agik yesil alanlar
birgok fonksiyon iistlenmektedir. Bu g¢aligmada bu
bahgeler yeni bir kavram olarak kentlerin Sakli
bahgeleri olarak tanimlanmustir.

Hayatinin  neredeyse tamamumi  Kentlerde
geciren, stresli kent ortami ile her giin karsi karsiya
kalan kent insani igin sakli bahgeler dogay1 tanima,
kisa stireli pasif rekreatif eylemlerde bulunma, bir
nevi bir soluk alam iglevini tistlenmislerdir. . Bundan
dolay1, yogun yapilagmalar arasinda canli materyale
bir sekilde yer vermek, stresli kent yagamindan kisa
siireli uzaklasma firsat1 vermesi agisindan énemlidir.
Bu temel ihtiyacin giderilmesinde giizel bir ¢6ziim
olarak durmaktadir.

Bu kapsamda Ankara Kenti’nde sakli bahgesi
bulunan bes farkli mekdn tizerinde konu ele
almmustir. Calisma sonucunda bu bahgelerin farkli
fiziki doku ve islevleri olmakla beraber her birinin
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estetik, ekolojik, ekonomik, sosyal ve rekreatif
yararlar sagladig: belirlenmistir.

Aragstirilan 5 farkli sakli bahgelerde;

e Kullanim yogunlugunun fazla olduguna

e Konstriikksiyon elemanlarinda ahsap ya da
ahsap goriniimiiniin  kullaniminin fazla oldugu,
renklerin daha ¢ok koyu tercih edildigi, oran ve 6l¢ii
kavramina dikkat edildigi, aydinlatma elemani olarak
mekanin i¢cinde bulunan sakli bahgelerde bile dis
mekan aydinlatma eleman1 kullanildigina, déseme
elemaninin mekana uygun tercih edildigine

e Bitkilerin kullanimmin dis mekanda kent
iklimine uygun secildigi renk, doku, biyiikliik
bakimindan farkli tercih edilmesi, i¢ mekanda
bulunan bitkiler i¢in i¢ mekan bitki kullaniminin
agirlikli oldugu, yatay ve diisey yonlerde bitkisel
tasarim yapildigina

e Daha ¢ok hareketli, degisik biiyiikliiklerde
su Ogesine yer verildigine

e Farkli biyiikliik ve donatilara sahip g¢ocuk
oyun alanlarinin bulundugun

e Bu mekanlarin bulunduklari alanin gorsel
etkisini giliglendirdigi ve mekana kimlik kazandirdig:
sonucuna varilmistir.

Incelenen bahgeler icerisinde ise AVM bahgesi;
biiyiikliik, yapisal ve bitkisel diizenlemeler agisindan
sakli bahge ozelligini en iyi yansittigi gosterdigi
sonucuna varilmigtir.

Biitiin bu ifade edilenlerin yaninda, sakli
bahgelerin  tasariminda  konu uzmani peyzaj
mimarlart daha etkin goérev almalidir. Ciinkii sakli
bahge olusturulurken;

Alana uygunluguna

Mekanin kullanim amacina
Beklentilerin kargilanmasina

Cevre ile olan iligkisine ve uyumuna
Kot goriintiilerin gizlenmesine

e Bitki tercihine (zehirli bitkilerin
kullanilmamasi, renk, form, 6l¢ii, doku bakimindan
etkileyici olmasma) ve kullanimina  (kiigiik
mekanlarda duvar bitkilendirmesi yapilmasi ya da
bitki tercihiyle mekani insan 6lgegine indirme ya da
bitkisel tasarimin alan tasarimi ile uyumlu olmasi

vb.)

e Yap: elemanlart tercihine ve kullanimina
(oturma birimleri, aydinlatma elemanlari, gorsel obje
vb.)

e Mekan giivenligine sahip olmasina

e Sessiz bir mekan elde edilmesine (Istenilen
durumlarda)

e Tasarimin etkileyici/ cezbedici olmasina

e Su kullanimi (giiriiltiyii azaltma ve gorsel
etkisinden otiirti) gibi pek ¢ok etmene dikkat
edilmelidir.

Cevre ile uyumlu, fonksiyonel, estetik,
ekonomik ve ekolojik sakli bahgeler elde edilmesi ve
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bu bahgelerin kentlere kazandirilmasinda Peyzaj
Mimarlart basta olmak iizere diger konu uzmanlari
tarafindan tasarimdan uygulama ve kontrole kadar
gorev almalar1 gerekliligini ortaya koymaktadir.

Ankara Kenti’nde incelenen bes mekan
(hastane, aligveris merkezi (avm), sosyal tesis,
lokanta, hotel), sakli bahgelerin iyi uygulamalari
olarak sunulmustur. Bahgedeki ziyaretcilerin genel
olarak goriisleri bu bahgelerin gerekliligi, faydali
uygulama oldugu ve sayilarinin artirilmasi seklinde
olmustur.

Sakli bahgelerden beklenen estetik, ekolojik,
sosyo-ekonomik ve rekreasyonel yararlari yerine
getirmesinde planlama asamasindan uygulama ve
yonetim asamasina kadar bir dizi yapisal, ¢evresel,
ekonomik, sosyo-kiiltiirel analizlere ihtiya¢ vardir.
Cevrenin yapisal ve yesil dokusu ile uyumlu,
stiriidiirtilebilir materyal se¢imi olduk¢a Onemlidir.
Sakli bahgede kullanilacak bitkiler; ekolojik sartlarin
yaninda, iliskili oldugu yap: yiizeylerine ve yakin
¢evresinin mevcut durumuna gore tercih edilmelidir.
Yiiksek katli binalar arasindaki bir sakli bahgede
binanin insan iizerindeki olumsuz baskisini azaltmak
icin daha ¢ok iistten dallanan, genis yaprakli agag
tirleri mekan1 insan 6lgegine indireceginden tercih
edilmelidir.

Benzer sekilde c¢evre ile iligkisinde yesil
alanlarin varligi, yogunlugu, yapist da sakli bahgenin
kullanim seklini ve yogunlugunu belirlemektedir.
Yani yiizeylerle ve diger agik yesil alanlarla entegre
bir bitkisel tasarim iizerinde durulmalidir (Eroglu vd.,
2005; Askan ve Yilmaz, 2016).

Biiylik mekanlarda bitkinin estetik ve ekolojik
islevlerinden yararlanma firsatlar1  artmaktadir.
Kiiciik mekanlarda estetik ve ekolojik islevlerinin
yant sira gorsel etkinin optimum seviyede olmasi i¢in
bitkinin yapragina, dalina, ¢i¢egine, meyvesine vb.
Ozelliklerine dikkat edilerek se¢im yapilmalidir
(Askan ve Yilmaz, 2016). Ayrica renk etkisinin
yakinlik  ve uzaklik algilamasindaki  etkisi
unutulmadan segilecek bitkinin renklerine de dikkat
edilmelidir (Alper, 2002). Dikkat tek bir yone
cekilmek isteniyorsa, kaligrafik yapiya sahip bitki
tiirleri soliter/tek basina kullanilmalidir.

Sakli bahgcede golge, bitkilerden beklenen
onemli bir fonksiyondur. Mekén biiyiikliigiine bagh
olarak daha ¢ok genis yaprakli agag tiirleri tercih
edilmelidir. Kis aylar1 ve geg¢is mevsimlerinde de
glines 1sinlarmin kontrollii bir sekilde ya da agag
yapraklarindan siiziilerek girmesi arzu edilen bir
durumdur. Nitekim Yilmaz vd. (2008) tarafindan
yapilan bir arastirmada ki aylarinda gilinesten gelen
ve yanstyarak insan konforunu etkileyen isinlarin
bitkiler tarafindan filtre edilerek biyoklimatik
konfora katki sagladigi belirlenmistir.

Mekanin kullanim sekli ve yogunlugu da bitki
tiirii seciminde Onemli bir kriterdir. Sakli bahgesi



yogun olarak kullanilan mekanlarin  bitkisel
tasariminda, daha ¢ok {ist ¢at1 yesil olarak g6z oniine
alinmalidir.  Insanlarin  hareketlerini  zorlastirici,
engelleyici yogun bitkilendirmelerden kaginilmalidir
(Y1lmaz ve Irmak, 2012). Ayrica alanda istenmeyen
goriintiileri gizlemek (Giil ve Kiiciik, 2001; Baris,
2005), vurgu yapmak (Oner vd., 2007), mekan
igerisindeki kitle bosluk iliskisini diizenlemek (Sahin
ve Barig, 1998; Emir ve Onsekiz, 2007),
yonlendirmek amact ile kontrast veya uyumlu
dokudaki bitki tiirlerine yer verilmelidir.

Sakli bahgelerin bitkisel tasariminda;

e Bolgenin ve kentin ekolojik yapist

e Mekan/bina, mekan/gevre iliskisi

e Alan biyukligi

e Mekanin kullanim sekli

e Mekanm kullanim yogunlugu goéz oOniine
almmalidir.

Saklt bahgeler, insanlarin dogayla olan
iletisimini  baslatacak glizel bir adim olarak
diisiiniilmelidir. Ozelikle yogun kentsel
yapilagsmalarin yer aldigi alanlarda diger yesil doku
ile beraber (gat1 bahgeleri, yesil duvarlar, balkon-
teras diizenlemeleri, yap1 yiizeyi bitkilendirmeleri vb.
gibi) sayilart artirilmasi bir zorunluluk duruma
gelmistir.
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OZ: Bu calisma, Erzurum yoresi sulu ve kuru tarim kosullarinda, dokuz yil siiren geleneksel miinavebe periyodunda yer alan fig
tiretiminde dort farkli toprak igleme-ekim yonteminin 6nemli bazi isletme parametrelerine etkilerinin belirlenmesi amaciyla
gerceklestirilmistir. Toprak isleme—ekim yontemleri; geleneksel toprak isleme (kulakli pulluk+diskli tirmuik (sulu)/kiiltivator
(kuru)tkombikriim+ ekim makinasi), azaltilmig toprak isleme-1 (kiltivator+kombikriim+ekim makinasi), azaltilmis toprak
isleme-2 (dik rotovator+ekim makinast) ve dogrudan ekimden (dogrudan ekim makinasi) olusmustur. Kuru tarim kosullarinda
Ozgiil ¢eki kuvveti, 6zgiil ¢eki giicii ve yakit tikketiminin sulu kosullara gore daha yiiksek, makina—insan iggiicii gereksinimlerinin
ise diisiik oldugu belirlenmistir. Yontemler arasinda en yiiksek 6zgiil ¢eki kuvveti geleneksel, en diisikk deger ise dogrudan ekim
yonteminden elde edilmistir. Ozgiil geki giicii ise tarla trafigine paralel olarak artmis, geleneksel yontemde en yiiksek degerler
elde edilmistir. Sulu ve kuru tarim kosullarinda toprak isleme—ekim i¢in birim zamanda islenen alan geleneksel yontemde 0.13 ha
h? olurken, dogrudan ekim yonteminde 12 kat daha fazla (1.60 ha h™') olmustur. Makina is giicii yoniinden geleneksel yontemde
8.17 h ha® zamana ihtiyag duyulurken, dogrudan ekim yonteminde 5 kat daha az (1.63 h ha™) zamana ihtiyag oldugu
belirlenmistir.

Anahtar kelimeler: Ozgiil ¢eki kuvveti, 6zgiil geki giicii, isletme degerleri, fig, geleneksel toprak isleme, dogrudan ekim

Effect of Different Soil Tillage and Seeding Methods on Specific Draft Power, Fuel Consumption
and Effective Field Capacity in Vetch Production

ABSTRACT: This study was conducted with the aim of determining the effects of four different tillage-seeding methods on some
operational parameters in vetch production of nine years traditional rotation period under the irrigated and rainfed farming
conditions in Erzurum. The tillage-seeding methods were traditional tillage method ((moldboard plough + disc harrow +
combined harrows + seeder), reduced tillage method-1 (cultivator + combined harrows + seeder), reduced tillage method-2 (rotary
power harrow + seeder) and direct drilling (no-till seeder)) method. Under rainfed farming conditions specific draft force, specific
draft power and fuel consumption were higher and machine-human labor was lower than those determined under irrigated farming
conditions The highest and lowest specific draft powers were found for traditional tillage and direct drilling methods, respectively.
The specific draft power was increased parallel to field traffic and the highest specific draft power was found for traditional tillage
method. The tilled acreage per unit time were 0.13 ha h™ and 1.60 ha h™ for traditional tillage method and direct drilling method,
respectively. In terms of machine time required, 8.17 h ha™ is needed in traditional tillage method and 1.63 h ha™* in direct drilling
method.

Key words: Specific draft force, specific draft power, operational parameters, vetch, traditional tillage, direct drilling

GIiRIS

Tarimsal iglemler arasinda, toprak sartlari ¢ok
iyi bir durumda olsa bile tim tarimsal {iretim
islemleri i¢inde toplam gii¢ titketimi yoniinden toprak
isleme %60°lik paya sahiptir (Lazic ve Turan, 1995;
Aase ve Schaefer, 1996). Bu nedenle, toprak isleme
maliyet yoniinden bitkisel iiretimde en pahali
islemdir. Tahil {iretimi i¢in gerekli ¢alisma siiresinin
yaridan fazlasimin toprak isleme ve tohum yatag:
hazirlamada kullanilmasi ve bunun da iiriin verimine
%?25’e¢ wulasan oranlarda etki yapmasi, tarimsal
iiretimde toprak hazirlama islemlerine ayricalikli bir
onem kazandirmistir (Eker ve Ulger, 1988). Toprak
isleme ile {irlin veriminin artirllmasi veya esdeger
iriniin daha az maliyetle elde edilmesi diisiincesi,
azaltilmig toprak isleme ve toprak islemesiz tarim

konularmi 6n plana cikarmustir (Ozgiiven, 1993).
Alternatif toprak isleme yontemleri ve alinacak diger
onlemler sonucunda toprak isleme maliyetinin %30-
50 oraninda azaltilabilecegi ifade edilmektedir
(Zeren, 1991).

Griffith ve Parson (1981) yaptiklar: arastirmada,
geleneksel toprak isleme yontemine gore azaltilmig
toprak isleme ve toprak islemesiz dogrudan aniza
ekim yOnteminin, bilyiikk Olg¢iide zaman ve yakit
tasarrufu sagladigi belirlenmistir. Ayrica, toprak ve
nem korunumu, bitki kok gelisimi ve bosluk
hacminde {stiinliiklerinin oldugu ve iriin verimi
agisindan yoOntemler arasinda ¢ok fazla farklilik
olmamasina karsin geleneksel yonteme gore diger iki
yontemin daha ekonomik oldugu belirtilmistir.
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Toprak isleme, tarimsal iretimdeki is zinciri
icerisinde en fazla giic ve zaman gereksinimine
neden olan islemdir. Gliniimiizdeki enerji dar bogaz
tim sektorlerde oldugu gibi, tarimda da enerji
tasarrufu saglayacak ve amaca daha kisa zaman
icerisinde ulagilabilecek yollarin aranmasimni zorunlu
duruma getirmistir. Ulkemizde islenen alanlarin
biylikliigii yaninda uygulanan toprak isleme-ekim
yontemleri goz Oniline alindiginda enerji tutumu ve
zaman kazanci saglayan yontemlerin uygulamaya
sokulmasinin ~ ekonomimize  6nemli  katkida
bulunacag agikca goriilmektedir. Bu da tarimsal igler
icerisinde Ozellikle toprak igleme-ekim igin en
ekonomik ve etkili yOntemleri se¢mek ve
uygulamaya aktarmakla miimkiindiir (Gokgebay,
1983).

Ozsert ve Kara (1987) tarafindan, kuru tarim
tahil {iretiminde uygulanmakta olan kara nadas,
kimyasal nadas, geleneksel toprak isleme, azaltilmis
toprak igleme ve dogrudan ekim sistemleri ¢ok yonlii
olarak  incelenmistir.  Isgiicii  gereksinimleri,
geleneksel toprak islemede %100 alindiginda,
azaltilmis toprak islemede %76 seviyesinde ve
dogrudan ekim ise %39 seviyesinde bulunmustur.
Yakat tikketimleri ise sirasiyla 48.4, 34.8 ve 31.0L ha’
! olarak belirlenmistir.

Kasap vd. (1989) tarafindan yapilan bir
calismada, geleneksel toprak igleme yontemine gore
dogrudan ekim yonteminde 33.1 L ha, g¢izelin
kullanildig1 yontemde ise 23.1 L ha™ daha az yakit
tilketilmistir. Dogrudan ekimde bir taraftan enerji
tasarrufu saglanirken, diger taraftan erozyon %90
oraninda azalmakta, toprak yiizeyindeki artik
maddeler toprak nemini korumakta, zaman ve
is¢ilikten tasarruf saglamaktadir.

Sungur vd. (1994), yaptiklar1 bir arastirmada,
degisik toprak isleme yontemlerinde, yakit tiiketimi
acisindan dik rotavator ve kiiltivatoriin kullanildig:
konularin en uygun sonuglar1 verdigini, ancak
dogrudan ekim konusunun yakit ve zaman yoniinden
en avantajli yontem oldugunu Dbelirtmiglerdir.
Anonim  (2011), geleneksel uygulamada birim
alandan (ha) ortalama 63.2 litre yakit tiiketimi
olurken, azaltilmis toprak islemede 22.8 litre,
dogrudan ekimde ise 10 litreye kadar diigsmektedir.

Konya bolgesinde amzi yakilan tarla
kosullarinda yiiriitilen bir arastirmada, bugday
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tariminda  kullanilan ~ farkli  toprak  isleme
yontemlerinin topragin fiziksel ozelliklerine, yakit
tilkketimine ve dane verimine etkisi aragtirtlmigtir.
Yapilan bu calismada, kulakli pulluk+iki kez diskaro,
iki kez rototiller, pulluk govdecikli kiiltivator + agir
tip goble disk ve iki kez agir goble disk olmak {izere
dort farkli toprak isleme yontemi kullanilmistir.
Arastirma sonuglarina gore; yakit tiiketimi pullukta
19.25 L ha', diskaroda 5.74 L ha™, rototillerde 13.4
L ha'! bulunmustur. Yontemlerin toplam yakit
tilketimleri ise sirasiyla 30.73, 26.8, 18.25 ve 20.31L
ha® olarak belirlenmistir (Carman vd., 1995).

Diinya genelinde toprak islemesiz tarim alani
1999 yilinda 45 milyon hektar iken 10 y1l sonra 111
milyon hektara ulagmis, hizla artarak giiniimiizde
yaklagik olarak 155 milyon hektarlik alana ulagmigtir
(FAO, 2014). Dogrudan ekim yaygin olarak ABD,
Brezilya, Kanada, Sili, Paraguay, Avustralya ve bazi

gelismis  {ilkelerde yaygin olarak yapilirken,
ilkemizde 45000 hektar diizeyindedir (FAO
AQUASTAT,2014).

Dogrudan ekim yontemi, diinyanin birgok
tilkesinde deniz seviyesinden 3000 m’lik rakima
kadar ve yilda 250 mm yagis alan kuru tarim
kosullari ile 2000 veya 3000 mm yagis alan alanlarda
uygulanabilir (Derpsch vd., 2010).

Topragin ve diger dogal kaynaklarin
sirdiiriilebilirligi  agisindan  tarim  sektdriinde
almabilecek onlemlerin baginda kit olan yenilenemez
kaynaklarin daha verimli kullanilmasi, daha az enerji
ile esdeger uriiniin elde edilmesi gelmektedir. Bu
caligma, geleneksel miinavebe uygulamalar1 dikkate
aliarak; sulu tarim kosullarinda
(figtbugday+aygicegi) ve kuru tarim kosullarinda
(figtbugday+tnadas) ¢ yilda bir ekilen fig
iretiminde geleneksel uygulamanin yerini alabilecek
koruyucu toprak isleme ve dogrudan ekim
uygulamalarimin, 6zgiil ¢eki kuvveti-ceki giicii ve
bazi isletme degerleri acisindan karsilastirilarak, en
uygun yontemin belirlenmesi amaciyla yapilmistir.

MATERYAL VE METOT

Arastirma, Erzurum—Pasinler ovasinda denizden
1721 m yiikseklikte yer alan Erzurum Dogu Anadolu
Tarimsal Arastirma Enstitiisii Pasinler Istasyonu
deneme alanlarinda yagisa dayali ve sulu kosullarda
yuritilmiistir (39.99° N, 41.57° E) (Sekil 1).

Sekil 1. Deneme yeri ve alanlari
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Denemelerin yiiriitiilmesinde 50 kW giiclinde
ve 3396 kg agirliginda olan Massey Ferguson—365 S
(ift ¢eker) traktor ile birlikte pulluk, diskli tirmik,
agir kiltivator, kombikriim, dik rotovator, diskli ve
capa ayakli dogrudan ekim makinasi kullanilmistir.
Kullanilan aletlerin teknik ozellikleri Cizelge 1’de
verilmigtir.

Cakili olarak 1999-2008 yillar1 arasinda (9 y1l)
yiriitillen calisma, tesadiif bloklar1 deneme planina
gore ¢ tekerriirlii olarak diizenlenmistir. Denemede
suluda; fig, bugday ve aygigegi, kuruda ise; fig,

bugday ve nadas’tan olusan ti¢li miinavebe esas
alimmustir.  15x40 m?lik parsellerde yiiriitiilen
denemelerde  uygulanan  toprak  isleme—ekim
yontemleri; geleneksel toprak isleme (S;, kulakli
pulluk+diskli tirmik (sulu kosullarda)—kiiltivator
(kuru kosullarda)+kombikriim + ekim makinasi),
azaltilmig  toprak isleme-1 (S, kiiltivator+
kombikriim+ekim makinasi), azaltilmig toprak

isleme—2 (S3, dik rotovatér + ekim makinasi) ve
dogrudan ekimden (S;, dogrudan ekim makinasi)
olusmustur (Sekil 2).

Sekil 2. Toprak isleme-ekim makinalarinin ¢alisma goriintiileri
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Cizelge 1. Denemede kullanilan alet ve makinalarin teknik 6zellikleri

2 g e & g_. 5
« E s 5§ Sz =3
Teknik ozellikler & = % E £ %3 =3
a 5D - 3 a &
< 8 a
Tipi Kulakli  Tandem - - - Dis. mak  NT-250
Is genisligi, mm 900 2100 2100 2200 2000 3000 2500
Is derinligi, mm 260 113.1 139.3 711 117 61.5 62.2
Agirhg, kg 440 420 430 440 510 372 1400
Batarya sayisi, adet - 4 - - 8 - -
Isleyici ayak-sayisi, disk adet 2 24 9 - - 21 13
Ayak tipi - - Kazayagi - - Diskli Capa
Bigak yiiksekligi, mm - - - - 16 - -
Sira aras1 mesafe, mm - - - - - 142.8 192
Tohum sandig1 kapasitesi, L - - - - - 400 350
- - - - 350

Giibre sandig1 kapasitesi, L - -

Gii¢ Degerleri

Denemede  kullanilan ~ tarim  alet  ve
makinalarinin 6zgiil ¢eki giicii ve 6zgiil ¢eki kuvveti,
traktér ¢ nokta aski kollarina 6zel flanslarla
yerlestirilen kuvvet sensorleri yardimiyla; gercek hiz,
traktére monte edilen hiz radar ve traktor tekerlegine
120%lik agiyla monte edilen patinaj sensorleri ile;
gercek yakit tiiketimi ise, yakit deposu ile pistonlar
arasina ve geri doniislimleri de pompa ile yakit
deposu arasina yerlestirilen 6zel olarak tasarlanmis

%1 ml hassasiyetle l¢iim yapabilen elektronik yakit
lgiim sayaci ile belirlenmistir (Sekil 3). Olgiilen
veriler veri depolama iinitesinde anlamli verilere
doniistiiriilerek  degerlendirilmistir. Calismada,
kullanilan biitiin alet ve makinalarin gergek is
derinlikleri ile is genislikleri her parselden iiger
tekerriirlii olarak 6lciilmiistiir. Olgiilen bu is genisligi
ile is derinligi verileri 6zgiil ¢eki kuvveti ve ¢eki
giicliniin belirlenmesinde kullanilmustir.

Sekil 3. Giig 6lglim sistemi ve depolama {initesi

Isletme Degerleri

Zaman oOl¢iimleri, 1/100 Cmin taksimath g¢ift
ibreli kronometre ile toplam zaman etiitii (Sekil 4) ve
is sathalar1 eklemeli zaman yontemiyle 6l¢lilmiis ve
zaman etiidii analiz ve degerlendirmeleri Ozden

(1995) tarafindan hazirlanan ZET  bilgisayar
programi kullanilarak yapilmistir. Kullanilan alet ve
makinalarla yapilan zaman etiidii denemelerinde
kontrol degeri olarak; CV<0.33 degeri esas
almmustir.
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Sekil 4. Zaman etiit tablasi ve is derinligi 6l¢iimii

BULGULAR VE TARTISMA
Yontemlerin ve yontemleri olusturan her bir

tarim kosullarinda ortalama 6zgiil ¢eki kuvveti (33.2—
35.4 kN m?), 6zgiil ceki giicii (5.5-5.6 kW m™) ve

alet-makinanin sulu ve kuru tarim kosullarinda ¢eki yakit tiiketimi (26.1-26.3 L ha')  degerlerinin
kuvveti—giicii ve yakit tiikketimi degerleri ayr1 ayri birbirine ¢ok yakin oldugu tespit edilmistir.
belirlenmis Cizelge 2’de verilmistir. Sulu ve kuru
Cizelge 2. Toprak isleme—ekim yontemlerinin yakit tiiketimleri
Ozgiil Ceki Kuvveti Ozgiil Ceki Giicii Yalkit Tiiketimi
Yontemler (kN m?) (kW m™) (L ha?)
Sulu Kuru Sulu Kuru Sulu Kuru
S 63.9 72.3 13.1 13.6 46.8 47.7
Pulluk 34.2 335 8.9 7.4 255 23.9
Diskli tirmik-tkiiltivator 11.6 194 2.1 3.9 9.2 11.2
Kombikiiriim 141 15.2 1.8 1.9 6.5 6.9
Ekim makinasi 4.0 4.1 0.3 0.4 55 5.7
S, 43.5 43.2 7.0 7.0 23.6 23.0
Kiiltivator 255 24.7 4.9 4.9 11.2 104
Kombikiirim 14.3 14.6 1.8 1.8 6.6 6.6
Ekim makinasi 3.7 3.9 0.3 0.4 5.7 5.9
Ss 13.0 144 1.0 1.0 24.2 24.6
Dik rotovator 8.9 104 0.6 0.6 18.6 18.9
Ekim makinasi 4.1 4.1 0.3 0.4 5.6 5.7
S4 12.7 11.8 0.8 0.8 9.8 10.0
Dogrudan ekim makinasi 12.7 11.8 0.8 0.8 9.8 10.0
Genel ortalama 33.2 354 5.5 5.6 26.1 26.3

Geleneksel toprak isleme ydnteminin g¢ogu
bolgedeki degismez tarim aleti pullugun (her iki
tarim kosulunda) 6zgiil ¢eki kuvveti (33.9 kN m™)
ve 6zgiil gii¢ ihtiyact (8.2 kW m™) dogrudan ekim
yonteminin sirasiyla 2.8 ve 10.3 katini olusturmustur.
Sulu  tarim  kosullarinda toprak isleme—ekim
yontemlerinin ~ 6zgiil ¢eki kuvveti ve gici
ortalamalari (33.2 kN m? ve 5.5 kW m™), kuru tarim
kosullarina gore %6.6 ve %2.5 daha az gii¢ ihtiyaci
olusturmustur.

Her iki tarim kosulunda da en yiiksek yakit
tiketimi 24.7 L ha™ ile geleneksel toprak islemenin
kagmilmaz aleti olan pullukta meydana gelmistir.
Bunu, pulluga gore %24.1 daha az yakit tiiketen Sz
uygulamasinda kullanilan hareketini traktor kuyruk
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milinden alan dik rotovatoér (ortalama 18.7 L ha™)
takip etmistir. Kullanilan aletler bazinda en diigiik
yakit tiiketimi ise pulluga gore %76.9 daha az yakit
tilketen diskli ekim makinasinda belirlenmistir. Yakit
tilketimi agisindan amiza dogrudan ekim yontemi (S,)
diger yontemlere gdre avantajli olarak on plana
cikmigtir. Benzer sonuglari; Sungur vd. (1994);
Kasap vd. (1989); Aykas vd. (2005); Carman ve
Marakoglu (2008); Goziibiiyikk vd. (2010)’de elde
etmislerdir.

Sulu ve kuru tarim kosullarinda geleneksel
toprak isleme yonteminde tiiketilen toplam yakit
miktarimin (47.3 L ha™) %49.3 nii azaltilmig toprak
isleme—1’de, %51.7’ni azaltilmig toprak isleme-2’de
ve %21.0°’ni da amiza dogrudan ekim ydnteminde



tiiketilmistir. Birincil ve ikincil toprak islemede; S;
yontemleri toplam yakitin (sulu ve kuru) %88.2-
88.0°ini, S, ve S; yontemlerinde ise %74.9 ile
%76.8’ini tiiketmistir. Dogrudan ekim yontemlerinde
ise (S;) toprak isleme olmayip, birim alana (ha)
toplam 10 litrelik yakitin tamami ekimde
tiketilmistir (Cizelge 3). Bu sonuglar; Anonim
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(1983)’e gore ABD’de dort farkli toprak isleme
yontemi (gelencksel, azaltilmig toprak isleme-1,
azaltilmis toprak isleme-2 ve aniza dogrudan ekim)
icin yakit gereksinimlerinin karsilastirildigi  bir
calismada elde edilen sonuglarla sirasiyla, 93.0, 47.1,
31.5 ve 24.1 L ha® benzerlik gostermektedir (Siirek
2004).

Cizelge 3. Toprak isleme-ekim yontemlerinin yakit tiikketimi degerleri ve oranlari

Birincil Ikincil Geleneksel

Yontemler toprak toprak Ekim Toplam  uygulamaya gore
isleme isleme karsilastirma (%)

S, (L ha) Sulu (éi:g) (33.7) (15i.58) 46.8 100.0

0,

(%) Kuru égj’) 379 (152'.70) 477 100.0

S, (L ha?) Sulu (E:é) (28.0) (254.73) 23.6 504

0,

o Kuru (4112:3) (28.7) (255'?9) 23.0 48.2

S, (L ha') Sulu (%222) (253'.62) 24.2 517

(%) Kuru (%2:3) (253'?3) 24.6 51.7

S, (L ha’ sulu . (f(')%) 9.8 20.9

(%) Kuru . (11%'8) 10.0 21.0

Farkli toprak igleme-ekim yontemlerinin 6zgiil
ceki kuvveti—giicli, yakit tiiketimi ve bazi isletme
parametrelerine etkileri irdelenmis ve varyans analiz
degerleri Cizelge 3.3’de, ortalama karsilastirma
degerleri ise Sekil 3.1-3.2-3.3 ve 3.4°de verilmistir.
Toprak isleme-ekim yontemlerinin topragin 6zgiil
ceki Kuwveti-giicii, yakit tilketimi ve bazi igletme
degerlerine etkisi, farkli yetistirme siiregleri (y1il) ve
farkli  tarim  kosullarinda  (sulu-kuru) P<0.01
diizeyinde 6nemli farkliliklar olusturmustur.

En vyiiksek giic ve yakit tiketim degerleri
geleneksel toprak isleme—ekim  yontemlerinde
ortalama olarak (sulu+kuru) 68.1 kN m?, 13.3 kW m’
! ve 47.2L ha™ bulunmustur. En diisiik degerler ise
topragt islemeden dogrudan ekim uygulamasidan
elde edilmis ve geleneksel uygulamaya gore %82
Ozgiil ¢eki kuvveti, %94.1 6zgiil ¢eki giicli ve %79
daha diisiik yakit tiiketim degerleri elde edilmistir.
Uygulamalar arasinda kullanilan alet makina sayisi
azaldik¢a buna bagl olarak 6zgiil ¢eki kuvveti-giicii
ve yakit tiiketim degerleri de azalmistir (Sekil 3.1—

3.2). Bugday {retiminde geleneksel uygulamada
birim alandan (ha) ortalama 63.2 litre yakit tiiketimi
olurken, azaltilmig toprak islemede 22.8, dogrudan
ekimde ise 10 litreye kadar diismektedir (Anonim,
2011). Ikinci iiriin pamuk iiretiminde dogrudan ekim
uygulama olanaklarmin belirlendigi ¢alismada da
benzer sonuglar elde edilmistir (Aykas vd., 2006).

Sulu ve kuru tarim kosullarinda ortalama olarak
efektif is bagarilari, geleneksel toprak isleme
yonteminde 0.127 ha h™olurken, dogrudan ekim
yonteminde 4.9 kat (0.624 ha h™), S; ydnteminde
2.25 kat (0.278 ha h") ve S, yonteminde de 2.10 kat
(0.298 ha h') daha fazla alan islenerek zamansal
olarak olduk¢a 6nemli avantaj elde edilmistir (Sekil
3.3-3.4). Boylece, tarimla ugrasanlarin mevsime
bagh tarimsal islemleri zamaninda bitirerek diger
ciftlik iglerine daha fazla zaman ayirmasina imkéan
saglanmis olacaktir. Benzer sonuglar Kasap vd.
(1989); Aykas vd. (2005); Carman ve Marakoglu
(2008); Goziibiyik vd. (2010) tarafindan yapilan
caligmalarda da tespit edilmistir.

139



Fig Uretiminde Farkli Toprak isleme—Ekim Y®ontemlerinin Ozgiil Ceki Giicii, Yakit Tiiketimi ve Is Basarisina Etkisi

Cizelge 4. Isletme parametrelerinin varyans analizi degerleri

| Varyasyon  Serbestlik Sulu Tarim Kuru Tarim
Parametreler Kaynaklarn  Derecesi Kareler = Kareler =
Toplam Toplam

Ozgiil geki Yil 2 206.93 43.01** 76.33 9.53**
kuvveti TiY 3 16890.94 2340.35** 21739.19 1808.65**
(KN m'2) Blok 2 12.48 2.59 4.29 0.54
Ozgiil ceki Yil 2 0.17 0.49 1.58 1.39
giicii Tiy 3 927.88 1813.06** 984.27 576.62**
(kw m?) Blok 2 1.07 3.14 0.45 0.40
Yakit Yil 2 13.84 25.05** 27.65 31.33**
Tiiketimi Tiy 3 6325.31 7630.27** 6628.25 5007.83**
(L ha!) Blok 2 0.44 0.80 1.63 1.85
insan isgiicii Y}l 2 23.42 81.83** 19.39 49.73**
(insan—h ha'?) TIY 3 188.45 438.94** 222.76 380.87**

Blok 2 0.24 0.83 0.51 1.31
Makina Yil 2 15.25 89.66** 12.27 41.81**
isgiicii TiY 3 190.15 745.39** 220.86 501.78**
(Makina—h ha®)  Blok 2 0.06 0.38 0.33 1.13
Efektif is Yil 2 0.06 31.51** 0.09 114.44%**
basarisi TiY 3 1.08 361.84** 1.29 1138.65**
(hah™) Blok 2 0.00 0.53 0.00 0.57

** P< (.01 diizeyinde onemli, TIY: Toprak Isleme Y®ontemleri

Islenen birim alan basma makina ve insan
isglicii ihtiyact agisindan aniza dogrudan ekim
yonteminden her iki tarim kosulunda da diger
yontemlere gore oldukca diisik isgilicii ihtiyaci
degerleri elde edilmis, 0Ozellikle makina isgiicii
ihtiyacinda bu farkin daha belirgin sekilde oldugu
saptanmustir.  Geleneksel  toprak  isleme-ekim
yonteminde bir hektar alanin iglenmesi ve ekimi igin
8.13 saat makina isgliciine ihtiyag varken, aniza
dogrudan ekim yonteminde bu islemler 4.98 kat daha

az bir zamanda (1.63 saatte) yapilabilmektedir. Insan
isgilici ihtiyacinda da benzer durum olusmus, bir
hektar alanin islenmesi ve ekimi i¢in 9.74 saat insan
igsglicline ihtiya¢ varken, anmiza dogrudan ekim
yonteminde 3.48 saat yeterli olmustur. Yapilan
birgok arastirmada  azaltilmig toprak igleme
yontemlerinde de geleneksel toprak islemeye gore
yartya yakin  isglicii  tasarrufu  belirlenmistir
(Karaaga¢ ve Barut, 2007; Kumar vd., 2013).

| C—1Ozgiil Ceki Kuvveti** Ozgiil Ceki Giicii** Yakit Tiiketimi** |
80 - a r 50 -
3 70 + a P
S T | ©
B~ 60 [1 40 =
= £ =
g 50 - 30 E
=2 10- ¢ b E
2o 30 " \ - 20 F
S i d =]
L "" b : . (o3
He N ) . (o d
S o ] 0
S1 S2 S3 S4

Toprak Isleme Yéntemleri
** P< (.01 diizeyinde onemli; S;: Geleneksel toprak isleme, Sy.Azaltilmis toprak isleme-1, Ss:Azaltilmis toprak isleme-2, Ss:Dogrudan ekim

Sekil 5. Sulu tarim kosullarinda 6zgiil ¢eki kuvveti—giicii ve yakit tiiketimi degerlerinin ortalama kargilagtirma
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** P<0.01 diizeyinde 6nemli; S;:Geleneksel toprak isleme, S,.Azaltilmis toprak isleme-1, S3:Azaltilmis toprak isleme-2, S;:Dogrudan ekim

Sekil 6. Kuru tarim kosullarinda 6zgiil ¢eki kuvveti—giicii ve yakit titkketimi ortalama karsilagtirma sonuglari
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** P<0.01 diizeyinde 6nemli;S;i:Geleneksel toprak isleme, Sy Azaltilmis toprak isleme-1, Ss:Azaltilmis toprak isleme-2, S,: Dogrudan ekim

Sekil 7. Sulu tarim kosullarinda insan—makina isgiicii ihtiyaci ve efektif is basarilari ortalama karsilastirma
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Fig Uretiminde Farkli Toprak isleme—Ekim Y®ontemlerinin Ozgiil Ceki Giicii, Yakit Tiiketimi ve Is Basarisina Etkisi

SONUCLAR

Yiksek rakimda ve yart kurak iklim
kosullarinda 9 yil siiren arastirmanin ¢ yilim
olugturan fig tretiminde; kuru tarim kosullarinda
Ozgil c¢eki kuvvetinin %6.2, 6zgil c¢eki gliciiniin
%1.8 ve yakit tiketiminin %0.8 sulu tarim
kosullarina gore daha yiiksek oldugu, bunun da
topraktaki nem diigiikliigiine bagl olarak arttig: tespit
edilmistir. Her iki tarim kosulunda da &zgiil ¢eki
kuvveti, 6zgiil ¢eki giicli ve yakit tiikketimi agisindan
dogrudan ekim konusundan, diger uygulamalara gore
daha iyi sonuglar elde edilmistir. Geleneksel
uygulama en yiiksek gii¢ ve kuvvet gereksinimlerini
olusturmus, bunu Ss, S, ve en diisiik degerle (13.7 kN
m?ve 1.0 kW m™) dogrudan ekim uygulamas: takip
etmistir. Tikenmekte olan fosil kaynakli yakit
kullammmin1 ve erozyonu azaltan, toprak nemini
koruyan koruyucu toprak isleme—ekim yontemlerinin
kullanilmas1 kaginilmazdir. Bolge ve toprak yapisina
bagl olarak yakit tiiketimi, insan ve makina isgiicii
gereksinimleri  yoniinden avantajli  olan amiza
dogrudan ekim (S;) ve/veya azaltilmig toprak
isleme—ekim uygulamalarinin yapilmasi 6nerilebilir.

Bu calisgmada hem sulu hem de kuru toprak
sartlarinda, dogrudan ve azaltilmig toprak isleme-
ekim yontemlerinde geleneksel uygulamaya gore
birim zamanda daha fazla alan islenerek zaman
acisindan oldukga 6nemli bir avantaj elde edilmistir.
Ozellikle ikinci iiriin iiretimi yapilabilen bolgelerde
zaman ve isgiicii agisindan oldukga avantajli olan
dogrudan ekim ve azaltilmig toprak isleme—ekim
yontemleri onerilebilir. Ozellikle, iiretim girdilerinde
en fazla orana sahip olan tarim makinalarinin ve
insan isgiicii ihtiyacim azaltan dogrudan ekim
uygulamalariyla, zaman ve kaynaklar etkin bir

sekilde kullanilabilecek ve bu sekilde {ilke
ekonomisine Onemli oranda katkilar
saglanabilecektir.
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OZ: Arastirma Erzurum sartlarinda bazi yem bezelyesi hat ve cesitlerinin kis1 gegirme orani, tohum verimi ve ilgili 6zelliklerini
belirlemek amaciyla planlanmigtir. 8 hat (Hat No: 5, 6, 8, 10, 13, 14, 15 ve 17) ve 5 gesit (Tére, Ozkaynak, Kirazli, Taskent ve
Uriinlii) 2012-13 ve 2013-14 kislik {iriin yetistirme sezonunda sansa bagh tam bloklar deneme deseninde 3 tekrarlamali olarak
incelenmistir. ki yillik sonuglara gore incelenen genotiplerin Erzurum sartlarindaki performanslarinda onemli farkliliklar
goriilmiistiir. 15 ve 10 numarali hat ve Ozkaynak cesidi en yiiksek tohum verimine sahip olmuslardir. Bununla birlikte hasat
indeksinde Taskent, kis1 gecirme oraminda ise Ozkaynak gesidi ilk siray1 almistir.

Anahtar kelimeler: Yem bezelyesi, genotip, adaptasyon, tohum verimi

Determination of Seed Yield and Some Characteristics of Some Forage Pea Lines and Varieties in
Erzurum Conditions

ABSTRACT: The research was planned to determine the winter survival rate, seed yield and related characteristics of some
forage pea lines and varieties in Erzurum winter conditions. 8 lines (Line No. 5, 6, 8, 10, 13, 14, 15 and 17) and 5 varieties (Tore,
Ozkaynak, Kirazli, Taskent and Uriinlii) of forage pea were tested in randomized complete blocks design with 3 replications in the
2012-13 and 2013-14 crop seasons. There were significant differences in the performance of the genotypes examined according to
the two year results in Erzurum conditions. Line-15, Line-10 and Ozkaynak variety have higher seed yield than other genotypes.

In addition, Tagkent has the highest harvest index and Ozkaynak has the highest winter survival rate in the study.

Keywords: Forage pea, genotypes, adaptation, seed yield

GIRIS

Yem bezelyesi (Pisum sativum ssp. arvense L.)
iilkemizde tarimi yayginlagan baklagil yem bitkisi
tiirlerinden birisidir. 2017 yili verilerine gore 69.595
da alanda yetistiriciligi yapilmaktadir (TUIK, 2017).
Otu hemen her tiirlii ¢iftlik hayvani i¢in besleyici ve
lezzetlidir  (A¢ikgdz, 2001). Tohumlar1 hem
ruminantlar hem de kanathilar i¢in enerji ve protein
kaynagi olarak degerli bir yemdir (Ayasan, 2010).
Tek wyillik oldugu igin ekim ndbeti sistemleri
icerisinde rahatlikla yer bulabilmektedir. Atmosfer
azotunu topraga bagladigindan ilkemizde yaygin
ekilen tahillar igin iyi bir 6n bitkidir. Bu nedenle
ekim alanlarinin yayginlagmasi hem hayvan besleme
de hem de ekim nobeti sistemlerinin gelistirilmesinde
faydali olacaktir.

Yem bezelyesi Erzurum, Ardahan, Kars,
Bayburt ve Erzincan gibi Dogu Anadolu Bolgesi
illerinde ¢ok eskiden beri yetistirilmekte ve kuiliir
olarak bilinmektedir (Tosun, 1974; Tan vd., 2011).
Diger bolgelerimize gore yaz donemi nispeten serin
gecen bu yorede yem bezelyesi yetistiriciligi daha
kolay yapilmaktadir. Dogu Anadolu bdlgesinde misir
ve soya gibi tane yemlerin yetistiriciligZi hemen
hemen hi¢ yok denecek kadar azdir. Bolgede yagl
tohum kiispesi iireten yag fabrikas1 ve benzeri tesisler
de bulunmamaktadir. Bu nedenle ruminantlarin
protein ihtiyaglarinin kargilanmasinda rasyonlara

baklagil tohumlarinin katilmas: (Kaya ve Yalgin,
1999) yaygin olarak uygulanmaktadir. Bu ac¢idan
yem bezelyesinin Dogu Anadolu bolgesi igin ayr1 bir
Onemi vardir. Zaten degerli bir tane yem olan yem
bezelyesi Avrupa’da soya iriinlerine sinirlama
getirilmesinden sonra kesif yem iiretiminde en fazla
kullanilan bitkilerden birisi haline gelmistir (Masoero
vd., 2006; Volpelli vd., 2009).

Ulkemizde 6nemi ve kullanimi her gegen giin
biraz daha artan yem bezelyesi ile ilgili ¢caligmalar da
artis  gostermektedir. Hemen hemen  biitiin
bolgelerimizde yem bezelyesi adaptasyonu ile ilgili
aragtirmalar yuritiilmektedir. Tekirdag’da Tekeli ve
Ates (2003), Ankara’da Timuragaoglu vd. (2004),
Konya’da Tamkog¢ (2007), Diyarbakir’da Sayar
(2007), Sanlrfa’da Cil (2007), Izmir’de Geren ve
Alan (2012), Kavut vd. (2016), Erzurum’da Tan vd.
(2012 ve 2013) ve Kadioglu (2011), Sivas’ta
Karakdy vd. (2016), Bursa’da Uzun vd. (2005 ve
2012) ve Tirkiye’nin degisik bolgelerinde Agikgoz
vd. (2007) yem bezelyesi hat veya gesitlerinde ot ve
tohum verimini incelemislerdir. Ydriitiilen bu
caligmalar sonucunda iilkemizde ¢ok sayida yem
bezelyesi ¢esidi gelistirilmis ve tescil edilmistir.
Dogu Anadolu Bolgesinde ise hala yerel gesitlerin
yetistiriciligi devam etmektedir. Yem bezelyesinin en
fazla yetistiriciliginin yapildigi bu bdolgede yem
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bezelyesi g¢esitlerinin gelistirilmesi gerekmektedir.
Bu arastirma; bolgede gelistirilmis yem bezelyesi
hatlarmin ~ kislik sartlarda  tohum verim
potansiyellerinin  belirlenmesi  ile  iilkemizdeki
cesitlerle karsilastirilmasini konu almaktadir.

MATERYAL VE METOT

Arastirma 2012-13 ve 2013-14 kighk (iriin
yetistirme sezonu igerisinde, Erzurum’da Dogu
Anadolu Tarimsal Arastirma Enstitisiit (DATAE)
Pasinler Deneme Istasyonunda yiiriitiilmiistiir.
Aragtirmada yem Dbezelyesi (Pisum sativum ssp.
arvense L.)’nin DATAE’de gelistirilmis 8 hatt1 (Hat
No: 5, 6, 8, 10, 13, 14, 15 ve 17) ve lilkemizde tescil
edilmis 5 cesit (Tore, Ozkaynak, Kirazl, Taskent ve
Uriinlii) ele almmustir. Arastirmada kullanilan hatlar
Dogu Anadolu ve Karadeniz Bolgesinden toplanmis
yerel cesitlerden seleksiyon ile gelistirilmislerdir. 13
genotip sansa bagli tam bloklar deneme deseninde 3
tekrarlamali olarak incelenmistir. Ekimde
metrekarede 100 bitki olacak sekilde tohum
kullanilmus, sira araligit 35 cm (Uzun, 1997; Tan,
2018), parsel ebatlarn 1.75 m Xx 5 m olarak
ayarlanmigtir. EKimler Eyliil ay1 igerisinde yapilmig
ve ¢ikislar1 garantilemek i¢in deneme alam
sulanmistir. Ayrica her iki yilda da ot hasadindan
sonra Temmuz ay1 igerisinde bakla dolumu igin bir
defa sulama yapilmistir. Ekim sirasinda 4 kg N/da ve

5 kg P,0Osda dozunda giibre uygulanmigtir
(Kadioglu, 2011; Tan, 2018). Kasim ay1 igerisinde
parsellerde ¢ikiglar tamamlandiktan sonra orta
stralarin birinde bitki sayimi yapilmis, ayni sira kis
sonras1 Nisan ayinda tekrar sayilarak kis1 gegen bitki
oranlar1 belirlenmistir. Tohum hasatlar1 baklalarin
cogunlugunun olgunlastigt devrede yapilmistir.
Hasatta parsellerin baglarindan 0.5 m ve kenarlardan
birer sira atilarak 4.2 m?lik alan tohum i¢in hasat
edilmistir. Ciceklenme siiresi parsellerde %10
ciceklenme tarihi esas alinarak belirlenmistir. Bitki
boyu degerleri ¢igeklenme déneminde orta siralardan
secgilen 10 bitkide ol¢iilmiistiir. Elde edilen veriler
MSTAT-C istatistik paket programi yardimiyla
varyans analizine tabi tutulmus, 6nemli bulunan
ortalamalar LSD testi ile degerlendirilmistir.

Erzurum Meteoroloji Bolge Miidiirligii’niin
verilerine gore arastirmanin yiritildigi ilk yil
(2012-2013) uzun yillar ortalamasina gére daha serin
ve daha kurak gegmistir (Cizelge 1). Ikinci deneme
yili ise tam tersine uzun yillar ortalamasindan daha
sicak ve daha yagish seyretmistir. Birinci deneme
yilinda Kasim, Subat ve Mart ay1 sicakliklart (-3.8, -
14.3 ve -6.9 °C ) ikinci yildan belirgin olarak diisiik,
yine ilk deneme yilinin yagis1 Eyliil, Ekim, Aralik,
Mayis ve Temmuz aylarinda ikinci yildan disiik;
Kasim, Ocak, Subat ve Nisan aylarinda yiiksek
olmustur.

Cizelge 1. Erzurum ilinin deneme yillari ile uzun yillar ortalamasi sicaklik ve yagis degerleri

Aylar Sicaklik (°C) Yagis (mm)
2012-13 2013-14 uYyo* 2012-13 2013-14 uYyo
Ekim 6.6 7.9 45.5 43.7
7.5 30.0
Aralik -13.8 -5.9 43.0 21.2
-11.0 275
Ocak 88 -8.7 -94 42.0 18.0 19.9
Subat -6.6 -8.1 41.0 10.0 23.9
-14.3
Mart 2.7 -7.4 39.0 36.0 32.6
-6.9
Nisan 75 7.2 5.3 45.0 215 52.2
Mayis 11.6 10.6 94.0 68.5
11.6 32.0
Haziran 15.7 14.9 27.0 47 .4
16.0 26.5
Temmuz 20.5 19.3 13.0 25.8
18.8 7.5
Agustos 215 19.3 54 16.3
20.4 6.0
Top./Ort. 4.2 6.2 5.1 3505 414.4 405.2

UYO: Uzun yillar ortalamasi (1954-2010)

144




Deneme alani topraklar1 tinlt yapida olup, hafif
alkalin karakterde (pH: 7.64-7.70), tuzsuz (toplam
tuz: %0.07-011) ve orta-yiiksek kiregli (kireg: %2.28-
5.34) topraklardir. Organik madde (%2.03-2.75) ve
fosfor (7.76 kg P,Os/da) diizeyi orta olan topraklar,
potasyumca (62-126 kg K,0/da) zengin seviyededir.

BULGULAR VE TARTISMA

Arastirmada  bitki boyu yem bezelyesi
genotiplerine gore onemli degisim gostermis, yillar
ve genotip x yil interaksiyonu 6nemsiz bulunmustur
(Cizelge 2). Tore ¢esidi 97.0 cm ile en uzun boylu
genotip olmugtur. Bunu H-13 (93.7 cm) ve H-14

S. Kadioglu, M. Tan

(92.3 cm) hatlart takip etmislerdir. En kisa boylu
(56.7 cm) bitkiler ise H-17 hattinda oOlgiilmistiir.
Boylanma bitkilerde genetik yap1 ve ¢evre sartlarinin
etkisi altinda ortaya c¢ikan bir Ozelliktir. Ekolojik
sartlara iyl uyum saglayan cesitler daha iyi
gelismekte ve daha uzun boylu olmaktadirlar. Bu
nedenle yapilan caligmalarda da yem bezelyesi bitki
boyunun cesitlere gore farkliliklar gosterdigi ortaya
konulmustur. Genotipler farkli bolgelerde farkli
sonuglar verebilmektedir (Bilgili vd., 2010). Kavut
vd. (2016) Izmir sartlarinda inceledikleri Tére,
Taskent ve Kirazli gesitleri arasinda Kirazli’nin daha
uzun boylu oldugunu belirlemislerdir.

Cizelge 2. Yem bezelyesi genotiplerinin bitki boyu ve gi¢ceklenme siireleri

Genotipler Bitki Boyu (cm) Ciceklenme Siiresi (giin)
2012-13 2013-14 Ortalama 2012-13 2013-14 Ortalama
Kirazli 84.3 77.2 80.7 AB 226 230 228
Ozkaynak 78.9 96.8 37.8 AB 228 240 234
Tagkent 75.7 944 85.1 AB 229 223 226
Tore 79.3 114.7 97.0 A 228 238 233
Uriinlii 84.1 70.6 77.4 ABC 225 238 232
H-5 88.1 817 84.9 AB 225 230 227
H-6 78.5 79.6 79.1 AB 220 230 225
H-8 78.8 84.7 31.8 AB 220 240 230
H-10 78.7 79.9 79.3 AB 219 230 224
H-13 96.7 90.7 93.7A 222 238 230
H-14 97.1 87.6 92.3A 217 238 228
H-15 80.2 61.7 70.9BC 226 228 227
H-17 59.3 54.1 56.7 C 226 230 228
Ortalama 81.5 82.6 82.1 224 234 229
Onemlilik Genotip** Yil GxY Genotip Yil** GxY
LSD 21.0 6.d. 6.d. o.d. 0.9 6.d.

**0.01 diizeyinde 6nemlilik gosterir. Farkli harfle isaretlenmis ortalamalar istatistiksel olarak birbirinden

farklidir. 6.d.: Onemli degil

Bu c¢alismada yem bezelyesi genotiplerinin
ciceklenmeye ulagma siireleri 217-240 giin arasinda
degismis ve istatistiksel olarak 6nemsiz bulunmustur
(Cizelge 2). Ancak ciceklenme siiresi yillara bagh
olarak 6nemli farklilik gostermistir. Birinci yil 224
giinde ¢iceklenme goriiliirken ikinci yil ¢igeklenmesi
10 giin daha geg¢ gergeklesmistir. Ulkemizde yapilan
yem bezelyesi ¢esit tescil denemelerinde (Anon.,
2016) ciceklenme siiresinin yillara, cesitlere ve
lokasyonlara gore degisiklikler gosterdigi
belirlenmistir. Ciceklenme siiresi bitkilerin erken
veya ge¢ olgunlagmalarinin  bir  gostergesidir.
Erzurum gibi yiiksek rakimli yerlerde yetistirilen
bitkilerin erken veya ge¢ cicek agmalari onem tagir.
Arastirmanin ilk yilinda ¢igeklenmeye ulasma siiresi
daha kisa olmustur. Bu durum ikinci yilin daha
yagish gegmesinden kaynaklanmis olabilir. Ozellikle
bitkilerin aktif biiylime gerceklestirdigi Mayis ay1
yaklagik olarak 3 kat daha fazla yagis almistir
(Cizelge 1). Sayar (2007) da aragtirmamiza benzer

olarak yem bezelyesinde ¢igeklenme siiresinin
uzamasini kig aylarmin soguk, ilkbahar aylarinin
daha yagisli ve serin gegmesine baglamustir.
Arastirmada yem bezelyesi genotiplerinin kisi
gegirme oranlart Cizelge 3°te goriilmektedir. Bu oran
hem genotiplere hem de yillara gére 6nemli degisim
gostermis, bunlara ait interaksiyon da Onemli
bulunmustur. Interaksiyon acisindan ele alindig
zaman kisi gegirme orant %91.7-84.7 arasinda olan
uygulamalar birinci grubu olusturmaktadirlar. Bunlar
arasinda birinci yildaki Tagkent ve Tore cesitleri
(%91.7 ve %91.0) ile ikinci yildaki Ozkaynak gesidi
(%90.1) ilk siralar1 almuglardir. Seleksiyon ile
gelistirilen hatlar arasinda ilk yildaki H-6, H-10, H-
13, H-14 ve H-15 ile ikinci yildaki H-8’in degerleri
de yiiksek bulunmustur. Elde edilen sonuglar
genotiplerin  Erzurum sartlarinda kig periyoduna
dayanikliliklarinin bir gostergesidir.
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Cizelge 3. Yem bezelyesi genotiplerinin kisi gegirme oran1 ve dal sayilari

Genotipler Kis1 Gegirme Orani (%) Dal Sayisi (adet/bitki)
2012-13 2013-14 Ortalama 2012-13 2013-14  |Ortalama

Kirazli 77.0 77.7 77.3B 2.4 1.6 20E
Ozkaynak 84.7 90.1 87.7 A 3.1 3.0 3.0 A-D
Tagkent 91.7 72.0 31.8 AB 2.5 3.7 3.1 ABC
Tore 91.0 72.3 81.7 AB 2.3 2.4 2.4 CDE
Uriinlii 86.0 72.3 79.2 AB 2.4 2.2 2.3CD
H-5 85.7 71.0 78.3 AB 2.1 3.1 2.6 CDE
H-6 87.3 60.0 73.7 BC 2.3 3.3 2.8 BCD
H-8 66.0 87.3 76.7 BC 3.3 3.6 3.4 AB
H-10 86.0 68.7 77.3B 2.4 2.4 2.4 CDE
H-13 86.0 71.7 78.8 AB 2.6 3.0 2.8 BCD
H-14 88.0 71.0 79.5 AB 2.5 2.5 2.5 CDE
H-15 86.7 72.3 79.5 AB 2.3 2.4 2.4 CDE
H-17 72.7 62.7 67.7C 3.1 4.3 3.7 A
Ortalama 83.7A 73.1B 78.4 2.6 2.9 2.8
Onemlilik Genotip** 9.4 | Yil** G X Y** Genotip** Yil GxY*
LSD 3.7 13.2 0.8 o.d. 0.8

*:.0.05, **; 0.01 diizeyinde Onemlilik gosterir. Farkli harfle isaretlenmis ortalamalar istatistiksel olarak

birbirinden farklidir. 6.d.: Onemli degil

Bu sonuglar gelistirilmis olan hatlarin bdlgenin
kis sartlarina uyumunun tescilli gesitlerle yarigabilir,
hatta bazilarindan daha 1iyi diizeyde oldugunu
gostermektedir. Ikinci yilda genel olarak kis1 gecirme
oranlar1 daha diisiiktiir. Bu durum muhtemelen kar
ortiisiiniin olmadig1 Aralik ay1 sicakligmin (-13.8 °C)
ikinci yilda daha diisiik olmasindan
kaynaklanmaktadir. Bezelye i¢in oOldiriicti diisiik
sicaklik derecesi -8.5 °C’dir (Murray vd., 1988).
Ancak yeterli kar ortiisiiniin varliginda ¢ok daha fazla
diisiik sicakliklara dayanabilir. Oldiiriicii soguklarin
oldugu déneme 4-5 yaprakli ve rozet formunda giren
bezelye bitkileri soguklardan en az seviyede
etkilenmektedirler (Annicchiarico ve lannucci, 2007;
Alan ve Geren, 2012). Karakdy vd. (2016) de bezelye
genotipleri arasinda soguga dayaniklilik bakimindan
yiikksek diizeyde farklilik oldugunu belirlemisler,
yabanct orijinli ¢esitlerin kis1 atlatamadiklarint tespit
etmislerdir.

Bitki basina dal sayis1 genotiplere gore farklilik
gosterirken, yila bagli olarak Onemli bir degisim
goriilmemistir. Dal sayist {izerinde genotip x yil
interaksiyonu 6nemli bulunmustur (Cizelge 3). En
yiiksek dal sayisi (4.3 ve 3.7 adet) ikinci yilda H-17
hatt1 ile Taskent ¢esidinde belirlenmistir. Dallanma
bitkilerde genetik bir ozellik olup hat ve gesitler
arasinda farklilik gostermesi beklenen bir durumdur.
Genotiplerin yillik iklim sartlarina bagli olarak az
veya cok gelismeleri dallanmalarinda farkliliklar
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olusturabilmektedir. Tan vd. (2011) yerel yem
bezelyesi cesitlerinde dal sayisinin genotiplere ve
yillara gore degisiklik gdsterdigini tespit etmiglerdir.

Bitkide bakla sayisi lizerinde sadece genotipler
istatistiksel olarak 6nemli bulunmugstur (Cizelge 4).
Taskent ¢esidi ve H-14 hatti en yiiksek bakla sayisina
sahip olurken, bunlarn H-5, Toére ve H-6 takip
etmistir. Kirazli ise en diisiik bakla sayisina sahip
olmustur. Bakla sayist tohum verimi i¢in 6nemlidir.
Singh vd. (2011) ve Tan vd. (2012) bezelyede bakla
sayisi ile tohum verimi arasinda 6nemli ve olumlu bir
iligki belirlemiglerdir. Yapilan calismalarda yem
bezelyesi hat veya gesitlerinde bakla sayisinin 5-15
adet arasinda degistigi belirlenmistir (Timuragaoglu
vd., 2004; Sayar, 2007; Tan vd., 2012).

Bakladaki tane sayisinda genotipler ve genotip
x y1l interaksiyonu 6nemli bulunmustur. Arastirmada
H-5 hati hem ilk yilda hem de ikinci yilda
baklasinda tohum sayist (7.0 adet ve 8.2 adet) en
fazla olan materyal olarak one ¢ikmustir (Cizelge 4).
Baklada tohum sayisi en diisiikk olan materyal ise (4.0
adet) ikinci yilda H-8 hatt1 olmustur. Tan vd. (2012)
bu degerin yem bezelyesi genotiplerinde 3.5-5.6 adet
arasinda degistigini ve baklada tohum sayisi ile
tohum  veriminin  negatif iligkili  oldugunu
bildirmislerdir. Alan ve Geren (2012) yem
bezelyesinde bakladaki tane sayisinin cesitlere gore
degistigini, Ozkose (2017) ise yil x hat
interaskiyonun 6nemli oldugunu bildirmislerdir.



Cizelge 4. Yem bezelyesi genotiplerinin bitkide bakla ve baklada tane sayilari

S. Kadioglu, M. Tan

Genotipler Bitkide Bakla Sayisi (adet/bitki) Baklada Tane Sayisi (adet/bakla)
2012-13 2013-14 Ortalama 2012-13 2013-14 Ortalama
Kirazli 5.2 6.2 5.8 D 5.5 4.7 5.1 B
Ozkaynak 8.9 9.1 9.0 BC 6.1 4.5 5.3B
Tagkent 12.1 10.3 11.2 A 5.7 3.9 4.8 C
Tore 9.5 11.0 10.3 AB 5.6 5.9 5.8 B
Uriinlii 9.3 7.3 8.3C 6.4 5.6 6.0 B
H-5 10.9 9.7 10.3 AB 7.0 8.2 7.6 A
H-6 9.6 9.2 9.4 ABC 5.5 6.5 6.0 B
H-8 8.3 7.9 8.1C 5.8 4.0 4.9 B
H-10 9.2 8.9 9.1 BC 6.5 4.9 5.7 B
H-13 8.9 8.9 3.9 BC 6.3 4.9 5.6 B
H-14 10.6 115 11.0A 5.7 5.4 5.5 B
H-15 8.3 9.6 8.9 BC 5.8 6.3 6.0B
H-17 8.9 8.9 8.9 BC 5.4 5.2 5.3 B
Ortalama 9.2 9.1 9.2 5.9 5.4 5.7
Onemlilik Genotip** 1.9 | Y1l GxY Genotip** Yil G X Y**
LSD o.d. 0.d. 1.0 o.d. 1.6

**0.01 diizeyinde 6nemlilik gosterir. Farkli harfle isaretlenmis ortalamalar istatistiksel olarak birbirinden

farklidir. 6.d.: Onemli degil

Arastirmada tohum verimleri hem genotiplere
hem de yillara baglhi olarak o6nemli degisim
gostermis, genotip X yil interaksiyonu da Onemli
bulunmustur (Cizelge 5). Iki yillik ortalamada 15 ve
10 numarali hatlar sirasiyla 315.4 kg/da ve 314.7
kg/da verim ile ilk siralart almiglardir. Aragtirmanin
ilk yil verimleri ikinci yila gdre daha yiiksek
bulunmustur. Interaksiyon acisindan ele alindiginda

ilk y1lda H-15 hatt1 en verimli materyal olmus (407.8
kg/da), bunu H-10, H-5 ve H-6 hatlar1 takip
etmiglerdir (362.7, 348.8 ve 344.0 kg/da). Biitiin
materyallerin verimleri ikinci yilda daha diisiik
olurken, Ozkaynak ve H-13 ikinci yilda daha yiiksek
verim vermislerdir. Materyaller arasinda yillara gore
gerceklesen bu farklilik  interaksiyonun Onemli
¢ikmasina neden olmustur.

Cizelge 5. Yem bezelyesi genotiplerinin tohum verimleri ve hasat indeksleri

Genotipler Tohum Verimi (kg/da) Hasat Indeksi (%)

2012-13 2013-14 Ortalama 2012-13 2013-14 Ortalama
Kirazl 339.2 172.7 255.9 ABC 30.5 20.9 25.7 BCD
Ozkaynak 242.6 335.3 289.0 AB 29.7 36.7 33.2 AB
Tagkent 270.6 247.3 259.0 ABC 38.9 32.6 35.7 A
Tore 227.2 165.7 196.5C 26.2 25.8 26.0 BCD
Uriinlii 326.3 199.0 262.7 ABC 29.6 12.4 21.0D
H-5 348.8 119.0 233.9 ABC 23.1 19.0 21.0D
H-6 344.0 170.3 257.2 ABC 33.6 19.1 26.4 BCD
H-8 304.5 153.3 228.9 ABC 27.9 15.0 214D
H-10 362.7 266.7 314.7 A 34.7 28.5 31.6 ABC
H-13 203.9 285.3 244.7 ABC 24.1 25.2 24.7 BCD
H-14 311.5 213.3 262.4 ABC 35.1 25.2 30.2 ABC
H-15 407.8 223.0 3154 A 36.4 18.8 27.6 A-D
H-17 307.0 107.7 207.3 B 33.0 15.6 24.3 CD
Ortalama 3074 A 2045B 256.0 31.0A 22.7B 268.9
Onemlilik Genotip** Yil ¥* 357 |G x Y**128.6 | Genotip** Yil** G X Y**
LSD 10.0 8.6 3.4 12.2

** (.01 diizeyinde 6nemlilik gosterir. Farkli harfle isaretlenmis ortalamalar istatistiksel olarak birbirinden

farklidur.

Tohum verimleri kullanilan yem bezelyesi
materyallerinin bdlgeye uyumunun bir gostergesidir.

Mevcut sartlarda daha iyi gelisme gosteren bitkiler
daha yiiksek verimli olmaktadir. Bu durumda H-10
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ve H-15 numarali hatlarin  bolgeye uyumlu
olduklarin1 sdylemek miimkiindiir. Diger taraftan
seleksiyon ile gelistirilmis olan bu hatlarin iilkemizde
yaygin olarak kullanilan ¢esitlerden daha verimli
olduklar1 dikkat ¢ekicidir. Yem bezelyesinde yapilan
caligmalar degisik bolgelerde cesitlerin
performanslarmin degistigini ortaya koymaktadir
(Uzun vd., 2012; Alan ve Geren, 2012; Kavut vd.,
2016). Timuragaoglu vd. (2004) Ankara Kkurak
kosullarinda tane yem veya tohumluk amaciyla
P.57K ve P.101 nolu hatlarin yetistirilmesini
onermiglerdir. A¢ikgoz vd. (2007) yem bezelyesinde
genotip x ¢evre interaksiyonunun ¢ok Onemli
oldugunu ve hasatta birim alandaki bitki sayisinin
tohum verimi flzerine dogrudan etkili oldugunu
bildirmislerdir. Bu ¢aligmada da genel olarak kist
gecirme orani yilksek olan materyallerin tohum
verimlerinin de yiiksek oldugu goriilmektedir. Ikinci
yilda tohum verimlerinin diisiik bulunmasi, bu yilda
karsiz gegen Aralik aymin daha soguk gecmesi ve
kistan ¢ikma oranlarmin  diisik  olmasindan
kaynaklanabilir. Yillar arasindaki iklim
farkliliklarinin  bezelyede tohum verimine Onemli
etkiler yaptigi diger c¢aligmalarda da belirlenmistir
(A¢ikgoz vd., 2007; Uzun vd., 2012; Alan ve Geren,
2012).

Hasat indeksi iizerine yine genotip ve yillarin
cok oOnemli etkisi olmus, bunlara ait interaksiyon
onemli ¢cikmistir (Cizelge 5). Iki yillik ortalamada
Taskent cesidi en yiiksek hasat indeksine (%35.7)
sahip olmustur. Bunu Ozkaynak cesidi takip etmistir.
Tohum verimi yiiksek olan H-10, H-14 ve H-15
hatlarinin hasat indeksleri de yiiksek olan gruba dahil
olmuslardir. Hasat indeksi yillara bagli olarak
degismis, ikinci yilda daha disiik bulunmustur. Bu
durum ikinci yilda tohum verimlerindeki diisiikliikten
kaynaklanmigtir. Birinci yilda Taskent (%38.9),
ikinci yilda ise Ozkaynak (%36.7) daha yiiksek
degere sahip olmuslardir. Hasat indeksi bitkinin
toplam iiretiminde tohum iiretiminin paymi gosterir.
Bu nedenle genel olarak tohum verimi yiiksek olan
materyallerin  hasat indeksleri de yiiksektir.
Aragtirmada Ozkaynak ve Taskent tohum verimleri
on siralarda olan gesitlerdir. Bunlarin yaninda H-10,
H-14 ve H-15 hatlarmin tohum verimlerinin yiiksek
olmasi hasat indeksinde de st siralarda olmalarini
saglamigtir. Degisik yem bezelyesi hat ve ¢esitlerini
inceleyen c¢aligmalarda hasat indeksini Uzun vd.
(2005) %15.1-24.8, Sayar vd. (2009) %0.8-51.5 ve
Tan vd. (2012) %27.5-33.6 arasinda belirlemiglerdir.
Sayar ve Anlarsal (2008) seleksiyon ile gelistirilen
bazi hatlarin g¢esitlerden daha yiiksek hasat indeksine
sahip oldugunu bulmuslardir.

SONUC
Dogu Anadolu Bolgesi ve Erzurum ilinde kis
donemi olduk¢a uzun ve soguk ge¢mektedir. Bu
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bdlgede kislik olarak yetistirilecek tek yillik baklagil
yem bitkisi tiiri kisithidir. Yem bezelyesi gibi degerli
bir yem bitkisinin bu sartlarda kishik olarak
yetisebilmesi biiyiik bir avantajdir. Bu arastirma
iilkemizde tescil edilmis ¢esitlerden Tore harig,
digerlerinin mevcut sartlarda tohum verimlerinin
yiiksek oldugunu ortaya koymustur. Bunun yaninda
ozellikle H-10 ve H-15 nolu hatlar basta olmak iizere
diger hatlarin da (H-17 harig) bdlgede tohum iiretimi
icin uygun olduklar ortaya ¢ikmigtir. H-10 ve H-15
nolu hatlarin tescil edilmek iizere degerlendirilmeleri
uygun goziikmektedir.
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ABSTRACT: Earlier harvest of potatoes (Solanum tuberosum L.) and achieve to the good yield can be influence by different
treatments of the seed tubers such as pre-sprouting treatments. The aim of this study was assessment the pre-sprouting effects on
the potato morphological properties and yield in the Erzurum region. This experiment had two cultivars of potato as Binella and
Slaney and included four pre-sprouting treatments as control, 23 March, 3 April and 13 April. In this experiment was investigated
some properties such as flowering time, plant height, tuber number, special weight of tuber and total tuber yield. The results
showed that the forth pre-sprouting increased the tuber number but its tuber yield decreased. It indicated that the under forth pre-
sprouting decreasesd the tuber size and following this case decreased the specific weight that resulted of the graphs. Also, under
the second pre-sprouting increased the tuber yield. The Slaney cultivar had the significant differences for the plant height, tuber
number, tuber yield and specific weight and more value for these properties in compare to the Binella cultivar. As conclusion can
be noted that the pre-sprouting has an important effects on the yield and potato morphology properties.

Keywords: Potato, pre-sprouting, Slaney, Binella, cold climate.

Patates Uretiminde On-Siirgiinlendirmenin Onemi ve Pozisyonu

OZ: Patateslerin (Solanum tuberosum L.) erken hasadi ve iyi verim elde edilmesi, on-siirgiinlendirme gibi tohum yumrularinin
tizerinde yapilan farkli muamelelerden etkilenmektedir. Bu g¢aligmanin amaci, Erzurum bolgesinde 6n-siirgiinlendirmenin
patatesin morfolojik 6zellikleri ve verimi iizerine etkilerinin degerlendirilmesidir. Bu arastirmada, Binella ve Slaney olarak iki
patates ¢esidine, 23 Mart, 3 Nisan, 13 Nisan ve Kontrol’ii igeren dort on-siirgiinlendirme muamelesi uygulanmistir. Calismada
ciceklenme siiresi, bitki boyu, ocak bagina yumru sayisi, yumrunun 6zgiil agirlik ve toplam yumru verimi gibi bazi 6zellikler
incelenmistir. Sonuglar dordiincii On-siirgiinlendirme uygulamasinin yumru sayisini arttirdigini, ancak yumru verimini ise
azalttigin1 géstermistir. Yumru boyutunun azaldigi dordiincti on-siirgiinlendirme uygulamasinda, ocak basina yumru boyutunun
azaldig1 da grafiklerden goriilmistiir. Ayrica, ikinci On-siirgiinlendirme uygulamasinda yumru verimi artmistir. Slaney ¢esidi
Binella ¢esidi ile karsilastirildiginda, bitki boyu, ocak basina yumru sayisi, yumru verimi ile 6zgiil agirligi bakimindan 6nemli
farkliliklar géstermis ve daha iyi sonug¢ vermistir. Sonug olarak, on-siirgiinlendirmenin patates verimi ve morfolojik dzellikleri

tizerinde 6nemli etkilere sahip oldugu belirlenmistir.

Anahtar Kelimeler: Patates, 6n-siirgiinlendirme, Slaney, Binella, soguk iklim.

INTRODUCTION

The potato (Solanum tuberosum L.) tuber is an
underground stem. Potato formation is as
longitudinal growth stoppage and the subsequent
swelling (Liu et al.,, 2017). Potato plant has an
indeterminate growth pattern. One of the important
step for an adequate understanding of potato growth
and development is quantifying above-and below-
ground plant phenology in relation to different
environmental factors and production.  This
evaluation has been done in afew environments,
especially in relation to pre-planting thermal shock
and pre-sprouting treatments (Eremeev et al., 2007).
Pre-sprouting can decrease yield losses that caused
due to late blight, because it advances early crop
development.  Pre-sprouting  increases  apical
dominance, so reducing the tubers number per plant
number and decreasing competition between
individual tubers for achieving confined N and water
(Haase et al., 2007). Although potato placed under
suitable environmental conditions for growth potato
tubers will not sprout at harvest stage (Delaplace et
al., 2008). Pre and post-harvest environment
condition (Suttle, 2014) and cultivars differences can

influence on the potato sprouting state (Hay and
Porter, 2006; Carli et al., 2010). Priming to sprout
after potato harvesting is necessary for the seed
potato tubers that are planted soon. So, sprouting is
rapid after cold or heat shock during the early storage
period (Mani and Hannachi, 2015). One of the most
important methods is pre-sprouting method, in short
growing season areas and for organic farming. The
studies showed earlier and faster tuber formation for
pre-sprouting seed tubers but these tubers had the
less yield in compare to the non pre-sprouting tubers
if there is no limitation of the growing season. Faster
development and tuber initiation was resulted for the
pre-sprouted tubers with stimulation of adventitious
root formation method in compare to the
conventional pre-sprouting. There was high yield for
pre-sprouted treatments in compare to the control
treatment (Hagman, 2012). Pre-sprouting indicated
the number of stems and tubers per plant,
significantly. Pre-sprouting decreased the undersized
tubers percentage and increases the oversized tubers
percentage. The pre-sprouted potatoes indicated
higher marketable yields, significantly (Karalus anad



Rauber, 1997). The aim of this study was evaluation
the pre-sprouting effects on the potato production
morphological properties and yield in the region with
cold climate and short growth period.

MATERIALS AND METHODS

This experiment was done during two
agricultural 2015-2016 years at Erzurum, Ataturk
University, Agriculture faculty fields. The soil
texture was loam and the general properties of the
field soil if given in the Table 1.

The experiment region geographical coordinates
is 39" 55" N and 41° 61° S. Also the region height is
1853 m and its climate is cold. The weather
temperature between day and night shows high
difference in this region. This experiment had two
cultivars of potato as Binella and Slaney and
included four pre-sprouting treatments as control, 23

Table 1. Field soil chemical properties
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March, 3 April and 13 April. In this experiment was
used of 24 kg nitrogen, 6 kg triple super phosphate
and 5 kg potassium phosphate per decare as
fertilization. The harvest time was similar for the all
treatments. In this experiment was measured some
properties such as flowering time, plant height, tuber
number, special weight of tuber and total tuber yield.
Flowering time was noted every day and by
appearance the flower the day date was written. To
measure the plant height was selected 20 plants from
the central of each plot and measure the plant height
by using of the ruler. After harvesting the total tuber
number was counted and noted. Special weight of
tuber was measured by air-water method (Incekara,
1973) and total tuber yield was calculated according
to the Giinel (1976) references method.

Soil EC CaCo, CEC
sample  PH @simy ~ OMO0) g N (ppm) P (ppm) K (pPm) o oi/kg)
7.07 0973 1000 1.6 1904 1773 3034 394

Pre-sprouting was performed as followed
stages:

The seed tubers were stored in similar
conditions at 4 °C until the start of the experiment.

a) Control: Untreated seed tubers were stored at
4 °C until planting.

b) Conventional pre-sprouting: The seed tubers
were transferred from storage to an ambient
temperature of 15-20 °C and natural light conditions
P).

c) Pre-sprouting  with  stimulation  of
adventitious roots (PR): The seed tubers were
transferred from storage to an ambient temperature of
15-20 °C and natural light conditions. When the
tubers were chitted and sprouts were visible, which
took about 4-5 days, the tubers were moved to
adventitious root formation conditions. Adventitious
root formation was stimulated by spraying the seed
tubers with small amounts of water for 2 seconds
every 3 minutes, in order to keep them moist. Four
pre-sprouting periods were tested in Experiment.

Different pre-sprouting periods were examined.
With the PR method, there was a risk of the seed

tuber roots becoming entangled when the pre-
sprouting period was extended, for example by
delayed planting. The field experiments were
performed in a randomized split split plot design four
replicates (blocks). All data and parameters were
analyzed by using of the SPSS ver.20 software. The
mean comparison was done by Duncan method at 1%
probability level.

RESULTS AND DISCUSSION

According to the variance analysis results was
showed significant difference for flowering time
under pre-sprouting and cultivars treatment at 5%
probability level and also there was significant
difference for the tuber numbers under cultivars
treatment at 5% probability level. The variance
analysis of specific weight property had significant
difference under cultivars treatment at 1% probability
level. For the other properties under the performed
treatment, the difference was non-significant (Table
2).
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Table 2. The variance analysis of the studied properties

M.S
DE Flowering Plant Number of Tuber yield Specific weight
time height tubers (kg/da) (gricm?)
Pre-sprouting 3 25.3" 53.9 " 6.5" 974673.4™ 8.28x10°™
Cultivars 1 14.17 572" 37.9° 807473.3™ 0.00”
Pr. x C 3 21" 46.7 "™ 1.2™ 634326.1"™ 3.23x10°"™
Error 72 26™ 18.6 ™ 46" 230783.5™ 3.89x10°"™

ns, * and ** are non-significant, significant at 5 and 1% probability level, respectively.

According to the Figure 1, flowering time mean
comparison results indicated that the fourth pre-
sprouting treatment (control) had the most value of

(23 March) had the less value of the flowering time.
Also, the most value of the flowering time belonged
to the Binella cultivar and the less value of flowering

flowering time and the first pre-sprouting treatment time was under Slaney cultivar (Figure 1).
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Figure 1. Flowering time mean comparison of the pre-sprouting and cultivars treatments
(pre-sprouting 1, 2, 3 and 4 are 23 March, 3 April, 13 April and control respectively and cultivar 1 and 2 are
Binella and Slaney, respectively).

According to the Figure 2, plant height mean
comparison results indicated that the second pre-
sprouting treatment (3 April) had the most value of
plant height and the first pre-sprouting treatment (23
March) had the less value of the plant height. Also,
the most value of the plant height belonged to the
Slaney cultivar and the less value of plant height was
under Binella cultivar (Figure 2).
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According to the Figure 3, tuber number mean
comparison results indicated that the fourth pre-
sprouting treatment (control) had the most value of
tuber number and the first pre-sprouting treatment
(23 March) had the less value of the tuber number.
Also, the most value of the tuber number belonged to
the Slaney cultivar and the less value of tuber number
was under Binella cultivar (Figure 3).
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Figure 2. Plant height mean comparison of the pre-sprouting and cultivars treatments
(pre-sprouting 1, 2, 3 and 4 are 23 March, 3 April, 13 April and control respectively and cultivar 1 and 2 are
Binella and Slaney, respectively).
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Figure 3. Tuber number mean comparison of the pre-sprouting and cultivars treatments
(pre-sprouting 1, 2, 3 and 4 are 23 March, 3 April, 13 April and control respectively and cultivar 1 and 2 are
Binella and Slaney, respectively).
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Figure 4. Tuber yield mean comparison of the pre-sprouting and cultivars treatments
(pre-sprouting 1, 2, 3 and 4 are 23 March, 3 April, 13 April and control respectively and cultivar 1 and 2 are
Binella and Slaney, respectively).

According to the Figure 4, tuber yield mean
comparison results indicated that the second pre-
sprouting treatment (3 April) had the most value of
tuber yield and the first pre-sprouting treatment (23
March) had the less value of the tuber yield. Also, the
most value of the tuber yield belonged to the Slaney
cultivar and the less value of tuber yield was under
Binella cultivar (Figure 4).

1,08 -

1,07 -

1,06 -

Specific weight (gr/cm3)

The mean comparison of the specific weight
showed no significant differences for the pre-
sprouting treatments but the most and the less
amount of the specific weight was under the second
(3 April) and the third (13 April) treatment of pre-
sprouting, respectively. The Slaney cultivar showed
the most amount of the specific weight and the
Binella cultivar had the less amount of the specific
weight (Figure 5).

Pre-sprouting

1,05 I . I . I . I . . I . l
1 2 3 4 1 2

Cultivars

Figure 5. Specific weight mean comparison of the pre-sprouting and cultivars treatments
(pre-sprouting 1, 2, 3 and 4 are 23 March, 3 April, 13 April and control respectively and cultivar 1 and 2 are
Binella and Slaney, respectively).
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The interaction mean comparison of the pre-
sprouting and cultivars treatments showed that the
most amount of flowering time, plant height, number
of the tubers and tuber yield related to the P,C; and
P.C, , P,C,, P,C; and P,C,, P:C,, respectively. For
the specific weight property there was not significant
difference between the pre-sprouting and cultivars
treatment interaction. The less value of the treatments
mean comparison interaction included the P5;C; and

F. Imanparast

P,C, for the flowering time, plant height and tuber
number and tuber yield (Table 3).

The pre-sprouted treatments had higher yield in
compare to the control for all pre-sprouting periods
although the differences were not significant for
every periods. The interactions between pre-
sprouting treatments and cultivars can be explained
by the fact that the process of physiological old age is
very dependent on cultivar, as several properties are
dependent on  cultivar  (Hagman,  2012).

Table 3. The interaction mean comparison of pre-sprouting and cultivars treatments results of the studied

properties
(Fdlg;//\;ering time E’lenn)t height {:E?rzer of Tuber yield (kg/de) (Sgpr?((:::::ls)(; weight
P:Cy 44.833d 36.645 ¢ 5.810d 1352.129 f 1.071a
P,C, 46.208 b 41.153 ab 7.010 be 1972.888 a 1.073 a
P.Cy 46.750 a 39.675b 6.678 ¢ 1739.600 d 1.068 a
P.C, 46.792 a 39.059 bc 6.932¢ 1681.775 e 1.072a
PsCy 44792 d 39.703 b 7.304b 1773542 ¢ 1.073 a
PsC, 45.833¢ 39.966 b 7.018 be 1831.946 b 1.074 a
P,Cy 45.792 ¢ 39.788 b 7.751a 1861.642 b 1.073a
P.C, 46.000 b 41.440 a 7911a 1798.067 ¢ 1.074 a

The non similar letters at each column have significant difference at 5% probability level.

The tubers number increasing per plant as a
result of pre-sprouting was perceived with individual
cultivars. The yield determination 82 or 83 days after
planting, indicated significant raising of yield of the
pre-sprouted potatoes. The positive effect of pre-
sprouting on yield at an early planting date, being
frequently used in agricultural practice for early
potatoes, shows to exist with main crop potatoes. The
effect of pre-sprouting on the tuber size distribution
could have been determined by the extention
reduction in the tubers number per plant and by the
occurrence of diseases and pests (Karalus and
Rauber, 1997). Pre-sprouting period nearby to
standard practice amended growth and yield
significantly. pre-sprouting caused to increase tuber
numbers and decreased tuber weights and by this
result, changed the yields proportion in different size
classes considerably. The different pre-sprouting
regimes can affect on the several growth and yield
factors, especially early plant development, number
of stems, number of tubers per plant and mean tuber
weight (Johansen and Molteberg, 2012). The main
stem number per plant consistently increased by pre-
sprouting during the studied years. The main stem
highest number per plant was achieved at 15
February and 1 March plantings in 2001 and 15
February in 2002. The effects of pre-sprouting and
planting date on plant height were inconsistent

between years. Pre-sprouted seeds gave shorter plants
in 2001 and taller plants in 2002. The highest plant
height was achieved at 15 January planting and plant
height significantly reduced by delaying of planting.
In contrary to this case, plant height enhanced by
delaying of planting in 2002 (Caliskan et al., 2012).

CONCLUSIONS

We finally conclude that pre-sprouting has an
important effect on the yield and potato morphology
properties. Also, Slaney cultivar was the best cultivar
for the studied properties under experimental climate
and pre-sprouting treatments.

Also, for the tuber number property there was
regular trend between the pre-sprouting treatments,
while this trend was irregular for the other studied
properties. Binella cultivar included the most
amounts for the flowering time property while for the
other properties Slaney cultivar had the most value.
So according to the study aim for different positions
can be selected Binella or Slaney cultivar as this
study results. Plant height, tuber number and specific
weight showed the most value under the control
condition of pre-sprouting and Slaney cultivars in
compare to the other interaction treatments.
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ABSTRACT: Soil thermal properties are highly dynamics and is influenced by a multitude of factors. Soil thermal properties
affect soil temperature and its thermal regime. Soil water content, soil contribution and state of aggregation affect significantly
soil thermal properties. The aim of this study was to determine and evaluate the effects of soil texture and aggregate size on soil
thermal properties using the de Vries model. Soil samples with different textures, separated into different aggregate size groups
(<4 mm, <2 mm and <1 mm), were used. Thermal properties of soil samples including thermal conductivity, volumetric heat
capacity and thermal diffusivity were estimated at field capacity. The results showed that the maximum values for the thermal
conductivity, volumetric heat capacity, and thermal diffusivity occurred medium (MTS)>fine, (FTS)>coarse, (CTS) textured soils.
In all textural groups thermal conductivity and thermal diffusivity were the smallest in aggregate size <1 mm. Results indicated
that soil texture and aggregate size distribution have great effect on the soil thermal properties.

Keywords: Soil texture, thermal properties, field capacity, de Vries model.

Toprak Termal Ozellileri, Toprak Tekstiirii ve Agregat Biiyiikliigii Arasindaki Coklu
Etkilesimlerin Degerlendirilmesi

OZ: Topraklarm termal zellikleri oldukca degisken olup, birgok faktor tarafindan etkilenir. Ayrica toprak termal ozellikleri,
toprak sicakligi ve sicaklik rejimleri tizerinde de etkilidir. Topragin termal 6zellikleri toprak su igerigi, topragin yapisal bilesenleri
ve agregasyon durumu tarafindan onemli dlgtide etkilenir. Bu galiymanin amaci, toprak tekstiiriive agregat bitytikliigiiniin toprak
1s1sal Ozellikleri iizerindeki etkilerinin de Vries modeli ile degerlendirmektir. Bu ¢alismada kaba, orta, ince tekstiirlii ve farklh
agregat biiyiikligiine (<4 mm, <2 mm ve <1 mm) sahip toprak 6rnekleri kullanilmistir. Bu 6zelliklere sahip toprak 6rneklerinin,
tarla kapasitesi kosullarinda, termal iletkenlik, hacimsal 1s1 ve termal difizivite gibi termal 6zellikleri hesaplanmustir. Elde edilen
sonuglara gore, 1sisal iletkenlik, hacimsal 1s1 ve 1sisal yayimim agisindan en yiiksek degerler, toprak tekstiirleri arasinda, sirasiyla
orta, ince ve kaba biinyeli topraklarda ortaya ¢ikmustir. Termal iletkenlik ve termal difiizivite i¢in en disiik degerler ise ince
biinyeli toprakta tespit edilmistir. Ayrica, her bir toprak i¢in en kiigiik agregatlarin (<1 mm) olusturdugu 6rneklerde en diisiik
termal iletkenlik ve 1sisal yaymim degerleri belirlenmistir. Elde edilen sonuglara gore, toprak tekstiirii ve agregat biiyiikligiiniin

topragin 1sisal 6zellikleri tizerinde 6nemli bir etkiye sahip oldugu belirlenmistir.

Anahtar kelimeler: Toprak tekstiirii, termal 6zellikler, tarla kapasitesi, de Vries modeli

INTRODUCTION

Prediction of soil thermal properties needs use
of information on soil parameters and factors. Many
researchers measured soil thermal properties (Clarke
et al., 2008) and some researchers used models to
predict them (Bushy, 2015).Agricultural,
meteorological and industrial applications needs
information on soil thermal conductivity (Cote and
Konrad, 2005).Soil thermal conductivity is affected
by some variables such as soil water content, bulk
density and organic matter content (Abu-Hamdeh
and Reeder, 2000).Soil aggregate structure and size
can influence the soil thermal conductivity
considerably, especially in fine-textured soils (Lipiec
et al, 2012; Stawinski et al., 2011). Organic
substances stored on mineral surfaces and in micro-
pores of aggregates (Park et al., 2007) can affect the
soil thermal properties. Many studies on the soil
aggregation showed the correlations between
hydraulic properties and gas exchange of soils
(Kimura et al., 2012). Studies showed that aggregate
size exerts multiple effects on heat transferring,

influencing heat transfer due to water content and
flow of heated water through pathways (Heitman et
al., 2008).

deVries model (1963) is a theoretical model to
predict thermal conductivity that assumed soil solid
particles were uniformly distributed in continuous
pore spaces (fluid) in soils. deVries (1964) developed
a method for estimating soil thermal conductivity (1)
by using soil texture, bulk density (pb) and
volumetric water content (0). Heat transfer in soils
occurs by conduction, convection, by vapor
movement, which is significant only in soils with
very low saturation, and radiation that is negligible
(Alrtimi et al., 2016). deVries (1963) proposed a
method that applies the every soil layer thermal
conductivity value. The de Vries equation is based on
the assumption of no contact between the soil
particles and the values of the shape factor (Q)
assume that the soil particles have ellipsoidal shapes
(Kersten, 1949; Nusier and Abu-Hamdeh, 2003).The
thermal resistance according to the Luikov et al.,
(1968) is used to calculate the effective thermal
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conductivity of porous materials. The effect of solid
thermal conductivity and particle-particle contact on
thermo-diffusion  processes was showed by
Davarzani and Marcoux (2011). Empirical and semi-
empirical models of thermal conductivity have been
used to describe the effective thermal conductivity of
soil under different soil moisture conditions (de
Vries, 1963; Campbell, 1985; Cote and Konrad,
2005). These models evaluated the individual soil
properties contribution (porosity, aggregate size, soil
texture and organic content) (Smiths et al., 2016).
The aim of this study was to compare de-Vries
theoretical model calculated values of thermal
conductivity, specific heat content, and thermal
diffusivity at different soil aggregate sizes of distinct
soil textures.

MATERIALS AND METHODS

Experiments were performed on soil samples
with different textures (fine (FTS), medium (MTS)
and coarse (CTS)), taken from the Daphan plain (40°
10’ 12” N and 41° 42’ 16” E), Yarimca village (39°
59’ 32" N and 41° 28’ 53" E), and the region of north
west of Atatiirk University Agricultural Faculty (39°
58’ 26" N and 41° 29’ 02" E). Soil samples were air
dried, sieved and separated in three sub-groups
(<4mm, <2mm and <1lmm) and analyzed for soil
texture by Day method (Gee and Bauder, 1986); soil
reaction (pH) using pH meter by preparing the
suspension with 1:2.5 ratio (McLean 1982); electrical
conductivity (EC) by preparing the saturation mud
and reading by the EC meter (Rhoades,1982);
organic matter (OM) with Smith-Weldon method
(Nelson and Sommers 1982); lime content (mineral
CO,) with the Scheibler calsimeter and cation
exchangeable capacity (CEC) by using of ammonium
acetate method (Rhoades 1982a). The soil moisture
percent of different soils aggregate sizes under field
capacity condition determined by pressure plate
(Cresswell et al., 2008).

Correlations  between the factors were
calculated such as aggregate size classes of different
soil textures and gravimetric water content and soil
thermal properties such as thermal conductivity, heat
capacity and thermal diffusivity.

Thermal conductivity (L) was calculated by de
Vries model (Campbell et al., 1994).

_ KwXxwAw+KaXala+KsXsAs

7\_ KwXw+KaXa+KsXs
where; A, A, and A; are the thermal

conductivity of water, air and soil particles,
respectively, X,; X, and Xs are the volume fraction of
water, air and soil particles, respectively, and K, K
and K, are weighting factors depending on the shape
and orientation of water, soil particles and air-pores,
respectively. The properties are calculated as follows:

1 2 1

w= 7 ( Z + 7 )
3 1+(Afrv1 )ga 1+(T‘f1)gc
1 2 1
K= 1
s 3( 1+(l?i1)ga 1+(%)gc)

2 N 1
Aa Aa
+(/1f—1 )ga 1+Grpec

Ke=; (- )

Where g, and g. are shape factors defined by:
0,=0.333-x,,(0.333-0.035) for 0.09<x,<n
0,=0.013+0.94x,, for 0<x,,<0.09
and g.=1-2g,

where, n is the porosity, A is fluid thermal
conductivity and f, is an empirical weighting
function that are calculates as follows.

M=o + Ty Oy — Aa)

fu= 1/ (1+(Xw/ X)) ™

0= Go (T/303)?

Xwo and gy are soil properties that relate to the
water content, at which water starts to affect thermal
conductivity and rapidity of the transition from air to
water dominated conductivity; go is a constant and Ty
is the kelvin temperature of the soil (Campbell et al.,
1994).

Volumetric heat capacity was calculated by
following equation (van Wijk and de Vries, 1963).

Cv= pp (Cs+ 64,Cy)

C, is volumetric heat capacity (kJ kg™ K™).

pp is soil bulk density (Mg m?®), 6, is
gravimetric water content and C; and C,, are soil
minerals and water specific heat (kJ kg™ K™) that are
given in Table 1.

Thermal diffusivity (o) was determined using
the following equation (Horton et al., 1983).

_ A2l
a—CU(m s7)

Table 1. Density and specific heat of common soil constituents (soil minerals, water and air) at 20°C and 0.101
MPa (1 atmosphere) (after van Wijk and de Vries, 1963).

Soil Constituent

Density (Mg m”™)

Specific heat (kJ kg™ K7

Soil minerals (average) 2.65
Water 1.00
Air 0.0012

0.73
4.18
1.00
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RESULTS AND DISCUSSION

Selected physical and chemical properties of the
soils studied are given in Table 2.

The clay or fine textured soil (FTS) contains
33% sand, 23% silt and 44% clay, and 1.60% organic
matter and 2.1% CaCOj3. The loam or medium
textured soil (MTS) contains 42% sand, 35% silt and

Table 2. Selected properties of studied soils.

L. Imanparast, M. Y. Canbolat

23% clay, and 1.48% organic matter and 19.3%
CaCOs. The sandy loam or coarse textured soil
(CTS) contains 55% sand, 31% silt and 14% clay,
and 1.82% organic matter and 0.9% CaCOa. The
cation exchangeable capacity (CEC) of FTS, MTS
and CTS soils are 51.4, 33.8 and 26.8 cmol/kg,
respectively.

. Clay Silt Sand . EC oM 0 CEC
Soils %) (%) (%) Soil Texture pH @sim) (%) CaCO; (%) (cmol/kg)
FTS 44 23 33 Clay 7.40 0.60 1.60 2.1 51.4
MTS 23 35 42 Loam 7.46 0.44 1.48 19.3 3338
CTS 14 31 55 Sandy Loam 7.11 0.30 1.82 0.9 26.8

The soil reaction (pH) and electrical
conductivity (EC) of FTS are 7.40 and 0.60 dS/m, of
MTS are 7.46 and 0.44 dS/m and of CTS are 7.11
and 0.30 dS/m, respectively (Table 2).

The moisture percent of aggregate size groups
of FTS, MTS and CTS are shown under field
capacity condition in Table 3.

Table 3. The water content of different soils aggregate sizes under field capacity (pF 2.54) condition.

Soils <4 mm <2 mm <1 mm
FTS 52.4 49.8 51.2
MTS 26.3 30.3 29.4
CTS 23.8 23.7 27.3

CTS (Coarse texture soil), MTS (Medium texture soil) and FTS (Fine texture soil)

It is evident from the data that the moisture
percent of aggregate size groups of FTS increased,
compared to MTS and CTS.

Thermal conductivity of different soils and
different aggregate sizes was calculated by de Vries
model at field capacity. The results indicated that
thermal conductivity decreased by decreasing
aggregate size and the smaller aggregates (<1 mm)
had less thermal conductivity as compared to the
others such as <4 mm and <2 mm in all soil textures
(Figure 1). Also, FTS soil had lower thermal
conductivity as compared to the CTS and MTS.
Although, the greatest thermal conductivity belonged
to the MTS soil<4 mm aggregate size, there was no

significant difference between MTS and CTS soils
below 4 mm aggregate size. The FTS soil with <1
mm aggregate size had the lowest thermal
conductivity (Figure 1). The results showed that FTS
with clay texture had the highest volumetric heat
capacity compared with the CTS and MTS with
sandy and silty texture, respectively. The results
indicated no significant difference between CTS and
MTS for specific heat. The greatest volumetric heat
capacity occurred for the FTS with <2 mm and <1
mm aggregate size and no consistent relationship
occurred between aggregate size and volumetric heat
capacity across the study soils (Figure 2).
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Figure 1. Thermal conductivity of soils with different aggregate sizes,
CTS (coarse texture), MTS (medium texture) and FTS (fine texture).
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Figure 2. Volumetric heat capacity of soils with different aggregate sizes,
CTS (coarse texture), MTS (medium texture) and FTS (fine texture).

CTS showed the greatest thermal diffusivity thermal diffusivity. In general, CTS soil between 4
compared to the MTS and FTS. Also, FTS had the and 2 mm aggregate size had the greatest thermal
low thermal diffusivity. The smallest aggregate size diffusivity and the FTS<1 mm aggregate size had the
(<1 mm) had the lowest thermal diffusivity and the lowest thermal diffusivity (Figure 3).
largest aggregate size (<4 mm) had the greatest
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Figure 3. Thermal diffusivity of soils with different aggregate sizes,
CTS (coarse texture), MTS (medium texture) and FTS (fine texture).
Ju et al. (2011) showed that thermal thermal conductivity and diffusivity than the clay

conductivity was significantly higher in the non-
aggregated soils compared to the aggregated soils at
intermediate water contents and Smits et al. (2010)
showed that the aggregate size effect on the thermal
conductivity was not significant. The sandy loam soil
had higher thermal conductivity compared to the clay
loam. Thermal conductivity increased with
increasing bulk density for the soils as a result of
increased particle contact, while porosity decreased.
At a specified bulk density, thermal conductivity
raised by increasing soil water content. It is indicated
that outside a certain bulk density range, higher
values of moisture content caused thermal
conductivity to increase more rapidly in sandy loam
soil than in clay loam soil. Clay loam soil had lower
thermal conductivity, measured by both of single and
dual probe methods, compared to sandy loam soil at
all water contents and bulk densities we studied. Clay
loam soils thermal conductivity changes with low
thermal conductivities is as surface temperature
changes in compare to the sandy loam thermal
conductivity changes under equal heat flux densities
(Abu-Hamdeh, 2001).

Volumetric heat capacity increased with low
speed at sandy and high speed at clay soil. In general,
the clay soil showed higher volumetric heat capacity
compared tosandy soil (Yadav and Sabena 1973).
Yadav and Saxena (1973) and Ghuman and Lal
(1985) reported similar results. The highest thermal
diffusivity belonged to the sandy soil. Differences in
mineralogy, sand, silt and clay fractions could be the
primary reasons for sandy soils to have higher

soils. The sandy soils often comprise more quartz.

Soil thermal diffusivity is a property calculated
by soil thermal conductivity divided by volumetric
heat capacity. Therefore, higher moisture content in
clay soils results in greater specific volumetric heat
capacity that decreases the thermal diffusivity. As a
result, sandy soil showed higher thermal diffusivity
compared to the clay soil. Thermal diffusivity of
sandy soil was lower under lower moisture content
and increased by moisture content rising to a
maximum value and then decreased as moisture
content continues raising towards saturation. Clay
soil did not followed this trend. The relative changes
in thermal conductivity and volumetric heat capacity
of soils might have influenced the diffusivity peak in
sandy soil (Abu-Hamdeh, 2003). Shein and Mady
(2016) reported that greatest values of thermal
diffusivity and thermal conductivity occurred when
soil bulk density was greatest, and vice versa.

CONCLUSIONS

The results of this study clearly indicated that
fine textured soil showed lower thermal conductivity
and thermal diffusivity. Smaller the aggregate size
lower the value of the soil thermal properties. A
reverse relationship of thermal conductivity-
volumetric heat capacity and thermal diffusivity-
volumetric heat capacity occurred for the fine
textured soil.

161



Assessment of Multiple Interactions between Soil Texture, Aggregate Sizeand Soil Thermal Properties

ACKNOWLEDGEMENT

We thank Ataturk University BAP Coordination
Unit for the financial support given to this study
under grant PRJ 2015/175.

REFERENCES

Abu-Hamdeh, N.H., Reeder, R.C., 2000. Soil thermal
conductivity: effects of density, moisture, salt concentration,
and organic matter, Soil Sci. Soc. Amer. J., 64: 1285-1290.

Abu-Hamdeh, N.H., 2001. Measurement of the thermal
conductivity of sandy loam and clay loam soils using single
and dual probes. J. agric. Eng. Res., 80 (2): 209-216.

Abu-Hamdeh, N.H., 2003. Thermal properties of soils as affected
by density and water content. Biosystems Engineering, 86
(1): 97-102.

Alrtimi, A., Rouaini, M., Haigh, S., 2016.Thermal conductivity of
a sandy soil. Appl. Therm. Eng., 106: 551-560.

Bushy, J., 2015. Determination of thermal properties for
horizontal ground collector loops. Proceedings World
Geothermal Congress, Melbourne, Australia, 19-25 April.

Campbell, G.S., Jungbauer, J.D., Bidlake, W.R., Hungerford, R.D.,
1994. Prediction the effect of temperature on soil thermal
conductivity. Soil Sci., 158: 307-313.

Clarke, B.G., Agab, A., Nicholson, D., 2008. Model specification
to determine thermal conductivity of soils. Proceedings of
the Institution of Civil Engineers Geotechnical Engineering,
161: 161-168.

Cote, J., Konrad, J.M., 2005. Thermal conductivity of base-course
materials.Can. Geotech. J., 42: 61-78.

Cresswell, H.P., Green, T.W. McKenzie, N.J., 2008.The
adequency of pressure plate apparatus for determining soil
water retention. Soil Sci. Soc. Am. J., 72: 41-49.

Davarzani, H., Marcoux, M., Quintard, M., 2011.Effect of solid
thermal conductivity and particle-particle contact on
effective thermo-diffusion coefficient in porous media. Int.
J. Therm. Sci., 50:b 2328-39.

deVries, D.A., 1963. Thermal properties of soils. In: Van Wijk
WR, editor. Physics of the plant environment. New York:
John Wiley & Sons, 210-235.

deVries, D.A., 1964. Thermal properties of soils. In: van Wijk
WR, editor. Physics of plant environment. Amsterdam:
North-Holland Publishing Co., 210-35.

Demiralay, 1., 1993. Toprak Fiziksel Analizleri.Atatiirk University
Agriculture Faculty Publication, No 143.

Farouki, O.T., 1986. Thermal Properties of Soil, Series on Rock
and Soil Mechanics. Trans. Tech. Publication., Germany.

Gee, G.W., Bauder, J.W., 1986. Particle-size analysis. p. 383-411.
In A Klute (ed.) Methods of Soil Analysis, Part 1. Physical
and Mineralogical Methods. Agronomy Monograph No. 9
(2ed). American Society of Agronomy, Soil Science Society
of America, Madison, WI.

Ghuman, B.S., Lal, R., 1985. Thermal conductivity, thermal
diffusivity, and thermal capacity of some Nigerian soils.
Soil Science, 139: 74-80.

Heitman, J.L., Horton, R., Ren, T., Nassar, I.N., Davis, D.,
2008.Test of coupled soil heat and water transfer prediction
under transient boundary conditions. Soil Sci. Soc. Am. J.,
72:1197-1207.

Horton, R., Weirenga, P.J., Nielsen, D.R., 1983. Evaluation of
methods for determining the apparent thermal diffusivity of
soil near the soil surface. Soil Sci. Soc. Am. J., 47: 25-32.

162

Ju, Z, Ren, T., Hu, C., 2011. Soil thermal conductivity as
influenced by aggregation at intermediate water contents,
Soil Sci. Soc. Am. J., 75: 26-29.

Kersten, M.S., 1949. Laboratory Research for the Determination of
the Thermal Properties of Soils, Bulletin 28, Engineering
Experiment Station, University of Minnesota, Minneapoli.

Kimura, S.D., Melling, L., Goh, K.., 2012. Influence of soil
aggregate size on greenhouse gas emission and uptake rate
from tropical peat soil in forest and different oil palm
development years, Geoderma, (185-186): 1-5.

Lipiec, J., Hajnos, M., wieboda, R.S., 2012. Estimating effects of
compaction on pore size distribution of soil aggregates by
mercury porosimeter. Geoderma, (179-180): 20-27.

Luikov, A.V., Shashkov, A.G., Vasiliev, L.L., Fraiman, Y.U.E,,
1968. Thermal conductivity of porous systems. Int. J. Heat
Mass Transf., 11:117- 40.

McLean, E.O., 1982. Soil pH and lime requirement. p.199-224. In
A.L. Page et al.(ed.) Methods of soil analysis. Part2.2" ed.
Agron.Monogr.9.ASA, Madison, WI.

M. Smiths. K., Kirby, E.J., Massman, W., Baggett, L.S., 2016.
Experimental and modeling study of forest fire effect on soil
thermal conductivity. Pedosphere, 26(4): 462-473.

Nelson, D.W., Sommers, L.E., 1982. Total carbon, organic carbon
and organic matter: In: A.L. Page, R.H. Miller and D.R.
Keeney) Methods of soil analysis. Part 2 Chemical and
Microbiological Properties, pp: 539-579.

Nusier, O.K., Abu-Hamdeh, N.H., 2003.Laboratory techniques to
evaluate thermal conductivity for some soils. Heat Mass
Transf., 39 (2): 119-123.

Park, E.J., Sul, W.J., Smucker, A.J.M., 2007. Glucose additions to
aggregates subjected to drying and wetting cycles promote
carbon sequestration and aggregate stability, Soil Biol.
Biochem. J., 39: 2758-2768.

Rhoades, J.D., 1982a. Reclamation and management of salt-
affected soils after drainage. Pages 125-197 in Proc.First
Ann. Western Provincial Conf., Soil Salinity, Lethbridge,
Alberta. 29 Nov. - 2 Dec. 1982.

Rhoades, J.D., 1982. Soluble Salts. Methods of Soil Analysis. Part
2.Chemicaland  MicrobiologicalProperties.2nd  Edition.
Agronomy No: 9, 167-179, 1159 p, Wisconsin USA.

Shein, E.V., Mady, AY., 2016. Soil thermal parameters
assessment by direct method and mathematical models. J.
Soil Sci. Environ. Manage., 7(10): 166-172.

Slawin ski, C., Witkowska-Walczak, B., Lipiec, J., Nosalewicz,
A., 2001.Effect of aggregate size on water movement in
soils, Int. Agrophys., 25: 53-58.

Smits, K.M., Sakaki, T., Limsuwat, A., lllangasekare, T.H.,
2010.Thermal conductivity of sands under varying moisture
and porosity in drainage-wetting cycles. VVadose Zone J., 9:
1-9.

vanWijk, W.R., de Vries, D.A., 1963. Periodic temperature
variation in a homogeneous soil. P. 102-143. In: van Wijk,
W.R., (ed.). Physics of plant environment. North-Holland
Publ. Co., Amesterdam, the Netherlands.

Wiermann, C., Horn, R., 2000. Effect of different tillage systems
on the recovery of soil structure following a single
compaction event, In: Horn, R., van den Akker, JJ.H.,
Arvidsson, J., (Eds.), Subsoil Compaction - Distribution,
Processes and Consequences. Advances in GeoEcology,
Catena, Reiskirchen, vol. 32, Germany, 2000, pp. 339-350.

Yadav, M.R., Saxena, G.S., 1973. Effect of compaction and
moisture content on specific heat and thermal capacity of
soils. Journal Indian Society of Soil Science, 21: 129-132.



