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Abstract: There are many factors, which negatively affect plant development.
One of these factors is lead (Pb), which causes toxic effects on plants during the
seedling period. Mycorrhizas (AMF) contribute positively to plant growth. In
eggplant seedlings, it has been researched whether to tolerate the negative effects
of lead with mycorrhizas. In the study, Gigaspora margarita (Gm) and Glomus
intraradices (Gi) mycorrhizal races were applied before seeds were sown. After
the first true leaves appeared, 5 different doses of Pb (0, 100, 200, 400 and 800
ppm) were given. As a result, the earliest true leaf appearance time, the widest
cotyledon and longest cotyledon, were taken from Gm application. In terms of
other seedling development parameters, the highest values were obtained from
Gm-0 ppm Pb application. In addition, it was observed that the control 0 and 100
Pb ppm applications received high values. As expected, due to the toxic effect of
lead, no plants could be obtained in Control-800 ppm Pb application. However,
the plants continued to develop by tolerating the toxic effect of lead in Gm-800
ppm and Gi-800 ppm applications especially. The other criteria that we examined
were the intake of important nutrients N, P, K and Ca with mycorrhizal even in
high-dose lead conditions. It was observed that the lead was taken into the plant
by mycorrhizal. Lead content in the root was more than the lead content in the
shoot. In general, it was seen that low Pb dose in Gi application can be partially
tolerable for seedling growth and nutrient content.

Arbuskiler Mikorizal Fungus ve Kursun (Pb) Uygulamalarimin Pathican Fide Gelisimi

ve Besin Alim1 Uzerine Etkileri

Makale Bilgileri

Gelis: 18.08.2020
Kabul: 20.11.2020
Online Yaymlanma 31.12.2020
DOI: 10.29133/yyutbd.782115

Anahtar kelimeler

Gilibreleme,

Gigaspora margarita (Gm),
Glomus intraradices (Gi),
Agir Metal,

Ozet: Bitkilerin gelisimini olumsuz etkileyen bircok faktdér vardir. Bu
faktorlerden biri de fide déneminde bitkiye toksik etkiye sebep olan kursun
(Pb)’dur. Mikorizalar ise bitki gelisimine olumlu yonde katki saglamaktadir.
Patlican fidesinde, mikorizanin kursunun olumsuz etkisinin tolere edip
etmeyecegi arastirilmigtir. Bu ¢aligmada, Gigaspora margarita ve Glomus
intraradices mikoriza irklar1 tohum ekiminden énce uygulanmustir. Tk gergek
yaprak goriindiikten sonra kursunun 5 farkli dozu (0, 100, 200, 400 ve 800 ppm)
verilmistir. Sonug olarak gergek yaprak goriinme siiresi, en genis kotiledon ve en
uzun kotiledon Gigaspora margarita uygulamasindan alinmistir. Diger fide
gelisim parametreleri bakimindan, en yiiksek degerler Gigaspora margarita-0
ppm Pb uygulamasindan elde edilmistir. Ayrica kontrolde 0 ve 100 ppm Pb
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Kursun, uygulamalarinda yiiksek deger aldiklari goriilmistiir. Beklenildigi gibi kursunun

Fide Geligimi. toksik etkisi sebebiyle Kontrol-800 ppm Pb uygulamasindan bitki elde
edilememistir. Fakat her iki mikoriza turiinin 800 ppm’lik uygulamalarinda
kursunun toksik etkisini tolere ederek gelisimine devam ettikleri goriilmiistiir.
Inceledigimiz diger kriterler, N, P, K ve Ca gibi dnemli besin elementlerin yiiksek
dozda kursun sartlarinda bile mikorizalar araciligiyla bitkiye alimmasidir.
Kursununda, mikorizalar tarafindan bitkiye alindigi goriilmiistiir. Kokteki Pb
icerigi, stirglindeki Pb igeriginden daha fazladir. Genel olarak fide gelisimi ve
besin elementleri igerikleri olumlu etki Gi uygulamasinda elde edildigi
gOrilmiistiir.

1. Introduction

Factors such as a rapidly growth in the population, nutritional deficiencies, irregular
urbanization, people's desire for excessive consumption, and developing technology cause the
environmental pollution problem (Saglam and Cihangir, 1995). As in many areas, heavy metal pollution
is observed in agricultural areas for various reasons. The most important industrial activities that cause
the release of heavy metals to the environment are cement production, iron and steel industry, thermal
power plants, glass production, garbage and sludge incineration plants. Considering the natural
dispersion of heavy metals, it is reported that heavy metal excretion to the biosphere occurs at different
process levels of different sectors (Kahvecioglu et al., 2002). One of the most remarkable elements,
especially among heavy metals, is lead (Pb) (Akinci et al., 2010). According to Aydin (2002), heavy
metals have become an environmental problem in terms of human and community health. Lead that
enters the plant through plant roots and stomata accumulates in different parts of the plant. In this way,
by entering the food chain, it can affect human health indirectly or through respiration (Cavusoglu et al.,
2009). Lead contamination rates in nature; it is listed as 10% water, 15% air, 20% food and 55% soil
(Anonymous, 2010a). Plant species have different capacities in accumulating and transporting heavy
metals. There are studies related to subject. It has been reported that, if plants take these heavy metals
as essential nutrients, they pose a serious risk to human health. It is not deemed appropriate for the
species in the Solanaceae family to be cultivated near industrial areas. The products in the Solanaceae
family can take considerable amounts of heavy metals from the soil with their roots, leaves and fruits
(Farooq et al., 2008). In a study conducted on plants belonging to the same family, it was reported that
the highest Ni and Cu were in tomato, Co and Cd in potato, and Pb, Zn and Mn in eggplant (Shilev and
Babrikov, 2005). Plants grown in soils with high lead content become pale and small-leaved (Sesli,
2003). It causes a reduction in the intake of essential nutrients in the roots and immobilization in the
roots. Therefore, significant nutrient deficiency appears on the stem. According to Uysal and Taner
(2007), heavy metals negatively affect plants during their growth and development periods. In addition,
its effects are more important in germination and seedling stages. Because at this stage, the reactions of
plants to stress or toxic factors may be more pronounced (Akinci and Caligkan, 2010). In the researches,
it was determined that the amount of lead in the root is more than the amount of lead in the leaf. It was
reported that this difference between them showed a significant restriction in the transportation of metals
from roots to shoots and green leaves (Dahmani et al., 2000). The annual eggplant has an important
share among the vegetables produced. Studies on lead toxicity are limited. Plants are fertilized from soil
with macro and micronutrients. Using the elements found in the soil is a more realistic approach in terms
of both environmental health and natural resources. Mycorrhizal fungi contribute significantly to plant
development by supplying water (George et al., 1992). Arbuscular mycorrhizal fungus (AMF)
contributes to plants' slow uptake of nutrients from the soil, especially phosphorus. It has been found
that mycorrhizal intake nutrients such as phosphorus, zinc and copper when they interact effectively
with the plant (Ortas, 1998). Besides, arbuscular mycorrhizal fungus improves uptake of immobilized
plant nutrition, especially phosphorus (Goltapeh et al., 2008; Sawers et al., 2008; Eke et al., 2016; Erding
etal., 2017). In addition, mycorrhizal has undertaken a protective function against the stress factors and
pathogens of the plant with the changes in plant physiology. AMF hyphae contribute to soil conservation
by entering the areas that the roots cannot penetrate and improving the soil structure in this way (Dodd
and Haas, 1983; Ortas et al., 2000). There are some studies on this subject. In a study where 0, 75, 150
and 300 mg / | lead doses were applied to tomato seedlings, it caused an increase in lead concentration
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in leaves, shoots and roots. The content of lead in the tissues of seedlings in low-dose lead application
has increased. These values were 312 mg/kg at the roots, 130 mg/kg at the shoot and 510 mg/kg at the
roots. In addition, they obtained 917-1750 mg/kg in leaves, 750-1022 mg/kg in exile and 1438-2520
mg/kg in root in high and medium dose lead applications. With the increase of lead, nutrient deficiency
has emerged by causing a decrease in the presence of elements such as Ca, Mg, K, P, Na, Fe, Zn, Cu
and Mn (Akinci et al., 2010). In another study conducted in Faisalabad of Pakistan, the concentration of
lead in the leaves of spinach, lettuce, cauliflower, radish, coriander and cabbage grown around industrial
areas is 2.251 mg / kg, 2.411 mg / kg, 1.331 mg / kg, 2.035 mg / kg, 2.652 mg/kg and 1.921 mg/kg
respectively (Farooq et al., 2008). Demir (1998), on the other hand, revealed that the compatibility and
development parameters of mycorrhizal in tomato, pepper and eggplant plants grown under greenhouse
conditions are higher than those without mycorrhizal.

The negative effects of heavy metals that are more effective during germination and seedling
period on plants have been seen in researches. For this reason, the research was carried out during the
seedling period. In this study, Gigaspora margarita and Glomus intraradices AMF inocula, which are
known to have good interaction with eggplant, were studied. The effects of these mycorrhizas on
eggplant seedling growth and plant nutrient content in high doses of lead applications were investigated.

2. Materials and Methods

This study was carried out in the greenhouses of Selcuk University, Faculty of Agriculture,
Department of Horticulture. Plant nutrient analysis was done in the Soil Science and Plant Nutrition
Department laboratories. Kemer eggplant variety was used as plant material. Glomus intraradices race
were observed 165 spores in 10 g soil. Gigaspora margarita race were determined 100 spores in 10 g
of soil. The growth medium was used for germinating seeds and growing seedlings consists of 1: 1 peat
and perlite. This growth medium was filled into 250 ml pet cups. The Gi and Gm types were applied in
the specified amounts. At this stage, real leaf appearing time, hypocotyl length, cotyledon length and
cotyledon widths were measured. Then, when the seedlings started to see the first true leaves, lead (Pb)
doses were determined and applied (0, 100, 200, 400 and 800 ppm). Lead acetate ((CHsCOO)
2Pb.3H,0) (Pb = 207.34 g) was used as the lead source. 50 ml of lead acetate was given to plants with
injector. Applications were given by irrigation times in three stages, 20 to 26 days after sowing. In this
process, cultural procedures were carried out to continue the development of seedlings (Vural et al.,
2000). Plants fertilized twice with a Hoagland nutrient solution (about 200-250 cc plant’). Study was set
up with 3 repetitions according to the random parcels trial pattern. Twenty pots (20 plants) were kept in
each repeat. Seedling transplanting stage, shoot diameter, shoot fresh weight, shoot dry weight, leaf
number, root fresh weight, root dry weight, contents of N, P, K, Ca, and Pb elements in shoot and root
were examined. At this stage after the plant samples were dried in the oven at 65 °C for 48 hours, was
ground with a robot. Grinded shoots and roots are weighed in sensitive scales, weighed 0.2 g, and placed
in linear tubes. 5 ml nitric acid and 2 ml hydrogen peroxide were added to them and the tubes were
tightly closed. The tubes were then left in the microwave (MARSXpress device) for 15 minutes. The
tubes coming out of the microwave oven were opened under the fume hood and placed in falcon tubes.
Then 20 ml of distilled water was added. The samples were poured on filter papers and filtered. The
filtered samples were read N, P, K, Ca and Pb on the ICP-AES device (Lindsay and Norwell, 1978).
Determination of nitrogen was determined by Kjeldahl (6.25 x N) method (Bayrakli, 1987).

In order to determine the effect of the values obtained because of the study according to the
application topics, the JMP statistical analysis package program was subjected to variance analysis
(Howell, 1987). Trial subjects that were statistically significant in F control were grouped with 5% LSD
test.

3. Results and Discussion

The data that we obtained from all parameters were subjected to variance analysis. The results,
which were found significant, were compared with the literature below. Before lead application, the tree
leaf appearance time was obtained from Gm application with the earliest 16.73 days. Also at this stage,
the longest hypocotyls were taken from Gm and control applications with 20.27 mm and 19.29 mm. The
maximum cotyledon width (11.03 mm) and cotyledon length (30.50 mm) were measured from Gm
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applications (Table 1). Fytianos et al. (2001) reported that high heavy metal concentrations in the soil
can disrupt important physiological functions in plants and may cause food imbalance.

In our study, as the heavy metal density increases, the development of plants and the distribution
of the amount of elements changed negatively (Tables 1, 2 and 3). If we examine the interactions of lead
doses and mycorrhizal applications in Table 2, the highest values were obtained from Gm-0 ppm
application. Shoot length, shoot diameter, number of leaves, shoot and root fresh weight, shoot and root
dry weight, were measured as 14.27 mm, 2.80 mm, 5.32 pcs / plant, 76.10 g, 13.29 g, 7.64 g, and 1.10
g, respectively in Gm-0 ppm application. Control-0 and control-100 ppm applications follow these
values. Sen (2008) observed that Gi applications have positive effects on seedling shoot length, shoot
diameter, number of leaves, shoot age weight, shoot dry weight, root fresh weight and root dry weight.
In another study conducted by Keskin (2009), it was stated for some of the criteria examined higher
values were obtained from Gm application, while for some other criteria Gi application was better. It is
similar in our study. The positive interactions of mycorrhizal with those in the Solanaceae family are
mentioned in Demir (1998). In our study, it was seen that there was coherence between AMF and
eggplant. If we examine Table 3, the application of Gi was better than Gm application for K element
uptake. Similarly, the increase in shoot P content (3322.4 ppm) is the highest in Gi-0 ppm application.
The root phosphorus content (3682.9 ppm) and nitrogen content (6.69%) has reached the highest values
in Gm -800 ppm application. However, in general, when the parameters were examined, it was seen that
the data obtained with increasing lead doses in Gi application had higher values than Gm and control.
According to these results, the data we obtained shows the efficacy of mycorrhizal in different lead
doses. Mycorrhizal symbiosis plays an effective role in the uptake of nitrogen (N), phosphorus (P) and
potassium (K), which are essential elements in plant nutrition (Ames et al., 1983; Ortas, 1998). In the
study conducted by Sen (2008), it is reported that the possible negative effects of NaCl on eggplant
seedling development and seedling nutrient content can be significantly reduced by Gi applications in
salty soil conditions. Similarly, in our study, Glomus intrarasices (Gi) and Gigaspora margarita (Gm)
applications significantly reduced the negative effects of Pb. In another study conducted by Dahmani et
al., (2000) the major differences in leaf and root concentrations of lead showed a significant restriction
in transporting metals from roots to shoots and green leaves. Akinci et al. (2010), the intake of elements
by roots and leaves of tomato seedlings, was negatively affected by the increase of lead concentration,
especially in 300 mg / | Pb. Low lead levels in the plant were found to be 510 mg/kg in the roots, 130
mg/kg in the shoots and 312 mg/kg in the leaves. In addition, medium and high lead application of the
plant was found to be 917-1750 mg/Kkg in leaves, 750-222 mg/kg in shoots and 1438-2520 mg/kg Pb
in shoots. Shilev and Babrikov (2005) reported that Solanaceae family plants can take considerable
amounts of heavy metals from soil by their roots, leaves and fruits, and the amounts of Pb, Zn and Mn
were found to be the highest. Our study shows parallel results with this study. The highest values of Ca
(33538.8 ppm in shoot and 24165.6 ppm in root) and Pb (1692.14 ppm in shoot and 29601.6 ppm in
root) were obtained from Gm application. As shown in Table 3, Pb content has reached high values in
eggplant, and AMF have been found to increase the value of Pb content in shoots and root.

The results of Al-Chaarini et al., (2009) showed that the rate of unwashed samples of heavy
metal changed from high to undetectable to 3.0904 mg / g. Moreover, in this study leafy vegetables,
subsoil vegetables or aboveground vegetables were compared, and it was seen that all heavy metals
polluted the leafy vegetables at significantly higher levels. In Ergiin and Oncel (2009), it was determined
that in bread wheat the inhibition of root and seedling growth was in parallel with the increase of heavy
metal concentration and application time. Zengin and Munzuroglu (2004) reported that copper and lead
applied in the form of chlorine salt has a significantly negative effect on the growth of root, stem and
leaf of bean seedlings. Dodd and Haas (1983) mentioned indirect effects of mycorrhizal resistance for
heavy metal toxicity. Our findings have been parallel to this study.

Table 1. Effects of mycorrhizal on some growth parameters of seedling period.

.. True leaf appearance time Hypocotyl length Cotyledon Cotyledon length
Applications (F:jgy) P (m)r/n) ’ width (mm) / (mm) ’
Gigaspora margarita 16.73c 19,29a 11.03a 30.50a
Glomus intraradices 20.47a 15.84b 8.61b 24.74b
Control 19b 20.27a 10.36a 29.13a
LSD 0.70 0.94 0.66 3.23
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Table 2. The effects of lead and mycorrhizal applications on some growth parameters of seedling and

root.
Shoot
AMF Pb Shoot diameter Number of leaf ~ Shoot fresh Root fresh Shoot dry Root dry
Application  Dose  length (cm) (mm) (number/plant) weight (g) weight (g) weight (g)  weight (g)
0 14.27a 2.80a 5.32a 76.10a 13.29a 7.64a 1.10a
Gigaspora 100 11.87b 2.33bc 4.62bc 50.88¢c 10.30bc 4.76b 0.73cde
margarita 200 11.27b 2.07def 4.13ef 40.28d 9.22cd 3.37c 0.69cde
400 8.85cde 1.94fgh 4.06fg 31.04ef 7.60de 2.85cd 0.57ef
800 4.24h 1.41j 2721 4.871 0,70g 0.429 0.07h
0 9.34cd 2.14de 4.42cd 38.05de 6.56ef 3.21cd 0.44fg
Glomus 100 8.14ef 1.99¢fg 4.43cd 30.21f 5.68ef 2.44de 0.399
intraradices 200 8.30def 1.90gh 4.35de 29.19fg 6,16ef 2.64cde 0.42fg
400 7.65fg 1.721 3.83g 22.38gh 4.45f 1.74ef 0.31g
800 6.78g 1.78h1 3.38h 16.08h 4,42f 1.38f 0.34g
0 13.31a 2.45b 4.72b 66.08b 12.32ab 5.50b 0.78cd
100 13.59 2.20cd 4.75b 54.57¢c 13.16a 5.31b 1.0lab
Control 200 9.69c 1.96fg 4.18def 32.52¢f 11.17abc 3.50c 0.84bc
400 9.17cde 1.91fgh 3.96fg 29.95f 9.15¢cd 2.81cd 0.63de
800 - - - - - - -
LSD 1.20 0.17 0.25 7.10 2.25 0.95 0.17

Table 3. The effects of lead and mycorrhizal applications on macro and micronutrient element contents
of seedling and root development.

= £ B a B — = T T T
2 g £ 5 g g g £ - g & g
= g

2= 2 3 2 = b © = = e b S

g & 8 g 5 g 5 8 g 5 5 5

< n 5 = 5 = x 4 g 4 g
N 0 580  326846a 12301 2885859  312103abc 274 2939.5b 15.1g 137938F  10460.7¢
& . 100 356cd  2537.46b  225.88gh  34468.defy  335388a  257c  2572.9bcd  2846.4def  19509.2¢  1038L.2¢
£ 200 425  220205bcd  3066fg 400719  27990.6cd 279  2103.9¢f  4593.4cde  20298.4e  11047.7c
£ 400 363d  1797.0le  59421c  367184efg  309409abc  2.69c  2010.1f 690L.6c  26849.2d  11388.8¢
800  5.49ab  1898.33de  1692.14a  39604.2def  31846.4ab  6.69a  3682.09a  2960L.6a  32912.4c  24165.6a

0 3.79cd 3322.40a 29.901 59004.1ab 21149.4fg 3.82bc 2994.8b 264.8fg 50320.5a 10917.3c
100  4.31bc 2960.42a 122.34h1 59973.3a 20252.3g 4.41bc 2946.9b 1075.4fg 52769.9a 11073.4c
3.53cd 2365.25bc 248.59fg 56673.6ab 25370.3de 457bc  2457.6cdef 2077.6efg 51436.0a 11183.3c
400  3.75cd 2410.15bc 506.26¢d 57975.0ab 21409.3fg 6.28a 2543.7bcde 5889.1¢ 53050.1a 12174.2¢
800  3.41cd 2043.24cde 1083.07b 51483.3bc 25554.7de 4.45b 2199.9def 12559.8b 43490.1b 18792.5b

0 3.81cd 3204.27a 26.081 52468.9abc 24116.7ef 2.78¢c 2919.4bc 25.1g 40856.2b 11830.3c
100 2.92d 2324.02bc 205.96gh 32677.6fg 28589.1bcd 2.49c 2715.6bcd 4892.6¢d 24486.3de 11770.2c
2.74d 2200.11bcde 350.47ef 34297 .2efg 26376.6de 2.42¢c 2439.8cdef ~ 4321.0cde  24058.6de 10591.9¢
400  3.24cd 1856.63e 451.98de 45971.7cd 25260.8de 2.88¢c 2183.1def 6660.4c 39880.5b 11414.4c

Glomus
intraradic
N
o
o

Control
N
o
o

1.24 422.70 115.56 8054.9 3480.0 1.46 451.1 2709.7 5132.7 2070.0

,_
[%2]
O

4. Conclusion

In our study, the negative effects of lead, which is one of the important heavy metals, on seedling
growth and seedling parameters in eggplant were determined. In addition, until control-400 ppm the
intake of lead was observed in the eggplant seedling period in both shoot and root. In the control-800
ppm application, the plants did not develop and dried due to the high toxicity of lead. According to the
data obtained in our study, AMF was found to be effective in soils containing lead. Glomus intraradices
were found to be more effective among mycorrhizal species especially in eggplant
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Oz: Bu c¢alisma 2017-2018 yillar1 arasinda Batman merkez ilgede yetistiriciligi
yapiulan Morus alba L., Morus nigra L. ve Morus rubra L. tirlerin baz: fenolojik,
pomolojik ve morfolojik ozelliklerin belirlenmesi amaciyla yiritilmistiir.
Genotiplere ait fenolojik 6zellikler; tomurcuk patlama zamam 5-15 Mart, ilk
ciceklenme 20-28 Mart, tam ciceklenme 13-30 Nisan, hasat baslangi¢c zamani 25
Nisan-18 Mayis, hasat sonu 28 Haziran-10 Agustos ve yaprak dokiimii 10-20 Aralik
olarak kaydedilmistir. Tam ¢iceklenmeden hasada kadar gecen siire 85-100 giin
arasinda belirlenmistir. Genotiplere ait pomolojik o6zellikler; meyve ¢ap1 10.17-
20.96 mm, boyu 13.30-32.60 mm, sap kalinligi 0.98-1.69 mm, sap uzunlugu 3.50-
23.30 mm, meyve hacmi 8-40 ml (ml/10adet meyve), meyve yogunlugu 0.45-1.40
g/ml, meyve agirligi 0.54-4.09 g, titre edilebilir asit (TEA) 0.27-0.11 g/100 ml, suda
¢oziinebilir kuru madde miktart (SCKM) %14.10-21,87 ve pH 4.79-7.76 olarak
belirlenmistir. Aragtirmaya konu olan genotiplerin morfolojik 6zellikleri; agaclarin
tahmini yas1 5-100 y1l, gévde yiikseklikleri 1.5-4 m, gévde gevresi 35-210 cm, tag
yiiksekligi 4-15 m, ta¢ genisligi 4-12 m, yillik siirgiin uzunlugu 8.90-18.40 cm
arasinda tespit edilmistir.
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Characteristics of Mulberry Species Grown in Center District of Batman Province

Avrticle Info

Received: 17.04.2020
Accepted: 20.11.2020

Online Published 31.12.2020
DOI: 10.29133/yyuthd.722167

Keywords

Batman,
Mulbery,
Phenological,
Morphonological,
Pomological.

Abstract: The aim of this study, carried out 2017-2018, was to determine some
phenological, pomological and morphological characteristics of Morus alba L.,
Morus nigra L. and Morus rubra L. mulberry species grown in the central district
of Batman. Phenological characteristics of genotypes; their bud burst time was 5-15
March, first flowering was 20-28 March, while full bloom was 13-30 April, the start
time of harvest was 25 April-18 May, in addition, the end of harvest was 28 June-
10 August and the time of defoliation was recorded as 10-20 December. The period
from full bloom to harvest was determined between 85 and 100 days. Pomological
characteristics of genotypes; fruit diameter was determined as 10.17-20.96 mm, fruit
length was 13.30-32.60 mm, whereas stalk thickness was 0.98-1.69 mm and stalk
length was 3.50-23.30 mm, fruit volume was 8-40 ml (ml/10 fruit), fruit density was
0.45-1.40 g/ml, fruit weight was 0.54-4.09 g, titratable acid (TEA) 0.27-0.11 g/100
ml, soluble solid content (SSC) %14.10-21.87 and pH was 4.79-7.76. Morphological
features of the genotypes subject to research; the tree's estimated age was found to
be 5-100 years, body height to be 1.5-4 m, trunk circumference 35-210 cm, crown
height 4-15 m, crown width 4-12 m, whereas annual shoot length was 8.90-18.40
cm.

**Bu caligma Yiiksek Lisans tezinden tiiretilmistir.
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1. Giris

Dut; 15 m'ye kadar boylanabilen, hizli biiyiiyebilen, silindirik govdeli, govde iizerindeki
kabuklar dik, kalin ve catlakli yapiya sahip, 6-8 metreye ulasabilen tag yapisina sahip, seyrek ve top
gorinimli bir bitkidir. Son zamanlarda saglik lizerine yapilan c¢alismalarla onemi anlasilan dut,
Urticales takiminin Moreceae familyasinin Morus cinsine dahil bir meyve tiridir. Moreceae
familyasinin 73 cinsi, bu cinslerinde, ¢ogunun sicak ve tropik boélgelere yayilmis, 100 kadar tiirii
tanimlanmigtir (De Candolle, 1967). Dut, Giiney yarim kiirenin tropik bolgelerinden Kuzey
yarimkiirenin subtropik bolgelerine kadar farkli sicakliklarda ve ¢ok ¢esitli iklim, topografik ve toprak
sartlarinda yetisebilir. Ayrica deniz seviyesinden ¢ok yiikseklere kadar genis bir alana yayilmistir
(Ercisli ve Orhan, 2007). Ulkemizde dut agaclarinin %95°i M. alba L., %3’0 M. rubra L. ve %2’si ise
M. nigra L. tiiriine aittir (Ercisli, 2004). Ulkemizde dut meyvesinden taze ve kurutulmus olarak
yararlanilmaktadir. Meyvesinden pekmez, recel, dut ezmesi, pestil, cevizli sucuk (kdme), sirke, meyve
suyu konsantresi, dondurma imalati, sarap ve ispirto gibi liriinler de elde edilmektedir. Genel olarak dut
ulkemizde %70 pekmez, %10 kdme, %3 pestil Gretiminde, %4 kuru dut, %35 de sofralik ve kalan %8’lik
oran ise diger iiretim kollarinda degerlendirilmektedir (Anonim, 2016). Dut, toprak ve iklim kosullari
bakimindan fazla segici olmadigindan iilkemizin hemen her yerinde yetistiriciligi kolaylikla
yapilabilmektedir (Anonim, 2016). Bu ¢alismada Batman merkez ilgede yetistiriciligi yapilan M. alba
L., M. nigra L. ve M. rubra L. dut tiirlerine ait genotiplerin baz1 fenolojik, pomolojik ve morfolojik
ozelliklerin belirlenmesi amag¢lanmigtir.

2. Materyal ve Yontem

Bu arastirmanin materyalini, 2017 ve 2018 yillarinda Batman Merkez ilgede yetistirilen M. alba
L., M. nigra L. ve M. rubra L. dut tiirlerine ait 30 genotip olusturmustur. incelemede her tiirden 10’ar
agag isaretlenerek belirlenen agaglardan 50’ser adet meyve O0rnegi alinarak gerekli analizler yapilmistir.
Aragtirmada, iizerinde calisilan dut meyvelerin fenolojik, morfolojik, pomolojik ve biyokimyasal
ozellikleri belirlenmistir. Ilk ¢iceklenme zamani, tam ciceklenme zamani, hasat baslangi¢c zamani, hasat
sonu ve yaprak dokiim tarihleri belirlenmistir. Her genotipten 10 adet yillik siirgiinlerden, strgun
uzunlugu ve siirgiin ¢ap1 ise 0,01 mm ye duyarli dijital kumpasla dl¢iilerek ortalamalar1 kaydedilmistir.
Yaprak eni, yaprak boyu, yaprak sap uzunlugu, gévde kalinligi, yaprak kalinligi, agacin tag yiiksekligi
ve genisligi metre ve cetvel yardimiyla tespit edilmistir. Meyve sap kalinligi, meyve sap uzunlugu,
SCKM, TEA (sitrik asit) ve pH degerleri belirlenmistir (Erdem, 2015). Calisma sonucunda elde edilen
degerlerde istatistik analiz yapilmamis ve sonuglar ortalama degerler iizerinden ifade edilmistir.

3. Bulgular
3.1. Fenolojik gézlemler

Yillara gore degismekle birlikte Mart aymin ortasinda patlayan tomurcuklardan yaklasik iki
hafta sonra ilk ciceklenme baslamistir. Ilk meyvelerin hasat olgunluguna gelmesi Batman kosullarinda
2017 yilinda 18 Mayis, 2018 yilinda ise 25 Nisan olarak gozlemlenmistir. Hasat 2017 yilinda Agustos
aymin ilk haftasina kadar devam ederken 2018 yilinda ise Haziranin sonunda bitmistir. Ancak meyve
yogunlugu agisindan Haziran ay1 en fazla meyvenin hasat edildigi donemdir. Karadut genotiplerinin
meyveleri beyaz dut ve mor dut genotiplerinin meyvelerine gore daha gec¢ olgunlastiklarn
gozlemlenmistir.

Cizelge 1. Batman ekolojisindeki genotiplerin bazi fenolojik 6zellikleri

Fenolojik Safhalar 2017 yili 2018 yili
1- Ik Cigeklenme 28-Mar 20-Mar
2- Tam Ciceklenme 27-30 Nisan 13-15 Nisan
3- Hasat Baslangi¢c Zamani 18-May 25-Nis
4- Hasat Sonu 2-10 Agustos 28-30 Haziran
5- Tam Cigeklenmeden Hasada Kadar Gegen Giin Sayisi 95-100 85-90
6- Yaprak Dokimi 10-20 Aralik 15-25 Aralik
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3.2. Morfolojik dzellikler

YYU TAR BIL DERG (YYU J AGR SCI) 30 (Ek say1/Additional issue): 874-881
Suimerli ve Kazankaya / Batman Merkez flgede Yetistirilen Dut Tiirlerinin Fenolojik, Pomolojik ve Morfolojik Ozelliklerinin Belirlenmesi

Calisma sonunda elde edilen verilere gore genotiplerin gévde yiiksekligi 1.5-4.0 m arasinda,
gbvde kalinliklart 35-210 cm arasinda bulunmustur. Tag yiiksekligi 4-15 m arasinda, tag genisligi 4-12
m arasinda, tahmini yas1 ise 5-100 arasinda degistigi saptanmistir. 2017 yilinda genotiplerin siirgiin
uzunlugu 8.90-18.40 cm arasinda iken 2018 yilinda genotiplerin siirglin uzunlugu 4.80-18.20 cm
arasinda oldugu saptanmustir.

Cizelge 2. Genotiplerin baz1 morfolojik 6zellikleri

Genotip GY GC TY ATG Thy 2017 2018
(cm) (cm) (m) (m) SU (cm) SK (cm) SU (cm) SK (cm)
B-1 150 140 12 8 50 13.90 3.19 15.80 4.29
B B-2 210 36 6 5 6 16.70 3.63 14.90 3.16
3 B-3 360 80 5 6 40 18.40 3.71 18.20 3.73
)§ B-4 400 74 8 11 30 17.30 2.97 12.40 2.54
< B-5 200 95 7 5 30 14.60 3.78 11.40 3.68
g B-6 285 90 5 4 25 11.60 2.80 12.20 2.87
N B-7 175 140 7 6 45 12.50 2.64 12.90 2.66
> B-8 285 60 5 4 15 13.00 3.23 13.60 3.39
] B-9 340 210 9 8 100 14.40 2.72 15.30 2.95
B-10 290 120 12 10 50 9.30 3.31 9.90 3.12
Ortalama 269 104 7.6 6.7 391 14.17 3.198 13.66 3.239
K-11 170 83 7 6 25 16.30 3.28 10.40 271
o K-12 220 87 8 5 30 15.90 4.77 13.30 3.08
= K-13 270 68 7 6 20 15.60 4.17 11.00 2.67
5o K-14 275 45 5 4 13 11.00 2.95 11.40 291
f K-15 235 45 4 4 10 11.10 2.93 11.90 2.96
S K-16 180 80 15 8 20 11.10 3.34 11.70 2.70
S K-17 230 160 15 12 80 11.00 2.09 11.30 2.20
g K-18 225 80 5 5 20 10.30 3.12 12.10 3.36
v K-19 335 115 7 6 50 10.80 3.65 11.60 3.69
K-20 225 75 6 6 15 10.20 2.64 11.00 2.85
Ortalama 236.5 838 7.9 6.2 283 12.33 3.294 11.57 2.913
M-21 198 70 5 5 10 14.70 2.87 12.11 2.70
M-22 400 85 15 9 40 13.90 1.87 4.80 2.28
g M-23 180 35 8 6 5 10.50 1.88 11.10 1.99
= M-24 235 130 5 5 40 12.30 2.35 13.40 2.68
fé’ M-25 175 110 8 7 35 11.50 2.77 11.60 3.04
5 M-26 210 105 7 6 25 10.80 2.40 11.10 2.77
E M-27 270 95 9 12 30 8.90 3.08 9.30 3.19
§ M-28 165 85 5 6 25 9.60 2.33 10.40 2.63
M-29 250 100 15 8 30 8.90 2.29 9.70 2.48
M-30 160 45 7 6 8 12.80 2.38 12.90 2.40
Ortalama 224.3 86 8.4 7 24.8 11.39 2.422 10.641 2.616
B-1 8.75 12.20 0.35 3.30 2.30 10.66 14.84 0.33 3.14 2.19
o B-2 6.90 9.90 0.41 4.15 1.80 6.97 10.13 0.29 3.35 1.75
= B-3 9.80 10.85 0.36 3.67 2.43 9.81 13.05 0.37 3.52 2.28
5o B-4 7.40 11.85 0.32 3.35 171 7.55 12.02 0.34 3.50 1.78
f B-5 9.35 13.65 0.38 4.72 2.29 9.95 13.71 0.39 4.80 2.28
5 B-6 9.98 15.50 0.42 4.02 2.60 10.25 15.90 0.42 4.30 2.73
N B-7 10.20 11.42 0.40 3.92 2.63 10.80 13.17 0.40 3.95 2.70
> B-8 6.61 9.19 0.39 2.62 1.80 6.65 9.63 0.35 2.78 1.79
A B-9 7.24 10.13 0.40 3.76 2.16 7.21 10.19 0.39 3.87 2.23
B-10 8.38 10.95 0.39 2.28 2.15 7.23 11.15 0.39 2.90 2.23

GY: Govde Yiiksekligi (cm), GC: Govde Cevresi (cm), TY: Tag Yiiksekligi (m), ATG: Aga¢ Tag Genisligi (m), ThY: Tahmini Yas, SU:
Siirgiin Uzunlugu (cm), SK: Siirgtin Kalinligi (cm).
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Cizelge 2. Genotiplerin baz1 morfolojik dzellikleri (devam)
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2017 2018
Genotip YE YB YK YSU YSK YE YB YK YSU YSK
(cm) (em) (mm) (cm) (mm) (cm) (cm) (mm)  (cm)  (mm)
Ortalama 8461 11564 0.382 3.579 2.187 8.708 12379  0.367 3.611 2.196
K-11 7.80 11.50 0.28 3.25 1.80 8.35 11.50 0.32 3.30 1.85
g K-12 5.50 8.75 0.35 2.80 1.82 6.30 8.75 0.36 3.10 1.88
= K-13 9.41 13.30 0.39 4.17 2.44 9.23 13.05 0.40 4.32 2.42
;‘ED K-14 8.60 11.05 0.40 311 2.34 8.87 12.65 0.39 3.25 2.29
5 K-15 8.35 11.94 0.36 3.51 2.28 8.35 12.73 0.36 3.59 2.36
a) K-16 11.69 15.26 0.41 4.45 291 12.10 15.15 0.40 4.50 2.98
8 K-17 9.85 13.20 0.37 3.58 2.30 10.07 13.49 0.37 3.67 2.21
g K-18 6.87 9.42 0.53 2.58 211 7.18 9.77 0.37 2.78 2.15
M K-19 10.27 12.85 0.35 2.67 242 10.85 12.21 0.34 2.76 2.74
K-20 7.70 11.10 0.38 3.47 2.11 7.84 11.35 0.40 3.21 2.22
Ortalama 8.604 11.837  0.382 3.359 2.253 8.914 12.065 0.371 3.448 2.31
M-21 8.90 11.85 0.31 4.53 2.06 9.15 12.65 0.32 3.85 2.16
~ M-22 3.91 6.83 0.37 2.59 1.39 4.95 6.63 0.38 2.84 1.42
s M-23 8.07 1241 0.37 2.37 2.15 8.38 12.70 0.38 2.79 2.22
)§ M-24 7.10 11.80 0.41 3.40 2.13 7.42 11.90 0.41 3.57 2.17
< M-25 7.71 10.92 0.36 3.80 2.13 8.17 11.50 0.39 3.75 2.21
g M-26 7.45 11.50 0.41 3.45 211 7.60 12.00 0.42 3.50 2.17
= M-27 8.48 12.15 0.37 3.71 2.34 8.61 12.28 0.37 3.86 2.36
zo M-28 7.21 11.20 0.39 3.40 2.00 7.46 11.90 0.39 3.48 2.10
M-29 6.40 10.05 0.43 2.85 1.83 6.56 9.85 0.42 3.00 1.76
M-30 8.91 13.02 0.30 3.52 2.22 8.75 13.07 0.29 3.52 2.17
Ortalama 7414 11173  0.372 3.362 2.036 7.705 11.448 0.377 3.416 2.074

YE: Yaprak Eni (cm), YB: Yaprak Boyu (cm), YK: Yaprak Kalmhigi (mm), YSU: Yaprak Sap Uzunlugu (cm), YSK: Yaprak Sap Kalinlig

(mm)

3.3. Pomolojik dzellikler

2017 yilina ait genotiplerin agirliklar 0.54-4.09 g arasinda degistigi goriilmektedir. Kirmizi dut
genotiplerinin ortalama meyve agirlig1 beyaz ve mor dut genotiplerine oranla daha yiiksek, beyaz dut
genotiplerinin ortalama meyve agirligi ise mor dut genotiplerinden fazla oldugu tespit edilmistir. 2017
yilina ait dut genotiplerinin meyve c¢ap1 10.21-17.42 mm arasinda, meyve boyu ise 14.10-30.40 mm
arasinda degismistir. 2018 yilina ait dut genotiplerinin meyve ¢ap1 10.17-20.96 mm araliginda, meyve
boyu ise 13.30-32.60 mm araligindadir.
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Cizelge 3. Genotiplerinin bazi pomolojik 6zellikleri

2017 2018
Genotip  MC MB MSK MSU MH MY MG MB MSK MSU WMH MY
(mm) (mm) (mm) (mm) (m) (g/ml) (mm) (mm) (mm) (mm) (ml) (g/ml)
B-1 1297 19.80 127 10.30 22 0.90 13.07 2040 127 1030 23 0.91
= B-2 1261 1750 1.07 7.80 15 0.80 14.09 2290 1.07 7.80 20 1.15
= B-3 1446 2610 130 9.30 30 0.93 1539 2620 130 9.30 30 0.90
853 B-4 1294 19.90 124 6.90 15 1.03 1302 2070 124 6.90 17 1.03
f B-5 1506 2520 139 10.90 30 0.90 15.01 2560 139 1090 30 1.12
A B-6 16.31 24.90 154 5.00 35 0.85 13.03 2280 154 5.00 20 0.94
N B-7 15.07 26.30 131 10.20 30 093 1384 2330 131 1020 20 1.03
[y B-8 13.86 24.00 116 7.30 25 092 1317 2210 116 7.30 20 0.90
A B-9 1353 2380 147 350 20 1.03 1333 2780 147 3.50 30 1.09
B-10 1439 2580 1.38 11.80 25 092 13.02 2390 138 1180 20 0.96
Ortalama 1412 2333 1313 83 247 0.921 13.697 23,57 1.313 8 23 1.003
K-11 13.04 3040 130 7.70 20 120 1306 29.10 130 7.70 20 1.12
g K-12 1323 2260 156 5.70 25 0.80 1338 21.70 156 5.70 29 0.89
= K-13 1725 2640 155 8.70 40 095 16.78 2580 155 8.70 40 0.94
;‘ED K-14 1324 21.00 120 1220 20 0.85 14.64 1980 120 1220 20 1.02
5 K-15 1428 26.20 141 13.70 30 090 1273 2610 141 1370 22 1.12
a) K-16 1454 2580 121 10.90 28 0.92 1411 3260 121 1090 30 1.08
8 K-17 13.68 24.00 1.33 10.80 15 045 1337 2450 133 1080 20 0.90
g K-18 16.40 3020 169 7.70 40 0.92 1316 2780 169 7.70 25 1.06
M K-19 1742 2750 160 3.50 40 1.00 2096 30.70 160 3.50 38 1.00
K-20 1468 23.60 133 7.00 25 0.94 1426 2430 133 7.00 20 1.22
Ortalama 14.776 2577 1.418 8.79 28.3 0.893 14.645 26.24 1418 879 264 1.035
M-21 15.08 23.00 116 23.30 31 0.77 1413 2370 116 2330 25 1.08
~ M-22 10.21 1430 098 530 8 0.87 1017 1330 0.98 5.30 9 0.86
s M-23 1167 1760 137 8.00 15 0.78 1241 1970 137 8.00 20 0.70
)§ M-24 1453 2540 169 5.00 27 0.96 1573 2710 1.69 5.00 30 1.10
< M-25 1420 2520 136 6.80 26 0.98 16.04 2610 136 6.80 25 1.04
g M-26 1428 2350 120 1270 25 1.04 1541 2720 120 1270 30 1.10
= M-27 1373 2020 126 6.90 17 098 1345 1990 126 6.90 17 1.06
§ M-28 15.07 2420 111 1050 30 0.80 1165 17.80 111 1050 10 1.20
M-29 1232 1410 1.07 5.80 12 1.04 1155 2200 1.07 5.80 10 1.40
M-30 1247 1930 1.01  6.00 15 0.84 1238 19.00 1.01 6.00 14 0.92
Ortalama 13.356 20.68 1.221 9.03 20.6 0.906 13.292 2158 1.221 9.03 19 1.046

MSK: Meyve Sap Kalinligi (mm), MSU: Meyve Sap Uzunlugu (mm), MH: Meyve Hacmi (ml), MY: Meyve Yogunlugu (g/ml), MB: Meyve

Boyu
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Cizelge 4. Genotiplerin baz1 biyokimyasal igerikleri

Genotip Agirlik (g) SCKM (%) pH TEA
2017 2018 2017 2018 2017 2018 2017 2018
B-1 191 2.09 1855 19.20 5.86 6.23 0.19 0.20
B-2 1.24 2.30 20.12 20.81 5.92 6.40 0.21 0.22
§ B3 2.80 2.73 18.70 18.80 6.00 6.05 0.17 0.16
g B4 1.57 1.79 20.60 21.87 6.10 6.82 0.18 0.19
< B5 2.74 3.38 19.12 1853 5.85 6.16 0.24 0.27
a B#6 3.06 1.87 18.80 19.65 5.80 5.82 0.23 0.25
¥ BT 2.63 2.14 20.36 21.05 6.10 6.14 0.19 0.11
& B8 2.38 1.79 19.86 20.17 6.25 6.33 0.17 0.16
B-9 2.02 3.26 20.46 20.35 5.75 6.02 0.21 0.22
B-10 2.42 1.89 19.20 19.00 5.82 5.86 0.23 0.23
Ortalama 2.28 2.32 1958 19.94 5.95 6.18 0.20 0.20
K-11 2.39 2.26 1755 17.42 5.40 512 0.19 0.18
K12 2.01 251 16.20 15.40 5.14 4.79 0.17 0.16
£ K13 3.84 3.76 16.50 16.27 5.26 5.55 0.18 0.19
A& 1.71 2.06 18.15 18.6 6.05 6.11 0.18 0.17
fs K-15 2.78 2.46 18.30 17.84 5.49 5.30 0.17 0.17
A K16 2.60 3.26 19.20 18.12 5.00 5.04 0.12 0.11
§ K17 2.03 1.94 17.50 14.34 5.30 5.24 0.18 0.16
é K-18 3.69 2.59 18.10 17.40 5.52 5.79 0.21 0.22
K-19 4.09 3.97 19.00 18.64 5.75 6.00 0.23 0.23
K-20 2.37 2.45 17.30 16.28 5.60 5.59 0.18 0.18
Ortalama 2.75 273 17.78 17.03 5.45 5.45 0.18 0.18
M-21 2.33 273 18.12 17.30 5.81 6.25 0.18 0.19
M-22 0.54 0.58 16.25 14.10 6.52 7.15 0.17 0.16
= M23 1.22 1.40 18.56 18.80 6.20 6.31 0.21 0.21
T M-24 2.64 3.34 18.42 18.30 6.60 7.35 0.20 0.22
2 M-25 2.59 2.66 19.20 19.30 6.24 6.57 0.22 0.21
E M26 2.63 3.34 15.78 14,50 6.75 7.28 0.18 0.17
5 M7 1.68 2.09 20.05 19.90 6.60 6.81 0.23 0.26
= M-28 2.39 1.18 19.00 19.14 6.74 7.76 0.24 0.24
M-29 1.26 1.48 16.16 15.84 5.38 5.54 0.18 0.13
M-30 1.29 131 15.1 14.22 5.86 6.00 0.17 0.16
Ortalama 1.86 2.01 1767 17.14 6.27 6.70 0.20 0.20

4. Tartisma ve Sonug

Fenolojik ozellikleri agisindan; tomurcuk patlama zamani 5-15 Mart, ilk cgiceklenme 20-28
Mart, tam ciceklenme 13-30 Nisan, hasat baslangi¢c zamani 25 Nisan-18 Mayis, hasat sonu 28 Haziran-
10 Agustos, tam gi¢ceklenmeden hasada kadar gegen giin sayis1 85-100 ve yaprak dokimi 10-20 Aralik
olarak kaydedilmistir. Van’da yapilan bir g¢alismada tomurcuk kabarma tarihleri 5-17 Mayis,
tomurcuklarin patlama tarihleri 6-18 Mayzs, cigeklenme tarihleri 20 Mayis-3 Haziran ve meyvelerin
olgunlagmaya basladig1 periyot 18 Haziran-10 Temmuz tarihleri arasinda bulunmustur (Cam, 2004).
Izmir’de yapilan diger bir calismada ise tomurcuk kabarmasmin Nisan aymin ilk haftasi, meyvelerin
hasada baglama tarihi Mayis ay1 sonlar1 olarak belirlemistir (Lale, 1992). Yaprak olcumlerine ait
verilerde yaprak eni 3.91-11.69 cm, yaprak boyu 6.63-15.90 cm, yaprak kalinlig1 0.28-0.53 mm, yaprak
sap uzunlugu 2.28-4.80 cm ve yaprak sap kalinligi 1.39-2.98 mm arasinda oldugu tespit edilmistir. Uzun
ve Bayir (2009) dut yapraklarinda yapilan dl¢timlerde ortalama yaprak enini 84.4 mm, yaprak boyunu
105.3 mm ve yaprak sap uzunlugunu 28.70 mm olarak Olgmustir. Ilgin ve Agca (2017) dut
yapraklarinda sap uzunlugunun 37.60-26.74 mm arasinda degistigini ortaya koymustur. Bu denemedeki
yaprak Ol¢iimlerine ait veriler incelendiginde Uzun ve Bayir (2009) ve Ilgin ve Agca (2017) nin yapmis
olduklar1 ¢calismayla uyumlu oldugu gézlemlenmistir.

Meyve agirliginin 0.54-4.09 g arasinda degistigi tespit edilmistir. Yapilan ¢alismalarda Cam
(2004) 1.38-2.62 g, Aslan (1998) 1.46-2.32 g, Ozgen ve ark. (2009) 8.2-4.5 g. Uzun ve Bayir (2009)
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2.35-5.76 g, Islam ve ark. (2006) 2.12-4.72 g, Giines ve Ceki¢ (2003) 3.02-8.70 g arasinda degistigini
belirlemislerdir. Elde edilen sonuglar Cam (2004) ve Aslan (1998)’in yaptiklar1 calismalardaki
meyvelerden daha agir, Islam ve ark (2006)’nin ¢alismalarindaki meyveler ile paralel iken, Ozgen ve
ark (2009), Uzun ve Bayir (2009) ve Gilines ve Ceki¢ (2003)’in ¢aligmalarina oranla daha diisiik oldugu
goriilmiistir. Meyve ¢ap1 10.17-20.96 mm, meyve boyu 13.30-32.60 mm, meyve sap kalinligi 0.98-1.69
mm ve meyve sap uzunlugu 3.50-23.30 mm arasinda degistigi gézlemlenmistir. Van Golii havzasinda
yapilan bir caligmada meyve eni 6.65-10.11 mm, meyve boyu ise 12.66-19.52 mm arasinda degistigi
(Giindogdu ve ark. 2012), Uzun ve Bayir (2009)’1n karadut agaglarinda yaptiklari ¢alismada meyve eni
13.5-19.6 mm, meyve boyu 20.9-25.4 mm arasinda degistigi, Ulubey il¢esinde yapilan ¢alismada ise
karadut meyvelerin enleri 13.037-16.567 mm arasinda, boylar1 ise 16.703-23.473 mm arasinda
degistigi (Erkaleli, 2015) arastirmacilar tarafindan kaydedilmistir. Elde edilen sonuglar; Uzun ve Bayir
(2009) ve Erkaleli (2015)’in yapmis olduklar1 c¢aligmalarla paralel sonuglar ortaya koydugu
belirlenmistir.

Genotiplerin TEA miktar (sitrik asit olarak) 2017 yilinda 0.12-0.24, 2018 yilinda ise 0.11-0.27
9/100 ml, SCKM miktar1 2017 yilinda %15.10-20.60, 2018 yilinda %14.10-21,87 ve pH miktar1 2017
yilinda 5.00-6.75, 2018 yilinda ise 4.79-7.76 arasinda degistigi saptanmistir. Cam (2004) pH degeri
miktarinin 6.2-7.4, SCKM miktarinin 16.62-19.16 ve TA miktarinin 0.167-0.264 arasinda, Polat (2005)
SCKM miktarinin 13.73-16.01, pH miktarinin 4.39-6.16 ve TA miktarinin 0.06-1.00, Lale (1992) pH
miktarimin 3.31, SCKM miktarinin 14.30, TA miktarinin 2.24, Uzun ve Bayir (2009) pH miktarinin 3.3-
3.8, SKCM miktarinin 15.6-17.6 ve TA miktarinin 1.94-2.23 arasinda degistigini saptamislardir. Elde
edilen sonuglarin pH degeri, Cam (2004) ve Polat (2005)’1n elde ettigi sonuglarla paralellik gosterirken,
Lale (1992) ve Uzun ve Bayir (2009)’1in yapmis olduklar1 ¢alismadan daha yiiksek oldugu tespit
edilmistir. Ayrica SCKM degeri acisindan bu ¢alismanin sonuglart Cam (2004), Uzun ve Bayir (2009),
Polat (2005) ve Lale (1992)’nin ¢alismalarinin sonuglar1 ile uyumlu oldugu, TEA degeri acisindan ise
Polat (2005)’ 1 yaptig1 ¢alismadan yiiksek, Uzun ve Bayir (2009), Cam (2004) ve Lale (1992)’nin
yaptig1 ¢alisma ile paralel oldugu goriilmiistiir. Dut genotipleri ilizerine yapilan bir¢ok caligmada
gorildigi gibi, sonuclar Uzerinde farkl tiir, iklim, ekoloji ve gevresel faktorler etki etmektedir.
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Oz: Allium tiirleri ¢ok ¢esitli alanlarda kullanilmasna karsmn Dogu Anadolu
Bolgesi’nde baharat, kan sekerini diizenleyici, bagirsak sorunlarini giderici, agri
kesici, yara iyilestirici, akne tedavisi ile otlu peynir yapiminda kuru veya yas
olarak sikga tercih edilmektedir. Bu ¢alismada iilkemizde 6zellikle aromasi ve
antimikrobiyal o6zelliginden kaynakli yogun olarak kullanilan bazi Allium
tiirlerinin morfolojik dl¢iimleri (bitki boyu, sap boyu ve ¢api, yaprak boyu ve ¢api,
yaprak sayisi, umbella ¢ap1, pedisel uzunlugu), stoma ve polen 6zellikleri ile
polen canliliginin belirlenmesi amaglanmustir. 2016 yilinda Van ve cevresinde
yapilan arazi gezmeleri sirasinda dogal ortamlarindan toplanan Allium akaka, A.
giganteum, A. kharputense, A. scorodoprasum subsp. rotundum, A.vineale ve A.
sintensii tiirleri Van Yiiziincii Y1 Universitesi Tibbi Bitkiler Bahgesi’nde
hazirlanan parsellere ekilmis ve kiiltiire alimmugtir. Sonu¢ olarak, bitkilerin
bulundugu goézlem parsellerinde yapilan olglim ve degerlendirmelere gore
morfolojik 6zellikler bakimindan iyi bir adaptasyonun oldugu goriilmiis, A.
kharputense ve A. sintensii tiirlerinin digerlerine kiyasla daha zayif bir gelisim
gosterdigi belirlenmistir. Yiiksek tohum veriminde onemli bir parametre olan
polen miktar1 ve canlilik oranlarinda ise A.vineale ve A. scorodoprasum subsp.
rotundum tiirlerinin 6n plana ¢iktig1 goriillmiistiir. Adaptasyon ve fotosentezde
6nemli bir rolii olan stomalarin yogunlugu en fazla A. kharputense tiriinde olup,
en yiksek dlcilere ise A. vineale tiirliniin sahip oldugu goriilmustiir.

Determination of Morphological Measurements, Stoma and Pollen Characteristics with

Pollen Viability of Some Allium Species
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Abstract: Although Allium species are used in a wide variety of fields, they are
frequently preferred as dry or fresh spices for intestine disorders, loss of appetite,
for regulating blood sugar, pain reliever, wound healing, acne treatment and herby
cheese making in the Eastern Anatolia region. In this study, it was aimed to
determine of morphological measurements (plant length, stem length and
diameter, leaf length and diameter, number of leaves, umbella diameter, pedicel
length), stoma and pollen characteristics and pollen viability of some Allium
species which are used extensively in our country especially due to their aroma
and antimicrobial properties. Allium akaka, A. giganteum, A. kharputense, A.
scorodoprasum subsp rotundum, A.vineale and A. sintensii species collected from
their natural habitat they were cultivated and planted in plots prepared in the Van
Yiiziincii Y1l University Medicinal and Aromatic Plants Garden during the field

882


https://orcid.org/0000-0003-4227-5013
https://orcid.org/0000-0003-2250-2645
https://orcid.org/0000-0002-3759-8232
https://orcid.org/0000-0002-7995-0599

YYU TAR BiL DERG (YYU J AGR SCI) 30 (Ek sayi/Additional issue): 882-889
Selem ve ark.. / Bazi Allium Tiirlerinin Morfolojik Olgiimleri, Stoma ve Polen Ozellikleri ile Polen Canliligimin Belirlenmesi

trips from Van and surrounding cities in 2016. As a result, according to the
measurements and evaluations made in the observation plots where the plants are
located, it has been observed that there is a good adaptation in terms of
morphological features, it was determined that A. kharputense and A. sintensii
species showed a weaker growth than others. In terms of pollen amount and
vitality, which is an important parameter in high seed yield, it was observed that
A.vineale and A. scorodoprasum subsp. rotundum species came to the fore. It has
been observed that stomata, which play an important role in adaptation and
photosynthesis, have the highest density of A. kharputense species and the highest
measure is A. vineale.

1. Giris

Allium cinsi soganli bitkiler, Amaryllidaceae familyasinda 600’den fazla tiir ile temsil edilmekte
olup, tlkemizde 72 tanesi endemik olmak Uzere toplam 180 tire sahiptir (Kaya, 2014). Organosulfiir
bilesikleri ve polifenoller gibi biyoaktif bilesiklerce zengin oldugu bilinen Allium tlrleri antioksidan,
antifungal, antimikrobiyal, antiviral, antimutajenik, antidiyabetik ve prebiyotik gibi 6zellikler
goOstermektedirler (Rosello-Soto ve ark., 2018; Putnic ve ark., 2019). Ayrica antitrombotik,
antihipertansif, hipolipidemik, hipokolesterolemik ve anti-hiperhomosisteinik etkileri nedeniyle
kardiyovaskiiler hastalik riskini azaltmaya da yardimci olduklar1 bilinmektedirler (Saljoughian ve ark.,
2017). Tur sayist bakimindan gesitlilik gosteren Allium cinsinin diger tiirleri, yorelere gére farkli
amaglarla kullanilmak tizere dogadan toplanmaktadir. Yaprak, siirgiin ve soganlari tiiketilen Allium
tirleri Anadolu’da ‘kurad’, ‘sirmo’, ‘sirim’, ‘sirik’, ‘kérmen’, ‘soryaz’, ‘handuk’, ‘lus’, ‘corin’ gibi
yoresel olarak adlandirilmaktadir. Allium tiirleri gida olarak tiiketimlerinin yami sira siis bitkisi, yara
iyilestirici, agri kesici, kan sekerini diizenleyici, kolesterol diisiiriicii olarak da kullanilmaktadirlar (Eksi
ve ark., 2020; Tungtlirk ve Tunctiirk, 2020). Van G6lu Havzasi’nda ise birgok Allium turi daha ok otlu
peynir yapiminda kullamlmakta olup, son yillarda yogun toplamaya maruz kalarak dogadaki
stirdiiriilebilirligi riske girmistir.

Allium tiirlerinde yapilan ¢aligmalar Allium cepa (sogan), Allium porrum (pirasa), Allium
sativum (sarimsak), Allium schoenoprasum (frenk sogani) ve Allium ascalonicum (arpacik sogani)
tizerinde yogunlasmistir (Poojary ve ark., 2017). Allium cinsi ¢ok sayida tiire sahip olmasina karsin ticari
olarak belirli tiirlerin kiltiirii yapilirken birgok tiirleri de dogadan bilingsizce toplanmaktadir.
Dolayisiyla yapilan bilingsiz toplamanin 6niine gegmek acisindan tiirlerin kiiltiiriiniin yapilmasi 6nem
tasimaktadir. Yapilan bu calisma ile dogal ortamlarindan alinarak yetistirme parsellerine dikilen
soganlarin adaptasyon yeteneginin belirlenmesi ve yapilacak diger calismalara hem materyal saglanmasi
hem de kisitli olan literatiirii zenginlestirmesi amaglanmaistir.

2. Materyal ve Yontem

Calisma materyalini Van Yiiziincii Y1l Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii’ne
ait geofit bahgesinde yetistirilen alti Allium tiiri olusturmaktadir. Calisma materyalini olusturan
bitkilerin yetistirme parsellerindeki gorselleri Sekil 1.’de gosterilmistir. 2016 yilinda Van GOlu
Havzasi’'nda yapilan arazi calismalari sirasinda dogal ortamlarindan toplanan Allium tirleri Fen
Fakultesi Biyoloji Bolimu’nde ilgili literatlr dogrultusunda teshis edilmis olup VANF
herbaryumlarindaki 6rnekler ile karsilastirilmistir. Tiir diizeyinde teshisleri yapilan bitkilere ait soganlar
sonbaharda dikilmek (izere geofit bahgesine aktarilmis, adaptasyon yeteneginin belirlenmesi amaciyla
yetistirilmistir. 2m?lik parsellerde yetistirilen tiirlerden kenar tesiri gikarilarak rastgele segilen 10 bitki
tizerinde gerekli gozlem ve oOlglimler yapilmistir. Calismada kullanilan tirler; Allium akaka, A.
giganteum, A. kharputense, A. scorodoprasum subsp. rotundum, A. vineale ve A. sintensii’dir.

2.1. Morfolojik 6lgtimler
Morfolojik 6l¢timler geofit bahgesinde yetistirilen bitkilerde 10 tekerriirlii olarak dijital kumpas

yardimu ile yapilmistir. Bitki boyu, sap boyu ve ¢api, yaprak boyu ve ¢api, yaprak sayisi, umbella ¢ap1
ve pedisel boyu 6l¢iilmiistiir.
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2.2. Stoma ol¢umleri

Bitkilerden alinan yaprak oérnekleri stoma analizleri i¢in Tarla Bitkileri Boliimii’ne ait Fizyoloji
ve Sitoloji Laboratuvarlari’na tasinmistir. Polen ve stoma dl¢iimlerinde Leica DM500 1s1k mikroskobu,
mikroskoba bagli Leica ICC50 HD kamera ile Leica LAS EZ (versiyon 3.0) yazilimi kullanilmistir.
Stoma yogunluklarini belirlemek amaciyla bitkinin 2. yapraklarinin alt kismina tirnak cilasi siiriilmiis
ve kuruduktan sonra alinip lam {izerine konularak mikroskopta incelenmistir. Alana diigsen stoma sayist
mm?’lik alana diisen say1 olarak belirlenmistir.

2.3. Polen canlihg:

Acmak Uzere olan gicekler, polen canlilik testlerinin yapilmasi i¢in Tarla Bitkileri Bolimi’ne
ait Fizyoloji ve Sitoloji Laboratuvarlari’na getirilmistir. Anterler, cam siselerde giines alan bir ortamda
24 saat bekletildikten sonra iizerine 10 ml damitik su ilave edilip homojenligi saglamak amaciyla eser
miktarda da deterjan eklenip karistirilmstir (Eti, 1990). Karigim 1 saat bekletildikten sonra polen sayimi
yapilmistir. Canlilik testinde IKI testi (iyotlu potasyum iyodiir) uygulanmistir. Cézelti 100 ml saf suda
1 g potasyum iyodiir (IKI) ve 0.5 g iyot (I) eritilerek hazirlanmistir. Mikroskopta koyu kahverengine
sahip polenler canli agik ve renksiz gortinenler ise cansiz olarak kabul edilmistir. (Eti, 1990).

2.4. istatistik analiz

Bu ¢alisma sonucunda elde edilen veriler, Tesadiif Parselleri Deneme Deseni’ ne gore 3
tekerrarlt her tekerriirde 3 bitki olacak sekilde varyans analizine tabi tutulmustur. Elde edilen varyans
analizi sonuglari F testine gore degerlendirilmis ve dnemli ¢ikan uygulamalar LSD ¢oklu karsilagtirma
testine gore karsilastinlmistir (IBM SPSS 22.0).

" o g ‘-«'. e o a ; I — . canll
Sekil 1. Van YYU geofit bahgesinde yetistirilen Allium tirleri a. A. kharputense, b. A. sintensii, c. A.
giganteum, d. A. akaka, e. A.vineale, f. A. scorodoprasum subsp. Rotundum.
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3. Bulgular
3.1. Morfolojik 6lgtimler

Calismada Allium tiirlerine ait incelenen tiim 6zellikler bakimindan tiirler arasinda istatistiksel
olarak P<0.05 seviyesinde onemli farkliliklarin oldugu Cizelge 1 ve 2’de goriilmektedir. Yapilan
6lcimlerde en ylksek bitki boyu (78.8 cm) A. scorodoprasum subsp. rotundum turtinden elde edilirken,
A. giganteum ve A. vineale tiirleri ile aralarinda istatistiksel olarak bir farkliligin olmadig1 ve ayni grup
icerisinde yer aldiklar1 goriilmektedir (Cizelge 1). En yiiksek sap uzunlugu (75.0 cm) A. scorodoprasum
subsp. rotundum tlriinde tespit edilirken, A. vineale tiirii ile ayn1 grup igerisinde yer almaktadir.
Calismada en diisiik bitki boyu (14.2 cm) ve sap uzunlugu (5.80 cm) A. akaka tiirlinden tespit edilmistir.
Sap ¢ap1 bakimindan en yiiksek deger 12.2 mm olarak A. giganteum tiirtinden 6l¢iilmiis olup aralarinda
A. akaka tiirii ile istatistiksel olarak farkliligin olmadig1 ve bu tiirlerin bu &zellikleri bakimindan ayni
grup icerisinde yer aldigi goriilmektedir (Cizelge 1). En diisiik sap cap1 degeri ise 3.85 cm ile A. vineale
tiirtinden belirlenmistir. Yaprak boyu degerleri bakimindan en yiiksek degeri (25.0 cm) ile A. vineale
tiriinden, en diisiik deger ise (15.6 cm) ile A. giganteum tiriinde belirlenirken, A. vineale disindaki
diger tiim tiirler ayn1 grup igerisinde yer almistir. Calismada en yiiksek yaprak eni degeri (6.96 cm) A.
akaka tiirtinden, en diisiik deger (0.54 cm) ise A. vineale tiiriinden elde edilmistir. En fazla yaprak sayisi
6.80 adet ile A. scorodoprasum subsp. rotundum tiiriinden, en az yaprak sayisi ise 2.40 adet ile A. akaka
tiirlinden belirlenmistir.

Umbella ¢ap1 ve pedisel uzunlugu bakimindan en yiiksek degerler sirasiyla 95.4 mm ve 33.2
mm olarak A. akaka tiiriinde belirlenmis olup her iki parametre i¢in de A. akaka ve A. giganteum tlr(
ile aralarinda istatistiksel olarak farkliligin olmadigi, ayni grup igerisinde yer aldigi Cizelge 1°de
izlenebilmektedir. Bu parametrelere ait en diisiik degerler ise sirasiyla; 25.2 mm ve 12.5 mm olarak A.
vineale tiiriinde 6l¢tilmistiir.

Yapilan c¢alismada Olgiilen parametrelere bakilarak tiirlerin  adaptasyon yetenekleri
gozlemlenmis, literatiir kiyaslamalarinda A. kharputense tiiriiniin daha disiik bir gelisim gosterdigi ve
yapilacak kiiltiirel uygulamalar ile adaptasyonunun gelistirilebilecegi diisiiniilmektedir.

Cizelge 1. Bazi Allium tirlerinin morfolojik 6l¢iim ortalama degerleri ve olusan gruplar

Bitki Sap Sap Yaprak boyu Yaprak Yaprak Umbella  Pedisel

Cesit ad1 boyu uzun. capi (cm) capi(cm)  sayisi capi boyu
(cm) (cm) (mm) (adet) (mm) (mm)
A. kharputense 38.8c 284d 6.21b 19.0b 2.88b 520d 58.3b 26.3ab
A. sintensii 506b 426c  4.87hbc 18.8b 2.36 bc 460d 52.0bc 21.7b
A. giganteum 69.8a 58.1bh 12.2a 15.96 b 1.00d 520b 90.5a 33.1a
A. akaka 142d 580e 118a 16.0b 6.96 a 240d 954a 33.2a
A. vineale 73.3a 708a 3.85c 25.0a 0.54d 3.60c 25.2d 12.5¢c

A.scorodoprasum 78.8a 75.0a 5.90b 20.4b 1.54 cd 6.80a 47.5¢c 16.0c
subsp. rotundum

Ortalama 543 468 747 19.2 2.54 463 613 23.7

F degeri 69.41%* 0427** 86.97**  8.69**  139.68™ 3418 107.38**  10.32**

LSD 867 799 113 3.34 0.57 075 757 5.87

CV (%) 1224 1309 1157 13.35 17.24 1246 9.46 19.02
*%p<0.01.

3.2. Stoma ve polen morfolojisi ile polen canliik durumu

Yapilan calismada Allium tiirlerinde stomalarin yapraklarin alt yiizeyinde yogunlastig
gorilmistir. Geofitlerde iyi bir adaptasyonun saglanmasi i¢in bitki su dengesinin korunmasi énem
tagimakta olup stoma yogunlugu ve sayis1 bu hususta 6n plana ¢ikmaktadir. Stoma eni bakimindan en
yiiksek deger 43.3 um ile A. vineale tiiriinden tespit edilirken, en diisiik deger ise 18.5 um ile A.
kharputense tiiriinden tespit edilmis olup A. sintensii, A. giganteum ve A. akaka tiirleri ile ayn1 grup
icerisinde yer almistir. En yiiksek stoma boyu ( 51.6 um) A. vineale tiirtinden olgtilmistiir. En diisiik
deger (36.3 um) A. akaka tiiriinden elde edilmis olup diger dort tiir ile ayn1 grup igerisinde yer aldiklar
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Cizelge 2’ de goriilmektedir. Stoma sayilan tiirlere gore degisiklik gostermekte olup en fazla A.
kharputense tliriinde 1665.3 adet/mm?, en az stoma sayisi ise A. akaka tlrtinde 663.3 adet/mm? olarak
belirlenmistir.

Cizelge 2. Bazi Allium trlerinin stoma ve polen 6zelliklerine ait ortalama degerler ve olusan gruplar

Cesit adi Stoma Stoma Stoma Polen Polen Polen Polen
capi boyu sayisl cap1 boyu sayi1si canlilik
(um) (um) (mm?/adet) (um) (um) (0.1 orani (%)

mm?/adet)

A. kharputense 185¢c 37.6b 1665.3 a 16.7b 29.9d 410.0d 67.8b

A. sintensii 209¢c 41.2b 979.3b 23.8a 35.6 bc 595.1b 65.6 b

A. giganteum 19.2¢ 38.6b 680.7 ¢ 24.7 a 37.6b 735.5a 85.1a

A. akaka 216¢c 36.3b 663.3 ¢ 26.8 a 415a 1914¢e 51.0c

A. vineale 433 a 51.6 a 879.6b c 23.7a 33.8¢c 1854 ¢ 478¢

A. 33.9b 41.4b 726.2¢c 25.1a 325¢cd 484.5¢ 705b

scorodoprasum

subsp. rotundum

Ortalama 26.3 411 923.4 23.4 35.2 433.7 64.6

F degeri 77.72%*  13.89**  32.46** 12.67**  14.81**  79.33** 27.06**

LSD 3.34 4.31 194.42 2.85 3.09 71.88 7.66

CV (%) 9.74 8.04 15.97 9.36 6.73 12.69 9.09

**p<0.01.

Cizelge 2°de goriilecegi gibi tlrlerin polen morfolojisi ve yogunlugu farkliliklar gostermistir.
Yapilan 6lgiimlerde en yiiksek polen eni 26.8 um ile A. akaka tiiriinde tespit edilmistir. Ancak, A.
kharputense tiirii disindaki diger tiim Allium tiirleri ile ayn1 grup igerisinde yer almistir. En diisiik polen
eni degeri ise 16.7 um ile A. kharputense tiirinde tespit edilmistir. Calismada, en uzun polenler 41.5 um
ile A. akaka tiiriinde, en kisa polenler 29.9 um ile A. kharputense tiiriinde tespit edilmistir. Polen sayisi
bakimimdan en fazla polen sayis1 735.5 adet/mm? A. giganteum tlriinden elde edilirken, en az polen
say1s1 degeri 185.4 adet/mm? A. vineale tiiriinde belirlenmis ve A. akaka tiirii ile aym grup igerisinde yer
aldig1 goriilmektedir (Cizelge 2). Polenlerde yapilan IKI canlilik testinde tiirlere gore en yiiksek polen
canlilik oran1 % 85.1 ile A. giganteum (% 85.1) tiiriinde elde edilmistir. En diisiik polen canlilig1 ise %
47.8 ile A. vineale turtinden elde edilirken A. akaka tiirii ile aym1 grup igerisinde yer almustir.

Sekil 2. Canlilik testi uygulanan polenlerin genel goriiniimii (Agik renkliler cansiz, koyu renkliler canli
polenlerdir. a. A. kharputense, b. A. sintensii, c. A. giganteum, d. A. akaka, e. A. vineale, f. A.
scorodoprasum subsp. rotundum).
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Sekil 3. Stomalarin genel gérinimi ( a. A. kharputense, b. A. sintensii, c. A. giganteum, d. A. akaka, e.
A. vineale, f. A. scorodoprasum subsp. rotundum).

4. Tartisma ve Sonug¢

Cok sayida arastirmact Allium tiirlerinin morfoloji ve anatomileri {izerine aragtirmalar yapmig
olup incelenen dzelliklere ait dlgiim ve gdézlemlerin tiirlere gore farkliliklar gosterdigini belirtmislerdir
(Uysal, 1999; Pektas, 2007; Ozkur, 2009; Firat ve Geng, 2016). Guldigen ve Sensoy (2016), yaptiklari
caligmada sap uzunlugunu A. vineale ve A. scorodoprasum subsp. rotundum tirlerinde 100 cm olarak
belirtmislerdir. Bu ¢aligmada yukarida bahsi gegen ayni tiirlerde (A. vineale ve A. scorodoprasum subsp.
rotundum) sap uzunlugu arastiricilarin sonuglarina kiyasla daha diisiik olmakla birlikte, diger Allium
trlerine bakildiginda en uzun bitki boyuna ve sap uzunluguna sahip tiirler olarak 6n plana ¢ikmislardir.
Tuncer ve ark. (2016), A. kharputense, A. scorodoprasum subsp. rotundum ve A. vineale tlrlerinde
sirastyla umbella ¢api (2.5-8.5, 1-6, 1.5-3 ¢cm), sap uzunlugu (30-50,25-90,30-120cm), yaprak sayis1 (2-
3, 2-5, 3-4), yaprak genisligi (7-40, 8-15, 2-4 mm) ve pedisel uzunlugunu (1.5-2.4, 3.2-3.6, 0.8-2 cm)
gibi ozellikleri inceledikleri calismada elde ettikleri bulgular ile arastirma sonuglarimiz uyumludur.
Yapilan genis literatiir taramasina gore simdiye kadar yapilan ¢alismalarda sinirli sayida Allium tiirii ele
almmustir. Bu ¢alismada daha 6nceden literatiir bilgisine rastlanmayan Allium tiirleri de ¢alismaya dahil
edilerek bundan sonra yapilacak ¢aligsmalara 6nemli bir kaynak olusturulmaya ¢alisilmistir.

Konu ile ilgili yapilan ¢alismalarda, Yang ve ark. (2017), A. fistulosum L.’un stoma boyunu
51.59 um, stoma enini 38.97 um ve stoma yogunlugunu 55 adet olarak tespit ettiklerini bildirmislerdir.
Yapilan calismalarda; Allium tlrlerinde stoma yogunlugunun kurakliktan etkilendigi, miktarinda
diistislerin oldugu, ayn1 zamanda stoma yogunlugundaki azalmalarin kuraklik direncini artirabilecegi ve
fotosentetik kapasiteyi etkileyebilecegi bildirilmistir (Franks ve ark., 2015; Yang ve ark., 2017). Bazi
arastiricilar, stoma sayisi ve boyutlarinin yapragin alinma konumu(giines/gélge), sulama, ¢cevre kosullar
ve giibreleme gibi uygulamalardan kaynakli farklilik gosterdigini belirtmislerdir (Eris ve Soylu, 1990,
Marasali ve Aktekin,2003, Uyak ve ark., 2015; Dogan ve ark., 2020). Pektas (2007) yaptig1 ¢calismada
stomalarin adaptasyon ag¢isindan énemli oldugunu ve Allium tiirlerinde stoma boyutlarinin farkliliklar
gosterdigini vurgulamistir.

Kocakaya (2019) yaptigi caligmada A. ampeloprosum tiiriinde polen canlilik oraninin %52 - 86
arasinda degistigini ve polen canliligi ile tohum verimi arasinda dogru bir orant1 oldugunu bildirmistir.
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Benzer sekilde Ozhatay ve Kogyigit (2009), 23 Allium tiiriinde polen morfolojisini inceledikleri
calismada tiirler arasinda 6nemli farkliliklar oldugunu tespit etmislerdir. Arastiricilar polen dl¢ilerinin
en diisiik A. guttatum subsp. guttatum (25.75 x 19.22 um) ve en yiiksek A. roseum (2.30 x 51.19 pum)
tiiriinde oldugunu belirtmiglerdir. Bu ¢aligmada kullanilan tiirlerden olan A. scorodoprasum subsp.
rotundum (34.8 x 31.15 - 21.75x 26.6 um) ve A. vineale (29.33 x 33.35 — 20.3 x 23.2 um) tirlerinin
olgiileri bahsi gecen ¢alisma ile paralellik gostermistir. Polen yogunlugunun ve canlilik oraninin tohum
baglama agisindan dnemli bir parametre oldugu ve 1slah ¢alismalarinda 6zellikle androgenesiste biyik
onem tasidig1 arastirmacilar tarafindan vurgulanmistir (Kaska 2013; Kocakaya, 2019).

Anadolu, endemik tiirlerin de bulundugu birgok Allium tlirline ev sahipligi yapmaktadir. Tiirler
dogal alanlarindan bilingsiz olarak toplanmakta ve hizli bir sekilde risk kategorilerine girmektedir.
Biyogesitliligin korunmasi agisindan Anadolu’da yaygin olarak kullanilan tiirlerin kiiltiire alinmasi
biiyiik 6nem tagimaktadir. Yapilan ¢aligmada alti Allium tiiriiniin adaptasyon yetenegi belirlenmis ve
kultir ortaminda iretilebilecegi sonucuna varilmistir. Polen miktar1 ve canlilik oranlari verim ile
dogrudan ilintili karakterlerdir. Bu 6zellikler agisindan ve stoma sayisi ile ebatlarinda A. vineale ve A.
scorodoprasum subsp. rotundum tiirlerinin 6n plana ¢iktig1 gortilmiistiir. Yapilan ¢alisma sonucunda ele
alinan Allium tdrlerinin incelenen morfolojik 6zelliklerine gore A. scorodoprasum subsp. rotundum, A.
vineale ile A. giganteum tiirlerinin ticari olarak firetilebilecegi ve pazara sunulabilecegi kanaatine
vartlmistir. Bu ¢aligmada ele alinan Allium tiirlerinin yetistiriciliginin yapilmasi durumunda yore halki
icin alternatif bir gelir kaynag1 olacag ve tiirlerin dogadaki siirdiiriilebilirliginin saglanmasi agisindan
da oldukga 6nemli bir adim atilacag1 goriilmiistiir.

Kaynakga

Dogan, A., Uyak, C., Akcay, A., Keskin, N., Gazioglu Sensoy, R., Celik, F., Kunter, B., Cavusoglu, $.,
Ozrenk, K. (2020). Hizan (Bitlis) Kosullarinda Yetistirilen Uziim Cesitlerinin Klorofil
Miktarlar1 ve Stoma Yogunluklarinin Belirlenmesi . Yiiziincii Yil Universitesi Tarim Bilimleri
Dergisi, 30 (4) , 652-665 . DOI: 10.29133/yyutbd.698508.

Eksi, G., Ozkan, A. M. G., & Koyuncu, M. (2020). Garlic and onions: an eastern tale. Journal of
Ethnopharmacology, 112675.

Eris, A., & Soylu, A. (1990). Stomatal density in various Turkish grape cultivars. Vitis, 382-389.

Eti, S. 1990. Cicek tozu miktarini belirlemede kullanilan pratik bir yéntem. Cukurova Univeristesi
Ziraat Fakiiltesi Dergisi, 1990, 5(4), 49-58.

Firat, M., & Geng, 1. (2016). Tiirkiye'de dogal yayilis gosteren bazi sogan Allium L.-Amaryllidaceae
tlrleri Uzerine taksonomik notlar. Bagbahge Bilim Dergisi, 3(3), 4-10.

Franks, P. J., W. Doheny-Adams, T., Britton-Harper, Z. J., & Gray, J. E. (2015). Increasing water-use
efficiency directly through genetic manipulation of stomatal density. New Phytologist, 207(1),
188-195.

Guldigen, O., & Sensoy, S. (2015). Sirmo (Allium spp.), wild herb species used in herby cheese. VII
International Symposium on Edible Alliaceae Nigde.

Kaska, A., Toprak, F. C., & Alan, A. R. (2013). Gynogenesis induction in leek (Allium ampeloprasum
L.) breeding materials. Current Opinion in Biotechnology, (24), S42.

Kaya, E. (2014). Turkiye Geofitleri Cilt 1. Atatiirk Bahge Kiiltiirleri Arastirma Enstitiisii. Yayin No. 96,
Yalova.

Kocakaya, V. (2019). Ginogenik pirasa (Allium ampeloprasum L.) hatlarimin karakterizasyonu. (MSc),
Pamukkale Universitesi, Fen Bilimleri Enstitiisti, Denizli, Turkiye.

Marasali, B., & Aktekin, A. (2003). Sulanan ve sulanmayan bag kosullarinda yetistirilen iiziim
cesitlerinde stoma sayisinin karsilastirilmasi. Tarum Bilimleri Dergisi, 9 (3), 370-372.

Ozhatay, N & Kogyigit, M. (2009). Pollen morphology of Allium species (Liliaceae) in European Turkey
and around Istanbul. Phytologia Balcanica, 15 (2), 199 — 208, Sofia.

Ozkur, F. N. (2009). Tiirkiye'de dogal olarak yetisen Allium cassium boiss., Allium isauricum hub.-
mor. ve Allium ertugrulii Demirelma ve Uysal.(Alliaceae) turleri Gizerine anatomik, morfolojik
ve palinolojik ¢alismalar. (PhD), Selguk Universitesi, Fen Bilimleri Enstituisii, Konya, Turkiye..

Pektag, A. (2007). Tuz Golu (Cihanbeyli-Konya) Allium L.(Liliaceae) taksonlarimin morfolojik,
anatomik ve ekolojik ozellikleri. (PhD), Selguk Universitesi, Fen Bilimleri Enstitlisi, Konya,
Tirkiye.

888



YYU TAR BiL DERG (YYU J AGR SCI) 30 (Ek sayi/Additional issue): 882-889
Selem ve ark.. / Bazi Allium Tiirlerinin Morfolojik Olgiimleri, Stoma ve Polen Ozellikleri ile Polen Canliligimin Belirlenmesi

Poojary, M. M., Putnik, P., Kovac¢evi¢, D. B., Barba, F. J., Lorenzo, J. M., Dias, D. A., & Shpigelman,
A. (2017). Stability and extraction of bioactive sulfur compounds from Allium genus processed
by traditional and innovative technologies. Journal of Food Composition and Analysis, 61, 28-
39.

Putnik, P., Gabri¢, D., Roohinejad, S., Barba, F. J., Granato, D., Mallikarjunan, K.& Kovacevié¢, D. B.
(2019). An overview of organosulfur compounds from Allium spp.: From processing and
preservation to evaluation of their bioavailability, antimicrobial, and anti-inflammatory
properties. Food chemistry, 276, 680-691.

Rosello-Soto, E., Barba, F. J., Putnik, P., Bursac Kovacevic, D., Lorenzo, J. M., & Cantavella-Ferrero,
Y. (2018). Enhancing bioactive antioxidants' extraction from “Horchata de Chufa” by-products.
Foods, 7(10),

Saljoughian, S., Roohinejad, S., Bekhit, A. E.-D. A., Greiner, R., Omidizadeh, A., Nikmaram, N., &
Mousavi Khaneghah, A. (2017). The effects of food essential oils on cardiovascular diseases: A
review. Critical Reviews in Food Science and Nutrition, 1-18.

Tuncer, B., Firat, M., Yarali, F., & Sarikamis, G. (2016). Morphology and utilization of Allium L.
species used as herbs in cheese around Van province in Turkey. Acta Horticulturae, (1143),
171-178.

Tungtiirk, M., & Tungtiirk, R. 2020. Van otlu peyniri ve yapiminda kullanilan bitkiler ile ilgili genel bir
degerlendirme. Ziraat Fakultesi Dergisi, 238-244.

Uyak, C., Keskin, N., Dogan, A., ilknur, R., Sensoy, G., & Basding, M. A. (2015). Van ekolojisinde
yetisen bazi iiziim ¢egitlerinin stoma yogunluklart ve klorofil miktarlarimin belirlenmesi. VII.
Ulusal Bahce Bitkileri Kongresi(Ozel say1), Cilt 11. Canakkale..

Uysal, 1. (1999). Morphological, anatomical and ecological studies on the two Turkish endemic species
collected from Kazdagi (B1 Balikesir) Allium sibthorpianum Schultes & Schultes Fill. And
Allium reuterianum Boiss. Tr J of Botany, 23,137-148.

Yang, L., Liu, Q., Wang, Y., & Liu, L. (2017). Identification and characterization of a glossy mutant in
Welsh onion (Allium fistulosum L.). Scientia Horticulturae, 225, 122-127.

889



Yuzuncu Yil University Journal of Agricultural Science Volume 30, Additional issue, 31.12.2020

Yuzuncu Yil University
Journal of Agricultural Science

http://dergipark.gov.tr/yyutbd

Research Article (Arastirma Makalesi)
The Effects of Magnetic Compounds on Growth and Yield of Cucumber under

Greenhouse Conditions

Mohammad AHMADI?, Sahebali BOLANDNAZAR?, Jaber PANAHANDEH?, Seyedeh

Somayyeh SHAFIEI MASOULEH™

123Department of Horticultural Sciences, Faculty of Agricultural Sciences, University of Tabriz, Tabriz, Iran
“Department of Genetics and Breeding, Ornamental Plants Research Center (OPRC), Horticultural Sciences
Research Institute (HSRI), Agricultural Research, Education and Extension Organization (AREEO), Mahallat,

Iran

Ihttps://orcid.org/0000-0002-5476-604x 2https://orcid.org/0000-0001-9396-7373 3https://orcid.org/0000-0001-7788-5300

“http://orcid.org/0000-0001-5455-0970

*Corresponding author e-mail: shafiee.masouleh@areeo.ac.ir; shafyii@gmail.com

Avrticle Info

Received: 05.08.2020
Accepted: 03.11.2020

Online Published 31.12.2020
DOI: 10.29133/yyutbd.777105

Keywords

Cucumis sativus,
Growth,
Photosynthesis,
Yield

Abstract: This study was performed to examine the effects of different
concentrations of magnetic nano-chitosan (MNC) and nano-Fes;O4 (NF)
on the growth and yield of cucumber (Cucumis sativus L. cv. 'Negin').
The sizes of nano-particles were in the range of 20 nm to 50 nm, and
their concentrations ranged between 10 to 100 mg L% The experiment
was designed with nine treatments of MNC (10, 25, 50 and 100 mg L),
NF (10, 25, 50 and 100 mg L) and one control treatment (iron chelate;
IC: 60 mg L?). The results showed that the foliar application of MNC
and NF could improve yield and plant growth in cucumber, as well as
iron chelate. The results of the present study suggest that the foliar
application of nano-fertilizers similar to iron chelate could improve the
plant growth and yield of the greenhouse cucumber. As regards toxicity
of iron chelates, especially in high doses in the soil, the application of
MNC may be safer in sustainable agriculture and even could be better
than NF, because it has the combined effects of magnetism, chitosan and
being nano-size.
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Oz: Bu c¢alisma, farkli konsantrasyonlarda manyetik nano-kitosan
(MNK) ve nano-FezO4 (NF)'nin hiyarin (Cucumis sativus L. cv.' Negin')
blyume ve verimi Uzerindeki etkilerini incelemek i¢in yiriitilmiistiir.
Nano pargaciklarin  boyutlari, 20 nm ile 50 nm arahignda ve
konsantrasyonlar: 10 ile 100 mg/L arasinda yer almistir. Denemede,
MNK (10, 25, 50 ve 100 mg/L), NF (10, 25, 50 ve 100 mg/L)
uygulamalar1 ve bir kontrol uygulamasi (demir selat; 1C: 60 mg/L) dahil
toplam dokuz uygulama yer almistir. Sonuglar, demir selatta oldugu gibi
MNK ve NF'nin yapraktan uygulanmasinin, hiyarda verim ve bitki
blyumesini iyilestirebilecegini  gdstermistir. Mevcut  galismanin
sonuglari, demir selata benzer sekilde nano gubrelerin yapraklara
uygulanmasinin, sera hiyarimin bitki  biiyiimesini ve verimini
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artirabilecegini  Onermektedir. Ozellikle topraktaki yiiksek dozlarda
demir selat toksisitesi ile ilgili olarak, MNK'nin uygulanmasi,
surdurdlebilir tarimda daha giivenli ve hatta manyetizma, kitosan ve
nano boyutlu olmanin birlesik etkilerine sahip oldugu i¢in NF'den daha
iyi olabilecektir.

1. Introduction

Cucumber is one of the main vegetables in Iran that is predominantly cultivated in plastic
greenhouses also it constitutes the fourth most important vegetable crop after tomatoes, cabbage, and
onion in Asia (Eifediyi and Remison, 2010). Correspondingly, the increasing world population
requires an equal increase in food production. Therefore, to add to existing food production levels, it is
necessary to employ a range of diverse technologies in agriculture.

The fertilizers have an important role in increasing food production, and particularly the foliar
application of micronutrients has a positive effect in increasing fruit yield and quality. Researchers
have indicated that foliar spraying of macro and micronutrients have been used as a means to improve
the yield and quality of fruits (Kumar et al., 2014). The fertilizers derived from nanotechnology in
agriculture have garnered excessive attention and have a fast-growing field. Interestingly,
nanotechnology has been used in different agricultural fields such as production, packaging, and
transport of agricultural products (De Rosa et al., 2010; Baruah and Dutta, 2009; Srilatha, 2011).
Nano-fertilizers simply dissolve in solution and release the nutrient(s) as soluble ions. Furthermore,
the use of nano-fertilizers leads to increased efficiency of the elements and improved growth, with
improved fruit set and yield. This potential contribution of nano-fertilizers in improving growth and
yield is derived from greater absorbance and high reactivity.

Iron is an essential element for plants that plays a critical role in oxidizing and reducing
systems. In addition, iron is a basic element in the synthesis of chlorophyll, which is essential for the
maintenance of chloroplast structure and function (Sawan et al., 2001). Iron deficiency is a major
problem in plants that result in the yellowing of leaves, poor growth, and reduced yield. During iron
deficiency, chlorophyll production in leaves decreases and this is the primary cause of leaf chlorosis.
Correspondingly, in proper concentrations, magnetic fluids play a positive effect on photosynthesis
capacity, and similarly, iron ions in the structure of magnetic fluids play a significant role in plant
metabolism (Récuciu and Creanga, 2007; Shafiee-Masouleh et al., 2014).

Chitosan is one of the biodegradable compounds, which is a deacetylated form of chitin. It
exists abundantly as a natural polymer that is derived from crustaceous shells such as crabs and
shrimps. Moreover, chitosan is biocompatible and non-toxic compound and used in the formulation of
slow-release fertilizers and late-degradable (Wu and Liu, 2008). Several studies have evidenced foliar-
applied chitosan promoted growth and yield of various crops such as bean plants (Sharifa, 2013),
cabbage (Hirano, 1988), radish (Farouk et al., 2008), and cucumber (Ghoname et al., 2010). Similarly,
in vitro use of chitosan showed an increase in photosynthesis in Vitis vinifera L. (Barka et al., 2004).
Shafiee-Masouleh et al. (2014) used the magnetic nano-chitosan and carboxymethyl chitosan in
various concentrations with a nutrient solution of lily during yearling bulblets and forcing sized bulbs
production, and they proposed 15 mg L™ magnetic nano-chitosan (the highest assayed concentration)
for increasing size of bulblets and bulbs. In another study, Hatamzadeh and Shafiei-Masouleh (2019)
applied both compounds during forcing of lily bulbs to produce cut flowers and reported that both the
compounds at 10 and 15 mg L had the highest effects of the soluble carbohydrates and amylases of
flower buds without toxicity and for morphological effects needed to use higher concentrations. In a
study on artichoke, between three levels of chitosan (0, 150, or 300 ppm), the highest concentration
caused the more growth such as head yield (Elsharkawy and Ghoneim, 2019). They explained the
reason on the effect, the direct and indirect role of chitosan on plant physiology. Xu and Mou (2018)
reported the highest photosynthesis rate and gas exchanges with highest concentration of chitosan.
Therefore, chitosan effects on plant growth can be well interpreted as before mentioned.

Up to now, the effects of foliar application of chitosan as nano-magnetic compound and nano-
Fes0. were not studied in the soil culture of cucumber in the greenhouse. Therefore, this study aimed
to determine the effects of different concentrations of magnetic nano- chitosan and nano-FesO4 as a
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foliar spray on the growth and yield of cucumber (Cucumis sativus L. cv. 'Negin') compared to a usual
iron chelate that is applied in farms and greenhouses.

2. Material and Methods
2.1. Plant materials

The study was carried out at the Agricultural Research Center of Yazd (31° 49' 9.65" N, 54°
21' 52.30" E) , Iran. Cucumber (cv. Negin) plants were planted under a glass greenhouse. Plants were
grown with natural light conditions, approximate day/night temperatures of 26/16°C, and 60% relative
humidity during the experiment. The study was conducted based on a completely randomized design
with totally nine treatments, including magnetic nano-chitosan (MNC: 10, 25, 50, and 100 mg L?),
nano-FesOs (NF: 10, 25, 50, and 100mg L) and one control treatment (IC: 60 mg L™) and three
replications. Seeds were sown in 48-cell seed germination trays filled with peat and perlite (V:V;
50:50). Then, each seedling was transferred to a pot whose size was 55 x35 x 20 cm. Some of the
physicochemical properties of the soils are shown in Table 1. The N-P-K fertilizers were applied in 4 g
L (20-20-20; vegetative phase) and 5 g L " (15-5-30; reproductive phase). For the control plants, 6%
chelated iron was used.

Table 1. Physical and chemical characteristics of the soil.

Organic pH Bulk Sand Silt Clay EC Field Extractable DTPA-Fe
matter (%) density (%) (%) (%) (dsm?)  capacity (mg Kg?)
(gcm?) (%)
1.06 8.1 1.2 52 34.5 13.5 1.7 24 4.9

2.2. Preparation of magnetic nano-chitosan and nano-Fe;O. and foliar application

The preparation of the nano-particles of FesO4 was implemented according to Kang et al.
(1996). Briefly, concentrated HCI (37%) and deionized water (30 mL) were deoxygenated by N. for
45 mins. FeCls (5.4 g) and FeCl».4H,0 (3.25 g) were added and dissolved completely. This solution
was dripped to NaOH (1.5 M, 250 mL) within one hour at the deoxygenated conditions with N>, and
the end of the reaction, the black precipitate was formed. The product was washed with distilled water
and dispersed in deionized water and kept at 4 °C up to drying at 55°C. To analyze the size and
morphology of nano-Fes0., SEM (Scanning Electron Microscopy, XL-30, Philips, Eindhoven, USA)
was used (Figure 1a). For the preparation of magnetic nano-chitosan, FesOs by carboxymethyl
chitosan (see its preparation in Shafiee-Masouleh et al. (2014)) was encapsulated according to Chang
and Chen (2005). The size and morphology of the nanoparticles were analyzed with SEM (Figure 1b).
The mentioned concentrations of each compound were separately sprayed on the plant leaves and
fruits with a commercial hand-held sprayer. Sprays were repeated at weekly intervals, starting from
two weeks after transplanting. The plants were sprayed enough to cover all of leaves.

Figure 1. SEM images of nanoparticles; size and morphology of a) nano-Fe;O4 and b)
magnetic nano-chitosan.
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2.3. Measurement of plant physical characteristics

The dry weight, after drying in an oven at 70°C for 48 h, was measured for the shoot (leaves
and stem). The leaf area of the plant was recorded with a leaf area meter (Model AM 100-002). The
chlorophyll content was measured with the SPAD (Spad-502 plus, Konica Minolta, Tokyo, Japan).
The plant height was recorded on the day of the harvest with a measuring tape.

2.4. Measurement of fruit physical and chemical characteristics

A sample of 10 mature fruits was taken to measure physical quality parameters such as
diameter (cm), length (cm), and fruit shape (L/D). Fruit juice was extracted to analyze the total soluble
solids and titratable acidity (Xie et al., 2011). The total soluble solids were measured using a hand
refractometer at room temperature (Zhu et al., 2017).

2.5. Statistical analysis

The variance analysis was conducted using SAS software 9.1 and the means were compared
with Duncan's multiple range test at the levels of p < 0.01 or p < 0.05, according to the variance
analysis.

3. Results
3.1. Growth and yield

Variance analysis of different concentrations of MNC and NF with control treatment (60 mg
L? iron chelate) had significant effects (p < 0.01) on the yield and shoot dry weight and also
significant effect (p < 0.05) on the leaf area, chlorophyll content and fresh weight (Table 2). The
effects of magnetic nano-chitosan and nano-Fes;O4 foliar application on yield and growth parameters
are reported in Table 3. The application of MNC significantly influenced on growth characters (leaf
area, shoot fresh and dry weights). The highest shoot fresh weight (565.60 g) was recorded by foliar
application of MNC at a rate of 50 mg L™and the lowest shoot fresh weight (413 g) was found in
treatment with 100mg L™ MNC and there were significant differences (p < 0.05) between the two
treatments. The application of MNC significantly improved the shoot dry weight, and the maximum
shoot dry weight was observed in MNC50 that was non-significant with 1C. The minimum shoot dry
weight was observed in MNC10. The highest leaf area (645.00 cm? plant®) was recorded by foliar
spraying of MNC at the concentration of 25 mg L. However, the lowest leaf area (395.00 cm? plant™)
was observed in NF100.

Table 2. Variance analysis of yield and growth parameters of cucumber (Cucumis sativus L. cv.
‘Negin’) under the application of magnetic nano-chitosan and nano-FesO..

Shoot Shoot dry Chlorophyll
Source of variation df  Yield Leafarea Plant height fresh weight content
weight (SPAD)
Treatments 8 0238  23219" 0.26m™ 7221.3" 9.93" 50.08*
Error 0.064 8782.7 0.30 2726.7 2.32 17.77
CV (%) 6.540 16.8 15.64 10.3 10.01 10.51

* and ** indicate significant differences at 5 and 1% probability levels, respectively.

The effect of foliar application with different concentrations showed that the highest and the
lowest yields were obtained from plant sprayed with MNC50 and NF10 (4.35 and 3.40 kg plant?),
respectively. The results showed the application of MNC in some characteristics was not significant
compared to other treatments, but it seems that 50 mg L NMC is more effective compared to the
other treatments. Chlorophyll content was significantly affected by MNC and NF treatments. At the
end of the growth period, the relative amount of chlorophyll increased up to 46.00when plants were
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treated with 100 mgLt MNC, while chlorophyll content was lowest (35.00) for plants that received 10
mgLt NF.

Table 3. Effects of magnetic nano-chitosan and nano-Fez;O4 on yield and growth parameters.

1 Yield Leaf area Plant height  Shoot fresh weight ~ Shoot dry Chlorophyll
reatments 4 ) a1 : content
(kg plant?) (cm? plant?) (m) (9) weight (g) (SPAD)
IC 4158 610.00ab 338ah 52360ab 1753ah 3750hc
NF10 340c 600.00ab 39%a 52440ab 1366¢ 35.00c
NF25 380ac 560.00abc 370ah 512.20ab 14.20hc 36.00c
NF50 385ac 47000ahc 360ah 48310ab 1586ah 4450ab
NF100 350hc 395.00c 310b 47000ab 1363c¢ 39.90ahc
MNC10 365hc 45000 bc 360ab 46700ab 12.73c 3580¢
MNC25 390ahc 64500a 320b 56200a 16.13ab 38.00hc
MNC50 435a 62000a 390a 565.60a 1800a 41.00ahc
MNC100 365¢ 555.00abc 333ab 41300b 1523 ahc 46.00a

Mean separation by a differ letter in column are different based on Duncan’s multiple range test (p < 0.05).

3.2. Fruit quality

Variance analysis of fruit parameters under the effects of NF and MNC foliar application are
presented in Tables 4 and in Table 5. It seems that more concentrations in both compounds should
need to achieve the significant effects on parameters of fruit quality.

Table 4. Variance analysis of cucumber fruit parameters under the effect of treatment with magnetic
nano-chitosan and nano-FesOa.

Source of variation df TSS TA Fruit diameter Fruit length Fruit shape (L/D)
Treatments 8 0.10m 0.01m 0.049™ 0.57™ 0.12m
Error 0.19 0.06 0.064 1.87 0.48
CV (%) 13.2 27.3 8.32 8.38 12.88

"S non- significant.

Table 5. Effect of magnetic nano-chitosan and nano-FesO4 on fruit parameters.

Treatments TSS (%) TA (%)  Fruit diameter (cm) Fruit length (cm)  Fruit shape (L/D)

IC 323a 090a 330a 1643a 502a
NF10 32a 095a 297a 1606a 544a
NF25 353a 102a 310a 1666a 546a
NF50 333a 091la 303a 15.33a 506a
NF100 32a 10la 2.86a 1625a 568a
MNC10 3la 093a 300a 1586a 529a
MNC25 366a 100a 316a 17.03a 543a
MNC50 313a 082a 303a 1566a 518a
MNC100 3.16a 106a 295a 1583a 539a

Mean separation by a differ letter in column are different based on Duncan’s multiple range test (p < 0.05).
4. Discussion and Conclusion

In the present study, the obtained data revealed that foliar sprays with MNC have similar
effects with control treatment in terms of growth and yield of cucumber. The highest values of yield,
the fresh and dry weights of shoots were recorded by foliar spraying of MNC at a concentration of 50
mg L.

Improving the growth and productivity of various crops by application of chitosan was
recorded by several studies such as on cabbage (Hirano, 1988), Lilium (Shafiee-Masouleh et al.,
2014), grape (Gornik et al., 2008), sweet basil (Kim, 2005), strawberry (Abd El Mawgoud et al., 2010)
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and sweet pepper plants (Ghoname et al., 2010). According to Shafiee-Masouleh et al. (2014), it seems
that chitosan has a role to increase the photosynthesis by promoting the nutrient element uptake, and
then this would increase growth and yield of the plant. In a study, it was reported that the vegetative
growth and leaf chlorophyll content of tomato improved by the application of chitosan, as well as goal
manure and farmyard manure (EI Tantawy, 2009). He stated that the effect of chitosan is due to
increasing immunity system, photosynthesis pigments and photosynthesis rate, as well as promoting
growth. Significant improvement has been observed by the application of different concentrations of
chitosan in growth rates and yield of Chinese cabbage (Chandrkrachang et al., 2003). The positive
influence of chitosan treatment in the yield was observed in soybean sprouts (Lee et al., 2005). They
observed the highest growth of sprouts (hypocotyl and root length) in the seeds that treated with high
molecular weight of chitosan as soaking, compared to low and medium molecular weight of chitosan
and the control. They said that high molecular weight of chitosan increased the respiratory rate of
seeds compared to other treatments. Therefore, being high molecular weight of chitosan cannot be
explained that have effects on growth, but more respiratory rate increased the use of seed storage.
Therefore, this is not in contrast with our results, which magnetic nano-chitosan with low molecular
weight and in nano-size particles. Shafiee-Masouleh et al. (2014) reported that magnetic chitosan
increased growth and development of bulb and yearling bulblets in Lilium. They found that treatment
by 15 mg L' MNC compared to other concentrations, including 0, 1, 2.5, 5 and 10 mg L in both of
the experimented compounds (MNC and carboxymethyl chitosan (CMC)) and the control, has a
positive and significant effects on fresh and dry weights of shoots and basal roots, diameter and fresh
weight of bulblets. Mondal et al. (2012) reported that yield attributes and fruit yield increased
significantly with increasing concentration of chitosan up to 100 ppm (the concentrations of 0, 50, 75,
100 and 125 ppm were investigated) in okra. Peyvendi et al. (2011) reported that foliar spray with
nano-chelated iron (1, 3 or 5 kg ha) compared to iron chelated fertilizer (1.5, 4.5 or 7.5 kg ha?)
increased the mean dry and fresh weights of stems, roots, and leaves in levels less than 5 kg ha?. It
was similar to the highest iron chelated fertilizer (7.5 kg ha). Application of iron into the soil or on
the foliage as chelate or sulfates improved the vegetative growth, yield, and fruit quality of various
crops (Ma and Hong, 1998). It seems that some positive effects of nano-fertilizers in improving
growth and yield of various crops are based on its ability for greater uptake by roots and high
reactivity.

To conclude, according to the results, the significant effects of magnetic treatments towards
the control are not evident in vegetative quality and high yield and also there is no significant
difference for changing the biochemical structure of plants (quality parameters of fruits). In other
words, organic and environment-friendly compounds had similar effects to iron chelate (control
treatment), and in some cases it is more obvious to be towards the more effects. According to previous
our results (Shafiee-Masouleh et al., 2014; Hatamzadeh and Shafiei-Masouleh, 2019), we achieved the
best results at high concentrations of magnetic nano-chitosan, It seems that better results may achieve
if higher concentrations of magnetic nano-chitosan, however, it needs to assay for a safe
recommendation. Furthermore, it may be explained that the safe structure of magnetic nano-chitosan
in making the nutritional and biochemical balance of the plant makes it an alternative to iron chelates
and inorganic iron fertilizers in the near future. There are reports about toxicity of the chelated iron
when apply in the soil and foliar applications in high doses (Siebach et al., 2015; Ren et al., 2018), but
there is not any report about magnetic nano-compounds when apply in safe conditions, i.e. without
magnetic fields. However, both of the use type, including in the soil or as a foliar application of
magnetic nano-chitosan have indicated a safe range of application of nano-materials, and is the
promising for sustainable agriculture. It could be concluded that MNC, as well as IC, is more effective
than NF for yield and quantitative characteristics of cucumber under the experimental conditions. This
could be due to the combined effects of MNC on supplying the iron source by magnetic core
(magnetite) and increasing another element uptake for the plant by chitosan. This role of chitosan
when uses as root application can be interpreted for its chelating role, but to know the cause of its
effect in foliar application for increase in the growth (mechanism), more studies are needed.
Furthermore, MNC was a suitable compound compared to NF. This research showed that nano-
fertilizer could play an important role in the plant growth and yield of cucumber. Because both
chitosan and magnetite are environment-friendly and low-cost compounds and for their synergic
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effects into one compound could be used as supplementary fertilizer to promote the efficiencies of
other fertilizers.
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Abstract: Productivity in agricultural enterprises is mainly achieved by
increasing the productivity of seed, fertilizer, pesticide, labor and mechanization
inputs. The aim of this study was to determine the productivity of the use of
mechanization which has a significant share and limitation in production costs.
For this purpose, in Karapinar, Cumra and Altinekin districts, which have 24% of
the mechanization equipment used in the province of Konya, work was carried
out. According to stratified random sampling method, 107 agricultural enterprises
were interviewed. As a result of the surveys conducted with these enterprises,
demographic and capital structures of the enterprises were examined, and annual
activity results were calculated. According to the results of the annual activities,
the land, labor and capital efficiency of the enterprises were calculated and the
productivity of all three production factors increased in parallel with the growth
of the enterprise scale. In order to determine the mechanization utilization
productivity, which is the main purpose of the study, tractor draw force, working
hours, age and usage costs were calculated. As a result of the analysis, it was
determined that the mechanization productivity increased as the scale of the
enterprise grew and the use of mechanization of the enterprises having land of
200 decares and above was in European standards. According to this result, it has
been determined that the choice of tractor suitable for land and enterprise scale
should be made. For this reason, a machine park model has been proposed to
facilitate the utilization of new technologies.

Tarim Isletmelerinde Mekanizasyon Kullaniminin Verimlilik A¢isindan

Degerlendirilmesi

Makale Bilgileri

Gelis: 14.02.2020
Kabul: 05.10.2020
Online Yaymlanma 31.12.2020
DOI: 10.29133/yyutbd.688772

Anahtar kelimeler
Mekanizasyon,

Traktor,
Verimlilik.

Ozet: Tarmm isletmelerinde verimlilik basta tohum, giibre, ilag, isgiicii ve
mekanizasyon girdilerinin verimliliklerinin artirilmasiyla saglanmaktadir. Bu
girdiler arasinda liretim maliyetleri igerisinde dnemli paya ve sinirliliga sahip olan
mekanizasyon kullaniminin verimliliginin belirlenmesi ¢aligmanin temel
amacidir. Bu amaca ydnelik olarak Konya ilinde kullanilan mekanizasyon
ekipmanlarinin %24’iine sahip olan Karapinar, Cumra ve Altinekin ilgelerinde
tabakali tesadiifi 6rnekleme ydntemine gore belirlenen 107 tarim isletmesiyle
gorligiilmiistiir. Bu isletmelerle yapilan anketler sonucunda isletmelerin
demografik ve sermaye yapilart incelenmis olup, yillik faaliyet sonuglari
hesaplanmistir. Buna gore elde edilen yillik faaliyet sonugclarina gore isletmelerin
arazi, isgiici ve sermaye verimlilikleri hesaplanmis olup, isletme Olceginin
biliyiimesine paralel olarak her ii¢ iiretim faktoriinin verimliliginin artig
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belirlenmigtir. Calismanin temel amaci olan mekanizasyon kullanim verimliligini
belirlemek igin de traktor geki gucu, traktor calisma saati, traktor yasi ve traktor
kullanim maliyetleri hesaplanmistir. Yapilan analiz sonucunda isletme 6lgeginin
biiyiidiikce mekanizasyon verimliliginin artig1 belirlenmis olup, 200 dekar ve
iizeri araziye sahip isletmelerin mekanizasyon kullanimmin Avrupa
standartlarinda olduklar1 belirlenmistir. Bu sonuca gore arazi ve igletme 6l¢egine
uygun traktdr se¢iminin yapilmasi gerektigi ortaya konulmus olup, bu noktada
yeni teknolojilerden yararlanmay1 kolaylik saglayacak olan makine parki model
onerisi sunulmustur.

Etik Kurul izin Belgesi verilerin 2015 yilia ait olmas1 nedeniyle bulunmamaktadir.
1. Introduction

The agricultural sector has a significant role in terms of meeting the food needs of the population
and its contribution to national income, employment and foreign trade. Therefore, increasing the
productivity in the sector is critical. In 2017, the world population is 7.5 billion. It is estimated to increase
to 8.5 billion in 2030 and to 9.7 billion in 2050 (FAO, 2017). Meeting the nutritional needs of the
increasing world population is greatly associated with increasing the productivity together with
expanding arable lands. In recent years, arable land shows a tendency to decrease. In developed
countries, the amount of agricultural land per capita in the last 50 years has declined from 0.70 hectares
(ha) to 0.46 hectares. It is foreseen that it will decrease to 0.4 ha area by 2050 (Tarmakbir, 2018). For
this reason, the meeting the food requirement of population depend greatly on the increase of
productivity per unit area, which needs high capacity production material, skilled workforce, chemical
input, mechanization usage etc. The use of mechanization does not directly affect the increase in
productivity, like other inputs such as soil, water, seeds, fertilizer, and agricultural chemicals.

The technology used in the agricultural sector consists of two components. These components
are biological and mechanical technologies. Biological technology includes all kinds of breeding
activities such as seeds, fertilizers and drugs. Especially with this technology, it is possible to improve
the products which are healthier and more durable besides high-productivity products. Mechanical
technology usually consists of mechanization. In the presence of mechanization, there are tractors,
tractor-used tools-machines, irrigation equipment and livestock equipment. With mechanization
applications, labor, time and production costs are saved in agricultural enterprises. In addition, these
applications can minimize negative climate conditions. It provides environmentally friendly and less
resource production. For example, in the Cukurova region, the harvesting of 150 decares of width and
5 rows of cotton fields lasts an average working day with mechanization, while the number of labor
needed to do the same job in a day is 450 people (Tarmakbir, 2018). In addition, the share of
mechanization practices within the costs varies from region to region but it is between 25-40% (Oguz
etal., 2017; Olcay et al., 2016; Ozgiiven et al., 2010; Tarmakhbir, 2018). Considering the ratio of the use
of mechanization in production and enterprise costs, it is necessary to determine the productivity in the
use of mechanization.

Productivity is one of the important performance measurement dimensions for the solution of
the macroeconomic problems of the countries and the realization of the social development goals.
Productivity is the ratio of the output obtained at the end of a given production process to the sum of the
inputs or inputs used to obtain this output. Overall, productivity, which is a measure of how productively
inputs are transformed into outputs, measures how well resources are used (Alrwis et al., 2015; Deng et
al., 2018; Oguz & Yener, 2018; Singh et al., 2015).

There is no study on mechanization productivity when the studies on productivity have been
examined (Alrwis et al., 2015; Canan & Ceyhan, 2016; Deng et al., 2018; Oguz & Yener, 2018; Ozden
& Armagan, 2005; Parlakay et al., 2015; Singh et al., 2015). Since mechanization fuel, repair
maintenance, fixed capital interest and depreciation costs in agricultural enterprises have a high share in
production costs. Productivity of mechanization in agricultural enterprises needs to be studied. In the
study, the utilization levels of the agricultural production factors were determined, and the
mechanization utilization productivities of the enterprises were compared and analyzed according to
different enterprise width groups. Within the scope of the study, the measurement part of labor, capital,
land, and mechanization productivity has been defined as productivity and as a result of the productivity
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analyzes, a machine park development model for mechanization applications in rural areas has been
proposed.

2. Materials and Methods

Primary and secondary data were used as part of the study. Secondary data were obtained by
taking into consideration all kinds of printed publications and institutions' reports about mechanization.
The primary data were obtained by survey and belong to 2015 year of manufacture. In the research, the
surveyed area was determined as purposive sampling method. Altinekin, Karapinar and Cumra districts,
which are the research area, constitute 24.73% of the total mechanization used in Konya. Therefore, the
survey was conducted in three districts. The stratified random sampling method was used to determine
the sample number of the enterprises to be surveyed, and the sample number was calculated with the
formula below (Oguz & Karakayaci, 2017). This method was used because the coefficient of variation
was over 70%. In order to ensure homogeneity between the layers, the enterprises were examined in
four groups. In determining the sample size, 95% confidence limits and 5% margin of error were studied
and a total of 107 agricultural enterprises were surveyed (Table 1).

n= (= Nh.Sh)?
" N2.D2 + X (Nh.Sh2)

D% = d2/ 72 (1)

In the formula; "n" is the number of samples, "N" number of enterprises in population, "Nh"
number of enterprises in the h'th layer, "Sh" is the variance of the h th layer, "d" represents the allowable
margin of error from the population mean,"z" refers to the z value in the standard normal distribution
table according to the error rate.

Table 1. Sample size distribution of the investigated farms enterprises

Nh sh Avg. cV Nh. Sh Nh (Sh*sh) n
0-50 3643 10.54 31.92 33.02 38397.10 404 704.18 6.47
51-100 4391 14.77 73.29 20.15 64 849.06 957 731.72 10.93
101-200 4737 2864 14284 2005 13568163 3886 321.41 22.87
201-+ 3780 10533 32011 3290 39815167 41937 764.44 67.11
Total 16 551 63707945 4718652176  107.38

Prepared by the authors.

Land, labor and capital productivity were determined as follows:
e Land productivity = Production Value / Land Quantity
e Labor productivity = Production Value / Male Labor Force Unit (MLU)
e Capital productivity = Production Value / $ 1 000

The term Production Value in the formula refers to the proceeds generated from the production
activities in agricultural enterprises. Gross production value (GPV) is the most important criterion in
total value of agricultural enterprises. In the scope of the study, gross production Value (GPV), net
income (NI), gross margin (GM), agricultural income (Al) and net profit (NP) are calculated. The land,
labor and capital productivity of all of these criteria were determined separately. In addition, while in
the literature land and labor productivity is calculated over the production amount, the total gross
production values are taken into consideration due to the high product variety.

The GPV is determined by the addition of the production value of plant and animal products
and the increase in inventory of plant and animal productive stock value (PSV). Gross product (GP) is
defined as the monetary statement of all the final goods and services produced in the enterprise a year.
The gross production value of the gross product item is determined by adding housing rent and non-
farm agricultural income. Another success criterion, net product, is obtained by subtracting the
enterprise costs from gross product. In net product, enterprises are free of charge and without debt. Gross
margin is one of the clearest success criteria used in the comparison of production activities or
enterprises. As a matter of fact, gross margin is obtained by subtracting the variable costs from the GPV
and the continuity of the production process in agricultural enterprises is generally interpreted by gross
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margin. Net profit is defined as the profit of the entrepreneur and is obtained by deducting the production
costs from the revenue generated as a result of the goods and services obtained during a production
period. It demonstrates the success of the manager and is shown as the clearest benchmark (Karakayaci,
2019). Finally, agricultural income shows the income from agricultural production activities (Oguz &
Bayramoglu, 2018). In calculation of monetary values, the exchange rate of $ 1 to TL 2.72 were used
(TCMB, 2019).

In the study, the amount of land was measured over hectare, and the capital amount shows the
productivity obtained against each invested $ 1 000, and co-productives were used in the calculation of
man working day’s. These co-productives are used in order to standardize the calculation of the labor
force quantity of the employees who are in different ages and genders. Male and female workers in the
7-14 age group were multiplied by 0.50, male workers of 15-49 age group by 1.00 and female workers
with 0.75, male workers of 50 and over were 0.75 and female workers were 0.50 male. Man Power Unit
(MPU) hours was calculated by multiplying the average working day (280 days) in the agricultural
enterprises by the obtained MLU (Oguz & Miilayim, 1997).

In order to determine the mechanization productivity, the tractor value, tool machine value,
tractor power, tractor age and tractor usage time (hours) were taken into consideration. The statements
of the manager were considered in the calculation of these values. Mechanization productivity was
determined by proportioning the product amounts obtained from agricultural enterprises with these
values.

3. Results

Productivity, at the macro level, countries demonstrate the performance of enterprises at the
micro level. For this reason, some productivity indicators are used in the comparison of enterprises
performances. The calculation of productivity indicators in agricultural holdings is necessary in order
to reveal the level of competition of the enterprises, to compare the enterprises and to develop strategies.
It is possible to control and improve the performances at the level of enterprise units with the obtained
productivity indicators. In addition, it allows to adjust production capacity, resource requirement and
cost estimates according to budget objectives. For this purpose, in order to use the productivity indicators
of agricultural holdings within the scope of the study, annual activity results and accordingly, land,
labor, capital and mechanization productivity were calculated.

Labor productivity is increasing because production is continuous in non-agricultural sectors.
In the agricultural sector, productivity decreases because production is interrupted. In recent years, the
increase in the productivity per arable land with the developing technology leads to an increase in
production quantity and total productivity. The basis of this increase in productivity is not only the
marginal productivity of capital but also the increase in marginal productivity of labor and land (Karacan
etal., 2014).

The mechanization productivity of the enterprises is given at Table 2. As the enterprise scale
grows, per hectares GPV, GP, NP, GM, NP and T1 are increasing. This situation is seen in other studies
(Agizan & Bayramoglu, 2019; Agizan & Bayramoglu, 2018; Arisoy et al., 2017; Aydin & Unakitan,
2016; Aydin & Unakitan, 2018; Erdogan & Bayramoglu, 2017; Karakayaci, 2020; Oguz et al., 2017;
Topcu, 2018). Increase in income with the growth of the enterprise scale in agricultural enterprises can
be explained by productivity and efficiency. As the success of the production inputs used increases,
there will also be an increase in total revenue. For example, it is seen that there is a positive correlation
between income and the increase in the use of mechanization, which is one of the inputs of production.
For this reason, the choice of mechanization should be done according to the needs of the enterprise.
Otherwise, the mechanization will cause the equipment’s to remain idle. Oguz and Kaya (2016) have
determined that the technical productivity of milk Enterprises is low against the proper size of their
activities. The reason of low technical productivity is the lack of technical knowledge and management.

Enterprise scales do not differ much in terms of the number of tractors per hectare. However,
the number of machine tools per hectare, tractor towing power and usage time are increasing with the
increasing scale of the enterprise. Small-scale enterprises usually dry conditions grain crops are grown.
In large-scale enterprises, generally irrigated agriculture is widespread and sugar beet, potato, silage
maize, and alfalfa, perennial plants are grown. Therefore, the duration of tractor use increases according
to the scale of the enterprise.
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Table 2. Land productivity by enterprise’ size

0-50 51-100 101-200 201-+ Average of Enterprises

GPV per ha (3$) 3980.05 4854.04 5061.92 5293.04 5239.86
.. GP per ha ($) 4653.24 5317.07 5343.86 5466.76 5398.26
£ NP per ha ($) 1086.10 2163.15 2555.39 2961.01 2 827.95
S GM per ha ($) 2204.65 3062.02 3186.37 3344.15 3306.63
3 NP per ha ($) -686.36  483.56 1268.38 1754.49 1592.16
E Tl per ha ($) -329.83 1679.30 2009.62 2 315.63 1939.84
= Tractor Number per ha (Number) 0.83 0.81 0.69 0.83 0.80
S Number of Machine Tools per ha (Number) 6.56 5.54 5.91 7.88 7.14

Tractor Towing Power per Ha Amount (HP)  38.87 32.10 39.57 50.67 45,71

Tractor Usage Period per Ha (hour) 36.72 67.40 140.93  410.52 296.33

In general, there is an inverse relationship between mechanization and labor. These production
factors can substitute for each other. As the technology level increases, the amount of labor required in
the enterprise decreases. The increase in mechanization levels in parallel with the growth of the
enterprise scale increases productivity and efficiency. Similar results were obtained in this study. In
Table 3 shows the amount of production value and the productivity of mechanization per labor force. In
the study, MLU was considered when calculating the labor force of the family members in agricultural
holdings. According to the table, all the financial indicators per MLU increased in line with the growth
of the enterprise scale. With the growth of the enterprise scale, the workforce is used more productivity
and productively. In parallel with the growth of the enterprise scale, the fact that the products which are
more in need of labor force are included in the production pattern accelerate this situation more.
Depending on the increase in enterprise scale, the number of tractors per MLU, the number of tools, the
amount of tractor draws power and the period of use of tractors have increased.

Table 3. Labor productivity by enterprise’ size

0-50 51-100 101-200 201-+  Average of Enterprises

GPV per MLU ($) 46.60 147.01 27268 714.38 488.29
GP per MLU ($) 54.48 161.03  287.87  737.83 503.05
2 NP per MLU ($) 12.72 65.51 137.66  399.64 263.53
% GM per MLU ($) 25.81 92.79 17165  451.33 308.13
-§ NP per MLU ($) -8.04 14.64 68.33 236.80 148.37
a Al per MLU ($) -3.86 50.89 108.26  312.52 180.77
g Number of Tractors per MPU (Number) 0.01 0.02 0.04 0.11 0.08
S Number of Machine Tools per MLU (Number) 0.08 0.17 0.32 1.06 0.76
Tractor Towing Power per MLU Amount (HP) 0.46 0.97 2.13 6.84 4.87
Tractor Usage Period per MLU (hour) 0.43 2.04 7.59 55.41 36.56

The family population is of high importance in meeting the need for labor in agricultural
enterprises. Because agricultural production is interrupted, the amount of labor required is not always
the same. In addition, since family labor wages are treated as fixed costs and enterprisers make
production by considering the changing costs, the quantity of family labor in enterprises is very
important.

The most used method of determining the productivity of capital use in agricultural enterprises
is of invested $ 1 and the value obtained against the multiples. In terms of meaningful interpretation of
the results, the productivity of capital in the study was determined with the production value obtained
for the sum of $ 1 000. In the scope of the study, GPV, GP, NP, GM, NP and Al, which are expressed
as revenue in agricultural enterprises, were determined and the amounts of these values were calculated
as per $ 1 000 (Table 4). The amounts of these calculated values per unit capital increase due to the
increase in the enterprise scales. In other words, the capital used in the enterprise is used more rationally
with the growth of the enterprise scale.
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Table 4. Capital productivity by enterprise” size

0-50 51-100 101-200 201-+  Average of Enterprises

GPV per $1000 ($) 12.27 35.08 73.09 167.99 125.19
*E‘ GP per $ 1000 ($) 14.35 38.43 77.16 173.50 128.98
‘S NP per$1000($) 3.35 15.63 36.90 93.97 67.57
B GM per $ 1000 ($) 6.80 2214 4601  106.13 79.00
a NP per $ 1 000 ($) -2.12 3.49 18.31 55.68 38.04
,‘TE!; Al per $1 000 ($) -1.02 1214 29.02  73.49 46.35
& Tractor Value Per $ 1 000 ($) 51.29 161.76  398.53 1254.78 890.87

Machine, Tool Value Per $1 000 ($) 48.18 122.30  440.96 2298.99 154961

In terms of capital usage, the tractor and tool machine value per 1 000 $ were determined in
mechanization productivity. The share of these values in unit capital has increased depending on the
enterprises scale. Arisoy et al. (2017)in their study in Konya province, they determined that enterprises
are economically sustainable without public support as the land width increases. Oguz and Yener (2018),
investigated the productivity of dairy cattle farms in Cumra, Karapiar and Eregli counties. They found
that productivity increased due to the increase in the number of animals in the enterprises. Canan and
Ceyhan (2016) demonstrated their innovation and change in paddy-producing enterprises in Bafra
district in Samsun with total factor productivity. In medium and large enterprises, total factor
productivity is higher than small enterprises. The reason for this is that medium and large enterprises
adapt to innovation and technology. With the increase in the amount of capital in agricultural enterprises,
the productivity of capital and other production factors is increasing. As a matter of fact, technological
developments provide ease of substitution between land, labor and capital. This status increases the
elasticity of factor-demand (Karacan et al., 2014). The possibilities of substitution that will occur with
the use of technology in agriculture are given in the figure. Accordingly, while the other production
factors are fixed, the increase in the amount of capital in the land allows for the use of less labor and
larger tractors. In case of decrease in the amount of capital, traditional production is made with more
labor force. Substitution between capital and labor is never complete. As a matter of fact, it is not
possible to produce without labor (Figure 1). Karabacak and Direk (2009) stated in their study that the
developments in agricultural production technology will replace the labor force of capital and the
demand for labor force will decrease. In addition, they showed that the decrease in the need for labor
force would lead to an increase the optimal enterprises size within the framework of the scale economy.

Capital
'y

A. Workforce and Equipment with Large

B. Workforce and Field Tractors and Equipment

C. Workforce and Horticulture Tractors and Equipment

D. Workforce and Draught Animal and Equipment

E. Workforce and Simple Hand Tools

» Labor

Figure 1. Technological Alternatives in Agriculture (Karacan et al., 2014).

The most important factor limiting production decisions in agricultural enterprises is capital.
The inadequacy of capital structures of agricultural enterprises and the fact that production factors such
as mechanization require expensive investments limit the use of these inputs. In order to obtain these
inputs, the producers turn to external sources of finance and enable their enterprises to benefit from the
technologies. Because technological applications are expensive investments, it is important to plan
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capital use. The use of more capital than needed increases in depreciation and interest expenses in
enterprises, resulting in increased enterprise costs. As a matter of fact, the success of the enterprise can
be increased by making appropriate planning in agricultural enterprises.

In Table 5, mechanization productivity is given according to enterprises size groups. In order to
be productive in mechanization use in agricultural enterprises, criteria used are tractor working hours,
powers (HP), age and annual cost of use. Tractor power (HP) and age directly affect productivity in
production. With the increase in tractor power, more work can be done per unit time and the productivity
of the equipment’s used can be increasing. In addition, being the high of tractor draw power in hard
topographic conditions enables the production to be carried out with mechanization. For this reason,
there must be a linear relationship between the towing power of the tractor to be purchased and the
amount of land to be processed. The tractor can remain idle only if the tractors with higher traction are
preferred without considering the land scale and topographical conditions. In this case, interest and
depreciation costs of the enterprise are increasing.

Table 5. Mechanization productivity by enterprise’ size

Average of
0-50 51-100 101-200 201+ Enterprises
Mechanization Average Working Hours (hours) 51.39 120.45 240.65 528.93 398.19
Productivit GPV/Working hours ($) 238.80 291.24 303.72 317.60 314.40
Y Agricultural Income / Working Hours ($) -19.79 100.82 120.58 138.94 116.39
Mechanization Average Tractor Power (HP) 54.33 57.36 61.48 67.37 64.35
Productivity by GPV [ Tractor Power ($) 225.86 611.56 1188.87  2493.38 1945.64
Tractor Power Agricultural Income / Tractor Power ($) -18.72 211.71 471.99 1090.77 720.27
Mechanization Average Tractor Age 13.33 12.45 10.91 10.09 10.69
Productivity GPV/ Tractor Age ($) 920.39 2816.76  6697.47 16649.58  11709.54
according to Agricultural Income (Al) / Tractor Age 7627 97510 265894 728363 433487
tractor age
Mechanization ~ \Verage Annual Elietprise Cost oftheTractor 536183 419535 562044 801654 679351
Productivity . . .
according to Annual Costs According t&;znterpnse Working Hours 45.96 34.83 23.39 15.16 20.68
U; I?Zeaﬁgr’]“‘ca('m Share in Enterprise Costs (%) 21.47 18.41 13.98 10.08 12.41
According to Tractor Power / Annual Cost of Use ($) 43.47 73.14 91.57 118.99 105.58

It was determined that the working hours of tractors increased in the investigated enterprises in
parallel with the enterprise scale. As a result of this situation, an increase was observed in GPV and Al.
The annual working hours of tractors in Turkey are average 500-550 hours (Tarmakbir, 2018).
Therefore, it is seen that only large enterprises use their tractors rationally. In other enterprises, tractors
remain idle and this raises enterprise costs.

Another indicator of the mechanization productivity is the age of the tractors used. The age of
the tractors is important in terms of cost and time. Although it is not possible to use the old tractor
efficiently, these tractors bring additional costs to the enterprises in fuel consumption and maintenance
costs are very high. As a result of the aging of a tractor, an average of 700 L of fuel and an average of
100 hours of work loss occurs. Repair and maintenance costs are approximately $ 735.29. These factors'
costs to enterprises is higher than $ 3 676.47 (Yalgin et al., 2007). In addition, the use of elderly tractors
adversely affects human health. In European countries, 69% of tractor accidents occurred with tractors
older than 12 years (Tarmakbir, 2018). In Table 5, as the enterprise size increases, the tractor age
decreases and in parallel with the enterprise size, young tractors are used more efficiently. The economic
life of a tractor is 10 000-12 000 hours in international standards and the average annual working time
in Turkey is 500-550 hours. According to these values, the maximum life of a tractor in Turkey is 24
years. This situation reveals that the tractors in the investigated enterprises are below average and that
they have tractors that can be used.

The last criterion of mechanization productivity is annual cost of use, and the best criterion for
productivity is this. In the sub-components of this criterion, the average tractor usage cost is included.
In addition, the share of this cost in the enterprise costs was calculated according to the working hours
and tractor power. According to the results obtained, the usage time of the tractor increases with the
increase in the scale of the enterprise and accordingly the usage cost increases. However, it is necessary
to pay attention to the cost of tractor usage per hour. According to the table, per unit hours the usage
cost of the tractor decreasing while the increasing of the scale of the enterprise. This also applies to
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enterprise costs. The share of the use cost of tractors in enterprises costs decreases with the increase of
the enterprises scale. Because tractors are strong and new in the investigated enterprises, the costs of
tractor use are inversely proportional to the working hours. As the enterprise scale increases, the cost of
tractor use per unit tractor power increases as well. This allows more land to be processed depending on
the tractor's towing power.

4, Conclusion

Small and fragmented agricultural lands in Turkey restricts the use of mechanization in
agriculture. This complicates the choice and acquisition of mechanization. As a matter of fact, the fact
that the land is small and fragmented prevents the decrease in income and the use of mechanization due
to the physical properties of the land. This situation causes a decrease in productivity in agricultural
production. The mechanization used to ensure productivity should increase profitability in enterprise.
As a result of the study, as the size of the land increases, the productivity of the mechanization used
increases and profitability increases. In addition, there is productivity in the use of labor force and
capital, and it is determined that the production factors are used rationally in parallel with the growth of
the enterprise scale.

In line with the results obtained, the use of high-tech mechanization tools and equipment is
recommended in agriculture in Turkey. Since the cost of these equipment is high and the capital structure
of agricultural enterprises of Turkey is not at the level to meet these equipment, new strategies need to
be developed. This strategy is “Cooperation in Machine Use Models”. With this development model,
there will be no investment costs of the machines. In addition, with the renewal of mechanization tools
and equipment’s in a short time, the latest technologies will be used in the enterprises. With
"Cooperation in Machine Use" mechanization costs will be minimized and high depreciation and interest
costs in fixed capital will be reduced. Reduction of costs, technological developments will increase
profitability in enterprises.

The development model, expressed as Cooperation in Machine Use, has started to be
implemented in the 2000s and the first examples have failed for various reasons. However, the
organization called CUMA in France increased the use of tractor 2.5 times and increased it to 1 000
hours. In recent years, necessary attention has been given to this issue in Turkey. Among the successful
examples;

e "Cooperation in Machine Usage Park Project" Of Surug District Governorship,

e Bayburt Provincial Directorate of Agriculture and Forestry for the use of common
machinery Park Formation,

e The work of the Association of cattle breeding in Amasya to exploiter the equipment’s
in the Cooperation in Machine Park at low cost to the producers is located.

Recently, applications for "Cooperation in Machine Use" are not enough against the increase.
To increase the use of common machinery.

o Enterprise width, production patterns, irrigation facilities, labor supply and existing
mechanization levels should be established.

e |t should be explained that the product diversity and productivity increase will be
provided to the producers with the use of mechanization.

e The number of institutions / organizations that can offer "Cooperation in Machine Park"
to producers should be increased and these institutions / organizations should be
introduced to producers.

e Producers should be given the ability to act together and cooperation should be ensured
between them.
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amaciyla 2017 yilinda yiiriitiilmustiir. Kendi kokleri {izerinde goble terbiye
sistemine sahip asmalara tane tutumunun ardindan salkim seyreltme yoluyla iki
farkli iriin yiikii (20 ve 30 salkim/asma) uygulanmistir. Ben diigme tarihinden
sonraki 7. ve 14. giinlerde iki kez dort farkli dozda (0-100-500-1000 ppm) sadece
salkimlara piiskiirtme yoluyla etefon uygulamasi yapilmistir. Ercis tiziim ¢esidinde
Urtin yuki ve etefon uygulamalarinin asma verimi, salkim eni, 100 tane agirhigi,
tane boyu, tane eni, L* ve b* degeri ile sirinjik ve p-kumarik asit miktarlar1 {izerine
olan etkileri istatistiksel olarak 6nemli bulunmustur. Her iki {iriin yukiinde de
etefon dozlarinin kontrole gére asma verimi, salkim agirligi, salkim boyu, salkim
eni, tane boyu, tane eni, 100 tane agirligi, tartarik asit, malik asit, pH ve toplam
asitlikte genel olarak azalmaya, suda ¢oziinebilir kuru madde miktarinda ise artisa
neden oldugu tespit edilmistir.
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Abstract: This study was conducted to investigate the effects of different crop-load
and ethephon treatments on yield, quality and biochemical characteristics of Ercis
grape cultivar in 2017. Experimental vines were grown on their own roots and
trained in gobble style. Following the fruit-set, cluster thinning was performed as
to have two different fruit loads (20 and 30 cluster/vine). Ethephon (CEPA 2-
Chloroethylphosphonic acid) was sprayed externally only to the clusters in 4
different doses (0-100-500-1000 ppm) twice 7™ and 14" days after veraison. Crop
loads and ethephon treatments had significant effects on vine yield, cluster width,
100-berry weight, berry length and width, L* and b* values, syringic and p-
coumaric acid contents of Ercis grapes. In both crop loads, as compared to the
control, ethephon doses generally decreased vine yield, cluster weight, length and
width, berry length, width and 100-berry weight, tartaric and malic acid contents,
pH and total acidity and increased soluble solid contents.

1. Giris

Tarimsal iirlinlerin ¢ogunda oldugu gibi bagcilikta da birim alandan en yiliksek verim ve
kalitenin elde edilmesi temel amaglar arasinda yer almaktadir. Bu amaca ulasmak igin 1slah
calismalariyla verim ve kalitesi yiiksek yeni iiziim ¢esitler elde edilmeye caligilirken, mevcut ¢esitlerde
de verim ve kalitenin arttirtlmasia yonelik ¢aligmalar da hizla devam etmektedir. Giiniimiizde bu
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baglamda bir¢ok teknik ve kiiltlirel uygulama hayata gecirilmis olup basariyla uygulanmaktadir. Bu
konudaki en eski uygulama asmalarin gelisme kuvvetlerine uygun iiriin yiikii ile yiiklenmeleridir. Uriin
yiikii ayarlanmasi ile asmanin verim ve kalitesinin arttirtlabilecegi bir¢ok arastirmayla ortaya konmustur
(Kurtural ve ark., 2006; Miele ve Rizzon, 2013; Shalan, 2013).

Kltirel ve teknik uygulamalar disinda verim ve kalitenin arttirilmasina yonelik olarak kimyasal
bilesiklerin kullanimi da olduk¢a yaygin bir yontemdir. Bu amagla kullanilan kimyasal bilesikler
icerisinde bitki buytme duzenleyicileri dnemli bir yere sahiptir. Gunlimuzde dogal veya sentetik bitki
biiyiime diizenleyicilerinin digsal uygulamalar1 ile fizyolojik yapida meydana gelen degisimlerin
aragtirtlmasit ve bunlardan yetistiricilikte yararlanmaya yonelik ¢aligmalar hizla devam etmektedir.
Bagcilikta bitki biiyiime diizenleyicilerin digsal uygulamalarinin verim ve kalite iizerine olan etkileri,
ceside, kullanilan kimyasal maddenin yapisina, tipine, dozuna, uygulama zamanina ve sekline goére
onemli 6l¢iide degismektedir (Agaoglu, 1976; Uzun, 1996). Bu yiizden bitki biiyiime diizenleyicilerin
bag yetistiriciliginde etkin sekilde kullanilmalar1 bu kimyasallarin asma {izerinde farkli doz, zaman ve
uygulama sekillerinin yaratacagi etkilerin bilinmesine baglhdir. Ote taraftan gesitlerin bitki biiyiime
diizenleyicilerine verecekleri tepkiler farkli olup bu farkliliklarin g¢esitler bazinda ortaya konmasi
pratikte onem tagimaktadir.

Etilenin bitki fizyolojisi iizerindeki etkilerinin anlagilmasindan sonra bu hormonun digsal
uygulamalarda kullanilmasi amaciyla birgok yapay formlari iretilmis olup bunlar igerisinde
uygulamada en ¢ok kullanilan 2-Kloroetilfosfonik asit veya etefon (CEPA) dur. Bagcilikta etefonun
verim ve Kkalite, meyve kompozisyonu, tane kabuk rengi, olgunlasma, vejetatif gelisme, tane absisyonu
ve geliklerde koklenme iizerine olan etkilerini belirlemek amaciyla bir¢ok arastirma yiiriitiilmiistiir
(Lavee ve ark., 1977; El-Zeftawi, 1982; Szyjewicz ve Kliewer, 1983; Ezzahouani, 1997; Coban, 2008;
Kaura ve ark., 2013; Ferrara ve ark., 2016). Son yillardaki teknolojik gelismeler ve disiplinler arasi
calismalar bircok tiriinde biyokimyasal 6zelliklerin ayrintili olarak incelenmesine imkan vermistir. Bu
calisma, digsal etefon uygulamalarinin olgunlagmayi hizlandirma, asma verim ve kalitesi Uzerine olan
etkilerinin yani sira biyokimyasal 6zellikleri iizerine olan etkilerini ayrintili olarak ortaya koymasi
bakimindan 6nem tagimaktadir.

Yore bagcilik acisindan kisit faktdrleri biinyesinde barindirmaktadir. Bolgenin farkli
lokasyonlarinda halk tarafindan begenilerek sofralik olarak tiiketilen ve yetistirilen mahalli ¢esit olmasi
nedeniyle Ercis liziim ¢esidi ¢alismaya konu teskil etmistir. Bu ¢alismada, Ercis {izlim ¢esidinde farkli
Urun yika ve etefon dozlarinin verim ve kalite ile baz1 biyokimyasal 6zellikler tizerine olan etkileri
incelenmigtir.

2. Materyal ve Yontem
2.1. Materyal

CGalisma, 2017 yilinda Dogu Anadolu Bolgesi Van Goli Havzasi’nda ticari Uretim yapilan bir
bag alaninda yiritilmistir. Van Golii Havzasi, 1725 m rakima sahip 38° 28" enlem ve 43° 21" boylam
dereceleri arasinda bulunan etrafi yiiksek daglarla cevrili, karasal iklimin hiikiim siirdiigii bir havzadir.
Denemede arastirma materyali olarak, bolgede yaygin olarak yetistirilen, Ercis tiziim (Vitis vinifera L)
¢esidi kullanilmistir. Ercis tizlim ¢esidinin salkimlar1 kanatli, sik yapili, taneleri mavimsi siyah renkte,
basik kiiresel sekilli, sulu, ince kabuklu ve {izeri pusludur. Ortalama salkim agirligi 280 g tane agirlig
ise 3.20 g’dir (Kelen, 1991). Denemenin yiiriitiildiigi bagdaki omcalar 20 yasinda olup, asisiz fidanlarla
2 x 1,5 m dikim sikliginda tesis edilmis ve goble seklinde terbiye edilmistir. Arastirma yilina ait yillik
ortalama sicaklik 10.43 °C, en sicak ay ortalamasi (Temmuz) 23.3 °C, en soguk ay ortalamasi (Ocak) -
2 °C, gelisme donemi ortalama sicakligi (Nisan- Ekim aras1) 17.44 °C, yillik yagis miktar1 ise 416.5 mm
olarak ger¢eklesmistir (Anonim, 2018).

2.2. Yontem

Deneme baginda kis budamasi sirasinda birbirine yakin kuvvette gelisme gosteren, saglikli
asmalar belirlenmis olup ii¢ tekerriirlii ve her tekerriirde dort asma olacak sekilde planlama yapilmustir.
Omocalar 3-4 goz tizerinden kisa budamaya tabi tutulmus olup, istenen {irtin yiiklerine ulasmak amaciyla
omcalar Uzerinde 25-30 goz birakilmigtir. Tane tutumunun ardindan asmalara 20 ve 30 salkim/asma
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olacak sekilde salkim seyreltme yoluyla iki farkl iiriin yiikii uygulanmistir. Her iki iirlin yiikiinde de
ben diisme tarihinden sonraki 7. ve 14. glinlerde olmak tizere iki kez dort farkli dozda (0-100-500-1000
ppm) sadece salkimlara piiskiirtme yoluyla etefon (CEPA 2-Kloroetilfosfonik asit) uygulamasi
yapilmistir (Agaoglu ve Celik, 1977; Coban, 2008). Uygulamalar sabah saatlerinde yapilmis olup
kontrol gruplarina saf su puskirtilmustir. Etefon uygulamalarinin verim, kalite ve biyokimyasal
Ozellikler iizerine olan etkilerini ortaya koymak amaciyla kontrol uygulamalarinin hasat tarihi baz
almarak hasat gerceklestirilmistir. Hasatta genel kriter sofralik iiztimlerde %16-18 degerlerine
ulagtiginda hasat Ongoriilmektedir (Celik ve ark., 1998). Her iki driin yukinde de kontrol
uygulamalarinin %16-17 kuru madde miktarlarina ulagmasi ile birlikte tiim uygulamalar tek seferde
hasat edilmistir. Hasat ‘20 salkim/asma’ {iriin yiikiine sahip uygulamalarda 21.09.2017 tarihinde ‘30
salkim/asma’ iirlin yiikiine sahip uygulamalarda ise 26.09.2017 tarihlerinde ger¢eklestirilmistir. Gelisme
donemi icerisinde asmalar iki kez salma sulama yontemi ile sulamis ve iki kez toprak isleme yapilmustir.
Killeme hastaligina kars1 asmalar, tane tutum sonrasi Ve ben diisme 6ncesi donemleri arasinda iki kez
sistemik etkili bir fungusit ile ilaglanmigtir.

Uygulamalarin etkilerini belirlemek amaciyla; asma verimi (g/asma), ortalama salkim agirligi
(g), salkim boyu ve eni (cm), tane boyu ve eni (mm), tane kabuk rengi (L", a" ve b”" degerleri), 100 tane
agirhigr (g), fenolik bilesikler, toplam fenolik madde miktari, organik asitler, suda ¢6ziinebilir kuru
madde miktar1 (%), toplam asitlik (g/l) ve sira pH’s1 degerleri belirlenmistir. AsSma verimi (g/asma);
tekerriirlerdeki asmalardan elde edilen tirtiniin tartilmasiyla, salkim agirlig1 ve boyutlar tekerriirlerdeki
asmalardan alinan 10’ar adet salkimda yapilan olgtimler ile tane boyutlar1 ve tane kabuk rengi ise 100
adet tanede belirlenmistir. Tane kabuk rengi Konica Minolta CR-400 marka renk olger cihazi ile
belirlenmistir. L"a"b” renk modelinde, L", rengin agiklik ve koyulugunu (beyaz-siyah), a* degeri rengin
kirmizi ve yesil arah@m, b” degeri ise sarilik ve maviligini gosterir. Suda ¢ézinebilir kuru madde
miktar1 ise dijital refraktometre ile belirlenmistir. Analizlerde kullanilacak 6rnekler tekerriirlerdeki
asmalarin degisik yonlerindeki golge ve giines goren salkimlarimin ug, orta ve dip kisimlarindaki
tanelerden alinmustir. Organik asit ve fenolik bilesik analizlerinde kullanilan standartlar kromotografik
saflikta (Sigma-Aldrich, St. Louis, MO, USA) temin edilmistir.

2.2.1. Fenolik bilesiklerin belirlenmesi

Uygulamalardan aliman meyve 6rneklerinde (kabuk + meyve eti) gallik asit, protokatesik asit,
klorojenik asit, p-kumarik asit, ferulik asit, O-kumarik asit, vanilik asit, sirinjik asit ve resveratrol
miktarlart tespit edilmistir. Fenolik bilesiklerin HPLC ile ayrilmasinda Rodriguez-Delgado ve ark.
(2001) tarafindan belirlenen yontem kullanilmigtir. 2 g iiziim Ornegi (kabuk +meyve eti)
homojenizatorde pargalandiktan sonra 1:1 oraninda distile su ile sulandirilmig ve 15 dk. 15000 rpm’de
santrifiij edilmistir. Daha sonra iistte kalan kisim 0.45 pm millipor filtreden gegirilerek viallere
doldurulmustur. Kromotografik ayirim, Agilent 1100 HPLC sisteminde, DAD dedekt6ri ve 250*4.6
mm, 4 pum ODS kolon kullanilarak gerceklestirilecektir. Mobil faz olarak 280 ml metanol + 20 ml asetik
asit + 700 ml ultra saf su kullanilmistir. Ayirim 254 ve 280 nm dalga boylarinda gergeklestirilmistir.

2.2.2. Toplam fenolik madde miktarimin belirlenmesi

Uygulamalardan almman 5 g meyve Ornegine 25 ml metanol eklenip 2 dakika boyunca
homojenizator ile orta hizda homojenize edildikten sonra 30 dk oda sicakliginda karanlik kosullarda
bekletilmistir. Ornekler filtre kagidiyla siiziilerek efendorf tiiplere aktarilmis ve analiz yapilincaya kadar
-80 °C’ de muhafaza edilmislerdir. Toplam fenolik madde igerigi Folin-Ciocaltaeu kolorimetrik
yontemiyle spektrofotometrede belirlenmistir (Swain ve Hillis, 1959). Cozeltilerin spektrofotometrede
725 nm dalga boyunda absorbans degerleri okunmus, toplam fenolik madde miktar1 gallik asit esdegeri
(GAE) mg/100 g yas agirlik olarak ifade edilmistir.

2.2.3. Organik asitlerin belirlenmesi
Etefon uygulamalar: sonrasinda elde edilen meyve Orneklerinde (kabuk + meyve eti) organik

asitlerden tartarik asit, malik asit ve sitrik asit miktarlar1 belirlenmistir. Organik asitlerin
ekstarksiyonunda Bevilacqua ve Califano (1989) tarafindan verilen metot modifiye edilerek
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kullanilmigtir. Elde edilen iiziim orneklerinden (kabuk+meyve eti) 1 g alinarak santrifiij tliplerine
aktarilmistir. Bu 6rnekler {izerine 20 ml 0.009 N H>SO4 eklenerek, homojen hale getirilmistir. Daha
sonra calkalayici tizerinde 1 saat karistirilmis ve 15 dakika 15000 rpm’de santrifiij edilmistir.
Santriftijden sonra supernatant kisim 6nce kaba filtre kagidindan, daha sonra iki kez 0.45 pm membran
filtreden ve son olarak SEP-PAK Cigkartusundan gegirilmistir. Organik asitler, Bevilacqua ve Califano
(1989) tarafindan verilen yontem kullanilarak HPLC cihazinda analize tabi tutulmustur. HPLC
sisteminde Aminex HPX - 87 H, 300 mm x 7.8 mm kolon kullanmilmistir. Sistemdeki detektor 214 ve
280 nm dalga boylarina ayarlanmig ve mobil faz olarak 0.009 N H>SO, kullanilmastir.

2.3. istatistiki Analiz

Deneme tesadif parselleri deneme desenine gore planlanmistir. Elde edilen veriler Statgraphics
istatistik programi kullanilarak degerlendirilmis ortalamalarin karsilastirilmasinda Duncan ¢oklu
karsilastirma testi kullanilmstir.

3. Bulgular ve Tartisma

Uygulamalarin asma verimi iizerine olan etkileri istatistiki olarak 6nemli bulunurken, asma
verim degerlerinin 5485.35 g/asma (20 salkim/asma + 1000 ppm etefon) ile 8828.21 g/asma (30
salkim/asma-kontrol) arasinda degisim gosterdigi tespit edilmistir. Uriin yiikiindeki artisa paralel olarak
asma veriminin arttig1 ve her iki lirlin yiikiinde de etefon uygulamalarinin kontrole gére asma veriminde
kayiplara neden oldugu belirlenmistir (Cizelge 1). Szyjewicz ve Kliewer (1983), Chenin Blanc ¢esidinde
(cigeklenmeden sonraki 0, 1, 2 ve 3. haftalarda), Agaoglu (1977), Hamburg Misketi ¢esidinde etefon
uygulamalarmin asma verimde kayiplara neden oldugunu bildirmislerdir. Kaur ve ark. (2013), Flame
Seedless ¢esidinde % 75 ve % 50 iirtiin yiiklerinde 400 ve 500 ppm etefon dozlarinin verimi arttirdigini
tespit etmislerdir. Uziim veriminde meydana gelen kayiplarin ya asir1 dozlardan ya da gok erken
donemdeki uygulamalardan kaynaklandig bildirilmistir (Szyjewicz ve Kliewer, 1983).

Salkim agirligi ve salkim boyu tizerine uygulamalarin etkileri istatistiksel olarak Gnemsiz
bulunurken salkim eni {izerine olan etkileri 6nemli bulunmustur. ‘30 salkim/asma + 500 ppm etefon’
uygulamasi en diisiik salkim agirhigr ve boyunu (sirasiyla 256. 83 g ve 15.33 ¢cm) veren uygulama
olurken, ‘20 salkim/asma-kontrol’ uygulamasi ise en yiiksek salkim agirligi ve boyunu (sirasiyla 304.
88 g ve 16.73 cm) veren uygulama olmustur. En diisiik salkim eni 7. 13 cm ile ‘30 salkim/asma + 500
ppm etefon’ uygulamasinda en yiiksek salkim eni ise 8. 90 cm ile ‘20 salkim/asma + 100 ppm etefon’
uygulamasinda olgtilmiistiir. Her iki tirtin yiikiinde de etefon uygulamalarinin kontrole gore salkim
agirligi, salkim boyu ve salkim eninde (20 salkim/asma + 100 ppm etefon uygulamasi hari¢) azalmalara
neden oldugu belirlenmistir (Cizelge 1). Kok ve Bal (2018), Red Globe iiziim ¢esidinde 300 mg/1 etefon
uygulamasimin kontrole gore salkim agirligini azalttigini, salkim boyunu ve enini ise arttirdigin tespit
etmislerdir. Szyjewicz ve Kliewer (1983), Chenin Blanc iiziim ¢esidinde ¢iceklenmeden sonraki 0, 1, 2
ve 3. haftalarda yapilan etefon uygulamalarinin salkim agirligini azalttigini sonraki haftalarda yapilan
uygulamalarin ise arttirdigini bildirmislerdir. Kaur ve ark. (2013), Flame Seedless iiziim ¢esidinde
etefon uygulamalarinin (400 ve 500 ppm) tiim {iriin yiiklerinde (% 50-75 ve 100) kontrole gore salkim
agirligin, salkim boyunu ve enini arttirdigini tespit etmislerdir.

Uygulamalarin tane boyu, tane eni ve 100 tane agirligi tizerine olan etkileri istatistiksel olarak
onemli bulunmustur. Tane boyu 15.22 mm (20 salkim/asma + 1000 ppm etefon) ile 16.76 mm (20
salkim/asma-kontrol), tane eni 14.92 mm (20 salkim/asma + 1000 ppm etefon) ile 16.68 mm (30
salkim/asma-kontrol), 100 tane agirligr ise 205.91 g (30 salkim/asma + 500 ppm etefon) ile 251.57 g
(20 salkim/asma-kontrol) degerleri arasinda degisim gostermistir. Her iki iiriin yiikiinde de etefon
uygulamalarinin kontrole gére tane boyu, tane eni ve 100 tane agirliginda kayiplara neden oldugu tespit
edilmistir (Cizelge 1). Calismamiz ile ayni uygulama sekli ve uygulama zamanii kullanan Coban
(2008), Trakya Ilkeren gesidinde etefon uygulamalarinin kontrole gére tane agirligi ve boyutlarini
arttirdigini, Agaoglu ve Celik (1977), ise Alfons Lavallee ¢esidinde etefon uygulamalarinin tane agirlig
ve boyutlarim azalttigini bildirmislerdir. Kaur ve ark. (2013), Flame Seedless ¢esidinde etefon
dozlarmin (400 ve 500 ppm) tiim iriin yliklerinde (% 50, 75 ve 100) tane agirligini arttirdigini tespit
etmislerdir. Tane agirligindaki azalmalarin asir1 dozlar veya erken uygulamalardan kaynaklandigi
bildirilmistir (El-Zeftawi, 1982; Szyjewicz ve Kliewer, 1983). Tarafimizca yapilan ¢alismada her iki
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tirlin yiikiinde ortaya ¢ikan verim kayiplar etefon uygulamalar1 sonucunda salkim agirligi, tane boyutlar
ve tane agirhginda ortaya ¢ikan kayiplardan kaynaklanmis olabilir.

Uygulamalarin L* ve b* degerleri iizerine olan etkileri istatistiksel olarak énemli bulunurken, a*
degeri iizerine olan etkileri dnemsiz bulunmustur. Uygulamalardan 6lgiilen L degerleri 28.31 (20
salkim/asma + 1000 ppm ethrphon) ile 30.20 (30 salkim/asma-kontrol), a* degerleri 0.974 (30
salkim/asma-kontrol) ile 1.324 (20 salkim/asma + 100 ppm etefon), b* degerleri ise -1.696 (20
salkim/asma + 1000 ppm etefon) ile -2.997 (30 salkim/asma-kontrol) arasinda degisim gdstermistir
(Gizelge 1). Her iki trtin yiikiinde de tiim etefon dozlar1 kontrole gére L™ degerinde diisiise neden
olmuslardir. ‘30 salkim/asma’ Uriin yiikiinde kontrole gore tiim etefon dozlar1 a* degerini yiikseltirken,
b* degerini diisiirmiistiir. ‘20 salkim/asma’ iiriin yiikiinde ise kontrole gére 100 ppm etefon dozu a* ve
b" degerlerinde artisa, diger dozlar (500 ve 1000 ppm) her iki degerde de (a” ve b") diisiise yol agmistir
(Cizelge 1). Leao ve ark. (2014), Crimson Seedless ¢esidinde etefon uygulamalarmmn L*, a* ve b”
degerleri lizerine olan etkilerinin yillara gore degiskenlik gosterdigini bildirmislerdir. Ferrara ve ark.
(2016), Thompson Seedless ve Crimson Seedless iiziim ¢esitlerinde etefon uygulamalarinin (1445 ve
2890 mg/l) kontrole gore L™ degerini diisiirdiigiinii belirlemislerdir. Zahedi ve ark. (2013), etefon
uygulamalarinin Perlette ¢esidinde L* degerini arttirdigimi, Yaghuti g¢esidinde ise azalttigini tespit
etmislerdir. Aragtirmamizda her iki iiriin yiikiinde de tiim etefon dozlarinda L* degerinin kontrole gore
daha diisiik degerler almasi etefon uygulamalarmin tane kabuk rengini koyulastirdigini gostermektedir.
Bu bulgu etefonun fenolik bilesiklerin birikimini tesvik ederek tane kabuk rengini etkiledigini bildiren
arastiricilarin sonuglariyla uyum igerisindedir (Nikolaou ve ark., 2003; Lombard ve ark., 2004; Uzquiza
ve ark., 2015).
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Cizelge 1. Farkl iiriin yiikii ve etefon dozlarinin verim ve kalite dzellikleri tizerine etkileri

Uygulamalar Asma verimi Salkim agirlig1 Salkim boyu Salkim eni Tane boyu Tane eni
(9/asma) (@ (cm) (cm) (mm) (mm)

20 salkim/asma (kontrol) 6097.71+1495.71c 304.88 +74.78 16.73 £1.91 7.83+1.59 bc 16.76 £1.35a 16.01+1.60b

20 salkim/asma + 100 ppm Etefon 6051.87 +1375.73¢ 302.59 +68.78 16.66 £2.13 8.90+2.24a 16.12 £1.02bc 15.40+1.24c

20 salkim/asma + 500 ppm Etefon 5900. 09 +1483. 88 cd 295.00 £74.19 16.33 £2.08 7.76+1.52hc 15.48 +£1.22de 15.14+1.60cd

20 salkim/asma + 1000 ppm Etefon 5485.35 +1750.46d 274.26 +£87.52 16.43 £2.37 7.83+1.64bc 15.22 £1.25e 14.92+1.36d

30 salkim/asma (kontrol) 8828.21 +2031.47a 294.27 £67.71 16.40 £1.97 8.55+1.74ab 16.54 £1.05ab 16.68+1.23a

30 salkim/asma + 100 ppm Etefon 8541. 20 +2499. 10 ab 284.70 +£83.30 15.66 *2.66 8.00+1.78abc 15.99 £1.14c 16.24+1.23 ab

30 salkim/asma + 500 ppm Etefon 7705.11 £1971.01b 256.83 +£65.70 15.33 £2.12 7.13+1.61c 15.77 +1.53 cd 15.94+1.70b

30 salkim/asma + 1000ppm Etefon 7927.84 +1987.68 ab 264.26 +66.25 15.86 +2.68 7.20+2.13¢c 16.16 +£1.23bc 16.62+1.26a

F degeri 15.22 * 1. 75** 1.47** 3.34* 12.89* 16.21*

Uygulamalar 100 tane agirhg (g) L a" b*

20 salkim/asma (kontrol) 251.57 £22.67a 29.07 £1.81b 1.271 +£0.44 -1.930+0.664 b

20 salkim/asma + 100 ppm Etefon 243.74 £20.12 ab 28.68 +1.17b 1.324 £0.34 -1.947+0.727b

20 salkim/asma + 500 ppm Etefon 225.14 £27.79bc 28.47 +1.55hc 1.167 £0.24 -1.713+0.828b

20 salkim/asma + 1000 ppm Etefon 221.95 £34.95bc 28.31 £1.23¢ 1.135+0. 37 -1.696+0.701b

30 salkim/asma (kontrol) 240.24 £30.11ab 30.20 +1.26a 0.974 +£0.45 -2.997£0.539a

30 salkim/asma + 100 ppm Etefon 224,80 +26.42bc 28.96 +1.68b 1.224 +0.54 -2.205+0.757b

30 salkim/asma + 500 ppm Etefon 205.91 +£26.97c 28.85 £1.48b 1.063 £0. 46 -2.190+£0.996 b

30 salkim/asma + 1000ppm Etefon 225.14 £27.79hc 28.66 +1.24hc 1.144 £0.25 -2.232+0.806 b

F degeri 4, 21* 2.38* 1. 15%* 4, 37*

Ay siitunda farkls harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). * ortalamalar arasindaki fark 6nemli; ** fark 6nemli degil (p<0.05).
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Uygulamalarin sirinjik asit ve p-kumarik asit miktarlar1 tizerine olan etkileri istatistiksel olarak
onemli bulunurken, diger fenolik bilesik miktarlar iizerine olan etkileri ise onemsiz bulunmustur.
Uygulamalardaki gallik asit miktarlar1 13.54 pg/g (20 salkim/asma + 100 ppm etefon) ile 26.83 pg/g
(30 salkim/asma + 100 ppm etefon) arasinda degisim gostermistir. ‘20 salkim/asma’ {irlin yiikiinde
kontrole gore gallik asit miktarinda 1000 ppm dozu artisa diger dozlar (100 ve 500 ppm) azalmaya, ‘30
salkim/asma’ iirlin yiikiinde ise tiim dozlar artisa neden olmustur (Cizelge 2). Uygulamalar arasinda
klorojenik asidin en diigiik miktar1 1.23 pg/g ile 30 salkim/asma- kontrol’ uygulamasinda en yiiksek
degeri ise 1.87 pg/g ile ‘20 salkim/asma + 100 ppm etefon’ uygulamasinda belirlenmistir. 20
salkim/asma’ iiriin yiikiinde kontrole gére 500 ppm dozu klorojenik asit miktarini etkilemezken, 100
ppm dozu artiga, 1000 ppm dozu azalmaya, ‘30 salkim/asma’ iiriin yiikiinde ise tiim dozlar artisa neden
olmustur (Cizelge 2). Sirinjik asidin en diisiik miktar1 0.13 pg/g ile ‘20 salkim/asma + 100 ppm etefon’
uygulamasinda en yiiksek miktar1 ise 0.70 pg/g ile ‘30 salkim/asma-kontrol’ uygulamasinda
Olglilmiigtiir. ‘20 salkim/asma’ iriin yiikiinde kontrole gore 1000 ppm dozu sirinjik asit miktarini
etkilemezken, 100 ppm dozu azalmaya, 500 ppm dozu artiga, ‘30 salkim/asma’ iiriin yiikiinde ise tiim
dozlar azalmaya neden olmustur (Cizelge 2). Uygulamalardaki p kumarik asit miktarlar1 0.03 pg/g (20
salkim/asma + 100 ppm etefon) ile 0.15 pg/g (30 salkim/asma + 500 ppm etefon) arasinda degisim
gostermistir. ‘20 salkim/asma’ tirlin yiikiinde kontrole gére 1000 ppm dozu p kumarik asit miktarini
etkilemezken, diger dozlar (100 ve 500 ppm) azalmaya, ‘30 salkim/asma’ iiriin yiikiinde ise 1000 ppm
dozu artiga, diger dozlar (100 ve 500 ppm) azalmaya yol agmistir (Cizelge 2). Ferulik asidin en diisiik
miktarini 0.06 pg/g ile ‘20 salkim/asma + 100 ppm etefon’ uygulamasi en yiiksek miktarini ise 0.32
Mg/g ile <30 salkim/asma + 500 ppm etefon’ uygulamasi vermistir. Her iki tiriin yiikiinde de kontrole
gore ferulik asit miktarinda 100 ppm dozu azalmaya, diger dozlar (500 ve 1000 ppm) ise artisa sebebiyet
vermistir (Cizelge 2). Uygulamalardaki o kumarik asit miktarlar: 0. 04 pg/g (20 salkim/asma + 1000
ppm etefon) ile 0.37 pg/g (20 salkim/asma + 100 ppm etefon) arasinda degisim gostermistir. Her iki
tiriin yiikiinde de kontrole gore o kumarik asit miktarinda 100 ppm dozu artisa, diger dozlar (500 ve
1000 ppm) ise azalmaya neden olmuslardir (Cizelge 2). Protokatesik asidin en diisiik miktar1 0.30 ug/g
ile ‘20 salkim/asma + 100 ppm etefon’ uygulamasinda en yiiksek miktar1 ise 1.28 pg/g ile ‘30
salkim/asma + 100 ppm etefon’ uygulamasinda 6lgiilmiistiir. ‘20 salkim/asma’ {iriin yiikiinde kontrole
gore protokatesik asit miktarinda 500 ppm dozu artisa, diger dozlar (100 ve 1000 ppm) azalmaya, ‘30
salkim/asma’ iriin yiikiinde ise tiim dozlar artisa yol agmistir (Cizelge 2). Vanilik asidin en diisiik
miktar1 2.59 pg/g ile ‘20 salkim/asma + 100 ppm etefon’ uygulamasindan, en yiiksek miktar1 ise 3.72
pg/g ile ‘20 salkim/asma + 500 ppm etefon’ uygulamasindan elde edilmistir. ‘20 salkim/asma’ {iriin
yiikiinde kontrole gore vanilik asit miktarinda 500 ppm dozu artisa, diger dozlar (100 ve 1000 ppm)
azalmaya, ‘30 salkim/asma’ {irlin yiikiinde ise tiim dozlar azalmaya sebebiyet vermistir (Cizelge 2).
Uygulamalardaki resveratrol miktarlari 2.23 pg/g (20 salkim/asma + 100 ppm etefon) ile 3.44 pg/g (20
salkim/asma + 1000 ppm etefon) arasinda degisim géstermistir. ‘20 salkim/asma’ {irlin yiikiinde kontrole
gore resveratrol miktarinda 1000 ppm dozu artisa, diger dozlar (100 ve 500 ppm) azalmaya, neden
olurken ‘30 salkim/asma’ {iriin yiikiinde ise kontrol uygulamasi disindaki diger uygulamalarda
resveratrol tespit edilememistir (Cizelge 2). Uygulamalarin fenolik bilesik miktarlari iizerine olan
etkileri cok degiskenlik gostermistir. Her iki {irtin yiikiinde de etefon dozlari ile fenolik bilesik miktarlart
arasinda kesin bir iligki tespit edilememistir. Uygulamalarin toplam fenolik madde miktarlar1 iizerine
olan etkileri istatistiksel olarak onemsiz bulunmustur. Uygulamalardaki toplam fenolik madde miktarlar
240.30 mg GAE/100 g ile (30 salkim/asma-kontrol) 257.80 mg GAE/100 g (20 salkim/asma + 100 ppm
etefon) arasinda degisim gostermistir. ‘20 salkim/asma’ {iriin yiikiinde kontrole gére toplam fenolik
madde miktarinda 100 ppm dozu artisa, diger dozlar (500 ve 1000 ppm) azalmaya, ‘30 salkim/asma’
tirtin yiikiinde ise tiim dozlar artisa neden olmustur (Cizelge 2). Kok ve Bal (2018), Red Globe (iziim
¢esidinde 300 mg/l etefon uygulamasinin toplam fenolik madde miktarin1 kontrole gore % 28. 87
oraninda arttirdigini bildirmislerdir. Gallegos ve ark. (2006), Tempranillo tiziim ¢esidinde 700 mg/I
etefon dozunun toplam fenolik bilesik indeksini kontrole gore azalttigini, 1400 mg/1 etefon dozunun ise
arttirdigini rapor etmislerdir.

Uygulamalarin tartarik asit, malik asit ve sitrik asit {izerine olan etkileri istatistiksel olarak
onemli bulunmamustir. Tartarik asidin en diisiik degeri 5247 ng/g ile ‘20 salkim/asma + 1000 ppm
etefon’ uygulamasinda en yiiksek degeri ise 5773 pg/g ile ‘30 salkim/asma + 500 ppm etefon’
uygulamasinda Ol¢iilmiistiir. Uygulamalar arasinda ‘30 salkim/asma + 500 ppm etefon’ uygulamasi
disinda kalan tiim uygulamalarda tartarik asit miktarlarimin kontrole gore daha diisiik oldugu
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gozlemlenmistir (Cizelge 2). ‘20 salkim/asma + 500 ppm etefon’ uygulamasi malik asit miktarinin en
diisiik (4876 ng/g) <30 salkim/asma-kontrol’ uygulamasi ise en yiksek (5510 pg/g) oldugu uygulamalar
olmuslardir. Her iki iiriin yiikiinde de tiim etefon dozlarinda malik asit miktarinin kontrole gore daha
diisiik oldugu belirlenmistir (Cizelge 2). Sitrik asidin en diisiik miktar1 323.3 pg/g ile ‘30 salkim/asma
+ 1000 ppm etefon’ uygulamasindan en yiiksek miktar1 ise 401.4 pg/g ile ‘30 salkim/asma + 500 ppm
etefon’ uygulamasindan elde edilmistir. ‘20 salkim/asma’ Urlin ylkunde kontrole gore sitrik asit
miktarinda 100 ppm dozu artisa, diger dozlar (500 ve 1000 ppm) azalmaya, ‘30 salkim/asma’ iiriin
yiikinde ise 1000 ppm etefon dozu azalmaya, diger dozlar ise artisa yol agmustir (Cizelge 2). Shulman
ve ark. (1985), Carignane ¢esidinde etefon uygulamalarinin tartarik asit miktarmni arttirdigini, malik asit
miktarin1 azalttigini, Gallegos ve ark. (2006), Tempranillo ¢esidinde tartarik asit miktarin1 700 ppm
etefon dozunun azalttigini, 1400 ppm dozunun arttirdigini, her iki dozunda malik asit miktarini
azalttigin1 bildirmislerdir. Arastirmamizda her iki iiriin yiikiinde de etefon dozlar1 malik asit miktarini
azaltmistir. Bu bulgu Shulman ve ark. (1985) ve Gallegos ve ark. (2006)’ nin sonuglar1 ile uyum
icerisindedir. Malik asit miktarindaki azalma etefon tarafindan salinan etilenin solunum hizini arttirmasi
ve buna bagli olarak malik asidin par¢alanmasindaki artigtan kaynaklanmis olabilir (Ruffner, 1982).

Uygulamalarin pH, toplam asitlik ve suda ¢oziinebilir kuru madde miktari iizerine olan etkileri
istatistiksel olarak 6nemli bulunmamistir. Uygulamalardaki pH degerleri 3. 44 (30 salkim/asma + 100
ppm etefon) ile 3.61 (30 salkim/asma + 1000 ppm etefon) degerleri arasinda degisim gostermistir.
Uygulamalar arasinda ‘30 salkim/asma + 1000 ppm etefon’ uygulamasi disinda kalan tim
uygulamalarda pH degerlerinin kontrole gore daha diisiik oldugu belirlenmistir (Cizelge 2). En diisiik
toplam asitlik 6.36 g/l ile ‘20 salkim/asma + 500 ppm etefon’ uygulamasindan, en yiiksek toplam asitlik
ise 7.85 g/l ile ‘20 salkim/asma-kontrol’ uygulamasindan elde edilmistir. Uygulamalar arasinda ‘30
salkim/asma + 500 ppm etefon’ uygulamasi digindaki tiim uygulamalarda toplam asitligin kontrole gore
daha diisiik degerler gosterdigi tespit edilmistir (Cizelge 2). Suda ¢6ziinebilir kuru maddenin en diisiik
miktar1 % 16.36 ile ‘30 salkim/asma-kontrol’ uygulamasinda en yiiksek miktar1 ise % 18.50 ile ‘20
salkim/asma + 500 ppm etefon’ uygulamasinda 6lgiilmiistiir. Ttim uygulamalarda suda ¢oziinebilir kuru
madde miktarinin kontrole gére daha yiiksek degerler gosterdikleri belirlenmistir. Ezzahouani (1997),
Ruby Seedless ¢esidinde; Kaura ve ark. (2013), Flame Seedless ¢esidinde, Kok ve Bal (2018), Red
Globe ¢esidinde etefon uygulamalarinin suda ¢oztinebilir kuru madde miktar1 ve pH degerini arttirdigini
toplam asitligi ise azalttigin1 bildirmislerdir. Zahedi ve ark. (2013), etefon uygulamalarinin suda
¢oOziinebilir kuru madde miktarini Perlette ¢esidinde arttirdigini, Yahuti ¢esidinde azalttigini, toplam
asitligi ise Perlette ¢esidinde azalttigini, Yahuti ¢esidinde arttirdigini belirlemislerdir.

Calisgmamizda etefon uygulamalari her iki Girlin yiikiinde de suda ¢oziinebilir kuru madde
miktarini kontrole gore degisen oranlarda arttirirken, toplam asitligi kontrole gére degisen oranlarda (30
salkim/asma + 500 ppm uygulamasi hari¢) azaltmigtir. Calismamizda elde ettigimiz bu sonuglarin aksine
etefon uygulamalarinin suda ¢oziinebilir kuru madde miktarini azalttigi, toplam asitligi ise arttirdig
yonlinde arastirma bulgularida mevcuttur. Bu bulgular ciceklenme veya meyve tutum ddneminde
yapilan erken etefon uygulamalar ile iligskilendirilmistir (Hale ve ark., 1970; Coombe ve Hale, 1973;
Szyjewicz ve Kliewer, 1983). Etefonun meyve olgunlugu ve kompozisyonu iizerine olan etkilerinin
uygulama metodu, konsantrasyon, zaman ve cesit gibi birgok faktdre bagli olarak oldukga farklilik
gosterdigi bildirilmistir (Hale ve ark., 1970; Coombe ve Hale, 1973; El-Zeftawi, 1982; Szjewicz ve
Kliewer, 1983).

20 salkim/asma’ {riin yiikiine sahip uygulamalar ‘30 salkim/asma’ iiriin ylikiine sahip
uygulamalardan bes giin 6nce hasat olgunluguna ulagmistir. Diisiik {iriin yiikiiniin yiiksek {irtin yiikiine
gore olgunlugu hizlandirdigi bir¢ok arastirici tarafindan bildirilmistir (Heil, 1998; Pehlivan ve Uzun,
2015). Arastirmamizda etefon uygulamasi yapilmis asmalarin hasat doneminde her iki Urtin yukiinde de
kontrol gruplarindan daha yiiksek kuru madde miktarina ve daha diisiik toplam asitlige sahip olduklari
gbzlemlenmistir. Bu bulgu her iki Grlin yikinde de etefon uygulamalarinin kontrole gére olgunlugu 6ne
aldigin1 gostermektedir. Etefon uygulamalarinin olgunlagsmay1 hizlandirdigi birgok arastirici tarafindan
da bildirilmistir (Hale ve ark., 1970; Coombe ve Hale, 1973).
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Cizelge 2. Farkl iiriin yiikii ve etefon dozlarinin biyokimyasal 6zellikler tizerine etkileri
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Uygulamalar Gallik Asit Klorojenik Siringik Asit P-kumarik Ferulik Asit o-kumarik Protokatesik Vanilik Asit
(Hg/g) Asit (ug/g) (Hg/g) Asit (1g/g) (ng/g) Asit (uglg)  Asit (Hg/g) (Hg/g)
20 salkim/asma (kontrol) 22.09 £ 6.00 1.55+0.44 0.19+0.05¢ 0.07+0.01bc 0.25+0.16 0.25+0.26 0.45+0.47 2.86+0.73
20 salkim/asma + 100 ppm Etefon 1354 £9.29 1.87+0.14 0.13+0.00c 0.03+0.00c 0.06 +0.03 0.37+£0.24 0.30%0.05 2.59+0.45
20 salkim/asma + 500 ppm Etefon 15.55+7.40 1.55+0.51 0.29+0.12¢ 0.04+0.01c 0.29+0.09 0.21+£0.33 0.93%0.33 3.72+0.14
20 salkim/asma + 1000 ppm Etefon 27.57+4.05 1.36%0.07 0.19+0.01c 0.07+0.00bc  0.29+0.19 0.04+£0.00 0.39%0.30 2.75+0.50
30 salkim/asma (kontrol) 21.31+4.27 1.23+0.29 0.70+£0.30a 0.07+£0.00bc  0.19+0.03 0.15+0.13 0.69+0.73 3.39+0.79
30 salkim/asma + 100 ppm Etefon 26.83+10.04 1.61+0.37 0.37+0.08bc 0.05+0.00bc 0.12+0.11 0.26+0.08 1.28+0.53 2.97+0.50
30 salkim/asma + 500 ppm Etefon 22.31+4.52 1.60%0.07 0.65+0.00ab 0.15+0.05a 0.32+0.08 0.12+0.04 0.96+0.04 2.79+0.44
30 salkim/asma + 1000ppm Etefon 24.00+5.15 1.65+0.42 0.59+0.02ab  0.11+0.04ab  0.25+0.16 0.14+0.10 1.10+0.33 2.89+0.75
F degeri 0.52** 0. 66** 7.08 * 4.12* 2. 08** 0. 66** 1. 51** 0. 84**
Uygulamalar Resveratrol Top. Fenolik Tartarik asit Malik Asit Sitrik Asit pH Toplam asitlik SCKM (%)
(Hg/g) (mgGAE/1009) (Hg/) (Hg/g) (Hg/g) (g/1)
20 salkim/asma (kontrol) 3.06+0.09 254.80+9.89 5691.5+775.6 5267.0+504.8 365.4+38.11 3.56+0.07 7.85+1.00 16.38+1.98
20 salkim/asma + 100 ppm Etefon 2.23+0.31 257.80+10.66 5516.0+721.2 5094.0+972.9 370.9+34.43 3.54+0.11 7.27+1.01 17.55+1.43
20 salkim/asma + 500 ppm Etefon 3.04+0.92 247.80+11.31 5502.5+770.7 4876.0+707.1 359.5+19.44 3.50+0.18 6.36+1.75 18.58+1.90
20 salkim/asma + 1000 ppm Etefon 3.44+0.09 254.05+10.76 5247.5+755.8 4974.5+709.2 345.5+27.63 3.52+0.02 7.11+£0.47 17.40% 1.04
30 salkim/asma (kontrol) 2.88+0.63 240.30+16.26 5741.0+714.1 5510.0+165.4 388.4+64.84 3.53+0.13 7.11+1.56 16.36+0.96
30 salkim/asma + 100 ppm Etefon T.E. 244.30+13.33 5411.5+389.6 5032.5+464.5 391.2+56.99 3.44+0.08 6.46+0.94 17.88+1.29
30 salkim/asma + 500 ppm Etefon T.E 240.80+14.10 5773.0+282.8 5347.5+714.1 401.4+32.52 3.53+0.12 7.18+1.03 17.18+2.42
30 salkim/asma + 1000ppm Etefon TE 253.80+16.76 5619.0+350.7 5236.0+787.7 323.3+25.95 3.61+0.05 6.68+1.49 18.40+0.94
F degeri 1. 41%** 0. 30** 0. 20** 0. 23** 0. 12** 1.16** 0. 94** 1. 63**

Ay siitunda farklh harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). * ortalamalar arasindaki fark 6nemli; ** fark énemli degil (p<0.05).
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4. Sonug

Ercis tiziim ¢esidinde {irlin yikii ve etefon uygulamalarinin asma verimi, salkim eni, 100 tane
agirhgi, tane boyu, tane eni, L degeri ve b” degeri gibi fiziksel dzellikler ile biyokimyasal ozelliklerden
sirinjik ve p-kumarik asit degerlerine etkileri istatistiksel olarak énemli bulunmustur. Uriin yiikiindeki
artisa paralel olarak asma veriminde de artisin oldugu buna karsin salkim ve tane Ozelliklerinde
azalmalarin oldugu goézlemlenmistir. Her iki iriin yiikiinde de etefon uygulamalarinin kontrole gore
asma verimi, salkim agirligi, salkim boyu, salkim eni, tane boyu, tane eni ve 100 tane agirligi gibi
fiziksel 6zellikler ile biyokimyasal ¢zelliklerden tartarik asit, malik asit, pH ve toplam asitlikte genel
olarak azalmaya, suda ¢oziinebilir kuru madde miktarinda ise artisa neden oldugu tespit edilmistir. Her
iki 0riin yukiinde de etefon uygulamalari sonucunda elde edilen verim degerleri, etefonun fiziksel
ozelliklerde neden oldugu kayiplar nedeniyle kontrol gruplarindan elde edilen verim degerlerin gore
azalig gostermistir. Uygulamalarin fenolik bilesikler {izerine olan etkileri ¢ok degiskenlik gdstermis
olup, her iki Urtin yikinde de etefon dozlari ile fenolik bilesik miktarlar1 arasinda belirgin bir iliski tespit
edilememistir. Etefon uygulamalarinin her iki iriin yiikiinde de tane kabuk rengi {izerine olumlu
etkilerinin oldugu ve olgunlagsmayi hizlandirdig: belirlenmistir.
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Oz: Tuz stresi (50 mM NaCl) altindaki musir (Zea mays L.) genotipinde
(ADA9510) eksojen askorbik asit uygulamasmin temel antioksidan enzimler,
fotosentetik pigment miktari, hidrojen peroksit ve malondialdehit iizerine etkileri
arastirilmistir. Tuz stresi klorofil a, klorofil b, toplam klorofil ve toplam
karotenoid miktar1 ile siiperoksit dismutaz, askorbat peroksidaz ve glutatyon
rediiktaz aktivitesini azaltmistir. Ancak malondialdehit ve hidrojen peroksit
miktarini artirmigtir. Bu sonuglar tuz stresinin misir yapraklarinda oksidatif strese
ve fotosentetik pigmentlerin pargalanmasina neden oldugunu gostermektedir.
Ancak eksojen askorbik asit uygulamasi klorofil a ve toplam klorofil miktarini
artirmig, antioksidan enzimlerin aktivitelerini, malondialdehit ve hidrojen
peroksit miktarin1 azaltmistir. Bu degisimler eksojen olarak uygulanan askorbik
asidin oksidatif stresle direkt olarak etkilesime girdigini gostermektedir. Sonug
olarak, eksojen askorbik asit uygulamasinin tuz stresi altindaki misir bitkilerinde
tuz toleransini gelistirdigi sylenebilir.
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Abstract: The effects of the exogenous ascorbic acid application on major
antioxidant enzymes, photosynthetic pigment content, malondialdehyde and
hydrogen peroxide were investigated in salt-stressed (50 mM NaCl) maize
genotype (ADA9510). Salt stress significantly decreased chlorophyll a, chlorophyll
b, total chlorophyll and total carotenoid content and the activities of superoxide
dismutase, ascorbate peroxidase and glutathione reductase. Conversely,
malondialdehyde and hydrogen peroxide contents were increased by salt stress.
These results showed that salinity led to the oxidative stress and destruction of
photosynthetic pigments in maize leaves. Ascorbic acid application, on the other
hand, caused to the increased chlorophyll a and the total chlorophyll content,
decreased level of antioxidant enzymes, malondialdehyde and hydrogen peroxide
content. This kind of changes may indicate that the exogenous ascorbic acid
counteract the oxidative stress directly. Thus, it may be concluded that the
exogenous ascorbic acid application improves salt tolerance in maize plants under
salt stress.

1. Giris

Tuz stresi kurak ve yari-kurak boélgelerde bitki biliyiime ve gelismesini kisitlayan tarimsal bir
problemdir. Munns ve Tester (2008), yeryizinde yaklasik 45 milyon hektarlik bir alanin tuz stresinden
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etkilendigini ve her yil yaklagik 1,5 milyon hektarlik alanin da topraktaki tuz birikiminden dolay1
tarimsal amaglar dogrultusunda kullanilamaz duruma geldigini rapor etmistir. Tuz stresi bitkilerde
fizyolojik kurakliga, spesifik iyon toksisitesine, mineral madde beslenmesinde bozulmalara, oksidatif
strese, membranlarda yapisal ve fonksiyonel bozulmalara, hicre bdélinmesinde inhibisyona ve
genotoksisiteye neden olabilmektedir (Hasegawa ve ark., 2000; Munns, 2002; Zhu, 2007; Uzal ve
Yildiz, 2013; Fidan ve Ekincialp, 2017; Kipgak ve ark., 2019). Bunun disinda tuz stresine maruz kalan
bitkilerde fotosentez, protein sentezi, enerji ve lipid metabolizmasi gibi temel fizyolojik olaylar da
olumsuz yonde etkilenebilmektedir (Parida ve Das, 2005). Tuz stresine maruz kalan bitkilerde
baslangigta fizyolojik kuraklik ve bunun devaminda yaprak genislemesinde bir yavaslama
g6zlenmektedir. Tuz stresinin ozmotik etkisi olarak bilinen bu durum, bitkilerin tuz stresine maruz
kaldiklar1 siire boyunca etkisini siirdiirmekte, hiicre boéliinmesinin inhibisyonu ile stomalarin
kapanmasina yol agmaktadir (Munns, 2002; Flowers, 2004). Tuz stresine uzun siire maruz kalan
bitkilerde ortaya ¢ikan iyon toksisitesi ise olgun yapraklarm erken senesense ugramasi ile birlikte
fotosentetik aktivitenin azalmasina neden olmaktadir (Cramer ve Nowak, 1992). Bitki hicrelerinde
sodyum ve klor iyonlarimin yiiksek konsantrasyonlarda birikim gdstermesi enzim aktivitelerinin
inhibisyonu, hiicrelerin sismesi ve enerji iiretiminin azalmasi ile sonu¢lanmaktadir (Dogru ve Canavar,
2020).

Bitkilerde tuz toleransinin indiiksiyonu ekonomik acidan olduk¢a Gnemlidir. Geleneksel
seleksiyon ve 1slah teknikleri kullanilarak bitkilerde tuz toleransinin gelistirilmesi konusunda kayda
deger ilerlemeler saglanmistir (Noble ve ark., 1984; Shannon, 1998; Ashraf, 2002). Seleksiyon
prosediirlerinin ¢ogu verim, bitki boyu, canliligin siirdiiriilmesi, yaprak alani, yaprak hasar1 ve nispi
biiytime hiz1 gibi tarimsal karakterlere dayanmaktadir (He ve Cramer, 1992; Noble ve Rogers, 1992;
Cramer ve ark., 1993; Franco ve ark., 1993; Munns, 1993). Ancak Yeo (1994) fizyolojik kriterlerin
tarimsal kriterlerle karsilastirildiginda daha objektif bilgiler saglayabilecegini, Munns (1993) ise
bitkilerde tuz toleransinin gelistirilmesinin sadece ilgili genlerin karakterizasyonu ile mimkin
olabilecegini ileri siirmiistiir. Baz1 arastiricilar da bitki, doku ve hiicre seviyesinde tuz toleransi ile ilgili
ayrt edici belirteclerin bulunmasi durumunda basarili bir seleksiyon yapilabilecegini bildirmislerdir
(Ashraf, 2002; Munns, 2002). Ancak tarimsal bitkilerde tuz toleransinin gelistirilebilmesi i¢in bitki
1slahgilan tarafindan kullanilabilecek belirte¢ o6zellikler tam olarak tanimlanamamistir. Bu durum
kismen tuz tolerans mekanizmasinin oldukca karmasik olmasindan kismen de tuz toleransi bakimindan
mevcut varyasyonlarin sadece tiirler arasinda degil ayn1 zamanda ayni tiiriin farkli ¢esitleri arasinda bile
bulunmasindan kaynaklanmaktadir (Ashraf, 2002; Dogru ve Yilmaz Kagar, 2019).

Glinlimiizde tuz stresinin bitkiler {izerinde neden oldugu olumsuz etkilerin azaltilmas1 amaciyla
askorbik asit gibi enzimatik olmayan antioksidan molekiillerin uygulanmasi alternatif bir yol olarak
degerlendirilmektedir (Khan ve ark., 2006). Askorbik asit biitiin bitkilerde bulunur ve birgok tarimsal
bitki tlirlinde tuz stresinin biiylime ve gelisme {izerindeki olumsuz etkisini azaltma konusunda 6nemli
bir rol oynadig1 bildirilmistir (Hamada, 1998). Genel olarak askorbik asidin bitkilerde tuz stresinin
olumsuz etkilerini iyilestirmesi konusundaki rolii bazi enzimatik reaksiyonlari aktive etmesine
baglanmaktadir (Irfan ve ark., 2019). Bunun diginda askorbik asidin fotosentetik pigmentleri ve
fotosentetik aygiti oksidatif stresin olumsuz etkilerinden korudugu ve stabilizasyonunu sagladigi da
bilinmektedir (Hamada, 1998).

Bu bilgiler 1s1ginda bu ¢aligmanin amaci tuz stresi altindaki musir bitkilerinde kok yoluyla
uygulanan askorbik asidin antioksidan kapasite ve fotosentetik pigment metabolizmasi iizerindeki
etkilerinin arastirilmasidir.

2. Materyal ve Yontem

Bu ¢alismada bitki materyali olarak misir (Zea mays L.) bitkisinin tescilli ve sertifikali bir ¢esidi
olan ADA9510 kullanilmistir. Tohumlar 1slah¢t kurum olan Sakarya Tarimsal Arastirma Enstitiisii
Midiirliigii’ nden temin edilmistir. ADA9510 at disi tane yapisina sahip, orta-gegci (125-130 giin), tane
verimi 1250-1550 kg da, silaj verimi 8-9 ton da olan ulusal bir misir gesididir. Tuz tolerans1 hakkinda
bir bilgi yoktur.
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2.1. Biiyiime kosullar: ve deneysel plan

Esit biiyiikliikte ve saglam olan tohumlar segilerek cam petri kaplarinda bidistile su ile 1slatilmig
kurutma kagitlar1 arasina yerlestirilmistir. Petri kaplar1 24 °C ve %40-50 oransal neme sahip olan iklim
dolabinda karanlik ortamda ¢imlenmeye birakilmistir. Ug giin sonra birérnek fideler petlit ve ' oraninda
sulandirilmis Hoagland besin ¢6zeltisi iceren saksilara aktarilarak 25/18 °C sicaklik (gilindiiz/gece), 16/8
saat fotoperiyot (gtindiiz/gece), %50+5 oransal nem ve 200 pmol foton m2 s 151k siddetine sahip iklim
dolabina yerlestirilmistir. On giinliik olan bitkiler dort gruba ayrilmistir. Birinci grupta bulunan kontrol
bitkileri ¢alismanin sonuna kadar %2 oraninda sulandirilmis Hoagland besin ¢ozeltisi ile sulanirken;
ikinci gruptaki bitkilere tuz (50 mM NacCl) stresi, t¢tncl gruptaki bitkilere Hoagland besin ¢zeltisine
karistirilarak askorbik asit (ASA; 100 ppm), dordinci gruptaki bitkilere ise tuz stresi ile birlikte
askorbik asit uygulamasi (50 mM NaCl+100 ppm ASA) yapilmistir. Yapilan 6n ¢alismalarda 50 mM’lik
NaCl konsantrasyonu kullanilan misir ¢esidinde biiylimeyi belirli derecede inhibe eden ancak dliime
neden olmayan tuz konsantrasyonu, 100 ppm’lik ASA konsantrasyonu ise biylmeyi olumlu yénde
etkileyen konsantrasyon olarak belirlenmistir. 3-4 yaprakli evreye ulasan bitkiler hasat edilerek
yapraklar analizlere kadar -80 °C’de muhafaza edilmistir.

2.2. Fotosentetik pigment analizi

Fotosentetik pigment ekstraksiyonu yaprak pargaciklari kullanilarak %100’liik aseton igerisinde
yapilmustir. Oziitler 10 000 g ve 4 °C’de 10 dk santrifiij edildikten sonra absorbans degerleri Shimadzu
mini 1240 UV visible spektrofotometre kullanilarak 470, 644.8 ve 661.6 nm’de ol¢iilmiistiir. Klorofil a,
klorofil b, toplam klorofil ve toplam karotenoid miktarlar1 Lichtenthaler (1987)’ye gore mg g* taze
agirlik olarak hesaplanmustir.

2.3. Malondialdehit (MDA) ve hidrojen peroksit (H.O>) analizi

MDA ve H;0, miktar sirasiyla Heath ve Packer (1968) ve Ohkawa ve ark. (1979)’a gore
belirlenmistir. Taze yaprak materyali (0.1 g) 6 ml %5’lik TCA (trikloro asetik asit) ile homojenize
edildikten sonra 10 000g’de 15 dk santrifiijlenmis ve Ust fazlar toplanmistir. 0.5 ml Gst faz, 0.5 ml 0.1
M Tris-HCI (pH 7.6) ve 1 ml TCA-TBA (tiobarbitiirik asit) ile karistirilmis ve bir saat boyunca 95 °C
sicakligindaki sicak su banyosunda bekletildikten sonra buz banyosunda hizla sogutulmustur. 10 000
g’de 5 dklik santrifiijden sonra iist fazlarin absorbsiyonu spektrofotometre yardimiyla 532 ve 600 nm’de
belirlenmistir. MDA miktar1 ekstinksiyon katsayis1 (155 mM™ cm™) kullanilarak nmol g taze agirlik
olarak hesaplanmistir. H,O2 miktarinin belirlenmesi i¢in 0.5 ml Gst faz ile 0.5 ml 0.1 M Tris-HCI (pH
7.6) ve 1 ml 1 M KI karistirilmig ve karigimin absorbans degeri 90 dk sonra 390 nm’de Sl¢iilmiistiir.
H.0, miktar1 standart grafik yardimiyla nmol g taze agirlik olarak hesaplanmistir.

2.4. Antioksidan enzim aktivitelerinin belirlenmesi

Yaprak orneklerinin protein konsantrasyonlari, Bradford metoduna (Bradford, 1976) goére sigir
serum albiimini (BSA) standardi kullanilarak belirlenmistir.

Toplam superoksit dismutaz (SOD) aktivitesi Beyer and Fridovich (1987)’e gore belirlenmistir.
Yaklasik 0.3 g taze yaprak dokusu, sivi azotla 6giitiilmis ve 1.5 ml, 100 mM K-PO4 (pH 7.0), %2’lik
polivinilpirolidon (PVP) ve 1 mM Na:EDTA iceren ekstraksiyon ¢ozeltisi ile homojenize edilmistir.
Homojenat, 14 000 g ve 4 °C’de 20 dk santrifiij edilmistir. Son hacim 1030 pl olacak sekilde 100 mM
K-PO, tamponu (pH 7.8), 9.9x10-3 M metionin, 5.7x10° M nitroblue tetrazolyum (NBT), %1’lik triton-
X-100 ve enzim karisimindan olusan bir reaksiyon ¢6zeltisi hazirlanmistir. Reaksiyon 0.9 uM riboflavin
ilavesi ile baslatilmis, bu karisim 15 dk boyunca 375 umol m? s siddetinde 1s13a maruz birakildiktan
sonra 560 nm’de absorbans degerleri belirlenmistir. Toplam SOD aktivitesi daha 6nce hazirlanmis olan
standart grafikten faydalanarak hesaplanmistir (U mg protein™?).

Toplam askorbat peroksidaz (APOD) aktivitesi Wang ve ark. (1991)’a gore belirlenmistir.
Yaklasik 0.3 g taze yaprak dokusu, sivi azotla 6gitiilmiis ve 1.5 ml, 50 mM Tris-HCI (pH 7.2), %2’lik
PVP, 1 mM Na;EDTA ve 2 mM askorbat i¢eren ekstraksiyon ¢ozeltisi ile homojenize edilmistir.
Homojenat, 12 000 rpm ve 4 °C’de 20 dk santrifiij edilmistir. Son hacim 1000 pl olacak sekilde 50 mM
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K-PO4 tamponu (pH 6.6), 2.5 mM askorbat, 10 mM H,0; ve 100 ug protein i¢eren enzim karisimindan
olusan reaksiyon ¢ozeltisi hazirlanmistir. Reaksiyon, HoOz nin eklenmesiyle baslatilmigtir. Askorbat
konsantrasyonundaki azalma, spektrofotometrede 290 nm’de yapilan okumalarla enzim 0ziitii
icermeyen reaksiyon cozeltisine karsilik kaydedilmistir. Enzim aktivitesi, askorbatin ekstinksiyon
katsayis1 kullanilarak reaksiyonun baslangi¢ hizindan hesaplanmistir (nmol askorbat dk™*mg protein?).

Toplam glutatyon rediktaz (GR) aktivitesi Sgherri ve ark. (1994)’e gore belirlenmistir. Yaklasik
0.3 g taze yaprak dokusu, siv1 azotla 6giitiilmis ve 1.5 ml, 100 mM K-PO, (pH 7.0), %2’lik PVP ve 1
mM Na;EDTA iceren ekstraksiyon ¢ozeltisi ile homojenize edilmistir. Homojenat, 14 000 rpm ve 4
°C’de 20 dk santrifiij edilmistir. Son hacim 1000 ul olacak sekilde 100 mM K-PO4 tamponu (pH 7.8), 2
mM Na;EDTA, 0.5 mM okside glutatyon (GSSG), 0.2 mM NADPH ve 100 pg protein igeren enzim
karigimindan olusan reaksiyon ¢Ozeltisi hazirlanmistir. Reaksiyon, NADPH’nin eklenmesiyle
baglatilmistir. Enzim aktivitesi spektrofotometrik olarak 340 nm’de yapilan okumalarla Glgiilmiistiir.
Diizeltme, NADPH yoklugunda GSSG oksidasyonu ile yapilmistir. Enzim aktivitesi, NADPH nin
ekstinksiyon katsayis1 kullanilarak reaksiyonun baglangi¢ hizindan hesaplanmistir (nmol NADPH dk
!mg protein™).

2.5. Istatistik analizler

Elde edilen verilerin aritmetik ortalama ve standart hatalar1 hesaplanmis, daha sonra verilere
SPSS 22.0 paket programi kullanilarak, istatistiki varyans analizi (ANOVA) uygulanmistir. Her bir
bagimsiz degisken i¢in uygulamalarin kontrole gore neden oldugu farkin 6nem kontrolii (Anlaml
Onemli Fark; AOF) %5 diizeyinde Duncan testi ile hesaplanmustir.

3. Bulgular

Tuz stresi (50 mM NaCl) ve ASA (100 ppm) uygulamalarinin musir bitkilerinde fotosentetik
pigment miktar1 tizerindeki etkileri sekil 1’de verilmistir. Buna gore kok yoluyla gerceklestirilen
askorbik asit uygulamasi yapraklardaki klorofil a miktarini kontrol bitkileriyle karsilastirildiginda %37,
tuz stresi ise %38 oraninda azaltmistir (P<0.05) (Sekil 1a). Tuz stresi altindaki misir bitkilerine yapilan
askorbik asit uygulamasi ise klorofil a miktarini sadece tuz stresi uygulanan bitkilere gore %18 oraninda
arttrmistir (P<0.05). Yapraklardaki Klorofil b miktarinda meydana gelen degisimlerin de klorofil a
miktarina benzer oldugu gozlenmistir. Yapraklardaki klorofil b miktar1 askorbik asit uygulamasi
sonucunda kontrole gore %59, tuz stresi uygulamasi sonucunda ise %65 oraninda azalmistir (Sekil 1b).
Bu degisimlerin kontrole gore istatistiksel anlamda farkli oldugu belirlenmistir (P<0.05). Tuz stresi
altindaki misir bitkilerine yapilan askorbik asit uygulamasi ise, sadece tuz stresi uygulanan bitkilerle
karsilastirildiginda klorofil b miktarmin %18 oraninda artmasina yol agmistir. Ancak bu degisim
istatistiksel olarak onemli bulunmamistir (P>0.05). Misir yapraklarindaki toplam klorofil miktar1
askorbik asit uygulamasi sonucunda kontrole gore %44, tuz uygulamasi sonucunda ise %52 oraninda
azalmustir (P<0.05) (Sekil 1¢). Tuz stresi altindaki bitkilerde ise askorbik asit uygulamasi toplam klorofil
miktarini, sadece tuz stresi altindaki bitkilerle karsilagtirildiginda %24 oraninda artirmis ve bu artis
istatistiksel olarak 6nemli bulunmustur (P<0.05). Askorbik asit ve tuz stresi uygulamalari misir
yapraklaridaki toplam karotenoid miktarini kontrol bitkileriyle karsilastirildiginda %68 oraninda ve
istatistiksel olarak belirgin derecede azaltmistir (P<0.05) (Sekil 1d). Ancak askorbik asit uygulamasi tuz
stresi altindaki misir yapraklarindaki toplam karotenoid miktarini sadece tuz stresi altindaki bitkilerle
karsilagtirildiginda %4 oraninda azaltmis, ancak bu degisim istatistiksel olarak énemli bulunmamistir
(P>0.05).
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Sekil 1. Kok yoluyla uygulanan askorbik asidin (100 ppm) tuz stresi (50 mM NaCl) altindaki misir
yapraklarindaki (a) klorofil a, (b) klorofil b, (¢) toplam klorofil ve (d) toplam karotenoid
miktar {lizerine etkisi (Barlarin i¢indeki farkli harfler uygulamalar arasindaki farkin Duncan
testine gore P=0.05 seviyesinde farkli oldugunu, barlarin tizerindeki rakamlar ise kontrole gore
degisimi % olarak gostermektedir, kontrol=100; ASA: askorbik asit; T: tuz).

Askorbik asit ve tuz stresi uygulamalari musir yapraklarindaki H>O, miktarii kontrolle
karsilastirildiginda istatistiksel olarak etkilememistir (P>0.05) (Sekil 2a). Ancak H2O, miktar1 askorbik
asit uygulanan bitkilerde kontrole gore %2, tuz uygulanan bitkilerde ise %19 oraninda artmistir. Ancak
tuz stresi altindaki misir bitkilerine yapilan askorbik asit uygulamasi yaprak dokularindaki H>O-
miktarini, sadece tuz stresi altindaki bitkilere gore %39 oraninda ve Snemli derecede azaltmistir
(P<0.05). Benzer sekilde askorbik asit uygulamasi misir yapraklarindaki MDA miktarini kontrole gore
etkilememis (P>0.05), ancak tuz stresi uygulanan bitkilerin yapraklarinda %32 oraninda ve istatistiksel
olarak Onemli derecede artirmigtir (P<0.05) (Sekil 2b). Tuz stresi altindaki musir bitkilerine yapilan
askorbik asit uygulamasi ise yapraklardaki MDA miktarint sadece tuz uygulanan bitkilerle
karsilastirildiginda %21 oraninda azaltmistir (P<0.05).
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Sekil 2. Kok yoluyla uygulanan askorbik asidin (100 ppm) tuz stresi (50 mM NaCl) altindaki musir
yapraklarindaki (a) H2O2 ve (b) MDA miktar1 tizerine etkisi (Barlarin igindeki farkli harfler
uygulamalar arasindaki farkin Duncan testine goére P=0.05 seviyesinde farkli oldugunu,
barlarin lizerindeki rakamlar ise kontrole gore degisimi % olarak gostermektedir, kontrol=100;
ASA: askorbik asit; T: tuz).

Askorbik asit uygulanan musir bitkilerinin yapraklarindaki SOD aktivitesi kontrole gore %73,
tuz stresi altindaki bitkilerde ise %45 oraninda azalmistir (Sekil 3a). Bu degisimlerin istatistiksel
anlamda 6nemli oldugu gézlenmistir (P<0.05). Tuz stresi altindaki misir bitkilerine uygulanan askorbik
asit ise yapraklardaki SOD aktivitesinin sadece tuz stresi altindaki bitkilere gore %40 oraninda
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azalmasina neden olmustur (P<0.05). Benzer sekilde askorbik asit uygulamast misir yapraklarindaki
APOD aktivitesini kontrole gore belirgin derecede ve %74 oraninda azaltmistir (P<0.05) (Sekil 3b). Tuz
stresi altindaki misir yapraklarinda ise APOD aktivitesi kontrole gore %61 oraninda azalmstir (P<0.05)
(Sekil 3b). Tuz stresi altindaki musir bitkilerinde askorbik asit uygulamas: yapraklardaki APOD
aktivitesinin sadece tuz uygulanan bitkilere gore %84 oraninda azalmasina yol agmustir (P<0.05). GR
aktivitesi askorbik asit uygulanan misir bitkilerinin yapraklarinda kontrole gore %21, tuz stresi
uygulanan bitkilerin yapraklarinda ise %31 oraninda azalmig ve bu degisimler istatistiksel olarak
anlamli bulunmamustir (P>0.05) (Sekil 3c). Tuz stresi altindaki bitkilere yapilan askorbik asit
uygulamasi yapraklardaki GR aktivitesinin sadece tuz stresi altindaki bitkilere gore %20 oraninda
artmasina neden olmustur. Ancak bu degisim de istatistiksel olarak anlamli bulunmamistir (P>0.05).
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Sekil 3. Kok yoluyla uygulanan askorbik asidin (100 ppm) tuz stresi (50 mM NaCl) altindaki musir
yapraklarindaki (a) SOD, (b) APOD ve (C) GR aktivitesi iizerine etkisi (Barlarin i¢indeki farkli harfler
uygulamalar arasindaki farkin Duncan testine goére P=0.05 seviyesinde farkli oldugunu, barlarin
uzerindeki rakamlar ise kontrole gdre degisimi % olarak gostermektedir, kontrol=100; ASA: askorbik

asit; T: tuz).
4. Tartisma ve Sonug
Calismamizda elde edilen sonuclar tuz stresi altindaki misir bitkilerinde klorofil a, klorofil b,

toplam klorofil ve toplam karotenoid miktarlarinin kontrollere gore onemli derecede azaldigim
gostermistir. Elde edilen sonuclara benzer olarak bezelye, bugday, domates ve piring gibi bitkilerin
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yapraklarinda da tuz stresi etkisiyle fotosentetik pigment miktarinin azaldigi rapor edilmistir (Ashraf ve
ark., 2002; Anuradha ve Rao, 2003; Al-Aghabary ve ark., 2004; Ahmad ve Jhon, 2005). Bybordi (2012)
tuz stresine maruz birakilan bitkilerin yapraklarindaki fotosentetik pigment miktarinda gozlenen
azalmanin nedeni olarak yaprak dokularinda birikim gdsteren sodyum iyonlarinin pigment biyosentez
mekanizmasini inhibe etmesini gostermistir. Taibi ve ark. (2016) ise tuz stresi altindaki bitkilerde
fotosentetik pigment miktarindaki azalmanin oksidatif stres gdstergesi oldugunu ve proteolitik bir enzim
olan klorofillazin tuz stresi ile aktive olarak pigmentleri parcaladigini ileri stirmiistiir. Buna gore
calismamizda kullanilan ve tuz stresine maruz birakilan misir yapraklarinda pigment sentezinin
yavagladig1 ve/veya pigment parcalanma hizinin arttig1 sdylenebilir. Diger bir olasilik da Siddiqui ve
ark. (2018)’in belirttigi gibi tuz stresinin kloroplast yapisint bozmasi ve pigmentlerin tilakoid
membranlardan ayrilmasi olabilir. Nitekim Bybordi (2012) tuz stresine maruz kalan bitkilerin
yapraklarinda kloroplastlarin bazi yapisal hasarlara ugradigini bildirmistir. Elde edilen sonuglar ayrica
misir bitkisinde klorofil b molekiillerinin klorofil a molekiillerine gore, karotenoidlerin de klorofillere
gore tuz stresine daha duyarli oldugunu gostermistir.

Calismada musir bitkilerine kok yoluyla uygulanan askorbik asidin tuz stresinin fotosentetik
pigmentler {izerinde neden oldugu olumsuz etkileri kismen iyilestirdigi belirlenmistir. Ornegin tuz stresi
altindaki musir bitkilerine kok yoluyla verilen askorbik asit yapraklardaki klorofil a ve toplam klorofil
miktarin1 artirmistir. Bu sonug, misir yapraklarinda klorofil a biyosentezi ile parcalanmasi arasindaki
dengenin askorbik asit uygulamasi ile biyosentez lehine bozuldugunu ve klorofil a biyosentez yolunun
klorofil b ile karsilagtirildiginda askorbik asit uygulamasina daha hizli cevap verdigini gostermektedir.
Siddiqui ve ark. (2018) askorbik asit uygulamalarinin bitkilerde klorofil sentezini indiikleyebilecegini
rapor etmistir. Karotenoidler ise bitkilerde oksidatif strese ve pigment kaybina kars1 koruma sagladig
bilinen bir pigment grubudur. Calismada askorbik asit uygulamasi tuz stresi altindaki bitkilerde toplam
karotenoid miktarini etkilememistir. Bu sonug kullanilan misir ¢esidinde askorbik asit uygulamasinin
karotenoid biyosentezini indiikleme konusunda bir fonksiyona sahip olmadigim gostermektedir. Sonug
olarak tuz stresi altindaki misir ¢esidinde askorbik asit uygulamasi ile karotenoidlere bagli koruyucu
mekanizmanin aktiflesmedigi s6ylenebilir (Dogru ve Cakirlar, 2020a).

SOD bitkilerde enzimatik antioksidan savunma sisteminin ilk basamagini olusturmaktadir ve
stiperoksid radikalinin dismutasyonundan sorumludur (Dogru ve Cakirlar, 2020b). APOD elektron
vericisi olarak askorbati kullanarak H>O>’nin su ve oksijene parcalanmasini saglayan reaksiyonu
katalizlemektedir. GR ise okside glutatyonun NADPH’ye bagimli olarak indirgenmesini saglayan
reaksiyonu katalizlemekten sorumludur. APOD ve GR’nin esgiidim halinde askorbat-glutatyon
donglsunde H>O;’nin pargalanmasindan sorumlu oldugu bilinmektedir (Dogru ve Cakirlar, 2020a).
Benzer sekilde askorbik asidin de siiperoksit ve singlet oksijen gibi radikallerle H>O>’yi direkt olarak
detoksifiye ettigi bilinmektedir (Bybordi, 2012). Calismada musir bitkilerine kok yoluyla
gergeklestirilen askorbik asit uygulamasi yapraklardaki SOD ve APOD enzimlerinin aktivitelerini
kontrole gore azaltirken, GR aktivitesini etkilememistir. Buna gore, askorbik asit uygulamasi sonucunda
misir bitkilerinin yapraklarinda olugsmus olan radikallerin detoksifiye edildigi, SOD ve APOD
enzimlerinin aktivitelerinin bu nedenle azaldigi sdylenebilir (Bybordi, 2012). Diger bir deyisle, askorbik
asit uygulamas: sonucunda SOD ve APOD aktivitelerinde meydana gelen azalmanin nedeni, bu
enzimlerin substratlarinin askorbik asit tarafindan parcalanmasi olabilir. Aym1 zamanda tuz stresi
altindaki musir bitkilerinde de yapraklardaki SOD ve APOD aktiviteleri kontrole gore diisiik
bulunmustur. Bu sonug ¢alismada kullanilan misir genotipinin tuz stresine duyarli bir genotip oldugunu
gosteriyor olabilir. Tuz stresi altindaki misir yapraklarinda meydana gelen H,O, ve MDA birikimi de
bu iddiay1 ispatlamaktadir. Azevedo ve ark. (2011), antioksidan enzim aktivitelerindeki artiglarin
bitkilerde stres kosullar1 altinda biiyiimeye katkida bulundugunu ve tuz toleransi belirteci olabilecegini
bildirmistir. Calismamizda tuz stresi altindaki misir bitkilerinde askorbik asit uygulamasi sonucunda
SOD ve APOD aktivitelerinde meydana gelen artislar, siiperoksit dismutasyonu ve H.O-
detoksifikasyon etkinliginin arttigini gostermektedir. Bu bitkilerin yapraklarinda H,O, ve MDA
miktarlarinin azalmas1 da membran biitlinliigiiniin daha iyi korundugunu gdsterir niteliktedir.

Sonug olarak, kokten gerceklestirilen askorbik asit uygulamasinin ¢alismamizda kullanilan
musir ¢esidinde belli oranda tuz tolerans: sagladigi belirlenmistir. Elde edilen sonuglar askorbik asit
uygulamasinin musir ¢esidinde tuz stresinin yol a¢tigi oksidatif stres seviyesini azalttigim
gOstermektedir. Buna gore askorbik asidin musir bitkilerinde tuz toleransinin gelistirilmesi amactyla kok
yoluyla kullanilmasinin faydali olacagi sdylenebilir.
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Abstract: The aim of this study was to determine and compare certain
properties of various butter and butter oils obtained from the province of
Hakkari in Turkey. Butter and butter oil samples were produced by local
producers using traditional methods from the same raw materials. Fat
percentage and total dry matter were determined using the gravimetric
method, peroxide values (PV), thiobarbituric acid (TBA), and cholesterol
levels were measured using spectrophotometry, and acidity was determined
by titration. The water activities (aw) of the samples were measured using a
water activity meter. In addition, coliform bacteria, yeast and mould, and
lipolytic microorganism counts were determined. Total dry matter and fat
values of the butter oils were significantly higher than those of the butter
samples. The fat-free dry matter, aw, ADV, cholesterol, and TBA values of
the butter samples were generally higher than those of the butter oil
samples. The counts of yeast and mould, lipolytic microorganism and
coliform bacteria for the butter samples also exceeded those of the butter oil
samples. Conversely, peroxide values were higher overall for the butter oil
than the butter samples.
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Oz: Yapilan bu calismada, Hakkari bolgesinden elde edilen tereyag ve
sadeyaglarin  baz1  Ozelliklerinin  belirlenmesi  ve  karsilagtirilmasi
amaglanmistir. Tereyag1 ve sadeyag ornekleri, yerel ireticiler tarafindan ayn
hammaddeden geleneksel yontemlerle iiretilmistir. Tereyagi ve sadeyag
orneklerinde yag ve toplam kurumadde tayinleri gravimetrik yontemle,
peroksit degeri, TBA ve kolesterol tayinleri spektrofotometrik yontemlerle,
asitlik tayini ise titrimetrik yontemle yapilmigtir. Orneklerin su aktiviteleri
(aw) su aktivite tayin cihazi ile 6lgiilmiistiir. Bununla birlikte orneklerdeki
koliform grubu, maya-kif wve lipolitik mikroorganizma sayilart da
belirlenmigtir. Calismadan elde edilen analiz bulgularina gore genelde
sadeyaglarin toplam kurumadde ve yag degerlerinin tereyaglarma gore
istatistiki olarak Onemli diizeyde yiiksek oldugu bulunmustur. Tereyagi
Orneklerinin yagsiz kurumadde, aw, asitlik, ADV, kolesterol, TBA
degerlerinin genelde sadeyag Orneklerinden yiiksek oldugu bulunmustur.
Ayrica tereyagi oOrneklerine ait koliform bakteri, maya-kif ve lipolitik
mikroorganizma sayilarinin da sadeyag oOrneklerinden daha yiiksek oldugu
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tespit edilmistir. Buna karsin, peroksit degerlerinin genellikle sadeyaglarda
daha yiiksek oldugu tespit edilmistir.

** Bu galisma, Evin SEVMIS’in “Hakkari Bolgesinden Temin Edilen Tereyag1 ve Sadeyaglarin Bilesimlerinin
Karsilagtirilmast” isimli yiiksek lisans tezinden iiretilmistir.

1. Introduction

Milk is produced by mammals after they give birth and constitutes a vital source of
nourishment for their offspring. It is of high nutritional value and can be converted into more stable
products to increase its longevity as well as into products with distinct aromatic and structural
properties (Mehta, 2015). Milk-based products were discovered by chance in the distant past and have
been used by humans ever since. Until the development of industrial techniques for food production,
dairy products had always been produced in small batches using traditional techniques. As with other
food products, however, they are now frequently manufactured on an industrial scale using
standardized methods, reflecting modern technological developments in food processing and serving
the needs of growing populations with their concomitant increase in demand for food. Heat processing
during production, fermentation, and the concentration of certain nutrients are some of the techniques
used alone or in combination with industrial food production. Butter, the subject of the present paper,
is one dairy product frequently subjected to industrial methods of food production (Fox et al., 2017).

While some dairy products are produced directly from milk, without changing the proportions
of any of its components, others are made by increasing the concentration(s) of one or more of its
components. Butter contains higher percentages of milk fats than other dairy products and is generally
produced by churning and kneading the cream derived from milk. The qualities of a given butter vary
according to the properties of the raw materials, such as ripened or non-ripened cream or yogurt
(Muehlhoff et al., 2013).

Butter is a dairy product that is 80-90% milkfat by weight, 0-2% fat-free dry milk substances,
and maximum 16% water by weight as defined by the Turkish Food Codex (Notification No. 2005/19)
(Turkish Food Codex, 2005). To produce butter using modern industrial techniques, milk cream is
pasteurized and pre-fermentation is carried out using a starter culture. Salt may be added to butter for
taste. The end product should be packed using proper materials in such a way as to prevent
contamination. The shelf life of butter, which is limited in even the best of circumstances (such as
during refrigeration) and particularly brief under suboptimal conditions, depends on the correct
application of the aforementioned methods; water activity is also a factor. When butter is produced
using traditional domestic methods, the cream is usually processed in its raw form and is prone to
contamination by numerous microorganisms present in the immediate environment. For this reason,
butter, a valuable dairy product, is converted to butter oil, especially in hot climates and/or in locations
with inadequate cooling facilities.

Butter oil is called as a dairy product produced from milk and/or dairy products, from which
almost the entirety of its fat-free dry matter and water has been removed, and thus contains 99-100%
milk fat by weight (Turkish Food Codex, 2005). Certain dairy products similar to butter oil are also
produced in Africa, Asia, and the Middle East. In India, butter oil is called "ghee", in the Middle East
it is known as "maslee” or "samn", and "roghan™ in Iran. The types of milk used to produce these
different butter oils also vary (Atasoy and Tiirkoglu, 2010).

According to recent data, the quantity of butter produced in Turkey is 57,609 tons/year (TUIK,
2016). This figure excludes butter produced by individual households and small- and medium-sized
enterprises, which are also the primary producers of butter oil; hence, no statistical data regarding
production quantities of the latter exists. Butter is a valued product due to its organoleptic properties
and nutritional value. It is especially valued for its distinct and preferred flavor, although its essential
fatty acids (linoleic, linolenic, and arachidonic acids), fat-soluble fatty acids (A, D, E, and K), and
conjugated acid contents all pose potential health implications (Palmquist, 2006). Butter is also
controversial due to its cholesterol content; excessive consumption has been linked to an increased risk
of cardiovascular diseases and cancer (Nestel et al., 2005). Moreover, butter is highly susceptible to
microbial contamination as a result of its high water activity.
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Numerous studies have been published on butter and butter oil produced outside of Turkey.
Although many studies have analyzed butter from Turkey, few studies have been conducted on
Turkish butter oil. The number of articles investigating the differences between butter and butter oil,
both of which are derived from the same raw materials, is limited as well. No study examining the
differences between butter and butter oil samples which produced from the same batch of raw
materials under normal conditions of production has been published.

In eastern and southeastern Turkey, small household enterprises that raise livestock and
produce dairy products convert a portion of the butter they produce into butter oil either for immediate
consumption or to store for later. The decision to convert butter into butter oil may be influenced by an
inability to properly store butter and/or personal preferences; butter oil has extended longevity at room
temperature, whereas butter requires either refrigeration, freezing, or salinization to preserve it for
long periods. There are no standardized methods, however, for the kind of production performed in
small household enterprises (Kirazci and Javidipour, 2008; Findik and Andig, 2017). These producers
may apply excessive heat to the product or keep it at elevated temperatures for too long. Scientific
studies should be conducted to determine the changes undergone by dairy products as a result of such
practices. In one study, the researchers investigated the differences between butter oils processed
under laboratory conditions using standard methods and butter produced under normal production
conditions and used as raw materials for the aforementioned butter oils. The authors of the study
concluded that there were significant differences between the butter and butter oils in respect of their
contents (Findik and Andig, 2017). The present study also attempts to detect dissimilarities between
butter and butter oil samples which produced under normal production conditions.

The aim of this study was to determine certain microbiological and chemical properties of
butter and butter oils produced by small family establishments using the same raw materials in
uncontrolled conditions. Ten samples of butter produced by 10 different family enterprises located in
the Hakkari region of Turkey and the butter oils made from them were analyzed. Chemical and
microbiological tests were carried out on the butter and butter oil samples produced using traditional
methods, and the results were then compared.

2. Materials and Methods

In this study, the butter and butter oil samples to be analyzed were supplied by local producers
from the province of Hakkari in southeastern Turkey. Butter samples (1 kg) produced by local
producer in uncontrolled conditions and the butter oil samples (1 kg) derived from them were placed
into sterile containers and transferred to the Dairy Technology Lab of the Food Engineering
Department, Engineering Faculty, Van Yiiziincii Y1l University, maintaining an unbroken cold chain.

2.1. Physicochemical analysis of butter and butter oil

Fat percentage and fat-free dry matter analyses of the samples were performed using the
relevant 1SO (International Organization of Standardization) reference methods (ISO, 2003). The
acidity (lactic acid) analysis was also analyzed according to the ISO standard method (1SO, 2012).
Water activity values of the samples were determined by using AquaLab LITE brand device (Decagon
Devices, Inc., Washington, USA), while the amount of free fatty acids was analyzed using the BDI
(Bureau of Dairy Industries) method (IDF, 1991).

2.2. Determination of peroxide

The determination of the peroxide values was determined according to the AOAC
International standard method. First, 0.3 g of the butter or butter oil samples was placed into a 20 mL
glass tube. Chloroform and a methanol mixture (9.6 mL) with a volume ratio of 70:30 (v/v) were then
added to the glass tube. These were mixed over a vortex to obtain a solution. A 0.05 mL quantity of
ammonium thiocyanate solution (30% volume ratio) and 0.05 mL of ferrous chloride solution (35%
volume ratio) containing 2% 10 M HCI were added to the previous mixture. The blanks were prepared
by adding all the aforementioned solutions excluding the samples. The absorbance values of all the
resulting solutions were measured using a spectrometer set at 500 nm.
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To determine the concentrations, a series of ferric chloride solutions with concentrations
varying between 0.25-10 mg/L were prepared, and the absorbance values obtained from this series
were used. The peroxide values of the set of solutions were specified as meq O/kg fat (Egan et al.,
1981).

2.3. Determination of cholesterol

The spectrophotometric method was used to determine the cholesterol levels of the samples.
Four mL of lipid extract was dehydrated in a water bath at 55-60 °C under nitrogen. Fifteen mL of
15% KOH solution which in 90% ethanol was used to saponify the lipid remnants at 75 °C during 20
minutes. Following this, 5 mL distillate water was added to the sample tubes and cooled to room
temperature. The cholesterol in the samples was extracted two times using 10 mL hexane and 4 mL of
this extract was transferred to a different tube. The contents of the tube containing extract were again
evaporated under nitrogen. 3 mL of 0.25% FeSO4 which in acetic acid and 1 mL of concentrated
H,SO4 were added to the tube and then the contents of the tube were mixed and cooled. After 10
minutes, measurements were taken using a spectrophotometer set at 490 nm wavelength. The standart
curve was derived from the absorbance values of the serial of cholesterol standards prepared by 30-
150 mg/mL concentrations (Sigma Chemical Co., St. Louis, MO, USA) and this curve was used to
determine the final results (Searcy and Bergquist, 1960).

2.4. Thiobarbituric acid test (TBA test)

10 g sample with 50 mL of water was subjected to maceration for 2 minutes. Following
maceration, the sample was washed with 47.5 mL water and transferred to a distillation flask. Two mL
of 4 M HCI was introduced in order to reduce the pH value to below 1.5. A few glass beads were
placed into the distillation flask to prevent the formation of foams, and distillation was regulated so
that 50 mL of distillate was obtained every 10 minutes. Five mL of distillate was transferred to a
closed tube and 5 mL of TBA reagent (0.2883 g TBA/100 mL of 90% glacial acetic acid) was added.
The tubes were shaken and placed in a water bath for 35 minutes. Afterward, the tubes were cooled in
cold water during 10 minutes. The absorbance values (D) were obtained by comparison with the blank
prepared by using 5 mL water and 5 mL reagent (1 cm tube diameter).

TBA values (mg malondialdehyde/kg of the sample) were determined to equal D multiplied
by a factor of 7.8. Since 450 nm was recommended for green pigments and 532 nm to 538 nm for red
pigments, these values were used in the analyses (Kristensen et al., 1999).

2.5. Microbiological analysis

A 10 g sample of each butter and butter oil was homogenized in sterile physiological saline
solution (0.85% NaCl — 90 mL) at 40 °C, for the microbiological analyses. This solution was used to
prepare serial dilutions. The coliform bacteria counts were carried out using MacConkey Agar (Merck,
Darmstadt, Germany) and the samples were incubated at 35 °C for 48 hours. Potato Dextrose Agar
(PDA) (Merck, Darmstadt, Germany) was used to determined the yeast and mould counts and its pH
was adjust to 3.5 by tartaric acid solution. The Petri dishes were incubated at 21 °C for 7 days.
Tributyrin Agar (TBA) (Merck, Darmstadt, Germany) was used to performed the lipolytic
microorganisms counts, then samples were incubated at 30 °C for 3 days. The counts of
microorganism were transformed by using a logarithmic (log10) operation.

2.6. Statistical analysis

For the present study, the Kolmogorov-Smirnov test was used to test the normality of grouped
data; all 10 groups exhibited normal distribution for all analyses. Because of this, parametric tests and
the independent t-test were employed for comparison of the data. The results obtained were analyzed
using SPSS software (SPSS, 1999). All samples were analyzed in triplicate and the results of analysis
were shown in “mean and standard deviation” format.
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3. Results and Discussion
3.1. Chemical analysis results

The fat ratios of the butter samples ranged from 67.34% =+ 0.48 to 87.10% + 0.14, while those
of the butter oils were between 92.90% + 0.07 and 99.44% + 0.22 (Table 1). The dry matter ratios of
varied from 68.50% = 1.07 - 90.19% + 0.06 and 99.22% + 0.07 - 99.78% = 0.14 for the different
butters and butter oils, respectively (Table 1). From a statistical perspective, the differences between
the various butters and the butter oils produced from them with respect to fat ratios and dry matter
ratios were significant (p<0.01, p<0.05, respectively). However, the fat ratios of some of the butter and
butter oil samples fell below the lower limits set by the Turkish Food Codex (2005) (80% and 99%,
respectively). The fat values of the samples were, however, generally consistent with values obtained
in similar studies and with related standards (Kirazci and Javidipour, 2008; Findik and Andig, 2017).
In terms of fat-free dry matter, there was no statistically significant difference between the butter oils
and butter samples used as raw materials for the former (p>0.05) (Table 1).

Our analyses revealed that the degree of acidity of the butter oils was lower than that of the
butter samples, a statistically significant difference (p<0.05) (Table 1). Acidity in butter increases in
the serum phase; since the serum is removed during the conversion of butter to butter oil, the degree of
acidity decreases (Tavlaslar-Hocalar, 2011). The higher acidity in butter poses a risk because it
accelerates hydrolysis reactions and lowers the oxidation stability (Deeth and Fitz-Geralds, 2006).
Therefore, the reduced acidity of butter oils constitutes an advantage for product stability. However,
given that in uncontrolled conditions each batch of butter produced has a different acidity value and
that a different amount of serum is extracted from each butter during the process of butter oil
production, the degree of acidity in butter oils differs.

The free fatty acid or acid degree value (ADV) is a measurement of the degree of lipolysis, an
important biochemical reaction involving factors such as the water content of fatty foods, enzymes of
various origins, and acidity (Egan et al., 1981). In the present study, ADV results for the butter and
butter oil samples were 0.45 £ 0.02 - 14.17 + 0.73 meqg/100 g fat and 0.32 £ 0.00 - 3.05 % 0.63
meq/100 g fat, respectively (Table 1).

An increase in ADV indicates that triglycerides have undergone hydrolysis, the speed and
degree of which depend on reaction conditions. The characteristics of the output are affected by the
amount and type of diglycerides, monoglycerides, and free fatty acids present. While short-chain fatty
acids synthesized by hydrolysis have a major effect on flavor and aroma, unsaturated long-chain fatty
acids lead to a decrease in oxidation stability (Nawar, 1996). Atamer and Sezgin (1984) found that
aroma defects become clearly noticeable when the ADV reaches 1.8 mg KOH/g fat. Downey (1980)
reported that butters with free fatty acid levels below 20 mg NaOH/100 g milk fat were of good
quality, while those with free fatty acid levels above 40 mg NaOH/100 g milk fat generated increased
lipolytic aroma. The results of our study indicated that a lipolytic aroma was apparent in most butter
samples. Water solubility increases as chain length decreases. The reason that free fatty acid values of
the butter oils were lower than those of the butter samples might be due to the fact that fatty acids are
removed from the latter in conjunction with the serum (Nawar, 1996). Our ADV results were
consistent with the findings of Kirazc1 and Javidipour (2008) and Findik and Andi¢ (2017).

In the present study, cholesterol values for butter and butter oil varied between 240.64 + 0.54 -
420.64 + 0.53 mg/100 g fat and 121.37 + 0.80 - 376.09 + 0.24 mg/100 g fat, respectively (Table 1).
Cholesterol is an important compound associated with cardiovascular disorders. Experiments have
shown that the cholesterol ratios of butter oil are usually substantially lower than those of butter. Our
results were within the ranges of those obtained by Findik and Andi¢ (2017) for commercially made
butters (262.62-334.47 mg/100g fat) and the butter oils produced from those butters (214.58-258.59
mg/100 g fat). In the aforementioned study, the cholesterol ratios of all butter oil samples were lower
than those of the respective butter samples. However, it should be stressed that the butter oils in their
study were manufactured according to standardized processing methods under laboratory conditions,
whereas in our study the butter oils were produced under uncontrolled conditions.
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Table 1. Results of chemical analyses of butter and butter oil samples produced by using the same raw materials (mean + standard deviation, n = 3)

Sample
No

O© 00 NO Ul WN PP

=
o

Boovooarwnpk

Butter Butter oil Butter Butter oil Butter Butter oil
Fat (%) Dry matter (%) Fat-free dry matter (%)
80.62 +0.882 99.24 + 0.05°* 84.00 + 0.38% 99.78 + 0.14* 3.38+£1.27° 0.54 +0.08?
80.60 + 0.842 99.05 + 0.07°* 82.14 + 1.262 99.22 + 0.07°* 154 +2.11° 0.17 £ 0.142
84.50 + 0.702 99.44 + 0.22* 84.93 +0.492 99.71 + 0.02* 0.43 +£0.20? 0.27 £ 0.25?
87.10+0.142 99.17 + 0.04** 89.74 + 0.83% 99.51 + 0.05>* 2.64 +0.68° 0.34+£0.10°
79.50 + 0.702 92.90 + 0.07* 90.19 + 0.06* 97.45+ 1.442 10.69 £ 0.772 4,55+ 1.37°*
79.62 +0.882 99.34 + 0.08>* 81.63+0.79% 99.53 + 0.04* 2.01£0.08? 0.19+0.122
83.87 +0.172 99.33 + 0.07°** 84.95+0.772 99.39 +0.11°* 1.07 £0.95° 0.06 +0.03?
83.88 +0.172 99.28 +0.19P** 88.46 + 0.822 99.76 + 0.005°* 4.59 +0.992 0.48 +0.19°*
82.60 + 0.842 99.36 + 0.19°* 83.79 + 0.55% 99.64 + 0.13* 1.19 £ 0.29° 0.27 +0.05?
67.34 £ 0.482 99.12 + 0.170** 68.50 + 1.072 99.54 + 0.01°* 1.16 £ 1.56° 0.41+0.19
Acidity (%) ADV (meq/100 g fat) Cholesterol (mg/100 g fat)
0.06 + 0.00? 0.04 + 0.00°* 0.45 +0.02? 0.36 + 0.03? 389.99 + 0.56° 274.42 +0.68"
0.11 +0.00? 0.06 + 0.00°* 1.02 £ 0.06° 0.32 +0.00°* 381.03 + 0.80? 287.48 + 0.64>**
0.08 + 0.00? 0.07 +£0.00? 1.04 £0.278 0.45+0.182 340.65 + 0.54° 296.93 + 0.94°*
0.16 + 0.00? 0.05 +0.01°* 1.88 £ 0.00? 0.64 +0.22>* 420.64 + 0.53° 376.09 + 0.24>*
0.07 £ 0.00? 0.03 +0.00>* 0.99 +0.00? 0.58 +0.13? 391.92 +0.43° 283.09 + 0.20°**
0.43 +£0.06? 0.16 + 0.00°* 14.17+0.73? 3.05 +0.63"* 300.65 + 0.62° 121.37 £ 0.80°**
0.06 +£0.01° 0.02 + 0.00°* 0.71+0.022 0.41+0.13? 335.93 + 0.45° 350.95 + 0.01°*
0.06 + 0.00? 0.08 + 0.00? 4.35+0.092 0.78 + 0.10°** 373.70 £ 0.778 343.95 + 0.96*
0.33+0.01° 0.13 +0.00°* 10.40 +£ 0.372 0.67 +0.28** 280.61 + 0.63° 335.93 + 0.47**
0.17 +£0.03? 0.14 +0.012 1.04 +0.02° 0.80 + 0.162 240.64 + 0.54° 370.83 + 0.32°**

a, b: Different letters following the mean values for butter and butter oil indicate that the difference is statistically significant.
(*: p<0.05; **: p<0.01).
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Table 2. Results of chemical and microbiological analyses of butter and butter oil samples produced by using the same raw materials (mean + standard

deviation, n = 3)

sample Butter Butter oil Butter Butter oil Butter Butter oil
No Water activity (aw) Peroxide Values (meq O./kg fat) Thiobarbituric aC'?kéTSEQF;TS Malondialdehyde
1 0.99 +0.03? 0.56 + 0.01°* 1.15+0.33° 1.42 +0.29° 0.21 £ 0.00? 0.13 £ 0.00**
2 0.96 +0.03? 0.51 +0.02* 1.36 £0.13° 1.34 +0.31° 0.12 £ 0.00? 0.04 £ 0.00°*
3 0.80 +£0.01° 0.50 + 0.00°* 1.64 £0.14° 1.83 £ 0.10° 0.23 +£0.00? 0.14 + 0.00**
4 0.81 +0.00? 0.43 +0.01°* 5.48 + 0.542 5.79+£0.112 0.27 £0.012 0.17 £0.01°*
5 0.93 +£0.02? 0.78 £ 0.01°* 3.06 £ 0.56° 1.70 + 0.15° 0.24 £ 0.00? 0.16 +0.01°*
6 0.94 +0.00? 0.50 +0.03* 1.60 + 0.38° 3.33 £0.34%* 0.26 £ 0.022 0.12 +0.00°*
7 0.96 + 0.022 0.61 +0.02* 487 +0.672 1.19 + 0.05"* 0.36 £ 0.00° 0.08 + 0.00°**
8 0.99 +0.022 0.46 + 0.00°* 6.69 + 0.042 4,53 +0.18" 0.32 £ 0.00? 0.07 £ 0.00**
9 0.93+0.01° 0.43 +0.00>* 1.17+£0.27¢ 2.40 £0.13>* 0.26 £ 0.00? 0.00 £ 0.00**
10 0.99 +0.00? 0.42 +0.00°** 3.87 £ 0.40° 3.90 +£0.31° 0.14 £ 0.00° 0.05 + 0.00**
Yeast and mould (log cfu/g) Lipolytic Microorganisms (log cfu/g) Coliform Bacteria (log cfu/g)

1 2.74 +0.00° 1.69 + 0.00? 7.27 +£0.072 3.19 +0.70°* 3.37+£0.00 ND **

2 3.10+0.09 ND * 5.80 £ 0.282 5.15+0.03 2.17£0.00 ND **

3 4.09 +0.27 ND * 3.84+0.21 ND * 1.69 £ 0.00 ND **

4 3.51+0.15 ND * 4.19+0.70 ND * 1.68 £0.01 ND **

5 3.43+0.18 ND * 4.82 +0.49% 2.73+0.61° 3.32+£0.10 ND **

6 4.82 +0.00 ND ** 7.65+0.372 4,17 +0.67°* 4.35+0.15 ND **

7 2.77 £ 0.00° 2.68 +0.02° 450+ 0.70% 3.19+0.70° ND ND

8 5.24 +£0.00 ND ** 5.28 £ 0.58 ND * 2.80+0.01 ND **

9 3.24+1.20 ND * 6.04 £ 0.822 2.19 £0.70°* 3.61+0.11 ND **

10 8.70 £ 0.01 ND ** 6.37 +£0.22? 1.69 + 0.00°* 2.65+0.04 ND**

a, b: Different letters following the mean values for butter and butter oil indicate that the difference is statistically significant.
(*: p<0.05; **: p<0.01; ND: Not detected; CFU: Colony-forming unit).
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The main reason for the lower cholesterol ratios of the butter oil samples compared with those
of the butter samples may be that some cholesterol was removed along with sediment when butter was
converted to butter oil. Cholesterol is found in milk fats as a component of the complex that comprises
the fat globule membrane; in the fat-free portion of milk, it exists within a protein complex (Huppertz
and Kelly, 2006).

Another reason for the lower cholesterol levels observed in butter oils could be that the
cholesterol was converted into oxidation products as a result of the heat applied during the conversion
process since cholesterol is oxidized at elevated temperatures (O’Connor and O’Brien, 2006). In a
study by Seckin and Metin (2005), oxidized cholesterol compounds increased substantially with
elevated temperatures (180, 200, 220, and 230 °C) and increased duration of heat exposure (10, 15,
and 20 minutes). The cholesterol values for the samples in the present study were generally consistent
with those reported in the literature (Seckin et al., 2005).

The present study found that the water activity of the butter samples (0.80 + 0.01 - 0.99 +
0.03) decreased to 0.42 = 0.00 - 0.78 + 0.01 for the butter oils, the differences being statistically
significant (p<0.05 and p<0.01) (Table 2). Water activity, a measurement of the availability of water
content that can be utilized for microbial activity and/or chemical reactions, is one of the primary
factors affecting the stability of foods. Only osmophilic yeasts and certain fungus species remain
active in foods with a water activity of 0.60-0.65 aw, and all microbiological activity ceases below 0.50
aw (Fennema, 1996). From a microbiological perspective, the data obtained in the current study
indicated that butter oil is more stable than butter. Our results were consistent with the water activity
levels reported by Findik and Andig (2017), which were 0.96-1.00 for butter and 0.48-0.82 for butter
oil, by Gémez and Salguero (1992) for butter (0.904 + 0.050), and by Samet-Bali et al., (2009) for
traditional Tunisian butter (0.79). The differences between the values obtained for the samples can be
attributed to differences in the raw materials and processing conditions.

Hydroperoxide synthesis during the first stage of oxidation was determined by peroxide
analysis. Oxidation typically occurs following hydrolysis and is affected by numerous factors,
including the ratio of unsaturated fatty acids, heat, light, and the presence of catalysts (Atamer and
Sezgin, 1984). Peroxide values of the butter oil samples ranged from 1.19 + 0.05 - 5.79 = 0.11 meq
O2/kg fat while those for the butter samples varied between 1.15 + 0.33 - 6.69 + 0.04 meq O./kg fat.
The reason that peroxide values for butter oil are sometimes higher than those of butter may be due to
thermic oxidation caused by the high temperatures applied during production (Nawar, 1996). The
Codex Alimentarius (2011) standard does not specify a maximum peroxide value for butter; however,
0.6 meq O2/kg fat is given as a maximum peroxide value for butter oil. The peroxide values obtained
for the butter and butter oil samples in our study exceeded the maximum international standards,
possibly as a result of the production and/or storage conditions of the butter. Our findings were
generally consistent with those that have been reported in the literature (Kirazci and Javidipour, 2008;
Findik and Andig, 2017; Cakmak¢1 and Tahmas Kahyaoglu, 2018).

In the present study, the TBA levels of the butter samples varied from 0.12 £ 0.00 to 0.36
0.00 mg malondialdehyde/kg, while those of butter oils ranged between 0.00 £ 0.00 and 0.17 + 0.01
mg malondialdehyde/kg. The TBA values of the butter oils were significantly lower than those of the
butters from which they were produced (p<0.05, p<0.01) (Table 2). Hydroperoxides formed during the
initial stage of oxidation decompose into by-products for the remainder of the process. These by-
products of lipid oxidation (such as malondialdehyde) are determined using the TBA test (Asha et al.,
2015). Malondialdehyde and similar by-products, which contain small molecular structures, are
usually removed along with the serum and/or evaporate during the heating process in the production of
butter oil. Asha et al. (2015) found that storage temperature (6 £ 2 °C: T1; 32+ 2 °C: T2; 60 + 2 °C:
T3) significantly affects the TBA values of butter oil (p<0.01). The TBA values of butter oil obtained
in our study were consistent with those reported by Ozkanli and Kaya (2007), while the TBA values of
our butter samples were also similar to the results of other studies (Cakmakg¢1 and Tahmas Kahyaoglu,
2018).

3.2. Microbiological analysis results

The yeast and mould counts are presented in Table 2. Our analysis determined that yeast and
mould count in butter samples ranged between 2.74 + 0.00 log cfu/g and 8.70 + 0.01 log cfu/g, while
those of most of the butter oil samples were so minute as to be undetectable. With respect to the yeast

935



YYU TAR BiL DERG (YYU J AGR SCI) 30 (Ek sayi/Additional issue): 928-937
Andig et al., / Comparison of the Compositions of Butter and Butter Oil Produced in the Province of Hakkari

and mould counts, the differences between the butter and butter oils were for the most part statistically
significant (p<0.05 for 5 samples and p<0.01 for 3 samples). Similar results were also reported by
Findik and Andig (2017).

The lipolytic microorganism counts of the butter oils were lower than those of the butter
samples, the the differences being in most cases statistically significant (p<0.05 for 7 of the 10
samples) (Table 2). The lowest and highest lipolytic bacteria counts for butter were 3.84 + 0.21 and
7.65 = 0.37 log cfu/g, respectively. In the majority of the butter oil samples, the lipolytic bacteria
count exceeded the detectable limit, being below the detectable limit in only 3 samples.

While the presence of coliform bacteria was confirmed in most of the butter samples, its
presence was not detected in any butter oil samples. The differences were statistically significant (p<
0.01) for all but one sample in which the presence of coliform bacteria could not be detected (Table 2).
Microorganisms could not be identified in butter oil as their counts were below the detectable limit
due to the application of heat during production. Certain groups of microorganisms were able to
remain alive in butter oils, however, because the lipid component formed a protective barrier for
microorganisms (Ray, 2004). Findik and Andi¢ (2017) also reported microorganism results consistent
with those obtained in our study for butter and butter oils.

4. Conclusion

Upon review of our findings, the higher fat and dry matter ratio of butter oil along with its
lower cholesterol levels, coliform bacteria, yeast and mould, and lipolytic bacteria counts all
demonstrate its advantages, chemically and microbiologically, compared to butter. Moreover, butter
oil is more resistant to chemical reactions and microbiological activity compared to butter due to its
considerably lower water activity. Although lipolytic microorganisms and yeast and mould were still
detected in some of the butter oil samples, the water activity levels of these samples were below the
levels necessary for microbiological and/or fungal activity. Future studies should investigate whether
cholesterol oxidation products occur as a result of high temperatures during the production of butter
oil and if so should determine what temperature levels are safe for production, sharing the results with
producers. Furthermore, peroxide, TBA, and ADV levels obtained in this study indicate that high-
quality butter oil cannot be produced from low-quality butter. Therefore, if butter oils are to be
produced from butter, both products should be produced under controlled conditions using
standardized methods to ensure product quality and safety.
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Oz: Zeytin vyetistiriciliginde, meyve iriligi o6zellikle sofralik agidan
degerlendirme yapildiginda 6nem tagimaktadir. Bununla birlikte {reticiler hem
verimin hem de kalitenin yiiksek olmasii istemektedir. Bu durumda bahce
icerisinde verim artis1 igin mevcut gesitlerin hem kendine hem de karsilikli
uyusur olmalar1 avantaj saglayacaktir. Calisma Domat, Gemlik ve Sar1 Ulak
zeytin gesitleri kullanilarak yiriitiilmiistiir. Her cesit igin serbest, kendine ve
yabanci tozlama uygulamalari yapilmistir. Bu gesitlerin karsilikli birbirini
tozlama durumlarmin yiiksek oldugu varsayilmis ve pomolojik 6zellikleri bu
caligma ile ortaya konulmak istenmistir. Calismanin sonucuna gore; serbest
tozlanmanin meyve Ozelliklerini arttirdigi ve farkli tozlayict kullaniminin
kaliteyi etkiledigi tespit edilmistir.

Pomological Features In Different Pollinating Conditions of Domat, Gemlik and Sar1
Ulak Cultivars Cultivated in Tarsus Conditions

Avrticle Info

Received: 02.08.2020
Accepted: 13.12.2020
Online Published 31.12.2020
DOI: 10.29133/yyutbd.776531

Keywords

Quality,
Fruit,
Pollination,
Olive.

Abstract: In olive cultivation, fruit size is important especially when it is
evaluated from the table point of view. However, producers want both
efficiency and quality to be high. In this case, both self-compatible and cross-
compatible status of olive cultivar provide an advantage to increase the yield of
the varieties in the orchard. The study was conducted using olive varieties of
Domat, Gemlik and Sar1 Ulak. Open, self and cross pollination applications
were made for all cultivars. These cultivars are assumed to have high cross
pollination conditions. Pomological properties were also intended to be revealed
with this study. According to the result of the study; It has been found that open
pollination increases fruit properties and the use of different pollinators affects
quality.

“Bu calisma Ankara Universitesi, Fen Bilimleri Enstitiisi’nde “Gemlik, sar1 ulak ve domat zeytin gesitlerinin
dollenme biyolojileri iizerine aragtirmalar” adli tezden tretilmistir.

1. Giris

Zeytin (Olea europaea L.), Uzim, incir, hurma gibi ¢ok eski zamanlardan beri yetistirilen bir
meyve tiridiir. Yapilan caligmalara gore, bu iiriinler Akdeniz havzasi boyunca 6 bin y1l dncesinden
itibaren yayilmaya baslamistir (Zohary ve Hopf, 2000). Oleacea familyasi, Olea cinsinin bir tiirii olan
zeytinin (Olea europaea L.) anavatani, Giineydogu Anadolu Bolgesi’ni de igine alan Yukari
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Mezopotamya ve Giiney On Asya’dir. Zeytin buradan tiim diinyaya, ilki Misir {izerinden Tunus ve
Fas; ikincisi Anadolu boyunca Ege Adalar1, Yunanistan, Italya, Ispanya ve iigiinciisii de Iran iizerinden
Pakistan, Cin olmak iizere baslica 3 koldan yayilmistir (Ozkaya ve ark., 2010)

Zeytin gesitlerinde kendine verimlilik genellikle diistiktlir. Bu konuya iliskin Ferrara ve ark.
(2002), calismalarinda bazi ¢esitlerde pistil aborsiyonuna rastlarken, bazi gesitleri ise kendine uyumlu
olarak belirtmislerdir. Bu nedenle tek ¢esitle bah¢e kurulumu sonucunda verimin diisecegi ve hatta hig
iirlin alinamayabilecegi ifade edilmistir. Farinelli ve ark. (2006) yaptiklar1 ¢alismada farkli gesit, cigek
tomurcugu olusumu ve iklim faktorlerinden (1s1k, sicaklik, nem) dolay1 kendine uyusma durumunun
yillara gore degisebilecegini gdzlemlemislerdir.

Bir ¢esidin meyve Ozellikleri acisindan degerlendirilmesinde irilik, yesil veya siyah
salamuraya uygunluk, et ¢ekirdek orani gibi bazi 6zelliklerinin yaninda, % yag igerigi de oldukca
onemlidir. Meyve iriligi 6zellikle ¢esidin sofralik, yaglik veya her iki amagla kullanilmasina olanak
saglayan onemli bir kriterdir (Kaya ve Tekintag, 2006). Sofralik zeytin gesitlerinde meyve eti/cekirdek
oraninin ise 5’den daha fazla olmasi gerektigi bildirilmistir (Padula ve ark., 2008). Zeytin meyvesi
gesitlere gore degismekle beraber; %63-86 meyve eti, %10-30 meyve gekirdegi icermektedir. Zeytin
meyve etinde, % 40 oranindaki su ve % 20-35 oranindaki yag bulunmaktadir (Hoffmann, 1989).

2. Materyal ve Yontem

Bu calisma Mersin ili, Tarsus-Yenice Mahallesi’nde Gemlik, Sar1 Ulak ve Domat zeytin
cesitleri kullanilarak yiiriitiilmistiir. Bahgedeki Gemlik ¢esidi 11, Sar1 Ulak ve Domat ¢esitleri ise 8
yagindadir. Bu c¢esitlerin secilme nedeni en popiiler ve yaygin gesitlerin ayni1 bahge igerisinde
bulunmasidir. Bu cesitlerin karsilikli birbirini tozlama durumlarinin yiiksek oldugu varsayilmis ve
pomolojik 6zellikleri bu ¢alisma ile ortaya konulmaya ¢aligilmstir.

Her cesit igin serbest, kendine ve yabanci tozlama uygulamalar1 yapilmak iizere her agacin 4
farkli yoniinden (Kuzey-Glney-Dogu-Bat1) 2’ser dal secilerek tozlamalar yapilmistir. Agaglarin
secilen dallarinda bulunan cicekler hava alabilen, 151k geciren, fakat disaridan ¢icek tozu gecirmeyen
agril torbalarla izole edilmistir. Calismada yer alan cesitlerden her uygulamada her agacin 4 farkli
yonunden (Kuzey-Gliney-Dogu-Bati) elde edilen olgun meyvelerin ve ¢ekirdeklerin en, boy ve agirlik
Olclimlerinin yapilmasi amaciyla, 0.01 g’a duyarli hassas terazi ile agirliklari, 0.01 mm’ye duyarl
kumpas ile de en ve boy degerleri 6l¢lilmiistiir. Bahge denemeleri ve bu denemelerden elde edilen
meyve Ozellikleri ile ilgili caligmalar, 3 yinelemeli olarak “Tesadif parsellerinde faktOriyel dizen”
deneme desenine gore planlanmistir. Meyve ile ilgili elde edilen degerlere JMP 5.0.1 paket
programinda varyans analizi uygulanmig ve ortalamalar arasindaki farklar LSD testine gore
belirlenmistir.

3. Bulgular

Tozlama uygulamalar1 gergeklestirilen meyvelerden alinan 6rneklerde Olgiim ve tartimlar
yapilarak, meyve eni, meyve boyu, meyve agirligi, cekirdek eni, ¢ekirdek boyu ve ¢ekirdek agirligi
belirlenmistir.

Domat ¢esidine ait meyve en, boy ve agirlik dl¢iimleri Cizelge 1°de verilmistir. 2017 yilinda
en yiiksek en, boy ve agirlik yonler dikkate alinmadan serbest tozlama uygulamasinda goriiliirken
2019 yilinda en yiiksek meyve eni degeri kendilemede, en yiiksek boy ve agirlik serbest tozlama ve
kendileme uygulamalarinda goriilmiigtiir. 2017 yilinda en yiiksek en, boy ve agirlhik degerleri,
uygulama dikkate alinmadan giliney yoniinde goriiliirken, 2019 yilinda en yiiksek eni boy ve agirlik
degerleri, uygulama dikkate alinmadan kuzey yoniinde bulunmustur. 2017 yilinda en yiiksek en
serbest tozlama bat1 yoniinde iken 2019 yilinda serbest tozlama giiney yoniinde goriilmiistiir. 2017 ve
2019 yilinda en yiiksek boy serbest tozlama giiney yoniinde goriilmiistiir. 2017 ve 2019 yilinda en
yliksek agirlik serbest tozlama kuzey ve giiney yoniinde iken 2019 yilinda serbest tozlama giiney ve
kendileme kuzey yoniinde goriilmiistiir. Sonug olarak Domat ¢esidinde serbest tozlanmis ¢igeklerin iri
meyve olusumuna neden oldugu goriilmektedir.

Gemlik cesidine ait meyve en, boy ve agirlik dlglimleri Cizelge 2’de verilmistir. En yliksek en
ve boy degerleri yonler dikkate alinmadan 2017 yilinda serbest tozlanma uygulamasinda, 2018 ve
2019 yilinda ise Sar1 Ulak ¢esidi ile yabanci tozlama uygulamasinda bulunmustur. Meyve agirlig
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degerleri 2017 yilinda Domat ¢esidi ile yabanci tozlama ve 2019 yilinda Sar1 Ulak ¢esidi ile yabanci
tozlama uygulamasinda goriilmistiir. 2017 yilinda en yiiksek en, boy ve agirlik uygulama dikkate
alinmadan dogu yoniinde goriiliirken, 2019 yilinda kuzey yoniinde elde edilmistir. Meyve en ve boy
Olciimleri en yliksek 2017 yilinda Serbest tozlanma kuzey yoniinde iken, 2019 yilinda Sar1 Ulak ¢esidi
ile yabanc1 tozlama uygulamasi bat1 yoniinde belirlenmistir. En yiiksek meyve agirligi ise 2017 yilinda
Domat ¢esidi ile yabanci tozlama dogu yoniinde Olgiiliirken, 2019 yilinda Sar1 Ulak cesidi ile yabanci
tozlama bat1 yoniinde saptanmigtir. Sonug olarak Gemlik ¢esidinin Sar1 Ulak ¢esidi ile tozlanmasi iri
meyve olusumuna neden oldugu goriilmiistiir.

Sar1 Ulak ¢esidine ait meyve en, boy ve agirlik 6l¢timleri Cizelge 3’de verilmistir. En yiiksek
en ve boy degerleri yonler dikkate alinmadan 2017 yilinda Serbest tozlanma uygulamasinda
bulunmustur. 2019 yilinda ise en yiiksek en ve boy degerleri Domat ¢esidi ile yabanci tozlama
uygulamasinda goriliirken, en yiiksek meyve agirlig1 kendileme uygulamasinda saptanmistir. 2017 ve
2019 yilinda en yiiksek en ve boy degerleri uygulama dikkate alinmadan giliney yoniinde elde
edilirken, meyve agirligi 2017 yilinda kuzey yoniinde belirlenmistir. En yliksek meyve eni degerleri
2017 yilinda Serbest tozlanma dogu ve giiney yonlerinde, 2019 yilinda Domat c¢esidi ile yabanci
tozlama uygulamasi dogu yoniinde bulunmustur. En yiiksek meyve boyu 2017 yilinda Serbest
tozlanma kuzey ve giiney yonleri, 2019 yilinda kendileme kuzey yoniinde saptanmistir. En yiiksek
meyve agirligt ise 2017 Serbest tozlanma bati yonii, 2019 yilinda Serbest tozlanma dogu yoniinde
Olctilmiistiir. Sonug olarak Sar1 Ulak ¢esidinin serbest tozlama ve Domat ¢esidi ile tozlanmasimin iri
meyve olusumuna neden olmaktadir.

Domat gesidine ait ¢ekirdek en, boy ve agirlik dl¢limleri Cizelge 4’de verilmistir. 2017 yilinda
en yiiksek cekirdek eni yonler dikkate alinmadan Gemlik ile yabanci tozlama uygulamasinda
goriiliirken, 2019 yilinda serbest tozlama uygulamasinda Olgiilmiistiir. Cekirdek boyu ve agirlik
degerleri 2017 yilinda serbest tozlama uygulamasinda bulunurken, 2019 yilinda ¢ekirdek boyu en
yiiksek kendileme uygulamasinda, ¢ekirdek agirligi Serbest tozlanma ve kendileme uygulamasinda
saptanmustir. 2017 yilinda en yliksek en, boy ve agirlik uygulama dikkate alinmadan giiney yoniinde
goralirken, 2019 yilinda kuzey yoniinde bulunmustur. 2017 yilinda en yiiksek g¢ekirdek eni degerleri
serbest tozlama giliney yoniinde iken 2019 yilinda serbest tozlama kuzey yoniinde goriilmiistiir. En
yliksek ¢ekirdek boyu 2017 yilinda serbest tozlama dogu yoniinde iken ve 2019 yilinda serbest
tozlama dogu, kendileme dogu ve bat1 yonlerinde goriilmiistiir. En yiiksek cekirdek agirligi ise 2019
yilinda serbest tozlama kuzey yoniinden elde edilmistir. Sonu¢ olarak Domat cesidinden serbest
tozlama gekirdek iriligine neden olmustur.

Gemlik gesidine ait ¢ekirdek en, boy ve agirlik dl¢timleri Cizelge 5’de verilmistir. En yiiksek
cekirdek en degerleri yonler dikkate alinmadan 2017 yilinda serbest tozlanma uygulamasinda, 2019
yilinda ise Domat ¢esidi ile yabanci tozlama ve Kendileme uygulamasinda bulunmustur. En yiiksek
¢ekirdek boyu 2017 yilinda Domat ¢esidi ile yabanci tozlama, 2019 yilinda kendileme uygulamasinda
saptanmistir. En yiiksek cekirdek agirligi degerleri 2017 yilinda Domat cesidi ile yabanci tozlama
uygulamasinda olgiiliirken, 2019 yilinda Domat ¢esidi ile yabanci tozlama, kendileme ve Sar1 Ulak
cesidi ile yabanci tozlama uygulamalarinda tespit edilmistir. 2017 yilinda en yiiksek en degerleri
uygulama dikkate alinmadan dogu y6niinde goriiliirken, 2018 yilinda kuzey yoniinde ve 2019 yilinda
ise giiney ve dogu yonlerinde elde edilmistir. Cekirdek agirligi dlgiimleri en yiiksek 2018 yilinda
kuzey yilinda saptanmistir. En yiiksek c¢ekirdek eni degerleri 2017 yilinda Serbest tozlanma kuzey ve
dogu yoniinde iken, 2019 yilinda Domat ¢esidi ile yabanci tozlama uygulamasi giiney yoniinde
belirlenmistir. En yiiksek ¢ekirdek boyu 2017 yilinda kendileme bati1 yoniinde goriiliirken, 2019
yilinda kendileme dogu ve bat1 yoniinde tespit edilmistir. En yliksek cekirdek agirligi ise 2018 yilinda
Serbest tozlanma kuzey yoni, 2019 yilinda ise kendileme bati yoniinde 6l¢iilmiistiir. Sonu¢ olarak
Gemlik ¢esidinde serbest tozlama ¢ekirdek iriligine neden olmustur.

Sar1 Ulak c¢esidine ait ¢ekirdek en, boy ve agirlik Glgiimleri Cizelge 6’°da verilmistir. En
yuksek cekirdek en degerleri yonler dikkate alinmadan 2017 yilinda Serbest tozlanma, Domat ¢esidi
ile yabanci tozlama ve Gemlik ¢esidi ile yabanci tozlama uygulamalarinda, 2019 yilinda Serbest
tozlanma, Domat ¢esidi ile yabanci tozlama ve kendileme uygulamalarinda bulunmustur. En yiiksek
cekirdek boyu 2017 yilinda Serbest tozlanma ve 2019 yilinda kendileme uygulamasinda goriiliirken,
en yiksek meyve agirligi 2017 yilinda Domat g¢esidi ile yabanci tozlama uygulamasinda
uygulamasinda saptanmustir. 2017 yilinda en yiiksek cekirdek eni Olgtimleri uygulama dikkate
almmadan kuzey ve bati yoniinde elde edilirken, 2019 yilinda Dogu yo6niinde bulunmustur. En yiiksek
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cekirdek agirligi 2017 ve 2019 yilinda dogu yoniinde tespit edilmistir. En yiiksek c¢ekirdek eni
degerleri 2017 yilinda Serbest tozlanma giiney ve Domat ile yabanci tozlama uygulamasi dogu
yonlerinde, 2019 yilinda Domat ile yabanci tozlama bati, kendileme uygulamasi giiney ve dogu
yonlerinde bulunmustur. En yiiksek cekirdek boyu degerleri 2017 yilinda Serbest tozlanma bat1 yonii
ve 2019 yilinda Serbest tozlama uygulamasi dogu yoniinde belirlenmistir. En yiiksek ¢ekirdek agirlig
ise 2017 Domat ¢esidi ile yabanci tozlama uygulamasi dogu yoniinde Ol¢iilmiistiir. Sonug olarak Sar
Ulak ¢esidinden serbest tozlama ¢ekirdek iriligine neden olmustur.

4. Tartisma ve Sonug

Ulas (2001) yaptig1 ¢alismada meyve en ve boy degerlerini Gemlik ¢esidinde 18.79-23.09 mm
ve Sar1 Ulak ¢esidinde 14.98-25.60 mm olarak olgmiistiir. Dolek (2003), yaptigi ¢alismada meyve
enini Silifke Yaglik ¢esidinde 18.19 mm, Gemlik ¢esidinde 17.51 mm ve Sar1 Ulak ¢esidinde 15.10
mm olarak bulmustur. Karadag ve ark. (2007) meyve en ve boy degerlerini Domat ¢esidinde 19.45-
26.08 mm, Gemlik c¢esidinde 17,67-23,16 mm ve Sar1 Ulak c¢esidinde 16.89-23.43 mm olarak
bildirmistir. Giindogdu ve Seker (2011) Edremit’te 16 zeytin ¢esidinin pomolojik 6zelliklerini
belirlemiglerdir. Meyve eni degerleri Domat cesidinde 19.96 mm ve Gemlik ¢esidinde 18.00 mm
olarak bildirilmistir.

Kaleci ve ark. (2016) g¢alismalarinda, 3 yabanci zeytin ¢esidinin (Ascolana, Gordales ve
Manzanilla de Carmona pomolojik 6zellikleri incelemislerdir. Manzanilla de Carmona ¢esidi 20.78
mm meyve enine sahip iken Gordales ¢esidinde ise 35.07 mm Ol¢iilmiistiir. Cetin ve ark. (2016)
¢alismasinda Bornova Zeytincilik Arastirma Enstitiisii melezleme programinda Memecik ve Uslu
cesitleri ebeveyn olarak kullanmistir. Memecik ¢esidinin meyve eni 17.21 mm, Uslu ¢esidinin 17.28
mm oldugu saptanmistir. Melez genotiplerin meyve enleri ise 12.67-20.56 mm arasinda degisim
gostermistir. Calismamizda meyve eni degerleri 16.57 mm (Domat)-15.35 mm (Gemlik) arasinda
degismistir. Bu degerler literatiirlerde bildirilenlere gore diisiik bulunmustur. Sonug olarak ¢esitlere ait
uygulamalar degerlendirildiginde en iri meyveler; serbest tozlama uygulamalarindan, en kiigiik
meyveler ise Domat ¢esidi hari¢ kendileme uygulamalarinda belirlenmistir.

Gilndogdu ve Seker (2011) gerceklestirdigi c¢alismada meyve boyu degerlerini Domat
¢esidinde 27.83 mm ve Gemlik cesidinde 22.57 mm olarak bildirilmistir. Cetin ve ark. (2016)
calismalarinda meyve boyunu Memecik cesidinde 25.67 mm, Uslu ¢esidinde 24.65 mm oldugunu
bildirmis ve melez genotiplerin 18.61-27.95 mm arasinda degistigi belirlenmistir. Arastiricilarin
bildirdigi meyve boyu degerleri ¢alismamizla benzer bulunmustur. Bu degerler incelendiginde en iri
Domat ¢esidi (23.69 mm), en kisa Gemlik (21.12 mm) ¢esidi olarak saptanmistir.

Ozkaya ve ark.’min (2004) yaptiklar1 bir ¢alisma sonucunda Domat, Gemlik, Kilis Yaglik,
Manzanilla ve Nizip Yaglik ¢esitlerinin %60'tan fazla genetik benzerlik gosterdigini bildirmislerdir.
Sar1 Ulak ¢esidinde ise bu gruba %50’ya yakin benzerlik saptanmistir. Domat cesidi genellikle yesil
sofralik olarak tiiketilirken, Gemlik, Tiirkiye'nin temel siyah sofralik zeytin ¢esididir. Sar1 Ulak ¢esidi
ise agirlikli olarak Adana ve Mersin (Dogu Akdeniz) bolgesinde sofralik zeytin i¢in yetistirilmektedir.
Buna ek olarak ¢aligmada degerlendirilen meyve ve ¢ekirdek agirliklari Domat ¢esidinde 5.30-0.86 g,
Gemlik ¢esidinde 3.73-0.53 g ve Sar1 Ulak cesidinde 3.77-1.06 g olarak Sl¢iilmiistiir. Domat cesidi
meyve boyutu olarak biiyiik grupta yer alirken, Gemlik ve Sar Ulak c¢esitleri orta grupta
degerlendirilmistir. Calismamizda da Domat, Gemlik ve Sari Ulak ¢esitlerine ait meyve agirligi
degerleri Ozkaya ve ark. (2004)’e benzer sonuglar olusturmaktadir. Domat cesidi en agir meyvelere
sahipken, diger cesitlerde birbirine benzer sekilde daha az agirlik 6l¢iilmiistiir.

Calismamizda her ii¢ zeytin ¢esidimiz i¢in 2018 yilinin yok yili oldugu halde sadece Domat
¢esidinde 2018 yilinda hi¢ verim alinamamistir. Gemlik ve Sar1 Ulak zeytin ¢esitlerinin var yili ve yok
yili arasindaki verim farkliligi yaninda meyve en, boy ve agirlik (Cizelge 1, Cizelge 2, Cizelge 3)
acisindan farklilik oldugu goriilmektedir. Var yilinda Gemlik ve Sar1 Ulak ¢esitlerinden elde edilen
verime bagli olarak beklenenin tersine daha iri ve daha agir meyve elde edildigi goriilmektedir. Bu
durumun meyvenin daha az olmasi halinde agacin dinlenmesi ve beslenmesine bagli oldugu
diistintilmektedir.

941



Cizelge 1. 2017 ve 2019 yilinda Domat ¢esidinde farkli uygulamalara ait meyve degerleri
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En (mm) Boy (mm) Agirlik (g)
Vil Uygulama Kuzey Guney Dogu Bati Ort. Kuzey Glney Dogu Bati Ort. Kuzey Glney Dogu Bati Ort.
Ser.Tozla. 19,24 ab 18,88 b 18,14 ¢ 19,57 a 18,96 A 25,90 b 27,81a 2513¢c 25,88 b 26,18 A 557 a 5,76 a 522b 5,49 ab 551 A
x Domat 18,03 c 18,81 b 18,24 ¢ 17,77¢ 18,21 B 24,40de 2513¢c 25,02 cd 25,10¢ 2491B 4,75¢ 4,54 ab 4,80c 457¢c 491B
& x Gemlik 16,30 de 16,17 ef 16,77d 15,68 fgh  16,23C 23,80 e 2382e 2405e 23,83 e 23,87C 3,28 efg 3,65d 3,67d 3,28 efg 347C
& xSan Ulak  1545gh 15,88 efg  15,35gh 15,26 h 1549D 22,52 fg 22,95 f 21,869 20,92 h 22,06 D 3,13 fg 3,563 de 3,43 def 2979 3,26 D
Ort. 17,26 AB 17,44 A 17,13 B 17,07 B 24,16 B 2492 A 24,01B 23,93B 4,18 BC 4,62 A 428B 4,08C
LSDuyygquiama: 0,325™" LSDysn: 0,325" LSDuyquiamaxvsn: 0,563™" LSDuyygutams: 0,391 LSDyen: 0,391"" LSDuyygqutamaxven: 0,677 LSDuyquiama: 0,185™" LSDyen: 0,185™" LSDuyygutamaxven: 0,320™
Ser.Tozla. - - - - - - - - - - - - - - -
X Domat? - - - - - - - - - - - - - - -
‘?iq x Gemlik - - - - - - - - - - - - - - -
8 x Sar1 Ulak - - - - - - - - - - - - - - -
Ort. - - - - - - - - - - - -
Ser.Tozla. 17,16 b 17,73 a 16,74 c 15,43d 16,76 B 23,58 ¢ 2484 a 23,75¢ 22,69d 23,71 A 4,53 ab 471a 4,16 cd 469¢e 427 A
x Domat 17,70 a 17,22 b 16,88 bc 17,00 bc | 17,20A 24,32 Db 2343 ¢c 23,67¢c 2429b 2393 A 4,64 a 4,44 abc 4,05d 4,22 bed 4,34 A
3 x Gemlik 16,82 bc 15,51d 15,56 d 14,66 e 15,64 C 23,74 c 22,24d 2157e 22,20d 23,44B 4,09d 339e 340e 3,02 f 3478
& xSanUlak  1565d 13,89 f 13,52 f 13,48 f 14,13 D 22,59d 2164e 21,02 f 20,56 f 2145C 34le 3,76 fg 2,55gh 2,40 h 2,718 C
Ort. 16,83 A 16,09 B 15,67 C 15,14 D 23,56 A 23,04B 2250C 22,44 C 4,17 A 3.82B 354C 3,33D

LSDuyguiams: 0,776~ LSDyey: 0,776~ LSDuyguamaxven: 1,344 LSDuyguiams: 0,294" LSDyin: 0,294™ LSDuyquiamaxvon: 0,509

LSDuyyguiams: 0,194 LSDyen: 0,194" LSDuyquiamaxvon: 0,337

!Aym siitunda ayr harflerle gsterilen ortalamalar arasindaki farklar istatistiksel olarak dnemli bulunmustur.

2__2018 yilinda Domat ¢esidi periyodisite nedeniyle kullanilamamustir.
0.D., Onemli Degil; *, p<0.05; **, p<0.01; *** p<0.001°i ifade etmektedir.
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Cizelge 2. 2017, 2018 ve 2019 yilinda Gemlik ¢esidinde farkli uygulamalara ait meyve degerleri

En (mm) Boy (mm) Agirlik (g)
Yil Uygulama Kuzey Guney Dogu Bati Ort. Kuzey Giney Dogu Bati Ort. Kuzey Guney Dogu Bati Ort.
Ser.Tozla. 17,34 a 16,03 cd 16,80 ab 16,33 bc 16,63 A 22,52 a 21,55bcd | 22,25ab  21,20cde 21,88 A 4,21 bc 3,34 ef 3,69 cde 3,53e 3,69B
x Domat 15,00 f 15,38 ef 15,67 de 16,20 cd 15,56 C 20,30 efg 20,81 def | 21,90abc  2258a 21,40B 2,90 fg 4,10 cd 4,96 a 470ab 417 A
~ X Gemlik 15,01 f 16,40 bc 16,36 bc 16,39 bc 16,04 B 20,08 fgh  2121cde | 21,93abc  22,11abc 21,33B 3,39 ef 3,33 ef 3,57 de 358de  347B
§ x Sar1 Ulak 13,83 ¢g 14,16 g 1391¢g 13,77¢g 13,92 D 20,47 ef 20,04 fg 19,02 h 19,39gh  19,73C 2,659 2,609 245¢g 2509 255C
Ort. 1529B 15,49 AB 15,69 A 15,67 A 20,88 20,90 21,27 21,32 329C 3,34 BC 3,67 A 3,57 AB
LSDuygutans: 0,399 ™ LSDyen: 0,399 LSDuyguiana xvor: 0,587"  LSDuygutam: 0,555™ LSDyen: ©.D. LSDuyguiama xvent 0,961 '6223135'“3' 0,306™ LSDyen: 0,306 L.SDuyautama xvon:
Ser.Tozla. 13,85 14,20 14,01 13,08 13,79 16,65 20,20 20,05 18,85 19,69 AB 2,45 2,66 2,50 2,16 2,44
x Domat? - - - - - - - - - - - - - - -
‘é X Gemlik 14,01 13,27 13,57 13,92 13,69 19,30 18,86 18,98 19,80 19,24B 2,46 2,28 2,34 2,71 2,44
& xSar Ulak 13,45 13,82 14,20 14,22 13,92 19,96 20,02 20,23 20,39 20,15 A 2,40 2,49 2,54 2,71 2,53
Ort. 13,77 13,76 13,93 13,74 19,64 19,69 19,75 19,68 2,43 2,47 2,46 2,52
LSDUVMZ OD LSDYDn: OD LSDUquxYOn: OD LSDUqu: 0,939* LSDYDn: OD LSDUvaYOn: OD LSDUVMZ OD LSDYDn: OD LSDUquxYOn: OD
Ser.Tozla. 15,91 de 1590 e 14,57 f 15,08 f 1537C 22,38 cde 21,49 fg 20,29 h 21,18¢g 21,33C 3,36 cd 3,21de 2,67f 294ef  3,05C
X Domat 16,63 bcde 16,47 bced 16,33 cde 16,21 cde 16,41B 22,50 bcde 22,36cde 21,73efg 21,82efg 22,10B 3,55 bed 3,36 cd 3,38 cd 3,28cde  3,39B
o X Gemlik 16,76 abc 16,29 bcde = 16,81abc 16,59 bcde 16,61 AB  23,26ab | 21,58defg 23,03abc | 23,21abc 22,77 A 3,86 ab 3,20 cdef | 3,83ab 389ab 3,70A
§ x Sar1 Ulak 17,22ab 16,58 bcde | 16,69 abcd 17,46 a 16,98 A 22,49 bcde  22,70bcd  22,05def | 23,75a 22,74 A 3,94 ab 3,62 bc 3,88 ab 411a 3.89A

Ort. 16,63 16,31 16,10 16,34 22,66 A 22,03BC  21,77C 22,49 AB 3,68 A 3358 3448B 3,55 AB

LSDUygulama: 0:448 - LSDde: OD LSDUygulamaden: 0|776** LSDUyguIama: 0|491M* LSDYbn: 0|491*** LSDUygulamaden: 0,850’rM gzggzgulama: 0’224 LSDYbn: 0’224 LSDUygulamaden:

!Aym siitunda ayr harflerle gsterilen ortalamalar arasindaki farklar istatistiksel olarak dnemli bulunmustur.
22018 yilinda Domat gesidi periyodisite nedeniyle kullanilamamustir.
0.D., Onemli Degil; *, p<0.05; **, p<0.01; *** p<0.001°i ifade etmektedir.
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Cizelge 3.2017, 2018 ve 2019 yilinda Sar1 Ulak ¢esidinde farkli uygulamalara ait meyve degerleri

En (mm) Boy (mm) Agirlik (g)
Yil Uygulama Kuzey Glney Dogu Bati Ort. Kuzey Guney Dogu Bati Ort. Kuzey Guney Dogu Bati Ort.
Ser.Tozla. 18,26 ab 18,39 a 18,44 a 17,64 bed 18,18 A 24,50 a 24,43 a 2366ab 22,82 bc 23,85 A 4,70 be 491b 4,79 bc 518a 4,90 A
X Domat 17,34 cde 16,67 efg 18,26 ab 14,68 1 16,74 C 22,58 bc 20,58 e 22,98 bc 21,16 de 21,89 B 4,38 de 4,03 gh 4,55 cd 3,371 4,08 B
~  x Gemlik 1790abc 17,14 def | 17,81 abcd 17,45 cd 17,58 B 22,51 be 22,04 cd 22,79bc  22,19cd 22,38 B 4,40 de 3,89h 420efg  428efg  419B
& x San Ulak 15,87 h 16,60 fg 16,04 gh 17,61 bed 16,53 C 20,67 e 20,67 e 20,53 e 22,80 be 21,17C 4,32 def 4,09 fgh 3,82h 4,31def 4,13B
Ort. 17,34 AB_ 17,20 BC 17,64 A 16,85 C 22,56 22,00 22,49 22,24 4,45 A 4,23B 4,34 AB 4,28B
LSDuyyquiama: 0,415™ LSDyen: 0,415 LSDuyyquiamaxyen: 0,718™" LSDuyquiama: 0,668 LSDysn: ©.D. LSDuyquiamaxven: 1,157 LSDuyyquiama: 0,249™" LSDyen: 0,149"" LSDyyquiama xven: 0,259™"
Ser.Tozla. 13,99 13,32 13,64 14,17 13,78 19,35 17,97 19,03 19,11 18,87 2,52 2,26 2,42 2,50 2,64
x Domat? - - - - - - - - - - - - - - -
‘?iq X Gemlik 13,65 14,75 14,44 14,20 14,26 19,46 20,36 19,94 19,82 19,90 2,37 2,93 2,77 2,60 2,67
& x Sani Ulak 14,76 14,30 14,53 14,66 14,56 19,29 19,54 18,83 20,98 19,66 2,62 2,56 2,76 2,62 2,42
Ort. 14,13 14,12 14,20 14,34 19,36 19,29 19,27 19,97 2,51 2,59 2,65 2,58
LSDUyw: OD LSDde: OD LSDUyq@ben: OD LSDUyw:O.D " LSDde: OD LSDUyq@ben: OD LSDUyw: OD LSDde: OD LSDUyq@ben: OD
Ser.Tozla. 17,68 b 17,25 bed 17,68 b 17,10 bede 17,42 AB 21,29 e 2250bcd  23,33ab  22,41bcd  22,38B  3,8lbcde 3,89 bcde 465a  390bcde 4,06 A
X Domat 16,48 de 17,34 bc 18,76 a 17,60 b 1755 A 22,19 cde 23,24 ab 2360a  22,48bcd 22,88 A 347e 4,01 be 3,79 bc 4,04bc 3,83 AB
3 x Gemlik 17,28 bcd 16,92 bcde 17,07 bcde 16,91 bcde 17,04 BC 21,86 cde 21,40e 2154de [ 22,73abc  21,88C 3,79 bcde 3,51 de 358cde 3,73bcde 3,65B
& x San Ulak 16,59 cde 16,60 cde 17,33 bc 16,33 ¢ 16,71 C 23,66 a 2221 cde  22,43bcd 22,53bc | 22,71 AB 4,06 hc 3,99 bed 4,11b 3,84 bcde | 4,00 A
Ort. 17,01 B 17,03 B 17,71 A 16,98 B 22,25 22,34 22,72 22,54 3,78 3,85 4,03 3,87

LSDuyguiams: 0.476™ LSDyen: 0.476" LSDuyguiama xvon: 0,825

LSDuyguians: 0,558 LSDyey: O.D. LSDuyyguiama xvon: 0967

LSDuyguians: 0,283~ LSDyoy: O.D. LSDyyguiamax ven: 0,491

!Aym siitunda ayr1 harflerle gosterilen ortalamalar arasindaki farklar istatistiksel olarak nemli bulunmustur.
22018 yilinda Domat gesidi periyodisite nedeniyle kullanilamamustir.
0.D., Onemli Degil; *, p<0.05; **, p<0.01; *** p<0.001°i ifade etmektedir.
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Cizelge 4. 2017 ve 2019 yilinda Domat ¢esidinde farkli uygulamalara ait ¢ekirdek degerleri

En (mm) Boy (mm) Agirlik (g)
Vil Uygulama Kuzey Glney Dogu Bati Ort. Kuzey Glney Dogu Bati Ort. Kuzey Giney Dogu Bati Ort.
Ser.Tozla. 8,59 f 11,40 a 9,96 cd 9,56 de 9,88B 16,73 bcd | 17,11abc  17,64a 16,57 bcde = 17,01 A 1,08 1,10 1,21 1,11 113 A
x Domat 9,28 def 9,69 de 8,61 f 8,54 f 9,03C 15,75efg | 17,08 abc | 15,89 def | 17,02abc  16,43B 1,14 1,21 1,10 1,00 111 A
N~ x Gemlik 11,59 a 11,15ab 1155a 1057bc 1121 A 14,73h 1547 fgh 14,94gh 15,45 fgh 1514 C 1,11 1,11 1,11 1,00 1,08 A
& xSanUlak  868f 8,95 ef 8,65 f 8,54 f 8,70 C 1740ab 17,08abc 16,51 cde  1583ef 16,70 AB 0,91 1,01 0,92 0,86 0,92B
Ort. 953BC 10,29 A 9,69B 9,30C 16,15B 1669 A 1624B 16,22 B 1,06 AB 111 A 1,08 A 0,99B
LSDuyyquiama: 0,441 LSDyen: 0,441 LSDyyquiamaxyen: 0,763 LSDuyyquiema:0,495""" LSDyen: 0,495 LSDuyquiamaxven: 0,857 LSDuygutama: 0,203 LSDysn: 0,103 LSDuyyquiama xysn: O.D.
Ser.Tozla. - - - - - - - - - - - - - - -
X Domat? - - - - - - - - - - - - - - -
‘?3 x Gemlik - - - - - - - - - - - - - - -
8 x Sar1 Ulak - - - - - - - - - - - - - - -
Ort.
Ser.Tozla. 9,46 a 8,97 bc 8,71 cde 8,41 fg 8,89 A 17,79ab 17,63 bc 17,88 a 17,09 ef 17,59 B 1,06 a 1,00 ab 092def 090defg 097 A
x Domat 85lefg 8,63 def 9,12b 8,59 def 8,71B 1750cd 17,48 cd 17,92 a 18,03 a 17,73 A 0,93 cde 0,99bc 0,95 bcd 0,92def  0,95A
2 x Gemlik 9,19 ab 8,75 cde 8,82 cd 831g 877AB  17,18ef  16,28h1 16,95 fg 16,779 16,80 C 1,00b 0,92 def 0,87 fgh 0,85 ghi 091B
& xSanUlak 8,67 def 7,74 h 7,90h 7,68 h 8,00C 17,27de 17,27 de 16,221 16,51 h 16,82C 0,87 efgh 0,80 h1 0,791 0,71j 0,79C
Ort. 8,96 A 8,53B 8,64 B 825C 1743A 17,16 BC_ 17,24B 17,10C 097 A 0,93B 0,88C 0,84D

LSDuyguiana: 0,163 LSDyen: 0,163" LSDuyquamaxvon: 0.283" L SDuyguiama: 0,142 LSDyen: 0,142” LSDuyguiama cven: 0,247 LSDyyguiama: 0,038 LSDyen: 0,038 ™ LSDuyguiams xren: 0,065

!Aym siitunda ayr harflerle gsterilen ortalamalar arasindaki farklar istatistiksel olarak dnemli bulunmustur.
2__2018 yilinda Domat ¢esidi periyodisite nedeniyle kullanilamamustir.
0.D., Onemli Degil; *, p<0.05; **, p<0.01; *** p<0.001°i ifade etmektedir.
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Cizelge 5. 2017, 2018 ve 2019 yilinda Gemlik ¢esidinde farkli uygulamalara ait ¢ekirdek degerleri

En (mm) Boy (mm) Agirlik (g)
Yil Uygulama Kuzey Guney Dogu Bati Ort. Kuzey Giney Dogu Bati Ort. Kuzey Guney Dogu Bati Ort.
Ser.Tozla. 8,79a 8,42 abc 8,70 a 8,04 cde 8,48 A 14,60 bcdef 1506abcd 14,35def  13/44f 14,37 BC 0,98 0,89 0,94 0,95 0,94B
x Domat 7,73 def 8,40 abc 8,16 bcd 8,62 ab 8,23B 14,52 cdef 14,80 bcde | 15,15abcd 15,78ab 15,06 A 0,82 1,20 1,20 1,01 1,06 A
~ x Gemlik 7,68 def 745f 8,59 ab 8,38 abc 8,02B 13,49 ef 14,17 def | 1560abc  16,20a 14,87 AB 0,73 0,75 0,84 0,96 082C
& x Sar Ulak 7,59 ef 7,69 def 7,60 ef 7,69 def 764C 14,58 bcdef 14,68 bcde 13,74 ef 13,65 ef 14,16 C 0,72 0,72 0,70 0,74 0,72C
Ort. 7,94B 7,99B 8,26 A 8,18 AB 14,30 14,68 14,71 14,77 0,81 0,89 0,92 0,91
LSDuyyquiama: 0,286 ™ LSDygn: 0,286 " LSDuyquiama xysn:0,495 ™ LSDuyquiama:0,703" LSDysn: O.D. LSDuyquiamaxven: 1,218 LSDuyquiama: 0,130 LSDysn: ©.D. LSDuyyquiamaxysn: O.D.
Ser.Tozla. 7,40 6,92 7,13 6,65 7,03 14,14 14,05 14,26 13,15 13,90 0,66 a 0,58abc 0,60 abc 0,47d 058 A
x Domat? - - - - - - - - - - - - - - -
‘?iq X Gemlik 7,07 6,62 7,08 7,07 6,96 13,57 13,03 13,17 14,14 13,48 0,53 cd 0,48d 055bcd  057bc  0,53B
& x San Ulak 7,32 6,87 7,27 7,12 7,14 14,43 13,74 13,91 14,01 14,02 0,63 ab 0,53 cd 0,57 bc 0,56 bc 0,57 AB
Ort. 7,26 A 6,80 C 7,16 AB 6,94 BC 14,05 13,60 13,78 13,77 0,61A 0,53B 0,57 AB 0,54B
LSDUyqulea: OD LSDyan: 0,284 - LSDUyq@den: OD LSDUYHM: OD LSDybn: OD LSDUquden: OD LSDUyqulea: 0,047*** LSDyan: 0,047** LSDUyquleaben: 0,081**
Ser.Tozla. 8,46 cde 8,22 efg 8,24 efg 8,11 fg 8,26 B 15,84 ab 14,84 cde 1482cde 1455e 1501 C 0,73abcd 0,68 cdef 0,62f 0,65ef 0,67B
X Domat 8,71 abc 8,86 a 8,73 abc 8,57 bed 8,72 A 15,79 ab 15,63 ab 14,80de 1525bcd 1537B 0,78 ab 0,78 ab 0,76 abc | 0,72 abcde 0,76 A
S x Gemlik 8,39 def 8,37 cdefg 8,80 ab 8,76 abc 8,58 A 15,78 ab 15,84 ab 16,03 a 16,23 a 1597 A 0,73abcde 0,63 def = 0,76 abc 0,80a 0,73A
& x San Ulak 8,04 gh 8,49 cde 8,41 def 7,80h 8,19B 14,72 de 1530 bcd 15,30 bed | 15,50abc | 15,20 BC [0,72abcde| 0,71 bcde [ 0,74abcd  0,75abc 0,73 A
Ort. 8,40 AB 8,49 A 855 A 8,31B 15,53 15,40 15,24 15,39 0,74 0,70 0,72 0,73
LSDuyquiama: 0,172 " LSDygp: 0,172 LSDuyquiama xvsn: 0,299 ** LSDuyquiama: 0,389™ LSDygn: O.D. LSDuygulama xyén: 0,673 L SDuyguiama: 0,046 LSDys: O.D. L SDuyquiama xysn: 0,080

!Aym siitunda ayr harflerle gsterilen ortalamalar arasindaki farklar istatistiksel olarak dnemli bulunmustur.

2__2018 yilinda Domat ¢esidi periyodisite nedeniyle kullanilamamustir.
0O.D., Onemli Degil; *, p<0.05; **, p<0.01; *** p<0.001’i ifade etmektedir.
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Cizelge 6. 2017, 2018 ve 2019 yilinda Sar1 Ulak ¢esidinde farkli uygulamalara ait ¢ekirdek degerleri

En (mm) Boy (mm) Agirlik (g)
Vil Uygulama Kuzey Guney Dogu Bati Ort. Kuzey Glney Dogu Bati Ort. Kuzey Guney Dogu Bati Ort.
Ser.Tozla. 9,08 abcd 9,46 a 8,74 bedef 9,33 ab 9,15A 16,22 ab 16,19 abc :I-E(’:E(’ii 16,55 a 16,12 A 0,99 bcd 1,01bcd  0,95bcd 0,98 bed 098B
~ X Domat 9,18 ab 8,49 cdefg 9,48 a 8,22 fg 884 A 1553abcde. 1391fg [1580abcd 13,38 g 14,66 B 1,07b 0,88 de 141a 0,88 de 1,06 A
3 x Gemlik 9,30 ab 8,48 defg 8,90 abcde 9,13 abc 8,95 A 14,74 def 1457ef 1512bcde 1503 cdef 14,87B 1,03 bc 0,79¢ 0,90cde 0,93 cde 091C
' x Sant Ulak 8,30 efg 7,949 8,07 fg 9,06 abcd 8,34 B 14,73 def 14,58 ef 14,40 efg 14,99 def 14,67 B 0,58 f 091cde 0,92 bcde 0,89 cde 0,83D
Ort. 8,96 A 8,59 B 8,80 AB 893 A 15,30 14,81 15,22 14,99 092B 0,90B 1,04 A 092B
LSDUyqulea: 0,374 - LSDybn: 0,374* LSDUyquleaben: 0,647 o LSDUYHM: 0,677 - LSDyan: OD LSDuquiX\(an:l,].73**’r LSDUYHM: 0,080*** LSDybn: 0,080*** LSDUWXYM: 0,138***
Ser.Tozla. 7,93 7,03 7,90 7,40 7,57 14,76 12,96 14,42 13,96 14,02 0,72 0,55 0,70 0,60 0,65
X Domat? - - - - - - - - - - - - - - -
(é x Gemlik 7,76 8,21 8,65 8,15 8,19 14,85 15,31 14,99 15,29 15,11 0,70 0,79 0,81 0,78 0,77
& x Sari Ulak 8,06 8,13 8,36 7,67 8,06 14,76 14,79 14,91 15,86 15,08 0,70 0,65 0,79 0,72 0,71
Ort. 7,92 7,79 8,30 7,74 14,79 14,36 14,77 15,04 0,71 0,66 0,77 0,70
LSDUyw: OD LSDVOn: OD LSDUWXYOH: OD LSDUYBM: OD LSDYOn: OD LSDUMX\(@“: OD LSDUYBM: OD LSDYOn: OD LSDUquxYOn: OD
Ser.Tozla. 9,36 abc 8,86 cde 9,98 a 9,01 bcde 9,30A 13,979 15,23 ef 17,10a | 16,12 bcde 15,60 BC 0,91 0,84 1,01 0,90 0,92
X Domat 8,70 cde 9,00 bcde 9,65 ab 9,73a 9,27 A 16,30 abcd | 16,14 bcde 15,70 cdef 15,53 def 15,92 B 0,90 0,92 0,96 0,92 0,92
9 x Gemlik 8,76 cde 8,74 cde 8,59 e 8,66 de 8,68 B 15,46 def 14,89 fg 14,82 fg [16,35abcd 15,38 C 0,89 0,82 091 0,98 0,90
& x San Ulak 9,34 abcd 977a 975a 9,35 abc 955A 17,07ab 16,20 abcd 16,26 abcd 16,53abc 16,51 A 091 0,92 0,95 0,94 0,93
Ort. 9,04 B 9,09B 9,50 A 9,19 AB 15,70 15,61 15,97 16,13 0,90 BC 087C 0,96 A 0,94 AB
LSDUqua_ma: 0,397 o LSDybn: 0,397* LSDUyquIa_maben: 0,687 - LSDU ulama- 0,557 - LSDyan: OD LSDUwayan:0,964*M LSDU ulama- OD LSDybn: 0,063** LSDUmuIa_maben: OD

!Aym siitunda ayr1 harflerle gosterilen ortalamalar arasindaki farklar istatistiksel olarak dnemli bulunmustur.
22018 yilinda Domat gesidi periyodisite nedeniyle kullanilamamustir.
0.D., Onemli Degil; *, p<0.05; **, p<0.01; *** p<0.001°i ifade etmektedir.
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Gezerel (1980), Cukurova Bolgesi'nde Adana Topagi, Memeli, Sivri ve Nizip Yaglik
cesitlerinin periyodisite gosterdigini, Tarsus Yaglik ve Gemlik ¢esitlerinin ise diizenli {iriin verdigini
bildirmistir. Caligma sonucunda az iiriin yilinda meyvelerin Adana Topag: cesidinde 6.12 g, Memeli
cesidinde 6.64 g ve Sivri ¢esidinde 5.48 g agirliginda olduklari, verim yilinda ise meyvelerin Adana
Topagi ¢esidinde 5.51 g, Memeli ¢esidinde 5.53 g ve Sivri g¢esidinde 4.24 g olarak ol¢iildiigii
bildirmigtir. Ulag (2001) zeytin ¢esitleri lizerine yaptigi pomolojik gozlemlerde en agir meyveleri
Mavi (6.68 g), Sar1 Ulak (5.87 g), Edremit Yaglik (5.54 g) cesitlerinde bulurken, en diisiik agirliga
sahip meyveler Kilis Yaglik (1.56 g) ve Kiinciilii (1.62 g) ¢esitlerinden elde edilmistir.

Karadag ve ark. (2007) meyve ve gekirdek agirliklari Domat ¢esidinde 5.57-1.58 g, Gemlik
cesidinde 4.07-1.51 g ve Sar1 Ulak g¢esidinde 3.65-1.13 g olarak belirlenmistir. Caligma sonuglarimiz
Karadag ve ark. (2007)’min c¢alismalarmma uyumlu bulunmustur. Domat ¢esidi kendileme
uygulamasinda daha agir meyvelere sahipken, Gemlik c¢esidinde Domat ile yabanci tozlama
uygulamasinda ve Sar1 Ulak ¢esidinde ise Serbest tozlanma uygulamasinda bulunmustur. Genel olarak
degerlendirildiginde ise meyve iriligi acisindan siralama Domat, Sar1 Ulak ve Gemlik olmustur.

Kaleci ve ark. (2016) yaptiklar1 ¢alisma kapsaminda degerlendirilen ¢esitler arasinda en genis
¢ekirdek boyutunu Gordales gesidinde (12.08 mm) belirlemis, Ascolana (9.91 mm) ve Manzanilla
(9.25 mm) cesitlerinin ise en kiigiik ¢ekirdek enine sahip oldugu saptanmistir. Ulas (2001) Sar1 Ulak
¢esidinin ¢ekirdek en ve boy degerlerini 9.37-15.64 mm, Gemlik ¢esidinde ise 6.57-13.07 mm olarak
bildirmistir. Glindogdu ve Seker (2011) g¢ekirdek en ve boy degerlerini Domat ¢esidinde 9.21-19.64
mm ve Gemlik cesidinde 8.58-14.84 mm olarak olgmiistiir. Seker ve ark. (2012) Otur g¢esidinde
cekirdek enini 8.81 mm ve ¢ekirdek boyunu 17.96 mm olarak bulmustur. Calismamizda ortalama
¢ekirdek en ve boy degerleri Domat ¢esidinde 9.14-16.77 mm, Gemlik ¢esidinde 7.93-16.67 mm ve
Sar1 Ulak ¢esidinde 7.94-15.26 mm olarak bulunmustur. Gemlik ¢esidinin, Ulas (2001)’1n bulgularina
gore daha iri ¢ekirdege sahip oldugu saptanmistir. Domat ¢esidi ise Giindogdu ve Seker (2011)’in
caligmasi ile benzerlik géstermektedir.

Kaleci ve ark. (2016) ¢ekirdek boylari bakimindan Manzanilla ¢esidinin (17.98 mm) en kisa
cekirdeklere sahip oldugunu bildiritken, Gordales cesidinin ise en uzun c¢ekirdegi (25.24 mm)
olusturdugu tespit edilmistir. Calismamizda en yiiksek ¢ekirdek boyu Domat ¢esidine ait Kendileme
uygulamasindan (17.73 mm), en diisiik deger ise Gemlik ¢esidi kendileme uygulamasindan (13.48
mm) elde edilmistir. Domat ¢esidine ait tozlama uygularmin meyveleri tiim ¢esitlerde cekirdek
boyunu arttirmistir. Sar1 Ulak ¢esidine ait ¢ekirdek boyu degerleri diger cesitlere oranla daha diisiik
olarak degerlendirilmistir.

Ulas (2001) cekirdek agirlig1 degerlerini en yiiksek Sar1 Ulak cesidinde (0.83 g) bulurken, en
diisiik deger Nizip Yaglik ¢esidinde (0.21) belirtilmistir. Gemlik ¢esidine ait ¢ekirdek agirligi degeri
0.36 g olarak bulunmustur. Calismamiza gore c¢ekirdek agirligi en yiiksek Domat gesidinin Serbest
tozlanma = 1.13 g, Gemlik ¢esidinin Domat ile yabanci tozlama = 1.06 g; Sar1 Ulak ¢esidinin Domat
ile yabanci1 tozlama = 1.06 g uygulamalarindan elde edilmistir. En diisiik degerler ise Domat ¢esidinde
Sar1 Ulak ile yabanci tozlama = 0.79 g; Gemlik ¢esidi Kendileme = 0.53 g ve Sar1 Ulak cesidi
Kendileme = 0.71 g uygulamalarindan bulunmustur. Sar1 Ulak ¢esidine ait dlgiimler Ulas (2001)’1n
calismasina benzer sekilde bulunurken, Gemlik ¢esidinin ¢ekirdek agirligi daha yiiksek saptanmustir.

Bu calisma Domat, Gemlik ve Sar1 Ulak zeytin gesitleri icin serbest, kendine ve yabanci
tozlama uygulamalar1 yapilarak yiiriitiilmiistiir. Bu gesitlerin karsilikli birbirini tozlama durumlarinin
yiiksek oldugu varsayilmis ve pomolojik 6zellikleri bu ¢alisma ile ortaya konulmak istenmistir. Bu
¢alismada ayrica yonlerin pomolojik 6zelliklere etkileri de incelenmis ve genel olarak belirgin bir
yoniin meyve ve ¢ekirdek icin en, boy ve agirlik degerleri agisindan 6n plana ¢iktigi goriilmemistir.
Caligmanin sonuglarina gore; serbest tozlanmanin meyve Ozelliklerini arttirdign ve farkli tozlayic
kullaniminin kaliteyi etkiledigi bulunmustur. Domat ¢esidinde serbest tozlanmis ¢igeklerin iri meyve
olusumuna neden oldugu goriilmektedir. Gemlik ¢esidine Sar1 Ulak c¢esidinin tozlayici olarak
kullanilmasi iri meyve olusumuna neden olmaktadir. Sar1 Ulak ¢esidinin serbest tozlama ve Domat
cesidi ile tozlanmasi iri meyve olusumuna neden olmaktadir. Domat ¢esidi en agir meyvelere
sahipken, diger cesitlerde birbirine benzer sekilde daha az agirlik 6l¢iilmiistiir. Meyve ¢ekirdegi ile
ilgili degerlendirmelerde de tiim ¢esitler icin serbest tozlanma uygulamasi ¢ekirdek iriligine neden
olmustur. Tozlayici olarak Domat ¢esidi kullanilan uygulamalarda meyvelerin ¢ekirdek boyu artmstir.
Sar1 Ulak c¢esidine ait ¢ekirdek boyu degerleri diger cesitlere oranla daha diisik olarak
degerlendirilmistir.
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Abstract: In this study, the effects of ultrasound pretreatment on hot air drying
and rehydration characteristics and microstructure changes of apple slices were
examined. Slices of apple cv. Granny Smith having 5 mm thickness were used as
the material. Pretreatments with ultrasound application were done by an
ultrasonic generator with 20 kHz frequency. Effect of pretreatment time (10, 20,
30 min) and amplitude (55 and 100 %) were evaluated. Drying experiments were
performed in a cabinet drier at 60°C with 0.3 m.s constant air velocity.
Application of ultrasound pretreatment decreased the drying time of apple slices
in some conditions. Amongst the five thin layer drying models tested, the Page
and Modified Page models found to be the best fitting models for the expression
of the drying of apple slices. Microstructural changes caused by ultrasound
pretreatment enhanced the rehydration ability of dried apples. As the pretreatment
time and ultrasound amplitude increased, the rehydration ratio had an increasing
trend. Peleg model represented the rehydration Kinetics of the samples
successfully. Changes in the microstructure of the apple samples caused by the
ultrasound pretreatment were clearly observed with scanning electron microscopy
images. Structural changes, caused by ultrasound pretreatment in apple tissues,
resulted in low shrinkage values.

Ultrases On Isleminin Elma Dilimlerinin Kurutma ve Rehidrasyon Karakteristikleri ile

Mikroyapisina Etkisinin Arastirilmasi

Makale Bilgileri

Gelis: 04.03.2020
Kabul: 22.12.2020
Online Yaymlanma 31.12.2020
DOI: 10.29133/yyutbd.698826

Anahtar kelimeler

Elma,

Kurutma,

Matematiksel modelleme,
Rehidrasyon,

Mikroyapi,

Ultrases.

Oz: Bu calismada, ultrasonik 6n islem uygulamasinin elma dilimlerinin sicak hava
ile kurutulmasi, rehidrasyon ozellikleri ve mikro yapisinda meydana gelen
degisikler {izerine etkisi aragtirilmigtir. Materyal olarak 5 mm kalinliginda Granny
Smith elma ¢esidinin dilimleri kullanilmistir. Ultrases 6n islemi 20 kHz frekansh
ultrases tireticisi ile yapilmistir. Ultrases 6n igleminin etkisi segilen siire (10, 20, 30
dakika) ve genlik (% 55 ve % 100) degerlerinde incelenmistir. Kurutma deneyleri
kabin kurutucuda 60 °C’de ve 0.3 m.s* sabit hava hizinda gergeklestirilmistir.
Ultrases on islemi, bazi kosullarda elma dilimlerinin kuruma siiresini kisaltmistir.
Denenen bes ince tabaka kurutma modeli arasindan Page ve Modifiye Page
modelleri elma dilimlerinin kurutulmasimi ifade eden en uygun modeller olarak
bulunmugtur. Ultrases 6n isleminin neden oldugu mikroyapisal degisiklikler,
kurutulmus elmalarin rehidrasyon kabiliyetini arttirmistir. On islem siiresi ve
ultrases genligi arttik¢a rehidrasyon orani artig egiliminde olmustur. Peleg modeli
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orneklerin rehidrasyon kinetigini basarili bi¢cimde temsil etmigtir. Ultrases 6n
islemi ile elma orneklerinin mikroyapisinda meydana gelen degigsimler taramali
elektron mikroskobu goriintiileri ile agik bir sekilde gozlemlenmistir. Ultrases 6n
islemi ile elma dokusunda meydana gelen yapisal degisiklikler diisiik biiziisme
orani degerleri olarak sonu¢lanmistir.

1. Introduction

Apple is used as a raw material in many food formulations and cultivated in almost every part
of the World because of its flavor and rich nutrients (Andres et al., 2004; Aras and Esitken, 2019).
Consumption of apple can be in fresh or processed forms such as juices, jams, marmalades, purees and
dried products (Sacilik and Elicin, 2006). In recent years demand for the dried snack fruit products
increasing due to their ease of use and healthy effects (Turgut and Topuz, 2020). Developing new apple
preservation techniques is important.

Hot air drying is widely used for preservation of food and agricultural products. However, this
method has several disadvantages like undesirable flavor and color, nutrient loss due to long drying time
(Contreras et al., 2008). The use of ultrasound as a new technology may defeat some of the disadvantages
of hot air drying (Garcia-Perez et al., 2007). Utilization of ultrasound technology has attracted large
interest due to its promising effects in food processing (Knorr et al., 2004). Pre or simultaneous
application of ultrasound energy in convective drying has increased the drying rate without a notable
loss of quality in the product. Ultrasound has also increased the diffusion of water by reducing the
internal resistance caused by the inner boundary layer (Rastogi, 2011).

In literature, the impact of ultrasound energy on drying behavior and characteristics of apples
has been investigated widely with different drying methods such as low temperature air drying (Sabarez
et al., 2018), convective air drying (Rojas et al.,2020; Banaszak and Pawlowski, 2018), atmospheric
freeze drying (Moreno et al., 2017), vacuum freeze drying (Zhang et al., 2020; Ren and Bai, 2018),
osmotic dehydration (Fernandes et al., 2019; Mierzwa and Kowalski, 2016) and microwave drying
(Wiktor and Witrowa-Rajchert, 2020; Lv et al., 2019).

The objective of this study was to determine the influence of ultrasonic pretreatment on hot air
drying and rehydration characteristics, shrinkage, rehydration ratio, water holding capacity and
microstructural changes of Granny Smith apple slices. This study differs from the previous studies
reported in literature with the application method of ultrasound energy and modeling the experimental
drying data by using thin layer mathematical models.

2. Materials and Methods

Fresh apples (cv. Granny Smith) were purchased from a bazaar in Denizli. Samples were stored
in a refrigerator at +4°C in polyethylene freezer bags until being dried. Moisture content was determined
by gravimetric method in a hot air oven at 105 °C.

2.1. Ultrasound pretreatment

Apples were washed, peeled and cut into cylindrical slices of constant thickness (5 mm) by an
electronic fresh vegetable cutter (Moulinex Fresh Express, France). Then the apple slices were dipped
in distilled water at 25°C for sonication. Solid/liquid ratio used was 1:4 (w/w). The sonication processes
were done by using an ultrasonic generator (Bandelin Sonopuls, Model HD 2200) working at 200 W
power and 20 kHz frequency having a 13 mm diameter titanium probe (TT 13). Time and amplitude
values of ultrasound pretreatment were chosen as 10, 20 and 30 min, and 55 and 100 %, respectively
(Tufekei and Ozkal, 2017).

Variations in temperature during ultrasonic pretreatment depending on conditions applied were
determined by measuring the temperature of the distilled water before and after the pretreatment. Mass
changes of the samples were determined by weighing the samples after removing superficial water at
the end of pretreatments.
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2.2. Drying experiments

Drying of apple samples were performed in a tray dryer (Yucebas Machine, Izmir, Turkey)
(Demiray and Ttlek, 2014). To achieve steady state conditions, the dryer was powered on 1 h before
each drying experiment. The apple slices were weighed and placed uniformly as a single layer on the
trays. The trays were inserted into the drier which were set to a constant air temperature (60 °C) and
velocity (0.3 m.s™).

The samples were weighed at every 5 min during the first 30 min, then every 30 min until
constant weight conditions were observed. All drying experiments were performed in duplicate and
average values of each condition were reported.

2.3. Shrinkage
For the determination of shrinkage values, bulk volume of samples was measured by a gas

pycnometer (Micromeritics, Model AccuPyc 1l 1340) and the shrinkage values were calculated from the
volume reduction of apple slices as percent shrinkage (S) (Equation 1) (Deng and Zhao, 2008);

S = [(Vo — V) / Vo] x 100 )

Where Vo and Vs are volumes of the initial (fresh) and dried sample, respectively. For each
measurement, 5 apple slices were selected and the measurements were performed in duplicate and the
average value of percent shrinkage of the samples at each condition were reported.
2.4. Rehydration experiments

The rehydration experiments of dried apple samples were done at a constant temperature of
60°C. Dried apple samples were immersed into distilled water at a solid/liquid ratio of 1:50 (w/w).
Samples were weighed after each 5 min of immersion during the first 30 min then every 30 min until a
constant weight was attained. The superficial water was removed by draining samples over a mesh for
30 s prior to each measurement.

Rehydration ratio (RR) was estimated from the Equation 2;
RR = wy [ Wy (2)
Where wi is mass of the rehydrated sample and wio is mass of the dry sample.
To obtain the water holding capacity (WHC), rehydrated samples were centrifuged at 4000 rpm
for 10 min at 5°C in tubes having a mesh in the center and water removed from samples were weighed.

The WHC values were estimated from the measured masses of the samples by using the Equation 3
(Vega-Galvez et al., 2009);

WHC = [(Mr.Xr - Ms) / (Mr.Xr)].100 (3)

Where Mr is the mass of the sample after rehydration, Xr is the moisture content wet basis and
Ms is the mass of the removed liquid from rehydrated sample after centrifugation.

2.5. Drying kinetics

The equations given below (Equation 4 and 5) were used for estimation of the moisture ratio (MR)
and drying rate (DR) of the apple samples:

MR= _t——¢ 4)
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_ Mg — My

DR = T (5)

Where, Mo is the initial moisture content, M. is the equilibrium moisture content, M; is the
moisture content at any time t, and Mz is the moisture content at t + dt (g water.g dry matter?) and t
is the drying time (min) (Sacilik and Elicin, 2006).

Mathematical modeling is necessary for food technology to understand the phenomenia of
drying and rehydration process (Cruz et al., 2015). Five different thin layer models given in Table 1
were used for estimation of drying kinetics of experimental data of the apple samples.

Table 1. Thin layer models used (Demiray and Tiilek, 2014)

Model no Model name Model equation
1 Lewis MR = exp (-kt)
2 Henderson and Pabis MR = a exp (-kt)
3 Page MR = exp (-kt")
4 Modified Page MR = exp (-(kt)")
5 Logarithmic MR = aexp (-kt) + ¢

2.6. Rehydration kinetics

Peleg model (Equation 6) was used for modeling of the data obtained from the rehydration
experiments;

M = My + t/(ky + kyt) (6)

In this equation My is the initial moisture content, M is the moisture content at time t, k; is the
Peleg rate constant and k: is the Peleg capacity constant (Ricce et al., 2016).

2.7. Statistical analysis
To describe the most suitable model representing the drying and rehydration curves of the apple

samples, the R?, reduced chi-square (x?) and root mean square error (RMSE) were used as the statistical
parameters.

2 ()
2 _ Iiv=1(MRexp,i - MRpre,i)
X N—n
L& 1y
2
RMSE = [NZ(MRW_i — MRoxp,i) (8)
i=1

The model which has the greatest R?, and least > and RMSE was selected as the best
representing model of the drying kinetics of the apples.

2.8. Microstructure
To investigate the impact of ultrasonic pretreatment on the microstructure of the apple slices,
scanning electron microscopy (SEM) micrographs of the control (untreated samples) and the 20 min

sonicated samples with 55 and 100 % amplitudes dried at 60 °C were obtained by using FEI Quanta 250
FEG instrument.
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3. Results
3.1. Temperature and mass change during ultrasound pretreatment

Temperature changes of the immersing water used in ultrasonic pretreatment and mass changes
of the apple samples after ultrasound pretreatment were presented in Table 2.

Before ultrasound pretreatment, the temperature of the immersing water was 25 °C. It increased
up to 56.50 °C during ultrasound pretreatment. Additionally, mass loss in the samples increased with
increasing pretreatment time and ultrasound amplitude. As a result, mass of the apple slices decreased.

Table 2. Changes occurred during ultrasound pretreatments

Pretreatment conditions Change in temperature (°C)” Change in mass (%)"
Amplitude (%) Time (min)
100 10 29.75+0.50 -0.96+0.07
20 50.00+0.83 -3.10+0.14
30 56.50+1.29 -3.35+0.44
55 20 29.00+0.82 -0.80+0.05

*Values are given as “mean =+ standard deviation” n=4
3.2. Drying characteristics

Sample codes indicating the drying temperature and pretreatment conditions for apple samples
were listed in Table 3 and the same codes were used throughout the study. Total drying times of apple
samples at 60 °C to the final moisture content of 0.1 g water.g dry matter® were also reported in Table
3.

Table 3. Times needed to reach final moisture content for coded samples.

Drying Pretreatment conditions Time neded to reach
temperature Amplitude Time Sample code final moisture content
(W9) (%) (min) (min)
- - 60 °C control 143
10 60° C - 100 % - 10 min 210
60 100 20 60 °C - 100 % - 20 min 117
30 60 °C - 100 % - 30 min 113
55 20 60 °C - 55 % - 20 min 183

Influence of ultrasound pretreatment on drying Kinetics of apple slices are given in Figure 1 and
2. Figure 1 shows drying rate versus moisture content curves and Figure 2 shows the changes in MR
values with the drying time.
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Figure 2. Drying kinetics of apple slices.

3.3. Modeling of drying Kinetics

The MR values of the apple slices were fitted to five different mathematical drying models and
model constants and statistical comparison parameters for apple drying are given in Table 4. Page and
Modified Page models were found to be the best fitted models for representing the drying kinetics of
apple by providing higher R? and lower y? and RMSE values for all conditions.
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Table 4. Model coefficients and statistical comparison parameters for apple drying

Sample Model

Code NO Model Coefficients R? RMSE v
1 k =0.0268 0.9780 0.0278 0.0108
2 a=1.2418 k =0.0284 0.9838 0.0252 0.0097
60 °C 3 k =0.0079 n=1.2384 0.9958 0.0046 0.0003
4 k =0.0200 n=12384 0.9958 0.0046 0.0003
5 a=1.5938 k =0.0373 ¢ =0.0049 0.9570 0.0604 0.0617
1 k =0.0229 0.9857 0.0190 0.0051
60 °C - 2 a=1.1515 k =0.0241 0.9906 0.0169 0.0044
100 % - 3 k =0.0115 n=1.1237 0.9926 0.0053 0.0004
10 min 4 k =0.0188 n=1.1237 0.9926 0.0053 0.0004
5 a=1.4965 k =0.0351 ¢ =0.0167 0.9580 0.0532 0.0477
1 k =0.0272 0..9570 0.0322 0.0125
60 °C - 2 a=1.2572 k =0.0296 0.9696 0.0319 0.0136
100 % - 3 k =0.0114 n=1.2297 0.9908 0.0243 0.0080
20 min 4 k =0.0207 n=1.2297 0.9908 0.0243 0.0080
5 a=1.1360 k = 0.0258 c=0.0175 0.9708 0.0201 0.0061
1 k =0.0236 0.9808 0.0242 0.0083
60 °C - 2 a=1.2176 k =0.0253 0.9890 0.0228 0.0080
55 % - 3 k =0.0081 n=1.2024 0.9955 0.0043 0.0003
20 min 4 k =0.0183 n=1.2024 0.9955 0.0043 0.0003
5 a=1.1470 k =0.0331 c=0.0116 0.9649 0.0491 0.0407
1 k =0.0300 0.9664 0.0348 0.0134
60 °C - 2 a=1,3010 k =0.0335 0.9674 0.0389 0.0189
100 % - 3 k =0.0092 n=1.2397 0.9928 0.0061 0.0005
30 min 4 k =0.0228 n=1.2397 0.9928 0.0061 0.0005
5 a=1.1677 k =0.0296 c=0.1516 0.9739 0.0530 0.0402

3.4. Shrinkage

The shrinkage ratio of the ultrasound pretreated samples reduced gradually as the pretreatment
time and amplitude increased (Table 5).

Table 5. Shrinkage ratios of apple slices

Sample code Shrinkage Ratio*(%)
60 °C control 88.00+0.44

60 °C - 100 % - 10 min 88.85£1.90

60 °C - 100 % - 20 min 85.33+0.24

60 °C - 55 % - 20 min 87.76+0.22

60 °C - 100 % - 30 min 85.80+1.77

* Values are given as + standard deviation n=4
3.5. Rehydration kinetics
Rehydration curves of dried apple slices, model coefficients and statistical parameters of Peleg

model are given in Figure 3 and Table 6, respectively. The Peleg model had high R? and low »? and
RMSE values which were represented empirical data successfully.
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Figure 3. Rehydration curves of dried apple slices.

Table 6. Peleg model coefficients and statistical parameters for rehydration curves of dried apple slices

Sample code ki ky R2 RMSE e

60 °C control 0.0421 0.2992 0.9992 0.0289 0.0136
60 °C - 100 % - 10 min 0.0337 0.2392 0.9992 0.0423 0.0266
60 °C - 100 % - 20 min 0.0357 0.2229 0.9989 0.0452 0.0313
60 °C - 55 % - 20 min 0.0363 0.2520 0.9974 0.0428 0.0282
60 °C - 100 % - 30 min 0.0418 0.1535 0.9989 0.0525 0.0397

3.6. Rehydration ratio and water holding capacity

The rehydration ratio increased with the increase in ultrasound pretreatment time and
amplitude (Figure 4).

60°C - 100 %6 - 30 min | ] 710
60°C - 55 % - 20 min _ 4.58
60°C - 100 % - 20 min — 5.06
60°C - 100 % - 10 min _ 4.59
sorc convl |

0 1 2 3 4 = & 7 a

Rehydration Ratio

Figure 4. Rehydration ratio of apple slices.
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As can be seen in Figure 5 water holding capacity values increased with ultrasound pretreatment.
With 10 min pretreatment at 100 % amplitude ultrasound highest water holding capacity value was seen
which is 3.83 times of the control sample.

60°C - 100 % - 30 min | 10.31

60°C - §5 % - 20 min _ 41.86

60°C - 100 % - 20 min _ 3109

60°C - 100 % - 10 min _ 60.60
60°C control E 15..82

0 10 20 30 40 50 60 70

Water holding capacity (%%)

Figure 5. Water holding capacity of apple slices.
3.7. Microstructural changes

SEM micrographs of the untreated sample and the ultrasonically pretreated samples at 55 and
100 % amplitudes for 20 min which were dried at 60 °C are given in Figure 6. Ultrasound pretreatment
applied at different conditions caused differences in microstructure of the dried apple slices. The apple
slices dried without pretreatment have more organized cell structures in comparison with pretreated
samples. Disruption of cell walls and cell deformation occurred in apple tissues in consequence of
acoustic cavitation which can be seen clearly in Figure 6b-c.
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00 k

Figure 6. SEM micrographs of apple slices dried at 60°C: (a) Control (b) 20 min sonicated with 55 %
amplitude (c) 20 min sonicated with 100 % amplitude.

4. Discussion and Conclusion

Rise in temperature of surrounding water during ultrasound pretreatment (Table 2) is due to the
fact that the magnitude of acoustic energy transferred into the medium (surrounding water and apple
slices) increases with increasing pretreatment time and ultrasound amplitude. Similar temperature rises
based upon ultrasound energy were reported in the literature for mushroom, Brussel sprout and
cauliflower (Jambrak et al., 2007).

Associated with ultrasound pretreatment, mass loss in the apple slices occurred as a result of
soluble solid loss from the samples due to concentration gradient caused by the sugar content of the
samples (Table 2). Ultrasonically pretreated pineapple (Fernandes et al., 2009) soluble solid loss also
thought to be based on sugar content of fruit.
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As seen in the drying curves of ultrasonically pretreated apples, only the falling rate drying
period was observed in all of the samples (Figure 1). Therefore, diffusion is the major physical
mechanism of mass transfer in the apple samples. The same result was reported in hot air drying of
Granny Smith apple (Andres et al, 2004) and ultrasound assisted convective drying of orange peel
(Mello et al., 2020). Contreras et al. (2008) indicated that the Page and Modified Page models were
represented the drying Kinetics of apple products better than the other models like our study. Also, Page
model successfully described the drying kinetics of ultrasonically pretreated pumpkin (Rojas et al.,
2020), raspberry fruit (Szadzinska et al., 2019) and banana (Azoubel et al., 2010).

Shrinkage of food materials was an undesirable result of drying for consumer because of the
changes in shape and loss of volume (Senadeera et al., 2020). For this study ultrasound pretreatment
reducing effect on shrinkage ratio can be considered as a positive effect on dried product quality. Similar
results were reported for hot air drying of Mirabelle plum (Dehghannya et al., 2016) and freeze drying
of quince slices (Yildiz and izli, 2019). The falling tendency in shrinkage values with ultrasound
application might be due to microstructure damages which improve water diffusivity in apple tissue
(Rodriguez et al., 2014). The relation between shrinkage and microstructural changes depending on
ultrasound applications were also discussed for orange peel (Garcia-Perez et al., 2012).

Rehydration is a quality characteristic of dried foods and agricultural products that aims to
recover the properties of raw materials which give information about the damage caused on the material
due to drying and pretreatment methods (Cunningham et al., 2008). As a result of the structural
deformation occurred in ultrasound pretreatment, increasing the pretreatment time and ultrasound
amplitude accelerated the water gain (Figure 3). Wang et al. (2019) also reported that rehydration
kinetics of kiwifruit was closely associated with microstructural changes that occurred after ultrasound
pretreatment.

Rehydration kinetics of ultrasonically pretreated dried apples (cv. Idared) (Nowacka et al., 2012)
and carrots (Ricce et al., 2016) were also well described by Peleg model with R? values above 0.99.
Peleg model constant ki and k. which related to mass transfer rate and final equilibrium moisture content,
affected by pretreatment and drying conditions. The lower value of ki means faster moisture gain. In
comparison to other rehydrated apple samples, 10 min sonicated sample with 100 % amplitude
ultrasound had the lowest ki value which indicates the highest rehydration rate. k, changed oppositely
with the equilibrium moisture content. So, the 30 min sonicated sample with 100 % amplitude ultrasound
had the highest equilibrium moisture content. The value of k, was influenced by process temperature
and structural changes in rehydrated material (Deng and Zhao, 2008). In this rehydration process,
differences in the values of k. can only be due to changes in chemical and physical structures of the
apple slices during the ultrasound pretreatment just because of the constant rehydration temperature
(60°C).

Higher rehydration ratio with increasing ultrasound pretreatment time and amplitude can be
explained by the increases in pore formation which was caused by cavitation (Figure 4). Rehydration
capacity of apple (Mothibe et al., 2014) and sea cucumber (Duan et al., 2008) were improved
significantly by ultrasound pretreatment. Similarly, during the ageing of beef; sonicated samples reached
higher water holding capacity values (Stadnik et al., 2008).

Researchers reported that the cavitation generated by the ultrasonic energy creates microscopic
channels and facilitates the diffusion of water for carrot (Chen et al., 2016) and purple sweet potato (Liu
et al., 2017). This situation improves the mass transfer by generating alternative diffusion pathways
which resulted in lower drying time and shrinkage (Dehghannya et al., 2016). Increasing the ultrasound
amplitude flattened the cells and collapsed the apple tissues. Similar tissue changes based on ultrasound
applications were also found in previous studies for Fuji apples (Deng and Zhao, 2008) and pineapple
(Fernandes et al., 2009).

In conclusion, ultrasound application affects water transport in food tissue so the drying rate
increases, the drying time and shrinkage decreases. However, there is a need for further studies for the
optimization of ultrasound application conditions in order to produce different products at higher quality
and nutrient values at shorter drying times.
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Abstract: Agriculture is one of the leading branches of the economy in the
Republic of Bashkortostan (Russia). Long-term agricultural use of land with the
use of plowing has led to a decrease in the thickness of humus-accumulation
horizon of soils, reduction of organic matter and nutrients. There is also a
deterioration in water-physical properties, the development of water and wind
erosion, and a decrease in productivity. Recently, the use of soil conservation
farming systems has started, including the use of No-till system. This study
presents the results of assessment of physical properties of agrochernozems
under conditions of No-ill use. The physical properties of the soil, such as bulk
density, humidity, temperature, structural and aggregate composition, were
studied using methods and tools accepted in soil science. It is shown that in the
upper soil layer (0-20 cm) there is an accumulation of soil moisture, the values of
capillary and total moisture capacity, as well as bulk density are approach to the
values of nature soil and are optimal for the growth and development of
agricultural crops. Structural and aggregate composition is characterized by
excellent aggregate state with their excessively high resistance to damaging
effects of water. However, in a single case, the soil density increases to a depth
of 45 cm. This fact was caused by the impact of heavy agricultural machinery.
The declining of soil density can be achieved by treating it with a special
bioorganic agent and growing perennial grasses.

Toprak Islemesiz Kosullar Altinda Agrochernozyemlerin Temel Fiziksel

Ozelliklerindeki Degisimler

Makale Bilgileri
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Anahtar kelimeler
Agrokernozem,

Islemesiz toprak,
Fiziksel toprak ozellikleri.

Oz: Tarmm, Baskurdistan Cumhuriyetinde (Rusya) ekonominin onde gelen
dallarindan biridir. Topragin uzun siireli tarimsal kullanimi, topragin humus
birikimi horizon kalinhiginin azalmasina, organik madde ve besin maddelerinin
azalmasma neden olmaktadir. Ayrica su-fiziksel 6zelliklerinde bir bozulma, su
ve riizgar erozyonunun artmasi ve verimlilikte bir azalma s6z konusu olmaktadir.
Son zamanlarda, toprak islemesiz sistem kullanimi da dahil olmak iizere, toprak
korumali  tarim  sistemlerinin  kullanimi  baglamigtir. Bu  ¢aligmada
agrokernozemlerin fiziksel o6zelliklerinin toprak islemesiz sistem kullanimi
kosullar1 altinda degerlendirilmesinin sonug¢larini sunmaktadir. Topragin kiitle
yogunlugu, nem, sicaklik, yapisal ve agrega bilesimi gibi fiziksel ozellikleri,
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toprak biliminde kabul edilen yontemler ve araglar kullanilarak incelenmistir.
Ust toprak tabakasinda (0-20 cm) toprak nemi birikiminin oldugu, kilcal ve
toplam nem Kapasitesi degerlerinin yani sira kiitle yogunlugunun dogadaki
topraginin degerlerine yaklastig1 ve tarimsal riinlerin biiylimesi ve gelismesi
i¢in en uygun oldugu gosterilmistir. Yapisal ve agrega bilesimi, suyun zararh
etkilerine asir1 derecede yiiksek direncleri ile miikemmel agrega hali ile
karakterize edilir. Ancak tek bir durumda toprak yogunlugu 45 cm derinlige
kadar ¢ikmaktadir. Bu gercek, agir tarim makinelerinin etkisinden
kaynaklanmaktadir. Toprak yogunlugunun azalmasi, 6zel bir biyoorganik ajan ile
muamele edilerek ve ¢ok yillik otlar yetistirilerek saglanabilir.

1. Introduction

Nowadays about 25% of the Earth's land surface and 40% of agricultural land are faced to
intensive degradation. The environmental impacts of land degradation are extensive and include
irreversible losses of soil, deteriorating water quality, reducing biodiversity, and deterioration of
numerous ecosystem services. The global costs of land degradation in agriculture alone are
approaching $500 billion. As a result, the United Nations General Assembly adopted a program in
2015 aimed at combating desertification and reclaiming degraded land, in which sustainable land
management is one of the proposed ways of implementing agricultural practices (Pacheco et al., 2018;
Begum Nasir Ahmad et al., 2020).

One of the most important land degradation processes in the world is soil erosion, which is
considered a major threat to food security and human health. Ultimately, this will lead to a complete
loss of the surface layer and, consequently, land fertility (Govers et al., 2014; Luetzenburg et al.,
2020). Research shows that land-use change can transform resilient agro-ecosystems into highly
degraded ones in a relatively short period (Vanwalleghem et al., 2017). Erosion processes also
correlate with slopes, height, precipitation, temperature, soil structure, and the degree of insolation
(Nowak and Schneider, 2017; Bednai and Sarapatka, 2018). The political conditions and socio-
economic level of development in the region play an important role, which determines the structure
and culture of land use, the size of cultivated fields, the choice of crops, the norms and quality of
fertilizers used (Zambon et al., 2017; Bajocco et al., 2018; Baude et al., 2019; Vavra et al., 2019;
Smetanova et al., 2019).

It is known that erosion leads to a negative impact on the quality of agricultural soils, changes
in chemical and biochemical properties, a decrease in the content of organic substances and basic
nutrients, and changes in the total content of organic carbon content of humic acids and C:N ratio,
levels decreases enzymatic and microbiological activity (Park et al., 2014; Sarapatka et al., 2018). At
the same time, there is a transformation of temporal and spatial dynamics agrophysical properties, first
of all, erosion and accumulative processes increase, power of humus accumulative horizon decreases
(Gabbasova et al., 2016), soil bulk density and porosity change (Gurbanov, 2010), the soil structure
becomes degraded and water resistance become essentially reduced (Travnikova et al., 2010; Babaev
et al., 2015) and the hydrological regime become disrupted (Wilson et al., 2020).

Recently, various soil-conservative land-use systems have been widely used in world
agricultural practice, among which No-till is leading (Skaalsveen et al., 2020). A change from
conventional tillage to No-till can improve soil carbon sequestration and resilience to erosion (Ferreira
et al., 2020), and there is an increase in mobile phosphorus (Li et al., 2019), nitrogen and potassium
(Sithole et al., 2019), the water-holding capacity of the soil and the rate of infiltration increase (Nunes
et al., 2018), the structure of the soil improves and the biological activity increases (Piazza, 2020).

Agriculture is one of the leading branches of the economics in the Republic of Bashkortostan
(Russia). Agricultural lands occupy 50.2% in the land fund of the area, on average 65% of arable
lands, 25% of pastures, and 9% of hayfields are represented in their composition. The diversity of
natural and environmental conditions creates significant differences in the ratio of agricultural lands by
natural and climatic zones. Thus, the areas of the Northern and Southern forest-steppe (73.4 and
71.3%, respectively), then the Northeast forest-steppe (69.4%) and the Pre-Urals steppe (67.5%) are
the most open. In the mountainous and forest zone, arable land occupies 25.7% of the area, in the
plain-steppe Trans-Urals - 24.6%. The high degree of plowing and natural conditions under the
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combined influence of economic activity create conditions for the development of both water and
wind erosion of soils in almost all regions of the republic, 28% of the Republic's area (4030.4
thousand ha) is subject to erosion, including 55% (3970 thousand ha) of agricultural land, including
2451 thousand ha of arable land (57% of arable land), and another 2.7 million ha of land are erosive
dangerous (Khaziev, 2012).

According to the scheme of soil-agro ecological zoning of agricultural lands of Russia, the
territory of the plain part of the Trans-Ural region of the Republic belongs to the steppe zone (B-VI) of
intensive grain farming and meat and milk cattle breeding with a predominance of high humus soils of
insufficient moisture supply (Vermic Chernozems, Calcic Chernozems, Gley Chernozems), eroded
and an exposed to wind erosion deflated, with a spread in hydromorphic and semi-hydromorphic
conditions of saline and Haplic Solonetz Albic soils and complexes with Haplic Solonetz Albic soils
(Pankova and Novikova, 2000).

To date, there is an alarming environmental situation in the Trans-Urals related to land use
violations. As a result of the development of the nature lands in the 50s, the traditional system of
environmental management with animal husbandry as the main branch of the economy was deformed.
Steppes in Khaibullinsky, Baimaksky and Abzelilovsky districts were the most plowed and eroded.
The plowing soil warms up strongly during the daytime insolation, which leads to their drying out and
intense water loss. The humus in the soil is highly mineralized. Annual losses of humus reach one ton
per hectare. Physical properties of soils and their structural condition deteriorate, the soil lumpiness of
arable land increases, and an increase in soil density at a depth of one meter can be recorded (Khaziev,
1997).

Recently there has been a tendency to mainstream soil-conservation tillage systems into
agricultural practice in the republic. Especially No-Till technology has been widely developed in the
Trans-Urals region (Gabbasova et al., 2018). It was widely known that the application of No-Till
technology first affects the physical properties of soils. Changes in soil structure (de Paula et al., 2020)
and bulk density occur (Giirsoy and Tiirk, 2019). Some authors (Yin et al., 2020) have shown that No-
Till and mulching optimize soil temperature and help maintain soil moisture. Therefore, the purpose of
our research was to evaluate the physical properties (density, humidity, temperature, structural and
aggregate composition) of agronomic Calcic Chernozem under conditions of No-Till technology.

2. Material and Methods

The researches to study a physical properties of soils were conducted in the first decade of
September 2019 in the territory of the agricultural production cooperative (APC) Krasnaya Bashkiriya,
which is located in the Abzelilovsky district of the Republic of Bashkortostan within the plain Trans-
Urals (Fig 1). The APC is located in the steppe zone. The relief is a low plain. The climate is warm
and dry. The sum of active temperatures is 2000-2200°C, average annual air temperature
approximately 2°C, average temperature in July +18-19,5°C, average temperature in January -16°C.
The annual sum of precipitation is 270-350 mm (Kadilnikov, 1964).

The following soil pits were made on agricultural lands where No-till is used (Fig 1):

Pit 1. No-till has been used since 1991, at the time of the soil physical properties study (2019)
wheat (Triticum aestivum L.) was sown but has not yet been harvested, in 2018 sunflower Helianthus
annuus L.)was grown (, sunflower crop residues after harvest were shredded and left on the soil
surface, perennial grasses were grown from 1991 to 2012, and since 2011 there was rotation of corn,
wheat and sunflower (N 53°26.642', E 58°51.663").

Pit 2. Control, forest belt, ordinary ash (Fraxinus excelsior L.), nature land (N 53°26.636', E
58°50.970").

Pit 3. No-till has been used since 2009, wheat was grown in 2019, ordinary barley (Hordeum
vulgare L.) was grown in 2018, after harvesting plant residues were shredded and left on the soil
surface (N 53°23.545', E 58°47.420").

Pit 4. No-till has been used since 2010, peas (Pisum sativum L.) with mustard (Sinapis alba
L.) were grown in 2019, wheat was grown in 2018, after harvesting plant residues were shredded and
left on the soil surface (N 53°28.368', E 58°51.128").
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Pit 5. No-till has been used since 2010, melilotus (Melilotus albus Medik.) is grown since
2017, after harvesting plant residues were shredded and left on the soil surface (N 53°32.697', E
58°48.445").

In all studied agricultural lands, the seeds are sown directly using a special seed drill for No-
till technology to a depth of 2-3 cm. The construction of the seeder allows for sowing with
preservation of plant residues and stubble, which has been preserved on the soil surface from previous
crops. An obligatory element of such seeders is a thin press wheel following a thin anchor coulter that
cuts a furrow at the desired depth. Harvesting and shredding of crop residue is carried out by
specialized harvesting machines for each crop.

The soil cover at all studied agricultural lands of identical and it is represented by agronomic
weakly-medium eroded Calcic Chernozem (Fig. 2). The granulometric composition (was determined
according to pipette method (Shein and Karpachevskii, 2007)) of the humus-accumulative horizon of
soil is characterized as clay loamy texture class (sand - 21.7%, silt - 47.8%, clay - 30.5%), soil reaction
- neutral (pHH,O - 6.9), the organic matter content is 38.9 (g kg soil), alkaline hydrolyzable nitrogen
- 166 (mg kg soil) and available phosphorus — 1.9 (mg kg soil) (Gabbasova et al., 2015) (Table 1).

The physical properties of soils were determined by the methods generally accepted in soil
science: the bulk density (has been determined by drilling), the categories of humidity (has been
determined by water saturation and further weighing), structural-aggregate composition (has been
determined by gravimetrical-sieve method), and water resistance of soil aggregates (has been
determined by wet sieving) (Shein and Karpachevskii, 2007). Field moisture was determined using
Soil Moisture Sensor SM 150 digital field moisture meter, soil penetration was measured from the soil
surface to a depth of 45 cm in 2.5 cm intervals by using Soil Compaction Meter FieldScout SC 900
equipped a metal rod with a cone (size 1/2 inch), soil temperature was measured by soil thermometer
AM-6. Location map of the study area was created using Google maps service. Statistical analysis
(mean, standard deviation, Student's t-test) was performed using MS Excel 2007.

=
Y

Republic of

i
) ey i 4 Bashkortostan e
Russian .~ "'_.l’r\a'(v i
Federation Vel T

{ - 2 S <l

’ { gl

i
Studysite'_"

| _y:Magnitogorsk
I

Figure 2. Soil profile of agronomic Calcic Chernozem.
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Table 1. Chemical properties of agrochernozem (averaged data) (Gabbasova et al., 2015)

Horizon, depth, cm

Determination Unit AUIC0-26 ABCAIC26-39  BCANC 39-62 Cca 63-73
pH Hz0 6.9+0 1 76103 8.240.2 8.2+0.1
Corg g kg™* soil 38.9+8.3 22.7+1.4 9.3+1.6 2.140.4
N alkaline mg kg™ soil 166£27.3 63218,1 2845.7 11221

hydrolysable
P.Os available mg kg soil 1.9+1.1 0.8+0.2 0.4+0.2 0.3+0.1
mean * standard deviation, n =6

3. Results and Discussion

The field surveys were carried out at the end of the growing season (the amount of
precipitation for this period — 290 mm), as the investigated agricultural lands were located in
comparable landscape and climatic conditions then soil profiles were characterizes by approximately
one level of moisture. Therefore, the penetration resistance in the field condition was determined
without measuring humidity.

Determination of penetration resistance using penetrometer has shown that in almost all the
fields studied, the values of resistance to penetration into the soil of a metal rod with a cone at the end
to a depth of 20 cm are within the limits of normal (0-1379 kPa, Pit 3) or average growth of the root
system (1379-2068 kPa, Pits 4 and 5). With depth, these indicators increase, which is generally
characteristic of nature soils (Pit 2) (Fig. 3). At Pit 1, with a depth of 7.5 cm, there is a sharp increase
in resistance values to ~ 4000-4500 kPa, the values of which are within the limits of bad (2068 and
more kPa) root system growth and are preserved for the entire studied profile depth (up to 45 cm).
This compaction can be the result of prolonged exposure to heavy agricultural machinery. Some works
also note compaction in the No-till system (Gao et al., 2016; Ferreira et al., 2020) and it is particularly
strong in arid climatic conditions (Radford et al., 2007; Lin & Chen, 2016).

Soil penetration resistance, kPa
0 1000 2000 3000 4000 5000
- o 1 1 1 1

Depth, cm

Pit 2
Pit 4 —— Pit 5

Pit 1

Figure 3. Vertical distribution of soils penetration resistance under No-till conditions.

At the time of the survey, the lowest temperature in the upper surface of topsoil (0-20 cm) soil
layer was observed in the area with unharvested wheat (Pit 1), the maximum values - in fields where
crops have already been harvested (Pits 4 and 5). The temperature difference in these areas was ~
4.5°C (Table 2). We note that soil temperature is an important agro-meteorological indicator that is
necessary for the effective activity of agricultural practices. The most interesting is the estimation of
soil temperature in the upper layers of the soil profile where plant roots grow (Huang et al., 2020).
Plant cover also has an impact on soil temperature and humidity. Of course, long spring-summer-
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autumn studies with the use of special equipment are necessary to study their seasonal fluctuations, as
each period of the growing year has its specifics of soil-plant system functioning (Ni et al., 2019).

Table 2. Water-physical properties of soils under No-till conditions

Depth, Temperature, Bulk density, Field Moisture content, %
cm C° gcm? moisture (gravimetric), % Capillary Total
Pit 1
0-10 8.9+0.7 1.16+0.10 39.3154 42.2+11.5 50.2+11.1
10-20 D 1.28+0.04 29.2+34 38.6+2.4 42.6+1.3
Pit 2
0-10 10.140.8 1.09+0.04 16.9+2.9 47.3+35 65.4+3.2
10-20 B 1.24+0.04 20.0+6.9 37.9+1.8 46.7+0.6
Pit 3
0-10 11.2+0.07 1.13+0.02 37.2+1.3 43.4+1.1 54.5+1.3
10-20 e 1.19+0.05 37.5+0.6 35.8+1.0 48.3+1.7
Pit 4
0-10 13.3+0 07 1.15+0.10 26.5+5.9 38.4+4.7 49.7+7.3
10-20 e 1.33+0.05 20.2+2.9 34.5+1.7 37.3+1.9
Pit 5
0-10 13.5+0.07 1.17+0.01 34.2+1.9 32.9+25 46.0+2.0
10-20 T 1.33+0.03 23.8+4.2 33.0+1.0 39.4+1.4

mean * standard deviation, n =5

In the surveyed areas, the values of field moisture were significantly higher than those of
nature soils, especially in the 0-10 cm layer (by about 10-20%) (Table 2). At the same time, moisture
content categories (capillary and total) were slightly lower than that of the nature soil, which is
probably due to some increase in bulk density, but in general, these indicators are within the limits
typical for soils in the region (Gabbasova et al., 2015).

The analysis of the structural and aggregate composition of the studied soils showed that the
share of aggregates of the agronomically valuable range (10-0.25 mm) in the soils of agricultural land
is ~ 71-76% (respectively, the aggregation coefficient 2.42-4.26 at 8.62 on nature soil (t-empirical —
23.2, t-critical — 3.71, p<0.01)) and is characterized as "excellent aggregate state", which indicates the
formation of an optimal hydrological and aeration regime of agricultural plants (Fig. 4). The
agronomic value of a structure is determined by its water resistance, which is calculated based on the
sum of units >0.25 mm, obtained after ,,wet” sifting. The share of water-resistance units of the studied
soils was ~80-90% (respectively, water-stability factor — 0.83-0.89 at 0.93 on the nature soil (t-
empirical — 7.0, t-critical — 3.71, p<0.01))), which characterizes the structure of the soil as “excessively
high” and give possibility to predict that soil will be stable to water erosion. (Fig. 5) (Shein and
Karpachevskii, 2007). Some authors (Ferreira et al., 2020) note that prolonged use of No-till increased
the content of organic carbon particles, mineral-bound organic substances and humic as a result of the
constant flow of plant residues into the surface layers, which contributed to the increase in physical
and chemical aggregation of the soil and the increase in its water content. Compared to other systems,
No-till increased the electrical conductivity, cation exchange capacity, total nitrogen and total organic
carbon in the uppermost soil layer (Neugschwandtner et al., 2020).
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Figure 4. Structural and aggregate composition of soils in the layer of 0-20 cm.
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Figure 5. Water-stable aggregate fractions of soils in the layer of 0-20 cm.

4. Conclusions

Long-term use of farming systems with the use of plowing, especially in the arid climate of
the Trans-Urals (Russia, Republic of Bashkortostan) has led to the degradation of the soil cover. There
is a development of erosion, a decrease in the thickness of humus-accumulation horizon, reduction of
humus and nutrients contents, deterioration of water and physical properties in the soil which
ultimately leads to a decrease in yield and economic efficiency. Therefore, many agricultural
enterprises began to use soil-saving technologies, including No-till.

The studies carried out on the study of physical properties of soils in APC Krashaya
Bashkiriya (Abzelilovsky district of the Republic of Bashkortostan) showed that as a result of the
switching to the use of No-till, soil moisture is preserved and increased. The values of the capillary
and total moisture capacity, as well as the bulk density in the upper layer of 0-20 cm of
agrochernozem, approach the values of nature soil.

The measurement of soil resistance to penetration of a metal rod with a cone at the end from
the surface to a depth of 45 cm showed that the soil density indicators correspond to the nature lands
and are within optimal limits for growth and development of agricultural plants. In one of sites, which
is treated by the No-till system approximately 30 years, there is a critical level of compaction from a
depth of 10 cm, which is obviously due to the type of crops grown and the long-term impact of heavy
agricultural machinery.

Structural and aggregate composition of agrochernozems in condition No-till system is

characterized by excellent aggregate state with their excessively high resistance to damaging effects of
water.
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Abstract: This paper aimed to develop forecasting models and to assess the
trends in the production of freshwater crayfish in Turkey. Different trend
analysis methods (Box-Jenkins method, Sen’s innovative trend analysis, Mann-
Kendall test) were compared, and different autoregressive integrated moving
average (ARIMA) models were generated to forecast the future trend. The
results of the innovative trend analysis methodology and ARIMA models
revealed that freshwater crayfish production has a decreasing trend during the
study period, although there are some fluctuations. ARIMA models predicted
that the production of freshwater crayfish would continue to decrease in the
future period. The present paper is also the most temporally rich assessment of
the crayfish production in Turkey encompassing 100+ years from 1909 to 2018.
Several factors such as climate change, overexploitation, diseases, legal
regulations, and fisheries management policies might affect the production
amount. Therefore, appropriate policies for fisheries management and legal
regulations should be planned and implemented to improve the production.
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Oz: Bu calismanin amaci1 Tiirkiye’deki kerevit iiretiminin egilimlerini
degerlendirmek ve gelecege yonelik tahmin modelleri gelistirmektir. Farkli
trend analizi yontemleri (Mann-Kendall testi, Sen’in yenilik¢i trend analizi,
Box-Jenkins yontemi) karsilagtirilmis ve gelecekteki egilimlerin tahmin
edilmesi icin farkli otoregresif biitiinlesik hareketli ortalama (ARIMA)
modelleri gelistirilmistir. Yenilik¢i trend analizi metodolojisinin ve ARIMA
modellerinin sonuglar1 ¢alisma periyodu boyunca dalgalanmalar olmasina
ragmen kerevit iiretiminin azalan bir egilime sahip oldugunu gostermistir.
ARIMA modelleri kerevit Gretiminin gelecek dénemlerde azalmaya devam
edecegini tahmin etmektedir. Ayrica, bu c¢aligma Tirkiye’deki kerevit
iretiminin zamansal olarak 1909 ile 2018 yillar1 arasindaki 100 yildan fazla
siireyi kapsayan en genis degerlendirmesini sunmaktadir. Asirt avcilik,
hastaliklar, iklim degisikligi, yasal duzenlemeler ve balik¢ilik yonetimi
politikalar1 gibi birgok faktdr liretim miktarni etkileyebilmektedir. Dolayisiyla,
iretimin gelistirilmesi i¢in uygun balik¢ilik yOnetimi politikalar ile yasal
diizenlemeler planlanmali ve uygulanmalidir.
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1. Introduction

Freshwater crayfish, which are the largest forms of decapod crustaceans contain economically
important species living in the inland waters, are represented by 737 species and subspecies around the
world (Crandall and Buhay, 2008; Crandal and De Grave, 2017). Although it has been reported to be a
different subspecies of the species found in Turkey, the species were also reported to be genetically
Pontastacus leptodactylus (Akhan et al., 2014). Crayfish production is achieved by both fishing and
aquaculture methods. Although the number of species is high, fisheries and aquaculture activities
concentrate only on three economically important species (belonging to Cambaridae, Parastacidae,
Astacidae).

In Turkey, there are many researches on freshwater crayfish mainly focusing on biology and
reproduction (Balik et al., 2005 and 2006; Balik et al., 2005; Berber and Balik, 2006; Berber et al.,
2010; Harlioglu et al., 2012; Bok et al., 2013; Bolat and Kaya, 2016; Harlioglu et al., 2018),
population dynamics (Bolat, 2001; Berber et al., 2012; Yiiksel et al., 2013), fisheries technology
(Balik et al., 2002 and 2003; Bolat et al., 2010), genetic (Akhan et al., 2014), and polyculture (Berber
and Kale, 2018; Berber et al., 2019).

Freshwater crayfish stocks should be improved, and alternative production methods should be
expanded. The current method of production is based only on the harvesting and is carried out in the
form of exploitation of stocks with continuous overfishing pressure without improving the available
stocks. In addition to fisheries, freshwater crayfishes are produced in the world by using culture
methods. These methods vary depending on the species; it can be listed as a monoculture, alternating,
extensive, and intensive. In these production routes, it is aimed to stock up individual or natural stock
to natural or artificial reservoirs (Diler, 2013). One of the methods of producing freshwater crayfish is
paddy crayfish alternating breeding systems. Researches on the crayfish-rice polyculture are quite
limited in Turkey (Berber and Kale, 2018; Berber et al., 2019).

Sen et al. (2019) provided a general description of a trend, as it could be usually directional
and in the forms of gradually decreasing or increasing average tendency in a time series. Trends in the
time series can be predictable visually. However, methodological and scientific approaches have
reasonably limiting assumptions to impartial documentation. Trend analysis aims to forecast the future
tendency based on the independent, measurable, and identification, detection systematically, and
estimate mechanisms while stochastic element displays itself as the residual nearby the trend (Sen et
al., 2019). The detection of trends has great importance and several techniques used for the assessment
of trends (Mann, 1945; Kendall, 1955; Sen, 1968, Box and Jenkins, 1976; Sen, 2012; Sen et al., 2019).
Trend analysis commonly used in statistical analysis for economical, hydrometeorological,
geophysical, environmental, and related time series. Many scientists applied trend analysis to
hydrological or climatic time series (Kale et al., 2016a and 2016b and 2018; Ejder et al., 2016a and
2016b; Kale, 2017a and 2017b; Kale and S6nmez, 2018a and 2018b and 2019a and 2019b and 2019c
and 2020; Arslan et al., 2020). However, there is no investigation on the assessment of the trends in
freshwater crayfish production in Turkey. Therefore, this paper aims to develop forecasting models
and to assess the trends in freshwater crayfish production in Turkey.

2. Material and Methods
2.1. Data

Data used in this study comprises the production amounts of freshwater crayfish (Pontastacus
leptodactylus) in Turkey between 1909 and 2018. The data was obtained from Deveciyan (2011) and
the website of Turkish Statistical Institute (TurkStat, 2020).
2.2. Change point analysis

The change point analysis is a non-parametric test, and it was firstly developed by Pettitt

(1979) in order to identify significant variations in the averages of a time series. Change point analysis
was executed by using R statistical software (R Core Team, 2020).
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The null hypothesis is that the parameters follow distributions that have a similar position
parameter and describes the non-appearance of change point, contrary to the alternative hypothesis
that directs the occurrence of a change point. The formulae are given below:

Ky = max|U.r|,and fort = 2,...... ,T; (1)
t T
Ur = Z Z sgn(xi - xj) 2
i=1 j=t+1

The null hypothesis is calculated with Ky and Uit confirms if two samples (Xi,..., X and
x+1,..., X7) are in the same population. Associated probability (p) is used to compute the level of
significance.

2.2. Trend analysis
2.2.1. Box and Jenkins method

Trend analysis is a frequently applied technique to define the trend in a hydrologic time series.
Box and Jenkins (1976) suggested a technique to discovery the best fit of a time-series model to
chronological values of a time series, and defined it as autoregressive integrated moving average
(ARIMA) model. This technique was implemented in order to determine the trend in the streamflow
data. Trend analyses were executed in SPSS and Minitab statistical software. In addition,
autocorrelation analyses were performed to calculate the consistency of trend analysis results. The
used ARIMA model is as follow:

Xt:C+¢1Xt_1+"'+¢pxt_p+Hlet_1+9qet_q+et (3)

Herein, X; is the variable will be defined in t time, e is the error in t time, & is the coefficient of
per g parameter, @ is the coefficient of per p parameter, and c is the constant.

Primarily, the order of differencing and grades of the AR and MA were determined by using
autocorrelation function (ACF) and partial autocorrelation function (PACF). Then, the parameters
were anticipated to check the residuals are white noise. In the last stage, the best-fit model was reached
over residuals analysis. Ljung-Box test statistic was used to approve the randomness. Normalized
Bayesian Information Criterion (BIC), R-squared, and p values were compared. ARIMA model with
minimum normalized BIC, p and R-squared values were chosen as the best fit model and used to
estimate. The precision of models was evaluated by using frequently used performance measures
which are root mean square error (RMSE), mean absolute error (MAE), and mean absolute percentage
error (MAPE).

2.2.2. Innovative trend analysis method

Innovative trend analysis methodology was firstly proposed by Sen (2012). In this method,
dataset in the time series is firstly sorted from the past to the recent date, and then it is divided into two
equivalent halves. Both sets are independently sorted again in ascending order. Plotting is carried out
on the Cartesian coordinate system. The first part of the time series is positioned on the horizontal X-
axis, and the other part is positioned on the vertical Y-axis. If data are plotted on the 1:1 (45°) line, it
indicates that there is no trend. On the other hand, if data are located on the lower/upper area of the 1:1
line, it indicates that there is decreasing/increasing trend in given time series (Sen, 2012 and 2014).
The null hypothesis of this method is that there is no statistically significant decreasing/increasing
trend. Otherwise, the alternative hypothesis is the existence of a statistically significant
decreasing/increasing trend in the given time series. Sen’s innovative trend analysis methodology was
commonly implemented to hydroclimatological time series observed at different locations through the
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world (Sen, 2014 and 2015; Kisi et al., 2015; Ay et al., 2018; Gedefaw et al., 2018; Alifujiang et al.,
2020).

2.2.3. Mann-Kendall and Spearman’s Rho Test

Mann-Kendall test was initially suggested by Mann (1945), and then it was advanced by
Kendall (1955). The Mann-Kendall test is a comprehensively accomplished test to examine a trend in
a time series. One advantage of this non-parametric test is that the data do not require to track any
specific distribution. The formulae are given below:

n—-1 n
S=) ) sgnGu—x) (4)
i=1 k=i+1
In this formula, the time series x;is fromi=1, 2, ..., n-1, and xx fromk =i+ 1, ..., n.
+1, 0>0
sgn(8) = y 0, 0=0 5)
-1, 0=0

Normalized test statistic is calculated by the next equation:

S—-1

_, S$>0
7 = Jvar(S) 6
cT ) S+1 S$=0 (6)

Jvar(s)’ $<0

In this formula, the test statistic is Z. and when |Z¢| > Z1_4», in which Z;_,» are the standard
normal variables, and « is the significance level for the test, Ho will be rejected. The size of the trend is
calculated by the formula given below:

B =Median (xzj"),v,-< i,,wherel < j < i < n (7)

A positive value of £ points to an increasing trend, while a negative value of £ points to a
decreasing trend.

Non-parametric Spearman’s rho test was carried out to compute the strength of a monotonic
relationship between two parameters (Lehmann, 1975; Sneyers, 1990). Non-parametric Spearman’s
rho test and Mann-Kendall test suggest more truthful outcomes than parametric tests (Kale and
Sénmez, 2018a).

3. Results
Pre-whitening processes were not implemented to the data, and original raw data was used to
keep the originality of the time series in the trend analysis methodology. Table 1 describes the basic

statistics of the time series. The results of the Mann-Kendall and Spearman’s rho tests were provided
in Table 2. The number of available data is 62.
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Table 1. Descriptive statistics of time series data

Period Mean SE SD CS CVv CK Min Max
First half 2270.97 463.20 2578.97 2.12 1.14 -0.63 3 7937
Second half  949.58 101.03 535.51 3.67 0.59 0.11 320 2317
All data 1610.27 249.85 1967.31 2.04 1.22 2.56 3 7937

Note: SE is the standard error, SD is the standard deviation, CS is the coefficient of skewness, CV is the
coefficient of variation, CK is the coefficient of kurtosis, Min is the minimum value, and Max is the maximum
value.

The normality of the dataset was analysed by Shapiro-Wilk and Kolmogorov-Smirnov tests. In
these tests, the null hypothesis is that the sample data are not significantly different from a normal
population. On the other hand, the alternative hypothesis is that the data are meaningfully different
from a normal population. The statistics of the normality tests were found 0.699 and 0.265 by Shapiro-
Wilk test and Kolmogorov-Smirnov test (with Lilliefors significance correction). The p-values for
both tests were found 0.00. The results of the normality test exhibited that these data are significantly
different from normal. Therefore, non-parametric Spearman’s rank correlation and Mann-Kendall test
tests were implemented to the dataset. The results of the tests were given in Table 2. In addition, Sen’s
slope value was calculated as 6.952381.

Table 2. The results of the non-parametric tests

Statistical parameters Values Trend
Kendall’s tau 0.100 v

p 0.251

Spearman’s rho 0.148 v

p 0.251

Note: V¥ indicates statistically insignificant decreasing trend

Change point analysis results stated that the change point of the time series was 1967. On the
other hand, one more analysis was performed for further understanding the trends and patterns in the
freshwater crayfish production by using a specific part of the time series covering the period from
1965 to 2018 since the production amounts regularly recorded at this period. The results of this
analysis directed to 1988 as the change point. After 1988, the production amount fell by half year by
year. The main reason for this decrease was the crayfish plague.

Sen’s innovative trend test result is presented in Figure 1. The results of the innovative trend
analysis methodology revealed that freshwater crayfish production in Turkey has a monotonic
decreasing trend.
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Figure 1. Scatter diagram of freshwater crayfish production in Turkey according to the Sen’s
innovative trend analysis method.

Box and Jenkins (1976) recommended that the practice of the autocorrelation function (ACF)
and the partial autocorrelation function (PACF) as the main analyses to decide the model sequence of
ARIMA. The results of ACF and PACF of ARIMA (1,1,1), ARIMA (2,1,2), ARIMA (0,1,1), ARIMA
(1,0,1), and ARIMA (1,1,0) models were presented in Figure 3, Figure 5, Figure 7, Figure 9, and
Figure 11, respectively. The best fitted model is the model over and done with random residuals at a
certain significance level. Henceforth, the level of significance of ARIMA models was compared. In
addition, Ljung-Box test statistic was performed to approve the randomness. The values of R-squared
were deliberated to choose the best fitted model. Values of R-squared that closer to zero and lower
values of normalized Bayesian Information Criterion (BIC) demonstrate a good fit. Therefore,
ARIMA (0,1,1) model was chosen to estimate the future trends of the freshwater crayfish production
in Turkey. The precision of models was evaluated by using frequently used performance measures
which are root mean square error (RMSE), mean absolute error (MAE), and mean absolute percentage
error (MAPE) (Table 3).

Time series plots and future predictions of different ARIMA models were illustrated in Figure
2, Figure 4, Figure 6, Figure 8, and Figure 10. Upper confidence limits, lower confidence limits, fit
and forecast values were also demonstrated in these figures. ARIMA (1,0,1) model predicted a
statistically significant increasing trend in the production amount of freshwater crayfish, while other
ARIMA models predicted a decreasing trend. ARIMA (1,1,1) model pointed out that the decreasing
trend in the production amount of freshwater crayfish was found statistically insignificant whereas the
decreasing trend was found statistically significant by ARIMA (0,1,1), ARIMA (1,0,1), and ARIMA
(2,1,2) models.
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Figure 2. Output of ARIMA (1,1,1) model for freshwater crayfish production in Turkey.
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Figure 3. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(1,1,1) model for freshwater crayfish production in Turkey
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Figure 4. Output of ARIMA (2,1,2) model for freshwater crayfish production in Turkey.
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Figure 5. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(2,1,2) model for freshwater crayfish production in Turkey.
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Figure 6. Output of ARIMA (0,1,1) model for freshwater crayfish production in Turkey.
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Figure 7. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(0,1,1) model for freshwater crayfish production in Turkey
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Figure 8. Output of ARIMA (1,0,1) model for freshwater crayfish production in Turkey.
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Figure 9. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(1,0,1) model for freshwater crayfish production in Turkey.
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Figure 10. Output of ARIMA (1,1,0) model for freshwater crayfish production in Turkey.
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Figure 11. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(1,1,0) model for freshwater crayfish production in Turkey.

The production of freshwater crayfish gradually increased from 1908 (the first recorded time
of the crayfish production) until 1985. A disease titled crayfish plague occurred in 1985 and the
production was suddenly ground to a halt. Crayfish plague is an infectious fungal disease affecting
freshwater crayfish. The occurrence of the plague has caused the closure of fisheries in the Egirdir
Lake Basin and Burdur Lake Basin.
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Table 3. Parameters of ARIMA models for predicting of freshwater crayfish production in Turkey

Models ARIMA (1,1,00 ARIMA (0,1,1) ARIMA (1,1,1) ARIMA (2,1,2) ARIMA (1,0,1)
AR MA

Parameters AR MA AR MA Lagl Lag2 Lagl Lag? AR MA
Coefficient 0.253 -0.367 -0.224 -0.554 -1.402 -0.561 -1.855 -0.999 0.838 -0.437
SE of coefficient 0.127 0.123 0.343 0.294 0.128 0.132 1.640 1.766 0.075 0.129
p-value 0.051 0.004 0.516 0.758 0.000 0.000 0.263 0.574 0.000 0.001
Normalized BIC 13.590 13.557 13.631 13.704 13.562
R? 0.838 0.843 0.845 0.860 0.854
RMSE 807.405 794.066 796.920 772.478 771.114
MAPE 181.472 172.505 185.721 117.929 233.100
MAE 410.889 421.529 430.202 410.249 452.196
Ljung-Box Statistics 16.646 15.126 14.700 10.886 14.496
Ljung-Box p-value 0.479 0.586 0.547 0.695 0.562

4. Discussion and Conclusion

Seafood has global importance to human nutrition and is the most traded food commodity
(Gephart et al., 2017). Unexpected interruptions or shocks for food production may harmfully affect
the trade and admission to food commodities. The trends and patterns of shocks to aquaculture and
fisheries are poorly considered, and therefore it restricts the capability to generalize or forecast
reactions to environmental, economic, and political changes.

There are different methods to forecast the trends in any time series. A frequently used
Spearman’s rho and Mann-Kendall tests have some limiting assumptions. Kisi (2015) indicated those
restrictive assumptions as of the length of the data, normal distribution, and independent structure of
the time series. Trend analysis was commonly applied to hydrometeorological time series by many
scientists (Kale et al., 2016a and 2016b and 2018; Ejder et al., 2016a, and 2016b; Kale, 2017a, and
2017b; Kale and Soénmez, 2018a and 2018b and 2019a, and 2019b and 2019c; S6nmez and Kale,
2020, Arslan et al., 2020). Likewise, Sen’s innovative trend analysis methodology was also frequently
applied to hydroclimatological time series observed at different locations through the world (Sen, 2014
and 2015; Kisi et al., 2015; Ay et al., 2018; Gedefaw et al., 2018; Alifujiang et al., 2020).

Gephart et al. (2017) documented shocks to fish production, and they noted identification,
trends, and consequences of fish production in detail. Recent trends in the production of fisheries
resources have been investigated by several studies. For instance, Srivastava (2004) investigated the
latest trends in export and production of fish in India. The authors examined the temporal production
of fish and noted that marine and inland fish production in India significantly grew over time.
Moreover, the authors indicated that the comparatively higher growth of inland fish production point
out that aquaculture is being deliberated as the employment for avocation generating and promising
income for local people. Karimpour et al. (2011) investigated the status of freshwater crayfish in Iran.
Oladimeji (2017) examined the trend in the production of fish in Nigeria from 1970-2014. The author
indicated that the estimated demand for fish develops faster than variation in local fish production.
Correspondingly, Oladimeji (2018) examined the trend of artisanal fisheries production in Nigeria and
documented that demand for fish products and gross domestic product of Nigeria progressively
increased during the study period, while the domestic production of fish commodity and other
agricultural products fluctuates. In addition, the author put forward that there was no interconnection
between either aquaculture or artisanal fisheries production and economic growth from 1970 to 2014.

In Turkey, there are few reports on the current status of the freshwater crayfish (Harlioglu and
Holdich, 2004; Harlioglu and Harlioglu, 2004 and 2009; Harlioglu, 2008; Aydin et al., 2012; Tiirel et
al., 2015; Cilbiz et al., 2020; Berber, 2020). In addition, Kale et al. (2020) documented the first report
of the albinism in P. leptodactylus and Kale et al. (2021) reported blue color anomaly in P.
leptodactylus from Atikhisar Reservoir, Canakkale. These anomalies attributed to genetic recessive
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due to lack of melanin and carotenoid pigments. Berber et al. (2014) documented problems and
solutions for ensuring the sustainability of crayfish stocks in terms of fisheries management. On the
other hand, there is no study on the assessment of trends and patterns of the freshwater crayfish
production. The present paper is the first study on the future forecasting and the assessment of the
trends in the freshwater crayfish production in Turkey. Moreover, this is the most temporally rich
assessment of the crayfish production in Turkey encompassing 100+ years from 1909 to 2018.

Freshwater crayfish stocks should be enhanced, and alternative production approaches should
be considered. The current method of production is only depending on the harvesting and is
conducting by the exploitation of stocks with continuous overfishing pressure without improving the
existing resources. Similarly, Cilbiz et al. (2020) noted that available freshwater crayfish stocks are
encountered some problems such as habitat destruction, aquatic pollution, fishing pressure and
disease. Therefore, the production of freshwater crayfish by only harvesting the natural stocks has no
potential to be increased in the future period. Hence, investigations on monoculture or polyculture
(e.g., suggested by Berber and Kale, 2018; Berber et al., 2019) of freshwater crayfish should be
progressively carried out. Berber and Kale (2018) suggested the rice-crayfish polyculture as an
alternative, applicable, and economic approach to growth crayfish with rice production. Berber et al.
(2019) determined the ideal stock density of freshwater crayfish in polyculture with rice. Limited
studies on polyculture of crayfish and rice revealed that crayfish polyculture with rice production in
paddy fields are successfully accomplished in Turkey. Therefore, rice-crayfish polyculture can be
applied due to the abundance of paddy fields in Turkey. Thus, the increase in the production of
freshwater crayfish can increase the income level of relevant people and also it may provide
employment opportunities, economic growth, and social welfare. Artisanal fisheries and sport fishing
activities could be more attractive in such water bodies allowing self-fishing in the water resources.

In conclusion, this paper assessed the trends in the production of freshwater crayfish in
Turkey. Moreover, different trend analysis methods and forecasting models were compared. The
present paper is also the most temporally rich assessment of the crayfish production in Turkey
encompassing 100+ years from 1909 to 2018. The results of the innovative trend analysis
methodology and ARIMA models revealed that freshwater crayfish production has a decreasing trend
during the study period, although there are some fluctuations. ARIMA models predicted that the
production of freshwater crayfish would continue to decrease in the future period. Several factors such
as climate change, overexploitation, diseases, legal regulations, fisheries management policies might
affect the production amount. Therefore, appropriate policies for fisheries management and legal
regulations should be planned and implemented to improve the production.
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Abstract: Totally, 1.5 million fungal species estimated, of which less than 10
percent have been described to date. Recent advances in molecular biology as
well as gene sequencing technologies facilitate the discovery and identification
of new species in various groups of living organisms, especially fungi.
Morphological methods do not have efficiency for the identification of fungal
species, so, using new techniques based on DNA data has been considered in
the rapid and accurate fungal species identification. DNA Barcoding is a new
technique with several years’ backgrounds for detecting fungi and fungal like
organisms. The Internal Transcribed Spacer in ribosomal RNA gene (ITS-
rDNA) has been considered as a suitable barcode sequence. The efficacy of this
region’s sequence data in most fungal groups has led to its use as a standard
barcode by different mycologists. However, the ITS-rDNA region appears to be
used as the primary barcode sequence for fungi of the genus or species group.
The accurate species-specific identification is performed depending on the
fungal group based on secondary barcodes. Due to the pleomorphic nature of
fungi, the use of DNA barcoding is of importance. To date, hundreds of
thousands of reference barcode sequences have been created for thousands of
species of living organisms through DNA barcoding projects. The subsequent
efforts of scientists are managing and automation of DNA barcoding in order to
speed up the identification process.
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Anahtar kelimeler
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Molekiiler Taksonomi,
Tiir kavrami.

Oz: Giiniimiizde toplam 1.5 milyon oldugu tahmin edilen fungus tiiriiniin
%10’undan daha azi tanimlanmistir. Molekiiler biyolojideki son gelismeler ve
gen siralama teknolojileri, cesitli canli organizma gruplarinda, o&zellikle
funguslarda yeni tiirlerin kesfedilmesini ve tanimlanmasini kolaylagtirmaktadir.
Fungus tiirlerinin tanimlanmasinda morfolojik yontemler yeterli degildir, bu
nedenle, hizli ve dogru tamimlamada DNA verilerine dayali yeni tekniklerin
kullanilmasi 6n plana ¢ikarilmistir. DNA Barkodlama, fungus ve fungus benzeri
mikroorganizmalar1 tespit etmek igin kullanilan yillik ge¢misi olan yeni bir
tekniktir. Ribozomal RNA genindeki ITS-rDNA uygun bir barkod dizisi olarak
kabul edilmektedir. Bu bolge sekans verilerinin etkinligi, farkli mikologlar
tarafindan bircok fungusta standart bir barkod olarak kullanilmasina yol
agmigtir. Bununla birlikte, ITS-rDNA bdlgesinin fungus cins ve turlerinin
tanilanmasinda birincil barkod dizisi olarak kullanildigi goriilmekte, fungus
gruplarindaki tiire 6zgii kesin tanilama ise ikincil barkodlara dayali olarak
yapilmaktadir. Funguslarin pleomorfik dogasi nedeniyle, DNA barkodlamasinin
kullanilmas1 ¢ok o6nemlidir. Bugiine kadar, DNA barkodlama projeleri ile
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binlerce canli organizma tiirii igin yiliz binlerce referans barkod dizisi
olusturulmustur. Bilim adamlarinin bundan sonraki caligmalari tanimlama
sirecini hizlandirmak i¢in DNA barkodunun yo6netimi ve otomasyonu
yonundedir.

1. Introduction

Species identification and classification is one of the most important parts of archeology and
biological studies. Proper identification of species opens up useful information on any living
organism, such as its ecological, physiological, biochemical, and social benefits and harms (Hebert et
al., 2003; Crous et al., 2009). Taxonomy includes classification and nomenclature, and its purpose is
to group living organisms into natural units, which makes it possible to describe biodiversity and
species identification, and also reflect the kinship relations between different groups of living
organisms (Crous et al., 2009). The goal of taxonomists is to create an acceptable order among the
heterogeneous groups of living organisms to facilitate communication between the groups and to
create methods that can be used and tested by others. To achieve this goal, scientists have used a
variety of strategies, commonly referred to as species concepts. In scientific references, several kinds
of species concepts with both theoretical and applied aspects (Taylor et al., 2000; Taylor, 2006).
Applied concepts have identification and application values, including the concepts of morphological
species, biological species as well as phylogenetic species. Although the phylogenetic concept of the
species is also influenced by different variables such as the genome regions used to measure
relationships between different fungal groups, but compared to other strategies are more reliable and
repeatable, so in recent years it has become more popular among mycologists and is commonly used
(Taylor et al., 2000; Taylor, 2006).

In the history of biology, scientists have used a variety of data to identify living organisms,
including morphological, physiological, and biological data. The need for specialized knowledge is
one of the main limiting factors in using morphological data to correctly and accurately identify fungal
species. Some other special unique characters of fungi including special culture media, special storage
conditions, limited growth rate, etc. are other problems of morphological methods. With recent
advances in molecular biology and the development of DNA-based molecular methods, scientists have
used these methods to quickly and accurately identify fungi. Molecular methods of fungal detection
are mainly based on polymerase chain reaction (PCR) technique or other methods based on this
reaction, which are commonly used in medical clinics, plant pathology laboratories, etc. to identify
fungal species of high economic importance in medicine, agriculture and industry (Nancy and
Binnicker, 2009). Other molecular methods include DNA hybridization, RFLP and AFLP techniques
(Crous et al., 2009; Nancy and Binnicker, 2009). Due to the increasing of pathogenic fungal species in
agriculture, nosocomial infections and the use of beneficial fungal species in industry,
pharmaceuticals, biotechnology and related sciences and the discovery of cryptic species due to the
lack of obvious morphological features, the importance of using more accurate and highly efficient
methods in the separation of fungal species are obvious (Taylor et al., 2000; Crous et al., 2009). One
of the new ways to identify the species is using DNA sequence information, which is very important in
contemporary mycology. With recent advances in sequencing technologies, including pyrosequencing,
gene sequencing is performed with high speed and accuracy. The use of sequence data in the
identification of fungi is extremely important, especially for non-specialists in the field of
identification based on the morphology of fungi. The idea of using a standard molecular identification
system to identify species dates back to the 1990s (Hebert et al., 2003; Frézal and Leblois, 2008).
During these years, the invention of the PCR method for regeneration of genes in living organisms,
followed by the development of sequencing techniques from different parts of the genome and the
possibility of comparing them, created a new horizon for solving problems facing taxonomists. By
classifying the sequences and comparing them using statistical and bioinformatics methods, the
phylogenetic tree is drawn and the kinship relationships of living organisms are determined. For this
purpose, genomic DNA, mitochondria, chloroplasts, etc. are used. DNA barcoding is an identification
system based on using of nucleotide sequence data, preferably a gene or a small number of gene
region to quickly and accurately identify species of living organisms. Followed by identification of the
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phylogenetic position of a fungal species based on the nucleotide sequence data on the phylogenetic
tree and the comparison of the target species sequence with other species with high similarity, it will
be possible to design DNA barcoding for the species (Hebert et al., 2003). In fact, DNA barcoding
identifies species using sequence data from one or more genes. It is not only a taxonomy system, but a
highly efficient and accurate way to identify species in all divisions of all organisms. In fact, DNA
barcoding is complementary to taxonomy, molecular phylogeny, and population genetics (Hebert et
al., 2003; Frézal and Leblois, 2008; Crous et al., 2009; Costa and Carvalho, 2010, Das and Deb, 2015;
Gosavi, 2016; Chaudhary and Dahal, 2017). This method is similar to molecular phylogeny in that
sequence data are used to identify taxons, but the main goal in molecular phylogeny is to study and
reconstruct kinship relationships between living organisms at different taxonomic levels (species,
genus, family, order etc,). It is based on sequence data, and the more genes used, the more realistic the
understanding of kinship relationships at different taxonomic levels obtained. Even with advances in
sequencing technologies in recent years it is not unexpected the comparison of genomic sequences in
phylogenetic studies. However, the main purpose of DNA barcoding is to securely identify taxons
based on sequence data, and this data generally lacks phylogenetic efficiency at high taxonomic levels.
In this review, considering to the strengths and weaknesses of common morphological and molecular
methods for identification of fungi, it is tried to discuss on molecular techniques on fungal
identification using the latest related articles from popular databases such as Google Scholar, Scopus,
Medline, Pub med, Springer as well as Elsevier and using the suitable key words on fungal species
identification, morphological species concept as well as DNA barcoding.

2. From Traditional to Molecular Taxonomy

Using of morphological features in the identification, taxonomy and phylogenetic
relationships of living organisms has a history of more than 300 years, which is called morphological
identification of species in scientific references. The basis of the morphology strategy is that
morphological types or individuals can represent differences at the level of all species. The
morphological concept of the species, has two major features. Firstly, the morphological traits among
individuals of a species are fixed (homogenous) and, secondly, they show obvious differences between
species. According to Taylor et al. (2006), the strength of the morphological concept of the species is
its applicability to any fungal taxon and its extensive and long history of use (Termorshuizen and
Arnolds, 1997; Taylor et al., 2000; Crous et al., 2009). Traditionally, phenotypic features, i.e.
morphological and physiological properties, have been used to identification of fungi, but these
characteristics, especially morphology, are strongly influenced by environmental conditions and are
therefore highly variable (Raja et al., 2017). Differences in morphological features (preferably several
features) are used to identify and describe species (Taylor et al., 2000; Crous et al., 2009). Another
major limitation in the use of morphological traits for identification of most fungal groups is that the
number of recognized characteristics is far less than the number of known species for each fungal
species or the number of fungal species in a genus. Numerous examples of these limitations have been
experienced by mycologists, including problems in identifying Fusarium species based on
morphological data. Importantly, this fungus lacks sufficient morphological features to satisfactorily
distinguish species, so some believe that the number of species in this genus is greater than the number
of morphological features available to identify species (Termorshuizen and Arnolds, 1997).
Occasionally, isolates belonging to the same species may show differences in some morphological
features, such as colony size and color, shape and size of macro conidia, and chlamydospore
formation.

With the introduction and use of molecular techniques, the taxonomy of Fusarium species has
become a controversial issue. In particular, the integration of the phylogenetic species concept with
DNA data has led to the description of new species, which includes a number of Sibling species.
Identification of these species based on morphological characteristics is impossible (Termorshuizen
and Arnolds, 1997; Taylor et al., 2000; Hebert et al., 2003). For example, 15 phylogenetic species
have been identified within the Fusarium graminearum complex species, and it is not possible to
distinguish between these species based on morphological data (Arver et al., 2011). The
ineffectiveness of morphological traits in the successful separation of fungal groups in black yeast like
fungi has also been experienced. The term black yeast is commonly used to describe melanin pigment-
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producing fungi that have both mycelial and yeast phases in the culture medium (Arver et al., 2011)
and are considered pathogens of humans and other living organisms, especially in the brain and other
organs. In people with weakened immune systems, it can sometimes be fatal (Termorshuizen and
Arnolds, 1997; Taylor et al., 2000; Hebert et al., 2003). These fungi are also involved in the
destruction of ornamental stones (Gadd, 2008) and antiquities. On the other hand, the positive roles of
black yeast in environmental bioremediation as well as biodegradation of oil pollutants have been
proven (Badali et al., 2011).

It was observed that that the genus Ramichloridium, whose boundaries are determined by
morphological characteristics, includes a heterogeneous group of fungi. The researchers found that
human pathogenic species classified earlier in the genus Ramichloridium belong to the genus
Rhinocladiella in the order Chaeothyrilaes, while the genus Ramichloridium belongs to the order
Capnodilaes (Badali et al., 2010). In the case of other fungal groups belonging to black yeasts such as
Cladophialophora and Exophiala, it is not possible to identify the species only by relying on
morphological traits (Badali et al., 2008; 2009; 2010). Problems in morphology-based identification
led mycologists to using molecular methods. By introducing the polymerase chain reaction, it was
possible to replicate gene regions from DNA samples. Therefore, by extracting DNA from fungal
cultures, it was possible to reproduce parts of the genome for diagnostic purposes (Crous et al., 2009;
Nancy and Binnicker, 2009). Subsequently, several polymerase chain reaction techniques were widely
used, and even in some cases the detection and quantification of fungal species directly from infected
samples (plant, blood, air, soil etc. ...) became possible (Nancy and Binnicker, 2009). By using Taq
Man Real Time Assay technology, identification and quantification of Mycosphaerella species
involved in the combined disease of banana Sigatoga carried out directly from infected samples of
plants. Molecular approaches have higher speed, accuracy of operation and sensitivity compared to
traditional methods, and in these methods, there are less health risks for researchers and personnel
working with contaminated samples (Nancy and Binnicker, 2009). At present, nucleotide sequence
data are commonly used in the identification of fungi in the medical sciences, agriculture, and
industry. Nucleotide sequence data are also used to study the kinship relationships between living
organisms at the preferred taxonomic levels in evolutionary biology (Nancy and Binnicker, 2009;
Arver et al., 2011). With recent advances in sequencing technologies with high speed and accuracy of
operation and significantly reduced the cost of sequencing, determining the sequence of genes or
genomes of living organisms has become increasingly rapid. In this regard, fungi are among the
leading groups and the complete sequence of the genome of a large number of fungal pathogens of
human and plants as well as industrial fungi is available (Xu et al., 2006; Desjardins et al., 2011;
Andersen et al., 2011). Pyrosequencing approach is a new technology that, unlike the chain-based
approach, is a Real-Time sequencing method and uses the release of light as a sign for attaching a
nucleotide to the target DNA strand. In this method, which was introduced in 1996, the addition of
complementary nucleotide in the synthesized DNA chain leads to releasing of light based on a series
of enzymatic interactions (Elahi and Ronaghi, 2004). With the accumulation of nucleotide sequence
data, new ideas for the identification of living organisms have been formed or are being formed, and
the ultimate goal of scientists is to create the technology needed to quickly identification species of
living organisms with high reliability and automation. Hebert et al. (2003) first proposed an interesting
and new way to identification animals based on cytochrome oxidase genes. They selected the 648-bp
region of this gene for lack of introns, less recombination, and the haploid form of gene inheritance,
which was acceptable in 95% of cases. In fact, DNA barcoding was first developed to quickly and
accurately identification of animal species in which the mouse mitochondrial genome was used as a
reference, and its purpose today is to identification all eukaryotic species. DNA barcoding is currently
being used for identification different groups such as birds, fish, ants, seaweed, diatoms, protozoa and
plants (Chase et al., 2005; Smith et al., 2005; Hajibabaei et al., 2006; Evans et al., 2007). Research
into fungal DNA barcoding was first conducted in 2003 by researchers at the University of Guelph in
Canada. Significant progress was made in 2004 by Consortium for the Barcode of Life (CBOL). Then,
more reliable identification tools were collected in DNA Barcode Reference Library (Nilsson et al.,
2008).
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3. DNA Barcoding in Fungi

The total number of existing fungal species is unknown and the estimated maximum is 1.5
million species. So far, about 80000 to 120000 fungal species have been described (Hawksworth,
2004), an increase of 1.2 percent each year, which means that 1700 species are described each year.
The use of DNA barcoding has become an important part of ecological research over the last 15-20
years, creating a new approach to biodiversity and the differences between different fungal groups
(Hebert et al., 2003; Frézal and Leblois, 2008). DNA barcoding is a way to quickly, accurately and
automatically identify species using a short, standard gene region as a way to identify differences
between species. It is reliable and does not require high expertise which is used as a tool to accurately
identify species in ecological studies and intraspecies diversity (Hebert et al., 2003; Frézal and
Leblois, 2008; Das and Deb, 2015; Gosavi, 2016; Xu, 2016; Yahr et al., 2016; Chaudhary and Dahal,
2017). The COX1 gene was first used as a fungal barcode indicator for fungi (Taylor et al., 2000;
Hebert et al., 2003). Today, however, the International Society of Mycology has replaced ITS-rDNA
with a reference due to several problems including COX1 replication, the presence of multiple moving
introns of different lengths, the presence of multiple copies of this gene, and the complete lack of
clarity of COX1 in some taxons (Crous et al., 2009; Schoch et al., 2012; Das and Deb, 2015).
Ribosomal RNA operon includes various parts that exist in the form of double replicates with multiple
copies in the genome of living organisms. This area includes small subunit, large subunit, IGS, ITS
and 5S regions. The structure of the ribosomal RNA operon is such that followed by small subunit
(SSV), the ITS region situated which includes the ITS1 and ITS2 sequences, and we can observe the
5.8S gene between these two sections. After the ITS region, there is large subunit (LSU) and IGS
region, which often consists of two sections, IGS1 and IGS2. In the distance between these two
sections, in some groups, the 5S region is located. Numerous primers have been designed to propagate
this area in different fungal groups, including VOG / ITS4, ITS1/I1TS4, ITS5/1TS4, and ITS1/1TS4
(Crous et al., 2009; Schoch et al., 2012). ITS region with a large number of copies inside the genome,
good variety between different fungal groups and other living organisms, conserved sequences for the
design of primers and various genes with different evolutionary speeds is considered as the reference
basis of barcoding studies. There are currently more than 100000 ITS sequences for fungi in the
International Nucleotide Sequence Database (GenBank) as well as other databases, and in general,
using of ITS as a complementary supplement in the identification of fungal species is common method
(Crous et al., 2009; Schoch et al., 2012; Das and Deb, 2015; Mahmoud and Zaher, 2015; Gosavi,
2016; Xu, 2016; Badotti et al., 2017). However, the ITS region does not perform well in a small
number of fungi, and it is not possible to identify some fungal groups at the species level based on ITS
data (Crous et al., 2009). For example, in the fungal species with small spores such as Alternaria,
Cercospora and some species of Fusarium, the ITS-rDNA region does not have sufficient potential to
show diversity between different species, so, using of this region is only useful for identification at the
genus or complex species but not suitable at species level (Crous et al., 2009). In a few cases, the
sequence of the ITS region has considerable diversity within the populations of a fungal species, so, in
this case the sequence of this region has the efficiency to separate species from each other. For
example, in populations of Mycosphaerella musicola, there is a significant variation in the ITS
sequence in different populations, while using of sequences of other protein-encoding genes support
only one species of M. musicola within these populations. It is believed that after the recent species
regeneration phenomena, due to the large number of ribosomal RNA operon, there is significant
genetic diversity in the ITS region among different populations of new species which the sequences of
this region will be homogeneous due to concerted evolution (Rooney and Ward, 2005). Ribosomal
RNA small and large subunits (SSU and LSU) are used mainly to study deep order phylogeny due to
their slow evolutionary rate. These regions have advantages mentioned for the ITS-rDNA area (having
a large number of copies, the ability to design general primers, etc.). Today, mycologists are focusing
on using LSU sequence data to identify and determine the boundaries of genera and higher levels
taxons (Crous et al., 2009; Schoch et al., 2012). In cases where ITS data does not have the power to
separate the phylogenetic position of some unknown or lesser-known species, it is recommended that
the unknown isolate be determined first using LSU or SSU sequence data (Crous et al., 2009).
Genomic studies and molecular information resulted in more consideration to other genes with high
diversity. In general, target genes for fungi are diverse and include ITS rDNA, SSU rDNA, LSU
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rDNA, TEF-1a, Acitn, f-tubulin, RPB2, RPB1, Calmodulin and HistonH3 (Crous et al., 2009; Schoch
et al., 2012). In the case of Fusarium species, for example, phylogeny based on the ribosomal DNA
sequence of the ITS region could lead to unrealistic conclusions. In other hand, using of COX1 gene
has several problems due to introns as well as multiple copies. Use of TEF-1a gene which is known as
single-copy gene shows good polymorphism between closely related species in the genus Fusarium,
compared to protein encoding genes such as g-tubulin, Calmodulin, and HistonH3. In the case of
Cladosporium with more than 800 identified species, Acitn gene is used for identification species
(Crous et al., 2009). Special tools have also been designed to identify several fungi. For example,
species identification of Trichoderma based on the analysis of ITS and TEF-/a sequences performed
using TrichoKey or TrichoBLAST programs. Of course, the effectiveness of this method in
identification of human pathogenic fungi is much higher (Druzhinina et al., 2005; Rooney and Ward,
2005).

4. DNA Barcoding Steps

The first step in DNA barcoding is to create a barcode reference sequence for different species
of living organisms. References are placed in a global library with public accessibility, thus comparing
and searching for unknown barcode sequences in the World Library, it is possible to quickly identify
the unknown species. For this purpose, the consortium of barcode of living organisms cooperates with
governmental and non-governmental organizations in different countries, and currently, this
consortium is officially implementing joint DNA barcoding projects with 50 countries. In general,
barcoding includes three main steps: 1) Collecting, identifying and maintaining reference samples in
validate centers: Proper identification and maintenance of samples which used for preparing the
reference barcode sequence is extremely important, because improper identification leads to an
incorrect label on the reference barcode sequence, and it will not be possible to correctly identify the
unknown species or isolates through DNA barcoding system. 2) DNA extraction from samples,
multiplication of barcoding region and sequencing: Today, by using commercial kits, DNA extraction
is performed with high speed. Replicating barcode sequences and sequencing using scientific methods
is routine. 3) Data management: Finally, it is necessary to deposit the DNA barcode sequence as well
as information on reference samples in public databases (Druzhinina et al., 2005; Kang et al., 2010;
Begerow et al., 2010; Das and Deb, 2015; Gosavi, 2016).

5. DNA Barcoding Problems and Challenges

Today, a short barcode sequence is used to draw a phylogenetic tree, and although it reflects
the accepted Kkinship relationship, some statistical criteria may cause internal problems. Also, DNA
degradation in archival and biomaterial samples often prevents obtaining of fragments larger than 200
base pairs in the PCR method (Kang et al., 2010; Begerow et al., 2010). Another problem includes the
lack of current methods for comprehensive analysis of environmental samples due to the high diversity
of sequences which require separate set of primers for each major group. Lack of a general gene or a
gene on all living domains is another problem that requires a lot of efforts (Kang et al., 2010; Begerow
et al., 2010). On the other hand, there are many useful genetic sequences in the gene bank, all of them
do not have the same validity. Old sequences that were generated and recorded manually are shorter
and less accurate than recent sequences. Repeated gene propagation may be associated with errors
caused by differences in the type of Tag polymerase or sequencing protocol. Also, the use of
sequences obtained from a valid fungal culture is usually more valuable than miscellaneous sequences
(Crous et al., 2009). In the case of the fungal species Pheoacromonium, a combination of
characteristics such as morphological features, DNA information, and physiological characteristics can
be used to identify the species (Mostert et al., 2006; Hawksworth, 2011).

6. Important Notes on DNA Barcoding
Researchers often look for homogeneous or homologous sequences in the analysis of

phylogenetic relationships, and their similarity suggests that they are separated from a common
ancestor. In the case of DNA barcoding, the orthologous genes, which are derived from a common
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ancestor as a result of the speciation process commonly used, but paralogous and xenologous genes
are not used. In barcoding process, the accuracy of gene selection and the number of genes are very
important. For example, the SSU and LSU sequences are used for high levels where the mutation rate
is lower. There is also a need for analysis based on several genomes, which mainly uses protein
encoding genes, but it is usually recommended to use a combination of coding and non-coding genes.
In principle, gene regions should be selected in such a way that in addition to showing sufficient
diversity, a genome-conserved region among different groups should also be considered. The obtained
phylogenetic tree should be representative as species tree rather than gene tree. In the one gene based
tree, if the studied gene was paralogous or xenologous, the results of phylogenetic concepts would not
be corrected.

7. Discussion

Advances in new molecular methods, widespread use of these approaches in fungal taxonomy,
efficiency of molecular data in solving the taxonomic problems of fungi and challenges in the rules of
naming fungi in the last two years, the concept of one fungus = one name by some mycologists have
suggested (Hawksworth, 2011; Taylor, 2011). They believe that considering 2 decades working on
PCR techniques and also availability of living organism’s nucleotide sequences in databases including
fungal sequences, there is no need giving two different names as teleomorph and anamorph to fungi.
So, determination fungal taxonomic position could be done only with nucleotide sequences and there
is no need to have sexual phase. For this purpose, it is possible in near future that fungal nomenclature
system will be separated from the International Code of Nomenclature for algae, fungi, and plants and
give a mycocode to all of the fungi (Shenoy et al., 2007; Taylor, 2011). Problems and challenges in
traditional methods based on morphology and the need for precision and speed in the taxonomy and
correct diagnosis of living organisms have developed the importance of barcoding system in the
identification of various human and plant pathogenic fungi. DNA barcoding is a highly efficient and
accurate method for identification of species in all divisions using sequence data from one or more
genes and could be applied in taxonomy, molecular phylogeny and population genetics (Hebert et al.,
2003; Frézal and Leblois, 2008; Crous et al., 2009; 2009; Costa and Carvalho, 2010).

8. Conclusion

Considering new concept of "one fungus = one name" that has been proposed in recent years,
it seems that DNA barcoding in fungi will become increasingly important. The results show the
effectiveness of this approach in rapid and reliable identification of different fungal groups without
any specialized knowledge of morphological characteristics. It should be noted, however, that DNA
barcoding is still in its infancy, and there is a great need for extensive studies and research to achieve
these goals.
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