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Vermicompost Applications in Soils
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!Malatya Turgut Ozal University, Faculty of Agriculture, Soil Science and Plant Nutrition Department, Malatya
*Corresponding author: asuman.yanardag@ozal.edu.tr

Received: 10.06.2024 Accepted: 25.07.2024
Abstract

Vermicompost is a rich, nutritious fertilizer produced by the digestion and decomposition of organic waste by
earthworms. In this process, the worms break down organic materials to produce a humus-like substance.
Vermicompost contains high levels of plant nutrients, enzymes, microorganisms and growth regulators. These
components make vermicompost an effective natural fertilizer that increases soil fertility and improves plant
health. Vermicomposting also provides significant benefits in terms of environmental sustainability. The
breakdown of organic waste by worms facilitates waste management and reduces the burden on landfills. In
addition, vermicomposting reduces the use of chemical fertilizers and prevents environmentally harmful chemicals
from entering the soil and water resources. Vermicompost has great potential for sustainable agriculture and soil
health. However, it needs to be used in an effective and balanced manner. This study comprehensively addressed
the benefits and potential harms of vermicompost on soil health and agricultural productivity. Future research and
applications will contribute to a more effective and sustainable use of vermicompost.

Keywords: Vermicompost, soil, sustainable, agriculture, organic
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1. Introduction
Vermicompost is a rich humus-like

fertilizer  obtained because of the
breakdown of organic matter passing
through the digestive systems of

earthworms. This fertilizer is formed by the
decomposition of organic materials under
the influence of microbial activity and
enzymes during the digestive processes of
worms (Ucar and Erman, 2020).
Vermicompost is a high-quality organic
fertilizer that contains essential nutrients
needed by plants, improves soil structure

and supports microorganism  activity
(Edwards and Bohlen, 1996).
Vermicompost contains macro and

micronutrients essential for the growth and
development of plants (Table 1). These
nutrients originate from the organic waste
that the worms digest. Vermicompost is a

nutrient-rich organic fertilizer produced
through the decomposition of organic
matter by earthworms. It contains essential
macro and micronutrients that are vital for
the growth and development of plants
(Edwards and Arancon, 2004). Macro
nutrients, such as nitrogen, phosphorus, and
potassium, are needed in larger quantities
and play crucial roles in processes like root
development, leaf health, and overall plant
vitality. On the other hand, micronutrients,

including iron, zinc, and copper, are
required in smaller amounts but are equally
important  for  various physiological

functions. By providing these nutrients,
vermicompost enhances plant health,
promotes stronger growth, and improves
yield, making it an excellent choice for
sustainable gardening and agriculture
(Table 1).

Table 1. Nutrient functions in plant growth and development

Nutrient Substance Function

Nitrogen (N)

Plant growth and protein synthesis

Phosphorus (P) Root development, flowering and fruit formation
Potassium (K) Disease resistance, water balance and enzyme activity
Calcium (Ca) Cell wall formation

Magnesium (Mg)

Chlorophyll production and enzyme activity

Other Trace Elements

Various plant functions

Vermicompost contains high levels of
organic matter as well as micro and macro
nutrients. This organic matter increases the
water holding capacity of the soil, improves
soil structure and reduces erosion. Organic
matter also promotes microorganism
activity in the soil and makes nutrients more
easily taken up by plants (Dominguez and
Edwards, 2011).

Vermicompost is rich in beneficial
microorganisms and enzymes. These
microorganisms promote nutrient cycling
and enrich soil biology by accelerating the
decomposition of organic matter. Enzymes,
in turn, help to release nutrients needed by
plants (Lazcano and Dominguez, 2011).

Vermicompost contains organic acids
such as humic and fulvic acids. These acids
regulate soil pH balance, increase the
solubility of nutrients and allow plant roots
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to take up nutrients more efficiently (Sinha
et al., 2002). Vermicompost contains
natural growth regulators (hormones) that
promote plant growth. These regulators
increase root development, improve
germination rate and promote overall plant
health (Gajalakshmi and Abbasi, 2004).
The production of vermicompost takes
place through the digestion and breakdown
of various organic wastes by worms. This
process includes the following steps.
Organic  wastes  for  vermicompost
production are collected from various
sources such as vegetable and fruit residues,
coffee grounds, eggshells, tea leaves, leaf
debris and garden waste (Yadav and Garg,
2011). The organic waste is broken into
small pieces and pre-treated to make it
easier for earthworms to digest. This
process makes the waste more suitable for
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earthworms (Lazcano et al., 2013). Organic
waste is placed in beds where earthworms
live. In these beds, earthworms digest the
waste and produce a nutrient-rich fertilizer.
The most used earthworm species include
Eisenia fetida (red California worm) and
Lumbricus rubellus (Sinha et al., 2010).
Vermicompost matures over a period. At
the end of this process, the manure is
separated from the beds and harvested. At
this stage, the worms and vermicompost are
separated and the resulting manure is dried

and made ready for use (Ansari and
Sukhraj, 2010).

Vermicompost is wused in various
agricultural and horticultural applications.
Vermicompost stimulates the growth and
increases the productivity of field crops.
The use of vermicompost in vegetable and
fruit gardens increases product quality and
quantity. Vermicompost promotes healthy
growth in ornamental plants and lawns. It is
an ideal source of organic fertilizer for
plants grown in greenhouses (Arancon et
al., 2004).

Vermicompost is a high-quality organic
fertilizer rich in nutrients, organic matter,
microorganisms, enzymes, humic and
fulvic acids and growth regulators. This
fertilizer improves soil structure, promotes
plant growth and enhances environmental
sustainability. However, its effective and
balanced use is important to maximize its
benefits and prevent potential damage
(Fig.1).

Vermicompost is a rich, nutritious
fertilizer produced by the digestion and
breakdown of organic waste by worms. In
this process, the worms break down the
organic material to produce a humus-like
substance. Vermicompost contains high
levels of plant nutrients, enzymes,
microorganisms and growth regulators
(Edwards and Bohlen, 1996). These
components make vermicompost an
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effective natural fertilizer that increases soil
fertility and improves plant health.

1.1. Benefits of vermicompost

Effects on Soil Fertility: Vermicompost
improves soil structure, increasing water
holding capacity and soil aeration (Atiyeh et
al., 2000a). This fertilizer stabilizes soil
aggregates and reduces erosion (Lazcano
and Dominguez, 2011). Furthermore,
vermicompost increases the amount of
organic matter in the soil, accelerating
nutrient cycling and promoting
microorganism activity (Arancon et al.,
2004).

Effects Plant Growth and
Productivity: ~ Vermicompost  contains
various nutrients and growth regulators that
improve plant growth and productivity
(Dominguez and Edwards, 2011). This
fertilizer promotes better development of

on
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plant roots, increases nutrient uptake and
strengthens plant resistance to diseases
(Sinha et al., 2002). Vermicompost
applications help plants to grow healthy and
strong as it contains hormones and enzymes
that promote plant growth (Gajalakshmi
and Abbasi, 2004).

Microbial Activity and Soil Biology:
Vermicompost promotes the growth of
beneficial microorganisms in the soil
(Lazcano et al.,, 2013). These
microorganisms accelerate the breakdown
of organic matter, allowing nutrients to be
more easily taken up by plants (Bhat et al.,
2015). Furthermore, vermicompost
enriches soil biology by increasing
microbial biomass and enzyme activity in
the soil (Edwards and Arancon, 2004).

Environmental Benefits:
Vermicomposting also provides significant
benefits in terms of environmental
sustainability (Arancon et al., 2004). The
breakdown of organic waste by earthworms
facilitates waste management and reduces
the burden on landfills (Lavelle et al.,
1992). In addition, vermicomposting
reduces the use of chemical fertilizers and
prevents environmentally harmful
chemicals from entering the soil and water
resources (Kumar and Sharma, 2014).

1.2. Harms of vermicompost

Effects of Overuse: Overuse of
vermicompost can have negative impacts
on soil health (Singh and Prakash, 2008).
High application of vermicompost can lead
to excessive salt accumulation and pH
imbalance in the soil (Ansari and Sukhraj,
2010). This can lead to burning of plant
roots and slow growth (Aira et al., 2007).

Nutrient Imbalance: Although
vermicompost has a high nutrient content, it
does not contain all plant nutrients in a
balanced way (Bhardwaj et al., 2010). For
example, vermicompost usually has a high
nitrogen content, but other important
nutrients such as phosphorus and potassium
may not be present insufficient amounts
(Ndegwa and Thompson, 2001). This
imbalance can result in plants not getting
enough of the nutrients they need and
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reduced growth performance (Atiyeh et al.,
2000Db).

Pathogens and  Diseases:  Since
vermicompost is produced through the
process of decomposition of organic
materials, it may contain pathogens and
harmful organisms (Yadav and Garg,
2011). Vermicompost produced under
poorly treated or unhygienic conditions can
lead to plant diseases and pests (Sinha et al.,
2010). This can adversely affect plant
health and reduce agricultural productivity
(Gajalakshmi and Abbasi, 2004).

Economic Costs: Vermicompost
production and application can be more
costly than  conventional  chemical
fertilizers (Edwards and Arancon, 2004).
Vermiculture and fertilizer production
processes require initial investments and
operating costs (Kumar and Sharma, 2014).
Furthermore, vermicompost applications
require manual labor, which can lead to
additional labor costs for agricultural
enterprises (Ansari and Sukhraj, 2010).

2. Results and Discussion

Vermicompost is a valuable organic
fertilizer that improves soil health,
promotes plant growth and supports
environmental sustainability. Thanks to its
high content of nutrients, enzymes and
microorganisms, it improves soil fertility
and supports agricultural productivity
(Edwards & Bohlen, 1996). Vermicompost
also provides significant benefits in terms of
waste management and recycling of organic
waste (Sinha et al., 2002). However, some
negative impacts such as overuse, nutrient
imbalance, pathogen risk and economic
costs should also be considered.

More research is needed to balance the
benefits and harms of vermicompost
(Lazcano & Dominguez, 2011). More
information is needed on the effects of
vermicompost on different plant species
and soil conditions (Arancon et al., 2004).
Furthermore, studies should be conducted
to provide guidance on appropriate dosage
and application methods of vermicompost
(Edwards and Arancon, 2004).
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2.1. Application recommendations

Balanced Use: Vermicompost should be
used in combination with other organic or
inorganic fertilizers to avoid nutrient
imbalance (Atiyeh et al., 2000b).

Quality Control: Vermicompost must be
produced under safe and hygienic
conditions. Appropriate processing
techniques should be used to minimize
pathogen content (Gajalakshmi and Abbasi,
2004).

Education and Awareness: Farmers and
agricultural practitioners should be made
aware of the benefits and harms of
vermicompost. They should be trained on
proper application techniques (Singh and
Prakash, 2008).

Economic Support: Economic incentives
and support programs for vermicompost
production and use should be established.
This is especially important for small-scale
agricultural  enterprises  (Ansari  and
Sukhraj, 2010).

3. Conclusions

Vermicomposting offers a sustainable
and efficient method for enhancing soil
health and fertility. The introduction of
earthworms into organic waste
decomposition not only accelerates the
breakdown of materials but also enriches
the resulting compost with essential
nutrients and beneficial microorganisms.
Studies have shown that vermicompost
significantly  improves soil structure,
aeration, and moisture retention, which in
turn promotes robust plant growth.
Furthermore, the application of
vermicompost can reduce the need for
chemical fertilizers, leading to more eco-
friendly agricultural practices.

In conclusion, integrating
vermicomposting into soil management
strategies can foster healthier ecosystems,
support biodiversity, and contribute to
sustainable agricultural practices.
Emphasizing the importance of this method
can help address the challenges of soil
degradation and food security in an
increasingly resource-constrained world.
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Ozet

Bu arastirma, Giineydogu Anadolu Bolgesi ¢ayir-mera ve dogal vejetasyonlarinda yer alan bazi Quercus
taksonlarina (Q. brantii, Q. coccifera, Q. infectoria subsp. veneris ve Q. variabilis) ait genotiplerde ot kalite
Ozelliklerini belirlemek amaciyla 2023 yili Mayis ayinda yiiriitiilmiistiir. Caligmada incelenen tiim genotiplerde
ortalama ham protein (HP) % 17.71, kuru madde (KM) % 87.93, asit deterjanda ¢6ziinmeyen lif (ADF) % 25.13,
notral deterjanda ¢oziinmeyen lif (NDF) % 46.01, asit deterjanda ¢6ziinmeyen protein (ADP) % 0.67, sindirilebilir
kuru madde (SKM) % 69.33, kuru madde tiiketimi (KMT) % 2.74, nispi yem degeri (NYD) 148.0, potasyum (K)
% 2.48, kalsiyum (Ca) % 1.46, magnezyum (Mg) % 0.14, posfor (P) % 0.38, Ca/P 3.99 ve K/(Ca+Mg) 1.61 olarak
bulunmustur. Taksonlarda ise ortalama HP % 12.66-19.69, KM % 87.17-88.34, ADF % 23.64-29.51, NDF %
42.66-53.49, ADP % 0.63-0.72, SKM % 65.91-70.49, KMT % 2.24-3.01, NYD 114.6-164.3, K % 1.94-2.73, Ca
% 0.98-1.71, Mg % 0.10-0.17, P % 0.32-0.42, Ca/P 2.32-5.45 ve K/(Ca+Mg) 1.07-2.29 arasinda degisim
gostermistir. Arastirma sonucunda, incelenen 6nemli ozellikler (HP, ADF, NDF, SKM, KMT ve NYD)
bakimindan en yiiksek degerler Q. infectoria subsp. veneris taksonundan elde edilirken, bunu sirasiyla Q. brantii,
Q. variabilis ve Q. coccifera taksonlari takip etmistir.

Anahtar Kelimeler: Quercus, genotip, takson, makro elementler

Determination of Forage Quality Characteristics of Some Quercus Genotypes in
Pastures and Natural Vegetation in Southeastern Anatolia Region

Abstract

This research was conducted in May 2024 to determine the forage quality traits in genotypes of some Quercus
taxa (Q. brantii, Q. coccifera, Q. infectoria subsp. veneris and Q. variabilis) located in the meadows-pastures and
natural vegetation of the Southeastern Anatolia Region. In all genotypes examined in the study, average crude
protein (CP) was found as 17.71 %, dry matter (DM) as 87.93 %, acid detergent insoluble fiber (ADF) as 25.13
%, neutral detergent insoluble fiber (NDF) as 46.01%, acid detergent insoluble protein (ADP) as 0.67%, digestible
dry matter (DDM) as 69.33 %, dry matter consumption (DMI) as 2.74 %, relative feed value (RFV) as 148.0,
potassium (K) as 2.48 %, calcium (Ca) as 1.46 %, magnesium (Mg) as 0.14 %, phosphorus (P) as 0.38 %, Ca/P as
3.99 and K/(Ca+Mg) as 1.61. In taxa, the average HP varied between 12.66-19.69 %, DM 87.17-88.34 %, ADF
23.64-29.51 %, NDF 42.66-53.49 %, ADP 0.63-0.72 %, DDM 65.91-70.49 %, DMI 2.24-3.01 %, RFV 114.6-
164.3 %, K 1.94-2.73 %, Ca 0.98-1.71 %, Mg 0.10-0.17 %, P 0.32-0.42 %, Ca/P 2.32-5.45 and K/(Ca+Mg) 1.07-
2.29. As a result of the research, the highest values in terms of the important traits examined (HP, ADF, NDF,
SKM, KMT and NYD) were Q. infectoria subsp. veneris taxon, followed by Q. brantii, Q. variabilis and Q.
coccifera taxa, respectively.

Keywords: Quercus, genotype, taxa, macro elements
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1. Giris

Ulkemizde ¢ayir-mera alanm 14.616.687
ha, Gilineydogu Anadolu bdlgesinde ise
cayir-mera alanlar1 1.012.576 ha olup iilke
genelinin % 6.92'sini  olusturmaktadir
(Sayar ve ark., 2010; Seydosoglu ve ark.
2019a, b; Cetik Yesilova ve Bagbag, 2024;
Seydosoglu ve Basbag, 2024). Ayrica,
tilkemiz genelinde 11.5 milyon ha bozuk
orman olarak nitelendirilen ¢alilik alanlar
mevcuttur. Bu alanlar genelde iilkemizin
Ege ve Akdeniz Bolgelerinde yogunlagmis
olup (5259 ha), Giineydogu Anadolu
bolgesinde ise 966 ha’dir (Gokkus, 2019).
Ulkemizde bu tiir alanlarda yiiriitiilen bazi
calismalarda toplam 49 familyaya ait, 108
cins ve 227 takson tespit edilmis olup, bu
taksonlar igerisinde de 10 adet farkl
Quercus cinsine rastlanilmistir (Basbag ve
ark., 2017). Mese agaci olarak adlandirilan
Quercus’lar ¢ogunlukla agag, boylu cali
formunda olup, kisin yapragini doken ya da
herdem yesil odunsu bitkilerdir. Bu
bitkilerin keresteleri yakacak, mobilya, el
is¢iligi vb. bir¢ok alanda kullanildig1 gibi,
meyve ve yapraklart da  hayvan
beslenmesinde kullanilmaktadir (Yaltirik,

1984). Quercus taksonlar1 iizerinde
yliriitiilen bazi arastirmalarda; ham protein
% 2.75-18.31, kuru madde % 91.6-98.1,
ADF % 4.71-48.37, NDF % 16.5-62.4,
SKM % 51.2-85.2, KMT % 1.92-7.27,
NYD 76.3-222.8 arasinda degismistir
(Ammar ve ark., 2005; Ozcan, 2006; Elahi
ve Rouzbehan, 2008; Kilic ve ark., 2010;
Atasoglu ve ark., 2010; Akbag, 2013;
Kamalak ve ark., 2015; Kokten ve ark.,
2017; Ayayee ve Chivandi, 2018; Yiiksel ve
Duru, 2019; Tiirel ve Bugdayci, 2020;

Bigake1 ve Tiirk, 2024).
Bu aragtirmada, Giineydogu Anadolu
Bolgesi cayir-mera ve dogal

vejetasyonlarinda yer alan bazi Quercus
genotiplerinin ot  kalite  ozellikleri
incelenmistir.

2. Materyal ve Yontem

Arastirmanin materyalini, Giineydogu
Anadolu Bolgesinin farkli lokasyonlarindan
2023 yilinda toplanan Quercus cinsine ait
11 genotipin bitki ornekleri
olusturmaktadir. Genotiplerin toplandigi
lokasyonlar, cografi koordinatlari ve
toplanma tarihleri Tablo 1’de verilmistir.

Tablo 1. Quercus (Q) genotipleri ve toplandigi lokasyonlara ait bilgiler

Genotipler Lokasyon Enlem Boylam Rakim (m) Tarih

1-Q. brantii Lindley Sirnak-2 37,602882° 42,382317° 1135 07.05.2023
2-Q. brantii Lindley Gaziantep-1 37,383667° 37,556648° 679 06.05.2023
3-Q. brantii Lindley Diyarbakir-3 38,298576° 39,961922° 763 10.05.2023
4-Q. coccifera L. Adiyaman-2 37,691242° 37,883934° 845 06.05.2023
5-Q. coccifera L. Gaziantep-1 37,383667° 37,556648° 679 06.05.2023
6-Q. infectoria subsp. veneris (A. Kern.) Meikle | Adiyaman-1 37,878105° 38,903748° 736 06.05.2023
7-Q. infectoria subsp. veneris (A. Kern.) Meikle Siirt-1 37,861427° 41,985153° 846 07.05.2023
8-Q. infectoria subsp. veneris (A. Kern.) Meikle Diyarbakir-5 38,175358° 39,426262° 920 10.05.2023
9-Q. infectoria subsp. veneris (A. Kern.) Meikle Diyarbakir-1 38,369648° 40,55304° 887 10.05.2023
10-Q. infectoria subsp. veneris (A. Kern.) Meikle | Diyarbakir-3 38,298576° 39,961922° 763 10.05.2023
11-Q. variabilis Blume Mardin-2 37,46534° 41,075199° 1036 07.05.2023

Quercus genotiplerine ait herbaryum ve
ot  Ornekleri  bitkilerin  ¢i¢ceklenme
doneminde alinmistir.  Bitkilerin  tiir
teshisleri Dicle Universitesi Fen Fakiiltesi
Biyoloji Boliimiinden emekli 6gretim {iyesi
Prof. Dr. Selcuk ERTEKIN tarafindan
yapilmistir. Her genotipten yaklasik 200’er
g yaprak, dal, siirgiin ucu materyali alinmig
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ve kurutma dolabinda (Memmert ULM
800) 70 °C’de 48 saat kurutulduktan sonra
(Anonim,  2001), laboratuvar tipi
degirmende (IKA, All) ogiitiilmiistiir.
Daha sonra numuneler 1 mm ¢apli numune
eleginde (Retsch, DIN-ISO 3310/2)
elenerek analize hazir hale getirilmistir.
Tiirlerin kalite analizleri Dicle Universitesi
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Bilim ve Teknoloji Uygulama ve Arastirma
Merkezi laboratuvarinda NIRS (Near
Infrared Spectroscopy-Foss Model 6500)
analiz cihazi ile yapilmistir. Analizde ham
protein (HP), asit deterjanda ¢dziinmeyen
lif (ADF), nétral deterjanda ¢6ziinmeyen lif
(NDF), Ca, K, Mg ve P degerleri
Olclilmiistiir. Ayrica tespit edilen ADF ve
NDF yardimiyla sindirilebilir kuru madde
(SKM), kuru madde tiketimi (KMT) ve
nispi yem degerleri (NYD) de hesaplanarak
bulunmustur. Hesaplamalarda asagidaki
formiiller kullanilmistir (Morrison, 2003).
SKM=88.9 - (0.779 x ADF)
KMT= 120/ NDF
NYD= (SKM x KMT) /1.29

Arastirma sonucunda Ozelliklere ait
veriler ~ JMP-Prol3 istatistiki  paket
programinda tesadiif bloklar1 deneme
desenine gore analiz edilmistir. Ortalamalar
arasindaki farkliliklar, LSD.0s) c¢oklu
karsilastirma testi ile karsilastirilmistir.
Scatter plot modeline gore temel bilesenler
analizi GenStat for Windows (Genstat,
2009) istatistiki paket programinda,
korelasyon tablosu ise JMP-Pro-13 paket
programinda yapilmistir.

3. Bulgular ve Tartisma

3.1. Ham protein (HP)

Farkli Quercus genotiplerinde HP orani
%12.19-21.88 arasinda degisim
gosterirken, tiim genotiplerin ortalamast %
17.71 bulunmustur. Genotipler igerisinde en
yiksek HP oram1 8 no’lu Q. infectoria
subsp. veneris’den elde edilirken, bunu
istatistiksel olarak ayni grupta yer alan 1
no’lu Q. brantii ve 6 no’lu Q. infectoria
subsp. veneris izlemistir. En diisik HP
degerini ise yine istatistiksel olarak benzer
grupta yer alan 4 ve 5 no’lu Q. coccifera
genotipleri  vermigtir. HP  degerleri
taksonlar bakimindan incelendiginde en
yiiksek ortalama deger Q. infectoria subsp.
veneris’ten (% 19.69) elde edilirken bunu
Q. brantii (% 17.74), Q. variabilis (%
17.71) ve Q. coccifera (% 12.66) taksonlari
izlemistir (Tablo 2). HP oranina iliskin elde
edilen bulgular, Bigake¢1 ve Tiirk (2024)’lin
bulgular1 ile uyumlu iken, Ammar ve ark.
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(2005), Ozcan (2006), Elahi ve Rouzbehan
(2008), Kilic ve ark. (2010), Atasoglu ve
ark. (2010), Akbag (2013), Kamalak ve ark.
(2015), Kokten ve ark. (2017), Ayayee ve
Chivandi (2018), Yiiksel ve Duru (2019) ile
Tiirel ve Bugdayci (2020)’nin
bulgularindan yiiksek bulunmustur. Bu
farklilik, muhtemelen ¢alisilan genotiplerin
ve ckolojik faktorlerin farkliliklarindan
kaynaklanmistir. Ham protein orani, yemin
kalitesini belirleyen 6nemli karakterlerden
birisi olup, bu degerin kaba yemlerde
miimkiin oldugunca yiiksek olmasi istenir.

3.2. Kuru Madde (KM)

Farkl1 Quercus genotiplerinde KM orani
%85.01-89.67 arasinda degisim
gostermistir (ortalama % 87.93). Genotipler
arasinda en yiliksek KM oram1 8 no’lu
Quercus infectoria subsp. veneris’den elde
edilirken, bunu istatistiksel olarak ayni1
grupta yer alan sirastyla 2 no’lu Q. brantii,
9 no’lu Q. infectoria subsp. veneris ve 5
no’lu Q. coccifera izlemistir. En diisiik KM
oranin1 ise 10 no’lu Q. infectoria subsp.
veneris’den elde edilmistir. KM degerleri
taksonlar bakimindan incelendiginde en
yiiksek ortalama deger Q. brantii (% 88.34)
elde edilirken bunu Q. infectoria subsp.
veneris’ten (% 87.96), Q. variabilis (%
87.93) ve Q. coccifera (% 87.63) taksonlari
izlemistir (Tablo 2). KM oranma iligkin
elde edilen bulgular, literatiir bulgularindan
(Elahi ve Rouzbehan, 2008; Kilic ve ark.,
2010; Akbag, 2013; Ayayee ve Chivandi,
2018) diisiik ¢ikmustir. Kaba yemlerde KM
miktart ne kadar fazla ise yemin besin
maddelerince zengin olma olasiligi da o
oranda yiiksek olacaktir. Ancak KM analizi,
yemdeki organik yapida ugucu oOzellikte
besin maddelerini icermediginden sadece
KM analiz sonucu, yemin besleme degerini
ortaya koymaz (Kutlu, 2008).

3.3. Asit deterjanda coziinmeyen lif
(ADF)

Farkli Quercus genotiplerinde ADF
orant % 18.18-31.49 arasinda degisim
gostermistir (ort. % 25.13). Genotipler
arasinda en diisiik ADF oran1 10 no’lu Q.
infectoria subsp. veneris’den elde edilirken,
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bunu istatistiksel olarak farkli grupta yer
alan 1 ve 3 no’lu Q. brantii izlemistir. En
yiiksek ADF orant ise 2 no’lu Q. brantii’den
elde edilmistir. ADF degerleri taksonlar
bakimindan incelendiginde en disiik
ortalama deger Q. infectoria subsp.
veneris’ten (% 23.64) elde edilirken bunu
Q. brantii (% 24.51), Q. coccifera (%
27.61) ve Q. variabilis (% 2 9.51) taksonlar1
izlemistir (Tablo 2). ADF oranina iliskin
elde edilen bulgular Elahi ve Rouzbehan
(2008), Atasoglu ve ark. (2010), Yiiksel ve
Duru (2019), Kokten ve ark. (2017),
Bicak¢1 ve Tirk (2024)’tiin bulgulart ile
uyumlu bulunurken, Ammar ve ark. (2005),
Kilic ve ark. (2010), Akbag (2013),
Kamalak ve ark. (2015), Ayayee ve
Chivandi (2018), Tiirel ve Bugdayci
(2020)’nin bulgularindan diigiik ¢ikmustir.
Kaba yemlerde ADF degeri, bitki hiicre
duvarinin yapisinda bulunan seliiloz, lignin
ve ¢Oziilemeyen protein miktarini ifade eder
(Asc1 ve Acar, 2018). Dolayisiyla yiiksek
ADF igerikli yemlerin sindirilebilirliligi ve
enerji degeri diisiiktiir (Kutlu, 2008).
3.4. Notral deterjanda c¢oziinmeyen lif
(NDF)

Farkli Quercus genotiplerinde NDF
orant % 25.15-53.52 arasinda degisim
gostermistir (ort. % 46.01). Genotipler
arasinda en diisik NDF oran1 8 no’lu Q.
infectoria subsp. veneris’den elde edilirken,
bunu istatistiksel olarak farkli grupta yer
alan swrasiyla 1 ve 6 no’lu Q. brantii
izlemigtir. En yiliksek NDF orani ise 2 no’lu
Q. brantii’den elde edilmistir. NDF
degerleri taksonlar bakimindan
incelendiginde en diisiik ortalama deger Q.
infectoria subsp. veneris’ten (% 42.66) elde
edilirken bunu Q. brantii (% 46.55), Q.
coccifera (% 49.87) ve Q. variabilis (%
53.49) taksonlar1 izlemistir (Tablo 2). NDF
oranina iligkin elde edilen bulgular Elahi ve
Rouzbehan (2008), Atasoglu ve ark. (2010),
Kilic ve ark. (2010), Akbag (2013),
Kamalak ve ark. (2015), Kokten ve ark.
(2017), Yiiksel ve Duru (2019), Bigake1 ve
Tirk (2024)’iin  bulgular1 ile uyumlu
bulunurken, Ammar ve ark. (2005), Tiirel
ve Bugdayci (2020)’nin bulgularindan
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diisiik ¢ikmistir. Kaba yemlerde NDF oran1
bitki hiicre duvarmin yapisinda bulunan
hemi seliilloz, selilloz, lignin, kiitin ve
¢Oziilemeyen protein miktarin1 ifade eder
(Kutlu, 2008; Budak ve Budak, 2014; Asc1
ve Acar, 2018). Dolayisiyla bu oranin kaba
yemlerde kuru madde bazinda % 25-32
arasinda olmas1 istenir (Tekce ve Giil,
2014).

3.5. Asit deterjanda ¢oziinmeyen protein
(ADP)

Farkli Quercus genotiplerinde ADP
orant % 0.31-0.91 arasinda degisim
gostermistir  (ort. % 0.67). Genotipler
arasinda en diisik ADP oran1 8 no’lu Q.
infectoria subsp. veneris’den elde edilirken,
bunu istatistiksel olarak farkli grupta yer
alan sirastyla 1 no’lu Q. brantii ve 10 no’lu
Q. infectoria subsp. veneris izlemistir. En
yiiksek ADP orani ise istatistiksel olarak
ayni grupta yer alan 2 no’lu Q. brantii ve 9
no’lu Q. infectoria subsp. veneris 'den elde
edilmigtir.  ADP  degerleri  taksonlar
bakimindan incelendiginde en diisiik
ortalama deger Q. infectoria subsp.
veneris’ten (% 0.63) elde edilirken bunu Q.
variabilis (% 0.70), Q. brantii ve Q.
coccifera (% 0.72) taksonlar1 izlemistir
(Tablo 2). Kaba yemlerde sindirilemeyen
protein miktarin1 ortaya koyan ADP
degerinin miimkiin oldugunca diistik olmasi1
istenir (Asc1 ve Acar, 2018).

3.6. Sindirilebilir kuru madde miktar
(SKM)

Farkli Quercus genotiplerinde SKM
orant % 64.37-74.74 arasinda degisim
gostermistir (ort. % 69.33). Genotipler
arasinda en yliksek SKM orani istatistiksel
olarak ayni grupta yer alan sirasiyla 10
no’lu Q. infectoria subsp. veneris ve 1 no’lu
Q. brantii’den elde edilmistir. En diisiik
SKM orani ise istatistiksel olarak benzer
grupta yer alan 2 no’lu Q. brantii ve 11
no’lu Q. variabilis’den elde edilmistir.
SKM degerleri taksonlar bakimindan
incelendiginde en yliksek ortalama deger Q.
infectoria subsp. veneris’ten (% 70.49) elde
edilirken bunu Q. brantii (% 69.80), Q.
variabilis (% 65.91) ve Q. coccifera (%
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67.40) taksonlari izlemistir (Tablo 2). SKM
oranina iligskin elde edilen bulgular Elahi ve
Rouzbehan (2008), Atasoglu ve ark. (2010),
Yiiksel ve Duru (2019), Bigaker ve Tiirk
(2024)’lin bulgular ile uyumlu bulunurken,
Ammar ve ark. (2005), Kilic ve ark. (2010),
Akbag (2013), Kamalak ve ark. (2015),
Ayayee ve Chivandi (2018), Tiirel ve
Bugdayc1 (2020) nin bulgularindan ytiksek,
Kokten ve ark. (2017)’nin bulgularindan ise
disiik bulunmugtur. SKM degeri, kaba
yemlerde ADF ile iliskili bir parametre
olup, yem Kalitesi agisindan yiiksek olmasi
arzu edilir.

3.7. Kuru madde tiiketimi (KMT)

Farkli Quercus genotiplerinde KMT
orant % 2.24-4.77 arasinda degisim
gostermigtir  (ort. % 2.74). Genotipler
arasinda en yiiksek KMT oran1 8 no’lu Q.
infectoria subsp. veneris’den elde edilirken,
bunu istatistiksel olarak farkli gruplarda yer
alan sirasiyla 1 no’lu Q. brantii ve 6 no’lu
Q. infectoria subsp. veneris takip
etmislerdir. En diisik KMT oran1 ise
istatistiksel olarak ayni grupta yer alan 2
no’lu Q. brantii ve 11 no’lu Q.
variabilis’den elde edilmis olup, bunlar1 da
istatistiksel olarak benzer grupta yer alan
sirastyla 4, 3 ve 7 no’lu genotipler
izlemiglerdir. KMT degerleri taksonlar
bakimindan incelendiginde en yiiksek
ortalama deger Q. infectoria subsp.
veneris’ten (% 3.01) elde edilirken bunu Q.
coccifera (% 2.43), Q. brantii (% 2.67) ve
Q. variabilis (% 2.24) taksonlar1 izlemistir
(Tablo 2). KMT oranina iliskin elde edilen
bulgular Elahi ve Rouzbehan (2008), Kilic
ve ark. (2010), Atasoglu ve ark. (2010),
Akbag (2013), Kamalak ve ark. (2015),
Yiiksel ve Duru (2019)’nun bulgular ile
uyumlu bulunurken, Tiirel ve Bugdayci
(2020)’dan  yiiksek, Bicak¢r wve Tiirk
(2024)’tin  bulgularindan  ise  diisiik
bulunmustur. KMT degeri, kaba yemlerde
NDF ile iliskili bir parametre olup, yem
kalitesi agisindan yiiksek olmasi arzu edilir.

3.8. Nispi yem degeri (NYD)
Farkli Quercus genotiplerinde NYD
111.9-255.8 arasinda degisim gostermistir
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(ort. 148.0). Genotipler arasinda en yiiksek
NYD 8 no’lu Q. infectoria subsp.
veneris’den elde edilirken, bunu istatistiksel
olarak farkli gruplarda yer alan sirasiyla 1
no’lu Q. brantii ve 6 no’lu Q. infectoria
subsp. veneris takip etmislerdir. En diisiik
NYD ise 2 no’lu Q. brantii’den elde
edilirken bunu istatistiksel olarak benzer
grupta yer alan sirasiyla 11, 4, 7, 3 ve 5
no’lu genotipler izlemislerdir. NYD
degerleri taksonlar bakimindan
incelendiginde en yiiksek ortalama deger Q.
infectoria subsp. veneris’ten (164.3) elde
edilirken bunu Q. brantii (146.3), Q.
coccifera (126.7) ve Q. variabilis (114.6)
taksonlar1 izlemistir (Tablo 2). NYD’ye
iligkin elde edilen bulgular Elahi ve
Rouzbehan (2008), Atasoglu ve ark. (2010),
Akbag (2013), Kamalak ve ark. (2015),
Yiiksel ve Duru (2019) ve Bigakei ve Tiirk
(2024)’iin bulgular1 ile uyumlu bulunurken,
Kilic ve ark. (2010) ile Tiirel ve Bugdayc1
(2020)’nin bulgularindan yiiksek
bulunmustur. NYD degeri, kaba yemlerde
ADF ve NDF ile iliskili bir parametre olup,
yem kalitesi agisindan yiiksek olmasi arzu
edilir.

3.9. Potasyum (K)

Farkli Quercus genotiplerinde mineral
maddelerden K degerleri % 1.84-3.50
arasinda  degismistir  (ort. %  2.48).
Genotipler arasinda en yiiksek K degeri 10
no’lu Q. infectoria subsp. veneris’den elde
edilirken, bunu istatistiksel olarak farkli
grupta yer alan 8 no’lu Q. infectoria subsp.
veneris ve 3 no’lu Q. brantii izlemistir. En
diistik K degerini ise istatistiksel olarak ayni
grupta yer alan 4 no’lu Q. coccifera ve 2
no’lu Q. brantii vermistir. K degerleri
taksonlar bakimindan incelendiginde en
yiiksek ortalama deger Q. infectoria subsp.
veneris’ten (% 2.73) elde edilirken bunu Q.
variabilis (% 2.45), Q. brantii (% 2.44) ve
Q. coccifera (% 1.94) taksonlar1 izlemistir
(Tablo 3). K degerlerine iliskin elde edilen
bulgular, Ozkan ve ark. (2016) ile uyumlu
bulunurken, Migaské ve ark. (2020),
Kamalak ve ark. (2022), Konovalova ve
ark. (2024)’nin bulgularindan yiiksek
cikmistir. Potasyum bitkilerde metabolik,
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fizyolojik ve biyokimyasal islevlerde gorev
alan bir element olup, verimi, kaliteyi ve
soguga dayanikliligi artirmaktadir (Kacar,
2005).

3.10. Kalsiyum (Ca)

Farkli Quercus genotiplerinde mineral
maddelerden Ca degerleri % 0.68-1.73
arasinda  degismistir  (ort. %  1.46).
Genotipler arasinda en yiiksek Ca degeri 8
no’lu Q. infectoria subsp. veneris’den elde
edilirken, bunu istatistiksel olarak ayni
grupta yer alan sirasiyla 4 ve 5 no’lu Q.
coccifera ile 1 no’lu Q. brantii takip
etmistir. En diisiik Ca degerini ise 11 no’lu
Q. variabilis vermistir. Ca degerleri
taksonlar bakimindan incelendiginde en
yiiksek ortalama deger Q. coccifera’dan (%
1.71) elde edilirken bunu Q. brantii ve Q.
infectoria subsp. veneris (% 1.46) ile Q.
variabilis (% 0.98), taksonlar1 izlemistir
(Tablo 3). Ca degerlerine iliskin elde edilen
bulgular, Ozkan ve ark. (2016) ile uyumlu
bulunurken, diger arastirmacilarin
bulgularindan (Ayayee ve Chivandi, 2018;
Migaské ve ark., 2020; Kamalak ve ark.,
2022; Konovalova ve ark., 2024) yiiksek
bulunmustur.  Kalsiyum  hayvanlarin
ozellikle iskelet, dis gibi kemik yapilarinin
onemli bir elementi olup, eksikliginde geng
hayvanlarda kemiklerin yumusamasina,
yash hayvanlarda kemiklerin bozuk sekilli
olmasma, kiimes hayvanlarinda ise
yumurtalarin ince kabuklu olmasina neden
olur (Sabah ve Celik, 2001).

3.11. Magnezyum (Mg)

Farkli Quercus genotiplerinde mineral
maddelerden Mg degerleri % 0.01-0.29
arasinda  degismistir  (ort. % 0.14).
Genotipler arasinda en yiiksek Mg degeri 8
no’lu Q. infectoria subsp. veneris’den elde
edilirken, bunu istatistiksel olarak benzer
grupta yer alan 1 no’lu Q. brantii ve 6 no’lu
Q. infectoria subsp. veneris izlemistir. En
diisiik Mg degerini ise 2 no’lu Q. brantii
vermis ve bunu da istatistiksel olarak benzer
grupta yer alan 7 ve 9 no’lu Q. infectoria
subsp. veneris takip etmistir. Mg degerleri
taksonlar bakimindan incelendiginde en
yiiksek ortalama deger Q. infectoria subsp.
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veneris’ten (% 0.17) elde edilirken bunu Q.
brantii (% 0.14), Q. coccifera, Q. variabilis
(% 0.10) taksonlar1 izlemistir (Tablo 3). Mg
degerlerine iliskin elde edilen bulgular,
literatiir bulgular1 (Ozkan ve ark., 2016;
Migaské ve ark., 2020; Kamalak ve ark.,

2022) ile uyumlu bulunmustur.
Magnezyum, sinir  sisteminin  asiri
duyarliligini  azaltarak  sakinlesmeye

yardimci oldugu i¢in "anti-stres minerali”
olarak da bilinir. Enzimlerin harekete
gecirilmesi ve kandaki sekerin enerjiye
doniistiiriilmesinde rol alir. Koyunlarda Mg
noksanliginda bacaklarda kasilma, basin
geriye dogru kaldirilmasi seklinde ortaya
cikan cayrr tetanisine neden olur
(Ensminger ve ark., 1990).

3.12. Fosfor (P)

Farkli Quercus genotiplerinde mineral
maddelerden P degerleri % 0.31-0.48
arasinda  degismistir (ort. %  0.38).
Genotipler arasinda en yiiksek P degeri 10
no’lu Q. infectoria subsp. veneris’den elde
edilirken bunu istatistiksel olarak benzer
grupta yer alan 6 no’lu Q. infectoria subsp.
veneris ve 3 no’lu Q. brantii izlemistir. En
diistik P degerini ise istatistiksel olarak ayni
grupta yer alan 2 no’lu Q. brantii, 4 ve 5
no’lu Q. coccifera ile 7 ve 8 no’lu Q.
infectoria subsp. veneris vermistir. P
degerleri taksonlar bakimindan
incelendiginde en yiiksek ortalama deger Q.
variabilis (% 0.42)’ten elde edilirken bunu
Q. infectoria subsp. veneris (% 0.40), Q.
brantii (% 0.39) ve Q. coccifera (% 0.32)
taksonlar1  izlemistir (Tablo 3). P
degerlerine iliskin elde edilen bulgular,
Ozkan ve ark. (2016) ile uyumlu iken,
Kamalak ve ark. (2022), Migaské ve ark.
(2020)’dan yiiksek bulunmustur. Fosfor
bitki kuru agirhiginin yaklasik % 0.2°sini
olusturmakta ve bitkide cereyan eden

sayisiz ~ fizyolojik  ve  biyokimyasal
reaksiyonlarda gorev almaktadir
(Theodorous ve Plaxton, 1993). Fosfor
noksanliginda, hayvanin istahinin
bozulmasi,  bliylimenin  yavaslamasi,
durgunluk, dizlerin ice dogru
biikiilmesinden kaynaklanan carpik
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bacaklilik gibi belirtiler ortaya ¢ikmaktadir
(Ensminger ve ark., 1990).

3.13. Kalsiyum / Fosfor (Ca/P)

Farkli Quercus genotiplerinde mineral
maddelerden Ca/P degerleri 2.32-5.55
arasinda degismistir (ort. 3.99). Genotipler
arasinda en yiiksek Ca/P degeri 5 no’lu Q.
coccifera’dan  elde  edilirken  bunu
istatistiksel olarak benzer grupta yer alan 4
no’lu Q. coccifera, 8 no’lu Q. infectoria
subsp. veneris ve 2 no’lu Q. brantii
izlemistir. En diigsiik Ca/P degerini ise 11
no’lu Q. variabilis verirken, bunu da
istatistiksel olarak benzer grupta yer alan 10
no’lu Q. infectoria subsp. veneris ve 3 no’lu
Q. brantii takip etmistir. Ca/P degerleri
taksonlar bakimindan incelendiginde en
yiksek ortalama deger Q. coccifera
(5.45)’dan elde edilirken bunu, Q. brantii
(3.98), Q. infectoria subsp. veneris (3.74)
ve Q. variabilis (2.32) taksonlari izlemistir
(Tablo 3). Ca/P degerlerine iliskin elde
edilen bulgular, Ozkan ve ark. (2016) ve
Kamalak ve ark. (2022) ile uyumlu iken,
Ayayee ve Chivandi (2018) ile Migasko ve
ark. (2020)’dan yiiksek bulunmustur. Bir
¢ok arastirict  hayvan  beslemesinde
kullanilacak yemlerde Ca:P  degerinin
bliyiik 6nem arz ettigini ve bu degerin 1:1
ile 2:1 arasinda olmasi1 gerektigini ve bu
degerin 2’den fazla olmast durumunda
hayvanlarda zehirlenmelere yol agilacag:
vurgulanirken (Ayan ve ark., 2010; Albu ve
ark., 2012; Grzegorczyk ve ark., 2017),
Acikgoz (2001)’{in bildirisine gore Reid ve
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Jung (1974) ise, yem bitkilerinde ideal Ca/P
degerinin 2.0 olarak kabul edildigini, bu
degerin 3-5, hatta daha da fazla olabilecegi,
ancak yiiksek Ca/P degerine sahip bitkilerle
beslenen hayvanlarda siit hummasi ve yem
etkinliginde bir azalmanin goriilebilecegini
bildirmislerdir.

3.14. Potasyum/(Kalsiyum+Magnezyum)
[K/(Ca+MQg)]

Farkli Quercus genotiplerinde mineral
maddelerden K/(Ca+Mg) degerleri 1.01-
2.59 arasinda degismistir (ort. 1.61).
Genotipler arasinda en yiiksek K/(Ca+Mg)
degeri 10 no’lu Q. infectoria subsp.
veneris’den elde edilirken, bunu istatistiksel
olarak farkli grupta yer alan 11 no’lu Q.
variabilis ve 3 no’lu Q. brantii izlemistir.
En disik K/(CatMg) degerini ise
istatistiksel olarak benzer grupta yer alan 4
ve 5 no’lu Q. coccifera’dan elde edilmistir.
K/(Ca+Mg) degerleri taksonlar bakimidan
incelendiginde en yliksek ortalama deger Q.
variabilis (2.29)’den elde edilirken bunu, Q.
infectoria subsp. veneris (1.71), Q. brantii
(1.58) ve Q. coccifera (1.07) taksonlar
izlemistir  (Tablo  3). K/(Ca+Mg)
degerlerine iliskin elde edilen bulgular,
Ozkan ve ark. (2016) ve Kamalak ve ark.
(2022) ile uyumlu iken, Konovalova ve ark.
(2024)’nin bulgularindan yiiksek, Migasko
ve ark. (2020)’nin bulgularindan ise diisiik
cikmistir. K/(CatMg) degerinin 2.2’den
yliksek olmasi, hayvanlarda tetani hastaligi

riskini olusturmaktadir (Aydin ve Uzun,
2002).
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Tablo 2. Quercus (Q) genotiplerine ait ham protein (HP), kuru madde (KM), asit deterjanda
coziinmeyen lif (ADF), notral deterjanda ¢oziinmeyen lif (NDF), asit deterjanda ¢oziinmeyen protein
(ADP), sindirilebilir kuru madde miktar1 (SKM), kuru madde tiiketimi (KMT) ve nispi yem degeri

(NYD) ortalamalar1 ve olusan gruplar

Genotip HP (%) KM (%) ADF (%) NDF (%) ADP (%) | SKM (%) KMT (%) NYD
1- Q. brantii 21.67a 88.52 bc 18.80 e 35.10 e 0.51e 74.25a 3.43b 197.9b
2- Q. brantii 14.60d 89.61a 3149a 53.52a 091a 64.37 f 2.24¢e 111.9f
3- Q. brantii 16.95 ¢ 86.89 de 23.25d 51.02 abc 0.74b 70.79 bc 2.35de 129.1 def
Ort. 17.74 88.34 24.51 46.55 0.72 69.80 2.67 146.3
4- Q. coccifera 12.19e 86.23 e 27.99 be 51.59 ab 0.70 bc 67.10 de 2.33de 121.0 ef
5- Q. coccifera 13.13 de 89.02 ab 27.22 bc 48.15 bed 0.73 bc 67.70 de 2.52 cde 132.4 def
Ort. 12.66 87.63 27.61 49.87 0.72 67.40 2.43 126.7
6- Q. infectoria subsp. veneris 20.95a 88.00 ¢ 21.80 de 43.83d 0.63 cd 71.92b 2.78¢c 155.6 ¢
7- Q. infectoria subsp. veneris 17.19¢ 87.99 ¢ 25.89 cd 50.85 abc 0.77b 68.73 cd 2.36 de 125.8 ef
8- Q. infectoria subsp. veneris 21.88a 89.67 a 25.36 cd 2515 f 0.31f 69.15 cd 477 a 2558 a
9- Q. infectoria subsp. veneris 19.20 b 89.15 ab 26.95 bc 46.98 bcd 0.87 a 67.91 de 2.56 cd 134.6 cde
10- Q. infectoria subsp. veneris 19.25b 85.01 f 18.18 f 46.47 cd 0.56 de 74.74 a 2.58 cd 149.6 cd
Ort. 19.69 87.96 23.64 42.66 0.63 70.49 3.01 164.3
11- Q. variabilis 17.85 bc 87.17d 29.51 ab 53.49 a 0.70 bc 65.91 ef 2.24¢ 114.6 ef
Genel Ortalama 17.71 87.93 25.13 46.01 0.67 69.33 2.74 148.0
LSD (0.05) 1.69** 0.66** 2.81** 4.63** 0.08** 2.19** 0.29** 21.75%*
CV(%) 5.67 0.45 6.65 5.98 8.32 1.87 6.67 8.70

**: P<0.01 diizeyinde 6nemlidir. Ayni harfle gosterilen ortalamalar arasinda istatistiki olarak énemli farklilik bulunmamaktadir

Tablo 3. Quercus genotiplerine ait potasyum (K), kalsiyum (Ca), Magnezyum (Mg), posfor (P), Ca/P

ve K/(CatMg) degerleri ve olusan gruplar
Genotip K Ca Mg P Ca/P K/(Ca+Mg)
1- Q. brantii 2.48 de 1.68a 0.25 ab 0.42 bc 4.33cd 1.31 def
2- Q. brantii 1.87g 147b 0.01g 0.31d 4.75 abc 1.27 ef
3- Q. brantii 2.97 b 1.22¢c 0.16 cd 0.43 ab 2.86 efg 215b
Ort. 244 1.46 0.14 0.39 3.98 1.58
4- Q. coccifera 1849 171a 0.11de 0.32d 5.34 ab 1.01¢g
5- Q. coccifera 2.03 fg 171a 0.09 def 0.31d 5.55a 1.13fg
Ort. 194 1.71 0.10 0.32 5.45 1.07
6- Q. infectoria subsp. veneris 2.72cd 1.47b 0.25 ab 0.44 ab 3.35¢ef 1.58¢
7- Q. infectoria subsp. veneris 2.05fg 1.45b 0.04 fg 0.33d 4.38 hed 1.39 cde
8- Q. infectoria subsp. veneris 3.10b 1.73a 0.29a 0.36 cd 4.81 abc 1.53 cd
9- Q. infectoria subsp. veneris 2.26 ef 1.49b 0.06 efg 0.40 bc 3.76 de 1.46 cde
10- Q. infectoria subsp. veneris 350a 1.15¢c 0.20 be 048 a 2.40 fg 259a
Ort. 2.73 1.46 0.17 0.40 3.74 171
11- Q. variabilis 2.45 de 0.98d 0.10 def 0.42b 2329 2.29b
Genel Ortalama 2.48 1.46 0.14 0.38 3.99 1.61
LSD (0.5 0.35** 0.10** 0.06** 0.04** 0.95** 0.22**
CV(%) 8.49 4.22 28.16 9.01 14.32 8.83

**: P<0.01 diizeyinde 6nemlidir. Ayni harfle gosterilen ortalamalar arasinda istatistiki olarak 6nemli farklilik bulunmamaktadir

3.15. Ozellikler aras1 iliskinin biplot
analizi  ve korelasyon analizi ile
degerlendirilmesi

Scatter plot biplot grafikleri, 6zellikler
arasindaki iliskiyi gorsel olarak birbirine
yakinliklarin1 ~ gosterebilirken, ozellikler
arasindaki iliskinin O6nemlilik seviyesini
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gostermemektedir. Bu nedenle korelasyon
analizine ihtiyag duyulmaktadir.
Arastirmada incelenen oOzellikler arasi
iliskiyi dnemlilik diizeyine gore belirlemek
amaciyla pairwise korelasyon analizi
yapilmustir (Tablo 4).
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Scatter plot biplot teknigi ile incelenen
ozellikler ve Quercus tiirleri arasindaki
iligki Sekil 1’de yer almaktadir. Yapilan
biplot analizinde iki boyutlu PCA skoru
PC1 % 50.19 ve PC2 % 33.56, toplam

varyasyonun (PC1+PC2) ise % 83.75
oldugu kaydedilmistir. Vektorlerle
gosterimde vektorler arasindaki aginin

daralmasi s6z konusu parametreler arasinda
olumlu ve yiiksek korelasyon oldugunu
(ADP ile NDF, Mg ile HP, DM ile Ca) ve
ozelliklerin birbirlerine yakin konumda
oldugunu gostermektedir (Yan ve Tinker,
2006; Basbag ve ark., 2021). Gorseldeki
vektorler arasindaki ag¢1  goriiniimiiniin
genislemesi ozellikler arasindaki
korelasyonun zay1fligini (K ile Ca, KMT ile
SKM) ve acmm 90 °‘C’e esit olmasi
ozellikler arasinda iliski  olmadigim
kanitlamaktadir. ~ Gorselde  koordinat
diizleminin tersi yonde konumlanan Ca,
DM, Ca/P, ADF, ADP ve NDF degerlerinin
diger ozellikler ile negatif iligki igerisinde
oldugunu gostermektedir (Sekil 1). Bagbag
ve ark., (2021) yaptiklar1 aragtirmada ADF
ile NDF ve Ca, Mg ve ham proteinin
birbiriyle pozitif korelasyon gdsterdigini,

-0.0

T T T

0.2 0.4 0.6

PC1 - 50.19%

Sekil 1. Ozellikler arast iliskinin biplot analizi ile gésterimi. Kisaltmalar: 1-Q. brantii, 2-Q. brantii, 3-
Q. brantii, 4-Q. coccifera, 5-Q. coccifera, 6-Q. infectoria subsp. Veneris, 7-Q. infectoria subsp.
Veneris, 8-Q. infectoria subsp. Veneris, 9-Q. infectoria subsp. Veneris, 10-Q. infectoria subsp.

Veneris, 11-Q. variabilis.
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ancak SKM ile DM arasinda negatif
korelasyon oldugunu saptamislardir.
Scatter plot biplot grafikleri ozellikler
arasindaki iliskiyi gorsel olarak birbirine
yakinliklarin1 ~ gosterebilirken — 6zellikler
arasindaki 1iligkinin Onemlilik seviyesini
gostermemektedir. Bu nedenle korelasyon
analizine ihtiyag duyulmaktadir.
Arastirmada incelenen oOzellikler arasi
iliskiyi dnemlilik diizeyine gore belirlemek
amaciyla pairwise korelasyon analizi
yapilmustir (Tablo 4). Yapilan korelasyon
analizinde ise; HP ile KMT, NYD ve P, DM
ile ADF, KMT, K ve K/(Ca+Mg), ADF ile
K ve K/(Ca+Mg), NDF ile ADP, KMT ile
NYD ve Mg, K ile K/(Ca+Mg), Ca ile Ca/P
arasinda olumlu ve c¢ok Onemli iliski
bulunurken, KM ile NYD, SKM ile P ve
NYD ile P arasinda olumlu ve 6nemli iligki
bulunmustur. Ayrica, HP ile NDF, ADP ve
Ca/P, KM ile NDF, SKM ve Ca, ADF ile
SKM, NDF ile KMT, NYD ve Mg, ADP ile
KMT, NYD, SKM ile K ve K/(Ca+Mg), Ca
ile K/(CatMg), P ile Ca/P, Cal/P ile
K/(Ca+tMg) arasinda olumsuz ve c¢ok
onemli, ADF ve ADP ile P arasinda ise
olumsuz ve 6nemli iligkiler bulunmustur.
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Tablo 4. Korelasyon analizi sonuglari

Ozellikler | 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.HP 1.00 | 009 | -0.63 | -0.71 | -0.61 | 063 | 065 | 0.71 | 068 | -0.12 | 0.62 | 0.67 | -0.48 | 0.39
2.KM 009 | 100 | 041 | -0.33 | 009 | -0.41 | 037 | 028 | -0.40 | 055 | -0.05 | 054 | 057 | -0.61
3.ADF__ |-0.63**| 0.41* | 1.00 | 049 | 058 | -1.00 | -0.35 | -049 | -0.72 | 0.04 | -0.67 | -0.69 | 0.38 | -0.40
4 NDF__ |-0.71**[-0.33**| 049 | 1.00 | 0.86 | -0.49 | -0.98 | -0.99 | -0.49 | -0.48 | -0.74 | -0.19 | -0.13 | 0.07
5. ADP -0.61 | 009 |058%*[0.86**| 1.00 | 058 | -0.85 | -0.89 | -0.64 | -0.22 | -0.80 | -0.34 | 0.06 | -0.20
6.SKM | 0.63** [-0.41**|-1.00**|-0.49**|-0.58**| 1.00 | 035 | 049 | 0.72 | -0.04 | 0.67 | 0.69 | -0.38 | 0.40
7.KMT | 0.65%* [ 0.37** |-0.35**|-0.98**|-0.85**[ 0.35** | 1.00 | 0.99 | 046 | 046 | 0.68 | 0.0 | 0.17 | -0.08
8.NYD | 071**| 0.28 |-0.49**|-0.99**|-0.89**| 0.49** [ 0.99** | 1.00 | 053 | 043 | 074 | 021 | 0.0 | -0.02
9.K 0.68** | -0.40* |-0.72**[-0.49**|-0.64**[ 0.72** | 0.46** | 0.53 | 1.00 | -0.39 | 0.65 | 0.77 | -0.65 | 0.78
10. Ca -0.12 [055* | 0.04 [-0.48**| -0.22 | -0.04 | 0.46** [ 0.43** | -0.39 | 1.00 | 020 | -059 | 0.88 | -0.87
1L.Mg | 0.62%* | -0.05 |-0.67**|-0.74**|-0.80**| 0.67** | 0.68** | 0.74** | 0.65** | 020 | 1.00 | 0.37 | -0.08 | 0.20
12.P 0.67** [-0.54**[-0.69**| -0.19 | -0.34 [0.69** | 010 | 0.21 | 0.77 |-0.59**|0.37** [ 1.00** | -0.89 | 0.78
13.Ca/P__|-0.48**[ 0.57** | 0.38* | -0.13 | 0.06 |-0.38* | 0.17 | 0.10 | -0.65 | 0.88** [-0.08**[-0.89**| 1.00 | -0.91
14. * *% * * *k Kk Kk Kk
K/(CarMg)| 039 |-061*| -0.40% | 0.07 | -020 | 040* | -008 | -0.02 | 078 |-0.87**| 0.20** | 078" |-0.91**| 1.0
*; P<0.05, **; P<0.01 diizeyinde 6nemlidir.
4. Sonugclar Sertifikasyon ~ Merkezi  Miidiirligi,
Arastirma sonucunda, incelenen bazi Ankara.

onemli yem kalite parametreleri (HP, ADF,
NDF, SKM, KMT ve NYD) bakimindan en
yiiksek degerler Q. infectoria subsp. veneris
taksonundan elde edilirken, bunu sirasiyla
Q. brantii, Q. variabilis ve Q. coccifera
taksonlar1 takip etmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tiim yazarlar, bu calisma i¢in herhangi
bir c¢ikar c¢atismast olmadigin1 beyan
etmektedir.

Finansman

Bu calisma, Dicle Universitesi Bilimsel
Aragtirma  Projeleri  Koordinatorliigi
(DUBTAM) tarafindan ZIRAAT.23.028
no’lu proje ile desteklenmistir.

Aciklama
Bu calisma, ilk yazarin yiiksek lisans
tezinden tiretilmistir.
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Abstract

Differential gear system is called the system used due to the different amounts of distance traveled by the wheels
of the vehicles while cornering. Differential is designed according to the road handling performance and some
features of the vehicles. Differential types differ due to needs. In fact, they all have the same function. In the
differential gear system, hypoid bevel gears are preferred instead of spur gears. The differential mechanism is a
gear system that transmits the movement of the drive shaft to the wheel, reduces its speed and increases its torque,
and ensures the ease of the first movement in the vehicle. In the hypoid gear type, since the gear axes are
perpendicular to each other, the center of gravity of the vehicle is moved closer to the ground, improving the
handling of the vehicle. The use of any of the bevel gear groups of the ring gear and pinion gear is preferred
because it reduces vibration and noise caused by friction. Commonly available automobile differentials have a
maximum reduction ratio of 6. This is because designing an automotive differential with a reduction ratio greater
than 6 results in a bulky design that is impossible to position with the limited space available. Also, increasing the
size of the differential can lead to excessive unwanted weight. Most land vehicles have differentials with reductions
of 3 or 4. Commercially speaking, it is almost impossible to find a differential with a reduction greater than 6.
Most manufacturers introduce an additional single-speed gearbox, but this would complicate the design and
increase service costs. The aim of this study is to design and analyze a differential with different reduction ratios.
The article includes a force-based analysis performed in Adams and Ansys Simulation, as well as all calculations
to prove the success of the design. In this study, changes were made in the cycle ratio by keeping the ring gear
constant and taking into account the changes in the number of pinion gears. As a result of mathematical calculations
and analysis, a decrease was observed in the normal module value as the cycle ratio increased. A quieter working
environment was provided by using hypoid gears instead of spur gears in the design. As the distance between the
axes increased, the mirror helix angle decreased and the efficiency decreased. As a result of the analyses, it was
possible to intervene earlier in problems that may be observed during and after the production process.

Keywords: Differential gearbox, gear, speed-torque, final reduction ratio
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Bekdik and Ozcelik

1. Introduction engine is adjusted according to the speed in
the transmission and transferred to the
differential. In rear-wheel drive vehicles,
the differential movement is transferred to
the wheels by rotating them 90 degrees
(Matsuna et al., 2000).

The differential gear box ensures that the
wheel on the inside rotates slower than the
wheel on the outside when the vehicle is
rounding the bend. This makes rounding
safer (Wang et al., 2019). During rotation,
the wheels on the inside and outside rotate
around a certain circle axis. As shown in
Figure 1, the wheel on the outside on the
rotation axis will rotate on the circle axis
with a larger diameter than the wheel on the
inside. If there were no differential, the
wheels on the inside and outside would
rotate at the same speed and drag would
occur on the wheels (Kryger, 2007; Erjavec
and Ken, 2015).

When the vehicle rounds the bend, all
wheels tend to rotate at different speeds.
When rounding, the wheels on the inside of
the bend take a shorter distance than the
wheels on the outside. Wheels that travel
shorter distances have slower speeds (Boos
and Koepf, 1992). This means that in a
bend, for example, if you want to turn right,
the rear wheel on the right should turn less
and the rear wheel on the left should turn
more (compared to a rear-wheel drive). If
the two wheels rotate equally, there will be
a strain on the rotation of the vehicle and the
axles will break. The differential is a
mechanical gear system that senses this
necessity and transmits power according to
the speed balance between the two wheels
on one axle (Leske and Schaffler, 1994).
The differential transmits engine power to
the wheels. The rotational movement of the

9,14m \

Figure 1. The condition of the vehicle's wheels when rounding the bend (Kryger, 2007).

1.1. Differential working principle During a bend, the wheel on the outside
While the vehicle is traveling straight, rotates faster due to the path it will take,
the ring gear, which receives the movement which causes the wheel axle on the outside
from the gear ring, rotates the differential to rotate faster (Heinz, 2002).
gear box. Along with the box, the axle and From the moment the vehicle starts to
spider gears inside also rotate. Gears cannot round a bend, the load on the wheels on the
rotate around their own axes (Demir and inside and the fact that the wheels on the
Basegmez, 2022). outside have to cover a greater distance than
When the vehicle is rounding a bend, the the other wheels cause the internal gear axle
wheel on the outside of the vehicle must speed to be reduced. For example, let's
turn faster than the wheel on the inside. imagine that the car's wheel on the inside
Because the wheels on the outside have to stops on a sharp bend. When the wheel in
cover a longer distance (Heinz, 1999). the bend stops, the axle gear will also
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remain stationary (Ordu, 2018; Diindar,
2022). When the axle gears are fixed, the
spider gears, which perform the rotation
with the ring, rotate around their axes by
rolling on the fixed axle gear. Thanks to this
working system, the spider gears rotate on
their own axis together with the rotating box
around the ring and rotate around the fixed
axle gear (Hancock et al., 2005). By rotating
the spider gears around their own axes, the
axle gear on the wheel on the outside is
enabled to rotate faster than the spider gear.
Because the axle gear on the wheel on the
outside performs the rotation around its axis
due to the rotation performed by the
differential gears and the spider gears.

1.2. Differential and traction power

There are two factors that determine the
value of torque that can be applied to the
wheels. One of them is defined as
equipment and the other as traction power
(Cetinkya, 2023). Traction power is high on
smooth roads. The torque applied to the
wheels can be limited by the gearbox and
engine. When traction is weak on slippery
roads, the torque produced is limited to the
maximum extent to prevent the wheels from
slipping on slippery surfaces.

Increasing the speed of the vehicle
during wheel slippage in a bend causes the
wheel to slip more quickly and at a higher
speed. The highest torque value is limited to
the highest value that will not cause the
wheel to slip in its current position.
However, if the wheels with high traction
reach a very low amount of torque that can
be applied to the wheel with low traction on
slippery road, the vehicle has difficulty in
moving. When any of the front or rear
wheels lose contact with the ground, the
wheels will try to rotate in the air and the
motion transmission will be interrupted. To
solve such problems, LSD (limited slip
differential) and locked differential systems
have been developed (Bahgekapili, 2008).
1.3. Final reduction ratio

The reduction ratio of the gears is the
ratio of the torque transmitted to the shaft
(FR vehicles rear-wheel drive) or to the
pinion gear driving the output shaft (FF
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vehicles front-wheel drive) to the engine
torque and vehicle speed, which can vary
depending on the transmission. In other
words, the reduction ratio of the differential
(final gears) is called the final reduction
ratio (Huchtkoetter and Klein, 1996;
Schmid et al., 2013).

The final reduction ratio is determined
by taking into account the power of the
vehicle engine, the weight of the vehicle,
the acceleration capability of the vehicle.
The final reduction ratio is selected between
3-5 for speed-oriented vehicles and between
5-8 for heavy vehicles such as vans and
trucks preferred for load carrying (Erjavec
and Ken, 2015).

1.4. Impact of differential
differences on the vehicle
Automobile manufacturers determine
the differential ratio according to the area of
use, depending on the expected usage
characteristics of the vehicles (Topag,
2010). For example, different types of
differentials are used in off-road vehicles
and speed-oriented vehicles. Depending on
the conditions in which the vehicle will be
used, vehicle type and engine power,
differential ratios can start from 2:1 and go
up to 12:1. However, the vehicles we
encounter in everyday life usually have a
ratio of 3:1 to 4:1. Automobile
manufacturers produce  automobiles
between these ratios in order to maintain a
balance between the high performance and
low fuel consumption criteria desired by the
user (Behrooz and Crolla, 2012).
The higher the difference in rotation
between the gears, the lower the gear ratio
will be (e.g. 4.7:1)
- Good acceleration
- Traction increase
- Low max. speed
- High fuel consumption
- Mostly cargo carrier vehicles and Off-
Road vehicles
- As the difference in rotation amount
between gears decreases, the gear ratio
will increase (Ex. 2.3:1).

- Bad acceleration

- Poor traction

ratio
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- Low max. speed

- Low fuel consumption

Engines with low power may not be able
to handle it and it is mostly used in high
power engines (Wang et al., 2019).

The aim of this study is to design and
analyze differentials  with  different
reduction ratios. The article includes a
force-based analysis performed in Adams
and Ansys simulation, as well as all
calculations to prove the success of the
design.

2. Material and Method

2.1. Dimensioning of hypoid gears
Hypoid gears are frequently used in
vehicle mechanisms, and hypoid gears have

similar characteristics to bevel gears. They
transmit power and movement between
shafts that are 90° to each other and whose
axes do not intersect. The surface of the gear
makes a sliding movement in the direction
of the width of the gear. The teeth of hypoid
gears are curved and hardened by heat
treatment (Akkurt, 2000; Arslan, 2011).

Three methods are used for opening
curvilinear  bevel  gears:  Gleason,
Klingelnberg and Oerlikon. In the Oerlikon
method, in Figure 2, the tool head rotates
around its own axis and this center is
continuously rolled on a circle that is
concentric with the center of the plan gear.
In this way, all gears are opened.

Figure 2. Machining of hypoid gear by oerlikon method (Xuan, 2024)

By changing its position on the axis, the
value of the contact surfaces on the outer
sidewall is obtained. In short, large forces
are transferred. The sizing of the large
diameter hypoid gear is realized according
to the data of the machine. To achieve a
noiseless movement with minimum wear,
the outer sidewalls of the gears must be in
contact with the ring section of the gears.
(Schmid et al., 2013).

2.2. Hypoid gear calculation

The hypoid gear design consists of two
parts. During the initial design, values are
selected based on similar characteristics
found in the literature. Geometric values are
obtained according to the initial design data.
During the second design, the data and
geometric values from the first design are
checked to ensure that the calculation data
are safe (Waldron and Kinzel, 2016;
Altindag, 2020).
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The hypoid gear design consists of two
parts. During the initial design, values are
selected based on similar characteristics
found in the literature. Geometric values are
obtained according to the initial design data.
During the second design, the data and
geometric values from the first design are
checked to ensure that the calculation data
are safe (Moldovean, 2007).

Calculations
Surface Pressure (Bzur)
Surface pressure was calculated as

ko - ye - yu
B, = fe——%s
Zyul CS . 52,5
_ 0 5-1.0,895
= 0,396
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Pinion average segment circle diameter
(dmﬂ
d, =113 |22 >

n-Bzui

11,2-1,5
875-0,396

113

> 41,19 value is

found.

Ring gear angle (6, )
dm, dm, z; z;

tgd, = — )
g2 2a 2a 7y Zy
found as
193 193 8 8
t96:= i~ smwtw =
2,458 6§, = 67,86°
. 2-a 3.35
sing ~ o~ ~ 2 found as ¢ :
21,22 °

Mismatch angle (@ A)

Calculated as @A : arctg (tg ¢ .sin? -
8,) : arctg (tg 21.22 sin®67.86)
0A:18.42°

Pinion gear cone angle (&, )

&, : arcsin(cos 6, .cos pA

: arc sin(cos 67,86 . cos 18,42)
calculated as &, : 20,95 °

Contact angle (¢ P)

QP

sarctg (tge.siné,)
sarctg (tg 21.22sin 67,86)
found as P : 19,78 °

Spiral angles (81 ve 52 )
tgp1 : (i (dm1 ) —cos @ P) /sin P

41,19

tg  B1:(5875 (L) - cos19,78) /

193
sin 19,78
found as 51 : 42,75°
B2: B1— @P :42,75—-19,78
found as B2 : 22,97 °

dmz

Normal module (Mmn)

The modulus is the first factor that
determines gear strength, the ability to
transfer power. There are different ways to
determine the module of gears. For
example, one way is to determine the

module after determining the number of
gears. After the approximate determination
of parameters such as the material, the
number of teeth on the gear and the tooth
width of the gear, the module is calculated.
In helical gear type, the normal module
value is determined by dividing the average
pitch circle diameter by the number of dm2
teeth and then multiplying the helix angle of
the gear (Arslan, 2011).

Calculated as mmn : cos 52 .
193

47

Mmn : 3,78 mm

Ring gear tooth width (by)

b, < 0,18 . dm2

b, <0,18.193  b2:33mm

Pinion gear tooth width (b1)

243 mm. tgpP

cos@ P
1= +3.3,78.1919,78

33
c0s 19,78
b1 = 39.14 b1: 39 mm
If we check the normal module formula;
it is found as Mmn : cos B1. (dm1 / z1) : coS
42,75 (41,19/8) : 3,78 mm

dmz

1 C0s 22,97

Z2

b1 =

2.3. Calculation of tooth dimensions

The formulas

hk . 1 mmn

hf . 1,25 mmn

h:het+ he are used.

According to the formulas above ;

hg : 3,78 mm , hs 4,725 mm and h: 8,505
mm are found.

2.4. Equivalent spur gear calculations for
hypoid gear wheels

Rolling circle diameter (de)

1™ cosAx. cos8,
dey = — =10 _ 4410
‘17 T cos20,95 o
de; 44,10
re === 22,05 mm bulunur.
d
dez m2

~ cosAx. cos8, . cos2gp
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o~ 193
2 = 1 c0s67,86.c0s219,78
= 578,34 mm
dy, 57834
Tez = 2 = 2

= 289,17 mm bulunur.

Equivalent tooth numbers ( ze )

281 = CosAx. cosd;
=——— =856
281 = 1 c0s 20,95 mm
de,
Z€2 = Z€1 del
578,34
ze, = 8,56 211 =112,25mm

Geometric connections (ae)
tg o,  tg20
cosfl  cos42,75
found as x.= 26,36 °

Step (te)

te =me.m.cosae =5,14 .. cos 26,36
te = 14,46 mm

tg XK=

Equivalent number of teeth in the taxonomy
circle (Zn)

As the helix angle increases, the required
number of teeth (z1) decreases
proportionally to avoid root cutting.

Zin= (Z1e . €0s A< ) / (cos? Bq .cOS 1)

Z1n=(8,56.1)/(0,593. cos 42,75) = 19,75
Zon= (Z2e . cOs A ) / (coS? Bg .COS B2)
Zon= (112,25 .1) / (0,593 . cos 22,97 ) =
205,59

Diameters of equivalent taxonomy circles
(dn)

While calculating the equivalent
taxomony circle diameters, the equivalent
taxomony diameters of the ring gear and
pinion gear are obtained by multiplying the
normal module and the number of teeth.
dln = Mmn . Z]_n = 3,78 . 19,78 = 74,65 mm
found as don = Mmn . Zon = 3,78 . 205,59 =
777,13 mm
rin=0dwn/2=74,65/2=37,32 mm
found as ron = don/ 2 = 777,13 / 2 = 388,56
mm

Equivalent tooth top circle radii (rk)

Nkt = rin + hee = 37,32 + 4,3 = 41,62 mm
2= ran + hke = 388,56 + 3,1 = 391,66 mm
bulunur.

Equivalent tooth bottom circle radii (rf)
1= rn—hpn=37,32—-4=33,32 mm
2 = ran—hsp = 388,56 — 5,2 = 383,36 mm

2.5. Positioning of spider and axle gears

The arrangement of the spider and axle
gears inside the differential gearbox and
connected to the ring gear is shown in
Figure 3.

L3555 Axle Gear

w2

Figure 3. Arrangement of axle and spider gears in the differential box
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If any of the axle gears in the fixed
differential box is rotated forward at a speed
of 10 rpm, the axle gear of the same size will
rotate in the reverse direction at a speed of
10 rpm. During movement at constant
speed, the torques transmitted to the wheels
are equal. As can be seen in Figure 3 the
axle gears were replaced with notched discs
placed on them, one of the spider gears was
embedded by being centered vertically, and
the notches whose ends were opened were
replaced with a rod placed to meet each
other.

3. Results and Discussion

3.1. Evaluation of hypoid gear wheel data

Mesh elements and node numbers were
selected to be suitable for both realistic
analysis results and processing speed. Mesh
convergence was performed to select the

Table 1. Data input and results

appropriate  mesh. In this way, the
development of the values was observed as
the mesh became smaller. Meanwhile, no
significant difference was observed in the
measurements after the 0.8 mm mesh size.
For this reason, 0.8 mm mesh size was
determined as the optimum mesh size.
Quadratic elements were used for mesh
elements to be closer to reality. The mesh
process has been completed with TetralO
elements as Quadratic elements.

In line with the calculations, the first data
entries and results are shown in Table 3.1
below. The number of pinion gears is 8 and
the number of ring gears is 47. According to
the number of gears, the conversion ratio
was found to be 5.8.

In line with the data, the design was
made using the solidworks drawing
program.

A1.DATA
* DATA INPUT
Number of pinion gears (z1) 8
Number of face gears (z2) a47
Distance between axes (a) 35
* RESULTS
Conversion rate (i) 5,875
Module in front section (me) 5,14
Section circle diameter (dm1l) 42
Normal modulus (mp) 3,78
Step (te) 14,46
Pinion tooth width (b1l) 39
Mirror tooth width (b2) 33
Overdental size (hk) 3,7
Tooth root size (h¥f) 14,6
* GEAR ANGLES
Pitch engagement ratio 2,22
Contact angle 19,78~
Pinion cone angle (S4H 20,95"
Mirror cone angle (S 67,867
Helix angle £ a2,75°
Helix angle BZ 22,977
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Figure 4. Pinion gear view in Solidworks environment

Figure 5. Ring gear view in Solidworks environment

Figure 6. Assembly view in Solidworks environment

After drawing the design parts, each part is entered to the parts, the parts are moved
was assembled as a solid model in the and motion animation is performed.
assembly interface. After the assembly data

Figure 8. Stress analysis between ring and pinion
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Figure 10. Data ring-pinion view

Table 2. Data input and results

2.DATA

*DATA INPUT

Number of pinion gears (z1) 8
Number of face gears (z2) 58
Distance between axes (a) 442

* RESULTS

Conversion rate (i) 7,25
NModule in front section (me) 7,57

Section circle diameter (dm1l) 942
Normal modulus (mp) 2,06
Step (te) 14,23

Pinion tooth width (b1) 38

Mirror tooth width (b2) 33
Owverdental size (hk) 2,06
Tooth root size (h¥) 2,57

* GEAR ANGLES

Pitch engagement ratio 5,65

Contact angle 23,61°

Pinion cone angle CS45 23,397

Mirror cone angle (S5 64,727

Helix angle £ 74,227

Helix angle £> 50,61°
Regarding the 2nd data input, the of the number of ring gears to the number of
number of pinion gears is kept constant and pinion gears. The 2nd data cycle rate is

the number of ring gears is selected as 58. calculated as 7.25.

The cycle ratio is calculated from the ratio
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Table 3. Data input and results

SB.DATA
*DATA INPUT
Number of pinion gears (z1) E=3
Number of face gears (z2) 75
Distance between axes (a) a5
* RESULTS
Conversion rate (i) 9,37
Module in front section (me) 5,12
Section circle diameter (dm1l) a42
Normal modulus (mp) 1,86
Step (te) 11,35
Pinion tooth width (b1) 39
Mirror tooth width (b2) 33
Overdental size (hk) 1,86
Tooth root size (h¥f) 2,32
* GEAR ANGLES
Pitch engagement ratio 6,21
Contact angle 25,267
Pinion cone angle CS45 2A4a,09°
Mirror cone angle (554 63,697
Helix angle £ 68,737
Helix angle 32 a43,47°
In the 3rd data input, the pinion gear is cycle ratio. The normal modulus value

kept constant. The ring gear is selected as
75. Cycle ratio is calculated as 9.37. The
number of pinion gears is fixed according to
the data. The number of ring gears is
increased in each data set to increase the

7.0E-08

decreased with the increase in the cycle
ratio. Depending on the cycle ratio, the step
clutch ratio increased with the increase in
the number of ring gears.

data_1

6.0E-081
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Figure 11. 1st data total force slope analysis
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Figure 12. Data total force slope analysis
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Figure 13. Data tot

Figure 11 shows the total force slope
analysis of the differential gearbox based on
the results of data 1. By increasing the
number of teeth in the ring gear, the
differential gearbox cycle ratio increased.
5. Conclusions

For good driving ability and fuel
consumption,  differentials must  be
designed according to the vehicles'
performance, road holding and some special
situations. Different types of differentials
are available for a wide variety of needs.

If there was no differential, the wheels on
the drive axle would rotate at the same
speed. When the vehicle rounds the bend,
the tires on the inside wear out, and without
a differential, the road holding would be
poor because the wheels could not rotate at
different speeds.

As a result of the design and analysis, the
following results are given:

- The design of the hypoid gear
mechanism was carried out in line with
mathematical calculations.

- In line with the calculations, the design
was carried out in the Solidworks
program.

- By keeping the number of pinion gears
constant, the cycle ratio was changed
thanks to the number of ring gears.

- The normal modulus value decreased
with the increase in the cycle rate.

- Depending on the cycle rate, the step
clutch ratio increased with the increase in
the number of ring gears

- Anincrease in the contact angle was also
observed when the number of ring gears
increased.

- The use of hypoid gears instead of spur
gears provides a quieter working
environment.

- As the distance between the axes
increases, the ring helix angle decreases.

g | ) |
2 soeo0e \ YA

|
VLY I I}

764

Time (sec)

al force slope analysis

) I \\ f/-‘ | ] | J’\H\
R \W-/ I

[} \! Iy
30 40

2

With the decrease in the helix angle, an
increase in the tooth length is observed.

- An increase in the modulus value was
observed with the increase in the
distance between the axes. With the
increase in the normal modulus value,
the load carrying capacity also increases.

- As the distance between the axes
increases, the yield decreases.

- As aresult of the analyzes carried out, it
provided the opportunity to intervene
earlier in the problems to be observed
during and after the production process.
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Duygusal Giidiimlii Diirtiisel Davrams Olcegi Gelistirme (DGDDO): Gegerlilik
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Ozet

Bu calismanin amaci, duygusal giidiimlii diirtiisel davranislart degerlendirmek icin bir dlgek gelistirmek ve
psikometrik 6zelliklerini test etmektir. Olgek gelistirme siireci, madde olusturma, kapsam ve goriiniis gecerliligi
degerlendirmesi ile psikometrik 6zelliklerin degerlendirilmesi olmak {iizere ii¢ asamadan olusmustur. Duygusal
giidiimlii diirtiisel davranis dlgeginin psikometrik dzellikleri 226 katilimcr ile test edilmistir. Olgegin faktor yapisini
incelemek i¢in agimlayici ve dogrulayici faktor analizleri kullanilmigtir. Analizler sonucunda, 17 maddeden olusan
ve 3 alt boyut igeren bir yapi belirlenmistir. Bu alt boyutlar, literatiirle uyumlu olarak "aciliyet," "heyecan arayis1"
ve " yeterince diisiinmeden harekete gegme " olarak adlandirilmistir. DFA sonucuna gére model-veri uyumunun
iyi diizeyde oldugu saptanmistir. Olgegin genelinde Cronbach Alfa giivenirlik katsayisi 0.894 olarak bulunmustur.
Bu sonuglar, duygusal giidiimlii diirtiisel davranis 6lgeginin Tiirk toplumunda gegerli ve giivenilir bir psikometrik
arag olarak kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Arag gelistirme, degerlendirme, duygusal diirtiisellik, gecerlilik, giivenilirlik

Development of the Emotionally Motivated Impulsive Behaviour Scale (EMIBBS):
Validity and Reliability Study

Abstract

This study aimed to develop a scale to assess emotionally driven impulsive behaviors and evaluate its psychometric
properties. The scale development process consisted of three stages: item generation, assessment of content and
face validity, and evaluation of psychometric properties. The scale was tested with 226 participants. Exploratory
and confirmatory factor analyses were conducted to examine its factor structure. The analyses revealed a scale
comprising 17 items and three sub-dimensions: ‘urgency,” ‘thrill-seeking,” and ‘acting without sufficient thought,’
consistent with existing literature. Confirmatory factor analysis (CFA) results indicated a good model-data fit. The
overall Cronbach's alpha reliability coefficient was 0.894, suggesting that the Emotionally Motivated Impulsive
Behaviour Scale is a valid and reliable psychometric tool for use in Turkish society.

Keywords: Assessment, emotional impulsivity, instrument development, reliability, validity
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Ozgiin Oztiirk

1. Giris

Diirtiisellik,  kisinin  diisiincelerini
zamansizca ifade etmesiyle tanimlanan,
genellikle istenmeyen sonuglar doguran ve
uygunsuz durumlara yol acabilen bir
davranig bi¢cimidir (L’ Abate, 1993). Tek bir
davranistan ziyade, bir¢ok boyuttan olusan
diirtiisellik, i¢sel ya da digsal uyaranlara
kars1 hizli, plansiz ve olast olumsuz
sonuglar1 diisiinmeden verilen tepkileri
icerir. Bu tepkiler, hem bireyin kendisi hem
de cevresindekiler i¢cin olumsuz sonuglara
neden olabilir (L’Abate, 1993; Moeller ve
ark., 2001).

Dirtiisellik  kavraminin  ¢ok boyutlu
yapis1t kavramlastirmada farkliliklara yol
agcmaktadir (Eysenck, 1977; Griffin ve ark.,
2018). Eysenck (1977), dirtiiselligi risk
alma, plan yapmada yetersizlik ve hizli bir
sekilde dikkatini toparlayamama olarak
tanimlamistir. Patton ve arkadaslar1 (1995)
ise diirtliselligi lic boyutta ele almislardir:
aniden ve hazirliksiz bir sekilde harekete
gegme (motor aktivasyon), dikkatini
mevcut ise verememe (dikkat sorunlari) ve
yeterince plan yapmadan ya da diistinmeden
davranma (planlama eksikligi) (Eysenck ve
Eysenck, 1977; Patton ve ark., 1995).
Literatiirde yer alan diger bir boyut ise
aciliyet boyutudur. Olumlu ve olumsuz
duygulara  verilen  diirtiisel tepkiler
diirtiiselligin ~ “’aciliyet”” boyutu olarak
kavramsallastirilmaktadir.  Aciliyet  bir
bireyin aym1 gelisim diizeyindeki veya
yastaki diger kisilere gore duygusal
degisikliklere neden olan bir olay karsisinda
cabuk/ hizli ve biiyiik olasilikla olumsuz
duygularla tepki vermesini igerir (Barkley,
2010). Kisinin yogun duygularinin
etkisiyle diigiinmeden, ani kararlarla yaptigi
diirtiisel davranislar1 ifade eder. Genellikle
bu davranislar mantiksiz ya da kisinin uzun
vadede pismanlik duyacagi sekilde olabilir.
(Whiteside ve Lynam, 2001). Bahsedilen
giiclii duygular hem negatif hem de pozitif
duygular igerisine almaktadir (Cyders ve
Smith, 2007; Cyders ve ark.,, 2007).
Diirtiisellik, duyum  arayist1  olarak
adlandirilan bir kisilik 6zelligi ile de
baglantihdir (Nower ve Blaszczynski,
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2006). Zuckerman’a (1994) gore, duyum
arayisi; cesitli, yeni, karmasik ve yogun
duyusal deneyimlerin pesinden gitme
egilimi olarak tanimlanabilir. Bu egilim,
kisilerin bu tiir deneyimlere ulagsmak i¢in
sosyal, fiziksel, mali ve yasal riskleri goze
alma istegini de igerir.

Diirtiisellik, psikiyatrik rahatsizliklarda
stkca goriilen bir 6zellik olarak karsimiza
cikmaktadir (American Psychiatric
Association, 2013). Aralikli patlayict
bozukluk, kleptomani, patolojik kumar
oynama, piromani, trikotillomant,
parafililer, cinsel diirtiilerle ilgili sorunlar
ve cinsel bagimlilik, diirtiisel saldirganlik,
sinirda, antisosyal, histrionik ve narsisistik
kisilik bozukluklar1 gibi pek ¢ok patolojik
durum dirttisellik ile iligkilidir. Ayrica,
dikkat eksikligi ve hiperaktivite bozuklugu
(DEHB), alkol ve madde kullanim
bozukluklar1 gibi hastaliklara da eslik
edebilir (Dawe ve ark., 2004; APA, 2013;
Dekkers ve ark., 2022). Arastirmalar,
diirtliselligin  psikopatolojiyi aciklamada
Oonemli bir 6ngoriicli olabilecegini ortaya
koymaktadir (Hinshaw, 2003). Ayrica,
bircok c¢aligma, dirtiiselligin  aciliyet
boyutunun, diger diirtiisellik tiirlerine
kiyasla psikopatoloji ile daha gii¢lii bir
baglantt  gosterdigini  vurgulamaktadir
(Gonzalez ve ark., 2001; d’Acremont ve
Van der Linden, 2007; King ve ark., 2011;
Pang ve ark., 2014; Berg ve ark., 2015;
Gunn ve ark., 2018; Johnson ve ark., 2020).

Tiirkiye’de, duygusal giidiimlii diirtiisel
davranis1 Olgmek amaciyla gelistirilmis,
gegerli ve giivenilir bir dlgek heniiz mevcut
degildir. Bu calisma, duygusal giidiimli
diirtlisel  davranis  Olcegi  gelistirmek
amactyla yapilmistir.

2. Materyal ve Yontem
2.1. Arastirmanin tasarimi

Bu calisma metodolojik bir ¢aligsmadir.
Olgek gelistirme siireci ii¢ asamada
gerceklestirilmistir: (1) duygusal glidimli
diirtiisel davranis 6l¢cegi madde havuzunun
olusturulmasi, (2) kapsam ve goriiniis
gegerliliginin  degerlendirilmesi ve (3)
duygusal giidiimlii  diirtiisel ~ davranis



Ozgiin Oztiirk

Olceginin  psikometrik ozelliklerinin
tyilestirilmesi ve degerlendirilmesi.
2.2. Katihmcilar

Aragtirmanin verileri sosyal medya web

siteleri  (6r.  Facebook,  Instagram,
WhatsApp) araciliiyla ¢evrimici bir anket
kullanilarak  toplanmistir.  Arastirmaya

katilmay1 kabul eden, okuma yazma bilen
ve 18 yasindan biiyiik bireyler arastirmanin
orneklemini olusturmustur. Bryman ve
Cramer (2002)’e gore likert tipi 6l¢ekten
anlamli  ve giivenilir sonuglar elde
edebilmek i¢in, 6lgek madde sayisinin en az
5-10 kat1 biyiikliigiinde bir gruba
ulasilmas1  gerekmektedir (Bryman ve
Cramer, 2002). Kline (2015) ise 200 kisilik
bir Orneklem biyiikliigiiniin  genellikle
yeterli olacagini, ancak faktér yapisinin
actk ve seyrek oldugu durumlarda bu
sayinin 100'e diisiiriilebilecegini
bildirmektedir (Kline, 2015). Literatiirdeki
bu bilgiler dogrultusunda dahil etme
kriterlerine uyan 226 birey Orneklemi
olusturmustur. Ayrica pilot ¢alisma i¢in 50
bireye ulagilmistir.

2.3.  Verilerin toplanmasi
2.3.1. Kisisel bilgi formu

Kisisel  bilgi  formu  arastirmaci
tarafindan literatiirdeki bilgiler

dogrultusunda olusturulmustur. Bu formda
yas, cinsiyet, meslek, egitim diizeyi, ailenin
gelir durumu gibi sosyodemografik bilgiler
yer almaktadir.

2.3.2. Duygusal diirtiisel
davranis olcegi

Duygusal giidiimli diirtiisel davranisi
belirlemek amaciyla arastirmaci tarafindan
olusturulan 6lgek toplamda 17 maddeden

olusmaktadir.

2.4. Prosediir
2.4.1. Madde havuzunun olusturulmasi
Kuramsal bilgi ve literatiir
dogrultusunda,  diirtiisellik  boyutlari,
boyutlarin kategorizasyonu, klinik belirti
bulgular dikkate alinarak bir madde havuzu
olusturulmustur (Eysenck ve Eysenck,
1977; Patton ve ark., 1995; Whiteside ve
Lynam, 2001; Cyders ve Smith, 2007;

giudiimlii
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Cyders ve ark., 2007; American Psychiatric
Association, 2013). Yeni gelistirilen bu
Olcekte yer almasi planlanan diirtiiselligin
aciliyet, heyecan arayis1 ve yeterince
diistinmeden harekete gecme boyutlarina
uygun olarak farkli sorular hazirlanmistir.
Sonu¢ olarak 22 maddelik bir madde
havuzu olusturulmustur. Olcekte yer alan
ifadeler icin 5'li Likert 6lgegi kullanilmistir
(1-Asla, 2-Nadiren, 3-Arada Bir, 4-
Genellikle, 5-Her Zaman).

2.4.2. icerik ve goriiniis gecerliligi

Madde havuzu olusturulduktan sonra,
maddelerin kavramsal gerceveye
uygunlugu ve dilsel, anlamsal, yazim
acisindan  dogrulugunu degerlendirmek
amaciyla, alan ve dil uzmani alt1 kisiden
olusan bir grup olusturulmustur.
Uzmanlardan kapsam gecerliligini test
etmek i¢in uzman goriis formu doldurmalari
istenmistir. Bu form 4 1ii likert tipi bir anket
formu olup her bir 6lgek maddesi igin
goriislerini sormaktadir. Olgek
maddelerinin her biri i¢in; 1.Cok degisiklik
gerekiyor (Onerdigim gibi), 2.Az degisiklik
gerekiyor (6nerdigim gibi), 3.Uygun, 4.Cok
uygun seklinde tercih edilebilmektedir. Bu
formda 3 ve 4 numarali alternatifleri segen
uzman sayist toplam uzman sayisina
boliinerek kapsam gegerliligi endeksi (I-
CVI) hesaplanmaktadir. Madde bazinda I-
CVI  degerlerinin  ortalamas1  Olgek
diizeyinde kapsam gegerliligi endeksini (S-
CVI) hesaplamak icin kullanilmistir (Polit
& Beck, 2006). Olgegin S-CVI degeri 0.90
olarak bulunmustur. S-CVI degerinin 0.90
ve lizerinde olmasi, kapsam gegerliliginin
uygun oldugunu gosterebilir (Polit ve ark.,
2007). Son olarak, 6lgegin 22 maddesi, dil
ve gorlinlis gecerliligini  teyit etmek
amaciyla bir Tiirk alan uzmani tarafindan
degerlendirilmistir.

2.4.3. Pilot calisma

Her bir maddenin d6lgegin biitiinii ile
uyumlulugunu ve olgegin i¢ gecerliligini
belirlemek i¢in pilot uygulama yapilmistir.
Dahil edilme kriterlerine uygun 50 kisilik
bir grup ile pilot uygulama
gerceklestirilmistir. Testi ortalama
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tamamlama siiresi, ilk ve son bitirenler
arasindaki siirenin toplam katilime1 sayisina
boliinmesiyle hesaplanmistir. Testi ¢ok
erken ya da ¢ok gec bitirenler hesaplamaya
dahil edilmemistir. Testin tamamlanma
siiresi 3 dakika olarak belirlenmistir. Pilot
uygulamada Cronbach alfa degerleri ve
madde-toplam korelasyon degerleri
incelenmistir. Yapilan analize gore pilot
uygulamanin ~ Cronbach alfa  degeri
0.781'dir. Bu noktada 5 maddenin madde-
toplam korelasyon degerlerinin kabul
edilebilir diizeyin altinda (0.30'un altinda)
oldugu tespit edilmis ve bu maddelerin
Olcekten c¢ikarilmasmna Kkarar verilmistir.
Olgegin 17 maddelik nihai formu iizerinde

gecerlilik  ve  gilivenilirlik  analizleri
gerceklestirilmistir.
2.5.  Psikometrik testler ve istatistiksel

analiz
Bu ¢alismanin istatistiksel analizi igin
AMOS ve SPSS 23.0 kullanilmastir.

2.5.1.Yap1 gecerliligi

Olgeklerin  psikometrik  &zelliklerini
degerlendirmek  i¢in  faktdér  analizi
kullanilmistir. Yap1 gegerliligi, agimlayici
faktor analizi (AFA) ve dogrulayici faktor
analizi (DFA) kullanilarak
degerlendirilmistir. Veri setinin faktor
analizine uygunlugunu degerlendirmek i¢in
Kaiser-Meyer-Olkin (KMO) ve Barlett's
Test of Sphericity testleri kullanilmistir.
Literatiire gore verilerin faktdr analizine
uygun olmasi i¢in; KMO’nun 0.60'tan
biiyiik ve bire yakin olmasi, Barlett testinin
anlamli olmasi gerekmektedir. (Terwee ve
ark., 2007; Hayran, 2012; Secer, 2015;).Bu
calismada KMO 0.90, Barlett testi anlaml1
olarak bulunmustur. ~ Akabinde faktor
yapisini netlestirmek icin temel bilesenler
analizi teknigi ve Kaiser normalizasyonu ile
dogrudan oblimin rotasyonu, kullanilmistir.
1 ve lizeri 6zdegerler kullanilarak optimal
yap1 ve 6ge sayisi belirlenmistir (DeVellis,
2016; Johnson ve Christensen, 2019).
Literatiire gore her bir maddenin faktor
degeri 0.30 veya daha yiiksek olmalidir
(Cam ve Baysan-Arabaci, 2010; Grove,
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2012; Tavsancil, 2019). Bu calismada
hangi maddenin hangi faktér altinda yer
alacagmin belirlenmesinde kabul edilen
minimum faktér yikii 0.32 'dir (Seger,
2015).

AFA'dan elde edilen 6l¢egin varsayilan
yapist hem birinci hem de ikinci diizey
dogrulayic1 faktor analizi kullanilarak test
edilmistir. Ki-kare testi (x2), kok ortalama
kare yaklasim hatast [RMSEA], artimli
uyum indeksi [IFI], normlastirilmamis
uyum indeksi [NNFI], uyum iyiligi indeksi
[GFI] ve karsilastirmali uyum indeksi [CFI]
test edilen modelin model uyumunu
dogrulamak i¢in DFA'da en sik kullanilan
uyum indeksi gostergeleridir. Marcoulides
ve Schumacker'e (2001) ve Secer, (2015)’e
gore, RMSEA 0.08'den kii¢iik, diger uyum
indeksi degerleri 0.9'dan biiylik ve x2'nin
serbestlik derecesine boliinmesi (x2/df)
degeri 3.0'den kiigiik olmalidir.

2.5.2.0l¢egin giivenilirligi

Olgegin  giivenilirligi i¢  tutarlilhk
analizleri ile  degerlendirilmistir.  I¢
tutarliligin belirlenmesi i¢in madde-toplam
puan analizi, Cronbach alfa katsayisi
kullanilmistir. Cronbach alfa degeri 0.70 ve
iizeri olarak kabul edilmistir. Madde-toplam
korelasyonlarinin pozitif ve en az 0.30
olmasi1 gerektigi belirtilmektedir (Kalayeci,
2010). Olgegin i¢ tutarhiligma iliskin bir
diger yontem ise iki yar test giivenilirligi
olup, bu yontemle Spearman-Brown ve
Guttman iki yar1 katsayilar1 ile yarilar
arasindaki  korelasyon  hesaplanmistir.
Kabul edilebilir minimum Spearman-
Brown ve Guttman katsayis1 0.70 olarak
belirlenmistir (DeVellis, 2016; Johnson,
Christensen,  2019).  Ayrica, madde
ortalamalarinin farkliligin1 incelemek igin
Hotelling's T2 testi uygulanmistir (Kartal,
Bardakgi, 2018).

3. Bulgular ve Tartisma

Bu c¢alisma diirtiisel giidiimlii diirtiisel
davranig Olcegi gelistirmek ve psikometrik
ozelliklerini test amaci ile yapilmaistir.
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Tablo 1. Katilimcilarin sosyodemografik 6zellikleri (n:226)

Degiskenler n %
Cinsiyet
Kadin 177 78.3
Erkek 49 21.7
Medeni Durum
Evli 146 64.6
Bekar 80 35.4
Egitim Durumu
ilkokul-Orta Okul Mezunu 9 4.0
Lise Mezunu 36 15.9
Universite 134 59.3
YL-Doktora 47 20.8
Gelir diizeyi
Iyi 44 195
Orta 159 70.4
Kotii 23 10.2
Ort+SS Min.- Mak.
Yas 34.96£10.75 18-65

Duygusal giidiimlii diirtiisel davranis
Olceginin gelistirilmesi sirasinda oncelikle
literatiir taramas1 yapilarak madde havuzu
olusturulmus, olusturulan madde havuzu
alan uzmanlarina sunulmus ve ardindan
pilot uygulamalar ve madde uyumluluk
testleri  gergeklestirilmistir. Maddelerin,
degerlendirilmek istenen davranisi
niteliksel ve niceliksel olarak ne kadar iyi
Oletigli, kapsam  gecerliligi  yoluyla
saptanabilir  (Biiyiikoztirk, 2018). Bu
nedenle gelistirilen taslak form, ol¢egin
gecerliligine iliskin uzman goriislerine
sunulmus ve 6lgekte yer alan her bir madde
i¢in kapsam gecerlilik indeksi
hesaplanmigtir. Kapsam gecerlik indeksi
degerinin kapsam gecerlik dlciitiinden
biiytlik oldugu ve testin kapsam gecerliginin
istatistiksel ~ olarak ~ anlamli  oldugu
belirlenmistir  (Polit ve ark., 2007).
Olusturulan taslak form kullanilarak 50
katilimciya pilot uygulama yapilmistir.
Teste katkist minimum diizeyde oldugu
goriilen 5 madde testten cikarilmistir.
Formda kalan 17 madde ile madde-toplam
korelasyon analizi yeniden yapilmustir. Pilot
uygulama sonrasinda 17 maddeden olusan
Olcek formu elde edilmistir. Tablo 1°de
sosyodemografik ozellikleri verilen 226
bireye 17 maddelik anket uygulanmistir. Bu
Olcek formu ile toplanan verilerin KMO ve
Bartlett kiiresellik testleri kullanilarak
orneklem  biiylikligliniin ~ yeterli  olup
olmadigina ve degiskenlerin uygun iliski
derecesine sahip olup olmadiklarina
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bakilmistir. KMO testi kullanilarak kismi ve
gozlenen degerler arasindaki korelasyon
katsayilar1 karsilagtirilmistir. Basarili bir
faktor analizi, 0 ile 1 arasinda degisen KMO
degerinin 0.60'dan biiyiik bir deger almasi
ile olabilir. Seger'e (2015) gore, Bartlett'in
kiiresellik testinde p degerinin 0.05'ten

kiigik  olmasi,  bilesen  analizinde
degiskenler arasinda uygun derecede
korelasyon  oldugunu  gdstermektedir.

Mevcut c¢alismadaki DGDDO'min  KMO
degeri 0.90° dir. Ayrica, Olgegin Bartlett
kiiresellik testi icin p-degeri oldukc¢a diisiik
(p<0.001) bulunmustur. Bu analiz sonuglar1
Olcek bilesenlerinin korelasyon matrisinin
faktor analizi i¢in uygun oldugunu
gostermektedir. Olgegin yap1 gegerliligini
test etmek icin AFA kullanilmistir. AFA
analizi ¢ercevesinde Olcekte yer alacak
maddelere karar verilirken maddelerin 6z
degerlerinin en az 1.00 olmasi, faktor yiikii
kesme noktasinin 0.32 olmast ve iki farkl
faktor arasinda yeterli faktor yiikiine sahip
maddelerde en az 0.10 fark olmas1 dikkate
almmistir (Seger, 2015). Olgegin higbir
maddesi birbiriyle ortiismemektedir. Her bir
maddenin faktor yiikii 0.32'nin tizerindedir.
Uc boyutlu yapmin toplam varyansin %
51.94"ini acikladig: tespit edilmistir (Tablo
2).Kline'a (2015), bir 6lgek gelistirme veya
uyarlama c¢alismasinda, varyansin en az
%40'min agiklanmasi gerektigini belirtir.
Bu durum, 6l¢egin DFA degerinin, 6l¢egin
faktor yapisini belirlemede yeterli oldugunu
gostermektedir.
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Tablo 2. Duygusal giidiimlii diirtiisel davranis 6lgeginin madde faktor yiikleri, alt boyutlarinin

acikladigi varyanslar ve madde analizleri

Madde
Numaralari

Maddelerin
Faktor Yiikleri

Madde-
Toplam
Korelasyonu

Madde

Faktor 1

(Aciliyet)

Faktor 2
(Heyecan
Arayisi)

Faktor 3

( Yeterince
Diisiinmeden
Harekete
Gecme )

Hayatimda pek ¢ok kez sonradan 0.711
pisman olacagim islerin igerisine

girmisimdir.

0432 p<0.01

Olumsuz duygular1 yogun sekilde 0.708
yasadigimda o anda iyi hissettiren

fakat sonradan yaptigima pisman

olacagim davranislar yaparim/sozler

sOylerim.

0.618 p<0.01

Olumsuz duygular1 yogun sekilde 0.573
yasadigimda kendimi kétii hissettirse
bile yapmakta oldugum seyi

durduramam.

0.546 p<0.01

Reddedildigimde sonradan pigman 0.472

olacagim seyler yaparim/soylerim.

0.483 p<0.01

5. D12 Tartisirken ¢ogu kez sonradan pisman 0.615

olacagim seyler yaparim/soylerim.

0.585 p<0.01

Cok mutlu hissettigimde yaptiklarimin =~ 0.350

sonunu diisiinmem.

0.422 p<0.01

Olumsuz duygu yasamaya tahammiil
edemem. aninda tepki veririm.

0.405 0.564 p<0.01

Olumsuz duygular1 yogun sekilde
yasadigimda dikkatimi farkli bir
konuya yonlendiremem

0.738 0.527 p<0.01

Genelde duygularima gore hareket
ederim

0.442 0.500 p<0.01

10. D14  Olumsuz duygulari yogun sekilde
yasadigimda moralimin diizelmesi ¢ok

uzun siirer.

0.729 0.561 p<0.01

D17  Uziicii bir durum yasadigimda kolayca

dagilirim.

0.689 0.610 p<0.01

D1 Duygularimi kontrol edebilirim.

0.563 0.502 p<0.01

D5 Olumsuz duygulari ¢ok yogun sekilde
yagsasam da verecegim tepkinin sonunu

diisiinerek davranirim.

0.774 0.414 p<0.01

D6 Olumsuz duygulari yogun sekilde
yasadigimda olayla orantisiz bigimde

asir1 tepki veririm.

0.624 0.673 p<0.01

D9 Hayal kirklig1 ya da 6fke yasadigimda
kendi kendimi kolayca

sakinlestirebilirim.

0.439 0.500 p<0.01

D15  Olumsuz duygulari yogun sekilde
yasadigimda davranislarimi kontrol

etmekte zorlanirim.

0.411 0.739 p<0.01

17. D16  Beni taniyanlar olaylar karsisinda

sakinligimi koruyamadigim soylerler.

0.548 0.546 p<0.01

Ozdeger 6.390

1.301 1.141

Aciklanan Varyans (%) 37.589

7.650 6.709

Toplam Varyans (%)

51.949

Faktor analizi sonucunda degiskenler,
toplam agiklanan varyansin % 51.94'inii
kapsayan 3 faktor altinda gruplandirilmistir.
Her bir faktoriin agikladigi  toplam
varyansin, sirastyla % 37.589 ve % 7.650,
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6.709 oldugu belirlenmistir. Olgegin faktor
analizi sonucunda birinci faktor icin 6z
deger 6.390, ikinci faktor i¢in 1.301, {i¢iincii
faktor icin ise 1.141 olarak bulunmustur.
Faktor analizinde, Direkt Oblimin yontemi
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tercih edilerek faktorler arasindaki iligskinin
yapisinin korundugu belirlenmistir.
Maddelerin faktor yiik degerleri 0.350 ile
0.711 arasinda degisen bir dagilim
gostermistir. Olgegin faktorleri arasindaki
iliskiyi belirlemek i¢in yapilan analizler, ii¢
alt boyut arasinda anlamli diizeyde iliski
oldugunu ve ¢oklu baginti sorununun

olmadigin1  gdstermistir  (Tablo  3).
Giivenirlik ve gecerlik Oncesi, 0Olgek
maddelerinin normal dagilim gosterip
gostermedigini belirlemek amaciyla
Kurtosis (Basiklik) ve Skewness (Carpiklik)
degerleri incelenmistir. Bu degerlendirmeler
sonucunda, Ol¢ek maddelerinin  normal
dagilim gosterdigi bulunmustur (Tablo 3).

Tablo 3. Diirtiisel giidiimlii duygusal davranig 6lgegine iliskin tanimlayicr istatistikler, alt boyutlart

arasindaki korelasyonlar

Alt boyut  Mean=SD Min.-Max. Skewness Kurtosis Toplam  Faktor Faktor Faktor
Olcek 1 2 3

Toplam 45.19+£10.11  21-69 0.118 -0.234 1

Olcek

Faktor 1 15.27+3.85 6-26 0.311 -0.484 872" 1

Faktor 2 14.86+3.70 6-24 -0.80 -0.396 867" 622" 1

Faktor 3 12.43+3.23 5-21 0.295 -0.17 866" 636" 656" 1

Tablo 4. Olcegin dogrulayici faktor analizine iliskin model uyum indeksleri

Uyum indeksleri Elde Edilen Uyum Indeks Sonu¢
x/df 1.87 Miikemmel Uyum
RMSEA 0.062 Kabul Edilebilir Uyum
RMR 0.051 Kabul Edilebilir Uyum
CFI 0.92 Kabul Edilebilir Uyum
NNFI 0.90 Kabul Edilebilir Uyum
GFI 0.90 Miikemmel Uyum
AGFI 0.86 Kabul Edilebilir Uyum
IFI 0.92 Kabul Edilebilir Uyum

RMSEA: Root Mean Square Error Of Approximation; SRMR: Standardized Root-Mean-Square Residual; RMR:Root-Mean-Square Residual; FI: Comparative
Fit index; NNFI: Non-Normed Fit Index; GFI: Goodness of Fit Index; AGFI: Adjusted Goodness of Fit Index; IFI: Incremental Fit Index

AFA ile elde edilen ti¢ faktorli yapinin
model uyumu, birinci ve ikinci diizey DFA
yontemleriyle analiz edilmis ve uyum
indekslerinin basarili oldugu belirlenmistir
(Tablo 4). DFA sonuglarma gore uyum
indeksleri, literatiirde Onerilen araliklar
icindedir (Marcoulides ve Schumacker,
2001; Secer, 2015). Olgegin
standartlastirilmis korelasyon degerlerine
gore, "Faktor 1" ile "Faktor 2" arasindaki
korelasyon 0.79; "Faktor 2" ile "Faktor 3"
arasindaki korelasyon 0.85; "Faktor 1" ile
"Faktor 3" arasindaki korelasyon ise 0.92
olup, tiim korelasyonlar istatistiksel olarak
anlamli bulunmustur (Sekil 1). Ayrica,
Olcegin standartlastirllmis  katsayilarinin
incelenmesi sonucunda, faktor yiiklerinin
yuksek (0.45 ile 0.79 arasinda) ve t
degerlerinin anlamli oldugu goriilmiistiir
(p<0,01, Tablo 5). Bu bulgular, belirlenen
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faktor  yapisinin  yapi
dogruladigini gostermektedir.
llgili literatiir ve kuramsal goriisler
dogrultusunda, DGDDO'niin model uyumu
dogrulandiktan sonra ¢ faktorlii yapi
"aciliyet," "heyecan arayis1t" ve "yeterince

gecerliligini

diisinmeden harekete gegme" olarak
adlandirilmistir. Standardize  edilmis
korelasyon degerleri, bu degiskenler
arasinda pozitif ve anlamh iligkiler

oldugunu gostermektedir (Sekil 1, Tablo 5).
Literatiirdeki  bulgular g6z  Oniine
alindiginda, DGDDO'niin DFA sonuglari
Olcegin li¢ faktorlii yapisint dogrulamakta
ve maddelerin 6l¢iilmek istenen kavramlari

yeterince tanimlayip Olctliigiini
gostermektedir (Marcoulides ve
Schumacker, 2001; DeVellis, 2016;

Johnson ve Christensen, 2019;). AFA ve
DFA sonuglari, 6l¢egin ii¢ boyutlu faktor
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yapisinin Tirk Orneklemi i¢in uygun
oldugunu ve giiclii bir yap1 sergiledigini
ortaya koymaktadir. Ayrica, DGDDO'niin
alt  Olgekleri  arasindaki  korelasyon

degerleri, 6l¢egin ii¢ alt boyutu arasinda
anlamli iligkiler oldugunu ve c¢oklu
dogrusallik sorunu bulunmadigini
gostermektedir (Sekil 1).

Tablo 5. Olgegin DFA sonucu elde edilen t-Testi degerleri ve standardize katsayilari (faktor yiikleri)

Maddeler ve Faktorler B Std. p S.Hata t p

D1 <em- F3 1.00 0.53 - -

D2 <emm F1 1.00 0.46 - -

D3 <--- F1 1.40 0.68 0.200 6.98 p<0.001
D4 <--- F1 1.23 0.60 0.211 5.85 p<0.001
D5 <emm F3 0.99 0.46 0.176 5.65 p<0.001
D6 <emm F3 1.90 0.75 0.245 7.76 p<0.001
D7 <em- F2 1.00 0.67 - -

D8 <--- F2 0.92 0.60 0.119 7.69 p<0.001
D9 <em- F3 1.19 0.51 0.196 6.11 p<0.001
D10 Leem F1 0.87 0.53 0.160 5.45 p<0.001
D11 <o F2 0.79 0.56 0.123 6.42 p<0.001
D12 <ee- F1 1.34 0.67 0.218 6.13 p<0.001
D13 Leem F1 0.89 0.45 0.179 4.99 p<0.001
D14 Leem F2 1.11 0.68 0.145 7.65 p<0.001
D15 <o F3 1.97 0.79 0.247 7.97 p<0.001
D16 <o F3 1.59 0.60 0.233 6.85 p<0.001
D17 Leem F2 1.11 0.71 0.126 8.77 p<0.001

Sekil 1. Birinci diizey dogrulayici faktor analizi sonuglari

Cronbach Alfa giivenirlik katsayilart
"Faktor 1" i¢in 0.749, "Faktor 2" igin 0.764,
"Faktor 3" i¢in 0.791 ve genel dlgek icin
0.894 bulunmustur (Tablo 6). Tablo 2'de
gosterildigi iizere, yapilan madde analizi
sonucunda madde puanlarn arasindaki
korelasyon katsayilarinin 0.350 ile 0.711
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arasinda degistigi ve istatistiksel olarak
anlaml oldugu belirlenmistir
(p<0.001).Split-half analizine gore, genel
Olcek i¢cin Spearman-Brown katsayisinin
0.868, "Faktor 1" i¢in 0.746 ve "Faktor 2"
icin 0.777, "Faktor 3" i¢in 0.791oldugu
tespit edilmistir. Ayni analize gore, Guttman
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split-half katsayilariin genel o6lgek igin
0,868, "Faktor 1" i¢in 0.745 ve "Faktor 2"
icin 0.772, "Faktor 3" i¢in 0.778 oldugu
saptanmistir.  Olgegin  giivenirlik analiz
uygulamalar1 i¢in uygun bir yapiya sahip
olup olmadigin1 belirlemek amaciyla
Hotelling T? Testi kullanilmistir ve sonuglar
Olcek modelinin uygun bir yapiya sahip
oldugunu gostermistir (F=22.434, p=0.000).

DGDDO'iin giivenirligi i¢ tutarlilik
teknikleri kullanilarak degerlendirilmistir.

Table 6. Olgegin giivenirligine iliskin bulgular (n=226)

Olgegin alt boyutlar1 ve toplam puam
incelendiginde 6l¢egin i¢ tutarliliga sahip
oldugu goriilmiistiir. Literatiire gore bir
Olcegin giivenilir sayilabilmesi ig¢in tipik
olarak 0.70 veya daha yiiksek bir
giivenilirlik  derecesine  sahip  olmasi
beklenir (DeVellis, 2016; Biiyiikoztiirk,
2018; Johnson ve Christensen, 2019).
DGDDO’niin i¢ tutarliigi giivenirliligini
desteklemektedir (Tablo 6 ).

Olcek Cronbach-a Spearman-Brown Guttman split-half
Faktor 1 .749 .746 .745
Faktor 2 .764 777 772
Faktor 3 791 782 778
Toplam Olcek .894 .868 .868

Diirtiisellik, pek ¢ok kisilik kuraminda
farkl sekillerde kendini gdsteren dnemli bir
yapidir (Eysenck & Eysenck, 1985).
Kisilikteki bu Onemin yani sira, bir¢ok
ndrolojik ve psikolojik hastaligin temelinde
yatan ya da bu hastaliklarla birlikte
seyreden Onemli bir psikolojik  belirti
olarak degerlendirilmektedir. Ayrica, ¢ok
boyutlu yapisiyla dikkat ¢eken diirtiisellik,
giiniimiizdeki kavramsallagtirmalarinda da
onemli bir ¢esitlilik gdstermektedir (Depue
& Collins, 1999) Bu gesitlilik igerisinde
diirtiselligin taninmasi tani, tedavi, klinik
takip,psikoterapi planlamalari,sosyal
problemlerin ¢oziimii gibi pek c¢ok alana
katki saglayabilir. Yeni olusturulan bu 6l¢ek
duygusal giidiimlii diirtiisel davraniglarin

belirlenmesine ve bu konudaki
midahalelerin  planlanmasimna  yardimec1
olabilir.

4. Sonuclar

Olgegin psikometrik nitelikleri eldeki
verilerle  ¢ok  giliglii =~ bir  sekilde
desteklenmektedir. Bu ¢alisma ile duygusal
giidimlii diirtiisel davraniglart 6lgmek igin
gecerliligi ve gilivenilirligi kanitlanmig bir
arag gelistirilmisti. Bu 06l¢ek klinik
uygulama i¢in uygundur.

Duygusal giidimlii diirtiisel davranis
Olceginin ii¢ alt boyutu bulunmaktadir.
Bunlar: Aciliyet (cok giiclii duygular
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yasayarak davranigi siirdiirmeye devam
etme), Heyecan arayist (risk alma ve
israrcilik)  ve  yeterince  diistinmeden
harekete gegme. Olgegin
degerlendirilmesinde D1- D5 ve D9 ters
kotlanmaktadir. Olgek toplam puanindan
ve alt boyutlardan alinan puanlarin artmasi
duygusal giidiimlii diirtiisel davraniglarin
arttigini gostermektedir.

Etik Kurul Onay1

Pamukkale Universitesi Tip Fakiiltesi
Etik Kurulu, Helsinki Bildirgesi'ne uygun
olarak (No: E-60116787-020-353866)
arastirma i¢in etik onay vermistir. Arastirma
stirecinde katilimcilara, “Bilgilendirilmis
Onam” ilkesine dayanarak bilgilendirme
yapilmigtir. Bu bilgilendirme, “Ozerklige
Sayg1” ilkesini gozeterek katilimcilarin
caligmaya katilma veya katilmama
konusunda tamamen Ozgiir olduklarim
acikgca belirtmistir. Ayrica, “Gizlilik ve

Gizliligin Korunmas1” ilkesi
dogrultusunda, katilimcilara verilerinin
gizli tutulacagi ve kimseyle
paylasilmayacagi  konusunda  giivence
verilmistir.
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Abstract

This study aimed to evaluate the yield, quality and physiological traits of triticale genotypes (ADAY-8, DZ9-01-
02, TBT6-11 and ESIN) in 2022-2023 production season in Diyarbakir, Tiirkiye. The field experiment was
established according to the randomized complete blocks design with three replications. Heading time, plant
height, thousand-kernel weight, grain yield, protein content, starch content, NDVI (Normalized Difference
Vegetation Index), and SPAD (Flag leaf chlorophyll content) values are investigated traits on the study. The
findings of the study demonstrated that there were statistically significant variations among the genotypes, with
the exception of protein and starch content in relation to the examined traits. The DZ9-01-02 (1059.0 kg ha!) and
TBT6-11 (1049.7 kg ha™!) advanced lines exhibited the highest grain yield values. Conversely, the ADAY -8 and
DZ9-01-02 advance lines were found to have earlier heading time, suggesting that these lines may offer a potential
advantage in varying environmental conditions. SPAD values were generally found to be high, which indicated
that triticale lines had high chlorophyll content during the heading stage. As a result, DZ9-01-02 and TBT6-11
genotypes can be evaluated as variety candidates for further breeding programs. Further research and testing
should be conducted to determine the overall performance and adaptability of these varieties in various
environmental conditions.

Keywords: SPAD, NDVI, grain yield, protein content
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1. Introduction

The increasing population in the world
and changing global climate conditions
bring along food deficit and malnutrition.
Achieve high yields in production areas and
develop varieties and species that will adapt
to different climatic and soil conditions may
be the main solutions to this situation.
Triticale, the first interspecific hybrid
created by crossing wheat (Triticum spp.)
and rye (Secale cereale), is promising with
its ability to be grown in marginal areas and
its different gene potential. The initial aim
of triticale, which is not a natural species,
was to develop a new cereal crop that would
combine the superior agro-morphological,
quality and yield traitss of wheat and the
adaptability, vigor and resistance of rye to
abiotic (saline, nutrient deficient, diseased
fields and arid and cold areas with
insufficient rainfall) and biotic stresses
(Tababtabaei et al., 2012; Kizilgegi et al.,
2017). In 2022, 14 million tonnes of triticale
were produced on 3.6 million hectares
worldwide. In Turkey, 0.32 million tonnes
were produced on 0.10 million hectares
(FAOSTAT, 2022). Triticale is grown
worldwide mainly for food (making
biscuits, cakes, pasta and other baked
goods), feed, and bioenergy production.
Although triticale has a lower grain quality
than cereals such as wheat, it has high
resistance to diseases and pests and many
beneficial genes have been effectively
transferred from wheat to triticale. The
majority of triticale breeding programs
focus on improving economically important
traits such as grain and biomass yield,
disease and pest resistance, quality and
agronomic traits. This study was carried out
to determine grain vyield, quality and
physiological characteristics of some
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triticale  genotypes  under irrigated
conditions.

2. Materials and Methods

2.1. Plant material and growing
conditions

The experiment was conducted at
Diyarbakir during the growing seasons of
2022-2023. The research farm of
Teknobiltar company was located at
37°55'34.24" N; 40°15' 27.34" E at an
altitude of 680 m above mean sea level in
Diyarbakir, Tirkiye. Three advanced
triticale lines (ADAY-8, DZ9-01-02,
TBT6-11) and Esin triticale variety were
used as material in the study. The study was
established on December 11, 2022
according to the randomized completely
block design with 3 replications. Sowing
was carried out with a trial seeder on plots
of 4 m x 1.2 m = 4.8 m?, with 550 seeds per
m2. Fertiliser was applied in two periods.
Half of the fertiliser was applied as 20-20-0
compound fertiliser with 60 kg of pure
nitrogen and 60 kg of pure phosphorus per
hectare with sowing and the remaining 60
kg of pure nitrogen was applied in the form
of urea (46 %) during the steam elongation
period. The meteorological data of
Diyarbakir province for the plant growing
period are given in Table 1. The rainfall in
December (4.7 mm) was much lower than
the long-term rainfall (71.2 mm). The
average temperature and total rainfall for
the growing season of 2022-2023 were 15.2
°C and 308.5 mm, respectively. The
research was conducted under irrigated
conditions with sprinkler irrigation system
for 3 times during steam elongation,
heading and milky stage. Weeds were
removed manually and chemical pesticides
were used for disease control. Harvesting
was carried out on July 22, 2023 with the
experimental combine harvester.
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Table 1. Climatic data of the experimental area for 2023 and long years (1923-2023)

Monthly Mean Temperature (°C)

Monthly Total Precipitation (mm)

Months 2022-2023 Long-Term 2022-2023 Long-Term
December 7.3 4.1 4.7 71.2
January 3.9 1.8 17.9 69.7
Feburary 4.0 3.7 57.6 67.2
March 12.0 8.3 131.0 66.7
April 14.7 13.8 79.4 68.4
May 20.1 19.3 16.0 44.8
June 27.6 26.1 0.0 8.7
July 32.3 31.0 1.9 1.3
Average /Total 15.2 13.5 308.5 326.8

2.2. Traits investigated

The study examined heading time, plant
height, thousand-grain weight, grain yield,
protein content, starch content, NDVI
(Normalized Difference Vegetation Index),
and SPAD (Flag leaf chlorophyll content)
values. Heading time were obtained by
calculating the number of days from the day
of sowing to the day 50 % of the plants in
the plot spiked separately for each
genotype. Plant height was determined by
measuring the distance from the soil surface
to the tip of the spike of 10 plants from each
plot. Thousand-grain weight was calculated
by weighing the seeds obtained from each
plot 4 times 100 grains each, taking the
average and multiplying by 10. Grain yield
was calculated by weighing the grains
obtained from each plot and converted to kg
ha!. Protein and starch contents were
determined with the assistance of the
GrainSense device without milling the grain
samples taken from each plot. The
measurement of SPAD was conducted
using a portable chlorophyll metre (Minolta
SPAD-502, Osaka, Japan), which indirectly
quantifies the chlorophyll content in the
leaf. The measurements were conducted on
the flag leaf of 10 plants chosen at random
from each plot at the heading stage (GS 59)
according to the development scale
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developed by Zadoks et al. (1974). The
measurements were taken between 10:00
and 14:00 hours when the sky was cloudless
(Oztiirk et al., 2021). NDVI was measured
with a portable GreenSeeker instrument
between 12:00 and 13:00 when the plant
was in the heading stage, the sky was
cloudless and windless, and the plant
surface was not wet from rain, dew, etc. All
the means data were analyzed using
randomized complete blocks design in JMP
Pro-17 SAS Institute Ltd, USA to evaluate
differences among genotypes. The
significant  differences  between the
genotypes were done with LSMeans
Differences Student’s t-test at 5%
probability level and Scatterplot matrix
correlation analyses were performed on the
relationships between traits

3. Results and Discussion

The ANOVA results, mean values and
the groupings among the traits examined in
the study are presented in Table 2.
According to the ANOVA results, there
were statistically significant differences
among genotypes heading time, plant
height, thousand kernel weight, grain yield,
SPAD and NDVI traits except for protein
and starch content
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Tablo 2. Mean values and ANOVA results of the investigated traits of triticale genotypes

Thousand

Heading Pl_ant kernel G_rain Protein  Starch
Genotype time (day) height weight yield content  content SPAD NDVI
(cm) @ (kg ha'") (%) (%)
ADAY-8 136.0b 100.83b 46.88a 9971ab 13.86 84.61 58.5a 0.72b
DZ9-01-02 136.3b 110.67a 41.34b 10590a 12.77 85.96 54.5b 0.79a
ESIN 138.7a 108.07ab  45.19ab 8945b 13.66 85.25 56.6ab 0.78a
TBT6-11 139.3a 112.33a  43.85ab 10497a 13.20 85.24 56.3ab 0.79a
Mean 137.6 107.98 44.32 1000.1 13.37 85.26 56.5 0.77
MS 8.31** 77.3* 16.41*  17094.2* 0.71ns 0.92ns  7.89**  0.004**
CV (%) 0.58 3.07 3.27 4.74 6.88 1.04 1.49 3.27
LSD(0,05) 0.65 2.70 1.19 38.67 0.75 0.72 0.69 0.01

*:p<0.05,**:p<0.01 MS.:mean square CV: coefficient variance, LSD: least significant degree 6d:non-significant

3.1. Heading time

Triticale generally earlier heading than
wheat. In terms of escaping heat and
drought, this can be an advantage. ADAY-
8 and DZ9-01-02 were earlier than the other
genotypes. TBT6-11 and ESIN had
disadvantage to avoid drought stress by
heading late (139.3 and 138.7 days) and
shortening the number of days to heading
and physiological maturity days but kept
their high yield potential since they were
grown under irrigated conditions. Kendal et
al. (2016) reported that cold damage
delayed the heading time in triticale
genotypes as the reason for the extension of
the heading period and that early-heading
genotypes were more negatively affected by
cold damage than late-heading ones, while
late-heading genotypes could be seriously
affected by drought.

3.2. Plant height

The highest plant height was determined
in TBT6-11 (112.33 cm). However, it was
statistically in the same group with DZ9-01-
02. The lowest value was observed in
ADAY-8 with 100.83 cm (Table 2). The
amount of rainfall in May, the grain-filling
period, was lower than in the long-term
(Table 1). While the plant height was
expected to be short due to the high daily
temperature difference, the development of
the vegetative parts continued with the
effect of the irrigation applied and excessive
shortening of the plant height was
prevented. For this reason, the plant height
values obtained in our research were similar
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to the values obtained in most studies
conducted under normal conditions (Kozak
et al., 2007; Karan et al., 2011; Geren et al.,
2012; Kavut et al., 2012).

3.3. Thousand-kernel weight

Thousand-kernel weight is one of the
critical criteria affecting grain quality in
cereals. The highest thousand-kernel weight
value was observed in ADAY-8 with 46.88
g and the lowest value was observed in
DZ9-01-02 with 41.34 g (Tablo 2). Kutlu
and Kinaci (2010) stated that the difference
in the thousand grain weight values was
affected by the environmental conditions,
especially the different daily temperature
values and irrigation. Thousand-kernel
weight values obtained in the study were
higher than the values reported by Kizilgeci
and Yildirim, (2017), Demir et al. (2024)
and Kizilgeci (2019) and in a similar range
with the findings of Kozak et al. (2007) and
Karan et al. (2011).

3.4. Grain yield

Grain yield was highest in DZ9-01-02
(1059.0 kg da') but it was in the same
statistical group with TBT6-11 (1049.7 kg
da!). ESIN (894.5 kg da’') had the lowest
grain yield value (Table 2). In this study
conducted under irrigated conditions, the
average grain yield of 1000.1 kg da’
showed that triticale genotypes have high
yield potential. Especially the higher
average grain yields of DZ9-01-02 and
TBT6-11 lines are promising that they can
be used as variety candidates and the
average yield can be further increased.



Kizilgeci et al.

Kizilgeci et al. (2017) determined the
average grain yield as 519.3 kg da!' and
748.8 kg da' under dry conditions in
Diyarbakir and  Mardin  locations,
respectively. The values they found were
found to be lower than our study. In the
same ecology but under rainfall conditions,
the grain yield obtained by Akinci et al.
(2001) was 86% less than this study.
Kizilgegi et al. (2017) reported that triticale
responded  positively to  favorable
environmental conditions. Yagbasanlar et
al. (2003) reported that the triticale variety
Tacettinbey, developed for the Cukurova
region, gave a higher grain yield than bread
wheat and durum wheat. In our study, the
high grain yield values showed that it was
caused by irrigation. The grain yield values
obtained in our study were similar or
different from the values found by most of
the researchers who reported that triticale
grain yield was affected by different
environmental conditions (Kozak et al.,
2007; Kutlu and Kinaci, 2010 Tababtabaei
and Ranjbar, 2012; Dumbrava et al., 2016;
Terzic et al., 2018; Gen¢ Lermi and Palta
2018).

3.5. Protein and starch content

The protein and starch content traits are
fundamental quality parameters in cereals.
The investigation of these traits revealed no
statistically significant differences between
the genotypes. ADAY-8 genotype had the
highest value for protein content and the
lowest value for starch content. Similarly,
TBT6-11 had the lowest protein content
value and the highest starch content value.
In our study, starch content was higher than
the values reported by many researchers
(Dumbrava et al., 2016; Kizilgec¢i et al.,
2016; Kizilgegi, 2019). Kizilgeci et al.
(2016) reported that moisture had a
significant effect on starch content. The
high starch content in our findings is
probably due to the fact that our study was
carried out under irrigated conditions.
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Protein content was similar to the values of
Dumbrava et al. (2016), higher than the
protein content value found by Kizilgegi
(2019) at Mardin location, but lower than
the value found at Diyarbakir location. It
was lower than the values reported by
Kizilgeci and Yildirim (2017).

3.6. SPAD and NDVI measurements

SPAD and NDVI measurement allowing
farmers to make informed decisions about
nutrient management and crop health
(Goren, 2024). These measurements can
help optimize fertilizer application, detect
nutrient deficiencies, and monitor plant
stress levels throughout the growing season.
(Elis et al., 2024; Goren ve ark., 2024).
Kizilgeci et al. (2017) reported that high
chlorophyll content value in the plant is a
desirable trait, and genotypes with high
SPAD value have more photosynthetic
capacity and higher grain yield under
appropriate conditions. SPAD and NDVI
values showed that there were statistically
quite significant differences among the
genotypes. SPAD and NDVI values
measured at heading stage ranged between
54.5-58.5 and 0.72-0.79, respectively.
SPAD values were generally high,
indicating that triticale genotypes have high
chlorophyll content during the heading
stage. The highest SPAD value was 58.5 in
ADAY-8. However, the same genotype had
a lower NDVI value than the other
genotypes. SPAD values found by many
researchers were lower than the findings of
the study, while NDVI values were in a
similar range with the findings (Kizilgegi et
al., 2017; Kizilge¢i, 2019).

3.7. Scatterplot
analysis

Scatterplot Matrix correlation analysis of
the investigated traits of triticale genotypes
is given in Figure 1. Scatterplot Matrix
correlation analysis is an effective method
for analyzing the relationship between
traits.

matrix correlation
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Figure 2. Scatterplot Matrix correlation diagram of the traits analyzed in the study

Correlation analysis showed a negative
correlation between protein content with
starch content and plant height. Kizilgeci
(2019) reported a negative and significant
correlation between starch content and plant
height for protein content. While a
significant and negative correlation was
observed between NDVI and SPAD
measurement values, a positive and
significant correlation relationship was
determined between NDVI and plant
height. Kizilge¢ci and Yildirnm (2019)
reported a negative correlation between
SPAD and NDVI measured at heading
stage. The positive correlation between
NDVI and plant height is an indication of
healthy plant growth. There was a positive
and significant relationship between
thousand-kernel ~weight with protein
content and SPAD, while there was a
negative and significant relationship
between starch content and NDVI.

4. Conclusion

In our study, DZ9-01-02 and TBT6-11
advanced lines were noted with high grain
yield. ADAY-8 line stood out with its SPAD
and thousand-grain weight traits. Overall,
the study shows that triticale genotypes
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respond positively to irrigation and
environmental conditions, and yield
potential can be increased under these
conditions. = Moreover, the positive
correlation between plant height and NDVI
can be considered as an indicator of healthy
plant growth. As a result; it is considered
that the triticale advanced lines included in
the research are potential variety candidates
that can be used in agricultural production
and adaptation to the region.
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Ozet

Ege Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii Bornova deneme tarlasinda, bicim yiiksekliginin dallidar:
(Panicum virgatum) bitkisinde yem verimi ve kimyasal bilesimine etkisini belirlemek amaciyla iki yillik bir tarla
caligmasi yiiritiildii. Calismada, toprak seviyesinden 5 (BY5), 10 (BY10), 15 (BY15) ve 20 (BY20) cm yiikseklikteki
4 bicim uygulamasi tesadiif bloklart deneme desenine gore 3 tekrarlamali olarak yapildi. Denemede; bitki boyu,
kardes sayisi, kuru madde (KM) verimi, ham protein (HP) orani, n6tr deterjan lif (NDF) ve asit deterjan lif (ADF)
icerikleri gibi baz1 dzellikler 6lciildii. iki yillik ortalama sonuglar, dallidarinmn yére kosullarma oldukea iyi uyum
sagladigini (mevsim bagina toplam 3 bi¢im) ve aniz yiiksekliklerinin (bi¢im yiiksekligi) test edilen tiim 6zellikleri
6nemli dlgiide etkiledigini gosterdi. HP igerigi harig, dallidarinin verim ve besin degeri {izerine yil etkisi de 6nemli
bulundu. Derin bigimlerin etkisi, hiicre duvari bilesiklerinin sindirilebilirligini azaltma egilimindeydi. BY10
uygulamasindaki toplam KM verimi, BY 15 ve BY20’den 6nemli 6lgiide daha yiiksek bulundu. Bu arastirmaya gore,
Izmir'in sahil kesiminde dallidan bitkisinin hasadi igin toprak seviyesinden 10 cm yiikseklikten bicilmesi en iyi seviye
olabilir.

Anahtar Kelimeler: Dallidari, bigim yiiksekligi, ot verimi, kimyasal bilesim

Effect of Different Cutting Heights on Forage Yield and Chemical Composition of
Switchgrass (Panicum virgatum)

Abstract

A two-year field study, the effect of cutting heights on the forage yield and chemical composition of switchgrass
(Panicum virgatum) was conducted on Bornova experimental fields of Field Crops Department of Agriculture
Faculty, Ege University, Turkey. Four treatments of cutting height at 5 (BY5), 10 (BY10), 15 (BY15) and 20 (BY20)
cm above ground level in randomized complete block design with 3 replications were employed. Some characteristics
were measured in the experiment such plant height, number of tiller, dry matter (DM) vyield, crude protein (CP)
concentration, neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents. Two-year average results
showed that switchgrass is quite well adapted to local conditions (totally 3 cuts per season), and, stubble heights (i.e.
cutting heights) significantly affected all tested characteristics. Year effect was also significant on the yield and
nutritional value of switchgrass, except CP concentration. The effect of deeper cuts tended to reduce digestibility of
cell wall compounds. The total DM yield was significantly higher in BY10 than BY15 and BY20. Based on this
research, cutting at 10 cm height above ground level could the optimal level for harvesting switchgrass in coastal part
of 1zmir.

Keywords: Switchgrass, cutting height, forage yield, chemical composition
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1. Giris

Bugdaygiller (Graminea=Poaceae)
familyasinin  bir iiyesi olan dallidar
(Panicum virgatum), c¢ok yillik bir sicak
iklim (C4) bitkisidir (2n=4x=36). Gen
merkezini  Kuzey Amerika’dan  alan
dallidari, Kanada’nin giiney kisimlarindan
Meksika’nin i¢  bolgelerindeki  bozkir
otlaklarina kadar genis bir bolgede yayilis
gostermektedir (Moser and Vogel, 1995).
Diinya iizerinde hayvanlar i¢in kaba yem
(kuru ot veya silaj), erozyon kontrolu ve
yaban hayati icin yetistirilen dallidar bitkisi,
yiiksek biyoenerji kapasitesine sahip olmasi
nedeniyle (Nazli ve ark., 2018), Amerikan
Biyoenerji Programi tarafindan model bitki
olarak secilmistir (Peskircioglu ve ark.,
2019).

Rizomlariyla yavag gelisen bitki yumak
formlu yasam bicimine sahiptir. Sap1 dik
olarak biiyliyen bitki, cesit ve yetistirme
kosullarina gore cok fazla
kardeslenebilmekte ve 3 m’ye kadar
boylanabilmektedir. Dallidarinin ova ve
yayla olmak tizere iki ekotipinin bulundugu
bildirilmistir (Soylu, 2012; Ozyazici ve ark.,
2017; Ozyazici, 2023). Kuvvetli kok aksami
nedeniyle topraga c¢ok iyi tutundugu ve
kurak kosullara da dayanikli oldugu
bildirilen dallidarinin (Kugvuran ve ark.,
2018; Goniilal ve Soylu, 2020-2021-2022,
Goniilal ve ark., 2021), sert kiglara da 6nemli

diizeyde  tolerans  gosterdigi  ifade
e"dilmektedir (Ozdogan Cavdar, 2023;
Ozdogan Cavdar ve Geren, 2023).

Tohumlarinin ¢ok kii¢clik olmasi (bin tane
agirhgr ~2 g) (Soylu ve ark., 2011) ve ¢ikis
sonrast yavas billylimesi nedeniyle tesis
yilinda yabanci ot saldirisina ¢ok agik bir
konumda bulunan dallidari, ikinci yildan
itibaren c¢ok sayida kardes olusturarak
yabanci otlar1 baski altina almaktadir
(Dzeletovi¢ ve ark., 2019).

Dallidarinin  ¢ok yillik olmasi {iretim
ekonomisi agisindan bir avantaj (tesis
yilindan sonra tohumluk, toprak isleme, ara
capa, iscilik, vb. masraf unsurlan
barindirmamasi)  saglamasmin  yaninda
(Ekin ve Zorer Celebi, 2011), yas otundan
yiiksek kalitede silo yemi {iretilebilecegi

Geren
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(Y1ldiz ve Geren, 2020; Demirdji ve Geren,
2022; Kuktas ve Geren, 2022) ve saplarinin,
misir veya sorgum gibi kalin olmamasi
nedeniyle hayvan besleme agisindan kaliteli
kuru ot eldesine de olanak tanidig1 pek ¢ok
arastiric1 tarafindan ifade edilmistir (Geren
ve ark., 2016; Kesen ve Geren, 2020a-b;
Candogan ve Geren, 2020). Ancak gerek
kuru ot gerekse silaj iretimi amactyla
yetistirilecek dallidar bitkisinin yem verimi
ve kalitesine etki eden faktorleri ortaya
koyacak ¢aligmalar ayr1 bir &ncelik
tasimaktadir.

Bicim yiiksekligi, yani tarlada birakilan
anizin toprak yiizeyinden yiksekligi, yem
bitkilerinin yeniden biiylime hizi, verimi,
kalitesi ve kalicilig1 iizerinde onemli bir
etkiye sahip olmasi nedeniyle ¢ok yillik yem
bitkileri tiretim sistemlerinin yonetiminde
Oonemli bir husustur. Bir ¢ok arastirma, diisiik
aniz yiiksekliginin, apikal meristemlerin
uzaklastirilmasi ve kisin hayatta kalma veya
bicimden sonra yeniden biliylime ig¢in
enerjinin depolandig1 doku kayb1 nedeniyle,
bitkilerde tomurcuk olusumunu, siirgiin
biiyiimesini ve yem verimini azalttigini
gostermistir. Belirlenmis bir aniz ytiksekligi,
karbonhidratin govde tabanindan bitki

taclarma  ve  koklerine  tagimmasin
desteklemeye yardimci olur (Andreji¢ ve
ark., 2019). Dallidarinin  toprak alt1

kisimlarinda yeterli karbonhidrat bulunmasi,
kisin 1yi bir sekilde hayatta kalmasi ve
sonraki ilkbaharda gli¢lii bir sekilde yeniden
biiyiimesi i¢in énemlidir (Geren ve Ozdogan
Cavdar, 2024). Bu arastirma, tipik Akdeniz
iklimi ozelligi gosteren  Bornova
kosullarinda, farkli bi¢cim yiiksekliginin
dallidar bitkisinin yem verimi ve bazi kalite
ozelliklerine etkisini ortaya c¢ikarmak
amactyla yiiriitiilmiigtiir.

2. Materyal ve Yontem

Arastirma, iki y1l siireyle (2020 ve 2021)
Ege Universitesi Ziraat Fakiiltesi Tarla
Bitkileri Boliimii’niin Bornova deneme
tarlast lizerinde yiiriitiilmiistiir. Denemenin
yuriitiildiigl yillara ait ortalama sicaklik; ilk
yil 19.1°C, ikinci y1l 19.1°C ve uzun yillar
ortalamas1 18.9°C olarak kaydedilmistir.



Toplam yagis yoniinden ise ilk y1l 517 mm,
ikinci y1l 766 mm ve uzun yillar ortalamasi
688 mm olarak Olglilmiistiir. Denemede
kullanilan toprak; tinli-killi yapiy1 temsil
etmekte olup, toprak analizi sonuglarina
gore, toprak pH’sinin 7.84 (hafif alkali),
tuzun % 0.02 (tuzluluk tehlikesi yok),
organik maddenin % 1.24 (humusga fakir),
kirecin % 9.91 (zengin) oldugu saptanmustir.
Ayrica, toplam azot % 0.11 (orta), fosfor
2.43 ppm (orta), potasyum 284 ppm (yeterli)
ve kalsiyum 2100 ppm (normal) olarak
belirlenmistir. Arastirma yerinin iklim ve
toprak Ozellikleri acisindan, yapilan bakim

islemleri sayesinde dallidar1 bitkisinin
yetismesini kisitlayict bir unsur
bulunmamustir.

Tarla denemesinde iki yasindaki dallidar
(Panicum virgatum) bitkileri test materyali
olarak kullanilmis olup, bitkiler tizerine dort
farklt bicim yiiksekliginin (BYS: 5 cm,
BY10: 10 cm, BY15: 15 cm ve BY20: 20
cm) etkisi incelenmigstir. Calisma, tesadiif
bloklar1 deneme desenine gore li¢ tekerriirlii
olarak diizenlenmis ve 12 adet parselden (5
m x 2.1 m) olusmustur. Parsel aralarina 1 m,
blok aralarina 2 m yol mesafesi birakilmustir.
Her iki yil, Subat basinda parsellerde
temizlik bigimi yapilmig, Mart basinda da
bitkilerde filizlenmeler baglamistir.
Filizlenme donemine paralel olarak her
parsele, 7.5 kg da™ N (iire formunda) ve 5 kg
dal P,Os (triple siiper fosfat formunda)
hesabiyla giibre uygulanmistir (Muir ve ark.,
2001). Her iki yil, ilk bi¢imden sonra 7.5 kg
da! N (amonyum siilfat formunda)
uygulamasi tekrarlanmistir. Deneme damla
sulama sistemi ile sulanmistir. Blok aralar
traktor bagli ¢apa makinesi, parsel aralari el
frezesi 1ile capalanmistir. Bitkiler sira
aralarmi kapattiklari i¢in gerekli durumlarda
bazi iri yabanci otlar (Sorghum halapense,
Xanthium strumarium, vb.) elle koklenmis,
herbisit kullanilmamustir. Aragtirma
doneminde herhangi bir hastalik veya zararl
gorlilmemistir. Bitkilerin hentiiz
basaklanmaya basladiklart asama hasat
doénemi olarak referans alinmig (Guretzky ve
ark., 2011); her iki yil biiylime mevsimi
boyunca parseller iic kez (Mayis sonu,
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Agustos ortasi, Kasim ortasi) ilgili bigim
yiiksekliklerinden el oragr yardimiyla
bicilmistir.

Arastirmada asagida belirtilen 6zellikler
incelenmistir. Bitki boyu (cm): Toprak
yilizeyinden bitkinin ucuna kadar olan
mesafe cetvel ile dl¢lilmiistiir (Geren ve ark.,
2016). Sap sayisi (adet m?): 0.25
metrekarelik (0.5 m x 0.5 m) metal quadratin
icindeki bitki saplar1 sayilmistir. Kuru
madde (KM) verimi (kg dal): Net 4.8
metrekarelik  alandaki  bitkiler ilgili
yiikseklikten bigildikten sonra yas agirliklart
dijital teraziyle saptanmis, ardindan 6rnekler
105°C’de vantilasyonlu etiivde 24 saat
kurutulduktan sonra hassas terazi ile
tartilarak KM oranlari belirlenmis ve yas ot
verimleriyle ¢arpilarak KM  verimleri
kaydedilmistir. Her 6rnekten yaklasik 100 g
hava kurusu Ornek hazirlandiktan sonra
ogiitiilmiis ve Near-Infrared Analyzer cihazi
yardimiyla numunelerindeki ham protein
(HP), Notr deterjan lif (NDF) ve Asit
deterjan lif (ADF) igerikleri saptanmustir.
Calismadan elde edilen verilere varyans
analizi yapilmistir (Yurtsever, 1984). Bu
degerlendirme esnasinda; KM veriminin
bi¢im toplami, diger karakterlerin ise bigim
ortalamalar1 kullanilmistir. Ortaya c¢ikan
farkliliklar LSD testi (% 5) ile gruplara
ayrilarak degerlendirilmistir.

3. Bulgular ve Tartisma

Calismadan elde edilen bulgular Tablo
1’de Ozetlenmis olup, varyans analiz
sonuclart sap sayisi harig, incelenen diger
ozellikler tizerinde interaksiyon (Y1l x Bigim
Yiiksekligi) etkisinin 6nemli olmadigin
ortaya ¢ikarmustir.

3.1. Bitki boyu

Dallidar bitki boyu tizerine yil ve bi¢im
yiiksekligi faktorlerinin bireysel etkilerinin
onemli oldugu saptanmustir. En yiiksek bitki
boyu 88.1 cm ile BY20 uygulamasinda
saptanirken, onu istatistiki olarak ayni grupta
yer alan BY15 uygulamas: (87.6 cm)
izlemistir. En distik bitki boyu ise 72.7 cm
ile BY5 uygulamasinda 6lgiilmiistiir. ikinci
yila ait boy ortalamasinin (86.2 cm) ilk
yildan (77.1 cm) ~9 cm daha yiiksek oldugu



da belirlenmistir. Yillara iligkin bu farklilik
tizerinde yagis miktarlarmin etkisi oldugu
diistiniilmektedir, zira ikinci y1l kaydedilen
yagis miktar1 ilk yildan ~249 mm daha
yiiksektir. Bilindigi gibi bi¢im yliksekligi
(aniz yiiksekligi), toprak yiizeyinden bitkinin
bicildigi diizleme kadar olan uzaklig: ifade
etmektedir ve teorik olarak, hep aynm kaldigi
varsayllirsa  da, toprak  ylizeyindeki
engebeler ve ot hasat makinalarinin ziplama
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hareketleri nedeniyle olduk¢a degisken
gerceklesebilir. Cok yillik ve ¢ok bigimli bir
yem bitkisinin dayanabilecegi simirlarda
kalmak  kosuluyla, bicim yiiksekligi

azaltildik¢a;  karbonhidrat yapimi  ve
depolanmasi1 azalmakta, birim alan siirgiin
bliyiimesi  hizlanmakta,  yaprak  eni

daralmakta, kok biliylimesi ve toplam kok
iretimi ile rizom uzamasi gerilemektedir
(Avcioglu, 1976; Soya ve ark., 1981).

Tablo 1. Farkli bigim yiiksekliklerinin dallidar1 bitkisinde verim ve bazi yem kalite 6zelliklerine etkisi

2020 2021 2Y Ort 2020 2021 2Y Ort 2020 2021 2Y Ort

--- Bitki boyu (cm) --- -- Sap sayis1 (adet m?) -- -- KM verimi (kg da?) --
BY5 67.9 77.6 72.7° 7942 8872 840 4322 4668 44952
BY10 73.5 82.9 78.2° 620° 830° 725 4382 4790 45862
BY15 82.6 92.7 87.6% 568° 655° 612 3895 4306 4100°
BY20 84.4 91.8 88.1% 532° 648° 590 3170 3625 3398°
Ort. 77.18 86.2* 81.7 629 755 692 39428 43474 4145
LSD Y* BY* int: 6d Y* BY*int* Y* BY* int:6d

----- HP oran1 (%) ----- ----- NDF oran (%) ----- ----- ADF oran1 (%) -----
BY5 10.5 10.2 10.4° 57.7 54.2 56.02 46.6 48.0 47.3
BY10 12.0 12.0 12.0° 55.9 52.0 54.0° 44.1 47.1 45.6°
BY15 12.0 12.3 12.2° 53.4 50.3 51.8° 42.7 457 44.2°
BY20 12.4 12.6 1252 51.0 45.3 48.1¢ 40.4 43.4 41.9¢
Ort. 11.7 11.8 11.7 54.5% 50.48 52.5 43.48 46.14 44.8
LSD Y:6d BY** int: 6d Y* BY* int: 6d Y* BY* int OD

BY: bi¢im yiiksekligi, Y: y1l, int: interaksiyon, Ort: ortalama
Aynu siitun igerisinde benzer harf ile gosterilen ortalamalar arasinda istatistiksel olarak onemli farklilik yoktur. *:
p<0.05, **: p<0.01 diizeyinde 6nemli, 6d: dnemli degil.

Bu genel bilgilerden sonra bitki boyuna
iligkin bulgular genel olarak
degerlendirildiginde,  toprak  {izerinde
birakilan aniz yiiksekligi arttikca (5 cm’den
20 cm’ye dogru) boy degerlerinin yiikseldigi
goriilmektedir. Tarlada daha c¢ok aniz
birakilmasimi simgeleyen BY15 ve BY20
uygulamalari, fotosentez alanlarim1 da
yiikseltmekte sonugta bitki kendisini hizli bir
sekilde toparlayip Dbiiylimeye devam
etmektedir. BY5 gibi toprak seviyesine daha
yakin bi¢im uygulamasinda ise fotosentez
alan1 smirlanmakta ve bitki olusan baski
sonucu var olan potansiyelini yeni sap
olusturmakta kullanmaktadir. Bu durum
Tablo 1’in sap sayis1 boliimiinde net olarak
goriinmektedir. Panicum virgatum
bitkisinde bes farkli bi¢im yiiksekliginin (0,
5, 10, 15 ve 20 cm) bitki boyuna etkisini
inceleyen Geren ve Ozdogan Cavdar (2024),
toprak tiizerinde birakilan anmiz yliksekligi
artttkca bitki boylarinin azaldigini (82
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cm’den 70 cm’ye) ifade etmislerdir. Buna
karsilik, Pennisetum hybridum bitkisini bes
farkli yiikseklikten bicen (0, 5, 10, 15, 20
cm) Saberrezaei ve Geren (2022), derin
bi¢gim uygulamalarinin (0 ve 5 cm) bitki
boyunu azalttigini ifade etmislerdir.

3.2. Sap sayisi

Interaksiyonun 6nemli etkisi ortaya
cikmustir. Buna gore yapilan
degerlendirmede en yiiksek sap sayis1t 887
adet m? ile ikinci y1l BYS uygulamasinda
belirlenirken onu istatistiki olarak ayni
grupta yer alan ikinci y1l BY'10 (830 adet m
2)ile ilk y1l BY5 (794 adet m™) uygulamalar
takip etmistir. Rakamsal olarak en diisiik sap
sayist ise 532 adet m? ile ilk yi1l BY20
uygulamasinda Ol¢lilmiistiir. Calismanin
ikinci yilina dair birim alan sap sayisi
ortalamasinin (755 adet) ilk yildan (629 adet)
daha yiiksek oldugu da dikkati ¢ekmektedir.
S6z konusu farklilik {izerinde deneme



yillarina ait yagis miktar: ve buna bagli nem
orani etkisi ve bitkilerin bulundugu yere
daha iyi yerlestigi diistiniilmektedir.

Yem  bitkilerinin  siirdiiriilebilirligi
acisindan bicim yonetimi
degerlendirildiginde su hususlar1

kapsamakta olup bunlar; bigim zamant,
bicim siklig1i (veya araligl) ve bi¢im
yiiksekligidir. Zira bu uygulamalar; yem
verimi ve kalitesi, kok gelisimi, yabanci ot
baskisi, bitkilerin kaliciligint ve bigim
aletlerinin giivenligini dogrudan
etkilemektedir. Toprak seviyesine yakin
(dipten bi¢im) bi¢gim uygulamasi, yani bigim
yiiksekliginin azaltilmasiyla kardeslenmenin
arttirilmasi bir sinira kadar miimkiindiir ve
ancak  saplardaki  biiyiime noktalari
kesildiginde yeni kardeslerin  iiretimi
gergeklesmektedir (Trocsanyi ve ark., 2009).
5 cm’den daha diisiik bicimlerde ise bitkiler
iyice kiiclilmekte, kardeslenmeleri yaninda
biiyiime ve gelismeleri de durmakta ve sonug
olarak birim alandaki siirglin sayilar1 hizla
azalmaktadir (Baytekin ve Giil, 2009;
Ashworth ve ark., 2013).

Dipten bigim sonucu, birim toprak alan
yilizeyine diisen yaprak alanimnin azalmasi
nedeniyle, yem bitkileri koklerindeki
karbonhidratlar hizla kullanmaya
bagladigindan, bu yedek besinleri igeren
kokler giderek zayiflamakta ve yeni kok
gelismesi de gergeklesememektedir. Bu
olaylarin dogal sonucu olarak topraga cok
yakin bicilen bitkilerinin kdk miktar1 ve
topraktaki  derinligi  tehlikeli  dlciide
azalabilmektedir (Guretzky ve ark., 2011).
Ayrica, kok biiyiimesini kontrol eden ve
yapraklarda iretilen hormonlarin,
yapraklarla birlikte kaybolmasinin da bunda
etkili oldugu kuskusuzdur. Kok gelismesi
gerileyen yem bitkilerinde sap ve yaprak
tretimi de giderek gerilemekte, azalan
yapraklar ¢ok duyarli bir yapiya sahip olan
biiyiime noktalarin1 (meristematik uclart)
koruyamadigindan, bu bitkiler kurak ve
sicak stresine, hastalik ve zararlilara cok
dayaniksiz konuma gelmektedir (Trocsanyi
ve ark., 2009; Ashworth ve ark., 2013). Bu
nedenle bigim yiiksekligi, ¢cok yillik ve ¢ok
bicimli yem bitkilerinin yeniden biiylimesi
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ve gelismesini dogrudan etkilediginden
O0zenle secilmeli ve gerekli tekniklerle
uygulanmalidir (Dumanoglu, 2020).

Yukarida belirtilen bilgiler 1s1ginda sap
sayisina iliskin bulgular genel olarak
degerlendirildiginde,  toprak  {izerinde
birakilan aniz ytiksekligi arttikca (BYS’ten
BY20’ye dogru) birim alandaki sap sayisinin
azaldig1 izlenmektedir. Toprak seviyesine
yakin yapilan bi¢cim uygulamalarinda bitki
iizerinde daha sinirli miktarda fotosentez
ylizeyi birakilmakta ve 1siklanma miktarinin
artmasi nedeniyle bitki, kok ve kok bogazina
depo ettifi yedek besin maddelerini
kullanarak yeni saplar meydana
getirmektedir. Mevcut calismada 5 cm’den
bicilen bitkilerde aniz mesafesi kisa
kaldigindan, yiikselen 151k siddeti nedeniyle
sira arasi bosluklarin yabanci ot saldirisina
acik hale geldigi de gozlenmistir. Pek cok
arastirici, cok yillik ve ¢cok bicimli bugdaygil
yem bitkilerinde toprak iizerinde birakilan
aniz yiiksekligi azaldikga, birim alandaki sap
sayilarinin  yiikseldigini vurgulamislardir
(Saberrezaei ve Geren, 2022; Geren ve
Ozdogan Cavdar, 2024).

3.3. Kuru madde verimi

Dallidar1 KM verimi tizerine y1l ve bigim
yiiksekligi faktorlerinin bireysel etkilerinin
onemli oldugu saptanmistir. 1ki  yil
ortalamasi bulgularina gore en yiiksek KM
verimi 4586 kg da* ile BY 10 uygulamasinda
saptanirken, onu istatistiki olarak ayni grupta
yer alan BY5 uygulamasi (4495 kg da?)
izlemistir. En diisiik KM verimi ise 3398 kg
da!ile BY20 uygulamasinda kaydedilmistir.
Ikinci yila ait KM verimi ortalamasmin
(4347 kg dal) ilk y1ldan (3942 kg da™) ~400
kg daha yiiksek oldugu da goze
carpmaktadir. Daha 6nce de belirtildigi gibi,
yillara iligkin bu farklilik ilizerinde yagis
miktar1 ve onun neden oldugu oransal nem
etkisi  oldugu  disiiniilmektedir. KM
verimine ait bulgular genel olarak
degerlendirildiginde, = toprak  {izerinde
birakilan amz yiksekligi arttikca KM
verimlerinin azaldig1 saptanmistir. Bunun
nedeni tarlada daha ¢ok aniz birakilmasindan
kaynaklanmaktadir. Nitekim pek ¢ok
arastiric1 da bulgularimiza benzer sonuglara



ulastiklarini bildirmislerdir (Saberrezaei ve
Geren, 2022; Geren ve Ozdogan Cavdar,
2024; Koduru ve ark., 2024). Ornegin,
sorgum X sudanotu melezini  farkli
yiiksekliklerden bigen Iptas ve ark. (2001), 7
cm ve 14 cm bicim yiiksekliginden elde
edilen KM veriminin 21 cm’den daha
yiiksek oldugunu bildirmislerdir.

Mevcut caligmada, tarlada gereksiz yere
iriin kalmasina neden olan 15 ve 20 cm
yiikseklikten bigilen dallidar1 parsellerinden
disik verimler elde edilirken, 5 cm
yiikseklikten bigilen parsellerden de bazi
yabanc1  otlar (Convolvulus  arvensis,
Digitaria sanguinalis, Sorghum halepense,
vb.) tarafindan saflig1 diisliriilmiis iiriin (ot)
almmistir.  Kiiciik alanlarda elde edilen
irliniin elle temizlenmesi suretiyle sorun
olmayan bu durum, genis alanlarda problem
olusturabilir. Tarla yiizeylerinin genellikle
cok diizglin olmamasi, birgok tiimsek veya
cukurun varligi, cok derinden yapilan bigim
uygulamalarinin  hasat aletlerinin  kesici
organlarma  zarar  (bicak  kirilmasi,
korelmesi, vb.) verebilecegi de goz ardi
edilmemelidir (Ekren ve ark., 2007; Kir ve
ark., 2022). Bu agidan dallidar bitkisinin 10
cm’den bicilmesi daha uygun oldugu
sonucuna varilmistir.

3.4. Ham protein oram

Sadece bicim yiiksekliginin 6nemli etkisi
saptanmustir. ki y1l ortalamasi bulgularina
gore en yiiksek HP oran1 % 12.5 ile BY20,
en diusik HP oram ise % 10.4 ile BY5
uygulamasinda kaydedilmistir. HP oram
tizerinde y1l etkisi 6nemli bulunmamigtir. HP
oranina dair bulgular genel olarak
degerlendirildiginde,  toprak  {izerinde
birakilan amiz yiiksekligi artitkca HP
oranlarinin da arttig1 saptanmistir. Bunun
nedeni tarlada daha ¢ok aniz birakilmasi ve
buna bagli olarak bitkideki yaprak oraninin
yiikselmesinden kaynaklanmaktadir. Zira
yapraklar, saptan daha yiiksek oranda HP
icermektedirler (Andreji¢c ve ark., 2019;
Dzeletovi¢ ve ark., 2019). Pek ¢ok arastirici
bulgularimiz1 teyit etmektedir (Geren ve
Ozdogan Cavdar, 2024; Geren ve ark.,
2024). Buna karsilik, Panicum maximum
bitkisinde bi¢im yiiksekliginin (10, 15 ve 20
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cm) HP oranmi ile NDF ve ADF igerikleri
tizerine 6nemli etkisinin bulunmadig: Jimoh
ve ark. (2019) tarafindan ifade edilmistir.

3.5. NDF ve ADF oram

Varyans analiz sonuglari, dallidan
bitkisinin kuru otu biinyesindeki NDF ile
ADF orani {lizerinde bi¢im yiiksekligi ve
yillarin 6nemli etkisinin bulundugunu ortaya
cikarmistir. Aragtirmada, iki y1l ortalamasina
gore en yiiksek NDF orani (% 56.0) ve ADF
orant (% 47.3) BY5 uygulamasinda, en
diisiik NDF oran1 (% 48.1) ve ADF oran1 (%
41.9) ise BY20 uygulamasinda 6l¢iilmiistir.
Arastirmanin ikinci yilina ait NDF oram
ortalamasinin (% 50.4) ilk yildan (% 54.5);
ilk yila ait ADF oraninin da (% 43.4) ikinci
yildan (% 46.1) daha diisik oldugu
saptanmistir. Kuru ot biinyesinde bulunan
NDF ve ADF oranlarina ait bulgular1 genel
olarak yorumlandiginda, toprak {izerinde
birakilan aniz ytiksekligi arttikca (BY5’ten
BY20’ye dogru), artan yaprak oranina
paralel olarak ottaki NDF ve ADF
oranlarinin azaldig1 saptanmistir. Ancak bu
rakamsal diistis, ot kalitesinin yiikseldigi, bir
baska ifadeyle, yemin sindirilme derecesinin
arttig1 anlamina gelmektedir. Bilindigi gibi
bugdaygil yem bitkilerinde ugtan tabana
dogru inildik¢e vyasl hiicrelerin sayisi
artmakta, hiicre ceperleri kalinlasmakta,
dogal olarak da seliilloz oran1 yiikselmekte,
yemin sindirilme seviyesi azalmaktadir
(Jimoh ve ark., 2019; Giizar ve ark., 2024).
Mevcut calismada, tarlada gereksiz yere
iiriin kalmasina neden olan 15 ve 20 cm
yiikseklikten bicilen dallidar1 parsellerinden
diisiik verim fakat yiiksek kalite {riin
alimmasi, i¢lerinde baz1 yabanci otlar
tarafindan da desteklenmis yiiksek verim
fakat diisiik kalitede {irtin eldesine neden
olan 5 cm yiksekligi devre dis1
birakildiginda, 10 cm bigim yliksekligi
dallidan bitkisi igin tercih edilmesi gereken
bir secenek olarak karsimiza ¢ikmaktadir.

4. Sonuclar

Dallidar1  bitkisinde  farkli  bigim
yiiksekliklerinin (5, 10, 15, 20 cm) yem
verimi ve bazi yem kalite ozelliklerine
etkisini tespit etmeyi amaclayan tarla



calismasinda, bitkinin yo6re kosullarina
milkkemmel bir sekilde uyum sagladig
belirlenmistir. Kig mevsiminde sarararak
dormansiye giren bitkinin erken ilkbaharda
uyanmaya basladigi, yaz boyunca kuru ot
eldesi amaciyla ii¢ bi¢im alinabilecegi, bi¢im
yiiksekliginin ot verimi ve bazi yem kalite
Ozelliklerini 6nemli derecede etkiledigi
saptanmistir. ' Yore kosullarinda yliksek
verim, kabul edilebilir yem kalitesi ve bi¢im
aletlerinin giivenligi i¢in dallidan bitkisinin
10 cm ylukseklikten bi¢ciminin
Onerilebilecegi ortaya ¢cikmustir.
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Aktif Karbon Yapisinda Hiyerarsik Gozenek Olusumu icin Aktiflestirici Ajan Olarak
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Ozet

Bu calismada amonyum biborat, boraks ve borik asit gibi bor tlirevi kimyasallarin zirai atik olan fistik
kabuklarindan aktif karbon iiretiminde aktif karbonun yapisinda olusan gézeneklerin boyut ve hacim dagilimina
etkisi incelendi. Ayrica, aktiflestirici ajan tlirii (ABB, Boraks, Borik asit); aktiflestirici ajan oran1 (% 10, % 20, %
30, % 40 ve % 50), aktiflestirici ajan ¢ozeltisinde bekletme siiresi (1 giin, 2 giin, 3 giin, 4 giin ve 5 giin) ve
karbonizasyon sicaklig1 (700 °C, 750 °C, 800 °C, 850 °C ve 900 °C) gibi iiretim kosullarinin bu dagilimdaki etkisi
de incelendi. Elde edilen AC TG-DTA, FT-IR, SEM, BET yiizey alan1 ve BJH gbzenek hacmi, gozenek yiizey
alani, hacim dagilim ve gbézenek ¢api bakimindan karakterize edildi. Elde edilen sonuglara goére, ortalama 1.122
nm ¢aph gdzeneklerden 0.033 cc g hacim bulunduran fistik kabuklar borik asitle muamele sonucunda 7.255 ccg-
1 hacimli 42.52 nm gdzenek boyutuna sahip AC haline geldi. Mikro-mezo gdzenek yiizey alanmin 300 m2g* ile
en yiiksek oldugu % 20 aktiflestirici ajan kullaniminda gériildii. 2 giin bekletme neticesinde 60 nm diizeyine kadar
gozenek boyutunda agilma gozlendi. Miktar ise 2.7 cc g™* diizeyine ¢ikt1. Elde edilen AC’lar 800 °C’de 10-15 nm
araligmda 9 cc g'¥’lik bir hacim yogunluguna, 123 m? g’lik yiizey alanma sahipken; 850 °C’de ise mikro- ve
mezo-gdzeneklilik hatta makro-gdzeneklilik bakimindan daha hiyerarsik bir yapi elde edildi. Sonug¢ olarak
amonyum biborat kullanimiyla fistik kabuklarindan yiiksek oranda mikro gozenek yogunluklu AC elde edilirken,
borik asit kullaniminda hem mikro ve mezo- ve hem de makro- boyutta gézenekler elde edildi. Bunun yaninda
%20 oraninda, 2 giin ve 850 °C’de iiretim kosullar1 kullanilmasi bu hiyerarsiyi destekledigi goriildii.

Anahtar Kelimeler: Zirai atiklar, aktif karbon, bor tiirevi kimyasallar

Optimization of the use of Boron Derivate as Activating Agent for Hierarchical Pore
Formation in Activated Carbon Structure

Abstract

In this study, the effects of boron-derived chemicals such as ammonium biborate (ABB), borax and boric acid on
the size and volume distribution of the pores formed in the structure of activated carbon in the production of
activated carbon from agricultural waste pistachio shells were examined. The effect of production conditions such
as type of activating agent (ABB, Borax, Boric acid), activating agent rate (10%, 20%, 30%, 40% and 50%),
holding time in the activating agent solution (1 day, 2 days, 3 days, 4 days and 5 days) and carbonization
temperature (700 °C, 750 °C, 800 °C, 850 °C and 900 °C) on this distribution was also examined in terms of TG-
DTA, FT-IR, SEM, BET surface area and BJH pore volume, pore surface area, volume distribution and pore
diameter. According to the results obtained, peanut shells containing pores with an average diameter of 1.122 nm
and a volume of 0.033 cc g™* turned into AC with a volume of 7.255 cc g%, a pore size of 42.52 nm. The highest
pore surface area was observed as 300 m? g when 20% activating agent was used. As a result of waiting for 2
days, an expansion of the pore size up to 60 nm was observed. While the amount of ACs obtained increased to 9
cc gt in the range of 10-15 nm at 800 °C, a more hierarchical structure in terms of micro and mesoporosity and
even macroporosity was obtained at 850 °C. As a result, while AC with high micropore density was obtained from
peanut shells with the use of ammonium biborate, both micro-, meso- and macro-sized pores were obtained with
the use of boric acid. In addition, the use of 20%, 2 days and 850 °C production conditions was seen to support
this hierarchy.

Keywords: Agricultural wastes, activated carbon, boron derivatives
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1. Giris

Aktif karbon (AC), zeolit ve cam gibi
malzemeler yapilarinda belirli boyutta
gozenek tasir. Bu gozenekler sayesinde
gostermis olduklar1 ozellikler daha fazla
katlanir. Kullanom  amacina  gore
gozeneklerin ¢apt 6nem kazanmaktadir. AC
icin mikro-gézenekli yapt onemli iken,
stiper kapasitor elektrodu icin kullanilan
malzemenin makro- ve mezo-gozenekli
olmasi bir kriterdir. IUPAC
siniflandirmasina gore ¢ap1 2 nm den daha
kiigiik olan gozenekler mikro-, 2 ve 50 nm
araliginda olan goézenekler mezo-, 50 ve
daha biiyilk capa sahip goézenekler ise
makro-gozenek olarak isimlendirilir. (Naito
ve ark., 2018)

Yapida mikro-gozenekler ne kadar
coksa BET yiizey alan1 da o kadar yiiksek
olur. Yiksek yilizey alanli malzemeler
ozellikle adsorpsiyon isleminde adsorban
olarak kullanilan aktif karbonlarda ¢ok
degerli olmaktadir. Diger taraftan siiper

kapasitor  elektrot malzemesi olarak
kullanilan malzeme de ise mezo- ve makro-
(6zellikle mezo-) gozenekli yapilar

elektrolitlerin hareketliligi agisindan 6nemli
olmaktadir. (Xing ve ark., 2009; Lv ve ark.,
2012; Wang ve ark., 2016) Bu sebeple
yapida mezo-gdzenek olusturmak ve
olusum kosullarin1 belirlemek Onemlidir.
AC iiretiminde kullanilan metotlar arasinda
hidrotermal (Hossain ve ark., 2018; Xin ve
ark., 2020), kimyasal aktivasyon (Hadoun
ve ark., 2013; Saygili ve ark., 2016; Thue ve
ark., 2017; Marrakchi ve ark., 2017;
Nasrullah ve ark., 2019; Borhan ve ark.,
2019; Salem ve ark., 2020; Lee ve ark.,
2021) kimyasal ve fiziksel aktivasyon
(Tseng ve ark., 2005; Tseng, 2006;
Muniandy ve ark., 2014; Khamkeaw ve
ark., 2020), gibi yontemler kullanilir. Bu
yontemler kendi iglerinde belirli avantaj ve
dezavantajlart barindirmaktadir. Kimyasal
yontemi tek asamali, ¢ift asamali veya ikili

kimyasal kullanma suretiyle
gerceklestirilebilir. (Le Van ve ark., 2019)
Yapilan calismalar gosterdi ki,

kimyasal olarak KOH (Mohammed ve ark.,
2015) kullanildiginda yapida daha c¢ok
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mikro-gozeneklilik agirlikli  olmakta ve

yliksek yiizey alanma sahip AC’lar
iretilebilmektedir. Uretim sirasinda
kullanilan  aktiflestirici  madde, bu

maddenin orani, bu maddede bekletme
orant ve karbonizasyon sicakliglr gibi
faktorler yapida hem gozenek olusturma da
hemde olusan gozeneklerin boyutunda
etkili olacag diistintildii.

ZnCl> (Ashfaq ve ark., 2023), K2CO3
(Foo ve ark., 2012; Nagalakshmi ve ark.,
2015), Na2COs (Yanhong ve ark., 2017)
veya fosforik asit (Reffasa ve ark., 2010;
Zhe ve ark., 2021; Danish ve ark., 2022)
gibi asitler kullanildiginda ise yine diger
kosullara bagli olmak {izere mezo-
gozeneklilik artmaktadir. Hem seliilozik
yapilari, hem de ucuz, bol bulunan bir
malzeme olduklarindan dolay1 zirai atiklar
AC iretiminde siklikla kullanildi (Noren ve
ark., 2020; Beyan ve ark., 2021) Fistik
kabugu da bu atiklardan biridir. Ancak
literatiirde ~ bor  tiirevi  maddelerin
aktiflestirici olarak kullanildiginda AC
iriiniin ~ gdzenekliligine  verdigi  etki
incelenmedi. Onceki calismamizda bor
tirevlerinin yiizey alanina etkisi incelendi.
(Dolas, 2022). Bu ¢alisma da ise bor tiirevi
kimyasallarin AC un gdzenekli yapisina
etkisi gozenek dagilimi gozenek hacmi ve
gozenek ylizey alanm1 ve gozenek capi
bakimindan BJH metodu kullanilarak
incelendi. Hesaplamalar ise de Boer metodu
ile yapildi. Ayrica kimyasal orani (% 10, %
20, % 30, % 40 ve % 50), kimyasal
cozeltide bekletme siiresi (1 giin, 2 giin, 3
giin, 4 giin ve 5 giin) ve karbonizasyon
sicaklig1 (700 °C, 750 °C, 800 °C, 850 °C ve
900 °C) gibi tiretim kosullar1 bakimindan da
incelendi. (Dolas, 2023a, 2023b).

2. Materyal ve Yontem

2.1. Kullanilan malzemeler

Bu ¢alismada kullanilan zirai atik olarak
fistik (Pistachia Vera) kabuklar1 Sanliurfada
bulunan yerel iireticiden temin edildi.
Kimyasallar aktiflestirici ajan olarak
kullanilan boraks (Naz[B+Os(OH)4]-8H-0),
amonyum biborat ((NHs) 2B4O7-4H.0 ),
borik asit (HsBOs3) Sigma-Aldrich



firmasindan; Ticari aktif karbon (AC) ise
Merck firmasindan saglandi.  Biitiin
¢oOzeltiler saf su kullanilarak hazirlandi.

2.2. Uygulanan metotlar

Temin edilen fisitik kabuklar1 6nce dis
kirliliginden arinmasi i¢in yikandi ve
etiivde 70 °C de giin asir1 kurutuldu. Iri
parcalar halinde kirilan kabuklar istenen
oranda iceren aktiflestirici ajanin ¢ozelti
icinde istene siire boyunca bekletildi. Siire
sonunda kabuklar siiziilip yikandi ve
karbonizasyon hiicresine alindi. Bu hiicre
kiil firmina yerlestirilen gaz giris ve ¢ikist
bulunan paslanmaz celikten elde edilmis
yaklagik 250 ml hacimli bir hiicredir. (Sekil

®
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1) Karbonizasyon N2+H>O ortaminda istene
sicaklikta istenen stire tutularak
gerceklestirilmistir.  Elde edilen AC tiim
gbzeneklerin agilmasi i¢in saf suyla yikandi
ve aktiflestirici ajan tiirline gore etiketlendi.
Ornegin, amonyum  biborat ile
aktiflestirilerek elde edilen AC, ABB-AC
olarak etiketlendi. Karakterizasyonu yapisal
olarak FT-IR ile termal olarak TG-DTA ile,
morfolojik olarak SEM ile ve ylizey alan1 ve
gbzenek boyut ve hacim dagilimi olarak
NOVA 4000e-Quantachrome pore size
analyzer cihazi ile yapildi. Gozenek boyut
hacim ve dagilimi ise BJH/DH method, t-
method kullanilarak grafike edildi ve
hesaplamada “de Boer” metodu kullanildi.

karbonizasyon

[

] ‘

9|k|.§ gaz

Sekil 1. Karbonizasyon semasi

3. Sonuglar ve Tartisma
3.1. AC karakterizasyonu

Ham {irtin olan fisttk kabugu
oncelikle sicaklikla nasil bir degisime
ugradigii  gérmek i¢in  TG-DTA ile
karakterize edildi. TG-DTA grafikleri 25
°C-1000 °C sicaklik araliginda 10 °C min’*
isitma  hiziyla azot (N2) atmosferinde

797

yapild1 (Sekil 2a). Sicaklik uygulandikca
fistik kabugu yaklagik 150-300°C araliginda
% 42’ilk bozunma 300-900 °C araliginda ise
2. bozunmay1 % 56’lik bir oranla gdsterdi.
Bu her iki adimda yapidaki organic seliiloz
iskeletin yikilmasin1 gosterir. Bu degerler
karbonizasyon sicakliginda da dikkate
alindi. Elde edilen iirliniin ise FT-IR ve
SEM goriintiileri Sekil 2b, ¢ ve d de verildi.
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Sekil 2. a) Fistik kabugunun TG-DTA termogrami, b) Fistik kabugu ve AC iiriiniin kiyaslamali FT-IR
spektrumu, c) ve d) AC nun SEM goriintlisii (aktiflestirici ajan: Borik asit, oran : %20, stire: 2 giin
sicaklik: 850 °C)

FT-IR grafiginde bulunan pikler elde
edilen AC un ham fistik kabuklar ile
kiyaslama  imkani  verdi. = Bdylece
karbonizasyon sonrasi yapidaki degisimin
boyutlari belirlenebildi. Oyle ki, Ham halde
bulunan 3065 cm™: O-H gerilme titresim
piki (3600-3000 cm™ alkol ve fenollerde);
2966 cm™ C-H gerilme titresim piki ( alken
ve alkan grubu ); 2388 cm™: C=C gerilme
titresim piki (alkin grubu); 1796 cm™: C=0
gerilme piki (amitlerdeki karbonil grubu);
1596, 1435 cm-1 C=C gerilme piki
(aromatik halka); 1260, 887 cm™: C-O
gerilme piki ( alkol, fenol, ester ve eter
grubu) gibi bir ¢ok fonksiyonel grubun
(Danish ve ark., 2022) karbonizasyon
sonrast ya azaldigi yada yok oldugu
gozlendi.

Elde edilen AC un 30 pm ve 10 pm
(Sekil 2c ve d) SEM goriintiilerinde ise
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olusan gozenekli yapr net bir sekilde
gozlenebilmektedir. Bu gozeneklilik hali
yapiya 0zellik katmakta ve AC 6rneklerinde
bu istenen ve beklenen bir sonugtur.
Yapidaki karbon iskeletinin yikilmasi ile
gozenekler acildi. Ve ileri boyutta karbon
duvarlarmin  yikilmast  ile  gozenek
boyutlarinin degismesi s6z konusu oldu.

3.2. Aktiflestirici ajan tiru etkisi

Diger taraftan olusan gdzenekli
yapmin ne kadar yiizey alami kattig1 ve
gozenek capt hacmi gibi bilgilere
erisebilmek icin farkli aktiflestirici ajanlar
esliginde elde edilen AC’larin izoterm
grafikleri Sekil 3 de verildi. Elde edilen
veriler ham triin fistik kabuklar1 ve ticari
AC ile kiyaslandi.
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Sekil 3. Elde edilen AC’larin izoterm grafikleri. (aktiflestirici ajan orani: % 20, siire: 2 giin sicaklik:

Elde edilen wveriler incelendiginde
IUPAC smiflandirilmasina  gore Fistik
kabugu Type 1 tilirlinde bir izoterm
gostererek yapida az sayida mikro-
gozenekliligi sergiledi. Ticari AC ve ABB-
AC de aymi sekilde Type I tlirii izoterm
verdi. Ancak, mikro gozenekliligi elbette
Fistik kabugundan daha yiiksekti. Borik

850 °C)

asit-AC ve Boraks-AC ise, hem mezo- hem
makro-gozeneklerin bulundugu Type IV
tirti izoterm gosterdi. Borik asit-AC daha
fazla mezo- ve makro-gozeneklilik oranina
sahip oldugu 0.8-1 bagil basing araliginda
yiikselen hacim degeri vermesinden
anlasildi. Bu AC’lardan elde edilen BET
ylizey alanlari, gézenek hacmi ve ortalama
gbzenek capi Tablol1 de verildi.

Tablo 1. Elde edilen AC iiriinlerinin yiizey alanlari, gozenek hacmi ve ortalama gozenek ¢ap1 degerleri

AC tiirii Yiizey alani, BET (m? g %) Gozenek hacmi, BJH (cc g') | Ortalama gdézenek ¢api, BJH (nm)
Fistik kabugu 500.275 0.033 1.122
ABB-AC 1518.149 0.228 2.06
Boraks-AC 1472 1.088 45.48
Borik asit-AC 1441 7.255 42.52
Ticari AC 1648.404 0.245 1.895

Tabloda verilen verilere gore, ortalama
1.122 nm capli gdzeneklerden 0.033 cc g™
hacim bulundugu fistitk kabuklar1 borik
asitle muamele sonucunda 7.255 cc g’
hacimli 42.52 nm gozenek boyutuna
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erigildi. Elde edilen AC’larin yapida olusan
gozeneklerin ¢ap degerine gore hacim
yogunlugu ve vylizey alan yogunluk
degisimi Sekil 4’de verildi.
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ekil 4. Uretilen AC’larin gézenek hacminin ¢apla degisim grafigi. (i¢ grafik: gdzenek yiizey alanmin
g P 2 grang g g yuzey
capla degisimi.). (aktiflestirici ajan orani: %20, siire: 2 giin sicaklik: 850 °C)

Boraks  Orneginde  44-46 nm
araliginda mezo-godzenek y1gi1lmast
gozlendi. Yaklasik toplamda 1 cc gl‘lik
hacim yogunlugu gozlendi. Borik asit-AC
ise 31—60 nm araliginda yaklasik 7.3 cc g
Plik bir hacimle mezo-gozenekli yapi
barindirdig1 gozlendi. Mikro-gdzeneklilik
ise 1 cc gllik hacim yogunlugundayd.
Buna gore bor tiirevi ajanlarla fistik
kabugunu aktive etmek yapidaki mikro-
gozenekliligi  arttirdigi  gibi  fistik

kabugunda olmayan mezo-gozenekliligi de
bu

kazandirmistir. Yapilan
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degerlendirmelerden sonugla, Bor tiirevi
driinleri arasinda borik asit mezo-
gozeneklilik i¢in, mikro-gozeneklilik igin
ise ABB tercih edilmesi gerektigi anlasildi.
Sekil 4 i¢ grafikte verilen ¢apa gore gozenek
ylizey alan degisim grafigine bakildiginda
ise gozenek hacim degisimine paralel bir
egilim s6z konusu oldugu gozlendi. Yiizey
hacmi (Sekil 5a) ve ylizey alanlan
degerlerinin capa gore degisim tiirevini
(Sekil 5b) incelemek yine yapidaki gézenek
boyutunun ne Olc¢lide var oldugunun ve
dagiliminin anlagilmasina katkida bulundu.

—o— Fistik kabugu
—o— ABB-AC
-—0— Boraks-AC
—0— Ticari AC
oHD-g0

T T T T T T
20 25 30 35 40 45
Gozenek gapl, nm

T T T T
0 5 10 15 50

Sekil 5. Farkli aktiflestirici ajanla elde edilen AC’larin a) Gézenek hacim dagilim grafigi (i¢ grafik:
Borik asit-AC), b) Gozenek yiizey alan dagilim grafigi (i¢ grafik: Borik asit-AC). (aktiflestirici ajan
orant: %20, siire: 2 giin sicaklik: 850 °C)

Bu grafiklerde de ABB’nin yapida
mikro-gozenekliligi arttirdigi borik asitin

800

ise mezo-gozeneklilik oranina (i¢ grafikler)
katki sagladig1 anlasilmaktadir.



3.3. Aktiflestirici ajan oram etkisi
Aktiflestirici  ajanin  i¢in  kullanilan
oranin yapida olusan gézeneklerin boyut ve
miktarini  etkileyecegi  diisiiniildiigiinde
optimum oranin belirlenmesi 6nemlidir. Bu
sebeple hem mikro- hem de mezo-
gozenekliligi yiiksek olan Borik asit % 10,

3.0

Dolas

20, 30, 40 ve 50 olmak tizere 5 farkli oranda
aktiflestirici ajan ¢ozeltisi kullanilarak AC
elde edildi. Bu AC’larin gézenek hacim ve
ylizey alam1 degerlerinin gozenek capina
gore degisim grafikleri sirasiyla Sekil 6 ve
7 de verildi.
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Sekil 6. Farkli borik asit oran1 kullanildiginda elde edilen AC’larin gézenek hacim degerlerinin
gozenek ¢apiyla degisim grafigi. (siire: 2 giin sicaklik: 850 °C)

Elde edilen verilere gore mikro-mezo
gbzenek oraninin en yiiksek oldugu % 20
orani gorilmektedir. % 10 ve 20 araliginda
kiyaslama yapildiginda oran arttikga mikro-
ve mezo- gozenek cap ve hacminde artis
gozlendi. Ancak % 20 den sonraki
oranlarda oran artis1 ile gézenek boyutu

artmakta hacim ise azalmaktadir. Bu mikro-
gozeneklerin fazla madde miktarn ile
muamelesi sonucu ara gdzenek duvarlarinin
yikildigi  boylece mezo- ve makro-
gozeneklerin olustugu bu esnada da mevcut
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ekil 7. Farkli borik asit oran1 kullanildiginda elde edilen AC’larin gdzenek yiizey alani degerlerinin
g g yuzey g
gozenek capiyla degisim grafigi. (siire: 2 giin sicaklik: 850 °C)

Gozenek ylizey alaninda ki degisim
hacim de olan degisimle paraleldi.
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Dolayisiyla en yiiksek mikro- ve mezo-
gozenek yiizey alan1 300 m2 g ile % 20
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oraninda bulundu. dV-Gozenek c¢ap1
grafiginin  (Sekil ~ 8a-b) incelenmesi
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Sekil 8. Farkli oranlarda elde edilen AC larin a) Gozenek capiyla gozenek hacim dagilim grafigi, b)
Orana gore gozenek hacim dagilim degerlerinin degisim grafigi. (aktiflestirici ajan: Borik asit, siire: 2
giin, sicaklik: 850 °C)

Elde edilen verilere gbre, mikro-mezo
orani en yliksek % 20 borik asitte erisildi.
Buna gore, 40-60 nm cap araliginda % 30
oraninda 0.5 cc nm? g lik bir degere
ulasirken, en yiiksek degerine % 20
oraninda 7 cc nm™? g ile ulagildi. Oranlar
arttikca ¢ap araligi 90-95 nm araligina kadar
makro boyutta ve yaklasik 0.1 cc nm™ g’

ile elde edildi. Sonug olarak asir1 madde
miktart ile gbézenek boyutunun makro
boyuta dogru ilerledigi anlasildi. Bu
nedenle en uygun mikro- ve mezo-
gozenekliligin % 20 borik asit oraniyla
erisilecegi anlasildi. Bu AC’larin ylizey
alan, BJH gozenek hacmi ve gozenek capi
degerleri ise Tablo 2 de verildi.

Tablo 2. Farkli oranlarda elde edilen AC’larin yiizey alan, BJH gozenek hacmi ve gbzenek capi

degerleri.
Oran (%) Yiizey alan1 (m? g%, BET) Gozenek hacmi (cc g, BJH) Gozenek ¢ap1 (nm, BJH)
10 1657 3.5 55.0
20 1441 7.26 60.0
30 1910.950 0.3 28.9
40 1246.750 1.7 69.9
50 623.205 0.09 92.9

% 30 oraninda olusan gozeneklerin ¢api
kiictik (28,9 nm) oldugu i¢cin BET yiizey
alam yiiksek (1910, 950 m? g%) elde edildi.

3.4. Bekletme siiresi etkisi

Ham malzemeyi aktiflestirici ajan
cozeltisinde kimyasal aktiviteye ugratirken
cozeltide bekletme siiresi de yapida olusan
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gozeneklerin olusumunda etkili rol oynar.
Burada borik asitin bekletme siiresi ile
gozenek boyutunda nasil  bir etki
gosterecegini anlamak i¢in % 20 borik asit
cozeltisinde 1, 2, 3, 4 ve 5 giin olmak tizere
5 farkl giin bekletme siiresi incelendi. Elde
edilen veriler Sekil 9°da grafige alindu.
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Sekil 9. Farkli giin ile elde edilen AC 6rneklerinin gozenek hacim degerlerinin gdzenek ¢apina gore
degisimi. (aktiflestirici ajan: Borik asit, aktiflestirici ajan orani: %20, sicaklik: 850 °C)

Grafikten de anlagildig1 gibi yeterli
oranda gozenek boyutuna sahip AC
tiretebilmek i¢in 1 giin yetersiz kalmaktadir.
1 giin bekletme ile maksimum 30 nm
diizeyinde yaklasik 1.3 cc g? lik hacimde
gozenekler olustu. 2 giin  bekletme
neticesinde 60 nm diizeyine kadar gézenek
boyutunda agilma goézlendi. Miktar ise 2.7

gozenekler biiylik ¢ogunlukta azaldi ve 3
giinde mezo- gdzenek haline 4 ve 5 giinde
ise makro gdzenek boyutuna agildi. Oyle ki,
elde edilen maksimum c¢ap ve hacim
yogunluklar1 gilin sayisina gore sirastyla 3
giin i¢in 30 nm, 0.05 cc g; 4 giin i¢in 66
nm, 0.08 cc gL; ve 5 giin igin ise 75 nm, 0.1
cc g elde edildi. Gozenek yiizey alanmin

gbzenek capma gore degisimi ise Sekil
10°da verildi.

cc gt diizeyine ¢ikmaktadir. Diger taraftan
giin sayisit 2 den fazla oldugunda mikro
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Sekil 10. Farkli giin ile elde edilen AC 6rneklerinin gézenek ylizey alan degerlerinin gozenek ¢apina
gore degisimi. (aktiflestirici ajan: Borik asit, aktiflestirici ajan orant: %20, sicaklik: 850 °C)

Buna gore en yiiksek mikro- ve mezo-
boyutta ylizey alan1 gosteren giin sayist 2
giin olarak belirlendi. 10-60 nm araligindaki

Burada olusan gdzeneklerin maksimum
boyutu ve bu boyuttaki gozeneklerin ne
kadar yilizey alam1 kapladigini gorebiliriz.
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gozeneklerle 750 m? gt yiizey alan1 kapladu.
Elde edilen AC’larin hacim yogunlugunun
dagilimi ise Sekil 11°de verildi. En yiiksek

Dolas

sergileyen 2 giin muamele ile elde edilen
AC iiriiniidiir. Bu 6zellik Sekil 11°de net

goriilmektedir.
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Sekil 11. Farkli giin ile elde edilen AC 6rneklerinin gézenek hacim dagilim grafigi. (aktiflestirici ajan:
Borik asit, aktiflestirici ajan orani: %20, sicaklik: 850 °C)

Tablo 3. Farkli giin ile elde edilen AC o6rneklerinin BJH gozenek hacmi, BJH gbzenek yiizey alani ve

cap degerlerinin gdzenek ¢apina gore degisimi

Glin sayisi BJH gdzenek hacmi (cc g') | BJH gozenek yiizey alan1 (m® g?) Gozenek ¢ap1 (nm)
1 1.38 36 29

2 2.76 522 59.5

3 0.08 51 29.1

4 0.05 18 66.5

5 0.1 86 75.8

Elde edilen AC’larin sahip oldugu
gozenek hacmi, yiizey alan1 ve ortalama cap
degerleri Tablo 3’de verildi. Burada BJH
gozenek ylizey alami verildi. Yiiksek
gozenek hacmi ile yiiksek yiizey alani
beklenen bir durumdur. BET yiizey alanina
en biiyiik katki mikro gézeneklerden oldugu
icin BET yiizey alan1 burada verilmedi.
3.5. Karbonizasyon sicakhig etkisi

Karbonizasyon sicakligt AC iretim
stirecinde AC un tiim 6zelligini 6zellikle
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gozenek boyut ve miktarini etkileyen bir
diger faktordiir. Etkisini gorebilmek ig¢in
%20 Borik asit ¢ozeltisinde 2 giin tutulan
fistik kabuklar1 700 °C, 750 °C, 800 °C, 850
°C ve 900 °C olmak tizere 5 farkli sicaklikta
karbonizasyon  yapildi. Elde edilen
AC’larin ¢apa gore gozenek hacim ve
gozenek yiizey alani degisimini gosteren
grafikler sirayla Sekil 12a ve b de verildi.
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Sekil 12. Farkli karbonizasyon sicakligi ile elde edilen AC 6rneklerinin a) gézenek hacim ve b)
gbzenek ylizey alan degerlerinin gézenek capina gore degisimi. (aktiflestirici ajan: Borik asit,
aktiflestirici ajan orani: % 20, siire: 2 giin)

Sekilden de goriildiigii gibi 700 °C,
750 °C’de kabonize edilen AC’lar yeterli
diizeyde mikro- ve mezo-gdzenekli yapiya
sahip olamazken, 800 °C mikro-g6zenekli
sicaklik  olarak

yapt i¢in uygun bir
gozlenmektedir. Buna gore, 10-15 nm
araligimda 9 cc  gPlik bir hacim

yogunluguna, 123 m? g™’lik yiizey alanina

sahipti. 850 °C’de ise mikro- ve mezo-
gozeneklilik  hatta  makro-gozeneklilik
bakimindan daha hiyerarsik bir yap1 elde
edildi. Ayrica buradaki gbzeneklerin yiizey
alan1 diger biitiin sicakliklara gore daha
yiiksek ytizey alani gosterdi. Gozeneklerin
capa gore hacim dagilimi ise Sekil 13°de
verildi.
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Sekil 13. Farkli karbonizasyon sicakligi ile elde edilen AC 6rneklerinin gdzenek dagilim grafigi (i¢
grafik: 850 °C). (aktiflestirici ajan: Borik asit, aktiflestirici ajan orani: %20, siire: 2 giin)

Sekilden de goriildigli gibi mikro-
gozenekte 800 °C hatta 750 °C’de yiiksek
oran verirken mezo-gozeneklilikte ¢ok az
bir dagilim goézlenmektedir. Biitiin mikro-
gozenek hacmi 2-4 nm araliginda
yogunlastigr gozlendi. Soyle ki, 2-4 nm
araliginda 750 °C ile 6 cc nm™ g degerine
ulasildi. 850 °C 6rneginde ise belli miktarda
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(0.1 cc nm? g1) mikro gozenek dagilimi
gbzlenirken 40-60 nm araliginda 0.7 cc nm’
L g1 e kadar yiikselen bir dagilim gozlendi.

4. Sonuglar

Zirai bir atik olan ve iceriginde giiclii
oranda seliiloz bulunduran fistik kabuklari
AC haline getirildi. Uretim asamasinda



aktiflestirici ajan olarak bor tiirevi (ABB,
boraks, borik asit) kimyasallarin son iiriin
olan AC’un godzeneklilik yapisina etkisi
gozenek boyutu, gézenek hacmi ve gézenek
ylizey alan1 agisindan ¢apa gore degisim ve
dagilim grafikleri bakimindan incelendi.
Sonuglar fistik kabuklar1 ve ticari AC ile
kiyaslandi. Bor tiirevi olarak ABB, boraks
ve borik asit kullanildi. Bunlarin iginden
Borik asitin mikro- ve mezo-gbzenek
bakimindan digerlerine kiyasla daha yiiksek
deger gosterdi. Borik asitin en uygun
oranini belirlemek i¢in 5 farkli oranda (%
10, 20, 30, 40 ve 50) ¢ozeltiler hazirlandi.
Bunlarin iginden en ideal olan %20 oran
olarak bulundu. Aktiflestirici ¢o6zeltide
bekletme siiresi 5 farkli degerde (1 giin, 2
giin, 3 giin, 4 giin ve 5 giin) incelendi.
Degerlendirme sonucu hem mikro- hem
mezo-gozeneklilik bakimindan en ideal
bekletme siiresinin 2 giin oldugu belirlendi.
Diger taraftan karbonizasyonda
uygulanacak sicaklik da gozenekli yapiya
etki eden bir bagka faktor olmasi sebebiyle
5 farkli sicaklik degeri (700 °C, 750 °C, 800
°C, 850 °C ve 900 °C) incelendi.

Elde edilen sonuglara gore, ortalama
1.122 nm capli gozeneklerden 0.033 cc g™
hacim bulunduran fistik kabuklar1 borik
asitle muamele sonucunda 7.255 ccg-1
hacimli 42.52 nm go6zenek boyutuna sahip
AC haline geldi. Mikro-mezo gozenek
yiizey alaninin 300 m? g7 ile en yiiksek
oldugu % 20 aktiflestirici ajan kullaniminda
goriildii. 2 giin bekletme neticesinde 60 nm
diizeyine kadar gézenek boyutunda agilma
gozlendi. Miktar ise 2.7 cc g* diizeyine
¢ikti. Elde edilen AC’lar 800 °C’de 10-15
nm araligimda 9 cc gPlik bir hacim
yogunluguna, 123 m? g™’lik yiizey alanina
sahipken; 850 °C’de ise mikro- ve mezo-
gozeneklilik  hatta  makro-gozeneklilik
bakimindan daha hiyerarsik bir yap1 elde
edildi. Fistik kabuklarindan AC iiretirken
bor tiirevi olarak borik asidtin % 20
oraninda 2 giin bekletme ve 850 °C
karbonizasyon  sicakligt  uygulamayla
istenen mikro-, mezo- ve makro- gbzenek
hiyerarsisinde bir yapiya sahip AC lar
tiretmenin miimkiin oldugu 6nerildi.
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Ozet

Diyarbakir Dicle Universitesi Tarla Bitkileri uygulama alanlarinda 2021/2022 sezonunda yagisa dayali ve ilave
sulama yapilan kosullarda yiiriitiilen arastirmada, Giineyyildizi, Ovidio, Svevo gesitleri ile Hat-301 ve UYM-2
hatlart olmak tizere toplamda 5 adet makarnalik bugday genotipi materyal olarak kullanilmigtir. Calisma yagisa
dayali ve ilave sulama yapilan kosullarda olmak {izere 2 ayri deneme seklinde yiiriitiilmiistiir. Bu ¢alismada
Diyarbakir ili kosullarinda asir1 sicak ve kurak gegen sezonda, makarnalik bugday genotiplerinin yagisa dayali ve
ilave sulama yapilan kosullarinda bazi verim ve kalite 6zelliklerinin degerlendirilmesi amaglanmistir. Bu ¢alisma
neticesinde yagisa dayali ve ilave sulama yapilan kosullar altinda makarnalik bugday genotipleri arasinda
incelenen oOzellikler ve uygulamalar arasindaki farkliliklar degerlendirildiginde tane veriminin ilave sulama
yapilan kosulda % 705.10 oraninda artt1g1, 6zellikle bugdayin generatif donemindeki yiiksek kuraklik stresinde
tane veriminde dnemli diizeyde diislise neden oldugu sonucu ortaya konulmustur. Ayrica protein oranlarinda ilave
sulama yapilan kosulda % 22.42" lik bir diisiis belirlenmistir. Bu duruma sebebiyet olarak ise ilave sulama yapilan
kosulda bugdayin vejetasyon siiresinin daha uzun oldugu ve tane olum déneminde nisasta birikimini daha fazla
yaptig1 sonucuna vartlmistir.

Anahtar Kelimeler: Triticum durum, makarnalik bugday, kuraklik stresi, verim, protein

Investigation of Yield and Quality Characteristics of Durum Wheat Genotypes under
Rainfall and Irrigation Conditions in Dry Season

Abstract

A total of 5 durum wheat genotypes, including the varieties Giineyyildizi, Ovidio, Svevo and the lines Hat-301
and UYM-2, were used as materials in the research conducted in the field crops application areas of Diyarbakir
Dicle University in the 2021/2022 season under rainfed and irrigated conditions. The study was carried out in two
separate experiments under rainfed and irrigated conditions. In this study, it was aimed to evaluate some yield and
quality traits of durum wheat genotypes under rainfed and supplementary irrigation conditions in the extremely
hot and dry season in Diyarbakir province. As a result of this study, it was concluded that grain yield increased by
705.10 % in the rainfed and supplemental irrigation conditions, especially in the high drought stress in the
generative period of wheat, which caused a significant decrease in grain yield. In addition, a decrease of 22.42 %
was determined in protein ratios in the supplementary irrigation condition. It was concluded that the reason for
this situation was that the vegetation period of wheat was longer in the supplementary irrigation condition and the
accumulation of starch in the grain maturity period was higher.

Keywords: Triticum durum, durum wheat, drought stress, yield, protein
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1. Giris
Iklim degisikliginin  kiiresel tarim
tizerindeki  etkileri ~ olduk¢a  genis

kapsamlidir. Kiiresel sicakliklardaki artis,
daha sik goriilen asir1 hava olaylari,
diizensiz yagiglar ve uzun siiren sicak
mevsimler iklim modellerinde belirgin
degisikliklere yol ac¢mustir (De Costa,
2011). Bu degisiklikler, tarimsal iiretimi
dogrudan etkileyerek kuraklik, sel ve firtina
gibi asir1  hava olaylarinin  sikligini
artirmaktadir (Yanagi, 2024). Ayrica, iklim
degisikligi deniz seviyesinin yiikselmesine,
buzullarin  erimesine  ve  ekosistem
degisikliklerine neden olarak kiiresel tarim
tizerinde cesitli baskilar yaratmistir. Bu
durum, tarim sektoriniin
stirdiiriilebilirligini tehdit etmekte ve gida
giivenligi  acisindan  ciddi  endiseler
dogurmaktadir. Tarimsal iiretimde
verimliligin korunmasi ve arttiritlmasi igin
iklim degisikligine uyum stratejilerinin
gelistirilmesi zorunlu hale gelmistir. Bu
baglamda, iklim dostu tarim teknikleri,
stirdiirtilebilir su yonetimi, genetik olarak
daha dayanikl bitki tiirlerinin gelistirilmesi
ve erken uyar1 sistemlerinin entegrasyonu
gibi 6nlemler kritik 6neme sahiptir.
Bugday, kiiresel tarimda benzersiz ve
kritik bir Oneme sahiptir. Temel gida
uriinlerinden biri olarak bugday, diinya
genelinde insanlara temel besin ve enerji
kaynaklari sunmaktadir (Mueller ve ark.,
2015; Yigit ve Erekul, 2023). Ancak,
bugday tiretimi ve gelisimi biiylik Olciide
istikrarli iklim kosullarina baghdir. Kiiresel
sicaklik artislar1  ve diizensiz  yagis
modelleri, bugday veriminde
dalgalanmalara neden olarak kiiresel gida
tedarik zincirini olumsuz yonde
etkileyebilir. Bugdayin stratejik 6nemi,
kiiresel gida gilivenligini  ve tarimin
strdiiriilebilirligini  saglamak amaciyla
iklim  degisikliginin  etkileri  {izerine
derinlemesine  aragtirma  yapilmasinin
gerekliligini  vurgulamaktadir (Lobell ve
ark., 2011; Hatfield ve ark., 2011; Glingor,
2024). Kiiresel birincil temel iiriin olarak
bugday, iklim degisikliginin etkilerine
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uyum saglama ve kalite istikrari
gereksinimleri  ile  karst  karsiyadir.
Bugdayin yiiksek verimini ve kalitesini
siirdiirebilmek i¢in tarim  bilimcileri,
kuraklik ve yiiksek sicaklik gibi iklim

degiskenlerine daha dayanikli bugday
gesitlerini  segmekte ve  siirdiriilebilir
tarimsal kalkinmay1 tesvik etmektedir

(Yorulmaz ve ark., 2023; Yildirim ve ark.,
2023). Adaptif tarim uygulamalarina
yonelik aragtirmalar, iklim degisikliginin
bugday iretimi iizerindeki olumsuz
etkilerini  hafifletmeyi, kiiresel tarim
sisteminin yeni iklim kosullarina uyum
saglayabilmesini ve gida arzinin istikrarini
korumay1 hedeflemektedir. (Challinor ve
ark., 2014.).

Sicak mevsimlerin bugday {retimi
iizerindeki etkisi, iklim degisikliginin kritik
bir boyutunu teskil etmektedir (Porter ve
ark., 1999; Liu ve ark., 2016). Kiiresel
sicaklik artiglarina  bagli olarak sicak
mevsimlerin uzamast ve siddetlenmesi,
bugdayin biiylime dongiisiinii dogrudan
etkileyen belirgin bir egilim haline
gelmistir. Yiiksek sicakliklar, bugday ekim
alanlarinda bliylime mevsiminin
ilerlemesine, tireme siirecinin hizlanmasina
ve dolayistyla bugdayin gelisim asamalari
ve lretim dongilerini olumsuz yo6nde
etkileyebilir (Fontana, 2015). Ayrica, sicak
mevsimler topraktaki nemin buharlasmasini
artirarak toprak kuruluguna yol agmakta ve
bu durum, bugdayin su tedarikinde ciddi
zorluklar yaratmaktadir. Kuraklik, bugday
iiretimi i¢in 6nemli bir zorluk teskil etmekte
ve bugdayin biiyiimesi, verimi ve kalitesi
iizerinde derin etkiler yaratmaktadir
(Farooqg ve ark., 2014; Sehgal ve ark., 2018;
Okur ve aktas, 2024). Kuraklik, bugdayimn
bliylime ve gelisim siireclerini dogrudan
etkileyen bir faktordiir. Su, bugdayin
biiylimesi i¢in hayati bir unsur oldugundan,
iireme asamasinda yetersiz su mevcudiyeti
bitkileri strese sokabilir, gdvde uzamasini
ve yaprak genislemesini sinirlayabilir ve
dolayistyla fotosentez ve besin alimin
olumsuz yonde etkileyebilir (Yildirim ve
ark., 2022). Bu durum, bugday veriminin
azalmasina ve Dbitkilerin biiylimesinin
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gecikmesine neden olabilir.

Bu calismada Diyarbakir ili kosullarinda
asirt sicak ve kurak gegcen sezonda,
makarnalik bugday genotiplerinin yagisa
dayal1 ve ilave sulama yapilan kosullarinda
bazi verim ve kalite Ozelliklerinin
degerlendirilmesi amaglanmustir.

2. Materyal ve Yontem

Deneme, Diyarbakir’da Dicle
Universitesi Tarla Bitkileri uygulama
alanlarinda 2021/2022 sezonunda yagisa
dayali ve ilave sulama yapilan kosullar
altinda yurltilmustir. Arastirmada,
Giineyyildizi, Ovidio, Svevo gesitleri ile
Hat-301 ve UYM-2 hatlar1 olmak iizere
toplamda 5 adet makarnalik bugday
genotipi materyal olarak kullanilmistir.

k
Dekara Atilacak Tohumluk Miktart (d—‘Z) =

Giibreleme islemi iki kez yapilmis olup
ilk gilibreleme taban giibresi olarak ekimle
birlikte; 6 kg da™ saf N ve 6 kg da! saf P,Os,
ikinci giibreleme ise iist gilibre olarak
bitkilerin sapa kalkma doneminde; 6 kg da’
! saf N olacak sekilde gerceklesmistir.
Yabanci otlarla miicadelede, genis yaprakl
yabanci otlara karsi 2.4-D 2-Ethylhexyl
ester + 6.25 g L Florasulam etken maddeli

Calisma yagisa dayali ve ilave sulama
yapilan kosullarda olmak iizere 2 ayri
deneme seklinde ylriitilmiistiir. ilave
sulama yapilan kosulda yetistirilen bitkiler
gelisme donemi boyunca kuraklik stresine
maruz kalmayacak sekilde yagmurlama
sulama sistemiyle sulanmistir. Yagisa
dayali yetistirilen bitkilere ise fazladan su
verilmemistir. Deneme tesadif bloklar
deneme desenine gore dort tekrarlamali, 2
sirali parsellere ve her parsel 0.6m x 3m=
1.8 m? ve sira aras1 mesafe 20 cm ve
parseller aras1 mesafe ise 40 cm olacak
sekilde ayarlanmistir. Ekim  islemi
07.12.2021 tarihinde m?ye 500 tohum
gelecek sekilde deneme mibzeri ile
gercgeklestirilmistir.

m?'de istenilen bitki sayis1 * 1000 tane agirligt = 10

Tablo 1. Deneme alanina ait toprak analiz sonuglari

Safiyet * Biyolojik deger

herbisit ila¢g kullanilmistir. Hasat islemi
26.06.2022 tarihinde parsel bicerdoveri ile
gergeklestirilmistir. Deneme  alani
topragimin pH’s1 7.7 olup, killi biinyeye
sahip, organik madde (% 1.67), azot (%
0.040) ve fosfor (% 0.42) bakimindan
olduk¢a fakir oldugu tespit edilmistir
(Tablo 1).

Toprak pH | P,Os N Org. | Kireg EC Kum | Silt | Kil Tarla Solma Hac. Ag. Inf.
derinligi Mad. (dS m?) (%) | (%) | %) Kap. noktast Hizi
) | () | (%) | (%) (9110g) | (9/1009) | (gecm?®) | (mmh)
030 | 77| 0420040 167 | 7.8 0.48 10 | 24 | 66 355 255 1.19 8
3060 |79 -- -~ | 167 | 78 037 12 [ 22| 66 35.2 253 1.25
6090 | 7.8 - 8.7 0.42 12 [ 21 ] 67 36.4 27.0 127
Aragtirmanin yiriitiildiigii Diyarbakir seozununa ait 7 aylik yagis ortalamasimin
vilayeti iklim verileri incelendiginde, 298.0 mm oldugu ve uzun yillara ait yere

denemenin yiiriitiildiigli sezona ait sicaklik
verilerinin  12.2021 ile 06.2022 tarihleri
arasinda ortalama 12.3 °C oldugu ve uzun
yillar sicaklik ortalamasina gore 1.3 °C
yukseldigi gorilmiistiir. Ayrica yetistirme
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diisen toplam ortalama yagisa gore % 25.35
azaldign goriilmektedir. Incelenen iklim
verilerine gore, yetistirme sezonunun, uzun
yillara gére daha sicak ve daha kurak gectigi
goriilmektedir.
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Tablo 2. Diyarbakir iline ait iklim verileri

Sicaklik ("C) Yagis (mm)

Aylar Uzun yillar ortalamasi 2021-2022 Uzun yillar ortalamasi 2021-2022
Aralhik 4.0 4.4 72.2 22.8
Ocak 1.8 2.6 70.6 454
Subat 3.7 7.8 67.6 36.9
Mart 8.3 6.2 66.8 76.9
Nisan 13.8 17.9 69.1 5.0
Mayis 19.3 194 44.3 97.8
Haziran 26.1 28.1 8.6 13.2
Ortalama-Toplam 11.0 12.3 399.2 298.0

Arastirmada tane verimi, protein orant, bin
tane agirhigi, bitki boyu, basak boyu,
basakta basakg¢ik sayisi, basakta tane sayisi
ve basakta tane agirligt ozellikleri
incelenmistir. Verilerin varyans analizi
JMP Pro 13 istatistiki paket programi ile
yapilmistir.

3. Bulgular ve Tartisma

Diyarbakir kosullarinda agir1  kurak
gecen yetistirme sezonunda, makarnalik
bugday genotiplerinin yagisa dayali ve ilave
sulama yapilan kosullarda verim ve kalite
parametrelerini incelemek amactyla
yiriitilen bu arastirmada, tane verimi,
protein orani, bin tane agirhigi, bitki boyu,
basak boyu, basakta basak¢ik sayisi,
basakta tane sayis1 ve basakta tane agirligi
ozellikleri incelenmistir. Incelenen
ozelliklere ait olusan gruplar ve ortalama
degerler Tablo 3’°te gosterilmistir.

Aragtirma  sonucunda elde edilen
verilerin istatistiki analiz sonuglarina gore,
tane verimi Ozelliginde yagisa dayali
sartlarda genotip ortalamasi 42.39 kg da*
iken, ilave sulama yapilan kosulda 341.28
kg da? olarak ol¢iilmiistiir (Tablo 3). Hem
yagisa dayali hem de ilave sulama yapilan
kosullarindaki bugday genotipleri arasinda
P <0.01 diizeyinde istatistiki olarak énemli
farkliliklar  belirlenmigtir. Uzun yillar
ortalamasina gore asir1 sicak ve kurak gecen
bir sezonda bugday verimindeki kayiplarin
oldukca yiiksek oldugu saptanmistir.
Bugday gelisim donemlerinde yiiksek
sicakliga ve siddetli kurakliga duyarli bir
bitki oldugundan dolay1 tane veriminde
ciddi kayiplar yasanmistir. Sicaklikta 15 °C
tizerindeki her bir derecelik artigin verimde
% 3'liikk bir azalma sergiledigi bildirilmistir
(Wardlaw  ve ark., 1989). Ayrica
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arastiricilar, yiiksek sicakligin, tane dolum
stiresi ve hizindaki azalmaya bagli olarak
tane agirhigini azalttigini (Sofield ve ark.,
1977, Wardlaw ve ark., 1980; Wardlaw ve
ark., 1980; Johnson ve Kanemasu, 1983) ve
tane gelisimini zorlayan yiiksek solunum
orani nedeniyle de tane agirligini azalttigini
bildirmislerdir (Warrington ve ark., 1977;
Tashiro ve Wardlaw, 1990).

Arastirmada incelenen  Gzeliklerden
protein oranina ait Olglimlerde, yagisa
dayali kosullarda genotip ortalamast %
21.54 iken ilave sulama yapilan kosulda bu

oran % 16.71 olarak Olgiilmiistiir.
Genotipler  arasinda  yagisa  dayali
kosullarda istatistiki olarak P < 0.01

diizeyinde, ilave sulama yapilan kosulda ise
P < 0.05 diizeyinde onemli farkliliklar
belirlenmistir. 2 kosulda farkli protein
oranlarinin belirlenmesinde etken oldugu
diistiniilen tam olum siirelerinin farkl
olmasi, yagisa dayali kosulda yetistirilen
genotiplerin siddetli kuraklik
hissetmesinden dolay1 ilave sulama yapilan
kosulda yetistirilen genotiplere oranla daha
erken tam oluma geldigi saptanmistir. Her
iki kosulda da protein oranlarinin daha 6nce
benzer bdlgede yliriitilen calismalardan
daha yiliksek c¢ikmasinin  sebebinin,
yetistirme sezonunda yasanan yiiksek
sicakligin ve siddetli kurakligin etkisi
oldugu diistiniilmektedir. Bir¢ok arastirici,
cevre kosullarinin  protein  degerinde
farklilik gosterdigini bildirmislerdir (Zhu ve
ark., 2005; Aydogan ve Soylu, 2017,
Albayrak ve ark., 2020).

Calismada incelenen bin tane agirlig
ozelliginde, yagisa dayali  kosulda
yetistirilen genotiplerin ortalama degeri
33.49 g olurken, ilave sulama yapilan
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kosulda bu oran 4557 g olarak
belirlenmistir. Her iki kosulda da genotipler
arasinda  istatistiksel olarak  P<0.01
diizeyinde onemli farkliliklar belirlenmistir.
Bugdayda bin tane agirlig1 genotipik etkinin
yani sira gevre faktorlerindende
etkilenmektedir.

Incelenen &zelliklerden bitki boyunda,
yagisa dayali kosulda yetistirilen bugday
genotiplerinin ortalamalar1 53.18 cm olarak
Olciilmiis, ilave sulama yapilan kosulda
yetistirilen bugday genotiplerinin
ortalamalar1  ise 87.96 cm olarak
dleiilmiistiir. Ilave sulama yapilan kosulun

genotip ortalamasi yagisa dayali kosulda
yetistirilen genotiplerin ortalamasina gore
% 65.40 oraninda daha uzun oldugu
belirlenmistir. Her iki kosulda da genotipler
arasinda  istatistiksel olarak  P<0.01
diizeyinde 6nemli farkliliklar belirlenmistir.
Artan sicaklik ve kuraklik stresinin
bugdayda bitki boyuna dogrudan etki ettigi
ve bugday boyunun ciddi sekile kisaldigi
belirlenmistir. Yapilan bir¢ok calismada
kuraklik stresi yasayan bitkilerin bitki
boylarinda kisalmanin oldugu bildirilmistir
(Khakwani ve ark., 2011; Poudel ve ark.,
2020).

Tablo 3. Incelenen dzelliklere ait olusan gruplar ve ortalama degerler

Ilave Ilave Ilave Ilave

Yagisa sulama Yagisa sulama Yagisa sulama Yagisa sulama

dayali yapilan dayal yapilan dayali yapilan dayali yapilan
Genotip Tane Verimi (kg dal) | Protein Oram (%) Bin Tane Agirh (g) Bitki Boyu (cm)
Gilineyyildiz1 | 37.87 ¢ 376.77a | 21.77 a 17.46 a 37.61la 42.00c 49.65 ¢ 78.12b
Hat-301 55.46 a 276.95d | 19.52b 16.63 bc 30.56 ¢ 51.04 a 62.25a 10149 a
Ovidio 35.80d 3549b 22.37 a 16.94 ab 35.15b 4530b 50.02 ¢ 77.78 b
Svevo 31.69f 316.54c¢c | 21.70 a 16.47 bc 35.06 b 44.85D 47.90 c 77.80b
UYM-2 51.15b 381.28a | 22.36a 16.07 ¢ 29.12¢c 4466 Db 56.11b 104.63 a
Ortalama | 42.39 34128 | 2154 16.71 33.49 4557 53.18 | 87.96
LSD (0.05) 2.03** 11.82** | 0.93** 0.75* 1.89** 2.06** 2.47** 4.18**
Cv (%) 3.13 2.26 2.86 2.93 3.64 2.96 3.02 3.10

Arastirmada incelenen Gzelliklerden [lave sulama yapilan kosulda genotipler

basak uzunluguna ait ortalama degerler
yagasa dayali kosulda 5.33 cm iken ilave
sulama yapilan kosulda 5.43 cm olarak

Ol¢iilmiistiir.  Yagisa dayali kosulda
genotipler arasinda istatistiksel olarak
P<0.01 diizeyinde Onemli farkliliklar

belirlenirken, ilave sulama yapilan kosulda
genotipler arasinda istatistiksel olarak bir
fark belirlenmemistir. Basak uzunlugunun
genetik yap1 ile alakali oldugu ve gevre
faktorlerinden  daha  etkin  oldugu
bildirilmistir (Ipekesen ve ark., 2023).
Basak uzunlugunun bitkinin tane tutma
kismi  oldugu i¢in tane  verimini
hesaplamada  6nemli  bir  parametre
oldugunu bildirilmistir (Yildirim ve ark.,
2022).

Basakta basak¢ik sayisi parametresinde
yagisa dayali kosulda genotipler ortalamasi
13.23 adet olarak, ilave sulama yapilan
kosulda ise 17.06 adet olarak belirlenmistir.

814

arasinda  istatistiksel  olarak = P<0.05
diizeyinde onemli farkliliklar belirlenirken,
yagisa dayali kosulda genotipler arasinda
istatistiksel olarak bir fark olusmamuistir.
Her iki uygulamada genotiplerin basak
uzunluklar1 ortalamasinin birbirine yakin
olmasma ragmen basakta  basakeik
sayisinda ilave sulama yapilan kosulda
onemli diizeyde arttig1 gézlemlenmistir.
Arastirmada incelenen basakta tane
sayis1  parametresinde, yagisa dayali
kosulda genotipler ortalamasi 11.74 adet
olarak, ilave sulama yapilan kosulda ise
genotipler ortalamas1 27.66 adet olarak
Olclilmiistiir. Ayrica her iki uygulamada
genotipler arasinda istatistiksel olarak
P<0.01 diizeyinde 06nemli farkliliklar
belirlenmistir. Her iki uygulamada basak
uzunluklarinin birbirine yakin olmasina
ragmen basakta tane tutma sayilarinda
onemli diizeyde farklilik belirlenmistir. Bu
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durum kisithh  suyun bagakta tane
doldurmay1 etkiledigini gdOstermektedir.
Bagakta tane sayisi tane verimini etkileyen
en Onemli parametrelerdendir. Ayrica
basakta tane sayist ve basakta tane
agirhgimin kuraklik stresi altinda distiigi
bildirilmigtir (Elis ve Biger, 2022).
Incelenen ozelliklerden basakta tane
agirh@l, yagisa dayali kosulda ve ilave
sulama yapilan kosulda genotiplerin
ortalamasi sirastyla 0.43 g ve 1.36 g olarak
belirlenmistir. Her iki uygulamada da

genotipler arasinda istatistiksel olarak
P<0.01 diizeyinde 06nemli farkliliklar
belirlenmistir. Tane agirli1 tane sayisiyla
dogru orantili bir bigimde artig gostermistir.
Kuraklik stresinin bugdayda vejetasyon
stiresini  kisattigi ve buna bagli olarak
bitkinin verim ogelerini ciddi oranda
etkiledigi Dbildirilmistir (Ozkan ve ark.,
2021; Bayhan ve ark.,, 2022). Her iki
uygulamadaki genotipler ortalamasi ve bu
ortalamalarin yiizdesel degisimi Tablo 4’te
verilmistir.

Tablo 3. (devam) incelenen &zelliklere ait olusan gruplar ve ortalama degerler

Ilave Ilave Ilave flave
Yagisa sulama Yagisa sulama Yagisa sulama Yagisa sulama
dayali yapilan dayali yapilan dayali yapilan dayali yapilan
Genoti Basakta Basakta Tane
P Basak Uzunlugu (cm) Basakeik Sayisi Basakta Tane Sayisi Agirhg (g)
Giineyyildiz1 | 5.61 a 5.97 13.15 16.61 ab 8.99d 31.70b 0.39bc | 1.38b
Hat-301 4.58b 4.90 14.13 18.06 a 1753 a 2475 ¢ 0.64 a 1.39b
Ovidio 4.93b 5.38 12.23 18.00 a 11.19¢ 3410 a 041b 1.77a
Svevo 5.80 a 5.18 13.19 15.60 b 7.86d 26.80 c 0.32¢c 1.28b
UYM-2 5.76 a 5.75 13.48 17.05ab 13.13b 20.98d 0.42b 1.02¢c
Ort. 5.33 5.43 13.23 17.06 11.74 27.66 0.43 1.36
LSD (0.05) 0.62** 0.84 1.60 1.54* 1.14%* 2.18** 0.06** 0.20**
Cv (%) 7.65 10.11 7.86 5.89 6.32 5.13 10.00 9.73
Tablo 4. Yagisa dayal ve sulanan kosullarda incelenen 6zelliklerin degisim oranlart
Yagisa dayali | Ilave sulama yapilan
Ortalama Degisim (%)
Tane Verimi (kg dat) 42.39 341.28 +%705.10
Protein Orani (%) 21.54 16.71 - %22.42
Bin Tane Agirhig (g) 33.49 45.57 +%36.07
Bitki Boyu (cm) 53.18 87.96 +%65.40
Basak Boyu (cm) 5.33 5.43 +%1.88
Basakgik Sayisi 13.23 17.06 +%28.95
Basakta Tane Sayisi 11.74 27.66 +%135.60
Basakta Tane Agirhg (g) 0.43 1.36 +%216.28

4. Sonuclar

Bu calisma neticesinde yagisa dayali ve
ilave sulama yapilan kosullar altinda
makarnalik bugday genotipleri arasinda
incelenen  ozellikler ve uygulamalar
arasindaki farkliliklar degerlendirildiginde
tane veriminin ilave sulama yapilan kosulda
% 705.10 oraninda arttifi, Ozellikle
bugdayin generatif donemindeki yliksek
kuraklik stresinde tane veriminde Onemli
diizeyde diistise neden oldugu sonucu
ortaya  konulmustur. Ayrica  protein
oranlarinda ek sulama yapilan kosulda %
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22.42’lik bir dislis Dbelirlenmistir. Bu
duruma sebebiyet olarak ise ilave sulama
yapilan kosulda bugdayin vejetasyon
stiresinin daha uzun oldugu ve tane olum
doneminde nisasta birikimini daha fazla
yaptig1 sonucuna varilmistir. Abiyotik
streslerin makarnalik bugday genotipleri
tizerinde etkili oldugu ve kuraklik stresine
dayanikli yeni cesitlerin elde edilmesinin
gerektigi  bilinmektedir. Bu c¢alismada
makarnalik bugdaymm kuraklik stresine
farkli tepkiler verdigi belirlenmis olup,
ilerleyen calismalarda daha fazla genotip ile
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calisilmasinin gerektigi sonucuna
varilmstir.
Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida

bulunduklarini, makalenin yayina hazir son
halini gordiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi Beyani
Tiim yazarlar, bu ¢alisma i¢in herhangi

bir c¢ikar c¢atismasi olmadigin1 beyan
etmektedir.
Finansman

Bu calisma, Dicle  Universitesi
Rektorliigii Bilimsel Arastirmalar Projeleri
(BAP) Koordinatorligii tarafindan

“ZIRAAT.23.003, 2023” nolu proje ile
desteklenmistir.
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Abstract

The study was conducted between 1-31 July 2024 using descriptive survey and document analysis methods. Using
the search option in the database of the National Thesis Centre of the Presidency of the Council of Higher
Education, ‘children intensive care’ and Theses with the keyword ‘paediatric intensive care” were searched. Asa
result of the screening, a total of 57 postgraduate theses were reached, and 53 theses were included in the
examination, as 4 postgraduate theses were found to be common in the examination. A total of 8 master's theses
that met the inclusion criteria were examined. The theses examined in the study were analysed in terms of variables
such as measurement tools, field of care, title of thesis advisor and distribution of theses according to years. The
analysis of the data was done with numbers and percentages using SPSS (Statistical Package for the Social
Sciences) 25 package programme and Microsoft Office 2016 programme. As a result of the examination, it was
determined that hygiene 37.5% (n=3), respiration 50% (n=4), nutrition 12.5% (n=1) according to the care areas of
the theses. It was observed that the postgraduate nursing theses in the field of paediatric intensive care in Turkey
were mostly effective in achieving their aims and their findings were compatible with the international literature.
It is thought that the number of postgraduate nursing theses on the subject is not sufficient, and increasing the
number of theses will shed light on other studies and researchers.

Keywords: Children, nursing, paediatric intensive care
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1. Introduction

According to the 1983 Pediatric
Intensive Care Guideline, the Pediatric
Intensive Care Unit is defined as a hospital
unit  where various life-threatening,
unstable diseases requiring specialised
medical or surgical procedures are treated.
Paediatric Intensive Care Units are
specialised units in which vital signs of
children and adolescents are monitored
uninterruptedly and  supported when
necessary, multidisciplinary diagnostic and
therapeutic  approaches are generally
applied, and which require more equipped
personnel and technology compared to
other departments (Karabociioglu, 2008).
The polio epidemic in the 1950s led to the
emergence and development of intensive
care. The world's first paediatric intensive
care unit was established in 1955 at the
Gothenburg Children's Hospital in Sweden,
and then Paediatric Intensive Care Units
were established in central hospitals first in
Europe and Australia and then in North
America in the 1960s (lbsen, 1954,
Andersen and Ibsen, 1954).

After the first Pediatric Intensive Care
Unit in the modern sense was opened in
Istanbul Medical Faculty in 1994 by
specialist physicians interested in this
subject in our country (Koroglu et al.,
2006). Pediatric Intensive Care Units have
continued to be established in many centres
since the beginning of the 2000s (Biket and
Toniik, 2012).

Paediatric Intensive Care Units generally
provide services in two different units,
namely Neonatal Intensive Care Units
(NICU) and Paediatric Intensive Care Units
(PICU). Babies born on time are followed
up in the NICU after the 28th postnatal day
and premature babies are followed up in the
PICU after the 44th week of postmenstrual
age. Nevertheless, since the number of
paediatric intensive care beds is less than
the number of neonatal beds and the unit
provides service until the age of 18, term
babies past postnatal day 28 and premature
babies past 44 weeks of postmenstrual age
can be followed up in NICUs. On the other
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hand, readmission of discharged premature
babies is usually to the PICU (Borenstein-
Levin et al., 2022).

Pediatric Intensive Care Unit is designed
and equipped by taking into account the
differences of children from adults. Like all
employees of these units, nurses should be
aware of the differences of their patients
being children and should have the skills to
manage these situations. A holistic
approach should be exhibited while
planning the nursing process and applying
nursing care for the child hospitalised in
intensive care (Ganz and Sapir, 2019; Seval
and Kurt, 2020). It is impossible to consider
children separately from their parents in
intensive care units as in all health services
(Macdonald et al., 2012). A family-centred
approach is generally adopted in PICUs
serving the pediatric age group with modern
technological structures (Meert et al.,
2013). Dependence on an adult in meeting
self-care needs in children hospitalised in
the PICU may increase the stress of children
by limiting their sense of independence. In
addition, by meeting the self-care needs of
children, their sense of confidence
increases, they feel more comfortable and
their life functions improve (Biiyiikgoneng
and Toriiner, 2018; Uludag, 2021).

When the literature was examined, no
research examining nursing postgraduate
theses conducted in randomised controlled
experimental design in the field of
paediatric intensive care was found.
Therefore, the aim of this retrospective
descriptive literature review was to examine
the nursing theses related to the field of
paediatric intensive care in Turkey, to
analyse the results, and to provide data to
researchers, nurses and other health
professionals who provide health services
to children.

2. Materials and Methods

2.1. Aim of the study

The aim of this study was to examine the
postgraduate  theses  conducted  with
randomised controlled experimental design
in the field of paediatric intensive care in
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Tiirkiye in terms of some parameters. In the
study, postgraduate theses in the field of
nursing were examined retrospectively.
2.2. Type of study
The research is descriptive
retrospective survey model.
2.3. Inclusion criteria
o Access to the full text of the thesis
e Conducting the thesis in Tiirkiye
e To be written in Turkish or English
e Covering childhood age groups (0-18
years)
e To have been made between January
2014 and July 2024
e It must be made by nursing and/or
nursing departments
2.4. Data collection
In this study, master's and doctoral
(postgraduate) theses and dissertations
conducted in Tirkiye between January
2014 and 31 July 2024 were examined by
scanning the National Thesis Centre
database through the advanced scanning
option. Theses with the keywords “pediatric
intensive care” and ‘“children intensive
care” in their abstracts were searched using
the search option in the National Thesis
Centre database of the Presidency of the
Council of Higher Education. As a result of
the screening, a total of 57 postgraduate
theses were reached, and 53 theses were
included in the examination, as 4

and

postgraduate theses were found to be
common in the examination. A total of 8
postgraduate theses that met the inclusion
criteria were examined.
2.5. Data evaluation

The theses examined in the study were
analysed in terms of variables such as field
of care, title of thesis advisor and
distribution of theses according to years.
The data were analysed with numbers and
percentages using SPSS  (Statistical
Package for the Social Sciences) 25
package programme and Microsoft Office
2016 programme.

3. Results

In the examination, 8 postgraduate
theses that met the inclusion criteria were
included in the study. AIll of the
postgraduate theses are at master's level.
According to the year of publication of the
theses, there were 2 (25%) master's theses
in 2019, 1 (12.5%) in 2021, 2 (25%) in 2022
and 3 (37.5%) in 2023. When the supervisor
titles of the theses examined were
examined, it was seen that Prof. Dr. 25%
(n=2), Assoc. Prof. Dr. 50% (n=4) and
Assist. Prof. Dr. 25% (n=2). As a result of
the examination, it was seen that hygiene
37.5% (n=3), respiration 50% (n=4),
nutrition 12.5% (n=1) according to the care
areas of the theses (Table 1).

Table 1. Characteristics of nursing postgraduate theses with randomised controlled experimental design

in pediatric intensive care (n:8)

Characteristics Number Percentage %
Care Area
Hygiene 3 37.5
Respiration 4 50.0
Nutrition 1 12.5
Thesis Advisor Title
Prof. Dr. 2 25.0
Assoc. Prof. Dr 4 50.0
Assist. Prof. Dr. 2 25.0
Distribution According to Years
2019 2 25.0
2021 1 125
2022 2 25.0
2023 3 37.5
The  postgraduate  theses  were title of thesis advisor, type of thesis, thesis

summarised under the titles of author/year,
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title and result (Table 2).
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Table 2. Profiles of nursing postgraduate theses with experimental design in the field of paediatric
tensive care in Tiirkiye (n:8)

Author-Year Thesis Type Thesis Title Result
Thesis Supervisor Title
SUMEYYE CIHAN Master Thesis The effect of abdominal It was determined that abdominal
(2023) massage on gastric problems in | massage in paediatric intensive
Prof. Dr. enterally fed patients in care unit can be used as a safe and
pediatric intensive care unit: A effective method to prevent
randomized controlled study gastric problems related to enteral
nutrition in mechanically
ventilated children by increasing
the frequency of bowel sounds
and defecation and decreasing the
amount of gastric residual
volume.
SEVVAL UNAL Master Thesis Comparison of the efficiency of | PaCO2 values of the intervention
(2023) chest physiotherapy applied ina | group were found to be lower
Assoc. Prof. Dr different order in pediatric than those of the control group.
intensive care patients
ZISAN OZAKMAN Master Thesis The effect of jet and mesh It was concluded that the mesh
(2023) nebulizers on physical nebuliser caused less anxiety in
Assist. Prof. Dr parameters and anxiety levels children than the jet nebuliser and
used in children with positively affected their physical
broncopneumonia in 3-6 age parameters.
group
BERNA TURAN Master Thesis Comparison of the permanent As a result of the study, it was
(2022) skin flora of children who had found that 2% chlorhexidine
Assoc. Prof. Dr bathing with two different gluconate wiping bath
products: A randomized significantly reduced the
controlled study persistent skin flora in the armpits
and groin in children.
ZUHAL CAVUSOGLU Master Thesis The effect of abdominal It was determined that the use of
(2022) massage on gastric problemsin | 2% Chlorhexidine in the bath
Assoc. Prof. Dr enterally fed patients in applications of children treated in
pediatric intensive care unit: A | the paediatric intensive care unit
randomized controlled study decreased the rate of nosocomial
infections, did not cause
deterioration in skin integrity, but
decreased skin moisture levels.
HAVVA HUYELMAS Master Thesis Identification of risks and In this study conducted according
(2021) examination of patient safety to endotracheal tube fixation
Prof. Dr. according to endotracheal tube materials, a statistically
fixation materials in pediatric significant difference was found
intensive care between tube holders and other
fixation materials in ensuring
patient safety.
KUBRA DEMIR Master Thes1s The effect of auditory stimuli It was observed that parental
(2019) on pain and physiological voice and music sound
Assist. Prof. Dr parameters during aspiration in | application decreased the pain
children with mechanical caused by aspiration procedure
ventilators and positively affected the vital
signs.
0zGUL 0z Master Thesis The effect of two different It was determined that bed bath
(2019) bathing methods on and wiping bath applied in the
Assoc. Prof. Dr physiological parameters in pediatric intensive care unit
pediatric intensive care unit positively affected physiological
parameters.
4. Discussion hygiene was 37.5% (n=3), respiration 50%
— 11 0, —
According to the care areas of (n=4), nutrition 12.5% (n=1).

randomised controlled trials conducted in
paediatric intensive care units where critical
paediatric patients were followed up,
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Diseases that are the reason for
hospitalisation in the pediatric intensive
care unit may vary according to the patient
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group served. In studies examining the
hospitalisation  diagnoses of patients
hospitalised in paediatric intensive care
units, it was observed that the most common
indications  for  hospitalisation  were
respiratory system diseases, neurological
diseases and intoxications, respectively
(Sogiitli, 2023).

When the literature was examined, 454
paediatric patients were included in the
study by Kilig et al. (2016). It was observed
that the most common reason for
hospitalisation in paediatric intensive care
unit (110 patients, 24.2%) was respiratory
system diseases (Kilig ve ark., 2016). In

Sogitli  (2023) study, 840 paediatric
patients were included. When the
indications for

intensive care hospitalisation were

examined, it was observed that the patients
were hospitalised in intensive care with
respiratory  system  (37.14%) based
diagnoses in the first place (Sogiitlii, 2023).
The fact that 50% (n = 4) of the nursing
theses examined in our study were related
to the respiratory system as the field of care
was in parallel with the intensive care
indications of children (Demir, 2019;
Huyuelmas, 2021; Ozakman, 2023; Unal,
2023).

Hospitalised children may need a
caregiver for their self-care needs. The
nurse is the healthcare personnel who will
support the sick child and his/her family in
this regard (Unsal, 2013; Cimete et al.,
2018). Bathing is among the most
frequently applied nursing care to meet
hygiene needs and is regularly applied by
intensive care nurses (Cover et al., 2011,
Caka and Gozen, 2018; Veje et al.,
2019).Bathing is also emphasised in terms
of protecting skin integrity, keeping the
ventilation-perfusion relationship in
balance, increasing oxygenation, providing
a feeling of vitality and freshness and
providing stability in vital signs (Veje et al.,
2019). Daily chlorhexidine baths reduce the
development of healthcare-associated
infections in individuals receiving treatment
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in intensive care units (Alserehi et al.,
2018).

In the literature, Topal et al. (2021)
investigated the effect of 2% Chlorhexidine
gluconate bath on carbapenem-resistant
enterobacteriaceae (CRE) and vancomycin-
resistant enterococcus (VRE) colonisation
in the pediatric intensive care unit and found
that skin bathing with 2% Chlorhexidine
gluconate every other day significantly
reduced VRE colonisation but did not
reduce the risk of CRE colonisation.As a
result of the study, it was suggested that skin
bathing with 2% Chlorhexidine gluconate
every other day in the NICU can be used as
one of the methods of resistant
microorganism colonisation and infection
prevention (Topal et al., 2021). In the bed
bath study conducted by Kizil (2018) on
intubated children, it was reported that the
heart rate, systolic and diastolic blood
pressure values of the children increased
after the bed bath and were at the lowest
values 30 minutes after the bed bath. In the
same study, it was reported that oxygen
saturation reached the highest value 30
minutes after the bath application (Kizil and
Sendir, 2018).

When the nursing theses examined
within the scope of our research were
examined, it was observed that the bed bath
and wiping bath applied in the study of Oz
(2019) positively affected the physiological
parameters, the use of 2% Chlorhexidine in
the study of Cavusoglu (2022) reduced the
nosocomial infection rates, and the use of
2% Chlorhexidine in the study of Turan
(2022) positively affected the groin and
armpit flora.

According to the Intensive Care
Nutrition Guidelines of the European
Society for Clinical Nutrition and

Metabolism (ESPEN) and the American
Society for Enteral and Parenteral Nutrition
(ASPEN), it is recommended to start enteral
nutrition in the first 24-48 hours in critically
ill patients on mechanical ventilation
(Singer et al., 2019). In a study conducted
on the subject, it was observed that only
66.6% of mechanically ventilated children
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reached their daily enteral nutrition targets
on the 7th day of hospitalisation in intensive
care (Martinez et al., 2014).

Abdominal massage stimulates intestinal
peristalsis, increases intestinal motility,
accelerates food passage, helps enzyme
secretion by increasing the circulation of the
region, has a positive effect on digestion-
related discomfort and pain, and is therefore
thought to be effective in shortening
hospitalisation periods (Ahmed Mohamed
etal., 2021; Wang et al., 2022).

In the literature, it was observed that
studies on abdominal massage application
were generally performed in preterm
neonates. However, no relevant study was
found in paediatric intensive care unit.
Moghadam et al. (2021) examined the
effects of massage applied to preterm
neonates and found a significant difference
between the groups in gastric residue and
defecation frequency (Moghadam et al.,
2022). Abouheiba et al. (2022) found a
highly statistically significant difference
between the control and massage groups in
all nutritional intolerance measurements
and daily weight gain in a study conducted
with 40 preterm neonates.

When the nursing theses examined
within the scope of our research were
examined, Cihan (2023) found that the
frequency of bowel sounds and defecation
increased and the amount of gastric residual
volume decreased with abdominal massage
applied twice a day for 15 minutes for 3
days to early enteral fed children aged 2-22
months on mechanical ventilator support.

5. Conclusions

It was observed that the nursing
postgraduate theses in the field of paediatric
intensive care in Turkey were mostly
effective in achieving their aims and their
findings were compatible with the
international literature.

It was stated that the developments
related to the paediatric intensive care unit
in the world were in the 1950s, and the
developments in our country were in the
2000s. The fact that the studies examined
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were conducted in the last 5 years showed
that more randomised controlled studies
were needed. It is thought that the number
of postgraduate nursing theses on the
subject is not sufficient, and increasing the
number of theses will shed light on other
studies and researchers.
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Ozet

Amacimiz hidatik kistli sigirlarda tiyol/disiilfid homeostazisini ve sitokinlerin diizeylerinin belirlenmesidir.
Calismada, toplam 30 adet sigir (15 enfekte ve 15 saglikli) kullanildi. Serum 6rneklerinde tiimoér nekrozis faktor-
o (TNF-a), interlokin-1 (IL-1), total tiyol, natif tiyol analizleri yapildi. Hidatik kist ile enfekte sigirlarda TNF-a ve
IL-1 diizeylerinin anlamli olarak yiikseldigi belirlendi. Hidatik kist ile enfekte sigirlarda biyokimyasal
parametrelerden total tiyol ve natif tiyol diizeylerinin anlamli olarak azaldigi, disiilfid, distlfid/natif tiyol ve
disiilfid/total tiyol ve natif tiyol/total tiyol diizeyleri ise istatistiksel olarak anlamsiz belirlendi. Sonug olarak
caligmadan elde edilen bulgular hidatik kistle enfekte sigirlarda tiyol/disiilfid homeostazis belirteclerinin
kullaniminin hastaligin patogenezine katki saglayacagi diisiiniilmektedir.

Anahtar Kelimeler: Hidatik kist, interlokin-1, sigir, tiyol/disiilfid homeostazi

Tumor Necrosis Factor-a, Interleukin-1 Levels and Thiol/Disulfide Homeostasis in
Cattle with Hydatid Cyst

Abstract

Our aim was to determine thiol/disulfide homeostasis and cytokine levels in cattle with hydatid cysts. A total of
30 cattle, 15 infected with hydatid cysts and 15 healthy, were used in the study. Tumor necrosis factor-o (TNF-a),
interleukin-1 (IL-1), total thiol, native thiol analyses were performed in serum samples. It was determined that
TNF-a and IL-1 levels were significantly increased in cattle infected with hydatid cysts. In cattle infected with
hydatid cysts, total thiol and native thiol levels were significantly decreased among biochemical parameters, while
disulfide, disulfide/native thiol and disulfide/total thiol and native thiol/total thiol levels were statistically
insignificant. In conclusion, the findings obtained from the study suggest that the use of thiol/disulfide homeostasis
markers in cattle infected with hydatid cysts will contribute to the pathogenesis of the disease.

Keywords: Cattle, hydatid cyst, interleukin-1, thiol/disulfide homeostasis
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Kaya ve Merhan

1. Giris

Hidatik kist, diinyanin bir¢cok yerinde ve
tilkemizde goriilen ¢iftlik hayvanlarinda et
ve siit veriminde azalma, yiin kalitesinde
diisme, infertilite ve karaciger ve akciger
gibi kistli organlarin atilmasi sonucu 6nemli
ekonomik kayiplara neden olmaktadir
(Bhutania ve Kajal, 2018). Semptomlar
kistin yerlestigi organ, kist sayis1 ve
blytikligline gore degismektedir
(Avcioglu, 2013). Organizmada kiste karsi
olusan humoral ve hiicresel yanita bagh
olarak kist ¢evresine infiltre olan nétrofil ve
makrofaj gibi l6kositlerden sitokin ve diger
yangi  mediyatorleri  salgilanmaktadir
(Tizard, 2004; Garcia Moran ve ark., 2013).
Sitokinler konak bagisikliginda 6nemli olup
parazitin cinsi ve tiirli, konak iginde
yerlestigi organ, metabolik {iriinleri ve
konak tiiriine bagli olarak diizeyleri
degisebilmektedir (Dematteis ve ark., 2003;
Bayraktar ve ark., 2005). Tiyoller kiikiirt
gerektiren islemlerde Onemli fizyolojik
roller oynarlar ve oldukca reaktif giiclii
antioksidanlardir. Yiiksek reaktivitelerine
ragmen tiyollerin antioksidan potansiyeli
cevresel, yapisal ve katalitik faktorlere
baghdir (Kiikiirt ve ark., 2021). Oksidatif
stresin  aracililk  ettigi  hastaliklarin
patogenezinde tiyol durumunun ¢ok 6nemli
oldugu bildirilmektedir (Erel ve Neselioglu,
2014). Ilave olarak enzimatik aktivitenin
diizenlenmesi, detoksifikasyon ve hiicresel
sinyal iletimi mekanizmalarinda G6nemli
rollere sahiptir. Bu nedenle tiyol/disiilfid
homeostazinin belirlenmesi, ¢esitli normal
veya anormal biyokimyasal isleyisler
hakkinda cok onemli bilgiler
saglayabilmektedir. Bu nedenlerden dolay1
calismadaki amacimiz  hidatik  kistli
sigirlarda tiyol/disiilfid homeostazisini ve
sitokin seviyesini tespit etmektir.

829

2. Materyal ve Yontem

Calismada, hidatik kist ile enfekte 15 ve
saglikli grupta 15 olmak tiizere, 3-4 yasl,
toplam 30 adet Montofon 1rk1 sigir
kullanildi. KAU Veteriner Fakiiltesi I¢
Hastaliklar AD’ye 0Okstiriik, boynunu ileri
uzatma, mukozalarda siyanoz ve dispne vb.
sikayetler ile getirilen hayvanlarin rutin
klinik muayenesi yapildiktan sonra,
hastaligin kesin teshisi kesim sonrasi
kistlerin goriilmesi ile konuldu. Kontrol
grubu ise ayni1 bakim ve beslenme kosullari
olan klinik yonden saglikli hayvanlardan
olusturuldu. Hayvanlarin Vena
jugularis’inden kan ornekleri
antikoagulansiz tiiplere alindi. Ornekler
3000 rpm’de 15 dk santrifiij edilerek
saklandi (-20 °C).

Orneklerde TNF-a, IL-1p (BT LAB,
Cin), total tiyol ve natif tiyol (Rel Assay
Diagnostics, Tirkiye) kitle kolorimetrik
(Epoch, Biotek, USA) olarak olciildii.
Disiilfid (Total tiyol-Natif tiyol)/2,
Disiilfid/Natif Tiyol (%) = (Disiilfid x
100)/Natif tiyol, Distilfid/Total Tiyol (%) =
(Disiilfid x 100)/Total tiyol ve Natif
Tiyol/Total Tiyol (%) = (Natif tiyol x
100)/Total tiyol formiilleriyle (Erel ve
Neselioglu, 2014) hesaplandi.

3. Bulgular ve Tartisma

Hidatik kist ile enfekte sigirlarda TNF-a
ve IL-1 (P<0.001) diizeyleri anlaml olarak
arttig1 belirlendi (Tablo 1). Hidatik Kist ile

enfekte sigirlarda biyokimyasal
parametrelerden total tiyol ve natif tiyol
(P<0.05) diizeylerinin anlamli olarak

azaldig tespit edildi. Disiilfid, disiilfid/natif
tiyol ve disiilfid/total tiyol ve natif
tiyol/total tiyol diizeyleri ise istatistiksel
olarak anlamsizdi (P>0.05) (Tablo 2).
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Tablo 1. Klinik olarak saglikli ve hidatik kistli sigirlarda TNF-o, IL-1 parametrelerinin ortalama ve

standart hatalari

Parametreler Kontrol Enfekte P
TNF-o (pg mL™?) 54.95+6.78 170.72+7.24 P<0,001
IL-1 (pg mL™?) 34.08+4.06 138.11+6.86 P<0,001

Tablo 2. Klinik olarak saglikli ve hidatik kistli sigirlarda tiyol/disiilfid homeostaz1 parametrelerinin

ortalama ve standart hatalari

Parametreler Kontrol Enfekte P
Total Tiyol (umol L1) 488.19+16.11 436.61+18.61 P<0.05
Natif Tiyol (umol L) 371.35+17.02 312.62+13.08 P<0.05
Disiilfid (umol L) 58.42+6.28 62.00+12.07 NS
Disiilfid/Natif Tiyol (%) 16.69+2.26 22.52+6.38 NS
Disiilfid/Total Tiyol (%) 11.95+1.20 13.37+1.81 NS
Natif Tiyol/Total Tiyol (%) 76.11+£2.41 73.26+3.62 NS
NS: Non Significant
Ekinokokkoz, kopek tenyasi sitokin dilizeyinin arttig1  bildirilmistir
Echinococcus granulosus ve onun larva (Bayraktar ve ark.,, 2005). Veteriner

evresi olan hidatik kist’in neden oldugu
kronik seyirli  zoonotik bir paraziter
hastaliktir. Ara konakgilarin i¢ organlarinda
degisken biiyiikliikte kistlerin ve kdpeklerin
bagirsaginda yetiskin tenyanin olusmasiyla
karakterizedir Diinyanin birgok cografi
bolgesinde yaygin hastaliklarindan birisidir.
Kist hidatik hastaligi her yil halk saglig:
acisindan milyonlarca para kaybina neden
olmakta ve enfekte hayvanlarin veriminin
diismesine neden olmaktadir (Avcioglu,
2013; Bhutania ve Kajal, 2018).

Sitokinler bagisikligin yan sira yangiy1
baglatan ve dilizenleyen peptit ya da
glikoprotrein  yapisindaki  maddelerdir
(Merhan ve Bozukluhan, 2022). Sitokinler
konak bagisikliginda 6nemli olup parazitin
cinsi ve tiirli, konak i¢inde yerlestigi organ,
metabolik irtinleri ve konak tiiriine bagl
olarak diizeyleri degisebilir (Dematteis ve
ark., 2003; Bayraktar ve ark., 2005).
Hidatik kist de parazite karsi gelisen
hiicresel ve humoral yanita baglh olarak
monosit, raniilosit gibi mononiiklear
hiicrelerden, TNF-a, IL-1 ve IL-6 gibi yangi
dogurucu sitokinler salinir (Haniloo ve ark.,
2008). Hidatik kist hastaliginda Th2
lenfositler tarafindan salgilanan IL-4, IL-6
ve IL-10 hastaliga duyarlilikla, Thl
hiicreleri tarafindan salgilanan IL-2 ve
interferon gama ise koruyucu bagisiklik ile
iligkili oldugu bildirilmektedir (Zhang ve
ark., 2003; Rigano ve ark., 2004). Beseri
hekimlikte yapilan ¢aligmalarda serum
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hekimlik de ise Cakir Zoroglan ve Merhan
(2023) trikofitozisli sigirlarda yaptiklari bir
calismada kontrol grubuna gore enfekte
grupta sitokin  diizeylerinin  arttigini,
Hashem ve ark. (2020) brusellozisli
ruminantlarda yaptiklar1 calismada ise
TNF-a ve IL-6 seviyesinin arttigini, bunun
yani sira Sevimli ve ark. (2015) hidatik kist
ile enfekte sigirlarda yaptiklart ¢alismada
da enfekte grup kontrol grubu ile
karsilagtirildiginda serum IL-6 diizeyinin
arttigini bildirmislerdir. Bu c¢alismada da
hidatik kist ile enfekte sigirlarda serum
TNF-a ve IL-1 diizeylerinin arttig
belirlendi. Bu artisin nedeni parazite karsi
olusan hiicresel ve humoral yanit kaynakli
olabilir.

Fonksiyonel siilfhidril (-SH) gruplar
olarak bilinen tiyoller, hiicrelerde oksidatif
stresin olugmasini 6nlemede hayati 6neme
sahiptirler (Kemp ve ark., 2008). Ortamda
ROT bulunan tiyol gruplari oksitlenir ve
kiikiirt kopriileri olarak da bilinen disiilfid
baglarina doniistlirtiliir. Bu  doniiglim,
protein oksidasyonunun bir gostergesi olup
tiyol/distilfid homeostazi bozulur (Jones ve
Liang, 2009). Tiyol/disiilfid homeostazi
seviyeleri, oksidan ve antioksidan
durumunun tam olarak degerlendirilmesine
olanak taniyan yeni ve otomatik bir yontem
olarak kullanilmaktadir. Beseri hekimlikte
tiyol/disiilfid homeostazi, diyabet,
kardiyovaskiiler ve diger bazi hastaliklarda
kullanilan yeni bir biyobelirtectir (Ates ve
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ark., 2016; Elmas ve ark., 2017; Aydin ve

ark., 2021). Veteriner hekimlikte ise
endometritis, toksoplazmosis, ayak
hastaliklari, gastrointestinal nematodlu

koyunlarda, babesiosis ve canine distemper
gibi kopeklerin ¢esitli  enfeksiyonlarinin
patogenezinde yer aldigi bildirilmekle
(Degirmencay ve ark., 2021; Emre ve ark.,
2021; Schmidt ve ark., 2021; Deveci ve
Erdal, 2022; Aydin ve ark., 2023; Tarhan ve
ark., 2023) beraber oksidatif stres i¢in yeni
bir  biyobelirtec  olan tiyol/disiilfid
homeostaz1 veteriner hekimlik alaninda
yakin zamanda c¢alisilan bir parametredir.
Sarkoptik uyuzlu koyunlarda kontrol
grubuna disiilfid/natif tiyol, disiilfid/total
tiyol ve natif tiyol/total tiyol seviyelerinde
fark olmadigi, natif tiyol, total tiyol ve
disiilfid  seviyelerinde ise  azaldigi
bildirilmistir (Camkerten ve ark., 2019).
Yenidogan ishalli buzagilarda, ishalli grup
kontrol grubuna kiyasla natif tiyol ve total
tiyol seviyeleri digsik, distlfid ve
distilfid/natif tiyol seviyelerinin ise yiiksek
oldugu bildirilmistir (Terzi ve ark., 2023).
Bu c¢alismada hidatik kist ile enfekte
sigirlarda  total tiyol ve natif tiyol
diizeylerinin  anlamli  olarak azaldig1
belirlendi. Disiilfid, distlfid/natif tiyol,
disiilfid/total tiyol ve natif tiyol/total tiyol
diizeyleri ise anlamsizdi. Natif tiyol ve total
tiyol  seviyelerinin  diismesi,  tiyol
oksidasyonunun ve oksidatif stresin siddetli
olmastyla agiklanabilir.

4. Sonug¢

Calismadan elde edilen bulgular hidatik
kistle enfekte sigirlarda tiyol/disiilfid
homeostazis belirteclerinin  kullaniminin
hastaligin patogenezine katki saglayacagi
diistiniilmektedir.

Yazarlarin Katki Beyam

Yazarlar  makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarin ve
onayladiklarini beyan ederler.
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Cikar Catismasi1 Beyani

Tim yazarlar, bu ¢alisma i¢in herhangi
bir ¢ikar c¢atigmasi olmadigini  beyan
etmektedir.
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Zebra Ispinoz (Taeniopygia guttata) Kuslarinda Yumurta Kalite Ozelliklerinin
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Ozet

Zebra ispinozlart iyi adaptasyon yetenekleri sayesinde kapali ortamlarda da yetistiriciligi kolay yapilan kus
tiirlerinden biridir. Tiirkiye’de Hint biilbiili olarak ta taninan bu kuslar 6tiis kabiliyetleri ve dis goriinimleri
nedeniyle meraklilari tarafindan hobi amagh yetistirilmektedirler. Mevcut arastirmada benzer bakim ve besleme
kosullar1 altinda kapali kafeslerde (8 adet) ¢ift olarak yetistirilen ortalama 7 aylik yasta olan Zebra ispinoz
kuslarindan ilkbahar déneminde elde edilen yumurtalarda bazi kalite 6zelliklerinin incelenmesi amaglanmustir.
Toplanan yumurtalar tartilarak agirliklar: belirlenmis, sekil 6zellikleri kaydedilmistir. Daha sonra her biri kirtlarak
i¢ ve dis yumurta kalite &zellikleri saptanmistir. Sonug olarak kuglarda yumurta dis kalite 6zelliklerinden ortalama
yumurta agirhigi, yumurta kabuk agirligr ve sekil indeks degerleri, sirasiyla, 1.07+0,01 g, 0.08+0.01 g ve %
67.9120.66 bulunmustur. I¢ kalite 6zelliklerinden yumurta ak ve sar1 oran1 ile ak ve sar1 indeks degerleri sirastyla
% 64.18+0.30 ve % 27.82+0.31, % 7.87+0.16 ve % 45.69+0.61 dir. Yumurta sarisinda ortalama renk skala degeri
ise 4.65+0.11 dir. Yumurta kalite 6zelliklerinin belirlenmesi embriyo gelisimi ve civeiv kalite 6zelligi igin
onemlidir. Gergeklestirilen bu 6n ¢alisma bu tiiriin yetistiricilerine kulugka sonuglarinin degerlendirilmesinde
yardime1 olacagini diisiinmekteyiz. Ileriki ¢aligmalarda bu kus tiirlerinde farkl iiretim dénemlerinde yumurta
kalitesinin ne sekilde etkileneceginin arastirilmasini planlamaktayiz.

Anahtar Kelimeler: Kus, yumurta, kalite 6zellikleri, zebra ispinoz

Determination of Egg Quality Characteristics in Zebra Finch (Taeniopygia guttata)

Abstract
Zebra finches (Taeniopygia Guttata) are a bird species that are easy to breed indoors thanks to their adaptability.

These birds, also known as Indian nightingales in Turkiye, are bred by enthusiasts for hobby purposes due to their
singing ability and appearance. The present study aimed to examine some quality characteristics of the eggs
obtained in the spring period from Sunda zebra finch birds, which are 7 months old on average, raised in pairs in
closed cages (8 pieces) under similar care and feeding conditions. The weights and shape characteristics of the
collected eggs were recorded. Each egg was then cracked and internal and external egg quality characteristics were
determined. As a result, the mean egg weight, eggshell weight, and shape index values were found to be 1.07+0.01
g, 0.08+0.01 g, and 67.914+0.66%, respectively. Albumen and yolk ratio and albumen and yolk index values of
internal quality characteristics were 64.18+0.30% and 27.82+0.31%, 7.87+0.16% and 45.69+0.61%, respectively.
The avarage of color scale value in egg yolk was 4.65+0.11. Determination of egg quality characteristics is
essential for embryo development and chick quality characteristics. This preliminary study is considered to help
the breeders of this species in the evaluation of hatching results. In future studies, we plan to investigate how egg
quality will be affected in different production periods in these bird species.

Keywords: Bird, egg, quality characteristics, Zebra finch
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Ozbaser Bulut ve Alagahan

1. Giris

Zebra Ispinozu (Poephila guttata,
Steganopleura guttata, Taeniopygia guttata
Amadina  castanotis), Passeriformes
takiminin, Oscines alt takiminin, Estrildidae
familyasinda yer alan ve ¢ok sayida alt tiire
sahip olan kuslardir (Boruszewska ve ark.,
2007). Avustralya’da dogal ortamda calilik
ve agaglar {lizerinde yasayan, son ylizyilda
ise ev ortaminda kafes kusu olarak da
yetistiriciligi yapilan sosyal kus tiriidiir
(Balakrishnan ve ark., 2009; Anonim,
2024). Tirkiye’de Hint Biilbiili olarak da
taninan bu kuslar, dis goriiniisleri, ayrintili
seslendirme ve sarki 0grenim yetenegine
sahip olmalari, kafes ortamina kolay adapte
olmalar1 sayesinde meraklilarinca hobi
amagch yetistirilen hayvanlardir (Krause ve
ark., 2017; Swaddle, 2019)

Zebra ispinozlan tek esli hayvanlardir.
Bu kuslarda seksiiel dimorfizm
gorlilmektedir (Zann, 1996). Erkekler
disilere gore daha kirmizi renkli gagaya ve
renkli-siisli titylere sahiptir. Gilinimiizde
farkli renk yapilanmasmna sahip cesitli
Zebra ispinoz  kusuna (gri, beyaz,
kahverengi, kahverengi yanli, siyah gogiis
vb.) rastlanilmaktadir (Hoffman ve ark.,
2014; Krause ve ark., 2017). Mevcut
calismamizda kullanilan kuslar beyaz
renkli, kahverengi yanaklidir. Bu kuslarda
kuyruk {izerinde ve kanat uglarinda ¢izgi
seklinde ve yanaklarda dairesel olarak agik
kahverengi renge rastlanilmaktadir. Ayrica
bu kuslarda goz yas1t izleri de
bulunmaktadir. Zebra ispinozlari
giindiizleri aktif olan bir tiirdiir (Maddock
ve ark., 2001). Bu hayvanlarda iireme
mevsimi degiskendir. Dogal ortamlarinda
yilin herhangi bir zamaninda yogun yagis
alinan donemden sonra ¢iftlesme davranisi
sergileyebilirler (Vriends, 1997). Disiler
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yasa bagli degismekle beraber her ciftlesme
doneminde yuvaya 2-8 arasinda yumurta
birakabilirler (Moghal ve Farooqui, 2017).

Kanatli hayvan yetistiriciliginde iireme
doneminde toplanan yumurtalarin kalite
Ozelliklerinin  belirlenmesi, damizlik
tiretiminde embriyo gelisimi, kulugkadan
¢ikim ve civeiv kalitesinin
degerlendirebilmesinde yardimci bilgiler
sunabilmektedir (Tainika ve ark., 2024).
Yumurta sekli ve kabuk yapisi, embriyonun
korunmasi, beslenme ve gelisimde etkili
olurken, yumurta ak ve sar1 degerlilikleri
embriyogenez  sirasinda  embriyonun
biiytimesi ve canliliginin korunmasinda rol
oymaktadir (Senkoylii, 2001; Liu ve ark.,
2021). Farkli kanath tiirlerinde yumurta
kalite 6zelliklerinin incelendigi ¢ok sayida
calismaya rastlamak miimkiindiir (Sun ve
ark., 2019; Eroglu ve Erisir, 2020; Tabib ve
ark., 2021). Yaptigimiz literatiir
taramalarinda, Zebra ispinozlarinda bazi
yumurta kalite ozelliklerinin  (yumurta
agirhigl, hacmi, kabuk por yogunlugu,

yumurta sart  renk degerliligi  vb)
degerlendirildigi az sayida c¢aligmalara
rastlanilirken  (Gilbert ve ark., 2006;

Griffith ve Gilby, 2013, Zanolla ve ark.,
2013; Hoffaman ve ark., 2023), hem i¢ hem
de dis kalite oOzelliklerinin detayli bir
sekilde incelendigi arastirmaya
rastlanilmamustir.

Bu arastirmanin amaci, kafes ortaminda
yetistiriciligi yapilan Zebra ispinozlarinda
bazi i¢ ve dis yumurta kalite 6zelliklerinin
incelenmesidir.

2. Materyal ve Yontem

Arastirma, kapali kafes ortaminda
yetistiriciligi yapilan 7 aylik yastaki,
kahverengi yanakli beyaz Zebra ispinoz
kuslarindan elde edilen yumurtalar iizerinde
gerceklesmistir (Sekil 1).
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Sekil 2. Yumurta dis kalite dl¢limleri, A: Yumurta agirli§inin tartilmasi, B: Yumurta eninin dl¢tilmesi,
C: Yumurta uzunlugunun 6l¢iilmesi

Bu amagla ilkbahar donemimde bir aylik
stire iginde (1 Nisan-1 Mayis araliginda)
toplanan 41 adet yumurta ile ¢alisilmistir.
Kuslar kapali kafes ortaminda benzer
bakim-besleme sartlarinda (21£5 °C
sicaklik, % 65-70 nem iceren odalarda)
yetistirilmistir. Her bir kafes i¢inde 1 ¢ift
kus olmak iizere farkli yetistiricilerde
bulunan toplam 8 kafes kullanilmigtir.
Kafes boyutlar1 37 x 29 x21 cm dir
Kafesleri her birinin igerisinde yemlik,
suluk, hasirdan yapilmis yuva
bulunmaktadir. Vitamin ve mineral madde
bakimindan zengin kalamar kemigi ve
gritler de kafeslere yerlestirilmistir. Kuglara
yuvanin igerisine yerlestirilmesi i¢in hasir
ip, hindistan cevizi lifi, kuru otlar gibi
malzemelerde de verilmistir. Hayvanlar
adlibitum olarak sar1 dari, kirmiz1 dari, ak
dar1 ve aspirden olusan % 10 ham protein,
% 5.6 ham seliiloz, % 4.3 ham yag, % 2.8
ham kiil igerigine sahip standart tohum
karigimi ile beslenmistir. Ayrica ¢esitli
meyve, sebze (rendelenmis, havug, elma,
pancar) giinliik verilen yem bilesimine ilave
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edilmistir. Kuslara Nisan ayinin
baslangicindan itibaren bir ay siire ile 14
saat aydmlhik, 10 saat  karanlik

uygulanmistir. Kuslar takip edilmis, belirli
araliklarda yuvalar kontrol edilerek, ¢ikan
yumurtalar  toplanmistir.  Isik/karanlik
uygulanmasindan sonraki yaklasik 2 hafta
icinde  hayvanlar yumurta vermeye
baslamistir. Her bir kafes icindeki, yuva
kutular1 giinliik sabah saat 8-9 araliginda
kontrol edilerek yumurtalar toplanmustir.
Elde edilen yumurtalarin agirliklar1 0.01 g’a
hassas terazi (Weightlab WL3002L, Shixin
RD. Kengtou Industry Parks, Guangzhou
China) yardimi ile bireysel olarak
tartilmistir. Tartim esnasinda yumurtalara
numara verilmis, daha sonra metal kumpas
(model Insize 1112-150, Insize Co. Ltd.,
China) yardimiyla yumurta boyu (mm) ve
eni (mm) Olcililerek kayit cizelgesine
yazilmistir. Yumurta agirligi, yumurta boyu
ve eni degerleri kullanilarak formiil
yardimiyla asagidaki kalite 6zellik degerleri
hesaplanmustir.
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Sekil indeksi= (kisa eksen(eni) / Uzun eksen(boyu)) X 100 (Rahn ve Paganelli, 1988)
Elongasyon = (Yumurta boyu / Yumurta eni) (Rahn ve Paganelli, 1988)

Yumurta yiizey alani (cm?) = 4.835 x (Yumurta Agirlig1)*6? (Etches, 1996)

Kabuk kalinligi (mm) = 0.0546 x (Yumurta agirlig1)®**! (Rahn ve Paganelli, 1989)

Kabuk yogunlugu (g/cm®) = 1.945 x (Yumurta agirligr)®% (Harms, 1991)

Yumurta Gzenek Sayisi-1= 1.041 x (Yumurta agirlig1)®** (Hoyt ve ark., 1979)

Yumurta Gozenek yogunlugu (Gozenek/cm?) = (Gdzenek sayist / Yumurta Yiizey alani)

(Paganelli ve ark., 1974)

Hacim (V, cm®) = [Yumurta boyu x (Yumurta eni)’x[0.6057-(0.0018 x Yumurta eni)]]

(Narushin, 2005).

Yumurtalarin kabuk agirliklar1 (g), diiz
bir zemin iizerine kirilan yumurtalarin ak ve
sart kisimlarmin ayrilmasi ve i¢ ylizeyi

temizlenmesi ve 24 saat bekletilmesi
sonucu tartilmalariyla saptanmistir.
Yumurta i¢ kalite 06zeliklerinden ak

uzunlugu, ak genisligi ve derinligi degerleri
ile sar1 cap ve derinligi degerleri metal
kumpas yardimi ile ol¢iilmistir. Kirillan
yumurtalarda yumurta akinda, kalin ak
kism1 goriiliirken, daha akiskan olan ince
kismi tespit edilememistir (Sekil 3).

Sekil 3. Yumurta ak ve sar1 goriiniimii

Yumurtalarin ak ve sar1 orani degerleri
ile ak ve sar1 indeks degerleri Dogan (2008)
bildirdigi formiiller yardimi ile
hesaplanmistir. Yumurta sarisinda renk
skalasi, Roche yolk color kullanilarak
gozlem yolu ile belirlenmistir.

Calismada yumurtalarin i¢ ve dis kalite
Ozelliklerinin belirlenmesi amaciyla SPSS
22 paket programindan yararlanilmistir.
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Yumurtalarin kalite 6zellik degerleri icin
tanimlayici istatistik yapilarak minimum ve
maksimun degerler ile ortalama degerler
tabloda sunulmustur.

3. Bulgular ve Tartisma

Arastirmada  Zebra  ispinozlarinda
ortalama yumurta agirligr degeri 1.07+0.01
g olarak bulundu (Tablo 1).
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Tablo 1. Zebra ispinoz kus yumurtalarinda bazi i¢ ve dig yumurta kalite 6zellikleri

Ozellikler N Minimum Maksimum Ortalama+ SH
Yumurta agirligi (g) 41 1.00 1.15 1.07£0.01
Yumurta boyu (mm) 41 15.84 17.39 16.56+0.08

Yumurta eni (mm) 41 10.17 12.18 11.23+0.09
Sekil Indeksi (%) 41 61.82 73.19 67.91£0.66
Kabuk agirligi (g) 41 0.06 0.12 0.08+0.01
Kabuk kalinligr (mm) 41 0.06 0.06 0.06+0.00
Kabuk yogunlugu (g cm3) 41 1.95 1.95 1.95+0.00
Kabuk agirlig1 /Yumurta agirligi (%) 41 6.00 10.43 7.99+0.21

Hacim V (cm?®) 41 98.12 145.32 122.67+2.08
Yumurta yiizey alani (cm?) 41 3.98 4.39 4.16+0.02
Gozenek sayist (adet) 41 1041 1117 1075+£3.07
Elongasyon 41 1.37 1.62 1.48+0.01

Ak oranm (%) 41 60.18 68.57 64.18+0.30

Sar1 orani (%) 41 23.48 31.78 27.82+0.31

Ak indeks (%) 41 6.53 10.10 7.87+0.16

Sar1 Indeks (%) 41 35.63 53.76 45.69+0.61
Yumurta sarisi rengi 41 3 6 4.6540.11

SH: Standart hata

Bazi yumurta dis kalite oOzeliklerinin
hesaplanmasinda  kullanilan  ortalama
yumurta boyu ve eni degerleri sirasiyla
16.56+0.08 mm ve 11.23+0.09 mm’dir. Bu
degerler yardimi ile hesaplanan ortalama
sekil indeks ve yumurta hacmi degerleri %
67.91+0.66 ve 110.02+1.89 cm® olarak
hesaplandi.  Yumurta agirhik  degeri
kullanilarak hesaplanan ortalama kabuk
kalinligi ve yogunlugu degerleri ile
elongasyon ve gozenek sayisi degerleri ise
strastyla 0.06+0.00 mm ve 1.95+0.00 g/cm?
ile % 1.48+0.01 ve 1075+3.07 adet olarak
bulundu. Yumurtalarda 0.06 mm ile 0.12
mm araliginda bulunan kabuk agirliklarinin
ortalama degeri 0.08+0.01 mm dir.
Yumurta i¢ kalite 6zelliklerinde yumurta ak
ve sar1 orani degerleri ile ak ve sar1 indeks
degerleri swrasiyla % 64.18+0.30 ve
27.82+0.31 ile %7.87+0.16 ve 45.69+0.61
olarak belirlendi. Yumurtalarin sart rengi
Roche yolk color kullanilarak gézlem yolu
belirlendiginde, renklerin daha ¢ok agik
sartya yakin oldugu, puanlamada ise 3 ile 6
arasinda  degerler alindigi  goriildi.
Calismada  ortalama  yumurta Kkalite
ozellikleri degerleri ile bu o6zellikler i¢in
alian en kiiciik ve en biiyiik degerler Tablo
1 de belirtilmistir.

Kanathlarda yumurta sekli, tiir, irk, hat-
soy icin kalitsal bir 6zelliktir. Ancak ayni
tiir-irk ya da soy icinde ireme mevsimi, yas
ve beslenme-bakim sartlarina gére yumurta
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sekli, agirhigr ile kabuk agirhigr degerleri
bakimindan farkliliklar goriilebilmektedir.
Gida amacgh tiiketilen yumurtalarda
yumurta sekli gerek pazarlama gerekse
nakliye sirasinda 6nem arz eder. Kulugkalik
yumurtalarda ise embriyonel gelisimde
etkili rol tistlenir. Normalden daha kiictik ya
da daha biiyiik yumurtalar kuluckalik olarak
degerlendirilmezler. Mevcut ¢alismamizda
Zebra ispinoz yumurtalarda ortalama boy
ve en degerleri sirastyla 16.56 ve 11.23 mm
dir. Elde edilen sonuglar, Boruszewska ve
ark. (2007)’nin bu kuslar lizerinde yapmis
olduklar1 ¢alismada bildirdikleri ortalama
boy (151 cm) ve en (114 cm)
degerlerinden  yiiksektir. Yumurtalarda
ortalama sekil indeks degeri % 67.91 olarak
bulunmustur. Kanathilar iizerinde yapilan
farkli arastirmalarda bu deger, su kusu
olarak nitelendirilen kazlarda elde edilen
degerlere (% 65-82-66.94) benzer (Sar1 ve
ark., 2019; Eroglu ve Erigir, 2022;
Giinciibeyoglu ve ark., 2022), tavuk (% 79-
91-80.79) (Tabib ve ark., 2021), hindi (%
71.9-74.55) (Erisir ve ark.,1999; Alasahan
ve ark., 2019) 6rdek (% 71.76) (Alasahan ve
ark., 2019) ve bildircin (% 79.54-88.00)
(Ozgelik, 2002; Celik ve ark., 2014) tiirleri
icin  bildirilen  degerlerden  diislik
bulunmustur.

Yumurta agirligt ve hacmi, kulugkadan
cikan civcivin agirligini, biiylimesini ve
hayatta  kalmasmi etkileyebilmektedir
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(Ulmer-Franco ve ark., 2010). Shanawany
(1987) yumurta agirligi ile civciv ¢ikim
agirhigr arasinda pozitif linear iliski
bulundugunu bildirmektedir. Zebra ispinoz
yumurtalarinda ortalama yumurta agirligi
degeri (1.06 g), kafes ortaminda yetistirilen
Zebra ispinoz kuslart i¢in bildirilen
degerlerden diisiik (1.10-1.35) (Gilbert ve
ark., 2006; Griffith ve Gilby, 2013), vahsi
ortamdan yakalanip ilk yumurtasini kafes
ortaminda veren kuslar (0.90-1.00 g) ve
vahsi ortamda yasayan (0.90-0.95 g) kuslar
icin ise bildirilen degerlerden yiiksek
oldugu goriilmustiir (Griffith ve Gilby,
2013). Bu  farkliigimm  hayvanlarin
yaslarindan ve kla¢ biyiikliiklerinden
kaynakli  olabilecegini  diisiinmekteyiz.
Aragtirmamizda yumurta boyu ve eni
degerleri kullanilarak hesaplanan yumurta
hacmi degeri (122.67 cmq), Zanolla ve ark.
(2013)  bildirmis  olduklar1  degerden
(1651.50 mm?®) disiiktiir. Kullanilan
hayvanlarin yasmin kii¢iik olmasi, farkl
beslenme rejimlerinin uygulanmasi, takip
edilen yumurta doénemi ve genetik
farkliliklar diisiik olmasinda etken olabilir.

Yumurta kabugu embriyoyu dis
ortamdan koruyan, sahip oldugu gézenekler
sayesinde yumurta i¢ ve dis ortam arasinda
gaz ve nem aligverigine yardimci olan bir
yapidir. Kabuk kalitesi (agilik, kalinlik ve
gdzenek sayis1) embriyo gelisimde etkili rol
istlenir. Arastirmamizda ortalama kabuk
agirhgr degeri 0.08 g olarak tartilmustir.
Kabuk agirliginin yumurta agirligina gore
ylzde degeri % 7.99 dir. Senkoylii (2001),
tavuklarda taze yumurtada kabuk ve kabuk
zarlarinin birlikte agirliklart i¢in yumurta
agirligimin yaklasik % 11 ini olusturdugunu
bildirmistir. Sun ve ark’nin (2023)
yaptiklar calismada farkli kanath tiirlerinde
bildirmis olduklar1 ortalama kabuk agirlig
degerlerinin, ortalama yumurta agirlig
degerine  gore  ylizde  degerliligini
hesapladigimizda, tavuk (% 9.74), 6rdek (%
10.00), kaz (% 10.06), hindi (% 9.18) ve
bildircinlarda (% 8.90) bu oranin mevcut
calismamizda elde ettigimiz sonugtan
yiiksek oldugu, giivercinlerde (% 7.08) ise
benzer oldugu gorilmistir. Tiir, bakim-
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besleme ve yas faktorlerinin bu oranlamada
etkili oldugu diisiiniilmektedir.

Kanatli yetistiriciliginde, yumurtalarda
bazi Ol¢limler kullanilarak olusturulan
matematiksel formiiller yardimi ile,
yumurtalar1  kirmadan  c¢esitli  kalite
ozelliklerini tahmin etmek miimkiindiir. Bu
durum yumurta biitiinliigli korunarak,
yumurta kalitesinin tahmin edilmesinde ve
yetistiriciye ekonomik kazang
saglamasinda yardimci olmaktadir
(Alasahan ve ark., 2013). Mevcut ¢caligmada
matematiksel modelleme yontemi ile
tahmin edilen gozenek sayisi, Hoffaman ve
ark. (2023), yiiksek ¢evre sicakligina maruz
kalan Zebra ispinozlarinda kuluckadan
¢ikan civcivlerin - yumurta kabugunu
inceledikleri calismada elde ettikleri
sonuctan distik c¢ikmistir. Bu durum
arastirmacilarin da belirttigi gibi yiiksek bir
181 stresine maruz kalan anneler, gelisim
sirasinda daha yliksek yogunlukta kabuk
gozeneklerine sahip yumurtalar iiretmesi ile
iliskilendirilmistir.

Yumurta i¢ kalite 6zellikleri embriyonun
gelisimi  ve beslenmesi ile yakindan
iliskilidir. Yumurta ak ve sar1 i¢in bildirilen
kalite oOzellikleri genetik, yas, bakim
besleme kosullart ile yumurta bekletme
stiresine gore farklilik gosterebilir (Sun ve
ark., 2019, Tabib ve ark., 2020; Eroglu ve
Erisir, 2022). Calismada yumurta ak orani
(% 64.18) Sun ve ark. (2019) yapmis
olduklar1 ¢alismada tavuk (% 62.74), hindi
(% 60.98), bildircin (% 60.95), ordek (%
57.60) ve kaz (% 52.03) tiirleri icin
bildirilen degerlerden yiiksek, giivercin (%
73.56) i¢in bildirilen degerlerden diisiik
bulunmustur. Yumurta sarisi orant (%
27.82) 1se tavuk icin bildirilen degere
benzer, giivercin i¢in bildirilen degerden
yiiksek, diger kanathi hayvan tiirleri i¢in
bildirilen degerlerden ise diisiik
bulunmustur. Kanatlilarda yumurta sarisi,
embriyonik gelisim icin gerekli ana enerji
kaynag1 olan lipitleri igermektedir (Speake
ve ark., 1998, Surai, 2002). Ayrica
ovulasyon dncesi ana¢ materyalden yavruya
antioksidan maddelerin aktarildig1
olusumdur (Rubolini ve ark.,, 2006).
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Antioksidan maddeler, serbest radikal
maddelerin embriyonik gelisim sirasinda
lipidlerin ~ kullanilmasin1 ~ bloke edici
etkilerini yok etmektedir. Yumurta sarinin
rengi, sarisinda bulunan antioksidan madde
olan karotenoid igeriginin bir temsilcisi
olarak kullanilabilmektedir (Bolund ve ark.,
2009). Bolund ve ark. (2009) yapmis
olduklar1 calismada Zebra ispinozarinda
yumurta sarisi renginin bizim
calismamizdan farkli olarak turuncuya
yakin deger gosterdigini bildirmistir. Bu

durumun  beslenme-bakim  kosullarnin
farklilign ~ ile  iligkili  olabilecegini
diisiinmekteyiz.

4. Sonuclar

Sonu¢ olarak, mevcut c¢alismamizda
beyaz tiiylii, kahverengi yanakli Zebra
ispinoz kuslarinda yumurta kalite 6zellikleri
incelenmistir.  Bu  kuslarda  yumurta
kalitesine iliskin az sayida ¢aligma dikkate
alindiginda sunulan veriler Onem arz
etmektedir. Ancak, arastirma on calisma
olarak degerlendirilmis olup Zebra ispinoza
ait tek renk varyetesinde sayica az ornekle
gerceklestirilmistir. Daha ayrintili sonuglar
icin; birden ¢ok renk varyetelerinin
kullanilacag: ve farkli ireme mevsimlerinin
de dahil edilecegi ileri ¢alismalarla devam
ettirilmesinde fayda gormekteyiz.

Yazarlarin Katki Beyani

Yazarlar  makaleye esit  katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler

Cikar Catismas1 Beyam
Tiim yazarlar, bu ¢alisma i¢in herhangi

bir c¢ikar c¢atismast olmadigin1 beyan
etmektedir.
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Bu ¢alisma, Giineydogu Anadolu Bolgesi ¢ayir-mera ve dogal vejetasyonlarinda yer alan 9 farkli Onobrychis
tiurtinde (O. aequidentata, O. altissima, O. caput-galli, O. carduchorum, O. crista-galli, O. galegifolia, O.
kotschyana, O. megataphros ve O. transcaucasica) bazi ot kalite 6zelliklerini belirlemek amaciyla 2023 yilinda
yiiriitiilmiistiir. Arastirmada tiirler arasinda ham protein (HP) % 14.99-21.42, asit deterjanda ¢6ziinmeyen lif
(ADF) % 15.60-27.44, nétral deterjanda ¢oziinmeyen lif (NDF) % 32.35-45.30, asit deterjanda ¢6ziinmeyen
protein (ADP) % 0.7-1.1, kuru madde (KM) % 88.70-92.46, sindirilebilir kuru madde (SKM) % 67.53-76.75, kuru
madde tiiketimi (KMT) % 2.65-3.71, nispi yem degeri (NYD) 141.1-210.8, potasyum (K) % 0.40-2.53, kalsiyum
(Ca) % 1.45-2.51, magnezyum (Mg) % 0.26-0.32, fosfor (P) % 0.15-0.42, Ca/P 3.75-16.67 ve K/(Ca+Mg) 0.14-
1.38 araliklarinda degisim gostermistir. Sonug olarak, tiirler arasinda incelenen kalite 6zellikleri bakimindan en
iyi degerler sirasiyla O. carduchorum, O. megataphros ve O. transcaucasica’dan elde edilirken, en diisiik kalite
degerleri ise O. kotschyana, O. galegifolia ve O. crista-galli’den elde edilmistir.

Anahtar Kelimeler: Onobrychis, tiirler, ot kalitesi, mineral maddeler

Determination of Forage Quality Characteristics in Some Onobrychis Species in
Meadow-Pastures and Natural Vegetation in Southeastern Anatolia Region

Abstract

This study was carried out in 2023 to determine some forage quality traits in 9 different Onobrychis species (O.
aequidentata, O. altissima, O. caput-galli, O. carduchorum, O. crista-galli, O. galegifolia, O. kotschyana, O.
megataphros and O. transcaucasica) located in the meadows-pastures and natural vegetation of the Southeastern
Anatolia Region. In the research, among the species, crude protein (CP) was 14.99-21.42%, acid detergent
insoluble fiber (ADF) was 15.60-27.44%, neutral detergent insoluble fiber (NDF) was 32.35-45.30%, acid
detergent insoluble protein (ADP) was 0.7-1.1%, dry matter (DM) was 88.70-92.46%, digestible dry matter
(DDM) was 67.53-76.75%, dry matter intake (DMI) was 2.65-3.71%, relative feed value (RFV) was 141.1-210.8,
potassium (K) was 0.40-2.53%, calcium (Ca) was 1.45-2.51%, magnesium (Mg) was 0.26-0.32%, phosphorus (P)
was 0.15-0.42%, Ca/P 3.75-16.67 and K/(Ca+Mg) 0.14-1.38 ranges. As a result, the best values in terms of quality
traits examined among the species were obtained from O. carduchorum, O. megataphros and O. transcaucasica,
respectively, while the lowest quality values were obtained from O. kotschyana, O. galegifolia and O. crista-galli.

Keywords: Onobrychis, species, forage quality, minerals

843


http://dx.doi.org/10.5281/zenodo.13923619
mailto:mbasbag@dicle.edu.tr
https://orcid.org/0009-0003-4488-5680
https://orcid.org/0000-0002-7853-7604

Aydm ve Bagbag

1. Giris

Ulkemizde ¢ayir-mera alanm 14.616.687
ha, Gilineydogu Anadolu bdlgesinde ise
cayir-mera alanlar1 1.012.576 ha olup iilke
genelinin % 6.92'sini  olusturmaktadir
(Seydosoglu ve ark. 2019 ab; Cetik
Yesilova ve Basbag, 2024; Seydosoglu ve
Basbag, 2024). Onobrychis cinsi baklagiller
familyasi (Fabaceae=Leguminosae)
icerisinde Onemli bir takson zenginligine
sahiptir. Diinya’da tek ve ¢ok yillik olarak
yaklagik 170 takson yer alirken (Lock ve
Simpson, 1991; Yakovlev ve ark., 1996;
Mabberley, 1997; Karamian ve ark., 2012),
Ulkemizde ise 70 taksonun dogal olarak
yetistigi bildirilmistir (Aktoklu, 1995; Ince,
2007; Avci, 2010; Agikgodz, 2021). Bu
yabani tiirler, Baltik Denizi'nden, Akdeniz,
On Asya ve Sibirya'ya kadar uzanan cok
genis bir alana yayilmistir. Ozellikle Orta
Asya'dan Anadolu'ya kadar uzanan bdlge
yabani korunga tiirlerince c¢ok zengindir.
Korunga cinsindeki tiir zenginligine
karsilik, bunlardan sadece adi korunga veya
korunga olarak adlandirilan (Onobrychis
viciifolia Scop.) tarimsal a¢idan 6nemlidir.
Korunga kuraga dayanikli, otu besleyici ve
hayvanlar tarafindan tercih edilen bir bitki

arastirmalarda ham protein (HP) % 10.88-
29.17, ADF % 18.91-41.79, NDF % 25.91-
53.89, SKM % 56.35-88.9, KMT % 2.23-
463, NYD 97.26-266.3 araliklarinda
degisirken (Killen, 2008; Elmali ve Kaya,
2012; Azuhnwi ve ark., 2013; Badieh ve
ark. 2013; Navasardyan, 2013; Ulger ve
Kaplan, 2016; Bhattarai, 2017; Ozkése,
2018; Davazdahemami ve ark., 2020;
Kapp-Bitter ve ark., 2021; Demiroglu ve
ark., 2021; Biligetu ve ark., 2021; Sayar ve
ark., 2022; Cacan ve ark., 2023; Abebe ve
ark, 2024; Kovalenko ve ark., 2024), makro
mineral maddelerden K % 2.00-3.28, Ca %
0.40-3.05, Mg % 0.12-0.66, P % 0.12-0.64,
Ca/P 2.90-5.53, K/(Ca+Mg) % 0.88-3.08
araliklarinda degisim gostermistir
(Navasardyan, 2013; Ozkése, 2018, Sayar
ve Han, 2023; Abebe ve ark., 2024; Cagan
ve Kokten, 2024; Kovalenko ve ark., 2024).
Bu ¢alismada, Glineydogu Anadolu Bolgesi
cayir-mera ve dogal vejetasyonlarinda yer
alan bazi Onobrychis tiirlerinde hayvan
beslenmesi acisindan 6nemli olan bazi ot
kalite 6zellikleri belirlenmeye calisilmistir.

2. Materyal ve Yontem

Arastirmanin materyalini, Giineydogu
Anadolu Bolgesinin farkli lokasyonlarindan

olu tilkketen  hayvanlarda iskinlik e
P, (Acik v 2021) $$rotein 2023 yilinda toplanan Onobrychis cinsine
apmamasi 1KZ0Z . o e g .
yapn §1xgoz, o pre ! ait 9 tiirlin bitki ornekleri olusturmaktadir.
kalsiyum, fosfor ve diger mineral .1 - -
ddel . ; (Tik 51 Tiirlerin toplandig1 lokasyonlar, cografi
maadelerce zengin olmasi 1Knazogiu . . .
, nem  omast g koordinatlar1 ve toplanma tarihleri Tablo
2009) oOnemli istinliikleridir.  Farkl 1’de verilmistir
Onobrychis  tiirleri  lizerinde yapilan ’
Tablo 1. Onobrychis tiirlerinin kromozom sayilari ve toplandigi lokasyonlara ait bilgiler
Tiirler 2n* Lokasyon Enlem Boylam Rakim (m) Tarih
Onobrychis caput-galli (L.) Lam. 14 Kilis 36°46'37.4478" 37°16' 40.1406" 624 06.05.2023
Onobrychis galegifolia Boiss. 16 Diygrbakn 370 561 02.2" 40°16' 38.5" 703 15.05.2023
(Silvan)
Onobrychis megataphros Boiss. 32 Sanhurfaﬂ 37° 46' 30.378" 39° 47 1.4382" 1469 21.05.2023
(Karacadag)
Onobrychis carduchorum C.C. 14 Diyarbakir o 1 R o 1o "
Townsend (Ciingiis) 38°12'10.206 39°19'50.9874 990 10.05.2023
Onobrychis aequidentata (Sibth. et 28 Adiyaman o e " o e
Sm.) DUrv. (Kahta) 37°52'41.1774 38°54'13.4928 736 06.05.2023
Onobrychis crista-galli (L.) Lam. 28 Sirnak (Cizre) 37°15'44.2" 42°07' 46.2" 500 07.05.2023
Onobrychis kotschyana Fenzl. 14 Diyarbaklr 38° 08’ 04.0" 40° 53'37.9" 664 15.05.2023
(Silvan-2)
Onobrychis altissima Grossh. 14 Gaziantep 37097 06.3" 370 42 16.1" 551 06.05.2023
(Araban)
Onobrychis transcaucasica Grossh. 28 Siirt 37°52'12.2" 41°49'45.6" 638 07.05.2023

*Sepet, 2007
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Onobrychis tiirlerine ait herbaryum ve ot
ornekleri bitkilerin ¢igeklenme doneminde
almmugtir. Bitkilerin tiir teshisleri Dicle
Universitesi Fen Fakiiltesi Biyoloji Boliimii
emekli &gretim Uyesi Prof. Dr. Selcuk
ERTEKIN tarafindan yapilmistir. Her bir
tiirden yaklasik 200’er g yesil ot numunesi
bitkilerin kok bogazindan kesilerek alinmis
ve kurutma dolabinda (Memmert ULM
800) 70 °C’de 48 saat kurutulduktan sonra
(Anonim, 2001), laboratuvar tipi
degirmende (IKA, All) ogitilmistiir.
Daha sonra numuneler 1 mm ¢apli numune
eleginde (Retsch, DIN-ISO 3310/2)
elenerek analize hazir hale getirilmistir.
Tiirlerin kalite analizleri Dicle Universitesi
Bilim ve Teknoloji Uygulama ve Arastirma
Merkezi laboratuvarinda NIRS (Near
Infrared Spectroscopy-Foss Model 6500)
analiz cihazi ile yapilmistir. Analizde ham
protein (HP), asit deterjanda ¢dziinmeyen
lif (ADF), notral deterjanda ¢oziinmeyen lif
(NDF), Ca, K, Mg ve P degerleri
Ol¢iilmiistiir. Ayrica tespit edilen ADF ve
NDF yardimiyla sindirilebilir kuru madde
(SKM), kuru madde tiiketimi (KMT) ve
nispi yem degerleri (NYD) de hesaplanarak
bulunmustur. Hesaplamalarda asagidaki
formiiller kullanilmistir (Morrison 2003).
SKM=88.9 - (0.779 x ADF)

KMT= 120/ NDF
NYD= (SKM x KMT) / 1.29

Aragtirma sonucunda Ozelliklere ait
veriler ~ JMP-Prol3 istatistiki  paket
programinda tesadiif bloklar1 deneme
desenine gore analiz edilmistir. Ortalamalar
arasindaki farkliliklar, LSDos) ¢oklu
karsilastirma testi ile karsilastiriimistir.
Scatter plot modeline gore temel bilesenler
analizi GenStat for Windows (Genstat,
2009) istatistiki paket programinda,
korelasyon tablosu ise JMP-Pro-13 paket
programinda yapilmistir.

3. Bulgular ve Tartisma
3.1. Ham protein

Farkli Onobrychis tiirlerinde HP oranlari
% 14.99-21.42 araliklarinda degismis ve
ortalama % 18.27 bulunmustur. Tirler
icerisinde en yiliksek HP oranin1 O.
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carduchorum verirken, bunu istatistiksel
olarak farkli gruplarda yer alan O.
megataphros ve O. transcaucasica takip
etmistir. En diistik deger ise istatistiksel
olarak ayni grupta yer alan O. galegifolia ve
O. kotschyana’dan elde edilmistir (Tablo 2).
Calismada ham protein oranma iliski elde
edilen bulgular Killen (2008) (% 15.5-18.9),
Elmali ve Kaya (2012) (% 12.9-19.1),
Azuhnwi ve ark. (2013) (% 19.2-19.4),
Navasardyan (2013) (% 14.6-20.2), Ulger ve
Kaplan (2016) (% 12.3-15.9), Bhattarai
(2017) (% 13.4-17.5), Davazdahemami ve
ark. (2020) (% 18.6-23.8), Biligetu ve ark.
(2021) (% 15.0-17.1), Demiroglu ve ark.
(2021) (% 17.6-19.8), Sayar ve ark. (2022)
(% 14.0-15.7), Abebe ve ark. (2024) (% 16.4-
18.8), Cagan ve ark. (2023) (% 14.2-17.7),
Kovalenko ve ark. (2024)’nin bulgular1 (%
15.9-18.1) ile uyumlu bulunurken, Ozkdse
(2018) (% 10.9-12.7) ile Kapp-Bitter ve ark.
(2021)’nin bulgularindan (% 12.8) yiiksek,
Badieh ve ark. (2013)’nin bulgularindan (%
25.4-29.2) ise disiik bulunmustur. Bu
farkliliklar muhtemelen c¢alisilan genotipler
ve ekolojik kosullardan kaynaklanmigtir.

Ham protein orani, kaba yemin kalitesini
belirleyen 6nemli karakterlerden birisi olup,
bu degerin miimkiin oldugunca ytksek
olmas1 arzu edilir.

3.2.  Asit deterjanda ¢oziinmeyen lif
Farkli  Onobrychis tiirlerinde ADF
oranlar1 % 15.60-27.44 arasinda degismistir
(ort. % 22.50). Tiirlerden en diisiik ADF
orant O. galegifolia’dan elde edilirken,
bunu istatistiksel olarak farkli grupta yer
alan sirasiyla O. megataphros, O.
transcaucasica ve O. carduchorum tiirleri
takip etmistir. En yiiksek ADF orani ise O.
kotschyana’dan elde edilmistir (Tablo 2).
ADF oranma iliskin elde edilen bulgular,
Elmali ve Kaya (2012) (% 24.6-33.6),
Badieh ve ark. (2013) (% 18.9-27.0),
Aufrére ve ark. (2013) (% 14.5-35.7),
Davazdahemami ve ark. (2020) (% 24.4-
36.4), Biligetu ve ark. (2021) (% 23.0-25.2),
Abebe ve ark. (2024)’nin bulgulart (%
26.1-31.1) ile uyumlu iken, Killen (2008)
(% 31.7-35.1), Azuhnwi ve ark. (2013) (%
28.8-31.5), Ulger ve Kaplan (2016) (%
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32.0-41.8), Bhattarai (2017) (% 34.9-41.6),
Demiroglu ve ark. (2021) (% 34.9-37.5),
Kapp-Bitter ve ark. (2021) (% 40.9), Sayar
ve ark. (2022) (29.5-32.7), Cagan ve ark.
(2023)’nin  bulgularindan (% 30.1-34.2)
diisiik bulunmustur. Kaba yemlerde ADF
degeri, bitki hiicre duvarmin yapisinda
bulunan seliiloz, lignin ve c¢oziilemeyen
protein miktarini ifade eder (Asc1 ve Acar,

2018) ve bu degerin diisiik olmasi istenir
(Van Soest, 1994).

3.3.  Notral deterjanda céziinmeyen lif
Farkli  Onobrychis tiirlerinde NDF
oranlari % 32.35-45.30 arasinda

bulunmustur (ort. % 40.12). Tiirlerden en
disik NDF oranmm1  O. megataphros
verirken, en yiiksek NDF orami ise O.
aequidentata ve istatistiksel olarak benzer
grupta yer alan O. crista-galli’den elde
edilmistir (Tablo 2). NDF oranina iliskin
elde edilen bulgular literatiir bulgular ile
uyumlu bulunmustur [Killen (2008) (%
41.4-44.5), Elmali ve Kaya (2012) (% 33.4-
45.8), Azuhnwi ve ark. (2013) (% 34.1-
37.2), Badieh ve ark. (2013) (% 25.9-40.1),
Aufrére ve ark. (2013) (% 20.0-45.5), Ulger
ve Kaplan (2016) (% 42.6-53.9), Bhattarai
(2017) (% 37.6-45.8), Davazdahemami ve
ark. (2020) (% 34.6-45.0), Biligetu ve ark.
(2021) (% 32.0-34.3), Demiroglu ve ark.
(2021) (% 43.5-49.0), Kapp-Bitter ve ark.
(2021) (% 44.4), Sayar ve ark. (2022) (%
39.5-43.2), Abebe ve ark. (2024) (% 37.4-
46.3), Cacan ve ark. (2023) (% 42.5-47.2)].

Kaba yemlerde NDF bitki hiicre
duvarmin yapisinda bulunan hemiseliiloz,
seliloz, lignin, kiitin ve c¢oziilemeyen
protein miktarini ifade eder (As¢1 ve Acar,
2018). Kaba yemlerde NDF oraninin kuru
madde bazinda % 25-32 arasinda olmasi
istenir (Tekge ve Giil, 2014). NDF’nin bu
degeri (% 32) asmasi nispetinde yemin de
kalitesinin o Olclide diisecegi anlamina

gelmektedir. Ancak, iizerinde c¢alisilan
tirlerin tamami1 bu degerin iizerinde
bulunmustur.

3.4. Asit deterjanda ¢oziinmeyen protein
Farkli  Onobrychis tiirlerinde ADP
oranlar1 % 0.7-1.1 arasinda elde edilmistir
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(ort. % 0.9). En diisik ADP oran1 O.
carduchorum’dan elde edilirken, en yiiksek
ADP oran1 ise Onobrychis crista-galli’den
elde edilmistir (Tablo 2).

Kaba yemlerde sindirilemeyen protein
miktarin1 ortaya koyan ADP degerinin
miimkiin oldugunca diisiikk olmas1 istenir
(As¢1 ve Acar, 2018).

3.5,  Kurumadde

Farkli  Onobrychis tiirlerinde KM
oranlar1 % 88.70-92.46 arasinda degismistir
(ort. % 90.69). En yiiksek KM degerini O.
megataphros ve O. aequidentata verirken,
en diisiik deger ise O. crista-galli’den elde
edilmistir (Tablo 2). KM oranina iliskin
elde edilen bulgular, Kapp-Bitter ve ark.
(2021) (% 92.8), Abebe ve ark. (2024)’nin
bulgulart1 (% 89.2-90.6) ile uyumlu
bulunmustur. Kaba yemlerde KM’nin
yiiksek olmasi, yemin besin maddelerince
zengin olacagr anlamina gelmektedir.
Ancak KM analizi, yemdeki organik yapida
ucucu  Ozellikte  besin  maddelerini
icermediginden sadece KM analiz sonucu,
yemin besleme degerini ortaya koymaz
(Kutlu, 2008).

3.6. Sindirilebilir kuru madde
Farkli  Onobrychis tiirlerinde SKM
oranlar1 % 67.53-76.75 arasinda elde

edilmistir (ort. % 71.38). En yiiksek SKM
O. galegifolia’dan elde edilirken, en diisiik
SKM degeri ise O. kotschyana vermistir
(Tablo 2). SKM oranina iliskin elde edilen
bulgular, EImali ve Kaya (2012) (% 62.7-
69.7), Badieh ve ark. (2013) (% 67.9-74.2),
Aufrére ve ark. (2013) (% 61.1-77.6),
Davazdahemami ve ark. (2020) (% 66.2-
77.3), Biligetu ve ark. (2021) (% 69.3-71.0),
Kapp-Bitter ve ark. (2021) (% 57.0-88.9),
Abebe ve ark. (2024) (% 64.7-68.6) ile
uyumlu bulunurken, Killen (2008) (% 61.6-
64.2), Azuhnwi ve ark. (2013) (% 64.4-
66.5), Ulger ve Kaplan (2016) (% 56.4-
64.0), Bhattarai (2017) (% 56.5-61.7),
Demiroglu ve ark. (2021) (% 59.7-61.7),
Sayar ve ark. (2022) (% 63.4-65.9), Cacan
ve ark. (2023) (% 61.6-64.2)’nin
bulgularindan ise yiiksek bulunmustur.
SKM degeri, kaba yemlerde ADF ile iliskili
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bir parametre olup, yem kalitesi agisindan
ylksek olmasi arzu edilir.

3.7. Kuru madde tiiketimi

Farkli Onobrychis tiirlerinde KMT
oranlar1 % 2.65-3.71 arasinda bulunmustur
(ort. % 3.02). En yiiksek KMT orami O.
megataphros’dan elde edilirken en diisiik
KMT degeri ise O. kotschyana, O. crista-
galli ve O. aequidentata’dan elde edilmistir
(Tablo 2). KMT oranina iliskin elde edilen
bulgular literatiir bulgular1 ile uyumlu
bulunmustur [Killen (2008) (% 2.70-2.90),
Elmali ve Kaya (2012) (% 2.62-3.58),
Azuhnwi ve ark. (2013) (% 3.23-3.52),
Badien ve ark. (2013) (% 3.00-4.63),
Aufrére ve ark. (2013) (% 2.64-6.00), Ulger
ve Kaplan (2016) (% 2.23-2.82), Bhattarai
(2017) (% 2.62-3.19), Davazdahemami ve
ark. (2020) (% 2.66-3.47), Biligetu ve ark.
(2021) (% 3.50-3.75), Demiroglu ve ark.
(2021) (% 2.45-2.76), Kapp-Bitter ve ark.
(2021) (% 2.70), Sayar ve ark. (2022) (%
2.81-3.06), Abebe ve ark. (2024) (% 2.59-
3.21), Cagan ve ark. (2023) (% 2.54-2.82)].
KMT degeri yemlerde NDF ile iliskili bir
parametre olup, bu degerin yem Kkalitesi
acisindan yiiksek olmasi arzu edilir.

3.8.  Nispi yem degeri

Farkli  Onobrychis tiirlerinde NYD
141.1-210.8 arasinda degisim gostermistir
(ort. 167.7). Arastirmada en yiiksek NYD
degeri O. caput-galli 'den elde edilirken, en
diisiik NYD ise istatistiksel olarak benzer
grupta yer alan sirasiyla O. crista-galli, O.
kotschyana ve O. galegifolia’dan elde
edilmistir (Tablo 2). NYD’ye iliskin elde
edilen bulgular, Killen (2008) (130.0-
144.0), Elmali ve Kaya (2012) (127.5-
193.3), Azuhnwi ve ark. (2013) (181.3-
160.9), Badieh ve ark. (2013) (157.6-
266.3), Aufrére ve ark. (2013) (125.2-
361.0), Bhattarai (2017) (114.7-152.7),
Davazdahemami ve ark. (2020) (159.6-
177.8), Biligetu ve ark. (2021) (187.9-
206.4), Sayar ve ark. (2022) (139.9-156.7),
Abebe ve ark. (2024) (130.0-170.7) ile
uyumlu bulunurken, Ulger ve Kaplan
(2016) (97.3-139.8), Demiroglu ve ark.
(2021) (113.4-132.0) ile Kapp-Bitter ve ark.
(2021) (119.5)’min bulgularindan yiiksek
bulunmustur. NYD degeri yonca i¢in 100
olarak belirlenmis olup, bu degerin altina
diistikce yem kalitesi de diismektedir
(Richardson, 2001). Dolayisiyla iizerinde
calisilan tiirlerin tamami bu degerin
iizerinde bulunmustur.

Tablo 2. Onobrychis tiirlerinin kalite 6zelliklerine ait ortalamalar ve olusan gruplar

Genotip HP ADF NDF ADP DM SKM KMT NYD

O. aequidentata 18.28 de 26.01 b 45.30a 11b 92.33 ab 68.64 d 2.65¢e 161.9d
O. altissima 17.77 ef 23.39¢ 40.82 ¢ 0.8d 89.99 e 70.68 ¢ 2.94d 176.6 ¢
O. caput-galli 18.63d 24.73 bc 40.07 ¢ 0.8d 90.98 ¢ 69.64 cd 3.00d 210.8a
O. carduchorum 21.42a 20.67d 35.50¢e 0.7f 92.25b 72.80 b 3.38b 191.1b
O. crista-galli 17.54 f 24.56 ¢ 44.28 ab lla 88.70 h 69.77 ¢ 2.71e 141.1e
O. galeqifolia 14999 15.60e 40.43 ¢ 1.0c 90.64 d 76.75a 2.97d 146.6¢
O. kotschyana 15.62 g 2744 a 43.96 b 0.7e 89.23 g 67.53 e 2.73¢ 1429¢e
O. megataphros 20.65b 20.03d 32.35f 0.7e 92.46 a 73.30b 3.71a 161.1d
O. transcaucasica 1951 ¢ 20.05d 38.43d 0.8d 89.61 f 73.28b 3.12¢c 177.4¢
Ortalama 18.27 22.50 40.12 0.9 90.69 71.38 3.02 167.7

LSDgo5 0.69** 1.37** 1.26** 0.02** 0.12** 1.07** 0.10** 7.94**
CV (%) 2.19 3.56 1.83 1.38 0.07 0.87 1.92 2.76

**P<0,01 ve *;P<0,05 diizeyinde onemlidir. Ayn1 harflerle gosterilen ortalamalar arasindaki fark istatistiki olarak 6nemli degildir.

3.9.  Potasyum (K)

Farkli Onobrychis tiirlerinde mineral
maddelerden K degerleri % 0.40-2.53
arasinda  degismistir  (ort. %  1.69).
Genotipler arasinda en yiiksek K degeri
istatistiksel olarak ayni grupta yer alan O.
megataphros ve O. carduchorum’dan elde
edilirken, en diisik deger ise O.
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galegifolia’dan elde edilmistir (Tablo 3). K
degerine 1iligkin elde edilen bulgular,
Ozkose (2018) (% 2.40-3.11), Cacan ve
Kokten (2024) (% 1.90-2.31), Kovalenko
ve ark. (2024) (% 2.00-2.40)’nin
bulgulariyla uyumlu iken, Sayar ve Han
(2023)’in  bulgularindan (% 3.08-3.28)
disiik  cikmustir, Potasyum bitkilerde
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metabolik, fizyolojik ve biyokimyasal
islevlerde gorev alan bir element olup,
verimi, kaliteyi ve soguga dayaniklilig
artirmaktadir (Kacar, 2005). Hayvanlar ise
slit tiretimi, sinir uyari iletimi, kas kasilmasi
ve birtakim enzimatik olaylar i¢in K'ya
ihtiyag duymaktadirlar (Lemus, 2013).

3.10. Kalsiyum

Farkli Onobrychis tiirlerinde Ca oran1 %
1.45-2.51 arasinda degismistir (ort. % 1.83).
Genotipler arasinda en yiiksek Ca degeri O.
galegifolia’dan  elde edilirken, bunu
istatistiksel olarak farkli bulunan O. caput-
galli ve O. carduchorum izlemistir. En
diisiik deger ise O. kotschyana’dan elde
edilmistir (Tablo 3). Ca degerine iliskin
elde edilen bulgular, Navasardyan (2013)
(% 1.74-3.05), Cacan ve Kokten (2024) (%
1.78-1.90) ile Kovalenko ve ark. (2024)’nin
bulgulart (% 1.71-1.81) ile uyumlu
bulunurken, Ozkose (2018) (% 0.41-1.29),
Sayar ve Han (2023) (% 1.09-1.20) ile
Abebe ve ark. (2024)’nin bulgularindan (%
0.73-1.13) ise yiiksek bulunmustur.

Kalsiyum hayvanlarin 6zellikle iskelet,
dis gibi kemik yapilarinin 6nemli bir
elementi  olup,  eksikliginde  geng
hayvanlarda kemiklerin yumusamasina,
yash hayvanlarda kemiklerin bozuk sekilli
olmasma, kiimes hayvanlarinda ise
yumurtalarin ince kabuklu olmasina neden
olmaktadir (Sabah ve Celik, 2001).

3.11. Magnezyum

Farkli Onobrychis tiirlerinde Mg % 0.26-
0.32 arasinda degigmistir (ort. % 0.29).
Tiirler arasinda en yiliksek Mg degeri
istatistiksel olarak ayni grupta yer alan O.
aequidentata ve O. crista-galli’den elde
edilirken, en diisiik deger ise O. kotschyana
ve O. megataphros’dan elde edilmistir
(Tablo 3). Mg degerine iliskin elde edilen
bulgular, Cacan ve Kokten (2024)’nin
bulgular1 (% 0.30-0.33) ile uyumlu iken,
Ozkdse (2018) (% 0.37-0.66) ile Sayar ve
Han (2023)’1n bulgularindan (% 0.12-0.14)
ise diisiik bulunmustur. Magnezyum, sinir
sisteminin asir1  duyarliligin1  azaltarak
sakinlesmeye  yardimci  oldugu igin
"antistres minerali" olarak da bilinir.

848

Enzimlerin harekete gegirilmesi ve kandaki
sekerin enerjiye doniistiiriilmesinde rol alir.
Koyunlarda Mg noksanliginda, bacaklarda
kasilma, basin geriye dogru kaldirilmasi
seklinde ortaya ¢ikan ¢ayir tetanisine neden
olmaktadir (Ensminger ve ark., 1990).

3.12. Fosfor

Farkli Onobrychis tiirlerinde fosfor orani
(P) % 0.15-0.42 arasinda degismistir (ort. %
0.33). Tiirler arasinda en yiiksek P degeri O.
megataphros’dan elde edilirken, bunu
istatistiksel olarak farkli gruplarda yer alan
O. carduchorum ve O. kotschyana takip
etmistir. En  diisik deger ise O.
galegifolia’dan elde edilmistir (Tablo 3). P
degerine 1iligkin elde edilen bulgular,
Navasardyan (2013) (% 0.35-0.60), Ozkose
(2018) (% 0.12-0.23), Sayar ve Han (2023)
(% 0.25-0.26), Abebe ve ark. (2024) (%
0.25-0.27) ile Cagan ve Kokten (2024)’in
bulgulariyla (%  0.34-0.39)  uyumlu
bulunurken, Kovalenko ve ark. (2024)’nin
bulgularindan (% 0.59-0.64) ise disiik
c¢ikmistir. Fosfor, kemik i¢in &nemli bir
bilesendir ve metabolik yollara katilan
cesitli  organik  bilesiklerde  bulunur
(Kidambi ve ark., 1990), hayvanlarin enerji
metabolizmasinda gorev alir (Lemus,
2013). Fosfor noksanliginda, hayvanin
istahinin bozulmasi, biiylimenin
yavaslamasi, durgunluk, dizlerin ige dogru
biikiilmesinden kaynaklanan carpik
bacaklilik gibi belirtiler ortaya ¢ikmaktadir
(Ensminger ve ark., 1990). Korunga bitkisi,
fosfor bakimindan hayvancilik i¢in 6nemli
bir fosfor kaynagidir (Tiknazoglu, 2009).

3.13. Kalsiyum / Fosfor

Farkli Onobrychis tiirlerinde Ca/P 3.75-
16.67 arasinda degismistir (ort. 6.30).
Tiirler arasinda en yiliksek Ca/P degeri O.
galegifolia’dan elde edilirken, bunu
istatistiksel olarak farkli grupta yer alan O.
caput-galli ve O. crista-galli izlemistir. En
diistik deger ise Onobrychis
megataphros’dan elde edilmistir (Tablo 3).
Ca/P degerine iliskin elde edilen bulgular,
Navasardyan (2013) (4.97-5.08), Ozkose
(2018) (3.32-5.63), Sayar ve Han (2023)
(4.28-4.96), Abebe ve ark. (2024) (2.92-
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4.19), Cagan ve Kokten (2024)’in bulgulari
(% 4.78-5.49) ile uyumlu bulunurken,
Kovalenko ve ark. (2024) bulgularindan
(2.83-2.90) yiiksek c¢ikmistir. Bir ¢ok
aragtirmaci hayvan beslemesinde
kullanilacak yemlerde Ca:P oraninin biiytlik
Onem arz ettigini ve bu oranin 1:1 ile 2:1
arasinda olmasi gerektigini ve bu oranin
2’den fazla olmasi durumunda hayvanlarda
zehirlenmelere yol acacagimi vurgularken
(Ayan ve ark., 2010; Albu ve ark., 2012;
Grzegorczyk ve ark., 2017), Acikgdz
(2021)’in bildirisine goére Reid ve Jung
(1974) yem bitkilerinde ideal Ca/P oraninin
2.0 olarak kabul edildigini, bu oranin 3-5,
hatta daha da fazla olabilecegi, ancak
yiksek Ca/P oranma sahip bitkilerle
beslenen hayvanlarda siit hummasi ve yem
etkinliginde bir azalmanin goriilebilecegini
bildirmislerdir.

3.14.Potasyum/(Kalsiyum+Magnezyum)

Farkli Onobrychis tiirlerinde K/(Ca+Mg)
0.14-1.38 arasinda degismistir (ort. 0.83).
Tiirler arasinda en yiikksek deger O.
megataphros’dan elde edilirken bunu
istatistiksel olarak farkli gruplarda yer alan
O. carduchorum ve O. crista-galli
izlemistir. En diisik deger ise O.
galegifolia’dan elde edilmistir (Tablo 3).
K/(Ca+Mg) degerine iliskin elde edilen
bulgular, Cacan ve Kokten (2024) (0.88-
1.07), Kovalenko ve ark. (2024) (1.17-
1.33)’nin bulgular1 ile uyumlu bulunurken,
Ozkose (2018) (1.60-3.08) ile Sayar ve Han
(2023)’in  bulgularindan (2.35-2.57) ise
diistik bulunmustur. K/(CatMg) oraninin
da 2.2’den yiiksek olmasi, hayvanlarda
tetani hastaligr riskini olusturmaktadir
(Aydin ve Uzun, 2002). Uzerinde ¢alisilan
tim genotiplerin K/(Ca+Mg) oranlar1 bu
degerden diisiik bulunmustur.

Tablo 3. Onobrychis tiirlerinin kalite 6zelliklerine ait ortalamalar ve olusan gruplar

Tiirler K Ca Mg P Ca/P K/(Ca+Mgq)
O. aequidentata 1.80¢c 175e 0.32a 0.32e 5.45¢c 0.87d
O. altissima 1.37de 1.73e¢ 0.28 ¢ 0.34cd 5.07d 0.68¢
O. caput-galli 1.93b 1.96 b 0.29¢ 0.34d 5.83b 0.86 d
O. carduchorum 2.48a 191c 0.30b 0.39b 4.87d 1.12b
O. crista-galli 197b 1.81d 0.32a 03le 5.82b 0.92¢
0. galegifolia 0.40f 251a 0.31b 0.15f 16.67 a 0.14h
O. kotschyana 134e 1459 0.26d 0.35¢ 4.14¢ 0.78¢
O. megataphros 253a 1.58f 0.26 d 042a 3.75f 1.38a
O. transcaucasica 1.43d 174 ¢ 0.28¢c 0.34cd 5.10d 0.71f
Ortalama 1.69 1.83 0.29 0.33 6.30 0.83
LSDg s 0.7** 0.04** 0.01** 0.01** 0.28** 2.02**
CV (%) 2.46 1.30 1.37 1.99 2.63 131

**P<0,01 ve *;P<0,05 diizeyinde onemlidir. Ayn1 harflerle gosterilen ortalamalar arasindaki fark istatistiki olarak 6nemli degildir.

08
w Onobrychis galegifolia
0.6 - ? SKM
04 e R ® NYD
RN 4 ® KMT
3 PR Onobrychis megataphros
% 0.2 4 N\, 4@ 1 mcbrycms cardichorum ©
o) -‘O(zpli;'/ych/s transcaucasica
e \ | &~ e HP
' 00 S ; s
(&) @ ADP 7 u$midepdmitinaaptge
[+ % A R
02 P —Q "(ca+mg)
4 ® P
- o % ND; GRS e ntata
’ a Ou+brycn;« kotschyana
0.6 - © ADF
T T T T T T
-0.6 -0.4 -0.2 -0.0 0.2 04 0.6 0.8

PC1 - 46.84%
Sekil 1. Incelenen 6zelliklerin ve Onobrychis tiirleri arasindaki iliskinin vektor grafigi yardimiyla scatterplot biplot
grafiginde gosterimi
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Scatter plot biplot teknigi ile incelenen
ozellikler ve Onobrychis tiirleri arasindaki
iligki Sekil 1’de bulunmaktadir. Yapilan
biplot analizinde iki boyutlu PCA skoru
PCl % 46.84 ve PC2 % 33.59, toplam

varyasyonun (PC1+PC2) ise % 80.43
oldugu kaydedilmistir. Vektorlerle
gosterimde  vektorler arasindaki a1
goriinimiim  daralmasi  s6z  konusu

parametreler arasinda olumlu ve yliksek
korelasyon oldugunu (K ile K/(Ca+Mg), K
ile P, NYD ile KMT) ve &zelliklerin
birbirlerine yakin konumda oldugunu
gostermektedir (Yan ve Tinker, 2006;
Basbag ve ark., 2021). Gorseldeki vektorler
arasindaki ag¢1 goriinlimiiniin genislemesi
ozellikler arasindaki korelasyonun
zayifligim1 (KM ile ADF, HP ile ADF) ve
acinin 90 °C’¢ esit olmas1 Ozellikler
arasinda iliski olmadigim1 kanitlamaktadir.
Gorselde koordinat diizleminin tersi yonde
konumlanan ADP, Ca/P, NDF, Ca ve Mg
degerlerinin diger 6zellikler ile negatif iligki
icerisinde oldugunu gostermektedir (Sekil
1). Ayrica sektorlerde yer alan tiirler
bulunduklar1 sektdrde yer alan ozellikler
bakimindan en yiliksek degeri temsil
etmektedir. Buna gore, O. kotschyana, O.
crista-galli ve O. aequidentata ADF ve
NDF yoniinden, O. megataphros, O.
carduchorum ve O. transcaucasica NYD,
KMT, KM, HP, K, P ve K/(Ca+tMg)
yoniinden, O. galegifolia Ca, Mg, ADP ve
Ca/P yoniinden en yiiksek ortalamalar:
temsil etmistir (Yan ve Tinker, 2006).

Ayrica koordinat diizleminde saat tersi
yoniinde yer alan Ca, Ca/P, Mg, ADP ve
NDF koordinat diizleminin saat yOniinde
yer alan 6zellikler ile negatif iligkili oldugu
goriilmektedir. Bagbag ve ark., (2021)
yaptiklar1 aragtirmada ADF ile NDF ve Ca,
Mg ve ham proteinin birbiriyle pozitif
korelasyon gosterdigini, ancak SKM ile
KM arasinda negatif korelasyon oldugunu
saptamislardir.

Scatter plot biplot grafikleri o6zellikler
arasindaki iliskiyi gorsel olarak birbirine
yakinliklarin1 ~ gosterebilirken — 6zellikler
arasindaki 1iligskinin Onemlilik seviyesini
gostermemektedir. Bu nedenle korelasyon
analizine ihtiyag duyulmaktadir.
Arastirmada incelenen Ozellikler arasi
iligkiyi 6nemlilik diizeyine gore belirlemek
amaciyla pairwise korelasyon analizi
yapilmistir (Tablo 4). Yapilan korelasyon
analizinde ise; HP ile KM, KMT, NYD, K,
P ve K/(Ca+Mg); KM ile KMT, NYD; ADF
ile NDF; NDF ile ADP, ADP ile Mg; SKM
ile KMT, NYD, Ca ve K/(Ca+Mg); KMT
ile NYD, K ve K/(Ca+Mg); K ile P ve
K/(Ca+Mg); Ca ile Mg ve Ca/P; P ile
K/(Ca+Mg) arasinda olumlu ve ¢ok dnemli
iliskiler bulunurken, HP ile NDF ve Ca/P;
KM ile NDF, ADF ile SKM, KMT, NYD,
Ca ve Ca/P; NDF ile SKM, KMT, NYD;
ADP ile KMT, NYD ve P; K ile Ca; Ca ile
P, Ca/P ve K/(Ca+Mg); Mg ile P; P ile Ca/P;
Ca/P ile de K/(Ca+Mg) arasinda olumsuz ve
¢ok onemli iligkiler bulunmustur.

Tablo 4. Onobrychis tiirlerinin kalite 6zellikleri arasindaki iligkinin pairwise korelasyon analizi

sonuglari
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. HP 1
2. KM 0.56** 1.00
3. ADF -0.12 -0.22 1.00
4. NDF -0.69** -0.51** 0.61** 1.00
5. ADP -0.45* -0.23 0.10 0.66** 1.00
6. SKM 0.12 0.22 -1.00** -0.61** -0.10 1.00
7. KMT 0.71** 0.54** -0.57** -0.99** -0.64** 0.57** 1.00
8.NYD 0.61** 0.51** -0.74** -0.98** -0.55** 0.74** 0.97** 1.00
9.K 0.83** 0.47* 0.27 -0.45* -0.30 -0.27 0.50** 0.34 1.00
10. Ca -0.30 0.10 -0.68** -0.02 0.32 0.68** -0.03 0.16 -0.51** 1.00
11. Mg -0.13 0.06 -0.05 0.47* 0.74** 0.05 -0.48* -0.38 -0.11 0.54** 1.00
12.P 0.76** 0.29 0.39* -0.44* -0.57** -0.39* 0.48* 0.29 0.86** -0.81** -0.50** 1.00
13. Ca/P -0.59** -0.06 -0.64** 0.12 0.38* 0.64** -0.16** 0.04 -0.75 0.91** 0.40* -0.93** 1.00
14.K/(Ca+Mg) 0.77** 0.43* 0.31 -0.46* -0.35 -0.31 0.52** 0.34 0.97** -0.66** -0.29 0.91** -0.81** 1.00

**P<0,01 ve *;P<0,05 diizeyinde onemlidir.
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4. Sonuc¢

Farkli Onobrychis tiirlerinde, incelenen
bazi 6nemli yem kalite parametreleri (HP,
ADF, NDF, SKM, KMT ve NYD)
bakimindan en iyi degerler sirasiyla O.
carduchorum, O. megataphros ve O.
transcaucasica’dan elde edilirken, en diisiik
kalite degerler ise O. kotschyana, O.
galegifolia ve O. crista-galli’den elde
edilmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tiim yazarlar, bu ¢alisma i¢in herhangi
bir ¢ikar catismasit olmadigin1  beyan
etmektedir.

Aciklama
Bu calisma, ilk yazarin Yiksek Lisans
tezinden tiretilmistir.
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Abstract

An extension of the current ZLindley distribution, the new one-parameter Square ZLindley distribution (SZLD)
is presented in this paper. It is possible to utilise the suggested model with both left-symmetric and left-skewed
data sets. The shape of the SZLD will be discussed. Additionally included are quantile functions, moment
generation functions, mean lifespan functions, Rényi entropy, order statistics, and survival and hazard functions.
To effectively convey the usefulness of the suggested distribution, statistical features like moments, modes,
quantile functions, and moment generator functions are produced. Using the maximum likelihood estimation
method, parameters were computed. A comprehensive simulation analysis is conducted to assess these suggested
estimators' performance using MLE for various parameter values two real-world datasets are used to illustrate
the applicability and flexibility of the newly suggested distribution. Additional statistical inferences on the SZLD
are supplied by data fitting, simulation studies, and graphing, utilising R and Maple tools.

Keywords: ZLindley distribution, moments, reliability analysis, simulation
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1. Introduction

In many fields, including as actuarial
science, management, engineering, physics,
biology, hydrology, and computer science,
the modelling and analysis of lifetime data
is essential.  Traditional probability
distributions have been applied to a range of
data sizes. When classical or traditional
probability models are unable to adequately
describe real-world data, significant issues
occur. Consequently, it is imperative to
enhance the flexibility of existing
probability models by adding more
parameters or combining two distributions.
Various approaches to include components
in the primary model have been recorded in
academic research. Surveys conducted by
Azzalini (1985), Bourguignon et al. (2014),
Eugene et al. (2002) and Shawet al. (2009)
are recommended for a comprehensive
analysis of generalisation methods used on
baseline distributions. These websites are
excellent sources for additional research

P(t,0)e %

fnpep (£, 0) = 7

;t,0>0

k=0 k0 gk+1

and provide insightful analyses on the topic.
The statistical literature has suggested a
number of one-parameter models, such as
the Lindley, exponential, Zeghdoudi,
Shanker, XLindley, new XLindley, and
Xgamma, to alter lifespan data. The purpose
of this article is, firstly, to propose and study
a new distribution with one parameter using
the square transformation. It may be used in
a wide variety of areas, including biology,
engineering, astronomy, actuarial science,
and medicine. On the other hand, the new
distribution has an increased risk rate and a
decreasing average residual life function.
This new distribution may attract research
attention.  The new  one-parameter
polynomial ~ exponential  distribution
(NPED) is a new statistical family that was
recently introduced by Beghriche et al.
(2022) and Saaidia et al. (2024). The
probability density function (p.d.f) of this
distribution defines.

M

Where, P(t,0) = Yi_o arot*, and a; 4 depend on kand 6.

The ZLindley distribution (ZLD) is derived as a specific instance of equation (1), whenn = 1,a09 = 1 +
26,a, g = Oas follows

6
f(t)_2(1+9)

The following are the main objectives of our
study: The objective is to identify its
qualities and provide a new enlargement of
the Square ZLindley distribution. to use the
maximum likelihood estimation technique
to determine the parameters of the new
distribution.  Applying the suggested
distribution to two real datasets.

(1+ 26+ 6t)e7%,
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2. Derivation of the Square ZLindley
Model

The Square ZLindley
distribution(SZLD) is obtained by applying

a following transformation Y = Tz, where
T follows the ZLindley distribution.The
random variable Y is distributed according
to the SZLD, which is symbolically
represented as  Y~SZLD(6). The
cumulative distribution function (CDF) of
the SZLD is obtained in the following
manner:
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gyz 2] 2
= — - -0y
F(y)=1 <1+2(1+9)>e , (2)
The corresponding probability density function (PDF) is

Oy(1+ 20 + 0y?) _oy?

) == 74 ©)

2.1. Shape of SZLD Theorem 1. The limiting behavior of PDF at
The limiting behavior of PDF at the the lower limit is
upper limit is given in the following

lim f(y) = 0.
y—-0
The limiting pattern at the upper limit is

lim f(y) =0.
y—00

Theorem 1. The density function of the SZLD is unimodal behavior start from zero where the mode is

1

_1(-a6-1)+/(9+80+1662))2
Mode= 2 2{ v )

Proof. Firstly, we determine the first derivative of the PDF for Y of the SZLD as follows:

of (y) _ 6(—20%y* — y2(46% — 6) + (1 + 26))e =’
o a+0

Then equating the previous equation to zero and solving if for y, we have the SZLD modes as follows: .

]

1
1(—(46 — 1) ++/(9 + 80 + 1662))? 92 d
Mode = 272 ( ) \/( ) ,andM<0
20 dy?

Since, The PDF of the SZLD is unimodal behavior start from zero.

3. Statistical Properties life function, actuarial measure, and order
The main goal of this section is to derive statistics are some examples of these

various statistical properties of the proposed characteristics.

distribution. The moments and related 3.1. Moments

measures, quantile function, mean residual The rth moments of SZLD are
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° 1 2
= J‘ Oy™1(1+ 20 + 0y )e_ey2
T (1+6)

dy

075 (r + 401+ 0)r(1+7)

Hr = 4(1+0) ' )

The first four moments about the origin are obtained by taking r = 1,2,3, and 4.

072(5 + 40)T )

= 4(1+0) )
,_671(6+40)T(2)
=" 1+ (6)
, 072(7 + 40)T G)
Uz = 4(1+06) (7)
62 6
. (8 +40)r(3) ®

4(1+6)

Additionally, by using moments around the origin, we can determine the ith central moments of Y as follows:

[oe)

w=EQy-p' = Z =" (T;) H" Ui

m=0

6725 +40)r (2)
2(1+0)

EX)=m =

and

4(6 + 40)(1 + 0) + (5 + 40)°T (3)2
166(1 + )2

VAR(X) = py — (u1)* =

The formulas for calculating the coefficient of variance, coefficient of skewness, and kurtosis
can be obtained using the following equations.

o SPE [Var(X) _ \/4(6 +40)(1 + 0) + (5 + 46)2T G)
Mean(x) E(X) (5 + 40)T (g)
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- 208P _ EG) 1604607+ ()
1= ERN El 3
(k= (u)*)2 Var(X))z <4(6 +460)(1 + 6) + (5 + 46)2T (%)2>2
and
Cpa = Apspn + 6 ()? - 3(w)t E(XY) 128(8 +46)(1 + 6)®
2= Wy — UDH? - 2 32\’
2~ (Var(x) <4(6 +46)(1 +6) + (5 +46)7T (2) )
Table 1 provides certain numerical of skewness, and coefficient of kurtosis for
values 5300rt he mean, variance, coefficient a few chosen parameter values.

Table 1. Some computational statistics of SZL distribution

(7] Mean Var cv Skewness Kurtosis
0.10 3. 4394 26. 375 1. 4932 0.52194 0.54887
0.50 1. 4622 4. 8047 1. 4991 0.53552 0.57757
1.0 0.99701 2. 244 1. 5025 0.54375 0.59576
2.0 0.67888 1. 0442 1. 5052 0.55058 0.61141
3.2. Quantile Function function F is continuous and strictly
As can be shown from Eq. (2), the quantile increasing, and is thus defined as

Quantile = y, = Fy '(p) 9)

Theorem 2.For p = Fy(y), using the Lambert W function the expression 530ort he quantile function is
obtainable, for any 6 > 0, the y,, of SZLD is:

= {_2(19_“9) _ %W_l[(p - 1)2(1 + (9)e‘2(1"9)]}2 (10)

where W_, is the negative branch of the Lambert W function.
Proof: Forany 8 > 0, suppose 0 <P <1

From cdf of SZLD, The equation p = Fy(y) will be solved fory.

[2(1+6) +y20]e " =2(1 —p)(1 + 6) (11)

Multiply both sides of Eq. (11) by e =2+ we get
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[2(1 + 6) + y?0]e~8"e~2048) = 2(1 — p)(1 + §)e~2(1+O)
—[2(1 + ) +y?6]e 2A+0+07%] = 2(p — 1) (1 + f)e~20+0)
Applying the Lambert W function on both sides we get
W[-[2(1 + 6) + y?6]e~[20+0+65%]] — W[2(p — 1)(1 + )e~20+9)] (12)
As we know that W[ze?] = z, then Eq. (10) becomes
—[2(1+6) + 6y*] = W[2(p — (1 + )e2+D]

For 6 > 0andy > 0,2(1 + 0) + y?8 > 0 and it is also checked 2(p — 1)(1 + 8)e 20+ ¢ G 0) since0<p
<

3. Thus, by using the properties of the negative branch W_, of the Lambert W function. Hence

—[2(1 + 6) + y20] = W_1[2(p — 1)(1 + §)e~2(1+9)]

1

= {_@ - %W_l[Z(p -1+ e)e—2<1+9>]}2.

Table 2 shows some quantiles of the SZLD, which have been calculated from the closed form
expression for Fy 1 (p)

p 6 =0.01 6=01 6=15 6=3
0.01 1. 4074 0.42851 9.1502x1072 6. 1873x1072
0.05 3. 1506 0.96157 0.20658 0.13975
0.1 4. 4675 1. 3671 0.29583 0.20024
0.25 7.1738 2.2092 0.48756 0.33058
0.4 9.3191 2. 8834 0.64776 0.44005
05 10. 681 3. 3136 0.75285 0.51218
0.6 12. 084 3.7578 0.86337 0.58831
0.75 14. 487 4. 5201 1. 0568 0.72226
0.9 18. 067 5. 6574 1.3514 0.92778

3.3. Moment Generating Function
The moment-generating function is derived as follows

[ee]

My () = E(e?) = f e F(y)dy

0
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®  fgy(1+20+6y*) .,
My(t) = f et e 9°d (13)
Y . 1+6) Y
We know that e® = 312 O(tf I)r
Eq. (13) will be
@ o (073(r + 4(1 + 6))T (1+5)
My (0) = TZ;E 4(1+6) ' 14
3.4. Rényi Entropy

Rényi entropy can be derived as

HR(H) = 1

2n|[ gomar] msonz1 (1)

When Y~ SZLD, then

o *ry(1+ 26 + 0y?) _ 2]”
ndy = 0y°| d
jo (FO))"dy fo [ e e y

o 0@ +20)" (@ oy> \"
jo (FO))dy = Tatey jo (1 + T 29) yhe=017"qy

Using the following binomial expansion

A+2)"= Zzl (111) 7t

[oe]

%) =20 %) =% Oz

i=1 i=1

(145

°° 07 (1 + 26)" w 247 -
fo(f(Y))"dy=7(1+9)n Z()—(Hzg)lf Jtkg-om? gy

Substitutedny? = t

if y— 0then t—>0andy > oo then t— oo

t t\z
y? = on and y = (%)2 and also  26ny dy = dt

dt dt
dy = = 1

20my 200 (é)z
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(oo}

* _ 9”(1 + 29)7’ n Gi 1 © zi;-n_% —t
J; FoN"dy = (1+—9)ﬂz (l) 1 +20)! z(gn)zl-;n%fo el Jet dt

i=1

[ee]

o 07(1 + 26)" o 1 2i+n+1
fo (fF))dy = m; (?) (1 +20)" (g, y'5*+i F( 2 )

Hence Eq. (15) becomes

1 (0" 420 Oy 6 L ntl

3.6. Survival and Hazard function
The survival function of SZLD is

_ 0y° _\ -6y
S(y) = <1 +m>e oy B (17)

The hazard function is obtained as

20y(1+ 26 + 6y?)

") = 20+ 0y2 (18)
3.7. Mean Residual Life Function
(t)-ifoo ) dy —t (19)
m _S(t)t yf(y)dy

Consider an integral part

(oo} [oe]

0y?(1 + 26 + 0y? 2
fyf(y)dy=f Y((1+9) y)e-Gy dy

t

[ee] 9 (o] (o]
IJ’f(Y) dy:m (1+29)fy2€_9y2 dy+9fy4e‘9y2 d)/l
t t t

6 [(1+29)F<

3 tZQ) + ! 1"(5 t29) (20)
(1+06) 293 ’ 2°\2’

f yf(y)dy = 2 2o

Incorporating Eq. (20) into Eq. (19), we get the following expression

(1+20)r E,tzﬁ +T E,tZB —t. (21)
2 2

e = ﬁ{2(1 +0)02
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3.8. Order Statistics represents order statistics of high,

. minimum, and maximum ranks. Below are
The random variables Yo Yoo, and Yom, PDFs for ith order statistics.

fin) = mg(}’)l“}’)]i_lll -G

Using pdf and cdf of SZLD, the pdf of Y; ,is given defined below:

n!
fon = ==

0y? I 0y? LM eya +20+6y?) L,
_<1+2(1+9))69y] K1+2(1+9)>eey] are ¢ @

The pdf of the smallest order statistic is

no ) 0y? 10
— 2\ ,—0y -0y
famn 7(1 0 y(1+ 20 + 6y*)e [(1 + 20+ 9)) e ] (23)

The pdf of the largest order statistic is

2

né ] not
foumy = =<y (1 + 26 + y?)e07* [1 - <1 + L) e—gyz] (24)

1+6) 2(1+06)
4. Parameter Estimation and Simulation a range of sample sizes (n = 20, 50, 100,
Study 150, and 500) and parameter combinations.

Mll_n this ;s_ectlton, the max;]mu_m I|kelljho?[d 4.1 ML Estimation
((Jleter)mir?: ITt?ee S;plf)[r)oac ararlrieteurze ThZ Consider ys,yz, s, ., yn be a random
mathematical formulas fgr the ro.cedure sample of size n from SZLD. Then the
. . procedt likelihood function is  subsequently
are derived. Additionally, an analysis using :
. 0 obtained as follows
a Monte Carlo simulation is performed for

= Crlevi(1+20 +6y2) _ 2
L[f(y)—n[ R GY] (25)

i=1

The log-likelihood function is
n n n
(L) = nlog(®) —nlog((1+6)) + Z log(y;) + Z log(1+ 26 + 6y;*) -0 Z y;? (26)
i=1 i=1 i=1

Now differentiate Eq. (26)with respect to parameter, respectively.

n n
al(L) n 24y
= + E - E 2 (27
00 0(1+6)  Li(1+26+6y,") izly @7

Equation (27) been solved simultaneously parameter, which equate to zero. However,
in order to yield the ML estimations of the the solutions to these equations have no
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closed form. Therefore, numerical methods
are applied.
4.2. Simulation Study

The performance of the SZLD
distribution is assessed using the N=5000
repetitions of the Monte Carlo simulation
research. MSE, coverage probability (CP)
of 95%, and absolute bias are used to
elaborate on MLE performance. Different
sets of actual parameter values are applied.

For the simulation, sample sizes of n=15,
30, 80, 150, and
300 will be taken into account. The results
of the simulation investigation are given in
Table 3 below. The estimated values of
parameters with absolute bias and MSE are
obtained using simulated data. The findings
indicate that bias and MSE are decreased
with larger sample sizes.

Table 3. Simulation using MLEs for different values of 6.

Para. n Estimates MSE biais
0 0 0
15 0.1119 1.4154 10* 1.1897 10
6 =0.10 30 0.1000 8.0866 10° 8.9925 103
80 0.1021 45238 10°° 2.100 10
150 0.1009 8.4092 10”7 0.1701 10*
300 0.1005 3.2694 10”7 5.7179 10*
15 0.7702 4.103210* 2.0256 10
0 =075 30 0.7652 2.330210* 1.5265 10
e 80 0.7543 1.904210° 4.363710°
150 0.7541 1.733610° 4.163610°
300 0.7511 1.3448 10 1.1596 103
15 2.2131 4.5423102 0.2131
0 =2 30 2.1051 1.106210% 0.1051
- 80 2.0401 1.6146 107 4.0182 107?
150 2.0230 5.3003 10* 2.3022 107
300 2.0064 4.1260 10° 6.4234 10

5. Application of SZLD Distribution

In this section, we compare the SZLD to
the baseline ZL distribution and some other
renowned probability models available in
the literature. We compare the fits with the
following probability models; Zlindley
(Saaidia et al.2024), two-parameter L1
(Shanker et al.2013), two-parameter L2
(Shanker et al.2013), quasi lindley(Shanker

AIC = —2L + 2p,

5.1. Data Set I:
For DDT in Kale data
A numerical vector including 15

measurements of the pesticide DDT in kale,
measured using diverse pesticide residue

BIC = —2L + plog(n), CAIC = —-2L+
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et al.2013) , new quasi lindley (Shanker et
al.2013), gamma Lindley(Nadjar et
al.2016), power Xlindley (B. Meriem et
al.2022), XLindely (S. Chouia et al.2021),
new Xlindley(N. Khodjaet al.2023),
Lindley (Lindley, D. V.1958) and Xgamma
(S. Sen et al.2016) distributions. The model
selection is carried out using the following
statistics:

2pn
n—-p—1

measuring methods and expressed in ppm
(parts per million). The observations are:
2.79,2.93,3.22,3.78, 3.22, 3.38, 3.18, 3.33,
3.34, 3.06, 3.07, 3.56, 3.08, 4.64, 3.34 (see
Finsterwalder (1976)).
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Table 4. The ML estimates,-2 log-likelihood, AIC, BIC, and CAIC for Data Set |

Model density 0 7 AIC BIC 2L CAIC
two- 2 —-0x 0.622391 0.000855 58.7414 60.1575 54.7414 59.7414
paramete M 2 8 8 8 8
rL1 0 +1
2 -0x | 0.598546 20.45021 58.9675 60.3836 54.9675 59.9675
i?nn:ur:\j 0 ((7+79_0)X+1)e 7 7 7 7
y(6+1)
quasi -0x 0.89774 0.000693 67.4954 68.9115 63.4954 68.4954
Lindley 0(7/ +X 6‘)e 9 4 5 4 4
y+1
new quasi 2 —0x 0.593307 | 24.60633 | 58.9076 | 60.3237 | 54.9076 | 59.9076
Lindley 0 (9+;/x)e 1 1 1 1
7 +6°
two 2 —6x 0.595902 23.3598 59.0653 60.4814 55.0653 60.0653
paramete 0 (l+7x)e 2 2 2 2
rL2 Y+ 12
Power a a-l —ox“ 1.44965 0.381104 106.811 108.227 102.811 107.811
XLindley 0‘02(2+‘9+X )X e’ 8 9 8 8
(0 +1)?
ZLindley 9(1+ 20 + ex)efﬂx 0.419023 / 66.0677 66.7758 64.0677 66.3754
7 5 5 4
2(6+1)
Square —ox2 0.134680 / 45.115 45. 823 43.115 45.423
Zmdiey | OX (1+20+06x7)e” y
(6+1)
5.2. Data Set II: 2.55,2.55,2.56,2.59, 2.67,2.73,2.74, 2.79,
The second data set is illustrated below 2.81, 2.82, 2.85,2.87, 2.88, 2.93, 2.95, 2.96,
and is utilized by 14. The figures collected 2.97,3.09,3.11,3.11, 3.15, 3.15, 3.19, 3.22,
indicate the breaking stress of carbon fibers 3.22,3.27,3.28, 3.31,3.31, 3.33, 3.39, 3.39,
50mm in length (GPa). The observations 3.56, 3.60, 3.65, 3.68, 3.70, 3.75, 4.20, 4.38,
are: 0.39, 0.85, 1.08, 1.25, 1.47, 1.57, 1.61, 4.42, 4.70, 4.90 (See Staudte and Sheather
1.61,1.69, 1.80,1.84,1.87,1.89, 2.03, 2.03, (1990)).

2.05,2.12,2.35, 2.41, 2.43, 2.48, 2.50, 2.53,
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Table 5. The ML estimates,-2 log-likelihood, AIC, BIC, and CAIC for Data Set II.
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Model density 7 Y AlC BIC -2L CAIC
two- 6 (7 +x)e ™ 0.73366 | 0.0005 | 228.0407 | 232429 | 224.0497 | 228.2402
parameter
L1 60 +1
gamma 2 ~ Tox | 0.7201 | 548936 | 228413 | 232.792 | 224.413 | 228.604
Doty | O (r+70-0)x+1)e

y(6+1)
quasi “ox 1.0899 | 0.000302 | 241.962 | 246.341 | 237.962 | 242.153
Lindley O(y+x0)e

y+1

new quasi 2 “ox 0.7217 | 54.88575 | 228505 | 232.884 | 224.505 | 228.695

Lindley 0" (0+yx)e
7+02
two 2 o 0.7226 | 71.85723 | 228534 | 232914 | 224534 | 228.725
parameter 0 (1+7/X)e
L2 y+6
Power T me | 15686 | 0.39675 | 423.317 | 427.697 | 419.317 | 423.508
XLindley a02(2+9+x")x“ te™
(6+1)°

ZLindley 0(L+ 20+ Ox)e 0.4948 / 261.050 | 263248 | 259.059 | 261.121

2(60+1)

Zeghdoudi 03x(1 +X)e—6x 0.9688 / 215452 | 217.641 | 213452 | 215514

2+6

XLindley 67 (2+0+x)e ™ 0.5149 / 256.920 | 259.118 | 254.929 | 256.991

2
(1+0)

Exponential ge " 0.3624 / 267.988 | 270.178 | 265.988 | 268.051
New- o (1+6x)e ™ 05787 / 253322 | 255512 | 251.322 | 253.385
XLindley N J

2
Lindley 6 (1+x )& " 0.5902 / 246.768 | 248.957 | 244.768 | 246.831
(1+0)
Xgamma P 0.8211 / 249430 | 251628 | 247.439 | 249.5014
6% 1+=x* e
2
1+6
Square 2\ —ox? | 0.1742 / 191.421 | 192.132 | 189.421 | 191.732
Zlindley | OX (1+20+6x%)e
(6+1)
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6. Conclusion

A novel one-parameter distribution that
iIs proposed and studied is called the
"Square ZLindley distribution.” Among the
mathematically derived properties of SZLD

are moments and related metrics. In
addition, reliability parameters, hazard
function, and mean residual life are

obtained. The estimation of the SZLD
parameters is done using the well-known
likelihood technique. The generated MLEs
are assessed using an extensive simulation
study. Towards the end of this paper, the
applicability of the new model is
demonstrated using two real datasets.Out of
a few popular distributions, the SZLD
provides the best match. Potential directions
for future research include examining
maximum likelihood functions under
various censoring schemes to increase the
adaptability of the Square ZLindley hybrid
model. The Square ZLindley hybrid
distribution's parameter estimation could
also be improved by investigating Bayesian
estimation methods that include appropriate
priors and risk functions.
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Abstract

This study was conducted in 2023 under Manisa / Karayenice ecological conditions. The aim of the study was to
determine the yield and yield components and some chemical properties of sun-cured virginia tobacco variety with
different planting densities. Three different planting densities (40x70 cm, 50x70 cm and 60x70 cm) were applied
in the study which was carried out with 3 replications according to randomized blocks experimental design. Plant
height (cm), number of leaves (per plant?), leaf width (cm), leaf length (cm), yield (kg ha?), total alkaloid
(nicotine) (%) and total reducing sugar (%) were analyzed. As a result of the results obtained from the experiment;
plant height 184-190 cm; yield 409-434 kg da; total alkaloid (nicotine) content 1.738-2.360%; total reducing
sugar content 1.94-3.92%. It was concluded that it is suitable for sun-cured virginia tobacco cultivation in the
region; when yield and yield components are considered, 50x70 cm planting density and when chemical properties
are prioritized, 60x70 cm planting density can be recommended.

Keywords: Virginia tobacco, sun-cured, planting density, yield
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1. Introduction

Tobacco, which has an important place
in the agriculture and economy of our
country, provides a wide range of
employment opportunities from production
to sale. However, tobacco farmers give up
tobacco cultivation due to some reasons
such as changes in legal regulations and the
difficulty of cultivation. Tobacco sector and
scientists have researched and tried to find
solutions for this decrease in tobacco
production in our country with tobacco
types that can  be  substituted.
Approximately 85% of the world tobacco
production is composed of Virginia, burley
and oriental tobacco types (Anonymous,
2022). Turkey is a country that has made a
reputation and created a brand with oriental
tobaccos in world tobacco production. Their
small leaves are used to add aroma to
cigarette blends with their unique color and
smell (Sahin and Ekren; 2021). Due to the
difficulties in agricultural production and
the high average age of producers,
inadequacies in price policies and legal
regulations, there has been a significant
decrease in tobacco production in our
country in the last 20 years. Changes in the
number of tobacco producers and the
amount of production in Turkey are
indicated by regions and tobacco types.
When the years 2003 and 2023 are
compared in terms of the number of
producers, a decrease of 87.6% and 38.2%
is observed in terms of the amount of
production (Anonymous, 2023).

In the Aegean Region, the private sector
started to grow Aegean tobacco in Hatay
and Adiyaman provinces due to the fact that
tobacco producers quit tobacco production
over the years. After a while, Virginia
tobacco production started in these
provinces. The aim here is to compensate
for the decline in production in the Aegean
Region. Although, there are differences in
terms of quality, a product that can be used
in cigarette blends is obtained. However,
when the amount of product to be obtained
from unit area is compared in terms of
virginia and oriental tobacco, it is seen that
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the yield value of virginia tobacco is higher.
Another compensation for this decrease in
production is provided through imports.

In recent years, the gap between tobacco
import and export amounts has widened.
While Turkey used to be a tobacco
exporting country, it has become an
importing country (Ekren et al., 2021). The
information and data given above indicate
that the rate of oriental tobacco use in
cigarettes has decreased. There are cigarette
companies that have invested in our country
and have been operating for many years.
These companies use imported tobacco as
raw material in cigarettes rather than
tobacco produced in Turkey. In Article 12
of the Official Gazette No. 31294 dated
November 4, 2020, a paragraph was added
to Article 6 of the Law No. 4733
(Anonymous, 2020). With this added
paragraph, the private sector accelerated
Virginia tobacco production. Due to the
high drying costs of these tobaccos, they
started to grow sun-cured Virginia (SCV)
tobacco by drying in the sun instead of flue-
cured Virginia (FCV) tobacco in Hatay,
Adiyaman and then in the Aegean Region.
The first Virginia tobacco production
activities in Turkey started in 1938.
However, the desired success was not fully
achieved in the first stage (Kiiclikozden,
1995). Despite the economic policies
implemented after this date, production
continued intermittently. Later, with the
amendment made to the Tobacco and
Tobacco Monopoly Law No. 1177,
domestic and foreign capital was granted
the right to establish cigarette factories in
the country. On the one hand, multinational
companies started to establish cigarette
factories in the country, and on the other
hand, they tried to grow Virginia and burley
tobaccos needed for the cigarettes they
would produce in our country; they started
the production of these tobaccos in
Adapazari, Diizce and its surroundings,
Manyas and Gonen (Usturali, 1995; Ekren,
2000; Camas et al., 2014). Due to the high
drying costs of Virginia tobacco, it did not
bring the desired success in production.
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Since the unit price spent on production was
higher than imports, they again resorted to
importing Virginia tobacco. In the light of
this information, it is thought that sun-cured
Virginia tobacco production will continue
in our country today and in the coming
years. This situation has made it a necessity
for us to be successful in the field of
Virginia tobacco production and to ensure
the continuity of this situation.

This study was carried out to determine
the effects of different planting densities on
yield and yield components and some
chemical properties of Virginia (Sun-cured)
tobacco under Manisa / Karayenice
ecological conditions. It is our greatest hope
that the obtained findings and evaluations
will guide the practitioners.

2. Materials and Methods

The research was conducted in
Karayenice village of Manisa province
during the tobacco production period of
2023. K326 Virginia tobacco variety was
used as plant material in the experiment. It

Temperature °C

21,9

was determined that the soil of the land
where the experiment was conducted was
sandy clay loam, organic matter content
was at medium levels, lime content was at
medium levels, pH level was slightly
alkaline, the amount of available Fe, K and
N was sufficient, and the amount of
available P was at medium levels. When the
climatic data of the year in which the study
was conducted were compared with the
long years, it was observed that the
temperature values were the same. The
highest average temperature of 28.9 °C was
recorded in July and August. If a
comparison is made in terms of total
precipitation  amount, the  average
precipitation amount for the year 2023 was
approximately half of the average
precipitation amount for many years. Based
on the available data, almost no
precipitation fell in Manisa in July and
August (Figure 1). Lack of rainfall in the
region is not a desirable situation for
Virginia (Sun-cured) tobacco.

=@ 2023 LONG TERM

255 255

180 Total rainfall mm 165,5

160 1435

140
120
100
80
60
40
20

110,4

Figure 1. Climate data of Manisa province where the research was conducted (2023 and long years) (Anonymous, 2023b)
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Since the tobacco seeds were very small,
they were sown on March 1 to obtain
seedlings. The experimental land was deep
plowed with a plow in the fall and tillage
was done with a disc harrow and cultivator
in the spring. On April 18, 2023, 15-15-15
compound fertilizer was applied at 50
kg/ha. The healthy seedlings obtained were
planted in the field on May 18, 2023 and life
water was given after planting. Three
different planting densities were applied to
tobacco seedlings: 40x70 cm, 50x70 cm and
60x70 cm. The research was carried out in
a total area of 1500 m? with 3 replications
according to the randomized blocks
experimental design. After planting, hoeing
was done 2 times (June 8" and 22 ™, 2023)
and drip irrigation was done seven times
(June 2™, July 3", July 8", July 13", July
18™ July 20", August 3", 2023). Tobacco
was not subjected to top-cutting. Harvesting
was done in five hands on July 29", August
7" August 31", September 20" and
October 21", 2023. The crushed tobacco
leaves were arranged in the machine and
kept in the shade for one day and dried by
sun curing method. Plant height (cm), leaf
width (cm), leaf length (cm), number of
leaves (per/plant), yield(kg/ha)
(Anonymous, 2006), total alkaloid nicotine
(%) (Anonymous, 1969) (Lindsay, 1973)
and total reducing sugar (%) (Sekin, 1979)
were analyzed. The statistical analysis of

(cm)
200 187
150
100
50
0
50x70

184

40x70

the data obtained was subjected to analysis
of variance with the help of Totem Stat
statistical program (Ac¢ikgdz et al., 2004).

3. Research Results and Discussion
3.1.Plant height

The effect of different planting densities
on plant height is shown in Figure 2. Plant
height varied between 184-190 cm and the
highest plant height was obtained with a
row spacing of 60x70 cm. The number of
plants per unit area and the distribution of
plants per unit area, the distance between
rows and above rows, are determined by
planting density. As the row spacing of the
plants decreases, they form a taller structure
due to the lack of sufficient light and the
decrease in plant nutrients (Bukan et al.,
2010, Tepecik and Ongun, 2020). It was
found that plant height of virginia tobacco
varied between 89.1-123.2 cm with
different planting densities in Adiyaman
province (Vural and Ekren, 2021). They
determined plant heights as 104.7 cm, 106.3
cm and 107.3 cm in 120x55 cm, 107x55 cm
and 90x60 cm planting desity, respectively
(Usman et al., 2017). In our study, it was
observed that the results obtained regarding
plant height were higher than the mentioned
literatures. It is thought that this may be due
to the cultivated region and cultural
treatments applied.

190

60x70

LSD: not significant
Figure 2. Effect of different planting densities on plant height (cm)

872
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3.2.Leaf width and length

As shown in Figures 3 and 4, the highest
leaf width and length were obtained at
50x70 cm with 32.4 cm and 40x70 cm
planting density with 73.8 cm. It was
determined that the leaf length and leaf
width of virginia tobaccos varied between
53.8-67.1 cm and 21.4-30.3 cm,
respectively, in Erbaa, Tokat conditions
(Ayan, 1994). In a study conducted with 6
different virginia tobacco varieties under
Manyas conditions, the lowest leaf length
(61.0 cm) and width (25.9 cm) were
obtained in 117x46 cm planting density and

(cm)
50
40
30
20
10

32,4

50x70

30,6

40x70

the highest leaf length (70.5 cm) and width
(34.3 cm) were obtained in 112x51 cm
planting density (Kii¢iikozden, 1995). It is
seen that the results obtained in our study
regarding leaf dimensions are not very
compatible with the literature values
mentioned above. The seedling quality
applied (Karabulut and Ekren, 2024) and
also the differences arising from the
ecological characteristics of the land where
the experiment was conducted are
important in determining the leaf width and
length.

29,6

60x70

LSD (%1): 3.873*
Figure 3. Effect of different planting densities on leaf width (cm)

(cm)
80

60
40

20

50x70cm

73,4 73,8 71

40x70cm

60x70cm

LSD (%1): 6.538*
Figure 4. Effect of different planting densities on leaf length (cm)

3.3.Number of leaves
It was observed that the number of leaves
varied between 32-35 leaves plant? and the

873

highest number of leaves was reached at
60x70 cm planting norm (Figure 5). It was
determined that dry leaf yield increased as
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the number of leaves per plant decreased
(Patel et al., 1986). As the distance between
and above the rows increases, more daylight
can be utilized and the number of leaves per
plant increases and leaves with thicker leaf
texture (heavy bodied) are obtained. On the
contrary, fewer and thinner leaves (light
bodied) are formed (Mantesa et al., 2019).
The number of leaves in virginia tobacco

(per plant?)
50
40
30
20
10
0

34

50X70

32

40X70

grown under Manyas conditions was found
to be 20.06-36.6 per plant® (Keskiner,
1993; Kiiglikozden, 1995). In Adiyaman
ecological conditions, the number of leaves
of Virginia tobacco was found to be 25.5-
32.9 per/plant (Vural and Ekren, 2021). It
can be said that the findings obtained in our
study are compatible with the information
and findings mentioned above.

60X70

LSD: not significant
Figure 5. Effect of different planting densities on the number of leaves (per/plant)

3.4.Yield

One of the most important parameters
determining the vyield is the number of
plants per decare and in our study, it was
found that yields varied between 409-434
kg hal. The highest yield was obtained at
50x70 cm planting norm (Figure 6).
Papenfuz and Quin (1984) stated that dense
planting increases leaf tobacco yield as it
increases the number of plants per decare.
Egilmez (1984) stated that dense planting
did not increase the yield at the expected
level. Chaplin et al. (1968) found that yield
increased as the distance between rows
increased. Kiiciikozden (1995) determined
dry leaf tobacco yield as 314.1 kg haat a
planting density of 112x51 cm and 327.6 kg
hatat a planting density of 117x46 cm in his
research conducted with different planting

874

densities. Usturali (1995) found that
virginia tobacco vyield varied between
156.0-353.6 kg ha'and average leaf
tobacco yield was 254.2 kg ha! in his study
conducted in Diizce region. Ayan (1994)
obtained the highest yield value as 263.63
kg ha! in his study conducted in Karakaya
town of Erbaa district of Tokat province. In
a study on different planting densities in
Adiyaman province, the highest yield was
obtained from 110x38 cm planting norm
with 500.9 kg ha*and the lowest yield was
obtained from 80x35 cm with 336 kg/ha!
(Vural and Ekren, 2021). It is seen that the
yield values we obtained in our study are
compatible with the findings of the
researchers mentioned above.
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(kg ha)
500
400
300
200
100
0

434

50X70

423

40X70

409

60X70

LSD (%1): 18.321*
Figure 6. Effect of different planting densities on yield (kg/ha*)

3.5.Total alkaloid (nicotine) content

The harvests obtained in our research
were combined in two hand groups and
chemical analyzes were evaluated in this
way. In the 1st harvest, nicotine content
was 1.738-1.928%; in the 2" harvest it was
2.20-2.36%. In both harvests, the lowest
nicotine content was obtained from 60x70
cm and the highest was obtained from
40x70 cm planting density (Figure 7).
Nicotine accumulation in virginia tobacco
starts after planting and continues at an
increasing rate until the leaves mature. It is
especially higher after the top break stage
than before the top break stage (Mumba and
Banda, 1990; Hu et al., 1999, 2000; Cao et
al., 1989; JU Xiao-Tang, 2004). As the
planting distance increases, the proportion
of nitrogenous compounds in the plant and
therefore nicotine amounts increase. In
dense plantings, it is known that nicotine

1928

,36

50x70cm 40x70cm

%

1 897

1,738

60x70cm

ratio decreases as a result of decreased
competition between plants for nitrogen
(Bilalis, 2015). In a study conducted with
different row spacing and nitrogen doses,
the lowest nicotine content was found in the
control treatment at 40 cm row spacing with
1.21% and the highest was found in the 80
kg N/ha treatment at 55 cm row spacing
with 1.85% (Mentese et al., 2019). Usturali
(1995) found that the average nicotine
content in Virginia tobaccos grown in
Diizce region was 1.79% and the nicotine
content in Virginia tobaccos grown in
Adiyaman varied between 0.79-2.36%
(Vural and Ekren, 2024). Some researchers
found that the amount of nicotine in virginia
tobacco varied between 1.5-3.5% (Collins
and Hawks, 1993; Keskiner, 1993; Ekren,
2000). It is seen that the results we obtained
are compatible with the literature findings.

,28

Ortalama

1, 854

m ] Kirim

m 2 Kirim

LSD (%1): 0.218*
Figure 7. Effect of different planting densities on total alkaloid (nicotine) content (%)

3.6.Total reducing sugar

As in the total alkaloid content, the
harvests were combined in two hand groups
in total reducing sugar content and the
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chemical analyses were evaluated in this
way. The highest content was obtained from
40x70 cm planting norms with 3.87% in the
first harvest and from 50x70 cm planting
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norms with 2.17% in the second harvest
(Figure 8). Soluble carbohydrates have a
positive effect on tobacco quality in virginia
tobacco (Akehurst, 1981) and it was
reported that tobacco quality is good when
the reducing sugars are between 12-25%
(Collins and Hawks, 1993), whereas the
amount of sugars decreases as it goes
towards poor quality (Aksu, 1967; Sekin,
1979). It was also found that the soil
structure of the region had a significant
effect on sugar content (Tuncay et al.,
1985). As the planting density decreased,
the amount of reducing sugars increased
(Elliot, 1976). In studies on different
planting densities, it was observed that the
highest sugar content was in the middle
hand group with 7.56%, followed by the

%

6
3,87
4 3,55
2,17 1,94
2
0
50X70 40X70

lower hand group with 6.64% and the upper
hand group with 4.57% (Vural and Ekren,
2021). The sugar amounts obtained in our
study were lower than the rates mentioned
above. It can be said that the main factor
that makes the difference here may be due
to the drying method, as the variety, cultural
processes, climate and soil characteristics of
the region affect the amount of sugar.
Because virginia tobacco is dried in ovens
under controlled temperature and humidity
conditions with flue-curing drying method.
Starch turns into sugars without being
completely broken down. When we dry the
same tobacco with the sun curing drying
method, since the drying time is longer than
the flue-curing method, the starch breaks
down and turns into sugar.

3,92

1.Kirim

2.Kirim

2,15

60X70

LSD (%1): 1.150*
Figure 8. Effect of different planting densities on total reducing sugar content (%)

4. Conclusion and Recommendations

v" As aresult of the data obtained from our
research, it is seen that Manisa province,
which is an important production center in
Turkish tobacco cultivation, is a promising
production region for sun-cured virginia
tobacco cultivation.

v" It was concluded that the results obtained
in terms of yield and yield components were
at acceptable values for sun-cured virginia
tobacco.

v" It was determined that the data obtained
in terms of the analyzed chemical properties
are values that can be used in cigarette
blends.
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v The obtained data lead to the belief that
it would be useful to test sun-cured virginia
tobacco in other tobacco production centers
of the Aegean Region and interpret the
results.
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The Role of K-Humate and Iron Oxide Nanoparticles for Nutrient Accumulation Under
Salinity Stress Condition in Cotton (Gossypium hirsutum L.)
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Abstract

Salinity stress poses a significant challenge to cotton (Gossypium hirsitum L.) production, particularly
during early growth stages. The present study investigates the effects of iron oxide nanoparticles (Fe (1L,
IIT) oxide NPs), K-humate, and their combination on nutrient accumulation in cotton plants under saline
conditions. Cotton seedlings were subjected to both saline and non-saline environments, with treatments
applied to assess their impact on nutrient uptake in the stem and root sections. Principal Component
Analysis (PCA) was employed to evaluate nutrient variability across different treatments. Results
showed that Fe (Il, III) oxide NPs and K-humate enhanced nutrient balance under saline conditions by
promoting nutrient uptake and mitigating salinity-induced nutrient imbalances, particularly for
potassium (K), sodium (Na), phosphorus (P), and iron (Fe). The combined treatment of iron oxide
nanoparticles (Fe (II, III) oxide NPs) and K-humate demonstrated a synergistic effect, improving
nutrient interactions and it may contribute to plant resilience. These findings suggest that the use of
nanomaterials, particularly in combination with organic compounds like K-humate, holds potential for
enhancing cotton tolerance to salinity stress due to alleviating nutrient imbalances caused by salinity
stress.

Keywords: Cotton, salinity stress, K-humate, iron oxide nanoparticles, nutrient accumulation
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1. Introduction

Saline stress represents a significant
challenge to cotton production, primarily
due to the crop's moderate salt tolerance,
with a  salinity  threshold  of
approximately 7.7 dS m™' (Han, 2023;
Rahman, 2023). Notwithstanding this
tolerance,  cotton  plants  suffer
considerable yield losses when subjected
to salinity, particularly during crucial
growth phases such as germination and
seedling development (Guo et al. 2020).
The physiological impacts of salinity
stress include osmotic stress, ion toxicity
and impaired nutrient uptake, which
collectively impede plant growth and
development (Ergin et al. 2021). The
available evidence suggests that cotton is
particularly ~ susceptible to  saline
conditions during the germination and
early seedling stages, where growth
inhibition is most pronounced (Wang et
al. 2020; Rahman, 2023).

The physiological responses of cotton
to saline stress are characterised by
intricate  mechanisms, including the
regulation of ion homeostasis and the
expression of specific genes associated
with salt tolerance. For example, studies
have demonstrated that the expression of
genes involved in Na' transport is
markedly altered in saline conditions,
thereby impairing the plant's capacity to
maintain ionic equilibrium (Wang et al.
2019; Su et al. 2020). Furthermore, the
function of microRNAs in regulating salt
stress responses has been emphasised,
with specific miRNAs identified as
crucial regulators of reactive oxygen
species (ROS) metabolism, which is vital
for maintaining cellular integrity under
stress conditions (Ma, 2023). Moreover,
the utilisation of exogenous compounds,
such as melatonin, has been
demonstrated  to  facilitate  seed
germination and osmotic regulation in
the presence of salt stress, thereby
offering promising avenues for the
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alleviation of the detrimental effects of
salinity (Wang et al. 2021; Goren, 2024).

Furthermore, the interaction between
salinity and other abiotic stresses, such
as drought and alkaline conditions,
intensifies the adverse effects on cotton
growth. The combined effects of saline
and alkaline stress have been
demonstrated to be more deleterious than
the effects of either stressor alone,
resulting in greater reductions in biomass
and overall plant health (Ibrahim et al.
2018). The physiological markers, such
as shoot potassium content, have been
proposed as indicators for the screening
of cotton genotypes for osmotic and salt
tolerance, underscoring the significance
of genetic diversity in the development
of resilient cotton varieties.

Salinity stress represents a significant
environmental challenge that has a
deleterious impact on plant growth and
productivity, particularly in crops such as
cotton. The physiological impacts of
salinity include osmotic stress, ion
toxicity, and nutrient imbalances, which
collectively impede plant development
and yield (Zhang, 2023). Salinity results
in elevated concentrations of sodium
(Na+) and chloride (CI-) ions in the soil,
which can impede the uptake of essential
nutrients such as potassium (K+),
nitrogen (N), and phosphorus (P)
(Garcia-Caparros et al., 2016). This
imbalance in nutrients can result in
stunted growth, reduced photosynthetic
rates and, ultimately, lower yields
(Sakamoto et al. 2021).

Recent studies have investigated the
potential of various nanomaterials,
including khumate and iron
nanoparticles (Fe (ILIII) oxide NPs), to
alleviate the adverse effects of salinity
stress on plants. Khumate, a natural
organic compound derived from humic
substances, has been demonstrated to
facilitate enhanced nutrient uptake and
improve soil structure, which can be
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advantageous in saline conditions (Asl et
al. 2019; Oztirk Erdem, 2024). The
application of khumate may assist in
maintaining a favourable K*/Na* ratio,
thereby promoting enhanced
physiological responses in plants
subjected to salinity stress (Asl et al.
2019).

In contrast, iron nanoparticles have
been demonstrated to enhance salt
tolerance in a range of plant species,
including cotton. The interaction of Fe
(IL,IIT) oxide NPs with plant systems has
been  demonstrated to  enhance
antioxidant enzyme activities, which
play a pivotal role in mitigating oxidative
stress caused by salinity (Aazami et al.
2021). For example, the application of
iron nanoparticles has been linked to
increased chlorophyll content and
enhanced photosynthetic efficiency,
which are essential for sustaining growth
under saline conditions (Mozafari et al.
2018). Furthermore, Fe (ILIII) oxide NPs
can facilitate improved ion regulation
within plant cells, thereby reducing the
toxic effects of excessive Na’
accumulation (Aazami et al. 2021).

In conclusion, the utilisation of
khumate and iron nanoparticles
represents a promising avenue for the
alleviation of salinity stress in cotton,
thereby enhancing plant health and
productivity. These materials facilitate
not only the uptake of nutrients and ion
regulation but also the overall
physiological resilience of plants in
adverse conditions. Future research
should prioritise the elucidation of the
specific mechanisms by which these
nanomaterials exert their beneficial
effects, as well as the optimisation of
their application rates and methods for
maximum efficacy. The aim of this study
is to investigate the effects of FeOs NPs,
K-humate, and the combination of FeOs
NPs + K-humate on nutrient
accumulation in cotton plants under
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salinity stress. Specifically, the study
focuses on how these treatments
influence the nutrient balance in the stem
and root sections of cotton seedlings
during the seedling stage. The findings
aim to provide insights into potential
mechanisms that enhance plant growth
and  development under  saline
conditions, contributing to sustainable
strategies for improving cotton tolerance
to salinity stress.

2. Materials and Methods

In order to evaluate the effects of
salinity stress and the role of
microparticles on plant growth, a two-
factor randomised plot experiment was
conducted using Gossypium hirsitum
L.(Carisma) as the plant material. The
objective of the experiment was to
examine the plant's response to salinity
stress and to ascertain the impact of Fe
(ILIII) oxide nanoparticles and K-
humate (Kh) treatments. A randomised
block design was employed, and the
seedbed consisted of a mixture of 50%
perlite and 50% peat, placed in
transparent pots with a volume of 1.2 L.
These pots, measuring 9 cm in width and
18 cm in height, were selected to provide
sufficient space for root development
and maintain adequate soil fertility. The
experiment was conducted in a growth
chamber with temperature settings
maintained at 24-26°C during the day
and 18+2°C at night, along with a 12-
hour photoperiod. The photosynthetic
process and plant growth were promoted
by the use of red light at a wavelength of
630 nm. The sowing process commenced
on 30 November 2023, with three seeds
planted at a depth of 2 cm in each pot.
Each pot was initially irrigated with 50
mL of water to optimise germination
conditions, and subsequent irrigation
was carried out at two-week intervals to
support seedling emergence. The
irrigation water is described below. The
irrigation solution comprised 10 L of
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water, which was prepared with the
following nutrients and applied equally
in all condions The fertilizer solution
comprised 4g of NPK (15:15:15), 2g of
urea, and 20ml of liquid fertilizer
(Multimicro® Fluid). The calculation of
the NaCl concentration was as follows:
The salt concentration in the irrigation
water was calculated according to the
following formula:

1 dS m! is equivalent to 10 mM NaCl, or
0.584 g L'!. 130 mM NaCl is equivalent
to 13 dSm™, or 7.592 g NaCl L.

On 8 December 2023, the experiment
commenced with two groups: a saline
treatment group and a non-saline control
group. The plants in the saline group
were subjected to salt stress, whereas
those in the control group were
cultivated under non-saline conditions.
The sixth set of leaves from the plants
cultivated under non-saline conditions
was harvested. All treatments were
subject to periodic measurement and
irrigation was provided every two days
with 100 ml of water per pot.

2.1. Nanoparticle treatment

Iron oxide nanoparticles were
procured from Sigma-Aldrich (product
number 637106-25G, lot number

MKBT3736V, particle size: 50-100 nm)
and the concentration was adjusted to 0.3
mg/100 mL. The solution of K-humate
was prepared at a concentration of 0.3
g/L. In this study, the plant nutrient
elements were determined using the ICP-
OES device in the laboratory of the
Department of Soil Science and Plant
Nutrition at Aydin Adnan Menderes
University, Faculty of Agriculture.

3. Findings

Principal component analysis (PCA)
is a powerful statistical approach to
analyze and simplify complex and
extensive datasets. In the case of cotton
grown under conditions of optimal
irrigation, the total variation was divided
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into seven principal components (PCs),
as detailed in Table 1. It is noteworthy
that the first three PCs exhibited
eigenvalues greater than 1, indicating
that they are significant in explaining the
variation among traits (Figure 1A). The
cumulative contribution of the first three
PCs accounted for 90.845% of the total
variability in traits, thereby reflecting
their strong association with these traits
in nonsaline conditions. In the analysis
of nutrient accumulation under normal
conditions, notable trait correlations and
variability patterns were observed.
Sodium, zinc, and copper exhibited a
strong positive correlation with each
other, while they showed a strong
negative correlation with manganese,
calcium, and phosphorus. Furthermore, a
strong negative correlation was observed
between potassium and iron. The length
of the vectors originating from the
biplot's centre depicted the correlations
among traits. Among the nutrients,
potassium, iron, sodium, zinc, and
copper were associated with vectors of
considerable length, indicating a high
degree of variation among these traits. In
contrast, calcium exhibited the lowest
degree of variability, as indicated by its
shortest vector length. This information
is 1llustrated in Figure 1A, which
provides a visual representation of the
correlations and variability among traits
under normal (nonsaline) conditions. In
the case of cotton grown under saline
conditions, the total variation was also
divided into seven principal components
(PCs), as detailed in Table 1. Once more,
the first two PCs exhibited eigenvalues
greater than 1, indicating their
significance in explaining the variation
among traits (Figure 1B). The PCA
results derived from data obtained under
saline conditions revealed that the
cumulative contribution of the first three
PCs accounted for 90.982% of the total
variability in traits, reflecting their strong
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association with these traits in saline
conditions. The analysis of nutrient
accumulation under salinity revealed a
strong positive correlation between iron,
sodium, zinc, and copper, while they
showed a strong negative correlation
with calcium. Additionally, manganese
and phosphorus exhibited strong positive
correlations with each other. Among the
nutrients, calcium, copper, and sodium
were associated with long vectors,
indicating higher variation among these
traits. Nutrient analysis revealed strong
positive  correlations among iron,
sodium, zinc, and copper, suggesting
shared uptake mechanisms under stress.
A notable negative correlation between
these nutrients and calcium may indicate
that elevated sodium levels inhibit

calcium uptake, disrupting plant
physiological balance (Sharma et al.,
2016). Correlation analysis highlighted
significant relationships among
nutrients: iron, sodium, zinc, and copper
showed strong positive correlations,
suggesting shared uptake mechanisms.
Conversely, calcium exhibited a strong
negative correlation with these nutrients,
possibly indicating disruptions in uptake
due to salinity. Notably, manganese and
phosphorus  displayed a  positive
correlation, reflecting their synergistic
roles in plant health (Munns and Tester,
2008). Additionally, the positive
correlation between manganese and
phosphorus reflects their cooperative
role in stress adaptation (Graham et al.,
2001).

Table 1. PCA obtained from Phosphorus (P) Potassium (K) Calcium (Ca) Magnesium (Mg)
Sodium (Na) Iron (Fe) Zinc (Zn) Copper (Cu) Manganese (Mn) undernonsaline and saline

irrigation condition

Number Nonsaline Condition Saline Condition
Eigenvalue Percent Eigenvalue Percent

1 5.3161 59.067 5.3907 59.897
2 1.6071 17.857 2.1377 23.752
3 1.2529 13.921 0.6600 7.333

4 0.4352 4.836 0.4825 5.361

5 0.2429 2.699 0.2402 2.669

6 0.1057 1.174 0.0882 0.980

7 0.0402 0.446 0.0008 0.009
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Figure 1. Summary of bar chart displaying eigenvalue and variation percentage contribution by all principal
components (PCs), a biplot between PC1 and PC2 displaying the distribution of Nonsaline (A) and Saline (B)

conditions

The results of a Principal Component
Analysis (PCA) on the nutrient elements
phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg), sodium (Na),
iron (Fe20s), zinc (Zn), copper (Cu) and
manganese (Mn)) in both stem and root
of plants. For the stem, the first principal
component (PCI) has an eigenvalue of
3.74 and explains 41.54% of the total
variance, indicating that this component
captures a significant part of the nutrient
variation. The second component (PC2)
explains a further 25.14% with an
eigenvalue of 2.26, while the third (PC3)
and fourth (PC4) components explain
13.81% and 13.63% respectively.
Together, these four components account
for 94.13% of the total variance in the
stem nutrient data, suggesting that a
small number of components can
effectively summarise the nutrient
profile. In the root, PCI is even more
dominant with an eigenvalue of 4.90,
explaining 54.54% of the total variance.
This indicates that a large part of the
nutrient variation in the root is captured
by the first component. PC2 and PC3
contribute 21.32% and 10.81% of the
variance respectively. The first three
components together explain 86.67% of
the variance, and the fourth component
(PC4) adds an additional 8.32%,
bringing the total variance explained to
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94.98%. Overall, the analysis shows that
the nutrient composition of both stem
and root is effectively captured by the
first few principal components, with the
root showing a stronger contribution
from PCI1 compared to the stem. This
suggests that fewer factors are needed to
describe nutrient variability in the root
than in the stem (Table 2). In the biplot
analysis for the plant stem (Figure 2A)
and the plant root (Figure 2B), different
nutrient patterns are observed. For the
stem, Component 1 (explaining 41.5% of
the variance) and Component 2 (25.1%)
capture a significant part of the variation
in nutrient composition. Potassium (K),
sodium (Na) and phosphorus (P) show
strong  positive  associations  with
Component 1, indicating their major
influence on stem nutrient variation.
Copper (Cu) and zinc (Zn) are also
significant contributors, while
magnesium  (Mg), calcium (Ca),
manganese (Mn) and iron (Fe) have
weaker or even negative associations
with Component 1, especially for
manganese and iron. In contrast, nutrient
variation in the plant root (Figure 2B) is
dominated by Component 1, which
explains 54.5% of the variance, while
Component 2 accounts for 21.3%. Iron
(Fe) and magnesium (Mg) are the most
influential elements, with strong positive
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contributions to component 1. Calcium and accumulation patterns. Salinity
(Ca) also contributes, but to a lesser stress is a significant abiotic factor that
extent. Nutrients such as zinc (Zn), adversely affects plant growth and
copper (Cu), phosphorus (P) and sodium development by disrupting osmotic and
(Na) are clustered together and show ionic balances within plant cells. This
moderate  contributions to  both disruption leads to nutrient imbalances
components. Comparing the two, the and metabolic dysfunctions, ultimately
stem nutrient variation is mainly driven impacting plant health and productivity.
by potassium, sodium and phosphorus, Understanding how salinity affects
whereas the root variation is more nutrient accumulation in both roots and
influenced by iron and magnesium. This stems is crucial for developing strategies
difference  reflects the  different to enhance plant resilience in saline
physiological roles of stem and root, environments.

each with unique nutrient requirements

Table 2. PCA obtained from Phosphorus (P) Potassium (K) Calcium (Ca) Magnesium (Mg)
Sodium (Na) Iron (Fe) Zinc (Zn) Copper (Cu) Manganese (Mn) for plant stem and plant root

Plant Stem Plant Root

Number Eigenvalue Percent Eigenvalue Percent

1 3,7389 41,544 4,9090 54,544

2 2,2630 25,144 1,9187 21,319

3 1,2428 13,809 0,9724 10,805

4 1,2270 13,633 0,7484 8,315

5 0,3703 4,115 0,3512 3,902

6 0,1044 1,160 0,0961 1,068

7 0,0535 0,594 0,0043 0,047

1,04 1,0
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3 2 & |/ iNe (Zn)
¥ o v A\ A‘t W
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Component 1 (41,5 %) -1,0 -0,5 0 0,5 1,0
Component 1 (54,5 %)

Figure 2. Summary of bar chart displaying eigenvalue and variation percentage contribution by all principal
components (PCs), a biplot between PC1 and PC2 displaying the distribution of plant-stem (A) and plant
root (B)

PCA analysis revealed significant magnesium, sodium, iron (Fe20s3), zinc,
differences  related to  nutrients copper and manganese) between the
(phosphorus,  potassium, calcium, control, Fe:0s, Fe (II, III) oxide + K-
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humate and K-humate treatments. In the

control group, the first principal
component (PCl) explained a large
proportion of the total wvariance,

61.052%, with an eigenvalue of 5.4946.
In the Fe (ILIII) oxide treatment, PC1
provided 55.058% of the variance with
an eigenvalue 0f 4.9552. In the Fe (ILI1I)
oxide + K-humate treatment, this value
increased to 5.4087, contributing
60.096%. The most impressive result
was obtained in the K-humate treatment;
PC1 explained 66.093% of the variance
with an eigenvalue of 5.9484,
highlighting the decisive influence of
this treatment on the nutrients. These
results clearly demonstrate that nutrients
play a critical role in the response of
cotton plants to different treatment
groups and the profound impact of these
treatments on plant development.
Principal Component Analysis (PCA)
biplots comparing nutrient distribution
in four treatment conditions: Control
(A), Fe (ILIII) oxide (B), Fe (ILIII) oxide
+ K-humate (C) and K-humate (D). In
the control (A), copper, zinc and iron
showed a strong and positive correlation
with each other, while the same strong
and positive correlation was found
between manganese, phosphorus and
potassium. Calcium (Ca) contributes
largely to the first principal component
(PCI), while copper (Cu), zinc (Zn) and

magnesium  (Mg)  show  strong
correlations with both PC1 and PC2.
Sodium (Na), manganese (Mn),

phosphorus (P), and potassium (K) have

weaker effects on the total variance. In
the Fe (ILIII) oxide treatment (B), the
relationships between the nutrients
change. Potassium (K) and sodium (Na)
show an increasing correlation with PC2,
while the contribution of calcium
decreases compared to the control.
Copper and magnesium continue to
group, but their orientation shifts
towards PC2. In the combined Fe (ILIII)
oxide + K-humate treatment (C),
manganese (Mn) and calcium are closely
aligned with PC1, while phosphorus,
zinc, copper and sodium are associated
with PC2, revealing a more distinct
pattern indicating changes in nutrient
interactions under dual treatment. In the
K-humate treatment alone (D), calcium
continues to dominate PC1, while
manganese and phosphorus align
strongly with PC2 and potassium,
sodium, copper, zinc and iron (Fe)
cluster together, showing similar
behaviour. Calcium contributes
consistently to PC1 in all conditions, but
its influence is slightly reduced in the Fe
(ILII) oxide treatment. Potassium and
sodium show considerable variability
between the control and Fe (ILIII) oxide
treatments, while the combination of Fe
(ILIIT) oxide and K-humate significantly
alters the nutrient  correlations,
particularly affecting manganese and
phosphorus. K-humate application alone
leads to different interactions between
phosphorus, manganese and potassium,
highlighting how different treatments
affect nutrient dynamics in unique ways.

Table 3. PCA obtained from Phosphorus (P) Potassium (K) Calcium (Ca) Magnesium (Mg)
Sodium (Na) Iron (Fe) Zinc (Zn) Copper (Cu) Manganese (Mn) for Control, Fe.Os, Fe (ILIII)

oxide +K-humate and K-humate

Number Control Fe (ILIII) oxide Fe (ILIII) oxide +Kh K-humate

Eigenvalue | Percent | Eigenvalue | Percent | Eigenvalue | Percent | Eigenvalue | Percent
1 5,4946 61,052 | 4,9552 55,058 5,4087 60,096 | 5,9484 66,093
2 3,0070 33,411 3,3167 36,852 | 2,8619 31,799 | 2,7431 30,479
3 0,4983 5,537 0,7281 8,090 0,7294 8,105 0,3085 3,428
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Figure 3. Summary of bar chart displaying eigenvalue and variation percentage contribution by all principal
components (PCs), a biplot between PC1 and PC2 displaying the distribution of Control (A) Fe (IL,III) oxide (B), Fe

(ILIIT) oxide +K-humate (C) and K-humate (B) factors

4. Discussion

Salinity  stress 1s a  major
environmental challenge that disrupts
crop growth and productivity by
affecting nutrient uptake and metabolic
functions. The accumulation of nutrients
in plant roots and stems under saline
conditions 1is influenced by various
physiological mechanisms, which differ
across plant species. Recent studies have
shed light on how salinity impacts
nutrient accumulation, revealing the
complex dynamics involved. Salinity
stress causes osmotic and ionic
imbalances in plant tissues, severely
impairing nutrient absorption. For
example, Cova et al. (2016) found that
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high salinity reduced both root growth
and nutrient accumulation in Ricinus
communis, suggesting that although
roots can adjust osmotically, excessive
salinity still leads to significant nutrient
loss. Similarly, AbdElgawad et al. (2016)
observed that salt stress led to Na*
accumulation in maize roots, disrupting
the critical K*/Na* balance required for
cellular  function, resulting  in
physiological stress and reduced
productivity. Taha et al. (2020) further
demonstrated that salinity reduces the
levels of essential nutrients like nitrogen
(N), phosphorus (P), potassium (K),
manganese (Mn), iron (Fe), and boron
(B), all vital for plant metabolism and
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defense against oxidative stress. Salinity
poses significant challenges to plant
growth, often leading to nutrient
deficiencies and imbalances (Neue et al.
1998; Santos et al. 2002). Numerous
studies have shown that salinity can
reduce nutrient uptake and accumulation
or disrupt nutrient distribution within the
plant (Fernandez-Garcia et al. 2004).
The ability to maintain higher nutrient
ratios, such as K" and Ca?" to Na,
particularly in young, rapidly growing
tissues, is an important mechanism that
contributes to improved salt tolerance in
plants (Wei et al. 2003). Nutrient profiles
in roots and stems differ under salinity
stress. Al-Zahrani et al. (2021) showed
that applying zinc improved growth and
nutrient uptake in Vigna radiata,
highlighting that targeted nutrient
applications can mitigate the harmful
effects of salinity. However, roots often
accumulate harmful ions like Na" and
CI', leading to toxicity and nutrient
imbalances. Umar et al. (2011)
emphasized the role of potassium in
maintaining ionic balance, particularly in
combating Na® toxicity in plants like
Brassica campestris under salt stress.
Similarly, Seleiman et al. (2020) found
that antioxidants helped restore ionic
balance in salt-stressed cucumber plants,
stressing the importance of managing
oxidative stress for improved nutrient
uptake. Research also indicates that
salinity significantly alters nutrient
composition in plant tissues. For
example, Arslan (2020) reported that
salinity reduces water uptake, limiting
essential nutrients and impairing plant
metabolism. Tarak¢ioglu (2023)
demonstrated that applying organic
amendments improved nutrient uptake in
lettuce under saline  conditions,
suggesting that organic matter can
counteract the negative effects of salinity
by enhancing nutrient availability.
Bayram and Uzal (2020) confirmed that
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salinity causes Na* and Cl~ accumulation
in roots, which can lead to toxicity and
imbalances in nutrient distribution
within plant tissues. In summary, salinity
stress affects nutrient uptake by altering
the osmotic potential of soil, making it
difficult for plants to absorb water and
essential nutrients. The accumulation of
Na* and CI ions inhibits the uptake of
key nutrients like potassium (K) and
calcium (Ca), which are essential for
vital physiological functions.
Understanding these mechanisms is
crucial for developing effective crop
management strategies. Approaches
such as applying micronutrients, using
mycorrhizal fungi, and incorporating
organic amendments can enhance
nutrient uptake and improve plant
resilience to salinity. By optimizing these
practices, future research can help crops
perform better in saline environments.

5. Conclusion

This  study  demonstrates the
significant effect of Fe (II,III) oxide NPs,
K-humate and their combination on
nutrient accumulation in cotton plants
under saline and non-saline conditions.
The use of Principal Component
Analysis (PCA) revealed distinct
patterns of nutrient uptake between stem
and root, showing that each treatment
affected nutrient dynamics differently.
The results indicate that the application
of K-humate had the most profound
effect on nutrient uptake, particularly in
enhancing the accumulation of essential
elements such as calcium, phosphorus
and potassium. Fe (ILIII) oxide NPs
alone  contributed to  improved
antioxidant  activity and  nutrient
regulation, especially sodium and
potassium, which are critical for
managing osmotic stress under salinity.
The combined Fe (ILII) oxide + K-
humate treatment showed synergistic
effects  with  enhanced  nutrient
interactions, reflecting an optimised
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balance between nutrient uptake and
stress tolerance mechanisms. Under
saline conditions, nutrients such as
sodium, calcium and copper showed
high variability, indicating their critical
role in plant differentiation and
adaptation to salinity stress. The results
shows the potential of using K-humate
and Fe (ILII) oxide NPs, individually or
in combination, as a strategy to mitigate
the negative effects of salinity stress by
improving nutrient balance and plant
resilience.  Overall, this research
provides valuable insights into the
physiological responses of cotton to
salinity stress and highlights the
importance of nanomaterials such as Fe
(ILII) oxide NPs and K-humate to
enhance  cotton  growth  under
challenging environmental conditions.
Further research could focus on
optimising  application rates and
investigating long-term effects on crop
productivity. These findings can
contribute to sustainable agricultural
practices and help in the development of
salt-tolerant cotton varieties.
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Ozet

Tarimsal arastiranlarda ¢ogunlukla ekonomik degeri yiiksek temel iriinler ele alinmakta, kiiciik miktarda veya
yoresel olarak tarimi yapilan bitkiler ise goz ardi edilmektedir. Iklim degisikligi, tiiketici tercihlerindeki
degisimler, giivenli ve saglikli gida talebinin artmasi goz ardi edilmis veya yok olmaya yiiz tutmus tiirlere olan
ilgiyi artirmaktadir. Bu kapsamda degerlendirilebilecek bitkilerden biri de tek ¢icekli fig (Vicia articulata Hornem
y’dir. Tek cicekli fig Tiirkiye’de sar1 mercimek olarak bilinmekte ve ¢ Ege’de uzun yillardan beri tane baklagil
olarak yetistirilmektedir. Ancak bitki hakkinda bilgiler son derece kisitlidir ve tarimi da azalma egilimindedir.
Bunun anlami bitkinin kiiltiirii yok olma riski tasimaktadir. Bu nedenle mevcut ¢aligmada Farkli illerden temin
edilen 5 adet yerel popiilasyonun, 2023 ilkbaharinda Yozgat kosullarinda ekilerek bazi tarimsal 6zellikleri ve
protein igerigi belirlenmistir. incelenen biitiin 6zellikler bakimindan tek gigekli fig popiilasyonlar arasinda énemli
(p<0.01) farkliliklar tespit edilmis; ¢igeklenme baslangict 69 -75 giin, hasat olum zamani 117-122 giin, tane verimi
1.47 - 2.41 t ha? ve protein oran1 %26.08 — 27.90 arasinda belirlenmistir. Sonug olarak tek cicekli figin verim ve
protein igerigi bakimindan mercimekle kiyaslanabilir oldugu tespit edilmis ve daha kapsamli ¢alismalarin faydali
olacagi kanaatine varilmistir.

Anahtar Kelimeler: Vicia articulata, tek cicekli fig, sar1 mercimek, verim, protein

The Endangered Traditional Pulse, Single-Flowered Vetch (Vicia articulata Hornem):
Some Agronomic Characteristics and Protein-Based Nutritional Value of Populations
from Tirkiye

Abstract

In agricultural researches, mostly basic crops with high economic value are taken into consideration, while plants
that are cultivated in small quantities or locally are ignored. Climate change, changes in consumer preferences and
increasing demand for safety and healthy foods are increasing the interest in species that have been overlooked
and many of which are on the verge of extinction. One of the plants that can be evaluated in this context is single-
flowered vetch (Vicia articulata Hornem). Single-flowered vetch is known as yellow lentil in Turkey and has been
grown as a grain legume in the Inner Aegean Region for many years. However, information about the plant is
extremely limited and its cultivation is also decreasing. This means that its culture is at risk of extinction.
Therefore, in the current study, 5 local populations obtained from different provinces were grown in Yozgat
conditions in the spring of 2023 to determine some of their agricultural characteristics and protein content.
Significant differences (p<0.01) were detected among single-flowered vetch populations for all traits examined;
first flowering time was 69-75 days, harvest maturity time was 117-122 days, grain yield was 1.47 - 2.41 t ha'* and
protein content was 26.08 - 27.90%. As a result, it was determined that single-flowered vetch is comparable to
lentil in terms of yield and protein content and it was concluded that more comprehensive studies would be useful.

Keywords: Vicia articulata, single-flowered vetch, yellow lentil, yield, protein
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1. Giris

Fig (Vicia) tirlerinin insan
beslenmesinde  kullannmi1  ¢ok  yaymn
degildir. Bununla birlikte birkag fig tiiriintin
insan  beslenmesinde kullanim1  antik

caglara kadar uzanir; V. ervilia’nin MO
7000'e, V. faba'nin ise MO 5000'e kadar
uzanan bulgularina ulasilmistir (Enneking,

1995). Tek ¢icekli fig (V. articulata
Hornem) insan beslenesinde kullanilan
birka¢ fi§ tlirinden biridir, ancak

mercimege (Lens culinaris) benzerligi
nedeniyle ge¢misi hakkindaki bilgiler ¢ok
net degildir. Arkeobotanik bulgular bu
konuya yetince 1s1k tutamamaktadir. Zira
komiirlestiginde mercimek ve yaygin fig
(Vica sativa) gibi diger bakalgil tiirleri ile
kolayca karistirilarak yanlis tanimlanabilir
(Pierrogiovanni ve Taranto, 2005). Tek
cicekli fig (Va), Akdeniz ve Giineybati
Asya’yanin kurak tarim sisteminde ¢ok iyi
adapte ait eski bir tane baklagildir
(Enneking, 1995). Oldukca diisik yagis
altinda (= 300 mm) yetisebilen, gorece
yiiksek tohum verimi ve biiylik tohumlara
sahip, protein oranm1 %22-26 araliginda ve
toksik bilesenleri diisiik veya orta diizeyde
olan bir bitkidir (Francis ve ark., 2000).
Diinyadaki  durumuna  bakildiginda
tarimmin  azalma egiliminde oldugu
sOylenebilir. Va 'nin yetistiriciligi daha ¢ok
Akdeniz kusaginda (Yunanistan, Italya ve
Ispanya) goriilmektedir. Yunanistan’da
1950’lere kadar yaygm olmasina ragmen
bugiin sadece Ege Denizi’'nde yer alan
Santorini adasinda yetistirildigi ve bu
nedenle  neslinin  tehlikede  oldugu
bildirilmektedir (Sarpaki ve ark., 2022).
Ispanyada da 1960 larda 160 000 ha ekim
alanina sahip iken bu gin yok olma
tehlikesiyle karsi karsiyadir (Rubiales ve
Flores, 2020). italya’nin baz1 bdlgelerinde
de yaygin olarak tiiketilmekte ve
tohumlarinin mercimege benzerligi
nedeniyle siyah mercimek "lenticchia nera"
olarak adlandirilir. Tadi konusunda bazi
olumsuz yargilar olmakla birlikte, italyan
ciftciler Va’min mercimege gore daha
verimli ve zararlilara kars1 daha dayanikli
oldugunu ifade etmektedir. Nitekim bakla
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bagina tohum sayisi, mercimekte yaygin
olan bir iki tohumdan yiiksek ve aksine ii¢
ila bes arasinda degisir (Piergiovanni,
2021). Italya’nin farkli bolgelerinde de
bitkinin tariminin yapildigr ancak ya yok
oldugu ya da yok olma egilimde olduguna
deginilmektedir. Sicilya’da farkli kdylerde
Va tarimina ait bulgulara rastlanmis, ancak
buralarda bitkinin tariminin yakin zamanda
ortandan kalktig1 tespit edilmistir (Maly ve
ark., 1987; ISPRA, 2013). Sardunya'nin
giineybatisindaki kii¢iik bir ada olan S.

Antioconun  bir koyli  (Calasetta'da)
(Laghetti ve ark., 2000) ve Apulianin
giineyindeki ii¢c  koyde (Corigliano

d'Otranto, Soleto ve Martano'da (Accogli ve
ark., 2012) siyah mercimek adi altinda Va
ekimi ve tiikketimi devam etmektedir.

Va  Tirkiye’de  baklagil  olarak
yetistirilmekte ve hem citciler tarafindan
hem de pazarda sar1 mercimek adiyla
bilinmektedir (Uzun ve ark., 2011). Uretim

alant ve miktari, bitkiye ait resmi
istatistiklerde  veri  bulunmadigr i¢in
olanaksizdir.  Bu  alandaki  bilgiler

cogunlukla ¢it¢ilerin veya yerel kaynaklarin
beyanlarina dayanmaktadir. Cit¢i beyanlari

gostermektedir ki Tiirkiye’de
azimsanmayacak miktarda
yetistirilmektedir. Tiirkiye’de Va
yetistiriciligi Ege Bolgesinin i¢

kisimlarinda (Usak, Manisa ve Kiitahya) ve

daha ¢ok yiiksek rakimli bolgelerde
yapilmaktadir. Siiphesiz bu dagilimda
bitkinin ekolojik istekleri temel

belirleyicidir. Ancak kiiltiirel ve ekonomik
nedenlerin rolii de goz ard1 edilemez
olabilir. Ciftcilerin beyanlar1  bitkinin
bolgedeki tariminin ¢ok eskilere dayandigi
yoniindedir. Ustelik ciftgiler Va'nin sar
mercimek olarak ve kirmizi mercimekten
daha yiiksek fiyatlara satildigini ifade
etmektedir.

Va bu giine kadar modern 1slaha konu
edilmemis ve olumsuz miidahalelerden
korunmus bir tiirdiir. Hem Tiirkiye’de hem
de diger iilkelerde daha c¢ok marjinal
alanlarda ve diisiik girdi kullanarak
yetistirilmektedir. Dolayisiyla Va’nin belki
de en 6nemli 6zelligi genetik yapisi insan
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midahillerine maruz kalmamig ve tarimin popiilasyonlarmin bazi tarimsal 6zellikleri
yaygin kimyasal risklerini igermeyen ve protein icerikleri ele alinmistir.

giivenilir bir kiiltiir bitkisi olarak kalmis
olmasidir. Tiirkiye’de Uretim materyali

tamamiyla popiilasyon ' &5zelligindeki ata ve Usak illerinden toplanan 5 adet tek

tohumlarindan olusmaktadir. Ancak bu . s e .
1 il 1 ¢ licerikleri cicekli fig popiilasyonu (Va) kullanilmistir
yerel popiilasyonlarin tarimsal igerikleri ve (Tablo 1). Biitin popiilasyonlar 2023

besin igerikleri hakkindaki bilgi son derce yilinda Yozgat Merkezde (39° 70’ 65"K,

kisitlidir. Bu nedenle mevcut calismada 34° 83' 46" D, Rakim: 1266 m) ilkbahar (27
Tiirkiye yetistirilen tek Va Mart) ekilmis‘;ir '

2. Materyal ve Yontem
Bitki materyali olarak Manisa, Denizli

Tablo 1. incelenen tek ¢icekli fig (Vica articulata Hornem) popiilasyonlar1 (Va) ve toplanildiklar yerler

Popiilasyon Kokeni (Tlge/il)
Val Kopriibasi/Manisa
Va2 Kula/Manisa
Va3 Buldan/Denizli
Va4 Buldan/Denizli
Vab Esme(Usak
Deneme alaninin topraklari, 0-30 cm meteorolojik veriler Sekil 1'de verilmistir.
derinlikten alinan 6rneklerin analizine gore 2023 yilinda toplam 563 mm yagis
killi, hafif tuzlu, orta kirecli, nétr pH'li, kaydedilmistir. Vejetasyon sliresine karsilik
yiiksek fosforlu ve orta derecede organik gelen donmemde (Mart-Temmuz) ise 346
madde iceriklidir. Yozgat-Merkeze ait mm yagis ger¢eklesmistir.
160 25
140
120 i 20
100 15
40 { oot i \ .
20 .
0 -l 0
& & v“"ﬁoé\’*\:@&i@@i@"‘oﬁ N K s FE é\.,é‘@ﬁ\\‘; ggi;é&o:é;‘o" & & oS
Aylar Aylar
Sekil 1. Yozgat-Merkeze ait 2023 yilt meteorolojik verileri
Deneme tesadiif bloklar1 deneme belirlenmistir. 1000 tane agirlig1 ve protein
desenine gor 3 tekrarlamali olarak kulmus, igeri8i orijinal tohumlarda da belirlenmistir.
ekim islemi elle ve 300 tohum m™ normuyla Tohumlar laboratuvar degirmeninde iyice
yapilmigtir. Her parsel 0.25 m aralikli ve 4 ogiitiilmiis orneklerde Kjeldahl yontemi ile
m uzunlugunda 5 icerecek sekilde azot analizi yapilmstir. Elde edilen
diizenlenmigtir. Giibre olarak parsellere sonuglar 6.25 katsayisiyla c¢arpilarak %
ekimden sonra 5 kg da™ P,Os ve 2 kg da™ protein icerigi hesaplanmistir. Elde edilen
azot uygulanmistir. Deneme herhangi bir veriler SPSS 20.0 istatistik programi
pestisit veya sulama yapilmaksizin dogal kullanilarak analiz edilmis ve ortalamalar
iklim kosullarinda yiiriitiilmiistiir. Yabanci arsindaki farkliliklar DUNCAN ¢oklu
ot miicadelesi i¢in 2 kez elle temizlik karsilastirma testiyle ortaya konmustur.

yapilmistir. Caligsmada cigeklenme
baslangic1 ve hasat olum tarihleri, tohum
verimi, 1000 tane agirligi ve protein igerigi

3. Bulgular
Incelenen tek cicekli fig (Va)
popiilasyonlar1 arasinda fenolojik 6zellikler
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bakimindan farkliliklar tespit edilmistir.
Tim Va popiilasyonlarina nisan aymin ilk
haftasinda ve ekilisten 69-75 giin sonra
ciceklenme baslamistir. Va2 ve Vab
popiilasyonlarinda ilk ¢iceklenme yaklagik
1 hafta daha ge¢ gerceklesmistir. Va
popiilasyonlar1  hasat olgunluguna ise
temmuz aymin son haftasinda ve ekildikten
117 ila 122 giin sonra ulagmislardir. Va2 ve
Va5 popiilasyonlar1 hasat olgunluguna da
digerlerinden 3-4 giin sonra ulagsmistir. Val,
Va3 ve Va4 her iki doneme de hemen
hemen ani siirelerde ulasmislardir. Bununla
birlikte denemede Ol¢iim  alinmamis

Basaran

olmakla birlikte Va2 ve Va5 popiilasyonlari
digerlerinden morfolojik olarak da farkli ve
belirgin bir sekilde daha kisa boylu oldugu
gorilmistir. Cigek rengi ve tohum rengi
gibi ozellikler bakimindan da belirgin bir
farklilik  tespit  edilmemistir.  Va’nin
vejetatif kisimlari, tohumlar1 ve kotiledon
rengi Sekil 2’de goriilmektedir. Buna gore
incelenen popiilasyonlarin bitki boyu ve
fenolojik ozellikler bakimindan iki grup
olusturdugu; bunlardan birine gecci ve kisa
boylu olan Va2 ve Va5 digerine ise daha
uzun boylu ve erkenci Val, Va3, ve Va4 yer
aldig1 sOylenebilir.

Sekil 2. Tekgi ¢ekli figin yaprak ve ¢igegi (a), tohum (b) ve kotiledon renginin (c¢) goriiniimleri

Aragtirilan Va popiilasyonlarinin Yozgat
ekolojik kosullarinda tohum verimleri 1.47
- 241 t ha' arasinda degiserek &nemli
seviyede (p<0.01) farklilik gostermistir
(Sekil 3). En yiiksek ve diisiik tohum verimi
sirastyla Va4 ve Va3’de tespit edilmistir.

Bitkilerin  kiyaslanmast ve besleme
degeri acisindan 1000 tane agirligi ve
protein igerigi Onemli Ozelliklerdir. Bu
baglamda mevcut caligmada Va
poptilasyonlar1 her iki 6zellik bakiminda da
incelenmigtir. Popiilasyonlar arasinda 1000

tane agirhigi Onemli diizeyde (p<0.01)
farklik gostermis, iistelik bu farklilik hem
deneme kosullarinda elde edilen hem de
orijinal tohumlarda gézlenmistir (Tablo 3).
Orijinal tohumlarda 1000 tane agirhig1 en
yiiksek Val (55.2 g), en diisiik Va5 (40.5 g)
popiilasyonunda kaydedilmistir. Deneme
kosullarinda ise popiilasyonlarin 1000 tane
agirhigr 47.2- 52.1 g arasinda degismis ve
rakamsal olarak en yliksek deger Va4
popiilasyonunda tespit edilmistir.

Tablo 2. Incelenen tek cigekli fig (Va) popiilasyonlarinda belirlenen ortalama ilk ¢iceklenme ve hasat

olum tarihleri (n=3) (Ekim tarihi: 27.03.2023)

Popiilasyon

Ciceklenme baglangig tarihi

Hasat olum tarihi

Tarih (giin.ay) Giin sayis1 Tarih (giin.ay) Giin sayis1
Val 04.06 69 22.07 117
Va2 10.06 75 27.07 122
Va3 04.06 69 23.07 118
Va4 04.06 69 22.07 117
Va5 08.06 73 26.07 121
Ortalama 71 119
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Sekil 3. Incelenen tek gigekli fig (Va) popiilasyonlariin Yozgat ekolojisinde belirlenen tohum verimleri. Tane verimi bakimindan
popiilasyonlar arasindaki farklilik 6nemlidir (p<0.01). Ayn1 harflerle gosterilen barlar arasinda fark yoktur (p<0.05)

Orijinal ve denemeden elde edilen
tanelerin protein igerigi Va popiilasyonlari
arasinda kayda deger bir degisim gostermis
ve biitiin  popiilasyonlarda  deneme
kosullarinda daha yiiksek degerler elde
edilmistir (Tablo 3). Orijinal tohumlarin
ham protein igerigi %22.90 - 25.34 asinda

degismistir.  Yozgat kosullarinda ise
popiilasyonlarin ham protein igerigi %26.08
- 27.90 arasinda ve rakamsal olarak en
yiksek Va3, en disik Vad’te tespit
edilmistir. Bununla birlikte Val, Va2 ve
Va5’te en yiiksek grupta yer almiglardir.

Tablo 3. incelenen tek ¢igekli fig (Va) popiilasyonlarinin orijinal tohumlarinda ve Yozgat ekolojisinde
belirlenen 1000 tane agirliklar ve protein igerikleri

. 1000 tane agirligi (g) Protein oran1 (%)
Popillasyon Orijinal ** Yozgat** Orijinal Yozgat
Val 55.2a 51.8a 25.34 a 27.62a
Va2 52.0b 47.7¢ 24.12 a 27.75ab
Va3 499¢c 50.6 b 23.25¢ 27.90a
Va4 50.1¢ 52.1a 22.90¢c 26.08 ¢
Vab 49.5¢ 514 a 25.15a 27.26a
Ortalama 51.3 50.7 24.2 27.3

**: p<0.01, Ayni siitunda ayni harfle gosterilen ortalamalar arasinda fark yoktur (p<0.05)

4. Tartisma

Tek cicekli figin tarimi hakkinda ¢ok
fazla bilgi eksikligi bulunmaktadir. Tarimi
ve gecmisi hakkinda Tiirkiye’ de ylirtitiilen
bilimsel ¢alismalar da olduk¢a kisithidir. Bu
nedenle mevcut calismanin sonuglart bu
konudaki bilgi eksikliginin giderilmesine
onemli katkilar sunmaktadir. Va’'nin
ekolojik uyumu ve insan kullanimi
acisindan kiyaslanabilecegi veya
karsilastirilabilecegi en uygun  bitki
mercimektedir. Zira hem Tiirkiye’de hem
de yetistirildigi diger Akdeniz iilkelerinde
sart  mercimek olarak  bilinmektedir
(Piergiovanni, 2021; Uzun ve ark., 2011).
Tiirkiye kokenli 5 adet Va popiilasyonu
olum donemleri, verim ve protein igerikle
bakimindan  6nemli  diizeyde  farkli
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olmustur. Ayrica bulgular s6z konusu
farkliligin genetik diizeyde olduguna isaret
etmektedir ki bu 1slah agisindan olumlu bir
durumdur. Incelenen tek g¢icekli fig
popiilasyonlar1 ortalama olarak; ekimden
yaklagtk 2.5 ay sonra (71 giin)
ciceklenmeye baglamis ve 4 ay sonra da
hasat (119 giin) olgunluguna ulasmistir.
Hasat  olgunluk  siiresi acisindan
poplilasyonlar arasinda 5 giine varan fark
olusmustur. Ustelik erkenci olanlar verim
ve protein igerigi bakimindan da iistiin
olmustur. Erkencilik bircok bakimdan
tercih sebebidir ve oOzellikle ikinci iriin
yetistirilen alanlara Onemli bir avantaj
sunabilir. Farkli bir arastirmada Yozgat
kosullarinda ve yazlik ekilen 9 mercimek
cesidinde %50 ciceklenme siiresi 69.6 - 81.



9 giin, hasat olgunluk siiresi ise 124.9 -
112.6 gin olarak belirlenmistir (Erbas
Kose. 2018). Dolayisiyla Va bolgede
mercimekle benzer vejetasyon siiresine
sahiptir. Tane verimi popiilasyonlar
arasinda oneli derecede degisim gostermis
ve ortalama 209 t ha'! olarak
kaydedilmistir.  Bu  verim degeri
mercimekle rahatlikla rekabet edebilir bir
seviyededir. Erbas Kose ve ark. (2017),
farkli mercimek cesitleri i¢in Yozgat
ekolojisinde ortalama tane verimini 1.12 -
2.01 t ha! belirlemislerdir. Ispanya’nin
farkli bolgelerinde ise Va popiilasyonlarinin
tane verimi 0.65 - 1.1 t ha' arasinda
bildirilmistir (Rubiales ve Flores, 2020).
1000 tane agiligi da popiilasyonlardan
onemli derecede etkilenmis ve ortalama
olarak orijinal materyallerde 51.3 deneme
kosullarinda ise kismi bir diisiisle 50.7 g
olarak belirlenmistir. Benzer seklide,
mevcut caligmada belirlenen ham protein
icerigi de popiilasyonlar arasinda &nemli
derecede farklilik gostermis ve deneme
kosullarinda belirlenen ortalama (%27.3),
orijinal tohumlara ait ortalamadan (%24.2)
daha yiiksek olmustur. Bu veriler 1000 tene
agirhginin  genetik kontroliiniin  yiiksek,
protein igeriginin ise yetisme kosularina
hassas bir 0Ozellik olduguna isaret
etmektedir. Daha oOnce yine Yozgat
ekolojinde 9 adet yerel yesil mercimek
genotipi ile ve iki yil siireyle yiiriitiilen
caligmada; 1000 tane agirhigi genotipler
arasinda genis bir varyasyona (51.8-65.7 g)
sahipken, ekim sikliklar1 arasinda benzer
(59.0-59.6 g) bulunmustur (Erbas Kose ve
ark., 2017). Ham protein oranlarinda Ki
degisimler = Vanin  besleme  degeri
acisindan, genotip yaninda ekoloji ve
agronomik iglemlerin 6nemini agikca ortaya
koymaktadir. Bu baglamda, farkli ekolojik
kosullarda yetistirildikleri igin orijinal
tohumlarin ham protein oranlariin farklh
olmasi beklen bir durumdur. Ancak, bu
farkliligin ~ deneme  kosullarinda da
gbzlenmis olmasi Va popiilasyonlarinin
genetik  farkliligina isaret etmektedir.
Tiirkiye kosullarinda farkli mercimek
cesitlerinde ortalama protein igerigi %26.7-
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27.9 (Kaya, 2010) % 27.5- 29.0 (Erbas Kose
ve ark.,, 2017) olarak bildirilmistir.
Italya’'nin  giineyine ait yerel bir Va
popiilasyonda 1000 tane agirhg 68.3 g,
protein orani ise %28.4 olarak bildirilmistir
(Piergiovanni, 2021). Dolayisiyla Va’nin
protein igerigi mercimekle rekabet edebilir
diizeydedir.

5. Sonu¢

Elde edilen sonuglar Tiirkiye’de
yetistirilen Va popiilasyonlariin verim ve
protein igerigi bakimindan c¢ok yiiksek bir
potansiyel tasidigin1 ve mercimekle rekabet
edebilir diizeyde oldugunu gostermektedir.
Ote yandan, bu sonuglarmn Yozgat gibi
iklimsel kisitlarin  yiiksek oldugu bir
ekolojide elde edilmesi oldukga {imit
vericidir. Va’nin diinyadaki tarimina
bakildiginda Akdeniz ekolojisine uyum
sagladig1 soylenebilir. Yozgat karakteristik
Akdeniz iklimine gore daha zor kosullar
icermektedir.  Nitekim ilkbahar ekimi
yapilmasina ragmen geg¢ soguklar nedeniyle
bitki gelisimi ¢ok yavas seyretmis ve bazi
bitkilerde soguk zarar1 olugsmustur. Ancak,
sicaklik artisina ¢ok olumlu tepki verdikleri
gozlenmistir. Denemede ki gozlemlere
dayanarak, bitkinin kurakliga dayaniminin
orta diizeyde oldugu soylenebilir. Bu
itibarla, tane baklagil olarak Va disiik
rakimli, daha iliman ve kurakligin 6nemli
derecede kisitlayici olmadigr kosullarda
daha iyi verim degeri ortaya koyabilir.

Kaynaklar

Accogli, R., Dimitri, G., Marchiori, S.,
2012. Lenticchia nera di Soleto: Storia
locale di un legume minore. In
Proceedings of the IX Biodiversity
National Congress, Bari, Italy, 5-7
September; Volume 11, pp. 262—-266.

Enneking, D., 1995.  Post-harvest
detoxification: the key to alternative
Vicia grain legumes? In: Lathyrus
sativus and human lathyrism: progress
and prospects, eds. H.K.M. Yusuf, and F.
Lambein, 85-92,  University  of
Dhaka.Francis,



Erbas Kose, O.D., Bozoglu, H., Mut, Z.,
2017. Yozgat kosullarinda yetistirilen
yesil mercimek genotiplerinin verimine
ekim sikliginin etkisi, Kahramanmaras
Siit¢ii  Imam  Universitesi Fen ve
Miihendislik Dergisi, 20 (Ozel Say):
351-355.

Erbas Kose, O.D., 2018. Farkli ekim
sikliklarinda yetistirilen yazlik ve kishk
mercimek ¢esitlerinin tarimsal ve kalite
Ozelliklerinin ~ belirlenmesi.  Doktora
Tezi, Ondunuz Mayis Universitesi, Fen
Bilimleri Enstitiisii Samsun.

Francis, C.M., Enneking, D., Abd EIl
Moneim, A.M., 2000. When and where
will vetches have an impact as grain
legumes? In: Linking research and
marketing opportunities for Pulses in the
21st Century, ed. R. Knight, 671-683.
Proceedings of the third international
food legume research conference,
Adelaide 1997. Current plant science and
biotechnology in agriculture, Vol. 34.
Dordrecht/Boston/London: Kluwer
Academic Publishers.

Laghetti, G., Piergiovanni, A., Galasso, |.,
Hammer, K., Perrino, P., 2000. Single-
flowered vetch (Vicia articulata
Hornem.): A relic crop in Italy. Crop
Science Journal, 47: 461-465.

Maly, R., Hammer, K., Lehamann, C.O.,
1987. Sammlung pflanzlicher
genetischer Ressourcen in S” uditalien-
ein Reisebericht aus dem Jahre 1950 mit
Bemerkungen zum  Schicksal  der
Landsorten “in situ” und in der Genbank.
Kulturpflanze, 35: 109-134.

ISPRA, 2023. Istituto Superiore per la
Protezione e la Ricerca Ambientale

Basaran

Frutti Dimenticati e Biodiversita
Recuperate;  Quaderni  Natura e
Biodiversita: Roma, Italy, p. 34.

Piergiovanni, A., Taranto, G., 2005. Simple
and rapid method for the ifferentiation of
Lens culinaris Medik. from false lentil
species. Journal of Agricultural and
Food Chemistry, 53: 6593-6597.

Piergiovanni, A., Taranto, G., 2005. Simple
and rapid method for the differentiation
of Lens culinaris Medik. from false lentil
species. Journal of Agricultural and
Food Chemistry, 53: 6593-6597.

Piergiovanni, A.R., 2021. Nutritional
characteristics of black lentil from
Soleto: a single-flower vetch landrace of
Apulia Region (Southern ltaly). Foods,
10: 2863.

Rubiales, D., Flores, F., 2020. Adaptation
of  One-Flowered Vetch (Vicia
articulata Hornem.) to Mediterranean
Rain Fed Conditions. Agronomy, 10:
383.

Sarpaki, A., Skoula, M., Katsipis, S., 2022.
Vicia articulata, a traditional crop
legume, near extinction, found in
Santorini  (Thera), Greece; possible
implication for archaeobotany/
palaeoethnobotany and its great value for
its future need in agriculture. Research

Square, 1:17.
Uzun, A., Gucer, S., Acikgoz E., 2011.
Common vetch (Vicia sativa L.)

germplasm: correlations of crude protein
and mineral content to seed traits. Plant
Foods for Human Nutrition, 66: 254—
260.

Atif Sekli: Bagaran, U., 2024. Nesli Tehlikede Olan Geleneksel Tane Baklagil, Tek Cicekli Fig (Vicia
articulata Hornem): Tiirkiye Orijinli Popiilasyonlarin Bazi Tarimsal Ozellikleri ve Protein Temelli
Besleme Degeri. MAS Uygulamali Bilimler Dergisi, 9(Ozel Say1): 892-898.

DOI: http://dx.doi.org/10.5281/zenodo.13928621.

To Cite: Basaran, U., 2024. The Endangered Traditional Pulse, Single-Flowered Vetch (Vicia articulata
Hornem): Some Agronomic Characteristics and Protein-Based Nutritional Value of Populations from
Tiirkiye. MAS Journal of Applied Sciences, 9(Special Issue): 892—-898.

DOI: http://dx.doi.org/10.5281/zenodo.13928621.

898



MAS JAPS 9(Special Issue): 899-906, 2024

~ournal of Applied sciences
- Uygulamalr Bilimler Dergisi

DOI: http://dx.doi.org/10.5281/zenodo.13939065 &,

Developing Rp-Hplc Method and Determination in Vitro Cytotoxicity of Silymarin
Obtained From Silybum marinum Plant

Erten AKBEL ", [brahim BULDUK 2", Funda KARABAG °
! Usak University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation Usak
2 Afyon Kocatepe University, Faculty of Engineering, Department of Chemical Engineering,
Afyonkarahisar
8 Usak University, Faculty of Engineering and Natural Sciences, Department of Molecular Biology and Genetics
Usak
*Corresponding author: erten.akbel@usak.edu.tr

Received: 08.07.2024 Accepted: 25.08.2024
Abstract

The Asteraceae family's Silybum marinum plant, commonly known as thistle, yields silymarin in its seeds. A
frequently employed hepato-protective treatment for conditions like cirrhosis, fatty liver due to alcohol and
hazardous chemicals, and hepatitis is silymarin. Conventional milk thistle extract is derived from seeds containing
a silymarin content of 4-6%. The extract has 20-35% fatty acids, including linoleic acid, and 65-80% silymarin
(a flavonolignan complex). Silymarin constitutes a complex blend of polyphenolic compounds that also contains
a flavonoid (taxifolin) and seven closely related flavonolignans (silybin A, silybin B, isosilybin A, isosilybin B,
silychristin, silychristin, and silydianin). The two main diastereoisomers of silymarin, silybin A and silybin B, are
approximately equally mixed in silibinin, a semi-purified fraction of silymarin. The impact of silymarin on liver,
pancreatic, prostate, and skin cancers has been the subject of numerous patents. Owing to silymarin's antioxidant
and anti-inflammatory properties, and its ability to modulate various proteins and genes, silymarin exhibits
antichemopreventive effects. Moreover, silymarin mitigates the damaging effects on healthy cells or organs.
Consequently, silymarin holds potential as an adjuvant therapy for cancer. In this study, the cytotoxicity of
silymarin extracts obtained via the HPLC technique—known for its sensitivity, utility, and established efficacy in
determining silymarin quantity from the Silybum marianum plant—was assessed using a colorimetric test on A-
549 cells. It was found that 100 uM was the LD50 when silymarin was administered to A-549 cells in dosages of
25,50, 75, and 100 uM.

Keywords: HPLC, Silybum marianum, silymarin, cytotoxicity
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1. Introduction

In the past decade, there has been a
marked uptick in scientific interest in
exploring the usage of naturally occurring
compounds or micronutrients and their
potential impacts on human health (Delmas,
2020). These plant-derived compounds
have cellular targets that closely resemble
those of modern pharmaceuticals (Vaidya et
al., 2018). Indeed, it has been recently
reported that over 1600 patents have been
issued for flavonoids and more than 3000
for polyphenols (Delmas, 2020). A well-
studied blend of polyphenolic antioxidants,
known as silymarin, is sourced from the
seeds of the thistle plant (Silybum
marianum) (Surai, 2015). This plant, a
member of the Asteraceae family, is under
scrutiny as a potential natural remedy for
various ailments, including cancer, heart
disease, and neurological disorders
(Bartolome et al., 2013). Despite its limited
bioavailability, silymarin holds biological
significance for human health, particularly
in illnesses characterized by inflammation
and oxidative stress (Delmas, 2020).
Silymarin boasts a variety of noteworthy
attributes, including  antiviral, anti-
inflammatory, and anticancer properties
(Karimi et al, 2011). Numerous
investigations have demonstrated
silymarin's ability to halt the growth of
several types of tumor cells, including those
affecting the prostate (Davis-Searles et al.,
2005), breast (Kim et al.,, 2021), colon
(Bayram, 2017), ovary (Koltai and Fliegel,
2022), lung (Vargas et al.,, 2021), and
bladder (Eser et al., 2012). In this study, a
sensitive,  efficient, and thoroughly
validated method for quantifying silymarin
in plant materials was developed. The
devised approach ensured the best basic
solubility of the seven recognized silymarin
components within less than 15 minutes.
The cytotoxicity of the obtained extracts
was also assessed using a colorimetric
assay, specifically the MTT test, on A-549
cells.
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2. Materials and Methods
2.1 Reagents

Sigma Chemical Co. supplied the
silibinin reference standard (>98.0%),
trifluoroacetic acid (=99.0%), acetonitrile
(299.9%), methanol (=99.9%), and
silymarine. A Milli-Q System was used to
produce the ultrapure water employed in the
experimental procedures, which had a
conductivity of less than 0.05 S cm™. All
other substances were of sufficient purity
for analysis. In this research, Silybum
marianum was cultivated on the grounds of
the Faculty of Agriculture and Natural
Sciences at Usak University in Turkey.
Various organs of the plant were partitioned
and air-dried for 15 days in a darkened
setting. The dried material was pulverized
to a fine powder in a mortar.
2.2 Standart solutions

A precise 25 mg quantity of the reference
standard was transferred into a 50 mL
volumetric flask, followed by the addition
of 15 mL of methanol. Methanol was then
added until the volume was reached after
sonication of the flask contents for five
minutes. This resulted in the creation of a
stock standard solution with a concentration
of 500 g mL?. The stock solution was
subsequently diluted with methanol to
create a series of standard solutions (5-30
gmL™, n=6). Each solution was then filtered
through a membrane filter with a porosity of
0.45 pm.
2.3 Extraction of plant material

Powdered Silybum marianum seeds,
weighing 500 mg, was weighed with
precision. Subsequently, 50 mL of
methanol was added, and the mixture was
subjected to extraction in an ultrasonic bath
for 15 minutes. Upon completion of the
extraction process, the solution was filtered
through Whatman filter paper (with white
bands).
2.4 Analytical instrument and conditions

The HPLC analyses were carried out
using an Agilent 1260 system, which

includes a quad-gradient pump, an
autosampler, a UV detector, and
ChemStation software. A novel
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chromatographic method has been devised
and verified for the precise and accurate
quantification of silymarin in milk thistle
plant extracts. Chromatographic separation
was executed using an Agilent Extend C18
(250x4.6 mm, 5 pum) column. Ultrapure
water containing 0.1% Trifluoroacetic acid
and acetonitrile (67/33, v/v) served as the
mobile phase at a flow rate of 1.0 mL min’
! Detection of the eluents was conducted at
a wavelength of 288 nm using a UV
detector. An injection volume of 20 ul was
employed.
2.5 Cell culture

Before starting cell culture, it was
ensured that all plasticware and premade
sterile media were obtained from trusted
commercial sources. Lysates and media
samples, prepared post-incubation,
underwent cell viability assays based on a
standard method. A549 cells were
cultivated in RPMI 1640-based medium
supplemented with 1%
penicillin/streptomycin  and 10% fetal
bovine serum (FBS), maintaining sterile
conditions. The cells were then cultured in
T25 and T75 flasks within a CO2 incubator
with CO> levels set at 5% and a temperature
of 37 °C. Subculture was initiated once cell
density covered approximately 85% of the
flask surface. When cell numbers were
deemed sufficient, they were utilized for
subsequent experiments.
2.6 Cytotoxicity assay

In this study, commercial silymarin with
a content of 45% w/w of apigenin 7-
glucoside, silydianin, isosilybin,
silychristin, and silybin (A and B) was

employed. The assessment of silymarin's
effects on breast and lung cancer cell
viability was conducted using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay.
To achieve this, a stock solution of
silymarin (in DMSO with a final
concentration of 1%) was prepared (Polyak
etal., 2013).
3. Results and Discussions

On the HPLC device, chromatograms
were captured for standard solutions of
silymarin and silibinin, with distinct peak
regions for each component being noted.
These peak area-concentration plots were
subsequently converted into calibration
graphs. The silymarin complex, comprising
several physiologically active, closely
related constituents, includes silychristin,
silydianin, silybin A, silybin B,
dehydrosilybin, isosilybin A, and isosilybin
B. The chromatogram’s concentration was
determined using the silibinin calibration
graph, by summing the areas of all seven
peaks. The quantity of silibinin in the
extracts was calculated utilizing the
proposed analytical method. Figure 1
depicts the chromatogram of the silymarin
standard solution (50 g mL™). The HPLC
chromatogram of the silibinin standard
solution (30 mg pL™) is shown in figure 2.
Lastly, figure 3 presents the chromatogram
of the methanol extract from thistle seeds.
Extracts of milk thistle seeds were analyzed
with the developed analytical method and
the silymarin content was determined. It
was determined that milk thistle seeds
extracts contained 28 pg pL* silymarin.

Figure 1. The HPLC Chromatogram of Silymarin Solution (50pug mL™)
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Figure 2.
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Figure 3. The HPLC chromatogram of the milk thistle extract

3.1. Cytotoxic effects of silymarin on a549
cells

25 M, 50 M, 75 M, and 100 M silymarin
were applied to cells cultivated in 96
microplates until they reached logarithmic
phase for 48 hours in order to assess the
percentage survival rates of A549 cells after
application of various concentrations of
substance. After that, MTT cytotoxicity

-'r’

testing was carried out (Figure 4). Cell
viability after the application of silymarin
was found to be 98%, 89%, 74%, and 52%,
respectively. Adipocytes were shown to be
less proliferative after application of 100 M
BGM. Ab549 cells did not experience any
anti-proliferative  effects after being
exposed to 25 M silymarin (Figure 4).

Cont 25uM

50uM

75uM 100uM

m Cell Viability %

Figure 4. A549 cells are cytotoxic to silymarin at various doses. A MTT test was conducted. For 48 hours, A549 cells were
exposed to 25 mM, 50 mM, 75 mM, and 100 mM BGM.

Silymarin, commonly known as milk
thistle or Silybum marianum L., is a blend
of isomers and flavonoids found in the seeds
and fruits of this plant. Apart from its
primary constituent, Silibin (or silibinin),
Silymarin also comprises flavonolignans
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like Silyadianin, Silycristin, Isosilbin, and
Taxifolin (Antika and Dewi, 2021). The
polyphenolic flavonoid, Silymarin, is made
up of Silybin, Silychristin, Isosilybin, and
Silydianin, which constitute 33.4%, 12.9%,
8.35%, and 3.5% of its structure,
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respectively (Wang et al., 2023). Both the
flavonoid Silymarin and its constituent
silibinin are compounds known for their
hepatoprotective effects. However,
literature reveals that they act in four
distinct ways: (i) as antioxidants,
scavenging and regulating intracellular
glutathione content; (ii) as stabilizers of cell
membranes and regulators of permeability,
preventing hepatotoxic substances from
entering hepatocytes; (iii) as promoters of
ribosomal RNA synthesis, stimulating liver
regeneration; and (iv) as inhibitors of the
transformation of stellate hepatocytes into
myofibroblasts, a process leading to
collagen fiber deposition and ultimately,
cirrhosis (Fraschini et al.,, 2002). A
considerable number of articles have been
published in the past 30 years focusing on
Silymarin, a complex blend of
flavonolignans, and its  individual
constituents, highlighting their activities
and limitations. In other classes of
compounds isolated from this plant,
primarily terpenoids and steroids, a general
framework for their biological activities is
lacking (Giordano et al., 2021).
Specifically, the effects of silymarin have
been explored in various diseases, such as
anti-cancer, anti-inflammation,
hepatoprotection, and neuroprotection.
Multiple studies suggest that consuming
milk thistle may decrease the risk of
developing certain types of cancer,
including breast, skin, prostate, and lung
cancer. The most widely accepted theory of
carcinogenesis posits that changes in DNA
lead to various types of cancer. It has been
reported that silymarin can protect against
DNA damage caused Dby different
carcinogens, suggesting a cancer preventive
property. Additionally, silymarin and
silibinin have been shown to significantly
reduce methyl methanesulfonate-induced
DNA damage in human blood cells, as
proven by the alkaline comet assay. It was
also found that silymarin blocks the binding
of DNA topoisomerase proteins and the
expression of cell division cycle-related
genes, acting as an antitumor agent by
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inhibiting the growth of human
hepatocellular carcinoma (Antika and
Dewi, 2021). The power and frequency of
ultrasonic waves have a greater effect than
other methods to extract flavonoid content
(Karabegovi¢ et al., 2018). In addition to
chromatography, which was a critical factor
in developing an unconventional extraction
process (Azmir et al., 2013), the extraction
method from seeds or various plant parts
also plays a crucial role in isolating
flavonolignans. The traditional method
involves first degreasing the plant material
using hexane or petroleum ether, or
partially degreasing it by pressing, and then
extracting the silymarin with ethyl acetate,
methanol, or acetone. An accelerated
solvent extraction technique was used to
shorten the time and solvent requirements
for silymarin  extraction. Moreover,
ultrasonic-assisted extraction increased the
amount of silymarin obtained (Chambers et
al., 2017). Therefore, ultrasonic-assisted
methanol extraction was used in our study.
Silymarin and silibinin protect
mitochondria by reducing oxidative stress.
In addition, silymarin has antifungal and
antibacterial properties. As viral infections
pose a significant public health threat, it has
been observed that silymarin and its
derivatives exhibit strong antiviral activity
against several viruses, including hepatitis
C, hepatitis B, dengue virus, the enterovirus
family, mayaro virus, and chikungunya
virus (Polyak et al., 2013; EI Menshawe et
al., 2014; Teng et al., 2016; Lalani et al.,
2020). Several patents have been published
on the effect of silymarin on liver,
pancreatic, prostate, and skin cancers,
highlighting the antioxidant and anti-
inflammatory effects of silymarin and its
ability to regulate different proteins and
genes, leading to its antichemopreventive
effect. Silymarin also reduces the toxic
effects on vital organs or healthy cells.
Therefore, it is plausible to consider that
silymarin may play a role in adjuvant cancer
treatment (Emadi et al., 2022). An assay for
in vitro cytotoxic activities in a standardized
cell culture system was conducted to
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determine which cancer cells were affected.
This research was conducted on the human
lung cancer cell line A549. Based on the
studies, no effect was observed in A549
cells treated for 24 hours within the range of
10 to 100 uM of individual silymarin
compounds (Bijak et al., 2017). In our
study, a concentration of 100 puM of
silymarin extracted from the seed within 48
hours  reduced cell viability to
approximately 50%. Therefore, since the
compounds did not have an effect when
applied individually, they may have a
synergistic effect when combined. In
another study with silymarin-loaded solid
lipid nanoparticles, the concentration of
silymarin applied for 24 hours as 1C50 was
found to be 25uM. When compared with
our study, it is concluded that silymarin
loaded on solid lipid particles is more
effective (Sezer, 2021). As a similar
example, in another study, silymarin loaded
on iron oxide nanoparticles was examined
in the A549 cell line and showed higher in
vitro anticancer activity against A549
cancer cells (Manikandan and Raffiea
Baseri, 2022). In summary, the specific
targeting of nanocarriers such as iron oxide
to cancer cells increases the power of
silymarin. To examine the effects of
silymarin on metastatic lung cancer,
Anip973 cells, the IC50 value was
determined as 18.6 mg/ml, as the inhibitory
effect of silymarin on anip 973 cells applied
at concentrations between 5-40 mg/ml for
24, 48 and 72 hours was significant at the
48 hour time point (Liv et al., 2011). From
this point of view, when we compare the
A549 human lung cancer line with the
metastatic anip973 cell line; It has been
observed that much higher concentrations
of silymarin are required to reduce the
viability of metastatic cells. Since metastic
tumor cells are much more aggressive, this
result showed that higher silymarin
concentration is required than the A549 cell
line we used. On the other hand, in a
different study applied to MCF-7 breast
cancer cell line of silymarin, the dose found
as IC50 was 77.36nM/ml. It has succeeded
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in showing the same effect in breast cancer
and lung cancer cell lines at approximately
the same dose (Gheyhi et al., 2019).

5. Conclusions

In line with all the results found, it is
thought that silymarin may be effective on
cancer. Based on the literature information,
new significant information can be added to
the field of cancer in the light of the trials
made by creating a synergetic effect with
other agents used in combination with
silymarin, especially in combination with
silymarin.
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Ozet

Globallesen diinyada, kiiresel 1sinma, enerji tiretimine duyulan ihtiyacin artmasi, enerji tiretiminde kullanilan
madenlerin hizla tiikenmesi ve maddi kaynaklarin hizla azalmasina bagli olarak enerji ihtiyacinin karsilanmasi
zorlagsmaktadir. Bu yiizden, iiretilen enerjinin iletilmesinde Enerji Nakil Hatti (ENH) olduk¢a 6nemlidir. ENH
iletimi sirasinda parseller iizerinde olusan irtifak hakki degerine etki eden kriterler ile yeni bir fiyat aragtirmasi
yapmak amaciyla, taginmaza etki eden bagimsiz degiskenlerle 101 adet parsel i¢cin ArcGIS yazilimi kullanilarak
Coklu Regresyon Analizi (CRA) ve Cografi Agirlikli Regresyon (CAR) uygulanmistir. Her iki yontemde de R?
degeri % 96 seviyesinde olup oldukca iyi sonuglar elde edilmistir. CAR analizi sonucunda kamulastirma ve irtifak
hakki degerlerini toplu degerleme mantigi ile hesaplayan bir formiil belirlenmistir. Ayrica, CAR modeli ile 101
adet parselin konumsal/local agirlikli bolgesel yogunluguna gore irtifak hakk: degeri i¢in en yiiksek ve en diisiik
degerler tespit edilmistir.

Anahtar Kelimeler: Kamulastirma, irtifak hakki, enerji nakil hatti, coklu regresyon analizi

Geographically Weighted Regression Analysis in the Valuation of Expropriation and
Easement Rights in ENH

Abstract

In a globalizing world, meeting energy needs is becoming increasingly difficult due to global warming, the
growing demand for energy production, the rapid depletion of minerals used in energy production, and the rapid
decline of financial resources. Therefore, Energy Transmission Line (ETL) is quite important in the transmission
of the generated energy. In order to conduct a new price research on the value of the easement right formed on
parcels during ETL transmission, Multiple Regression Analysis (MRA) and Geographically Weighted Regression
(GWR) were applied using ArcGIS software for 101 parcels with independent variables affecting the property. In
both methods, the R? value was at the level of 96%, yielding quite good results. As a result of the GWR analysis,
a formula was determined that calculates the expropriation and easement right values using the mass valuation
approach. Additionally, with the GWR model, the highest and lowest values for the easement right were
determined based on the spatial/local weighted regional density of the 101 parcels.

Keywords: Expropriation, easement rights, energy transmission line, multiple regression analysis
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Can ve Bostanci

1.Giris

Gelisen Kiiresel Diinya ekonomisinde,
Tirkiye  ekonomisini  daha  yiiksek
seviyelere c¢ikarmak biiylik ©nem arz
etmektedir. Milli kaynaklarimizin
isletilmesi, kendi kendine yetebilme ve
kendi enerjisini lreterek disa bagimlilig
azaltmak, yeralti kaynaklarmi isletmek,
gelisen teknoloji ¢agina ayak uydurma ve
toplum hayatinin devam etmesi adina enerji
tiretimleri son derece Onemlidir. Bunlara
bagli olarak elektrik enerjisinin tretimi,
dagitimi ve isletilmesinde Enerji Nakil
Hatlarina ihtiya¢ duyulmaktadir (Doner ve
Kaya, 2021; Sandalcilar ve ark., 2017;
Oztura ve Polat, 2021). Gelisen Tiirkiye
niifusu  igerisinde  sosyal, ekonomik,
finansal, sanayi, teknolojik gibi iilkemizi
kalkindiracak atilimlar i¢in biiytik bir enerji
iiretim agina ihtiya¢ duyulmaktadir. Diinya
cografyasinda niifusun artmasi, sanayinin
gelismesi, teknolojinin hiikiim siirdigl ve
teknolojik araglarin hizla kullanildigi bir
zamanda elektrik tiretimine duyulan ihtiyag
giinden giine artmasina baglh olarak, enerji
liretiminin karsilanmasinda farkl
kaynaklardan (Giines Enerji Santralleri
(GES), Riizgar Enerji Santralleri (RES),
Biyoenerji santralleri) faydalanilmaktadir
(Doner ve Kaya, 2021; Sandalcilar ve ark.,
2017; Oztura ve Polat, 2021). Enerji Nakil
Hatt1 projelerinin kamulastirmasi yapilirken
ozellikle Enerji Nakil Hatt1 Sirketinde,
dosyalarinin yapim ve kontrol asamalari
stireclerindeki  uzlagsmalardan  kaynakl
sorunlarin olmas1 hem projelerin zamaninda
bitmesine engel olmakta hem de ekonomik
yonden kayiplara neden olmaktadir. Bu
dogrultuda, Enerji Nakil Hattinin gegmis
oldugu giizergahin denk geldigi parsellerin
miilkiyet sahipleri, kamulagtirma bedelini

az bulmalari sorunlarin basinda
gelmektedir.  Tlgili  idare, miilkiyet
sahipleriyle  uzlasma  saglayamamasi
durumunda, kamulastirma islemlerinin

yiriitiilmesi i¢in mahkeme yoluyla tescil
islemleri baslatilmaktadir. Bunun sonucu

olarak,  projelerin  istenen  siirede
tamamlanamamasi ve planlanan
kamulastirma  projelerinin  yapiminda

908

aksamalar yasanmasi gibi sorunlar ortaya

cikmaktadir. Ayrica diger  kamu
kurumlarindan ~ kaynaklanan  sorunlar
nedeniyle ENH kamulagtirma siireci

sekteye ugramaktadir (Oztura ve Polat,
2021). Kamulastirma islemleri, kapsamli
mevzuat nedeniyle uzun siirmektedir. Bu

stirecler; hukuki, sosyal, teknik, idari,
teknolojik  ve  beseri  nedenlerden
kaynaklanan cesitli sorunlarla
kargilagmaktadir. Sorunlarin temelinde,
mevcut mevzuatin ihtiyaglar1 yeterince

kargilayamamasi ve karmasik hale gelmesi,
ilgili idarelerin uygulamada hata yapmasi,
kurumlarin  koordinasyonsuz ¢aligmasi,
tapu kayitlarimin giincel olmamasi ve bu
nedenle 6zel miilkiyetlerin birden fazla
hisseye ayrilmast gibi birgok beseri
problem bulunmaktadir (Bayimndir, 2018).
Calismada, Diyarbakir’in Egil ilgesinde
kamulastirma islemleri bitmis olan Ilgin
KOK-Sarmasik Enerji Nakil Hatt: projesine
ait 101 adet tasinmaz ig¢in ArcGIS yazilimi
kullanilarak, ENH gilizergahinin gectigi
parsellerin degerine etki eden bagimsiz
degiskenler (imar durumu, yapt durumu,
nitelik/cins, yol agina uzaklik, baraj
goletine uzaklik, yerlesim yerine uzaklik ve
arazi kullanim kabiliyeti) ile Coklu
Regresyon  Analizi  (CRA)  modeli
uygulanip, modele uygun olan bagimsiz
degiskenlerle Cografi Agirlikli regresyon
(CAR) analizi yapilmis ve bagimsiz
degiskenlerin  yerel/konumsal  agirlikli
dogrulugu test edilmistir. Ayrica CRA ve
CAR modelleri sonucunda ortaya c¢ikan
istatistiki bilgiler karsilastirilmistir. CRA
modeli sonucu uygun olan bagimsiz
degiskenlerin katsayilar1 ile bedel tespiti
hesaplanmistir. Bu yontem sayesinde
kamulastirma bedeli belirlenirken,
karsilagilan sorunlara ¢6ziim olarak parselin
degerine etki eden birden fazla kriterlerin

(bagimsiz degiskenlerin) dikkate
alinmasiyla daha saglikli sonuglar elde
edilecegi distintilmektedir. Coklu

Regresyon Analizi (CRA) ve Cografi
Agirlikli regresyon (CAR) modeli ile ilgili
farkli  alanlarda  g¢esitli  ¢alismalar
yapilmstir:
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Song calismasinda, ¢oklu regresyon analiz
yontemini kullanarak arazi
kamulagtirmasinin arazi fiyatlari tizerindeki
etkilerini inceleyerek, ciftcilerin haklarini
koruma ve kentsel-kirsal arasindaki farki
azaltmaya yonelik Onerileri sunmustur. Bu
caligmada, arazi talebi, hane halki
Ozellikleri, niifus degisim orani, kirsal gelir

ve arazi gelistirme haklarmin, arazi
fiyatlarina olan temel etkilerini
vurgulamistir  (Song, 2021). Kisworini

calismasinda, kentsel kenar bolgelerdeki
konut talebini karsilamak igin gelistirilen
¢oklu regresyon analizine dayali olan arazi
degerleme modelini uygulamistir. Bu
modelle, islem sonuglart ve teklif fiyatlari
kullanilarak arazi degerlerinin tahmin
edilmesi amagclanmustir. Kisworini, arazi
degerini pazardaki veri karsilastirma
yontemiyle belirlemis ve ingaat
maliyetleriyle iliskilendirmistir. Caligmada
kullanilan ~ ¢oklu  regresyon  analizi
degiskenlerinin etkisinin % 82.5 belirleme
katsayis1 (R?) ile aciklanmustir ve teklif
fiyat1, fiziksel arazi Ozellikleri, g¢evresel
faktorler ve yasal yonler gibi faktorlerin
arazi degerini Onemli Olclide etkiledigini
vurgulamistir (Kisworini, 2021). Mehmet
ve ekibi, Tiirkiye'de konut degerlemede
cografi agirlikli coklu regresyon yontemini

kullanarak ornek calismalar
gerceklestirmistir. Tokat ilindeki
calismasinda, toplam 176 veri seti

kullanilmustir. Bu verilere etki eden kriterler
(banyo sayisi, kat durumu, ylizolgiimii, oda
sayis1, binanin yasi, konumu, balkon sayisi
ve fiyat bilgileri) yardimiyla konut degerine
etkisi arastirilmistir.  Bu veri setlerini
kullanarak  yapilan ¢oklu regresyon
analizinde, % 90'!n tizerinde bir basari
oranina ulasildig: ifade edilmistir (Toprak
ve Giingdr, 2023). Tian aragtirmasinda,
Jinan''n Tianqiao, Shizhong, Lixia ve
Huaiyin bolgelerindeki 226 konut stogunun
etkin iglem verileri iizerinde ¢ok degiskenli
dogrusal regresyon analizi kullanilarak
gayrimenkul  degerleri  incelenmistir.
Calisma, ¢oklu regresyon analizi ile emlak
vergisi tabaniin verimli, diisiikk maliyetli,
nesnel ve dogru bir sekilde toplu
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degerlemesinin yapilabilecegini 6nermistir
(Tian, 2013). Fang ve ekibinin
calismasinda, Dingzhou Sehrindeki
endiistriyel arazi transfer fiyatlarini1 cografi
olarak ¢oklu regresyon analizi (CAR)
modeli ile inceleyerek faktorleri analiz
etmislerdir. Arastirma, geleneksel OLS
modeline  gore daha  derinlemesine
mekansal farklilasma Ozelliklerini ortaya
koymustur; ekili arazi orani ve sehirden
uzaklik gibi faktorler negatif etkiler
gosterirken, niifus biiylime hizi, ekonomik
biliylime hizi, niifus yogunlugu ve hastane
yogunlugu gibi faktorler ise pozitif etkiler
gostermistir.  CAR analizinin sonuglari,
faktorlerin etkilerinde Onemli mekansal
farkliliklar oldugunu gostermistir (Fang ve
ark.,  2020). Cellmer ve  ekibi
caligsmalarinda, Cografi Agirlikli Regresyon
ve Karma Cografi Agirlikli Regresyon gibi
mekansal farklilig1 g6z 6nlinde bulunduran
modellerin, geleneksel regresyon
modellerinden daha etkili bir sekilde
Polonya'daki konut piyasast iligkilerini
analiz etmeyi amagclamaktadir.
Arastirmada, 2018 yilina ait veriler
kullanilarak 380 ilgenin konut piyasasi
aktivitelerini ve fiyatlarini
degerlendirmisler. Calismanin odak
noktasi, ekonomik, sosyal ve c¢evresel
faktorlerin konut piyasasindaki fiyatlar ve
faaliyetler lizerindeki etkisini detayli olarak

incelemektir. Elde edilen bulgularla,
mekansal  cesitliligi ~ hesaba  katan
modellerin geleneksel regresyon

yontemlerine gore piyasa iliskilerini daha
iyl acikladigim1 ortaya koymasma bagh
olarak, mekansal veri analizinin gii¢lii bir
ara¢ oldugunu ortaya ¢ikarmigtir (Cellmer
ve ark.,, 2020). Malaitham ve ekibi,
Bangkok'ta degerlendirilmis fiyatlar ile
satisa sunulan fiyatlar arasindaki farklari
Cografi  Agirlikli  Regresyon (CAR)
teknigiyle analiz ederek, miilk degerine etki
eden  faktorlerin  mekéansal  olarak
degiskenlik gosterdigini ortaya koymustur.
CAR analiz modeli, degerlendirilmis
fiyatlar ile satisa sunulan fiyatlar arasinda
biiyiik farklar oldugunu ortaya ¢ikarmaistir.
Bu bulgular 15181nda, toprak sahiplerine adil
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tazminat saglanmas1 ve hiikiimetin altyap1
projelerini finanse etmek ic¢in vergi
politikalarmin  gelistirilmesi  konusunda
onemli bilgiler sunmustur (Malaitham ve
ark., 2020). Bu g¢alismamizin amaci,
glinlimiizde enerji  iiretimi  yapilirken
genellikle Enerji Nakil Hatt1 (ENH)
yontemi ile iletimi  saglanmaktadir.
Dolayistyla ENH iletimi yapildig1 sirada,
hattin ge¢mis oldugu gilizergdhin denk
geldigi  parseller i¢cin  kamulastirma
islemlerinin  yapilmas1  gerekmektedir.
Ancak kamulagtirma islem agsamalari
yapildig1 sirada ilgili idare, Kamu Yarar
dogrultusunda tasinmaz miilk sahipleriyle,
tasinmazin tamami veya bir kismi
tizerinden irtifak hakki bedeli ya da
kamulastirma  bedelini  belirlemektedir.
Fakat bu bedeller belirlenirken gerek miilk
sahipleriyle gerekse tasinmaz  miilk
tizerinde sorunlarla karsilanmaktadir. Bu
calismamizda, kamulastirma bedeli ve
irtifak hakki bedeli belirlenirken ne gibi
sorunlarla karsilasildigi ve bu sorunlara ne
gibi  ¢oziim  Onerileri iretilebilecegi
amaclanmaktadir. Ayrica tilkemizde ENH
irtifak hakki bedelinin daha saglikli,
giivenilir ve tasinmazin degerine etki eden
kriterler belirlenip uygun olan modele gore
bir fiyat hesaplamasi olusturularak ortaya
cikan sorunlart minimize etmeyi hedefler.
[rtifak hakk: degeri igin, ilgili kurumlardan
alman ENH projesine ait veriler 1s181nda,

ArcGIS yazilimi ile Coklu Regresyon
Analizi (CRA) ve Cografi Agirlikli
Regresyon (CAR) analizleri yapilarak en
uygun fiyatin belirlenmesine  yo6nelik
calisma yapilmasi planlanmaktadir. Bu
caligmaya bagli olarak ortaya c¢ikan
problemler ve bu problemlere karsilik
¢Oziim Onerilerine deginilecektir.

2.Materyal ve Yontem
2.1.Materyal

Bu calismamizda, Diyarbakir’in Egil
ilgesinde tesisi bitmis olan Ilgin KOK-
Sarmagsik Enerji Nakil Hatti Projesinde
(Sekil 1) irtifak degerinin belirlenmesinde
etki eden kriterler (bagimsiz degiskenler)
dogrultusunda, ArcGIS yaziliminda yer
alan Coklu Regresyon Analizi (CRA) ve
Cografik  Agirhikli  Regresyon (CAR)
analizleri yontemi kullanilmistir. Calismada
kullanilacak parametrelere karar vermek
icin literatlir aragtirmasi yani sira, Tarim
Miidiirliigiinden alinan 2023 giincel Arazi
Kullanim Kabiliyeti (AKK) ve toprak
degeri verileri, DEDAS’tan alinan ENH
sayisal veri projesi, ENH Bedel Tespit
Raporlari, ENH’in parsel durumlarini
gosteren kriterler (yola yakinligi, hastaneye
yakinligi, baraj goletine yakinlik, arazi
kullanim kabiliyeti, yap1 durumu, imar
duurmu ve nitelik/cins) gibi bagimsiz
degiskenlerden faydalanmistir.

BESS

Sekil 1. NetCAD programinda Ilgin ENH projesinin gosterimi
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2.2.Yontem
Bu c¢alismada, literatiir arastirmalar1 ve

toplanan veriler dogrultusunda, ENH
bedeline etki eden bagimsiz degisken
kriterleri  15181nda,  ArcGIS  yazilimi

kullanilarak Coklu Dogrusal Regresyon
Analizi (CRA) ve Cografi Agirlikli Coklu
Regresyon Analizi (CAR) yontemleriyle en
uygun c¢alisma  analizinin  yapilmasi
hedeflenmektedir. Kullanilan parametreler,
ENH kamulastirma bedeli ve irtifak hakki
bedeline etki eden kriterler olup, CRA ve
CAR analizleri sonucunda elde edilen
istatistiksel degerlere gore dogruluk payi
incelenecektir.

2.2.1. Coklu regresyon analizi (CRA)
Birden fazla degiskenle yapilan
regresyon analizine ¢oklu regresyon analizi

Y = Bo + B1X1i + B2Xa2i) -

2.2.2. Cografi agirhkh regresyon (CAR)

1996 yilinda Brunsdon ve Fotheringham
tarafindan cografi agirlikli regresyon,
bagimsiz modeller halinde gelistirilmistir.
Gliniimiiz haritalama teknikleri ve uydu
fotograflarinin analizi sayesinde stratejik

planlar ve degerlendirmeler
yapilabilmektedir. ~ Harita  {izerindeki
noktalardan veri toplamak, olgiimler

yapmak ve her bir noktay1 degerlendirmek

vi = Bo(uy, vi) + Yooy B (i, v;)

Bu modelde, (u; v;) alandaki i
noktasinin koordinatlarini, Sy, (u;, v;) |
noktasindaki B (u, v)siirekli fonksiyon
sonucunda ortaya cikan katsayilari, xji,
Xi2) Xpi 1 noktasindaki  aciklayici
degiskenleri ve €; ise hata terimini ifade
etmektedir (Ceyhan, 2013).
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. +,8an1' + &

(CRA) denilmektedir (Durmus, 2016). Y
bagimli degiskeninin X1, X2, ..., Xn gibin
tane bagimsiz degiskene bagh oldugu
durumda, bagimsiz degiskenler belirli X1,
X2, ..., Xn degerlerini aldiginda, c¢oklu
regresyon bagimli degiskenin karsilik gelen
Yi degerinin matematiksel gosterimi Egitlik
1'de gosterildigi gibi olur. Esitlik 1’de Y
bagimhi degisken (irtifak degeri), xI,
x2,...,xn arazinin degerini  etkileyen
bagimsiz degiskenler (imar durumu, yapi
durumu, nitelik/cins, yol agina uzaklik,
baraj goletine uzaklik, yerlesim yerine
uzaklik ve arazi kullanim kabiliyeti), B1, B2,
..., Pn, kriterlerin katsayilari, B0 sabit
degeri ve € hata terimi olarak ele alinmistir
(Alkan ve ark., 2024).

)

oldukca zaman alicidir. Bu tiir zorluklarin
istesinden gelmek i¢in cografi agirlikli
regresyon modeli biiyiik 6nem tasimaktadir.
Glinlimiizde, askeri amaglar, jeoloji, tarim,
yonetim stratejileri ve suglarin 6nlenmesi
gibi bircok cografi bilgi iceren alanda
cografi  agirlikli  regresyon  teknigi
kullanilmaktadir (Ceyhan, 2013). CAR
modeli Esitlik 2°de gosterildigi sekildedir.

i=1,2... @)

N

3. Uygulama

Uygulama alani olarak secilen (Sekil 2)
Diyarbakir ili, Anadolunun en eski
sehirlerinden biridir. Dicle Nehri'nin
kiyisinda yer almasi ve Onemli ticaret
yollari lizerinde bulunmasi nedeniyle ticaret
ve kiltiir merkezi olmustur. Bu stratejik
konumu, Diyarbakir't bir¢ok farkli dini ve
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sosyal grubun bulugsma noktasi haline
getirmistir. Diyarbakir, Giineydogu
Anadolu Bolgesinin orta kesiminde ve
Mezopotamya'nin kuzeyinde yer
almaktadir. Cografi olarak, dogusunda Siirt
ve Mus; gilineyinde Mardin; batisinda
Sanlurfa, = Adiyaman ve  Malatya;
kuzeyinde ise Elazig ve Bingol illeri ile
cevrilidir (Anonim, 2024). Calisma alani
olarak secilen Diyarbakir ili Egil il¢cesindeki
Ilgin ENH projesi i¢in yapilan incelemeler
ve piyasa kosullar1 dikkate alinarak, ¢calisma
alaninda bulunan 101 adet parsele etki eden
bagimsiz degiskenler degerlendirilmistir.
Eldeki veriler g¢ercevesinde bagimsiz
degisken olarak imar durumu, yap1 durumu,
nitelik/cins, yol agma uzaklik, baraj

{LIURFA

Ceylanpinar
°

Sekil 2. Diyarbakir ili Egil ilgesi’nin Tiirkiye haritasindaki konumu (Anonim, 2024)

ArcGIS  yazilmi  ile  bagimsiz
degiskenlerden, baraja mesafe, yola mesafe
ve yerlesim yerine mesafelerinin hesabi
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goletine uzaklik, yerlesim yerine uzaklik,
topragin sulama durumu ve arazi kullanim
kabiliyeti olarak belirlenmistir.

Calisma alan1 olarak Diyarbakirin ilinin
secilmesinde, Dicle Elektrik Dagitim
Anonim  Sirketi’nin  bolgesel merkezi
olmasi, Gilineydogu Anadolu Bolgesi’nin
merkezi konumu ve diger illere rahat ulagim
ag1 olmasi etkili olmustur. Diyarbakir Ilgin
ENH projesinin uzlasma siireglerinin
tamamlanmig olmasi, TEDAS 10. Bolge
Midiirliigii’niin Diyarbakir’da bulunmasi
nedeniyle bilgi aligveriginin daha saglikli
yapilabilmesi ve ENH kamulagtirma ve
irtifak hakki projesine konu olan parsel

sayisinin fazla olmasit gibi etkenlerde
Onemlidir.
Mus )™ <
O © Haskdy ¢
o {
lroymak |1 o1
Mutki® O N
_ | BITLIS ,
=¥ ¢ N
: Kozluk / Hizan"-.-
Qo e
Baykan 4 Sirvan
L o Aydinlar
Kurtalan e
- O Per
SHRT

Near (yakinlik) komutu  kullanarak

hesaplanmistir (Sekil 3).
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Sekil 3. ArcGIS programinda Near komutunun gosterimi

Literatiir arastirmasinda, onceki
calismalarin  kriterleri  degerlendirilip
dikkate almarak degerleme yapilmistir.

kullanilmasi1 kararlagtirilmistir (Tablo 1).
Ayrica bagimsiz degiskenlerin  ArcGIS
yaziliminda kullanilmak iizere kisaltilmig

Siniflandirma yontemine gore, hali Tablo 2’de gosterildigi sekilde
calismamizda ele alman  bagimsiz kullanilmustir.
degiskenler icin puanlama ydnteminin
Tablo 1. Verilerin siniflandirmaya gore puanlanmasi
Siniflandirmaya Goére Puanlama Tablosu
Yerlesim Arazi
Baraja S Yola o Kullanim imar Yapi
Yerine Nitelik A Puanlama Puanlama
Mesafe M Mesafe Kabiliyeti Durumu Durumu
esafe
(AKK)
0-250 0 - 1000 0-5 Arsa I.SINIF 9 VAR VAR 9
Kargir Ev,
250-500  1000-2000  5-10 ILSINIF 8 YOK YOK 0
ir ve Arsa
500-750  2000-3000  10-15  “UITEVVEysini 7
750-1000 3000-4000 1520  KAUTEVVE o qiniE 6
Bahge
Bag ve
1000 - 1250 4000 -5000  20--25 Badomiik V.SINIF
1250 - 1500 5000 - 6000  25--30  Bag/Bademlik  VI.SINIF 4
1500-1750 6000 - 7000  30--35 Tarla VILSINIF 3
Susuz Tarla
1750-2000 7000 - 8000  35--40 Bag ve VIILSINIF 2
Bademlik
>2000 > 8000 > 40 Susuz Tarla 1

Tablo 1’de smiflandirma su sekilde
yapilmistir: Baraj, yol ve yerlesim yeri i¢in
ArcGIS yazlimi near (yakinlik) komutuna
gore mesafeleri hesaplandiktan sonra,
Baraji’na uzakligi; En yakin mesafe araligi
(0-250) 9 puan ve en uzak mesafe araligi
(>2000) 1 puan, yerlesim alanina olan
uzaklik; En yakin mesafe aralig1 (0 m-1000
m) 9 puan ve en uzak mesafe aralig1 (>8000
m) 1 puan ve yola uzaklik; En yakin mesafe
araligi (0 m-5 m) 9 puan ve en uzak mesafe
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(>40 m) 1 puan olacak sekilde puanlama
yapilmustir. Nitelik/cins i¢in; Arsa vasifl
arazi 9 puan, susuz ¢orak veya kurak vasifli
arazi en koti olacak sekilde 1 puan, arazi
kullanim kabiliyeti; En 1yi siniflama kalitesi
olan topraga 9 puan ve en koti siniflama
kalitesi olan topraga 1 puan olacak sekilde
puanlanmigtir. Ayrica taginmaz iizerinde
yapt varsa 9 puan yoksa 1 puan; imar
durumu varsa 9 puan yoksa 1 puan olacak
sekilde Tablo 2’de simiflandirilmastir.
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Tablo 2. Degisken isimleri ve kisaltmalari

Bagimsiz Degiskenler

Puanlamada Kisaltilmis Hali

Baraja Mesafesi

Yerlesim Yerine Mesafesi
Yola Mesafesi
Nitelik/Cins

Arazi Kullanim Kabiliyeti
Imar Durumu

Yap1 Durumu

BRJ_PUAN
YER_PUAN
YOL_PUAN
CINS_PUAN
AKK_PUAN
IMAR_PUAN
YAPI_PUAN

Bagimh Degisken

Puanlamada Kisaltilmis Hali

Bedel/Fiyat( m?)

M2_BED

101 adet parsel wverisi ig¢in, ArcGIS
programinda Sekil 50'de gosterildigi gibi 7
bagimsiz degisken (cins_puan, AKK puan,
imar_puan, yapi_puan, yol puan, brj puan

ve yer puan) ve 1 bagimh degisken
(m2 bed) kullanilarak CRA  modeli
olusturulmustur (Sekil 4).
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Sekil 4. ArcGIS uygulamasinda CRA yontemi uygulamast

CRA modeli sonucunda Sekil 5’te bagimsiz
degiskenlerin olasilik degerinin p<0.001 ve
VIF<7.5 ¢ikmasi, CRA modelinin bagimsiz
degiskenlerle uyumlu c¢alistigi anlamina
gelmektedir. Ayrica Sekil 6 da CRA teshis

raporunda R? degerinin 0.963365 (%96) ve
diizeltilmis R? degerinin 0.960607 (%96)
¢iktig1 ve modelin miikemmel sonug verdigi
goriilmektedir.

Summary of OLS Results - Model Variables

Variable Coefficient [a] StdError t-Statistic Probability [b] Robust_SE Robust_t Robust_Pr [b] VIF [c]
Intercept 32.173508 3.187079 10.094983 0.000000* 1.583736 20.314950 0.000000* e
CNS_PUAN 1.721228 0.258473 6.659207 0.000000* 0.147772 11.647898 0.000000* 2.671436
AKK__PUAN 2.114287 0.453443 4.662745 0.000012* 0.228212 9.264579 0.000000* 1.312549
MAR__PUA 2.965091 0.197865 14.985387 0.000000* 0.241251 12.290482 0.000000* 2.397506
YAPI_PUAN 2.049907 0.093973 21.813769 0.000000* 0.203304 10.082976 0.000000* 1.173624
YOL_PUAN 1.888771 0.171081 11.040235 0.000000* 0.036831 51.281801 0.000000* 1133693
BRJ_PUAN 2.047236 0.164420 12.451298 0.000000* 0.126433 16.192307 0.000000* 1.365255
YER_PUAN 1.943345 0.221005 8.793230 0.000000* 0.153501 12.660118 0.000000* 1.421275

Sekil 5. Bagimsiz degiskene gore CRA sonuglarinin 6zeti ve model degiskenleri raporu
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Sekil 6 da:

e R?>= 00963365 c¢ikmast olasilik
dogrulugunun 1’e yakin oldugunu, gézlem
degerlerinin dogrunun etrafinda yigildigini
ve regresyonunda bagimsiz degiskenlerle
giicli bir iliski kurdugunu,

e Diizeltilmis R? degeri= 0.960607 ¢ikmis
olmas;, R?ye karismis olan hatalardan
arindigin,

e Coefficient, her bir aciklayic1 degisken
ile bagimli degisken arasindaki iliskinin
giiclinii ve tlirlini temsil ettigini,

e Robust pr, olasilik (probability) ve
saglam olasilik (robust pr) arasinda p<0.01

olmas1 istenen durumu ifade eder.
Robust pr  degeri  p<0.01 olmasi
durumunda, bir katsaymin istatistiksel

olarak anlamli oldugunu,

e AICc, Akaike’nin bilgi kriteri, R*’nin
model uyumu ve performansini 6lgtiigii.

e Join F and wald statistic, genel modelin
onemli olup olmadigin1 gdsterir. Modele
gore p<0.01 oldugundan dolay1r ©Onemli
oldugu,

Seklinde yorumlanir.

OLS Diagnostics
Input Features: IRTF_VCR Dependent Variable: M2_IRTBED
Number of Observations: 101 Akaike's Information Criterion (AICc) [d]: 515.799638
Multiple R-Squared [d]: 0.963365 Adjusted R-Squared [d): 0.960607
Joint F-Statistic [e]: 349.364860 Prob(>F), (7,93) degrees of freedom: 0.000000*
Joint Wald Statistic [e]: 12174.457971 Prob(>chi-squared), (7) degrees of freedom: 0.000000*
Koenker (BP) Statistic [f): 16.315008 Prob(>chi-squared), (7) degrees of freedom: 0.022389*
Jarque-Bera Statistic [g]: 4626.338884 Prob(>chi-squared), (2) degrees of freedom: 0.000000*

Sekil 6. CRA teshis raporu

Gozlemlenen (gercek) deger ile tahmin
edilen deger arasindaki standartlastirilmig
kalintilarin gosterildigi CRA haritas1 Sekil
7 de sunulmustur. Sekil 7°de gosterilen
standart sapmanin 2.5'ten biiylik olmasi
(kirmiz1 alan) gozlemlenen deger ile tahmin
edilen deger arasindaki farkin biiyik

oldugunu ve fazla tahmin edildigini ifade
eder. Standart sapmanin 2.5'ten kiiclik
olmasi (mavi alan) ise gozlemlenen deger
ile tahmin edilen deger arasindaki farkin
cok az oldugunu ve az tahmin edildigini
gosterir.

Kilometers

CRA HARITASI

=z

LEJANT
StdResid
Bl < .25 Std. Dev
B .25 --1.551d. Dev.
[-1.5--0.5 S1d. Dev
[1-0.5-0.5 Std. Dev.
[30.5-1.5Std. Dev.
[ 1.5 -2.5 Std. Dev.
> 2.5 Std Dev.

Sekil 7. CRA standart artik irtifak haritasi

Coklu Regresyon Analizinde (CRA),
hatalarin  normal  dagilim  gdsterip
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gostermediginin  incelenmesi  Onemlidir.
CRA modeli tahminlerine ait histogram
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grafigi Sekil 8’de goriilecegi lizere tahmin
degerlerinin normal dagildigini

modelimizin
degerlerinin

bakildiginda,

standartlastirilmis  kalint

gostermektedir. Cilinkii normal dagilim normal dagilim sergiledigi ve model i¢in
CRA’nin temel varsayimlarindan biridir. uygunluk gosterdigi anlasilmaktadir.
Bu nedenle  histogram  grafigine
Histogram of Standardized Residuals
1.4
1.2
1.0}
£os
%
£ ool

e
IS

e
N

o
=)

-8

s

= 0
Std. Residuals

Sekil 8. CRA standart artik irtifak haritasi

Sekil 9 da, CRA modeli sonucunda elde
edilen kalintilarin ve tahmin edilen bagimli
degiskenin dagilim grafigi gosterilmistir.
Bagimsiz degiskenlerin, tahmin edilen
bagiml degiskene gore rastgele bir dagilim

edilen degerlerin standartlastirilmis artik
degerlere gore hangi aralikta yigildiginiz
gostermektedir. Sekil 9 da goriildiigii tizere,
bu dagilim ¢ogunlukla -2 ile +2 araliginda
yogunlagmistir.

sergiledigi gorlilmektedir. Bu, tahmin
3
2k
1 o o
208 %o
R=ie) 090
ok =] o L=X-%
%o 2 o;-’% K
006‘?’0
-1 o o

Std. Residuals

L L L
T0 BO 90

Coklu Dogrusal Regresyon Analizi
(CRA) yontemi kullanilarak modelde

L
100

L L :
110 120 120 140

Predicted

Sekil 9. CRA standart artik irtifak haritasi
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uygun ¢ikan bagimsiz degiskenlerle Cografi
Agirlikli Coklu Regresyon (CAR) analizi
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yapilmigtir. Calismamizda kullanilan 101
adet parsele iliskin 7 bagimsiz degisken
(Cins_puan, AKK puan, Yapi puan,
Imar puan, Yol puan, Brj puan ve
Yer puan) ve 1 bagimli degisken (m2_bed)

ile ArcGIS programinda “Geographically
Weightted Regression” komutu ile Sekil 10

da

gosterildigi

uzere CAR modeli

uygulanmistir.

R —— e
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5 @ RTFVER! \ Vi N
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Sekil 10. ArcGIS uygulamasinda irtifak parsellerine CAR yontemi uygulamasi

CRA modelinden farkli olarak, CAR
modeli degiskenler arasindaki iligkileri
konumsal agirliklarla degerlendirir. CAR
analizi  sonucunda olusturulan CAR
haritasinda, gézlemlenen (gergek) deger ve
tahmin edilen deger arasindaki konumsal
agirhiklt  standartlagtirllmis  kalintilarin
grafiksel olarak Sekil 11'de gosterildigi
gibidir.  Sekil 11'de, CAR modeli
sonuclarina  gore  konumsal  olarak
gosterilen haritada; Standart sapmanin

Sekil 12'de CAR raporu sonucunda, R2
degeri 0.963371 ve diizeltilmis R2 degeri

2.5'ten biiylik oldugu (kirmizi alan) yerler,
gozlemlenen deger ile tahmin edilen deger
arasindaki farkin biiyiik oldugunu ifade

etmektedir.

Standart sapmanin 2.5'ten

kiigiik oldugu (mavi alan) bolgeler ise;
Gozlemlenen deger ile tahmin edilen deger

arasindaki

farkin  ¢ok az oldugunu

gostermektedir. Ayrica standartlastirilmig
kalintilar haritas1 (sekil 11), modelin tiim

faktorlerini

dikkate  aldigin1  ortaya

koymaktadir.

5‘5‘“’(\-\

ik e G
Ir’(lvﬂl!l\‘?' Y
Pl
]

<7

Sekil 1. CAR standartlagtirilmig kalintilar haritasi

0.960608

modelimizin
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olarak  bulunmustur. Bu,
konumsal bagimsiz
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degiskenlerle yaklasik %96 dogrulukla
uyumlu c¢alistigimi  gostermektedir. Yani
bagimsiz degiskenlerin, bagimli degiskene

Table
= - | R~ |

IRTFGWR_supp

etkisinin konumsal agirlikli olarak %96
dogruluk payiyla model ile ¢ok iyi uyum
gosterdigi anlamina gelmektedir.

OI1D VARNAME VARIABLE DEFINITION
> 0 | Bandwidth 59359.515824
1 |ResidualSguares 801.280887
2 |EffectiveNumber 3.013385
3 |Sigma 2.935501
4 |AlCc 515.800153
S|IR2 0.863371
S | RZ2Adjusted 0.880603
7 |Dependent Field 0 |M2_IRTBED
8 | Explanatory Field 1 |CINS_PUAN
S | Explanatory Field 2 |AKK___PUAN
10 | Explanatory Field 3|IMAR__PUA
11 |Explanatory Field 4 | YAPI_PUAN
12 |Explanatory Field S|{YOL_PUAN
13 |Explanatory Field S |BRJ_PUAN
14 |Explanatory Field 7 |YER_PUAN
14« 4 1 » »l B3 | (0 out of 15 Selected)

IRTFGWR_supp |

Sekil 12. CAR degeri sonug verileri raporu

Sekil 13’te, 101 parselin CAR modeli

sonuclarina gére her bir bagimsiz
degiskenin  standart  hata  oranlar
gosterilmektedir. Bu sekilde, her bir

parselin bagimsiz degisken ozellikleri i¢in
gozlem degerleri (Observed), standart hata
(StdError) degerleri, standartlastirilmis
kalint1 (StdResid) degerleri, sabit terim
(Intercept) icin standart hata degerleri ve
bagimsiz  degiskenlerin  standart hata
oranlarin1 géstermektedir.

Sekil 13’te, yapilan incelemelerde sunlari
ortaya koymaktadir:

o Cografi Agirlikli Regresyon (CAR)
analizinde elde edilen gozlemlenen (gergek)
degerleri ile tahmin edilen bagimh
degiskenlerin standart hata degerleri
incelendiginde, diisiik ¢ikan standart hata
degerlerinin, modelin yiiksek tahmin
dogrulugu ve giivenilirligine isaret ettigi
goriilmektedir. Ornegin, ilk gozlemde

918

gbzlemlenen deger 78.75 iken, modelin
tahmin ettigi degerin standart hatasi
2.848772°dir (FID: 0 verisi igin). Yani
tahmin edilen deger, ger¢ek degerden
2.848772 fark ile 81.608772 deger ¢iktig1
anlamina gelmektedir.

e Modelde kullanilan bagimsiz
degiskenlerden biri olan cinsin standart
hatas1 oldukga diisiiktiir, bu da parametre
tahminlerinin tutarl ve giivenilir oldugunu
gostermektedir. Ornegin, cins degiskeninin
standart hatas1 0.258472°dir (FID: O verisi

i¢in).
e Model performansi acisindan,
kalintilarin ~ standart hatalari, modelin

gozlemleri ne kadar iyi tahmin ettigini
degerlendirmek i¢in kullanilmistir. Diistik
standart hata degerleri, modelin yiiksek

performans  sergiledigini  ve tahmin
dogrulugunun yiiksek oldugunu
gostermektedir.
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Sekil 13. CAR bagimsiz degiskenlere ait standart hata oranlari

35| 69.38 |2.826492| 3.18706 0.258472 0.45344 0.157864 0.093973 0.17108 0.164419 221003 | -0.00605 35
36 67.5 |2.794674| 3.18706 0.258472 0.45344 0.187864 0.093573 0.17108 0.164415 | 0.221003 | 0.158413 36
37 75 2.889016( 3.18706 0.258472 0.45344 0.157864 0.093973 0.17108 0.164418 0.221003 | 0.153145 37
38| 73.13 |2.821945| 3.18706 0.258472 0.45344 0.197864 0.093973 0.17108 0.164415 | 0.221003 | 0.322107 38
39 67.5 |2.842473| 3.18706 0.258472 0.45344 0.157864 0.093873 0.17108 0.164415 | 0.221003 | 0.076402 39
40 71.25 |2.870032| 3.18706 0.258472 0.45344 0.157864 0.093573 0.17108 0.164419% 0.221003 | 0.241192 40
41 67.5 |2.842467| 3.18706 0.258472 0.43344 0.197864 0.093873 0.17108 0.164415 | 0.221003 | 0.076399 41
42 | 7313 [2.848738| 3.18706 0.258472 0.45344 0.197864 0.093973 0.17108 0.164418 0.221003 | -0.0347% 2
43 80.63 |[2.847473| 3.18705% 0.258472 0.45344 0.197864 0.093973 0.17108 0.164418 0.221003 | 0.066647 43
44| 7875 [2.817438( 3.18706 0.258472 0.43344 0.187864 0.093573 0.17108 0.164418 0.221003 | 0.26614 44
45 75 2.869889( 3.18706 0.258472 0.45344 0.157864 0.093873 0.17108 0.164418 0.221003 | 0.017275 43
45 71.25 |2.866981| 3.18706 0.238472 0.197864 0.093973 0.17108 0.164418 0.221003 | 0.047108 46
47 | 7313 [2.848736| 3.18706 0.258472 0.157864 0.093973 0.17108 0.164418 0.221003 -0.0348 47
43 86.25 2.76706 | 3.18706 0.258472 0.197864 0.093573 0.17108 0.164418 0.221003 | 0.035411 48
49 82.5 2.865739( 3.18705% 0.258472 0.167864 0.093973 0.17108 0.16441% 221003 | 0.063947 49
S0 [ 101.88 [2.805047( 3.187038 0.258472 0.187864 0.093973 0.17108 0.164415 | 0.221003 | 1.090126 30
51 80.63 |2.847478| 3.18705% 0.258472 0.197864 0.093973 0.17108 0.164418 221003 | 0.06665% 5
52| 76.88 2.81368 | 3.187039 0.258472 0.187864 0.093573 0.17108 0.164418 .221003 [ -6.45886 32
53| 8063 |2.870333| 3.187039 0.258472 0.157864 0.093873 0.17108 0.164418 0.221003 | -0.04738 33
54 78.75 2.91013 | 3.187039% 0.238472 0.197864 0.093973 0.17108 0.16441% 0.221003 | 0.033692 54
55| 80.63 |2.870333| 3.187039 0.258472 0.197864 0.093873 0.17108 0.164418 | 0.221003 | -0.04737 55
56 [ 80.63 [2.870333( 3.18703% 0.238472 0.187864 0.093573 0.17108 0.164416 | 0221003 [ -0.04737 36
57 78.75 [2.910129| 3.187059 0.258472 0.157864 0.093973 0.17108 0.16441% 0.221003 | 0.0336%4 57
58 75 2.85422 | 3.187064 0.258472 0.197864 0.093973 0.17108 0.164415 | 0.221003 | 0.050183 38
59| 7875 |2.789273| 3.187064 0.258472 0.157864 0.093973 0.17108 0.164418 .221003 | -6.51149 39
60 75 2.861824| 3.187063 0.258472 0.157864 0.053973 0.17108 0.16441% 221003 | 0.105485 60
61 80.63 |2.799771| 3.187064 0.258472 0.157864 0.093873 0.17108 0.1644156 | 0.221003 -0.1234 61
62 75 2.860038 | 3.187061 0258472 0.197864 0.093973 0.17108 0.16441% 0.221003 | 0.094%03 2
63 | 113.13 |2.633699| 3.187068 0.258473 0.197865 0.093873 0.17108 0.164418 | 0.221004 | -0.52714 63
64 | 136.25 |2.683233| 3.187068 0.238473 0.157865 0.093573 0.17108 0.164415 | 0.221004 | 0.383677 64
65| 136.25 |2.683229| 3.187068 0.258473 0.197865 0.093973 0.17108 0.16441% 0.221004 | 0.583674 63
66 | 138.13 |2.671777| 3.187068 0.258473 0.197865 0.093973 0.17108 0.164415 | 0.221004 [ 0.643709 66
67 | 103.75 | 2.73925 | 3.187066 0.258473 0.197865 0.093873 0.17108 0.164418 | 0.221004 | 0.882261 67
68 80.63 |2.820621| 3.187066 0.25847. 0.187865 0.093973 0.17108 0.164419 221004 | -0.07465 68
69 | 7875 |2.843971| 3.187065 0.258473 0.197865 0.093873 0.17108 0.164416 | 0.221003 | -0.01516 69
70 82.5 2.809216 3.187065 0.258473 0453441 0.197863 0.093973 0.17108 0.164415 | 0221003 | -0.16218 7
Sekil 13. CAR bagimsiz degiskenlere ait standart hata oranlari (devami)
71| 84.38 |2.809179] 3.187066 | 0258473 | 0453441 | 0.197865 | 0093973 | 0.17108 | 0.164419 | 0.221004 | 0.506982 71
72| 84.38 |2.723396| 3.187067 238473 0.453441 0.157865 0.093573 0.17108 0.164415 221004 | 0.484615 72
73| 1325 |2.664121] 3.187067 238473 0.453441 0.197865 0.093973 0.17108 0.164416 | 0.221004 | 0.535233 73
74| 101.88 |2.598734| 3.187062 0.258472 0.45344 0.197864 0.083973 0.17108 0.164418 0.221003 | -1.71768 74
75| 73.13 |2.858178)| 3.187063 258472 0.45344 0.197864 0.093973 0.17108 0.16441% 0.221003 | 0.112194 75
76 75 2.888879| 3.187062 0.238472 0.45344 0.157864 0.093573 0.17108 0.164418 | 0.221003 | 0.175255 76
77| 7343 |2.902157] 3.187062 0.258472 0.43344 0.197864 0.093873 0.17108 0.164418 | 0.221003 | 0.123162 77
78 | 73.13 |[2.883973] 3.187062 258472 0.45344 0.197864 0.093973 0.17108 0.164415 | 0.221003 | 0.087847 78
79| 96.25 2.79623 | 3.187062 0.258472 0.45344 0.197864 0.093973 0.17108 0.164418 0.221003 1.08657 7
80 75 2.84869 | 3.187063 258472 0.45344 0.197864 0.093573 0.17108 0.16441% 0.221003 | 0.220515 80
81| 69.38 |[2.834082| 3.18706 258472 0.45344 0.157864 0.093873 0.17108 0.164416 | 0.221003 | 0.271376 81
82| 7125 |[2.822766| 3.18706 238472 0.43344 0.157864 0.093973 0.17108 0.164416 | 0.221003 | 0.325185 2
83| 73.13 |2.884287] 3.187061 .258472 0.45344 0.157864 0.093973 0.17108 0.164415 | 0.221003 | 0.178885 83
84| 9625 [2.808009] 3.187061 0.258472 0.45344 0.197864 0.093973 0.17108 0.164418 0.221003 1.11854 84
85| 73.13 |2.902161| 3.187061 0.258472 0.45344 0.157864 0.093973 0.17108 0.16441% 0.221003 | 0.12316 83
86| 73.13 |2.902161| 3.187062 0.258472 0.43344 0.197864 0.093973 0.17108 0.164416 | 0221003 | 0.12316 86
87| 76.88 |2.857657| 3.187064 238472 0.433441 0.157864 0.093873 0.17108 0.164415 | 0.221003 | 0.04703% 87
88 | 10563 |2.517285| 3.18703% .238472 0.45344 0.157864 0.093973 0.17108 0.164418 | 0.221003 | -0.17159 88
89 825 2.835553] 3.187063 238472 0.453441 0.157863 0.093973 0.17108 0.16441% 0.221003 | -0.21973 8%
80| 7875 2.50426 | 3.18703% 0.258472 0.45344 0.197864 0.083973 0.17108 0.164418 0.221003 | 0.73864% S0
91 91.88 |2.619522| 3.187063 258472 0.453441 0.197865 0.093973 0.17108 0.16441% 0.221003 | 0.05679% 91
92 | 101.88 |2.805065| 3.187038 .238472 0.45344 0.157864 0.093573 0.17108 0.164418 .221003 | 1.090303 2
93| 63.75 | 2.65007 | 3.18705% 238472 0.43344 0.197864 0.093873 0.17108 0.164418 | 0.221003 | 0.201336 93
94| 6563 |2.657868| 3.187039 258472 0.45344 0.197864 0.093973 0.17108 0.164418 | 0.221003 | -0.00875 54
95 67.5 2.657369| 3.187059 258472 0.45344 0.197864 0.093973 0.17108 0.164418 0.221003 | 0.046204 95
96 | 6563 [2.654654| 3.18703% 258472 0.45344 0.197864 0.093973 0.17108 0.164418 0.221003 | 0.015448 96
97 | 73.13 |2.884289) 3.187061 0.258472 0.43344 0.157864 0.093873 0.17108 0.164416 | 0.221003 | 0.178878 7
98 | B80.63 |2.747916| 3.187067 238473 0.433441 0.197865 0.093973 0.17108 0.164415 | 0221004 | -0.11467 98
99| 73.13 |[2.884282| 3.187061 .258472 0.45344 0.157864 0.093973 0.17108 0.164415 | 0.221003 | 0.178893 g9
100 75 2.894869| 3.18706 0.258472 0.45344 0.197864 0.093573 0.17108 0.164418 0.221003 | -0.05107 100

Sekil 13. CAR bagimsiz degiskenlere ait standart hata oranlar1 (devami)

Sekil 14’te goriilecegi iizere, CAR
yontemiyle elde edilen gercek ve tahmini
degerlerin dagilim grafigi rastgele bir desen
sergilemektedir. Hem go6zlemlenen veriler
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hem de CAR tarafindan tahmin edilen
degerler  birbirlerine  olduk¢ca  yakin
goriinmekte ve bu da modelin tutarh
oldugunu gostermektedir.
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Sekil 14. Gergek deger ve CAR ile tahmin edilen degerin ayr1 ayri gosterimi

Sekil 15°te goriilecegi lizere, gergek
(gozlemlenen) degerler ve CAR modeli
sonucu tahmin edilen degerler arasindaki
dogrusal yonde ve pozitif gii¢lii bir iligki
oldugu acike¢a goriilmektedir. Gézlemlenen

deger ile tahmin edilen degerlerin birbirine
yakin deger ¢iktigi, model ile uyumlu ve
model performansinin iyi ¢alistigi anlamina
gelmektedir.

GERCEK DEGER ILE CAR TAHMIN DEGER GRAFiGi
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Sekil 15. Gergek deger ile CAR tahmini deger dagilim grafigi

Sekil 16’da goriilecegi iizere, gercek
degerler ile CAR tahmini degerler
arasindaki  farkin  gosterilmistir.  Bu
farklarin birbirine olduk¢a yakin oldugu ve
yogun olarak -6 ile +8 arasinda bir deger
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farki ¢iktig1 goriilmektedir. Yani tahmin
edilen degerin gercek degerden ne kadar
fark ciktigt ve yogun olarak hangi
araliklarda farkin yogunlastigini
gostermektedir.
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Sekil 16. CAR farklar dagilim grafigi

Sekil 17'den goriildigi gibi, gergek
degerler ile CAR tarafindan tahmin edilen
degerler  arasindaki  farkin  grafigi
sunulmaktadir. Bu grafik, ger¢ek degerden
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ne kadar saptifint  ve sapmalarin
yogunlastigt  araliklart  ve  sapmanin

biiytikliigiinii gostermektedir.
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Sekil 17. Gozlemlenen (gercek) deger ile CAR farklari (residual) grafigi

CAR modeli ile belirlenen uygun bagimsiz
degiskenlerin (cins, yapt durumu, yola
mesafe, yerlesim yerine mesafe, baraja
mesafe ve deger diislikliigii orani1) her bir
kesisme katsayisinin gorsellestirilmis hali
taranmigtir. Bu tarama sirasinda, siyah
renkli alanlar diisiik katsayr degerlerini,
beyaz renkli alanlar ise yiiksek katsay1
degerlerini gostermektedir. Sekil 18'de,
bagimsiz degiskenlerden cins/nitelik igin
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dogu yoniinde beyaz renkli alanlarin yogun
olmasi, o bolgedeki parsellerin yiiksek
degerlere sahip oldugunu gostermektedir.
Batiya dogru ilerledik¢e ise cins/nitelik
ozelliklerinin diisiik degerlere sahip oldugu
goriilmektedir. Bu durum, cins/nitelik
bagimsiz degiskeninin, bagimli degisken
tizerindeki mekansal etkilerini ve fiyatlarin
hangi bolgelerde diisiik ya da yiiksek
oldugunu acgiklamaktadir
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Sekil 18. Cins katsay1 tarama haritasi

Tiim kriterlere gore katsayr tarama
haritalari olusturulmustur. Ancak,
makalede sunulmasina gerek

goriilmemistir. CAR modeli sonucu olusan
tarama katsayr haritalarinin  konumsal
olarak bagimsiz degiskenlere gore irtifak
degerinin en diigik deger ile en yiiksek
degerlerinin  bolgesel olarak gosterimi

Tablo 3°de gosterilmistir. Tablo 3’te, irtifak
degerine hangi bagimsiz degiskenin hangi
bolgede konumsal agirlik olarak, irtifak
bedelini nasil etkiledigi goriilmektedir.
Koyu mavi renkle gosterilen bolgelerin
yiiksek degere, acik mavi ile gdosterilen
bolgelerin diisiik degere sahip oldugunu
gostermektedir.

Tablo 3. irtifak Degerine Etki Eden Bagimsiz Degiskenlerin Bélgesel Olarak Yogunluk Haritast

Irtifak Degeri Icin Bagimsiz Degiskenlerin Katsay1 Tarama Haritasinin Yogunluk Gosteri

Yon

Bagimsiz
Degiskenler
Nitelik (Cins)
Yap1 Durumu
Yola Uzaklik
Yerlesim Yerine
Uzaklik

Baraja Uzaklik
AKK

Imar Durumu

Dogu Bati

Kuzey Giiney Giineydogu

Glineybati  Kuzeydogu  Kuzeybati

_ Yiiksek Degere Sahip Bolge

Diisiik Degere Sahip Bolge

CRA modeli sonucunda ¢ikan rapordaki
istatistik bilgileri Tablo 3’te gosterildigi
gibidir.

Tablo 4’te goriilecegi iizerine:

e Olasilik degeri acisindan
degerlendirildiginde; Bagimsiz
degiskenlerin olasilik degerlerinin 0.01'den
kiiciik oldugu tespit edilmistir. Bu durum,
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modelin uyumlu olma sartlarindan biri olan
p<0.01 kosulunun saglandigini,

e Standart hata (StdError) agisindan
degerlendirildiginde; Regresyon
katsayilarinin standart hatalarinin  diisiik
cikmasi, tahmin edilen degerlerin daha
giivenilir oldugunu,

e Standart hata (StdError) agisindan genel
olarak degerlendirildiginde; Regresyon
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katsay1 standart hatalarmin diisiikk olmasi,
tahmin edilen degerlerin giivenilirligini
artirdigini,

e VIF degerleri acisindan
degerlendirildiginde; Tiim degerlerin VIF <
7.5 ¢ikmasi, bagimsiz degiskenler arasinda
coklu dogrusal baglantinin olmadigini,

e Multiple R-Square (R2) ve Adjusted R-
Square  (diizeltilmis  R2)  acisindan
degerlendirildiginde; R2 = 0.96 ve
diizeltilmis R2 = 0.96 degerleri ¢ikmuistir.
Regresyon analizinde, R2 degerinin 1'e
yakin olmasi bagimsiz degiskenlerin
modelle iyi uyum sagladigin1 gosterir. Bu
baglamda, modelin bagimsiz degiskenlerle

%96 dogruluk olasiligiyla uyum gosterdigi
ortaya ¢iktigi,

e Akaike Bilgi Kriteri (ABK) agisindan
degerlendirildiginde; Model sonucu ¢ikan
degerin diisiik olmasi, modelin
uyumlulugunun iyi oldugunu gdsterir.
Tablo 3'te ABK degeri 513.34 olarak
bulunmustur. Bu sonuglar, smiflandirma
yontemiyle olusturulan bagimsiz
degiskenlerin CRA modeliyle iyi uyum
sagladig,

e Ayrica, Tablo 3'te Joint F-Statistic, Joint
Wald Statistic ve Koenker (BP) Statistic
degerlerinin yiiksek ¢iktig1 ve modelin daha
iyi uyum sagladigi,

Bulgularma ulasilmistir.

Tablo 4. Bagimsiz degiskelerin siniflandirma 6ncesi CRA raporu istatistiksel bilgileri 6zeti ve CRA
teshis raporu

Smiflandirma Verilerin Cra Raporu istatistik Bilgileri

Arazi . Yerlesim
Cins/ kullanim Imar Yapi Yola Baraja Yerine
Nitelik Kabiliyeti Durumu Durumu Mesafe Mesafe Mesafe
(AKK)
Coefficient 1.71 2.03 2.57 2.05 1.88 1.94 2.02
Std_Error 0.25 0.44 0.26 0.09 0.17 0.17 0.21
t-Statistic 6.73 4.56 9.61 2221 11.20 11.46 9.19
Probality *0.00 *0.00 *0.00 *0.00 *0.00 *0.00 *0.00
Robust_SE 0.14 0.21 0.15 0.20 0.03 0.12 0.17
Robust_t 11.44 9.67 16.87 10.13 54.08 15.46 12.15
Robust_Pr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
VIF 2.67 1.32 4.55 1.17 1.13 1.50 1.46
Multiple R-Squared 0.96
Adjusted R-Squared 0.96
AlCc 513.34
Joint F-Statistic 318.10
Joint Wald Statistic 17372.26
Koenker (BP) Statistic 17.43
Jarque-Bera Statistic 5142.54

oniinde * isareti olan bagimsiz degiskenlerin model ile uyumlu oldugu anlamina gelmektedir.

Model sonucunda ortaya ¢ikan formiil
Esitlik 1°de gosterildigi gibidir. Ayrica
irtifak hakkinin geg¢mis oldugu parselde
deger diisiiklii yasanacagindan dolay1, CRA

modelinde ¢ikan formiil deger diistikliigu
ile ¢arpilip Esitlik 1’de gosterildigi gibidir.

IRTIFAK BEDELI = Deger Diisiikliigii Orani [32.173508 + cinspuan * 1.721228 +
AKKpuani * 2.114287 + imarpuan * 2.965091 + yapipuan * 2.049907 + yolpuan +
1.888771 + Brjpuan * 2.047236 + Yerpuan * 1.943345] @

4. Sonuclar ve Oneriler
Diyarbakir ilinin Egil il¢esinde bulunan
Ilgin ENH projesine ait 101 adet tasinmaz

lizerinde yapilan arastirmada, imar durumu,
yap1 durumu, nitelik/cins, yol agina uzaklik,
baraj goletine uzaklik, yerlesim yerine
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uzaklik, topragin sulama durumu ve arazi

kullaninm  kabiliyeti  gibi  bagimsiz
degiskenler ile m? irtifak bedeli bagiml
degiskeni arasindaki iligkisinin, Coklu

Regresyon Analizi (CRA) ve Cografi
Agirlikli  Regresyon (CAR) modelleri
kullanilarak incelenmistir. CRA modeli
sonuglarma gore, R? degeri ve diizeltilmis
R? degeri % 96 ile yiiksek uyumlu oldugu
ve modelin bagimh degiskeni aciklamada
oldukga basarili oldugunu gostermektedir.
CRA modeli ile uyumlu ¢ikan bagimsiz
degiskenlerle konumsal/local agirlikli CAR
modeli uygulanmis ve bu modelde %96
diizeyinde yiikksek bir R? degeri elde
edilmistir. Bu sonuglar, tasinmazlarin m?
irtifak bedelini belirlemede kullanilan
degiskenlerin model tarafindan basarili bir

sekilde tahmin edildigini ve cografi
faktorlerin bu tahminlerde 6nemli bir rol
oynadigimi gostermektedir. Bu bilgiler

1s1ginda, Ilgin ENH projesinin  gectigi
tasinmazlarda belirleyici olan kriterlerin
derinlemesine incelenmesi, giincel fiyat
aragtirmalarinin ~ yapilmast  ve ENH
kamulagtirma silirecinde ortaya ¢ikan
sorunlara ¢Oziim bulunmast son derece
onemlidir. Ciinkii bu yaklasim, ENH
glizergdhinin  etkiledigi  tasinmazlarda,
kriterlerin dogru analiz edilmesini, giincel
fiyatlandirma caligmalarinin
gerceklestirilmesini  ve  kamulastirma
siirecinde karsilasilan zorluklarin etkin bir
sekilde ¢ozlilmesini saglayarak, modellerin
daha kesin ve giivenilir sonuglar liretmesine
olanak tanir. Bu dogrultuda alinacak
adimlar, proje  siirecinin  basariyla
tamamlanmas1 ve tasinmaz sahipleri ile
yerel yonetim arasinda adil ve saglam bir
uzlasma saglanmasi i¢in kritik Onem
tasimaktadir. Bu ¢alismada CRA ve CAR
modellerinin kullanimi, piyasa degerleri ile
anlamli deger haritalarinin olusturulmasi ve
karsilastirilmasi, irtifak degerlerinin daha
teknik ~ ve  bilimsel  bir  temelde
belirlenmesine olanak saglamistir. Ozellikle
CAR modeli, konumsal/local agirlikl
irtifak  degerini  etkileyen = bagimsiz
degiskenleri bolgesel olarak en diisiik ve en
yiiksek degerlere sahip yerler olarak
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belirlemede kullanilmistir. Bu baglamda
elde edilen sonuglar, proje alaninda irtifak
degerlerinin belirlenmesinde o6nemli bir
adim olarak gorilmekte ve bolgesel
farkliliklarin - anlasilmasina biiyiik katk:
saglamaktadir. CAR modeli ile tespit edilen
bu degiskenler, yerel piyasa kosullari ve
cevresel faktorlerin analiz edilmesinde
temel aliarak, taginmazlarin
degerlendirilmesi ve planlanmasi
stire¢lerinde bilimsel bir temel
olusturulmasina  yardimci  olmaktadir.
Ortaya c¢ikan bulgular, ileriye doniik
caligmalarda modelin dogrulugunu ve
giivenilirligini saglamak i¢in gereken dogru
ve uyumlu veri teminini vurgulamaktadir.
Bu baglamda, pazar fiyatlarinin yeniden
degerlendirilmesi ve TEDAS uzmanlariyla
yapilan danigsmalar yoluyla yeni fiyatlarin
belirlenmesi gerekliligi ortaya ¢ikmistir.
Ayrica, tarim arazilerinin siniflandirilmasi
icin literatiirde yapilan ¢oklu dogrusal
regresyon analizlerinden Ogrenilenlerden
ilham alarak, CRA ve CAR modellerinin
gelistirilmesi i¢in puanlama y&ntemlerinin
kullanilmas1 6nerilmektedir.

Yazarlarin Katki Beyam

Yazarlar  makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tlm yazarlar, bu ¢alisma i¢in herhangi
bir ¢ikar ¢catigmasi olmadigini beyan
etmektedir.
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Abstract

Honey bees (Apis mellifera L.) are the most common and active pollinator insects on earth. Bees are needed to
pollinate flowers, and bees need the flowers as food. Bees obtain nectar and pollen, the most important food
sources, from flowers. Bees visit different flowers to collect these nutrients. Factors that influence the bees' visits
include the plant species, the proximity and density of the plant, the flower structure, the quality of nectar and
pollen and the bees' needs. When bees visit flowering plants, the quality of the pollen and nectar they receive from
the flower and the structure of the flower are important. Some flowers may be pleasant to humans but are not at
all preferred by bees. In this study, an attempt was made to determine which flower species, belonging to which
family, are intensively visited by bees. As a result of the study, 263 plant taxa belonging to 47 families were
identified. Asteraceae (47), Fabaceae (32), Poaceae (30), Lamiaceae (24) and Apiaceae (12) are the most densely
populated families. During field studies, it was observed that bee density was high in yellow sweet clover, white
sweet clover, false acacia, purple clover, and small burnet flowers. It is expected that this research will contribute
to future studies and beekeeping activities.

Keywords: Apis, beekeeping, foraging, flowers, province
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1. Introduction

Covering an area of 814,578 km?
Tiirkiye has various geographical features.
Turkey, which has a very rich plant diversity
due to its different geographical structure,
has not only a diverse flora but also a
diverse fauna (Dogaroglu and Geng, 1994).
This flora comprises 11,707 plant taxa
(Giiner, 2012). The Tiirkiye flora contains
75% of the honey plants important for
beekeeping (Siral, 2010). Beekeeping has a
great economic  importance  among
agricultural enterprises in the world and in
our country. Beekeeping in our country has
developed well in the last ten years and has
managed to take first place in the world
ranking (Giinesdogdu and Akyol, 2019).

The health of honey bees and the
development of the bee colony depend on
the nutrients in the hive. Bees generally
obtain their nutrients from nature. Honey
bees obtain their carbohydrate requirements
from nectar and all other nutrients,
especially protein, from pollen
(Brodschneider and Crailsheim, 2010).
Knowing the nutritional requirements of
honey bees (4. m. L.) and implementing
colony management strategies according to
correct feeding models greatly contribute to
making colonies more resistant to diseases,
achieving high product yield and avoiding
colony losses (Sabir et al., 2000).
Beekeepers draw up plans depending on the
flowering plant flora of a region. These
plans include phases such as the relocation
of colonies, the renewal and production of
queen bees and the extraction of various bee
products (Liolios et al., 2023). Honeybbees
visit many plants to collect nectar and
pollen. However, it is still controversial
which characteristic of the flower (e.g.
shape, smell, color) is decisive for the visit
(Swrali, 2010). It is emphasized that this
depends on the density and diversity of
flowering plants in the apiary (Sandal and
Kan, 2013).

The effects of global climate change are
being felt in all parts of the world. It also has
a negative impact on the flowering time of
plants that are particularly useful for bees.
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Irregularities in precipitation lead to
changes in flowering time and duration
(Oztiirk and Erkan, 2010). Knowing the
flowering time of flowering plants in a
region and the preferences of bees is
important for beekeepers when planning
(Behget and Yapar, 2019).

Mus is located in the upper Murat-Van
section of the Eastern Anatolia region. It has
an area of about 8116 km? It borders
Erzurum to the north, Bitlis, Diyarbakir, and
Batman to the south and southwest, Bingdl
to the west and Agr1 and Bitlis to the east.
The region consists of rugged mountainous
terrain with an altitude of no more than
3000 meters and lowlands with an altitude
of 1200-1500 meters. Mus has a continental
climate with a large temperature difference
between day and night and frosty, cold, and
long winters. Annual temperatures average
-10 °C in winter and over 25 °C in summer.
The average annual rainfall is 765 mm
(Sonmez, 2010) and the vegetation of Mus
province consists of steppe plants, meadow
grasses and oak forests (Karadag et al.,
2020). The total number of beekeeping
enterprises, number of colonies, honey
production (tons) and honey yield
(kg/colony) in Mus are 366, 59,219, 446
and 7.54, respectively (Anonymous, 2022).

2. Materials and Methods

This study was conducted between April
and November 2023 at the campus of Mus
Alparslan University / Turkey (38°46'26"N
41°25'09"E). Of course, bee visits to the
campus and crops used for scientific studies
were investigated. The books "Plant Species
in Mus Alparslan University" (Karadag et
al., 2020) and "Flora of Turkey and The East
Aegean Islands" (Davis, 1975-1985; Davis
et al., 1988) were used to identify the plants
in the field. In the study, all flowering and
non-flowering plants were assessed.
Whether there were bee visits was
determined by observing the plants in the
field during the hours when the weather
conditions were suitable for bee flight. The
identified plants are arranged alphabetically
by family name. If a bee visit took place, it
1s indicated as “Yes”, otherwise as “No”.
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The area of the campus is approximately
1.330.000 m>. At the time of the study, there
were 250 honey bee colonies on the
campus.

3. Results and Discussion

As a result of the study conducted on the
premises of Mus Alparslan University, 263
plant taxa belonging to 47 families were
identified. In addition, 139 of these taxa
were found to be visited by bees (Table 1).
It is seen that the plant taxa on the Mus
Alparslan University campus are generally
concentrated in the Asteraceae, Fabaceae,
Lamiaceae, Apiaceae, Rosaceae,
Brassicaceae, Caryophyllaceae and
Boraginaceae families (Figure 1). In a study
conducted in Solhan (Bingol/Tiirkiye), one
of the districts of Bingdl bordering Similar
and Mus, it was reported that the most
abundant bee plants belong to the
Asteraceae, Lamiaceae, and Fabaceae
families (Polat et al., 2020). Plants from the
Asteraceae, Lamiaceae, and Fabaceae
families ranked first in studies conducted in
neighboring provinces (Behget & Yapar,

2019; Bakoglu et al., 2013; Oztiirk and
Erkan, 2010). Tanfer and Yener (2020)
reported that the families Rosaceae (47),
Fabaceae (31), Cupressaceae (28), Poaceae
(25) and Lamiaceae (18) were densely
represented on campus. The most
frequently identified families in the Pozanti
(Adana/Tiirkiye) region are Asteraceae
(98), Fabaceae (72), Brassicaceae (60),
Lamiaceae (54), Caryophyllaceae (53),
Poaceae (33), Boraginaceae (30), Apiaceae.
(28), Rosaceae (19) and Caprifoliaceae (18)
(Akinci et al., 2018).

Mus is characterized above all by the
different and wide altitudes in terms of
beekeeping. In this regard, it is important to
study the plant diversity at different
altitudes such as 1500-3000 m and to
evaluate the species and taxa that are
important for beekeeping. Conducting
future researchs not only on the grounds of
Mus Alparslan University campus but also
in the vegetation at different altitudes will
contribute to beekeeping and honey yields
of Mus province.

TAXONOMIC GROUPS
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Figure 1. Families with the most taxa on campus
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Table 1. Plant taxa detected on campus and bee visits

No. Scientific Name Family English Name Turkish Name ?fiesei ¢
1 Celosia cristota L. Amaranthaceae Cockscomb, Horozibigi No
Coxscomb
2 Celosia argentea L. Amaranthaceae Plumegeclc‘)) cslfscomb, Tiiyli horozibigi No
3 Amaranthus albus L. Amaranthaceae White pigweed Ak horozibigi, Téreme Yes
4 Foeniculum vulgare L. Apiaceae Fennel Rezene, Arapsagi Yes
5 Conium maculatum L. Apiaceae Poison hemlock Benekli Zehirli Yes
Baldiran
6 Malabaila dasyantha Apiaceac ) Dudak Patlatan, Yes
(K.Koch) Grossh. P Kelemen Kegir
7 Ferula arientalis L. Apiaceae Oriental Fennnel Dogu Casir Yes
8 Eryngium campestre L. Apiaceae Field Eryngo Boga Dikeni Yes
9 Tordylium maximum L. Apiaceae Great hartwort Koca Davulotu Yes
10 Carum carvi L. Apiaceae Caraway Kir Klmz—/)ourllu, Tarak Yes
11 Coriandrum sativum L. Apiaceae Coriander Kisnis, Asotu Yes
12 Cuminum cymimum L. Apiaceae Cumin Kimyon Yes
13 Anethum graveolens L. Apiaceae Dill Dere Otu Yes
14 Pimpinella anisum L. Apiaceae Anise Anason Yes
15 Amni visnago (L.) Lam. Apiaceae Tootplck-Plant, Disotu, Kasni, Hiltan Yes
Visnaga
16 Gundelia tournefe Or,t.ll L. var. Asteraceae Tumbleweed Kenger, Sakiz Otu Yes
tournefortii
17 Senecio vemalis Waldts. & Kit. Asteraceae Ragwort Kanarya Otu Yes
18 Senecio vulgaris L. Asteraceae Groundsel Adi Kanarya 9“1’ Yes
Imam Kavugu
Taraxacum andrassavii . ..
19 Schischkin Asteraceae Dandelion Cayir Aslandisi Yes
20 Crepis sancta (L.) Babcock Asteraceae Hawk’s Beard Tath Hindiba Yes
21 Crapis foetida L. Asteraceae Stiking Hawk’s Beard Hindiba Yes
22 Artemisia austriaca Jacq. Asteraceae Sagebrush Yavsan Yes
23 Helichrysum arenarium (L.) Asteraceae Stracflower Altin Otu, Olmez Cigek No
Maench.
24 Centaurea iberica Trev. Ex Asteraceae Iberian Knapweed Cakir Dikeni Yes
Sprengel
25 Centaurea salstitialis L. Asteraceae Yellow Cockspur Gune§ Clg.evgl, Y.aZ Yes
Gelin Diigmesi
26 Centaurea depresssa M. Bieb. Asteraceae Dark Blue Bottle Mor peyiii?:lir Cicegi, Yes
P Sar1 Peygamber Cicegi,
27 Centaurea glastifalia L. Asteraceae Conflower Zerdali Dikeni Yes
28 Centaurea cyanus L. Asteraceae Comflower, Black Mavi Kantaron No
Ball Cornflower
29 Carduus nutans L. Asteraceae Musk Thistle Deve Dikeni Yes
30 Carduss pycnocephalus L. Asteraceae Slender%};il:ttllee’ Italian Sik Basli Kangal Yes
31 Echinaps orientalis Trautv. Asteraceae Globe-Thistle Topuz Dikeni Yes
32 Echinops ritro L. Asteraceae Globe Thistle Tiiystiz Kirpi Dikeni Yes
33 Xanthium spinosum L. Asteraceae Spiny Cockleburr Dikenli Pitrak No
34 Xanthium strumarium L. Asteraceae Commgrlloﬁj(:frklebur, Domuz Pitragi Yes
35 Picnomon acarna (L.) Cass. Asteraceae Soldier Thistle Pamuk Dikeni No
36 Cirsium arvense (L.) Scop. Asteraceae Creeping Thistle Tarla Koygogiireni Yes
Cirsium echinus (M.Bieb.) Kévedciireni
37 Hand. Mazz. (Syn. Carlina Asteraceae Thistle YEOE > No
. Kirpikangali
echinus)
38 Onopordum acanthium L. Asteraceae Comr%l}(l)ir; t&otton Adi Esek Dikeni Yes
Tragopogon buphthalmoides , Okiizgdziimsii
39 (DC.) Boiss. Asteraceae Goat’s Beard Tekesakali Yes
40 Tanacetum vulgare L. Asteraceae Tansy Solucan Otu No
Tanacetum parthenium (L.) Feverfew, Bachelor’s .
41 Schulltz. Bip. Asteraceae Buttons Pireotu, Beyaz Papatya No
42 Matricarica chamomilla L. Asteraceae Chemomile Papatya No

929



Anthemis tinctoria L. var.

Gilinesdogdu et al.

Sar1 Papatya, Boyact

43 . . Asteraceae Yellow Chamimile Yes
tinctoria Papatyasi
44 Anthemis cotula L. Asteraceae Dog Fennel, Stinking Pis Kokulu Képek No
May Weed Papatyasi
45 Bellis perennis L. Asteraceae Daisy Caylrguz"el.lv, No
Koyungozi
. 1 e Common Yarrow, Beyaz Vivanpergemi,
46 Achillea millefolium L. Asteraceae Medical Milfoil Binbir Yaprak Yes
47 Achillea biebersteinii Afan. Asteraceae Yarrow San Cg?;ﬂirceml’ Yes
48 Centranthus longiflorus Stev. Asteraceae Long quwered Ked1otq, Nfz.ihmuz Yes
Valerian Cigegi
49 Carthamus tinctorius L. Asteraceae Safflower Aspir Yes
Echinacea pallida (Nutt.) Pale Purple Soluk Mor Kirpiotu,
>0 Nutt. Asteraceae Coneflower Soluk Cigekli Ekinezya Yes
Echinacea purpurea (L.) Eastern Purple
51 Moench (Syn. Brauneria Asteraceae Coneflower, Purple Ekinezya, Koni Cicegi Yes
purpurea (L.) Britt.) coneflower
52 Inula helenium L. var.orgyalis Asteraceae Elecampane, Koca Andizotu Yes
Horseheal
- . Aysisafa, Kandil
53 Calendula officinalis L. Asteraceae Marigold Cicegi, Kadife Cigegi Yes
54 Cynara scolymus L. Asteraceae Globe Artichoke Enginar No
. . . Sevketibostan,
55 Cnicus benedictus L. Asteraceae Cnicus Miibarekdikeni, Akkiz Yes
. Fransiz Kadife Cicegi,
56 Togetes petula L. Asteraceae French Marigold Cennetkusu Cicegi Yes
57 Zinnia elegans L. Asteraceae Youth-and-age, Zinya, Kirli Hamim Yes
Common Zinnia Cigegi
58 Cosmos bipinnatus Cav. Asteraceae Garden Cosmos Kozmos Yes
59 Erigeron canadensis L. Asteraceae Fleabane, Butterweed Sifaotu No
60 Lactuca serriola L. Asteraceae Lectuce Aci Marul No
61 Cichorium intybus L. Asteraceae Withloaf Cichory Yabani Hindiba Yes
62 Silybum é’; ae;;z;zlnum (L) Asteraceae Blessed milkthistle Meryemana Dikeni Yes
63 Heliotropium europaeum L. Boraginaceae Heliotrope Sigilotu, Bambulotu Yes
64 Onosma bornmuelleri Boraginaceae Dalli Altindamla No
Hausskn.
65 Lithospermum officinale L. Boraginaceae Gromwell Dag Sedefotu No
Myosotis alpestris F.W. . . Unutma Beni,
66 Schmict Boraginaceae Asian forget-me-no Boncukotu Yes
67 Asperugo procumbens L. Boraginaceae German-Madwort Nevazilotu Yes
68 Anchusa azurea Miller Boraginaceae Italian Bugloss Mavi Sigirdili, Giiriz Yes
69 Echium italicum L. Boraginaceae Italian Bugloss Engerekotu Yes
Phacelia tonocetifolia . Blue Tansy, Lacy o
70 Bentham. Boraginaceae Phacelia Ariotu, Ariballigt Yes
71 Alyssum desertotum Stapf. Brassicaceae Desert Madwort Dumanotu Yes
72 Cordaria draba (L.) Devs. Brassicaceae Whltegﬁgs,SHoary Ak Tere No
73 Lepidium virginicum L. Brassicaceae Peppergrass El Tere, Biberotu No
Erysimum cuspidotum . .
74 (M.Bieb.) DC. Brassicaceae - Kuyruklu Zarife Yes
75 Isatis floribunda Boiss. Ex Brassicaceae Woad Civitotu Yes
Bornm.
76 Sinapis arvensis L. Brassicaceae Wild Mustard Yabani Hardal Yes
77 Sinapis mgrii[é'r(as)yn' Brossica Brassicaceae Black Mustard Siyah Hardal Yes
78 Capsella bﬁ‘;ﬁ;ﬁasmns (L) Brassicaceae Shepherd’s Purse Coban Cantasi No
79 Alliaria petiolata (M.Bieb.) Brassicaceac Garlic Mustard, Hedge = Sarimsakotu, Sarimsak Yes
Cavara&Grande Garlic Hardali
Valerianella locusta (L.) o ,
80 Latter Caprifoliaceae Lamb’s Lettuce Kuzu Marulu Yes
81 Viburnum opulus L. Caprifoliaceae Wayfaring Tree Kartopu, Geleboru No
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82 Silense vulgaris (Moench) Caryophyllaceae Bladder Campion, Gelinparmagi No
Garcke Maiden’s Tears
83 Silene argal\e/izeilsch.&C.A. Caryophyllaceae Turkish Catchfly Yapiskanot No
84 Silene cretica L. Caryophyllaceae Cretan Catchfly Ada Nakili No
85 Vaccaria pyramidata Medikus Caryophyllaceae Cow Soapwort Arap Baklasi, Inekotu Yes
86 Gypsophila arrostii L. Caryophyllaceae Creeping Gypsophila Coven Otu No
87 Gypsophila pallida Stapf Caryophyllaceae Creeping Gypsophila Sark Coveni No
88 Dianthus barbatus L. Caryophyllaceae Sweetwilliam Cn.l. Kz.a.ranﬁh, No
Hiisniiyusuf
89 Chenopodium album L. Chenopodiaceae White Gﬁiif()ld’ Fat Ak kazayagi, Sirken No
90 Chenopodium quinaa Wild. Chenopodiaceae Quinoa Kinoa No
Hypericum scabrum L. (Syn.
91 Hypericum cymosum, H. Clusiaceae St. Johnswort Kaba Kuzukiran No
galioides)
92 Hypericum perfarotum L. Clusiaceae Coml;sgrs,zjggl: s, st Sar1 Kantaron No
93 Convolvulus arvensis L. Convolvulaceae Field Bindweed Tarla Sarmasig1 Yes
94 Convolvulus galqtzcus Rotsan Convolvulaceae Bindweed Sarmagik Yes
ex Choisy
95 Carex oreophila C.A. Meyer Cyperaceae - Yelsaparna No
96 Bolboschoen;;lﬁomzmus (L) Cyperaceae Sea club-rush Sandalye Sazi No
97 Scabiosa caucasica M. Bieb. Dipsacaceae Cgucasps Scabios, Uyuzotu Yes
Pincusion Flower
98 Scabiosa argentea L. Dipsacaceae Ukranian Scabious Uyuzotu Yes
99 Dipsacus lociniatus L. Dipsacaceae Vut-Leaves Teasel Coban Tarag: Yes
100  Knautia integrifolia (L.) Bert. Dipsacaceae thoclgl;%:l?:ed Blg;l:k}gg;(h No
101 Equisetum arvense L. Equisetaceae Horsetail Atkuyrugu No
102 Ricinus communis L. Equisetaceae Castor of Plant Hintyag Bitkisi No
103 Trlf&ig&?gfl:sae Fabaceae Sickle-Fruit Fenegreek ~ Orak Meyveli Cemen Yes
104 Medicago sativa L. Fabaceae Alfaalfa, Lucerne Adi Yonca Yes
105  Medicago truncatula Gaertn. Fabaceae Barrel Medic Fi¢1 Yoncasi Yes
Bituminaria bituminosa (L.)
106 Stirton (Syn. Psoralea Fabaceae Pitch Trefoil Katran Yoncasi Yes
bituminosa (L.)
109 Melilotus officinalis (L.) Desr. Fabaceae Yellow Sweet Clover Saritas Yoncasi Yes
110 Melilotus alba Desr. Fabaceae White Sweet Clover Aktas Yoncasi Yes
111 Astragalus onobrychis L. Fabaceae Sainfoin Milk-Vetch Korungams: Geven No
112 Astragalus lagurus Willd. Fabaceae Astragale Tiiybash Geven No
113 Lathyrus sativus L. Fabaceae Grass Pea Adi Miirdiimiik No
114 Lathyrus roseus Stev. Fabaceae Rosy-Flowered Giil Miirdimiigii No
115 Lathyrus czeczottianus Bassler Fabaceae Sweetpea Cali Miirdimiigi No
116 Lathyrus pratensis L. Fabaceae Meadow Vetchling Cayir Miirdimiigi No
117 Pisum satlmm L. subp. Fabaceae Pea Bezelye No
sativum
118 Ononis pubescens L. Fabaceae Restharrow Tiiyli Okiizcani No
119 Vicia villosa Roth Fabaceae Hairy Vetch Tiyli Fig Yes
120 Vicia panonnica Crantz Fabaceae Hungarian Vetch Macar Fig No
121 Vicia cracca L. subsp. cracca Fabaceae Bird Vetch Kus Figi Yes
122 Vicia sativa L. Fabaceae Common Vetch Adi Fig No
123 Vicia narbonensis L. Fabaceae Narbonne Vetch Koca Fig No
124 Coronilla varia L. subsp. varia Fabaceae Purple Crownvetch Alaca Tagotu Yes
125 Trifolium resupinatum L. Fabaceae Persian Clover Anadolu Uggiilii Yes
126 Trifolium pratense L. Fabaceae Red Clover Cayir Uggiilii Yes
127 Trifolium repens L. Fabaceae White Clover Ak Uggiil Yes
128 Trifolium purpereum Lois. Fabaceae Purple Clover Mor Uggiil Yes
129 Trifolium arvense L. Fabaceae Rabbitfoot Clover Tarla Uggiilii Yes
130 Trifolium pilulare L. Fabaceae Ball Cotton Clover Boncuk Uggiil No
131 Trifolium campestre Schreb. Fabaceae Large Hop Clover Iri Kir Uggiilii Yes
132 Lotus comiculatus L. Fabaceae Bird’s Foot Trefoil San Cigekli Yes
Gazalboynuzu
133 Lotus gebelia Vent. Fabaceae Bird’s Foot Trefoil Gazalboybuzu Yes
134 Lotus herbaceus (Vill.) Jauzein Fabaceae Herb Canary Clover Zehirli Yonca Yes
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134 (Syn. Onobrychis sativa) Fabaceae Sainfoin Korunga Yes
135 Glycyyhiza glabra L. Fabaceae Licorice Meyan No
Senna corymbosa (Lam.) H.S.
136  Irwis&Berneby (Syn. Cossia Fabaceae Senna Plant Sinameki Yes
corymbosa)
137 Wisteria sinensis (Sims) DC. Fabaceae Chinese wisteria Cin Mor Salkimi Yes
138  Geranium macrostylum Boiss. Geraniaceae - Turnagagasi Yes
139 Garanium robertianum L. Geraniaceae Herb robin Robertotu Yes
140 Herniaria glabra L. Illecebraceae Rupturewort Kirtkotu Yes
141 Scleranthus annuus L. Illecebraceae German Knotgrass Yillik Yumakliot No
142 Gladiolus atraviolaceus Boiss. Iridaceae Gladiolus Yabani SGul :leyr?ilj Krag No
143 Gladiolus kotschyanus Boiss. Iridaceae Corn Falg Karga Sogani, Kilicotu No
Marrublum parviflorum . w e G
144 Fisch.&C.A Mey Lamiaceae Horehound Kiigiik Cigeli Sinek Otu ~ Yes
Euphorbia virgata Waldst. Et. . Leafy Spurge, .
145 Kit. Lamiaceae Tithymal Cubuksu Siitlegen Yes
146 Ziziphora capitat L. Lamiaceae Ziziphora Dag Reyhani Yes
147 Stachys cretlcanL. (Syn. Lamiaceae Createn Hedgenettle Girit Karabagotu Yes
Stachys salviifolia)
148 Lavandula officinalis L. Lamiaceae Lavander Lavanta Yes
149 Mentha pulegium L. Lamiaceae European Pennroyal Yarpuz No
150  Mentha longifolia (L.) Hudson Lamiaceae Wildmint Tiyli Nane, It Nanesi No
151 Lamium amplexicaule L. Lamiaceae Henbit Ballibaba Yes
152 Melissa officinalis L. Lamiaceae Common Balm Ogul Otu Yes
153 Salvia officinalis L. Lamiaceae Kitchen Sage Tibbi Adagay1 Yes
154 Salvia sclorea L. Lamiaceae Clary Sage Misk Adagay1 Yes
155 Salvia trilaba L. Lamiaceae Sape Clary Anadolu Adagay1 Yes
156 Salvia virgata Jacq. Lamiaceae Southeg; é\;[eadow Fatmanaotu, Yilancik Yes
157 Ocimum basilicum L. Lamiaceae Sweet Basil Feslegen Yes
158 Sideritis perfoliata L. Lamiaceae Mountain Tea Dag Cay1 Yes
159 Orzggnum anites L. (Syn. Lamiaceac Turkish Oregano, [zmir Kelflgl, Yes
Origanum smyrneum) Smyrna Thyme Mecankosk
160 Origanum majorana L. Lamiaceae Sweet Marjoram Mercankosk Yes
161 Orzganurgrzuclgzre subsp. Lamiaceae Russian Oregano Kus Zemulu Yes
162 Hyssopus officinalis L. Lamiaceae Hyssop Cordiik Yes
163 Leonotis nepetifolia L. Lamiaceae Lion’s Tail Aslan Kuyrugu Yes
164 Nepeta cataria L. Lamiaceae Catnip Kedi Nanesi Yes
165 Satureja hortensis L. Lamiaceae Cibreska Zahter Yes
166 Prunella vulgaris L. Lamiaceae Common Selfheal Aci Feslegen Yes
167 Salvia splendens L. Lamiaceae Annual Scarlet Sage Ates Cicegi No
168  Ornithogalum narbonense L. Liliaceae Star of Bethlehem Akbaldir Yes
169 Ornithogalum oligophyllum Liliaceae Star-of-Bethlehem Sakarca, Akyildiz Yes
E.D. Clarke
170 Muscari comosum (L.) Miller Liliaceae Tassel Hyacinth Arap Siimbiili No
171 Tulipa sintenisii Baker Liliaceae Mus Tulip Mus Lalesi No
172 Allium atroviolaceum Boiss. Liliaceae Broadleaf Wild Leek Top Basli Yabani No
Sarimsak
173 Allium ampeloprasum L. Liliaceae Pearl Leek Yabani Pirasa No
174 Allium nigrum L. Liliaceae Ornamental Onion Genis Yaprakli Sogan No
175 Linum usitatissimum L. Linaceae Flax, Linen Keten Yes
176 Alcea calverti Boiss. Malvaceae Queeny Purple Hatmi Cicegi Yes
177 Alcea ap te};z(z)ci;zsrp a (Fenzi) Malvaceae Hollyhock Hatmi Cigegi Yes
178 Malva neglecta Wallr: (Syn. Malvaceae Dwarf Mallow Ebe Giimeci Yes
Malva rotundifolia)
179 Paris quadrifolia L. Melanthiaceae Herb Paris Karga Gozii No
180 Syringavulgaris Madame Oleaceae Lilac Beyaz Cicekli Leylak ~ No
Lemoine
181 Oenathera biennis L. Onagraceae Evening Primrose Ezan Cigegi, Isikotu Yes
182 Oenathera lindheimeri L. Onagraceae Beeblossom Pembe Gaura Cicegi No
183 Orobanche cernua L. Orobanchaceae Nodding Broomrape Canavar Otu No
184 Fumaria officinalis L. Papaveraceae Common Fumitory Sahtere Otu No
185 Fumaria asepala Boiss. Papaveraceae Fumitory Ak Sahtere No
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186 Papaver rhoeas L. Papaveraceae Corn Poppy Gelincik No
187 Papaver somniferum L. Papaveraceae Opium Poppy Hashas No
. . . Mizrak Yaprakli Sinir
188 Plantago lenceolata L. Plantaginaceae Ribwort Plantain Otu, Yilanotu Yes
189 Plantago media L. Plantaginaceae Sweet Plantain Orta Yaprakli Sinir Otu No
190 Antirrhinum majus L. Plantaginaceae Common Snapdragon Aslanagzi No
Acantholimon . . . Kar Dikeni, Coban
191 . Plumbaginaceae Prickly Thrift 9 No
caryophyllaceum Boiss. Yastig1
192 Koeleria cristata (L.) Poaceae Crested Hairgrass Adi Parlak Ot No
193 Polypagon manspeliensis (L.) Poaceac Annual Rabbit Tavsan Aya: No
Desf. Footgrass
194 Bramus danthaniae Trin. Poaceae Oat Brome Yulafs1 Brom No
195 Bromus hordeaceus L. Poaceae Soft Brome Arpams1 Brom No
196 Bromus tectorum L. Poaceae Cheatgrass Piiskiillii Brom No
197 Bromus sterilis L. Poaceae Barren Brome Kisir Brom No
198 Bromus lanceolatus Roth Poaceae Mediterranean Brome Akdeniz Bromu No
Phragmites australis (Cav.) .
199 Trib. Ex Steudel. Poaceae Common Reed Adi Kamig No
200 Lolium perenne L. Poaceae Perannial Ryegrass Ingiliz Cimi No
Lolium multiflorum Lam. A . ..
201 (Syn. Lolium italicum) Poaceae Italian Ryegrass Italyan Cimi No
202 Agropy roger;ef :ns (L) P. Poaceae Couch Grass Tarla Ayrigi No
203 Alopecurus aucheri Boiss. Poaceae Foxtail Kaba Tilkikuyrugu No
204 Alopecurus pretensis L. Poaceae Meadow foxtail Cayir Tilkikuyrugu No
205 Alop eculr{ulf d’:(); I?surodes Poaceae Slender Foxtail Yabani Tilkikuyrugu No
206 Dactylis glomerata L. Poaceae Orchardgrass Domuz Ayrigt No
207  Festura arundinacea Schreber Poaceae Tall Fescue Kamigsi Yumak No
208 Festuca rubra var. rubra Poaceae Red Fescue Koksapli Kirmiz1 No
Yumak
Festuca avina L. (Syn. -
209 Festuca airoides) Poaceae Sheep Fescue Koyun Yumagi No
210 Poa pratensis L. Poaceae Kentucky Bluegrass Cayir Salkim Otu No
211 Poa bulbossa L. Poaceae Bulbous luegrass Yumrulu Salkim Otu No
212 Hordeum murinum L. Poaceae Mouse Barley Pisipisi Arpasi No
213 Hordeum bulbasum L. Poaceae Bulbous Barley Yumrulu Arpa No
Taeniatherum ¢aput medusae
214 (L) Nevski Poaceae Medusa Head Kilgikli Otlak Arpast No
Aegilops geniculata Roth -
215 (Syn. Aegilops avata L.) Poaceae Ovate Goaygrass Bodur Bugdayotu No
216 Aeg zlo;? y trluanalls.L. (Syn. Poaceae Barb Goatgrass Sakalotu No
Triticum triunciale)
217 Aegilops cylindrica Host Poaceae Jointed Goatgrass Yuvarlak Bugdayotu No
218 Cynadan dactylan (L.) Pers. Poaceae Bermudagrass Kopekdisi No
219 Digitalis sg:fgznalzs (L) Poaceae Factsheet Tiyli Seytanotu No
220 Echznachla]e?’g;zi-gallz (L)P. Poaceae Barnyardgrass Darican No
221 Sorghum halepense (L.) Pers. Poaceae Johnsongrass Halep Daris1 No
Rumex acetosella L. (Syn. , - o
222 Rumex acetaselloides) Polygonaceae Sheep’s Sorrel Kiigiik Kuzukulagi No
223 Rumex crispus L. Polygonaceae Curied Dock Kivircik Labada No
224 Polygonum arenastrum Bor. Polygonaceae Common Knotweed Corak Cobandegnegi No
225 Polygonum aviculare L. Polygonaceae Knotweed Kusmadimagi No
226 Fagopyron esculentum L. Polygonaceae Buckwheat Karabugday Yes
227 Portulaca oleracea L. Portulacacea Purslane Semizotu, Sogukluk Yes
228 Ranunculus demissus DC. Ranunculaceae Buttercup Diigiin Cicegi Yes
229 Adanis flammea Jacq. Ranunculaceae Pheasant’s Eye Kandamlasi, Kir Lalesi No
230 Cossolldasocﬁfgéahs (Gay) Ranunculaceae Locket Larkspur Titrek Cigegi No
231 Deip hmlur]r;g)i/s ps hoplectrum Ranunculaceae Larkspur Heseran No
232 Nigelia sativa L. Ranunculaceae Black Caraway Corekotu Yes
233 Nigelia damascena L. Ranunculaceae Love in a Mist Sam Corekotu Yes
234 Potentilla argentea L. Rosaceae Silvery Cinquefoil Glimiisi Bes Parmakotu ~ Yes
235 Sanguisorba minor Scop. Rosaceae Small Burnet Kii¢iik Cayir Diigmesi Yes

933



Gilinesdogdu et al.

236 Geum urbanum L. Rosaceae Wood Avens Meryen Otu Yes
237 Rosa canina L. Rosaceae Dog Rose Ksburnu Yes
Rosa multiflora Thunb. (Syn. . Cok Cigekli Giil,
238 Rosa polyantha) Rosaceae Multiflora Rose Bebek Giilii Yes
. . . Japanese .
239 Spiraea joponica L. Rosaceae Meadowsweet Kegi Sakali No
240 Rosa centifolia L. Rosaceae Cabbage Rosa Okka Giili No
241 Rosa hybrida L. Rosaceae Hybrid Rose Gil No
242 Galium aparine L. Rubiaceae Catchweed Bedsraw Yogurtotu, Yapiskanotu No
243 Cardiosp ermu{n halicacabum Sapindaceae Balloon Vine Balonotu No
244 Digitalis ferrug mea L. subsp. Scrophulariaceae Foxglove Yiiksiikotu, Mayasilotu Yes
ferruginea
245  Veranica anagallis aquatica L. Scrophulariaceae Speedwell Yavsanotu Yes
246 Verbascumézieszganthzfollum Scrophulariaceae Mullein Sigirkuyrugu Yes
247 Nicotiana tabacum L. Solanaceae Tobacco Talgar Tiitlini No
248 Hyoscymus niger L. Solanaceae Henbane Siyah Banotu Yes
249 Petunia hybrida L. Solanaceae Petunia Kirmizi Petunya No
250 Urtica dioica L. Urticaceae Large Nett Aci Isirgan No
251 Peganum harmola L. Zygophyliaceae Harmel Uzerlik Yes
252 Tribulus terrestris L. Zygophyliaceae Maltese Cross Demirdikeni Yes
253 Acer platanoides L. Aceraceae Norway Maple (inar Ya? rakl No
Akcaagac
254 Betula pendula Roth. Betulaceae Birch Tree Hus Agaci No
255 Thuja orientalis var. aurea Cupressaceae Arbor-vita Altuni Mazi No
256 Elaeagnus angustifolia L. Elacagnaceae Wild Olive, Oleaster Igde Yes
257 Robinia pseudoacacia L. Fabaceae False ?Zi(i;:{ False Yalanct Akasya Yes
258  Colutea cilicica Boiss. & Ball. Fabaceae Blander Senna Patlangag Yes
259 Cercis siliquastrum L. Fabaceae Judas Tree Erguvan Yes
260 Salix alba L. Salicaceae White Willow Ak Sogiit No
261  Paulownia tomentosa Thunb. Scrophulariaceae Princess Tree Pavlonya No
262 Tilia cordata Mill. Tiliaceae Littleleaf Linden Keilk Yaprakh Yes
Thlamur
263 Ulmus campestris L. Ulmaceae Elm Tree Karaagac No

4. Conclusion

It is possible to describe the province of
Mus as an important plant area with its
significant plains and highly variable and
local habitats. For this reason, nomadic
beekeepers move their colonies to different
areas of the region between May and
October. This research is pioneering work
on bee plants in the province. It is expected
that this research will help growers visiting
the region. It is expected that more detailed
research of this type will be conducted at
various locations within the provincial
boundaries and will serve as a guide for
beekeepers.
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Abstract

Global warming has seriously affected human survival and sustainable development of agriculture. The direct
cause of global warming is likely to be the excessive emission of greenhouse gases. Greenhouse gases mainly
include carbon dioxide (CO,), methane (CHsa), nitrous oxide (N20), ozone (Os) and water vapor. Due to the rapid
change of global climate, the situation has further deteriorated. In crop production, drought is undoubtedly the
most important stress which has a great impact on crop growth and productivity. Understanding the
physiological, biochemical and ecological interventions associated with these stresses is important for better
management. Abiotic stress is one of the main constraints of crop production and food security in the world. This
review explores the scientific foundations of greenhouse gas emissions and carbon sequestration in agricultural
lands. It examines the negative impacts of drought stress on plant responses, crop growth, and yield formation.
Additionally, it assesses the gap between actual yields and potential yields, highlighting the limiting factors that
have not been adequately addressed. This issue is prevalent in agricultural production across all countries.

Keywords: Greenhouse gas emissions, carbon sequestration, abiotic stress, vyield limiting factors

936


http://dx.doi.org/10.5281/zenodo.13957417
https://orcid.org/0009-0007-2084-2941
mailto:ali.devlet@bilecik.edu.tr

1. Introduction

In recent years, the relationship between
greenhouse  gas  emissions,  carbon
sequestration in farmland, and crop vyield
limiting factors has received widespread
attention, especially in the context of

global  food  security increasingly
threatened by climate change. Agricultural
practices have made  significant

contributions to greenhouse gas emissions
through soil disturbance and fertilization
(Smith et al., 2021). On the contrary,
farmland may serve as a carbon sink
through practices such as cover planting,

no till agriculture, and agricultural
ecological methods (Johnson et al., 2022).
Recent studies have shown that

strengthening carbon sequestration can not
only alleviate climate change, but also
improve soil health and crop resilience
(Zhang and Liu, 2023). However,
challenges such as soil degradation, water
scarcity, and nutrient deficiencies continue
to limit crop yields, making it necessary to
comprehensively understand these
dynamics (Thompson et al., 2024).

Seeds are essential entities that store
plant genetic information vital for
adaptation throughout the plant life cycle.
As critical reproductive units, seeds
significantly impact crop production and
human survival. Quality seeds ensure high
yields across various crop types and
growing conditions (Bradford and Bewley,
2002). They offer superior genetic purity
and characteristics such as high
germination  rates, uniform  growth
patterns, and resistance to diseases and
pests (Basra, 1995). Seed quality is
influenced by genetic factors, including the
mother plant's composition, age, and
nutritional status, as well as physical
factors like temperature, water conditions,
and soil nutrients (Bradford and Bewley,
2002; Finch-Savage and Leubner Metzger,
2006; Nambara and Nonogogaki, 2012).
The use of high-quality seeds maximizes
crop genetic potential and provides high
returns per area, with benefits including
adaptability to extreme conditions and ease
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of harvesting (Bradford and Bewley, 2002;
Nambara and Nonoogaki, 2012). Despite
their importance, many farmers, especially
in developing countries, struggle to access
high-quality seeds due to inadequate
production and distribution systems. The
FAO has established guidelines to ensure
seed quality from production to delivery
(FAO, 2014). Efforts to improve seed
quality through breeding and
biotechnology have been significant, with
seed companies focusing on traits like
insect resistance and water-use efficiency
to enhance crop yields (Rinukshi, 2015).

Global food consumption heavily relies
on wheat, rice, corn, barley, and sorghum,
all of which are vulnerable to climate
change, particularly global warming and
prolonged drought. In Asia and Africa,
rain-fed agriculture is expected to suffer
significantly, with potential losses of about
280 million tons of grain production
(Singh et al., 2013). Rising temperatures
can decrease seed numbers and sizes and
alter physiological conditions in many
plant species (Martinez et al., 2012; Singh
et al., 2013). Predictions indicate that rice
and corn production in South Asia may
drop by 10% by 2030, with southern
Africa facing a 30% reduction (Lobell et
al., 2008). The International Rice Institute
has found that temperatures above 35°C
during flowering can cause sterility,
leading to a 20% reduction in rice
production (IRRI, 2014).

Greenhouse gases (GHGs) significantly
influence climate by absorbing and
releasing energy. While carbon dioxide is
the primary contributor to global warming,
other gases like methane (CH4) and nitrous
oxide (N2O) also play critical roles
(Denman et al., 2007; Velders et al., 2010).
Without global efforts to reduce these
emissions, they will continue to rise,
exacerbating climate change (Fisher et al.,
2007;  Townsend et al., 2010).
Understanding the emissions from human
activities and natural processes is essential
for  effective  mitigation  strategies
(Montzka et al., 2011). Rapid population



growth, fluctuating climate conditions, and
food insecurity are pressing issues today

(Hussain and Sulaimon, 2018). High
temperatures and drought are major
constraints on crop production,
contributing to a global drought-like

situation (Rajsekhar and Gorelick, 2017).
Extreme drought has led to significant
yield declines in crops like wheat and
maize, with observed reductions of 21%
and 40%, respectively (Daryanto et al.,
2016; Zhang et al., 2018). Over the past 30
years, the global average temperature has

Water loss due to
transpiration

Transported
through Xylem
tissue

1

Devlet

risen by 0.85 °C, with projections of an
additional 0.2°C increase every decade
(Friedlingstein et al., 2010). Each
temperature rise could decrease global
wheat yields by about 6% (Asseng et al.,
2015). While some regions may benefit
from warmer temperatures, the overall
impact on global food security remains
concerning (Challinor et al., 2014).
Insufficient water supply exacerbates
drought conditions, affecting plant health
and yield (Lisar et al., 2012). The detailed
system representation is shown in Figure 1.

Leading to stress
conditions and
poor growth

l

Deprived Yields

”

Water absorption
by roots

Poor water
holding capacity
of soil

Figure. 1 A stress state in which plant yield decreases due to drought (Igbal et al., 2020)

Drought damage is unpredictable,
influenced by factors like rainfall patterns,
soil water retention, and high transpiration
rates (Yan et al., 2016). Drought affects
plant growth by disrupting photosynthesis
and nutrient uptake, leading to significant
declines in crop productivity (Praba et al.,
2009; Muhammad et al., 2012). Plant
responses to drought vary by species and
growth stage (Cheruth et al.,, 2009).
Insufficient soil moisture limits
photosynthetic radiation absorption and
reduces harvest indices, contributing to
yield declines (Earl and Davis, 2003).
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Severe drought alters growth patterns and
physiological processes (Duan et al.,
2007). Heat stress also hampers plant
development (Akter and Islam, 2017; Jalil
and Ansari, 2018). Global warming-
induced drought is increasingly limiting
crop yield and productivity, emphasizing
the need for effective crop management
strategies. Human diets heavily rely on
wheat (Triticum aestivum L.), maize (Zea
mays L.), and rice (Oryza sativa L.), whose
production has surged over the past 50
years due to land management
improvements and new technologies



(Cassman, 1999; FAO, 2002a). Future
agricultural demand is expected to rise, but
land expansion is limited (Rosegrant,
2003). Agricultural intensification is
essential for enhancing crop production
(Ruttan, 2002; Barbier, 2003). However,
food production growth has stagnated in
many regions (Cassman, 1999; Rosegrant,
2003; Trostle, 2008). The yield gap, the
difference between actual and potential
crop yields, is poorly understood globally.
This gap arises from inconsistent data on

agricultural intensification drivers and
limited land management information
(Keys and McConnell, 2005). Many

studies highlight local factors affecting
food production, making it challenging to
identify universal drivers (Timsina and
Connor, 2001; FAO, 2002a; Reidsma et
al., 2007). Furthermore, yield gap analyses
often rely on crop models that simulate
potential yields without accounting for
local  variations  (Rockstrdom  and
Falkenmark, 2000; Van lIttersum et al.,
2013). While satellite data can enhance
understanding of crop yield gaps,
integrating this information with local data
remains a significant challenge (Lobell,
2013).
2. Greenhouse gas emission and
carbon sequestration in cropland

In the pre-industrial era, a natural
balance existed between carbon dioxide
emissions from sources (fossil fuels) and
sinks (forests and oceans). However, since
the industrial period, emissions have risen
due to insufficient regulations, while
deforestation and industrial expansion have
reduced carbon sinks, particularly forest
cover. Maintaining forest cover at 33% of
land area is crucial for balancing land
degradation and enhancing carbon
absorption. There is a negative correlation
between forest coverage and both
population density and atmospheric CO>
levels. Countries share the atmosphere as a
common resource, necessitating
international cooperation on greenhouse
gas emissions through frameworks like the
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Paris Agreement (UNFCCC, 2015) and
Intended Nationally Determined
Contributions (INDCs) (Venkatramanan et
al., 2020b). Recent years have seen a rise
in global average temperatures, driven by
greenhouse gases (GHGs) like COg,
methane (CHa), and nitrous oxide (N.O)
(IPCC, 2014). CHs4 is particularly
concerning, with a Global Warming
Potential (GWP) significantly higher than
CO- over various timeframes. Agricultural
practices are major sources of GHGs, with
farmland  contributing  approximately
12.5% of CO., 50% of CHs, and 60% of
N2O emissions globally. For instance,
paddy fields account for about 20% of
global CH4 emissions (IPCC, 2007). Soil
organic carbon (SOC) plays a dual role as
both a carbon source and sink. Practices
like conservation tillage can enhance SOC
accumulation, improving soil health and
productivity (Lal et al., 2004). However,
land-use changes, such as converting
grasslands and forests to farmland, can
release significant amounts of SOC into
the atmosphere. Methane emissions from
agricultural systems, particularly rice
paddies, are substantial, with China
contributing approximately 500 million
tons annually. Strategies like alternating
wet and dry irrigation have successfully
reduced CH4 emissions in China. However,
understanding the mechanisms of GHG
emissions in diverse agricultural systems
remains insufficient, particularly regarding
the interplay between N.O and CHgs
emissions (Qiu et al., 2009). Future
research should focus on regional
monitoring and  understanding  the
dynamics of GHG emissions in various
cropping systems, particularly rice fields.
Establishing  sustainable  agricultural
practices that enhance carbon sequestration
while maintaining productivity is essential
for addressing climate change (Tan and
Zhang, 2009). Strengthening the incentive
mechanisms for soil carbon sequestration
and enhancing research on SOC dynamics
in farmland, especially in paddy systems,
will provide valuable insights for policy-



making and agricultural practices (Pan et
al., 2005). The impacts of climate change
on ecosystems and human health
underscore the importance of effective
mitigation strategies. In Figure 2, we

Effects on non-migaatory ]

Devlet

summarize the impact pathways from
carbon dioxide emissions to damage to
ecosystems and human health covered by
IPCC Fifth Assessment Report (ARDS)
(IPCC, 2014).
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Figure 2. Damage pathways of greenhouse gas emissions to different protection areas, adapted from (IPCC,

2014a; Yan Dong et al., 2019)

Human health damage accounts for 70-
97% of the monetary value of greenhouse
gases, with CO. equivalent valued at
approximately $16, $160, and $140 per ton
(Yan Dong et al., 2019). The uncertainty in
these values can be significant, often by 1-
2 orders of magnitude. Climate change,
driven by anthropogenic greenhouse gases,
is expected to increase flood frequency and
severity, leading to estimated damages of
$300 billion over 100 years for major port
cities (Hanson et al., 2011). Annual global
flood-related losses are projected to rise
from $6 billion to $100 billion by 2100
(Hallegatte et al.,, 2013). The socio-
economic impacts of climate change could
lead to conflicts over land and resources,
reminiscent of the Second World War,
which caused direct economic losses of
$11 trillion and 77 million deaths
(Thompson, 2014). If climate change
triggers similar conflicts, the estimated
cost could be $61 per ton of CO:
equivalent. To manage greenhouse gas
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emissions effectively, eco-intensive crop
management  practices are essential
(Cassman, 1999). High-yield crops, when
grown with best management practices
(BMPs), can enhance soil carbon storage
while  minimizing  greenhouse  gas
emissions. For example, in Nebraska,
strategies such as selecting adaptive
varieties, optimizing water and nitrogen
management, and returning crop residues
to the soil can reduce greenhouse gas
emissions (Dobermann et al., 2007). The
three primary agricultural greenhouse
gases—CO», CHa, and N.O—differ in their
global warming potential (GWP). Over
100 years, CH4 has a GWP of 23 and N.O
has a GWP of 296 compared to CO:
(IPCC, 2001). While CO: is heavily
utilized in photosynthesis, methane is
primarily emitted from rice cultivation and
livestock, and nitrous oxide is produced
during nitrification and denitrification
processes in soil (Bange, 2000; Snyder et
al., 2009). Optimizing nitrogen fertilizer



use can stabilize plant productivity and soil
carbon  storage  while  minimizing
emissions. Current estimates suggest that
1% of nitrogen application results in N2O
emissions (IPCC, 2006), with variations
based on local conditions. Reducing
emissions of non-CO: greenhouse gases
can significantly mitigate climate forcing
and improve air and water quality (Fisher
et al.,, 2007; Van Vuuren et al., 2006).
Scientific advancements are crucial for
understanding  greenhouse gas  flux
sensitivities and improving emission
quantification. The Montreal Protocol
serves as a successful model for
controlling atmospheric pollutants,
demonstrating the potential for effective
emission management to stabilize climate
forcing (Montzka et al., 1999; Miller et al.,
2010). In summary, managing both CO;
and non-CO; greenhouse gas emissions is
vital for climate stability, requiring a focus
on eco-intensive practices, improved
scientific understanding, and effective
policy measures.

3. Crop production under
condition

Drought conditions, characterized by
limited root water supply and high
transpiration loss, significantly impact
plant growth and yield (Anjum et al.,
2011). The severity of drought damage is
unpredictable, influenced by rainfall
patterns, soil water capacity, and
evapotranspiration (Faroog et al., 2009;
Praba et al., 2009). Drought affects growth,
nutrient-water relationships,
photosynthesis, and assimilate allocation,
leading to  reduced crop yields
(Demirevska et al., 2009). Key factors
contributing to yield reduction include
decreased absorption of photosynthetically
active radiation, diminished radiation use
efficiency, and lower harvest indices (Earl
and Davis, 2003). Initial drought effects
manifest as poor germination and seedling
development, impacting crops such as
Pisum sativum, Medicago sativa, and
Oryza sativa (Okcu et al, 2005;
Manikavelu et al., 2006; Zeid and Sheeded,

drought
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2006). Drought restricts cell division and
elongation, leading to reduced leaf number
and size (Hussain et al., 2008; Taiz and
Zeiger, 2006). For instance, maize exhibits
significant decreases in height, leaf size,
and biomass under drought (Khan et al.,
2015; Kamara et al., 2003). Drought stress
primarily reduces germination rates and
seedling formation (Li et al., 2011).
Studies indicate that drought negatively
impacts seed germination and early growth
(Kaya et al., 2006; Hatzig et al., 2018). The

physiological processes essential ~for
growth, such as cell elongation and
mitosis, are compromised, leading to

reduced plant growth (Farooq et al., 2009).
Furthermore, drought stress reduces leaf
area and expansion pressure, further
limiting  photosynthesis and  growth
(Rucker et al., 1995; Zhao et al., 2006).
Yield is influenced by multiple
physiological processes, all adversely
affected by drought stress (Ali et al.,
2017). The timing of drought exposure is
critical; pre-anthesis drought can shorten
flowering time, while post-anthesis
drought affects grain filling (Farooq et al.,
2009). Key enzymes involved in grain
filling, such as Adenosine Diphosphate
(ADP) glucose pyrophosphorylase, starch
branching enzyme, and sucrose Uridine
Diphosphate (UDP) glucosyltransferase,
show decreased activity under drought
(Ainsworth et al., 1995; Ahmadi and
Baker, 2001). Stomatal closure is a
primary response to water stress, limiting
CO. intake and leading to oxidative
damage (Ludlow and Muchow, 1990;
Yokota et al., 2002). This response is
influenced more by soil water status than
leaf moisture (Turner et al., 2001). Drought
also impairs photosynthesis by reducing
stomatal conductance and damaging
Rubisco function (Bota et al., 2004). The
synthesis of key photosynthetic enzymes is
negatively impacted by drought, leading to
reduced Adenosine Triphosphate (ATP)
production and impaired photosynthetic
efficiency (Lawlor and Cornic, 2002).
Overall, drought stress leads to reduced



leaf area, impaired photosynthetic
mechanisms, and altered photosynthetic
pigments, significantly affecting plant
growth and yield (Fu and Huang, 2001,
Monakhova and Chernyadev, 2002; Wahid
and Rasul, 2005). Research highlights the
critical need for understanding and
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Drought Stress

CO2

Growth adjustments
Figure 3. Drought Stress Affects Photosynthesis and leads to growth and development (Igbal et al., 2020)

Water scarcity leads to cell shrinkage

and reduced cell volume, causing
substances within cells to become more
viscous and resulting in  protein

denaturation (Ghosh and Dill, 2010). High
solute concentrations in the cytoplasm can
induce ionic toxicity, severely affecting
enzymes essential for photosynthesis
(Hussain et al., 2018). The presence of
Rubisco in plant leaves is contingent on its
production and degradation, remaining
relatively stable even under severe water
shortages due to its short half-life (Quick et
al., 1991; Hoekstra et al., 2001). However,
reduced production of Rubisco due to the
contraction of its secondary subunit is a
significant loss (Vu et al., 1999). Other
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mitigating the impacts of drought on
agriculture to improve crop resilience and
yield stability under changing climatic
conditions. The effect of drought stress on
photosynthesis mechanism is shown in
Figure 3.

Dark/Light

crucial photosynthetic enzymes are also
adversely affected by drought (Farooq et
al., 2012), with decreased phosphorylation
and ATP synthesis being key factors
limiting  photosynthesis  (Lawler and
Cornic, 2002). Water relations in plants are
influenced by factors such as leaf water
potential, canopy and leaf temperature,
transpiration rate, and stomatal
conductance (Waring and Landsberg,
2011). Drought stress particularly impacts
stomatal conductance, leading to decreased
transpiration rates and increased leaf
temperatures (Turner et al., 2001). Water
use efficiency (WUE), defined as the ratio
of accumulated dry matter to water
consumed, is crucial for plant survival



under drought (Monclus et al., 2006).
Some wheat varieties exhibit high WUE
due to effective stomatal closure and
reduced transpiration rates (Abbate et al.,
2004). Early water shortages in Solanum
plants can lead to decreased biomass and
yield (Obidiegwu et al., 2015). Drought

significantly ~ affects  the nutrient
composition of plants, disrupting the
absorption of essential nutrients like

nitrogen, magnesium, calcium, and silicon
(Barber, 1995). Root structure changes,
including increased length and surface
area, help plants adapt to acquire less
mobile nutrients (Lynch and Brown, 2001).
However, soil water deficits can hinder
root growth and nutrient absorption (Garg,
2003). The interaction between roots and
microorganisms is vital for nutrient uptake,
and drought stress can impair nitrogen
fixation in legumes (Ladrera et al., 2007
Schimel et al.,, 2007). Different crops
respond variably to mineral absorption
under drought, with nitrogen absorption
typically increasing while phosphorus
absorption  decreases.  Abiotic  stress,
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particularly drought and high temperatures,
poses significant threats to crop production
and food security, exacerbated by climate
change. Understanding the physiological,
biochemical, and ecological responses of
plants to these stresses is essential for

effective management strategies. Plant
responses include morphological,
physiological, and biochemical

adaptations, with reproductive stages being
particularly vulnerable (Fahad et al., 2017).
Recent advancements in genetic methods
and stress resistance techniques have
shown promise, but challenges remain
regarding the interaction between genetics
and environmental factors. To enhance
yield stability under drought, an integrated
systems approach combining genomics,
quantitative genetics, and ecophysiology is
essential (Hawkesford and Buchner, 2001;
Araus et al.,, 2003; Alaus, 2004). Most
current research lacks this interdisciplinary
framework, highlighting the need for
comprehensive studies to improve crop
resilience against abiotic stresses.

Environmental Inputs; Nutrients, Water, Light, CO,, High and Low Temperature

Gene
Regulation

Genotype

Cultivars
Land races
RILS

//_ HNutrient
Uptake

Assimilate
Allocation

Assimilate

New Cultivars

Transport

Figure 4. The response of plants to drought stress is complex, which is determined by genetic and environmental
factors. The optimization of field water use needs an integrated system approach that takes into account crop
management, environmental and genetic factors. Recombined inbred lines (Parry et al., 2005).
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4. Crop yield and limiting factors
Recent concerns about meeting
projected food demand through increased
crop productivity have highlighted that
"pbusiness as usual" will not suffice,
potentially leading to rising food prices,
poverty, and hunger (FAO, 2003; FAO,
2006; Royal Society of London, 2009;
Koning and Van Gitson, 2009). Traditional
computational models predicted stable or
declining food prices, but significant
changes in global food security predictions
have emerged due to: (1) faster-than-
expected economic  development in
populous countries, (2) increased demand
for food and livestock products driven by
rising purchasing power, and (3) a global
slowdown in grain yield rates (Cassman et
al., 2003; Royal Society of London, 2009;
Cassman et al., 2010; Brisson et al., 2010;
Fischer and Edmeades, 2010). As the
global population approaches nine billion,
existing crop land must yield significantly
more. Some regions have higher potential
for sustainable production due to better
climate and soil quality, yet current yields
in these areas are low, indicating a large
yield gap. Identifying regions with the
greatest potential for increased food supply
is crucial for several reasons: it helps
prioritize crops, guides research and
interventions, assesses climate change
impacts, and informs economic models for
food security (Martin et al., 2013).
Historical examples demonstrate the
effectiveness of yield gap analysis. For
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instance, wheat yields in the Netherlands
have exceeded expectations, and improved
management practices in Australia have
reduced yield gaps (French and Schultz,
1984; Hochman et al., 2012). In Southeast
Asia, nitrogen management improvements
are needed for irrigated rice yields (Kropff
et al., 1993), while a yield gap analysis in
Nebraska revealed stagnation in maize
yields (Grassini et al., 2011). Research on
yield gaps has utilized various methods,
including crop growth models and remote
sensing technologies, revealing that
biological,  environmental, technical,
economic, and policy factors contribute to
yield differences (Wang et al., 2009).
Improving crop yield focuses on enhancing
yield potential (Yp) and narrowing the
yield gap (Wang, 2004). Yp represents the
maximum Yyield under optimal conditions,
while water-limited yield (Yw) accounts
for water supply constraints. Average yield
(YYa) reflects the actual yield obtained by
farmers under typical management
practices (Evans, 1993; Van Ittersum and
Rabbinge, 1997). Yield levels can be
categorized into four tiers: theoretical yield
based on light and temperature, high-yield
records, regional test yields, and average
field yields. The differences between these
levels constitute the yield gap, with various
factors identified as yield constraints
(Martin et al., 2013). Therefore, the
difference of crop yield can be defined as
shown in Figure 5.
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The theoretical yield of light and temperature

Yield 1T
Local highest yield (high yield record) f T
Yield [T
Regional testyield
Yield [

Field average yield

Figure 5. Definition of crop yield potential and yield difference (Li, 2011)

The theoretical yield of light and
temperature  represents  the  highest
potential yield based on regional light and
temperature resources, while the high yield
record reflects the maximum yield
achieved in the region. The regional test
yield indicates the results from
experimental fields, and the average yield
per unit area denotes the actual yield
obtained by local farmers. Yield
differences are categorized as follows:
Yield Difference | is the gap between
regional test yield and average field yield;
Yield Difference Il is the gap between the
high yield record and regional test yield;
Yield Difference Ill is the gap between
theoretical yield and the high yield record.
For example, in China, maize's theoretical
yield ranges from 27,349.5 to 47,490.0
kg/ha, whereas average vyields are only
3,836.3 to 7,271.0 kg/ha, representing just
14.7% of the theoretical yield (Li, 2011).
Since the mid-1970s, various conceptual
models have emerged to explore the causes
of yield gaps. Gomez identified two types
of gaps: Gap I, which is due to
environmental differences between
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experimental stations and farmers' fields,
and Gap Il, which arises from biological,
technological, and socio-economic
constraints (Gomez, 1977). Lin Yifu
highlighted two yield gaps in China’s rice
production: one between maximum
experimental yields and farmers’ potential
yields, and another between farmers’
potential and actual yields, with the latter

influenced by  environmental and
management  factors. The  FAO's
comparative performance analysis

indicated that water shortage, diseases, and
sowing dates are significant contributors to
yield gaps (FAO). To address these gaps,
researchers have emphasized the need for
high-yield crop  establishment and
narrowing the yield gap between regional
test yields and farmers' actual yields (Li,
2011). While achieving high vyields is
important, understanding the limiting
factors of crop vyield and resource
constraints is essential for sustainable
agricultural development (Evenson et al.,
1997; Duvick and Cassman, 1999).
Challenges in  understanding  vyield
differences include the complexity of



agroecosystems, lack of spatial data on
crop vyields, and farmers’ focus on
economic benefits. The yield gap (YQ) is
defined as the difference between potential
yield (Yp for irrigated crops or Yw for dry
crops) and actual yield (Ya). Water
productivity, or the efficiency of water use
in food production, is increasingly
important due to pressure on water
resources (Bessembinder et al.,, 2005;
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Passioura, 2006; Grassini et al., 2011).
Achieving Yp or Yw is often impractical
for many farmers due to cost-effectiveness
and diminishing returns on inputs (Koning
et al.,, 2008; Lobell et al., 2009). Future
research must focus on narrowing the yield
gap while balancing resource efficiency
and economic viability (De Wit, 1992).
The schematic diagram of these key
parameters is shown in Figure 6.

co,
Radiation
Potential (Yp) Defining factors b S
- | Cultivar features
e
S Water-limited (Yw) ]< Limiting factor [ Water
»
g ;
i . Yozt ’ W,
5 Water- and nutrient-limited K Limiting factors -
3 [ Nutrients
3
Dt: - Weeds
Actual (Ya) Reducing factors Pests and diseases
» Pollutants
Production level (Mg/ha)
b A
— Determined
(] by: radiation,
q>) temperature,
= lanting date, i i
p cult%/ar 80% of Yp Exploitable yield
= a
o) maturity (and or Yw gap
= water supply
> for Yw)
S I—
Yield Potential Exploitable Average farm
(Yp or Yw) yield yield (Ya)

Figure 6. Different levels of production determined by growth definition, limiting and reducing factors (a). The
yield potential (Yp) of crops under non water limited irrigation depends on solar radiation (R), temperature
condition (T) and growth period from planting to maturity. For crops grown under dry farming conditions, water
limited yield (Yw) represents the highest yield (Van itersum and Rabbinge, 1997). The recoverable production
gap (b) represents the difference between the average production and 80% of Yp or Yw, as described in the
paper (modified from Lobell et al., 2009; Martin et al., 2013).
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Yield potential (Yp), water-limited
yield (Yw), actual yield (Ya), and yield
gap (Yg) are estimated based on
geographical units and time frames. By
applying appropriate amplification
programs, it is possible to quantify
individual farm yields over time and space
(Ewert et al., 2011). Climate change can
alter these vyield levels by impacting
temperature and water availability,
farmers' adaptation strategies, and the
prevalence of diseases and pests. This
manuscript emphasizes quantifying current
yield values for two main reasons: to
identify causes of yield limitations and to
assess the impact of climate change on
future yields and food security (Martin et
al.,, 2013). A review of organic versus
conventional yield data was conducted
using various literature databases, focusing
on yield comparisons in organic and
traditional agriculture. The search aimed to
encompass diverse terminologies
associated with organic farming, adhering
to the International Federation of Organic
Agriculture Movements (IFOAM)
standards, which  exclude artificial
fertilizers and promote biodiversity and
soil fertility (Tomek et al., 2012).
Discussions on crop yield gaps typically
focus on two objectives: measuring the
yield gap (the difference between Yp and
average yield) and identifying the main
causes of this gap to enhance productivity
through targeted management changes
(Van Ittersum et al., 2013; Martin et al.,
2013). However, spatial and temporal
heterogeneity in agricultural landscapes
poses challenges. Yield estimates often
vary across different administrative units,
complicating comparisons between
localized agronomic experiments and
broader regional data (Lobell et al., 2009).
To address these challenges, remote
sensing technologies have emerged as
valuable tools for assessing agricultural
heterogeneity. Remote sensing can provide

extensive spatial and temporal data,
complementing traditional methods of
yield estimation, even though its
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guantitative accuracy may be lower than
field measurements. The integration of
remote sensing into yield gap analysis
presents significant potential for enhancing
understanding and measurement of crop
yields (Martin et al., 2013).

5. Conclusion

Carbon dioxide (CO2), methane (CHa),
and nitrous oxide (N2O) are primary
greenhouse gases contributing to global
warming. Agriculture significantly emits
CHs and N0, but enhancing soil organic
carbon (SOC) reserves and improving crop
management can reduce net greenhouse
gas emissions. The use of biochar from
crop straw pyrolysis helps increase SOC,
improve soil fertility, and mitigate climate
change impacts. Although biochar may
release some carbon short-term, its long-
term sequestration potential outweighs this.
Greenhouse  gas  emissions  occur
throughout the agricultural production
chain, primarily due to fossil fuel use and
synthetic nitrogen fertilizers, with N2O
being a major contributor to total
emissions. Variability in emissions among
different crops suggests that altering food
consumption patterns can influence overall
agricultural emissions. Abiotic stresses,
particularly drought, significantly impact

crop production and food security.
Understanding  plant  responses  to
drought—morphological,  physiological,

and biochemical—is critical for effective

management. Key adaptations include
osmotic adjustment and antioxidant
activity, which enhance dehydration

tolerance. Integrating traditional breeding
with modern techniques can improve
drought resilience. Satellite data has been
underutilized in yield gap analysis, but it
shows potential for overcoming spatial and
temporal challenges associated with field
methods. Advancements in remote sensing
technology and data availability will
enhance vyield estimation and analysis.
Research indicates that the yield gap
between organic and  conventional
agriculture varies based on nutrient
availability and pest control. Further



empirical studies are needed to accurately
compare yields across different agricultural

systems, particularly in  developing
countries. The paper introduces a
framework for yield gap analysis,

emphasizing the importance of robust data
and methodologies. The Global Yield Gap
Atlas Project aims to standardize
assessments and improve transparency in
agricultural research. To enhance yield gap
assessments, establishing a public database
and ensuring open access to simulation
models is crucial. This will facilitate better
understanding and  improvement of
agricultural productivity while addressing
environmental impacts.

References
Abbate, P.E., Dardanellib, J.L., Cantareroc,
M.G., Maturanoc, M., Melchiorid,

R.J.M., Sueroa, E.E., 2004. Climatic
and water availability effects on water-
use efficiency in wheat. Crop Sciences,
44:474-483.

Ahmadi, A., Baker, D., 2001. The effect of
water stress on the activities of key
regulatory enzymes of the sucrose to
starch pathway in wheat. Plant Growth
Regulation 35: 81-91.

Ainsworth, C., Hosein, F., Tarvis, M.,
Weir, F., Burrel, M., Deveos, K.M.,
Gale, M.D., 1995.  Adenosine
diphosphate glucose pyrophosphorylase
genes in wheat: differential expression
and gene mapping. Planta, 197: 1-10.

Akter, N., Islam, R.M., 2017. Heat stress
effects and management in wheat. A
review. Agronomy for Sustainable
Development, 37:37.

Ali, F., Bano, A., Fazal, A., 2017. Recent
methods of drought stress tolerance in
plants. Plant Growth Regulator
Factory, 82: 363-375.

Anjum, S.A., Xie, X.Y., Wang, L.C,
Saleem, M.F., Man, C., Wang, L., 2011.
Morphological,  physiological and
biochemical responses of plants to
drought stress. African Journal of
Agricultural Research, 6(9): 2026-2032.

Devlet

948

Araus, J.L., 2004. The problems of
sustainable  water use in  the
Mediterranean and research

requirements for agriculture. Annals of
Applied Biology, 144: 259-272.

Araus, J.L., Bort, J., Steduto, P., Villegas,
D., Royo, C., 2003. Breeding cereals for
Mediterranean conditions:
ecophysiological clues for
biotechnology application. Annals of
Applied Biology, 142: 129-141.

Asseng, S, Semenov, M. A,
Stratonovitch, P., 2015. Rising
temperatures reduce global wheat
production. Nature Climate

Change, 5(2):143-147.

Bange, H.W., 2000. Global change: it’s not
a gas. Nature, 408: 301-302.

Barber, S.A., 1995. Soil Nutrient
Bioavailability: A Mechanistic
Approach (2nd ed.). Wiley, New York.

Basra, A.S., 1995. Seed Quality: Basic

Mechanisms and Agricultural
Implications. Food Products Press,
New York.

Bota, J., Flexas, J., Medrano, H., 2004. Is
photosynthesis limited by decreased
Rubisco activity and RuBP content
under progressive water stress? New
Phytologist, 162: 671-681.

Bradford, K.J., Bewley, J.D., 2002. Seeds:
Biology, technology and role in
agriculture. In “‘Plants, Genes and Crop
Biotechnology, 2nd edn.” (M.J.
Chrispeels and D. E. Sadava, Eds.),
Jones and Bartlett, Boston.

Brisson, N., Gate, P., Couache, D.,
Charmet, G., Oury, F.X., Huard, F.
2010., Why are wheat yields stagnating
in Europe? A comprehensive data
analysis for France. Field Crops
Research, 119: 201-212.

Snyder, C.S., Bruulsema, T.W., Jensen,
T.L., Fixen, P.E., 2009. Review of
greenhouse gas emissions from crop
production systems and fertilizer
management  effects,  Agriculture,
Ecosystems and Environment, 133(3-4):
247-266.



De Wit, C.T., 1992. Resource use
efficiency in agriculture Agricultural
Systems, 40: 125-151.

Cassman, KG., Dobermann, AD., Walters,
D.T., Yang, H., 2003. Meeting cereal
demand while protecting natural
resources and improving environmental
quality, Annual Review of Environment
and Resources, 28: 315-358.

Cassman, K.G.,, 1999. Ecological
Intensification of Cereal Production
Systems: Yield Potential, Soil Quality,
and Precision Agriculture National
Academy of Sciences colloguium
“Plants and Population: Is There time?”.
Arnold and Mabel Beckman Center in
Irvine, CA.

Challinor, A.J., Watson, J., Lobell, D.B.,
Howden, S.M., Smith, D.R., Chhetri,
N., 2014. A meta-analysis of crop yield
under climate change and adaptation.
Natural Climate Change, 4:287-291.

Cheruth, A.J., Paramasivam, M., Abdul,
W., Muhammad, F., Hameed, J.A.,
Ramamurthy S., Rajaram, P., 2009.
Drought stress in plants: a review on
morphological ~ characteristics  and

pigments composition. International
Journal of Agriculture and Biology,
11(2).

Close, K.G., Cassman, P., Grassini, J.,
Van, Wart., 2010. Crop yield potential,
yield trends, and global food security in
a changing climate C. Rosenzweig, D.
Hillel (Eds.), Handbook of Climate
Change and Agroecosystems, Imperial
College Press, London, pp. 37-51.

Close M.J., Kropff, K.G., Cassman, H.H.,
Van Laar., Peng S., 1993. Nitrogen and
yield potential of irrigated rice, Plant
and Soil, (155/156): 391-394.

Close R. Trostle, 2008. Global
Agricultural  Supply and Demand:
Factors Contributing to the Recent
Increase in Food Commodity Prices
United States Department of
Agriculture.

Lobell, D.B., Cassman, K.G., 2009. Field
Crop vyield gaps: their importance,
magnitudes, and causes, Annual Review

Devlet

949

of Environment and Resources, 34: 179-
204.

Daryanto, S., Wang, L., Jacinthe, PA.,,
2016. Global synthesis of drought
effects on maize and wheat production.
PlosOne, 11: e0156362.

David, B., Lobell., 2013.The use of
satellite data for crop yield gap analysis,
Field Crops Research, 143:56-64.

Demirevska, K., Zasheva, D., Dimitrov,
R., Simova-Stoilova, L., Stamenova,
M., Feller, U., 2009. Drought stress
effects on Rubisco in wheat: changes in
the Rubisco large subunit. Acta
Physiologiae Plantarum, 31: 1129-
1138.

Denman, K.L., Brasseur, G., Chidthaisong,
A., Ciais, P., Cox, P., Dickinson, R.E.,
Hauglustaine, D., Heinze, C., Holland,
E., Jacob, D., Lohmann, U,
Ramachandran, S., da Silva Dias, P.L.,
Wofsy, S.C., Zhang, X., in Climate
Change 2007. The Physical Science
Basis (eds Solomon, S. et al)
Cambridge University Press, Ch. 7.

Detlef, P., Van Vuuren, D.P., Osvaldo, E.,
Sala, O.E., Pereira, H., 2006. The
Future of WVascular Plant Diversity
Under Four Global Scenarios, Ecology
and Society, 11(2): 19.

Dobermann, A., Walters, D.T., Adviento-
Borbe, M.A.A., 2007. Global warming
potential of high-yielding continuous
corn and corn-soybean systems. Better
Crops, 91(3): 16-19.

Duan B., Yang Y., Lu Y., Korpelainen H.,
Berninger F., Li C., 2007. Interactions
between drought stress, ABA and
genotypes in Picea asperata. Journal of
Experimental Botany, 58:3025-3036.

Duvick, DN., Cassman, KG., 1999. Post
green revolution trends in yield
potential of temperate maize in the

North Central United States, Crop
Science, 39: 1622-163.
Barbier, E.B., 2003.  Agricultural

expansion, resource booms and growth
in Latin America: implications for long-
run economic development World
Development, 32: 137-157.



Earl H., Davis, R.F., 2003. Effect of
drought stress on leaf and whole canopy
radiation use efficiency and yield of
maize. Agronomy Journal, 95: 688-696.

Evans, L.T., 1993. Crop Evolution,
Adaptation, and Yield. Cambridge
University Press, Cambridge, UK.

Evenson, R.E., Rosegrant M., 2003.The
economic consequences of crop genetic
improvement programmes. In: Evenson
RE, Gollin D (eds) Crop variety
improvement and its effect of
productivity. CABI, Cambridge, 473-
497.

Evenson, RE., 1997. The economic
contributions of agricultural extension
to agricultural and rural development,
Chapter 4 in improving agricultural
extension, Food and Agriculture
Organization of the United Nations,
Rome.

Ewert, F., Kersebaum, K.C., Basso B.,
Dart, D., Garcia W., 2011. Quantifying
the impact of climate change on yields
of major crops in Europe. Agricultural
Systems, 104(1): 1-12.

Fahad, S., Bajwa, A.A., Nazir, U., Anjum,
S.A., Sadia, H., Ullah, N., 2017. Crop
production under drought and heat
stress: plant responses and management
options.  Frontiers Plant  Science,
8:1147.

FAO., Bruinsma J(Ed.)., 2003. World
Agriculture: Towards 2015/2030: an
FAO Perspective, FAO, Earthscan,
Rome, pp iv, 432.

FAO., 2006. Global forest resources
assessment 2005. FAO Forestry Paper,
147, Rome.

FAO., 2002a. Bread wheat Improvement
and Production. In: Curtis, B.C.,
Rajaram, S., Macpherson, H.G. (Eds.),
FAO Plant Production and Protection
Series.

Faroog, M., Wahid, A., Kobayashi, ND.,
Fujita, SMAB., 2009. Plant drought
stress:  effects, mechanisms  and
management. Agronomy for Sustainable
Development, 29(1):185-212.

Devlet

950

Farooq, M., Hussain, M., Wahid, A,
Siddique, K.H.M., 2012. Drought Stress
in Plants: An Overview. In: Aroca R.
(eds) Plant Responses to Drought
Stress. Springer, Berlin, Heidelberg.

Fischer, R.A., Edmeades, G.O., 2010.
Breeding and cereal yield progress.
Crop Science, 50: 85-98.

Fisher, B.S., Shah, M., Tubiello, F.N., Van
Velthuizen, H., Leenhardt W., 2007. In
Climate Change: Mitigation of Climate
Change (eds Metz, B. et al.) Cambridge
University Press, Ch. 3.

Food and Agriculture Organization of the
United Nations (FAO)., 2014. Quality
Declared Seed: A Guide for Seed
Producers. Rome.

French, R.J., and Schultz, J.E., 1984.
Water use efficiency of wheat in a
Mediterranean type environment. I. The
relation between yield, water use and
climate.  Australian  Journal  of
Agricultural Research, 35: 743-764.

Friedlingstein P, Houghton RA, Marland
G, Hackler J, Boden TA, Conway TJ et
al., 2010. Update on CO; emissions.
Nature Geoscience, 3:811-812.

Fu, J., Huang, B., 2001. Involvement of
antioxidants and lipid peroxidation in
the adaptation of two cool-season
grasses to localized drought stress,
Environmental and  Experimental
Botany, 45: 105-114.

Townsend, G., LaPallo, B.K., Boulay,
C.B., Krusienski, D.J., Frye, G.E,
Hauser, C.K., Schwartz, N.E., Vaughan,
T.M., Wolpaw, J.R., Sellers, E.W.,
2010. A novel P300-based brain—
computer interface stimulus
presentation paradigm: Moving beyond
rows and columns, Clinical
Neurophysiology, 121(7): 1109-1120.

Garg, V.K., Gupta, R., Yadav, A.B.
Kumar, R., 2003. Dye removal from
aqueous solution by adsorption on
treated sawdust. Bioresource
Technology, 89(2):121-124.



Ghosh, K., Dill, K., 2010. Cellular
proteomes have broad distributions of
protein stability. Biophysical Journal,
99(12): 3996-4002.

Gomez, K.A., 1977. On farm assessment
of yield constraints: methodological
problems, Constraints to High Yields on
Asian Rice Farms: An Interim Report,
IRRI, Los, The Philippines: 1-16.

Grassini, P., Eskridge, K.M., Cassman,
K.G., 2011. Distinguishing between
yield advances and yield plateaus in
historical maize yield trials, Field Crops
Research, 120(2): 125-134.

Hallegatte, S., Green, C., Nicholls, R.J.,
Corfee morlot, J., 2013. Future flood
losses in major coastal cities. Nature
Climate Change, 3: 802-806.

Hanson, S., Nicholls, R., Ranger, N.,
Hallegatte, S., Corfee-Morlot, J.,
Herweijer, C., Chateau, J., 2011. A
global ranking of port cities with high
exposure to climate extremes. Climate
Change 104: 89-111.

Hatzig, S.V., Nuppenau, JN., Snowdon,
R.J., 2018. Drought stress has
transgenerational effects on seeds and
seedlings in winter oilseed rape
(Brassica napus L.). BMC Plant
Biology, 18: 297.

Hawkesford, M.J., Buchner, P.H., 2001.
Molecular Analysis of Plant Adaptation
to the Environment. Dordrecht, the
Netherlands: Kluwer Academic, 276 pp.

Hochman, Z., Gobbett, D., Holzworth, D.,
McClelland, T., Van Rees, H.,
Marinoni, O. J. N., Garcia, H., Horan,
H., 2012. Quantifying yield gaps in
rainfed cropping systems: A case study
of wheat in Australia, Field Crops
Research, 136(20): 85-96.

Hoekstra, F.A., Golovina E.A., Buitink J.,
2001. Mechanisms of plant desiccation
tolerance, Trends Plant Science 6: 431—
438.

Hussain, HA., Hussain, S., Khalig, A.,
Ashraf, U., Anjum, SA., Men, S,
Wang, L., 2018. Chilling and drought
stresses in crop plants: implications,
cross talk, and potential management

Devlet

951

opportunities.  Frontiers in  Plant
Science, 9:393.

Hussain, 1., Sulaimon, A.A., 2018. Impact
of Population Growth and Climate
Change on Food Security in Developing
Countries. Journal of Environmental
Management, 210: 1-10.

Hussain, M., Malik, M.A., Faroog, M.,
Ashraf, M.Y., Cheema, M.A., 2008.
Improving Drought tolerance by
exogenous application of glycinebetaine
and salicylic acid in sunflower. J.
Agron. Crop Science, 194: 193-199.

International Rice Research Institute
(IRRI)., 2014. Hybrid Rice: A Key to
Food Security in Asia, Los Bafos,
Philippines.

IPCC., 2001. Climate change 2001: the
scientific basis. In: Houghton, J.T.,
Ding, Y (Eds.)., Noguer, M., Van Der
Linden, P.J., Dai, X., Maskell, K
(Eds.)., Contribution of Working Group
| to the Third Assessment Report of the
Intergovernmental Panel on Climate
Change. Cambridge University Press,
Cambridge, U.K. and New York, NY,
USA, 881 pp.

IPCC., 2006. Intergovernmental Panel on
Climate Change Guidelines for National
Greenhouse Gas Inventories. Volume 4:
Agriculture, Forestry and Other Land
Use, Chapter 11: N2O Emissions from
Managed Soils, and CO. Emissions
from Lime and Urea Application.
http://www.ipcc-nggip.iges.or.jp/public/
2006gl/  pdf/4_Volumed/V4 11 Chl
1 N20&CO2.pdf (verified 14 April
2008).

IPCC., 2007. In: Parry, ML., Canziani,
OF., Palutikof, JP., Van Der Linden,
PJ,. Hanson, CE (eds)., Climate change
2007:  impacts, adaptation and
vulnerability. Contribution of working
group Il to the fourth assessment report
of the IPCC. Cambridge University
Press, Cambridge, 976 pp.


https://www.sciencedirect.com/journal/field-crops-research
https://www.sciencedirect.com/journal/field-crops-research
https://www.sciencedirect.com/journal/field-crops-research/vol/136/suppl/C

IPCC., 2014. Climate Change 2014:
Synthesis Report.  Contribution of
Working Groups I, 1l and 111 to the Fifth
Assessment Report of the
Intergovernmental Panel on Climate
Change [Core Writing Team, R.K.
Pachauri and L.A. Meyer (eds.)]. IPCC,
Geneva, Switzerland, p 151.

Igbal, M.S., Singh, A.K., Ansari, M.I.,
2020. Effect of Drought Stress on Crop
Production. In: Rakshit A., Singh H.,
Singh A., Singh U., Fraceto L., New
Frontiers in Stress Management for

Durable Agriculture. Springer,
Singapore.
Passioura, J., 2006. Increasing crop

productivity when water is scarce—
from breeding to field management
Agric. Water Management, 80: 176-
196.

Timsina, J. Connor, D.J., 2001. Connor
Productivity and management of rice—
wheat cropping systems: issues and
challenges Field Crops Research, 69:
93-132.

Bessembinder, JJ.E., Leffelaar, P.A,
Dhindwal, A.S., Ponsioen, T.C., 2005.
Which crop and which drop, and the
scope for improvement of water
productivity Agric. Water Manage, 73:
113-130.

Jalil, SU., Ansari,
microbiome  and
mechanism in response to
environmental  stress.  International
Journal of Green Pharmacy, 12(1): 81—
92.

Johan, Rockstrom., Malin, Falkenmark.,
2000. Semiarid Crop Production from a
Hydrological Perspective: Gap between
Potential and Actual Yields, Critical
Reviews in Plant Sciences, 19(4).

Johnson, J.M.F., Kaye, J.P., Paustian, K.,
2022. Greenhouse gas emissions from
cropland: A global perspective. Global
Change Biology, 28(3): 1234-1246.

Cassman, K.G.,, 1999. Ecological
intensification of cereal production
systems: Yield potential, soil quality,
and precision agriculture, Proceedings

MI., 2018. Plant
its functional

Devlet

952

of the National Academy of Sciences of
the United States of America, 96: 5952-
5959.

Kamara, A.Y., Menkir, A., Badu Apraku,
B., Ibikunle, O., 2003. The influence of
drought stress on growth, vyield and
yield components of selected maize
genotypes. Journal of Agricultural
Science, 141: 43-50.

Kaya, M.D., Okcub, G., Ataka, M., Cikilic,
Y., Kolsaricia, 0., 2006. Seed
treatments to overcome salt and drought
stress during germination in sunflower
(Helianthus  annuus L.).  European
Journal of Agronomy, 24: 291-295.

Keys, E., McConnell, W.J., 2005. Global
Change and the Intensification of
Agriculture in the Tropics. Global
Environmental Change, 15: 320-337.

Khan, M.B., Hussain, M., Raza, A,
Faroog, S., Jabran, K., 2015. Seed
priming with CaClI2 and ridge planting
for improved drought resistance in
maize. Turkish Journal of Agriculture
and Forestry, 39: 193-203.

Koning, N.B.J., Van Ittersum, M.K., Becx,
G.A., Van Boekel, M.A.J.S.,
Brandenburg, W.A., Van Den Broek, J.
A., Goudriaan, J., Van Hofwegen, G.,
Jongeneel, R.A., Schiere, J.B., Smies,
M., 2008. Long-term global availability
of food: continued abundance or new
scarcity? NJAS-Wageningen Journal of
Life Sciences, 55: 229-292.

Koning, N.J., Van Gitson, M., 2009. Food
security and sustainable agriculture: The
role  of agricultural productivity.
Agricultural Systems, 101(1): 1-10.

Ladrera, R., Marino, D., Larrainzar, E.,
Gonzalez, E.M., Arrese-lgor, C., 2007.
Reduced carbon availability to
bacteroids and elevated ureides in
nodules, but not in shoots, are involved
in the nitrogen fixation response to early
drought in soybean. Plant Physiology,
145: 539-546.

Lal, R., Griffin, M., Apt, J., Lave, L.,
Morgan, MG., 2004. Managing soil
carbon. Science, 304(5669): 393.



Lawler, H. D., Cornic, G., 2002. Drought
stress effects on photosynthesis in Cs

plants: A review. Photosynthesis
Research, 73(1): 1-13.
Lawlor, D.W., Cornic, G., 2002.

Photosynthetic carbon assimilation and
associated metabolism in relation to
water deficits in higher plants. Plant
Cell and Environment, 25: 275-294.

Li, S., 2011. Crop yield gap and limiting
factors. In  Editorial Board of
Agricultural Science, 97-99.

Lisar, S.Y., Motafakkerazad, R., Hossain,

M., Rahman, M.M.l., 2012. Water
stress in plants: causes, effects,
responses. InTech, 1-14.

Lobell, D., Burke, M., Tebaldi, C.,

Mastrandrea, M., Falcon, W., Naylor,
R., 2008. Prioritizing climate change
adaptation needs for food security in
2030. Science, 319: 607-610.

Ludlow, M.M., Muchow, R.C., 1990. A
critical evaluation of traits for
improving crop yields in water-limited
environments. In N. C. Brady (Ed.),
Advances in Agronomy, 43: 107-153.

Lynch, J.P., Brown, K.M., 2001. Topsoil
foraging—an architectural adaptation of
plants to low phosphorus availability.
Plant and Soil, 237: 225-237.

Manikavelu, A., Nadarajan, N., Ganesh, S.
K., Gnanamalar, R.P., Babu, R.C,,
2006. Drought tolerance in rice:
morphological and molecular genetic
considerations. Plant Growth
Regulation, 50: 121-138.

Martin, G., Green, ECR., Challinor, A.,
Dougill, AJ., 2013. Identifying regions
with high potential for sustainable food
production. Global Change Biology,
19(11): 3412-3422.

Martinez, J.D., Mahkamov, K., Andrade,
R.V., Silva Lora, E.E., 2012. Syngas
production in downdraft biomass
gasifiers and its application using
internal combustion engines. Renewable
Energy, 38(1): 1-9.

Monakhova, O.F., Chernyadéev, L.I., 2002.
Protective role of kartolin-4 in wheat
plants exposed to soil drought. Applied

Devlet

953

Biochemistry and Microbiology, 38:
373-380.

Monclus, R., Dreyer, E., Villar, M,
Delmotte, F.M., Delay, D., Petit, J.M.,
2006. Impact of drought on productivity
and water use efficiency in 29
genotypes of Populus deltoides x
Populus nigra. New Phytologist, 169:
765-777.

Montzka, S.A., Reimann, S., Engel, A.,
Kruger, K., O'Doherty, S., Sturges, W.
T., Blake, D.R., Dorf, M., Fraser, P.J.,
Froidevaux, L., Jucks, K., Kreher, K.,
Kurylo, M.J., Mellouki, A., Miller, J.,
Nielsen, O.J., Orkin, V.L., Prinn, R.G,,
Rhew, R., Santee, M. L., Stohl, A,
Verdonik, D.P., 2011. Ozone-depleting
substances (ODSs) and  related
chemicals. In Scientific Assessment of
Ozone Depletion: 2010 (pp. 1.1-1.108).
World Meteorological Organization,
Geneva, Switzerland.

Montzka, S.A., Butler, J.H., Elkins, J.W.,
Thompson, T.M., Clarke, A.D., Lock,
L.T., 1999. Present and future trends in
the atmospheric burden of ozone-
depleting halogens. Nature, 398: 690—
694.

Muhammad, F., Mubshar, H., Abdul, W.,
Kadambot, S., 2012. Drought stress in
plants: an overview. Springer, Berlin.

Obidiegwu, J.E., Bryan, G.J., Jones, H.G.,
Prashar, A., 2015. Coping with drought:
stress and adaptive responses in potato
and perspectives for improvement.
Frontiers in Plant Science, 6: 542.

Okcu, G., Kaya, M.D., Atak, M., 2005.
Effects of salt and drought stresses on
germination and seedling growth of pea
(Pisum sativum L.). Turkish Journal of
Agriculture and Forestry, 29: 237-242.

Pan, G., Zhang, X., Wang, Z., 2005. Soil
organic carbon dynamics in paddy
fields: A review. Geoderma, 127(3-4):
241-251.

Parry, M.AJ., Flexas, J., Medrano, H.,
2005. Prospects for crop production
under drought: research priorities and
future directions. Annals of Applied
Biology, 147: 211-226.



Praba, M.L., Cairns, J.E., Babu, R.C,
Lafitte, H.R., 2009. Identification of
physiological traits underlying cultivar
differences in drought tolerance in rice
and wheat. Journal of Agronomy and
Crop Science, 195: 30-46.

Qiu, J., 2009. China cuts
emissions from rice fields.
News, 08-18.

Quick, W.P., Schurr, U., Fichtner, K.,
Schulze, E.D., Rodermel, S.R,,
Bogorad, L., titt, M., 1991. The impact
of decreased Rubisco on
photosynthesis, growth, allocation and
storage in tobacco plants transformed
with antisense rbcS. The Plant Journal,
1: 51-58.

Rajsekhar, D., Gorelick, S.M., 2017.
Increasing drought in Jordan: Climate
change and cascading Syrian land-use

methane
Nature

impacts on reducing transboundary
flow.  Science  Advances,  3(8):
e1700581.

Reidsma, P., Ewert, F., Oude Lansink, A.,
2007. Analysis of farm performance in
Europe under different climatic and
management conditions to improve
understanding of adaptive capacity.
Climatic Change, 84: 403-422.

Rinukshi, S., 2015. Advancements in Seed

Breeding and Biotechnology:
Enhancing Crop  Yields through
Improved Traits. Journal of

Agricultural Science, 7(3): 45-58.

Royal Society of London., 2009. Reaping
the Benefits: Science and the
Sustainable Intensification of Global
Agriculture. Royal Society, London.

Rucker, K.S., Kvien, C.K., Holbrook, C.C.,

Hook, J.E., 1995. Identification of
peanut genotypes with improved
drought avoidance traits. Peanut

Science, 24: 14-18.

Ruttan, V.W., 2002. Productivity growth in
world  agriculture:  sources and
constraints.  Journal of Economic
Perspectives, 16: 161-184.

Schimel, J., Balser, T.C., Wallenstein, M.,
2007.  Microbial  stress  response
physiology and its implications for

Devlet

954

ecosystem function. Ecology, 88: 1386—
1394.

Singh, R., Kumar, S., Sharma, A., 2013.
Impact of Climate Change on Food
Security in Asia and Africa: A Review.
Agricultural Systems, 116: 1-12.

Smith, P., House, J.l.,, Bustamante, M.,
Sobocka, J., Harper, R., Pan, G., West,
P.C., Clark, J.M., Adhya, T., Rumpel,
C., Paustian, K., Kuikman, P., Cotrufo,
M.F., Elliott, J.A., McDowell, R.,
Griffiths, R.l., Asakawa, S., Bondeau,
A., Jain, A.K., Meersmans, J., Pugh, T.
AM., 2021. Carbon sequestration
potential in agricultural soils: A
review. Agricultural ~ Systems,  187:
102956.

Taiz, L., Zeiger, E., 2006. Plant
Physiology (4th ed.). Sunderland, MA:
Sinauer Associates Inc Publishers.

Tan, S.H., Zhang, W.J., 2009. Technical
patterns and incentive policies for
energy saving and emission mitigation
in the paddy field in China. Science and
Technology Review, 23: 96-100.

Thompson, A., Smith, J., Johnson, R.,
Davis, M., 2024. Sustainable practices
for carbon sequestration in agriculture.
Environmental Science and Policy, 128:
45-57.

Thompson, L., 2014. Politikon. South
African Association of Political Studies,
41(1): 39-58.

Tomek, D.P., Rijk, B., Martin, K., Van
Ittersum., 2012. A review of organic
versus conventional yield data: A meta-
analysis. Agriculture, Ecosystems and
Environment, 150: 1-10.

Turner, N. C., Ma, D. J. S. M., Roberts, A.
L. C. D. L., Smith, J. R. H. J. W., 2001.
Soil water status and plant response.
Agricultural Water Management, 48(1):
1-10.

Turner, N.C., Wright, G.C., Siddique,
K.H.M., 2001. Adaptation of grain
legumes (pulses) to water-limited
environments. Advances in Agronomy,
71: 123-231.



United Nations Framework Convention on
Climate Change (UNFCCC)., 2015.
INDC submission. Retrieved from
http://unfccc.int/focus/indc_portal/items
/8766.php.van Ittersum, K., Candel, M.
J. J. M., & Meulenberg, M. T. G., 2003.
The influence of the image of a
product's region of origin on product
evaluation.  Journal of  Business
Research, 56(3): 215-226.

Van Ittersum, M.K., Rabbinge, R., 1997.
Concepts in production ecology for
analysis  and  quantification  of
agricultural input-output combinations.
Field Crops Research, 52: 197-208.

Van lIttersum, M.K., Cassman, K.G,
Grassini, P., Wolf, J., Tittonell, P.,
Hochman, Z., 2013. Yield gap analysis
with local to global relevance—A
review. Field Crops Research, 143: 4-
17.

Velders, G.J.M., Fahey, D.W., Daniel, J.S.,
McFarland, M., Andersen, S.O., 2010.
The large contribution of projected HFC
emissions to future climate forcing.
Proceedings of the National Academy of
Sciences USA, 106: 10949-10954.

Venkatramanan, V., Shah, S., Prasad, R.
(Eds.). 2020b. Global climate change
and environmental policy: agriculture
perspectives. Springer Nature,
Singapore. 209: 538-549.

Vu, J.C.V., Gesch, R.W., Allen, L.H.,,
Boote, K.J., Bowes, G., 1999. CO;
enrichment delays a rapid, drought-
induced decrease in Rubisco small
subunit transcript abundance. Journal of
Plant Physiology, 155: 139-142.

Wahid, A., Rasul, E., 2005. Drought stress
and its effects on plants: A review.
International Journal of Agriculture
and Biology, 7(6): 1012-1016.

Wang, C., Li, L., Chen, J., Xu, Y., Zhao,
X., 2009. Research and progress on

Devlet

crop yield differences. Chinese Journal
of Eco-Agriculture, 17(6): 1283-1287.

Wang, Z., 2004. Towards a new green
revolution: Research trends in global
food high yield. China Agricultural
Science and Technology Review, 6(4):
3-6.

Waring, R.H., Landsberg, J.J., 2011. A
functional model of forest growth and
yield. Forest Ecology and Management,
262(1): 1-14.

Yan, Dong., Michael Hauschild, Hjalte
Serup, Rémi Rousselet, Peter Fantke.,
2019. Evaluating the monetary values of
greenhouse gases emissions in life cycle
impact assessment, Journal of Cleaner
Production, 209: 538-549.

Yan, W., Zhong, Y., Shangguan, Z., 2016.
A meta-analysis of leaf gas exchange
and water status responses to drought.
Scientific Reports, 6: 20917.

Yokota, A., Kawasaki, S., lwano, M.,
Nakamura, C., Miyake, C., Akashi, K.,
2002. Citrulline and DRIP-1 protein
(ArgE homologue) in drought tolerance
of wild watermelon. Annals of Botany,
89.

Zeid, I. M., Sheeded, M. A., 2006.
Response of some leguminous plants to
drought stress. International Journal of
Agriculture and Biology, 8(4): 565-570.

Zhang, Y., Liu, H., 2023. Impact of
climate change on crop yield: A meta-
analysis. Field Crops Research, 276:
108-115.

Zhang, Y., Wang, F., Liu, H., 2018. Impact
of Drought on Crop Yield: A Meta-
Analysis. Field Crops Research, 225:
57-67.

Zhao, C., Zhang, H., Wang, H., 2006.
Drought stress effects on photosynthesis
and growth of rice plants. Journal of
Plant Physiology, 163(11): 1188-1198.

To Cite: Devlet, A., 2024. Greenhouse Gas Emissions, Carbon Sequestration in Cropland and
Crop Yield Limiting Factors. MAS Journal of Applied Sciences, 9(Special Isssue): 936-955.
DOI: http://dx.doi.org/10.5281/zen0d0.13957417.

955


http://unfccc.int/focus/indc_portal/items/8766.php
http://unfccc.int/focus/indc_portal/items/8766.php

MAS JAPS 9(Ozel Say1): 956-964, 2024

~ournal of Applied sciences
- Uygulamalr Bilimler Dergisi

DOI: http://dx.doi.org/10.5281/zenodo.13957479 &)

Veteriner Hekimlik Egitiminde Sosyal Medyanin Etkisi

Pmar AYVAZOGLU DEMIR | Meral AYDENIZOZ 2
! Kirikkale Universitesi, Veteriner Fakiiltesi, Hayvan Saglhigi Ekonomisi ve Isletmeciligi Anabilim Dal,
Kirikkale
2 Kiarikkale Universitesi, Veteriner Fakiiltesi, Parazitoloji Anabilim Dal1, Kirikkale
*Sorumlu yazar (Corresponding author): pinardemir80@hotmail.com

Gelis Tarihi (Received): 12.07.2024 Kabul Tarihi (Accepted): 29.08.2024

Ozet

Bu calisma, veteriner fakiiltesi 6grencilerinin sosyal medya ve internet kullanim aligkanliklarini belirlemek
amactyla yapilmistir. Kirikkale Universitesi Veteriner Fakiiltesi’nde yapilan arastirmada, dgrencilerin biiyiik
¢ogunlugunun giinliik 3-5 saat internet kullandig1 ve bu siirenin 6nemli bir kismini sosyal medyada gecirdigi
belirlenmistir. Egitim amagl sosyal medya kullanimina yonelik cinsiyet farkliliklari anlamli bulunmus olup,
kadinlarin sosyal medya platformlarini daha fazla kullandig1, ancak erkeklerin bu platformlari daha ¢ok teknik ve
egitim amacl kullandig1 belirlenmistir. Veteriner hekimlik egitiminde klasik ders kitaplar1 (%78.7) ve internetin
(%63.5) bilgiye erisimde baslica kaynaklar olarak 6ne ¢ikmistir. Katilimcilarin internette en sik baktiklar: ders
araglarinin basinda ise ders slaytlari, bilimsel yayimnlar ile egitim videolar: geldigi belirlenmigtir. Egitim amacli en
sik kullanilan Sosyal medya platformlari arasinda ise YouTube, Google ve Instagram ilk ii¢ sirada yer almistir. Bu
calisma, sosyal medyanin veteriner hekimlik egitiminde kullanimina dair genel bir degerlendirme sunarken,
ogrencilerin hem geleneksel hem de dijital kaynaklardan faydalandigini ortaya koymaktadir. Arastirma, sosyal
medya veteriner hekimlik egitimine entegrasyonunun hem bilgiye hizli erisim hem de mesleki gelisim agisindan
biiylik firsatlar sundugu, ancak bu platformlarin etkin ve verimli kullanilabilmesinde, 6grencilerin dijital
okuryazarlik becerilerinin gelistirilmesi ve bilgiye elestirel yaklagsmalar1 gerektigi, ayrica akademisyenlerin
Ogrencilerin mesleki uygulama ve akademik basarilarmi destekleyebilecek giivenilir akademik kaynaklara
yonlendirmelerinin 6nemli oldugu sdylenebilir.

Anahtar Kelimeler: Sosyal medya, internet kullanimi, veteriner hekimlik egitimi, dijital okuryazarlik

The Impact of Social Media in Veterinary Medicine Education

Abstract

This study was conducted to investigate the social media and internet usage habits among veterinary faculty
students. The research, carried out at Kirikkale University Faculty of Veterinary Medicine, revealed that the
majority of students utilized the internet for 3-5 hours daily, with a significant portion of this time allocated to
social media engagement. Notably, gender differences in the use of social media for educational purposes were
significant; female students reported greater usage of social media platforms, while male students tended to utilize
these platforms more for technical and educational purposes. In the context of veterinary medicine education,
classical textbooks (78.7%) and the internet (63.5%) emerged as the primary sources of information. Course slides,
scientific publications, and educational videos were identified as the most frequently employed teaching tools
online. The social media platforms most commonly utilized for educational purposes included YouTube, Google,
and Instagram. This study provides a comprehensive overview of the role of social media in veterinary medicine
education, demonstrating that students benefit from both traditional and digital resources. The findings suggest
that the integration of social media into veterinary education offers significant opportunities for rapid information
access and professional development. However, to maximize the effectiveness and efficiency of these platforms,
it is essential for students to enhance their digital literacy skills and to engage in critical evaluation of the
information presented.

Keywords: Social media, internet use, veterinarian education, digital literacy
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1. Giris

Giinlimiizde teknoloji ¢ag1 olarak
bilinen bu doénemde, O6zellikle pandemi
donemi ve sonrasinda giindelik
hayatimizda birtakim degisiklikler
meydana gelmistir. Insanlarin yiiz yiize
sagladiklar1  iletisim  sekli  yerini

teknolojiyle yapilan iletisime birakmuistir.
Sosyal medya bu agidan onemli bir yer

almaktadir.  Sosyal medya terimi,
cevrimigi topluluklar araciligiyla
insanlarin birbirleriyle etkilesime

girebilecekleri alanlar1 ifade eder. Sosyal
medya, genis bir etki alanina sahip olup,
bireyler  arasi  iletisimden  global
pazarlamaya kadar ¢esitli uygulama
alanlarinda etkili olmaktadir. Gliniimiizde
yogun  ¢alisma  temposu, internet
kullaniminin yayginlagsmas: dolayisiyla
Facebook, Twitter, Instagram, Snapchat
ve Tiktok gibi sosyal medya platformlar:
bir¢ok alanda insanlara hizmet
vermektedir. Internet aracihigi ile yapilan
konusmalar, videolar, her tiirlii paylasima
dayali durumlar sosyal medyanin birer
parcasini  olusturmaktadir (Konuk ve
Giintas, 2019).

21.yiizy1lda bilisim teknolojilerindeki
gelismeler ve internetin yasamin her alanina
hakim  olmasi, egitimde  geleneksel
aligkanliklarin da degismesine neden olmus
ve sosyal medyanin egitim alaninda da
yararlanma fikrini dogurmustur. Geleneksel
egitimde yer alan ansiklopedi, kitap vb.
yazili kaynaklarin yerine bugiin slayt,
gosteri, sunum, e-kaynaklar gibi kaynaklar
daha fazla kullamlmaktadir. Internet
teknolojilerinin multimedya 6zelligi, hemen
her alanda video, ses kaydi, goriintii
sunabilme imkani egitimde kisilerin bu
sekilde materyallerden faydalanabilmesini
saglamaktadir (Ozer ve Kimik, 2021). Zira
son donemlerde sosyal medya, esnek ve
erisiminin ~ kolay = olmasi  nedeniyle
geleneksel Ogretim yoOnetim tekniklerine
kiyasla kullannm agisindan daha kolay
goziikmektedir (Konuk ve Giintas, 2019).

Sosyal medya son donemlerde saglik
hizmetlerinde de danisilacak Onemli bir
kaynak olmustur. Sosyal medya, siradan
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insanlar, doktor, tip 6grencileri, veteriner
hekimler ve veteriner O&grencileri ile
saglikla baglantili kigiler agisindan da
bilgiye erisimi daha kolay ve hizli oldugu
i¢in tercih edilebilmektedir. Bu nedenle de
her gegen giin daha fazla ¢evrimigi kaynak,
akademik  egitmenlerin  makale ve
sunumlar sisteme yiiklenmektedir.

Sosyal medyanin egitimde kullanilmast
ile ilgili literatiir incelendiginde; Wang ve
ark. (2013), oOgretim yontemlerinde
Facebook kullanimi, 6grencilerin daha iyi
notlar almasina, smif icerisinde daha
katilime1  olmasina ve lisans egitimi
deneyiminde daha ¢ok ilgilenilmesine
yardimcr oldugunu bildirmistir. Hung ve
Yuen (2010)  arastirmalarinda  ise
katilimeilarin - ¢ogunlugunun sosyal ag
sitelerinin ek bir ara¢ olarak kullanildig:
durumlarda, 6grencilerin kendi 6§renme
deneyimleri ile ilgili ifadelerinde olumlu
duygular  gelistirdigini  belirtmislerdir.
Sosyal medyanin egitimde kullanilmasi ile
ilgili yapilan arastirmalar incelendiginde;
yurt disinda yapilan aragtirmalarin agirlikta
oldugu goriilmektedir. Yapilan literatiir
taramalarinda Tiirkiye’de internet ve sosyal
medya kullanimi ile ilgili c¢ok sayida
calismaya rastlanmis olmasina ragmen
(Ozer ve Kinik, 2021; Arslan ve ark. 2015;
Konuk ve Giintag, 2019; Korucu ve Sezer,
2016; Oztiirk ve Talas, 2015; Ozen ve ark.
2018), vyapilan literatiir taramalarinda
internet ve sosyal medya ile kullanimi ile
ilgili Veteriner hekimlik alaninda ¢ok az
sayida yurtdisi c¢alisma mevcut olup
(Chapman ve ark., 2007; Ellaway ve ark.
2005; Gledhill ve ark., 2017; Koch ve ark.,
2012; Lai ve ark., 2019; Roshier ve ark.,
2011; Saadeh ve ark., 2020; Siegford ve
ark., 2005), Tirkiye'de ise veteriner
hekimlik  egitiminde sosyal medya
kullanimina dair spesifik bir makaleye
rastlanilmamistir. Bu calisma ile sosyal
medyanin veteriner hekimlik egitiminde
kullanimina iligkin genel bir degerlendirme
yapilacaktir. Elde edilen verilerin diger
aragtirmalara kaynak olacagi
diistiniilmektedir.
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2. Materyal ve Yontem

Bu c¢alismanin materyalini, Kirikkale
Universitesi Veteriner Fakiiltesi 6grenciler
ile yapilan anket ¢alismasindan elde edilen
veriler olusturmustur. Veteriner
fakiiltesinde 2023-2024 egitim Ogretim
doneminde toplam 624 6grencinin okudugu
belirlenmis olup, tiim d6grencilere whatsapp
gruplart lizerinden “gevrimigi anket formu
(Google Form)” gonderilmistir. Anket
calismasi goniillik esasli olup, 6rneklem
sayist %10 hata payr ve %90 giiven
araliginda en az katilimci sayist 189 kisi
olarak belirlenmis olup (Raosoft, 2024),
192 kisi calismaya katilmistir. Ayrica
calismada katilimcilardan anket formunu
doldurmadan oOnce bilgilendirilmis onam
alinmustir.

Anket calismasindan elde edilen
verilerin degerlendirilmesinde SPPS 22
(SPSS Statistics for Windows, Version
22.0.) istatistik paket programi
kullanilmistir.  Analizlerde tanimlayici

istatistikler ~ ve  frekanslarla  beraber,
parametrik verilerde ikiden fazla grubun
Olgtimlerinin  karsilastirilmasinda  ki-kare
testi  uygulanmistir.  Arastirma  i¢in
Kirikkale Universitesi Girisimsel Olmayan
Arastirmalar Etik Kurulu’ndan 26.06.2024
tarihinde 2024.06.28 karar ile etik kurul
onay1 alimastir.

3. Bulgular

Calismaya katilan 6grencilerin %58.3’1
kadin, %41.7’si erkek olup, Ogrencilerin
ortalama 22,10 yasinda olduklar1 (min:19,
max: 38) belirlenmistir. Yapilan calismada
ogrencilerin %44.3’{inlin giinliik 3-5 saat,
%28.1’inin giinlik 5-7 saat, %15.6’s1 7
saatten fazla internet kullandig1 tespit
edilmistir.  Ogrencilerin sosyal medya
kullanim stiresi ise 1-3 saat %56.8, 3-5 saat
%26.0, 5 saatten fazla kullanan %17.2 olup,
Ogrencilerin  cinsiyetine gore  glinliik
internet ve sosyal medya kullanim siireleri
Tablo 1’de verilmistir.

Tablo 1. Ogrencilerin giinliik internet ve sosyal medya kullanim siireleri

Giinliik internet kullanim siiresi
Cinsiyet 1-3 saat 3-5 saat 5 saat Uistii Total
Kadin 13 (%11.6) 54 (%48.2) 45 (%40.2) 112
Erkek 10 (%12.5) 31 (%38.8) 39 (%48.8) 80
Toplam 23 (%12.0) 85 (%44.3) 84 (%43.8) 192
X2=1.759 p=0.415 p>0.05
Sosyal medya kullamim siiresi

Kadin 58 (%51.8) 33 (%29.5) 21 (%18.7) 112
Erkek 51 (%63.8) 17 (%21.2) 12 (%15.0) 80
Toplam 109 (%56.8) 50 (%26.0) 33 (%17.2) 192
X2=2.768 p=0.251 p>0.05

Tablo 1 incelendiginde ogrencilerin
%44°1 giinliik 5 saatten fazlasini internette
gecirdigi, buna karsin sosyal medyada bu
stirenin %17.2’ye diistiigii goriilmektedir.
Yapilan Ki-kare analizinde istatistiki acidan
onemli olmamakla (P>0.05) birlikte
erkeklerin goreceli olarak zamanii daha
cok internette gegcirirken, kadinlarin ise
daha ¢ok sosyal medyada zaman
gecirdikleri belirlenmistir. Yapilan Ki-kare
analizinde 6grencilerin okuduklar1 siniflar
ile internette ve sosyal medyada kalma
siireleri arasinda istatistiki agidan 6nemli
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bir fark bulunamamustir (p>0.05). Yapilan
caligmada Ogrencilerin internete erisim icin
yogun bir sekilde cep telefonlarini
kullandiklar1  (%100) tespit edilmistir.
Ayrica, katilimceilarin 6nemli bir kisminin
cep telefonlarina ek olarak diziistii
bilgisayarlar (%50), tabletler (%27.1) ve
okul bilgisayarlar1 (%2.6) gibi diger
cihazlar1 da kullandiklari tespit edilmistir.
Calismada 6grencilerin veteriner hekimlik
egitiminde en ¢ok faydalandiklari kaynaklar
sirastyla; ders kitaplar1 (%78.7), internet
(%63.5), dersi anlatan 6gretim tiyesi (%62)
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ve kiitliphane (%06.8) olarak belirlenmistir.
Yapilan ¢alismada katilimcilarin tamaminin
egitim amaclh sosyal-medya kullandiklar
belirlenmis olup, katilimcilarin yas ve

cinsiyetlerine gore veteriner hekimlik
egitiminde sosyal medya platformlarindan
faydalanma sikliklar1 Tablo 2°de verilistir.

Tablo 2. Ogrencilerin veteriner hekimlik egitiminde sosyal medya platformlarindan faydalanma

sikliklar
Sik s1k Bazen Nadiren Total P degeri
Kadmn 41 52 19 111
- %36.6 %46.4 %17.0 %100.0
2 |Erkek 34 22 24 77 X2=8.398
% - - - - p=0.016
5 9642.5 9627.5 %630 %100.0 0<0.05
Total 75 74 43 192
%39.1 %38.5 %22.4 %100.0
18-21 yas 29 31 21 81
%35.8 %38.3 %25.9 %100.0
22-24 yas 32 32 17 81
o %39.5 %39.5 %21.0 9%100.0 X2=1.679
o — P=0.795
25 yas ve tstil 14 11 5 30 P>0.05
%46.7 %36.7 %16.7 %100.0
Total 75 74 43 192
%39.1 %38.5 %22.4 %100.0
Tablo 2 incelendiginde egitim amacli stk “Veteriner hekimlik egitiminde sosyal
sik sosyal medya kullanan kadinlarin orani medya/internet  kullanmak bir avantaj
%36.6 iken bu oranin erkeklerde %42.5 sagliyor mu?” sorusuna katilimcilarin
oldugu gorilmektedir. Yapilan Ki-kare %90.6’s1 evet Onemli Olgiide derken,

analizinde aradaki farkin istatistiki a¢idan
onemli oldugu tespit edilmistir (p<0.05).
Buna karsin yas artikca egitim amagh
sosyal medya kullannm oraninin arttigi
ancak aradaki farkin istatistiki acidan
onemli olmadig1 goriilmektedir (p>0.05).

%9.4’ii  bazen cevabin1 vermislerdir.
Ogrencilerin veteriner hekimlik egitimine
Katkida bulunmasi igin internetteki ders
araglarm takip etme sikliklar1 Tablo 3’te
verilmistir.

Tablo 3. Katilimcilarin internetteki ders araglarini takip etme sikliklari

Parametre Egitim videolar: Bilimsel yayin e-kitap Ders slaytlari
n % n % n %
n %
Sik sik 55 28.6 92 47.9 37 19.3 96 50.0
Bazen 84 43.8 71 37.0 60 31.2 71 37.0
Nadiren 53 27.6 29 15.1 95 495 25 13.0
Tablo 3 incelendiginde 0Ogrencilerin internette e-kitap okuduklari belirlenmistir.

internette en sik baktiklar1 ders araglarinin
basinda ders slaytlar1 (%50), bilimsel
yayinlar (%47.9) ile egitim videolarinin
(%28.6) geldigi goriilmektedir. Bununla
birlikte katilmcilarin daha az oranla
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Yapilan caligmada katilimcilarin veteriner
hekimlik egitiminde yararlandiklar1 sosyal
medya platformlar1 Tablo 4’te verilmistir.
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Tablo 4. Veteriner 6grencilerin egitim amagl yararlandiklari sosyal medya platformlari
N

Araclar %
Google 13 6.77
Youtube 13 6.77
Youtube. Google 22 11.46
Youtube. instagram 14 7.29
Youtube. Google. Wikipedia 38 19.79
Youtube. Google. instagram 41 21.36
Youtube. Google. Instagram ve Digerleri 51 26.56
(Pinterest. Wikipedia. Twitter. Pubmed. Chatcpt) '
Toplam 192 100.0

Tablo 4 incelendiginde veteriner
fakdiltesi 6grencilerin egitim amacl olarak
en c¢ok Youtube, Google ve Instagram
platformlarini kullandiklar goriilmektedir.

4. Tartisma

Yapilan calismada veteriner fakiiltesi
ogrencilerinin yaklasik %44’ liniin giinliik 5
saatten fazla zamanini internette gecirdigi
belirlenmigtir. Bu ¢alisma  bulgusuna
paralel olarak yapilan bir calismada, meslek
yliksekokulunda egitim goren genglerin
biiyiik bir kisminin (%61.2) giinliik olarak 4
saat ve {stli arast c¢evrimi¢i oldugu
bildirilmistir (Dikmen ve Tuncer, 2018).
Benzer sekilde, Ciftci (2018), iiniversite
Ogrencilerin  %36'sinin  giinlik 3-5 saat,
%36’sinin  giinlik 5 saat ve {izerinde
internet  kullandigin1  bildirmistir. Bu
bulgular, mevcut literatiirle
karsilastirildiginda, internet kullaniminin
ozellikle geng niifus tizerinde etkili bir arag
haline geldigini ve kullaniminin giderek
arttigm gostermektedir (Ince ve Kogak,
2017; Aydin, 2016; Kiiclikali, 2016;
Durmus ve ark. 2018). Bununla birlikte
yapilan analizde, ogrencilerin %56.8'inin
ginde 1-3 saatini sosyal medya
platformlarina ayirdigi ve bunun internet
tizerinde gegirdikleri siirenin yaklasik yarisi
oldugu tespit edilmistir. Yapilan caligmada
istatistiki agidan énemli bir fark olmamakla
beraber, erkeklerin goreceli olarak daha
fazla zamanmi internette  gegirirken,
kadinlarin ise sosyal medyada daha fazla
zaman gegirdigi belirlenmistir. Bu bulguya
paralel olarak Jackson ve ark. (2008)
tarafindan yapilan bir calismada, erkeklerin
interneti daha ¢ok oyun, haber okuma ve
teknik bilgi arastirma gibi amaglar igin
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kullandiklar1 ifade edilmistir. Bu durum
erkeklerin genel internet kullaniminin daha
yiiksek olmasini, sosyal medya
kullaniminin ~ ise  diisik  olmasinin
sebeplerinden biri olarak gosterilebilir.
Nitekim  kadmlarin ~ sosyal  medya
kullaniminda erkeklere gore daha fazla
zaman harcadiklar1 literatiirde
bildirilmektedir (Tektas, 2014; Ciftei,
2018). Kimbrough ve ark (2013) tarafindan
yapilan bir arastirmada kadinlarin sosyal
medyada iletisim kurma ve iligkilerini
sirdiirme egilimlerinin erkeklere kiyasla
daha fazla oldugunu bildirmistir. Aymn
sekilde, Tufekci (2008) c¢alismasinda
kadinlarin sosyal medya platformlarini
sosyal baglarini giliglendirme ve topluluk
icinde yer alma amaciyla daha yogun
sekilde kullandiklarimi ifade etmistir. Bu
bulgular dogrultusunda erkeklerin
internette daha genis yelpazede faaliyetlere
yonelirken, kadinlarin sosyal medyada daha
fazla zaman gecirme egilimleri cinsiyete
dayali dijital bir davramis gosterdikleri
sOylenebilir. Yapilan ¢alismada kadinlarin
egitim amacgl sosyal medya kullaniminin
erkeklere gore daha diisiik oranda oldugu ve
bu farkin anlamli oldugu belirlenmistir.
Yapilan calismada, yasin artmasiyla birlikte
egitim amacgh sosyal medya kullaniminin
arttigl, ancak aradaki farkin istatistiksel
olarak anlamli bulunmadig1 belirlenmistir.
Manca ve Ranieri (2016), bu c¢alisma
bulgusuna paralel olarak genclerde yas
ilerledik¢e sosyal medya platformlarin daha
profesyonel  ve  egitsel  amaglarla
kullanildigin1 belirtmistir. Bu dogrultuda
yasin sosyal medya kullanimindaki egitsel
tercihleri etkileyebilecegi, ancak bu etkinin
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tutarli  bir sekilde ortaya ¢ikmadigi
sOylenebilir. Bu ¢alismada Ogrencilerin
internete erisim i¢in yogun bir sekilde cep
telefonlarin1 kullandiklar1 (%100) bununla
birlikte diziisti  bilgisayarlar  (%50),
tabletler (%27.1) ve okul bilgisayarlari
(%2.6) gibi diger cihazlar da kullandiklart
belirlenmistir. Cep telefonlarinin internet
erisiminde birincil ara¢ olarak kullanilmasi,
literatiirde de desteklenmektedir (Ciftci,
2018). Yapilan bir arastirmada genclerin
biiyiik bir kism1 internete erisim igin mobil
cihazlar tercih ettigi ve bu trendin diinya
genelinde yaygimlastigi rapor edilmistir
(Anderson ve Jiang, 2018). Digital Report
(2021) wverilerine gore, mobil internet
kullanicilarinin sayisit son yillarda onemli
Olcide artmakta ve gen¢ niifusun
%90’mmdan  fazlas1  cep  telefonlar
araciligiyla internete erisim saglamaktadir.
Ogrencilerin bu cihazlar tercih etmeleri,
mobil teknolojinin kullanim kolayligi,
sirekli erisim imkan1 ve c¢ok yoOnli
uygulamalar1 ile aciklanabilir. Diger
cihazlarin kullanim oranlarina bakildiginda,
diziistli bilgisayarlarin (%50) hala 6nemli
bir erisim araci oldugu goriilmektedir. Bu,
Ogrencilerin  yaz1i yazma, akademik
caligmalar ve daha kapsamli dijital
aktiviteler i¢in laptoplar: tercih ettiklerini
gostermektedir.  Bu  bulgu, diziisti
bilgisayarlarin daha iiretken ve uzun siireli
dijital etkinlikler i¢in tercih edilen araglar
oldugunu gostermektedir. Tablet
kullaniminin (%27.1) goreceli olarak daha
diisiik oldugu goriilmektedir, ancak bu
cihazlarin 6zellikle not alma, ders materyali
inceleme, okuma ve medya tiiketimi gibi
aktivitelerde kullanildigi  bilinmektedir
(Mueller ve Oppenheimer, 2014). Okul
bilgisayarlarinin internet erisiminde ise
diisiik bir oranda (%2.6) kullanilmasi,
ogrencilerin kendi kisisel cihazlarini daha
sik tercih ettiklerini ve internet erigimi
disinda okulun sagladig1 dijital cihazlara
bagimliligin  azaldigim1  gostermektedir.
Veteriner hekimlik egitiminde 6grencilerin
bilgiye erisim i¢in en ¢ok bagvurduklar
kaynaklarin ders kitaplar1 (%78.7), internet
(%63.5), ogretim tiiyeleri (%62) olmasi,
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literatiirle uyumludur (Sevmez ve Yildiz,
2024). Bu bulgular, 6grenci tercihlerinin
bilgiye hizli erisim, giivenilirlik ve
akademik  destek arayis1  etrafinda
sekillendigini  gdstermektedir. Ozellikle
Ogrencilerinin ~ bilgiye erisimde hem
geleneksel (ders kitaplar1 ve &gretim
iyeleri) hem de dijital (internet)
yontemlerin bir kombinasyonun oldugu
sdylenebilir. Ogrencilerin ders kitaplarini
en ¢ok basvurduklari kaynak olmasi
(%66.7), ozellikle Veteriner hekimlik gibi
teknik bilgi gerektiren alanlarda, bu
materyallerin bilgi sunma ve giivenilir bilgi
saglamadaki 6neminin hala devam ettigini
gostermektedir. Ogretim {iyelerinin bilgi
kaynaklar1 arasinda 3. sirada 6nemli bir yer
tutmasi (%62), egitimde rehberlik ve birebir
etkilesim ihtiyacini ortaya koydugu gibi
veteriner hekimlik gibi pratik bilgi ve
deneyime dayali alanlarda, Ogretim
tiyelerinin sadece bilgi saglayici degil, ayni
zamanda mesleki rehberlik sunan Gnemli
figiirler olduklarim1 da gostermektedir.
Egitim amaciyla, Ogrenciler tarafindan
internetin yogun bir sekilde kullanilmasi
(%63.5), internetin 6grenciler i¢in bilgiye
hizli ve kapsamli erisim saglama ve
ekonomik agisindan avantaj saglamasi ile
ilgilidir (Tirkben, 2023). Ancak internetin
dogrulugu sorgulanmayan c¢esitli bilgileri
de icerdigi gbz Oniine alindiginda,
ogrencilerin glivenilir akademik kaynaklara
yonlendirilmesi ~ Onemlidir. ~ Veteriner
hekimlik egitiminde sosyal medya ve
internet kullaniminin biiyiik 6l¢lide avantaj
sagladigini belirten katilimcilarin, bilgiye
hizh  ve kolay erisim, 0grenme
materyallerine daha genis bir erigim imkani
ve mesleki aglarin olusturulmasi agisindan
onemli firsatlar sunmaktadir. Manca ve
Ranieri (2016) ¢alismalarinda sosyal medya
ve internetin egitime entegrasyonunun,
ogrenme siireclerini  gili¢lendirdigini ve
ogrencilerin 0grenmeye aktif katilimini
tesvik ettigini belirtmektedir. Veteriner
hekimlik egitimi gibi siirekli gilincellenen
bilgi ve uygulamalara dayali alanlarda,
internet ve sosyal medya lizerinden en
giincel bilgilere erisim saglanabilmesi,
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ogrencilere Onemli bir avantaj sunabilir.
Ozellikle video paylasim platformlari,
cevrimigi dergiler ve bilimsel sosyal aglar
Ogrencilerin ve profesyonellerin
birbirleriyle bilgi paylasimini
kolaylastirmakta ve mesleki gelisimlerini
hizlandirmasi agisindan etkili olabilecekleri
sOylenebilir  (Kayst ve ark.,, 2023).
Calismada veteriner fakiiltesi 6grencilerinin
egitim amagh en ¢ok YouTube, Google ve
Instagram  platformlarin1  kullanmalari,
dijital 6grenme ortamlarinda G6grencilerin

bilgiye hizli erisim ve gorsel-isitsel
O0grenme araglarin1  egitim  siireglerine
entegre ettiklerini gostermektedir.

Literatiirde de bu platformlarin egitimde
giderek artan dnemine dair bir¢ok ¢alisma
yer almaktadir. (Tektas, 2014, Balc1 ve ark.
2013). Ozellikle YouTube gibi video
paylasim platformlarinin 6zellikle klinik
prosediirler, cerrahi teknikler ve hayvan
bakimi gibi uygulamali bilgi gerektiren
konularin video igerikleri ile sunulmasi,
Ogrencilerin  teorik  bilgiyi  pratige
doniistiirmelerini  kolaylagtirmaktadir. Bu
baglamda, YouTube'un veteriner hekimlik
ogrencileri i¢in bir 6grenme araci olarak
goriilmesi sasirtict degildir. Benzer sekilde
Instagram, veteriner hekimlik gibi gorsel
materyallerin 6nemli oldugu disiplinlerde
faydali  olabilir. Hayvanlarin  klinik
fotograflari, vaka paylasimlar1 ve veteriner
hekimlerin deneyimlerini aktardigi
icerikler, 6grencilerin hem mesleki bilgiye
hem de pratige dayali deneyimlere
ulagsmalarin1  kolaylastirdig1 sdylenebilir.
Ancak, oOgrencilerin bu kaynaklar1 etkili
kullanabilmesi  i¢in  gerekli  djjital
okuryazarlik becerilerine sahip olmalar1 ve
giivenilir siteleri takip etmeleri gerekir. Zira
dijital ~ materyallerin  fazlaligi,  bilgi
dogrulugunun analiz edilmesi gibi siiregler
Ogrencilerin zaman yonetimini olumsuz
etkileyebilir.

5. Sonug

Sonug olarak, internet ve sosyal medya
kullanimi, 6grencilerin egitim ve akademik
yasamlar1 lizerinde her gecen giin daha
etkili bir rol oynamaktadir. Ozellikle dijital
kaynaklarin etkili kullanimi, geleneksel
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egitim yoOntemleriyle birlikte Ogrencilerin
bilgiye erisimini gili¢lendirmekte, sosyal
medyanin egitsel potansiyelini gdzler 6niine
sermektedir. Ancak Ogrencilerin akademik

ilgi alanlarim1  gelistirme ve artirma
kapasitelerinin gelistirilmesinde bu
platformlarin etkin ve verimli
kullanilabilmesinde  6grencilerin  dijital

okuryazarlik becerilerinin gelistirilmesi ve
bilgiye elestirel yaklagmalar1 gerektigi, bu
baglamda akademisyenlerin, Ogrencileri
mesleki uygulama ve akademik basarilarini

destekleyebilecek  internet  sitelerine
yonlendirmelerinin Oonemli oldugu
soylenebilir.

Yazarlarin Katki Beyam

Yazarlar  makaleye esit katkida

bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini  ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tiim yazarlar, bu calisma icin herhangi
bir ¢ikar c¢atigmasi olmadigin1  beyan
etmektedir.

Etik Kurul Onay1

Arastirma i¢in Kirikkale Universitesi
Girisimsel Olmayan Arastirmalar Etik
Kurulu’ndan 26.06.2024 tarihinde
2024.06.28 karar ile etik kurul onay1
alimustir.
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Abstract

The improvement of one-parameter lifetime distributions together with Lindley, Zegdoudi, XLindley, new
XLindley, XGamma, etc., has usually been popular, however including a brand new parameter to a distribution
makes it better and more flexible than the present one. This paper presents a new family of two-parameter (NTPFD)
derivatives of the two parameter polynomial exponential family. This new version is a generalization of numerous
novel one-parameter distributions such as: the XLindley, new XLindley, and ZLindley distributions. We study the
main statistical properties of NTPFD: the shape of the density and hazard rate functions, moments, skewness,
kurtosis, coefficient of variation, Bonferroni and Lorenz curves, reliability parameters, stochastic ordering,
entropies, and quantile function. A discussion of fuzzy reliability is also given. To study the applicability,
usefulness, reliability and superiority of the proposed distribution over existing distributions, two real data sets are
assessed and fitted to the NTPFD distribution and potential competitors such as: an uncensored data set
corresponding to the remission duration of a random sample of 128 patients with bladder cancer and the US
population recorded in the decennial census during the period 1790-1970.

Keywords: Two parameter distribution, moments, fuzzy reliability, application
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1. Introduction

Exponential and Lindley distributions
are two classic life expectancy distributions
for modeling life expectancy data. Lindley
(1958) introduced a life expectancy
distribution called the Lindley distribution.
Lindley distribution, which is a convex
combination of exponential and gamma

distributions, is a better fit and more flexible
than exponential distribution but only one
parameter does not allow to model all
phenomena. For this, this work proposes a
new family with two parameters. The
distribution of X is a two-parameter family
and the probability density function can be
written as

f(&:6,7) = b(8,7)(ao + aix))exp M)

where b(6,y), a=a (,y), a=a (0,y) and c(0,y) are real-valued functions on [0,+oo[ see( Belili et
al., 2023) .We can check immediately:

e Itis non-negative for t>0

o Pla<x<bl=[ f(x6,y)dx

o [ f@eyde=1

In this paper, we proposed a special case of two-parameter family called two parameter Lindley family (NTPFD)

when

The density is

a=v,a.=(1-y)8 ,c=86

flx:0,7) =0y + (1 —y)8x)exp™®

The corresponding cumulative distribution function (CDF), the survival function (SF) and hazard rate function
(HRF) are given by

Flx;0,y) =1—e %*1+(1-9)0%x),x,0 >0. 0<y <1

St;0,y) =e %1+ (1 -9)6%x),x,06 0. 0 <y <1

h(t;0,y) =

This distribution includes several
distributions with one parameter such as:

- The XLindley distribution Chouia and
Zeghdoudi (2021));

- The new XLindley distribution Khodja
et al. (2023));

- The ZLindley distribution Saadia et al.
(2024)).

The following is the format of this research

paper:
Section 2 covers survival and hazard
functions, moments, Stochastic Order,

Entropies and other statistical properties.

62(y + (1 —y)6x)

A-pyox+1
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Sections 3 consider the Fuzzy reliability.
Finally, two  specific  applications
demonstrate the superior performance of
the new family of models (NTPFD) over the
two-parameter Lindley , Quasi Lindley,
Power XLindley, TPQED distributions

2. A general theoretical result
2.1. Asymptotic behavior

This subsection discusses the shape
characteristics of the PDF and HRF,
respectively of the NTPFD . The behavior
of NTPFD atx = 0 and x = oo,
respectively, are given by
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lim f(x:0,7) = 0=
Imf 0 =4 T a =8~

lim f(x;0,y) =0.
X—0

Y0

The behavior of h(x; 8,y) atx = 0 andx = o, respectively, are given by

v’

lim h(x; 0,y) = —0_—
Imh(x:0.9) =5 a8

y0
lim h(x;0,y) =c(6,y).
X—00

The following proposition states that there are two shapes for the PDF of the two-parameter
polynomial exponential distribution, depending on the range of the parameters 6 and .

Proposition 1. The PDF f(x; 6,y) in (ref: PDF) of the NTPFD is
1.
2. Decreasing if (1 —y)8 — 0y > 0.
3. Unimodel if (1 —y)6 — 6y > 0.

Proof. The first and the second derivative of the PDF is determined as follows
df (x;0,y) _ _ox
—ax —0% 2y -1+ (1 —-y)x)
d’f(x;0,y)

i —6%79%(30 — 2+ (1 —y)6x)

by equating last equation to zero and solve it with respect to x, we have:

he solution is x = ——"then, our critical point is x* = —— if (1 —)6 — .
the solution is x (1_y)6te,ouctcapotsx (1_y)9,1f( y)8 —6y >0

d*f(x;6,7) 62 ot d*f (x;6,)
= 9t ((1 —y)6%t 0—-2),———<0,
de? G-pe+n® G=neittyl-2)—7;
then,vO,y > 0,x = % is the unique critical point which maximize the PDF (ref:PDF) and the PDF is
unimodel.
Therefore, the mode of TPFD is defined as follows
. 1-2y
a-ye
If (1 —y)0 — 0y < 0, the PDF is decreasing, the mode will be
Y6’
Oy + (1 -y)o

Proposition 2. Let h(x; 6, y) be the hazard rate function of of the TPFD. Then h(x; 6, y) increasing.

Proof. The first derivative of h(x; 8,y) is
dh(x;0,y) _ 6°(1 —y)6’ a-p%* Q-

dx T (A7)0t oy +(1—7)8)2 (1—-p)6x+6)2 (1-7)0x+1)°

It is easy to check that h(x; 8,y) is an increasing function.
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Moments and related measures of NTPFD
Let X ~ NTPFD, Then the i th moment of X is determined as follows

T+ .
EX') = S [y + A —y)o(1 + )]

Hence, the first four moments of the NTPFD random variable can be found by substituting
i=1,2,3,4, respectively, in above equation. They are used to determine variance, Skewness,
Kurtosis and coefficient of variation of NTPFD, respectively, as follows

Var(n = By — B < YO OA N8 67— 4y )6 - 41 )

96
_ (69 -4 (1—y) +7(26 V)
6% ’
E(X?) 60*(4(1 — )0 + v6)

Sk — — —
ewness =V(B2) = o0 = @re T 618 =10 — Ay (L= 1o — 20 = 1) 0P

E(X" (240°(5(1 — y)6 + 6y)

Kurtosis = ﬂZ = (VaT—(X))Z/(O) = (2)/93 + 6(1 _ Y)QS — ]/292_ 4]/(1 — ]/)92— 4(1 - ]/)202)2);

CV o= K= JVar(X)  \2y6°+6(1—y)6>—y?0°— 4y(1 — y)6> — 4(1 — y)?6°

T EX) 2(1=y)6 +6y)

_V9+6(l-p -y’ -4y -y -4 -y)’
2-y
The moment generating function of the TPFD is determined as follows
0%((1 —y)8 + 0y —sy)
,S

(1 =16 +v6)(6 —5)?
_6(0 —sy)
CEDE

its characteristic function is obtained by replacing t with it in the last equation.

M(s) = fesx fx)dx =

The ith incomplete moments of TPFD is determined as follows

A-por+i)+6yr+i)—A—-y)er2+i,séy) —yor(1 +i,séy)
0i(1—y)0 +yoitt

T;(s) = fstif(x)dx =
0

where I'(a, x) = ffx t* 1 e~tdt. We have first incomplete moments T, (s) in above equation when i = 1 which

used to calculate the mean residual life and the mean waiting time which is, respectively, defined as follows

1 -T4(s)

YO =Smo 1
_ 1=Ti(s)
M) = e 0,7)

Another uses of T, (s) is to calculate Bonferroni and Lorenz curves which are, respectively, defined as follows

_ T1(x)

L(p) = ECX)
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_ Tl(xp)
PEX)’

B(p)

Where(x,) is the quantile function of NTPFD.

Stochastic orders

Stochastic Order is an order of -largeness -on random variables. More broadly, stochastic
orders are orders that are used to compare random variables, or probability distributions or
measurements.

Now, we consider 2 random variables V and W . Then V is said smaller than W in the :

- Likelihood ratio order (V <, W), if% is decreasing in x

-Hazard rate order (V <y, W), ifh,(x) = h,,(x),Vx
- Stochastic order (V <¢ W), ifE,(x) < E,(x),Vx

- Convex order (V <., W), if for all convex functions ¢, E[¢ (V)] < E[¢(W)](expectation exist).

Theorem 1.Let V,W ~ TPFD be two random variables. If
(1=y1)0172 < (1 —y2)02y1 ,andb, = O, thenlV <, W; V <p, W; V <, WandV <., W

Proof. We have:

01°(y1+(1—y1)01t)exp(-6it))
fo(x) _ Yi+(1-y1)01t
fw(x) T 0(y2+(1-Y2)02t)exp(—6,t)
Y2+(1-vy2)0:2t

To keep it simple, we use In % which we find after derivation:
a fo(x) (1 —y1)b1yz — (1 —y2)02y4 0, — 6,)

dx )+ A —yD0D) + (2 + (1 —y2)8aD)

In this regard, if 61y, < 6,y.and6, = 6, , we have%ln (%) < 0. It means that

V <, W. Moreover, we know that V <, W=V <, W=V <, WandV <., WeV < W(IfE[V] = E[W]),
which the Theorem 1is proved.

Entropies have been generated from the

There is general agreement that entropy characteristics of entropy. The entropy of a
and information can be used to calculate random variable X is a measurement of the
the degree of uncertainty in a probability variability of uncertainty. The entropy of
distribution. However, many correlations Rényi is defined as:
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Ig(s) = - log | f* (x)dx
1-s ")

Were s(integer)>0 et s#1. For the NTPFD, we have:

_ 1 62y + (1 = y)6x)exp (—6x))\’
=T (J; Yo+ (1-no" ) )
- ;10 <fw o~ y+@@- )Gx)se_exsdx)
“a-9 %\, gera-ner" Y
We observe that
[e¢) 952 s —Oxs _ 952 § n'(]/)l((l—]/)e)n_L * n—-i ,—60xs
J, Gara=ar o+ a-nee d"‘(y49+(1—y)9)sz0 i), e
where

@ . -1 ,
f x" e T%Sdx = —T'(n+1—1i,50x)(s) ™"
0 s0

Now, the Rényi entropy observes as

1 g5 Sl ()N = y)O)™E (s8) " T (n— i + 1)
() = g5y log ((y@ T (- y)e)sz (-0l (sO)n- )

i=0

Quantile Function

It may be noted that F(x; 8,y) is continuos and strictly increasing, so we for the quantile function of T is
defined:

Qx() = xy, = F'(u; 0,7), uel0.1]

Foru = F(x;0,y) , we give an explicit expression for Qx (u) in terms of the Lambert W fuction in the following
theorem and results.

Theorem 2. For any 0,y>0 , the Qx (u)of the NTPFD is

_—¥8— (1= )8 — Wea((u = D8 + (1 = )B)e”¥+110)

0w =, — uef0.1]
==Y =W ((u =Dy + (1 —y))e 01O
B (1-78
_ —1- W= De?)
- (1-1)6

Where W_, is the negative branch .

Proof. Forany 8 > 0,0 <y < 1let 0 < u < 1.We will solve the equation Frppp(t) with respect to x, by
following the steps bellow:
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e Oy +(1-1o+1-y)ox)=O)A-w). (¥
We multipling the both sides by [—exp — (8)] of the equ(*) , we get :

—e 0000 (gy + (1 —y)0 + (1 —¥)0%0) = (u — D(Oy + (1 —y)8)e?

By using the definition of Lambert W function (W (z)exp(W (z)) = z), we observe that —(6 + (1 — y)6%) is
the Lambert W function of the real argument(u — 1)(8)e~¥9*(1-18) So, we have:

W(w =1y + (1 -y)e ¥+ = —(6y + (1 - )6 + (1 - )6%).

= (6 + (1 -7y)0%)(x*)

In addition, for any 6,y,t > 0 it's obviously that 8 + (1 — y)8% > 0 and it also checked that (u — 1)(6y +
(1-9)0)e"Pe(—e,0) since 0< u < 1. Since , by taking into account the properties of the negative branch
W_; of the Lamber W function, son the equ above(**) become:

W_i((u—1(Oy+ (1 —-1)0)eC? ) = =0y + (1 — )0 + (1 —y)6%)
= —(0+ (1—7)0%).

This in turn means the result that given before in Theorem 2 is complete.

4. Fuzzy reliability
Let X is a continuous random variable that represents a system's failure time (component).
The fuzzy dependability can then be calculated using the fuzzy probability in formula (see
Chen et al. (2001)).

o0

Rr(t) =P(T>t) = J w(x) fyrerp (x)dx, 0 <t < x < oo,
t

where x(x) is a membership function that describes the degree to which each element of a given universe
belongs to a fuzzy set. Now, assume that x(x) is

0 B XStl
(X—tl)
X) = 0t <x<t
nx) (6 —t) 1
1 , X2t

For u(x), by the computational analysis of the function of fuzzy numbers, the lifetime x(«) can be obtained
corresponds to a certain value of « — Cut, @ € [0,1], can by obtained as: u(x) = a = *"% = @, then

to—t;

X(Q)SQ ,a=0
x(@) = t;+y(t; —t) 0<a<1
X((X)th,(lzl

As a result, the fuzzy reliability values may be determined for all a values. The fuzzy dependability of the
NTPFD is determined by the fuzzy reliability definition. The fuzzy reliability of the NTPFD can be define as,

Re(t) = (1 + (1 —y)0t)e % — (1 + (1 —y)0a)e ?
Then Rp(t)g=o = 0.
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5. Applications: real data analysis

Two applications are now proposed to
illustrate the usefulness of the proposed
model. More precisely, we explore the
tuning behavior of the NTPLD compared to
two-parameter Lindley (Shanker and
Ghebretsadik 2013) , Quasi Lindley
(Benatmane et al.2021), Power XLindley
(Meriem et al.2022), TPQED (Boussaba et
al.2024) distributions. For this, we estimate
the unknown parameters of the respective
model using the maximum likelihood
method and consider their corresponding
standard errors (SE), the estimated log
likelihoods ( - 2logL), the values of AIC
(Akaike information
criterion)AICC(Akaike information
criterion correction) ,and BIC (Bayesian
information criterion).
Data Set 1. The data set 1 represents an
uncensored data set corresponding to
remission times (in months) of a random

sample of 128 bladder cancer patients
reported by Lee and Wang (2003)

0.08, 2.09, 3.48, 4.87, 6.94, 8.66, 13.11,
23.63, 0.20, 2.23, 3.52, 4.98, 6.97, 9.02,
13.29, 0.40, 2.26, 3.57, 5.06, 7.09, 9.22,
13.80, 25.74, 0.50, 2.46, 3.64, 5.09, 7.26,
9.47, 14.24, 25.82, 0.51, 2.54, 3.70, 5.17,
7.28, 9.74, 14.76, 26.31, 0.81, 2.62, 3.82,
5.32, 7.32, 10.06, 14.77, 32.15, 2.64,3.88,
5.32, 7.39, 10.34, 14.83, 34.26, 0.90, 2.69,
4.18, 5.34, 7.59, 10.66, 15.96, 36.66, 1.05,
2.69, 4.23, 5.41, 7.62, 10.75, 16.62, 43.01,
1.19, 2.75, 4.26, 5.41, 7.63, 17.12, 46.12,
1.26, 2.83, 4.33, 549, 7.66, 11.25,
17.14,79.05, 1.35, 2.87, 5.62, 7.87, 11.64,
17.36, 1.40, 3.02, 4.34, 5.71, 7.93,11.79,
18.10, 1.46, 4.40, 5.85, 8.26, 11.98, 19.13,
1.76, 3.25, 4.50, 6.25,8.37, 12.02, 2.02,
3.31, 4.51, 6.54, 8.53, 12.03, 20.28, 2.02,
3.36, 6.76,12.07, 21.73, 2.07, 3.36, 6.93,
8.65, 12.63, 22.69.

Model 6 Y AIC BIC -2LL AICC
two-parameter 0.1283 30.1556 833.328 839.0321 829.328 833.424

Lindley

Quasi Lindley 0.31603 0.041835 1196.427 1202.131 1192.427 1196.523

Power XLindley 1.3886 0.261294 1127.513 1133.217 1123.513 1127.609

TPQED 0.18857 88.3213 841.4313 847.1353 837.4313 841.5273

NTPFD 0.10698 0.997623 833.2282 838.9322 829.2282 833.3242

Data set 2: This data set gives the 5.31,7.24,9.64, 12.90, 17.10, 23.20, 31.40,

population of the United States (in millions)
as recorded by the decennial census for the
period 1790--1970(McNeil (1977)). 3.93,

39.80, 50.20, 62.90, 76.00, 92.00, 105.70,
122.80, 131.70, 151.30, 179.30, 203.20

Model 0 Y AIC BIC -2L AICC
two-parameter 0.021668 44.2597 203.7026 205.5914 199.7026 204.4526
Lindley

Quasi Lindley 0.04057 0.20435 336.5028 338.3917 332.5028 337.2528
New quasi 0.02478 0.0010298 204.5499 206.4388 200.5499 205.2999
Lindley

Power XLindley | 1.0557 0.19355 251.3029 253.1917 247.3029 252.0529
TPQED 0.04027 94.2316 214.4968 216.3856 210.4968 215.2468
NTPFD 0.01387 0.997565 203.4288 205.3177 199.4288 204.1788

6. Conclusion

In this paper we have shown how
probability distributions can be constructed
without adding additionalparametersor
using the usual generalizations techniques.
The proposed distribution is called the
TPFD. It can be seen that the TPFD has
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many desirable properties. We have derived
precise and explicit expressions for many
characteristics, inparticular ~ moments,
reliability parameters and asymptotic
distributions of order statistics. Inaddition,
TPFD, two-parameter L1, Quasi Lindley,
Power XLindley, and TPQEDdistributions
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were fitted to two real data sets; and the
results showed that the TPFD distribution is
a strong  candidatewithtwoparameter
distribution.
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