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ARASTIRMA MAKALESI RESEARCH ARTICLE

Geographical indications and traditional products as instruments of rural development:
the example of Hatay, a cultural crossroads

Kirsal kalkinma araci olarak cografi isaretler ve geleneksel trlinler: Medeniyetler sehri Hatay 6rnegi
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Aims: The province of Hatay is one of Turkey’s most important provinces
with regard to its cultural richness and the variety of its local products, and
in this study, an investigation is made of the current state of its
geographical indications and traditional products, their potential, and their
contribution to rural development.

Methods and Results: In this study, products and potential products with
aregistered geographical indication of Hatay province were obtained from
the data of relevant institutions, and in-depth interviews were held with
experts on the topic in those institutions. Also, observations relating to the
products were made in the relevant areas. As a result, it was found that
although the potential for local products was very high, the levels of
exploitation and awareness were low.

Conclusions: In a globalising world, the increase in the importance of local
values, the acquisition of value by local products and their contribution to
rural development attract attention. In underdeveloped regions, in
particular, traditional products can constitute an important opening for
rural development and can create important areas of employment for
women and young people.

Significance and Impact of the Study: Developing the capacity of both the
public and the private sector and especially cooperatives with regard to
geographical indications and achieving producer and consumer awareness
are important for rural development.

Keywords:
Geographical indication,
products, rural development

traditional
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INTRODUCTION

Throughout history, Hatay has played host to a large
number of civilisations. As a natural result of this, it has
a wealth of traditional and local products arising from its
cultural and social diversity, making Hatay a world brand
for geographical indications and traditional products.

Studies of geographical indications and traditional
products, which have only recently become commoner
in Turkey, have from the beginning been powered by the
Chambers of Trade and Industry and the Commodity
Exchanges. This also applies to Hatay, and the

registration procedures of three out of five registered
products are carried out by the Antakya Chamber of
Trade and Industry. Registration of the other two-fifths
of products is performed by local administrations.
Producers’ organisations and in particular cooperatives
are known to take almost no part in this process, and this
is the situation in Hatay reflected in the general picture
in Turkey as a whole.

As well as products which are registered or at the
application stage, the large number of potential
products is also important. In this process, it is necessary
to provide good governance because the efforts of only
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a certain proportion will not be sufficient. To this end,
the Geographical Indication Registration and
Cooperation Protocol was formed on 1 October 2015
between the East Mediterranean Development Agency
(DOGAKA) and Hatay Metropolitan Municipality, Hatay
Mustafa Kemal University, Antakya Chamber of Trade
and Industry (ATSO), Antakya Commodity Exchange and
Hatay Bay Laurel and Medicinal Aromatic Plants
Association (Anonim, 2016). In this way, it was aimed to
increase the economic contribution of local products to
the region, preserve cultural heritage, and to contribute
to the promotion of the region through these products.
Since then, the process has gained momentum, and
Hatay’s first registered product, Antakya Kiinefesi, has
been followed with other registrations.

In this study, an examination is made of geographical
indications and traditional products, recognised as
means of rural development, taking account of the
current and potential situation in Hatay province, and
the effects on rural development.

MATERIAL AND METHODS

The primary material of the study consisted of research
relevant to the topic conducted on publications and
documents of the Turkish Patent and Trade Mark
Institution, the Antakya Chamber of Trade and Industry,
the East Mediterranean Development Agency
(DOGAKA), the Turkish Statistics Institute (TUiK) and the
European Commission. For the five products which had
received geographical indication registration, in-depth
interviews were also conducted with producers and
experts on the topic in the relevant institutions. In this
way, the current situation was shown, and it was
possible to make qualitative evaluations of various
elements which were necessary for rural development.
Besides, sellers were interviewed on the topic in places
where consumers made a lot of trade, and field
observations were performed.

RESULTS and DISCUSSION

The situation with registration and products which
have applied for registration

Of the five products which have received Hatay
geographical indication, all have protected geographical
indication. These are Antakya Kiinefesi, Antakya Siirki
(Antakya Cokelek cheese), Antakya Kufli Sirki
(Cokelek), Hatay ipegi (silk) and Hatay Defne Sabunu.
After Geographical Indication Registration and the
Cooperation Protocol, applications made from Hatay
province increased: in 2017 and 2018, four products
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received protected geographical indications, and in
2018, applications were made for protected designation
of origin for one product and protected geographical
indication for three products. These products, whose
applications have not yet been concluded, are Dortyol
Satsuma Mandarini, Antakya Kiinefe Peyniri, Kirikhan
Havucu and Hatay Lif Kabagl. In 2019, the list was
extended with Antakya Tuzlu Yogurdu, Kirikhan Siyah
Havucu, Antakya Carra Peyniri, Antakya Kagit Kebebi,
and Samadag Ney Kamisi (Table 1). Hatay’s share of
registered geographical indications was 1.15% in 2019,
and its share of the total of applications was 2.12%. So
far, there have been no applications or product
registered as and Traditional Speciality Guaranteed
(TSG) (Anonim, 2019). The best-known of Hatay’s
products which have Gl, Antakya Kinefesi, is sold by the
cold chain on the national market. Another product sold
outside the province and outside the country is Hatay
Defne Sabunu (Kiziltug et al., 2017).

The only product for which a registration application has
been made in Hatay for geographical indication under
the European Union’s Database of Origin and
Registration (DOOR) is Antakya Kinefesi, and for this
purpose, a protocol of cooperation between DOGAKA
and ATSO was signed in 2016 (Anonim., 2018).
Application for registration as protected geographical
indication was made on 14 March 2019 (Anonymous,
2019a).

Various factors affect the small number of applications
and the lack of completion of registration processes
despite the high potential of Hatay. These are an
inadequate number of scientific studies and therefore
inadequate preparation of the necessary technical
reports at the application stage, a lack of policy on the
topic and thus inadequate financial resources, decision-
makers remaining indifferent, the academic community
not getting involved, producers’ associations not existing
at an adequate level, and the existing associations being
uninformed on the topic (Avsar, 2016).

According to 2018 data from the Turkish Patent and
Trademark Institution, the registration of only 4.5% of
registered products in Turkey was applied for by
cooperatives or producers’ associations. In Hatay, there
were no products which had been registered by a
cooperative, association or any producers’ organisation.
The only application was for Dortyol Satsuma Mandarini
by the Doértyol Citrus Producers’ Association.
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Table 1. Application for and registration of Hatay province geographical indication

Date of
hical Indicati P
State Geographical Indication roduct / Applicant Application / Type
Name product group . .
Registration
Antakya Kiinefesi Other baker’s Antakya Chamber of 27.12.2007
wares Trade and Industry
Antakya Stirkii Cheeses Antakya Chamber of 0 ) 518
° Trade and Industry Protected
2 Antakya Kflii Siirkii Cheeses Antakya Chamber of ), 0 )1 Geographical
‘o Trade and Industry Indication
[J)
o g PDI
Hatay Defne Sabunu Soap Samandag 16.10.2017 (PDI)
Governorate
P . Hatay Metropolitan
Hatay Ipegi Textiles Municipality 30.11.2017
Antak h f
Antakya Kinefelik Peyniri Cheeses ntakya Chamber o 28.08.2018
Trade and Industry
Protected
Geographical
. Other products  Antakya Chamber of Indication
Antakya Tuzlu Y .05.201
ntakya Tuzlu Yogurdu of animal origin  Trade and Industry 09.05.2019 (PDI)
Antak h f
Antakya Carra Peyniri Cheeses ntakya Chamber o 19.07.2019
Trade and Industry
Fruit, vegetables Dortyol Citrus
Dértyol Satsuma Mandarini  and cereals fresh Producers’ 14.03.2018
° or processed Association
= Fruit, vegetables
2 ! Kirikh h f
£ Kirikhan Havucu and cereals fresh . o" Chamber o 04.10.2018
Trade and Industry
or processed
Fruit, vegetables Protected
Kirikhan Siyah Havucu and cereals fresh Kirkhan Chamber of 27.03.2019 de§|gnat|on of
Trade and Industry Origin (PDO)
or processed
Fruit, vegetables
Hatay Lif Kabagi and cereals fresh Defne Governorate 22.11.2018
or processed
. . Antakya Chamber of
Samandag Ney Kamigi Handicrafts Trade and Industry 29.03.2019
Protected
. Antakya Chamber of G hical
Antakya Kagit Kebabi Foods and soups ntaxya Lhambero 19.07.2019 ec.)gra.p ca
Trade and Industry Indication
(PDI)

Source: (Anonim, 2019)

Analysis of the current situation with potential products
Thanks to its cultural diversity, the richness of its cuisine
and products specific to the area, the province of Hatay
has the highest potential for Gls of any Turkish province.
However, only a tiny part of this potential has been
brought to reality.
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It is
thought that there are more potential products than
having so far been identified, and therefore it is essential
to determine them. Table 2 shows various products of
Hatay which have Gl potential. Many products have
been rejected because despite their high potential, they
have no standard, and the scientific data and work
relating to these products has been inadequate.
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Table 2. Various products of Hatay province with
significant potential
Product Name

Hatay Amanoslar Piiren Ball
Hatay Cevizli Biberi

Hatay Halhali Zeytini Products

Hatay Hurmasi applied for

Hatay Karamani Zeytini and rejected

Hatay Sari Hasebi Zeytini in 2014

Hatay Saurani Zeytini

Yayladag Lokumu

Hatay Ney Kamisi Prod.ucts

Hatay Akcay Seker Portakall applle(':l for

Kirikhan Nar Eksisi and rejected
in 2015

Antakya Simidi

Hatay ip Peyniri/siinme peynir

Hatay Kémbesi

iskenderun Tavuk Déneri

Defne Meyvesi Yagl

Hatay Kabak Tatlis

Sakit Kayisisi

Andak Bali Some .

Belen Tava products with

Hatay Biber Salcasi sngnlflc.ant
potential

Hatay Nar Eksisi

Hatay Kabak Tatlis

Hatay Ceviz Regeli

Samandag Biberi

Kirikhan Kara Mehmet/Delibekirli Nari
Kirikhan Telbizek Portakali

Zahter Salatasi

Source: (Kiziltug et al., 2017; Anonim, 2018a); interviews with
ATSO and DOGAKA.

Assessment of geographical indications concerning
rural development

Geographical indications are a different approach to
production and are a means of local development which
can be used to provide sustainability for local businesses
and to protect cultural heritage and biodiversity (Giray
and Hun, 2010). One aim of arrangements relating to
geographical indications is to encourage diversity in
agricultural production, and it strengthens rural
development by encouraging the production of high-
quality food items. Gl and TSG are particularly important
in developing the rural economy and protecting
agriculture in disadvantaged regions (Anonymous,
2019). In order for these products to contribute to rural
development and the national economy, they must first
gain recognition outside their own region, and for this,
they must reach consumers outside their region. In
particular, when the demand for PDO products is met by
a single locality, area or region, Gl may be the key to local
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development (Avsar, 2016).

Products which are under the protection of geographical
indication increase recognition of the locality or region,
and in particular protect handicrafts and agricultural
products in rural areas and contribute to the
development of tourism by making their name known
(Kiziltug et al., 2017). However, a product’s contribution
to rural development and the sustainability of this
depends on the existence of producers’ associations,
because a process in which the producers themselves
are not involved will be limited in both its contribution
and its sustainability.

Because Gl and TSG show that the product is under
production control and inspection for its local and
traditional characteristics, they guarantee consumption
of the original product, for this reason, consumers are
more willing to pay, and a higher price can be charged.
These price rises can be of the order of 15-80%, and may
sometimes be as much as three to four times (Kiziltug et
al.,, 2017; Kantaroglu and Demirbas 2018; Asci et al.,
2009). However, the sustainability of Gl and TSG and the
contribution to rural development are only possible with
inspection of the products. Also, sustainable demand for
these products and an increase in this area at the same
time related to purchasing power, and the provision of
anincrease in income in the countryside by geographical
indications provides an increase in the buying power of
consumers.

Although Hatay silk provides the most significant added
value of any of the registered products, production the
raw material, silk cocoons, is steadily falling. According
to TUIK data, in 2018, silkworm farming was being
conducted in 53 businesses in 29 villages in Hatay. In the
absence of encouragement to stimulate production,
which is limited to one or two families in the villages
where it is practised, its value is in danger of being lost.
According to TUIK data, production of fresh silk cocoons
in 2000 was one tonne, but in 2018 it had fallen to 0.368
tonnes.

Gls provide local awareness on the global market and
thus support local production against globalisation
(Keskin, 2017; Keskin, 2018). With the international
registration of Antakya Klnefesi, it is expected to
provide an increase in international awareness and to
contribute significantly to the export of baked goods
(Anonim, 2018). In Table 3, various qualitative
evaluations are made of registered geographical
indications. The identity of the product with the local
people and the effect on local development is high for all
products, but recognition of the product is low except
Hatay Kiinefesi and Hatay ipegi.
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Table 3. Evaluations concerning registered products of Hatay

. o Antakya Kiifli ~ Antakya Hatay Defne A
Products/Indicators Antakya Siirki o . . Hatay Ipegi
Suirki Kiinefesi Sabunu
Yayladagi,
Samandag,
Regional definition . . . Antakya, Hatay
. . Hatay province Hatay province  Antakya city . .
/geographical boundaries Iskenderun province
and Doértyol
districts
Recognition of product
outside the region Medium Low High Medium High
Homes +
Typical producers Mainly produced in homes Confectioners . -
businesses
. Cultural
Protection of .
traditional Protection heritage
Characteristic / use of Cultural heritage, protection of ducti inst protection
roduction agains
registration* traditional production method P ) g. ] and an
process and imitation . .
increase in
trade .
income
Identification of people
with a product High High High High High
. Creating standard recognition and
Main problem . o o o
demand outside the area Imitation Imitation Imitation
Growth Medium Low High Medium Low
Sensitivity to natural
factors High High High High High
Sensitivity to economic
factors Medium Medium High Medium High
Use of product potential Low Low High Medium Low
Importance of product for
rural area High High High High High
*Primary characteristic/use
Source: Created by the authors.
CONCLUSION products, no economic assessment of these products
has been made. Therefore, it is also essential from the
Geographical indications and traditional speciality point of view of assessing their contributions to rural

guarantees constitute an essential opening for rural
development in undeveloped regions and can create an
important area of employment for women and young
people. For this reason, expanding capacity in both the
public and private sectors, especially that of
cooperatives, is vital for bringing about awareness in
both producers and consumers, and for rural
development. Geographical indications are not by
themselves sufficient for rural development but are an
essential vehicle for this.

Because of inadequacies in economic data such as on the
production and inland and foreign sales of Gl and TSG
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development to collect economic data on potential
products and protected products.

Promotion and marketing of these products make a
significant contribution to local economies and rural
development. However, merely registering products
which are not yet recognised outside the local market
and which therefore have not yet reached national and
international markets will not make a Vvisible
contribution. For this reason, promoting potential and
registered products and creating awareness in producers
and consumers is at least as necessary as registering the
products. Having a sustainable economy in the market of
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products will be enabled with supervision which
provides sustainability in quality. The way to sustain
economic activities of the agricultural enterprises is
through observing the constantly changing technological
and economic events and taking the required
precautions (Acar and Gl 2016).

Therefore, in order for Gl and TSG to contribute to
development which will create added value in the
countryside, it is necessary to:

1. Create awareness in producers and consumers

2. Identify potential products

3. Register nationally and internationally

4. Set up adequate supervision and a marketing network
5. Encourage producer organisations

6. Promote the products

7.Ensure good governance at the national
international level (Keskin 2017; Keskin 2018).

and

In addition to this, it is necessary to determine what
contribution these products make to the rural economy
and development and to keep statistics on the products
in order to be able to make an economic assessment.

OzET

Amag: Bu calismada kulturel zenginligi ve yoresel Griinler
cesitliligi bakimindan Tirkiye’nin 6nemli illerinden biri
olan Hatay ilinin cografi isaretler ve geleneksel Uriinlerde
mevcut durumu, potansiyeli ve kirsal kalkinmaya
katkilari aragtiriimistir.

Yontemler ve Sonuglar: Calismada Hatay ilinin cografi
isaret tescili alan drunleri ile potansiyel Grlnleri ilgili
kurumlarin verilerinden elde edilmis ve kurumlarda konu
uzmanlari ile derinlemesine milakatlar
gerceklestirilmistir. Ayrica, Urinlerle ilgili sahada
gozlemler de yapilmistir. Sonug olarak yoresel Uriin
potansiyeli cok yiksek olmakla birlikte bunun kullanimi
ve farkindalik diizeyi diisiik olarak degerlendirilmistir.
Genel Yorum: Kiiresellesen diinyada yerel degerlerin
oneminin artmasi cografi isaretleri ve yoresel Urinleri
degerli hale getirmekte ve kirsal kalkinmaya katkilarina
dikkat cekmektedir. Ozellikle az gelismis bolgelerde
geleneksel Grlnler kirsal kalkinma igin 6nemli bir agilim
olusturacak, kadinlar ve geng¢ nufus icin 6nemli bir
istihdam alani yaratabilecektir.

Calismanin Onemi ve Etkisi: Cografi isaretler konusunda
gerek kamu gerekse Ozel sektér ve Ozellikle de
kooperatiflerin kapasite gelistirmesi, liretici ve tiiketici
farkindaliginin gerceklesmesi kirsal kalkinma agisindan
onemlidir.
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Anahtar kelimeler: Cografi isaret, geleneksel drinler,
kirsal kalkinma.
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INTRODUCTION

Rice is the third largest grain produced in the world after
wheat and maize. Most of the rice produced in the
world is grown in tropical and subtropical regions where
water is abundant (Anonymous, 2003). Rice is grown
everywhere in Turkey where water is adequate and flat
land. The most important limiting factor in paddy
farming is the provision and management of irrigation
water (Ozgenc and Erdogan, 1988). Rice is a plant with
different propensity to other plants in terms of cultural
activities and is the only grain plant that uses dissolved
oxygen for water. Therefore, the amount of irrigation
water and the consumption of plant water of rice and
the application of this water are different. The amount
of water needed by the rice grown under water varies
depending on factors such as climate and length of
growing period, varieties, soil type and land structure
(Tabbal et al., 2002; Tulucu, 2003).

Ponding irrigation method is generally applied in paddy
growing in Turkey or other countries. In this method,
the water is kept on the soil surface at a certain depth.
Among the advantages of the method, it can be said
that it is a good growing eliminating the drought stress
and easier to control weed (Surek, 2002). However, in
this method water has negative features such as
excessive use of irrigation, making tanks and channels
for water retention, drainage water's effects on ground
water and environment. Another negative effect is the
presence of anaerobic conditions in rice cultivation due
to the continuous presence of water in the field, which
causes methane gas formation. It has been reported
that the adverse effects of drip irrigation applications
will be reduced (Beser and Surek, 2009). Subsurface drip
irrigation systems are defined as the application of
water and plant nutrients directly to the plant root zone.
Subsurface drip irrigation systems have begun to be part
of modern agricultural irrigation since the 1980s, which
first appeared in the United States in the early 1960s.
The first scientific report on groundwater drip irrigation
was published by Blass (1964) in Israel (Lamm and
Camp, 2007).

Irrigation is usually made in rice depending on the
presence of water at a certain level on the soil surface.
There are many studies on this subject in the world
(Raju, 1980; Veerara Ghavulu and Reddy, 1985; Surek et
al., 1998; Xiaoguang et al.,, 2002; Meral and Temizel,
2006). In recent years, water has become more valuable
day by day. Therefore, it has increased the research on
the feasibility of different irrigation methods (sprinkler
or drip irrigation), because of the use of too much
irrigation water in paddy growing. Muirhead et al.
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(1989) reported that sprinkler irrigation method
resulted 50% reduction in grain yield of rice comparison
to traditional method. Similar results were found other
researchers (Surek et al., 1996; Cakir et al., 1998). It has
been reported by researchers that studies have
generally saved irrigation water but have significantly
reduced yield.

The use of drip irrigation in the world has been accepted
for many years, but subsurface drip irrigation has gained
momentum for different plants, melon (Sharma et al.,
2014), grassland (Finger et al., 2015), ornamental plant
(Elhindi et al., 2016), sugar cane (Silva et al., 2016),
broccoli (Oliveira et al., 2016) in recent years. Studies on
the use of surface/subsurface drip irrigation for rice
have been emphasized in recent years, but research on
the subject is still needed. Ottis et al. (2006) reported
that subsurface drip irrigation system reduced water
use by 80% in 3 different rice varieties. He et al. (2013)
examined the performance and water use efficiency in
rice production using traditional methods and plastic
mulching + drip irrigation. While water use efficiency is
highest for drip irrigation, it has been reported that the
yield decreases by 31.76-52.19%. Rajwade et al. (2014)
reported that subsurface drip irrigation applied in rice
increased grain vyield compared to conventional
irrigation and decreased fertilizer requirement.

From the beginning of 1950, asphalt application
(Smucker, 1969; Palta and Blake, 1974), mulching
(Garrity et al., 1992), soil treatment (Galvez and
Barahona, 2005), and polymer (Boartright et al., 1997;
Hayat and Ali, 2004) material was applied to the soil
surface and subsurface to hold water in the soil. These
applications have not been widely used today due to
both application difficulties and economic reasons. The
placement of polyethylene (PE) materials used as an
impermeable barrier to soil is an approach to reduce
both the detrimental effects of rapid percolation and
the movement of poor-quality groundwater upwards.
The main advantages are that the PE barrier (WRB) is
retained for longer than the polymeric materials, the
absence of any harmful side effects known, the
application of the barrier only once in land conditions,
and the more cost-effective. Furthermore, the
developed WRB covering methods causes an increase in
yield and provide significant savings water resources.
The most important disadvantage of the system is about
the implementation of the material to the sub-soil. For
this purpose, in 2014, a placement machine called SWRT
(BRON) was developed in USA). In the coming years, this
method will become popular in the world especially in
countries experiencing water scarcity. Studies of
different plants; turfgrass (Demirel and Kavdir, 2013),
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maize (Gong, 2014; Amirpour et al., 2016), pepper (Al-
Rawi et al, 2017, Hommadi and Almasraf, 2018),
eggplant (Almasraf and Salim, 2018) related to this
method have begun to gain speed in recent years.
According to the results of these researches done on
different plants, WRB/SWRT significantly reduces
irrigation requirements and saving up to 50% on
irrigation water. At the same time, it was seen that the
incomes increased significantly in studies.

In recent years, research has been spreading on the use
of subsurface drip irrigation in many crops in the world,
work on the use of paddy fields has been limited. In
studies on this subject; Dunn et al. (2004) and Ottis et
al. (2006) stated that the subsurface drip irrigation
method provides significant savings from irrigation
water in rice. On the other hand, any other study has
been published on application of subsurface drip
irrigation and water retention barriers together in rice
production. The aim of this study is to determine that
combination of subsurface drip irrigation and water
retention barriers would be more appropriate in
reducing irrigation water use, considering yield and
grain quality of rice.

MATERIAL AND METHOD

Study site

The study was carried out in a condition on rice farm
field (40° 40' north latitude, 26° 10' east latitude)
located in the Edirne/Turkey where rice farming was

Edirne

Ball Valve
2 Water Meter

Irrigation Pipe
Water Supply

r

N
7

LRECCURENCE

intensively conducted in 2017. In the study, as a plant
material, a sleep-resistant, short-lived, medium-early
and high-yielding "Luna" rice variety was used.

The physical properties of the soil were determined
before the experiment began. The field capacity, wilting
point, bulk density and soil texture values are shown in
Table 1. Field capacity and wilting point values were
determined at pF at 1/3 and 15 atm, respectively.

Experimental design

The experiment was carried out in 3 replications, 4
different treatments: ponding ((control(C)), subsurface
drip irrigation system (SDI), ponding+water retention
barrier (control+WRB), and SDI+WRB according to
randomized blocks trial design (Figure 1).

Table 1. Soil analysis results of the study area

> /‘l\ ILRECCURENCE

HLRECCURENCE

Bulk Field Wilting
Depth  Texture . . .
(cm) Class density Capacity  point
(grecm3)  Pv (%) Pv (%)
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Figure 1. Experimental design and irrigation system

Rice seeds were planted on the field on May 21, 2017
after application of subsurface drip irrigation system
and water retention barriers. On 21 June 2017,
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irrigation practices were started after rice seed were
kept in the soil. During the period from sowing to
irrigation treatments, SDI and SDI + WRB trial plots were


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 108-121

Arastirma Makalesi / Research Article

not allowed to fall below the field capacity.

Seeds were planted with 20 g m? spreading method.
The dimensions of a parcel were arranged as 4 m x 4 m.
To prevent interaction between the plots, a space of 2
m was left between the parcels (Figure 1). The electrical
conductivity value (EC) of the irrigation water is 420
mmhos cm™ and the pH value are 7.77. A 250 kg ha*
N15P15K15 compose fertilizer was applied as base
fertilizer in experimental soils. Additionally, ammonium
sulphate fertilization (500 kg ha) was performed 2
times (June 28, 2017 and July 28, 2017) after sowing. As
the plant nitrogen requirement is high during the sibling
period, the second fertilization is applied considering
this period. Two different struggles were made in pre-
planting and post-seeding, as weed control is especially
important in subsurface drip irrigation in rice.
Herbicides (Buckstar) with a doses of 25 EC 5 L ha?

against Echinochloa oryzoides, Echinochloa crus-galli,
etc. was used prior to sowing. Different herbicides were
applied at 3 times (June 14, 2017; 2 kg ha™ Clipper 200
EC, June 28, 2017; 2 kg ha Basagran M, 2 kg ha Efdal
Halo, 0.5 kg ha? Intervix Pro, July 4, 2017; 2 kg ha™
Basagran M) after sowing.

Soil preparation of all plots was done according to
traditional methods. Soil tillage was made by plow in
April, 2017. Afterwards, the leveling of the soil was
performed by digging machine equipped with laser.
Embankments have been made in the control
treatments. After these processes in the water

retention barrier applications, the plots were excavated
to a depth of 30 cm with the aid of the bucket (Figure
2). After the water barrier covering material was laid,
the parcels were re-leveled (Figure 3).

Treatments

a) Ponding irrigation (Control/C): In the control
application, irrigation was done according to the
traditional method. The irrigation water in the plot was
filled 1 day before planting in order to reach the

Figure 3. Leveling operations after water retention barriers
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appropriate germination temperature. 5 days after
sowing, the water in the pans was evacuated and thus
the seeds were attached to the soil and their
development was accelerated. Afterwards, the water
depth was 10-15 cm during the trial period. The pans
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were emptied and refilled for the water circulation for
the development of the plants in the pans throughout
the trial. Irrigations were made for a few days during the
trial period. Prior to irrigation, the height of the water in
the pan was measured and the water was completed up
to 15 cm high. The amount of irrigation water to be
applied is given in a controlled manner according to
water meter. In order to make the harvesting
operations easily, water was cut 2 weeks before the
harvest.

b) Subsurface drip irrigation (SDI): The subsurface drip
irrigation pipes were buried 10 cm below the soil
surface. Drip pipes has drippers within pressure
regulators, self-cleaning and anti-siphon. These drippers
have a flow rate of 1.6 L h%, an outer diameter of 17 mm
and a dripper spacing of 0.50 m and pipes were placed
in the soil at 50 cm intervals with a wetting ratio of 1
(Lamm and Camp 2007). One soil moisture sensor was
placed to 10 cm deep to determine moisture of the root
depth effectively and another sensor was placed to 30
cm depth to monitoring water movement in each plot.
Irrigation was carried out so as not to fall below the field
capacity during the planting and fertilization times to
prevent water stress of plants. After irrigation
applications, 20 + 5% of the available water holding
capacity has been made in a way that will bring it back
to the field capacity. The amount of irrigation water to
be applied is given in a controlled manner according to
the water meter.

c¢) Ponding irrigation + water retention barrier
(C+WRB): 1.0 mm thickness polyethylene plastic cover

material used as greenhouse cover material was used as
water retention barrier. The material used was tested in
terms of water permeability in laboratory conditions
and it was found to be completely impermeable. The
WRBs were placed in a depth of 30 cm of the soil surface
after all the edges of the paddy plant were folded up to
20 cm above the effective root depth. Thus, in practice
the drainage is partially blocked. Irrigation is similar to
the control application.

d) Subsurface drip irrigation + water retention barrier
(SDI+WRB): In this treatment, the details of the
irrigation practices were carried out under the heading
of SDI and the detail of the water retention barrier to be
applied was as described under Control + WRB.

Measurements and calculations

Soil moisture

In the monitoring of soil moisture, moisture sensors
(DECAGON) working according to the dielectric principle
and remote-control systems (DEVINT) were used for
computer monitoring of the data to be obtained from
the sensors (Figure 4). The placement of the sensors was
done prior to seed sowing. 20 days prior to the
establishment of the experiment, the soil was saturated
by turning a certain area in the experiment area for the
calibration process. Then, regression equations were
obtained between the soil samples taken at certain
intervals and the sensor values and calibration
equations were obtained. The sensors are placed in the
parcels as described in the experimental part.

Figure 4. Remote monitoring system (EVINT)

Determination of the amount of irrigation water

Irrigation was carried out as described in the
treatments. In the C and C+WRB treatments, the water
height was measured continuously and when the water
level fell below 10 cm, water was given up to 15 cm level
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again. In other treatments, the amount of irrigation
water to be applied was calculated with the help of
Equation 1 (Howell and Meron, 2007). The calculated
irrigation water was given via water meter placed at the
beginning of all parcels.
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I=AWHC xRy x P x A (1)

Where; |: Irrigation water amount (mm), AWHC:
Available water holding capacity up to 25 cm in depth
(determined using moisture sensors) (mm), Ry: Part of
AWHC allowed to be consumed (%20+5), P: Wetted
area ratio (1.0), A: Parcel area (m?)

Water use and irrigation water use efficiency

Water usage values for each subject were calculated as
seasonal. For this purpose, the amount of irrigation
water applied to the treatments was taken into
consideration. Irrigation Water Use Efficiency (IWUE)
values are calculated according to Equation 2 by using
the applied irrigation water quantities and rice grain
yield values. (Hillel and Guron, 1973).

IWUE :YT

(2)

Where, IWUE: Irrigation Water Use Efficiency (kg m™3),
Y: Rice yield (kg dal), I: Irrigation Water Amount (mm).

Yield and yield parameters

Yield (kg da™): Each sub-parcel of the applications was
harvested and yield per decares was calculated from the
grain product cleaned after the blend.

Thousand grain weights (g): In the three separate
samples taken from 1 m?, one thousand grain weight
was calculated as the result of multiplying the averages
with ten.

Plant height (cm): The length of the plant between the
top connection point of the fringe roots and the
inflorescence starting point was measured as the plant
height.

Panicle length (cm): It was determined by measuring
the distance between the top of the panicle and the
bunch of the panicle between 10 plants which were
taken accidentally from the plots in the maturation
stage.

Number of panicle (humber m2): The total number of
panicles detected in 1 m? was determined.
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Grain number per panicle (number panicle?): The
average number of total numbers of ten plants selected
randomly in 1 m? was determined.

Grain length and width (mm): After the separation of
the beak of the rice grains from each parcel, 3
specimens were measured using a caliper tool in 100
samples.

Grain-shaped: The length of the grain is calculated by
proportioning the grain width.

Unbroken kernel ratios (%): During the processing of
the rice, the parts of the grain such as the chunky-fruit
shell (embryo) are separated and the remaining brass
(solid and broken) remains. The unit is determined by
how many units of the whole rice is obtained from the
unit.

Marketable yields (kg da): This parameter was found
by multiplying yields by unbroken kernel ratio

Change in grain vyield (kg da?): (Yieldontror -
Yieldtreatment)/(Yie|dcontro|) x 100

Water saving (%): (Irrigation watercontror - Irrigation
waterireatment)/(Irrigation watercontrol) X 100

Statistical analysis

The difference between the data obtained as a result of
the experiments (p = 0.05) was determined by one-way
analysis of variance (One-Way ANOVA). If the difference
is significant, Duncan test is used to determine the
difference between the treatments. All statistical
evaluations were made by SPSS 20.0 package program.
Also, data from the study were analyzed in R program (R
Development 2014). Covariant / Correlation analysis
was used in BiplotGUI (La Grange et al. 2009) package to
demonstrate the change of the properties according to
irrigation practices.

RESULTS AND DISCUSSION

Total irrigation water amount and irrigation water use
efficiency

Total irrigation water amount (TIWA) and irrigation
water usage efficiency (IWUE) values are shown in
Figure 5. In the mentioned figures, the mean values and
statistical analysis results and the standard error values
are given on the graphs.
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Figure 5. TIWA (a) and IWUE (b) values by treatments

When amount of irrigation water applied to the
treatments is examined, it is seen that the highest water
application is control treatment (C) and the lowest is
SDI+WRB with use of subsurface drip irrigation and
water retention barrier. In addition, difference between
amount of irrigation water applied on all treatments
was statistically significant (Figure 5a). The highest
IWUE value was obtained for SDI+WRB. In the
treatments of water retention barrier applications
(C+WRB and SDI+WRB), irrigation water usage
efficiency values were higher than the treatments (C
and SDI) in which the application was not performed
(Figure 5b). Difference between the treatments was
statistically significant. Our results indicated that WRB
treatment caused significant increase in water use
efficiency of rice.

Yield and yield parameters

Grain yield and yield components (number of panicles,
panicle length, grain number per panicle, thousand
grains weight, plant height, grain length, grain width,
grain-shaped, unbroken kernel ratios) are shown in
Figure 6. As a result of the statistical analysis on the yield
values, it is seen that the C and C+WRB treatments and
SDI and SDI+WRB treatments were in the same group,
namely the difference between these treatments is not
significant (Figure 6a). However, it was determined that
the C treatments were more efficient than the SDI
treatments and this difference was important.
According to these results, it was found that WRB
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application increased the efficiency in both treatments,
but this increase was not statistically significant. Also,
SDI applications significantly reduce rice yield (Figure
6a). It is thought that this is due to weed pressure. At
the end of the harvest 1 m? obtained in the number of
panicles obtained results similar to yield values. The
highest number of panicles was in control and the
lowest in SDI+WRB (Figure 6b). When the panicle length
was compared, the C treatment had the highest value
and the difference between the other treatments was
significant (Figure 6c). The difference between the
treatments in terms of grain number per panicle was
not significant (Figure 6d). The highest value in terms of
thousand grain weights of SDI+WRB. Nevertheless,
there was no difference between the other treatments
except for the control treatment (Figure 6e). Our
findings indicated that remarkable decrease in gran
yield as a result of SDI and SDI+WRB treatments were
mostly caused by decrease in number of panicles in a
unit area instead of panicle number or grain weight of
rice. Reduction in panicle number could be attributed to
less tiller number per plant. Since tiller number is
determined earlier growth stages of rice, alternative
agronomic practices such as lower sowing density and
higher nitrogen application could be suggested to
examine for those application. It was observed that the
highest plant height values were in C+WRB application
and the difference between the application and other
application treatments was statistically significant
(Figure 6f).
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(d), thousand grain weights (e), plant height (f))
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Figure 6. continued (grain lenght (g), grain width (h), grain-shaped (1), unbroken kernel ratios (j))

When the grain length and width are examined
together, it is seen that the lowest values are obtained
at control treatment (Figure 6 g, h). It was determined
that the difference between the grain length and the
other treatments was not statistically significant. In
terms of grain width, C+WRB and SDI treatments
achieved the highest value (Figure 6 g, h). If the grain-
shaped values were inspected, the highest values were
obtained from C and SDI+WRB treatments in contrast to
grain width and the differences of these treatments
were significant compared to other treatments (Figure
61). This difference was not statistically significant even
if there was a difference between the treatments in
unbroken kernel ratios (Figure 6j). Measurements on
physical properties of rice grain revealed that although
slight changes in all alternative treatments relative to
control, grain formation didn’t drastically affect by each
treatment. Therefore, we may suggest that the
treatments which limited water is applied have not
discernible changes during grain filling stage then that
of earlier growth period of rice.

When all yield parameters are evaluated together, it can
be said that C treatments are higher yields compared to
SDI subjects as the reason number of panicles and
panicle length obtained in harvest. Other vyield
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parameters did not have a clear effect on the overall
yield while making differences between the treatments.
In addition, the other parameters directly affecting the
yield, the grain number per panicle and the unbroken
kernel ratios values do not affect the difference
between the treatments. As one of the results of the
study; in the case of SDI applications with little irrigation
water compared to the control subject, although it has
a significant effect on the number of panicles, indirectly,
it does not significantly affect the quality of rice.

Comparison of irrigation water and yield

The yield obtained per decares in rice cultivation is
separated from the shells of the shelled grains as a
result of the processing of the rice. As a result of the
decomposition process, two different yields are
obtained with and without fractures. The 1st and 2nd
broken rice are left to the factories in exchange for
processing fee. The rice produced by the producer from
the factory is the yield value which is found at the rate
of breakage. For this purpose, market efficiency was
calculated within the scope of the study. The yield value
was obtained by multiplying the yield value by the
percentage of the broken rate and the yield value
obtained from the square meter. In other words, it is the
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amount of rice that the producer receives from the
factory per kilogram. As the difference between the
unbroken kernel ratios values was not statistically
significant, market yield values showed a similar trend
as in yield values (Figure7a).

As a result of the study, it was observed that SDI
applications in rice plant significantly increased water
use and affected yield values negatively. On the other
hand, although less irrigation water was used for the
C+WRB where the water retention barrier was applied,
it was seen that it affects the efficiency in a positive way
(Figure 5a, 6a). In order to determine the effects to the
rice of the applied treatments in this study, it is
necessary to compare the decreasing or increasing yield
and water use in other treatments compared to the
control treatment (Figure 7c, d). When the yield values

are examined according to the C, it is seen that the
efficiency and market yield values increased by 7.58%
and 10.85% in the C+WRB application, respectively
(Figure 7b, c). In terms of SDI and SDI+WRB, where
subsurface drip irrigation was applied, the yield and
market yield values were approximately reduced by
50% and 43%, respectively. Compared to the amount of
irrigation water, the situation seems to be reversed. The
highest water saving was achieved in SDI+WRB (69%)
with the SDI application applied to the water retention
barrier (Figure 7d). The effect of water retention barrier
onyield values was not statistically significant, but it was
seen that it was important in terms of total amount of
irrigation water applied. The effect of water retention
barrier on water saving is seen clearly in both different
applications (Figure 7d).
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Figure 7. Marketable yield (a), change of marketable yield (b), yield variation (c), water saving (d)

There are many studies conducted in Turkey and in the
world about ponding, sprinkler and drip irrigation in
rice. In recent years, especially sprinkler and drip
irrigation methods were compared with ponding
irrigation. Many researchers reported that sprinkler
irrigation (Ferguson and Gilmore, 1977; Muirhead et al.,
1989; Surrek et al., 1996; Cakir et al., 1998; Gevrek et al.,
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2009) and drip irrigation systems (Anonymous, 2009;
Tuna, 2012) increased the use of water however the
yield was significantly reduced. However, there are few
studies using subsurface drip irrigation system. In the
studies; Dunn et al. (2004) examined the effects of
different irrigation methods on rice in Australia. In the
study, they applied ponding irrigation, furrow irrigation
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and subsurface drip irrigation in rice and reported that
the highest yield was obtained in the ponding irrigation
and the lowest yield in subsurface drip irrigation was
about 35% vyield loss. Ottis et al. (2006), applied
different doses of nitrogen in 3 different rice cultivars
using subsurface drip irrigation system. According to the
results of the study, they were found that the
subsurface drip irrigation system reduced the water use
by 80%. He et al. (2013) studied the effects on the
performance of rice and water use efficiency of
traditional methods and plastic mulching + drip
irrigation methods. They reported that yield decreased
by 31.76-52.19% while water use efficiency was highest
in drip irrigation. The results obtained in our study were
similar to the other studies.

Relationships among plant traits and grain traits

The statistical analysis (covariance/correlation plot) for
plant and grain traits examined in the study are
presented in Figure 8 and 9, respectively.

NP

ghiP

TGW

@ c [ cwre <>SD| A SDI+WRB

Figure 8. Covariance/correlation plot for plant traits

According to the results of the biplot analysis for plant
traits; C + WRB application in terms of plant height (PH)
value has the highest average (Figure 8). In the SDI
application, the PH value was lower than other
applications. Control treatment in terms of panicle
length (PL) gave higher value than other treatments.
However, thousand grain weight (TGW) in the control
treatment was found to be lower than other
applications. It was observed that there was a high and
negative correlation between panicle length and
thousand grain  weight according to the
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covariance/correlation graph (Figure 8). Also, it was
found that there was a positive and high correlation
between the number of panicles (NP), grain number per
panicle (GNP) and the grain yield (GY) in the unit area.
In terms of these properties, C and C+WRB applications
were found to be higher than SDI and SDI+WRB
applications.
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Figure 9. Covariance/Correlation plot for grain traits

According to the results of biplot analysis for grain traits;
the highest values for grain length (GL), grain weight
(GW) and unbroken kernel ratios (UGR) were obtained
from SDI + WRB treatment. There was a negative
relationship between the control treatment and the
mentioned properties (Figure 9). In the SDI application,
the marketable yield (MY) value was lower than other
applications. It was observed that the highest grain-
shaped (GS) value was obtained in control treatment to
the covariance/correlation graph.

CONCLUSION

It has been observed that water retention barriers and
subsurface drip irrigation applications significantly
affect irrigation water amounts, vyield and vyield
parameters in rice. The highest irrigation water use
efficiency has been found in SDI+WRB. The C+WRB, SDI
and SDI+WRB treatments were 27%, 50% and 69%
water saving to control treatment, respectively. As a
result of the study, when the irrigation water amount,
irrigation water use efficiency, vyield and vyield
parameters are evaluated together; we concluded that
C+WRB application is the best application among the
treatments because it provides 27% water saving,
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causes an increase in yield although not statistically
significant and positively affects the yield parameters.
However, due to meteorological drought in the coming
years, it is foreseen that the reduction of water
resources and especially cultivation of rice, where water
use is high, will be significantly reduced by prohibitions.
In most of these areas, it is estimated that only
cultivation will be allowed with the use of alternative
methods which can save a considerable amount of
water instead of the method of ponding irrigation.
Therefore, even if subsurface drip irrigation system
causes a decrease in efficiency, it can be used in rice
fields due to significant water savings.

Considering the features such as the subsurface drip
irrigation and water retention barriers to be applied in
rice fields for long years in the soil, saving water from
irrigation water, increasing yield and cost, it is thought
that the use of these methods will increase in arid and
semi-arid regions. In addition, it is believed that high
amounts paid for irrigation work will be minimized by
the methods used in this study. Also, it will be saved in
terms of workmanship, fuel-oil and time since there will
be no need to tillage deeply before the season. On the
other hand, studies on new agronomic approaches such
as better sowing density or fertilizer management and
selecting or developing suitable rice varieties should be
performed in order to minimize yield reduction for this
kind of water saving rice production systems.

OzET

Amag: Celtik, bliylime doneminin 6nemli bir béliminde
surekli su altinda veya doygun toprak kosullarinda
yetistirildiginden kaltlr bitkileri arasinda en ¢ok sulama
suyu uygulanan bitkilerden birisidir. Bu calismada, 2017
yilinda Edirne ili, Enez ilcesinde su tutma bariyeri ve
toprakalti damla sulama yontemlerinin hem ayri ayri
hem de birlikte kullaniminin; c¢eltik bitkisinde su
kullanimina, gelisimine, verime ve bazi verim
parametrelerine etkilerinin belirlenmesi amaglanmistir.
Yontemler ve Bulgular: Calismada; Gollendirme
(kontrol), toprakalti damla sulama sistemi (SDI),
goéllendirme+su tutma bariyeri (kontrol+STB) ve SDI+STB
olmak Gzere 4 farkh konu olusturulmustur. SDI toprak
ylzeyinden 10 cm, STB ise 30 cm derinlige
yerlestirilmistir. Sulamalar kontrol ve kontrol+STB
konularinda toprak Uzerinde sirekli 10-15 cm su
ylksekligi  bulunacak sekilde, SDI ve SDI+STB
konularinda ise su stresine maruz birakmadan toprakta
kullanilabilir ~ su  tutma  kapasitesinin ~ %2015’i
tuketildiginde, tarla kapasitesine tamamlanmasi
seklinde yapilmistir. STB ve SDI uygulamalarinin geltik
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bitkisinde sulama suyu, verim ve verim parametrelerini
onemli dizeyde etkiledigi gortlmistir. Konulara gore
verim ve sulama suyu miktarlari sirasiyla 321-715 kg da-
! ve 751-2444 mm arasinda degismistir.

Genel Yorum: Kontrol konularina oranla kontrol+STB,
SDI ve SDI+STB konularinda sirasiyla %27, %50, %69
oraninda su tasarrufu saglanmistir. Buna ragmen,
kontrol konusuna gore verim degerleri incelendiginde,
kontrol+STB konusunda pazarlanabilir verimi degerinin
%10.8 artmis, SDI ve SDI+STB konularinda ise sirasiyla
%48.8 ve %40.7 azalmistir. Calismada kullanilan su
tutma bariyeri ve toprak altt damla sulama
uygulamalarinin, celtik alanlarinda sulama suyu
kullanimini azalttigini géstermistir.

Calismanin Gnemi ve Etkisi: Bu yontemlerin, dzellikle
suyun sinirli veya yetersiz oldugu kurak ve yari kurak
bolgelerde kullanilma potansiyeli oldugu soylenebilir.

Anahtar kelimeler: Toprakalti damla sulama, su tutma
bariyeri, su tasarrufu, celtik, verim
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Aims: In this study, the effects of supplementary feeding during gestation
and lactation period on birth and weaning weights of kids and milk yield of
dams in Kilis goats were investigated.

Methods and Results: In the study, experimental goats were divided into
three groups as control group, short-term feeding (STF) group and long-
term feeding (LTF) group. The control group was kept under breeder’s
management conditions. Supplementary feed of 750 g/head/day were
given to the goats from the last 20 days of gestation to 90 days after birth
in the STF group, and from last 40 days of gestation to the end of lactation
in LTF group. At the end of the experiment, the highest lactation period
was 220.2 days in the LTF group, followed by STF and control groups (P
<0.05). Likewise, in the LTF and STF groups, the lactation milk yield, which
was determined as 466.2 and 426.3 liters respectively, was higher than the
control group (316.4 liters) (P <0.05).

Conclusions: 1t was concluded that supplementary feeding during
gestation and lactation periods caused an increase in milk yield and
lactation length of Kilis goats.

Significance and Impact of the Study: At the end of study, it can be stated
that if supplementary feeding is made during gestation or lactation, milk
yield characteristics of Kilis goats will be improved. Suckling period for the
goats is the period when pasture conditions are good. For this reason, even
in the goats managed only in the pasture, milk yield of mothers is sufficient
for multiple born kids.
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INTRODUCTION

According to the Turkish Statistical Institute data, Hair
goats constitutes approximately 98% of total goat
population that are 10,9 million in Turkey (Anonymous,
2018). Although it is not included in the official statistics,
it is stated by different researchers that there are
approximately 500 thousand heads of Kilis goats in the
country (Gl et al., 2016b; Keskin et al., 2017). Kilis goat,
which is one of the native gene sources of Turkey is
reared extensively in Kilis, Gaziantep, Hatay, Adana and

Mersin provinces (Ozcan, 1989; Keskin et al., 1996; Giil
et al., 2016c; Keskin et al., 2017). Kilis goats, which have
higher milk yield and litter size than Hair goats, have the
advantages of being raised in hot and dry weather
conditions, mountainous and rugged areas, and under
extensive or semi-intensive conditions compared to
breeds of European origin. Many studies have been
conducted to determine and improve milk and fertility
characteristics of Kilis goats (Keskin et al., 1996; Kosum
et al., 2004; Kaymakgl, 2010; Gl et al., 2016b; Keskin et
al., 2017).
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According to our experience in the region where this
goat is reared, Kilis goat breeding has been carried out
depending on the natural conditions as in the Hair goats,
with some minor differences. Some of these differences
are feeding practices in different herds during the last
periods of pregnancy and different periods of lactation
and migration of some breeders to Cukurova region to
feed their animals by evaluating the harvest residues in
summer months due to the narrowing of the grazing
areas in Kilis.

Many researchers have reported that feeding in late
stages of pregnancy or during lactation period on milk
yield and fertility in goats (Ozcan, 1989; Kaya and
Oztiirkcan, 2005). As stated in these studies,
supplementary feeding during these periods s
important for better growth of the fetus, higher birth
and weaning weights and more milk production in
lactation. It is also known that the effect of feeding
practice in the late stages of pregnancy appears more
pronounced, especially in multiple pregnancies.

In this study, the effects of short and long-term
supplementary feeding on the birth and weaning
characteristics of the kids and milk yield characteristics
of dams were investigated in Kilis goats reared under
extensive conditions in Kilis province.

MATERIALS and METHODS

The animal material of the study was consisted of 75
head of primiparous or multiparous Kilis goats and their
kids born in 2017 year with the approval of the Mustafa
Kemal University Ethics Committee(MKUHAYDEK-2016-
6/1). The study was carried out in Kilis province located
between 36.7165 north latitude and 37.1147 east
longitude.

In the study, goats were divided into three groups
(control, STF and LTF) considering their equal ages.
Effects of the ages to the observed data were adjusted
to the means using the additive correction factor
method. Mating was performed under controlled
conditions. In the periods after the mating, the herd
management applied by the breeder in the control group
was followed without any changes. In the short-term
feeding group (STF), each goat was given daily 750 g
concentrate (170-180 g crude protein, 2600 kcal ME per
kg dry matter) in addition to pasture, starting from the
last 20 days of pregnancy until the 90" days after birth.
Goats in long term feeding group (LTF) were given daily
750 g/goat the concentrate during lactation starting
from the last 40 days of pregnancy. Routine vaccines and
internal and external parasitic medication were applied
to the goats. Birth type, sex of kids, number of mating
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goats, number of infertile goats, birth weight and
weaning (60" day) weight were determined as the birth
characteristics in all groups. Kidding rate, kid yield by
mated goats, kid yield by goats giving birth, survival rate
and single, twin and triple birth rates were calculated
using the formulas reported by Ozcan (1989). The milk
controls were made at 28 days intervals from birth in
order to determine lactation milk yield and length. The
calculation of milk yield was made according to the AT
method of ICAR (The International Committee for
Animal Recording), which was also given in Keskin
(2000). Fleischman (Trapez Il) method was used to
calculate lactation milk yields for each goat. The Oneway
Anova test and DUNCAN test were used for statistical
analysis in SPSS Packet Program (Version 22.00, SPSS,
IBM, NY, USA).

RESULTS and DISCUSSION

Different fertility characteristics of Kilis goats are given
in Table 1. As seen in this table, litter sizes that was
number of kids per number of goats joined by bucks for
the control, STF and LTF groups were calculated as
132.0%, 144%, 164%, respectively. While the single birth
rate was 54.5% in the control group, it was calculated as
48.0% and 33.3% in the LTF and STF groups, respectively.
As average of all groups, birth rate, kid yield by mated
goats, kid yield by goats giving birth, survival rate and
multiple birth rate were detected as 90.7%, 146.7%,
161.8%, 91.8% and 54.4%, respectively. Feeding
practices during the mating period may have effect on
these properties. However, there was no statistical
comparison between the groups since the different
feeding practices to the groups were applied after the
last 20*" and 40" days of pregnancy in the current study.
The reproductive characteristics determined in the study
were higher than the values reported by Keskin and
Tliney (2015). On the other hand they were similar to the
values reported by Keskin et al. (1996), Gul et al.
(20164a,b) and Keskin et al. (2017) for the same breed.
In the study, the effects of different feeding practices on
birth and weaning weights of Kilis goats are given in
Table 2. As seen in this table, birth and weaning weights
were similar in control, STF and LTF groups. However, it
was determined that sex of the kids affected birth and
weaning weight. Male kids were heavier than female
kids at both birth and weaning (P <0.05). It was also
determined that the birth weights of triplets were lower
than twins and singles (P <0.05). The average birth and
weaning weights of the kids were calculated as 4.4 £ 0.06
kg and 12.7 £ 0.23 kg, respectively.
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Table 1. Some reproductive traits of experimental goats (%)

Traits STF LTF Control Total
Kidding rate 84.0 100.0 88.0 90.7
Kid yield by mated goats 144.0 164.0 132.0 146.7
Kid yield by goats giving birth 171.4 164.0 150.0 161.8
Survival rate 97.2 90.2 87.9 91.8
Single birth rate 33.3 48.0 54.5 45.6
Twin birth rate 61.9 40.0 40.9 47.1
Triple birth rate 4.8 12.0 4.6 7.3

Different feeding practices had no effect on the birth and
weaning weights of the kids (Table 2). This may be due
to the fact that the number of single-born kids in the
control group is higher than the other two groups, even
by chance. However, the fact that the birth weight was
lower in triplets showed that the nutrients given to the
dams fed during gestation were insufficient for three
fetuses to gain enough live weight. Similar effect of birth
type on birth weight in Kilis goat was also reported by
Keskin et al. (1996). It was also seen in the same table
that this effect of birth type on the kids’ body weight
disappears during the weaning period. This is due to the
fact that the milk yield of Kilis goats is sufficient to raise
the multiple born kids, even in the control group (Table

Table 2. Birth and weaning weight (kg) of the kids (x £ s.e.)

3). The period when the milk yield rises after birth and
peak coincides with the months when the pasture
conditions are good due to the rains in the region.
Therefore, even if the breeders do not feed additionally,
goats’ milk production is sufficient for the growth of the
kids. For this reason, the important effect of birth type
on birth weight disappeared during the weaning period
since multiple born kids in all groups were fed well
during the period of suckling. This situation is compatible
with the effect of gender on birth and weaning weight,
as stated by many researchers (Al-Shaikh and Mogawer,
2001; Kaya and Oztiirkcan, 2005; Keskin et al., 2017;
Nugroho et al., 2018).

Birth weight Weaning weight
Feeding application groups
STF 4.6+0.10 12.610.47
(n=36) (n=35)
LTF 4.3+0.09 12.5+0.37
(n=41) (n=36)
Control 4.240.13 13.240.33
(n=33) (n=29)
P >0.05 >0.05
Sex
Male 4.5+0.09 13.710.27
(n=55) (n=49)
Female 4.2+0.08 11.8+0.32
(n=55) (n=51)
P <0.05 <0.05
Birth type
Single 4.410.14° 12.6+0.49
(n=31) (n=24)
Twin 4.4+0.08° 12.940.30
(n=64) (n=62)
Triplet 3.9+0.15° 12.4+0.57
(n=15) (n=14)
P <0.05 >0.05
Total
4.4+0.06 12.740.23
(n=110) (n=100)

P, statistical significance; a, b, c, different superscripts in same column indicate statistically different groups.
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Table 3. Lactation milk yield and lactation length of the groups (x £ s.e.)

Groups Lactation milk yield (1) Lactation length (days)

STF 426.3+20.96° 210.1+2.05°
(n=21) (n=21)

LTF 466.2+19.59° 220.2+2.03?
(n=25) (n=25)

Control 316.4+16.76° 194.4+2.05¢
(n=22) (n=22)

P <0.05 <0.05

P, statistical significance; a, b, c, different superscripts in same column indicate statistically different groups

As can be seen from Table 3, the highest lactation length
was calculated for the LTF group with 220.2 days,
followed by STF and control groups (P <0.05). Similarly,
the lactation milk yields, which were determined as
466.2 for LTF group and 426.3 liters for STF group were
higher than the control group (316.4 liters; P <0.05). In
other words, both lactation length and lactation milk
yield were affected by additional feeding. These results
regarding the lactation characteristics were in
agreement with the reports of Kaya and Oztiirkcan
(2005) which indicated that feeding had a positive effect
on lactation time and lactation milk yield. In addition, the
milk yield characteristics obtained in the current study
were compatible with the reports of different
researchers (Gl ve ark., 2016b; Keskin ve ark., 2017).

CONCLUSIONS

In this study carried out with Kilis goats to investigate the
effect of supplementary feeding on the growth of kids
and some lactation traits, it was concluded that (a)
supplementary feeding practices during the last 20 or 40
days of gestation did not affect on the birth weight, (b)
both sex and birth type affected birth weight, (c) the
effect of birth type disappeared in the weaning because
the milk yield of the dams was sufficient for the growth
of the kids, (d) supplementary feeding during the first 90
days or whole lactation increased lactation length and
milk yield.

OzET

Amag¢: Bu calismada Kilis kecilerinde, gebelik ve
laktasyon donemlerinde ek yemleme uygulamalarinin
dogum ve siltten kesim agirliklari ile analarin st
verimleri Gzerine etkileri arastirilmistir.

Yéntem ve Bulgular Bu projede deneme materyali
keciler kontrol, kisa siireli besleme ve uzun sireli
besleme gruplari olarak (g gruba ayrilmislardir. Kontrol
grubu yetistirici kosullarinda yonetilmistir. Kisa donem
besleme grubunda gebeligin son 20 glnlnden
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baslayarak dogum sonrasi 90. gline kadar, uzun sureli
besleme grubunda ise gebeligin son 40 giniinden
baslayarak laktasyon siresince kecilere glinde 750 g/bas
kesif yem verilmistir. Deneme sonunda en yiksek
laktasyon silresi 220.2 giin olarak uzun sireli besleme
grubunda olmus bunu kisa sireli besleme grubu ve
kontrol grubu takip etmistir (P <0.05). Benzer sekilde
uzun siireli ve kisa sireli besleme gruplarinda laktasyon
sut verimleri sirasi ile 466.2 ve 426.3 litre olarak
belirlenmis ve kontrol grubundan (316.4 litre) daha
ylksek olmustur (P <0.05).

Genel Yorum: Calismada gebelik ve laktasyon
donemlerinde ek yemleme uygulamalarinin laktasyon
suresi ve st veriminde artisa neden oldugu sonucuna
varilmistir.

Calismanin Onemi ve Etkisi: Bu calisma sonunda Kilis
kecilerinde gebelik ve laktasyon doénemlerinde ek
yemleme vyapilirsa kegilerin st verim o6zelliklerinin
iyilesecegini gdstermektedir. Bolgedeki oglaklar igin siit
emme donemi mera sartlarinin iyi oldugu zaman
dilimindedir. Bu nedenle, hayvanlar sadece merada
yonetilseler dahi, annelerin sit verimleri ¢oguz dogan
oglaklar icin yeterli olmaktadir.

Anahtar Kelimeler: Ek yemleme, oglak gelisimi, st.
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Farkli temel besin ortami, sitokinin ve oksin kombinasyonlari, katilastirici tipi ve 6n soguk
uygulamalarinin ekmeklik bugday (Triticum aestivum L.) gesitlerinin anter kiiltiiriinde
embriyonik kallus ve siirgiin olusumu lizerine etkileri
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Aims: The aim of this study was to reveal different basal nutrient media,
solidification types and pre-cold effects on high frequency compact
embryogenic callus formation and shoot regeneration of Turkish bread
wheat genotypes.

Methods and Results: Tosunbey, Demir-2000 and Bayraktar-2000 bread
wheat varieties were used in this study. The anthers of the varities were
pre-chilled at 4 ° C for 0, 4 and 7 days, then, were cultivated different callus
induction medium containing different basal media (MS, Ns and Bs) with
liquid, agar-solidified or gelrite solidified.

Conclusions: According to the results; the best calli induction (14%) was
obtained from the anthers kept on at 4 °C for 7 days on Ne basal liquid
medium from Tosunbey variety. While the pre-cold treatment time had
positive effects on embryonic callus formation and liquid nutrient media
positively affected calli development in Tosunbey and Demir 2000
varieties. Also, Ns basal medium was more effective on embriyogenic
callus formation in Tosunbey than other basal media. Developed anthers
with calli were transferred to Murashige and Skoog (MS) medium
supplemented with combinations BAP, KIN, NAA and IBA.

Significance and Impact of the Study: According to the results; the highest
shoot regeneration capacity (7.5%) was also determined on MS medium
containing 2 mg L't KIN and 0.50 mg L' NAA; 2 mg L'* KIN and 0.50 mg L*
IBA from the Tosunbey variety.

Atif / Citation: Uranbey S, Akdogan G, Ahmed HAA, Caliskan M (2020) Farkli temel besin ortami, sitokinin ve oksin
kombinasyonlari, katilastirici tipi ve 6n soguk uygulamalarinin ekmeklik bugday (Triticum aestivum L.)
cesitlerinin anter kiiltiirinde embriyonik kallus ve siirglin olusumu Uzerine etkileri. MKU. Tar. Bil. Derg.

25(2) : 127-137. DOI: 10.37908/mkutbd.686209

GiRiS

Ekmeklik bugday (Triticum aestivum L.) da pek ¢ok klltiir
bitkisinde oldugu gibi uygun yetisme kosullarinda, gesit
ozelligine bagli genetik yapinin verim ve kaliteye etkisinin
yliksek oldugu tirlerden biridir. Bugday veriminin

artirlmasinda en 6nemli faktorlerden birisi de verim
potansiyeli yiliksek cesitlerin kullanilmasidir. Bolge
ekolojilerine iyi uyum saglamis, hastalik ve zararllara
dayanikli, kuraklik, soguk ve tuzluluk gibi stres
faktorlerine toleransli ¢esitlere her zaman ihtiyag vardir.
Klasik bitki islahinda tir i¢i ve disi melezlemelerde uzun
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zaman ve isglcl gereksinimi, melezlemede yasanan
sorunlar, genetik baghhk ve gen kaynaklarinin
kullaniminda engellerin asilmasinda modern molekdiler
islah tekniklerine basvurulmaktadir. Cesitlere ait farkli
ozelliklerin  haritalanmasi  ve bu 0zelliklerine ait
molekiler markoér gelistirme galismalarinda durulmus
katlanmis haploid populasyonlarin  gelistiriimesine
ihtiyag vardir. Molekiler islah yontemlerin klasik bitki
Islahi programlarina entegrasyonu son derece dnemlidir.
Genetik saflagtirma isleminin, kisa bir silirede
yapilabildigi, hibrit ¢esit i1slahi programlarinda zaman
yonlinden oOnemli kazang saglanabilmesi igin etkin
haplodizasyon tekniginin gelistirilmesi son derece
onemlidir (Demarly ve Sibi, 1989). Yapilan pek ¢ok
calismada ekmeklik bugdaylarda yiliksek oranda kallus,
embriyogenik kallus ve bitki rejenerasyonu Uzerine
genotip, besin ortami, 6n soguk uygulamasi, donor
bitkilerin yetistirildigi cevre kosullan ve karbonhidrat
kaynaginin etkili oldugu cok sayida yerli ve yabanci
arastirmaci tarafindan belirlenmistir (Gurel ve ark., 1993;
Gu ve Liang, 1997; Hansen ve Andersen, 1998; Boliik ve
Dagustii, 2003; Patel ve ark., 2004; Kim ve Baenziger,
2005; Ahmet ve Adak, 2007; Abdallah ve ark., 2012;
Lantos ve ark., 2013; Asif ve ark., 2014). Bugdayda anter
kaltirinde baslangic embriyonik kallus gelistirme
ortaminda ¢ok farklh temel besin ortamlari kullaniimistir
(Wang ve Chen, 1986; Patel ve ark., 2004; Tuvesson ve
ark., 2000; Niu ve ark., 2014). Ayrica farkh katilastirici tipi
ve 6n soguk uygulamalari kullanilarak genotipe 06zgu
protokoller rapor edilmistir (Najia ve ark., 1997; Gu ve
Liang, 1997; Saidi ve ark., 1997; Redha ve ark., 2000;
Jauhar ve ark., 2009). Bugday bitkisinde haploid ve
double haploid tekniginde ¢ok sayida protokol
gelistirilmis olup, (Liu ve ark., 2002; Patel ve ark., 2004;
Kim ve Baenziger, 2005) bitki blylime dizenleticileri
anter ya da mikrospor kiiltliriinde son derece 6nemlidir.
Uygun bir oksin-sitokinin dengesi saglandigi takdirde
bugday mikrosporlarinin farkl tepkiler verebildigi
bilinmektedir. Farkli arastiricilar tarafindan bugdayda
mikrospor kiltliriinde sirglin olusumunu tesvik etme
amaci ile biririnden farkl oksin/sitokinin
kombinasyonlari kullanilmistir (Gu ve Liang., 1997,
Hansen ve Andersen, 1998; Tuvesson ve ark., 2000;
Abdallah ve ark., 2012; Lantos ve ark., 2013; Asif ve ark.,
2014). Bu calismada da Ulkemizde yetistirilen 6nemli
ekmeklik bugday genotiplerinde, vyiksek frekansta
kompakt embriyogenik kallus ve slrglin olusumu igin
temel besin ortamlari, katilastirici tipi ve 6n soguk
uygulamalarini ile oksin ve sitokin konsantasyonu ve
kombnasyonlarinin etkilerinin belirlenmesi
amaglanmistir.
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MATERYAL ve YONTEM

Bitki materyali

Calismada materyal olarak, Tarla Bitkileri Merkez
Arastirma Enstitlsii (TARM) tarafindan islah edilmis olan
ve 2004 yilinda tescil ettirilen ayni zamanda kalite
ozellikleri bakimindan degerli bir ¢esit olan Tosunbey ile
2000 yilinda tescil ettirilen Demir 2000 ve Bayraktar 2000
cesitleri kullanilmistir.

Anterlerin izolasyonu ve 6n soguk uygulamasi

Demir 2000, Tosunbey ve Bayraktar 2000 cesitlerinde
(Anterlerin yaprak kinindan ¢ikmadigi ya da az miktarda
ciktigi mikrospor c¢ekirdek donemi) en Ustten ikinci
bogum arasinin ortasindan kesilerek alinmistir. Bir
demet haline getirilen basaklar, su dolu bir beher
icerisine konmus ve aliiminyum folyo ile sarilmistir.
Hazirlanan bu ornekler 4 ve 7 giin siireyle 4 °C'de 6n
soguk uygulamasina tabi tutulmustur.

Anterlerin sterilizasyonu

Seradan toplanan basaklar steril kabin icerisinde % 70’lik
etil alkol icerisinde 5 dk steril edilmis, daha sonra 3 kez
steril saf su ile durulanmistir. Tarladan toplanan
basakgiklar ise % 50’lik gamasir suyu icerisinde (% 5’lik
sodyum hipoklorit iceren) 5 dakika bekletilerek 3 kez
steril saf su ile tekrar durulanmistir. Daha sonra kabin
icerisinde % 70’lik etil alkol igerisinde 1-2 dk steril edilmis
ve 3 defa daha steril saf su ile durulanmistir. Basakgik
icerisinde bulunan anterler pens yardimiyla gikarilarak
besin ortamina yerlestirilmistir. Anterler G¢ farkh gelisme
doénemine ayrilmis, basaklarin yaprak kinindan gikmadigl
veya en fazla % 20’ye kadar ¢iktigi donem alinmistir (Sekil
1.).

Embriyogenik kallus tesviki

Yiizey sterilizasyonuna tabi tutulan anterler, kallus
olusturma ortamina aktarilmistir. Kallus olusturma temel
besin ortami olarak, MS, Bs ve Ng mineralleri ve
vitaminleri kullaniimistir. Anterlerin tamami 10 gin
boyunca sivi kallus tesvik baslangic ortaminda (KTBO)
(MS mineral ve vitaminleri veya Bs mineral ve vitaminleri
veya Ng mineral ve vitaminleri ve 0.5 mg L Pikloram, 2.0
mg L 2,4-D, 100 mg L Kazein, 20 g L't sukroz, 1.2 g Lt
Proline ) kiiltire alinmistir. 10 glin sonra anterler alinarak
hangi temel besin ortami iceren kallus baslangi¢ tesvik
ortaminda muamele edilmis ise, ayni temel besin
ortamini iceren ancak modifiye edilmis, sivi, agar ile yari
katilastiriimis ve gelrite ile yari katilastirilmis kallus tesvik
ortamlarina aktarilmis olup kallus Uzerinde adventif
surglinler olustuktan sonra koklendirilirmistir. (Cizelge
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1). Anterler, 26-28 °C de karanlikta, 8-14 hafta sire ile
inkibasyona alinmistir.

Sekil 1. Anterlerin izolasyonu ve dénemsel olarak gruplandiriimasi a) Anterlerin yaprak kinindan % 60-80 arasinda ¢iktigi
b) Anterlerin yaprak kinindan % 30-50 arasinda ¢iktigi donem c) Anterlerin yaprak kinindan ¢ikmadigi veya % 20’ye
kadar ciktigi dénem

Figure 1. Isolation and devolepment stage of anthers a) The first stage when the anthers emerge from the leaf sheath
between 60-80% b) The second stage when the anthers emerge from the leaf sheath between 30-50% c) The third stage
when the anthers emerge from leaf sheath up to 20%

Cizelge 1. Anter kiltiirt calismalarindan elde edilen kallus olusumu icin hazirlanan besin ortamlari
Table 1. Callus induction media used in anthers culture studies

Embriyonk kallus Temel besin ortami  Oksin  ve oksin analoglar, karbonhidrat Katilastirici tipi
ortami kaynaklari
-1 _ -1 : -1
Kallus tesvik ortami MS mineral ve 2.0 mg'L 24D, 500_1mg L. Kazein, 5010 me L
. . ) Glutamine, 200 mg L™ manitol, 40 g L™ sukroz, Sivi
(KTO) M, vitaminleri 1.2 g L Proline
2. Lt 2,4-D Lt i Lt
Kallus tesvik ortami MS mineral ve 0 mg. 4D, 500_1mg . Kazein, 5010 me 4
L Glutamine, 200 mg L™ manitol, 40 g L™ sukroz, 4glL™* agar
(KTO) M, vitaminleri 1.2 g " Proline
2. L 2,4-D L Kazei L
Kallus tesvik ortami MS mineral ve 0 mg. 4D, 500_1mg . Kazein, 5010 me 4 .
. . ) Glutamine, 200 mg L™* manitol, 40 g L™ sukroz, 1.25gL™ gelrite
(KTO) M3 vitaminleri 1.2 g " Proline
2. Lt 2,4-D Lt i Lt
Kallus tesvik ortami Bs mineral ve 0 mg. 4D, 500_1mg . Kazein, 5010 me
L Glutamine, 200 mg L™ manitol, 40 g L™ sukroz, Sivi
(KTO) B, vitaminleri 1.2 gL Proline
1 _ -1 ; -1
Kallus tesvik ortami Bs mineral ve 2.0 mg'L 2/4D, 500_1mg L. Kazein, 5010 me L 1
e Glutamine, 200 mg L™ manitol, 40 g L™ sukroz, 4glL™* agar
(KTO) B, vitaminleri 1.2 gL Proline
-1 _ 1 ; -1
Kallus tesvik ortami Bs mineral ve 2.0 mg'L 2/4D, 500_1mg L. Kazein, 5010 mg L 4 .
e Glutamine, 200 mg L™ manitol, 40 g L™ sukroz, 1.25gL™* gelrite
(KTO) Bs vitaminleri 1.2 gL Proline
-1 _ 1 ; -1
Kallus tesvik ortami N¢ mineral ve 2.0 mg'L 24D, 500_1mg L. Kazein, 5010 me L
. . . Glutamine, 200 mg L™ manitol, 40 g L* sukroz, Sivi
(KTO) N4 vitaminleri 1.2 gL Proline
-1 _ -1 ; -1
Kallus tesvik ortami N¢ mineral ve 2.0 mg.L 24D, 500_1mg L, Kazetn, 5010 me L 4
. . . Glutamine, 200 mg L™* manitol, 40 g L™ sukroz, 4 gl "'agar
(KTO) N, vitaminleri 1.2g " Proline
-1 _ -1 ; -1
Kallus tesvik ortami N¢ mineral ve 2.0 mg L" 2,4-D, 500 mg L Kazein, 500 mg L

(KTO) N3

vitaminleri

Glutamine, 200 mg L manitol, 40 g L sukroz,
1.2 gL Proline

1.25g L? gelrite

129


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 127-137

Arastirma Makalesi / Research Article

Adventif siirgiin olusumu tesviki: Kallus tesvik ortaminda
7 gin sireyle sogukta muhafaza edilen anterlerden
kallus Gzerinde olusan 1-2 mm c¢apindaki embriyoidler
iceren anterler ile kallus olusturmayan anterler asagidaki
Sirgiin gelisim ortamina (SGO) aktarilmistir.

Siirgiin gelisim ortami (SGO): MS mineralleri ve
vitaminleri (1.0-2.0 mg L™ BAP ve 1.0-2.0 mg L Kinetin
+(0.25-0.50 mg L™ IBA ve NAA), % 2 sukroz ve 7 g L' agar
iceren besin ortamindan meydana gelmistir.

istatistiki analiz

Denemeler, tesadif parselleri ve tesadif bloklarinda
bollinmis parseller deneme desenine gore kurulmus
olup, her muamele icerisinde 100 adet anterin
bulundugu 4 tekerrirli 50x50 mm’lik petri kutularindan
olusmustur. Elde edilen verilere Diizglines ve ark. (1983)
tarafindan bildirildigi sekilde varyans analizi ve Duncan
testi uygulanmistir. Yizde degerler istatistiki analizden
once agl degerlerine donustlrilmis (Snedecor ve
Cochran, 1967) ve tum istatistiki analizler, MSTAT-C
bilgisayar programi kullanilarak yapilmistir.

BULGULAR ve TARTISMA

Tosunbey cesidi anterlerinin in vitro’da kiiltiire alinmasi
ve embriyonik kallus olusumu

Genel olarak denenen tiim ortamlarda anterlerin
etrafinda kiltire alindiktan 8-14 hafta sonra kallus

olusumu baslamis, 14 ila 18. haftadan sonra kallus
biyukliklerinin bariz bir sekilde arttigi gértlmustir. Tim
ortamlarda kallus biiytkliikleri bakimindan da bir farklilik
gozlenmemistir. Farkli temel besin ortamlarinin ve 6n
soguk uygulamasinin kallus olusumu Uzerine etkilerine
iliskin varyans analiz sonuglarina gore, farkh besin
ortamlari ve 6n soguk uygulamasi, kallus olusturan anter
orani %1 (P <0.01) dizeyinde o6nemli bulunmustur.
Ayrica farkl temel besin ortamlari x 6n soguk uygulamasi
intreaksiyonu, kallus olusumu (izerine etkileri de %1 (P
<0.01) dizeyinde 6nemlidir. Calismada kullanilan tim
besin ortamlari ve 6n soguk muamelelerinde ortalama
kallus orani % 0-14 arasinda degismistir (Cizelge 2).
Anterlerinin oran olarak bilyik bir kisminin kallus
olusturmadigi gozlemlenmistir. Anter eksplantlari
yakindan incelendiginde (binokiler altinda bakilarak), alt
dis kavuz ya da disicik tepesinin anter izolasyonu
sirasinda besin ortamina karistigi ve bu parcaciklarin
kallus olusturdugu gozlenmis olup, bu eksplantlar
ortamdan uzaklastirilmistir. En yiiksek kallus olusturan
anter orani % 14 ile KTO (Nj) besin ortamindan 7 giin
sireyle sogukta muhafaza edilen anterlerden elde
edilmigtir. En dislk kallus oraniise % 0 ile KTO (M), KTO
(M2), KTO (Ms), KTO (Bs), KTO (N2), KTO (Ns) besin
ortamlarinda higbir 6n soguk muamelesi uygulamayan
anterler ile KTO (B;) ortaminda 7 giin siireyle 6n soguk
uygulanan anterlerden elde edilmistir.

Cizelge 2. Farkh kallus tesvik ortamlari (KTO) ve 6n soguk uygulamalarinin Tosunbey ¢esidinde kallus olusumu Uzerine

etkileri (%)

Table 2. Effects of different callus induction media and pre-cold treatments on callus formation in Tosunbey variety (%)

On soguk uygulamasi (giin)

Besin Ortamlari 0 4 2 Ortalama
KTO (M) 4.0 b-g 2.0 b-i 5.5 b-e 3.8a
KTO (M,) 0.01 0.5 hi 4.0 b-h 15b
KTO (M;3) 0.01 1.0 ghi 0.5 hi 05b
KTO (B1) 2.0 d-1 6.5 a-d 5.5 b-f 4.7 a
KTO (B,) 0.01 1.0 f-1 0.01 0.3b
KTO (Bs) 0.01 1.0 1.5 e-l 0.8b
KTO (N1) 0.5hi 4.0 b-h 14 a 6.2a
KTO (N2) 0.01 1.5 f- 3.5c 1.7b
KTO (N3) 0.01 8.0ab 8.0ab 5.3a
Ortalama 0.7b 2.8a 4.7a

LSD % 5 Besin ortamlari = 4.864; LSD % 5 6n soguk uygulamasi = 2.808; LSD % 5 interaksiyon = 8.425

Besin ortamlari icinde en yliksek kallus olusturan anter
orani % 6.2 ile KTO (N1) sivi besin ortami 6ne gikarken, 4
ve 7 gilnlik 6n soguk uygulamasinin istatistiki olarak
onemli derecede kallus oranini artirdigi saptanmistir
(Sekil 2.a.). En iyi embriyogenik kallus ortami ve
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sartlarinda gelisen embriyonik kalluslarda SGO alindiktan
yaklasik 4-6 hafta sonra sirglin uglari gorilmeye
baslanmis olup, sirginler gelisinceye kadar SGO’da
birakilmistir (Sekil 2.d.). SGO ortamina alindiktan yaklasik
14 hafta sonra sirglnlerin uzadigr goralmastir (Sekil
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2.f). Farkli hormon konsantrasyonlarinin, siirglin
rejenerasyonu orani, Uzerine etkileri 0.01 dizeyinde
istatistiki olarak 6énemli bulunmustur. Farkh BAP, KIN,
NAA ve IBA konsantrasyonlarinin slirglin rejenerasyonu
Uzerinde ©Onem dizeyini belirleyebilmek amaciyla
kullanilan tim ortamlarin arasinda Duncan testi yapilmis
ve sonuglar Cizelge 3’te verilmistir. (Cizelge 3)’'te de
gorualdigla gibi, surgln rejenerasyon orani (slirgiin
olusturan anter orani), % 00.00-.7.5 arasinda degismistir.

En yiksek siirgiin rejenerasyon orani (% 7.5) 2 mg L1 KIN
ve 0.50 mg L NAA, 2 mg L KIN ve 0.50 mg L IBA, en
disuk stirglin rejenerasyon orani ise (% 0.00) 1.0 mg L?
BAP + 0.25 mg L* NAA; 1.0 mg L'* BAP + 0.25 mg L IBA;
1.0 mg LT KIN + 0.25 mg L! NAA iceren MS besin
ortamindan alinmistir.  Besin  ortamlari,  siirglin
rejenerasyonu bakimindan, 0.01 dizeyinde 3 grup
icerisinde yer almislardir.

Cizelge 3. Farkh biylme dizenleyici konsantrasyon ve kombinasyonlarinin Tosunbey cesidi anterlerinde sirgin

olusumu Uzerine etkileri

Table 3. Effects of different growth regulators concentrations and combinations on shoot formation in Tosunbey variety

Biyume diizenleyicileri (mg L?)

Sirgln olusturan anter orani (%)

BAP Kinetin NAA IBA

1.0 - 0.25 - 0.0
2.0 - 0.50 - 0.0
1.0 - - 0.25 0.0
2.0 - - 0.50 7.5a
- 1.0 0.25 - 00c
- 2.0 0.50 - 7.5a
- 1.0 - 0.25 25b
- 2.0 - 0.50 25b

LSD%5=9.444

Demir-2000 c¢esidi anterlerinin in vitro’da kiiltiire
alinmasi ve embriyonik kallus olusumu

Denenen tiim ortamlarda anterlerin etrafinda kiltiire
alindiktan 6-12 hafta sonra kallus olusumu baslamis, 12
ila 16. haftadan sonra kallus buytkliklerinin bariz bir
sekilde arttigi goéralmustlr. Calismada kullanilan tim
besin ortamlari ve 6n soguk muamelelerinde ortalama
kallus orani % 0-8 arasinda degismistir (Cizelge 4). Tim
ortamlarda kallus biyuklikleri bakimindan da bir farklilik
gozlenmemistir. Tosunbey ve Bayraktar-2000 ¢esidi ile
karsilastirildiginda Demir-2000 cesidinde daha hizli ve
daha kompakt kallus olusumu gézlenmistir (Sekil 2.b.).
Farklh temel besin ortamlarinin ve 0n soguk
uygulamasinin kallus olusumu Uzerine etkilerine iliskin
varyans analiz sonuglarina gore, farkli besin ortamlari ve
on soguk uygulamasi, kallus olusturan anter orani %1 (P
<0.01) diizeyinde o6nemli bulunmustur. Ayrica farkh
temel besin ortamlart X 06n soguk uygulamasi
intreaksiyonu, kallus olusumu Uzerine etkileri de %1 (P
<0.01) duzeyinde 6nemlidir.

En yiksek kallus olusturan anter orani % 8 ile KTO (B1)
besin ortamindan 7 giin siireyle sogukta muhafaza edilen
anterlerden elde edilmistir. Buna karsin, on soguk
muamelesi uygulanmadan M;, M,, M3, B3, N, ve Nskallus
tesvik edici ortamlarda kiiltlire alinan anterlerde, 4 giin
slireyle 6n soguk muamelesi uygulanan ve M5, M3, By, B,
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Bs, N2 ve Nskallus tesvik edici ortamlarda kdltiire alinan
anterler ile 7 giin stireyle 6n soguk muamelesi uygulanan
ve N; Kkallus tesvik edici ortamda kiltiire alinan
anterlerde kallus gelisimi gozlemlenememistir. Besin
ortamlariicinde en yiiksek kallus olusturan anter oranlari
sivi (M1, B; ve Ni) besin ortamlarindan elde edilirken, 7
glnlik 6n soguk ortalamasinin istatistiki olarak kallus

oranini artirdigl  saptanmistir  (Sekil 2.c.). En iyi
embriyogenik kallus ortami ve sartlarinda gelisen
embriyonik kalluslarda strgiin  olusumu baslayip

surglinler gelisinceye kadar SGO da birakilarak 3 haftada
bir besin ortami yenilenmistir. Kallus olusturan ve
olusturmayan anterler her muamele igerisinde 100 adet
anterin bulundugu 4 tekerrlrli 90x90 ml’lik petri
kutularina alinmistir. Elde edilen verilere Diizglines ve
ark. (1983) tarafindan bildirildigi sekilde varyans analizi
ve Duncan testi uygulanmistir. Embriyogenik kalluslarda
SGO'’ya alindiktan yaklasik 4-5 hafta sonra stirgin uglari
goziikmeye baslamis olup, strglinler gelisinceye kadar
SGO’da birakilmistir  (Sekil 2.e.). Farkli hormon
konsantrasyonlarinin, sirglin  rejenerasyonu orani
lizerine etkileri 0.01 diizeyinde istatistiki olarak dnemli
bulunmustur.  Farkli  BAP, KIN, NAA ve IBA
konsantrasyonlarinin slirglin rejenerasyonu Uzerinde
onem dlzeyini belirleyebilmek amaciyla kullanilan tim
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ortamlarda, Duncan testi yapilmis ve sonuclar (Cizelge
5)’te verilmistir.

Sekil 2. Bugday cesitlerinde embriyonik kallus ve siirglin olusumu a) Kiltir baslangicindan 8-10 hafta sonra Tosunbey
cesidinde kallus olusumu b) Kdiltiir baslangicindan 8-10 hafta sonra Demir-2000 ¢esidinde kallus oluisumu c) Bayraktar-
2000 cesidi anterleri Gizerinde embriyonik/kompakt kallus olusumu d) Tosunbey cesidinde Embriyogenik kalluslarin
SGO'’ya alindiktan yaklasik 6 hafta sonra sirgiin uglarinin gériilmeye baslamasi e) Demir-2000 c¢esidinde embriyogenik
kalluslar SGO’ya alindiktan yaklasik 4-5 hafta sonra sirglin uglarinin gérilmeye baslamasi f) Tosunbey cesidinde
embriyonik kalluslar SGO’ya alindiktan yaklasik 12 hafta sonra sirglinlerin uzamasi

Figure 2. Embryogenic callus clusters and shoot formation in the wheat varieties a) callus formation in Tosunbey variety
after 8-10 weeks culture initiation b) Callus formation in Demir-2000 variety after 8-10 weeks culture initiation c)
Embryonic/compact callus formation in Bayraktar-2000 variety d) Apperance of shoot tips in Tosunbey variety about 6
weeks later after embryogenic calli are transferred the shoot induction medium e) Apperance of shoot tips in Demir-
2000 variety after 4-5 weeks embryogenic calli are transferred the shoot induction medium f) Extension of the
adventitious shoots in Tosunbey variety approximately after 12 weeks embryonic calli were transferred to the shoot
induction medium
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Cizelge 4. Farkh kallus tesvik ortamlari (KTO) ve 6n soguk uygulamalarinin Demir-2000 gesidinde kallus olusumu

Gzerine etkileri (%)

Table 4. Effects of different callus induction media and pre-cold treatments on callus formation in Demir-2000 variety

(%)

On soguk uygulamasi (giin)

Besin Ortamlari 0 4 7 Ortalama
KTO (M) 0.0e 3.0 bed 4.5 ab 2.5a
KTO (M,) 0.0e 00e 05e 0.2b
KTO (M) 0.0e 00e 1.0de 03b
KTO (B1) 1.5 cde 0.0e 8.0a 3.2a
KTO (By) 05e 0.0e 0.0e 0.2b
KTO (Bs) 0.0e 0.0e 05e 0.2b
KTO (N1) 1.5 cde 4.5 abc 3.0 bed 3.0a
KTO (N3) 0.0e 0.0e 0.0e 00b
KTO (Ns) 0.0e 00e 3.0 cde 1.0b
Ortalama 04b 0.8b 2.3a

LSD % 5 besin ortamlari = 3.504; LSD % 5 6n soguk uygulamasi = 2.023; LSD % 5 interaksiyon = 6.07

Cizelge 5’te de goruldigi gibi, siirglin rejenerasyon orani
(strgln olusturan eksplant orani), % 00.00-.5.0 arasinda
degismistir. En yiiksek slirglin rejenerasyon orani (% 5.0)
2 mg L? KIN ve 0.50 mg L' IBA iceren ortamda

gézlenmistir. Bunu % 2.5 ile 2 mg L™* KIN ve 0.50 mg L
NAA iceren ortami izlemistir. Besin ortamlari, sirgilin
rejenerasyonu bakimindan, 0.01 dizeyinde 2 grup
icerisinde yer almislardir.

Cizelge 5. Farkh biyime diizenleyici konsantrasyon ve kombinasyonlarinin Demir-2000 cesidi anterlerinde siirglin

olusumu Uzerine etkileri

Table 5. Effects of different growth regulators concentrations and combinations on shoot formation in Demir-2000

variety

Buyiume dizenleyicileri (mg L?)

Siirgiin olusturan anter orani (%)

BAP Kinetin NAA IBA

1.0 - 0.25 - 0.0b
2.0 - 0.50 - 0.0b
1.0 - - 0.25 0.0b
2.0 - - 0.50 25ab
- 1.0 0.25 - 0.0b
- 2.0 0.50 - 0.0b
- 1.0 - 0.25 0.0b
- 2.0 - 0.50 5.0a

LSD % 5=7.704

Bayraktar-2000 cesidi anterlerinin in vitro’da kiiltiire
alinmasi ve embriyonik kallus olusumu

2000 yilinda TARM tarafindan tescil ettirilen Bayraktar
2000 cesidinde kullanilan tim besin ortamlari ve 6n
soguk muamelelerinde ortalama kallus orani % 0-5.0
arasinda degismistir (Cizelge 6). Farkli temel besin
ortamlarinin ve 6n soguk uygulamasinin kallus olusumu
Uzerine etkileri incelendiginde sadece 7 glin siireyle 6n
soguk muamelesi yapilan ve KTO (M;) ve KTO (BI1) sivi
ortaminda kultlre alinan anterlerde ¢ok disiik diizeyde
kallus olusumu (sirasiyla % 5.0 ve %3.5) tespit edilmistir.
Sadece 2 ortam ve 7 gin silireyle 6n soguk uygulamasi
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yapilan anterlerde ¢ok diisik diizeyde kallus olusumu
belirlendigi icin istatistiki analiz yapilmamistir. Kiltir
baslangicindan 10 hafta sonra anterler Uzerinde
embriyonik kallus olusumu goérilmustir. Embriyogenik
kalluslar stirgiin olusumu baslayip sirglinler gelisinceye
kadar SGO da birakilarak 3 haftada bir besin ortami
yenilenmistir. M; besin ortamindan 7 giin sireyle
sogukta muhafaza edilen anterlerden kallus {izerinde
olusan 1-2 mm c¢apindaki embriyoidler iceren anterler ile
kallus olusturmayan anterler karisik olarak, MS
mineralleri ve vitaminleri ¢esitli konsantrasyonlarda
sitokinin (BAP ve Kinetin) ve oksinler (IBA ve NAA), % 2
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sukroz ve 7 g L't agardan olusan suirgiin gelisim ortamina
(SGO) aktarilmistir. Embriyogenik kalluslarda sirgiin

olusumu baslayip siirglinler gelisinceye kadar SGO da
birakilarak 3 haftada bir besin ortami yenilenmistir.

Cizelge 6. Farkh kallus tesvik ortamlari (KTO) ve 6n soguk uygulamalarinin Bayraktar-2000 cesidinde kallus olusumu

Uzerine etkileri (%)

Table 6. Effects of different callus induction media and pre-cold treatments on callus formation in Bayraktar-2000

variety (%)

On soguk uygulamasi (giin)

Besin Ortamlari 0 4 - Ortalama
KTO (M,) 0.0 0.0 5.0 1.66
KTO (M,) 0.0 0.0 0.0 0.0
KTO (M;3) 0.0 0.0 0.0 0.0
KTO (B1) 0.0 0.0 3.5 1.16
KTO (B,) 0.0 0.0 0.0 0.0
KTO (Bs) 0.0 0.0 0.0 0.0
KTO (N3) 0.0 0.0 0.0 0.0
KTO (N3) 0.0 0.0 0.0 0.0
KTO (N3) 0.0 0.0 0.0 0.0
Ortalama 0.0 0.0 2.83

Ancak hicbir siirglin gelistirme ortaminda sirgin ucu
primordiasi gozlenmemistir. Cesitlerin androgenetik
kapasiteleri bakimindan karsilastirildiginda kullanilan
genotipler kallus ve sirglin olusum orani bakimindan
farkl tepkiler vermislerdir. Arastirma sonuglarina gore
Tosunbey c¢esidinin Demir-2000 ve Bayraktar-2000
cesidine gore kallus olusturma kapasitesinin daha iyi
oldugu saptanmistir. Bunun yaninda 6zellikle Bayraktar-
2000 cgesidinin dusuk kallus olusturma kapasitesi dikkate
degerdir. Ayrica Demir-2000 cesidinde Bayraktar ve
Tosunbey cesitlerine goére daha erken kallus olusumu
gozlenmis, Demir-2000 c¢esidinde daha hizli ve daha
kompakt kallus olusumu goéze carpmistir. (Bolik ve
Dagustli, 2003) vyaptiklari c¢alismada, ekmeklik
bugdaylarda yiiksek oranda kallus, embriyogenik kallus
ve bitki rejenerasyonu lizerine genotip, besin ortami, 6n
soguk uygulamasi, donor bitkilerin yetistirildigi cevre
kosullan ve karbonhidrat kaynag etkili oldugunu
bildirmislerdir. (Gurel ve ark., 1993) yaptiklari ¢calismada,
resiproksuz olarak diallel melezlenmis 28 adet
makarnalik bugday F1 melezi ve 8 adet ekmeklik bugday
cesidine ait anterlerin belirli bir besin ortamina olan
reaksiyonlariniincelemislerdir. Calisma sonucunda kallus
olusturan anter vyizdeleri bakimindan en yilksek
degerleri, makarnalik bugday Fi’lerinde 7x5 (Islah hatti
1xAltar 84) melezi (% 14.29), ekmeklik bugdaylarda ise
Glenson ¢esidi (% 5.13) vermistir. Patel ve ark. (2004)
yaptiklari calismada bugday mikrospor kiltirinde kilttr
kosullarinin optimizasyonu lzerinde calismislar ve besin
ortaminda katilastirici olarak agar yerine gelrite
kullanildiginda yuksek frekansta mikrospor kokenli

embriyoid elde etmislerdir. (Liu ve ark., 2002) farkli
katilastiricilarin -~ ve  sivi besi  ortaminin  anter
mikrosporlarinda kallus olusumu (zerine farkh etkileri
oldugunu bildirmislerdir. Buna karsilik, bu calismada ise
her ¢ temel besin ortaminda (MS, Ng ve Bs) da sivi besin
ortamlarinin, agar ve gelrite ile katilastirilmis ortamlarina
gore kallus olusturan anter orani bakimindan Tosunbey
ve Demir 2000 cesitlerinde daha etkili oldugu
gorilmastiir. Benzer olarak Bayraktar-2000 cesidinde ise
sadece sivi MS ve Bs ortaminda kallus olusmustur. (Patel
ve ark.,, 2004), CHB ortaminin 2,4-D ile
kombinasyonunun MC17 ortamindan daha iyi sonuglar
verdigi bildirmistir. (Wang ve Chen, 1986) C17 besin
ortaminin anter kiltirindeki 6nemini vurgulamislardir.
Bu ¢alismadaki bulgulara gore ise, temel besin ortami
tiplerinden o6zellikle Tosunbey cesidinde Ng'nin kallus
olusumu Uzerine diger besin ortamlarindan daha etkili
oldugu soylenebilir. (Najia ve ark., 1997) Triticum
turgidum ssp durum da anter kiltlird ile embryo
olusumu ve rejenerasyon protokoliinde, basaklari 8 giin
sire ile +4°C'de 6n (stutmeye uygun oldugunu rapor
etmislerdir. (Redha ve ark., 2000), haploid bitki
frekansini artirmak amaci ile izole edilen anterleri 4 °C'de
3-14 giin siireyle inkibe etmislerdir. (Gu ve Liang, 1997)
yaptiklari calismada, haploid embriyogenik kallustan
Uretilen protoplastlardan bitki rejenerasyonunu 4-
7°C'de 3-6 gin inkiibe edilen basaklardan elde
etmislerdir. Bu calismada da her (¢ cesitte de 7 giin siire
ile +4°C'de on UsUtmeye birakilan anterlerde kallus
olusturma oraninin bariz bir sekilde arttigi gorilmustdr.
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Calsmada kullanilan yerli cesitlerin embryonik kallus
olusturma ve sirglin rejenerasyonu bakimindan farkli
tepkiler verdigi goriilmekte, bu androgenetik kapasite
farkhliklarindan ileri gelmektedir. Ornegin Ulkemizde
yapilan bir calismada resiproksuz olarak diallel
melezlenmis 28 adet makarnalik bugday F1 melezi ve 8
adet ekmeklik bugday cesidine ait anterlerin belirli bir
besin ortamina olan reaksiyonlarini incelemis, Anterlerin
embryoid olusturma oranlari agsindan ise en yiksek
degerler makarnalik bugdaylarda 7x5 (Islah hatti 1x
Mexicali) melezinden (% 55.22) ve ekmeklik bugdaylarda
Glenson c¢esidinden (% 5.98) elde edilmistir (Girel ve
ark., 1993). Pek cok arastirici genotipe 6zgli protokoller
gelistirerek farkli frekanslarda haploid bitki elde
etmislerdir. Tuvesson ve ark. (2000) anter kaltiri
yontemi ile bugdayda ortalama 100 anter basina 3.3
bugday haploid bitkisi elde edilmesini basarmislardir.
(Khan ve ark., 2001), kuraga dayanikli ebevenyler
arasinda vyaptiklari F; melezlerinde % 12.1'e varan
haploid bitki rejenerasyonu elde etmislerdir. Konieczny
ve ark. (2003) 10 adet Polak ekmeklik bugday cesidinde
yaptiklari ¢alismada Apollo gesidinde en yiiksek (% 9.1)
kallus ve haploid bitki (% 0.8) elde etmislerdir. Kullanilan
bliyime regilatorleri anter ya da mikrospor kiltiirinde
son derece Onemlidir. Bugday mikrosporlarinin
embryonik kallus ve siirgiline evrilebilmesi icin genotipe
uygun bir oksin-sitokinin dengesinin saglanmasi pek ¢ok
arastirici tarafindan ortaya konmustur. Farkh arastiricilar
tarafindan bugdayda mikrospor kultiirinde sirgin
olusumunu tesvik etme amaci ile birbirinden farkl
oksin/sitokinin kombinasyonlari kullanilmistir (Gu ve
Liang, 1997; Hansen ve Andersen, 1998; Tuvesson ve
ark., 2000; Khan ve ark., 2001; Abdallah ve ark., 2012;
Lantos ve ark., 2013; Asif ve ark., 2014). Bugdayda
mikrospor kultirinde oOzelikle bazi oksinlerin 6nemi
vurgulanmistir (Zheng ve Konzak, 1999; Patel, 2004)
bugdayda anter kiiltiirii icin 1 mg L BAP ve 1 mg L IAA
iceren besin ortaminin uygun oldugunu bildirmistir. Gu
ve Liang (1997) vyaptiklari ¢alismada, haploid
embriyogenik kallustan Uretilen protoplastlardan bitki
rejenerasyonu icin 0.1 mg L' 2,4-D, 0.5 mg L'? NAA ve 1-
2 mg Lt iceren MS rejenerasyon ortamini dnerilmistir.
Bu calismada da ulkemizde gelistirilen 6nemli ekmeklik
bugday genotiplerinde yiksek frekansta haploid bitki
eldesine yonelik oksin ve sitokinin konsantrasyonlarina
ve kombinasyonlarina uygun bir Grin rejenerasyonu
gelistirilmeye galisilmistir. Buna gére Tosunbey ¢esidinde
en yiksek stirgiin rejenerasyon orani 2 mg L KIN ve 0.50
mg LI NAA, 2 mg LT KIN ve 0.50 mg L IBA elde edilirken,
Demir-2000 ¢esidinde ise 2 mg L™ KIN ve 0.50 mg L IBA
iceren ortamda gozlenmistir. Her ki cesitte de, besin
ortamina ilave edilen KIN ile IBA ve NAA
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kombinasyonlarinin BAP ile IBA ve NAA
kombinasyonlarindan siirglin rejenerasyonu bakimindan
daha olumlu etkilerde bulundugu gorilmistir.
Ekmeklik bugdayda haploid bitki elde etmek amaciyla
ylritilen bu calismada, her lic cesitte de artan on
soguklanma suresinin kallus olusum oranina olumlu
etkilerde bulundugu gorilmistir. Her (¢ temel besin
ortaminda da sivi besin ortamlarinin, agar ve gelrite ile
katilastirilmis ortamlarina gore Tosunbey ve Demir 2000
cesitlerinde pozitif etkisi oldugu belirlenmigstir. Ayrica
Tosunbey cesidinde Ng mineral ve vitaminlerini iceren
kallus tesvik ortaminin kallus olusumu (zerine diger
besin ortamlarindan daha etkili oldugu belirlenmistir.
Elde edilen bu sonuglara gore, genotipe 6zgli embriyonik
kallus  protokollerinin  gelistirebilecegi  olgusunu
glclendirmistir. Farkh sitokinin tip ve
konsantrasyonlarda embriyonik kalluslardan sirgiin
olusumu Uzerine oksin ve sitokinin kombinasyonlarinin
cesitlerde de farkh etkilere sahip oldugu, bu baglamda bu
sonuglara gore genotipe 6zgl embriyonik kallus
protokollerinin  gelistiriimesinin  yani  sira  kaltlr
kosullarina ilaveten uygun oksin/sitokinin dengesinin
kurularak etkili bir rejenerasyon protokoliiniin
gelistirilebilecegi ortaya konmustur.

OzZET

Amag¢: Bu ¢alismanin  amaci, ekmeklik bugday
genotiplerinde haploid bitki eldesine yodnelik yliksek
frekansta kompakt embriyogenik kallus ve siirgin
olusumu ve farkli temel besin ortami, katilastirici tipi ve
on soguk uygulamalarinin etkilerini ortaya konulmasidir.
Yéntem ve Bulgular: Calismada, Tosunbey, Demir-2000
ve  Bayraktar-2000 ekmeklik  bugday cesitleri
kullaniimistir. Anterler 0, 4 ve 7 giin siireyle 4°C’de 6n
soguk uygulamasina tabi tutulmus, daha sonra farkli
temel besin ortamlarini (MS, Ns, Bs mineralleri ve
vitaminleri) iceren ve sivi, agar ve gelrite ile katilastiriimis
kallus tesvik ortaminda kiltiire alinmistir.

Genel Yorum: Arastirma sonuglarina gore; en ylksek
kallus olusturan anter orani (% 14) sivi Ng besin
ortaminda 7 gilin silireyle sogukta muhafaza edilen
Tosunbey cesidinde elde edilmistir. On soguklanma
slresi artisi embriyonik kallus olusumuna olumlu
etkilerde bulunurken, sivi besin ortamlarinin, agar ve
gelrite ile katilastirilmis besin ortamlarina gére Tosunbey
ve Demir 2000 cesitlerinde pozitif etkisi oldugu,
Tosunbey cesidinde Ng'nin kallus olusumu lzerine diger
besin ortamlarindan daha etkili oldugu goérilmaistr.
Gelisen kalluslar daha sonra gesitli konsantrasyonlarda
BAP, KIN, NAA ve IBA iceren MS besi ortamina (sirgiin
gelisim ortami) transfer edilmistir.
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Calismanin Onemi ve Etkisi: En yiksek sirgiin
rejenerasyon orani (% 7.5) ile Tosunbey cesidinde 2 mg
L1 KIN ve 0.50 mg L' NAA, 2 mg L2 KIN ve 0.50 mg L' IBA
iceren MS besin ortaminda elde edilmistir.

Anahtar Kelimeler: Ekmeklik bugday, Triticum aestivum
L, haploid, anter, MS, Ng, Bs mineralleri ve vitaminleri.

TESEKKUR
Bu calismanin bir kismi 1070875 kod numarali TUBITAK

projesinden desteklemistir. Desteklerinden dolayi
TUBITAK'a tesekkiir ederiz.

CIKAR CATISMA BEYANI

Yazar(lar) c¢alisma konusunda ¢lkar catismasinin

olmadigini beyan eder.

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar calismaya esit oranda katki saglamis olduklarini
beyan eder.
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Aims: The aim of this study is to determine the amount and distribution of
inorganic phosphorus fractions in soil profiles classified as Mollisol and
Entisol, which are common in the Eastern Anatolian region, and to
determine their soil properties and their relationships with each other, and
to evaluate the contribution of inorganic phosphorus fractions to available
soil phosphorus (Olsen-P).

Methods and Results: The total amount of phosphorus in these soils with
calcareous and slightly alkaline reactions has been determined as 280-
1713 mg kg* and an average of 713 mg kg. Ca-P’, which make up an
average of 80.9% of the total phosphorus and which are determined as the
first phosphorus fraction in these soils, have been determined between
163.2-951.1 mg kg*. The occluded phosphates (CDB-P), which rank second
in quantity in these soils after Ca-P2, are between 2.07-105.6 mg kg%, and
thirdly, phosphates (CB-P) held by carbonates during the first extraction
are 0.76-52.83 mg kg*. In the fourth and last row, nonoccluded aluminum
and iron phosphates (Al-P + Fe-P) were found as the least amount of
phosphorus fractions in these soils between 0.09-5.0 mg kg™*.
Conclusions: In summary, the order of inorganic phosphorus fractions in
these soils was determined as Ca-P> CDB-P> CB-P> Al-P+Fe-P.
Significance and Impact of the Study: It was determined that two fractions
contribute to phosphorus (Olsen-P), nonoccluded aluminum and iron
phosphates (Al-P + Fe-P) and occluded phosphates (CDB-P) in these soils.

Atif / Citation: Cimrin KM (2020) Relationship between some soil characteristics and contribution on available phosphorus of

inorganic phosphorus fractions

10.37908/mkutbd.702342

in calcareous soils. MKU. Tar. Bil. Derg. 25(2) 138-144. DOI:

INTRODUCTION

Sodium bicarbonate extraction for P (Olsen-P) (Olsen et
al. 1954) is accepted methodology for estimating P
availability and developing fertilizer recommendations
in neutral and high-pH, calcareous soils in the Turkey.
Phosphorus in soils is present in two general forms,
inorganic and organic. Much of the phosphorus in soil is
existent in the inorganic form such as iron, aluminum,
calcium, etc. The amount of different forms of inorganic

phosphorus depends on various some soil characteristics
such as pH, CaCOs;, organic matter, clay, silt, sand
(Jackson, 1962; Singh and Pathak, 1973). Since the
different inorganic phosphorus forms have different
solubility under various soil conditions, the assessment
of these forms might give an information about
availability of phosphorus in soils under specified soil
conditions (Kacar, 1970; Yang and Jacobsen, 1990;
Chand et al., 1991). Very little information is available on
the distribution of the inorganic forms of phosphorus of
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soils in the East Anatolia of Turkey.

The purpose of this study was to determine the amount
and distribution of different inorganic phosphorus
forms, to evaluate the relationship between these
different forms and some soil characteristics, and to
evaluate contributions of inorganic phosphorus fractions
on the available phosphorus in the soil profiles of some
Mollisols and Entisols of Van in the East Anatolia of
Turkey.

MATERIALS and METHODS

A total of 32 samples out of 6 soil series were collected
following a soil survey undertaken, which was
undertaken on the southern part of Lake Van namely the
Gevas region (Cimrin et al., 2004). Soils are classified
according to the Soil Survey Staff (1999) as Mollisols and
Entisols (Table 1). The annual precipitation of the Gevas
region is 478.2mm with an annual temperature of 8.9°C
(Topraksu, 1971). Analyses were done in two replicate
on air-dried (<2 mm) soil samples. The pH, EC and CaCOs
content were determined according to Soil Salinity Staff
(1951). Cation exchange capacity was determined
according to Thomas (1982). Organic carbon was
determined according to modified Walkley and Black
methods (Walkley, 1947). Mechanic analysis was by the
hydrometer method Bouyoucos (1951).

The fractionation of P (Olsen and Sommers, 1982)
involved sequential extractions with (i) a solution 0.1 M
in NaOH and 1 M in NaCl to remove nonoccluded Al- and
Fe-bound P (Al-P+Fe-P), (i) 1 M NaCl and citrate-
bicarbonate (CB) to remove P resorbed during the
preceding extraction (CB-P), (iii) citrate-dithionite-
bicarbonate (CDB) to remove P occluded within Fe
oxides and hydrous oxides (CDB-P), and (iv) 1 M HCI to
remove Ca-bound P (Ca-P). These fractions are
subsequently referred to as NaOH-P, CB-P, CDB-P, and
HCI-P, respectively. Inorganic phosphorus fraction in
extractions were determined on spectrophotometer
(UV) in preparing samples as described by Olsen and
Sommers (1982). Organic P was estimated from the
difference between the HCl-extractable P in a soil
sample ignited at 240°C and in an unignited sample (Legg
and Black, 1955). Total P was determined by digestion
with perchloric acid (Olsen and Sommers, 1982).
Available phosphorus was estimated by the method of
Olsen et al. (1954).

Data were analyzed by using the SPSS-22 statistical
package program and evaluated according to stepwise
regression procedure and Pearson’ correlation analysis
(Johnson and Wichern, 1988).
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RESULTS and DISCUSSION

Soils some physical and chemical properties were given
in Table 1. The pH values of the study area soils ranged
from 7.45 to 7.94, with an average of 7.70. Accordingly,
all soil samples are slightly alkaline reaction and salt-
free, and their cation exchange capacities were found
between 19.24 cmol kg-1 and 39.03 cmol kg-1 and an
average of 28.81 cmol kg-1. The amount of lime, which
generally increases with depth, is between 8.36-42.80 %,
with an average of 21.69 %. Organic matter contents of
the soils were found between 0.70-6.10 %, sand
contents ranged between 26.04-59.70 %, silt 8.49-41.74
%, clay 24.41-56.69 % (Table 1).

The amounts of various phosphorus fractions in the soil
profile used in the study and the percentage ratios of
these fractions in total phosphorus are given in Table 2.
As can be seen from Table 2, the total phosphorus
content of the soils is determined as an average of 713
mg kg from 280 mg kgt to 1732 mg kg?, while the
available phosphorus to the plant is 0.3 mg kg to 19.8
mg kg on average 6.2 mg kg, the available phosphorus
is very low constitutes part of total-P.

Organic-P, which constitutes a very small part of the
total-P with an average of 27.4 %, has been determined
as average 210.2 mg kg from 23.9 mg kg to 611 mg kg’
! in soil profiles. Similarly, in the study named
Relationship between phosphorus fractions of some
selected Sudanese soil orders to phosphate availability,
Ahmed et al. (2018) reported that the amount of organic
phosphorus in their three soils was low and that these
soils were associated with low organic matter.

Although total-P is not important in terms of available
phosphorus for the plant, the amount of total-P gives an
idea about the current phosphorus capacities in the soil.
Tripathi et al. (1970) classified the soils as low between
300-500 mg kgt, medium between 600-1000 mg kg and
higher than 1000 mg kg according to their total-P
content. These classification values show that the
research soils contain low, medium and high total-P. In
the study, statistically significant relationships were
determined between the amount of total-P of the soils
and some soil properties and phosphorus fractions.
These were significant negative correlations between
total-P and salinity, CEC and Lime (Table 3), and positive
correlations between Ca-P, CDB-P, CB-P and Organic-P
(Table 4). Similarly, Lui et al. (2019) reported the soil
organic-P had significantly positive correlations with
total-P of soil.

In this study generally, the order of change in inorganic
phosphorus fractions were Ca-P>CDB-P>CB-P>Al-P+Fe-
P. Muhammad and Jones (1992) reported the abundant
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sequence of phosphorus fractions in the soil containing
gypsum from Iraq and Southern Spain as Ca-P> CDB-P>
Al-P + Fe-P> Organic-P. Al-P+Fe-P ranged from 0.09 to
5.00 mg kg. Cimrin and Karacal (1997) working in the
same region have determined similar ranking. The

Table 1. Some chemical and physical properties of the soils

presence of very small amounts of Al-P+Fe-P in total
phosphorus in these soils, as stated by Kacar (1970),
Talati and et al. (1975), Solis and Torrent (1989), may
have low levels of decomposition and degradation. it
may also be related to high lime amounts.

Horizon  Depth pH Salinity CEC CaCOs Org.M. Particle size distribution(%) Texture
(cm) (%)  (cmolkg?) % (%) Sand Silt Clay class
Hasbey series (Typic Haploxeroll)
Ap 0-12 7.78 0.028 19.24 15.05 2.61 3596 34.18 29.86 Clay loam (CL)
A2 12-30 7.75 0.030 20.30 15.38 2.81 38.83 29.42 31.75 Clay loam(CL)
Bwl 30-55 7.76 0.023 20.84 16.89 1.88 35.20 31.29 33.51 Clay loam(CL)
Bw2 55-85 7.74 0.025 22.98 15.88 3.02 38.52 27.53 33.95 Clay loam(CL)
C 85+ 7.72 0.025 19.24 14.21 2.35 35.85 29.00 35.15 Clay loam(CL)
Hasbey Il series (Typic Haploxeroll)
Ap 0-12 7.57 0.042 33.68 11.70 6.10 3482 8.49 56.69 Clay (C)
A2 12-30 7.61 0.040 25.12 16.72 2.68 47.25 23.53 29.22 Sandy clay loam (SCL)
Bwl 30-55 7.67 0.032 23.51 16.89 2.50 38.44 23.67 37.89 Clay loam (CL)
Hasbey Ill series (Typic Haploxeroll)
Ap 0-15 7.69 0.045 34.21 8.36 3.15 3190 31.22 36.88 Clay loam (CL)
A2 15-30 7.64 0.043 26.72 10.03 2.81 27.06 41.73 31.21 Clay loam(CL)
Bwl 30-44 7.77 0.038 27.26 10.03 2.21 26.04 34.10 39.86 Clay loam (CL)
Yuva series (Calcic Haploxeroll)
Ap 0-11 7.57 0.058 33.14 9.20 3.22 29.29 2148 49.23 Clay (C)
Bwl 11-30 7.45 0.060 35.82 9.36 3.28 2994 2131 48.75 Clay (C)
Bwk2 30-42 7.85 0.047 28.33 12.87 1.68 27.74 22.07 50.19 Clay (C)
Bwk3 42-63 7.81 0.050 32.61 13.38 141 28.03 2244 49.53 Clay (C)
C1 63-77 7.73 0.044 29.40 15.88 0.70 40.23 17.96 41.81 Clay (C)
Cc2 77+ 7.94 0.043 33.68 14.88 0.56 4191 17.34 40.75 Clay (C)
Orak series (Calcic Haploxeroll)
Ap 0-14 7.68 0.056 37.95 28.26 2.56 37.09 20.44 42.47 Clay (C)
Bw 14-30 7.48 0.054 39.03 25.92 2.50 31.08 21.15 a47.77 Clay (C)
Bwk2 30-46 7.62 0.052 35.82 31.77 2.01 39.69 1343 46.88 Clay (C)
Ck 46-70 7.56 0.053 35.82 33.44 1.25 27.92 21.35 50.73 Clay (C)
Ck2 70+ 7.74 0.040 28.33 42.80 2.56 48.34 16.31 35.35 Sandy clay (SC)
Guzelkonak series (Typic Haploxeroll)
Ap 0-12 7.74 0.049 36.88 27.09 0.90 40.06 21.16 38.78 Clay loam (CL)
Ad 12-31 7.46 0.058 36.88 27.09 3.61 39.95 20.75 39.30 Clay loam (CL)
A3 31-57 7.67 0.053 31.54 30.60 3.15 35.81 30.00 34.19 Clay loam (CL)
A4 57-86 7.67 0.043 31.54 33.10 1.26 43.39 19.10 37.51 Clay loam (CL)
Guzelkonak Il series (Typic Haploxeroll)
Ap 0-15 7.66 0.060 28.33 29.43 0.77 4534 21.15 33.51 Clay loam (CL)
Ad 15-35 7.90 0.032 26.19 36.78 2.46 36.51 28.16 35.33 Clay loam (CL)
A3 35-60 7.88 0.032 22.98 41.97 1.68 36.94 27.28 35.78 Clay loam (CL)
Iskele series (Lithic Xerorhent)
Ap 0-13 7.71 0.054 35.82 16.39 1.68 31.38 33.35 35.27 Clay loam (CL)
Mulk series (Typic Xerorhent)
Al 0-13 7.78 0.020 15.49 31.93 1.82 59.70 15.71 24.59 Sandy clay loam (SCL)
A2 13-25 7.93 0.019 13.35 31.10 0.70 55.57 20.02 24.41 Sandy clay loam (SCL)
Minimum 7.45 0.019 13.35 8.36 0.56 26.04 849 24.41
Maximum 7.94 0.060 39.03 42.80 6.10 59.70 41.74 56.69
Mean 7.70 0.042 28.81 21.69 2.25 37.36 23.94 38.69

Ca-P, which constitute 40.3% to 80.9% of total-P and
rank first among the inorganic phosphorus fractions in
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terms of abundance, have been determined as average
722.08 mg kg between 163.17 mg kg* and 951.12 mg
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kg™. Briefly, it was found that Ca-P, one of the inorganic
phosphorus fractions, is the dominant inorganic
phosphorus fraction in all soils in the study. It has been
reported by many researchers that the degree of
decomposition and disintegration is proportionally low,
that precipitation is not sufficient to wash the alkaline

cations in the soil from the profile and that the inorganic
phosphorus fraction, which is generally in the highest
amount in calcareous and alkaline reaction soils, is Ca-P
(Shen and Jiang, 1992; Cimrin and Karacal, 1997; Azadi et
al., 2015).

Table 2. Distribution of various forms of phosphorus in the soil profiles

Inorganic P fractions

Hor  Depth Al-P+Fe-P CB-P CDB-P Ca-P Organic-P Total-P Olsen-P
cm mgkg! % mgkg! % mg kg*! % mgkg? % mgkg? % mgkg! mgkg?

Hasbey series (Typic Haploxeroll)

Ap 0-12 1.26 0.07 52.83 3.05 105.67 6.10 951.12 549 611.0 35.0 1732 14.5

Az 12-30 1.35 0.12 42.88 3.83 78.74 7.03 685.52 61.2 89.7 8.0 1121 7.3

Bw1 30-55 0.09 0.01 20.67 1.75 55.94 4.74 757.68 64.2 3435 29.1 1181 3.9

Bw:2 55-85 1.10 0.09 12.25 1.04 62.16 5.27 780.64 66.1 295.0 24.9 1180 2.8

C 85+ 2.19 0.17 29.09 2.32 105.67 8.42 67240 53.6 4454 35.5 1255 11.7

Hasbey Il series (Typic Haploxeroll)

Ap 0-12 1.77 0.17 27.56 2.68 75.52 7.36 829.84 80.9 85.9 8.8 1026 10.1

Az 12-30 1.18 0.09 1.53 0.13 35.24 2.94 675.68 56.4 435.0 36.3 1198 4.8
Bwi  30-55 0.34 0.04 8.42 0.88 82.88 8.72 767.52 80.8 83.7 8.8 949 3.4

Hasbey Ill series (Typic Haploxeroll)

Ap 0-15 3.46 0.46 27.56 3.65 49.73 6.59 306.68 40.6 274.9 36.4 754 8.9

Az 15-30 1.26 0.17 6.13 0.83 62.16 8.38 298.48 40.3 346.6 46.7 741 2.5
Bw: 30-44 0.09 0.01 3.83 0.59 4.14 0.65 285.36 44.7 322.7 50.5 638 2.3

Yuva series (Calcic Haploxeroll)

Ap 0-11 5.00 0.79 4.59 0.73 2.07 0.33 405.08 64.2 203.2 32.2 631 17.9
Bw: 11-30 3.29 0.47 4.59 0.66 29.01 4.18 410.10 52.2 239.0 34,5 693 15.7
Bwk2 30-42 0.42 0.06 8.42 1.27 22.79 3.44 441.16 66.6 179.3 27.1 662 1.2
Bwks 42-63 0.76 0.11 3.83 0.57 35.22 5.26 446.08 66.7 179.3 26.8 668 0.3

C1 63-77 0.51 0.05 2.30 0.22 24.86 2.43 444,44 435 549.7 53.7 1023 1.2

C 77+ 0.09 0.01 3.83 0.42 22.79 3.06 439.52 484 442.2 48.6 908 3.1

Orak series (Calcic Haploxeroll)

Ap 0-14 0.61 0.19 20.67 6.66 37.29 12.02 188.15 60.7 59.8 19.3 310 6.4
Bw  14-30 0.09 0.02 19.14 6.84 20.72 7.40 163.17 58.3 59.8 21.4 280 3.1
Bwka 30-46 0.09 0.02 15.31 3.68 26.94 6.48 198.14 47.7 1554 374 415 1.2

Ck 46-70 0.61 0.15 6.90 1.68 29.01 7.08 198.14 48.4 1554 37.9 409 2.8
Ck2 70+ 0.09 0.03 3.83 1.10 10.36 2.98 209.79 60.4 107.6 30.9 347 1.4

Guzelkonak series (Typic Haploxeroll)

Ap 0-12 0.95 0.16 3.06 0.51 62.16 10.38 318.02 53.1 167.3 27.9 598 8.1

Ad 12-31 0.43 0.05 3.06 0.38 49.73 6.31 579.42 73,5 1554 19.7 788 10.6

As 31-57 2.25 0.66 0.76 0.22 33.15 9.78 27140 80.1 239 7.1 338 10.4

Aq 57-86 0.17 0.05 0.76 0.24 31.08 10.01 234.77 75.6 35.9 12.8 311 2.3

Guzelkonak Il series (Typic Haploxeroll)
Ap 0-15 3.20 0.80 9.95 2.49 41.44 10.39 256.41 64.3 35.9 9.0 398 11.7
Ad 15-35 0.09 0.02 0.76 0.19 24.86 6.37 25142 64.5 107.6 27.6 390 2.8
As 35-60 0.09 0.02 8.42 2.27 18.65 5.03 201.47 543 1195 32.2 371 0.8
Iskele series (Lithic Xerorhent)

Ap 0-13 3.46 0.59 15.31 2.62 95.31 16.32 289.71 49.6 1793 30.7 584 19.8
Mulk series (Typic Xerorhent)

A1 0-13 0.09 0.02 21.44 4.28 24.86 4.97 274.73 549 167.3 33.5 500 3.1

Az 13-25 0.17 0.04 19.14 4.71 24.86 6.12 274.73 67.7 71.7 17.7 406 0.8
Minimum 0.09 0.01 0.76 0.13 2.07 0.33 163.17 40.3 23.9 7.1 280 0.3
Maximum 5.00 0.80 52.83 6.84 105.67 16.32 951.12 80.9 611.0 53.7 1732 19.8
Mean 1.14 0.18 12.77 1.95 43.28 6.45 422.08 59.3 210.2 27.4 713 6.2
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Some physical and chemical properties and inorganic determined positive relationships between the soils
phosphorus fractions of the study area soils have been olsen-P and organic matter contents.

determined significant relationships between the Ca-P CDB-P, which are in the second place with an average
fractions. Negative between Ca-P and salinity and CEC share of 6.65% after Ca-phosphates in total phosphorus,
(Table 3), but positive significant relationships between were found to be average 43.28 mg kg, ranging from
Ca-P and lime, organic matter, Organic-P, CB-P, CDB-P 2.07 mg kg! to 105.67 mg kg?. Significant positive
(Table 4) were determined. On the other hand, negative relationships were determined with CDB-P fraction of
significant relationships were determined between the study area soils and silt amount of soils and negative
olsen-P and pH, lime and sand contents of the soils, and values with lime amounts (Table 3). Similar findings to
positive significant relationships between salinity and the study were reported by Robertss et al. (1985), Cimrin

organic matter contents. Ahmad et al. (2019) and Karagal (1997).

Table 3. Correlation coefficients between soil properties and of soil phosphorus fractions

Al-P+Fe-P CB-P CDB-P Ca-P Organic-P Total-P Olsen-P
pH -0.376* 0.077 -0.053 -0.023 0.154 0.053 -0.415*
Salinity 0.412%* -0.411* -0.269 -0.416* -0.272 -0.430* 0.362*
CEC 0.222 -0.377% -0.221 -0.382* -0.243 -0.397* 0.225
CaCOs -0.457** -0.229 -0.347* 0.545** -0.538** -0.631** -0.350*
O.M. 0.310%* 0.258 0.250 0.410* -0.101 0.254 0.364*
Sand -0.301 0.052 -0.092 -0.034 -0.125 -0.076 -0.218
Silt 0.200 0.182 0.370* 0.125 0.330* 0.284 0.185
Clay 0.125 -0.213 -0.235 -0.077 -0.166 -0.175 0.055

*, **. Correlation values indicated by are important at the level of P <0.05 and P <0.01, respectively.
CB-P, which ranked third among the inorganic 12.77 mg kg'?, ranging from 0.76 mg kg™ to 52.83 mg kg’
phosphorus fractions with an average of 1.95% of the 1. A significant negative relationship was determined

total amount of phosphorus, were found to be average between CB-P fraction and CEC and salinity of soils.

Table 4. Correlation coefficients for soil phosphorus fractions

Olsen-P Organic-P  Al-P+Fe-P CB-P CDB-P Ca-P
Organic-P 0.080
Al-P+Fe-P 0.836** 0.034
CB-P 0.280 0.199 0.111
CDB-P 0.444%* 0.256 0.224 0.612**
Ca-P 0.233 0.480** 0.075 0.461** 0.647**
Total-P 0.233 0.753** 0.105 0.510** 0.643** 0.922%**

*, **. Correlation values indicated by are important at the level of P <0.05 and P <0.01, respectively.

The Al-P+Fe-P, which constitutes a very small portion Contribution of inorganic phosphorus fractions to plant
with a share of 0.18% of total phosphorus on average, nutrition in alkaline-calcareous soils, stated that The
was found to be average 0.18 mg kg™ between 0.01 mg significant positive relationships between the Ca,-P, Al-
kg and 0.80 mg kg. Negative relationships were found P, Fe-P and Caio-P fractions and plant P uptake may
between the Al-P+Fe-P fraction of the soil, pH and lime indicate the partial availability of P in these fractions to
and positive between organic matter (Table 3). In plants. In addition, multiple regression analysis
addition, significant positive relationships between the (stepwise) was performed to determine the contribution
olsen-P phosphorus, which represents the phosphorus of inorganic phosphorus fractions to Olsen-P in these
available for the plant in the soil, and the Al-P+Fe-P and soils and is shown below.

CDB-P between inorganic phosphorus fractions were Olsen-P=0.147 + 3.272 (Al-P+Fe-P) + 0.053 (CDB-P).
determined. This indicates that the greatest contribution As it can be understood from the equation,

to the Olsen-P in the soil is the Al-P+Fe-P and CDB-P nonocculuded Al and Fe bound phosphorus (Al+Fe-P),
fractions in the soil. Samadi (2006) in study, named and occluded the phosphate (CBD-P) had effect on the
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change of Olsen-P. One-unit increase in Al-P +Fe-P and
CDB-P phosphors in soil, and Olsen-P increase by 3.272
and 0.053 units, respectively. As a result of the analysis,
these two fractions determine 76.84% (R?>= 0.7684) of
Olsen-P. However, the contributions of these two
fractions were separately determined as 69.88% (R2=
0.6988) of Al-P + Fe-P and 6.96% (R*= 0.0696) of CDB-P.

OzET

Amag: Calismada, Dogu Anadolu boélgesinde yaygin
olarak goriilen Mollisol ve Entisol olarak siniflandirilan
toprak profillerinde inorganik fosfor fraksiyonlarinin
miktar ve dagilimlarinin belirlenerek, bunlarin toprak
ozellikleri ve biri birleri ile iliskilerinin belirlenerek,
inorganik fosfor fraksiyonlarinin bitkiye yarayisl toprak
fosforuna katkilarinin degerlendirilmesi amaclanmustir.
Yéntem ve Bulgular: Kirecli ve hafif alkalin reaksiyonlu
topraklarin, toplam fosfor miktarlari 280-1713 mg kg*
arasinda, ortalama 713 mg kg! olarak saptanmistir.
Toplam fosforun ortalama % 80.9’unu olusturan ve bu
topraklarda birinci sirada bulunan fosfor fraksiyonu
olarak belirlenen kalsiyuma bagl fosfatlar (Ca-P) 163.2-
951.1 mg kg* arasinda belirlenmistir. Ca-P’ den sonra bu
topraklarda miktar olarak ikinci sirayi alan hapsedilmis
fosfatlar (CDB-P) 2.07-105.6 mg kg arasinda, ugiinci
olarak ise ilk ekstraksiyon sirasinda karbonatlar
tarafindan tutulan fosfatlari (CB-P) 0.76-52.83 mg kg™
arasinda bulunmustur. Doérdiincii ve son sirada ise
hapsedilmemis aliminyum ve demir fosfatlar (Al-P+Fe-P)
0.09-5.0 mg kg! arasinda bu topraklarda en az
miktarlarda bulunan fosfor fraksiyonlari olarak
bulunmustur.

Genel Yorum: Ozetle, bu topraklarda inorganik fosfor
fraksiyonlarinin miktarlarina goére bulunma sirasi Ca-
P>CDB-P>CB-P>Al-P+Fe-P olarak belirlenmistir.
Calismanin Onemi ve Etkisi: Bu topraklarda bitkiye
yarayisli fosfora (Olsen-P), hapsedilmemis aliminyum ve
demir fosfatlar (Al-P+Fe-P) ve hapsedilmis fosfatlar
(CDB-P) olmak tizere iki fraksiyonun katkiyi yaptig
belirlenmistir.

Anahtar Kelimeler: inorganik fosfor fraksiyonlari, kirecli
topraklar, yarayish P, fosfor toprak iliskileri.

REFERENCES

Ahmed AWAM, Elsheikh MA, EI Mahi YEG (2018)
Relationship between phosphorus fractions of some
selected Sudanese soil orders to phosphate
availability. Eurasian J. Soil Sci. 7(3): 224-229.

143

Ahmed W, Jing H, Kaillou L, Qaswar M, Khan MN, Jin C,
Geng S, Qinghai H, Yiren L, Guangrong L, Mei S, Chao
L, Dongchu L, Ali S, Normatov Y, Mehmood S, Zhang
H (2019) Changes in phosphorus fractions associated
with soil chemical properties under long-term organic
and inorganic fertilization in paddy soils of Southern
China. PLOS ONE 14(5): €0216881.
https://doi.org/10.1371/ journal.pone.0216881.

Azadi A, Baghernejad M, Karimian NA, Abtahi SA (2015)
Inorganic  phosphorus  fractions and their
relationships with soil characteristics of selected
calcareous soils of Fars Province. Journal of Water
and Soil 29(5): 1288-1296.

Bouyoucos GS (1951) Recalibration of the hydrometer
methods for making mechanical analysis of soail.
Agron. J. 43: 434-438.

Chand T, Tomar NK, Singh J P (1991) Effect of soil
properties on the forms of inorganic phosphorus in
alkaline-calcareous soils of different agro climatic
zones. Arid Soil Research and Rehabilitation 5(3):
190-210.

Cimrin KM, Akca E, Senol M, Biylk G, Kapur S (2004)
Potassium potential of the soils of the Gevas Region,
East Anatolia. Tr. J. Agric. For. 28: 259-266.

Cimrin KM, Karacal | (1997) Yiziinci Yil Universitesi

kamplis alani  toprak  profillerinde  fosfor
fraksiyonlarinin dagilimi Y.Y.Uni. Ziraat Fak. Tar. Bil.
Derg. 7: 31-36.

Jackson ML (1962) Soil Chemical Analysis. Pretice Hall
Inc. 183.

Johnson RA, Wichern DW (1988) Applied Multivariate
Statistical Analysis. Prentice Hall, Englewood Cliffs,
New Jersey 07632. pp. 607.

Kacar B (1970) Fosforun fraksiyonlara ayrilmasi ve
Cukurova topraklarina degisik metodlarla tayin
edilen faydalanabilir haldeki fosfor ile fosfor
fraksiyonlari arasindaki iliski. A.U. Ziraat Fak.Yilligi, 4:
721-724.

Legg JO, Black CA (1955) Determination of organic
phosphorus in soils: Il ignition method. Soil Sci. Soc.
Amer. Proc. 19: 139-143.

Liu H, Wang R, Wang H, Cao Y, Dijkstra FA, Shi Z, Cai J,
Wang Z, Zou H, Jiang Y (2019) Exogenous phosphorus
compounds interact with nitrogen availability to
regulate dynamics of soil inorganic phosphorus
fractions in a Meadow Steppe. Biogeosciences 16:
4293-4306.

Muhammad HJ, Jones KC (1992) Phosphorus in
gypsiferous soils: The influence of soil properties on P
fractionation. Geoderma 53: 97-104.


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 138-144

Arastirma Makalesi / Research Article

Olsen SR, Cole CV, Watanabe FS, Dean LA (1954)
Estimation of available phosphorus in soils by
extraction with sodium bicarbonate U.S. Dept. of Agr.
Circ. 939. Washington.

Olsen SR, Sommers LE (1982) Phosphorus, In: Methods
of Soil Analysis Chemical and Microbiological
Properties (Eds. Page A.L., Miller R.H., Keeney D.R.),
Second Edition Agronomy No: 9 American Society of
Agronomy Inc, Soil Science Society of America Inc.
403-429.

Roberts TL, Stewart JWB, Bettany JR (1985) The
Influence of topography on the distribution of organic
and inorganic soil phosphorus across a narrow
environmental gradient. Can. J. Soil Sci. 65: 651-655.

Samadi A (2006) Contribution of inorganic phosphorus
fractions to plant nutrition in alkaline-calcareous
soils. J. Agric. Sci. Technol. 8: 77-89.

Shen RF, Jiang B (1992) Distribution and availability of
various forms of inorganic-P in calcareous soils. Acta
Pedologica Sinica 29(1): 80-86.

Singh RS, Pathak AN (1973) Forms of phosphorus in
relation to physico-chemical properties in bangar
soils of Districts Deoria and Gorakhpur in alluvial tract
of Uttar Pradesh. J. Indian Soc. Soil Sci. 21(4): 407-
411.

Soil Survey Staff (1951) Soil Survey Manual. Agriculture
Handbook No. 18, US Department of Agriculture,
Washington, DC.

144

Soil Survey Staff (1999) Soil taxonomy: a basic system of
soil classification for making and interpreting soil
surveys. USDA-NRCS, Agriculture Handbook No. 436.
US Government Printing Office, Washington, DC.

Solis P, Torrent J (1989) Phosphate fractions in
calcareous vertisols and inceptisols of Spain. Soil Sci.
Soc. Am. J. 53: 462-466.

Talati NR, Mathur GS, Attri SC (1975) Distribution of
various forms of phosphorus in North-West
Rajasthan Soils. J. Indian Soc. Soil Sci. 23(2): 202-206.

Thomas GW (1982) Exchangeable cations. In: Methods
of Soil Analysis. Part 2, Chemical and Microbiological
Properties, (Eds. Page A.L., Miller R.H., Keeney D.R.),
American Society of Agronomy, Madison, Wisconsin.
pp. 159-166.

Topraksu (1971) Van Gola Havzasi Topraklari, Tarim
Orman ve Koy isleri Bakanligi, Toprak-su Genel Miid.
Yayinlari No: 28 K&y isleri Bakanligi Yayinlari No: 197,
Raporlar Serisi No: 67, Ankara.

Tripathi BR, Tandon HLS, Tyner EH (1970) Native
inorganik phosphorus forms and their relation to
some chemical indices of phosphate availability for
soils of Agra District. Indian Soil Sci. 109(2): 93-101.

Walkey A (1947) A critical examination of a rapid method
for determining organic carbon in soils: effect of
variations in digestion conditions and inorganic soil
constituents. Soil Sci. 63: 251-263.

Yang JE, Jacobsen JS (1990) Soil inorganic phosphorus
fractions and their uptake relationships in calcareous
soils. Soil Sci. Soc. Am. J. 54: 1666-1669.


http://dergipark.gov.tr/mkutbd

Mustafa Kemal Universitesi Tarim Bilimleri Dergisi 25 (2):145-152, 2020
(Mustafa Kemal University Journal of Agricultural Sciences 25 (2):145-152, 2020)
e-ISSN: 2667-7733
http://dergipark.org.tr/mkutbd

e\ B
"d
=
Yen

/e

ARASTIRMA MAKALESI RESEARCH ARTICLE
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Aims: The aim of this study was to determine the chemical and
microbiological properties of propolis ethanolic (PEE) extract added fruit
yoghurt during a storage period.

Methods and Results: PEE (in different ratios: 0.01%, 0.03%, 0.10%, 0.20%
and control=0.00%) added fruit yoghurt was stored at +4 °C for 28 days.
Dry matter, protein content, pH, titratable acidity, DPPH inhibition and
total phenols were analysed on the first and 28th days of storage.
Microbiological analyses of yoghurts were also carried in first and seventh
days. Titratable acidity values were increased while pH values decreased
at the end of the storage period in all samples. DPPH inhibition and total
phenols amounts were increased in line with the amount of added PEE. It
was observed that added propolis amount did not affect total aerobic
mesophilic flora (p>0.05). During the storage period, lactic acid bacteria
(LAB) increased in all the groups and the control group had the highest
bacteria count. The number of yeast and mould increased in all the groups.
Conclusions: Our results indicated that PEE does not adversely influence
the mechanism of yoghurt formation. We also found that propolis
increased the nutritional benefits by increasing the antioxidant capacity of
yoghurt.

Significance and Impact of the Study: In this study PEE has been added to
fruit yoghurts in different proportions. It has been observed that the
nutritional properties and antioxidant content of yoghurts have increased.
It was considered that propolis can be used as a natural food additive.

Atif / Citation: Giiney F, Ertiirk O (2020) Determination of the effects of propolis ethanolic extract on some properties of fruit
yoghurt during storage. MKU. Tar. Bil. Derg. 25(2) : 145-152. DOI: 10.37908/mkutbd.694712

INTRODUCTION

Propolis is produced by bees from buds and the exudates
of various trees and plants such as birch, poplars, oaks,
willows, conifers and many others (Bankova, et al., 2000;
Freires et al., 2016). It is a natural remedy that has been
in use for centuries (Castaldo and Capasso, 2002) and is
widely applied in traditional medicine thanks to its
pharmacological benefits of anticancer (Mouse et al.,

2012), antioxidant (Kumazawa et al., 2004), antiviral
(Almutairi et al., 2014), anti-inflammatory and
antimicrobial properties (Banskota et al.,, 2002;
Bittencourt et al., 2015; Popova et al., 2005).

Propolis is recently wused in confectionery,
biopharmaceuticals, cosmetics and is available as
capsule, extract, cream, and powder (Castaldo and
Capasso, 2002; Oses et al., 2016). Due to high
antioxidative activity and biological properties, propolis
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is useful in foods. Propolis is as a natural preservative
and a source of bioactive compounds for foods and
drinks that help improve shelf-life and consumer health
(Duman and Ozpolat, 2015; Gutiérrez-Cortés and Suarez
Mahecha, 2014).

Yoghurt is the most common dairy product (Gyawali and
Ibrahim, 2016), consumed for excellent sensory
properties, high nutritive, and therapeutic values
(Najgebauer-Lejko et al., 2015). It is made by fermenting
fresh or reconstituted milk with lactic acid bacteria (Ye
et al., 2013) and is considered to be healthy due to high
digestibility and bioavailability of protein, energy and
calcium (Shori and Baba, 2013). Presence of spoilage
bacteria and fungi (especially yeast) makes yoghurt
vulnerable unless some precautions are taken.
Preservatives would be useful, but most countries do not
allow the use of preservatives in yoghurt. There has been
increasing interest in the use of natural food additives
and the incorporation of health-promoting substances in
the diet (Shori and Baba, 2013). Many studies have
shown that excessive consumption of synthetic food
additives causes adverse effects (Caleja et al., 2016). As
alternatives to synthetic preservatives, natural
preservatives have the potential to reduce microbial
growth or numbers in yoghurt (Penney et al., 2004).
Propolis is a good natural preservative against yeast and
spoilage microorganisms because low concentrations of
propolis solution have an inhibitory effect on the
multiplication of normal bacteria while having almost no
influence on Bifidobacterium and Lactobacillus (Gao et
al., 2011).

The present study aims to determine the properties of
fruit yoghurt to which dry apricot pulp and different
proportions of PEE (P1=0.01%, P2=0.03%, P3=0.10%,
P4=0.20% and control=0.00% propolis) were added
during a storage period. Propolis has a bitter and

undesirable taste by most people. In the preliminary
trials, we conducted these ratios. Because when the
ratios exceeded 0.20%, it caused some problems in
colour, taste and acceptability. We also added dried
apricot pulp both to improve the taste and to enhance
the colour.

MATERIALS and METHODS

Propolis extract

The raw propolis was collected from local beekeepers
and stored in the dark. 30 g of propolis was extracted for
a week with 100 mL of 70% ethanol at room temperature
and then filtered to obtain the extract (Silici and Kutluca,
2005).

Production of yoghurt

Raw cow’s milk (about 15L) was obtained from the local
farm in the city of Ordu, Turkey. Yoghurt samples were
made from a mixture of cow’s milk, sucrose, skimmed
milk  powder, starter culture (Streptococcus
thermophilus and Lactobacillus delbrueckii subsp.
Bulgaricus, YoFlex Advance 2.0 DVS, Chr. Hansen,
Denmark) and propolis solution in the percentages
shown in Table 1. The mixture was heated up to 90 °C,
kept for five minutes (Miocinovic et al.,, 2016), then
cooled to 45 °C and inoculated with 1% (w/w) starter
culture. Fermentation was set at 4411 °C until pH was
reached to 4.7 (about 3 hours). The pH values were
measured with a pH-meter (Thermo Scientific, Orion 3
Star, USA). Yoghurt samples were cooled at the room
temperature (in 30 minutes) and poured into plastic cups
(100 g), with added dry apricot pulp (10%), stirred and
then stored at 4 °C 1. Three yoghurt samplesin 5 groups
were analysed, for each day.

Table 1. Percentages of the materials used for yoghurt preparation

Yoghurt Sucrose Skimmed milk Starter culture Dry apricot pulp PEE
Groups (%) powder (%) (%) (%) (%)
Control 4 2 1 10 0
P1 4 2 1 10 0.01
P2 4 2 1 10 0.03
P3 4 2 1 10 0.10
P4 4 2 1 10 0.20
Chemical analysis The protein analyses were performed with a protein-

Analyses were carried out at the Apiculture Research
Institute Directorate (Ordu, Turkey). The dry matter
content of yoghurt was determined by drying samples at
105+1° C overnight to constant weight (Helrich, 1990).

nitrogen analyzer (LECO FP-528, USA). Samples were
heated to destruction in a combustion tube at high
temperatures (900-1200° C) in an oxygen atmosphere
according to Dumas principle (Anonymous, 2002). The
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pH was determined with a glass electrode attached to
the pH-meter (Thermo Scientific, Orion 3-Star, USA). The
titratable acidity was measured by titrating 5 g of
yoghurt sample and 5 mL distilled water mixture with 0.1
N NaOH solution using phenolphthalein as the indicator
(Bradley et al., 1992).

DPPH assay was performed according to Shori and Baba
(2013). Briefly, an aliquot of the yoghurt samples was
mixed with DPPH solution (Sigma-Aldrich, Germany).
The mixture was shaken thoroughly and allowed to
stand at room temperature. The constant absorbance
readings at 517 nm were recorded and the inhibition of
DPPH oxidation (%) was calculated as follows (Shori and
Baba, 2013):

% Inhibition=[(AbsControl — AbsExtract)/AbsControl] x
100

The total phenolic contents of the extracts were
determined to employ the methods involving Folin-
Ciocalteu Reagent. A portion of 300 pL from each sample
was diluted into 4.3 mL distilled water and 100 pL Folin-
Ciocalteu reagents were added. After 3 min, 20% Na,COs
has added to 300 uL portions and the mixture was
vortexed and incubated for 30 min. Absorbance was
then read on a UV-vis spectrophotometer (Lambda-25,
PerkinElmer, USA) at 760 nm. Gallic acid was used as the
standard. The results were expressed as mg gallic acid
(GAE)/g sample material (Kucuker et al., 2014).

Microbiological analysis

The microbiological analyses were carried out with
automated TEMPOQO® system (bioMerieux, France) for
determining the total aerobic mesophilic bacteria, lactic
acid bacteria and yeast-mould. 10 g yoghurt sample was
placed in 90 mL of buffered peptone water and then
homogenized in a stomacher bag with a lateral filter. The
obtained filtrate was taken to perform further dilutions
in buffered peptone water (Kunicka, 2007). 1 mL
properly diluted filtrate was transferred to TEMPO®
culture media (AC: Aerobic mesophilic total flora, LAB:
Lactic acid bacteria, YM: Yeasts and moulds). At the end
of incubation time and temperature program, the
system gave the number of microorganisms by reading
positive wells and performed statistical analysis with the
use of the Most Probable Number (MPN) method.
Results were expressed as log colony-forming unit (log
cfu).
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Statistical Analysis

All the results were analyzed with SPSS Statistics V20.
First, analysis of variance (two-way ANOVA) was
performed, next Duncan's multiple range test was used
to differentiate treatment means at 5% level of
significance.

RESULTS and DISCUSSION

Determination of changes in yoghurt

Dry matter content, protein amount, pH and titratable
acidity of yoghurt were analyzed on the first and 28th
days of storage. The results are presented in Table 2.
Only the pH value decreased while other values had
increased by the end of the storage period.

Dry matter content

The initial dry matter content of yoghurt samples ranged
from 16.63 to 17.66% with no statistically significant
differences between the treatments (Table 2). While the
dry matter content of the control group was highest, P2
group was the lowest on 28th day. Overall, dry matter
contents of all the yoghurt samples increased in small
amounts at the end of the storage period. Researchers
reported different results about dry matter content of
yoghurt. While Biberoglu and Ceylan (2013) reported
that dry matter contents ranged from 9.98 to 18.46%,
Karahan  (2016) found 10.22 to  19.13%.
Factors such as milk type, added ingredients, production
methods and storage conditions can be the reasons for
these differences in dry matter.

Protein content

The protein content of the yoghurt samples ranged from
3.09 to 3.22%, showing no statistically significant
changes (p>0.05). According to the Turkish Food Codex
Fermented Dairy Products Communique, protein
content must be above 3% (Anonymous, 2009). All the
results found above this limit. Our results agreed with
those of Biberoglu and Ceylan (2013) and Tonguc et al.
(2013) who reported protein content between 2.91-
6.22% and 2.34-2.98%, respectively. In our study, added
PEE had no adverse effect on protein content and
yoghurt texture.
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Table 2. Physicochemical properties of yoghurt

Physicochemical Storage Yoghurt Samples
Properties Time (day) P1 P2 P3 P4 Control
1 16.63 16.90 17.45 16.72 17.66
Dry Matter (%) +0.2972 +0.09*P +0.2472 +0.3572 +0.097P
)8 17.35 17.19 18.19 17.28 18.36
+0.1482 +0.03%2 +0.1172 +0.08%2 +0.062
1 3.09 3.14 3.19 3.21 3.16
Protein Content (%) +0.0282 +0.02AB2 +0.0072 +0.02A2 +0.0"8
)8 3.17 3.16 3.20 3.21 3.22
+0.0372 +0.00% +0.0172 +0.01A2 +0.01A2
1 4.36 4.37 4.44 4.39 4.38
oH +0.01B2 +0.034B2 +0.0172 +0.01482 +0.004B2
)8 4.20 4.22 432 4.25 4.16
+0.018¢P +0.01°%° +0.014° +0.018° +0.00“°
1 0.86 0.83 0.81 0.87 0.83
Titratable Acidity +0.01A0 +0.01A0 +0.017P +0.02°P +0.017P
(% lactic acid) )8 0.98 0.95 0.93 0.96 1.06
+0.0082 +0.01582 +0.0152 +0.00%2 +0.00*2

Control=0%, P1=0.01%, P2=0.03%, P3=0.10% and P4=0.20% PEE added fruit yoghurt. A-C Means with the same letters in a row
within the category data are not significant at P> 0.05. a-b Means with the same letters in a column within the category data are

not significant at P > 0.05.

pH and titratable acidity

The pH values were found to be in the range of the
optimum values (pH 4.0-4.6) recommended by Ozdemir
and Bodur (1994). During the study, the pH value of the
samples did not exceed this optimal value range. The
highest pH value was determined on the first day and
then decreased by the end of the storage period. The pH
of yoghurts decreased to lower pH values possibly as a
result of the accumulation of acetic acid, acetaldehyde,
formic acid and lactic acid (Amirdivani and Baba, 2011).
Decreasing pH values of yoghurt have also been
reported by other researchers (Misirlilar et al., 2012;
Senel et al., 2009; Tseng and Zhao, 2013). Titratable
acidity is an important quality parameter in the flavour
and shelf life of yoghurt which measures the equivalent
percentage (%) of lactic acid. Titratable acidity increased
in all the groups at the end of storage. Higher titratable
acidity may indicate differential microbial population
during fermentation and possibly storage (Shori and
Baba, 2013). Titratable acidity is limited to min 0.6%,
max 1.5% in Turkish Food Codex. Our results met with
the Turkish Food Codex and none of the yoghurt samples
exceeded the permitted limits, supporting previous
research (Atasever, 2004; Senel et al., 2009).

DPPH inhibition and total phenolics
The antioxidant properties of yoghurt on the first and
28th days are shown in Table 3. As shown in the table,

the total phenolic content and DPPH inhibition of
yoghurt samples were in the range from 2.10 to 4.63 mg
GAE/g and 16.52 to 49.70%, respectively. The highest
value at the beginning of storage 3.98 mg GAE/g was
determined in P4 sample while the lowest value 2.10 mg
GAE/g was determined in the control yoghurt.

As expected, total phenolic content and DPPH inhibition
of yoghurt samples increased significantly (p<0.05) in
accordance with the increased propolis amount. The
minimum total phenolic content and DPPH inhibition
values were observed in yoghurt without propolis
(control group), while maximum values were observed in
yoghurt with 0.20% propolis (P4 group). The higher
antioxidant activity of propolis-added yoghurt is a
desirable characteristic that may enhance the
therapeutic values of yoghurt. We observed that the
DPPH inhibition and total phenolic values increased at
the end of the storage period. This finding was similar to
previous studies (Shori and Baba, 2011; Perna et al.,
2013; Amirdivani and Baba, 2011). Increasing
antioxidant activity may be attributed to the
metabolically active yoghurt bacteria even at low
temperature (Papadimitriou et al., 2007). Other possible
sources of that increase may be proteolysis of milk
protein and organic acids as a result of fermentation and
post-acidification during storage (Shori and Baba, 2013).
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Table 3. Antioxidant properties of yoghurt

Antioxidant Storage Yoghurt Samples

Properties Time (day) P1 P2 P3 P4 Control

DPF.’I_! . 1 17.13 +0.47 ©*  21.37+0.94%° 39.26 +0.81*° 40'7%\ 50'69 16.52 +1.35 <2

Inhibition g

(%) 28 20.82 +0.55B “* 27.12+0.72 % 44.64 +3.28** 49.70+0.81** 19.58+0,42 2
1 2.99 3.13 3.26 3.98 2.10

Total Phenolic +0,19 B2 +0.16 "B +0.22 ABb +0.42 A2 +0.46 B2

(mg GAE/g) )8 3.49 3.91 4.53 4.63 2.58

+0.28 BCa +0.04 A8 +0.09 A2 +0.23 A2 +0.28 &2

Control=0%, P=0.01%, P2=0.03%, P3=0.10% and P4=0.20% PEE added fruit yoghurt. A-C Means with the same letters in a row
within the category data are not significant at P> 0.05. a-b Means with the same letters in a column within the category data are
not significant at P> 0.05.

Microbiological properties log cfu/g in 7th day of storage. The AC number of yoghurt
The results obtained from the microbiological analysis of samples ranged from 5.70 log cfu/g to 7.38 log cfu/g.
yoghurts in 1st and 7th days are shown in Table 4. These results are consistent with other studies (Atasoy
Microbial growth continues during storage and the et al., 2003; Demirkaya and Ceylan, 2013).

number of viable microorganisms is a critical factor in Lactic acid bacteria (LAB) play an essential role in
the final product and nutritional health benefits of fermentation, extending shelf life, imparting beneficial
yoghurt (Zare et al., 2011). Beginning of spoilage and influence on food’s nutritional value, and on its healthy
shelf life can be determined by counting total mesophilic (Marhamatizadeh and Sayyadi, 2019). During the
aerobic microorganism (AC). We found that propolis storage period LAB number increased in all the groups
amount did not affect aerobic mesophilic total flora and control group had the highest bacteria number with
(p>0.05) while storage time was found statistically 6.28 log cfu/g. Mataragas et al. (2011) reported that
significant (p<0.05). AC count increased in all the groups lactic acid bacteria number was constant or a little

and the control group had the highest number with 7.38 decreased.

Table 4: Microbiological enumeration of yoghurt (log cfu/g)

Storage Time Yoghurt Samples
(day) P1 P2 P3 P4 Control
AC 1 5.74 +0.00** 5.74+0.04** 584 +0.03*" 5.73+0.03*" 5.70+0.01*P
7 6.79 +0.02~* 6.77 +0.18** 6.60+0.08** 6.96 +0.07 #* 7.38 +0.31 A2
1 5.53 +0.02 5.37 £0.02 5.44 +0.12 5.28 +0.01 5.45 +0.15
LAB Ab Ab A,a Ab Ab
7 6.14 +0.05 5.84 +0.03 5.67 £0.06 5.66 +0.06 6.28 +0.03
A,a B,a B,a B,a A,a
1 1.15 £0.15 1.30 £0.10 1.0 0.0 1.15 +0.05 1.350.15
YM A,a A,a Ab Ab Aa
7 1.65 +0.05 1.55 +0.05 1.350.05 1.30+0.10 2.0 #0.10
AB,a B,a B,a B,a A,a

Control=0%, P=0.01%, P2=0.03%, P3=0.10% and P4=0.20% PEE added fruit yoghurt. A-C Means with the same letters in a row
within the category data are not significant at P> 0.05. a-b Means with the same letters in a column within the category data are
not significant at P > 0.05. AC: Aerobic mesophilic total flora, LAB: Lactic acid bacteria, YM: Yeasts and moulds.

Alirezalu et al. (2019) reported that post contamination our study did not exceed the yeast number reported by

microorganisms such as yeasts and moulds (YM) coupled Dublin-Green and lbe (2005) as the presence of spoilage
with undesirable conditions results in the development in yoghurt.

of off-flavours and other unacceptable changes that This study aimed to determine the effect of the PEE on
eventually yoghurt becomes inconsumable. The number the physicochemical and microbiological features of fruit
of yeast and mould increased in all the groups. The YM yoghurt. The results of the present study show that
was varied from 1.0 to 2.0 log cfu/g in 7 days. Results in propolis extract does not adversely influence the
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mechanism of yoghurt formation. It was also observed,
propolis increased nutritional content of yoghurt. Taken
together, these findings support the suggestion that in
appropriate proportions propolis extract can be used for
increasing bioactive properties in fruit yoghurts, without
any adverse effects.

OzET

Amag: Bu c¢alismanin amaci farkh oranlarda propolis
etanol ekstrakti (PEE) katilan meyveli yogurtlarin
depolama boyunca kimyasal ve mikrobiyolojik
ozelliklerini belirlemektir.

Yéntem ve Bulgular: Farkli oranlarda PEE katilan meyveli
yogurtlar +4 °C’'de 28 gilin depolanmistir. Depolamanin
birinci ve 28. giinlerinde kuru madde, protein, pH,
titrasyon asitligi, DPPH inhibisyonu ve toplam fenol
icerigi analiz edilmistir. Ayrica depolamanin birinci ve 7.
ginlerinde mikrobiyolojik analizler de
gerceklestirilmistir. Depolama sonunda tim yogurtlarda
titrasyon asitligi artarken, pH degeri dismustir. DPPH
inhibisyonu ve toplam fenol miktari yogurtlara katilan
propolis miktari ile bagh olarak artmistir. Propolis
miktarinin aerobik mezofilik toplam flora lizerinde etkisi
olmadigl gorilmustir. Depolama siiresince laktik asit
bakterileri tiim gruplarda artmis ve en yliksek bakteri
sayisi kontrol grubunda gorilmistir. Maya ve kif sayisi
ise tiim gruplarda artmistir.

Genel Yorum: Yaptigimiz ¢alismada katilan propolisin
yogurt olusum mekanizmasini olumsuz etkilemedigi
gorllmuistlir. Ayrica propolis yogurtlarin  besleyici
oOzelliklerini ve antioksidan etkisini arttirmistir.
Calismanin Gnemi ve Etkisi: Bu calismada ¢ok degerli bir
art Urint olan propolisin farkh oranlardaki etanol
¢cOzeltisi meyveli yogurtlara katilmis ve yogurtlarin
besleyici Ozelliklerinin ve antioksidan iceriginin arttigi
gorilmustlr. Dogal Urinlere ilginin arttigl glinimuizde
propolisin dogal bir gida katki maddesi olarak
kullanilabilecegi distinilmektedir.

Anahtar Kelimeler: Propolis, yogurt, antioksidan etki,
mikrobiyolojik 6zellikler.
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Aims: This study was conducted to determine the effects of various boron
guantities applied at different vegetative growth stages of maize as foliar
application on hay and silage yield and quality in Mediterranean ecological
conditions.

Methods and Results: Different boron fertilizer doses (0, 4, 6, 8 kg ha™*
disodium octaborate tetrahydrate (ETIDOT-67 (Na2BsO13.4H20)) applied at
early vegetative stages of maize (V2, V4 and V2+V4 as two portions) and
the effects of boron on yield and quality prameters of maize were
examined. As a result of study, higher silage and hay yields were observed
at all boron applications in comparison with control and the highest yields
(68.43 ton ha?silage and 21.58 ton ha™ hay yield) were obtained at 8 kg
ha boron application. Also other boron doses had the statistically similar
results. Although the highest yields in terms of application times were
observed at boron applications at V2+V4 stages as two portions, the
differences between the application times were not statistically significant
Conclusions: We recommend that 4 kg ha* boron fertilizer application at
early vegetative stages of maize for high silage yield and quality.
Significance and Impact of the Study: Limited researches were performed
on boron effects on hay and silage yields and qualities of maize up to now.
This study revealed that the effects of boron application at early vegetative
period of maize. Also, it is expected to be a source for further studies.
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Boron, maize, NDF and ADF, silage yield.
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INTRODUCTION Increases in yields and qualities depend on soil

productivity and nutritional sufficiency. Beside

Maize is one of the most important cereal crops for
human nutrition and livestock feeding (Gozubenli et. al
2010; Konuskan et. al 2015). Maize production for hay
and silage vyield increased in Turkey in recent years. It
was realized 152.417 tons green forage and 25.499.870
tons silage production in 507.413 ha areas in Turkey in
2019 (Anonymous, 2019). Green forage and silage
productions from maize crop increased 2.7-fold in the
last decade in Turkey. This rises are remarkable for maize
production as fodder crop.

macronutrients, micronutrients are essential elements
for plant growth and development despite low
requirements. Boron deficiencies is the second
important micronutrient constraint to crop production
after zinc in the worldwide (Ahmad et al., 2012). Boron
deficiency is common issue and its availability to plants
decreases with increasing soil pH, especially in
calcareous soils. Its distribution in the plants is primarily
managed by transpiration, and also phloem mobile and
might be retranslocated in considerable amounts
(Marschner, 1997). Boron deficiencies can cause
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decreases in yield and quality of plants (Yarnia et al.,
2013). Boron applications can increase maize yield with
low quantities (Glines et al., 2011). Various studies were
performed on boron effects on grain yield of maize,
previously (Aref, 2011; Kaur and Nelson, 2015; Horuz
and Ozcan, 2017; Konuskan et al., 2017, Wasaya et al.,
2017; Nelson and Meinhardt, 2011). However,
insufficient researches were performed on boron effects
on hay and silage yields and qualities of maize.

This study was performed to determine the effects of
foliar boron fertilization at early vegetative growth
stages of maize on hay and silage yield and quality.

MATERIALS and METHODS

This study was conducted in Hatay province of Turkey in
2015 and 2016 maize growing seasons. In this study,
Etidot-67 (disodium octaborate tetrahydrate
(Na;Bg013.4H,0)) which produced by Eti Maden Inc. for
usage as plant fertilizer containing 20.9% boron, used as
boron source.

Soil properties of experimental area were clay loam
textured, mild alkaline (pH 7.7-7.75), not salty (0.049-
0.039 dS m), containing 28.79- 28.82% CaCOs, low or-
ganic matter (1.04-1.06%) and 0.53-0.67 mg kgt NaOAc
extractable boron. Some climatic data occurred at ex-
perimental station were given in Table 1.

Tablel. Some climatic data for experimental area in 2015-2016 growing seasons

Years April May June July August
Maximum 2015 31.5 39.1 36.3 384 42.7
Temperature (°C) 2016 36.6 35.4 40.8 39.2 41.1
Minimum 2015 4.4 9.5 12.8 18.5 184
Temperature (°C) 2016 4.2 9.6 134 18.2 204
Average 2015 15.8 22 24.6 28.2 29.4
Temperature (°C) 2016 194 21.5 26.8 28.9 29.3
Total Precipitation (mm) 2015 63.2 / 0 0.2 0
2016 5.0 29.6 4.8 0 0
. 1o 2015 65.1 58.5 56.1 56.8 55.1
Relative Humidity (%) 2016 54.4 58.8 53.5 57.3 59.4

Field study was arranged as a randomized split plot
design with three replications. Boron application times
(V2 stage, V4 stage and V2+V4 stages) were in main plots
and boron levels (0, 4, 6 and 8 kg ha Etidot-67) were in
sub-plots. Sub-plot sizes were 2.8mx5m=14 m?. Field
experiments were seeded on April 10, 2015 and April 5,
2016 with pnomatic seeder in 10 plant m~ density. 80
kg ha? N, P,Os and K,0O applied as basal fertilizer and
184 kg ha N applied at V6 stage which knee height as
top fertilizer. Boron levels of 0, 4, 6 and 8 kg ha Etidot-
67 applied at V2 stage (2nd leaf collar visible), V4 stage
(4th leaf collar visible) and V2+V4 stages in two por-
tions. Yield, yield related traits and quality parameters
were examined at center two rows of plots. NDF and
ADF contents of plant samples were determined with
Ankom filter bag technique in A220 fiber analyzer ac-
cording to Van Soest et al. (1991).

All data were subjected to analysis of variance
procedures using the MSTAT-C. Duncan multiple range
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test was used to determine statistical differences
between treatments (pd<0.05)

RESULTS and DISCUSSION

Plant heights and stem diameters were not affected by
boron applications in early vegetative stages of maize.
These results indicated that boron applications at early
growth stages had no significant effects on maize plant
growth. Plant growth and elongation closely related with
environmental conditions and soil fertility. Plant species
differ in their requirement of boron for growth.
Marschner (1995) reported that a considerable amount
of the total boron content of plant is complexed in cis-
diol configuration in the cell walls and graminaceous
species are lower boron requirement compared with
dicotyledonous related to lower amounts of compounds
with cis-diol config in the cell walls. Therefore, the
differences between boron applications may be
insignificant.
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Table 2. Effect of foliar boron fertilization on plant heigth and stem diameter of maize

Plant Heigh (cm)

Stem Diameter (mm)

Treatment

2015 2016 2015-2016 2015 2016 2015-2016

Application times

V2 256 246 250 18.7 21.8 20.3

V4 254 250 252 18.7 21.7 20.2

V2+V4 255 248 251 18.6 22.2 20.4

LSD ns ns ns ns
Boron dosages

0 253 250 252 18.6 22.0 20.3

4 254 247 251 18.7 22.2 20.4

6 256 247 251 18.7 21.7 20.2

8 257 248 252 18.7 21.8 20.2
LSD ns ns ns ns
CV(%) 1.87 6.45

ns: not significant

Higher silage and hay yields obtained at all boron
applications in comparison with control, whereas boron
application times had similar effects. Boron applications
had increases 10-15% in silage yields and 7-12% in hay
yields according to control. The highest silage yield
(68430 kg ha') and hay yield (21580 kg ha™') obtained at
the highest boron application dose, but also statistically
similar results were observed at all boron application
doses. These results indicated that boron applications
had positive effects on maize silage and hay yields even
in low amounts. Yilmaz et al. (2003) determined similar
silage yield values, whereas Atis et al. (2013) obtained
higher yields in the same ecological location. Torun

(1999) reported that lower silage yields obtained at
Samsun ecological conditions in comparison with our
results. Shabaz et al. (2015) reported that boron
applications enhanced biological yield of maize
significantly. Nawaz et al. (2017) stated that fresh and
dry matter yield of sorghum were increased with
increases in boron doses. Kaur and Nelson (2015)
indicated that the highest grain yields obtained at 2.24
kg ha boron application at V4-V6 growth stage of maize.
Also, Konuskan (2018) reported that boron applications
enhanced grain yield of maize at early vegetative growth
stages.

Table 3. Effect of foliar boron fertilization on silage yield and hay yield of maize

Silage Yield (kg ha™)

Hay Yield (kg ha)

Treatment 2015 2016 2015-2016 2015 2016 2015-2016
Application times

V2 71020 59770 65400 20970 21330 21150

V4 71530 55830 63680 20390 19490 19940

V2+V4 72080 60490 66290 20620 21070 20840

LSD ns ns ns ns
Boron dosages

0 64230 54680 59460 b™ 18640 19930 19290 b"

4 72600 61130 66870 a 20290 21790 21040 a

6 73730 57740 65730 a 21470 19880 20670 ab

8 75600 61240 68430 a 22240 20910 21580 a
LSD ns 3035 ns 1485
CV(%) 6.89 10.64

* ** significant P<0.05, P<0.01 levels, respectively; ns: not significant

Boron applications had not significant effects on leaf,
stem and cob ratios of silages. Cob ratios ranged from
61.8% to 63.2% in different boron applications in this
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study. High cob ratio is a desired characteristic for quality
maize silage and these values are quite higher than some
other research results. lleri et al. (2018) reported that
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cob ratios of maize silage ranged from 33.8% to 42.5%
according to genotypes. Keskin et al. (2017) determined
that 36%-45.6% cob ratios for different silage maize

genotypes. Nazli et al. (2019) revealed that cob ratios of
maize silage differed from 20% to 80% according to
genotype and harvesting time.

Table 4. Effect of foliar boron fertilization on leaf ratio and stem ratio and cob ratio of maize

Leaf Ratio (%)

Stem Ratio (%) Cob ratio (%)

Treatment 2015 2016  2015-16 2015 2016 2015-16 2015 2016 2015-16
Application times
V) 13.5 15.3 14.4 23.7 225 231 62.7 61.9 62.3
V4 13.6 16.0 14.8 23.7 209 223 62.5 62.9 62.8
V2+V4 14.0 16.4 15.2 23.7 203 221 62.2 63.3 62.8
LSD ns ns ns ns
Boron dosages
0 13.6 16.0 14.8 236 206 221 62.7 63.4 63.1
4 13.8 16.4 15.1 235 19.6 215 62.6 63.8 63.2
6 13.5 15.3 14.4 23.8 224 231 62.6 62.2 62.4
8 14.0 15.9 14.9 24.1 223 232 62.1 61.5 61.8
LSD ns ns ns ns ns ns
oV (%) 10.77 9.9 3.80

ns: not significant

Boron application times and doses effects on neutral
detergent fiber (NDF) contents of maize were not
statistically significant and NDF contents ranged from
35.7% to 37.0% in this study. These values are quite low
in comparison with desired maize silage NDF contents of
35% to 55% for good quality maize silage (Chahine et al.
2009). The NDF content of maize silage is affected by
hybrid, ecological conditions, fertilization and maturity
at harvest. Johnson et al. (2001) reported NDF contents
of silage maize ranged between 36.3% and 57.3%. Filya
(2004) reported that ADF and NDF contents of maize
tended to increase with advanced plant maturity. This is
related to the increase in the proportion of grains with

low NDF and ADF contents (Johnson et al., 2001; Filya,
2004). Acid Detergent Fiber (ADF) contents of maize
silage ranged from 18.1% to 19.6% and slightly increased
in high boron dose in this study. lleri et al.(2018)
reported that 22%-26.7% ADF content for different
maize genotypes. Furthermore, our results are very low
considering desired ADF contents of 20% to 33% for
good quality maize silage (Chahine et al. 2009). NDF and
ADF values are closely related to grain content of maize
silage and decreases with high grain ratios of silage. In
our study, NDF and ADF contents are quite low and
desirable characteristics for quality maize silages.

Table 5. Effect of foliar boron fertilization on NDF and ADF contents of maize

Treatment NDF (%) ADF (%)
2015 2016 2015-16 2015 2016 2015-16
Application times
V2 37.6 353 36.4 18.4 18.8 18.6
\Z 38.1 34.3 36.2 19.0 18.8 18.9
V2+V4 38.4 35.0 36.7 19.0 18.9 18.9
LSD ns ns ns ns
Boron dosages
0 37.7 35.1 36.4 18.5 18.8 18.7 ab
4 371 34.2 35.7 18.2 17.9 18.1b
6 38.6 34.8 36.7 19.6 19.5 19.6a
8 38.6 35.4 37.0 18.9 19.2 19.1a
LSD ns ns ns 0.96
CV(%) 6.24 7.59

* *¥* significant P<0.05, P<0.01 levels, respectively; ns: not significant
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CONCLUSIONS

The results of this study showed that boron applications
enhanced silage and hay yield of maize and similar
results were observed at 4, 6 and 8 kg ha boron
fertilizer applications, whereas application times had
similar effects on yield. High boron applications slightly
increased NDF and ADF contents of maize silage, but also
these values are rather low and quality parameters were
not affected. As a result of this study, we recommend
that 4 kg ha?' boron fertilizer applications at early
vegetative stages of maize for high silage yield and
quality.

OzZET

Amag: Bu calisma, Dogu Akdeniz ekolojik kosullarinda,
misirin farkll vejetatif gelisme dénemlerinde uygulanan
bor miktarlarinin misirin silaj verimi ve kalitesi Uzerine
etkilerini belirlemek icin yapilmistir.

Yéntem ve Bulgular: Misirin erken vegatatif gelisme
donemlerinde (V2, V4, V2V4 ), farkh borlu glibre dozlari
(0, 4 6, 8 kg hatl Disodyum oktaborat
tetrahidrat(ETIDOT-67 (Na;BgO134H,0)) uygulanmis ve
misirin hasil verimi ve kalitesine etkileri incelenmistir.
Yapilan ¢alisma sonucunda, tim bor uygulamalarinda
kontrole gore daha ylksek silaj ve kuru ot verimleri
godzlemlenmis ve en yiiksek verimler (68.43 ton ha silaj
ve 21.58 ton ha? kuru madde verimi) 8 kg ha? bor
dozunda elde edilirken, diger bor uygulama dozlarinda
da istatistiksel olarak benzer sonuglar elde edilmistir.
Uygulama zamanlarinda en vyiksek verim V2 + V4
gelisme doneminde belirlenmis olmakla birlikte,
uygulama zamanlari arasindaki fark istatistiksel olarak
onemli bulunmamistir.

Genel Yorum: Yiksek silaj verimi kalitesi icin misirin
erken vejetatif gelisme dénemlerinde 4 kg ha? bor
uygulanmasi 6nerilmektedir.

Calismanin Gnemi ve Etkisi: Simdiye kadar misirin hasil
ve silaj verimi ile kalite Ozellikleri Uzerine bor
glbrelemesinin etkileri konusunda sinirli arastirmalar
yapilmistir. Bu calisma ile misirin erken vejetatif gelisme
doneminde bor uygulamasinin  etkileri  ortaya
koymustur. Ayrica, bu ¢calismanin daha sonraki ¢alismalar
icin kaynak olmasi beklenmektedir.

Anahtar Kelimeler: ADF, Bor, misir, NDF, silaj verimi.
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Bazi yabanci orjinli kinoa (Chenopodium quinoa Willd.) gesitlerinde tuz stresinin cimlenme
ve erken fide gelisimi Uizerine etkisi

The effect of salt stress on germination and early seedling growth of some foreign origin quinoa
(Chenopodium quinoa Willd.) cultivars province
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Methods and Results: In order to determine the tolerance to salt stress,
50 seeds were placed in each petri dishes. The research was conducted in

Keywords: a germination cabinet with 4 replications according to the factorial
Salinity, germination rate, germination arrangement in completely randomized plot design. In this research,
index, quinoa. germination rate (GR), germination index (Gl), mean germination time
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“” Corresponding author: Saban YILMAZ weight (FSW) values of different salt concentration levels were examined.
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salt concentration increased, germination rate, germination index, radicle
length, plumule length and fresh plant weight decreased while the mean
germination time was prolonged.

Conclusions: As a result of the research, it was found that there were
cultivars of quinoa that can germinate and develop even at a high salt
concentration such as 400 mM and that can be cultivated even in soils with
salinity problems.

Significance and Impact of the Study: Every year, agricultural areas with
salinity problems are increasing in many part of the world as in Turkey.
Determining quinoa cultivars which are tolerant to different level of
salinity in terms of germination and development can provide valuable
information for evaluation of arable lands which has salinity problem.
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GIRIS zengindir. igeriginde oransal olarak yiiksek seviyede
sistein ve methionin de mevcuttur. Kinoa bu sayede

Kinoa genellikle diger tahillardan daha yiksek protein methionin ve sistein orani diistik olan bir¢cok baklagilin iyi

icerir ve proteininin kalite degeri yliksek olup, oransal bir tamamlayicisidir (Dogan ve Karwe, 2003).

olarak % 8-22 degerleri arasinda protein igerdigi Kinoanin yag orani da diger tahillardan daha yiksektir ve

bildirilmektedir (Jancurova ve ark., 2009). Lizin kinoanin yapisi esansiyel doymamis yag asitlerince de

aminoasidi tahillarda distk oranda gorilen bir zengindir (Ranhotra ve ark., 1993). Yag asidinin

aminoasit olmasina karsin kinoa lisin bakimindan bilesenleri soya vyagl ile benzerlik gostermektedir


https://doi.org/10.37908/mkutbd.694005
mailto:sayilmaz@mku.edu.tr
https://orcid.org/0000-0001-6458-5181
https://orcid.org/0000-0003-2558-5802

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 159-168

Arastirma Makalesi / Research Article

(Valencia-Chamorro, 2003). Yag orani % 6-8 olup bliyik
kismi linoleik (% 52) ve linolenik asitlerden olusmaktadir
(Park wve Morita, 2004). Kinoanin bilnyesindeki
karbonhidratlarin ¢ogu nisasta olup, nisasta orani %
58.1-64.2 arasinda degisim gostermektedir (Vega-Galvez
ve ark., 2010). Ham Iif orani % 2.5-3.9 arasinda,
monosakkaritler % 2 ve pentozan % 2.9-3.6 oranlari
arasindadir (Valencia-Chamorro, 2003). Cogu glutensiz
diyetlerde ve bu diyetlerde kullanilan gida driinlerinde
minareller eksik kalmaktadir (Thompson ve ark., 2005).
Kinoanin dahil oldugu diyetlerde mineral agigl
gorilmemektedir (Alvarez-Jubete ve ark., 2009). Kinoa
taneleri, kalsiyum, magnezyum, fosfor, potasyum,
demir, bakir, mangan ve ¢inko bakimindan diger
tahillarla karsilastirildiginda daha zengindir (Koziol, 1992;
Valencia-Chamorro, 2003). Kinoayi tahillar ile vitamin
icerigi yoninden karsilastirdigimizda, E ve B vitaminleri
(6zellikle de folik asit) bakimindan zengin oldugu
vurgulanmaktadir (Vega-Galvez ve ark., 2010). Kinoa
tanelerinde Tiamin (0.4 mg/100 g), folik asit (78.1
mg/100 g) ve C-vitamini (16.4 mg/100 g) bulunmaktadir
ve riboflavin icerigi diger tahillardan daha fazladir
(Ruales ve Nair, 1992).

Kinoanin kullanim alani her gegen giin hizla artmaktadir.
Kinoa gevrek olarak kahvalti Oglinlerinde
tuketilebilmektedir (Valencia-Chamorro, 2003). Kinoa un
haline getirilerek makarna, ekmek ve bir¢ok un
muhteviyatina sahip gida maddelerinin imalatinda
kullanilabilmektedir. Besleyicilik 6zelligi yliksek olan
kinoa bebek mamasi endistrisinde 6nemli bir yer
edinmeye baslamistir (Moncada ve ark., 2013). Aynen
piring gibi pilavi yapilabilmektedir. Ayrica taze yesil hali
salatalarda yer bulmakta yaprak kisimlari sebze olarak
degerlendirilebilmektedir. Gln gectikce farkindaligi
artan ve insan beslenmesinde tercih edilen kinoa bitkisi,
hayvan beslenmesinde de kaba yem kaynagl olarak
tercih edilen alternatif bir bitki haline gelmistir (Tan ve
Temel, 2019). Kinoanin hasattan sonra kalan kisimlari
ruminant hayvanlarin beslenmesinde (Bazile ve
Baudron, 2015), saman, yesil yem (Kakabouki ve ark.,
2014) ve silaj bitkisi olarak da kullanilabilmektedir (Van
Schooten ve Pinxterhuis, 2003). Sigirlar tarafindan ¢okca
tuketilen bu bitkilere “sigir ispanagi” adi da verilmektedir
(Tan ve Temel, 2012).

Tuz stresinden kaynaklanan bitkisel verim kaybi
diinyanin her yerinde cok yaygin bir problemdir. Ozellikle
glikofit diye adlandirilan bircok bitki tuz stresine karsi
oldukca hassastir. Diinya suyunun % 97.5’i tuzludur ve
blyik alanlar dogal olarak tuz ile bulasik hale gelmistir.
insanoglunun cesitli aktiviteleri ile bircok bolge tuzluluk
problemi ile karsi karsiya kalmistir (Munns ve Tester,
2008). Bu ylizden boyle problemlerin Ustesinden gelmek
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icin yeni yaklasimlara ihtiya¢ duyulmaktadir. Kinoa gibi
halofit olan bitkilerin yliksek toprak ve/veya sulama suyu
tuzluluguna karsi tolerans gosterebilecegi yaklasimi
mevcuttur (Koyro ve Eisa, 2008). Glikofitler (tuza duyarh)
ve halofitler (tuza toleransli) bitkilerin anatomik ve
fizyolojik yapilari birbirine benzer ancak halofitler
blnyelerinde tuz adaptasyonu ile ilgili mekanizmalari
daha etkin sekilde kullanmaktadir. (Shabala ve Mackay,
2011).

Tuzluluga genelde klorirler, silfatlar, karbonatlar,
bikarbonatlar ve boratlar neden olur ancak dogada en
fazla sodyum klorir (NaCl) tuzluluguna rastlaniimaktadir.
Topraktaki artmis tuz seviyesi bitkiler tGzerinde ¢ ana
fizyolojik strese sebep olur. Gelisme ve verim
performansini disirir, ozmotik strese sebep olur ayrica
iyonik ve oksidatif strese sebep olur (Munns ve Tester,
2008). Bitkilerin yliksek tuz stresine maruz kalmalari
sonucunda, bitkilerde ¢imlenme, blyime, gelisme,
hicre bolinmesi, fotosentez gibi pek cok biyolojik olay
etkilenmektedir (Bressan, 2008). Tuzluluk, tohumlarin
¢imlenme oranlarinin azalmasina veya tohumlarda
¢imlenmenin gerceklesmemesine, bitkilerde ise verim
kayiplarina ve o6limlere neden olabilmektedir. Tuzlu
alanlarda  tuzun  yarattig olumsuz  etkilerin
giderilmesinde en 6nemli etmen tuza dayanikh tiirlerin
ve/veya cesitlerin seg¢imi olmaktadir.

Tuz toleransini arttirmak igin takip edilen iki ana strateji
vardir. Bunlardan ilki genetik miihendisligi sayesinde tuz
toleransi yiksek bitkiler gelistirmektir (Apse ve
Blumwald, 2002). ikinci strateji ise heniiz tarimi
yayginlasmamis halofit bitkilerden beslenme agisindan
avantajli olanlarin tarimini yayginlastirmaktir (Panta ve
ark., 2014). Bu halofit bitkiler igerisinde 6n sirada kinoa
gelir. Kinoa diger tahillardan daha fazla tuza dayaniklidir
ve Ustin Ozelliklerinden dolayr diinya genelinde
popllerlik kazanmistir ve ekim alani stirekli artmaktadir
(Jacobsen, 2011; Bazile ve Baudron, 2015).

MATERYAL ve YONTEM

Bu arastirma, Hatay Mustafa Kemal Universitesi Ziraat
Fakiltesi Tarla Bitkileri Boliminde laboratuvar
denemesi olarak ylrutilmustir. Denemede, bazi
yabanci orijinli kinoa bitkisine ait cesitlerin tohumlari
bitki materyali olarak kullaniimistir. Kullanilan cesitler
Cizelge 1'de verilmistir. Ayrica tuz uygulamasi igin saf
sodyum klorir (NaCl) kimyasali kullaniimistir.

Arastirma tuz stresine karsi toleransi belirlemek
amacliyla petri kaplarinda yurttilmistir. Deneme, 4
tekerrirli ve her tekerriirde 50 adet tohum olacak
sekilde tesadif parselleri deneme deseninde faktoériyel
diizende ¢imlenme kabininde yiiriitiilmistir. incelenen
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ozelliklere iliskin verilerin elde edilmesinde ve analiz
edilmesinde (Ertekin ve ark., 2017; Wang ve ark., 2004;
Ellis ve Roberts 1980) kullandigi yontemlerden
yararlanilmistir.

Tim calisma boyunca elde edilen veriler JMP istatistik
programi kulllanilarak varyans analizine tabi tutulmus
ortalamalar arasindaki farkliliklar ise Tukey testi ile
ortaya konulmustur.

Cizelge 1. Arastirmada kullanilan kinoa gesitleri ve gesitlere ait bazi bilgiler
Table 1. Quinoa cultivars and information about the cultivars used in the research

No Cesit Orijin Fenotipik Tohum Rengi
1 Read Head USA Beyaz
2 Cherry Vanilla USA Beyaz
3 French Vanilla USA Krem-Beyaz
4 Mint Vanilla USA Parlak-Beyaz
5 Titicaca Danimarka Beyaz
BULGULAR ve TARTISMA ¢imlenme orani beklendigi tizere kontrol uygulamasinda

Farkh tuz konsantrasyonlarinin bazi kinoa cesitlerinde
¢imlenme oranina iliskin elde edilen veriler Cizelge 2'de
verilmistir. Bu sonuclara gore cesitlerin ¢imlenme
oraninin % 67.8-79.3 arasinda degisim gosterdigi, en
ylksek ¢imlenme orani French Vanilla ¢esidinden elde
edilirken, en dislik ¢imlenme orani ise Cherry Vanilla
cesidinde bulunmustur. Fakat, Red Head, Titicaca,
French Vanilla ve Mint Vanilla gesitlerinin ¢imlenme
orani degerleri istatistiki agidan birbirinden farksizdir.
Kinoada tuz stresinin dort kinoa gesidinin ¢imlenme
oranina etkisinin arastinildigi calismalarinda, Kusgu ve
ark. (2018), gesitlerin tuz stresine farkh tepki gosterdigini
bildirmektedir. Ayrica, Ertekin ve ark. (2017) tarafindan
yapilan bir baska calismada degisen tuz stresinin bazi
yaygin fig cesitlerinde farkh tepkiler ortaya koydugu
belirlenmistir.

Uygulanan tuz konsantrasyonuna bagl olarak, ¢cimlenme
orani degerlerinin % 41.9 - 97.0 arasinda degisiklik
gosterdigi Cizelge 2’'de gorilmektedir. En ylksek

elde edilirken, en dislik ¢cimlenme orani ise 400 mM tuz
konsantrasyonunda bulunmustur. Tuz konsantrasyonu
arttikca buna bagh olarak cimlenme oraninda azalma
oldugu tespit edilmis olup, kontrol uygulamasina gore,
100 mM’de % 8.4, 200 mM’de % 14.8, 300 mM’de % 24.2
ve 400 mM uygulamasinda % 55.1 oraninda bir azalma
oldugu gorilmekte olup, bu azalma oranlarinin diger
kaltur bitkileriyle karsilastirildiginda oldukga az oldugu
belirlenmistir. Kuscu ve ark. (2018) tuz stresinin dort
kinoa cesidinin Uzerine etkisi adli arastirmasinda, tuz
konsantrasyonundaki artisin tiim gesitlerde ¢imlenme
ylzdesi degerlerini 6nemli diizeyde azalttigini rapor
etmislerdir. Ertekin ve ark. (2018) yapmis olduklari
cahsmada farkli macar fig cesitleri lzerine farkli tuz
konsantrasyonlarinin  ¢cimlenme Uzerine etkilerini
arastirmislar ve elde ettikleri sonuglara goére tuz
konsantrasyonlari arttikca cimlenme oraninin diistGglni
bildirmislerdir. Ayrica ayni sekilde Akcay ve Tan (2018)
kinoada yapmis oldugu arastirmada da benzer durumun
ortaya ciktigini tespit etmislerdir.

Cizelge 2. Bazi kinoa gesitlerinde farkh tuz konsantrasyonlarinin gimlenme oranina (%) etkisi

Table 2. Effects of different salt concentrations on germination rate (%) of some quinoa cultivars

Kontrol 100 (mM) 200 (mM) 300 (mM) 400 (mM) Cesitler
Red Head 98.5a* 88.00 abc 84.0 abc 75.5 bede 49.0 fgh 79.0 A
Cherry Vanilla 99.0a 78.5 abcd 77.0 bede 59.0 defg 25.01 67.8B
Titicaca 94.5 ab 90.0ab 79.5 abcd 69.0 defg 57.0 efg 78.0A
French Vanilla 99.0a 95.5ab 86.0 abc 82.0 abc 34.0 hi 79.3A
Mint Vanilla 94.0ab 90.5 ab 84.5 abc 78.5 abcd 44.5 ghi 78.4 A
97.0 A*™* 88.6 B 82.28B 72.8C 419D

+ Ayni siitun ve satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari icerisinde birbirinden farksizdir.
++ Ayni stitun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari igerisinde birbirinden farksizdir.
+++ Ayni satir icerisinde benzer harfle gosterilen sayilar Tukey testine gére %1 hata sinirlari igerisinde birbirinden farksizdir.

Cesitxtuz konsantrasyonu interaksiyonu c¢imlenme
oranina ait ortalama degerler Cizelge 2.’de verilmistir.

Cesitxtuz konsantrasyonu interaksiyonunda ¢imlenme
oranlari % 25.0 - 99.0 arasinda degisiklik gostermistir. En
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ylksek ¢imlenme orani Cherry Vanilla ve French Vanilla
cesitlerinin kontrol uygulamasinda bulunurken en distk
cimlenme orani ise Cherry Vanilla ¢cesidinde 400 mM tuz
konsantrasyonu uygulamasinda bulunmustur. Cimlenme
orani degerlerine gére Red Head ve Titicaca ¢esitleri 400
mM tuzluluk diizeyinde arastirmada kullanilan diger
kinoa c¢esitlerinden daha vyiksek ¢imlenme orani
degerlerine sahip olmuslardir. Cesitlerin artan tuz
konsantrasyonlarina farkh tepki gdstermesi gesitxtuz
konsantrasyon interaksiyonunun énemli olmasina sebep
olmustur. Benzer sonuglar birgok arastiricilar tarafindan
farkl tarla bitkilerinde yapilan ¢alismalarda (Atis, 2011;
Atak ve Mavi, 2016; Ertekin ve ark., 2017; Ertekin ve ark.,
2018; Kusvuran ve ark., 2014a) cesitlerin degisen tuz
konsantrasyonuna karsi farkl tepki géstermesi nedeniyle
ortaya c¢iktigini bildirmektedir.

Bazi kinoa cesitlerinde farkli tuz konsantrasyonlarinin
cimlenme indeksine etkisini gosteren sonuglari Cizelge
3’te verilmistir. Bu sonuglara goére cesitlerin ¢cimlenme
indeksi 28.0 - 33.6 degerleri arasinda degisim
gostermistir. En ylksek cimlenme indeksi French Vanilla
cesidinden elde edilirken, bunu 32.0 ile ayni sonuca sahip
Red Head ve Titicaca cesitleri izlemekte olup ayni
istatiksel grupta olan Mint Vanilla gesidi izlemistir ve en
disiik ¢imlenme indeksi ise Cherry Vanilla gesidinde
bulunmustur. Bu sonuglara goére bahsi gecen bu dort
cesit, farkli tuz konsantrasyonlari altinda ayni ¢imlenme
indeksi degerlerine sahip olmuslardir. Tim gesitlerde tuz
konsantrasyonuna bagh olarak ¢gimlenme indeksinde de
distsler oldugu birgok arastirici tarafindan (Atis, 2011;
Ertekin ve ark., 2017; Kuscu ve ark., 2018 ve Ertekin ve
ark., 2018) bildirilmistir.

Uygulanan tuz konsantrasyonlarinin ¢cimlenme indeksi
Gzerine etkisini inceledigimiz zaman, ¢imlenme indeksi
degerleri 9.2 - 45.2 arasinda degisiklik gostermistir. En
yliksek c¢imlenme indeksi beklendigi Uzere kontrol
uygulamasinda elde edilirken, en disiik cimlenme
indeksi ise 400 mM tuz konsantrasyonunda
bulunmustur. Tuz konsantrasyonlari arttikga ¢imlenme
indeksi degerleri diisiis gdstermistir. Atak ve Mavi (2016)
yaptiklari arastirmada bazi tahillarda, Ertekin ve ark.
(2017 ve 2018) figi turlerinde, Atis (2011) sorgumda tuz
stresinin ¢imlenme indeksinde tuz yogunluguna bagl
olarak azalmaya sebep oldugunu belirtmislerdir.
Cesitxtuz konsantrasyonu interaksiyonlarini gozden
gecirdigimiz zaman, ¢cimlenme indeksi 5.2 - 47.7 arasinda
degisiklik gostermistir. En yiksek cimlenme indeksi
French Vanilla cesidinin kontrol uygulamasinda, ikinci
sirada da Red Head c¢esidinin kontrol uygulamasinda elde
edilmistir. En dusik ¢cimlenme indeksi degeri ise Cherry
Vanillax400 mM interaksiyonunda bulunmustur. French
Vanilla cesidi 200 mM tuz uygulamaya kadar diger
cesitlere yakin indeks degerleri gosterirken, 300 mM tuz
uygulamasinda en yiksek indeks degerine sahip oldugu
ve 400 mM uygulamasinda Titicaca, Red Head ve Mint
Vanilla c¢esitlerinden diisiik indekse sahip oldugu tespit
edilmistir. Arastirmada kullandigimiz gesitlerin, tuz
konsantrasyonuna farkh tepki gostermesi ¢imlenme
indeksinde interaksiyonun ©6nemli ¢ikmasina neden
olmustur. Benzer sonuglar birgcok arastirmaci (Tekin ve
Bozcuk, 1998; Kaya ve ark., 2006; Atis, 2011; Kusvuran ve
ark., 2014b; Hokmalipour, 2015; Onal-As¢ci ve Uney,
2016; Ertekin ve ark., 2017; Kuscu ve ark., 2018; Ertekin
ve ark., 2018) tarafindan tespit edilmistir.

Cizelge 3. Bazl kinoa gesitlerinde farkli tuz konsantrasyonlarinin ¢cimlenme indeksine etkisi

Table 3. Effects of different salt concentrations on germination index of some quinoa cultivars

Kontrol 100 (mM) 200 (mM) 300 (mM) 400 (mM) Cesitler
Red Head 46.0 a* 41.3 abcd 37.2 bcde 25.2 hi 10.4 jk 32.0A"
Cherry Vanilla 43.8 ab 35.3 cde 33.0 efg 22.51 5.2k 28.0B
Titicaca 43.5 ab 41.7 abcd 34.6 def 27.8 fghi 13.5] 32.2A
French Vanilla 47.7 a 455 a 36.3 bcde 30.4 efgh 7.66 jk 33.6A
Mint Vanilla 44.7 a 42.4 abc 37.3 bcde 25.7 ghi 9.3 jk 319A
Tuz Konsant. 45.2 AT 41.3B 35.7C 26.3D 9.2 E

+ Ayni siitun ve satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari icerisinde birbirinden farksizdir.
++ Ayni stitun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari igerisinde birbirinden farksizdir.
+++ Ayni satir icerisinde benzer harfle gosterilen sayilar Tukey testine gére %1 hata sinirlari igerisinde birbirinden farksizdir.

Kinoa cesitlerinin farkli tuz konsantrasyonlari altinda
ortalama cimlenme siiresi (glin) degerlerine ait sonuglari
Cizelge 4’te verilmistir. Bu sonuclara gore cesitlerin
ortalama c¢imlenme siresi 1.436 - 1.538 giin arasinda
degisim gostermistir. En kisa ortalama ¢imlenme siiresi
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French Vanilla cesidinden elde edilirken, en yiksek
ortalama ¢imlenme siiresi ise Red Head ¢esidinde olup
bunu Mint Vanilla ve Cherry Vanilla gesitleri izlemistir. Bu
cesitlerin ortalama c¢imlenme siiresi degerleri istatistiki
acidan birbirinden farksiz olmakla birlikte, cesitlerin
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artan tuz konsantrasyonuna bagh olarak c¢imlenme
suresine farkli tepki gosterdigi tespit edilmistir. Akcay ve
Tan (2018) cesitlerin ayni ortamda farkli siirelerde
cimlenme gerceklestirmelerinin genetik 6zelliklerinden
kaynaklandigini, tohum kabugu kalinligi veya sertliginin
¢imlenmeyi etkiledigini, bunun yaninda tohumun
blinyesinde ¢imlenme esnasinda meydana gelen
biyokimyasal olaylarin hizinin da genetik yapi ile iliskili
olabilecegini belirtmistir. Farkh tiir ve gesitlerde yapilan
¢alismalarda ortalama gimlenme siresinin (Tekin ve
Bozcuk, 1998; Kaya ve ark., 2006; Kusvuran ve ark.,

Ortalama ¢imlenme siiresinin 1.147 - 2.317 giin arasinda
degisiklik gosterdigi, en kisa ortalama ¢imlenme siresi
beklendigi lizere 100 mM ve kontrol uygulamasinda elde
edilirken, en uzun ortalama ¢imlenme siiresi ise 400 mM
tuz konsantrasyonunda belirlenmistir. Tuz
konsantrasyonlari arttikga ortalama cimlenme siresi
degerleri artis gostermistir. Fakat 100 mM’da kontrole
gore ortalama c¢imlenme siliresinde istatiksel 6nemli
olmayan kisalma géstermistir. As¢i ve Uney (2016) ve
Ertekin ve ark. (2018) tarafindan laboratuvar
kosullarinda fig cesitlerinde farkh tuz konsantrasyonlari

2014b; Hokmalipour, 2015; Onal-Asci ve Uney, 2016; kullanilarak  yapilan  arastirmalarda  artan  tuz
Ertekin ve ark., 2017; Kuscu ve ark., 2018; Ertekin ve ark., konsantrasyonlarinin  ortalama c¢imlenme siresini
2018) cesitlere gore degisiklik gosterdigi bildirilmistir. uzattigi bildirilmistir.

Cizelge 4’de tuz konsantrasyonlarinin ortalama
cimlenme sliresi Uzerine etkisi degerleri verilmistir.

Cizelge 4. Bazi kinoa gesitlerinde farkli tuz konsantrasyonlarinin ortalama ¢imlenme siresine (giin) etkisi

Table 4. Effects of different salt concentrations on mean germination time (day) of some quinoa cultivars

Kontrol 100 (mM) 200 (mM) 300 (mM) 400 (mM) Cesitler

Red Head 1.163 fg* 1.135fg 1.240 efg 1.698 ¢ 2.455 a 1.538 A**
Cherry Vanilla 1.278 defg 1.225fg 1.303 defg 1.513 cde 2.335ab 1.531 AB
Titicaca 1.203 fg 1.150 fg 1.303 defg 1.393 def 2.168 b 1.443 BC
French Vanilla 1.085¢g 1.088 g 1.318 defg 1.520 cd 2.168 b 1.436C
Mint Vanilla 1.115¢ 1.135fg 1.235fg 1.735¢c 2.460 a 1.536 A

Tuz Konsant. 1.169 D** 1.147D 1.280C 1.5728B 2.317 A

+ Ayni siitun ve satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari igerisinde birbirinden farksizdir.
++ Ayni sttun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari igerisinde birbirinden farksizdir.
+++ Ayni satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari igerisinde birbirinden farksizdir.

Cesitxtuz konsantrasyonlari interaksiyonunda, ortalama
cimlenme siresi degerleri 1.085 - 2.460 giin arasinda
degisiklik gostermistir. En uzun ortalama ¢imlenme
siresi Mint Vanillax400 mM interaksiyonunda elde
edilirken, en kisa ortalama ¢imlenme siiresi ise French
VanillaxKontrol interaksiyonunda bulunmustur.
Arastirmaya aldigimiz gesitlerden ilk dort ¢cesidin 100 mM
tuz uygulamasinda ortalama ¢imlenme siiresinde azalma
olurken, Mint Vanilla ¢esidinde uzama oldugu
belirlenmis ve tuz konsantrasyonu artirildiginda
cesitlerin tuz konsantrasyonuna farkl tepki géstermesi
interaksiyonun 6nemli olmasina neden olmustur.
Ortalama c¢imlenme siresi degerlerine gore Cherry
Vanilla, French Vanilla ve Titicaca ¢esitlerinin 400 mM tuz
konsantrasyonuna karsi diger cesitlerden daha dayanikl
oldugu belirlenmistir. Tuzluluga dayaniklihk
arastirmalariyla (Tekin ve Bozcuk, 1998; Kaya ve ark.,
2006; Atis, 2011; Kusvuran ve ark., 2014b; Hokmalipour,
2015; Onal-Asci ve Uney, 2016; Ertekin ve ark., 2017;
Kuscu ve ark., 2018; Ertekin ve ark., 2018) bizim
bulgularimiz paralellik géstermektedir.
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Farkh tuz konsantrasyonlarinin bazi kinoa cesitlerinde
radikula uzunlugu degerlerine iliskin sonuclari Cizelge
5’te verilmistir. Bu sonuglara goére, cesitlerin radikula
uzunlugunun 11.8 - 15.2 mm arasinda degisim gosterdigi
ve en yuksek radikula uzunlugu Red Head cesidinden
elde edilirken, en disik radikula uzunlugu ise French
Vanilla gesidinde bulunmustur. Fakat, Cherry Vanilla,
Titicaca, French Vanilla ve Mint Vanilla gesitlerinin
radikula uzunlugu degerleri istatistiki acidan birbirinden
farksizdir. Yilmaz ve Kisakirek (2018) kok uzunlugu fazla
olan gesidin tuz stresine dayanikh oldugunu bildirmis
olup, Red Head cesidinin diger cesitlere gore kok
uzunlugunun yiksek olmasi sayesinde bu ¢esidin tuz
stresine daha dayanikl oldugu soylenebilir.

Farkli tuz konsantrasyonlarinda radikula uzunlugu
degerleri 4.5 - 23.4 mm arasinda degisiklik gdstermistir
(Cizelge 5). En yiksek radikula uzunlugu kontrol
uygulamasinda elde edilirken, en kisa radikula uzunlugu
ise 400 mM tuz konsantrasyonunda bulunmustur. Tuz
konsantrasyonlari arttik¢a radikula uzunlugunda kisalma
oldugu tespit edilmistir. Bitki tlrlerinin tuz yogunluguna
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tepkilerinin birbirinden oldukga farkh oldugu, artan tuz
yogunluguna bagh olarak koék uzunlugunda azalma
oldugu birgok arastirici tarafindan da bildirilmistir (Tekin
ve Bozcuk, 1998; Okcu ve ark., 2005; Kaya ve ark., 2006;
Atis, 2011; Kusvuran ve ark., 2014b; Ertekin ve ark., 2017;
Demirkol ve ark., 2019).

Farkh kinoa gesitlerine uygulanan tuz stresinin radikula
uzunluguna ait cesitxtuz konsantrasyonu interaksiyon
verilerinden 4.2 - 26.9 mm arasinda degisiklik gosterdigi
saptanmistir. En yiksek radikula uzunlugu Red Head
cesidinde kontrol uygulamasinda elde edilirken, en
disik radikula uzunlugu ise French Vanilla ¢esidinde 400
mM  uygulamasinda  bulunmustur.  Arastirmada

kullandigimiz  Titicaca ¢esidine 100 mM  tuz
uygulamasindaki radikula uzunlugu degeri Red Head ve
Mint Vanilla ¢esitlerinden sonra (gilnci siradadir. 200
mM tuz uygulamasinda Red Head, Cherry Vanilla ve Mint
Vanilla gesitlerinden sonra dordiinci siraya gerilemesi,
300 mM tuz uygulamasinda en sonda olmasi ve 400 mM

uygulamada tekrar Gclncli siraya  ylkselmesi
interaksiyonun 0Onemli olmasina neden olmaktadir.
Cesitxtuz konsantrasyonu interaksiyonu bazi

arastirmacilar (Tekin ve Bozcuk, 1998; Atis, 2011;
Kusvuran ve ark., 2014b; Hokmalipour, 2015; Onal-Ascl
ve Uney, 2016; Ertekin ve ark., 2017; Ertekin ve ark.,
2018; Yilmaz ve Kisakirek, 2018) tarafindan bildirilmistir.

Cizelge 5. Bazl Kinoa cgesitlerinde farkli tuz konsantrasyonlarinin radikula uzunluguna (mm) etkisi

Table 5. Effects of different salt concentrations on radicle length (mm) of some quinoa cultivars

Kontrol 100 (mM) 200 (mM) 300 (mM) 400 mM) Cesitler
Red Head 26.9a" 24.0ab 14.3 def 6.2 gh 46h 15.2 A*™
Cherry Vanilla 22.6 abc 15.9de 11.5 efg 6.2 gh 5.1h 12.2B
Titicaca 24.5 ab 17.5cd 9.1 fgh 5.9 gh 45h 12.3B
French Vanilla 24.4 ab 14.4 def 8.9 fgh 7.3gh 4.2 h 11.8B
Mint Vanilla 18.6 bcd 19.8 bcd 11.5 efg 6.3 gh 43 h 12.1B
Tuz Konsant. 23.4 AT 18.3B 11.0C 6.4D 45D

* Ayni siitun ve satir icerisinde benzer harfle gosterilen sayilar Tukey testine gére %5 hata sinirlari icerisinde birbirinden farksizdir.
** Ayni slitun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlari igerisinde birbirinden farksizdir.
*** Ayni satir icerisinde benzer harfle gosterilen sayilar Tukey testine gére %5 hata sinirlari igerisinde birbirinden farksizdir.

Farkli kinoa cgesitlerine uygulanan tuz stresinin radikula
uzunluguna ait cesitxtuz konsantrasyonu interaksiyon
verilerinden 4.2 - 26.9 mm arasinda degisiklik gosterdigi
saptanmistir. En yiksek radikula uzunlugu Red Head
cesidinde kontrol uygulamasinda elde edilirken, en
diistk radikula uzunlugu ise French Vanilla cesidinde 400
mM  uygulamasinda  bulunmustur.  Arastirmada
kullandigimiz ~ Titicaca ¢esidine 100 mM tuz
uygulamasindaki radikula uzunlugu degeri Red Head ve
Mint Vanilla gesitlerinden sonra (glinct siradadir. 200
mM tuz uygulamasinda Red Head, Cherry Vanilla ve Mint
Vanilla gesitlerinden sonra dordiinci siraya gerilemesi,
300 mM tuz uygulamasinda en sonda olmasi ve 400 mM

uygulamada tekrar {glncli siraya  ylikselmesi
interaksiyonun o6nemli olmasina neden olmaktadir.
Cesitxtuz konsantrasyonu interaksiyonu baz

arastirmacilar (Tekin ve Bozcuk, 1998; Atis, 2011;
Kusvuran ve ark., 2014b; Hokmalipour, 2015; Onal-Asci
ve Uney, 2016; Ertekin ve ark., 2017; Ertekin ve ark.,
2018; Yilmaz ve Kisakiirek, 2018) tarafindan bildirilmistir.
Cizelge 6'da bazi kinoa c¢esitlerinin  farkh tuz
konsantrasyonlari altinda plumula uzunlugu degerlerine
ait veriler verilmistir. Bu sonuglara gore, cesitlerin
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plumula uzunlugu 18.4 - 19.3 mm arasinda degisim
gostermistir. En yilksek plumula uzunlugu degeri Red
Head ve French Vanilla ¢esidinden elde edilirken, en
disik plumula uzunlugu ise Mint Vanilla cesidinde
bulunmustur. Cesitlerinin plumula uzunlugu degerlerinin
istatistiki acidan birbirinden farksiz oldugu belirlenmistir.
Tuz konsantrasyonlarinin plumula uzunlugu Uzerine
etkisi incelendiginde, plumula uzunlugu degerlerinin 3.5
- 33.0 mm arasinda degisiklik gosterdigi goriilmektedir
(Cizelge 6). En yuksek plumula uzunlugu 100 mM tuz
konsantrasyonu uygulamasinda elde edilirken, en disiik
plumula uzunlugu ise 400 mM tuz konsantrasyonu
uygulamasinda bulunmustur. Tuz konsantrasyonlari
arttikca plumula uzunlugu degeri 100 mM tuz
konsantrasyonu seviyesine kadar artis gdstermis sonra
disis gostermistir. Benzer durum Yilmaz ve Kisakirek
(2018) tarafindan gok yillik ¢im ¢esitlerinde kontrole gére
50 mM tuz uygulamasinda sap uzunlugunda artis oldugu
bildirilmektedir. Ancak, daha farkl bitki tiir ve gesitlerde
yapilan diger bazi c¢alismalarda artan tuz stresi
uygulamasinda sap uzunlugunun azaldigl (Gomez-Pando
ve ark., 2010; Atis, 2011; Hariadi ve ark., 2011; Kusvuran
ve ark., 2015; Ertekin ve ark., 2017; Dumanoglu ve ark.,
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2016; Demirkol ve ark., 2019) bildirilmistir.

Cesitxtuz konsantrasyonu interaksiyonlarina ait plumula
uzunluklart 3.4 - 34.2 mm arasinda degisiklik
gostermistir. En yiiksek plumula uzunlugu French Vanilla
cesidinde 100 mM tuz uygulamasinda elde edilmistir. En
dislk plumula uzunlugu ise Red Head ¢esidine 400 mM
tuz uygulamasinda elde edilmistir. Cesitlere artan tuz
uygulamasi plumula uzunlugu bakimindan farkl sonuglar
alinmasina neden oldugu, Red Head ¢esidi kontrol ve 200

mM tuz uygulamasinda en uzun plumulaya sahip olurken
100 mM tuz uygulamasinda dglincli, 400 mM tuz
uygulamasinda sonuncu olmasi benzer sonug¢ diger
cesitlerde de olmasi interaksiyonun 6nemli olmasina
neden olmustur. Degisen tuz dozu uygulamalarinda
cesitxtuz dozu interaksiyonun 6nemli oldugu bazi
arastirmacilar (Atis, 2011; Ertekin ve ark,. 2018; Yilmaz
ve Kisakilrek, 2018) tarafinda da bildiriimektedir.

Cizelge 6. Bazi kinoa gesitlerinde farkh tuz konsantrasyonlarinin plumula uzunluguna(mm) etkisi
Table 6. Effects of different salt concentrations on plumula length (mm) of some quinoa cultivars

Kontrol 100 (mM) 200 (mM) 300 (mM) 400 mM) Cesitler
Red Head 29.8 abc* 32.4 abc 22.8 de 8.3 fgh 3.4h 19.3
Cherry Vanilla 27.2cd 32.4 abc 20.5e 9.3fg 3.7gh 18.6
Titicaca 28.2 bcd 32.3 abc 199e 11.9f 3.6gh 19.2
French Vanilla 28.3 bed 34.2a 194 e 11.0f 34h 19.3
Mint Vanilla 23.0de 33.5ab 203e 11.9f 3.5h 18.4
Tuz Konsantr. 27.3 B 33.0A 20.6C 10.5D 35E

+ Ayni siitun ve satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari icerisinde birbirinden farksizdir.
++ Ayni sttun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari igerisinde birbirinden farksizdir.
+++ Ayni satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari igerisinde birbirinden farksizdir.

Cizelge 7'de bazi kinoa c¢esitlerinin  farkh tuz
konsantrasyonlarindaki bitki yas agirligi degerlerine ait
sonuglari verilmistir. Bu sonuglara gore gesitlerin bitki
yas agirlhigr degerleri 0.012 - 0.015 g arasinda degisim
gostermistir. En yliksek bitki yas agirhg Red Head ve
Cherry Vanilla gesidinden elde edilirken, en disuk bitki
yas agirligi ise French Vanilla ve Mint Vanilla gesidinde
bulunmustur. Fakat Cherry Vanilla ve Red Head cesitleri

istatistiksel olarak birbirinden farksiz olup Titicaca,
French Vanilla ve Mint Vanilla gesitleri de bitki yas agirlig
degerleri olarak istatistiki agidan birbirinden farksizdir.
Farkh tir ve gesitlere uygulanan tuz stresinde gesitlerin
farkl tepki gosterdigini bazi arastirmacilar (Atis, 2011;
Ertekin ve ark.,, 2017; Yimaz ve Kisakirek, 2018)
tarafinda da bildirilmistir.

Cizelge 7. Bazi kinoa cesitlerinde farkli tuz konsantrasyonlarinin bitki yas agirhigina (mg bitki?) etkisi

Table 7. Effects of different salt concentrations on fresh seedling weight (mg plant?) of some quinoa cultivars

Cesitler Kontrol 100 (mM) 200 (mM) 300 (mM) 400 mM) Cesitler
RedHead 0.015 a-f* 0.017 ad 0.017 ab 0.017 a-e 0.008 ij 0.015 A**
CherryVanilla 0.013 b-h 0.019a 0.017 abc 0.015 a-f 0.009 hij 0.015A
Titicaca 0.012 ¢c-h 0.015 a-f 0.014 b-g 0.015 a-f 0.007 ij 0.013B
French Vanilla  0.012 fgh 0.015 a-f 0.014 b-h 0.013 d-h 0.006 j 0.012B
MintVanilla 0.011 ghi 0.015 a-f 0.015 a-f 0.013 e-h 0.007 ij 0.012B
Tuz Konsant. 0.013 C™** 0.016 A 0.015 AB 0.014B 0.008 D

* Ayni situn ve satir icerisinde benzer harfle gésterilen sayilar Tukey testine gére %1 hata sinirlari igerisinde birbirinden

farksizdir.

** Ayni siitun icerisinde benzer harfle gosterilen sayilar Tukey testine gére %1 hata sinirlari icerisinde birbirinden farksizdir.
*** Ayni satir icerisinde benzer harfle gosterilen sayilar Tukey testine gore %1 hata sinirlari igerisinde birbirinden farksizdir.

Tuz konsantrasyonlarinin bitki yas agirligi Gizerine etkisini
inceledigimiz zaman, bitki yas agirligi degerleri 0,008 -
0,016 g arasinda degisiklik gostermistir. En yliksek bitki
yas agirhg 100 mM tuz konsantrasyonu seviyesinde elde
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edilirken, en distk bitki yas agirhgr ise 400 mM tuz
konsantrasyonu  seviyesinde  bulunmustur.  Tuz
konsantrasyonlari arttikga 100 mM tuz konsantrasyonu
seviyesine kadar bitki yas agirhg degerleri artmis 100
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mM tuz konsantrasyonu seviyesinden sonra disUs
gostermistir ancak 100 mM, 200 mM ve 300 mM
konsantrasyonundaki bitki yas agirhgi degerleri kontrol
degerlerinden yiksek bulunmustur. Hariadi ve ark.
(2011) kinoada yapmis olduklari farkh tuz seviyelerinde
arastirmasinda, bitki yas agirliginin kontrole gére 100
mM, 200 mM ve 300 mM uygulamalarinda artis
oldugunu ve 400 mM ve 500 mM tuz uygulamasinda bitki
yas agirliginda azalma oldugunu bildiren arastirmacini
bulgulariyla benzerlik gostermektedir. Benzer durum,
Atis (2011)’'in sorgumda yapmis oldugu tuz calismasinda
50 mM tuz uygulamasinda kontrole gore sap ve kok kuru
agirliginda artis oldugu ancak tuz konsantrasyunu artikca
kok ve sap agirhiginda azalma oldugunu bildirmistir.Bitki
yas agirhgr bakimindan c¢esitxtuz konsantrasyonu
interaksiyonuna ait bulgularin 0,006 - 0,019 g arasinda
degistigi Cizelge 7’de verilmistir. En yilksek bitki yas
agirhgr  Cherry Vanilla c¢esidinde 100 mM tuz
uygulamasinda, en dusik bitki yas agirligi ise French
Vanilla ¢esidine 400 mM tuz uygulamasinda
bulunmustur. 100 mM tuz uygulamasinda en yiksek
deger Cherry Vanilla c¢esidinde, 200 mM tuz
uygulamasinda Red Head ve Cherry Vanilla gesitlerinde
oldugu, 300 mM tuz uygulamasinda Red Head cesidinde
bulunmustur. Ancak, Cherry Vanilla ve Titicaca
gesitlerinin bitki yas agirlig esit oldugu saptanmistir.
Cesitlerin  tuz konsantrasyonuna bitki yas agirhk
bakimindan farkh tepki gostermesi interaksiyonun
onemli olmasina neden olmustur. Bu sonuglara gore,
Red Head ve Cherry Vanilla gesitlerinin fakli tuz
konsantrasyonuna karsi diger gesitlerden daha dayanikli
oldugu belirtebiliriz.

Sonug olarak, bazi yabanci orjinli kinoa (Chenopodium
quinoa Willd.) cesitlerinde tuz stresinin ¢imlenme ve
erken fide gelisimi Gzerine etkisini belirlemek amaciyla
ylritilen bu arastirmada, cesitXtuz dozu
interaksiyonunun c¢imlenme orani, ¢imlenme indeksi,
cimlenme siiresi, radikula uzunlugu, plumula uzunlugu
ve bitki yas agirligi bakiminda c¢ok 6nemli oldugu
belirlenmistir. Uygulanan en yilksek tuz stres
dlzeylerinde gesitlere gore degisim (% 25 - 57 ) gOsteren
cimlenmeninin oldugu bu uygulamada kullanilan tuz
yogunlugu (400 mM) deniz suyuna vyakin tuzluluk
icermektedir.  Kinoa  ¢esirlerinin  tuz  stresine
tolereranslarinin ~ farkli  oldugu, goézlem yapmis
oldugumuz kiriterler agisindan Red Head ¢esidinin tuza
toleransinin  daha vyiksek oldugunu belirtebiliriz.
Kinoa’nin llkemizde tuzluluk problemi olan topraklarda
dahi tarimi yapilabilecek bir bitki oldugu tespit edilmistir.
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OZET

Amag: Bu calisma Ulkemizde tuzluluk problemi olan
tarim alanlarn icin tuzlu kosullara adapte olabilecek
uygun kinoa gesitlerin belirlenmesi amaciile 2019 yilinda
Hatay Mustafa Kemal Universitesi Ziraat Fakdltesi Tarla
Bitkileri Bolimu laboratuvarlarinda yiratilmis olup,
¢alismada materyal olarak yabanci orjinli 5 adet kinoa
cesidinin tohumu kullanilmistir.

Yéntem ve Bulgular: Arastirma tuz stresine karsi
toleransi belirlemek amaciyla her bir petri kabina 50 adet
tohum vyerlegtirilerek yapilmistir. Deneme, 4 tekkerrir
olarak tesadif parselleri deneme deseninde faktoriyel
diizende 0, 100, 200, 300 ve 400 mM NaCl
konsantrasyonlari kullanilarak ¢imlenme kabininde
ylratdlmustar. Arastirmada farkli tuz konsantrasyon
seviyelerinde tohumlarin ¢imlenme oranlari, ¢cimlenme
indeksi, ortalama ¢imlenme siresi, radikula uzunlugu,
plumula uzunlugu ve vyas bitki agirhg degerleri
incelenmistir. Arastirmada kullandigimiz cesitler, tuz
stresine bagh olarak farkli tepki goOstermistir. Tuz
yogunlugu arttikca, ¢cimlenme orani, ¢cimlenme indeksi
radikula uzunlugu, plumula uzunlugu ve yas bitki agirlig
azalirken, ortalama ¢imlenme siiresi uzamistir.

Genel Yorum: Arastirma neticesinde 400 mM gibi ylksek
bir tuz konsantrasyonu seviyesinde bile ¢cimlenebilen ve
gelisebilen kinoa gesitleri oldugu ve kinoanin tlkemizde
tuzluluk problemi olan topraklarda tarimi yapilabilecek
bir bitki oldugu soylenebilir.

Calismanin Onemi ve Etkisi: Her gecen vyil llkemizde
tuzluluk problemi olan tarim alanlar artmakta olup,
tuzluluga dayanikli olan kinoa gesitlerinin farkli tuz
yogunluklarinda ¢imlenme ve gelisme Uzerine etkisini
belirleyerek  bu  alanlarin  degerlendirilmesinde
kullanilabilecektir.

Anahtar Kelimeler: Tuzluluk, cimlenme orani, ¢cimlenme
indeksi, kinoa.

TESEKKUR

Bu calisma Hiiseyin BEYAZCICEK'in yiiksek lisans
tezinden Uretilmistir. Tez c¢alismasinin yuritilmesi
asamasinda Ars. Gor. Ibrahim ERTEKIN’in katkilarina
tesekkdir ederiz

CIKAR CATISMA BEYANI
Yazar(lar) c¢alisma konusunda
olmadigini beyan eder.

ctkar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Aims: The aim of this study was to determine the changes in nitrogen
contents of cotton plant leaves by using satellite images, to estimate
nitrogen status in the plant leaves with the help of satellite images, and to
determine nitrogen fertilizer requirements in large cotton production
areas by using satellite images in the future to make nitrogen application
recommendations.

Methods and Results: The experiment was carried out in randomized plot
design with three replications in six different locations under Mardin
province ecological conditions in Turkey. Data from four bands of
PlanetScope and five bands of RapidEye satellites were used in the study.
The correlation between leaf nitrogen content and reflectance of satellite
bands was determined and regression (leaf nitrogen content-reflectance)
and reverse regression (reflectance-leaf nitrogen content) analyses were
performed. Significant correlation were found between leaf nitrogen
content and RE_Blue (r=-0.58**), RE_Green (r=-0.46**), RE_Red (r=-
0.67**), PS_Blue (r=-0.54**), PS_Green (r=-0.43**), PS_Red (r=-0.42*%),
Conclusions: 1t is recommended to use RE_Blue, RE_Green, RE_Red,
PS_Blue, PS_Green, PS_Red satellite bands for the estimation of cotton
leaf nitrogen content.

Significance and Impact of the Study: This study is of great importance in
order to determine the need for nitrogen fertilizer usage in large cotton
production areas. The study is important in terms of widespread impact
and rapid results in large cotton production areas, especially considering
the growing cotton cultivation areas in the GAP (South East Anatolia
Project) region for optimum nitrogen fertilization in cotton production.

Keywords:
Cotton, nitrogen, satellite images, remote
sensing, RapidEye, PlanetScope.
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GIRIS

Pamuk; tekstil, yag, yem ve kimya sanayi sektorleri basta
olmak lizere bircok sanayi sektoriiniin hammaddesini
olusturmaktadir. Dlinya nlfusunun artisi ile tim
sektorlere olan talep hizla artarken, pamuk Uretim
miktarlarinda yeterli diizeyde artis saglanamamaktadir.
Pamuk, diinyada 85 kadar (lkede yetistiriimesine
(Basbag ve ark., 2011) ragmen, 2019/2020 doénemi Eyliil-

Ekim aylan itibari ile sirasiyla Hindistan (%24.4), Cin
(%22.2), ABD (%17.4), Brezilya (%9.3), Pakistan (%6.1),
Tirkiye (%3.3) ve Ozbekistan (%2.4) en fazla Uretim
yapilan dlkeler olmustur (USDA, 2019). Hindistan, Cin ve
ABD, diinya toplam pamuk {retiminin % 64.08'ini
karsilamaktadir. 2018/2019 yili verilerine gore Turkiye
pamuk Gretimi yoninden altinci sirada (806 1000MT),
yurt ici tiketimi yoninden altinci sirada (1481 1000MT),
ithalat yoninden besinci sirada (762 1000MT), stok
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yoninden ise vyedinci sirada (369 1000MT)
bulunmaktadir. Verim degerlerine gore Cin, Brezilya ve
Meksika’dan sonra dordiinci sirada (1549 kg/ha); ekim
alani yoniinden ise on birinci sirada (0.52 milyon.ha) yer
almaktadir (Aytacg ve ark., 2020). Bu durum, yillara gére
pamuk ve pamuk Uretimine olan talebi daha da
artirmaktadir. Tarkiye’de pamuk; genis kullanim alani,
olusturdugu istihdam ve katma deger ile (lke
ekonomisine bliyik faydalar saglayan 6nemli ve stratejik
bir Grindr.

Tim bitkiler icin 6nemli bir besin kaynagi olan azot (N),
pamuk bitkisinin blylime ve gelisiminde diger makro ve
mikro bitki besin elementlerine gore daha etkili olan,
bircok farkl yollardan saglanan, bitkilerde meydana
gelen fizyolojik olaylarda gbrev alan, nitrat (NOs) ve
amonyum (NH4*) iyon formlarinda alinan hayati 6neme
sahip mobil bir bitki besin maddesidir (Kagar, 2009)
Bitkisel Giretimde azota duyulan gereksinim ve kayiplar
oldukca fazla ve ayni zamanda hizli oldugundan eksikligi
cok vyaygindir. Vejetatif gelisme doéneminde bitkide
bulunma orani/miktari ve ihtiya¢ oldukca yuksektir.
Bitkilerin tir, cesit, yas, verim potansiyeli, kok, gbvde ve
yaprak yapilarina goére bitkideki miktari ve ihtiyac
degisim gostermektedir (Kacar ve Katkat, 2011).

Azotun (N) gerekli olan miktardan daha az alimi
durumunda, bitki, vejetatif ve generatif olarak yeterli
diizeyde blyime ve gelisme saglayamamakta; fazla
kullanilmasi durumunda ise insan sagligina ve ¢evre
kirliligine olumsuz yonde etki etmektedir (Sutton ve ark.,
2011) Biogesitliligin azalmasi, sularda nitrat oraninda
artis, asidifikasyon, azot-oksit emisyonu sonucunda
kiresel 1sinma ve stratosferik ozon tabakasinin
incelmesi, ekolojik faktorlerin degisimi, ve iklim degisimi
insanoglunun yasami ve saghgini olumsuz
etkilemektedir.

Yapilan arastirmalarda pamuk yetistiricilig§inde azotlu
glbreleme calismalarinda yiksek pamuk kitli veriminin
15-20 kg/da dozunda alindigi (Rochester, 2007; Bibi ve
ark., 2011; Hakoomat ve Raheel, 2011; Seilsepour ve
Rashidi, 2011; Hernandez-Cruz ve ark., 2015) azot
dozundaki artisla koza sayisi ve koza agirhiginin arttig
boylece pamuk veriminde artisa neden oldugu
(Hakoomat ve Raheel, 2011) ve en iyi lif kalite
parametreleri icin 24 kg/da dozun ideal uygulama dozu
oldugu (Zhao ve ark., 2012) saptanmistir. Ancak ¢ok
blyilk alanlarda bitkinin glibre ihtiyacinin belirlenmesi
blylk zorluklar icermekte, maliyetli olmasinin yaninda
zaman almakta ayrica bitkiye de belirli oranda zarar
vermektedir. Bu amagla bitkinin azot ihtiya¢ durumunun
optik sensorlar yardimiyla belirlenmesi glinlimiiz
teknoloji kullanimi yoniinden blyik dnem tasimaktadir
(Cassman ve ark., 2002; Raun ve ark., 2002; Mullen ve
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ark., 2003; Chartuni ve ark., 2007; Bagheri ve ark., 2013;
Yousefi ve Razdari. 2014; Esetlili ve ark., 2015)

Tarimsal Uretimde giibre kayiplarinin azaltilmasi icin
uygulanacak gilibre dozlarinin bitki ihtiyacina goére
belirlenmesi gerekmektedir. Bu amagla bitki ihtiyacinin
belirlenmesi icin toprak veya yaprak analizi en fazla
uygulanan yontemlerdendir. Bitkinin azot basta olmak
lizere diger bircok bitki besin maddelerinin anlik
durumlari ve gereksinim miktarlarinin saptanmasina
yonelik yeni teknolojilerin kullanimi ve yeni hesap
yontemlerinin gelistirilerek dogru tahmin edilmesi
tarimsal Uretim ve cevreye daha duyarli Uretim icgin
Onemlidir.

Hassas tarim; Grln ekilisinden hasadina kadar gegen
sirede, konumsal ve zamansal agidan farklilik gbsteren
gereksinimlere, bu konum ve zaman kriterleri dikkate
alinarak yapilmasi gereken midahaleyi bir bilgi ve
kontrol sistemi kullanarak yapan sistemdir (Tlrker ve
ark., 2015; Keskin ve ark., 2018). Hassas tarimda,
kaynak/kullanim dengesi ve uretimde surdrulebilirlik
gozetilerek Urinden elde edilecek geliri maksimize
etmek amaclanmaktadir. Bu amaglarla hassas tarimda
Cografi Bilgi Sistemi ve Uzaktan Algillama yontemleri
kullaniimaktadir. Cografi Bilgi Sistemi; konumsal bilgileri
toplama, saklama, analiz etme ve benzeri islemleri
yapabilme yetenegine sahip bilgi sistemi (Yousefi ve
Razdari, 2014; Cabuk ve ark., 2019), Uzaktan Algilama
ise; yerylziindeki herhangi bir cisimden yayilan ya da
yansiyan isinimin 6zellikleri hakkinda arada herhangi bir
fiziksel temas olmaksizin gesitli algilayicilar vasitasi ile
bilgi toplanmasi yontemi olarak tanimlanabilir (Sunar ve
ark., 2018).

Uzaktan algilama, bitkinin yesil aksaminda olusan
fizyomorfolojik 6zelliklerin degisiminin ortaya konulmasi
ve genis alanlarda anhk tahmin etmede hatalarin
azaltilmasi  yoninden onemli  veriler ortaya
koyabilmektedir (Mutanga ve ark., 2004). Nesnelere
dogrudan dokunmadan uzaktan yapilabilecek olglimler
ile nesneler hakkinda bilgi edinmeye olanak saglayan
uzaktan algilama sistemleri yakin zaman igerisinde basta
tarim olmak Uzere bircok alanda basarili sekilde
kullanilmaktadir (Wright ve ark., 2005). Bitki besin
maddelerinin eksikliginde olusan renk ve yansima
farkhliklari  dogrudan bitkilerin  spektral yansima
degerlerine etkide bulunmaktadir (Carter ve Knapp,
2001). Bu yontemler genis alanlarda veri (retirken
bitkiye ve ¢evreye zararl etkileri bulunmamaktadir.

Bu c¢alisma, pamuk bitkisi yaprak azot iceriginin
belirlenmesinde RapidEye (RE) ve PlanetScope (PS) uydu
gorintalerinin  kullanilabilirligini  arastirmak, uydu
verileri ile yaprak azot icerigini tahmin etmede uzaktan
algilama yonteminin kullanilabilirligini test etmek,
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pamuk bitkisinde azot ihtiyaci belirleme ve azotlu glibre
miktari tavsiyesinde uzaktan algilama yoOnteminin
uygulanabilirligini belirlemek amaci ile yurattlmstir.

MATERYAL ve YONTEM

Calisma Yerinin Ozellikleri

Mardin ekolojik kosullarinda yiritilen bu calismada,
Gossypium hirsutum L. tirlne ait ST-468 pamuk ¢esidi
bitkisel materyal olarak kullanilmistir. Calisma Mardin ili
Artuklu ilgesi Kiglkkoyu (Kiglkkoy-1, Kiglikkoy-2 ) ve
Kiziltepe ilgesi Tanriverdi kéyd (Tanriverdi-1, Tanriverdi-
2, Tanriverdi-3, Tanriverdi-4 ) sinirlarinda olmak Uzere
toplam 6 lokasyonda yuratilmastir.

Calisma, tesadlf parselleri deneme deseninde her
lokasyonda 3 tekerriirli olmak {zere 30 parselde
yaratidlmastar. Her parsel 50 m uzunluk ve 17.5 m
genisliginde olacak sekilde yapilandiriimistir. Deneme
yerinin, siltli killi toprak yapisina, tuz orani bakimindan
normal degerlere, pH ve kire¢ orani bakimindan cok
yliksek seviyeye, fosfor ve cinko bakimindan yetersiz
duruma ve potasyum ve demir icerigi bakimindan yeterli
bir seviyeye sahip oldugu belirlenmistir (Cizelge 1).
Galisma yerinde karasal iklim hakim olup, yazlari ¢ok
sicak ve kurak, kislari ise iliman olup, yillk yagis

ortalamasi 350 mm’dir. Bolgede genellikle kurakliklar
yasanmaktadir. Kiziltepe ve Artuklu ilgelerinde nemlilik
dizeyi oldukga dusliktiir. Tim lokasyonlarda 6n bitki
olarak ana Uriin bugday ve ikinci Griin olarak danelik
misir ekilmistir. Misir bitkisine 35 kg/da 20.20.0 (NPK)
kompoze ve 50 kg/da % 33 amonyum nitrat giibresi
uygulanmistir. Pamuk ekimi 26 Nisan 2018 tarihinde
makine ile dekara 2.5 kg/da tohum kullanilarak
yapilmigtir. Tim parsellere ekim ile beraber 20.20.0
(NPK) kompoze giibre 45 kg/da olarak uygulanmistir.
Uygulama parsellerinde toprak ve yaprak azot orani
degiskenligi olusturmak icin 25 Haziran 2018 tarihinde
(ekimden 60 giin sonra) Ure (%46 N) formunda 0, 10, 15,
20, 25, 30, 35, 40, 45 ve 50 kg/da dozlarinda gibreleme
uygulanmistir.  Uydu  gorUntileri  ¢ekim  tarihi
(25.07.2018) (ekimden 90 giin sonra) ile ayni giinde her
parselden rastgele 25 adet yaprak ornegi alinmistir.
Orneklemede en (st besinci bogumda (normal
baylklige ulasmis, gelismesini tamamlamis geng
yaprak) bulunan yapraklar koparilarak alinmis, delikli
naylon torbalara konularak parsel bilgisi ile
etiketlenmistir.

Denemenin yiratildigu lokasyonlara ait ekim oncesi
alinan toprak o6rneklerinin analiz sonuglari Cizelge 1'de
verilmistir.

Cizelge 1. Denemenin yuritildGgi parsellere ait toprak analiz sonuglari

Table 1. Soil analysis results of the experiment area

Lokasyonlar pH Tuz (%) Kireg (%) Tekstiir MCa):'jgdaen(ill;’) Pz:;_g;"g szog_(lr;1g
(T;;OZ'L‘,’;%%,K_ 40°35/18.637D) 7.9 4.2 9.1 Siltli-Killi 1.9 9.4 131
(T;;ozvgd;f,( 40°3513.53"D) 8.1 4.7 8.6 Siltli-Killi 2.2 10.0 136
(T:;Orsl\'/f.rfzifk -40°35'13.28''D) 8.2 >3 9.0 S”tlTi;rlf " 2:3 8.8 158
(T;;Ors“'ls.r:g'zlk - 40°35'6.46"'D) 8.2 >0 8.7 S”tlTi;E " 2:5 9.2 166
é“;‘;kls(gys;K 40°51/24.217D) 8.6 5.6 8.9 Siltli-Killi 22 111 175
é“;;;k'l(gyng 40°51'22.35"D) 8.5 5.1 8.9 Siltli-Killi 2.4 10.6 183

Yaprak azot icerigi analizi Uzaktan algilama uydu verileri

Calismada, alinan yaprak ornekleri etiivde 70°C'de 48 Calismada veriler ve elde edilen RapidEye ve

saat kurutulduktan sonra yaprak azot igerigi (YAI) (%)
FOSS marka XDS model NIR cihazi ile (FOSS, Eden Prairie,
Kuzey Amerika) AOAC 992-23 vyoOntemine gore
belirlenmistir (Anonim, 1990). Yaprak azot igeriginin
%3.50-%5.02 arasinda degistigi belirlenmis ve bu veriler
20 adet sinif (Cizelge 2) olusturularak irdelenmistir. Sinif
araligi %0.075 alinmigtir.
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PlanetScope uydularina iliskin teknik 6zellikler Cizelge
3’te verilmistir. Bu uydular ylksek ¢ozlinirlik (5 m ve
alt1) sinifina girmeleri, bu siniftaki uydulara gére maliyet
acisindan daha uygun olmalari ve istenilen zaman
arahginda c¢ekim vyapabilme kabiliyetlerinin yilksek
olmasi nedeniyle secilmistir.
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Cizelge 2. Yaprak Azot icerigi sinif degerleri
Table 2. Leaf nitrogen content values

Yaprak Azot Degeri (%)

Azot Skala Sinifi — - —
Alt Sinir Degeri Ust Sinir Degeri

Azot Skala Sinifi

Yaprak Azot Degeri (%)
Alt Sinir Degeri Ust Sinir Degeri

1 3.500 3.575
2 3.576 3.651
3 3.652 3.727
4 3.728 3.803
5 3.804 3.879
6 3.880 3.955
7 3.956 4.031
8 4.032 4.107
9 4.108 4.183
10 4.184 4.259

11 4.260 4.335
12 4.336 4.411
13 4.412 4.487
14 4.488 4.563
15 4.564 4.639
16 4.640 4.715
17 4.716 4.791
18 4.792 4.867
19 4.868 4.943
20 4.944 5.019

Cizelge 3. RapidEye ve PlanetScope Uydularina iliskin Teknik Ozellikler (Anonim 2019)

Table 3. Technical specifications of RapidEye and PlanetScope Satellite

Ozellikler

RapidEye (RE)

PlanetScope (PS)

Uydu Savyisi 5
Yoriinge Yiksekligi

Ekvator Gegcis Zamani

Blue 440- 510
Green 520- 590
Spektral Bantlar (nm) Red 630- 685
NIR 760- 850
Red Edge 690- 730
Yersel Ornekleme mesafesi (nadir) 6.5m
Piksel Boyutu (ortorektifiye edilmis) 5m
Cerceve Genisligi 77 km

Yeniden gegis zamani

Dinamik Araligi 12 bit

630 km. Sun-synchronous
11:00 am (tahmini)

5.5 giin (Nadir), Her glin (Off-nadir)

475 km.
9:30-11:30 am
455-515

500- 590

590- 670

780- 860

3.7m

3.7m

24.6 km x 16.4 km
Her giin (nadir)
12 bit

Uydu Gériintiileri isleme Protokolii

25 Temmuz 2018 tarihli RapidEye (RE) ve PlanetScope
(PS) uydu gorintileri Nik insaat Tic. Ltd. Sti. isimli
firmadan (Mecidiyekdy, istanbul) temin edilmistir.
Goruntiler orthorektifiyeli olarak temin edildiginden
herhangi bir geometrik dizeltme islemi
uygulanmamistir. Uydu gorintilerine yapilan islemlere
iliskin is akis protokoll Sekil 1’de verilmistir. Fotograflara
TNT Mips (Microlmages, Inc., Nebraska, ABD) yaziimiile
kontrast diizeltme islemi yapilmis, ardindan bulut, nem,
sis gibi harici etkileri ortadan kaldirmak amaciyla PCI
Geomatica (PCl Geomatics, Markham, Kanada) programi
ile  atmosferik dizeltme islemi  uygulanmistir.
Goruntilerin hicre piksel degerleri Smoothing (low-
passing) filtre (3x3) ile filtrelenerek elde edilen degerler
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Microsoft Excel-2013 (Microsoft, Washington, ABD)
formatinda deneme parsel numaralari ve uydu bant
sirasina gore kaydedilmistir.

istatistik analiz

Calisma kapsaminda incelenen yaprak azot icerigi ile
uydu verileri arasindaki iliskilerin (basit korelasyon
katsayilar) korelasyon analizi yapilarak, istatistiki olarak
yaprak azot igerigi-yansima arasi ikili iliski (korelasyon)
analizleri dnemli oldugu saptanan bantlar igin regresyon
(yaprak azot icerigi-yansima) ve ters regresyon (yansima-
yaprak azot icerigi) analizleri yapilmistir. Istatistiki
analizler, JMP 5.0.1 paket programi (Copyright © 1989-
2002 SAS Institute Inc.) yardimi ile yapilmistir.
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Uydu
Fotografi Labaratuvar istatistik
import Analizleri Analizleri
Etme
Goriintii _ Tarla TAhZOt.
Zenginlestirme Olgiimleri 2 m"]
modeli
Bant
. Degerlerinin
Orthorektifiye Okunma ve
Kaydedilmesi
Atmosferik
Diizeltme Filtreleme
(ATCOR)

Sekil 1. Uydu goriintileri isleme is akis protokoli
Figure 1. Satellite image processing flowchart protocol

BULGULAR ve TARTISMA

Pamuk yaprak azot icerigi (%) ve incelenen uydu bantlari

yansima degerleri arasindaki ikili iliskiler (korelasyon

katsayilari), regresyon ve ters regresyon analiz sonugclari
Cizelge 4’de verilmistir.

Cizelge 4. Yapraktaki azot igerigi (%) ve incelenen uydu bantlari arasindaki ikili iliskiler (korelasyon katsayilari),

regresyon ve ters regresyon analiz sonuglari

Table 4. Binary relationships (correlation coefficients) between the nitrogen content in the leaf (%) and satellite bands,

regression and inverse regression analysis results

Bant r Regresyon Ters Regresyon R? RMSE
RE_Blue -0.58 ** y=67.08*N2-632.67*N+1950.13 N=-0.00003*RE_Blue?+0.02440*RE_Blue-0.67 0.38  0.23
RE_Green -0.46 ** y=128.66*N2-1144.41*N+3394.14 N=-0.00002*RE_Green?+0.03618*RE_Green- 0.28 0.26
10.34
RE_NIR -0.14 * y=-0.05*N2+0.42*N-0.18 N=-44.13*NIR_RE2+71.49*NIR_RE-24.60 0.21 0.29
RE_Red -0.67 ** y=258.98*N2- N=- 0.50 0.21
2*382.98*N+6179.39 0.000005*RE_Red?+0.005411*RE_Red+2.83

RE_Rededge -0.23 * y=-61.58*N+2%245.09 N=-0.001*RE_RedEdge+5.900 0.05 0.29
PS_Blue -0.54 ** y=-62.69*N+722.69 N=-0.005*PS_Blue+6.40 0.30 0.25
PS_Green -0.43 ** y=-60.89*N+1176.12 N=-0.003*PS_Green+7.03 0.18 0.25
PS_NIR 0.10 od

PS_Red -0.42 ** y=92.25*N+1453.98 N=-0.002*PS_Red+ 6.316 0.18 0.27

*:%1 dlizeyinde 6nemli; **:%5 diizeyinde 6nemli; 6d: dnemli degil; RMSE: Hata Kare Ortalamalarinin Karekokd

Yaprak azot icerigi ile incelenen RE_Blue (r=-0.58*%),
RE_Green (r=-0.46**), RE_NIR (r=-0.14*), RE_Red (r=-
0.67**) ve RE_Rededge (r=-0.23*) RapidEye uydu
bantlari yansima degerleri ile PS_Blue (r=-0.54*%),

PS _Green (r=-0.43**) ve PS Red (r=-0.42%%*)
PlanetScope uydu bantlari yansima degerleri arasi
negatif ve onemli dizeyde ikili iliskiler (korelasyon)

saptanirken, PS_NIR (r=+0.10) PlanetScope uydu bandi
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yansima degeri arasinda ise pozitif ve 6nemli dizeyde
Elde ettigimiz bulgular, bugday (Triticum aestivum L.)
bitkisinde kanopi klorofil A icerigi ile Reflectance ®550,
R680 ve tim kirmizi kenar (Red Edge) parametreleri
arasinda anlamli korelasyon saptandigini ve optik
tekniklerin kullanilmasiyla, bugdayin N durumunu
belirlemek/degerlendirmek icin bir ydntem olarak
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kullanilabilecegini bildiren Filella ve ark. (1995); pamuk
bitkisi yaprak N icerigi, yaprak klorofil icerigi ve azot
icerigi arasinda  zayif  korelasyonun  (r=+0.32)
saptandigini, yaprak klorofil ve R415/R695 arasinda
olumlu (r=+0.72); yaprak azot icerigi ile R415/R710
arasinda olumlu (r=+0.70) korelasyon saptandigini;
pamukta N durumunun uzaktan algilanmasinin,
spektrumun menekse (Violet) veya mavi (Blue) bolgesi
(400 450 nm) ile Kirmizi Kenar (Red Edge) (690-730 nm)
bdlgesinin yansima oranlari kullanilarak yapilabilecegini
bildiren Read ve ark. (2002); pamuk bitkisi N durumunu
maksimum % 77 oraninda tahmin edilebildigini bildiren
Fridgen ve Varco (2004); erken dénem bugday azot (N)
durumunu degerlendirmek icin Karasal LIDAR (TLS)'in
uygunlugu test etmek amaciyla yapilan ¢alismada, %N ile
TLS arasinda zayif (R?=0.10-0.75), azot beslenme indisi
(NNI) ile TLS arasinda orta (R?=0.45-0.54) derecede iliski
buldugunu bildiren Eitel ve ark. (2014); uzaktan algilama
gorintisi isleme teknigi kullanilarak yapilan ¢alismada
teknigin bitkide klorofil ve azot tahmini icin oldukca
kullanisli oldugu bildiren Patane ve Vibhute (2014); celtik
bitkisinde azot kullanim durumunu belirlemek amaciyla
FORMOSAT-2 uydu gorintilerini  kullanilarak azot
beslenme indisinin (The Nitrogen Nutrition Index) (NNI)
tahmini icin yapilan galismada, vejetasyon indisleri ile
direkt olarak NNI degiskenliginin %45’ini aciklanabilir
oldugunu, bitki azot alimi PNU (Plant Nitrogen Uptake)
yoluyla NNI degiskenliginin %52’sinin agiklanabildigini
bildiren Huang ve ark. (2015); bugday bitkisinde
RapidEye goruntileri kullanarak c¢esitli vejetasyon
indislerin hesaplanmasi amaciyla yapilan ¢alismada,
bitkinin yaslanmasiyla birlikte degisen klorofil miktarinin,
bu indislerle korelasyon gosterdigini bildiren Schénert ve
ark. (2015); celtik bitkisinde uydu goérintileri
kullanilarak azot durumunu belirlemek amaciyla yapilan
calismada, Red-Edge tabanli vejetasyon indisleri ile
toprak Ustu biokitle (AGB: above ground biomass)
degiskenligini %53-64, bitki azot alimi PNU (plant N
uptake) degiskenligini %62-65 oraninda agiklayabildigini;
performans yoninden WorldView-2, RapidEye ve
Formosat-2 siralamasinin olustugunu bildiren Huang ve
ark., (2017)'nin bulgulari ile benzerlik géstermektedir.
Oysaki pamuk bitkisinde spektrarodyometre kullanarak
yaptiklari ¢alismada, R517/R413 nm‘deki yansima
degerlerinin yaprak N konsantrasyonuyla (R>=065/078),
R708 / R915 veya R551 / R915’in yansitma oranlarinin
yaprak klorofil konsantrasyonu ile (R%=0.67-0.76)
yakindan iliskili oldugunu bildiren Zhao ve ark. (2005);
SPOT-2 ve LANDSAT uydu gorlUntileri ve el
spektroradyometresi kullanilarak yapilan c¢alismada,
pamuk ve bugday bitkilerinde azot miktarlari ile NIR
arasinda istatistiki olarak onemli (%5) iliski saptandigi
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bildiren Eroglu (2008); misir ve bugday bitkilerinde
Double-peak Canopy Nitrogen Index (DCNI) adhl yeni bir
vejetasyon indisi Ureterek, bu indisin bitki N
konsantrasyonunu tahmin etmek icin iyi bir potansiyele
(musir icin R?=0.72, bugday icin R?=0.44) sahip oldugunu
bildiren Chen ve ark. (2010); bugday (Triticum aestivum
L.) bitkisinde farkli azot dozlarinin, g¢esitli bitki
parametreleri Uzerindeki etkisinin sensorler arasinda
farklihk gosterdigini; biokitle parametreleri ile N dozlari
arasinda yuksek iliski (r=+0.96) bulundugunu; yakin
kizilotesi (NIR) tabanl indislerin (R760/R730), bugdayin
N durumunu gosteren en gicli ve kararli indis oldugunu
bildiren Erdle ve ark. (2011); misir bitkisinde erken
evrelerde zayif korelasyon, ciceklenme evresinde en
ylksek korelasyon ve olgunlasma safhalarinda yavasca
azalan korelasyon buldugunu bildiren Spitké ve ark.
(2016)'nin bulgularindan farkhlik gostermektedir. Bu
durum, calismanin bitkisel materyalleri, ekolojik kosullar
ve calismada kullanilan metottan kaynaklanmis
olabilecegi disliniilmektedir.

Yaprak azot igerigi (%) ile incelenen uydu bantlari
yansima degerleri regresyon analiz sonuglarina gore
dusuk seviyede iliski gosteren (R%<0.18) RE_Rededge
uydu bandina ait denklemin pamuk bitkisi yaprak azot
iceriginin tahmini igin kullanilmamasi 6nerilmektedir.
Elde ettigimiz bulgular, pamuk bitkisinin ilk giceklenme
doéneminde SCCCI ile bitki N% ‘sindeki degiskenligi
saptamada en iyi performans gosteren endeks oldugu;
bitki N durumunu ayirt etme konusundaki endeks
performansi iyilestigini belirten Ballester ve ark., (2017);
bugday bitkisinde kanopi klorofil indisi (CCl) ile kanopi
azot indisi'ni (CNI) birlestirerek, alan basina diisen azot
miktari (g/m?) cinsinden, daha gucli bir sekilde iligkili

oldugunu bildiren Fitzgerald ve ark. (2010); kis
bugdayinin  (Triticum  aestivum L) bitkisi N
konsantrasyonunudaki degisimin, erken evrelerde

modifiye klorofil absorpsiyon orani indisinin (MCARI)
%22'sini ve R763 / R761‘in %43‘Unl, ge¢ blylme
asamalarinda R700 / R670in %51’ini ve R418 / R405 ‘in
%57’sini agiklayabilecegini; kirmizi kenar (Red Edge) ve
yakin kizilétesi (NIR) bantlarinin erken evrelerde PNC
tahmini icin daha etkili oldugunu; goriiniir bantlarin,
ozellikle morotesi, menekse (Violet) ve mavi (Blue)
bantlarin ge¢ evrelerde daha duyarl oldugunu bildiren Li
ve ark. (2010); pamuk bitkisinde dijital kamera ve
spektrometre kullanarak dijital kamera indisleri (Dl) ile
onemli derecede iliski buldugunu (DI (R580, R680) igin
R?=0.81 ve G — R icin R?=0.76) bildiren Wang ve ark.
(2011); hiperspektral gortntiler kullanarak, laboratuvar
ve tarla kosullarinda uygun kalibrasyon ile yaprak azot
konsantrasyonunu tahmin etmek amaciyla yapilan
calismada, hiperspektral goriintiileme yonteminin imit
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verici (R?=0.875) bir teknoloji oldugunu bildiren Vigneau
ve ark. (2011); celtik bitkisinde Green, Red Edge ve NIR
bantlarina sahip Crop Circle aktif kanopi sensori
kullanilarak yapilan galismada, 43 farkli vejetasyon indisi
ile yapilan degerlendirmede MCARI1 indisinin biiyiime
asamalari boyunca bitki toprak Ustl biokutlesini
(R>=0.79) ve bitki azot ahmini (R2=0.83) tahmin
edebildigini bildiren Cao ve ark. (2013); misir bitkisinde
Temel Bilesen Analizi ydontemine (Principal Component
Analysis) ve Geri Yayihm Yapay Sinir A8l (Back
Propagation Artificial Neural Network) modeline
dayandirdigi tahmin ydnteminin faydal (R*=0.81) bir
arag oldugunu bildiren Chen ve ark. (2013); bugday azot
(N) durumunu degerlendirmek icin Karasal LIDAR (TLS)
‘In uygunlugu test etmek amaciyla yapilan ¢alismada, %N
ile TLS arasinda zayif (R%=0.10-0.75), azot beslenme indisi
(NNI) ile TLS arasinda orta (R?=0.45-0.54) derecede iliski
buldugunu bildiren Eitel ve ark. (2014); uzaktan algilama
gorintisi isleme teknigi kullanilarak yapilan ¢alismada
teknigin bitkide klorofil ve azot tahmini icin oldukca
kullanisl oldugu bildiren Patane ve Vibhute (2014);
bugday bitkisinde Sentinel-2 uydu goérintdlerini
kullanarak bitkide azot beslenme indisinin (The Nitrogen
Nutrition Index) (NNI) tahmin edilmesi amaci ile yapilan
¢alismada, gesitli bant kombinasyonlari denenmis ve S
bant setlerinin 6nemli olabilecegini bildiren Delloyea ve
ark. (2018); bugday bitkisinde, azot eksikliginin ¢esitli
durumlari ile spektral indislerin bu etkilesimlere
bakilmaksizin verim, toprak Usti biokitle ve azot alimiile
ilgili glvenilir bir tahmin sagladigini bildiren Klema ve
ark. (2018)'in  bulgularini  desteklerken, patates
bitkisinde hiperspektral verilerle simule ettigi PROSAIL
radyasyon transfer modeli kullanilarak Red-Edge tabanli
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klorofil indislerinin Kanopi klorofil icerigi ile dogrusal
iliskili (R?=0.94) oldugunu gosteren Clevers ve Kooistra
(2012); bugday bitkisinde Normallestirilmis fark kirmizi
kenar indisinin (The normalized difference red-edge

index) (NDRE) bugday azot aliminin  %81‘ini
aciklayabilecegi bildiren Magney ve ark. (2016)'in
bulgularindan farkhlik gostermektedir. Bu durum,

¢ahismanin bitkisel materyalleri, ekolojik kosullar ve
¢alismada kullanilan metot farkliigindan kaynaklanmis
olabilecegi distnilmektedir.

Pamuk bitkisi yaprak azot icerigi (%) ile incelenen
RE_Blue (R%:0.38), RE_Green (R2:0.28), RE_NIR (R%0.21),
RE_Red (R%:0.50), PS_Blue (R%:0.29), PS_Green (R%0.18)
ve PS_Red (R?:0.18) uydu bantlari tahmin edilebilecegini
ortaya koymustur (Cizelge 4; Sekil 2a, 2c, 2e, 2g, 3a, 3c,
3e).

Uydu yansima degerinden pamuk bitkisinin yaprak azot
(N) icerigini tahmin etmek icin yapilan ters regresyon
analizinde, RE_Blue (R?=0.38); RE_Green (R%*=0.28),
RE_NIR (R?=0.21), RE_Red (R%=0.50), PS_Blue (R?=0.29),
PS_Green (R?=0.18), PS_Red (R?=0.18) &nemli ters
regresyon analiz sonuglari elde edilmistir (Cizelge 4; Sekil
2b, 2d, 2f, 2h, 3b, 3d, 3f).

Sonug olarak; pamuk yaprak azot icerigi (%) ile incelenen
uydu bantlari yansima degerleri arasindaki regresyon
analiz sonuglarina gore; disik ve orta seviyede anlamli
iliski ifade eden ya da edebilecek olan (R*=>0.18)
RE_Blue, RE_Green, RE_Red, RE_NIR, PS_Blue,
PS_Green, PS_Red uydu bantlari kullanilarak pamuk
bitkisi yaprak azot iceriginin uzaktan algilama yontemiile
tahmini icin kullanilabilecegi saptanmig ve
Onerilmektedir.
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Sekil 2. Pamuk YAI (%) ile RapidEye (RE) uydu verileri arasi regresyon analiz sonuglari
Figure 2. Regression analysis results between Cotton LNC (%) and RapidEye (RE) satellite data

176


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 169-180

Arastirma Makalesi / Research Article

530 . Yy =-62.69x + 722.69
. . . R2=0.29
T 510 M
f; . . . :
5 490 &
a
£a70 .
@
L1450
-]
2430 *
g * o s
< 410 'o .
&
& 390 H
370
350 L
3.50 3.70 3.90 4.10 4.30 4.50 4.70 4.90
a Yaprak Azot icerigi (%)
3 .
1,050
y =-60.89x + 1,176.12
R?*=0.18
% 1,000
3
bl
a
5 950
@
=
g
[c]
2 900
9
@
®
H
= gso
800 L
3.50 3.70 3.90 4,10 4.30 4.50 4.70 4.90
3¢ Yaprak Azot igerigi (%)
1,210
- y =-92.25x + 1,453.98
R?=0.18
_1160 [ * % H
E]
£ .
1,110
E
&
@
E 1,060
@
o
o
41,010 |
i
=
o
960
. L]
.
910
3.50 3.70 3.90 4.10 4.30 4.50 4.70 4.90
3e Yaprak Azot igerigi (%)

y =-0.005x + 6.398
R?=0.29

Yaprak Azot igerigi (%)

w
io
=]

w
g
o

w
n
o

350 400 450

Planet Scope Blue Bant Degerleri

500 550

(7]
=2

y=-0,003x + 7.0278
R?=0.18

900 950

800 850 1,000 1,050
3d Planet Scope Green Bant Degerleri
4.90 y =-0.002x + 6.316
R*=0.18
4.70
£as0
isn
g
=430
g
<
= 4.10
5
~ 3.90
3.70
3.50 L L L L s
910 960 1,010 1,060 1,110 1,160 1,210
3f Planet Scope Red Bant Degerleri

Sekil 3. Pamuk YAI (%) ile PlanetScope (PS) uydu verileri arasi regresyon analiz sonuglari
Figure 3. Regression analysis results between Cotton LNC (%) and PlanetScope (PS) satellite data

OzET

Amag: Bu calisma, pamuk bitkisinin farkh yaprak azot
iceriklerinin uydu goriintllerinde olusan degisimlerini
saptamak, uydu gorintileri yardimi ile yapraktaki azot
icerigini tahmin etmek, gelecekte uydu gorintilerini
kullanarak genis pamuk Uretim alanlarinda azot
gereksinimlerini saptayarak azotlu gibre uygulama
tavsiyelerinde bulunmak amaci ile yapilmistir.

Yéontem ve Bulgular: Mardin ekolojik kosullarinda,
tesadiif parselleri deneme deseninde 3 tekerriirli olarak
6 farklh lokasyonda vyiritilmistir. Calismada,
PlanetScope uydusunun 4 (Blue, Green, Red ve NIR)
bandi ve RapidEye uydusunun 5 (Blue, Green, Red, NIR
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ve RedEdge) bandi kullaniimistir. incelenen yaprak azot
icerigi ile uydu gorintileri arasindaki ikili iliskilerin
saptanmasi yapilarak, regresyon (yaprak azot icerigi-
yansima) ve ters regresyon (yansima-yaprak azot icerigi)
analizleri yapilmistir. Yaprak azot icerigi ile RE_Blue (r=-
0.58**), RE_Green (r=-0.46**) ve RE_Red (r=-0.67*%*),
PS_Blue (r=-0.54**), PS_Green (r=-0.43**) ve PS_Red
(r=-0.42**) yansima verileri arasinda 6nemli korelasyon
saptanmistir.

Genel Yorum: Yaprak azot iceriginin tahmin edilmesinde
incelenen tim wuydu bantlari arasindan RE_Blue,
RE_Green, RE_Red, PS_Blue, PS_Green, PS_Red uydu
bantlarinin kullaniimasi tavsiye edilmektedir.
Calismanin Onemi ve Etkisi: Bu ¢alisma, biyik pamuk
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Uretim alanlarinda azotlu glbre kullanim ihtiyacinin
varligini tespit etmek yoninden biylik Onem
tasimaktadir. Ozellikle GAP bélgesinde artan pamuk
ekim alanlari ve pamuk Uretiminde azotlu glibreleme
dikkate alindiginda c¢alisma yaygin etki ve biylk
alanlarda hizli sonug elde etme yoniinden énemlidir.

Anahtar Kelimeler: Pamuk, azot, uydu gorintdleri,
uzaktan algilama, RapidEye, PlanetScope.

TESEKKUR

Bu calisma, Dicle Universitesi Bilimsel Arastirma Projeleri
Koordinasyon Birimi tarafindan Ziraat.18.022 no’lu proje
ile mali olarak desteklemis olup, bu destekten dolayi
Dicle Universitesi’ne tesekkiir ederiz.

CIKAR CATISMA BEYANI
Yazar(lar) c¢alisma konusunda
olmadigini beyan eder.

gikar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.

KAYNAKLAR

Anonim (2019)
http://www.nik.com.tr/content_sistem_uydu.asp?id
=67,http://www.nik.com.tr/content_sistem_uydu_g
oruntuleri.asp. Erisim tarih: 10.08.2018.

Anonymous (1990) Approved methods of the American
Association of Cereal Chemists. 8th ed. St. Paul:
AACC.

Aytac S, Basbag S, Arslanoglu F, Ekinci R, Ayan AK (2020)
Lif bitkileri Uretiminde mevcut durum ve gelecek.
Turkiye Ziraat Muihendisligi IX. Teknik Kongresi,
Bildiriler Kitabi-1, 13-17 Ocak, Ankara, Turkiye.
pp:463-491.

Bagheri N, Ahmadi H, Alavipanah SK, Omid M (2013)
Multispectral remote sensing for site-specific
nitrogen fertilizer management. Pesq. agropec. bras.
48(10):1394-1401, DOI: 10.1590/50100-
204X2013001000011.

Ballester C, Hornbuckle J, Brinkhoff J, Smith J, Quayle W
(2017) Assessment of In-Season Cotton Nitrogen
Status and Lint Yield Prediction from Unmanned
Aerial System Imagery. Remote Sens. 9(11):1149;
doi:10.3390/rs9111149.

Basbag S, Ekinci R, Akinci C, Akin S, Tonger O (2011)
Diyarbakir ve Sanhurfa illerinde Pamuk Sektori
Envanterinin Hazirlanmasi Projesi Sonug¢ Raporu.
Karacadag Kalkinma Ajansi, Diyarbakir.

178

Bibi Z, Khan N, Mussarat M, Khan MJ, Ahmad R, Khan IU,
Shahen S (2011) Response of Gossypium hirsutum L.
genotypes to various nitrogen levels. Pak. J. Bot,,
43(5): 2403-2409.

Cabuk A, Uygucgil H, Kiipcii S, inceoglu M, Bektore E,
Cabuk SN, Coémert R, Isik O, Ersoy M (2019) Cografi
Bilgi Sistemleri. Anadolu Universitesi, Yayin No: 3161,
Eskisehir.5s.

Cao Q, Miao Y, Wang H, Huang S, Cheng S, Khosla R, Jiang
R (2013) Non-destructive estimation of rice plant
nitrogen status with crop circle multispectral active
canopy sensor. Field Crops Research 154 (2013) 133—
144.

Carter GA, Knapp AK (2001) Leaf optical properties in
higher plants: linking spectral characteristics to stress
and chlorophyll concentration. American Journal of
Botany 88(4): 677-684.

Cassman KG, Doberman A, Walters DT
Agroecosystems, nitrogen-use efficiency
nitrogen management. Ambio 31: 132-140

Chartuni E, Carvalho FA, Margal D, Ruz E (2007) Precision
agriculture: New tools to improve technology
management in agricultural enterprises. Comunica.
First edition, Second stage, January-April 2007.

Chen P, Haboudane D, Tremblay N, Wang J, Vigneault P,
Li B (2010) New spectral indicator assessing the
efficiency of crop nitrogen treatment in corn and
wheat. Remote Sensing of Environment 114 1987-
1997.

Chen P, Wang J, Huang W, Tremblay N, Ou Y, Zhang Q
(2013) Critical nitrogen curve and remote detection
of nitrogen nutrition index for corn in the North
Western Plain of Shandong Province, China. IEEE
Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 6(2):682-689;
DOI: 10.1109/JSTARS.2012.2236302.

Clevers JGPW, Kooistra L (2012) Using hyperspectral
remote sensing data for retrieving canopy chlorophyll
and nitrogen content. IEEE Journal of Selected Topics
in Applied Earth Observations and Remote Sensing,
5(2):574-583.

Delloyea C, Weissb M, Defourny P (2018). Retrieval of
the canopy chlorophyll content from Sentinel-2
spectral bands to estimate nitrogen uptake in
intensive winter wheat cropping systems. Remote
Sensing of Environment 216: 245-261
https://doi.org/10.1016/j.rse.2018.06.037.

Eitel JUH, Magney TS, Vierling LA, Brown TT, Huggins DR
(2014) LiDAR based biomass and crop nitrogen
estimates for rapid, non-destructive assessment of
wheat nitrogen status. Field Crops Research 159: 21-
32, https://doi.org/10.1016/j.fcr.2014.01.008.

(2002)
and


http://dergipark.gov.tr/mkutbd
http://www.nik.com.tr/content_sistem_uydu.asp?id=67
http://www.nik.com.tr/content_sistem_uydu.asp?id=67
http://www.nik.com.tr/content_sistem_uydu_goruntuleri.asp
http://www.nik.com.tr/content_sistem_uydu_goruntuleri.asp
https://doi.org/10.1016/j.rse.2018.06.037
https://doi.org/10.1016/j.fcr.2014.01.008

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 169-180

Arastirma Makalesi / Research Article

Erdle K, Mistele B, Schmidhalter U (2011) Comparison of
active and passive spectral sensors in discriminating
biomass parameters and nitrogen status in wheat
cultivars. Field Crops Research 124: 74-84,
https://doi.org/10.1016/j.fcr.2011.06.007.

Eroglu E (2008) Bazi tarim Uriinlerinin bitki besin element
noksanliklari ile elektromanyetik enerji yansitma
ozellikleri arasindaki iliskiler. Yiksek Lisans Tezi, Ege
Universitesi Fen Bilimleri Enstitiisii Toprak ABD.
Bornova/izmir. V-ViIs.

Esetlili MT, Ozen F, Kandemir BN, Kurucu Y, Bolca M
(2015) Uzaktan Algilama Teknigi ile Pamuk Tarla
Verimi Tahmin Dogrulugunun Arttirilmasinda Kirmiz
Kenar (Rededge) Band Kullaniminin Katkisi. Ege Univ.
Ziraat Fak. Derg. 52 (2):161-168.

Filella I, Serrano L, Serra J, Pefiuelas J (1995) Evaluating
wheat nitrogen status with canopy reflectance
indices and discriminant analysis. Crop Science: 35:
1400-1405.

Fitzgerald G, Rodriguez D, O’Leary G (2010) Measuring
and predicting canopy nitrogen nutrition in wheat
using a spectral index—the canopy chlorophyll
content index (CCCl). Field Crops Research 116: 318—
324.

Fridgen JL, Varco JJ (2004) Dependency of cotton leaf
nitrogen, chlorophyll, and reflectance on nitrogen
and potassium availability. Agronomy Journal, 96(1):
63-69.

Hakoomat A, Raheel AH (2011) Growth, Yield and Yield
Components of American Cotton (Gossypium
hirsutum L.) As affected by cultivars and nitrogen
fertilizer. International Journal of Scientific &
Engineering Research, 2: 1-12.

Hernandez-Cruz AE, Sanchez E, Preciado-Rangel P,
Garcia-Bafiuelos ML, Palomo-Gil A, Espinoza-Banda A
(2015) Actividad de la Nitrato Reductasa, Biomasa,
Rendimiento y Calidad en Algodén en Respuesta a la
Fertilizacion Nitrogenada. Revista Internacional De
Botanica Experimental, 84: 454-460.

Huang S, Miao Y, Yuan F, Gnyp ML, Yao Y, Cao Q, Wang
H, Lenz-Wiedemann VIS, Bareth G (2017) Potential of
RapidEye and WorldView-2 satellite data for
improving rice nitrogen status monitoring at different
growth stages. Remote Sensing. 9(3): 227; 1-23;
doi:10.3390/rs9030227.

Huang$S, Miao Y, Zhao G, Yuan F, Ma X, Tan C, Yu W, Gnyp
ML, Lenz-Wiedemann VIS, Rascher U, Bareth G (2015)
Satellite remote sensing-based in-season diagnosis of
rice nitrogen status in Northeast China. Remote
Sensing. 7(8): 10646-10667;
doi:10.3390/rs70810646.

179

Kacar B (2009) Toprak analizleri, Nobel Akademik
Yayincilik Egitim Danismanlik Tic. Ltd. Sti.

Kacar B, Katkat A (2011) Bitki Besleme, Nobel Akademik
Yayincilik Egitim Danismanlik Tic. Ltd. Sti.

Keskin M, Sekerli YE, Say SM, Arslan A (2018) Hassas
Tarim Teknolojileri ile Saglanabilecek Faydalar. Tarim
Tirk Dergisi, 30: 14-17.

Klema K, Zahorab J, Zemeka F, Trundaa P, Timab |,
Novotnaa K, Hodanovda P, Rapantovaa B, Hanusa J,
Vavrikovab J, Holub P (2018) Interactive effects of
water deficit and nitrogen nutrition on winter wheat.
Remote sensing methods for their detection.
Agricultural Water Management, 210: 171-184.

Li F, Miao Y, Hennig SD, Gnyp ML, Chen X, Jia L, Bareth G
(2010) Evaluating hyperspectral vegetation indices
for estimating nitrogen concentration of winter
wheat at different growth stages. Precision
Agriculture, 11:335-357.

Magney TS, Eitel JUH, Vierling LA (2016) Mapping wheat
nitrogen uptake from RapidEye vegetation indices.
Precision Agriculture, 18:429-451, DOI
10.1007/s11119-016-9463-8.

Mullen RW, Freeman KW, Raun WR, Johnson GV, Stone
ML Solie JB (2003) Identifying an in-season response
index and the potential to increase wheat yield with
nitrogen. Agronomy Journal, 95: 347-351.

Mutanga O, Skidmore AK, Prins HHT (2004) Predicting in
situ pasture quality in the Kruger National Park, South
Africa using  continuum-removed  absorption
features. Remote Sensing of Environment, 89(3):393-
408.

Patane P, Vibhute A (2014) Chlorophyll and nitrogen
estimation techniques: A Review. International
Journal of Engineering Research and Reviews, 2:33-
41.

Raun WR, Solie JB, Johnson GV, Stone ML, Mullen RW,
Freeman KW, Thomason WE, Lukina EV (2002)
Improving nitrogen use efficiency in cereal grain
production with optical sensing and variable rate
application. Agron. Journal. 94: 815-820.

Read JJ, Tarpleyb L, McKiniona JM Reddy KR (2002)
Narrow-Waveband reflectance ratios for remote
estimation of nitrogen status in cotton. Journal of
Environmental Quality, 31: 1442-1452
doi:10.2134/jeq2002.1442.

Rochester 1J (2007) Nutrient Uptake and Export from an
Australian Cotton Field. Nutrient Cycling in
Agroecosystems, 77: 213-223.


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 169-180

Arastirma Makalesi / Research Article

Schénert M, Zillmann E, Weichelt H, Eitel JUH, Magney
TS, Lilienthalc H, Siegmannd B, Jarmer T (2015) The
tasselled cap transformation for RapidEye data and
the estimation of vital and senescent crop
parameters. The International Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences, Volume XL-7/W3, 36th
International Symposium on Remote Sensing of
Environment, 11-15 May 2015, Berlin, Germany.

Seilsepour M, Rashidi M (2011) Effect of Different
Application Rates of Nitrogen on Yield and Quality of
Cotton (Gossypium hirsutum L.). American-Eurasian J.
Agric. & Environ. Sci., 10 (3): 366-370.

Spitkd T, Nagy Z, Zsubori ZT, Sz6ke C, Berzy T, Pintér J,
Marton CL (2016) Connection between normalized
difference vegetation index and yield in maize. Plant
Soil Environ. 62: 293-298 DOI: 10.17221/676/2015-
PSE.

Sunar F, Ozkan C, Osmanoglu B (2018) Uzaktan Algilama.
Anadolu Universitesi, Yayin No: 2320, Eskisehir. 3s.
Sutton MA, Howard CM, Erisman JW, Billen G, Bleeker A,

Grennfelt P, Van Grinsven H, Grizzetti B (2011) The
European Nitrogen Assessment: Sources, effects and
policy  perspectives.  Cambridge, = Cambridge

University Press.

Tirker U, Cullu MA, Mutlu N, Demir H, Bozgeyik F, Teke
M (2015) GAP Bolgesinde Hassas Tarim ve
Surdiralebilir ~ Uygulamalarin  Yayginlastiriimasi
Projesi (Hassas Projesi). Tarim Makinalari Bilimi
Dergisi, 11(4): 331-337.

USDA (2019) Cotton: World Markets and Trade, World
Production, Markets, and Trade Reports,
https://www.fas.usda.gov/data-analysis/scheduled-
reports-2019, Erisim Tarihi: 05.11.2019.

180

Vigneau N, Ecarnot M, Rabatel G, Roumet P (2011)
Potential of field hyperspectral imaging as a non-
destructive method to assess leaf nitrogen content in
wheat. Field Crops Research, 122: 25-31.

Wang F, WangK, Li S, Gao S, Xiao C, Chen B, Chen J, LY,
Diao W (2011) Estimation of canopy leaf nitrogen
status using imaging spectrometer and digital camera
in cotton. Acta Agronomica Sinica 37(6): 1039-1048
DOI: 10.3724/Sp.).1006.2011.01039.

Wright DL, Rasmussen VP, Ramsey RD (2005) Comparing
the use of remote sensing with traditional techniques
to detect nitrogen stress in wheat. Geocarto
International, 20(1):63-68; DOI:
10.1080/10106040508542337.

Yousefi MR, Razdari. AM (2014) Application of GIS and
GPS in Precision Agriculture (A Review). International
journal of Advanced Biological and Biomedical
Research 2: 473-476.

Zhao D, Reddy KR, Kakani VG, Read JJ, Koti S (2005)
Selection of optimum reflectance ratios for
estimating leaf nitrogen and chlorophyll
concentrations of field-grown cotton. Agronomy
Journal, 97(1): 89-98; DOI: 10.2134/agronj2005.0089.

Zhao W, WangY, Zhou Z, Meng Y, Chen B, Oosterhuis DM
(2012) Effect of nitrogen rates and flowering dates on
fiber quality of cotton (Gossypium hirsutum L.)
American Journal of Experimental Agriculture, 2: 133-
159.


http://dergipark.gov.tr/mkutbd

Mustafa Kemal Universitesi Tarim Bilimleri Dergisi 25 (2):181-188, 2020
(Mustafa Kemal University Journal of Agricultural Sciences 25 (2):181-188, 2020)
e-ISSN: 2667-7733
http://dergipark.org.tr/mkutbd

e\ B
"d
=
Yen

/e

ARASTIRMA MAKALESI RESEARCH ARTICLE

Karadut tohumlarinin cimlenmesi lizerine prolin ve sicakhik uygulamalarinin etkileri

Effects of proline and temperature applications on germination of black mulberry seeds
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MAKALE BILGISI / ARTICLE INFO OZET/ABSTRACT
Makale tarihgesi / Article history: Aims: Black mulberry (Morus nigra) is a species that difficult to reproduce
DOI: 10.37908/mkutbd.722437 as vegetative and generative. For this reason, different applications are
Gelis tarihi /Received:18.04.2020 made by researchers in order to germinate their seeds more easily. In this
Kabul tarihi/Accepted:06.05.2020 study, we aimed to determine the effects of proline applications on
germination of black mulberry seeds under various temperature
conditions.
Keywords: Methods and Results: The seeds were kept in room temperature for 24
Morus nigra, dormancy, proline, seed hours, in 1 mM, 5 mM, 10 mM and 15 mM proline solutions and in the
germination rate control group in the water. At the end of this period, they were placed in
 Corresponding author: Emel KACAL sterile petri dishes with three replicates of 25 seeds. Seed germination
P<: emel.vural@gmail.com studies were carried out in plant growth cabins at 15°C, 20°C, 25°C and

30°C temperatures in dark conditions. At the end of the 17-day
germination period, the germination rate of the seeds in the control group
varied between 28% and 70.67%, the highest germination rate was
achieved at 200C. In proline, the highest germination rate was determined
with 93.33% in 10 mM proline and seeds kept at 25°C. In general, the
germination rate reached the highest value on days 13 and 14 in all
applications except 15°C.

Conclusions: In this study, it has been determined that black mulberry
seeds germinate high rate at the 20°C without any application. This rate
has exceeded 90% with the 10 mM proline at 25°C.

Significance and Impact of the Study: The use of black mulberry seedlings
in the production of saplings and obtaining hybrid plants in the recent
hybridization breeding studies depend on the success of seed
reproduction. In this study, 10 mM proline application at 25°C was found
to be very successful in reducing seed loss and increasing the germination
rate.

Atif / Citation: Kacal M, Caliskan O, Atak A, Aydinhi M, Oztiirk M, Bayav A (2020) Karadut tohumlarinin ¢imlenmesi (izerine
prolin ve sicakhk wuygulamalarinin etkileri. MKU. Tar. Bil. Derg. 25(2) : 181-188. DOI:
10.37908/mkutbd.722437

GiRiS genellikle taze tiketilmekle birlikte, pekmez, recel, pestil
yapiminda da kullanilmaktadir. Sis bitkisi olarak peyzaj
Dut, Anadolu’nun orijin alanlari icerisinde yer alan ve alanlarinda kullanimi da yaygindir (Ercisli ve Orhan,

farkli ekolojilerde yetistiriciligi yapilan geleneksel meyve 2007). Ercisli (2004) ulkemizde yetistirilen dutlarin
turlerinden biridir (Agaoglu ve ark., 2001). Ulkemizde %95’inin Morus alba (beyazdut), %3’lniin Morus rubra
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(mordut) ve %2’sinin Morus nigra (karadut) tirlerinden
olustugunu belirtmistir. Bununla birlikte, karadutun
insan saghgi tzerine (Aulifa ve ark., 2017; Rodrigues ve
ark., 2019) olan olumlu etkilerinin ortaya ¢ikariimasiyla,
koyu renkli dut tiirleri Gzerinde hem yetistiricilik hem de
islah ¢alismalari konusunda yapilan arastirmalarin (El
Obeidy, 2005; Chang, 2008; Vijayan ve ark., 2012;
Tlremis ve ark., 2017) arttig1 gérilmektedir.

Dut tlrleri genel olarak celikle kolay cogaltilmakla
birlikte, karadutun celikle cogaltma oraninin duslik
olmasi nedeniyle asi ile gogaltilmak zorunda kalinmasi ve
bu durumda ise diger dut tirleriyle yasanan asi
uyusmazlhgl problemine ¢6ziim olarak ¢6glr anaglarina
ihtiyac duyulmasi, tohumla c¢ogaltmayi zorunlu hale
getirmektedir (Erdogan ve Aygiin, 2006; Yildiz ve ark.,
2009). Ayrica, dutta melezleme islahi calismalarinda
meyve kalite ve verim bakimindan Ustlin 6zellikli yeni
bireylerin  elde edilmesinde  tohum kaynagi
kullanilmaktadir.

Tohum c¢imlenmesi icsel (Ozellikle absisik asit gibi
hormonlar) ve dissal faktorler (tohumun kabugu, uygun
olmayan sicaklik ve nem) tarafindan etkilenmektedir

(Hartmann ve ark., 2002). Tohumun dinlenmede
kalmasini etkileyen bu faktorlerin giderilmesi igin
katlama, hormon uygulamalari, asindirma, tohum

kabugunun c¢ikarilmasi, yiiksek veya disik sicakhk
uygulamalari, sicak su uygulamasi ve suda bekletme gibi
yontemler kullanilmaktadir (Gergekgioglu ve Cekig, 1999;
Al Absi, 2010; Caliskan ve ark., 2012; Gilindlz ve ark.,
2019; Bozdogan ve ark., 2018). Bugiine kadar dut
Uzerinde vyapilan ¢imlendirme ¢alismalarinda 25°C
sicakhkta  farkli  uygulamalarin  gergeklestirildigi
gorulmektedir (Koyuncu, 2005; Giindiz ve ark., 2019).
Bununla  birlikte, kontrolli  kosullarda  tohum
cimlendirmesi icin kullanilan sicakhgin tirlere gore
degistigi bilinmekte ve en uygun sicaklik belirlendikten
sonra farkli uygulamalarin yapilmasi gerekmektedir.
Nitekim Gosling (2007), dut tohumlarinin derin dormansi
ozelligine sahip olmasi nedeniyle ¢imlenme igin ilave
uygulamalara ihtiya¢ duyuldugunu bildirmistir.

Koyuncu (2005), karadut tohumlarinda 4°C’de 100 giin
katlama sonrasinda tohum ¢imlenmesinin %88’e kadar
ylkseldigini ancak kontrol tohumlarinda %33 oraninda
¢imlenme oldugunu bildirmistir. Benzer olarak Gosling
(2007), karadut tohumlarinda ¢imlenme oraninin
olduke¢a dislik oldugunu ve 4°C’'de, yaklasik 2-4 ayhk bir
katlama yapilmasinin gerektigini belirtmistir.
Proteinojenik bir aminoasit olan prolin, bitkilerde
kurakhk, tuzluluk, agir metal, dusitk sicaklik ve UV
radyasyonu gibi stres kosullarina tepki olarak
sentezlenerek bitkilerin strese karsi toleranslarini
artirmakta (Hayat ve ark., 2012; Aliniaeifard ve ark.,
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2016), ciceklenme ve bitki gelisiminde hem bir metabolit
hem de bir sinyal molekili olarak rol oynayabilmektedir
(Mattioli ve ark., 2009). Stresin olmadigl kosullarda da
farkh bitki tdrlerinin gicek, cicek tozu ve tohum gibi
Uretken  dokularinda  prolin  birikiminin  arttig
belirtilmistir (Schwacke ve ark., 1999). Prolinin, alt hiicre
yapilarinin  dengelenmesine, serbest radikallerin
temizlenmesine ve hiicresel redoks potansiyelinin
tamponlanmasina katkida bulundugu (Kaur ve Asthir,
2015) ve bitki gelisiminde 6énemli rol oynayan birgok
hiicre duvari proteininin énemli bir belirleyicisi oldugu
(Kavi Kishor ve ark., 2015) dusinulmektedir. Ayrica
prolin, kurakhk ve tuzluluk gibi abiyotik stres kosullari
altinda tohum ¢imlenmesini tesvik edebilmektedir.
Prolinin bu etkisi, sekerkamisi (Ghaffari ve Tadayon,
2018), piring (Singh ve ark., 2018), kavun (Kaur ve Gupta,
2017) ve domateste (Kaur, 2017) bildirilmistir.

Bu calismada prolin ve sicakhk uygulamalarinin karadut
tohumlarinin ¢cimlenmesi lzerine etkilerinin arastirilmasi
amaclanmustir.

MATERYAL ve YONTEM

Materyal

Calismada, bitkisel materyal olarak Egirdir yoresinde
dogal yayilis gosteren, saglikh, yaklasik 25 yash karadut
genotipi kullanilmigtir. Tohum eldesi i¢in meyveler,
02.07.2018 (orta doénem) tarihinde hasat edilmistir.
Hasat edilen meyvelerin ortalama meyve eni, meyve
boyu ve meyve agirhgl degerleri sirasiyla 16.64 mm,
25.26 mm ve 5.00 g olarak belirlenmistir. Bir meyvedeki
tohum sayisi ise ortalama 22 adettir. Taze meyvelerin
hafifce ezilmesiyle meyveden c¢ikarilan tohumlar,
yikanarak meyve etinden tamamen ayrilmis, oda
sicakliginda bir giin stireyle kurutulduktan sonra tiniform
yapida, canli ve saglam olanlar, ¢cimlenme uygulamalari
yapilana kadar 4°C'deki iklim dolabinda muhafaza
edilmistir.

Yéntem

Cimlendirme uygulamalari

Tohumlar g¢imlendirme ¢alismalarindan o6nce %1’lik
camasir suyu ile 5 dakika boyunca steril edilmis ve
sonrasinda saf su ile yikanmislardir. Cimlenmeyi tesvik
etmek amaciyla, tohumlar 1 mM, 5 mM, 10 mM ve 15
mM  prolin  (L-Proline Cas-No:147-85-3, Merck)
¢Ozeltilerinde ve kontrol grubunda ise suda olmak Uzere
24 saat siire ile oda sicakliginda bekletilmislerdir. Bu
slrenin sonunda, 59.52 mm ¢ap ve 14.11 mm yiikseklige
sahip steril petrilere, 3 tekerrirli ve her tekerrirde 25
adet olacak sekilde yerlestirilmislerdir. Tohum
¢imlendirme c¢alismalari, karanlik kosullarda 15°C, 20°C,
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25°C ve 30°C sicakliklardaki bitki blylime kabinlerinde
gerceklestirilmistir. Cimlenme, glnluk olarak
gbzlenmistir. Cimlenmenin durdugu 17. gline kadar
cimlenen tohumlar her giin sayilarak kaydedilmis ve kok
uzunluklart (mm) olgllmistir. Radisil ¢ikisi gorilen
(2mm) tim tohumlar ¢imlenmis olarak kabul edilmistir.
Tohumlarda ¢imlenme ylzdesinin belirlenmesinde
“Cimlenen tohum sayisi/Toplam tohum sayisi x 100”
esitliginden  yararlanilmistir.  Ortalama  ¢imlenme
siresinin hesaplanmasinda ise Bewley ve Black (1994)’in
bildirdigi esitlik (Og¢s=5(ti.ni)/ 3ni; Ogs: ortalama
cimlenme stiresi, ti: testin baslangicindan itibaren gecen
sire (gun), ni: ti gindeki cimlenen tohum sayisi)
kullanilmistir.

Verilerin degerlendirilmesi

Calisma, tesadif parselleri deneme desenine gore
kurulmus, uygulamalar arasindaki farkhlik JMP 13 paket
programinda Duncan Coklu Karsilastirma Testi ile P<0.05
gliven seviyesinde test edilmis, regresyon analizi ile de
en yliksek tohum ¢imlenmesinin gerceklestigi sicakliklar
belirlenmistir.
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Karadut tohumlarinin ¢cimlenme orani izerine sicaklik ve
prolin uygulamalarinin etkisine ait veriler Sekil 1 ve Sekil
2’de sunulmustur. Kontrol grubunda vyer alan
tohumlarda sicakhk uygulamalarina bagh olarak
¢imlenme orani istatistiksel olarak 6nemli farkliliklar
gostermistir. En yiksek tohum cgimlenmesi %70.67 ile
20°C'de gercgeklesmistir (Sekil 1). Bunu sirasiyla, 30°C
(%41.09) ve 25°C (%37.33) izlemistir. En disiik tohum
¢imlenmesi ise %28.00 ile 15°C'de tespit edilmistir.
Hartman ve ark. (2002), ¢imlenme igin gerekli sicaklik
isteginin tlrlere gore farklihk gostermekle birlikte
optimum c¢imlenme sicakhiginin  15-30°C arasinda
degistigini belirtmislerdir. Bununla birlikte, bazi dut
turleri Uzerinde gercgeklestirilen tohum c¢imlendirme
cahsmalarinda dogrudan 25°C kullaniimis ve ¢imlenme
oranlarinin M. nigra’da %33 (Koyuncu, 2005), M. rubra,
M. laevigata ile M. alba tirlerinde %9 ile %66.5 (Glindiiz
ve ark., 2019) arasinda degisim gosterdigi bildirilmistir.
Bu calismadan elde edilen ¢imlenme degerlerinin daha
ylksek gerceklesmesinin 20°C'nin dutta ¢cimlenme orani
icin optimum sicakhk olarak belirlenmesinin yaninda tur
ve genotiplerin farklilik géstermesinden kaynaklandigi
soylenebilir.

25°C

30°C

Sekil 1. Uygulama yapilmamis (kontrol) karadut tohumlarinin farkh sicakliklardaki cimlenme oranlari
Figure 1. Germination rate of untreated (control) black mulberry seeds at different temperatures

Karadut tohumlarinin ¢imlenmesi (izerine prolin
uygulamalarinin etkisi, c¢imlenme sicakliklarina goére
degiskenlik géstermistir. Prolin uygulamalarinin 15°C’'de
tutulan tohumlarin ¢imlenmesi (zerine istatistiksel
olarak 6nemli seviyede bir etkisi belirlenmemistir.
Tohumlarda duslik sicakliklarin, dokularda oksidatif
strese  neden olarak c¢imlenme oranini azalttig
bilinmektedir (Airaki ve ark., 2012). Bu bakimdan
calismamizda 15°C gibi nispeten dislik sicaklikta prolin
uygulamalarinin ¢imlenme orani {zerine etkisinin
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olmadigi tespit edilmistir. Bu sicaklikta (15°C) prolin
uygulamalarindan elde edilen ¢imlenme oranlari
(%14.67 ile %22.67 arasinda) kontrole gore (%28.00)
daha dusik gerceklesmistir (Cizelge 1). Benzer olarak
Burton ve Bazzaz (1991), kirmizi dut tohumlarinin 5-
10°C'deki sicakliklarda ¢imlenmedigini; Singh ve
Saratchandra (2003)’da 15°C’nin altindaki ve 39°C'nin
Gzerindeki sicakliklarin tohum ¢imlenmesini
engelledigini belirtmislerdir. Bununla birlikte, 20°C’de en
yiksek c¢imlenme orani (%82.67) 5 mM prolin
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uygulamasindan elde edilirken, en disik ¢cimlenme orani
1 mM ve 15 mM prolin uygulamalarindan (sirasiyla,
%57.33 ve %58.67) alinmistir. Prolin uygulanan
tohumlarin 25°C'de cimlendirilmesinde, tim
uygulamalar arasinda, en yliksek cimlenme orani %93.33
ile 10 mM prolin dozunda tespit edilmistir. En dislk
¢imlenme ise kontrol’de (%37.33) belirlenmistir.

Sicakhgin 30°C’ye yilkselmesiyle tohum ¢imlenmesinde
bir azalma oldugu goérilms, en yliksek cimlenme orani 5
mM prolin uygulamasindan (%75.83) elde edilmistir.
Genel olarak degerlendirildiginde, prolinin sicaklik
artislarina bagh olarak tohum c¢imlenmesini olumlu
yonde etkiledigi (15°C harig) belirlenmistir.

Cizelge 1. Cimlenme orani (%) Gzerine sicaklik ve prolin uygulamalarinin etkileri
Table 1. Effects of temperature and proline applications on germination rate (%)

Uygulama Doz 15°C 20°C 25°C 30°C
Kontrol 0 28.00%¢ 70.67°% 37.33¢’ 41.09%
1mM 22.67 57.33 65.33b 52.00
Proli 5mM 14.67 82.67 58.22b 75.83
rolin
10 mM 12.39 65.06 93.33a 62.67
15 mM 20.00 58.67 68.00b 60.00
*Ayni situnda farkli harfle gosterilen ortalamalar arasindaki fark 6nemlidir (p<0.05).
6d: Onemli degil
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Sicaklik °C

Cimlenme orani = 3.8027778+3.5822222°*s1caklik-
0.8333333*(sicaklik-22.5)*

20
Sicaklik °C

25

Cimlenme orani = 8.05+2.5866667*s1caklik-
0.4666667°(si1caklik-22.5)*

Sekil 2. Prolin uygulamalarinin farkh sicaklik kosullarinda ¢cimlenme orani lizerine etkileri
Figure 2. Effects of proline applications on germination rate at different temperature conditions
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Bu sonuglarin, prolinin bitki tirlerine bagli olarak sicaklik,
kuraklhk ve tuz gibi stres faktorleri altinda (Ghaffari ve
Tadayon, 2018; Kaur ve Gupta, 2017; Singh ve ark., 2018)
veya normal kosullarda (Sultana ve ark., 2000; Parcha,
2016) tohum g¢imlenmesini uyardigi ile ilgili arastirma
sonuclariyla benzerlik gosterdigi soylenebilir. Ayrica,
Neto ve ark. (2004), sicakligin 30°C'nin lzerine giktiginda
prolinin tohumda ¢imlenmeyi yavaslatarak isi stresine
karsi tohumu korudugunu ve stres kosullari ortadan
kalktiginda cimlenmenin basladigini bildirmistir.

Yapilan regresyon analizlerinde, kontrol disindaki tiim
prolin uygulamalarinda quadratik model istatistiksel
olarak onemli bulunmustur. Regresyon analizlerinden
elde edilen formiillere gore yapilan hesaplamalarda, 1
mM prolin uygulamasinda max. ¢cimlenme sicakligi 23.05,
10 mM’da 24.65°C ve 15 mM dozunda 25.27°C olarak
belirlenmistir (Sekil 2).

Cimlenme siiresi, tire gore degismekle birlikte, nem,
sicaklik, 1sik ve oksijen gibi cevresel faktorler tarafindan
etkilenmektedir (Bonner, 2008). Bu c¢alismadan elde
edilen ortalama ¢imlenme siiresi, sicakliklara bagli olarak
13.06 glin ile 16.61 glin arasinda degisim gostermistir.
Aruga (1994) ve Singh ve Saratchandra (2003)'nin da
belirttikleri gibi sicakhgin ylikselmesiyle birlikte ortalama
cimlenme siresinde genel bir azalma meydana gelmistir
(Sekil 3). Prolin uygulamalarinin, ortalama gimlenme
suresi lizerine etkisi ise 6nemsiz bulunmusgtur. En yiiksek
sicakhk derecesi olan 30°C'de cimlenme 6. gilnde
baslamis ve 12. glinden sonra maksimuma ulasmistir.
15°C sicaklikta ise 14. glinden itibaren tohumlarda
¢imlenme baslamistir. Benzer olarak Aruga (1994), dutta
¢imlenmenin 30°C’de 8. giinde, 33°C ve 36°C’'de ise 6.
glinde baslayabilecegini bildirmistir. Genel olarak
¢imlenme orani, 15°C harig, tiim uygulamalarda 13. ve
14. giinlerde en yiiksek degere ulasmistir.

18
< >~ e — —
bo 16
‘B
o ..--.-..—..-gg-u-’.\~~ se@eccccccccccec®
5 1 ez L SRS S
4] ‘ — . b B
E - e CN ..
§ 12 g ¢ . @
€
S
10 T L T L r L T L T |
Kontrol Prolin1 mM Prolin 5 mM Prolin 10 mM Prolin 15 mM
=@ :30°C =@=25°C +:@::20°C em@==15°C

Sekil 3. Ortalama g¢imlenme siresi (giin) tzerine sicaklik ve prolin uygulamalarinin etkileri
Figure 3. Effects of temperature and proline applications on average germination time (days)

Cizelge 3’de, sicaklik uygulamalarinin tohumlarin kokgik
uzunlugunu kismen etkiledigi goriilmektedir. Kontrol
uygulamalarinda sicaklik artisina bagli olarak nispeten bir
artis oldugu, ancak prolin uygulamalarinin 15°C, 20°C ve
30°C’'deki ¢imlenen tohumlarin kokgik uzunlugunu

istatistiksel olarak etkilemedigi belirlenmistir. En uzun
kokler, 25°C’de 10 mM prolin uygulamasindan (2.84 mm)
elde edilmistir. En kisa kok uzunlugu ise 2.27 mm ile
kontrolde tespit edilmistir (Cizelge 2).

Cizelge 2. Kokglik uzunlugu (mm) tzerine sicaklik ve prolin uygulamalarinin etkileri
Table 2. Effects of temperature and proline applications on root length (mm)

Uygulama Doz 15°C 20°C 25°C 30°C
Kontrol 0 2.08% 2.04% 2.27b 2.62%
1mM 2.00 2.19 2.33ab 2.85
5mM 2.00 2.25 2.63ab 2.86
Prolin
10 mM 2.00 3.22 2.84a 2.88
15 mM 2.00 2.14 2.64ab 2.70

**Ayni situnda farkli harfle gosterilen ortalamalar arasindaki fark dnemlidir (p<0.05).

6d: Onemli degil
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Cimlenme ortamindaki sicaklik artisi, cimlenen bitkilerin
gelisimini de hizlandirmis, ¢cimlenme siiresinin sonunda
ozellikle 30°C sicaklik uygulamasinda, tohum kabuklari
dismis, cenek vyapraklar ve hipokotil belirgin bir
blylklige erismistir (Sekil 4). Secilen tlirlere goére
¢imlenme ve hipokotil olusumunda bazi farkliliklar
gorilebilmektedir. Ornegin  Pistacia lentiscus L.
tohumlariile yapilan bir galismada, bu ¢alisma ile benzer
bicimde en iyi ¢cimlenme ve hipokotil olusumu, 15/25°C
sicakhklarda gézlenmistir (Kose, 2001).

Sonug olarak, karadutun vejetatif yolla cogaltilmasinda
yasanan zorluklar yaninda islah ¢alismalarinda tohumun
kullanilmasinin 6nemi nedeniyle ¢imlenme c¢alismalari
oldukg¢a  kritiktir.  Bu g¢alisma ile karadutun
cogaltilmasinda ve yeni bitki elde edilmesi i¢in ozellikle

tohum kaynakli sorunlara ¢6zim onerisi getirilmeye
cahsiimistir. Pratikte karadut, beyaz dut (izerine
asilanarak cogaltiimaya calisiimakta, ancak bu iki tdr
arasinda asi uyusmazhginin bulundugu bildirilmektedir.
Karadut ¢ogirlerinin fidan Gretiminde kullaniimasi ve
son yillarda artan melezleme islahi calismalarinda melez
bitkilerin elde edilmesi, tohumla ¢ogaltma basarisina
baghdir. Bu calismada, karadut tohumlarinda standart
¢imlendirme igin 20°C’'nin daha basarili sonuglar verdigi
saptanmistir. Ayrica, tohum kaybini azaltmak ve
¢imlenme oranini artirmak igin en ylksek ¢imlenme
oraninin 10 mM prolin uygulanan tohumlarin 25°C’'de
¢imlenmesinden elde edildigi tespit edilmistir.

15°C 20°C

25°C 30°C

Kontrol

Prolin 1
mM

Prolin 5
mM

Prolin 10
mM

Prolin 15
mM

Sekil 4. Sicaklik (°C) ve prolin (mM) uygulamalari sonrasinda ¢imlenmis tohumlarin gériinima
Figure 4. The appearance of germinated seeds after temperature (°C) and proline (mM) applications
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OzZET

Amag: Karadut (Morus nigra), vejetatif ve generatif

olarak cogaltilmasi zor bir tlrdir. Bu nedenle
tohumlarinin  daha  kolay ¢imlenebilmesi igin
arastirmacilar tarafindan farkh uygulamalar
yapilmaktadir. Bu c¢alismada da farkh sicaklik
kosullarinda prolin uygulamalarinin, karadut

tohumlarinin cimlenmesi (izerine etkilerinin belirlenmesi
amaglanmistir.

Yéntem ve Bulgular: Cimlenmeyi tesvik etmek amaciyla
tohumlar, 1 mM, 5 mM, 10 mM ve 15 mM prolin
cozeltilerinde, kontrol grubunda ise suda olmak tzere 24
saat slire ile oda sicakliginda bekletilmislerdir. Bu siirenin
sonunda steril petrilere, 3 tekerrirli ve her tekerriirde
25 adet olacak sekilde yerlestirilmislerdir. Tohum
cimlendirme calismalari karanlik kosullarda 15°C, 20°C,
25°C ve 30°C sicakliklardaki bitki blyliime kabinlerinde
gerceklestirilmistir. 17 glnlik ¢cimlenme siresi sonunda
kontrol grubundaki tohumlarda ¢imlenme orani, %28 ile
%70.67 arasinda degisim gostermis, en yiiksek ¢imlenme
orani 20°C’de elde edilmistir. Prolin uygulamalarinda, en
yuksek ¢imlenme orani %93.33 ile 10 mM prolin
uygulamasinda ve 25°C'de bekletilen tohumlarda
belirlenmistir. Genel olarak ¢imlenme orani, 15°C harig,
tlim uygulamalarda 13. ve 14. giinlerde en yiiksek degere
ulagmistir.

Genel Yorum: Bu calismada, herhangi bir uygulama
yapilmadan karadut tohumlarinin 20°C’de vyliksek
oranda cimlendigi tespit edilmistir. Bu oran, 25°C’de 10
mM prolin uygulamasiyla %90’in lizerine gikmistir.
Calismanin Onemi ve Etkisi: Karadut ¢dgiirlerinin fidan
Uretiminde kullanilmasi ve son yillarda artan melezleme
islahi calismalarinda melez bitkilerin elde edilmesi,
tohumla cogaltma basarisina baghdir. Calisma ile tohum
kaybinin azaltilmasi ve ¢cimlenme oraninin artiriimasinda
25°C 10 mM prolin uygulamasi oldukca basarih
bulunmustur.

Anahtar Kelimeler: Morus nigra, dinlenme, prolin,
tohum ¢imlenme orani

CIKAR CATISMA BEYANI
Yazarlar ¢alisma konusunda
olmadigini beyan eder.

gikar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Farkh tuzluluk seviyelerinin bazi kamigsi yumak (F. arundinacea) gesitlerin ¢cimlenme ve
erken fide gelisimi lizerine etkisi

Effects of different salinity stress levels on germination and early seedling performance of some tall Fescue
(F. arundinacea) species
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Aims: This research was carried out under laboratory conditions to
determine the germination performance of some Festuca arundinacea
cultivars at different salt concentrations. Three F. arundinacea cultivars
(Starlet, Filippo and Greenfront) were used as plant material in the
experiment.

Methods and Results: The salinity concentrations was prepared using
KCI, NaCl, MgClz and CaClz to establish different salinity concentrations in
the study. In addition to control application, 2 salinity doses (4 and 8
dSm™) which have different electrical conductivities (EC) were used in the
experiment. In the research, seedling length, seedling radicle (root)
length, seedling plumula (shoot) lenght, fresh plumula weight, fresh
radicle (root) weight, dry plumula weight, dry radicle weight and
germination rate characteristics were investigated.

Conclusions: 1t was determined that Festuca cultivars demonstrated
sensitivity even brackish and mesohaline salinity levels.

Significance and Impact of the Study: This salt stress study was carried
out for three F. arundinacea cultivars prescribed for using to establish
green land. It has been expected that this study could provide knowledge
for further studies.
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GiRiS

Glnlmiuzde diinyanin bir ¢cok bdlgesinde ve Ulkemizde
hizli kentlesme sorunu mevcuttur. Ozellikle sehirlerin
beton yapilari arasinda belli 6l¢tide yesil alan yapilmasi,
sehirlerin gelismisligi bakimindan da bir 6l¢li haline
gelmistir. Bu noktada ¢im bitkilerinin 6nemi kendini
belli etmekte, yogun kentlesme karsisinda dnemli bir
toplumsal gereksinim olarak karsimiza c¢ikmaktadir
(Altan, 1989; Avcioglu, 1997; Kusvuran ve Tansi, 2009).
Cim ortileri, bulunduklar alanlarda hava kirliliginin
onlenmesi, glrilti dizeyinin azaltilmasi, toz sorununun
onemli derecede giderilmesi (Avcioglu, 1997), mevcut

ortami serinletmesi (Sencer ve Goékmen, 1996) gibi
hayati gorevler yapmaktadirlar. Gelismis dizeydeki
Avrupa Ulkelerinde kisi basina diisen yesil alan miktari
8-12 m? iken, llkemiz icin bu rakamin 2 m? oldugu
bilinmektedir. Diinya metropollerinden Rio de Janerio,
Paris, Londra, New York ve istanbul icin yesil alan
oraninin siraslyla; %29, %9.4, %38.4, %14 ve %1.5
olmasi yesil alanlarimizin ne kadar sinirh oldugunun agik
bir gostergesidir (S6zen ve ark., 1991).

Tuzluluk sorunu, diinyanin her yerinde bitki gelismesini
ve bliyimesini negatif bakimdan etkileyen 6nemli
degiskenlerden biri olarak kabul edilebilir. Dinya
ylzeyindeki alanin vyaklasik %10’u tuzluluk sorunu
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yasanabilecek topraklardan olusmakta, sulama yapilan
alanlarin ise %33-50 arasindaki bir bolimi tuzluluktan
etkilenmektedir (Carrow ve Duncan 1998; Marcum,
2006). Ulkemizde 1.5 milyon ha alanda az veya cok bir
tuzluluk problemi oldugu bildirilmistir (As¢i, 2011).
Tuzluluk cogunlukla kurak ve vyari kurak iklim
bolgelerinde taban suyunun kapilarite yoluyla toprak
ylizeyine ¢ikmasi ve ardindan buharlasma sonucunda,
toprak ylzeyinde tuzun birikmesi olayi (Richards, 1954)
seklinde tanimlanmaktadir. Bununla birlikte, kullanilan
glbreler ve sulama suyunun tuz icermesi gibi faktorler
de tuzlulugun diger nedenleri arasindadir (Manuchehri
ve Salehi, 2015).

Yesil alan bitkileri, azotlu glibre ve su ihtiyaci yiksek
olan, bu nedenle sik ve yogun glibrelenen, ozellikle
yagislarin olmadigi donemde de oldukca sik bir sekilde
sulanan bitkilerdir. Sulama suyu kalitesi kotl oldugunda
veya tuz icerdiginde, yogun gibre kullanimi ve yaz
aylarindaki yogun buharlasmanin da etkisiyle, toprakta
tuz birikimi de zamanla artmaktadir. Bitki yetisme
ortamindaki tuz fazlahg), osmotik basing etkisi, iyon
toksititesi veya su aliminin engellenmesi gibi etkilerle
bitkinin gelismesini ciddi boyutlarda sinirlar ve bitki
blylmesini engeller (Ekmek¢i ve ark., 2005). Son
yillarda toprak tuzlulugunun ozmotik dengeyi bozdugu
ve iyon toksititesine neden oldugu, ancak bazi bitkilerin
hiicrelerinin turgor degisim miktarini azaltan ve protein
bozulmasini 6nleyen prolin enzimini Ureterek bu yan
etkileri azalttigi ve tuzluluga karsi daha tolerant hale
geldigi aciklanmistir (Manuchehri ve Salehi, 2015).
Glikofit (tuza duyarl) bitkiler ile halofit (tuza toleransli)
bitkilerin morfolojik ve fizyolojik yapilari birbirine cok
yakindir. Ancak, halofit bitkiler, blinyelerinde tuz
adaptasyonu ile ilgili fizyolojik mekanizmalari daha etkin
sekilde kullanmaktadir. Tuzluluk problemi bulunan
alanlarda veya sulama suyunun belli oranda tuz
icermesi durumunda, tuzun yarattigl olumsuz etkilerin
giderilmesi icin en etkili ydntemlerin basinda, tuzluluga
dayanikli tdrlerin  ve/veya cesitlerin  kullaniimasi
gelmektedir. Nitekim, Suarez ve Olivera (2016) son
yillarda ¢im alan bitkileri icin 1slah ¢alismalarinin,
kurakhik (Barnes ve ark., 2014), golgeye dayanikhhk
(Trappe ve ark., 2011), dusik sicakliklara dayanikhlik (Li
ve ark., 2010) ve tuzluluga dayaniklilik (Abogadallah ve
ark., 2010) gibi abiyotik stres faktorleri (izerine
yogunlastigini bildirmistir.

Islah ¢alismalari yaninda, mevcut gesitlerin de abiyotik
stres sartlarina karsi gosterdikleri tepkilerin de bilinmesi
gereklidir. Bu ¢alisma, ¢im alan tesisinde llkemizde de
yaygin olarak kullanilan F. arundinacea tirliine ait baz
cesitlerin farkh tuzluluk seviyelerindeki ¢imlenme ve
gelisme 6zelliklerini incelemek amaciyla yapilmistir.
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MATERYAL ve YONTEM

Bu arastirma 2017 yilinda Kahramanmaras Siit¢ii imam
Universitesi Ziraat Fakdltesi Tarla Bitkileri Bolimi
laboratuvarinda, tesadif parselleri deneme desenine
gore 3 tekerrirli olarak yurutilmustir. Arastirmada
kullanilan ¢im tohumlari, merkezi izmir'de bulunan
tedarik¢i bir firmadan temin edilmis olup arastirma
kapsaminda kamissi yumak (Festuca arundinacea)
tlrlne ait Starlet, Filippo ve Greenfront gesitleri bitkisel
materyal olarak kullaniimgtir.

Bu calisma, bazi ¢im tir ve cesitlerin farkh tuzluluk
seviyelerinde performanslarinin arastirilmasi amaciyla
Kahramanmaras Siitci imam  Universitesi  Ziraat
Fakultesi Tarla Bitkileri Bolimi laboratuvarlarinda,
2017 yillinda tesaduf parselleri deneme desenine goére
GU¢ tekerrtirl0  kurulmustur. Calisma kapsaminda
oncelikle kullanilacak en yiiksek doz olan 8 dSm®
yogunluktaki cozeltiyi elde etmek icin, 0.74 g KCL
(potasyum klorir), 1.47 g NaCL (sodyum klorir), 1.4 g
CaCL (kalsiyum klordr) ve 2.03 g MgCL (magnezyum
klorir) yeteri kadar saf su ile karistirilmistir. S6z konusu
tuz kaynaklarinin seciminde, tarimsal alanlarda ve
sulama sularinda en c¢ok bulunan tuz tirleri dikkate
alinmistir. Elde edilen bu ¢ozelti stok ¢ozelti olarak ele
alinmis ve EC; * ML; = EC; * ML, formiiliine gore, %50
seyreltilerek 4 dSm? yogunlugu elde dilmistir.
Gozeltilerin 4 ve 8 dSm™ degerlerine ulastigini 6lgmek
icin, EC (elektriksel iletkenlik ) o6lgim cihazi
kullanilmistir.

Calisma kapsaminda 9 cm c¢apinda petrilere uygun
sekilde iki kat kurutma kagidi kesilerek petrilerin altina
konulmustur. Her petriye 25’ser tohum konulup Uzerine
uygun cozeltilerden 5 ml ilave edilmistir. Petri kabinda
bulunan ¢6zeltinin buharlasarak tuz konsantrasyonunda
degisiklige neden olmamasi amaciyla tim petri
kaplarinin kapaklari konulduktan sonra etrafi parafilm
ile kapatilmis ve 15°C’ye ayarlanan c¢imlendirme
dolabina  konulmustur. Cimlendirme  dolabindaki
petriler 3 glinde bir incelenmis, her bir petride ¢cimlenen
bitki sayisi kaydedilmistir ve eksilen ¢imlendirme sulari
uygun konsantrasyonlarda ilave edilmistir.
Cimlendirmenin 12. gliniinde, ¢cimlenen bitkiler sayilmis
ve petrideki toplam tohum sayisina oranlanarak
¢imlenme orani hesaplanmistir. Ayrica, 12. ginin
sonunda, her bir uygulamaya ait petri kaplarindan
tesadiifen alinan 10 fidede, fide boyu, plumula boyu ve
radikula boyu cetvel yardimi ile mm cinsinden o6l¢llmus
ve ortalamasi alinarak hesaplanmistir. Ayni 10 fidenin
Gzerinde kalan tohum kavuzlari ayrilarak alindiktan
sonra, 0.0001 g hassasiyetli terazide tartiip 10a
bolinerek, fide yas agirhigl degeri bulunmustur. Daha
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sonra 10 fide, kok bogazindan jilet ile kesilerek, plumula
ve radikula kisimlarina ayrilmis ve yas plumula ve
radikula agirliklart  ayni  yontemle belirlenmistir.
Ornekler kurutma kagitlari arasina konularak, 78°C’de
48 saat kurutulduktan sonra desikatore alinmis ve
tekrar tartilarak kuru plumula ve kuru radikula agirliklari
belirlenmistir. Bu agirliklar toplanarak fide kuru agirlig
hesaplanmistir. Elde edilen veriler, SAS istatistik paket
programi kullanilarak Tesadif Parsellerinde Faktoriyel
Dlzenleme deneme desenine goére varyans analizine
tabi tutulmus, aralarindaki farklarin 6nemli oldugu
(P<0.05) ortalamalar ise LSD testi ile gruplandiriimistir.

BULGULAR ve TARTISMA

Fide, Plumula ve Radikula Uzunlugu, Yas ve Kuru
Agirhgi

F. arundinacea cesitlerinin farkli tuzluluk
derecelerindeki fide, radikula ve plumula uzunluklarina
ile yas ve kuru agirliklarina ait ortalama degerler ve
olusan gruplar Cizelge 1'de verilmistir. Tuzluluk
derecelerinin F. arundinacea cesitlerinin incelenen tiim
oOzellikleri Uzerine istatistiksel olarak 6nemli etkilerde
bulundugu belirlenmistir. Cesitler arasindaki farkhhgin
ise, fide ve plumula boyu ile fide ve plumula kuru agirhk
Ozelikleri bakimindan 6nemli oldugu, diger ozellikler
bakimindan c¢esitler arasinda o6nemli bir farkhligin
bulunmadig belirlenmistir.

F. arundinacea ¢esitlerinin fide boyu, plumula boyu ve
radikula boyu bakimindan en yiksek degerlerin sirasiyla
98.67, 47.91 ve 50.64 mm ile kontrol uygulamasindan
elde edildigi, en diusik derecede tuz uygulamasinin bile
her ¢ Ozellik Uzerinde o©nemli olumsuz etkilerde
bulundugu gorilmistiir (Cizelge 1). Ozellikle 8 dSm™
uygulamasinda s6z konusu degerler asiri derecede
azalmistir.

Hafif tuzluluk derecesi olan 4 dSm™ seviyesinde bile fide
boyu, plumula boyu ve radikula boyu degerlerinin
kontrol grubuna gore, sirasiyla %75.69, %69.09 ve
%81.87 oraninda azaldigi belirlenmistir. Bu durumda
tuzluluk sartlarinda kdk sisteminin toprak Ustli aksama
gore cok daha fazla miktarda olumsuz etkilendigi
soylenebilir. Tuza tolerans bakimindan en &ncelikli
parametrelerden birisi bitkinin radikula gelisimidir.
Cimlenme esnasinda bitkinin bilnyesine su alimina
engel olan tuzluluk sorunu yoksa, bitki kok sistemi
normal bir gelisim gosterir. Tuz stresine maruz kalan
bitkilerin gelisimi, su aliminda sorun yasadiklari igin
olumsuz etkilenmektedir. Nitekim Atak ve Ciftci (2006)
ile Kara ve ark. (2011) tuzlulugun ozellikle radikula
gelisimini olumsuz etkiledigini bildirmislerdir. Benzer
sekilde Gao ve Li (2014), tuzluluk uygulamasi ile F.
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arundinacea bitkisinin sap ve kdk biyomasini kontrol
uygulamasina kiyasla sirasiyla %58 ve %63 oraninda
azaldigini, tuzlulugun koék gelisimini daha c¢ok
engelledigini bildirmistir.

Starlet gesidi fide (54.46 mm) ve plumula boyu (29.74
mm) degerleri ile gesitler arasinda en yiliksek degerlere
sahip olmus, bunu 6nemsiz bir farklilikla Greenfront
cesidi izlemistir. Flippo gesidinin ise en duslik degerlere
sahip oldugu goriilmektedir. Radikula boyu bakimindan
her ne kadar cesitler arasindaki farkhlik istatistiksel
olarak 6nemli olmasa da, diger iki 6zellikteki gibi, Starlet
cesidi en ylksek degere, Flippo cesidi ise en disuk
degere sahip olmustur. F. arundinacea cesitlerinin
ozellikle fide ve plumula boyu bakimindan tuzluluk
derecelerine tepkilerinin birbirinden farkli oldugu da
soylenebilir. Kusvuran ve ark. (2014), farkh F.
arundinacea cesitlerinin farkh tuz
konsantrasyonlarindaki ¢imlenme ve fide gelisimi
Gzerine vyaptiklari calismalarinda, tuz uygulamasiyla
birlikte tim cesitlerin ¢cimlenme oranlarinin, plumula ve
radikula uzunlugunun 6nemli 6lclide azaldigini, ancak
bu azalmalarin tuz derecesine ve ceside bagh olarak
degiskenlik gosterdigini bildirmislerdir.

Farkh tuzluluk derecelerinin radikula vyas agirhg
degerlerini ¢ok ciddi diizeyde azalttigi gérilmektedir. En
yuksek radikula yas agirligi 4.52 mg/fide ile kontrol
parselinden elde edilirken, en dislik tuz uygulamasi
olan 4 dSm™ uygulamasinda bile bu degerin %93.85
oraninda azalarak 0.28 mg/fide seviyesine dustugi
saptanmistir. Fide, plumula ve radikula yas agirliklar
bakimindan ¢esitlerin tuzluluk derecelerine verdigi
tepkiler ise birbirinden farkli bulunmamistir.

Fide kuru agirhgl degerleri bakimindan hem g¢esitler
arasinda hem de tuzluluk seviyeleri bakimindan 6énemli
farkhliklarin bulundugu Cizelge 1’'den izlenmektedir.
Uygulanan tuzluluk seviyesi arttikca, fide kuru agirligi
degerinin ¢cok 6nemli bir sekilde azaldigl gorilmektedir.
En ylksek fide kuru agirligi degeri Starlet cesidinden
elde edilmis, bunu 6nemsiz bir farkhlikla Greenfront
cesidi izlemis, en dislik deger ise Flippo ¢esidinden elde
edilmistir (Cizelge 1).

Farkli  tuzluluk  seviyelerinde c¢imlendirilen F.
arundinacea cesitlerinin ortalama fide vyas agirligi
degerleri incelendiginde, tuzluluk seviyeleri arasindaki
farkhligin 6nemli oldugu, en yiiksek degerin 15.50
mg/fide ile kontrol uygulamasindan elde edildigi,
tuzluluk arttik¢a bu degerin 6nemli 6lglide azaldigi ve en
dusiik degerin 0.34 mg/fide ile 8 dSm? tuzluluk
uygulamasindan elde edildigi belirlenmistir (Cizelge 1).
Ortalama plumula yas agirhg: degerleri Gzerine tuzluluk
derecelerinin  6nemli etkilerinin  bulundugu, hafif
derecede tuzlulugun bile (4 dSm™) F. arundinacea
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cesitlerinin plumula yas agirhg Uzerine ¢ok 6nemli
olumsuz etkilerinin oldugu ve plumula yas agirhginin
kontrol uygulamasina gore %95.76 diizeyinde azaldig
saptanmistir. Demiroglu Topgu ve ark. (2016), Ertekin
ve ark. (2017) ve Ertekin ve ark. (2018) tuz dozu arttik¢a

bitkilerin  kleoptil boyunun kisaldigini  ve vyas
agirhklarinin - da  6nemli  derecede  azaldigini
bildirmislerdir. Fide ve plumula yas agirhg degerleri
bakimindan cesitler arasinda o6nemli bir farkhhk
bulunmamistir.

Cizelge 1. Farkli tuzluluk derecelerinde ¢imlendirilen F. arundinacea cesitlerinin ortalama fide, plumula ve radikula

uzunluklari, yas agirliklari, kuru agirliklari ve olusan gruplar
Table 1. Mean seedling, shoot and root length and statistical groups of F. arundinacea germinated at differnet salt

concentration
Fide Boyu (mm) Plumula Boyu (mm) Radikula Boyu (mm)
Cesitler
Kontrol 4dSm? 8dSm? Ort. Kontrol 4dSm? 8dSm™ oOrt. Kontrol 4dSm'8dSm? Ort.

Starlet 110.57 27.80 25.00 54.46a 55.90 15.03 18.30 29.74a 54.33 12.77 6.70 24.60
Greenfront 96.77 25.00 18.20 46.66 b 44.57 15.33 14.53 24.81ab 52.20 9.70 3.67 21.86
Filippo 88.67 19.13 15.40 41.07b 43.28 14.07 13.13 23.49b 45.37 5.07 2.27 17.57
Ortalama 98.67a 23.98b 19.53b 4791a 14.81b 15.32b 50.64a 9.18b 4.21b

LSD (%5) Cesit:10.44 Tuzluluk:10.44 int.:0.D. Cesit:4.94 Tuzluluk:4.94 int.: 0.D. Cesit: 0.D. Tuzluluk:7.23 int.: ©.D.

) Fide Yag Agirligi (mg/fide) Plumula Yas Agirhgi (mg/fide) Radikula Yas Agirhgi (mg/fide)
Cesitler Kontrol 4dSm™® 8dSm? Ort. Kontrol 4dSm™® 8dSm? Ort. Kontrol 4dSm™® 8dSm? oOrt.
Starlet 17.92 6.22 0.46 8.20 12.78 5.90 0.33 6.34 5.15 0.33 0.13 1.88
Greenfront 15.07 4.49 0.37 6.64 10.17 4.20 0.25 4.87 4.63 0.29 0.11 1.68
Filippo 13.51 3.97 0.19 5.89 9.75 3.76 0.11 4.54 3.77 0.21 0.08 1.35

Ortalama 15.50a 4.89b 0.34c 10.90a 4.62b 0.23c 452a 0.28b 0.11b
LSD (%5) Cesit: O.D. Tuzluluk:3.41 int.: O.D. Cesit: O.D. Tuzluluk: 2.30 int.: 0.D. Cesit: O.D. Tuzluluk:1.38 int.: O.D.

) Fide Kuru Agirligi (mg/fide) Plumula Kuru Agirhgi (mg/fide) Radikula Kuru Agirhg (mg/fide)
Cesitler Kontrol 4dSm™® 8dSm? Ort. Kontrol 4dSm™® 8dSm? Ort. Kontrol 4dSm?! 8dSm? Ort.
Starlet 876 A 047D 0.24D 3.15a 502A 0.27C 0.15C 181a 3.73 0.19 0.09 1.34
Greenfront 7.75B 036D 0.18D 2.76a 459AB 0.19C 0.12C 163a 3.16 0.17 0.06 1.13
Filippo 350C 0.29D 0.11D 130b 057C 0.16C 0.06C 0.26b 2.93 0.13 0.05 1.04

Ortalama 6.67a 0.37b 0.18b 340a 0.21b 0.11b 3.27a 0.17b 0.07b
LSD (%5) Cesit:0.39 Tuzluluk:0.39 int.:0.69 Cesit: 0.42 Tuzluluk:0.42 int.: 0.71 Cesit: 0.D. Tuzluluk:0.38 int.: O.D.

0.D.: Onemli degil. int.: interaksiyon. Ort.: Ortalama

Kusvuran ve ark. (2014), vyaptiklari calismada, F.
arundinacea gesitlerinin plumula yas agirhginin tuzluluk
derecelerinden 6nemli derecede etkilendigini, cesitler
arasinda da bu o6zellik bakimindan 6nemli farkhhklar
bulundugunu bildirmislerdir.

Fide kuru agirlik degerleri bakimindan F. arundinaceae
cesitleri ile tuzluluk uygulamalarinin etkileri arasinda
onemli bir interaksiyon tespit edilmis olup, bu
interaksiyona ait grafik Sekil 1’de gosterilmistir.
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Arastirmada kullanilan F. arundinacea cesitlerinin fide
kuru agirhigi degerleri bakimindan farkh tuzluluk
seviyelerine farkli tepkiler verdigi, bu nedenle bir Cesit x
Tuzluluk interaksiyonunun olustugu belirlenmistir.
Cesitlerin farkli tuzluluk derecelerine farkh tepkiler
verdigi Sekil 1’den izlenmektedir. Kontrol
uygulamasinda ¢esitlerin fide kuru agirlik degerleri
bakimindan buyuk farklihklar gésterdigi, buna karsilik, 4
dSm? ve 8 dSm? tuzluluk uygulamalarinda tim
cesitlerin birbirine oldukga yakin degerlere sahip oldugu
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gorilmektedir. Diger bir ifadeyle kontrol uygulamasinda
cesitler birbirlerinden farkli tepkiler ortaya koyarken,
tim tuzluluk uygulamalarinda birbirlerine benzer
sonuglar ortaya c¢ikarmislardir. Cesitlerin, kontrol
uygulamasinda birbirlerinden oldukca farkh, tuzluluk
sartlarinda ise birbirine benzer sonuclar lretmesi, bir
interaksiyona neden olmustur.

Plumula kuru agirliklari bakimindan hem c¢esitler hem
de tuzluluk dereceleri arasinda onemli farkliliklar
bulunmustur. Starlet cesidi, diger bir ¢ok 6zellikte
oldugu gibi, plumula kuru agirhg bakimindan da en
ylksek degerlere sahip olmustur.

el Greenfront ewiwsFilippo
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Sekil 1.

Farkh tuzluluk seviyeleri uygulanmis F. arundinacea cesitlerinin fide kuru agirhgina iliskin cesit x

tuzluluk interaksiyonu
Figure 1. Cultivar and salt concentration interactions relating to seedling dry weight of F. arundinacea
cultivars germinated at differnet salt concentrations

Tuzluluk uygulamalari bakimindan en yiiksek Plumula
kuru agirligr degerlerinin 3.40 mg/fide ile kontrol
uygulamasindan elde edildigi, bunu 6nemli bir farkhlkla
ve 0.21 ve 0.11 mg/fide degerleri ile sirasiyla 4 dSm™ve
8 dSm? uygulamalarinin izledigi  belirlenmistir.
Arastirma verilerine dayanarak, Plumula kuru agirhgi
bakimindan F. arundinacea cesitleri arasinda 6nemli
farkhliklar bulundugu ancak, tim cesitlerin hafif tuzluluk
derecelerinden bile ciddi dizeyde etkilendigi,
tuzlulugun o6zellikle kok gelisimini daha fazla engelledigi
belirlenmistir. Benzer bir sonug, Gao ve Li (2014)'nin
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F.arundinacea ile vyaptiklari c¢alismadan da elde
edilmistir. Bununla birlikte, tuzlulugun genellikle
bitkilerin  toprak Usti aksamlarini, toprak alti

aksamlarindan daha fazla etkiledigini bildiren ¢alismalar
da mevcuttur (Pawlowicz ve ark., 2018).

Plumula kuru agirlik degerleri bakimindan F.
arundinacea ¢esitlerinin performanslari ile tuzluluk
uygulamalarinin  etkileri arasinda  6nemli  bir

interaksiyon bulundugu saptanmis ve bu interaksiyona
iliskin veriler Sekil 2’'de gosterilmistir.
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Sekil 2. Farkh tuzluluk seviyeleri uygulanmis F. arundinacea cesitlerinin plumula kuru agirligina iliskin gesit x
tuzluluk interaksiyonu
Figure 2. Cultivar and salt concentration interactions relating to shoot dry weight of F. arundinacea cultivars
germinated at differnet salt concentrations

Arastirmada kullanilan F. arundinacea cesitlerinin
plumula kuru agirhigi degerleri bakimindan farkl
tuzluluk seviyelerine farkh tepkiler verdigi ve bu
nedenle bir Cesit x Tuzluluk interaksiyonunun olustugu
belirlenmistir. Kontrol uygulamasinda plumula kuru
agirliklari bakimindan gesitler arasinda biyuk farkhhklar
bulundugu, ancak 4 dSm? ve 8 dSm? tuzluluk
seviyelerinde cesitlerin  benzer tepkiler verdigi
gorilmektedir. Kontrol uygulamasinda en yiiksek ve en
disiuk plumula kuru agirlik degerlerine sahip cesitler
arasinda %88.65’lik bir farklilik bulunurken, 4 dSm*ve 8
dSm™? tuzluluk uygulamalarinda bu deger sirasiyla
%42.49 ve %59.18 olarak gergeklesmistir. Yani kontrol
uygulamasinda cesitler arasinda var olan bu biyilk
farkhlik, tuzluluk uygulamalarinda biyiik 6l¢lide ortadan
kalkmistir. Bu nedenle istatistiksel olarak 6nemli bir
Cesit x Tuzluluk interaksiyonu ortaya ¢cikmistir.

Radikula  kuru agirhk degerleri bakimindan F.
arundinacea cesitleri arasinda o6nemli bir farklilik

bulunmadigi, ancak tuzluluk derecelerinin bu 6zellige
iliskin  degerleri  6nemli  derecede  etkiledigi
belirlenmistir. En ylksek radikula kuru agirlik degerinin
3.27 mg/fide ile herhangi bir tuzluluk uygulamasinin
yapilmadig kontrol uygulamasindan elde edildigi, en
dusiik tuzluluk seviyesi olan 4 dSm™ uygulamasinda ise
bu degerin %94 oraninda azalarak 0.17 mg/fide
diizeyine kadar distiigu saptanmistir. Kaplan ve ark.
(2017), tuzluluk stresi altindaki F. arundinacea bitkisinin
gelisiminde ¢ok 6nemli azalmalar oldugunu, verimin
dustigini, tuzluluk siddetinin 8 dSm™ seviyesine

¢lkmasiyla, verimin %30 oraninda  azaldigini
bildirmislerdir.
Cimlenme Orani
Farkhh F. arundinacea cesitlerinin  farkh tuzluluk

derecelerindeki ortalama ¢imlenme orani degerleri ve
olusan gruplar Cizelge 2’de verilmistir.

Cizelge 2. Farkli tuzluluk derecelerinde g¢imlendirilen F. arundinacea cesitlerinin ortalama ¢imlenme orani (%)

degerleri ve olusan gruplar

Table 2. Mean germination rate and statistical groups of F. arundinacea germinated at differnet salt concentration

Cesitler Tuzluluk Ortalama
Kontrol 4 dSm™! 8 dSm?

Starlet 93.33A 44.00 B 16.00 CD 51.11a

Greenfront 89.33A 28.00 BC 8.00CD 41.78 a

Flippo 28.00 BC 5.33D 4.00D 12.44 b

Ortalama 93.33a 44.00 b 16.00 c

LSD: Cesit: 12.60 Tuzluluk:12.60 int:22.01

int.: interaksiyon
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Farkh tuzluluk seviyelerinde F. arundinacea cesitlerinin
ortalama ¢imlenme oranlarinin verildigi Cizelge 2'den,
en vyiksek c¢imlenme oraninin %51.11 ile Starlet
cesidinden elde edildigi, bunu 6nemsiz bir farklilikla
Greenfront cesidinin izledigi, en digslik degerin ise
%12.44 ile Filippo c¢esidinden elde edildigi
izlenmektedir. Ayni cizelgeden tuzluluk seviyelerinin
cimlenme orani (zerine etkileri incelendiginde, en
ylksek degerin %93.33 ile kontrol uygulamasindan elde
edildigi, tuzluluk seviyesi arttikca ¢imlenme oraninin
onemli 6lglide azaldig ve en diisik cimlenme oraninin
%16,00 ile 8 dSm? seviyesindeki tuzluluktan elde
edildigi gorulmektedir. Bu bilgiler dogrultusunda,
bulgularimiz, artan tuz konsantrasyonlarina bagh olarak
cimlenme yizdelerinin azaldigini  bildiren bircok
arastiricinin bulgulari ile benzerlik goéstermekte olup,
onceki ¢alismalarin bir cogu, bu ¢alismanin sonuglarini
destekler niteliktedir (Akgilin ve ark., 2011; Kara ve ark.,
2011; Ertekin ve ark., 2017; Ertekin ve ark., 2018).
Bununla birlikte, cimlenme orani bakimindan farkli
cesitlerin farkh tuzluluk seviyelerine farkli tepkiler
verdigi, bu nedenle bir Cesit x  Tuzluluk
interaksiyonunun olustugu belirlenmistir. Bu
interaksiyona ait veriler Sekil 3'de gosterilmistir.

F. arundinacea cesitlerinin farkl tuzluluk
derecelerindeki ¢imlenme oranlarina iliskin Cesit x

Tuzluluk interaksiyon grafigi incelendiginde, tim
cesitlerin ¢imlenme oranlarinin artan tuzluluktan
olumsuz etkilendigi, ancak bu etkilenme seviyelerinin
cesitten c¢eside farkhlik gosterdigi gorilmektedir.
Nitekim Starlet, Greenfront ve Filippo cesitlerinde en
yuksek gimlenme oranlari Kontrol uygulamasinda elde
edilmis, 4 dSm™? tuz uygulamasinda tiim cesitlerin
cimlenme oranlari azalmis, ancak kontrol uygulamasina
gore azalmalar anilan cesitleri icin sirasiyla %52.85,
%68.65 ve %80.96 dizeyinde olmustur. Cesitlerin 8
dSm! seviyesindeki cimlenme oranlari azalmaya devam
etmis, bir dnceki uygulamaya kiyasla Starlet, Greenfront
ve Filippo cesitleri icin azalmalar sirasiyla %63.63,
%71.42 ve %24.95 dlzeyinde gergeklesmistir. Bu
durumda, 4 dSm™ seviyesindeki tuzluluk
uygulamasindan en az etkilenen cesit Starlet, en fazla
etkilenen cesit ise Filippo olurken, 8 dSm™ seviyesinde
ise en az etkilenen gesit Filippo, en fazla etkilenen cgesit
de Greenfront olmustur. Cesitlerin farkh Tuzluluk
derecelerine farkli tepkiler vermis olmasi bir Cesit x
Tuzluluk interaksiyonunu ortaya ¢ikarmistir. Gao ve Li
(2014), 2 farkli F. arundinacea cesidi ile yaptiklari
tuzluluk ¢alismasinda, gesitlerin tuz konsantrasyonlarina
farkh tepkiler verdigini ve gelisimlerinde de farkliliklar
oldugunu bildirmislerdir.
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Sekil 3. Farkh tuzluluk seviyeleri uygulanmis F. arundinacea gesitlerinin ¢cimlenme oranina iliskin gesit x
tuzluluk interaksiyonu
Figure 3. Cultivar and salt concentration interactions relating to germination rate of F. arundinacea cultivars
germinated at differnet salt concentrations

Farkh tuzluluk derecelerinin F. arundinacea gesitlerinin
¢imlenme performanslari Gzerine etkilerinin incelendigi
bu calismada, incelenen her bir ozellik igin, tiim
cesitlerde en yiliksek degerlere hi¢ bir tuzlulugun
uygulanmadigi Kontrol grubunda ulasiimistir. Hafif
derecede tuzluluk uygulamalarinda bile tim cesitlerde
incelenen fide ozelliklerinde ve ¢imlenme oranlarinda
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olduk¢a yiksek miktarda azalmalar goérilmustir. Bu
nedenle, F. arundinacea tirinin anilan gesitlerinin tuz
stresine karsi ¢ok hassas olduklari belirlenmistir. Bu
durumda, hafif veya orta derecede tuzluluk sorunu
bulunan alanlarda veya sulama suyu tuz iceren
durumlarda, bu cesitlerin yesil alan tesisinde
kullanilmasi uygun degildir.
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OzZET

Amag: Bu arastirma bazi ¢im tiir ve gesitlerinin farkl tuz
konsantrasyonlarindaki performanslarinin saptanmasi
amaciyla laboratuvar sartlarinda  yaritilmustdr.
Denemede bitki materyali olarak kamigsi yumak
(Festuca arundinacea) turine ait 3 gesit (Starlet, Filippo
ve Greenfront) bitkisel materyal olarak kullaniimistir.
Yéontem ve Bulgular. Arastirmada farkh tuzluluk
konsantrasyonu olusturmak igin KCI, NaCl, MgCl, ve
CaCl; kullanilarak stok ¢ozelti hazirlanmigtir. Kontrol
uygulamasi ile birlikte, 2 farkh elektriksel iletkenlige (EC)
sahip tuzluluk dozlari (4 ve 8 dSm?) cimlenme
ortaminda kullanilmistir. Arastirmada fide boyu, fide
radikula (kok) boyu, fide plumula (sap) boyu, fide yas
agirhg, fide radikula (kok) yas agirhgi, fide plumula (sap)
yas agirhigl, fide kuru agirhg, fide radikula (kok) kuru
agirhg, fide plumula (sap) kuru agirligi ve ¢imlenme
orani Ozellikleri incelenmistir.

Genel Yorum: Elde edilen sonuglardan Festuca tlriine
ait cesitlerin hafif ve orta derecede tuzluluk seviyelerine
bile tolerans gostermedigi belirlenmistir.

Calismanin Onemi ve Etkisi: Festuca tiriine ait
cesitlerin Gzerinde olan bu tuz stresi ¢alismasi yesil alan
tesisinde yol gosterici olmasi amaciyla ylrGtalmdastir.
Bu c¢alisma ileriki ¢alismalara kaynak olusturma
niteligindedir.

Anahtar Kelimeler: Cim bitkileri, ¢cimlenme, tuzluluk,

fide gelisimi.

CIKAR CATISMA BEYANI
Yazar(lar) ¢alisma konusunda
olmadigini beyan eder.

gtkar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Aims: The internal and external quality characteristics of the hatching eggs
stored in yellow feather colored Japanese quails at the ages of 8, 12, 16,
20, 24, 28 and 32 weeks in 7 and 14 days were investigated.

Methods and Results: Trial material eggs were obtained from yellow quail
colored quail in 7 different age periods between 8 and 32 weeks old.
External and internal quality characteristics of 75 eggs for each storage
period (0, 7 and 14 days) and 1575 eggs for 7 different age periods were
determined. Results changed according to storage periods. The effect of
age on egg weight was found to be significant. The shape index decreased
with increasing age. The interaction between bird age, storage time and
age x storage time on white index was found significant. Haugh unit was
affected by storage period and bird age. The yellow index value of control
group which was not was significantly lower than 7 and 14 days storage
period groups. Storage period, age and interaction between storage
period and age was significantly affected albumen ratio. Yolk ratio changed
by age. Yolk index value decreased. Shell weight per unit surface area
varied with storage time and animal age. The effect of storage time has
become insignificant.

Conclusions: The effects of breeder age, storage period and environmental
factors on egg internal and external quality characteristics of Japanese egg
quail in yellow feathers were found to be significant.

Significance and Impact of the Study: This study is expected to provide
information for further studies.
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GIRIS

BUtln bir yumurta; kabuk, kabuk alti zarlari ile ak ve
saridan olusmaktadir. Yumurtayi olusturan bu yapilarin
miktar ve oranlari her kanath tirinde farkhhk
gostermektedir. ic ve dis kalite ozellikleri, kulucka
sonuclarini dogrudan etkilemekte ve yumurtanin ticari
acidan pazarlanmasinda 6nemli yer tutmaktadir. Kalite

ozellikleri ticari yemeklik yumurtalarin satisinda fiyat
kulugkallk  yumurtalarda ise ¢ikis  sonuglarinin
belirleyicilerdir. Sekil, agirlik, kabuk yapisi (temizlik,
kabuk renk, kirilma direnci, putirlG olmasi vb.) gibi dis
kalite 6zelliklerinin yaninda ak ve sari pH’ si, ak ve sari
indeksi ile Haugh birimi seklinde belirlenen i¢ kalite
ozellikleri bir bitlin olarak yumurta kalitesi hakkinda
genis bilgi sunmaktadir. S6z konusu bu o6zellikler ticari
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yumurtalarda pazarlama kosullarini  ve kulugkalik
yumurtalarda ise embriyo gelisimi ile baglantili olarak
dogrudan civciv kalitesini etkilemektedir.

Yumurta kalite 6zelliklerine iliskin bilgiler ¢ogunlukla
tavuk yumurtasi ile yapilmis ¢calismalara dayanmaktadir
(Addo ve ark., 2018; Akter ve ark., 2014; Alasahan 2010;
Gopur-Akpinar ve ark., 2008; Ebeid ve ark., 2012; Igbal ve
ark., 2016). Yumurtaci ve etgi tip bildircinlarda yumurta
agirligl, sekil indeksi, kabuk ylizdesi, kabuk kalinhgi,
kabuk direnci, ak agirligi, ak yiksekligi, ak indeksi, Haugh
birimi, sar indeksi ve sari rengi gibi bircok kalite
parametresi birbirinden farklilasmaktadir (Hrncar ve
ark., 2014).

Kanatli hayvanlardan elde edilen yumurtanin kabuk, ak
ve sari oOzelliklerini belirlemek icin bircok calisma
yapilmistir (Lagin ve ark., 2008; Alasahan ve Giinli, 2012;
Nowaczewskive ve ark., 2010a; Celik ve ark., 2014,
Tadesseve ark., 2015). Ayrica yumurtay! olusturan ak,
sari, kabuk agirhg ve kabuk kalinligi gibi i¢c ve dis yapi
unsurlar kalite 6zelliklerinin yaninda civciv verimliligini
de etkilemektedir (Lotfi ve ark., 2012; Igbal ve ark., 2016;
Alasahan ve Copur-Akpinar, 2016; Oleforuh-Okoleh,
2016).

Yumurta kalitesi zamanla kabuk ve yumurta icerigine
bagl olarak diismektedir (Dudusola, 2009). Yumurtada
uzun sireli depolanma sonrasi kaliteyi olumsuz etkileyen
bazi fizyo-kimyasal degisiklikler olmaktadir (Jones ve
Musgrove, 2005; Nepomuceno ve ark., 2014; Cimrin ve
Demirel, 2016). Bildircinlarda kulugkalik yumurta kalitesi
sirl yasi ve depolama siiresinden 6nemli dizeyde
etkilenmektedir. Bu nedenle depolama siresi ve
kosullari yumurta kalitesini dogrudan etkileyen unsurlar
icerisindedir. Bunlar icerisinde gozenekler vyoluyla
gerceklesen su kaybinin azaltilmasi, mikroorganizma
girisinin dnlenmesi ve disik sicaklik uygulamalari 6nemli
yer tutmaktadir.

Bildircinlarda sari ve gri seklindeki tly renginin
yumurtanin besin madde ve kulucka sonuglari izerine
etkilerinin belirlendigi calismada (Simsek ve ark., 2016)
yumurtanin besin degerinin farkh tly rengindeki bildircin
yumurtalarina goére degismedigi, ak, sari ve kabuk
oranlarinin  benzer oldugu bildirilmistir.  Beyaz,
kahverengi ve kirgil tly rengine sahip bildircin
yumurtalariyla yapilmis baska bir calismada (Yilmaz ve
ark., 2011) yumurta agirlik ortalamalar kirgil ve
kahverengi gruplarda benzer iken en hafif yumurtalarin
beyaz tiy renkli gruptan elde edildigi ancak, yumurta
sekil indeksinin tly rengine gore degismedigi
bildirilmistir. Bildircinlarda beyaz, koyu kahverengi, sari
ve orijinal tly renginin yumurta kalite ozelliklerine
etkisini belirleyen Celik ve ark. (2014)’e goére sekil
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indeksi, ak indeksi, sari indeksi, sari agirhgi ve ak agirlig
tly renklerine gore degismektedir.

Halk arasinda Jumbo ya da italyan bildircini olarak da
bilinen sari tiy renkli japon bildircini (Coturnix japonica)
memelilerdeki ASIP (Agouti Signaling Protein) geninin
bildircinlarda homozigot dominanti durumunda ortaya
¢ikmaktadir (Minvielle ve ark., 2007). ASIP, memelilerde
dorsoventral ve sa¢ dongusiine 6zgli melanin esash renk
desenlemesinden sorumlu 6nemli bir pigmentasyon
genidir (Nadeau ve ark., 2007). Sar tiy renkli japon
bildircinlari homozigot durumda (Y/Y) lethal etkili olup
otozomal dominant mutasyon (Y) sonucunda ortaya
ctkmaktadir (Minvielle ve ark.,2007). Heterozigot (Y/y1)
65 genini tasiyan bildircinlar saman sarisi  tly
rengindedirler 66 ve bunlar abdominal yag seviyesi
ylksek anormal 67 metobolizmaya sahiptirler.
Bildircinlarda yumurta kalite o6zelliklerinin ve kulugka
sonuglarinin degerlendirilmesine iliskin ¢ok sayida
arastirma mevcuttur. Sari tiy renkli Japon bildircinlarin
yumurta kalite ve kulugka sonuglarina iliskin ¢alismalar
sinirll sayidadir. Bu calismada sari tly renkli japon
bildircinlarindan (japanese quail yellow) farkli yas (8, 12,
16, 20, 24, 28 ve 32 hafta) donemlerinde elde edilen ve
7 ve 14 giin slreyle depolanan kulugkalk yumurtalarin ig
ve dis kalite 6zelliklerinin belirlenmesi amaglanmistir.

MATERYAL ve YONTEM

Bu calisma Mustafa Kemal Universitesi Veteriner
Fakiiltesi Kanatli Hayvan Unitesi’'nde yiritilmistir.
Arastirmanin hayvan materyalini her katta 20 hayvan
olmak Uzere 5 kath kafes sisteminde barindirilan toplam
100 adet sari tiy renkli japon bildircinlart  (Coturnix
japonica), (Y/y1) olusturmustur. Denemenin
ylratialdighd donemde 16 saat aydinlik 8 saat karanlik
olacak sekilde aydinlatma programi uygulanmis ve
yumurtaci civciv yemi ile yemleme yapilmistir. Deneme
materyali yumurtalar 8, 12, 16, 20, 24, 28 ve 32 haftalik
farkl yas donemlerindeki anac¢ bildircinlardan iki gin
icerisinde elde edilmis, 18°C sicaklik ve % 75 nispi nem
ortaminda 7 ve 14 gin sireli olacak sekilde
depolanmistir. Her bir depolama stiresi (0, 7 ve 14 giin)
icin 75’ser yumurta olacak sekilde belirlenen her yas
doénemlerinde 225’ser adet ve 7 yas donemi igin (8, 12,
16, 20, 24, 28, 32 hafta) toplam 1575 adet yumurtaya ait
dis ve i¢ kalite ozellikleri belirlenmistir. Denemenin
ylratildigd doénemlere ait ortalama sicaklik ve nem
seviyeleri Tarim ve Orman Bakanligi, Meteoroloji Genel
Mudurligid’'nden elde edilen verilere gore sira ile 23.9°C
ve %57.4,26.9°Cve % 58.9, 100 29.2°C ve % 57.8, 29.6°C
ve % 59.2, 27.5°C ve % 61.0, 101 21.4°C ve % 62.7 ve
14.2°C ve % 80.4 olarak 102 gerceklesmistir.


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 198-210

Arastirma Makalesi / Research Article

Haftalik yaslara gére yumurta agirhg 30 Mayis 2018'te
baslangic yas donemi olarak (8 haftalik yas) belirlenmis,
aylik dlcimler her ayin son giiniine denk gelecek sekilde
tekrarlanmistir. Bireysel tartim sonrasi yumurta boy ve
enine ait 6lcimler alinarak sekil indeksi, her yas grubuna
ait yumurta agirhgi, yumurtalarin baslangi¢ agirligi ve
depolama sonu agirliklari  kullanilarak depolama
sirasinda gergeklesen yumurta bagil agirlik kaybi gibi dig
kalite 6zellikleri belirlenmistir. i¢ kalite dzellikleri olarak
ise ak indeksi, sari indeksi, Haugh birimi, sari ve ak
ylzdesi, kabuk orani ve kabuk kalinhgi, kabuk agirhg ve
gozenek sayisi tespiti yapiimistir.

Yumurtalarda bireysel tartim sonrasi yumurta boy ve
enine ait 6lgimler alinarak sekil indeksi:

Yumurta eni (mm)

SI (%) = x100

Yumurta boyu (mm) Ea. (1)
ic koyu akin bulundugu katmandan birbirine 10 mm
mesafede Ug¢ noktadan 6l¢lim alinarak ak yiksekligi ve
kumpas kullanilarak ak uzunlugu ve genisligine ait
degerler kullanilarak ak indeksi;

Yumurta akinin yiiksekligi (mm)
Yumurta akinin ve genisliginin
ortalamasi (mm)

Ak Indeksi = X 100

Eq. (2)

Kumpas yardimi ile belirlenen sari ¢api ve sari yiksekligi
degerleri kullanilarak sari indeksi;

Kirilan yumurta sarisi
ytiksekligi (mm)
Kirilan yumurta sarisi
¢apl (mm)

Sar1 Indeksi = X 100

Eq. (3)

Ak, sari agirliklari (g) ile ak ve sari oranlari (%) asagidaki
sekilde;

Ak Agirligr (g) = Yumurta Agirhgi(g) —

(Kabuk Agirhigi (g) + Ak Agirhigi (g)) Eqg. (4)
Sar1 Agirhigi (g) = Yumurta Agirhgi(g) —

(Kabuk Agirligi (g) + Sar1 Agirligi (g)) Eqg. (5)
Sar1 Orani (%) = Sanagrhgi(e) o 40 Eq. (6)

Yumurta agirhigi (g) '
Ak agirligi (g)
0, —

Ak Orani (%) = o ——Ey 100 Eq. (7)
Haugh Birimi;

Haugh Birimi = 100 log(H + 7.57 — 1.7G%37)  Eq. (8)
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H: Ak yiksekligi (mm)
G: Yumurta agirhgi (g) seklinde;

Birim ylizey alani basina kabuk agirhgi (Arposova ve ark.,
2007);

__ Kabukagirhig: (g)

mg
BYABKA (%) = P iEl8 ® 1000 Eq.(9)
alani (cm?2)
Kabuk yiizey alan1 (cm?) = 3.9782 x
Yumurta agirhgi (g)°%7056 Eq. (10)

Yumurta agirhigr kullanilarak goézenek sayisi (Balkan ve
Biricik, 2006);

Gozenek sayis1 = 1041 X Yumurta agirhig%-504

Eq. (11)
seklinde hesaplanmistir.

Yas (8, 12, 16, 20, 24, 28 ve 32 hafta) ve depolama

surelerinin  (kontrol=0; 7 ve 14 giln) etkisinin
karsilastirlmasinda tek yonli  variyans analizi,
ortalamalarin  karsilastirimasinda  Duncan  ¢oklu
karsilastirma testi uygulanmustir. istatistiki
hesaplamalarda SPSS 22.0 program paketinden
yararlanilmistir -~ (SPSS, 2004). Yapilacak varyans
analizinde asagidaki matematiksel model dikkate
alinmstir.

Yik= U+ aitbj+axbi+ex Eqg. (12)

Yik:Yumurta kalitesi izerine yas ve depolama siirelerinin
etkisi

i: genel ortalama

ai: yaslarin etkisi

bj: depolama siresinin etkisi

axbjj: yas x depolama siresi interaksiyonu

e hata

BULGULAR ve TARTISMA

Yumurta agirligi bakimindan 8, 12 ve 16 ve 24 haftalik yas
donemleri arasindaki farkhlik 6nemsiz olmus, bu yas
doénemleri ile 20 haftalik yas donemi arasindaki farklilik
onemli belirlenmistir (P <0.000). Yumurta agirligi 20.
haftada en diisik degeri almis bunu 24 haftalik yas
donemi izlemistir. Zira bu yas dénemleri ortalama hava
sicakliklarinin  ¢ok yiksek seyrettigi Agustos-Eylll
aylarina denk gelmistir. Daha sonraki donemler olan 28
ve 32. haftada yumurta agirliklari sirasiyla 12.03 ve 12.15
g ile en yiksek degerleri almistir.

Sekiz haftalik yas doneminde 11.67 g belirledigimiz
yumurta agirligi El-Samee ve ark. (2012)'nin ayni yas
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doneminde 12.52 g olarak ifade ettigi degerden daha
disuk belirlenmistir. Bazi i¢ ve dis kalite ozellikleri
arasindaki fenotipik korelesyonun belirlendigi calismada
(Kul ve Seker, 2004) 20 haftalik yastaki bildircinlarda
11.289 g seklinde ifade edilmis yumurta agirhg
calismamizdaki ayni yas doneminde belirlenen agirlikla
ortismektedir. Rasyona organik ¢inko ve mannan
oligosakkarit ilavesinin yumurta kalitesi, dolltlik ve
kulugka sonuglari lzerine etkisinin belirlendigi bagka bir
calismada (El-Same ve ark., 2012) 8 haftalik yastaki
bildircinlarda ortalama 12.52 g seklinde bildirilen
yumurta agirhg ayni yas doénemi igin ¢alisma
sonucumuzdan daha yiksektir. Hrncar ve ark. (2014)
farkl verim yoniindeki ve 20 haftalik yas donemindeki
bildircinlarda yumurta kalitelerinin karsilastirildigi bir
calismada yumurta agirliklari yumurta ve et verim yonli
hayvanlarda sira ile 11.48 g ve 13.06 g olarak ifade
edilmistir. Calismada 12 (11.595 g) ve 16 (11.549 g)
haftalik yas doneminde belirlenen yumurta agirliklari
Naring ve ark. (2015)'in farkh strtlerden 12 ve 16
haftalik yas donemlerinde 12.76 g seklinde belirledikleri
ortalama degerden daha disiik olmustur.

Ozdemir ve ark. (2014) ¢ farkli anag yas dénemlerine (8-
12 hafta, 11.40 g; 16-20 haftalar arasi 12.74 g ve 32-36
haftalar arasi 11.96 g) ait belirlenen yumurta agirliklari
c¢alismamizda ayni donemlerde belirlenen degerlerle
ortiismektedir. Orhan ve ark. (2001) 2, 4, 6 ve 8 aylik yas
doénemlerinde sirasiyla 11.92 g, 12.36 g, 12.68 g, 12.98 g
seklinde yumurta agirliklarinin  yasa bagh olarak
degistigini bildirmislerdir.

Yumurta eninin yumurta boyuna orani seklinde ifade
edilen sekil indeksi 8 haftalik yasta en yiiksek degeri
almis (% 79.98), bunu 12 (% 78.06) ve 16 haftalik (%
77.45) yas donemlerine ait degerler izlemistir. Bu 6zellik,
20 (% 76.70) ve 24 (% 76.44) haftalik yas dénemleri
arasinda en duistik olmus, bunlari 28 (% 77.10) ve 32 (%
77.33) haftalik yas donemlerine ait degerler izlemistir

(Cizelge 1).

Cizelge 1. Yumurta agirligi ve sekil indeksinin yasa bagh olarak degisimi
Table 1. Change of egg weight and shape index depending on age (week)

Yas (Hafta) Ozellikler
N Yumurta Agirlhigi Sekil indeksi

X £SX X +£SX

8 248 11.675+0.063° 79.988+0.144°

12 261 11.595+0.062° 78.065+0.140°

16 229 11.549+0.073° 77.453+0.150¢

20 226 11.153+0.082¢ 76.700+0.150°%

24 227 11.631+0.091° 76.440+0.150°

28 227 12.037+0.073? 77.108+0.150

32 227 12.150 0.082° 77.334+0.150¢

F 22.961 66.956

P 0.000 0.000

Ayni siitunda a - c ile gdsterilen ortalamalar arasindaki farklilik dnemlidir (P <0.05).

Orhan ve ark. (2001) 2, 4, 6 ve 8 aylik yas donemindeki
Japon bildircinlarinda  sekil indeksinin ayni  yas
siralamasina goére % 78.96, % 79.05, % 78.60 ve % 77.91
seklinde oldugunu ve bu 6zelligin yasla birlikte azaldigini
bildirmislerdir. Calismamizda sekil indeksinin yasa goére
azalma egilimi yukarndaki arastirma sonucunu
desteklemektedir. Hrncar ve ark. (2014)'nin 20 haftalik
yasta yumurtaci ve etgi bildircinlara sira ile % 75.70 ve %
78.18 olarak belirlenen sekil indeksi degeri calismamizda
ayniyasta % 76.70 seklinde belirledigimiz degerden daha
dusuktur. Sekiz haftalik yasta belirlemis oldugumuz sekil
indeksi degeri (% 79. 98) ayni yasta belirlenen (% 78.42)

201

(EI-Sameve ark., 2012) sekil indeksinden daha yiksektir.
Celik ve ark. (2014) tarafindan beyaz, koyu kahverengi,
sarl ve orijinal tly rengindeki yumurtalara ait sekil
indeks degerleri sirasiyla 0.884, 0.883 ve 0.880 seklinde
belirlenmistir. Hanusova ve ark. (2016) tarafindan iki etgi
bildircin  hattinda (Line 8: canh agirlik yoninde
seleksiyona tabi tutulmus ve Line 9: kontrol grubu) sekil
indeksi sira ile % 76.45 ve % 78.575, farkh strilerden (12
ve 16 haftalik vyas) ancak, ayni bakim-besleme
kosullarinda tutulan bildircin yumurtalarinda (Naring ve
ark., 2015) ortalama sekil indeksi % 76.53 olarak
bildirilmistir. Bagh ve ark. (2016) tarafindan gri, kahve ve
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beyaz tly renginde 6 haftalik yas déneminde Japon
bildircin (Coturnix coturnix japonica) varyetelerinde sekil
indeksinin tly rengine gore degismedigi ifade edilmistir.
Gri, kahve ve beyaz tiy rengindeki bildircinlarda sirayla
% 72.88, % 72.13 ve % 69.93 olarak bildirilen sekil indeks
degeri calismamizda belirlenen degerlerden daha
dusuktar.

Genel olarak yumurta i¢c ve dis kalite 6zelliklerinin
depolanma siiresi ile Onemli Olglide etkilendigi
bilinmektedir. Bagil agirlik kaybi (izerine depolama
surelerinin etkisi cok dnemli olmustur (P <0.001). Yedi
glnlik depolama siiresinde belirlenen bagil agirlik kaybi
% 1.631 iken bu 6zellik 14 glinlik depolama siiresinde %
2.523 olarak gerceklesmistir (Cizelge 2).

Cizelge 2. Depolama stiresinin bagil agirlik kaybi Gizerine etkisi (%)

Table 2. The effect of storage period on the egg weight loss (%)

Depolama Siireleri

(Giin) N X £SX F P
7 549 1.631+0.018" 1205.151 0.000
14 553 2.523+0.018°

a, b ile gosterilen ortalamalar arasindaki farkhhk énemlidir (P <0.05)

Depolama siresine bagli olarak yumurta agirlik kaybinin
artmakta oldugunu bildiren ¢ok sayida arastirma
mevcuttur (Baylan ve ark., 2011; Fidan, 2012; Aygun ve
Sert, 2013; Roriz ve ark., 2016; Addo ve ark., 2018;
Ondrusikova ve ark., 2018; Copur-Akpinar ve Glineng
2019). Romao ve ark., (2008) 2 haftahk sireyle 20°C
sicaklikta depolanan etci ve yumurtaci bildircin
yumurtalarinda agirlik kaybi sirasiyla % 2.72 ve % 2.39;
Lagin ve ark. (2008) ayni siirecte meydana gelen kayip
oranini % 2.56 olarak bildirmislerdir. On doért glinlik
depolama siresinde % 2.50 seklinde gergeklesmis olan
bagil agirlik kaybi diger arastirma sonuglarina benzer
olmustur (Cizelge 3). Romao ve ark. (2010)'nin farkli
ortam sicakliklarinda (22°C ve 32°C) bir haftalk
depolama sonunda sirasiyla % 2.07 ve % 2.8 olarak rapor
ettigi kayip oranlari ¢calismamizda yedi giinliik depolama
suresinde % 1.63 olarak belirlenen degerlerden ¢ok
yuksektir.  Copur-Akpinar ve Glneng (2019)in
bildircinlarda 7 gilin depolama siiresinde % 1.27
bildirdikleri agirhk kaybi orani ayni sirede belirlenen
degerden daha dislik ancak 14 gilnlik depolama
siresinde % 2.68 olarak belirlenen degerden daha
ylksek olmustur. Aygun ve Sert (2013)’in 7 ve 14 ginlik
depolama surelerinde bildirdikleri agirlik kayip oranlari
1.72 ve 2.73 iken Fidan (2012) 5, 10 ve 15 ginlik
depolama siirelerinde gerceklesen agirhik kayip
oranlarini sira ile % 0.34, % 0.85 ve % 1.45 olarak
bildirmistir. Farklh depolama materyallerinin yumurta
agirlik kaybi Uzerine etkisini belirleyen Lagin ve ark.
(2008)'nin depolama materyali kullaniimadan 3, 8 ve 18
giin sire ile depolanan yumurtalarda belirledigi agirhk
kayiplari sira ile % 1.44, % 1.99 ve % 2.56 olarak
bildirilmistir. Bu sonuglar, arastirmamizda yedi ginlik
depolama siiresinde belirlenen degerden (% 1.63) daha
ylksek ancak 14 giinliik depolama siiresinde gerceklesen
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agirlik kaybina (% 2.52) yakindir. Bildircin yumurtalarinda
farkh depolama stirelerinde (1-10 giin arasi) gerceklesen
agirhk kayip orani Roriz ve ark. (2016) tarafindan 7.
giinde % 2.8 olarak bildirilmistir.

Yapilan arastirmalarda genotip, yas, depolama siiresi ve
depolama kosullarinin ak yiksekligi Uzerinde etkili
oldugu bildirilmistir (Scott ve Silversides, 2000;
Silversides ve Scott, 2001). i¢ kalite kriterlerinin
belirlenmesinde yaygin olarak kullanilan ak indeks degeri
Uzerine depolama sirelerinin etkileri énemli olmus,
baslangi¢ (kontrol grubu) ak indeks degeri % 10.37 olarak
belirlenmistir. Ak indeksi bakimindan 7 (% 10.029) ve 14
(% 10.015) glinlik depolama sureleri arasindaki farkllik
istatistiki olarak 6nemsiz (P >0.05) (Cizelge 3) ancak,
kontrol grubu ile depolama islemi yapilan gruplar
arasindaki farkliliklar énemli olmustur (P <0.001). Bu

sonug, depolama slrelerinin ak indeksi Uzerine
etkilerinin arastinldigi  bircok ¢alisma sonucu ile
benzerdir. Ondrusikova ve ark. (2018) tarafindan

bildircinlarda 1 ve 2 haftalik depolama siirelerinde ak
indeks degerleri % 11.35 ve % 10.19 seklinde
bildirilmistir.

Ak kalitesi surl yasindan etkilenmekte ve yasla birlikte
onemli bir degisim gostermektedir (Seker ve ark., 2005).
Ak indeksi 28 (% 10.863) ve 32 (% 10.887) haftalik
yaslarda en yiksek, 24 haftalik yasta en disiik degeri (%
9.638) almistir. Sekiz haftalik yasta % 10.039 olan ak
indeksi bu donemden sonraki 12, 16, 20 ve 24 haftalik
yaslarda azalmis, ancak 28 (% 10.862) ve 32 (% 10.887)
haftalik yas donemlerinde yeniden artis gdstermistir
(Cizelge 3). Sekiz haftallk yas doneminden sonraki
ilerleyen yas donemleri Haziran—Eylil aylari arasinda
sicakliklarin ¢ok yiksek seyrettigi mevsime denk gelmis
ve bu donemlerdeki ak indeks degerleri diger dénemlere
gore daha disuk belirlenmistir. Sicakliklarin yeniden
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dismeye basladigi Ekim-Kasim aylari arasinda ise bu
ozellik en yiliksek seviyeye ulasmistir. Yaslara gore
belirlenen ak indeksindeki bu dalgalanmalar denemenin
herhangi bir cevre kontrolii olmayan pencereli sistemin
yer aldigi  bildircin  Unitesinde  ylritilmesinden
kaynaklanmis olabilir. Belirlenen ak indeks degeri Hrncar
ve ark. (2014)"in 20 haftalik yastaki yumurtaci ve etgi
bildircin yumurtalarinda sirasiyla % 10.12 ve % 9.45
seklinde ifade edilen degerlerine  yakindir.
Calismamizdaki ak indeks degerleri, Japon
bildircinlarinda  yiksek canh  agirhk  bakimindan
seleksiyonun  yumurta kalitesi Uizerine etkisinin
belirlendigi calismada (Lotfi ve ark., 2012) % 9.45,

Nowaczekwski ve ark. (2010b)'nin 11.51-12.50 g
arasindaki yumurtalarda % 7.8 ve Kul ve Seker (2004)’in
20 haftalik yastaki japon bildircinlarinda % 9.37ve 2, 4, 6
ve 8 aylik yasta sirasiyla % 5.67, % 5.79, % 6.16 ve % 6.55
olarak belirlenmis Orhan ve ark. (2001)'nin ¢alisma
sonuclarindan oldukca yiksektir. Ancak, sonuglarimiz
Bagh ve ark. (2016) tarafindan yesil, kahve ve beyaz tly
renginde 6 haftallk yas donemindeki Japon bildircin
varyetelerinde sirasiyla % 14.10, % 13.20 ve % 13.15
seklinde belirlenen ak indeks degerlerinden oldukca
digiktar. Bu farkhlik, her bir galismada kullanilan
genotip, yas ve denemenin yuratildigi cevresel kosul
farkhliklari ile agiklanabilir.

Cizelge 3. Depolama siiresi ve yasin ak ve sari indeksi ile Haugh birimi Gzerine etkisi

Table 3. The effect of age and storage period on the albumen index and yellow index and on Haugh unit

Depolama Ozellikler
Siireleri Vi _
(Gilin) X £ SX

N Ak indeksi Sari indeksi Haugh Birimi

(%) (%)

0 543 10.429+0.036° 53.660%0.171° 90.578+0.080°
7 548 10.029+0.036° 49.892+0.170° 90.322+0.081°
14 554 10.015+0.036° 47.925+0.169°¢ 90.348+0.082°
F 6.226 293.046 6.226
P 0.000 0.000 0.002
Yas (Hafta)
8 228 10.039+0.053% 43.061+0.256f 89.851+0.119¢
12 261 9.621+0.052¢ 48.004+0.250¢ 88.918+0.116¢°
16 229 10.140+0.055° 51.023+0.261¢ 90.56010.124°¢
20 226 9.916+0.056°¢ 52.07710.268° 90.87110.124°
24 227 9.638+0.055¢ 48.555+0.268° 89.562+0.124¢
28 227 10.863+0.0552 54.382+0.268° 91.949+0.1242
32 227 10.887+0.0552 56.127+0.268° 91.281+0.124°
F 92.484 289.021 75.430
P 0.000 0.000 0.000
Yas x Siire interaksiyonu
F 5.880 21.700 7.010
P 0.000 0.000 0.000

Her bir siitunda a-c, a-f ve a-e seklindeki farkli harf ile gosterilen ortalamalar arasindaki farkliliklar 6nemlidir (P <0.05)

Depolama sirasinda yumurta akinda bulunan suyun
difizyon vyoluyla sariya gecmesiyle olusan vitellin
zarindaki degisim ve sarinin sivilasmasl sonucu sari
indeksi diismektedir (Scott ve Silvester, 2000; Silversides
ve Scott, 2001). Depolama islemi yapilmayan kontrol
grubunda % 53.66 olarak belirlenmis olan sari indeks
degeri 7 (% 49.89) ve 14 (% 47.92) giinlik depolama
slrelerine gore daha dislik belirlenmis olup uygulamalar
arasi farkliik énemli olmustur (P <0.000) (Cizelge 3).
Artan depolama siiresine bagl olarak sari indeks degeri
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azalmistir (Cizelge 3). Sonuglar, cesitli kanath tiri
yumurtalarinda artan depolama siiresiyle sari indeksinin
onemli 6lclide azaldigini ortaya koyan diger calismalar ile
paralellik arz etmektedir (Tilki ve Saatci, 2004; Caner,
2005; Copur-Akpinar ve ark., 2008; Nowaczewski ve ark.,
2010b; Kahn ve ark., 2013, Kahn ve ark., 2014).
Ondrusikova ve ark. (2018) tarafindan bildircin
yumurtalarinda farkh depolama siirelerinde (0, 1, 2, 4, 6
ve 8 hafta) sari indeksi kontrol, 7 ve 14 giinliik depolama
surelerinde sirasiyla % 47.04, % 46.34 ve % 48.53
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seklinde ifade edilmistir. Nowaczewski ve ark. (2010b)
orta agirhk sinifindaki yumurtalara ait sari indeksi
degerini 1 ve 7 glinlik depolama sirelerinde sira ile %
50.37 ve % 49.2 olarak bildirmistir.

Sari indeks degeri Uzerine yasin etkisi 6nemli olmus, 8
haftalik yasta % 43.06 olan bu 6zellik 12, 16, 20, 24, 28
ve 32 haftalik yaslarda sirasi ile % 48.04, % 51.02, %
52.07, % 48.55, % 54.38 ve % 56.12 degerlerini almigtir.
Bu sonuglar Zita ve ark. (2012)’nin tavuk yumurtasinda
artan vyasla birlikte sar indeksinin azalirken bu
genellemenin bildircin yumurtasi icin gegerli olmadigi
yonindeki ifadesini desteklemektedir. Zita ve ark.
(2013)'nin 9 haftalik yasta % 49.11, 13 hafta % 47.66, 37
haftallk yasta % 50.81 olarak belirledigi degerler
¢alismamizda 8 haftalik (% 43.03) yasta belirlenen
degerden daha yliksek ancak, 12 (% 48. 00) ve 32 (%
56.19) haftalik yaslarda belirlenen degerlere yakin
olmustur.

Kumari ve ark. (2008) taze, iyi kalitedeki bildircin
yumurtasinda sari indeksini 0.45, Nowaczewskive ark.
(2010a) 9, 25 ve 31 haftalik yas donemlerinde sira ile %
49.18, % 48.60 ve % 47.67, Dudusola (2010) 0.46, Alkan
ve ark. (2010) % 43.67, Zita ve ark. (2013) % 47.80 olarak
bildirmislerdir. Hrncar ve ark. (2014) yumurtaci ve etgi
bildircinlarda sari indeksi degerlerini sirasiyla % 43.22 ve
% 45.86 olarak bildirilmistir. Rasyona organik ginko ve
mannan oligasakkarit ilavesinin yumurta kalitesi ve
kulugka sonuglari Uzerine etkisinin belirlendigi bir
¢alismada (El-Same ve ark., 2012) kontrol grubuna ait %
52.50 seklinde belirlenen sari indeks degeri calisma
sonuglarimiz ile uyum igerisindedir. Sari indeksine iliskin
belirlemis oldugumuz sonuglar Orhan ve ark. (2001)
tarafindan 2, 4, 6 ve 8 aylik yas donemlerinde sirasiyla %
49.12, % 49.28, % 47.96 ve % 47.99 olarak belirlenen ve
bu o6zelligin ilerleyen vyasla azaldigini ifade eden
bildirisinden farkli olmustur. Sari indeks degerine iliskin
belirlemis oldugumuz degerler, bildircinlarda farkh tiy
renginin (beyaz, koyu kahverengi, sari ve orijinal)
yumurta kalitesi lzerine etkisinin belirlendigi baska bir
calismada (Celik ve ark., 2014) sirasiyla 0,668, 0.662,
0.684, 0.686 olarak bildirilen degerlerden oldukga
disuktir. Bagh ve ark. (2016) gri, kahve ve beyaz tly
rengindeki bildircinlarin 6 haftallk yas déneminde
yumurta kalite ozelliklerinin belirlendigi bir ¢alismada
sarl indeks degerleri sira ile % 48.05, % 45.05 ve % 45.36
olarak ifade edilmistir.

Ak kalitesiyle baglantili olan Haugh birimi degeri koyu ak
ylksekligi ve yumurta agirhginin bir fonksiyonu olarak
olcllmektedir. Herhangi bir depolama islemi yapilmayan
kontrol grubunda Haugh birimi degeri 90.658 olarak
belirlenirken, bu o6zellik 7 ve 14 gilnlik depolanan
gruplarda sirasiyla 90.316 ve 90.308 olmus ve
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uygulamalar arasi farklihk o6nemli bulunmustur (P
<0.001) (Cizelge 3). Haugh birimi degerleri 7 ve 14 giinlik
depolama siirelerine gore farkhlik olusturmamistir.
Artan depolama siresiyle birlikte Haugh birimi
degerindeki azalislar daha o©nce tavuk ve bildircin
yumurtalariyla yapilmis calismalari (Silversides ve Scott,
2001; Samli ve ark., 2005; Caner, 2005; Copur-Akpinar ve
ark., 2008; Akylirek ve Okur, 2009; Aktan ve Kaya, 2011;
Baylan ve ark., 2011; Jin ve ark., 2011; Akter ve ark.,
2014; Ondrusikova ve ark., 2018) desteklemektedir.
Ancak, elde edilen bu deger Ondrusikova ve ark.
(2018)'nin bildircin yumurtalarinda kontrol, 7 ve 14
glinlik depolamalarda sirasiyla 66.25, 73.72 ve 67.57
seklinde belirledigi ¢alisma sonucundan oldukga
ylksektir. Arastirmacilara gore depolama siresi arttikca
Haugh birimi degeri azalma egilimi gdstermektedir.

Haugh birimi degeri en yiliksek ve en disik olarak
sirasiyla 28 (91.949) ve 12 (88.918) haftalik yaslarda
belirlenmistir. Bu ozelligin 28 haftalik yasta 12 haftahk
yasa gore daha yiksek belirlenmesindeki ana nedeninin
bu yas doéneminin mevsim sicakhiginin ¢ok yiksek
seyrettigi doneme denk gelmis olmasindan kaynakli
olabilecegi disliniilmektedir. Ekim (28 haftalik yas) ve
Kasim (32 haftalik yas) 2018 tarihlerinde belirlenmis olan
Haugh birimi degerleri diger aylarda belirlenen
degerlerden oldukga yliksek belirlenmistir. Benzer yas
donemleri dikkate alindiginda (2 4, 6 ve 8 ay) (Orhan ve
ark., 2001) sirasiyla 84.23, 83.73, 82.45 ve 80.98 ve
Hrncar ve ark. (2014) tarafindan 20 haftalik yasta
yumurtaci ve et¢i bildircinlarda sirasiyla 87.82 ve 87.56
seklinde ifade edilmis olan Haug birimi degerleri
¢alhismamizdaki benzer yas donemlerine gore oldukga
disiktlr. Arastirmada elde edilen Haugh birimi degerleri
Hanusova ve ark. (2016) tarafindan iki et¢i bildircin
hattinda (Line 8 ve Line 9) ayni 6zellik icin sirasiyla 89.297
ve 88.893 seklinde belirlenen sonuca ¢ok yakin olmustur.
Farkh tly varyetelerinde (gri, kahve ve beyaz ) 6 haftalik
yas doneminde sirasiyla 91.01, 91.28 ve 90.90 olarak
bildirilen Haugh birim degerleri (Bagh ve ark., 2016) ile
arastirma sonuglarimiz 6rtismektedir. Akter ve ark.
(2014)’'a gore yumurta sari agirhgl ve sari yilzdesi
depolama siiresiyle degismekte, depolama siresiyle
birlikte yumurta akindan yumurta sarisina suyun
diflizyonu sonucu sari miktari lineer olarak artmaktadir.
Ak ylzdesi bakimindan 7 ve 14 giinlik depolama stireleri
arasinda farklilk olusmamis ancak, bu 6zellik bakimindan
kontrol grubu ile depolama gruplari arasindaki farkhhk
onemli (P <0.001) (Cizelge 4) olmustur. Ak yizdesi
degerleri, Nowaczekwski ve ark. (2010b)’in 11.51-12.50
g araligindaki yumurtalarda 7 glin depolama siresinde %
61.7 ve Ondrusikova ve ark. (2018)'in depolama islemi
yapilmayan (% 60.13), 7 (% 61.21) ve 14 (% 62.10) giin
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sureli depolanan bildircin yumurtalarinda belirlenen

sonuglarindan oldukga duslktr.

Cizelge 4. Ak ve sari ylizde degerlerinin yas ve depolama siirelerine gore degisimi

Table 4. Change of albumen and yellow percentage according to the age and storage period

Depolama Ozellikler
Siresi (Giin) Yi Sx

N Ak (%) Sari (%)
0 543 55.063+0.126° 33.91940.120
7 548 55.631+0.126° 34.070£0.120
14 554 55.517+0.125° 34.106+0.120
F 5.678 0.685
P 0.003 0.524
Yas (Hafta)
8 228 50.930+0.187f 37.78410.176°
12 261 56.758+0.182%° 33.75440.184
16 229 56.145+0.194°¢ 31.908+0.183¢
20 226 54.806+0.196° 35.615+0.184°
24 227 55.420+0.195¢ 33.829+0.184°
28 227 57.302+0.195° 32.18210.184¢
32 227 56.434+0.195 33.2268+0.184¢
F 129.267 128.323
P 0.000 0.000
Yas x Siire interaksiyonu
F 12.662 5.828
P 0.000 0.000

Her bir situnda a-b, a-f, a-e ile gosterilen ortalamalar arasi farklilik 6nemlidir (P <0.05)

Ak yuzdesi yasa gore degismistir (P <0.000) (Cizelge 4).
Bildircin ile yapilmis ¢alismalarda ak yiizdesi EI-Same ve
ark. (2012) tarafindan % 58.92, Lotfi ve ark. (2012)
tarafindan % 57.13, Hrncar ve ark. (2014) tarafindan %
58.78, Hanusova ve ark. (2016) tarafindan % 61.475 ve
Tabakeekh (2011) tarafindan % 35.515 seklinde
bildirilmistir. Ak ylzdesine iliskin ¢alismamizdaki
degerler ile diger arastirma sonuglari arasinda farklilik
her bir calismada farkli genotiplerin, farkh yaslarin ve
farkl cevresel kosullarin mevcut olmasindan kaynakh
olabilir.

Sari ylzdesi depolama siresinden etkilenmezken (P
>0.05) yastan etkilenmistir. Yas ve depolama siresi
arasindaki interaksiyon énemli olmustur (P <0.05). Sari
ylzdesi 8 haftalik yas déneminde en yiiksek (% 37.78) ve
16 haftalik yas doneminde en dusik (% 31.90) oranda
gerceklesmistir. Calismamizda 8 haftalik yas déneminde
belirlenen sari ylizdesi Tabakeekh (2011)'in Basra
bolgesinde  yetistirilen  bildircin  yumurtalarinda
belirledigi sari ylizdesine (% 36.745) yakin olmus ancak
diger yas donemlerinde belirlenen sari yizdeleri bu
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degerden oldukga diistik olmustur. Ondrusikova ve ark.
(2018) tarafindan bildircinlarda 0, 7 ve 14 ginlik
depolama stirelerinde sari yizdeleri sirayla % 31.79, %
31.07 ve % 30.13 olarak belirlenmistir. Calismamizda
ayni depolama sirelerinde sira ile % 33.91, % 34.07 ve %
34.10 hesaplanmis sari ylzde degerleri bu calisma
sonuclarindan oldukga yliksek belirlenmistir.

Kabuk orani hayvan yasina gore degismistir (P <0.001)
(Cizelge 5). Hrncar ve ark. (2014) farkh genotiplerin
yumurta kalitesi Uzerine etkisinin ortaya koymayi
amaclayan bir calismada 20 haftalik yasta yumurtaci ve
et¢i bildircinlardan elde edilen yumurtalarda kabuk
agirliklari sirasiyla 1.02 g ve 1.16 g, kabuk ylzdesi ise %
8.88 ve % 8.89 seklinde ifade edilmistir. Nowaczewski ve
ark. (2010a) kabuk yiizdesi ortalamasini % 8.03 oldugunu
ve bu 6zelligin yasa bagli olarak degismedigini bildirirken,
Alasahan ve ark. (2015) farkh kabuk renk ve benek
alanina gore kabuk yilizde oranlarinin degistigini ifade
etmislerdir. Kabuk ylzdesi Lotfi ve ark. (2012) tarafindan
% 8.43 ve El-Sameve ark., (2012) tarafindan % 8.68
olarak bildirilmistir. Calismamizda kabuk oraninin daha
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onceki literatlr sonuglarindan daha yiiksek olmasi, her
bir calismada kullanilan yas ve genotip farkhliklar ile
bizim ¢alismamizda 6l¢lim sirasinda kabuk alti zarlarinin

Cizelge 5. Yasin kabuk ylzde orani Gizerine etkisi
Table 5. The effect of age on shell percentage

kabuktan ayrilmadan kabukla birlikte hesaplanmis
olmasina baglanabilir.

Yas (Hafta) N Kabuk Orani (%) F P
X £SX
8 228 9.613+0.0685¢
12 261 9.581+0.071¢
16 229 10.798+0.070°
20 226 11.04110.071° 65.541 0.000
24 227 10.4032+0.071°¢
28 227 10.357+0.071°¢
32 227 10.033+0.071¢

Her bir situnda a- e ile gosterilen ortalamalar arasi farklilik Gnemlidir (P <0.05)

Kabuk kalinhg1 tzerine yasin etkisi 6nemli (P <0.05)
bulunmustur (Cizelge 6). Sekiz haftalik yasta kabuk
kalinhig1 ortalamasi ile 12, 16, 20, 24, 28 ve 32 haftalik
yaslar arasindaki farklihk onemli olmustur (P <0.05)
(Cizelge 6). Sekiz haftalik yas doneminden itibaren
ilerleyen yasa bagh olarak kabuk kalinligi da azalmistir.
Bu sonug, kabuk kalinliginin hayvan yasi arttik¢a
azalmakta oldugunu bildiren literatiir sonuglarini
desteklemektedir (Yannakopoulos, 1986; Wilkanowska
ve Kokoszynski, 2012).

Arastirmamizda 0.255 ile 0.210 mm arasinda
belirledigimiz kabuk kalinlik degerleri ¢ farkli tly
rengindeki (yabani, altin ve tarcin) Japon bildircin
popilasyonunda yumurta kalitesini belirleyen Lukanov
(2019)’un ayni sirayla 223.53 um, 216.91 um ve 217.16
um olarak belirledikleri degerlere yakindir. Bagh (2016)

yesil, kahve ve beyaz Japon bildircin (Coturnix coturnix
japonica) varyetelerinde kabuk kalinliklari sirasiyla 0.26
mm, 0.27 mm ve 0.25 mm, Stojcic ve ark. (2012)
tarafindan 2 farkli ticari isletmede yer alan birinci verim
yihindaki yumurta tipi japon bildircinlarinda 0.201-0.196
mm olarak bildirilmistir. Arastirmada 8 haftalik yas
doneminde belirlemis oldugumuz deger Hanusova ve
ark. (2016) tarafindan iki et¢i bildircin hattinda (Line
8:canli agirlik yoniinde seleksiyona tabi tutulmus ve Line
9: kontrol grubu) sirasiyla 257.6 pm ve 259.8 um seklinde
bildirdikleri degerlerle 6rtiismektedir. Farkl genotiplerin
(yumurtaci ve etgi) yumurta kalitesi Uzerine etkisini
ortaya koymayi amaglayan bir calismada (Hrncar ve ark.,
2014) sirasiyla 0.25 mm ve 0.23 mm seklinde ifade edilen
kabuk kalinliklari ¢alismamizda elde edilen sonuca
benzerdir.

Cizelge 6. Kabuk kalinligi, kabuk yogunlugu ve goézenek sayisin yasa gore degisimi

Table 6. Change of shell thickness and shell density and pore count depending on age

Hayvan Yasi Ozellikler
(Hafta) Yi Sx
Kabuk Kabuk Yogunlugu Gozenek Sayisi

N Kalinhigi (mm) (mg cm?) (adet)
8 228 0.255+0.010° 49.521+0.274¢ 3564.143+1.412
12 261 0.223+0.010° 49.419+0.267¢ 3576.153+1.112°¢
16 229 0.211+0.010° 55.403+0.285° 3541.812+11.857¢
20 226 0.212+0.010° 55.999+0.287° 3477.822+11.935¢
24 227 0.217+0.010° 53.505+0.286° 3578.761+11.908¢
28 227 0.227+0.010° 53.812+0.286° 3621.152+11.912°
32 227 0.210+0.010° 52.394+0.286° 3659.357+11.909°
F 4.424 84.823 23.383
P 0.025 0.000 0.000

Ayni slitunda yer alan (a-d) ortalamalar arasi farklilik 6nemlidir (P <0.05).
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Erglin ve Yamak (2017) tarafindan 23 ve 41 haftalik yasta
kabuk kalinliklari sirayla 0.245 mm ve 0.36 mm olarak
bildirilmistir. Bu degerler galismamizin 8 haftalik yas
doneminde belirlenen degerle ortismekte ancak,
ilerleyen vyas doneminde azalan kabuk kalinlig
sonucundan farklilasmaktadir. Orhan ve ark. (2001)
tarafindan bildircinlarda farkh yas (2, 4, 6 ve 8 ay)
donemlerindeki kabuk kalitesinin sirasiyla 0.222 mm,
0.218, 0.213, 0.204 mm oldugu bildirilmistir. Ayni yas
donemlerine gore calismamizda belirlenen kabuk
kalinliklart  bu ¢alismada belirlenen degerlerden
yuksektir ancak sonuglar kabuk kalinliginin artan yasla
birlikte azaldigi yoniindeki ifadeyi desteklemektedir.
Kabuk kalinlik degerleri, farkli tiiy renginde (beyaz, koyu
kahverengi, sari ve orijinal) (Celik ve ark., 2014) sirasiyla
0.247 mm, 0.251 mm, 0.250 mm ve 0.244 mm olarak
bildirilen degerlere yakin olmustur.

Sicaklik stresinin (23.87°C ve 58.75 nispi nem, 32.87°C
sicakhk ve % 57.77 nispi nem ve 35.87°C sicaklik ve %
59.274 nispi nem) dolltliik ve yumurta kabuk yogunlugu
kalitesi Uzerine etkisinin belirlendigi calismada (EI-
Tarabany, 2016) kontrol grubunda 0.24 mm olan kabuk
kalinhginin artan depolama sicakhgina bagl olarak sira ile
0.21 mm ve 0.20 mm seklinde azaldigi bildirilmektedir.
Arastirmamizda 8 haftalik yastan sonraki donemlerde
kabuk kalinliklari azalmaya baslamis, mevsimsel olarak
sicakhgin yeniden azalmaya basladigi Ekim-Kasim
aylarinda kalinlik artmistir. Bu durum El-Tarabany
(2016)'nin sicaklik stresinin kabuk kalinligi tGzerine etkili
oldugunu bildirdigi sonucunu desteklemektedir. Keza
arastirici sicaklik stresinin kabuk agirliginda disuslere
neden oldugunu ifade etmistir. Yine Ketta ve Tumova,
(2016)’a gore barinma sistemi kabuk kalitesini etkileyen
ana etmendir. Her genotip belli bir barindirma sistemi
kosulunda ayni etkiyi gostermemektedir. Yumurta kabuk
kalitesi Uzerine barinma ile genotip arasindaki
etkilesimin birlikte etkisi her faktoriin tek basina
etkisinden daha 6nemlidir.

Sonug olarak, sari tliy rengindeki japon bildircinlarinda
yumurta i¢c ve dis kalite 6zellikleri Gzerine anacg yasi,
depolama siiresi ve cevresel faktorlerin etkisi dnemli
diizeydedir. Bu sonuglar anag yasi ile birlikte depolama
slresinin meydana getirmis oldugu etkiyi kesin sonug
olarak ortaya koymasi igin ayni yonde yapilacak olan
daha ¢ok sayida arastirmalarla desteklenmelidir. Ayrica,
elde edilen veriler gevresel faktorlerin UGzerinde durulan
kalite Ozellikleri Uzerine olagan etkisinin sonuglara
yansimasinin da arastiriimasini gerektirmektedir.
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OZET

Amag: Sari tiy renkli japon bildircinlarinda 8, 12, 16, 20,
24, 28 ve 32 haftalik yaslarda 7 ve 14 giin sireyle
depolanan kulugkalik yumurtalarin i¢ ve dis kalite
ozellikleri arastiriimistir.

Yéntem ve Bulgular: Yas ve depolama sirelerinin
yumurtalarda dis ve i¢ kalite 6zellikleri lizerine etkisini
belirme amaciyla 8-32 haftalar arasinda 7 ayri yas
doénemleri yumurtalarin 0, 7 ve 14 gin siire ile
depolanmasi arastirmanin yontemini olusturmaktadir.
Yumurtanin depolama siiresinin bagil agirlik kaybina
etkili oldugu gorilmastiir. Yumurta agirligi Gzerine yasin
etkisi 6nemli bulunmus, deneme baslangicinda (8. hafta)
11.67 g olan yumurta agirligi deneme sonunda (32.
hafta) 12.15 g degerini almistir Yumurta eninin yumurta
boyuna orani seklinde ifade edilen sekil indeksi 8 haftalik
yasta en vyiksek, 32 haftallk vyasta en disitk
belirlenmistir. Ak indeksi Gzerine hayvan yasi, depolama
slresi ve yas x depolama slresi arasindaki interaksiyon
onemli bulunmustur. Haugh birimi depolama siiresi ve
hayvan yasindan etkilenmis, depolama siresi ile yas
arasindaki interaksiyon da etkili olmustur. Depolama
islemi yapilmayan kontrol grubunda sari indeks degeri, 7
ve 14 ginlik depolama siirelerine gére daha disiik olup
uygulamalar arasi farklihk 6nemli bulunmustur. Ak
ylzdesi lizerine depolama siiresi, yas ve depolama siiresi
ile yas arasindaki interaksiyon 6nemli olmustur. Sari
ylzdesi depolama siiresinden etkilenmemis ancak yasa
bagh olarak degismistir. Artan depolama siiresine bagl
olarak sari indeks degeri azalmistir. Birim ylzey alani
basina kabuk agirhig depolama siiresi ve hayvan yasina
gore degismistir. Gozenek sayisi Uzerine hayvan yasi
etkili iken depolama stiresinin etkisi 6nemsiz olmustur
Genel Yorum: Sar tly rengindeki japon bildircinlarinda
yumurta ic ve dis kalite 6zellikleri Gzerine anag vyasi,
depolama siresi ve cevresel faktorlerin etkisi 6nemli
diizeyde bulunmustur.

Calismanin Onemi ve Etkisi: Elde edilen sonuclarin
gelecekte planlanacak calismalar icin bilgi saglayacagi
beklenmektedir.

Anahtar Kelimeler: Ak indeksi, Haugh birimi, sariindeksi,
gbzenek sayisl.

CIKAR CATISMA BEYANI

Yazarlar c¢alisma konusunda c¢ikar catismasinin
olmadigini beyan eder. Bu ¢alisma yiiksek lisans tezinden
Ozetlenmistir.
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Aims: The aim of this study was to determine the honey bee preference
on some plants grown at the Mustafa Kemal University campus in Hatay.

Methods and Results: Honey bees' visits to flowers were determined by
measuring three times at 09:00 and at 12:00 and at 15:00 in March, April
and May 2019. Visits to each plant were repeated 3 times and averaged.
All of the plants examined in the study bloomed within these determined

Keywords: periods. Each plant was determined randomly and no second count was
Honey bee, Pollination, Plant preference, made on the same plant. The activity of honey bees on the plant was
Flowering. recorded for about 10 minutes by video and was also counted.

Conclusions: In general, the highest bee visit during the day of the bay
laurel tree during the flowering period was measured as 80.00 4.24
number/m? at 09:00 in the morning. This was followed by 72.67 +3.07
number/m? at 12:00. At 15:00, honey bees were determined to have the
lowest visit during the day with 9.00 £0.47 number/m? visit to the sage
plants. Statistically, when the visits of honey bees to the plants on campus
were examined, the differences were significant in terms of the number of
bees visiting the plants at 09:00, 12:00 and 15:00.

Significance and Impact of the Study: Honey bees prefer quality pollen
and nectar in the same flora. In this study, the plant preferences of honey
bees were determined. As a result of the study, we determined that honey
bees preferred bay laurel trees the most in all months.
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GiRiS

Aricihk, bal arisi (Apis mellifera L.) kolonilerinin
bulunduklari yoérelere gore nektar akiminin en bol oldugu
donemlerde isci ari (tarlaci) populasyonunun en Ust
diizeye ¢ikarilmasi ve bu ari populasyonunun bal, polen,
ari sutl Gretimi ve bitkilerin tozlasmasi (polinasyonu)
amaciyla yiuritilen tarimsal bir faaliyettir (Gller, 2006).
Bitkisel Uretimde bal arilarinin tozlasma ile verime
sagladigl yararin, aricilik faaliyetleri sonucunda elde
edilen ari Urinleri Gretiminden yaklasik 10-20 kat daha

fazla gelir getirdigi bildirilmektedir(Geslin ve ark., 2017).
Bu sebeple bitkisel (Gretimde kalite ve miktarin
arttinlmasinda  bal arilari  olduk¢a 6nemli rol
oynamaktadir. Bir gicegin pek cok ziyaretcisi olmasina
karsihk sadece 6zellesmis olanlar dollenmede aktif rol
alabilir. Cicek acan bitkiler tozlasmayi saglayacak
hayvanlari genellikle gosterisli ve carpici gicekleriyle,
tohum vyayicilarini da renkli, kokulu ve besleyici
meyveleriyle kendilerine g¢ekerler. Hayvanlarin duyum
sistemleri de, bu tir belirtileri secebilecek bir olusum
gecirmistir. GUnlimuizde Diinya (zerinde ekonomik
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oneme sahip Uretilen gida Uriinlerinin %75’i bocekler
vasitaslyla doéllenmektedir (Geslin ve ark., 2017). Bu
durum insan yasami Uzerinde tozlayicilarin ne kadar
blyilk bir 6nemi oldugunu géstermektedir. liman iklim
bolgelerinde yaklasik %78 oraninda hayvana bagli
dollenme olurken tropik iklim bolgelerinde bu oran
%94’e yukselmektedir (Ollerton ve ark. 2011). Bitki
tozlagsmasinda arilarin 6nemli bir role sahip oldugu
1700’10 yillarda Alman bilim insanlari Koelreuter (1761)
ve Sprengel (1793) tarafindan ifade edilmistir. Waite
(1895), ari kolonilerinin meyve agaclarinin
tozlastirilmasinda kullanilabilecegini glindeme
getirmistir. Waite (1895), o ddnemde ¢apraz tozlasmanin
(dis eslesmenin) meyve agaclarinda 6nemini saptamis ve
bu bilgiyi paylasmistir. Arilarin yani sira sineklerde
ciceklerin tozlanmasinda faaliyet gostermektedir. Ada
caylarinda ydritilen bir ¢alismada sineklerin tozlayici
olarak  tim  tozlayicllarin ~ %25’'ini  olusturdugu
belirlenmistir (Celep ve ark., 2014). Arilarla gicek agan
bitkiler birbirleri ile karsilikh bir yarar icindedirler.
Nitekim; Erzurum-Narman dogal meralarinda balli bitki
potansiyelini belirlemek icin yurutilen bir arastirmada,
calisma yerinin botanik kompozisyonunda cicekli bitki
tirlerinin orani %78.87 olarak hesaplanmistir (Cengiz,
2018). Her biri, digerinin yasamini ve yeniden lremesi
icin belirli islevleri yerine getirmekte olup bu anlamda
aralarinda ortak bir yasam iliskisi vardir (Sorkun ve ark.,
2012). Diinyadaki yaklasik 250 binden fazla gigekli bitki
tlrl arasindan 20 bininin arilar tarafindan ziyaret edildigi
bilinmektedir (Kaufman, 1989; Geslin ve ark., 2016).

Bal arilari gigeklerle bitkilerin genel sekil ve gérinislerini
ogrenebilmektedir. Boylece giin igerisinde ayni tirin
bitkilerini ziyaret eder ve tozlasmada etkin rol oynarlar.
Bal arilarinin ¢alisma hizi ve bir cicege tarlacilik igin
ayirdigr zaman farkh olmaktadir. Bir cicekte tarlacilik
sliresi yaklasik olarak; kayisida 10, elmada 68, kirazda 82,
ahudududa 116 saniye slirmektedir. Tarlacilik siresi
nektarin varligi ve nektar alim siresi ile ilgilidir. Ancak
polen toplama islemi yaklasik iki kati kadar zamanda
yapilmaktadir (Roubik, 1995).

Tozlayicl hareketliliginde ¢evre sartlari da ¢ok biyik rol
oynamaktadir. Yapilan bir calismada Salvia sclarea
tlrinin tozlayicisi olan X. violacea faaliyetinin rizgar
siddetinin artmasiyla azaldigi tespit edilmistir (Senol ve
ark., 2017). Salvia fruticosa turinde arilarin yanan ve
yanmayan bolgelerdeki tercihlerini belirlemek amaciyla
ylratilen bir ¢alismada yanan vyerlerde bulunan S.
fruticosa’da nektar miktarinin fazla olmasina karsilik isgi
arilar tarafindan asla ziyaret edilmedigi belirlenmistir
(Ne’eman ve Dafni, 1998). iskenderiye licgilii (Trifolium
alexandrinum) ve fazelya (Phacelia tanacetifolia)
bitkilerinin ari tercihindeki 6nemini belirlemek amaciyla
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yiritilen bir ¢alismada iskenderiye (cgiilinde 53.90
adet m? ve fazelyada 72.74 adet m™ bal arisi ziyareti
gerceklestigi belirlenmistir (Kuvanci ve ark., 2016). Cesitli
cahsmalar, arilarin  nektar igerigini  dogrudan
degerlendirerek (veya tikenmis ciceklerden kaginmak
icin onceki ziyaretgilerin kokusunu kullanarak gicek
secebilecegini bildirmistir (Cameron, 1981; Bell ve ark.,
1984; Schmitt ve Bertsch, 1990; Giurfa ve Nunez, 1992;
1993). Bununla birlikte diger bazi ¢calismalarda da nektar
icerigi yerine morfolojik ipuglarin gigeklenme tercihlerini
etkiledigini ve bu ipuglarin yakin zamanda ¢iceklerdeki
diger boceklere ait kokularin yoklugunda cigekleri tercih
etmede temel saglayabilecegini iddia etmektedir
(Barrow ve Pickard, 1984; Galen ve Newport, 1987;
Harder, 1988; Duffield ve ark., 1993). Morfolojik olarak
daha biyldk cicekler veya daha fazla c¢icek arilari
cezbedebilir.

Bu calismada Hatay Mustafa Kemal Universitesi Tayfur
S6kmen Kamplsu icerisinde gerek dogal olarak yetisen
ve gerekse peyzaj faaliyetleri sonucu yetistirilen bitki ve
agaclarin ciceklerine ilkbahar aylarinda bal arilarinin
ucuslari belirlenerek, bal arilarinin bitki tercihleri ortaya
konmustur.

MATERYAL ve YONTEM

Calismada Hatay Mustafa Kemal  Universitesi
Kampisiinde vyetistirilmekte olan bitkiler ile Tarimsal
Arastirma ve Uygulama Merkezine ait 200 adet bal arisi
kolonisi materyal olarak kullanilmistir. Bal arilarinin
ciceklere olan ziyaretleri 2019 yili Mart, Nisan ve Mayis
aylarinda sabah 09:00 6glen 12:00 ve 6gleden sonra
15:00 saatlerinde olmak Uzere ug¢ kez Olgllerek
belirlenmistir. Her bitkiye ziyaretler 3 kez tekrarlanarak
ortalamalari alinmistir. Calismada incelenen bitkilerin
hepsi bu belirlenen donemler icerisinde ¢iceklenmistir.
Her bitki tesadifi olarak belirlenmis ve ayni bitki
Gzerinde ikinci defa sayim yapilmamistir. Bal arilarinin
bitki Gzerindeki aktivitesi yaklasik 10 dakika boyunca
video ile kaydedilmis ve ayni zamanda sayimi yapilmistir.
Sayimlar sirasinda hava sicakhgr 15°C'nin Uzerinde
oldugu havanin acik ve rizgarsiz oldugu gilinlerde
yapilmistir. Elde edilen veriler SPSS 22.00 ve Microsoft
Excel programinda degerlendirilmistir.

Deneme Deseni ve Istatistik Analiz

Elde edilen veriler SPSS 22.00 faktoriyel tesadif
parselleri modeline gbre analiz edilmis ve ortalamalar
Duncan c¢oklu karsilastirma testine goére yapilmistir.
Grafikler ve ortalamalar ise Microsoft Excel programinda
hazirlanmistir.
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BULGULAR ve TARTISMA

Bal arilarinin bazi ¢icekleri digerlerine tercih etmesi
cicekli bitkilerin bal arilari ile karsilikh ortak iliskileri
acisindan oldukca 6nem arz etmektedir. Bu tercih bal
aritlarinin bitkisel Gretimde tozlasmayi gergeklestirmek
suretiyle tarim alanlarinda verim artisina ve dolayisiyla
yliksek gelir elde edilmesine imkan saglamaktadir.
Uzerinde yasadigimiz yerkiirenin devamliligi agisindan da
oldukca 6nem arz eden bal arilarinin bitki tercihine
yonelik yapilan bu calismada da ilkbahar doneminde
Mart, Nisan ve Mayis aylari icerisinde bal arilarinin
HMKU kampis alanindaki bitki tercihi belirlenmis ve
sonuglar Cizelge 1'de verilmistir. Cizelgeden de
gorilecegi Uzere bal arilarinin bu aylardaki bitki
tercihlerinde buyuk farkliliklar gérilmastdr. Bal arilarinin
ilkbaharin erken déneminde ¢icek acan ve Hatay ilinin
dogal bitki 6rtiisii olan defne agacini en fazla tercih ettigi
goralmastir.

Nisan déneminde ise en fazla tercihin fazelya (Phaselia
tanacetifolia Benth.) bitkisinde oldugu en az tercihin ise
beyaz cicekli yalanci akasyada (Robinia pseudoacacia L.)
oldugu goriulmektedir. Bilindigi UGzere fazelyanin
Turkiye’de aricilikta nektar kaynagi olarak yogun bir
sekilde tarimi yapilmaktadir. Ancak akasya agacinin ise
nektar ve polen kalitesinin diisiik oldugu bilinmektedir.
Dolayisi ile arilar tarafindan tercihi de az olmustur.
Mayis doneminde cigeklenen bitkiler incelendiginde
Mart déneminde 6l¢imi yapilan defne agacindan sonra
en fazla tercihin yildiz ¢alisi (Pittosporum tobira Ait.)
oldugu gorulmustir. Ayni sekilde bu donemde okaliptis
agacini ve otsu bitkilerden de en fazla engerek otunun
arilar tarafindan tercih edildigi gértlmastar. Yildiz ¢alisi
ozellikle peyzaj bitkisi olarak tercih edilen ve kaliteli
polenlerinden dolayi bal arilari tarafindan oldukga tercih
edilen bir sis bitkisidir. Bu dénem icerisinde en az
tercihin ise ada cayi (Salvia sp.) ve kekik (Origanum sp.)
bitkilerinde oldugu gorilmistir. Ancak bilindigi tzere
onemli tibbi bir bitki olan ada c¢ayi ve kekik kaliteli nektar
ve polene sahip olmasina ragmen cicek Uizerinde
belirlenen ar1 sayisi diger bitkiler ile kiyaslandiginda
oldukca disiik bulunmustur. Bunun sebebi ise HMKU
kampusi icinde ada c¢ayi ve kekik bitkisinin az miktarda
yetistirilmesi, nektar ve poleninin arilar tarafindan olgiim
yaptigimiz zamandan o6nce alinmis olmasindan
kaynaklanmis olabilecegi diistintilmektedir. Clinki 6l¢lim
zamaninda ada cay! icerisinde yogun bir ari gorilmis
fakat cicege konan ari sayisi az olmustur. Bilindigi izere
nektari alinan gicekler bal arilari tarafindan 7-heptanon
ile isaretlenmekte ve diger arilar tarafindan ziyaret
edilmemektedirler. Ayni dbénem igerisinde Ucgdl
(Trifolium repens L.), yabani hardal (Sinapis arvensis L.),
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engerek otu (Echium wvulgare L.) ve ates dikeni
(Pyracantha coccinea Roemer) bitkilerinin arilar
tarafindan tercihi ise benzer oranda olmustur. Bilindigi
lizere cam agaclarinin nektari olmamasina karsin bazen
yabanci bocek salgilarini Gzerinde barindirmalari sebebi
ile arilar icin iyi bir nektar kaynag teskil ederler. Bu
calisma esnasinda da ¢cam agaclari izerinde olusan salgi
dolayisi ile galismaya dahil edilmistir.

Genel olarak tim bitkiler arasinda Defne agacinin
ciceklenme doéneminde glin icerisindeki en yiksek ari
ziyareti sabah vakti olan saat 09:00'da 80.0014.24 adet
m olarak 8l¢ulmustir. Bunu 72.67+3.07 adet m™ ziyaret
ile saat 12:00’de takip etmistir. Saat 15:00’de ise adacayi
bitkisine 9.00+0.47 adet m ziyaret ile bal arlari giin
icerisinde en dusik ziyareti gergeklestigi zaman olarak
belirlenmistir.

istatistiki olarak, bal arilarinin kampiis icerisindeki
bitkileri ziyaretleri incelendiginde 09:00, 12:00 ve 15:00
saatlerinde bitkileri ziyaret eden ari sayilari bakimindan
farkhliklar 6nemli bulunmustur(Cizelge 1) (P<0.01).
Calisma kapsaminda gozlemlenen tim bitkilerin arilar
tarafindan gin icerisinde farkli saatlerdeki bitki tercihleri
incelendiginde ise istatistiki olarak bir farklihgin olmadigi
gorilmektedir(P>0.05). Ancak fazelya bitkisinde diger
bitkilerden farkli olarak saat 15’de alinan olgiimlerde
azalma yerine ciddi bir artis gorilmustir.

Ballibabagiller familyasindan bitkiler Gzerinde bal arisi
tercihinin incelendigi bir calismada 10 dakika igerisinde
zufa otunda (Hyssopus officinalis) 30.28 adet, lavantada
(Lavandula officinalis) 18.33 adet, limon otunda (Melissa
officinalis) 1.40 adet ve ada ¢ayinda (Salvia officinalis)

1493 adet bal arisi ziyareti tespit edilmistir
(Macukanovic-Jocic ve ark., 2011). Salvia virgata ve S.
verticillata tirleri Uzerinde tozlayici aktivitesinin

incelendigi bir calismada bal arisi ziyaretlerinin her iki
tirde de yogun olarak gozlendigi belirtilmistir (Celep ve
ark., 2014). iskenderiye {icgili ve fazelya ciceklerine
olan bal arisi tercihinin incelendigi bir ¢calismada Mayis
Haziran aylarinda iskenderiye Ugcgiiliinde ari ziyareti
0.33-175.33 adet m™? araliginda degisim gosterirken,
fazelyada 0.66-185.33 adet m? olarak degisim
gostermistir (Kuvanci ve ark., 2016).

Bitkisel Uretimde verimi belirleyen en 6nemli unsur
polinasyondur. Polinasyonun saglanmasinda bal arilari
biyik bir rol Gstlenmektedir. Calismada Hatay Mustafa
Kemal Universitesi kampiisiinde yetisen bitkiler arasinda
bal arisi tercihi ortaya konmustur.
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Cizelge 1. Farkli bitki ciceklerine yapilan bal arisi ziyaretleri (adet m2)
Table 1. Number of honey bee visits to different plant flowers in square

Bitki adi Latince adi Gozlem saatlerine goére ari sayisi Ortalama Giizl_er_n
09:00 12:00 15:00 tarihi

Defne Laurus nobilis L. 80.00+4.24*" 72.67+3.07*" 69.33+1.91%" 74.00+3.07°° 25 Mart
Beyazcicekli o inia pseudoacacia L. 10.00+0.94° 13.33+1.52% 14.33+1.66f 12.56+1.37° 10 Nisan
yalanci akasya
Fazelya Phaselia tanacetifolia Benth. 32.674£2.13° 39.00+1.89° 47.33+1.19° 39.67+1.73° 10 Nisan
Okaliptiis Eucalyptus camaldulensis Dehnh. 30.00+1.41¢ 33.33+0.58¢ 33.33+0.58% 32.22+0.86° 5 Mayis
Ucgl Trifolium repens L. 20.00£0.94° 19.00£0.47° 20.00+0.47° 19.67+0.63° 5 Mayis
Yabani hardal Sinapis arvensis L. 20.00+1.89¢ 20.67+1.19° 17.33+0.72°%® 19.33+1.26° 5 Mayis
Engerek otu  Echium vulgare L. 27.67+1.19° 19.67+0.72° 15.67+0.54" 21.00+0.82° 5 Mayis
Yildizgalist  Pittosporum tobira Ait. 49.33+2.84° 63.67+0.98° 56.67+0.27° 56.56+1.36° 5 Mayis
Kekik Origanum sp. 17.67+0.98¢ 21.33+1.19° 20.67+1.44° 19.89+1.20° 9 Mayis
Ates dikeni  Pyracantha coccinea Roemer 18.33+0.72¢ 17.00+1.25¢" 19.00+0.94° 18.11+0.97¢ 9 Mayis
Ada cay! Salvia sp. 10.33+0.27¢ 9.67+0.98%8  9.00+0.47" 9.67+0.57° 9 Mayis
Cam Pinus sp. 20.67+0.72¢ 21.33+0.98° 19.67+0.27°" 20.56+0.66° 9 Mayis

*a,bcdefeh: Farkl harfler farkli gruplari temsil etmektedir.

Bal arilarinin bitki tercihleri
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Sekil 1. Bal arilarinin bitki tercihlerine ait grafik
Figure 1. Plant preference of honey bees

Calismada elde edilen veriler sonucunda bal arilarinin en belirlenmesi amaciyla yiritilecek calismalara bir zemin
fazla defne (Laurus nobilis L.) bitkisini ziyaret ettigi ve en olusturacagi diisiinilmektedir.
az ise ada c¢ayl (Salvia sp.) bitkisini ziyaret ettigi
gozlemlenmistir. Yapilan bu ¢alismanin gelecekte OZET
yapilacak defne gibi dioik bitkilerde ari tercihinin ve
tohum varyasyonunu olusturmada arilarin rollniin Amag: Bu ¢alismanin amaci, Hatay’da bulunan Mustafa

Kemal Universitesi kampisiinde yetistirilen bazi bitkiler
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Uzerinde bal arisi tercihinin belirlenmesidir.

Yéntem ve Bulgular: Bu calismada defne (Laurus nobilis
L.), beyaz cicekli yalanci akasya, (Robinia pseudoacacia
L.), fazelya (Phaselia tanacetifolia Benth.), okaliptis
(Eucalyptus camaldulensis Dehnh.), Ucgil (Trifolium
repens L.), yabani hardal (Sinapis arvensis L.), engerek
otu (Echium vulgare L.), yildiz ¢alisi (Pittosporum tobira
Ait.), kekik (Origanum sp.), ates dikeni (Pyracantha
coccinea Roemer), ada cayi (Salvia sp.), cam (Pinus sp.)
bitkilerine saat 09:00, 12:00 ve 15:00 saatlerinde bal
aritlarinin tercihleri belirlenmistir. Bal arilarinin kampds
icerisindeki bitkileri ziyaretleri arasindaki farkhliklar
istatistiki olarak énemli bulunmustur(P<0.01). Bitkilerin
gilin icerisinde arilar tarafindan ziyaret saatleri arasinda
ise istatistiki olarak bir fark gortlmemistir(P>0.05).
Ancak bal arilarinin sabah ve 6glen saatlerinde bitkiler
Uzerindeki polen ve nektar toplama faaliyetlerinin daha
fazla oldugu belirlenmistir.

Genel Yorum: Polinasyon, meyve ve tohum Uretiminin
temeli olup tirlerin biyldk c¢ogunlugunda polinasyon
olmadan meyve ve tohum dretimi mimkin degildir
Calisma sonunda, bal arilarinin en fazla defne (Laurus
nobilis L.) bitkisini ziyaret ettigi ve en az ise ada cayi
(Salvia sp.) bitkisini ziyaret ettigi gozlemlenmistir. Bal
arilari ayni ¢evrede bulunan bitkiler arasinda bitkilerdeki
polen ve nektar kalitesine gore tercihte bulunmaktadir.
Calismanin Gnemi ve Etkisi: Bal arilarinin Hatay Mustafa
Kemal Universitesi kampiisiinde yetisen bitkiler arasinda
tercihinin ortaya kondugu bu ¢alismaile ileride yapilacak
defne gibi dioik bitkilerde ari tercihinin ve arilarin
roliniin  belirlenmesi  galismalarina  bir  zemin
olusturacagi diisiintilmektedir.

Anahtar Kelimeler: Bal arisi, tozlasma, bitki tercihi,
ciceklenme.

CIKAR CATISMA BEYANI
Yazar(lar) c¢alisma konusunda
olmadigini beyan eder.

cikar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Environmental impact of bio-briquettes produced from agricultural residues concerning to
CO; emissions

Tarimsal artiklardan uretilen biyo-briketlerin CO; emisyonlari agisindan ¢evresel etkisi

Giirkan Alp Kagan GURDIL*
10ndokuz Mayis University, Department of Agricultural Machines and Technologies Engineering, Faculty of Agriculture, Samsun,
TURKEY.

MAKALE BILGISi / ARTICLE INFO OZET/ABSTRACT

Aims: This study examined the flue gas emissions of bio-briquettes
produced from agricultural residues.

Methods and Results: The briquettes were produced from residues of tea
(Camellia sinensis) processing plants, pruning residues of persimmon
(Diospyros kaki), tomato (Solanum lycopersicum) stalk and pruning
residues of peach (Prunus persica) tree. The residues were briquetted
using a hydraulic briquetting machine with a horizontal course. Solid
cylindrical briquettes were produced under different compression
pressures ranging from 40 MPa to 240 MPa, with a moisture content of
10%-12% and having a particle size of 5 mm. Flue gas emissions of bio-
briquettes were measured.

Conclusions: The results of the study showed that CO2 emissions increased
with increase in the briquetting pressures. The lowest CO2 emission was
(2.50%) obtained at 120 MPa pressure for the briquettes produced from
tomato stalk residues, where the highest was (8.90%) at 240 MPa for the
briquettes produced from peach tree pruning.

Significance and Impact of the Study: This study deals with the CO>
emission of biomass resulted from residues/wastes from the intensive
farming of tea (Camellia sinensis), persimmon (Diospyros kaki), tomato
(Solanum lycopersicum) and peach (Prunus persica).
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INTRODUCTION

Energy is a vital element for the economic growth of
countries and social life in today’s society. However, the
depletion of fossil fuel sources has started already and
the demand for energy increasing day by day as the
world’s population increases. Fossil fuels such as
petroleum, coal and natural gas meet the demand for
world’s energy (Wang and Sarkar, 2018). Given that the
main task of the energy sector is to ensure the
continuous availability of reasonably priced energy for a
growing population and the emerging economy, it is
clear that fossil-based fuel consumption should be

reduced and new and renewable energy sources should
be investigated (Ultanir, 1996). Amongst the existing
global challenges, indiscriminate burning of fossil fuels
and the ensuing climate change impact due to CO;
emissions are the most serious problems of 21st century.
Of the renewable energy sources, bioenergy as
sustainable and environmentally friendly alternative to
the fossil fuels has stirred substantial research
worldwide (Karaca, 2017). Biomass conversion
processes have emerged as a rapidly growing field of
science and technology endeavored to fulfil ever-
growing energy deficit as well as reduce CO, emissions
by 70-90% (Timung et al., 2015; Sohni et al., 2018).
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Figure 1. Residues from a) tea, b) tomato, c) persimmon, d) peach

The issue of energy utilization of waste material is a
subject of the International and European policy in the
field of waste management (Malatak and Bradna, 2017).
Biomass has received tremendous attention both in
developed and developing countries as a renewable
energy source (Grover and Mishra, 1996; Muazu and
Stegemann, 2015; Karaca, 2019). Biomass energy, i.e.
energy obtained from plant and animal-based natural
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materials composed mainly of carbon-hydrate
compounds (Olgiim, 2006; Chen et al., 2011; Prakash and
Karunanithi, 2008), represents a source of
environmentally friendly and inexhaustible renewable
energy. The energy use of waste biomass as a renewable
source of energy has many positive aspects and helps
solve problems not only ecological but also in agro-
forestry (McBurney, 1995). The biomass-based fuels
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contain almost no sulfur and sulfur dioxide emissions
(Hajek et al., 2013). Other pollutants in emissions from
waste biomass are favorable in comparison with
emissions from fossil fuels (Malatak and Passian, 2011).
Production of high-quality biofuels with good
mechanical, chemical and energy properties is strongly
desired (Ndindeng et al., 2015). Biomass, which includes
agricultural residues, accounts for approximately two-
thirds of all potential sources of renewable energy in
Turkey (Angin and Sensdz, 2006), whose vast areas of
agricultural production offer great potential in terms of
renewable energy resources.

Agricultural residues produced out of huge agricultural
productions everywhere on the world are becoming a
very popular not only for organic material based
fertilization but, also for producing renewable energy by
means of biofuels. This study examined the CO, emission
from cylindrical briquettes made of the residues of four
different agricultural products tea (Camellia sinensis),
persimmon (Diospyros kaki), tomato (Solanum
lycopersicum) and peach (Prunus persica) (Figure 1). Full
cylindrical briquettes were produced with a hydraulic
briquetting machine under different compression
pressures ranging from P: 40 MPa to 240 MPa, with a
moisture content of M12 (M12: 10%-12%) and having a
particle size of (PS: 5 mm). results revealed a close
relation between the briquetting pressures and CO;
emissions.

Manometer

Piston rod

MATERIALS and METHODS

This study was conducted using residues from tea
processing plants, tomato residues after harvesting and
pruning residues from peach and persimmon gardens.

Briquetting

Briquetting, one of the densification technologies, is a
fundamental and promising method for conversion of
the biomass into solid biofuels (Hoover et al., 2014). It is
achieved by forcing loose particles together into a larger,
more compact and shaped form, by application of
mechanical force to create particle-to-particle bonding
(Kaliyan and Morey, 2010; Karunanithy et al., 2012). The
residues of particular products were collected from the
gardens, greenhouses and processing facilities and
brought to workshop and laboratories of Agricultural
Faculty at Ondokuz Mayis University in Samsun Turkey.
They were ground 5 mm by a 3 kW powered hammer
mill consisting of 8 hammers rotating at a speed of 2,850
rpm. Then, they were sun dried under normal conditions
until the M12 (M12: 10%-12%) was achieved as defined
by standards (EN 14774-1, 2009; EN ISO 17225-3, 2015).
Solid cylindrical briquettes were produced by a hydraulic
type briquetting machine having a mold with a wall-
thickness of 25 mm (Figure 2).
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Figure 2. Hydraulic briquetting machine (A: 1280 mm; B: 1155 mm; C: 740 mm)
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Flue gas emissions of briquettes

Briquettes were burned in a briquette stove and the flue-
gas emissions during burning were measured using an
Ecom EN2 flue-gas sensor. The probe of the device was
installed approximately 1 m above the stove, and all
readings were performed from this constant point as
shown in Figure 3. The pellets were burned in a pellet
stove with an auxiliary air flow. Flue gas emissions were

recorded after a regular burning of pellets were
provided.

Data analysis was performed using the IBM SPSS
Statistics 21 software. The normality analysis was
performed with the Kolmogorov-Smirnov single sample
test and the variance homogeneity was assessed by the
Levene test and the variances were homogeneous (P >
0.05), with normal distribution of the data.

Figure 3. Flue gas emission readings

RESULTS and DISCUSSION

In this study, CO, emission from burning of biomass
obtained from four different residues/ wastes
concerning the greenhouse gases due to global warming
were determined. The briquettes from those residues
were produced by a laboratory type hydraulic
briquetting machine and the briquetting pressures
varied from 40 MPa to 240 MPa, which were in line with
studies described by (Krizan et al., 2015; Zhang and Guo,
2014; Sun et al., 2014) to obtain satisfactory durability

and shape. Moisture content of briquettes was very
important for successful extrusion (Oladeji, 2015;
Wachira et al., 2015). Moisture content of the material
(M12: 10%-12%) in the present study was selected based
on EU standards (EN 1SO 17225-3, 2015) and previous
studies, which reported material moisture contents of
between 8%-15% to be suitable for briquetting using
hydraulic equipment (Zhang and Guo, 2014; Oladeji,
2015; Cosereanu and Lunguleasa, 2015).

Table 1. Maximum measured CO; emissions (%) of briquettes at different pressures

P Tea processing residue Tomato residue Persimmon branch Peach branch
(MPa)
40 2.60+0.00° 3.00+ 0.00° 3.10+0.00¢ 3.50+0.00
80 2.80+0.00¢ 2.7040.00¢ 3.2040.00° 3.60+0.00¢
120 2.80+0.00¢ 2.50+0.00¢ 3.9040.00¢ 4.70+0.00¢
160 3.00+0.00¢ 2.60+ 0.00° 4.10+0.00° 6.60+0.00°
200 3.10+0.00° 2.60+ 0.00° 6.40+0.00¢ 7.90%0.00¢
240 3.10+0.00° 3.70+0.00¢ 6.40+0.00¢ 8.90+0.00°

*The difference among the values carrying the same letter at each column is insignificant at P <0.05

Flue gas emissions
Many countries are known to suffer from air pollution
caused by burning coal for heating purposes, and

burning petroleum-based fuels are known to have high
levels of SO4, NOxand CO; emissions (Ross et al., 2002).
Reductions in emissions can be achieved by using biofuel
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briquettes made from agricultural residues in
combustion chambers in place of coal. The flue-gas
emission values of all the briquettes produced from
different agricultural residue in the present study
indicated their use as solid fuel to be environmentally
appropriate. Table 1 shows the maximum CO; emission
values of the briquettes. CO, emission were recorded by
a special device after a regular burning was achieved and
they were averaged by time during the measurement.

Relationship between briquetting pressures and CO;
emissions can be expressed as follows:

y=ax*+b.x+c Eq. (1)
Where; y is CO, emission (%) and x is hydraulic pressing
pressure valid for the range 40 to 240 MPa and a, b and
c are the coefficients (Table 2). However, a more reliable
expression of the mathematical models and their
equations along with the R? values were given in Figure
4.

Table 2. Parameters of the mathematical equations for CO, emissions

Residue

a b c
Tea processing —7E — 06 44F — 03 2.44
Tomato —9E — 05 —2.2E—02 3.82
Persimmon branch —7E — 05 3E — 04 2.87
Peach branch —6E — 05 1.33E — 02 2.57

10

R? = 0,9055
5 o SO W A
€6 A
wi
1
5
8 5
E y = 9E-05x?- 0,022x + 3,82
§ P N (I R? = 0,8669
3 - i e it
Sttt SR [ m ¥=0,0026x + 2,54
R?*=0,9257

y =0,0299x + 1,6867
RZ=0,961

y= 2[4298eGJUU41x

50 100
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Figure 4. Variations in CO; emission of briquettes produced under different pressures

The highest CO, emission was obtained at 240 MPa
pressure for peach tree pruning briquettes (8.90%),
where the lowest was at 120 MPa for the briquettes
produced from tomato stalk residues (2.50%). The
difference in CO, emissions for particular residue is
found to be statistically significant (P >0.05). In the
meantime, it was determined that CO, emissions
increased with increase in briquetting pressures. These
findings are in line with the studies (Bradna et al., 2017;
Bradna et al., 2016) where they measured flue-gas
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emissions from biomass pellets produced from rape and
wheat straws. The results for CO, emissions are also in
line with the study done with pruning residues of apple
tree (Kazimirova and Opath, 2016), with the studies bio-
briquettes and pellets produced from hazelnut and
peach tree residues (Glrdil et al., 2016; Gurdil and Melki,
2018). These findings are also in compliance with the
results of a research which is done with corn stalk
residues (Dok et al., 2019). Where they found the CO;
emissions of the briquettes 2% to 2.64% and the results
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were statistically significant according to the change in
particle size of the ground materials. Fortunately, CO;
emission values of all the bio briquettes in this study fall
within the limits (CO2max= 20.3%) of legal Regulations for
Air Pollution Control for Heating in Turkey (IKHKKY,
2014).

CONCLUSIONS

The present study used a hydraulic briquetting machine
to produce cylindrical briquettes with varying
briquetting pressures in order to determine the effect of
densification to CO, emissions of the briquettes. The
result of the study revealed that there was a direct
proportion between the briquetting pressures and CO;
emissions. The CO; emissions of the bio briquettes
produced from tea, tomato, persimmon and peach tree
residues ranged from 2.50% to 8.90%. The highest was
obtained from peach tree pruning briquettes (at 240
MPa) where the lowest was from the briquettes
produced from tomato stalk residues (at 120 MPa).
However, all the emission values for CO; were within the
defined limits for environmental pollution. In the
Regulation on Control of Air Pollution caused by heating
(IKHKKY), 13% O, (% of standard oxygen content) and
20.3% COzmax (% of maximum carbon dioxide in dry
residual gas for each fuel). It’s well understood from the
literature that the higher greenhouse gases emissions in
particular CO, emissions for this study causes from
irregular combustion of solid fuels. Therefore, the
options for reducing emissions of incomplete
combustion process include uniform fuel supply,
sufficiently high temperature in the combustion
chamber and sufficient intake of secondary or tertiary air
or choice of optimal moisture of biofuel. The briquetting
of unused agricultural residues for use as solid biofuel
could be useful in meeting today’s energy deficits and
reducing global warming. In addition, the use of
agricultural residues as an alternative energy source can
contribute to employment in agricultural regions by
promoting the establishment of new, agricultural-based
industries. Additional research is important not only for
enhancing the quality and quantity of scientific data, but
also as a means of focusing public attention on the
energy potential of agricultural residues.

OzET

Amag: Bu calismada bazi tarimsal artiklardan dretilen
biyo-briketlerin baca gazi emisyonlari incelenmistir.

Yéntem ve Bulgular: Briketler, cay (Camellia sinensis)
isleme  tesislerinin  kalintilari, budama hurmasi
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(Diospyros  kaki)  kalintilari, domates (Solanum
lycopersicum) sapi ve budama seftali (Prunus persica)
agacinin kalintilarindan (retildi. Bu tarimsal artiklar,
yatay bir rotaya sahip bir hidrolik briketleme makinesi
kullanilarak briketlendi. Kati silindirik briketler, P12: 40
MPa ila 240 MPa arasinda degisen, M12 (M12: % 10-%
12) nem igerigine sahip ve partikil blyUklGga (PS: 5 mm)
olan farkh sikistirma basinglari altinda dretildi. Biyo
briketlerin baca gazi emisyonlari 6lctldi.

Genel Yorum: Calisma, briketleme basinglari arttikga CO,
emisyonlarinda artan bir egilim bulmustur. Domates sapi
kalintilarindan Uretilen briketler icin 120 MPa basingta
en diastk CO; emisyonu (% 2.50), seftali agaci
budamadan uretilen briketler icin en yiiksek (% 8.90) 240
MPa briketleme basincinda.

Calismanin Onemi ve Etkisi: Ozellikle, CO, gibi en
popller sera gazlarindan birinin emisyon degerleri
konusuna ve kiresel 1sinma sorunlarina odaklanilimistir.
Olgiilen tim CO; emisyonlari, gevre kirliligi icin izin
verilen sinirlar dahilinde ¢ikmistir.

Anahtar Kelimeler: Biyoyakit, briket, karbon dioksit,
cevre, baca gazi, artik.
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Aims: This research aimed to compare the production costs of Isparta and
Karaman provinces which have 20.2% and 13.4% of Turkey apple
production, respectively.
Methods and Results: Total of 132 apple-farms were selected by means of
the stratified random sampling method and face-to-face interviews were
performed with the stakeholders. The data belong to the 2017-2018
production season. Production costs were calculated according to the
rootstocks used. The results show that the average production cost per
decare in Isparta province was 4.047 TL and in Karaman province, it was
3.362 TL. Relative profit was found 1.80 in Isparta province and 1.42 in
Karaman province. In both provinces, the highest profit rate was obtained
in the orchards established with M9 rootstock. The most important cost
was the material costs. Disease and pest control costs had the highest
share in production inputs with a ratio of 22.7% in Isparta province and
19.1% in Karaman province.
Conclusions: Evaluations show that apple production is a profitable
investment in both Isparta and Karaman provinces. However, the high
material and labour costs in production costs keep the profitability at low
levels.
Significance and Impact of the Study: Although the technical aspects of
apple production have been studied in many research, research on
economic aspects are not so many. This study carried out in Isparta and
Karaman which have an important role in the production of Turkey, and in
this study, the economic aspect of apple cultivation was evaluated.
Atif / Citation: Bayav A, Karli B (2020) Isparta ve Karaman illerinde elma Gretim maliyetinin karsilastirlmasi. MKU. Tar. Bil.
Derg. 25(2) : 225-236. DOI: 10.37908/mkutbd.687080
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GiRiS

insan beslenmesiyle dogrudan ilgili olmasi nedeniyle
tarim, tim dlkeler acgisindan onemli bir sektor
konumundadir. Ozellikle, Tiirkiye gibi gelismekte olan
Ulkelerde tarim 6nemli bir istihdam kaynagi ve milli
gelirin 6nemli bir bileseni konumundadir. Meyvecilik;
dengeli beslenmeye katki saglama, tarima dayali
sanayiye hammadde temin etme, istihdam olusturma,
milli gelir ve ihracat agisindan tarim sektéri iginde
onemli bir alt sektordiir.

Turkiye, meyve Ureten 6nemli llkelerden biridir. 2017
yihinda 865.590.060 ton olan diinya meyve (lretiminin
%2,67'lik kismini Tiirkiye karsilamistir. Bu Uretim payi ile
Turkiye, Cin, Hindistan, Brezilya ve ABD’nin ardindan
besinci sirada yer almaktadir (Anonim, 2020a). 2019
yiinda Tirkiye meyve (retimi, 26.226.027 ton olarak
gerceklesmis olup, bunun %13,8’lik kismini (3.618.752
ton) elma Gretimi olusturmustur (Anonim, 2020b).

Elma diinya Uzerinde ¢ok genis bir yayllim gostermekte
ve dinyanin hemen hemen her vyerinde
yetistirilebilmektedir. Cogunlukla taze olarak
tiketilmekle birlikte; meyve suyu, dondurma, pasta,
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marmelat vb. sekilde de tliketilebilmektedir. Dliinyada en
fazla elma dreten ilk on Glke sirasiyla Cin (%49,8), ABD
(%6,2), Turkiye (%3,7), Polonya (%2,9), Hindistan (%2,7),
iran (%2,5), italya (%2,3), Sili (%2,1), Fransa (%2,1) ve
Rusya (%2)'dir (Anonim, 2020a). Tirkiye’de hemen
hemen her bolgede elma yetistiriciligi yapiimaktadir. En
fazla Uretimin yapildigi Isparta, Karaman, Nigde ve
Antalya illeri; 3.618.752 ton olan 2019 yilh Tirkiye
Uretiminin ~ %53,1’ini  gergeklestirmistir.  Arastirma
kapsamindaki Isparta ilinde 732.036 ton, Karaman ilinde
ise 485.363 ton elma dUretimi gergeklestirilmistir
(Anonim, 2020b).

Tim ekonomik faaliyetlerde oldugu gibi tarimsal
faaliyetlerde de isletmelerin temel amaci, isletmenin
surekliligini saglayacak kari elde etmektir. Bu amaca
ulasmak icin Uretim maliyetlerinin bilinmesi 06n
sartlardan biridir. Uretim maliyetlerinin bilinmesi birgok
acidan 6nemlidir. Ozellikle Ureticilerin orta ve uzun
vadede Uretim planlarini yapabilmeleri icin maliyetlerin
bilinmesine ihtiya¢ vardir. Bir diger onemli husus ise
politika yapicilara yol gosterici olmasidir. Bilhassa fiyat ve
destekleme politikalarinda  Gretim  maliyetlerinin
bilinmesi 6nem arz etmektedir (Demircan ve ark., 2005).
Elma Uretiminin teknik yonleri bir¢cok ¢alismada ele
alinmasina ragmen, ekonomik yonleri hakkinda yapilan
¢alismalar ¢ok fazla degildir. Son yillarda farkh ilkelerde
elma dretiminin ekonomik yonli ve elma yatiriminin
karlilig hakkinda g¢alismalar yapilmistir (Ergiin ve ark.,
1984; Oguz, 1997; Akcay ve ark., 1999; Glover ve ark.,
2002; Karamiursel ve ark., 2004; Bruille ve Barritt, 2005;
Demircan ve ark., 2005; Giil ve Onur, 2005; Uzundz ve
Akgay, 2006; Bayav ve Armagan, 2008; Bayramoglu ve
ark., 2009; Aydogmus ve Yilmaz, 2010; Malik, 2013;
Piyush ve ark., 2013; Robinson ve ark., 2013; Zbanca ve
Negritu, 2013; Badui ve ark., 2015; Ugar ve ark., 2016;
Kanat ve ark., 2017; Wani, 2017). Ancak tim bu
calismalara ragmen yerel diizeyde ekonomik yonlerin ele
alindigi calismalara ihtiyag vardir (Ugar ve ark., 2016).
Bu calisma, elma uretiminin yogun olarak yapildigi ve
Turkiye Uretiminde 6nemli bir yere sahip olan illerde
(Isparta ve Karaman) gerceklestiriimis ve elma
yetistiriciliginin ekonomik yonu karsilastirmali olarak
ortaya koyulmustur.

MATERYAL ve YONTEM
Materyal
Bu c¢alismanin ana materyalini, Isparta (Egirdir,

Gelendost ve Senirkent ilceleri) ve Karaman (Merkez ilce)
illerindeki elma Ureticileri ile ylz ylze gérisme yapilarak
elde edilen birincil veriler olusturmustur. Calismanin
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ikincil verileri ise Turkiye Istatistik Kurumu (TUIK), Diinya
Gida ve Tarim Orgiti (FAO), T.C. Tarim ve Orman
Bakanligi il Middrliiklerinden temin edilmistir. Ayrica,
konu ile ilgili olarak daha 6nce yapilmis arastirma ve
inceleme sonuglarindan da yararlaniimistir.

Yéntem

Arastirmada kullanilan birincil verilerin elde edildigi
isletmelerin belirlenmesinde, TUIK verileri esas alinmis
ve Turkiye elma Gretiminin yaklasik %33,6’sini karsilayan
Isparta ve Karaman illeri arastirma kapsamini
olusturmustur. il Tarim ve Orman Mdudirliklerinin
gorusleri dogrultusunda gayeli 6rnekleme yontemine
gore Isparta ilinden, Egirdir, Gelendost ve Senirkent
ilceleri; Karaman ilinden ise Merkez ilge secilmistir.
Belirlenen bu vyerlerdeki isletmeler, ¢alismanin
anakitlesini  olusturmustur.  Ornekleme  hacminin
tespitinde, arazi genisligi kriteri dikkate alinmistir. Bunun
icin belirlenen ilcelerde, 2017 yili liretim sezonunda Ciftgi
Kayit Sistemine kayith ve elma Uretim alani 5 dekar ve
Usti  olan isletmeler popilasyonu olusturmustur.
Popilasyona dahil isletmeler, arazi genislikleri itibariyle
homojen dagilim gostermediklerinden tabakalandirma

yapilarak benzer isletmeler igin homojen gruplar
olusturulmustur.  Arastirmanin ~ O6rnek  hacminin
belirlenmesinde  Neyman  Yontemi  kullaniimistir

(Yamane, 2001). Ornek sayisi asagida verilen formiil ile
hesaplanmistir.

(ENpSR)?
_ 2
N?D?Y Ny S;

n; 6érnek hacmini, N; anakitledeki toplam birim sayisini,
Nh; h. tabakadaki birim sayisini, Sh; h. tabakanin standart
sapmasini, D; d/Z; d; ortalamadan sapmayi, Z; t dagilim
cizelgesindeki (N-1) serbestlik derecesini ve belirli bir
given dizeyine (%90, %95, %99 gibi) ait z dagilim
degerini gbstermektedir.

Arastirmada ortalamadan %5 sapma ve %90 glven
diizeyine karsilik gelen z (z=1,65) degeri kullaniimistir.
Yukaridaki formil kullanilarak 132 isletmenin érneklem
cercevesini olusturdugu belirlenmis (Cizelge 1 ve 2) ve
bunlarin tabakalara dagitiminda ise asagidaki formilden
yararlanilmistir (Cicek ve Erkan, 1996).

N - N,S,n
-2 (NGSY)
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Cizelge 1. Ornekleme hacmi
Table 1. Sampling size

Toplam Ornek  Tabaka Ornek

Tabaka Tabaka Sinirlari (da) Nh Sh Ortalama .
Hacmi Sayisi
I 5-15,0 2840 4,05 9,27 38
Il 15,1-50,0 2132 8,89 28,05 132 62
11 50,1-+ 336 29,02 80,79 32
Toplam 132

Cizelge 2. Anket yapilan isletmelerin tabaka ve illere gore dagilimi
Table 2. Distribution of farms surveyed by stratified and provinces

Tabakalara Gore Anket Sayilari

il ilce Toplam
I Il 1
Egirdir 11 18 3 32
Isparta Gelendost 7 15 7 29
Senirkent 5 9 5 19
Karaman Merkez 15 20 17 52
Toplam 38 62 32 132

Anaglar, agag gelisimi, toprak kosullarina uyum, hastalik
ve zararhlara karsi direng, meyve verimi ve kalitesi
Gzerindeki olumlu etkiler igin kullanilmaktadir (Castle ve
ark., 2010). Uretim teknigi ve verimlilik, kullanilan anaca
gore degisiklik gostermektedir. Anaclar cesitlerin
blylimesini, erken verime yatmasini, verim ve meyve
kalitesini, farkh toprak yapisina uyum kabiliyetini ve
biyotik ve abiyotik stres kosullarina uyum gibi cesitli
faktorleri etkilemektedir (Jackson, 2003). Bu nedenle,
Uretim maliyetleri, isletmelerde uretimde kullanilan
anaglara gore hesaplanmis ve karsilastiriimistir.
Karsilastirmalar anket yapilan isletmelerde kullanilan
anaglara gore (Cogur, M9, MM106 ve MM111)
yapilmistir.  Kullanilan dort anaca her tabakada
rastlanilmadigindan tabakalar arasindaki farkliliklara
bakilmamis ve anaglar bazinda iller karsilastiriimistir.

Uretim maliyetlerinin belirlenmesinde kismi biitce
analizi yontemi kullaniimistir. Tim maliyet unsurlari
dikkate alinmis ve liretim maliyetleri degisken ve sabit
masraflar olarak ikiye ayrilmistir. Aile isglici Ucret
karsihgl yorede kadin ve erkek iscilere 6denen ortalama
Ucret dikkate alinarak belirlenmistir. Genel idari giderler,
degisken masraflarin %3’G olarak alinmistir. D&ner
sermaye faizi, degisken masraflara Ziraat Bankasi’nin
bitkisel Gretim igin uyguladigi faizin (%4,5) yarisi
uygulanarak hesaplanmistir. Ciplak arazi degerinin faizi
olarak ¢iplak arazi degerinin %5’i alinmistir (Kiral ve ark.,
1999). Tesis masraflari yillik amortisman payi, arazinin
mevcut degeri ile ciplak degeri arasindaki farkin
ekonomik 6mre (25 yil) béliinmesiyle hesap edilmistir.
Tesis sermayesi faizi ise toplam tesis masraflari yari
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degerine %5 faiz uygulanarak hesaplanmistir. Briit kar,
gayrisafi Uretim degerinden degisken masraflarin
cikarilmasiyla, net kar gayrisafi Uretim degerinden
Gretim masraflarinin ¢ikarilmasiyla, nispi kar ise gayrisafi
Gretim degerinin Uretim masraflarina bolinmesiyle
bulunmustur (Kiral ve ark.,1999).

BULGULAR ve TARTISMA

incelenen isletmelerde, isletmeciler, elma
yetistiriciliginin belli oranlarda gelir kaynagi oldugunu ve
aile ihtiyacglarini  karsiladigini  belirtmislerdir. Elma
yetistiriciliginin isletme gelirleri icindeki pay!r oldukga
yiksektir. isletmelerde elma yetistiriciligi, Isparta ilinde
%63,8’inin birincil gelir kaynagi iken, bu oran Karaman
ilinde %40,4'e dismektedir. Genel olarak
degerlendirildiginde, isletmelerin yarisindan fazlasinin
(%54,6) birincil gelir kaynaginin elma yetistiriciligi oldugu
belirlenmistir (Cizelge 3).

isletmelerde ortalama elma vyetistirilen alan Isparta
ilinde 29,3 da iken, Karaman ilinde 43,86 da’dir. 2003
yilinda Isparta/Egirdir'de yapilan ¢alismada ortalama
elma alani 8,03 da (Karamdrsel ve ark., 2004), 2007
yilinda Isparta ilinde vyuritilen calismada 17,25 da
(Bayav ve Armagan, 2008) bulunmustur. Bu durum,
Isparta ilinde isletmelerde yillar bazinda ortalama elma
Uretim alaninin arttigini gostermektedir. Antalya ili
Elmali ilcesinde 2008 yilinda yiritilen calismada ise
ortalama elma Uretim alani (7,78 da), Isparta ve Karaman
illerinden daha distik olarak bulunmustur (Aydogmus ve
Yilmaz, 2010).
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Cizelge 3. isletmelerde elma yetistiriciliginin isletme geliri icindeki pay (%)
Table 3. The share of apple cultivation in the farm income (%)

i <%25 %25-50 %50-75 >%75
Sayi % Sayi Sayi % Sayi %
Isparta 12 15,00 17 21,20 20 25,00 31 38,80
Karaman 17 32,70 14 26,90 4 7,70 17 32,70
Toplam 29 22,00 31 23,40 24 18,20 48 36,40

Isparta ilinde elma lretiminin biylk cogunlugu ¢oglr
anaciyla yapiimaktadir (%61,1). Cogir anacini siraslyla
MM111 (%24,3), MM106 (%12) ve M9 (%2,6) klon
anaglari takip etmektedir (Cizelge 4).

Karamirsel ve ark. (2004) tarafindan yapilan ¢alismada
¢6glir anacg kullanim orani %97,85 bulunmustur. Bayav
ve Armagan (2008) tarafindan yapilan calismada ise
sirasiyla ¢ogir %87,00, M9 %6,50, MM106 %5,80 ve
MM111 %0,70 olarak hesaplanmistir. Bu ¢alisma diger
¢alhsmalarla kiyaslandiginda, ¢6gir anag¢ kullanim
oraninin bariz sekilde distigli ve kullanimin klon
anaclara dogru kaydigi gorulmektedir. Birim alandan
alinan Grin miktarini ve kalitesini artirmak adina
Uretimin klon anaglar lehine kaymasi mitvar olarak
degerlendirilmektedir.

Isparta ilinde elma Uretimi yapilan cesitler; Golden Del.
(%37,9), Starkrimson Del. (%20,5), Starking Del. (%16,3),

Scarlet Spur (%12,3), Granny Smith (%2,3) ve diger
(%10,6) cesitlerdir (Cizelge 4). Karamrsel ve ark. (2004)
tarafindan yapilan ¢alismada; %54,6 Starking Del., %37,5
Golden Del., %5,1 Starkrimson Del. ve %2,8 oraninda
diger cesitlerin yetistirildigi bildirilmistir. Bayav ve
Armagan (2008) tarafindan vyapilan c¢alismada ise
Starking Del. %47,1 ile en fazla yetistirilen gesit iken; Bu
cesidi %29,8 ile Golden Del., %12,1 ile Starkrimson Del.
ve %11 ile diger cesitler (Granny Smith, Braeburn, Fuiji,
Red Chief, Jersey Mac) takip etmistir. Golden Del.
¢esidinin yetistirilme oranlar yillara gore buyilk bir
degisiklik gostermedigi, buna karsin Starking Del.
¢esidinin yetistirilme oraninin Starking Del. mutandi spur
cesitlere (Starkrimson Del., Scarlet Spur vb.) dogru
kaydigi soylenebilir.

Cizelge 4. Isparta ilinde isletmelerde yetistirilen anag ve c¢esitlerin dagilimi
Table 4. Distribution of rootstocks and varieties grown in farms in Isparta province

coglr M9 MM106 MM111 Cesit Toplami
esit/Ana Alan Alan Alan Alan Alan

s da)  *  (da) P (da)  *  (da) P () ”
Golden Del. 564,3 24,1 7,0 0,3 93,9 4,0 222,9 9,5 888,1 37,9
Granny Smith 28,0 1,2 10,0 0,4 1,5 0,1 14,0 0,6 53,5 2,3
Scarlet Spur 59,3 2,5 5,0 0,2 64,8 2,8 158,9 6,8 288,0 12,3
Starking Del. 249,1 10,6 0,0 0,0 78,5 3,4 54,5 2,3 382,1 16,3
Starkrimson Del. 415,1 17,7 0,0 0,0 4,5 0,2 61,0 2,6 480,6 20,5
Diger* 114,0 4,9 39,5 1,7 38,5 1,6 56,5 2,4 248,5 10,6
Anag Toplami 1429,7 61,1 61,5 2,6 281,7 12,0 567,8 24,3 2340,7 100,0

*Braeburn, Fuji, Gala, Jeromine, Pink Lady, Red Chief, Super Chief

Karaman ilinde isletmelerde ana¢ kullaniminin, klon
anaglar lehine oldugu gérilmistir. Ozellikle yogun
yetistiricilikte kullanilan M9 anacinin kullanim orani,
Isparta ili ile kiyaslandiginda oldukca ylksektir. Karaman
ilinde klon anag kullanim orani %60,7 iken, Isparta ilinde
bu oran %38,9’dur.

Karaman ilinde yetistirilen kirmizi elma c¢esitlerden
Starkrimson Del., Scarlet Spur ve Starking Del. %54,7
yetistirme oraniyla yaridan fazlasini olustururken;
Golden Del. %14,9, Granny Smith % 9,8 ve diger

cesitlerin (Braeburn, Fuji, Gala, Jeromine, Pink Lady, Red
Chief) %17,3 pay aldigi gortlmektedir (Cizelge 5).

Arastirma kapsaminda incelenen isletmelerde dekara
disen agac sayilari Cizelge 6’da verilmistir. Genel olarak
degerlendirildiginde Isparta ilinde dekara ortalama 51,7
adet agac ile Uretim yapilirken, Karaman ilinde ise bu
rakam 67,7 adete ¢cikmaktadir. Karaman ilinde dekara
disen agac¢ sayisinin yiksek olmasi klonal anag
kullaniminin daha yaygin olmasindan
kaynaklanmaktadir. Elma anaglarindan M9 anaci haricg,
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diger anaclarda dekara agag sayisi Karaman ilinde daha
fazladir. Karamirsel ve ark. (2004)'in calismasinda
dekara 22,9 adet agac¢ dustlgli, Bayav ve Armagan
(2008)'In galismasinda ise 26,2 aga¢ dustugl tespit
edilmistir. Aydogmus ve Yilmaz'in (2010)
Antalya/Elmali’da yapmis oldugu calismada; bodur
anach bahcelerde ortalama 180,5 agac, yari bodur anach

arasindaki fark, her gecen yil modern meyvecilik
esaslarinin dikkate alinarak, klonal anaglarla sik dikim
sistemlerinin  kullanildigi bahgelerin tesis edildigini
gdstermektedir. Ozellikle, Turkiye’nin iki dnemli elma
lretim bolgesinde bu gelismelerin olmasi, elma
yetistiriciliginde olumlu gelismelerin oldugunu ortaya
koymakta ve gelecek icin hem Uureticiler hem i¢ pazar

bahcelerde 36,3 agac, ¢coglr anacl bahcelerde ise 25,3 hem de dis pazar agisindan olumlu olarak
agac ile Uretim yapildigi ortaya koyulmustur. Calismalar degerlendirmektedir.
Cizelge 5. Karaman ilinde isletmelerde yetistirilen anag ve gesitlerin dagilimi
Table 5. Distribution of rootstocks and varieties grown in farms in Karaman province

cogar M9 MM106 MM111 Cesit Toplami

esit/Ana Alan Alan Alan Alan Alan

s da)  *  (da) P (@) * ) P ) °
Golden Del. 189,3 8,3 0,0 0,0 85,5 3,7 65,9 2,9 340,7 14,9
Granny Smith 83,2 3,6 56,0 2,5 64,0 2,8 21,0 0,9 224,2 9,8
Scarlet Spur 24,0 1,1 187,0 8,2 110,2 4,8 147,2 6,5 468,4 20,5
Starking Del. 187,6 8,2 0,0 0,0 58,0 2,5 3,0 0,1 248,6 10,9
Starkrimson Del. 410,2 18,0 0,0 0,0 94,7 4,2 98,7 4,3 603,6 26,5
Diger* 1,3 0,1 105,0 4,6 231,7 10,2 57,3 2,5 395,2 17,3
Anag Toplami 895,5 39,3 348,0 15,3 6440 28,2 393,1 17,2 2280,6 100,0
*Braeburn, Fuji, Gala, Jeromine, Pink Lady, Red Chief
Cizelge 6. illere gore dekardaki agac sayisi
Table 6. Number of trees per decare by provinces
il/Anac __ Agac Sayisi (Adet/da)

Cogur M9 MM106 MM111 Genel
Isparta 35,3 204,4 85,4 63,5 51,7
Karaman 38,8 192,9 91,8 67,8 67,7

isletmelerde anaglara gore isgiicii ve gekigiicii kullanim
miktarlari ve oranlari gizelge 7 ve 8'de verilmistir.
Cizelgeler incelendiginde, her iki ilde de en fazla isglict
isteyen islemler hasat ve budamadir. Seyreltme islemi,
isglicli kullanimi bakimindan hasat ve budamadan sonra
gelmektedir. Anaclara gore isglici kullanim miktarlar
birbirine yakin olmakla birlikte; Isparta ilinde MM106
anaci 125,5 saat/da, ¢6gur anaci 103,5 saat/da, MM111
anaci 101,8 saat/da ve M9 anacinda 91,5 saat/da’dir.
Karaman ilinde ise MM111 ve c¢6glr anacinda 94
saat/da, MM106 anacinda 93,4 saat/da ve M9 anacinda
76,5 saat/da isglcu kullanilmistir. Isparta ilinde en fazla
isglici  kullanimi  MM106 anacli bahcelerde iken,
Karaman ilinde MM111 ve ¢6glr anagli bahgelerde
olmustur. Isparta’da yapilan calismada 103,61 saat/da
(Demircan ve ark., 2005), Konya’da yapilan galismada
yari bodur anacli bahgelerde 95,14 saat/da ve bodur
anach bahgelerde 129,3 saat/da bulunmustur (Kanat ve

ark., 2017). Karamirsel ve ark. (2011) yapmis oldugu
calismada italya, Fransa, Almanya ve ABD’de ortalama
isglict isteginin 40-50 saat/da, Turkiye’de 103,6 saat/da
oldugunu bildirmistir (Bruille ve Barritt, 2005).
Cekigliciinin  biuylk  bir ¢ogunlugu ilaglamada
kullanilmaktadir. Isparta ve Karaman illerinde en fazla
cekiglici kullanimi M9 anach bahgelerde olmustur.
Cekiglicl kullanim miktarlari isgtict kullaniminda oldugu
gibi Karaman ilinde daha duslktir. Cekiglict ihtiyaci
Isparta’da ortalama 13,1 saat/da ve Karaman’da 9,53
saat/da olarak hesaplanmistir. Isparta’da yapilan
calismada 5,6 saat/da (Demircan ve ark. 2005);
Konya’da yapilan ¢alismada yari bodur anaclarda 6,1
saat/da ve bodur anaglarda 6,3 saat/da (Kanat ve ark.,
2017), Antalya/Elmal’da vyapilan calismada ise 5,4
saat/da (Aydogmus ve Yilmaz, 2010) bulunmustur
(Cizelge 7 ve 8).

229


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 225-236 Arastirma Makalesi / Research Article

Cizelge 7. Isparta ili elma Uretiminde isglicli ve ¢ekiglict kullanim miktari ve oranlari
Table 7. The amount of labour and machinery force and rates using in the production of apple in Isparta province

Anaclar
islemler cogar M9 MM106 MM111
Saat/da  Oran(%) Saat/da  Oran(%) Saat/da  Oran(%) Saat/da  Oran(%)
Budama 18,63 18,01 16,74 18,30 21,36 17,02 18,38 18,06
Gapalama ve 2,97 2,87 1,86 2,03 3,54 2,82 2,73 2,69
Ot Temizligi
Gubreleme 1,46 1,41 1,02 1,11 1,93 1,54 1,19 1,17
§ Sulama 0,65 0,63 0,44 0,48 0,88 0,70 0,50 0,49
R ilagclama 6,44 6,22 5,90 6,45 5,98 4,77 6,71 6,59
Seyreltme 9,77 9,44 10,50 11,48 11,16 8,90 10,08 9,90
Hasat 63,00 60,89 54,36 59,41 80,11 63,84 61,61 60,54
Nakliye 0,55 0,53 0,67 0,73 0,51 0,41 0,56 0,55
Toplam 103,47 100,00 91,49 100,00 125,48 100,00 101,76 100,00
Budama - - - - - - - -
Gapalamave g, 4,10 0,54 3,71 0,48 3,62 0,52 4,15
Ot Temizligi
.5 Glbreleme 0,21 1,72 0,33 2,27 0,35 2,64 0,19 1,52
=;5D Sulama - - - - - - - -
% ilaglama 10,95 89,68 13,03 89,43 11,92 89,89 11,26 89,86
©  Seyreltme - - - - - - - -
Hasat - - - - - - - -
Nakliye 0,55 4,51 0,67 4,60 0,51 3,85 0,56 4,47
Toplam 12,21 100,00 14,57 100,00 13,26 100,00 12,53 100,00

Cizelge 8. Karaman ili elma tiretiminde isglicii ve gekiglici kullanim miktari ve oranlari
Table 8. The amount of labour and machinery force and rates using in the production of apple in Karaman province

Anaclar
islemler Cogur M9 MM106 MM111
Saat/da  Oran(%) Saat/da Oran(%) Saat/da Oran(%) Saat/da  Oran(%)
Budama 13,61 14,47 10,77 14,08 12,55 13,44 12,95 13,77
Gapalama ve 1,56 1,66 0,85 1,11 2,08 2,23 2,56 2,72
Ot Temizligi
Gubreleme 0,71 0,76 0,61 0,79 0,97 1,04 1,07 1,14
3 Sulama 0,88 0,93 0,22 0,29 0,42 0,45 0,44 0,47
% ilaglama 3,81 4,05 3,65 4,77 3,97 4,25 3,78 4,02
Seyreltme 7,47 7,95 9,74 12,73 9,72 10,40 9,44 10,04
Hasat 65,57 69,75 50,18 65,58 63,30 67,75 63,41 67,43
Nakliye 0,40 0,43 0,50 0,65 0,42 0,45 0,40 0,43
Toplam 94,01 100,00 76,52 100,00 93,44 100,00 94,04 100,00
Budama -- -- -- -- -- -- -- --
Gapalama ve 0,56 5,99 0,52 5,12 0,54 5,42 0,55 6,38
Ot Temizligi
.5 Glbreleme 0,22 2,35 0,31 3,05 0,29 2,91 0,26 3,02
=;3JD Sulama -- -- -- -- -- -- -- --
% ilaclama 8,18 87,39 8,82 86,90 8,72 87,46 7,41 85,97
© Seyreltme - - - - - - - -
Hasat -- -- -- -- -- -- -- --
Nakliye 0,40 4,28 0,50 4,93 0,42 4,21 0,40 4,64
Toplam 9,36 100,00 10,15 100,00 9,97 100,00 8,62 100,00
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Isparta ilinde dekara lretim masrafi en fazla M9 anagli
Uretim plantasyonlarinda gerceklesmis olup (4.583
TL/da), bunu sirasiyla; MM106 (3.889 TL/da), MM111
(3.874 TL/da) ve ¢ogir (3.840 TL/da) anagli tiretim yapan
isletmeler takip etmistir. Uretim masraflarinin toplami
icinde degisken-sabit masraflarin orani M9 anacinda
yaklasik %63-%37 iken, MM106 anacinda %76-24,
MM111 anacinda %73-%27 ve ¢Oglir anacinda %74-%26
oldugu belirlenmistir. Genel olarak degerlendirildiginde,
isletmeler ortalamasinda Uretim masraflari iginde
degisken masraflarin  orani yaklasik %71, sabit
masraflarin orani ise %29 olarak bulunmustur. Tim
anaclarda en dnemli degisken masraf kalemleri sirasiyla
ilaclama, hasat, gilibreleme ve budama olarak goze
carpmaktadir. Ozellikle, Isparta ilinde yogun ilag
kullanimi bunun en biyilk nedeni olarak gosterilebilir.
Nitekim arastirma kapsaminda incelenen isletmelerde,
bir Uretim sezonunda ortalama 27,9 kez ilaclama
yapildigi belirlenmistir. Sabit masraflar icerisinde en
onemli masraf unsuru ¢iplak arazi degerinin faizi olarak
gorilmektedir (Cizelge 9). Karamiirsel ve ark. (2011)
yapmis oldugu calismada iretim maliyetinin italya’da

yaklasik 1.509 €/da, Fransa’da 1.046 €/da, Almanya’da
998 €/da, ABD’de 970 €/da, Sili"de 510 €/da, Polonya’da
357 €/da Cin'de 383 €/da ve Turkiye’de 384 €/da
oldugunu bildirmistir (Bruille ve Barritt, 2005). Isparta
ilinde yapilan c¢alismada (retim masraflari iginde
degisken—sabit masraflarin orani %73-%27 (Demircan ve
ark., 2005); Antalya ili EImaliilcesinde yapilan ¢alismada
bodur anaclarda %38-%62, vyari bodur anaclarda %34-
%66ve ¢oglr anaglarda %41-%59 (Aydogmus ve Yilmaz,
2010); Konya ilinde yapilan ¢alismada yari bodur
anaclarda %64-%36, bodur anaclarda ise %65-%35
bulunmustur (Kanat ve ark., 2017). Isparta ve Konya
illerinde yirutilen galismalarda, bu ¢alismada oldugu
gibi degisken masraflarin orani sabit masraflara gore
daha yiksek bulunmustur. Karamirsel ve ark. (2011)
yapmis oldugu calismada degisken-sabit masraflarin
orani italya’da yaklasik %45-%55, Fransa’da %52- %48,
ABD’de %50-%50, Sili'de %55-%45, Polonya’da %37-
%63, Cin'de %62-%38 ve Tirkiye’de %49-51 oldugunu
bildirmistir (Bruille ve Barritt, 2005).

Cizelge 9. Isparta ili elma Gretimi, Gretim masraflari ve oranlari
Table 9. Apple production, production costs and rates in the Isparta province

cogar M9 MM106 MM111 Genel
Masraflar/Anaglar Masraf Masraf Masraf Masraf Masraf Oran (%)
(TL/da) (TL/da) (TL/da) (TL/da) (TL/da)

Budama 266,52 253,56 300,78 270,49 272,84 6,74
Capalama ve Ot Temizligi 61,62 54,59 71,15 60,69 62,01 1,53
Glbreleme 298,75 444,76 370,68 274,81 347,25 8,58
Sulama 177,23 142,85 174,31 175,98 167,59 4,14
ilaclama 976,10 911,06 861,14 921,06 917,34 22,67
Meyve Seyreltme 100,50 106,09 119,40 104,45 107,61 2,66
Hasat 703,50 592,70 757,37 717,02 692,65 17,12
Nakliye 110,63 154,15 115,48 167,14 136,85 3,38
Uriin Sigortasi 67,73 145,60 102,95 81,41 99,42 2,46
Doner Sermaye Faizi (%4,5) 62,16 63,12 64,65 62,39 63,08 1,56
Degisken Masraflar Toplami 2.824,73  2.868,48  2.937,92 2.835,45 2.866,65 70,84
Genel idari Giderler (%3) 84,74 86,05 88,14 85,06 86,00 2,13
Ciplak Arazi Degerinin Faizi 688,54 697,22 583,98 691,95 665,42 16,44
Tesis Masraflari Amortisman Payi 148,91 573,33 171,88 160,68 263,70 6,52
Tesis Sermayesi Faizi 93,07 358,33 107,42 100,42 164,81 4,07
Sabit Masraflar Toplami 1.015,26 1.714,94 951,42 1.038,11 1.179,93 29,16
Uretim Masraflari Toplami 3.839,99 4.583,42 3.889,34 3.873,57 4.046,58 100,00

Karaman ilinde tim anaglarda elma Uretim masraflari
Isparta’ya gore dusik bulunmustur. incelenen
isletmelerde dekara Uretim masrafi en fazla M9 anagli
Uretim alanlarinda (3.538 TL/da) gerceklesmistir. Bunu

sirastyla; MM111 (3.439 TL/da), ¢6gur (3.318 TL/da) ve
MM106 (3.153 TL/da) anacgh Uretim yapan isletmeler
takip etmistir. Uretim masraflarinin toplami iginde
degisken-sabit masraflarin orani M9 anacinda yaklasik
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%59-%41 iken, MM111 anacinda %73-27, ¢oglr ve
MM106 anacinda %75-%25 oldugu belirlenmistir. Genel
olarak degerlendirildiginde, isletmeler ortalamasinda
Uretim masraflarinin icinde degisken masraflarin orani
yaklasik %70, sabit masraflarin orani ise %30
bulunmustur. Karaman ilinde de en 6nemli degisken

masraf kalemleri, sirasiyla; ilaglama, hasat, glibreleme ve
budamadir. Sabit masraflar icinde ise c¢iplak arazi
degerinin faizi en ylksek masraf unsuru olarak
belirlenmistir (Cizelge 10).

Cizelge 10. Karaman ili elma uretimi, Gretim masraflari ve oranlari
Table 10. Apple production, production costs and rates in the Karaman province

cogur M9 MM106 MM111 Genel
Masraflar/Anaclar Masraf Masraf Masraf Masraf Masraf Oran (%)
(TL/da) (TL/da) (TL/da) (TL/da) (TL/da)
Budama 250,53 192,71 227,75 233,64 226,16 6,73
Capalama ve Ot Temizligi 49,03 38,05 58,13 64,69 52,47 1,56
Glbreleme 322,35 320,90 293,55 332,76 317,39 9,44
Sulama 260,06 178,27 232,49 259,17 232,50 6,92
ilaclama 680,37 595,42 723,62 567,34 641,68 19,09
Meyve Seyreltme 67,56 84,83 84,04 84,19 80,15 2,38
Hasat 576,71 408,83 544,89 597,49 531,98 15,82
Nakliye 98,33 120,48 94,00 122,69 108,88 3,24
Uriin Sigortasi 123,09 117,39 64,94 181,64 121,76 3,62
Doner Sermaye Faizi (%4,5) 54,63 46,28 52,28 54,98 52,04 1,55
Degisken Masraflar Toplami 2.482,65 2.103,15 2.375,68 2.498,57 2.365,01 70,35
Genel idari Giderler (%3) 74,48 63,09 71,27 74,96 70,95 2,11
Ciplak Arazi Degerinin Faizi 525,96 535,71 469,08 627,65 539,60 16,05
Tesis Masraflari Amortisman Payi 144,62 514,29 145,96 146,06 237,73 7,07
Tesis Sermayesi Faizi 90,38 321,43 91,23 91,29 148,58 4,42
Sabit Masraflar Toplami 835,44 1.434,52 777,54 939,96 996,87 29,65
Uretim Masraflari Toplami 3.318,09 3.537,68 3.153,22 3.43853 3.361,88 100,00

Her iki ilde de isletmelerde degisken masraf unsurlari
icinde materyal masraflari ve isglicii masraflarinin tim
anaglarda en yiksek masraf unsuru oldugu
belirlenmistir. Materyal masrafinin yiksek olmasinin
nedeni ilag ve gilibre giderlerinin fazla olmasindan
kaynaklanmaktadir. Isparta ilinde materyal ve isgiicl
masraflarinin toplam masraf icindeki pay1 %36,6-%28,2
iken, Karaman ilinde bu oran %37,3-%27,0 olarak
hesaplanmistir (Cizelge 11).

Demircan ve ark. (2005)'nin yapmis oldugu ¢alismada
materyal masraflarinin toplam {retim masrafina orani
%25,08 iken, isglici masraflari %23,75 bulunmustur.
Yillar icinde materyal ve isglici masraflarinin toplam
Uretim masrafl icindeki orani artmistir. Materyal
masrafindaki artisin, yogun ilaglamadan ve buna bagl
olarak ilag masrafinin yiksek olmasindan, isgliclindeki
artisin ise son yillarda isglcl Ucretlerinde yasanan
artistan kaynaklandigi distintilmektedir.
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Cizelge 11. Isparta ve Karaman illeri elma Uretiminde isglic, ¢cekiglicli ve materyal masraflari
Table 11. Labour force, machinery force and material costs in the apple production in the Isparta and Karaman

provinces
Co e ToBIam Toplam Sabit 'I_'.oplzf\m
Anac i Isglicl Cekiglicl Materyal Degisken Masraflar Ure.tlm.
Masraflar Maliyeti
TL/da % TL/da % TL/da % TL/da TL/da TL/da

Cogiir Isparta 1.131,2 29,5 169,1 4,4 1.462,2 38,1 2.824,7 1.015,3 3.840,0
Karaman  963,3 29,0 141,1 43 13236 399 2.482,7 835,4 3.318,1
M9 Isparta 1.001,8 21,9 223,9 49 1.579,7 34,5 2.868,5 1.714,9 4.583,4
Karaman  746,5 211 151,0 43 1.1594 32,8 2.103,2 1.434,5 3.537,7
MM106 Isparta 1.292,1 33,2 160,8 4,1 14204 36,5 2.937,9 951,4 3.889,3
Karaman  949,4 30,1 159 50 12151 38,5 2.375,7 777,5 3.153,2
MM111 Isparta 1.1449 29,6 169,4 4,4 14588 37,7 2.937,9 1.038,1 3.873,6
Karaman  977,4 28,4 150,3 44 13159 383 2.498,6 940,0 3.438,5
Genel Isparta 1.142,5 28,2 180,8 45 1.480,3 36,6 2.866,7 1.179,9 4.046,6
Karaman  909,2 27,0 150,4 45 12535 373 2.365,0 996,9 3.361,9

Isparta ili elma isletmelerinde dekara briit kar en yiksek bulunmustur.  Genel olarak degerlendirildiginde

M9 anacindan elde edilirken; MM106, MM111 ve ¢ogur
anaclarindan elde edilen brit kar degerleri birbirine cok
yakin bulunmustur. Nispi kar siralamasi da ayni
sekildedir. Nispi kar M9 anacinda 1,99, MM106 ve
MM111 anacinda 1.75, ¢6gur anacinda ise 1,74 olarak

Cizelge 12. Isparta ili karhlik durumu
Table 12. Profitability in the Isparta province

isletmelerde 1,80 olan oransal kar 1 TL’lik masrafa karllk
1,80 TL gelir elde edildigini gbstermektedir (Cizelge 12).
Demircan ve ark. (2005)'nin yapmis oldugu ¢alismada
nispi kar 1,63 olarak bulunmustur.

Ekonomik Gostergeler Anaglar

Coglr M9 MM106 MM111 Genel
Verim (ton/da) 5,60 6,62 5,93 5,48 5,91
Elma Uretim Maliyeti (TL/kg) 0,69 0,69 0,66 0,71 0,69
Ortalama Elma Satis Fiyati (TL/kg) 1,19 1,38 1,15 1,23 1,24
Gayrisafi Uretim Degeri (TL/da) 6.663,94 9.107,62 6.797,21 6.759,40 7.303,74
Brut Kar (TL/da) 3.839,20 6.239,14 3.859,29 3.923,94 4.437,10
Net Kar (TL/da) 2.823,94 4.524,20 2.907,87 2.885,83 3.257,16
Nispi Kar 1,74 1,99 1,75 1,75 1,80
Karaman ilinde de M9 anaci ile (retim vyapan Elma, Tirkiye icin 6nemli meyvelerden biridir ve

isletmelerde en yiksek nispi kar elde edilmistir. M9
anacint MM111, ¢6gir ve MM106 anaglari takip etmistir.
Karaman ilindeki elma isletmelerindeki nispi kar degeri,
Isparta iline gore distuk bulunmustur. Karaman ilinde
diisik masraflara ragmen, nispi karin disiik olmasi;
verim dusikliglinden kaynaklanmistir. Isparta ilinde 1 kg
elma 0,69 TL'ye mal edilirken; Karaman ilinde, 0,80 TL'ye
mal edilmistir. Satis fiyatinda da bolgesel farklilklar
oldugu tespit edilmistir. 1 kg elma Isparta ilinde ortalama
1,24 Tl'ye satilirken, Karaman ilinde 1,13 TLl'ye
satilmaktadir (Cizelge 13). Tiim bu ekonomik gostergeler
dikkate alindiginda, Isparta ilindeki elma isletmeleri,
Karamanilindekiisletmelere gore daha karli durumdadir.

ekonomide 6nemli bir yer tutmaktadir. Ozellikle tim
gelir gruplarina hitap eden 6zelligi, 6nemini daha da
artirmaktadir.  Tarkiye’de  6nemli  elma  {retim
merkezlerinden olan Isparta ve Karaman illeri icin elma
Uretimi, buydk bir istihdam kaynagidir.

Bu calismada Isparta ve Karaman illeri elma dretim
maliyeti, Ureticilerden alinan verilerle, anaglar bazinda
hesaplanmis ve karsilastiriimistir. Yapilan hesaplamalar
elma dretiminin her iki ilde de karli birer yatirim
oldugunu gostermektedir. Ancak Uretim maliyetleri
icinde materyal ve isglicii masraflarinin yiksekligi bu
karlhhgr dusiik seviyelerde tutmaktadir. Ozellikle yogun
ilaclama yapilmasi en oOnemli sorun olarak tespit
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edilmistir. Bunun icin yayim faaliyetleri ile ciftgiler Uretim maliyeti 0,69 TL/kg, Karaman ilinde 0,80
egitilmeli ve bilinglendirilmelidir. Isparta ilinde ortalama TL/kg'dir.
Cizelge 13. Karamaniili karlilik durumu
Table 13. Profitability in the Karaman province

I Anaglar
Ekonomik Gostergeler Cogur M9 MM106  MM111 Genel
Verim (ton/da) 3,97 4,53 4,16 4,18 4,21
Elma Uretim Maliyeti (TL/kg) 0,83 0,78 0,76 0,82 0,80
Ortalama Elma Satis Fiyati (TL/kg) 1,07 1,36 0,97 1,13 1,13
Gayrisafi Uretim Degeri (TL/da) 4.262,63  6.17543  4.053,80  4.702,47  4.774,47
Brit Kar (TL/da) 1.779,99 4.072,27 1.678,12 2.203,90 2.409,46
Net Kar (TL/da) 944,55 2.637,75 900,57 1.263,94 1.412,59
Nispi Kar 1,28 1,75 1,29 1,37 1,42

Isparta ili elma Uretimi Karaman iline gére daha karli
bulunmustur. Isparta’da 3.257 TL/da net kar elde
edilirken, Karaman’da 1.412 TL/da olarak
gerceklesmistir. Bunun en biyiik nedeni, Karaman’da
birim alandan alinan verimin dusakligiadar. Isparta
ilinde ortalama 5.910 kg/da uriin elde edilmesine
ragmen, Karaman ilinde 4.210 kg/da triin alinmistir. Bu
olumsuz duruma ¢6zim bulunabilmesi icin yetistiricilik
sorunlarinin uzman bir ekip tarafindan tespit edilerek
¢6zUm onerileri gelistirilmelidir.

Isparta ve Karaman illerinde klonal anagla (M9, MM106,
MM111) dretim yapan isletmelerde verimlilik, ¢ogur
anagla Uretim yapanlara gore daha yliksek bulunmustur.
Ozellikle tam bodur anag olarak nitelendirilen M9 anaci,
verimlilikte en yiksek degeri almistir. Ancak M9 anaci,
bahce tesisinde destek sistemine ihtiya¢ duymasi
nedeniyle tesis masraflari daha yiiksektir. Ureticilerin M9
anaciyla uretimini sinirlayan en biyik engellerden biri,
bahge tesis masraflarinin yiksek olmasidir. Bu nedenle
yeni elma bahgesi tesislerinde, tam bodur sistemde
Uretim yapmay! diistinen (reticilere, tesis masraflarinda
destek saglanmasi, Tirkiye'nin elma Uretimindeki
konumunu daha da gii¢clendirecektir. Ayrica Ureticilerin
pazar talepleri dogrultusunda yeni gesitlerle bahce tesis
etmesi tesvik edilmelidir.

OzET

Amag: Bu calismada, Tiirkiye elma Uretiminin %20,2’sini
karsilayan Isparta ve %13,4’Uni karsilayan Karaman
illerinin Gretim maliyetleri karsilastiriimistir.

Yéontem ve Bulgular: Tabakali tesadifi 6rnekleme
yontemine goére 132 elma isletmesi belirlenmis ve
isletmeciler ile yiiz yiize gériistilmustir. isletme verileri,
2017-2018 iretim sezonuna aittir. Uretim maliyetleri,
Uretim vyapilan bahcede kullanilan anaglara gore
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hesaplanmigtir. Dekara Uretim masrafi Isparta ilinde
ortalama 4.047 TL, Karaman ilinde ise 3.362 TL olarak
belirlenmistir. Nispi kar, Isparta ilinde 1,80 ve Karaman
ilinde 1,42 olarak bulunmustur. Her iki ilde de M9
anaciyla tesis edilen bahcelerde en yiiksek kar orani elde
edilmistir. En oOnemli masraf kalemi materyal
masraflaridir. ilaclama masraflarinin, Isparta ilinde
%22,7 ve Karaman ilinde %19,1'lik pay ile Uretim
masraflari icinde en yiiksek girdi oldugu belirlenmistir.
Genel Yorum: Yapilan hesaplamalar elma Gretiminin her
iki ilde de karli birer yatirim oldugunu gostermektedir.
Ancak Uretim maliyetleri icinde materyal ve iscilik
masraflarinin yiksekligi, bu karhhg dusik seviyelerde
tutmaktadir.

Calismanin Onemi ve Etkisi: Elma Uretiminin teknik
yonleri bircok ¢alismada ele alinmasina ragmen,
ekonomik yonden degerlendirilmesine iliskin yapilan
¢alismalar cok fazla degildir. Bu ¢alisma, Turkiye
Uretiminde 6nemli bir yere sahip olan illerde (Isparta ve
Karaman) gergeklestirilmis ve elma tretiminin ekonomik
yoni ortaya koyulmustur.

Anahtar Kelimeler: Elma, Tek triin biitce analizi, Uretim
maliyeti, Isparta, Karaman

TESEKKUR
Bu makale doktora ¢alismasinin bir bolimuddr.

CIKAR CATISMA BEYANI
Yazar(lar) c¢alisma konusunda
olmadigini beyan eder.

ctkar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Aims: Peach twig borer (PTB), Anarsia lineatella Zeller (Lepidoptera:
Gelechiidae), is one of the important pests of apricot in Turkey. The study
was conducted in 2013-2014 to determine the population density and
infestation rates of PTB on early apricot orchards in Anamur district of
Mersin province in Turkey.

Methods and Results: The study was conducted in five early apricot
orchards of the villages Kalinéren (Trintina), Oren (Trintina), Cerenler |
(Nimfa), Cerenler Il (Trintina) and iskele (Trintina) of Anamur district. The
peach twig borer of pheromone (E-5 Decenyl acetate 5,0 mg/capsul E5
Decenol 1,0 mg/capsul) was used in Econex polillero trap + DDVP
impregnated tablet. Each of sampled orchard contained one pheromone
trap. The traps were hanged at South-East direction of the trees about 1.5-
2 m above ground, checked weekly and the caught adults were counted
and cleaned.. Randomly chosen 20 trees’ twigs (20/tree) and fruits
(50/tree) were checked, apart from the trap hanging trees, in order to
determine the infestation rates. After two years of the study, the
population density of pest varied between each sampling year. In the first
year, a total of 46 PTB adults were caught by five pheromone traps at five
early apricot orchards. The first adults were caught on 14 April, and the
highest number of catches was on 12 May. The highest number of PTB
adults was in May with 67.4%, followed by April with 32.6%. In the second
year, a total of 66 PTB adults were caught by five pheromone traps at five
early apricot orchards. The first adults were caught on 13 April, and the
highest number of catches was on 11 May. The highest number of PTB
adults was in May with 68.2%, followed by in April with 31.8%. It was
observed that PTB had one generation and the pest did not cause any
significant infestation on early apricot varieties.

Conclusions: The highest number of the PTB adults were caught by
pheromone traps in May, following in April in both years. The pest had one
genaration and not cause any significant infestation on early apricot
varieties.

Significance and Impact of the Study: The pests were recoved by
pheromone traps at all early apricot orchards and the highest number of
adults caught in May, following in April. The pest had one genaration and
not cause any significant infestation on early apricot varieties.

Atif / Citation: Seferoglu IA, Demirel N (2020) Mersin ili erkenci kayisi bahcelerinde Seftali giivesi, Anarsia lineatella Zeller
(Lepidoptera: Gelechiidae)’nin populasyon yogunlugu ve bulasiklik oraninin belirlenmesi. MKU. Tar. Bil. Derg.
25(2) : 237-242. DOI: 10.37908/mkutbd.729967
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INTRODUCTION

Apricot, Prunus armeniaca L. (Rosales: Rosaceae:
Prunoideae), is one of the most important stone fruits, a
total produce of 4,257,241 tons of fruit per annum in the
world, about 985,000 tons of this amount is produced by
Turkey (FAO, 2018). Apricot has many economically
important pests that cause significant yield reduction.
The peach twig borer [PTB], Anarsia lineatella Zell.
(Lepidoptera: Gelechiidae), is important pests of apricot,
peach, almond, plum and nectarine worldwide
(Balachowsky, 1966; Carter, 1984), causes serious
problems in more than 44 countries (EPPO, 2019). The
pest is one of the important pests of apricot in Turkey
(Kovanci and Kilinger, 1984; Hazir and Ulusoy, 2009;
Oztlirk et al., 2010; Mamay et al., 2014; Can Cengiz and
Subchev, 2015; Seferoglu, 2016). Larvae of the
overwintering generations of the pest first attack flowers
and buds (Bailey 1948; Carter, 1984). Subsequent
generations of larvae feed on shoots and developing
fruits, rendering fruit unmarketable and shoots
incapable of bearing future fruit (Bailey 1948; Carter,
1984; Kovanci and Kilincer, 1984; Ponomarenko 1990;
Cravedi, 2000; Tomse et al., 2004). Many studies have
been conducted to study peach twig borer host range,
damage and management (Damos and Savopoulou-
Soultani, 2007; lacob, 1970; Zalom et al.,, 1992). In
Turkey, faunistics, population dynamics and
management of peach twig borer have been studied by
many researchers (Gengsoylu et al., 2006; Hazir and
Ulusoy, 2009; Oztiirk et al.,, 2010). The female sex
pheromones could provide a reliable tool for detecting
and monitoring of peach twig borer moth adult. The
female sex pheromone components of A. lineatella was
identified by Roelofs et al. (1975) as (E)-5-decen-1-yl
acetate (E5-10:0Ac; 87%) and (E)-5-decen-1-ol (E5-
10:0H; 13%) and it has since been used widely as a
monitoring tool. Subsequently, the sex pheromone of
this pest is widely used to provide a detecting and
monitoring tool for adult males (Rice and Jones, 1975;
Hathaway, 1981; Millar and Rice, 1992; Kehat et al.,
1994; Kocourek and Berankova, 1996; Schlamp et al.,
2005; lvanova et al., 2010; Knight et al., 2011), for mating
disruption (Kyparissoudas, 1989; Ozturk et al., 2010;
Reuveny et al., 2010; Kutinkova et al., 2012). The current
study was to determine the population density and
infestation rates of peach twig borer, Anarsia lineatella
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Zeller (Lepidoptera: Gelechiidae) on early apricot
orchards in Mersin province of Turkey.

MATERIALS and METHODS

The study was conducted in 2013-2014 to determine the
population density and infestation rates of PTB in
Anamur district of Mersin province in Turkey. The study
was conducted in five early apricot orchards of the
villages Kalinéren (Trintina), Oren (Trintina), Cerenler |
(Nimfa), Cerenler Il (Trintina) and iskele (Trintina) of
Anamur district. The peach twig borer of pheromone (E-
5 Decenyl acetate 5,0 mg/capsul E5 Decenol 1,0
mg/capsul) was used in Econex polillero trap + DDVP
impregnated tablet. Each of sampled orchard contained
one pheromone trap. The traps were hanged at South-
East direction of the trees about 1.5-2 m above ground,
checked weekly and the caught adults were counted and
cleaned. Pheromones in the traps replaced in every 40
days with the new ones. Randomly chosen 20 trees’
twigs (20/tree) and fruits (50/tree) were checked, apart
from the trap hanging trees, in order to determine the
infestation rates.

RESULTS and DISCUSSION

The peach twig borer [PTB] were caught by pheromone
traps in all sampled orchards. A total of 46 PTB adults
were caught by five pheromone traps in 2013. The first
adults were caught on 14 April, and the highest number
of catches was on 12 May (Figure 1). There was not any
PTB adult after 26 May in any of the sampled orchards.
The highest number of PTB adults was in May with
67.4%, followed by in April with 32.6%.

The pests were caught by five pheromone traps in all
sampled orchards. A total of 66 PTB adults were caught
by five pheromone traps in 2014. The first adults were
caught on 13 April, and the highest number of catches
was on 11 May (Figure 2). There was not any PTB adult
after 25 May in any of the sampled orchards. The highest
number of PTB adults was in May with 68.2%, followed
by in April with 31.8%.

Ivanova et al. (2010) reported that the first adult of PTB
appeared in May and the first peak of PTB flight was
noted in 3rd ten days of May in all three years of study.
Therefore, the PTB had three generations per year in
Bulgaria.
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Figure 1. A population density of peach twig borer on early apricot orchards in Anamur district of Mersin province
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Figure 2. A population density of peach twig borer on early apricot orchards in Anamur district of Mersin province
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Mamay et al. (2014) reported that the first adult of PTB
were captured by pheromone trap in early May and the
highest numbers of adults caught by them in peach,
apricot and nectarine orchards were 115,86 and 70
adults/trap.

The current study indicated that the PTB had one
generation on early apricot orchards in Anamur district
of Mersin province. Mamay et al. (2014) reported that
the PTB had four generations per year on peach, apricot
and nectarine orchards. In addition, Can Cengiz and
Subchev (2015) reported that the PTB had three
generations per year in Hatay province.

The present study indicated that the PTB did not cause
any significant infestation on early apricot orchards in
Anamur district of Mersin province. However, previous
studies were conducted by Ozturk et al. (2010) an
average infestation rates with mating disruption
techniques were 6.17- 4.60 % in 2006, 5.51-1.92 % in
2007 and 4.26-1.66 % in 2008. Moreover, Mamay et al.
(2014) reported that the PTB infestation rates on twigs
were 38, 18 and 16% in 2010 and 30, 22 and 14% in
2011, while infestation rates on fruits were 29, 6 and 6%
in 2010 and 14, 8 and 5% in 2011 on peach, nectarine
and apricot.

CONCLUSIONS

The present study was conducted to determine
population density and infestation rates of peach twig
borer, Anarsia lineatella  Zeller  (Lepidoptera:
Gelechiidae) on early apricot orchards in Mersin
province of Turkey. After two years of the study, the
population density of pest varied between each
sampling year. In the first year, a total of 46 PTB adults
were caught by five pheromone traps at five sampled
ochards. The first adults were caught on 14 April, and the
highest number of catches was on 12 May. The highest
number of PTB adults was in May with 67.4%, followed
by in April with 32.6%. In the second year, a total of 66
PTB adults were caught by five pheromone traps at five
sampled orchards. The first adults were caught on 13
April, and the highest number of catches was on 11 May.
The highest number of PTB adults was in May with
68.2%, followed by in April with 31.8%. The PTB had one
generation and the pest did not cause any significant
infestation on early apricot varieties in Mersin province.

OZET
Amag: Seftali glivesi, Anarsia lineatella (Lepidoptera:

Gelechiidae), llkemizde kayisinin en  Onemli
zararhlarindan birisidir. Calisma 2013-2014 yillarinda
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Mersin ilinin Anamur ilgesinde bulunan erkenci kayisi
bahcelerinde seftali glivesi’nin popilasyon yogunlugu ve
bulasiklik oranlarinin belirlenmesi amaciyla yapilmistir.
Yéntem ve Bulgular: Calisma Anamur’un Kalinéren
(Trintina), Oren (Trintina), Cerenler | (Nimfa), Cerenler II
(Trintina) ve Iskele (Trintina) kdylerinde bulunan bes
erkenci kayisi bahgelerinde yirutilmistir. Calismada
seftali glvesi feromonu (E-5 Decenyl acetate 5,0
mg/kapsil E5 Decenol 1,0 mg/kapsul) ve Econex
polillero tuzak + DDVP emdirilmis tablet kullaniimistir.
Ornekleme vyapilan her bahcede bir adet tuzak
mevcuttur. Tuzaklar kayisi agacinin giiney dogu tarafina
yerden yaklasik 1.5-2m yikseklige asilmis, haftalik olarak
kontrol edilmis, yakalanan seftali glivesi erginleri sayilip
temizlenmistir. Tuzaklardaki feromonlar her 40 gilinde
bir yenileri ile degistirilmistir. Seftali glivesinin bulasikhk
orani feromon tuzaklarinin kuruldugu kayisi agaci harig,
rastgele secilen 20 adet kayisi agacinin stirgiin (20/agag)
ve meyveleri (50/agag) kontrol edilerek yapilmistir. iki
yillik calismanin sonrasinda, zararlinin popilasyon
yogunlugunda farkhliklar gbzlenmistir. Birinci yilda, bes
erkenci kayisi bahgesinde yapilan o6rneklemede bes
feromon tuzaklari tarafindan toplam 46 adet seftali
glvesi ergini yakalanmistir. Feromon tuzaklari
tarafindan ilk erginler 14 Nisan’da yakalanmis ve en fazla
ergin 12 Mayis tarihinde vyakalanmistir. Ancak
orneklenen bahgelerde 26 Mayis’dan sonraki tarihlerde
seftali glivesi ergini yakalanmamistir. Feromon tuzaklari
tarafindan en fazla seftali giivesi ergini %67,4 ile mayis
ayinda yakalanmis olup, bunu %32,6 ile nisan ayi takip
etmistir. ikinci yilda, bes erkenci kayisi bahgesinde
yapilan o6rneklemede bes feromon tuzaklari tarafindan
66 adet seftali glivesi ergini yakalanmistir. Feromon
tuzaklari tarafindan ilk erginler 13 Nisan’da ve en fazla
ergin 11 Mayis tarihinde yakalanmistir. Orneklenen
bahcelerde 25 Mayis’dan itibaren seftali glivesi erginine
rastlanmamistir. Calisma slresince feromon tuzaklari
tarafindan en fazla seftali glivesi ergini %68,2 ile mayis
ayinda yakalanmis olup, bunu %31,8 ile nisan ayi takip
etmistir. Calismada seftali glivesi erkenci kayisi
bahcelerinde 1 dol verdigi ve zararlinin erkenci kayisi
cesitlerinde her hangi bir zarar olusturmadig
gozlenmistir.

Genel Yorum: Seftali glivesi feromon tuzaklari tarafindan
bitin erkenci kayisi bahgelerinde tespit edilmistir. Iki yil
boyunca feromon tuzaklar tarafindan en fazla sayida
seftali glvesi ergini Mayis ve Nisan aylarinda
yakalanmistir. Zararli tek dol vermis ve erkenci kayisi
bahcelerinde herhangi bir zarar olusturmamistir.
Calismanin OGnemi ve Etkisi: Seftali giivesi feromon
tuzaklari tarafindan bitin erkenci kayisi bahgelerinde
tespit edilmistir. Feromon tuzaklari tarafindan en fazla
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sayida seftali glivesi ergini Mayis ayinda yakalanmis,
bunu Nisan ayi takip etmistir. Zararli tek dol vermis ve
erkenci kayisi bahgelerinde herhangi bir zarar
olusturmamistir.

Anahtar Kelimeler: Seftali giivesi, Anarsia lineatella,
Feromon tuzaklari, Bulasiklik orani, Mersin.
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Bazi fig tiirlerinin yem verim ve kalitesi lizerine farkli organik giibrelerin etkileri

The effects of different organic fertilizers on forage yield and quality of some vetch species
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Makale tarihgesi / Article history: Aims: This study was carried out to determine the effect of different
DOI: 10.37908/mkutbd.739805 organic fertilizer sources on forage yield and quality of some vetch species
Gelis tarihi /Received:19.05.2020 grown for organic roughage production.

Kabul tarihi/Accepted:29.06.2020 Methods and Results: In experiment, three different vetch species

(common vetch (Vicia sativa L.), Hungarian vetch (Vicia pannonica Crantz)
and hairy vetch (Vicia villosa Roth)) and three different organic fertilizers

Keywords: (zeolite, leonardite and cattle manure) were used as factors of the study.
Organic farming, Vetch species, Forage In addition, in order to compare the effects of organic fertilizer
yield, Forage quality, Organic fertilizer. applications, control treatment without fertilization was used. The

research was laid out in split-plot randomized complete block design with
 Corresponding author: ibrahim ERTEKIN three replications. To determine the forage yield and quality of vetch
D4 ibrahimertekin@mku.edu.tr species under organic fertilizer treatments, plant height (PH), fresh forage

yield (FFY), dry forage yield (DFY), crude ash (CA), crude protein (CP),
neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent
lignin (ADL) and relative feed value (RFV) characteristics were investigated.
According to the results of this study, while statistically differences were
found among the vetch species in terms of PH, FFY, CP, ADF and features,
there was a difference among the interactions only in term of CP. PH, FFY,
CP and ADF values of vetch species were found between 86.15-148.73 cm,
1900.33-2045.83 kg da, 19.99-21.82 % DM and 30.58-35.05 % DM,
respectively. On the other hand, CP values of interactions ranged from
18.89 to 22.54 % DM™. The effect of organic fertilizer applications on the
yield and quality of vetch species has been limited. However, it has been
determined that over 500 kg da™ dry forage yield can be obtained from
hairy vetch applied to animal manure.

Conclusions: The data obtained showed that vetch species could be an
important source in the supply of roughage needed in organic animal
husbandry and hairy vetch has higher yields than other species. In
addition, although statistically insignificant, it can be said that animal
manure is more effective in vetch cultivation than zeolite and leonardite
under Amik Plain conditions.

Significance and Impact of the Study: There are a limited number of
studies on the use of fertilizers in organic vetch cultivation. With the
research carried out, the results that can help farmers who make organic
vetch cultivation and future research have been obtained. In addition, it
was concluded that dose determination studies should be carried out in
the fertilizers used.
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GiRIS

Baklagiller familyasi ¢ok kiymetli yem bitkilerini
icerisinde barindirmaktadir. Baklagil yem bitkileri diinya
capinda hayvan besleme amaciyla kullanilan en 6nemli
bitki tirlerinden birisidir. Bu bitkiler genelde dogal olarak
cayir ve meralarda yetismekte ve hayvanlarin temel kaba
yem ihtiyacini karsilamaktadir (Ertekin ve Cakmakgl,
2020; Ertekin ve ark., 2018; Ertekin ve ark., 2017).
Baklagil yem bitkilerinin besin degeri ve hayvanlar
Uzerindeki besleme etkisi oldukga yiksektir (Anil ve ark.,
1998). Ayrica baklagil bitkileri  biyolojik azot
fiksasyonunda 6nemli bir yere sahiptir (Anjum ve ark.,
2006). Bu bitkiler icerisinde en yaygin degerlerdirilen cins
ise figdir.

Organik tarim, sdrdardlebilir tarimin bir  pargasi
konumundadir. Organik tarim kapsaminda son vyillarda
faaliyetler sadece gelismis lilkelerde degil, ayni zamanda
gelismekte olan (lkelerde de hizla yayginlasmistir. Bu
durumun olusmasinda ki en 6énemli etken tiketicilerin
kendi sagliklarini ve cevreyi koruma istekleridir
(Demirylrek, 2011). Tarimsal faaliyetler kapsaminda
kullanilan kimyasal girdiler 6nemli cevre ve saglik
problemelerine neden olmaktadir (Mert, 2017; Parlakay
ve ark., 2015). Ozellikle kimyasal azot kullanimi biiyiik
cevre problemlerine neden olmaktadir. Fakat tarimsal
gibrelemede farkh formlarda azot kullanimi bu riski
azaltabilir (Akpinar ve ark., 2019). Bu yilzden son
yillarda llkemizde organik tarima olan ilgi giderek
artmakta ve bu alanda yeni gelismeler yasanmaktadir.
Ozellikle bitki tdrlerinin kiltiiriinde farkh yetistirme
teknikleri Uzerinde birgok arastirma yapilmaktadir
(Aygiin ve ark., 2009). Gegmiste organik tarim Avrupa
ve Amerika’da oOncli kisiler tarafindan ortaya
cikanimistir, fakat Glkemizde bu durum ihracata sunulan
Urinlerde organik Grin talebinin ortaya c¢ikmasiyla
gelismistir (Demirylirek, 2004). Son yillarda llkemiz de
tiketim aliskanhklari organik Griin yoniinde degismeye
baslamistir.

Tlirkiye’de organik Grin lretimi amaciyla 2017 verilerine
gbre 382.000 ha alanda tarimsal faaliyet yapilmis ve bu
alandan vyaklasik 1.6 milyon ton organik Uriin elde
edilmistir. Ayrica bu Uretim verilerinin yaklasik 412.000
tonunu kaba yem Uretimi kapsamaktadir. Organik kaba
yem (retimi icerisinde yaklasik 65.000 ton yaygin fig ve
267 ton Macar fig Uretimi yapilmistir. Organik tarimda
tuyli fig Uretimi istatistiklerde mevcut degildir.
Ulkemizde organik hayvansal (retimde vyer alan
ruminant hayvan sayisi 100.000 civarindadir (Anonim,
2017). Ancak organik hayvan sayisi ile organik kaba yem
Uretimi iliskilendirildigi zaman, hayvan sayisina Uretilen
kaba yem miktarinin yetersiz kaldigi asikardir.

Hayvan glibresi hem topragin fiziksel ve biyolojik yapisini
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iyilestirmekte ve hem de c¢esitli besin maddelerini
topraga kazandirmaktadir (Yolcu ve ark., 2010). Bircok
arastirmada hayvan glbresinin  bitkilerde verimi
arttirdigi bildirilmistir (Yolcu, 2011; Rotar ve ark., 2003;
Karakurt, 2000).

Tarimsal faaliyetler kapsaminda leonardit ve zeolit
benzeri organik kaynakli glibre kaynaklarinin kullanimi
verimin yaninda sirdurilebilir ve organik tarim igin her
gecen glin yayginlasmaktadir (Gul ve ark., 2015). Zeolit
dogal toprak islah materyallerinden birisidir ve bu
madde toprakta bulunan amonyum formundaki azotun
nitrifikasyonunu azaltir (Isildar, 1999). Boylece tarim
alanlarinda bitkilerin azottan faydalanmasini arttirir
(Kurama ve ark., 1999) ve kimyasal giibre girdilerinden
tasarruf edilebilir. Tlrk ve ark. (2003) yonca bitkisinde
Yolcu (2011) yaygin figde zeolit organik gibresinin bitki
verimini arttirdigini bildirmislerdir.

Son zamanlarda zirai faaliyetler icerisinde kullanimi artan
toprak dizenleyicilerden biriside leonardittir (Gul ve
ark., 2015). Aslinda leonardit bir hiimik asit kaynagidir ve
bitkilerin ~ besin  maddelerinden  yararlanmasini
kolaylastirarak bitki blylimesini gliclendirir ve hizlandirir
(Pertuit ve ark., 2001). Uygun dozlarda kullanilan
leonarditin bitkilerde faydali oldugu cesitli arastiricilar
tarafindan bildirilmistir (Yolcu ve ark., 2011; Ece ve ark.,
2007; Kolsarici ve ark., 2005; Yetim, 1999).

Bu ¢alisma, organik hayvansal iiretimde ihtiyag¢ duyulan
kaba yemin karsilanmasinda 6nemli bir potansiyele sahip
olan bazi fig tiirlerinin ot verim ve kalitesi lizerine organik
glbre olarak kullanilabilecek biiyiikbas hayvan glibresi,
zeolit ve leonarditin etkilerini belirlemek amaciyla
ylratdlmastar.

MATERYAL ve YONTEM

Materyal, denemenin planlanmasi ve ekim

Bu ¢alisma 2017-2018 kislik triin ekim sezonunda Hatay
Mustafa Kemal Universitesi Telkalis Arastirma ve
Uygulama arazisinde yuruttlmdistir. Denemede yaygin
fig (Vicia sativa L.), Macar figi (Vicia pannonica Crantz.)
ve tuyll fig (Vicia villosa Roth.) olmak lzere 3 fig tlrQ
bitki materyali olarak kullaniimistir. Organik glbre
kaynagi olarak bilylkbas hayvan glbresi, zeolit ve
leonardit kullanilmistir. Arastirmada ekimle birlikte 3
ton da! yanmis buyiikbas hayvan giibresi, 100 kg da™
zeolit ve 100 kg da? leonardit uygulamasi yapilmistir.
Ayrica hi¢ glbre uygulamasi yapilmayan kontrol
parselleri denemeye dahil edilmistir. Arastirma tesaduf
bloklarinda bolliinmis parseller deneme desenine gore
planlanmis ve Ug tekerrirli olarak yuratalmistir. Ana
parselleri organik glibreler ve kontrol uygulamalari, alt
parselleri ise fig tlrleri olusturmustur. Denemede ekim
15 Kasim
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2017 tarihinde 20 cm araliklarla agilmis 5 m uzunlugunda
6 siradan olusan parsellere elle yapilmistir. Bitkiler 15
Nisan 2018 tarihinde tam giceklenme zamaninda orakla
bicilerek hasat edilmistir.

Deneme yerinin topragi ve kullanilan hayvan glibresinin
fiziksel ve kimyasal icerigi Cizelge 1’de verilmistir. Cizelge
1’de goruldigu gibi deneme yerinin topragi killi-tinli

tekstirde ve hafif alkali reaksiyonlu (pH=7.60), organik
madde icerigi % 2.30°dur. Hayvan glibresi %60.05
organik madde, %1.48 azot icerigi ile bu bilesenler
acisindan deneme alani topraklarindan daha yiliksek
degere sahipken, fosfor ve potasyum igerigi deneme
alani topraklarindan daha duguktar.

Gizelge 1. Deneme yeri topragi ve denemede kullanilan yanmis biylkbas hayvan glbresinin fiziksel ve kimyasal igerigi
Table 1. Physical and chemical content of experiment area soil and burnt cattle manure used in the trial

Toprak Hayvan Glibresi

Tekstir Killi-tinli -

Hacim agirligi (g cm™) 1.25 0.28

pH 7.60 7.05

iletkenlik (dS m™) 1.15 2.85

Tarla kapasitesi (%) 27.50 -

Organik madde (%) 2.30-dusuk 60.05-ylksek

Azot (%) 0.150-dusuk 1.48-yliksek

Mineral azot (%) 1.35 -

Fosfor (mg kg?) 4.80-yeterli 1.28-dusuk

Potasyum (mg kg?) 390-yiiksek 0.17-dusuk
Deneme vyerinin ekim sezonuna ve uzun yillar yillar ortalamasina yakin gerceklesirken, Ocak ve Subat

ortalamasina ait iklim verileri Cizelge 2'de verilmistir.

Cizelge 2’'de gorildiGgli gibi, denemenin yuruttldagi
aylarda sicaklik ve yagis uzun yillar ortalamasina goére
nispeten daha yliksek seyretmistir. Fakat bu aylarin yagis
toplami uzun yillar ortalamasindan daha disiik olmustur.
Kasim ayinda gergeklesen toplam yagis miktari uzun

aylarinda uzun yillar ortalamasindan daha yiiksek, diger
aylarda ise daha dusik yagis kaydedilmistir. Denemenin
ylrataldiga aylar icerisinde yagis acisindan en yiiksek
yagis Ocak ayinda gercgeklesmistir. Toplam yagisin
neredeyse yarisi Ocak ayinda topraga diismustar.

Cizelge 2. Deneme yerinin ekim sezonuna ve uzun yillar ortalamasina ait iklim verileri
Table 2. Climatic values of growing period and long time averages

Aylar Nispi Nem (%) Sicaklik (°C) Yagis (mm)
uYyo 2017-2018 uYyo 2017-2018 uYyo 2017-2018

Kasim 66.5 72.1 13.6 14.6 34.6 35.0
Aralik 82.0 85.8 8.6 9.5 65.5 28.7
Ocak 84.9 86.4 7.5 9.1 95.2 120.2
Subat 76.0 83.1 9.7 11.8 58.5 75.2
Mart 70.4 73.7 13.2 15.8 54.6 10.2
Nisan 64.8 64.1 17.5 19.2 39.7 15.0
Toplam - - - - 348.1 284.3
Ortalama 74.1 77.5 11.7 13.3 - -

*Hatay Meteoroloji il Miidiirligii; UYO: Uzun Yillar Ortalamasi

Yontem

Bitki boyu (BB) icin ¢iceklenme doneminde hasat
yapilmadan 6nce parsellerden rastgele secilen 10 bitkide
6lcim yapilmis, bu degerlerin ortalamasi alinmis ve
kaydedilmistir (Yilmaz ve ark., 2018). Parsellerde kenar
tesirleri (parsellerin sagindan ve solundan bir sira, bigilen
siralarin basindan ve sonundan 0.5 cm) cikarildiktan
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sonra kalan alandaki bitkiler bicilerek hemen tartiimis ve
parsel yas agirhgl olarak kaydedilmistir. Buradan elde
edilen yas agirliklar lGzerinden parsellerin yesil ot verimi
(YOV) dekara cevrilerek hesaplanmistir. Parsellerden
bicilen yas ottan 500 g 6rnek ayrilmis ve 65 °C’de sabit
agirliga gelinceye kadar kurutulmus ve kuru agirliklar
tartilmistir.  Kuru agirhk ve vyas agirlik oranindan
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yararlanarak bitkilerin kuru agirlik oranlari hesaplanmis
ve bu oran tzerindin parsellerin kuru ot verimleri (KOV)
dekara cevrilerek hesap edilmistir. Kurutulmus bitki
ornekleri 1 mm elek capindan gegirilerek ogutilmis
(Ertekin ve ark., 2019; Ertekin ve Kizilsimsek, 2020) ve
kimyasal analizlere hazir hale getirilmistir. Ogiitiilen bu
orneklerin kuru madde oranlari 105 °C’'de en az 24 saat
sure ile etlivde bekletilerek belirlenmis (Keppler ve ark.,
2006) ve tim kimyasal analiz sonuglari kuru madde
tabaninda % (ylizde) olarak ifade edilmistir. Bitki
tirlerinin ham kil (HK) igerikleri AOAC (1990)'a gore
yapllmis ve organik madde (OM) icerigi bu degerler
tizerinden hesaplanmistir. Orneklerin azot (N) icerigi
Kjeldahl metoduna goére belirlenmis (AOAC, 1990) ve
ham protein icerigi Nx6.25 formilu ile hesaplanmustir.
NoOtr ortamda ¢oziinmeyen lif (NDF) ve asitli ortamda
¢6zinmeyen |if (ADF) icerikleri Van Soest ve ark.
(1991)'na gore ANKOM filtre torbasi teknigi kullanilarak
ANKOM A220 lif analiz cihazi (ANKOM Teknoloji,
Fairport, NY) vasitasiyla belirlenmistir. Asitli ortamda
¢O6ziinmeyen lignin  (ADL) igerigi %72’lik H;SO4
kullanilarak beher teknigi (ANKOM Teknoloji) ile
belirlenmistir. Hayvanin canh agirligi (CA) temelinde kuru
madde tiketimi (KMT) NDF iceriginden, sindirilebilir
kuru madde (SKM) ve ADF igeriklerinden yararlanarak
asagidaki formiillere goére hesaplanmistir (Van Dyke ve
Anderson, 2002). Nispi yem degeri (NYD) Van Dyke ve
Anderson (2002)’un bildirdigi yonteme gore %SKM ve
%KMT degerleri kullanilarak belirlenmistir.
KMT (% CA)=120/NDF (%)

SKM (%)=88.9-(0.779xADF (%)) (2)
NYD=(SKM (%)xKMT (%))/1.29 (3)

Bu calismadan elde edilen veriler SAS JMP 13.0 istatistik
paket programinda tesadif bloklarinda bolinmis
parseller deneme desenine gére varyans analizine tabi
tutulmustur. Varyans analizi neticesinde P<0.05 hata
sinirinda  farkli  ¢ikan  o6zelliklerde Tukey c¢oklu
karsilastirma testi uygulanmistir. Ortalama verilerle

(1)

birlikte + standart hata degerleri de tablolarda
verilmistir.

BULGULAR ve TARTISMA

Bitki boyu degerlerine uygulanan varyans analiz

sonuglari, bitki boyunun fig tirlerine bagl olarak 6nemli
derecede degistigini, ancak organik glibrelerin ve organik
glbrexfig tlrd interaksiyonunun ise bitki boyu
Uzerindeki etkisinin istatistiksel olarak 6nemsiz oldugunu
gostermistir (Cizelge 3). Gubre ortalamalar 117.83-
120.89 cm arasinda degismis, ancak bu degisim
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istatistiksel olarak 6Gnemsiz olmustur. Uygulanan organik
glbrelerin hig birisi fig turlerinin bitki boyunda kontrole
gore onemli bir farklihk meydana getirmemistir. Yolcu
(2011) organik glbrelemenin yaygin figin bitki boyu
Uzerine etkisinin yillara bagli olarak degistigini, ilk yil bitki
boyu Uzerine organik glibrelerin etkisinin 6nemli
oldugunu, ancak arastirmanin ikinci yilinda glbre
uygulamalari ve kontrol arasinda 6nemli bir farklilik
olmadigini bildirmistir. Gil ve ark. (2015) ise leonardit ve
zeolit uygulamalarinin fig bitki boyunu arttirdigini
bildirmislerdir. Fig tlrlerinin ortalama bitki boylari yaygin
fig, Macar figi ve tlyli fig icin sirasiyla 123.40, 86.15 ve
148.73 cm olarak belirlenmistir (Cizelge 3). Bu
bulgularimiza paralel olarak Zeybek (2010) fig tirlerinin
bitki boyunun uzundan kisaya dogru tuyli fig, yaygin fig
ve Macar figi seklinde siralandigini bildirmistir. Benzer
sekilde Kendir (1999) tuylu figin diger tirlerden daha
uzun boylu oldugunu ancak bizim bulgularimizin aksine
Macar figi bitki boyunun yaygin figden daha uzun
oldugunu bildirmislerdir. Bu durum fig tlrlerinin iklim ve
toprak Ozelliklerine farkh  tepki goOstermesinden
kaynaklanmis  olabilir.  Organik  glbrexfig  tirl
interaksiyonu agcisindan bitki boyu degerleri 82.37-
155.17 cm arasinda degisiklik  gbstermistir.
interaksiyonun &nemsiz c¢ikmasi bitki boyu agisindan
belirleyici faktorin fig tlrl oldugunu gostermektedir.
Diger bir ifade ile, fig turleri, uygulanan organik giibre
dozlarina benzer tepkiler vermistir. Farkh ekolojik
kosullarda fig tirleri ile yUritilen arastirmalarda (Tosun
ve ark., 1991; Yolcu, 2011; Turna ve Ertus, 2017) bitki
boyunun genis bir skalada degistigi gorilmuistir. Bu
durum fig tirlerinin bitki boyunun genotip, c¢evre
faktorleri ve uygulanan yetistirme tekniklerinin etkisi
altinda oldugunu gostermektedir.

Yesil ot verimleri farkli glibre uygulamalarina bagl olarak
1893.56 kg da? ile 2231.56 kg da? arasinda degisim
gostermistir, ancak uygulamalar arasindaki bu farklilik
istatistiksel olarak 6nemli bulunmamistir (Cizelge 4).
Kontrol, leonardit ve hayvan glbresi uygulamalarinda
dekardan 2 ton/da (veya 2000 kg/da) lizerinde yesil ot
verimi elde edilirken, zeolit uygulamasinda istatistiksel
olarak 6nemsiz olmakla birlikte daha dislik verimler elde
edilmesi dikkat cekicidir. Yolcu (2011) yaygin fig verimi
lizerine orta diizeyde (2 ton da) kati hayvan giibresinin
zeolit, leonardit ve sivi giftlik glibresine gére daha etkin
oldugunu, ancak glbre etkinliginin yillara gore degistigini
bildirmistir.
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Cizelge 3. Farkh organik glibrelerle yetistirilen fig tlrlerinin BB (cm) degerleri
Table 3. Plant height (cm) values of vetch species grown with different organic fertilizers

Yaygin Fig+SE Macar Fig+SE TlylG Fig+SE Gubre Ort.1SE
Kontrol 127.40+£18.31 90.67+21.69 144.60+10.59 120.89+11.82
Zeolit 119.8343.60 85.03+2.05 151.8310.63 118.9049.72
Leonardit 122.70+£7.91 82.3743.01 155.174£13.55 120.08+11.49
Hayvan Gubresi 123.6745.41 86.53+12.03 143.30+£4.48 117.8319.24
Tlr Ort.+SE 123.4044.558 86.1545.42¢ 148.73+4.07*

SE: Standart hata; Ort.: Ortalama

Ayni satirda farkh harflerle gésterilen degerler birbirinden farklidir(P<0.05).

Nitekim, arastirici arastirmanin ikinci yilinda en yiiksek
verimin kontrol uygulamasinda elde edildigine dikkat
¢ekmistir. Bununla birlikte Gil ve ark. (2015) organik
gibre kaynaklarinin ayri ayri kullanilmasindan ziyade
karistirilarak kullaniimasinin fig yas ve kuru ot verimini
arttirdigini, 6zellikle bu noktada ahir giibresi+leonardit
karisiminin iyi sonug verdigini bildirmistir. Yesil ot verimi
acisindan fig turleri arasindaki farklilik istatistiksel olarak
énemli bulunmustur. Tuylu fig 2374.00 kg da? ile en
ylksek yesil ot verimine sahip fig tiirt olurken, 1900.33
kg da? yesil ot verim ile yaygin fig en diisiik verime sahip
fig tlrl olmustur. Macar figinde belirlenen yesil ot verimi
degeri ise diger iki tir ile istatistiksel olarak benzer
olmustur (Cizelge 4). Tuylu figin ot veriminin diger tilrlere

gore ylksek oldugu diger arastiricilar tarafindan da
belirlenmistir (Glzelogullari ve Albayrak, 2016; Turna ve
Ertus, 2017; Erol ve Anlarsal, 2019). Organik glibrex fig
tlrld interaksiyonlari degerlendirildiginde yesil ot
verimleri 1661.33-2809.33 kg da arasinda degismis
ancak bu degisim istatistiksel olarak 6nemsiz
bulunmustur (Cizelge 4). istatistiksel olarak ©nemli
olmamakla birlikte, hayvan giibresi uygulanan tiyli figde
belirlenen 2809.00 kg da™ yesil ot verimi dikkat ¢ekicidir.
Bununla birlikte, tayla figin glbre uygulanmadan
yetistirildigi kontrol uygulamasinda ikinci yiksek verimin
elde edilmesi, iki uygulamanin ekonomik acidan
degerlendirilmesi gerektigini gostermektedir.

Cizelge 4. Farkli organik glbrelerle yetistirilen fig turlerinin yesil ot verimi degerleri (kg da™?)
Table 4. Fresh forage yield (kg da™) values of vetch species grown with different organic fertilizers

Yaygin Fig+SE

Macar Figi+SE

TlylG FigtSE Gubre Ort.1+SE

Kontrol 1948.00+221.50 2001.33+343.66 2416.00+581.00 2121.78+218.01
Zeolit 1864.00+218.88 2155.33+236.70 1661.33+221.91 1893.56+133.80
Leonardit 2072.00+172.62 1858.67+248.82 2069.33+542.44 2180.00+£211.26
Hayvan Gubresi 1717.33+309.89 2168.00+305.16 2809.33+417.03 2231.56+235.27
Tur Ort.+SE 1900.33+107.89° 2045.83+128.128 2374.00+236.67%

SE: Standart hata; Ort.: Ortalama

Ayni satirda farkh harflerle gosterilen degerler birbirinden farklidir(P<0.05).

Kuru ot verimi degerlerine ait ortalamalar Cizelge 5'de
verilmistir. Cizelge 5'den de gorildigi gibi deneme
faktorlerinin hig birisi kuru ot verimleri arasinda istatistiki
anlamda bir fark olusturmamistir. Kuru ot verimi
degerleri organik glibre kaynaklarina bagh olarak
onemsiz olmakla birlikte, hayvan glibresi ve leonardit
uygulamalarinin kuru ot verimi lizerinde olumlu etkisinin
oldugu soylenebilir. Gil ve ark. (2015) yaygin figde
leonardit ve zeolit uygulamalarinin verimi ciftlik
glbresine gore daha fazla arttirdigini, bununla birlikte
glbre kaynaklarinin birlikte kombine edilmesinin daha
etkili oldugunu bildirmislerdir. Yolcu (2010) yaygin fig yas
ve kuru ot verimi (zerine en iyi organik glbre
uygulamasinin 2 ton da? kati sigir giibresi uygulamasi
oldugunu, zeolitin disik (25 kg da) ve leonarditin orta

247

(50 kg dal) diizey uygulamalarinda verimin arttigini,
ancak daha yliksek dozlarin kontrolden farksiz oldugunu
belirlemistir. Bu durum calistigimiz ekolojik kosullar icin
uygun doz belirleme calismalarinin faydali olabilecegini
gostermektedir. Kuru ot verimleri fig tirleri arasinda
istatistiksel olarak 6nemli bir farkhlik gostermemis,
ortalama kuru ot verimleri yaygin fig, Macar figi ve tlylu
fig icin sirasiyla 324.90, 333.75 ve 381.29 kg da® olarak
belirlenmistir. istatistiksel olarak &nemli olmamakla
birlikte arastirmaya konu olan fig tirleri icerisinde tuyli
figin daha iyi performans gosterdigi soylenebilir.
Bulgularimiza uygun olarak, Gizelogullari ve Albayrak
(2016) ayni fig tirleri ile yuruttikleri cahsmada tuyli
figin daha yiksek verim verdigini, bunu Macar figi ve
yaygin figin takip ettigini bildirmislerdir. Ulkemizde fig
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turleri ile yapilan arastirmalarda kuru ot verimlerinin
blylk bir varyasyon gosterdigi gorilmektedir (Acikgoz
ve Celik, 1986; Silbir ve ark., 1991; Tosun ve ark., 1991;
Yilmaz ve ark., 1996; Sevimay ve Kendir,1996; Kokten ve
ark., 2009; Atis ve ark., 2012). Bu durum hem ekolojik
kosullarin hem de yetistirme tekniklerinin fig tirlerinin
kuru ot verimini O6nemli derecede etkiledigini
gostermektedir.

Kuru ot verimleri organik glibrexfig tird interaksiyonu
acisindan degerlendirildiginde interaksiyonun 6nemsiz
oldugu, ancak tiim uygulamalar icerisinde hayvan
glbresi uygulanan tayli figin en basarili uygulama
oldugu, bunu leonardit uygulanan tuylu figin takip ettigi
sOylenebilir. Diger iki fig tlUrinden ise yaygin figin
leonardit, Macar figinin ise zeolit uygulamasina daha iyi
tepki gosterdigi soylenebilir.

Cizelge 5. Farkli organik glibrelerle yetistirilen fig tirlerinin KOV (kg da) degerleri
Table 5. Dry forage yield (kg da?) values of vetch species grown with different organic fertilizers

Yaygin Fig+SE

Macar Fig+SE

Tuylu Fig+SE Gibre Ort.+SE

Kontrol 307.92+25.43 297.00+58.52
Zeolit 319.91+37.29 369.751£54.30
Leonardit 370.84+47.89 319.22+56.50

Hayvan Glibresi

300.92+46.49

349.05+£35.98

344.82+118.56
237.59+40.84

403.97+114.83
538.78+117.64

316.58+39.57
309.08+£29.53
364.68+41.33
396.25%£52.53

Tur Ort.+SE

324.90+19.06

333.75%£23.78

381.29+54.94

SE: Standart hata; Ort.: Ortalama

Deneme faktorlerinin ve interaksiyonlarin ham kil
degerlerine  etkisi istatistiki anlamda  Onemli
bulunmamistir. Gibre ortalamalari agisindan ham kil
degerleri %10.10-11.24 arasinda degisirken, fig tirl
ortalamalari agisindan bu degerler %10.59-11.18
arasinda degismistir. interaksiyonlara bagli olarak ham
kil degerleri %10.06-11.75 arasinda degismistir. Cacan
ve ark. (2018) yaygin fig hat ve cesitlerinde ham kil
degerlerini %10.3-13.9 arasinda tespit etmislerdir. Buna
ek olarak, Ozyigit ve Bilgen (2006) ii¢ farkli hasat

zamaninda (¢iceklenme baslangici, % 50 giceklenme ve
tam ciceklenme) ham kidl oranini tiyli figde erken
hasattan ge¢ hasada dogru sirasiyla % 11.22, 10.08 ve
8.60 ve yaygin figde ise yine ayni hasat zamanlarinda
%10.75, 9.90 ve 7.76 olarak rapor etmiglerdir. Yiicel ve
ark. (2014) iki lokasyonda farkli yaygin fig genotiplerinin
ham kil orani igin % 9.50-10.95 arasinda degerler ile
bildirmislerdir. Bu calismadan elde edilen ham kil
degerleri yukarida bildirilen fig tlrlerindeki ham kil
degerleriile uyumludur.

Cizelge 6. Farkli organik giibrelerle yetistirilen fig tirlerinin ham kil (% KM™) degerleri
Table 6. Crude ash (% DM™) values of vetch species grown with different organic fertilizers

Yaygin Fig+SE Macar Fig+SE Tiiylii Fig+SE Giibre Ort.+SE
Kontrol 10.68+0.41 11.58+0.28 11.46+0.45 11.24+0.24
Zeolit 10.80+0.16 10.75+0.29 11.75+0.72 10.10+0.28
Leonardit 10.13+0.76 11.62+0.40 11.0340.22 10.93+0.34
Hayvan Giibresi 10.77+0.42 10.78+0.68 10.06+0.50 10.54+0.30
Tiir Ort.+SE 10.59+0.22 11.18+0.23 11.07+0.29

SE: Standart hata; Ort.: Ortalama

Organik madde degerlerine ait ortamalar Cizelge 7’de
verilmistir. Cizelgede de gorildigh Uzere tim
uygulamalar ve interaksiyonlar arasinda istatistiki
anlamda bir fark ortaya cikmamistir. Organik gibre
kaynaklarina bagh olarak organik madde degerleri %
88.76-89.46 arasinda bulunurken, fig tarlerine bagh
olarak organik madde igerikleri %88.82-89.41 arasinda
bulunmustur. interaksiyonlar arasinda ise organik
madde degerleri %88.25-89.94 arasinda degisiklik
gostermistir. Canbolat ve Karaman (2009) tuylu figde
organik maddeyi %93.81 olarak buldugunu bildirmistir.
Aksoy ve Nursoy (2010) 7 farkh bicim zamaninda Macar
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figinde organik maddeyi havada kuru iceriginde % 83.84-
84.96 arasinda degisen farkh degerlerde tespit
etmislerdir. Bu ¢calismadan elde edilen organik madde
degerleri Aksoy ve Nursoy (2010)'un sonuglarindan
yliksek Canbolat ve Karaman (2009)'in sonugclarindan
disik bulunmustur. Aksoy ve Nursoy (2010) yaptiklari
calismada organik madde degerlerini havada kuru olarak
belirtmislerdir. Ayrica yapilan ¢alismalar kapsaminda her
bitki tiri bolge ekolojisine farkh  tepkilerde
bulundugundan besinsel icerikleri degisiklik
gOsterebilmektedir.
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Verilere uygulanan istatistiksel analiz sonuglari ham
protein oranlarinin fig tirleri ve organik gibrexfig tiri
interaksiyonundan énemli derecede etkilendigini, ancak
organik glbre kaynaklarinin ham protein icerigi izerine
etkisinin 6nemli olmadigini gostermistir (Cizelge 8).
Organik glibre kaynaklarina bagli olarak ham protein
oranlari %20.17-21.19 arasinda bulunmustur(Cizelge 8).
Gll ve ark. (2015) farkli organik glibre kaynaklari ve

kimyasal glibre uyguladiklari yaygin figde ham protein
oranlarinin %17.3 ile %19.5 arasinda degistigini ve
leonardit ve zeolit uygulamalarinin ham protein icerigini
azalttigini  belirlemislerdir. Arastiricilar ayrica ahir
glbresinin leonardit ve zeolit ile ikili karisimlar halinde
uygulanmasinin ham protein igerigini olumlu etkiledigini
belirlemislerdir.

Cizelge 7. Farkli organik glibrelerle yetistirilen fig tirlerinin organik madde (% KM™) icerikleri
Table 7. Organic matter (% DM) contents of vetch species grown with different organic fertilizers

Yaygin Fig+SE Macar Fig+SE TlylG FigtSE Gubre Ort.1+SE
Kontrol 89.32+0.41 88.4210.28 88.54+0.45 88.7610.24
Zeolit 89.2040.16 89.25+0.29 88.25+0.72 88.90+0.28
Leonardit 89.87+0.76 88.38+0.40 88.9710.22 89.0710.34
Hayvan Glbresi 89.23+0.42 89.22+0.68 89.94+0.50 89.46+0.30
Tir Ort.£SE 89.41+0.22 88.8210.23 88.93+0.29

SE: Standart hata; Ort.: Ortalama

Yolcu (2011) figde leonardit, zeolit ve ahir giibresi
kullandigi ¢calismada tim giibre uygulamalarinin ham
protein icerigini kontrole gore arttirdigini bildirmistir.
Calismamizdan elde ettigimiz bir baska sonuca gore fig
tirlerine bagli olarak ham protein oranlari %19.99-21.82
arasinda degisim gostermistir. incelenen fig tiirlerinden
yaygin figin ham protein icerigi diger iki tlrden
istatistiksel olarak daha yiksek olmustur. Guzelogullari
ve Albayrak (2016) yaygin fig, Macar figi ve tiyli figde li¢
farkli  hasat zamaninda ham protein oranlarini
degerlendirmisler ve yaygin figde % 18.73-24.18, Macar
figinde % 17.66-24.89 ve tuyli figde % 16.74-27.71
arasinda bulmuslardir. Cagcan ve ark. (2018) bazi yaygin

fig hat ve gesitlerinde ham protein oranlarini % 14.2-20.0
arasinda rapor etmislerdir. Erol ve ark. (2009) yaygin
figde ham protein oranini % 22.29 KM olarak
bildirmislerdir. Yiicel ve ark. (2014) tmitvar bazi yaygin
fig genotiplerinde ham protein oranini % 15.9-19.6
arasinda rapor etmislerdir. Bu calismadan elde edilen
ham protein oranlar yukarida belirtilen calismalarda
belirlenen degerler arasindadir. interaksiyon incelendigi
zaman, ham protein oranlarinin % 18.89-22.54 arasinda
degistigi gorulmektedir. En yliksek ham protein hayvan
glbresi uygulamasi ile yaygin fig tiirtinden elde edilirken
en disik ise kontrolde tiyli fig tlriinde tespit edilmistir.

Cizelge 8. Farkli organik glbrelerle yetistirilen fig tirlerinin ham protein oranlari (% KM™?)
Table 8. Crude protein ratios(% DM™?) of vetch species grown with different organic fertilizers

Yaygin Fig+SE Macar Fig+SE TlylG Fig+SE Gubre Ort.1SE
Kontrol 21.64+0.50%" 19.99+0.20%° 18.89+1.43° 20.17+0.59
Zeolit 22.27+0.89% 21.82+0.65%° 19.48+0.76%° 21.19+0.58
Leonardit 20.85+1.08% 19.42+0.39% 22.13+0.86%° 20.80+0.57
Hayvan Gubresi 22.54+0.91° 20.22+0.58%° 19.46+0.25%° 20.74+0.56
Tar Ort.+SE 21.82+0.42* 20.36+0.34® 19.99+0.55°

SE: Standart hata; Ort.: Ortalama

Ayni satir ve/veya siitunda farkli harflerle gosterilen degerler birbirinden farklidir(P<0.05).

NDF degerlerine ait ortamalar Cizelge 9'da verilmistir.
Verilere uygulanan varyans analiz sonuglari deneme
faktorlerinin NDF degerleri Uzerine etkisinin onemli
olmadigini gostermistir. Organik glibre kaynaklarina
bagh olarak NDF degerleri %48.48-50.99 arasinda
degisirken, fig turlerine bagh olarak %49.02 ve 50.45
arasinda degismistir. interaksiyonlar icin NDF degerleri
%46.81-51.79 arasinda degisiklik gostermistir. Tim
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deneme konulari icerisinde leonardit uygulanan yaygin
fig %46.81 NDF oraniylaile en disiik degerin kaydedildigi
uygulama olurken, bunu %47.11 ile zeolit uygulanan
Macar figi takip etmistir. Bulgularimiza paralel olarak
Yolcu (2011) ve Gl ve ark. (2015) farkli organik glibre
kaynaklarinin figin NDF orani {izerine etkisinin 6nemsiz
oldugunu bildirmislerdir. Yemlerdeki NDF iceriginin
miktari ruminantlar tarafindan yem alimini ve sindirimini
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etkileyen en oOnemli parametrelerden biridir (Yavuz,
2005; Canbolat ve Karaman, 2009). Glzelogullari ve
Albayrak (2016) yaygin fig, Macar figi ve tlylu figde Ug
farkl hasat zamaninda NDF oranlarini degerlendirmisler
ve yaygin figde %30.37-36.86, Macar figde %33.21-38.68
ve tuyli figde %34.92-42.26 arasinda bulmuslardir.
Cacan ve ark. (2018) bazi yaygin fig hat ve gesitlerinde
NDF oranlarini % 34.8-45.0 arasinda rapor etmislerdir.
Erol ve ark. (2009) yaygin figde NDF oranini %40.60

olarak bildirmislerdir. Yiicel ve ark. (2014) Gmitvar bazi
yaygin fig genotiplerinde NDF oranini %35.3-44.4
arasinda rapor etmislerdir. Bu calismadan elde edilen
NDF degerleri literatirlerde bildirilen degerlerden bir
miktar ylksek bulunmustur. Bu durum kullanilan
genotiplerin, amenajman tekniklerinin ve ekolojilerin
farkl olmasinin neden oldugu disliniilmektedir. Ayrica
hasat zamani NDF igeriginin degisiminde dnemli bir rol
oynamaktadir.

Cizelge 9. Farkli organik glibrelerle yetistirilen fig tirlerinin NDF (% KM™?) degerleri
Table 9. NDF (% DM?) values of vetch species grown with different organic fertilizers

Yaygin Fig+SE Macar Fig+SE TlylG FigtSE Gubre Ort.£SE
Kontrol 49.63+1.69 51.79+0.30 51.56+2.80 50.99+1.01
Zeolit 49.99+0.74 47.58+1.49 51.631£1.06 49.73+0.82
Leonardit 46.81+1.33 50.831£1.01 48.11+1.24 48.48+0.84
Hayvan Glbresi 49.65+0.49 51.60+1.17 49.66+2.82 50.31+£0.95
Tir Ort.£SE 49.021+0.63 50.45+0.69 49.02+1.02

SE: Standart hata; Ort.: Ortalama

ADF oranlari bakimindan glibre uygulamalar ve
interaksiyonlar  arasinda  istatistiki  bir  farklilik
olusmazken fig tirleri arasindaki farklilik istatistiki olarak
onemli bulunmustur. Glbre uygulamalari agisindan ADF
icerikleri %31.52-34.34 arasinda degismis, zeolit ve
leonardit uygulamalarinda rakamsal olarak daha dusik
degerler kaydedilmekle birlikte bu farklilik istatistiksel
olarak 6nemli olmamistir (Cizelge 10). Bulgularimizla
uyumlu olarak Yolcu (2011) ve Giil ve ark. (2015) yaygin
figin ADF orani (zerine zeolit, leonardit ve hayvan
glbresi uygulamalarinin 6nemli bir etkisi olmadigini
bildirmislerdir. Farkli organik giibre kaynaklari uygulanan
figde Gl ve ark. (2015)’in belirledigi degerler (%32.58-
34.98) belirledigimiz degerlere oldukga yakin olurken,
Yolcu (2011) biraz daha disiik degerler bildirmistir. Fig
turleri acgisindan ADF oranlari arasindaki farklihk
istatistiksel olarak Onemli bulunmustur. Yaygin fig
%30.58 ile en dislik ADF oranina sahip tir olurken, tlylu
fig en ylksek ADF oranina (%35.05) sahip tiir olmustur.

Macar figinin ADF orani (%32.78) ise diger iki tlriin ara
grubunda vyer almistir. Sonugclar, fig tirlerinin ADF
oranlarinin disikten yiksege dogru yaygin fig, Macar figi
ve tuylu fig seklinde siralandigini bildiren Glizelogullar
ve Albayrak (2016)'in bulgularini destekler niteliktedir.
interaksiyonlari incelendiginde ADF oranlarinin %28.47-
36.77 arsinda degistigi gortlmektedir. Tam glbre
uygulamalari i¢in en distk ADF oranlar yaygin figde
belirlenmis, bunu sirasiyla Macar figi ve tiylu fig takip
etmistir. Yemlerdeki ADF igeriginin miktari ruminantlar
tarafindan yem alimini ve sindirimini etkileyen en 6nemli
parametrelerden biridir (Yavuz, 2005; Canbolat ve
Karaman, 2009). Bu nedenle disik ADF orani yem
bitkilerinde istenen bir durumdur. Degisik arastirmalarda
fig tlrlerinin ADF oranlarinin %25.43 ile 35.80 arasinda
degistigi bildirilmistir (Erol ve ark., 2009; Yicel ve ark.,
2014; Cacan ve ark., 2018). Elde ettigimiz degerler bu
literatlr bildirisleriyle uyumludur.

Cizelge 10. Farkl organik guibrelerle yetistirilen fig turlerinin ADF (% KM™) degerleri
Table 10. ADF (% DM?) values of vetch species grown with different organic fertilizers

Yaygin Fig+SE Macar Fig+SE TuylU Fig£SE Gubre Ort.£SE
Kontrol 32.40£2.56 33.85+1.18 36.7713.10 34.34+1.37
Zeolit 30.77+0.27 31.90+2.66 32.7410.99 31.80+0.87
Leonardit 28.47+0.99 31.65+2.90 34.44+1.57 31.52+1.32
Hayvan Glibresi 30.67+1.22 33.71+1.12 36.26%2.23 33.55+1.14
Tir Ort.£SE 30.58+0.77" 32.78+0.96"8 35.05+1.02*

SE: Standart hata; Ort.: Ortalama

Ayni satirda farkh harflerle gosterilen degerler birbirinden farklidir(P<0.05).
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ADL degerlerine ait ortalamalar Cizelge 11’de verilmistir.
Cizelgeden de izlendigi gibi ADL icerigi bakimindan
uygulamalar ve interaksiyonlar arasinda istatistiki bir
fark ortaya c¢ikmamistir. Glbre ortalamalari ADL
degerleri %5.68-6.49 arasinda, fig tirl ortalamalari ise
%5.86-6.59 arasinda degismistir. interaksiyonlarin ADL
icerikleri ise %5.30-7.29 arasinda tespit edilmistir. ADL
yemdeki ligninin ifadesi olup, yemlerdeki lignin igerigi
ruminantlar tarafindan ne mikrobiyal enzimler ne de
sindirim enzimleri ile sindirilemedigi icin yemden
yararlanmayi olumsuz etkilemektedir (Naser ve ark.,
2011). Ek olarak, lignin yemlerde bulunan ve hayvanlar
tarafindan sindirilerek enerjiye cevrilebilen seliiloz ve
hemiseliilozun sindirimini negatif yonde etkilemektedir

(Sridhar ve Senani, 2011). Akdeniz ve ark. (2018) dort
farkh taylt fig cesidinde ADL igeriklerini %2.81-3.65
arasinda bildirmislerdir. Macar figinde ADL igeriginin
%6.42 ve 6.55 oldugu tespit edilmistir (Yolcu ve ark.,
2009). Haj Ayed ve ark. (2001) tiy fig ve yaygin figde li¢
farkh hasat zamaninda ADL igeriklerini sirasiyla % 8.7-
10.1 ve % 9.3-9.9 arasinda bulmuslardir. Bu
arastirmalarda belirlenen fig tirlerinin ADL igerikleri
degiskenlik gostermekle birlikte, bizim belirledigimiz ADL
oranlari literatirlerde belirtilen sinirlar igerisindedir. ADL
oranlari  arasindaki  bu  farkhliklarin  kullanilan
genotiplerin, yetistirme tekniklerinin ve ekolojilerin farkl
olmasi yaninda hasat zamanindaki farkliliklardan
kaynaklandigi diisiinilmektedir.

Cizelge 11. Farkh organik gtibrelerle yetistirilen fig tirlerinin ADL (% KM™) degerleri
Table 11. ADL (% DM™) values of vetch species grown with different organic fertilizers

Yaygin Fig+SE Macar Fig+SE TlylG Fig+SE Gubre Ort.1+SE
Kontrol 6.08+0.51 6.00£0.34 7.24+0.60 6.4410.32
Zeolit 5.6310.45 6.13+0.44 5.30%0.18 5.68+0.22
Leonardit 6.17+0.59 5.68+0.76 6.5410.38 6.13+0.32
Hayvan Gubresi 5.57+0.23 6.6210.26 7.29+0.61 6.49+0.32
Tur Ort.+SE 5.8610.21 6.11+0.23 6.5910.32

SE: Standart hata; Ort.: Ortalama

NYD, NDF ve ADF degerleri kullanilarak hesaplanan bir
yem kalite  indeksidir ve yem  kalitesinin
degerlendirilmesinde siklikla kullanilir (Rohweder ve
ark., 1978; Atis ve ark., 2019). NYD degerlerine ait
ortamalar Cizelge 12’de verilmistir. NYD acisindan
organik glbre kaynaklarinin, fig tirlerinin ve ikili
interaksiyonun etkisi istatistiki anlamda 6nemsiz
bulunmustur. NYD organik gibre uygulamalarina bagl
olarak 114.00-123.67 arasinda bulunurken, fig tiirlerine
bagl olarak 114.81-123.86 arasinda degismistir.
interaksiyona bagh olarak ise NYD degerleri 112.33-
132.89 arasinda degisiklik gbstermistir. Marten ve ark.
(1988)'na gore yemlerin NYD 140’dan yiiksek ise ¢ok iyi,

110-139 arasi ise iyi, 90-109 aras! ise orta ve 75’den
disuk ise kotl olarak nitelendirilmistir. Buna gore
calismadan elde edilen NYD sonuglari, tim uygulamalar
icin elde edilen yemlerin “iyi” sinifta yer aldigini
gostermektedir. Cagan ve ark. (2018) bazi yaygin fig hat
ve cesitlerinde NYD’ni 129.6-184.0 arasinda rapor
etmislerdir. Lithourgidis ve ark. (2006) yaygin figde
NYD’ni 126.85 olarak tespit etmistir. Canbolat ve
Karaman (2009) tiyli figde NYD’ni 157.7 olarak
bildirmistir. Kaplan ve ark. (2019) bazi Macar fig
genotiplerinde  NYD’'ni  106.73-124.65  arasinda
bulmuslardir. Elde edilen degerler dnceki arastirmalarda
bildirilen sinirlar icerisinde yer almistir.

Cizelge 12. Farkh organik glibrelerle yetistirilen fig tlrlerinin NYD degerleri
Table 12. Relative feed values of vetch species grown with different organic fertilizers

Yaygin Fig+SE Macar Fig+SE TuylU Fig£SE Gubre Ort.£SE
Kontrol 119.81+7.58 112.33+2.26 109.85+10.64 114.00+4.11
Zeolit 120.87+1.47 125.65+7.62 114.33+2.76 120.28+2.89
Leonardit 132.89+5.19 117.8316.46 120.30+5.32 123.67+3.68
Hayvan Glibresi 121.86%£2.99 113.10+4.11 114.7419.93 116.57+£3.49
Tur Ort.£SE 123.86+2.62 117.23+2.84 114.81+3.54

Arastirma sonuclari organik hayvanciligin gereksinim
duydugu kaba yemin karsilanmasi amaciyla yetistirilen
fig turlerinin verim ve kalite parametreleri (izerine farkli

organik glibrelerin (hayvan gibresi, zeolit ve leonardit)
kontrole gbére o6nemli bir farklihk olusturmadigini
gOstermistir. Bu nedenle, benzer ekolojik kosullarda
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organik fig yetistiriciliginde herhangi bir glbre
kullanilmadan  fig  tirlerinin  ekonomik  olarak
yetistirilebilecegi sonucuna varilmistir. Ancak, 6nceki
calismalarin da 1sig1 altinda 6zellikle leonardit ve zeolit
icin farkl uygulama dozlarinin kullanildig doz belirleme
calismalarinin yapilmasinin faydali olacagi soylenebilir.
Bununla birlikte, organik tarimda toprak organik
maddesinin arttirilmasi ve yapisinin dizeltilmesi temel
hedefi ve oOzellikle tlylu figde sagladigi verim artisi
nedeniyle hayvan gibresi uygulanmasi tavsiye edilebilir.
Fig tirleri arasinda tiyli fig daha yliksek verim
degerlerine sahip tir olurken, yaygin figin kalite
degerlerinin diger tirlerden daha vyiksek oldugu
belirlenmistir. Yiksek verim agisindan tiyli figin tercih
edilmesi gerektigi sonucuna varilmistir.

OzZET

Amag: Ulkemizde organik gida talebi son yillarda giderek
artmaktadir. Fakat organik tarim kapsaminda hayvansal
Uretim besleme gicliklerinden dolayi oldukga zordur. Bu
calisma organik kaba yem Ulretimi amaciyla yetistirilen
bazi fig tlrlerinin yem verimi ve kalitesi lzerine farkli
organik giibre kaynaklarinin etkisini belirlemek amaciyla
ylratdlmastar.

Yéntem ve Bulgular: Denemede, yaygin fig (Vicia sativa
L.), macar figi (Vicia pannonica Crantz) ve tuyli fig (Vicia
villosa Roth) olmak (zere 3 farkli fig tiri ve zeolit,
leonardit, bliylikbas hayvan giibresi olmak tizere (g farkl
organik gilbre c¢alismanin faktorlerini olusturmustur.
Ayrica organik glibre uygulamalarinin  etkilerini
kiyaslayabilmek icin gilibrelemenin yapilmadigi kontrol
muamelesi de kullanilmistir.  Arastirma  tesadif
bloklarinda bolinmis parseller deneme desenine goére
planlanmis ve (¢ tekerrtrli olarak yuratilmustdr.
Organik gilbre uygulamalari altinda fig tirlerinin ot
verimi ve kalitesini belirlemek icin bitki boyu (BB), yas ot
verimi (YOV), kuru ot verimi (KOV), ham kiil (HK), organik
madde (OM), ham protein (HP), notr ortamda
¢6zinmeyen lif (NDF), asitli ortamda ¢o6ziinmeyen lif
(ADF), asitli ortamda ¢6ziinmeyen lignin (ADL), ve nispi
yem degeri (NYD) Ozellikleri incelenmistir. Calismanin
sonuglarina gore, fig tiirleri arasinda BB, YOV, HP ve ADF,
acisindan istatistiki anlamda bir fark bulunurken, sadece
HP  bakimindan faktorler arasinda ©nemli bir
interaksiyon olusmustur. Fig tirlerinin BB, YOV, HP ve
ADF degerleri sirasiyla 86.15-148.73 cm, 1900.33-
2045.83 kg da', % 19.99-21.82 ve % 30.58-35.05
arasinda bulunmustur. Diger taraftan, interaksiyonlar
arasinda HP degerleri ise % 18.89-22.54 arasinda
degisiklik gostermistir. Organik glibre uygulamalarinin fig
turlerinin verim ve kalitesi Gzerine etkisi sinirli olmustur.
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Bununla birlikte, hayvan giibresi uygulanan tiyla figden
500 kg da?l Uzerinde kuru ot verimi alinabilecegi
belirlenmistir.

Genel Yorum: Elde edilen veriler fig tlrlerinin organik
hayvancilikta ihtiyac duyulan kaba yemin
karsilanmasinda énemli bir kaynak olabilecegini ve tiyli
figin diger tlrlerden daha yliksek verime sahip oldugunu
gOstermistir. Ayrica, istatistiksel olarak 6nemsiz olmakla
birlikte Amik Ovasi kosullarinda hayvan giibresinin fig
yetistiriciliginde zeolit ve leonarditten daha etkili oldugu
soylenebilir.

Calismanin Onemi ve Etkisi: Organik fig yetistiriciliginde
glbre kullanimi ile ilgili sinirll sayida ¢alisma vardir.
YirGtllen arastirma ile organik fig tarimi yapan giftcilere
ve ileriki arastirmalara yardimci olabilecek sonuglar elde
edilmistir. Ayrica c¢alisma sonucunda, kullanilan
glbrelerde doz belirleme calismalarinin yiratilmesi
gerektigi sonucuna varilmistir.

Anahtar Kelimeler: Organik tarim, fig tirleri, ot verimi,
ot kalitesi, organik gubre.

CIKAR CATISMA BEYANI
Yazar(lar) ¢alisma konusunda
olmadigini beyan eder.

¢ikar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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Aims: Presence of Leptodemus minutus Jakovlev (Hemiptera), which cause
direct damage by feeding, was investigated on cotton crop plants in Hatay
province, Turkey.

Methods and Results: The study material was constituted from specimens
of L. minutus Jakovlev collected from cotton plants growing in Hatay in
2019. In this study, specimens were prepared for re-description for species
level, the body parts of examined species having taxonomical importance
were photographed. In addition, distributional data of the species in
Turkey and on the world, host plants and collection locality information for
each of the species investigated were given. Important morphological
characters of species were examined.

Conclusions: Cotton is currently the leading fiber plant crop in worldwide.
There are many harmful insect in cotton production, which cause
economic losses. In recent years, Leptodemus minutus Jakovlev as a new
pest of cotton, which causes serious damage to the cotton production has
emerged. The pest has been reported first time in cotton production areas
of Hatay province of Turkey in 2019.

Significance and Impact of the Study: This pest causes damage on young
seedlings by colonizing in high numbers and feeds by inserting its stylets
into the leaves and stems causing deformation of the leaves and wilting.
Pest control is difficult due to the high population and there are not
enough studies on integrated pest control. This study clearly shows that
there is a need for a detailed study on the biology and control of the pest
at cotton-cultivated areas.
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INTRODUCTION

The genus Gossypium was named by Linneaus in the
middle of the 18" century. Itis in the Order Malvales and
Tribe Gossypieae, Family Malvaceae (Smith, 1995).
Cotton plant is one of the most important cash crops
cultivated globally in several countries. It is grown

commercially in more than 50 countries which are in the
temperate and tropical regions (Smith, 1999). It provides
raw material for cotton textile industry and also is the
source for edible oil. There are few countries in the world
which have suitable ecological conditions and produce
80% of world production among which Turkey is
counted. An average of 32.1 million hectares of cotton is
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cultivated in the world and 24.4 million tons of fiber
cotton is obtained from this planting area (Customs and
Trade Ministry, 2018). While India, China, Pakistan, USA
and Uzbekistan are the leading cotton growing countries
of the World (Tidke et al., 2014), according to 2017/18
season forecasts, the top 5 cotton producing countries in
the world are; India, China, USA, Pakistan and Brazil. The
top five consumer countries are China, India, Pakistan,
Bangladesh and Turkey (Customs and Trade Ministry,
2018).

Cotton cultivation has a significant potential and there
are many disease agents and pest species that restrict
production which may affect negatively the cotton
cultivation in Turkey, many species to be harmful such as
Aphis gossypii Glov. (Hemiptera: Aphididae), Thrips
tabaci L. (Thysanoptera: Thripidae), Empoasca decipiens
Paoli, Asymmetrasca decedens (Paoli) (Hemiptera:
Cicadellidae), Tetranychus cinnabarinus (Boisd.), T.
urticae (Acarina: Tetranychidae), Bemisia tabaci
(Hemiptera: Aleyrodidae) Oxycarenus hyalinipennis (A.
Costa), O. luctuosus, Nysius vinitor (Hemiptera:
Lygaeidae), Creontiades pallidus (Rumb.), Lygus italicus
Wagner (Hemiptera: Miridae), Nezara viridula (L.)
(Hemiptera: Pentatomidae), Heliothis armigera,
Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae),
Pectinophora  gossypiella  (Saund.) (Lepidoptera:
Gelechiidae) (Tezcan, 2000; Efil and ilkan, 2003; Mart,
2004; El-Wakeil and Abdallah, 2012; Ozgiir et al., 2019)
are among the important sucking pests. Recently, L.
minutus, has emerged as a new pest of cotton in Turkey.
The family Lygaeidae to which Leptodemus minutus is
belonged to is one of the richest family after the Miridae
of the order Hemiptera. The family includes some 650
genera and about 4000 species, distributed in almost all
habitable lands of the world (Aukema and Rieger, 2001).
L. minutus from the Oxycarininae subfamily is widely
distributed in the southernmost area of the Palaearctic
region, extending to Sudan (Péricart, 2001). Number of

European localities (in Spanian) are very few (Goula et
al., 2008). Two species belonging to the genus
Leptodemus in the Palearctic region, the presence of a
one species in Turkey is known (Aukema and Rieger,
2001). Leptodemus minutus lives on sandy soils, in desert
climates (Péricart, 2001). It may also be collected at 4000
m (Atlas range, Morocco). It is speculated that maybe it
frequents dry and sunny places, where grasses are
abundant, as wasted lands, field margins, road and trail
borders, among others (Goula et al., 2008).

In 2019, L. minutus that a new pest of cotton which
causes serious damage to the cotton production area
has emerged in Hatay, Turkey. In this contribution, we
report L. minutus as a pest of cotton in Turkey, and
comment on the taxonomy of the species.

MATERIALS and METHODS

The study material was constituted from specimens of L.
minutus which collected from Hatay in 2019 (Fig. 1). The
material was obtained from cotton. In this study,
specimens were prepared for re-description for species
level, the body parts of examined species having
taxonomical importance were photographed. In
addition, distributional data of the species in Turkey and
on the world, host plants and collection locality
information for each of the species investigated were
given. Important morphological characters of species
were examined. The specimens were dissected for
examination, and abdomens were removed and placed
in a cold 10% KOH solution for 10 minutes. Then the
important terminal parts showing taxonomic characters
of the species were removed from the abdomen. Photos
enhanced using Corel PHOTO-PAINT software (version
12.0). Morphological characters given in this paper are
according to Cagatay (1985). The material deposited in
the Nazife Tuatay Plant Protection Museum (Ankara).

Figure 1. Sampling site of Leptodemus minutus
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RESULTS and DISCUSSION

Material examined
Hatay: Altin6zi, Hacipasa, 124m,
36°21'23.7"E, 18.V.2019, 12 99, 28 5'JF.

36°00'45.4"N

Distribution in Turkey

Afyonkarahisar (Sert et al., 2013); Isparta, Manisa, izmir,
Sanhurfa (Cagatay, 1985); Gaziantep, Kahramanmaras,
Kilis (Lodos et al., 1978, 1999); Siirt (Matocq and Ozgen,
2010; Matocq et al., 2014). Onder et al. (2006) reported
the species from Ege, Marmara and Mediterranean
regions.

Distribution

Egypt (Linnavuori, 1964); Libya (Gentry, 1965; El-
Meghrabi, 2009); Sudan (Linnavuori, 1977); Iraq
(Linnavuori, 1995); Jordan (Tawfiq, 1990; Katbeh et al.,
2000); Russia, Ukraine, Algeria, Morocco, Tunisia,
Azerbaijan, Afghanistan, Kazakshtan, Turkey, Cyprus,
Israel, Kirgizia, Kuwait, Mongolia, Saudi Arabia, , Syria,
Tadzhikistan, Turkmenistan, Uzbekistan, Yemen,
(Aukema and Rieger, 2001); Canary Islands (Heiss et al.,
1996; Aukema et al., 2006); Spain (Goula et al., 2008);
Iran (Linnavuori, 2011); Kazakhstan (Yesenbekova and
Homziak, 2013).

Morphology and Identification

Leptodemus minutus has been described by Jakovlev
(1876) from Astrakhan. The series-type (9 syntypes) is
preserved at the Institute of Zoology of Saint-Petersburg.
This species was transferred to the genus Leptodemus by
Reuter (1900) and is the standard species. It has a large
area of contemporary distribution, from Algeria to

1mm

Turkey and to Middle Asia. It is highly variable in color,
and several "varieties" have been described: albicans
Reuter op. cit. (Turkmenistan), pallidula Reuter op. cit.
(Algeria), mancinii Stichel 1958: 144 (provenance)
(Péricart, 1994). In this study microscopic observations
for a correct identification in L. minutus, were
conducted. It is as follows.

1(2) Head as wide or wider than long; body 3.5-3.7 times
as long as the width of the pronotum. First article of
posterior tarsi longer than the next 2. Long: 2.5-3.6 mm.
Turanian-SudMediterranean element
L. minutus (Jakovlev)
2 (1) Head longer than broad; body 4.2-4.4 times as long
as the width of the pronotum. First article of posterior
tarsi a little shorter than the next 2. Long: 2.8-3.0 mm.
Turanian-Mediterranean
element......cceeeveeeceeee e

.....L. bicolor Lindberg

Leptodemus minutus Jakovlev 1876

Synonymy: Macropterna minutus Jakovlev, 1874

Head, distal of pronotum, thorax light yellow-brown and
other parts of the body cream; membrane white, veins
pale brown; Pygophore very light colored and quite
different shaped, distal straight, lateral edges very light
arc-shaped; the genital patency is the same width as the
pygophore in the distal, and "V" shaped in the proximal
(Fig. 2 B); Although three slight protrusions are generally
chosen at the edges of the genital opening showing the
"V" shape, the anterior and posterior segmentation seen
in the general structure of Lygaeidae pygophore is not
apparent in this species; the hypophysis part of the
paramers is narrow curved and pointed; the body has a
large angled outer protrusion, a rounded front

protrusion and protrudes proximally (Fig. 2 C,D). Body
height: 2,6-3,4 mm.

0,1 mm

Figure 2. A: Adult of Leptodemus minutus Jakovlev &'; B: Dorsal view of the genital capsule; C- Left paramere (a:
outher protrusion, b: basal protrusion, c: front protrusion, d: hypophysis); D-Right paramere

Habitat and Ecology
Leptodemus minutus lives on sandy soils, in desert
climates. It may also be collected at 4000 m (Atlas range,
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Morocco) (Goula et al., 2008), in Tenerife on the Teyde
peak up to 3700 m, in Middle Asia up to 2400 m. It seems
to hibernate as an adult and perhaps a larva. Hibernants
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are found under the surface layer of sand at the foot of
plants or among their residues, it has also been found in
a Rodent burrow. Active adults meet from early spring to
late fall; larvae at stages IlI-V could collected even in the
middle of July. The species could be polyphagous. It has
also been mentioned among insects harmful to
vineyards in Algeria, but this does not seem to have been
confirmed subsequently (Péricart, 1998). As host plants,
Artemisia inodora, Plantago indica and Aristida scoparia
have been recorded (Goula et al., 2008). Besides, olive,
orange (Gentry, 1965), Poaceae (Linnavuori, 2011),
Polygonum equisetiforme L. (Parkinson et al., 1923), fig,
pear, apple, peach, pistachio, grape, cereals, cabbage,
cauliflower, muskmelon, weeds (Tawfig, 1990) and Salix
sp. have been reported (Lodos et al., 1978, 1999; Kiyak,
2019). It is speculated that maybe it frequents dry and
sunny places, where grasses are abundant, as wasted
lands, field margins, road and trail borders, among
others (Goula et al., 2008).

Damage

Lygaeidae that feed on fallen weed seed may beneficially
prevent germination. The observation that L. minutus
sucks human blood was dismissed as random
exploration for moisture (Slater, 1972). This probably
also applies to Macropternella inermis (Fieber), and to
Nysius swarms in Sudan and Kuwait, where specimens
inflicted painful bites and swellings on exposed parts of
the human body (Judd, 1994). Leptodemus minustus has
been observed in cotton fields in May of the year 2019
in Hatay. In hot and dry periods, weather conditions
favorable for the development of large populations,
individuals of the species feed on plant tissue and cause
chlorosis in the leaves and scarification on the fruits,
which become deformed and whitish to silver-colored.

Control

Leptodemus minutus is a potential threat for cotton
production areas in Turkey. In Hatay province, which has
an important place in terms of cotton production area
and production amount, it is not known exactly the
distribution and damage of the pest. The pest is not yet
sufficiently recognized by the cotton growers and can be
confused with other pests according to symptoms. Due
to their small size and ability to move quickly, controlling
by conventional chemical means is difficult and also
there are not enough studies on integrated control.
According to the available literature, it is the first pest
report of L. minutus on cotton in the World. There is a
need to carry out studies on hosts, prevalence in cotton
fields, biology, natural enemies and damage to cotton
yield of L. minutus.
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OZET

Amag¢: Bu c¢alismada, pamuk bitkileri Gzerinde
beslenerek dogrudan zarara yol acan Leptodemus
minutus Jakovlev (Hemiptera)'un Hatay ilindeki varlig
aragtiriimugtir.

Yéntem ve Bulgular: Calisma materyali 2019 yilinda
Hatay'dan toplanan L. minutus Jakovlev 6rneklerinden
olusturuldu. Bocek ornekleri pamuktan elde edildi.
Calismada, turlerin yeniden tanimlanmasi igin érnekler
hazir hale getirilmis, incelenen tirlerin taksonomik
onemi olan vicut kisimlari fotograflanmistir. Ayrica
Tirkiye’de ve diinyada tirlerin dagilim verileri, konukgu
bitkiler ve incelenen tirlerin her biri igin toplama yer
bilgisi verilmistir. Turlerin dnemli morfolojik 6zellikleri
incelenmistir.

Genel Yorum: Pamuk glinimizde yetistiriciligi yapilan
onde gelen lifli bitkilerdendir. Iliman ve tropik bolgelerde
50’den fazla Ulkede ticari olarak yetistirilmektedir.
Pamuk dretiminde 6nemli ekonomik zararlara neden
olan bircok zararh bilinmektedir. Son yillarda pamuk
Uretiminde zararlara neden olan yeni bir pamuk zararlisi
L. minutus ortaya cikmistir. Bu zararl ilk olarak 2019
yilinda Hatay’da pamuk alanlarindan bildirilmistir.
Calismanin Onemi ve Etkisi: Bu zararli Oxycareninae
(Hemiptera: Lygaeidae) altfamilyasina aittir ve geng
fidelerde yiliksek miktarlarda kolonileserek, yapraklar
Uzerinde yogun bir sekilde emgi yaparak, yapraklarin
solmasina ve deformasyonuna neden olur. Zararl ile
micadele yliksek poptllasyon nedeni ile zordur ve
Entegre miicadele amacgh zararliyla ilgili yeteri kadar
¢alisma bulunmamaktadir. Bu ¢alisma, pamuk Uretim
alanlarindaki zararhlarin biyolojisi ve kontroli ile ilgili
ayrintili calismaya ihtiya¢ oldugunu gostermektedir.

Anahtar Kelimeler: Gossypium hirsutum, Leptodemus
minutus, Heteroptera, Lygaeidae, Oxycareninae,
Turkiye.
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Asmalarda fungal gévde hastaliklarinin arastirilmasinda farkh inokulasyon yéontemlerinin
karsilastirilmasi

Comparison of different inoculation methods in the investigation of fungal trunk diseases in grapevines

Davut Soner AKGUL*”
ICukurova University, Faculty of Agriculture, Department of Plant Protection, Balcali-Adana, Turkey.

MAKALE BiLGISi / ARTICLE INFO OZET/ABSTRACT
Makale tarihgesi / Article history: Aims: Grapevine trunk disease are complex diseases caused by many
DOI: 10.37908/mkutbd.741812 fungal plant pathogens. In this study, it was aimed to determine the most
Gelis tarihi /Received:23.05.2020 suitable inoculation method for some fungal pathogens representing four
Kabul tarihi/Accepted:02.07.2020 different diseases (Petri and Black Foot, Botryosphaeria and Phomopsis

Dieback).

Methods and Results: Fungal species Phaeomoniella chlamydospora,
Keywords: Dactylonectria macrodidyma, Neofusicoccum parvum and Diaporthe
Grapevine, Dactylonectria nacrodidyma, ampelina were inoculated into dormant canes or green shoots by different
Diaporthe  ampelina,  Neofusicoccum inoculation methods. These methods for dormant cuttings were as
parvum, Phaeomoniella chlamydospora. follows; mycelial agar disc inoculation under bark (a), mycelial agar disc

placement onto the top of cuttings (b), xylem injection method (c) and
”CorreSponding author: D. Soner AKGUL mycelial agar disc inoculation on green shoots (d). After inoculation of the
P\ sakgul@cu.edu.tr pathogens on cuttings and shoots, they were allowed to grow for 2 months

and then lesion lengths on the tissues were measured. As a result, all the
pathogens produced lesions on both dormant canes and green shoots with
all inoculation methods, but measured lesion lengths differed from the
inoculation methods used. The pathogen and inoculation methods
matching, in which the longest lesions were formed, were as follows;
mycelial agar disc inoculation on green shoots for Diaporthe ampelina
(72.2 mm), xylem injection method for Dactylonectria macrodidyma and
Phaeomoniella chlamydospora (23.0 mm and 66.1 mm respectively) and
mycelial agar disc inoculation under bark for Neofusicoccum parvum (51.5
mm).

Conclusions: Although different inoculation methods have been used by
many researchers to investigate in grapevine fungal trunk diseases, it has
been revealed that pathogenicity tests can be performed using one of
methods used in this study. In studies with a large number of spore
producing species, it has been observed that the xylem injection method
would yield more plausible results. It was also found that mycelial agar disc
inoculations, under bark or on the top of the cuttings, were more suitable
for the species having a strong mycelial growth and pycnidial production.
Significance and Impact of the Study: The selection of the inoculation
method in a study directly affects the results of that research. It is thought
that the results of this study may contribute to the selection of the
appropriate inoculation method in researches on grapevine trunk
diseases.

Atif / Citation: Akgil DS (2020) Asmalarda fungal gévde hastaliklarinin arastirilmasinda farkh inokulasyon yontemlerinin
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GiRIS

Asmalarda fungal etmenlerden kaynaklanan govde
hastaliklari, son yillarda diinya ve llkemiz baglarinda
onemli bir sorun haline gelmeye baslamigtir. Son 50 yilda
diinyadaki bag alanlarinin artmasina paralel olarak
Uretim materyallerinin {lkeler arasinda tasinmasi,
makineli budamayla birlikte farkh terbiye sistemlerinin
yayginlasmasi ve 1990’ yillardan baslamak (zere
sodyume-arsenit, benzimidazol grubu fungisitler ve metil
bromidin yasaklanmasiyla, asma goévde hastaliklarinin
hizla yayginlastigi bildirilmistir (Bertsch ve ark., 2013).
Asma govde hastaliklari uzun vadede ekonomik kayiplara
neden olmakta ve bagciliktan elde edilen kazanci
azaltmaktadir. 2013 yilinda Briksel’de yayinlanan bir
COST raporuna gore; asma govde hastaliklari nedeniyle
tim diinyadaki asmalarin %1’inin sokildigu ve yerine
yenilerinin dikildigi ifade edilmis, buna gére yenileme
maliyetleri, harcanan zaman, Urin azalisi ve benzer
ekonomik kayiplarin, diinya genelinde 1.132 milyar Euro
civarinda oldugu tahmin edilmistir (Anonymous, 2013).
Bugtine kadar 34 cinse bagh 133 farkh fungus tiirlintn,
asma govde hastaliklarina neden oldugu tespit edilmistir
(Gramaje ve ark., 2018). Asma govde hastaliklari
icerisinde Esca Sendromu, Botryosphaeria, Eutypa,
Phomopsis Geriye Olim Hastaliklari, Petri ve Siyah Bacak
Hastaliklari seklinde  farkh baslklar  altinda
gruplandiriimaktadir. Bir grupta yer alan benzer tirler
birbirine yakin biyolojik dongliye sahip olsalar da, farkli
gruplar igerisindeki tilrlerin biyolojileri birbirinden
farkhdir. Ornegin gen¢ asmalarda Siyah Bacak
Hastalhig’'na yol agan funguslar, Cylindrocarpon-
anamorflari  olarak adlandirilan  toprak  kokenli
funguslardir ve bunlar ¢cogunlukla Grettikleri miselyum,
konidiler veya klamidosporlari aracihgiyla yayilmaktadir.
Diger taraftan Botryosphaeria, Eutypa, Phomopsis
cinslerine bagh tirler, cogunlukla pikniosporlar ya da
peritesyumlardan dogmus askosporlariyla diger asmalari
enfekte etmektedirler. Petri Hastaligi etmenlerinin ise
daha cok asma Uretim materyalleri icerisinde (veya
Uzerinde) eseysiz  mikrokonidileri, bazen de
askosporlariyla genis alanlara yayilabildikleri
bildirilmistir (Halleen ve ark., 2006; Mostert ve ark.,
2006; Urbez-Torres, 2011).

Son 30 vyilda asma govde hastaliklariyla ilgili
arastirmalarin sayisi hizla artmis, bu patojenlerin
biyolojileri aydinlatilmis ve filogenetik ayrimlarla
neredeyse tamaminin taksonomik yerleri belirlenmeye
cahsiimistir. Etiyolojik, taksonomik ve epidemiyolojik
calismalarla birlikte bu hastaliklara neden olan
patojenlerin  micadelesiyle ilgili calismalar da
ylratidlmastlr. Bu galismalar yuratulirken besi yerinde
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ya da dogal substratlarda c¢ogaltilan inokulum farkh
yontemlerle asmalara bulastirilmis ve virilenslikleri
belirlenmistir. Ancak patojenisite ya da cesit duyarhhg
testlerinde bircok arastirmaci farkli inokulasyon
yontemlerini kullanmislardir. Alaniz ve ark., (2007)
ispanya’da Cylindrocarpon tiirlerinin bitki gelisimine
etkilerini  inceledikleri  bir ¢alismada 8 aylik,
koklendirilmis 110-R anacinin koklerini fungal izolatlarin
spor siispansiyonuna daldirarak inokiile etmisler ve 4 ay
sonra kok enfeksiyonlari ve sirglin kuru agirhklarini
incelemislerdir. Burruano ve ark., (2008) italya’nin Sicilya
Bolgesi’'nde yetistirdikleri iki yasindaki Insolina gesidi
asmalarda Lasiodiplodia theobromae’'nin  hastalik
olusturma gicinl test etmislerdir. Topragin 10 cm
Gzerinden govdeye 1-1.5 cm wuzunluk ve 5 mm
derinliginde yaralar agmislar ve bu noktalara fungusun
miselyal agar disklerini inokule ederek 2 ay sonra, odun
dokuda olusan lezyonlari  degerlendirmislerdir.
Baumgartner ve ark., (2013) bir yasindaki Chardonnay
cesidi asma fidanlarinda Diaporthe ve Phomopsis
turlerinin  patojenisite c¢alismalarini  yiriatmuslerdir.
Odunsu govdeye elektrikli matkap ile 2 mm genislik ve 3
mm derinlikte yaralar acarak patojenlerin spor
sispansiyonlarindan 20 pl enjekte etmisler ve
inokulasyondan 1 yil sonra meydana gelen lezyonlari
degerlendirmislerdir. Avustralya’da yapilan diger bir
¢alismada ise Eutypa lata’nin askosporlarindan olusan
suspansiyon, 10 cm uzunlugunda kesilmis asma
kalemlerinin (cesit Shiraz) tepesine mikropipetle
damlatiimis, bu kalemlerin dip kismi polistren kdpuklere
saplanarak platform suda yizdurilmis ve 4 hafta sonra
Ustten dibe dogru, odun dokuda olusan lezyon
uzunluklari 6lgtlmustir (Ayres ve ark., 2011).

Yukarida Ozetlenen ¢alismalardan anlasilacagi gibi asma
govde hastaliklarinin arastirilmasinda farkli patojenler
farkli  yontemlerle inokiile edilmisler ve lezyon
uzunluklari degisik zamanlarda Olcllerek
degerlendirilmistir. Asma govde hastaliklarina neden
olan tirlerden bazilari (Or: Eutypa, Botryosphaeria,
Neofusicoccum) yapay besi yerinde spor Uretebilmeleri
icin 6zel kosullar gerekmekte veya sporulasyon ¢ok uzun
zaman almaktadir. inokulum {retimindeki zorluklarin
yani sira bu funguslar odun dokularda gelistiklerinden,
lezyon olusturmalari icin uzun bir sireye ihtiyag
duymaktadirlar. Denemelerin kisa slirede dogru bir
sekilde  yapilabilmesi  icin  farkh  inokulasyon
yontemlerinin karsilastiriimasi, arastirmalarin amacina
gore uygun bir yontemin segilmesi gerekmektedir. Reis
ve ark., (2019) yazmis olduklari derlemede yukarida
bahsedilen metotlarin yaninda kallus kiltiri ve yaprak
disk inokulasyonlarina da deginmisler ancak oldukca
basit bir metot olan tepeden inokulasyona yer
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vermemislerdir. Bu nedenle Ulkemizde yiritllecek
calismalara katki saglayabilmek icin hem kolay hem de
hizli bir yontemin 6nerilebilmesi amaciyla bu calisma
planlanmistir. Calismada, asma govde hastaliklari ile
yapilacak denemelerde farkl inokulasyon yéntemlerinin
karsilastirilmasi ve arastirmanin icerigine gére en uygun
yontemin 6nerilmesi amaglanmistir.

MATERYAL ve YONTEM

Hastalik etmenleri

Bu calismada Botryosphaeria Geriye Olim, Petri
Hastaligi, Siyah Bacak Hastaligi ve Olii Kol Hastaliklarini
temsilen her bir fungal patojen tiriinden birer izolat
(daha oOnce tanisi ve patojenisitesi yapilmis)
kullanilmistir. S6z konusu fungal patojen tirler, sirasiyla
Neofusicoccum parvum’un Npar2Trs, Phaeomoniella
chlamydospora’nun PchiTrs, Dactylonectria
macrodidyma’nin MBAE255 ve Diaporthe ampelina’nin
Dampl1Trs numarali izolatlarindan olusmustur.

Farkli inokulasyon yéntemleri ile fungal patojenlerin
inokulasyonu

Ksileme enjeksiyon (KSE) yontemi

Bu yontemde, Patates Dekstroz Agar besi yerinde (PDA:
Merck) 10-15 giin sireyle gelistirilen fungal kiltirlerden
10”7 spor/ml konsantrasyonda spor siispansiyonlari
hazirlanmistir. Yapay besi yerinde spor olusturmasi zor

olan tiirlerin piknidyumlari, dogal substratlarindan steril
bisturi ile alinarak 1.5 ml’lik steril tliplerdeki distile suya
(500 pl) birakilmis, oda sicaklhiginda 1 gece bekletildikten
sonra 5-6 dk vortekslenmis ve pikniospor slispansiyonu
elde edilmistir. Ardindan pikniospor yogunlugu yine
Thoma Lami ile 107 spor/ml’ye ayarlanmistir. Bagdaki
asmalardan Ocak ayinda 30 cm uzunlugunda, 4-5 gozli
kalemler kesilmis, bunlar laboratuvara getirilip cesme
suyunda 1 gece tutulmuslardir. Ertesi giin elektrikli bir
matkap ile bogum aralarina 2 mm ¢apinda ve 5 mm
derinliginde delikler agilmig, otomatik mikropipetor ile
her bir delige 10 pl konidiyal veya piknidiyal siispansiyon
enjekte edilmistir (Sekil 1). inokulasyon noktasi
parafilmle sarildiktan sonra dormant kalemler, icerisinde
yetistirme harci (her biri esit hacimde olmak lzere; torf,
talas, kum, perlit ve toprak) bulunan plastik torbalara
dikilmis ve iklim odasinda (25°C sicaklik, %75 nispi nem,
12 saat aydinlik/12 saat karanlik) 2 ay sureyle gelismeye
birakilmistir. Kontrol olarak birakilan dormant kalemlere
sadece steril distile su enjekte edilmistir. inokulasyondan
2 ay sonra dormant kalemler bicakla uzunlamasina
kesilmis, inokulasyon noktasinin i¢ bolgesinde olusan
nekrotik alanlarin uzunluklari 6l¢ilmustir. Denemede
her bir patojen igin tesadif parselleri deneme deseninde
4 tekerrirll bir deneme kurulmus ve her bir tekerrirde
3 kalem olmak U(zere toplam 12 asma kalemi
kullanilmistir.

B~
R e

Sekil 1. Dormant asma kalemlerinde pafojeinin ksileme enjeksiyonu (Baumgartner ve ark., 2013)
Figure 1. Injection of pathogen into xylem of dormant grapevine cuttings

Yesil siirgiine disk (YSD) inokulasyonu yéntemi

PDA besi yerinde 10-15 giin siireyle gelistirilen fungal
izolatlarin miselyal agar diskleri, Mayis ayinda asmalarin
yesil sirglinlerine uygulanmistir. Arazi kosullarinda
gerceklestirilen bu uygulamada Kober 5BB/Prima ¢esidi
asmalarin ortalama 1 cm capindaki yesil strglnlerine,
steril bisturiile 0.5 cm ¢apinda ylzeysel ¢izikler yapilarak,
bu bélgelere miselyal agar diskleri yerlestirilmis ve etrafi
parafilm ile sarilmistir. inokulasyon, asmalardaki dip
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gozlerden yaklasik 25-30 cm uzakhktaki bir noktada
yapilmistir. Her bir patojen igin farkli omcalar segilmis ve
bir omcadan 4 ayri yesil slirgin inokile edilmistir (Sekil
2). Her slrgln bir tekerriir olarak kabul edilmis ve
tesaduf bloklari deneme deseninde 4 tekerrirli bir
deneme yiritilmistir. Kontrol olarak ise vyesil
surglinlere sadece fungal kiltlir icermeyen agar diskleri
inokule edilmistir. Bu islemden 2 ay sonra inokulasyon
noktasindaki parafilm agcilip silirglin Gzerinde olusan
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nekrotik  lezyonlarin  uzunluklari

Olclilmis

ve

kaydedilmistir.

Sekil 2. Yesil stirglinlere miselyal agar disk inokulasyonu (RawnsIéyI ve ark., 2004)
Figure 2. Mycelial agar disc inoculation to green soots

Kalemlere tepeden disk (KLTD) inokulasyonu yéntemi

Bu yontemde, dormant asma kalemleri dipten ve
tepeden kit kesilmis, tepe kismina miselyal agar disk
yerlestirilerek stre¢ film ile sarilmistir. Kalemlerin dip
kismi strafor-képuk plakalara saplandiktan sonra su dolu
kiivetlerde ylzdirilmis ve klima odasinda blyimeye
birakilmistir - (Sekil 3). Durgun sudaki mikrobiyal
kontaminasyonu oOnlemek ve oksijeni tazelemek igin
kiivetlerdeki su glin asiri degistirilmistir. Kok, slirglin ve

yaprak olusturan asma kalemleri bu sekilde 2 ay sireyle
blyutildikten sonra tepedeki stre¢ film acilmis,
kalemler boylamsal olarak bigakla kesilmistir. Tepeden
dibe dogru olusan igsel lezyonlar cetvelle olgilerek
kaydedilmistir. Kontrol olarak tertip edilen kalemlerin ug
kismina ise sadece fungus icermeyen agar diskleri
yerlestirilmistir. Her bir patojen icin 12 dormant kalem
kullanilmis, 4 tekerriir olusturulmus, her tekerrirde 3
kalem yer almistir.

Sekil 3. Dormant kalemlere tepeden miseliyal disk inokulasyonu (Ayres ve ark.; .2011)
Figure 3. Mycelial agar disc inoculation to the tops of dormant cuttings

Kabuk altina disk (KAD) inokulasyonu yéntemi

Kabuk altina miselyal disk inokulasyonunda, dormant
kalemlerdeki bogum aralari, 5 mm ¢aph mantar delici ile
yaralanarak kabuk ¢ikarilmistir. Bu noktaya patojenlerin
miseliyal agar diskleri yerlestirilmis ve etrafi parafilm ile
sariimistir (Sekil 4). inokule edilen kalemler, icerisinde
yetistirme harci bulunan posetlere dikilmis ve iklim
odasinda 2 ay stireyle buyutilmuslerdir. Daha sonra
inokulasyon boélgesi bicakla dikkatlice kazinarak odun
doku tizerinde olusan lezyonlarin uzunluklari 6l¢tilmis ve
kaydedilmistir. Bu yontemde toplam 12 kalem (4
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tekerrirld, her tekerriirde 3 kalem) kullanilmigtir.

Deneme deseni ve istatistik analiz

Calismanin vyesil sirglne disk inokulasyonu bolimi
tesadiif bloklari, diger inokulasyon y&ntemlerinin
uygulandigi boélimler ise tesadif parselleri deneme
desenine gore kurulmustur. Dokularda meydana gelen
lezyon  uzunluklarina  varyans analizi  yapilmis,
ortalamalar arasindaki farklar LSD testine gore %5’lik
hata pay! ile degerlendirilmistir (Gomez ve Gomez,
1984).
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Sekil 4.

Kabuk altina miseliyal agar disk inokulasyonu (Sosnowski ve ark., 2005)

Figure 4. Under-bark mycelial agar disc inoculation

BULGULAR ve TARTISMA

Farkli inokulasyon yéntemlerinin karsilastiriimasi
Asmalarda 610 kol etmeni Diaporthe ampelina’nin asma
bitkilerinde olusturduklari lezyonlarin uzunluklari, test
edilen inokulasyon yontemlerine bagli olarak istatistiksel
olarak farkliliklar géstermistir. En blyik lezyon uzunlugu
ortalama 72.2 mm ile yesil slirgine miseliyal agar disk
inokulasyon yodnteminden elde edilirken bunu 57.8
mm’lik ortalama lezyon wuzunluguyla kabuk altina
miseliyal agar disk inokulasyonu takip etmis ve en uzun
lezyon olusturan ikinci uygulama olmustur. Ksileme
enjeksiyon ve kalemlere tepeden agar disk
yontemlerinde en disik lezyon uzunlugu (sirasiyla 35.8
mm ve 33.8 mm) saptanirken, bu uygulamalar arasinda
istatistiki olarak fark saptanmamistir (Sekil 5).

Fidanlar ve gen¢ asmalarda siyah bacak hastaligina yol
acan Dactylonectria macrodidyma dormant patojeni
asma kalemlerine inokule edildikten 2 ay sonra en uzun
lezyon olusumu ksileme enjeksiyon yonteminde (23.0
mm) gozlenirken, bu yontem ile kabuk altina miseliyal
agar disk inokuasyon yontemi  (13.4 mm) istatistiki
olarak ayni grupta yer almistir. En diislik lezyon uzunlugu
Kalemlere Tepeden Agar Disk ve Yesil Siirglinlere Agar
Disk inokiilasyon yontemlerinde (12.0 mm ve 11.3 mm)
saptanmistir (Sekil 5).

Phaeomoniella chlamydospora ile asma dokularina
yapilan farkli inokulasyonlarda, D. macrodidyma’da
oldugu gibi en uzun lezyon uzunlugu, ksileme enjeksiyon
yonteminde (66.1 mm) elde edilmis ve bu yontemi
kalemlere tepeden agar disk inokulasyon yontemi (43.2
mm) takip etmistir. Bu patojenin inokllasyonundaki en
disiuk lezyon uzunlugu vyesil slrginlere agar disk
inokiilasyonu ve kabuk altina miseliyal agar disk
inokiilasyonu yontemlerinde (21.8 mm ve 20.3 mm)
saptanmis, ancak bu uygulamalar arasinda istatistiksel
anlamda bir fark saptanmamistir (Sekil 5).
Neofusicoccum parvum’un asma dokularina dort farkh
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sekilde inokile edilerek, patojenin 2 ay sireyle inklbe
edilmesiyle, istatistiksel olarak yine farkl lezyon
uzunluklari elde edilmistir. Bu yontemler icerisinde en
uzun lezyon uzunlugu 51.5 mm ile kabuk altina miseliyal
agar disk inokulasyonu yonteminde elde edilmistir. Buna
karsin en kisa lezyon uzunlugu 17.8 mm ile kisleme
enjeksiyon yonteminde elde edilmistir. Yesil siirglinlere
agar disk ile kalemlere tepeden agar disk inokilasyon
yontemlerinde asma dokularinda birbirine yakin lezyon
uzunluklari (sirasiyla 41.5 ve 42.7 mm) elde edilmis ve
her iki yontem istatistiksel olarak ayni grupta yer almistir
(Sekil 5). Tum denemelerde steril agarin inokule edildigi
kontrol uygulamalarinda gergek anlamda herhangi bir
lezyon olusmazken, uygulamalarin birbiri ile olan
farklarini ortaya koymak igin kontrol degerleri varyans
analizlerine alinmamustir.

Neofusicoccum parvum’un asmada odun dokusunda ve
yesil sirgunlerde kolaylikla gelisip ilerleyen bir tir
oldugu, salgiladigi cesitli toksinlerle doku 6limlerine ve
sonrasinda kahverengi lezyonlara neden oldugu
bildirilmistir (Abou-Mansour ve ark., 2015). Kurt ve ark.
(2020) tarafindan yapilan calismada Botryosphaeriaceae
familyasina bagh bir diger 06nemli tir olan
Botryosphaeria dothidea’nin ceviz agaclarinda govde
kanseri hastaligina neden oldugu, hastalikli bitkilerden
elde edilen izolatlarin saglkli ceviz agaglarindan kesilen
1.5-2 cm ¢apli ve 20 cm uzunlugundaki dallarina yapilan
disk inokulasyon yontemi sonucunda tipik hastalik
belirtileri  olusturdugu, inokulasyon noktalarindan
patojenin yeniden basarili bir sekilde elde edildigi
bildirilmistir. Yine Botryosphaeriaceae familyasina bagli
tirlerin iletim demetlerinde miselyum halinde ilerledigi
ancak bitki materyallerinin dis ylizeyinde piknidyum
olusturdugu bilinmektedir. Bu olayda ise doku disindaki
oksijen miktari ve 1sigin etkili oldugu bildirilmektedir
(Burgess ve ark., 2005). Calismada N. parvum izolatinda
en uzun lezyon uzunlugunun, kabuk altina yapilan
inokulasyonlarda meydana gelmesinin bu olaylarla iliskili
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olabilecegini gostermektedir. Nitekim Amponsah ve ark.
(2008), Botryosphaeriaceae tiirlerini sporlandirmak igin
yaptiklari  bir ¢alismada, inokule edilmis vyesil
surglinlerden 12-14 giin sonra piknidyum elde edildigini
ve bu yontemin laboratuvar sartlarinda cesitli besi
ortamlarinda yapilanlara gére daha verimli oldugunu
ifade etmislerdir. Arazi kosullarinda yesil slrglinlere
yapilan inokulasyon, kabuk altina yapilan inokulasyona
gore daha kisa lezyonlar olusturmustur. Bu olay yesil
surglinlerin patojene olan dayanikliligi ile ilgili olabilir.
Srivastava ve ark. (2013) asma dokularinda sentezlenen
fenolik bilesiklerin, laboratuvar kosullarinda
Botryosphaeriaceae tirlerinin gelisimini baskiladigini
bulmuslardir. Bu bilesikler patojendeki laccase ve
pektinaz enzimlerinin  olusumunu azaltarak, bu
turlerdeki miseliyal biyimeyi olumsuz etkilemistir. Yesil
surglinlerdeki fenolik madde miktarinin, odunsu
dokulardakine gore daha yiksek diizeyde oldugu goz
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onitnde bulundurulursa, lezyon uzunlugunun neden
daha kisa olduguna acikhk getirilebilir. Kalemlere
tepeden agar disk inokulasyonu yonteminde, kabuk
altina yapilan miseliyal agar disk inokulasyonu
yontemine gore daha kisa lezyon wuzunlugu elde
edilmistir. Amponsah ve ark., (2012) Neofusicoccum
luteum ile inokule edilen asma kalemlerinde, patojenin
dokulardaki ilerleyisini arastirmiglar ve akropetal
yondeki ilerleyisin bazipetal yone gore daha hizh
oldugunu tespit etmislerdir. Elde ettigimiz sonuglarin bu
olayla iliskili oldugu duslinilmektedir. Ancak patojenin
ksileme inokulasyonunda yine akropetal tasinma stz
konusu olsa da, 2 mm’lik matkap tiginin actigi yaraya
ancak  dusik  miktarda  piknidial  slispansiyon
koyulabilecektir. Denemelerde ksileme enjeksiyon
yonteminde en kisa lezyon uzunlugunun elde edilmesi
buna baglanabilir.
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Sekil 5. Farkh inokulasyon yontemleriyle dormant kalemler ve yesil siirgiinlerde 6lgilen lezyon uzunluklari (mm).
KAD: Kabuk altina disk, YSD: Yesil Stirgiinlere Disk, KLTD: Kalemlere Tepeden Disk, KSE: Ksileme Enjeksiyon
yontemleri
Figure 5. Lesion lengths measured on dormant cuttings and green shoots with different inoculation methods (mm).
KAD: Mycelial discs under-bark of the cuttings, YSD: Mycelial discs on the green shoots, KLTD: Mycelial disc
on the top of cuttings, KSE: Xylem injection into the cuttings

Dactylonectria cinsi funguslarin s6z konusu oldugu
durumlarda ksilem enjeksiyonu ydnteminde en uzun
lezyon uzunlugunun elde edilmesi, patojenin daha ¢ok
iletim demetlerinde faaliyet gostermesi ile iliskili olabilir.
Dactylonectria cinsinin, filogenetik agidan Fusarium cinsi
funguslarla yakin oldugu, bol miktarda makro ve
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mikrokonidi Urettikleri bildirilmistir (Booth ve Stover,
1974). Uretilen mikrokonidilerin su hareketi ile iletim
demetleri icerisinde akropetal yonde tasinmasi
sayesinde, ksileme enjeksiyon ile en uzun lezyon
uzunlugu elde edilmesi acgiklanabilir. Bu patojenle, kabuk
altina ve kalemlere tepeden agar disk inokulasyonu
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yonteminin ksilem enjeksiyonu yontemi kadar basaril
olmamasinin  yine bu olayla iliskili  oldugu
distnilmektedir. Ayrica, Dactylonectria
macrodidyma’nin arazi kosullarinda yesil surginlere
inokule edilmesiyle en kisa lezyonlarin dlgtlmesi yine
konukgunun fizyolojik durumuyla baglantili olabilecegini
akla getirmektedir.

Phaeomoniella chlamydospora ile yapilan inokulasyon
calismalarinda, 2 aylk sirede en wuzun lezyon
uzunlugunun elde edildigi yontem yine ksileme
enjeksiyon yontemi olmustur. Bunun nedeninin yine
Dactylonectria macrodidyma’da aciklanan nedenlerle
baglantili olabilecegi duslintlmektedir. Ancak
Phaeomoniella chlamydospora patojeni kabuk altina
inokule edildiginde ortalama lezyon uzunlugunun en
fazla 20.3 mm olarak 6lgilmesi, etmenin yavas gelisimi
ile iligkili olabilir. Crous ve Gams (2000), ylrattikleri bir
calismada P. chlamydospora’nin malt extrakt agar
Uzerinde 25°C sicaklik ve 8 glinlik inkiibasyon sonunda
5-6 mm’lik koloni capi olusturdugunu bildirmislerdir.
Dolayisiyla ¢alismada elde edilen odun dokusu
Uzerindeki en fazla 20.3 mm’lik lezyon uzunlugu kabul
edilebilir seviyededir. Kalemlere tepeden agar disk
inokulasyon yontemi ile elde edilen lezyon uzunlugunun
ksileme enjeksiyon ybnteminden sonra gelmesi,
patojenin Urettigi cok kiigiik boyutlardaki mikrokonidiler
nedeniyle olabilecegi ve bazipetal yonde tasinmasina
olanak saglanabilecegi diistinllmektedir.

Diaporthe ampelina’da ise en ¢gabuk ve bariz sonug veren
yontem, yesil strgline miseliyal agar disk inokulasyon
yontemi olmustur. Bilinildigi Gzere bu tlrlin arazi
kosullarindaki ilk enfeksiyonlari, surginlerin 3-5 cm
oldugu dénemden baslamakta ve siirgiin kabugunun
odunlagsmasina  kadar devam  etmektedir. D.
ampelina’'nin yesil sirglinlerde hizli gelisimi patojenin
dogasiyla iliskili olabilir. Son yillarda Diaporthe cinsinin
asma govde hastaliklari patojenlerine dahil edildigi
gorilse de bircok kiltur bitkisinde bu funguslar meyve
sap ucu ¢lirikligine de neden oldugu bildirilmistir (Lim
ve ark., 2019). Buna dayanarak bu patojenlerin daha ¢ok
su icerigi yiksek, gevrek dokularda faaliyete basladigl
dislnilmektedir.

Bu calismada farkli fungal patojenlerin asma bitkilerinde
farkli sekilde inokule edildiginde degisik lezyon
uzunluklarina ulasilabilecegi ve yilin her mevsiminde
patojenisite  testlerinin  rahatlikla  yapilabilecegi
dogrulanmistir. Odun dokusu ya da toprak kokenli
patojen olup olmadigina bakilmaksizin, tim patojenler
Prima ¢esidi asma kalemlerinde ya da yesil sirglinlerinde
lezyonlar olusturmustur. Her patojen icin tertip edilen
kontrol uygulamalarinda, steril agar inokule edilen
bolgelerde az da olsa renk degisiklikleri gorilirken
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bunlarin gercek lezyonlar olmadigi anlasiimistir.
Patojenisite testinden baska, cesit duyarliligl veya sicak
su uygulamalari Uzerine yapilacak arastirmalarda bazi
yontemlerin daha uygun, bazilarinin ise pek uygun
olmadigi ve fungus tlrlerinin dogasina gore inokulasyon
yontemlerinin  tercih edilmesi gerektigi kanisina
variimistir. Ozellikle mikrokonidi olusturan tirler igin
ksileme enjeksiyon yonteminin daha gercekei sonuclar
verecegi dustnllmektedir. Kalemlere tepeden disk
inokulasyon yontemi, sinirli alanda ¢ok sayida deneme
kurma olanagi sunmakta ve bu yontem sayesinde ¢ok
sayida izolatin veya asma cesidinin test edilebilecegi
aciga cikmaktadir.

OzZET

Amag: Asma govde hastaliklari, bircok fungal bitki
patojeninin neden oldugu kompleks hastaliklardir. Bu
cahismada dort farkh hastaligi (Petri ve Siyah Bacak
Hastaligi, Botryosphaeria ve Phomopsis Geriye Oliim
Hastaliklari) temsil eden bazi fungal patojenler icin en
uygun inokulasyon yonteminin saptanmasi
amaclanmustir.

Yéntem ve Bulgular: Phaeomoniella chlamydospora,
Dactylonectria macrodidyma, Neofusicoccum parvum ve
Diaporthe ampelina turi funguslar dormant asma
kalemlerine veya yesil sirglinlere farkli yontemlerle
inokule edilmislerdir. Dormant kalemlere uygulanan
yontemler; a) kabuk altina miselyal agar disk
inokulasyonu, b) tepeden agar disk inokulasyonu, c)
ksileme enjeksiyon yontemi ve d) yesil siirgiinlere agar
disk inokulasyonudur. Patojenlerin kalemler ve yesil
surglinlere inokulasyonunu takiben 2 ay sireyle
gelismelerine izin verilmis ve sonra dokularda olusan
lezyon uzunluklari oOlgllmistir. Sonuclara goére tiim
patojenler tim inokulasyon yontemleriyle, hem
dormant kalemler hem de yesil sirginler lzerinde

lezyonlar meydana getirmis ancak olgllen lezyon
uzunluklart  kullanilan  yéntemlere goére farkhlik
gostermistir. En uzun lezyonlarin olustugu patojen ve
inokulasyon metodu eslesmesi su sekilde
gerceklesmistir; Diaporthe ampelina igin yesil sirgline
miseliyal agar disk inokulasyonu (72.2 mm), D.
macrodidyma ve P. chlamydospora igin ksileme

enjeksiyon (sirasiyla 23.0 ve 66.1 mm) ve Neofusicoccum
parvum igin kabul altina miseliyal agar disk inokulasyonu
(51.5 mm).

Genel Yorum: Asmalarda fungal govde hastaliklarinin
arastirlmasinda birgcok arastirmaci tarafindan farkl
inokulasyon yontemleri kullanilsa da, patojenisite
testlerinin bu c¢alismada denenen yontemlerden
herhangi biri ile yapilabilecegi ortaya koyulmustur. Cok
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sayida spor Ureten tirlerle yapilan ¢alismalarda, ksileme
enjeksiyon yonteminin daha makul sonuglar verecegi
goralmdastlir. Miselyal gelisimi glicli ve piknit treten
turler icin ise kabuk altina ya da tepeden agar disk

inokulasyon yontemlerinin daha uygun oldugu
anlasiimistir.

Calismanin  Onemi ve Etkisi: Bir arastirmada,
inokulasyon yonteminin  se¢cimi o arastirmanin

sonuclarini dogrudan etkilemektedir.
sonuglarinin, asma govde hastaliklari ile yapilacak
arastirmalarda uygun bir inokulasyon ydnteminin
secimine yardimci olabilecegi diistintilmektedir.

Bu c¢alismanin

Anahtar Kelimeler: Asma, Dactylonectria nacrodidyma,
Diaporthe ampelina, Neofusicoccum parvum,
Phaeomoniella chlamydospora.
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Comparing hot air drying kinetics and color quality of organic and conventional sweet red
peppers

Organik ve konvansiyonel tath kirmizi biberlerin sicak hava kurutma kinetigi ve renk kalitesinin
karsilastirilmasi

Aysel ARSLAN"=/, Yurtsever SOYSAL"=', Muharrem KESKIN
Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Biosystems Engineering, Antakya-Hatay, Turkey.
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Makale tarihgesi / Article history: Aims: This study was conducted to compare the hot air drying kinetics and
DOI: 10.37908/mkutbd.747675 color quality of organically and conventionally produced sweet red
Gelis tarihi /Received:03.06.2020 peppers.

Kabul tarihi/Accepted:30.06.2020 Methods and Results: The pepper samples were dried at 60, 70 and 80°C

using a hot air dryer. Drying kinetics, effective moisture diffusivity (Def),
activation energy (Es) and color quality were studied. The drying process

Keywords: for both organic (OSRP) and conventional sweet red peppers (CSRP)
Organic red pepper, hot-air drying kinetics, occurred mainly in falling rate period. Increasing the drying temperature
modeling, moisture diffusivity, activation reduced the drying time considerably. Except 60°C, significant difference
energy, color. was found between the drying times of OSRP and CSRP samples. The

Midilli model gave the best fit for all data points for pepper types. A
" Corresponding author: Y. SOYSAL positive relationship was found between the drying temperature and Def
DA yurtsever.soysal@gmail.com values (OSRP: 39.62x10° — 58.58x107° m? S_l; CSRP: 38.92x1071° —

57.59x10° m?s?). Differences between the Des values of OSRP and CSRP
samples were not significant.

Conclusions: Characteristic drying curve profiles, Def and E, values
followed the similar trajectory showing that the growing practice of the
peppers did not significantly change the structural features related to heat
transfer. The hot-air drying at 70°C and 80°C gave brighter and redder
pepper powders; hence, these treatments are suggested as the suitable
drying applications to produce high quality OSRP and CSRP powders in
terms of color quality. By using 80°C instead of 60°C, about 25% and 32%
savings in drying times could be obtainable for CSRP and OSRP samples,
respectively.

Significance and Impact of the Study: Organic production has an
increasing trend in the world; however, research on the evaluation of
drying kinetics and color quality of organic products is very limited. Thus,
this study aimed at studying appraisal of the drying kinetics and related
parameters of CSRP and OSRP samples.

Atif / Citation: Arslan A, Soysal Y, Keskin M (2020) Comparing hot air drying kinetics and color quality of organic and
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INTRODUCTION manner (Bickel and Rossier, 2015). Since organic fruits

and vegetables are not subjected to synthetic chemical
Organic farming offers pesticide residue-free, healthy, pesticides and fertilizers, they utilize more metabolic
and tasty products and carried out in an energy to synthesize secondary plant metabolites

environmentally-friendly and socially responsible (Winter and Davis, 2006). Organic products have higher
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antioxidant activity, higher concentrations (18—69%) of
desirable antioxidants/(poly)phenolics and other plant
secondary metabolites and also, lower concentrations of
agrochemical residues (75%) and cadmium (48%) which
all related to chronic and neurodegenerative diseases
and certain cancers (Gomiero, 2018). Brandt et al. (2011)
also stated that the content of secondary metabolites in
organic produce was 12% higher than that of the
conventional samples. Organic farming tends to increase
both in the world (31.5 million ha in 2007 and 69.8
million ha in 2017) and in Turkey (0.17 million ha in 2007
and 0.54 million ha in 2017) that ranked 17 in the world
in terms of organic farmland (TurkStat, 2018; Lernoud
and Willer, 2019).

Peppers (Capsicum annuum L.) are grown in open arable
farming areas or in greenhouses in almost every region
of the world. Pepper fruit is an important source of food,
medicinal and industrial products as it is an inexpensive
source of vitamins, minerals and fiber (Moraes et al.,
2013). It is consumed fresh or dried for the inclusion in
spices, pastes, natural colorants, soups, sauces and
oleoresin (Soysal et al., 2009). The total chillies and
pepper production was about 36.8 million tonnes in the
world in 2018 and Turkey ranked third after China and
Mexico with 7.1% of the global production (FAOSTAT,
2020). Organic pepper is also produced in significant
amounts in Turkey (5558 tonnes in 2018) (TMAF, 2020).
Moisture content of fresh agricultural products is
reduced by using numerous drying techniques. Modern
drying systems are employed to minimize crop losses for
better preservation and improve the quality of the dried
products as compared to the traditional sun and shade
drying. Several factors including drying method,
temperature, time and type of product have an impact
on the operating costs and final product quality in drying
process. High drying temperatures or energies shorten
the drying time but they were an important factor
resulting in lower quality dried product (Keskin et al.,
2018; Keskin et al., 2019). Also, the loss of active
ingredients in plants is affected by the drying methods,
operating conditions and type of product (Chen and
Mujumdar, 2007). Some researchers reported that
organic production increased the concentration of
phytochemicals in crops whereas some other studies did
not demonstrate significant differences between organic
and conventional production systems (Sablani et al.,
2011). Moreover, the cultivation practices of the
agricultural products may affect the phytochemical
content, structure, taste, aroma, color and therefore the
drying characteristics of the product.

Pepper fruits like many other agricultural products
contain very high amount of moisture (up to 90%, wet
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basis). Therefore, various postharvest processing
techniques like drying, freezing and cold storage
techniques are used to lengthen the shelf life and
preserve color, valuable vitamins, minerals and
nutrients. In Turkey, pepper is dried commonly under
open-sun-drying conditions as similar to many places in
the world (Soysal et al., 2018). In this method, the drying
period of pepper is about 7 to 20 days in summer months
(Hwang et al., 2017). However, this method has some
drawbacks such as inability to properly control the
drying operation, longer drying times, inabilities to
process large quantity of products, weather
uncertainties, higher labor costs, large area
requirement, insect infestation, contamination with dust
and foreign materials, etc. (Nasiroglu and Kocabiyik,
2007; Soysal et al., 2009; Fadhel et al., 2014). On the
other hand, even if various modern drying techniques
like osmotic, microwave, infrared, fluidized-bed,
refractance window, ultrasound and freeze drying have
been developed, hot air drying is still the most
commonly used method.

Asami et al. (2003) compared the impacts of freeze
drying, air-drying and flash freezing on the total phenolic
and ascorbic acid content of marionberry, strawberry
and corn grown under organic, conventional and
sustainable agricultural practices. Sablani et al. (2011)
studied the effects of air and freeze drying on the
phytochemical content and moisture diffusivity of
conventional and organic berries. They concluded that
air-drying resulted in considerable changes in
phytochemicals in both conventionally and organically
grown berries whereas freeze drying improved the
retention of phytochemicals. Moreover, it is stated that
conventional berries (Meeker1 and Duke) showed higher
moisture diffusivity than organic fruits, whereas the
trend was inverse for the other varieties (Meeker2 and
Reka).

Although organic production has an increasing trend in
the world, research on the evaluation of drying kinetics
and color quality of organic and conventional products is
very limited. To our best of knowledge, up to date, there
has been no published study comparing the hot-air
drying characteristics and color quality of organic and
conventionally grown red peppers. Therefore, the aims
of this study were to evaluate the impacts of hot-air
drying on the drying kinetics and color qualities of
organically and conventionally grown sweet red peppers
and to model drying kinetic data mathematically.
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MATERIALS and METHODS

Sweet Red Pepper Samples

Sweet red peppers (Capsicum annuum L., Kapiatype,
Diyar F1 cultivar) grown in organic and conventional
farming methods under greenhouse conditions near
Erdemli, Mersin, Turkey (36.6115N, 34.2624E) were
used in the study. This type of pepper is produced in
Turkey. The peppers were hand harvested in the red
stage. Pepper samples were stored at +4°C until drying
experiments. The water contents of fresh peppers were
evaluated by using standard oven method (drying at
103°C for 24 h). Before drying experiments, three
samples were used for moisture content determination.
The average initial wet based (w.b) moisture contents of
the organic and conventional pepper samples were
91.80%+0.40 (w.b.) and 91.83%%0.39 (w.b.),
respectively.

Hot Air Drying Procedure

Schematic view of the experimental hot-air dryer used in
the drying experiments was shown in Figure 1 (Soysal et
al., 2009). The dryer consisted of three main units; an air
heater based on electric resistance, a radial fan and a
drying cabin. A digital balance (Sartorius TE3102S,

Germany, 3100, accuracy: 0.01 g) was placed under the
rotating glass tray (diameter: 31 cm, mass: 1150 g) to
continuously measure the mass of the material being
dried without stopping the drying procedure. Mass of
pepper samples and the air temperature inside the
drying cabin were recorded at every minute during the
drying process. Heated air with an airflow speed of about
1.25-1.50 m s was forced to move around the sample
and leave out of the drying cabin.

In each drying process, the pepper samples were washed
with tap water and rinsed with distilled water and then,
they were dripped and shredded with a thickness of
about 1.43+0.07 mm. Shredded pepper samples were
placed evenly and homogeneously in a layer of 7.6+£0.07
mm on a glass tray. Seven drying processes at each
drying temperature (60, 70 and 80°C) were carried out
giving a total of 42 drying trials (organic pepper: 3x7=21
trials, conventional pepper: 3x7=21 trials). All drying
experiments were conducted in an acclimatized
laboratory. Moisture loss of the samples with initial
loads of about 150 g was recorded at one minute
intervals. All drying experiments were terminated as the
pepper samples reached to a moisture content of about
0.10 kg [H.0] kg'* [DM].

gz

=

il Il

Figure 1. Experimental hot air drying system. 1: hot air drying chamber; 2: rotating glass tray; 3: tray rotating rod; 4:
digital balance; 5: hot air entrance; 6: moist air outlet; 7: air heater cabin; 8: electric resistance heaters; 9: air duct;
10: fan; 11: fan speed adjuster; 12: temperature sensor.

Mathematical modeling

The experimental data were fitted to eleven different
drying models to determine the most suitable drying
equation (Table 1). The equilibrium moisture content
(Me) was assumed to be zero an thus, the moisture ratio
(MR) was simplified to M/MO instead of (M-Me)/(MO-
Me) (Doymaz and Pala, 2002).

Non-linear regression analyses for these eleven drying
models were carried out by using SigmaPlot softaware
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(Version 12). The coefficient of determination (R?),
residual sum of squares (RSS) and standard error of
estimate (SEE) were used as the primary criterions to
select the best equation. These statistical values were
calculated as follows:

Eq. (1)

exp,i

N
RSS = (MR,,, MR, f
=1
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N

Z (M Rexp,i - MRpre,i )2

=

SEE = Eqg. (2)

N -2

where;

MRexp, is the /™" experimental moisture ratio,
MRyre, is the it" predicted moisture ratio and
N is the number of observations.

Table 1. Mathematical models applied to the drying curves of the organic and conventional red pepper samples

Model name Model equation* References

Newton MR = exp(—kt) Ertekin and Yaldiz (2004)
Page MR = exp(—kt") Diamente and Munro (1993)
Henderson and Pabis MR = aexp(—kt) Ertekin and Yaldiz (2004)
Logarithmic MR = aexp(—kt) +b Yagcioglu et al. (1999)
Midilli et al. MR = aexp(—kt") + bt Midilli et al. (2002)

Wang and Singh MR =1+ at + bt?

O 00 N O U1 A W N

10 Two term exponential

11 Diffusion approximation

Logistic MR =b/(1+aexp(kt))
Two term MR = aexp(—kt) + bexp(—kit)
Verma et al. MR = aexp(—kt) + (L—a) exp(—bt)

Wang and Singh (1978)
Jain and Pathare (2004)
Jain and Pathare (2004)
Verma et al. (1985)

MR = aexp(—kt) + (1—a)exp(—kat) Soysal et al. (2006)
MR = aexp(—kt) + (1—a)exp(—kbt) Soysal et al. (2006)

Calculation of the Effective Moisture Diffusivity (D.g)
and Activation Energy (E.)

The effective moisture diffusivity (Der) was interpreted
by using the Fick’s second diffusion equation. General
equation for the moisture ratio (MR) for slab geometry
with the assumptions of moisture migration by diffusion,
negligible shrinkage, constant diffusion coefficients and
temperature is given below (Crank, 1975):

1 2i +1)° 72Dt

where;

MR is the moisture ratio,

M is the moisture content,

My is the initial moisture content,

M. is the equilibrium moisture content,

D is the effective moisture diffusivity (m?s™),
L is the half thickness of the samples (m),

i is a positive integer and

tis time (s).

For long drying periods, Eq. (3) can be further simplified
as follows (Wang et al., 2007):

zi_ﬂt

Eq. (4)
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The Det values were calculated by plotting the
experimental In(MR) data against drying time so the plot

gives a straight line with a slope as K = 72Dy /4L2 .

The temperature dependency of the effective moisture
diffusivity was predicted by using an Arrhenius type
equation (Doymaz and Ismail, 2011):

De = Dy exp(— E,/RT) Eq. (5)

The Eq. (5) can be converted to a linear form as follows:

In(Deff ): In(Dy)—[(Ea/RNYT)] Eq. (6)
where;

E. is the energy of activation (kJ mol?),

R is the universal gas constant (8.3143x10°3 kJ mol?),

T is the absolute temperature (K) and

Do is the pre-exponential factor of the Arrhenius
equation (m?s?).

Then, the E, can be calculated from the slope of the
Eq.(6) by plotting In(Des) versus 1/T (K:=E4/R).

Color analysis

Color of fresh and powdered sweet red pepper samples
was measured with a chromameter (Minolta CR-400,
Osaka, Japan). The CIE L*a*b* color model was used to
define the color of the samples. The chromameter was
utilized with illuminant C standard and calibrated using
its white reflector plate. The color is expressed in three
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dimensions (L*a*b*) and the meaning of each
parameter is as follows (Keskin et al.,, 2017): L*:
Brightness of the color (0: black, 100: white), a*:
Redness-greenness (—60: green, +60: red), b*:
Yellowness-blueness (—60: blue, +60: yellow). Ground
material measurement apparatus was utilized in
measuring the color of the samples. Color change of the
material was evaluated by using the redness to
yellowness ratio (a*/b*), total color difference (AE*) and
color difference values for each of the three color
parameters (AL*, Aa*, Ab*) (Soysal et al., 2009):

AL =L, - L, Eq. (7)
Ad =a; —-a; Eq. (8)
Ab” =b; —b; Eq. (9)
AE" =[AL? + A2 + Ab2[? Eq. (10)

where d and f refers to the dried and fresh products,
respectively.

Statistical data analysis

The influence of drying temperatures on drying time and
color of organic and conventional sweet red pepper
samples were evaluated with a statistics software (SPPS,
v.17, IBM, NY, USA) using one-way analysis of variance
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” 08 a 80°C
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2 06 4
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E 0.4 4
=] ]
2 03
0.2 4
0.1 4
0.0 T T T
0 20 40 60 80 100 120

Drying Time, min

Moisture Ratio, MR

(ANOVA) and the means were compared with Duncan’s
test (p <0.05).

RESULTS and DISCUSSION

Drying Kinetics

The drying time needed to reach to 0.10 kg [H,0] kg*
[DM] final moisture content of the samples decreased
with the increasing temperature for both organic (OSRP)
and conventional sweet red pepper (CSRP) samples
(Figure 2, Table 2). As the drying temperature increased
from 60 to 80°C, considerable savings in drying times of
OSRP and CSRP samples were observed which reached
to about 32% (114 min — 77 min) and 25% (119 min — 89
min), respectively (p <0.05). The drying times of the CSRP
samples were 5 to 12 minutes longer as compared to the
OSRP samples. Except 60°C, there was significant
difference between the drying times of OSRP and CSRP
samples (p <0.05).

It was observed that the drying process for both red
pepper samples (OSRP and CSRP) took place mainly in
the falling rate period after a short warming-up period
(Figure 3). The drying rates descended as the moisture
content decreased and the curves became steeper as the
drying temperature increased.
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Figure 2. Moisture ratio as a function of drying time for the hot air drying of organic and conventional sweet red
pepper samples

Table 2. Effect of hot air drying temperatures on the hot air drying time of organic and conventional sweet red

pepper samples

Drying Drying Time (min)
Temp. (°C) Organic Red Pepper Conventional Red Pepper
60 114.00+5.66¢ 119.00+8.93¢
70 95.00+4.58° 102.00+5.03°¢
80 77.00+6.71° 89.00+4.36°

Different letters indicate statistically significant differences (p <0.05)
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Figure 3. Moisture content versus drying rate curves for the hot air drying of organic and conventional sweet red
peppers.

Mathematical modeling of drying curves

The experimental moisture ratios of the red pepper
samples during the drying process were fitted against
the drying time to compare the fitting ability of eleven
different thin layer-drying models given in Table 1. The
best descriptive model was determined using three
parameters namely highest value for R? and lowest
values for RSS and SEE. The best fitting model for both
OSRP and CSRP samples was the Midilli model (Model 5)
with the values for the R? greater than 0.9995, the SEE of

lower than 0.0076 and the RSS of lower than 0.0058
(Table 3 and Figure 4). As expected, the value of the
drying coefficient k increased with the increase in drying
temperature. These results were in agreement with the
drying rate data which followed the similar trends.
Figure 5 shows the validation of Midilli model by
comparing the predicted and experimental data from all
drying experiments. The predicted data closely banded
on and around the straight line of the 1:1 ratio.

Table 3. Statistical parameters and model constants for the Midilli model for hot air drying of organic and

conventional sweet red pepper

Product Drying Statistical parameters and model constants
Temp. (°C) R? SEE RSS k a b
Organic 60 0.9995 0.0071 0.0056 0.0046 0.9817 -0.0003
red pepper 70 0.9997 0.0053 0.0026 0.0048 0.9929 -0.0003
80 0.9998 0.0048 0.0016 0.0051 1.0013 -0.0005
Conventional 60 0.9995 0.0071 0.0058 0.0046 0.9841 -0.0003
red pepper 70 0.9997 0.0059 0.0035 0.0047 0.9906 -0.0001
80 0.9995 0.0076 0.0050 0.0049 1.0630 -0.0002

Effective Moisture Diffusivity (D.;z) and Activation
Energy (E,)

The effective moisture diffusivity (Deg) values increased
notably with the increase in drying temperature
(Table 4). Increasing drying temperatures accelerated
the water molecules and led to faster decrease in the
moisture content corresponding to the higher values of
diffusivity (Thuwapanichayanan et al., 2011; Darvishi, et
al., 2013; Soysal et al., 2018). The D.s values of the OSRP
and CSRP samples were found to be 39.62x10° —
58.58x1071° m? st and 38.92x10*° — 57.59x10° m? s,
respectively (Table 4). The D.g values obtained in this
study lay within the range of 10! to 10° m? s! as
previously reported for various biological materials
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(Saravacos, 1986; Rizvi, 1986; Madamba et al., 1996;
Maskan et al.,, 2002; Wang et al., 2007; Kumar et al.,
2011). Also, they were very similar (Kaleemullah and
Kailappan, 2005; Kaleemullah and Kailappan, 2006; Vega
et al.,, 2007; Taheri-Garavand et al.,, 2011), higher
(Turhan et al., 1997; Kaymak-Ertekin, 2002; Sanjuan et
al., 2003; Vega-Galvez et al., 2008; Scala and Crapiste,
2008; Arslan and Ozcan, 2011; Cao et al., 2016; Deng et
al., 2018) and lower (Doymaz and Pala, 2002) than that
of the red peppers as compared to the findings of some
other previous studies (Table 5). The differences could
be attributed to differing drying conditions and physical
and chemical properties of the dried materials such as
cultivar, composition, slice thickness and stage of
ripening (Deng et al., 2018).
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Figure 4. Statistical parameters (R2, SEE and RSS) specific to each of the eleven different models for hot air drying of
organic and conventional sweet red peppers.

Effective moisture diffusivities of CSRP samples were
found slightly lower than that of the OSRP samples.
Meanwhile, such a trend in diffusivity values was also
observed in the drying rate curves and the drying
coefficients (k) of the Midilli model. Sablani et al. (2011)
compared the effective moisture diffusivities of
conventional and organic berries dried at 65°C by hot air
drying and concluded that the conventional fruits
(Meeker2 and Reka) had higher D¢t values than the
organic fruits whereas the trend was reverse for other
fruit varieties (Meekerl and Duke). On the other hand,
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the pre-exponential factor of the Arrhenius equation (Do)
signifying moisture diffusivity when temperature goes to
infinity (Turhan et al.,, 1997) was found as almost
identical for both product types in the present study
(Table 4). Moreover, same trend was observer in the
activation energy (E;) values which was also almost same
for OSRP and CSRP samples (Table 5). Activation energy
(Es) was calculated from the slope of the Eq (6) by
plotting In(Deg) against to 1/T (slope=E./R). The plots
gave straight lines for the studied temperature range
which indicating Arrhenius dependence (Figure 6).
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Hence, the E, values computed from the slope of these of the structural features related to the heat transfer
lines were 19.12 kJ mol™ for the OSRP and 19.16 kJ mol properties of the pepper. The characteristic drying curve
! for the CSRP samples. This finding suggests that organic profiles and the extent of Dy values discussed above
or conventional growing practice did not change much strongly supports this statement.
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Figure 5. Comparison of the experimental and predicted moisture ratios at various hot air drying temperatures for
organic and conventional sweet red peppers

The E, values of the sweet red pepper samples obtained Vega et al., 2007; Vega-Galvez et al., 2008; Taheri-

in this study were within the limits of 12.7-110.0 k) mol Garavand et al., 2011; Cao et al., 2016 and Deng et al.,
L as previously reported for various agricultural products 2018). These differences can be attributed to several
(Zogzas et al., 1996), slightly lower (Scala and Crapiste, factors such as cultivar, physical and chemical properties

2008; Kaleemullah and Kailappan, 2005; Turhan et al., of the dried material (whole, sliced, shredded),
1997 and Ramesh et al., 2001) and higher than the E, composition, design features of drying equipment, slice
values for red peppers reported by various authors thickness, growing conditions, ripening stage, etc.
(Table 5) (Kaymak-Ertekin, 2002; Doymaz and Pala, 2002;

Sanjuan et al., 2003; Kaleemullah and Kailappan, 2006;

Table 4. Effective moisture diffusion (D.g) coefficients and activation energies (E,) of organic and conventional red
peppers at different hot air drying temperatures
Drying Do Dest

Product Temp. (°C) (x10°m?s7) (x100 m? s-1) Linear equation R?
Organic 60 39.62 =-0.0006770x+0.593315 0.948
red pepper 70 3.937 48.28 y=0.0008250x+0.642557 0.946
80 58.58 =-0.0010009x+0.697119 0.938
Conventional 60 38.92 y=-0.0006650x+0.573831 0.958
red pepper 70 3.933 47.58 y=-0.0008130x+0.539205 0.971
80 57.59 y=-0.0009840x+0.661887 0.966
Color Data Analysis Results (CSRP) samples which represent matte red color were
The color quality data are presented in Table 6 as the almost same (p <0.05). However, the a*/b* ratio of the
means of seven independent measurements from three fresh OSRP and CSRP samples was significantly different
subsamples with the values after the * sign representing (p <0.05) which means that the color of fresh CSRP
the standard deviation. The L*, a* and b* values of the samples was deeper in red as compared to the OSRP
fresh organic (OSRP) and conventional sweet red pepper samples (Table 6).
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Table 5. Published data for effective moisture diffusivities (Ders) and activation energies (E.) of red pepper dried by

hot air drying

Drying

Deff Eq

Product, Drying method Temp. (°C)  (x10°° m?s?) (k) mol?) Reference
Organic sweet red pepper-shredded, hot air 60-80 39.62-58.58 19.12 The current study
Conventional sweet red pepper-shredded, hot air 60-80 38.92-57.59 19.16 The current study
Red pepper-shredded, hot air 50-80 6.8-17.4 28.4 Turhan et al., 1997
Red pepper-whole, hot air 60 21.64 29.82 Ramesh et al., 2001
Red pepper-sliced, hot air 60 17.13 29.82 Ramesh et al., 2001
Red pepper-sliced, hot air 40-70 0.4-2.0 42.8 Kaymak-Ertekin, 2002
Red pepper-sliced, hot air 60 225 - Doymaz and Pala, 2002
Red pepper-shredded, hot air 50-70 3.72-9.96 56-61 Sanjuan et al., 2003
Red pepper-whole, hot air 50-70 0.44-1.10 44.0 Sanjuan et al., 2003
Red pepper-whole, hot air 50-65 37.9-55.4 24.5 E::Eepmp::?[;;;sd
Red pepper-whole, hot air 50-65 37.8-71.0 37.8 E::Eep”;::ag ;(;’:
Red-bell pepper-sliced, hot air 50-80 32.0-112.0 39.7 Vega et al., 2007
Red-bell pepper-sliced, hot air 50-90 0.7-3.8 40.8 Vega-Galvez et al., 2008
Red pepper-sliced, hot air 20-50 5.0-8.3 234 Scala and Crapiste, 2008
Red bell-sliced, hot air 40-80 17.0-119.0 44.5 Taheri-Garavand et al., 2011
Red-bell pepper, oven 50-70 4.0-13.1 - Arslan and Ozcan, 2011
Red pepper-whole, hot air 60-80 9.6-23.7 44.5 Caoetal,, 2016
Red pepper-whole, hot air 50-80 1.4-6.9 48.9 Deng et al., 2018
1T 1T
0.00285 0.00290 0.00295 0.00300 0.00285 0.00290 0.00295 0.00300
I I I Organic pelpper I I C;nvenlional pelpper
y = -2289.601396x - 12.445042 y=-2304.951609x-12.445963
-19.0 A R? = 0.999895 -18.0 4 R® = 0.999996

In(Degff)

-19.2 +

-19.3 ~

In(Degff)

-19.4

-19.2 +

-19.3 ~

-19.4

Figure 6. Arrhenius plot for the calculation of activation energy of organic and conventional red pepper samples

A major criterion used in the evaluation of the color
quality of dried red peppers was reported as red color
intensity (Kim et al., 2002; Topuz et al.,, 2011) which
essentially originates from ketocarotenoids, capsanthin
and capsorubin. In addition to this, red peppers with the
color of higher brightness and redness and mild
yellowness values were reported as more preferable
products in view of color quality (Soysal et al., 2005;
Ergunes and Tarhan, 2006). It was observed that the L*
values of both organic and conventional fresh samples
were notably enhanced after hot-air drying process (p

<0.05). Beside this, except the a* values of the CSRP
samples dried at 60 and 80°C, the a* and b* values of the
dried samples were significantly higher than the values
of the fresh samples (p <0.05). When compared to the
values of fresh samples, the b* values of pepper powders
increased about two-fold while the increase in a* values
remained in very limited extent.

Regarding the changes in the color parameters of the
powdered pepper samples, hot-air drying at 60°C
resulted in the highest color difference values (AL*, Ab*
and AE*) which signifies a brighter orangish-red product
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color (Table 7). On the other hand, hot-air dying at 70
and 80°Cyielded the lowest AE* and the highest Aa* and
a*/b* values for both OSRP and CSRP samples which
means that these pepper powders had deeper red color

(Table 6, Table 7). Hence, hot-air drying at 70 and 80°C
can be evaluated as the most suitable drying applications
for both OSRP and CSRP because these treatments gave
brighter and redder red pepper powders.

Table 6. Color data of the fresh and dried-powdered organic and conventional sweet red pepper samples

Color Parameters

Product Type Drying Temp. (°C) T e b a*/b*
Fresh 30.93+0.02° 24.10+0.03° 22.34+0.06° 1.08+0.00¢
Organic 60 61.4240.93¢ 28.42+0.97°¢ 41.36+0.96° 0.69+0.02°
red pepper 70 57.80+0.94° 30.67+0.90° 40.89+0.97% 0.75+0.03¢
80 58.24+0.92° 29.77+0.94¢ 40.42+0.89% 0.74+0.03°
Fresh 30.18+0.02° 25.29+0.04° 21.81+0.06° 1.16£0.00¢
Conventional 60 65.04+0.7¢ 25.77+0.97° 39.78+0.98°¢ 0.65+0.02°
red pepper 70 61.11+0.91° 28.89+0.77¢ 39.63+0.87¢ 0.73+0.02°
80 62.55+0.92¢ 26.04+0.24° 37.26+0.89° 0.7040.02°

Different letters in same column indicate statistically significant differences (p <0.05)

Table 7. Effect of drying temperatures on the difference in color parameters of the powdered organic and conventional

sweet red peppers

Product Type Drying Differences in Color Parameters
Temp. (°C) AL* Aa* Ab* AE*
Organic 60 30.48+0.93° 4.32+0.97° 19.02+0.96°¢ 36.21+0.77°
red pepper 70 26.87+0.94° 6.57+0.90¢ 18.55+0.97"¢ 33.32+1.06°
80 27.31+0.92° 5.67+0.94¢ 18.08+0.89° 33.25+1.21°
Conventional 60 34.86+0.73¢ 0.47+0.97° 17.97+0.98"° 39.24+0.64¢
red pepper 70 30.93+0.91° 3.59+0.77° 17.82+0.87° 35.89+1.01°
80 32.37+0.92¢ 0.7510.24° 15.45+0.89° 35.8940.85°

Different letters in same column indicate statistically significant differences (p <0.05)

CONCLUSIONS

The results of this research revealed that the entire hot
air drying process for both organic (OSRP) and
conventional pepper samples (CSRP) occurred mainly in
falling rate period. Increasing the drying temperature
decreased the drying time considerably. Except 60°C,
significant difference was found between the drying
times of OSRP and CSRP samples. Regarding the drying
models, the Midilli model gave the best results for all
data points for OSRP and CSRP samples. The value of the
drying coefficient k increased with the increase in drying
temperature.

A positive relationship was found between the drying
temperature and effective moisture diffusivity (Deg). The
Desvalues of OSRP and CSRP samples were 39.62x107° -
58.58x1071° m?s?! and 38.92x101° — 57.59x10° m? s,
respectively. There was no remarkable difference
between the D.g values of OSRP and CSRP samples dried
at 60, 70 and 80°C. Beside this, the pre-exponential
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factor of the Arrhenius equation (Dg) was found as
almost identical for both OSRP and CSRP samples.
Moreover, same trend was observer in the activation
energy (E;) values which were also almost same for the
OSRP (19.12 kJ mol?) and CSRP (19.16 kJ mol?) samples.
The trends in the characteristic drying curve profiles, Deg
and E, values showed that the organic or conventional
growing practice of the red pepper did not alter much of
the structural features related to the heat transfer
properties of the product.

Because the hot-air drying at 70 and 80°C gave brighter
and redder pepper powders, these drying treatments
can be suggested as the most suitable drying
applications for both OSRP and CSRP samples. In
addition, by using hot air drying at 80°C instead of 60°C,
about 25% and 32% savings in drying times for CSRP and
OSRP samples could be obtainable.

OZET

Amag¢: Bu calisma organik ve konvansiyonel olarak
Uretilen tath kirmizi biberlerin sicak hava kurutma


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2020, 25(2): 271-283

Arastirma Makalesi / Research Article

kinetiklerini ve renk kalitesini karsilastirmak igin
yapilmistir.
Yéontem ve Bulgular: Biber O6rnekleri, sicak hava

kurutucuda 60, 70 ve 80°C’'de kurutuldu. Kurutma
kinetigi, efektif nem diflizyonu (Des), aktivasyon enerjisi
(Ea) ve renk kalitesi incelenmistir. Hem organik (OTKB)
hem de konvansiyonel tatl kirmizi biberler (KTKB) igin
kurutma islemi temel olarak azalan hizh kurutma
periyodunda gergeklesmistir. Kurutma sicakliginin
arttirilmasi, kuruma siresini 6nemli Olgliide azaltmistir.
60°C haricinde, OTKB ve KTKB orneklerinin kuruma
sureleri arasinda 6nemli bir fark bulunmustur. Midilli
modelinin biber tipleriigin tim veri noktalarina en uygun
verileri sagladig tespit edilmistir. Kurutma sicakligi ve
Dess degerleri arasinda (OTKB i¢in 39.62x107° - 58.58x10"
1 mZs?t ve KTKB icin 38.92x101° - 57.59x101° m? s?)
pozitif bir iliski bulunmustur. Des degerleri bakimindan
OTKB ve KTKB arasinda dikkate deger bir fark
bulunmamistir.

Genel Yorum: Karakteristik sicak hava kurutma egrisi
profilleri, Defs ve E, degerlerinin OTKB ve KTKB icin benzer
egilimi izledigi ve kirmizi biberin yetistirilme yonteminin
1si transferi ile ilgili yapisal 6zelliklerini 6nemli 6lclide
degistirmedigi gortlmustiir. 70°C ve 80°C'de sicak hava
ile kurutma, daha parlak ve daha kirmizi biber tozlan
sagladigindan bu uygulamalar renk kalitesi agisindan
ylksek kaliteli OTKB ve KTKB tozlari tiretmek igin uygun
kurutma uygulamalari olarak ©nerilmektedir. 60°C
yerine 80°C kullanilarak KTKB ve OTKB Ornekleri igin
kurutma sirelerinde yaklasik %25 ve %32 tasarruf
saglanabilmektedir.

Calismanin Onemi ve Etkisi: Organik Uretim diinyada
giderek artan bir egilime sahiptir; ancak organik
dranlerin kurutma kinetikleri ve renk kalitesi ile ilgili
arastirmalar cok sinirlidir. Bu nedenle, bu calismada
OTKB ve KTKB orneklerinin kurutma kinetigi ve ilgili
parametreleri degerlendirilmistir.

Anahtar Kelimeler: Organik kirmizi biber, sicak hava
kurutma kinetigi, modelleme, nem diflizyonu, aktivasyon
enerjisi, renk.
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mean values of BOIs, NH4*-N, OM, Toplam coliform ve Fekal coliform were
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difference between stations (P >0.05).
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may be possible by bringing the issue to the fore.
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dogal ve hem tiketilebilir hem de yenilenebilir bir olma riskiyle karsi karsiyadir. Bu durum turizm
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iliskilendirilebilir. Ayrica, kiiresel isinmanin getirdigi iklim
degisiklikleri ve kuraklik nedenler arasinda gosterilebilir.
Bu olumsuz faktorlerin sonucu olarak, su kaynaklari hizla
azalmaktadir (Kiiglik, 2007). Bu nedenle, uygun su
durumunun korunmasi ve siirdirilebilirligin saglanmasi
giderek 6nem kazanmaktadir.

Yerylizi sularinin kalitesi dogal gevre ve insanlar igin
olduk¢a 6nemlidir ve sularin spesifik fiziksel, biyolojik,
kimyasal ve mikrobiyolojik o6zelliklerinin iyi bilinmesi
gerekmektedir (Kanownik ve Rajda, 2011; Napieralska ve
Gotdyn, 2013). Ayrica, ylzey ve yeralti suyu yapisi igin;
ayrisma,  hidrolizlenme, ¢6zlinme, adsorpsiyon,
sedimantasyon, iyon degisimi, indirgeme ve oksidasyon
prosesleri gibi kimyasal ve biyokimyasal reaksiyonlar
onemli kontrol faktoérleridir (Wu ve ark., 2014). CO,, ORP,
PH, toplam askida kati madde, alkalinite ve hidrojen
sulfit, organik madde, amonyum ve nitrat gibi
fizikokimyasal parametrelerin degerlendirilmesi,
genellikle su kalitesinin yonetmelik ilkelerini belirlemede
ve siniflandiriimasinda esas alinmaktadir (Anonymous,
1997a; Abreu-Acosta ve Vera 2011).

Sudaki indikatéor mikroorganizmalarin varhgi, suyun
insanlardan veya baska bir sicak kanli hayvandan gelen
fekal malzeme ile kontamine oldugunu agiklamaktadir.
Bu tlr bir kontaminasyon, hayvanlarin bagirsak
sisteminde meydana gelen herhangi bir normal flora
veya patojenik mikroorganizmalarin da
olusturulabilecegi anlamina gelmektedir (Al-Bahry ve
ark., 2009; Hamzah ve ark., 2011; Mostafa ve ark., 2013;
Singh ve ark., 2019). Yiizey sularindaki virislerin yiksek
yayihmi, kronik bir kirlilik probleminin ve insanlar igin
potansiyel risk olusabileceginin gostergesidir (Lipp ve
ark., 2001). indikatér mikroorganizmalar, koliform
bakterilerdir ve F. koliform ve fekal olmayan koliform
olarak ikiye ayrilir. Diski tipi, insan bagirsak sisteminde ve
diger sicak kanh hayvanlarda bulunan normal flora olan
Escherichia coli tirudir. Fekal olmayan tip, dogada
yaygin olarak bulunan ve bazen sicak kanl
organizmalarin bagirsak sisteminde bulunan
Enterobacter aerojenleri icerir (Anonymous, 1997a; Al-
Bahry ve ark., 2009; Abreu-Acosta ve Vera, 2011). Kirli su
ortaminda bulunan bagirsak bakterileri, go¢cmen balik
tirlerini, hareketli balik tirlerini ve yerlesik kabuklulari
kirletebilirler. Cift kabuklular filtre besleyicilerdir,
kanalizasyon kirliliginden etkilenen sularda patojenik
mikroorganizmalari  dokularinda  yliksek  sayida
konsantre edebilirler (Ward ve Hackney, 1991; Kilinc ve
Besler, 2014).

Su ekosisteminde bulunan mikroorganizmalar ya gesitli
yollarla suya karistiriir ya da c¢evresel kosullarla
olusurlar. Mikroorganizmalar atmosferden ve topraktan
dogal sulara gelebilir ve ayni zamanda enddstriyel ve

285

evsel atik kokenli olabilirler (Elmanama ve ark., 2006;
Acehan, 2007; Elmaci ve ark., 2008). Bunlar arasina,
Spillillum, Pseudomonas, Chromobacter,
Achromobacter, Vibrio, Micrococcus ve Sarcina'nin
clrukcll Gyeleri Bacillus, Enterobacteriacea ve
Streptomyces gibi, Esherichia coli, Salmonella ve Vibrio
(virgiil), Streptococcus  faecalens, Clostridium
perfiringens gibi patojenler dahil edilebilir. Bu tir
mikroorganizmalar su kaynaklarinin  biyokimyasal
yapisinda degisikliklerin yani sira zararli, tehlikeli ve
hastaliga neden olabilirler (Aksu, 2004; Fakir, 2012; Ayaz,
2015). Genellikle toplam koliformlar, fekal koliformlar ve
fekal streptokoklar su kalitesi ¢alismalarinda kullanilan
en yaygin indikator mikroorganizmalardir (Hamzah ve
ark., 2011). Escherichia cinsinin Qyeleri toplam
koliformlarin % 60'indan fazlasini ve fekal koliformlarin
% 90'Indan fazlasini igerirler. En 6nemli koliform
bakterilerden biri Escherichia coli'dir. Bu tirin cesitli
turleri firsatgl patojenlerdir ve hastalik nedeni olabilirler
(Berber ve Avsar, 2014). Kanalizasyon bakterilerinin
ylksek konsantrasyonlari, kanalizasyonun g¢evreye niifuz
etmesi durumunda insan sagligi icin potansiyel bir
tehdittir. Bagirsak bakterileri olarak, tifoya neden olanlar
da dahil olmak Uzere gram negatif bakteriler
(Salmonella) 6zel patojenik oOzellik sergilemektedirler
(Hagendorf ve ark., 2000; Sigua ve ark., 2010). Bu
mikroorganizmalar ates, bulanti, kusma, ishal gibi bircok
soruna neden olabildigi gibi ayni zamanda 6lim nedeni
olabilirler (Salyers ve Whitt, 2012; Augustyn ve ark.,
2016).

Dogal sulara 6zellikle insan ve hayvan diskilariyla karisan
virlisler ve patojen mikroorganizmalar 6nemli bir saglik
riski  sorunu olustururlar. Sularin hijyenik agidan
kirlenmesinin en 6nemli nedeni olan virtsler, bakteriler
ve diger hastalik yapici organizmalardir. Genellikle
hastalikh veya hastalik tasiyici hayvan ve insanlarin
diskilarindan kaynaklanirlar. Bu atiklarla dogrudan
temasla veya atiklarin karistigi sulardan dolayli yollardan
bulasici etki ortaya ¢ikabilir. Rekreasyonel kullanima agik
sularda ve igme suyu temininde mikrobiyolojik olmak
Uzere her turlu kirletici ile sularin kirlenmesi 6nemli bir
sorun olusturmaktadir (Koléren ve ark., 2011). Fekal
indikator bakteriler, genellikle kendileri zararli olmasa
da, su kitlesindeki varliklari  diger patojenik
mikroorganizmalarin olasi varligini gosterebilir (Burres,
2009). E. coli ve Enterococci gibi indikatér bakteriler
sadece hafif enfeksiyonlara neden olsa da, bunlarin
varligi insan saghgi icin tehlike arz etmektedir (Majedul
Islam ve ark., 2017). Bu nedenle patojenlerle kirlenmis
sular, cesitli amaclarla su kaynagi olarak potansiyel
kullanimi sinirlar.
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Calismamizin amaci, Karasu Cayl’’'nin fizikokimyasal
ozellikleri ile mikrobiyolojik kirlenmeyi olusturan
bilesenlerinin mevsimsel degisimlerinin gdzlemlenmesi
ve genel olarak hangi bolgelerde ve hangi mevsimde
kirlilige maruz kaldiklarini belirleyerek, bununla ilgili
¢0zim Onerileri getirmektir. Ayrica, Karasu Gayi’'nin
ylzey sularindaki T. koliform ve F. koliform bakteri
miktarini  degerlendirerek, su kalitesinin  segilen
fizikokimyasal degiskenleri ile bu sularda test edilen
bakteri gruplarinin kantitatif olusumu arasindaki iliskiyi
arastirmaktir.

MATERYAL ve YONTEM

Calisma Mayis 2014 — Nisan 2015 tarihleri arasinda aylik
periyotlar halinde gerceklestirilmis olup, sonuglar
mevsimsel olarak hesaplanmistir. Yerlesim alanlarinin ve
tarimsal arazilerin yogun oldugu bolgelerde, ozellikle
desarj noktalari dikkate alinarak dort istasyon (1, 2, 3 ve
4) belirlenmistir. Su ornekleri, nehir boyunca belirlenen
istasyonlarin her birinden; mikrobiyolojik analiz icin steril
kahverengi cam siselerle (102 mL) ve fizikokimyasal
analizler icin mat plastik kaplarla (2.5 L) toplanmistir.
Alinan tim numuneler giines 1s1gindan korunarak en kisa
zamanda ve soguk (4°C) zincir yardimi ile laboratuvara
nakledilmistir.

Calisma Alaninin Ozellikleri
Karasu Cayi, Karadeniz Bolgesi'ndeki Kiire Daglari'ndaki
GuUnduzli Ormanlarindan dogmaktadir. Gliney-kuzey

| ; |

Sekil 1. Karasu Cayi (Sinop) ¢alisma alani ve érnekleme istasyonlari

yoninde hareket eden Karasu Cayi, Erfelek ilcesine kadar
uzanmakta ve sulari Sinop ilinin 8 km batisindaki Akliman
sahilinden Karadeniz'e bosalmaktadir. Cayin uzunlugu
yaklasik 80 km'dir ve genis tabanli bir vadide hareket
etmektedir. Cakcak, Catak, Hasan, Ramli, Kinik ve Tasnak
dereleri Karasu Cayi'ni beslemektedirler (Carli, 2015).
Karasu Cayi lizerinde yer alan Tatlica Selalesi, Erfelek ilce
sinirlari ve Tatlica Koyl igerisinde yer almaktadir. Vadi
boyunca merdiven basamaklari seklinde olugmus, irili
ufakli 28 adet selaleden olusmustur (Uzun ve ark, 2005).
Sinop ilinin igme suyu aritma tesisi, suyu Karasu Cayi
yoniinde bulunan Tatlica selalesinden temin etmektedir.
Karasu Cayi’'ni temsil eden, farkh 6zelliklere sahip dort
istasyon belirlenmistir. 1.istasyon (ist.): Karasu Cay/’nin
denizle birlestigi bolgedir. Sinop sehir merkezindeki
Akliman yerlesim bdlgesinde ve boélgenin etkisi
altindadir. 2.ist.: Yerlesim alaninin arkasinda bulunmakta
ve Sinop merkez kdylerine yakin ve insan faaliyetlerinin
yogun oldugu bolgededir. Ayrica son zamanlarda
Akliman boélgesi turizm agisindan gelismis ve nifus
yogunlugu artmistir. 3.ist.: Sinop ili Ayancik yolu
Gzerindeki Karasu koprisinin altindadir. Bu bdlge tarim
arazilerinin yogun oldugu ve hastane atiklarinin Karasu
cay’'na karisma ihtimalinin oldugu alandadir. 4.ist.:
Mertoglu koyl, Sinop merkezine 10 km uzakliktadir.
Tarimsal faaliyetlerin yogun oldugu bir bolgededir.
Tarimda kullanilan kimyasallarin sulama kanallari ve
yagmur suyu ile Karasu Cayi’'na ulasma olasiligi dikkate
alinmistir (Sekil 1).

, & - -G?ogle Earth
(1.ist.: 42°02'19.8"N, 35°02'44.1"E; 2.ist.:

42°01'47.6"N, 35°03'40.9"E; 3.ist.: 42°00'41.1"N, 35°03'29.4"E; 4.ist.: 42°00'41.1"N, 35°03'29.4"E).
Figure 1. Karasu Stream (Sinop) study area and sampling stations (1.ist: 42°02'19.8"N, 35°02'44.1"E; 2.ist:
42°01'47.6"N, 35°03'40.9"E; 3.ist: 42°00'41.1"N, 35°03'29.4"E; 4.ist: 42°00'41.1"N, 35°03'29.4"E)

Fizikokimyasal Parametreler
Calismada, sicaklik (°C), karbondioksit (CO, , miligram
litre'l; mg L), pH, alkalinite (mg L), ¢6ziinmiis oksijen
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(CO, mg LY, iletkenlik (mikrosiemens santimetre™: us
cm?), Oksidasyon-Rediiksiyon Potansiyeli (ORP: milivolt;
mV), kloriir (gram litre; g L), biyolojik oksijen ihtiyaci
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(BOIs, mg L), amonyum azotu (NH4*—N, mg L}), hidrojen
sulfiir (H2S, mg L), organik madde (OM, mg L?), toplam
askida kati madde (TAKM, mg L?) parametreleri
secilmistir. Sicaklik, CO, pH, ORP, iletkenlik ve klorir
Olgimleri o6rnekleme alanlarinda YSI marka ¢ok
parametreli (Professional Plus model) cihazla yapiimistir.
BOls, NHs*—N, H,S, OM ve TAKM o6lciimleri ve analizleri,
sular icin gecerli olan Standart Yontemler uygulanarak
laboratuvar kosullarinda yapilmistir. CO, (Bekleme
siresi; Bs-1 giin), alkalinite, BOIs (Bs-24 saat; 1-5°C’'de) ve
H.S (Bs-1hafta, 1-5°C’de, alinir alinmaz 2 mL ginko asetat
¢Ozeltisi ilave edilir, pH ayarlanir) Titrimetrik yéntem,
NHs*~N (Bs-1 giin, numuneler yerinde filtre edilir)
Spektrofotometrik yontem (RAYLEIGH UV-726), OM (Bs-
7 glin, pH 1-2’ye ayarlanir) ve TAKM ( Bs- 2 glin, 1-5°C'de,
pH 3’e ayarlanir) igin Gravimetrik yontem ile
belirlenmistir (APHA, 1999; Egemen ve Sunlu 1996;
Anonim 2015b).

Mikrobiyolojik Analizler

Mikrobiyal analizi i¢in, su numuneleri istasyonlarda steril
kaplarda toplanmistir. Numune kaplari, su ylzeyinden
20-30 cm derinlige kadar bas asagi batirilmis ve 45°
egimle doldurulmus ve buzla sogutulmus kosullar altinda
laboratuvara tasinmistir. Mikrobiyal degerlendirme igin
toplam (T.) koliform ve fekal (F.) koliform (kob 100*ml"
1-100 mililitre’deki koloni sayisi) analizi yapilmistir
(Anonim 2015b). Numuneler 100 ml steril numune
kaplarina alinarak 103 diliisyon seyreltmesine inilerek 3
paralel olacak sekilde membran filtrasyon yontemi ile
analiz edilmistir. Vakum pompasi yardimi ile por capi
0.45 pm olan filtrelerden stiziilmis olup, besiyerlerine
filtre kagitlarni yerlestirilerek uygun sicakliklarda
inklibasyona tabi tutulmustur. Calismada T. koliform igin
ENDO Agar ve F. koliform igcin m-FC Agar nutrient ped
sistemleri kullaniimistir. Filtreleri iceren ortam; T.
koliform igin 37+0.1°C ve F. koliform i¢in 44.5+0.1°C'de
24 saatlik bekleme siiresinin sonunda degerlendirmeye
alinmistir. ENDO Agar Uzerinde gelisen koyu kirmizi,
metalik yesil koloniler T. koliform ve m-FC Agar lzerinde
gelisen mavi koloniler fekal koliform olarak belirlenmistir
(Halkman, 2005).

istatistiksel Analizler

Su kalitesi parametrelerinin istatistiksel analizleri
Minitab 18 paket programi ile yapimistir. Tim
parametrelerin istasyonlar ve mevsimler arasinda

farkhlik gosterip gostermedigini belirlemek igin iki yonli
ANOVA (varyans analizi) testi uygulanmistir. Anlamli
farkhliklarin  hangi istasyonlarda ve mevsimlerde
oldugunun belirlenmesi amaciyla da “Tukey testi”
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uygulanmistir.  Ayrica Orneklerin  bazi parametre
konsantrasyonlari arasindaki iliskileri degerlendirmek
icin korelasyon matrisleri olusturulmustur.
Fizikokimyasal parametreler ile koliform bakterileri
arasindaki korelasyon katsayilari degerlendirilmistir.

BULGULAR ve TARTISMA

Karasu Cayi koliform bakterileri ve bazi fizikokimyasal
parametreler Cizelge 1-2'te gosterilmistir. Akarsuyun
mikrobiyolojik degerlendirmesinde T. koliform ve F.
koliform bakterilerinin varligi tespit edilmistir. T.
Koliform’un minimum ve maksimum degerleri 1.ist.,
2.ist., 3.ist. ve 4.ist. istasyonlarinda sirasiyla 52-882, 37-
799, 50-689 ve 27-305 kob 100' ml?' olarak
bulunmustur. F. koliformun minimum ve maksimum
degerleri ise 1.ist., 2.ist., 3.ist. ve 4.ist. istasyonlarinda
siraslyla 47-644, 24-568, 21-649 ve 19-213 kob 100 ml?
olarak belirlenmistir. Calismada mevsimlerin ve
istasyonlarin BOls, NH4*-N, OM, T. koliform ve F. koliform
ortalama degerleri arasinda istatistiksel olarak anlamli
bir fark (P <0.05) bulunmustur.

Sicakhk, CO,, pH, CO ve H,S degerleri mevsimler arasi
6nemli olclide farklihk gosterirken (P <0.05), istasyonlar
arasi farklilik (P >0.05) olmamistir (Cizelge 1). Ayrica,
iletkenlik, klorir ve askida kati maddeler hem
istasyonlarda hem de mevsimsel olarak istatistiksel
farkliik  gostermemistir (P >0.05) (Cizelge 1).
Fizikokimyasal parametreler ile koliform bakteriler
arasindaki korelasyon katsayilari P <0.05, P <0.01 and P
<0.001'e gore degerlendirilmistir (Cizelge 3).

Karasu Cayr minimum ve maksimum sicaklik degerleri
sirasiyla  10.05°C (4. ist.) ve 27.17°C (1. Ist.)'da
belirlenmistir. Su kaynaginin sicaklikhginin iklime,
ylkseklige, suyun akis hizina ve su kaynaginin yatak
yapisina, atmosfer kosullarina bagl olarak degistigi
bilinmektedir (Cirik ve Cirik, 2008) Su kalitesi
calismalarinda ana parametrelerden biri olan sicaklik, tek
basina anlamsiz gorlinse de, ¢6zlinmis oksijen, biyolojik
oksijen ihtiyaci, pH gibi diger parametrelerle anlaml bir
bitinlik yaratmaktadir (Girel, 2011). Tepe ve Mutlu
(2004) Hatay Harbiye kaynak suyunda ortalama su
sicakhginin 15.70°C oldugunu bildirmislerdir. Bir baska
¢alismada Bulut ve ark. (2012) Kestel Deresi
istasyonlarinda optimum sicaklk degerlerinin 11.31-
12.05°C arasinda degistigini, Yildiz (2013) Giresun ilinin
Gelevera deresinin sicakhginin  13.19°C  oldugunu
belirtmislerdir. Farkh bolgelerde farkli zamanlarda
yapilan bu calismalarin sonuglarimizla paralel oldugu
belirlenmistir.
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Cizelge 1. Karasu Cayi fizikokimyasal parametrelerinin mevsimsel degisimi (XtSH), minimum-maksimum degerleri
Table 1. Seasonal variation of the Karasu Stream physicochemical parameters (X+SD), minimum-maximum values

Ist. n Yaz Sonbahar Kig ilkbahar
1 12 25.47+0.572A 12.81+0.8928 11.36+0.46%8 16.55+0.402¢C
(23.15-27.17) (10.02-16.20) (10.14-13.24) (15.39-18.24)
X~ 2 12 25.23+0.552A 12.9240.9328 11.7040.3528 16.53+0.4123¢
=C (23.00-26.89) (10.11-16.60) (10.70-13.15) (15.23-18.10)
S < 3 12 22.78+0.73% 12.99+0.86%8 11.52+0.42%8 16.70£0.282C
v (20.88-25.80) (10.18-16.20) (10.27-13.17) (15.56+17.47)
a 12 22.83+0.862A 13.01+0.902%8 11.49+0.4628 17.07+0.182¢
(20.59-26.30) (10.15-16.45) (10.05-13.33) (16.30-17.60)
1 12 31.7145.842A 2.83+0.6228 10.63+0.422¢ 36.03+0.5520
(15.30-54.33) (1.60-5.30) 4.30-20.30 26.90-41.40
- 2 12 27.75+5.702A 2.10+0.454%8 10.53+0.392¢ 26.84+0.3820
S :'n (16.30-50.56) (1.10-3.90) 4.50-19.90 16.50-35.73
o £ 3 12 30.99+5.222A 2.57+0.2828 13.62+0.302¢ 33.20£0.5120
= (19.26-51.80) (1.90-3.70) 6.30-25.66 26.50-41.40
a 12 13.14+1.97°A 2.87+0.1328 14.73+0.402¢C 38.31+0.6020
(7.10-20.53) (1.80-4.10) 7.20-27.90 27.30-55.73
1 12 7.85+0.06%A 7.46+0.0528 7.12+0.012¢ 7.30+0.142¢
(7.65-8.14) (7.23-7.67) (7.08-7.20) (6.75-7.74)
2 12 7.70+0.032A 7.54+0.0528 7.14+0.012¢ 7.24+0.12:¢
- (7.57-7.85) (7.11-7.63) (7.07-7.23) (6.75-7.65)
o 3 12 7.65+0.08%A 7.55+0.0728 7.13+0.032¢ 7.23+0.143¢
(7.30-7.89) (7.27-7.78) (7.02-7.29) (6.67-7.59)
4 12 7.81+0.062A 7.41+0.0728 7.15+0.012¢ 7.37+0.102¢
(7.53-7.98) (7.19-7.71) (7.10-7.23) (6.96-7.71)
1 12 521.55+12.06%A 17.27+1.30%8 63.44+12.893¢ 241.95+9.4520
484.53-566.86 12.16-20.74 37.40-115.00 204.96-267.13
"0_3 = 2 12 523.61+17.18% 11.34+1.31°8 57.75+18.14:¢ 240.49+10.782P
£ _o‘o 483.66-592.00 6.16-14.64 11.59-129.32 199.47-272.50
g é 3 12 554.25+24.783 24.99+0.54728 70.35+8.862C 258.30+12.1930
< 466.33-633.13 23.13-26.84 43.79-103.96 214.11-298.26
a 12 542.54+10.713A 43.18+2.5438 81.54+16.773¢ 254.16+7.8220
519.30-585.33 37.21-53.30 40.99-148.11 223.26-265.33
1 12 2.73+0.112A 5.54+0.2128 6.61+0.092¢€ 5.83+0.142¢
(2.20-3.40) (4.60-6.50) (6.20-7.10) (5.20-6.60)
— 2 12 3.46+0.48%A 5.78+0.1128 6.47+0.082¢ 5.57+0.1723¢
o = (2.20-5.60) (5.40-6.40) (6.10-6.90) (4.80-6.30)
e téb 3 12 3.83+0.212A 5.74+0.2428 6.84+0.072¢ 5.82+0.172¢
- (3.10-4.60) (4.60-6.60) (6.50-7.20) (5.20-6.60)
a 12 4.64+0.25% 5.87+0.1228 6.77+0.0723¢ 5.95+0.1523¢
(3.40-5.60) (5.40-6.40) (6.50-7.10) (5.20-6.60)
1 12 13.15+3.972A 17.20+2.223A 19.79+0.21°A 16.34+3.662A
(3.04-28.88) (8.25-22.12) (19.01-20.60) (1.70-24.59)
= o 2 12 11.81+2.532A 10.49+0.632A 9.09+0.22°A 15.41+3,592A
g g (2.85-20.52) (8.30-12.92) (8.30-9.88) (1.19-24.59)
% ] 3 12 2.99+0.192A 19.94+6.06%A 5.45%0.232A 10.88+2.604
== (2.1-3.49) (6.80-44.30) (4.50-6.15) (0.79-18.24)
4 12 2.45+0.21°A 18.57+6.452A 6.14+0.262A 16.96+5.072A
(1.62-3.13) (3.75-44.35) (5.22-7.10) (0.80-35.72)
1 12 254.50+2,502bA 282.02+2.182b8 289.51+0.682bB 284.80+0.69208
(248.50-264.50) (273.20-287.70) (287.60-292.30) (282.30-287.40)
2 12 260.57+5.532bA 283.35+0.822b8 286.13+0.462bB 279.93+2.052bB
) (248.50-282.90) (280.00-285.60) (284.20-287.40) (272.30-286.90)
o é 3 12 286.13+0.462b8 279.93+2.052b8 286.13+0.462b8 279.93+2.05208
(261.00-268.40) (273.50-287.60) (288.20-292.70) (280.20-287.90)
a 12 269.54+1.312A 287.52+1.17%8 289.08+0.8428 284.93+0.6928

(264.10-272.70)

(283.20-291.90)

(287.20-292.80)

(282.50-287.70)

A, B, C harfleri mevsimler arasi farkliliklari (P <0.05), a, b, c harfleri istasyonlar arasi farkhliklari (P <0.05), Standart hata (+SH), n=
Toplam 6rnekleme sayisi.
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Cizelge 1’in devami. Karasu Cayi fizikokimyasal parametrelerinin mevsimsel degisimi (XtSH), minimum-maksimum
degerleri ve Sinop ili iklim verileri (Sicaklik-Yagis)
Continuation of Table 1. Seasonal variation of the physicochemical parameters of Karasu Stream (X+SD), minimum-

maximum values and Sinop province Climate data (Temperature-Precipitation)

Ist. n Yaz Sonbahar Kis ilkbahar
1 12 0.28+0.08%A 0.46+0.16%A 0.15+0.01°A 0.13+0.022A
(0.02-0.63) (0.14-1.42) (0.14-0.17) (0.01.-0.19)
= 2 12 0.3710.142A 0.25+0.092A 0.07+0.002A 0.12+0.022A
3 "*: (0.01-0.99) (0.03-0.71) (0.04-0.09) (0.01-0.19
§° o0 3 12 0.13+0.05%A 0.15+0.04°A 0.04+0.01°A 0.08+0.022A
(0.01-0.42) (0.03-0.35) (0.03-0.06) (0.00-0.14)
4 12 0.1310.042A 0.15+0.052A 0.04+0.012~ 0.13+0.042A
(0.01-0.35) (0.03-0.35) (0.03-0.05) (0.00-0.29)
1 12 0.85+0.082A 2.03+0.6928 0.3310.042A 0.53+0.082A
(0.40-1.20) (0.52-4.80) (0.10-0.50) (0.20-0.90)
— 2 12 1.20+0.192bA 2.96+0.702bB 0.88+0.03abA 1.7940.292bA
2o (0.60-2.20) (1.00-5.80) (0.70-1.10) (1.00-3.00)
o é 3 12 1.46£0.2120A 2.44+0.602b8 0.93+0.04abA 0.94+0.182bA
(0.60-2.40) (1.00-5.00) (0.70+1.10) (0.20-1.50)
a 12 1.750.27%4 3.61+0.498 2.32+0.040A 2.24+0.22bA
(0.60-2.80) (2.40-5.80) (2.10-2.50) (1.20-2.90)
1 12 0.24+0.03bA 0.12+0.01b8 0.12+0.01%8 0.32+0.01bA
(0.09-0.32) (0.09-0.16) (0.08-0.19) (0.26-0.35)
> = 2 12 0.25+0.032bA 0.1040.012b8 0.09+0.012b8 0.28+0.012bA
oo (0.10-0.36) (0.07-0.15) (0.06-0.138) (0.23-0.30)
§ E 3 12 0.15+0.072bA 0.00+0.002b8 0.01+0.002b8 0.16+0.032bA
(0.00-0.46) (0.00-0.01) (0.00-0.05) (0.03-0.27)
a 12 0.09+0.0420A 0.01+0.002b8 0.02+0.012b8 0.15+0.032bA
(0.00-0.26) (0.00-0.02) (0.00-0.06) (0.02-0.25)
1 12 65.27+3.512A 0.8140.16%8 0.31+0.0328 3.33+0.31%8
(1.70-188.29) (0.42-1.70) (0.12-0.42) (2.13-4.86)
P 2 12 68.4413.14°A 2.21+0.4828 0.63+0.1128 2.69+0.1728
0 o (1.27-198.51) (1.11-4.26) (0.29-1.27) (2.13-3.83)
g 3 12 65.93+3.34%A 3.3310.48%® 1.28+0.1738 1.2740.1238
= (0.85-192.12) (2.03-5.53) (0.42-1.70) (0.79-1.70)
a 12 76.77+3.47°A 1.87+0.4028 0.34+0.0828 1.52+0.0628
(2.13-224.50) (0.42-3.83) (0.04-0.85) (1.27-1.70)
1 12 147.39+0.892A 20.11+3.09%8 36.05+6.7028 77.131£7.0728
115.7-202.98 13.63-32.46 26.49-45.27 59.23-88.66
— 2 12 165.15+1.632bA 45.29+0.55208 32.8+4.7808 55.8+5.86208
s = 147.60-189.56 43.13-46.69 28.01-36.56 32.38-68.01
o E’ 3 12 105.95+4.93bcA 15.7940.875B 23.55+3.63bB 38.27+4.99bcB
= 79.90-157.00 12.71-18.73 10.46-41.93 23.05-57.06
4 12 95.7911.41¢A 66.19+0.97<8 28.6945.65¢8 41.00+6.198
78.33-110.49 62.36-68.66 26,20-30,73 25.31-65.43
1 12 0.26410.1242A 0.036+0.00924 0.065+0.015%A 0.130+0.0152*
(0.004-0.770) (0.001-0.100) (0.030-0.140) (0.010-0.300)
- ) 12 0.298+0.14324 0.077+0.03324 0.237+0.135% 0.371+0.186%4
E o (0.010-0.880) (0.010-0.300) (0.020-1.200) (0.010-1.400)
,‘E lén 3 12 0.190+0.0812A 0.027+0.0092A 0.041+0.0172A 0.06910.0242A
= (0.006-0.540) (0.005-0.070) (0.010-0.14) (0.002-0.164)
4 12 0.174+0.079%4 0.051+0.009%4 0.062+0.01234 0.094+0.035%4
(0.001-0.500) (0.023-0.095) (0.012-0.137) (0.009-0.150)
Sicaklik (°C) 1936 - 21.83 16.20 7.60 10.90
Yagis (mm) 2016 36.13 79.20 71.60 41.83
Sicaklik (°C) 15.7 15.1
. 2014 yili ortalamasi 2015 yili ortalamasi
Yagis (kg m?2) 703.6 691.5

A, B, C harfleri mevsimler arasi farkliliklari (P <0.05), a, b, c harfleri istasyonlar arasi farkhliklari (P <0.05), Standart hata (+SH), n=
Toplam 6rnekleme sayisi. Sicaklik ve Yagis (Anonim, 2015b -2016a).
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Calismamizda serbest CO, degerleri ¢6zlinmus oksijen
degerleri ile ters orantili oldugu saptanmistir. Karasu
Cayr serbest CO, degerlerinin 1.10-55.73 mg L*
araliginda oldugu tespit edilmistir (Cizelge 1).
Karbondioksit suda ¢ok kolay ¢oziinir. Su kaynaklarina
havadan gecebildigi gibi organik molekillerin ayrismasi
ya da organizma faaliyetlerinin artmasiyla solunum
olaylarinin daha fazla olmasi CO; oraninin artis nedeni
olmaktadir. Gedik ve ark. (2010), Rize Firtina Deresi’'nde
yapmis olduklari calisma sonucu 0.88-4.10 mg/L
araliginda saptamistir. Galismamiz degerlerinin  bu
calisma ile farkhlik gostermesi su kaynaklarinin farkli
olmasindandir. CO, korelasyon degerlerinin alkalinite,
NHi, OM, TAKM ile dogru orantili oldugu (sirasiyla
r=0.663, r=0.733, r=0.476, r=0.464), BOIs ters orantili ( r=
-0.485) oldugu saptanmistir (P £0.001; Cizelge 3).

Karasu Cayir pH degerlerinin mevsimsel degisimleri
incelendiginde; minimum deger ilkbahar mevsiminde

6.67 ile 3.ist.’da ve maksimum deger yaz mevsiminde
8.14 ile 1.ist."da oldugu saptanmustir. pH degerleri sudaki
karbonat (COs?2), bikarbonat (HCOs) ve serbest
karbondioksit (CO,) miktarina bagh olarak degisebilir,
ancak bu degisiklikler bircok faktorden
kaynaklanabilmektedir. Oner ve Celik (2001), Sengiin
(2013) ve Dinger (2014) pH degerlerini sirasiyla 7.60
(Gediz Nehri'nde), 7.42 (Giresun Aksu Deresi'nde) ve
7.92 (Giresun ili Canak¢i Deresi'nde) oldugunu
bildirmislerdir. pH korelasyon degerlerinin alkalinite,
H,S, OM ile dogru orantih oldugu (sirasiyla r=0.674,
r=0.825, r=0.719), CO, ORP ile ters orantili (sirasiyla r=-
0.877, r=-0.853) oldugu saptanmistir (P <0.001; Cizelge
3). Karasu Cayi pH degeri Yerist(i Su Kalitesi Yonetmeligi
ile karsilastirildiginda I.-II. Sinif Kalitededir (Cizelge 4).

Cizelge 2. Karasu Cayl Toplam Koliform ve Fecal Koliform degerlerinin istasyonlara gére mevsimsel degisimi (XtSH),

minimum-maksimum degerleri

Table 2. Seasonal change of Karasu Stream Total Coliform and Fecal Coliform values (X£SD), minimum-maximum

values
ist. n Yaz Sonbahar Kis ilkbahar
12 721.22+32.19%A 360.44+16.12°8 73.00+3.68°¢ 328.66+14.558
1 (525-882) (262-441) (52-89) (238-400)
g % ) 12 676.33+26.11* 337.88+13.07"8 47.16+1.88%C 268.77+10.49%°
:g S (525-799) (262-399) (37-57) (210-315)
E E 3 12 542.88+36.87* 271.22+18.46%° 67.55+4.64°¢ 285.22+19.35%8
- e (405-689) (202-344) (50-85) (213-362)
= 12 257.88+14.26%A 165.66+6.64%8 32.88+1.33%¢ 131.88+7.12%
4 (201-305) (135-190) (27-38) (105-163)
12 627.33+4.11% 317.55+2.16% 48.88+0.97° 270.22+2.83¢B
1 (612-644) (305-327) (47-53) (253-282)
g % ) 12 539.11+5.78% 306.00+9.09<8 36.88+2.42<¢ 218.66+7.17¢
:g S (520-568) (258-337) (24-47) (187-248)
E E 3 12 519.66+34.435A 229.11+7.48b< 32.55+2.175¢ 235.66+11.92°<¢
w I (405-649) (202-267) (21-41) (205-305)
- 12 197.88+2.77% 128.4445.12%°8 24.88+0.99%¢ 111.3345.60%®
4 (185-213) (105-148) (19-29) (87-143)

A, B, C harfleri mevsimler arasi farkliliklari (P <0.05), a, b, c harfleri istasyonlar arasi farkhliklari (P <0.05), Standart hata (xSH),

n=Toplam 6rnekleme sayisi.

Akarsularda alkalinite; jeolojik yapi, kaya, toprak, tuz,
bitki aktivitesi ve endlstriyel atik salinimindan
etkilenmektedir (Anonymous, 1997b). Toplam alkalinite
genel olarak mg CaCOs L seklinde ifade edilir ve
bikarbonat, karbonat ve hidroksit bilesenlerinden
meydana gelmektedir. Alkalinite suyun asitleri notralize
edebilme kabiliyeti veya tamponlama miktarinin bir
dlctisudir. Dogal sularda alkalilik, 20-300 mg CaCOs L

arasinda olmaktadir. Alkalinitesi <20 mg/L olanlar disuk
alkali sular, >300 mg L* olanlar ise yiiksek alkali sular
seklinde kabul edilmektedir. Sucul organizmalar igin
alkalinite degeri 75-150 mg L? arasinda degismektedir
(Boyd, 1995). Calismada, Karasu Cayi’'nin alkalinite
degerleri 11.34-554 mg L! araliginda oldugu
belirlenmistir (Cizelge 1). Yapilan diger calismalarda ise;
Kicuk (2007) Buyik Menderes Nehri’ndeki calismasinda
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alkaliniteyi 200-500 mg/L deger araliginda, Dinger (2014)
Canakgl Deresi’'nde ortalama olarak alkaliniteyi 39-45 mg
L't deger araliginda, Tepe ve arkadaslari (2006) Hatay
Erzin Hasan Cayi’'nda yapmis olduklari c¢alismada
ortalama alkaliniteyi 141,42 mg L%, Giresun ili Aksu
Deresi'nde Sengiin (2013) 115,47 mg L! ve Gelevera
Deresi'nde Yildiz (2013) 33 mg L?! olarak tespit
etmislerdir. Alkalinite korelasyon degerlerinin NH4, OM,
TAKM ile dogru orantili oldugu (sirasiyla r=0.543,
r=0.908, r=0.857, r=0.621; P <0.001), CO, iletkenlik, ORP
ile ters orantili (sirasiyla r=-0.839, r=0.435,r=-0.868; P
<0.001) oldugu saptanmistir (Cizelge 3).

Karasu Cayl CO degerlerinin mevsimsel degisimleri
incelendiginde, minimum deger yaz mevsiminde 2.20 mg
L? ile 1. ve 2. istasyonlarda ve maksimum deger kis
mevsiminde 7.10 mg L ile 4. istasyonda 8l¢ulmustir. CO
degerlerinin, mevsimsel hava ve su sicakliklarinin
degisimden etkilendigi belirlenmistir. Bu durum, gazlarin
¢OzundrlGgunin sicakhk ile ters orantih oldugunu
gostermektedir. Oksijen gazi suda ¢bzlinen en 6nemli
gazlardan biridir. Oksijenin sudaki ¢dztnurligu sicakhga,
tuzluluga, fotosentetik aktivitelere ve atmosfer
basincina bagl olarak degismektedir (Glindogdu, 1995;
Tayhan, 2012). Karasu Cayl CO degerlerinin mevsimsel
degisimleri Kitaici Yerlsti Su Kaynaklarinin Genel
Kimyasal ve Fizikokimyasal Parametreler Acisindan
Siniflarina Gore Kalite Kriterleri'ne gore incelendiginde
(Anonim, 2016), su kalitesi Il. ve IV. Siniftir (Cizelge 4).
Diinya Saglik Orgiiti'niin (WHO) verilerine gére, nehir
sularinin CO degeri 25 mg L™ olmaldir. Elde edilen CO
konsantrasyonlarinin yaz mevsiminde WHO
standartlarinin altinda, diger mevsimlerde ise Ustiinde
bulunmustur (Anonim, 2018). Avrupa Birligi'nin Su
Cerceve Direktifi'ne gére, 2-6 mg L't araliginda CO degeri
yetersiz olarak belirtiimektedir (Anonymous, 2000).
Calismamiz sonucunda elde edilen CO degerleri 2.20 -
7.20 mg L' araliginda oldugu saptanmistir. Bu durum, su
kaynaginin CO degerlerinin zaman zaman distk oldugu
ve su ekosistemini olumsuz etkileyebilecegi fikrini
olusturmaktadir. CO konsantrasyonu suyun kirlilik
potansiyeli, icerisindeki OM miktari ve suyun kendi
kendini temizleme derecesi hakkinda fikir sahibi
olmamiza yardimci olmaktadir (Kara ve Comlekcioglu,
2004). Asi Nehri'nde Tasdemir ve GoOksu tarafindan
yapilan ¢alismada (Tasdemir ve Goksu, 2001), CO miktari
2.6ile 9.9 mg L' arasinda belirlenmistir. Hatay Karamanli
Goleti (Tepe ve ark., 2004) ve Trabzon lyidere Nehri'nde
(Verep ve ark., 2005) yapilmis calismalarda, ortalama CO
konsantrasyonu sirasiyla 9.31 mg L ve 11.10 mg L*
bulunmustur. Calismamizdan elde edilen CO degerleri
onceki arastirmalardan farkhdir ve bolgesel farkhliklarin
etkili oldugu disliniilmistir. Ayrica sonuglarimiz Karasu
CayI’'nda cevresel etkilerin yliksek oldugu ve kirlilik
sorunu ile karsi karsiya oldugunu géstermektedir.
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Minimum iletkenlik 1.62 ps cm™® olmasina ragmen,
maksimum iletkenlik degeri 44.35 ps cm™ bulunmus
olup, her iki degerin de 4.ist.’"da oldugu saptanmistir.
iletkenlik degerleri genellikle 1000 ps cm™ 'nin altinda
degisim gostermistir (Cizelge 1). WHO standartlarina
gore nehir sularinda iletkenligin maksimum 1000 ps cm-
Yoldugu bildirilmistir (Leong ve ark., 2018). iletkenligin
1000 ps cm™'yi asan su kaynaklarinda kirliligin oldugu
kabul edilmektedir (Kara ve Comlekcioglu, 2004).
Elektrik iletkenliginin suda ¢Ozlinen tuzlara,
yogunluklarina ve su sicakligina bagh olarak degistigi
bilinmektedir (Er, 2014). Karasu Cayi'nin mevsimsel
iletkenlik degerleri incelendiginde, Istatistik olarak
farkhlik 6nemli bulunmamakla birlikte istasyonlarin
homojen bir dagihm goéstermedigi belirlenmistir. Bunun
nedeni; 6ncelikle iklim kosullarindaki fark, su kaynaginin
deniz suyuyla zaman zaman birlesmesi, mevsimsel
sicakhik farkliliklari, yagis degiskenliginin olmasi ve su
kaynaginin diger kollarinin varliklari gosterilebilir.
Calismalarda, iletkenlik degerleri Emiralem Deresi'nde
(Sukatar ve ark., 2006), 239 - 322 us cmve Trabzon ili
nehirlerinde (Gultekin ve ark., 2012), 28 - 450 ps cm™
arasinda belirlenmistir. Bir baska calismada ise Ordu
Ulugdl'in iletkenlik degeri 187.46 ps cm? oldugu
gosterilmistir (Tas ve ark., 2010).

ORP, redoks potansiyelidir ve suyun kalitesini belirleyen
parametrelerden birisidir. ORP (milivolt:mV)’'nin pozitif
deger almasi suyun oksidasyon ozelligini, bozucu,
paslandirici etkisini, negatif deger almasi ise bozulmayi
paslanmayi engelleyici 6zellik tasidigini ifade etmektedir
(Yildiz, 2013; Dinger, 2014). Karasu Cay’’'nin ortalama
ORP degerleri 254.50+2.50 mV (l.ist., Yaz) ve
289.80+0.84 mV (4.ist., Kis) arasinda oldugu
bulunmustur (Cizelge 1). Farkh bolgelerde yapilmis
¢alismalarda ORP degerleri Giresun ili Canakg¢i Deresinde
-94.18 mV (Dinger, 2014), Aksu Deresinde -93.1 mV
(Sengilin 2013) oldugu tespit edilmistir. ORP bir ¢ozeltinin
veya su ortaminin oksitleme ve indirgeme gliclini
milivolt (mV) olarak belirleyen bir élgimddr (Sigg, 2000;
James ve ark., 2004). ORP degeri positif ise suyun okside
olabilecegini ve ¢urutici (bozucu) etkilerinin oldugunu,
negatif ise suyun engelleyici 6zellikte ve antioksidan
glice sahip oldugunu gosterir. Dogal sular pozitif ORP
degerine sahiptir. Sedimanlarda anaerobik kosullar
olustukca, mikroorganizmalarin farkh gruplari sirasiyla
elektron alicilarini (02, NOs, Mn**, Fe*3, SO42 ve CO,)
kullanirlar. Bu elektron ahcilarini kullanan
mikroorganizmalar yumusak zeminlerdedir ve ard arda
meydana gelen bir dizi reaksiyonlar sediman yataklarinin
derinliklerinde siklikla tekrarlanir (Guo ve ark., 1997).
Karasu Cayr ORP (248.50 - 292.80 araliginda) degerinin
mevsimsel degisimlerinde ¢ok biylk degisimler
olmamakla beraber tim mevsimlerde pozitif degerlerde
saptanmistir. Sonuglarin pozitif olmasi su kaynaginin
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¢liritlch yani bozucu ya da paslandirici 6zellige sahip
olmasiyla agiklanabilir. Ayrica mevsimsel degisimlerdeki
farkhliklarin ~ su  kaynaginin  ¢6ziinmis  oksijen
degerlerindeki degisime bagh olarak yikseltgenme
indirgenme olaylarinin gerceklestigini gostermektedir.

Klorir iyonu konsantrasyonu dogal sularda genel olarak
disiktar ve su kaynaklarina ¢oziinme yolu ile ya da tuzlu
su kaynaklarinin tath su kaynaklarina karismasi sonucu
artis gostermektedir. Su kaynaklarinda farkh bilesikler
halinde 6zellikle sodyum klorr, kalsiyum ve magnezyum
klorir seklindedir (Geldiay ve Kocatas, 1988; Sengil ve
Tirkman, 1998). Tuzlu su girisinin ve kirlenmenin
olmadigi su kaynaklarinda kloriir konsantrasyonu 10-20
mg L arasinda degisiklik gdsterir (Caglar ve Saler, 2014).
Calismada, Karasu Cayi’'nin Klorir iyonu konsantrasyonu
minimum kis mevsiminde 0.04 g L ile 4. istasyonda ve

maksimum sonbahar mevsiminde 0.46 g L* ile 1.
istasyonda belirlenmistir (Cizelge 1). En yiiksek degerin
l.istasyonda belirlenmesi, istasyonun deniz ile
baglantisinin olmasindandir. Ayrica su kaynaginin
mevsimsel Klorlir degerlerinde dalgalanmalar, su
sicakhiginin artmasi ile kar sularinin erimesi ve mevsimsel
yagls miktarlarindaki artislardan kaynaklanmaktadir.
Daha o6nce gercgeklestirilen ¢alismalarda; Caglar ve Saler
(2014), Erzincan Kogan Selalesinde Klorir derisimini
0.90-1.11 mg L? araliginda oldugunu; Giinsen ve ark.
(2000), Uludag’'daki su kaynaklari ile ilgili ¢alismada
Kloriir derisiminin ortalama 7.02 mg L oldugunu; Cicek
ve Ertan (2012), Antalya Koprigay Nehri'nde yapmis
olduklari calismada Kloriir derisimini 68.52 mg L™ olarak
tespit etmislerdir.

Cizelge 3. Karasu Cayi koliform bakterileri ile fizikokimyasal parametre degerleri arasindaki korelasyon
Table 3. Correlation between Karasu Stream coliform bacteria and physicochemical parameter values

T.Koliform F.Koliform Sicakhk CO2 pH Alkalinite co
F.Koliform 0.994***
Sicakhk 0.824*** 0.804***
CO: 0.381%** 0.375%* 0.607***
pH 0.794*** 0.791%** 0.789%** 0.086
Alkalinite 0.697*** 0.683*** 0.968*** 0.663*** 0.674***
co -0.939*** -0.932*** -0.930*** -0.397 -0.877*** -0.839***
iletkenlik -0.049 -0.067 -0.300* -0.115 -0.165 -0.435** 0.170
ORP -0.903*** -0.892*** -0.941*** -0.402** -0.853*** -0.868*** 0.986***
Kloriir 0.648*** 0.632*** 0.320* -0.145 0.548*** 0.136 -0.530***
BOIs -0.142 -0.120 -0.237 -0.485*** 0.187 -0.329* 0.122
NHs-N 0.579*** 0.558*** 0.575*** 0.733*** 0.197 0.543*** -0.497***
H2S 0.720*** 0.706*** 0.911%** 0.310* 0.825*** 0.908*** -0.878***
oM 0.819*** 0.787*** 0.912*** 0.476*** 0.719*** 0.857*** -0.896***
TAKM 0.489*** 0.466** 0.627*** 0.464*** 0.297* 0.621*** -0.579***
iletkenlik ORP Kloriir BOIs NH4-N H2S oM
ORP 0.265
Kloriir 0.318* -0.475***
BOIs 0.139 0.194 0.108
NH4-N 0.154 -0.484*** 0.299* -0.492***
H2S -0.487*** -0.913*** 0.292%* -0.194 0.293*
oM -0.222 -0.894*** 0.376** -0.220 0.567*** 0.865***
TAKM -0.186 0.633*** 0.120 -0.308* 0.675%** 0.523%** 0.652%**
P 20.05; (*)P <0.05; (**)P <0.01; (***)P <0.001
BOls, bakterilerin aerobik kosullar altinda OM'yi bulgularimiz ile yapilan diger akarsu calismalardaki

ayristirmak icin kullandigi oksijen miktaridir (Egemen ve
Sunlu, 1996), degeri farkh bolgelerdeki bircok
arastirmaci tarafindan degerlendirilmistir. Verep ve ark.
(2005), Dinger (2014) ve Gedik ve ark. (2010) tarafindan
BOIs degerleri sirasiyla; Trabzon lyidere'de ortalama 2.40
mg L, Rize firtina Deresi'nde 1.85 mg L ve Giresun
Canakgl Deresi'nde 3.83 mg L* olarak tespit edilmistir.
Karasu Cayi BOIs degeri minimum 0.33 mg L (1.ist) ve
maksimum 3.61 mg L' (4.ist.) belirlenmis olup,

292

degerler arasinda paralellik bulunmaktadir. Ayrica BOls
acisindan  Yerlstid Su Kalitesi  Yonetmeligi ile
karsilastirildiginda I.-1l. Sinif olarak degerlendirilmistir.
Derenin mevsimsel BOls degerleri incelendiginde, BOlIs
degerlerinin yaz aylarinda disik ve sonbaharda yiksek
oldugu belirlenmistir. Bu durum, gazlarin
¢Ozunurluginin sicaklik ile ters orantili oldugu ve sicaklik
arttikca CO degerinin azaldiginin gostergesi olarak
yorumlanabilir.  Yaz aylarinda ylksek sicakliklar
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nedeniyle, CO degerindeki azalma ve aerobik ortamda
calisan bakterilerin azalmasi veya organik parcalanma
sirecinin yavaslamasi ve azalmasi neden olarak
gosterilebilir. Sonbaharda BOIs degerlerindeki artis; su
sicakligindaki azalma ve yagistaki artis nedeniyle artan
CO miktar ile acgiklanabilir. Su sicakhgi, suda yasayan
organizmalarin optimal yasam kosullarini ve bircok
biyokimyasal sireci etkileyen bir parametredir. Ayrica
¢O6ziinmils oksijeni ve su ortamlarindaki bircok
fizikokimyasal 06zelligi dogrudan degistirmektedir
(Hasangavusoglu ve Giundogdu, 2019).

Karasu Cayl NH4s"-N degerleri incelendiginde; minimum
deger (0.000 mg L) sonbaharda 3.ist.’”da, maksimum
deger (0.32 mg L?) ilkbaharda 1.ist’da bulunmustur.
Amonyum, sucul ortamda yasamin sirekliligini saglayan
besinlerden biridir. Buna ragmen, su kaynaklarinda asiri
miktarda bulundugu takdirde besin kirliligine neden
olmaktadir. Sudaki alglerin ¢ogalmasini ve blylimesini
saglamanin yani sira, su ekosistemindeki CO miktarini
azaltarak, sucul canhlar i¢in olumsuz kosullarin ve
etkilerin  ortaya ¢lkmasina neden  olmaktadir
(Hasangavusoglu ve Gilindogdu, 2019). Su kaynagindaki
NHs*-N degerlerinin sonbahar ve kis mevsimlerinde
disik oldugu saptanmistir. Bunun nedeni; distk su

sicakliklart  sebebiyle CO miktari artmakta ve
nitrifikasyon  olaylari  hizlanmaktadir. NH;  bu
mevsimlerde  oksitlenerek NO, ve NO3 ‘e

dontsmektedir. Bu dongide NH; kullanildigindan
azalma egilimi gostermektedir. Kivrak ve ark. (2012)
tarafindan Afyon Akarcay'da yapilan ¢alismada 0.11-
20.04 mg L' NHs*-N; Tasdemir ve Goksu (2001)
tarafindan Asi Nehri'nde yapilan galismada ise 0.02-1.98
mg L NH.-N konsantrasyonlari belirlenmistir. Bu
sonuglarin ¢alismamizdaki NH.*-N sonuglari ile uyumlu
oldugu bulunmustur. Kitai¢i Yerlstli Su Kaynaklarinin
Genel Kimyasal ve Fizikokimyasal Parametreler
Agisindan  Siniflarina Goére Kalite Kriterleri ile
karsilastirildiginda (Cizelge 4), Karasu Cayi’nda su kalitesi
NH4*-N degerleri agisindan I.-1l. Sinif (ylksek kaliteli su)
bulunmustur (Anonim, 2016).

H,S, normal kosullar altinda renksiz, toksik, ucucu ve
yanici bir gazdir. Su kaynaklarindaki SO42 iyonu,
anaerobik ortamlarda silfat azaltici mikroorganizmalar
tarafindan oksijen kaynagl olarak kullaniir ve
biyokimyasal reaksiyonlarin sonucu olarak S iyonu
olusur. S iyonu, H,S gazi olusturmak icin su icindeki
hidrojen ile reaksiyona girer. Calismada, su kaynagindaki
H,S degerleri incelendiginde, yaz aylarinda degerlerin
yiksek oldugu gorilmektedir (Cizelge 1). Bunun nedeni,
su sicakliklarindaki mevsimsel artisin CO miktarini
azaltmasidir. Bu nedenle oksijensiz ortamda organik
bozunma, anaerobik bakteriler tarafindan gerceklestirilir
ve dolayisi ile oksijensiz Grlinlerin olusumu artmaktadir
(Egemen ve Sunlu, 1996; Oztirk, 2006). Diger
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mevsimlerde H,S degerlerinin daha disik olmasinin

nedeni sicakhkla iliskilendirilebilir. Bu durum su
sicakhgindaki degisiklikler nedeniyle CO degerinin
artmasi ve aerobik kosullarda oksijenli Griinlerin

meydana gelmesi ile aciklanabilir. S déngiisiiniin son
asamasl SO42 oldugundan, silfiriin biyik bir kisminin,
¢O6zinmis oksijenin artmasiyla silfata donidsmesi
mimkundir. H,S korelasyon degerlerinin sicaklik, NH, ve
OM ile dogru orantili (sirasiyla r=0.911, r=0.293: P <0.05;
r=0.865, P <0.001), CO, iletkenlik ve ORP ile ters orantili
(sirasiyla r=-0.878, r=-0.487, r=-0.913; P <0.001) oldugu
belirlenmistir (Cizelge 3).

Arastirma sonuglari  dikkate alindiginda OM’nin
minimum degerlerinin sonbahar, kis aylarinda ve
maksimum  degerlerinin  yaz aylarinda oldugu

belirlenmistir (Cizelge 2). Akarsuyun OM degerleri 0.27-
481.33 mg L arasinda degismektedir. Gedik ve ark.’nin
(2010) Rize Firtina Deresi'nde ve Dinger’in (2014)
Giresun Canakgi Deresi'nde yapmis olduklari calismadan
elde ettikleri OM degerlerinin, Karasu Cayr'nda
buldugumuz sonuglardan farkli oldugu belirlenmistir.
Calismamizdaki OM miktarlarindaki dalgalanmalar ve
diger arastirmalarla benzerlik géstermemesi mevsimsel
sicaklik farklhiliklarinin olmasiyla, pH, yagis degisiklikleri
ve bolgesel farkhlklarla agiklanabilir. OM korelasyon
degerleri incelendiginde (Cizelge 3), sicaklk, pH, NH4 ve
TAKM ile dogru orantili oldugu (sirasiyla r=0.912,
r=0.719, r=0.567 ve r=0.652) ve istatistiksel olarak
anlamli oldugu bulunmustur (P <0.001).

Askida kati maddeler sular icin dnemli bir parametredir;
sudaki kati madde miktari arttikga, suyun gecirgenligi
azahr ve kati maddeler sudaki organizmalar igin olumsuz
kosullara neden olmaktadir (Dihkan ve ark., 2011).
TAKM, suda ¢Oziinen ve ¢oziinmeyen katilarin toplami
olarak bilinir. Genellikle kolloidal organik maddeler,
tortu malzemeleri, ¢amur veya kil minerallerinden
olusmaktadir (Uslu ve Tirkman, 1987). Tasdemir ve
Goksu (2001) Asi Nehri'nde TAKM degerini mg L*
degerleri arasinda, Tepe ve Mutlu (2004) Hatay Harbiye
Kaynak suyunda TAKM degerini ortalama 1.75 mg L*
olarak bulmuslardir. Calismamizda TAKM degerleri
literatir calismalarina goére daha disiik degerlerde
belirlenmistir (Cizelge 1). istatistik olarak farklilklar
onemli olmamakla birlikte TAKM degerleri mevsimsel
degisikliklerde artis ve azalis gostermis olup, bunun su
akis hizi ve yagis miktari ile baglantili oldugu sonucuna
varilmistir. Yaz mevsiminde TAKM degerlerinin diger
mevsimlere gore daha yliksek olmasi buharlasmanin ve
kentsel atik su girdisinin yliksek olmasidir. TAKM 'nin
korelasyon degerlerinin CO ile ters orantili oldugu (r=-
0.579, P <0.001) ve sicaklik, NH4, pH, ile dogru orantili
oldugu (sirasiyla r=0.627, r=0.675: P <0.001; r=0.297: P
<0.01) bulunmus olup, istatistiksel agidan 6nemli oldugu
saptanmistir (Cizelge 3). Kitaici YerUsti Su Kaynaklarinin
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Genel Kimyasal ve Fizikokimyasal Parametreler
Agisindan Siniflarina Gore Kalite Kriterleri'ne gore;
akarsuyun TAKM degerleri I. Sinif (Cizelge 4) su
kalitesindedir (Anonim, 2016).

Koliformlar cok cesitli bakteri trleridir.
Enterobacteriaceae familyasindaki koliform grubu;
cubuk seklinde, spor olusturmayan, laktozun 48 saatte
35°C'de fermantasyonuyla gram negatif gaz (reten
bakterilerdir. Koliform bakterileri en ¢ok hayvanlarin
bagirsaklarinda, ayrica  bitkilerde ve toprakta
gorilmektedir (Halkman 2005; Sengil ve Tiarkman,
1998). Su kaynaklarinda F. koliform bakterilerinin varligi,
suyun diski atiklariyla temas halinde oldugunu
gostermektedir. Bu durum su kaynaklarinin birgok
zararli, tehlikeli ve hastaliga neden olan bakteri,
protozoa, parazit ve viruslerle kirlendiginin gostergesidir

(Halkman, 2005). Karasu Cayr T. koliform ve F.
koliform'un minimum degerleri sirasiyla 32.88 ve 24.88
kob 100! ml? ile 4.ist’da ve maksimum degerleri
sirasiyla 721.22 ve 627.33 kob 100! ml? ile 1.ist.’da
tespit edilmistir. Dicle nehri’ndeki koliform miktari 2.10-
4.02 log10 kob 100! ml? (Vural ve Erkan, 2006) olarak
bulunmus olup, Bitlis ilinin igme suyunda koliform ve E.
coli miktarinin 501-5000 100 ml? araliginda oldugu
hesaplanmistir (Alemdar ve ark., 2009). Canakkale
Saricay Deresi ve Kahramanmaras Aksu Deresi'nde
Colakoglu ve Cakir (2003) ve Toroglu ve ark. (2006)
tarafindan F. koliform yiki >1100 100! ml? olarak
bulunmustur. Koliform degerlerinin diger ¢alismalarin
sonuglarindan farkli olmasi yer ve zaman farkindan
kaynaklanmaktadir.

Cizelge 4. Karasu Cayi Su Kalite Parametrelerinin YerUstil Su Kalitesi Yonetmeligine gore degerlendirilmesi
Table 4. Evaluation of Karasu Stream Water Quality Parameters according to the Surface Water Quality Regulation

Su Kalitesi Siniflari

Parametreler

l. Il. 1. Iv.
Sicaklik X X
pH X X
co X X
iletkenlik X
Kloriir X
BOIs X X
NH4-N X X
H,S X
oM X X
TAKM X
T.Koliform X X
F.Koliform X X

Sinif I: Temiz. Sinif 1l Az kirli. Sinif 111: Kirli ve Sinif IV: Cok kirli.

F. koliform'un mevsimsel degisiminin T. koliform ile
paralel oldugu belirlenmistir. T. koliform'larin ¢ogunun
genellikle  sularda  gozlenmesi istenmeyen F.
koliformlardan olustugu goérilmektedir. Bu durum
derenin yil boyunca insan ve hayvan diskisi ile temas
halinde oldugunun bir gostergesidir. Akarsu’daki T.
koliform ve F. koliform yilkinin yaz aylarinda diger
mevsimlere gore daha yiksek oldugu tespit edilmistir.
Koliform konsantrasyonlarinin artmasinin nedenleri;
mevsimsel sicaklik degisimi, mikroorganizmalar icin
uygun Ureme ortaminin olusumu, mevsimsel yagis
miktarinin azalmasi ve turizm nedeni ile nifus artisina
paralel olarak kanalizasyonlardaki atik ylkinin artisidir.
Yazdan kisa geciste, T. koliform ve F. koliform
degerlerindeki azalmaya; su sicakligindaki disus, atik
ylklerindeki azalma ve vyagislardaki artis neden
olmustur. T. koliform ve F. koliform degerinin tim
mevsimlerde 1.ist.’”da maksimum oldugu bulunmustur.
Bunun nedeni 1l.ist’un hayvanlarin glizergahinin
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Uzerinde olmasidir. T. Koliform korelasyon sonuglari
degerlendirildiginde CO ve ORP ile ters orantili oldugu
(r=-0.939 ve r=-0.903), F. Koliform, sicaklik, pH, NH4, H.S,
OM ve TAKM ile dogru orantili oldugu (sirasiyla r=0.994,
r=0.824, r=0.794, r=0.579, r=0.720, r=0.819 ve r=0.489)
belirlenmis olup (P £0.001), istatistiksel agidan oldukca
onemli oldugu tespit edilmistir. Cizelge 3’te gorildigi
Gzere F. Koliform korelasyon degerlerinin parametrelerle
ayni dogrultuda istatistiksel agidan baglantili oldugu
saptanmistir. Fiziksel parametrelerin ve koliformlarin
ortalama degerleri “YerUsti Su Kalitesi Yonetmeligi”
Kitaici YerUstli Su Kaynaklarinin Siniflarina Goére Kalite
Kriterleri'ne gore degerlendirildiginde, Karasu Cayi’'nin
CO bakimindan az ya da c¢ok kirli (ll.-IV. Sinif), H,S
acisindan cok kirli (IV. Sinif), T. koliform (l.-1I. Sinif) ve F.
koliform acisindan az kirli-kirli (ll.-11l.  Sinif) oldugu
belirlenmistir (Cizelge 4; Anonim, 2015a; Anonim, 2016).
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Gelisen dilinyada cevreye olan duyarliigin artmasina
bagh olarak su kirliligi konusunda gereken &nlemler
alinmaya calisilsa da yeterli olmadigi bilinmektedir. Su
kaynaklarinin kalite ve kirlilikleri (izerinde vyapilan
¢alismalarin artmasi ve su kaynaklarinin su anki
durumlar ile kirletici kaynaklarinin belirlenmesi ¢ok
onem arz etmektedir. Karasu c¢ayl sularini denize
ulastirana kadar yerlesim yeri ve tarim arazilerinden
gecmektedir. Su kaynaginin su kalite parametrelerinin
mevcut durumlarinin iyilestiriimemesi, korunamamasi
ve ilerleyen yillarda kirlilik yiikiiniin artmasi sonucu
ekosisteminde ve su havzasinda sucul yasam ile insan
sagligini  etkileyecek durumlarin  ortaya cikmasi
mimkdindur.

Calismada elde edilen veriler degerlendirildiginde, su
kaynaginin CO degerinin dusik ve H.S, T. Koliform ve F.
Koliform degerlerinin yilksek degerlerde seyrettigi
belirlenmistir. Bu durum su kaynaginda otrofikasyonun
baslamasina ya da artisina sebep olabilme ihtimalini
glclendirmektedir. Su kaynagindaki ¢6zliinmis oksijen
degerlerinin disik c¢ikmasinda, askida kati madde
miktarinin, sicakligin, organik madde yikinin ve diger
kirleticilerin ~ etkisi ~ oldugu  dastndulebilir. Bu
parametrelerin kontrol altina alinmasi ve sirekli
izlenmesi ¢6zlinmis oksijen degerinin de dogal olarak
normal degerlere geri donebilecegi ihtimalini
desteklemektedir. Calismamizda ortaya cikan Kkirlilik
turlerinden biri olan Hidrojen sdlfir kirliligi igin
alinabilecek  onlemlerin  basinda su  kaynaklari
cevresindeki yerlesim bolgelerinin kanalizasyon alt
yapilarinin diizeltilmesi ve atik sularin su kaynaklarina
verilmeden 6nce organik madde yikinin azaltiimasina
yonelik tedbirlerin alinmasi gerekmektedir. Koliform
kirliliginin temel kaynagi kanalizasyon kokenli atik sular
olusturmaktadir. Bu bakteriler insan sagligi icin ciddi
boyutlari olan hastaliklara sebep olabilmektedir. Su
kaynaginin Koliform yikindn sirekli izlenmesi ve
kanalizasyon desarj sistemlerinin kurulmasi ile kirliligin
onlenmesinde etkili olabilecegi soylenebilir. Karasu
¢ayl'nin  mevcut durumunun periyodik araliklarla
izlenmesi, iyilestiriimesi ve korunmasi icin gereken
tedbirlerin alinmasi gerekmektedir. Bunun yaninda su
kaynaginin cevresindeki yerlesim bolgelerinden ve tarim
arazilerinden su kaynaklarina giris yapan askida kati
madde  ylkinin artmasina sebep  olabilecek
maddelerinde kontrol altinda tutulmasi gerekmektedir.
Su kaynaklarinin sirdirdlebilirliklerini saglayabilmek;
sucul ortamlarin daha fazla bozulmalarinin engellenmesi

ve iyilestirilmeleri, su kaynaklarinin uzun vadeli
korunarak  kullanimlarinin  saglanmasi,  konunun
ciddiyetinin ve O©Oneminin daha fazla ©6n plana

cikarilmasiyla miamkiin olabilir. Avrupa birligi su cerceve
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direktifinin ana hedefi olan, nehir havzasi bazinda
yonetim kavraminin yayginlastiriimasi saglanmalidir.
Sucul canlilar igin yasam kalitesi ve neslin strdirebilirligi
dogal sularin kaliteli ve temiz olmasi ile mimkin
olacaktir.

OzZET

Amag: Kentlesmenin ve sosyoekonomik faaliyetlerin her
gecen gin artmasi, evrende dogal kaynaklarin
kirlenmesine ve bozulmasina neden olmaktadir. Calisma,
Karadeniz Bolgesi'ndeki Kire Daglarn'nin  Glnduzli
Ormanlarindan dogan ve Sinop'un 8 km batisindaki
Akliman sahilinden Karadeniz'e dékilen Karasu Cayi’'nin
su kalitesini belirlemek amaciyla yapilmistir.

Yontem ve Bulgular: Karasu Cay’’'nin sicaklk,
karbondioksit, pH, alkalinite, ¢6zlinmus oksijen,
iletkenlik, oksidasyon-rediiksiyon potansiyeli, klorr,
biyolojik oksijen ihtiyaci, amonyum azotu, hidrojen
sulfar, organik madde, toplam askida kati madde
parametreleri ile Toplam koliform ve Fekal koliform
degerleri Mayis 2014'ten Nisan 2015'e kadar her ay takip
edilerek mevsimsel durumu ortaya konulmustur. Karasu
CGay’'nin Toplam koliform ve Fekal koliform yikld en
disik kis mevsiminde (4. istasyon), en yiiksek yaz
mevsiminde (1. istasyon) tespit edilmistir. Su
orneklerinin analizi BOls, NH4*-N, OM, Toplam koliform
ve Fekal koliform ortalama degerlerinin mevsimler ve
istasyonlar arasinda istatistiksel farkhliklari anlamli (P
<0.05) bulunmustur. Ayrica sicakhk, CO,, pH, CO,
alkalinite ve H,S degerleri mevsimler arasi dnemli 6lglide
farklihk gosterirken (P <0.05), istasyonlar arasi farkhhk (P
>0.05) olmamistir.

Genel Yorum: Arastirma sonugclari Yertsti Su Kalitesi
Yonetmeligi ile karsilastirildiginda nehir suyunun Toplam
koliform (l.-1l. Sinif) ve Fekal koliform (IL-lIl. Sinif)
yuaklinin siniflari belirlenmistir. Su kaynaginin CO
degerinin dustk ve HsS, F. Koliform degerlerinin ylksek
degerlerde seyrettigi belirlenmistir. Bu durumun su
kaynaginda otrofikasyonun baslamasina ya da artisina
sebep olabilme ihtimalini gliclendirmektedir.
Calismanin  Onemi ve Etkisi: Su kaynaklarinin
surdurulebilirliklerini saglayabilmek icin, sucul
ortamlarin daha fazla bozulmalarinin engellenmesi
gerekmekte ve su kaynaklarinin  korunmasinin
saglanmasi, konunun 6n plana gikarilmasiyla miimkin
olabilir.

Anahtar Kelimeler: Koliform, dere, nehir, kirlilik, su
kalitesi, Karasu Cayi, Karadeniz.
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TESEKKUR

Calisma, “Karasu Cayi ve Sirakaraagaclar Deresi’nde Bazi
Fiziko-Kimyasal ve Mikrobiyolojik Parametrelerin
Arastiriimasi” adli Sinop Universitesi Fen Bilimleri
Enstitlisl Yiksek Lisans Tez verilerinden Uretilmistir.

CIKAR CATISMA BEYANI
Yazarlar ¢alisma konusunda
olmadigini beyan etmektedir.

¢ikar  gatismasinin

ARASTIRMACILARIN KATKI ORANI BEYANI
Yazarlar ¢alismaya esit oranda katki saglamis olduklarini
beyan eder.
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