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ABSTRACT

Tomato Leafminer [Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae)] is a pest of
great economic importance in tomato production. The aim of this research was to evaluate
the population development and the infestation rate of Tomato Leafminer in the tomato and
eggplant greenhouses in the Republic of Azerbaijan. The study was conducted for the first
time in the greenhouses located in Absheron economic region of Azerbaijan during 2019.
Adult population dynamics of T. absoluta were monitored using sexual pheromone traps.
According to the results obtained from the study, the pest formed the peaks of adult
population on March 12%, March 26" and April 9" with 197, 91 and 76 adults/trap
respectively. The pest population with respect to the eggplant greenhouse was lower
compared with the tomato greenhouse. The results showed that T. absoluta was able to
complete 2-3 generations in tomato and eggplant greenhouses during March and April in
Absheron region of Azerbaijan. The infestation rate of T. absoluta in tomato greenhouse
interpreted increasing trend staring from the beginning of March till April 12%. Thus so, the
infestation rate caused by the pest was 30% at the beginning of March and reached 66.7% in
the middle of the March. It reached its maximal level (100%) on April 12t Interestingly, T.
absoluta reached its significant infestation rate (96.7%) in eggplant in late April. The harmful
effects of the pest recorded in the greenhouses was also described in this report.
Consequently, this study reveals that T. absoluta population development should be
monitored in greenhouses in Azerbaijan and control measures should be taken against the
pest with appropriate management programs.

Key Words: Tuta absoluta, Tomato, Eggplant, Population, Infestation rate

0z

Domates gilivesi [Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae)] domates
Uretiminde 6nemli bir zararli olup ylksek kalite ve kantite kayiplarina sebep olmaktadir. Bu
c¢alisma, 2019 yilinda Azerbaycan'in Abseron ekonomik bolgesinde domates ve patlican
seralarinda ilk kez Domates givesi [Tuta absoluta (Meyrick, 1917) (Lepidoptera:
Gelechiidae)]’nin populasyon gelisimi ve bulasiklik oranini belirlemek amaciyla yirttilmastir.
Bu galisma ayni zamanda Azerbaycan'da T. absoluta'nin popiilasyon gelisimi ve bulasiklik orani
ile ilgili patlicanda yapilan ilk ¢alismadir. Domates giivesinin ergin popliilasyon dinamikleri,
eseysel gekici feromon tuzaklari kullanilarak belirlenmistir. Calismadan elde edilen sonuglara
gore zararli domates serasinda, 12 Mart, 26 Mart ve 9 Nisan'da sirasiyla 197, 91 ve 76
ergin/tuzak ile pik noktalarini olusturmustur. Patlican serasindaki zararli popilasyonu
domatesten daha duslik olarak belirlenmistir. Calismada elde edilen verilere gore T. absoluta’nin
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Azerbaycan'in Abseron bolgesinde Mart ve Nisan aylarinda domates ve patlican seralarinda 2-3 dol tamamlayabilecegi
anlasilmistir. Zararlinin domates serasinda bulasiklik orani Mart ay1 basinda %30, Mart ayi ortasinda ise %66.7 iken bu oranin
12 Nisan'da % 100'e ulastigl belirlenmistir. Calisma sonucunda, domatese gore zararlinin patlicanda geg tarihlerde de olsa
onemli zararlar meydana getirdigi ve bulasiklik oraninin ylksek oldugu tespit edilmistir. Patlican serasinda en yiksek
bulasiklik orani (%96.7) Nisan ayinin son haftasinda belirlenmistir. Bu ¢alismada, ayrica T. absoluta’nin beslenme 6zellikleri ve
bitkilerdeki zarar verme semptomlari ayrintili olarak agiklamistir. Azerbaycan'daki seralarda énemli zararlar meydana getirdigi
belirlenen T. absoluta’nin popiilasyon gelisiminin takip edilmesi, uygun zamanda ve uygun metotlarla miicadele edilmesi

gerektigi calismadan anlasiimigtir.

Anahtar Kelimeler: Tuta absoluta, Domates, Patlican, Poptlasyon, Bulasiklik orani

Introduction

Tomato L.) and

eggplant (Solanum melongena L.) are widely

(Solanum  lycopersicum
consumed in the world as vegetables belonging to
the family Solanaceae. They are grown in all
regions of Azerbaijan both in greenhouses and in
the open fields. In Azerbaijan, 609.2 thousand
(281.3 thousand tons
greenhouses, 327.9 thousand tons in the open
field), 168 thousand tons of eggplant (88.3
thousand tons in the greenhouses, 79.7 thousand

tons of tomato in

tons in the open field) are produced (Anonymous,
2018).

There are several pests of tomatoes and
eggplants in Azerbaijan. Aphis gossypii Glover,
1877, Trialeurodes vaporarium Westwood, 1856,
1889,
obscurus (Linnaeus, 1758), Gryllotalpa gryllotalpa

Bemisia tabaci Gennadius, Agriotes
(Linnaeus, 1758), Helicoverpa armigera (Huber,
1805), (Hubner, 1808),

Liriomyza bryoniae (Kaltenbach, 1858), Pieris

Spodoptera exigua
rapae (Linnaeus, 1758) are the most common

pests. However, the most dangerous and
widespread pest for tomato in Azerbaijan is
Tomato Leafminer, Tuta absoluta (Meyrick, 1917)
(Lepidoptera: Gelechidae) (Ismailzada et al.,
2016).

If no control measures are taken, T. absoluta
can easily cause up to 80-100% in yield loss
(Apablaza, 1992; Barrientos, 1995; EPPO, 2005;
Mamay and Yanik, 2012).

Tuta absoluta belongs to the group of
polyphagous pests and feeds on many hosts such
as tomato (Lycopersicon esculentum L.), potato
(Solanum tuberosum L.), eggplant (S. melongena
L.), Jimson weed (Datura stramonium L.) and S.

dubium Fresen from family Solanacea , broad
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bean (Vicia faba L.) and alfalfa plant (Medicago
sativa L.) from family Fabaceae, Watermelon
(Citrullus lanatus L.) from family Cucurbitaceae,
Physic nut (Jatropha curcas L.) from family
Euphorbiaceae, spiny amaranth (Amaranthus
spinosus L.) from family Amaranthaceae, and
Ramtouk (Xanthium brasilicum Vellozo) from
family Asteraceae (Bayram et al., 2015; Mohamed
et al.,, 2015).

It is known that T. absoluta damages tomato,
eggplant, peppers and potatoes in Azerbaijan
(Ismailzada et al., 2016; Ismailzada, 2018).

Tuta absoluta is expanding its spreading in the
world day by day via its many extraordinary
characteristics such as high adaptability to the
different ecological conditions, high productivity
of the female individual, large number of
generations, covert lifestyle (not visually clearly
visible inside the food plant and the product
being transported), not going to the diapause in
the presence of food or going to the diapause in
three stages of development (egg, pup, imago),
depending on environmental factors, damage to
all surface organs of the plant, high resistance to
insecticides formed in a short time (Zhimerikin
Mironova, 2012). In addition to these

properties of T. absoluta, the lack of a resistant

and

variety against this pest provide it to expanse the
spreading area in a short time. intercalarily, the
nutritional properties of larvae protect it from the
direct effects of several pesticides (Urbaneja et
al., 2005).

The pest was first reported in South America in
the early 1980s and, since then, has rapidly
spread in Europe, Africa, the Middle East and
parts of Asia. Because it is a dangerous pest of
tomato, it has been the subject of several studies
in the countries where it is spread. (Estay, 2000;
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Siqueira et al., 2000; Lietti et al., 2005; Desneux et
al., 2010; Kilig, 2010; Mamay and Yanik, 2012;
Goda et al., 2015; Erdogan, 2016; Biondi et al.,
2018; Adly and Gehan, 2019).

Tuta absoluta was discovered in Azerbaijan
(Absheron region) for the first time in 2010 and
now the pest is found in all regions of Azerbaijan
(Huseynov et al., 2019). The pest is included in the
A2 list of EPPO (Anonymous, 2018).

Several studies were carried out on different
topic related to T. absoluta in open field tomato
cultivation (Mamay and Yanik, 2012; Bayram et
al., 2014) while few studies performed in tomato
and eggplant greenhouses (Erler et al., 2010:
Ozkan et al., 2017). Although some studies were
carried out to determine the population and
infestation rate of T. absoluta in open field
tomato cultivation in Azerbaijan (Ismailzada et al.,
2016; Huseynov et al.,, 2019), there is no study
performed in tomato and eggplant greenhouses
in Azerbaijan. This study was conducted to
determine  population  development and
infestation rate of T. absoluta in tomato and
eggplant greenhouses for the first time in
Absheron economic region of Azerbaijan.

Materials and Methods

Materials

Tomato Leafminer, Tuta absoluta (Meyrick,
1917) (Lepidoptera: Gelechidae), Durinta F1,
Enygma F1 \varieties of tomato (Solanum
lycopersicum L.), a local variety of eggplant
(Solanum melongena L.) and sexual pheromone
traps were the main materials in the study.
handheld

scissors, tweezers, scalpel, plastic containers of

Binocular  microscope, magnifier,
different sizes, plastic bags were also used in the

different period of the study.

Methods
Determination of adult population development
of Tuta absoluta

Studies were conducted to determine the
absoluta in

eggplant

population development of T.

polyethylene-covered tomato and
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greenhouses located in Pirshagi settlement of
Absheron region (N 40029'32" E 50008'20"). in
Azerbaijan. Each greenhouse had 1500-2000 m?
area. Tomato and eggplant were grown in
coconut fiber. Sexual pheromone traps (0.8 mg E
3, Z 8, Z 11 Tetradecatrienyl acetate) have been
used to catch the adult individuals of the pest. 3
traps were hung in each greenhouse in the end of
February and at the beginning of March. The
traps were set at a height of 1.5 —2.0 m from the
ground surface. Trapped male butterflies were
periodically counted, registered and the data was
plotted into graphics. Pheromone trap lures were
replaced once every 4 weeks; replaced lures were
discarded away from the experimental orchards.
Pheromone trap sticky plates were replaced when

the adhesive surface becomes dirty.

Determination of infestation rate of Tuta absoluta
In order to determine infection of tomato and
eggplant plants with T. absoluta, 3 repetitions
each with 10 plants were checked in the diagonal
direction of the greenhouses. In this way, 30
tomato plants and 30 eggplant plants were
marked and controlled periodically in each
greenhouse. The aboveground parts of the
marked plants such as leaves, shoots, flowers,
ripe and unripe fruits were inspected several
times a week during March and April. Samples of
infected leaves and fruits were brought to the
laboratory and examined under a binocular
microscope.
Percent of infestation rate caused by T.
absoluta was calculated for each plant using the

following equation:

Infested plant number
Examined total plant number

x100 (1)

Infestation rate (%)=

Results and Discussion

Determination of adult population development
of Tuta absoluta

Sexual pheromone traps were placed in the
end of February at the blooming stage of tomato.
The first adult occurrence was observed on March
5t in the tomato greenhouse (Figure 1).
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Figure 1. Tuta absoluta adult population development in tomato an eggplant greenhouse in Absheron during 2019

As can be seen from Fig. 1, the population
development fluctuated during March and April.
A dramatic surge was recorded between March
5t and March 12t following an unexpected drop
that remained at 60 adult/trap. It is noticeable
that the highest number of adult pests was
caught using sexual pheromone traps on March
12t with 197 adult/trap over the time period.
Ozkan et al. (2017) reported that the highest peak
point was determined with 548 adult/trap on
March 27%" in tomato greenhouse in Konya
(Turkey). the
propagation was observed two times both in
March and April.
declined after the first week of April, started to

Interestingly, population

The adult population, which

rise again after in the middle of the month. The
lowest count of adults was on April 16™ (Figure 1).
to determine adult population
T. eggplant
greenhouse, the sexual pheromone traps were
established at the beginning of March. The first
adult detection was observed on March 6, with 5

In order

development of absoluta in

adults/trap. The highest number of males trapped
was 30 adults per trap on March 12, the period
coincided with the flowering stage of the
eggplant, in eggplant greenhouse. Followed by
this date, the next high levels of adult population
were recorded on March 26™ and April 9t with 15
and 22 adult/trap, respectively. After this period,
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the population fluctuated towards a decline until
the end of April and the maximum number of
adults caught was 3 on April 23,

Although it has been shown in the recent
studies that the highest population of T. absoluta
coincides with the date of harvest (Balzan and
Moonen, 2011), the maximum adult trapped
during the blossoming period and the first fruiting
period tomato greenhouse in this study. Since the
tomato plants were completely destroyed by T.
absoluta in the greenhouse, the monitoring has
been proceeded until the 30t of April 2019 (Fig.
2). Almost no green mass of the plant remained
on the mentioned date.

In the study, it was observed that the number
of pests and the rate of infestation decreased as
the eggplant getting older unlike tomato.
Furthermore, the damage of eggplant fruits was
determined to be far less than the tomato fruits
in the study. This can be explained by the fact
that the leaves of the eggplant are thicker than
those of tomato plant. Kanle Satishchandra et al.
(2019) suggested in their study that T. absoluta
may develop on tomato, eggplant and potato but
tomato plant was the most preferred one. In the
same study it is also mentioned that T. absoluta
has a potential to become a serious pest on
potato and even on eggplant under favorable
conditions.
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Considering the data obtained from the study
and in the framework of the Figure 1, we can say
that T. absoluta may form 2-3 generations in two
months, March — April, in a tomato and eggplant

greenhouses in Absheron. Supporting this
information, depending on the ecological
conditions T. absoluta can give 7-8 to 10-12
generations in Azerbaijan (Ismailzada, 2018;

Huseynov et al., 2019).

Based on the visual observation of the tomato
plants in the greenhouse, the larvae, as soon as
hatched, begin to feed between two epidermis
layers of leaves. Larvae mainly feed on the upper
part of the plant, leaves, flowers and shoots. It
was discovered in the study that the density of

the larvae was higher around the large veins of
the leaves, and they were able to be seen under
the transparent epithelium tissue without a
magnifying device. In terms of high larval
population, up to 10 larvae were found on a leaf,
depending on the first and second instar of the
larva and the area of the leaf axil. In damaged
leaves, shoots, and ripe fruits, the black granular
excrement of the larvae was clearly distinguished.

On the other hand, adults were active at night
and hide in dense vegetation during the day. As a
matter of fact, it was possible to see moths flying
in the daytime if the plants were touched. In case
of high population, the mass flight of adults

during the day can be observed as well.

Figure 2. Tuta absoluta damage in the tomato greenhouse in case of high population

Determination of the infestation of Tuta absoluta

In the study, along with the population
development of T. absoluta, the infestation rate
of the pest in tomato and eggplant greenhouses
was also studied (Figure 3).

In this context, the aboveground organs of the
plants selected randomly from different parts of
the greenhouse was analyzed in detail. The
infestation rate of T. absoluta in tomato
greenhouse was determined 30% at the beginning
of March while it was 66.7% in the middle of
March. The infestation rate reached to 100% on
April 12", These data indicate that the pest

infected all plants controlled in the greenhouse in
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a short time (Fig. 3).

In this way, it was determined that the rate of
infestation went up in parallel with the increase in
temperatures. As a matter of fact, Mamay and
Yanik (2012) reported that there is a strong direct
proportion between the infestation rate and the
temperature. Similarly, Hlseynov et al. (2019)
observed that as the temperature increased, the
population density and damage of the pest also
increased. Likewise, Zaid et al. (2019) reported
that the major factor was temperature and of the
targeted solanaceous species on the dynamics of
T. absoluta populations and on the dynamics of
plant infestations by the larval stages.
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Figure 3. Tuta absoluta infestation rate in tomato and eggplant greenhouse in Absheron during 2019

As can be seen in the Figure 3, the infestation
rate in the eggplant greenhouse was determined
approximately 10% at the beginning of March.
The infestation rate of T. absoluta increased over
two months with a short plateau phase by 40% in
18-23 March and 70% in 8-9 April. The pest
formed high infection on eggplant toward to the
end of April since the infestation rate was
reached 90% on April 15™. These data showed
that the pest caused high infestation on eggplant
(2017)
reported that the pest caused heavy defoliation

in Azerbaijan. Similarly, Sivakumar et al.

of crops in eggplant cultivation in southern of
India.

Comparing infestation rate of the pest in
tomato and eggplant greenhouses, it is seen
clearly that the damage of the pest in tomato and
eggplant greenhouse were different. In support of
this opinion; the infestation rate of T. absoluta in
the first week of March was exceeded 40% while
this ratio wasn’t reached to 20% in eggplant
greenhouse in the same date. Similarly, the pest
infestation rate in tomato greenhouse was 70%
on March 23™ while this ratio was determined in
eggplant greenhouse 15 days later (April 8t%).
Moreover, the infestation rate for tomato was
100% on April 12t while it was 96.7% for eggplant
on April 237, it is clear that the pest infected
tomatoes at a higher rate in earlier dates,
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however reached a significant infestation rate in
eggplant though in late date. In parallel with our
findings, Zaid et al. (2019) reported that tomato
chronologically the first crop attacked by T.
absoluta in Algeria. Similarly, a study concluded
that T. absoluta highest infestation level was on
tomato, followed by eggplant and other hosts in
Sudan and Egypt (Shehata et al., 2016; Idriss
Yagoup, 2019)

Although T. absoluta damaged all aboveground
organs of the plant (shoots, flowers, stems,
leaves, ripe and unripe fruits) the old leaves were
the main targets according to the observations in
the study. Thus,

application

when there is no control
against the pest during high
population all leaves can be dry and fall (Fig. 2).
As a result of infested with the pest, the
photosynthetic ability of green leaves decreased.
it
opened gallery inside the trunk and caused the

When the pest damaged the young plants,

plant to dry out in a short time. Tomato plants
became infected with saprophyte pathogens such
as fungi after damaged by T. absoluta severely.
The blackening and rotting images of ripe and
unripe fruits can be given as examples of these
infections.

According to our observations during the
study, it was discovered that the larvae often
enter from the part of the fruit closest to the
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calyx and large fruits are more damaged than

small fruits. Two rows of cherry tomatoes
(Solanum lycopersicum var. cerasiforme) were
also planted in the greenhouse. The pest
damaged the leaves of cherry tomato while the
fruits were remained undamaged.

In the study, it was monitored that the tip of
the plant and the flowers at the top were also the
most damaged parts of the tomato plant by T.

absoluta. As a matter of fact, similar damage

types have been expressed in previous study
(Bayrambekov, 2019). At first glance, yellow spots
on the leaves infected with the pest was

appeared. But on closer inspection, it was
understandable that it was dried epithelium after
the parenchyma of the leaf axil eaten by the larva
of the pest. As the number of larvae increases, so
does the dried area of the leaf axil, which consists

only of epithelium (Figure 2; 4).

\

Figure 4. Tuta absoluta damage on tomato leaf axil

Although it was noted that the pest damaged
the sweet pepper plant (Capsicum annum L.)
(Zharmukhamedova and Shlyakhtich, 2017),
pepper not damaged by T. absoluta
according to observations in this study.

was

Conclusions

As a pest of great economic importance, it was
inevitable to study the population density and the
infestation rate of T. absoluta. This is the first
study carried out in the tomato and the eggplant
greenhouses in the Republic of Azerbaijan. It has
been understood from the study that the pest
formed high population in tomato and eggplant
greenhouse specially in March. Similarly, the
infestation of the pest occurs chronologically first
on tomato then on eggplant. The pest caused
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significant damage on both hosts. To recapitulate
our results, it is recommended that T. absoluta
population development should be monitored in
in Azerbaijan,
appropriate

and besides
pest

the greenhouses
control applications,
management programs should be applied against
T. absoluta.
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(04

Calismalar; Elazig Merkez ve Orencay kéyiinde armut psilidi ile bulasik iki adet 1-3 déniimliik
armut bahgesinde gerceklestirilmis olup, zararlinin g farkh popilasyon yogunlugu (dusuk,
orta ve yiuksek) belirlenerek tg farkli donemde yapilmistir. Calismalarda; 1, 2, 3, 4, 7, 10 ve 14.
ginlerde sari yapiskan tuzaklara yakalanan Cacopsylla pyri L. (Hemiptera: Psyllidae)
bireylerinin sayimlari yapilmistir. Calismada; Sekiz farkli sari renk tonu kullanilmistir. Sayimlar
neticesinde; hangi sari renk tonunun C. pyri bireylerini daha fazla gektigi, tuzaklar arasinda
anlamli bir fark olup olmadigi, Kruskal Wallis ve Mann-Whitney U testleri ile belirlenmistir.
Ayrica; 14. giin sonunda tuzaklara yakalanan predatérler tespit edilmis ve hangi renk tonunun
daha fazla dogal diisman gektigi stitun grafikler yardimiyla ortaya konulmustur. Calismalar
neticesinde; 1023 tuzak kodlu sari renk tonunun zararl bireylerini en fazla, dogal dismanlari
ise en az cektigi tespit edilmistir. Bu renk tonunun; armut bahgelerinde C. pyri bireylerini
etkin olarak cektigi ve zararlarini 6nlemek amaciyla arastiricilar tarafindan bu konuda ileride
yapilacak detayli ¢calismalar neticesinde olumlu sonuglar alinabilecegi diistinilmektedir

Anahtar Kelimeler: Cacopsylla pyri, Sar yapiskan tuzak, Armut, Biyoteknik Miicadele,
Entegre Miicadele

ABSTRACT

The studies were carried out in damage by pear psilla 2 different 1-3 acres of pear orchards in
Elazig Center and Orencay villages the harmful low, medium and high population periods
were determined and carried out in 3 different periods. In the studies, Cacopsylla pyri L.
(Hemiptera: Psyllidae) individuals caught in traps on 1, 2, 3, 4, 7, 10 and 14 days were
counted. In the study; Eight different shades of yellow sticky traps are used. As a result of the
counts, it was determined by Kruskal Wallis and Mann-Whitney U tests whether there is a
significant difference between traps, which color attracts most C. pyri individuals. In addition,
at the end of the 14th day, natural enemies caught in the traps were identified and the color
graphics helped to determine which color tones attracted more predators. It has been
determined that the most harmful individuals of the yellow color tone with a trap code of
1023 are the least natural enemies. It is considered that this color tone effectively attracts C.
pyri individuals in the pear orchards and positive results can be obtained as a result of the
work to be done by the researchers in different numbers in order to prevent their harm.

Key Words: Cacopsylla pyri, Yellow sticky trap, Pear, Biotechnical control, IPM
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Giris

Armut, tlkemizde yetistirciligi yapilan yumusak

cekirdekli meyveler igerisinde Uretim miktar
acisindan elmadan sonra ikinci sirada gelmektedir.
Armut, diinyada elma kdltlrinin yayildigi hemen
yerde Ancak,

elmalara gore, sicaga ve kuraga karsi daha az

her yetistirilmektedir. armut
hassasiyet gosterdiginden Akdeniz’ in sicak iklimli
bolgelerinde ekonomik olarak
yetistirilebilmektedir (Butar, 2014).

Ulkemiz agisindan dnemli bir ihra¢ Uriini ve
bircok ailenin ge¢im kaynagl olan armudun
uretimi yillar igerisinde giderek artmig ve 2017 yili
sonu itibariyle 500 bin tonu asmistir. Ulkemizde
armut Uretimi toplam meyve lretimin yaklasik %
2.5'ni olusturmaktadir (Anonim, 2017).

Ancak ; Ulkemiz armut vyetistiriciligi igin son
derece uygun oldugu halde Uretim miktari istenen
dizeyde degildir. Bu durumun baslica sebepleri
hastaliklar, zararlilar ve armut bahcelerinde
yapilan yanlis zirai uygulamalardir. Bu sebepler
icerisinde; armut bahcgelerinin 6nemli zararhsi
olarak bilinen armut pisillidleri de bulunmaktadir.
Zararh konukcu olarak armut bitkisini tercih
etmekte ve esas zararini nimflerinin yaprak ve
yapmis
gostermektedir. Salgiladiklari tatlimsi maddeler ile

sirglnlerde oldugu emgilerle

fotosentezi engelleyerek (riin kayplarina yol
acmaktadir.  Armut pisillidlerinin yogunlugu ve
buna bagl olarak zararinin artmasinin belirli
nedenleri bulunmaktadir. Bunlar; tlkemiz iklim
sartlarinin zararlinin gelismesi i¢in uygun olmasi,
armut bahgelerinde asiri kimyasal uygulamasi
yapilmasi sonucunda zararlinin insektisit ve diger
ilaclara karsi dayanikhlik kazanmasi ve ilaglama
yapilan armut bahgelerinde uygulama dozunun
baski

predator

fazla olmasi nedeniyle zararliy altinda

tutmasi muhtemel olan ve

parazitoitlerinin azaltilmasi veya yok edilmesidir
(Erler, 2004). C. pyri yumurta ve nimflerinin

insektisitler kullanilarak miicadelesi yapilirken
pestisit secimine dikkat edilmeli ve bu
insektisitlerin sinirh bir sekilde kullanilmalari

gerekmektedir. Clnkl yogun pestisit kullanimi

zararhnin dogal dismanlari Uzerinde olumsuz
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etkiler yaratmaktadir (Nin ve ark., 2015).
Armut pisillidleri agaglarin sirgilinlerinde ve

yapraklarinda bitki 6zsuyunu emerek O6nemli

zararlar olusturmaktadirlar. Armut pisillidleri,
popilasyonlarinin  yogun oldugu durumlarda
armut bahgelerinde ciddi zararlar meydana

getirmektedir. Armut agaglarinin yapraklarinin
kurumasina ve dokilmesine, meyvelerin seklinin

bozulmasina ve kigiuk kalmasina sebep
olmaktadirlar. Zararlinin sebep oldugu bu
durumlar 6nemli ekonomik kayiplara neden

olmaktadir (Anonim, 2018)

C. pyri Ulkemiz armut yetistiricilig§inde 1980’li
yillarin basindan itibaren sorun olmaya baslamis
ve ilerleyen vyillarda da armut bahgelerinde
meydana getirdigi zararlar artarak devam etmistir.
Dilinyada Ulkemizde armut

ve pisillidlerinin

zararlarinin ~ 6nlenmesi ve populasyonlarinin
ekonomik zarar esiginin altinda tutulmasinda
kimyasal micadelenin tek basina yeterli olmadigi
anlasiimis ve diger miicadele yontemleriyle de bu
zararliyla miucadele yapilmistir. Bu yontemler
icerisinde yer alan biyoteknik miicadele insan ve
cevre saghg acisindan oldukca glivenli ve tire
ozel olusuyla dnem arz etmektedir. Ulkemizde de
biyoteknik micadele kapsaminda son vyillarda
tarimsal  Uretimde bircok zararliya karsi
popillasyon takibi, kitlesel yakalama, giftlesmeye
engelleme teknigi, cezbet ve oldir teknigi ile ilgili
bir cok calisma yapilmistir (imrek ve ark., 2016;
Mamay ve ark., 2016; Mamay ve Dag, 2016;
Mamay and Mutlu, 2019).

Zararhlarin belirli

boylarini tercih ettikleri bilinen bir durumdur

bircogunun Istkk  dalga
(Ozgen ve ark., 2020). Bu davranisi kullanan
bircok bocek zararlilarina karsi, izleme aracglari ve
kontrol stratejileri gelistirmek icin bitki koruma
alaninda calisan arastirmacilar tarafindan sari
yapiskan tuzaklarin (SYT) kullanimi 6nerilmektedir
(Mamay ve Yiicel, 2005; Sertkaya ve ark., 2009).
Sari  yapiskan tuzaklarda yakalanan zararl
ilk

ve

bireylerinin dogada gorilisleriyle,

poptulasyonlarinin artis azalislan
izlenebilmektedir. Ozellikle biyoteknik miicadele
zamaninin belirlenmesinde bu bilgiler buydk

onem arz etmektedir.
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Sari renkli tuzaklarin imalatinda sari tonlarina
dikkat edilmeden belirli
tuzaklar kullaniimaktadir. Bu tuzaklarin zararlinin

renk tonlarinda sari

dogal dismanini ne oranda ¢ektigi zararlinin
populasyonunu ne oranda azalttigi ile ilgili detayli

¢alismalar mevcut degildir. Ulkemizde
antepfistiklarinda  zararll  olan  Agonescena
pistaciae Burkhard & Lauterer (Antepfistig

psillasi)’ya karsi yapilan bir ¢alismada sari renkli
tuzaklarin farkli tonlarinin farkli oranda ¢ekim
etkinligine sahip oldugu belirlenmistir (Ozgen ve
ark., 2013, Ozgen ve ark., 2020).

Bu calisma armut bahcelerinin en oOnemli
zararlisi durumunda olan C. pyri'ye karsi farkl
dalga boylarindaki sari tuzaklarin ¢ekim etkinligini
belirleme Uzerine Elazig ilinde armut psillasi ile
bulasik bahgelerde yiritilmustir

Materyal ve Metot

Calismanin ana materyalini, Elazig Merkez ve
Orencay kéyiinde bulunan 1-3 dénimlik armut
bahgeleri, C. pyri erginleri, zararhnin dogal

20x25 cm ebadinda farkh dalga

boylarina sahip pleksiglas sari yapiskan tuzaklar,

dismanlari,

yapiskan madde (Tanglefoot tangle-trap),
steroskobik mikroskop (Euromex marka), falcon
tupler, kaltir kaplari, petri kaplari, demir tel,
spatula, stre¢ film ve diger malzemeler
olusturmustur.

Calismalarda kullanilan sari yapiskan tuzaklar,
Uzerinde 8 adet farkli ral koduna sahip sari renk
tonu bulunan ve 20x25 cm ebadinda olan bir
biyoteknik miicadele GriintGdir. Tuzagin lzerinde
bulunan farkh sari renk tonuna sahip levhalarin
Olglisti ise 7.5x5 cm’dir. Calismalarda kullanilan
tuzaklarin renk tonlari Standox marka boya
katalogundan secilmis olup Tirkiye’de 6zel bir
firma tarafindan tuzaklar
daha

bahcelerinde A. pistaciae zararlarini 6nlemek ve

hazirlanmistir.  Soz

konusu  tuzaklar once  antepfistigi
cekim etkinligini arastirmak amaciyla kullaniimis
olup bu zararliyi en fazla ¢ceken renk tonu ortaya
koyulmustur (Ozgen ve ark., 2013). Tuzaklarin
Uzerine her renk tonuna homojen olacak sekilde

dagilmak Uzere spatula yardimiyla vyapiskan

(Tanglefoot) stirtilmis ve bu sekilde kullaniimistir
(Sekil 1.) Tuzaklar calismalarin bittigi 14. gin
sonunda agaglardan sokllip Uzerleri temizlenip
stre¢ film cekildikten sonra tekrar kullanilmalari
icin hazir hale getirilmistir. Calimanin yapildigi
bahgelerde orta ve yiksek populasyon yogunlugu
kadar
Tuzaklar agaglara asilirken hem 6n yiziine hem de

olusana sayimlara devam edilmistir.

arka ylzune bireylerin yakalanmasi igin en
elverisli dallar segilmistir. Calismada kullanilan
farkh renk tonlarina sahip tuzaklarin kodlari ve

tuzaklarin adlari
(Cizelge 1.).

asagidaki tabloda verilmistir

V> e 7
Sekil 1. Calismalarda Kullanilan Farklh Dalga Boylarindaki Sari
Yapiskan Tuzak.
Figure 2. Yellow Sticky Trap of Different Wavelengths Used

in Studies.

Cizelge 1. Tuzak numaralari, Kodlari ve Adlari (Ozgen ve ark.,

2013).
Table 1. Trap numbers, Codes and Names (Ozgen et al.,
2013).
Tuzak Numarasi Kodu Tuzak Adi
Trap Number Code Trap Name
1 1021 Kadmiumgelb
2 1003 Signalgelb
3 1018 Zinkgelb
4 1016 Schwefelgelb
5 0,279 Scaniagelb
6 1012 Zitronengelb
7 1023 Werkehesgelb
8 1028 Melonengelb
Calisma duslik, orta ve vyiksek zararli
populasyonlarinda yarGtilmastar. Tim
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populasyon galismalari ayni bahgelerde
yuratilmustlr. Diguk populasyon ¢alismalari Zirai
Micadele Teknik talimatlarina (Anonim, 2007)
gore yapilan kontrollerde kiglayan dol erginlerinin
biraktigl yumurtalarin hemen hemen tamaminin
actlip ikinci ve Uglincli donem nimfler gorilmeye
%15’den fazlasinda
bulasma goérildigiinde yapilmistir.  Populasyon
takibi (Dustk
popilasyon) her iki lokasyonda da; 26.03.2018-
09.04.2018 tarihleri arasinda yuritilmustir. Orta

galismalar

basladigi ve sirglnlerin

ve tuzak etkinlik c¢alismalari

dizey populasyon ise yapilan
kontrollerde yumurtalarin acilmaya basladigi,
ikinci ve donem nimflerin

Uglincl yogun

bulundugu donemde gercgeklestirilmistir.
Populasyon takibi ve tuzak etkinlik ¢alismalari
(Orta popllasyon) 23.04.2018- 07.05.2018
tarihleri arasinda ylrtttlmdastur. Dastk ve orta
zararl populasyonu Elazig Merkeze bagli Orencay
koylinde vyuratalmustar. Yiksek dizey zararl
populasyon galismasi ise armut bahgesinde dogal
dismanlarin zararliyi baski altina almasindan ve
populasyonun c¢alismada istenilen yogunluga
ulasamamasindan dolayl 14.05.2018- 28.05.2018
tarihleri arasinda Elazig (Merkez)’de bulunan
armut bahcesinde yiritilmustir. Tuzaklar yerden
1.5 metre yulkseklige demir tel yardimiyla armut
bir
calismasinda, toplam 5 agaca asilan 5 tuzakta On

agaclarina  asilmistir.  Her populasyon
ve arka vylzlerdeki plakalara yakalanan zararl

bireyler sayilarak veriler degerlendirilmistir.
Tuzaklara yakalanan C. pyri bireylerinin sayimlari
tuzaklar asildiktan sonra 1, 2, 3, 4, 7, 10 ve 14.
glinlerde yapilmistir. Sayimlar neticesinde hangi
sari renk tonunun C. pyri bireylerini en ¢ok ¢ektigi,
tuzak renkleri arasinda anlamli bir fark olup
olmadigi Kruskal Wallis ve Mann- Whitney U testleri
ile ortaya koyulmustur. Ayrica 14. giin sonunda
tuzaklara yakalanan predatorler tespit edilmis ve
hangi renk tonunun daha fazla dogal diisman cektigi

tablo haline getirilerek ortaya koyulmustur.
Aragtirma Bulgular ve Tartisma
Diisiik seviye populasyon calismasi yapilan

bahcede tim tuzaklarin 6n ve arka yizlerinin
kontrollerinde, farkli sari renk tonlarina sahip
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tuzaklar karsilastirildiginda on ve arka vyuzlere
yakalanan birey sayilari agisindan istatistiki olarak
tuzaklar arasinda 2. ve 4. tuzagin 6n yuzu ile 5.
tuzagin arka yuzU harig, tim tuzak parametreleri
arasinda fark bulunmustur (Cizelge 2). Anlaml
farkin oldugu tuzaklarda yapilan istatistiki analiz
kodlari
etkinlikleri karsilagtirilmis ve 1023 tuzak koduna

sonucunda renk arasindaki  ¢ekim
sahip renk tonunun diger tiim tonlara gére daha
iyi bir cekim etkinligi gosterdigi ve aralarinda
istatistiki olarak anlamli bir fark (p<0.05) oldugu
sonucuna varilmistir (Cizelge 3-4). Sayim yapilan
tim glinlerde 1023 renk tonunun diger tonlara
gore sayica daha fazla C. pyri zararlisini ¢ektigi ve
daha etkin oldugu gorilmektedir. Calismanin
yapildigl her iki armut bahg¢esinde 3 dnemli dogal
disman olarak tespit edilen, Oenopia conglobata
(Linnaeus, 1758), Anthocoris nemoralis (Fabricius,
1794) ve Chrysopa sp. bireylerinin diger dogal
dismanlara oranla sayica daha fazla bulunduklari
tespit edilmistir. Diger dogal diismanlar olarak
belirlenen Tachinidae, Braconidae, Coccinellidae,
Syrphidae, Asilidae ve Ichneumonidae familyalarina
ait bireylerin ise g¢alismanin yapildigi armut
bahcesinde sayica az oldugu saptanmistir. Dislk
seviye populasyon yogunlugu calismasi sonucunda
tuzaklarin 6n ve arka yizine yakalanan Oenopia
conglobata bireylerinin sayimlari yapilmis olup O.
conglobata bireylerini en ¢ok ¢eken renk tonunun
0,279 tuzak kodlu (5 numaral tuzak) renk tonu
oldugu belirlenmistir.

Orta seviye zararh populasyonu calismasinda;
tekerrir tuzaklar arasindaki farkin belirlenmesine
yonelik yapilan analizde Cizelge 2 de gorildigi
lzere 6n ve arka ylzlere yakalanan birey sayilari
arasinda anlamh bir farkin olmadigi saptanmistir.
Ancak ©6n ve arka vylzlerde bulunan renk
kodlarinin ¢ekim farkhliginin ortaya konulmasi
calismasinda Mann Whitney U testine gore tim
tuzaklarla 1023 tuzak koduna sahip renk tonunun
diger tim tonlara gore daha iyi bir cekim etkinligi
gosterdigi rakamsal olarak belirlenmis ve Tablo 5
ve 6 de yer alan 3. Tuzak 6nyliz, 3., 4. ve 5. Tuzak
arka vyuz testlerinde kirmizi ile isaretli olan
tuzaklar arasinda istatistiki olarak anlaml bir fark

(p <0.05) oldugu sonucuna varilmistir
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Cizelge 2. Elazig ili armut bahgesinde dislik, orta, yiksek Cacopsilla pyri popilasyonlarinin farkli sari renk kodundaki

tuzaklarinda 6n ve arka yuzlerindeki yakalanan birey sayilarinin Kruskal Wallis Testi ile farklari (6n ytiz/arka ylz
farklari).

Table 2. The differences of individuals captured on front and back sides of different yellow color code traps with Kruskal Wallis

Test in low, medium, high Cacopsilla pyri populations in Elazi§ province in pear orchards

Test istatistikleri®®
Statistical outputs®®

Yakalanan | Yakalanan ngalanan ngalanan ngalanan Yakalanan|Yakalanan|Yakalanan| Yakalana |Yakalanan
. . birey arka | birey arka | birey arka |, : . - . . . . . - ..
Test birey arka 1 |birey arka 2 3 4 5 birey 6n 1|birey 6n 2|birey 6n 3|birey 6n 4|birey 6n 5
Captured | Captured Captured | Captured | Captured | Captured | Captured
Test e e Captured | Captured | Captured |. . . L e o L
individuals | individuals .~ . L o individualslindividualsjindividualsiindividualsiindividuals|
back 1 back 2 individuals individuals| individuals front 1 front2 | front3 | front4 | front5
back 3 back 2 back 3
Disiik popiilasyon
Low population
KT 16,557 16,803 | 19,930 | 14,907 | 13,215 | 18314 | 12,774 | 15,235 | 12,574 | 15,921
Chi-Square
df 7 7 7 7 7 7 7 7 7 7
P Degeri ,020 ,019 ,006 ,037 ,067 ,011 ,078 ,033 ,083 ,026
P value
Orta popiilasyon
Medium population
KRG 5,656 5,687 10,927 | 7,909 7,172 | 5568 | 5529 | 8624 | 5799 | 4,006
Chi-Square
df 7 7 7 7 7 7 7 7 7 7
P Degeri ,580 577 ,142 1341 411 ,591 ,596 ,281 563 779
P value
Yiiksek popiilasyon
High population
Kl—!(are 7,122 8,511 8,790 8,160 9,122 3,032 3,178 4,421 3,767 6,389
Chi-Square
df 7 7 7 7 7 7 7 7 7 7
P Degeri 416 1290 1268 1319 ,244 ,882 ,868 ,730 ,806 ,495
P value

a. Kruskal Wallis Test

b. Grouping variable: Tuzak_kodu (Trap code)

c. On yiiz: Tuzagin agac disina bakan kismi (Front side)
d: Arka yiz: Agag icine bakan kismi (Back side)

Yiksek zararli populasyonu calismasinda ise
tekerrir tuzaklar arasindaki farkin belirlenmesine
yonelik yapilan analizde 6n ve arka vylzlere
yakalanan birey sayilari arasinda sayisal olarak
belirgin bir fark olmasina ragmen istatistiki olarak
anlamli bir farkin olmadigi saptanmis, 6n ve arka
yluzlerde bulunan renk kodlarinin  ¢ekim
farklihginin ortaya konulmasi calismasinda Mann
Whitney U testine gore tim tuzaklarla 1023 tuzak
koduna sahip renk tonunun diger tim tonlara
gore daha iyi bir cekim etkinligi gosterdigi ve
Cizelge 8 de yer alan kirmizi ile isaretli olan
tuzaklar arasinda istatistiki olarak anlaml bir fark
(p <0.05) oldugu sonucuna varilmistir. Calismada
kullanilan tuzak caplarinin kiiclik olmasi, orta ve
yikek populasyona sahip olan dénemlerde
istatistiki olarak dnemli farkin olmamasina neden

olmus, bu populasyonlarda yapilacak galismalarda

tuzak caplarinin biyuklGglu ve yoney calismalari
ile cesitlendirmesi gerekligi kanisina variimistir.
Tim zararl populasyonunda dogal
dismanlarin ¢ekim etkinliklerinin belirlenmesine
yonelik yapilan c¢alismada ise ; toplam dogal
dismanlarin sayimlari ayri ayri yapilip en sonunda
birlestirilmis ve toplam dogal diismanlar olarak
situn grafiklere gecirilmistir. Toplam dogal
dismanlari sayica en c¢ok ceken renk tonu ise
0,279 tuzak kodlu (5 numaral tuzak) renk tonu
Bu

calismasi neticesinde dogal diismanlari en cok

olmustur. baglamda dislik popllasyon
ceken renk tonu olarak 0,279 tuzak kodlu (5
numarali tuzak) renk tonu 6n plana c¢ikmistir. A.
nemoralis dogal dismanini en ¢ok ceken renk
tonunun 1003 ve 1012 tuzak koduna sahip renk

tonu oldugu belirlenmistir.
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Cizelge 3. Cacopsilla pyri diisiik populasyon ¢alismasina ait sonuglar (On yiiz Mann-Whitney U Testi).
Table 3. Results of Low Population of Cacopsilla pyri study (Front Side Mann-Whitney U Test).
Test Statistics

T1021 1023 T1003 1023 T1018 1023 T1016 1023 T0279 1023 T1012 1023 T1028 1023
1. Tuzak 6nyiz
1. Trap front side
Mann-Whitney U 13,500 10,500 8,000 15,000 8,000 10,000 13,000
Wilcoxon W 41,500 38,500 36,000 43,000 36,000 38,000 41,000
yA -1,410 -1,795 -2,115 -1,217 -2,122 -1,859 -1,474
P Degeri ,158 ,073 ,034 ,224 ,034 ,063 ,140
P value
2. Tuzak 6n yuz
2. Trap front side
Mann-Whitney U 8,000 4,500 4,500 8,000 5,500 4,500 6,500
Wilcoxon W 36,000 32,500 32,500 36,000 33,500 32,500 34,500
Z -2,113 -2,570 -2,564 -2,111 -2,436 -2,561 -2,310
P Degeri ,035 ,010 ,010 ,035 ,015 ,010 ,021
P value
3. Tuzak 6n yuz
3. Trap front side
Mann-Whitney U 7,500 5,000 5,000 8,500 7,000 5,500 9,000
Wilcoxon W 35,500 33,000 33,000 36,500 35,000 33,500 37,000
Z -2,182 -2,508 -2,503 -2,058 -2,243 -2,441 -1,994
P Degeri ,029 ,012 ,012 ,040 ,025 ,015 ,046
P value
4. Tuzak on ylz
4. Trap front side
Mann-Whitney U 6,500 4,500 4,500 6,500 2,500 4,500 6,500
Wilcoxon W 34,500 32,500 32,500 34,500 30,500 32,500 34,500
Z -2,313 -2,570 -2,567 -2,313 -2,830 -2,570 -2,310
P Degeri ,021 ,010 ,010 ,021 ,005 ,010 ,021
P value
5. Tuzak 6n yiz
5. Trap front side
Mann-Whitney U 7,500 5,000 7,500 8,500 4,000 5,500 9,500
Wilcoxon W 35,500 33,000 35,500 36,500 32,000 33,500 37,500
z -2,182 -2,508 -2,182 -2,051 -2,631 -2,438 -1,921
P Degeri ,029 ,012 ,029 ,040 ,009 ,015 ,055
P value
Cizelge 4. Duslik seviye zararh populasyon ¢alismasina ait sonuglar (arka yiiz Mann-Whitney U Testi)
Table 4. Results of low population of Cacopsilla pyri study (back side Mann-Whitney U Test).
Test statistics
T1021 1023 T1003 1023 T1018 1023 T1016 1023 T0279 1023 T1012 1023 T1028 1023
1. Tuzak arka yuz
1. Trap back side
Mann-Whitney U 5,000 4,000 3,000 11,000 3,000 6,000 8,000
Wilcoxon W 33,000 32,000 31,000 39,000 31,000 34,000 36,000
Z -2,508 -2,655 -2,759 -1,736 -2,759 -2,372 -2,115
P Degeri ,012 ,008 ,006 ,082 ,006 ,018 ,034
Pvalue
2. Tuzak arka yuz
2. Trap back side
Mann-Whitney U 6,000 4,000 3,000 10,000 3,000 6,000 7,500
Wilcoxon W 34,000 32,000 31,000 38,000 31,000 34,000 35,500
z -2,380 -2,631 -2,759 -1,859 -2,759 -2,372 -2,187
P Degeri ,017 ,009 ,006 ,063 ,006 ,018 ,029
Pvalue
3. Tuzak arka yiz
3. Trap back side
Mann-Whitney U 8,000 4,000 5,000 13,000 3,000 7,000 10,500
Wilcoxon W 36,000 32,000 33,000 41,000 31,000 35,000 38,500
z -2,115 -2,631 -2,508 -1,473 -2,759 -2,253 -1,793
P Degeri ,034 ,009 ,012 ,141 ,006 ,024 ,073
P value
4. Tuzak arka ylz
4. Trap back side
Mann-Whitney U 8,000 4,500 6,000 7,500 3,000 4,500 6,000
Wilcoxon W 36,000 32,500 34,000 35,500 31,000 32,500 34,000
z -2,120 -2,573 -2,372 -2,187 -2,759 -2,570 -2,372
P Degeri ,034 ,010 ,018 ,029 ,006 ,010 ,018
P value
5. Tuzak arka yuz
5. Trap back side
Mann-Whitney U 6,500 4,500 6,000 8,000 2,000 5,000 8,000
Wilcoxon W 34,500 32,500 34,000 36,000 30,000 33,000 36,000
z -2,310 -2,567 -2,372 -2,118 -2,894 -2,500 -2,120
P Degeri ,021 ,010 ,018 ,034 ,004 ,012 ,034
P value
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Cizelge 5. Orta seviye zararli populasyon galismasina ait sonuglar (6n yliz Mann-Whitney U Testi)
Table 5. Results of medium population of Cacopsilla pyri study (front side Mann-Whitney U Test).
Test statistics
T1021 1023 T1003 1023 T1018 1023 T1016 1023 T0279 1023 T1012 1023 T1028 1023

1. Tuzak on ylz
1. Trap front side

Mann-Whitney U 12,500 14,000 10,000 16,500 14,500 11,500 16,000
Wilcoxon W 40,500 42,000 38,000 44,500 42,500 39,500 44,000
VA -1,535 -1,342 -1,853 -1,023 -1,279 -1,663 -1,088
P Degeri ,125 ,180 ,064 ,306 ,201 ,096 ,276

P value

2. Tuzak 6n yuz
2. Trap front side

Mann-Whitney U 16,000 13,000 13,500 17,000 12,000 9,500 16,000
Wilcoxon W 44,000 41,000 41,500 45,000 40,000 37,500 44,000
VA -1,088 -1,473 -1,407 -,958 -1,601 -1,923 -1,088
P Degeri ,276 ,141 ,159 ,338 ,109 ,054 ,276

P value

3. Tuzak 6n yuz
3. Trap front side

Mann-Whitney U 10,500 7,500 11,000 14,500 7,000 11,000 9,500
Wilcoxon W 38,500 35,500 39,000 42,500 35,000 39,000 37,500
Z -1,791 -2,175 -1,729 -1,279 -2,241 -1,725 -1,919
P Degeri ,073 ,030 ,084 ,201 ,025 ,085 ,055

P value

4. Tuzak on yuz
4. Trap front side

Mann-Whitney U 11,000 10,500 18,000 13,500 13,000 11,500 14,000
Wilcoxon W 39,000 38,500 46,000 41,500 41,000 39,500 42,000
Z -1,729 -1,791 -,834 -1,407 -1,473 -1,667 -1,345
P Degeri ,084 ,073 ,404 ,159 ,141 ,096 ,179

P value

5. Tuzak 6n ylz
5. Trap front side

Mann-Whitney U 16,500 14,000 16,000 18,000 13,000 14,500 12,500
Wilcoxon W 44,500 42,000 44,000 46,000 41,000 42,500 40,500
z -1,023 -1,345 -1,086 -,832 -1,473 -1,279 -1,535
P Degeri ,306 ,179 ,277 ,405 ,141 ,201 ,125

P value

Cizelge 6. Orta seviye zararli populasyon galismasina ait sonuglar (arka yiz Mann-Whitney U Testi)
Table 6. Results of medium population of Cacopsilla pyri study (back side Mann-Whitney U Test).
Test statistics
T1021 1023 T1003 1023 T1018 1023 T1016 1023 T0279 1023 T1012 1023 T1028 1023

1. Tuzak arka yiz
1. Trap back side

Mann-Whitney U 12,500 10,500 12,500 18,000 10,500 15,000 15,000
Wilcoxon W 40,500 38,500 40,500 46,000 38,500 43,000 43,000
Z -1,542 -1,791 -1,538 -,834 -1,791 -1,214 -1,217
P Degeri ,123 ,073 ,124 ,404 ,073 ,225 ,224

P value

2. Tuzak arka yuz
2. Trap back side

Mann-Whitney U 14,500 12,000 10,500 17,000 10,500 14,000 14,000
Wilcoxon W 42,500 40,000 38,500 45,000 38,500 42,000 42,000
Z -1,279 -1,604 -1,791 -,963 -1,791 -1,348 -1,345
P Degeri ,201 ,109 ,073 ,336 ,073 ,178 ,179

P value

3. Tuzak arka yuz
3. Trap back side

Mann-Whitney U 10,000 6,500 9,000 12,000 5,000 6,500 10,000
Wilcoxon W 38,000 34,500 37,000 40,000 33,000 34,500 38,000
z -1,853 -2,302 -1,989 -1,601 -2,497 -2,302 -1,853
P Degeri ,064 ,021 ,047 ,109 ,013 ,021 ,064

P value

4. Tuzak arka yuz
4. Trap back side

Mann-Whitney U 10,500 8,000 11,000 14,000 6,500 10,500 11,000
Wilcoxon W 38,500 36,000 39,000 42,000 34,500 38,500 39,000
z -1,791 -2,113 -1,729 -1,345 -2,308 -1,791 -1,729
P Degeri ,073 ,035 ,084 ,179 ,021 ,073 ,084

P value

5. Tuzak arka yuz
5. Trap back side

Mann-Whitney U 11,500 9,500 10,500 12,500 8,500 9,500 11,000
Wilcoxon W 39,500 37,500 38,500 40,500 36,500 37,500 39,000
z -1,667 -1,919 -1,791 -1,538 -2,051 -1,923 -1,725
P Degeri ,096 ,055 ,073 ,124 ,040 ,054 ,085

P value
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Cizelge 7. Yiksek populasyon galismasina ait sonuglar (6n yiiz Mann-Whitney U Testi)
Table 7. Results of high population of Cacopsilla pyri study (front side Mann-Whitney U Test).
Test statistics
T1021 1023 T1003 1023 T1018 1023 T1016 1023 TO0279 1023 T1012 1023 T1028 1023

1. Tuzak 6n ylz
1. Trap front side

Mann-Whitney U 13,000 15,500 18,000 19,500 19,500 17,000 13,000
Wilcoxon W 41,000 43,500 46,000 47,500 47,500 45,000 41,000
z -1,469 -1,151 -,831 -,641 -,640 -,960 -1,469
P Degeri ,142 ,250 ,406 ,522 ,522 ,337 ,142

P value

2. Tuzak on ylz
2. Trap front side

Mann-Whitney U 15,000 16,500 20,000 21,000 21,500 21,000 17,000
Wilcoxon W 43,000 44,500 48,000 49,000 49,500 49,000 45,000
z -1,214 -1,023 -,575 -,447 -,384 -,447 -,960
P Degeri ,225 ,306 ,565 ,655 ,701 ,655 ,337
P value

3. Tuzak on ylz
3. Trap front side

Mann-Whitney U 12,500 16,500 17,000 17,000 17,000 16,500 12,000
Wilcoxon W 40,500 44,500 45,000 45,000 45,000 44,500 40,000
VA -1,535 -1,023 -,960 -,958 -,958 -1,023 -1,597
P Degeri ,125 ,306 ,337 ,338 ,338 ,306 ,110

P value

4. Tuzak on ylz
4. Trap front side

Mann-Whitney U 13,500 14,000 18,500 18,000 19,000 18,000 13,000
Wilcoxon W 41,500 42,000 46,500 46,000 47,000 46,000 41,000
Z -1,407 -1,342 -, 767 -,831 -,703 -,831 -1,473
P Degeri ,159 ,180 ,443 ,406 ,482 ,406 ,141

P value

5. Tuzak 6n yuz
5. Trap front side

Mann-Whitney U 12,000 12,000 12,000 12,500 11,000 13,000 10,500
Wilcoxon W 40,000 40,000 40,000 40,500 39,000 41,000 38,500
Z -1,597 -1,597 -1,597 -1,535 -1,725 -1,469 -1,791
P Degeri ,110 ,110 ,110 ,125 ,085 ,142 ,073

P value

Cizelge 8. Yuksek populasyon galismasina ait sonuglar (arka yiiz Mann-Whitney U Testi)
Table 8. Results of high population of Cacopsilla pyri study (back side Mann-Whitney U Test).
Test statistics
T1021 1023 T1003 1023 T1018 1023 T1016 1023 TO0279 1023 T1012 1023 T1028 1023

1. Tuzak arka yuz
1. Trap back side

Mann-Whitney U 11,500 15,000 11,500 15,500 12,000 13,000 8,000
Wilcoxon W 39,500 43,000 39,500 43,500 40,000 41,000 36,000
Z -1,663 -1,217 -1,663 -1,151 -1,597 -1,473 -2,108
P Degeri ,096 ,224 ,096 ,250 ,110 ,141 ,035
P value

2. Tuzak arka yiz
2. Trap back side

Mann-Whitney U 9,500 16,000 10,500 18,000 13,000 12,000 9,000
Wilcoxon W 37,500 44,000 38,500 46,000 41,000 40,000 37,000
VA -1,919 -1,086 -1,791 -,831 -1,469 -1,597 -1,981
P Degeri ,055 ,277 ,073 ,406 ,142 ,110 ,048
P value

3. Tuzak arka yiz
3. Trap back side

Mann-Whitney U 9,000 12,000 9,500 15,000 10,000 9,500 7,500
Wilcoxon W 37,000 40,000 37,500 43,000 38,000 37,500 35,500
VA -1,981 -1,597 -1,919 -1,217 -1,853 -1,919 -2,175
P Degeri ,048 ,110 ,055 ,224 ,064 ,055 ,030
P value

4. Tuzak arka yuz
4. Trap back side

Mann-Whitney U 12,500 12,000 9,500 15,000 9,500 10,000 7,000
Wilcoxon W 40,500 40,000 37,500 43,000 37,500 38,000 35,000
Z -1.535 -1.601 -1.919 -1.214 -1.919 -1.853 -2.241
P Degeri ,125 ,109 ,055 ,225 ,055 ,064 ,025
P value

5. Tuzak arka ylz
5. Trap back side

Mann-Whitney U 8.500 9.500 11.000 14.500 7.500 11.000 6.000
Wilcoxon W 36.500 37.500 39.000 42.500 35.500 39.000 34.000
Z -2.047 -1.923 -1.725 -1.279 -2.175 -1.725 -2.364
P Degeri ,041 ,054 ,085 ,201 ,030 ,085 ,018
P value
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Calisma sonucunda; Chrysopa bireylerinin
sayimlari yapilmis olup, Chrysopa sp. (Neuroptera:
bir
tonuna karsi yogun olarak bir egilim gostermedigi
Bu

poptlasyon calismasinda Chrysopa bireyleri igin

Chyrsopidae) bireylerinin herhangi renk

belirlenmistir. durumdan dolayr duasuk

herhangi bir sari renk tonu 6n plana gikmamistir.

Sonuglar

Sonug olarak; disik popilasyon g¢alismasinda
C. pyri bireylerini en ¢ok ¢eken sari renk tonu
1023 tuzak koduna sahip 7 numaral tuzak
(Cizelge 3-8)

glinlerde de bu renk tonu zararliyi en ¢ok ¢eken

olmustur Sayim yapilan tim
ton olmustur. Ayrica yapilan istatistiki analizler
neticesinde; 1023 kodlu tuzagin diger tuzaklarla
arasindaki fark onemli bulunmustur. Calismada,
Oenopia conglobata (Coleoptera: Coccinellidae)
bireylerini en ¢cok ¢eken renk tonu olarak 0,279
tuzak koduna sahip 5 numaral tuzak olarak 6n
Anthocoris nemoralis

plana citkmistir.

(Heteroptera: Hemiptera: Anthocoridae)
bireylerini ise en ¢ok 1003 tuzak kodlu 2 numaral
tuzak cekmistir. Chrysopa sp. bireylerinin belirli
bir renk tonunda yogunlasmadigl ve nispeten
bir
sonucuna varilmistir. Toplam dogal dismanlari

homojen dagilimla tuzaklara yakalandigi
ise; en ¢ok 0,279 tuzak koduna sahip 5 numaral
tuzak cekmistir. Orta popllasyon calismasinda da
C. pyri bireylerini en ¢ok c¢ceken sari renk tonu
olarak 1023 tuzak kodlu 7 numaral tuzagin
oldugu gorilmektedir. 1023 tuzak koduna sahip
renk tonu istatistiki analizlerde diger tuzaklara
karsi onemli bir fark ortaya koymasada sayimlar
ve sltun grafikler neticesinde miktar olarak diger
daha

Predatorlerden;

zararl
0.
bireyleri; calismanin yapildigi armut bahcesinde

tuzaklardan fazla bireylerini

yakalamistir. conglobata
oldukca yogun bulunmus ve bu bireyleri en ¢ok
ceken renk tonu ise 0,279 tuzak koduna sahip 5
numarali tuzak olmustur. A. nemoralis bireylerini
ise 1003 ve 1012 tuzak kodlu 2 ve 6 numaral
tuzaklar ¢cekmistir. Chrysopa sp. bireylerinin belirli
bir renk tonunda yogunlasmadigi ve herhangi bir
renk tonunun 6n plana cikmadigl belirlenmistir.
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Toplam predatorleri ise, en ¢ok 0,279 tuzak
koduna sahip 5 numarali tuzak gekmistir. Yiksek
poptlasyon calismasinda; C. pyri bireylerini en ¢ok
ceken sari renk tonu 1023 tuzak koduna sahip 7
numarali tuzak olmustur. Sayimlar siresince de
bu renk tonu 6n plana ¢ikmistir. Kodlar igerisinde;
1023 tuzak koduna sahip renk tonu istatistiki
analizlerde diger tuzaklara karsi énemli bir fark
ortaya koymasada sayimlar ve situn grafikler
neticesinde miktar olarak diger tuzaklardan daha
fazla zararli bireylerini yakaladig1 gdzlemlenmistir.
Onemli predatérlerden birisi olan, O. conglobata
bireylerini diger calismalarda oldugu gibi en cok
ceken renk tonu olarak 0,279 tuzak koduna sahip
5 numaralh tuzak olmustur. Anthocoris nemoralis
bireylerini ise orta popllasyon c¢alismasinda
oldugu gibi 1003 ve 1012 tuzak kodlu 2 ve 6
tuzaklar  ¢ekmistir. sp.

belirli bir tonunda
yogunlasmadigi ve 6nceki calismalarda oldugu gibi

numarali Chrysopa

bireylerinin renk
her tuzaga hemen hemen ayni sayida yakalandigi
sonucuna varilmistir. Toplam dogal diismanlari ise
en cok ¢ceken 0,279 tuzak koduna sahip 5 numarali
tuzak olmustur. Calismalar neticesinde; C. pyri
bireyleri sari rengin her tonuna belirli miktarlarda
yakalanmistir. Farkh renk tonlarina sahip her bir
tuzagin ebadi 7.5x5 cm’dir. Sari yapiskan tuzagin
ebadi ise 20x25 cm’dir. Tuzaklarin alanlari sirasiyla
37.5 cm? ve 500 cm?dir. Bu noktada dusik
populasyon yogunluguna ve Ekonomik Zarar
Esigine gore bir oran/ oranti yapildiginda 37.5 cm?
alana 30 birey yakalanirsa 500 cm? alana 400
zararh bireyinin yakalanacagl sonucuna teorik
olarak varilmaktadir. Bu hesaplama dogru renk
tonu kullanildigin zaman zararh bireylerinin etkin

olarak yakalanabilecegini ortaya koymaktadir.

ilgili
tonunun kullanilmasi gerekliligi sonucuna varilmis

Dogal dismanlarla olarak dogru renk
olup tirlere 6zgl olarak farkli renk tonlarinin

secilebilecegi ortaya koyulmustur. Calisma
kapsaminda kullanilan diger renk tonarinin da
belli oranda c¢ekim etkinlikleri oldugu bu renk
da

gerekmektedir.

tonlariyla calismalarin  cesitlendirilmesi
Genel sonug¢ olarak armut bahcelerinin ana

zararhisi durumunda olan C. pyri bireylerini her Ug¢
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calismada da en ¢ok ¢ceken renk tonu 1023 tuzak
koduna sahip 7 numarali tuzak olmustur. Bu renk
tonu dogal dismanlarida az sayida ¢ekmistir ve
zararhy! en fazla yararhlari da en az ceken renk
Bu
bahcelerinde C. pyri bireylerini etkin olarak ¢ektigi

tonu olmustur. renk tonunun; armut

ve zararlarini  Onlemek amaciyla Ureticiler
tarafindan farkli sayida asilarak yapilacak
calismalar neticesinde Umitvar sonuclar
alinabilecegi kanisini icermektedir. Bu renk

tonunu kullanarak C. pyri bireylerinin zararlarinin
disik populasyon yogunlugunda, Ekonomik Zarar
Esiginin altina dusurilebilecegi ve bu sayede
kaliteli
amaclanmaktadir.

armut Uretiminin yapilmasi

Ayrica orta ve yilksek
populasyonda zararliyi ¢cekim etkinligi yakalansa
da zarar gérmuis yaprak ve sirglinler gbz online
alindiginda agag¢ basina asilacak tuzak sayilari ve
ebatlari ile birlikte yapilacak etkinlik ¢alismalariyla
daha net sonuglarin alinabilecegi varsayilmaktadir.
Tim bu sonuglar degerlendirildiginde ¢alismanin
katkilar  yapacagi

yillarda yapilacak

tlke ekonomisine olumlu

disunilmektedir.  ilerki
calismalarla; ¢ekim etkinligi fazla olan renk tonunun
ticarilestirilmesi ve patentinin alinmasi amaciyla

cesitli calismalarin yapilmasi planlanmaktadir.
Ekler

Bu calisma, Akif Emre KAVAK'In Ylksek Lisans
Tezinin bir kismindan yararlanarak hazirlanmistir.
Calismamizi destekleyen Firat Universitesi Bilimsel
(FUBAP)
Cacopsylla pyri tanisini yapan David Ouvrard
ANSES Plant Health Laboratory (France) tesekkir
ederiz.

Cikar Catismasi Makale
aralarinda herhangi bir ¢ikar catismasi olmadigini

Arastirmalar  Birimi birimine ve

Beyani:

yazarlari

beyan ederler.
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Introduction 2001). It is known as drumstick tree from the

appearance of long, slender and triangular seed

Moringa oleifera plant is the most widely pods (Fahey, 2005; Mishra et al., 2012). The tree

cultivated specie of the genus Moringa (Fuglie, is slender and with drooping branches that grow
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to approximately 10 m in height. In cultivation, it
is often cutback annually to 1-2 m and can re-
grow, so the pods and leaves remain within arm’s
reach (Fuglie, 2001). The tree is rich in iron,
potassium, calcium, zinc, magnesium, and are rich
in useful vitamins approximately four times the
amount found in carrot (Fahey, 2005). Almost
every part of the Moringa oleifera is of benefit, no
part of the plant is useless as both humans and
animals have one thing or the other to gain from
the plant (Armha et al., 2019). For example, the
foliage is eaten green as salad, in vegetable
curries, as pickles and for seasoning. The seeds
yield 38-40% of non-drying oil, known as Ben oil,
and is used in arts for lubricating machines and
other delicate machinery. The oil is edible and can
be used to manufacture perfumes. The roots can
be shredded and used as a condiment but
contains a potentially fatal nerve paralyzing agent
called spirochim (Armha et al., 2019).

The storage and processing of the Irvingia
gabonensis is usually a challenge due to its short
shelf-life resulting from the high amount of
moisture present in the fresh product. Also, the
plant requires its natural habitat to thrive, and is
seasonal (Armha et al.,, 2019). This makes its
scarce especially during certain period. Thus, the
postharvest preservation of the product is
essential to ensure its availability for a later use
(Fadeyibi et al.,2020). The powder can be used to
make delicious meals as well as to preserve and
store food for an extended storage life (Armha et
al., 2019; Fuglie, 2001). As a way of preservation,
the product can be dried to remove the excess
moisture that can cause deterioration and then
ground into powder. The powdered irvingia
gabonensis can be guaranteed to last longer in
the shelf and can be available whenever needed.
There is therefore the need to transform the
product into powder to actualize this.

Application of different parts of moringa
olifera plant to the storability of most agricultural
products have been reported. For instance,
Adegbehingbe et al. (2017) studied the effect of
fermentation on the nutrient and anti-nutrient
contents of Irvingia gabonensis seed and reported
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that fermentation enhances the nutritional value
of the seed. Although, Chuku (2017) reported the
ability of powdered moringa leaf to extend the
shelf-life of Irvingia gabonensis, the effects of the
botanical concentration and storage materials on
the quality attributes of the product have not
been reported. There is therefore the need to
deficit gaps by
investigating the essential and commercial values

address these knowledge
of the product above its physiological storage
condition. This research was carried out to
determine the effects of moringa parts, botanical
concentration and storage materials on the
nutritional and microbial quality attributes of the
Irvingia gabonensis, such as the proximate values,
bacteria and fungi loads over a given storage

period above its physiological storage condition.

Materials and Methods

Materials and sample preparation

A 5 kg of freshly harvested Irvingia gabonensis
seed was purchased from lIpata market in llorin,
Kwara State. The kernels were manually cleaned
to remove impurity like chaffs and stones. The
cleaned kernels were transported to the Plant
Biology Department of the University of llorin,
llorin, Nigeria, for experimentation. The product
was dried and ground into powder; and the
moisture content maintained at 24.5% (wb). A
fresh Moringa plant part (leaf, seed and bark) was
harvested from a matured Moringa plant in the
University of llorin farm for this research. The
plant parts were washed and rinse in distilled
water; and dried at ambient temperature for 7
days to 12.8% (wb) (Chuku 2017). The powdered
samples of the moringa plant parts were
prepared by grounding the dried products using a
blender, and then sieved to obtain finer materials

of approximately 200 um particle size.

Storage procedure and experimental design

A Completely Randomized Design (CRD) was
used to investigate the degree of associated error
with
namely,

respect to the experimental variables

the moringa plant parts, storage
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materials and the concentration of the botanicals.

The powdered moringa parts were mixed
thoroughly together with the powdered Irvingia
gabonensis to give a varying concentration of the
botanicals as 10 ppm, 15 ppm and 20 ppm. These
were then stored in three different storage
mediums, namely calabash, sisal sack and jute

sack, for a period of 3 months.

Determination of nutritional and microbial quality
parameters of the seed

The moisture, crude fat, ash, protein, crude
fiber and carbohydrate contents of the samples of
the treated Irvingia gabonensis were determined,
at 1 month storage interval, using the chemical
analytical procedure reported by AOAC (2000).
The total coliform counts, total viable counts and
fungi count were also determined using the Pour
Plate method of determining microbial qualities
(Fadeyibi et al.,2017; Fadeyibi et al.,2020).

Statistical analysis

Data obtained from the experiments were
subjected to statistical analysis of variance using
SPSS ver. 20.0 for the measured parameters; and
Duncan’s New Multiple Range Test (DNMRT) was
used to find the difference in means of botanical
type, storage type, botanical concentration and
their interactions over the range of the botanical
concentration and type storage material used.

Results and Discussion

Effect of storage parameters on proximate
composition

The effect moisture content on the proximate
composition of the stored powdered Irvingia
gabonensis are shown in Figures 1 — 3. The effect
of the moisture content of the product on the
botanical concentration were not the same for all
the samples. We observed that the moisture
content of the product treated with moringa leaf
decreased with the botanical concentration
(Figure 2). However, this increases for the product
treated with the moringa seed and bark, as shown

in Figures 1 and 3. This behavior may be
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associated with the presence of cracks and holes
in the storage materials, which could serve as
points of moisture migration to the surrounding
during storage (Karim et al., 2005). This agrees
with the findings of Noorka and da Silva (2012)
who reported a significant moisture lost during
the storage of wheat using a plastic container.
The amount of moisture in the product stored
using the powdered moringa seed was higher
than those from the powdered leaf and bark of
the plant. The hygroscopic nature of the seed
might be responsible for this observed difference
(Chuku, 2017). The higher the
concentration, the better the moisture retained

botanical

by the Irvingia gabonensis in storage.

The fat content of the product in the jute sack
increases with an increase in the botanical
concentration when treated with the powdered
moringa seed, as shown in Figure 1. However, this
decreases with the botanical concentration when
treated with the powdered moringa leaf and bark,
as shown in Figures 2 and 3. A decrease in the fat
content was generally observed across other
in the

supports the

storage materials with an increase
This
findings of Onojah et al. (2018), who reported a

botanical concentration.
decrease in the fat content of Irvingia gabonensis
with an increase in the substrate concentration.
Also, the storage effects of both the calabash and
the sisal sack are quite similar on the fat content
of the stored product, while the jute sack shows a
distinct effect. The product treated with the 15-
ppm botanical concentration shows significant
decrease in the fat content compared to that of
10-ppm and 20-ppm. This corroborates the
findings of Omobowale et al. (2015) who reported
a general decrease in the oil content of stored
maize across a concrete and galvanized steel silo.
The percentage fat content of the control sample
indicates that there is an increase in the fat
content (21.1%) compare to all the treated
samples at p< 0.05 (Omobowale et al., 2015).

A decrease in crude fibre and protein contents
was observed in the samples stored in the sisal
sack and treated with the powdered moringa
seed and leaf, as shown in Figure 1. The samples
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stored in jute sack and calabash however increase
with an increase in the botanical concentration.
The crude fibre and protein contents in the
samples stored in sisal, jute sack and calabash
remain constant when moringa bark was used as
the substrate, as shown in Figure 3. This supports
the findings of Ekpe et al. (2007), who reported a
decrease in crude fibre and amino acid profile of
Irvingia gabonensis seed. An increase in the crude
protein content of the stored product was

observed with an increase in the botanical
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Figure 1. Effects of storage material and powdered moringa seed on proximate values of irvingia gabonensis
Sekil 1. Depolama malzemesi ve toz haline getirilmis moringa tohumunun irvingia gabonensis'in yaklasik degerleri lizerindeki
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Figure 2. Effect of packaging material and powdered moriga leaf on proximate value of Irvingia gabonensis
Sekil 2. Paketleme malzemesi ve toz halindeki moriga yapradinin Irvingia gabonensis'in yaklasik dederi lizerindeki etkisi
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Figure 3. Effect of packaging material and powdered moriga bark on proximate value of Irvingia gabonensis
Sekil 3. Paketleme malzemesi ve toz halinde moriga kabugunun Irvingia gabonensis'in yaklasik dederi lizerindeki etkisi

A general decrease in the carbohydrate
content was observed for all the samples treated
with the powdered moringa seed and leaf, as was
shown in Figures 1 and 2. But, the carbohydrate
content of the sample treated with the powdered
moringa bark increases with an increase in the
botanical concentration, as was shown in Figure
3. The jute sack retained a higher carbohydrate
content (86.48%) compared to the calabash

(86.17%) and sisal sack (86.35%). The research
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results of Chuku (2017), who reported an increase
the different
concentrations of moringa leaf, scent leaf and
bitter leaf support the present investigation. This
also supports the findings of Osunde and Orhevba
(2009) who reported an increase in carbohydrate

in carbohydrate using

content of yam stored in barns beyond the
normal storage period. In another related
investigation, Chuku (2017) reported that the

carbohydrate content of Irvingia gabonensis seed,
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blended with powdered moringa leaf, stem and
bark, significantly increases with an increase in
the storage period. The ash content increases for
the product packaged inside the jute and sisal
sacks but decreased for the calabash material.
Result revealed a significant difference at p < 0.05
of 0.08% in the ash content and a decrease in
value of 0.02% due to the treatments applied
(Aanyu, Ondhoro, Aanyu, & Ondhoro, 2016). This
slightly agrees with the findings of Ogunsina et al.
(2012) and Ekpe et al. (2007) who reported a
significant difference in the ash content at p <
0.05 on the processed and fresh seeds. The
percentage ash content of the control sample was
found to be 3.49% at the end of the storage
period. It can be said that the storage parameters
increase the ash content of the stored Irvingia
gabonensis.

Results of the analysis of variance of the
individual effect of the storage parameters on the
proximate composition of the stored Irvingia
gabonensis powder are shown in Table 1. The
results show that moisture content of the stored
product in the calabash was significantly higher
compared to that stored in sisal sack provided
that all other factors remain constant. It can be
deduced that Irvingia gabonensis powder stored
in calabash retain moisture than the ones stored
in sisal sack and jute sack. It is possible that the
food powder absorbed moisture from the
surrounding damped air since it is hygroscopic.
Similar finding was recorded by Alabadan (2006)
who reported that wooden materials (wooden
silo) has a better moisture retention ability than
jute and sisal sacks for maize storage.

Table 1. Multiple Comparison of the Proximate and Microbial Compositions of the stored products
Tablo 1. Depolanan iiriinlerin Yakin ve Mikrobiyal Bilesimlerinin Coklu Karsilastirmasi

Variables L MC Ash Fat CF Cp CHO TVC TCC FC
1 3.72¢ 1.20° 1.51¢ 1.37° 5.30° 86.9° 4.36° 3.03? 1.45°
Botanical Type (B) 2 3.27° 123° 1450 152 6.24° 86.3°  4.81° 331"  1.49°
3 3.60° 1.29¢ 1.37° 1.46° 6.55° 85.87 4.82° 3.38° 1.42°
1 3.55° 1.23° 1.44° 1.46° 6.15° 86.2° 4.94° 3.39° 1.36°
Storage Type (S) 2 3.51° 1.24b 1.44°  1.41° 5.96° 86.5°  4.59°  331°  1.49°
3 3.52° 1.25¢ 1.45° 1.48° 5.98? 86.4° 4.46° 3.022 1.50°
1 3.447 1.24% 1.45° 1.44° 6.04° 86.4° 4.54° 3.11° 1.46°
Concentration 2 3.50° 1.24° 1.41° 1.48° 6.07° 86.37 4.65®  3.22% 1.45°
(C) 3 3.64° 1.23° 1.47¢ 1.432 5.97° 86.3° 4.80° 3.38° 1.45°

Means with the same letters are not significantly different at p< 0.05; Means with different letters are significantly different
at p < 0.05; TVC = Total Viable counts (x10° cfu/g), TCC = Total Coliform Counts (x10° cfu/g), FC = Fungal Counts (x103 cfu/g), L
= level; MC = moisture content (%); Ash content (%); Fat content (%); CF = Crude fibre (%); CP = Crude Protein (%), CHO =

Carbohydrate (%)

Effect of Storage Parameters on the Microbial
Composition of the Stored Products

The influence of the storage period, botanical
type, storage type and botanical concentration on
the total viable count (TVC), total coliform count
(TCC) and fungi count (FC) of the stored Irvingia
gabonensis powder is shown in Figure 4. A
significant decrease in the TVC, TCC and FC was
observed with an increase in the botanical
concentration. Accordingly, Rabi et al. (2017),
who reported a decrease in microbial
composition of fermented African locust bean

when powdered ginger was added as preservative
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corroborate the finding of the current
investigation. The TVC decreased from
8.4x10°cfu/g to 3.9x10°cfu/g, the TCC decreased
from 6.2x10°cfu/g to 2.9x10°cfu/g and the FC
decreased from 4.4x10% cfu/g to 1.2x10° cfu/g.
However, all the samples did not contain the FC
throughout the duration of storage. This supports
the findings Arekemase et al. (2015), Ibeabuchi et
al., and Wogu and lyayi (2011) in their separate

investigations.
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A multiple comparison effects of storage
parameters on the microbial compositions of
stored Irvingia gabonensis powder were done
using NDMRT as was shown in Table 1. This
indicates that the mean values of the TVC, TCC
and FC of the stored product in the various
storage materials used were significantly different
(p< 0.05). The TVC and TCC of the stored product
the
compared to the those stored in sisal sack and

in calabash were significantly higher

jute sack provided all other factors remain
constant. A similar finding was reported by
Farinde, Adeniran, and Abiose (2014), who stated
an increase in TVC of fermented locust bean when
stored in the calabash. The Irvingia gabonensis
powder stored in the calabash recorded the
lowest fungal count of 1.3x10° cfu/g while the one
stored in jute sack recorded the highest count
(1.5x103 cfu/g). This finding is also similar to the
work of Adegbehingbe et al. (2017) who reported
an increase of fungal count of solid substrate in
Irvingia gabonensis powder in storage. The
addition of the botanical concentration into the
samples of the products might partly be
responsible for the decrease in the values of the
TVC, TCC and FC with an increase in the storage
period. The research effort of Rabi et al. (2017)
who reported a decrease in the microbial
composition of fermented African locust bean as
a result of the powdered ginger applied has also
given credence to the current investigation. This
show that the storage period and the botanical
used had a greater influence on the microbial
counts of the stored Irvingia gabonensis powder.
Furthermore, powder
treated with 20-ppm of botanical has higher TVC
and TCC at p< 0.05. A similar result has been
reported by Arekemase et al. (2015) in their work
the spoilage and

preservative on mango seed powder. However,

Irvingia  gabonensis

on microbial acting of
stored Irvingia gabonensis powder treated with
10-ppm of botanical recorded the lowest TVC and
TCC the FC. There was no significant difference on
FC at different concentration levels (p< 0.05). This
supports the work of Chuku (2017), who reported

that the application of the powdered moringa
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parts can great inhibit the microbial activity in the

grounded Irvingia gabonensis powder.
Conclusions

The effect of storage material, botanical
concentration and moringa plant parts on the
proximate compositions and microbial
inactivation of the powdered Irvingia gabonensis
studied. The

decrease in the moisture content, fat, ash and

were results show a general
crude protein contents with an increase in the
botanical concentration. The type of moringa part
used also affected this trend, with the powdered
moringa leaf influencing storage stability of the
product the most. The sample stored in the
calabash and treated with the 10-ppm powdered
moringa leaf was found to be effective for
retaining proximate composition. The microbial
composition of the stored product showed that
total viable counts, total coliform counts, fungi
with the
concentration. The product stored in a jute sack

counts decreases botanical
and treated with the 20-ppm powdered moringa
leaf was found to be effective for microbial
inactivation.
Conflict of Interest: The authors declare no
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ABSTRACT

The objective of present research was to determine the ultrasound and microwave
mechanisms involved in the improvement of the drying and rehydration of black and green
olive slices. Aydin Kaba variety of olive slices in 5 mm diameter were pretreated for 15 min
sonication using an ultrasonic bath (3245 kHz, 420 W). The microwave drying was conducted
at 3 different power level for each sample (180, 450 and 800 W). The Peleg model was used
to investigate the drying and rehydration kinetics of olive slice samples. The color properties
(L*, a*, b*, C and H°) of olive slices were also evaluated in microwave dried samples. The L
values of olives increased from 45.36 to 50.05 and from 38.69 to 39.80 for green olive slices
and black olive slices, respectively after microwave drying at 180 W and 800 W. An increase
was observed for a* and b* values from 0.71 to 0.99 and from 4.37 to 5.11 in black olive
slices. While the K1 constant decreased with the increase in microwave power in both type
olives in drying process, the K2 constants in the drying of black olive slices and green olive
slices increased from 0.56855 to 0.84379 and from 0.68680 to 0.77682, respectively. It was
concluded that ultrasound pretreatment improves the both rehydration process and quality
parameters of olive slices.

Key Words: Ultrasound, Microwave, Drying, Olive, Rehydration model

(074

Mevcut arastirmanin amaci, siyah ve yesil zeytin dilimlerinin kurutulmasi ve rehidrasyonunun
iyilestirilmesinde ultrason ve mikrodalga mekanizmalarini belirlemektir. Aydin Kaba cesidi
zeytin dilimleri ultrasonik bir banyo (32 + 5 kHz, 420 W) kullanilarak 15 dakika sonikasyon 6n
islemine tabi tutulmustur. Mikrodalgada kurutma her numune igin (180, 450 ve 800 W) 3
farkh glg seviyesinde gerceklestirilmistir. Zeytin dilimi numunelerinin kurutma ve rehidrasyon
kinetiklerini incelemek igin Peleg modeli kullanilmistir. Zeytin dilimlerinin renk 6zellikleri de
(L*, a*, b*, C ve H°) mikrodalgada kurutulmus numunelerde degerlendirilmistir. 180 W ve 800
W' da mikrodalgada kurutulmalarinin ardindan zeytinlerin L degerleri, yesil zeytin dilimleri ve
siyah zeytin dilimleri icin sirasiyla 45.36'dan 50.05'e ve 38.69'dan 39.80'e yiikselmistir. Siyah
zeytin dilimlerinin a* ve b* degerlerinde sirasiyla 0.71'den 0.99'a. ve 4.37 ila 5.11'a
yikselmistir. Kurutma isleminde her iki tip zeytinde de mikrodalga giiciiniin artmasi ile K1
sabiti diserken, siyah zeytin dilimleri ve vyesil zeytin dilimlerinin K> sabitleri sirasiyla
0.56855’ten 0.84379’a ve 0.68680'den 0.77682'ye yiikselmistir. Ultrason 6n isleminin zeytin
dilimlerinin hem rehidrasyon yetenegini hem de kalite parametrelerini iyilestirdigi sonucuna
varilmistir.

Anahtar Kelimeler: Ultrason, Mikrodalga, Kurutma, Zeytin, Rehidrasyon modeli
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Introduction

Olives, which can be processed as table olives
or olive oil in Mediterranean countries, is also one
of the products consumed for thousands of years.
According to 2018 report of International Olive Oil
Council, table olive consumption has been
increased from 2754.5 thousand tons to 2978
thousand tons in worldwide and from 85
thousand tons to 160 thousand tons in Turkey in
last decade (International Olive Qil Council, 2018).
Due to high phenolic properties of olives different
processed olives such as dried olives are used on
pizza, salads, appetizers and snacks (icier et al.,
2015).

Drying is an old and commonly applied process
used in the food industry to produce food
products with a longer shelf life. It also has
benefits such as lower transport and storage
costs, and longer food consumption. The quality
of final product can be deteriorated mostly by
conventional drying methods such as vitamin and
mineral degradation and/or undesirable food
color and taste (Kaymak-Ertekin, 2002). The
external an internal resistance are responsible for
water movements between air and solid surface
and water movement inside food, respectively.
the
moisture transfer in drying process. While the

These two types of resistance control
internal resistance is a feature of the food, the
external resistance based on the thickness of the
diffusion boundary layer (Ricce et al., 2016). Thus,
different drying methods including microwave,
vacuum, electric pulses and pretreatments such
as sulphiting, blanching and ultrasound are
applied to change drying characteristics of foods
to increase mass transfer which is prevailed by
internal and external water resistances during
drying process (Belgacem Mahdhaoui, 2014;
Rodrigues-Fernandes, 2007; Wiktor et al., 2016;
Yildiz and izli, 2019).

The ultrasound an emerging technology is used
mostly to improve mass transfer processes
including extraction and drying (Aydar et al.,
2017; Jerman et al.,2010; Kadam et al.,, 2015).

When ultrasound is applied to a medium, both
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external and internal resistances are influenced
and this causes to mass transfer to accelerate. It
also causes to structural changes on food and
micro agitation in solid-liquid interfaces by
mechanical waves which decrease the extremal
resistance and increase the mass transfer in liquid
(Xu et al., 2014). Ultrasound pretreatment has
been recently used in drying of many fruit and
vegetables such as tomato (Horuz et al., 2017),
garlic (Bozkir et al., 2018), melon (Rodrigues-
Fernandes, 2007), apple (Fijalkowska et al., 2015),
kiwi (Wang et al.,, 2019), mulberry (Tao et al.,
2016), orange peel (Garcia-perez et al., 2012),
onion (Karaaslan et al., 2016) and mushroom
(Zhang et al., 2016). However there are limited
numbers of studies investigates the combine
effect of microwave and ultrasound technologies
during drying of foods. Recently, an ultrasound
pretreatment time of up to 10 minutes has been
investigated in drying olives (Aydar, 2021), but
the effect of higher ultrasound treatment time in
an ultrasonic bath with lower concentration has
not been studied in previous studies. Peleg’s
model was also successfully applied to describe
rehydration/hydration behavior of foods including
carrot (Planinic et al.,2005), cowpea (Yildirim and
Atasoy, 2017) and chickpea (Yildirim et al., 2010).
Thus, the purpose of the study was to determine
the drying and rehydration kinetics and change in
color parameters of 15 minutes ultrasound
pretreated green and black olive slices using

Peleg’s model.
Material and Method

Raw material

Olives (Olea europea cv. Aydin Kaba) were
obtained from a local olive company (Aydar Food
Company, Akhisar, Manisa) and processed at the
same day. The olives used in this study were
approximately 22 mm+ 2 mm wide and 31.20
mmz3 mm lengths. The seeds of olives were
removed by pitting machine, and then they were
cut in slices of 5 mm thickness (TM02 Model
Tutkun Machine, izmir).



Aydar, 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 401-408

Ultrasound pretreatment X=X, + = tﬁ_ - (1)
The olive slices (15 g/replicate) were put in 250 e

mL beaker and 135 mL of distilled water added X' =X/X, (2)

(1:9, olive slices: water), and then the beaker

placed into an ultrasonic bath (Alex, Turkey, 4L, Then the equation is simplified as equation 3:

frequency of 35 kHz, power 420 W). The green [P )

and black olive slices were sonicated for 15 min. T Ky Kt

The process temperature during ultrasound did

not reach to 25+1 °C. After the pretreatment was Where Xo is initial moisture content (g water/g

. . rym r) and X is the moistur nten im
completed, the samples were dried with paper dry matter) and X is the moisture content at time

t, tis time, Kj is the Peleg rate constant, and K is
towel to remove excess water on surface. All

treatments were conducted in triplicate. the Peleg capacity constant. When process is an
absorption/adsorption * turns ‘+’ if the process is
drying/desorption, + turns to

Velic, 2005). Root mean square error (RMSE),

Microwave drying -" (Planinic, Bilic,

Drying was performed at 180, 450 and 800 W
power levels in a microwave (GE83X, Samsung,
Turkey, 2450 MHz and 23 L capacity). 15 gram of
olive slices (6 slices per replicate) were placed on

reduced chi-squared value (x2) and coefficient of
determination (R?) were calculated to evaluate
the goodness of model fitting. The equations for

. . RMSE, x2 and R? are shown below:
a glass tray and microwaved. Then microwave

was stopped and weight of samples was recorded

. . . . . N _ 2
in every 1 minute during drying. The weighed RMSE = szfmpre; MRexpi) (4)
olives were not put back in the microwave and
the heating was continued with the new olive 2 _ N (MRoypi—MRpre)? 5)
samples (15 g) to the time when final moisture X N-z
content of olive slices was reached to % 20 (wet N n

Rg _ Z;‘:1(Mﬁexp.a'_Mﬁpre.i}Z;‘:1[Mﬁpre.i_Mﬁexp.a'} (6)

basis). The codes of all samples were shown in
Table 1.

|
,‘I Z?:i{MRexp.i_Mﬁpre.i}z E?:i(MRpre.i_Mﬁexp.i]z

MRexp,i, is the experimental moisture ratio in
Table 1. Codes for treatments

test i; MR pre,i, is the predicted moisture ratio in

Treatment Olive Ultrasound Microwave

pretreatment Power (Watt) test i; N is the observation number and z is the
time (min) number of constants in the drying model (Sunil et

G+15US+180W Green 15 180

G+15US+450W  Green 15 450 al., 2017).

G+15US+800W Green 15 800

B+15US+180W Black 15 180 Color measurements

B+15US+450W  Black 15 450 . .

B+15US+800W  Black 15 300 The color measurements of olive samples in

control and after treatments was measured with

Rehydration and mathematical modelling a Konica Minolta (CR 300 Model, VA) with 5 color
Rehydration was performed at 23 + 2 °C. The coordinates (L*, a*, b*, C and H°). After the

dried olive slices (6 pieces) were rehydrated by ;jipration of colorimeter against a standard

replacing in 250 mL of distilled water, and change white surface and black one, three replicate

in weight in every 15 minutes was recorded measurements were performed for each sample.

during 180 minutes of rehydration time. The

rehydration kinetics of olive slices dried at Statistical analyses

different  microwave power levels were SAS 9.2. (SAS Institue Inc., Cary, NC, USA) was

investigated by Peleg’s model which is calculated used to evalaute the effect of the microwave

with the equation (1): power level and ultrasound time on the
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gualitative parameters of olive samples by one-
way ANOVA.
differences (HSD) test (a=0.05) was applied as

Tukey’s  honestly significant
post-hoc test. Coeficient of determination (R?), x2
(reduced chi-square parameter) and root mean
square error (RMSE) were calculated to interpret
the adequacy of each model. Data in tables
represents means of three replicates tstandard

deviation.
Results and Discussions

The effects of the microwave power on the 15
minutes ultrasound pretreated microwave drying
of black and green olive slices were described,
and both drying and rehydration kinetics were
determined using Peleg’s model. The mass
transfer through the drying is not only a simple
diffusional process; it is also affected by capillarity
which cause a rapid moisture removal in the
beginning of drying (Ricce et al.,, 2016). The
characteristic drying curves were observed in
both two types of olive slices. Moisture removal
was high in first stage of drying and it slowed in
later stages wuntil reaches the equilibrium
moisture as this behavior was similar in other
olive drying studies (Erbay et al., 2010; icier et al.,
2015; B. Mahdhaoui et al.,, 2014). Ultrasound
pretreatment and microwave drying increased
the drying rate compared to other studies,
resulting in a lower drying time. Ultrasound
application before drying improved the drying
rate and decreased drying time in pineapple,
apple and orange peel. The drying time of
ultrasound pretreated samples was 35%, 45% and

54% shorter respectively in pineapple, orange
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peel and apple drying (Corréa et al., 2017; Garcia-
perez et al.,, 2012; Rodriguez et al., 2014).
Microwave drying combined with conventional
drying was studied in pomelo slices, and it was
found that when microwave power increased
from 90W to 160 W drying rate increased and
drying time reduced significantly (Yildiz and izli,
2019).

Drying curves for black and green olive slices
were shown in Figure 1 and 2. In both two olive
slices drying time decreased as level of microwave
power increased. In this study drying time
decreased by 29.41% and 33.17%
microwave power increased from 180 W to 800

when

W, respectively for black and green olives. Drying
time at power of 800 W was significantly lower
than drying time which is conducted at 180 W
(p<0.05).
absorption in the first stage of rehydration results

Similar to drying, a rapid moisture

from a capillary absorption process (Lewicki,
1998). Microwave power level shortened the
rehydration time of samples can be shown in
Figure 3. It was reported that increasing
microwave power up to 800 W in 5 and 10
minutes ultrasound pretreated olive samples
caused lower rehydration capacity of dried
samples (Aydar, 2021). This might be ascribed to
the fact that higher microwave power levels
enhances the molecular diffusion rate due to
increase of temperature. This could also be
related to higher microwave power levels result in
larger spaces and tunnels in the tissue. It was
observed that there was no significant difference
between black and green olive slices in terms of

rehydration ratio.
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Figure 1. Drying curves for green olive slices
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Figure 3. Rehydration curves for black and green olive slices
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Table 2. Peleg’s model constants and statistical values for model

Drying | Rehydration
Treatment K K, 2 R? RMSE K K, X2 R? RMSE
G+15US+180W 0.048389 0.68680 0.000445 0.9979 0.00711 0.272758 0.162209 0.007278 0.9981 0.02697
G+15US+450W 0.032514 0.76002 0.000253 0.9990 0.00562 0.332261 0.183078 0.008349 0.9971 0.02889
G+15US+800W 0.022348 0.77682 0.000165 0.9994 0.00485 0.384711 0.197106 0.012780 0.9946 0.03574
B+15US+180W 0.068265 0.56855 0.001431 0.9951 0.01196 0.270865 0.142069 0.008055 0.9951 0.02838
B+15US+450W 0.026778 0.86761 0.000689 0.9966 0.00992 0.348696 0.146469 0.006192 0.9984 0.02488
B+15US+800W 0.022025 0.84379 0.000665 0.9968 0.01052 0.360499 0.173200 0.003361 0.9989 0.01388
The results of the nonlinear regression analysis values imply a higher drying rate and shorter

both for drying and rehydration were summarized
in Table 2. The determination coefficients were
very high in two processes. The R? differed from
0.9951 to 0.9990 for drying and from 0.9946 to
0.9989 for rehydration. RMSE values were lower
than 0.01196 for drying and lower than 0.03574
for rehydration and x2 values were also lower
than 0.001431 for drying and than
0.012780 for rehydration.

Peleg’s model gave a good prediction in drying

lower

process than rehydration with its higher R? and
lower RMSE and X2 values. Planinic et al.,(2005)
used Peleg’s model to determine the drying and
rehydration characteristics of carrot slices and
they used RMSD and R? to evaluate the goodness
of model. They also found that Peleg’s model well
fit with drying and rehydration curves (Planinic et
al., 2005).

K1 values decreased with the increase of the
microwave power in both type olives. Lower Kj

Table 3. Color parameters of green olive slices during drying

drying times. Ki values of green olives were
decreased by power level increased in drying,
while they increased as power level increased in
rehydration process. This pattern was similar in
rehydration but it was different in drying. K;
values of B+15US+800W sample was higher than
sample of B+15US+450W. K; value, which is
related to the equilibrium moisture content, were
not affected by microwave power level
significantly in black olive slices, while it increased
in both drying and rehydration process in green
olive slices. The K, value increased from 0.56855
to 0.84379 and from 0.68680 to 0.77682 in drying
of black olive slices and green olive slices,
respectively. Peleg’s rehydration constants (Ki
and K;) decreased with the decrease of the
microwave power level in green and black olives
which referred an increase rehydration rate with

the increase in microwave power in olives.

Treatment L* a* b* C H°
G+15US+180W 45.36+0.95° 0.48+0.03° 13.4540.69° 14.22+1.68° 88.00+0.20°
G+15US+450W 45.45+4,12° 1.01+0.03% 9.94+0.92° 12.72+1.51° 84.73+0.15°
G+15US+800W 50.05+1.32° 1.09+0.40° 12.4043.69° 12.89+1.83° 85.00+0.72°
Values are the means of the three four different olive sample measurements(n=3) + standard deviations.

Significant differences in the same column are shown by different letters (p<0.05).

Table 4. Color parameters of black olive slices during drying

Treatment L* a* b* C H°
B+15US+180W 38.69+0.11° 0.71+0.04° 4.37+0.01° 4.46+0.06° 81.30+0.14°
B+15US+450W 39.4610.20° 0.86+0.01° 5.3240.01° 5.41+0.01° 80.90+0.17°
B+15US+800W 39.80+1.22° 0.99+0.042 5.11+0.13° 5.2040.13? 79.20+0.15°

Values are the means of the three different olive sample measurements (n=3) + standard deviations.
Significant differences in the same column are shown by different letters (p<0.05).

the
characteristic of table olive products which define

Color is one of most  significant

their quality and also plays a vital role in selection
of olive by consumers. The color values of green
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and black olives during drying treatments were
listed in Table 3 and Table 4. The lowest value of
L* (lightness) within the dried olives was attained
samples dried lowest microwave level and highest
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value of L* values were observed at dried in 800
W. a* and b* values were also increased as
power increased and this tendency was observed
in the study of apples pretreated with ultrasound
at frequency of 21 kHz and 35 kHz (Fijalkowska et
al.,, 2015). a*(redness-greenness) values of olive
slices dried at 800 W power level were
significantly higher than those dried at 180 W
power level (p<0.05). Signficant difference in H°
value between samples dried at 180 W and 800 W
was also observed in both green and black olives
(p<0.05). b* (yellowness-blueness) values of olive
samples were not affected by power level in
green olive slices, in the other hands b* value of
black olives dried at 180 W was significantly lower
than those dried at 450 W and 800 W. While C
values of green olive slices were between 12.72-
14.22, they were 4.46-5.41 for
samples. Total color difference was observed

black olive

lowest in 30 minutes ultrasound pretreated
it that US

pretreatment could prevent browning reaction by

kiwifruits and is concluded
inactivation of polyphenoloxidase (Wang et al.,

2019).
Conclusions

The
prediction of moisture removal and uptake in all
treatments (R%>0.994). The trend of drying and
rehydration Ki constants with the microwave

Peleg’s model gave a reasonable

power was different. Peleg’s rate constant (Ki)
was influenced mostly by level of microwave
K1
decreased with the increase of the microwave

power during the drying process. values
power. Rehydration constants (K1 and K; values)
increased as microwave power increased. It was
concluded that the different power level applied
to black and green olive slices showed different
dehydration/rehydration behavior. Microwave
power increased the drying rate but decreased
the rehydration rate of both olives. It can be
concluded microwave can be applied in drying
olives in mild conditions for a better drying and

rehydration process.
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ABSTRACT

The aim of this study is to investigate physicochemical properties, microbiological qualities
and volatile compound contents of traditional aged kashar cheese produced in Mus, Turkey.
Vacuum packaged cheeses were purchased from six different local producers. Total aerobic
mesophilic bacteria, total yeast and mold counts, mesophilic and thermophilic lactic acid
bacteria populations (log CFU g) were in similar ranges in most samples (P>0.05). Coliform
populations stayed below 1 log CFU g. All six samples yielded negative Salmonella spp. and
positive Listeria spp. results. The average compositional properties of cheese samples in
percentages (w/w) were 55.73 + 2.47 for total solids, 27.05 + 1.73 for protein, 25.92 + 0.98
for fat, 4.11 £ 0.33 for salt. On average, all color parameters were different for interior and
exterior parts of cheese samples. The textural hardness levels of cheese samples were
between 1548.73-5727.04 g and significantly different from each other (P<0.05). A total of 17
volatile compounds were detected by GC-MS. According to the results of this study,
production steps and raw materials should be standardized to minimize the diversity among
products.

Key Words: Kashar cheese, Microbiological and physicochemical quality, Pasta-filata,
Textural analysis, Volatile compound

(074

Bu calismanin amaci Mus ilinde Uretilen eski kasar peynirinin mikrobiyolojik ve fizikokimyasal
ozellikleri ile ugucu bilesen madde igerigini belirlemektir. Bu amacla alti farkli yerel treticiden
vakum paketli peynir o6rnekleri temin edilmistir. Mikrobiyolojik analizler sonucunda
orneklerdeki toplam aerobik mezofilik bakteri, toplam maya-kif sayisi, mezofilik ve termofilik
laktik asit bakteri popiilasyonlari ¢ogu o6rnekte benzer araliklarda belirlenmistir (P>0.05).
Koliform popilasyonu 1 log CFU/g’un altinda kalmistir. Bitlin 6rneklerde Salmonella tirleri
negatif ve Listeria tirleri ise pozitif olarak tespit edilmistir. Fizikokimyasal analizler sonucunda
yuzde olarak ortalama (w/w) toplam kuru madde 55.73 * 2.47, protein orani 27.05 + 1.73, yag
orani 25.92 + 0.98 ve tuz orani 4.11 + 0.33 olarak saptanmistir. Ortalama olarak, peynir
orneklerinin dis ylizey renk degerleri i¢ yluzeylerden farkli bulunmustur. Peynir érneklerinin
tekstirel sertlik seviyesi 1548.73-5727.04 g arasi olup birbirinden istatistiksel olarak farkli
bulunmustur (P<0.05). Orneklerde toplam 17 ugucu bilesen GC-MS kullanilarak tespit
edilmistir. Bu ¢alismanin sonuglarina gére Urlnler arasinda belirlenen farkliliklarin en aza
indirilmesi icin Gretim basamaklari ve hammaddelerin standardize edilmesi gerekmektedir.

Anahtar Kelimeler: Kasar peyniri, Mikrobiyolojik ve fizikokimyasal kalite, Tekstirel analiz,
Pasta-filata, Ugucu bilesen
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Introduction

The production process and types of cheese
have varied depending on technical knowledge,
social conditions and wealth of societies
throughout the world for centuries (Dugat-Bony
et al., 2016). Over one thousand four hundred
types of traditional cheese are known all around
the world with the specific characteristic aroma,
flavor and texture (Dugat-Bony et al., 2016).
Under the lead of white and kashar cheese, forty
to fifty famed types of cheese including
traditionally produced origin-linked cheeses are
produced in Turkey (Hayaloglu et al., 2002; Sert et
al.,, 2007). Demand for famed local cheese types
the

consumption and continues to increase regardless

represents important part of annual
of the urbanization and industrialization.

Kashar cheese, pasta-filata type of cheese, is
the second most preferred cheese type after
white cheese due to its specific taste and flavor
with longer shelf-life in Turkey (Ozdemir and
Demirci, 2006; Kamber, 2008). Kashar cheese
bears similarities to other pasta-filata type of
cheeses including Caciocavallo and Mozzarella
from ltaly, Kashkaval from Bulgaria, Kasseri from
Greece, Kachekavalo from Russia and Kachkavaly
from Crotia (De Angelis and Gobbetti, 2011;
Yilmaz and Dagdemir, 2012; Yuvasen et al., 2018).
Unpasteurized sheep milk or its mixture of cow
and/or goat milk is commonly used in the
production of traditional kashar cheese (Aydemir,
2010; Temizkan et al., 2014). In general, the
process of kashar cheese production can be
summarized as scalding and kneading of the curd
in hot water after certain levels of acidification
(Oksuiztepe et al., 2009; Aydemir, 2010; Sengiil et
al., 2010). Similar to the other pasta-filata types
of cheese, the flavor of kashar cheese from
unpasteurized milk develops during ripening
depending on physicochemical properties of milk,
spontaneous fermentation and storage
conditions.

Pathogens can be introduced into cheese
starting from raw milk to any step of cheese

making including production, maturation and
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storage before consumption. According to the
Turkish Food Codex, kashar cheese products
made of raw milk can be consumed after
fermentation for at least 120 days during ripening
(Turkish Food Codex, 2015). The pH of cheese
declines into acidic conditions during maturation
period due to the activity of lactic acid bacteria. It
is believed that the increase of acidity through
fermentation of cheese inhibits the growth of
pathogenic microorganism in aged cheeses made
of unpasteurized milk (Montel et al.,, 2014;
Johnson, 2017). However, cheese types produced
from raw milk in North America and Europa
countries were reported as positive for food
borne pathogens including Escherichia coli
0157:H7, spp.
monocytogenes after sixty days of fermentation
(FDA, 2016). Without step,
microbiological safety problems increase

Salmonella and Listeria

a killing
in
traditional kashar cheese production even though
fermentation during ripening is achieved in
suggested conditions.

Aged kashar cheese produced in Mus province
of Turkey is a traditional pasta-filata type of
cheese named after the origin of product
location. A mixture of unpasteurized cow, sheep,
and goat milks, used for this traditional kashar
cheese, comes from animals grazed in an area
with 66 endemic plants (Karadag, 2019). Also, dry
salting is used after scalding at mild temperature.
Eight to twelve kg of cheese wheels are stored at
least for six months in cold storage room for
maturation before consumption. No research
study has been published about aged kashar
cheese produced in Mus in the literature. The aim
of this study is to investigate the physicochemical
properties, microbiological qualities and volatile
compound contents of aged kashar cheese

produced in Mus.

Materials and Methods

Collection of cheese samples

Vacuum packaged cheese samples ripened at
least for six months were obtained from six
different local producers in Mus, Turkey. Two



Isik et al., 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 409-419

slices from the same wheel of cheese were
requested from each producer. All samples were
transferred to laboratory on ice and kept at 4 + 2
°C until use. One slice of sample from each
producer shipped to Yildiz
University on ice in a styrofoam box for volatile

was Technical
compound and texture analysis. The cheese
samples were coded as M1, M2, M3, M4, M5 and
M6.

Physicochemical analysis

The pH of cheese samples was measured with
a portable pH meter (HACH, HQ30d Portable
Multi Meter, CO, USA) after 10 g cheese sample
was homogenized in 10 mL distilled water.
Cheese samples were analyzed for dry matter by
a gravimetric method (Anon, 2001) for salt
content by Mohr method (Anon, 1983), for
protein content by Kjeldahl method (IDF, 1993),
and for fat content by Van Gulik method (Kurt et
al., 2007). Titratable acidity was determined as
described by the Association of Official Analytical

Chemists (AOAC, 2000).

Microbiological analysis

Cheese samples were analyzed for a total of
eight microbiological parameters. Aseptically, 25
g of cheese samples were weighted and blended
for two minutes with 225 mL of 1% (w/v) peptone
(Biolife; Milan,
laboratory blender (Waring Blender 7011, New
Hartford, CONN., U.S.A).
homogenized samples were serially diluted in 9

water Italy) in a sterilized

Before inoculation,

mL of peptone. Dilutions of samples were spread
(Merck KGaA,
Darmstadt, Germany) and incubated for 24 to 48

plated on plate count agar
h at 35 + 2 °C for total aerobic mesophilic bacteria
(TAMB). Spread plated potato dextrose agar
plates (Biolife; Milan, Italy) were incubated for 3
to 5 days at room temperature for total yeast and
mold count (TYMC). Populations of lactic acid
bacteria were enumerated after spread plating
dilutions on de Man, Rogosa and Sharpe agar
(MRS; Difco Laboratories, USA) incubated at 30 +
2 °C for mesophilic and at 42+ 2 °C for
thermophilic species for 24 to 48 h, respectively.
Violet red bile agar and violet red bile dextrose
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agar (Merck KGaA, Darmstadt, Germany) were
incubated for 24 + 2 h at 35 £ 2 °C to count
populations of coliform and Enterobacteriaceae.
All microbiological enumerations were performed
in triplicates (n=3).

Remaining cheese and peptone blend were
added on 250 mL pre-universal enrichment broth
(Biolife; Milan, Italy). The presence of Salmonella
spp. tested with a modified FDA
Bacteriological Analytical Manual (BAM) (Andrews
et al., 2011). After incubation at 35 + 2 °C for 24
to 48 h, 100 uL of pre-enrichment was transferred

was

into 10 mL Rappaport-Vassilidas (Biolife; Milan,
Italy) medium and incubated at 42 £ 1 °C for 48 h.
A loopful of enrichment was streaked onto
xylose-lysine-desoxycholate agar and incubated at
35 + 2 °C for 24 h. Following incubation, typical
colonies were inoculated in triple sugar iron agar
(Merck KGaA, Darmstadt, Germany) and lysine
iron agar (Merck KGaA, Darmstadt, Germany)
slants. For Listeria spp., a loopful of pre-
enrichment were streaked into Listeria oxford
agar (LOX; Liofilchem, Abruizzi, Italy). Contam
swabs were used to observe the biochemical
changes resulting positive or

incubation at 35 + 2 °C for 24 h.

negative after

Texture profile and color analysis

TAXTplus Texture analyzer (Stable Micro
System, London, England) was used to determine
the texture profile analysis (TPA). Before analysis,
samples were cut roughly in the size of 2.5 cm
cubes and cooled to 4 + 2 °C in the refrigerator. A
100 kg force with a double bite

compression was applied to samples. Hardness,

load cell

adhesiveness, springiness, cohesiveness,
gumminess, chewiness and resilience of kashar
cheese produced in Mus were determined by the
software instrument called Texture Exponent
(Stable Micro System, London, England). The color
profile of cheese samples was measured with a
(Techkon  GmbH,

Germany). Measurements were taken from interior

spectro-Densitometer meter
and exterior part measured up to 2 cm from rind
(n=3). Color characteristics of six cheese samples
were reported as values of L*black (0), white (100);
a*: green (-), red (+); b*: blue (-), and yellow (+).
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Analysis of volatile compound
Three grams of ground samples were placed
into a 20 mL of head space vial. Samples in vials
were agitated for 15 min at 70 °C using a CTC-
(Bender
Headspace

Combi-PAL-Autosampler system and

Hobein,  Zurich,  Switzerland).
autosampler parameters were adjusted to an
incubation condition at 50 °C for 30 min with a
syringe at a temperature of 70 °C. Agitation speed
and injection volume were set as 500 rpm and
500 pL with a filling speed of 200 uL s™. Pull-up
and pre-injection delays were adjusted to 500 ms.
An injection speed of 350 pL s and was used
with a post injection delay of 1500 ms. Headspace
sample (0.5 mL) was introduced into GC-MS
system. HS/GC-MS analyses were performed by
using GC/MS-QP2010 (Shimadzu, Milan, Italy)
combined with a CTC-Combi-PAL-Autosampler
(Bender and Hobein, Zurich, Switzerland). In the
GC-MS analyses, a Restec (Bellefonte, USA) Rtx-
5MS fused silica capillary column (30 mx0.25 mm
ID, 0.25 um) was used for chromatographic
separation in the presence of Helium as carrier
gas.

Volatile compound analyses of cheese samples
were performed with a modified methodology
described by Rzepa et al. (2009). Gradient analysis
was performed by using the following
temperatures: 35 °C (1 min); 35-80 °C (5 °C min™);
and 80-200 °C (8 °C min?t). The
temperature was kept at 200 °C, constantly.

injector

Pressure value and linear velocity were 14 kPa
and 21.6 cm sec’?, respectively. The flow rate of
carrier gas was 0.6 mL min'l. The GC-MS interface
and ion source temperature were adjusted to 250
°C 200 °C, The
spectrometer was operated with an electron

and respectively. mass
impact ionization voltage of 70 eV. The data was
collected in a range of m z! 40-300. Analyzes
were performed in duplicates for each cheese
sample. Major volatile compounds of samples
were identified using GC/MS library. |dentification
of compounds was obtained by the comparison of
the mass spectra of detected volatile compounds
with the commercial libraries

(NIST27 and WILEY7).

mass spectra

Statistical analysis

Microbiological populations, physicochemical
properties and, textural characteristics of kashar
cheese samples were statistically compared with
JMP Pro 14.0 (SAS, Cary, NC, USA) using one-way
analysis of variance (ANOVA) and Tukey’s HSD
test. The critical P-value was set at 0.05.

Results

Physicochemical analysis

Average values of compositional and chemical
properties of all aged kashar cheese samples
produced in Mus are depicted with minimum and
in Table 1.
compositional properties (% (w/w)) of samples
were 55.73 + 2.47 for total solids content, 27.05 +
1.73 for protein, 25.92 + 0.98 for fat, 4.11 + 0.33
for salt and 4.86 + 0.32 for ash with a limited
difference among samples. Saltiness is one of the

maximum values The average

important sensory attributes of cheese in general.
Samples M1 and M4 showed the lowest and
highest salt content with a value of 2.93 and 4.74,
respectively. All cheese samples had an average
of 1.09 + 0.16 for titratable acidity (%) and 5.35 +
0.17 for pH.

Table 1. Compositional and chemical properties of six
cheese samples (n=3 for each sample)

Property *Meant SD Minimum Maximum
Total solids (%) 55.73 +2.47 52.33 59.71
Fat (%) 25.92+£0.98 24.50 27.50
Salt (%) 4.11+0.33 2.93 4.74
Titratable 1.09+0.16 0.86 1.30
acidity (%)

Protein (%) 27.05+1.73 24.60 29.79
pH 5.35+0.17 5.13 5.59
Ash 4.86+0.32 4.40 5.47
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*Average of all cheese samples

Microbiological analysis
Population of all tested microorganisms in

aged kashar cheese samples are shown in Table 2.
Total aerobic mesophilic bacteria (TAMB)
population ranged from 8.08 + 0.03 to 6.90 + 0.88
log CFU g in all six samples. Except for sample
M4, population of total yeast and mold counts
(TYMC) were between 6.14 +1.14 and 7.62 + 0.13
log CFU g!. Sample M4 had 4.01 + 0.41 log CFU g**



Isik et al., 2020. Harran Tarim ve

of TYMC population. All cheese samples had up to
1.6 log CFU g higher mesophilic lactic acid
bacteria (LAB) population than thermophilic LAB
species. The population of mesophilic and
thermophilic LAB ranged from 6.28 + 0.14 to 8.08
+ 0.11 log CFU g?. Coliform population in all
samples and Enterobacteriaceae population in

Table 2. Microbiological quality of cheese samples (n=3)

Gida Bilimleri Dergisi, 24(4): 409-419

sample M5 and M6 stayed below detection limits
(<1 log CFU g'). Sample M1, M2, M3 and M4 had
the population of Enterobacteriaceae on average
of 3.80 + 0.51 log CFU g*. No Salmonella presence
was detected in any samples. All six samples
yielded positive results for Listeria spp.

Population (Log CFU/g) £ SD

M1 M2 M3 M4 M5 M6
TAMB 7.59 +0.33ab 6.90 + 0.88b 7.91 £ 0.09ab 8.08 £ 0.03a 7.41+0.13ab 7.81+0.19ab
TYMC 6.14 +1.14ab 6.78 £ 0.92a 4.01+0.41b 6.71+0.94a 7.62+0.13a 6.89 +0.88a
Mesophilic LAB 7.88 + 0.16abA 6.95 + 0.93bA 7.84 +0.12abA 8.08 £0.11aA 7.65 + 0.08abA 7.81 +0.23abA
Thermophilic LAB 6.28 + 0.14bB 6.46 £ 0.61bA 6.91 +0.57abB 7.85+0.19aA 7.14+0.11abB 7.60 £ 0.19aA
Coliforms <1 <1 <1 <1 <1 <1
Enterobacteriaceae 3.39+0.14b 3.41+0.62b 3.80 £0.20ab 4.20+0.22a <1c <1c

#Salmonella spp.

#Listeria spp. + +

+ + + +

Means with different letter within each row are significantly different (P < 0.05).
Means with different capitalized letter in lactic acid bacteria within each column are significantly different (P<0.05).

Total Aerobic Mesophilic Bacteria (TAMB).
Total Yeast and Mold Count (TYMC).
#Presumptive results. Positive (+) /Negative (-).

Texture profile and color analysis

Textural profile and color analysis results are
shown with the average, minimum and maximum
values in Table 3. Hardness and chewiness yielded
prominent textural parameter values by all

samples as seen Figure 1. Sample M1 had the

highest hardness (5727 g) and chewiness (2634 g
cm) values (P<0.05). The lowest hardness (1549 g)
was calculated for both sample M2 and M5
(P<0.05). Minimum chewiness was found as 469
for sample M3.

Table 3. Textural and color characteristics of six cheese samples (n=3 for each sample)

Parameter *Mean + SD Minimum Maximum
Hardness (g) 2845.28 £ 1481.29 1548.73 5727.04
Adhesiveness (g.sec) -0.24 +-0.11 -0.45 -0.16
Textural properties Springiness (cm) 0.74 £ 0.09 0.62 0.88
Cohesiveness 0.44 £ 0.06 0.36 0.52
Chewiness (g cm) 1016.91 + 807.13 469.10 2634.25
Resilience 0.17 £ 0.05 0.11 0.23
L* (exterior) 56.21 +£3.21 51.07 61.53
L* (interior) 65.42 +1.87 62.69 68.49
a* (exterior) -3.45+0.27 -3.80 -3.08
Color o
a* (interior) -3.26 £ 0.35 -3.81 -2.69
b* (exterior) 10.83+1.33 8.42 12.69
b* (interior) 12.23+1.09 10.34 13.79
Note: Exterior color values of cheese samples were measured up to 2 cm from rind.
L*black (0), white (100); a*: green (-), red (+); b*: blue (-), yellow (+).
On average, all color parameters were higher between interior and exterior part of cheese

for interior part of cheese samples than the
exterior part as seen on Table 3. The average L*
(white) value for interior and exterior part of all
cheese samples were 65.42 + 1.87 and 56.21 +
3.21, difference

respectively. There was a

samples with a* (green/red) value below 1.1.
Among all tested cheese samples, average a*
(green/red) value was -3.26 + 0.35 for interior and
-3.45 £ 0.27 for exterior. Similarly, differences
among b* (blue/yellow) values of interior and
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exterior values stayed below 3 and for each
sample with an average of 12.23 + 1.09 and 10.83
+ 1.33 for all samples, respectively.

Analysis of volatile compounds
Table 4 shows the volatile compounds

identified Total of 17
compounds with a 90% and over similarity values
All
cyclohexanol, ethyl alcohol with the exception of

in cheese samples.

were  expressed. samples  released
sample M5 and 2-pentanone except for sample
M3. Trans-B-ionon-5,6-epoxide and 2-butanol
were released from three samples including M2,
M3,

present in only one sample were 1l-propanol in

and M4. Among samples, compounds
Sample M3, n-butane and tetranitromethane in
Sample M5, 2-heptanone, acetaldehyde, 4-ethyl-
2,2,6,6-tetramethyl-heptane and 2-nonanone in
sample M4, octanol and nonanal in Sample M1,
and n-nonanal in Sample M2.

Table 4. Volatile compounds identified by GC-MS in cheese
samples

*Sample

Compound M1 M2 M3 M4 M5 M6

Acetaldehyde

Ethyl alcohol
3,3-Dimethyl-2-
phenyl-2-azirane
1-propanol
Cyclohexanol
2-butanol

n-butane

Ethyl acetate
Trans-R-ionon-5,6-
epoxide
2-heptanone
4-ethyl-2,2,6,6-
tetramethyl-heptane
Tetranitromethane
Octanal

Nonanal

n-nonanal
2-nonanone +
2-pentanone + + +

+
+

+ +

*Compounds with 90% and over similarity values

Hardness

Resilience

Chewiness

Cohesiveness

Adhesiveness

Springiness Minimum

.........

Mean

Maximum

Figure 1. Radarplot showing overall textural properties of cheese samples

Discussion

Cheese types are accepted and preferred by
consumers relatively based on taste, flavor,

appearance and texture in general.

Approximately, five hundred tons of cheese were
imported compare to seventeen thousand tons of
exported cheese from Turkey in 2016 (FAO stat,
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2019). This is an indicator that

traditional cheese varieties are a part of culture

important

meeting consumers’ expectations. The yield of

final product depends on several factors,

including the fat, casein, and moisture contents of
milk, the distribution quality of salt in cheese, and
the ripening period before consumption (Montel
et al., 2014; Johnson, 2017). Kashar cheese needs
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to stand for long periods (3-6 months) in order to
gain the characteristic aroma, appearance, and
texture (Celik et al., 2018).

All aged kashar cheese samples produced in
Mus exposed similar compositional properties
with  slight though
standardized process for aged kashar produced in

differences. Even no
Mus has been documented, all samples had
similar chemical attributes, probably due to the
commitment of producers to the traditional ways
of cheesemaking. Especially, low standard
deviations of mean total solids, fat and protein
values can be evaluated as the use of similar
compositional mixture of cow, sheep and goat
milk. In the Turkish food codex, the fat content of
semi-fat cheeses varies between 25 and 45%. In
addition, those with a moisture content of 57-
64% in the fat-free cheese mass, are defined as
semi-hard cheese. When classified according to
the milk fat content and firmness, kashar cheese
produced in Mus can be classified as semi-fat and
semi-hard cheese. Similar to kashar cheese
samples in this study, cheese samples produced in
the Trakya region of Turkey had contents of
55.2% dry matter, 25% protein, 22.6% fat, and
4.5% ash (Hamzagebi and Anter, 1978). Kashar
cheeses produced in Kars were collected to
examine their

protein, fat and dry matter

contents for chemical quality purposes. The
average protein, fat and dry matter contents of
the samples were 22.34 £ 0.63 %, 21.59 + 0.70 %,
and 64.40 = 0.72%, respectively (Kamber, 2005).
The protein and fat percentages of the cheese
produced in Mus were higher, but the dry matter
content was relatively lower than those produced
in Kars.

Salt content is a very important parameter of
cheese, which can directly affect the water
activity, moisture, ripening, and fermentation
attributes of cheese. Changing salt content of a
cheese product can also alter the pH value and
protein content (McCarthy et al., 2016). The
percentage of salt content and the type of salt are
decided by producer for traditional cheese types
with a general pH value of 4.5-5.3 (Fox et al.,
2017). The pH values of samples, measured
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between these limits, are an important indicator
of an adequate fermentation. The salt content of
samples in this study showed limited differences
the pH
microbiological quality of final product during

affecting development  of and
maturation. According to the Turkish Food Codex,
a maximum of 4% salt in dry matter is allowed in
the Kashar cheese. The salt content of kashar
cheese produced in Mus is slightly above the
limits, specified in the codex. This may be due to
the production of kashar cheese is made by small
family owned dairies in Mus.

The fermentation of cheese depends on all
naturally occurring microorganisms including
bacteria, yeast and molds and storage conditions
during ripening if any microbial inactivation
process is applied (Karagdzli and Karagozli,
2016). Aged kashar cheese produced in Mus is
made from raw milk similar to various traditional
types of cheese that directly affect taste and
flavor. Population of TAMB around 10% CFU g
and TYMC about 10° CFU g? in kashar cheese
produced in Mus, which was an indicator of
120 days

maturation period (Cogan, 2011; Turkish Food

microbial growth requiring of

Codex, 2015). Higher population of mesophilic
lactic acid bacteria suggests that all samples were
fermented during the ripening at temperature
values where mesophilic bacteria grow
predominantly. Mesophilic bacteria in cheese
samples can include mesophilic lactobacilli,
pediococci, and leuconostoc (Mannu et al., 2000;
2001).

characteristics of aged kashar cheese produced in

Fitzsimons et al.,, Some important

Mus were expected to be developed by
mesophilic LAB due to their ability of citrate
catabolism and proteolysis (Fox et al., 1998; Crow
et al., 2001; Vidojevic et al., 2007). The reduction
of pH by LAB during fermentation is believed to
eliminate pathogens in cheeses made from raw
milk during ripening. In all tested samples,
Salmonella spp. was not detected similar to fecal
indicator of generic Escherichia coli. All samples
yielded positive Listeria spp. results. Similar to the
results of this study, L. monocytogenes survived
during 120 days of kashar cheese ripening despite
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of a heat treatment of curd at 75 £ 1 °C for 5 min
(Cetinkaya and Soyutemiz, 2004). In another
study, Listeria spp. were found to survive during
the production and ripening of soft and semi-hard
cheeses (Ryser and Marth, 1987; Dominguez et
al., 1987). However, Listeria monocytogenes were
not detected in parmesan cheese after 2 to 16
weeks of ripening (Yousef and Marth, 1990). This
may be due to the fact that each type of cheese
has its own medium that can affect the survival of
bacteria. All samples in this study had Listeria spp.
positive that suggests the need of longer ripening
or the use of starter culture after pasteurization
of milk or proper packaging.

Milk-derived Staphylococcus aureus isolates
are reported as more resistant to bacteriocins
such as nisin (Can and Hastaoglu, 2020). However,
in a study conducted by Ozdemir and Demirci
(2006), the number of coliform bacteria and S.
aureus in kashar cheese decreased while the
number of LAB, total yeast and molds, lipolytic
bacteria, proteolytic bacteria increased with
elongated ripening time. Pasteurization of milk is
accepted enough to eliminate foodborne
pathogens before cheese making. Also, active
packaging technologies including
be

retard the growth of spoilage

antimicrobial materials can used to
prevent or
microorganisms and enzymatic degradation or
chemical deterioration of dairy products
related to shelf life (Tacer Caba and Kaya
Ozkék, 2019). In a study, cheese samples
were coated with a lysozyme-containing
zein-wax composite film and its effect on
survival of L. monocytogenes was examined
during storage. The substantial decrease (-0.4
decimals) was observed in the initial microbial
load of inoculated cheese samples due to
sustained release of lysozyme (Unalan et al.,
2013).

kashar cheese produced in Mus manufacture is

Development of a standardized aged

important in terms of public health.

Textural properties of cheese are important for
the consumer acceptance and attributes including
packaging and handling, shaping, and using as an
ingredient (Ercan et al., 2011; Fox et al., 2017). In
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this study, samples showed high differences
texture attributes of hardness (firmness) and
chewiness. The hardness of cheese changes with
dry matter, fat content and the length of
maturation (Grawtney et al., 2002; Brown et al.,
2003; 2011).

differences in sheep, goat and cow milk mixture,

Ercan et al, The proportion
non-standard maturation period and storage
conditions are the probable reasons for the high
differences particularly in hardness among the
samples. The use of a fat replacer increased the
the
springiness, gumminess and chewiness of full fat

cohesiveness and decreased hardness,
and low fat kashar cheeses produced by using
carbohydrate during the storage period for 90
days (Koca et al., 2004). In addition, as a result of
the ripening process, the textural properties of
full-fat kashar cheese were very similar to those
produced in Mus. In a different study, Aday et. al.
(2010) examined how the ripening process affects
the texture properties of Ezine cheese. The results
revealed that firmness, springiness, cohesiveness
and chewiness of cheese samples were
diminished, but its adhesiveness was considerably
improved during ripening. Also, the color values
of cheese are affected by the similar factors as
textural properties. Cheese has a wide range of
color, from white/yellow to even red.
Carotenoids, occurring in photosynthesis, are the
secondary pigments and major responsible
pigments in milk (Fox et al., 2017). Since lactic
acid bacteria and several internal enzymes,
including lipase, are responsible for the sensory
attributes of cheese, color is also highly depended
on the milk quality, such as raw or pasteurized,
affecting initial microbial load and enzyme
activity. Types of cheese made of raw milk, as
aged kashar cheese produced in Mus, have
stronger taste and aroma than compared to the
pasteurized including

counterparts. Factors,

microbial activities, milk quality and process
conditions/steps, directly affect ripeness, aroma
and taste development of cheese (Bertuzzi et al.,
2018).

Volatile compounds may directly transfer from

milk to product, or, as in general, occur during
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ripening of cheese. Most of them are produced
via lipolysis, proteolysis, and lactose, lactate, and
citrate metabolism (Bertuzzi et al., 2018). Cheese
is not a common product for production of
straight chain aldehydes, such as hexanal,
heptanal, octanal, nonanal 2- decanal, and 2-
undecanal. These aldehydes are produced by non-
enzymatic autooxidation of unsaturated fatty
acids. In this study, samples M1 and M2 had most
of these mentioned aldehydes. Moreover, the M4
sample possessed acetaldehyde due to the
the

metabolism or the oxidation of ethanol.

lactate
The
result was similar to findings by Eroglu et al.

breakdown of threonine or

(2016). Six different aldehyde compounds were
identified in the kashar cheese samples produced
in Mus: isovaleraldehyde, benzaldehyde, hexanal,
nonanal, pentanal and decanal. However, in a
study carried out by Hayaloglu (2009),
different aldehydes were detected in traditionally

SiX

produced mature kashar cheese including 2-

methyl propanal, 2-methyl butanal, 3-methyl

butanal, acetaldehyde, 2-propenal and
benzaldehyde. These were slightly different than
those found in kashar cheese produced in Mus.
Starter lactic acid bacteria can produce lactate
from lactose during cheese ripening. Following
that, the same bacteria convert lactate into
ethanol and acetic acid (Bertuzzi et al., 2018; van
Mastrigt et al., 2018). In aged kashar cheese
production in Mus, no starter culture was used,
so differences among identified volatiles may be
explained with the naturally occurring microbiota.
The sample M4 exposed both volatiles whereas
M5 did not have any of them. Rest of the samples
had only ethanol from a possible lactate
metabolism. Only sample M3 had 1-propanal,
which might have occurred from triglycerides or
synthesized from fatty acids (van Mastrigt et al.,
2018). Secondary alcohols, such as 2- butanol and
2-pentanol, might have produced from
metylketones via the triglyceride metabolism
2000).

Samples M2, M3, and M6 exposed secondary

(McSweeney and  Sousa-Gallagher,
alcohols. In other studies, among the alcohols

detected in kashar cheese, ethanol was found to
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be the most abundant alcohol (Eroglu et al., 2016;
Hayaloglu, 2009). Ethyl acetate and ethyl butyrate
are esters produced from tryglicerides and
synthesized from fatty acids during surface
ripening (Bertuzzi et al., 2018). Samples M1, M4,
and M6 exposed at least one of these
compounds. All samples, except sample M3,
include 2-pentanone, a colorless liquid ketone
occurring as a metabolic product of mold growth

in blue cheese (Walker and Mills 2014).

Conclusion
Various types of cheese with different
appearance, odor, taste and texture are

recognized and accepted by consumers regardless
to the origin of the product. This study introduces
kashar cheese to literature with some attributes
of commercial traditional aged kashar cheese
samples produced in Mus. Differences may occur
related to the raw materials, production, ripening,
and storage of cheese. The diversity among
producers can be minimized and production
parameters should be standardized to increase
market value.
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ABSTRACT

The purpose of this study was to determine the physical (length, width, thickness, equivalent
diameter, sphericity, hardness, thousand-kernel weight, hectoliter weight, color),
technological and physicochemical (water absorption capacity, ash, protein, gluten, gluten
index, sedimentation (SDS), Glutograph-E values) quality characteristics of wheat varieties
grown in Southeastern Anatolia Region of Turkey (GAP). In the study, some durum wheat
varieties such as Burgos, Svevo, Gineyyildizi, Saricanak 98, Zenit and Massimo were
investigated. Significant differences (P<0.05) were observed among wheat varieties in terms
of physical characteristics such as hardness, thousand kernel weight, hectoliter weight, kernel
size (length, width, thickness, equivalent diameter), sphericity, Hunter-color (L*, a* and b*)
values. Also, statistically significant differences were found between the wheat varieties in
terms of protein, ash, gluten, gluten index, SDS sedimentation, water absorption capacity,
stretching (extensibility) and relaxation (elasticity) characteristics. The quality characteristics
results and differences in quality characteristics between wheat varieties can be important in
terms of product processing processes such as cooking, soaking, kneading, drying.

Key Words: GAP, Durum wheat, Technological, Physicochemical, Quality

(04

Bu calismanin amaci Tirkiye’nin Gineydogu Anadolu Bélgesinde (GAP) yetisen bazi durum
bugdaylarinin fiziksel (uzunluk, genislik, kalinlk, esdeger cap, kiiresellik, sertlik, bin tane
agirhgi, hektolitre agirhgi, renk), teknolojik ve fizikokimyasal (su absorpsiyon kapasitesi, kil,
protein, gluten, gluten indeksi, (SDS) sedimantasyon, Glutograf-E degerleri) gibi kalite
ozelliklerini belirlemektir. Calismada Burgos, Svevo, Gineyyildizi, Saricanak 98, Zenit ve
Massimo gibi bazi makarnalik bugday ¢esitleri incelenmistir. Bugday cesitleri arasinda sertlik,
bin tane agirhgi, hektolitre agirhgi, tane boyutu (uzunluk, genislik, kalinlik, esdeger cap),
kiresellik, Hunter-renk (L *, a * ve b *) degerleri gibi fiziksel 6zellikler agisindan 6nemli
farkhhklar (P<0.05) gozlenmistir. Ayrica bugday cesitleri arasinda protein, kil, gluten, gluten
indeksi, SDS sedimantasyon, su absorpsiyon kapasitesi, gerilme (uzayabilirlik) ve gevseme
(elastikiyet) oOzellikleri agisindan istatistiksel olarak anlamh farkhlklar bulunmustur. Kalite
ozellikleri sonuglari ve bugday cesitleri arasindaki kalite karakteristiklerindeki farklihklar
pisirme, 1slatma, yogurma, kurutma gibi Griin isleme prosesleri agisindan énemli olabilir.

Anahtar Kelimeler: GAP, Durum bugdayi, Teknolojik, Fizikokimyasal, Kalite
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Introduction

Wheat is still the most important crop in the
world, with a total annual production of 736
million tons in 2018. In the same year, China,
India, Russia, USA, Canada, Ukraine, Australia,
Turkey and Kazakhstan are the world's largest
wheat producer countries with the production of
131447224, 99700000, 72136149, 51286540,
31769200, 24652840, 20941134, 20000000 and
13944108 (FAO, 2019).
According to the archeological studies, wheat was

tones, respectively
found in various countries of the Middle East, it is
that already being
cultivated thousands of years before Christ, first
the
Mesopotamia, later spreading to West Europe.

presumed wheat was

in “fertile crescent’” as Karacadag in
Southeastern of Anatolia which locates in the
fertile crescent, is the origin and one of the gene
sources of the wild wheat and einkorn (Heun et
al., 1997). Although wheat is grown in all regions
of Turkey, Central Anatolia Region and
Southeastern Anatolia Region, are two important
regions in wheat breeding (Ozberk et al., 2005).

Wheat is one of the major sources of protein
and energy for the human population throughout
the world. It supplies about 19% of the calories
and 21% of the protein to the world’s population
(Ali, 2017). The main reason why wheat has such
a wide range of product is that it is produced in
many regions and that the products such as
bread, pasta, bakery, couscous, biscuits and
bulgur are produced from wheat.

Important quality factors in wheat and flour
standards are the hectoliter weight, thousand
grain weight, color, glassy grain ratio, kernel
hardness, ash content, protein content, gluten
(SDS)

sedimentation value. Grain hardness is generally

content and sodium dodecyl sulfate
influenced by different environmental, physical
the

hardness of grain, kernel size, water-soluble

and chemical factors such as protein,
pentosans, moisture content and lipid content
(Turnbull and Rahman, 2002).

Vitreousness and kernel size are important in

durum wheat quality (Dziki and Laskowski, 2005).

421

The gluten quality of wheat, which is related to
the suitability for food processing, is commonly
by
sedimentation value and gluten index (Gl) tests
(Sakin et al., 2011a; 2011b). The thousand kernel
weight, which is one of the quality criteria, is

evaluated sodium dodecyl sulfate

affected by the environmental factors and is
closely related to variety of wheat kernel. Protein
is an important quality criterion in wheat and has
a positive effect on the vitreousness (Hansen and
Poll, 1997).

Although there were some studies about the
quality characteristics of wheat, there are limited
studies concerning characteristics of some widely
those durum wheat varieties grown in South-
Eastern Anatolia Region of Turkey. Hence, this
research aims to determine the technological and
physicochemical quality characteristics of some
wide durum wheat varieties grown in South-
Eastern Anatolia Region of Turkey (GAP).

Materials and Methods

Materials
Zenit, Svevo, Saricanak 98, Glineyyildizi, Burgos
and Massimo varieties were used in this study
the
Southeastern Anatolia Region of Turkey. They
GAP
and Training Center

due to the most grown varieties in

were obtained from International

Agricultural Research

(Diyarbakir, Turkey). Before conducting
experiments, the samples were manually cleaned
to remove foreign materials and broken kernels.
The 6 kg of each cleaned wheat variety was used
for experiments. Some quality measurements
were carried out using 3 kg of each wheat
samples milled on a standard laboratory roller
mill (Serttas Makina Lim. Sti. istanbul, Turkey) to
pass through a 180 um screen to obtain flour. The
remaining 3 kg of each wheat variety was used for
kernel quality analyses. One kg of wheat kernels
and 1 kg of their flours were used for each run
analysis. All testing was carried out in triplicate.
of Zenit,

Saricanak 98, Glineyyildizi, Burgos and Massimo

The moisture content (%) Svevo,

wheats used in this study were found to be
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9.10+£0.04, 9.47+0.02, 9.36%0.05,
10.05+0.03 and 9.7310.04, respectively.

9.60+0.06,

Methods

Physical quality tests

The average dimensions (L: length, W: width
and T: thickness in mm) of wheat kernels were
measured by a digital micrometer (Mitutoyo No.
505-633, Japan). The equivalent diameters (De)
and sphericities (¢s) of grains were calculated by
using Eqgs. 1 and 2 (Mohsenin, 1986).

De= (LWT)Y/3 (1)

bs=(LWT)¥/3L? (2)

Thousand-kernel weight (TKW) in dry bases
(d.b.) was determined according to the procedure
of Williams et al. (1983). The 20 g of cleaned
unbroken kernels of each sample was weighed,
counted the kernels in 20 g sample, and then
converted to thousand kernel. The TKW (g, d.b.)
of each sample for each wheat variety was
calculated by Eq.3.

TKW(100—M)

TKW(g,d.b.) = ———

(3)
where, M is the moisture content (%) and TKW is
the thousand-kernel weight (g, d.b.).

Hectoliter weight was obtained with a Shopper
chondrometer equipped with a 250 mL cylinder
(the result was reported kg hl™! without reference
to the moisture content) (TS EN ISO 7971-2,
2009).

Kernel hardness (%) was determined according
to the method of AACC method 39.70.02 with
Near Infrared Reflectance spectroscopy (NIR)
(FOSS 2500F, Denmark). The calibration of NIR
apparatus for hardness was performed by AACC
Method 39-10.01 (AACC, 2000; Famera et al.,
2004).

The color of wheat and their flour samples was
evaluated by measuring the L* (100 = white; 0 =
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black), a* (+, red; -, green) and b* (+, yellow; -,
blue) values using a Hunter-Lab Color Quest XE
(HCL-405) spectrophotometer (Hunterlab, USA).

Chemical quality tests

of the
determined by oven-drying at 130 °C using the
AACC method no 44-15A (AACC, 2000). The flour
samples (3 g) were measured into glass weighing

Moisture contents samples were

bottles and placed in a laboratory dryer for 3 h.
The samples were dried at 130 °C to constant
weight. After cooling, the samples were weighed,
and the moisture contents were calculated.

Ash contents of the samples (%, d.b.) were
determined by AACC International Method no 08-
01.01 at 900 °C (AACC, 2000). The flour samples
were measured into ash dishes in amounts of 3-5
g. Then samples were placed in a muffle furnace
at 900 °C. They were incinerated until light gray
ash was obtained. After cooling, the samples
were weighed, and the ash contents were
calculated.

Protein contents of the samples (%, d.b.) were
assayed using the Kjeldahl procedure (Nx5.7) by
AACC method no 46-10 (AACC, 2000).

Physicochemical and technological quality tests

Water absorption capacity (WAC) of wheats
was determined by the method described by
Hayta (2002). Wheat samples (10 g) was poured
into 30 ml of water in the centrifugal tubes. They
were kept in the water bath at 75 °C for 20 min
and then centrifuged (Sigma2-16 PK, Germany) at
4000xg for 10 min. After draining the sample,
water absorption capacity value was calculated by
the Eq.4:

g water)
g wheat

_ w2-w1
T owi

Water absorption ( (4)

where, W; is the weight (g) of wheat sample after
centrifugation and W1 is the initial weight (g) of
wheat sample.

Gluten index (GI) and wet gluten content of the
samples were determined using Glutomatic system
((Perten Instrument AB, Huddinge, Sweden) of
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AACC methods of 38-11 and 12.02 (AACC, 2000).

SDS (Sodium dodecyl sulphate) sedimentation
value of the samples were measured by using
AACC method no 56-70 in mL (AACC, 2000).

Glutograph-E values shear time (stretching
(STR), s, (RX)
(elasticity)(BU) was carried out by Glutograph-E
device (Brabender- GmbH & Co. KG, Duisburg,
Germany) according to the method of Alamri et
al. (2009).

extension) and relaxation

Statistical analysis

The data obtained were subjected to analysis
of variance (ANOVA). Whenever the differences
were significant (P<0.05), Duncan’s multiple range
test was applied to determine the homogeneous
groups. Each analysis was performed in triplicate.

Results and Discussion

The results of physical, technological, and
physicochemical quality characteristics of wheat
varieties were given in Tables 1-3 and discussed in
detail
variety was all statistically significant (P<0.05) in

below. It was determined that wheat
terms of all investigated quality characteristics.

Physical characteristics of wheat varieties

differences (P<0.05) between the wheat varieties
in terms of physical quality characteristics such as
width,
diameter) and sphericity. It also indicated that the

size  (length, thickness, equivalent
mean length of the Burgos, Svevo, Glineyyildizi,
Sariganak 98, Zenit and Massimo wheat are 7.85,
6.98, 6.30, 7.38, 7.81 and 5.96 mm, respectively.
The Burgos was the longest while the Massimo
was the shortest one. On the other hand, the
while the

narrowest one is Zenit (3.16 mm). The wheat

widest one is Svevo (3.95 mm),
variety with the highest thickness value was
Saricanak 98 with a value of 3.32 mm and the
lowest one was Zenit (2.98 mm). Similarly, Svevo
wheat variety had the highest mean equivalent
diameter (4.47 mm). The sphericity (¢s)values of
wheats were found as between 0.53 and 0.66.
Massimo variety had the highest sphericity value
(0.66) while Zenit had the lowest value (0.53). In a
study conducted in 16 varieties of durum wheat
cultivars grown in Southern Italy, the length,
width and thickness range values were found as
6.39-7.83 mm, 2.17- 3.31 mm and 2.66- 3.05 mm,
respectively (Troccoli and Di Fonzo, 1999). In
another study for 5 different wheat cultivars
grown in Turkey, the length, width, thickness,
equivalent diameter and sphericity range values
were found to be 6.24-7.43 mm, 2.71- 3.30 mm,

Dimensions (length, width, thickness, equivalent  2.62-3.06, 3.57- 4.11 mm and 0.53-060,
diameter) and sphericity respectively (Kalkan and Kara, 2011). The
The mean dimensions and sphericity results of  sphericity of 5 different wheat cultivars were
each wheat variety were given in Table 1. As seen found to be in the range of 0.48-0.65
in the Table 1, there are statistically significant (Tabatabaeefar, 2003).
Table 1. Physical characteristics of wheat varieties!
TKW HLW L w T De ®s Hardness
Variety (8) (kg hI') (mm) (mm) (mm) (mm) (NIR, %)
Burgos 53.19° 83.30° 7.852 3.21° 3.10° 4.272 0.54° 67.10°
(+0.06) (£0.03) (£0.07) (+0.02) (+0.02) (x0.03) (x0.03) (£0.02)
Svevo 49.50°¢ 83.08°¢ 6.98¢ 3.95° 3.25° 4.47¢ 0.64° 58.507
(+0.04) (+0.04) (+0.01) (£0.01) (£0.02) (+0.04) (+0.02) (+0.04)
Glneyyildizi 47.18° 83.10¢ 6.30° 3.36° 3.01° 3.99° 0.63° 55.70°
(+0.02) (+0.06) (+0.09) (£0.03) (£0.01) (+0.02) (+0.01) (+0.01)
Saricanak 98 48.21¢ 84.387 7.38¢ 3.45° 3.32¢ 4.39¢ 0.59° 66.50°
(+0.05) (£0.02) (£0.02) (+0.02) (+0.02) (x0.06) (x0.02) (£0.05)
Zenit 50.77¢ 81.75¢ 7.81° 3.16° 2.98% 4.19°¢ 0.53° 69.507
(+0.04) (+0.04) (+0.01) (£0.01) (£0.02) (+0.03) (+0.01) (+0.04)
Massimo 53.82¢ 84.71¢ 5.96¢ 3.35° 3.01° 3.92¢ 0.66° 72.20°
(+0.05) (£0.06) (£0.03) (+0.07) (+0.02) (£0.05) (x0.02) (£0.05)

IMeans followed by the different letters within the column are significantly different at P<=0.05. ¢s: Sphericity, TKW:Thousand kernel
weight, HLW:Hectoliter weight, L:Length , W:Width, T:Thickness, D.:Equivalent diameter.

423



Yildirim and Atasoy, 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 420-431

Kernel size uniformity is very important in
wheat milling industry, especially in cleaning,
conditioning, debranning or grinding processes.
High-quality durum wheat is expected to have
larger kernels with hard and vitreous endosperm
in order to obtain semolina with higher yield and
brightness (Dziki and Laskowski, 2005). Kernel
shape (Lenght, width, thickness, and diameter)
may depend- not only on wheat genus or species
but also on wheat variety and agro-climatic
conditions. It is evident from the physical data
that Burgos, Svevo, Glineyyildizi, Saricanak 98,
Zenit and Massimo wheats were of adequate
kernel size for semolina milling, flour milling,
bread, pasta, and bulgur processing.

Thousand kernel weight (TKW)

The thousand kernel weight of grains is
important to give an idea of grain weight, fullness,
slenderness, kernel size, grain yield and flour
production. It varies depending on the conditions
of growing and climatic, species and varieties. In
the same type such as bread or durum wheat,
usually the weight of a thousand grains is
inversely proportional to the amount of protein,
with the amount of starch. Thousand grain weight
is higher in hard wheat than in soft wheat (Unal,
2003).

In this study, thousand-kernel weight values
showed a significant difference (P<0.05) between
wheat varieties with values varying from 47.18 (g)
(Glneyyildizi) to 53.82 (g) (Massimo) (Table 1).
Massimo variety yielded a high thousand-kernel
weight value. Thousand kernel weight was found
as highest in Massimo wheat while was lowest
that The

differences observed in thousand kernel weight

of Glneyyildizi wheat variety.
among wheat varieties and genotypes may be
due to the differences in the genetic make-up of
the varieties. Results are comparable with the
earlier findings of Szumilo et al. (2010), Aktas et
al. (2011), Sayaslan et al. (2012), and Oztiirk et al.
(2017) who reported thousand kernel weight
ranges of 25.90-51.40 g, 28.90-40.80 g, 42.30-
56.20 g, and 31.40-47.10 g, respectively, for
different Thousand kernel

wheat varieties.
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weights of durum wheats are higher than other
wheat varieties (Finney et al., 1987; Morris, 2004;
Sissons, 2004).

Hectoliter weight

One of the factors that are based on the
quality classification of wheat is the weight of
hectoliter and the higher the weight, the greater
the amount of dry matter and thus the flour yield
(Manley et al., 2009). It depends on the grain size,
shape, hardness or softness and density.
Hectoliter weight may vary depending on genetic
structure, environmental conditions, and cultural
practices (Protic et al., 2007).

The analysis of variance of the hectoliter
weight is showing in Table 1. Hectoliter weight of
Massimo (84.71 kg hl') was significantly (P<0.05)
higher than the other five varieties. This was
followed by Saricanak 98 (84.38 kg hl), Burgos
(83.30 kg hI?), Guneyyildizi (83.10 kg hl?), Svevo
(83.08 kg hlI'), and Zenit (81.75 kg hl) variety
(Table 1). Hectoliter weight up to 82.00 kg hlt is
classified as very good wheat Vvarieties
(Diepenbrock et al., 2005). According to the
Turkish Wheat Standard, wheat varieties with
hectoliter weight higher than 78.00 kg hl* are first
2001).

varieties in this study showed good values in

class wheat (Anonymous, Six  wheat
terms of hectoliter weight. The hectoliter values
of this study are comparable with the results of
the study reported by Yagdi (2004), Aydin et al.
(2005), Szumilo et al. (2010), Aktas et al. (2011),
Kilic et al. (2012), Migliorini et al. (2016) and
Oztiirk et al. (2017). Based on the above results, it
can be predicted that all the above wheat
varieties with their relatively high hectoliter
weight have the potential for good semolina,
bulgur and couscous yield on milling. Hectoliter
weights of durum wheats are higher than other
wheat varieties (Finney et al., 1987; Morris, 2004;
Sissons, 2004).

Hardness values

Hardness is among the physical features that
effectively determine endues quality of wheat.
The hardness values of all wheat varieties used in
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this study are shown in Table 1. The mean
hardness values of Burgos, Svevo, Glineyyildizi,
Sariganak 98, Zenit and Massimo wheat varieties
were found to be 67.10, 58.50, 55.70, 66.50,
69.50 and 72.20 (NIR hardness), respectively. The
results are in agreement with the results of the
studies made by Maghirang and Dowell (2003),
Arif et al. (2007), Hruskova and Svec (2009) and
Oztiirk et al. (2017) for different durum and hard
wheat cultivars with a range of 52-89, 50-60, 38-
58, and 50.00-64.50 (NIR, %). for different wheat
varieties with a range of (%). According to
Hruskova and Svec (2009), the scales of the
relative wheat harness (%) are classified as
follows; extra hard (higher than 84), very hard
(73-84), hard (61-72), medium hard (49-60),
medium soft (37-48), soft (25-36), very soft (13-
24) and extra soft (lower than 12), respectively.
Svevo and Guneyyildizi are medium hard wheats
while Burgos, Sariganak 98, Zenit and Massimo
are hard wheats according to this hardness
scaling.

The hardness values of all wheat varieties were
high because they are all durum wheat varieties.
A significant difference was obtained between
wheat varieties (P<0.05). The hardness values of
durum wheats are higher (Aalami et al., 2007)
than that of Bread wheats due to hard
endosperm and vitreousness. Grain hardness is
normally affected by different environmental,
physical, and chemical factors like kernel protein
(El-Khayat et al., 2003), vitreousness, kernel size,

water-soluble pentosans, moisture content and
2002).
indicated that milling

lipid content (Turnbull and Rahman,
Previous studies had
performance of the kernel was related to the size
of the kernel, hardness. Kernels with high protein
content are generally assumed to yield more
semolina than either starchy or piebald kernels.
Hard kernels are also considered to have a
positive effect on the color and cooking quality of

pasta, couscous, and bulgur.

Hunter CIE color values (L*, a* and b*)

Wheat grains are generally white, light yellow,
yellow-red, amber and brown. The color of wheat
is very important for wheat products. The color
values (L*, a* and b*) of wheat varieties were
shown in Table 2 and significant differences
(P<0.05) was obtained between wheats and their
flours. The brightness (L*) value of grains was
highest in Saricanak 98 with a value of 53.50 and
lowest in Zenit with a value of 44.02. The a*
values of Burgos, Svevo, Gineyyildizi, Saricanak
98, Zenit and Massimo wheat varieties were
found to be 5.97, 7.27, 6.87, 7.40, 6.47 and 7.89,
respectively. The b* that one of the most
important quality characteristics for pasta, bulgur
and other wheat products were found as 14.96
(Burgos), 17.72 (Svevo), 16.94 (Guneyyildizi),
20.24 (Sariganak 98), 16.24 (Zenit) and 19.89
(Massimo). The highest in b* value was found in
Saricanak 98 wheat grain while the lowest one
was in Burgos wheat grain.

Table 2. Hunter CIE color values of different wheat varieties and their flours?

Variety Wheat Flour
L* a* b* L* a* b*
Burgos 47.78° 5.97¢ 14.96° 84.43 -2.00° 16.26°
+0.04 +0.04 +0.02 +0.02 +0.16 +0.05
Svevo 53.18¢ 7.27¢ 17.72¢ 84.80¢ -2.17¢ 16.42%¢
+0.06 +0.03 +0.06 +0.03 +0.08 +0.13
Giineyyildiz 48.02¢ 6.87¢ 16.94¢ 84.09° -2.39¢ 18.35¢
+0.08 +0.02 +0.04 +0.06 +0.14 +0.15
saricanak 98 53.50/ 7.40¢ 20.24 84.38« -1.57f 14.17°
+0.02 +0.01 +0.08 +0.07 +0.09 +0.03
Zenit 44.02° 6.47° 16.24° 82.92° -2.51° 18.89¢
+0.07 +0.05 +0.07 +0.03 +0.13 +0.05
Massimo 52.84¢ 7.89f 19.89¢ 83.45° -2.852 17.85¢
+0.03 +0.06 +0.05 +0.06 +0.07 +0.02

IMeans followed by the different letters within the column are significantly different at P<0.05.
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the
was detected

Concerning the color of the flour,
significant difference (P<0.05)
among most of the flour samples (Table 2). The
color of the flour samples was bright where L*
values exceeded 85 for all of them due to bran
removal and high starch content. The a* values
flours of all varieties were changed from positive
values to negative values due to bran removal
and pigments. The b* values were also changed
when the flour obtained from the same wheat.
The b* values of flours of Svevo, Saricanak 98 and
Massimo wheats decreased while that of Burgos,
Guneyyildizi and Zenit wheats increased due to
bran and characteristics of variety. The yellowish
color of durum wheat and semolina flour made
from it is due to a carotenoid pigment called
lutein, which can be oxidized to a colorless form
by enzymes present in the grain. The most
important carotenoids found in wheat are lutein
and lutein-fatty acid esters from xanthophy and
RB-carotene from carotenes (Fortmann and Joiner,
1978).
Chemical, physicochemical and technological
quality characteristics
Ash content

The ash contents of different wheat kernels
show significant difference (P<0.05) among them

and varied from 1.35 (%w/w, d.b.) (Zenit) to 1.86
(%w/w, d.b.) (Svevo) (Table 3). This difference
may be due to \wvariety, hardness and
environment. The ash contents of different wheat
genotypes of hard and soft ones from different
locations reported as to be between 1.18 and
2.32 (%w/w, d.b.) (Dizlek et al., 2013). According
Food

Standards, the maximum protein content of the

to Codex Alimentarius International
whole durum wheat semolina should have been
as 2.10 (%w/w, d.b.) (CAIFS, 2019). The ash
contents found for the varieties in this study is
suitable for the standards and previous studies.
Ash is an important chemical constituent for flour
quality and is an indicator of flour purity. The ash
content of wheat grain has been reported to vary
with variety, hardness and environment. Ash
content indicates how completely and efficiently
the endosperm has been separated from the
bran. The ash contents in the endosperm of
durum wheats are higher than other wheat
varieties (Finney et al.,, 1987; Morris, 2004;
Sissons, 2004).

Table 3. Chemical, physicochemical, and technological quality characteristics of different wheat
varieties?!

Ash Protein Wet Gluten STR RX WAC

(%w/w, (%w/w, d.b) SDS Gluten Index Extensibility Elasticity (g water/

Variety d.b) (ml) (%w/w) (%w/w) (s) (BU)* g wheat)

Burgos 1.50¢ 16.10° 29.00¢ 29.50° 96.91°¢ 79.00¢ 553.00¢ 2.50¢

+0.03 +0.02 +0.04 +0.05 +0.02 +0.13 +0.25 +0.001

Svevo 1.86/ 15.15¢  27.00¢ 30.40° 97.87% 74.00° 547.00° 2.42¢

+0.04 +0.03 +0.02 +0.07 +0.03 +0.09 +0.23 +0.002

.. 1.45b 14.70¢ 23.00¢ 36.15¢ 95.11b 69.00° 535.00° 2.37°
Guneyyildizi

+0.02 +0.02 +0.05 +0.03 +0.02 +0.11 +0.17 +0.003

Saricanak 98 1.73¢ 13.85¢ 13.002 35.554 94.36° 77.00¢ 532.00° 2.47¢

+0.03 +0.05 +0.06 +0.04 +0.04 +0.21 +0.22 +0.005

Zenit 1.352 14.60° 13.50° 33.15¢ 97.154 78.00¢ 537.00°¢ 2.30°

+0.06 +0.03 +0.03 +0.07 +0.06 +0.08 +0.09 +0.002

Massimo 1.65¢ 16.75°  30.50f 37.10f 98.14¢ 81.00° 564.00 2.55f

+0.08 +0.02 +0.04 +0.05 +0.02 +0.06 +0.12 +0.004

IMeans followed by the different letter within column are significantly different at P<0.05. SDS: sodiumdodesilsulphate

sedimentation value, WAC: Water absorption capacity.
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Protein content

Significant differences (P<0.05) were observed
in the protein contents of all the wheat varieties
(Table 3). For instance, among the wheat varieties
Massimo had the highest protein content while
Sariganak 98 had the lowest value. The protein
content was found to be 16.10, 15.15, 14.70,
13.85, 14.60 and 16.75 (%w/w, d.b.) for Burgos,
Svevo, Gilneyyildizi, Sariganak 98, Zenit and

Massimo, respectively. These results are in
agreement with the results in wheat reported by
Sakin et al. (2011a; 2011b), Kihg et al. (2012),
Brennan et al. (2012), Sayaslan et al. (2012),
Katyal et al. (2016) and Oztiirk et al. (2017). The
protein results for the present study are also
similar to the results of the study made by Khalaf
et al. (2005) for protein contents of some Iraqi
and ICARDA selected durum wheat -cultivars
(11.50-14.76, %w/w, d.b.). According to Codex
Alimentarius International Food Standards, the
minimum protein content (%w/w, d.b.) of the
whole durum wheat semolina should be- 11.5

(CAIFS, 2019).

SDS-sedimentation value

Sedimentation value is an important feature
that gives information about the gluten quality of
wheat flour. Sedimentation value is used to
predict the quantity and quality of gluten, as well
as to estimate the protein content of wheat with
the same gluten quality (Dizlek and Islamoglu,
2015).

According to the results of variance analysis,
the difference between sedimentation value of
wheat varieties was found statistically significant
(P<0.05) (Table 3). The higher the volume of
the
are

sediment, relatively stronger the gluten
the When the

sedimentation values (SDS) of the varieties were

proteins in sample.
considered, the best varieties were found in
Massimo and Burgos wheats with 30.50 ml and
29.00 ml, respectively. The lowest sedimentation
value was observed in the Saricanak 98 variety
with  13.00 ml.

considered to be poor for 15-20 ml, moderate for

Sedimentation values are

20-25 ml, and suitable for bread making if it is
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25-30
sedimentation

The
wheat

(Unal,  2003).
different

varieties (durum, hard and soft wheats) varies
between 12.0 and 56.0 ml (Sakin et al., 2011b,
Kihg et al., 2012; Sayaslan et al., 2012; Kaya and
Akcura, 2014; Katyal et al., 2016 and Pekmez,
2018). It has been determined that types of
wheats used in this study have sedimentation

between ml

volume of

value between the range of previous researches.

Wet gluten content

Gluten is a group of proteins found in cereals,
especially wheat responsible for the strong
structure of the dough. It is closely related to
other grain cereals, especially rye, barley, oats,
and for this reason these cereals also contain
gluten. Gluten, an important indicator of the
pasta quality of wheat, is elastic protein showing
the suitability of flour for pasta and couscous
making. The gluten structure, including the
strength of the matrix, is thus an important
component of pasta quality. Among the wheat
quality components, gluten plays the most
important role in determining industrial use, and
the

parameters for classification of wheat for use in

therefore gluten strength is one of
bread, cakes, and pasta (Modenes et al., 2009).
When it was considered the wet gluten results
of different wheats in Table 3, it was found the
values between 29.50 and 37.10 (%w/w). The
amount of wet gluten for Saricanak 98,
Guneyyildizi and Massimo varieties is higher than
35% and it is a high value. Burgos, Svevo and Zenit
varieties are in the gluten group because they are
between 28-35 (%w/w). Significant differences
(P<0.05) in the mean of wet gluten were observed
among wheat varieties. It is stated that the
amount of wet gluten is higher than 35% in wheat
with high gluten value, between 28-35 (%w/w) in
good wheat, between 20-27 (%w/w) in medium
wheat, and less than 20 (%w/w) in wheat with
low degree gluten (Unal, 2003). Similar results for
investigation of genotypes for wet gluten traits
recognized by several writers (Szumilo et al.,,
2010; Sakin et al., 2011b; Cristina et al., 2014;

Vida et al., 2014).



Yildirim and Atasoy, 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 420-431

Gluten index value

The gluten index (Gl) is a measurement of
wheat protein that provides a simultaneous
determination of gluten quality and quantity.
Gluten index gives an idea of gluten quality. The
gluten index is used to determine whether gluten
structure is weak or strong (AACC, 2000).

Gluten index value of flours milled from
different wheat varieties ranged from 94.36
((%w/w) 97.87 ((%w/w)
significantly (P<0.05) differences between wheats

to and showed
(Table 3). It was determined that the lowest
gluten index value in varieties is Sariganak 98 with
94.36 ((%w/w). The highest gluten index value is
in Massimo variety with 98.14 ((%w/w). As for the
gluten index, which somewhat reflects gluten
quality, the genotypes had values varying from 21
((%w/w) to 96 ((%w/w) (Sayaslan et al., 2012).
Optimum value for gluten index is between 65
((%w/w) and 80 ((%w/w). Gluten index value
above 80 indicates strong gluten (Migliorini et al.,
2016). Six wheat varieties studied had strong
gluten because the values of all varieties were
higher than 80 ((%w/w). Migliorini et al. (2016)
reported that gluten index values of wheat
varieties cultivated in Italy, which expresses
gluten quality, were found between 57 ((%w/w)
and 80.30 ((%w/w) and influenced by the year.
The gluten index values of 70 ((%w/w) winter
durum wheat genotypes grown between 2010-
2012 years were changed between 1.51 ((%w/w)

and 96.37 ((%w/w) (Vida et al., 2014)

Glutograph-E values

Glutograph is a device that measures the
elongation and elastic properties of wet gluten.
The time required for the Glutograph test is
approximately 7 minutes. The glutographer 800
BU (Brabender unit) measures parameters such as
the elongation or stretching time (STR) required
to reach the BU angle and the elasticity (RX) value
at 10 seconds. The glutograph test provides
information on the extensibility and elasticity of
gluten.

Glutograph-E results of wheat samples were
given in Table 3. Significant differences (P<0.05) in
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stretching (extensibility) and relaxation (elasticity)
values from Glutograph-E were obtained between
wheat varieties. The stretching (extensibility) and
relaxation (elasticity) values of all wheat varieties
were found between 69-81 s and 532-564 BU,
respectively. The highest extensibility time was
found in Massimo wheat variety with a value of
81 s while the lowest one was in Glineyyildizi
wheat with a value of 69 s. The elasticity value of
Saricanak 98 wheat was the lowest with a value of
532 BU. On the other hand, the highest value of
elasticity was found as 564 BU for Massimo
wheat. Stretching and relaxation values of 5
different durum wheat varieties were found as in
the range of 0-125 s and 417-915 BU (Alamri et
2009).
glutograph relaxation value for sixteen durum

al., Glutograph stretching value and
wheat cultivars grown at Langdon, Minot and
Williston, North Dakota, in 2006 were found
between 0.10-96.5 s and 150-287 BU, respectively
(AbuHammad et al., 2012).

The stretching and relaxation values of bread
wheat were found to be 101 s and 564 BU,
2016).
Stretching and relaxation values of Bread wheats
were found to be in the range of 390-811 BU (13-
125 s) and 328-679 BU, respectively (Kegeli et al.,
2017). In the study of Kaya (2018), the stretching
and relaxation values of refined durum wheat

respectively  (Kaplan-Evlice et al.,

were 82.50 s and 534 BU, respectively. Gluten
extensibility was higher in wheat samples with
native inulin in percentages of 2.5- 7.7 % (571-535
s) than in the control dough (499 s) (Codina et al.,
2018).

Water absorption capacity (WAC)

Hydration characteristics of wheat and wheat
products such as bulgur, couscous, flour, semolina
are important and indicate the physical and
chemical alterations occurring during processing
(Maskan, 2001). As can be seen in Table 3, water
absorption capacity changed significantly (P<0.05)
with wheat variety. This difference may be due to
the size of wheat-, variety and hardness. The
water absorption capacities of Burgos, Svevo,
Guneyyildizi, Saricanak 98, Zenit and Massimo
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wheats were found to be 2.50+0.001, 2.42+0.002,
2.37%£0.003, 2.47%0.005, 2.30£0.002
2.55+0.004 (g water/g wheat), respectively. The

and

water absorption capacities of fine bulgur which
is a type of durum wheat products at different
drying conditions were found to be in the range
of 1.96-2.39 (g water/g bulgur) (Kahyaoglu et al.,
2010). Hayta (2002) also found the water
absorption of pilaf bulgur (made from durum
wheat) at different drying conditions to be
between 2.33 and 2.56 (g water/g bulgur).
Damaged starch granules exhibit a higher
degree and greater
susceptibility by
enzymes than undamaged granules. By their very

of water absorption

to degradation amylolytic
nature, hard wheat granular products (whole
meals and flours) contain a higher percentage of
damaged granules than similar products from soft
wheat. Water absorption of flour during baking is
largely determined by the combination of protein
content, starch damage level, and a-amylase
activity. Damaged starch hydrates and swells very
rapidly and has high water-absorbing capacity
(Khan and Shewry, 2009)). Water absorption
capacity of durum wheat and flours are important
for bulgur, couscous, pasta, noodles processes
such as dough formation, cooking, forming, drying
etc.

Conclussion

Based on the findings of the study, it was seen
that there were differences between the wheat
varieties with statistical significance (P<0.05) in
terms of physical, chemical, technological and
The
mean

physicochemical characteristics.
thickest, highest
diameter and highest sphericity wheats were

longest,
widest, equivalent
found to Burgos, Svevo, Saricanak 98, Svevo,
the
narrowest, thinnest, lowest equivalent diameter

Svevo and Massimo while shortest,
and lowest sphericity wheats were Massimo,
Zenit, Zenit, Massimo, Zenit, respectively. The
differences observed in thousand kernel weight
among wheat varieties and genotypes may be

due to the differences in the genetic make-up of
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the varieties. Wheat varieties in this study
showed good values in terms of hectoliter weight.
Svevo and Guneyyildizi are medium hard wheats
while Burgos, Sariganak 98, Zenit and Massimo
are hard wheats according to hardness scaling.
Significant differences (P<0.05) in color values (L*,
a* and b*) were obtained between wheats and
their flours. The b* values of flours of Svevo,
Saricanak 98 and Massimo wheats decreased
while that of Burgos, Glineyyildizi and Zenit
wheats increased compared with their wheat
kernels due to bran and characteristics of variety.
The ash contents of different wheat kernels
shown significant difference (P<0.05) due to
variety, hardness and environment. Among the
wheat varieties Massimo had the highest protein
content while Saricanak 98 had the lowest value.
When the sedimentation values (SDS) of the
varieties were considered, the best varieties were
found in Massimo and Burgos wheats. The

amount of wet gluten for Saricanak 98,
Guneyyildizi and Massimo varieties was found to
be higher than 35% value. Six wheat varieties
studied had strong gluten because the values of
gluten index of all varieties were higher than 80.
The highest extensibility and elasticity were found
in Massimo wheat variety. Water absorption
(P<0.05) with

wheat variety due to size of wheats, variety and

capacity changed significantly

hardness. Knowing the quality characteristics of
wheat varieties may facilitate the processing of
products to be obtained from these wheats.

Conflict of Interest: The authors declare that they
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(074

Arastirma, bazi kolza c¢esitlerinin  Kirsehir ekolojik kosullarinda verim ve verim
performanslarinin degerlendirilmesi amaciyla, 2014-2015 ve 2015-2016 yetisme sezonunda
Kirsehir Ahi Evran Universitesi Ziraat Fakiiltesi deneme tarlalarinda gergeklestirilmistir.
Denemede 8 adet kislik kolza gesitleri (Atenzo, Champlain, Elvis, EsMercure, Excalibur,
PR46W10, PR46W31, Recordie) kullanilmis ve arastirma tesadif bloklari deneme desenine
gore 3 tekerrurli olarak kurulmustur. Arastirmada bitki boyu, yan dal sayisi, kapsul sayisi,
kapsilde tane sayisi, bin dane agirligi, tohum verimi, ham yag orani ve ham yag verimi
parametreleri incelenmistir. Arastirmada incelenen O6zelikler bakimindan cesitler arasinda
farkhhklar gézlenmis ve bu farkhliklarda istatistiksel anlamda 6nemli ¢ikmistir. Arastirmada
ayrica yillar arasinda onemli farkhlklar gozlenmis ve bu farkhliklarinda 2015-2016 tarim
sezonunda sonbahar yagislarinin yetersizligine bagl kolza bitkisinin kis 6ncesi yeterli gelisim
saglayamamasi ve kis zararinin artmasiyla iliskilendirilmistir. Bu olumsuz etki nedeniyle tohum
ve ham yag verimi 2014-2015 tarim sezonuna gore yaklasik %50 diizeyinde bir azalma
gostermistir. Bitki boyu, yan dal sayisi ve ham yag orani yoniinden Recordie gesidi, kapsil ve
dane sayisi yoniinden ise PR46W31 cesidi diger cesitlere gore daha yiiksek degerlere
ulagsmistir. En yiiksek verim denemenin ilk yiinda PR46W10 (2939.17 kg ha') ve PR4A6W31
(2843.23 kg hal) cesitlerinden elde edilirken ikinci yilinda ise, en yiiksek tohum verimi
EsMercure (1795.37 kg ha?) cesidinden elde edilmistir. bir

disinildiginde tohum ve ham yag verimi yoniinden EsMercure, Atenzo, PRA6W10 ve

Bolge kosullari biitiin

Recordie gesitleri onerilmektedir.

Anahtar Kelimeler: Kolza (Brassica napus L), Verim, Yag orani, Ham yag verimi

ABSTRACT

The research was conducted at experimental field of Kirsehir Ahi Evran University Faculty of
Agriculture fields in 2014-2015 and 2015-2016 growing season. Field experiment was
designed based on randomized complete block design with three replications and 8 winter
rapeseed cultivars (Aten Zo, Champlain, Elvis, Es Mercure, Excalibur, PR46W10, PRA6W31,
Recordie) were used. Plant height, the number of branches and capsules, seed number per
capsule, thousand seed weight, crude oil ratio, seed and oil yield were evaluated in the study.
The results revealed that the effect of cultivars was significant on plant height, number of
branches and capsules, seed number per capsule, thousand seed weight, crude oil ratio, seed
and oil yield. In the study also observed significant differences between years and these
differences were associated with the inadequate development of rapeseed plant before
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winter due to insufficient autumn rainfall in the 2015-2016 agricultural season and increased winter cold damage. Due to this

negative effect, the seed and crude oil yield decreased by approximately 50% compared to the 2014-2015 agricultural season

result. Recordie cultivar in terms of plant height, side branch number and crude oil ratio, and PR46W31 cultivar in terms of

number of capsules and grains reached higher values than other varieties. The highest seed yield was obtained from
PR46W10 (2939.17 kg ha-1) and PR46W31 (2843.23 kg ha-1) cultivars in the first year and from EsMercure (1795.37 kg ha-1)
cultivar in the second year of research. Considering the regional conditions, EsMercure, Atenzo, PRA6W10 and Recordie

varieties are recommended in terms of seed and crude oil yield.

Key Words: Rapeseed (Brassica napus L), Seed yield, Oil rate, Oil yield

Giris

Bitkisel yag talebinin karsilanmasinda 6nemli
yagh tohumlu bitkilerden biri olan kolza diinyada
34.7 milyon ha alanda 76.2 milyon ton uretimle
soyadan sonra ikinci sirada yer almaktadir (FAO,
2019).
olanaginin olmasi,

Kolza bitkisinin yazlik ve kishk ekim
ham yag igeriginin yulksek
olmasi Ozellikle biyoyakit Uretiminde tercih
edilmesi kolza tarim alanlarinin 2006 vyilindan
sonra (27.2 milyon ha) hizla artmasina neden
olmustur. Tlrkiye’de kolza tarimi ise 2007 yilindan
sonra onemli artis gdstermis ve 2018 yilinda 37.8
bin ha alanda 125 bin ton lretime ulasarak yagh
tohumlu bitkiler icerinde 3. sirada yer almistir.
Bitkisel yag talebinin yerli tohum Uretimi ile ancak
%30’nu karsiladigimiz (TUIK, 2019) diisiiniildigiin
tohum bitkileri

yayginlastirilmasinin tlke ekonomisi icin ne kadar

de alternatif yagl tariminin

elzem oldugu gorulmektedir. Tohumunda
yaklasik %45-50 oraninda yag iceren, yaginda
oleik asit ve omega-3 gibi insan saghgi i¢in oldukga
onemli yag asitleri barindiran kolza, yag agiginin
kapatilmasinda 6nemli bitkilerden birisi olabilir.
Kolza, kishk formlarinin bulunmasi, adaptasyon
genisligi,

ekimden hasada kadar mekanizasyona elverisli

alaninin toprak isteklerinin azligl,

olmasi, biyoyakit olarak kullanima uygunlugu ve

hububat tariminin vyapildigi yerlerde kolayca

kiglik ulkemizde iklim

kosullarinda bugday ile ekim noébetine girmesi

cesitlerinin uygun
sonucu, ekim nobeti zenginlesebilecegi gibi, yag
katkisi
olacaktir. Ayrica, yag fabrikalarina erken rin

aciginin  kapatilmasinda da oOnemli
sunmanin yaninda yag islemi sirasinda kabuk
ayrimi olmadigindan daha kolay ve ekonomik
olmaktadir (Basalma, 2004). Kiispesinde %38-40
protein bulunmasi, erken ve uzun sureli
ciceklenme ile ari ve aricilara polen saglamasi
bakimindan cok &nemli bir bitkidir. ic Anadolu
bolgesi 6zellikle kishk kolza ekimine uygun oldugu,
sonbaharda erken ekim ile kis donlari 6ncesi 6-8
yaprakla rozet donemine girmesiyle -15 °C'ye
kadar dayanacagl bildirilmektedir (Kolsarici ve
1988).

Ozelliginin tam olarak yasandigi Kirsehir ekolojik

Basalma, Bu c¢alisma ile karasal iklim

kosullarinda farkh kislik kolza gesitlerinin verim ve

verim Ogeleri yoniinden degerlendiriimesi ve

bolgede kishk  kolza  tarim  olanaklarinin
olusturulmasi ile degerli bir yagli tohum bitkisinin
ekim nobeti sistemine  dahil  edilmesi
amaglanmigtir.
Materyal ve Metot

Arastirma, Kirsehir Ahi Evran Universitesi
Bagbasi vyerleskesi Ziraat Fakiltesi Uygulama

Alaninda (39°08'17.5"N 34°07'01.4"E) 1082.6 m

yetismesi gibi Ustlnllkleriyle de liretim deseninde rakimda, 2014-2015 ve 2015-2016 tarim

yer almasi gereken 6nemli bir bitkidir (Basalma, sezonunda yuritilmustir.

2004, 2006; Giirsoy ve ark., 2015). Kolza bitkisinin

Cizelge 1. Deneme yerinin toprak ozellikleri

Table 1. The results of soil analysis in trial areas

Saturasyon Tuz (%) Alinabilir P20s Kireg Alinabilir K20 K Organik
(isba%) pH EC (mmhos/cm) Salini: (%) CaCOs (ppm) Available Madde (%)
Texture y Available P20s (%) K20
55 7.55 0.59 0.023 0.19 21.2 63.48 1.34
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Deneme yerinin toprak analizi sonucuna gore

nispi nem, aylk ortalama sicaklik ve toprak Usti

genel olarak killi-tinli, orta tuzlu, hafif kiregli ve minimum sicaklik verileri Meteoroloji Genel
organik maddece fakir bir yapida oldugu Mudurliginden alinmistir ve (Cizelge 2’de
gorilmektedir (Cizelge 1). verilmistir.
Deneme vyerinin aylik toplam yagis miktari,
Cizelge 2. Kirsehir ili 2015-2016 yili iklim verileri
Table 2. Meteorological data for experimental location during growing season
Sicakhik/Temperature (°C) Nispi nem Toplam yagis
Maksimum Relative humidity ~ Total precipitation
Aylar/Months Ortalama Average Maximum Minimum Minimum (%) (mm)
2014-  2015- 2014- 2015- 2014- 2015- 2014- 2015- 2014- 2015-
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
Eyliil/Sep. 19.9 23.0 35.9 36.0 5.2 11.0 50.9 40.8 29.8 1.0
Ekim/Oct. 13.7 14.5 25.6 27.3 -0.8 3.9 67.0 63.3 37.2 30.8
Kasim/Nov. 6.5 7.5 18.7 20.3 -2.8 -3.6 73.8 58.1 28.4 8.2
Aralik/Dec. 5.9 -1.1 14.4 11.7 -5.0 9.6 88.2 80.5 29.2 9.1
Ocak/Jan. 1.2 -0.2 14.7 13.7 -15.0 -17.2 85.6 76.2 35.2 122.3
Subat/Feb. 3.5 6.0 17.5 20.6 -11.5 7.5 77.6 70.8 38.3 36.4
Mart/Mar. 7.0 7.1 23.6 24.5 -4.7 -7.0 76.2 60.7 89.0 43.8
Nisan/Apr. 8.8 13.8 24.4 28.3 -3.0 -0.3 66.2 47.4 26.8 23.8
Mayis/May. 16.0 14.9 32.2 28.1 2.2 4.6 58.1 63.7 39.2 98.0
Haziran/Jun. 18.4 21.0 28.3 36.2 8.4 6.8 66.9 53.0 161.4 16.1
Temmuz/Jul. 23.0 24.2 36.7 36.7 11.7 11.9 47.0 42.5 20.6 5.8
Agustos/Aug. 248  25.7 36.3 36.8 9.8 13.4 47.5 43.8 11.8 0.0
E\)\;Z};sﬁq 124 130 67.1 58.4 546.9 395.3
Denemenin ylritildtgld yillarda ortalama Champlain ve Elvis Hollanda, Excalibor Litvanya,

sicaklik ve nem degerlerinde 6nemli farkliliklar
gozlenmezken yagis miktarinda kolza tarimini
etkileyebilecek 6nemli degisimler gdzlenmistir.
Kolza her iki yilda da eylil ayinin 2. haftasinda
ekimi gergeklestirildiginden, 2014 yili Eylul ayinda
yagis ve sicaklik gikis igin yeterli iken, 2015 yih
yagisin 1
citkisin  gecikmesine  neden
2014 yilinda erken
donlar ekim ayinda gozlenirken denemenin ikinci

Eylil ayinda ise mm  olarak
gerceklesmesi

olmustur. Ayni zamanda,

yilinda ise kasim ayinda gozlenmistir. Her iki yilda
da en soguk dénemin ocak ayinda oldugu ve en
dustk sicakhigin 2015 yilinda -15.0 °C, 2016 yilinda
ise -17.2 °C olarak gerceklestigi gortilmektedir.
Arastirma tesadlf bloklari deneme desenine
gore 3 tekerlrli olarak kurulmus ve 8 adet kislik
kolza cesidi (Atenzo, Champlain, Elvis, EsMercure,
PR46W10, PR46W31,
kullanilmistir. Arastirmada kullanilan cesitlerden

Excalibur, Recordie)

Atenzo ve EsMercure Fransa, Recordie Almanya,
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PR46W10 ve PW46W31 ingiltere ve Recordie

italya orjinli  olup, Tohumluk Tescil ve
Sertifikasyon Merkez Mudirliginden temin
edilmistir.  Ekimler, kolza  tohumlar  kis

soguklarindan daha az zarar gormesi icin eylil
ayinin 2. haftasinda (10 Eylil 2014 ve 14 Eylil
2015) gerceklestirilmistir. Arastirma alani nadas
alani olup, ekimden Once rotatiller (rotovator) ile
sirilmis ve diiz toprak ylizeyi icin merdane
kullanilmistir. Bolgede genel olarak, yaz kurakhgi
nedeniyle toprakta yeterli nemin bulunmamasi
nedeniyle yeterli tavin saglanmasi ve homojen bir
¢ikisin olmasi icin ekimden sonra her iki deneme,
yilinda da bir defa (ekim sonrasi) yagmurlama
sulama yapilmistir. Parseller 6 m uzunlugunda
olup, 40 cm sira araligi ile 6 siradan olusmustur.
Ekim, markorle acilan siralara elle, dekara 1 kg
tohum  hesabiyla  yapilmistir.  Arastirmada,
parsellere yarisi (6 kg da' N) ekimle beraber,

diger yarisi ilkbaharda (6 kg da N), ciceklenme
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baslangicindan hemen o6nce, olmak lzere 12 kg gore gruplandirilarak degerlendirilmistir
da? saf azot ve tamami ekimle beraber 6 kg da™! (Dlizglines ve ark., 1987).

fosfor (P20s) uygulanmistir. Sonbahar ekiminde

gibre kaynagl olarak diamonyum fosfat (DAP  Arastirma Bulgulari ve Tartisma

18/46), triple slper fosfat (TSP) ve ire (%46)

kullanilirken ilkbahar Ust giibre olarak amonyum Arastirmada vyillar arasinda farkin Onemli
nitrat (AN %33) gubreleri kullaniimigtir. Cikis ¢tkmasindan dolayi yillar ayri olarak incelenmis ve
sonrasi  kis donemine  gelmesi, ilkbahar degerlendirilmigtir. Cesitlerin bitki boyu degisimi
doneminde ise kolzanin hizlh gelisimi ile siralari her iki yillda da istatistiksel anlamda oOnemli
mikemmel kapatmasi nedeniyle yabanci ot (P<0.01) bulunmus ve 2014-2015 tarim yilinda
sorunu olmamistir. Arastirmada, parsellerden cesitlerin daha vyuksek boylanma gosterdikleri
rastgele secilen on bitkide, bitki boyu (cm), yan saptanmistir (Cizelge 3). 2015-2016 tarim yih
dal sayisi (adet bitki?), kapsil sayisi (adet bitki!),  cesitlerin  bitki boyunda kisalma yaninda
kapsiilde tane sayisi (adet), bin tane agirligi (g),  farkhliklarinda gozlendigi yil olmugtur.
parsel kenar tesiri c¢ikarildiktan sonra kalan Denemenin ilk yilinda gesitlerin en yiksek ve en
alandan, tohum verimi (kg da), ham yag orani disik degerleri arasindaki fark yaklasik 16 cm
(%, Soxhlet ekstrakt yontemi) ve ham yag verimi iken denemenin ikinci yilinda, bu fark 24 cm
(kg dal), degerleri elde edilmistir. Elde edilen olmustur. Aradaki fark sayisal olarak az olsa da
veriler tesadif bloklari deneme metoduna gore, denemenin ikinci yilinda ortalama bitki boyundaki
MSTAT-C paket programinda varyans analizine disliste dikkate alindiginda cesitlerin
tabi tutulmustur (Russell, 1986). Uygulamalar performanslari agisindan, ikinci yilin daha zorlu
arasindaki farklihklar Duncan karsilastirma testine gectiginin isaretidir.

Cizelge 3. Cesitlere ait varyans analiz sonuglari ve ortalamalara ait karsilastirma
Table 3. Summary of analysis of variance and mean comparison of the rapeseed cultivars

Yan dal sayisi Bitkide kapsiil sayisi Kapsiilde dane sayisi
Bitki boyu (cm) (adet bitki?t) (adet bitki*) (adet kapsiil )
Cesitler Plant height (cm) Branches number Pod number Seed number
Cultivars (number plant™!) (number plant™) (number pod?)
2014-2015 2015-2016 2014-2015 2015-2016 2014-2015 2015-2016 2014-2015 2015-2016
Atenzo 157.07 ab* 136.93 ac 8.65a 5.80 401.88 ab 212.55a 27.33ab 26.93 abc
Champlain 148.93 bc 132.33 bc 8.80a 5.67 416.79 a 21591 a 24.60 bc 24.20 cd
Elvis 150.2 ac 124.87 c 7.57b 4.93 342.63 bc 172.59b 24.13 bc 27.53 ab
EsMercure 148.47 bc 142.53 ab 7.73 ab 5.73 240.45d 203.58 ab 26.47 ab 22.20d
Excalibur 142.73 ¢ 134.53 bc 7.27b 5.67 306.48 c 169.05 b 24.07 bc 24.40 bcd
PR46W10 149.47 bc 140.53 ab 8.00 ab 5.93 331.14c 192.45 ab 22.00c 23.13d
PR46W31 156.07 ab 141.40 ab 8.23 ab 5.56 410.36 a 225.50a 28.13a 28.67 a
Recordie 159.07 a 148.80 a 8.73a 6.05 365.34abc  198.14 ab 24.53 bc 26.78 abc
Ort./Ave 150.25 137.74 8.12 5.67 351.88 198.72 25.16 25.48
LSD 8.25 11.45 0.99 62.18 35.31 2.96 2.94

*. Ayni kolonda ayni harf veya harflerle gosterilen degerler arasinda Duncan ¢oklu karsilastirma testinde 6nem seviyesine
gore istatistiksel olarak 6nemli bir fark yoktur.
*. For each main effect, values within same columns followed by the same letter or letters are not statistically significant
difference in Duncan multiple comparison test.

Her iki yilda da elde edilen bitki boyu degerleri Gursoy ve ark., 2015) sonugclariyla paralellik
benzer bolgelerde yapilan kolza arastirmalarinin gostermektedir. Her iki yilda da en ylksek bitki

(Basalma, 2004; Corbaci, 2011; inan ve ark., 2014; boyu Recordie cesidinden elde edilirken en diisik
435
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bitki boyu ise denemenin ilk yilinda Excalibur
(142.73 cm) ve ikinci yilda ise Elvis (124.87cm)
cesitlerinden elde edilmistir.

Cesitlerin yan dal sayisi degisimi denemenin ilk
P<0.01
bulunurken denemenin ikinci yilinda, yan dal
cesitler
anlamda

yilinda, onem dizeyinde, anlamh

sayisi bakiminda arasinda farkhhgin

istatistiksel onemli ¢cikmadigl
saptanmistir. Arastirmanin ilk yilinda, en yiksek
dallanma Champlain (8.80 adet bitki?), Recordie
(8.73 adet bitkit) ve Atenzo (8.65 adet bitki?)
cesitlerinden gozlenirken en duisuk dallanma ise
7.27 adet bitki? ile Excalibor cesidinden elde
edilmistir (Cizelge 3). Yan dal sayisi 6nemli verim
olmasi

kriterlerinden biri nedeniyle, yan dal

sayisindaki artis kolzada tohum  verimini
artirmaktadir (Oglitcii ve Kolsarici, 1979).

Bitkide kapsul sayisi degisimi arastirmanin her
iki yilinda da gesitler arasinda farklilik gostermis
anlamda P<0.01

dizeyinde 6nemli bulunmustur. Arastirmanin ilk

ve bu degisim istatistiksel
yiinda, en yuksek kapsil sayisi Champlain ve
PR46W31 gesitlerinden elde edilirken 2. yilinda ise
PR46W31, Champlain ve Atenzo cesitlerinden
elde edilmistir (Cizelge 3). Arastirmanin ikinci
yilinda, saptanan en yliksek kapsul sayisi degeri,
arastirmanin ilk yilinda saptanan en distk kapsil
sayisi degerinden daha disuktir. Bu duruma
arastirmanin ikinci yilinda sonbahar yagislarinin
yetersizligi ile kis 6ncesi yeterli bitki gelisiminin
saglanamamasi ve ilkbahar doneminde erken
Isinmaya bagh erken sapa kalkma ve sonrasin da
yasanan ani don zarari neden olmustur. Ayrica
ilkbahar sonrasi sicakliklarin yiiksek seyretmesi ve
yagis yetersizligi bu olumsuz etkiyi artirmistir. Bu
durum, ekim zamani arastirmacilar
da bu

arastirmacilar ge¢ ekimlerde soguk nedeni ile dal

calisan

tarafindan gozlenmis ve durumu
sayisinin ve ciceklenmenin azaldigli bunun sonucu

olarak da kapsil sayisinda onemli azalmalar
oldugu seklinde ifade etmislerdir (Basalma, 2004;
Oztiirk ve Akinerdem, 2007; Begbaga ve Oztiirk,
2008; Gursoy ve ark., 2015).

Cesitlerin kapsililde dane sayilari yoniinden
farklihklari her iki yilda da P<0.01 dizeyinde

onemli oldugu ve cesitlerin her iki yildaki dane
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sayilari ortalamalari diger parametrelerin aksine
birbirine yakin oldugu belirlenmistir (Cizelge 3).
Bunun nedeni olarak da denemenin ikinci yilinda
yan dal ve kapsul sayisinin azalmasi ile bitkinin
kapsilde  yeterli dane

sayisina  ulasma

potansiyelini  yakalamasidir.  Kapsililde dane
sayllarinin 22 ile 28 arasinda degistigi gozlenmis
bu

calismalarla uyum gostermektedir (Ogiitcii ve

ve degerler benzer sartlarda yapilan
Kolsarici, 1979; Saglam ve ark., 1999; Basalma,
2004, 2006; Cosgun, 2013; Girsoy ve ark., 2015) .
PR46W31 c¢esidi iki da

faktorlerden daha az etkilenerek kapsilde dane

her yilda cevresel
sayisini en yuksek dizeyde gerceklestiren cesit
olmustur. Kapsiilde en distk tane sayisi ilk yilda
22.00 adet ile PR46W10 iken ikinci yilda ise 22.2
adetle EsMercure gesidi olmustur.

Arastirmada kullanilan ¢esitlerin bin dane
agirhklarindaki degisim denemenin ilk yilinda
P<0.05 diizeyinde 6nemli bulunurken ikinci yilda
ise istatistiksel anlamda ©6nemli ¢ikmamistir
(Cizelge 4). En yiliksek bin tane agirligi Atenzo
cesidinden 5.96 g olarak gerceklesirken en duisiik
bin tane agihg ise 4.55 g ile Elvis gesidinden

Bin farkli
(Kolsarici 1988;
Basalma, 2004; Acar ve ark., 2005; Gizlenci ve
ark., 2007; Cosgun, 2013; Giirsoy ve ark., 2015)

tarafindan 1.7 g ile 6.0 g arasinda degistigi

gerceklesmistir. tane agirhginin,

arastirmacilar ve Basalma,

bildirilmekle birlikte bulgularimiz bu degerlerin
Ust seviyelerine yakin oldugu gorilmektedir.
Cesitlerin tohum verimleri her iki deneme
yiinda da c¢esitler arasinda farkli oldugu ve bu
farkhginda P<0.01 diizeyinde istatistiksel anlamda
dénemli oldugu saptanmistir. ilk yil en verimli gesit
2939.17 kg ha' ile PR46W10 olurken en dusik
verim ise 1923.13 kg ha ile Elvis ¢esidi olmustur
(Cizelge 4). ilk yil cesitlerin verim ortalamasi
2566.43 kg hal iken ikinci yil cesitlerin verim
ortalamasi 1262.00 kg ha* olarak gerceklesmistir.
Kislik kolzada yiliksek dane verimi, sonbaharda
dizenli cikisi ile birlikte ilk don tarihine kadar
gelismis kok ve rozet aksamina ulasmasi ve kis
sonunda blylme doénemlerini uygun sirelerde
tohum ile

tamamlayip olusturmasi

gerceklesmektedir.
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Cizelge 4. Cesitlere ait varyans analiz sonuclari ve ortalamalara ait karsilastirma
Table 4. Summary of analysis of variance and mean comparison of the rapeseed cultivars

Bin tane agirligi

Tohum verimi

Ham yag orani crude oil Ham yag verimi

Cesitler Thousand seed weight (g) Seed yield (kg ha) rate (%) Crude oil yield (kg ha?)
Cultivars 0149015  2015-2016  2014-2015 3812' 2014-2015 2015-2016 2014-2015  2015-2016
Atenzo 5.96 a* 5.38 2809.30ab 1357.45bc 46.37 a 43.87 1302.45a 595.22b
Champlain ~ 5.13 bc 5.01 2413.13b  1118.85bcd 46.19 ab 44.93 1113.90b  503.22 bc
Elvis 4.55 ¢ 4.92 1923.13¢  892.92d  45.84ab 44.98 881.00c 401.75¢
EsMercure  [5.16 bc 4.78 2470.26ab 1795.37a  44.82 abc 43.88 1107.03b 788.46 a
Excalibur ~ [5.00 be 4.83 2469.06 ab 1217.14 bed 45.17 abe 43.86 1114.33b  533.90 bc
PR46W10  5.49ab 5.28 2939.17a 1240.52bc  43.15c 43.09 1268.14a  533.87 bc
PR46W31  5.21bc 4.94 2843.23ab 1014.32cd  43.99 bc 43.52 1251.09a 441.22¢c
Recordie 5.03 bc 4.45 2664.17ab 1459.43b  46.47 a 44.55 1238.56a 649.55b
ort. Ave. 5.19 4.95 2566.43 1262.00 45.25 44.09 1159.56  555.90
LSD 0.66 448.60  316.70 1.49 62.58 138.10

*. Ayni kolonda ayni harf veya harflerle gosterilen degerler arasinda Duncan ¢oklu karsilastirma testinde 6nem seviyesine

gore istatistiksel olarak 6nemli bir fark yoktur.

*, For each main effect, values within same columns followed by the same letter or letters are not statistically significant

difference in Duncan multiple comparison test.

Denemenin ikinci yilinda sonbaharda bitki
gelisimi icin yeterli yagisin olmamasi, kig
mevsiminin  daha soguk olmasi, ilkbahar

doneminde erken sicaklk artisina ragmen ani don

zararlari yan dal ve kapsul sayisini olumsuz
etkilemis ve denemenin ilk yilina gbére tohum
%50 daha

Denemenin ikinci yilinda diisen tohum verimine

verimi disiik  gerceklesmistir.
ragmen en yiksek verim 1795.37 kg ha?l ile
EsMercure cesidinden elde edilirken en dustk
verim ise 892.92 kg ha™ ile Elvis ¢esidinden elde
edilmistir. Elvis ¢esidi genel olarak her iki yilda da
en disik tohum verimini sagladigi goriilmektedir.
Yapilan calismalarda kolzanin tohum veriminin
Acar ve ark. (2005) 845-4810 kg ha'l; Baydar
(2005) 2180-2872 kg hal; Gul ve ark. (2005) 1302-
2926 kg ha'; Basalma (2006) 2243-2588 kg ha;
Gizlenci ve ark. (2007) 1893-3238 kg ha'; Giirsoy
ve ark. (2015) 2237-2467 kg hal; araliginda
degistigini bildirmislerdir. Arastirma sonuglarimiz
Turkiye’nin farkh bdlge ve yillarinda yapilan bu
calismalarla paralellik gostermektedir (Saglam ve
ark., 1999; Tunctirk ve ark., 2005).

Cesitlerin ham yag orani iki yilik arastirma
siresinde 43.09 ile 46.47% arasinda degisim
gostermis ve bu degisimlerde ilk yil sonuglarin
istatistiksel anlamda P<0.01 dizeyinde Onemli
bulunmustur (Cizelge 4). En yiksek ham yag
icerigi Recordio ve Atenzo cesitlerinden sirasiyla
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%46.47 %46.37
Cesitlerin  ham yag
yaninda cevresel kosullardan da etkilenmektedir.

ve olarak gerceklesmistir.

icerigi genetik Ozellikler
Ozellikle kislik kolzada ekim zamani igin yapilan
¢alismalarda ekim zamani gecikmesi ile ham yag
oraninin azaldig belirtilmistir (Acar ve ark., 2005;
Begbaga ve Oztiirk, 2008; Giirsoy ve ark., 2015).
Denemenin ikinci yilinda gozlenen farklilikta
benzer sekilde sonbahar yagislarinin yetersizligi
nedeniyle bitkinin kisa glicli kok sitemi ve rozet
dénemiyle girememesinden kaynaklanmaktadir.
Arastirma sonucunda gesitlerin ham yag icerigi ise
benzer calismalardan elde edilen sonuclarla
(Kolsarici ve Basalma, 1988; Basalma, 2004; Acar
ve ark., 2005; Gul ve ark., 2005; Basalma, 2006;
Gizlenci ve ark., 2007; Corbaci, 2011; Glirsoy ve
ark., 2015) uyum gostermektedir.

Tohum verimi ve yag oraninin ortak bir

yag
degerlerinin cesitlere gore farkhlik gostermesi

fonksiyonu olarak hesaplanan verimi

arastirmanin ylritildtga her iki yilda da P<0.01

(Cizelge 4).
olmasindan dolayi

dizeyinde onemli bulunmustur
Tohum veriminin c¢arpan
tohum verimindeki yillar arasindaki yaklasik %50
dizeyindeki farklihk ham vyag veriminde de
yansimistir. Denemenin ilk yilinda sirasiyla Atenzo
(1342.45 kg hal), PR46W10 (1268.14 kg hal),
PR46W31(1251.09 kg ha), RECORDIE (1238.56 kg

ha™) cesitleri, ikinci yilda ise EsMercure (788.46 kg
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hal) cesidi en yiksek ham yag verimi saglayan
grupta yer almistir. Kolza gesitlerinin yetisme
doneminde karsilastigi  herhangi bir stres
faktortinde farkh gosterebilecegi bu
¢alismada goézlenmistir. Genel olarak Elvis ¢esidi

tepkiler

her iki yilda da en disiik ham yag verimi saglayan
grubu olustururken, denemenin ikinci yilinda
PR46W31 cesidi diger en dulstk grupta yer alan
cesit olmustur. Pr026w31 gesidi ilk yilda en ylksek
ham yag verimi saglayan grupta yer alirken ikinci
yilda tam tersi bir verimle en dislik grupta yer

almistir.
Sonuglar
Bitkisel yag talebinin karsilanmasi icin alternatif

bitkilerin
kullanim firsatlarinin olusturulmasi kapsaminda

alanlarda alternatif yagh tohumlu
Kirsehir ekolojik kosullarinda ilk defa denenen
kishk kolza cesitlerinden bolgeye uygun cesitlerin
belirlenmesi amaglanmistir. Calismada kullanilan
8 adet kislik kolza c¢esidi verim ve verim

parametreleri yoninden degerlendirildiginde

Kirsehir ekolojik kosullarda yapilan ¢alisma
sonuglarinin Turkiye'nin diger yorelerinde yapilan
arastirma sonuglarina gére tohum ve ham yag
veriminin farkli olmadigi goérilmustir. Kirsehir
ilinde yaklasik 250 bin ha alanda tahillar tarimi
yapilirken yaklasik 100 bin ha alan ise nadasa
birakilmaktadir. Uygun kislik kolza g¢esidinin ekim
bu

degerlendirilmesi ve ekonomik getiri yoniinden

noébetine sokulmasi ile alanlarin

onemlidir. Bolgenin en 6nemli kolza yetistiriciligi
sorunu sonbaharda yagis yetersizligi nedeniyle
cikislarin ~ gecikmesi  ve

yeterli  gelisimi

saglayamadigindan don zararinin artmasidir.
Benzer durum arastirmamizda da yasanmis ve
ikinci yilda tohum verimi denemenin birinci yilina
%50 daha disik

gozlenmistir. Sonbahar yagislarinin sadece cikis

gore  vyaklasik oldugu
icin degil ayni zamanda bitkinin kis 6ncesi glicla
kok sistemi ve rozet donemine ulasmasi agisindan
da onemlidir. Kirsehir ve benzer ekolojiler igin
sonbaharda yetersiz yagis ve ilkbaharda ani don
hadisesi dikkate alindiginda hem tohum hem de

yag verimi yoninden daha Ustin grupta yer alan
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EsMercure, Atenzo, PR46W10 ve Recordie
cesitleri 6nerilmektedir.
Cikar Catismasi Beyani: Makale vyazarlan

aralarinda herhangi bir ¢ikar ¢atismasi olmadigini
beyan ederler.
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(074

Bu calismada serbetgi otunun (Humulus lupulus L.) “SO” misir (Zea mays L.) “M” ve yemlik
soya (Glycine max. L) “S” ile farkh karisimlarinin (% 100+0, 75+25, 50+50 ve 25+75) silaj
kalitesinin belirlenmesi amaglanmistir. Misir hamur olum, yemlik soya ise alt baklalarin
olgunlastigl donemde hasat edilmistir. Serbetci otu ise ciftci arazisinden temin edilmis ve
hasat sonrasi artiklari kullanilmistir. Hasat edilen bitkiler 2.0 cm boyutunda parcgalandiktan
sonra yalin ve karisim oranlarina gore 3 tekrarh olarak 2 kg’lik plastik bidonlara koyulmustur.
Daha sonra érnekler 252 °‘C'de 45 giin siire ile fermantasyona birakilmistir. Silaj
orneklerinde; kuru madde, ham protein, ham kul, laktik asit, asetik asit, bitirik asit,
potasyum, fosfor, kalsiyum, magnezyum ve demir oranlari belirlenmistir. En yliksek Flieg
puani yalin serbetgi otu disinda kalan silajlardan elde edilmis ve tiim silajlar iyi ve ¢ok iyi kalite
sinifinda yer almistir. Ham protein igerigi %9.34-14.69 arasinda degismistir. En ylksek laktik
asit %8.429 ile %25 SO+75 S, en dusiik ise %2.382 ile yalin serbetgi otu silajindan elde
edilmistir. Karisimlarda asetik asit %0.110-0.353 arasinda degisirken, bdtirik aside
rastlanilmamistir. Silajlarin besin element igerikleri ise yliksek olmustur. Sonug¢ olarak,
serbetci otu ile yemlik soyanin %25+75 oraninda yapilan silajin kalitesinin diger islemlere gére
daha yilksek oldugu tespit edilmistir.

Anahtar Kelimeler: Serbetgi otu, Misir, Yemlik soya, Silaj, Kalite

ABSTRACT

The aim of the current study was to determine silage quality of mixtures (100+0, 75+25,
50+50 and 25+75%) in hops (Humulus lupulus L.) “H” with corn (Zea mays L.) “C” and forage
soybean (Glycine max. L) “FS". Harvest was done at dough stage for maize and at exact shape
formation period of seeds in the bottom pods for soybean. Besides, a hop was provided from
farmers, and post-harvest residues were used. Harvested plants were chopped to size 2 cm,
and as three replication ensiled in 2 kg plastic jars as sole and mixtures. Then, the samples
were taken fermentation at 252 °C during the 45 days. In the silage samples, dry matter,
crude protein, crude ash, lactic acid, acetic acid, butyric acid, potassium, phosphorus,
calcium, magnesium and iron ratios were determined. High Flieg scores were obtained from
the treatments excepted sole hops, and they were in good and very good quality class of
silage. Crude protein content of silages ranged between 9.34% to 14.69%. The highest lactic
acid was determined in 25 H+75 FS% with 8.429% while it was lowest in sole hops with
2.382%. The acetic acid ranged between 0.110-0.353%, and the butyric acid was not found.
Mineral nutrients of silages were determined high. As a result, silage quality of hops and
soybean mixture (25+75%) was superior compared to the other treatments.

Key Words: Hops, Corn, Forage soybean, Silage, Quality.
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Giris

Turkiye 2018 yili verilerine goére 17.220.903
blyikbas ve 46.117.399 kiiclikbas
varligina (19.042.278 BBHB) sahiptir.
hayvan varhginin yillik tiketmesi gereken kaliteli

hayvan
Mevcut

kaba yem miktari ise 86.880 milyon tondur.
Ulkemizde yem bitkileri ekim alanlari ve cayir
meralardan elde edilen kaba yem miktari 30.990
milyon ton olup, agik 55.890 milyon tondur (Acar
ve ark., 2020). Diger taraftan mevcut hayvanlarin
kaliteli kaba yem ile beslenememesinden dolayi
verimleri de oldukc¢a dustktur (Algicek ve ark.,
2010). acigin
hayvansal verimin arttirilmasi

Mevcut yem kapatilmasi ve
icin cayir-mera
alanlarinin 1slahinin ve yem bitkileri Gretiminin
arttinlmasinin  yani
da

yadsinamaz bir gergektir.

sira alternatif kaba yem

kaynaklarinin rasyonlara dahil edilmesi
Halk arasinda “Mayaotu” veya “Bira cicegi”

olarak da bilinen serbet¢i otu kenevirgiller
familyasindan tirmanici gévdeli ve ¢ok yillik otsu
bir bitkidir. Bitki bira, maya ve ekmek yapiminda
kullaniimakla beraber, geng sirglinleri de sebze
olarak degerlendirilmektedir (incekara, 1964).
Avrupa’da genis bir iretim alanina sahip bitkinin
tarimi  Ulkemizde sadece Bilecik ili, Pazaryeri
ilgesinde yapilmaktadir. Gelisimi igin ihman bir
iklim isteyen serbet¢i otu, 7.5 metreye kadar
uzarken, sarilmasi icin yiksek direk ve aralarina
gerilmis tellere ihtiyac duymaktadir (Sahin ve
Erbilen, 2012).
Serbetci

kullanilmayan kisimlari bira Gretiminde kullanilan

otunun sap ve vyaprak gibi

kisimlarindan daha fazladir. Onemli miktarda
polifenol, ham protein ve ham kil igerirken,
bitkinin yliksek miktarda sindirlebilirlik 6zelligi de
bulunmaktadir. icermis oldugu lupulone ve b-asit
0zUtl sayesinde hayvanlarin blylimesini tesvik
ederken, amonyak (retimini de inhibe ettigi
bilinmektedir. Bitkinin ayrica antikonvilsan ve
hipnotik etkilerinden dolayi sakinlestirici ozelligi
de bulunmaktadir (Flythe, 2009).

Yesil yemlerin bulunmadigi zamanlarda ve

kurutma isleminin zor oldugu alanlar icin silaj cok
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onemli bir yem kaynagidir. Serbet¢i otunun da
hasadinin yapildigi dénemlerin yagislara denk
gelmesi bitkinin kurutulmasini zorlastirmaktadir.
Dolayisiyla, bitkinin silaj olarak degerlendirilmesi
daha uygundur. Serbetci otu ayrica igermis oldugu
fenolojik bilesikler sayesinde fermentasyonu
tesvik ederken, silaja aromatik bir tat verir ve
silajin lezzetinin artmasina neden olur (Al-Mamun
ve ark., 2011).

Bu ¢alisma, serbetci otu ile misir ve yemlik soya
kalitesinin  belirlenmesi

karisimlarinin  silaj

amaciyla yuratdlmdistar.
Materyal ve Metot

Calismada materyal olarak misirin (Zea mays
L.) “Arifiye” ve yemlik soyanin (Glycine max. L)
“Yemsoy” ¢esitleri kullanilmigtir. Calismada musir
ve yemlik soya sira arasi 70 cm olacak sekilde
29.04.2019 Bilecik Seyh Edebali
Universitesi, Ziraat ve Doga Bilimleri Fakiiltesi,

tarihinde

Tarimsal Arastirma ve Uygulama arazisine
ekilmistir. Tohumluk miktari misirda m?de 12,
yemlik soyada ise 20 bitki olarak hesaplanmistir.
Misir hamur olum, yemlik soya alt baklalarin
olgunlastigl dénemde hasat edilmistir. Serbetci
otu ise ¢ift¢i arazisinden temin edilmis olup, silaj
yapiminda bitkinin koza hasadi sonrasinda kalan
kisimlari kullaniimistir.

Bitkiler hasat edildikten sonra 2 cm boyutunda
parcalanmistir. Daha sonra, yalin ve 3 farkl
(%75+25,  %50+50 %25+75)

karistinllarak, 3 tekerrir olarak 2 kg’'lik plastik

oranda ve
bidonlara silolanmis ve 2542 °C’de 45 giin sire ile
fermantasyona birakilmistir.

Acllan silaj 6rneklerinden 20 g alinmis ve 100
ml saf su ilave edilerek blender yardimiyla 15
dakika boyunca karistiriimistir. Daha sonra bu
ornekler filtre kdgidindan sizulmistir (Basaran
ve ark., 2018).
dijital pH metre kullanilmistir. Silajlardan alinan

Silajlarin pH’sin1 belirlemek igin

taze orneklerin yas agirliklari belirlendikten sonra
105 ‘C'de sabit agirliga gelinceye kadar etiivde

kurutulmustur.  Kuru  agirliklart  belirlenen

orneklerin yas agirliklarina oranlanmasi ile
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silajlarin kuru madde oranlari tespit edilmistir.
Silajlarda belirlenen pH ve kuru madde oranlari
kullanilarak Flieg puanlari hesaplanmistir.

Flieg Puani: 220+(2 x % Kuru Madde - 15) - 40 x
pH (Kilg, 1984).

Hesaplanan Flieg puanina gore silajlar kalite
siniflarina ayrilmistir. Buna gore, Flieg puani 81-
100 arasinda olan silajlar pekiyi, 61-80 arasinda
olan silajlar iyi, 41-60 arasinda olan silajlar orta,
21-40 arasinda olan silajlar distik ve 0-20 arasinda
olan silajlar ise kotu sinifta yer almistir.

Silajlarin ham protein oranlarinin belirlenmesi
icin, 6rnekler sabit agirliga gelene kadar etlivde 60
°C'de kurutulmus ve 1 mm elek capina sahip
Daha bu
ile toplam azot

degirmende 6gutilmaustir.
Kjehldahl

degerleri belirlenmis ve bu azot degerlerinin ise

sonra
orneklerin cihazi
6.25 katsayisi ile carpilmasi ile % protein oranlari
1998).
orneklerden 2 gr tartilarak yakma firininda 550

tespit  edilmistir  (Kaya, Ogutilen
°C’'de 4 saat sureyle yakilmis, kalan miktar ham kil
olarak hesaplanmistir (Kacar, 1972).

(laktik,

yuksek performansli

Organik asitler asetik ve biutirik),
(HPLC;

Shimadzu, Kyoto, Japonya, kilcal stitun 5umx4,6

sivi  kromatografi
mmx250 mm, Japon ve 40°C sicaklikta), besin

elementleri  (potasyum, fosfor,  kalsiyum,
magnezyum ve demir) ise Eslesmis Plazma-Kiitle
(ICP-MS) kullanilarak

Spektrometre cihazi

belirlenmistir.

Elde edilen sonuclar SPSS 22.0 istatistik paket
programi kullanilarak Tesadif Parselleri Deneme
Desenine gore analiz edilmis, grup ortalamalari

arasindaki farkliliklarin  karsilastiriimasinda ise
Duncan testi kullaniimistir.
Arastirma Bulgulari ve Tartisma

Serbetci otu ile misir ve yemlik soya

karisimlarinin silajlarinda belirlenen kuru madde,
pH ve Flieg puanlar Cizelge 1’'de verilmistir.
istatistiksel

arasindaki

analizler  neticesinde, silajlar

fark kuru madde orani bakimindan
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onemsiz iken, pH bakimindan c¢ok o6nemli
(p<0.01), Flieg puanlamasi bakimindan ise onemli
(p<0.05) olmustur (Cizelge 1).

En yuksek kuru madde orani %31.67 ile %50
SO+50 M ve %50 SO+50 S, en duslik ise %27.33 ile
yalin serbet¢i otu silajindan elde edilmistir. Kilig
(1984) iyi bir silajda kuru madde oraninin %30-35
arasinda olmasi gerektigini bildirmektedir. Zira,
kuru madde orani %35’in Uzerinde oldugu zaman
silajin sikistirma islemi oldukga glglesir ve silajin
kiiflenerek bozulmasina neden olur (Cakmak ve
ark., 2013). Diger taraftan silo yeminin kuru
madde orani dislk ise, fermentasyon sirasinda
fazla su aciga cikar ve c¢ok fazla besin elementi
kaybi

fermentasyonu

olur. Ayrica silajin fazla
bakteri

engelleyerek silajin kalitesini bozar (Panyasak ve

su icermesi

saglayan faaliyetini
Tumwasorn, 2013). Calismada yalin serbetci otu
ile yalin soya silajlari disindaki tiim silajlarin kuru
madde orani istenen seviyede olmustur. Silo igi

fermantasyon dizeyinin belirlenmesinde pH
onemli bir kriterdir. Nitekim silajin yeterince
eksiyip eksimedigini pH degerine bakarak

anlayabiliriz. Filya (2001) silajin kalitesini distren

ve clostridia olarak adlandirilan  sporlarin
¢ogalmamasi icin silajin pH’sinin 4.6’'nin altinda,
Ergiin ve ark. (2007) ise iyi bir silaj yeminde
istenilen laktik asit bakterilerinin aktivasyonu igin
3.8-4.2
bildirmektedir. Calismada en distik pH degeri
%25 SO+75 S karisimi (4.20) ile yalin misir (4.21)

silajindan elde edilmistir. Silajlarin pH ve kuru

pH’nin arasinda olmasi  gerektigini

madde iceriginden vyararlanilarak silo yeminin
Flieg puani belirlenmektedir. Flieg puani ile kalite
bir
bulunmaktadir (Anonim, 2020). Yani Flieg puani

sinifi arasinda yuksek korelasyon
ne kadar ylksek ise, silajin kalitesi de o kadar
iyidir. Calismada en ylksek Flieg puani istatistiksel
olarak ayni grupta yer alan yalin serbetci otu
disinda kalan silajlardan elde edilmis ve tim
silajlar iyi ve cok iyi kalite sinifinda yer almistir.
Mut ve ark. (2020) yaptiklari calismada, yonca ile
bazi arkadas bitkilerin farkli karisim oranlarina ait
silajlarin Flieg puanini 56.50 ile 97.20 arasinda

degistigini bildirmistir.
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Cizelge 1. Silajlarin pH ve kuru madde oranina gore Flieg puanlari ve kalite siniflari
Table 1. Flieg scores and quality classes of silages according to pH and dry matter ratio.

islemler Kuru madde orani (%) o Flieg puani* Kalite sinifi
Treatments Dry matter ratio PH Flieg score Quality classes
?Olo()zzszt;etgi ot 27.33 4.70 a 71.53 b iyi
?;0020,\215"; 31.00 4.21d 98.73 a Cok iyi
olAjoll())l.i'osrc:J\; soybean% 29.67 4.46b 85.80 ab Cok iyi
;57 Zi?; ?/M 31.33 4.41 bc 91.40 a Cok iyi
;57 ng I2-'.2/S 30.67 4.29 be 94732 Gok iyi
§05 Zf?g iO/M 31.67 4.42 cd 91402 Gok iyi
?: ZE?; i.g; 31.67 4.47b 89.67 a Cok iyi
?52 ZES; ZSAM 30.67 4.41 bc 89.80 a Gok iyi
§52 ZES; ZE/S 3133 4.20d 99.67 2 Gok iyi

**: p<0.01, *: p<0.05, Ayni sttunda ayni harfle gosterilen ortalamalar arasinda fark yoktur (p<0.05); M: Misir; SO: Serbetgi
otu; S: Soya/ **: p<0.01, *: p<0.05, There is not a difference between same letters in each column (P < 0.05); H: Hops; C: Corn;

FS: Forage soybean.

Silajlarin ham protein orani (HP), ham kiil orani
(HK) ile laktik (LA) ve asetik (AA) asit icerikleri
Cizelge 2’de verilmistir. Buna gore, tim ozellikler
bakimindan islemler arasinda istatistiksel olarak
¢ok onemli (p<0.01) farklilik olmustur.

Ruminant hayvanlarin mikrobiyal gelisimi ve
st Uretimi acgisindan proteinler ¢ok 6nemlidir.
Hayvanlarda lreme, bilylme ve sit (retiminin
saglanabilmesi ancak proteinlerin yapitasi olan
esansiyel amino asitler ile mimkindir (Gliney ve
Karsh, 2014). Calismada ham protein orani yalin
misir silajinda elde edilen %9.34 ile yalin yemlik
%14.69 arasinda
degismistir. Soyanin bulundugu karisimlarin ham

soya silajindan elde edilen

protein orani soya oranina bagh olarak artis
gostermistir. Misir karisimlarinda ise tam tersi
olmus ve karisimlarda misir oranina bagh olarak
ham protein orani da azalmistir (Cizelge 2).
Basaran ve ark. (2018) mirdimik ile arpa ve yulaf
farkli karisimlarinin ham protein oraninin %11.91
ile %22.68 arasinda degistigini bildirmistir. Ayni
calismada, yalin mirdimik ile karisimlarin ham
protein orani yalin yulaf ve yalin arpa silajlarindan
daha yiksek olmustur.

En yuksek laktik asit %8.429 ile %25 SO+75 S,
en disuk ise %2.382 ile %100 SO silajindan elde
edilmistir. Karisimlarin asetik asit degeri %0.110-
0.353 arasinda degisirken, silajlarda butirik aside
(Cizelge 2).
bulunan laktik asit bakterileri, silaj kalitesini bozan

rastlanilmamistir Silo  yeminde

aerobik bakteriler, mayalar ve mantarlarin

gelisimini  engellerken, hayvanlarda da st
verimini arttirmaktadir (Demirci, 2009). Asetik
asit, fermantasyonu inhibe ettiginden dolayi,
silajda istenmemektedir. Buna goére, zengin bir
silo yeminin laktik asit igeriginin en az %2.0, asetik
asidin ise en fazla %0.8 olmasi gerekmektedir
(Algicek ve Ozkan, 1996). Bu iki organik asit
birlikte

silajlarin laktik ve asetik icerikleri istenen degerler

degerlendirildiginde, c¢alismada tim
arasinda olmustur (Cizelge 2). Mut ve ark. (2020)
yonca ile yem salgami, yulaf ve Macar figi
karisimlari ile yaptiklari silajlarin laktik ve asetik
%0.780-6.570 ve %0.033-0.283,
(2019) tarafindan

calismada ise farkli silajlik misir cesitlerine ait

asit icerikleri

Yozgatll ve ark. yapilan
laktik ve asetik asit miktarlari sirasiyla %1.504-

2.571 ve %0.380-0.691 arasinda degismistir.
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Cizelge 2. Silajlara ait ham protein, ham kiil, laktik ve asetik asit oranlari (%)
Table 2. Crude protein, crude ash, lactic and acetic acid ratios of silages

islemler Ham protein** Ham kil** Laktik asit** Asetik asit **
Treatments Crude protein Crude ash Lactic acid Acedic acid
?Olooztie;;etd ot 13.92 ad 7.38f 2.382f 0.353a
?Olo()(z_oltlr;so;r 9.34e 15.00 a 5.246 ¢ 0.244 b
?01(??-'05:2; soybean% 14.69a 1043¢c 7.453b 0.110¢
?;:ES;E;M 13.75 bed 7.83 ef 2.933d 0.208 bc
?5715_:?;,2_-?; 14.21 ad 7.69f 2.740 de 0.193 bc
?OSZE?JSC;M 13.55cd 9.57d 2475e 0.210 bc
?05(:/3‘(5)(;,‘5-'2; 14.28 abc 8.45e 5.143c 0.100 ¢
?:ZES;Z-;M 13.38d 1291b 7.657 b 0.135 bc
02/0522_%?;,7_-2; 14.57 ab 9.43d 8.429a 0.183 bc

**:p<0.01, Aynisitunda ayni harfle gosterilen ortalamalar arasinda fark yoktur (p<0.05); M: Misir; SO: Serbetgi otu; S: Soya/
**: p<0.01, *: p<0.05, There is not a difference between same letters in each column (P < 0.05); H: Hops; C: Corn; FS: Forage

soybean.

Silajlarda belirlenen potasyum (K), fosfor (P),
kalsiyum (Ca), magnezyum (Mg) ve demir (Fe),
icerikleri Cizelge 3’te verilmistir. Buna gore, tim
besin elementleri bakimindan islemler arasinda
istatistiksel olarak ¢ok onemli (p<0.01) farklilik
belirlenmistir.

En yiksek K icerigi istatistiksel olarak ayni
grupta yer alan %50 SO+50 S (%2.081) ve %75
SO+25 S (%2.045) karisimlarinda, en dusik ise
(%1.635)
Silajlarin P, Ca ve Mg igerikleri sirasiyla %0.367-
0.876, %0.538-1.574 ve %0.179-1.134 arasinda
degismistir. En ylksek Fe igerigi 143.87 ile yalin
soya, en disik ise 37.37 ppm ile %50 SO+50 M ve
38.02 ppm ile %25 SO+75 M silajlarindan elde
edilmistir (Cizelge 3).

yalin  misir silajinda  belirlenmistir.

Ruminant hayvanlarin beslenmesinde ihtiyag
duyulan her bir mineral vicut icin gereklidir ve
kendine 0zgi spesifik gorevleri bulunmaktadir.
Bunlardan K, viicut sivilarinda asitlik dizeylerini
ve vicut hicrelerindeki basinct  korurken,
karbonhidrat

sentezinde ve bazl enzim reaksiyonlarinda gorev

metabolizmasinda, protein
yapmaktadir (D’Mello, 2000). Hayvan viicudunda
en fazla bulunan 2 elementten biri olan P iskelet
yapisina ve dol verimine katki saglarken, digeri
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olan Ca ise slit sentezi i¢in gerekli bir elementtir
ve kanin pihtilasmasi ile kaslarin kasilmasi igin
mutlak gereklidir. Mg viicutta enerji kullanimi ve
(Suttle,

besin

kemik blylUmesini
2010).
elementleri kadar mikro elementlerin de islevleri

tesvik etmektedir
Hayvan beslemede makro
¢ok 6nemlidir. Bu elementlerin basinda gelen Fe,
kanda oksijen tasiyan hemoglobinin onemli bir
parcasidir ve eksikligi anemiye neden olabilir
(Gultepe ve ark., 2017). Besin elementlerinin
hayvan gelisimi acisindan yemlerde belli oranlarda
bulunmasi gerekmektedir. Buna gore, K oraninin
%0.8, P oranini %0.21, Ca oraninin %0.3, Mg
oraninin %0.1 olmasi ve Fe oraninin ise en az 50
ppm dizeyinde olmasi gerekir (Periguad, 1970;
Lamand, 1975; Kidambi ve ark., 1989). Buna gore,
calismada yalin serbetgi otu (46.61 ppm), %75
SO+25 M (40.45 ppm), %50 SO+50 M (37.37 ppm)
ve %25 SO+75 M (38.02 ppm) silajlart disinda
kalan diger islemler bu kritik seviyelerin Uzerinde
olmustur (Cizelge 3). Can ve ark. (2019) orman
Uggull yulaf karisimlarina ait silajlarin K, P, Ca, Mg
ve Fe igeriklerinin sirasiyla %1.511-2.225, %0.232-
0.301, %0.300-1.117, %0.118-309 ve 19.47-44.37
ppm arasinda oldugunu bildirmistir.



Oztiirk ve ark., 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 440-446

Cizelge 3. Silajlarin K, P, Ca, Mg (%) ve Fe (ppm) icerikleri
Table 3. K, P, Ca, Mg (%) and Fe contents (ppm) of silages

islemler Potasyum** Fosfor** Kalsiyum** Magnezyum** Demir**
Treatments Potassium Phosphorus Calcium Magnesium Iron
ZAnolo()zzie;;etgi ot 1.970 ¢ 0.547 e 1.198d 0.570e 46.61f
01/00100 20'\2'; 1.635¢g 0.590 d 0.5381 0.179 h 63.15e
;/ogg?_-osrc;\;i soybean% 2.019b 0.876 a 1574 a 1.134a 143.87 a
?;ZE?;E;M 1.840 e 0.490 f 0.925f 0.833d 40.45¢g
?5733?;,2_-_2; 2.045 ab 0.644 c 1.289 ¢ 0.983 b 72.35d
?523?;2;'\/' 1.741f 0.367 h 0.648 h 0.513 f 37.37¢g
‘?0523?;/5:2; 2.081a 0.767 b 1.492 b 0.878 ¢ 100.48 b
?;ZES;Z;M 1.897d 0.419¢g 0.705 g 0.402¢g 38.02¢g
?;ZES;Z-?; 1.735f 0.586 d 1.156 e 0.504 f 95.80 ¢

**:p<0.01, Aynisitunda ayni harfle gosterilen ortalamalar arasinda fark yoktur (p<0.05); M: Misir; SO: Serbetgi otu; S: Soya/**:
p<0.01, *: p<0.05, There is not a difference between same letters in each column (P < 0.05); H: Hops; C: Corn; FS: Forage soybean.

Sonug¢

Bu calisma kapsaminda, serbet¢i otu ile misir
ve yemlik soyanin yalin ve 3 farkh karisim oraninin
silajlari yapilmis olup, s6z konusu silajlarin kalite
Ozelliklerinin belirlenmesi hedeflenmistir. Buna
gore, serbetci otu silajina ilave edilen misir ve
soyanin silajlarin  performansini iyilestirdigi
belirlenmistir. Diger taraftan yemlik soyanin yalin
ve serbet¢ci otu ile karisimlarindan yapilan
silajlarin protein igerikleri daha yiksek olmustur.
Bu agiklamalara gore, silajlarin Flieg puanlari, ham
protein oranlari ve organik asit degerleri birlikte
degerlendirildiginde; serbet¢i otunun yemlik soya
ile %25+75 oraninda karisimina ait silajin diger
islemlere daha iyi oldugu

gore sonucuna

varilmistir.
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Cikar Catismasi Beyani: Makale vyazarlan
aralarinda herhangi bir ¢ikar catismasi olmadigini
beyan ederler.
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Farkh dozlarda gama isini (0, 100, 200 ve 300 Gy) uygulanan dort nohut cesidinin (Azkan, Aksu,
Uzunlu 99 ve Sari1 98) M, bitkileri, bitki tane verimi ve bazi verim 6geleri yoniinden bu ¢alismada
incelenmistir. Arastirma tesadif bloklarinda bolinmis parseller deneme desenine gére 3'er
tekerriirli olarak 2019 yilinda yurittlmustir. Ana parsellere gesitler alt parsellere ise gama isini
dozlari yerlestirilmistir. Calismada ciceklenme siiresi (giin), baklada tane sayisi (adet bakla™?),
bitki boyu (cm), bitkide bakla sayisini (adet bitki), bitkide tane sayisini (adet bitkit), bitki tane
verimini (g bitki?) ve bitkide biyolojik verim (g bitki) gibi 6zellikler incelenmistir.

Calismada artan gama isini dozlari kontrol dozuna gore gigeklenme siiresi ve baklada tane sayisi
harig bitki boyu, bitkide bakla sayisini, bitkide tane sayisini, bitki tane verimini ve bitkide biyolojik
verim gibi 6zelliklerde 6nemli diizeyde pozitif varyasyon yarattigi belirlenmistir. Ayrica her gama
1sinl dozunun da nohut gesitlerinde farkli diizeyde pozitif varyasyon yarattig tespit edilmistir.
Bu durumda Aksu nohut gesidi icin 100 gy gama isini dozu farkli 6zellikteki bitkiler elde etmek
icin yeterli oldugunu gosterirken, Azkan nohut cesidinde ise 200-300 gy gama dozlarinin yeterli
tane verimi bakimindan ¢alisma sonuglari

oldugu Sonu¢ olarak bitki

incelendiginde, en yiiksek bitki tane verimi 10.6 g bitki™ ile 300 Gy dozu uygulanan Azkan nohut

saptanmistir.

cesidinden elde edilmistir.

Anahtar Kelimeler: Gama isini, Mutasyon islahi, M2 genarasyon, Nohut gesitleri

ABSTRACT

The grain yield per plant and some yield components of plants in M, generation obtained by
applying different doses of gamma rays (0, 100, 200 and 300 Gy) to four chickpea varieties
(Azkan, Aksu, Uzunlu 99 and Sari 98) were investigated in the study. The design of the
experiment was randomized complete block (RCB), arranged as split-plot with four chickpea
varieties (main plots) and four (4) different doses gamma rays (subplots) with 3 replicates in
2019 year. In the study, flowering time (day), number of seeds per pod (seed pod™), plant height
(cm), number of pods per plant (pods plant™), number of seeds per plant (seeds plant™), grain
yield per plant (g plant™) and biological yield in the plant (g plant™?) were investigated.

In the study, it was determined that increasing gamma ray doses caused a significant variation
in plant characters such as plant height, number of pods per plant, number of seeds per plant,
plant grain yield and biological yield in the plant, except the flowering time and number of seeds
per pod, compared to the control dose. In addition, it has been determined that each gamma
ray dose creates different levels of positive variation in chickpea varieties. In this case, it
was determined that 100 gy gamma ray dose was sufficient to obtain plants with different
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characteristics for Aksu chickpea variety, while 200-300 gy gamma doses were sufficient for Azkan chickpea variety.

Consequently, when the study results were examined in terms of grain yield per plant, the highest grain yield per plant was

obtained from Azkan chickpea variety with a dose of 300 Gy with 10.6 g plant™.

Key Words: Chickpea cultivars, Mutation breeding, M2 generation,

Giris

Bitkisel
soguga, hastalik ve zararhlara dayanikli gesitlerin

Uretimde vyuksek verimli, kuraga,
ortaya cikarilmasinda, islahgilar dogada bulunan
genetik kaynaklardan veya varyasyon ortaya
teknik  ve
yontemlerden  faydalanmaktadirlar  (Sehirali,
1988). Bu tekniklerden biri de mutasyon islahidir.
Islahgiya zaman kazandirmak, planli bir ¢alisma

cikarmada  gelistirdikleri  yeni

yapmak ve kisa slirede yeni cesitler elde etmek icin

mutasyon islahi  yontemi  kullanilmaktadir.
Geleneksel bitki islah yontemleri ile yeni ¢esit
gelistirmede genetik problemlerin ¢ozilemedigi
kosullarda, adaptasyon kabiliyeti yiksek verimli bir
cesidin bir ya da iki 6zelligi mutasyon islahi ile
fiziksel ve

bitkilerin

sayllarinda ya da

arttinlabilir.  Mutasyon slahinda;

kimyasal mutagenler  kullanarak

kromozomlarinin yapi ve
genlerinin fiziksel ve kimyasal yapilarinda ani
olarak bir takim kalitsal degisiklikler meydana
getirilebilir (Sehirali ve Ozgen, 1988).

Bitkilerde mutasyon meydana getirmek icin en
¢ok kullanilan gamma 1sin kaynaklarindan biri de
Kobalt-60 (60 Co)'dir. Bu mutagenle meydana
getirilen mutasyonlarin canlida dogal olarak
meydana gelen mutasyonlara ¢ok benziyor olmasi
onemli bir o6zelliktir (Anonim, 1977). Mutasyon
islahinda kullanilan fiziksel mutagenlerden olan
gama 1sini Ozellikle tarla bitkilerinde genetik
cesitliligin  olusturulmasinda yaygin bir sekilde
kullanilmaktadir. Daha onceki vyillarda yapilan
mutasyon islahi yoluyla nohutta yeni cesitler
gelistirilmis olup, buna en iyi 6rneklerden biri,
Cagatay nohut cesidi 100, 200 ve 300 Gy dozlarda
gamma Isinlarina tabi tutularak M generasyonlari
boyunca vyapilan seleksiyonlar  sonucunda
Sezenbey ve Zuhal isimlerinde mutant nohut
cesitleri tescil ettirilmistir (Ozgelik ve ark., 2010).
Nohutta mutasyon islahi ile yeni ¢esit gelistirmek

icin ¢alismalara baslayan Omar ve Singh (1995),
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Icarda orjinli nohut genotiplerine 40-50-60 kR'lik
M
generasyonlarinda ortaya ¢ikan 3 adet mutantin
Bu
erkenci mutantlarin ebeveynlerden daha verimli

dozlarda gamma isinlarini uyguladiklarini,

¢ok c¢ok erkenci oldugunu bildirmislerdir.

ve Ascochyta rabiei yoninden de dayanikli
olduklarini bildirmistirler. Pakistan'da yurutilen
bir baska mutasyon islahi ¢alismasinda 6153, C 727
ve K 850 nohut gesitleri 10 ve 35 kR'lilk gamma
isinlariyla muamele edilmis, segilen 56 mutantin
antraknoza kargi dayanikliligi belirlemek igin
ylritilen calismada, 15 mutantin antraknoza karsi
toleransh oldugu bulunurken, 6153 genotipinden
C 727 genotipinden dort ve K 850

genotipinden bir mutant antraknoza karsi dayanikli

yedi,

olarak bulunmustur (Javed ve Hasan, 1995). ILC-
482, AK-71114 ve Akgin 91 nohut cesitlerine ait
tohumlar Kobalt-60 kaynagindan 50-100-150-200-
250-300-350 ve 400 Gy'li dozlarda isinlanmistir.
Arastirma sonucunda Umitvar iki mutant nohut
hatti secilmis ve bu hatlar ile yiritilen tescil
calismalari sonucunda ebeveynlere (kontrol) gore
erkenci (95-10 glin) yiiksek verimli (180-220 kg da-
1) yiksek protein oranina sahip (% 22-25), 100 tane
agirhg (42-44g) ve pisme siiresi (35-40 dakika)
oldugu belirlenen mutant nohut ¢esidi Taek-Sagel
adiile tescil edilmistir (Sagel ve ark., 2009). Khan ve
ark. (2005) 0.6 kGy'de gama isimasi kullanarak nohut
tane veriminde belirgin  bir artis oldugunu
bildirmislerdir. Karimi ve ark. (2008) iki nohut
cesidini Kobalt 60 kaynagindan 10 farkli gama isini
(0, 100, 200, 300, 400, 500, 600, 700, 800, 900 Gy.)
ile 1sinlandigini ve ciceklenme siiresinin kontrole
gore kisaldigini bildirmislerdir. Khan ve ark. (2005)
bir
iIsinlamanin M, generasyonunda bitki boyunu kontrole

tarafindan  yiritilen calismada ise gama

gore degistirdigini bildirmislerdir. Ayrica, Wani ve Anis
(2008), tarafindan yiritilen bir calismada, tohum
iriligi ve 100 tohum agirligl arasinda 6nemli bir
iliskinin varligi yaninda ¢ogu 6zelliklerin kontrolden
daha yuksek olduklarini bildirmislerdir.
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Kirsehir ili nohut tane verimi ortalamalari
incelendiginde, tane veriminin yillara gore 100 ila
150 kg dal arasinda degistigi ve bazi yillarda
Turkiye verim ortalamasindan daha dstk oldugu
tespit edilmistir (Anonim 2020). Bu yiizden bolgeye
uygun erkenci ve verimli yeni cesitlere ihtiyac
duyulmaktadir. Yukarida belirtildigi gibi nohuda
uygulanan farkh gama isini dozlari ile yeni gesitlerin
gelistirilebilecegi Yukarida
bahsedilen nedenlerden dolayi bu ¢alisma farkli gama
isini dozlarinin (100, 200, 300 Gy) uygulandigi Azkan,

Aksu, Uzunlu 99 ve Sari 98 nohut gesitlerinin M

dislintilmektedir.

generasyonunda kontrol dozuna (anag) gore,
erkenci ve yiksek verimli farkli bitkileri tespit
etmek amaciyla yuratalmustir. Bu ¢alisma ile M2
generasyonunda kontrole gore farkl oOzellikteki
bitkilerin ortalamalari tizerinden yola ¢ikarak gama
isininin Azkan, Aksu, Uzunlu 99 ve Sari 98 nohut
cesitlerinde mutasyon etkisi arastirilmistir. Ayrica
nohut cesitlerin farkli dozlardaki gama isinlarina
olan tepkileri ortaya konmaya ¢alisiimistir. Sonraki
yillarda ise M generasyonlari boyunca yapilacak
seleksiyonlar sonucunda yeni mutant hat gelistirme
olanaklari arastirilacaktir.

Materyal ve Metot

Materyal
Calisma yeri ve yil

Bu arastirma Kirsehir ilinde 2019 yili yazlik bitki
Ahi
Universitesi Ziraat Fakiiltesi deneme arazisinde

yetistirme  sezonunda  Kirsehir Evran

yarGttlmastar.

Calismada kullanilan gesitler

Anac olarak 4 adet nohut cesidi kullanilmistir.
Bu cesitlerden Azkan nohut cesidi Gegit Kusagi
Tarimsal Arastirma Enstitlisi  Mudirligi’'nde
(TAEM), Aksu nohut cesidi Dogu Akdeniz Gegit
Kusagi TAEM’de, Uzunlu 99 nohut cesidi Tarla
Bitkileri TAEM’de ve Sari 98 nohut cesidi ise Ege
TAEM’de tescil ettirilmistir.

Deneme yeri toprak ézellikleri
Deneme vyeri topraginin fiziksel ve kimyasal
Ozelliklerini belirlemek amaciyla deneme yerinin 2
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farkli noktadan 0-30 cm ve 30-60 cm derinliginden
toprak ornekleri alinip, Tokat Toprak ve Su
Kaynaklari Arastirma Enstitlsti’nde toprak analizi
yaptiriimistir. Sonuglar Cizelge 1.'de verilmistir.
Deneme topraginin organik madde yoninden
zayIf, potasyum, fosfor ve kalsiyum yoniinden de
zengin oldugu goérulmektedir. Bu duruma gore
deneme yeri hafif alkali ve killi-tinli toprak yapisina
sahiptir. Kagar (1995)’e gore topragin fiziksel ve
kimyasal 6zellikleri yorumlanmistir.

Cizelge 1. Deneme alaninin fiziksel ve kimyasal toprak
ozellikleri*

Table 1. Physical and chemical soil properties of the
experimental area

Toprak derinligi/Soil

Toprak Ozellikleri/ Soil Properties depth
0-30 30-60
cm cm
pH/pH 7.59 7.63
Toplam Tuz (%)/Salt (%) 0.02 0.02
EC (mmhos cm™)/EC (mmhos cm™) 0.52 0.56
Organik Madde %/Organic Matters % 1.81 1.64
-1
(;F(,st(;(z)rlfgé(si)) kg da*)/Phosphorus 514 229
Potasyum (K20 (kgda™))/Potassium 66.6 51.47
(K20 (kgda)) 2
Kire¢ % (CaCOs)/Lime % (CaCO3) 27.9 28.39

*Toprak analizi Tokat Toprak ve Su Kaynaklari Arastirma
Enstitlisi’'nde yaptirilmigtir.

*Soil analysis was done in Tokat Soil and Water Resources Research
Institute.

Deneme yeri iklim 6zellikleri

Denemenin ylrtildigu yillara ait iklim verileri
Meteoroloji Genel Mdudirligiinden Kirsehir’de
bulunan istasyonun 6l¢iim yaptigi Eylil 2018 ve
Agustos 2019 aylari arasindaki olgilen veriler
istenmis ve yorumlanmistir. Cizelge 2.’de sicaklik
ile ilgili veriler incelendiginde, 2019 yilinda uzun
yillar ortalamasina gore daha yiksek oldugu
ilgili
incelendiginde yagis oraninin 2018-2019 yili uzun

gorilmektedir.  Yagis ile degerler
yillar ortalamasina gore daha vyiksek oldugu
gorilmektedir. Buna ragmen ozellikle gelismenin
yogun oldugu bahar aylarinda yagisin uzun yillar
ortalamalarindan daha disik olmasi deneme

yilinin negatif 6zelliklerindendir (Cizelge 2).

Calismada kullanilan gama isini uygulamasi
Nohut cesitlerine ait yaklasik 3000'er adet
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tohum 4 farkh dozda (0, 100, 200, 300 Gy) Turkiye
Atom Enerjisi Kurumunda Kobalt 60 (CO 60)

(2018) bahar aylarinda deneme tarlasinda ekilerek
ebeveynlerden farkh oOzellikte olan tim bitkiler

kaynagi kullanilarak Isinlanmistir. Gama hasat  edilmistir. M2  genarasyonu, My
Isinlamasina tabi tutulan tohumlar ekim zamanina  generasyonundaki  bitkilerden hasat edilen
kadar +4 °C de buzdolabinda saklanmistir. Ayni yil  tohumlarin ekilmesi ile olusturulmustur.
Cizelge 2. Uzun yillar ve 2018-2019 yilina ait sicakhk ortalamalari, yagis toplami ve nispi nem ortalamalari.

Table 2. Temperature, humidity averages and total rainfalls of long years and 2018-2019 seasons.

Yagis (mm) Sicaklik ( C) Nispi Nem (%)
Rainfall (mm) Temperature ("C) Moisture (%)
*UYo/ uyo/ uyo/

Aylar/Months *ALY 2018-2019 ALY 2018-2019 ALY 2018-2019
Eylil/September 12.3 1.2 17.9 20.2 51.8 45.6
Ekim/October 29.2 41.4 12.2 14.4 62.4 62.2
Kasim/November 36.5 21.0 6.1 8.2 71.5 66.8
Aralik/December 46.9 101.1 1.9 3.2 77.8 81.3
Ocak/January 45.4 42.2 -0.1 -0.8 78.6 79.3
Subat/February 35.2 42.8 1.3 4.1 74.6 71.4
Mart/March 37.5 10.2 5.5 6.2 67.6 56.4
Nisan/April 45.3 29.0 10.7 9.6 63.6 63.9
Mayis/May 43.3 17.1 15.1 17.5 59.9 52.6
Haziran/June 36.2 84.7 19.3 21.8 53.5 56.1
Temmuz/July 7.1 8.7 22.8 224 47.3 47.4
Agustos/ August 5.0 41.8 22.2 23.3 49.5 49.8
Toplam/Total 379.9 441.2

Ortalama/Average 10.25 12.6 64.42 61.0

*UYO: Uzun yillar ortalamasi (1957-2019)
*ALY: Average of long years (1957-2019)

Metot

Farkh dozlarda (100-200-300 Gy dozlari) gamma
Isinlamasina tabi tutulan ve M1 generasyonundan
modifiye bulk olarak hasat edilen dort adet nohut
cesidine ait tohumlar kontrol dozdaki (0 Gy dozu)
tohumlarla beraber Ahi Evran Universitesine ait
tarimsal uygulama arazisinde yurGtUlmastir.
TesadUf bloklarinda boliinmis parseller deneme
desenine gore 3 tekerrirli olarak kurulmustur.
Ekimler 30 cm sira arasi ve 4'er metre uzunlugunda
markorle acilan siralara el ile gergeklestirilmistir.
Ana parsellere gesitler, alt parsellere ise gama isini
dozlari yerlestirilmistir. Ekimler parsellere kontrol
cesitler 4'er sirali, doz uygulanmis gesitler ise sekiz
sirali olacak sekilde yapilmistir.

Deneme bir yil 6nce nadasa birakilmis kirag
tarim arazisi Gzerine kurulmustur. Yapilan toprak
analizi sonuglari géz 6niinde bulundurularak 2.7 kg
saf azot, 6.9 kg fosfor olacak sekilde diamonyum
fosfat gibresi ile (15 kg da?! DAP (18-46-0))
glibrelenmistir. Gerekli gorildiikce yabanci ot
miicadelesi elle yapilmistir.
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Calsmada, ciceklenme siresi (glin), baklada
tane sayisi (adet bakla), bitki boyu (cm), bitkide
bakla sayisini (adet bitki), bitkide tane sayisini
(adet bitki?), bitki tane verimini (g bitki?) ve bitkide
biyolojik verim (g bitkil) gibi 6zellikler
incelenmistir.

Deneme alaninda sik¢a kontrol edilen bitkilerin
hasadi ise 26 Temmuz-05 Agustos 2019 tarihleri
arasinda el ile yapiimistir. Kontrol parsellerinden
tesadifti olarak secilen 10’ar bitkinin hasadi
yaptmistir.  Diger gama

Isini uygulanan

parsellerinde ise kontrol parsellerindeki
bitkilerden farkh oldugu gozlemlenen bitkilerin
tamami ayri ayri hasat edilerek etiketlenmistir. Bu
bitkiler Gzerinde tim goézlemler yapilarak ayri ayri
harmanlanmistir. Bu parsellerden elde edilen
tohumlar bir sonraki M3 generasyonu icin ayri ayri
M,

Ozellikteki bitkilerin ortalamalari Gzerinden yola

paketlenmistir. de kontrole gore farkh

cikarak mutasyonun etkisine bakilmistir.
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Verilerin analizi

Elde edilen verilerin varyans analizleri tesaduf
bloklarinda bélinmis deneme desenine goére
MSTAT-C paket programi kullanilarak hesaplanmig
ve ortalamalar “Duncan Testi” ile gruplandiriimistir.

Aragtirma Bulgulari ve Tartisma

istatistiki bakimindan

degerlendirildiginde, cesitler arasinda giceklenme

Calisma  sonuglari

suresi (gln), bitki boyu (cm), bitkide bakla sayisi
(adet bitki?), baklada tane sayisi (adet bakla™),

(p<0.01) farklarin oldugu bulunmustur. Gama isini
dozlarinin ise bitki boyu (cm), bitkide bakla sayisi,
bitkide tane sayisi, bitki tane verimi ve bitki
biyolojik verim gibi ozellikler Uizerine etkisinin
istatistiki olarak onemli oldugu tespit edilirken,
ciceklenme siiresi ve baklada tane sayisi lizerine
istatistiksel olarak etkisi bulunmamistir.

Ayrica, ¢esit ve gama isinim dozlari arasinda
ortaya cikan interaksiyonun ciceklenme siresi,
bitki boyu ve baklada tane sayisi 6zellikleri harig,
bitkide bakla sayisi, bitkide tane sayisi, bitki tane
verimi ve bitkide biyolojik verim Uzerine etkisinin

bitkide tane sayisi (adet bitki?), bitki tane verimi (g istatistiki acidan  (p<0.01) 6énemli oldugu
bitki!) ve bitkide biyolojik verim (g bitki')  saptanmistir (Cizelge 3.)
bakimindan istatistiki bakimdan olduk¢a onemli
Cizelge 3. Varyans analiz 6zeti
Table 3. Summary of variance analysis
Onemlilik/ Significant
Ciceklenme Bitki Bitkide bakla Baklada Bitkide tane Bitki sltkld.?
suresi boyu sayisl tane sayisl tane biyolojik
SD 4 4 sayisl ¥ verimi verim
Num. .O f Plant Number of Number Number of Seed . Plan.t
flowering height  pods per plant of seed seed per plantyield per plant biological.
dates g poas perp per pod per plantyleld per p yield
Variety (V)
Gama lsini
Dozlari (GID) ~~ % % A *% ok *%
Gamma Ray Dose Od/Ns Od/Ns
(GRD)
CXGID Int , .- o " x o o
VXGRD Int 9 Od/Ns Od/Ns Od/Ns
Degisim Katsayisi
0,
(%) .. 2.70 6.12 10.18 4.09 7.27 7.87 7.10
Coefficient

Variation (%)

* p<0.05; ** p<0.01 diizeyinde dnemli, Od: Onemli degil
* p<0.05; ** p<0.01 significant level, Ns: Non significant

Bu calismada cesitler arasinda en uzun
ciceklenme siresine sahip nohut cesidi Sari 98
olurken, en kisa ¢iceklenme siiresine sahip cesit ise
Aksu nohut cesidi olarak bulunmustur. Ciceklenme
gun sayisinin  erken/gec¢ c¢iceklenme genleri
nedeniyle cesitlere gore degisebilecegi diger bazi
arastirmacilar tarafindan da bildirilmistir (Bicer ve
Anlarsal, 2004). Azkan, Uzunlu 99 ve Sari 98 nohut
cesitlerinin istatistiki olarak aralarindaki farkin
onemli olmamasina ragmen Azkan cesidinde 89.6
glin Uzunlu 99'da 89.7 giin ve Sari 98 nohut

cesidinde 90.2 giin olarak bulunmustur. Azkan,
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Aksu, Uzunlu 99 ve Sari 98 nohut cesitlerine
uygulanan farkli gama isini dozlarinin, bu cgesitlerin
M; generasyonunda kontrol doza gére ciceklenme
istatistiki
ortaya citkmadigi Cizelge 4’te gorilmektedir.

suresinde bakimdan o6nemli farklarin

M; generasyonunda gama isinin etkisi istatistiki
bakimdan ciceklenme siireleri Uzerine etkisinin
onemli bulunmamistir. Ayrica kontrol dozunda
89.2 giin olarak bulunan ciceklenme siiresinin
gama Isini dozu arttikca ciceklenme siiresinde
azalislarin oldugu fakat bu azalisin istatistiki olarak
Onemsiz  oldugu

bulunmustur.  Calismada
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uygulanan en yiiksek gama isini dozu olan 300
Gy’de ciceklenme siiresi 86.7 giin olarak tespit
edilmistir. Ciceklenme siiresi 300 Gy dozunda
kontrol dozuna gore 2.5 giin daha kisa oldugu
bulunmustur (Cizelge 4). Bu bulgular gama isininin
bitkilerin giceklenme zamanini degistirebilecegini
gostermistir. Bircok arastirmaci daha Onceki
¢alismalarinda gama isininin gigceklenmeyi pozitif
yonde degistirebilecegini

bildirmistirler. Mahla ve ark. (1990) mutasyonunun

veya negatif
hem pozitif hem de negatif yonde degiskenligi
artirabildigini bulmus, popilasyonda erken veya
gec ciceklenen bitkilerin segimi igin yeterli bitki
bulunabilecegini  bildirmigtirler. Ayrica kirag
sartlarda ylksek verim elde etmek igin giceklenme
ile  hasat zamani arasindaki glin sayisinin
arttirilmasi icin erken c¢iceklenen cesitlerin islah
yoluyla ortaya cikarilmasinin gerekli oldugu
bilinmektedir. Karimi ve ark. (2008) iki nohut
cesidine 10 farkh gama 1sini (0, 100, 200, 300, 400,
500, 600, 700, 800, 900 Gy.) Kobalt 60 kaynagindan
bir
kontrole goére kisaldigi bildirmislerdir. Sagel ve ark.

verildigi ¢alismada, c¢iceklenme siiresinin

(2009)’'de kobalt kaynakli gama isini uygulama

dozlarinin  ciceklenme slrelerini  kisalttigini
bildirmislerdir. Gupta ve Balyan (1981) tarafindan
bezelyede yapilan bir calismada 10 krad’lik gama
Isin dozu uygulanan tohumlarin kontrol dozundan
28 gin daha once ciceklendigini bildirmistirler.
Fiziksel

mutagenlerden olan gama isiniminin,

cesitli arastirmacilar  tarafindan c¢iceklenme
sirelerinin azalma ya da uzamasina neden oldugu
bulgulari yaninda Kashid ve More (2016), kimyasal
mutajenlerin (EMS ve SA) nohutta ciceklenme
surelerinde degiskenlige neden oldugu
bildirmislerdir. Ayni aragtiricilar hem M; hemde M3
generasyonlarinda yapilan gozlemlere goére nohut
cesitlerinde sdresinin

ciceklenme kisaldigini

bildirmislerdir. Bu durum gama Isini yaninda
kimyasal mutagenlerinde nohutta ¢iceklenme giin
Oysa bu

calismada uygulanan gama isini dozlari cesitlerde

suresini etkiledigini gostermektedir.
onemli bir giceklenme giin sayisinda kisalmaya
neden olmamistir. Bu ¢alismada kullanilan mevcut
cesitlere gore M, generasyonunda kisa sirede

ciceklenen mutant tiplere rastlanilmamistir.

Cizelge 4. Farkh dozlarda uygulanan gama isininin bazi nohut cesitlerinin bazi verim ve verim ogeleri Uzerine etkisine iligkin

ortalama degerler ve Duncan testi sonuglari

Table 4. Average values of the effect of different gamma ray doses on some yield and yield components in some chickpea

varieties and Duncan test results.

Cicekleme siiresi Bitki boyu Bitkide bakla sayisi Baklada tane sayisi
Cesitler (gtin) (cm) (adet bitki?) (adet bakla )
The numbers of flowering Pant height Pod numbers _ Seed numbers _
Variety date (cm) per plant (num. plant per pod (num. plant
(day) Y Y

Azkan 89.6 a* 41.85a 25.62 a 0.98 a

Aksu 83.4b 37.19ab 26.92 a 0.96 a

Uzunlu 99 89.7 a 39.24 a 15.77 b 0.89b

Sari 98 90.2 a 33.27b 17.31b 0.95a

LSD (P <0.05) 3.00 4.70 3.15 0.03

Gama Isini Dozlar

Gama Ray Dose

Kontrol 89.2 35.70 b 16.45b 0.96

100 Gy 89.2 38.25 ab 23.52a 0.95

200Gy 88.1 38.59 a 22.30a 0.94

300 Gy 86.7 39.02 a 23.35a 0.95

LSD (P 0.05) Od/Ns 3.02 1.83 Od/Ns

*Ayni harfle gdsterilen ortalamalar arasindaki fark dnemsizdir ( p<0.05), Od: Onemli degil
*The difference between the averages indicated by the same letter is insignificant (p<0.05), Ns: Non significant

Cesitler bitki boyu bakimindan incelendiginde
en uzun bitki boyuna sahip cesidin Azkan nohut
cesidi oldugu ve en kisa bitki boyuna sahip ¢esidin
ise Sari 98 oldugu saptanmistir. Sehirali (1988),
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nohudun bitki boyunun cesitlere ve bolgelere gore
degisebilecegini ve 20-75 cm arasinda oldugunu
bildirmistir. Calismada bitki boyunun gama isininin
uygulama dozu artisina bagli olarak kontrol dozuna
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gore uzadigi tespit edilmistir. Bitki boyunda kontrol M, generasyonunda bitkide bakla sayisi
dozuna gore artis saptanirken, dozlar arasinda ise bakimindan gesitler arasinda dnemli farklar tespit
200 Gy ve 300 Gy gama isini dozlarinin ayni edilmis olup en fazla bitkide bakla sayisina sahip
seviyede etki ettigi saptanmistir. Kontrol dozu ile cesidin 25.62 adet bitki* ile Azkan oldugu, en az
diger uygulama dozlari karsilastirildiginda, kontrol bitkide bakla sayisina sahip gesidin ise 15.77 adet
dozunda 35.70 cm olan bitki boyu, 100 Gy’de 38.25 bitkit ile Uzunlu 99 nohut c¢esidi oldugu
cm, 200 Gy’de 38.59 cm, 300 Gy’de ise 39.02 cm saptanmistir. Kontrol dozuna gére gama isini
olmustur. Artik ve Peksen (2005)'in baklaya dozlarinin artisi bitkide bakla sayisini artirdig
uyguladiklar1 75 ve 100 Gy dozlarinda baklada bitki istatistiki onemlilikte bulunmustur. Calismada,
boyunun arttigini bildirmistirler. Ayrica Athwal ve cesitler ve gama isini uygulama dozlari arasindaki
ark. (1970) gama 1sini yoluyla nohutta bitki boyunda interaksiyon incelendiginde, bitkide bakla sayisinin
degiskenligi ortaya cikarmis ve mutagenin bitki  en fazla 100 Gy gama isini verilen Aksu cesidinde

boyunda hem pozitif hem de negatif genetik  |ge edildigi ve en az bakla sayisinin ise Uzunlu 99

degiskenlige neden olabilecegini bildirmislerdir. Bu kontrol dozundan elde edildigi saptanmistir (Sekil

bulgulara it olarak - Khan ve ark (2005) gama 1). Bu durum cesitlerin gama isini dozlarina karsi

isinlamanin  bitki boyu Uzerindeki sonuglar, M,

verdigi  tepkinin  farkli  oldugunu ortaya
generasyonundaki kontrole kiyasla farkli 1sinlama g P g y

dozlari arasinda anlamli olmayan degisiklikler ortaya koymaktadr.

koymustur.

Cizelge 5. Farkli dozlarda uygulanan gama isininin bazi nohut cesitlerinin bazi verim ve verim 6geleri izerine etkisine iliskin
ortalama degerler ve Duncan testi sonuglari
Table 5. Average values of the effect of different gamma ray doses on some yield and yield components in some chickpea
varieties and Duncan test results.

Cesitler Bitkide tane sayisi Bitkide biyolojik verim Bitki tane verimi
3 (adet bitki ) (g bitki ) (g bitki ™)
. Seed numbers per plant Biological yield per plant Grain yield per plant (g plant
Variety 1 1 1
(num. plant?) (g plant ) )
Azkan 22.22 a* 199a 9.54a
Aksu 21.87 a 179b 9.12a
Uzunlu 99 10.87 b 17.1b 4.52b
Sar1 98 9.05c¢ 156 ¢ 3.63c
LSD (P <0.05) 1.38 1.42 0.65
Gama Isini Dozlar
Gama Ray Dose
Kontrol 12.08 c 129b 5.10b
100 Gy 17.51a 18.5a 7.15a
200Gy 16.32b 19.3a 7.16a
300 Gy 18.10a 19.8a 7.39a
LSD (P 0.05) 0.98 1.62 0.44

*Ayni harfle gosterilen ortalamalar arasindaki fark 6nemsizdir ( p<0.05)
*The difference between the averages indicated by the same letter is insignificant (p<0.05)

Bagci ve Mutlu (2014) nun Macar figi boyu, ana sap uzunlugu, ana dal sayisi ve bakla
calismasinda, Gupta ve Balyan (1981)'nin sayisinda kontrol dozla karsilastirildigi zaman 80 ve
Bezelyede yaptigi calisma, Asadbikh (1992) ve 100 Gy gama 1sini dozlarinda birtakim degisiklikler
Tekeoglu (1991)'nin  fasulyede gama 1Isini meydana geldigini bildirmislerdir.
uygulamasinin bitkide bakla sayisini arttirdigini M, generasyonunda baklada tane sayisi
bildirmistirler. Bagci ve Mutlu (2014) tarafindan Uc¢ bakimindan cesitlerde en yiksek baklada tane
Macar figi M, generasyonunda, ¢ikis orani, bitki sayisi Azkan gesidinden, en az baklada tane sayisi
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ise Uzunlu 99 nohut cesidinden elde edilmistir.
Uygulanan gama dozlarinin  ortalamalarina
bakildiginda, istatistiki

ortaya ¢citkmamistir.

bakimdan ©6nemli fark

Calisma sonuglari (Cizelge 5) bitkide tane sayisi
bakimindan incelendiginde, M, generasyonunda
bitkide tane sayisi bakimindan cesitler arasinda
onemli farklar tespit edilmis olup en fazla bitkide
tane sayisina sahip nohut gesidinin 22.2 adet ile

A) Bitkide bakla sayisi / Pod numbers

per plant
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Azkan oldugu, en az bitkide tane sayisina sahip
cesidin ise 9.1 adet Sari 98 nohut c¢esidi oldugu
saptanmistir (Sekil 1). Kontrol dozuna gore gama
1sini dozlarinin artigi bitkide tane sayisini arttirdigi
saptanmistir. bitkide
bakimindan en az bitkide tane sayisi 12.08 adet ile
kontrol dozunda elde edilmistir. En fazla bitkide

Calismada tane sayisi

tane sayisi ise en yiksek gama isini (300 Gy)
dozunda elde edilmistir.

B) Bitkide tane sayisi / Seed numbers
per plant
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Sekil 1. Gama isini dozlari ve gesit arasindaki interaksiyonunun Mz generasyonunda A) bitkide bakla sayisi ve B)
bitkide tane sayisi Gizerine etkisine iliskin grafik

Figure 1. Graphics related to the effect of gamma ray doses and variety interaction on A) pod numbers per plant
and B) seed numbers per plant in the Mz generation

Cesit X gama 1sin1 dozlari arasinda ortaya c¢ikan
interaksiyon sonuglari incelendiginde, en c¢ok
bitkide tane sayisi 27.06 adet ile 300 Gy gama isinI
dozu uygulanmis Azkan ¢esidi olurken en az bitkide
tane sayisina sahip cesidin ise kontrol dozunda
6.41 adet ile Sari 98 cesidi oldugu saptanmistir.
Kontrol dozu uygulamasinda en fazla bitkide tane
sayisl Azkan nohut cesidi olurken, artan gama isini
dozlarinda (100 Gy ve 200 Gy) ise en fazla bitkide
tane sayisi Aksu cesidinde saptanmistir. Calismada
en yiksek gama 1sini doz uygulamasi olan 300 Gy’
de Azkan cesidinin en fazla bitkide tane sayisina
sahip oldugu bulunmustur.

M3 generasyonunda gama isini dozlarinin nohut
cesitleri Gzerindeki etkisine iliskin bulgularin yer

aldigi Cizelge 5’de bitkide biyolojik verimde de

kontrole gore onemli degisikliklerin meydana

geldigi gorilmektedir. Bitkide biyolojik verim
bakimindan cesit ortalamalari incelendiginde, en
ylksek bitkide biyolojik verim 19.9 g ile Azkan
nohut cesidinden elde edilmistir. Calismada en
disiik bitkide biyolojik verim ise Sari 98 nohut
cesidinden elde edilmistir. Aksu ve Uzunlu 99 ayni
gruplandirmada yer almasina ve istatistiki olarak
fark olmamasina ragmen Aksu
cesidinden 17.9 g bitki, Uzunlu 99’da ise 17.1 g
bitki™ Cesit X gama 1sini
interaksiyon sonuglarina bakildiginda en yiiksek
bitkide biyolojik verim Azkan cesidinde 300 Gy
dozunda elde edilmistir. En dislik bitkide biyolojik
verim ise kontrol dozunda Sar1 98 nohut ¢cesidinden

onemli bir

olarak saptanmistir.

elde edilmistir. Gama sin1 dozlarinin bitkide
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biyolojik verime olan pozitif etki Asadbikli’nin
(1992) fasulye’den elde ettigi bulgularda da
gorilmektedir. Karimi ve ark. (2008) tarafindan

A) Bitkide biyolojik verim / Biological yield per

plant
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ylritilen bir calismada ise kontrole gore 300 Gy

gama 1sinl dozunda tohum veriminde artis

saglandigini bildirmistirler.

B) Bitkide tane verimi / Grain yield per plant
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Sekil 2. Gama 1sin1 dozlari ve gesit interaksiyonunun M2 genarasyonunda A) bitkide biyolojik verim ve B) bitkide tane verimi

Uzerine etkisine iligkili grafik.

Figure 2. Graphics related to the effect of ggmma ray doses and variety interactions on A) biological yield per plant and B) seed

yield per plant in the M generation.

Bitki tane verimi bakimindan cesitler arasinda
en fazla bitki tane verimine sahip nohut ¢esidi
Azkan nohut ¢esidi oldugu saptanmistir. En az bitki
tane verimine sahip nohut ¢esidi ise Sari 98 olarak
bulunmustur. Azkan ve Aksu nohut cesitleri ayni
grupta oldugu ve istatistiki olarak aralarindaki
farkin 6nemli olmamasina ragmen Azkan gesidinde
9.54 g, Aksu nohut cesidinde ise 9.12 g olarak
bulunmustur (Cizelge 5). Azkan, Aksu, Uzunlu 99 ve
Sari 98 nohut cesitlerine uygulanan farkh gama
Isini dozlarinin, bu cesitlerin M; generasyonunda
kontrol dozuna goére bitki tane veriminde dnemli
farklarin ortaya ciktig1 Cizelge 5’'da gorilmektedir.
Gama Isin1 uygulanan nohut cesitlerinden elde
edilen bulgulara bakildiginda uygulanan gama isini
dozu arttik¢a bitki tane veriminde artis oldugu
saptanmistir. Artis kontrol dozuna gore tim gama
benzer oranlarda

ISiNI uygulamalarinda

saglanmistir. Calismadan elde edilen bulgulara
gore kontrolde en yiksek bitki tane verimi Azkan
cesidinde, 100 Gy’de Aksu cesidinde, 200 ve 300

Gy'de ise Azkan cesidinden elde edilmistir. Azkan
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cesidinde bitki tane veriminin en fazla oldugu doz
300 Gy, Aksu’ gesidinin ise 100 Gy gama isini
dozunda, Uzunlu 99 nohut cesidi ise 300 Gy
dozunda ve Sari 98 gesidinde ise 100 Gy gama isini
dozundan elde edildigi saptanmistir.

Gama 1sini dozlarinin nohutta bitki tane
verimine etkisinin pozitif diizeyde énemli artislan
saglandigini Sagel ve ark. (2009) ayrica Karimi ve
(2008) (2005)'de
bildirmistir.  Ayrica kullanilarak
agronomik ozelliklerin iyilestirildigi ¢esitli calismalarda
Khan ve ark. (2005) 0.6 kGy'de gama
isimasi kullanarak nohut tane veriminde belirgin bir

ark. ve Artik ve Peksen

gamma 1S1N1

bildirilmistir.

artis oldugunu bildirmislerdir. Gustafsson ve ark. (1971)
mutasyon islah yontemleri ile yliksek verimli bir arpa
cesidi gelistirmistir. Ayrica Wani ve Anis, (2008),
tarafindan yurutilen bir calismada tohum iriliginin
100 tane agirlig ile onemli iliski gosterdigi, cogu
ozelligin kontrolden daha yliksek olduklarini,
mutantlarin sitolojik analizleri disinda diger
ozelliklerinin  normal olduklarini bildirmislerdir.
Pozitif etkinin bildirildigi calismalara zit olarak

Laskar ve ark. (2018) ise Pant L 406 mercimek
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cesidine uygulanan 100, 200, 300, 400 Gy gama
1sini dozlarinda mutant tiplerle ebeveyn c¢esit
arasinda bitki verimi yonunden fark ¢ikmadigini
bildirmektedir.

Sonuglar

Sonuc olarak artan gama isini dozlarinin nohut
cesitlerinde kontrol dozuna gore farklilasmaya
neden oldugu bulunmustur. Bunun yaninda gamma
isini kullanilarak nohut c¢esitlerinde bazi agronomik
ozelliklerin iyilestigi belirlenmistir. Ayrica her gama
Isini dozunun da cesitlerde farkh dizeyde pozitif
varyasyon vyarattigl tespit edilmistir. Bu durum
Aksu nohut ¢esidi icin 100 gy gama i1sini dozu farkh
ozellikteki bitkiler elde etmek igin yeterli oldugunu
istatistiki
anlamda bitkisel 6zelliklerde degisime neden olan

gosterirken, Azkan nohut c¢esidinde

dozun ise 200-300 gy oldugu saptanmistir.
Ebeveyn c¢esitlere gore farkli o6zellikteki M2
bitkilerine ait tohumlar sonraki M

genarasyonlarinda anaclari ile birlikte ayri ayn
ekilerek degerlendirmeye alinacaktir.
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ABSTRACT

This study examines the growth of “Kisnari” type with “Hicaznar” and “Kirli Hanim”
pomegranate varieties in fruit length and width as well as the fruit peel and aril colors. It was
found that the relationship between these type and varieties in terms of growth in fruit length
and width were positive and significant and that the “Hicaznar” variety grew more robustly
than the other variety and type. In addition, it was determined that width and length of the
varieties and types of the fruit increased in direct proportion from the full flowering stage to
the harvest period; and the fruit width growth was higher than the fruit height development.
The peel L* value was determined in the range between 47.15 and 94.88 and varies by year,
variety and type. The Kisnari variety had the highest a* value (45.00) in terms of peel color
while the highest b* value (41.88) was registered in the Kirli Hanim variety. The fruit peel
chroma (C*) values varied between 36.99 and 63.51. It was found that the peel Hue (H’) values
of the Kirli Hanim (44.88) and Kisnari (41.59) varieties were significantly higher than those of
the Hicaznar (35.14) variety. According to aril L* values, the highest brightness was ascribed to
the Kirli Hanim (73.68) while the lowest to the Hicaznar (39.80). According to a two-year
average, the a* values of the aril color of the type and variety varied between 39.73 and
47.66. The aril of Hicaznar (18.25) variety had the lowest b* value aril while the Kirli Hanim
(22.02) had the highest. The aril color C* values of the type and varieties varied between
43.73 and 53.99. The two-year average aril color H’ value of the type and varieties varied
between 24.48 (Kisnari) and 25.95 (Kirli Hanim).

Key Words: Fruit growth, Peel, Aril, Color properties, Pomegranate
0z

Bu calismada, Kisnari tipi ile Hicaznar ve Kirli Hanim cgesitlerinin meyvelerinde en-boy
gelisimleri ile meyve kabuk ve dane renkleri incelenmistir. Arastirma sonucu tip ve gesitlerin
meyve en-boy blyliime iliskilerinin pozitif ve 6nemli oldugu, Hicaznar gesidinin diger cesit ve
tipe gore daha fazla gelisme gosterdigi tespit edilmistir. Ayrica, cesit ve tiplerin meyve en ve
boyunun, tam ¢iceklenme evresinden hasat zamanina kadarki slirecte dogru orantili olarak
arttig, meyve eni blylimesinin meyve boyu gelisiminden daha fazla oldugu saptanmistir.
Kabuk L" degeri yillara, tip ve cesitlere goére degismekle beraber, 47.15-94.88 arasinda
belirlenmistir. Kabuk renginde en yiiksek a* degeri Kisnar’nda (45.00), b" degeri ise Kirli
Hanim’da (41.88) belirlenmistir. Meyve kabuk rengi kroma (C*) degerleri 36.99 ile 63.51
arasinda degisim gostermistir. Kirli Hanim (44.88) ve Kisnar’nin (41.59) kabuk Hue
degerlerinin, Hicaznar (35.14) cesidinden anlamli olarak daha yiiksek oldugu tespit edilmistir.
Dane L degerlerine gére en yiiksek parlakligin Kirli Hanim (73.68), en az parlakligin ise
Hicaznar'da (39.80) oldugu tespit edilmistir. iki yillik ortalamaya gore tip ve gesitlerin meyve
dane rengi a* degeri 39.73 ile 47.66 arasinda degismistir. En distk dane rengi b* degeri
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Hicaznar cesidinde (18.25), en yiksek ise Kirli Hanim gesidinde (22.02) belirlenmistir. Tip ve cesitlerin dane rengi kroma
degerleri 43.73 ile 53.99 arasinda degisim gostermistir. Tip ve cesitlerin iki yillik ortalama dane rengi H® degeri, 24.48 (Kis

Nari) ile 25.95 (Kirli Hanim) arasinda 6lgtlmistdr.

Anahtar Kelimeler: Meyve biliyiimesi, Kabuk, Dane, Renk 6zellikleri, Nar

Introduction

Pomegranate (Punica granatum L.) is a

perennial plant belonging to the Punicaceae
family and can be grown anywhere in tropical and
subtropical regions (Schubert et al., 1999) up to
an altitude of 1000 m (Ozgiiven and Yilmaz,
2000).

Pomegranates have been grown in Turkey over
many years. Since Turkey is one of the gene
centers of pomegranate, it is very rich in the
genetic resources of pomegranate. Almost fifty
varieties of pomegranates have been registered in
date. These

pomegranate varieties from sweet to sour, red to

Turkey to include  various
yellow, small fruits to large fruits and hard arils to
soft arils. (Yilmaz, 2007).

Pomegranate peel color is an important quality
parameter in terms of creating allure. Generally,
consumers prefer fruits with red peels (Holland et
2009). (2014)
measured the fruit peel a* value in Spain as
between 12.31 and 24.26; Yaman et al., (2015)

measured the b* value of Hicaznar grown fruit

al., Nuncio-Jauregui et al,,

peel color as 29.0-37.6 in different locations in
Selcuk (2014)
determined the peel chroma value of the

Hatay Region. and Erkan
Hicrannar variety as 47.52. It is reported that the
fruit aril color a* values of pomegranates are
determined between 0.31 and 34.10 (Legua et al.,
2000; Yilmaz, 2005; Golikel and Tokgoz, 2008; Al-
Said et al., 2009; Borochov-Neori et al., 2009;
Gindogdu et al., 2011; Caliskan and Beyazit,
2012; Fawole and Opara, 2013b,c;
Jauregui et al., 2014; Yaman et al., 2015).
(2017)

conducted in Sanlurfa on pomegranate, reported

Nuncio-

Ozden et al., in the study they
that the Hue (H°) angle values of the varieties in
the peel were between 16.23- 98.96, and in fruit,
the values are between 31.36-179.02. Peia et al.,
(2013) stated that the peel Hue angle value of the
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"Mollar de Elche" pomegranate variety in Spain as
60.3; Yaman et al., (2015) stated that the peel
Hue angle value of Hicaznar as 37.21-49.82.
Various researchers (Pefa et al., 2013; Fawole
and Opara, 2013b; Fawole and Opara, 2013c;
Selcuk and Erkan, 2014; Yaman et al.,, 2015)
determined the L* value, which expresses the
fruit peel brightness, in the range of 43.82-68.80.

In their studies, they stated that the width of
pomegranate fruit varied between 44.1 and
100.68 mm (Laribi et al., 2013; El-Sayed et al.,
2014; Parvizi et al., 2014; Gindogdu et al., 2015;
Davarpanah et al., 2016; Dandachi et al., 2017;
Cicek et al., 2019). Various researchers (Korkmaz,
2013; Yaman et al.,, 2015; Davarpanah et al.,
2016; Dandachi et al.,, 2017; Cicek et al., 2019)
measured fruit size as 39.00-93.28 in their studies
different
genotypes in different ecologies.

on pomegranate varieties and

This study examines the growth of the
“Kignan” type with “Hicaznar” and “Kirli Hanim”
pomegranate varieties grown in the province of
Gaziantep, Turkey in fruit length and width as well

as the changes in the fruit peel and aril color.
Material and Methods

Plant material and field trial

This study was carried out at the research
station of the Pistachio Research Institute
(Gaziantep, Turkey). (36° 56'N latitude; 37° 28'E
longitude; 705 m altitude). The trees have 3-4
trunks on average and have the shape of a shrub.
During the test period, the pomegranate plants
were irrigated with a drip irrigation system and
the annual upkeep of the orchard was undertaken
on a regular basis.

To determine fruit growth in length and width,
five plants were selected and measurements
were taken from two pieces of fruit randomly
selected from the four sides of each plant.
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Measurements were taken using a digital caliper
with a precision up to 0.01 mm at two-week
intervals from fruit set time to harvest time and a
growth chart was prepared based on these
The fruit peel
measurements were undertaken in a repeated

measurements. and aril
three-trial-sequence in each of which there would
be five trees according to the Completely

Randomized Design.

Fruit peel and aril color

Color measurements of the fruit peel and arils
were made according to the C.LE. L* a* b*
de
method with a Hunter Lab colorimeter (A 60-
1010-615 Model Colorimeter, Hunter Lab and
Reston VA; Zerbini and Polesollo, 1984). An
average of six measurements, four of which from

(Commission Internationale I'Eclairage-)

the equator area of the fruit and two of which
from the calyx area and the stalk area, were
accepted as representing the peel color of the
fruit. Color measurements of the arils were
undertaken on the arils about 2 to 3 cm thick
placed in Petri cups. In the samples, chroma
indicates color intensity and the hue, indicates
the hue angle (0°; red-purple, 90°; yellow, 180°;
bluish-green, 270°; blue) (Zerbini and Polesollo,
1984). The L* value is an indicator of blackness-
whiteness that ranges between 0 (black) to 100
(white), the value a* is an indicator of greenness-
redness that ranges between -60 (green) to +60
(red) and the value b* is an indicator of blueness-
yellowness that ranges between -60 (blue) to +60
(yellow), as with value a (Ozdemir, 2001). Besides,
Chroma shows the intensity of the color while the
hue indicates the angular value of the color (0’
red-lilac, 90°; yellow, 180°; bluish-green, 270°;
blue) (McGuire, 1992).

[C = (a*+b*)*?)]
[h’=arctan (b"/a”)]

(1)
(2)

Statistical analyses

An evaluation of the average data over two
years was performed in a repeated three-trial
the
Randomized Design, and the question of whether

sequence according to Completely

there was any difference between the averages
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tested by one-way variance analysis (ANOVA). If
there was a significant difference after the
analysis of variance, the Tukey HSD test (Honest
Significant Difference) was used for multiple
comparisons between groups. The SPSS 16 (Inc,
Chicago, IL) packaged software was utilized in
data analysis and the statistical significance level
was taken as 0.05. Using peel and aril color
values, the properties of the genotypes were
classified by PCA (Principal Component) analysis.
PCA analysis is a multivariate statistical technique
that attempts to explain a large number of
variables with fewer components.

Results and Discussion

Fruit growth in fruit length and width

It was found that the width and length of the
genotypes in the study increased proportionally
from full blossom to harvest time and that growth
in width was greater than growth in length
(Figures 1 and 2).

The growth of the genotypes in the study in
terms of length and width was investigated within
the timeframe of six different periods. The fastest
growth was recorded in the second period (25
July). From this period until 5 October, when the
latest data was collected, a proportional but slow
growth process occurred. The width and height of
the Hicaznar variety was higher than the growth
values of the other variety and type (Figures 1 and
2). The relationship between fruit width and
length and the growth period were positive and
significant for all genotypes. Therefore, it was
established that over a specific growth period all
genotypes grew more in width and length. Yilmaz
(2005) showed in his study conducted in Adana
that fruit growth and width increased linearly
from June to September. Fawole and Opera
(2013a) conducted a study in South Africa on the
varieties 'Ruby' and 'Bhagwa' and found that
there was a constant increase in the width and
length of both varieties from bloom to harvest
time. They also mentioned that growth in width
in

exceeded growth length. This study also

revealed similar results.
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Figure 1. Variation of fruit width values by variety/type and periods (mm) (The
differences between the averages indicated by different letters during
the periods are significant (Anova F Test, followed by Tukey HSD, o= 0.05)
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Figure 2. Variation of fruit length values by variety/type and period (mm) (The
differences between the averages indicated by different letters during the
periods are significant (Anova F Test, followed by Tukey HSD,a= 0.05)

Fruit peel color

The L* value that represents the brightness of
the peel of the fruit varied between 47.15
(Hicaznar) and 94.88 (Kirli Hanim) (Table 1). In
various other studies, the fruit peel L* value
ranged between 32.76 and 87.35 (Yilmaz, 2005;
Toplu et al., 2007; Al-Said et al., 2009; Caliskan
and Bayazit, 2013; Pefia et al., 2013; Selcuk and

Erkan, 2014; Nuncio-Jauregui et al., 2014; Yaman
et al., 2015; Boussaa et al, 2019). It was found
that the value L* for fruit peel color obtained in
this study corresponds to values for the Kignari
type and Hicaznar variety when compared to
previous studies and that the value for the Kirli
Hanim variety with the brightest peel (94.88) was
higher than the values cited in the literature.

Table 1. Fruit peel color values of some pomegranate variety and types

Kignari Hicaznar Kirli Hanim ANOVA F test
L* 72.31+4.50 b! 47.15+4.69 ¢ 94.88+11.14 a 308.595"
a* 45.00+£19.72 a 30.1743.90 b 44.03+15.89 a 9.428"™
b* 35.3844.27 b 20.70+2.30c 41.88+10.49 a 79.311"
Chroma 59.36+13.69 a 36.9943.12 b 63.511+6.61 a 76.041
Hue 41.59+15.11ab 35.14+5.33 b 44.88+16.15 a 4.265"

(1): The difference between the averages indicated by different letters in the same line is statistically significant (Tukey HSD o
= 0.05). The values cover a period of two years and are expressed in terms of MeanSD (*: p<0,05; **: p<0.01).
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According to the two-year average, value a*
for fruit peel color was the lowest for the
Hicaznar variety with 30.17 and the highest for
the Kisnari type with 45.00. In various studies
(Toplu et al., 2007; Nuncio-Jauregui et al., 2014;
Yaman et al., 2015; Boussaa et al., 2019), value a*
for fruit peel color was reported as varying
between 3.22-48.73. The results in the current
study with regard to the a* values for peel color
of the fruit, which indicate a color change from
green to red, show similarities with the results
obtained by many other researchers.

According to two-year average values, the
difference between the b* values of the type and
varieties for peel color of the fruit was statistically
significant. The lowest value was registered for
the Hicaznar variety with 20.70 and the highest
value was registered for the Kirli Hanim variety
with 41.88. Various researchers (Toplu et al.,
2007; Nuncio-Jauregui et al., 2014; Yaman et al.,
2015; Boussaa et al., 2019) have found the fruit
peel color b* value to be 17.11-45.69. It can be
seen that the b* values for fruit peel color
obtained in the current study are consistent with
those found in other studies.

According to the two-year average values,
chroma values for fruit peel color (low values
highlighted in a dark color, high values highlighted
in a light color) varied between 36.99 and 63.51
according to the type and varieties. The highest
chroma value for fruit peel color was registered
for the Kirli Hanim variety. The literature shows
that the chroma values of pomegranates for fruit
peel color (C*) vary between 27.21 and 55.80
(Yildiz et al., 2009; Pefia et al.,, 2013; Nuncio-
Jauregui et al.,, 2014; Selcuk and Erkan, 2014;

Yaman et al.,, 2015; Boussaa et al., 2019). The
values obtained in this study are slightly higher
than those determined by other researchers
(36.99-63.51), and the peel color of the Kirli
Hanim variety (63.51) was found to be lighter.

Color angle value Hue (H°) refers to the
transition from red to yellow from 0° to 90° and
from yellow to green from 90° to 180°. On the
basis of the two-year averages, it was found that
the fruit peel Hue values of the Kisnari type and
Kirli Hanim variety (41.59 and 44.88 respectively)
were significantly higher than those of the
Hicaznar (35.14) variety. Accordingly, it can be
argued that the fruit peel color of the Hicaznar
variety has more red than other variety and type.
Various researchers (Yildiz et al., 2009; Caliskan
and Bayazit, 2013; Pefia et al., 2013; Yaman et al.,
2015; Boussaa et al., 2019) have found the peel
Hue angle value to range between 17.05 and
103.2.

Fruit aril color

The aril color L* value of the type and varieties
was found to vary between 39.80 (Hicaznar) and
73.68 (Kirli Hanim) (Table 2). In many studies
conducted in Turkey or abroad (Yimaz, 2005;
Golukel and Tokgoz, 2008; Al-Said et al., 2009;
Gindogdu et al.,, 2011; Caliskan and Beyazit,
2012; O’Grady, 2012; Fawole and Opara 2013a,
Fawole and Opara 2013b; Nuncio-Jauregui et al.,
2014; Yaman et al.,, 2015; Boussaa et al., 2019),
the L* values for fruit aril color showed variations
on a large scale ranging from 9.9 to 103.4. L*
values for aril color found in this study show
similarities to those cited in other studies.

Table 2. Fruit aril color values of some pomegranate variety and types

Kignari Hicaznar Kirli Hanim ANOVA F test
L* 72.82+4.87 at 39.80+6.71 b 73.68+9.26 a 217.428™
a* 47.66+13.44 a 39.73£7.50 b 46.48+14.27 ab 3.747°
b* 19.4446.77 a 18.25+3.89 a 22.02+13.57 a 1.364
Chroma* 52.7249.77 a 43.7318.40 b 53.99+10.00 a 10.588™
Hue 24.48+12.89 a 24.55+1.29a 25.95+16.09 a 0.145

(Y): The difference between the averages indicated by different letters in the same line is statistically significant (Tukey HSD a
=0.05). The values cover a period of two years and are expressed in terms of Mean£SD (*: p<0,05; **: p<0.01).
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The aril color a* value of the type and varieties
ranged between 39.73 (Hicaznar) and 47.66
(Kisnari). The fruit aril color a* values of the
pomegranates vary significantly by country,

region, and ecology where the research is
conducted, and particularly varies by the studied
varieties. As a matter of fact, the fruit aril color a*
values of pomegranates are reported to range
between 0.31 and 34.10 (Legua et al., 2000;
Yilmaz, 2005; Golikgld and Tokgdz, 2008; Al-Said
et al., 2009; Borochov-Neori et al., 2009;
Gundogdu et al., 2011; Caliskan and Beyazit,
2012; Fawole and Opara, 2013a; Fawole and
Opara, 2013b; Nuncio-Jaduregui et al., 2014;
Yaman et al., 2015; Boussaa et al., 2019).

The aril color b* value of the type and varieties
was highest for the Kirli Hanim variety with 22.02
and the lowest was for the Hicaznar with 18.25. In
many studies conducted in different ecological
environments (Legua et al., 2000; Yilmaz, 2005;
Golikel and Tokgéz, 2008; Al-Said et al., 2009;
Gundogdu et al., 2011; O’Grady, 2012; Fawole
and Opara, 2013b; Nuncio-Jauregui et al., 2014;
2019),

pomegranate fruit aril b* values were reported to

Yaman et al., 2015; Boussaa et al.,
range between -1.90 and 30.02. The results in this
study on the b* values of the aril indicating the
change from yellow to blue seem to agree with
the findings in the literature.

The lowest chroma value for aril color was
registered for the Hicaznar (43.73) and the
highest for the Kirli Hanim (53.99). The literature
shows that the chroma values of pomegranates
for aril color (C*) vary between 0.39 and 33.24
(Legua et al.,, 2000; Yilmaz, 2005; Goliketu and
Tokgdz, 2008; Ozgen et al., 2008; Giindogdu et al.,
2011; Caliskan and Bayazit, 2012; O’Grady ,2012;
Fawole and Opara, 2013b; Nuncio-Jauregui et al.,
2014; Yaman et al.,, 2015; Boussaa et al., 2019).
According to the aril color chroma values
obtained in the study (low values are highlighted
in dark colors, high values are highlighted in

lighter colors), the Kirli Hanim was found to have
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the lightest aril color while the Hicaznar variety
was found to have the darkest aril color.

The average aril color H’ value of the type and
varieties varied between 24.48 (Kis Nari) and
25.95 (Kirli Hanim). Caliskan and Bayazit (2012)
found it to vary between 33.6-65.8 for sourish
pomegranates and between 26.5-64.1 for sweet
pomegranates and between 34.3-68.9 for sour
pomegranates; O'Grady (2012) found it to vary
between 17.3 (Ruby) and 22.1 (Arakta) in South
Africa; Fawole and Opara (2013a, 2013b) found
the hue value for the variety "Ruby" to vary
between 32.09-47.18 in South Africa; Yaman et al.
(2015) were value of 30.42 for the Hicaznar
variety in the region of Hatay. The findings are
consistent with the current literature.

Fruit peel and aril color PCA analysis

The results of measurement for fruit peel and
aril color are given in Tables 1 and 2. A Principal
Component Analysis (PCA) was performed where
fruit peel and aril color properties were assumed
based on varieties. In this way, pomegranate type
and varieties were classified according to latent
variables. When the classification of pomegranate
type and varieties with PCA was examined on the
basis of color properties, it became evident that
type and varieties have been very accurately
classified (Figure 3). The total variance ratio
accounted for by the first two components was
87.27%. Although only color characteristics were
used in PCA analysis, the rate of variance
explained is quite high. The rate of variance
explained by the first component was 46.14%,
and the rate of variance explained by the second
component was 41.13 %. In the PCA analysis, aril
a*, aril b* and aril H® are the most important
properties of the first component. On the other
hand, peel L*, aril L* and peel C* are the most
important properties of the second component

(Table 3).
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Figure 3. Classification of variety and types according to
color characteristics (Principal Component Analysis)

Table 3. PCA factor load values (Component Matrix?)

Peel and Aril Color

Properties PC1 PC2

L* .060 893

_ a* -.796 548
§ b* 581 .770
c* -344 .895

Hue 952 152

L* .068 942

a* -.815 472

= b* 846 157
c* -532 677

Hue 973 -.067

(1: Extraction Method, Principal Component Analysis)

Conclusions

It has been established that the type and
varieties grow fastest in fruit width and length in
the second period (25 July) when the data was
taken during the period from full blossom to
harvest and that they maintain a proportional and
steady growth from this period until the period
when the final data was recorded (October 5).
However, it was found that fruit growth in width
was greater than fruit growth in fruit length and
also that there was a significant and highly
positive relationship between fruit width in the
growth period as well as the fruit length in the
growth period. In this study, it was found that the
fruit width and height of the Hicaznar variety
were higher than the growth values of the other
two genotypes.

According to the results of the research, the
brightest peel structure was found in the Kirli
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Hanim variety (L*: 94.88), and the darkest red
peel (a* = 30.17, C* = 36.99, H® = 35.14) and aril
(a* = 39.73, C* = 43.73, HO
determined in the Hicaznar variety.

24.55) color was

In the pomegranate market, varieties with
large fruit sizes, dark and red colored varieties are
preferred. According to these results, particularly
the Hicaznar variety, which was brought to
Gaziantep from outside, yielded larger and darker
fruits than other local types and varieties in this
that this should be
considered both in the new pomegranate garden

study reveals variety
establishment studies and in the breeding studies.
However, in order to reach a definite conclusion,

values obtained for many years are still required.
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Ylratilen bu arastirma ile Sanliurfa ilindeki biber Ureticilerinin bireysel ve isletme 6zellikleri
incelenerek, iyi tarim uygulamalarini (iTU) benimsemede etkili olan faktérler belirlenmeye
calisiimistir. Arastirmada, Sanhurfa il’inde Sanliurfa biberi Gretimi yapan 90 (retici ile yiiz
yuze anket yapilmak suretiyle elde edilen veriler analiz edilmistir. Analiz sonuglarina gére
biber Ureticisi isletmecilerin %37.78’inin ilkokul ve %24.44’'Unin ortaokul mezunu oldugu
belirlenmistir. Biber Uretiminde daha ¢ok yabanci isgliclinden faydalandiklari belirlenmistir.
Arastirmada, isletme arazisinin %35.39’unda sebze Uretimi yapildigl saptanmistir. Biber
ureticilerin tamaminin ITU’nin kriterlerini bilmedikleri icin yapmadiklari belirlenmis olup
%44.45’inin ITU’dan haberdar dahi olmadiklari belirlenmistir. ITU ile ilgili yayim ¢alismalarinin
yeterli olmadigi gériilmektedir. iTU 6rti alti ve seralardaki yas sebze ve meyve tariminda
devlet tarafindan desteklenmektedir. Uygulamaya gegmemede diger 6nemli nedenler ise alt
yap! eksikligi (%25.20) ve devlet desteginin yeterli olmamasi (%24.60)’dir. Sanliurfa biber
ureticilerinin ITU kapsaminda tiretim yapabilmeleri icin ise gerekli alt yapiya ihtiyaglari vardir.
Calismada ureticilerin tarimsal faaliyet ile cevre saghgi ve insan saghgi arasindaki iliskiler
konusunda yeterli diizeyde farkindalik sahibi olduklar belirlenmistir. Sanliurfa biberi cografi
isaretli bir Girlin olarak ITU kapsaminda (retilerek giivenilirligi artacaktir. Uretilen biberden
elde edilen isotun da ihracat potansiyeli artacaktir.

Anahtar Kelimeler: lyi tarim uygulamalari, Biber iretimi, Farkindalik diizeyi, Cografi isaret
ABSTRACT

With this research, individual and operational characteristics of pepper producers in
Sanliurfa province were examined and the factors that are effective in adopting good
agricultural practices (GAP) were tried to be determined. In this research, the data obtained
by conducting face-to-face questionnaires were analyzed with 90 producers producing
Sanliurfa pepper in Sanlurfa province. According to the results of the analysis, it was
determined that a significant number of pepper-producing operators were graduates of
primary schools (37.78%) and secondary schools (24.44%). In this research, it was found that
they produced vegetables in 35.39% of the farm land. It was determined that all pepper
producers had not done GAP and 44.45% were not even aware of GAP. Among the reasons
manufacturers do not make GAP is the first place to not know the application criteria
(25.50%). Manufacturers lack information due to insufficient publication studies related to
GAP. GAP is supported by the state in the cultivation of fresh fruits and vegetables under
cover and greenhouses. Other important reasons for not implementing it were lack of
infrastructure (25.20%) and insufficient state support (24.60%). Sanliurfa pepper producers
need the necessary infrastructure to produce within the scope of GAP. In this research, the
relations between agricultural activities, environmental health and human health are
sufficiently aware. Sanliurfa pepper will be produced within the scope of GAP as a
geographically marked product and its reliability will increase. The export potential of isot,
obtained from the pepper produced, will also increase.

Key Words: Good agricultural practices, Pepper production, Awareness level, Geographically
marked product
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Giris

Dinya nifusu hizla artmaktadir. Bunun yani
sira teknolojik gelismeler dogrultusunda cevre
kirliligi de olusmaktadir. Glinimizde, toplumlarin
en blyuk gereksinimlerinin basinda gilivenli gida
maddelerine ulasim gelmektedir. Hem Ureticilerin
hem de tiketicilerin egitim yetersizligi ve gelir
dusikluga glvenli gidaya ulasimi
zorlastirmaktadir.

Tuketiciler islenmeden direk tiketilen gidalar
da dahil olmak Uzere, satin aldiklari tim gidalarin
glvenliginden emin olmak istemektedirler. Bu
sebeple gerek islenen gida Urilnleri, gerekse
dogrudan tiketilen tarim Grlinlerinin Gretiminin
glvenli oldugu garantisini tliketicilere sunabilmek
icin, bazi yontemler ve yasalarin olusturulmasi
gerekliligi ortaya cikmistir (Anonim, 2018a). Baska
bir ifade ile Griin cesitliliginin artmasi, iletisim
olanaklarinin artmasi, tiketicilerin gelir diizeyinin
artmasi nedeniyle givenli gida konusunda
tiketicilerde daha hizli ve yiksek bir farkindalik
s6z konusu olmustur.

Bu

taleplerinin yaninda o Urdniin glvenirliligini ve

baglamda tiiketicilerin tarimsal (rin
hayvan, insan ve cevre sagligina zararli olmadan
uretildigini kendilerine sunacak kanitlarla ispat
edilmesi gerekliligi olusmustur.

Tuketicilerin satin alma glicinin olusan
farkindaliklari ile desteklenmesi ve gida sanayi ile
tarimin butinlesme zorunlulugu sonucu iyi tarim
uygulamalari, fonksiyonel tarim, organik tarim ve
dogaya zarar vermeyen tarim isimleri ile farkli
Uretim yontemleri yaklagimlari ortaya ¢ikmistir.
Bu dUretim ydntemlerinden biri olan iyi tarim
saghgini  tehdit

mikroorganizmalari,

uygulamalari; insan eden

kimyasallari, kalintilar
barindirmayan tabiati kirletmeyen ve dengeleri
bozmayan Uretim olarak tanimlanmaktadir.

iyi
yayginlastirmada izledigi yollardan biri de iyi tarim

Devletin tarim uygulamalarini
uygulamalarinda tarimsal desteklemeleri politika

araci olarak kullanmaktir.

Avrupa'da 1997 vyilinda o6nde gelen
perakendecilerden olusan bir grup, lyi Tarim
Uygulamalari  (iITU) ve bu uygulamalarin
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sertifikalandiriimasi konusunda calismalar
baslatmistir.  Yas meyve-sebze sektoriinde
Avrupa’da lider konumundaki perakendeciler

sebze ve meyvenin slrdirilebilir ve glvenilir
Uretimini saglamak amaci ile EUREP (Euro-Retailer
Produce Working Group) olusturmuslardir. EUREP
gida glvenligini saglarken bir dizi kayit ve
dokliman hazirlamaktadir. Bu dokiiman ile gida
glvenligi sisteminin temel ilkeleri ile vyola
cikilarak, batlin Uretim faaliyeti asamalari igin
kontrol noktalari belirlenmistir. Belirlenen bu
kontrol noktalarina uyum kriterleri gelistirilmistir.
lyi Tarim Uygulamalarina (iTU) ait dokiimanda, iyi
tarim ile gida glivenligi sistemi (HACCP) kriterleri
birlestirilmistir (CTR, 2019).

Uygulanmasi tamamen gondllilik temeline
dayanan, vyasal zorunlulugu sahip olmayan
GLOBALGAP spesifik bir standarttir. Ticarette
bulunan Avrupa (lkeleri ihracat ve gida Uretici
isletmeleri, pazarda talep edilebilmesi ve
rekabette katilabilmek icin bu standartlari istekli

Avrupa’nin lider
GLOBALGAP sertifikasi
istekte bulunmak icin bu standartlara uyum
saglamislardir (CTR, 2019).

Turkiye’de 08.09.2004 tarihinde yayimlanmis

olmakla birlikte "lyi Tarim Uygulamalarina iligkin

olarak onaylamislardir.

perakendeci kurumlari

Yonetmelik" temelleri cok eskilere
dayanmaktadir. Cumhuriyet doneminden 0Once
bazi Uretim parselleri ve driinlerin (zeytin vb.)
kayit altina alinarak, (retimin kontrol ve takibinin
yapilmasi, 1957 yilinda gikarilan "Zirai Miicadele
iyi
temeli

Karantina  Kanunu" Tarim
Uygulamalari'nin  Tlrkiye'deki
gorulmektedir (CTR, 2019).

Tirkiye igin yeni bir uygulama olan iTU’nin,

ve Zirai

olarak

yayginlastirilmasi icin iyi Tarim Uygulamalarinda
ilk olarak 2017 yilinda yas sebze ve yas meyvede
bireysel sertifikalandirilmis Ureticilere 50 TL.da™
destek verilmistir (Anonim 2018b).

Biber, meyvesi yenen ve cok farkh sekillerde
yogun olarak o6nemli tliketilebilen sebzelerden
birisidir. Taze tiiketimin yaninda, toz biber, salca,
kozleme, sos, tursu ve ana yemeklerin icerisinde
cok degisik
Turkiye’nin her bolgesinde az veya ¢ok biber

sekillerde degerlendirilmektedir.
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Ureticiligi ~ yapiimaktadir.  Sanhurfa’da  diger
tiketim tiplerinin yani sira kurutularak isot adi
altinda baharat olarak da hazirlanmaktadir. isot
yurt ici tiketime sunulmakla birlikte ihracati da
yapilan 6zel bir baharattir.

Turkiye’de biber Gretimi 2017 yili itibariyle
2 554 974 ton olup Uretim miktari agisindan iller
arasinda Antalya ili ilk sirada, Sanliurfa ili ise
117406 ton duretim ile 6. sirada Uretim alanlari
bakimindan ise 7. sirada yer almistir (TUIK, 2019).
Bu durumda Sanliurfa ili biber tretiminde verimin
diger illere gore daha dustik oldugu soylenilebilir.

Sanliurfa ilinde Uretimi gergeklestirilen biber
cesitleri arasinda salcalik—kapya biberi 102 776
ton ile Gretim miktarinda ilk sirayr almaktadir.
Sanhurfa ilinde biber tretiminin %87.54’( salgalik,
biber

taleplerinin

Bu durum ise tlketici
cesit

Cunkli yore yemek kaltiri ve

kapya tipidir.

Ureticilerin secimine
yansimasidir.
aliskanliklari bunu etkilemistir.
tikettikleri

mahrec,

Tuketiciler randn  ozelliklerini

mensei, logo, etiket bilgileri, tescil
durumu vb. Griin niteleyicileri yardimiyla bilmek
istemektedirler.

Cografi isaretler, Urinle 6zdeslesen, o Urinin
bolgeye ait bazi 6zelliklerini, ifade eden, Grind
nitelendiren ve Grln{ tanitan isaretlerdir. Cografi
isaretler Griniin Uretimini destekleyerek bolgesel
kalkinmayr ve slrdurdlebilirligi saglar (Giler,
2019).

Gida glivenligi ile ilgili sorunlar HACCP (Tehlike
Noktalari Yonetim
isaretler birlikte

uygulanmasi yoluyla en aza indirgenebilir. Bu

Analizi ve Kritik Kontrol

Sistemi)’'in  cografi ile
sebeple denetimin ve kontrollerin uygulanamadigi
Ulkelerde cografi isaretlerin, gida glvenligini
HACCP ve ITU arada
yuritilmesi daha fayda saglayacaktir (Kan ve
Gllgubuk, 2008).

Sanlurfa biberi 2002 yilinda cografi isaretli
(Anonim, 2019c).

Sanlurfa biberi cografi isaretli Urlinler arasinda

temin eden ile bir

Urin olarak tescillenmistir

yer almakla birlikte ayni zamanda islenerek isot

bir
girdisidir. isot, bélgeye has bir islenmis (iriin olup

olarak pazarlanan o6nemli gida sanayii

dis ticaret sansi olan bir tGrindr.
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Uretici kararlari (izerinde bireysel &zelliklerin
yani sira pazar yapisi, isletme o6zellikleri, sartlari ve
destekleme sekli miktari gibi bircok faktor etkili
olabilmektedir.

Bu arastirmada Sanliurfa’da 6énemli bir yere
sahip ve cografi isaretli bir Grlin olan biber liretim
faaliyetinde bulunan Ureticilerin biber tariminda
iyi hakkinda farkindahk
dizeyleri etkileyen  faktorleri

tarim uygulamalar

ve  bunu
belirlemektir. lyi tarim uygulamalarinin (iTU)
yayginlasmasina yonelik yiritilecek faaliyetlerde
ve alinacak kararlarda yol gosterici bilgi birikimine
katki saglamasi amaglanmistir. Bu yolla iyi tarim
(iTU)

yayginlasmasinda kamu kaynaklari daha etkin

uygulamalarinin tlke genelinde

kullanilabilecektir.
Materyal ve Metot

Bu arastirmada, Sanhurfa ilinde acikta biber
Ureticiligi yapan tarim isletmelerinde yuz yize
goriisme sonucu anket yontemi ile elde edilen
veriler calismanin birincil materyalini
olusturmaktadir. Calisma 2019 yilinda Sanhurfa
ilinde biber tariminin yogun oldugu Merkez
ilcelere (Karakopri, Haliliye ve Eyyubiye) bagh
koylerde ve Hilvan, Bozova ve Siverek ilgelerine
bagl koylerde yirutilmistir. Ayrica konu ile ilgili
olarak yapilmis calismalarin sonuglari, ulusal ve
uluslararasi yayinlanmis makaleler ve
istatistiklerden calismada ikincil materyal olarak
yararlaniimistir.

2018 T.C. Gida Tarim ve Hayvancilik Bakanligi il
bazinda Uretici verilerine gore Sanliurfa’da 457
biberi yaptig

belirlenmistir. Anket 6rneklem sayisini belirleyici

dreticinin ~ Sanliurfa tarimi
unsur olan tarim isletmeleri sayisi dikkate alinarak
tabakali oransal 6rneklem yontemi uygulanmistir.

Tarim isletmelerinde, tabakalar arasinda hacim
ve varyasyon bakimindan buyik farkliliklar varsa,
Neyman Yontemini kullanmak 6rneklemenin
etkinligini artirmaktadir. Neyman Yontemine goére
ornek hacminin belirlendigi esitlik asagidaki gibi

formile edilmektedir (Yamane 1967).
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(SNh*Sh)?

= 87.17980563 (1)
N? D? + SNh*(Sh)?

Formiilde;

n = Ornek Hacmi

Nh = h’inci tabakadaki birim sayisi (frekans)

Sh = h’inci tabakanin standart sapmasi

N = Toplam birim sayisi

D=d.z?

d = ortalamadan belirli bir oranda veya mutlak
bir ifade
etmektedir.

deger bulyukliglinde  sapmayi

z
derecesi ve belirli bir gliven sinirina (%90, %95,

t dagihm ¢izelgesinde (N-1) serbestlik

%99 gibi) ait t degeri (eger birim sayisi 30’un
Uzerinde ise t-dagihm Cizelgesindeki Z degeri). %5
hata payi ile %95 gliven araliginda érneklem sayisi
87 olarak saptanmis olup, olasi hatalari minimize
etmek acgisindan toplam 90 anket yapilmistir.
isletmelerin biber tarimi yaptiklari arazi genislik
11-20 dekar 20
Uzere 3 grup olarak

gruplarina goére +10 dekar,

dekarin Usti  olmak
irdelenmistir.
Arastirmada anket yolu ile elde edilen veriler
frekans, ortalama ve yilizde gibi basit istatistik
kullanilarak durum

hesaplamalari genel

degerlendirmesi yapilmistir. Ayrica analizde “5’li

likert Olgegi” kullanilmistir. Bir grup verinin
aritmetik ortalamasinin belli bir sabit degerde
istatistiksel olarak anlamli bir fark gosterip

gostermedigini belirlemek igin yapilan parametrik
bir test olan Tek Orneklem t-testi uygulanmistir.
Bu test cok temel bir test olup glicllidiir ve bircok
calismalarda tercih edilmektedir.

Aragtirma Bulgulari ve Tartisma
isletmelerin Sosyo-Demografik Yapisi

biber
isletmecilerin tamaminin erkek (reticilerinden

Arastirmada, incelenen Ureticisi
olustugu, isletmecilerin ortalama 54.17 yasinda
oldugu belirlenmistir.

Daha once yapilmis olan bir ¢alismada biber
Ureticisi isletmecilerin ortalama 46.72 yasinda

oldugu ve isletmecilerin 6nemli bir kisminin 41-45
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yaslari arasinda oldugu belirlenmistir (Aytop ve
Akbay, 2018).
illerinde vyuritilen diger

Kahramanmaras ve Gaziantep
bir
isletmecilerin ortalama 45.3 vyasinda oldugu

calismada ise
belirlenmistir (Akbay ve ark., 2012). Bu durum
incelenen isletmelerde biber tariminda ¢alisan aile
birey sayisinin diisiik olmasi ile de iliskili olarak
degerlendirilebilir. Nitekim arastirmada incelenen
geng
faaliyetinden kopmus oldugu ve biber tariminin

isletmelerde nifusun tarimsal Uretim

ailenin  buylagu tarafindan yabanc isglci
kullanilarak yiratildigi gdzlenmistir. incelenen
isletmelerde aile bireylerinin biber tariminda
genel olarak calismadigl, biber tarimsal faaliyeti
icin yabanci isgliciinden faydalandiklari
belirlenmistir. isletmelerin %97.77’sinde biber
tariminda ¢alisan aile birey sayisinin 1 kisi,
%2.22'sinde ise 2 kisi oldugu belirlenmistir.
Arastirmada isletmecilerin biber tarimi ile ilgili
16.68 yil

Daha oOnce vyapilan calismalarda

deneyimlerinin  ortalama oldugu
saptanmistir.
isletmecilerin deneyim siresinin 28.19 yil (Aytop
ve Akbay, 2018) ve 27.00 yil (Akbay ve ark., 2012)
oldugu  belirlenmistir.  Arastirma  alaninda
isletmelerin sulu tarima daha yakin bir zamanda
ge¢mesi ve sebze tariminin  yayginlagsmasi
nedeniyle incelenen isletmelerde isletmecilerin
biber tarimi ile ilgili tecriibesinin daha disuk
oldugu soylenebilir.

Yapilan bu calismada incelenen isletmelerde

isletmecilerin 6nemli bir kisminin ilkokul (%37.78)

ve  ortaokul (%24.44) mezunu  oldugu
belirlenmistir.  Hatay ilinde kirmizi  biber
Ureticilerinde  ylrutulen bir  arastirmada,

isletmelerde hane halkinin 6nemli bir kisminin (%
63.41) ilkokul dizeyinde (8 wyil) egitimli
%8.94’Unln halen
belirlenmistir (Dagistan ve ark., 2015).

ve
okuryazar olmadigi

incelenen isletmelerde ortalama hane halki
genisliginin  8.14 kisi oldugu ve hane halki
biber

genisledikce azaldigi belirlenmistir. Sanhurfa ilinde

genisliginin  isletme Uretim alanlan
yapilan bir calismada ise 7.9 olarak belirlenmistir
(Karadas, 2017).

Arastirmada incelenen biber isletmelerinde

biber tarimi yapilan alan genisledikce isletme disi
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tarimda calisan birey sayisinin arttigi gdzlenmistir.
biber
isletmelerin ortalama isletme arazisi genisliginin

Arastirmada, incelenen Ureticisi
48.57 da oldugu ve islenen arazinin onemli bir
(%98.04)

belirlenmistir.

kisminin mulk  arazisi  oldugu

biber
ise

ilinde kirmiz
bir
islenen arazinin % 81.23'Unin mik arazi oldugu

Hatay
Ureticilerinde yduratilen arastirmada
ve ortakgilik da yaildigi belirlenmistir (Dagistan ve
ark., 2015).

incelenen biber ireticisi isletmelerin isledikleri
bir kisminin (%94.67) sulu
arazilerden olustugu belirlenmistir.

arazilerin o6nemli

Arastirmada, incelenen biber Ureticilerin arazi
kullanim durumu ve Uriin desenleri belirlenmis ve
%35.39’unun
ise endustri

isletmelerin  arazilerinin sebze

tarimina, %23.22’sinin bitkilerine

Cizelge 1. incelenen isletmelerde biber Uretimi
Table 1. Pepper production in the examined farms

ayrildig tespit edilmistir. isletmelerin arazilerinin
%22.59’unda tahil Gretimi ve %18.80'inde meyve
Uretimi  yaptiklari  tespit edilmistir.  Ayrica
isletmelerin sebze tarimina ayirdiklari arazide
sadece biber tarimi yaptiklar belirlenmistir. Aytop
Akbay (2018) bir

isletmelerin ortalama 40.88 da alanda ve isletme

ve yaptiklari calismada
arazisinin %33.93’lnde biber tarimi yaptiklarini
belirlemislerdir.

biber
tarimi yapilan alanlarin tek parselden olustugu
belirlenmistir. Biber tarimi yapilan alanlarin
ortalama 17.19 da oldugu, ortalama 1 483 56 kg
da! verimin elde edilmis oldugu ve isletme basina
25 216 67 ton biber

saptanmistir (Cizelge 1).

Arastirmada incelenen isletmelerde

ortalama Uretildigi

isletme Genislik Gruplari

Field width groups

Genel Ortalama

Total
1. Group 2. Group 3. Group otal average
Ortalama degerler
Average value

Alan (da)

Area (da) 5.26 16.11 43.75 17.19
Uretim Miktari(ton) 2 970.24 1365714 310750 N
Amount of produced

; -1
\\iiee;:jm (ke.da) 1508.33 1485.71 1428.50 1483.56

Isletmecilerin iyi tarim uygulamalari ile ilgili tutum
ve davranislari

Arastirmada incelenen isletmelerde Ureticilerin
%97.78’inin
%95.56’sInIn
%97.78'inin ise su analizi yapmadigi belirlenmistir.

toprak analizi yapmadigi,

yaprak analizi yapmadigl,

Ayrica, (Ureticilerin tamaminin pestisit analizi
yapmadigi saptanmistir. Ureticilerin hali hazirda
ITU kriterlerinin herhangi biri ile uyumlu tutum ve
davranis sergilemedigi soylenebilir.

biber
isletmelerde Ureticilerin muhasebe kaydi tutup

Arastirmada, incelenen Ureticisi
tutmadiklari sorulmus ve tamami kayit tuttugunu
belirtmistir. Ancak isletme ile ilgili muhasebe
kaydi tutmadiklari saptanmistir. Clink{ biber, bitki
oldugu 33
Uriinden biridir. Yani tUretiminden hasadina kadar

bitki

koruma drinlerinin receteye tabi

kullanilan koruma drunlerinin  tamami
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receteye tabidir. Dolayisiyla biber Ureticileri bitki
koruma durinleri ile ilgili kayit tutmak zorundadir.
kaydi
tanimindan s6z konusu kayit cesidini anladiklari

Arastirmada  Ureticilerin  muhasebe
belirlenmistir.

Iyi Tarim Uygulamalari (ITU) kriterleri agisindan
zirai ilag ve ambalaj kutulan tehlikeli atik olarak
sayildiklari icin cevreye zarar vermeyecek sekilde
yok edilmelidir. Bu nedenle arastirma bodlgesinde
ankete katilan biber Ureticilerinin zirai ilag
ambalaj ve kutularini imha sekilleri incelenmistir.

Yapilan bu c¢alismada Ureticilerin %44.40’inin
zirai ilag ambalaj ve kutularini yakarak imha ettigi
belirlenmistir.  Ureticilerin yakma disinda en
yaygin imha seklinin (%25.60) ambalaj atiklarini
temizledikten sonra topraga gomme biciminde
oldugu saptanmistir. Bunun disinda Ureticilerin

%16.70’inin ambalajlari ilag bayiine geri iade
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%10.00’unun konusu

ambalajlarini

ettigi, ise soz ilag

diger c¢oplerle beraber attigi
belirlenmistir.

biber
ilaclama, sulama vb konularda (reticilerin 6nemli
bir kisminin (%92.22) yararlandigi bilgi kaynaginin

tarim teskilatinda gérev yapan ziraat mihendisleri

Arastirmada, tariminda glibreleme

(tarim danismani) oldugu saptanmistir. Ayrica
ureticilerin glibre bayilerinden (%5.56) ve kendi
deneyimlerinden de (%2.22) faydalandig tespit
edilmistir.

Arastirmada Ureticilerin %44.45’inin iyi tarim
uygulamalari (iTU) kavramini duymadiklar ve
bilmedikleri (Cizelge2). iTU’ni
duymayan 11 isletmenin (%27.50) ise 1. grupta
yer alan isletmeler oldugu saptanmistir. ITU’ni

belirlenmistir

duyan dreticilerin dnemli bir kisminin ise (%96.00)
iTU ni
duyup

Tarim Bakanligi'na bagh teskilatlardan

ogrendigi  belirlenmistir.  Ureticilerin
%4.00’Uniin ise iTU’ndan kooperatif araciligiyla
haberdar olduklarini belirtmislerdir. Ureticilerin
bir
kooperatiflerin bu konuda bilgi kaynagi olarak

herhangi kooperatife Uyeliginin olmamasi

geride kalmasinin nedeni olabilir.

2. Ciftgilerin biber lretiminde iyi tarim
uygulamalarindan haberdar olma durumu
Table 2. Farmers' awareness of the good agricultural

practices in pepper production.

Cizelge

uygulamaya geg¢meyen Ureticilerin %25.20’si alt
yapi eksikligi (bina, depo, tuvalet), %24.60"1 devlet
desteginin yeterli olmamasi, %20.10'u sertifika
%4.50’si
kicuklGgu nedenini belirtmislerdir (Cizelge 3).

maliyetlerinin yuksekligi, ise isletme

Cizelge 3. incelenen isletmelerde ITU’ni duyan (reticilerin
uygulamama nedenleri

Table 3. In the examined farms reasons why farmers do not
apply who are aware of GAP

iTU’ni Uygulamama Nedenleri Kisi o
(Reasons for not Applying GAP) Person* ?
Bilgim yok

90 25.50
(Do not have the knowledge)
Alt Yapi Eksik (bina, depo, tuvalet)
(Lack of infrastructure (building, 89 25.20
warehouse, toilet etc.))
Devlet Pestegl Yok 87 24.60
(There is no government support)
Sertifika Maliyeti Yuksek
(Certification cost is high) 1 20.10
isletme Kiigiik
(Have small farm size) 16 4.50
Toplam (total) 353 100.00

iTU’ni duyma durumu

Kisi

(Awareness of the %

GAP) (Person)

Haberdar olanlar

(Informed) >0 5535

Haberdar olmayanlar

(Not informed) 40 44.45

Toplam (Total) 90 100.00
incelenen isletmelerde iTU’n1  duyan

Ureticilerin, uygulamaya gecmemede en onemli
nedenlerinin (%25.50) iTU’ni nasil yiriteceklerini

bilmeme oldugu saptanmistir. Duyup da
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*isletmecilere birden fazla tercih firsati verilmistir.
* Express that the farmers have more than one choice
opportunity.

biber
faaliyetlerin insan sagligi ve cevre ile iliskileri

Bu c¢alismada, Ureticilerinin  tarimsal

hususunda duyarliliklarini  ve ¢evreye olan
tutumlarini  6lgmek Gzere Likert olgeginde
hazirlanan ifadelerden yararlanilmistir.
Ureticilerin  tutumlarini O0lgmek  amaciyla

hazirlanan sorulara hangi dizeyde (1: kesinlikle
katilmiyorum, 2: katilmiyorum, 3: kararsizim, 4:
katiliyorum, 5: kesinlikle katilyorum) katildiklari
sorulmustur

Biber Ureticilerinde Tarimsal Faaliyet ve Cevre
iliskisine ait test edilen hipotezlerin tamami kabul
0.05). Test
sonuglarina gére elde edilen sonuglarin tamami

edilmistir (orta deger 3 ve a

ortalamadan farklidir (Cizelge 3).
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Cizelge 4. Biber Ureticilerinde tarimsal faaliyet ve gevre iliskisine ait hipotez testi (Tek 6rnek T testi)
Table 4. Hypothesis testing of agricultural activity and environment relationship in pepper producers (Single sample T test)

Standart . .
Ortalama Sapma T Degeri P Degeri Sonug
Daha fazla'g'ubre daha fazla tiriin demektir 131 0.744 91.530 0.00 Kabul
(More fertilizer means more products)
Tarim arazileri konut veya fabrika insasi icin kullanilabilmelidir 1.43% 0.835 17.793 0.00 Kabul

(Agricultural lands may be used for residential or factory construction)
Tarimsal faaliyetlerden yaban hayat etkilenmez

(Wildlife is not affected by agricultural activities)

Fazla su fazla Griin demektir

3.83** 1.351 5.851 0.00 Kabul

* -
(More water means more products) 1.33 0.618 25581 0.00 Kabul
Giibre ilag Ambalajlari Cevreye Zarar Vermez "
(Fertilizer and pesticide Packaging Does Not Harm The Environment) 131 0.830 19.308 0.00 Kabul
Tarimsal ilag kullanilmadan kaliteli Grlin elde etmek miimkiin degildir o
(It is not possible to obtain quality products without using pesticides) 4.51 0.963 14.891 0.00 Kabul
Kimyevi Glbre Yerine Ciftlik Glbresi Kullaniimalidir

. , - 4.83** 0.456 38.148 0.00 Kabul
(Manure should be used instead of chemical fertilizer) abu
Toprak isleme Yéntemleri Erozyon Arasinda Onemli Bir iliski Vardir
(There is an important relationship between soil tillage methods and 3.79%* 1.362 5.497 0.00 Kabul

erosion)

* ve ** siraslyla ortalamanin altindaki ve Gstlindeki degerleri ifade etmektedir.
* Express that the situation is under the average and ** Express that the situation is higher the average.

Biber Ureticilerinde Tarimsal Faaliyet ve insan Test sonuglarina gore elde edilen sonuglarin
Saghgi lliskisine ait test edilen hipotezlerin tamami ortalamadan farklidir (Cizelge 5).
tamami kabul edilmistir (orta deger 3 ve a = 0.05).

Cizelge 5. Biber Ureticilerinde tarimsal faaliyet ve insan saglhgi iliskisine ait hipotez testi (Tek 6rnek T testi)
Table 5. Hypothesis testing on the telationship between agricultural activity and human health in pepper Producers (Single
sample T test)

Ortalama Standart T Degeri P Degeri Sonug
Sapma

ilaglama Yapilirken Mutlaka Koruyucu Giysi Giyilmelidir

(Protective clothing should definitely be worn while using 4.67** 0.474 33.354 0.000 Kabul
pesticide)

ilac Kalintilar Yikama ile Kaybolmaktadir

(Drug residues are lost with washing)

isciler En Az Yilda Bir Kez Saglik Muayenesinden gegirilmelidir
(Workers must undergo a health inspection at least once a year)
Her ciftlikte isciler icin Dinlenme Alanlari Olusturulmahdir
(Resting places for workers must be established in every farm)
Uriinlerin Nakliyesi Esnasinda insan Saghgini Etkileyecek Riskler
S6z Konusudur

(There are risks that will affect human health during the
transportation of the products)

4.29** 1.094 11.178 0.000 Kabul
4.74** 0.439 37.731 0.000 Kabul

4.16** 0.718 15.278 0.000 Kabul

4.37** 0.771 16.817 0.000 Kabul

Her isletmede Mutlaka Lavabo ve Tuvalet Bulunmalidir
(Every farm must have sink and toilet)

Tiiketicilerin Satin Aldiklari Uriiniin Kimin Tarafindan Nerede ve
Nasil Yetistirildigini Bilme Hakki Vardir

(Consumers have the right to know where and how the product
they purchased is grown)

Toprakta Olan Bazi Agir Metaller Uriinler Gegebilmekte ve insan
Saghgini Tehdit Etmektedir

(Some heavy metals in the soil can pass products and threats
human health)

Tarim Alet ve Makineleri Kullaniminda is Giivenligi Riski
Bulunmamaktadir

(There is no occupational safety risk in the use of agricultural
tools and machinery)

4.38** 0.680 19.221 0.000 Kabul

3.67** 0.924 6.844 0.000 Kabul

2.56* 1.492 -2.825 0.006 Kabul

1.61* 1.088 -12.108 0.000 Kabul

* ve ** sirasiyla ortalamanin altindaki ve Ustiindeki degerleri ifade etmektedir.
* Express that the situation is under the average and ** Express that the situation is higher the average.
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Bu calismada Ureticilerin tarimsal faaliyetlerin
cevre ile ilgili olan iliskilerinin ve bazi tarimsal
girdilerin c¢cevreye olan zararlarinin farkinda
olduklari belirlenmistir. Yapilan bir calismada da
tim Ureticiler tarimsal ilaglarin olumsuzluklari ile

ilgili farkindahiginin oldugunu fakat ekonomik

olarak Uretim yapmak zorunda olduklari igin
kullandiklari, organik tarim vb farkh Gretim
bicimlerini bilmediklerini veya

uygulayamadiklarini belirtmislerdir (Dagistan ve
ark., 2015).

Sonug ve Oneriler

2005-2006
sulamanin baslamasi ile birlikte yogun sulu tarima

Arastirma alaninda yillarinda
gecilmistir. S6z konusu vyillara kadar daha dar
alanlarda ve kisisel cabalarla (artezyenle) sulu
tarim yapilmistir. Bu durum, sebze tariminda
dolayisiyla da biber tariminda deneyim uzun
gecmise dayanmamaktadir.

Biber bitki koruma driinlerinin receteye tabi
oldugu 33 Uridnden biridir. Yani {retiminden
hasadina kadar kullanilan bitki koruma Grinlerinin
tamami receteye tabidir. Biber Ureticileri de bitki
koruma urinleri ile ilgili kayit tutmak zorundadir.
Dolayisiyla incelenen isletmelerin tamaminda bitki
koruma Grlnlerinin kullanimi ile ilgili olarak kayit
tutuldugu saptanmistir.

Arastirma bolgesinde biber Ureticilerinin ilce
tarim muddrliklerinin belirledikleri sistemler ile
biber Uretimini etkileyen sinek ve topalaklarin
cikis donemini takip ettikleri ve en uygun ilaglama

tarihini ise miihendislerin belirledigi periyotlarda

uygulamakta  olduklari  saptanmistir.  Biber
ureticilerinin tarimsal desteklemelerden
yararlanma ile ilgili konularda, ilge tarim
teskilatlarini  bilgi kaynagl olarak kullandiklari
belirlenmistir.  Arastirmada  biber  Ureticisi
isletmecilerin  %44.45'inin  ITU’dan  haberdar

iTU’dan haberdar olan
ureticilerin ise iki farkli kaynak yardimiyla iTU’dan
haberdar oldugu %96.00’sInin
bakanligina bagl teskilatlardan, % 4.00’lGnun ise
iTU’'dan haberdar

olmadigl saptanmistir.

ve Tarim

kooperatifler aracihg ile

olduklari belirlenmistir.
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Bolgede bahce tariminda iTU yaygindir.
Antepfistigl, zeytin ve bag tarimi yapanlarin
onemli bir kismi iyi tarim  uygulamalari

desteginden faydalanmaktadir. iTU’ni duymayan
Ureticilerin 6nemli bir kisminin (%72.50) bahce
tarimi yapmamakta oldugu belirlenmistir.

ITU’ni duymayan diger Ureticilerin ise (%27.50)
S6z konusu isletmeler dar alanda biber tarimi
yapan isletmeler oldugu icin bilgiye erisimde diger
isletmelerden daha zayif olduklari séylenilebilir.

Dar alanlarda yuratilen biber Uretimi yorede
geleneksel olarak isot yapilarak islenmekte veya
taze tuketim icin i¢ pazara sunulmaktadir. Bu
nedenle halihazirda yiritilen tarim biciminden
yeni bir yaklasima gecis dusliniilmemektedir.

iITU'nin ciftci bazinda benimsenmesi oldukea
gecikmistir. Bilgi eksikligi, alt yapi yetersizligi,

devletin desteginin yetersiz olmasi sertifika
maliyetlerinin yiksekligi bu gecikmenin ana
nedenleridir.

iTU ortialtt sera sebzeciligi, bagclik ve

antepfistiginda yaygin olarak yapilmaktadir. Agikta
sebze Uretimi yapanlara ITU destegi yeteri kadar
Ureticilerin biber tariminda
icin de alt
iTU vyu duyup da
Ureticilerin  bir
nedeni ise alt yapi yetersizligi (0rtl alti, sera) ve
eksikligi)
soylenebilir. Sanliurfa biberi 6nemli derecede isot

verilmemektedir.
iTU’na
olusturmalari

gecebilmeleri yapisini
gerekir.
uygulamaya ge¢meyen diger

mali  zayifik  (sermaye oldugu
olarak islenip pazarlanmakla birlikte taze olarak
da tiketilmektedir. Cografi isaretli olan Sanliurfa
iTU kapsaminda retilmesi, ihracat

da

biberinin

potansiyeli olan isotun guvenilirligini

artiracaktir.

Sanliurfa’da biber Uretimi ve diger sebzelerde
lyi Tarim Uygulamalari sartlarinin basta tarim
danismalarimiz olmak Uzere tiim sektor galisanlari
tarafindan benimsenip dogru sekilde uygulanmasi
ve uygulatilmasi Sanhurfa ve haliyle Tirkiye

tariminin  gelecegi acisindan  blyik Onem

tasimaktadir. iyi Tarim Uygulamalari konusundaki
gelismeler sayesinde basta meyve-sebze (iretimi

olmak Uzere tarimsal Uretiminin tamami ve

ihracatimiz ic ve dis pazarda rekabet sansini

yakalayacaktir. Dis pazara guvenli  {riln
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sunulurken yoremiz insaninin da saglkh ve

glvenilir Grin tiketmeleri boylece saglanacaktir.
lyi Tarim Uygulamalari konusunda Tiirkiye’nin
gerekli ilerlemeyi

saglamasi meslekte calisan

ziraat muhendislerinin ve {Ureticilerin konudaki

egitimleri ve bilgilendirilmeleri ile muimkin
olacaktir. Iyi Tarim Uygulamalarinin
yayginlasmasinda verilen desteklerin 6nemli

oldugu bir gercektir. Ancak ciftcilerin alisilagelmis
Uretimlerini birakmalari, iyi Tarim Uygulamalari
desteginin

isletmeler i¢cin ekonomik avantaj

saglamasina baghdir. Bu nedenle Tirkiye'de
konvansiyonel tarimdan iyi Tarim Uygulamalarina
isletmelerde gelirdeki degisimin analiz
bu

dizenlenmesi

gegen

edilip desteklerin sonucglar cercevesinde

yeniden gerekmektedir.  Zira

ekonomik olmayan higbir Uretim faaliyetinin

surdurulebilir  olmasint  beklemek  gercekei
olmayacaktir.

Turkiye’de iyi Tarim Uygulamalarinda driin ve
Iyi
Uygulamalari destegi ile birlikte bu Griinlere olan

Uretici  sayisinin  artirilmasinda. Tarim

pazarinda genisletilmesi gerekmektedir. Iyi tarim

drGnlerini  konvansiyonel (riinlerden ayiran

ozelliklere dikkat cekilerek tiketici bilincinin
artirilmasinda reklam faaliyetleri 6nemli oranda
etkili Iyi

Uygulamalarindaki sonucu

olacaktir. Tirkiye'de Tarim

gelismeler artan
Uretimle birlikte ic ve dis pazarlara daha saglkli ve

glvenilir Grdnler sunulacaktir.
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Bu calisma, fertigasyon sistemi ile glibreleme yapilan zeytin bahgelerinde, zeytin meyvesinin
blylime evrelerinde, bitki besin elementlerinin hangi zamanda ve miktarda uygulanmasini
gerektigini belirlemek amaci ile yapilmistir.

Bu amag dogrultusunda, verim cagindaki ayvalik zeytin cesidi meyvelerinin (meyve eti +
cekirdek) farkli gelisme dénemlerindeki N, P, K, Ca, Mg iceriklerinin degisimi ve 100 kg Girlin
ile kalkan N, P20s, K20, CaO ve MgO miktarlari belirlenmistir. Calisma izmir Zeytincilik
Arastirma Enstitlisi  bahgesinde bulunan 32 vyasindaki Ayvalik zeytin cesidinde
yurttilmustir. Tam giceklenmeden hasada kadar 6 donemde (Haziran-Kasim) alinan meyve
eti 6rneklerinde N (% 0.55-1.58), P (% 0.10-0.31), K (% 1.24-1.77), Ca (% 0.22-0.51), Mg (%
0.05-0.09); cekirdek o6rneklerinde ise N (% 0.45-180), P (% 0.03-0.07), K (% 0.11-0.29), Ca (%
0.07-0.17), Mg (% 0.02-0.05) degerleri arasinda degistigi belirlenmistir. Bu ¢calisma ile zeytin
meyvesinin gelisme periyodu slresince % N ve K’'nin ¢ok degisken bir durum gosterdigi P,
Ca ve Mg igeriklerinin ise daha istikrarl oldugu gézlenmistir. Zeytin agacinin 100 kg trin ile
N 350 g, P.0s 120 g, K20 660 g, CaO 2040 g ve MgO 40 g kaldirdigi belirlenmistir.

Uriin ile en fazla K20’nun kaldirldigi gériilmektedir. Bu calisma sonucunda fertigasyon
programlari hazirlanirken; toplam glibre miktarinin sulama sayisina béliinmesinin yaninda,
meyvenin gelisme doénemlerine gore ihtiyac duydugu bitki besin elementlerinin doz
ayarlamasi yapilarak uygulanmasi saglanacaktir. Bu sekilde hazirlanacak olan gilibreleme
programlari ile gevre kirliligine neden olmayan ve topraklarimizin korunmasini saglayan
bitkisel Giretimin yapilmasina katkida bulunulacaktir.

Anahtar Kelimeler: Bitki besleme, Glibreleme, Mevsimsel degisim, Zeytin meyvesi
ABSTRACT

This study was carried out in order to determine when and how much plant nutrients should
be applied in the growing stages of olive fruit in olive orchards where fertilized with the
fertigation system.

In line with this purpose, it was determined that the change of N, P, K, Ca, Mg contents in
different growth stages of the fruits of Ayvalik olive variety in the yield age (fruit flesh+core)
and the amounts of N, P20s, K20, CaO and MgO were removed by 100 kg product. The study
was carried out on 32 years old Ayvalik olive variety in the orchard of Izmir Olive Research
Institute. In fruit flesh samples taken from full flowering until harvest in 6 periods (June-
November), it was determined that among the values of N (0.55-1.58 %), P (0.10-0.31 %),
K (1.24-1.77 %), Ca (0.22-0.51 %), Mg (0.05-0.09 %) were changed; in the core samples, that
among the values of N (0.45-180 %), P (0.03-0.07 %), K (0.11-0.29 %), Ca (0.07-0.17 %), Mg
(0.02-0.05 %) were changed. With this study, it was observed that N and K showed a very
variable situation and P, Ca and Mg contents were more stable during the growing period
of the olive fruit. It was determined that 350 g N, 120 g P»0s, 660 g K»0, 2040 g CaO and 40
g MgO were removed with the product by olive tree. It is seen that maximum KaO is
removed by the product. In the result of this study, while preparing fertigation programs, in
addition to dividing the total amount of fertilizer to the number of irrigation, it will be
ensured that the plant nutrients needed by the fruit are applied by dose adjustment
according to the growing period. With the fertilization programs to be prepared in this way,
it will be contributed to the plant production that does not cause environmental pollution
and ensures the protection of our soils.

Key Words: Plant nutrient, Fertilization, Seasonal change, Olive fruit
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Giris

Ana vatani Hatay, Kahramanmaras, Mardin
seridi olan Zeytin (Olea europaea L), Dogu
Akdeniz’in dogal bitki 6rtisi olarak bilinmektedir
(Mete ve Cetin, 2017). Tarih 6ncesi devirlerden
bugline kadar 6nemini koruyan ve bilinen en eski,
en uzun slire Urin veren bir meyve agacidir.
Tiurkiye ve diger Akdeniz Havzasi Ulkeleri igin
ekonomik 6nem sahip olan zeytin, meyvesinin

farkh sekillerde islenerek sofralik ve yagi da sivi yag

hammaddesi olarak degerlendirilmektedir.
insanlarin  saglikli  beslenmesinde  olumlu
etkilerinin  bilimsel  verilerle  kanitlanmasi

sonucunda beslenmedeki 6nemi her gecen giin
artmaktadir.

Dinyada dane zeytin Uretimi FAO’nun 2018
verilerine gore 21 milyon ton olarak belirlenmistir.
Turkiye bu Uretim icerisinde ispanya, italya,
Fas’dan sonra 1.500.467 ton ve % 7.12’lik pay ile 4.
sirada (FAO, 2020) zeytinyag Uretimi diinyada
3.144.000 ton olarak bildirilirken; tilkemiz ispanya,
italya Yunanistan Tunus’dan sonra 225.000 ton ve
% 7.16’lik pay ile 5. sirada yer almaktadir. Sofralik
zeytin Uretimi diinyada 2.925.000 ton (lilkemizde
ise 414.000 ton ve % 14.5’lik pay ile diinyada
ispanya ve Misirdan sonra 3. sirada yer almaktadir
(I0C, 2020). TUIK verilerine gore Tirkiye
154.037.215 adet meyve veren, 280.389.15 adet
Uriine yatmamis olmak Utzere toplam 182.076.130
adet agac varligina sahiptir. Sofralik zeytin Gretimi
agac basina 9 kg/agac, yaghk zeytin UGretimi 10
kg/agac seklinde bildiriimektedir (TUIK, 2019).
Zeytin verimi periyodisite nedeniyle yillar arasinda
farklihk
alanlarda

gostermektedir. sulanan
verim 50-65 kg/agac
sartlarda ise 100 kg/aga¢ olarak bildiriimektedir
(FAO, 2019).

Turkiye’de 2018 yilinda 426 bin ton sofralik, 1,1

milyon ton yaglik olmak tzere toplam 1,5 milyon

Diinyada
maksimum

ton zeytin Gretimi yapiimistir, yaklasik 177 milyon
zeytin agacimiz bulunmaktadir ve bu agaclarin
%15’i yeni tesis edilen bahgelerde olup, heniz
verime ulasmamistir (TUIK, 2019). Ayrica diger
Uriinlerde oldugu gibi
da

Turkiye’de de zeytin

agaclarinin glbrelendigi ancak  bu
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uygulamalarda bilimsel esaslara uyulmadigi,

genelde tek tarafli ve gogunlukla da yalnizca azotlu
yapildig
ortalamalarinin  altinda

glbreleme gorilmektedir.  Dinya

olan zeytin verimini
artirmak, kaliteyi dizeltmek ve periyodisiteden
kaynaklanan uretim dalgalanmalarini azaltmak
zeytin tariminin esas hedefidir (Doran ve Aydin,
1999; TUIK, 2011; Deliboran ve ark., 2019). Ancak
son yillarda yeni zeytin fidanlarinin dikimi ve zeytin
Uretiminin 6zendirilmesi konusundaki ¢alismalarin
da etkisiyle zeytin Uretimi artis gdstermistir. Diinya
ortalamalarin  altinda olan zeytin  verimini
arttirmak, kaliteyi yikseltmek ve periyodisiteyi
azaltmak, artan zeytin varligina paralel olarak
zeytin tariminda iyilestirilmesi gereken hedefler
arasindadir. Diger Urinlerde oldugu gibi zeytin

agaclarinin gibrelenmesinde toprak ve yaprak

analizlerine dayali bir gubreleme programi
yapiimadigl genelde tek tarafli ve cogunlukla da
azotlu glbre uygulamalarinin yapildig

izlenmektedir. Sonug¢ olarak zeytin/zeytinyag
verim ve Kkalitesinin artirilmasi Ulke ¢iftgisi ve
ekonomisi acgisindan blyik 6nem arz etmektedir.
Bu da ancak mevcut lretim alanlarinin beslenme
sorunlarinin belirlenip ve elde edilecek sonuclara
gore yapilacak glibreleme calismalari ile mimkin
olabilecektir.

Glbre bir

yapabilmek icin de zeytin agacinin ihtiyac duydugu

uygulamalarini  dogru sekilde

besin  elementlerinin  igeriklerini  bilmemiz
gerekmektedir. Bu konu ile ilgili yapilan ¢alismada
4 farkh yas grubuna ait zeytin bahcelerinden
secilen 8’er adet agacta az Urlin ve ¢ok Urin
yas dikkate

alinmaksizin, agacin farkli organlarindan alinan

yilllarinda  agaglarin gruplari
orneklerdeki ortalama igerikleri (KM %) sirasiyla N,
P,O5 ve K;0 dalda, 0.77,0.051, 0.43 yaprakta 1.53,
0.12, 0.66 ve zeytin danesinde 1.18, 0.20, 2.84
cekirdekte 0.69, 0.061, 0.10 seklinde bildirilmistir.
Yaprak ve cekirdegin bilinyesinde % olarak azot en
fazla bulunurken dane etinde en fazla potasyumun
bulundugu gorilmektedir (Dikmelik 1984; Pekcan
ve ark., 2004). Ayni calismada 1 kg odun + yaprak
ile kaldirilan N, P05 ve KO miktarlari 7.04 g, 0.90
g ve 3.10 g olarak ifade edilmistir. % besin maddesi

miktarlari ile agaclarin tGrin miktari durumuna
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gore, aga¢ basina alinan Uridn miktari ne olursa
olsun Urun ile (meyve eti + g¢ekirdek) en ¢ok
potasyum daha sonra azot, budama artiklari ile
topraktan en cok azot ve daha sonra potasyumun
kaldirildig Farkh
Domat, Memecik, ve Gemlik gesitlerin kaldirdig

belirlenmistir. bir c¢alismada
besin maddeleri, agac basina ayni miktarda Urin
alma kosulu ile diger cesitlere gére Domat zeytin
cesidine % 20 N, % 50 P ve % 30 K’'nin daha fazla
miktarda  verilmesi
1995).

¢alismada,

gerektigini  belirlemistir
(Sanifakioglu,
bir
zeytinlerde etkileri en belirgin olan elementlerdir.

Gemlik zeytin c¢esidinde

yapilan azot ve potasyum
Zeytin agaglari ihtiya¢ duyduklar azotun iki kati
potasyuma gereksinim duyduklarini belirtmektedir
(Haspolat, 2009). Yapilan calismalar rin ile kalkan
bitki

icerisinde

besin maddelerinin miktarlarinin toplam
blyiuk bir paya
gostermektedir. Bu nedenle 6zellikle fertigasyon

sahip oldugunu

programlarinin dogru bir sekilde yapilabilmesi igin
zeytin meyvesinin olusumundan hasada kadar
gecen  zamanda besin

ihtiyag  duyulan

elementlerinin  miktarlarini  dénemlere gore
bilmemiz gerekmektedir. Fakat zeytin meyvesi ile
ilgili sinir degerlerinin bulunmamasi nedeni ile
meyvedeki besin maddelerinin yeterlilik durumlari
ile ilgili adina uygun karar verilememektir. Domat
zeytin cesidinde meyve yaprak besin elementleri
degisimlerinin

incelendigi  calismada

ilgili
araliginin olmamasi sebebiyle, sonraki ¢calismalara

zeytin

meyvesinde bitki besleme ile referans
Istk tutmasi acisindan; Ust Uste (¢ yil meyve ve
beraberinde yaprak ornekleri de alinarak bitki
besin maddelerinin degisimleri ve miktarlari
verilmistir (Zincircioglu, 2018).

uygun

hazirlayabilmek igin yaygin olarak yetistiriciligi

Amacina fertigasyon  programlari
yapilan Kuzey Ege bdlgesine iyi adapte olmus,
Ayvalik zeytin cesidi kullanilmistir. Genellikle yaglik
olarak kullanilirken pembe olum doneminde
“cizme zeytin” siyah olum doneminde de “sele tipi
siyah” zeytin olarak degerlendirilebilmektedir. Her
besin

zeytin cesidinin ihtiya¢c duydugu Dbitki
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maddesi icerigi ceside gore farklihk
gostermektedir.

Ayvalik zeytin ¢esidi meyvelerinin blylime
evreleri boyunca meyvedeki bitki besin element
icerikleri belirlenerek fertigasyon sisteminden
uygulanacak N, P ve K igeren gibrelerin uygulama
zamanlarina yol gosterici olacaktir. Bunun yaninda
ile kaldirilan N, P20s, KO miktarlari

belirlenerek uygulanacak olan glibre miktarlarinin

meyve
belirlenmesine katki saglayacaktir.
Materyal ve Metot

Galisma Bornova Zeytincilik Aragtirma Enstitlist
deneme arazisinde bulunan, 32 yasindaki Ayvalik
zeytin gesidinde yapilmistir. Deneme alaninda iki
farkh derinlikten (0-30 ve 30-60 cm) alinan toprak
ornekleri hava kurusu hale getirildikten sonra
ogutulerek 2 mm’lik elekten gegirilerek analize
hazir hale getirilmistir. Bu 6rneklerde pH (1:2.5
toprak:su), EC (dS ml), Kirec (Scheibler
Kalsimetresi, %), Organik Madde (Walkley-Black
Metodu, %) ve Binye (Hidrometre Metodu), N
(Kjeldahl Metot, %), P (Olsen Metot, mg kg?), K
(mg kg?), Ca (mg kg!) and Mg (mg kg'), ICP-OES
cihazi ile belirlendi. Calismaya baslamadan 6nce
deneme alani topraginin bazi fiziksel ve kimyasal
ozellikleri Cizelge 1’de verilmistir.

Hasat sonrasinda bahceyi temsil edecek sekilde
Dogu, Giney, Bati ve Kuzey yonleri olmak lizere
agaclarin 4 farkli yéniinden, agac¢ tacinin orta
kismina gelen bir yillik dallardan karsilikli yaprak
¢iftinin alinmasi seklinde toplamda 100 adet
yaprak érnekleri alinmistir (Doran ve Aydin, 1999).
Laboratuvara getirilen yaprak oOrnekleri 6nce
¢esme suyu, sonra sirasiyla 2 defa deiyonize su ile
yikanarak kurutma dolabinda 65°C de 48 saat
(sabit kadar)
degirmende ogitilerek analize hazir duruma

agirliga gelinceye kurutulup,
getirilmistir. Calismaya baslamadan 6nce deneme
agaclarina ait yaprak érneklerinin analiz sonuclari

Cizelge 2'de verilmistir.
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Cizelge 1. Deneme alani topraginin bazi fiziksel ve kimyasal

ozellikleri
Table 1. Some physical and chemical properties of
experimental soil
Toprak analizleri Toprak derinligi
(Soil analysis) (cm)
(Soil depth cm)
0-30 30-60
pH 7.64 7.78
EC dSm 0.50 0.36
Blinye Kumlu Tin
(Structure) (sandy loam)
Kum
(sand) 72 /3
Silt
(silt) 12 12
;leam ) 16 15
Kireg ” % (<w/w)
(Lime) 2.89 3.01
Organllf Madde 138 1.02
(Organic matter)
Toplam N
(Total nitrogen) 0.12 0.10
P 28.97 25.74
K 288.35 302.37
Ca 3591 3678
Mg 103 107
Alinabilir
. B mg kg? 1.85 1.87
'Availabl
(Available) Cu 4.01 2.84
Fe 2.95 2.41
Mn 5.45 6.34
Zn 4.13 6.67

Tam ciceklenmeden 2 hafta sonra baslayarak
hasada kadar 6 donemde (meyve tutumu, ¢ekirdek
olusumu, cekirdek sertlesmesi, yesil olum, pembe
olum, siyah olum) 48 adet agactan alinan meyve

2,20
2,00
1,80
1,60
1,40
1,20
1,00
0,80
0,60
0,40

N

~N -~

-~
K

-—

—

ve c¢ekirdek) gerekli
65°C'de
ogutlldukten sonra analize hazirlanmistir (Kacar,
1972). Yaprak ve meyve orneklerinde N (Makro
Kjeldahl Metodu) Kacar ve inal, (2008), Toplam P,
K, Ca, Mg, Na, B, Cu, Fe, Mn ve Zn (H,0,+HNO3) asit
ile mikrodalga yakma cihazinda yakilip elde edilen
suziklerde ICP-OES

(Zarcinas, 1987).

ornekleri (meyve eti

islemlerden  gegirilerek kurutulup,

cihazi ile belirlenmistir

Cizelge 2. Deneme agaglarina ait yaprak orneginin analiz
sonuglari

Table 2. Analysis results of the leaf sample of the
experimental trees

Yaprak 6rnegi analiz sonuglari
(Analysis results of the leaf sample)

N|[P[kKk|]calmg| B [cu]| Fe [Mn]| zn

% (w/w) mg kg™

141]012]0.73]2.11]0.11] 1695 | 45.28 | 16831 | 32.89| 15.24

Verilerin degerlendirilmesinde JMP 7.0 istatistik
programi kullaniimistir.

Arastirma Bulgulari ve Tartisma

Ayvalik zeytin gesidinde meyve tutumundan
itibaren hasada kadar olan donemde alinan meyve
eti ve cekirdek orneklerinin kuru maddede ki (KM)
N icerikleri incelendiginde N igerigi 2. donemde
keskin bir azalma gosterirken meyve etinde daha
sonra 5. doneme kadar artarak devam etmektedir
(Sekil 1).

0,20

0,00
2

— o\

P

4

K = +Ca Mg

Sekil 1: Meyve etinde kuru maddede % N, P, K, Ca ve Mg igeriklerinin gelisme donemlerine gore degisimi
Figure 1. The variation of N, P, K, Ca and Mg contents dry matter (%) of fruit flesh according to the growing periods
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Bu donemden sonra ani bir azalma s0z
konusudur. Bu da N elementinin meyveden
yapraga dogru yaptigini

gostermektedir. Diger makro ve mikro bitki besin

geri tasinim

element icerikleri incelendiginde P, Ca, Mg ve

Cu’da blyiume evreleri boyunca stabil bir durum
gostermektedir. Bunun yaninda 3. donemde K, Fe
ve Zn’da ani bir artis gostermektedir. (Cizelge 3 ve
4).

Cizelge 3. Meyve etinin makro ve mikro bitki besin element icerikleri
Table 3. Macro and micro nutrient element contents of fruit flesh

Meyve eti
Dénem (Fruit flesh)
(Period) N ‘ P K Ca ‘ Mg B ‘ Cu Fe Mn Zn
% mg kg
1. 1.00 0.17 1.24 0.35 0.07 20.13 7.71 26.97 10.74 22.14
2. 0.55 0.12 1.42 0.51 0.09 21.06 6.76 33.17 16.68 13.95
3. 1.58 0.10 1.77 0.22 0.07 10.41 8.61 47.10 7.40 20.44
4. 1.50 0.31 1.38 0.23 0.05 25.30 8.77 19.51 5.87 13.65
5. 1.23 0.10 1.68 0.25 0.06 15.66 7.19 13.46 6.17 12.55
6. 0.73 0.10 1.69 0.26 0.06 25.43 7.25 28.18 6.15 12.81
Cizelge 4. Cekirdek makro ve mikro bitki besin element icerikleri
Table 4. Macro and micro nutrient contents of stone
Cekirdek
Dénem (Stone)
(Period) N P K ‘ Ca ‘ Mg B ‘ Cu Fe Mn Zn
% mg kg
3. 1.80 0.03 0.11 0.09 0.02 4.93 2.70 6.77 3.09 5.52
4. 1.45 0.07 0.29 0.17 0.05 4.52 2.38 6.13 2.59 4.85
5. 0.48 0.04 0.24 0.09 0.03 13.24 5.07 7.41 5.69 8.37
6. 0.45 0.03 0.21 0.07 0.02 13.24 5.00 7.31 5.49 8.27

Sarifakioglu (1995) farkli zeytin gesitlerinde iki yil
Ust Uste yaptigl calismada hasat doneminde yas
agirhkta meyve etinde N % 0.44-045, P % 0.047-
0.06 gekirdekte % N 0.444-0.453, % P 0.038-0.043
olarak belirlemistir. Dikmelik (1984) ayni gesitte
yaptigl calismada kuru madde de meyve etinde %
N 1.178, % P 2.84 cekirdekte ise % N 0.685, % P
0.061 olarak belirlemistir. Yine Seferoglu (1996)
Ayvalik cesidinde yaptig calismada % N 0.375-
0.746, % P 0.025-0.144, Jordao ve Leitao (1990)
farkh bir gesitte % N 0.54-2.07, % P 0.08-0.30
olarak belirlemislerdir. icerigi
maddede, meyve etinde olusumundan itibaren 3.

Potasyum kuru
ornek alma donemine kadar artarak devam ediyor,
3.-4. dénem arasinda azalma meydana gelirken
daha sonra tekrar hasada kadar artarak devam
ediyor. Cekirdekte ise Once artis sonra azalma
seklindedir. Zincircioglu (2010), % K 0.55-0.75,
Sarifakioglu (1995), % K 0.29-1.02, yas agirlik olarak
belirlerken Seferoglu (1996), kuru madde de % K
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1.26-186, Jordao ve Leitao (1990) % K 0.98-3.56,
Dikmelik (1984), 2.17-3.93, Papastamataki (1971)
% K 0.66 ve Ferreira (1984) % K 2.68 olarak
belirlemiglerdir.

Kalsiyum elementinde meyve eti ve cekirdekte
2. donemde biraz artis daha sonra 3. dénemden
hasada kadar stabil devam etmektedir. Kuru
madde de Seferoglu (1996), % Ca 0.048-0.069
Erylice ve Piskuilci (1995) ayvalik zeytin gesidinde
% 0.063 belirlerken elde ettikleri
¢alismamizdaki daha

degerler
degerlerden duslik
diizeydedir.

Magnezyum meyve etinde ve cekirdekte
Haziran-Temmuz aylarinda artis daha sonra azalma
ile hasada gelmektedir. Seferoglu (1996), Jordao ve
Leitao (1990) kuru maddede yaptiklari calismada %
Mg icerikleri ile calismamizla benzer sonuglar elde

etmislerdir.
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Cizelge 5. Hasat doneminde meyve eti ve ¢ekirdekteki % N,
P20s, K20, CaO ve MgO

Table 5. The contents of N, K20, CaO and Mg (%) of fruit flesh
and pit in the harvest period

Bitki besin elementi (%) Hasat donemi
(Plant nutrient) (Harvest period)
Meyve eti Cekirdek

N 0.94 0.45
P20s 0.32 0.07
K20 2.42 0.25
Ca0 0.37 0.10
MgO 0.10 0.03

Meyve etinde mikro elementler ¢ok degisken
bir Cekirdekte
meyvenin buylmesi ile mikro besin elementi

durum gostermektedir. ise
icerikleri stabil kalmaktadir. Calismamizda elde
KM’de
benzerlik gostermektedir. Seferoglu (1996) ayvalik
cesidinde yaptigl calismada KM’de B 11.50-48
ppm, Cu 3.43-15.92 ppm, Fe 1.76-31.86 ppm, Mn
1.72-14.35 ppm, Zn 5.15-15.93 ppm bulmustur.
Erylice ve Puskiilcl, (1995) yine ayni ayni gesitte
yaptiklari ¢alismada B 18-21 ppm, Cu 5.50-6.98
ppm, Mn 1.48-2.54 ppm, Zn 4.65-7.39 olarak
belirtmektedir. Zincircioglu (2018), taze meyve

edilen sonuglar yapilan ¢alismalarla

1,80
1,60
1,40
1,20
1,00
0,80
0,60
0,40
0,20

ornekleri 3 yillik yaptigi calismada ortalama % N
0.5, % P 15.97, % K 1.78, % Ca 0.09 ve % Mg 0.03
olarak belirlemistir.

Hasat déneminde alinan meyve 6rneklerine ait
kuru maddedeki bitki besin element igerikleri
incelendiginde meyve eti ile en fazla % 2.42 K,O
bunu % 0.94 ile N izlemektedir (Cizelge 5).
Cekirdegin icerdigi besin maddeleri incelendiginde
% 0.45 N ve ikinci sirada % 0.25 K>O’un yer aldig
gorilmektedir.

Ugiincii dénemden itibaren sertlesen
cekirdekte kuru maddede bulunan % N, P, K, Ca ve
Mg degisimleri Sekil 2’de incelendiginde besin
elementlerinde cekirdekten meyve etine dogru
tasinimin oldugu, N’da bu azalmanin ¢ok keskin
oldugu, P ayni meyve etinde oldugu gibi stabil
seyrettigi gozlenmektedir. Potasyum, meyve
gelisiminin 3-4. déneminde meyve etindeki miktar
artis

gostermektedir. Daha sonraki donemlerde degisim

azalirken  cekirdekte olarak  kendini
gostermemektedir. Kalsiyum 3-4. dénemde ¢ok az
bir artis gosterdikten sonra meyve etiyle uyumlu

olarak stabil bir durum sergilemektedir.

0,00

P

— |\

[e)}

K e «Ca Mg

Sekil 2. Cekirdekte % N, P, K, Ca ve Mg iceriklerinin gelisme dénemlerine gore degisimi
Figure 2. The variation of N, P, K, Ca and Mg contents (%) of pit according to the growing periods

Cizelge 5 incelendiginde meyve 6rneklerinde %
N iceriginin en dlsik oldugu doénem cekirdek
olusumu ve yesil olum doénemleri, en yliksek
oldugu dénem ise pembe olum donemi olarak
gorulmektedir. % P icerigi genellikle stabil bir seyir
gostermekle birlikte en disuk cekirdek olusumu
Pembe olum dénemi

dénemindedir. disinda
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istatistiki acidan grup icerisinde

almaktadir. % K igeriginin en dusik olarak meyve

ayni yer

tutum doénemi, en yiksek ise ¢ekirdek sertlesmesi
% Ca cekirdek
sertlesmesi ve yesil olum dénemlerinde en diisik

olarak belirlenmistir. icerigi

seviyede ve istatistiki olarak ayni grup icerisinde
yer almaktadir. % Mg igerigi en dusik yesil olum
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doneminde, en vyiksek meyve tutumunda
belirlenmis ve istatistiki olarak da ayri grupta yer
almistir. Haspolat (2009), Gemlik zeytin cesidinde
malgli ve malgsiz ortamlarda yaprak gubresinin
farkh dozlarinin uygulanmasi ile yaptigl ¢alismada
meyve orneklerinde ortalama % N 0.31, % K 0.97-
1.02, % Mg 0.1 ve % Zn 11.1-15 seklinde
Ozilbey (1997), bitki

dizenleyicileri ve yaprak gibreleri ile 1994-1995

belirlemistir. blylime
yilllarinda yaptigl ¢calismada meyve oOrneklerinin
yillara ve 6rnek alma dénemlerine gore degiskenlik
gosterdigini belirtmistir. Yas agirlik Gzerinden
meyve etinde % N igeriklerinin 0.22-0.75 % K
iceriginin 0.2-2.5 arasinda, % Mg igeriginin 0.05-
1.24 ve % Zn igeriginin de 2-52 mg kglarasinda
degistigini belirlemistir.

Mikro besin elementlerinden B icerigi en distk
cekirdek sertlesmesi doneminde belirlenirken en
yuksek ise siyah olum doneminde gorilmustir.
Bakir icerigi en duslik cekirdek olusumunda en
yliksek pembe olum déneminde belirlenmistir.

Demir icerigi meyve tutumundan pembe olum
donemine kadar hem ¢ok degiskenlik gostermis,
hem de yiksek iceriklerde seyretmistir. Yesil olum
déneminde keskin bir dlisme gostermis siyah olum
déneminde tekrar artis gostermistir. Mangan
icerigi meyve tutum doéneminde en yiiksek
degerde belirlenmis bu doénemden siyah olum
donemine kadar stabil seyretmis ve istatistiki
olarak ayni grup igerisinde yer almistir. Cinko
icerigi en dustk cekirdek sertlesmesi doneminde
belirlenmis olup istatistiki olarak pembe olum ve
siyah olum donemlerinde ki igeriklerle ayni grupta
yer almistir. Meyve tutumu ve cekirdek sertlesmesi
donemlerinde en yiksek igerige sahip olmus ve
ayni grup icerisinde yer almistir. Cizelge 6'da
goruldigl gibi makro elementlerden P, mikro
elementlerden de Mn diger elementlere gore
meyvenin periyodu
daha

gelisme boyunca diger

elementlere gore stabil bir durum

gostermektedir.

Cizelge 6. Zeytin danesinin dénemlere gore makro ve mikro element iceriklerinin degisimi
Table 6. Variation of macro and microelement contents of olive fruit according to periods

Zeytin danesinin donemlerine gére makro ve mikro besin element icerikleri
Dénem (Variation of macro and microelement contents of olive fruit according to periods)
(Period) % mg kg*
N P K Ca Mg B Cu Fe Mn Zn

1. 1.00b 0.40b 1.22d 0.59a 0.27a 20.06¢ 7.65d 25.90bc 10.68a 21.18a
2. 0.78c 0.35b 1.28c 0.56ab 0.24b 22.07b 6.01le 22.29bc 9.14ab 11.67c
3. 1.01b 0.41b 1.47a 0.47c 0.26ab | 10.26e 9.16¢ 46.25a 7.52ab 20.45a
4. 0.82c 0.39b 1.30c 0.48c 0.22c 25.14a 16.30b 20.08c 6.06b 13.98b
5. 1.25a 0.54a 1.42b 0.50bc 0.24bc | 15.45d 20.04a 13.47d 6.04b 12.56bc
6. 0.90bc 0.38b 1.42ab | 0.51bc 0.25ab | 25.35a 7.25d 28.19b 6.15b 12.82bc

Ayvalik zeytin ¢esidi meyvelerinin farkh gelisme
bitki
elementlerin degisimlerinin belirlenmesine ilave

periyodu boyunca goére icerdigi besin

olarak hasat doneminde toplanan zeytin
meyvelerinde 100 kg Urin ile kaldirilan besin
maddeleri incelendiginde makro elementlerden en
fazla K'un kaldirildigi bunu N’un takip ettigi Cizelge
7’de gérilmektedir. ikincil elementlerden de Ca en
fazla kaldirilmaktadir. Dikmelik 1984; Pekcan ve
ark. (2004), yaptiklari calismada dort farkh yas
grubuna ait zeytin bahcelerinden secilen 8’er adet
agac ile yapilan calismada 80 kg (irlin ile toprak N,
P,0s, ve K0 sirasi ile 323 g, 109 g, 801 g olarak

belirlenmistir. Sarifakioglu (1995) memecik, zeytin
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cesidinde yaptigi calismada dane ve budama
atiklariile topraktan kaldirilan N, P ve K miktarlarini
belirlemistir. Farkl yaslardaki zeytin agaclarinin 1
kg Urlinle ortalama 4.10g N, 1.44 g P;0sve 9.96 g
K20  kaldirildigini

bulgular yapilan ¢alismalarla uyumludur. Kaldirilan

saptamistir. Elde ettigimiz
besin maddelerinin miktarlari arasinda farklilik
olmasinin nedeni agaclarin cesit ve yaslarinin farkli
olmasi, sulama, giibreleme, budama ve bitki sagligi

yapilip
degisiklik
gostermektedir. Bu kiltirel uygulamalar lzerine

yoniinden gerekli uygulamalarin

yapiimadigina bagli olarak

iklim de etkili olmaktadir.
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Cizelge 7. 100 kg Uriin ile kalkan N, P20s ve K20 miktarlari (g)
Table 7. The amounts of N, P-0s and Kz0 (g) removed by 100

kg yield
(Yield) g
100 350 120 660 2040 40
Meyve

Fruit flesh+ pit

Meyve Eti
Fruit flesh

Cekirdek
Pit

PZOS
% 11.11

Sekil 3. Meyve ile kalkan % N, P20s ve K20 Dagilimi
Figure 3. Distribution of N, P20s and K20 (%)
removed by fruit

Kaldirilan besin elementlerinin % dagilimlar
Sekil 3’de incelendiginde tim meyvede % 56.44
K20, daha sonra % 33.61 ile N izlerken; ayri ayri
incelendiginde meyve eti en fazla K;0 % 62,
cekirdek de ise N % 50 kaldirilmaktadir. Meyve eti
ve c¢ekirdekte bulunan % P,0s miktarinin birbirine
yakin  oldugu gobzlenmektedir. Yapilan bir
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calismada dane ile N %34, P,0s % 15 ve K,0O % 51
olarak kaldinldigi seklinde ifade edilmistir
(Dikmelik 1984; Pekcan ve ark. 2004). Elde edilen
bulgular galismamizla uyumludur.

Sonuglar

Topragin fiziksel durumu ve besin elementi
icerigine bagh olarak, bitkinin beslenmesini en iyi
sekilde vyapraklardaki besin element miktar
belirlemektedir. Bu da meyvenin beslenmesi,
kalite ve Grlin miktar izerinde direkt olarak etkili
olmaktadir. Yapilan ¢alismalarda meyvedeki besin
elementlerine ait sinir degerleri bulunmamaktadir.

Sonu¢ olarak, drin ile kaldirilan besin
elementlerinin miktarlari ¢ok yliksektir. Kaliteli ve
ylksek verim elde edebilmek icin makro ve mikro
elementleri, meyvenin ihtiya¢c duydugu dénemden
once uygulamak gerekmektedir. Bu calismadan
elde edilen bulgular sonucunda; Ayvalik cesidi
zeytin agaclarinda, meyve tutumundan hasat
dénemine kadar gecen gelisme doénemlerinde,
zeytin danesinin (¢cekirdek ve meyve eti) icerdigi
bitki dikkate
alindiginda, toprak ve yaprak analizlerine dayall
olarak vyapilacak olan gibreleme programinda

zeytin agaclarinda ilk glibreleme siirglinlerde goz

besin elementlerinin igerikleri

kabarmasindan once vyapimasi  gerektigi

sdylenebilir. ikinci N’lu giibrelemenin (nisan-
mayis) ise sulama yapilmayan bahcelerde son
yagislardan 6nce (meyve tutum oOncesi), sulama
yapilan bahcelerde ise ilk sulama ile birlikte
topraga uygulanmasi gerekmektedir. Fertigasyon
programlari hazirlanirken; toplam glibre miktarinin
sulama sayisina bollinmesinin yaninda, meyvenin
gelisme dénemlerine goére ihtiya¢ duydugu bitki
besin elementlerinin meyvenin gelisim donemine
ayarlamasi vyapilarak uygulanmasi
Bu

glbreleme programlari ile gevre kirliligine neden

gore doz

saglanmahdir. sekilde hazirlanacak olan
olmayan ve topraklarimizin korunmasini saglayan

bitkisel Gretimin yapilmasina katkida bulunacaktir.

Cikar Catismasi Makale
aralarinda herhangi bir ¢ikar ¢atismasi olmadigini

Beyani: yazarlar

beyan ederler.
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Bu ¢alismada, Gaziantep ilinde toplanan kegi siitlerindeki tank somatik hiicre sayisinin (SHS)
yasal dizenlemeler agisindan degerlendirilmesi amaglanmistir. Arastirma kapsamindaki
Gaziantep ili Damizlik Koyun Kegi Yetistiricileri Birligi siit toplama merkezine getirilen siit
orneklerinde somatik hiicre sayimlari yapilmistir. Elde edilen siit 6rneklerinin SHS dlgtimleri
DCC (DeLaval Somatik Hiicre Olgiim Cihazi) ile yapilmistir. Tank siitii somatik hiicre sayisina
aylarin etkisi ok 6nemli (P<0.01), isletme etkisi ise 6nemli (P<0.05) bulunmustur. Tank suitl
somatik hiicre sayisina ait genel, geometrik ve Logl0 SHS degerleri sirasiyla 781437.50
39829 hiicre™, 728894.37 hiicre™ ve 5.849 + 0.0199 hiicre™ olarak hesaplanmistir.
Calisma sonuglarina goére isletmelerden toplanan tank siitli somatik hicre sayilarinin %
95’inin AB otoriteleri tarafindan 6nerilen degerden disiik oldugu tesbit edilmistir.

Anahtar Kelimeler: Tank siitii somatik hiicre sayisi, Kegi, Gaziantep

ABSTRACT

In this study, tank somatic cell counts of goat milks was evaluated according to legal norms.
Somatic cell counts were determined in the milk samples brought to the milk collection
center of Gaziantep Province Breeding Sheep and Goat Breeders Union within the scope of
the research. The effect of months on tank milk somatic cells counts was found to be higly
significant (P <0.01), and the herd effect was found to be significant (P <0.05). Generaly,
geometric and Logl0 SHS values of tank milk somatic cell count were calculated as
781437.50 + 39829 cells™, 728894.37 cells™ and 5.849 + 0.0199 cells™, respectively. Based
on the current the study, it was determined that 95% of the tank milk somatic cell numbers
collected from the enterprises were lower than the values suggested by the EU authorities.

Key Words: Tank milk somatic cell count, Goat, Gaziantep

Arastirma Makalesi/Research Article

Giris

Somatik hicre sayisi (SHS), cig sitte kalitenin
belirlenmesinde kullanilan en 6nemli kriterlerden
biridir. SHS degerinde meydana gelen artislar,
klinik ve subklinik mastitis gibi onemli hastaliklarin
da net bir gostergesidir. Stitte SHS'nin artmasi, sut
veriminde azalmaya neden olmakta, sit kalitesini
satlin  Grlnlere

olumsuz yonde etkilemekte,
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islenmesinde bulylik sorunlara neden olmaktadir.
Ozellikle koyun ve keci populasyonlarinda yapilan
calismalarda, SHS artisinin siit veriminde azalmaya
neden oldugu (Raynal-Ljutovac ve ark., 2007; Koop
ve ark., 2010; Arias ve ark., 2012; Barréon-Bravo ve
ark., 2013; Sutera ve ark., 2018; Mehdit ve ark.,
2019; Sandrucci ve ark., 2019; Paschino ve ark.,
2019), siit kompozisyonunu etkiledigini (Sutera ve
ark., 2018) ve bunun da peynir yapim yetenegini
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azalttigi (Marcinkoniene ve Ciprovica, 2020)
bildirilmistir.

Kegi sutindeki SHS'nin degerlendiriimesinde
hayvan faktérinin vyanisira irk ve genetik
ozellikler, laktasyon ayi, laktasyon sirasi, Ostrus,
oglaklama mevsimi ve kuru dénemin uzunlugu gibi
gibi bircok faktoriin gozénine alinmasi gerektigi
bildirilmistir (Paape ve ark., 2007; Raynal-Ljutovac
ve ark., 2007; Rupp ve ark., 2011; Barrén-Bravo ve
ark., 2013; Stuhr ve ark., 2013).

Tiirk Gida Kodeksi icme Siitleri Tebliginde koyun
bir SHS
belirlenmemistir (Anonim, 2019a). Avrupa Birligi
(AB), SHS Ust sinirini tiim tdrler icin 400.000 hiicre
m (Anonim, 1992), olarak belirlemistir. ABD’de SHS
tst siniri kegi siitii igin 1.500.000 hiicre™, koyun ve
sigir sitl icin ise 750.000 hiicre™
belirlenmistir (Anonim, 2019b).
ABD’de tank siatl SHS icin yasal sinir kecgide
1.000.000 hiicre™, koyunda ise 750.000 hiicre-

m’dir (Paape ve ark., 2001). Uluslararasi Kiiciikbas

ve kecgi sutl icin herhangi siniri

olarak
Diger yandan

Ruminantlar sut ve somatik hicre
sempozyumunda (Barbosa ve ark., 1994), AB
otoriteleri kegi ve koyun tank siti igin SHS yasal
sinirinin 1.5 x 10° hiicre™ den disiik olmamasi
gerektigini 6nermislerdir.

Kegi sttlundeki SHS icin farkli esik seviyeleri
onerilmis olmakla beraber meme enfeksiyonlarinin
olusmasi igin dngorulen SHS esik degerleri oldukga
degiskendir. Zira, saglikh kecilerden elde edilen
stlin SHS'si, enfekte olmamis inek ve koyunlarin
sitlinde gozlemlenen SHS'den daha ylksektir
(Persson ve Olofsson, 2011; Souza ve ark., 2012).
Sigirlarda merokrin olan st salgl sisteminin,
kecilerde apokrin olmasi ve kecide sitoplazmik
parcaciklarinda sitte bulunmasindan dolay! kegi
sutinde SHS daha yiksek olmaktadir (Griffiths,
2010).

Bu calismada, Gaziantep ili Damizlik Koyun Kegi
Yetistiricileri Birligi siit toplama merkezine getirilen
keci sutil orneklerinde somatik hiicre sayimlari
yapilimis,
standartlara uygunlugu ortaya konmustur.

elde edilen sutlerin  uluslararasi
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Materyal ve Metod

Materyal

Arastirma kapsamindaki Gaziantep ili Damizlk
Koyun Kegi VYetistiricileri Birligi siut toplama
merkezine getirilen kegi siitli 6rneklerinde somatik
hiicre sayimlari yapilmistir. Siit 6rneklerini getiren
bire-bir
isletmelerde sird buayldklGginin 120-650 bas

arasinda degistigi, tim slrilerde sagimlarin elle

yetistiricilerle yapilan gorismelerde

yapildigi, her bir yetistiricinin kendi strusini
mer’ada otlattigi ve mera donsi ise hayvanlara
bir miktar kesif yem verildigi bilgisi alinmistir.

Metod

Elde edilen sit orneklerinin SHS dlglimleri DCC
(Delaval Somatik Hiicre Ol¢iim Cihazi, Delaval
Group, isveg) ile yapilmistir. De Laval sayim kiti
icerisine birka¢ damla siit 6rnegi ¢ekildikten sonra,
sut ylUkli kaset Delaval hiicre sayiciya
yerlestirilerek 6l¢im degeri belirlenmistir. DCC
cihazi, Propidium lodide ile boyanmis somatik
hiicreleri saymaktadir. Olclimler bir dakikadan
daha kisa sire igerisinde hiicre sayim ekraninda
gorilmektedir (Gonzalo ve ark., 2006; Berry ve

Broughan, 2007).

Istatistik analiz

Somatik hicre sayisina isletme ve ay etkisi
varyans analizi ile arastinlmistir. Kullanilan
matematik model; Yijx = u + aj +bj + e seklinde olup

bu formulde yer alan terimlerden; u = populasyon

ortalamasini, aj = i. isletme etki miktarini, b; = j. ay
etki miktarini, ejx = normal, bagimsiz sansa bagh
hatayi temsil etmektedir. Farkli alt gruplarin (aylar)
ortalamalarinin karsilastiriimasinda ise Duncan
coklu karsilastirma testi kullanilmistir. Variyans
analizleri ve coklu karsilastirma testleri SAS paket
programi ile yapilmistir (Orhan ve ark., 2004).
Yapilan 6n analizlerde SHS degerlerinin normal
dagilim gosterdigi tespit edilmistir. Bununla birlikte
Logio tabanina gore transformasyon uygulanan SHS
degerleri de hesaplanmistir.

Ayrica isletmeler

bazinda toplanan sit o6rneklerinin geometrik

ortalamalari da hesaplanmistir.
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Bulgular ve Tartisma

Somatik hicre sayilarinin élgim yapilan aylara
gore degisimi Tablo 1’de verilmistir. Bu ¢alismada
elde edilen genel SHS degeri (781437.50 hiicre™}),
Marcinkoniene ve Ciprovica (2020) tarafindan Yerli
Latvian, Saanen ve melez kegileri igin bildirilen
1.514+1.260*103 hiicre™, 1.100+879 *103 hiicre™
ve 1.559+1.988*103 hiicre™ degerlerinden, Luengo
ve ark. (2001) tarafindan Murciano-Granadina
kegilerinde tank siitii icin bildirilen 973.000 hiicre™
degerlerinden daha dislik bulunmustur.

Yine bu calismada elde edilen geometrik SHS
degeri (728894 hiicre™!), Luengo ve ark., (1999) ve
Droke ve ark., (1993) tarafindan bildirilen
degerlerden daha dusik, Logio SHS degeri (5.848
hiicre™) ise, Sandrucci ve ark.,(2019) tarafindan
bildirilen 5.8 hiicre™ ve Corrales (2004) tarafindan
bildirilen 5.89 hiicre™ degerlerine benzer, Droke
ve ark.,(1993) tarafindan bildirilen 6.12 hiicre™
degerinden duslik, Margatho ve ark.,(2018)
tarafindan Serrana kegilerinde bildirilen 3.39+0.19
hiicre™ degerinden ise yiiksek bulunmustur.

Tablo 1. Somatik hiicre sayisina etkili faktorler, ortalamalar, variyans analizi, 6nemlilik ve ¢oklu karsilastirma test sonuglari
Table 1. Means for tank milk somatic cell count, factors affecting, analysis of variance, significance and multiple comparison

test results

Somatik Hiicre Sayisi X£Sx LogioSHS
Somatic cell counts X+Sx X+Sx
Genel (General) 96 781437.50 £ 39829 5.849 £ 0.0199
isletmeler (Herd) *
Aylar (Month) ok
Mayis (May) 41 626634.15 £ 57873.224 a 5.760 £ 0.0284 a
Haziran (June) 20 952550.00 + 82861.846 b 5.933+0.0406 b
Temmuz (July) 16 891937.50+92642.361 b 5.918 £ 0.0454 b
Agustos (August) 19 842315.79 + 85014.461 ab 5.896 +0.0417 b

*,P<0.05, **;P<0.01, a,b; Ayni situnda farkl harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.

SHS’ye 6l¢iim yapilan aylarin etkisi cok 6nemli
(P<0.01) bulunmustur. En dasuk SHS degeri
626634 hiicre™ (Logio SHS 5.760) ile Mayis ayinda

1200000
1000000
800000
600000
400000

200000

Mayis Haziran

Sekil 1. Aylara gore somatik hiicre sayilari
Figure 1. Somatic cell count by months

Tim donemlere ait genel ortalama ise
781437.50 hicre™ (Logio SHS 5.849) olarak
bulunmustur. Bu arastirma bulgularina benzer

en yiksek SHS degeri ise 952550 (Logio SHS 5.933)
hiicre™ ile Haziran ayinda elde edilmistir (Sekil 1).

Temmuz Agustos

olarak, Margatho ve ark., (2018), Sandrucci ve ark.,
(2019) laktasyon sonunda SHS'nin daha yiksek
oldugunu bildirmislerdir. Diger yandan, SHS’na
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Olciim yapilan aylarin etkisinin 6nemli bulunmus
olmasi aylara gore degisen (artan) sicaklik ve nem
etkisi ile laktasyon ddnemlerinin ilerlemesine
yorumlanabilir (Margatho ve ark., 2018; Sandrucci
ve ark., 2019). Koop ve ark., (2010) ve Jimenez
Granado ve ark., (2014) ise laktasyonun son
doneminde sit veriminin azalmasina bagh olarak
sutte azalan kuru madde oraninin SHS'nda artisa
neden oldugunu bildirmislerdir.

SHS’ye ornek alinan isletmelerin etkisi dnemli
(P<0.05) bulunmustur. isletme etkisinin siiriilere
gore degisen; sagim oOncesi ve sonrasinda
uygulanan hijyen yontemi, sagim sonrasi sitin
bekletilme suresi vb gibi idari uygulamalardan
kaynaklandigi degerlendirilmistir.

isletmelere gdére somatik hiicre sayilarinin
2’de
verilmistir. isletmelere gore en diisiik ve en yiiksek

geometrik ortalamalarinin  degisimi Sekil
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Sekil 2. isletmelere gére somatik hiicre sayilari
Figure 2. Somatic cell count according to herds

SHS takibi, tespiti ve degerlendirilmesi, stri ve
hayvanin meme saghg! ile ilgili bilgi vermesi
acisindan oOnemlidir. Zira satcd hayvanlarda
memedeki enfeksiyon siddeti arttikca somatik
hiicre sayisi da ylikselmektedir. SHS'nin yliksek
olmasi sit drdnlerinin  islenmesi  sirasinda
problemlere neden olabilmekte, 6zellikle de peynir
veriminde disiise neden olmaktadir. Bu sebeple,
koyun ve keci sttl ve sit Grinlerinin kalitesini
arttirmak icin SHS'nin azaltilmasini amaclayan

programlarin uygulanmasina esas olmak lzere bu
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geometrik ortalamalar 572756.5 hiicre™ ve
1324806 hiicre™, genel ortalama ise 728894.37
hiicre™ olarak tesbit edilmistir.

Buna gore 20 keci suristinden 19’unda (% 95)
tank SHS degeri AB otoriteleri tarafindan (Barbosa
ve ark., 1994) onerilen 1.5x10® cells™ den
duslktir. Tim isletmelerde elde edilen geometrik
gerek ABD’de kegiler
bildirilen Ust sinir degerinden, gerekse Uluslararasi

SHS ortalamalari icin

Kiglkbas ruminantlar sit ve somatik hicre
sempozyumunda (Barbosa ve ark., 1994), AB
otoriteleri tarafindan &énerilen 1.5 x 10 cells™"
degerinden duglktir.
dikkate
degerlendirmede ise alinan 96 o6rnekten 91
tanesinde (% 95) tank SHS degeri AB otoriteleri
(Barbosa ve ark. 1994) tarafindan onerilen 1.5 x
106 cells™" den dusiiktir.

Surdler alinmaksizin yapilan

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

populasyonlarda zaman zaman gerek hayvan
bazinda ve gerekse siri dizeyinde somatik hiicre
dizeyleri ol¢tilmelidir.

Bu
isletmelerinde SHS’nin AB otoriteleri tarafindan

calismada, elde sagim vyapilan keci
Onerilen degerlerden distk oldugu saptanmistir.
Daha buylk strtlerde entansif tretim ile makinal
sagima gecilmesi ve sagilan siitiin daha kisa siirede
alici isletmelere ulastiriimasi durumunda sutteki
somatik hiicre da

sayisinin  daha azalacagi

soylenebilir.



Kaygisiz, 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 484-489

Ekler

Bu calisma imam
Universitesi Bilimsel Arastirma Projeleri Yénetim
Birimi (2020/1-21 M) tarafindan desteklenmistir.
Makale yazari verilerin toplanmasina izin veren

Kahramanmaras Sitcl

Gaziantep Damizlik Koyun Kegi Yetistiricileri Birligi
yonetimine tesekkir ederler.

Cikar Catismasi Beyani: Makale yazari, sonuglari
veya yorumlari etkileyebilecek herhangi bir maddi
veya diger asli ¢ikar catismasi olmadigini beyan
eder.

Kaynaklar

Anonim (1992). Council Directive 92/46/EEC. https://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=
CELEX:01992L0046-20040501&from=EN

Anonim (2019a). Tiirk Gida Kodeksi Cig Siit ve Isil islem
Gormis Icme Sitleri Tebligi (Teblig No: 2000/6).
https://www.resmigazete.gov.tr/arsiv/23964.pdfErisi
m Tarihi: 30.09.2020

Anonim  (2019b). US Food&Drug

https://www.fda.gov/media/114169/

Erisim Tarihi: 30.09.2020

R., Oliete, B., Ramon, M., Arias, C., Gallego, R,

Montoro, V., Gonzalo, C & Perez, M.D. (2012). Long-

term study of environmental effects on test-day

somatic cell count and milk yield in Manchega sheep.

Small Ruminant Research, 106(1), 92— 97/

https://doi.org/10.1016/j.smallrumres.2012.03.019

Barbosa, M., Barillet, F., Berthelot, X., Casu, S., Foglini, A.,
Gabi-A, AD., Kalantzopoulos, G., Ledda, A., Perrin, G.,
Poutrel, B., Renaud, J & Rubino, R. (1994). Conclusioni
delcomitato Scientfico International Symposium:
Somatic Cells and Milk of Small Ruminants, Italia.

Barrén-Bravo, O. G., Gutiérrez-Chévez, A. J., Angel-Sahagun,

C. A, Montaldo, H. H., Shepard, L & Valencia-Posadas,

M. (2013). Losses in milk yield, fat and protein

contents according to different levels of somatic cell

count in dairy goats. Small Ruminant Research, 113(2-

3), 421-431/ https:// doi.org/ 10.1016/ j.small

rumres.2013.04.003

E., & Broughan, J. (2007). Use of the Delaval cell

counter (DCC) on goats' milk. Journal of Dairy

Research, 74(3), 345-348/https:77/d0i:10.1017/

$0022029907002592

Corrales, J. C., Sanchez, A., Luengo, C., Poveda, J. B., &
Contreras, A. (2004). Effect of clinical contagious
agalactia on the bulk tank milk somatic cell count in
Murciano-Granadina goat herds. J Dairy Sci, 87(10),
3165-3171/ https://doi.org/10.3168/jds.S0022-
0302(04)73451-7

Droke, E. A., Paape, M. J., & Di Carlo, A. L. (1993). Prevalence
of high somatic cell counts in bulk tank goat milk. J
Dairy Sci, 76(4), 1035-1039/ https://doi.org/10.3168/

Administration,
download.

Arias,

Berry,

488

jds.S0022-0302(93)77431-7

Griffiths, M. W. (Ed.). (2010). Improving goat milk: Improving
the Safety and Quality of Milk: Improving quality in
milk Products. Elsevier.

Gonzalo, C., Linage, B., Carriedo, J.A,, Fuente, F. de la & San
Primitivo, F. (2006). Evaluation of the Overall
Accuracy of the Delaval Cell Counter for Somatic Cell
Counts in Ovine Milk. J Dairy Sci, 89(12), 4613-4619/
https://doi.org/10.3168/jds.S0022-0302(06)72511-5

Jimenez-Granado R., Sanchez-Rodriguez M., Arce C &
Rodriguez-Estevez V. (2014). Factors affecting
somatic cell count in dairy goats: a review. Spanish J.
Agric. Res., 12, 133-150/ 10.5424/sjar/2014121-3803

Koop, G., Van Werven, T., Schuiling, Hl & Nielen M. (2010).
The effect of subclinical mastitis on milk yield in dairy
goats. J Dairy Sci. 93(12), 5809-5817/ https:// doi.
org/10.3168/jds.2010-3544

Luengo, C., Corrales, J. C., Saachez, A., & Contreras, A. (1999).
Daily variation in somatic cell counts from bulk tank
goat milk. Publication-European Association For
Animal Production, 95, 188-191/

Luengo, C., Sanchez, A., Torres, A., & Contreras, A. (2001).
Variation through the first half of lactation in bulk
tank somatic cell counts for Murciano-Granadina
goats. R.(. Rubino, & P.(. Morand-Fehr, Production
systems and product quality in sheep and goats
(Options Méditerranéennes: Série A. Séminaires
Méditerranéens: n. 46)(pp. 93-96). Zaragoza:
CIHEAM. URL: http://ressources. ciheam.
org/om/pdf/a4d6/01600117. pdf.

Marcinkoniene, L & Ciprovica, I. (2020). The influence of milk
quality and composition on goat milk suitability for
cheese production. Agronomy Research, 18 (Special
Issue 3), 1796-1703/ https://doi.org/10.15159/ar.
20.094

Margatho, G., Rodriguez-Estévez, V., Medeiros, L., & Simdes,
J. (2018). Seasonal variation of Serrana goat milk
contents in mountain grazing system for cheese
manufacture. Rev. Med. Vet, 169, 157-165.

Mehdid, A., Marti-De Olives, A.M.-D., Fernandez, N.,

Rodriguez, M & Peris, C. (2019). Effect of stress on

somatic cell count and milk yield and composition in

goats. Research in Veterinary Science, 125, 61-70/

https://doi.org/10.1016/j.rvsc.2019.05.015

H., Efe, E & Sahin, M. (2004). SAS Yazilimi ile
istatistiksel Analizler. Isbn : 975-270-435-2. Tugra

Ofset, Isparta, 139 pp.

Paape, M. J., Poutrel, B., Contreras, A., Marco, J. C,, &
Capuco, A. V. (2001). Milk somatic cells and lactation
in small ruminants. J Dairy Sci, 84, E237-E244/
https://doi.org/10.3168/jds.5S0022-0302(01)70223-8

Paape, MJ., Wiggans, GR., Bannerman, DD., Thomas, DL.,
Sanders, AH., Contreras, A., Moroni, P & Miller RH.
(2007). Monitoring goat and sheep milk somatic cell
counts. Small Ruminant Research, 68(1-2), 114-125/
https://doi.org/ 10.1016/ j.smallrumres.2006.09.014

Paschino, P., Giuseppe, M., V., Dettori, M., L & Pazzola, M.
(2019). An approach for the estimation of somatic
cells’ effect in Sarda sheep milk based on the analysis
of milk traits and coagulation properties. Small
Ruminant Research, 171, 77-81/https://doi.org/
10.1016/j.smallrumres.2018.10.010

Orhan,


https://www.fda.gov/media/114169/
https://doi.org/10.1016/j.smallrumres.2012.03.019
https://doi.org/10.3168/jds.S0022-0302(04)73451-7
https://doi.org/10.3168/jds.S0022-0302(04)73451-7
https://www.sciencedirect.com/science/article/pii/B9781845698065500121
https://doi.org/10.3168/jds.S0022-0302(06)72511-5
http://dx.doi.org/10.5424/sjar/2014121-3803
https://doi.org/10.1016/j.rvsc.2019.05.015
https://doi.org/10.3168/jds.S0022-0302(01)70223-8
https://doi.org/%2010.1016/%20j.smallrumres.2006.09.014

Kaygisiz, 2020. Harran Tarim ve Gida Bilimleri Dergisi, 24(4): 484-489

Persson, Y & Olofsson I. (2011). Direct and indirect
measurement of somatic cell count as indicator of
intramammary infection in dairy goats. Acta Vet
Scandin. 53(1), 1-5/ https://d0i:10.1186/1751-0147-
53-15

Raynal-Ljutovac, K., Pirisi, A., De Cremoux, R & Gonzalo C.

(2007). Somatic cells of goat and sheep milk:

analytical, sanitary, productive and technological

aspects. Small Ruminant Research, 68(1-2), 126-144/

https://doi.org/10.1016/j.smallrumres.2006.09.012

R., Clement, V., Piacere, A., Robert-Granie, C &

Manfredi E. (2011). Genetic parameters for milk

somatic cell score and relationship with production

and udder type traits in dairy Alpine and Saanen

primiparous goats. J Dairy Sci. 94(7), 3629-3634/

https://doi.org/10.3168/jds.2010-3694

Sandrucci, A., Bava, L., Tamburini, A., Gislon, G., & Zucali, M.
(2019). Management practices and milk quality in
dairy goat farms in Northern lItaly. Italian Journal of
Animal Science, 18(1), 1-12/DOI: 10.1080/1828051X.
2018.1466664.

Rupp,

489

Souza, FN., Blagitz, MG., Penna, CFAM., Della Libera, AMMP.,
Heinemann, MB & Cerqueira MMOP. (2012). Somatic
cell count in small ruminants: friend or foe. Small
Ruminant Research, 107(2-3), 65-75/
https://doi.org/10.1016/j.smallrumres.2012.04.005

Stuhr, T., Aulrich, K., Barth, K., Knappstein, K & Larsen T.
(2013). Influence of udder infection status on milk
enzyme activities and somatic cell count throughout
early lactation in goats. Small Ruminant Research,
111(1-3), 139-146/ https://doi.org/ 10.1016/
j.smallrumres.2012.09.004

Sutera, A.M., Portolano, B., Gerlando, R., Sardina, M., T.,
Mastrangelo, S & Tolone, M., 2018, Determination of
milk production losses and variations of fat and
protein percentages according to different levels of
somatic cell count in Valle del Belice dairy sheep.
Small  Ruminant  Research  162(1), 39-42/
https://doi.org/10.1016/ j.smallrumres. 2018.03.002.


https://doi.org/10.1016/j.smallrumres.2006.09.012
https://doi.org/10.3168/jds.2010-3694
https://doi.org/10.1016/j.smallrumres.2012.04.005
https://doi.org/10.1016/%20j.smallrumres.%202018.03.002

DOI: 10.29050/harranziraat.804593
Harran Tarim ve Gida Bilimleri Derg. 2020, 24(4): 490-499

Aragtirma Makalesi/Research Article

Elma depolama tesislerinde yapi ve yalitim malzemesi kullaniminin

degerlendirilmesi

Assessment of building and insulation materials use in apple cold storages

Halil ibrahim YILMAZ'"

, Sezgin CANKAYA?

YIsparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi, Tarimsal Yapilar ve Sulama Bélimi

To cite this article:

Yilmaz, H.i. & Cankaya, S.
(2020). Elma depolama
tesislerinde yapi ve yalitim

malzemesi kullaniminin
degerlendirilmesi.  Harran
Tarim ve Gida Bilimleri

Dergisi, 24(4): 490-499
DOI:10.29050/harranziraat.804593

Address for Correspondence:
Halil ibrahim YILMAZ

e-mail:
ibrahimyilmaz@isparta.edu.tr

Received Date:
02.10.2020
Accepted Date:
02.12.2020

© Copyright 2018 by Harran
University Faculty of Agriculture.
Available on-line at
www.dergipark.gov.tr/harranziraat

(R0l

This work is licensed
under a Creative
Commons Attribution-
Non  Commercial 4.0
International License.

6z

Elma gibi uzun bir depolama periyoduna sahip meyvelerin muhafazasi amaciyla kullanilan
soguk hava depolarinin yapi ve yalitim malzemesi Ozellikleri hem depolamanin kalitesini
artirma, hem de enerjinin etkin ve verimli kullaniimasi agisindan oldukga 6nemlidir.

Yapilmis olan bu ¢alismada, Isparta ilinde elma muhafaza amach kullanilan 83 adet soguk hava
deposu isletmesinin tamami arastirma kapsamina alinmistir. Bu amacgla isletmelere gidilerek
soguk hava depolarinin detayh planlari g¢ikartilmistir. Bununla birlikte duvar ve tavan
sistemlerinde kullanilan yapi ve yalitim malzemeleri belirlenip kaydedilmistir.

incelenen soguk hava deposu isletmelerinin %51.81’inde duvar yapi malzemesi olarak
politiretan panelin (PU panel) kullanildigi belirlenmistir. isletmelerin %48.19’unda duvar yapi
malzemesi olarak briket veya tugla kullaniimistir. Duvar ve tavan yalitim malzemesi olarak
isletmelerinin %51.81'inde PU panel tercih edilirken, %27.71’sinde polilretan képiik (PU
képiik) uygulamasinin yapildigi belirlenmistir. isletmelerin %20.48’inde duvar ve tavan yalitim
malzemesi olarak EPS (genlestirilmis polistiren sert kopuk) kullanildigi tespit edilmistir.

Yapilan calismada o6zellikle 2000 yilindan itibaren Isparta ilinde elma muhafaza amach
kullanilan soguk hava depolarinda, yapi ve yalitim malzemesi olarak kullanilan EPS veya
poliiretan képigiin yerini politiretan panele birakarak kullaniminin yayginlastigi belirlenmistir.
Gunumuzde soguk hava depolarinda yapi ve yalitim malzemesi olarak kullanilan poliliretan
panel, meyve muhafaza amach kullanilan soguk hava depolarinda hem depolama kalitesini
artirma ve hem de enerji agisindan tercih edilen en énemli yapi ve yalitim malzemesi olarak
karsimiza ¢ikmaktadir.

Anahtar Kelimeler: Soguk hava depolari, Poliliretan panel, Politiretan kdpik, EPS, Isparta
ABSTRACT

The features of the construction and insulation materials used in storing fruits like apple which
can be stored for a long time are important in terms of both the storage quality and the
efficient and effective usage of energy.

In this study, all of the 83 cold storages used to store apple in Isparta are included in the study.
For this purpose, detailed plans of cold storage units were taken out. In addition, construction
and insulation materials used in walls and ceiling systems were determined and recorded.
Polyurethane panel (PU panel) was used as wall construction material in 51.51% of the
examined cold storages. Briquette or brick was preferred in 48.19% of them as wall
construction material. Polyurethane panel was preferred in 51.81% of the cold storages as
wall and ceiling insulation material while polyurethane foam (PU foam) was preferred in
27.71% of them. In 20.48% of the cold storages, EPS (expanded polystyren foam) was
detected to be used as wall and ceiling insulation material.

In the study, it has been found that polyurethane panels have been preferred lately rather
than EPS or polyurethane foam as construction and insulation material and it is getting
popular in cold storages for storing apple in Isparta especially since 2000. Today, PU panel
used as construction and insulation material in cold storages has been preferred as the most
important construction and insulation material in cold storages for storing fruits in terms of
increasing storage quality and energy.

Key Words: Cold storages, Polyurethane panel, Polyurethane foam, EPS, Isparta
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Giris

Elmanin ilk Gretim yeri Anadolu’yu da igine
alan Gliney Kafkaslar Bolgesi olarak bilinmektedir.
iklimsel kosullarin uygunlugu sebebiyle en uygun
yetistirme alanlarindan birisi de Kuzey Anadolu
cografyasidir. Karadeniz bélgesinin kiyi bélimi, i¢
Anadolu, Dogu Anadolu’nun yayla alanlari ve
ozellikle glinimizde Goller Bolgesi yoresi
Ulkemizde elmanin en yogun yetistiriciliginin
yapildigi bolgelerdir (DPT, 2001).

Isparta ili thman bir iklim yapisina sahiptir ve
cografi acidan Akdeniz Bolgesi “Goller Yoresinde”
yer almaktadir (Anonim, 1994). Isparta ilinin sahip
oldugu bu cografik ve iklimsel kosullar sebebiyle
meyve turlerinin blayuk ¢ogunlugunu
yetistirilebilmektedir. Isparta ilinde meyvecilikte
one c¢ikan Uridnler ise elma ve kiraz’dir (Cuhadar
ve Kolcuoglu, 2001).

Tiurkiye’de  elma  Uretimi  yapilan iller
degerlendirildiginde Isparta ili 732 036 ton elma
Uretimi ile birinci sirada yer almaktadir ve
Turkiye’nin toplam Uretimi igerisindeki orani
%20.23’dur. Karaman ili ise 485 363 ton elma
uretimi ile ikinci sirada yer alirken toplam Uretim
icerisindeki orani %13.41°dir. Yine ayni sekilde
Nigde ili 438 327 ton elma Uretimi ile Uglincl
sirada yer almaktadir ve toplam (retim
icerisindeki payr %12.11’dir. Isparta, Karaman ve
Nigde illeri Turkiye’nin toplam elma (retiminin

%45.75’ini gerceklestirmektedir (Cizelge 1).

Cizelge 1. Tirkiye’de en fazla elma iretimi yapan iller (TUIK,
2019)

Table 1. Provinces that produce the most apples in Turkey
(TUIK, 2019)

milyon tonluk depolama kapasitesi mevcuttur
2019). kapasitesinin
yaklasik %15 - 19'u Isparta ilinde bulunmaktadir.
Isparta ili Turkiye’de soguk hava depoculugun en

(Anonim, Bu depolama

fazla yapildigi illerin basinda gelmektedir. Elma
gibi uzun sire depolamaya uygun bir meyvenin
Isparta ilinde yogun sekilde yetistiriliyor olmasi,
soguk hava depoculugu sektoriini de gelistirmistir
(Sargi ve Okudum, 2014; Yilmaz, 2010). Isparta
ilinde 386 350 ton elma depolama kapasitesi
mevcut olup, bu depolama kapasitesi igerisinde
en blyuk payr Egirdir ve Gelendost ilgeleri
olusturmaktadir. Egirdir ve Gelendost ilcelerinin
elma depolama kapasitesi, Isparta ili toplam elma

depolama kapasitesinin %75.52’dir (Cizelge 2).

Cizelge 2. Isparta ilinin elma depolama kapasitesi
Table 2. Apple storage capacity of Isparta province

Elma depolama Toplam depolama

iller kapasitesi (ton)  kapasitesindeki orani (%)

. Apple storage Ratio in total
Provinces . .
capacity storage capacity (%)
(tonnes)
Egirdir 155500 40.25
Gelendost 136 250 35.27
Senirkent 39 500 10.22
Uluborlu 13900 3.60
Merkez 13 200 3.42
Sarkikaraagag 7 500 1.94
Gobnen 7 500 1.94
Kegiborlu 7 000 1.81
Aksu 4000 1.04
Yalvag 2 000 0.51
Toplam 386 350 100.00

iller Uretim miktari Toplam (iretim
Provinces (ton) icerisindeki payi (%)
Production The ratio of total
quantity (tonnes) production (%)
Isparta 732 036 20.23
Karaman 485 363 13.41
Nigde 438 327 12.11
Antalya 264 566 7.31
Kayseri 243 066 6.72
5ilin toplami 2163358 59.78
Tirkiye toplami 3618752 100.00

Ulkemizde Nevsehir'deki depolar dahil olmak
Uzere meyve ve sebze depolamaya yonelik 2-2.5

Tirkiye’de soguk depo giderleri arasinda en
blylk payi enerji masraflari olusturmaktadir. Bu
oran toplam giderlerin %25-50’si kadardir. Bahce
Urlinlerinin korunmasi amaci ile yapilan soguk
muhafaza tesislerinin gerek proje gerekse isletme
hatalarindan dolayr enerji kullanimi oldukca
artmaktadir. Bunu 6nlemek icin proje bazindan
alinmasi

baslayarak bir dizi onlemin

gerekmektedir (Agaoglu ve Tuncel, 1987). Soguk

depolama alanlarinin sogutulmasi islemi igin
onemli miktarda enerji tlketilmekte olup,
tiketilen bu enerji miktar, 1s1 yalitkanlar

kullanilarak azaltilabilmektedir (Batiha ve ark.,
2019).

Kiresel 1sinma gibi ¢evre sorunlarini

iyilestirebilmek amaciyla yenilenebilir enerjinin
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paylasilmasi ve ayni zamanda geleneksel eneriji

tiketiminin azaltilmasi, ginimiz mihendislik
arastirmalarinin  ana konusu haline gelmistir.
Dinyadaki insaat sektériinde sogutma ve isitma
ihtiyacinda yasanan biyuk artisla birlikte yapilarin
termal performansini  iyilestirmeye yonelik
teknolojiye duyulan ihtiya¢ da artmistir (Faraj et
all., 2020).

Gelismekte olan diger Ulkeler gibi Turkiye’'nin
de ihtiya¢ duydugu enerji miktari her gecen yil
daha fazla artmaktadir. ihtiyag duyulan ener;ji
miktari sanayi, konut, ulasim ve tarim olmak Uzere
4 ana sektorde kullaniimaktadir (Kirekgi, 2016).
ihtiyac duydugu enerjinin cogunu ithal etmek
zorunda olan Tirkiye gibi Ulkelerde enerjinin
tasarruf edilmesi ve var olan enerjinin etkin bir
da

getirmektedir. Ulkemizdeki binalarin yalitimlarinin

sekilde kullaniimasini onemli hale
yetersiz olusu hem enerji tiketimini hem de eneriji
tasarrufu ihtiyacini artirmaktadir (Dombayci et
all., 2006). Yapi sektoriinde enerji tasarrufu her
artiran bir konu olarak
Bu yapl

yalitimina yoénelik yapilan

gecen gun onemini

karsimiza  ¢ikmaktadir. nedenle

malzemelerinin 1si
¢alismalar
2012).

Yalitim uygulamalari Glkelerin enerji politikalari

da giderek artmaktadir (Kaynakli,

icerisinde onemli bir yer tutmaktadir. Yalitim

uygulamalariyla birlikte, enerji kayiplari

engellenmekte, hava kirliliginin 6niine gecilmekte
ve veriminin artmasi saglanmaktadir. Gliniimuzde
yapilan yalitim uygulamalari, elektrik ve su tesisati
tesisi kadar onemli hale gelmistir. Son 25 yil
icerisinde diinyada kisi basi eneriji tiketimi orani
%5 artmis olmasina karsin, tlkemizde bu oran
%100’Gn Uzerine c¢ikmaktadir (Dilmag¢ ve ark.,
1996).

Bu ¢alismada Isparta ilinde elma muhafaza
amagcl kullanilan soguk hava depolarinda yapi ve
yalitim malzemelerinin yillar icerisindeki degisimi

bu
sektord

incelenmis ve degisimim soguk hava

depoculugu Uzerindeki etkileri

degerlendirilmigtir.

Materyal ve Metot

Isparta ili Akdeniz Bolgesinin Goller Yoresinde
yer almaktadir. Bati Akdeniz’in kuzey kesiminden,
Ege ve I¢ Anadolu bélgesinin iclerine kadar
uzanan, lIsparta, Burdur illerinin tamamini ve
Konya, Afyonkarahisar, Denizli ve Antalya illerinin
bazi bélimlerini kapsayan bolgeye Goller Yoresi
adi verilmektedir (Kesici, 2013). Isparta ili, 30°20'
ve 31°33' dogu boylamlari ile 37°18' ve 38°30'
kuzey enlemleri arasinda yer almakta olup
ylzélcimi 8 933 km? ve rakimi 1 050 m’dir (DIE,

1999) (Sekil 1).

AFYONKARAHISAR

BURDUR

- =

(e]
Sarkikaraagag

ANTALYA

Sekil 1. Isparta ilinin konumu (HGM, 2020)
Figure 1. Location of the Isparta province (HGM, 2020)
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Calisma kapsaminda, Isparta ilinin Egirdir,
Gelendost, Senirkent, Merkez, Uluborlu, Aksu,
Sarkikaraagag, Gonen, Kegiborlu ve Yalvag
ilcelerinde mevcut olan 83 adet soguk hava

deposunun tamami, tamsayim esasina gore

arastirma kapsamina alinarak degerlendirilmistir
(Cizelge 3).

Cizelge 3. Isparta ilindeki soguk hava deposu isletmeleri
Table 3. Cold storage enterprises in Isparta province

iiceler isletme sayisi (adet) Orani (%)

. Number of enterprises Ratio (%)
Districts

(number)

Egirdir 33 39.76
Gelendost 28 33.73
Senirkent 7 8.43
Merkez 4 4.82
Uluborlu 3 3.61
Aksu 2 2.41
Sarkikaraagag 2 241
Gonen 2 2.41
Kegiborlu 1 1.21
Yalvag 1 1.21
Toplami 83 100.00

Saha c¢alismalari kapsaminda, soguk hava

depolarinin detayh planlari c¢ikariimistir. Soguk

hava depolarinin detayli planlari olusturulurken
ve yapisal boyutlar belirlenirken leica marka dijital
lazermetre kullanilmistir. Bununla birlikte duvar
ve tavan sistemlerinin ayrintili kesit detaylar
olusturularak, duvar ve tavan sistemlerinde
kullanilan yapi ve yalitim malzemesi 6zellikleri ve
boyutlari

depolarinin  yapisal

belirlenmistir. Ayrica soguk hava

Ozellikleri fotograflanarak
kayit altina alinmigstir.

Saha calismalari kapsaminda incelenen soguk
hava depolarinda duvar yapi malzemesi olarak
briket, tugla veya PU panelin (poliiiretan panel)
kullanildigi belirlenmistir. Belirlenen duvar yapi
malzemelerinden briket veya tuglanin (zerine
olarak EPS

polistiren sert kopiik) veya PU kopik (politiretan

yalitim malzemesi (genlestirilmis
képiik) uygulamasi yapilmistir. incelenen soguk
hava depolarinda poliliretan paneller ise hem yapi
hem de yalitim malzemesi olarak kullaniimistir.
Soguk hava depolarinin duvar ve tavanlarinda
kullanilan yapi ve yalitim malzemelerinin kesit
detaylari Sekil 2 ve Sekil 3'de verilmistir.

Q

ZS
| N4

EPS (18-20 kg m>)(5 cm)
EPS (18-20 kg m™>)(5 cm)
i¢ siva (2 cm)

Asma tavan plakasi «

<—

<—
«—

icsiva(2ecm) <
EPS (18-20 kg m>)(5 cm)
EPS (18-20 kg m>)(5 cm)

A

A

Siva(2cm) =
Briket veya tugla

Digssiva(3cm) <«

Sekil 2. Briket veya tugla kullanilan deponun duvar ve tavan detayi (Yilmaz ve ark., 2017)
Figure 2. Wall and ceiling details of the cold storage using briquette or brick (Yilmaz et al., 2017)
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o

PU Panel

PU Panel

(40-42 kg m™>3)(10 cm) <

(40-42 kg m>)(10 cm) <

_/

Sekil 3. Politiretan panel kullanilan deponun duvar ve tavan detayi (Yilmaz ve ark., 2017)
Figure 3. Wall and ceiling details of the cold storage using polyurethane panel (Yilmaz et al., 2017)

incelenen soguk hava depolarinda tavan olarak
asma tavan sistemi, déseme betonunun tavan
sistemi olarak kullanilmasi veya soguk hava
deposunun ¢ati sisteminin  tavan olarak
kullanilmasi olmak Uzere 3 farkh secenegin
kullanildigr belirlenmistir. Bu belirlenen farkli

tavan sistemlerinde ise yalitimini saglayabilmek
amaciyla politiretan panel, poliliretan kdpiik veya
EPS uygulamalarinin  yapildigi  gorilmustar.
Kullanilan tavan sistemlerinin yapisal detaylar
Sekil 4, Sekil 5 ve Sekil 6’da verilmistir.

VAV

Asma tavan Sistemi

Soguk oda

‘AVAVAVAVAVAVAVAVAVA!

.
]
)

Koridor

Av, VAVAV, JAVAVAVAVAVAVAVAVAVAVAVAV, V4

4
———— Yalim malzemesi «—

\VAVAVAVAVAY;

Soguk oda

\VAVAVAVAVAVAVAV

WAVAV;

i L]

]

(L]

], L l

L |

Sekil 4. Depolarda kullanilan asma tavan sistemi (Yilmaz ve ark., 2017)
Figure 4. Suspended ceiling system used in cold storages (Yilmaz et al., 2017)

S e

IVAVAVAVAVA' AV AVAVAVAVY, VAV, W

v
Doseme betonu

AVAVAVAV,

Soguk oda

IVAVAVAVAVAVYS
'‘AVAVAVAV]

Koridor

IVAVA! IVAVAY, JAVA! VAV, VAVAVAVAVA

vy
H—— Yaliim malzemesi «——

Soguk oda

AVAVAVAVAVAVAVAVAV;

VAVAVAVAY;

(L] l

—

[L]

1 L |

L 1|

Sekil 5. Depolarda déseme betonunun tavan olarak kullanilmasi (Yilmaz ve ark., 2017)
Figure 5. Using flooring concrete as ceiling in cold storages (Yilmaz et al., 2017)
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— Yalitim malzemesi «——

Soguk oda

Koridor

— Yalitim malzemesi «——

Soguk oda

il 1 | —
Sekil 6. Depolarda gati sisteminin tavan olarak kullaniimasi (Yilmaz ve ark., 2017)
Figure 6. Using roof system as ceiling in cold storages (Yilmaz et al., 2017)
Arastirma Bulgulari ve Tartisma sekilde arttig1 belirlenmistir. Gelisen Uretim
teknolojileri sayesinde poliliretan panellerin
Arastirma kapsaminda incelenen ve elma  yrotim  maliveti  ciddi  oranda  dismistir.
muhafaza amagli kullanilan soguk hava depolari Politiretan paneller, depo duvarlarinda ve

yapiths  yillarina  gore  degerlendirildiginde,
depolarin %44.58nin 2000 yili ve dncesinde insa
edildigi  belirlenmigtir. Soguk hava depolar

icerisinde 2001 — 2005 vyillari arasinda insa edilen
depolarinin orani %13.25 iken, 2006 — 2010 yillan
arasinda insa edilen depolarin orani ise
%19.28’dir. Isparta ilinde mevcut olan soguk hava
depolariigerisinde 2010 yili sonrasinda insa edilen
%22.89’dur.

depolarin yariya yakini 2000 yillarindan 6nce insa

depolarin  orani ise incelenen

edilmis, yapi ve yalitim malzemesi yonlinden artik
tip
depolarindan olusmaktadir (Cizelge 4).

glincelligini  kaybetmis eski soguk hava

Cizelge 4. Soguk hava depolarinin insa yillarina gére dagilimi
Table 4. Distribution of construction cold storages by years

Soguk hava depolari isletme sayisi Orani (%)
insa yillar (adet) Ratio (%)
Construction years of Number of

cold storages enterprises

(number)

<2000 37 44.58
2001 - 2005 11 13.25
2006 - 2010 16 19.28
>2010 19 22.89
Toplam 83 100.00

Soguk hava depolari duvarlarinda kullanilan
yapi
duvar yapi malzemesi olarak en fazla polilretan
(PU (%51.81)
belirlenmistir. Poliliretan panelin 2000 yilindan

malzemelerine gobre degerlendirildiginde,

panelin panel)  kullanildig
once kullanim orani son derece disiuk olup,
2005 yilindan

depolarinin duvarlarinda duvar yapi malzemesi

ozellikle sonra soguk hava

olarak poliiretan panelin kullaniimasinin  hizh

495

tavanlarinda bdlme elemani olarak montaji ve
bakimi ¢ok kolay yapilan bir yapi malzemesidir.
yapi

malzeme

Ayrica polilretan paneller
tek

karsilayabilen yapi malzemesi olarak karsimiza

ve vyalitim
malzemesi ihtiyacini ile
¢tkmaktadir. S6z konusu Ustinliklerinden dolayi
poliliretan paneller, glinimizde soguk hava
deposu tesislerinde vazgecilmez yapi ve yalitim
malzemesi olarak kullaniimaktadir (Cizelge 5)
(Sekil 7).

Soguk hava depolarinda duvar yapi malzemesi
olarak briketin veya tuglanin kullanilma orani ise
%48.19’dur. incelenen soguk hava depolarinda
2000 yilindan once briketin veya tuglanin ¢ok
yogun bir kullaniminin oldugu gorilmis ve
ozellikle 2010 yilindan sonra briket ve tuglanin
kullaniminin tamamen terk edildigi belirlenmistir
(Cizelge 5) (Sekil 7).

Isparta ilindeki soguk hava depolari duvar
yalitim malzemelerine gore degerlendirildiginde,
depolarin duvarlarinda yalitim malzemesi olarak
poliliretan panelin yogun bir sekilde kullanildig
belirlenmistir.  Poliliretan panelin  kullanildigl
depolarin
%51.81"dir.

yogunlugu 40-42 kg m olan 100 mm kalinhga

toplam depolar icerisindeki orani

Mevcut soguk hava depolarinda,
poliiretan  panel  kullanimi  tercih
Bu yapl

malzemesi olarak, hem de vyalitim malzemesi

sahip

edilmektedir. sayede hem duvar
olarak tek bir malzemenin kullanimi ekonomik
acidan blyuk yarar saglamaktadir (Cizelge 6)

(Sekil 8).
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Cizelge 5. Duvar yapi malzemesinin yillara gére dagilimi
Table 5. Distribution of wall construction materials by years

Soguk hava depolari insa yillari Toplam
Construction years of cold storages Total
Duvar yap! malzemesi 5 -y = 5
Wall construction material 3 8 2 3 .
S E'I 8 Q (adet) (%)
Vi S S Al
o (@]
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Sekil 7. Duvar yapi malzemelerinin yillara gore degisimi
Figure 7. Change of wall construction materials by years

Soguk  hava depolarinin  duvar  yapi
sistemlerinde yalitim amach kullanilan diger bir
malzeme ise poliliretan koépuktir. Poliliretan
kopugin kullanildigi soguk hava depolarinin
toplam depolar icerisindeki orani %27.71’dir.
Poliliretan kopik malzemesi 2000 yilindan 6nce
yogun bir kullanima sahip olup, 2000 yilindan
sonra kullanimi 6énemli oranda azalmistir.
Politiretan kopigin 2005 yilindan sonra ise
kullanimi tamamen terk edilmistir (Cizelge 6)
(Sekil 8).

Soguk hava depolarinda duvar vyalitim
malzemesi olarak kullanilan diger malzeme ise

Cizelge 6. Duvar yalitim malzemelerinin yillara gére dagilimi
Table 6. Distribution of wall insulation materials by years

strapor olarak da bilinen EPS (Expanded Polystyren
Foam)’dir. EPS’nin duvar yalitim malzemesi olarak
kullanan soguk hava depolarinin toplam depolar
icerisindeki orani  %20.48dir. EPS yalitim
malzemesi 18-20 kg m™3 yogunluga sahip olmakla
birlikte kalinhgr 50 mm’dir. Soguk hava
depolarinda 2 adet EPS levhanin (st (ste
montajlanmasi ile 100 mm’lik duvar yahtim
kalinligi elde edilmektedir. EPS’nin 2000 yilindan
once yogun bir kullanim orani mevcut iken, 2010
yiindan sonra ise soguk hava depolarinda
kullanimi terk edilmistir (Cizelge 6) (Sekil 8).

Soguk hava depolari insa yillari Toplam
Construction years of cold storages Total

Duvar yalitim malzemesi 0 S
Wall insulation material 3 < o =

S o 2 S (adet) (%)

Vi 8 8 N

(@] (@]

Poliliretan panel 2 7 15 19 43 51.81
Politiretan képiik 20 3 - - 23 27.71
EPS 15 1 1 - 17 20.48
Toplam 37 11 16 19 83 100.00
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Soguk hava depolari kullanilan tavan yapi
sistemlerine gore degerlendirildiginde, asma
tavan sisteminin tim yillarda yogun bir sekilde
kullanildigi belirlenmistir. Soguk hava depolarinda
asma tavan sisteminin kullanilmasi, tavan yapi

malzemelerinin montaji, sokilip takilmasi ve

bir
agisindan ¢ok blyuk Ustlinlik saglamaktadir.

dizenli sekilde bakiminin yapilabilmesi

Asma tavan sisteminin kullanildigi soguk hava
depolarinin tim depolar icerisindeki orani %
74.70'dir (Cizelge 7).
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Sekil 8. Duvar yalitim malzemelerinin yillara gére degisimi
Figure 8. Change of wall insulation materials by years

Doseme betonunun tavan sistemi olarak

kullanildigi depolarin orani %20.48’dir. Doseme
tavan sistemi

betonunun olarak kullanildig

geleneksel (konvansiyonel) tipte insa edilen
depolar 2000 yilindan oOnce yogun bir sekilde
kullanilirken 2000 yilindan sonra gelisen yapi

teknoloji
(Cizelge 7).

ile birlikte kullanimi terk edilmistir

Cizelge 7. Tavan yapi sistemlerinin yillara gore dagihmi
Table 7. Distribution of ceiling construction systems by years

Soguk hava depolari insa Toplam
yillari Total
Construction years of cold
Tavan yapl
. . storages
sistemi
Ceiling " °
construction o 8 S o
o —
systems 2 3 g Q (adet) (%)
\Y o o Al
S S
(g} (@]
Asmatavan 7 10 16 19 62 74.70
Ddseme 7 - - - 17 20.48
betonu
Tavan 3 1 - - 4 4.82
sistemi yok
Toplam 7 11 16 19 83 100.00
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Soguk hava depolarinda bir tavan sisteminin
olmadigi ve bina ¢ati sisteminin tavan olarak
kullanildig depolarin orani %4.82’dir. Bu depolar
genellikle eski tip depolardan olusmakla birlikte
2005 yilindan itibaren kullanimi terk edilmistir
(Cizelge 7).

Arastirma kapsaminda incelenen soguk hava
depolarinin, tavanlarinda en fazla polilretan

panelin  kullanildigi  belirlenmistir. Tavanlarin
yalitiminda politiretan paneli kullanilan soguk
hava depolarinin toplam depolar igerisindeki orani
%51.81'dir. Tavan yalitiminda politiretan kopugiin
kullanildigi  soguk hava depolarinin toplam
EPS’nin

tavan yalitim malzemesi olarak kullanildigi soguk

depolar igerisindeki orani %27.71’dir.

hava depolarinin toplam depolar icerisindeki orani
%20.48’dir. Elde edilen veriler degerlendirildiginde
duvar yalitim malzemesi ile tavan yalitim malzemesi
kullanim oranlarinin ayni oldugu belirlenmistir.

Soguk hava deposu sahiplerinin, depo
duvarlarinin  yalitiminda  kullandiklari  yalitim
malzemesini tavan vyalitiminda da kullanmayi

tercih ettikleri belirlenmistir (Cizelge 8) (Sekil 9).
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Cizelge 8. Tavanlarda kullanilan yalitim malzemesinin yillara gére dagilimi
Table 8. Distribution of insulation material used in ceilings by years

Soguk hava depolari insa yillari Toplam
Construction years of cold storages Total
Tavan yalitim malzemesi o § g o
Ceiling insulation material S -
° S iy > S (adet) (%)
Vi 8 8 Al
(o] (o]
Politiretan panel 2 7 15 19 43 51.81
Politiretan képuk 20 3 - - 23 27.71
EPS 15 1 1 - 17 20.48
Toplam 37 11 16 19 83 100.00
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Sekil 9. Tavan yalitim malzemelerinin yillara gére degisimi
Figure 9. Change of ceiling insulation materials by years

Sonuglar

Isparta ilinde elma muhafaza amagh kullanilan
soguk hava depolarinda yapi ve yalitim malzemesi
kullanim ahliskanliklari son 20 yil icerisinde biyuk
bir degisim gecirmistir. Bu dénem igerisinde yapi
malzemesi olarak briket ve tuglanin kullanimi terk
edilerek  onun  yerine

poliliretan  panel

yayginlastigi
belirlenmistir. Yine ayni sekilde yalitim malzemesi

malzemesinin kullaniminin
olarak EPS (strapor) kullanimi yerine polilretan
panel malzemesinin kullanimi yayginlasmistir.
Poliiretan panellerin soguk hava depolarinda
kullaniimaya baslanildigi giinden bu zamana kadar
Uretim teknolojisindeki gelisme ile birlikte Gretim
maliyetleri ¢cok 6nemli oranda dismdistir. Ayni
zamanda soguk hava depolarinda yapi ve yalitim
ihtiyacini tek malzeme ile karsilayabilme rahathgi
sebebiyle giiniimizde poliliretan paneller, soguk
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hava depolarinin vazgegilmez yapi ve yalitim
malzemesi haline gelmistir.

Ozellikle 2000 yilindan énce insa edilen ve yapi
malzemesi olarak tugla veya briketin kullanildigl,
bununla birlikte yalitim malzemesi olarak EPS
uygulamasinin  yapildigi eski tip soguk hava
depolarinin enerji tliiketimi ve bakim masraflari
acisindan  glinimizin modern soguk hava
depolariyla rekabet etmesi miimkiin degildir.

Saha calismalarinda vyapilan goérismelerde
soguk hava deposu sahipleri, TKDK (Tarim ve
Kirsal Kalkinmayr Destekleme Kurumu) gibi
kurumlar tarafindan desteklenen ve uygun édeme
kosullari olan kredilerin sadece yeni tip depolarin
yapimi icin degil ayni zamanda eski tip depolarin
yap! ve yalitim malzemelerinin modernizasyonu
icin kullanilabilmesinin gerektigini ifade etmislerdir.

Meyve ve sebze soguk hava depolarinin en

blyik isletme masrafini kullanilan elektrik enerijisi
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Eski
sahip

yalitim
deposu
isletmelerinde olusan enerji kayiplari hem isletme

olusturmaktadir. ve

tip yapi
malzemesine soguk  hava
sahipleri acisindan, hem de ulusal olgekte onemli
sorun haline gelmektedir.

Enerji Uretimi bakimindan bilyik oranda disa
bagimh olan ulkemizde, yeni tip yapilarin belirli
yalitim standartlarina uygun olarak yapilmasiyla
birlikte eski tip yapilarda da yalitim acgisindan
modernizasyonun gergeklestirilmesi énemlidir. Bu
amagla Cevre ve Sehircilik Bakanligi tarafindan
2007 yilinda enerjinin etkin kullanilmasi, israfinin

Onlenmesi, enerji  maliyetlerinin  ekonomi
uzerindeki yuUkunin hafifletilmesi ve g¢evrenin
korunmasi icin enerji kaynaklarinin ve enerjinin
kullaniminda verimliligin artirlmasi amaciyla
cikarilan, 5627 Sayili Enerji Verimliligi Kanunun
kapsamina konut, yonetim binalar, 06gretim

binalari vb. ile birlikte soguk hava deposu gibi
yliksek oranda enerji tiketimine dayal binalarin
da dahil edilmesi bir zorunluluktur.
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punto diiz metin ve tek situn olarak yazilmalidir.
Kenar bosluklari; sol, sag, alt ve list- 3 cm birakilarak, her satira ardisik olarak satir numarasi
verilerek hazirlanmalidir.
Yazar(lar) makalenin ne tiirde bir yazi (Arastirma makalesi, derleme, teknik not
vb.) oldugunu belirtmelidir.
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Tum yazarlar tarafindan imzalanan Telif Hakki Devir So6zlesmesi ve Makale Kontrol Listesi
(sorumlu yazar tarafindan imzalanacak) makale ile birlikte sisteme yiklenmelidir.
iThenticate Programi Benzerlik Raporu (%20’yi gegmemelidir) ve gerekli ise Etik Kurul
Karari makale ile birlikte sisteme yliklenmelidir.
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Sonuglar,

Ekler,

Beyanlar

Cikar Catismasi
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Kaynaklar bolimlerinden olugmalidir.

Baslik: Kisa ve aciklayici olmali, Calibri yazi karakterinde, 14 punto, koyu, diiz, ortalanarak
ve kiguk harflerle (Bashgin sadece ilk kelimesinin bas harfi biylk) yazilmahdir. Baslik
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12 punto ve koyu yazilmaldir.
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Yayin Kurulundan kaynaklanan basim hatalari igin ise diizeltme yayinlanabilir.
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