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Abstract: This study was carried out to determine the effect of silage on
fermentation quality. The silage was produced by forage yield of mixed planting of
corn and soybeans which was planted as a second crop in Mardin ecological
conditions. The field experiment was carried out in a Randomized Complete
Experiment Design with three replications at 7 different planting ratios [corn (C),
70% corn + 30% soybean (70C30S), 60% corn + 40% soybean (60C40S), 50%
corn + 50% soybean (50C50S), 40% corn +% 60 soybean (40C60S), 30% corn +
70% soybean (30C70S) and soybean (S)]. The single (pure) and mixed yield
obtained from each plot were left to fermentation in glass jars for 90 days in four
repetitions. According to the results of the study, the highest fresh biomass obtained
was 71 071 and 68 333 kg ha! respectively from 60C40S and 70C30S mixtures,
and the highest crude protein yield was obtained from 60C40S, 70C30S, 30C70S
and 50C50S mixtures planting ratios. As the soybean ratio in the mixture increased,
the CP ratio, silage pH and butyric acid (BA) concentration increased. While the
lactic acid (LA) concentration of corn silage was the highest value with 2.67% in
dry matter (DM), this value has been determined as 1.04% in soybean silage. To
conclude, in regions having ecological conditions of Mardin province, it is
recommended to mix planting with 30% or 40% ratio of soybean plant with corn
plant to increase the protein value of corn silage and improve the fermentation of
soybean.

Mardin Ekolojik Kosullarinda Farkh Karisim Oranlariyla Ekilen Misir ve Soya
Bitkisinin Yem Verimi ve Silaj Kalite Endeksleri

Makale Bilgileri

Gelis: 21.04.2021
Kabul: 26.08.2021
Online Yaymnlanma: 15.12.2021
DOI: 10.29133/yyutbd. 923261

Anahtar Kelimeler

Ekim orant,
Maisir,

Silaj kalitesi,
Soya fasulyesi,

Oz: Bu caligma, Mardin ekolojik kosullarinda ikinci iiriin olarak ekimi yapilan
misir ve soya karisik ekimlerin kaba yem verimi ile olusturulan silajlarin
fermantasyon kalitesi iizerindeki etkisini belirlemek amaciyla yapilmistir. Tarla
denemesi 7 farkli ekim oraninda [misir (M), % 70 musir + % 30 soya (70M30S), %
60 misir + % 40 soya (60M40S), % 50 misir + % 50 soya (50M50S), % 40 musir +
% 60 soya (40M60S), % 30 musir + % 70 soya (30M70S) ve soya (S)] 3 tekrarlamali
olarak tesadiif parselleri deneme desenine gore yiiriitiilmiistiir. Her bir parselden
elde edilen yalin ve karigim hasillar 4 tekrarlamali olarak cam kavanozlarda 90 giin
boyunca fermantasyona birakilmistir. Arastirma sonuglarina gore, en yiiksek yesil
ot verimi 60M40S ve 70M30S karisik ekim oranlarindan sirasiyla 71 071 ve 68 333
kg/ha olarak, en yliksek ham protein verimi ise 60M40S, 70M30S, 30M70S ve
50M50S karisik ekim oranlarindan elde edilmistir. Karisimdaki soya fasulyesi
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Verim. orani arttikga silajin HP orani, silaj pH’s1 ve silaj biitirik asit konsantrasyonu
artmigtir. Misir silajinin laktik asit konsantrasyonu KM’de % 2.67 ile en yiiksek
iken bu deger soya silajinda % 1.04 olarak en diisiik diizeyde belirlenmistir. Sonug
olarak; Mardin Ili ekolojik kosullarina sahip alanlarda musir silajinin protein
degerini artirmak ve soyanin fermantasyonunu iyilestirmek i¢in misira ek olarak %
30 veya % 40 oraninda soya ile karisik ekimin yapilmasi 6nerilebilir.

1. Introduction

One of the crucial problems of animal breeding in Turkey is the inability to produce a sufficient
amount of quality roughage. Natural meadows and pastures, which are one of the sources from which
quality roughage is produced, have lost their yield power (yield capacity) due to the early and excessive
grazing for many years. Increasing forage production in enterprises and popularizing silage-making
techniques are the first solutions specifically to reduce the pressure on meadow pastures.

Roughages with a high-water ratio have a special effect on dairy cattle breeding enterprises.
However, after harvesting, it all should be consumed in a short time. For this reason, in order to use the
feed for a long time without spoiling, the feed must be either dried or ensiled. Said drying or ensiling is
one of the commonly used storage forms for forages with high water content (Bilgen et al., 2005).

Corn is one of the most used plants in silage making due to its easy fermentation feature by dint
of to its high content of water-soluble carbohydrates. It is the most widely used by farmers in Turkey,
representing more than 80% of overall silage production in the country. Crop characteristics at
harvesting, such as DM, water-soluble carbohydrate content, and buffering capacity are the main factors
that can influence silage fermentation. The values of these characters have made the corn plant ideal for
silage making. The deficiency of crude protein was considered the main disadvantage of corn silage
(Kog et al., 1999).

The best treatment to increase the protein value of the silage is the ensiled corn in a mixture with
plant materials with high protein content such as legumes. Soybean contains high levels of protein,
vitamins, and minerals. Therefore, soybean is an important legume plant used as human food; it is also
used as soybean leaves and stems can be grazed, ensiled, or dried to make hay. In Turkey, soybean
planting for roughage is not very common. It is produced in a very small amount in the Mediterranean
and Aegean regions in the form of mixed planting with corn in order to produce green forage and silage
material (Tans1, 1987). Soybean silage contains an average of 18.3% crude protein (CP), 35% DM,
43.3% neutral detergent fiber (NDF), 32.3% acid detergent fiber (ADF), 6.7% acid detergent lignin
(ADL). Although soybeans contain higher amounts of protein than many other types of feed, the natural
fermentation of soybeans generally has low silage quality, resulting in an unpleasant odor and high BA
concentration (Budakii, 2016). For soybean forage, a lower pH is needed to prevent undesirable bacteria
growth. This means more sugar must be available for conversion to acid. Soybean has a natural buffering
capacity and require more acid to reach a low pH than corn. The combination of low sugar content at
harvest and high buffering capacity means soybean is especially prone to incomplete fermentation (Ni
et al., 2018). The water-soluble carbohydrate content can be supplemented with sugar-rich (e.g.
molasses) or forages such as corn, sorghum-sudangrass, which does not only improve the silage quality
but also partially reduces the content of the cell wall component (Thompson et al., 2005). Besides, due
to the problems caused by the use of single soybean silage, mixtures silage of soybean and corn can be
successfully used in animal feeding (Ayasan, 2011). The aim of this study was to determine the best
mixture ratio to obtain the highest yield and best fermentation quality. This aim was achieved using
planting soybean, which is a protein-rich legume plant, with a corn plant in different ratios under the
conditions of Mardin Province.

2. Material and Methods

The experiment was carried out in Yesilli District of Mardin Province of Turkey (Coordinates:
37°24'69.33" N, 40" 80' 67.42" E) as a second crop after harvesting wheat in June 2015. Soybean variety
Yemsoy and corn variety LG ADV 2 898 were used as plant material in the experiment. Soybean variety
Yemsoy (Glycine max L. Merr.) was a variety registered as silage in the fifth (V) maturation group by
the Eastern Mediterranean Agricultural Research Institute. LG ADV 2 898 corn variety is mid-late, the
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Single hybrid registered by Lima Grain Seed Breeding and Production Industry Trade Corporation,
originating in France.

The climate data for the months in which the experiment was carried out in the Province of
Mardin and the average for long years are shown in Table 1. The physical and chemical properties
examined in the soil sample taken from the experiment field at a depth of 0-30 cm before the experiment
are given in Table 2.

Table 1. Some climatic data of Mardin Province for the experiment site of the year (2015) and the
average of long years'

Month Median Temperature (°C) Relative Humidity (%) Total Rainfall (mm)
onths

UYo? 2015 UYO 2015 UuYoO 2015
June 25.6 26.2 34 27.7 4.7 3.7
July 29.9 31.6 28 18.8 1.3 0.0
August 29.6 30.8 30 25.7 0.3 0.0
September 25.1 28.3 33 22.7 23 0.3
October 18.3 19.4 46 49.8 32.6 553
Total 128.5 136.3 171 144.7 41.2 59.3
Average 25.7 27.26 48 28.94 8.24 11.86

''UYO, data the Directorate Meteorology Station in Mardin during the period 1950-2014.
2 MGM records.

Table 2. Physical and chemical properties of the soils of the experiment site

Depth (cm)  Texture Salt  Phosphorus Potassium Organic CaCos; pH  Saturation
Classe (%) (ppm) (ppm) Matter (%) (%)
0-30 Clay loam  0.02 3.8 159.8 1.6 27 7.6 56.1

The field experiment was carried out in a Randomized Complete Experiment Design with three
replications and it consisted of 21 plots, individual plot area was 14.75 m?. Corn and soybean varieties
were planted in form of a single (pure) and mixed planting after harvesting wheat, taking into account
the sowing norm of 50 kg/ha of corn and 80 kg/ha of soybeans. Planting ratios were determined
according to the following; pure corn, 70% corn + 30% soybean, 60% corn + 40% soybean, 50% corn
+ 50% soybean, 40% corn + 60% soybean, 30% corn + 70% soybean, pure soybean. The sowing was
done after the main crop wheat was harvested in June. While 70 cm between rows were used in pure
plantings, soybean was planted 15 cm next to the main row of maize in mixed plantings. With the
planting, 70 kg/ha pure phosphorus (Diammonium Phosphate) was used (Giines et al., 1998). In single
corn and mixed planting, when the corn became 30 - 40 cm, ammonium sulfate fertilizer was added at
arate of 50 kg/ha pure nitrogen in addition. Nitrogen fertilizer was not added to single soybean planting.
After the last fertilization, weeds removal and covering roots with soil were carried out. The harvest
stage of forages was done according to the dough period of corn. Corn and soybean In the field
experiment of the study; plant height, green herbage yield, hay yield, and protein ratios were determined.
In order to calculate the hay yield, samples of 500 g were dried in the oven at 70°C until they reached a
constant weight. CP analysis was conducted in Dumatherm Manager V,.05 devices.

The mixtures of corn-soybean and corn, soybean were squeezed well into glass jars of 90.3 mm
diameter and 141.1 mm height and left to fermentation for 90 days. For determination of pH and organic
acid, 25 g of silage samples were homogenized in 100 mL distilled water followed by filtering with 0.22
um membrane filters. Then, 100 mL was used to determine pH using a digital pH meter. The organic
acid content was measured by high-performance liquid chromatography using a 7.7mmx300mm Hi-
Plex H column (Agillent) at 50°C with a mobile phase of 0.005M H,SO4, a flow rate of 0.6 mL/min, an
injection volume of 1 pul, and an UV detector (210 nm) (Ni et al., 2017). The CP, crude ash (CA) and
ether extract (EE) were measured according to the standard procedures of the Association of Official
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Analytical Chemists (AOAC, 1990). The content of NDF and ADF was detected as described by Van
Soest et al. (1991).

One-way analysis of variance (ANOVA) and Duncan multiple comparison test was used for
statistical evaluation of the data related to the calculated yield parameters and silage fermentation quality
of corn, soybean and corn-soybean mixtures according to the complete randomized experimental design
(ANOVA). SPSS package program (IBM SPSS v23.0) was used in the statistical analysis of the data
(SPSS, 2015).

3. Results and Discussion
3.1. Evaluation soybean and corn planted yield and quality with different mixture ratios

In the evaluation of the yield and quality of soybean and corn planted with different mixture
ratios, it was found that the difference among plant height, green herbage yield, hay yield, CP ratio, and
yield were significant (p<<0.05). The highest plant height was obtained from single corn planting with
205.8 cm, while the lowest plant height was recorded in single soybean planting with 134.8 cm. On the
other hand, the highest biomass yield was obtained by 71 071 and 68333 kg ha™' from 60C40S and
70C30S mixtures respectively. The lowest biomass was found as 32 857 kg ha™ in the pure soybean
planting treatment (p<0.05). The highest DM was 22 473 kg/ha and 21 228 kg ha™' for 60C40S and
70C30S mixed soybean planting ratios, the lowest hay yield by 9 713 kg ha was determined in the
treatment of pure soybean planting. While CP varied between 7.93-13.05%, the highest CP according
to the averages were found in single soybean planting with 13.05%, and the lowest CP was detected in
single corn planting by 7.9%. According to the results of the study, CP yield was between 1 273 kg ha’
"and 198.4 kg ha'. As recorded the highest CP yield in mixed planting treatments 60C40S, 70C30S,
30C70S, and 50C50S have the same statistical group in terms of CP yield. The lowest CP yield was
found in planting treatments S, 40C60S, and C (Table 3).

Table 3. Yield and quality criteria of corn, soybean, and corn-soybean intercropping systems in different

ratios
Mixture Plant Height =~ Biomass yield DM yield (kg ha')  CP (%) CP Yield
Ratios (cm) (kg ha'!) d(kg ha'!)
C 205.8+3.79* 53 929+351.74% 16 848+130.42 7.93+0.09¢ 1 335+9.06%
70C30S 171.7+4.39° 68 333+£97.44® 21 228+41.68% 8.43£0.01% 1 790+3.75°
60C40S 166.4+5.61° 71 071+635.21* 22 473+£233.82° 8.87+0.20 1 984+16.60°
50C508 165.5+3.79° 54 643+250.00% 16 724+68.84% 9.26+0.23¢ 1 546+4.78%
40C60S 164.0£1.43%  45714+721.69% 13 9644247.08% 9.36+0.31¢ 1 292+18.24%
30C70S 169.7+3.82° 53 832+666.85% 16 344+216.40* 10.67+0.06° 1 743+22.57%
S 134.8+3.33¢ 32 857+327.33¢ 971.3+90.50¢ 13.05+0.33° 1 273+14.72¢
F- value 25.354™ 7.326™ 7.180™ 59.546™ 4.177"

abcde The difference between values with different letters in the same column is significant (P<0.05). C: Corn; 70C30S: 70% corn + 30%
soybean; 60C40S: 60% corn + 40% soybean; 50C50S: 50% corn + 50% soybean, 40C60S: 40% corn +% 60 soybean; 30C70S:
30% corn + 70% soybean; S: Soybean.

It is stated that the plant height, biomass, and DM is higher in the sole corn compared to corn-
soybean intercropping treatments, and whereas the CP yield increased in the corn-soybean intercropping
treatment (Marinov and Marinova, 1967; Kalaidzhieva, 1970; Petrakieva, 1975; Beets, 1977; Alaca and
Ozaaslan Parlak, 2017). Despite the decreased weight in a mixed planting, significant increases were
provided in terms of the protein content of the feed. As a matter of fact, due to the low protein value of
corn silage, it is necessary to add additional nutrients to the ratio (Yiicel et al., 2009). For this reason,
the silage products obtained by the intercropping of Leguminosae and Gramineae will be able to meet
additional feed requirements. Erdogdu et al. (2013) and Alaca and Ozaslan Parlak (2017) concluded that
CP yield of plants in the intercropping system was increased as compared with those for monocropping
soybean. Ayasan (2011) stated that intercropping treatment of 1 corn + 1 soybean or 1 corn + 2 soybean
in alternative rows or mixing soybean and corn in certain proportions during ensiled is a great benefit in
increasing the quality of silage.
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3.2. Chemical composition and silage fermentation characteristics of corn and soybean
intercropping systems

The chemical composition of silage groups is showed in Table 4. There were differences
between the treatment groups in terms of DM, CA, CP, EE, NDF, and ADF content (p < 0.01). In terms
of DM contents, all the silages in the study showed values between 26.54-29.25%, and the lowest DM
content was registered in the S silage group (p < 0.05). One of the most important features of a crop to
be ensiled is the appropriate DM content during the harvest stage. The most important factors
influencing the DM content are the stage of maturity at the time of harvest and the wilted forage before
ensiling. Vargas-Bella-Perez et al. (2008) determined the DM content of ensiled soybean silage that they
harvested at the full capsule stage as 40.9%. Ni et al. (2017) found that the DM content of soybean silage
ranged from 24.86% to 27.22%. Erdal et al. (2016) reported that the DM content of soybean silage was
22.18% and increased to 25.23% with the increase in the ratio of corn in the mixture. The results showed
that soybean silage had the highest value of CA. This value decreased as the percentage of corn in the
mixture of silage decreased (p < 0.05). Karakozak et al. (2010) reported that the CA content of corn,
soybean, and corn-soybean mixture silage was between 12.19-19.13%, the highest value CA content
was 19.13% of the pure (100%) soybean silage and the lowest value was 12.19% of the pure (100%)
corn silage. The different factors such as plant genotypes, planting density, harvest date, irrigation, and
fertilization affected the nutrient content of silage (Vasco-Correa and Li, 2015). One of the intercropping
objectives of corn and soybeans is to increase the CP content of the silage. The CP content of soybean
silage was 15.56%, and the CP content of the silage increased as in soybean ratio increased in the mixture
(p<0.05). Blaunt et al. (2006) reported that the soybean supplement did not only increase the CP level
in corn silage but also improved the taste and energy level. Demirel et al. (2009) stated that a 20% or
30% soybean additive was required in addition to corn to increase the CP content in corn silage and to
improve the fermentation of soybean. Although soybean protein is very important for silage quality,
fiber concentration of silage is considered to be another important quality parameter of silage (Oba and
Allen 1999; Kezar 2001). The NDF and ADF are the most active fiber components in silage (Van Soest
et al., 1991; Wolfrum et al., 2009). While NDF content was determined the lowest in soybean silage
(38.68%) and the highest in corn silage (48.90%), ADF content was determined the highest value
(33.23%) in soybean silage (p<0.05). The quality of the roughages is primarily indicated by the amount
and composition of their structural carbohydrate contents. NRC (2001) reported that dairy cattle rations
should have a minimum value of 25% from NDF, 18.7% of it should come from roughage feed for
rumination and rumen health. The NDF and ADF values were obtained in the study Erdal et al. (2016),
Vargas-Bella-Perez et al. (2008), and Undersander et al. (2007) were in harmony with the values
reported.

Fermentation quality criteria of silages are given in Table 5. The pH value of silage is an
important parameter in defining the level of fermentation in the silo, and the ratio of decreasing in pH
is considered an important indicator to reflect microbial activity and the silage fermentation process.
The pH value of good quality silage is between 3.5 to 4.2 (Uygur, 2016; Ni et al., 2017). Accordingly,
while the pH value of corn silage was 4.20, this value was 4.94 for soybean silage (p <0.05). The low
pH value in corn silage was due to the high content of easily soluble carbohydrates. On the other hand,
soybeans have a high buffering feature due to the high protein content and low carbohydrate content,
and the proteins neutralize the acids and prevent the pH from decreasing. In all mixed silages, pH values
fell below 4.50. This is an indication that the silage is preserved with a low pH, which encourages the
production of sufficient LA. The LA, with strong acidity and a pKa of 3.86, is the main organic acid
responsible for pH reduction. In this study, the LA concentration the highest concentration with 2.67%
DM was recorded for corn silage, while the lowest concentration with 1.04% DM was recorded for
soybean silage (p<0.05). Serbester et al. (2015) found that the pH of corn silage was 3.8, soybean silage
was 5.5, and mixed silage was between 3.9 - 4.1. A similar study also found that the pH was 3.87 and
the lactic acid was 2.45% in the silages prepared from a mixture of 40% corn + 60% soybean (Kog et
al.,1999). Acetic acid (AA) is the acid found in the second-highest concentration in silage, usually
ranging from 1 to 3% of DM, while BA should not be detectable in well-fermented silages (Kung et al.,
2018). In a study conducted by Giire (2016), AA ratios in sweet millet, cowpea and 50% sweet millet +
50% cowpea silage were determined as 0.13%, 0.67%, and 0.31%, respectively, and reported that AA
concentration increased with the increase of cowpea ratio in the mixture. The presence of BA indicates
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metabolic activity from clostridial organisms, which leads to large losses of DM and poor recovery of
energy (Pahlow et al., 2003). In this study, the highest BA concentration was determined in soybean
silage with 0.36% and the BA concentration decreased with the increase of the corn ratio in the mixture
(p <0.05). Besides the presence of BA, clostridial silages are often characterized by a higher-than-normal
pH and higher than normal concentrations of ammonia nitrogen (NH3-N), and soluble protein (Kung et
al., 2018). As shown in Table 5, the NH3-N content of soybean silage is 8.83% and this value indicates
the CP degradation of soybeans and the increase in clostridial activity.

Table 4. Crude nutrient content of silages (%)

Mixture Ratios DM CA CP EE NDF ADF

C 29.25+0.28*  5.15+0.18° 9.2440.17¢  4.03+0.18° 48.90+£1.96*  23.90+0.72¢
70C30S 28.78+0.25%  5.46+0.08>  10.20+0.10¢  4.16+0.10° 42.61+1.08"  27.66+0.25°
60C40S 29.02+£0.17*  5.57+0.20%  10.52+0.17°¢  4.73+0.09° 41.05+0.64°¢  23.28+0.53¢
50C50S 29.03£0.31°  5.68+0.13>  10.28+0.11¢  3.8640.20° 41.24+0.52%¢  25.74+0.39°
40C60S 27.51£0.26*  5.77+0.19° 10.81£0.13°  3.86+0.04° 44.73£0.55°  25.61+0.21°
30C70S 28.03£0.16® 5.91+0.11° 11.76+0.10°  3.93+0.11° 43.59+0.49%  28.77+0.35°
S 26.54+0.23°  8.61+0.16* 15.56:0.21*  4.2240.06° 38.68+0.38°  33.23+0.37%
F- value 5.393" 48.965™ 187.222"" 6.031" 10.850™ 58.857""

DM: Dry matter; CA: Crude ash; CP: Crude protein; EE: Ether extract; NDF: Neutral detergent fiber; ADF: Acid detergent fiber.

ab.c.d; The difference between values with different letters in the same column is significant (P<0.05); * P<0.05, " P<0.01.

Table 5. Fermentation criteria of silages (% DM)

Mixture Ratios pH NH;-N LA AA PA BA

C 4.20+0.01¢  3.78+0.11¢ 2.67+0.27¢  0.07+0.01¢  0.06+0.01° 0.04+0.003¢
70C30S 4.25+0.01°  4.55+0.09° 2.29£0.09*  0.19£0.01°  0.49+0.02¢ 0.18+0.01°
60C40S 4.2240.01%  4.73+0.06° 1.8940.07°  0.44+0.05*  0.62+0.05¢ 0.24+0.01°
50C508 4.2440.01°¢  4.6440.06° 1.85+0.07°  0.22+0.02°  0.81+0.03¢ 0.24+0.02°
40C60S 426+0.01° 4.73+0.11° 1.33+0.07¢  0.31+0.04° 1.04+0.08° 0.24+0.02°
30C70S 4.35+0.01°  5.49+0.20° 1.01£0.07¢  0.17+0.01¢ 1.19+0.10° 0.39+0.03?
S 4.94+0.01*  8.83+0.32° 1.04£0.08¢  0.17+0.01¢ 1.85+0.06* 0.36+0.01°
F- value 812.888" 108.189"" 27.647" 21.416™ 108.371"" 44.557"

LA: Lactic acid; AA: Acetic acid; PA: Propionic acid; BA: Butyric acid.

ab.e.de The difference between values with different letters in the same column is significant (P<0.05); * P<0.05, * P<0.01.

4. Conclusion

This research was conducted in order to determine the effects of different intercropping patterns
of corn with soybean on agronomic characters, forage yield, and silage quality in the ecological
conditions of Mardin. In the study, it was determined that the mixtures had a higher yield than single
plantings in terms of fresh biomass. The highest yield was obtained from the experimental plots 60C40S
and 70C30S mixtures ratios. These mixture ratios gave the best crude protein yield compared to
monocropping. Significant differences have been found in the silage fermentation characteristics results
of silages of materials obtained from intercropping. The finding that reflects the microbial activity and
silage fermentation in the silage material is the silage pH, and the increase in the legume ratio caused
increases in the pH. Except for soybean silage, when pH and NH3-N concentrations were examined, the
results showed that soybean silage encouraged sufficient lactic acid production, and the lower pH
contributed to protecting silage. According to the results of silage fermentation properties examined, it
is thought that increasing the rate of soybean by 50% in silage will not cause a significant change in
silage quality. In conclusion, in the ecological conditions of Mardin province, it was considered that for
intercropping of corn and soybean plants, 70% corn + 30% soybean and 60% corn + 40% soybean
mixtures could be used as ideal mixtures in terms of biomass yield and silage quality.
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functions in some breeds of sheep due to Cu toxicity. Hence, this study was aimed
to investigate the histopathological effects of PKC based diet on vital organs of
Dorper lambs. Fifteen male Dorper lambs (8 month-old) were randomly assigned

Keywords to three treatment groups. Lambs were fed with a diet supplemented with different

levels of PKC based on dry matter (DM) (PKC 750 gm kg™! DM, PKC 700 gm kg
Copper Toxicity, ! DM, and PKC 650 gm kg' DM) for 120 days. At the end of the experiment, all
Palm kernel cake, the lambs were slaughtered, liver, kidney, and testis samples were examined for
Liver, gross pathological lesions. Microscopic examination showed that the liver of
Dorper lamb, PKC75 group animals was histologically normal. However, cell hepatocyte
Histopathology. abnormality was observed in PKC70 and PKC65 groups. No clinical symptoms or

severe histological lesions were noticed in the kidney and testis of all groups.
Therefore, the histomorphological normal organs observed indicated the PKC
contents provided detoxification and immune defense in male lambs.

Dorper Kuzularmma Farkh Diizeylerde Hurma Cekirdekli Kek Yeminin Histopatolojik

Etkileri
Makale Bilgileri Oz: Hurma cekirdegi keki (PKC), diger mineral elementler arasinda yiiksek
) konsantrasyonda bakir (Cu) igeren, yag degirmenlerinin besin maddesi agisindan
Gelig: 19.06.2021 zengin bir yan iriiniidir. Cu'nun daha yiiksek diyet konsantrasyonunun, Cu

Kabul: 27.08.2021
Online Yaymnlanma: 15.12.2021
DOI: 10.29133/yyutbd.954685

toksisitesi nedeniyle bazi koyun irklarinda baz1 fizyolojik fonksiyonlari bozdugu
bildirilmistir. Bu nedenle, bu ¢aligma, PKC bazl diyetin Dorper kuzularinin hayati
organlari tizerindeki histopatolojik etkilerini arastirmak i¢in yapilmstir. On bes

Anahtar Kelimeler erkek Dorper kuzusu (8 aylik) rastgele {ic muamele grubuna ayrilmirstir. Kuzular,

120 giin boyunca farkli seviyelerde PKC kuru maddeye dayali (DM) (PKC 750
Bakar Toksisitesi, gm/kg DM, PKC 700 gm/kg DM ve PKC 650 gm/kg DM) ile beslenmistir. Deneme
Palmiye ¢ekirdekli kek, sonunda tiim kuzular kesilerek karaciger, bobrek ve testis érnekleri biiyiik patolojik
Karaciger, lezyonlar agisindan incelenmistir. Mikroskobik incelemede, PKC75 grubu diyetle
Dorper kuzu, beslenen hayvanlarin karacigerinin histolojik olarak normal oldugunu tespit
Histopatoloji.

edilmistir. Ancak PKC70 ve PKC65 gruplarinda hiicre hepatosit anormalligi
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gozlenmistir. Tiim gruplarin bobrek ve testislerinde higbir klinik semptom veya
ciddi histolojik lezyonuna rastlanmamistir. Bu nedenle, histomorfolojik olarak
organlarin normal gézlemlenmesi, erkek kuzularda detoksifikasyon ve bagisiklik
savunmasi saglayan PKC igerigiden kaynaklandig: belirlenmistir.

1. Introduction

Mineral elements are essential to animal wellbeing and survival. They aid physiological,
structural, catalytic, and regulatory functions. Hence, the need to include ingredients that will supply the
right amount of these minerals in the diet of animals is very essential (Bing6l and Bingdl, 2018; Das et
al., 2018). However, if these minerals are ingested in excess due to the addition of mineral supplements
and/or imbalance ration may trigger toxicity effects (Reis et al., 2010). Excess or deficiency mineral
elements such as cadmium, lead, copper, chromium, iodine, manganese, molybdenum, selenium, and
zinc exact some physiological changes in tissues and organs of animals (Asli et al., 2020). Palm kernel
cake was reported to with 16-20% protein and served as a good alternative feed ingredient for feeding
sheep (Ribeiro et al., 2011; Saeed et al., 2018). However, the higher dietary copper (Cu) concentration
of up to 30 ppm in PKC is of concern in sheep ration. Clarkson et al., (2020) reported that excess dietary
Cu is intolerable by sheep as it impaired the excretion of Cu in the bile which led to the excess
aggregation of Cu in the liver and subsequent Cu toxicity. Similarly, excess dietary Cu concentration
was reported to increase mortality, histopathological changes within the tissues of vital organs (Wu et
al., 2020). Histopathological changes reported include mild liver toxicity, hepatocytes swollen, as well
as vacuolated and necrotized localized at the medulla zone (Hair-Bejo et al., 1995). Copper
concentrations were found to consistently increase in the kidney than liver of dead animals with signs
of a hemolytic crisis; therefore, the kidney is considered the tissue of choice when the measurement of
only one organ is requested (Rothuizen, 2020). Abnormal hepatic metabolism resulting from high
dietary intake of Cu and altered biliary and urinary excretion of Cu or nutritional imbalances between
Cu and other trace elements can lead to massive hepatic stores of Cu over time and subsequently lead
to what has been referred to as chronic Cu toxicosis. Therefore, the present study was conducted to
evaluate the histopathological effects of the palm kernel cake-based diet as a source of Cu on the liver,
kidney, and testis of Dorper lambs.

2. Material and Methods
2.1. Experimental animals

The experiment was performed following the procedure of the Institutional Committee on
Animal Use Ethics (Approval No. R064/2016). A total of 15 Dorper lambs with an initial live body
weight 16 £ 0.38 kg and age 8 months were used in this study. Experimental was carried out at the
research farm of University Putra Malaysia and lasted for a period of 120 days. Lambs were divided
into three homogenous groups and randomly assigned to receive one of the three dietaries of varying
inclusion levels of palm kernel cake as a source of Cu. The animals undergo an adaptation period of 3
weeks before starting the main experiment. Each pen was provided with a feeding trough and a water
container, and feed was offered two times daily. Lambs were fed to different diets: a) supplemented with
750 gm PKC kg™ DM per head (PKC75 group); b) supplemented with 700 gm PKC kg™ DM per head
(PKC70 group) and c) supplemented with 650 gm PKC kg™ DM per head (PKC65 group), all diets were
formulated to meet the body requirement according to (NRC, 2007). Analysis of diets minerals contents
was done according to Kolmer et al., (1952). The concentration of minerals was presented in Table 1.
The mineral premix was omitted in the diets in order to minimize the Cu level in the diets as PKC was
reported to contain high minerals.

2.2. Histopathology of liver, kidney, and testis
After slaughter, the liver (right liver lobes), the right kidney (renal cortex), and right testis were

removed and fixed in freshly prepared 10% formalin for at least 48 hrs. Samples were fixed in Bouin’s
solution for 16 hours. After fixation, the tissues were washed three times with 70% alcohol for an hour
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per wash. The tissue processing was done automatically using a histokinette machine (Leica ASP 300
tissue processor, Germany). The machine with 11 containers that contained specific and time was
adjusted for each container. The tissue samples were dehydrated by immersion with a graded series of
low to high concentrations of alcohol until the tissue samples were saturated with 100% alcohol.
Subsequently, the samples were infiltrated using 100% chloroform cleaning reagent. After being
impregnated with paraffin wax, the samples were blocked in paraffin. The tissues were sectioned using
a microtome (Leica, model RM 2155 rotary microtome, Germany) at a thickness of 5 um and stained
with Haematoxylin and Eosin (Bancroft and Gamble, 2008).

2.3. Statistical analysis

The general linear model procedure was used to examine data in a completely randomized
design (CRD) in SAS 9.4 (SAS Inst. Inc., Cary, NC, USA). Duncan's multiple range test (p < 0.05) was
used to calculate all multiple comparisons between means The proportion of lesions and healthy
appearance of the liver were analyzed using Chi-Square analysis.
3. Results

This histopathological approach on Dorper lambs was conceived to provide biological insights

on tissue changes induced by a diet with 750, 700, and 650 gm PKC/kg DM that showed the
concentrations of the minerals in Table 1 accordingly.

Table 1. Experimental diet of minerals content (mg kg™ dry matter (DM)

Item Cu Fe Zn Se

PKC75 4.84* 1073.63* 11.57 0.28
PKC70 4.52° 1002.05° 10.80 0.26
PKC65 4.19° 930.48¢ 10.03 0.24
SEM 0.101 21.131 0.476 1.085
p-value 0.003 0.001 0.153 0.429

PKC75; 750 gm PKC kg DM. PKC70; 700 gm PKC/kg DM. PKC65; 650 gm PKC kg DM.
5¢ Means in the same column with different superscripts are significantly different.

The sections from the liver, kidney, and testis revealed organ-specific normal histological
features. No remarkable histological of the eosinophilic hepatocytes, longestioc, and hepatic stellate
with collagen fibrils were observed in the treatment group (Figure 1). However, the microscopic
examination showed the liver of lambs fed on PKC70 and PKC65 presented with reversible
histopathological changes (p < 0.05) as cell swelling hepatocytes while PKC75 unalterable
histopathological alterations for the same character (hepatocytes) (Figure 1).

Figure 1. Histological Examination of the Liver in the Lambs Fed on Experimental Diets with H&E,
20x. (A) Liver in Lambs Fed 750 gm PKC kg™ DM, Showing Normal Structure. (B) Liver in
Lambs Fed 700 gm PKC kg™* DM Shows Cell Swelling Hepatocytes. (C) Liver in Lambs Fed
650 gm PKC kg™ DM Arrows Show Cell Swelling Hepatocytes.
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The histological structure of kidney tissue of lambs in the PKC75, PKC70 and PKC65 are shown
in figure 2. Histopathological findings of kidney in groups showed there were no signs of
histopathological alteration of kidney tissues (p > 0.05) in multifocal interstitial nephritis and glomerular
fibrosis in all groups and reminded normal.

Figure 2. Histological Examination of the Kidney in the Lambs Fed on Experimental Diets with H&E,
20x. (A) The kidney of Lambs Fed 750 gm PKC kg™ DM. There are no significant lesions. (B)
The kidney of lambs fed 700 gm PKC kg™ DM. There are no significant lesions.

The histopathology of the testis obtained by H&E staining is presented in figure 3. The testis in
of all experimental groups no observable microscopic changes (p > 0.05) were seen in Sertoli cells and
seminiferous tubules.

Figure 3. Histological examination of the testis in the Lambs Fed on Experimental Diets with H&E, 20x.
(A) Testis of lambs fed 750 gm PKC kg™ DM. There are no Significant Lesions. (B) Testis of
Lambs Fed 700 gm PKC/kg DM. There are no Significant Lesions. (C) Testis of Lambs Fed
650 gm PKC kg™ DM. There are no Significant Lesions.

There was no significant (p > 0.05) difference in the proportion of healthy and impaired liver
between the different PKC inclusion levels Table 2. The highest inclusion level PKC750 showed 0%
lesions as compared to 33.33% (1) lesions were observed in PKC650 and PKC700 respectively.

Table 2. Liver reaction to different PKC inclusion levels

It Reaction
em Presence of Lesions Normal Structure Total

PKC75 0.00 33.33 33.33
0) (D (1)

PKC70 33.33 0.00 33.33
(1) 0) (1)

PKC65 33.33 0.00 33.33
(1) 0) (1)

Total 66.67 33.33 100
2 €)) 3

Chi Square test (Inclusion level vs Reaction) % 905>~ 0.2231

PKC75; 750 gm PKC kg DM. PKC70; 700 gm PKC kg"' DM. PKC65; 650 gm PKC kg'' DM.
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4. Discussion and Conclusion

Feeding of PKC based diet to sheep has been reported to be a good source of dietary Cu.
However, a higher concentration of dietary Cu in the sheep diet may probably cause mortality and
histopathological changes within the tissues of vital organs due to toxicity. Findings from the present
study are inconsistent with (Saeed et al., 2019a; Saeed et al., 2019b; Soren et al., 2017) on their studies
on Cu poisoning in domesticated sheep. The histopathological findings confirm the mild liver toxicity
observed in the present study agrees with (Hair-Bejo et al., 1995) who reported hepatocyte swollen, as
well as vacuolated and necrotized, particularly at the medulla zone. However, no clinical signs of
histological lesions were observed in the liver of all groups. Haywood et al., (2005) reported that Cu
induced fibrosis in North Ronaldsay sheep results from hepatic stellate cell activation, simulating the
pericellular fibrosis that characterizes infantile Cu toxicosis.

However, findings from this study have been equally conflicting because previous evidence
indicated that the sheep died because of Cu toxicosis cannot be based solely on hepatic Cu
concentrations but may also be due to hemolytic crisis caused by chronic Cu poisoning (Gupta, 2018).
Although excess oral zinc administration could also cause liver damage in sheep (Najafzadeh et al.,
2013).

No clinical signs were observed in the kidneys of all the treatment groups in the present study.
Lesions of a chronic interstitial nonsuppurative nephritis in the kidney which often caused the death of
animals are attributed to liver disease. Our finding agreed with Campos et al., (2019) who reported lambs
fed agro by-product based diet during the feedlot period showed no renal failure. Similarly, the renal
tubules in this study were also normal. Elimination of Cu in the urine may be greatly enhanced in the
Cu-poisoned patient if the body storage sites are saturated (Roychoudhury et al., 2016).

The present study does not observe any effect to PKC based diets on the testicular features
studied as reported by (Soren et al., 2017) no detrimental effect on the gross and histopathological
composition of vital organs by replacing up to 50 % of soybean meal. However, the minor difference
observed between treatment groups of study might be due to the age difference between samples.
Kalwar et al., (2020), reported that seminiferous tubule diameter increases with an increased in age. The
liver and kidneys, consistent with metallurgical relatively stable metabolism in the testis, are more
susceptible to redox imbalance than the testis (Zhang et al., 2013).

There was no observable significant negative effect of feeding PKC based diet on vital organs
(liver, kidney and testis). The non-injured sections of tissue could be because of the role of the Zn in
PKC which led to induce detoxification in these organs. Further studies are required to unravel r the
detoxification process.
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Abstract: The long-term impact of atmospheric events is defined as climate.
Agricultural activities are more affected by climate change since they mostly rely
on nature. Agricultural activities may also induce climate change. Therefore, it is
valuable to know how agricultural activities are affected by climate change.
Therefore, this study was conducted to assess long-term changes in climate and
agricultural products and mutual relationships between them in the Susehri district
of Sivas province located in the Kelkit Basin. Climate (air temperature,
precipitation, and relative humidity) and yield (crops of wheat, dry bean, and
chickpea) data of the 1991 — 2017 period were used. Long-term temporal changes
were tested with the nonparametric Mann-Kendall trend test. Relationships were
analyzed with the use of the Cochrane-Orcutt estimation regression. The air
temperature showed increasing tendency both annually and seasonally, and also
had negative effects on wheat yield. Relative humidity showed a positive
relationship with the wheat yields both annually and seasonally. Any climate data
did not have a significant effect on chickpea and dry bean yields. If the temperature
increase continues in the future, negative effects of climate change on agricultural
products of the region will be inevitable. It is likely that agriculture in the region
will shift to higher altitudes in time. Present findings could be used for the entire
Kelkit Basin, which is located in the same climate and geographical zone as Sugehri
district.

Susehri Bolgesinde Bugday, Kuru Fasulye ve Nohut Uriin Verimlerinin Kiiresel Iklim

Degisikligi ile Tligkisi

Makale Bilgileri

Gelis: 26.06.2020
Kabul: 08.10.2021
Online Yayinlanma:15.12.2021
DOI: 10.29133/yyutbd.758727

Anahtar Kelimeler

Nohut,

Iklim degisikligi,
Kuru fasulye,
Susehri,

Bugday.

Oz: Atmosferde meydana gelen olaylarin uzun vadeli etkisi iklim olarak
tanimlanmaktadir. Tarimsal faaliyetler dogaya bagli olmalar1 bakimindan iklim
degisikliginden daha fazla etkilenmektedir. Ayrica tarimsal faaliyetler, iklim
degisikliginden hem etkilenme hem de iklim degisikligini etkileme agisindan
onemli bir konumdadir. Bu nedenle, tarimsal faaliyetlerin iklim degisikliginden
nasil etkilendigini bilmek o6nemlidir. Bu ¢alismanin amaci, Tirkiye'nin Kelkit
Havzasi'ndaki Sivas Susehri'nde iklim ve tarimsal iiriin veriminin uzun vadede ki
degisimlerini ve birbirleriyle olan iligkilerini ortaya koymaktir. 1991-2017 yillar
arasinda ki iklim verileri (hava sicaklig1, yagis miktar1 ve bagil nem) ve tarimsal
iiriinlerin (bugday, kuru fasulye ve nohut) verimi kullanilmistir. Uzun siireli
zamansal degisiklikler parametrik olmayan Mann-Kendall trend testi ile test
edilmistir. iliski testleri ise Cochrane-Orcutt tahmin regresyonu ile analiz
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edilmistir. Hava sicakligt hem yillik hem de mevsimsel olarak artis egilimi
gosterirken bugday verimi {izerine de olumsuz etki gostermistir. Ayrica, bagil
nem, bugday ile hem yillik hem de mevsimsel olarak pozitif bir iliski gdstermistir.
Iklim verilerinin higbiri nohut ve kuru fasulye verimi iizerinde anlaml1 bir etki
gostermemistir. Eger gelecekte sicaklik artisi devam ederse, bolgedeki tarim
iirtinlerini olumsuz etkilenmesi kaginilmaz olacaktir. Bélgede yapilan tarimin ise
zamanla daha yiiksek rakimlara kaymasi muhtemeldir. Bu ¢alismada elde edilen
sonuglar, Susehri bolgesi de dahil olmak iizere ayni iklim ve cografi bolgede
bulunan tiim Kelkit Havzasinda kullanilabilir.

1. Introduction

Climate is defined as the long-term effect of atmospheric events and it is continuously changing
over the years (Tiirkes et al., 2000). Global climate change is defined as the increase in the average
surface temperature of the earth through increasing effects of greenhouse gases including CO; (carbon
dioxide), CH4 (methane), N>O (nitrous oxide), O3 (ozone), CFCs (chlorofluorocarbons), and H>O (water
vapor), which are encountered mostly as a result of human activities (Dellal and McCarl, 2007). The
surface air temperature in the world has increased by approximately 0.85°C and the air temperature will
be by an average of 1.8-4.0°C in 2100 even in the best circumstances if no action is taken (IPCC, 2014).
Human activity-induced increase in air temperature could warm up the atmosphere and oceans, change
the global water cycle, decrease the snow and glaciers, increase the sea level, change the precipitation
amount and pattern and increase the frequency and severity of natural disasters such as drought, flood,
hurricanes (Bayra¢ and Dogan, 2016). Agriculture is more influenced by climate change as compared
to the other sectors since it is totally on nature and natural conditions. On the other hand, agriculture is
also an important position in terms of both being affected and causing climate change. Agricultural
activities such as incorrect land use, excess chemical input (fertilizers, chemical pesticides, insecticides),
tillage and livestock operations may increase the release of greenhouse gases, hence inducing climate
change.

It is predicted that agricultural production will increase in medium and high latitudes, and yield
will decrease in tropical and subtropical regions as a result of increasing global warming (Khasnis and
Nettleman, 2005). Moreover, in the air temperature estimations made for 2100, it is thought that an
increase of 3°C will be the distribution of plant species to 300400 km north or 500 m higher altitudes
in temperate regions (Hughes, 2000). Plant species may have difficulties in responding to such changes
either by migration or by developing adaptation mechanisms. These troubles can limit the distribution
of species and even cause their extinction (Clarke, 2007). It is predicted that these conditions of global
climate change will destroy 15-37% of the species in the world by the year 2050 (Bakkenes et al., 2006;
Clarke, 2007).

In order to assess the effects of climate change on agriculture, several research have been
conducted on different products in many parts of the world. It was predicted that rain-fed dry-farming
lands will shift to the north, and a yield loss of between 10-50% will be seen (Rosenzweig and Iglesias,
1994; Rosenzweig and Hillel, 1998; McCarl et al., 2001). Climate change may facilitate the weak
development of cereals, increase the incidence of disease and pests, resulting in drying of vegetable
seedlings, loss of quality and yield, and delayed ripening of fruits (Ogunbameru et al., 2013). These
effects could also be encountered in Turkish agricultural fields, such as shortened growth periods, early
harvest times, shifting production regions to the central and northern regions, change in production
patterns of the regions, and decreased yield and quality (Kuntasal Oguz, 2012). In Turkey, it was
reported that the average yield of wheat, barley, maize, cotton, and sunflower decreased with the effects
of climate change (Dellal et al., 2011). Similarly, Giirkan et al. (2017) investigated the effects of climate
conditions on the agricultural products of Turkey and reported that the yield of sunflower (for oil) and
cotton (seed) decreased across the country. Global climate change will definitely be effective in all
regions of Turkey, but the effects of it are expected to vary depending on geographic factors, latitude,
and altitudes (Kanber, 2007). It is expected that the air temperature increase will be less in Aegean,
Marmara, and Black Sea, but higher in the Mediterranean, Southeastern, and Eastern Anatolia Regions.
It is also expected that the decline in precipitations will be higher in the Aegean and Mediterranean, but
will not change much in Marmara and Black Sea Regions (Sen, 2013).
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When the studies conducted in the world are evaluated, it was observed that impacts of global
climate change on agricultural products, growing conditions of the cultivated plant species varied
according to the latitude, elevation, and geographical position of the region to be cultivated.
Accordingly, the determination of the effects of climate change on agricultural products in different
regions will play a great role in climate change mitigation. Therefore, the present study was conducted
to assess long-term changes in climate and agricultural products and mutual relationships between them
in the Susehri district of Sivas province located in the Kelkit Basin. To this purpose, agricultural products
widely grown in the region that wheat, dry bean, and chickpea were selected. The long-term variation
of the production amount of these products per decare was investigated.

2. Material and Methods
2.1. Study area, climate, and agricultural data

The study area, Susehri district of Sivas province is located within the boundaries of the Eastern
Black Sea Region (38.09 E 40.16 N) of Turkey (Figure 1). The total surface area is 985 km? and the
altitude is approximately 1000 meters. The district has a transitional climate between the temperate
climate of the Black Sea Region and the continental climate of Central Anatolia.

Climate data covering the 1991 — 2017 period and including air temperature (AT), precipitation
(Pr), relative humidity (RH) were obtained from the Turkish State Meteorological Service
(https://mevbis.mgm.gov.tr/mevbis) for Susehri. Climate data were obtained as the monthly mean values
for each year, which means 12 values for each parameter of a year. Yields (kg/da) for wheat, dry bean,
and chickpea were obtained from the Turkish Statistical Institute (TUIK) (http://tuik.gov.tr) for Susehri
from January 1991 to December 2017. The selected plant species are commonly grown both in Turkey
and the research region. Although the sowing dates of these crops are different, growth, grain filling,
and harvest periods take place within the same period in the region.

In agricultural practices of the region, local genotypes are extensively used. However, during
the last 5-10 years, certified seeds were started to be used in wheat and chickpea cultivation. Fertilization
is carried out in a standard way without soil and leaf analysis. In the last 10 years, irrigation is carried
out in wheat, chickpea, and dry bean cultivation of the region (A. Siimbiil, unpublished data).
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Figure 1. General view of research area.
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2.2. Statistical analysis

Tests for trends in climate and agricultural data over the years were performed by means of a
nonparametric, nonseasonal Mann-Kendall Trend test (Hipel and McLeod, 1994). It has been widely
used to test for randomness against the trend in climatological time series (Zhang et al., 2001; Tiirkes et
al., 2009; Glimiis et al., 2017). In trend analyses, the Theil-Sen regression slope was used to predict the
regression constants based on the Mann-Kendall Trend test and the Kendall correlation coefficients
(Sen, 1968). The Mann-Kendall test is based on the calculation of Kendall's tau measure of association
between two samples, which itself is based on the ranks of the samples. The null hypothesis is set as
“data are independent and randomly ordered”. However, the existence of positive autocorrelation in the
data increases the probability of detecting trends when actually none exist or vice versa. The presence
of autocorrelation in the residuals of the regression models was tested using the Durbin-Watson test. A
modified non-parametric trend test that is suitable for autocorrelated data is proposed by Hamed and
Rao (1998). It was stated that the accuracy of the modified test in terms of its empirical significance
level was found to be superior to that of the original Mann-Kendall trend test without any loss of power.
When autocorrelation occurs in the data, the Hamed and Rao method was used for the Mann-Kendall
Trend test.

In order to determine the seasonal variations in climate data, the seasonal Mann-Kendall test,
not requiring normality of the time series, was used. This test tries to find the trend from one month to
another in the overall series rather than finding out whether there is a trend for 12-month seasonal data
for the overall series. For this test, all Kendall's tau are firstly calculated for each season. The variance
of the statistic is calculated assuming that the series are independent (eg values of one or two months
are independent) or dependent, which requires the calculation of a covariance. Seasons were classified
as winter (December, January, and February), spring (March, April, and May), summer (June, July, and
August), and Autumn (September, October, and November).

In many studies, the relationship between the yields of agricultural products and environmental
variables was mostly estimated by ordinary least square test (OLS), which is a traditional regression
technique (Zhang et al., 2010; Sarker et al., 2012; Culas and Timsina, 2019). However, the estimate of
the OLS technique is not sufficient in many cases, because autocorrelation between variables can violate
the assumption that observations are independent, which can lead to a biased estimate of the standard
errors of the model parameters and the misleading significance test (Thejll and Schmith, 2005). Such
regression models may inadvertently highlight some independent variables that have little or no effect
on the dependent variable. It is important to adjust autocorrelation in regression analysis to accurately
define the relationship between dependent and independent variables (Thejll and Schmith, 2005). In the
case of autocorrelation, the usual linear regression method is invalid because standard errors are not
neutral. The Cochrane-Orcutt (CO) estimation is a well-known statistical approach to take
autocorrelation into account in the error term of a linear model. The CO method specifically fixes the
effects of serially correlated residuals and yields more accurate regression coefficients than does OLS
(Thejll and Schmith, 2005). Therefore, the CO method was used to test the relationship between climate
data and agricultural yields. The yield of agricultural products has been tested both annually and
seasonally. The seasonal tests were conducted only for the spring and summer seasons. All statistical
tests were performed with the use of XLSTAT 2014.5.03 software (Addinsoft, NY, United States).

3. Results

The descriptive statistics for annual climate data and agricultural data (yields) of the Susehri
district between 1991 - 2017 are given in Table 1.

For 27-years period, mean annual air temperature, precipitation and relative humidity were
calculated as 10.36 °C, 35.33 kg m™ and 56.43%, respectively. Mean production area was calculated as
143469.2 decares for wheat and 9687.4 decares for bean and 1709.4 decares for chickpea. The average
yield was 23626.2 tons for wheat, 1239.1 tons for dry bean and 212.4 tons for chickpea. In addition,
mean annual yield for wheat, dry bean and chickpea was respectively calculated as as 171.84 kg da™',
128.82 kg da’and 119.92 kg da™'.

816



YYU JAGR SCI 31 (4): 813-824
Stimbiil and Sonmez / Relationships of Wheat, Dry Bean and Chickpea Yields with Global Climate Change in Susehri District, Turkey

Table 1. The descriptive statistics for climate and agricultural data

Climate Data Agricultural Products
Years Air Relative Precipitation Wheat Dry Bean Chickpea
Temperature Humidity (kg m?) (kg da!) (kg da™) (kg da™h)
O (%)
1991 9.78 63.60 40.52 223 200 140
1992 7.68 66.57 38.91 230 200 140
1993 8.81 57.80 39.05 173 99 121
1994 10.75 56.33 28.86 105 72 76
1995 10.12 61.17 41.55 153 99 80
1996 10.86 58.30 39.03 160 100 100
1997 9.57 58.90 28.79 144 102 105
1998 10.95 54.50 42.65 128 250 80
1999 10.86 54.70 34.56 149 100 133
2000 9.47 50.50 45.58 158 104 150
2001 11.25 46.60 31.90 149 103 180
2002 10.17 46.87 35.83 137 99 126
2003 9.91 50.50 41.56 147 107 126
2004 9.87 46.87 35.05 145 110 125
2005 10.26 51.27 36.39 148 110 125
2006 10.36 50.57 47.32 150 120 125
2007 10.75 48.70 32.81 121 150 140
2008 9.84 53.57 35.22 183 150 140
2009 10.53 64.03 46.83 175 160 145
2010 12.91 57.00 23.93 175 145 120
2011 9.44 61.37 30.05 237 155 125
2012 10.55 59.03 34.20 200 145 125
2013 10.85 55.10 22.50 225 110 120
2014 12.03 62.77 29.48 148 70 101
2015 10.73 57.50 34.28 246 110 105
2016 10.46 53.53 36.45 225 150 98
2017 11.08 53.87 20.53 206 158 86
Mean 10.36 56.43 35.33 171.85 128.81 119.89

The temporal variation in climatic data over the years are given Figure 2. The Durbin Watson
statistics showed no autocorrelation in the residuals of the regression for air temperature, precipitation
and relative humidity (p>0.05). Annual mean air temperature increased significantly (Kendall’s
tau=0.321, p=0.018, Sen’s slope=0.051) (Figure 2a) during 1991-2017 period.

50 T 70

b

65

60

55

Precipitation (kg/m?*)
'

Air Temperature (°C)
Relative Humudity (%)

10 30

7
2002 2005 2 2 2 2 7
1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017

Years Years Years

Figure 2. The temporal change in climatic data over the years (a: air temperature, b: precipitation and
c: relative humidity) (Black dotted lines are Theil-Sen trend line).
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Increase in annual mean air temperature was approximately 1 degree on average. This increase
may be due to the summer season because the mean air temperature in the summer season showed a
significant increase (Table 2). Although mean annual precipitation and relative humidity showed
decreasing trends, such decreases were not found to be significant (p>0.05) (Figure 2b and c).

Table 2. The Seasonal Mann-Kendall trend test results of the climatic data

Seasons Temperature Precipitation amount Humidity
Kendall's tau p Kendall's tau p Kendall's tau p
Winter 0.139 0.433 -0.314 0.041* -0.148 0.488
Spring 0.251 0.069 -0.148 0.311 -0.167 0.411
Summer 0.410 0.002* -0.092 0.578 -0.241 0.249
Autumn 0.202 0.144 -0.037 0.853 -0.028 0.928

*Significant at p<0.05.

Also, the seasonal variations in precipitation and relative humidity according to the Mann-
Kendall trend test results are given in Table 2. In terms of yields, mean annual wheat and dry bean yields
showed an increasing tendency that was not significant (p>0.05) (Figure 3), while the mean annual
chickpea yields showed a decreasing trend that was not significant (p>0.05) during the 1991-2017 period
(Figure 3).
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Figure 3. The temporal change in yields over the years (a: wheat, b: dry bean, and c: chickpea) (Black
dotted lines are Theil-Sen trend line).

The CO model regression indicated that annual mean dry bean and chickpea yields did not have
any significant relationships with any of climatic data over the years (see Table 3 for detail). In contrast,
it was found that the wheat yields showed significant relationships with the mean relative humidity and
annual mean air temperature (Table 3).

While annual wheat yield showed a positive relationship with relative humidity both annually
and seasonally (in spring and summer seasons), it showed a negative relationship with annual mean air
temperature over the years. The image of all significant relationships with a 95% confidence interval is
presented in Figure 4. In the multivariate effect of climatic data on agricultural product yields, the
chickpea and dry bean yields did not show a significant relationship neither annually nor seasonally
(P>0.05). In contrast, wheat yield showed a significant relationship both annually and seasonally (only
in spring). However, the model obtained could explain the wheat yield change at low rates (Adjusted
R%: 0.30, p=0.012 for annual, Adjusted R% 0.29, p=0.013 for spring season).
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Table 3. The relationships between climate and yield data in the Cochrane-Orcutt model regression (P
values of significant relationships are shown in bold)

Climate  Seasons Wheat Dry Bean Chickpea
Adjusted F P r Adjusted F p r Adjusted F p r
R? R? R?
g Annual 0.256 9.608 0.004 -0.23 -0.029 0.292 0.593 -0.16 0.004 1.102 0.304 -0.22
=
§ Spring 0.091 3.505  0.073  -0.16 -0.023 0.425 0.520 -0.16 0.040 2.054 0.164 -0.21
=
& Summer 0.095 3.623  0.069 -0.05 -0.016 0.598 0.446 0.13 0.005 1.124  0.299 -0.01
=
2 Annual -0.041 0.002 0960 -0.17 0.005 1.134  0.297 0.18 -0.040 0.039 0.844 0.21
o
_§ gn Spring 0.066 2.769  0.109 0.02 -0.041 0.001 0973 -0.09 0.042 2.104 0.159 0.14
g
=
§ Summer -0.008 0.799  0.380 0.17 -0.032 0.222  0.641 0.15 -0.008 0.801 0.379 -0.01
-9
>
= Annual 0.228 8.418  0.007 0.58 0.001 1.048 0316 0.28 0.006 1.168 0.290 -0.34
=
f g Spring 0.218 7.980  0.009 0.59 -0.007 0.820 0374 0.25 0.006 1.155 0.293 -0.34
2
s
E Summer 0.247 9.208  0.005 0.49 -0.008 0.795 0381 0.30 -0.041 0.001 0974 -0.23
175 175
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Figure 4. The relationship of wheat yield with relative humidity and annual air temperature (a: annual
humidity, b: spring humidity, c: summer humidity, and d: annual air temperature) (gray lines are
referred to 95% confidence interval, and black dotted lines are referred to model lines).
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4. Discussion and Conclusion

In climate data, air temperature tended to increase both annually and seasonally, especially in
summer. Although present findings were obtained for a single locality, significant increases were
reported in air temperatures in different parts of Turkey (Tiirkes et al., 2002; Tiirkes and Stimer, 2004;
Altin et al., 2012; Gumiis et al., 2017). In addition, decreasing long-term precipitation and relative
humidity were also reported in various parts of Turkey (Tiirkes and Erlat, 2005; Tiirkes et al., 2009;
Gilimiis et al., 2017). In the present study, decreasing relative humidity and precipitation values were
also obtained for the present research site.

The impact of global climate change on agricultural products such as wheat, barley, corn, rice,
cotton, and sunflower, etc. is being investigated in many regions of the world (Cline, 2007; Pathak and
Wassmann, 2007; Dellal et al., 2011). Most of these studies examined the effects of temperature,
precipitation, relative humidity, and CO intensity. In the present study, wheat yields showed a positive
relationship with relative humidity both annually and seasonally (in spring and summer seasons). Wheat
yields also showed negative relationships with annual air temperature.

In the Susehri district, high relative humidity, especially in the spring and summer seasons,
provided a high wheat yield. It is important that mean relative humidity should be around 60% during
the development periods of wheat (Siizer, 2007). The relative humidity affects the plant positively by
reducing the effect of transpiration and air temperature on the leaves of the plants. Low relative humidity
increases the plant transpiration rates, increasing water loss in the plant, and as a result, closes plant
stomata. The photosynthesis is prevented and the plant starts to wilt as a result of blocking the gas
exchange of the plant, which closes the stomata partially or completely. High relative humidity prevents
transpiration in the plant and, by closing the stomata in response, the plant restricts gas exchange (Mott
and Parkhurst, 1991; Friend, 1991). As a result, photosynthesis is negatively affected in the plant. In
fact, this shows that the relative humidity level below or above the desired limits adversely affects the
development of the plant. Ucak et al. (2010) reported that the decrease in the yield and quality of the
maize was caused by high temperature and high relative humidity or low temperature and low relative
humidity. On the other hand, relative humidity showed an insignificant influence on wheat yield in
Pakistan (Ali et al., 2017). Precipitation directly affects the yield during the periods of bolting and grain
filling where the development of wheat is fast. Oztiirk et al. (2018) stated that high precipitation and
relative humidity resulted in an increase in grain filling duration. In other words, the lack of precipitation
in bolting and grain filling periods from March to mid-May may cause large losses in yield rates (Soylu
and Sade, 2012). In a different perspective, it was estimated that a 1% increase in precipitation may
increase wheat yield as 0.20%, 0.12%, and 0.09% in slight, moderate, and severe drought regions of
Turkey, respectively (Dogan and Kan, 2019).

It is estimated that a 2°C temperature increase will cause about a 5% decrease in grain yield,
and a 4°C increase will cause a 10% decrease in grain yield worldwide (IPCC, 2007). Caldag (2009)
reported that there will be significant decreases in wheat yield especially when the air temperature
increases more than 3°C when combined with the decrease in precipitation. Valizadeh et al. (2014)
suggested that the wheat growth period will be shortened with increasing air temperature in Iran, and
there will be significant decreases in yield with decreasing rainfall. Yang et al. (2014) reported that the
growth periods of wheat in semi-arid regions of Australia will be shortened and yields will decrease as
a result of shorter growth times due to extreme air temperatures. Also, the maximum air temperature
showed a negative influence on wheat yield in Pakistan, based on a long-term study (Ali et al., 2017).
In contrast, the minimum air temperature showed a positive influence on wheat yield in Pakistan (Ali et
al., 2017). It was reported in the process-based crop model simulations that a 1°C increase in local
temperature will decrease wheat yield by 3.3% (Wilcox and Makowski, 2014). Similarly, it was
estimated that a 1% increase in air temperature may decrease wheat yield by 0.84%, 0.43%, and 0.48%
in the slight, moderate, and severe drought regions of Turkey, respectively (Dogan and Kan, 2019).
Also, Sayilgan (2016) reported that a 1°C increase during the wheat growth period in normal conditions
will result in a 5.7 kg da™ yield loss in summer wheat. High CO, concentration in wheat, which is in the
crop category of C3 plants, increases the process of photosynthesis and suppresses transpiration (Janjua
et al., 2014). However, the beneficial effect of CO; is balanced with the increase in air temperature
(Janjua et al., 2014).
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Although wheat yield was negatively affected by air temperature in present study, it did not
show any significant decreases during the 1991-2017 period. This indicates that the negative effect of
air temperature was tolerated by relative humidity, precipitation, or other complex environmental, or
meteorological factors, especially during the development period. Probably, the multiple joint effects of
climatic data are more effective on wheat yield. Because the multiple effects of climate data on wheat
yield were found to be significant in the annual and seasonal (especially in spring season) models in
multivariate regression analysis. However, these models could explain this effect by 30%. The factors
that most effective on wheat yield are fertilization and the use of certified seeds. However, 50% of the
increase in wheat yield is associated with fertilization (Saglam, 2012; Eryilmaz et al., 2017). Although
fertilization is widely used in the study region, the yield has tended to decrease. The decrease in wheat
yield may have been caused by the effect of the increasing temperature in the study region. In future
studies, it may be suggested to investigate the effect of other meteorological variables such as solar
radiation, soil temperature, CO; intensity on agricultural products of Susehri district. In addition, in the
face of global climate change, it is recommended to investigate how the changes in the sowing and
harvest dates of wheat according to the increasing trend in temperature and decrease trend in
precipitation and relative humidity influence agricultural products in the Susehri district.

The sowing dates of dry bean and chickpea vary according to regions in Turkey. It is
recommended to start the sowing process 5-10 days before the last frosts of spring months (Sehirali,
1988). This date coincides with the last days of March, which is the first month of the spring season in
Susehri. The optimum air temperature for germination is 15-20°C. Precipitation and high relative
humidity negatively affect the flowering period (Sehirali, 1988). Dry bean and chickpea yields did not
show a significant relationship with any climate data. After successfully surviving in germination and
flowering periods (most of which pass through the spring season), they may have not been affected by
the decreasing trend in rainfall and relative humidity and increased trend in air temperature at summer
season with the aid of irrigations made by growers.

Various biotic and abiotic factors limit the production potential of legumes. Especially
temperature stress is one of the most important factors that negatively influence legumes (Yavas and
Unay, 2018). It is known that fertilization has a positive effect on legumes (Altunkaynak and Ceyhan,
2017; Soysal and Erman, 2020). Fertilization and the other cultural maintenance carried out during the
cultivation period may have suppressed the effect of increasing temperature. In addition, the increase in
temperature may not have reached a level from which chickpea and bean yields are not negatively
influenced. As a matter of fact, chickpeas are known to resist dry conditions (Gtiler, 2011).

Especially in the last decade, irrigation systems have developed in the region and farmers have
been doing irrigation activities against water shortage. It is stated by various researchers that there is an
increase in the yield of irrigated products. Kayan (2011) reported that irrigation extended the duration
of phenological periods, increasing the plant height, the number of pods in the plant, and the grain yield.
In dry beans, it was reported that the drip irrigation method increased grain yield and yield parameters
in the Thrace region of Turkey (Sehirali et al., 2005). Sen (2009) predicted that the restrictions in
irrigation water will decrease 58% and 43.4%, in maize's first and second crop yields, respectively.
However, it is inevitable that in the future, both the increasingly negative impact of climate change on
the groundwater and water system and increasing air temperature and decreasing precipitation and
relative humidity will have negative effects on chickpea and dry bean yields of the region. Perhaps in
the future, these two agricultural products will have to be cultivated in higher altitudes of the region. It
was estimated that the increase of 3°C in air temperature will shift the distribution of plant species to
500 m higher altitudes in temperate regions (Hughes, 2000). In addition to the irrigation systems,
possibly CO, concentration may have a positive effect on dry bean and chickpea yields. It was stated
that the CO, concentration in the atmosphere will increase product yields by 10-50%, especially in
legumes (Cutforth et al., 2007) and the other plants (Siqueira et al., 2001; Song et al., 2009).
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Abstract: Plant species used in urban settlements play an important role in cultural
change and biodiversity determination. In the past, people have used many plant
species to beautify their gardens by giving importance to flowering plants.
Biodiversity can be determined by using the distribution of flowering plant species
that have traditionally been preferred as species and in urban settlements. In this
study, when the plants used in the settlement areas were investigated, 132 plant
species belonging to 39 families were identified in a total of 200 sample areas.
Five different residential areas were evaluated in the study. These can be listed as
detached houses, traditional houses, villa houses, site, mass housing. It has been
determined that non-natural species are used extensively in the research areas. It
is observed that plant species natural plants and containing fruit are given priority
in traditional gardens. It has been determined that unnatural species are used in
other house types. For the continuity and protection of natural plant species, the
garden order of traditional houses has been found more valuable.
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Oz: Kirsal alanlarda kullamilan bitki tiirleri, kiiltiirel degisim ve biyogesitliligin
belirlenmesinde 6nemli rol oynamaktadir. Gegmis donemlerde, insanlar ¢igekli
bitkilere 6nem vermis ve bahgelerini gilizellestirmek igin birgok bitki tiirleri
kullanmislardir. Biyogesitlilik, geleneksel olarak tercih edilmis olan ¢igekli bitki
tiirlerinin dagilimi kullanilarak belirlenebilir. Bu ¢alismada, yerlesim alanlarinda
kullanilan bitkiler incelendiginde, 200 &rnek alanda 39 familyaya ait 132 bitki tiirti
belirlenmigtir. Calismada, bes fakli yerlesim alani degerlendirilmistir. Bunlar;
Miistakil evler, Geleneksel evler, villa evler, site ve toplu konut olarak
siralanabilir. Arastirma alaninda dogal olmayan tiirlerin yogun olarak kullanildig:
tespit edilmistir. Geleneksel evlerde dncelikli olarak meyve veren ve dogal tiirlerin
kullanildigi  gozlemlenmistir. Diger ev tiplerinde dogal olmayan tiirlerin
kullanildig: tespit edilmistir. Dogal bitki tiirlerin stirekliligi ve korunmasi igin
geleneksel evlerin bahge diizeni daha degerli bulunmustur.

1. Introduction

For sustainable development, the landscape has recently gained importance and some measures
are being developed at a national and global scale. CITES, Convention on Biodiversity (CBD), [IUCN
(The International Union for Conservation of Nature). It is aimed at the conservation of biological
resources, as seen in the conventions on the protection and continuity of many plant species. Some
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aromatic and ornamental plants found in nature are used in agriculture, cosmetics, and medical fields.
Our negative activities on natural species, recreation and tourism activities, food resources, forest
resources, medicine, and energy requirements are among the factors affecting biodiversity. We are
constantly harming biodiversity to meet our identified needs. Today, due to the increasing population,
food, and unemployment, many agricultural areas are being destroyed and residential areas are being
expanded with the transition from rural areas to urban life.

When the statistics for the year 2000 were evaluated, the total population was approximately 6
million, while 1200 people migrated from villages and towns. In parallel with the increase in population,
the diminishing green and cultural areas are damaged. Plant species are in danger of extinction. Since
urban ecology is not considered during the planning and planning phase of the city, it is being destroyed
due to urbanization due to many environmental problems. The continuous expansion of urban settlement
areas is constantly threatened by the habitats of biodiversity. The use of traditional plants will not only
ensure the protection of biodiversity where the city develops but will also be beneficial for people living
in these areas. Traditional houses, detached houses, villas, and sites with gardens, especially in
developed and developing cities, are important places for the continuity of the species.

Urban and countryside home gardens contribute to the functioning and sustainability of the
urban ecosystem, providing benefits such as pollination, a shelter for micro- and macro-fauna, and
allowing geneflow between plant populations in and out of the garden (Surat and Yaman, 2017). Home
gardens can be defined as ‘land-use system involving deliberate management of multipurpose trees and
shrubs in intimate association with annual and perennial agricultural crops and invariably livestock
within the compounds of individual houses, the whole tree-crop animal unit being intensively managed
by family labor’(Kumar and Nair, 2004).

Home gardens are important as a means of maintaining PGR (plant genetic resources) (Agelet
et al., 2000; Sunwar et al., 2006) as potential hotspots of agricultural biodiversity (Kumar and Nair,
2004), as natural resources for alleviating poverty (Salako et al., 2014), and can help in reducing hunger
and malnutrition in the impending world food crisis, climate change, and a large number of socio—
economic benefits (Cruz—Garcia and Struik, 2015; Galhena et al., 2013; Barbhuiya et al., 2016). Home
gardens are places that are practiced in rural areas in many parts of the world and consist of layers of
trees, shrubs, and herbs plants. Several studies integrate ecological data with socioeconomic aspects in
ethnobotanical research, addressing the utilization of plants by traditional so—cieties (Davoren et al.,
2016; Palliwoda et al., 2017), people's plants' preferences (Kendal et al., 2012), or with landscape design
(Petiik et al., 2019). People living in home gardens in rural areas grow cultural varieties along with
native plant varieties. There are different life forms of these plant types (tree, shrub, herbaceous, etc.).
Turkey due to its geographical location where there are many different plant species. In our country,
many different types of ornamental plants grow naturally. However, the use of natural plants in the urban
environment is limited (Richards et al., 1984; Cornelis and Hermy, 2004).

In Turkey, more recently, because longing for the green garden needed by the people is
increasing day by day to homes and sites of interest. Due to the climatic characteristics that limit the
diversity of plant species, many local ornamental plants and products are being given importance in
cities. The importance given to ornamental plants has started to increase in vineyard houses and other
house types which are also traditional in Nigde. Therefore, the main purpose of the research is to
determine the diversity of plants used in traditional hoses and other house gardens and to develop
recommendations to understand their importance in the preservation of food, income source, ornamental
plant, and indigenous plant diversity. Since the plant species used are produced or cultivated in rural
areas, indigenous species appear in the home gardens. This study will provide information about
biodiversity due to plant species used in landscaping in Nigde. The plant species used in the settlement
areas vary according to the type of house, the distance to the city center, and the type. In this context, it
has been observed that the use of woody ornamental plants is emphasized. It is aimed to determine the
relationship between the type of settlement areas and the diversity of plant species used.

2. Materials and Methods
The city of Nigde, chosen as the study area, is between the north latitudes 37° 25’ - 38° 58” and

the longitudes of 33° 10°- 35° 25’ east. The surface area of the province is 7 400 km? (7 365 km?) and
covers 4.87% of the territory of Central Anatolia (151 176) and 0.90% of the country's territory (814
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578 km?) (Sever and Kopar, 2019). The research area is about 5.700 hectares (TUIK, 2019). Nigde, 2019
Turkey is a town with 352 727 inhabitants according to data from the statistical office. The population
of the city of Nigde, on the other hand, shows rapid development due to the migration reasons it receives
from villages and different places. Due to migration from villages and different places, the city develops
very rapidly in terms of spatial development. According to Davis et al. (1988), the boundaries of Nigde
are located in the squares B4, B5, C5. Nigde Province has an altitude of 1 300 m and annual rainfall is
340.1 mm. The average annual temperature is -0.40°C in January and 22.40 °C in August. The
Terrestrial climate is dominant.

As the research area, the buildings where the ornamental plants are used more in the city of
Nigde were selected and classified as Nigde’s traditional houses, villas, detached houses, estates, and
mass housing areas. Some of the provincial land located in the Central Kizilirmak Section of the Central
Anatolia Region is located in the Adana Section of the Mediterranean Region (Figure 1).

Figure 1. The site of the experiment, the Nigde province.

In the houses selected as research areas in Nigde city (detached, traditional, villa, site, mass
housing), the results of the research were evaluated in two stages as used plants (biodiversity) and
landscape areas. In the study area, 132 plant species belonging to 39 families were recorded in 200
sample areas.

The plant species in the study coming from the five different groups were evaluated based on
the characteristics and classification listed in Table 1. The resulting data file had 24 qualitative variables
for 132 entities from five groups. The entities and their group and entity codes are given in Table 2.

The data then were analyzed by using two multivariable statistical analyses, principal coordinate
(PCoA) and clustering analyses. First, PCoA was carried out for quantitative data files using SAS (SAS,
1990). The same data file was subjected to a clustering analysis performed by the unweighted pair-group
method using the arithmetic average (UPGMA) method with NTSYS-PC Program.

2.1. Data analysis

We have been calculated for each of them the mean diversity and occurrence values in order to
characterize the structural features of each residential setting.

827



YYU J AGR SCI 31 (4): 825-837
Sandal Erzurumlu and Erzurumlu, / Evaluation of Outdoor Ornamental Plants from the Viewpoint of Urban Biodiversity and Cultural Change in Terrestrial Climate: The
Case of Nigde City

Different species exist in plant communities with high heterogeneity and are numerous. May
(1975) concluded that Berger—Parker index was one of the most satisfactory diversity measures
available. Shannon — Weiner index (H1 = -} piLn pi), where pi= ni/N (ni is the number of individuals
of species, i and N is the total number of individuals), was used to determine the species diversity in
the research area.

Margalef measure (DM= (S_1)/Ln(N)) and the dominance indices of Berger—Parker index (d =
Nmax/NT), (Nmax is total dominant species in a habitat type and NT is the proportion of the total
species), was used to describe species diversity indexes and plant community characteristics. Pielou’s
evenness index (Ji=H1/log S), where S is the number of species) was used to measure the structural
composition of the communities (Magurran, 1988, Acar et al., 2007).

Assessment of plant life type characteristics was performed in Microsoft Excel 2016.

3. Discussion and Conclusion
The results were evaluated in two parts in this study: Floral and landscape.
3.1. Floral Assessment

The study area, which consists of 200 gardens, consists of 14% traditional, 29% detached, 16%
villa, 32% site, 9.5% mass housing (Figure 2).

Figure 2. Nigde villas and detached houses.

As the plant species used in the mass housing were the same, a smaller number was evaluated.
As most traditional houses are empty, there is no diversity in the gardens. There are several fruit trees
from the past. In order to determine the plant density used in these selected gardens, Shannon-Wiener,
Margalef, and Berger-Parker analysis was applied (Figure 3). According to the results, intensive use of
trees is seen.
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Figure 3. Use of Plant Species in Settlement Types in the Study Area.
3.2. Landscape Assessment

The distribution, richness, and diversity of plant species in Nigde City were evaluated according
to houses, and their usage areas in landscaping were determined. It is thought whether the plant species
used in the urban environment reflect the cultural change, and studies are needed to determine the
effectiveness of socio-cultural structure in the distribution of plant species.

It is seen that traditional structures are not preserved and conservation policies are inadequate
in urban areas. Identification of cultural origin buildings, protection of urban landscapes, and historical
sites will contribute to the protection of biodiversity. However, this requires the development of
additional research to clarify the contribution of rural landscapes to the environment, economy, and
society, even though their importance has been indicated in previous research (Antrop, 2005; Agnoletti,
2014).

Landscapes are dynamic and change is one of their properties. Humans have always adapted
their environment to better fit the changing societal needs and thus reshaped the landscape. All the
important driving forces are related to the population growth and the lifestyle becoming increasingly
more urban and more mobile (Antrop, 2005). The loss or decrease of cultural and natural areas in the
21st century is increasing today and is now worrying about people. Sustainability cannot be said to be
very good when compared to the past with the conservation of biodiversity and landscape as well as
cultural areas. Reproduction and sustainability of existing biodiversity can be considered as an important
criterion. In addition to the ancestral values in the landscape, ornamental plants are concrete examples.
In the past, the landscape may not be restored, but valuable elements and areas can be studied about how
to protect.

All of the plant materials are greatly important for urban landscapes and shaping green areas
(Sukopp and Werner, 1983; Sukopp, 2004; Acar et al., 2007). Our aim is to determine the interaction
between humans and plants where the urban landscape is. Accordingly, the different home styles and
gardens that constitute the source of the research are the sources that will inform us in monitoring and
identifying the biodiversity and cultural change of the urban landscape. It will shed light on later issues
with the proposed results. In the traditional houses of Nigde, the gardens were built adjacent to the high
walls because of the Greeks who lived before. Care was taken to ensure that the plants used in these
houses were fruiting and flowering. Rather than choosing ecologically appropriate species in the gardens
of villas, detached houses, housing estates, and public housing, emphasis was placed on the use of
pleasing and cultured plants (Cupressocyparis leylandii, Cupressus macrocarpa, Dahlia hybrida,
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Matricaria chamomilla, Celosia argentea, Salvia splendes, Osteospermum ecklonis, Weigela
floribunda, Picea orientalis, Picea pungens, Morus alba pendula).

The data from our study were subjected to multivariate analyses using principal coordinate
analyses. The results of the PCoA for the 24 variables used in the analyses of outdoor ornamental plants
of the different residential landscapes of Nigde are presented in Table 1. The characteristics and relevant
classifications of the evaluation of outdoor ornamental plants used in the study. The second part of the
table, list the correlation coefficient of the first five dimensions (D) for the variables. The first five
dimensions explained 23, 11, 8, 7, and 6% of the total variation tabulating a cumulative value of 54%.
The variables which had the greatest correlation coefficient with D1 were V01, V12, V16, V19, and
V20. V02, V13, and V14 were the most important for D2 while V07, V09, and V15 were the most
important for D3. Overall, each variable had an important contribution to the calculation of at least one
dimension.

Table 1. The characteristics and relevant classifications of the evaluation of outdoor ornamental plants
of the different residential landscapes of Nigde

Plant Form Classification Code D1 D2 D3 D4 D5
Plant life type Tree Vol 033 -0.32 0.03 -0.02 0.05
Shrub V02 0.05 0.55 0.00 -0.03 -0.09
Seasonal vo3 -020 -0.14 022 -0.34 0.38
Perennial Vo4 0.19 -0.01 -0.19 0.34 -0.39
Ground cover vos -0.12 021 -0.01 -0.12 0.02
Climber Vo6 -0.06 0.13 0.04 0.51 0.10
Aesthetic and visual Flowers with effective Vo7 -0.13 0.14 046 0.12 0.19
Fruit with effective Vo8 0.19 -0.04 025 -0.14 -0.43
Effective with leaves V09 0.12 -0.01 -0.41 -0.23 -0.01
Effective with stems V10 022 -0.10 -0.23 0.00 0.29
Calligraphic effect Vil 020 -0.20 -0.18 -0.04 0.09
Habitat V12 0.33 0.12 0.01 -0.07 -0.06
Texture V13 029 028 0.03 -0.15 -0.03
Functional features Hedge Vi4 0.02 028 0.06 -0.18 -0.16
Fruit V15 0.13 -0.19 044 -0.07 -0.29
Border \200 025 033 -0.03 0.02 0.17
Climber V17 -0.12 0.04 0.03 049 0.04
Direction V18 022 0.18 026 -0.07 0.21
Screening V19 025 0.04 -0.01 0.03 0.11
Emphasis V20 029 0.12 0.00 0.19 0.13
Shade V21 025 -025 0.16 0.20 0.08
Natural V22 026 -0.06 0.05 0.01 0.17
Socio-economic characteristics Regional integrity V23 0.15 -0.09 029 0.03 -0.02
Other V24 0.06 0.06 0.03 0.07 0.35
Eigenvalue 5,60 254 1.89 1.63 1.43
Correlation coefficient 0.23 0.11 0.08 0.07 0.06

D1. Detached houses, D2. Traditional houses, D3. Villa houses, D4. Site, D5. Mass housing.

As a result in Table 1; when evaluated in terms of plant life type, it was observed that shrub
group was preferred in traditional houses and seasonal plants were preferred in villa type. In terms of
aesthetic and visual aspects, respectively, villas were classified according to effectiveness with flowers,
detached houses were classified according to habitat status, traditional houses were classified according
to texture. In the case of functional features, it is determined that the villas are preferred plants effective
with fruit, traditional houses preferred plants as border plants.
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The resulting data file had 24 qualitative variables for 132 entities from five groups. The entities
and their group and entity codes are given in Table 2.

Table 2. The list of plant species, their group, and analyses code used in the evaluation of outdoor

ornamental plants of the different residential landscapes of Nigde

Residential

Plant life

Group

landscapes type Species Family type Origin code Code

Detached Abelia grandiflora Caprifoliaceae Shrub China M60 S01
Amygdalus communis Rosaceae Fruit tree Asia M108  S10
Aster sp. Compositae Perennial ~ America M15 S13
Buddleia davidii Buddlejaceae Shrub China M50 S18
Cotoneaster franchetii ~ Rosaceae Shrub China M45 S26
Cotoneaster microphylla Rosaceae Shrub Asia, Himalayan M46 S28
li;?:;;;fcy paris Cupressaceae Tree America MI101  S30
S;p Z;:;};”ZZZ]; ervirens Cupressaceae Tree Isr (;Eth Europe,  Turkey, M95 S34
Gaura lindheimeri Onagraceae Shrub Texas M61 S51
Mahonia aquifolium Berberidaceae Shrub North California M57 S76
Pyracantha coccinea Rosaceae Shrub Asia, Italy, Turkey M63 S107
Robinia pseudoacacia Fabaceae Tree USA M104  S111
Thuja orientalis Cupressaceae Shrub China, Turkestan M59 S126
Wisteria sinensis Fabaceae Climbing  China M38 S137

Traditional Abies bornmiilleriana Pinaceae Tree Turkey G89 S02
Abies sp. Pinaceae Tree Turkey G70 S04
Ailanthus altissima Simaroubaceae Tree China G84 S08
Antirrhinum majus Scrophulariaceae ~ Perennial =~ Mediterranean G29 S11
Begonia semperflorens  Begoniaceae Perennial ~ Brazil G04 S14
Campsis radicans Bignoniaceae Climbing  America G35 S20
Celosia argentea Amaranthaceae Annual Africa G19 S22
Cornus mas Cornaceae Shrub Europe G45 S24
Cupressus macrocarpa  Cupressaceae Tree California, America G88 S32
Cynodon dactylon Poaceae Perennial ~ Africa G32 S36
Dahlia sp. Asteraceae Perennial ~ Mexico G17 S38
Dianthus barbatus Caryophyllaceae Perennial ~ Europe G02 540
Eleagnus angustifolia Elaeagnaceae Fruittree = Europe, Asia, Turkey G85 S42
Euryops pectinatus Asteraceae Perennial  Africa G10 S45
Festuca glauca Poaceae Perennial ~ Turkey G33 S47
Freesia reflecta Iridaceae Perennial  Africa GO1 S50
Gladiolus sp. Iridaceae Perennial ~ Asia G12 S53
Gomphrena globosa Amaranthaceae Annual Panama G31 S54
Hibiscus syriacus Malvaceae Tree Pakistan G42 S56
Impatiens walleriana Balsaminaceae Perennial Asia, America, Africa G28 S59
Jasminum fruticans Oleaceae Shrub Mediterranean G55 S61
Juglans regia Junglandaceae Tree Iran G75 S63
Kerria japonica Rosaceae Shrub China G63 S68
Lagerstroemia indica Lythraceae Shrub China M47 S69
Lavandula officinalis Lamiaceae Shrub Mediterranean, Turkey Go61 S70
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Table 2. The list of plant species, their group and analyses code used in the evaluation of outdoor
ornamental plants of the different residential landscapes of Nigde (continue)

Ei;isd:;;il type Species Family f;}ggt life Origin grg:p Code

Traditional Lonicera involucrata Caprifoliaceae Shrub America G37 S74
Matricaria chamomilla ~ Asteraceae Annual Europe G30 S78
Morus alba Moraceae Fruit tree China, Japan G73 S80
Narcissus sp. Amaryllidaceae Perennial ~ Mediterranean G26 S82
Osteospermum ecklonis ~ Asteraceae Annual Africa G34 S84
Pelargonium radula Geraniaceae Shrub Africa G59 S86
Picea orientalis Pinaceae Tree Turkey, Caucasian G71 S90
Petunia sp. Solanaceae Annual America Gl16 S88
Portulaca grandiflora  Portulacaceae Annual Argentina G06 S97
Prunus armenica Rosaceae Fruit tree Turkey, Europe, Iran G8&0 S99
Prunus domestica Rosaceae Fruit tree Caucasian G79 S105
Rhus sp. Anacardiaceae Shrub Anatolia, China G43 S109
Rosa rampicanti Rosaceae i}lllrl’]:lzi’lg Asia G38 S113

North Africa,
Rosmarinus officinalis ~ Labiatae Shrub Mediterranean Countries, G50 S115
Turkey

Rudbeckia hirta Asteraceae lﬁgﬁﬁii America GO07 S117
Salvia splendes Lamiaceae Perennial ~ Brazil G27 S119
Tagetes erecta Asteraceae ;2?:;112‘1 " Mexico GOS8 S123
Tilia tomentosa Malvaceae Tree Earth Europe, Turkey G68 S128
Vitis vinifera Vitaceae Climbing  Mediterranean G36 S135

Villa Acer campestre Aceraceae Tree Europe, Asia V137 S05
Acer negundo Aceraceae Tree America, Canada V122 S06
Aesculus hippocastanum Sapindaceae Fruit tree E:lllli(;:l,lgurkey, V124  S07
Alcea rosea Malvaceae Shrub Asia V78 S09
Asparagus officinalis Asparagaceae Perennial ~ Europe V34 S12
Betula alba Betulaceae Tree Europe, Asia, Turkey V130 S16
Bougainvillea glabra Nyctaginaceae Climbing  Brazil V43 S17
Buxus sempervirens Buxaceae Shrub Europe V127  S19
Corylus avellana Betulaceae Fruit tree Europe, Turkey V112 S25
Crataegus monogyna Rosaceae Fruit tree Europe, Turkey V128  S29
Cydonia oblonga Rosaceae Fruit tree Turkey, Iran V109 S35
gD’fZZZZZ;O litanus Caryophyllaceae Perennial ~ Europe, Asia V22 S41
Felicia amelloides Asteraceae Shrub North Africa V89 S46
Fraxinus exelsior Oleaceae Tree Europe, Turkey V123 S49
Gazania rigens Asteraceae Perennial ~ Africa V26 S52
Hedera helix Araliaceae Climbing  Europe Va7 S55
Hyacinthus sp. Liliaceae Perennial ~ Asia V28 S57
1lex aquifolium Aquifoliaceae Shrub Europe, Africa, China V85 S58
Ixora coccinea Rubiaceae Shrub Asia N S60
Jasminum officinale Oleaceae Shrub India Vo4 S62
Kalanchoe Crassulaceae Perennial Madagascar V10 S67
Leucanthemum vulgare  Asteraceae Perennial ~ Europe Vo7 S71
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Table 2. The list of plant species, their group and analyses code used in the evaluation of outdoor
ornamental plants of the different residential landscapes of Nigde (continue)

Eiﬁsd:;;il type Species Family f;}ggt life Origin grg:p Code
Villa Ligustrum vulgare Oleaceae Shrub Japan V70 S72
Lilium sp. Liliaceae Perennial ~ China, Japan V27 S73
Lycium barbarum Solanaceae Tree Himalayan Vo6 S75
Morus alba pendula Moraceae Fruit tree China V107  S81
Ocimum basilicum Lamiaceae Annual Asia V23 S83
Pelargonium peltatum  Geraniaceae Shrub Africa Vo2 S85
Pelargonium zonale Geraniaceae Shrub Africa Vo0 S87
Philadelphus coronarius Hydrangeaceae Shrub America V60 S89
Pinus pinea Pinaceae Tree xﬁziaggz?ﬁ Turkey, V143 S92
Pittosporum tobira Pittossporaceae Shrub Mediterranean V8l S93
Pittosporum variegata  Pittossporaceae Shrub China V&0 594
Platanus orientalis Platanaceae Tree Europe, Asia, Turkey V136 S95
Populus alba Salicaceae Tree Europe, Asia, Turkey V133 S96
Primula sp. Primulaceae Perennial ~ China V25 S98
Prunus avium Rosaceae Fruit tree Europe, Africa, Turkey V115  S100
Prunus ceracifera Rosaceae Tree Europe, Anatolia V118  S101
; : i’;j‘;ﬁ cerasifera p. noideac Tree Europe, Asia Vi3l S102
Prunus cerasus Rosaceae Fruit tree Caucasian Sea, Anatolia V119 S103
Prunus cerrulata Prunoideae Tree Japan, Korea, China V132 S104
Prunus persica Rosaceae Fruit tree China V116  S106
Robinia neomexicana Fabaceae Tree Mexico V139  S110
Rubus canescens Rosaceae Shrub Europe, Turkey V77 S116
Salix babylonica Salicaceae Perennial  Cin V145  S118
Saponaria officinalis Caryophyllaceae Perennial ~ Europe V15 S120
Spirae vanhouttei Rosaceae Shrub Hybrid V68 S121
Tamarix tetrandra Tamaricaceae Shrub America V138  S124
Teucrium chamaedrys ~ Lamiaceae Shrub Mediterranean V35 S125
Thymus sp. Lamiaceae Perennial ~ Europe, Asia V24 S127
Ulmus glabra Ulmacea Tree Europe, Caucasian V125  S129
Vibirnum opulus Caprifoliaceae Shrub gl‘l’rr:)}; :‘ST“:H lif;ca° V88 S130
Vinca major Apocynaceae S)r‘(f);nd Europe V12 S132
Viola tricolor Violaceae Annual Europe V13 S134
Weigela floribunda Caprifoliaceae Shrub Asia V79 S136
Sites Mirabilis jalapa Nyctaginaceae Perennial ~ America S02 S79
Viburnum tinus Caprifoliaceae Shrub Mediterranean S20 S131
Mass housing Abies nordmanniana Pinaceae Tree Caucasian, Anatolia TK42  S03
Berberis thunbergii Berberidaceae Shrub Japan TK14  SI15
Cedrus libani Pinaceae Tree Turkey, Lebanon TK34 S21
Cotoneaster horizontalis Malaceae Shrub China TK04  S27
Cupressus arizonica Cupressaceae Tree America TK46  S31
Cupressus pyramidalis ~ Cupressaceae Tree China TK50  S33
Deutzia longifolia Hydrangeaceae Shrub Asia S13 S39
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Table 2. The list of plant species, their group and analyses code used in the evaluation of outdoor
ornamental plants of the different residential landscapes of Nigde (continue)

ﬁiﬂsd:;;il type Species Family f;};zt life Origin grg:p Code

Mass housing Euonymus japonica Celastraceae Shrub Japan TK13  S43
Forsythia x intermedia  Oleaceae Shrub Asia TK16 S48
Juniperus chinensis Fruit tree Iran TK25  S64
Juniperus horizontalis ~ Cupressaceae Shrub America TK09  S66
Malus sp. Rosaceae Fruit tree Asia TK38  S77
Picea pungens Pinaceae Tree America, Colorado TK37  S91
Rosa canina Rosaceae Shrub Hybrid TK22  S112
Rosa sp. Rosaceae Shrub Hybrid TK27 S114
Syringa vulgaris Oleaceae Shrub Asia, Europe, Turkey TK17  S122
Zinnia elegans Asteraceae Shrub Mexico TKO1  S138

The three dimensional plot of species used in principle coordinate analyses conducted by 24
qualitative characteristics in the evaluation of outdoor ornamental plants of the different residential
landscapes of Nigde is presented in Figure 4. As seen in Figure 4, the species were grouped in three
clusters. The same patterns were clearly confirmed by clustering analysis (Figure 5). The statistical
analyses supported three groups. The species in each group are also listed in Figure 4in the order of
appearance on the figure.
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Figure 4. Three dimensional plot of species used in principle coordinate analyses conducted by 24
qualitative characteristics in the evaluation of outdoor ornamental plants of different residential
landscape of Nigde.

Figure 4 clearly seen that cluster analysis, of the residential vegetation data is grouped into two
main groups. The landscape of traditional residential areas and others.

Indeed, according to PCA and diversity results, vegetation structure and composition in
traditional houses of the city of Nigde could be considered as a different and separate cluster of other
houses.
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In addition to this, as it shown in Figure 5, plant species used in the Nigde settlement area and
its surroundings could be distinguished by three major functional groups by using cluster analysis. This
result corresponds with area observations, surveys, and species compositions.
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Figure 5. Dendrogram of species used in principle coordinate analyses conducted by 24 qualitative
characteristics in the evaluation of outdoor ornamental plants of the different residential landscapes of

Nigde.

Accordingly, it was obtained that Group 1 has shrub and groundcover, Group 2 has shrub,
groundcover, and clutching stem, the other group included the trees species related with their
compositions. This third group has many genera of horticultural fruit trees such as Prunus, Malus,
Eleagnus, Juglans. The representatives of these genera were mostly used as hedge plants.

When the dendrogram was examined, some additional patterns were identified in the grouping
of the plants used in Nigde. For example, it is seen that effective tree use with blossoms in Nigde is less
and fruit trees use more with fruit. Leafy ornamental plants are being used for seasonal purposes.
Perennial plants are frequently used in the grouping of the plants used in the Nigde landscape. Also, it

was concluded that the fruit-bearing trees are frequently being used as hedge plants.

4. Conclusion

This study was conducted in Nigde province and it determined the usage, purposes, and methods
of wild plants and natural plants in Detached, Traditional, Villa, Site, and Mass houses. Nigde has a
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wide potential for medicinal and aromatic plants studies. A total of 32 plant species belonging to 39
families were identified in the study area.

Different plant species were used in the landscape design of the houses in the residential areas
of Nigde province. The study shows that local people prefer the plants mostly seasonal plants were
preferred in villa type. In terms of aesthetic and visual aspects, respectively, villas were classified
according to effectiveness with flowers, detached houses were classified according to habitat status,
traditional houses were classified according to texture.

It has been observed that fruit-bearing tree and shrub species that are unique to the region are
more preferred in different settlements in Nigde. The use of ornamental plants in villa-style home
gardens is intense.

It is seen that effective tree use with blossoms in Nigde is less and fruit trees use more with fruit.
Leafy ornamental plants are being used for seasonal purposes. Perennial plants are frequently used in
the grouping of the plants used in the Nigde landscape. Also, it was concluded that the fruit-bearing
trees are frequently being used as hedge plants.

Native plants of the region that will meet the landscape works to be done in urban spaces in
terms of aesthetics and functionality should be preferred primarily. Exotic plants generally require more
water, more nutrients, and more care to adapt to the ecological conditions, sometimes even these efforts
do not give positive results. The same results were obtained in Nigde province.

It is necessary to benefit from native plants not only for aesthetic studies but also for functional
landscape renewals such as biological repair works.
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Abstract: Although Verticillium dahliae is one of the limiting factors in pepper
(Capsicum annuum L.) has no effective control measures, the most effective method
is planting resistant cultivars. This study was carried out under controlled climatic
conditions to determine the response of some economically important pepper
cultivars grown in Turkey against some isolates of V. dahliae. Bafra F1, Ergenckon
F1 hybrid cultivars and Sena, Sera Demre 8, Doru 16 registered domestic pepper
cultivars were used in this study. V. dahliae isolates (Bisak 16, Kahramanmaras,
Karpuz-2, Karpuz-4, Kayseri) obtained from different regions and hosts and
diagnosed were used as a source of inoculums. The disease severity on inoculated
plants in pots were calculated according to severity of the wilting (0-5 scale) and
browning of stem cut (0-3 scale). Significant differences were observed between
pepper cultivars in terms of susceptibility to V. dahliae isolates. According to the
study results, when the leaf symptoms were evaluated, varieties resistant to wilt
disease were Ergenckon Fi1 and Bafra Fi, while Sera Demre-8 was determined as a
susceptible variety. According to the browning symptoms of stem cut, while the
resistant variety was Ergenekon Fi, Sena was determined as the sensitive variety.

Farkh Konukculardan Elde Edilmis Verficillium dahliae Kleb. izolatlarina Karsi1 Bazi
Biber (Capsicum annuum L.) Cesitlerinin Reaksiyonlarinin Belirlenmesi
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Oz: Biberde (Capsicum annuum L.) solgunluk hastaligi etmeni Verticillium
dahliae’ya kars1 basarili bir miicadele yontemi olmamakla birlikte en etkili yontem
olarak dayanikli cesit kullanimi1 Onerilmektedir. Bu caligma, iilkemizde yaygin
olarak yetistirilen bazi biber ¢esitlerinin, V. dahliae’nin bazi izolatlarina karsi
duyarliliklarin1  belirlemek amaciyla iklim odasi kosullarinda yiiriitiilmiistiir.
Arastirmada biber ¢esidi olarak Bafra F1, Ergenekon F1 hibrit ¢esitleri ve Sena, Sera
Demre 8 ve Doru 16 tescilli yerel biber gesitleri kullanilmistir. Farkli bolge ve
konukgulardan izole edilen ve tanilamasi yapilmus V. dahliae fungus izolatlart
(Bisak 16, Kahramanmaras, Karpuz-2, Karpuz-4, Kayseri) kullanilmistir. Saks1
denemelerinde yapay inokulasyon yapilmis bitkilerde ortaya ¢ikan hastalik
siddetleri, yesil aksamda solgunluk siddeti ve govde kesitinde gozlenen
kahverengilesmenin yogunluguna gore hesaplanmistir. Solgunluk hastaligina
duyarlilik acisindan gesitler arasindaki farkin, istatistiksel agidan 6nemli (P<0.05)
oldugu saptanmistir. Calisma sonucuna gore, yaprakta olusturulan simptomlar
degerlendirildiginde solgunluk hastaligina dayanikli ¢esitler Ergenekon F1 ve Bafra
Fi olurken, Sera Demre-8 hassas cesit olarak tespit edilmistir. iletim demeti
simptomlarina gore ise dayanikli ¢esidin Ergenekon Fi1 oldugu belirlenirken, Sena
hassas ¢esit olarak tespit edilmistir.
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1. Introduction

Pepper (Capsicum annuum L.), a member of the Solanaceae family, is widely cultivated and
consumed worldwide (Csilléry, 2006). Pepper plants have grown widely in Turkey for several purposes
and in different forms such as spices, fresh, bell pepper, capia pepper, isot (fermented and dried local
peppers), pickled peppers, jalapeno peppers, pepper sauce, and paste (Ozalp, 2010). Annually about 2.5
million tons (fresh fruit) of pepper is produced in Turkey and it has 6.9 % of the world total pepper
production in 2018 (FAO, 2020). Mediterranean Region meets about 40 % of the total pepper production
of Turkey. Especially in Eastern Mediterranean Region (Adana, Mersin, Hatay, Kahramanmarag, and
Osmaniye provinces), 532.057 tons of pepper is produced, such a production alone accounts for
approximately 50.7% of the pepper production of the Mediterranean Region and approximately 20.2%
of pepper production of Turkey (TUIK, 2020).

Since pepper is an essential source of income for farmers, management of diseases and control
of pests that cause serious economic losses in pepper is an important issue. Fungal diseases cause
approximately about 14% yield loss in vegetable production in the world (Agarwal and Sinclair, 1997,
Agrios, 1997). Fungi such as Phytophthora capsici, Rhizoctonia spp., Fusarium spp., Pythium spp.,
Alternaria spp., Verticillium dahliae, Pyrenochaeta lycopersici, and Botrytis cinerea cause severe
diseases in plants such as root blight, root rot, wilt and collapse, and fruit rot in pepper growing areas
(Ecevit et al., 1988; Douira et al., 1995; Chellemi et al., 2000; Troncoso et al., 2005; Nguyen et al.,
2010). Among these diseases, V. dahliae is one of the most destructive pathogen causing vascular wilt
in pepper plants (Saydam and Copgu, 1973; Kirbag and Turan, 2006; Kilig, 2012; Tagkin and
Yikilmazsoy, 2014). It influences pepper growth, fruit yield, and fruit quality.

V. dahliae has a broad host spectrum and can infect more than 200 plant species worldwide. To
overcome adverse climatic conditions, it forms a resistant structure called microsclerotia (10-120 pm)
in soil. It can resist in soil for over ten years. Germination of microsclerotia is stimulated by root
exudates released from susceptible hosts, and a mycelium is formed that infects the roots (Agrios, 1997,
2005; Koike et al., 2007; Kog, 2014; Korhan, 2019). The fungus invades both the intracellular and
intercellular spaces and reaches the xylem, where it forms the conidia and mycelium and reaches the
apex, leaves, and upper parts of the plant where it secretes enzymes with toxic effects, causing yellowing
and drying of the leaves. The xylem and leaves lose their function partially or completely. V. dahliae
causes wilting because the pathogen is heavily colonized in the xylem tissue, and the plant forms tylose
to prevent pathogen movement, thus preventing the transport of nutrients due to clogging of the xylem.
In the management of the disease; Cultural methods such as crop rotation, sanitation, balanced
fertilization, irrigation management, weed control, and development of resistant cultivars are
recommended (Balci and A¢ikgdz, 2019).

Management of Verticillium wilt is difficult due to the absence of any effective chemicals to
suppress wilting diseases. The use of resistant cultivars is the most effective way to control this disease.
Masheva and Todorova (2013) tested the performance of twenty different pepper genotypes by using
two methods — direct planting in infected soil and infestation in transplanting by root-dip technique and
planting in the same soil against V. dahliae. They found that tested genotypes performed better in
infested soil than the root-dip method, and breeding line 398/03 was highly resistant to the two ways of
infestation. They suggested that breeding line 398/03 could be used source of resistance in future
breeding programs. Vasileva et al. (2019) found that Buketen 3, Buketen 50, Gorogled 6, IZK Rubin,
and 1ZK Kalin cultivars showed a high resistance level with no diseases symptoms from mass flowering
to fruit setting period after inoculation with a mixed inoculum of six local isolates of V.
dahliae. Vasileva and Todorova (2020) reported that Kurtovska kapia 1, Milkana F;, and Stryama
cultivars were highly resistant to V. dahliae.

Nowadays, the need to seek alternative control measures (i.e., biological control agents,
essential oils, resistant cultivars) that are environmentally friendly and with no hazards in humans has
increased. To our best knowledge, there is not any detailed study on the screening of different pepper
cultivars against V. dahliae both in the greenhouse and field in Turkey. Therefore, the current study
aimed to determine (i) the pathogenicity of V. dahliae isolates isolated from different regions and hosts,
(i1) the reactions of the different pepper cultivars to different isolates.
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2. Materials and Methods
2.1. Plant material

In this study, hybrid (Bafra F; and Ergenekon F; pepper) and local (Sena, Sera Demre-8, and
Doru-16) pepper cultivars were used as plant materials. The susceptibility of the hybrid pepper cultivars
used in the study to root diseases was determined in previous studies (Aslanpay and Demir, 2015; Demir
et al., 2015). The local cultivars used in the study were those grown intensively in the Mediterranean
Region.

2.2. Pathogen isolate

V. dahliae isolates (Bisak 16, Kahramanmaras, Karpuz-2, Karpuz-4, and Kayseri), isolated from
different regions and host plants and diagnosed were used as sources of inoculum. V. dahliae Bisak 16
isolate from eggplant is supplied by Prof. Dr. Sener KURT, (Hatay Mustafa Kemal University, Faculty
of Agriculture, Department of Plant Protection, Hatay) V. dahliae Kahramanmaras isolate, from cotton
plant supplied by Dogan GOZCU (Director of the Eastern Mediterranean Transitional Zone Agricultural
Research Institute), V. dahliae Karpuz-2 and Karpuz-4 isolates, from watermelon plant supplied by Prof.
Dr. Harun BAYRAKTAR (Ankara University, Faculty of Agriculture, Department of Plant Protection,
Ankara) and V. dahliae Kayseri isolate, from eggplant plant supplied by Prof. Dr. H. Handan ALTINOK
(Erciyes University, Faculty of Agriculture, Department of Plant Protection, Kayseri).

2.3. Plant growing conditions

Peat and perlite mixture (1:1 ratio) was placed into plastic cups of 0.35 L, and vermiculite was
used as a cover. Pepper seeds were washed three times with distilled water, kept in 2% NaOH solution
for 5 minutes, and then passed through double-distilled water to achieve surface disinfection. One seed
was sown in each cup. The seedlings were cultivated in a climatic chamber with 12:12 hours light: dark
period, at 224+2°C temperature, and 60-70% relative humidity conditions; the seedling growth was
monitored daily. The seedbeds were watered with a nutrient solution diluted to give 5 ml for each cup
three times during the growing period (Savur, 2015).

2.4. Pathogenicity tests

V. dahliae isolates were grown in PDA (Potato Dextrose Agar) medium to determine their
virulence on different pepper cultivars. Fungal cultures were transferred to PDA medium in petri dishes
and allowed to grow at 24°C in a 12-hour dark-light cycle in purple light for ten days.

The study was conducted with a randomized block design with three replications. Pepper
seedlings were inoculated with V. dahliae isolates and allowed to grow in a climatic chamber for six
weeks. Before inoculation, fungal discs (5 mm in diameter) were taken from the V. dahliae isolates
grown in 9 cm petri dishes using cork borer and transferred into the stock suspension solution (Solution
A: Ca(NO), KNOs; Solution B: K2SOs; Solution C: KH2POa; Solution D: KaHPOs; Solution E: CsHzOx,
C4HeOs; Oligo-elements; Fe (Sequestrene 138), MnSQOa4, CuSO4, ZnSO4, Naz[BiOs(OH)4]-8H20)
(Kabag, 2008). The spore suspension of the isolates to be used as an inoculum in pathogenicity tests was
obtained as the V. dahliae colonies in petri dishes and was shaken using an orbital shaker at 50 rpm for
eight days. The concentration of spore suspension was adjusted to 1x10° conidia/ml via a
hemocytometer. The roots of pepper seedlings were inoculated by dipping into the spore suspension for
5 minutes. The control plant roots were dipped in sterile distilled water instead of the fungal conidial
suspension (Yesilova and Karaca, 2007).

The disease symptoms were evaluated at the end of a 10-week growing period, and the disease
severity was determined. For this purpose, a 0-5 scale (0= Healthy; 1 = Less than 25% wilt in leaves;
2=25% - 50% wilt (30% leaf loss); 3= 50% - 75% wilt (60% leaf loss); 4= 75% - 100% wilt (90% leaf
loss); 5= The plant is dead) was used for wilt assessment in plant canopy (Hwang et al., 1992) and a 0-
3 scale (0= The plants are healthy, no discoloration in the stem cross-section; 1= The plants are slightly
diseased, small brown stains in the stem cross-section, 1-33% of the vascular bundles are browned; 2=
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The plants are moderately diseased, there are many black spots on the stem cross-section, 34-67% of
the vascular bundles are browned; 3= The plants are heavily diseased, stem cross-sections are
completely covered with black spots, and the plants are dried, 68-100% of the vascular bundles are
browned) was used for the examination of the stem cross-section (Erwin et al., 1976). For both scales,
the degree of disease severity was calculated using the following formula:

(; - 1]/) « 100 (1)

Disease Severity = Z

where; n = Degree of disease severity rated on a scale, v = Number of plants in a category, N = The
highest degree of disease severity, and V = Total number of plants screened.

The seedlings were removed from the plastic cups at the root parts were washed under tap water
to remove soil particles adhered to the roots. Koch postulates were performed to be sure that the isolates
were infected and caused the disease on the seedlings (Y1ildiz and Benlioglu, 2013).

2.5. Data evaluation

SPSS (Version 22.0) software was used to evaluate the data obtained from the experiments
(Spss, 2013). Duncan's multiple comparison test was used to differentiate the means of the treatments.
The data were analyzed by one-way ANOVA.

3. Results

In the present study, five different pepper cultivars (Bafra F,, Ergenekon F,, Sena, Sera Demre-
8, Doru-16) were inoculated with five different isolates (Bisak-16, Kahramanmaras, Karpuz-2, Karpuz-
4, Kayseri). The disease severity values obtained using 0-5 scale are provided in Table 1. The symptoms
started to appear in plants four weeks after pathogen inoculation. Yellowing and discolouration in lower
leaves were observed, although the edges of the leaves roll inward were present in upper leaves.
(Figurel).

Table 1. Reactions of different pepper cultivars to different V. dahliae isolates (0-5 Scale Green Part

Evaluation)
Disease Severity (%)
Pathogen isolates
Cultivars Bisak-16 Karpuz-2 Karpuz-4 Kayseri Kahramanmaras Avg.
Doru-16 133+£6.6°¢ 0+0° 6.6 £ 6.6% 26.6 + 6.6 20+ (% 133
Sena 26.6+ 6.6 26.6+6.64 20+ 0% 6.6 £ 6.6% 33.3 £ 6.6%° 22.6
Sera Demre-8 354£9.57% 20+ 11.54%% 26.6+6.6 46.6+6.6°  53.3+6.6” 36.3
Bafra Fi 15 & 5¢de 6.6 £ 6.6% 26.6+ 6.6°¢  26.6 6.6 6.6+ 6.6% 16.2
Ergenekon Fi 10 & 5% 13.3+£6.6%¢ 20+ (e 13.3+£6.6°¢  6.6+6.6% 12.6
Avg. 19.98 13.3 19.96 23.94 23.96

*: Means followed by different letters were significantly different according to Duncan's multiple range test at P <0.05 (Avg.: Average).

Virulence of V. dahliae isolates and the reactions of the pepper cultivars were significant
according to 0-5 scale. Doru-16 pepper cultivar displayed the lowest disease severity values against
Karpuz-2 (0%) and Karpuz-4 (6.6%) isolates, whereas it showed the highest disease severity values
against Kayseri (26.6%) and Kahramanmarag (20%) isolates. Sena pepper cultivar resulted in the least
disease severity values against Kayseri (6.6%) isolate, although it exhibited the highest disease severity
values against Kahramanmaras (33.3%) isolate. Sera Demre-8 produced 20% disease when inoculated
with Karpuz-2 isolate and 53.3% disease inoculated with Kahramanmaras isolate. Bafra F; had the
lowest disease severity against Karpuz-2 (6.6%) and Kahramanmaras (6.6%) isolates but the highest
disease severity against Karpuz-4 (26.6%) and Kayseri (6.6%) isolates (26.6 %). Ergenekon F; had the
least severe disease against the Kahramanmaras (6.6%) isolate, but the most severe disease was against
Karpuz-4 (20%). In summary, Sera Demre-8 was the most sensitive pepper cultivar with a disease
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severity of 36.3 percent on average, while Ergenekon F; was the most resistant with a disease severity
of 12.6 percent on average. Kahramanmaras, on the other hand, was the most virulent isolate (average
disease severity 23.96%), whereas Karpuz-2 was the least virulent (average disease severity 13.3%).

As the interactions between V. dahliae isolates and pepper cultivars were evaluated, the highest
disease severity was recorded in Sera Demre-8 x Kahramanmarag interaction with 53%, and the lowest
disease severity (no disease) was recorded in Karpuz-2 x Doru-16 interaction.

CONTROL

Figure 1. The view of diseased (a) and healthy (b) pepper plants inoculated with V. dahliae isolates
after 4 weeks.

The disease severity values obtained by evaluating stem cross-sections (0-3 scale) of pepper
cultivars inoculated by V. dahliae isolates are provided in Table 2.

Table 2. Reactions of different pepper cultivars against different V. dahliae isolates (0-3 Scale Stem
Section Evaluation)

Disease Severity (%)

Pathogen isolates

Cultivars Bisak-16 Karpuz-2 Karpuz-4 Kayseri Kahramanmaras Avg.
Doru-16 11.1£11.1% 22.2 422 .28be 0+£0° 11.1£11.1% 44.4 4+ 22 2 17.7
Sena 222+ 11.1%¢ 333 4 (abe 11.1£11.1% 11.1£11.1% 33.3 £ 0% 222
Sera Demre-8 333+ (b 11.1£11.1% 0+0° 0+0° 55.5+£22.2" 19.9
Bafra F, 50 £ 0 0+0° 0+0° 11.1£11.1% 33.3 £ 0% 18.8
Ergenekon F; 25 £ (ebe 0+0° 222+ 11.1%%¢ 0+0° 11.1+£11.1% 11.6
Avg. 28.3 13.3 6.6 6.6 35.5

*: Means followed by different letters were significantly different according to Duncan's multiple range test at P <0.05 (Avg.: Average).

Considering the disease severity caused by different V. dahliae isolates on different pepper
cultivars (0-3 Scale Stem Section Evaluation), V. dahliae isolates' virulence and the interactions between
the cultivars and isolates were found to be significant. However, most of these values were intertwined
and were included in close groups. Doru-16 pepper cultivar displayed the lowest disease severity (0%)
against Karpuz-4 isolate, although it showed the highest disease severity (44.4%) against
Kahramanmarasg isolate. Sena pepper cultivar indicated the least severe disease against Kayseri (11.1%)
and Karpuz-4 (11.1%) isolates, but the most severe diseases were against Kahramanmaras (33.3%) and
Karpuz-2 (33.3%) isolates. Sera Demre-8 pepper cultivar was highly resistant against Karpuz-4 (0%)
and Kayseri (0%) isolates, whereas it was susceptible against Kahramanmaras isolate (55.5 %). Bafra
F1 was highly resistant against Karpuz-2 (0%) and Karpuz-4 (0%) isolates, although it was susceptible
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against Bisak-16 isolate (50 %). Ergenekon F; produced no disease (0%) when inoculated with Karpuz-
2 and Kayseri isolates; it showed 25% disease severity values inoculated with Bisak-16 isolate. In
concise, Sena was the most sensitive pepper cultivar with a disease severity of 22.2% on average, while
Ergenekon F; was the most resistant with a disease severity of 11.66% on average. On the other hand,
Kahramanmarag was the most virulent isolate (average disease severity 35.52%), whereas Karpuz-2 and
Kayseri were the least virulent (average disease severity 6.66%).

Kahramanmarag isolates had the highest virulence with a disease severity of 55.5%, followed
by the Bisak-16 isolate with 50% (Figure 2a). In terms of the interactions between V. dahliae isolates
and pepper cultivars, the highest disease severity (53%) was recorded in Sera Demre-§ x
Kahramanmarag interaction, and no disease symptoms (0%) was recorded in Doru-16 x Karpuz-4,
Demre-8 x Karpuz-4, Demre-8 x Kayseri, Bafra F; x Karpuz -2, Bafra F; x Karpuz -4, Ergenekon F; x
Karpuz -2, Ergenekon F x Kayseri interactions (Figure 2b).

DISEASED HEALTHY

Figure 2. A view of stem cuts of pepper plants inoculated with V. dahliae; (a) diseased and (b) healthy
plants.

Following pathogenicity and host reaction tests on the pepper plants, the disease agent was
successfully isolated from each pepper plant that showed disease symptoms (Figure 3).

Figure 3. A view of re-isolated V. dahliae isolates with verticillate conidiophores under light
microscope.
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4. Discussion and Conclusion

The virulence of five different V. dahliae isolates obtained and identified from different hosts
and regions was first tested in detail against different pepper cultivars in vitro in our country. Doru-16
pepper cultivar displayed no disease symptoms followed by the inoculation with the Karpuz-2 isolate,
although Sera Demre-8 inoculated with the Kahramanmarag isolate showed the highest disease severity
(53%) (0-5 scale). Many types of research have been conducted on the severity of diseases caused by V.
dahliae, and it was stated that the severity of the disease was varied with the plant species. According
to Akiscan and Tok (2019), there was a high correlation among the disease severity values of infected
cotton plants with different genotypes evaluated via both 0-3 and 0-5 scales. Ecevit et al. (1988)
identified Verticillium spp. as well as various fungi from vegetable fields. As a result of the pathogenicity
tests, Verticillium spp. was found to be moderately virulent. Korkmaz (2005) conducted a study to
determine the host vegetable species of Verticillium wilt disease and showed that pepper had the lowest
mean among vegetable cultivars with a 0.14 disease severity index. In the study carried out by Bay6zen
(2007), the Cine pepper cultivar was inoculated with V. dahliae spore suspension using an insulin needle,
and no signs of disease in the inoculated pepper plants were observed. Masheva and Todorova (2012)
inoculated V. dahliae on nine different pepper cultivars in Bulgaria and calculated the wilt symptoms in
plants using a 0-5 scale. Byal Kalinkov pepper cultivar showed the highest disease severity. Demir et
al. (2015) inoculated tomato, pepper, eggplant plants with V. dahliae and calculated wilting symptoms
with the use of a 0-5 scale. Disease severity was identified as 45.19% in tomato, 44.44% in pepper, and
40.74% in eggplant. Tutar and Erkili¢ (2016) inoculated Pala eggplant cultivar with V. dahliae and
calculated wilt symptoms with the use of a 0-5 scale. The disease severity values varied between 47.5 -
51.4%. Sera Demre-8 was the most susceptible pepper cultivar when inoculated with the
Kahramanmaras isolate (55%) (0-3 scale). It was shown that the Kahramanmaras isolate was the most
virulent, although the other isolates displayed similar reactions on pepper cultivars tested. Parallel to our
results, the other researchers also reported that the host species from which the pathogen was isolated
was significant due to the virulence of V. dahliae on different pepper cultivars. Demir et al. (2015)
inoculated tomato, pepper, eggplant plants with V. dahliae and calculated stem section symptoms using
a 0-3 scale. The disease severity was identified as 55% in tomato, 56% in pepper, and 52% in eggplant.
These studies reported similar results to the current study. It was demonstrated that the source of fungal
isolate and genetic background of a pepper cultivar played an essential role in disease severity calculated
by 0-3 and 0-5 scale. Erdogan et al. (2011) calculated disease severity in the stem sections of cotton
genotypes in naturally infested fields with Verticillium wilt using a 0-3 scale. As a result of the study,
the tolerant Carmen cultivar showed the lowest disease severity value with an index value of 0.71,
followed by the cotton genotype number 1011 (0.74). The highest disease severity value was found in
the susceptible Cukurova 1518 cultivar (2.09).

Several types of research have been conducted on the virulence of different V. dahliae isolates
against pepper cultivars and breeding lines with different genetic backgrounds in different countries.
The disease severity was evaluated on twenty different pepper genotypes inoculated with V. dahliae
using direct planting in naturally infested soil and root-dip inoculation techniques. The tested pepper
cultivars showed a lower disease severity in naturally infested soil than in root dip inoculation. The
lowest disease severity was observed on breeding line 398/03 when the pepper plants inoculated with
both inoculation methods (Masheva and Todorova, 2013). In another study, Buketen 3, Buketen 50,
Gorogled 6, IZK Rubin, and IZK Kalin pepper cultivars displayed no diseases symptoms from mass
flowering to fruit setting period when they were inoculated with a mixed inoculum of six local isolates
of V. dahliae in Bulgaria (Vasileva et al., 2019). Vasileva and Todorova (2020) reported that the Kaloyan
cultivar was not infected by V. dahliae in a naturally infested field, although Kurtovska kapia 1, Zlaten
medal 7, Milkana F; pepper cultivars showed the lowest disease severity with slight symptoms in the
greenhouse.

In a not shell, as a result of this study conducted to determine the reaction of different pepper
cultivars to isolates of V. dahliae from various hosts, it was detected that Ergenekon F; was the most
resistant cultivar according to the leaf symptoms and browning of stem cross-section. The encouraging
results obtained in this study in the management of wilt caused by V. dahliae will shed light on new
researchers to be conducted on this issue and contribute to the present literature.
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Keywords butyric acid) was cultured in MS (Murashige and Skoog) medium. The study was

carried out to determine the effect of different BAP (0, 0.5 and 1 mg I'') doses
Micropropagation, during the shoot multiplication stage, the number of shoots was 1.97-2.55 in
MS, mahaleb genotypes. While the number of shoots increased with increasing BAP
Prunus avium, dose, the maximum number of shoots was obtained from 1 mg I BAP dose. In the
Rooting, rooting stage, 0, 0.5, 1 and 2 IBA was added to 2 MS medium. The effect of
Rootstock. different doses of IBA (0, 0.5, 1, 2 mg I'!) in rooting medium was investigated.

While the best results in terms of callus ratio, rooting rate and root length were
obtained from 2 mg "' IBA dose, the best results in terms of rooted plant length and
number of leaves were obtained from 1 mg I'' IBA dose.

Kiraz icin Ana¢ Aday1 Bazi Mahlep Genotiplerinin In vitro Cogaltim

Makale Bilgileri Oz: Kiraz igin anag aday1 olabilecek 3 adet mahlep genotipi ve SL 64 (St. Lucie
64) anacininim in vitro sartlarinda c¢ogaltilabilme olanaklar arastirildigr bu
calismada eksplant olarak mahlep genotipleri ve SL 64 anacinin siirgiin uglari
kullanilmistir. Eksplantlar yiizey sterilizasyonu yapilarak baslangi¢ asamasinda
0.5 mg/l BAP (6-Benzilaminopurin) + 0.1 mg I GA3 (Gibberellic acid) + 0.1
mg/l IBA (indole-3-butyric acid) iceren MS (Murashige ve Skoog) besi
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Online Yaymnlanma: 15.12.2021
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Anahtar Kelimeler ortaminda kiiltiire almmigtir. Cogaltma ortaminda farkli BAP (0, 0.5 ve 1 mg/l)

dozlarinin etkisini belirlemek i¢in yapilan ¢aligmada siirgiin sayis1 1.97-2.55 adet

Mikrogogaltim, arasinda degismistir. BAP dozunun artmasi ile slirgiin sayisiin arttig

MS, belirlenirken, en fazla siirgiin sayis1 1 mg/l BAP dozundan elde edilmistir.

Prunus avium, Koklendirme asamasinda ise farkli IBA dozlarinin (0, 0.5, 1 ve 2 mg/l) etkisi

Eéklenme, arastirllmistir. Kallus orani, kdklenme orani ve kok uzunlugu bakimindan en iyi
nag.

sonuglar 2 mg/l IBA dozundan elde edilirken, kokli bitkinin uzunlugu ve yaprak
sayis1 bakimindan ise en iyi sonuglar 1 mg/l IBA dozundan elde edilmistir.

** This article produced from the PhD thesis of Erol AYDIN.
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1. Introduction

The Rosales team, which includes sweet cherry, cherry, and mahaleb, many temperate climate
fruit species, is in the Rosaceae family, the Prunoideae subfamily Prunus (Oz¢agiran et al., 2005).

Mahleb's homeland is Europe and West Asia. Prunus mahaleb has spread naturally in a wide
area of the World. Southern Europe, mountainous regions of Central Europe naturally spread over a
wide area extending to France, South Germany, North Asia, the Caucasus, and Turkestan (Meraler,
2010).

Mabhaleb is used as a rootstock for sweet cherry and cherry cultivation. Mahaleb rootstocks are
smaller trees than bird cherry. It is not a suitable rootstock for heavy textured soils with high
groundwater. On lands with low irrigation possibilities, drought, and salinity problems, mahaleb
rootstocks are more suitable for growing (Ozyurt and Akga, 2017).

The rootstocks used in fruit cultivation do not show homogenous development due to their
genetic differences and they have late yield. Therefore, the use of certified clonal rootstocks, whose
growth force is homogeneous and free from diseases and pests, is becoming widespread in modern fruit
growing.

Depending on the growing power of rootstocks, garden plant costs and operating costs change
in the coming years as the number of saplings to be planted per unit area changes. Inbreeding with dwarf
and semi-dwarf cherry rootstocks, more and earlier yields can be obtained from the unit area (Whiting
et al., 2005).

Our country, which has a very important position in the world cherry production, still maintains
its importance in terms of being a source of genes for these fruit species. Among the stone fruits, plants
belonging to the culture and wild species in the cherry-cherry group can be found in almost all regions
of our country. Sour cherry and cherry cultivation in Turkey, mahaleb (P. mahaleb), cherry (P. avium),
and sour cherry (P. cerasus) seedlings are widely used. The production of cherry saplings in Turkey,
40% cherry rootstock, 30% mahaleb rootstocks, 30% Gisela 5, Gisela 6, and SL 64 clone rootstocks are
used (Ercigli et al., 2006).

Turkey has rich potential in terms of cherry and sour cherry genetic resources. More concrete
results can be obtained by ensuring integration in the cherry rootstock breeding studies and carrying out
extensive studies. On the other hand, we do not have domestic cherry and cherry clone rootstock in
cherry-cherry production in our country's fruit growing, as in other species (Kog, 2009).

In addition to the traditional methods such as dipping and cutting, micropropagation methods,
which provide a large number of materials in a short time, have gained importance in the production of
clone rootstocks.

In addition to use in breeding studies, in vifro techniques have found increasing use in recent
years for commercial production purposes. In particular, propagation of clonal Prunus rootstocks with
tissue culture has become a major commercial sector. To rootstock production, it will be possible to
obtain healthy plant material in a short time with the determination of tissue culture and propagation
protocols of the cultivars with high production potential and replication studies to be performed.
Micropropagation in vitro conditions is not affected by environmental conditions. In terms of labor and
time spent in micropropagation studies carried out in large quantities, a profit is obtained (Aka-Kacar et
al., 2001).

In the propagation of cherry and cherry with tissue culture, MS (Murashige Skoog) is generally
used by modifying the macro and microelements of the nutrient medium, and in some cases, the MS
medium. One of the modifications is to increase the amount of iron against yellowing symptoms
(Skirvin, 1984). As a vitamin in the nutrient medium, 10 different vitamin mixes and MS vitamins are
used (Skirvin and Chu, 1979). As an energy source, 20-30 g 1" concentration of sucrose is added, in
some cases, higher concentrations are used. In Prunus species, the solid medium is preferred more than
the liquid medium and 6-8 g 1" agar is a suitable dose. Culture concentrations with plant growth
regulators used vary according to the stage and plant type (Borkowska and Szczerba, 1991; Morini et
al.,1992).

Since genotype is also effective in achieving success in micropropagation studies, it is important
to develop a separate protocol for each clone rootstock. In this regard, in order to increase the
multiplication coefficients of cherry rootstocks, new growth regulator combinations should be tried
(Giiglii et al., 2010).
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As a result of the evaluation of genotypes collected from the natural flora of the Black Sea
Region according to the characteristics that define Prunus rootstocks in UPOV criteria, this study was
carried out in order to determine the micropropagation performance of mahaleb genotypes, which have
the potential to be rootstock for cherries.

2. Materials and Methods

The study was carried out between 2015-2016 in the tissue culture laboratory at Cukurova
University Biotechnology Research and Application Center. According to the results of the project
numbered TOVAG 106 O 031 in the genetic resources parcel of the Black Sea Agricultural Research
Institute, 3 Prunus mahaleb genotypes and SL 64 rootstocks, which may be rootstock candidates, are
the materials of the study (Bilginer et al., 2009). Selection code and location information of mahaleb
genotypes used as material are given in Table 1.

Table 1. Genotypes selection code and location information

City Town Village Selection code
Mahaleb genotypes

Giresun Sebinkarahisar Merkez 28 M 005

Ordu Mesudiye Eksere 52 M 003

Samsun Vezirkoprii Merkez 55 M 005

In the research, 5 year-old mahaleb genotypes and the shoot tips and nodal buds of the SL 64
rootstock were used for in vitro propagation. In order to prevent infection, trees that were sampled 15
days before sampling were regularly sprayed with benomyl active fungicide and streptomycin sulfate.
The annual shoots were taken from the Black Sea Agricultural Research Institute land and wrapped in
damp paper towels and transported to the laboratory environment in the vehicle type refrigerator. Shoot
tip and side bud explants were prepared, and materials were washed under tap water for 30 minutes in
order to remove substances such as dust and dirt. The explants were taken into a sterile cabin for 3
minutes in 70% ethyl alcohol and then passed through sterile pure water 3 times. The materials were
then sterilized for 10 minutes at a 10% concentration of commercial sodium hypochlorite (NaOCL)
containing 1-2 drops of tween 20. The explants were shaken 3 times in sterile distilled water and washed
sterile distilled water. In the initiation of explants, MS essential nutrient medium containing macro and
micronutrients and vitamins was used and 30 g 1" sucrose and 7 g 1" agar were added to the medium.
As the starting medium MS + 0.1 mg I GA3;+ 0.1 mg "' IBA + 0.5 mg I"' BAP, shoot multiplication MS
+0.1 mg I'' GA; + 0.1 mg I'' IBA, 0 mg I"' BAP, 0.5 mg I'' BAP, 1 mg I'' BAP and rooting medium Y5
MS, 0.0 mg I"' IBA, 0.5 mg 1" IBA, 1.0 mg I IBA and 2.0 mg 1" IBA were added in the rooting medium.
Before adding agar to the prepared media, the pH of the medium was adjusted to 5.7 and the nutrient
media was poured as much as 40 ml into 175 ml jars. All components of the media were autoclaved
together autoclaved under 121 °C temperature and 1.2 kg/cm? pressure for 20 minutes.

The autoclaved media were placed in the sterile cabinet and the media were allowed to cool
until they reached room temperature. The explants cultured to the medium in the jar were placed in a
climate room at 25 £ 1 °C, 2500 lux illumination, 16 hours light, and 8 hours dark darkness. In the
growing conditions in this way, the optimal conditions for the development of cultures are provided.
Subculture was carried out by transferring the explants taken to the culture to fresh media in the sterile
cabin with an interval of 4 weeks. It was transferred to the rooting medium after the fourth subculture.
The following characters have been determined in mahaleb genotypes and SL 64 rootstocks.

Infected Explant Rate (%): Considering the development of the cultures, at the end of the 28-day culture,
the ratio of the number of infected cultures to all cultures was expressed as a percentage of infected
explant (Yildirim, 2006).

Shoot Number (pieces): The shoots made up of each explant were counted during the first
culturing, surprising, and micropropagation stages (Siiliisoglu, 2002).

Callus Rate (%): It refers to the rate of callus 30 days after the shoots taken to the rooting
medium (Siiliisoglu, 2002).

Rooting Rate (%): It refers to the rate of rooting 30 days after the shoots taken to the rooting
medium (Siiliisoglu, 2002).
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Root Length (mm): It was determined by measuring the root lengths of the rooted shoots by
measuring them with a digital caliper (Y1ldirim, 2006).

The Length of the Rooted Plant (mm): The length of the rooted plant was determined by
measuring the shoot lengths with a digital caliper as a result of the rooting period (Siiliisoglu, 2002).

Number of Leaves (number): It refers to the average number of leaves that have taken the normal
shape on the shoots that continue their development as a result of rooting time (Aktiirk, 2009).

All experiments in the study were set up to be 3 repetitions and 20 explants each time according
to the trial parcel of random parcels. The data obtained from the experiment were analyzed in one way
in ANOVA statistical package program, and the differences between the genotypes were compared with
the LSD multiple comparison test

3. Results

The differences between the mahaleb genotypes and the infected culture rate of SL 64 rootstock
were statistically significant at the level of 1% and 5%. In 2015, the infected culture rate was highest in
the 55 M 005 genotype (28.19%), while the infected culture rate was the lowest (15.80%) in the 52 M
003 genotype. In 2016, 55 M 005 genotype ranks first with 31.54% in terms of infected culture, while
28 M 005 genotype ranks last with 17.78%.

Table 2. Mahaleb genotypes and SL 64 rootstock of infected culture rates (%)

Infected culture rate (%)

Genotype 2015 year 2016 year Year average
28 M 005 2349+ 1.77A 17.78 £ 1.38C 20.64 + 1.62B
52 M 003 15.80 £ 0.65B 24.44 +1.40B 20.12+2.05B
55 M 005 28.19 + 1.49A 31.54 + 1.30A 29.07 £ 1.27A
SL 64 17.14 +1.99B 20.00 +£0.77C 18.57+1.15B
CV(%) 12.84 6.85 11.04
Genotype * ok ok
LSD 5.60 3.34 2.99

Different letters in the same line or column are statistically significant.
“significant at p<0.01.

*significant at p<0.05.

CV: Coefficient of variation.

LSD: Least significant difference.

As it can be understood from Table 3 it was determined that the effect of BAP concentration on
mahaleb genotypes and the number of shoots in SL 64 rootstock was statistically significant at a 1%
level. The maximum number of shoots was obtained from 1 mg 1" BAP dose of 52 M 003 and 55 M 005
genotypes in 2015, and 1 mg "' BAP dose of 52 M 003 genotype according to 2016 and years average
data. The minimum number of shoots was obtained from 0 mg I"' BAP dose of mahaleb genotypes in
2015, and from 0 mg 1" BAP dose of 52 M 003 and 55 M 005 genotypes according to 2016 and years
average data. In terms of the average number of shoots, the genotypes of 52 M 003 and 55 M 005 in
2015 and the 52 M 003 genotype had the highest number of shoots compared to the average of 2016 and
years. According to the year order, 28 M 005, 55 M 005 and SL 64 rootstocks had the minimum number
of shoots. In terms of applied BAP doses, the average number of shoots was the highest in 1 mg 1" BAP
dose, followed by 0.5 and 0 mg I BAP doses in decreasing order.

As can be seen from Table 4, according to the data of the first and second years of the
experiment in mahaleb genotypes, SL 64 rootstocks had callus rate the highest at 2 mg 1" IBA dose of
SL 64 rootstocks. It was stated that the callus rate was the lowest in the 0 mg I"' IBA doses of the 28 M
005 genotype. The SL 64 rootstock ranks first in terms of average callus rate, while the 55 M 005
genotype ranks last. In terms of IBA doses applied in mahaleb genotypes, callus rate was highest in 2
mg 1" IBA dose, followed by 1 and 0.5 mg "' IBA doses in decreasing order.
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BAP dose
Year Genotype Ome I 05 mel’ T mg D! Average
28 M 005 1.00 +0.00¢ 1.38 +0.28de 1.75 £0.09cd 1.37 +£0.14C
52 M 003 1.00 + 0.00¢ 2.75+0.21b 3.25+0.08a 2.33+0.35A
55 M 005 1.00 + 0.00¢e 2.75+0.22b 3.25+0.27a 2.33+0.36A
SL 64 1.25+0.06¢ 1.75+0.20cd 2.00+£0.12¢ 1.67+0.13B
2015 Average 1.06 £0.03C 2.16+0.21B 2.56+0.224
CV(%) 14.51
Genotype ok 0.27
Dose ok LSD 0.23
Genotype x Dose ok 0.48
28 M 005 1.33 £ 0.10fg 2.50+0.19de 3.83 £ 0.09b 2.55+0.37AB
52 M 003 1.00 £0.00g 2.83+0.13d 4.50+0.10a 2.78 +0.51A
55 M 005 1.00 + 0.00g 2.17+£0.14¢ 4.00+0,31b 2.39+0.45B
SL 64 1.67 £0.12f 2.17 £ 0.06e 3.33+0.18¢ 2.39+0.25B
2016 Average 1.25+£0.09C 2.42+0.108 3.92+0.154
CV(%) 9.88
Genotype ok 0.25
Dose ok LSD 0.21
Genotype x Dose ok 0.41
28 M 005 1.17 £ 0.08ef 1.94 +0.29d 2.79 +£0.47b 1.97 £ 0.24C
52 M 003 1.00 + 0.00f 2.79+0.11b 3.88+0.28a 2.55+0.30A
° 55 M 005 1.00 + 0.00f 2.46+0.17c 3.63 £0,25a 2.36+0.28B
= SL 64 1.46 +0.11¢ 1.96 +£0.13d 2.67+0.31bc 2.03 +0.16C
f,\': Average 1.16+0.05C 2.29+0.12B 3.24+£0.194
S CV(%) 12.10
Genotype ok 0.18
Dose ok LSD 0.16
Genotype x Dose ok 0.43

** Different letters in the same line or column are statistically significant at p<0.01.

As stated in Table 6 root length of mahaleb genotypes was determined to be 0.5 mg "' IBA dose
of 52 M 003 genotype, and the longest of 52 M 003 genotype was 2 mg 1" IBA in 2016 according to the
average of 2015 and years. The root length of 28 M 005 and 55 M 005 genotypes was found to be the
shortest at 0 and 0.5 mg I"' IBA doses. In the mahaleb genotypes, the longest root was obtained at a dose
of 2 mg I'' IBA, followed by 1 and 0.5 mg 1" IBA doses, respectively. In terms of average root length,
52 M 003 genotype has the longest root, while 55 M 005 genotype has the shortest root.

When we evaluate Table 7 where rooted plant length is given in mahaleb genotypes; rooted
plant length is 1 mg "' IBA dose of SL 64 rootstock in the first year. According to the data of the second
year and years, it was measured at the longest dose of 1 mg I'' of the 28 M 005 genotype. Rooted plant
length was determined as shortest at 0 and 0.5 mg I IBA doses of 28 M 005 and 55 M 005 genotypes.
In terms of average rooted plant length, SL 64 rootstock ranks first, while 55 M 005 genotype was found
to be in the last row. Rooted plant length was found to be the longest at 1 mg I IBA dose and the shortest
at 0 mg I"' IBA dose in mahaleb genotypes.

As can be seen from Table 8, according to the data of the first year and years of the experiment
in mahaleb genotypes, SL 64 rootstocks had the highest number of leaves at 0.5 mg I IBA dose of 52
M 003 genotype in the second year. It was stated that the number of leaves was the lowest in the 0 and
0.5 mg I"' IBA doses of the 28 M 005 and 55 M 005 genotypes. The 52 M 003 genotype ranks first in
terms of average number of leaves, while the 55 M 005 genotype ranks last. In terms of IBA doses
applied in mahaleb genotypes, the number of leaves was highest in 1 mg 1" IBA dose, followed by 2 and
0.5 mg "' IBA doses in decreasing order.
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Table 4. Effect of BAP doses on mahaleb genotypes and SL 64 rootstock of callus rate and LSD multiple

groupings
IBA D
Year Genotype Omal! 05 ma 0s¢ Tmg ! Tmgl! Average
28 M 005 35.00£2.9 54.00 +4.0 70.67 £3.5 85.33+£4.9 61.25+5.9B
52 M 003 54.00 +£2.1 66.33 +£2.7 80.00 £ 12.2 93.00 £4.0 7333 £5.2A
55 M 005 35.00£2.9 40.00+£2.9 75.00£2.9 68.33+£2.4 54.58 £5.4B
SL 64 66.33£5.5 61.67+6.1 88.00 £ 6.1 9333+3.5 7733 £4.7A
2015 Average 47.58 £4.3C 55.50+3.5B 78.42 + 3.64 85.00 %+ 3.54
CV (%) 12.69
Genotype ** 7.03
Dose ** LSD 7.04
Genotype x Dose ns -
28 M 005 30.33 £2.6j 68.67 +£4.7dg 67.67 +6.2dg 86.67 +8.8abc  63.33+£6.7B
52 M 003 55.33£2.9gh 63.33 £ 2.4fg 90.67 £4.8 ab 93.67+3.8a 75.75 £5.3A
55M 005 35.00£2.9yj 45.00£2.9 75.00 £ 6.4 cf 80.67+3.5ad  58.92+6.1B
SL 64 67.00 +4.6efg  65.00 = 4.0fg 80.00 + 6.4be 88.67ab +2.9 75.17 £3.5A
2016 Average 46.92+4.7D 60.50+3.2C 78.33+3.6B 87.42+2.74
CV (%) 11.91
Genotype ** 6.77
Dose ** LSD 6.77
Genotype x Dose ** 13.56
28 M 005 32.67 +2.4¢g 61.33 +4.1de 69.17 +£4.7c¢d 86.00 + 6.8a 6229 +6.2B
52 M 003 54.67 £ 0.4e 64.83+£1.9d 85.33+7.9a 93.33£2.0a 74.54 £ 5.0A
© 55 M 005 35.00 £ 2.9fg 42.50 = 0.0f 75.00 +4.3bc 74.50 £2.9¢ 56.75 +5.6C
S SL 64 66.67+1.3cd  63.33+4.1de 84.00 + 6.0ab 91.00 £ 3.0a 76.25 £ 3.9A
f,\': Average 47.25+4.3D 58.00+3.0C 78.38 +3.2B 86.21 £2.84
S CV (%) 12.18
o Genotype ** 4.74
Dose ** LSD 4.74
Genotype x Dose ** 9.49

" Different letters in the same line or column are statistically significant at p<0.01.

ns: non'significant.

52 M 003 0.5 mg I IBA

SL 64 1 mg I'' IBA

28 M 005 1 mg I'' IBA

Figure 1. Rooting rate of different IBA concentrations in mahaleb genotypes.
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Table 5. Effect of IBA doses on mahaleb genotypes and SL 64 rootstock of rooting rate (%) and LSD

multiple groupings

Year Genotype Omg ! 05mgl! IBA dose Tmg ! gl Average
28 M 005 0.0 +0.00h 35.00 +£2.89¢g 54.33+4.70def  70.33 £6.0lbc 39.92 +8.10B
52 M 003 41.00 £2.08fg  49.00 £2.08efg  66.67+13.02bcd  80.00+7.64ab  59.17 £ 5.63A
55 M 005 0.0 +0.00h 0.0 +0.00h 56.67 £3.33cde  55.00 £2.89def 27.92+8.47C
SL 64 50.00 £5.77ef  48.33 £ 6.01efg 71.67 +£4.41b 88.33+£6.0la  64.58£5.52A
2015 Average 22.75+7.05D 33.08+6.18C 62.33+3.83B 73.42 + 4.504
CV (%) 16.84
Genotype wok 7.45
Dose wok LSD 7.44
Genotype x Dose Hok 14.93
28 M 005 0.0 £+ 0.00e 50.00 +5.77cd 49.00 + 7.00cd 71.00+7.23ab  42.50 + 8.24B
52 M 003 39.67 £2.03d 53.33+£2.73¢ 78.33 +6.01a 7833 +4.41la 62.42+531A
55 M 005 0.0 +0.00e 0.0 £+ 0.00e 66.67 + 7.26ab 59.33+0.67bc  31.50+9.66C
SL 64 50.00 +2.89¢cd 52.67 +£4.33¢c 70.00 + 5.77ab 75.00+2.89a  61.92 +3.70A
2016 Average 22.42+6.89C 39.00 +7.00B 66.00 +4.264 70.92 £2.894
CV(%) 12.97
Genotype wok 6.48
Dose wok LSD 6.49
Genotype x Dose Hok 14.93
28 M 005 0.0 +0.00h 42.50 + 4.42fg 51.67 + 3.96ef 70.67+4.21bc  41.21+5.65B
52 M 003 40.33 £ 1.33¢ 51.17 £ 1.82ef 72.50 + 6.92ab 79.17+3.96ab  60.79 + 3.80A
© 55 M 005 0.0 +0.00h 0.0 +0.00h 61.67 £ 4.22¢d 5717+ 1.64de  29.71 £6.29C
b= SL 64 50.00 £2.89¢f  50.50 + 3.45ef 70.83 +3.27bc 81.67+4.22a  63.25+3.26A
f,\'; Average 22.58+482CD  36.04+4.6C 64.17 +2.83B 72.17+2.634
§ CV(%) 16.80
Genotype wok 4.72
Dose ** LSD 4.72
Genotype x Dose Hok 9.45

" Different letters in the same line or column are statistically significant at p<0.01.

Table 6. Effect of IBA doses on mahaleb genotypes and SL 64 rootstock of root length (mm) and LSD

multiple groupings

IBA dose

Year Genotype Omg Il 0.5 mg ! Tmg 1 Ymgll Average
28 M 005 0.0 +0.00j 48.04+1.17b  38.02+0.42d 25.06+1.97g 27.78£5.45B
52 M 003 25.63 +0.89fg 5421+093a  4227+045c 47.38+0.59b  42.37+£3.20A
55 M 005 0.0 £ 0.00j 0.0 +0.00j 7.62 +0.411 3526+ 1.79¢  10.72+4.39D
SL 64 15.41+0.71h 13.15+£0.31h 2796 +0.93f 24.63+0.76g  20.29 + 1.88C
2015 Average 10.26 £3.29C  28.85+6.90B 28.97+4.04B  33.08 +2.864
CV(%) 6.08
Genotype ok 1.29
Dose ok LSD 1.29
Genotype x Dose ok 2.57
28 M 005 0.0 +0.00j 44.17+0.85b  36.63 £1.28d 24.80+0.93f 26.40 £ 5.06B
52 M 003 26.85 + 1.06f 46.16+1.86b  39.66+0.44c  51.40+0.36a 41.02+2.81A
55 M 005 0.0 £ 0.00j 0.0 +0.00j 10.28 £ 0.311 34.83+1.13d  11.28+4.30D
SL 64 14.72 +0.29h 12.80+£0.25h  31.09+0.17e  21.37+0.59¢ 19.20+2.16C
2016 Average 10.39+£340D  25.78+6.02C 29.41+347B  33.10+3.534
CV(%) 5.55
Genotype ok 1.14
Dose ok LSD 1.14
Genotype x Dose ok 2.28
28 M 005 0.0 +0.001 46.11+1.08b  37.33+0.68d 24.93+0.98g 27.09+3.64B
52 M 003 26.24 +0.63g 50.194+2.02a  40.96+0.65c  49.39+0.95a  41.69 £2.08A
©° 55 M 005 0.0 +0.001 0.0 +0.001 8.95 + 0.64k 35.05+0.95¢  11.00+3.00D
= SL 64 15.07 £ 0.381 12.98 £ 0.19j 29.53+£0.82f 23.00+0.85h  20.14+1.40C
f}: Average 10.33+£2.31D 27.32+449C 29.19+2.60B  33.09+2.224
> CV(%) 5.92
A Genotype ok 0.85
Dose ok LSD 0.85
Genotype x Dose ok 1.71

** Different letters in the same line or column are statistically significant at p<0.01.
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Table 7. The effect of IBA doses on mahaleb genotypes and SL 64 rootstock of rooted plant length (mm)

and LSD multiple groupings

IBA dose

Year Genotype Omeg]’! 05mgl! lmel! 2mel! Average
28 M 005 0.0 £ 0.00i 1535+0.37de 34.76 +1.19a 8.98+0.14 14.77 + 3.86B
52 M 003 12.95+£0.62¢efe 16.54+1.04d 23.52+1.43¢ 10.71+0.51ght 1593+ 1.52B
55 M 005 0.0 £ 0.00i 0.0 = 0.00i 10.34 £ 0.46h1  13.20+0.73ef 5.89+1.81C
SL 64 1175+ 0.43fch  13.99 £0.40ef 35.01+1.71a 28.13 £1.14b 22.22 +£2.96A
2015 Average 6.17+1.87D 11.47+2.03C 25.91+3.104 15.25+231B
CV(%) 9.93
Genotype *k 1.22
Dose *k LSD 1.20
Genotype x Dose *k 2.43
28 M 005 0.0 +£0.00h 17.99 £ 0.63¢  36.69+1.07a 10.75 + 034¢g 16.36 = 4.04C
52 M 003 15.47 £ 0.60f 20.12+0.83d  26.00 +0.50b 13.85 £ 0.85f 18.86 + 1.46B
55 M 005 0.0 +£0.00h 0.0 = 0.00h 11.20 +0.49¢g 10.37+£0.67g 5.39 + 1.64D
SL 64 10.97 £ 0.19g 17.45+0.49¢ 35.63+0.37a 24.01 £ 0.86¢ 22.02 £2.76A
2016 Average 6.61 £2.05D 13.89+245C 27.38+3.104 14.75 + 1.69B
CV(%) 6.51
Genotype Hok 0.86
Dose Hk LSD 0.86
Genotype x Dose *k 1.69
28 M 005 0.0 £ 0.001 16.67 £0.67d  35.73 £0.84a 9.87 £.0.43h 15.57+2.74C
52 M 003 15.47 £ 0.68f 1833 +1.00c 24.76 +£0.88b 12.28 £0.83f 17.40+ 1.07B
© 55 M 005 0.0 £0.001 0.0 £0.001 10.77£0.36eh  11.79 £ 0.77f¢ 5.64+1.19D
S SL 64 11.36 £ 0.27fc 15.72+0.82d  35.32+0.79a 26.07 £1.12b 22.12 +1.98A
A Average 6.39+ 1.36D 12.68+1.58C 26.64+2.184 15.00 + 1.40B
§ CV(%) 8.30
Genotvype *k 0.73
Dose ok LSD 0.73
Genotvpe x Dose ** 1.46

" Different letters in the same line or column are statistically significant at p<0.01.

Table 8. Effect of IBA doses on mahaleb genotypes and SL 64 rootstock of number of leaves and LSD

multiple groupings

IBA dose
Year Genotype 0me['! 0.5meg]! lmel! 2me]! Average
28 M 005 0.0 = 0.00f 6.47 +0.36d 7.17 £ 0.48cd 5.10 £ 0.24¢ 4.68 +0.86B
52 M 003 7.71 £0.40bc  7.16 £ 0.39cd 8.35+ 0.56ab 6.91 +£0.23cd 7.53 £ 0.24A
55 M 005 0.0 = 0.00f 0.0 = 0.00f 5.19+0.19 8.87+0.83a 3.51 £1.14C
SL 64 6.33+0.57d 6.86+0.25¢cd 8.99+0.12a 6.81 +£0.29cd 7.25+0.34B
2015 Average 3.51+1.08C 5.12+0.90B 7.42+0.474 6.92+0.454
CV(%) 11.84
Genotype ok 0.56
Dose ok LSD 0.56
Genotype x Dose ** 1.14
28 M 005 0.0 = 0.00h 6.03 + 0.06fg 6.85 +£0.27de 5.84 +0.12f¢ 4.68 £0.82C
52 M 003 7.6 +£0.221c 8.56+0.26a 7.82 £ 0.37bc 6.30+0.17ef 7.57+0.27A
55 M 005 0.0 = 0.00h 0.0 = 0.00h 6.71 £ 0.24de 7.28 £0.25¢cd 3.50 + 1.06D
SL 64 723+0.14cd 5.65+03l1g 8.35+0.33ab 6.76 £ 0.20de 7.00+0.31B
2016 Average 3.71+1.12D  5.06+0.95C 7.44 +0.244 6.54+0.18B
CV(%) 6.68
Genotype ok 0.30
Dose ok LSD 0.30
Genotype x Dose *k 0.63
28 M 005 0.0 +0.00¢g 6.25+0.19de 7.01 £0.26¢ 5.47+021f 4.68 £0.58C
52 M 003 7.66 £ 0.20b 7.86 +0.38b 8.09 £ 0.32ab 6.61 £0.19cd 7.55+0.18A
© 55 M 005 0.0 +0.00¢g 0.0 +0.00¢g 5.95+0.37ef 8.08 + 0.53ab 3.51 +0.76D
S SL 64 6.78£0.33cd  6.26 +0.32de 8.67+0.21a 6.79 £ 0.16¢cd 7.12+0.23B
A Average 3.61+£0.76D  5.09+0.64C 7.43 +£0.264 6.73+£0.24B
§ CV(%) 9.62
Genotype *ok 0.32
Dose *k LSD 0.32
Genotvpe x Dose ** 0.63

" Different letters in the same line or column are statistically significant at p<0.01.
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4. Discussion and Conclusion

The study was carried out to determine the candidate mahaleb genotypes for cherry of different
BAP and IBA doses and the replication performances of SL 64 rootstock. According to the average of
years, the infected culture rate of mahaleb genotypes and SL 64 rootstocks was determined to be between
18.57% (SL 64) and 29.07% (55 M 005) (Table 2). In the studies conducted, the rate of infected cultures
(Hepaksoy, 2004) reported that it was between 35.0-45.0%, (Bosnjakovic et al., 2013) between 40-86%,
(Aydin et al., 2016) between 22.0-47.0% and (Sanyiirek et al., 2021) between 20-35%. The results
obtained from the study are lower than the results of other studies. This difference may be due to the
sterilization method used in the study.

The number of shoots is 1.97 (28 M 005) -2.55 (52 M 003) The results we obtained from the
experiment are similar with the findings of (Kitin et al., 2005; Srinivasan et al., 2005 and Durkovic,
2006; Guglii et al., 2010) who reported that BAP is the most commonly used cytokine for shoot
propagation in Prunus species and that the maximum number of shoots is obtained at a dose of 1
mg ',

Callus rate of mahaleb genotypes and SL 64 rootstocks was determined to be between 56.75%
and 76.25%. The results we obtained from the trial are consistent with the results of Siiliisoglu (2002),
Siiliisoglu and Cavusoglu (2013), and Hosseinpour et al., (2015) who reported that the use of IBA as
auxin in the propagation positively affected the formation of callus rate.

The rooting rate is 29.71% (It ranged from 55 M 005) to 63.25% (SL 64) In the studies
conducted, they found the rooting rate as (Hepaksoy, 2004) 33.33-66.66%; (Canli and Demir, 2014)
20.0-70%; (Aydin et al., 2016) 34.83-71.13% and (Pakyiirek and Hepaksoy, 2019) 20.0-73.0%; The
findings we obtained from the trial are similar to those of previous studies.

According to the average of years, root length was determined to be between 11.00 mm and
41.69 mm. In in vitro replication studies of the Prunus species, the root length reported as (Siiliisoglu
and Cavusoglu, 2013) 1.68-3.29 cm; (Hosseinpour et al., 2015) 1- 2.03 cm and (Fallahpour et al., 2015)
1.5-3.1 cm. The results we obtained from the trial are in agreement with the results of the studies on this
subject.

Rooted plant length of mahaleb genotypes and SL 64 rootstocks was determined to be between
5.64 mm and 22.12 mm. In previous studies on the subject, the length of rooted plants (Siiliisoglu and
Cavusoglu, 2013) 1.27-2.15 cm; (Doric et al., 2014) reported 4.4-12.7 cm and (Sharma et al., 2017)
reported 4-6 cm. Our results are in agreement with the results of the studies on this subject.

The highest number of leaves was obtained from 52 M 003 genotypes with 7.55 pieces. The
results we obtained from the trial are consistent with the results of (Aktiirk, 2009) and (Shabani et al.,
2015) who reported that the use of IBA as auxin in the propagation studies of Prunus species in vitro
positively affected the formation of new leaves.

In the study, the increase of BAP dose increased the number of shoots of mahaleb genotypes
and SL 64 rootstock. While the highest value in terms of rooting rate and root length was obtained from
2 mg I"' IBA dose, the highest value in terms of rooted plant length and number of leaves was obtained
from 1 mg I'' IBA dose. If we evaluate the genotypes in terms of their propagation performance, The 52
M 003 genotype takes first place.
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) mikroenkapsiilasyonu yoluyla elde edilen balik yag1 tozunda yag asitleri igerigi
Gelig: 13.04.2021 degisimlerinin arastirilmasi1 amaglanmistir. Hamsi yaglart % 1, 2 ve 3
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konsantrasyonlarda adagay1 esansiyel yag: ile karistirilarak spray-dryer cihazi
kullanilarak mikroenkapsiile edilmis ve sonug¢ olarak balik yagi tozu elde
edilmistir. Elde edilen toz balik yaglar1 oda sicakliginda (24+1 °C) depolanmis ve

Anahtar Kelimeler 12 haftalik yag asitleri parametreleri belirlenmistir. Boylece, depolama siiresince,

farkli konsantrasyonlarda kullanilan adagay1 esansiyel yagimin antioksidan etkisi
Adagays1, gozlenmistir. Mikrokapsiillerdeki toplam doymus yag asitleri (SFA) ve toplam
Hamsi yag, tekli doymamis yag asitleri (MUFA) oraninin arttig1, coklu doymus yag asitleri
Mikroenkapsiilasyon, (PUFA) oramnin ise depolama siiresi ile birlikte azaldig1 belirlenmistir. Muamele
Yag asitleri. gruplart arasinda en yiiksek artis ve azalig ADA1 grubunda gozlenmesine kargin

artan adagay1 esansiyel yag konsantrasyonuna bagli olarak bu degisim daha yavas
olmustur. Adacay1 ugucu yagi ile mikrokapsiillenmis balik yaglarinin kontrol
grubuna gore daha iyi sonuglar verdigi tespit edilmistir. Ayrica adagay1 ugucu
yaginin ¢alismada kullanilan balik yaginin kokusunu maskeledigi belirlenmistir.

Determination of Fatty Acids Changes During Storage of Microencapsulated Fish Oils
Prepared with Sage Essential QOil in Different Proportions

Article Info Abstract: In this study, the determining of changes in the fatty acid composition
_ of fish oil powder which was enabled by the microencapsulation method of fish
Received: 13.04.2021 oil prepared by adding sage essential oil was aimed. Anchovy oils were mixed

Accepted: 08.11.2021
Online Published: 15.12.2021
DOI: 10.29133/yyutbd.914996

with sage essential oil in concentrations of 1, 2, and 3%, and these mixings were
microencapsulated using a spray-dryer, and as a result, fish oil powder was
obtained. The fish oil powders were stored at room temperature (24+1 °C) and

Keywords their oxidation levels and fatty acid parameters were investigated for 12 weeks.

Thus, the antioxidant effect of sage essential oil used in different concentrations
Sage tea, was observed during storage. It was determined that saturated fatty acids (SFA)
Anchovy oil, and monounsaturated fatty acids (MUFA) in microcapsules increased and
Microencapsulation, polyunsaturated fatty acids (PUFA) decreased with the storage period. Among
Fatty acid, the treatment groups, the highest increase and decrease were observed in the

ADAI1 group, although this change was slower due to the increased concentration
of sage essential oil. It was determined that fish oils microencapsulated with sage
essential oil gave better results than the control group. In addition, it was
determined that sage essential oil mask the smell of fish oil used in the study.
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1. Giris

Balik yaginin insan saglig1 ve beslenmesindeki 6nemi diinya genelinde bilinmekte ve siklikla
uzmanlar tarafindan onerilmektedir. Bunun en 6nemli nedeni balik yagi igerisinde EPA ve DHA gibi
uzun zincirli ¢oklu doymamis yag asitlerinin bulunmasidir. Esansiyel yag asitlerini yiiksek oranlarda
icermesinden dolay1 balik yaglar1 beyin gelisimi ve kalp damar saghgi ile baglantilidir ve 6zellikle
kardiyovaskiiler hastaliklarda mortalite risklerini azaltmanin bir yolu olarak tanimlanmistir (Durmus,
2018; Raatz ve Bibus, 2016; Fung ve ark., 2009; Mol, 2008). Bu faydalarindan dolay:1 balik yagi ve
iriinleri piyasada Onemli bir paya sahiptir. Balik yaginin birgok faydasmmin olmasinin yani sira
yapilarinda bulunan omega-3 yag asitlerinden dolay1 oksidasyona olduk¢a duyarhdir. Ozellikle
depolama ve igleme gibi agamalarda lipit oksidasyonu baligin kalite kaybina ve bozulmasina neden
olmaktadir. Bunun sonucu olarak da yaglarin oksidasyonu gidalarda arzu edilmeyen aci tada sebep
olmasi nedeniyle gidalarin besin kalitesini ve giivenilirligini azaltmaktadir. Bu yiizden 6zellikle balik
yagindaki oksidasyonun engellenmesine ve bunun sonucu olarak raf dmriiniin artirilmasima yonelik
caligmalarin yapilmasina ihtiya¢ duyulmaktadir.

Tiiketicilerin bir kismi deniz {irlinlerini tiiketerek gerekli omega-3 ihtiyacimi karsilarken,
dogrudan balik yag1 alimi 6zellikle ¢ocuklar ve hamile kadinlar i¢in diinya ¢apinda biiyiik ve 6nemli bir
pazar saglamistir. Bununla birlikte, balik yaglarinin giiglii bir kokusu vardir ve korunmadiklar siirece
kolayca oksitlenirler. Doymamis yag asitlerinin balik yagindaki oksidatif bozunmasi, besin degeri
kaybina ve istenmeyen tatlara neden olmaktadir (Jeyakumari ve ark., 2017). Bu nedenle antioksidanlar
ve isleme teknolojileri kullanilarak balik yaglarinin kalitesinin korunmasi saglanmaktadir. Bu
teknolojilerin en 6nemlilerinden biri mikrokapsiillemedir.

Mikrokapsiillenmis gida bilesenleri sayesinde teknik olarak imkansiz oldugu diisiiniilen birgok
fonksiyonel iiriin artik iiretilebilir ve bir gida bileseni olarak kullanilabilir. Bu bilesenler tamamen bir
kaplama malzemesi ile kapatilir, boylece orijinal bilesenden gereksiz 6zellikler ortadan kaldirilir.
Mikrokapsiilleme, kapsiillenen gida bilesenlerine ¢ok sayida fayda saglayabilir. Ornegin, kapsiillenmis
malzemeler, lipit oksidasyonu, iiretim, kullanim ve depolama boyunca beslenmede bozulma gibi
olumsuz reaksiyonlara kars1 korunur (Hogan ve ark., 2003; Kagami ve ark., 2003; Chen ve ark., 2013).
Mikrokapsiillemenin bir diger 6nemli 6zelligi de ugucu kayba karsi koruma saglamasidir (Bangs ve
Reineccius 1988; Kim ve Morr, 1996).

Gida bilesenlerinin mikrokapsiillenmesi i¢in bir¢ok teknik gelistirilmis olmasina ragmen, diisiik
maliyetli ve esnek siireci nedeniyle gida endiistrisinde en yaygin kullanilan teknik sprey kurutma (spray
drying) yontemidir (Heinzelmann ve ark., 2000; Gouin, 2004). Piiskiirtmeli kurutma, s1v1 bir tiriinii sicak
gaz akiminda atomize ederek toz elde etmek i¢in kullanilan bir iglemdir. Bu islemde yiiksek sicakliklarin
kullanilmas1 gerekir ancak temas siiresi ¢cok kisadir (birkag saniye). Yani enerji, toz partikiillerinin
sicakligini arttirmak i¢in degil sadece buharlastirma i¢in kullanilir. Bu durum s6z konusu teknolojinin
1stya duyarli malzemeleri diislik termal bozunma ile kapsiillemek i¢in uygulanmasini miimkiin kilar. Bu
nedenle, genellikle 1s1ya duyarli olan omega 3 ve fitosteroller gibi biyoaktif bilesiklerin kapsiillenmesi
icin de uygulanabilir. Mikrokapsiilleme, balik yaglarinin stabilizasyonu i¢in 6nemli bir teknik olmasina
ragmen, mikrokapsiillii biyoaktif bilesenlerin islenmesi ve ardindan depolanmasi sirasinda maksimum
koruma saglamak i¢in ugucu yaglar gibi antioksidanlarla ek stabilizasyon gereklidir (Jeyakumari ve ark.,
2018). Bu nedenle, diinyanin her yerinden aragtirmacilar, antimikrobiyal, antioksidan, antiviral,
antikanser, antiinflamatuar, antimutajenik, immiinomodiilatér ve antiprotozoal aktiviteler dahil olmak
ilizere ugucu yaglarin bir dizi biyolojik 6zelligini karakterize etmeye ¢alismaktadirlar (Bakkali ve ark.,
2008; Ozogul ve ark., 2017; Durmus, 2020; Ucar, 2020).

Son yillarda en dikkat ¢ekici ugucu yag gruplarindan biri adagay1 esansiyel yagidir. Bunlar
fenolik bilesik gruplarindan flavonoidlerin dogal bir kaynagi olarak kabul edilir. Adacay1 esansiyel yagi
ilave edilmis balik yagimin mikroenkapsiilasyonu iizerine yapilan ¢aligmalar olduk¢a simirlidir. Bu
calismada tilkemizde en fazla avcilig1 yapilan hamsi (Engraulis encrasicolus)’den elde edilen balik
yaglar1 kullanilmistir. Hamsi yaglann % 1, % 2 ve % 3 konsantrasyonlarda adagay1 esansiyel yagi ile
karigtirlarak spray-dryer cihaziyla mikroenkapsiile edilmis ve sonu¢ olarak balik yagi tozu elde
edilmistir. Elde edilen balik yag1 tozu oda sicakliginda (=241 °C) 12 hafta depolanarak yag asitlerindeki
degisimler arastirilmigtir.
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2. Materyal ve Metot
2.1. Materyal
2.1.1. Balik Yag1, Adacay1 Esansiyel Yag1 ve Kaplama Materyallerinin Temini

Calismada kullanilan hamsi yag1 Trabzon'da bulunan balik yag: lireticisi bir firmadan (Kobyalar
Grup, Trabzon, Tiirkiye) temin edilmistir. Emiilsiyonlar olusturuluncaya kadar hamsi yagi derin
dondurucuda (-18 °C) depolanmustir. Mikroenkapsiilasyonda kaplama materyalleri olarak Alfasol marka
maltodekstrin ve sodyum kazeinat kullanilmigtir. Adagay1 esansiyel yagi ise Adana'da bulunan ticari
tiretim yapan BIOMESI firmadan temin edilmistir.

2.2. Metot
2.2.1. Emiilsiyonlarin Mikroenkapsiilasyonu

Emiilsiyon haline getirilmis balik yaglarimin mikroenkapsiilasyonu ile ilgili yapilmis bircok
bilimsel aragtirmada kaplayict materyal olarak balik yagi emiilsiiyonu/kaplayici materyal orani toplam
soliisyonun % 10 ila % 40’11 kapsamaktadir. (Fernandes ve ark., 2013; Huang ve ark., 2014; Ton ve
ark., 2016). Bu oranlar goz dniinde bulundurularak, hazirlanan emiilsiyonlarda kullanilan hamsi yagi,

adagay1 ve kaplama materyallerinin oranlari1 Cizelge 1'de verilmistir.

Cizelge 1. Mikrokapsiile edilmek iizere hazirlanan emiilsiyonlarin bilesimi ve oranlar1

Gruplar Bal?‘;"){agl Kaszggly;l?% ) Maltodekstrin (%) Adacay1 Esansiyel Yagi (%)
Kontrol 10 10 10 - - -
EX’S?IY)‘ 10 10 10 1 - .
zxi];?zy)‘ 10 10 10 - 2 -
x;zy)‘ 10 10 10 - ; 3

Emiilsiyonlarin hazirlanmasinda maltodekstrin ve sodyum kazeinat 55 °C suda 60 dakika
¢Ozdiiriilmiis ve sogumaya birakilarak hazirlanmigtir. Bu karigima balik yagi ilave edilerek ultra-turrax
(Sekil 2.1) ile soguk ortamda 10 dakika 14.000 rpm'de homojenize edilmis ve kontrol grubu
olusturulmustur. Cizelge 1'de gosterilen oranlarda adagayi esansiyel yaglar ilave edilerek homojenize
edilen muamele gruplar piiskiirtmeli kurutucuda mikroenkapsiile edilmeye hazir hale getirilmistir.

Sekil 1. Homojenizasyon iglemi.
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2.2.2. Piiskiirtmeli Kurutma (Spray Dryer) islemi ve Uriinlerin Depolanmasi

Emiilsiyonlarin mikroenkapsiilasyonu 0.7 mm ag1z ¢apli Buchi B-290 mini spray-dryer cihazi
kullanilarak gerceklestirilmistir (Sekil 2.2). Emiilsiyonlar, kurutma odasina kurutma oncesinde ve
sirasinda manyetik karistirict altinda siirekli homojen karigtirma ile 0.5 L/saatlik bir besleme akis hiz1
ayarlanarak bir peristaltik pompa ile beslenmistir. Piiskiirtmeli kurutucu (SD) giris sicakligi 160 °C ve
cikis sicaklign 90+5 °C olarak ayarlanmistir. Aspiratdr debisi 35 m*/h olup pompa hizi % 20 olarak
ayarlanmistir. Mikroenkapsiilasyon islemi sonrasinda elde edilen toz iiriinler koyu renkli cam siselere
konularak 12 hafta boyunca oda sicakliginda (2441 °C) depolanmistir. Kimyasal analizler i¢in 0, 6 ve
12. haftanm ilk giiniinde her grup i¢in 3 sise mikrokapsiillii balik yag1 tozu segilerek tiim analizler 3
tekrarli olacak sekilde gergeklestirilmistir.

~ it A, 4

Sekil 2. Caligmada kullanilan piiskiirtmeli kurutucu (spray-dryer) cihazi.
2.2.3. Lipit ve Yag Asitleri Tayini

Lipit analizi Bligh ve Dyer (1959) yontemine gore yapilmistir. Ekstrakte edilmis lipitten yag
asidi metil esterleri Ichihara ve ark. (1996) metoduna gore yapilmistir. 25 mg ekstrakte edilmis yag
ornegi tizerine 4 mL 2 M’lik KOH ve 2 mL n-heptan ilave edilmistir. Daha sonra oda sicakliginda 2
dakika vortekste karigtirilmis ve 4000 rpm’de 10 dakika siireyle santrifiij edilerek heptan tabakas1 gaz
kromotografisi (GC)’inde analiz edilmistir.

2.2.4. Istatistiksek Analiz

Arastirmada elde edilen sonuglar SPSS 22.0 paket programi kullanilarak (varyans analizine tabi
tutulmus ve gruplar arasindaki fark Duncan’s New Multiple Range Test metoduna gore)
degerlendirilmistir (Duncan 1955). Onem seviyesi p<0.05 olarak alinmistir.
3. Bulgular ve Tartisma
3.1. Yag Asitleri Degisimleri

Mikroenkapsiile edilen balik yaglarmin doymus yag asidi sonuglan Cizelge 2°de verilmistir.
Mikroenkapsiilasyon iglemi sonrasinda balik yaglarimda doymamis yag asitlerinin miktarinin nispeten

arttig1 rapor edilmistir (Wan ve ark., 2011; Czerniak ve ark., 2015). Buna ek olarak mikroenkapsiilasyon
islemi sirasinda lipid oksidasyonunun hizlandigi ve hidroperoksit iceriginin arttig1 da rapor edilmistir
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(Serfert ve ark., 2009). Yapmis oldugumuz bu ¢alismada da SFA oraninin arttig1 ve % 31.93 ile % 45.24
arasinda degisim gosterdigi tespit edilmistir. Hamsi yaginda yiiksek miktarda bulunan doymus yag
asitlerinden biri olan palmitik asidin (C16:0) miktar1 kontrol grubunda % 20.22 iken muamele
gruplarinda ise bu oran depolamanin baglangicinda %17.91 ile % 18.83 arasinda degistigi ve depolama
stiresi ile birlikte arttig1 goriilmiistiir. Mikrokapstillerde en yiiksek palmitik asit oranina (% 22.91) ADAL1
grubunda ulagtig1 belirlenmistir. Benzer sekilde hamsi yagina en yakin palmitik asit i¢eriginin de yine
ADA1 grubunda oldugu tespit edilmistir (% 18.83-% 22.91). En yiiksek miktarda bulunan diger doymus
asitleri miristik (C14:0) ve stearik asit (C18:0) oldugu sonucuna varilmistir. Miristik asit miktar1 tiim
mikroenkapsiile edilmis 6rneklerde % 5.68 ile %6.88 arasinda degistigi belirlenmistir. Depolamanin
sonunda en yiiksek miristik asit miktar1 ADA1 ve kontrol grubunda oldugu tespit edilmistir. En yiiksek
stearik asit miktar1 ise depolamanin baglangicinda % 5.53 ile kontrol grubunda belirlenmigken, en diigiik
bu deger ise % 4.79 ile ADA3 grubunda tespit edilmistir. Stearik ve miristik asit degerleri agisindan en
yiiksek deger ile ham hamsi yagina en yakin degerlere ADA1 grubunun ulastig1 belirlenmistir.

Cizelge 2. Mikrokapsiillenmis balik yaginin depolama siiresince doymus yag asitleri (SFA) icerigi (%)

degisimleri
Haftalar

Yag asitleri 0 6 12 Grup

6.27+0.122 6.40+0.032 6.79+0.18* Kontrol
C14:0 6.14+0.26% 6.34+0.08 6.88+0.16* Ada'l
’ 5.68+0.01° 6.01+0.12° 6.07+0.18° Ada2
5.8840.04% 6.16+0.20% 6.17+0.05° Ada3

1.21£0.012 1.29+0.012 1.37+0.02# Kontrol
C15:0 1.17+0.01° 1.25+0.023® 1.34+0.05* Ada'l
’ 1.12+0.00° 1.20+0.02° 1.2140.02° Ada2
1.12+0.02° 1.23+0.03% 1.19+0.01° Ada3

20.22+0.47° 23.2240.19* 24.64+0.332 Kontrol
C16:0 18.83+0.14° 22.69+0.482 22.91+1.23% Ada'l
’ 18.30+0.12% 21.79+0.24° 21.47+0.64% Ada2
17.91+0.33¢ 21.14+0.08° 19.85+0.19¢ Ada3

1.00+0.01* 1.224+0.04* 1.28+0.01* Kontrol
C17:0 0.93+0.01° 1.16+0.04% 1.17+0.05° Ada'l
’ 0.91+0.01% 1.14+0.022® 1.09+0.01% Ada2
0.88+0.01°¢ 1.07+0.02° 1.01+0.01°¢ Ada3

5.5340.14* 7.01+0.042 7.4340.03* Kontrol
C18:0 5.08+0.01° 6.69+0.13° 6.47+0.44% Ada'l
) 5.02+0007 6.44+0.02% 6.26+0.15° Ada2
4.79+0.07° 6.22+0.16° 5.504+0.04° Ada3

1.37+0.012 1.74+0.002 1.96+0.02° Kontrol
C20:0 1.26+0.00° 1.70+0.012° 1.60+0.10° Ada'l
’ 1.25+0.02° 1.63+0.02° 1.58+0.02° Ada2
1.17+0.02¢ 1.554+0.04¢ 1.36+0.01°¢ Ada3

0.28+0.01* 0.35+0.00* 0.43+0.01? Kontrol
C22:0 0.04+0.00° 0.36+0.012 0.32+0.02° Ada'l
’ 0.05+0.00" 0.32+0.01° 0.32+0.01° Ada2
0.14+0.01%° 0.31+001° 0.2740.00° Ada3

0.03+0.030* 0.98+0.012 1.32+0.04* Kontrol
C24:0 0.03+0.00? 1.04+0.04* 0.95+0.04° Ada'l
’ 0.02+0.01* 0.95+0.023® 0.95+0.01° Ada2
0.02+0.01* 0.90+0.03° 0.8240.01° Ada3

35.93+0.77% 42.214+0.32* 45.24+0.50° Kontrol
TSFA 33.49+0.44° 41.24+0.72° 41.66+2.14° Ada'l
32.36+0.21% 39.51+0.38° 38.97+1.06¢ Ada2
31.93+0.28¢ 38.60+0.12° 40.51+0.34% Ada 3

*d Her bir hafta igin gruplar arast onemli farkliliklar1 (p<0.05) gostermektedir. C14:0 (Miristik Asit), C15:0 (Pentadekanoik Asit), C16:0
(Palmitik Asit), C17:0 (Heptadekanoik Asit), C18:0 (Stearik Asit), C20:0 (Arasidik Asit), C22:0 (Behenik Asit), C24:0 (Lignoserik
Asit), Y SFA (Toplam Doymus Yag Asitleri).

Mikroenkapsiile edilmis hamsi yagindaki MUFA orani depolama siiresi boyunca % 21.50 ile %

2731 arasinda degiskenlik gosterdigi tespit edilmistir. Adagay1 esansiyel yagi ile hazirlanan
mikroenkapsiile balik yaglarinda en yliksek toplam MUFA oranina sahip grubun ADA1 grubu (% 26.60)

862



YYU TAR BIL DERG (YYU J AGR SCI) 31 (4): 858-869
Durmus / Farkli Oranlarda Adagay1 Esansiyel Yagi ile Hazirlanan Mikroenkapsiile Balik Yaglarinin Depolama Siiresi Boyunca Yag Asitlerindeki Degisimlerin Belirlenmesi

oldugu gbzlemlenmistir. MUFA'larin en 6nemlilerinden olan oleik asit (C18:1n9) bakimindan en zengin
gruplarin ADAI ile ADA2 gruplarinin oldugu ve depolamanin baslangici ile 6. haftalarina kadar
istatistiksel fark olusturmadiklar1 gézlenmistir (p<<0,05). Oleik asit miktarinin depolama siiresi boyunca
% 13.38 ile % 17.63 arasinda degistigi belirlenmistir. Oleik asit igerigi acisindan hamsi yagina en yakin
degere sahip olan grup ise yine ADA1 grubu olmustur (Cizelge 3). Bir diger 6nemli MUFA olan
palmitoleik asit (C16:1) omega-7 tekli doymamis yag asididir. Tiim dokularda bulunur, ancak genel
olarak karacigerde daha yiiksek konsantrasyonlarda bulunur. Genel olarak hamsi yaginda depolama ile
birlikte palmitoleik asit azalma gosterse de depolama siiresi boyunca kontrol grubu olan mikroenkapsiile
hamsi yaginin palmitoleik asit degerleri arasinda benzer degerler gozlenmemistir. En yiiksek degerler
% 5.36 ile kontrol grubunda depolamanin son haftasinda gézlenmesine karsin ADA3 grubunda 6.
haftada en yiiksek palmitoleik asit degeri (% 5.11) gozlenmistir.

Cizelge 3. Mikrokapsiillenmis balik yaginin depolama siiresince tekli doymamis yag asitleri (MUFA)
icerigi (%) degisimleri

Haftalar
Yag asitleri 0 6 12 Grup
5.404+0.12° 5.3120.01° 5.36+0.032 Kontrol
Cl6:1 5.13+0.03b 5.26+0.06% 5.48+0.122 Ada 1
4.9140.01¢ 5.05+0.07% 5.06+0.11° Ada2
4.92+0.01¢ 5.11+£0.122 4.99:0.06° Ada 3
0.40+0.00° 0.49:£0.00° 0.52+0.012 Kontrol
Cl7:1 0.37+0.00° 0.46£0.01° 0.45+0.02° Ada 1
0.36+0.01b 0.45+0.01% 0.43+0.01° Ada 2
0.35+0.01¢ 0.44+0.01¢ 0.37+0.01¢ Ada 3
15.13+0.15° 17.57+0.09 17.63+0.02 Kontrol
C18:1n9 14.27+0.04° 17.040.24° 16.73+0.76% Ada 1
13.88+0.11° 16.47+0.14¢ 16.12:£0.28° Ada2
13.38+0.26¢ 16.20+£0.15¢ 14.68+0.13¢ Ada3
1.92:£0.04 2.40+0.01° 2.16+0.01% Kontrol
C18:1n7 1.860.09% 2.33+0.06 2.32+0.107 Ada 1
1.7540.01b¢ 2.27+0.01b 2.24+0.04° Ada2
1.70+0.02¢ 2.234+0.02¢ 2.07+0.01° Ada3
1.21£0.012 1.44+0.012 1.51+0.012 Kontrol
€20:1n9 1.120.00° 1.40+0.012 1.3240.07° Ada 1
1.11£0.01% 1.3540.01% 1.310.02% Ada2
1.04+0.02¢ 1.30+0.04¢ 1.150.01¢ Ada 3
0.08+0.01° 0.09:£0.00° 0.06£0.00° Kontrol
22119 0.10+0.00? 0.09+0.00? 0.09+£0.012 Ada 1
0.10+0.00° 0.09+0.00° 0.10+0.007 Ada2
0.10+0.002 0.09+0.00? 0.10£0.00? Ada 3
24.15+0.34* 27.31+0.12° 27.26+0.04% Kontrol
SMUFA 22.860.10P 26.60+£0.39 26.41+1.08% Ada 1
22.12+0.14% 25.69+0.22¢ 25.27+0.47° Ada 2
21.50+0.40¢ 25.38+0.11¢ 23.37+0.23¢ Ada3

*d Her bir hafta igin gruplar aras1 5nemli farkliliklar1 (p<0.05) gostermektedir. C16:1 (Palmiteloik asit), C17:1 (Heptadekanoik asit), C18:1n9
(Oleik asit), C18:1n7 (Vaksenik asit), C20:1n9 (Eikosenoik asit), C22:1n9 (Erusik asit), > MUFA (Toplam tekli doymamis yag
asitleri).

Mikroenkapsiile edilmis 6rneklerde toplam PUFA degerinin % 15.58 - % 29.82 oraninda
degistigi tespit edilmistir (Cizelge 4). Coklu doymamuis yag asitleri arasinda en yiiksek miktarda bulunan
yag asitleri EPA ve DHA olarak belirlenmistir. Mikroenkapsiilasyon islemi sirasinda uygulanan 1sidan
EPA+DHA agisindan en fazla etkilenen grup ADA1 ve en az etkilenen grup ise ADA3 olarak tespit
edilmistir. Depolamanin baslangicinda en diigsiik EPA miktar1 % 6.28 ile kontrol grubunda, en yiiksek
bu deger ise % 7.37 ile ADA3 grubunda tespit edilmistir. Depolama siiresi ile birlikte EPA miktarinin
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tiim mikroenkapsiile edilmis balik yaglarinda diistiigli belirlenmistir. Depolamanin sonunda en diisiik
EPA miktar1 % 3.75 ile kontrol grubunda en yiiksek bu deger ise % 5.81 ile ADA3 grubunda oldugu
tespit edilmigtir. DHA degeri ise mikroenkapsiile edilmis balik yaginda depolama siiresi boyunca %
8.31 ile % 18.65 arasinda degismistir. En diisiik deger depolamanin sonunda kontrol grubunda % 8.31
olarak gozlenmisken, en yiiksek deger ise % 11.61 ile ADA3 grubunda tespit edilmistir. Kontrol grubuna
kiyasla ise tiim muamele gruplarinin EPA ve DHA'y1 oksidasyona karsi korudugu ancak ADA3
grubunun EPA+DHA oranimi daha iyi muhafaza ettigi gozlenmistir. Benzer sekilde toplam PUFA
oranlar1 bakimmdan ADA3 grubunun (% 21.23 ile % 29.82) diger tiim gruplardan daha yiiksek ¢oklu
doymamis yag asitleri igerigine sahip oldugu bu grubu takiben sirasiyla ADA2 ve ADA1 gruplarinin
takip ettigi goriilmistiir. Burada goze carpan bir diger nokta ADA1 grubuna ilave edilen adacay1
esansiyel yaginin mikrokapsiillerdeki PUFA'larin korunmasi agisindan yetersiz kaldigi, esansiyel yag
oran1 % 3 ’e cikarildiginda ise 6zellikle EPA+DHA oraninin korunmasi agisindan etkili bir koruma
sagladig gorlilmistiir.

Cizelge 4. Mikrokapsiillenmis balik yaginin depolama siiresince ¢oklu doymamis yag asitleri (PUFA)
icerigi (%) degisimleri

Haftalar

Yag asitleri 0 6 12 Grup

2.11£0.052 2.05+0.01° 1.77+0.01¢ Kontrol
C18:2n6 2.03+0.02% 2.15+0.032 l.99i0.02'b Ada 1
2.01+0.01% 2.07+0.00° 2.2240.01* Ada2
1.96+0.03° 2.0440.01° 1.93+0.02¢ Ada3

0.02+0.00° 0.22+0.00* 0.20+0.00* Kontrol
C18:3n6 0.02+0.00° 0.22+0.00* 0.21+0.00* Ada 1
0.02+0.00° 0.22+0.00* 0.22+0.00* Ada2
0.21£0.012 0.2240.00* 0.21+0.00a Ada3

1.11£0.02° 0.89+0.00° 0.69+0.01° Kontrol
C18:3n3 1.15+0.00% 0.93+0.00° 0.88+0.01° Ada'l
’ 1.15+0.01* 0.96+0.00® 0.98+0.012® Ada2
1.1540.01* 0.98+0.02* 1.01+0.01* Ada3

0.12+0.012 0.38+0.00* 0.36+0.01* Kontrol
€202 cis 0.18+0.04* 0.38+0.00* 0.34+0.01%® Ada 1
’ 0.20+0.04* 0.37+0.01%® 0.36+0.01* Ada2
0.17+0.022 0.36+0.01° 0.32+0.01° Ada3

0.30+0.002 0.31+0.012 0.33+0.01* Kontrol
€203 16 0.28+0.00° 0.30+0.01%® 0.29+0.01° Ada 1
’ 0.28+0.00° 0.29+0.01%¢ 0.29+0.00° Ada2
0.27+0.01° 0.28+0.00° 0.26+0.00° Ada3

6.28+0.26" 4.63£0.01° 3.7540.12¢ Kontrol
C20:503 7.04+0.042 4.76+0.16° 4.69+0.71% Ada'l
’ 7.32+0.102 5.22+0.04% 5.40+0.24% Ada2
7.37£0.07* 5.5540.13* 5.81+0.05* Ada3

0.02+0.002 0.12+0.00* 0.14+0.01* Kontrol
€222 cis 0.02+0.002 0.11+0.012 0.10+0.022® Ada'l
’ 0.03+0.002 0.10+0.01* 0.10+0.012® Ada2
0.02+0.00* 0.10+0.01* 0.07+0.00° Ada3

14.96+0.70° 9.50+0.28° 8.31+0.31° Kontrol
C22:6 13 17.1240.12° 9.96+0.74% 8.93+0.12° Ada 1
’ 18.114+0.26% 11.69+0.16% 11.15+0.16* Ada2
18.65+0.65* 11.7240.04? 11.61+0.58* Ada3

24.924+1.07° 18.11+0.36° 15.58+0.45¢ Kontrol
YPUFA 27.86+0.23% 18.83+0.94° 17.44+0.82°¢ Ada 1
29.1440.43% 20.94+0.08* 20.73+£0.11° Ada2
29.82+0.722 21.26+0.14? 21.23+0.48* Ada 3

*d Her bir hafta igin gruplar arast 6nemli farkhiliklar1 (p<0.05) géstermektedir. C18:2n6 (Linoleik asit), C18:3n6 (y-linolenik asit), C18:3n3
(Linolenik asit), C20:2 cis (Eikosenoik asit), C20:3 n6 (Eikosatrienoik asit), C20:5n3 (Eikosapentaenoik asit (EPA)), C22:2 cis
(Dokosadienoik asit), C22:6n3 (Dokosaheksaenoik asit (DHA)), Y PUFA (Toplam ¢oklu doymamus yag asitleri).

Tatar ve ark. (2014)’nin yapmis oldugu arastirmada hamsi yagi ve mikrokapsiillii {irlinleri
karsilagtirildiginda, SFA nin % 34.51°den % 50.33e yiikseldigi, MUFA'larin % 19.94’ten % 20.06’ya
artig1, PUFA'larn ise % 37.24°ten % 17.25e diistiigii tespit edilmistir. Czerniak ve ark. (2015)'da ringa
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balig1 yagin1 mikroenkapsiile etmis ve enkapsiilasyon islemi sonrasinda SFA oraninin % 41.51°den %
44.31e ¢iktigini, PUFA'larin da % 35.74’ten % 30,41 e diistligiinii rapor etmislerdir. Yesilsu ve Ozyurt
(2019), biberiye ve defne ekstraklarinin sprey kurutma ile mikrokapsiillemede oksidatif stabiliteyi
arttirmak i¢in hamsi yagina basariyla uygulandigimi ve sonuglarimiz ile benzer yag asitleri ve
oksidasyona neden olduklarini rapor etmiglerdir. Ozyurt ve ark. (2020) biitiin olarak kullandiklar1 iskarta
Equulites klunzingeri tiiriinden pH-shifting iglemi ile ekstrakte ettikleri balik proteini izolatin1 ve hamsi
yagin1 mikroenkapsiile ettikleri ¢aligmalarinda yag asitleri arasinda miristik asit (C14: 0), palmitik asit
(C16: 0), stearik asit (C18: 0), palmitoleik asit (C16: 1w7), oleik asit (C18: 109), eikosapentaenoik asit
(EPA, C20: 5w3) ve dokosaheksaenoik asit (DHA, C22: 6w3) ham balik yaginda ve mikrokapsiillenmis
balik yaglarinda baskin yag asitleri olduklari, bu sonuglarin da genellikle deniz lipitleri i¢in bildirilen
hamsi ¢aligmalar ile uyumlu olduklarimi bildirmislerdir (Bayir ve ark., 2006; Zlatanos ve Laskaridis,
2007). Li ve ark. (2015) % 1 yaban mersini ekstrakti kullandiklar1 alaska mezgiti yagmin
mikroenkapsiilasyon islemi sonrasinda PUFA oranlarinda diigme meydana geldigini rapor etmislerdir.
Annamalai ve ark. (2015), ham balik yaginda % 49.79 oraninda olan toplam PUFA’larinin % 0.25
zencefil yag1 bulunan gruplarda % 4.17 ile % 7.36 arasinda degistigini bildirmislerdir. Bakry ve ark.
(2016) mikrokapsiillerde nane yaginin, ton balig1 yaginin yag asitleri lizerine etkisini aragtirmiglardir.
Ham yagda % 33.36 miktarinda olan EPA+DHA oraninin mikroenkapsiilasyon sonrasi % 16.33’¢
azaldigimi rapor etmislerdir.

Y>PUFA/ESFA, o3, Zob6, @6/03 ve DHA/EPA'daki degisimler Cizelge S'te verilmistir. Bu
caligmada, en diisiik XPUFA/ZSFA orani kontrol grubunda depolamanin son haftasinda 0.34 olarak
bulunmustur.

Cizelge 5. Mikrokapsiillenmis balik yaginin depolama siiresince yag asitleri index degisimleri

Haftalar
Yag asitleri 0 6 12 Grup
0.69i0.04; 0.43i0.01: 0.34io.01; Kontrol
0.83+0.01 0.45+0.03 0.42+0.04 Ada 1
2PUFA/SFA 0.90+0.01% 0.53+0.00? 0.53+0.01? Ada?2
0.93+0.03? 0.55+0.00? 0.58+0.02° Ada 3
22.35+1.00¢ 15.0240.36° 12.76+0.43¢ Kontrol
S03 25.32+0.16° 15.65+0.91° 14.51+0.90° Ada 1
26.59+0.37 17.88+0.11% 17.53+0.09* Ada?2
27.18+0.72° 18.25+0.142 18.43+0.512 Ada 3
2.43+0.05° 2.59+0.00° 2.31+0.01¢ Kontrol
S o6 2.33+0.02° 2.68+0.04* 2.49+0.03° Ada 1
2.31+0.01° 2.58+0.01° 2.73+0.01% Ada?2
2.45+0.02° 2.54+0.01° 2.40+0.02¢ Ada 3
0.11+0.00? 0.18+0.01* 0.18+0.00? Kontrol
S 06/03 0.09:£0.00° 0.18+0.012 0.17+0.01° Ada 1
0.09+0.00? 0.15+0.01° 0.160.00? Ada?2
0.09+0.00? 0.14+0.00° 0.13+0.00° Ada 3
2.38+0.01° 2.05+0.02° 2.21+0.01? Kontrol
2.43+0.01 2.09+0.082 1.92+0.26* Ada 1
DHA/EPA 2.470.00% 2.24+0.05° 2.06+0.12° Ada 2
2.52+0.06* 2.11+0.04% 1.99+0.12° Ada 3

*d Her bir hafta i¢in gruplar arasi énemli farkliliklari (p<0.05) gostermektedir. Y3 (Toplam omega 3 yag asitleri), Y @6 (Toplam omega 6
yag asitleri).

HMSO (1994), ZPUFA/XSFA oraninin en az 0.45 olmasi gerektigini bildirmistir. Sonug¢larimiza
gbre bu oranin altt muamele gruplar1 arasinda sadece depolamanin son haftasinda ADA1 grubunda
gbzlenmistir. Diger tiim gruplarda depolama siiresince en diisiik limit degerin iizerinde olmustur. Ozogul
ve ark. (2009), Akdeniz'deki 34 farkl balik tiirii i¢in XPUFA/ZSFA oraninin bu sinir degerin {izerinde
oldugunu bildirmistir. Durmus (2017), Neogobius melanostomus'un (kaya balig1) mevsimsel
YPUFA/ZSFA oraninin siir degerin {izerinde oldugunu bildirmistir. Chavez-Mendoza ve ark. (2014)
taze alabalik filetosunun PUFA/SFA oranimi 1.87 olarak, donmus alabalik filetosunun PUFA/SFA
oranin1 % 44 azaldigim bildirmiglerdir.
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Depolama siiresi ile X®3 ve o6 miktarinda azalmalar gozlenmistir. Depolama sonunda en
diisiik X®3 ve Zo6 miktarlar1 kontrol grubunda goriiliirken en yiiksek seviyeler genel olarak yine ADA3
ve ADA2 gruplarinda gozlenmistir (Cizelge 5). Ozogul ve ark. (2017), ticari yaglara dayal
nanoemiilsiyonlu/nanoemiilsiyonsuz muamele edilen levrek filetolarinin Z@3 ve o6 seviyelerinin,
kontrol grubunda daha yiiksek diistisler ile depolama sirasinda azalmaya basladigini bildirmislerdir.

Doymamig yag asitlerinin ®@6/@3 orani, kanser ve kardiyovaskiiler hastaliklarin 6liim nedenleri
ile iligkilidir (Hoz ve ark., 2004). Bu oranin ayni zamanda balik yagindaki besin degerlerini
karsilagtirmak icin kullanilan 6nemli bir gosterge oldugu (Pigott ve Tucker, 1990; Cengiz ve ark., 2010)
ve diyetlerde 1:1 veya 2:1 kadar diisiik tutulmasi gerektigi bildirilmistir (Granados ve ark., 2006).
HMSO (1994)'e gore bu oranin maksimum 4 olabilecegi 6ne siiriilmiistiir. Cengiz ve ark. (2010), 0.2 ile
1.6 arasindaki bir oranin saglikl1 bir insan diyeti olusturdugunu &ne siirmektedir. insan diyetindeki Zm6
/ ®3 oraninin azaltilmasi, koroner kalp hastaligin1 6nlemeye yardimci olmak ve kanser riskini azaltmak
icin ¢ok onemlidir (Kinsella ve ark., 1990). Ozogul ve ark. (2009) Akdeniz'de bulunan 34 deniz balig1
tiiriiniin ®6/®3 oranlarinin dnerilen sinir degerleri agmadigini bildirmistir. Ozogul ve ark. (2017), ticari
yaglara dayali nanoemiilsiyonlarla muamele edilmis vakumlu ambalajli levrek filetolarinin en yiiksek
®6/®3 oranmin kontrol grubunda (1.93) oldugunu, ardindan depolama dénemi basinda ayg¢icegi (1.78)
grubunun geldigini gozlemlemislerdir. @6/@3'te en yiiksek artis kontrol grubunda (2.73), depolama
donemi sonunda misir (2.20) ve findik (2.15) gruplarinda goriilmiistiir. Durmus (2017), Neogobius
melanostomus'un mevsimsel ®6/®3 oraninin sinir degeri agsmadigi bildirmistir. Chavez-Mendoza ve
ark. (2014) taze alabalik filetosunun ®3/®6 oraninin 1.60 oldugunu ve dondurulmus alabalik filetosunun
®3/®6 oraninin % 23.75 azaldigini bildirmiglerdir. Calismamizda depolama sirasinda X@6/®m3 orani sinir
degeri asmayan 0.09 ile 0.18 arasinda bulunmustur.

Mevcut calismada, DHA/EPA orani depolama sirasinda oldukga sabit kalmistir. Bu oran
baglangicta kontrol, ADA1, ADA2 ve ADA3 gruplari i¢in sirasiyla 2.38, 2.43, 2.47 ve 2.52 olarak
belirlenmistir. Depolama sonunda en yiiksek DHA/EPA kontrol grubunda (2.21), en diisiik oran ADA1
grubunda (1.92) olmustur. Tiirkiye denizlerinden ticari olarak énemli sekiz balik tiirliniin etindeki yag
igerigi ve yag asidi kompozisyonlari arastirilmigtir (Ozogul ve Ozogul 2007). Arastirmada kullanilan
tiim balik tiirlerinde EPA ve DHA'nin yiiksek olmas1 bu balik tiirlerinin degerini arttirmigtir. Arastirma
sonucunda DHA/EPA oraninin 0.73 ile 6.70 arasinda degistigi rapor edilmistir. Aslan ve ark., (2007)
yapmis oldugu caligmada dogadan yakalanan ve yetistiriciligi yapilan alabaligin DHA/EPA oram
strastyla 1.55 ve 5.00 olarak hesaplanmistir. Yapmis oldugumuz c¢alismada elde etmis oldugumuz
DHA/EPA oraninin yukarida belirtilen sonuglarin arasinda kaldig: tespit edilmistir.

4. Sonuc¢

Bu ¢alismada iilkemiz i¢in ekonomik degeri oldukea yiiksek olan hamsiden elde edilen balik
yaglarmin farkli konsantrasyonlarda adacayi kullanilarak hazirlanan karisimlart mikroenkapsiile
edilerek toz haline getirilmistir. Ayrica, mikroenkapsiile hamsi yagimm farkli konsatrasyonlarda
kullanilan adacay1 ugucu yaglar ile oksidatif stabilite diizeyi arastirilmigtir. Sonuglar, son derece hassas
omega-3 yag asitlerini lipid oksidasyonundan korumak igin, piiskiirtmeyle kurutmadan once, balik
yagina adagay1 esansiyel yaglarinin dahil edilmesinin tavsiye edilebilecegini gdstermektedir. Yag
asitlerinin oksidasyonu gdz Oniine alimdiginda, adacay1 ugucu yaglar ile mikrokapsiillenmis balik
yaglariin kontrol grubuna gore daha iyi sonuglar verdigi belirlenmistir. Ayrica adagay1 ugucu yagmin
caligmada kullanilan balik yagiin kokusunu maskeledigi belirlenmistir.

Tegekkiir

Bu c¢aliyma Cukurova Universitesi, Bilimsel Arastirma Projeleri Koordinasyon Birimi
tarafindan FBA-2019-11949 no’lu proje kapsaminda desteklenmistir.
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Abstract: The study was conducted between 2012-2014 in order to determine the
effects of the training systems on "Deveci" and "Santa Maria" cultivars grafted on
Quince A rootstock. The effect of the training system on the TCSA and canopy
volume values of the trees was significant, but there were differences in the effect
depending on the cultivar. The trees, which had a thicker trunk, were obtained with
Y Palmette in Santa Maria cultivar and Vertical Axis in Deveci cultivar. The yield
values changed depending on the training system and cultivar. It has been
determined that the trees treated in Vertical Axis and Y Palmette training systems
have a higher yield. It can be said that the Deveci cultivar had a relatively higher
yield. Deveci cultivar had larger fruit, and the effect of the training system varied
depending on the cultivar. In Santa Maria cultivar, the fruit of the trees on which
the One Arm Cordon training system was bigger. In Deveci cultivar, the larger fruit
was harvested from the trees on which One Arm Cordon and Vertical Axis training
systems. As a result, the training systems have been influential in the vegetative
growth and yield of the trees.
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Oz: Calisma, Quince A iizerine asilanmis "Deveci" ve "Santa Maria" gesitlerinde
farkli terbiye sistemlerinin etkisini belirlemek amaciyla 2012- 2014 yillar1 arasinda
yiriitildii. Agaglarda TCSA ve tag hacmi degerlerinde terbiye sisteminin etkisi
onemliydi, ancak ¢eside bagli olarak etkide farkliliklar meydana geldi. Santa Maria
¢esidinde Y Palmette, Deveci ¢esidinde ise Vertical Axis terbiye sistemi ile daha
kalin govdeli agaclar elde edildi. Uygulanan terbiye sistemine ve ¢eside bagl
olarak meyve verimi degerleri degisti. Vertical Axis ve Y Palmette uygulamasi ile
agaclarin daha verimli olduklari belirlendi. Deveci ¢esidinin nispeten daha verimli
oldugu soylenebilir. Deveci ¢esidi daha biiyiikk meyvelere sahipti ve terbiye
sisteminin etkisi ¢eside bagl olarak degisiklik gosterdi. Santa Maria gesidinde One
Arm Cordon terbiye sistemi uygulanmis agaglarin meyveleri daha biiytitii. Deveci
¢esidinde ise One Arm Cordon ve Vertical Axis terbiye sistemleri uygulanmis
agaclarda daha biiyliik meyveler hasat edildi. Sonug olarak, terbiye sistemleri
agaclarin vejetatif gelisiminde ve meyve veriminde etkili oldu.
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1. Introduction

The upright and strong tree growth in pear cultivation is one of the most significant problems
affecting light interception, thus the efficiency and quality, and complicating cultural practices such as
pruning and disease control. In this sense, the controlling tree size in pear will increase yield and quality
in fruit by increasing light efficiency and reducing competition for the sink materials in the tree (Wang
et al., 2014). The changes in light intensity in the tree cause differences in the rate of photosynthesis by
affecting stomatal conductance (Bairam et al., 2019) and some non-stomatal parameters (Lin et al.,
2020), and thus affect the fruit quality (Du, 2018).

The rootstock and pruning are the two most significant factors in controlling the vigorous growth
of the tree and increasing the light efficiency. The main reason why quince rootstocks are preferred in
pear cultivation (Mitcham and Etkins, 2007), which form smaller trees compared to clonal pear
rootstocks, provide precocity and increase yield and quality in fruit, is from this situation. Pruning
regulates canopy structure and nutrient distribution in fruit trees and can also increase photosynthesis
and fruit yield. It has been demonstrated in many studies that light interception and distribution, which
has an important efficiency in fruit yield and quality, increased as a result of pruning practices (Wang
et al., 2019).

The training system is a method used to regulate tree planting and canopy formation to improve
light interception and distribution to maximize fruit yield and quality (Lordan et al., 2018). The main
goal of the training system in pear trees is to direct tree growth and develop a strong tree structure that
will support quality fruit production. For this goal, many training systems have been developed, although
it varies depending on the planting density in the pear.

The main goal in these training systems is to contribute to the maximum light interception and
distribution of the tree by keeping the tree size at the desired level and thus increasing the yield and
quality of the fruit. The effect of the training systems on pear growth vigor, yield, and quality has been
demonstrated in many studies.

The aim of this study is to determine the effect of Vertical Ax, One Arm Cordon, and Y Palmette
training systems on "Deveci" and "Santa Maria" cultivars grafted on Quince A and widely used in pear
production in Turkey.

2. Materials and Methods

2.1. Plant Material

The study was conducted in the orchard of Tokat Gaziosmanpasa University, Faculty of
Agriculture, between 2012-2014 years. In the study, the pear trees planted with 3.5 x 1 m planting
density of Santa Maria and Deveci cultivars grafted on Quince A rootstock and treated with Vertical
Axis, One Arm Cordon, and Y Palmette were used as plant material. The trees was irrigated with a drip
irrigation system, and fertigated with 30 g of 20-20-20 N-P-K per tree per year. Fruits were hand-thinned
after June drop to a spacing of 15 cm. The details of the measurements and analyzes made in the study
are presented below.

2.2. Trunk Cross-Sectional Area (TCSA)

The trunk diameter was measured 15 cm above the graft union with a digital caliper with a
sensitivity of 0.01 mm. The trunk cross-sectional area was calculated by using the formula TCSA= 7r?.

2.3. Canopy Volume

Two measurements were taken of the north-south and east-west directions in the middle of the
tree canopy, and the canopy width (R, diameter) was determined by calculating the average of these two
values. Then, the distance between the point where the lowest branch was formed and the top of the
canopy was measured, and the canopy height (h) was determined in meters. Canopy volume was
calculated using the formula V = r*h / 2 and expressed in m®.
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2.4. Yield

Yield from each tree were weighed in each year (2012, 2013, and 2014) to find out the yield per
tree, and these values were then summed to find out the cumulative yield (kg tree™). Yield per tree was
multiplied by the number of trees per decare to find out the yield per decare (t da™'), and these values
were then summed to find out the total yield per decare (t da™).

2.5. Yield Efficiency

The yield efficiency (yield TCA™) was calculated as the ratio of yield per tree of the years 2012,
2013, and 2014 to trunk cross-sectional areas.

2.6. Fruit Weight

The weight of 20 fruit harvested randomly from each tree were measured by digital scales
(Radwag, Poland) with a sensitivity of 0.01 g and average fruit weight calculated.

2.7. Statistical analyses

The trial was established in split plot design with four replications. After the data obtained were
analyzed with analysis of variance, the level of the significance between the treatments was determined
by the Tukey multiple comparison test. Statistical analysis was performed using the SAS package
program (SAS 9.1 version, USA). The significance level was considered as o = 5% in statistical analysis
and interpretation of the results.

3. Results and Discussion
3.1. Vegetative Growth

The combination of the rootstock, cultivar, and training system has a significant effect on the
control of the tree size in pear, which forms large trees with vertical and strong tree growth. The training
system is a method used to regulate vegetative growth in trees to improve light interception and
distribution in order to maximize fruit yield and quality (Lordan et al., 2018).

In the study, the effect of the training system on TCSA and canopy volume values, which are
the important criteria of the vegetative development in trees, were significant, but the differences
occurred in effect depending on the cultivar. When the TCSA values were examined and the last year
of the study was taken into account, it was determined that the trees with Y Palmet in Santa Maria
cultivar formed thicker trunks. The trees had the lowest TCSA value with the One Arm Cordon training
system. In the Deveci cultivar, there were no significant differences between the trunk thickness of the
trees with Y Palmette and One Arm Cordon training systems while Vertical Axis training system
occurred trees with a thicker trunk. Considering these results, it can be said that the effect of the cultivar
on the TCSA value of the trees is significant.

The training systems were effective in the canopy volume while it was observed that there was
no cultivar effect. Because the trees with the largest trunk in both cultivars were obtained with Vertical
Axis training system while it was determined that the trees with One Arm Cordon training system
formed smaller canopy (Table 1). The results of the study can be explained by the contribution of the
training system to the regulation of the tree structure, size and canopy volume (Wunsche and Lakso,
2000).
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Table 1. Effects of the training systems on trunk cross-sectional area (TCSA) and canopy volume of
Santa Maria and Deveci pear cultivars

TCSA Canopy
Cultivar Training system (cm?) volume (m?)

2012 2013 2014 2014

Vertical Axis 2.55+0.14*  4.28+0.22° 5.86+0.32°  2.00+0.12°

. One Arm Cordon ~ 1.63£0.09*  2.74+0.15" 3.58+£0.22°  0.71+0.05°

Santa Maria . b
Y Palmette 2.68+0.13"  4.86+0.24° 8.29+0.45 1.70+0.09

Vertical Axis 2.77+0.17°  4.28+0.23° 8.96+0.48"  1.86%0.14"

Deveci One Arm Cordon  3.40+0.22*  4.55+0.32° 7.99+0.39°  0.67+0.07°

Y Palmette 2.60+0.16°  4.71+0.29° 7.71£0.41°  1.55+0.11°

Means indicated with the same lower-case letter in the same columns do not differ according to Tukey's test at P<0.05.
3.2. Fruit Set and Size

In the study, it can be said that the increase in the yield values per tree depending on the years,
the trees do not reach the full yield age, and the low yield is due to this situation. Yield values changed
depending on the training system. While the lowest values for both cultivars in terms of yield and yield
efficiency per tree were recorded in the trees treated with One Arm Cordon training system, it was
determined that the trees were more efficient with the Vertical Axis and Y Palmette training systems.
Although it was not revealed statistically in the study, it can be said that Deveci cultivar is relatively
more efficient (Table 2). Musacchi et al. (2011), who reported that there were differences in yield
depending upon the training system on the pear, suggested that the efficiency is higher with Vertical
Axis training system, in line with our study results.

The differences in fruit yield and size depending on the training systems treated to the trees can
be explained by the effect of the training systems on the light interception in the canopy. Anthony et al.
(2020) reported that the light interception and distribution within the canopy differed with the different
training systems, while Corelli-Grappadelli and Lakso (2007) revealed that the training system could
affect the development, position, and angle of the branches and thus the light interception, which has an
effect on fruit yield and quality. The changes in light intensity in the tree cause differences in the rate of
photosynthesis by affecting stomatal conductance (Bairam et al., 2019) and some non-stomatal
parameters (Sun et al., 2018; Xie et al., 2018), and thus affect the fruit quality (Ran et al., 2012; Jajo et
al., 2014).

Table 2. Effects of the training systems on yield of Santa Maria and Deveci pear cultivars

. Cumulative Yield
. .. Yleld_l yield efficiency
Cultivar Training system (kg tree™) (kg tree'l) (kg cm-?)
2012 2013 2014 2014 2014
Santa Vertical Axis 2.30i0.25'; 5.05+0.22*  7.60+0.32% 14.9510.54; 2.97+0. 122
Maria One Arm Cordon 1.75+0.18 2.50+0.12°¢ 3'80i0'14:, 8.05+0.32 2.22+0.09
Y Palmette 2.26+0.17* 4.71+0.15* 6.71+0.23 13.68+0.35*  2.88+0.10°
Vertical Axis 2.02+0.16*  6.07£0.25*  8.68+0.33* 16.77+0.52*  3.01+0.17%
Deveei ~ One Arm Cordon 1.90+0.13°  3.10+0.11°  4.16:0.21° 9.16+0.25°  2.43+0.11°

Y Palmette 2.87£0.20*  5.02+0.15°  7.42+£0.29"  15.31£0.31*  2.96+0.14

Means indicated with the same lower-case letter in the same columns do not differ according to Tukey's test at P<0.05.

In the study, there were no differences in fruit size depending on the year, while the effect of
the training system was significant. Deveci cultivar had larger fruit, and the effect of the training system
varied depending on the cultivar. The effect of the training system was not observed in the last year of
the study in Santa Maria cultivar, while in other years, it was found that the fruit of the trees with One
Arm Cordon training system were larger, and there were no significant differences between the other
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two training systems. In Deveci cultivar, the training system created the differences in fruit size along
with the study. In terms of fruit size in this cultivar, the larger fruit was harvested from trees with One
Arm Cordon and Vertical Axis training systems, while it was determined that the trees occurred
relatively smaller fruit with Y Palmette training system (Table 3). As a matter of fact, many studies have
shown that light interception and distribution, which has a significant effect on fruit size, increase as a
result of pruning practices (Jung and Choi, 2010; Zhao et al., 2018).

As aresult, the training system has been effective in the vegetative development of the trees and
yield. One Arm Cordon training system can be treated to control vegetative development. Vertical axis
and One Arm Cordon training systems can be recommended for fruit yield.

Table 3. Effects of the training systems on fruit mass of Santa Maria and Deveci pear cultivars

Cultivar Training system Fruit mass (g)
2012 2013 2014
Vertical Axis 217+5.00° 218+4.98° 222+4.99%
Santa Maria One Arm Cordon 230+5.20° 231+£5.01° 225+5.03%
Y Palmette 216+5.12° 211+4.42° 216+4.88°
Vertical Axis 277+5.33° 274+5.23? 278+5.21*%
Deveci One Arm Cordon 272+5.28? 270+£5.21%® 276+5.07%
Y Palmette 259+5.31° 263+5.18° 268+4.99°

Means indicated with the same lower-case letter in the same columns do not differ according to Tukey's test at P<0.05.
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Abstract: The search for novel antimicrobial compounds from the environment
has been gaining momentum with the increase in resistance of pathogens. In the
present study, the antimicrobial potential of 11 local isolates of Actinobacteria
which were isolated from rhizosphere soils of the three local endemic plants in
Turkey was evaluated against different pathogenic bacteria and Candida
albicans. Antimicrobial activity was investigated by the disk diffusion agar
method using the organic extracts obtained from the isolates grown in the
modified Bennett's medium and Tryptic Soy Broth (TSB). Eight isolates were
revealed to show remarkable antimicrobial activity against to pathogens. Study
of the production of bioactive metabolites in two different culture media indicated
that the higher antimicrobial activity was observed in modified Bennett's medium
when compared to TSB. Also, partial 16S rDNA sequence analyses revealed that
10 of these local isolates belong to member of Streptomyces and one of them to
member Promicromonospora genera.
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Oz: Patojenlerin direncinin artmastyla birlikte yeni antimikrobiyal bilesik arayisi
hiz kazanmaktadir. Bu ¢alismada, Tiirkiye'deki ii¢ yerel endemik bitkinin rizosfer
topraklarindan izole edilen 11 lokal Aktinobakteri izolatinin farkli patojen
bakterilere ve Candida albicans'a karst antimikrobiyal potansiyeli
degerlendirilmistir. /n vitro antimikrobiyal aktivite, modifiye Bennett's ve Tryptic
Soy Broth (TSB) besiyerinde iiretilen izolatlarin organik &ziitleri kullanilarak
disk difiizyon agar yontemiyle arastirilmistir. Sekiz izolatin patojenlere karst
kayda deger antimikrobiyal aktiviteye sahip oldugu belirlenmistir. Biyoaktif
metabolitlerin liretimi {izerine iki farkli kiiltiir ortaminin incelenmesi sonucu,
modifiye Bennett ortaminda daha yiiksek antimikrobiyal aktivitenin elde edildigi
bulunmustur. Ayrica kismi 16S rDNA dizi analizleri ile bu lokal suslarin 10'unun
Streptomyces ve birinin de Promicromonospora cinsine ait oldugu tespit
edilmistir.
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1. Introduction

The phylum Actinobacteria are considered to be one of the top producers of secondary
metabolites, such as antibiotics, immunosuppressors, antifungals and antitumoral, etc. (Ay, 2020;
Kéampfer and Labeda, 2006). The Streptomyces, which is the largest genus of Actinobacteria, consists
of almost 800 species with published names (www.bacterio.net/streptomyces.html). In recent years, as
a result of the new generation sequencing analyses into the Actinobacterial systematics, many
reclassifications have been made within the genus Streptomyces (Nouioui et al., 2018). However, 16S
rRNA sequence data still are valuable in the systematics of this genus (Fguira et al., 2005).

One of the important features of the Streptomyces genome is the presence of gene clusters
responsible for the synthesis of crucial secondary metabolites (Nett et al., 2009). Streptomyces genus
has been an important reservoir of medically important metabolites, particularly antibiotics. Since the
first antibiotic discovery, many antibiotics have been isolated and described from various Streptomyces
species (Berdy, 2005). The great importance of Streptomyces species is due to the urgent need to
discover new antimicrobial compounds because of the rapid increase of multi-drug-resistant microbial
pathogens (Bush et al., 2011). For this reason, Strepfomyces has become the main focus of isolation and
investigation from different habitats including plant root environment (Yilmaz et al., 2008). Moreover,
the large amount of information gathered about Streptomyces species makes them more amenable to the
application of -omic techniques to unlock their potential to produce potent bioactive metabolites (Nett
et al., 2009). Therefore, systematic investigation of Streptomyces species becomes more important as
they still have the potential to produce many undiscovered secondary metabolites.

This study aimed to determine the variety of Actinobacteria isolated from the rhizosphere soils
of three endemic plants, Aethionema dumanii, Salvia aytachii, and Achillea ketenoglui from Beypazari,
Turkey, by 16S rRNA reading. Also, in vitro investigation of antimicrobial activities of isolates grown
in two different test media by the disk diffusion agar method is another achievement of this study.

2. Material and Methods
2.1. Actinobacterial isolates and test organisms

Bacteria were previously isolated from the alkaline root surrounding soil of A.dumanii,
S.aytachii, and A. ketenoglui endemic plants near Ayas-Beypazar1 (Ankara), Turkey (Yilmaz et al.,
2008).

In the study of evaluation of antimicrobial properties of the ethyl acetate extracts obtained from
the isolates grown in the modified Bennett's and Tryptic Soy Broth (TSB) media, Escherichia coli
(ATCC 25922), Staphylococcus aureus (ATCC 25923), Streptococcus pyogenes (ATCC 19615),
Pseudomonas aeruginosa (ATCC 27853) and Candida albicans (ATCC 10231) were used as the
indicator microorganisms for antimicrobial activity assay. All strain cultures were grown either in
Nutrient Broth (NB) broth (Difco, Detroit, MI, USA) or on Nutrient Broth agar plates at 25 °C.
Sabouraud Dextrose Agar (SDA, Merck) or broth was used for C. albicans production.

2.2. Genomic DNA isolation and PCR

TSB medium with 0.5% maltose was used to grow the isolates using an orbital shaker (230 rpm)
for 48 hours. 2 ml of it was transferred to a liquid medium containing TSB-YEME and left to incubate
at 28 °C for 24 hours in the orbital shaker (230 rpm). 1.5 ml culture was centrifuged and washed twice
using 10.3% (w/v) sucrose solution. Pellet was dissolved in 500 ul TSE buffer (25 mmol I'' Tris— HCI
pH 8.0, 300 mmol 1" sucrose, 25 mmol I EDTA) supplemented with 2 mg ml™' lysozyme and 50 pg ml”
' RNase and incubated at 37 °C for 30 min. 300 pl 2% (w/v) SDS was added and vortexed for 20 s.
Phenol:chloroform:isoamyl alcohol (25:24:1, v/v/v) solution was used for extraction, and it was
followed by another extraction step with an equal volume of chloroform:isoamyl alcohol (24:1, v/v). In
the last step, the DNA in the supernatant was precipitated by standard precipitation method using sodium
acetate (3M).
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2.3. Genotypic characterization of the isolates

The isolates were identified by partial 16S rRNA gene sequencing. The genes were amplified
in a polymerase chain reaction (PCR) using the chromosomal DNA as a template and universal bacterial
primers, 8f (5’-AGAGTTTGATCCTGGCTCAG-3’) and 1492r (5’- GTTACCTTGTTACGACTT-3’).
A 50 pl reaction mixture contained 2.5 U Taq polymerase (Thermo Fisher Scientific, Waltham, MA,
USA), 0.3 mM dNTPs, 25 mM MgCl,, 20 pmol of each primer, 5 pl of 10x reaction bufter (Thermo
Fisher Scientific), and 100 ng of template DNA. The step-up PCR procedure included denaturation at
95°C for 5 min, followed by 30 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min, with a
final extension at 72°C for 10 min. Amplification products were run on a 1 % agarose gel. DNA of the
expected size was purified from the gel with the QIAquick gel extraction kit (Qiagen, Hilden, Germany).

16S rRNA gene regions were performed by lontek Biotechnology Company (Turkey) using the
chain termination method with Thermo Sequenase II Dye Terminator Cycle Sequencing Kit
(Amersham), using a Perkin Elmer-ABI Prism 377 automated sequencing platform. The sequences
obtained were analyzed using the database on the website “https://www.ezbiocloud.net/”, and then the
sequences were logged in to the GenBank site and accessed accession numbers. The phylogenetic tree
was constructed by the GGDC web server at http:/ggdc.dsmz.de/ using the phylogenomic data line
DSMZ (German Collection of Microorganisms and Cell Cultures GmbH) adapted to single genes
(Meier-Kolthoff et al., 2013). Multiple sequence alignment was done with “MUSCLE” (Edgar, 2004),
and the phylogenetic tree was created using the Maximum Likelihood method (Stamatakis, 2014).

2.4. Extraction of crude metabolites

Each of 11 isolates was inoculated aseptically into 50 ml Bennett's medium in baffled flasks (1
g yeast extract (Fluka), 1 g beef extract (Acumedia), 2 g bacto casein (Difco), and 10 g glucose per 1 in
tap water, pH 7.8) or TSB (Oxoid) media. They were incubated for 3—5 days at 28°C in a rotary shaker
at 250 rpm. Then, 500 pl of liquid cultures were inoculated in 50 ml media again and then left for
incubation for three days.

After three days of incubation, a press was used to separate the mycelium and supernatant of the
culture. The supernatant was extracted with ethyl acetate (EtOAc) (2 x 100 ml). Both extracts were
combined and dried with Na,SO4. Crude extracts were obtained by evaporation to dryness under reduced
pressure and weighed. Then they were dissolved in ethyl acetate (EtOAc) and used for antimicrobial
screening.

2.5. In vitro antibacterial activity

The antibacterial activity of the extracts was evaluated using the disk diffusion method (NCCLS,
2002). Bacterial and C. albicans suspensions were prepared with the spectrophotometric method. The
final bacterial and C. albicans concentration applied on the agar surface was approximated to 10’ CFU
and 10*, respectively. The disk diffusion method was performed using Nutrient Agar (NA, Oxoid) for
bacteria and Sabouraud Dextrose Agar (SDA, Oxoid) for C. albicans. Sterile test discs (Bioanalyse Co.,
Ltd., Ankara, Turkey) were placed on the agar surface, which had been previously inoculated with 0.1
mL bacterial suspension at an equal distance from each other. 20 pL of each extract was directly applied
onto the disks, and the plates were left for incubation at 37°C. Inhibition zones were measured after 24
hours for bacteria and 48 hours for C. albicans. Antibiotic discs (all from Oxoid) containing imipenem
(10 pg disc™), ofloxacin (5 ug disc™), netilmicin (30 pg disc™), amoxicillin (30 pg disc™), erythromycin
(15 pg disc™), and Amphotericin B (20 pg disc) were used to test the antibiotic susceptibility. EtOAc
was used as a negative control for each experiment in the disk diffusion method. The presence of a clear
zone around the disks was considered as inhibition.

3. Result and Discussion
The rapid spread of antibiotic resistance among pathogens has created an urgent need for drugs.

Bioactivity-guided screening of the novel secondary metabolites from microorganisms may provide the
potential to overcome the antimicrobial drug-resistance, which is a great public health problem (WHO,
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2014; Schein, 2020). In the present study, it was aimed to screen the rhizospheric Actinobacteria to
determine the effective anti-microbial strains against pathogen organisms.

Partial (300-600 bp) 16S rRNA gene sequencing of isolates yielded 10 Streptomyces and 1
Promicromonospora genera according to homology search using the EZBioCloud database (Table 1).
The full-length 16S rRNA gene contains nine variable regions (V1-V9) distributed throughout the highly
conserved sequence. Our partial sequences (300-600 bp) cover the V1-V3 variable regions (Johnson et
al., 2019). Since modern analysis sequencing methods provide an appropriate read of full-length of the
16S rRNA gene, they have the potential to give a better taxonomic analysis of bacterial communities at
genus, species, and even strain levels. However, it was also shown that although the full V1-V9 region
consistently produced the best results, some sub-regions sequencing produced very good results for
classifying sequences for some genera. For example, the V1-V3 region gave satisfactory results for
Escherichia/Shigella (Johnson et al., 2019). Taxonomic analysis based on the initial 120-bp sequences
has been demonstrated in some previous studies to be useful for the identification of Streptomyces
species (Kataoka et al.,, 1997). Also, Yilmaz et al., (2008) constructed phylogenetic trees by the
neighbor-joining method in their study using both full length and partial 16S rRNA sequences of
Streptomyces isolates and representative strains. They found that the general topologies of trees from
both sequences were similar. On the other hand, genetic distance was more pronounced in the partial-
sequence tree.

Table 1. Identification of isolates and GenBank accession numbers according to the results of sequence
analysis using the EzBioCloud database

Code of Top-hit Similari GenBank
the Top-hit Taxon P~ o ty Completeness (%) Accession
Strain (%)
Isolates Numbers
AR9 Fromicromonospora YIM 61515 99.50 27.7 MT741827
xylanilytica
Cs41 Streptomyces chryseus NII"IZ;‘LMB' 99.03 214 EF494233
CAI2 Streptomyces NBRC 12821 98.33 20.7 MT738695
spiroverticillatus
BS32 Streptomyces B1041 98.63 35.2 MT733233
seymenliensis
BS29 Streptomyces hypolithicus HSM10 99.71 233 MT733215
BA14 Streptomyces peucetius JCM 9920 98.78 22.6 MT733216
BA12 Streptomyces xiangluensis ~ NEAU-LA29 99.03 213 MT733214
AS36 Streptomyces narbonensis ~ NBRC 12801 99.67 41.7 MT733200
AS28 Streptomyces chryseus N12347B_ 99.73 25.7 MT733199
AR6 Streptomyces flavofungini  NBRC 13371 99.49 41.0 MT733185
AR4 Streptomyces CCNWHQ 99.36 216 MT733183
shaanxiensis 0031

The 16S rRNA gene sequencing results of all our isolates revealed 98-99.73% similarity rates
(Table 1). Stackebrandt and Goebel, (1994) proposed the 97% 16S rRNA sequence similarity threshold
to confirm that the two strains do not belong to the same species. Then, 98.7% sequence similarity ratio
was suggested as an originality value, which is higher than the 97% threshold value (Stackebrandt and
Ebers, 2006). After a few years, it was proposed that a 98.65% similarity ratio can be used as the
threshold of distinguishing two species (Kim et al., 2014). Except for isolate BS32, the 16S rRNA gene
sequencing results of all our isolates yielded a higher than 98.65% similarity rate. The similarity value
of the isolate BS32 (98.63%) which was related to Streptomyces seymenliensis is very close to this
threshold (Figure 1). Therefore, it can be stated that our partial 16S rRNA sequences did not yield a new
species. It should be noted, however, that although the 16S rRNA gene sequence is a strong indicator,
it may not be sufficient alone to identify a new species. A polyphasic approach that encompasses
phenotypic and chemical characterizations as well as whole genome-based analysis should be adopted
to precisely determine the taxonomic position of a strain (Tindall et al., 2010).
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Antimicrobial activities of 11 identified isolates that were grown in modified Bennett's medium
and TSB are shown in Table 2. Table 3 shows the results of the antibacterial test of some of the standard
antibiotics against tested microorganisms. It was shown that the crude EtOAc extracts of 8 of the isolates
had antimicrobial activity against different test organisms. Among them, extracts of CS41 isolate grown
in modified Bennett's medium were found to have a strong inhibitory effect on Gram-positive organisms.
BS29 grown in the same medium was the only isolate showing both antibacterial and antifungal activity.
No antimicrobial effect of the majority of the extracts from isolates grown in TSB medium was observed
against test microorganisms. On the other hand, EtOAc extracts of isolates grown in modified Bennett’s
medium showed remarkable antimicrobial activity (Table 2). According to the results, it was observed
that the antibacterial effects of the extracts were more prominent on Gram-positive bacteria compared
to Gram-negative bacteria. These findings are parallel to the observations made by the other researchers
in their studies in the literature (Basilio et al., 2003; Saadoun and Gharaibeh, 2003; Sahin, 2005). This
might be explained by the difference in cell wall compositions between the two groups. The more
peptidoglycan structure in the cell wall of Gram-positive bacteria makes these bacteria more sensitive
to antibacterial agents, especially antibiotics (Yilmaz et al., 2008).

Also, various factors such as pH, temperature, minerals, and culture media components affect
secondary metabolite production. Some of the 11 isolates grown in Benett+ Glucose medium had
antimicrobial activity. On the other hand, they did not show any activity when they were grown in TSB
medium. The difference in antimicrobial activity due to the factors mentioned above shows how
important the medium is in this regard. The three isolates BA12, BA14, and BS29 were also found to
have antimicrobial activity against E. coli and C. albicans when grown in modified Bennett's medium.
Many studies have shown that the role of nutrients and the environment have very important effects on
the amount and variety of secondary metabolite synthesis (Bills et al., 2008; VanderMolen et al., 2013).
Different sources of carbon and nitrogen in the culture medium can increase or decrease the synthesis
of a bioactive secondary metabolite through different ways, such as enzyme induction or inhibition.
There are studies indicating that glucose is an effective and preferred carbon source for secondary
metabolite synthesis by Streptomyces (Fguira et al., 2005). Also, Ouhdouch et al., (2001) stated that
Bennett’s medium was the best for antibiotic production among three media used in testing thirty-two
strains of Streptomyces.

Table 2. Antimicrobial spectrum of the crude extracts of the isolates grown in Bennet’s+Glucose and
TSB media against several pathogens. The results represent the average mean zone diameters
(in mm) of three replicates using the disk diffusion method

Bennett’s+Glucose TSB
E.  Saure Spyogen P.aerugino C.albica E.co S.aure Spyogen P.aerugino C.albica

AR4 - - 14 R R - - - R R

Isolates

AR6 - - - - - - - - - -
AR9 - 18 18 - - - - - - -
AS28 - 10 - - - - - - - -
AS36 - - - - - - - - - -
BAI12 8 12 16 - 5 - - - - -
BA14 10 18 12 - 5 - - - - -
BS29 12 18 20 - 7 - - - - -
BS32 - 10 - - - - - - - -
CAl2 - - - - - - 5 - - -
CS41 - 30 24 - - - 16 12 - -
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Table 3. The results of the disk diffusion method for antibiotic susceptibility testing using standard
antibiotics. The results represent the average mean zone diameters (in mm) of three replicates

Tested Imipenem Netilmicin Amoxicillin Ofloxacin Erythromycin Amphotericin B
Organism
S. aureus 18 11 15 14 15 -
S. pyogenes 20 12 13 13 13 -
C. albicans - - - - - 10
E. coli 15 13 11 14 - -
P. aeruginosa 10 9 - 10 - -

Streptomyces albidochromogenes NBRC 101003™ (AB249953)

S—treptomyces flavidovirens NBRC 13039 (AB184270)

65/7ftrain AS28 (MT733199)

Streptomyces helvaticus NBRC 133827 (AB184367)

S_treptomyces chryseus NRRL B 123477 (AY999787)

Strain CS41 (EF494233)

Streptomyces hypolithicus HSM10" (EU196762)

S;rain BS29 (MT733215)

Strain AS36 (MT733200)

Streptomyces lateritius LMG 193727 (AJ781326)

75/61feptomyces gardneri NBRC 12865" (AB249908)

Streptomyces narbonensis NBRC 12801 (AB184157)
Streptomyces omiyaensis NBRC 13449 (AB184411)

Streptomyces virginiae NRRL ISP 50947 (JOAK01000082)

Streptomyces cavourensis NBRC 13026" (AB184264)

Kitasatospora albolonga NBRC 13465 (AB184425)
[‘93/65
Streptomyces finlayi NRRL B 12114 (AY999788)

_,_— Strain CA12 (MT738695)
Streptomyces spiroverticillatus NBRC 128217 (AB249921)

73/lgéreptomyces kanamyceticus NBRC 13414 (AB184388)
Streptomyces aureus NBRC 1009127 (AB249976)
Strain BA14 (MT733216)
Streptomyces peucetius JCM 99207 (AB045887)
3 Streptomyces xantholiticus NBRC 13354 (AB184349)
Streptomyces kurssanovii NBRC 131927 (AB184325)
Strain AR4 (MT733183)
Sstreptomyces shaanxiensis CCNWHQ 00317 (FJ465151)
Streptomyces lincolnensis NRRL 2936" (CP016438)
Streptomyces curacoi DSM 401077 (KQ948008)
Streptomyces bungoensis DSM 417817 (KQ948892)
Streptomyces cyslabdanicus K04 0144 (AB915216)
Streptomyces griseorubiginosus DSM 40469" (KQ948757)
Streptomyces yokosukanensis DSM 402247 (KQ948269)
,— Strain BS32T (MT733233)
] Streptomyces seymenliensis B1041T (KC560729)
'— Streptomyces phaeoluteigriseus DSM 41896 (MPOH01000466)
L— Streptomyces rishiriensis NBRC 134077 (AB184383)
Streptomyces platensis JCM 46627 (AB045882)
mg/tlrggtomyces violarus NBRC 131047 (AB184316)
9/7§treptomyces arenae ISP 52937 (AJ399485)
Strain BA12 (MT733214)
Streptomyces silaceus NRRL B 24166" (LIRJ01000287)
_ﬂStrain AR6 (MT733185)
Streptomyces flavofungini NBRC 133717 (AB184359)
Promicromonospora endophytica EUM 2737 (GU434253)
Promicromonospora alba 1C HV12T (KP784765)
Promicromonospora xylanilytica YIM 615157 (F1214352)
Strain AR9 (MT741827)
Isoptericola hypogeus HKI 03427 (AJ854061)

100/100

0.03

Figure 1. Phylogenetic tree based on the partial 16S rRNA gene analysis of the isolates.

(The phylogenetic tree was constructed by the maximum likelihood method and rooted by midpoint-rooting. The branches are scaled in terms
of the expected number of nucleotide substitutions per site. The numbers at nodes indicate the bootstrap support values when larger than 60%

from maximum likelihood (left) and maximum parsimony (right) bootstrapping. GenBank accession numbers are given in brackets.)
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Isolate AR9, our only isolate that does not belong to Streptomyces genus, was closely related to
Promicromonospora xylanilytica (99.50%). There is a limited number of studies in the literature about
this bacterium. It was a non-spore-forming and xylan-degrading bacterium that was isolated as
endophytic actinomycete by Qin et al., (2012). In a recent study, the researchers discovered three new
products from the P. xylanilytica YIM 61515. Their structures and cytotoxicity against five human
cancer cell lines were elucidated (Wang et al., 2018). Therefore, chemical investigation of this isolate
might open new windows to the discovery of new secondary metabolites.

The previous studies demonstrated the antimicrobial activity of secondary metabolites extracted
from different Streptomyces strains against pathogens microorganisms. Kalyani et al., (2019) stated that
the ethyl acetate extracts of Streptomyces sp. NLKPB45 isolated from mangrove soil samples showed
antimicrobial activity against Salmonella sp., S. aureus, E. coli, and B. subtilis (Kalyani et al., 2019).
Moreover, the researcher observed that the crude extract from the Streptomyces sp. possessed
antimicrobial activity against Bacillus cereus, Bacillus megaterium, Bacillus subtilis, Micrococcus
luteus, S. aureus with the MIC values ranging from 5 to 50 pug/mL (Riahi et al., 2019).

The culture-dependent/independent approaches may contribute to the discovery of new
bioactive secondary metabolites from different microbial sources. Bioactivity screening is the first and
most important step in secondary metabolite studies to highlight novel metabolites. Recent secondary
metabolite screening studies have revealed that novel antibiotics (teixobactin, lugdunin and
formicamycins etc.) are being discovered with these strategies from environmental microbial strains
(Ling et al., 2015).

4. Conclusion

In this study, existing isolates were found to be involved in phylum Actinobacteria as a result
of molecular diagnostic studies. Eight of them showed remarkable antimicrobial activity. The study
about the effect of two different media on the production of bioactive metabolites indicated that using
modified Bennett's medium provided higher antimicrobial activity when compared to TSB. Secondary
metabolites of microbial origin are very important precursor compounds in studies conducted to
investigate new drugs. The discovery of new compounds by screening bioactive metabolites in the
Streptomyces genus with high secondary metabolite production potential is a possible situation.
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Anahtar Kelimeler

Fizyolojik degisim,
Kuraklik stresi,
PGPR,

Stoma,

Tibbi bitki

Oz: Tibbi 6zellikteki bitkiler arasinda 6nemli bir yeri olan Calendula officinalis L.
bitkisi ~ farmakoloji, gida, siis Dbitkisi ve kozmetik endiistrisinde
degerlendirilmektedir. Son donemlerde yapilan ¢alismalarda aynisafa bitkisinin
kullanim alanlarinin gittikge yayginlastig1 fakat yaygin kullanimina ragmen ticari
olarak iiretiminin olduk¢a sinirli oldugu bilinmektedir. Tarimsal {iretimde dnemli
bir abiyotik stres faktorii olan kuraklik stresine karsin verim ve kalitede diistisleri
en aza indirmek amaciyla BGUB (bitki gelisimini uyaran kok bakterileri)
uygulamalar1 6n plana ¢ikmistir. Yapilan bu ¢alismada, BGUB (Bo: Bakterisiz
ortam (kontrol), B1; Azospirillum lipoferum, B2: Bacillus megaterium, Bs: Chlorella
saccharophila) uygulamalarinin, kuraklik stresi kosullarinda (normal sulama (K1),
Y2 azaltilmis (K2) ve % azaltilmis (Ks)) yetistirilen C. officinalis bitkisinin bazi
biliyiime parametreleri ile fizyolojik degisimleri iizerindeki etkilerinin tespit
edilmesi amaglanmstir. Calisma 8/16 saatlik karanlik/aydinlik fotoperiyotta, 25 °C
sicaklik ve % 65 neme sahip olan kontrolli sartlardaki iklim odasinda
ylriitilmiistir. Tohumlar 28.05.2020 tarihinde ekilmis olup tesadif parselleri
deneme deseninde ve 3x4 faktoriyel diizende varyans analizine tabi tutulmustur.
Calismada, BGUB (Bo: Bakterisiz ortam (kontrol), Bi; Azospirillum lipoferum, B:
Bacillus megaterium, Bs: Chlorella saccharophila) uygulamalariin, kuraklik stresi
kosullarinda (normal sulama (Ki), "2 azaltilmis (K2) ve % azaltilmis (K3))
yetistirilen C. officinalis bitkisinin bazi biiylime parametreleri ile fizyolojik
degisimleri iizerindeki etkilerinin tespit edilmesi amaglanmistir. Incelenen
parametreler gz oniine alindiginda kuraklik uygulamalarinin gévde uzunlugu (Ki:
11.1 cm), kok yas (Ki: 1.06 g) ve kuru (Ki: 0.17 g) agirligi, govde yas agirlhigi (Ki:
7.26 g), yaprak alami (Ki: 7.81 cm?) ve sicakligi (K3: 27.7 °C), epidermal hiicre
sayist (Ki: 593.16 adet/mm?) ve stoma ozelliklerinin tamam istatistiksel olarak
onemli goriilmiistiir. Bakteri uygulamalarinda istatistiksel olarak gévde uzunlugu
(B1i: 11.0 cm), kdok yas (Bi: 0.89 g) agirligi, govde yas (Bi: 6.09 g) agirhigs,
epidermal hiicre sayis1 (Bi: 672.88 adet/mm?), stoma boyu (Bi: 32.71 p), ve
yogunlugunun (Bi: 11.06 adet/mm?) énemli oldugu belirlenmistir.
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The Effect of Plant Growth Promoting Rhizobacteria Applications on Some Growth
Parameters and Physiological Properties of Marigold (Calendula officinalis L.) Plant
Grown under Drought Stress Conditions

Article Info Abstract: Calendula officinalis L. species, which has an important place among
medicinal plants, is used in the pharmacology, food, ornamental plant, and
cosmetics industry. In recent studies, It is known that the usage areas of marigold
have become increasingly widespread, but despite this widespread use, the species
is quite limited of commercial production. Against drought stress, which is an
important abiotic stress factor in agricultural production, BGUB (plant growth-
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Keywords promoting rhizobacteria) applications have come to the fore in order to minimize

the decrease in yield and quality. In this study, it is aimed to determine the effects
Physiological change, of PGPR (Bo: Bacteria-free environment (control), Bi,; Azospirillum lipoferum, B:
Drought stress, Bacillus megaterium, Bs: Chlorella saccharophila) applications on some growth
PGPR, parameters and physiological changes of C. officinalis plant grown under drought
Stoma, stress (normal irrigation (K1), reduced % (K2) ve reduced % (K3)) conditions. The
Medicinal plant.

study was carried out in a controlled climate room with a temperature of 25°C and
a humidity of 65% in a dark/light photoperiod of 8/16 hours. Seeds were sown on
28.05.2020 and were subjected to analysis of variance in randomized plot design
and 3x4 factorial design. In this study, it is aimed to determine the effects of
BGUKB (Bo: Bacteria-free environment (control), Bi,; Azospirillum lipoferum, Ba:
Bacillus megaterium, Bs: Chlorella saccharophila) applications on some growth
parameters and physiological changes of C. officinalis plant grown under drought
stress (normal irrigation (K1), reduced % (K2) ve reduced % (Ks3)) conditions.
Considering the parameters examined, drought applications were found to be
statistically significant in terms of stem length (Ki: 11.1 cm), root fresh (Ki: 1.06
g) and dry (Ki: 0.17 g) weight, stem fresh (Ki: 7.26 g) weight, leaf area (Ki: 7.81
cm?) and temperature (Ks: 27.7 °C), epidermal cell number (Ki: 593.16
number/mm? and all stomatal characteristics. In conclusion, bacteria applications
showed a significant impact on some of the characters like stem length (Bi: 11.0
cm), root fresh (Bi1: 0.89 g) weight, stem fresh (Bi: 6.09 g) weight, epidermal cell
number (Bi: 672.88 number mm~?), stoma length (Bi: 32.71 p) and density (Bi:
11.06 number (mm?).

1. Giris

Calendula son donemlerde 6n plana ¢ikmis tip ve kozmetik sektoriiniin 6nemli bitkileri arasina
girmistir. Aynisafa olarak da bilinen Calendula officinalis L. Asteraceae familyasindan olup sari-
turuncu renkli gigeklere sahip 30-70 cm boyunda tek yillik otsu bir tiirdiir. ilkbahar ayindan sonbahara
kadar cicekte kalan tiir, biinyesinde flavonlar, miisilaj, saponinler, glikozitler, sapogenin, ksantofil,
karatinoid, eterik yaglar ve organik asitleri bulundurmaktadir (Ebcioglu, 2013). Kozmetik sanayisinde
ciceklerinin onarici, nemlendirici, yenileyici ve yatistirict etkisinden kaynakli dis macunu, bebek yagi,
cilt bakim kremi ve sampuan olarak kullamildig1 bilinmektedir (Goktas ve Gidik, 2019). Ayrica
antibakteriyel, antifungal, istah agici, sindirimi kolaylastirici, tansiyonu disiiriicii ve mide tilserinde
etkili oldugu belirtilmistir (Ebcioglu, 2013).

Diinyada siirekli olarak artan gida ve hammadde ihtiyacinin karsilanabilmesi igin su
kaynaklarinin etkin kullanilmasi gerekmektedir. Mevcut su kaynaklarinin tiikenmesine bagl olarak
kuraklik stresi tarimsal tiretimi giiclestirmektedir (Samancioglu ve ark., 2016). Kisitli sulama tarimsal
iiretimde onemli bir abiyotik stres faktorii olarak goriilmektedir. Yapilan g¢aligmalarda kuraklik stresi
altindaki bitkilerde meydana gelen fizyolojik ve morfolojik zararlarin BGUB ile en aza indirilebilecegi
vurgulanmigtir (Samancioglu ve ark., 2016; Kutsal, 2017). BGUB uygulamalarinda bitki gelisimi i¢in
onemli olan azot ve fosfor gibi besin elementlerinin bitkiye kazandirilmas1 biiyiik 6nem tagimaktadir.
Onemli azot baglayic1 bakterilerden olan Azospirillum lipoferum un bitkilerde verim artig1, genis kok
sistemi, ¢cimlenme ve gelisimi tesvik ettigi bilinmektedir (Jacoud ve ark., 1998). Proteince zengin olan
mikroalgler iirettikleri baz1 enzim ve hormonlar sayesinde bitki gelisimini tesvik ederken canliligim

887



YYU TAR BiL DERG (YYU J AGR SCI) 31 (4): 886-897
Selem ve ark. / Bitki Gelisimini Tesvik Eden Bakteri Uygulamalarinin Kuraklik Stresi Kosullarinda Yetistirilen Aynisafa (Calendula officinalis L.) Bitkisinin
Bazi Biiyiime Parametreleri ile Fizyolojik Ozellikleri Uzerine Etkisi

yitirenlerinde ayrisarak bitkilere inorganik maddeler sagladigi belirtilmistir (Ergiin ve ark., 2010). Acik
sistemlerde en cok yetistirilen mikroalglerden olan Chlorella’nin baz1 meyve kalite parametrelerini
arttirddy, bitki gelisimi ve verimi tesvik ettigi ortaya konulmustur (Ozeng ve Sen, 2017). Bitki gelisimi
ve veriminde onemli fosfat ¢oziicii bakterilerden olan Bacillus megaterium ise organik ve inorganik
fosfat1 kullanilabilir forma doniistiirerek bitki tarafindan alinimi artirmakta ve antibiyotik ile indol asetik
asit gibi metabolitleri iireterek bitki gelisimini tesvik etmektedir (Yolcu ve ark. 2012; Oztekin ve ark.,
2015).

Biyolojik giibre olarak tek veya kombine olarak kullanilan bu mikroorganizmalarin bitki
gelisimini tesvik ettigi yapilan arastirmalar ile ortaya konmus ve stres altindaki bitkilerde olusacak
tahribatlarin en aza indirilmesi noktasinda ¢6ziim olabilecegi dngoriilmiistiir. Ayrica bitkisel iiretimde
iiretkenligi ve fotosentezi smirlayan kuraklik ile miicadelede bolgeye uygun tiir ve cesitlerin
yetistirilmesi 6nemlidir. Bu noktada seleksiyon kriteri olarak stoma boyutlar1 ve yogunlugunun bir
belirteg olarak kullanilabilecegi ortaya konmustur (Cimar ve ark., 2016). C. officinalis tiiriiniin
anomositik stoma i¢erdigi, stomalarin yapragin her iki yiizeyinde de bulundugu ve epiderma hiicreleriyle
ayni seviyede (mezomorf stoma) oldugu bildirilmistir (Kalas, 2019).

Caligma materyalini olusturan C. officinalis tiirliniin Tiirkiye florasinda kiiltlir formu oldugu,
gen merkezinin bilinmedigi belirtilmis fakat mevcut literatiirde tiiriin kokeninin Akdeniz havzasi oldugu
ve bitkinin artik iilkemizde dogallasmaya basladigi ortaya konmustur (Kalas, 2016). Yapilan ¢caligmada
farkli kuraklik uygulamalarina tabi tutulan Calendula officinalis L. bitkisinde BGUB uygulamalarinin
bazi biiylime ve fizyolojik parametreler lizerine olan etkisi arastirilmigtir.

2. Materyal ve Yontem

Caligmanin bitkisel materyalini olusturan Calendula officinalis L. bitkisine ait tohumlar Van
Yiiziincii Y1l Universitesi (Van YYU) Tibbi ve Aromatik Bitkiler Bahgesi’'nden temin edilmistir.
Calisma Van YYU Ziraat Fakiiltesi Tarla Bitkileri Boliimii iklim odas1 ve Fizyoloji laboratuvarinda
yiriitiilmistiir. C. officinalis L. tiirline ait tohumlar 500 cc’ lik saksilarda torf+perlit+toprak (1:1:2)
ortamma 1-2 cm derinlige dort tekerriirlii olarak ekilmistir. Ekimden sonra bitkiler 8/16 saatlik
karanlik/aydinlik fotoperiyotta, 25°C sicaklik ve % 65 neme sahip olan kontrollii sartlardaki iklim
odasinda yetistirilmistir.

Calismada kullanilan toprak kumlu killi tin tekstlir yapisinda, kirecli (% 17.9), pH alkali
reaksiyonlu (8.18) olup tuz oranmi (% 0.021), organik madde (% 1.17), azot igerigi (0.049 me/100g) ve
yarayisl fosfor igerigi (6.70 ppm) ile potasyum (488 ppm) miktar1 belirlenmistir. Calismada kullanilan
torfa ait ozellikler; pH 6, 160-260 mg/L N, 180- 280 mg/L P,Os, 200- 150 mg/L KOs, 80- 150 mg/L
Mg, % 0.8 N, % 70 organik madde, % 35 C seklindedir.

Tohumlar 28.05.2020 tarihinde topraga ekilmis ve bitkilerin 5-6 yaprakli oldugu dénemde kisith
sulamaya baslanmustir. Kisith sulama uygulamalarma baglamadan 6nce saksi (tarla) kapasitesi Unliikara
ve ark. (2010)’na gore 130 cc olarak belirlenmistir. Sulama suyu miktar1 olarak 500 cc’lik saksilara ii¢
farkl1 su rejimi uygulamasi (normal (%100) sulama (K), 2 azaltilmis (K2) ve % azaltilmis (K3)) yapilmis
ve bitkiler distile su ile sulanmistir. Calismada bitki gelisimini tesvik edici bakterilerden N bakterisi olan
Azospirillum lipoferum (1x10° kob/ml), P ¢dziicii olarak bilinen Bacillus megaterium (1x10° kob/ml) ve
tatl su algi olan Chlorella saccharophila (2x10* kob/ml) kullamlmistir. Kontrol grubunda herhangi bir
bakteri uygulamasi yapilmamistir. C. officinalis tohumlar1 hazirlanan karigimlarda 2 saat karanlikta
bekletilerek 500 cc’lik saksilara ekilmistir. Ekimden 1 hafta sonra uygulamalar dikkate alinmak {izere
saksilara 50 cc bakteri soliisyonu uygulanmustir.

Kok ve govde uzunlugu dijital kumpas yardimiyla cm olarak olgiilmiistiir. Kok ile govdenin yas
ve kuru agirligi hassas terazi (0.0001 g duyarl) yardimiyla tartilmistir. Yag agirliklan belirlenen bitki
ve kokler daha sonra 40°C’de 72 saat siireyle kurutulmustur. Yaprak alan1 Easy Leaf Area programi
kullanilarak, yaprak yiizey sicakliklar1 tasinabilir infrared termometre yardimiyla oOl¢lilmiistiir.
Bitkilerden alinan yaprak drnekleri stoma analizleri i¢in Laboratuvara tasinmistir. Stoma 6lgiimlerinde
Leica DM500 151k mikroskobu, mikroskoba bagli Leica ICC50 HD kamera ile Leica LAS EZ (versiyon
3.0) yazilimi kullanmilmigtir. Stoma yogunluklarimi belirlemek amaciyla bitkinin 2. yapraklarinin alt
kismina tirnak cilas1 siiriilmiis ve kuruduktan sonra alinip lam iizerine konularak mikroskopta
incelenmistir. Olgiimler 3 bitkiden alinan yapraklardan toplamda 10 &lgiim olacak sekilde yapilmustir.
Alana diisen stoma sayis1t mm?®’ lik alana diisen say1 olarak belirlenmistir (Eris ve Soylu, 1990).
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Epidermal hiicre sayist mm” alana diisen hiicrelerin sayilmasi ile yapilmistir. Stoma indeksinin
hesaplanmasinda asagidaki formiil kullanilmigtir (Meidner ve Mansifield, 1968).

Stoma indeksi= mm?*’deki stoma sayis1 / (mm?’deki stoma sayis1 + mm*’deki epidermis hiicre
sayist) x100.

Calismanin sonucunda elde edilen veriler, Tesadiif Parselleri deneme deseninde ve 3x4
faktoriyel diizende varyans analizine tabi tutulmustur. Elde edilen verilerin hesaplanmasi COSTAT (6.3
versiyonu) bilgisayar analiz programi kullanilarak yapilmis olup dnemli ¢ikan uygulamalar Duncan
Coklu Karsilagtirma Yontemi’ ne gore karsilagtirnlmistir (Diizgiines ve ark., 1987).

3. Bulgular ve Tartisma

Bitkilerde biiyiime ve gelismeyi olumsuz yonde etkileyen kuraklik stresinin biyokimyasal,
morfolojik, fizyolojik ve molekiiler degisikliklere sebep oldugu bilinmektedir. Yiiriitilen ¢calismada
farkli bakteri uygulamalar ve kuraklik uygulamalarina tabi tutulan C. officinalis tiirinde meydana gelen
degisimler incelenmistir. Tiirde meydana gelen morfolojik ve anatomik degisimler Cizelge 1 ve 2°de
verilmistir.

Calismada kuraklik uygulamalar1t (KU), bakteri uygulamalarn (BU) ve KU x BU
interaksiyonunun kdk uzunlugu {izerinde istatistiksel olarak dnemli olmadig1 goriilmiistiir. Kuraklik
stresinde kok uzunlugu degeri 14.9-16.8 cm ve bakteri uygulamalarina gore kok uzunlugu degeri 15.6-
16.7 cm arasinda degismektedir. Kalas (2019), C. officinalis’in ana kok yapisinin odunsu ve 5.2-21.9
cm uzunlugunda oldugunu vurgulamistir. Calisma sonucunda elde edilen kok uzunlugunun ilgili
literatiir ile paralellik gosterdigi goriilmiistiir. Ayrica kurak sartlarda yetistirilen geltik bitkisine
uygulanan BGUB nin kok biiyiimesini ve sagak kok olusumunu artirdigi ve bu gelismenin glisinbetain,
prolin gibi ozmolitlerin artisindan kaynaklanabilecegi goriisii savunulmustur (Yuwono ve ark., 2005).

Calismada govde uzunlugu bakimindan kuraklik uygulamalarinin etkisi % 1, bakteri
uygulamalarinin etkisi % 5 diizeyinde istatistiksel olarak 6nemli bulunurken, KU x BU
interaksiyonunun etkisi ise 6énemsiz bulunmustur. Kuraklik uygulamalarina gére en uzun gévde boyu
10.7 cm ile K» uygulamasindan elde edilirken, K; uygulamasi ile ayn1 grup icerisinde yer almigtir. En
az govde uzunlugu (8.58 cm) degeri ise K; uygulamasindan tespit edilmistir. Bitkinin vejetatif
aksamindaki gelisimde etkili oldugu bilinen N bakterisinin bulundugu B; uygulamasindan 11.0 cm ile
en yiiksek ortalama elde edilirken en diisiik deger 9.34 cm ile B; uygulamalarindan tespit edilmistir.
Kuraklik stresinin bitkilerde fotosentez oraninda diisiislere neden oldugu, dolayisiyla bitki gelisimini
olumsuz etkileyerek biiylimeyi smirlandirdigi ortaya konmustur (Sayyari ve Ghanbari, 2012). Telek ve
ark. (2019), rhizobakterilerin bitki boyu, siirgiin kuru ve yas agirligi 6zellikleri iizerine gelistirici
etkisinin oldugunu rapor etmistir. Deng ve ark. (2013), yaptig1 ¢calismada Paenibacillus polymyxa
izolatinin domates bitkisinin boyunda artis sagladigini saptamistir. Caligmanin sonucunda artan kuraklik
uygulamalarina bagli olarak biiyiime ve gelismede azalmalar goriiliirken bakteri uygulamalarinda
artiglarin oldugu ve literatiirle benzerlik gosterdigi belirlenmistir.

Kok yas agirhigindan elde edilen veriler incelendiginde istatistiksel olarak kuraklik
uygulamalarinin % 1, bakteri uygulamalarinin % 5 ve KU x BU interaksiyonunun da 6nemsiz oldugu
goriilmiistlir. Artan kuraklik uygulamalaria bagli olarak ortalamalarin sirayla 1.06, 0.76 ve 0.58 g
oldugu ve kuraklik stresindeki artisa paralel olarak agirliklarinda azalmalari oldugu saptanmustir.
Bakteri uygulamalar1 ortalamasinda ise en yiiksek deger (0.89 g) B; uygulamalarindan, en diisiik degerin
ise (0.74 g) Bo uygulamalarindan elde edildigi tespit edilmistir. Kontrol uygulamalar ile B,
uygulamalar1 ayni grup igerisinde yer almistir. Bat ve ark. (2020), ekinezya bitkisinde deniz yosunu
uygulamalarinin yas kok agirhiginda artis saglarken (5.93 g) en diisiikk yas kok agirliginin kontrol
grubunda (4.26 g) oldugunu belirtmistir. Telek ve ark. (2019), biberde bakteri uygulamalarinin kok yas
ve kuru agirligi iizerinde olumlu etkileri oldugunu vurgulamistir. Yapilan galigmalar kurak kosullarda
yetistirilen bitkilerde bitki yas ve kuru agirliklarinda azaligslarin oldugunu ortaya koymustur
(Khorasaninejad ve ark., 2011). Elde ettigimiz bulgularn ilgili literatiirler ile uyumlu oldugu
gOrilmustiir.

Arastirma sonucunda kok kuru agirlhigi, bakteri uygulamalarinda istatistiksel olarak 6nemsiz
iken kuraklik uygulamalar1 ve KU x BU interaksiyonunda istatistiksel olarak % 1 diizeyinde énemli
goriilmiistlir. Bakteri uygulamalarinda en yiiksek deger 0.16 g olarak Bs uygulamalarindan, en diisiik
degerin ise 0.14 g ile B, uygulamalaridan belirlenmistir. Kuraklik uygulamalarinda; kok kuru agirlig

889



YYU TAR BiL DERG (YYU J AGR SCI) 31 (4): 886-897
Selem ve ark. / Bitki Gelisimini Tesvik Eden Bakteri Uygulamalarinin Kuraklik Stresi Kosullarinda Yetistirilen Aynisafa (Calendula officinalis L.) Bitkisinin
Bazi Biiyiime Parametreleri ile Fizyolojik Ozellikleri Uzerine Etkisi

bakimindan en yiiksek deger 0.17 g ile K; uygulamalarindan, en diisiik deger ise 0.13 g ile K3
uygulamalarindan tespit edilmistir. K, ile K3 uygulamalan arasinda istatistiksel farkliligin olmadig:
Cizelge 1’ de gorililmektedir. KU x BU interaksiyonunda en fazla kok kuru agirligi degeri K x By ile Ko
x By interaksiyonlarmdan 0.19 g olarak tespit edilmistir. Osakabe ve ark. (2014), yaptig1 ¢aligmada
kuraklik stresinin bitkilerde N alimini artirdig1 ve P alimini azalttigini belirtmistir. Caligmamizda benzer
sekilde en diisiik kuru kok agirliginin B, ortaminda oldugu goriilmiistiir. Kuraklik stresine bagl olarak
bitkilerde kok uzamasi, su aliminda azalma, yapraklarin kivrilmasi, epidermal iletkenlik, kok ve
gdvdenin kuru-yas agirliklarinda azalmalarin oldugu yapilan ¢calismalar ile ortaya konmustur (Tuteja ve
ark., 2011).

Govde yas agirligr verilerine bakildiginda kuraklik uygulamalarinin istatistiksel olarak % 1,
bakteri uygulamalarinin % 5 diizeyinde énemli oldugu, KU x BU interaksiyonunun ise énemsiz oldugu
tespit edilmistir. Bakteri uygulamalarina gore; en yiliksek deger 6.09 g ile B uygulamalarindan tespit
edilirken By ve B, uygulamalar ile aym grupta yer almistir. En diisiik deger ise 4.80 g ile Bs;
uygulamalarindan belirlenmistir. Govde yas agirliginin artan kuraklik dozuna bagli olarak azaldig1 ve
ortalamalarin sirasiyla 7.26, 5.85 ve 3.91 g araliginda degistigi belirlenmistir. En yiiksek deger 7.26 g
ile kontrolden, en diisiik deger ise 3.91g ile K3 uygulamalarindan tespit edilmistir. Kusvuran ve Abak
(2012), 31 kavun genotipi ile gergeklestirdigi kuraklik caligmasinda ilk belirgin etkiler bitkilerin yesil
aksam agirliginda azalma oldugunu ve kontrol bitkilerine kiyasla % 60-67 oraninda gdvde yas
agirhgmmda azalma oldugunu vurgulamistir. Samancioglu ve ark. (2016), kisith sulama altinda
yetistirdigi lahana bitkisinde en yiiksek gévde yas ve kuru agirliginin Bacillus subtilis rizobakterisinin
uygulandig bitkilerden elde edildigini belirtmistir.

Elde edilen veriler dogrultusunda kuru gévde agirliginin kuraklik uygulamalarinda istatistiksel
olarak % 1 diizeyinde 6nemli oldugu, bakteri uygulamalar1 ve KU x BU interaksiyonunda 6nemsiz
oldugu belirlenmistir. Kuru govde agirliginin artan kuraklik uygulamalarina paralel olarak azalis
gosterdigi ve kuraklik dozu ortalamalarinin sirasiyla 1.27, 1.11, 0.97 g oldugu tespit edilmistir. Kuraklik
stresine bagli olarak biiyiimede azalma, bitki yas ve kuru agirligi gibi parametrelerde azalma meydana
geldigi bildirilmektedir (Kusvuran ve ark., 2008). Sankar ve ark. (2008), kuraklik stresine maruz
birakilan bamyada kuru agirlik kayiplarinin % 78 oraninda gerceklestigini bildirirken, Kusvuran ve ark.
(2007), Cucumis sp. genotiplerinde kurakligin koklerde kuru agirligin azaldigini belirtmistir.

Bakteri uygulamalarinin yaprak alan1 {izerindeki etkisi istatistiksel olarak énemsiz bulunurken
BU x KU interaksiyonu ile kuraklik uygulamalar istatistiksel olarak % 1 oraninda énemli bulunmustur.
Kuraklik stresi sartlarinda en fazla yaprak alan1 7.81 cm? ile kontrol uygulamalarindan en diisiik deger
(5.43 cm?) ise K5 uygulamalarindan tespit edilmistir. K> uygulamalar ile aym grup icerisindedir. En
yiiksek yaprak alam K; x By interaksiyonunda 9.85 cm? olarak, en diisiik ise K> x By interaksiyonunda
4.42 cm? olarak elde edilmistir. K3 x By uygulamalari ile aralarinda istatistiksel farklilign olmadig
Cizelge 1’de goriilmektedir. Azotun bitkilerde vejetatif aksami gelistirdigi ¢esitli ¢aligmalar ile tespit
edilmistir (Bolat ve Kara, 2017; Asik, 2018). Samancioglu ve ark. (2016), kisith sulama altinda
yetistirdigi lahanada en yiiksek yaprak alaninin Bacillus subtilis rizobakterisinin uygulandig bitkilerden
elde edildigini belirtmistir. Bat ve ark. (2020), kuraklik stresinin bitkilerde yaprak alaninin azalmasina
neden oldugunu ortaya koymustur. Yapilan ¢aligmalarda bitkilerde artan stres dozuna bagl olarak
yaprak alanimin azaldig1 vurgulanmig (Tuteja ve ark., 2011) ve bu sonuglarin ¢alismamiz ile uyumlu
oldugu goriilmiistiir. Dere (2021), sivi bakteri biyogiibresi (Basillus subtilis (1x10°), Bacillus
licheniformis (2x10°), Bacillus megaterium (1x10°) ve Pseudomonas putita (1x10')) kullanarak yaptig1
calismada kuraklik stresi altinda yetistirilen Falcon domates ¢esidinin bitki ¢api, kdk yas agirligi ve
yaprak alani parametrelerinin, Tom-29 domates ¢esidinde ise bitki yas agirligi, yaprak yas agirligi, kok
yas agirlig1 ve yaprak alaninin olumlu etkiledigini, kuraklik stresinin bu parametrelere olan olumsuz
etkisini azalttigim belirlemistir.

Bitkide yaprak yiizey sicakliklarinin, ¢evreden, bitkinin fenolojik durumundan ve topraktaki
nem eksikliginden etkilendigi bilinmektedir. Yaprak sicakliginda meydana gelen degisimler bakteri
uygulamalarinda énemli farkliliklar gostermezken kuraklik uygulamalarinda artan strese paralel olarak
sicaklik artisinin istatistiksel olarak % 1 diizeyinde 6nemli oldugu ve en yiiksek yaprak sicakliginin
27.8°C ile K3 uygulamalarindan, en diisiik degerin ise 26.7°C ile kontrolden saglandig: tespit edilmistir.
Arastirmacilar artan stres dozlarina bagl olarak bitkilerin yaprak sicakliginda artiglarin oldugunu
bilmislerdir (Akgay ve Esitken, 2016). Yapilan ¢alismada elde edilen sonuglarda strese bagl olarak
sicakligin artig gosterdigi gorilmistiir.
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Cizelge 1. Farkli kuraklik uygulamalarina tabi tutulan C. officinalis’ de meydana gelen baz1 fizyolojik
ve morfolojik degisimler

Kok Kok Govde  Govde

Kuraklik  Bakteri Kok - Gévdev yas kuru yas kuru Yaprak
uzunlugu uzunlugu N N N - . alam
dozlar1 Uygulamalar1 (cm) (cm) agirhignr  agirhgr  agirhigt  agirhig (cm?)
(2) (2) (2) (2)
Bo 19.8 11.5 0.94 0.17 7.02 1.10 9.85a
K, B: 15.9 12.8 1.23 0.19 8.56 1.31 8.20a
B2 17.0 10.0 1.05 0.18 7.46 1.39 7.03ab
B 14.5 10.0 1.02 0.16 6.01 1.28 6.15ab
Ort. 16.8 11.1a 1.06a 0.17a 7.26a 1.27a 7.81a
Bo 17.3 10.6 0.84 0.19 6.32 1.26 4.42b
K B: 17.0 10.9 0.75 0.13 5.58 1.14 7.51ab
B2 15.0 11.2 0.64 0.12 6.61 1.10 6.11ab
B 17.2 9.90 0.81 0.17 4.90 0.92 6.00ab
Ort. 16.6 10.6a 0.76b 0.15b 5.85b 1.11b 6.01b
Bo 12.9 9.03 0.44 0.10 4.10 1.09 4.57b
K B: 15.5 9.30 0.68 0.15 4.13 0.87 5.73ab
B2 14.8 8.96 0.56 0.13 3.91 0.89 5.73ab
B 16.3 8.13 0.65 0.15 3.48 1.04 5.70ab
Ort. 14.9 8.58b 0.58¢ 0.13b 391c 0.97b 5.43b
Bo 16.7 10.4ab 0.74b 0.15 5.81a 1.15 6.28
BU Ort. B: 16.1 11.0a 0.89a 0.15 6.09a 1.11 7.15
B2 15.6 10.0ab 0.75b 0.14 5.99a 1.13 6.29
B 16.0 9.34b 0.82ab  0.16 4.80b 1.08 5.95
VK(%) 17.69 10.29 13.69 17.12 15.15 14.71 15.94
BU od * * od * od od
KU x BU od od od o od od o

Kuraklik uygulamalari: Ki: normal sulama (Kontrol), K»: % azaltilmis, Ks: 3/4 azaltilmis; Bakteri uygulamalari: Bo: Bakterisiz ortam(Kontrol),
Bi; Azospirillum lipoferum, Ba: Bacillus megaterium, Bs: Chlorella saccharophila, BU: Bakteri uygulamalari, KU: Kuraklik
uygulamalari, 6d: 6nemli degil.

*P<0.05 diizeyinde, ** P<0.01 diizeyinde onemli olup, ortalamalar arasindaki fark Duncan ¢oklu karsilastirma metoduyla P<0.05 seviyesinde
degerlendirilmistir.

Kuraklik stresinin bitkilerdeki en belirgin hasarinin morfolojik gelisimindeki gerileme oldugu
bilinmektedir. Kuraklik stresinin artmasi1 yapraklardaki stomalarin boyutlarmin kiigiilmesine ve
yogunlugunun azalmasina neden olmustur. Sekil 1’de C. officinalis’e ait stoma ve epidermal hiicrelerin
mikroskobik g¢ekimleri verilmistir. Stomalar iizerinde kuraklik dozunun ve bakteri uygulamalarmin
etkisi istatistiksel olarak % 1 diizeyinde 6nemli bulunmustur. Yapilan mikroskobik 6l¢iimlerde KU x
BU interaksiyonunda stoma boyunun énemsiz oldugu goriilmiistiir. Kuraklik uygulamalar1 bakimimdan
en yiiksek stoma boyu 32.8 um ile kontrolden saglanirken K uygulamalan ile istatistiksel bir farklilik
bulunmamaktadir. En diisiik deger ise 28.6 um ile K3 uygulamalarindan tespit edilmistir. Stoma
boyutlarinin artan strese paralel olarak azaldigi belirlenmistir. Bakteri uygulamalarina gére en fazla
stoma boyu 32.7 um ile B’ den elde edilirken, B, uygulamalar ile aym1 grup igerisinde yer almistir. En
kiigiik stoma boyu ise 28.8 um ile kontrolden saglanmistir. N elementinin bitki biiylimesinde etkili
oldugu ve ozellikle yesil aksamlarin gelisiminde 6nemli bir besin elementi gorevi gordiigi bilinmektedir
(Bolat ve Kara, 2017). Kara ve ark. (2018), italya iiziim gesidinde kisith sulamanin stoma eni ve boyunda
artis meydana getirdigini belirtmistir. Calisma sonucunda elde edilen verilere gore C. officinalis
bitkisinin kuraklik stresine farkli tepkiler verdigi goriilmiistiir. Cinar ve ark. (2016), yer fistiginda en
uzun stoma boyunun 28.10 um ile % 100 sulamanin yapildig1 bitki yapraklarindan, en kisa stoma
boyunun ise 23.17 pum ile sulanmayan konu altinda yetistirilen bitki yapraklarindan elde edildigini ortaya
koymustur. Meng ve ark. (1999) geltikte; HtayHtay ve ark. (2005) fasulyede; Karip¢in (2009) karpuzda;
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Ozyurt (2011) mahlepde benzer sonuglara ulasmislardir. Elde edilen sonuglarin ¢alismamiz ile paralellik
gosterdigi gorilmustiir.

Stoma eni flizerinde, kuraklik stresinin etkisi istatistiksel olarak % 1 ve KU x BU
interaksiyonunun etkisi % 5 diizeyinde onemli bulunurken, bakteri uygulamalarinin etkisi dnemsiz
bulunmustur. Kuraklik stresi bakimindan en yiiksek stoma eni 22.9 um K; uygulamalarindan elde
edilirken, K» uygulamalar1 ile ayn1 grupta yer almigtir. En diisiik stoma eni degeri ise 20.6 pm olarak K3
uygulamalarindan tespit edilmistir. En yiiksek stoma eni degeri 24.9 pum olarak B, x K
interaksiyonundan, en diisiik stoma eni degeri ise 19.4 um By x K3 interaksiyonundan elde edilmistir.
Yapraklardaki stoma yogunlugu yiiksek cesitlerin stoma genisliklerinin daha dar oldugu bildirilmektedir
(Mert ve ark., 2009). Cinar ve ark. (2016), yerfistiginda artan su stresinin stoma eninde azalmalara neden
oldugunu bildirmigtir. Bahereh (2020), Zn stresinin artan dozlarinda stoma eninin azalig gosterdigi ve
19.6 pm £ 0.5- 23.8 £ 0.8 um araliginda degistigini belirtmistir. Benzer sekilde Cinar ve ark. (2016),
yerfistig1 bitkisinde su kisitinin stoma eninde azalmaya neden oldugunu vurgulamistir. Tirkiye
florasinda Calendula tiriniin kiiltir formu oldugu bilinmekte ve bu bitkilerin stoma yapilar ile
yogunluklarinin bilinmesi bitki-su dengesinin kontrolii agisindan énemli oldugu vurgulanmigtir (Caglar
ve ark., 2004). Stoma boyutlarinin farkl tiirlerde hatta cesitlerde degisiklik gosterdigi bilinmektedir
(Selem ve ark., 2020). Dolayistyla bitkilerdeki stoma 6zellikleri yetistiricilikte kuraklik direnci olan
tiirlerin se¢ciminde 6nemli bir parametre olarak 6n plana ¢ikmaktadir.

Yiritilen caligmada elde edilen verilerde stoma yogunlugunun kuraklik dozu, bakteri
uygulamast ve bunlarin interaksiyonlarmin istatistiksel olarak % 1 diizeyinde onemli oldugu
goriilmiistiir. Stoma yogunluklarinin en yiiksek K x B; interaksiyonunda 141.7 adet/mm?, en diisiik K3
x B, interaksiyonunda 48.3 adet/mm?” oldugu belirlenmistir. Bakteri uygulamalarinda ise en yiiksek
stoma yogunlugu degeri 111.1 adet/mm? olarak B3 uygulamalarindan tespit edilirken, BO uygulamalar1
ile aym grupta yer almistir. En diisiik deger ise 73.1 adet/mm? olarak B1 uygulamalarindan tespit edilmis
olup B2 uygulamalar ile aynmi grup igerisinde yer almaktadirlar. Stoma yogunluklarinin tiir, uygulamalar
hatta klonlar arasinda dahi degisiklik gosterdigi bilinmektedir. Dogan ve ark. (2020), yaptiklarn
caligmada yapragin alindigir konumun stoma yogunlugu iizerine olan etkisinin énemli oldugunu ancak
yaprak yiizeyinin farkli bolgelerinden 6rnek almanin stoma yogunlugu iizerine etkisinin Onemsiz
oldugunu tespit etmistir. Kurt ve Dogan (2020), 11 findik ¢esidinde yaptiklar1 ¢aligmada stoma
yogunluklarinin 90.00 ile 111.60 adet/mm? arahiginda degistigini belirlemistir. Marasali ve Aktekin
(2003), sulanan ve sulanmayan bag kosullarinda yetistirilen 17 iiziim ¢esidinden iki tanesinin kurak
sartlarda, dokuz tanesinin ise sulu sartlarda en yiiksek stoma yogunluguna sahip oldugunu ortaya
koymustur. Kara ve ark. (2018), Italya iiziim ¢esidinde kisitli sulamanin stoma yogunlugunda azalmalar
meydana getirdigini rapor etmistir. Tiiriin belirlenen kuraklik uygulamalarindaki strese toleransli oldugu
ve bundan kaynakli stoma yogunluklarinda azalmalarin olmadig: diistiniilmektedir.

Epidermal hiicre sayismin da tiim faktorler acisindan istatistiksel olarak % 1 diizeyinde dnemli
oldugu gériilmiistiir. Kuraklik stresi bakimindan en fazla epidermal hiicre sayis1 593.2 adet/mm? ile
Ky den, en diisiik deger ise 530.2 adet/mm? olarak K>’ den tespit edilmektedir. Bakteri uygulamalar
bakimindan en yiiksek deger 672.9 adet/mm? ile B uygulamalarindan elde edilirken, kontrol uygulamasi
ile aym grupta yer almistir. En diisiik deger ise 445.1 adet/mm?ile B; uygulamalarindan tespit edilmistir.
KU x BU interaksiyonu bakimindan en yiiksek deger 795.8 adet/mm?ile K3 x By interaksiyonundan
tespit edilmistir. Cinar ve ark. (2016), Arachis hypogaea L. bitkisinde su stresinin stomalar iizerindeki
etkisini arastirmis sulanmayan bitkilerde 625.0 adet mm? ile en fazla epidermal hiicre sayisina sahipken
en diisiik epidermal hiicre sayisina 471.9 adet/mm? ile buharlasmanmn tamamimin uygulandigi bitki
yapraklarindan elde etmislerdir. Caligmamizda epidermal hiicrelerin sayisinin stres dozuna bagh
dalgalanmalar gosterdigi belirlenmistir. Bakteri uygulamalarinda B,’de bitkilerin en az epidermal hiicre
sayisina sahip oldugu goriilmiis olup bu durumun bitkilerin vejetatif aksamlarini gelistiren N elementi
ile alakali oldugu sonucuna vanlmistir. C. officinalis tiiriniin belirlenen kuraklik uygulamalarina
toleransli oldugu ve bu sebeple belirtilen parametrede artiglarin olmadigi goriilmiistiir. Elde edilen
veriler 1s18inda tiiriin 6zellikle kurak ve yar1 kurak bolgelerde iyi bir adaptasyon saglayacagi
ongoriilmektedir.

Stoma indeksinde ise kuraklik uygulamalari ile KU x BU interaksiyonunun istatistiksel olarak
% 1 diizeyinde 6nemli oldugu bakteri uygulamalarinin ise 6nemsiz oldugu belirlenmistir. Kuraklik stresi
uygulamalar1 bakimindan en yiiksek stoma indeksi degeri % 17.6 ile K, den, en diisiik deger ise % 10.7
ile K3’ ten elde edilmistir. En yiiksek stoma indeksinin B, x K, interaksiyonunda % 23.2, en diisiik
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degerin ise B, x K3 interaksiyonunda % 9.01 oldugu tespit edilmistir. Cinar ve ark. (2016), Arachis
hypogaea L. bitkisinde farkli sulama suyu seviyelerinin stoma indeksinde etkili oldugu ve artan
kurakliga bagl olarak % 30.1 ile % 33.1 araliginda degisiklik gosterdigini vurgulamislardir. Sarker ve
Hara (2011), patlican bitkisinde su stresi arttik¢a epidermal hiicre sayisi ve stoma indeksinin arttigini
belirlemistir. Yapilan c¢alismadan farkli olarak bitkilerde stoma indeksinin uygulamalar arasinda
degisiklik gosterdigi goriilmiistiir. Bu farkliligin ¢alisma materyalini olusturan tiiriin belirlenen kuraklik
uygulamalarina kars1 toleransh oldugunu gostermektedir.

Cizelge 2. Farli kuraklik uygulamalaria tabi tutulan C. officinalis’de meydana gelen baz1 fizyolojik

degisimler
Kuraklik Bakteri Yaprali Stoma Stoma eni Stc{ma < EPidermal fStoma.
uygulamalars Uygulamalan s;cakhgl boyu (um) yogunlug;l hiicre say§s1 indeksi
(°C) (um) (adet/mm*) (adet/mm*) (%)
By 26.3 31.12 23.68abc 115.88abc 470.83cd 19.71ab
K, B 26.7 34.17 22.59abc 98.66¢d 579.16bc 14.51cde
B 26.6 31.41 21.13cd 101.68¢c 691.5b 12.44def
B; 27.1 34.48 24.26ab 112.5bc 631.16b 15.28bcd
Ort. 26.7¢ 32.79a 2291a 107.18a 593.16a 15.48b
Bo 26.9 28.67 20.16¢cd 125.53ab 643.66b 16.33bc
K, B 27.0 33.53 22.27bc 67.35¢f 368.66de 15.5bc
B; 27.4 36.06 24.88a 95.89¢cd 316.66¢ 23.22a
B; 27.3 31.74 22.89abc 141.66a 791.66a 15.14cd
Ort. 27.17b 32.50a 22.55a 107.61a 530.16b 17.55a
Bo 27.8 26.67 19.42d 88.86cd 795.83a 10.11fg
K, Bi 27.8 30.42 20.26¢d 53.32fg 387.5d 12.12ef
B; 277 30.06 21.75¢ 48.33g 487.5¢ 9.01g
B; 27.6 27.10 21.20c 79.01de 595.83bc 11.69ef
Ort. 27.7a 28.56b 20.66b 67.38b 566.66ab 10.73¢
Bo 27.0 28.82b 21.09 110.09a 636.77a 15.38
BU Bi 27.2 32.71a 21.70 73.11b 445.11c¢ 14.04
B; 27.2 32.51a 22.59 81.97b 498.55b 14.89
B; 273 31.10ab  22.79 111.06a 672.88a 14.04
VK(%) 1.11 7.75 7.27 11.28 7.94 10.02
KU sk k3k sk L Lk L
BU 6d o 6d oK oK od
KU x BU od od * wox woH woH

Kuraklik uygulamalart: Ki: Normal sulama (kontrol), K»: % azaltilmus, Ks: 3/4 azaltilmis; Bakteri uygulamalari: Bo: Bakterisiz ortam(Kontrol),
Bi; Azospirillum lipoferum, Ba: Bacillus megaterium, Bs: Chlorella saccharophila, BU: Bakteri uygulamalari, KU: Kuraklik
uygulamalari, 6d: 6nemli degil.

*P<0.05 diizeyinde, ** P<0.01 diizeyinde onemli olup, ortalamalar arasindaki fark Duncan ¢oklu karsilastirma metoduyla P<0.05 seviyesinde
degerlendirilmistir.
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Sekil 1. C. ojﬁilis’e ait stoma ve epdennal hiicreler (a: BoKi, b: BoKo, ¢: BoKj3, d: BiKy, e: BiKo, f:
B1K3, g: B3K1, h: B3K2, 1. B3K3).

Son donemlerde yapilan arastirmalarda kuraklik sorununun goriildigii bolgelerde giderek
yayilan BGUB uygulamalari ile stresin olumsuz etkisine karsi antioksidan enzim aktivitesindeki artig
ile toleransin saglanabilecegi kaydedilmektedir (Sarma ve Saikia, 2014). Calismada elde edilen veriler
ile kuraklik stresine karsi kullanilan bakterilerin bitki gelisim parametrelerinde etkili oldugu
goriilmiigtiir.
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4. Sonuc¢

Kiiresel 1sinma ve bu 1smmaya bagli olarak meydana gelen kuraklik stresi diinyada tarimi
olumsuz yonde etkilemekte ve bitkisel iiretimde ciddi sorunlara sebep olmaktadir. Kuraklikla olusan
bitkisel iiretimdeki zararlarin 6nlenmesi agisindan tedbirlerin alinmasi ve bitki gelisimini tesvik edici
alternatif yontemlerin gelistirilmesi biiylik 6nem tasimaktadir. Gilinlimiizde biyolojik giibrelerin tek veya
kombinasyonlarinin uygulandigi caligmalarin 6n plana ¢iktigi gorlilmektedir. Bitki gelistirici
mikroorganizmalarin ¢ogunlukla azot ve fosfor aliminda etkili oldugu belirtilse de diger elementlerin de
alimminm artirdigr bilinmektedir. Dolayisiyla kuraklik stresine karsi bitkilerde meydana gelen
morfolojik, ekolojik, fiziksel ve biyokimyasal degisimlerin ortaya konmasi ve strese dayanimi artirmak
amaciyla bitki gelisimi tesvik edici uygulamalarin meydana getirdigi degisimlerin belirlenmesi
yetistiricilik agisindan 6n agici olacaktir. Yapilan caligmada farkl kuraklik uygulamalarina tabi tutulan
C. officinalis bitkisinde bitki gelisimini tesvik edici bakterilerden N bakterisi olan Azospirillum
lipoferum, P ¢oziicii olarak bilinen Bacillus megaterium ve tath su algi olan Chlorella saccharophila’nin
gelisim tlizerine etkisi arastirilmig ve etkili sonuglar elde edilmistir. Bakteri uygulamalarinda Bacillus
megaterium bakterisinin gdvde uzunlugu, kok yas agirhigi, govde yas agirligi, yaprak alani, stoma boyu
ve eninde en yiiksek degerlere ulastigi goriilmiis ve kurak kosullarda C. officinalis’in gelisiminde etkili
oldugu sonucuna varilmistir.

Caligmanin sonucunda farkli kuraklik uygulamalarina tabi tutulan C. officinalis bitkisinin stres
fizyolojisine bakildiginda olduk¢a dayanikli oldugu goriilmiistiir. Kurak sartlarin hakim oldugu
bolgelerde alternatif bir tiir olarak yetistirilebilecegi sonucuna varilmistir. Farmakoloji, siis bitkileri,
gida ve kozmetik endiistrisinde degerlendirilme potansiyeli yiiksek olan tiiriin iilkenin her bdlgesinde
yetistirilebilecegi ve ekonomik olarak iiretilme potansiyeli oldugu 6n goriilmektedir.
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Oz: Bu calisma, Mardin ilinde kiigiikbas hayvancilik iireticilerinin sosyo-
ekonomik dzellikleri, desteklemelerden faydalanma durumlari, birlige iiye olma
durumlari, hayvan sagligi uygulamalar1 ve sorunlarini tespit etmek amaciyla
yapilmistir. Calisma 2019 yili Subat ve Haziran aylar1 arasinda yiiriitiilmiis olup
arastirma materyalini Mardin ilinin 4 ilgesinde tabakali tesadiifi 6rnekleme
yontemiyle segilen 142 isletmede yapilan anket verileri olusturmaktadir.
Calismadan elde edilen veriler neticesinde igletmelerde ortalama 197.4 bas
hayvan varlig1 oldugu ve isletmelerin % 16.2’sinin hayvancilig1 sadece ailenin
hayvansal iiriin ihtiyacin1 karsilamak amaciyla yaptigi tespit edilmistir.
Isletmelerde hayvan sayisi arttikga bilgiye ulagma istegi ve desteklemelerden
faydalanma durumunda artis gdzlenmistir. Elde edilen sonuglar neticesinde
Mardin ilinde kiigiikbas hayvancilik faaliyetlerinin gelismesini 6nleyen en 6nemli
faktorlerin basinda yem giderlerinin yiiksek olmasi ve ¢oban sikintisinin geldigi
belirlenmis olup genglerin hayvancilik faaliyetlerine yonlendirilmesi igin
¢obanlik mesleginin cazibeli hale getirilmesi 6nerilmistir.
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Abstract: The current study was undertaken to investigate the socio-economic
characteristics, the situations of benefits from subsidies, the participation of union
membership, and the animal care practices and problems of the small ruminants'
farmers in Mardin. The study was conducted between February and June 2019 by
analyzing self-reported questionnaire data involving 142 participant enterprises
selected by stratified random sampling method in 4 districts of Mardin province.
Analyzed data obtained from the study displayed that there was an average of
197.4 heads of animals in the enterprises, and 16.2% of the enterprises were
engaged in livestock production only to meet their family needs. As the number
of animals increased in the enterprises, the desire to reach the information and the
situation of benefiting from the supports increased. Results obtained showed that
the most important factors preventing the development of small ruminant farming
activities in Mardin province were high feed costs and shepherd shortage. In line
with this data, making the shepherding occupation attractive was suggested to
tend young people to be employed in the small livestock-keeping activities.
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1. Giris

Hayvancilik faaliyetlerinin alt sektdrlerinden birisi olan kiigiikbas hayvancilik; et, siit ve siit
iiriinleri ile deri, kil ve yiin liretimi gibi diinya ekonomisinde énemli bir yeri olan insanoglunun en kadim
ekonomik faaliyetlerinden birisidir. Koyun ve kegiler; diisiik bakim gereksinimleri, beslenmede marjinal
arazileri degerlendirebilmeleri ve yatirim maliyetlerinin diisiik olmas1 gibi avantajlar1 nedeniyle hem
kirsal kesimdeki yoksul insanlarin refah seviyelerinin yiikseltilmesi hem de hayvansal {iriin talebinin
karsilanmasinda 6nemli rol oynamaktadirlar. Gida giivenligi, insan saglig1 ve ekonomik faydalarinin
yaninda, kiiciikbas hayvancilik 6zellikle Afrika iilkelerinde sosyal statiiniin belirlenmesinde de énemli
bir faaliyet olarak goriilmektedir (Thornton, 2010).

Gida ve Tarmm Orgiitii (FAO) verilerine gore 2019 yilinda diinya genelindeki toplam koyun
sayist 1.238 milyon bas, kegi varlig1 ise yaklagik 1.094 milyon bastir (FAO, 2019). Ayni1 verilere gore
Cin 163.5 milyon bas koyun varligiyla birinci sirada yer alirken, Hindistan ise 148.9 milyon bas ile keci
varliginda ilk sirada yer almaktadir. Kiiciikbas hayvan varliginin kitalara dagiliminda da Asya kitasi
hem koyun hem keci varlig1 bakimindan birinci sirada yer almaktadir. 2019 yili Diinya toplam koyun
varligiin % 42.6’s1 (527.2 milyon bas), ke¢i varliginin ise % 52.6°s1 (575.5 milyon bas) Asya kitasinda
yer almaktadir (FAO, 2019). Diinya genelinde artan niifus, kentlesme ve gelir artis1 ile birlikte hayvansal
iiriinlere talep artmaktadir (Delgado et al., 2001). 2050 yilinda hayvansal iirlinlere olan talebin yaklagik
% 70.0 oraninda artarak biitcenin 9.6 milyar Euro’ya ulagsmasi beklenmektedir (FAO, 2014).

Kiiciikbas hayvancilik Tiirkiye’nin tim bdlgelerinde siirdiiriilen 6nemli bir faaliyet olup
genellikle diigiik verimli yerli irklardan olusan ve agirlikli olarak otlatmaya dayali besleme kosullar1 ve
sturlt girdi ile iiretimin hedeflendigi ekstansif bir yapiya sahiptir (Semerci ve Celik, 2016). Tiirkiye
[statistik Kurumu (TUIK) 2020 y1l1 verilerine gére Tiirkiye nin kiigiikbas hayvan varligi toplami 54.1
milyon bas olup koyun varligi 42.12 milyon bas, keci varlig1 ise 11.98 milyon bastir (TUIK, 2020).
Dogu Anadolu Bolgesi toplam kiigiikbas hayvan varliginin % 23.9’una (12.9 milyon bas) sahip olup
birinci sirada, Glineydogu Anadolu Bolgesi ise 10.5 milyon bas (%19.5) ile ikinci sirada yer almaktadir.
Koyun varligi bakimindan Giineydogu Anadolu Bolgesi birinci sirada yer alirken, keci varligi
bakimindan ise Akdeniz Bolgesi birinci sirada yer almaktadir. Karadeniz Bolgesi hem koyun hem de
kegi say1s1 bakimindan en diisiik kiiciikbas hayvan varligina sahip bélgedir (TUIK, 2020).

Son yillarda tarimsal iiretim degerlerindeki azalma tarimsal {iretim artisgini ve sektoriin
daraldigim gostermekle birlikte (Karaman, 2018) meydana gelen yiiksek girdi maliyetleri hayvanciligin
stirdiiriilebilirligine 6nemli derecede etki etmis (Giiler ve Saner, 2021) ve buna bagl olarak canli hayvan
ve karkas ithalatim artnustir. Ulkemizdeki biiyiikbas ve kiiciikbas hayvan varligi toplami 2000 ile 2010
yillar1 arasinda genel olarak 37-45 milyon bas arasinda olup belirtilen donemde 2005 ve 2006 yillar
disindaki tiim yillarda hayvan varliginda bir 6nceki yila gore azalma olmustur. 2010 yilindan sonra
ozellikle et fiyatlariin diisiiriilmesi amaciyla cogunlugu besilik ve kasaplik olmak {izere canli hayvan
ithalati hizlanmis ve 2010-2019 yillar1 arasinda toplam 7.08 milyar dolar degerinde yaklasik 8 milyon
bas canli kiiciikbas/biiylikbag hayvan ithalat1 yapilmistir (ESK, 2019). 2010-2019 yillar1 arasinda toplam
1.406 milyar dolar degerinde 296 487 ton kemikli/kemiksiz/karkas et ithalat1 yapilmistir (ESK, 2019).

Tiirkiye’de son on bes yilda hayvancilik sektdriine verilen hibe, kredi ve desteklemeler ile
cogunlukla biiyiik 6lcekli isletmelerin faydalandigi bir yapi olusturulmaya c¢alisilmis, boylece et ve siit
verimliliginin arttirilarak iilkenin ihtiyaci olan hayvansal iriinlerin yurt iginden temin edilmesi,
dolayistyla tiirin fiyatlarmin yiikselmesinin Onlenmesi amaglanmistir. Hayvancilik ile ilgili
desteklemeler 6zellikle 2005 yilindan sonra ¢esitlenmis, yem bitkileri, siit tegvik primi, suni tohumlama
ve buzag destekleri en 6nemli destekleme araglar1 olmustur (Ata ve Yilmaz, 2015).

Bu ¢alisma 2020 yili verilerine gore Tiirkiye’ nin toplam koyun varliginin % 1.5 (626 219 bas)’i
ile keci varligimin % 3.9 (462 139 bas)’una sahip olan Mardin ilinin kii¢likbas hayvan varligi potansiyeli,
isletmelerin sosyo-ekonomik durumlar ile desteklemelerden faydalanma durumlari, hayvan saglig
uygulamalar1 ve sorunlarinin tespit edilmesi amaciyla yapilmigtir. Caligmadan elde edilen sonuglarin
Mardin ilinde kiigiikbas hayvancilik faaliyetlerinin gelistirilmesi ve ilgili kurumlarin yapabilecegi proje,
yayim faaliyetleri ile stratejik planlamalara katki saglamas1 hedeflenmektedir.
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2. Materyal ve Yontem

Calismanin ana materyalini Mardin ilinde kiiciikbas hayvancilik faaliyeti yapan tarim
isletmelerinden 2019 yili Subat ve Haziran aylar1 arasinda anket yoluyla elde edilen veriler
olusturmaktadir. Ayrica konuyla ilgili 6nceden yapilmis caligmalar, kamu ve 6zel kuruluslardan
saglanan bilgiler ve uzman goriisleri de ¢alismada kullanilan ikincil veriler kullanilmigtir. Mardin ilinde
toplam on ilge bulunmakta olup zaman, maliyet ve bazi ilgelerin terdr olaylarindan dolay1 giivenli
olmamasi nedeniyle tiim il¢elerde anket yapilmamistir. Bu nedenle birinci asamada koyun ve kegi
yetistiriciliginin yogun olarak yapildigi dort ilge (Artuklu, Derik, Mazidag1 ve Savur) gayeli olarak
secilmistir. Bu 4 ilgedeki iiretici sayilar popiilasyondaki isletme sayisini olugturmustur.

Diyarbakir Batman

o
—

Sanllurfai

Sekil 1. Mardin ilinde ¢alismanin yapildig1 ilgeler (Anonim, 2021).

Arastirma neticesinde elde edilecek bilgilerin dogrulugunu arttirmak ve ana kitledeki farkl
biiyiikliikteki isletmelerin yeterli diizeyde temsil edilebilmesini saglamak amaciyla tabakali tesadiifi
ornekleme yontemi kullanilmigtir. Tabakali tesadiifi 6rnekleme yontemine gore belirlenen 6rmek hacmi
asagidaki yontemle belirlenmistir (Esin ve ark. 2001).

n= (Z Nh' Sh)z (1)
" N2. D2 + ¥N..XS;
p2=d @
Z

n: Ornek hacmini

Ni: h’inc1 tabakadaki isletme sayisini p

Sh: h’inc1 tabakanin standart sapmasini

Si*: h’inc1 tabakanin varyansini

N: Populasyondaki igletme sayisini

d: Populasyon ortalamasindan izin verilen hata pay1,

z: Hata oranina gore standart normal dagilim tablosundaki z degerini ifade etmektedir.

Ornek hacmi % 95 giiven aralig1 ve % 5 hata pay1 ile 129 olarak hesaplanmustir. Veri analizinde
herhangi bir sorunla karsilasmamak i¢in Ornek biiyiikliigliiniin % 10 fazlas1 kadar anket yapilarak
toplamda 142 anket yapilmustir. Isletmelerin tabakalara ayrilmasinda Damizlik Koyun Kegi
Yetistiricileri Birligi (DKKYB)’nden alinan ortalama hayvan varligi esas alinmigtir. Buna gore 130 bas

900



YYU TAR BiL DERG (YYU J AGR SCI) 31 (4): 898-905
Acibuca ve Bostan Budak / Mardin Ilindeki Kiigiikbas Hayvancilik Isletmelerinin Yapisal Durumu

altindaki hayvan varligina sahip isletmeler I. tabaka, 130-260 bas arasi I1. tabaka ve 260 bas iizeri hayvan
varligina sahip isletmeler III. tabakada yer almistir. Birinci tabakada 43, ikinci tabakada 47 ve li¢iincii
tabakadaki igletmelerde 52 isletme hesaplanmistir.

Cizelge 1. Tabakalara gore ilcelerde yapilan anket sayilar (adet)

Tabakalar Tlgeler Toplam
Artuklu Savur Derik Mazidagi
<130 Bas 11 18 9 5 43
130-260 Bas 4 12 19 12 47
>260 Bas 9 10 16 17 52
Toplam 24 40 44 34 142

Anket caligmasi neticesinde elde edilen veriler SPSS paket programina yiiklenmis ve
arastirmanin amacina uygun istatistiksel yontemler kullanilarak analiz edilmistir. Bu baglamda tireticiler
ve igletmeler ile ilgili tanmimlayici istatistikler (frekans, ylizde, ortalama vb.) degerlerle ifade edilmistir.
Degiskenler arasindaki iliskinin incelenmesi i¢in parametrik olmayan testlerden Ki-kare analizi
yapilmistir. Ki-kare testi iki ya da daha c¢ok grup arasinda fark olup olmadigi test etmek icin
kullanilmakta olup temel amag¢ gozlenen ve beklenen frekanslar arasindaki farkin anlamli olup
olmadiginin tespit edilmesidir.

3. Bulgular
3.1. Ureticilerin sosyo-demografik 6zellikleri

Arastirma neticesinde {ireticilerin % 97.8’inin erkek, % 2.2’sinin ise kadin oldugu, yaslarinin
19 ile 73 arasinda degismekte birlikte yas ortalamalarin 44.1 oldugu tespit edilmistir. Otuz yas ve
altindaki iireticiler ise toplam direticilerin % 15.5%ini olusturmaktadir. Ureticilerin % 85.9°u evli
bireylerden olusmakta olup ortalama hane halki genisligi 6.6 kisi olarak saptanmitir. Tiirkiye’de yapilan
tarim faaliyetlerinde iireticilerin yas ortalamalarinin yiiksek oldugu ve kirsal kesimlerde hane halki
ortalamasinin {ilke ortalamasindan yiiksek oldugu yapilan birgok aragtirmada ortaya konulmustur. Bakir
ve Mikail (2019)’in Siirt ilinde kiiciikbas hayvan yetistiriciligi ile ilgili yaptiklar1 caligmada
isletmecilerin yas ortalamasinin 47.0 yil, Sanliurfa ilinde koyunculuk isletmelerinin yapisal analizinin
yapildig1 calismada ise ortalama hane halki biiyiikliigii 7.9 kisi olarak bulunmustur (Karadas, 2018).

Ureticilerin % 12.0°1 hig egitim almamus olup % 37.3’ii ilkokul, % 18.3’ii ortaokul, % 27.5’1 lise
ve % 4.9’u Onlisans egitimi almis bireylerden olusmaktadir. Karakaya ve Kiziloglu (2014)’ nun Bingdl
ilinde yaptiklar1 ¢alismada fireticilerin % 81.6’sinin ortaokul ve alti egitim seviyesine sahip oldugu
belirtilmistir. Incelenen iireticilerin % 43.0’1nin sosyal giivencesinin, % 40.8’inin tarim dig1 gelire sahip
oldugu belirlenmistir. Tarim dis1 gelire sahip olanlarin % 38.6’s1 kendine ait igyeri oldugunu, % 36.8’1
kamuda calistigimi (genellikle gilivenlik korucusu), % 7.0’1 emekli oldugunu, % 7.0’1 6zel sektorde
calistigim ve % 10.6’s1 diger (yashlik, engelli maasi..vs) gelirleri oldugu tespit edilmistir. Incelenen
isletme biiyiikliiklerine gore iireticilerin sosyal giivenceye ve tarim dis1 gelire sahip olmasi agisindan
anlamli bir farklilik olmadigi (p>0.05) tespit edilmistir.

3.2. isletmelerin genel 6zellikleri

Incelenen isletmelerde iireticilerin % 72.5’inin kiiciikbas hayvancilik faaliyetini en az 10 yildir
stirdlirdiigii belirlenmistir. Hayvancilik deneyimi agisindan incelenen igletme biiyiikliikleri arasinda
anlamli bir farklilik bulunmamaktadir. Ureticilerin % 47.9’u ticari amacla, % 28.9’u baska geliri
olmadigi i¢in, % 16.2’si ailenin hayvansal iiriin ihtiyacini kargilamak amaciyla ve % 7.0°1 aligkanliktan
dolay: kiigiikbas hayvancilik faaliyeti yaptigini belirtmistir. Ureticilerin % 89.4’iiniin DKKYB’ye iiye
oldugu bu oraninin 130 bas hayvan sayis1 altindaki isletmelerde % 69.8 oldugu belirlenmistir. Incelenen
isletme biiyiikliikleri arasinda hayvancilig1 yapma amaci bakimindan 0.05, DKKYB iiyeligi bakimindan
ise 0.01 diizeyinde anlamli farklilik oldugu tespit edilmistir. Isletmelerde hayvan sayisi arttikga birlige
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iye olma durumu artmakta ve hayvancilik ekonomik amaglarla yapilmaktadir. Birlige iiye olan
iireticilerin % 83.1°1 desteklemelerden faydalanabilmek amaciyla birlige iiye oldugunu belirtmistir.

Cizelge 2. Isletmelerde hayvancilik faaliyetini yapma amaci1 ve DKKYB iiyeligi

) Hayvancii@i Yapma Amaci (%)* DKKYB Uyeligi (%)**
Isletme Ailenin
Biiyiikliigii Baska geliri Hayvansal {irlin
Ticari yok ihtiyact i¢in Aligkan Evet Hayir
<130 Bas 20.9 233 41.8 13.9 69.8 30.2
130-260 Bas 51.1 31.9 10.6 6.4 95.7 43
>260 Bas 67.3 30.7 0.0 1.9 100.0 0.0
Ortalama 47.9 28.9 16.2 7.0 89.4 10.6

*p<0.05 diizeyinde anlamlidir.
** p<0.01 diizeyinde anlamlidir.

Isletmelerde hayvan sayisi 17 ile 690 bas arasinda degismekte olup ortalama hayvan sayis1 197.4
bas olarak tespit edilmistir. incelenen isletmelerin % 13.4’iinde sadece koyunculuk, % 10.5’inde sadece
kegicilik yapilirken % 76.1’inde hem koyun hem kegci yetistiriciligi birlikte yapilmaktadir. Ortalama
hayvan sayisinin en diigiik oldugu il¢e Savur (154.7 bas), en yiiksek oldugu ilge ise Mazidag: (241.3
bas) olarak bulunmustur. 130 bas altindaki hayvan varlig1 en fazla Savur ilgesinde (% 44.4) bulunurken,
130-260 bas arasi hayvan varhigi Derik Ilgesinde (% 41.1) ve 260 bas iizeri hayvan varhgnin da
Mazidag ilgesinde (% 32.9) bulundugu tespit edilmistir. Karacadag bolgesinde yer alan Derik ve
Mazidag ilgelerinde hayvancilik faaliyetleri daha biiylik siiriiler halinde yapilmaktadir. Kiiciikbag
hayvancilik faaliyetleri ile ilgili yapilan ¢aligmalarda isletmelerdeki ortalama hayvan sayisini Ceyhan
ve ark. (2015) Nigde ilinde 327.6 bas, Bilginturan ve Ayhan (2008) Burdur ilinde 112.8 bas olarak
bulmuslardir. Arastirma bolgesinde genel olarak sicak ve kurak iklim kosullarina adapte olmus ivesi
koyunu yetistiriciligi yapilirken, ilin Karacadag bdlgesinde bulunan Mazidagi ve Derik ilgelerinde ise
daglik/tash araziler ile yoreye adapte olmus Zom koyunu yetistiriciligi yapilmaktadir. Bélgede kil kecisi
yetistiriciliginin yaygin olarak siirdiiriildiigii ancak modern agil tipine sahip bir isletmede ikizlik orani
yiikksek Kilis kecisi yetistiriciligi yapildigi ve Savur ilgesindeki bazi isletmelerde tiftik kegisi
yetistiriciligi de yapildig tespit edilmistir.

Cizelge 3. Ilce bazinda kiiciikbas hayvan isletmelerinin tabakalara gore dagilimi (%)

iigeler

Tabaka ; = Toplam
Savur Artuklu Derik Mazidagi

<130 Bas 44.4 20.6 22.5 12.5 100.0

130-260 Bas 25.0 7.9 41.1 26.0 100.0

>260 bas 17.6 18.6 30.9 32.9 100.0

Isletmelerin % 92.3’linde hayvanlar1 otlatmak igin kdy ortak merasi kullanilirken, % 4.2’si kendi
arazisinde, % 2.1°i kiralik merada hayvanlarii otlattigini ifade etmistir. Ureticilerin % 1.4°0 ise
cobanlik yapacak kimseleri olmadigi i¢in hayvanlarini otlatmadigini belirtmistir. Tarimsal faaliyetlerde
is ve aile yasantisinin bir biitiin olmasi ve kurumsallagmanin olmamasi nedeniyle, isletmelerde isgiicii
gerektiren faaliyetlerde genellikle calisabilen aile fertlerinin tamami ugrasmaktadir. Incelenen
isletmelerde kiiclikbas hayvancilik faaliyetlerinde tiim aile fertlerinin etkisi oldugu ve birden fazla
faaliyette etkilerinin bulundugu tespit edilmistir. 7-14 yas arasindaki kiz cocuklar1 en fazla agil temizligi
(% 33.1) ve yemleme (% 16.9) faaliyetlerinde ¢alisirken, ayni yastaki erkek cocuklar ise en fazla otlatma
(% 66.9) ve agil temizligi (% 48.6) islerinde ¢alismaktadir. Yapilan faaliyetlerde kadin ve ¢ocuklarin
etkisinin yiiksek oldugu isletmeler ortalamasinda yapilan faaliyetlerin % 57.6’sinin kadin ve ¢ocuklar
tarafindan yiiriitiildiigii tespit edilmistir.

Incelenen isletmelerde kiiciikbas hayvancilik desteklemelerinden faydalanma oranlari
arastirilmis ve iireticilerin % 98.6’smin hayvanlarinin Tarim ve Orman I/Ilge Miidiirliiklerinde kayitl
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oldugu ve % 89.4’linilin destekleme uygulamalarindan faydalandig: tespit edilmistir. Desteklemelerden
faydalanamayanlarin % 33.31i biirokratik islemlerin fazla olmasi, % 26.7’si destek miktarinin az olmasi,
% 20.0’1 nas1l alinacagini bilmedigi i¢in, % 6.7’si desteklerden haberi olmamasi nedeniyle ve % 13.3’1
ise hayvanlari kayith olmadigi i¢in destek alamadigm ifade etmistir. Isletmelerin desteklemelerden
faydalanmas1 bakimindan isletme biiytikliikleri arasinda anlamli (p<0.01) farklihik bulunmustur.
Isletmelerde hayvan sayisi arttikga desteklemelerden faydalanma orami da artmaktadir. Siirt ilinde
yapilan ¢alismada (Bakir ve Mikail 2019), kiiciikbas hayvancilik desteklemelerinden faydalanan
isletmelerin oran1 % 86.0 Ogel (2018)’in Sirnak ilinde yapti§1 ¢alismada ise desteklemelerden
faydalanan isletmelerin oran1 % 76.1 olarak bulunmustur.

Cizelge 4. Isletmelerin desteklemelerden faydalanma durumlari

Desteklemelerden
Faydalanma Faydalanmilan Destekler
Durumu**
Isletme Biiyiikliigii A
Destekleme Desteklem K nacr;l_ Siit Destesi Yem Bitkisi Hibe destekleri

Alan Almayan I?e,:;li ut Lesteg Destegi (Kirsal Kalkinma)
<130b N 30.0 13.0 29.0 1.0 0.0 0.0
a3 % 69.8 30.2 67.5 23 0.0 0.0
130-260'b N 45.0 2.0 40.0 3.0 2.0 0.0
~bl bas % 95.7 43 85.1 6.3 43 0.0
N 52.0 0.0 39.0 6.0 4.0 3.0
> 260 bas % 100.0 0.0 75.0 115 5.8 7.7
Ortalama N 127.0 15.0 108.0 10.0 6.0 3.0
% 89.4 10.6 76.1 7.0 4.2 2.1

**p<0.01 diizeyinde anlamlidir.

Kiiciikbas hayvancilik faaliyetinde bagar1 ve siirdiiriilebilirligi etkileyen temel faktorlerden birisi
de hayvan sagligi uygulamalaridir. Hayvan sagligi uygulamalarinin zamaninda ve etkin bir sekilde
yapilmasi, hayvanlarmm hem beslenme hem de iireme kapasitesinin artmasina dolayisiyla yapilan
faaliyetin karlihigmin artmasima énemli derecede katki saglamaktadir. Isletmelerde son bir yil igerisinde
% 70.4’linde yavru atma, % 36.6’sinda parazitler(kene, delibas vs), % 34.5’inde ishal, % 31.0’inde ayak
hastaliklar1, % 8.4’iinde sarilik ve % 7.1’inde mastisis hastalig1 goriildiigii bilgisi alinmstir. Isletmelerde
en fazla sap (% 76.1), ¢igek (% 71.8) ve brucella (% 57.1) agilariin yapildig1 ve asilama programi yapan
isletmelerin % 39.4 oldugu tespit edilmistir. Karakus ve Akkol (2013)’un Van ilinde yaptiklar
caligmada kiiciikbas hayvan igletmelerinde en fazla parazitler (% 65.4) ve solunum yolu hastaliklarinin
(% 52.2) goriildiigi bildirilmistir.

Ureticilerin % 98.6’s1 kiigiikbas hayvancilik faaliyetleri ile ilgili bilgilere ihtiyag
duydugunu ve en az bir kaynaktan bilgi aldiklarini ifade etmistir. Tiirkiye’de basta Tarim ve Orman
Bakanligina bagh kurumlar olmak iizere, tiniversiteler, sivil toplum kuruluslari, tiretici orgiitleri, 6zel
tarimsal danigmanlik firmalari ile kamu/6zel televizyon kanallar1 araciligiyla tarimsal yayim faaliyetleri
yiiriitiilmektedir. Incelenen isletmelerde bilgi kaynag: olarak birinci sirada (% 95.7) il/ilge Tarim
Midiirliiklerinin geldigi tespit edilmistir. Tiirkiye’de tarimsal yayim faaliyetlerinin biiyiik oranda Tarim
[I/ilge Miidiirliikleri tarafindan yiiriitiilmesi, iireticilerin egitim diizeylerinin diisiik ve yas ortalamasinmn
yiiksek olmasi, desteklemeler i¢in kamu kurumlarina bagvurma zorunlulugu gibi etkenler s6z konusu
kurumun ilk bilgi kaynagi olmasina etki etmektedir. Daha sonra sirasiyla diger iireticiler (% 80.9),
piyasa (% 73.9), ozel veterinerler (% 71.1), televizyon (% 64.7), internet (% 56.3), birlikler (% 39.4),
radyo (% 15.4), egitimler (% 14.1) ve {iniversite/arastirma kuruluslari (% 10.5) gelmektedir (Cizelge 5).
Tiirkiye’de yapilan birgok aragtirmada da (Kir, 2010; Karakaya ve Kiziloglu, 2014) {ireticilerin teknik
bilgi kaynag: olarak en fazla Tarmm il/ilge miidiirliikleri ve diger iireticilere miiracaat ettikleri tespit
edilmistir.
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Cizelge 5. Isletmelerin bilgi edinme kaynaklar1 (%)

Isletme Biiyiikliigii
Bilgi Kaynag: Ortalama P
<130 bas 130-260 bas >260 bas
[l/ilge Tarm 93.0 95.7 98.1 95.7 0.343
Diger Ureticiler 72.1 80.8 88.4 80.9 0.005
Pazar ve piyasa 58.1 80.8 80.7 73.9 0.018
Ozel veterinerler 535 76.6 80.8 71.1 0.037
Televizyon 46.5 68.1 76.9 64.7 0.010
Internet 46.5 51.0 63.4 56.3 0.418
Birlikler 18.6 36.2 59.6 394 0.001
Radyo 16.3 12.8 17.3 15.4 0.811
Egitimlere katilma 6.9 10.6 23.1 14.1 0.067
Universite/Arastirma kur. 9.3 12.8 9.6 10.5 0.834

3.3. Incelenen isletmelerdeki sorunlar

Incelenen isletmelerde en ¢ok sikdyet edilen sorunlarin basinda yem fiyatlarinin yiiksek (%
99.3) ve desteklemelerin yetersiz/az olmasi (% 94.3) gelmektedir. Isletme ici sorunlar olarak ¢oban
bulamama (% 69.7), siit veriminin diisiik olmas1 (% 57.0), et veriminin diisiik olmasi (% 53.5) ve
kiigtikbag hayvancilikla ilgili bilgi eksikligi (% 51.4) gelmektedir. Hayvan saghigi ile ilgili sorunlarin
basinda ise asi/ilag fiyatlarinin yiiksek olmasi (% 94.4) ve kuzu/oglak 6liimlerinin fazla olmasi (%70.4)
gelirken kullanilan agilarin etki etmemesi de (% 33.8) dnemli bir sorun olarak tespit edilmistir. S6z
konusu sorunlar disinda meralarin yetersiz olmas1 (% 78.9), birliklerin etkin olmamas1 (% 66.2) ve
hayvan satiglarinda aracilarin komisyon ticretleri (% 65.1) diger 6nemli sorunlar olarak tespit edilmistir.

Ureticiler hayvancilik faaliyetlerinde girdi fiyatlarmin yiiksek olmasi, bolgedeki giivenlik
sorunlart ve genglerin koyde yasamak istememesi nedeniyle coban bulamama gibi sorunlar nedeniyle
bolgede hayvancilik faaliyetlerinin giderek azaldigini diisiinmektedir.

4. Sonuc ve Oneriler

Kiigiikbas hayvancilik; diinyanin bir¢ok {iilkesinde oldugu gibi Tiirkiye’nin de ekonomik
faaliyetleri igerisinde énemli bir yeri olan kadim faaliyetlerden biridir. Tiirkiye’nin tiim bolgelerinde
yapilan kiigiikbas hayvancilik faaliyetleri iireticilere isletmeye diizenli nakit akis1 saglamasi, kirsal
alanlardan gocii azaltmasi, bitkisel iiriin artiklarinin degerlendirilebilmesi gibi fayda saglarken {ilke
ekonomisine de niifusun yeterli ve dengeli beslenmesini saglama, istihdama katki, sanayiye girdi temin
etme, dig ticarete katki saglamaktadir. Elde edilen sonuglar neticesinde incelenen iireticilerin yas
ortalamalarmin yiiksek ve egitim durumlarimin diisiik olmas1 bdlgede hayvancilik faaliyetlerinde
yeniliklerin benimsenmesine olumsuz etki edebilecegi, iilke genelinde hayvancilik faaliyetlerinin geng
bireyler tarafindan yapilmasi i¢in uygulanan tesvik programlar1 ve projelerde genglere pozitif ayrimcilik
yapilmasi fayda saglayabilecektir.

Ureticilerin DKKYB iiyeligi yiiksek olmasina ragmen damgmanlik ve egitim faaliyetlerinden
yeterince faydalanmamalari, birliklerin etkinligi ve aktif ¢alismalarin1 saglayabilecek bir yapiya
doniismelerini zorunlu kilmaktadir. Tiirkiye’nin birgok bdlgesinde oldugu gibi Mardin ilinde de ¢oban
bulma konusunda sikint1 yasandigi tespit edilmis olup ¢obanlarin sosyal ve ekonomik haklarmin garanti
altina alindig1 ve s6z konusu meslegi siirdiiren kisilerin sosyal statiilerinin yiikseltilebilecegi egitim
olanaklarmin saglanmasi (6rnegin bolgedeki meslek yliksekokullarinda is garantili siirii yOneticisi
boliimlerinin agilmasi) ¢obanlik meslegini 6zendirici hale getirebilecektir.

Tegekkiir

Bu calisma Cukurova Universitesince desteklenen FDK-2018-10788 no’lu projeden iiretilmistir.
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Abstract: This study was carried out to determine some fruit properties and
biochemical (total oil, fatty acid composition, protein, total phenolic compounds,
total antioxidant capacity, total flavonoids) characteristics of different pecan nut
cultivars (Burkett, Choctaw, Mahan, Western, Wichita) grown in the Antalya
Region (BATEM). It was determined that some fruit properties and biochemical
contents of the cultivars used in the study. In the study, it was determined that the
shelled fruit weight varied between 7.78 g (Burkett) and 11.40 g (Mahan), kernel
weight between 3.45 g (Burkett) and 5.99 g (Mahan), and kernel percentage
between 44.2% (Burkett) and 55.6% (Western). The total oil content of the
cultivars ranged from 67.70% (Mahan) to 73.95% (Wichita), protein content from
7.45% (Mahan) to 9.76% (Western), total phenolic compounds from 115.29 mg
GAE g'! (Choctaw) to 176.65 mg GAE/g (Burkett), total antioxidant capacity
from 201.36 mg TEAC g! (Choctaw) to 487.89 mg TEAC g (Burkett), and
total flavonoids from 1.84 mg Catechin g (Western) to 2.24 mg Catechin/g
(Mahan). In the study, oleic acid was determined as the major fatty acid, and the
lowest ratio of unsaturated fatty acids was found in the Wichita cultivar (90.73%),
but the highest ratio was determined in the Western cultivar (91.43%).
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Oz: Bu calisma Antalya ekolojisinde (BATEM) yetisen pikan cesitlerine ait
(Burkett, Choctaw, Mahan, Western, Wichita) baz1 meyve 6zellikleri ile bazi
biyokimyasal ozelliklerini (toplam yag, yag asitleri kompozisyonu, protein
oranlari, toplam fenolik madde igerikleri, toplam antioksidan kapasiteleri, toplam
flavonoid igerikleri) belirlemek i¢in yapilmistir. Aragtirmada kullanilan gesitlerin
az1 meyve Ozellikleri ile biyokimyasal igerikleri belirlenmistir. Aragtirmada
kabuklu meyve agirliklarimin 7.78 g (Burkett)-11.40 g (Mahan), i¢ meyve
agirhiklarmin 3.45 g (Burkett)-5.99 g (Mahan), i¢ oraninin % 44.2 (Burkett)-
% 55.6 (Western) arasinda degisiklik gosterdigi belirlenmistir. Cesitlere ait
toplam yag icerikleri %67.70 (Mahan)-%73.95 (Wichita), protein orant % 7.45
(Mahan)-% 9.76 (Western), toplam fenolik madde icerigi 115.29 mg GAE/g
(Choctaw)-176.65 mg GAE/g (Burkett), toplam antioksidan kapasitesi 201.36 mg
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TEAC/g (Choctaw)-487.89 mg TEAC/g (Burkett), toplam flavonoid igerigi ise
1.84 mg Catechin/g (Western)-2.24 mg Catechin/g (Mahan) arasinda degismistir.
Arastirmada oleik asit major yag asidi olarak one ¢ikmis, doymamis yag asitleri
orani en diisiik Wichita c¢esidinde (% 90.73), en yiikksek Western ¢esidinde
(% 91.43) saptanmustir.

1. Introduction

Although the homeland of Pecan nut [Carya illinoinensis (Wangenheim.) K. Koch] is North
America, it is cultivated nowadays in different regions of the world such as Mexico, South Africa,
Australia, China, and Turkey (Gardea et al., 2011; Rosa et al., 2014). The amount of pecan nut
production was 222 000 tons in the United States, which was the world's largest pecan nut producer in
2019, followed by Mexico (128 705 tons), South Africa (18 945 tons), Australia (2 900 tons), and Turkey
(2 000 tons) (INC., 2018).

The studies related to the pecan nut were started with the introduction of 14 cultivars in 1969
by the Western Mediterranean Agricultural Research Institute (Tuzcu and Yildirim, 2000). Moreover,
determining the tree growth, fruit characteristics, and biochemical contents of these cultivars have
gained importance in terms of improving the cultivation of pecan nuts. Nowadays, the preference for
products with high nutritional content by the consumers and products with high yields by the producers
demonstrate that the demand for pecan nuts is increasing day by day. Thus, the widespread increasing
cultivation of pecan nut in countries other than the USA is considered as an indicator that its production
will increase in the coming years. In addition, the high internal yield, high internal quality, high
adaptability to poor soils, the easily breakable characteristic of its crust by hand, the long time
postharvest storage ability of its fruits and its ability to be cultivated with less cost in the subtropical
climates as compared to the other fruit species are the most important characteristics of pecan nut which
distinguish it from other hard-shelled fruit species (Ozdemir, 2013).

Pecan nut has also been reported in the previous studies that hard-shelled fruits reduce the risk
of cardiovascular diseases due to their high content of unsaturated fatty acids, have effects such as
lowering cholesterol and stress, give more calories than other hard-shelled fruits, and are richer in
vitamin B1 and C and especially vitamin E (Ozer and Giiven, 2008). In addition, the pecan nut has been
reported as a fruit that has the ability to reduce the incidence of chronic diseases such as Alzheimer,
Parkinson and some cancer diseases (Mertens-Talcott and Percival, 2005). Moreover, the pecan nut is
rich in terms of sterols and tocopherols, which are described as bioactive molecules in hard-shelled fruits
and is also considered as an alternative product due to its natural antioxidant activity (Prado et al., 2009).
Natural antioxidants have the ability to protect against free radical damage to fats, proteins,
carbohydrates, and even DNA (Robbins et al., 2015). It has also been stated in the previous studies that
the criteria such as location, soil characteristics, cultivar, harvest maturity, cultural practices, and
ecological factors have an effect on the biochemical contents of the fruits, such as fat content, phenolic
compounds, and antioxidant activity (Rosa et al., 2011).

The aim of the current study was to determine some fruit properties and biochemical (total oil,
fatty acid composition, protein, total phenolic compounds, total antioxidant capacity, total flavonoids)
characteristics of different pecan nut cultivars (Burkett, Choctaw, Mahan, Western, Wichita) grown in
the Antalya Region (BATEM).

2. Materials and Methods
2.1. Materials

Some pecan nut cultivars (Burkett, Choctaw, Mahan, Western, Wichita) obtained from the
Kayaburnu Fruit Production Station of Antalya Western Mediterranean Agricultural Research Institute

that were planted at approximately 12 % 12 m intervals and collected from the trees of full yield age,
were used in the study.

907



YYU JAGR SCI 31 (4): 906-914
Yilmaz et al. / Determination of Nut Characteristics and Biochemical Components of Some Pecan Nut Cultivars

2.2. Methods
2.2.1. Physical Measurements

Within the scope of the study, the shell fruit weights and internal fruit weights of the selected
pecan nuts were determined as "g" by weighing and averaging them on a sensitive electronic scale with
a sensitivity of 0.01 g. The internal ratio was determined as "%" by dividing the internal weights of the
nuts by the fruit weight and multiplying by 100 ( Sen, 1980).

2.2.2. Biochemical Analyses

The harvested nuts for analysis were shelled, the edible parts were dried in a laboratory-type hot
air drying oven up to a constant weight at 40 °C and ground with the help of a knife grinder. In the study,
the fruits of 30 years old and full-yield age trees of some pecan nut cultivars (Burkett, Choctaw, Mahan,
Western, Wichita) grown in the Western Mediterranean (Antalya) ecology were used. The
measurements examined were carried out on three fruits for each cultivar with three replications. The
following biochemical analyzes were carried out on the fruits obtained from five pecan nut cultivars.

2.2.2.1. Lipid Rate

The lipid analyses of the nut samples were performed by reading as % in a Nuclear Magnetic
Resonance (NMR) device. The seeds were kept in the oven set at 70 °C for 48 hours, evaporated, and 2
g of moisture were weighed, and the average oil ratio was calculated by three readings in each parcel on
the NMR device (Erbas et al., 2016).

2.2.2.2. Fatty Acids Composition

The fatty acid composition was determined by using the gas chromatography (Shimadzu GC-
2025) device with flame ionization detector (FID) located at the Innovative Technologies Research and
Application Center in Isparta. 2 g of dried ground pecan nuts were subjected to the cold extraction with
hexane and the crude oil obtained after the solvent mixture was evaporated, was converted into methyl
esters (FAME) with 0.5% Sodium Methylate (NaoMe) by the method recommended by AOAC. The %
ratios of palmitic (Cy¢: o), stearic (Cqg: o), oleic (C1g: 1), and linoleic (C4g: ) fatty acids were determined
by obtaining the fatty acids chromatograms. The operating conditions of the GC device were as follows;
Column Teknokroma TR-CN100 (100 m x 0.25 mm, 0.20 pm), injector temperature 250 °C, detector
temperature 250 °C, flow rate (psi) 10, carrier gas N (40 ml min™"), injector capacity 1.0 pl. After waiting
10 minutes at 140 °C, the oven temperature reached 240 °C with an increase of 3 °C per minute and
incubated at this temperature for 10 minutes. The peaks obtained in the chromatograms were named
according to the commercial standard fatty acid methyl ester mixture (Baydar and Erbas, 2014).

2.2.2.3. Protein Ratio

Protein ratio (%): The protein ratios in pecan nut fruits were obtained according to the nitrogen
determination. Nitrogen determination was accomplished by the Kjeldahl distillation method. The basis
of the Kjeldahl method in order to determine the total N content is to convert the nitrogen (N) in the
wet-burned plant sample with H,SO, to the form of NH,-N. The amount of NHj; released as a result of
the distillation performed in an alkaline environment was captured with the boric acid (Bremner, 1965).
According to the Kjeldahl method, 0.5 g of the samples were placed in a Kjeldahl flask, and 15 ml of
H,SO, and 1 Kjeldahl tablet (a tablet containing selenium mixtures and K,SO,) were added to the
flasks. The balloons were placed in the nitrogen burning device, burned up to 405 °C, and allowed to
cool after the burning process (Bayrakli, 1987). The amount of nitrogen (%) was determined by
substituting the amount of acid used as a result of the titration in the formula (Kacar and Inal, 2008).
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2.2.2.4. Total Phenolics Content

Total phenolic content was determined using the Folin Ciocalteau method as reported by
Singleton and Rossi (1965). The results were expressed as mg equivalent of gallic acid (GAE) per gram.
The basic principle of this method is based on a redox reaction in which phenolic compounds degrade
the Folin-Ciocalteu reagent in an alkaline environment and transform themselves into an oxidized form
(Singleton and Rossi 1965). The results were calculated according to the gallic acid standard and
expressed as mg/g. Three repetitive readings were done for each sample.

2.2.2.5. Total Antioxidant Capacity

Total antioxidant capacity (mg TEAC g'): It was made using DPPH (1,1-diphenyl-2-
picrylhydrazyl) as reported by Kumaran and Karunakaran (2006). 2 grams of samples were ground and
kept at -20 © C for 2 hours in 20 mL of 80% ethanol. Then it was centrifuged at 2000 rpm for 5 minutes,
and the supernatant portion was taken for the analysis. 2 mL of 0.1 mM DPPH dissolved in methanol
was added to 100 puL of supernatant. After 30 minutes of incubation, readings were done against
methanol at 517 nm. Three repetitions were made for each example.

2.2.2.6. Total Flavonoid Content

Total flavonoid content was determined as described by Kim et al. (2003). For this purpose, 200
mg of nut sample was added to 10 ml of 80% methanol and homogenized with a homogenizer. Then it
was mixed in a shaking incubator for 15 minutes at room temperature. After centrifugation at 4000xrpm
for 10 minutes at 40 ° C, the supernatant was separated, and then 80 % methanol was added to the
remaining pellet and mixed again in the shaking incubator for 10 minutes. After centrifuging at
9000xrpm for 10 minutes, the supernatant was filtered and kept at +4 °C in a refrigerator until it was
used for the analysis. Each sample was taken into 1 mL glass tubes, and 0.3 mL of 5% NaNO, solution
was added and mixed. After 5 minutes of incubation, the samples were centrifuged at 4000 rpm for five
minutes, and the supernatant was separated, and 0.3 ml of 10% AICl; has added again to the remaining
pellet. After incubation for six more minutes, 2 ml of 1 M NaOH was added, mixed, and incubated for
2 minutes. Then, 4 mL of pure water was added and mixed thoroughly, and the absorbance values of
the samples were read at 510 nm wavelength. The analyses were carried out with three replications for
each sample.

2.2.3. Statistical Analysis

The study was carried out on five pecan nut cultivars with three replications and two analyses
per replication. Twenty fruits were used for each replication. The obtained data were subjected to the
variance analysis using the SAS statistical package program (Version 6.12, SAS Institute, Cary, NC,
USA). The differences between the means were determined using the Duncans multiple range test.

3. Results

In the study, significant differences were obtained between the cultivars in terms of nut weight,
kernel weight, and kernel ratio. Mahan cultivar had the highest value as 11.40 g among the cultivars.
This was followed by Choctaw with 10.54 g, Wichita with 8.24 g, and Western cultivars with 7.96 g.
The lowest nut weight was obtained in the Burkett cultivar with 7.78 g. The highest kernel weight (5.99)
was obtained from the Mahan cultivar, which was followed by Choctaw with 5.50 g, Wichita with 4.59
g, and Western cultivars with 4.43 g, respectively. The lowest kernel weight was obtained from Burkett
cultivar with 3.45 g. The highest kernel ratio was obtained in the Western and Wichita cultivars as 55.60
%, followed by Mahan with 52.30 % and Choctaw with 52.20 %, respectively. In the study, the lowest
kernel ratio was found in the Burkett cultivar as 44.20 % (Table 1).
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Table 1. Pomological measurements of pecan nut cultivars

Cultivar Nut Weight (g) Kernel Weight (g) Kernel Ratio (%)
Burket 7.78° 3.45° 44.17°
Choctaw 10.54* 5.50% 52.17%
Mahan 11.40° 5.99° 52.33%
Western 7.96° 4.43" 55.63*
Wichita 8.24° 4.59" 55.63%

*The difference between the means shown by different letters in the same column is statistically significant (p<0.05).

Some total fat content (TFC) and fatty acid composition, and biochemical contents of the pecan
nut cultivars are given in Table 2 and Table 3. In the study, significant differences were found between
the cultivars in terms of stearic acid, oleic acid, linoleic acid, protein ratios, and total antioxidant
capacity, while there were no significant differences between the cultivars in terms of palmitic acid,
saturated fatty acids, unsaturated fatty acid, total phenolics, and total flavonoid contents. The highest
TFC was obtained in the Wichita cultivar (73.95%), which was followed by the Burkett (71.00%),
Choctaw (70.45%) varieties, respectively. In the study, the highest stearic acid was obtained in Wichita
(2.99) and Mahan (2.93) cultivars. The highest oleic acid was determined Choctaw (71.68), while the
highest linoleic acid Western cultivar with 29.81. The highest protein content was obtained in the
Western cultivar (9.76%), which was followed by the Wichita (9.72%), Choctaw (9.65%), and Burkett
(9.64%) cultivars, respectively. The lowest protein ratio was obtained in the Mahan cultivar with 7.45%.
In the study, the highest total phenolic substance content was obtained in the Burkett cultivar with 176.65
mg GAE g, which was followed by Wichita with 167.91 mg GAE g, Western with 140.89 mg GAE
g, and Mahan with 130.75 mg GAE g, respectively. The lowest total phenolic substance content was
obtained in the Choctaw cultivar with 115.29 mg GAE g'. The highest total antioxidant capacity was
obtained in the Burkett cultivar with 487.89 mg TEAC g, followed by the Wichita with 447.08 mg
TEAC g, Western with 320.88 mg TEAC g, and Mahan cultivars with 273.57 mg TEAC g,
respectively. The lowest total antioxidant capacity was obtained in the Choctaw cultivar with 201.36 mg
TEAC/g. The highest total flavonoid content was obtained in the Mahan cultivar with 2.24 mg
Catechin/g, which was followed by the Burkett (2.14 mg Catechin g'), Wichita (1.91 mg Catechin g™),
and Choctaw (1.85 mg Catechin g') cultivars. The lowest total flavonoid content was obtained in the
Western cultivar with 1.84 mg Catechin g’

Table 2. Total fat content and fatty acid composition of pecan nut cultivars

. | o Palmitic acid Stearic acid Oleic acid Linoleic acid
Cultivars TFC (%) (Cieo) (Cis%0) (C1s:1) (Cigia)
Burkett 71.00+0.1° 5.54+0.1 2.414+0.08° 69.63+0.50° 21.48+0.63°
Choctaw 70.45+0.7° 5.69+0.1 2.454+0.10° 71.68+0.43% 18.87+0.39¢
Mahan 67.70+0.4° 5.38+0.05 2.934+0.12% 66.35+0.40° 23.94+0.18°
Western 68.45+0.7° 5.67+0.22 2.74+0.05° 60.17+0.86% 29.8140.83%
Wichita 73.95+ 0.6° 5.53+0.15 2.99+0.03° 69.73+0.31° 19.99+0.03¢

*The difference between the means shown by different letters in the same column is statistically significant (p<0.05).
'TFC (Total Fat Content).

Table 2. Total fat content and fatty acid composition of pecan nut cultivars (continued)

Linolenic acid Saturated Fatty Acids Unsaturated Fatty Acids (UFA) UFA/SFA

Cultivars (Ciais) (SFA)

Burkett 0.31+0.02° 7.95 91.42 11.49
Choctaw 0.5140.08° 8.14 91.06 11.18
Mahan 0.90+0.07* 8.31 91.19 10.97
Western 1.15+0.19° 8.41 91.13 10.83
Wichita 1.01+0.02° 8.52 90.73 10.65
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Table 3. Some biochemical properties of pecan nut cultivars

) 'PR 2TPSC STAC ‘TFC
Cultivars (%) (mg GAE g (mg TEAC g") (mg Catechin g)
Burkett 9.64+0.59° 176.65+36.93 597.21+183.41° 2.14+0.05
Choctaw 9.65+0.63* 115.29+31.84 256.02+157.78¢ 1.85+0.27
Mahan 7.45+1.36 130.75+35.76 455.77+41.97° 2.2440.22
Western 9.76+0.41° 140.89+27.74 393.76+14.04" 1.84+0.22
Wichita 9.72+0.06° 167.91+54.45 360.24+53.56° 1.91+0.11

*The difference between the means shown by different letters in the same column is statistically significant (p<0.05).
'PR (Protein Content), TPSC (Total Phenolic Substance Content), *“TAC (Total Antioxidant Capacity), “TFC (Total Flavonoid Content).

4. Discussion

Similar to our results, Zhang and Duan et al. (2011) determined that although the protein
contents of the Jinhua and Shaoxing cultivars varied over the years, the protein ratios varied between
8.50% -9.70% in the Jinhua cultivar and between 7.50%-8.30% in the Shaoxing cultivar. However,
Wakeling et al. (2001) have found protein ratios of 4.91% and 5.08% in the Wichita and Western Schley
cultivars, respectively, which are the prominent cultivars cultivated in Australia. Venkatachalam et al.
(2007) reported that the protein contents of the cultivars varied between 6.00% and 11.29%, and the
geographical differences (soil properties, altitude, etc.) in the growing regions had significant effects on
the biochemical contents of the seeds. Poletto et al. (2020) stated that the protein ratios in pecan nut
genotypes varied between 6.90% and 17.40%, and these differences might be caused by both the
environmental effects and genetic differences. Ortiz-Quezada et al. (2011) have reported that pecan nut
seeds are rich in proteins, mineral substances, oils, and vitamins, and they contain an average of 9.00%
protein according to USDA. However, they have reported that pecan nuts seeds may exhibit allergic
effects for sensitive people, and proteins with allergen effects are characterized by the genes A 2S
albiimin and Car il and that these genes can become more active during the storage period or under heat
treatment. Elmore and Polles (1980) applied different doses of ammonium nitrate to trees in the desirable
pecans cultivar in their study and found that it increased the amounts of glutamate and proline. In
addition, they also reported that the treatments caused the differences in the enzyme sequences including
lysine, arginine, aspartate, serine, alanine, cysteine, valine, isoleucine, leucine, and tyrosine.

Similar to our findings, Flores Estrada et al. (2020) reported that the total phenolic substance
contents varied between 87.61 mg GAE g (Wichita) and 102.78 mg GAE/g (Western). Moreover, the
researchers stated that the total amount of phenolic substances is one of the most important biochemical
parameters determining the quality of pecan nuts. Similarly, Villarreal-Lozoya et al. (2007) found that
the total phenolic substance contents ranged from 70.00 mg GAE g™’ to 106.00 mg GAE g'. They also
stated that the cultivation methods have significant effects on the biochemical contents of the cultivars.
Prado et al. (2009) reported that the total phenolic substance contents varied between 117 mg GAE g
and 167 mg GAE g™, which is higher than our results. In their study investigating the effects of different
pruning methods on the bioactive substances contained in the seed, Heerema et al. (2014) arranged the
crown heights to be 1.50-3.00 m, 3.00-4.50 m, and 4.50-6.00 m, and they obtained the highest total
material content in the trees with a high crown. As a result, they reported that there was a positive
relationship between the total phenolic substance content and exposure to light. Ortiz-Quezada et al.
(2011) reported that the total amount of phenolic substances contained in the pecan nuts is higher than
that of other hard-shelled fruits and has a protective effect against atherosclerosis, hypertension,
cardiovascular diseases, cancer, and viral infections in the human body. Alasavar and Bolling (2015)
have stated that the total phenolic content of pecans varied between 1284.00 mg GAE 100 g™ and 2016
mg GAE 100 g, and these differences may vary according to the factors such as cultural processes,
ecological conditions, and genetic characteristics. The researchers have stated that these differences
obtained in the total phenolic contents of the cultivars can vary according to the genetic characteristics
of the cultivar, together with the ecological factors during the harvest years, especially the temperature,
maturity, cultural processes, and breeding techniques. Jia et al. (2018) found that the total phenolic
substance contents of the seeds changed in the different stages of the development and reached the
highest values during the developmental stage of the seed, but rapidly decreased to the lowest value
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when the seed reached a milky white color. Additionally, they also reported that the differences in the
total phenolic contents of the cultivars might be caused by the ecological differences and breeding
techniques. Rosa et al. (2011) have stated that the total phenolic substance contents vary according to
the location, and the phenolic substances are generally more synthesized when the plants are exposed to
the biotic and abiotic stress conditions, and therefore, their concentrations are mainly dependent on the
environmental conditions and then cultural practices, including temperature and postharvest
applications. Kornsteiner et al. (2006) stated that the total phenolic substance contents in hard-shelled
fruits differed according to the species and varied between 32.00 mg GAE 100 g fresh weight (pine
nuts) and 1625.00 mg GAE 100 g fresh weight. Researchers have reported that the hard-shelled fruits
have an important place in human nutrition due to their high contents of fat, phenolic substances, energy,
and antioxidants, and that pecan nuts and pistachios contain higher total phenolics than others. Turgut
et al. (2020) reported that the total amount of phenolic substances varied between 372.94 mg GAE 100
g (Tejas) and 1271.00 mg GAE 100 g (Shoshomi).

Prado et al. (2013) stated that the total amount of antioxidants is 1467.90 umol TEAC/g in the
cultivars, and the differences between the cultivars may be due to the genetic characteristics, soil
conditions, ecological characteristics, maturity period, and growing conditions. Similar to our findings,
Lombardini et al. (2009) reported that the antioxidant capacities showed a great variation among pecan
nut cultivars and ranged from 373.00 pmol TE g to 817.00 umol TE g™'. Prado et al. (2009) reported
that the antioxidant capacities varied between 385.00 mg TEAC g and 572 mg TEAC g'. Medina-
Juarez et al. (2018) stated that the total antioxidant capacities were between 243.45 uM TE g and
287.67 uM TE g, and the antioxidant capacities varied depending on the variation and concentration
of phenolic compounds. Villarreal-Lozoya et al. (2007) stated that the antioxidant capacities ranged
from 331.00 mg TE g (Kiowa) to 675.00 mg TE g (Kanza), and the variations between the cultivars
might be affected by the genetic characteristics, maturity, ecological factors, and storage conditions.
Robbins et al. (2015) reported that the antioxidant capacities varied between 13.50 mmol Trolox eq 100
g and 25.50 mmol Trolox eq 100 g, and this change might result from the harvest year, location,
maturity, genetic characteristics, cultural practices, and especially fertilization. Heerema et al. (2014),
arranged the crown heights to be 1.50-3.00 m, 3.00-4.50 m, and 4.50-6.00 m, and they did not determine
significant differences between the crown heights and total antioxidant capacities and that there was no
positive relationship between antioxidant capacity and crown height. Turgut et al. (2020) reported that
their total antioxidant capacity ranged from 26.21 mmol TE g to 147.93 mmol TE g'. However, they
stated that the correlation between the phenolic and flavonoid contents of pecan nut and its antioxidant
activity was high.

Rosa et al. (2011) found that the total flavonoid contents in the peel and fruit varied as 26.30 mg
g fresh weight-36.10 mg g fresh weight, 5.80 mg g fresh weight-6.40 mg g fresh weight
respectively, and they contained more total flavonoids in the peel as compared to the fruit. Moreover,
the researchers stated that the total flavonoid concentrations could change with the cultural practices,
temperature, and postharvest applications. Medina-Juarez et al. (2018) stated that the total flavonoid
contents were between 13.34 mg CE g and 16.36 mg CE g, and the antioxidant capacity varied
depending on the variation and concentration of intrinsic phenolic compounds. Jia et al. (2018) found
that the total flavonoid content varied in the different growth stages of the seed, and the total flavonoid
content reached the highest value at the stage when the seed reached a milky white color but decreased
to the lowest value at the stage when the seed began to mature. The researchers reported that the total
flavonoid content ranged from 0.10 mg CE g to 79.17 mg CE g'. In addition, they also reported that
the differences in the total flavonoid contents of the cultivars might be caused by the genetic
characteristics, ecological differences, and breeding techniques. Similar to our finding, Turgut et al.
(2020) reported that the total amount of flavonoids ranged from 137.03 mg CE 100 g™ to 575.32 mg CE
100 g'. Tanwar and Modgil (2012) have stated that flavonoids constitute the most common group of
plant polyphenols, and they give taste and color to fruits and vegetables. In addition, they reported that
more than five thousand flavonoids had been identified so far, and they were separated into six sub-
groups, including flavonols, flavanones, flavones, flavanols, flavone-3-ols, and isoflavones. In recent
years, they have stated that flavonoids have aroused great interest due to their potential beneficial effects
on human health, but they also have antiviral, anti-allergic, antiplatelet, anti-inflammatory, antitumor,
and antioxidant effects.
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As aresult, the developmental and biochemical properties of some pecan nut cultivars that could
have commercial importance in Turkey were determined with this study. With the results of the research,
the importance of pecan nut, which is a food source that can reach significant levels in our country, has
been emphasized. In the study, Burkett, Choctaw, Mahan, Western, and Wichita cultivars registered by
the Western Mediterranean Agricultural Research Institute (BATEM) were emphasized, and the
differences between the cultivars were revealed. In comparison to the other hard-shelled fruits, the high
biochemical contents of pecan nuts, their high amount of calories, their easier cultivation, their better
storage possibilities, and the increasing demands for them are considered as indicators that pecan nuts
will gain more importance in our country. It is thought that this study will contribute to the missing
literature knowledge in the pecan nut fruit.
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Abstract: Turkey's agricultural commodity prices are volatile while they have
steadily increased over time. A substantial amount of research has been done on
the variations in these prices by looking at other commodities like energy. As a
result, the connections between agricultural and energy markets have been widely
explored. There is a great concern about how red meat prices in Turkey are getting
increasingly fluctuating. On the other hand, we may assume that ups and downs
movement in the prices of crude oil and exchange rates are connected to veal and
lamb carcass prices and that volatility is transmitted to those meat prices. This
study uses the generalize all period unconstraint volatility model, which
generalizes the GARCH (p, q) model, to examine the veal and lamb prices
volatilities in Turkey and their relationship with crude oil as well as exchange
rates (data are weekly covering from May 2006 to February 2017). According to
findings, red meat prices have been volatile over the previous decade, notably
between 2009 and 2012. Furthermore, crude oil prices have an important impact
on the prices of veal and lamb and their prior times statistically. Also exchange
rates at t-2 and t-4 time have an impact on lamb prices but none at all on veal
prices. Subsequently, red meat price rise and volatility are becoming an important
problem for Turkey, and the policies made in this area need to be evaluated.

Tiirkiye'de Kirmizi Et Fiyati Oynakhig1 ve Kirmizi Et Fiyatlarimin Ham Petrol ve Doviz
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Tiirkiye.

Oz: Tiirkiye nin tarimsal {iriin fiyatlarinda genel olarak bir yiikselme ile birlikte
zaman igerisinde oynakliklar goriilmektedir. Fiyatlarda goriilen bu oynakliklar
onemli galisma konularindan biridir. Ozellikle, sik¢a degisen enerji fiyatlari ile
tarimsal {rlinlerin fiyatlar1 arasindaki iliski bilimsel olarak incelenmistir.
Tiirkiye'de kirmiz1 et fiyatlarinin nasil giderek dalgalandigi konusu ise 6nem arz
etmektedir. Ayrica, ham petrol fiyatlarindaki ve doviz kurlarindaki inis ¢ikislarin
kirmizi et fiyatlarina bagli oldugunun yani sira ham petrol ve doviz kurlarindaki
oynakligin kirmizi et fiyatlarina yansidigini varsayabiliriz. Genel olarak, normal
dogrusal regresyon analizi ile GARCH (p, q) model kullanilarak dana ve kuzu
karkas, ham petrol ve doviz kuru fiyatlar1 arasindaki iliski ve kirmizi et fiyati
volatilitesi son on yillik veriler dikkate alinarak incelenmistir (veriler haftalik
veriler olup Mayis 2006 ve Subat 2017 periyodunu kapsamaktadir). Analiz
sonuglarma bakildiginda, dana ve kuzu karkas fiyatlarinin son on yillik siirecte
oynaklik gosterdigi, ozellikle 2009- 2012 yillar1 (ithalatin yiliksek oranda
yapildig1 donem) arasinda yiiksek oynaklik tespit edilmistir. Ayni zamanda,
petrol fiyatlar ile ¢cok 6nemli bir iligkiye sahip oldugu belirlenmis ve t-2, t-4
zamandaki doviz kuru fiyati kuzu karkas fiyatin1 etkilerken dana karkas ile
onemli bir iligkisi bulunmamugtir. Sonug olarak, kirmizi et fiyat yiikselisi ve
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oynakliklar1 Tiirkiye i¢in onemli bir problem haline gelmekte ve bu alanda
yapilan politikalarin degerlendirilmesi gerekmektedir.

1. Introduction

Livestock is an essential sector for consumers and producers in Turkey since it offers a well-
balanced diet and income source. The government has made concerted efforts to encourage agricultural
productivity improvement at all levels through various programs, with consideration of the livelihood
of the rural population. One of the main objectives of the policies, particularly those of the central
government, is to minimize and stabilize the continuously rising costs of red meat, which have grown
exorbitant in recent years (USDA, 2016). Therefore, livestock is regarded as one of Turkey's most
crucial sub-sectors.

It is fact that many countries' economies are heavily reliant on livestock production. In Turkey,
its share in the entire agricultural sector is 36.3 percent (TIM, 2017). Red meat prices have risen steadily
in recent years with fluctuation, and they have trebled in the previous decade (TUIK, 2017). It is
observed that the prices of veal carcass per kilogram climbed from roughly 8 TL to 24 TL between 2006
and 2016, while lamb carcass prices increased within the same proportion. Agricultural commodity price
rises and volatility, according to Hayenga and Dipietre (1982), have an impact on all market sectors. As
a result, the feasibility of red meat prices is to be a heated issue among consumers, producers, and
politicians, as predicted.

Chadwick and Bastan (2017) study the volatility of beef prices in Turkey and recommend that
agricultural price volatility be studied using a range of factors. Yavuz et al. (2013) have discussed the
implications of policies in Turkey's red meat sector. They suggest that Turkey has moved to help
producers more and import more red meat as live animal or products to decrease the prices and maintain
market prices stability. The factors that influence red meat prices, as well as the links between red meat
and other commodity prices, have received a lot of attention in this context. We selected crude oil prices
and exchange rates to determine the possible link between those and red meat prices.

Because a country heavily imports crude oil, which is an input factor in agriculture, volatility
transfer from the prices of red meat to exchange rates or the exact opposite is possible. According to the
Republic of Turkey Ministry of Foreign Affairs (2017), the indigenous energy supplies are limited, so
Turkey’s energy imports are becoming increasingly reliant on gas as well as oil. In this context, Nazloglu
et al. (2012) suggest that the exchange rate is connected to the indirect effect of crude oil prices on
agricultural commodity prices. Thus, the value of the dollar in relation to the local currency (TL) may
be linked to the expenses of feeding livestock, along with transportation and processing. Furthermore,
imported red meat and live animals have been allowed since 2010, and it is currently being questioned
if exchange rate prices are being transferred to the meat market. In conclusion, crude oil and the
exchange rate are predicted to be exogenous variables in the model. As shown in Fig. 1, there may be a
relationship between red meat and the oil market, and the red meat market and exchange rates, although
this research does not acquire import data to support our hypothesis. We'll look at the prices in Turkish
Lira (b) against US dollars ($). (note that Figure 1 is given based on the assumption of this study).

4 v )

o o

Foreign Exchange Red meat
Rates

\ / \ Crude Oil /

Import Input
Factor Factor

Import Factor

Figurel. Possible link between red meat, crude oil, and exchange rates in Turkey.
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1.1.Research objectives

In a temporal dimension, the variation of red meat prices may not be constant, and rather it may
exhibit fluctuation. As a result, it is hypothesized that there can be a link between this shift and changes
in the exchange rate and crude oil price variables, and this study seeks to uncover this presumed link.
The primary goal of this study is to determine if veal and lamb prices are volatile, as well as the relation
between red meat prices and exchange rates, crude oil prices.

2. Literature Review

A considerable number of studies have been done on the volatility of agricultural prices. These
studies were conducted from various perspectives and approaches in relation to certain commodity
prices in agriculture and energy markets, such as maize, soybeans, crude oil, and biofuel. To assess the
fluctuation of prices and to describe the influence of oil prices as an input cost on the agricultural sector,
this literature has used a range of statistical approaches or models to illustrate the link between the
agricultural commodities and energies empirically in a manner of economic sense. Furthermore, a
significant number of researches have been published in the case of the association with the relationship
of the agricultural and energy commodities as well as price volatility transmission between those
commodities.

Table 1 shows the literature of econometrics models utilized in our research for volatility and
price transmission.
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Authors Data Methodologies* Variables Main Result
. A part of the raw milk processed is conspicuously affected by asymmetries although
Serra and Goodwin July 1994 to December 2000 The multivariate TVECMs dairy prices asymmetries do not exist in the price transmission of daily products that is highly

(2003)

(monthly)

perishable.

financial, industrial, consumer

An important shock and volatility transmission is present among several sectors

Hassan and Malik January 1, 1992 to June 6, VECH, and BEKK (services), health, energy (oil and
(2007) 2005 (daily) parameterizations. gas), and technology sectors
indexes
corn, soybeans, soybean oil, cotton  There is a linkage between oil and agricultural commodity prices, but not wheat and
. January 2000 to September . . . o
Harri et al., (2009) The co-integration model and wheat, exchange rates, and oil ~ exchange rates have a role in prices.
2008 (monthly) prices
Kaltalioglu (2010) January-1998 to February- The co-integration tests, VAR  maize, wheat, soybean, rice, and There is a relationship between oil returns and agricultural commodity returns in the

2009 (monthly)

model

oil spot prices

case of volatility spillover.

Hassouneh et al.
(2010)

January 1996 to December
2005 (monthly)

VECM

beef prices

Beef producers and retailers are differently affected by BSE scares.

Nazlioglu & Soydas,
(2012)

January 1980 to February
2010 (monthly)

A panel co-integration,
causality analysis

24 agricultural commodities, oil,
and exchange rates

The changes in the world oil prices affect the agricultural commodity prices, and
exchange rates had a weak effect on agricultural prices.

Nazlioglu et al. (2013)

01 January 1986 to 21 March
2011 (daily)

Causality test

spot prices of world oil, corn,
soybeans, wheat, and sugar

The food price crisis has an effect on the changes in the dynamic of volatility
transmission.

01 January 1990 to 01

There is a price volatility transmission between ethanol and corn markets

Serra & Gil (2013) . Multivariatt GARCH model ~ corn and ethanol prices

January 2011 (daily)
Gardebroek & BEKK-GARCH model, . . There is a significant interaction between ethanol and corn prices
Hemordez (2013) 1997 and 2011 (annually) DCC-GARCH model oil, ethanol, and corn prices

An et al. (2016)

January 2005 to June 2013
(weekly)

Multivariate GARCH model,
asymmetric VECBEKK-
GARCH

wheat and flour prices

Export has a role in the decrease in the transmission elasticity by 25% in flour and
wheat markets

Bergman et al. (2016)

January 1995 to December
2015 (monthly)

VAR model, Multivariate
GARCH

Butter, crude oil, and crude palm
oil prices from

The effects of price and volatility transmission are present between EU and World
butter prices

Cinar & Hushmat

Volatility spillover between oil and auto, power, and finance sectors, but it is not

(2016) 1995 to 2015 (monthly) GARCH models are world oil and Turkey's food prices significant in case of Indian stock markets
. - producer prices for cattle, The food prices in Turkey are significantly affected by the global oil prices, and also,
(Cz%i(;v;wk and Bastan ;%ril;az]iggi;? November ﬁlll:l\t/?\fggz tgggg%?;:CH consumer prices for the veil, and the food price volatility is affected by the oil price shocks.

cattle imports prices

Damba et al. (2017)

January 1990 to September
2015 (monthly)

Multivariate BEKK-GARCH
model

the world meat, dairy, cereal,
edible oil, sugar

The effect of import on beef prices is captured by Univariate GARCH models as well
as multivariate GARCH model

*Where TVECMSs: Threshold Vector Error Correction Models, VECH: Vector Error Correction Model, BEKK-GARCH: Baba, Engle, Kraft and Kroner GARCH Model, VAR: Vector Autoregressive Model,

MGARCH: Multivariate GARCH Model, DCC-GARCH: Dynamic Conditional Correlation in GARCH Model.
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3. Methodology and Data Source

Prices of veal carcass, lamb carcass, exchange rates, and crude oil in Turkey are utilized weekly
for the analysis by obtaining the period from May 2006 to February 2017. All variables are expressed
in Turkish Lira (TL), and we exclude international oil prices since the world oil prices are somewhat
different than the local oil prices -most probably, this is because of taxes-. Furthermore, the data is
collected on a daily basis, but it is transformed to a week by averaging the values of each week from
Monday to Friday. These red meat prices data come from the Turkish Commodity Exchanges
Information Systems (TOBB), while exchange rates and crude oil prices come from the Turkish Central
Bank (TMB) and the Republic of Turkey Energy Market Regulatory (EPDK), respectively.

The variables data are nominal, but they are changed to real prices which are deflated by dealing
with consumer price indices (CPI) considering the variables in February 2017 (TUIK, 2017) which is
the last period of data. The dataset obtains 562 observations. A few missing values of variables exist in
data, but those are settled by getting the average of the previous and next one values.

3.1. Augmented Dickey-Fuller Unit root tests

Dickey & Fuller (1979) created the Augmented Dickey-Fuller (ADF) unit root tests to determine
if the regression is stationary or non-stationary. While it is widely acknowledged that the unit root tests
are a legitimate test for confirming stationarity in time series analysis (Enders, 2015), it is a useful test
for analyzing stationarity structure and lag length choices. The equation of ADF tests are given below,

AYy = a+ 0Y-1) + X0 §iAY (i) + ug, (D)
p
i=1

where Y; indicates a time series investigating at time t, and AY; denotes Y;’s differences, and the error
term is u;. The deterministic intercept is included in equation (1), but the deterministic trend is also
included in equation (2). The error term's mean is assumed to be zero, and the white noise is applied as
the error term, which does not have a constant variance throughout the time series. Dickey and Fuller
(1979) indicate that if |8 is equal and more than 1, non-stationary occurs for the variable, but if |6] is
greater than 1, the variable is stationary. Furthermore, if a unit root occurs in the time series, it is non-
stationary, or vice versa (Harris and Sollis, 2003). The following conditional is going to be examined.

Null Hypothesis (Hp): The variable includes unit root
Alternative Hypothesis (H;): Variable is stationary

Furthermore, when the probability value(p-value) is evaluated, the variables in the equation are
stable at significant levels (it is less than at least 0.1 significant level), then the null hypothesis by using
the p-value in the model will be rejected. If the model is not stationary, the first step is to take the initial
differences of the variable in a manner of the model stationary for volatility estimates.

After that, the lag number for each variable will be considered as the value of each variable in
the previous period. As seen in the ADF test equations (1) and (2), lag length can range from p =1, 2,
3, ..., n. The selection of lag length, on the other hand, is dependent on various criteria, but the AIC is
used to determine the lag length.

3.2. ARCH effects tests

The ARCH effects test is used to look at the estimation of residuals in a model. The heteroscedasticity
of the regression is examined using this test. In theory, the ARCH effect is tested in two ways. First, we
must do a standard linear regression and then store the residuals (fi;). Second, the residuals are squared
and regressed using the ARCH (q) models' q own lags, before running the regression in equation (3).
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Ve = Bo + BixX1t + B2Xac + BsXze + ue 3)

07 =vo + V1081 + V.0, + -+ Yqﬁ%—q + & “4)

Following this equation, we should calculate R?, and TR? -the test statistic-, where the number
of observations is T. Lastly, we examine the null hypothesis in comparison to the alternative hypothesis
listed below.

Ho:vo =0, yy=0andy, =0..andyqy =0 There are no ARCH effects
Hy:yo #0ory; # 0ory, #0...or yq #0 There are ARCH effects

In consequence, if the critical value of the Chi-square distribution (x?) is smaller than TR? in
the ARCH effects test, the null hypothesis will be rejected, which it indicates that the ARCH effect
exists in the regression. We may use the GARCH model for our regression after determining the
presence of ARCH effects.

3.3. GARCH (p, q) model tests

The conditional variance in the GARCH model is dependent on own prior lags and squared error
in prior periods of time. When comparing the GARCH and ARCH models, it appears that the GARCH
models are widely used and more convenient than others, since the GARCH is more frugal and avoids
overfitting. The rationale for being parsimonious may be explained in the way that taking the equation
of conditional variance and subtracting one from each time subscript in the GARCH (1, 1) in equation
(5), then subtracting 1 from all-time subscripts repeatedly. Afterward, o7, is substituted into equation
(5), and the same procedure is followed for 62 ,, 07 3, and so on, until the model can accommodate an
infinite number of replacements in this manner.

of =g + aquf4 + B10f_q Q)
0ty = 0g + auf_, + 10t (6)

As a result, the GARCH (1, 1) model may be expressed in terms of an infinite number of
observations, as given

0 = Yo +Yv1uiq +yiuf, + -, (7

For the g order ARCH model, this is a limitation. Therefore, the GARCH (1, 1) model is known
as a parsimonious model that allows an infinite amount of prior squared errors to influence current
conditional variances. Furthermore, the model has limited parameters in the conditional variance
equation, as Bera and Haggins (1993) suggest.

Essentially, the GARCH (1, 1) model can be enlarged to the GARCH (p, q) model, which is
defined as the conditional variance at time t parameterized using part information from the squared error
(q delays) and previous conditional variance information (p lags).

The GARCH (p, q) is used to investigate price volatility for variables in this study. By including
exogenous variables such as their p delays, crude oil, and exchange rates with q lags. It is important to
know that this model may be used to predict the volatility of veal and lamb. For veal and lamb prices,
two major conditional variance equations are basically created as endogenous variables in the model
called the GARCH (p, q) model. Consequently, the equations are as follows:

of = o + TiL, U + X, ot (8)

Where;

o%: The conditional variance of the errors
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u?_;: The previous value of the squared errors
p: The lags of the conditional variance

q: The lags of the squared error

1 a;uf_;: The ARCH terms

b—1Biofj: The GARCH terms
4. Empirical Results
Table 2 presents the fundamental statistical information on real and log prices for veal, lamb,
crude oil, and exchange rates, as well as a brief description of the variables' distribution characteristics.
Lamb prices have a considerably greater standard deviation than veal prices, indicating a considerable

variation, but both meat prices have a higher standard deviation than crude oil and exchange rates.

Table 2. Descriptive Statistics of the real and log price series

Veal Lamb QOil Exchange Rates

Real price series

Mean 24.38955 27.46450 6.725718 1.778953
Median 23.97411 26.88483 6.978948 1.642200
Maximum 32.68018 40.60116 8.824677 3.561602
Minimum 19.63453 18.40775 4.393204 1.086995
Std. Dev. 2.690336 4.964737 0.947019 0.555659
Skewness 0.617241 0.525494 -0.643230 1.121364
Kurtosis 2.797843 2.775577 2.725329 3.474563
Logarithm of real price series

Mean 1.384646 1.43185 0.823 0.2315
Median 1.379743 1.429507 0.844 0.215426
Maximum 1.514284 1.608538 0.946 0.551645
Minimum 1.29302 1.265001 0.643 0.036228
Std. Dev. 0.046861 0.077353 0.065404 0.123987
Skewness 0.394992 0.134567 -0.910266 0.640962
Kurtosis 2.511656 2.475756 2.944889 2.519591

Table 3 shows the temporal trends for the Augmented Dickey-Fuller (ADF) unit root test in our
empirical research. The ADF test gives the result of the non-stationarity situation because, for all
variables in the model for the values of real and log prices, the null hypothesis cannot be rejected at the
1%, 5%, or 10% significant level.

The first difference for the time series, on the other hand, is stationarity at a significant level.
Thus the Hy is rejected in which means that there is a unit root. Furthermore, the absolute critical values
are smaller than the absolute value of the ADF test statistic at the 1%, 5%, and 10% levels, which
indicates that the test statistic is stationary.

The hypothesis is basically given as follows

Hy: The variable includes unit roots

H;: The variable is stationary

Time series lag lengths are chosen using the Akaike Information Criterion (AIC). In terms of
stationary, we must examine the lag number. Indifference, both real and log variables are stable, and the
lags lengths for real and log prices in levels and differences are given in Table 3. For veal, crude oil, and
exchange-rate prices, there is just one lag, but for lamb prices, three lags exist. For veal, lamb, crude oil,
and exchange rates in terms of the log prices in differences, respectively, the lags number are two, three,
one, and two.
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Table 3. ADF unit root tests result for real and log prices

Real prices Log price in log
In levels In first difference In levels In first difference
Test Test

Series statistic Lags  Test statistic Lags statistic Lags  Test statistic Lags
Veal -291 2 -15.58%** 1 -2.69 0 -13.88%** 2
Lamb -2.56 4 -10.15%** 3 -2.49 4 -10.33%** 3
Oil -2.68 2 -17.06%** 1 -2.61 1 -16.80%** 1
Exchange
Rates -0.91 1 -15.70%** 1 0.76 3 -12.54%** 2

*** show the significance at the 1%, 5%, and 10% significant level for the stationary test. The selection of Lags is based on the Akaike
information criterion (AIC).

The ARCH effects test for residual estimation is depicted in Table 4. Firstly, a normal linear
model (Eq. (9, 10)) of real prices and log prices for both red meat products is run as given crude oil
prices and exchange rates in either levels or differences into the right-hand side of equations. Secondly,
we preserve the residuals, then square them, and regress them on “q” own lags to test the null hypothesis
that there are no ARCH effects. The null hypothesis of no ARCH effects in both levels and differences
is rejected as the findings reveal that time series of veal and lamb prices exhibit ARCH effects at the 5%

significant level.

Yveal = BO + BlXoil + BZXexchange_rates

9
Yveal = BO + BlXoil + BZXexchange_rates ( )
Yiamb = Bo *+ B1Xoil + BZXexchangemtes
AYlamb = BO + BlAXoil + BZAXexchange_rates (10)
Table 4. ARCH effects test result for the real and log prices
Real prices Real price in logarithms
In levels In first differences In levels In first differences
Series Test Statistic Test Statistic Test Statistic Test Statistic
4084.23 46.86 4629.19 37.11
Veal (<0.001) (<0.001) (<0.001) (<0.001)
6730.71 52.10 6625.64 45.87
Lamb (<0.001) (<0.001) (<0.001) (<0.001)

Note: the p-value for each equation is presented in the brackets, shows the null hypothesis is rejected at a 5% significant level.

The estimated parameters for the generalize GARCH(p, q) model are presented in Table 5. As
regarding the result, we can see the coefficients estimate of the crude oil and exchange rates prices, and
their lags are given as [, and the coefficients of an estimate of the lags of veal and lamb are given. We
separately estimate the veal and lamb time series. The equations for veal and lamb are given as follows;

Veal:yi;c = ¢+ 0qY1e-1 + Q¥2t—1 + 03Y1e—2 + Yotz + AsYie-3 + AYae—3 +
A7Y1t-4 + Ag¥at-a + B1Xae + BaXar + BaXie—1 + BaXae—1 + BsXit—2 + BeX2t—2 + (11)
B7X1t-3 + BsXzt-3 + BoX1t—4 + ProX2t-4

Lamb:y, =c+ a1y, + oy, + 3y, + Yy, + a5y 5+ Q¥ 3+ 7y,
0gYp_s T By X1 + ByXor + BoXyem1 + ByXorm1 + BeXi—z + BXor2 + BoX1e—3 + BgXor—3 + BoXie—a + (12)
BlOXZt—4
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In the case of veal prices, the crude oil prices at time ¢, ¢-1, and t-3 have a significant effect at a
1% significance level, and crude oil at time #-4 is significant at a 5% significance level. The veal prices
are significantly affected by its previous periods (#-1, -2, and ¢-3).

On the other hand, for the lamb time series, the crude oil prices at time ¢, #-1, and t-3 have a
significant effect on lamb prices at a 1% significance level. Additionally, exchange rates at times #-2 and
t-4 have a significant effect on lamb prices at 1% and 5% significance levels, respectively. The lamb
prices are significantly affected by its previous periods (z-/, #-2, and #-3) and the previous period of veal
prices (¢-1 and -2).

Table 5. Estimated parameters for the generalize GARCH model

Dependent Independent The Estimate

variables variables Coefficient Band & Std. error t-statistics

oil; Bi1 1.056 0.119 % 8874
exch ¢ B> 1 0.084 0.422 0.200
oil,_, B31 -1.445 0.168 2% 8 603
exch 4 Pa1 -1.037 0.667 -1.555
oily_, Bs1 0.149 0.142 1.046
exch ;5 Pe 0.465 0.654 0.710
oil;_3 B71 0.420 0.160 %2 626
exch ¢_3 Bs1 0.940 0.684 1.375
oily_4 Po1 -0.182 0.091 52,001
Veal exch ¢4 P1o1 -0.415 0.436 -0.952
veal,_4 a1 0.954 0.026 ik 36,027
lamb,_4 asq 0.024 0.017 1.479
veal,_, azq 0.133 0.033 4% 4,028
lamb, _, Q41 -0.024 0.022 -1.112
veal,_3 Qs -0.152 0.035 k4413
lamb, _5 Qg1 -0.007 0.019 -0.379
veal;_, azq 0.037 0.023 1.605
lamb;_4 Qg 0.018 0.014 1338
constant c 0.335 0.254 1.318
oil; P12 1.341 0.128 5% 10,495
exch , P22 -0.056 0.449 -0.126
oily—q B3 -1.776 0.176 *#%.10.097
exch ;4 Bar -1.033 0.692 -1.493
oil_, Ps.2 -0.082 0.148 -0.552
exch ;—, Be2 1.928 0.681 %2 831
0il;_3 B72 0.510 0.191 % 2 665
exch 3 Ps2 -0.062 0.661 -0.093
Lamb Oily_y Bo2 -0.045 0.109 -0.413
exch ,_, Bio. -0.832 0.415 % 2,004
veal,_4 a2 0.105 0.029 #5% 3 508
lamb,_4 as9 0.973 0.020 #3% 49 281
veal,_, azs -0.075 0.039 *-1.940
lamb, _, Ay 0.093 0.025 #5% 3 675
veal, 3 s -0.041 0.036 -1.153
lamb,_5 Qg2 -0.056 0.021 #5% D 650
veal,_, Qs 0.001 0.027 0.036
lamb; _, Qga -0.013 0.016 -0.808
constant c 0.807 0.258 4% 3129

Note: ***, ** * show the significance at the 1%, 5% and 10% level respectively.

The model is selected by considering the highest logarithm marginal likelihood as well as the
highest R-square value (Table 6). The condition number of the design matrix, which is defined as a
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measure of the sensitivity of a function in terms of changes and errors, and an indication of
multicollinearity.

Table 6. The logarithm of the marginal likelihood

The condition number of the design matrix 6398.518
R-square 0.972
Logarithm of the marginal likelihood -1564.326

The volatility report for veal from the preferred model estimated is displayed in Figure 2. the
horizontal axis reports the weekly time period between 2006, May, and 2017, Feb. The vertical axis
reports the veal variance value of the estimation with a weekly time period ranging from 1 to 558. The
figure clearly shows that veal prices are somewhat volatile during the period, and the highest volatility
is estimated in period number 205 that exists in 2010. The veal prices are mostly volatile between the
period number of 200" week and 300" week consisting at the year 2010 and 2011.

Value

50 100 150 200 250 300 350 400 450 500 550
Period

Figure 2. Volatility plot of veal variance.

The volatility report for lamb from the preferred model estimated is given in Figure 3. The
horizontal axis reports the weekly time period ranging from 1 to 558, and the vertical axis reports the
value of the estimate. The figure explicitly indicates that lamb prices are volatile during the period, and
the highest volatility is estimated in period number 322 that exists in 2012. The lamb prices are mostly
volatile between the period number of 150 and 350 in 2009 and 2012.

Value

0.2 | || | Il .l I

1 L . .
ot mhhm i N1 WA

50 100 150 200 250 300 350 400 450 500 550
Period

Figure 3. Volatility plot of lamb variance.

The volatility report for cross-correlation between veal and lamb is given in Figure 4. The
horizontal axis reports the weekly time period ranging from 1 to 558, and the vertical axis reports the
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value of the estimate. The correlation between veal and lamb is strong, as we can see in Figure 4. The
veal prices have a negative and positive correlation with lamb prices during the given periods.

Value
0.2

v o

50 100 150 200 250 300 350 400 450 500 550
Period

Figure 4. Volatility plot of cross correlation between veal and lamb time series.
5. Conclusion

Red meat production and prices have been an important issue in Turkey because of many
reasons, such as the increase in red meat prices, insufficient production, and speculation in red meat
markets. Another issue is that the demand for red meat is not entirely met by the local supply, which
fundamentally causes an increase in red meat prices. In actual fact, even though the Turkish government
has continued to support red meat producers in order to increase production and reduce costs, prices
have not declined.

With the increase in red meat prices, it has mainly demonstrated fluctuation over time. The
changes are affected by many linear or non-linear factors. The literature on the effects of agricultural
prices focuses mostly on the linear aspect by frequently embracing price determination. However, we
investigate two relationships. First, the link between crude oil and red meat prices; second, the link
between exchange rates and red meat prices in Turkey. With respect to this relationship, we review many
studies associated with the volatility transmission between agricultural and energy commodity prices
because energy commodities are likely to affect at least some agricultural commodities.

Previous empirical research has shown that agricultural and energy commodity prices move in
lockstep in the short and long term. The change in crude oil prices and its volatility has a significant role
in economic and financial markets. On the other hand, the linkage between crude oil and exchange rates
in Turkey occurs since Turkey depends on importing oil, which is related to the transportation and
processing of red meat products as a significant input. Therefore, we assume there might be a linkage
between exchange rates and red meat prices because Turkey depends on importing crude oil and has
started to import red meat products, especially after 2010 with the abrogation of tax on red meat import.

Volatility in commodity prices movements is defined as embracing change either low or high
levels over time. This might cause a clustering behaviour that is explained as the large or small changes
followed by large or small changes in the time series (Engle et al., 1990). The study also uses ADF tests.
The results show that the variables in real and log prices are stationary in first differences. The ADF test
is also used to select lag lengths exhibiting different numbers for each time series. For volatility
modeling, the GARCH (p, q) model is one of the more practical ways to assess volatilities. We find,
however, that the GARCH (p, q) model does not slightly dominate and fixes the data as much as the
simple linear model with vector auto-regressions. Additionally, the ARCH effects in the model are
found to the significant compared to the null hypothesis of no ARCH effects. Although the presence of
the ARCH effects provides evidence to construct GARCH models, from an empirical point of view, we
generalize the GARCH (p, q) model to one embracing different variance effects on the equal of all time
periods.

One of the study's major findings is that both veal and lamb prices are subject to substantial
volatility, particularly between 2009: 200 (year: week) and 2012: 350, and that crude oil prices have a
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significant influence on veal and lamb prices, as well as prices in earlier times. Furthermore, exchange
rate lags have a substantial impact on lamb prices but not on veal prices.

Another key finding of our results is that they might be important to examine the relationship
between prices and policy and permit policymakers to put policy implementation into efficient practice.
Finally, as related previous studies during the literature review, the author has examined increases in
food price volatilities and related that policy follow-up has primarily been useful in advancing the prices
of agricultural production and their volatilities.
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Makale Bilgileri Oz: Bu arastirma, rakimimn iiziimde bazi kalite parametreleri iizerine etkisini
) belirlemek amaciyla, 2017 yili vegetasyon doneminde Malatya ilinin 3 farkl
Gelis: 07.04.2021 rakiminda (800 m, 1000 m ve 1200 m) bulunan gift¢i baglarinda, yirttilmiistiir.
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S6z konusu rakimlarda bulunan 4 sofralik, 3 saraplik ve 3 kurutmalik olmak tizere
toplam 10 iiziim ¢esidi degerlendirmeye alinmustir. Ilgili iziim ¢esitlerine ait salkim
ve tanelerin pomolojik ozellikleri ile yine bu cesitlere ait meyvelerin bazi

Anahtar Kelimeler biyokimyasal ozellikleri incelenmistir. Yapilan analizler sonucunda; ortalama

salkim agirligt 77.6-693.27 g, salkim eni-boyu sirasiyla 6.67-15.70 cm ve 9.47-

Biyokimyasal Ozellikler, 24.97 cm araliklarinda degistigi tespit edilmistir. Tane agirlig1, tane eni-boyu ve

Malatya, tane eti sertliginin de yine sirastyla 2.19-5.49 g, 12.66-19.66-15.31-29.51 mm ve

£011:1010ji, 1.39-5.22 N gibi ortalama degerlere sahip oldugu saptanmustir. Cesitler arasinda
akim,

pH 3.45 ile 4.56 degisiklik gostermis olup sadece rakimlar bazinda Agin Beyazi
¢esidindeki fark istatistiki olarak anlamli bulunmustur. Meyve biyokimyasal
ozelliklerinden Suda Coziiniir Kuru Madde (SCKM) ve Titre Edilebilir Asitlik
(TA) degerlerinin yiikselti artis1 ile pozitif korelasyona sahip oldugu tespit
edilmistir.

Vitis Vinifera L.

Performance Evaluation of Some Grape Varieties Growing in Different Altitude Groups

Article Info Abstract: This study was carried out in 3 different altitude groups (800 m, 1000
_ m, and 1200 m) under farmer vineyards in Malatya province in 2017 in order to
Received: 07.04.2021 determine the effect of altitude on some quality parameters of grapes. In all of the

Accepted: 01.11.2021
Online Published:15.12.2021
DOI: 10.29133/yyutbd.910640

mentioned altitude groups, 4 table grape, three wine grape, and three raisins grape,
a total of 10 grape varieties were evaluated. The pomological and some biochemical
properties of the clusters and grains of the related grape varieties were investigated.

Keywords As a result of the analysis, although it changes according to the grape variety and

altitude group average bunch weight 77.6-693.27 g, bunch width-length 6.67-15.70
Biochemical Properties, cm and 9.47-24.97 cm respectively. Grain weight, grain width, and flesh hardness
Malatya, were found to have average values such as 2.19-5.49 g, 12.66-19.66-15.31-29.51
Pomological, mm, and 1.39-5.22 N, respectively. The pH varied between 3.45 and 4.56 cultivars,
A'lt}tud'e,' , and the difference in the Agin Beyazi cultivar was statistically significant only on
Vitis Vinifera L. the basis of altitude. It has been determined that fruit WSDM (Water Soluble Dry

Matter) and TA (Titratable Acid), which are among the biochemical properties
values have a positive correlation with the increase in altitude.
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1. Giris

Asma; hem bir¢ok degerlendirme sekli hem de genis iklim kusaginda yetisebilmesinden dolay1
diinya ilizerinde ¢ok genis bir yayilim alanm1 gdstermistir. Bu ozelliklerinin yani sira, tizim verimi
bakimindan ekonomik, ¢esit zenginligi bakimindan da genetik materyal agisindan yurdumuzun 6nemli
bir bitkisidir (Celik ve ark., 1998). Asma gen potansiyelimizdeki bu zenginlik gerek 1slah ¢aligmalarinda
gerekse ekonomik dneme sahip yerel tiplerin ortaya konmasinda 6nemli bir kaynak olusturmaktadir.

Ulkemiz, 2019 y1il1 verilerine gore toplam 4 054 387 da alanda 4 100 000 ton {iziim iiretimi ile
diinyanin 6nemli bagci iilkeleri arasinda yer almaktadir. Modern bageilik tekniklerinin {ilkemizde
yayginlasmas1, bagcilikta verimi ve iiretim miktarim arttirmaktadir (TUIK 2020).

Malatya ili merkez niifus artisi ile artan sehirlesme baskisina ragmen, kirsal ¢evresinde bagcilik
faaliyetleri onemli bir 6l¢lide devam etmektedir.

Malatya’da bagciligin yapildigi alanlara bakildiginda susuz ve kirecli tarim arazileri oldugu
goriilmektedir. Bolgede anag se¢imi yapildiginda genel olarak kuraga ve kirece dayanikli Amerikan
asma anaglar tercih edilmektedir (Kog ve ark., 2015).

Diinyada tiretimi sofralik, saraplik ve kurutmalik olarak degerlendirilebilen nadir meyve
tiirlerinden biri olan iiziim meyvesinin ticari anlamda getirisinin yaninda; insan sagligi bakimmdan
biiyiik 6nem arz etmekte oldugu son yillarda yapilan ¢aligmalar ile ispatlanmis durumdadir. Fakat insan
sagligi acisindan Onemli olan ve hatta taksonomik simiflandirmada bile etkili olabilen {iziim
meyvelerinin biyokimyasal 6zelliklerinin profili ¢evre kosullarina gore farklilik gosterebilmektedir. S6z
konusu bu ¢evre kosullarindan biri de rakimdir.

Bir yerin deniz seviyesine gore yiiksekligini ifade eden “rakim” terimi, tarimsal iiretim agisindan
da biiyiikk 6nem tagimaktadir. Rakimin yiiksek ya da diisiik olmasi, sicaklik, yagis miktar1 ve sekli,
basing, glineslenme, yetistirilen iiriiniin vegetasyonu, biyoaktif bilesenleri gibi bircok 6zellige etki
etmektedir. Yiiksek rakim; solar radyoasyonu tutma, gece-giindiiz sicaklik farkindaki artis, daha diisiik
bagil nem, bolgeye gore degigsmekle birlikte daha az ya da daha ¢ok bitki tarafindan alinabilir su miktari
yoniiyle de etkili olabilmektedir (Korkutal ve ark., 2012). Bitki-su iligkisi bitkilerin verimliligi, {iriin
kalitesi, adaptasyon yetenekleri ve fizyolojik faaliyetleri iizerine etkili olan faktorlerden biridir (Dogan
ve ark., 2020)

Uziim gesitlerin yetistirilmekte oldugu ¢evresel faktdrlerden etkilendigi daha 6nce yapilmis
calismalar ile belirlenmistir. Bu calismada ise, 6zellikle yiikselti gruplarinin (rakim), bazi iiziim
cesitlerine ait pomolojik ve biyokimyasal oOzellikler ile profiline etkisini belirlemek amaci ile
yiiriitiilmistiir. Elde edilen verilerin bundan sonraki ¢aligmalara 11k tutabilecek nitelikte olabilecegi
umut edilmektedir.

2. Materyal ve Yontem

Bu aragtirma, 2017 yilinda Malatya ili giftci baglar1 ve Bingdl Universitesi, Ziraat Fakiiltesi,
Bahge Bitkileri Boliimii aragtirma ve uygulama laboratuvarlarinda yiirtitilm{stiir.

Bitkisel materyal olarak; Malatya ilinde yogun olarak yetistirilmekte olan 4 sofralik (Agn
Beyazi, Kis Kirmizisi, Silfoni, Tahannebi), 3 saraplik (Bogazkere, Kabarcik, Okiizgdzii) ve 3 kurutmalik
(Banazi Karasi, Besni, Kéhnii) olmak tizere toplam 10 {iziim ¢esidi kullanilmistir. 3 farkli (800m, 1000m
ve 1200m) rakimlarda bulunan omcalar asisiz olup, goble terbiye sekli uygulanmis, 30-40 yaslarinda,
herhangi bir telli terbiye sistemi olmayan ve susuz yetistiricilik yapilan iiretici bag alanlaridir.

Tiim rakimlarda bulunan {iziim ¢esitlerine ait salkim 6rneklerinin olgunluk tarihleri periyodik
olarak takip edilmis olup; olgunluk donemleri belirlenmistir. Salkim ornekleri Rankine ve ark.
(1962)’larinin belirttigi gibi her bir omcadan, omcay1 temsil edecek sekilde ii¢ tekerriirden 6rnek {iziim
salkimlar1 alinarak laboratuvara getirilmistir. Pomolojik ve meyve kalitesi ile ilgili analizler yas
meyvede yapilmigtir.
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2.1. Pomolojik Analizler
2.1.1. Salkim Boyu (cm) ve Salkim Eni (cm)

Her tekerriirden tesadiifi olarak alman 10 salkim cetvel ile 6lgiilerek ortalama salkim boyu, en
genis ve en dar boliimleri cetvel ile dlgililerek ortalama salkim eni belirlenmistir

2.1.2. Salkim Agirhg (g)

Her tekerriirden tesadiifi olarak almman 10 salkim dijital terazide tartilarak ortalama salkim
agirhigt bulunmustur. Salkim agirhigr OIV’in O-502 no’lu &zellik koduna gore simiflandirilmistir
(Anonim 1997).

2.1.3. Tane Boyu (mm) ve Tane Eni (mm)

Her tekerriirdeki omcalardan rastgele aliman 10 salkimdan segilen 20 adet tanenin boyu ve eni
dijital kumpas ile dlciilerek ortalama tane boyu ve eni bulunmustur.

2.1.4. 100 Tane Agirh@ (g)

Her tekerriirdeki omcalardan rastgele alinan 10 salkimdan segilen 100 adet tane dijital terazide
tartilarak 100 tane agirligr belirlenmistir. Tane agirlign tartim sonuglarinin 100’e boliinmesi ile
belirlenmistir. Tane agirligi OIV’in O-503 no’lu 6zellik koduna gore smiflandirilmistir (Anonim 1997).
2.2. Meyve Kalitesi ile Ilgili Analizler
2.2.1. Titre Edilebilir Asit Miktar1

Titre edilebilir asitligi belirlemek i¢in Amerine ve Cruses (1960) metoduna gore Ornekler
toplanarak, drneklere ait tanelerin meyve suyu ¢ikarilmistir. Elde edilmis meyve suyu 0.1 N NaOH ile
pH = 8.1 degeri elde edilinceye kadar titrasyona tabi tutularak titre edilebilir asit miktar1 belirlenmistir
(Cemeroglu, 2010).

2.2.2. pH Degeri

Her tekerriirdeki salkimlardan rastgele secilen tane 6rneklerinden elde edilen homojen sirada
pH metre yardimiyla pH degeri kaydedilmistir (Cavusoglu ve ark., 2020).

2.2.3. Suda Coziinebilen Kuru Madde (SCKM)

Denemede kullanilan gesitlere ait meyve sularindaki SCKM degerleri el refraktometresi ile
belirlenerek sonuglar brix olarak ifade edilmistir (Cavusoglu ve ark., 2020).

2.2.4. Tane Eti Sertligi

Orneklere ait tane eti sertligi; her tekerriirdeki salkimlardan rastgele alman 10 tane meyvenin
tekstiir analiz cihaziyla 6lgmesi ile elde edilmistir.

2.2.5. Olgunluk Indisi

Elde edilen Suda Coziiniir Kuru Madde (SCKM) degerinin titrasyon asitligine (TA) boliinmesi
(° Brix/TA)ile olgunluk indisi belirlenmistir.
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2.3. Istatistik Analiz

Uzerinde durulan &zellikler igin tamimlayic1 istatistikler; ortalama ve standart olarak ifade
edilmistir. Bu 6zellikler bakimindan; gesitler ve rakimlar arasinda fark olup olmadigin belirlemek
amaciyla faktoriyel diizende tek yonlil varyans analizi yapilmistir. Varyans analizini takiben ¢esitler ve
rakim ortalamalar1 arasindaki farki belirlemede Duncan testi kullanilmigtir. Hesaplamalarda istatistik
anlamlilik diizeyi % 5 olarak alinmis ve hesaplamalar i¢in “SPSS version 13.0” istatistik paket programi

kullanilmigtir.

3. Bulgular ve Tartisma

Denemede kullanilan iizlim ¢esitlerine ait ortalama salkim agirlig1 (g), Cizelge 1°de verilmistir.

Cizelge 1. Denemede kullanilan {iziim ¢esitlerine ait ortalama salkim agirligi (g)

Uziim Cesitleri ~ 800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 203.13 +5.77 D-ab 173.40 = 1155 EF-b 214.67 +11.55B-a 0.06
Kabarcik 133.80 + 4.62 EF 199.93 1 28.87 cpE 130.07 + 17324 0.07
Okiizgdzii 348.60 +17.32B-a 190.57 +17.32 cDE-b 345.63 + 2598 BCa 0.01
Agin Beyazi 332.47 11848 B 534.43 +1732 A 448.43 +23.09 Ab 0.01
Kis Kirmizisi 156.73 +15.01 DEb 232.53 +17.32¢0 362.20 +34.07B-a 0.01
Silfoni 200.73 +23.09D-a 233.63 +11.55C-ab 288.97 +1732¢0 0.04
Tahannebi 98.80 +5.77Fb 153.37 +11.55Fa 77.60 +577 Ab 0.01
Banazi Karasi 274.50 £1732Cb 214.80 +8.08 cD-a 326.00 +15.01 BCc 0.01
Besni 172.23 +693DE 237.67 +23.09C 200.93 128878 0.18
Bogazkere 693.27 +23.09 A-a 336.10 +17.32Bb 321.83 +12.12BCb 0.01
P degerleri: 0.01 0.01 0.01

P rakim: 0.04

P cesits 0.01

P rakim x cesit interaksiyonu. 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

Cizelge 1 incelendiginde, salkim agirliklar1 bakimindan hem rakim hem de ¢esitler arasindaki
fark istatistiki olarak anlamli bulunmusgtur. 800 m, 1000 m ve 1200 m rakimlar1 baz alindiginda; en
yiiksek salkim agirlig1 yukarida verilen rakim sirasina gore Bogazkere {iziim ¢esidi (693.27 ve 336.10
g) ve Agm beyazi iiziim cesidi (448.43 g)’inde elde edilmistir. Her 3 rakimdaki salkim agirligi
bakimindan en diigiik degerler Tahannebi iiziim ¢esidinde (98.80, 153.37 ve 77.60 g) tespit edilmistir.

Yiikselti grubu arttikga sadece Kig Kirmizisi ve Silfoni iiziim ¢esitlerinde salkim agirliginda
diizenli bir artig oldugu, diger iiziim cesitlerin salkim agirliklariin yiikselti gruplarina gore dalgalanma
gostermis oldugu goriilmektedir (Cizelge 1). Bu durum gesitler arasindaki 6zellik farkliligindan,
cesitlerin yillara gore olusan farkli salkim gelisimlerinden, toprak ozellikleri ve farkli yiikselti
gruplarindan dolay1 degisen iklim 6zelliklerinden kaynaklanabilecegi diisiiniilmektedir. Tangolar ve ark.
(2007)’m Sanhurfa (rakim 510-550 m) ilinde Cilores iiziim g¢esidi lizerine yaptiklar1 bir galigmada
salkim agirhigmin 141.2 ile 270 g arasinda degistigini tespit etmislerdir. Ozdemir ve Bayhan (2018)
Diyarbakir (rakim 650-700 m) ilinde 11 ¢esit liziim {izerine yaptiklari bir ¢aligmada salkim agirliklarinin
90 ile 293 g arasinda degistigini tespit etmislerdir. Uzun ve Kiling (2020) Kahramanmarasg ilinin Goksii
ilgesi (1420 m) yapmis olduklari ¢alismada kabarcik {iziim ¢esidine ait ortalama salkim agirligini 583.99
g olarak saptamislardir. Yapilan caligmalar gesit ve bolge farkliliklarindan dolay1 salkim agirliklarinda
degiskenlik oldugunu dolayisiyla yaptigimiz ¢alismaya benzerlik gosterdigi soylenebilmektedir.

Denemede kullanilan tiim gesitlerin salkim agirligi O-502, Anonim (1997)’ye gore tiim yiikselti
gruplarinda “cok kii¢iik” ve “biiyiik” siniflarinda yer aldig1 goriilmiistiir.

Salkim eni bakimindan gerek cesitler gerekse yiikselti gruplarn (Bogazkere haric) arasindaki
fark istatistiki olarak anlamli bulunmustur. Yiikselti gruplan karsilastirildiginda; en yiiksek ve en diisiik
salkim eni degerleri 800m’de bulunan Agin beyazi (16.30 cm) ve Tahannebi (6.67 cm) liziim ¢esitlerinde
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oldugu tespit edilmistir (Cizelge 2). Nitekim Ozdemir ve Bayhan (2018) yaptiklar1 calismada salkim eni
uzunluklarini 6.78 ile 12.47 cm arasinda bulmustur. Ayrica Yilmaz ve Dardeniz (2009) yaptiklari bir
caligmada 2 ¢esit lizlimiin salkim enini 8.89 ile 12.14 arasinda tespit etmislerdir. Uzun ve Kiling (2020)
Kahramanmaras ilinin Goksii ilgesi (1420 m) yapmis olduklari ¢alismada kabarcik {iziim ¢esidine ait
ortalama salkim enini 15.17 mm olarak saptamiglardir. Yapilan ¢aligmalar ile ¢alismamiz uyum
icerisinde olmakla birlikte ilgili dalgalanmalarin kiiltiirel uygulamalar ile hastalik ve zararlilar ile

miicadele ile alakali olabilecegi diisiintilmektedir.

Cizelge 2. Denemede kullanilan {iziim gesitlerine ait ortalama salkim eni (cm)

Uziim Cesitleri ~ 800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 12.50 £029B-a 11.13 £0.08cb 11.13 +0.06 D-b 0.01
Kabarcik 9.27:058 Db 12.07 +029B-c 7.90 +023 Fa 0.01
Okiizgdzii 13.37+035Bb 11.47 +0.16ca 14.67 +0.12B 0.01
Agin Beyazi 16.30 z0.58 A-a 15.23 +0.13 A 15.70 +0.09 A-ab 0.04
Kis Kirmizisi 11.00 £0.12¢cb 11.43 +025C 15.17 +0.06 AB-a 0.01
Silfoni 10.20 +0.17 cpc 11.63 +0.17Bcb 12.23 +012Ca 0.01
Tahannebi 6.67+058E-b 10.00 £0.23D-a 7.33:£0.17F-b 0.01
Banazi Karasi 12.87 £0.19Bb 10.53 +0.06 D¢ 14.43 +0.08B-a 0.01
Besni 13.33 £058Bb 15.10 +029 A-a 11.83 +058cp-c 0.01
Bogazkere 9.83 049D 8.23 z0.05E 9.67 +1.00E 0.15
P degerleri: 0.01 0.01 0.01

P rakm: 0.01

P cesits 0.01

P rakim x cesit interaksiyonu. 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

Salkim boyu incelendiginde cesitler arasi fark istatistiki olarak anlaml. yiikselti gruplan
arasindaki fark ise bazi ¢esitlerde istatistiki olarak dnemsiz oldugu tespit edilmistir. Yiikselti gruplarina
gore gesitler karsilagtirildiginda en yiiksek deger 1000 m’de bulunan K6hnii (24.97 cm) iiziim ¢esidinde,
en diisiik deger ise 1200 m yiikselti grubunda bulunan Okiizgdzii (9.47 cm) iiziim ¢esidinde tespit

edilmistir (Cizelge 3).

Cizelge 3. Denemede kullanilan {iziim gesitlerine ait ortalama salkim boyu (cm)

Uziim Cesitleri 800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 20.33 £ 058 Ab 24.97 £115A2 16.23 +0.13BC 0.01
Kabarcik 10.23 +0.12¢b 18.93 +o058C-a 9.47 £0.17Eb 0.01
Okiizgdzii 14.43 +023B-a 13.97 <023 EF-a 12.20 +0.58 D-b 0.01
Agin Beyazi 19.53 2023 a6 2213 <1.15Ba 18.20 +029 A-b 0.02
Kis Kirmizisi 17.37 £058 A-a 13.07 +029F-b 17.23 +0.13 ABa 0.01
Silfoni 18.40 +023 A-a 16.07 +0.17D-b 15.80 +0.46 c-b 0.01
Tahannebi 12.93 1058 BC 13.43 +023F 12.63 +047D 0.58
Banazi Karasi 17.83 1734 17.33 +o058cD 17.10 +0.17 AB 0.88
Besni 14.63 1158 15.60 +035DE 16.07 +0.58BC 0.45
Bogazkere 13.17 <1138 13.93 +0.23EF 12.77 +058D 0.75
P degerleri: 0.01 0.01 0.01

P rakm: 0.01

P cesit 0.01

P rakim x cesit interaksiyonu. 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

Salkim uzunlugu/Salkim genisligine bakildiginda bu oran tiim yiikselti gruplarindaki iiztim
cesitlerinin 1’den biiylik oldugu ve bu orandaki iiziimlerin salkim seklinin uzun konik sekilli oldugu
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sOylenebilmektedir. Hasat doneminde elde edilen, salkimlarin eni, boyu ve agirliginin farkli oldugu
yoniindeki tespitlerimiz, Smart ve ark. (1985), Delice ve Celik (2002) ile Yilmaz ve Dardeniz (2009)’in
bulgulariyla uyum igerisindedir. Ayrica Uzun ve Kiling 2020 Kahramanmaras ilinin Gokst ilgesi
(1420m) yapmis olduklar1 ¢aligmada kabarcik {iziim ¢esidine ait ortalama salkim boyunu 20.83mm
olarak tespit etmislerdir. S6z konusu farkliliklarin rakimlarin yani sira gesit ve yetistirme kosullari ile
alakali olabilecegi diisiiniilmektedir.

Cizelge 4. Denemede kullanilan {iziim gesitlerine ait ortalama 100 tane agirlig1 (g)

Uziim Cesitleri  800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 31717 + 1732 561.50 +17.32 A2 427.83 +11.55BCb 0.01
Kabarcik 265.60 +14.43 cpb 391.70 +23.09 BC-a 292.93 +23.09E-b 0.01
Okiizgdzii 549.13 +23.09 A-a 305.53 +41.06 E-b 448.73 +23.09 AB-a 0.01
Agin Beyazi 316.27 +2656 343.07 +11.55 cDE 356.90 +28.87D 0.50
Kis Kirmizisi 219.47 +1097Db 450.93 +2887B-a 464.30 +11.55 AB-a 0.01
Silfoni 526.77 +11.55 Aa 314.90 = 11.55 DE-b 393.97 1764 Db 0.01
Tahannebi 261.50 +11.55 cp-b 455.57 +14.43B-a 230.87 +17.32Fb 0.01
Banazi Karasi 294.43 12309 Cb 329.03 +11.55 CDE-ab 368.66 = 11.55 cDb 0.05
Besni 268.13 +0.00cDb 368.03 +17.32CcD-2 228.97 +1732Fb 0.01
Bogazkere 430.77 17328 462.63 131648 500.10 + 28874 0.29
P degerleri: 0.01 0.01 0.01

P rakm: 0.01

P cesit. 0.01

P rakim x ¢esit interaksiyonu-: 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

100 tane agirliklarn bakimindan hem cesitler hem de yiikselti gruplar1 (Bogazkere ve Agin
Beyazi harig) arasindaki fark istatistiki olarak anlamli bulunmustur. Cizelge 4’e gore en yiiksek 100 tane
agirlign 1200 m’de bulunan Bogazkere (561.5 g) liziim ¢esidinde, en diisiik deger ise 800m’de bulunan
Kis Kirmizisi (219.4 g) tiztim ¢esidinde oldugu tespit edilmistir (Cizelge 4). Tane agirliklar bakimindan
tespit ettigimiz sonuglar Tangolar ve ark. (2007) ile Yilmaz ve Dardeniz (2009)’in yaptiklar1 ¢caligmay1
destekler niteliktedir. Ayrica Uzun ve Kiling (2020) Kahramanmaras ilinin Goksii ilgesi (1420 m)
yapmis olduklar1 ¢aligmada kabarcik iiziim ¢esidine ait ortalama tane agirhigimmi 3.21 g olarak tespit
etmislerdir. lgili galismada da goriilebilecegi gibi rakimlara ek olarak bolgenin de aym gesidinin tane
agirhigr iizerinde etkili olabilecegi goriilmektedir. Falcao ve ark. (2010), Cabernet Sauvignon iiziim
¢esidindin rakimlara gore performans degerlerini belirlemek i¢in yapmis olduklar1 ¢aligmada tane
agirhigmin yillara ve rakimlara gore degiskenlik gostermis olduklarini bildirmisleridir.

Cizelge 5. Denemede kullanilan {iziim ¢esitlerine ait ortalama tane eni (mm)

Uziim Cesitleri  800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 16.78 +0.58 AB-b 19.55 +029 A-a 18.05 +0.58 ABCD-ab 0.02
Kabarcik 16.54 +1.15 ABC 17.82 +0.12 ABC 17.06 +0.29BCD 0.46
Okiizgdzii 17.61 £0.17 A2 13.28 +058 Db 18.36 021 ABC-a 0.01
Agin Beyazi 14.51 029 BcD-a 17.59 = 1.15 ABC-b 16.58 £ 0.12 cD-ab 0.05
Kis Kirmizisi 12.66 +1.15Db 19.61 +0.44 AB 19.66 +1.15 A 0.01
Silfoni 17.86 058 A-a 16.59 +0.06 c-b 16.25 +0.14Db 0.04
Tahannebi 14.53 +031BcDb 16.55 +o058C-a 13.00 + 029 E-c 0.01
Banazi Karasi 14.00 +1.15¢cpb 17.02 +058Ca 17.83 +0.58 ABCD-a 0.04
Besni 14.02 +1.15 cp-ab 17.46 +1.15BC-a 13.26 +1.15Eb 0.09
Bogazkere 14.11 0.5 cD-b 17.88 +0.06 ABC-a 18.80 = 0.58 AB-a 0.01
P degerleri: 0.01 0.01 0.01

P rakm: 0.01

P cesits 0.01

P rakim x cesit interaksiyonu. 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).
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Tane eni bakimindan hem ¢esitler hem de yiikselti gruplar1 (Kabarcik hari¢) arasindaki fark
istatistiki olarak anlamli bulunmustur. En yiiksek deger Kig Kirmizisinin 1200 m yiikselti grubunda
(19.66 mm), en diisiik deger ise yine ayn1 ¢esidin 800 m yiikselti grubunda (12.66 mm) oldugu tespit
edilmistir (Cizelge 5).

Cizelge 6. Denemede kullanilan {iziim ¢esitlerine ait ortalama tane boyu (mm)

Uziim Cesitleri ~ 800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 20.05 +o0.58BC 21.29 +0.69BC 19.08 +0.58 ABC 0.13
Kabarcik 16.72 +0.12 DE¢ 19.64 +0.17cpa 18.40 +0.23BCb 0.01
Okiizgdzii 2232 + 11582 15.51 x029F-b 20.38 +0.58 AB-a 0.01
Agin Beyazi 15.31 z058E-b 18.65 = 0.58 cDE-a 17.11 £ 0.06 cD-a 0.01
Kis Kirmizisi 17.06 +1.15DE 20.79 +1.15BC 21.02 1734 0.15
Silfoni 2544 <115 A 17.67 +0.12 DEF-b 19.45 +0.00 ABCb 0.01
Tahannebi 18.37 +1.15¢cpb 22.04 <0.18Ba 19.50 +0.87 ABC-ab 0.04
Banazi Karasi 18.26 +0.58 cD-ab 16.77 +0.58 EF-b 19.13 +0.08 ABC-a 0.03
Besni 17.54 +030 CDEb 22.75 £1.15Ba 15.80 +0.58 D-b 0.01
Bogazkere 19.09 =029 cD-b 29.51 +1.73 A 18.65 0.58 ABC-b 0.01
P degerteri: 0.01 0.01 0.01

P ralam: 0.01

P cesits 0.01

P rakim x ¢esit interaksiyonu: 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

Tane boy bakimimdan hem c¢esitler hem de yiikselti gruplar1 (Kis Kirmizisi harig) arasindaki fark
istatistiki olarak anlamli bulunmustur. En uzun tane boyu 1000 m rakimda bulunan Besni ¢esidinde
tespit edilirken en kisa tane boyu 800 m rakimda Agin Beyazi ¢esidinde tespit edilmistir (Cizelge 6).

Farkli rakimlarda iiretilen {iziim gesitlerinin ortalama tane en ve boylarina bakildiginda Silfoni
800m rakimli bolgede, Kohnii, Kabarcik, Agin beyazi, Tahannebi, Besni, Bogazkere 1000 m rakimli
bolgede, Okiizgdzii Kis Kirmizisi, Banazi Karast 1200 m rakimli blgede daha iri tanelere sahip oldugu
gorlilmustiir (Cizelge 5 ve Cizelge 6).

Uziimlerde tane biiyiimesi ilk olarak hiicre béliinmesi ve ardindan da hiicre genislemesiyle
gergeklesmektedir (Conde ve ark., 2007). Tane hacmini artirma bakimindan 6zellikle generatif donemde
yapilan kiiltiirel uygulamalar olduk¢a dnemlidir. Calismamizdaki cesitlerin farkli tane biiyiikliiklerini
yiikselti bolgelerindeki farkliliklardan kaynakli oldugu sdylenebilirken bunun yaninda uygulanan farkli
kiiltiirel uygulamalardan (toprak isleme, budama, sulama, giibreleme, biiylimeyi diizenleyici maddeler
kullanimi, hastalik ve zararlhilarla miicadele) kaynaklanabilecegi sdylenebilir.

Cizelge 7. Denemede kullanilan {iziim gesitlerine ait ortalama tane eti sertligi (N)

Uziim Cesitleri  800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 1.39 <0.17Fb 2.93 +024CD-a 2.74 +012Ca 0.01
Kabarcik 3.70 +0.29 AB-b 5.22 1013 Aa 3.74 +0.58 AB-b 0.05
Okiizgdzii 2.34 £ 0.18DE-b 4.30 =058 AB-a 3.08 029 BC-ab 0.03
Agin Beyazi 3.79 +058aB 4.44 1025 AB 4.18 +0.06A 0.49
Kis Kirmizisi 2.31 +0.17DEb 4.30 +0.46 AB-a 3.08 029 BCH 0.01
Silfoni 1.40 023 Fc 4.03 £029B-a 2.32 +018Cb 0.01
Tahannebi 1.58 029 EF-b 2.01 +0.12Db 2.92 +023BCa 0.01
Banazi Karasi 2.69 +0.17cDb 2.35 2020 CD-b 4.31 101742 0.01
Besni 4.28 101242 2.22 +0.13CDb 1.45 +0.06D-c 0.01
Bogazkere 3.28 +0.16BC 3.09 +029¢ 3.70 1023 AB 0.24
P degerleri: 0.01 0.01 0.01

P rakm: 0.01

P cesits 0.01

P rakim x cesit interaksiyonu. 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkl: biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).
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Tane eti bakimmdan hem g¢esitler hem de yiikselti gruplar (Agm Beyazi ve Bogazkere haric)
arasindaki fark istatistiki olarak anlamli bulunmustur (Cizelge 7).

Denemede kullanilan {iziim ¢esitlerinin yiikselti grubuna gore degerlendirilmesinde, en yliksek
meyve eti sertliginin 5.22 N’lik deger ile 1000 m’de bulunan Kabarcik iiziim ¢esidi tanelerinde oldugu
tespit edilmistir. En diisiikk meyve eti sertligi ise 1.39 N’lik degerle 800 m’de bulunan K&hnii tiziim
cesidinde oldugu tespit edilmistir (Cizelge 7).

Meyvelerde solunum ve biyokimyasal olaylar, meyve olgunlugunun ilerlemesine dolayisi ile
hiicre ceperindeki pektin ve hemiselillozun pargalanarak meyve eti sertliginin azalmasma neden
olmaktadir (Wills ve ark., 1998; Karagali, 2012). Farkl yiikseltilerdeki iizlim ¢esitlerinin meyve eti
sertliklerinin birbirinden farkli olmasinin sebebi {iziim g¢esitlerinin sofralik, saraplik-siralik, kurutmalik
iizim gruplarindan kaynaklandigi sOylenebilir. Ayrica s6z konusu caligma iiretici baglarinda
gerceklestirilmis oldugu i¢in ve periyodik olarak olgunlugun takip edilmesine ragmen istenilen dénemde
hasat edilememesi riskinden de kaynaklanmis olabilir.

Cizelge 8. Denemede kullanilan {iziim gesitlerine ait ortalama SCKM degeri (%)

Uziim Cesitleri  800m rakim 1000 m rakim 1200 m rakim P degerleri:

Kohnii 17.87 +0.58 Aa 15.73 +0.58BCb 14.03 + 058 cpb 0.01
Kabarcik 12.53 +058Db 14.73 +0.42cpa 14.60 +035cp-a 0.03
Okiizgdzii 18.80 ~0.58 A-a 14.07 £ 058 Dc 16.13 +0.07BcD-b 0.01
Agin Beyazi 13.50 = 0.29 cD-b 12.17 +0.10 E< 15.70 = 0.40 BcD-a 0.01
Kis Kirmizisi 17.70 £0.40 A-a 13.50 +0.29 DEb 14.73 058 cpb 0.01
Silfoni 15.57 +058B-a 12.30 +0.17Eb 18.00 +1.15B-a 0.01
Tahannebi 16.13 +0.58B-ab 17.20 +040 A 13.03 +130D 0.04
Banazi Karasi 12.70 +0.40 Db 17.00 +0.29 AB-a 16.83 +0.58BC-a 0.01
Besni 7.17 £0.10E< 10.33 1058 F-b 14.13 +058Ccpa 0.01
Bogazkere 14.90 = 0.52BC-b 15.43 +058Cb 23.30 £231 A 0.01
P degerleri: 0.01 0.01 0.01

P ralam: 0.01

P cesits 0.01

P rakim x cesit interaksiyonu. 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

Suda ¢6ziiniir kuru madde bakimindan hem c¢esitler hem de yiikselti gruplan arasindaki fark
istatistiki olarak anlamli bulunmustur. En yiiksek SCKM ortalama degeri % 23.30 deger ile 1200m’de
bulunan Bogazkere iiziim ¢esidinde oldugu belirlenmistir. En diisiik SCKM degeri ise 800m’de bulunan
ve % 7.17 degerle Besni liziim ¢esidinde oldugu belirlenmistir (Cizelge 8). Uzun ve Kiling (2020)
Kahramanmaras ilinin Goksii ilgesi (1420 m) yapmis olduklari ¢alismada kabarcik {iziim ¢esidine ait
ortalama SCKM degerini 13.1 olarak tespit etmislerdir. Falcao ve ark. (2010), Cabernet Sauvignon
¢esidinin 5 farkli rakimdaki (774 m, 960 m, 1160 m, 1350 m ve 1415 m) performansini belirlemek igin
yapmis oldugu calismada ilgili ¢cesidin SCKM degerinde degiskenlik 1160m’ye kadar artig gdstermis
oldugunu ve daha sonra tekrar diigmekte oldugunu bildirmislerdir. S6z konusu ¢alismalar ile ¢aligmamiz
paralellik arz etmektedir.

Calismadaki farkli SCKM oranlarinin farklilik gostermesi, iiretici baglarmin farkli
yiiksekliklerde olmasimnin ve farkli yonlere bakmasinin yaninda, iiretimin gerekliliklerinin degil de
iireticilerin imkanlar1 dogrultusunda yetistiricilik yapmalar1; sulamanin az yapilmasi ya da hi¢ sulama
yapilmamasinin, bir dnceki iiretim sezonunda dolu, kar, siddetli yagmur gibi abiyotik stresler gibi dis
etmenler dolayisiyla hastalik ve zararlanmanin ¢ok olmasi nedeniyle erken hasat yapmak istemelerinden
kaynaklandig1 sdylenebilir.
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Cizelge 9. Denemede kullanilan {iziim gesitlerine ait ortalama TA degeri (%)

Uziim Cesitleri  800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 0.49 +003A 0.45 +0.01 AB 0.40 +0.01B 0.07
Kabarcik 0.43 +0.02 AB-a 0.40 = 0.01 cD-a 0.27 <001 cb 0.01
Okiizgdzii 0.45 0.03 AB-a 0.45 0,01 AB-a 0.27 <0.01 C-b 0.01
Agin Beyazi 0.48 £0.05 A 0.45 0,01 AB-a 0.35 +0.01Bb 0.04
Kis Kirmizisi 0.33 +0.02cDb 0.48 +0.01 A-a 0.52 1001 A 0.01
Silfoni 0.25 +0.03Db 0.37 +0.02CD-a 0.27 <001 Ccb 0.01
Tahannebi 0.41 +0.03 ABC 0.41 +0.01BC 0.50 < 0.06 A 0.23
Banazi Karasi 0.45+0.03 AB 0.39 <0.02cD 0.39 <0038 0.27
Besni 0.40 +0.01 ABC-b 0.41 +0.01 BC-b 0.49 <001 A2 0.01
Bogazkere 0.36 = 0.01 BC-b 0.36 +0.01 Db 0.48 + 0024 0.01
P degerleri: 0.01 0.01 0.01

P rakim: 0.07

P cesits 0.01

P rakim x cesit interaksiyonu. 0.01

— a. B. C: Ayni satirda farkli kiiciik harfi alan ‘‘Rakimlar’’ aras1 fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

Titrasyon asitligi bakimindan hem ¢esitler hem de yiikselti gruplar1 (Koéhnii, Tahannebi ve
Banazi Karasi harig) arasindaki fark istatistiki olarak anlamli bulunmustur (Cizelge 9). Titre edilebilir
asitlik lizim suyundaki tartarik asit icerigidir. Genel olarak asitlik degerleri lizim gruplarina gore
degiskenlik gostermektedir. En yiiksek TA degeri 1200 m’de bulunan Kig kirmizisi {iziim ¢esidinde (%
0.52), en diistik deger ise 800 m’de bulunan Silfoni (% 0.25) iiziim ¢esitlerinde oldugu tespit edilmistir
(Cizelge 9). Uziimiin tadinda hissedilen eksi tat, serbest ve yar1 bagli organik asitlerden ileri gelmektedir.
Asitlik, tadin olusumu tizerindeki bu rolii nedeniyle sofralik iiziimlerin yeme kalitesini etkileyen 6geler
igerisinde one ¢ikmaktadir. Yapilan bir calismada 10 beyaz sofralik iiziim ¢esidinin titrasyon asitligi
bulgular1 4.5 g/l1-14.5 g/I’a kadar degistigi bildirilmistir. Yine 11 beyaz sofralik {iziim ¢esidinin organik
asit iceriklerini inceledikleri farkh bir aragtirmada, gesitlerin titrasyon asitlikleri ise 3.08 g/l —6.37 g/l
arasinda, 16 sofralik ve saraplik {iziim ¢esidinde yapisan baska bir aragtirmada titrasyon asitligi degeri
3.31 g/l ile 9.53 g/l degistigi bildirilmistir (Soyer ve ark. 2003; Orak, 2007; Rolle ve ark. 2010).
Arastirmamizin bulgulari ile yapilan literatiir calismalariyla paralellik gosterdigi goriilmektedir.

Cizelge 10. Denemede kullanilan iiziim ¢esitlerine ait ortalama pH degeri

Uziim Cesitleri  800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 4.22 +0.06B-b 4.56 +0.12 A2 3.64 +0.06Cc 0.01
Kabarcik 3.54 +012¢ 3.58 +0.05DE 3.55 +003¢C 0.93
Okiizgdzii 3.45 +o006cC 3.55 +0.09E 3.72 +o07C 0.10
Agin Beyazi 4.03 20028 3.86 +0.06 cD-b 4.03 +0.02B-a 0.02
Kis Kirmizisi 4.01 +o001B 4.11 < 0.06BC 4.08 +0.05B 0.35
Silfoni 3.99 10018 4.10 < 0.06 BC 4.07 <0.04B 0.22
Tahannebi 4.09 +0.058 3.80 +0.17DE 4.10 < 0.06B 0.17
Banazi Karasi 4.21 +012B 4.25 +014B 4.32 10074 0.80
Besni 4.49 +012A 4.19 <0028 4.42 1007 0.08
Bogazkere 3.65 +o012C 3.61 +0.06DE 3.70 x0.12¢ 0.82
P degerleri: 0.01 0.01 0.01

P rakim: 0.98

P cesit. 0.01

P rakim x cesit interaksiyonu. 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’’ arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkli biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

pH degerleri bakimdan cesitler aras1 fark anlamli bulurken rakimlar arasi fark ise sadece Kohnii
ve Agm Beyazi gesitlerinde anlamli bulunmustur. Cesitler arasinda pH 3.45 ile 4.56 degisiklik
gostermistir. Rakimlara gore bakildiginda Kohnii tiziimiinde 1000 m yiikseklikte pH 4.56 ile en yiiksek
degerde goriiliirken, en diisiik pH ise 800 m’de Okiizgdziinde (3.45) goriilmiistiir (Cizelge 10). Sofralik
iizimlerde pH, tadin olusumuna katkida bulunmaktadir. Yapilan birgok calismada farkli {iziim
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cesitlerinde olgunluk déneminde pH degerinin 3.09-3.92 arasinda degistigi bildirilmistir (CLiff ve
ark.1996, Soyer ve ark. 2003, Orak, 2007).

Uziim Tanelerindeki seker miktari, asit igerigi ve pH’ daki degisiklikler bagm alanin bulundugu
yer, rakim yoney, iklim faktorlerinden sicaklik degisimlerinden, yagis sekli ve miktarina, nem ve
giineslenme siiresine, gesitlerin genetik yapisina, kullanilan anag (Fidan ve Eris, 1974; lter, 1977; Celik,
1996; Uzun, 1996) ve kiiltiirel uygulamalara yani sulama, budama, giibreleme, toprak islemeye gore

degisiklik gosterebilmektedir (Reynolds ve ark., 1996).

Cizelge 11. Denemede kullanilan iiziim ¢esitlerine ait ortalama olgunluk indisi degeri (°Brix/TA)

Uziim Cesitleri  800m rakim 1000 m rakim 1200 m rakim P degerleri:
Kohnii 3647 s1.42¢ 34.96 +0.22BC 35.08 +94F 0.38
Kabarcik 29.14 +0.17D< 36.83 22.12Bb 54.07 +1.04C-a 0.01
Okiizgdzii 41.78 1402Cb 31.27 +0.88 cD-c 59.74 11.03B-a 0.01
Agin Beyazi 28.13 1218 Db 27.04 +0.48 DE-b 44.86 +0.42 DE-a 0.01
Kis Kirmizisi 53.64 +1.61Ba 28.13 +0.08 DE-b 28.33 +048Gb 0.01
Silfoni 62.28 4512 A0 33.24 204 BCH 66.67 +1.43 Aa 0.01
Tahannebi 39.34 s139ca 41.95 4020 A2 26.06 +0.54 Gb 0.01
Banazi Karasi 28.22 4093 Db 43.59 1336 A2 43.15 +136Ea 0.01
Besni 17.93 40278 25.20 +2.12Ea 28.84 11.52Ga 0.01
Bogazkere 41.39 z012¢b 42.86:0.92 A-ab 48.54 13.07D-a 0.08
P degerleri: 0.01 0.01 0.01

P rakm: 0.01

P cesits 0.01

P rakim x cesit interaksiyonu. 0.01

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Rakimlar’” arasi fark 6nemlidir (p<0.05).
| A. B. C: Ayni siitunda (ayn1 rakimda) farkl: biiyiik harfi alan *“Cesitler” aras1 fark 6nemlidir (p<0.05).

Olgunluk indisi degerleri bakimindan hem ¢esitler arasi fark hem de rakimlar arasi (Kohnii ve
Bogazkere cesitleri harig) fark istatistiki olarak anlamli bulunmustur. Caligmamizda olgunluk indisi
degerleri 17.93 ile 66.67 arasinda degismistir. En yiiksek deger 1200m rakimli Silfonide goriiliirken. en
diisiik deger 800m rakimli Besni iizlim ¢esidinde goriilmiistiir (Cizelge 11). Olgunluk indisi {iziimlerin
tadin1 eksiden tatliya dogru belirlerken dolayisi ile yeme kalitesine belirleyen parametredir (Winkler.
1932). Yapilan bir caligmada sofralik iizimlerde olgunluk indisinin 34.6 ile 47.3 arasinda degistigi
bildirilmistir (Cangi ve Altun. 2015). Uzun ve Kiling (2020). yiiksek rakim (1420 m) yapmis oldugu
caligmada en diisiik olgunluk indisi degerini 14.24 olarak tespit etmislerdir. Caligmamizda kullanilan
cesitlerde elde edilen olgunluk indisi degerlerinin tiim yiikseltilerde optimum hasat i¢in uygun oldugu
diisiiniilmektedir. Deniz seviyesinden yiikseldik¢e denemde kullanilan kurutmalik ¢esitlerin olgunluk
indislerinde diizenli bir artig s6z konusu olmak ile birlikte sofralik ve saraplik ¢esitlerdeki olgunluk
indisi degerinde dalgalanmalar géze carpmaktadir. S6z konusu bu degisimlerin iiziimiin degerlendirme
sekli ile birlikte bulundugu bdlgenin rakimina gore de degisim gosterebildigi sdylenebilmektedir. Falcao
ve ark. (2010). Cabernet Sauvignon ¢esidinin 5 farkli rakimdaki (774 m. 960 m. 1160 m. 1350 m ve
1415 m) performansini belirlemek i¢in yapmis oldugu ¢alismada ilgili ¢esidin olgunluk indisi degerinin
1350m’de en yiiksek degerde oldugunu; rakimin azalmasi ile birlikte olgunluk indisi degerinin de paralel
olarak diigmiis oldugunu bildirmislerdir.

Yaptigimiz ¢alismada buldugumuz (SCKM. olgunluk indisi. pH. tane en. tane boy. salkim en.
salkim boy) sonuglar Ozdemir ve ark. (2006). Tangolar ve ark. (2007). Yilmaz ve Ardeniz (2009) ile
Ozdemir ve Bayhan (2018)’m yaptiklari ¢aligmaya uyum gostermis oldugu sdylenebilmektedir.

4. Sonuc¢

Arastirma sonucunda Malatya kosullarinda farkli yiikselti gruplarinda yetismekte olan bazi
iiziim ¢esitlerine ait meyvelerinin bazi pomolojik ve biyokimyasal 6zellikleri ile ilgili elde edilmis olan
veriler incelendiginde; gerek cesitler ve gerekse yiikselti gruplariin yukarida bahsi gecen 6zellikler
iizerinde etkili oldugu; ¢esitler ve uygulamalar arasindaki farkin istatistiki olarak anlamli oldugu tespit
edilmistir. Uziimlerde meyve kalitesi salkim. tane biiyiikliigii ve tane igerigine bagldir. Salkim ve tane
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biiytikligi 6zellikle sofralik ¢esitler i¢in aranan bir 6zellik iken saraplik ¢esitlerde ise kii¢lik salkim ve
kiictik taneler sarabin tanen ve antosiyanin icerigini arttirdig1 yapilmis olan ¢aligmalar ile saptanmustir.
Yiikselti artis1 ile birlikte 6zellikle sofralik ¢esitlerinin hem salkim hem da tane biiyiikliiklerinde artig
oldugu tespit edilmis olmasindan dolay1. Sofralik yetistiricilik icin Malatya kosullarinda yiiksek ytikselti
gruplarinin secilmesinin daha uygun olabilecegi kanisina varilmistir. Meyve kalitesi kriterlerinin
basinda gelen yiiksek SCKM ve TA ile diisiik pH degerleri ise gerek sofralik ve gerekse saraplik-giralik
iiziim cesitlerinde yiikselti gruplariin artisi ile paralel olarak artis gostermis oldugu tespit edilmistir.
Denemede incelenmeye alinmig baslica bazi kalite kriterlerinin degiskenliginin kullanilan {iziim ¢esidi,
lizimiin degerlendirme sekli, iklim, kullanilan anag, toprak, baki, kiiltiirel islemler ve yiikselti
gruplarinin yan sira yildan yila da degiskenlik gdsterebildigi unutulmamalidir. Aragtirma kapsaminda
incelenen ¢esitlerin Malatya ilindeki performanslarina iligkin Onerilerde bulunulabilmesi i¢in bu
caligmanin uzun yillar devam ettirilmesi ve elde edilecek sonucglara gore bir sonuca varilmasi dogru
olacaktir kanisinday1z.

Tegekkiir

Bu c¢aligma, Ahtamara I. Uluslararas1 Multidisipliner Caligmalar Kongresi 25-26 Agustos 2018
Gevag-Van’da 6zet/sozlii bildiri olarak sunulmustur.
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Makale Bilgileri Oz: Pazi (Beta vulgaris L. var. cicla) yetistiriciligi kolay, zengin besin igerigine

sahip, yapraklar1 sebze olarak degerlendirilen bir tiirdiir. Iklim ve toprak istegi

' yoniinden fazla segici olmamasi, hastalik ve zararlilara direngli genlere sahip

Kabul: 18.11.2021 olmasi ve igerdigi 6nemli besin bilesikleri nedeniyle 1slah programlar: agisindan
Online Yaymnlanma: 15.12.2021 ST AAI-A . . T

DOL: 1029133/ degerli bir bitkidir. Ulkemizde ¢ok genis alanlarda yetistiriciligi yapilmamasina

- 10. yyutbd.916691 ot l »
karsin tretimde farkli bodlgelere yayilmis yerel populasyonlar yogun olarak

Gelis: 15.04.2021

Anahtar Kelimeler kullanilmaktadir. Caligmada, Tiirkiye’ nin farkli bolgelerinden toplanmus 3 yerli ve

1 yabanci orijinli ¢esit olmak iizere toplam 53 pazi genotipi agronomik dzellikler
Bitki genetik kaynaklari, bakimindan degerlendirilmistir. Elde edilen sonuglar bitkisel materyali olusturan
On slah calismalari, gen havuzundaki genotipler arasinda yapragin agronomik &zellikleri yaninda; bitki
Seleksiyon, basina yaprak sayisi, yaprak agirligi, yaprak alami gibi verim komponentleri
Varyabilite. yoniinden de yiiksek diizeyde varyasyonun varligini ortaya koymaktadir. Incelenen

yerel genotipler arasinda 6zellikle iiretici ve tiiketici tercihlerinin odak noktasinda
yer alan, yliksek yaprak alani, kisa yaprak sapi, koyu yesil yaprak rengi ve verim
komponentleri yoniinden mevcut ticari ¢esitlerden ¢ok daha iistiin genotipler
belirlenmigstir. Pazi koleksiyonunda agronomik 6zellikler yoniinden yiiksek
cesitliligin goriilmesi, bu materyalin 1slahta kullanilarak yeni pazi gesitlerinin
gelistirilebilme potansiyeline katk: saglamakta ve gen kaynaklarinin korunmasinin
onemine vurgu yapmaktadir. Ayrica elde edilen sonuglar, istenilen agronomik
ozelliklere sahip ve yiiksek verimli pazi ¢esitlerinin gelistirilmesi igin 1slah
programlarina énemli bilgiler sunmaktadir.

Determination of Agronomic Properties of Local Swiss Chard
(Beta vulgaris L. var. cicla.) Genotypes

Article Info Abstract: Swiss chard (Beta vulgaris L. var. cicla) is a vegetable that is easy to
grow, has rich nutritional values, and its leaves are used. It is a valuable plant for
breeding programs due to its low selectivity in terms of climate and soil properties,
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. . resistance genes to diseases and pests contains the important nutriencompounds.

Online Published: 15.12.2021 .. . . . .

. Although it is not cultivated in very large areas in Turkey, local populations spread

DOI: 10.29133/yyutbd.916691 ; : Ly . ; :
over different regions are used intensively for production. In this study, 53 Swiss

Received: 15.04.2021

Keywords chard genotypes including three local cultivars and one foreign genotype were

examined for agronomic properties. The research revealed a high level of

Plant genetic resources, agronomic diversity in terms of evaluated agronomic leaf traits particularly yield

Pre-breeding studies, components such as the number of leaves per plant, leaf weight, and leaf area

slelécg?ll'lt’y among the genotypes. In addition, compared to the commercial cultivars, there are
ariability.

superior genotypes were determined among the population for consumer and
farmer preferred traits for large leaf area, short petiole, dark green leaf color, and
yield. Identification of the agronomic diversity among the present Swiss chard
collection may contribute to knowledge on valuable scientific information in terms
of breeding new Swiss chard varieties and the importance of conservation of
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genetic material. In addition, the obtained results contribute to the use of this
collection in breeding programs aiming to develop high-yielding Swiss chard
varieties with desired agronomic characteristics.

"*Bu makale Emre DEMIREL’in yiiksek lisans tez ¢aligmasinin sonuglarindan diizenlenmistir.
1. Giris

M.O. 300'den giiniimiize yabani paz1 koklerinin halk tarafindan ilag olarak kullanildig1 ve pazi
yetistiriciligi yapildig1 bilinmektedir. Linne tarafindan 1753 yilinda ilk defa bir sebze tiirii olarak
smiflandirilan (Lange ve ark., 1999) pazmin anavatani; genel olarak Akdeniz {ilkeleri olarak
belirtilmesine karsin, Kafkas tilkeleri, Anadolu ve Yakindogu iilkelerinin bati kesimleri de orijini iginde
bulunmaktadir. Frese ve ark. (2001) Kuzey Avrupa’da yetistirilen pancarin Firat-Dicle havzasinda ilk
kiiltiire alindigin1 bildirmistir. Fakat Cheng ve ark. (2011) ilk kiiltiire alinma merkezi olarak Avrupa ve
Akdeniz bolgesi oldugunu belirtmistir. Oyen (2004) yabani pancarm 9. yiizyillda Mezopotamya’da
yapraklan icin yetistirildigi goriisiinii desteklemistir. Sun (1994), kiiltiire alinan pazimin Cin'de 5.
yiizyildan beri var oldugunu ve Avrupa'da antik zamanlardan beri yetistirilmekte oldugunu bildirmistir.
Pazinin (Beta vulgaris L. var. cicla) yer aldig1 "Chenopodiaceae" familyasi diinya tizerinde tanimlanmis
103 cins ve 1400 kadar tiir icerirken, Tirkiye’de 33 cinse ait 129 tiir bulunmaktadir (Giirsul, 2015;
Yildirimli, 2003). Beta cinsi hem yabani hem de kiiltiire alinmis formlar1 igeren dort boliimden olusur
(Letschert ve ark., 1994). Bunlar: beta, corollinae, nanae ve procumbentes’dir (Shen ve ark., 1998).
Diinyada yetistiriciligi yapilan formlari; seker pancari, yem pancari ve paziy1 kapsayan Beta vulgaris’i
igerir (Shen ve ark., 1998). Beta cinsinin yerel dagilimi esas olarak Avrupa'da iken, nanae kategorisi
Yunanistan'da yayilim gosterir ve procumbentes Kanarya Adalari'nda bulunmaktadir. Tiirkiye’de beta
ve corollinae daha genis cografi dagilima sahiptir (Frese ve ark., 2001).

Glinlimiizde pazi kiiresel olarak, Kuzey Hindistan, Giiney Amerika, Amerika Birlesik Devletleri
ve Akdeniz Ulkeleri’nde yetistirilmektedir (Bozokalfa ve ark., 2011). Almanya’da 19. yiizyilda pancar
bitkisinde yiiriitiilen 1slah ¢aligmalarinin ardindan pazi bitkisinin ticari dnemi artmistir (Ninfali ve
Angelino, 2013).

Pazi, yabani ve kiiltiire alinmig Beta tiirleri arasinda nispeten degerli bir tiirdiir. Clinkii genetik
yapisi itibartyla hastalik ve zararlilara karsi direng gosteren genleri sayesinde 1slah i¢in degerli bir
kaynaktir (Goldman ve Navazio, 2003). Pazinin (Beta vulgaris L. subsp. vulgaris) B. procumbens ve B.
webbiana ile ayri ayr1 ¢aprazlanmasiyla elde edilen melezleri, seker pancarinda verimli hibritler
iiretilmesinde koprii gorevi gérmektedir (Gaskill, 1954; Goldman ve Navazio, 2003; Bozokalfa ve ark.,
2016).

Arazi agmalari, yerli ¢esitlerin yerine 1slah edilmig ticari ¢esitlerin kullanilmasi, dogal afetler,
sehirlesme ve endiistrilesme, iliretmeden dogadan sokerek tiiketme gibi nedenlerle mevcut bitkisel
cesitlilik hizla azalmakta ve hatta kaybolmaktadir. Bu nedenlerden dolay1, XIX. yiizyilin baslarinda
mevcut tehlikenin bilincine varan pek ¢ok iilkede bitki genetik kaynaklarinin ¢esitlilik diizeyleri tespit
edilmeye ve muhafaza altina alinmaya baslanmistir (Balkaya ve Yanmaz, 2001). Paz1 gen kaynaklarinin
tanimlanmasi, saglik agisindan 6nemli bilesiklerin gelistirilmesi ve hedeflenen agronomik &zelliklere
ulagilmas: i¢in yiiriitiilecek yeni 1slah programlarma temel olusturacak bilimsel bilgiye katki
saglayabilir. Ayrica istenen karakterlerin eldesi i¢in seker pancari 1slah programlarinda degerli bir gen
kaynag olarak kabul edilebilir (Baranski ve ark., 2001). Gen kaynaklarinin tanimlanmasi, genotipler
arasindaki taksonomik iligkilerinin belirlenmesi, bitki genetik kaynaklarmin degerlendirilmesi,
1slahgilara genetik materyal saglamak yoniinden 6nemlidir.

Uzun yillardan beri yetistirilen yerel populasyonlarin en biiyiik avantaji, yetistirildigi bolgenin
kosullarini adapte olmasi ve bu 6zelligini koruyabilmesidir. Bu baglamda farkli bolgelere ve ekolojilere
adapte olmus yerel populasyonlarin 1slah programlarindaki 6nemi artmaktadir. Diinya’da kiiltiirii
yapilan bir¢ok tiirde yerel populasyonlar toplanarak 1slah materyali olarak kullanilmaktadir. Son yillarda
pazi1slahinda farkli sap rengine sahip (turuncu, mor, kirmizi), erken hasat olgunluguna gelen, dik yaprak
gelistiren ve gevrek yapili gesitler gelistirilmesine yonelik ¢alismalar yiiriitiilmektedir. Diger yandan
biotik ve abiotik stress kosullarina dayaniklilik kazandirilmasi i¢in Befa cinsine giren tiirler arasinda
yapilan melezlemelerde basar1 oraninin yiiksek olmasi, bu yoniiyle pazi genotiplerinin gen kaynagi
olarak degerini artirmaktadir.
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Bu ¢alismada, Tirkiye’'nin farkli lokasyonlarindan toplanmis yerel populasyonlardan elde
edilen paz1 genotiplerinin agronomik 6zelliklerinin belirlenmesi ve 1slah programlarinda dogrudan veya
genitor olarak degerlendirilebilecek umutvar genotiplerin belirlenmesi amaglanmaistir.

2. Materyal ve Yontem
2.1. Materyal

Arastirmada bitkisel materyal olarak Tiirkiye nin farkli bolgelerinden toplanmis 49 yerel pazi
genotipi ile birlikte karsilagtirma yapilabilmek amaciyla 1 yabanci ve 3 yerli ¢esit olmak iizere toplam
53 paz1 genotipi kullanilmistir (Cizelge 1). Caligmada kullanilan yerel pazi1 genotiplerine ait tohumlar

Ege Universitesi Ziraat Fakiiltesi Bahce Bitkileri Ana Bilim Dalindan temin edilmistir.

Cizelge 1. Genotiplerin aksesyon numarasi/isimleri, toplandig1 yer ve iilke

Genotip Toplandig yer Ulke Genotip Toplandig yer Ulke
TR 30741 Gaziantep Tiirkiye TR 55689 Trabzon Tiirkiye
TR 35012 Canakkale Tiirkiye TR 55756 Rize Tiirkiye
TR 35065 Bursa Tiirkiye TR 55767 Rize Tiirkiye
TR 35137 Tokat Tiirkiye TR 55778 Rize Tiirkiye
TR 35164 Kayseri Tiirkiye TR 55787 Rize Tiirkiye
TR 35180 Sivas Tiirkiye TR 55800 Rize Tiirkiye
TR 35278 Sanlwurfa Tiirkiye TR 55821 Rize Tiirkiye
TR 35821 Mardin Tiirkiye TR 55832 Artvin Tiirkiye
TR 35289 Mardin Tiirkiye TR 55848 Artvin Tiirkiye
TR 35316 Hakkari Tiirkiye TR 55866 Artvin Tiirkiye
TR 35354 Mugla Tiirkiye TR 55879 Artvin Tiirkiye
TR 35355 Mugla Tiirkiye TR 55889 Artvin Tiirkiye
TR 35393 Hatay Tiirkiye TR 55931 Rize Tiirkiye
TR 40459 Siirt Tiirkiye TR 55983 Trabzon Tiirkiye
TR 43621 Sakarya Tiirkiye TR 55993 Trabzon Tiirkiye
TR 46354 Kayseri Tiirkiye TR 55999 Trabzon Tiirkiye
TR 51154 Hatay Tiirkiye TR 56010 Trabzon Tiirkiye
TR 51160 Adana Tiirkiye TR 56017 Giresun Tiirkiye
TR 51169 Mersin Tiirkiye TR 56046 Ordu Tiirkiye
TR 51170 Mersin Tiirkiye TR 71077 Kayseri Tiirkiye
TR 51194 Mugla Tiirkiye TR 73437 Tiirkiye Tiirkiye
TR 51199 [zmir Tiirkiye TR 73438 Tiirkiye Tiirkiye
TR 52424 Erzurum Tiirkiye Yerli Cesit Pinaper seed Tiirkiye
TR 52488 Artvin Tiirkiye Yabanci gesit Freya Almanya
TR 55632 Giresun Tiirkiye Zumriit Istanbul Tohum Tiirkiye
TR 55633 Giresun Tiirkiye Tuna Balikesir Tohum Tiirkiye
TR 55664 Giresun Tiirkiye

2.2. Yontem

Aragtirma Ege Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimii Uygulama ve Arastirma
alanlar1 ve laboratuvarlarinda yiiriitiillmiistiir. Ege Bolgesi ova kosullarinda pazi yetistiriciligine uygun
olarak 20 Eyliil 2017 tarihinde dogrudan topraga elle tohum ekimleri yapilmis ve deneme siralarina
damla sulama borular1 ¢ekilmistir. Deneme tesadiif bloklar1 deneme desenine uygun olacak sekilde 3
tekerriirlii olarak dizayn edilmis, sira aras1 70 cm ve sira iizeri 30 cm ekim mesafeleri uygulanmigtir.
Tohumlar ¢imlenip toprak yiizeyine ¢iktiktan sonra seyreltilerek her ocakta tek bitki kalmasi saglanmig
ve her parselde 10 bitki olacak sekilde deneme yiirtitiilmiistiir.

Bitki gelisme donemi igerisinde yabanci otlar ile miicadele ve topragin havalandirilmasi i¢in 15
Ekim ve 10 Kasim 2017 tarihlerinde elle ¢apa islemi yapilmistir. Tohum ekiminden vejetasyon siiresi
sonuna kadar tiim kiiltiirel islemler diizenli olarak yiiriitiilmiistiir (Vural ve ark., 2000). Bitki besleme
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amaciyla toprak analiz sonuglarina uygun olarak 14 kg/da Mono Amonyum Fosfat ve 12 kg/da Mono
Potasyum Fosfat damla sulama yontemiyle uygulanmistir (Cizelge 2).

Cizelge 2. Deneme alan1 topraginin fiziksel ve kimyasal 6zellikleri ile makro ve mikro element igerikleri

Incelenen Ozellikler Birimi Miktarlari
pH 73
Elektriksel iletkenlik (EC) mS cm’! 0.5
Kireg¢ (CaCOs) % 2.86
Kum % 61.5
Kil % 19.6
Mil % 18.9
Biinye Kumlu-Tin
Organik Madde % 1.06
Toplam Azot (N) % 0.081
Fosfor (P) mg kg'! 1.6
Potasyum (K) mg kg'! 398
_ Kalsiyum (Ca) mg kg'! 377
% Magnezyum (Mg) mg kg'! 450
E Sodyum (Na) mg kg'! 19
= Demir (Fe) mg kg'! 14
Bakar (Cu) mg kg'! 9
Cinko (Zn) mg kg'! 5
Mangan (Mn) mg kg'! 59

2.3. incelenen agronomik dzellikler ve verim parametreleri

Agronomik 6zelliklerin belirlenmesi i¢in her parselde hasat olgunluguna ulasmis 10 farklh
bitkiden yapraklar elle hasat edilmis ve bunlar arasindan tesadiifen se¢ilen 10 adet yaprak 6rneginde
asagida belirtilen ozellikler incelenmistir. Lamina uzunlugu (cm): sapin bitisinden laminanin ucuna
kadar cetvel ile 6l¢iim yapilmistir. Lamina genisligi (cm): laminanin en genis kismindan cetvel ile 6l¢iim
yapilmustir. Ortalama yaprak agirligi (g): bir parselden hasat edilen yapraklarin toplam agirlig: tartilmis
hasat edilen yaprak sayismna boliinerek hesaplanmistir. Yaprak rengi (L*, Hue, Kroma): Her bir
genotipin yapraklarinin rengi Minolta-CR 300 renk 0lger ile belirlenmis, buradan elde edilen a ve b
degerleri kullamlarak: kroma (renk doygunlugu) = Va2 + b? ve hue (renk niteligi) =tan'[b/a] degerleri
hesaplanmigtir. Yaprak alan1 (cm?): her parselde hasat olgunluguna ulagmis bes farkl bitkiden 1’er adet
yaprak 0megi hasat edildikten hemen sonra tarayicida “Leaf Scan” bilgisayar programi ile taranarak
yaprak alan1 hesaplanmistir. Yaprak sap1 ¢cap1 (cm), yaprak sapinin en genis kisimdan dijital kumpas ile
Olglilmistiir. Yaprak sapt kalinligi (mm), yaprak sapinin en kalin kismindan dijital kumpas ile
ol¢lilmustiir. Bitki basma yaprak sayist (adet/bitki), bir parselden elde edilen toplam yaprak sayisinin
hasat yapilan bitki sayisina boliinmesi ile hesaplanmistir. Verim (kg/da), bitki basina elde edilen verimin
bir dekar alanda yer alan bitki sayisi ile carpilmasiyla hesaplanmistir.

2.4. Verilerin istatistiki degerlendirilmesi

Tarla ve laboratuvar ¢aligsmalarindan elde edilen agronomik 6zelliklere ait veri seti kullanilarak
varyans analizi yapilmis ve genotipler arasindaki farklar SPSS (v22.0) istatistik programinda Tukey’s-
b testi ile belirlenmistir.

3. Bulgular

3.1. Yapragin agronomik ozellikleri

Taze yapraklar sebze olarak tiiketilen pazi genotiplerine ait 6l¢iilen ve hesaplanan agronomik
ozellikler ele alindiginda, incelenen genotipler arasinda tiim ozellikler yoniinden istatistiksel dnem
diizeyinde farkliliklar oldugu goézlenmistir (Cizelge 3).
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Genotip Yapr:ik sap Yaprilk sap  Yaprak sapr L* Kroma Hue
uzunlugu (cm) kahnhgi (mm) c¢api (cm)

TR 30741 19.99 b-g 14.27 c-l 2.08 a-g 33.04 s-v 20.68 cn 122.12 mn
TR 35012 19.61 b-h 1272 en 1.98 a-h 32.53 t-v 21.34  c-i 126.10 a-j
TR 35065 16.89 c-h 11.79 j-o 1.69 c-h 3410 m-u 18.05 p-t 126.72 a-h
TR 35137 21.11 b-g 1720 a-c 227 a-e 3692 c-k 2045 d-p 126.67 a-h
TR 35164 19.66 b-h 15.52 b-g 231 a-e 37.89 b-g 19.12  h-s 127.48 a-f
TR 35180 18.53 b-h 16.84 a-d 2.15 af- 3349 p-v 2091 c-l 125.24 d-1
TR 35278 15.89 c-h 1320 en 1.96 a-h 35.37 g-s 18.00 r-t 128.73 a
TR 35821 19.56 b-h 12.20 f-o 1.95 a-h 3644 d-m 18.87 j-s 127.50 a-f
TR 35289 18.73 b-h 13.15 en 1.66 c-h 36.04 e-o 18.78  j-t 126.70 a-h
TR 35316 15.55 c-h 11.87 h-o 1.90 a-h 36.07 e-co  20.28 d-r 125.04 d-1
TR 35354 21.19 b-g 13.71 c-m 1.94 a-h 37.78 b-h  21.02 c-k 12542 c-k
TR 35355 15.14 c-h 13.19 en 1.65 c-h 3646 d-m 21.63 c-g 122.99 k-n
TR 35393 15.49 c-h 13.37 d-n 1.76 b-h 32.29 uv 17.32 st 12491 e-l
TR 40459 14.79 e-h 15.42 b-h 225 af- 3529 h-s 18.42 m-t 126.18 a-j
TR 43621 22.55 a-e 1290 en 1.94 a-h 36.22 d-n 18.46 1-t 12820 a-c
TR 46354 15.44 c-h 897 o 1.19 h 37.42 b 21.06 c-j 124.47 g-m
TR 51154 11.83 h 17.84 ab 2.60 a 39.14 be 2425 b 122.43 1n
TR 51160 13.26 gh 1431 c-l 1.96 a-h 37.10 b-k  21.03 c-k 126.16 a-j
TR 51169 14.73 e-h 1491 b-k 233 a-e 36.75 c-1 21.45 c-h 125.72  b-k
TR 51170 13.92 f-h 14.41 b-l 247 a-c 37.51 b 2210 c-e 124.47 g-m
TR 51194 20.80 b-g 10.52 m-o 1.44 f-h 38.62 b-d 2441 b 121.50 n
TR 51199 19.14 b-h 11.95 g-o 1.87 a-h 3825 b-e  21.35 c-i 125.25 d-1
TR 52424 15.54 c-h 13.50 d-n 2.11 af- 37.58 b-i 21.06 ¢ 124.10 h-m
TR 52488 19.80 b-g 13.76 c-m 2.03 a-g 3595 ep 2072 c-m 12450 g-m
TR 55632 18.85 b-h 13.47 d-n 244 ad 35.57 fr 19.75 e-s 128.18 a-c
TR 55633 16.58 c-h 11.47 k-o 1.60 e-h 33.35 r-v 21.60 c-g 12424  h-m
TR 55664 17.76 b-h 14.23 c-l 2.12 af- 37.64 b-i 23.04 bce 123.51 in
TR 55689 21.49 b-f 13.76 c-m 201 a-g 3643 d-m 1940 g-s 12452 g-m
TR 55756 21.67 b-f 14.73 b-k 2.19 af- 36.86 c-l 19.21 g-s 127.18 a-g
TR 55767 20.46 b-g 15.85 b-e 2.02 a-g 34.66 k-u 19.36 g-s 123.35 jn
TR 55778 18.75 b-h 13.46 d-n 1.96 a-h 31.61 v 16.43 t 128.52 ab
TR 55787 24.96 ab 14.36 c-1 2.04 a-g 35.26 h-s 19.61 f-s 125.73 b-k
TR 55800 16.30 c-h 9.99 no 1.27 gh 36.15 d-o 17.40 st 127.81 a-d
TR 55821 29.26 a 14.23 c-l 2.00 a-g 36.18 d-o  21.09 c-i 125.11 d-1
TR 55832 23.12 a-c 11.74 j-o 1.74 b-h 35.19 i-s 18.27 n-t 126.12  a-
TR 55848 20.07 b-g 16.18 b-e 2.01 a-g 36.50 d-m  18.88 j-s 126.83 a-h
TR 55866 13.97 f-h 13.08 en 1.96 a-h 39.21 be 20.82 cm  126.17 a-
TR 55879 19.67 b-h 10.87 l-o 1.60 e-h 35.41 g-s 22.40 b-d 12426 h-m
TR 55889 22.92 a-d 14.27 c-l 1.85 a-h 35.39 g-s 18.59 k-t 12720 a-g
TR 55931 19.33 b-h 14.92 b-k 224 af- 3432 lu 18.66  j-t 125.17 d-1
TR 55983 20.84 b-g 14.11 c-l 1.98 a-g 33.66 o-v 19.00 i-s 12479  fm
TR 55993 17.81 b-h 13.97 c-m 1.81 a-h 38.13 b-f  21.99 c-f 125.67 b-k
TR 55999 17.13 b-h 12.27 f-o 1.65 c-h 39.56 b 21.64 c-g 12491 e-l
TR 56010 18.19 b-h 11.98 g-o 1.62 d-h 36.24 dn 2049 d-o 126.12  a-
TR 56017 20.54 b-g 14.42 b-l 1.83 a-h 35.00 j-s 18.68  j-t 12773 a-e
TR 56046 21.75 b-f 15.39 b-i 1.96 a-h 36.55 dm 20.72 c-m  126.70 a-h
TR 71077 17.56 b-h 13.85 c-m 1.71 c-h 3412 m-u 1749 st 127.17 a-g
TR 73437 20.25 b-g 14.98 b-k 1.91 a-h 35.09 i-s 20.05 d-r 126.28 a-i
TR 73438 14.94 d-h 11.84 i-o 1.58 e-h 33.81 n-v 17.41 st 128.86 a
Pinaper seed  15.75 c-h 15.57 b-f 2.29 a-e 3599 ep 20.80 c-m 126.18 a-j
Yabanci gesit  14.38 f-h 15.06 b- 1.94 a-h 4391 a 3255 a 11697 o
Zumriit 14.25 f-h 11.75 j-o 2.55 ab 34.78 k-t 18.18 o-t 12728 a-g
Tuna 17.88 b-h 1944 a 234 a-e 36.17 d-o  20.36  d-r 12793 ad
Ortalama 18.41 13.75 1.96 36.06 20.28 125.64

*%Genotipler arasindaki farkin istatistiki diizeyde (P<0.05) 6nemli oldugunu ifade eder.
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Genotiplerin yaprak sap1 uzunluk degerleri incelendiginde en uzun yaprak sap1 degeri 29.26 cm
ile TR 55821 genotipinde bulunurken en kisa yaprak sap1 degeri 11.83 cm ile TR 51154 genotipinde
ol¢tilmistiir (Cizelge 3). Yaprak sap kalinliklar incelendiginde en kalin yaprak sap1 19.44 mm ile Tuna
genotipinde Ol¢iilmiis en ince yaprak sapi ise 8.97 mm ile TR 46354 genotipinde 6l¢iilmiistiir. Yaprak
sap1 ¢ap1 incelendiginde ise genotipler arasinda en yiiksek deger 2.60 cm ile TR 51154 genotipinde
oOlciiliirken en diisiik deger 1.19 cm ile TR 46354 genotipinde bulunmustur.

Yaprag tliketilen sebze tiirlerinde tiiketiciyi etkileyen kalite parametreleri arasinda yapragin
canli ve tiire ait koyu yesil rengi gostermesi kalite ile iliskilendirilmektedir. Bu kapsamda incelenen
yaprak renk Ozellikleri arasinda istatistiki olarak farkliliklar goriilmiis, yaprak parlakligini ifade eden L*
degerleri en yiiksek (43.91) yabanci ¢esitte dl¢iilmiis, yerel genotiplerin parlaklik degerleri genel olarak
daha diisiik seviyede yer almis ve en diisiik yaprak L* degeri ise 31.61 ile TR 55778 genotipinde
Olciilmiistiir. Yaprak renk doygunlugunu ifade eden kroma renk degerleri incelendiginde hesaplanan
kroma degeri genis bir deger (16.43-32.55) araliginda yer alirken yapraklarin soluk yesilden canli yesil
renge kadar genis renk skalasinda dagilim gosterdigi hesaplanmistir. En diisiik kroma degeri TR 55778
genotipinden en yiiksek kroma ise yabanci cesitte hesaplanmustir. Incelenen bir diger renk parametresi
olan yaprak hue degeri yesil rengin koyulugunu ifade ederken yiiksek hue degerine sahip genotiplerin
yapraklarinin daha koyu yesil renge sahip oldugunu gdstermektedir. Genotiplerin hue renk degerleri goz
onlinde bulunduruldugunda en yiiksek yaprak hue renk degeri 128.86 ile TR 73438 genotipinde
hesaplanmis, en diisiik yaprak hue renk degeri ise 116.97 ile yabanci ¢esitte belirlenmistir.

Yaprak alanini olusturan lamina uzunlugu ve genisligi bakimindan yapilan degerlendirmede
genotiplerin lamina uzunlugu 22.30-38.30 cm arasinda degiskenlik gostermis en uzun lamina TR 51154
genotipinde, en kisa lamina ise TR 35355 genotipinde dl¢iilmiistiir. Lamina genisligine bakildiginda ise
en yiiksek lamina genisligi 21.72 cm ile TR 55993 genotipinde, en diisiik lamina genisliginin 13.64 cm
ile TR 46354 genotipinde Ol¢ilildligii belirlenmistir. Pazida sebze olarak degerlendirilen kisim biiyiik
oranda laminadir, bu nedenle lamina alan1 olarak kabul edilebilecek yaprak alani degeri 6nemli bir
seleksiyon kriteri olarak karsimiza ¢ikmaktadir. Yaprak alani yoniinden yiliksek diizeyde varyabilite
goriiliirken en genig yaprak alan1 736.33 cm? ile TR 35354 genotipinde, en diisiik yaprak alan1 ise 208.81
cm? ile TR 46354 genotipinde hesaplanmstir.

3.2. Verim ve verim komponentleri

Paz1 1slahinda verim komponentleri arasinda ortalama yaprak agirligi ve bitki basina yaprak
sayist ilk sirada gelmektedir. Bu yoniiyle genotipler incelendiginde bitki basma en yiiksek yaprak
sayisinin 25.04 adet ile TR 55866 genotipinde oldugu saptanmistir, bitki basina en diigiik yaprak sayis1
ise 6.06 adet ile TR 71077 genotipinde bulunmustur (Cizelge 4). Bitki bagina yaprak sayis1 bakimimdan
genotipler arasinda yiiksek varyabilite goriiliirken benzer durum yaprak agirligi degerlerinde de
goriilmektedir. Yaprak agirligi yoniinden yapilan degerlendirmede en yiiksek yaprak agirliginin 100.78
g ile TR 35354 genotipinden, en diisiik yaprak agirligimin ise 26.62 g ile TR 46354 genotipinden elde
edildigi goriilmektedir. Paz1 1slahinda yapragin agronomik ozellikleri yaninda verim O6nemli bir
unsurdur, incelenen genotiplerin verim degerleri olduk¢a genis bir aralikta dagilim gostermis ve
istatistiksel diizeyde farklilik belirlenmistir. En yiiksek dekar verimi 7429 kg/da ile TR 51170
genotipinden, en diisiik verim ise 1422 kg/da ile TR 71077 genotipinden saglandig tespit edilmistir
(Sekil 1). Incelenen bitkisel materyal arasinda en verimli ticari gesidin Tuna (4501 kg/da) oldugu
goriilmiis yerel genotipler arasinda ise ¢cok daha yiiksek verim degerine sahip genotiplerin varlig1 goze
carpmaktadir. Tarafimizdan elde edilen bulgular degerlendirildiginde agronomik 6zelliklere ait verilerin
genis bir aralikta degisim gosterdigi belirlenmis, bu varyasyonun temelinde ise genotipler arasinda
genetik farkliligin yer aldigi, ayrica ekolojik kosullarin yapragin agronomik 6zellikleri ve buna bagh
verim komponentlerinde farkliliklara neden oldugu diistiniilmektedir.
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Lamina uzunlugu Lamina genisligi Yaprak alam

Bitki basina yaprak Ortalama yaprak

Genotip (cm) (cm) (cm?) sayisi (adet) agirhg (g)
TR 30741 29.28 b-e 18.43 b-j 281.88 f-m 15.22 b-h 4380 d-f
TR 35012 27.53 c-e 20.37 a-e 310.13 d-m 17.70  a-h 4893 b-f
TR 35065 2495 de 17.60 d-m 361.52  Db-j 17.84 a-h 5137 Db-f
TR 35137 30.10 a-e 19.97 a-g 332.6 b-1 19.08 a-h 53.69 b-f
TR 35164 2599 c-e 21.23 ab 292.03 e-m 12.58  g-i 64.17 b-e
TR 35180 30.62 a-e 19.13 a-i 389.89 b-g 18.70 a-h 57.55 b-f
TR 35278 2731 c-e 17.68 c-m 350.29 Dbk 10.28  h-i 71.04 a-d
TR 35821 29.07 b-e 14.67 m-o 265.34 h-m 13.41 d-i 60.66  b-f
TR 35289 26.53 c-e 17.71 c-m 266.28 h-m 1732 a-h 6597 b-e
TR 35316 2831 c-e 16.68 h-n 327.69 Db-m 16.15 b-h 70.38 a-d
TR 35354 2640 c-e 18.71 a-i 736.33 a 12.67 g-i 100.78 a

TR 35355 2230 e 17.47 e-m 329.06 Db-l 17.44 a-h 6536 b-e
TR 35393 25.83 c-e 15.75 k-o 308.95 d-m 12.52  g-i 3792 d-f
TR 40459 29.31 b-e 20.06 a-d 248.3 i-m 13.27 e-i 4433 d-f
TR 43621 30.10 a-e 17.87 c-1 366.84 b-i 13.08 e-i 53.92  b-f
TR 46354 22.67 e 13.64 o 208.81 m 21.33 a-g 26.62 f

TR 51154 3830 a 20.77 a-d 370.9 b-h 1993 a-g 81.94 a-c
TR 51160 31.27 a-e 16.70 g-n 308.55 d-m 18.02 a-h 56.71  b-f
TR 51169 3137 a-e 19.78 a-h 312.55 d-m 16.65 a-h 68.63 a-d
TR 51170 29.09 b-e 18.24 b-k 421 b-d 21.89 a-f 84.63 ab
TR 51194 2297 e 17.81 c-m 254.04 h-m 16.26 a-h 51.94 Db-f
TR 51199 29.14 b-e 16.07 i-n 28291 f-m 21.02 a-g 37.84 d-f
TR 52424 30.77 a-e 18.68 a-i 308.2 d-m 1248 g-i 50.74  b-f
TR 52488 30.18 a-e 19.49 a-h 29235 e-m 1296 f-i 56.54  b-f
TR 55632 2994 a-e 19.10 a-i 24587 i-m 14.06 c-i 46.17 cf
TR 55633 27.84 c-e 1592 in 296.93 e-m 1631 a-h 5127 b-f
TR 55664 2891 b-e 19.52 a-h 336.92 Db-l 1494 b-h 56.06 b-f
TR 55689 2577 c-e 16.84 f-m 265.22  h-m 14.28 c-i 55.88  b-f
TR 55756 29.45 b-e 18.56 a-i 25375 h-m 16.04 b-h 51.76  b-f
TR 55767 30.14 a-e 16.61 h-n 344.66 b-l 17.02 a-h 5499 b-f
TR 55778 3251 ad 19.03 a-i 405.86 b-e 1830 a-h 69.50 a-d
TR 55787 29.32  b-e 19.17 a-i 362.11  Db-i 1941 a-g 54.66 b-f
TR 55800 23.88 de 14.46 no 225.09 Im 22.65 a-c 4522 d-f
TR 55821 24.11 de 19.68 a-h 393.53  b-f 23.24 ab 56.61 b-f
TR 55832 2770  c-e 17.13 f-m 368.05 Db-i 2348 ab 4544  d-f
TR 55848 30.39 a-e 16.82 g-n 264.06 h-m 2229 a-d 61.31 Db-f
TR 55866 28.80 b-e 16.03 i-n 316.2 c-m 25.04 a 46.14  c-f
TR 55879 28.07 c-e 16.52 i-n 341.32  b-l 17.09 a-h 51.40 b-f
TR 55889 30.66 a-e 20.95 a-c 349.53 bk 21.99 a-e 58.66 b-f
TR 55931 29.44  Db-e 18.56 a-i 346.11 Dbk 18.17 a-h 52.75 b-f
TR 55983 29.36 b-e 1891 a-i 342,12  b-l 12.86  g-i 51.12  b-f
TR 55993 31.06 a-e 21.72 a 43236 bc 16.71 a-h 71.89 a-d
TR 55999 26.88 c-e 17.66 d-m 239.71  k-m 20.67 a-g 4591 d-f
TR 56010 26.63 c-e 17.94 c-1 272.09 g-m 13.60 d-i 37.63 d-f
TR 56017 30.25 a-e 17.27 e-m 351.32 bk 16.17 b-h 50.70  b-f
TR 56046 29.19 b-e 20.62 a-d 339.68 Db-l 16.15 b-h 51.02  b-f
TR 71077 29.19 b-e 17.69 c-m 334.64 Db-l 6.06 i 4798 cf
TR 73437 32.81 a-d 19.00 a-j 31413 cm 15.62 b-h 62.72  b-e
TR 73438 25.06 de 14.75 l-o0 317.58 c¢-m 1949 a-g 31.52  ef
Pinaper seed 3444 a-c 18.03 b-1 31758 c¢-m 1531 b-h 5133 b-f
Yabanci cesit 3450 a-c 20.69 a-d 43987 b 12.56  g-i 61.77 Db-f
Zumriit 26.85 c-e 18.53 b-i 289.81 e-m 13.12  e-i 60.01 b-f
Tuna 37.38 ab 19.68 a-h 308.84 d-m 15.75 b-h 60.71  b-f
Ortalama 28.87 18.15 327.2 16.72 55.61

*%Genotipler arasindaki farkin istatistiki diizeyde (P<0.05) 6nemli oldugunu ifade eder.
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Tuna :_ 4501 b-f
Zumrit | 3576 b-g
Pinaper seed 3547 b-g
Yabanai gesit 3719 b-g
TR 73438 2922 d-g
TR 73437 4612 b-e
TR 71077 1422: e-g
TR 56046 3631 b-g
TR 56017 3844 b-g
TR 56010 2409:e-g
TR 55999 4760 a-e
TR 55993 5548 a-d
TR 55983 3112 d-g
TR 55931 4483 b-f
TR 55889 6122 a-c
TR 55879 4147 b-g
TR 55866 5578 a-d
TR 55848 5422:a-d
TR 55832 4861 a-e
TR 55821 6280 ab
TR 55800 4435 b-f
TR 55787 4883 a
TR 55778 6021 a-c
TR 55767 4409: b-f
TR 55756
TR 55689 : : :
TR 55664 : : : 3939 b-g
TR 55633 : : : 4023 b-g
TR 55632 : : :
TR 52488 3402:c-g
TR 52424 2922 d-g
TR 51199
TR 51194 3927 b-g
TR 51170 7429 a
TR 51169 5152 a-€
TR 51160 1833 a-e
TR 51154 6318 ab
TR 46354 2746 d-g
TR 43621 3286 cg
TR 40459 2814 d-g
TR 35393 1723 e-g
TR 35355 4129 b-g
TR 35354 5001 a-e
TR 35316 3578 b-g
TR 35289 3710 b-g
TR 35821 3513 b-g
TR 35278 2759 d-g
TR 35180 4967 a-e
TR 35164 3543 b-g
TR 35137 4801 a-e
TR 35065 4559 b-e
TR 35012 4080 b-gg
TR 30741

w
N
»
o
id
®

: : = 3138 d-g
0 1000 2000 3000 4000 5000 6000 7000 8000

Sekil 1. Paz1 genotiplerinin verim degerleri (kg/da) ve ¢oklu karsilastirma testinde yer aldiklar
istatistik gruplar.

4. Tartisma ve Sonug

Elde edilen veriler degerlendirildiginde incelenen bitki 6zelliklerinde yaprak agirligi, yaprak
sap1 genigligi, yaprak sap1 kalinligi, yaprak sapi uzunlugu, lamina uzunlugu ve lamina genisligi
varyasyon gosteren karakterler arasinda ilk siralarda yer almaktadir. Yiiksek diizeydeki bu varyasyon
1slah agisindan farkli karakterlere sahip cesitlerin gelistirilmesinde dogrudan veya genitor olarak
kullanilmasina olanak saglamaktadir. Nitekim uzun yillar siiresince iireticiler tarafindan tiiketim
talepleri ve yetistirildigi bolgenin ekolojik kosullarina uygunlugu géz 6niinde bulundurularak yapilan
seleksiyonlar kiiltiirli yapilan bitki tiirlerinin ¢esitliligine katki saglamaktadir. Bozokalfa ve ark. (2011)
paz1 gen kaynaklarinin ¢esitliligi tizerine yaptiklari ¢aligmada farkli cografi konumlardan toplanan pazi
ornekleri arasinda agromorfolojik 6zellikler bakimindan genis bir varyabilite oldugunu bildirmektedir.
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Tarafimizdan yapilan ¢aligmadan elde edilen bulgular yaprak sap1 genisgligi (0.89-1.94 cm) ve
yaprak sap1 kalimlig1 (0.64-2.22 cm) degerleri, Pokluda ve Koben (2002) tarafindan bildirilen petiol
genisligi (1.19-2.60 cm) ve yaprak sap1 kalinlig1 (1.36-3.55 cm) degerleri ile uyum igerisinde yer
almistir. Aym arastiricilar bitki agirligi, bitki yiiksekligi, yaprak sayisi ve verimin ¢esitlere gore
degistigini vurgulamis, paz1 genotipleri arasinda bitki basina yaprak sayisinin 6.7-15.8 adet arasinda
degistigini belirtmislerdir, tarafimizdan elde edilen bitki basina yaprak sayis1 6.06-25.4 ise bu degerler
ile uyum igerisindedir. Genotiplerin yaprak sapi uzunluklari 11.83-29.26 cm arasinda degistigi
belirlenmis ve Esiyok ve ark. (2011)’nin yaptiklar1 ¢calisgmadan elde ettigi 5.46-18.28 cm yaprak sap
uzunluk degerleri ile uyum igerisinde oldugu goriilmistiir.

Paz1 1slahinda yapragin agronomik karakterleri yaninda verim 6zellikleri ¢esidin pazar sansim
artiran onemli bir unsurdur. Genotiplerin verim degerleri incelendiginde verim degerinin en yiiksek
7429 kg/da ile TR 51170 genotipinden, en diisiikk verimin 1422 kg/da ile TR 71077 genotipinden
saglandig1 tespit edilmistir. Pokluda ve Kuben (2002) yaptig1 calismada paz1 genotipleri arasinda bitki
basina verim degerlerini 161-519 g araliginda oldugunu bildirmis en diisiik verim degerinin 1.6 t/da en
yiiksek verim degerinin 5.2 t/da ve oldugunu belirtmistir. Ayrica genotipler arasinda verim farkliligina
dikkat ¢cekmislerdir. Tarafimizdan elde edilen verim degerleri genis bir aralikta yer alirken incelenen
bir¢ok yerel genotipin verim degerlerinin yetistiricilikte kullanilan ¢esitlerden ¢ok daha yiiksek verim
degerine sahip olmasi bu genotiplerin g¢esit 1slahinda dogrudan veya genitér olarak kullanilabilme
potansiyelinin yiiksek oldugunu gostermektedir.

Paz1 populasyonlarinin agromorfolojik 6zellikler yoniinden degerlendirilmesine yonelik
calisma sayis1 oldukca simirli iken yapilan ¢alismalarda; genetik cesitliligin sadece agromorfolojik
ozellikler yoniinden degil ayni zamanda mineral madde konsantrasyonu ve besin igerigi yoniinden de
yiiksek oldugu vurgulanmaktadir. Genellikle populasyonlarm genetik 6zelliklerinin farkli olmasiyla
aciklanabilen genetik cesitlilik, kiiltlirii yapilan tiirlerin uzun yillar siiresince yetistirildigi bolgenin
ekolojik ve edafik kosullarina adaptasyonu ile de olusmaktadir. Cesitler arasinda besin kompozisyonu
icin gdzlenen varyabilite 6zellikle hibrit ve yabani ¢esitleri arasinda yiiksek iken ayrica, beyaz ve kirmizi
kok pazi gesitleri i¢indeki C vitamini konsantrasyonu ve fenolik bilesikler arasinda ¢esitler yoniinden
farkliliklar bildirilmektedir (Rozycki ve ark., 1997; Gil ve ark., 1998; Pyo ve ark., 2004). Bozokalfa ve
ark. (2016) uzun siireli ekim denemelerinde bile pazinin genetik ¢esitliliginin dagilimi veya bu dagilimin
agromorfolojik gesitlilikle iliskisi hakkinda somut bir karara varmanin gii¢ oldugunu belirtmis ve pazi
genotipleri arasinda yiiksek varyabiliteyi vurgulamustir.

Bu caligmada incelenen farkli cografi lokasyonlara ait genotiplerin agronomik 6zelliklerinde
genis varyasyon gozlemlenmistir. Yaprak agirligi, yaprak sap1 genisligi, yaprak sap1 kalinligi, yaprak
uzunlugu, yaprak sap1 uzunlugu ve yaprak genisligi incelenen bitki 6zellikleri arasinda en ayirt edici
karakterler oldugu belirlenmistir. Frese (1991) Beta grubunda yer alan yaprag: tiikketilen populasyonlari
incelemis temel bilesen analizi sonucunda yaprak rengi yoniinden aksesyonlar arasinda farkliklar
bulundugunu bildirmis ayrica yaprak uzunlugu, yaprak genisligi, petiol uzunlugu ve genisligi gibi
ozelliklerin aksesyonlarin gruplandirilmasinda kullanilabilecegini bildirmektedir.

Arastirmaya konu olan pazi aksesyonlar ile yiiriitiilen bir diger calismada aksesyonlar besin
icerikleri yoniinden incelenmis ve incelenen besin elementleri miktarlar1 bakimindan aksesyonlar
arasinda biiylik farkliliklar belirlenmistir (Bozokalfa ve ark., 2011). Ayrica paz1 gesitleri arasinda C
vitamini yoniinden (Gil ve ark., 1998), Pyo ve ark. (2004) ise antioksidan ve toplam fenol igerigi
yoniinden kirmizi ve beyaz govde rengine sahip genotipler arasinda varyabilite goriildiiglini
bildirmektedir.

Paz1 iilkemizde uzun yillardir tiiketilen, giiniimiizde ise sagliga yararh bilesikler bulundurmast,
yiiksek vitamin ve mineral igerigi ve diislik kalorili bir besin olmas1 nedeniyle diinyada popiilerligi her
gegen giin artan olan bir sebzedir. Tiirkiye’de de paz iiretimi son yillarda artis gdstermektedir. Iklim ve
toprak istegi yoniinden fazla secici olmamasi, uygun ekolojilerde uzun vejetasyon siiresince hasat
edilebilmesi nedeniyle yetistiriciligi tercih edilmektedir. Diger yandan hastalik ve zararlilara direngli
genlere sahip olmasi, tiirler arast melezlemeye imkan vermesi ve icerdigi onemli besin bilesikleri
nedeniyle 1slah programlart icin degerli bir bitkidir. Uzun yillardan beri yetistirilen yerel
populasyonlarin en biiylik avantaji yetistirildigi bolgenin kosullarma adapte olmasi ve bu 6zelligini
koruyabilmesidir. Bu baglamda farkli bolgelere ve ekolojilere adapte olmus yerel populasyonlarin 1slah
programlarindaki 6nemi her gecen giin artmaktadir (Binici ve Bozokalfa, 2020). Diinya’da kiiltiirii
yapilan bir¢ok tiirde yerel populasyonlar toplanarak 1slah materyali olarak kullanilmaktadir.
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Bu caligmada kullanilan yerel pazi genotiplerinin belirlenen agronomik &zellikleri
incelendiginde bazi parametrelerde ticari gesitlerden {istiin nitelikler gosterdigi veya farkli karakterlere
sahip olduklar1 goriilmiistiir. Pazida verimi olusturan baslica iki agronomik parametre yaprak agirligi ve
bitki basina yaprak sayisi incelendiginde genotipler arasinda istatistiksel diizeyde ciddi farkliliklar
oldugu gozlemlenmistir. Yiiksek verim komponentleri g6z 6niinde bulunduruldugunda; yaprak agirligi
yoniinden TR 35354 ve TR 51170 genotipleri, bitki bagia yaprak sayis1 olarak incelendiginde ise TR
55866, TR 55821 ve TR 55832 genotipleri umutvar olarak degerlendirilebilir. Ayrica verim bazinda
ciddi farklar oldugu gozlemlenmis 6zellikle TR 51170, TR 51154 ve TR 55821 genotiplerinin yiiksek
verim degerlerine sahip oldugu goriilmiistiir.

Kaynakca

Baranski, R., Grzebelus, D., & Frese, L. (2001). Estimation of genetic diversity in a collection of the
Garden Beet Group. Euphytica, 122, 19-29.

Binici, A. B., & Bozokalfa M. K. (2020). Yerel Boriilce (Vigna unguiculata (L.) Walp.)
Populasyonlarmin Bakla ve Danelerinin Agronomik Ozelliklerinin Belirlenmesi. Ege
Universitesi Ziraat Fakiiltesi Dergisi, Ozel Say1, 51-60.

Bozokalfa, M. K., Yagmur, B., Asciogul, T. K., & Esiyok, D. (2011). Diversity in nutritional
composition of Swiss chard (Beta vulgaris subsp. L. var. cicla) accessions revealed by
multivariate analysis. Plant Genetic Resources, 9(4), 557-566.

Bozokalfa, M. K., Esiyok, D., & Asgiogul, T. K. (2016). Diversity pattern among agromorphological
traits of the Swiss chard (Beta vulgaris L. subsp. vulgaris) genetic resources of Turkey. Turkish
Journal of Agriculture and Forestry, 40(5), 684-695.

Cheng, D., Yoshida, Y., Kitazaki, K., Negoro, S., Takahashi, H., Xu, D., & Kubo, T. (2011).
Mitochondrial genome diversity in Beta vulgaris L. ssp. vulgaris (Leaf and Garden Beet
Groups) and its implications concerning the dissemination of the crop. Genetic Resources and
Crop Evolution, 58(4), 553-560.

Esiyok, D., Bozokalfa, K. M., & Kaygisiz-Asc¢iogul, T. (2011). Variability, heritability and association
analysis in plant traits of swiss chard (Beta vulgaris subsp. cicla). Genetika, 43(2), 239-252.

Frese L., Desprez B., & Ziegler D. (2001). Potential of genetic resources and breeding strategies for
base-broadening Beta. In: Broadening the Genetic Base of Crop Production. Wallingford (Eds:
H.D. Cooper, C. Spillane and C, Hodgkin), UK, CABI Pub. pp. 295-309.

Gaskill, J. O. (1954). Viable hybrids from matings of chard with Beta procumbens and B. webbiana.
American Society of Sugar Beet Technologist, 8, 5.

Gil M. L., & Tomas-Barberan F. A. (1998). Effect of modified atmosphere packaging on the flavonoids
and vitamin C content of minimally processed Swiss chard (Beta vulgaris ssp. cicla L.). Journal
of Agriculture and Food Chemistry, 46, 2007-2012.

Goldman 1. L., & Navazio J. P. (2003). History and breeding of table beet in the United States. Plant
Breeding Review, 22, 357-388.

Gilirsul, H. (2015). Yabani pancar (Beta maritima L. var. pilosa Del.) bitkisinin sekonder
metaboliklerinin yapi tayini ve antioksidan aktivitelerinin belirlenmesi (Doktora Tezi), Istanbul
Universitesi, Istanbul.

Lange, W., Brandenburg, W. A., & De Bock, T. S. (1999). Taxonomy and cultonomy of beet (Beta
vulgaris L.). Botanical Journal of the Linnean Society, 130(1), 81-96.

Letschert, J. W., Lange, W., Frese, L., & Van Den Berg, R. G. (1994). Taxonomy of Beta section
Beta. Journal of Sugar Beet Research, 31(1-2), 69-85.

Oyen, L. P. A. (2004). Vegetables Beta vulgaris L. In: Plant Resources of Tropical Africa 2. Vegetables,
PROTA Foundation, In Grubben G. J. H. and O. A. Denton (Eds.), Backhuys Publishers, Lieden,
Netherlands CTA (pp 110-113), Wageningen, Netherlands.

Pokluda, R., & Kuben J. (2002). Comparison of selected Swiss chard (Beta vulgaris ssp. L cicla)
varieties. Horticultural Science, 29, 114-118.

Pyo, Y. H., Lee, T. C., Logendra, L., & Rosen, R. T. (2004). Antioxidant activity and phenolic
compounds of Swiss chard (Beta vulgaris subspecies cycla) extracts. Food Chemistry, 85(1),
19-26.

949



YYU TAR BIL DERG (YYU J AGR SCI) 31 (4): 940-950 )
Demirel ve Bozokalfa / Yerel Pazi (Beta vulgaris L. var. cicla) Genotiplerinin Agronomik Ozelliklerinin Belirlenmesi

Rozycki, V. R., Baigorria, C. M., Freyre, M. R., Bernard, C. M., Zannier, M. S., & Charpentier, M.
(1997). Nutrient content in vegetable species from the Argentine Chaco. Archivos
Latinoamericanos de Nutricion, 47(3), 265-270.

Shen, Y., Ford-lloyd, B. V., & Newbury, H. J. (1998). Genetic relationships within the genus Beta
determined using both PCR-based marker and DNA sequencing techniques. Heredity, 80(5),
624-632.

Sun, Y. C. (1994). Beta germplasm collection and its application status in China, In: International Beta
Genetic Resources Network. A Report on the 3rd International Beta Genetic Resources
Workshop and World Beta Network Conference, In Frese L. and D.L. Doney (Eds.), North
Dakota State University, Fargo, USA, 4-6 August 1994. International Crop Network Series 11.
International Plant Genetic Resources Institute, Rome, pp 27-29.

Vural, H., Esiyok, D., & Duman 1. (2000). Kiiltiir Sebzeleri (Sebze Yetistirme), Ege Universitesi
Basimevi, [zmir.

Yildirimli, S. (2003). The chorology of the Turkish species of Chenopodiaceae, Cistaceae,
Convolvulaceae, Cornaceae and Corylaceae families. The Herb Journal Systematic Botanic,
10, 203-15.

950



Yuzuncu Yil University Journal of Agricultural Sciences Volume 31, Issue 4, 31.12.2021

P’ Y1)

Yuzuncu Yil University
Journal of Agricultural Sciences

https://dergipark.org.tr/en/pub/yyutbd |

Research Article

Molecular identification of ‘Candidatus Phytoplasma solani’ using SecY and Vmp1
Genes in Tomato Plants from Van province

Mustafa USTA', Abdullah GULLER?, Serap DEMIREL"

'Van Yiiziincii Y1l University, Faculty of Agriculture, Department of Plant Protection, 65000, Van, Turkey
ZBingdl University, Faculty of Agriculture, Department of Plant Protection, 12000 Bingdl, Turkey
3Van Yiiziincii Y1l University, Faculty of Science, Department of Molecular Biology and Genetic, 65000, Van,
Turkey

thitps://orcid.org/0000-0002-3940-2774 2https://orcid.org/0000-0003-3887-4208 3https://orcid.org/0000-0002-3102-4924

*Corresponding author e-mail: serap_comart@hotmail.com

ArticleInfo Abstract: Tomato (Solanum lycopersicum) is one of the most financially
_ important vegetable crops. It is a species belonging to the Solanaceae family and
Received: 09.06.2021 is cultivated in many countries, including Turkey. The natural presence of
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‘Candidatus Phytoplasma solani’ (‘Ca. P. solani’) from the Stolbur group
(16SrXII) in tomato plants is extensively characterized based on the 16S rRNA
gene worldwide. Tomato plants displaying abnormality and sterility of flower,

Keywords purpling, and bushy appearance were observed in the Van province, Turkey.

DNA extraction from tomato leaves was performed, and the extracted DNA was

‘Ca. P. solani’, used to amplify 16S rRNA sequences using universal primer pairs by double PCR

Phylogeny, assays. After confirming the presence of the probable agent (‘Ca. P. solani’),

SecY, nested PCR testing was performed using an appropriate primer set amplifying the

iﬁrnﬁzw’ SecY and Vmp1 genes of the same DNAs. Amplified PCR yields were then cloned
Y>

into a pGEM T-Easy vector and sequenced by New Generation System (NGS).
Sequenced 1438 bp nucleotides for Vmpl gene (MN104838) and 905 bp
nucleotides for SecY gene (MN125054) revealed 97.38% and 100% maximum
nucleotide similarity with formerly published Vmp!I and SecY gene sequences of
‘Ca. P. solani’ species belonged to the Stolbur group (16Sr-XII), respectively.
According to the phylogenetic tree created using our gene sequences from ‘Ca.
P. solani’, Vmp1, and SecY gene sequences showed a highly phylogenetic affinity
with the same sequences of the same agent from Serbia and France, respectively.
To the best of our knowledge, this study is the first report to reveal the
phylogenetic relationships of ‘Ca. P. solani’ in stolbur group (16Sr XII-A) using
SecY and Vmpl genes in the tomato plant in Turkey based on the non-ribosomal
genes.

Vmpl.

Van’dan Domates Bitkilerinde SecY ve Vmpl Genlerini Kullanarak ‘Candidatus
Phytoplasma solani’nin Molekiiler Tanimlanmasi

Makale Bilgileri Oz: Domates (Solanum lycopersicum) finansal olarak en 6emli sebze
) bitkilerinden biridir. Solanaceae familyasina ait olan domates Tiirkiye’nin de
Gelis: 09.06.2021 igerisinde bulundugu bir ¢ok tilkede kiiltiirii yapilmaktadir. Domates bitkilerinde

Kabul: 15.11.2021
Online Yaymnlanma: 15.12.2021
DOI: 10.29133/yyutbd.950047

Stolbur gruptan ‘Candidatus Phytoplasma solani’nin dogal varligi diinya
genelinde genis dl¢iide 16S rRNA geni iizerine dayali olarak gergeklestirilmistir.
Cigekte anormallik ve kirislik, morluk ve giir goriiniim sergileyen domates
bitkileri Tiirkiye’nin Van ilgesinde gozlendi. Domates yapraklarindan DNA
izolasyonu gergeklestirildi. izole edilen DNA’lar evrensel primer ¢iftleri ¢ift PCR
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Anahtar Kelimeler teknigiyle 16S rRNA sekansini ¢ogaltmak i¢in kalip olarak kullanildi. Muhtemel
ajanin varliginin dogrulanmasinin ardindan, Nested PCR teknigi aynit DNA’larin

‘Ca. p. §olani’, SecY ve Vmpl genlerini amplifiye eden uygun primer ciftleri kullanilarak
g;lé’)zgem’ gerceklestirildi. Cogaltilan PCR iiriinleri daha sonra pGEM T-Easy vektore
Dom’ates klonlandi ve yeni nesil sekanlama teknolojisi ile sekanslandi. 1438 bp’lik Vmpl
Tﬁrkiye,’ geni ve 905 bp’lik SecY genine ait niikleotid dizileri Stolbur grupa ait ‘Ca. P

Vinpl. solani’nin daha onceleri yayinlanan Vmp! ve SecY geni ile siras1 ile 97.38% and
100% maximum niikleotid benzerligi gostermistir. ‘Ca. P solani’ye ait bizim gen
sekanslarimiz ile olusturulan filogenetik agaca gore Vmp1 ve SecY geni sekanslari
strastyla Sirbistan ve Fransa’dan ayni ajanin ayni genleri ile yliksek filogenetik
iliski gdstermistir. Bizim bilgimize goére bu ¢aligma ribosomal olmayan genlere
dayali Tirkiye’de domates bitkilerinde SecY and Vmpl genlerini kullanarak
stolbur grupda (16Sr XII-A) ‘Ca. P. solani’nin filogenetik iliskisini ortaya koyan
ilk rapordur.

1. Introduction

Tomato (Solanum lycopersicum), which is of South American origin in the Solanaceae family,
and cultivated in 175 countries, is a commercial vegetable crop grown in almost every part of the world
due to its wide range of uses. China is the leading country in the production of tomatoes; thereafter
comes India and the USA. According to FAO data, Turkey ranks third among the world countries with
a tomato production of approximately 13 million tons (Faostat, 2019). Tomato is one of the main
vegetables in Van province, with a yield of 15017 tons in 566.3 hectares (Anonymous, 2016).

Phytoplasmas are one of the major plant parasites that limit solanaceous crops, including
tomatoes. Phytoplasmas were firstly discovered in 1960 (Bai et al. 2006). Phytoplasmas, formerly
known as mycoplasma-like organisms (MLO), have a wide-host range, Gram", without cell walls, hardly
cultured, pleomorphic prokaryotes 8—10 nm in size, with minimal size DNA genome (Sugio et al., 2011;
Contaldo et al., 2012). In extensive evolutionary research, phytoplasmas are included in the Mollicutes
class. It is difficult to classify phytoplasmas according to the criteria applied to Mollicutes taxonomy
since it is proved impossible to obtain pure cultures of any phytoplasma and the lack of accessible
phenotypic principle (Vandamme et al., 1996; Razin et al., 1998). The 16S rRNA gene has fairly
conserved sequences and is mostly used for phylogenetic research of prokaryotes. The sequence of this
gene has been used in the recent phytoplasma taxonomy as the primary phylogenetic parameter (Lee et
al., 1993: Seemiiller et al., 1998). Therefore, a 2.5% uniqueness threshold in the 16s rRNA gene is still
applied as a guideline for accepting a new species (IRPCM, 2004). Different phytoplasma strains
biologically and ecologically fail to meet the requirement of sharing < 97.5% sequence similarity with
current ‘Candidatus Phytoplasma’ but warrant designation of a new taxon can’t be easily classified. In
this case, extra unique properties like host types and insect vectors or additional molecular markers need
to be included for finer speciation and differentiation of phytoplasmas (Martini et al., 2007).

Recently, more than 100 phytoplasma species have been defined from edible crops, weeds,
ornamental plants, woody and fruit trees, parasite plants, and insects (Bertaccini and Duduk, 2009).
Phytoplasmas are biotrophic microorganisms that spread with aphids sucking phloem sap in a persistent
manner and parasitic plants (Suzuki et al., 2006; Shimizu and Aoki, 2019). ‘Ca. P. solani’ belonging to
16SrXII-A subgroup (Stolbur group) infect the crops with economic significance from the family of
both Solanaceae and Apiaceae, causing severe crop loss (Carraro et al., 2008; Navratil et al., 2009).

The SecY gene is a promising marker gene for finer separation in the successful differentiation
of biologically and ecologically close phytoplasma strains. The SecY (pri4) gene, which codes for the
protein translocase subunit, is one of the main subunits of the cytoplasmic membrane, which is necessary
for translocation of the exo-cytoplasmic proteins through the cell membrane (Akiyama and Ito, 1987,
Lee et al., 2010). The SecY gene located in the operator-distal part of the SPC ribosomal protein operon
is most likely composed of six cytoplasmic and five periplasmic parts and ten transmembrane segments
(Ito, 1990). The PCR-RFLP assays of variable membrane protein-1 amplicons (formerly termed as
stol1 HI0 and now named vmp 1) were also studied to elucidate the epidemiology and fine differentiation
of the phytoplasma disease (Murolo and Romanazzi, 2015). The vmp1 gene possesses a high degree of
genetic variability and is in direct contact with the host cells. Because of this feature, Vmp! is used as a
notable marker gene for molecular detection and epidemiological research of bacteria. It also provides
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a broad perspective on the monitoring of pathogen movements, revealing the history of the disease and
understanding their spreading routes in uncultivable organisms (Kakizawa et al., 2006; Li et al., 2009;
Cimerman et al., 2009; Baric et al., 2011).

Stolbur phytoplasma is an infectious agent in edible plants such as solanaceous vegetables
(pepper, eggplant, and tomato), vine, sugar beet, strawberry, and celery in Europe, Asia, America,
Africa, and Australia (Garnier, 2000). It also affects economically important different fruit crops,
including peach (Allahverdi et al., 2018), blackberry (Kuzmanovi¢ et al., 2011), and avocado (Lavifia
et al.,, 2002), and causes their product loss or even death. In addition to being extensively seen in
solanaceous vegetables, its presence has also been reported in different ornamental and wild plants such
as marigold (Alp et al., 2016), petunia (Chung et al., 2013), evening primrose (Adamovic et al., 2014)
and chicory (Pavlovic et al., 2014). Symptoms of stolbur infection observed in tomatoes are leaf rolling,
leaf discoloration, floral distortion, sepal hypertrophy, angular fruit, big bud, and stunting (Caglar et al.,
2010).

The aim of this study is to detect the phytoplasmic agent restricting tomato production by PCR
assays using SecY and Vmpl genes in phytoplasma-suspected tomato plants and assess the molecular
and phylogenetic analysis of both genes.

2. Material and Methods
2.1 Plant samples

Leaf samples from 13 tomato plants displaying phytoplasma-specific symptoms were collected
from Van province (Turkey) in the autumn season of 2020. The leaves were quickly brought to the
laboratory and stored at -20 until used. For molecular analysis, 0.1 g of frozen sample was subjected to
DNA extraction using GeneJET Genomic DNA Purification Kit (Thermo Scientific). Eluted DNA of
35ul was preserved at -80°C until processed.

2.2. Amplification of SecY and Vmpl genes from ‘Ca. P. solani’

Firstly, phytoplasmic agent, ‘Ca. P. solani’, was identified by PCR-RFLP analysis performed
using R16mF2/R16mR1 and R16F2n/R16R2 primer pairs. Later, primer sets designed by Fialova et al.
(2009) based on SecY and Vmpl gene sequences were utilized in two step PCR amplification, direct
PCR, and nested PCR (Table 1). The 50 pl volume PCR-mix containing 5 pl extracted DNA (25ng)
consisted of 5pl 10X PCR Buffer, 1ul 10mM dNTP mix, 36.6 pl RNase free water, 3pl MgCl, (25 mM),
1ul (20 pmol) forward and reverse primer pairs, with the addition of 0.4 pl Taq DNA polymerase
enzyme (5U ul™") (Thermo Scientific, USA). PosecF1/PosecR1 (direct PCR) and then PosecF3/PosecR3
primers (nested PCR) was used for SecY amplification, StolH10F1/StolH10R1 (direct PCR) followed
by TYPHIOF/TYPHI10R primer sets (nested PCR) was used for Vmpl gene amplification (Table 1).
Direct PCR products diluted 30-fold by distilled water were used as a template for nested PCR. Mix
without DNA template was used as a negative control. Amplified yields were assessed on agarose gel
(1%) using a 10 kb DNA ladder under a UV trans-illuminator device.

Table 1. The primer sets and temperature cycles utilized in the PCR tests. PD: pre-denaturation, D:
denaturation, A: annealing, E: extension

Gene Primer Primer sequence PCR type PCR cycle conditions and
name durations
PosecF1 TCTGCTTTGCCTTTGCCTTT Direct PD: 94°C- 4m (1 cycle)
PosecR1 ATTAGTAAACTAGTTCCTCC D: 94°C-30s

SecY PosecF3 GGATTGATAGATGCTGCCCC A: 52°C-30s (55°C for nested)
PosecR3 GCCCCTATAACGGTGATTTTGA Nested E: 72°C-2m (1.5m for nested)

(35 cycles)

StolHI0FI ~ AGGTTGTAAAATCTTTTATGT _ PD: 95°C- 3m (1 cycle)
StlHIORI ~ GCGGATGGCTTTTCATTATTTGAC D't D: 95°C-30s

Vmpl  TYPHIOF ~ AACGTTCATCAACAATCAGTC A: 54°C-30s (62°C for nested)
TYPHIOR ~ CACTTCTTTCAGGCAACTTC Nested ~ E:72°C-Im

(35 cycles)
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2.3. Cloning of PCR amplicons and nucleotide sequencing of SecY and Vmpl genes

In order to reveal the nucleotide sequences, the 100 pl of nested PCR-amplified products were
loaded into 1% agarose gel, cut DNA fragments purified with GeneJet agarose gel extraction kit (Cat.
No. K0691, Thermo). ). The purified DNA fragments were cloned directly into the proper prokaryotic
cloning vector (pGEM T-Easy) using a competent cell (£. coli JM 109 strain). Recombinant plasmids
containing the inserted gene were determined by blue-white selection and propagated in a liquid LB
medium. And then, six plasmid purification was performed with GeneJet Plasmid Miniprep Kit (Cat.
No. K0503, Thermo). After recombinant plasmid containing the gene of interest verified by PCR using
gene-specific primers, one plasmid, including each gene, sent for nucleotide sequencing
(Sentebiolab/ANKARA). All kits were used according to the manufacturer's instructions. The nucleotide
sequences of the SecY and Vmpl genes were stored with accession numbers (MN125054 and
MN104838) in the GenBank (NCBI

2.4. Phylogenetic analysis of SecY and Vmpl Sequences

Based on SecY and Vmpl sequences, the phylogenetic inter-relationships among strains of the
stolbur group and other phytoplasma groups were evaluated. Partial sequences of members of the
16SrXII group and other phytoplasma strains deposited in GenBank were aligned by using CLC Main
Workbench Software version 6.2.2. A phylogenetic tree was created using Mega 7 software, with 1000
bootstrap values based on the neighbor-joining method. For the phylogenetic tree generated for SecY
genes, SecY sequences from different phytoplasmic groups were included as well as the STOL group,
but not included for Vmpl gene duo to lack the other Vmpl gene sequences from the STOL group in
GenBank.

3. Results and Discussion

Phytoplasmas interfere with the host's hormone regulation, resulting in remarkable symptoms
such as witches' broom, yellowing, reddening and purpling, phyllody, dieback, upward rolling,
infertility, woody, and tasteless fruit formation, and stunting (Duduk and Bertaccini, 2011). In our study,
Stolbur-diseased tomato plants exhibited striking symptom development such as elongated calyx,
infertility and flower deformities, and scrub (Fig 1), which are consistent with those previously reported
by many researchers (Pracros et al., 2006; Azza and Eman, 2016; Sakalieva, 2020). The occurrence of
stolbur phytoplasma of tomato in Turkey was first known in 1953 and subsequently from potatoes in
1965 (Tanrikut, 1953, Sahtiyanci, 1966). Moreover, the current study revealed the presence of ‘Ca. P.
solani’ in tomato plants in Van province of Turkey by molecular analysis.

Figure 1. Various types of symptoms triggered by stolbur infection on tomato plants.

Phytoplasmas are basically divided into 33 groups according to the RFLP-based grouping of the
largely evolutionarily conserved ribosomal 16S rRNA gene (Dickinson and Hodgetts, 2013; Bertaccini
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et al., 2014). However, epidemiological studies have shown that different phytoplasma strains which
have very close genetic affinity are not easily discriminated by analysis of the 16S TRNA gene sequence
only (Martini et al., 2007). In the classification of phytoplasmas, several bacterial genetic markers are
also used as supporting tools for more detailed differentiation. Lee et al. (2010) showed that finer
differentiation of strains into subgroups of ‘Candidatus Phytoplasma’ was provided by the sec Y gene
rather than the 16S rRNA gene. Davis et al. (2013) also signified SecY gene could be used in the
taxonomy of phytoplasma. Markers based on 23S rRNA and SecA gene successfully discriminated
candidate species of ‘Candidatus Pyhtoplasma’ (Hodgetts et al. 2008). Several genetic markers such
as imp, tuf, Vmpl, rp, cpn60UT, rpoB, AY-WB, and SAP11 has been used in phylogenetic analyses for
detailed separation of phytoplasma strains (Martini et al., 2007; Kakizawa et al., 2009; Sugio et al.,
2010; Wu and Baldwin, 2010; Sugawara et al., 2012; Alvarez et al., 2014; Pérez-Lopez et al., 2014;
2018; Rashid et al., 2018).

In our study, two tomato plants showing phytoplasma-like symptoms were PCR-positive. Based
on PCR-RFLP analysis of 16S rRNA gene using universal primer sets, we confirmed the presence of
‘Ca. P. solani’ from the stolbur group in diseased tomato plants. One of the stol-infected DNAs was
randomly selected, and their SecY and VmpI genes were successfully amplified using related primer sets
(Table 1). Nested PCR amplification resulted in 1438 bp for the VmpI gene and a 905 bp DNA fragment
for the SecY gene (Fig 2). Related sequences of ‘Ca. P. solani’ were recorded in the GenBank with Acc.
No. MN104838 and MN125054, respectively. Interestingly, although the same primer sets were used,
DNA fragments of distinct length were obtained in PCR amplification studies performed by various
researchers separately, indicating that the SecY and Vmpl genes have a high degree of variability in
terms of DNA fragments with different lengths (Fialova et al., 2009; Lee et al., 2010).

3 408 &% 18 D10 1112 13. 14

- 4 VWWMWM

Figure 2. Agarose gel profile of Vmpl and SecY genes obtained from ‘Ca. P. solani’ by Nested-PCR
assay from suspected tomato plants, 1: Marker (10 kb); 2-9: DNA fragments of VmpI gene of infected
tomato; 12 and 13: DNA fragments of SecY gene of infected tomato.

According to BLAST analysis, the sequence identity obtained from TYPH10F/TYPH10R
primers for Vmpl amplicons ranged from 97.38% to 91.80%. The SecY gene sequence amplified by
PosecF3/PosecR3 primers showed sequence identity in the range of 99.01%-100%. These data indicate
that the secY gene is more stable than the Vmp1 gene of ‘Ca. P. solani’. PosecF3/PosecR3 primed SecY
sequences, and TYPH10F/TYPH10R primed Vmpl sequences were aligned with the same sequences
from ‘Ca. P. solani’ from different origins and their phylogenetic relationships were revealed. As shown
in Fig 3, we determined that the 905 base SecY sequence obtained from ‘Ca. P. solani’ from tomato
plants in Van province (Turkey) showed a phylogenetic affinity with the 841 base French isolates
(AM992083) from the tomato plant. In the phylogenetic tree, our SecY sequence (MN125054) is
clustered with ‘Ca. P. solani’ isolates from the STOL group, although there are SecY gene sequences
from different 16Sr groups/subgroups (16Srl, 11, 111, IV, V, VI, VII, VIII, X, XIII), which indicate that
SecY gene sequences from the same 16Sr group are more compatible with each other. Unlike the SecY
gene, the Vmpl gene exhibited greater host-independent gene similarity based on the phylogenetic tree
generated using ‘Ca. P. solani’ isolates isolated from different hosts. As seen in Fig. 3, our Vmpl
sequence (1438 bp, MN104838) showed a phylogenetic affinity with Serbia isolate (1053 bp,
KC703030) from the insect Reptalus quinquecostatus.
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Figure 3. Phylogenetic trees created by using Neighbor-Joining method based on the SecY gene sequences consisting of 10 16Sr subgroups and numerous
subgroups (left) and VmpI gene sequences (right). Bootstrap scores are displayed on the main branches. 4. laidlawii was assigned as outgroup.
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In the world, ‘Ca. P. solani’ in the 16 SrXII-A group commonly affects solanaceous crops
worldwide, as well as in Turkey (Mitrovic et al., 2016; Ember et al., 2011). In addition to the 16Sr
ribosomal genes, other non-ribosomal genes have begun to be widely used in phytoplasma taxonomy.
In Turkey, there are many studies reporting the presence of ‘Ca. P. solani’ agent based on 16STRNA
gene using universal primer sets related to phytoplasma epidemics in many agro-economic products
(Oksal et al., 2017; Usta et al., 2017; Usta et al., 2018; Oksal, 2020). Giiller and Usta (2020) detected
both Ca. P solani (16SrXII) and Ca. P. trifolii (16SrVI-A) in tomato plants from Turkey. However, there
are no records revealing the phylogenetic relationship of the related agent using different marker genes
such as SecY and Vmp1. To our knowledge, this research is the first phylogenetic investigation of ‘Ca.
P. solani’ belonging to 16SrXII-A group infecting tomatoes in Turkey based on these genes.
Phylogenetic information of any organism provides insight into our understanding of its biodiversity,
distribution, origin, evolutionary history, and relationship with others. Therefore, this study is significant
in terms of the first phylogenetic report using SecY and Vmp1 genes in tomatoes and providing a source
for other studies to be carried out in the future.
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Abstract: The Crataegus genus has many species growing as wild that have
positive effects on human health. The information about the phenotypic diversity
of this species is rather inadequate. Phenotypic diversity among forty-four
genotypes belonging to four Crataegus species (C. monogyna, C. orientalis, C.
astrosanguinea, and C. meyeri) was determined based on morphological and
physicochemical characteristics. Significant differences were observed among
the species in terms of studied characteristics. Fruit weight ranges from 1.60 to
2.50 g for C. orientalis, 1.53 to 2.33 g for C. meyeri, 1.26 to 2.41 g for C.
astrosanguinea, and 0.38 to 1.98 g for C. monogyna. The highest fruit length
(15.19 mm) and width (17.58 mm) were determined in C. orientalis. The heights
color values, L*, a*, and hue® values were highest in C. meyeri, while b* value
was highest in C. monogyna and Chroma* was in C. orientalis. The highest TSS
and pH were found in C. monogyna as 3.99% and 4.33%, respectively. TA was
highest in C. monogyna with 1.83 mg L. Seed size ranged from 1.36 (C.
monogyna) to 4.33 (C. orientalis), while seed weight ranged from 0.23 g to 0.45
g in C. mongyna and C. astrosanguinea, respectively. The correlation analysis
indicated significant correlations between morphological characters. The
principal component and clustering analyses revealed high phenotypic variety
among and within the species, showing that the studied characters were useful for
describing Crataegus species. The results provided valuable insights for
morphological and colorimetric characterization of hawthorn species and their
utilization.
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Oz: Insan saghg iizerinde olumlu etkileri olan ve yabani olarak yetisen
Crataegus cinsinin bir¢ok tiirli mevcuttur. Bu tiirlerin fenotipik degiskenlikleri ile
ilgili bilgiler olduk¢a yetersizdir. Morfolojik ve fizikokimyasal ozellikler
bakiminda dort Crataegus tiiriine (C. monogyna, C. Orientalis, C. astrosanguinea
ve C. meyeri) ait kirk dort genotipte fenotipik degiskenlikler incelenmistir.
Incelenen 6zellikler agisindan tiirler arasinda nemli farkliliklar gozlenmistir.
Incelenen tiirlerin meyve agirligi 1.60-2.50 g (C. orientalis), 1.53-2.33 g (C.
meyeri), 1.26-2.41 g (C. astrosanguinea) ve 0.38-1.98 g (C. monogyna) arasinda
degismistir. En yiiksek meyve boyu (15.19 mm) ve genisligi (17.58 mm) C.
orientalis tiiriinde tespit edilmistir. En yiiksek L*, a*, ve hue® degerleri C. meyeri
tiirtinde bulunurken, en yiiksek b* degeri C. monogyna ve Chroma* degeri ise C.
orientalis tiiriinde belirlenmistir. En yiiksek SCKM ve pH sirastyla %3.99 ve 4.33
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ile C. monogyna'da tespit edilmistir. Toplam Asitlik ise 1.83 mg L! ile C.
monogyna'da en yiliksek belirlenmistir. Tohum sayis1 1.36 adet (C. monogyna) ile
4.33 adet (C. orientalis) arasinda degisirken, tohum agirlig: sirastyla C. mongyna
ve C. astrosanguinea'da 0.23 g ile 0.45 g arasinda belirlenmistir. Morfolojik
karakterler arasinda ©Onemli iliskilerin oldugu korelasyon analiziyle
belirlenmigstir. Temel bilesen ve kiime analizi, ¢alisilan tiir i¢inde ve tiirler
arasinda yiiksek fenotipik ¢esitliligin oldugu ve bu karakterlerin Crataegus
tiirlerinin tanimlanmast i¢in yararli oldugunu gostermistir. Calisma sonuglari, alig
tiirlerinin morfolojik karakterleri, renk karakterizasyonun belirlenmesinin ve
kullanimlar1 hakkinda faydali bilgiler ortaya ¢ikarmistir.

““This article was produced from some part of the MSc thesis of Saime Giirsoy.
1. Introduction

The consumption of colorful and native species increases day by day thanks to beneficial effects
on health. Hawthorn is one of these species that contain high amounts of bioactive compounds such as
organic acid, sugars, antioxidants, phenolic constituents, and vitamin C (Edwards et al., 2012; Gonzalez-
Jimenez et al. 2018; Alirezalu et al., 2018; Muradoglu et al., 2019). Its fruits are rich in vitamins,
carbohydrates, and sugar. Besides, hawthorn fruits consist of energy, cellulose, oil, ash, acidity, and TSS
(Ozcan et al., 2005; Edwards et al., 2012). Therefore, various parts of hawthorn species, including
flowers, leaves, and fruits, have been used in many traditional and modern medical applications such as
resisting oxidation, promoting digestion, constipation, stomachache anti-inflammatory properties,
reducing blood pressure, preventing cardiovascular diseases, and against type 11 diabetes (Zhang et al.
2002; Chang et al. 2006; Tassell et al., 2010; Aierken et al., 2017).

Crataegus species belongs to the Rosaceae family and are widely spread primarily in Central
Asia, East Asia, North America, and Europe. Hawthorn is a deciduous tree and naturally grows as
multibranched large shrubs or small trees that can reach a height of 10 m, while the average height is
between 2 to 5 m. The bushes or trees produce dense clusters of white flowers often with a characteristic
trimethylamine scent (Zhao and Tian 1996; El-Sayed 2011; Bor et al. 2012). The hawthorn grows not
only in forests, hedges, edge of railways, and roads but also in parks and gardens (Phipps, 1998).
Hawthorns are used for very different purposes. Plants are used as ornamentals, windbreakers, rootstock
for pome fruit species, and forestation zone in the arid regions, while the fruits are usually eaten fresh
or processed to vinegar, marmalades, jams, desserts, candies, and canned fruits. Its leaves are used both
in folk medicine and as a tea replacement (Baytop, 1984; Cao et al., 1995; Phipps et al. 2003; Hummer
and Janick, 2009).

Crataegus species bears small fruits that ripen during harvest with fruit colors ranging from
yellow to bright red and black (Phipps et al., 2003). Browicz (1972) described fruit colors of Crataegus
species as yellow facing with red (C. tanacetifolia), reddish-orange (C. orientalis), black or blackish-
purple (C. pentagyna), dark purple (C. curvisepala), yellow to orange (C. pontica), red (C. stevenii),
bright red (C. microphylla), dark red (C. atrosanguinea) and red or brownish-red (C. monogyna). The
high diversity of fruit colors of Crataegus species distributed in Turkey represents that Turkey is one of
the gene centers of Cratacgus (Christensen, 1992) resulting in very rich hawthorn genetic resources
spontaneously grown and extensively spread.

Some Crataegus genotypes or species were identified in different countries (Bektas et al.,
2017; Khadivi et al., 2019; Stoenescu and Cosmulescu, 2020; Yalgin-Dokumaci et al., 2021). But the
studies generally focused on the determination of morphological features of genotypes or only one
species of the Crataegus genus. Currently, the studies on characterization and revealing the differences
among species are insufficient. This research aimed to identify and evaluate the morphological, physio-
chemical, and color characteristics of fruits of four Crataegus species.
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2. Material and Methods
2.1. Plant Material

This research was conducted on 44 hawthorn accessions belong to four species: C. monogyna
subsp. Monogyna Jocq (24 accessions), C. orientalis var. Pallasex Bieb (8 accessions) C.
astrosanguinea Pojark (9 accessions) and C. meyeri pojark (3 accessions). The fruits and seeds of
studied species are presented in Figure 1. Samples were taken from native hawthorn population of
Bahgesaray region from Eastern Turkey (Figure 2).

C. atrosanguinea Pojark C. orientalis PALLAS EX BIEB.

e

Figure 2. A visual presentation of the research area and sampling territory.
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2.2. Method

Samples were randomly taken from hawthorn trees of different populations in the middle and
late September. In total, twelve morphological characters were evaluated for two consecutive years.
Thirty fruits were measured for each accession in each year. Fruit size characters such as fruit length
(FL) and fruit width (FWD) were measured using a caliper with an accuracy of 0.1 mm. Fruit weight
(FWT) and seed weight (SW) were measured with an electronic scale with a 0.01 g precision. The color
parameters (L*, a*, b* Chrome™* and hue®) were determined by using a hand-type colorimeter (Minolta
Co., model CR-400, Tokyo, Japan). pH was determined by pH a table type pH-meter (Thermo Science,
Orion star A 111). Total soluble solids (TSS) was determined using a hand reflectometer (ATC,
NTRMO1). TA was measured by titration method as adding 0.1 N NaOH to fruit juice (5 ml) until final
pH reaches 8.10.

2.3. Statistical analysis

The data were subjected to analysis of variance using SPSS 23.0 statistical software. The
minimum (Min.), maximum (Max.), mean, standard deviation values (SD), and coefficient of variations
(CV%; SD/meanx100) of the properties were determined. Moreover, the relationship among
characteristics was determined by Pearson’s correlation analysis using R Studio software by the package
of 'corrplot' (Wei et al., 2017). The principal component analysis (PCA) was performed to clarify the
relationships of features with each other and accessions using R Studio software by the package of
'ggplot2' (Wickham, 2016). Clustering analysis (CA) was utilized to create a dendrogram showing the
hierarchical distribution of accessions in terms of studied characteristics.

3. Results and Discussions

A wide variation was determined amongst the studied characters and all variations were highly
significant (p< 0.05). The b* and L* showed the highest CVs (68.55 and 65.48%, respectively), while
pH (3.51%) and total soluble solids (12.39%) had the lowest CVs. Nine out of thirteen features had
higher than 30.00% CVs (Table 1). The high CV of traits is the indicator of dissemblance. Therefore,
there is no significant difference between the species in FL, FWD, and pH, which show very low CVs.
Using these features as separators are considered not appropriate in the differentiation of the 4 studied
species.

Table 1. Overall descriptive statistics of the hawthorn species

Characters Abbreviations  Unit Min Max Mean SE CV%
Fruit Length FL mm 9.79 16.02 13.29 0.25 12.61
Fruit Width FWD mm 823 18.62 13.82 0.40 19.44
Fruit Weight FWT g 0.38 2.50 1.45 0.08 40.60
Seed Size SS Piece 1.00 4.83 235 0.19 5355
Seed Weight SV g 0.10 0.61 0.33 0.01 39.32
L* L Lightness 19.83 7543 40.13 223 36.87
a* a Greene/redness -1.78 4495 31.68 2.04 42.76
b* b Blueness/yellowness 2.12 5043 2265 234 68.55
Chroma C Chroma 1427 6197 4143 221 3551
hue® h° Lightness angle 822 9223 3170 3.13 65.48
Total Soluble Solids ~ TSS % 2.8 4.16 3.73 0.06 12.39
pH pH H* ions 3.89 4.53 423 0.02 3.51
Titratable Acidity TA % 0.76 2.23 1.15 0.06 34.66
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High fruit dimensions and weight are among the most desirable fruit characteristics for
Crataegus species in breeding programs. These characters mostly depend on the genotype and
ecological conditions. Significant variations were observed in fruit dimensions between species and
within species (Figure 3). Fruit length ranged from 9.79 mm to15.25 mm in C. monogyna, 13.21 mm to
15.94 mm in C. astrosanguinea, 14.15 mm to 16.02 mm in C. orientalis, and 12.53 mm to 15.25 mm in
C. meyeri. The highest mean fruit width was determined in C. orientalis (17.58 mm) followed by C.
meyeri (16.39 mm), C. astrosanguinea (14.44 mm), and C. monogyna (12.01 mm). Fruit weights of
species were determined 2.13 g in C. orientalis, 1.89 g in C. meyeri, 1.69 g in C. astrosanguinea, and
1.01 g in C. monogyna as mean. Yanar et al., (2011) reported fruit dimensions (length and width) and
weights of Crataegus species between 10.06-18.07 mm, 9.88-20.39 mm, and 0.65-4.19 g, respectively.
In another study carried out in Romania, fruit length, width, and weight of C. monogyna have been
reported from 6.41 to12.64, from 5.75 to 13.94, and 0.18 to 1.15 g, respectively (Stoenescu and
Cosmulescu, 2020). Khavidi et al. (2019) reported fruit length of C. monogyna between 8.29-15.4 mm
and C. pentagyna between 8.52-12.69 mm, while ten-fruit weight ranged from 3.08 g t012.80 g and 2.75
to 7.80 g, respectively. Bektas et al. (2017) studied Crataegus genotypes to identify their fruit
characteristics and reported fruit length, width, and weight as 8.27-19.56 mm, 8.27-19.56 mm, and 0.98-
6.76 g, respectively. When the differences and similarities with the previous studies are examined, the
results of the studies in the same longitudinal zone in which this study took place are similar, but the
fruit sizes in different zones are different. This shows that different hawthorn species spread naturally
in different longitudes, and the ecology of the territory is one of the main factors determining the
spreading of species.
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Figure 3. Fruit dimension features of Creataegus species.

Hawthorn seeds are often thought of as a discarded material, like many other fruit seeds, in the
food industry. But recent studies showed hawthorn seeds have a variety of pharmacological properties
on analgesic, hypolipidemic, anti-inflammatory, and antioxidant with rich flavonoids (Can et al., 2010;
Peng et al., 2016). Therefore, the determination of seed characteristics became more crucial in breeding
programs. Seed size of hawthorn species ranged from 2.99 to 4.33. The highest mean seed size was
determined as 4.33 in C. orientalis followed by 3.07 (C. meyeri), 1.36 (C. monogyna), and 2.99 (C.
astrosanguinea). The highest seed weight was 0.45 g in both C. orientalis and C. astrosanguinea, while
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the lowest was ranged from 0.20 g to 0.38 g in C. monogyna and C. meyeri respectively (Fig. 4). The
seed size and seed weight of hawthorn species were previously reported ranging from 2.40 to 2.50 and
0.6 g to 0.8 g, respectively (Caligkan, et al., 2018). Khavidi et al. (2019) also declared the seed number
and 10 seed weight of C. pentegyna and C. monogyna as between 4.17-1.00 g and 0.42 g - 1.74 g,
respectively. Besides the results of the present study supporting some of the previous researches, some
substantial phenomenon were also discovered. One of the remarkable inferences was the high variation
of the SWT, although there were very low CVs of fruit size characteristics. This circumstance clearly
indicates SWT is one of the foremost distinctive traits for hawthorns and should not be omitted in future
selection studies. The other striking result was the discordance of SWT and SS. While the SWTs of C.
astrosanguinea and C. orientalis were completely equal, there was a clear separation of SS. This proves
the fact that hawthorns have unique seed density, which can be used as a good identifier in future studies.
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Figure 4. Seed weight and size features of the hawthorn species.

Color is one of the important qualities features that prefer consumer’s choice in fresh
consumption and food processing technology. Besides, peel color is related to the antioxidant
compounds and their levels. Therefore, describing the peel color of the fruit is highly significant for
breeding programs. Peel colors of species showed significant variability among species. The color of t
varied from yellow to black (yellow, orange, red, and black). The highest L*, b*, and hue®* were
determined from 73.96 to 75.43, from 47.43 to 50.43, and from 88.44 to 92.23, respectively in C. meyeri,
while the highest a* and Chroma* were determined from 28.84 to 44.95 and from 54.95 to 61.96,
respectively in C. orientalis (Figure 5). In similar studies, the color values (L*, a* b*, hue®*, and
Chroma*) of C. monogynma were determined as 29.27, 27.76, 8.19, 16.19, and 28.94, respectively
(Yalg¢in-Dokumaci et al., 2021). Bektas et al. (2017) also mentioned that the peel color of Crataegus
spp. was observed as yellow, orange, and red in the Malatya region. Yanar et al., (2011) suggested that
the colors also could be seen as yellow, orange, light orange, light green, red, and dark red, observing
Crataegus species of the same region. Color characterization of fifteen Crataegus species from seven
provinces of Iran reported by Alirezalu et al., (2020) ranging from yellow to black (yellow, yellow-
orange, red, orange-red, purple, purple-black, and black). They also reported the highest a* was found
in C. atrosanguinea, while b*, L*, Chroma*, and hue® were highest in the extracts of C. azarolus var.
aronia. The results of the present study mostly contradict previous reports. C. atrosanguinea had the
least a* values, and it was the darkest species being almost pure black. Discordant reports may be due
to early harvesting of the species preventing it from reaching the final color and the difference in sunning
duration period of the studied territories. Sunning duration and period also affect anthocyanin contents,
and being one of the anthocyanins, proanthocyanins are mostly responsible for the occurrence of black
color in plants (Khoo et al., 2017).
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Figure 5. Peel color features of four hawthorn species.

The pH levels were recorded in the range of 4.07 — 4.33. the pH was at the highest level in C.
monogyna, while the lowest was in C. meyeri. The highest (3.99 Brix) and the lowest (2.90 Brix) TSS
were observed in C. monogyna and C. meyeri, respectively. Both the lowest and highest TA were
observed in red and black-fruited hawthorns. The TA was at its lowest (0.95 mg L) in C. monogyna,
whereas the highest value (1.83) was observed in C. astrosangueina (Figure 6). Yalgim-Dokumaci et al.
(2021) reported the pH and acidity of hawthorn fruits (C. monogyna) were 4.08 and 1.56%, respectively.
Alirezulea et al., (2020) reported the pH (3.03-4.35), TA (0.75-1.17%), and TSS (15.15-23.43 °Brix)
features of Crataegus species of Iran. In a study from Turkey, pH and TSS were stated between 2.82-
6.40 and 6.40-16.00 % (Yanar et al., 2011). Our results were in line with the previous findings, but little
differences may be caused by especially lighting, maturity, harvest time, soil, and climatic conditions.
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Figure 6. Some chemical features of Creataegus species.
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Strong correlations (P<0.05) were monitored amongst studied characteristics (Figure 7). The
high correlations among fruit characters such as FL, FWD, FWT, SS, SW, TSS, pH, TA, and chromatic
parameters were correlated with each other and fruit traits and agreed with previous reports about
hawthorn (Khadivi et al., 2019; Stoenescu and Cosmulescu, 2020). On the contrary, a* and TSS were
negative with FL, FWD, FWT, SS, and SW, indicating that big-fruited hawthorns have less TSS and red
color tones. A completely negative relationship between pH and TA both with each other and in their
effects on other properties were proof of a well-known phenomenon. Both pH and TA measure total H"
ions in the medium, and the change of their values is related to the alteration of these ions. If the
concentration of H™ ions in the medium rises pH decreases, while TA increases. The h° was highly and
positively correlated with L*, b*, and C*.
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Figure 7. Pearson’s pairwise correlations among studied characteristics of the hawthorn species.

The principal component analysis (PCA) and cluster analyses (CA) were grouped the hawthorns
into four depending on their species. As a result of PCA that performed on all variables studied to assess
and distinguish each of the four hawthorn species, nine principal components were significant (p<0.05),
and 99.80% of the total variance was explained by them. The correlation between studied variables and
the first and second principal components is shown in Figure 7. The first component (PC1) constituted
49.4% of the total variance and was positively correlated with FL, FWD, FWT, SS, and SW. The second
component (PC2) constituted 31.95% of the total variance and was positively correlated with chroma,
while was negatively correlated with TA. The third component (PC3) accounted for 9.17% of the total
variance and had positive correlations with a* and pH. The remaining components also contained other
variables and explained less variability (9.46% of total variance), and corresponded with other results
(Alirezalu et al., 2018; Khadivi et al., 2019; Stoenescu and Cosmulescu, 2020).
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Group ellipses were created by a significance level of p<0.05.

Clustering analysis was used to define the similarity degree of genotypes that belong to
hawthorn species, and shown in Fig 9. Accordingly, the dendrogram was separated into four main
clusters. The highest similarity was between 01 and 03 genotypes included in C. meyeri species, while
the farthest distance was observed between 01 numbered genotypes of C. monogyna and C. orientalis.
Cluster I included C. monogyna and was characterized by low values of a*, total soluble solids, and pH.
Cluster Il included C. astrosanguinea that was characterized by high values of color parameters. Cluster
IIT and IV also included respectively C. orientalis and C. meyeri and characterized by FL, FWD, FWT,
and SS for C. orientalis while C. meyeri was characterized by low values of L*, b*, and hue®*. The
distribution of the genotypes and species was like PCA, and these evaluation methods were proven to
support each other. Similar results obtained from these methods were reported previously (Giler et al.,

2021; Macit, 2021).
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Figure 9. Dendrogram of the four Crataegus species based on morphological variables obtained by Hierarchical
Clustering Analysis according to Ward’s method.

4. Conclusions

The phenotypic variability among species/genotypes is a crucial indicator of classifications and
utilization of genetic resources being key factors for breeding. In the present study, phenotypic
variability among Crataegus species was investigated. Our findings exhibited that hawthorn species
have their own fruit and seed characteristics that can effectively be used to classify Crataegus species.
C. monogyna was identified with high fruit and seed size and weight, while C. orientalis separated from
the others with the lowest values of these characteristics. The most important feature that separates C.
meyeri from C. orientalis was the redness (a* value) of peel, while it was quite similar in terms of other
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traits. Multivariate analysis was very effective on the distinction of the species and was evaluated that it
can be used successfully in future studies.
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Abstract: This study was conducted to determine changes for some quality
characters in Mz, M3 and M4 mutated populations of three bread wheat genotypes
irradiated by different gamma rays. The results showed that the genotypes
significantly and variably differed in their response for various traits at different
gamma rays doses in M2, Ms, and Ms populations. The shifts per see from the
controls for examined quality characters such as thousand-grain weight (TGW),
test weight (TW), wet gluten content (GC), gluten index (GI), Zeleny sedimentation
value (ZSV), and protein content (PC) in mutant populations were significant
according to t-test analysis. The results showed that desired variations could be
obtained for quality traits in M2, M3, and M4 generations with different doses of
gamma irradiation depending on bread wheat genotypes. Although the shifts per
see from the controls for ZSV, GC, and PC were significant, TGW, GI, and TW
showed an unchanged or slightly negative response in the Mz, Ms, and Ma
generations. It can be generally said that it may be more appropriate to perform
selection after M4 generation for seed quality traits in mutant populations. Although
the effect of mutagen doses varies depending on the character, genotype, and
mutagenesis generation examined, it can be said that the most appropriategamma-
rayy doses are 300 and 200 Gy doses because of causing significant shifts per see
from the controls.
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Oz: Bu caligma, farkli gamma 1511 ile 1s1inlanms ii¢ ekmeklik bugday genotipinin
Mz, M3 ve M4 mutant popiilasyonlarinda bazi kalite 6zelliklerindeki degisimin
belirlenmesi igin yiiriitiilmiistiir. Sonuglar, M2, M3 ve M4 popiilasyonlarinda farkli
gamma 151n1 dozlarinda gesitli 6zellikler igin genotiplerin yanitlarinin énemli ve
degisken bir sekilde farkli oldugunu gdstermistir. Mutant popiilasyonlarinda bin
tane agirhg (BTA), hektolitre agirhigi (HA), yas gliiten igerigi (YGI), gliiten
indeks (GI), Zeleny sedimantasyon degeri (ZSD) ve protein igerigi (PI) gibi kalite
ozelliklerinin kontrole gore degisimi t-testine gore Onemli bulunmustur.
Sonuglar, ekmeklik bugday genotiplerine bagl olarak farkli dozlarda gamma 1511
uygulamasi ile M2, M3 ve M4 generasyonlarinda kalite dzellikleri i¢in istenilen
varyasyonlarin elde edilebilecegini gostermistir. M2, M3 ve M4 generasyonlarinda
kontrollere gére ZSD, YGI ve Pi de énemli degisimler olmasinda ragmen, BTA,
GI ve HA da ise degisim olmamis ya da biraz olumsuz bir degisim olmustur.
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Genel olarak, mutant popiilasyonlarda tane kalitesi Ozellikleri igin Ma
generasyonundan seleksiyon yapmanim daha uygun olabilecegi sdylenebilir.
Mutagen dozlarinin etkisi incelenen 6zellige, genotipe ve mutant generasyona
bagl olarak degismekle birlikte, kontrollere gore onemli degisimlere neden
oldugundan dolayr 200 ve 300 Gy dozlarmin en uygun gamma 1sin1 dozlari
oldugu sdylenebilir.

1. Introduction

The main goal in wheat breeding is to develop high-yielding varieties with functional
characteristics acceptable to producers, processors, and consumers. This means a success that cannot be
underestimated because producers strive for high efficiency, processors need highly functional flour,
and consumers demand and expect excellent sensory qualities in final products (Seabourn et al., 2012).
Bread wheat flour is a functional flour that is mainly used in making bread, cookies, and pastries
(Brankovic et al., 2018). Hence, both the milling and bakery industries require varieties with high-
quality flour to produce appropriate flour and finished products. As good quality wheat can be sold at
high prices, there is a high demand among farmers for varieties with good baking and milling quality
(Byerlee and Moya, 1993). Generally, the best way to determine the wheat quality, which is defined as
industrial use, cooking quality, and the quality of the final product, is to evaluate its technological traits.
Therefore, it is tried to decide its rheological or technological quality by examining the properties of
wheat flour such as protein content, sediment volume, loaf volume, hardness, wet gluten, gluten index.
The best way for determining the quality of bread wheat is primarily the evaluation of grain physico-
chemical properties for its use in industry, cooking quality, and appropriateness of the quality of the
final product. That's the reason why determining thousand grain weight, test weight, wet gluten content,
gluten index, Zeleny sedimentation value, protein content, and understanding of its rheological features
are important (Ahmadi-Gavligi et al., 2004).

Mutagenesis and hybridization are generally the most commonly preferred breeding methods
for the development of new superior commercial varieties. Since the mutagen-derived variability for
quantitative traits in crop plants is inherited, and the selection response gives good results, many
breeders believe that induced mutations can be used to generate beneficial variation in quantitatively
inherited traits where appropriate selection for genetic improvement is applied (MacKay, 2011; Mba,
2013). It causes widespread changes in the morphological, physiological, and quality characteristics
after the application of the mutagenic agent.It has been reported that the yield can be increased with the
induced mutation, as well as other agronomic characters such as stiffness of straw, time of maturity,
adaptability, shattering resistance, disease resistance, protein content, baking quality, malting quality
and numerous other characters (Brunner, 1991). In recent years, the application of induced mutation in
the improvement of several superior crop varieties has been at the forefront in many countries
(developed countries being a priority), and this has had a greater economic impact on food production
and nourishment of humanity (Kharkwal and Shu, 2009). The leading countries are China, India, the
former USSR, the Netherlands, Japan, and the USA, with the highest number of mutant varieties
officially released. Among the mutagens, the highest percentage (> 50%) was gamma rays used in the
development of mutant varieties. Crop wise, the number of mutants developed was highest in grains,
followed by ornamentals, legumes, and other crops, including legumes and vegetables, forage crops,
edible oil crops, and tree species (Mba et al., 2010). Of all crops, rice was the crop with the highest
number of mutants (700 mutant varieties), followed by barley, common wheat, corn, durum wheat, oats,
millet, sorghum, and rye. According to the FAO / IAEA database, 1,825 mutants (corresponding to 57%)
were registered for both agronomic and botanical characteristics; of these, 577 mutants (18%), 321
mutants (10%), 200 mutants (6%), and 125 mutants (4%) were distinguished by increased yield and
related traits, better quality and nutrient content, biotic stress tolerance, and abiotic stress tolerance
respectively (Suprasanna et al., 2015). Although these mutant varieties have created a greater economic
impact by contributing millions of dollars to local economies annually (Ahloowalia et al., 2004; Jain,
2005), unfortunately, the mutant wheat varieties that are expected to provide this extraordinary effect
have not yet been developed in our country.

In addition to its protective role from insects and microorganisms and its sterilization effect, it
is known that gamma irradiation has important effects on various quality criteria of cereal grains. There
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are many studies to examine the effects of gamma irradiation on wheat technological quality, such as
grinding, dough, and baking quality characteristics (Paredes-Lopez and Covarrubias-Alvarez, 1984).
Many studies have been fulfilled on improving wheat quality through gamma irradiation to extend the
shelf life of whole-wheat flour (Marathe et al., 2002) and to increase the activity of endogenous amylases
of wheat (Gralik and Warchalewski, 2006). There are also several studies to elucidate the effect of
gamma irradiation treatments on gluten protein and gluten fractions (Nayeem et al., 1999).

This paper concentrated to determine the effects of different gamma rays doses on some quality
traits of mutant genotypes. The knowledge obtained through this research will be helpful for the breeders
while making a selection of potentially improved wheat mutant germplasm.

2. Materials and Methods

A total of 3 bread wheat genotypes (Bezostaja 1, IBWSN4, and Kate Al) were chosen to
represent likely diversity in earliness, disease resistance, awn type of spike, plant height, and flour
quality.

The experiments were set up with 15 irradiated seeds combination along with the un-irradiated
(control) in the experimental field of the Field Crops Department of the Faculty of Agriculture of
Tekirdag Namik Kemal University during consecutive growing seasons of 2011-2012, 2012-2013, and
2013-2014 with four replicated. It was made following the required agronomic and cultural practices
method. Nitrogen and P,0s at 160 and 50 kg ha™', respectively, were incorporated into the soil as
compound fertilizer (20-20-0) before sowing, urea during tillering, and ammonium nitrate before the
heading stage. The crop was kept free of weeds by hand hoeing as necessary.

Some quality traits such as thousand kernel weight (TKW), test weight (TW), protein content
(PC), wet gluten content (WGC), gluten index (GI), and Zeleny sedimentation value (ZSV) (for methods
see Balkan, 2018) were evaluated in mutated populations of M, M3, and M.

The data thus collected on mentioned above quality traits were subjected to analysis of statistical
manipulation as outlined by Steel and Torrie (1980). The statistical analysis was concerned mainly as a
comparison between data of the control and that of the corresponding population using two groups t-test
(means) and one tail F-ratio (variances).

3. Results and Discussion

The significances of mean squares (MS) from pooled ANOVA through the ‘F’ test for TGW,
TW, GC, G, ZSV, and PC traits in bread wheat mutated populations of M,, M3 and M4 were given in
Table 1.

Table 1. Results of variance analyses for quality traits in bread wheat mutated populations of M, M3,

and My
Replication Treatments Genotype Treatment x
df=2 df=5 df=2 genotype int.
df=10
Characters M, M; My M, M; My M, M; My M, M; May
TGW (g) % ns ns k k3k * ksk ksk ksk ksk * k3
TW (kg/hl) ns ns * ksk k3k ksk ksk ksk ksk ns ns k3
GC (%) ksk ns ns ksk k3k * ksk ns ksk ksk ksk k3
GI ns ns ns * ns  ns KK EE ok * * *x
ZSV (ml) % ns * ksk k3k ns ksk ksk ksk ns * ns
PC (%) ksk ns ns ksk k3k ksk ksk ksk ksk ns ns %

d.f.: degree of freedom, ns: non-significant, *: significance at 5% level, **: significance at 1% level.
The ‘F’ test indicated that variances due to genotypes were highly significant for all the

characters except GC in M3, which provided evidence for the significant genetic variability for the traits
among the varieties. The results of variance analysis for the treatments (which means the gamma
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radiation doses) indicated that the traits out of GI in the M3 and My, ZSV in the M4 under study were
highly significant at (p<0.01) probability level. Mean values in 100, 200, 300, 400, and 500 Gy of
gamma rays and its controls for the investigated characters in the M,, M3, and M4 mutated populations
of three bread genotypes were presented in Tables 2-4, and following results explore the findings of the
present investigation.

In the present study, it is seen that there were significant increases in some characters in terms
of quality traits in M, M3 and M4 mutated populations of Bezostaja 1 variety (Table 2).

Table 2. Variation of some quality properties according to standards (non-mutants) in the mutant
progeny of in Mz, M3, and M4 generation of Bezostoja 1 variety

Gamma TGW (g) TW (kghl™h) WGC (%) Gl ZSV (ml) PC (%)
doses Mean+SE Shift Mean+SE Shift Mean+SE Shift MeantSE Shift MeantSE Shift Mean+tSE Shift
(Gy) (2) (%) (kghl) (%) (%) (%) () (%) (mh) (%) () ()
Cont. 37.8+0.17 0.0 74.3£1.04 0.0 24.2+0.39 0.0 87.7+0.33 0.0 40.9+1.17 0.0 11.87+0.18 0.0
100 37.6+0.78 -0.5 76.4+£0.09* 2.8 21.8+0.34** -9.9 87.7+0.67 0.0 40.3+0.78 -1.511.70+0.23 -14

M, 200 36.2+0.76** -4.2 72.9+0.77 -1.9 23.5+0.47 -2.9 86.3+0.33* -1.641.7+0.35 2.0 11.73+0.23 -1.2
300 35.3+1.13** -6.6 76.9+0.96* 3.5 24.2+0.73 0.0 88.7+0.33 1.1 44.2+1.15%* 8.1 10.90+0.17* -8.2
400 38.6+0.47 2.1 753+1.11 1.4 25.0+0.43 3.3 90.3+0.33** 3.0 43.0+0.93* 5.1 11.87+0.52 0.0
500 38.3+1.37 1.3 72.6£0.45 -2.3 27.5+0.87** 13.6 89.7+1.20* 2.3 47.1+0.96** 15.212.57+0.75* 5.9
Cont. 35.6+0.45 0.0 77.3£0.47 0.0 36.3+0.18 0.0 78.3+1.67 0.0 52.0+1.53 0.0 14.37+0.13 0.0
100 35.6+0.65 0.0 77.1£0.06 -0.3 35.0+£1.08* -3.6 79.3+0.67 1.3 52.7+1.33 1.4 14.33+032 -0.3
Ms 200 32.7+0.56** -8.2 77.3£0.09 0.0 37.0+0.48 1.9 75.0£1.89* -4.250.7£1.16  -2.514.50+0.06 0.9
300 31.9+0.56** -10.476.5£0.87 -1.0 36.0+0.12 -0.8 83.3+£1.67** 6.4 53.7+0.88 3.3 14.60+£0.15* 1.6
400 32.4+0.10** -9.0 76.9+0.13 -0.5 35.8+0.55* -1.4 78.3%1.67 0.0 52.7+1.86 1.4 14.30+0.25 -0.5
500 31.8+0.63** -10.776.3+0.61 -1.3 37.0+0.87 1.9 76.0£1.06 -29533+1.20 2.5 14.33+0.23 -0.3

Cont. 44.6+0.55 0.0 81.3+£0.40 0.0 44.5+2.00 0.0 61.7+1.67 0.0 49.3+1.33 0.0 14.40+0.15 0.0

100 47.0+0.69* 5.4 81.9+0.23 0.7 43.6+£0.76 -2.0 75.0£1.16** 21.6 56.7+£1.20** 15.014.77+0.15 2.6

M 200 48.1+0.58** 7.9 83.1+0.24* 2.2 429+1.11 -3.6 71.7+£1.67** 16.257.3+1.20** 16.214.73£0.23 2.3
4300 47.8+0.71* 7.2 82.9+0.44* 2.0 43.5+0.58 -2.3 73.3+1.67** 18.859.0+£1.00%* 19.714.90+0.10 3.5
400 459+0.30* 2.9 82.3+0.52 1.2 44.8+0.79 0.7 68.3+£1.67** 10.7 53.7+0.88** 8.9 15.20+0.20** 5.6

500 44.1+0.30 -1.1 81.5+0.31 0.3 45.1+0.90 1.4 72.7+1.33** 17.857.3+0.67** 16.215.07+0.03** 4.7

SE: Standard error, Cont.: Control, * and **statistically significant differences from control at 5% and 1%.

In the M, mutated population of Bezostoja 1 variety, there was a gradual statistically increase
for TW at values of 2.8 and 3.5% in 100 and 300 Gy, GI at values of 2.3 and 3.0% in 500 and 400 Gy,
ZSV at values 5.1, 8.1 and 15.2% in 400, 300 and 500 Gy and PC at the value of 5.9% in 500 Gy
respectively, compared to controls. On the other hand, there were statistically significant decreases in
the mutant populations for TGW in 200 and 300 Gy, WGC in 100 Gy, GI in 200 Gy, and PC in 300 Gy
of the same generation.

Regarding the M3 mutated population of Bezostoja 1 variety, significant positive shifts in
quantitative mean performance were observed for GI with the value of 6.4% in 300 Gy and PC with the
value of 1.6% in 300 Gy. However, in the M3 generation, statistically significant decreases were
achieved in the mutant populations for TGW in 500, 300, 400, and 200 Gy and WGC in 100 and 400
Gy, compared to controls.

In the M4 generation, there weee a gradual increase for TGW, GI, ZSV, and PC traits characters
while comparing to M; and M3 generations of Bezostaja 1 variety. Among the M4 mutated populations,
remarkable increases than control were provided for TGW with values of 7.9, 7.2, 5.4, and 2.9% in 200,
300, 100, and 400 Gy, TW with values of 2.0 and 2.2% in 200 and 300 Gy, GI with values of 21.6,
18.8, 17.8, 16.2 and 10.7% in 100, 300, 500, 200 and 400 Gy, ZSV with values of 19.7, 16.2, 15.0 and
8.9% in 300,200,500, 100 and 400 Gy, PC with values of 5.6 and 4.7% in 400 and 500 Gy, while a
significant negative shift in quality mean performances was not observed for Bezostaja 1 variety.

Under the effect of gamma mutagenesis in the progeny (M2-My4) of IBWSN4 advanced line,
significant differences in variability of many traits of seed quality were observed (Table 3).
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Table 3. Variation of some quality properties according to standards (non-mutants) in the mutant
progeny of in Mz, M3, and M generation of IBWSN4 genotype

Gamma TGW (g) TW (kg/hl) WGC (%) Gl ZSV (ml) PC (%)
doses MeantSE Shift Mean+SE Shift MeantSE Shift Mean+SE Shift Mean+SE Shift MeantSE Shift
Gy) (2) (%) (kghl) (%) (%) (%) (%) ) (@m) () ) (%)

Cont. 33.4+0.54 0.0 70.7£0.59 0.0 21.6+0.15 0.0 80.7+0.88 0.0 32.6+1.06 0.011.00+0.12 0.0
100 36.4+0.69* 9.0 73.7+0.51* 4.2 23.2+0.64** 7.4 783+0.33** -3.032.5+1.35 -0.310.90+0.55 -0.9
200 36.6+0.40** 9.6 70.6+0.25 -0.1 23.3+£0.98** 7.9 80.7+0.67 0.0 33.5+0.91  2.810.27+0.09** -6.6
300 36.5+1.23* 9.3 71.0+1.18 0.4 24.3+0.38%* 12.5 82.7+0.88* 2.5 33.8+1.67* 3.710.50+0.15* -4.6
400 37.4+0.90** 12.0 71.0+1.24 0.4 20.0+1.16  -7.4 83.0+0.58* 2.9 33.8+0.70* 3.710.17+0.26** -7.6
500 38.0+0.27** 13.8 69.740.85 -1.4 23.0+£0.20** 6.5 78.0+0.58** -3.4 35.6+0.35** 9.211.13+0.12 2.7
Cont. 31.4+0.22 0.0 74.8+0.81 0.0 34.2+0.12 0.0 71.7+1.45 0.0 37.7£0.33  0.012.90+0.29 0.0
100 29.3+0.48** -6.7 74.9+0.15 0.1 34.3+£0.10 0.3 58.3+0.88**-18.7 37.3+0.88 -1.113.23+0.12* 2.6
200 28.6+0.46** -8.9 74.3+0.23  -0.7 33.1+0.85* -3.2 66.7+0.67** -7.0 37.3£0.33  -1.113.23+£0.18* 2.6
300 28.8+0.40** -8.3 72.2+1.07** -3.5 36.6+0.87** 7.0 67.7+0.88** -5.637.7+0.88  0.013.33+0.18** 3.3
400 27.3£0.58**-13.1 72.5+0.62** -3.1 35.7+0.70** 4.4 73.3£1.67 2.2 45.7+0.88%*21.213.77+0.03** 6.7
500 28.7+0.51** -8.6 71.9+0.42** -3.9 39.0+0.53** 14.0 71.7+1.20 0.0 45.0+0.58**19.413.53+0.12** 4.9
Cont. 43.0+0.31 0.0 78.1+0.10 0.0 37.2+0.88 0.0 66.7+0.88 0.0 37.0+1.00  0.013.33+0.09 0.0
100 43.8+0.89 1.9 79.2+0.51 1.4 46.1+£1.33%* 23.9 53.3+1.33** -20.1 40.3+0.88** 8.914.20+0.12** 6.5
200 43.8+0.60 1.9 79.240.70 1.4 42.3+0.33** 13.7 61.7+0.33* -7.5 38.7+0.67 4.614.10+0.17** 5.8
300 43.5+0.67 1.2 81.3+0.26** 4.1 45.8+1.45%*23.1 57.741.45%* -13.5 40.3+0.33** 8.914.47+0.09** 8.6
400 43.1£0.90 0.2 81.6+0.12%* 4.5 39.9+1.15** 7.3 60.0£1.15** -10.1 35.7+0.33  -3.513.80+0.15 3.5
500 44.0+0.32 2.3 80.0+0.26** 2.4 42.440.67** 14.0 61.7+0.67* -7.5 41.7+0.67**12.714.13+£0.03** 6.0

M,

M3

My

SE: Standard error, Cont.: Control, * and **statistically significant differences from control at 5% and 1%.

In the M, mutated population of the advanced lines, there was a gradual statistically increase for
TGW at values of 13.8, 12.0, 9.6, 9.3, and 9.0% in 500, 400, 200, 300, and 100 Gy, TW at the value of
4.2% in 100 Gy, WGC at values of 12.5, 7.9, 7.4 and 6.5% in 300, 200, 100 and 500 Gy, GI at values
of 2.9 and 2.5% in 400 and 300 Gy and ZSV at values of 9.2, 3.7 and 3.7% in 500, 300 and 400 Gy
respectively, compared to controls. On the other hand, there were statistically significant decreases in
the mutant populations for GI in 500 and 100 Gy and PC in 400, 200, and 300 Gy of the mutated
population.

In the case of the mutated IBWSN4 M3 population, a significant positive shift in quantitative
mean performance was observed in WGC at the values 14.0, 7.0, and 4.4% (500, 300, and 400 Gy),
ZSV at the values of 21.2 and 19.4 (500 and 400 Gy), and PC at the values 0f 6.7, 4.9, 3.3, 2.6 and 2.6%
(400, 500, 300, 200 and 100 Gy), while the significant reductions were observed for TGW at 400, 200,
500, 300 and 100 Gy (13.1, 8.9, 8.6, 8.3 and 6.7%), TW at 500, 300 and 400 Gy (3.9, 3.5 and 3.1%),
WGC at 200 Gy (3.2%) and GI at 100, 200 and 300 Gy (18.7, 7.0 and 5.6%) of gamma rays.

Regarding the M4 mutated population of IBWSN4 advanced line, significant positive shifts in
quantitative mean performance were observed for TW with values of 4.5, 4.1 and 2.4% in 400, 300, and
500 Gy, WGC with values of 23.9, 23.1, 14.0, 13.7, and 7.0% in 100, 300, 500, 200 and 400 Gy, ZSV
with values of 12.7, 8.9 and 8.9% in 500, 300 and 100 Gy and PC with values of 8.6, 6.5, 6.0 and 5.8%
in 300, 100, 500 and 200 Gy. However, statistically, significant decreases were achieved in the mutant
populations of the advanced line for GI in 100, 300, 400, 500, and 200 Gy, compared to controls.

It is understood from the comparison of the mean values of the mutated population of Kate A1 bread
wheat variety and their control averages that the data obtained in the M, M3, and M4 generations showed
significant increases in some quality traits (Table 4).

In the M, mutated population of Kate A-I variety, there was a gradual statistically increase for
TW at the value of 3.1% in 100 Gy, WGC at the value of 5.6% in 500 Gy, GI at values of 5.7, 4.6, 4.2,
3.9 and 3.4% in 500, 200, 400, 300 and 100 Gy and ZSV at value 8.6% in 500 Gy respectively, compared
to controls. On the other hand, there were statistically significant decreases in the mutant populations
for WGC in 200 Gy (6.4%) and ZSV in 200 and 300 Gy (11.8 and 9.9%).

In the case of mutated IBWSN4 M3 population, a significant positive shift in quantitative mean
performance was observed in WGC at the values 8.5, 7.1, and 3.7% (300, 400, and 500 Gy), WGC at
the values of 8.5, 7.1, and 3.7 % (300, 400 and 500 Gy), GI at the values of 7.7% (100 and 400 Gy),
ZSV at the values of 23.5, 13.1 and 9.7% (500, 300 and 400 Gy) and PC at the values of 6.5, 5.9 and
5.4% (400, 300 and 500 Gy), while the significant reductions were observed for TGW at 400, 100, 500,
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and 200 Gy (10.7, 6.2, 5.5 and 4.6%), TW at 400, 500, 300, 200 and 100 Gy (3.7, 3.0, 2.4, 2.4 and
1.0%), WGC at 100 Gy (4.0%), GI at 200, 300 and 500 Gy (7.7%), ZSV at 200 and 100 Gy (8.6 and
6.0%) and PC at 100 Gy (1.8%) of gamma rays.

Table 4. Variation of some quality properties according to standards (non-mutants) in the mutant
progeny of in M,, M3, and My generation of Kate A1 variety

Gamma TGW (g) TW (kghl™h) WGC (%) Gl ZSV (ml) PC (%)
doses Mean+SE Shift MeantSE Shift Mean+SE Shift MeantSE Shift MeantSE Shift Mean+SE Shift
(Gy) (2) (%) (kghl) (%) () (%) (%) (%)  (ml) (%) (%) (%)

Cont. 34.5£0.68 0.0 73.7£0.35 0.0 25.2+0.15 0.0 87.3+0.88 0.037.3+0.87 0.0 10.93+0.38 0.0
100 33.9+0.63 -1.7 76.0£0.72* 3.1 24.0£1.07 -4.8 90.3+1.20** 3.435.1+0.77 -5.9 10.83+0.38 -0.9
200 33.4+0.92 -3.2 742+091 0.7 23.6+1.14** -6.4 91.3+£0.67** 4.632.9+0.99**-11.810.60+0.12  -3.0
300 33.5+098 -2.9 73.4+0.26 -0.425.0£0.85 -0.8 90.7£0.67** 3.933.6+1.38* -9.9 11.20+0.27 2.5
400 33.1£0.35 -4.1 74.1£1.01 0.525.3+0.64 0.4 91.0+0.58** 4.237.2+0.38 -0.3 11.37£0.17 4.0
500 34.4+035 -0.3 72.1£1.00 -2.226.6£0.90** 5.6 92.3+0.88** 5.740.5+0.67* 8.6 11.90+0.12 8.9
Cont. 30.8+0.35 0.0 77.8+0.12 0.0 35.2+0.15 0.0 65.0+1.16 0.038.3+0.88 0.0 13.03+0.03 0.0
100 28.9+1.01*%* -6.2 77.0£0.22* -1.033.8+0.76* -4.0 70.0+1.16** 7.736.0+0.58* -6.0 12.80+0.15* -1.8
200 29.4+0.63* -4.6 75.9+0.40** -2.434.4+0.68 -2.3 60.0+1.16** -7.735.0+0.58** -8.6 12.93+0.12 -0.8
300 30.3+0.82 -1.6 75.9+0.47** -2.438.2+0.67** 8.5 60.0+1.16** -7.743.3+0.88** 13.1 13.80+0.06** 5.9
400  27.5+0.59** -10.7 74.9£0.67** -3.737.7+0.76** 7.1 70.0+1.16** 7.742.0+1.16** 9.7 13.87+0.12** 6.5
500 29.1+1.14* -5.5 75.5+0.07** -3.0 36.5+£0.35** 3.7 60.0+0.58** -7.747.3+0.88** 23.5 13.73+0.09** 5.4
Cont. 44.7+0.33 0.0 80.9+0.15 0.0 44.7+0.88 0.0 60.0+1.16 0.048.0+0.58 0.0 14.27+0.22 0.0
100 43.6+£0.12 -2.5 83.0+0.33** 2.6 44.3£1.45 -0.9 63.3+£1.20 5.546.0+1.16 -4.214.23+0.23 -0.3
200 41.6+£0.53* -6.9 83.3+0.26** 3.0 45.1+1.13 0.9 55.0+0.58** -8.341.0+0.58%*-14.614.00+0.17 -1.9
300 42.0+0.20* -6.0 83.5+0.42** 3.2 46.8+0.76** 4.7 50.0+1.16** -16.743.3+0.33** -9.8 14.23+0.18  -0.3
400 40.6+£0.46** -9.2 82.2+0.38* 1.6 44.7+0.64 0.0 65.0+0.58** 8.347.7+0.88 -0.614.43+0.12 1.1
500 44.8+0.83 0.2 81.6+£0.56 0.9 46.9+£0.21** 4.9 50.0+0.58** -16.748.3+0.88 0.6 14.73+0.09 3.2

M,

M3

SE: Standard error, Cont.: Control, * and **statistically significant differences from control at 5% and 1%.

Regarding the Ms mutated population of Kate A-I variety, significant positive shifts in
quantitative mean performance were observed for TW with values of 3.2, 3.0, 2.6, and 1.6% (300, 200,
100, and 100 Gy), WGC at values of 4.9 and 4.7% (500 and 300 Gy) and GI at the value of 8.3% (400
Gy). However, gradually significant decreases were calculated in the mutant populations for TGW in
400, 200, and 300 Gy, GI in 500, 300, 400, and 200 Gy, and ZSV in 200 and 300 Gy, compared to
controls in the M4 generation.

TGW and TW are the measures of grain density in kg per hectoliter. It is useful for the grading
of wheat. These are because test weight is related to grain density rather than weight and the denser
kernels tend to contain more endosperm (flour) (Williams et al., 1986). The present study observed the
negative effects on an average weight of grains in nearly all the cases of gamma rays doses of bread
wheat genotypes except IBWSN4 advanced line in M, mutated populations where the grain weight
showed some increment over the control. Despite the increase in radiation intensity, asynchronous
decreases in average values for the feature were observed for the mutated population of wheat genotypes
in all generations. The maximum decrease in the average values of grain weight was observed at 400
Gy of radiation dose (13.1) concerning control for the M3 population of the IBWSN4 line (Table 3). In
general, most of the radiation doses showed adverse effects on grain weight. In the case of TW, it can
be said that the same trend is valid for it. The present results are in agreement with the findings of Salem
et al. (2016), who explained that physical properties such as 1000 grain weight and test weight were not
affected by increasing gamma doses up to 3.5 kGy. However, Ainmasaun et al. (2014) observed an
increase in the average 100-grain weight at 80 GY of radiation dose as it was found at 15 kR radiation
dose in the study. Such type of contradiction might be due to either difference in genetic material under
study or due to agro-climatic variations under which the experiment was carried out.

The findings on WGC showed that significant positive shifts in quantitative mean performance
were the highest in all of the mutated populations of IBWSN4 advanced lines than those of Kate A-I
and Bezostaja 1 varieties compared to controls, indicating enhanced scope for selection. In other words,
the most sensitive genotype to gamma irradiation was IBWSN4, while the most resistant genotype was
Bezostaja 1. This result may be indicated that the sensitivity to gamma irradiation depends on the
genotype. Besides, the same gamma-ray doses will produce opposite changes in the physical properties
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of the gluten depending upon the moisture content of the irradiated grain (Sosedov and Vakar, 1961).
The gluten of a grain with a moisture content of 13.4% became increasingly weak, its specific
extensibility increased, its elasticity diminished, and the wet and dry gluten contents decreased with
increasing radiation dosage. In general, the mean values for WGC in all mutated populations of 3 bread
wheat genotypes did not alter significantly despite the increased variance observed for these characters,
suggesting the incidence of plus and minus mutations with equal frequency (Oka et al., 1958). The
present results are in agreement with the findings of Ibrahim (2008), who stated the relative increase in
wet gluten depending on cultivar.

In the case of GI, there was a significant gradual increase for Bezostaja 1 and Kate A-I varieties
at My and at M» populations respectively, while all mutated populations of IBWSN4 were negative
compared to controls. In general, the mean value of irradiated populations remains unchanged, possibly
due to the symmetrical occurrence of mutations with plus and minus genotypic effects (Oka et al., 1958).
These findings are similar to the results of Anwar et al. (2015) who indicated that y-irradiation increased
in quality of gluten through gluten index from 71.22% to 79.31%, 85.11 and 93.21% for the irradiated
sample at 3, 6 and 9 kGy respectively. Ibrahim (2008) stated that the increase in mutation doses caused
decreases in gluten index values.

Regarding ZSV, the significant range was the greater positive direction in the M, and M4 mutant
populations of Bezostaja 1 and IBWSN4 and in the M3 mutant populations of Kate A-I, compared to
controls. These results are confirmed by the finding of Rahemi et al. (2018) and Dolinska et al. (2001),
who explained that Zeleny sedimentation values increased significantly in mutated populations as
compared with the control. Mansour et al. (2012) explained that increases or decreases in sedimentation
values in M, populations compared to control might differ depending on the genotype of bread wheat.

In the present study, a significant shift in quantitative mean performance was positive for PC in
M3, and M4 populations of IBWSN4 and M3 population of Kate A-I were also due to the effect of gamma
rays while remaining unchanged. Similar results were reported by Swaminathan (1972), Swaminathan
(2001), Borzouei et al. (2013), Rahemi et al. (2018). On the other hand, the mean value of irradiated
populations of Bezostaja 1 remains unchanged due to its high protein content because the high content
of proteins acts as a protective mechanism to fight the harmful effects of gamma radiation (Al-Rumaih
and Al-Rumaih, 2008).

4. Conclusion

The increases or decreases in mean performance compared to control were irregular for the
values related to the quality characteristics examined in mutant generations. When assessed together in
the M,, M3, and M4 generations, the responses of bread wheat genotypes to different mutagen
applications differ. The Bezostoja 1 was less affected than the gamma irradiation, while the IBWSN 4
genotype showed higher sensibility. This suggested that mutagen treatment was associated with the
genetic base of the genotypes. It can be generally said that although the shifts per see from the controls
for ZSV, GC, and PC were significant, while TGW, GI, and TW showed an unchanged or slightly
negative response in the M», M3, and My generations. This also indicates that it may be more appropriate
to perform selection after M4 generation for seed quality traits in mutant populations. Although the effect
of mutagen doses varies depending on the character, genotype, and mutant generation, it can be said that
the most appropriate gamma-ray doses were 300 and 200 Gy doses because of causing significant shifts
per see from the controls.
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(Hemiptera: Coccidae) is an economically important pest of stone fruits, almonds,
and ornamental Prunus species in Turkey as well as worldwide. The first-instar,
second—instar male and female, and third—instar female of plum scale are

Keywords redescribed and illustrated. We present diameters, position, distribution, and
number of pors (simple, bilocular, trilocular pores, micro—ducts, tubular ducts,

Immature stages, spiracular disc—pores), and marginal setac in all immature stages of Plum

Plum scale, Lecanium that have not been given descriptions from different authors

Prunus sp., previously. We recorded the presence of heavy rimmed pores in second—instar

Third—instar female. males and females. An identification key is provided for all instars and adult
females.

Erik Kosnili (Sphaerolecanium prunastri (Boyer de Fonscolombe) (Hemiptera:
Coccidae)’nin Biyolojik Donemlerinin Tanimlanmasi

Makale Bilgileri Oz: Kabuklubitlerde tiir teshisi genellikle ergin disi doneminde yapilmaktadir.
) Oysa bu zararlilarin miicadelesinde gen¢ nimf donemleri hedef alinmaktadir. Erik
Gelig: 01.09.2021 Kosnili, Sphaerolecanium prunastri (Boyer de Fonscolombe) (Hemiptera:

Kabul: 06.12.2021
Online Yaymnlanma: 15.12.2021
DOI: 10.29133/yyutbd.989768

Coccidae) Tiirkiye’de oldugu gibi diinyada da tas c¢ekirdekli meyve agaglari,
badem ve siis eriklerinin dnemli bir zararlisidir. Bu ¢alismada erik kosnlinin
birinci, ikinci dénem (&, Q) ve iigiincii ddnem nimfleri tanimlanmus, ve gizimleri
yapilmistir. Her donemin sahip oldugu karakterlerin biiytlikliigli, pozisyonu,
dagilimi, salgi bezleri (basit, bilocular, trilocular porlar, tiip seklindeki porlar,
Gelisme dénemi, stigma disk porlar1), viicut kenar killarinin boyutu ile sayisi tespit edilmistir. Bu
Erik kosnili, karakterler, daha onceki ¢aligmalarin verileri ile karsilagtirtlmistir. Ikinci donem
erkek ve disi nimflerdeki kalin ¢erceveli porlarin varligr ilk defa bu ¢aligmada
ortaya konmustur. Ergin disiyi de iceren tiim biyolojik donemlerinin teshis
anahtar1 da sunulmustur.

Anahtar kelimeler

Prunus sp.,
Ugilincli nimf donemi.

1. Introduction
Sphaerolecanium Sulc (Hemiptera: Coccidae) is a monotypic genus (Hodgson, 1994) and S.

prunastri (Boyer De Fonscolombe) is well known as globose scale, hemispherical plum scale, or plum
lecanium that is an economically significant stone fruit pest as well as a pest on ornamental Prunus spp.
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(Rosaceae) worldwide. Although it is most widespread in Palearctic (Kozar, 1998; Kaydan et al., 2013),
it has also been recorded in Nearctic Region (Pfeifer, 1997; Garcia et al., 2021). Besides Prunus species,
it is recorded on Amygdalus spp., Malus silvestris, Cydonia spp., Pyrus spp. (Rosaceae) and Vitis spp.
(Vitaceae) (Kosztarab and Kozar, 1988). It is a severe pest on Japanese plum, stone fruits, especially
cherry, cheery plum and almond, peach, in Armenia, Greece, Turkey and more common on ornamental
plum than fruit plum in the USA (Kosztarab, 1959; Babayan, 1986; Kosztarab and Kozar, 1988;
Ulgentiirk et al., 2001). Sphaerolecanium prunastri has an economic impact on plum production, peach
and apricot industries and ornamental plants in Turkey (Bodenheimer, 1958; Ulgentiirk and Toros, 1999;
Ulgentiirk et al., 2004; Anonymous, 2008; Ozgen and Bolu, 2009; Aksit and Apak, 2013; Cift¢i and
Bolu, 2021). It has one generation in a year and overwinters in the second nymph stage on stone fruit
trees in Turkey (Anonymous, 2008; Aksit and Apak, 2013). Sphaerolecanium prunastri is sap-feeding
on twigs and branches of their host (Kozar, 1989). Besides the direct effects of feeding by this soft scale
the production of honeydew covers the plant surface, which in turn produces sooty mold, reducing
photosynthesis which has a negative impact on fruit quality and quantity. The honeydew also might
cover the plum fruits, giving especially early plums a dirty look (local varieties Havran and Can plum),
complicate of harvest, and reducing their market value (Anonymous, 2008). Producers notice Plum
Lecanium infestations usually not before a large amount of honeydew has already been produced. At
this stage sclerotization of the female has already begun, and all tree branches are covered in honeydew,
rendering all intervention useless at this point. Early plum varieties run a high risk of containing
pesticide residue, an intervention with pesticides is therefore not appropriate. Sphaerolecanium
prunastri has many natural enemies, but they are not frequently enough to control the population of
plum lecanium (Ulgentiirk et al., 2004; Ozgen and Bolu, 2009).

Also, Didesmococcus unifasciatus  (Archangelskaya) and Rhodococcus  turanicus
(Archangelskaya) (Hemipteran: Coccidae), which are very similar appearances after maturity of a
female with plum lecanium, was recorded pests on Prunus persica in Hakkari province, Eastern Anatolia
(Kaydan and Kozar, 2010). After that Didesmococcus unifasciatus is recorded as an almond and peach
pest in Diyarbakir provinces (Bolu, 2012; Cift¢i and Bolu, 2021). For this reason, these three species,
which are pests of stone fruit trees in Eastern and Southeastern Anatolia, can be confused with each
other.

The study of immature stages of the Coccidae is in its infancy. Most of the research has been
conducted on first-instar nymphs, with little attention being paid to other immature stages (Williams
and Hodges, 1997). Although the adult female of S.prunastri was described by Boyer de Fonscombe in
1834, and subsequently redescribed by Borchsenius (1957), Kosztarab and Kozar (1988), Hodgson
(1994), and male by Giliomee (1967), immature stages of S. prunastri were described very briefly and
limited illustrations made by Silvestri (1919), Borchsenius (1957), Rehacek, (1960). After that, Ben—
Dov (1968) described the first and second instars and described and illustrated third-instar female first
time.

The aim of the study is to redescribe and illustrate first, second (male and female), and third
instar female and offer an identification key for all instars of S. prunastri and help to distinguish similar
species and timing of control strategies for this pest.

2. Material and Method

The scale crawlers emerge from the eggs between May—July and then settle on twigs where they
take feeding positions and overwinter as second—instar stage and, depending on climatic conditions, in
Ankara. Branches infected by immature stages of plum lecanium were collected every week between
the months, March and November Ankara Parks and some distinct, in 2014 and examined under a
stereomicroscope. Nymphs were put into 70% alcohol and stored in Coccidiology Laboratory at Ankara
University, Plant Protection Department. At the same time, some infested branches were kept in the
climatic room to obtain more specimens in case of some problem in progress. For a slide-mounting the
method of Kosztarab and Kozar (1988).

All characteristics of the stages are illustrated and measured. The terminologies were taken from
Hodgson (1994) was based on; B= bilocular pore; C= claw; D1= tubular duct, Type 1; D2= tubular
ducts, Type 2; H= heavy rimmed pore; I= ano—genital fold; K= anal plate; L= antenna; M= spiracular
disc—pore; N=marginal seta; P= simple pore; R= microtubular duct; S= spiracle setae; T= triloculi pore.
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3. Result and Discussion

Sphaerolecanium prunastri (Boyer De Fonscolombe);

Synonym: Eulecanium piligerum Fonscolombe; Coccus prunastri Fonscolombe; Lecanium
blanchardii Targioni and Tozzetti; Lecanium prunastri Signoret; Lecanium (Eulecanium) prunastri
Cockerell; Eulecanium prunastri Fernald; Sphaerolecanium prunastri Sulc; Eulecanium piligerum
Leonardi; Lecanium (Sphaerolecanium) prunastri Sulc (Kozar, 1998).

First—instar nymph (n=10) (Figure 1)

Material Examined: Ankara, Haymana, Golbasi, Ankara, Botanic Park, Cankaya, Prunus
domestica 16.vi.2014, Durovi¢ & Ulgentiirk (SP2/ 1 first instar nymphs); Ankara, Botanic Park,
Cankaya, Prunus domestica, 16.vi.2014, Purovi¢ & Ulgentiirk (SP1/ 2 first instar nymphs); Afyon;
Ankara, Haymana Ciftlik, Prunus avium (Rosaceae), 30.vi.2014, Anonymus (ASP1/ 3 first instar
nymphs); Ankara, Golbasi, Prunus avium, 30.vi.2014, Anonymous (ASP2/ 2 first instar nymphs)

General appearance. Body oval; colour pinkish.

Mounted material. Crawlers body oval; 400-440 pm long; 235-250 um wide.

Dorsum; derm membranous. Simple pores with the granulate surface, each 2 um wide in
submarginal and submedial longitudinal lines, extending from head apex to anal lobe, with about 10
pores in each line. Bilocular pores each 2 pm wide, about 9-11, in a longitudinal line between lines of
simple pores. Anal plates reticulated; each sub—triangular; 2540 um long, 20-30 um wide; each plate
with 1 apical setae, 300 pm long, plus 2 sub—apical setae, each 15-18 pm long and one inner setae.
Ano—genital fold with 1 pair of anterior margin and lateral margin setae, each 5-18 pm long. Anal ring
with pores and 6 setae, each setae 25-34 um long. Dorsal setae present three on the thorax, each 4-5
um long. A pair of trilocular pores, each 3 um wide, placed anterior to each basal antennal segment,
near body margin in specimens from plum threes but absent in the specimens from cherry threes.

Margin. Marginal setae long (10-13 pum), 1 pm wide, blunted on the apex, distributed in a
single line along body margin as follows: 12 between anterior stigmatic setae; 2 between each stigmatic
area; 8 between posterior stigmatic area and anal cleft. Stigmatic clefts narrow; spiracle setae are
obviously shorter than margin setae, each stigmatic area with 3 spiracle setae, medial one slightly bigger
(7-12 pm long) and 2 pm wide, rounded, lateral ones 5-8 um long well differentiated in shape from
marginal setae. The basal socket of medial spiracle setac 4-5 um and socket of lateral ones 3—5 um.
Eyes 10 pm wide close to body margin.

Venter. Derm membranous. Segmentation visible. Minute dermal spinules in rows, on medial
and submedial areas of three last segments of the abdomen, never extending to body margins. Antennae
each 6 segmented; 113—120 um long; segment III longer than other segments; setal distribution as
follows: scape with 2 or 3 thick setae, pedicel with two thick setae; segment III: 2 or 3 hairlike setae;
IV: 1 spine-like setae; V: 1 fleshy setae and 1 hairlike setae; apical segment: with 6 fleshy setae and 3
hairlike setae Clypeolabral shield 83—105 pm long, 63—78 um wide, with 1 pair of setac 12-25 pm long.
Labium 1-segmented, triangular, 35-43 pum long, 45-55 pm wide; with 4 pairs labial setae, each setae
5-12 um long. Spiracles subequal in size, each peritreme 5-8 pm wide, with spiracular disc—pores each
4 um wide, usually 5 loculi (range 3-7), 3 in a single row anterior, from spiracle to body margin,
posterior 3 or 4 in a single row.

Legs well-developed, without tibio—tarsal scleroses; setac present on all leg segments;
measurements of metathoracic leg: coxa 33-38 um, trochanter 20-25 pum half of the trochanter has
sclerotization, femur 33—40 pum, tibia 35-38 pum, tarsus 33—-38 um, claw 15—-18 um, each claw with small
denticle near tip; trochanter with oval sensory pores on each side and a pair of hairlike setae, each more
than 25-40 pm long; tarsal digitules knobbed apically, each 28-38 um long; claw digitules knobbed
apically, each 15-20 pm long; one claw digitule broader than the other. Ventral setae hairlike: 1 pair,
each 7-10 pm long, anterior to basal antennal segment near body margin; 1 pairs inter—antennal setae,
4-20 pm long; 2 longitudinal lines of submarginal setae; 1 line extending from anterior stigmatic spines
to anal lobe each setae 5—7 um long, second line from posterior stigmatic spines to anal lobe, 2—4 um
long. Three pairs of pregenital setae, longest one 12-20 pm in length. Microducts each 1-2 pm wide, 6
microtubular ducts on the abdomen in a single row and 2 more in the same row between stigmatic areas.

Comments: Borchsenius (1957) offered descriptions of adult females and the first—stage of S.
prunastri (Table 1). In the first instar, he described major characteristics such as spiracle setae, medial
one 7-8 um, and others 5-6 um long. Each stigma with 3 quinquelocular spiracular disc—pores band
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broadening near margine. Ben—Dov (1968) provides more detail about the number of marginal setae in
the first instar (Table 1). S. prunastri collected from Ankara in the first instar is similar to Ben—Dov’s
description regarding the number and distribution of spiracular disc—pores and stigmatic setae, from our
description differs in the number of marginal setae between anterior stigmatic areas; in having
microtubular ducts, rows of simple and bilocular pores and one pair of trilocular pores on dorsum. In
addition, presence of stigma disc—pores with 3 to 7 loculi. In the works of both previous authors, no
descriptions of dorsally simple, bilocular, and trilocular pores are found.

Figure 1. First—instar of Sphaerolecanium prunastri (Boyer De Fonscolombe) (original).

Second-instar male (n=5) (Figure 2)

Material Examined: Ankara, Haymana, Golbasi, Prunus domestica, 13.iii.2014, Erdogan
(SPL4/ 1 second instar (&), 1 second instar (Q)); Ankara, Haymana, Gélbasi, Prunus domestica,
13.iii.2014, Erdogan (SPL2/ 1 second instar (3)); Ankara, Haymana, Golbasi, Prunus domestica,
13.ii1.2014, Erdogan (SPL3/ three second instar (3))
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General appearance. Body elongated oval;

Mounted material. Body elongated oval; 910-1175 um long, 540—675 um wide.

Dorsum. Derm membranous. Preopercular pores are absent. Simple pores with the granulate
surface, each 1-2 um in diameter, throughout in a few numbers scattered. Bilocular pores each 2 uym
in diameter, scattered. Tubular ducts of two sizes: (i) larger ducts each with a very long outer ductule
13—15 um long, a shorter inner ductule about 8—15 pm long, cup—shaped invagination, 3—5 um wide;
and a terminal gland end, 2—4 pum wide: present in submarginal band one duct wide, with one row 32—
39; and radial posterior in the middle of the abdomen on each side 6—11; and (ii) smaller, stouter ducts,
each with outer ductule 5-8 um long, inner ductule, 5-13 um long, cup—shaped invagination, 4-5 um
wide; and with a terminal gland end, 34 um wide: present in submarginal lines of the tubular duct on
the abdomen as well in posterior radial line, between larger ducts. Anal plates each sub—triangular; 25—
45 um long, 63—73 um wide; each plate with 4 apical setae, middle one 18-23 um long, lateral ones 13—
19 um. Ano—genital fold with 2 pair of anterior margin setae 15—18 um long and lateral pair 7-10 pm
long, some specimens have two setae on lateral margin. Anal ring with pores and 6 setae, each setae 60—
80 pum long.

Margin. Marginal setae long and thin, on the top slightly curved with round apex, they are not
arranged along marginal fringe in the same line, with a big variation in length, each 15-27 pm long and
3 um wide, distributed along body margin as follows: 12 between anterior stigmatic setae; 2 between
each stigmatic area; 10—12 between posterior stigmatic area and anal cleft. Stigmatic clefts slightly
shallow; each stigmatic area with 3 spiracle setae, all subequal in shape rounded apex, medial one 7-8
um long and lateral ones 8-9 um long, well differentiated in shape from and shorter than marginal setae,
Eyes visible on mounted specimens 10—-15 pm wide.

Venter. Derm membranous, segmentation distinct; minute dermal spinules in rows, on medial
and submedial areas of the whole body, never extending to body margins with more abundant anterior
to each coxa. Antennae 7-segmented, each 155-185 pum long, segment III longer than other segments;
setal distribution as follows: scape 3 thick setae and pedicel with 2 thick setae or with one thick setae
and one spine-like; segment III: setae absent; IV: 1 spine-like seta and 1 fleshy; V: 1 spine-like seta; VI:
1 spine-like or just 1 fleshy; apical segment: with 4-5 fleshy setae and 2-3 hairlike setae. Clypeolabral
shield 145-160 pum long, 113-123 pum wide, with 1 pair of setae 23—48 um long. Labium 1-segmented,
triangular, 145—-160 um long, 113—123 pm wide; with 4 pairs of labial setae, each setae 10-33 pum long.
Spiracles, all peritremes 10—13 pm wide; spiracular disc—pores quinquelocular, 6 or 7 loculi can be seen,
each about 4 um in diameter, with 4-8 anterior, 5-9 posterior forming a double or single band from each
spiracle to body margin. Legs well-developed, without tibio—tarsal scleroses; setae present on all leg
segments; measurements of metathoracic leg: coxa 48—65 pum, trochanter 25—40 pum, femur 50—70 pm,
tibia 48—55 um, tarsus 4358 pm, claw 15-20 pum, each claw with a denticle near tip; trochanter with 2
oval sensory pores on each side and a pair of hairlike setae, each 38—58 pm long; tarsal digitules knobbed
apically, each 30-38 um long, slightly dissimilar; claw digitules knobbed apically, each 20-25 um long;
one claw digitule broader than the other. Several microducts in a submarginal band from head apex to
anal lobe and second band in the most inner part of the body through the thorax and first segment of the
abdomen, each 2-3 pm in diameter. A few number heavy rimmed pores around the venter surface, 3
pum wide.

Ventral setae hairlike: 2 pair inter—antennal setae, long pair 38—55 um long and short pair 5-13
um long. One pair of setae anterior to basal antennae segment 12—18 pm long. Setae, 8—15 pm long, in
a submarginal band extending from head to anal lobe; 7 setae 5—13 um long in a second row extending
from posterior stigmatic furrow and innermost line from posterior spiracle to anal lobe, 4-5 setae in
third submarginal lines, 3—4 pum long. One seta, 3—5 pm long, medial to each coxa. Three pairs of
pregenital setae, each 40—50 pm long.
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Figure 2. Second—instar male of Sphaerolecanium prunastri (Boyer De Fonscolombe) (original).

Comments: Ben-Dov (1968) described the second—instar male and female instar of S. prunastri
as similar in number and position of marginal setae (without giving their number and shapes), but his
description of males differs from the females as the males have tubular ducts (Table 1). For S. prunastri
second—instar male, we present in this work two types of tubular ducts and indicate their position, simple
pores, bilocular pores on dorsum, and presence of heavy rimmed pores on ventrum. These characteristics
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could help to distinguish the second stages male of Plum Lecanium from other second—instar males of
coccids. Miller & Williams (1990) have described a test for S. prunastri that sutures reduced
posterolateral and posterior transverse sutures fused to form a single transverse posterior suture.
Submarginal lines of the tubular duct on the abdomen as well as radial posterior line, between larger
ducts in our description, explain this posterior suture in the test.

Second-instar female (n=5) (Figure 3)

Examined material: Ankara, Haymana, Prunus domestica, 13.11i.2014, Erdogan (2 second
instar (9)); Ankara, Haymana, Prunus domestica, 13.iii.2014, Erdogan (SPL3/ three second instar (9))

General appearance. Body round; color brown—pinkish

Mounted material. Body round; 1225-1175 pm long, 775-850 pm wide.

Dorsum. Derm membranous. Body segmentation is not obvious as in first-instar nymph.
Preopercular pores are absent. Simple pores with the granulate surface, each 1 um wide, spread around
the whole body in small numbers. Bilocular pores each 2 um wide, spread around all body surfaces.
Anal plates triangular, 70-78 pm long, 40-48 um wide; each plate with 4 apical setae, the middle one
15-28 um long, laterals 13—15 pm long. Ano—genital fold with 2 pairs of anterior margin setae 7-30 pm
long and 1-2 pairs of lateral margin setaec 4—12 um long. Anal ring with pores and 6 setae, each 68—88
um long. Heavy rimmed pores around all body surface 3 um wide, present on dorsum and on ventrum.
Dorsally, in some specimens, trilocular pores are present on the anal lobe.

Margin. Marginal setae two types, slightly curved, some straight with rounded apex, some with
spine-like apex, each 18-23 um long and 2—-3 um wide, they are not arranged along the marginal fringe
in a line: 12 between anterior stigmatic setae; 2 between each stigmatic area; 9—13 between posterior
stigmatic area and anal cleft. Stigmatic clefts absent; each stigmatic area with 3 spiracle setae, well
different in shape than marginal setae, all with rounded apex, shorter than marginal setae, medial spiracle
setae 8—12 long with a basal socket 5 pm wide, lateral spiracle setaec 7-9 um and basal socket 4 um
wide, in most cases the medial setae is slightly longer than the lateral setae. Eyes on the mounted material
on some specimens 8—13 um wide, located on the inner part of the head, on most specimens they cannot
be seen.

Venter. Derm membranous, segmentation pronounced; the minute dermal spinules in the
middle of the abdomen never spread to the margin. Antennae 6— or 7-segmented; each 170—190 pm
long, segment III longer than other segments; setal distribution as follows: scape with 2-3 hairlike setae;
pedicel with 2 thick setae; segment III: 2 thick; IV: 1 spine-like seta; V: 1 spine-like setae or 1 spine-
like with one thick seta; apical segment: with 4 thick setae and 3 hairlike setae. Clypeolabral shield 130—
150 pm long, 120-130 pm wide with one pair of setae 25-30 um long. Labium 1-segmented, triangular,
33-65 um long, 75-95 um wide; with 4 pairs of labial setae, each setae 13—23 um long. Spiracles
subequal in size, all peritremes 10-13 pm wide; spiracular disc—pores mostly quinquelocular, and
between them 1-2 7—loculi pores, each about 4-5 pm wide, anterior with 7-10 pores forming a narrow
band, and posterior 6-9 pores. Legs well-developed, without tibio—tarsal scleroses; setae present on all
leg segments; measurements of metathoracic leg: coxa 43—65 pm, trochanter 38—40 pum, femur 50-55
um, tibia 55-58 pm, tarsus 48—53 um, claw 13—20 pum, each claw with a denticle near tip; trochanter
with 2 oval sensory pores on each side and a pair of hairlike setae, each more than 43—-58 pum long; tarsal
digitules knobbed apically, each 38—40 um long, slightly dissimilar; claw digitules knobbed apically,
each 18-25 um long; one claw digitule broader than the other.

Ventral setae: hairlike, setae anterior to basal antennal segment 13—15 pm long, 2 pairs of inter—
antennal setae, long pair 28—50 pm long and short pair 7-8 pm long. Setae, 13—18 um long, in a
submarginal longitudinal band extending from head apex to anal lobe; second row extending from
posterior metacoxa to anal lobe 13—18 um long and third innermost longitudinal line on the abdomen
submedialy with 5 setae 4-5 um long. One seta, 3—4 pm long, medial to each coxa. Three pairs of
pregenital setae, each 43—53 pm long. Microducts absent.

Comment: In this paper, on the dorsum of second—instar female of S. prumastri, many
characteristics such as simple, bilocular, heavy rimmed pores were described, and their dimensions were
given. We have determined large numbers of heavy rimmed pores on the dorsum and ventrum of the
second instar female. These pores are present only ventrally in the second instar of males. Ben—Dov
(1968) described only the number of marginal setae and spiracular disc—pores in second—instar females
(Table 1). In his description was not mentioned the presence of dark-rimmed pore on ventrum and
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dorsum of second instar of female. Small differences between the numbers of these spiracular disc-pores
can be explained by geographical occurrence and differences in host plants.

Figure 3. Second—instar female of Sphaerolecanium prunastri (Boyer De Fonscolombe) (original).

Third—instar female nymph (n=5) (Figure 4)

Material Examined: Ankara, Golbasi, Prunus domestica, 21.iii. 2014, Purovi¢ (TSP1, TSP2,
TSP4/ 3 Third instar (9); Ankara, Haymana, Prunus domestica, 21.iii. 2014, Purovi¢ (TSP3/ 2 third
instar female () (cultured material)).
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General appearance. Body round; color dark gray similar to branches.

Mounted material. Body round; 1350—1875 um long, 1000—1475 um wide.

Dorsum. Derm membranous. Preopercular pores were absent. Simple pores with a granulate
surface, each 2 um wide, spread around the whole body to a greater extent than in second—instar nymph.
Bilocular pores each 2 pm wide, spread around all body surfaces. Heavy rimmed pores 3 pm wide,
abundant and more numerous than in second—stage females and scattered all over the dorsum. Anal
plates sub—triangular, 65-143 pm long, 65-138 pm wide; each plate with apical setae, the middle one
38-45 um long, laterals 20—50 um long, and 1 inner setae. Ano—genital fold with 3 pair of setae on
anterior margin, longer pairs 33—-53 pm long, shorter pairs 20-35 um long, 1 small seta on lateral margin
5-15 pm long. Anal ring with pores and 6 setae, each 105-150 pm long.

Margin. Marginal setae slightly curved with round apex, arranged along the marginal fringe,
not in a clear line, each 28-30 um long and 3 pm wide, distributed as follows: 12—14 between anterior
stigmatic setae; 5—6 between each stigmatic area; 19—26 between posterior stigmatic area and anal cleft.
Stigmatic clefts absent, each stigmatic area with 3 spiracle setae, different in shape and shorter than
marginal setae, medial spiracle setae longer than the lateral ones, rounded on the apex, medial spiracle
setac 17-20 pm long with basal socket 5 pm wide, lateral spiracle setae 15—18 pm long and basal socket
5—6 pm wide. Eyes on the mounted material cannot be seen.

Venter. Derm membranous, segmentation obscure; minute dermal spinules on abdomen around
the vulva at the two last segments of abdomen, present on thorax but in very small density. Antennae 6—
7—segmented, each 175-245 um long, segment III longer than other segments; setal distribution as
follows: scape with 3 setae; pedicel with 2 setae; segment I1I: setae absent; IV: 1 fleshy and 1 spine-like
setae; V: 1 spine-like or 1 spine-like and fleshy; VI: 1 spine-like and 1 fleshy or if it is an apical segment
with 3—4 spine-like and 6—10 fleshy; VII: apical segment; with 7-11 fleshy setae and 4-5 hairlike setae.
Clypeolabral shield 175-200 um long, 158—180 pm wide with 1 pair of setaec 38—60 um long. Labium
l-segmented, triangular, 45-80 um long, 118—150 um wide; with 4 pairs of labial setae, each setae 15—
33 um long. Spiracles subequal in size, all peritremes 23—28 um wide; spiracular disc—pores mostly
quinquelocular or between them 1 or 2 pores with 3,4, 6,7— loculi, each about 5 um wide, anterior with
10—12 pores forming a band about 2 pores wide from each spiracle to body margin and posterior with
12—16 pores.

Legs well-developed, without tibio—tarsal scleroses; setae present on all leg segments;
measurements of metathoracic leg: coxa 75—85 pm, trochanter 35-55 pum, femur 70-85 pum, tibia 53-75
um, tarsus 55—70 um, claw 15—18 pum, each claw with a denticle near tip; trochanter with 2 oval sensory
pores on each side and a pair of hairlike setae, each more than 33—60 pum long; tarsal digitules knobbed
apically, each 30—40 pum long, slightly dissimilar; claw digitules knobbed apically, each 23-28 um long;
one claw digitule broader than the other.

Ventral setae hairlike: three pairs of inter—antennal setae, innermost long pair 50-73 um long,
middle one 8-13 pm and short pair 4-5 um long. Seta, 8—20 um long, in a submarginal band extending
from head apex to anal lobe and second submarginal line 5-9 um from anterior spiracle area to anal
lobe; third submarginal line with 5-8 pm long innermost line on the abdomen posterior from metacoxa
to anal plate. Two or three setae, medial to each coxa 3—8 pm long. One pair of pregenital setae, each
85-103 pm long, as well as one more pair setae on the next two abdominal segments above were found.
Microducts each 3 pm wide, in a single submarginal band from head apex to anal lobe, on the head 4 of
them around antennae scapulae. A pair of setae anterior to basal antenna segmsegments23 um long.
Heavy rimmed pores are more abundant, scattered all over the body on the venter, 3 um long. They are
more abundant than in second—instar nymph.

Comment: S. prunastri third-instar female was described for the first time by Ben—Dov (1968).
At the body margin, he described some marginal setae, with the same number anteriorly between the
eyespots, on each side between eyespots and anterior stigmatic area and between stigmatic areas
laterally, as for second—instar and third—instar female, but for third—instar female, number on each side
of the abdomen increases 15—18, spiracular disc—pores 15-28 in number, on ventrum submarginally,
heavy rimmed pores distributed 3—4 pore wide from each other (Table 1). This paper describes third-
instar female of S. prunastri collected in Ankara and shows some differences from Ben—Dov’s (1968)
descriptions. Spiracular disc—pores have 3, 4, 6, 7 loculi, each stigmatic area anterior with a 10—12
quinquelocular spiracular disc—pores band, each stigma area posterior with a 12—16 spiracular disc—
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pores band broadening near the margin. Heavy rimmed pores are more abundant, scattered all over the
body on venter and dorsum of a specimen from Ankara, with ventral microduct in single submarginal
and without ventral submarginal band extending around the body as described by Ben—Dov (1968).

Figure 4. Third—instar female of Sphaerolecanium prunastri (Boyer De Fonscolombe) (original).
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Key to instars and adults of Plum Lecanium;

1. Preopercular pores absent dorsally ................ e 2
— Preopercular pores present dorsally, rnultllocular dlsc—pores present on Ventrally .... adult female
2. Margine setae of one type; each anal plate with very long apical seta .................ooeeennnis 1*" instar
—Margine setae of two types; each anal plate without a very long apical seta ..........ccccevcevcercevenen. 3
3. Tubular ducts present on dorsum, heavy rimmed pore presents only ventrally .......... 2™ instar male
—Tubular ducts absent on dorsum, heavy rimmed pore present on dorsally and ventrally ................ 4
4. Number of setae between stigmatic are 2, spiracular disc—pores 7-10  ................. 2" instar female
— Number of setae between stigmatic area 5—6, spiracular disc—pores 10—12, heavy rimmed pores more
10101 0T C: 141 AR OSSO USROS 3™ instar female

Currently, S. prunastri is placed in the Eulecaniinae subfamily. This subfamily species has
characteristically 6 pairs of ventral submedian setae on adult females (Hodgson, 1994; Kozar, 1997). In
this study are detected first, second (male and female), and the third instar of S. prunastri has 3 pairs of
submedian setae. Williams and Hodges (1997) reported S. prunastri could be attributed to the Coccinae
tribe Saissetiini. According to Hodgson (1994), an adult female of S. prunastri apper to be fairly typical
Coccini, in lacking ventral tubular duct and in having pregenital disc pore with only 6 loculi, but in
having no tibio—tarsal articulatory sclerosis, dissimilar claw digitules, and spine-like marginal setae
there do appear to be linked with Eulecaniinae. Within Eulecaniinae, it is closest to Didesmococcus,
with which it shares the lack of ventral tubular duct and presence of long fine setae dorsally and large
preopercular pores. Immature stages of Didesmococcus and more Eulecaninae species should work
before resolution of a new placement for S. prunastri.
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band

Characters N, N, @ N, 4 N; @
Authors *A. C B C B C B C
Number of Between anterior - 12 10 12 10 12 10 12-14
marginal setae | stigmatic setae

Between stigmatic

area - 2 2 2 2 2 2 5-6

Between posterior

stigmatic area and - 10-11

anal cleft 8 8 9-13 10-12 15-18 19-26
Spiracular Anterior 3 7-10 4-8 10-12
disc-pores B terior 3 34 7T 69 101755 28-15 12-16
Tubular duct Submarginal - - - - + 32-39 - -

Anterior radial - - - - ? - - -

Posterior radial line - - - - 6-11 - -

?
Trilocular + + - - + - - -
pores
Bilocular pore 8-10 in + + - + - +
TOWS
+ in single + in two bands

Microduct - sub marginal - - - -

Simple pore

+ two rows

+ all around

+all around the

+ all around the

4 pore wide

- - the body - body - body
Heavy rimmed + on dorsum +ventral sub + scattered all
pore and venter +onventrum | marginal band 3- | over the body on

venter and
dorsum

*A: Borchsenius, 1957, B: Ben-Dov, 1968 and C: Durovic &Ulgentiirk
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DOI: 10.29133/yyutbd.946487 Ekstrelerin TP degerleri 37.03 mg GAE/g ile 54.04 mg GAE/g arasinda

bulunmustur. TEAC degerleri 0.100 mmol Trolox/g ile 0.158 mmol Trolox/g
Anahtar Kelimeler arasinda degismistir. FRAP aktivitesi 389.90 pmol Fe?*/g'den 791.02 pmol Fe?'/g
araliginda degisim gostermistir. Sonuglar, incelenen karakterler agisindan yonca
cesitleri arasindaki farkliliklarin istatistiksel olarak 6nemli (p < 0.01) oldugunu
gostermektedir.

Gelis: 03.06.2021

Alfalfa,

Antioksidan aktivite,
Medicago sativa L.,
Fenolik igerik,
Tohum,

Cesit.
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1. Introduction

Alfalfa (Medicago sativa L.) is among the most cultivated forage legumes in Turkey and is
generally recognized a suitable source of precious protein for animal feed (Gokkaya and Orak, 2021).
In Poland, this species can be used in folk medicine because of its pharmacological substances to treat
some diseases and strengthen immunity. Due to the valuable chemical constituents of Medicago sativa
L., which exhibit phytobiotic action, it could be used in folk medicine and phytotherapy treatments
(Gawel et al., 2017)

The Medicago genus is included the Leguminosae or Fabaceae family, that has a wide range of
speciescan be used as human food or as an excellent pasture for animal feed (Kabtni et al., 2020). Due
to the high quality of nutrient contents and its rich biological components, it has been approved as a
dietary supplement by the European Food Safety Authority (Gatouillat et al., 2014). It has been reported
that alfalfa is used as herbal medicine in traditional treatments in some countries such as Turkey, India,
and America. (Bora and Sharma, 2011). Additionally, to its high nutritional value, alfalfa has a history
of medicinal uses among conventional medicinal plants in Middle Eastern countries, in China, in
America, and in India (Krakowska et al., 2017). In recent years, alfalfa sprouts can be used as salad, and
alfalfa leaves or seeds are also sold as a nutritional supplement, as an herb, capsule, and tablet in health
food stores (Gomathi et al., 2016). Eastern countries are also used as fodder for animals and for the
treatment of different ailments (Al-Dosari, 2012). It has been reported that this plant has been used since
antic time to treat fever, swelling, kidney stones, dysuria, and to relieve fluid retention by the Chinese
people (Al-Dosari, 2012).

Seeds from the Fabaceae family have been attracted more attention for potential health benefits
because of their antioxidant activities and phenolic content. Polyphenols are bioactive components and
are produced as secondary plant metabolites in plants that deliver positive effects for humans and
animals. They exhibit various biological properties that prevent oxidative stresses and degenerative
diseases.Legumes can be used to produce and develop new functional foods due to their bioactive
phenolics.

There are some researches related to different kinds of secondary metabolites produced by
alfalfa, such as phenolic compounds, which have antioxidant activity (Rafinska et al., 2017) and play a
medicinally vital role. Therefore, alfalfa can be potentially preventer against some diseases, when it is
consumed or added to the diet. These potential medicinal and pharmacological properties of alfalfa have
been highlighted in several studies (Rafinska et al., 2017).

Studies performed on phenolic compounds in plants demonstrated that variety is one of the most
important factors contribute to differences in the quantitation of phenolic content. The aim of this study
was to comparatively analyze the total phenolic content and antioxidant activity of methanolic extract
of alfalfa seeds from fifteen varieties commonly grown in Turkey. Our literature studies show that there
is no study showing the total phenolic content and antioxidant activities in selected cultivars and
different alfalfa seed methanol extracts.

2. Materials and Methods
2.1. Plant Materials

Alfalfa (Medicago sativa L.) seeds used in this research were obtained from the Field Crops
Department, Agricultural Faculty of Namik Kemal University in Turkey in 2013. For
comparison, phenolic content and antioxidant capacity of seeds, samples of fifteen varieties
were selected which named Gea, Daisy, Derby, Kayseri, Prosementi, CA 35, Bilensoy, CA B6,
MA 114, Verko, Bacon-Geo, 2A 83, May 22, Plato, Aktas were used in experiments. Alfalfa
seeds were from harvested plants and were kept in paper bags under dry conditions at +5
°C. Lyophilized extracts were used for further antioxidant activity analysis, and freeze dried
samples were kept in freeze conditios (= 18 °C) for analyses. Preparation of extracts, total
phenolic content, and antioxidant activities analyses were carried out at the Institute of Animal
Reproduction and Food Research of the Polish Academy of Sciences in Poland between 2013—
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2016 years. Laboratory experiments were done according to a randomized complete block
design with three replications.

2.2. Preparation of Extracts

For obtaining lyophilized extract, firstly, alfalfa seeds were grounded by using a
laboratory mill. The extraction from grounded seeds was carried out with 80% methanol (v/v)
as solvent. Samples were shaken with solvent in a shaking bath (SW22, Julabo, Seelbach,
Germany), and the sample to solvent ratio was 1:10 (v/w). Extractions were repeated three
times at 70 °C for 15 min (Karama¢ et al., 2018). After filtrations, solvents were removed by
evaporation (Rotavapor R-200 (Biichi Labortechnik, Flawil, Switzerland). Lyophilisation was
done by using a freeze dryer (Lyph Lock 6 freeze-dry system, Labconco, Kansas City, MO,
USA). The yield of extract (extractable components) expressed on a dry weight basis of seed
was calculated from the following equation: Percentage extraction yield (g/100 g) = (dry extract
weight/dry starting material weight) x 100, where dry extract weight is the weight of the extract
residue obtained after solvent removal.

2.3. Total Phenolic Content (TP)

The total phenolic (TP) content of the methanolic extracts of alfalfa seed samples was analyzed
using Folin-Ciocalteu’s reagent. The absorbance values of samples were read at 725 nm (DU-7500
spectrophotometer, Beckman Instruments, Brea, CA, USA). Gallic acid was used as a standard phenolic
compound (Karamac¢ et al., 2020). The TP content of the extract was calculated as mg gallic acid
equivalents (GAE) per g.

2.4. ABTS™ scavenging activity

ABTS™ scavenging activities of alfalfa seed extracts (2,2-Azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid radical cation; ABTS™ scavenging activity) were evaluated as Trolox equivalent
antioxidant capacity (TEAC). TEAC of samples were calculated as mmol Trolox equivalents (TE) per
g of extract. The absorbance measurements of the reaction mixture with ABTS™ and seed extracts were
done at 734 nm (Re et al., 1999).

2.5. Ferric-Reducing Antioxidant Power

Ferric-reducing antioxidant power (FRAP) of alfalfa extracts was assayed according to Benzie
and Strain, (1996) method. Firstly, Fe**-TPTZ complex was produced at pH 3.6 with 300 mM acetate
buffer, mixing by 10 mM TPTZ (in 40 mM HCI and 20 mM ferric chloride, 1:1 v/v) for reaction
conditions. The reaction was conducted by mixing 75 pL extract solution, 225 pL distilled water, and
2.25 mL FRAP solution. The absorbance reading was done at 593 nm. The results were calculated as
umol Fe?* equivalents per g of the extract by using Ferrous sulphate as standard.

2.6. The 2,2-Diphenyl-1-Picrylhydrazyl (DPPH") Radical Scavenging Activity

DPPH’ scavenging activity of alfalfa seed extracts was investigated according to the method
described by Brand-Williams et al., (1995) was used. The methanolic solution of extracts was prepared
(in the range 2-10 mg/mL), and 1 mM DPPH’ solution was used for determination. The absorbance
reading was observed at 517 nm. The radical scavenging activity of alfalfa seed extracts was given as
ECsovalues. ECso values described as the mg/mL of extract needed to scavenge 50% of the DPPH’, were
calculated from the graph slope of absorbance versus extract concentration.
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2.7. Statistical analysis

Data were statistically analyzed to determine differences between alfalfa varieties. Three
independent extractions were performed for alfalfa varieties. At least three replications were conducted.
The variance analyses was performed by using the statistical package of the MSTAT-C software
program (one-way ANOVA) after the least significant difference (LSD) test. Pearson’s test was applied
to the correlation analysis of data.

3. Results
3.1. Extraction Yield and Total Phenolic Content

The extraction yield from seeds of alfalfa varieties ranged from 8.13% (Verko) to 22.37%
(Aktas) (Table 1). The TP content of alfalfa seeds varied between 37.03 mg GAE/g (Plato) to 54.04 mg
GAE/g (Prosementi) in methanol extracts (Table 1). According to results, the varieties Derby, Daisy,
and Gea were found to have high total phenolic content, and there was a significant difference between
seed TPC’s, statistically. According to the results, the varieties with the highest content had
approximately 1.43 times more total phenolic content than the lowest ones. Differences between
alfalfa seeds seem significantly important (Table 1).

Table 1. Extraction yield, the total phenolic content (TPC), and antioxidant activities of seed extracts of
alfalfa varieties

Variety Eleriiclfiion TPC TEAC FRAI; DP(PEHC?OS)SEIy
(%) (mg GAE/g) (mmol TE/g) (umol Fe“'/g) (mg/mL)
Gea 13.22 51.15£1.75*¢  0.113£0.018"  683.01+7.74  0.71x0.03%
Daisy 12.51 52.81£1.93*  0.114+0.01%"  791.02+5.88*  0.71+0.02%
Derby 15.01 52.24+£1.04™°  0.129+0.00¢  647.26+£3.49°  0.71£0.02%
Kayseri 12.37 47.41£0.13°%  0.123£0.005¢  676.87£0.46°  0.64+0.01°
Prosomenti 15.32 54.04+0.54*  0.143£0.005®  772.84+221°  0.64+0.02°
CA 35 10.02 49.08+0.25*¢  0.100+0.00" 541.71+1.32" 0.7120.04%
Bilensoy 11.30 45.50+1.07°"  0.132+£0.01>F  627.11+5.38"  0.76+0.03"
CA B6 13.97 39.39+0.78" 0.116£0.01="  605.25+7.38g  0.81%0.04°
MA114 15.69 48.19+1.69¢  0.133+0.01>°  680.30+7.19¢ 0.67+0.02%
Verko 8.13 46.26+0.55%  0.119£0.01%¢  590.47+5.42¢  0.81+0.03"
Bacon-Geo 14.03 50.44+2.55"¢  0.131£0.00°¢  597.48+3.49%  (.72+0.03c*
2A 83 13.35 38.07+1.54" 0.138+0.00" 537.40+2.85"  0.71+0.04%
May22 10.87 41.44+2.44%"  (.158+0.00° 722.69+6.19¢  0.65+0.02°
Plato 12.21 37.03+2.67" 0.135+0.01°¢  603.19+£5.62¢  0.72+0.02%
Aktas 22.37 40.57+2.098"  0.121£0.01°¢  389.90+3.63' 1.060.04,
LSD 4.219%%* 5.288%* 0.018** 15.267%* 0.050%*

Data are expressed as the mean + standard deviation (n = 3).

Values in the same column marked different letters differ significantly (p < 0.05), **p <0.01.
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3.2. The Antioxidant Activity of Alfalfa Seeds

The antioxidant potential of alfalfa seed extracts was determined with three different assays.
The ABTS™ scavenging activity of alfalfa seed extracts was reported in terms of TEAC, as shown in
Table 1. The results of the TEAC reveal that the highest antioxidant activity was determined for May
22 variety (0.158 mmol Trolox/g), and CA 35 had the lowest antiradical activity against ABTS™ (0.100
mmol Trolox/g). According to statistical evaluations, there were significant differences between
varieties (p < 0.01) (Table 1).

FRAP of seed methanol extracts ranged from 389.90 pmol Fe**/g (Aktas) to 791.02 umol Fe*'/g
(Daisy). Prosementi also had high FRAP with high TPC in samples. Differences between seed alfalfa
varieties were found to be significant (p < 0.01) statistically (Table 1).

The results of the radical scavenging activity determined by the DPPH assay showed that a
variety of Kayseri and Prosementi had the highest activity among varieties with an ECso value of 0.64
mg/mL, and radical scavenging activity of variety May 22 did not differ significantly both of them.
Otherwise, variety Aktas had the lowest DPPH" radical scavenging activity with ECso of 1.06 mg/mL.
Verko and CAB6 were found to have significantly lower activity than the other varieties (Table 1).

According to Pearson's correlation analyses, TPC of seed extracts of alfalfa varieties strongly
correlated with FRAP and DPPH" scavenging activity. The correlation between TPC and FRAP assay
(r=0.540, p < 0.01) was found higher than that of between TPC and other antioxidant activity assays
(Table 2). The highest correlation was found between FRAP and the results of the DPPH assay (r = -
0.738, p <0.01) (Table 2).

4. Discussion and Conclusion

The present study revealed that the diversity of total phenolic content in the alfalfa seed extracts
from fifteen varieties in comparison with their antioxidant activities. When the compared our results
with recent research, the extraction yield with methanol from alfalfa seeds was found higher than the
extraction yield from vetch seed which ranged from 6.15 to 9.70% (Orak, 2019) and mung bean seed
which was determined as 10.7% (Orak et al., 2018).

In recent years, legumes have attracted attention, especially in terms of their antioxidant effects
and total phenolic content. When compared alfalfa’s TPC (ranged from 37.03 to 54.04 mg/GAE g) with
widely consumed legume seeds, varieties exhibited similar content to mung bean seed (47.16 mg GA
eq/g extract; Orak et al., 2018). Asadi-Samani et al., (2018) reported that the TPC of Medicago sativa
L. from Iran was 49.796 mg GAE/g dry weight of extract, similar to our results. In comparison, the
phenolic content of alfalfa with the TPC of fifteen vetch genotypes determined by the same method,
TPC of alfalfa was higher than those vetch genotypes which was ranged between 15.46 mg GAE/g and
31.63 mg GAE/g methanol extracts. In turn, when comparing FRAP of samples, some varieties of this
legume exhibited higher activity than fifteen vetch genotypes that showed the highest activity as 0.52
mmol Fe*'/g extract for a Hungarian vetch genotype (Orak, 2019). Also, differences between varieties
were found to be significant.

Pearson's correlation analyses demonstrated that TPC of alfalfa varieties strongly correlated
with FRAP and DPPH" scavenging activity. Similar correlations were determined for vetch species by
Orak (2019).

Table 2. Correlation coefficients values (%)

TPC TEAC FRAP DPPH assay (ECso)
TPC 1 -0.197ns 0.540%* -0.316*
TEAC 1 0.241ns -0.234ns
FRAP 1 -0.738**
DPPH assay (ECso) 1

ns: not significant, *p < 0.05, **p < 0.01.
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As a result, this study demonstrated that differences between alfalfa varieties were significant
(p < 0.01) in terms of their total phenolic content and antioxidant activity, statistically. Therefore, the
phenolic content and antioxidant activity can also be a tool to use in determining which variety will
come forward to use as human food, nutritional supplement, or rich antioxidant source in meals. These
results can be evaluated for animal welfare and improving the health status of the animals by feeding
with high phenolic content forages. However, in order to identify, isolate, and characterize these
bioactive constituents from extracts and to illustrate their structure are needed to research in further
studies.
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herbed cheese production in the eastern provinces. Collection from nature is not a
sustainable way production of this species. 4. vineale can be propagated via seeds
and bulbils. It is suitable for cultivation under field and protected conditions. For

Keywords agricultural production of this species, new cultivars with improved yield and

quality traits have to be developed. In this study, an A. vineale germplasm was
Phenotypic diversity, created with the aim of developing new cultivars that can be used in herbed cheese
Sirmo, production. The accessions included in the germplasm were characterized for
UPGMA, desired traits such as adaptability to culture conditions, agronomic characteristics
UPOV, and harvest uniformity. The phenotypic diversity of 4. vineale accessions were
Wild garlic. examined using morphological descriptors derived from International Union for the

protection of New Varieties of Plants (UPOV). According to the clustering and
principal coordinate analysis (PCoA) made by evaluation of the morphological
features, the accessions were divided into two main groups based on the locations.
Germplasm accessions differ from each other for leaf waxiness and color intensity.
A. vineale can be distinguished from other Alliums present in the same area with
thin leaves, short plant height, and multiple bulbils in the flower scapes.

A. vineale'nin Morfolojik Karakterizasyonu

Makale Bilgileri Oz: Allium vineale L. yenilebilir bir yabani Allium tiiriidiir. Bu tiir Tiirkiye’ nin
) Dogu Anadolu Bolgesi’'nde yerel insanlar tarafindan dogadan toplanarak sebze
Gelis: 29.09.2021 olarak tiiketilmektedir. A. vineale bitkilerinin toprak isti organlart dogu

Kabul: 08.12.2021
Online Yaymnlanma: 15.12.2021
DOI: 10.29133/yyutbd.1002453

sehirlerinde otlu peynir iretiminde kullanilmaktadir. Dogadan toplamak bu tiiriin
iretimi i¢in siirdirilebilir bir yol degildir. 4. vineale tohumlar ve bulbiller ile
¢ogaltilabilmektedir. Arazi ve korunmus yapilar igerisinde yetistiricilige uygundur.

Anahtar Kelimeler Tarimsal tiretim ig¢in arttirilmis verim ve kalite oOzellikleri yeni ¢esitlerin

gelistirilmesine ihtiyag vardir. Bu c¢alismada, otlu peynir iiretiminde
Fenotipik gesitlilik, kullanilabilecek yeni gesitlerin gelistirilmesi amacina yonelik olarak bir 4. vineale
Sirmo, genetik havuzu olusturulmustur. Bu genetik havuzda yer alan aksesyonlar kiiltiir
UPOV, kosullarina adaptasyon, agronomik o6zellikler ve hasat uniformitesi gibi tercih
UPGMA, edilen ozellikler i¢in karakterize edilmislerdir. 4. vineale aksesyonlarinin fenotipik
Yabani sarimsak. cesitliligi International Union for the protection of New Varieties of Plants (UPOV)

tarafindan belirlenmis morfolojik tanimlamalarla degerlendirilmistir. Morfolojik
ozellikler degerlendirilerek yapilan kiimeleme ve temel koordinat (PCoA)
analizlerine gore aksesyonlar lokasyona bagl olarak iki ana guruba ayrilmistir.
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Genetik havuzdaki aksesyonlar yaprak mumsulugu ve renk yogunlugu y6niinden
birbirlerinden farklilik gostermislerdir. 4. vineale, ince yapraklari, kisa bitki boyu
ve ¢icek umbelinde bulunan fazla sayida topset ile aymi alanda bulunan diger
Allium tiirlerinden ayirt edilebilir nitelik tagimaktadir.

1. Introduction

Local plant germplasm created at various ecological regions produce genetic material for new
plant varieties and accelerate breeding studies. In this respect, the UPOV (International Union for the
Protection of New Varieties of Plants) center was established in Geneva (Switzerland) with an
international agreement in 1961 for the protection of new plant varieties in the world. The mission of
UPOV is to provide and promote an effective system of plant diversity conservation with the aim of
promoting the development of new plant varieties for the benefit of society. Descriptors for edible A//ium
species and 4. schoenoprasum L. have been applied by UPOV (2014). Many studies on the
morphological characterization of A//lium species have been carried out (Nomura and Makara, 1996;
Friesen et al., 2000; Polyzos et al., 2019; Selem et al., 2020).

Allium vineale L., a wild species with garlic-like taste, is found naturally on dry fields in Europe,
on Swedish coastlines, in the steppe-like grasslands of the Baltic islands and high-altitude wetlands with
continental climate and in the meadows in Turkey (Satyal et al., 2017). The leaves and bulbs of 4.
vineale are used as food in place of A. sativum. Native Americans use both 4. vineale and A. sativum as
a carminative, diuretic and expectorant (Satyal et al., 2017). Moreover, 4. vineale known as a weed
(Ceplitis, 2001), ornamental plant (Sansford et al., 2015) or medical agent (Stajner et al., 20006) is
collected from nature in the Eastern Anatolia region of Turkey and it is consumed widely by local people
as a spice or fresh in herbed cheese (Gtildigen and Sensoy, 2015; Giildigen and Sensoy, 2016; Eryigit et
al., 2020). Moreover, A. vineale increases the nutritional quality of herbed cheese thanks to its high
antioxidant and antimicrobial bioactive constituents and it contributes to the ripening process and
keeping the cheese fresh for a long time (Coskun and Oztiirk, 2000; Dagdelen et al, 2014; Guldigen and
Sensoy, 2016). This plant species has not been previously defined morphologically according to the
UPOV morphological traits.

In the present study, morphological characterization of 4. vineale accessions collected from
different locations within the borders of Van province was carried out according to guidelines of UPOV.
The major aim of the project was to characterize the accession collection to determine genetic diversity
and potential use in breeding programs.

2. Materials and Methods
2.1. Plant materials and growing conditions

The whole plants were collected from 10 different locations in Van province between 20 May
and 5 June in 2018. Plants with bubs were transplanted in 3-liter pots with a 2:1 mixture of peat: perlite
medium and placed in a greenhouse of Horticulture Department of Van Yuzuncu Yil University (Table
1 and Figure 1). Fertilization and irrigation were carried out according to normal cultivation practices
for garlic. Identification of the species was made during flowering period in Biology Department of Van
Yuzuncu Yil University.
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Table 1. The locations and coordinates of the 4. vineale accessions collected

Accession Locations Coordinates Altitude (m)

. . 38°27'36.12” K
- - +
L-1 Lake Kesis (Turna)-Gurpinar/VAN 43°35'07.80° D 255545

L 38°46' 26.76”’K
i, - - +
L-2 Derebey- Pirgarip village -Tusba/VAN 43° 2845 14D 2005 £5

o 38°49'29.92” K
- - =+
L-3 Akcift village-Tusba/VAN 43°3337.52° D 2390 +5

. . . 39°14'05.98” K
- - +
L-4 Sehirpazar village-Ercis/VAN 43°25'14.24”D 2245 +5

. . . 39°05'03.83” K
- - +
L-5 Altiyol village-Caldiran/VAN 43° 5852 01”D 2040 +5

. 38°50'11.11” K
- - =+
L-6 Yumruklu village-Baskale/VAN 44° 04'53 43D 2025 +£5

- . 37°52'17.93” K
- - +
L-7 Kecilioba village-Baskale/VAN 43°56'31.92” D 2290 +5

. . . 38°06'51.60” K
- +
L-8 Kirkgecit village (Norduz) Gurpinar/VAN 43°22'10.67° D 2450 £5

. 38°11'04.87” K
- — =+
L-9 Derebasi village-Catak/VAN 43°13'00.94” D 2180 +5

. . 38°24'38.86” K
- - +
L-10 Timar village-Gevas/VAN 42°49'46 13” D 2075 £5

Figure 1. Plotting of locations on the map (Google Earth).

2.2. Morphological traits measurement

The morphological characteristics of the collected accessions were determined according to
guidelines set by the International Union for Conservation of New Plant Varieties on January 24, 2014,
with the code TG/198/2 (PROIJ.4) for the A. schoenoprasum (UPOV, 2014). A total of 12 morphological
characters were examined. For morphological observations in the experiment, 10 randomly selected
plants from the accessions collected from each location were examined and scoring was made according
to the UPOV criteria. The morphological characteristics of the plants were observed for two years (2018
and 2019). The traits evaluated included plant height (PH), foliage attitude (FA), leaf curvature (LC),
leaf waxiness (LW), green color intensity of leaf (LGC), leaf length (LL), leaf diameter (LD), time of
sprouting (TS), bud shape (BSH), bud size (BS), time of beginning of flowering (TBF), flower color
(FC). Four morphological characters (PH, LL, LD, and BS) were measured during vegetative period
using a digital caliper. The leaf color parameters of the plants selected from each location were
determined in the L, a*, b*, Chroma (C*) and Hue Angle (H®) color plane with the Minolta CR-440
Optics Chroma meter. The time of sprouting was investigated when 10% of one-year-old plants show
new sprouts at the beginning of the next year after sowing. Umbel capsule (bud) shape observations
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were made when 10% of the plants have a bud and directly after bud emergence. The descriptors used
and the observed classes are presented in Table 2.

2.3. Statistical analysis

Quantitative traits were examined for normal distribution by performing a Kolmogorov—
Smirnov test. The data of morphological traits were divided into the groups (Sensoy et al., 2007). In the
cluster analysis of the morphological data obtained in the study, the Past3 (Paleontological Statistics
Version 3.20) program was used and a dendogram was performed in iTOL (Interactive tree of life) using
the obtained matrix file (iTOL, 2020). Furthermore, UPGMA (Unweighted Pair Group Method with
Arithmetic Mean) method was used for grouping the locations. Similarity matrices were created with
Principal Coordinate Analysis (PCoA) and Euclidean coefficients were assessed to determine possible
correlations between the morphological properties. All multivariate analyses were performed with IBM
SPSS Statistics version 21.0. One-way analysis of variance (One-way ANOVA) was performed for data
comparison, and Duncan multiple comparison test was used to determine the differences between groups
(Duncan, 1955).

Table 2. UPOV descriptors and classification scores

Descriptors Classes Scale Value range
Short 3 <39.93 cm
1 Plant height (PH) Medium 5 39.93-52.86 cm
Tall 7 >52.86 cm
Erect 1
2 Foliage attitude (FA) Erect to semi erect 2 \%
Semi erect 3
Absent or very weak 1
Weak 3
3 Leaf curvature (LC) Medium 5 \%
Strong 7
Very strong 9
Weak 1
4 Leaf waxiness (LW) Medium 3 \%
Strong 5
Very light 1 <7.34
Green color intensity of leaf ngh.t 2 7.34-8.58
5 (LGC) medium 3 8.58-9.82
Dark 4 9.82-11.06
Very dark 5 >11.06
Short 3 <21.17 cm
6 Leaf length (LL) Medium 5 21.17-26.24 cm
Long 7 >26.24 cm
Small 3 <2.15 mm
7 Leaf diameter (LD) Medium 5 2.15-2.85 mm
Large 7 >2.85 mm
Early 3
8 Time of sprouting (TS) Medium 5 \%
Late 7
9 Bud (Umbel capsule) shape Elhp tie !
(BSH) ound 2 \Y%
Broad ovate 3
. Small 1 <6.5 mm
10 ?QS) (Umbel capsule) size 1o jium 3 6.5-8.87 mm
Large 5 >8.87 mm
. o Early 1
Tttt B s v
& Large 5
Light pink 1
12 Flower color (FC) Pink 2 A%
Violet 3

V: Visual assessment by a single observation of a group of plants or parts of plants.

1004



YYU JAGR SCI 31 (4): 1001-1010
Cakmakeci et al. / Morphological Characterization of A. vineale

3. Results

Plant Height (PH) of a total of 100 plants, 10 from each location, were measured. The PH of the
selected plants varied from 27.0 cm to 65.8 cm, and the difference between the locations was statistically
significant at the p<0.01 level. The highest PH mean (55.32+5.47 cm) was determined in the L-8
location, and the lowest value (31.38+5.47 cm) was determined in the plants belonging to the L-4
location (Table 3). PH were grouped according to UPOV criteria, while values below 39.93 cm were
scored as short; values between 39.93-52.86 cm were scored as medium; Values above 52.86 cm were
scored as large. According to the UPOV scoring method, 65% of plants were recorded as medium (Table
5). In terms of foliage attitude (FA), 36% of the plants were erect, 46% of them were erect to semi erect
and 18% of them were semi-erect. Moreover, it has been determined that 60% of the plants were in the
weak leaf curvature class. In addition, it was observed that the plants in all locations were in the medium
waxiness (100%) group (Table 3).

Leaf length (LL) of the plants varied from 16.1 cm to 31.3 cm. The difference between locations
was statistically significant at the p<0.01 level. Plants were divided into the groups having short, medium
and long leaves specified in the UPOV criteria in terms of LL (Table 2). Values below than 21.17 cm
were as short; values between 21.17-26.24 cm were as medium; values above than 26.24 cm were scored
as long. According to this classification, 43% of the plants had short leaves; 50% of them had medium-
length leaves and 7% of them had long-leaves (Table 3).

The difference between the locations in terms of leaf diameter (LD) of the plants was found to
be significant at the p<0.01 level (Table 3). The LD of the selected 100 plants varied from 1.45 to 3.54
mm. In terms of LD, 50% of the plants had thin-leaves (Table 4).

The variation seen in bud shape (BSH) between locations was due to the fact that A. vineale can
have bulbils and flower buds. A. vineale produces bulbil and this bring about shape difference in buds.
Buds of accessions from some locations did not contain regular flower buds. These accessions produced
only bulbils in buds. Flower buds appeared in broad ovate shape. Bulbil buds were in elliptic form.

In terms of bud size (BS), the difference between locations was found to be significant (p<0.01).
The BS of a total of 100 plants selected from all locations varied from 4.13 mm to 11.24 mm. Thirty-
eight percent of the plants had small BS; 46% of them had medium BS; 16% of them had large BS.

Flower color (FC) of the plants in the locations show variation. It has been observed that while
some of the plants flowering, some plants produce only bulbils, while some umbels with flowers and
bulbils. It was noted that the flower colors of the flowering plants in all locations were light pink.

When the color parameters of the leaves (L, a*, b*, C*, H°) were evaluated, the difference
between all locations was found to be statistically significant (p<0.01) (Table 4). The brightness value
(L*) was the highest (46.25+1.03) in the plants belonging to L-1 location, and the lowest value
(36.82+1.51) was measured in the plants belonging to L-2 location. The a* value, which expresses the
green color intensity, was observed at the highest (-11.47+0.85) at L3 location, while the lowest value
(-7.27£1.11) was observed in the plants belonging to the L-5 location. It was determined that the highest
value (15.93+0.30) of the b* parameter, which shows the intensity of yellow-blue color, was in the plants
belonging to the L-3 location and the lowest value (9.94+0.08) was found in the plants belonging to the
L-5 location. The Chroma (C*) value, which expresses the saturation, was measured the highest
(19.51+0.31) in the plants belonging to the L-7 location, and the lowest (11.47+0.93) in the plants
belonging to the L-4 location. Hue value (h°) was the highest (131.2940.86) in L-10 location, and the
lowest value (124.64+1.11) was found in plants belonging to L-4 location (Table 4). While the plants
were grouped in terms of green color intensity, a* values were taken into consideration. According to
this classification, 3.3% of the green color intensity of the plants were very light; 16.7% of them were
light; 46.7% of them were medium; 23.3% of them were dark and 10% of them were very dark (Table
5).
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Table 3. Means of some morphological characteristics of 4. vineale accessions collected from different

locations
. Plant height (PH) Leaf length (LL) Leaf diameter (LD) Bud size (BS)

Accession

(cm) (cm) (mm) (mm)
L-1 46.47+5.53 bed 20.65+£2.70 b 2.47+0.18 be 6.75+0.77 be
L-2 45.16+5.64 cd 24.98+3.60 a 1.91+0.28 ef 6.86+1.04 be
L-3 48.25+7.50 be 21.48+2.86 b 2.00+0.29 de 4.72+0.39 d
L4 31.38+1.87 ¢ 21.52+1.31b 1.67+0.11 f 5.33+0.29d
L-5 46.32+2.73 bed 22.9243.06 ab 2.11+0.42 de 9.15+1.08 a
L-6 51.34+6.61 ab 20.75+2.32 b 2.50+0.43 abc 7.45+0.95b
L-7 41.34+4.47d 20.39£1.51 b 1.72+0.14 f 6.12+1.41 ¢
L-8 55.32+5.47 a 22.86+2.25 ab 2.28+0.28 cd 9.04+0.38 a
L-9 50.33£2.10 abc 21.25+1.74 b 2.73+0.39 ab 7.38+0.14 b
L-10 49.30+8.41 be 21.02+£2.06 b 2.76+0.21 a 7.57£1.31b
Avg. 46.52+8.12** 21.78+2.69%* 2.21+0.47** 7.04£1.60**

**: The difference between groups shown with different letters in the same column is significant (p<0.01).

Table 4. Leaf color parameter of A. vineale accessions collected from different locations

Accession L b C* H°

L-1 46.25+1.03 a 9.57+0.03 bed 11.61£1.06 be 15.01£0.16 bc 128.97+0.54 b
L-2 36.82+1.51d 9.47+0.03 bed 11.40+0.97 be 15.47+£0.15b 130.37+0.33 a
L-3 42.54+2.59 be 11.47+0.85 a 15.93+0.30 a 19.50+0.03 a 126.17+1.03 ¢
L-4 40.97+2.08 ¢ 10.50+0.64 ab 11.49+0.21 be 11.47£0.93 f 124.64+1.11d
L-5 46.20+1.07 a 727111 e 9.94+0.08 d 12.41£0.02 ¢ 126.73+£0.99 ¢
L-6 41.54+0.89 ¢ 9.80+0.26 be 11.57+0.51d 14.63£0.31 ¢ 130.744+0.25 a
L-7 41.38+1.18 ¢ 9.19£0.17 cd 11.63£0.34 be 19.51+0.31 a 128.51+0.14 a
L-8 44.31£1.17 ab 8.45+1.04d 10.52+0.26 d 13.51+0.07 d 128.30+0.17 b
L-9 41.20+£1.09 ¢ 9.30+0.33 bed 12.294+0.18 b 15.46+£0.10 b 126.43+0.71 b
L-10 40.62+0.50 ¢ 9.63+0.43 bed 11.13+0.92 ¢ 13.16+0.71d 131.29+0.86 a
Avg. 42.184+2.98%%* 9.46+1.21** 11.75£1.62%* 15.01£2.63** 128.2242.20%*

**: The difference between groups shown with different letters in the same column is significant (p<0.01).

Table 5. Proportional distribution of 4. vineale accessions according to UPOV descriptors (%)

No Descriptor  Distribution frequency of plants by descriptors (%)

01 PH Short (14) Medium (65) Tall (21)

02 FA Erect (36) Erect to semi erect (46) Semi erect (18)

03 LC Absent or weak (20) Weak 60) Medium (20) Strong (0)  Very strong (0)
04 LW Weak (0) Medium (100) Strong (0)

05 LGC Very light (3.3) Light (16.7) Medium (46.7) Dark (23.3) Very Dark (10)
06 LL Short (43) Medium (50) Long (7)

07 LD Small (36) Medium 00 (34) Large (30)

08 TS Early (30) Medium (30) Late (40)

09 BSH Elliptic (40) Round (0) Broad ovate (60)

010 BS Small (38) Medium (46) Large (16)

011 TBF Early (30) Medium (20) Late (50)

012 FC Light pink (100) Pink (0) Violet (0)

The cluster analysis was performed to observe the differences in terms of morphological
descriptors of plants collected from different locations; and all locations were divided into two main
groups (Figure 2). When the similarity matrices of the locations in Table 6 were examined, four locations
the farthest from each other in terms of morphological traits were L1-L7 and L7-L9 (10.724), L4-L5
(9.695) and L1-L4 (9.105). However, the most similar locations in terms of all traits were L1-L9 (0.000),
L5-L6 (3.606), L4-1.10 (4.472) locations. The similarities and distances of the locations from each other
were also clearly seen in the basic coordinate analysis (Figure 3). The plants from four locations (L-3,
L-4, L-7 and L-10) in different groups were collected from a relatively higher altitude (2075, 2290, 2245
and 2390 m) compared to other locations (Figure 3 and Table 1).
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Tree scale: 1 ————

Figure 2. UPGMA-based clustering generated from the morphological data set.
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Figure 3. Principal Coordinate Analysis of A. vineale accessions collected from different locations.
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Table 6. Similarity matrix of 4. vineale accessions collected from different locations by using Euclidean

coefficients

L-1 L-2 L-3 L-4 L-5 L-6 L-7 L-10 L-11 L-12
L-1
L-2 5.385
L-3 6.782 7.141
L-4 9.165 9.000 6.164
L-5 7.211 5.385 9.592 9.695
L-6 7,000 5.477 9.220 9.327 3.606
L-7 10.724 8.944 8.426 5.745 7.681 7.348
L-8 6.782 6.856 9.487 8.000 4.690 5.568 7.810
L-9 0,000 5.385 6.782 9.165 7.211 7.000 10.724 6.782
L-10 6.928 7.810 4.690 4.472 8.718 8.062 7.141 7.874 6.928
Ort. 5.998 6.138 6.829 7.073 6.379 6.261 7.454 6.385 5.998 6.262

4. Discussion and Conclusion

Studies on the plant morphology of A. vineale are very limited. For this reason, morphological
findings were compared with studies on other wild garlic species. When the findings were examined, it
was determined that two morphological traits [leaf waxiness (Weak) and flower color (Light pink)]
showed monomorphism. In addition, 10 morphological traits were observed to differ between locations.
Morphological differences in leaf shape and size are important for the ornamental plant potential of
plants (Stummel and Bosland, 2007). Leaf curvature may increase temporarily during flowering in most
Allium species. However, in some species (4. cernuum), the leaves are permanently curved (Choi and
Cota-Sa'nchez, 2010). As a result of our observations, it was seen that A. vineale plants had semi-erect
and weakly curved plant form. Morphological leaf characteristics can show polymorphism greatly
among Allium species and therefore can be used as a descriptive criterion among A//ium species (Aryakia
et al., 2016). It has been determined by some studies that wild Allium species show morphological
differences in terms of plant length, leaf length and leaf diameter compared to the cultivated species
(Nomura and Makara., 1996; Friesen et al., 2000; Aryakia et al., 2016).

It was observed that the degree of leaf waxiness of the accessions in the study was medium.
Leaf waxiness is a morphological feature that protects the weak leaves of plants against biotic (fungi,
bacteria, etc.) and abiotic (temperature, etc.) stresses (Subudhi and Raut, 1994; Mondal et al., 2015).
The waxiness is important for the use of A/lium species (Liu et al., 2014) and other species (Subudhi
and Raut, 1994; Mondal et al., 2015) in genetic breeding programs and evolutionary studies. In terms of
green color intensity, the majority of plants (46.7%) were in the medium color intensity class. Color
intensities of the accessions from different locations vary frequently. The variation in the color intensity
of plants has also been supported by previous studies on different plant species (De Souza et al., 2012;
Joshi et al., 2013; Tasci et al., 2019). When the results were compared with the literature (a* value), it
was found that the leaves of 4. vineale, and 4. scorodoprasum L. subsp. rotundum (L.) STEARN leaves
appear to have a darker green color intensity. In addition, the higher L* brightness value supports the
medium waxiness of A. vineale in its classification according to UPOV criteria. Variation in color
intensity among A//ium species might be an important for selection as a morphological marker in all
breeding programs (Aryakia et al., 2016). The flowering times in the ecological conditions in the area
where the study was carried out were grouped as early, med and late-flowering ones. Flowering times
of most of the accessions are classified in the late group. Flowering times of all locations were found to
be close to each other. Fritsch and Abbasi (2013) reported that flowering times in plants may differ in
nature. The fact that the flowers open at different times can be considered as a long-term flowering
period and this feature also shows that 4. vineale can be evaluated as an ornamental plant.

According to the UPOV traits, cluster analysis accessions were divided into two groups. It has
been seen in previous studies that morphological differences between and within species are
differentiated in cluster analysis (Pooler and Simon 1993; Friesen et al., 2000; Panthee et al., 2006). The
fact that the plants examined in the study were the same as species was supported by the species
identification. However, it is thought that the difference between the locations is due to the effect of
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factors such as geographical location, ecology, and harvest time. In addition, Aryakia et al. (2016) stated
that there may be morphological differences in subspecies of Allium species.

This is the first study utilizing UPOV descriptors in evaluation of wild 4. vineale germplasm in
Turkey. The morphological characterization of wild germplasm from different locations in Van province
revealed phenotypic diversity. It has been seen that the accessions in the locations were divided into two
main groups based on the morphological traits. According to the morphological measurement data
obtained, it was found that 4. vineale has a thinner leaves and shorter plant height when compared to
other edible Allium species (Nomura and Makara, 1996; Panthee et al., 2006; Ebrahimi et al., 2009).
Moreover, it is thought that the difference in flower density of plants may be affected by genetic
characteristics or environmental conditions. It was observed that accessions from some locations formed
high numbers of bulbils. This indicates that 4. vineale reproduces asexually by bulbils as well as seeds.
Finally, observations and measurements for morphological classification provides the opportunity to
detect valuable germplasm materials suitable for use in future breeding programs.
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) Dreissena polymorpha (Pallas, 1771) ve Unio pictorum (Linnaeus, 1758)
Gelig: 07.09.2021 tirlerine ait baz1 biyometrik 6zellikler ¢aligilmistir. Calisma alaninda toplanan
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bireylere ait uzunluk (mm), genislik (mm), yiikseklik (mm) verileri dijital kumpas
ile; bireylerin agirliklar1 (g) hassas terazi kullanilarak 6l¢iilmistiir. Bireylere ait
veriler sirastyla; ortalama kabuk uzunlugu 30.48+5.40 ve 61.02+7.78 mm, kabuk

Anahtar Kelimeler genisligi 14.48+2.33 ve 32.01+4.48 mm, kabuk yiiksekligi 14.72+3.02 ve

17.87+3.43 mm ve agirligt 5.19+0.94 ve 23.08+£2.90 g olarak belirlenmistir.
Biyometrik, Temel bilesenler analizine gore, her iki tiir i¢in kabuk ytiksekligi, kabuk genisligi,
Demirkdprii Baraj Goli, kabuk uzunlugu ve agirlik arasinda giiglii bir iligki oldugu belirlenmistir. Toplam
Dreissena polymorpha, varyansin U. pictorum ve D. polymorpha tiirleri igin % 97.913 ve % 94.379’luk
Unio pictorum. kismmin iki temel bilesen tarafindan agiklanmis oldugu tespit edilmistir. D.

polymorpha ve U. pictorum tirii bu ¢aligma ile Demirkoprii Baraj Golii’nden ilk
defa rapor edilmistir.

The First Record of Dreissena polymorpha (Pallas, 1771) and Unio pictorum (Linnaeus,
1758) in Demirkoprii Dam Lake and Evaluation of Some Biometric Parameters

ArticleInfo Abstract: Some biometric characteristics of Dreissena polymorpha (Pallas,
_ 1771) and Unio pictorum (Linnaeus, 1758) were studied in Demirkdprii Dam
Received: 07.09.2021 Lake, Manisa province. Measurements of individuals collected in the study area

Accepted: 13.12.2021
Online Published: 15.12.2021
DOI:10.29133/yyutbd.990771

were performed using calipers and precision balances, and weight (g), length
(mm), width (mm), height (mm) data were obtained. It was determined for D.
polymorpha and U. pictorum species as for shell length 30.48+5.40 and

Keywords 61.02+7.78 for shell length, 14.48+2.33 ve 32.01+4.48 mm for shell width,

14.7243.02 ve 17.8743.43 mm for shell height, and 5.19+0.94 ve 23.08+2.90 g g
Biometric. for weight. According to principal components analysis, there was a strong
Demirképrit Dam Lake, relationship between shell height, shell width, shell length, and weight for both
Dreissena polymorpha, species. It was shown that 97.913% and 94.379% of the total variance was
Unio pictorum. explained by the two components for U. pictorum and D. polymorpha. D.

polymorpha and U. pictorum species has been reported for the first time from the
region with this study.
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1. Giris

Manisa ili Salihli ilgesinde bulunan Demirkdprii Baraj Golii, Gediz Nehri iizerinde sulama,
enerji tiretimi ve tagkin kontrolii amaciyla 1954 - 1960 yillar arasinda insa edilmistir. Genis bir alana
(havza alan1: 6950 km?) sahip olan barajin g6l hacmi 1022 hm®’tiir (Tenekecioglu, 2011). Baraj gdlii su
biitgesini kiigiik dereler, Demirci Cayi ile temel olarak Gediz Nehri saglamaktadir (Dereli ve ark., 2018).

Tiirkiye, topografik, hidrografik ve buna bagl olarak klimatolojik gelismelerin sonucu zengin
bir flora ve faunaya sahiptir (Geldiay ve Bilgin, 1969). Bu zengin yapimin fauna unsurlarindan biri de
Mollusca subesinin 6nemli bir kismini olusturan Unionidae ve Dreissenidae sinifinda yer alan tatlisu
midyeleridir (Giirlek ve ark., 2019). Tatlisu midyeleri filtrasyon yetenekleri sayesinde su kalitesinin
iyilestirilmesinde onemli rol oynarlar (Coskun ve ark., 2019). Tatlisu midyeleri i¢inde barmdiran
Unioniformes takimi 800 tiirli igerir (Bogan, 2008; Yilmaz ve Barlas, 2016) ve Unio pictorum bu
tiirlerden biridir. U. pictorum tiiriinde kabuk konveks, uzunlamasina eliptik bir yapida olup yesilimsi
sar1 renktedir. Glochidium adi verilen larvalari, geligsimlerinin tamamlanabilmesi i¢in konak olarak
baliga ihtiya¢ duyar. U. pictorum, Rhodeus sericeus amarus tiiriniin solungaglarint konak olarak
kullanir (Demirci Demirbag, 2016).

Zebra midyeleri (Dreissena polymorpha), kiigiik tatlisu ¢ift kabuklu yumusakgalaridir (Mackie
ve ark., 1989). Kabuklarindaki cizgiler belirgindir ve ayirt edilmesinde kolaylik saglar. Biiytikliikleri
degisiklik gosterebilir (<50 mm). Bati Asya, Dogu Avrupa ile Kuzey Amerika’da dagilim
gostermektedirler. Genig cevresel toleranslarin ve morfolojik esnekliklerinden dolay1 istilact 6zellik
sergilerler. Girdikleri su kaynaklarinda hizl bir sekilde lireyerek ortamda yiiksek yogunluk ve kiitlelere
ulasarak yikici ekonomik ve c¢evresel etkileri neden olmaktadirlar. Bir iireme dongiisiinde 40.000'den
fazla ve bir yumurtlama mevsiminde bir milyona kadar yumurta birakilabilir, ddllendikten sonra 3 ila 5
giin i¢inde larvalar (veligerler) ortaya cikar ve bir aya kadar serbest yiizerler. Larvalari dagilmasi, su
akigtyla birlikte asag1 dogru ydnde ve pasiftir (Starobogatov, 1994; Olenin ve ark., 1999). Ozellikle,
suyu filtre ederek ortamdaki fitoplanktonun azalmasina neden olur. Yayilmalarmin kontrol altina
alinmas1 ve tamamen ortadan kaldirilmalar1 zordur (Kutluyer ve ark., 2013). Asint ¢ogalmalarindan
dolayi, iletim borularimi tikamalar1 sonucunda baraj ve hidroelektrik santrallere biiyiik zararlar vererek
ekonomik sorunlara neden olmaktadirlar (Akkus ve ark., 2019).

Tiirkiye, uygun evrimlesme ve yayilma merkezlerinden biri oldugu i¢in Mollusca tiirleri agisindan
zengin bir faunaya sahiptir ve glinlimiize kadar yapilan ¢aligmalar, 6nemli sucul habitatlarda, ulagimin
elverdigi belirli alanlarda yapilmistir (Yildirim, 1999). Tiirkiye’de D. polymorpha ve U. pictorum
tiirlerinin farkli su kaynaklarinda dagilimi ve etkileri (Altinayar ve ark., 2001; Bobat ve ark., 2004; Aksu
ve ark., 2007; Berber ve ark., 2018; Akkus ve ark., 2019; Gozler ve Baytasoglu, 2020), agir metal
birikimleri (Demirci Demirbag, 2016), biiyiime, kondisyon ve biyokimyasal parametreler iizerine
cevresel faktorlerin etkileri (Yalcin, 2006; Gaygusuz ve ark., 2007), et kalitesi ve kimyasal
kompozisyonu (Erdilal ve ark., 2007) ile ilgili ¢caligmalar ger¢eklestirilmistir. Bu ¢aligma Demirkoprii
Baraj Goli’nde yasayan D. polymorpha ve U. pictorum tiirlerinin baz1 biyometrik 6zelliklerini
belirlemek amaciyla yapilmistir. Bu ¢alisma Demirkdprii Baraj Golii’'nde yasayan D. polymorpha ve U.
pictorum tiirlerinin populasyonlart ile ilgili ilk bilimsel ¢alisma 6zelligi tagimaktadir.

2. Materyal ve Yontem

Calismada kullanilan D. polymorpha (n:180) ve U. pictorum (n:30) Demirkoprii Baraj Golii’'nde
3 farkli bolgeden (38.669811°N/28.374477°E, 38.652102°N/28.365190°E, 38.636297°N/28.344330°E)
(Sekil 1) Subat-Agustos 2021 tarihleri arasinda toplanmistir. Azalan yagislar sonucunda su
seviyesindeki diismelerden dolay1 bazi aylarda 6rnekleme yapilamamus ve 6lii bireylerin karaya vurdugu
gdzlenmistir.

Ornekler, 1 m su derinligine kadar olan kum ve milli bolgelerden elle, metal cerceveli kepgeler
ve kiirekler ile dip taranmasi i¢in tirmik kullanilarak toplanmis (Sekil 2) ve strafor kutularda +4°C’de
muhafaza edilerek laboratuvara getirilmistir. U. pictorum tiir teshisi Demirsoy (1999)’a gére yapilmustir,
bireylerin kabuklar1 konveks ve uzunlamasina eliptik bir yapiya sahip, kalin ¢eperli, esmer yesil renkli
ve kalin bir periostrakumla kapli, bir dorsal ligamentle tutunan ve acilip kapanabilen, kalsiyum karbonat
ve proteinden yapilmis uzunca ve esit iki pargadan olusmaktadir. Kabugun i¢ ylizeyinde ligamentler ve
kaslarin biraktig1 diagnostik izler mevceuttur. D. polymorpha tiir teshisi Bilgin (1980)’e gore yapilmistir.
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Kabuklar genellikle liggen seklinde, iizerinde kusakli desenler bulunmakla birlikte bu desen biiylik
Olciide degismekte, bu kusak ya da seritler bazen bulunmamakta, baz1 kabuklarda ise ¢cok agik ya da
koyu seritler bulunmaktadir. Biiyiikliikleri yasama yerine gore 6nemli Olgiide degisebilmektedir. D.
polymorpha tiriinde 180 ve U. pictorum tiiriinde 30 adet bireye ait biyometrik l¢iim yapilmistir. Dijital
kumpas (£0.01 mm) ile kabuk Sl¢timleri [kabuk uzunlugu (KU), kabuk yiiksekligi (KY), kabuk genisligi
(KG)] (Sekil 3), hassas terazi (£0.001 g) ile agirlik ol¢iimleri gerceklestirilmistir. Boy-agirlik
iliskilerinin hesaplanmasinda W = a X L° formiilii kullanilmistir (Avsar, 2005).

Manisa

Sekil 2. Arazi 6rneklemesi.
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Biyometrik parametreler arasindaki iliskilerin belirlenmesinde regresyon analizi ile verilerin
analizi ve islenmesinde Excel® programi kullamilmistir. Degiskenler arasindaki iligkilerin
belirlenmesinde Statgraphics Centurion V18/19 ile bir temel bilesenler analizi (Principal Component
Analysis, PCA) uygulanmistir (Everit ve Dunn, 1991). PCA'nin kullanighiligim1 dogrulamak i¢in Kaiser-
Meyer-Olkin'in 6rnekleme yeterliligi dl¢iisti (KMO) kullanilmistir. KMO, 0 ile 1 arasinda degisir ve
degiskenler birbirine ¢cok bagimliysa ve PCA faydaliysa 0.5'in {izerinde olmalidir. Ayrica, PCA'nin
kullamighligim1 dogrulamak icin Bartlett'in test 6l¢iimil uygulanmigtir. Veriler anlamliysa (p < 0.001),
PCA yararlidir ve degiskenler birbirine ¢ok baglidir.

Sekil 3. a: Uzunluk, b: Yiikseklik ¢: Genislik (Akkus ve ark., 2019).
3. Bulgular ve Tartisma

Caligmada, yagislarin azalmasi ve kuraklik nedeniyle 6rnekleme yapilan diger aylarda golde sude
¢ekilme meydana geldigi, 6zellikle Agustos ayindaki saha c¢alismasinda baraj suyunun asir1 azaldigi,
barajda suyun renginin koyu yesil-kahverengiye dondiigii, baraja su tagiyan akarsu debilerinin diistiigii
ve barajin su seviyesinin diigmesine bagl olarak, kiy1 kesimlerde ¢ok genis kuru alanlar olustugu
gozlenmistir (Sekil 4).

Demirkoprii Baraj Golii’'nden elde edilen D. polymorpha ve U. pictorum popiilasyonundaki
bireylere ait ortalama kabuk uzunlugu 30.48+5.40 (ortalama+SD) (13.00-44.00 mm) ve 61.02+7.78 mm
(43.02-77.12 mm), kabuk genisligi 14.48+2.33 (7.02-20.08 mm) ve 32.01+4.48 mm (22.04-40.11 nn),
kabuk yiiksekligi 14.72+£3.02 (8.04-24.17 mm) ve 17.87£3.43 (10.19-26.07 mm) mm ve agirhig1
5.1940.94 (2.38-7.47 g) ve 23.084+2.90 g (17.41-31.39 g) olarak belirlenmistir. Akkus ve ark. (2019)
Van Ili Sarimehmet Baraj Gélii’'nde yaptiklar1 calismada D. polymorpha tiiriinde en biiyiik kabuk
uzunlugu ve agirhik degeri 43.74 mm ve 9.85 g olarak bildirmislerdir. Bu ¢aligmada, en biiyiik kabuk
uzunlugu ve agirlik degeri 44.01 mm ve 7.47 g olarak tespit edilmistir. Demirkdprii Baraj Golii’ndeki
suda ¢ekilme midyelerin yagama ortamlarini olumsuz etkilemistir, dolayisiyla ortamda besin varligi ve
degisen su parametreleri sonucunda agirlik degerlerinin kiiciik ¢ikmasi beklenen bir durumdur (Akkus
ve ark., 2019). Yal¢in (2006) U. pictorum tiirii igin ortalama agirligi 50,37+1,89 g ve kabuk uzunlugunu
83.47+1.16 mm olarak bildirmistir. Keskinbalta (2015) Sinop ili Karasu Cay1’nda yaptiklar1 calismada
U. pictorum ortalama kabuk uzunlugu, genisligi, yiliksekligi ve agirligim sirasiyla 55.02+0.16 mm,
27.36+£0.08 mm, 18.68+0.67 mm ve 20.58+0.27 g olarak rapor etmislerdir. Bu ¢alismadan elde edilen
veriler onceki caligmalarla (Yal¢in, 2006; Keskinbalta, 2015; Akkus ve ark., 2019) benzerlik
gostermektedir.

D. polymorpha ve U. pictorum tiirlerinin bireylerine ait lineer regresyon analizi ile belirlenen boy-
agirhk iligkileri Sekil 5 ve 6’da verilmistir. Elde edilen bireylere ait kabuk uzunlugu ve toplam agirlik
arasindaki iliski D. polymorpha ve U. pictorum tiirleri igin sirastyla W= 0.173xL%* ve W=
0.5446xL"'%, korelasyon katsayisi (r) ise 0.9796 ve 0.9455 olarak hesaplanmustir. Ayrica, kabuk
uzunlugu-kabuk genisligi (ru. pictorum = 0.913; b, potymorpha = 0.694), kabuk uzunlugu-kabuk yiiksekligi (ru.
pictorum = 0.394; 1. potymorpia = 0.512), kabuk genisligi-kabuk yiiksekligi (tv. piciorum = 0.294; tb. potymorpha =
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0.485), kabuk genisligi-agirlik (tv. piciorum = 0.833; b, potymorpna = 0.719) ile kabuk yiiksekligi-agirlik (rv.
pictorum = 0.518; Tp_ potymorpia= 0.539) arasinda korelasyon tespit edilmistir. Yal¢in (2006) U. pictorum tiirii
i¢in kabuk uzunluk-agirhik iliskisini W= 0.624xL*'%"* (= 0,97), Keskinbalta (2015) ilkbahar W=
0.0001xL*°"® (= 0,98), yaz W= 0,0002xL>°** (= 0,97), sonbahar W= 0,0002xL*%** (r= 0.98), kis W=
0.0001xL>°"** (1= 0.97) olarak bildirmislerdir. Ortamin besililik degerinin gdstergesi olan ve regresyon
analizinden elde edilen “a” degeri diisiik ¢ikmstir. Onceki calismalarda, regresyon analizinden elde
edilen “b” degerinin 2.976 ile 2.962 arasinda degistigi bildirilmistir (Aban ve ark., 2017; Balcioglu ve
Goniilal, 2017). Bu ¢alismada, “b” degeri her iki tiirde, rapor edilen degerlerden diisiik ¢ikmigtir. Bunun
nedeni, Demirkoprii Baraj Golii’'ndeki su seviyesinin diismesi midyelerin yasama ortamlarini ve besin
ortamini olumsuz etkilemesi, bunun sonucunda besin zinciri bozulmasi olabilir.

Sekil 4. Demirkoprii Baraj Golii’nde suda ¢ekilme ve midyelerin karaya vurmast.

Temel bilesenler analizinin (Principal Component Analysis, PCA) kullamighligim1 dogrulamak
icin Bartlett'in testi ve KMO kullanilmistir. Temel bilesenler analizi, korelasyon matrisini 6zetlemede
faydali (KMOu. piciorum = 0.78; KMObp, poymorpha = 0.79) ve Bartlett'in test verileri anlamli oldugu
belirlenmistir (p = 0.000; p <.001). Bu nedenle, temel bilesenler analizi yararli ve degiskenler birbirleri
ile iliskili oldugu tespit edilmistir. Toplam varyansin U. pictorum ve D. polymorpha tiirleri i¢in %
97.913 ve % 94.379’luk kisminin iki temel bilesen tarafindan agiklanmig oldugu tespit edilmistir. Her
iki tiir i¢in Kabuk ytiksekligi (KY), Kabuk genisligi (KG), Kabuk uzunlugu (KU) ve Agirlik (A) arasinda
giiclii bir iliski oldugu belirlenmistir (Sekil 7).
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Sekil 7. Degiskenlere [Kabuk uzunlugu (KU), Kabuk yiiksekligi (KY) ve Kabuk genisligi (KG)] ait
temel bilesenler analizi; A) U. pictorum, B) D. polymorpha

Cizelge 1°de U. pictorum ve D. polymorpha tiirlerine ait bliylime ozellikleri i¢in dort temel
bilesene ait analiz sonuglar1 sunulmustur. Tablo 1’e gore U. pictorum ve D. polymorpha tiirleri igin
toplam varyansin yaklasik olarak % 84.468 ve % 85.076’lik boliimii ilk bilesenle, % 97.913 ve %
94.379’luk boliimii ilk iki bilesenle ve % 99.428 ve % 99.753’liik boliimii ise ilk {i¢ temel bilesenle
aciklanabilmektedir. Diger bir ifadeyle U. pictorum ve D. polymorpha tiirleri igin dort adet degiskene
ait toplam varyansin % 97.913 ve % 94.379’luk boliimii ii¢ yeni degiskene (temel bilesene)
yogunlagsmistir. Ayrica, her iki tiir i¢in 1. bilesen i¢in tiim yiikler pozitif oldugundan tek kutuplu, 2., 3.
ve 4. bilesenler ise art1 ve eksi yiikleri bulundugundan iki kutuplu olarak adlandirilmistir (Cizelge 2).
Pozitif yiikler, kutbun bir tarafinda negatif yiikler kutbun diger tarafinda yer alir.

Cizelge 1. U. pictorum ve D. polymorpha tiirlerine ait temel bilesenler analizleri sonuglar

U. pictorum
Bilesenler Oz degerler Varyans yiizdesi (%) Kiimiilatif varyans (%)
1 3.37873 84.468 84.468
2 0.537796 13.445 97.913
3 0.0605996 1.515 99.428
4 0.022878 0.572 100
D. polymorpha
1 3.40304 85.076 85.076
2 0.372102 9.303 94.379
3 0.214962 5.374 99.753
4 0.00989516 0.247 100

Cizelge 2. U. pictorum ve D. polymorpha tiirlerine ait temel bilesen ytikleri

U. pictorum
Ozellik 1. Temel bilesen 2. Temel bilesen 3. Temel bilesen 4. Temel bilesen

KU (mm) 0.532416 -0.218358 -0.18555 -0.79651
KG (mm) 0.51482 -0.36278 0.726715 0.274291
KY (mm) 0.408853 0.897921 0.162669 -0.01076

A (g) 0.533229 -0.120199 -0.64109 0.538723

D. polymorpha

KU (mm) 0.522945 -0.312556 -0.361442 0.70583
KG (mm) 0.494936 -0.16119 0.853848 -0.000834127
KY (mm) 0.455691 0.884815 -0.0971027 0.00447119

A (g 0.523367 -0.305662 -0.361766 -0.708366

4. Sonuc¢

Yapilan ¢aligma sonucunda, yagislarin azalmas1 ve kuraklik nedeniyle goldeki suda ¢ekilme
meydana geldigi ve ortamdaki bireylerde oliimlere neden oldugu belirlenmistir. Bu durum da tiirlerin
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popiilasyonlarini olumsuz etkilendigi sdylenebilir. Golde yasanan su ¢ekilmelerinden baliklar gibi aktif
olarak yer degistirebilen tiirler kismen daha az etkilenmektedir. Fakat, D. polymorpha ve U. pictorum
tiirleri sabit bir noktada yasamlarini siirdiirmelerinden dolay1 géldeki yasanan su ¢ekilmesinden ilk 6nce
bu tiirler etkilenmektedir. Baraj gdllerinde besince zengin kiy1 bolgelerinde biiyiik koloniler olusturan
D. polymorpha ve U. pictorum tiirleri baraj géllerindeki su ¢ekilmelerinin biiyiikliigiiniin anlagilmasinda
bir gosterge olarak kullanilabilirler. Yapilan biyometrik dl¢iimler bireylerdeki biiylime ve gelismenin
diisiik oldugunu gostermektedir. Goldeki suyun asir1 ¢ekilmesi, suyun asir1 1sinmasi ve kirlilik gibi
etmenler D. polymorpha ve U. pictorum bireylerin yok olmasina neden olabilir. D. polymorpha ve U.
pictorum bireyleri goldeki suyu filitre ederek beslenmeleri nedeniyle Demirkdprii Baraj Goli gibi
ekosistemlere giren asir1 besin tuzlar1 nedeniyle olusabilecek dtrofikasyonun engellenmesinde yararl
olmaktadir. Bu tiirlerin ortamdan ¢ekilmesi, goéldeki diger tiirleride olumsuz olarak etkileyecek
otrofikasyonunda hizlanmasina neden olabilir.

Yukarida belirtilen nedenler dikkate alindiginda, ekolojik 6nemi olan bu tiirler i¢cin Demirkdprii
Baraj suyu daha dikkatli kullanilmali, tiir koruma altina alinmali ve tiiriin ortamdaki durumu ile ilgili
daha genis ¢aligmalar yapilmalidir.
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Oz: Bu calismada, Mus ve Van illerinde ticari yumurta isletmelerinde yetistirilen
32 haftalik Novagen, 44 haftalik Tinted, 45 ve 58 haftalik Lohman 1rki yumurtaci
tavuklardan yumurta ornekleri ile yem Ornekleri 1’er ay ara ile 3 ay siire ile
almmustir. Yem ve yumurta sarisi 6neklerinde; toplam karoten, lutein, zeaksantin
kantaksantin, apoester, betakaroten gibi bireysel karoten ile vitamin A (retinol) ve
vitamin E igerigi HPLC ile tespit edilmistir. Bu ¢alismada yumurta saris1 roche
pigment skoru ile Minolta L*, a* ve b* degerleri itk ve donemler bazinda
belirlenmistir. Yumurta saris1 roche pigment skala sonuglar1 2. dénemde Tinted 1rki
tavuklar hari¢ genelinde Lohman irki tavuklarda; 1., 2., 3. donemde Novagen ve
Tinted k1 yumurtalarindan 6nemli Olgiide yiiksek saptanmuistir. Minolta a*
degerleri Lohman 1rki tavuklarda yumurta sarisinin Novagen irki tavuklarinin
yumurta sarilarina gére daha koyu kirmizi oldugunu gostermistir. Minolta b*
degerleri bakimidan 2. donemde irklar arasinda istatistiksel farklilik tespit
edilmezken; 1. donemde Novagen ve Tinted ki tavuklarda yumurta sarilarmin
Lohman 1rk1 tavuklarin yumurta sarilarindan 6nemli diizeyde daha sar1 olduklari
gbzlenmistir. Yumurta saris1 toplam karoten igerikleri 1. donemde en diistik Tinted
k1 yumurtalarinda saptanirken, 2. donem bir farklilik saptanmamis olup, 3.
donemde en diisiik total karoten icerigi Novagen wrki tavuk yumurtalarinda
saptanmigtir. Bu c¢alisma sonuglari marketteki her bir yumurtanin pigment ve
vitamin igeriklerinin tiiketilen yemlerin bir yansimasi olarak degisik olabilecegi
sonucuna varilmistir.
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Abstract: In this study, egg samples and feed samples were taken from 32-week-
old Novagen, 44-week-old Tinted, 45 and 58-week-old Lohman laying hens reared
in commercial egg farms in Mus and Van provinces for three months with 1-month
intervals. Total carotene, lutein, zeaxanthin canthaxanthin, apoester and beta-
carotene as an individual carotene, vitamin A (retinol) and vitamin E content of egg
yolk and feed samples were determined by HPLC. In this study, the roche scale and
Minolta L*, a * and b * values of egg yolk were determined on the base of breed
and periods. Egg yolk roche pigment scale results showed that except Tinted breed
chickens in the second period, in general Lohman breed chickens were significantly
higher in the 1st, 2nd, 3rd periods than Novagen and Tinted breeds egg yolk.
Minolta a * values showed that generally egg yolks of Lohman chickens were
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Egg Yolk. darker red than Novagen egg yolks. While, minolta b* values were not statistically
different among breeders in the second period, it has been observed that Novagen
and Tinted breed hens egg yolks were significantly yellower than Lohman hen egg
yolk in the first period, but the opposite was observed in the third period. While
egg yolk total carotene contents were found to be lowest in Tinted breed eggs in
the first period, no difference was found in the second period and the lowest total
carotene content was found in Novagen breed chicken eggs in the third period. The
results of this study concluded that the pigment and vitamin content of each egg in
the market may vary as a reflection of consumed feeds.

**Bu ¢alisma, Enes ALATAS in “Ticari yumurta tavugu rasyonlarinda saptanan renk pigmentlerinin yumurta
saris1 pigment diizeyi lizerine etkisi” isimli yiiksek lisans tezinden tretilmistir.

1. Giris

Yumurta tavukgulugu iilkemiz hayvanciligi i¢cinde oldukg¢a 6nemli bir yere sahiptir (Kaya ve
Macit, 2019). Yumurta, Tiirkiye ve diinyada insanlarin kaliteli protein ihtiyaglarinin karsilanmasinda
kullanilan hayvansal kdkenli onemli bir besindir. Tiiketicinin tercihleri dogrultusunda tiiketiciye kaliteli
yumurta sunulmalidir. Yumurta sarisinin rengi yumurta kalite parametrelerinden birisidir. Yumurta
sarisinin  rengi tiiketiciler i¢in 6nemli bir kriterdir ve tiiketicilerin satin alma davraniglarini
etkilemektedir. Birgok Avrupa Ulkesinde (Almanya, Ingiltere, italya, Fransa, Polonya) tiiketiciler ile
yapilan anket ¢aligmalarinda tiiketicilerin daha koyu yumurta sarisina sahip serbest dolasan tavuk
yumurtalarin1 market yumurtalarina tercih ettikleri ve bu yumurtalarin market yumurtalarina gére daha
besleyici ve daha dogal olduguna inandiklarina dair bildirigsler mevcuttur (Nys, 2000). Yumurta
sarisinda ve etlik pili¢ derisinde istenen sar1 rengi elde etmek amaciyla Avrupa Birligi’'nde (EU) 1970°1i
yillardan beri yem katki maddesi olarak kanatli rasyonlarinda karotenler ve ksantofiller kullanilmaktadir
(Surai, 2002; Alay ve Karadas, 2016).

Yumurtaya sar1 renk pigmentini veren karotenler dogal renk maddesi grubunda yer alip, dogada
750°den fazla bilesikten olusmaktadirlar (Surai, 2002; Kushwaha ve ark., 2014). Karotenler bioaktif
maddeler olup esas olarak bitki, mantar, bakteri ve algler tarafindan sentezlenirler (Kushwaha ve ark.,,
2014). Ayrica karotenler yagda ¢oziinen molekiiller olup, oksijen, sicaklik ve 1s18a duyarliligi olan
kimyasal bilesiklerdir (Ciapara ve ark., 2004). Evcil hayvanlar tarafindan sentezlenemeyen karotenlerin
hayvan yemlerine ilave edilerek verilmesi gerekmektedir. Hayvan biinyesinde yumurtaya ve etlik
piliclerde deriye renk vermesinin yansira; diger biyolojik ozellikleri, hayvanlarda retinoik asidin
sentezlenmesinde gorev alarak gérme pigmenti olarak rol almaktadirlar (Vershinin, 1999). Karotenlerin
bagisiklik sistemini giiclendirme, antioksidan aktivite gosterme, katarakt gibi yaslanmaya bagh
dejenaratif hastaliklar1 azaltma, antiobesite/hipolipidik o6zellikleri ile endokrin sisteminde gdrev
aldiklar da ileri siirilmektedir (Kushwaha ve ark., 2014).

Karotenoidler yalnizca algler, bakteriler, funguslar ve bitkiler tarafindan sentezlendiklerinden
(Giirbiiz ve ark., 2004), tiiketicilerin tercih ettigi koyu yumurta sarisinin saglanabilmesi i¢in yemlerdeki
pigment maddelerinin sentetik ve dogal kaynakli formlar1 1970’li yillarindan beri yem katki maddesi
olarak uygulanmaktadir. Yumurta sarisinin rengi yemlerde bulunan karoten miktaria ve bu karotenlerin
yumurtaya gecip depolanabilme 6zelligine baghidir. Yem ile tliketilen miktara baglh olarak yumurta
sarisindaki karoten miktar1 degismekle birlikte tavuklar yemlerdeki renk maddelerinin ancak % 14’iinii
yumurta sarisinda biriktirebilmektedirler. Renk maddelerinin yumurta sarisinda birikmeleri, yem
titketimi ile baslamakta ve 9-12 giin icerisinde doygunluk noktasina ulasmaktadir (Kirkpinar ve Erkek,
1999; Karadas ve ark., 2006). Ancak, son yillarda sentetik kokenli renk maddelerinin karsinojen,
teratojenik ve toksik etkilerinden otiirii hayvan yemlerinde kullanilmalar1 azalma egilimi gosterdigi
(Kushwaha ve ark., 2014) ve mikrobiyal kokenli giivenli dogal pigment kaynaklarina bir yonelme
oldugu goriilmektedir (Dufossé ve ark., 2005; Kumar ve ark., 2015).

Dogal renk maddeleri ¢ogunlukla kadife ¢igegi, alg, misir, misir gluten unu ve yonca gibi dogal
yem maddeleri ile saglanmaktadir (NRC, 1994; Leeson ve Summers, 1997). Misirda yogun olarak
bulunan zeaksantin, lutein ve betakaroten, kuru yesil yemlerde yaygin olarak bulunan lutein ve
betakaroten, kirmiz1 biberde yaygin olarak bulunan ve kirmizi pigment olarak kullanilan kapsaksantin,
marigol ¢iceginde lutein, ve domateste bulunan likopen gibi karotenler dogal karoten kaynaklar1 olarak
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kullanilmaktadirlar. Sentetik renk maddeleri ise diinyada ve iilkemizde yaygin olarak kantaksantin
(kirmiz1 pigment) ve apoester (sar1 pigment) pigmentleri kullanilmaktadir (Jeroch ve ark., 1993).
Yumurta tavugu yemlerinde kullanilan karotenoidler, ksantofiller ve oksikarotenoidler yumurta
sarisinin koyulagsmasini saglarlar (Latscha, 1990). Sar1 renk lutein-sarisi, zeaksantin-altin sarisi ve
kirmiz1 renk kantaksantin, astaksantin ve kapsorubin gibi maddelerden saglanmaktadir. Kirmizi ve sar
rengi saglayan renk maddelerinin yemde istenilen oranda bulunmasi biiyiik 6nem tagimaktadir (Jeroch
ve ark., 1999).

Koy tipi isletmelerde tavuklar gezerek gereksinim duyduklar renk maddelerini yesil otlar,
bocekler ve giibrelerden elde ederler. Ancak giinlimiizde artik koy tipi isletmeler, yerini kapali
sistemlere biraktigindan gereksinim duyulan tiim renk maddeleri yemlere katilmaktadir (Kirkpinar ve
Erkek, 1999). Ancak, yumurta tavuklari ksantofilleri sentezleyemediklerinden, istenilen renk
iiniformitesi yemdeki karotenoidlerin renklendirme kapasitesine ve stabilitesine baglhdir (Giirbiiz ve
ark., 2004).

Diinyada ve iilkemizde yumurta tavugu ve bildircin rasyonlarinda, pigment igcermeyen bugday
esasli yemlere renk pigmenti ilavesinin yumurta sarisinin pigment skoru, karoten igerigi ve yumurta
verimi lizerine etkisini belirlemek icin Jeroch ve ark. (1999), Kirkpinar ve Erkek (1999), Knoblich ve
ark. (2000), Giirbiiz ve ark. (2004), Samh ve ark. (2005), Giinal ve Bakirc1 (2006), Karadas ve ark.
(2006), Karagegili ve Karadas (2015), Alay ve Karadas (2016) tarafindan bir ¢ok deneysel caligma
yapilmasina ragmen, ticari yumurta tavugu yetistiriciligi yapilan isletmelerde iiretilen ve insan tiiketimi
icin markette satisa sunulan yumurtalarin karoten kompozisyonu ile ilgili ¢alisma yok denecek kadar
azdir.

Karagecili ve Karadas (2015) tarafindan yapilan bir ¢alismada; 33., 43. ve 53. haftalarda
Lohmann ve 48., 58. ve 68. haftalarda Hy-Line yumurta tavugu yemlerinin toplam karoten, vitamin A,
vitamin E diizeylerinin hayvan yagina gore yumurta sarisinda birikimlerinin nasil etkilendigini
aragtirmiglardir. Caligma sonunda; yumurta sarisindaki Lohmann 1rki igin sirasiyla toplam karoten
igerigi 19.93, 16.85 ve 18.14 (ug/g) (p>0.05); Hy-Line irkinda bu degerler sirasiyla 16.72, 17.00 ve
18.32 (ug/g) (P<0.05) olarak saptanmistir. Ayrica Lohmann 1rk1 yumurta sarisi toplam vitamin A igerigi
sirastyla 3.86, 4.34 ve 3.44 (ug/g) iken Hy-Line irki icin sirasiyla 7.64, 3.55 ve 3.45 (ug/g) olarak
bildirilmistir (P<0.05). Yumurta saris1 toplam vitamin E igerigi Lohmann 1rki igin sirasiyla 110.55,
111.03 ve 115.85 (ug/g) ve Hy-Line 1rki i¢in sirasiyla 99.31, 97.89 ve 110.01 (ug/g) olarak saptanmistir
(P>0.05). Aragtirma sonucunda yumurtaci tavuklarin yaslar arttikca yumurta biiyiikliigli de artmakta ve
birim hacimde biriken vitamin miktar1 azalabilecegi ancak yemler bu azalis1 telafi edecek sekilde
yeniden formiilize edildigi takdirde bu olumsuzluk giderilebilecegi vurgulanmistir.

Bu caligsmada farkl: ticari isletmelerde yetistirilen farkli irk ve yaslardaki yumurta tavuklarinin
yemlerinde ve yumurtalarindan 6rnekler alinarak, yumurta karoten ve vitamin igerikleri ile yumurtanin
Roche skala renk skorlar1 (RCF), yumurtanin Minolta renk 6l¢iim sonuglart incelenmis ve firmadan
firmaya incelenen kriterler bakimindan farklilik olup olmadigi ortaya konmustur.

2. Materyal ve Yontem
2.1. Yem ve Yumurta Materyali

Denemede kullanilan yem ve yumurta materyalleri Mus ilinde 2, Van ilinde 1 ticari yumurta
iireticisi firmadan 1’er ay ara ile 3 kez alinmstir.

Mus 1. Firma: Novagen White 1rki tavuklardan 32; 37 ve 41. haftalarda 4 -5 hafta yaklagik 1’er
ay ara ile 3 ay siiresince her defasinda siiriiyii temsilen rastgele 10’ar adet toplamda 30 adet yumurta
ornegi alinmigtir. Her dénem bu tavuklarin beslendigi yemlerden de es zamanli yem drnekleri alinmstir.

Mus 2. Firma: Tinted ki tavuklardan 44, 48 ve 52 haftalik yasta 10’ar adet toplam 30 adet
yumurta Ornegi alinmistir. Aymi sekilde bu hayvanlarin beslendigi yemlerden de yem ornekleri
almmustir,

Van Firmasi 1-1: Lohman 1rki tavuklardan birinci denemede 45, 50 ve 54. haftalik yasta 10’ar
adet toplamda 30 adet yumurta, ayni sekilde bu hayvanlarin beslendigi yemlerden de yem ornekleri
almmustir.
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Van Firmasi 1-2: Lohman irki tavuklardan birinci denemede 58., 63., ve 67. haftalik yasta 10’ar
toplam 30 adet yumurta 6rnegi alinmistir. Aymi sekilde bu hayvanlarin beslendigi yemlerden yem
ornekleri alinmstr.

2.2. Yontem
2.2.1. Deneme Plan1 ve Denemenin Yiiriitiilmesi

Denemede; yumurta kalite parametreleri, yumurta pigment skoru (RCF), Minolta a*, b* ve L*
degerleri ile yumurtalarin karoten ve vitamin igerik diizeylerinin (HPLC) belirlenmesi amaciyla, her
isletmede 3 kez ve her defada 10’ar yumurta alinarak firmalarin her biri bir grup olarak
isimlendirilmistir. Her donem toplam 4 grup kiyaslanmugtir. Orneklerin analizleri YYU Ziraat Fakiiltesi
Zootekni Boliimii Yemler ve Hayvan Besleme Anabilim Dali Laboratuvari’nda yapilmistir.

2.2.2. Yumurta Saris1 Pigmentasyonunun Belirlenmesi

Calismada yumurta sarisinin pigmentasyonunun belirlenmesinde Roche skala renk skoru (RCF)
ve Minolta kolorimetere cihazi ile iki farkl 6l¢lim metodu kullanilmisgtir.

Roche Skalasi renk Skoru (RCF): Yumurta sarisinin 6l¢iilmesinde yaygin olarak kullanilan
pratik bir 6l¢iim skalasidir. 1’den 15’e kadar farkli tonda sar1 renkleri i¢eren sar1 renk yelpazesidir.

2.2.3. Yumurta Sarisimin L* (parlakhk), a* (kirmizihk) ve b* (sarilik) Degerlerinin Olgiilmesi

L*, a* ve b* degerleri Chroma Meter, CR-400, Minolta, Osaka, Japan kolorimetre cihazi
kullanilarak tespit edilmistir. L* degeri; parlaklik olup maksimum deger ““ -100” ve minimum “0” degeri
siyah1 gostermektedir. a* degeri kirmizilig1 gosterip; (+100 = kirmizi) dan yesile (—100 = yesil) ve b*
degeri sarilik skalasi olup saridan (—100 = mavi) den sartya (100 = sar1) degerlerini gostermektedir
(Skiivan ve ark.., 2015; Faitarone ve ark., 2016). Minolta L*, a* ve b* kayitlari; Konica minolta CR-
400 cihazi ile sar1 pigment 6l¢iimleri yumurta sarisinin 3 farkli bolgesinde alian 3 okumanin ortalamasi
olarak alinmstir.

2.2.4. Yem ve Yumurtalarda HPLC ile Karoten ve Vitamin Analizleri

Yem Orneklerinin ekstraksiyonu: Her tekerriir i¢cin alinan yem Ornekleri laboratuvar drnegi
haline getirilecek sekilde dgiitiilmiistiir. 1 g laboratuvar numunesi cam tiipe konup 1.25 ml % 60 KOH
ve Pyrogallol (3 g pyrogallol 10 ml etanolde ¢ozdiiriilmiistiir) (Surai ve ark., 1996) ile sabunlastirmay1
gerceklestirmek amaciyla 30 dakika 70 °C’de su banyosunda tutulmustur, sonra sogutulup 7 ml NaCl
(% 5) ve 5 ml hekzan ilave edilerek karanlikta 30 dakika buz dolu kap icerisinde bekletilmigtir. Daha
sonra Orneklerin {lizerinde biriken hekzanda ¢o6ziinen karoten ve vitaminler evaporasyon kabina
aktarilmistir. Hekzan ilavesi iki kez tekrarlandiktan sonra, ekstraktlar 65 °C’deki evaporasyon cihazinda
nitrojen gazi altinda hekzan uzaklagtinlmistir. Altta kalan 6rnek (1:1, v/v) diklormetan ve metanolle
tekrar ¢ozdiiriiliip HPLC sistemine enjekte edilmistir.

Yumurta Srneklerinin ekstraksiyonu: 200 mg yumurta érnegine 6nce % 5 NaCl’den 0.7 ml
ardindan 1 ml etanol ilave edilmistir. Daha sonra hekzan ile homojenize edilerek (6nce 2 ml ardindan
1.8 ml hekzan) santrifiijden gecirilmis (8000 g/ 10 dakika), listte biriken hekzan iginde ¢6zlinen karoten
ve vitaminler evaporasyon kabina aktarilmistir. Daha sonra yukarda yem Orneklerinde verilenle ayni
prosediire devam edilmistir (Surai, 2000; Surai ve ark., 2001; Surai ve Sparks, 2001).

Karotenlerin HPLC ile belirlenmesi Surai ve ark. (2001) metodu kullanilmistir. Ayn ekstraktan
10 pl HPLC sistemine enjekte edilmis, Spherisorb tipi S30DS2, 5-p C18, ters faz kolon, (25 cm x 4.6
mm; Phase Separation, Clwyd, UK) asetonitril-metanol (85:15) ve asetonitril-diklormetan-metanol
(70:20:10) mobil faz1 kullanilarak deidore-detektér (DAD) ile 445 nm dalga boyunda okunmustur.
Vitamin E ve Retinol’un HPLC ile belirlenmesi: 20 pl ekstrakte edilmis 6rnek HPLC sistemine injekte
ettirilerek, 3-u C18, ters-faz kolon, (15 cm x 4.6 mm, Spherisorb ODS2, Phase Separation, Clwyd, UK)
ve mobil fazi1 olarak metanol-distile su (97:3, v/v) ve dakikada 1.05 ml akis kullanilarak; excitation 295
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nm ve emission 330 nm olan Florasans detektorii ile a- tokoferol ve retinol standardi ile kalibre edilmis
HPLC’de sonuglar belirlenmistir (Surai ve ark., 1996).

2.2.5. Karotenoidlerin Yemden Yumurtaya Gecisinin Hesaplanmasi

Karotenoidlerin gecisi asagidaki formiille hesaplanmistir (Karadas ve ark. 2006).
Yumurtadan karotenoid tiretimi (A)
x100 (1)

Yemden karetenoid iiretimi (B)

Karotenoidlerin depolanma etkinligi =

A= Yumurta sar1 agirlig1 (g) x yumurta saris1 karotenoid konsantrasyonu (pug/g) x yumurta verimi (% )
B= Yem tiiketimi (g/gilin/hayvan) x yem karotenoid konsantrasyonu (pg/g)

2.3. istatistiksek Analiz

Ele alinan ozellikler bakimimdan tanimlayici istatistikler, Ortalama + Standart hata olarak
verilmistir. Bu 6zellikler bakimindan 1rklara gore farklilik olup olmadigim belirlemek iizere, Tek Yonlii
Kovaryans Analizi (One-way ANCOVA) yapilmustir. Irklar arasi farkliliga etkili olabilecegi diigiiniilen
faktorlerden Kanath yas1 (Poultry age) kovaryet faktor olarak alinmistir. Varyete, Lokasyonu (Test sites:
Van ve Mus) kapsadigindan, Lokasyon modele dahil edilememistir. Bdylece, Donem ve Varyete faktorii
ile birlikte, Kanatli yas1 faktorii (kovaryet faktor alinarak) modele dahil edilmistir. Faktor sevilerine gore
dengeli dagilim olmadigindan, interaksiyon (etkilesim) etkisine bakilamamis ve yalnizca ana etkiler
dikkate alinarak analizler icra edilmistir. Varyans analizlerini takiben, farkli gruplari belirlemede
Duncan ¢oklu karsilastirma testi yapilmistir. Hesaplamalarda istatistik 6nemlilik (anlamlilik) diizeyi %5
olarak alinmis ve hesaplamalar i¢in SAS (ver: 9.4) istatistik paket programi kullanilmistir.

3. Bulgular

Calismada ele alinan 6zellikler i¢in modele dahil edilen faktdrlerin ana etkilerine iliskin sonuglar
Cizelge 1’de verilmistir. Cizelge 1’de goriildiigii lizere; modele kovaryet faktdr olarak dahil edilen
kanath yasmin etkisi, tim 6zellikler i¢in istatistik olarak dnemli bulunmazken, 6zelliklerin biiyiik
cogunlugunda, donem etkisi istatistik olarak onemli bulunmustur. Bu nedenle, varyete (irk)
karsilagtirmalar1 donemlerde ayri ayr1 yapilmis ve elde edilen sonuglar tablolar halinde sunulmustur.

Cizelge 1. Ozellikler i¢in Dénem, Yas ve Varyete etkileri

Etilere iligkin p degerleri

Ozellikler Donem Varyete Hafta
Yumurta agirlig 0.003 0.015 0.895
Kabuk agirlhigi 0.006 0.299 0.172
Sar1 agirligt 0.778 0.065 0.833
Ak agirlig 0.001 0.019 0.605
Sar1 agirlik 0.010 0.904 0.697
Ak agirlik 0.019 0.487 0.339
Kabuk agirlik 0.111 0.001 0.097
Roche skalas1 0.001 0.004 0.146
Minolta L 0.692 0.931 0.257
Minolta a 0.007 0.856 0.066
Minolta b 0.139 0.360 0.055
Vitamin A (retinol) 0.001 0.986 0.983
Gamatokotrienol 0.001 0.000 0.779
Alfatokotrienol 0.150 0.000 0.500
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Cizelge 1. Ozellikler i¢in Dénem, Yas ve Varyete etkileri (devam)

Etilere iligkin p degerleri

Ozellikler Donem Varyete Hafta
Deltatokoferol 0.001 0.000 0.349
Gamatokoferol 0.001 0.000 0.879
Alfatokoferol 0.001 0.000 0.581
Toplam vitamin E 0.001 0.000 0.766
Toplam karoten 0.001 0.000 0.733
Lutein 0.001 0.008 0.058
Zeaksantin 0.175 0.000 0.754
Ciszeaksantin 0.001 0.158 0.615
Kantaksantin 0.017 0.009 0.053
Tanimlanamayan karoten 0.004 0.001 0.174
Apoester 0.006 0.001 0.522
Anhidrolutein 0.001 0.001 0.180

3.1. Yumurta Sar1 Renginin Roche Skalas1 ve Minolta Cihaz ile Ol¢iim Ortalamalari

Yumurta sar1 roche skala sonuglari ve minolta cihazi (L*, a*ve b*) degerleri Cizelge 2’de
verilmistir.

Cizelge 2’de 1. donemde Roche skalasi sonuglar incelendiginde Van firmasina ait 45. haftalik
yastaki Lohman 1rki tavuklara ait yumurtalarin yumurta sar1 pigment degerlerinin en yiiksek oldugu
bunu Lohman 58 haftalik yas tavuklarinin yumurta sarilarinin takip ettikleri ve Lohman 45-58 hafta yas
yumurta tavugu Roche skalasi sonuglarinin Mus firmalan tarafindan yetistirilen Tinted k1 44. ve
Novagen 32. hafta yagtaki yumurta tavugu yumurta sarilarindan énemli 6l¢iide yiiksek oldugu (P<0.05)
saptanmisken; ayni yemle beslendiklerinden Lohman 45 ve 58. hafta yas gruplar arasinda farklilik
saptanmamistir (P>0.05). Tinted 1irk1 44 ve Novagen 32 Hafta yastaki yumurtalarin Roche skalalar
arasinda énemli diizeyde farklilik saptanmistir (P<0.05). Ikinci dénem sonuglari incelendiginde 50
haftalik yastaki Lohman irki tavuklara ait yumurta sarilarinin Roche skalast Mus ilinde yetistiriciligi
yapilan Novagen 37. Haftalik yastaki yumurta tavuklarinin yumurta saris1 Roche skalasi ile benzer
bulunmusken, diger gruplarin yumurta sarilarina gére énemli Olgiide yiliksek oranda pigment skoru
gostermistir (p<0.05). Roche skalast 3. donem sonuglart incelendiginde Van firmasi yumurtalari
(Lohman 54- 67. Hafta) Mus firmas1 (Tinted 53 ve Novagen 43) yumurtalariyla karsilastirildiginda
onemli diizeyde yiiksek Roche skala degeri gostermistir (Cizelge 2).

Roche skalasi degerleri bir biitiin olarak degerlendirildiginde yapilan dl¢iimlerde en diisiik deger
10.45 ve en yiiksek skala degeri 12.50 olarak kayit edilmistir. Avrupa ve Asya kitasindaki tiiketicilerin
tercih ettikleri yumurta sarisi RCF degerinin 10 ile 14 arasinda oldugu (Galobart ve ark., 2004)
dolayistyla elde edilen bu degerler, tiiketiciler tarafindan kabul edilebilir skala araliginda oldugu
gorlilmektedir. Bu bulgular ayrica Lokaewmanee ve ark. (2010) tarafindan 25 haftalik yasta Charoen
Pokphand 1rki yumurtaci tavuk misir soya temelli rasyonlara ilave ettikleri Marigol ¢igegi ekstrakti,
kirmiz1 biber ekstrakti ve bu ikisinin kombinasyonunu ile besledigi yumurta tavuklarinin yumurta sarist
RCF degerlerini sirasi ile 8.64; 11.47 ve 12.17 olarak bildirdigi bulgular ile de benzerlik gostermektedir.
Bu bulgular ayrica; Samli ve ark. (2005), Karadas ve ark. (2006), Macit ve ark. (2007) ve Yenice ve ark.
(2007),’nin degerleri ile paralellik gostermektedir. Yine Karagecili ve Karadas (2015) tarafindan
Lohman k1 33., 43. ve 53. hafta yastaki yumurta tavuk RCF degerleri sirasiyla 11.05, 12.35 ve 12.25
oldugu bildirilmis ve elde edilen bulgularin bu ¢alisma ile yakin benzerlik gosterdigi saptanmistir.

Minolta L* degerleri 1. donemde Mus’tan alinan 6rneklerde Van’dan alinan 6rneklerden 6nemli
olglide yliksek oldugu saptanmistir (p<0.05). Bu farkliligin 2. donemde degisim gosterdigi Van
firmalarinin yumurta drneklerinde parlakligin iyilestigi, Mus Novagen 43 firma yumurtalarinin 2.
donemde Van firmasindaki yumurtalara gore énemli dlglide diigiik parlaklik degeri gosterdikleri ve
parlakligin 3. donemde yine Van (Lohman 67) firmasindaki yumurtalarda Mus firmalarindaki
yumurtalara gore (Tinted 53 ve Novagen 41) 6nemli dlgiide daha yiiksek oldugu saptanmistir (p<0.05).

Minolta a* degerleri 1. donemde Van’dan alinan 6rneklerde (Lohman 45-48 hafta yasta) Mus
ilinden alman yumurta 6rneklerinden (Tinted 44 ve Novagen 32) 6nemli dl¢lide daha kirmizi oldugu
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saptanmistir. Bu farkliligin 2. donemde degisim gostererek Mus Novagen 37. hafta yastaki tavuk
yumurtalarinin Tinted ve Lohman 63 haftalik yastaki tavuk yumurtalarimin sarisinin kirmizihik
degerinden (a*) 6nemli 6lciide yiiksek oldugu saptanmistir (p<<0.05). 3. dénemde yine Van Lohman 54.
hafta tavuk yumurtalarinin sar1 (a*) degeri Van Lohman 67. Hafta ve Mus Novagen 41 hafta ile benzer,
ancak Mus Tinted 1rk1 yumurta sarisindan énemli 6lciide daha yiiksek deger gosterdikleri saptanmistir
(P<0.05).

Minolta b* degerleri 1. Dénemde kirmizilik degerlerinin aksine Tinted 44 yas grubu yumurta
tavuklarindan alinan 6rneklerin, Van’dan alinan 6rneklerden (Lohman 45-58 haftalik yasta) 6nemli
oOlglide daha yiiksek sar1 pigmente sahip oldugu, diger gruplar arasinda farkliligin 6nemsiz oldugu
gozlenmektedir. 2. donemde b* degeri acisindan alinan yumurta drnekleri arasinda dnemli bir farkliliga
rastlanmamistir (P>0.05). 3. donemde yine Van (Lohman 54) yumurtalarinin b* degerinin a* degeri ile
benzer sekilde Mus yumurtalarindan (Tinted 53 ve Novagen 41 haftalik yas) dnemli 6l¢lide daha yiiksek
oldugu saptanmistir (P<0.05).

Minolta degerleri bir biitiin olarak incelendiginde en diisiik L* degeri 46.60 en yiiksek L* degeri
57.40 kayit edilmis olup Lokaewmanee ve ark. (2010) tarafindan yumurtaci tavuk misir soya temelli
rasyonlara ilave ettikleri Marigol ¢icegi ekstrakti, kirmizi biber ekstrakti ve bu ikisinin
kombinasyonunun yumurta saris1 L* degeri sirastyla 45.19 Misir soya temelli kontrol rasyonu, kirmizi
biber ekstrakt1 ilave edilende 43.58, Kirmiz1 biber ekstrakti + marigold ekstrakti ilave edilen grupta ise
42.31 olarak bildirilmistir. Elde edilen bulgular kontrol grubu ile Lohman 1rki1 45. Hafta yumurta saris1
L* degeri paralellik gostermekle beraber, diger donem ve 1rklarda L* degeri bu ¢alismadan 10 birim
daha diistik ¢ikmis ve benzerlik gostermemektedir. Bu bulgularin farkliligi irk ve yas farklilig1 yani sira
yemlerin igindeki sentetik ve dogal katkilarin farkliligindan da olabilecegi sonucuna varilmistir.

Cizelge 2. Yumurta saris1 Roche skalasi ve Minolta L*, a* ve b* 6l¢lim ortalamalari ve standart hatalar

Doénem Irk Yas Roche L+ Ml:: lta b
Tinted 44 11.10£0.21°  55.83+1.16*°  5.35+0.36° 41.14£1.942
| Novagen 32 10.45+0.25¢  57.40+0.92*  5.35+0.70° 38.03+0.75%
Lohman 45 11.85¢0.13¢  46.60+£1.56>  7.37+0.20? 33.83+1.18
Lohman 58 11.4540.17®>  47.44+1.62°  7.404+0.40? 35.82+1.67°
Tinted 49 11.55¢0.16°  52.42+0.87®®  6.554+0.45¢ 37.89+1.48
) Novagen 37 12.45+0.19®  49.64+1.36>  8.74+0.44* 35.50+0.94
Lohman 50 12.50+0.16°  53.41+0.82*  8.25+0.41%® 35.56+0.89
Lohman 63 11.81+£0.37%  53.7840.53*  7.16+0.46> 38.27+0.58
Tinted 53 10.90+0.10>  50.03+1.11°  7.07+0.32° 36.18+1.04°
3 Novagen 41 10.75+0.17>  48.75£1.39>  7.61+0.55% 36.58+1.240
Lohman 54 12.30+0.200  53.71£0.94*  7.92+0.48> 40.41+0.922
Lohman 67 12.1540.300  50.79£1.212>  7.9240.49* 37.91+1.34

¢ Ayni siitundaki ve ayni dénemdeki farkl harfler istatistik olarak énemlidir (p<0.05).

3.2. Yumurta Sarisi Toplam ve Bireysel Karoten icerikleri

Alman yumurta 6rneklerinde toplam karoten igerikleri Roche skalasi ve Minolta b* degerleri ile
paralellik gosterdigi (Cizelge 3); 1. donemde toplam karoten iceriginin en yiiksek Tinted 1rki 44 haftalik
yastaki tavuk yumurtalarinda 21.20 pg/g seviyesinde bunu Lohman 45. ve Lohman 58 haftalik yasta
tavuk yumurtalarinin 19.21 ve 19.11 pg/g takip ettigi ve bu gruplar arasinda énemli bir farklilik olmadig
ancak Novagen 1rki 32 haftalik yasta tavuk yumurtalarmin toplam karoten igeriginin tiim gruplardan
onemli olciide diisiik oldugu gozlenmektedir (P<0.05).

Elde edilen bu bulgular; Karadas ve ark. (2006) tarafindan yapilan ¢aligmadaki % 2 oraninda
yonca ekstrakti ilave edilen bugday temelli rasyonlar ile beslenen bildircin yumurtalarinin toplam
karoten igeriginin 22.4 pg/g olarak olciildiigli sonug ile benzerlik gosterdigi goriilmiisken, rasyona %
0.02 oraninda marigold ekstrakt: ilave edildiginde yumurtalarin toplam karoten igeriginin 39.0 ng/g
oldugu deger ile benzerlik gostermedigi goriilmektedir. Aynmi sekilde Karagegili ve Karadag (2015)
tarafindan Lohman 1rki 33, 43 ve 53 haftalik yastaki tavuklarm yumurtalarindaki toplam karoten
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iceriginin sirastyla 19.93, 16.85 ve 18.14 ng/g oldugu bildirilmis ve elde edilen bulgularin bu ¢aligma
ile paralel oldugu goriilmektedir.

Cizelge 3. Yumurta saris1 toplam karoten igerigi (1g/g) ortalamalari ve standart hatalari

Doénem Irk (I};?‘fa) Toplam karoten miktar1 (ng/g)
Tinted 44 21.20+0.76*
| Novagen 32 12.48+0.77°
Lohman 45 19.21+1.102
Lohman 58 19.114+0.712
Tinted 49 17.95+1.61
5 Novagen 37 14.98+1.60
Lohman 50 16.77+0.35
Lohman 63 15.7240.87
Tinted 53 18.77+1.13
3 Novagen 41 16.19+0.61°
Lohman 54 22.15+2.412
Lohman 67 22.24+1.128

® Ayni siitundaki ve ayn1 donemdeki farkli harfler istatistik olarak énemlidir (p<0.05).

Ticari yumurtalarin bireysel karoten igerikleri genel olarak degerlendirildiginde iilkemizde
piyasaya siiriilen yumurtalarda minimum 3.40 ve maksimum 8.60 (ug/g) olmak iizere ortalama 5.5
(ng/g) Lutein ve minimum 4.93- maksimum 8.00 pg/g olmak iizere ortalama 6.32 pg/g oraninda
zeaksantin toplamda 11.88 oraninda dogal karoten igerdikleri goriilmektedir (Cizelge 4). Ulkemizde
yumurta tavuk yemleri genellikle Misir-Soya temelli olduklarindan dogal olarak lutein-zeaksantin
agirhikli karotenler yumurtalarda baskin olarak goriilmektedir. Sentetik karotenlerden kantaksantin ve
apoester’e baktigimizda, sar1 pigmentlerin biiyiik ¢ogunlugunun lutein ve zeaksantin gibi dogal
karotenlerden karsilandigi, ¢ok az miktarda sar1 pigment olarak apoester kullanildigi, bunun da 0.42-
0.99 pg/g’nin yumurtaya aktarildigi, kirmizi pigment olarak genellikle kantaksantin kullanildigi bunun
sonucu olarak da yumurtada 2.83-4.29 pg/g diizeyinde kantaksantin biriktigi goriilmektedir.

Cizelge 4. Yumurta saris1 bireysel karoten miktarlarinin (pg/g) ortalamalar ve standart hatalar

Donem  Irk Yas Tanimlanamayan  Lutein Zeaksantin Cis- Kantaksantin ~ Apoester Anhidro-

Karoten zeaksantin lutein

1 Tinted 44 0.32+0.01* 8.60+0.33*  7.92+0.33*  0.80+0.55 2.85+0.14° 0.42+0.03>  0.29+0.02°

1 Novagen 32 0.03+0.01°¢ 3.40+0.26°  4.93+£0.35° 0.57+0.50°  2.86+0.22° 0.68+0.06* N/A *

1 Lohman 45 0.18+0.01° 5.74+0.53°  8.00£0.39°  0.87+0.87° 3.66+0.27* 0.71£0.04*  0.04+0.01"

1 Lohman 58 0.04+0.01°¢ 8.01+0.33"  5.98+0.23°  0.93+0.79°  3.47+0.23®  0.63+0.07*  0.04+0.04’

2 Tinted 49 0.25+0.04 4.74+0.29  8.00+0.62:  0.52+0.49 3.46+0.15 0.63+0.03¢  0.35+0.03

2 Novagen 37 N/A* 5.24+0.61  4.10£0.51¢  0.56+0.07 4.09+0.48 0.99+0.122 N/A*

2 Lohman 50 N/A* 5.63+0.17  5.53+0.16>  0.58+0.03 4.16+0.15 0.86+0.042 N/A*

2 Lohman 63 N/A* 5.41+0.29  5.61+0.36°  0.58+0.06 3.444+0.19 0.6940.05% N/A*

3 Tinted 53 0.04+0.02 3.67+£0.65>  5.39+0.93  0.34+0.06 2.83+0.50 0.55+0.10 0.42+0.09

3 Novagen 41 0.06+0.03 5.43+0.69®  5.93+£0.76  0.53+0.07 3.61+0.55 0.78+0.13 0.22+0.01

3 Lohman 54 0.01+0.01 5.3040.71®  6.53£0.87  0.5740.13 4.29+0.95 0.98+0.27 0.90+0.43

3 Lohman 67 0.07+0.04 6.30+£0.782  7.97+0.99  0.62+0.10 3.59+0.47 0.64+0.09 0.31+0.17

¢ Ayni siitundaki ve donemdeki farkli harfler istatistik olarak dnemlidir (p<0.05).
"N/A: Not avaible.

3.3. Yumurta Saris1 Vitamin A ve Vitamin E icerigi

Farkli donemlerde farkli ticari yumurtaci irklarin yumurtalariin vitamin A (retinol) ve vitamin
E icerikleri Cizelge 5°te verilmistir.

Cizelge 5 incelendiginde goriilecegi gibi vitamin A (retinol) igerigi bakimindan 1. dénemde
Tinted 44. hafta yastaki yumurtalarin haricinde yas ve irklar bakimindan farklilik saptanmamistir
(P>0.05).

Yumurtalarin 1. donemde Vitamin E icerigi sadece Novagen 32 haftalik yumurtalarda énemli
diizeyde diisiik kalmis ve diger gruplardaki yumurtalar arasinda farklilik saptanmamustir. Ikinci
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donemde vitamin E igeriginin sirasiyla 97.69>73.94>72.67>31.99 ng/g oldugu ve en yiiksek deger
Tinted k1 yumurtalarda goriiliirken bunu Lohman 50 ve Lohman 63. haftalik yastaki tavuklara ait
yumurtalar izlemistir. En diisiik vitamin E igerigi ise Novagen 1rki 37 haftalik yastaki tavuklardan elde
edilen yumurtalarda saptanmistir (P<0.05). Ugiincii dSnemde ise Lohman 54 ve 67. Hafta yumurtalarda
diger yumurtalardan 6nemli dl¢ilide yiiksek oldugu goriilmektedir (P<0.05).

Bu ¢aligmada vitamin A (Retinol) icerikleri genel olarak degerlendirildiginde yumurtalarin
retinol igeriklerinin 3-5 pg/g oldugu ve bu sonuglarinin 33. hafta Lohman ticari yumurta sonuglari olan
3.96 ng/g ve 53. Hafta 5.23 pg/g sonuglar ile tam bir paralellik gosterdigi (Karagegili ve Karadag 2015)
goriilmektedir.

Vitamin E sonuglar genel olarak degerlendirildiginde; yine retinol sonuglari gibi Lohman 45-
58. Hafta sonuglar1 82-83 pg/g sonuglar1 daha dnce yapilan Lohman 33-43. Hafta sonuglan ile (85-87
ug/g) ile biiyiikk bir benzerlik gosterdigi ayni sekilde Lohman 54-67 hafta yumurtalarinin vitamin E
icerigi 153-145 ng/g daha dnce Karagegili ve Karadag (2015) tarafindan yapilan caligmada bildirilen 53.
hafta Lohman yumurtalarinin vitamin E icerigi olan 140.68 degeri ile paralel sonuglar elde edilmistir.

Cizelge 5. Yumurta Saris1 Vitamin A ve Vitamin E pg/g icerigi

Yas Vitamin A

Do6nem Irk (Hafta) (Retinol) Vitamin E
1 Tinted 44 4.06+0.222 74.46+2.712
1 Novagen 32 3.31+0.1° 23.95+1.84b
1 Lohman 45 3.04+0.220 82.88+4.08
1 Lohman 58 3.27+0.220 83.86+3.592
2 Tinted 49 3.62+0.30 97.69+4.482
2 Novagen 37 3.60+0.49 31.99+3.47¢
2 Lohman 50 3.78+0.16 72.67+£3.21°
2 Lohman 63 3.37+0.19 73.94+3.93b
3 Tinted 53 4.08+0.24 74.65+3.66°
3 Novagen 41 5.02+0.67 81.00+9.85°
3 Lohman 54 5.05+0.18 153.04+8.192
3 Lohman 67 5.25+0.19 145.394+5.272

¢ Ayni siitundaki ve donemdeki farkli harfler istatistik olarak dnemlidir (p<0.05).
3.4. Yemlerin Toplam ve Bireysel Karoten Icerikleri

Yemlerdeki toplam karoten ortalamalar1 ve standart hatalar1 Cizelge 6’da verilmistir . Birinci
donem yemlerde en yiiksek toplam karoten icerigi Van’da yetistirilen Lohman 1rk1 yumurtaci tavuklarin

yemlerinde saptanmigtir (p<0.05).

Cizelge 6. Yemlerdeki toplam karoten miktarlarinin (pg/g) ortalamalari ve standart hatalar

Donem Yem Toplam Karoten (ng/g)
1 Tinted 44 12.28+0.75°
1 Novagen 32 9.87+0.25¢
1 Lohman 45 15.28+0.222
1 Lohman 58 15.28+0.22%
2 Tinted 49 13.62+2.32
2 Novagen 37 10.24+2.64
2 Lohman 50 8.89+0.48
2 Lohman 63 11.90+0.52
3 Tinted 53 11.54+0.24*
3 Novagen 41 8.92+0.57°
3 Lohman 54 11.86+0.522
3 Lohman 67 11.90+0.522

® Ayni siitundaki ve dénemdeki farkli harfler istatistik olarak nemlidir (p<0.05).
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Ticari yumurta tavuklar1 yemlerinde kullanilan yemlerin toplam karoten icerigi donemlere gore
incelendiginde Novagen 32 hafta tavuk yemlerinin diger yemlere gore 6nemli diizeyde diisiik oranda
karoten igerdigi; 2. Dénemde bunun iyilestirildigi (P>0.05), ancak son déonemde ayni1 durumun tekrar
gozlendigi (P<0.05) saptanmistir. Yemlerin toplam karoten icerigi ile ilgili elde edilen bulgular
Karagegili ve Karadas (2015) tarafindan ticari Lohman yumurtaci tavuk irklarinin 33., 43. ve 53. hafta
yemlerinde 5.37, 7.50, 9.36 pg/g ile Hy-line yumurtaci tavuk 1rki 48., 58. ve 68. hafta yemlerinde,
toplam karoten miktar1 5.39, 6.56, ve 9.85 ng/g olarak bildirilen ¢aligma sonuglardan bir miktar yiiksek
olmakla beraber paralellik gostermektedir.

Yemlerin bireysel karoten miktarlan Cizelge 7°de verilmistir. Cizelge 7 incelendiginde de
goriildiigli gibi yemlerde tanimlanamayan karoten haricinde lutein, zeaksantin, kantaksantin, apoester
ve B-karoten olmak iizere 5 bilinen bireysel karoten tespit edilmistir. Yumurtada bu karotenlerin “p
Karoten” harig, hepsi tespit edilmistir. B-karoten provitamin A olmasi nedeniyle muhtemelen tavuk
metabolizmasinda A vitaminine doniistiiglinden yumurtada saptanamamaistir.

Her 3 donem yemleri dogal ve sentetik karotenler agisindan incelendiginde 8-15 ng/g toplam
karotenin biiylik ¢ogunlugu 8-11 pg/g karotenin dogal karotenler (lutein + zeaksantin) ve sadece 2-3
ug/g’nin sentetik apoester + kantaksantin karoten igerdigi gdzlenmektedir.

Avrupa Birligi tarafindan kanatli ve balik yemlerinde renk pigmentlerinin kullanim
70/524/EEC as E-161g yonetmelik ile denetim altina alinmistir. Bu yonetmelik kapsaminda sentetik
kirmiz1 ve sar1 renk pigmentlerinin 0- 8 mg/kg toplamlarinin da 10-15 mg/kg miktarlarinda yemlere
ilave edilebilecegi belirtilmistir (EFSA, 2014).

Bu calismada sentetik sar1 ve kirmizi pigmentlerin yemlerdeki seviyelerinin (2-3 pg/g) oldukca
diisiik diizeyde oldugu ve yemdeki karotenlerin % 70-80’nin dogal karoten igerdigi bununda karma
yemlerin misir temelli olmasindan kaynaklandigi bu ¢alisma ile bir kez daha dogrulanmaigstir.

Novagen tavuklarinin beslendigi yemlerde bulunan luteinin % 20.63’ii, zeaksantinin % 16.45°1,
kantaksantinin % 49.30’u, apoesterin % 6.83’ii yumurtada depolanmustir. Tinted tavuklarinin beslendigi
yemlerde bulunan luteinin % 11.79’u, zeaksantinin % 49.10’u, kantaksantinin % 65.38’1, apoesterin %
16.90’1 yumurtada depolanmigtir. Lohman (45-50-54 haftalik yas) tavuklarinin beslendigi yemlerde
bulunan luteinin % 17.97’si, zeaksantinin % 17.00’1, kantaksantinin % 61.67’si, apoesterin % 10.41°1
yumurtada depolanmistir. Lohman (58-63-67 haftalik yas) tavuklarmin beslendigi yemlerde bulunan
luteinin % 25.64°1, zeaksantinin % 20.23’1i, kantaksantinin % 66.29’u, apoesterin % 9.81°1 yumurtada
depolanmustir.

Cizelge 7. Yemlerin bireysel karoten miktarlarinin ortalamalar1 ve standart hatalar (ug/g)

Tammlanamaya Kantaksanti

Doénem Irklar Lutein  Zeaksantin Apoester B Karoten
n karoten n
1 Tinted44 0.31+0.07 3.82+0.29° 5.88+0.30* 0.84+0.06°*  1.07+0.10° 0.35+0.03
1 Novagen32 0.21+0.01 6.14+0.23* 1.61+£0.12° 0.81+0.08°  0.72+0.15° 0.37+0.05
1 Lohman45-58  0.39+0.02 6.38+0.20° 5.2440.17° 1.26+0.03*  1.58+0.18? 0.37+0.03
2 Tinted49 0.34£0.06  4.23+0.72®® 6.54+1.11°  0.94+016 1.19+0.20 0.39+0.07
2 Novagen37 0.36+0.01 6.36+1.64* 1.67+£0.42° 0.84+0.22 0.75+0.20 0.38+0.10
2 Lohman50 0.30+0.01 3.70+0.16% 5.72+0.25®  0.82+0.04 1.04+0.05 0.34+0.01
2 Lohman 63 0.44+0.01 2.74+0.17° 4.24+0.27°  0.61+0.04 0.77+0.05 0.26+0.02
3 Tinted53 0.35£0.07  4.41+0.83% 6.82+1.28* 0.98+0.18*  1.24+0.23? 0.41+0.08*
3 Novagen4l 0.21+0.03 5.54+0.36° 1.45+£0.09° 0.74+£0.05®  0.65+0.04° 0.33+0.02%®
3 Lohman54 0.30+0.01 3.70£0.16% 5.7240.25® 0.82+£0.04®®  1.04+0.05®  0.34+0.01%
3 Lohman67 0.22+0.02 2.2440.27° 4.2440.27° 0.61+£0.04°  0.77+0.05" 0.26+0.02°

¢ Ayni siitundaki ve donemdeki farkli harfler istatistik olarak dnemlidir (p<0.05).
3.5. Yemlerin Vitamin A ve Vitamin E icerikleri
Mus ve Van illerinde yetistiriciligi yapilan yumurta tavuklarinin beslenmesinde kullanilan

yemlerin vitamin A (retinol) ve vitamin E igerikleri hayvan irk ve yaslarina gére Cizelge 8’de verilmistir.
Vitamin A igerikleri bakimindan bir farklilik saptanmaz iken, yemlerin vitamin E igerikleri her 3
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donemde de Novagen irki hayvanlarin yemlerinde onemli diizeyde diisik oldugu goriilmektedir
(P<0.05). Yemlerin vitamin A igerikleri; Karagecili ve Karadas (2015) tarafindan yapilan ¢alismada
ticari yumurta tavuk yemlerinin Vitamin A igerikleri 1-5 pg/g olarak saptanmis olup bu caligmada ise
0- 4 pg/g degeri arasinda tespit edilmis olup paralellik gostermektedir.

Bu ¢alismada yemlerin vitamin E igerikleri 46-115 pg/g arasinda tespit edilmis olup, benzer bir
caligma olan Karagegili ve Karadas (2015) tarafinda 53. Hafta Lohman yumurtacilarin yemleri 140.68
pg/g vitamin E igerigi, 54. Hafta Lohman yumurtaci tavuk yemlerinin vitamin E igerigi 100.46 pg/g
diisiik oldugu, ancak diger haftalarda 33-43. Hafta sonuglar olan 85.01-87.66 pg/g sonuglar ile bu
caligmada, 45-50. Hafta vitamin E igerikleri 115.91-100.91 pg/g sonuglarinin daha yakinlik gosterdigi
saptanmigtir.

Vitamin E konsantrasyonlarmin yumurtaya ayni1 sekilde yansidigi ve yemdeki miktarlar yiliksek
olan gruplarin yumurtalarinda da daha yiiksek vitamin A ve Vitamin E biriktigi goriilmektedir.

Cizelge 8. Yemlerin Vitamin A (retinol) ve Vitamin E miktar (ug/g) ortalamalar1 ve standart hatalar

Doénem Yem Vitamin A (Retinol) Vitamin E
1 Tinted 44 4.01£2.50 106.1749.01*
1 Novagen 32 0.01+0.006 46.26+0.75°
1 Lohman 45-58 0.37+0.33 115.914+4.36*
2 Tinted 49 1.33+0.93 82.02+7.05°
2 Novagen 37 0.09+0.07 58.39+2.71¢
2 Lohman 50 2.00£1.95 100.46+6.51*
2 Lohman 63 3.54+2.75 91.91£5.20%
3 Tinted 53 - 88.14+3.00%
3 Novagen 41 0.09+0.031 77.05+1.36°
3 Lohman 54 2.00£1.95 100.46+6.51*
3 Lohman 67 3.54+2.75 91.91+5.20*

ab¢ Ayni siitundaki farkl harfler istatistik olarak énemlidir (p<0.05).
4. Sonuc¢

Bu ¢aligmada Tiirkiye’de Van ve Mus illerinde ticari yumurta tavukgulugu yapan igletmelerde
alinan yem ve yumurta 6rneklerinin Roche skala renk skoru, Minolta L*, a*, b* degerleri ile vitamin A,
E ve karoten igerikleri bakimindan hayvan irklar ve yaglarina gore degisim durumlar1 saptanmistir.
Caligma sonunda;

1. Roche skala degerleri (RCF) 10.45-12.50 araliginda saptanmis olup arastirmaya konu olan ticari
firma yumurtalarinin Avrupa ve Asya kitasinda tiiketicilerin tercih ettikleri yumurta saris1 RCF
10-14 skala degerleri arasinda kaldigi, Minolta Sarilik b* degeri 33-45 ve kirmizilik a* degeri
5-7 sonuglarinin tiiketicilerin i¢in arzu edilen sarilik ve kirmizilikta oldugu saptanmustir.

2. Calisma sonunda yumurta sarilarinin toplam karoten, retinol ve vitamin E igerigi; en diisiik
Tinted 1rk1 33 haftalik yasta saptanmis ancak bu farkliligin yemden kaynaklandig: ¢ilinkii bu
tavuklarin yemlerinin de incelenen parametrelerce diisiik oldugu tespit edilmistir.

3. Calismadan elde edilen bireysel karoten igerikleri ile ilgili bulgular Tiirkiye’de ticari
yumurtalarda énemli diizeyde insan saglig1 i¢in faydali olabilecek diizeyde lutein + zeaksantin
icerdigi, bu igerigin Tiirkiye’de kullanilan yumurta tavuk yemlerinin Misir Soya temelli
olmasindan kaynaklandig1 ancak sentetik formda kantaksantin ve ¢ok az miktarda da olsa
apoester karotenlerin de yemlerde kullanildig tespit edilmistir.

4. Kantaksantin retinada renk kristallesmeleri olusturdugu ve gérme kaybina neden olabilecegi
kaygis1 nedeniyle Avrupa Birligi tarafindan 2002 yilinda; yumurta tavugu rasyonlarinda
maksimum kullanilacak kantaksantin miktar1 8 mg/kg olarak sinirlandirmistir. Bu ¢alismada
elde edilen bulgular yemlerde kullanilan kantaksantin miktarinin 8 mg/kg’in ¢ok altinda 1-2
mg/kg civarinda kullanildigi ancak risk varligi nedeni ile hi¢ kullanilmamasi yoniinde
kantaksantin yerine iilkemizde iiretimi yaygin olan kirmizi biber ve domates yan iiriin ve
ekstraklarinin alternatif dogal renk maddeleri olarak kullanilabilmesi hususunda yasal
diizenlemelerin yapilmasi geregi vardir.
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Makale Bilgileri Oz: Kabuklu su iiriinlerinin yapay iiretimi, talep artisiyla birlikte kiiresel dlgekte
onem kazanmigtir. Bu nedenle, ekonomik 6nem tagiyan kabuklularin akuakiiltiir
calismalarinda hormon uygulamalari ile iireme verimliliginin artirilmasina yonelik
calismalar yapilmaktadir. Kabuklu su iiriinlerinin yetistiriciliginde hormon
uygulamasi ile yumurta alimmna yonelik ¢alismalar yogunlagmistir. Bu amagla,
ndropeptitler, opioidler, vertebra tipi steroidler ve metil farnesoat (MF) gibi
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Anahtar Kelimeler hormonlar kullanilmaktadir. Metil farnesoat, kimyasal yapist bocek juvenil

hormonu III’e benzeyen ancak bu yapidan epoksit grubunun olmayisi ile ayrilan

Hormon, bir hormondur. Metil farnesoatin kabuklularda protein sentezi, kabuk degigimi,

Kabuklular, morfogenezis, metamorfoz ve iremede Onemli fonksiyonlara sahip oldugu

UMetﬂ Farnesoat, belirlenmistir. Kabuklularda eksojen testosteron, progestojen, juvenil hormonu III
reme.

ve MF’nin erkek dekapodlarda sperm kalitesini ve tireme verimliligini artirdig:
belirlenmistir. Bu derleme makalede farkli kabuklu tiirlerinde MF hormonu
uygulamalarinin iiremeye etkilerine iligkin ¢aligmalar irdelenmistir.

The Effect of Methyl Farnesoate Hormone on Reproduction in Crustaceans

Article Info Abstract: Artificial production of crustaceans has gained importance on a global
) scale with the increase in demand. For this reason, studies are carried out to increase
izzzl‘z(ciii ig(l)ig(())ii reproductive efficiency with hormone applications in aquaculture studies of
OnlinI:z Published: 15.12.2021 economically important crustaceans. Studies on egg production have intensified
DOI: 10.29133/yyutbd.862712 with hormone application in the rearing of crustaceans. For this purpose, hormones
such as neuropeptides, opioids, vertebral steroids, and methyl farnesoate (MF) are

Keywords used. Methyl farnesoate is a hormone that is chemically similar to insect juvenile
hormone III but differs from this structure by the absence of an epoxide group. It

Hormone, has been determined that MF has important functions in protein synthesis,

Crustaceans, moulting, morphogenesis, metamorphosis, and reproduction in crustaceans. It has

Methyl Farnesoate, been determined in crustaceans that exogenous testosterone, progestogen, juvenile

Reproduction. hormone III, and MF increase sperm quality and reproductive efficiency in male
decapods. In this review article, studies on the effects of MF hormone applications
on reproduction in different crustacean species are discussed.

1. Giris

Son yillarda, balik tiirlerinin yani sira, bazi kabuklu su iiriinlerinin yetistiriciligi de kiiresel
dlgekte dnem kazanmustir. Ornegin tath su kabuklularinda 2007 yilinda avcilik ile elde edilen miktar
397 541 ton iken, bu miktar 2015 yilinda ancak 423 852 tona yiikselmistir (FAO 2014a, b; FAO 2016)
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(Cizelge 1). Yetistiricilik ile elde edilen miktar ise 2007 yilinda 1 271 584 ton iken, bu miktar 2015
yilinda 2 016 505 tona yiikselmistir (FAO, 2014a, b; FAO, 2016) (Cizelge 2).

Denizlerde avcilikla elde edilen toplam kabuklu su tiriinleri miktar1 2015, 2016, 2017 ve 2018
yilarinda sirastyla 6109, 5979, 6027 ve 5997 bin ton, canli agirlik olarak bildirilmektedir (FAO, 2020).
Yetistiricilikle elde edilen toplam kabuklu su iiriinlerinin miktar1 ise 2016 ve 2018 yillarinda sirasiyla
7676 ve 9387 bin ton olarak rapor edilmistir (FAO, 2020).

Cizelge 1. 2007 -2015 doneminde tiir gruplarina gore avlanan kabuklusu {irtinleri miktarn (ton) (FAO,
2014a, b; FAO, 2016)

Tir Grubu 2007 2008 2009 2010 2011 2012 2013 2014 2015
Tatlisu kabuklular: 397541 462983 473747 525094 424386 447942 434064 428500 423852
Yengegler, deniz 1316470 1331101 1342392 1415606 1444264 1478595 1594615 1669919 1628359
orimcekleri

Deniz istakozlari, dikenli 237856 253476 251028 283467 284505 294780 289222 306568 308947
1stakozlar

Kral yengecleri, squat- 62132 56874 55577 44970 43632 49261 56148 56961 60523
1stakozlar

Karidesler 3269612 3143542 3170802 3113002 3305370 3429029 3419430 3370947 3439907
Kril, planktonik 104586 156 521 125864 215175 181010 188147 239950 317615 250846
kabuklular

Muhtelif deniz 489930 443283 451125 480338 464655 463173 484401 425996 450106
kabuklulari

Cizelge 2. 2007 -2014 doneminde tiir gruplarina gore yetistiricilikle elde edilen kabuklu su {irlinlerinin
miktar1 (ton) (FAO, 2014a, b; FAO, 2016)

Tiir Grubu 2007 2008 2009 2010 2011 2012 2013 2014
Tatlisu kabuklular1 1271584 1373886 1555216 1692211 1664884 1821891 1953773 2016505
Yengegler, deniz 231070 240 787 246534 254378 270087 289951 302257 316850
orimcekleri

Deniz 1stakozlari, 70 1092 1412 1611 1805 2035 1045 948
dikenli 1stakozlar

Karidesler 3295419 3400458 3532152 3779126 4190377 4338554 4454602 4580770
Muhtelif deniz 30 16 - - - - - -
kabuklulari

Kabuklu su iiriinlerinin avcilikla elde edilen miktar1 yaninda, niifus artigina paralel olarak artan
gida ihtiyaci talebinin yapay iiretimle de desteklenmesi ihtiyact dogmustur (Nagaraju, 2011). Ornegin,
Tiirkiye’deki tatlisu 1stakozu (kerevit) liretiminin de azalan bir egilime sahip oldugu, kerevit stoklarmin
iyilestirilmesi ve iretimin artirilabilinmesi i¢in alternatif iiretim yoOntemlerinin yayginlastirilmasi
gerektigi bildirilmektedir (Kale ve Berber, 2020). Ancak bazi ekonomik 6neme sahip kabuklu su
iirinlerinin yapay {iiretiminde karsilasilan sorunlarin en Onemlisi, yeterli ve kaliteli cinsiyet iirlini
(yumurta ve sperma) elde edilememesidir (Nagaraju, 2011). Bu nedenle, kabuklu su iiriinleri
yetistiriciligine yonelik aragtirmalarda iireme verimliliginin artirilmasi biiyiik 6nem tagimaktadir.

Tiirlerin genetik yapilar1 lireme potansiyelleri {izerinde etkili olan en Onemli faktdrlerden
birisidir. Diger 6nemli faktdrlerden birisi de ortamda bulunan, besin maddelerinin yogunlugu ve tipidir.
Nitekim besin yetersizliginin kabuklularda yumurta sayisini olumsuz yonde etkiledigi bilinmektedir.
Avsar (2005), su canlilarinda, stoktaki olgun disilerin yumurta veriminin biiytikliiklerine (yas ve boy),
aldiklar1 besinlerin kalitesine ve miktarina bagh olarak degisim gosterdigini, alman besin miktar
arttikca yumurta veriminin de arttigm bildirmistir. Diger taraftan, kabuklu su iiriinlerinin yapay
iiretiminde artirilmasina yonelik ¢aligmalar sinirlidir.

Tatlisu 1stakozu Cherax quadricarinatus’un yumurtlama ve yumurta kalitesi lizerine farkli
oranda protein igeren diyetlerin etkisi Rodriquez-Gonzalez ve ark. (2006) tarafindan arastirilmisgtir.
Ayrica, tathisu 1stakozu Astacus leptodactylus’un pleopodal yumurta ve birinci devre yavru sayisini
artirmak amaciyla E vitamini katkili diyetler kullanilmig ve basarili sonuglar alinmistir. Bunlarla
birlikte, 4. leptodactylus’un yemine n-3 serisi yag asitleri ile L-tryptophan ilave edilerek bu tiiriin tireme
ve yetistiricilik verimliliginin artirilmasi arastirilmis ve basarili sonuglar elde edilmistir (Harlioglu ve
ark., 2014).
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Yukarida siralanan c¢aligmalarla birlikte, kabuklularda hormon uygulanmasi ile iireme
verimliliginin artirilmasma ydnelik galismalar da yapilmaktadir. Ornek olarak; Nagabhushanam ve
Kulkarni (1981) karides tiirli Parapenaeopsis hardwickii’de testosteron; Alfaro (1996) karides tiirii
Penaeus vannamei’de 17o0-Methyltestosterone ve 17a-Hydroxyprogesteron; Alfaro ve ark. (2008) ise
bagka bir karides tiirli Lifopenaeus vannamei’de juvenil hormonu III ve MF enjeksiyonunun sperm
miktarini artirmaya olan etkilerini; Fatihah ve ark. (2014) deniz 1stakozu tiirii Panulirus polyphagus’da
17a-Hydroxyprogesterone ve 17a-Hydroxypregnenolone arastirmiglardir. Diger taraftan, bu ¢aligmaya
konu edilen metil farnesoat hormonunun kabuklularda iireme verimliligine etkileri konusunda da
olduk¢a az sayida ¢aligma bulunmaktadir. Bu amacla, kabuklu tiirlerine hormon uygulamalari, metil
farnesoat ve 6nemi, kabuklu hemolenfinde MF degerleri, hormon enjeksiyonlarinin erkek kabuklularda
liremeye ve sperm sayisi artigina etkilerinin arastirildigi calismalar derlenmistir.

2. Su Uriinlerinde Hormon Uygulamalari

Su dirlinleri yetistiriciliginde hormon kullanarak esey doniisiimiiniin tesvik etmek, esey
doniisimii siirecini anlamada ve tek eseyli popiilasyonlar iiretilmesinde olduk¢a dnemli bir uygulamadir
(Aktas, 2006).

2.1. Baliklarda Hormon Uygulamalari

Literatiirde dogal ve sentetik steroid hormonlar kullanarak, 6zellikle baliklarin disilestirilmesi
ve erkeklestirilmesi ile ilgili ¢alismalar oldukga fazladir. Bununla birlikte, yetistiricilikte steroid
hormonlar kullanilarak biiylime hizlandirilirken arzu edilen esey doniisiimii de saglanmaktadir. Steroid
hormonu uygulanan baliklar aliman besini gonad gelisimi yerine biiylime ve gelisme icin
kullandiklarindan et verimleri artmaktadir. Benzer sekilde, akvaryum baliklarinda da steroid hormon
kullanilarak tamami disi veya tamami erkek steril popiilasyonlar iiretilebilmekte ve iiretim maliyeti
azaltilabilmektedir (Aktasg, 2006).

Diinyanin farkli bolgelerindeki arastiricilar, ekonomik dnem tastyan baliklar basta olmak iizere
baz1 su {rlinlerinde esey doniigiimiinii gerceklestirmek amaciyla 30 farkli dogal ve sentetik steroid
hormonu kullanmiglardir. Bu hormonlardan 17a-methyltestosterone erkeklestirme amaciyla en fazla
uygulanan androjen hormondur. . 17a-methyltestosterone Salmonidae, Cichlidae, Cyprinidae,
Anbantidae, Poecilidae ve Cyprinodontidae familyalarma ait 25 tiiriin erkeklestirilmesinde basarili
sonuclar vermistir (Aktasg, 2006). 17p-0stradiol ise su iiriinleri yetistiriciliginde disilestirme amaciyla en
yaygin olarak kullanilan hormondur. Ostradiol (&stradiol, E2 veya 17-stradiol), esey hormonu olarak
bilinmektedir. Ostradiol, estroneden yaklasik 10 kat, estriolden ise yaklasik 80 kat daha fazla dstrojenik
etkiye sahiptir. Bu nedenle, Salmonidae, Cichlidae, Cyprinidae, Anabantidae, Poecilidae ve Ictaluridae
familyalarina ait 15 tiiriin disilestirilmesinde kullanilmigtir. Bununla birlikte, 11 sentetik androjen ve 12
sentetik dstrojen de benzer amagla denenmis, ancak bunlardan sadece bes dogal androjen ile ii¢ dogal
Ostrojenin esey doniisiimiinde etkili oldugu saptanmistir.

2.2. Kabuklu Su Uriinlerinde Hormon Uygulamalari

Farkl1 kabuklu tiirleri iizerinde yapilan hormon uygulamalar1 genel olarak; esey doniistiirme
(Aktas, 2006), gonad olgunlagmasi (Nagaraju, 2007), metabolik dengenin korunmasi, kabuk degisimi
ve biiyiime (Chang ve Mykles, 2011), saldirganlik davranisini etkileme (Harlioglu ve ark., 2014), esey
belirleme (Harlioglu ve ark., 2017), konularini kapsamaktadir.

Baliklarla kargilagtirildiginda kabuklu su iiriinlerinde esey doniisiimii i¢in hormon kullanimi
konusunda daha az sayida ¢alisma bulunmaktadir. Aktag (2006) 17p-6stradiol kullanarak disi yesil
kaplan karidesinin (Penaeus semisulcatus) farkli evrelerinde (yumurta, nauplius, protozoea, mysis,
postlarva) banyo seklinde (50 pg/L) 17B-Ostradiol uygulamasinin yumurta, naupli ve protozoea
doneminde yasama oranini 6nemli dl¢iide azalttigini en iyi disilesme oranimin % 71.88 ile naupli grubu
icin saptandigi bildirmistir.

Fairs ve ark. (1990), deniz karideslerinden Penaeus monodon’da vitellonogenezin gesitli
asamalarinda 12 adet  steroidin  (Estrone, 17B-0stradiol-Estriol, ~ Androstenedione,
Dehydroepiandrosterone, 5a-Dihydrotestosterone, Testosterone, Pregnelone, Progestrone, 17a-
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hydroxyprogestrone, 20a- Hydroxypregn-4-en-3-one) varligim1 saptamislar ve ovaryum gelisimi ile
olgunlagmasinin baliklarinkine benzer oldugunu gozlemlediklerinden, s6z konusu Ostrojenlerin
karideslerde eseyin belirlenmesinde rol oynayabilecegini ileri stirmiislerdir. Bu hormonlarin kabuklu su
iirinlerinin hepatopankreas, ovaryum ve hemolenfinde bulundugunu, miktarinin ise yumurtaliklarin
gelisim devresine gore degistigini rapor etmislerdir.

Son yillarda yapilan ¢aligmalarda 17B-6stradiol’iin dekapod kabuklularda tiremede, 6zellikle
vitellogenesisde, fizyolojik roliiniin oldugu ve Marsupenaeus japonicus karidesinde ovaryumda bulunan
progesterondan 17f-6stradiol hormonunun sentezlenebilmesi i¢in tiim enzim sisteminin ¢aligmasinin
gerekli oldugu bildirilmistir. Benzer sekilde, Li ve ark. (1998) da bir istiridye tiirii olan Crassostrea
gigas tiri istiridyede vitellogenesisin 17p-0stradiol tarafindan kontrol edildigini bildirmislerdir.

Karideslerle benzer sekilde, kerevitlerde de cinsiyet degisiminde hormon kullanimini konu
edinen bir caligma bulunmaktadir. Harlioglu ve ark. (2017), 4. leptodactylus’un hormon uygulamasiyla
(17B-0stradiol) lireme verimliliginin (pleopodal yumurta sayis1 ve % 100 disi birey {iretimi)
artirilmasinin gergeklestirilip gergeklestirilemeyecegini arastirmiglardir. Ayrica, bagka bir ¢calismada ise
Harlioglu ve ark. (2018), hormon (17p-0stradiol) enjeksiyonunun disi bireylerin ovaryum,
hepatopankreas ve hemolenfinde 17B-06stradiol diizeylerine etkilerini de belirlemislerdir. Bu amagcla;
ireme doneminden Once dogal ortamindan yakalanan ergin A. lepfodactylus’lar, kontrol altindaki
havuzlarda, besin ihtiyaglarina yonelik olarak hazirlanmis referans bir diyet ile beslenerek hem yeme
hem de ortam sartlarina uyumlarinin gerceklesmesi saglanmistir. Daha sonra, pleopodal yumurta
iiretinceye kadar disilere ii¢ haftada bir 17p-6stradiol enjeksiyonu (107 mol/kerevit), bu disilerin
pleopodal yumurta ile birinci, ikinci ve liglincii devre yavrularina ise banyo ile 17p-0stradiol uygulamasi
yapilmistir. Banyo uygulamasi pleopodal yumurta tagiyan bireylere aylik; yavru tasiyan bireylere ise 1
kez 50 pg 17B-6stradiol/L dozunda uygulanmistir. Disilere 17B-0stradiol enjeksiyonu bu tiiriin tireme
verimliligi ile gonadosomatik ve hepatosomatik indeks degerlerini 6nemli diizeyde artirmistir (P <0.05).
Bununla birlikte, hormon enjeksiyonu, hemolenf, gonad ve hepatopankreasta 17p-0stradiol miktarlarini
onemli 6l¢iide yiikseltmistir (P < 0.05). Ayrica, bulgular hem disilere 17p-0stradiol enjeksiyonunun hem
de pleopodal yumurta ve yavrulara 17B-6stradiol banyosunun disilesmeyi énemli derecede artirdig:
saptanmigtir (P <0.05). En yiiksek disilesme oran1 % 79.95 ile anag¢ disilere enjeksiyonla birlikte
pleopodal yumurtalara ve yavrulara hormon banyosu uygulanan grupta elde edilmistir.

Rodriquez ve ark. (2002a), Procambarus clarkii tirii kerevitlerde vitellogenesis olusumu
oncesinde 17-0stradiol ve 17 a-hydroxyprogesterone uygulanmasinin gonadosomatik indeks degerini
yiikselttigini belirlemislerdir. Rodriquez ve ark. (2002b) P. clarkii’nin vitellogenesis olusumu 6ncesinde
MF’nin tek basina ve MF ile birlikte 17p-6stradiol kullaniminin oosit (olgunlagmamis disi gamet)
biiylimesini olumlu yonde etkiledigini saptamislardir.

Coccia ve ark. (2010), Cherax albidus tiri kerevitin liremesi {lizerinde 17B-6stradiol’iin
progesteron’dan daha etkili oldugunu, 17B-6stradiol ve progesteron’un birlikte kullanimimin ise
vitellogenez olusumu 6ncesi disilerde ve vitellogenez olusmus disilerde hepatopankreasta vitellogenin
diizeyinin artmasina neden oldugunu belirlemislerdir. Buna karsilik progesteron’un ise vitellogenez
olusmamus disilerin ve vitellogenez olugmus disilerin hemolenfinde vitellogenin konsantrasyonunu
yiikselttigini bildirmislerdir.

Malati ve ark. (2013) dogadan yakalanan A. Ileptodactylus kerevitlerin hemolenf,
hepatopankreas ve ovaryumunda 17B-6stradiol ve 17a-hidroksiprogesteron diizeylerinin oosit geligimi
stiresince degisimini arastirdiklar1 ¢aligmalarinda; hemolenf ve ovaryumdaki 17p-6stradiol diizeyinin
vitellogenesis siiresince arttigini, hepatopankreasta ise azaldigi belirlemislerdir. Ayrica, maksimum
17B-6stradiol diizeyinin de ovaryumda saptandigin bildirmislerdir.

3. Metil Farnesoat Hormonu ve Onemi

Mandibular organ (MO), kabuklu su iiriinlerinde bir salgi bezi olarak gorev yapar. Hemolenfte
bulunan MF hormonu MO tarafindan (Sekil 1) sentezlenir ve salgilanir. Yapisal olarak bdceklerde
bulunan “juvenil hormona” benzer bir hormon olan MF kabuklu su iirlinlerinde morfogenezis,
metamorfoz (Laufer ve ark., 2005), lireme (Kalavathy ve ark., 1999) ve biiylime ile genel protein
sentezinde (Soroka ve ark., 1993) 6nemli rol oynamaktadir.
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Sekil 1. Kerevitlerde mandibular organ (MO)’1n goriiniimii (YO: Y- organ, S: mide, PA: posterior
adductor kasi, HP: hepatopankreas) (Taketomi ve Nakano, 2007).

4. Kabuklu Su Uriinlerinin Hemolenfinde Metil Farnesoat Degerleri

Laufer ve ark. (1998; 2005) Procambarus clarkii tiirii kerevitin hemolenfinde MF diizeyi 0,5
ng/ml - 3 ng/ml olarak saptamislardir. Laufer ve ark. (2005), Procambarus clarkii ve Cherax
quadricarinatus tiirli kerevitlerin hemolenflerindeki MF diizeyini sirasiyla t 1,41 ng/ml ve 5,14+2,5 ng/ml
olarak rapor etmislerdir.

Borst ve Tsukimura (1991), deniz 1stakozu (Homarus americanus) hemolenfinde MF degerinin
5 ng/ml, Libinia emarginata tiirii yenge¢ hemolenfinde MF degerini ise kerevit ve deniz 1stakozlarina
benzer sekilde 0,5 ng/ml — 2.5 ng/ml, olarak belirlemislerdir. Sagi ve ark. (1994) ise Libinia emarginata
ve Carcinus maenas tiiri yengeglerde hemolenf MF degerlerini sirasiyla 20 ng/ml - 65 ng/ml ve 1,5
ng/ml - 20 ng/ml olarak bildirmislerdir.

Yukarida verilen ¢aligmalardaki MF degerleri herhangi bir MF enjeksiyonu uygulanmadan elde
edilmis degerlerdir.

5. Kabuklu Su Uriinlerinde Hormon Enjeksiyonlarinin Uremeye Etkileri

Erkek dekapod kabuklu su iirlinlerine eksojen hormon enjeksiyonunun iireme gelisimini
hizlandirdig1 (Nagaraju ve ark., 2003) ve sperm kalitesini artirdig1 (Nagabhushanam ve Kulkarni, 1981;
Alfaro, 1996; Alfaro ve ark., 2008; Fatithah ve ark.,, 2014) saptanmistir. Bununla birlikte, erkek
decapodlara testosteron (Nagabhushanam ve Kulkarni, 1981; Alfaro, 1996), progestojen (Alfaro, 1996;
Fatihah ve ark., 2014), juvenil hormonu III ve metil farnesoat (Alfaro ve ark., 2008) uygulanmasimin
sperm kalitesini olumlu yonde etkiledigi bildirilmistir.

Testosterone hormonlarinin (6rnek olarak; 17a-Methyltestosterone, 17a-Hydroxyprogesterone,
testosterone propionate ve testosterone acetate) enjeksiyonuyla bazi penaeid karides tiirlerinde
(Parapenaeopsis hardwickii ve Litopenaeus vannamei) sperm kalitesinin olumlu yonde etkiledigini
bildiren ¢aligmalar da bulunmaktadir (Nagabhushanam ve Kulkarni, 1981; Alfaro, 1996). Buna karsilik,
juvenil hormonu III ve MF enjeksiyonunun yengeglerde (Kalavathy ve ark., 1999), tatlisu karideslerinde
(Nagaraju ve ark., 2003) ve deniz karideslerinde (Alfaro ve ark., 2008) testislerin biiylimesini tesvik
ettigi, fakat sperm kalitesini azalttig1 rapor edilmistir.

Nagabhushanam ve Kulkarni (1981), testosteron propionat (TP) ve testosteron asetat (TA)
hormonlarmin Parapenaeopsis hardwickii tiirii deniz penaeid karideslerine 10 giin arayla toplamda iki
defa 10 pg/karides olacak sekilde TP ve TA enjekte edilmesinin testis agirlig, testis ¢cap1 ve testis indeksi
ile olgun sperm sayisinda énemli diizeyde artis saglandigini bildirmislerdir.

Nagaraju ve ark. (2003) disi ve erkek tatlisu karideslerine (Macrobrachium malcolmsonii) 5
ng/birey dozunda MF enjeksiyonunun oocyte ¢api ve testis bezini dnemli derecede biyiittligiinii ve
ovaryum indeksi ile testicular indeks degerlerini artirdigini belirlemislerdir. Bu sonuglara goére, MF
enjeksiyonunun tatlisu karideslerinde gonad gelisimini hizlandirdigini savunmuslardir.

Alfaro (1996), Penaeus vannamei tiirii deniz karidesinde bir gruba tek doz olacak sekilde (0,01
veya 0,1 pg/g viicut agirhig) 17a-Methyltestosterone, diger gruba da aym sekilde 17a-
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Hydroxyprogesterone enjekte etmis ve tek doz 17a-Methyltestosterone uygulamasinin sperm sayisini
yaklagik 3 kat artidigin artirdigini, spermlerin yapisindaki anormalliklerin ise azaldigini tespit etmistir.
Diger taraftan, tek doz 17a-Hydroxyprogesterone enjeksiyonunun ise sperm kalitesini 6nemli diizeyde
artirmadigini bildirmistir.

Kalavathy ve ark. (1999), Oziotelphusa senex senex tiirii tatlisu yengecinde testis bilyiimesi
iizerine MF’nin etkilerini aragtirdiklar ¢caligmalarinda 1, 7 ve 14. glinlerde 16 ng/yenge¢ dozunda MF
injekte etmis ve 21. giinlinde ¢alismay1 sonlandirmiglardir. Bulgular MF enjeksiyonunun bu yengeg
tiirtinde testis agirligi, cap1 ve biiylikligiinii artirdigi, testis indeks degerini yiikselterek testislerin
biiyiimesini tesvik ettigini gostermistir. Calismanin bulgularma dayanarak Kalavathy ve ark. (1999)
MF’nin kabukluda erkek tireme hormonu oldugunu savunmuslardir.

Alfaro ve ark. (2008), Litopenaeus vannamei deniz karideslerine 1, 8, 15, 22 ve 29. giinlerde
120 ng/g agirlik ve 1200 ng/g agirlik dozunda MF; 1, 9, 30, 43 ve 58. giinlerde ise 109 ng/g agirlik
dozunda juvenil hormonu III enjekte etmislerdir. Juvenil hormonu III enjeksiyonunun sperm
yapisindaki anormallikleri azaltmasina ragmen sperm sayisini artirmadigini, MF enjeksiyonlarinin ise
hem sperm yapisindaki anormallikleri azalttigin1 hem de sperm sayisin1 6nemli derecede artirdigini
belirlemislerdir.

Alfaro ve ark. (2008), ¢alismalar1 sonunda, L. vannamei tiirii deniz karidesine 120 ng/g agirlik
ve 1200 ng/g agirlik dozlarinda MF enjeksiyonunun sperm sayisini yaklasik 19 kat ve 2 kat artirdigin
saptamiglardir.

Fatihah ve ark. (2014), Panulirus polyphagus tirli deniz i1stakozlarinda sperm kalitesi ve
miktarina  17a-Hydroxyprogesterone (170-OHP) ve 17a-Hydroxypregnenolone (17a-OHPL)
enjeksiyonunun etkilerini aragtirmiglardir. Yapilan calismada 1stakozlara 0,01 ve 0,1 pg/g viicut agirligi
dozunda, 1, 8, 15, 22, 29 ve 39. giinlerde 17 a-OHP ve 17 a-OHPL enjekte edilmistir. Arastirma
sonucunda 17a-OHP ve 17a-OHPL enjeksiyonlarinin ortalama sperm kalitesini artirdigi, bu artigin 0,01
ug/g viicut agirligi dozunda 17a-OHP enjekte edilen 1stakozlarda 17a-OHPL enjekte edilen 1stakozlara
gore daha yiiksek oldugu bulunmustur. Ote yandan, yiiksek dozda (0,1 pg/g viicut agirhigi) 17a-OHPL
enjeksiyonlarmin ise sperm miktarinda azalmaya neden oldugu belirlenmistir.

6. Sonuc¢

Kiiresel olgekte, avcilik yoluyla elde edilen kabuklu su iiriinlerinin miktar: talep karsisinda
yetersiz kaldigindan, liiks gida maddesi olarak pazara sunulmaktadir. Bu durum, ekonomik éneme haiz
kabuklu su tirlinlerinin bazilariin yetistiricilige adapte edilerek tiretilmelerini cazip hale getirmektedir.

Kabuklu su tirlinlerinin yapay iiretiminde, iireme biyolojilerinin bilinmesi ve manipiile edilmesi
onemli bir yer tutmaktadir. Son yillarda yapilan arastirmalar, kabuklu su iiriinlerinin {ireme
verimliliginin artirilmasinda endokrin sisteminin manipiile edilmesinin olumlu sonuglar verdigini ortaya
koymustur. Nitekim, yapilan aragtirmalar MF hormonunun kabuklu su iiriinlerinde morfogenezis,
metamorfoz, protein sentezi ve biiylime ile liremede 6nemli rol oynadigini gostermistir. Bu nedenle, MF
hormonunun o&zellikle karides, 1stakoz, kerevit gibi yiiksek ekonomik Oneme sahip kabuklu su
iiriinlerinde, endokrin sistemin manipiile edilmesiyle, lireme iizerine olan etkilerinin daha detayli bir
sekilde aragtirilmasi gerektigi diistiniilmektedir.
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agirhikl olarak iklim degisikligi ile ilgili oldugu ve olast olumsuz etkilerini en aza
indirecek uygulamalarin incelendigi goriilmektedir. Teknik ve biyokimyasal
analizlerin {irline zarar vermeden yapilmasina yonelik hassas bagcilik (veri ve
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Degisen hava olaylarinin etkisiyle hastalik ve zararl ¢esitliligi gozlenmekte ve

Asma, uyumlu miicadele yontemleri de arastirilmaktadir. Su azlig1 tehlikesi altinda asma

Bakis agis1, dis1 bitkilerin kullanimiyla suyun gerektigi zamanda gerektigi miktarda asma
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¢ikan arastirma konulari arasindadir. Kurakliga dayanikli yeni gesitler gelistirme
konusunda yeni belirteglerden yararlanilmas: s6z konusu olabilmektedir.
Cogaltma, fizyolojik sendromlar ve depolama konularinda nispeten daha az
sayida bilimsel ¢alismanin bu dergilerde yayimlanmasi dikkat ¢ekicidir. Derlenen
bilgiler 15181inda bagcilik alaninda yapilabilecek arastirma konularina yonelik
genis bir bakis agistyla projeksiyonlar ifade edilmistir.
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processes for technical and biochemical analysis without damaging the product
are gaining momentum. With the effect of changing weather events, variations in
diseases and pests are observed and compatible management methods are

Keywords investigated. The use of non-vine plants under the threat of water scarcity and

ensuring that the water can be used by the vine as needed when necessary is a

Grapevine, prominent research subject under the threat of global warming. It may be possible

Perspective, to use new markers to develop new drought-resistant varieties. It is noteworthy

‘?/gif:ntiﬁc progress, that relatively few scientific studies have been published on propagation,
11s.

physiological syndromes, and storage in these journals. In the light of the
collected information, projections are expressed with a broad perspective on
research topics that can be pursued in the field of viticulture.

1041



YYU TAR BIL DERG (YYU J AGR SCI) 31 (4): 1041-1055
Gokbayrak ve ark. / Diinyada Bageilik Alaninda Son On Yilda Yapilmis Arastirmalara Genel Bir Bakig

1. Giris

Bagciligin tarihgesi her yeni arkeolojik bulguyla daha eskilere dayanmaktadir. Sadece sofralik
tiikketimiyle degil saraba ve siraya islenmesiyle de insanlik tarihinde 6nemli bir tiir olan asmanin gelisen
ve degisen yetistiricilik sartlar1 ve tiiketici talepleri dogrultusunda aldig1 yol incelenmeye degerdir.
Avrupa bagciligmin 6n planda oldugu bilgi ¢agma artik tiim kitalardan katki verilmekte, liretim
miktarindaki artisin yani sira farkl yetistiricilik anlayisi ile birlikte kalite anlayis1 ve piyasaya arz sekli
de degismektedir.

Diinyada 2010-2020 yillar1 arasinda yapilmis bagcilik caligmalarmin degerlendirildigi bu
derlemede, farkli kitalar1 temsilen secilen ve sadece bagcilik ve sarap ilizerine akademik ve bilimsel
caligmalart igeren dergiler incelenmistir. Bu amagla Avrupa’dan “Vitis’ ve ‘Oeno One’ (6nceki ismi
Journal International des Sciences de la Vigne et du Vin), Kuzey Amerika’dan ‘American Journal of
Enology and Viticulture’, Gliney Amerika’dan ‘Ciéncia e Técnica Vitivinicola’, Afrika’dan ‘South
African Journal of Enology and Viticulture’ ile Avustralya’dan ‘Australian Journal of Grape and Wine
Research’ olmak tizere 6 derginin sadece bagcilik ile ilgili ¢aligmalar irdelenmistir. Sarap isleme ve
kalitesine yonelik ¢aligmalar ile derleme ¢aligmalar dikkate alinmamastir.

Farkli bagliklar altinda incelenen konulara yonelik calismalarin bagcilik alanindaki bilgi
birikimine katkilar1 degerlendirilmis ve uygulamali bir bilim olan bagcilik agisindan gelecek on yillarda
aragtirma olanaklarina yonelik bakis agis1 gelistirilmeye ¢aligilmistir.

1.1. Ta¢ Uygulamalar

Kiiresel 1sinmanin etkisiyle tizlimlerin hizli olgunlagsmasi ve bununla iligkili agir1 seker birikimi,
seker-antosiyanin ayrigmasi ve son Uriin sarapta alkol derecesinin yiikselmesi karsisinda geleneksel
bagcilik uygulamalarinin zamaninda, derecesinde ve hatta ¢esitliliginde farklilik olugmaktadir. Yiiksek
kaliteli {iziimlerin iiretimi teknolojik, fenolik ve aromatik olgunluga sikica baghdir ve giiniimiizde
cevresel zorlayici etmenlerin etkisi altindadir. Bu degisimin bagh olabilecegi faktor kiiresel 1sitnmanin
yan sira atmosferdeki CO, konsantrasyonunun siirekli artisina bagl tag fotosentez kapasitesinin
yiikselmesidir (Wohlfahrt ve ark., 2019). Bunu engellemenin bir yolu fotosentez alaninin daraltilmasi
yani yaprak alimidir. Bu uygulamanin zamanina ve siddetine bagl olarak ortaya ¢ikan sonuglarin
arastirildigi ¢aligmalar son 10 hatta 20 yilin ¢ogunlugunu olusturmaktadir. Ben diisme sonrasi salkimin
iizerindeki tiim yapraklarin alinmasi kolay ve ekonomik bir uygulama olarak seker birikmesini
geciktirmekte ve tane veya sarap kompozisyonu iizerinde olumsuz etkiye sebep olmaksizin alkolii
sinirlamaktadir (Palliotti ve ark., 2013). Tam ¢igeklenme déneminde bazal 6 veya 8 yapragin alinmasi
salkim yapisini, verimi ve tane bilesimini gelistirmektedir (Acimovic ve ark., 2016). Verdenal ve ark.
(2017) gigeklenme Oncesinde bazal 6 yapragin alimmasinin tane tutumunu azaltmakla birlikte verimi,
tane kabugu kalinligini, sira ve sarap kompozisyonunu arttirdigini bildirmektedir.

Erken yaprak alimmin verimi azaltma nedenlerinden birisi ¢igek dokiimiinii arttirmasi ve
dolayistyla tane/salkim sayisimi diisiirmesidir (Lohitnavy ve ark., 2010; Zheng ve ark., 2017a). Ben
diisme doneminde yaprak alma veya salkim seyreltme uygulamalarinin generatif organlar ve ileriki
yillarda bitki agirligi ve karbonhidrat kapsami iizerindeki etkisi arastirildiginda (Vaillant-Gaveau ve
ark., 2014), omcada nisastay1 azaltan ve buna paralel sekilde toplam suda ¢dzilinebilir maddeyi arttiran
yaprak alimi, gelecek sezonun c¢icek sayismi azaltirken salkim seyreltilen omcalarda karbonhidrat
rezervi artmasina ragmen c¢icek sayisi lizerine etkisi iyilestirici olmamaktadir.

Siirglin seyreltme veya kisaltma fotosentez alanimi azaltmak icin yapilabilecek bir diger
uygulamadir. Tag¢ alanindan uzaklastirilan siirgiinlerle ta¢ yogunlugu azalsa da tek basina
uygulandiginda verimi azaltmamakta, c¢iceklenme Oncesi yaprak almiyla birlikte {iziim
kompozisyonunu gelistirmekte ve seker miktarimi arttirmaktadir (Silvestroni ve ark., 2019). Siirgiin
kisaltma yani siirgiin ucunun ve etrafindaki birkac gen¢ yapragin alinmasi da énemli bir besin ve enerji
tilketim noktasini ortadan kaldirilmasma ve aktif yaprak alaninin azaltilmasina yol agarak tane
kompozisyonunu etkilemektedir. Tane tutumundan sonra bir kez yapilan siirgiin kisaltma islemi sulama
yapilmayan baglarda seker ve antosiyanin konsantrasyonunda énemli bir degisiklige yol agmadan hasat
tarihini geciktirmektedir. Iki kez yapilmasi ise yaprak alammi g¢ok azaltigindan olgunlagmay1
desteklememektedir (Zheng ve ark., 2017b).
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Kis budamasiyla diizenlenebilen ta¢ alan1 da mikroklimay1 etkilemesi nedeniyle olgunlugu ve
iiziim bilesimini degistirmektedir. Minimal budama, olgunlugu geciktirmekte ve tane iizerinde olumlu
etkiye sahip olmaktadir (Zheng ve ark., 2017a). Kisa budamanin slirme sonrasina birakilmasi zaman
ilerledikce seker ve asitligin diismesine yol acarken mayis ayinda budamanin daha yiiksek antosiyanin
ve fenolik konsantrasyonu saglamasina ragmen olgunlugu geciktirdigi goriilmektedir (Frioni ve ark.,
2016; Moran ve ark., 2017; Petrie ve ark., 2017). Olgunlugun kiiresel 1sinma nedeniyle erken tarihlere
gelmesinin Oniine gegmek igin son yillarda etkisi aragtirilan bir diger uygulama ise omcay1 yeniden
siirmeye zorlamaktir (forcing vine regrowth). Cigcek salkimi taslaklarinin olusmaya baglamasindan
hemen sonra ki gozlerinin dinlenmeden ¢ikmaya zorlanmasi durumunda, biiyliyen siirglinler birkag
boguma kisaltilarak omca yeniden siirmeye zorlanmakta ve koltuk dallari, yapraklar ve ilk salkimlar
kesilmektedir. Ancak bu uygulama fenolojik asamaya baglidir ve olgunlugu bir veya iki ay ileri doneme
atabilmektedir (Lavado ve ark., 2019; Martinez de-Toda ve ark., 2019). Zorlanan omcalarda taneler daha
kiictik olmakla birlikte daha diisiik pH, daha yiiksek antosiyanin ve asitlige sahip olmaktadir (Tian ve
Gu, 2019).

Tag yliksekliginin azaltilmasi, siddetine ve zamanina gore olgunlagma tarihini degistirebilen bir
baska uygulama olup yaprak alanini azalttig1 gibi siirglin ucu ve geng yapraklar gibi 6nemli metabolit
titketim yerlerini de uzaklagtirmaktadir. Tane tutumu déneminde yapilan bu igslemin sonucunda verimde
artig, kuru madde/titre edilebilir asitlik oraninda diisiis ve olgunlukta gecikme goriilmektedir (Parker ve
ark., 2016). Siddetli mekanize siirgiin kisaltma ile sulamanin arttirilmas ile birlikte uygulandiginda
olgunlugun gecikmesine katkida bulunmaktadir (Santesteban ve ark., 2017).

Uziimde sekerin daha ge¢ birikmesi hasat sezonunun daha serin zamanlara kaydirilmas: ve
bdylece asir1 seker birikmesinin engellenmesi suretiyle “omcada kalma-hang time” siiresinin uzatilmasi
amaciyla uygulanan salkim sapinda bilezik alma (ben diisme sonrasi) ortalama °Brix degerine ulagan
tanelerin 1liman-sicak bolgelerde olgunlugunu geciktirmektedir (Bottcher ve ark., 2018).

1.2. Ortii Bitkileri

Baglarda sira arasi alanlarda yetistirilen tek veya c¢ok yillik ortli bitkileri siklikla toprak
erozyonunu onlemek, toprak verimliligini diizenlemek ve asir1 kuvvetli anaglarda vejetatif gelismeyi
siirlamak amacl kullanilmaktadir. Son yillarda ortaya ¢ikan egilime gore, daha 6nceki uygulamalarda
mekanik veya ilagh miicadele ile agikta birakilan alanlar ortii bitkileri ile kaplanmaktadir (Centinari ve
ark., 2015; Hickey ve ark., 2016). Elde edilen sonuglar omcalarin gelisme kuvvetinin zayifladiginm
gostermektedir.

Toprak yonetimi stratejilerinde kullanilan ortii bitkileri, kok biiylimesi, azot ve su alim
dinamiklerini etkilemekte ve yesil giibreleme yapilan baglarda olumlu sonuglar genelde 3. y1lin sonunda
ortaya ¢ikmakta ve saglikli vejetatif geligme ile iiziimiin kompozisyonuna ve sonucunda meyve suyu ve
saraba yansimasi olumlu olmaktadir (Pérez-Alvarez ve ark., 2015).

Ortii bitkilerinin zararli popiilasyonlarin1  diizenleme iizerine etkilerinin belirlendigi
caligmalarda, kok-ur nematodu Meloidogyne javanica’nin ur olusumunu Brassica juncea, halka
nematodu Criconemoides xenoplax’m gelisimini ise Brassica napus baskilamaktadir (Kruger ve ark.,
2015). Bunun disinda, toprakta siirekli dogal ortii bitkilerinin bulunmasi1 durumunda bitkiden beslenen
akarlarin kontroliinde avci akarlarin (Acari: Phytoseiidae) sayilar1 artmakta ve Avrupa Birligi tarimsal
politikalarina uygun sekilde entegre zararli miicadelesine katki vererek c¢evrenin korunmasi
saglanmaktadir (Sdenz-Romo ve ark., 2019).

1.3. Hassas Bagcihik
1.3.1. Goriintii isleme

Bagda varyasyonun ¢alisilmasi ve gdzlemlenmesi suretiyle yonetiminin diizenlenmesi hassas
bagciligin temelini olusturmaktadir. Hassas bagciligin uygulanmasiyla agronomik