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ARTICLE
ABSTRACT INFO
Wheat is an important cereal crop in terms of cultivation area and production in Turkey and around the Received:
world. Due to climate change, increasing world population, decreasing agricultural lands and waters, 06.04.2023
the demand for wheat and wheat-based products has increased in Turkey. The study was carried out to Accepted:
determine yield and yield components of some bread wheat genotypes under Duzce ecological 03.07.2023

conditions in 2020-2021 and 2021-2022 growing seasons. In this research, spike length, spikelet
number per spike, grain humber per spike, grain weight per spike, thousand kernel weight and grain
yield were investigated. According to the two year results, spike length 8.3-11.9 cm, number of
spikelets per spike 16.5-19.9, number of grains per spike 44.8-57.8, grain weight per spike 1.68-2.50 g,
thousand kernel weight 40.8-51.2 g and grain yield ranged between 4611-7875 kg ha-1. The highest
yielding genotypes were found as H8G3, H8G5, H9G4, Rumeli and Lucilla.

Keywords: Spike features, Thousand kernel weight, Genotype, Adaptation
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INTRODUCTION

More than 20% of the world's protein and calorie requirements are supply by wheat (Braun et al. 2010).
However, food supply may become increasingly challenging in the future due to population growth, the
reduction of fertile land and water resources available for agriculture, the use of agricultural products for
biofuels, and the effects of climate change (Parry and Hawkesford 2010; Lobell et al. 2011; Hawkesford et
al. 2013).

Wheat is the second most important product in the world after corn, and is the most common grain in
Turkey. Despite a decrease of 27% in wheat cultivation area in Turkey over the past 20 years (TUIK 2023),
wheat production has been maintained through the development of cultivation techniques and breeding
programs. Recent developments in the seed industry and the introduction of new cultivars play an important
role in increasing yields.

To achieve high yield and quality wheat genotypes, suitable growing conditions and techniques, as well as
the selection of cultivars with optimal yield potential, are necessary (Altinbas et al. 2004; Aydogan and
Soylu 2017; Sakin et al. 2022). Therefore, researchers have conducted numerous studies to develop and
evaluate new cultivars under different ecological conditions, focusing on vyield, yield components, and
guality characteristics (Kahraman et al. 2021; Gungor et al. 2022a; Naneli 2022)

The successful increase in grain yield has been demonstrated through studies based on selection criteria such
as grain number and weight per spike (Kurt Polat et al. 2015). Ullah et al. (2021) have found that there are
significant positive relationships between grain yield and the length of the spike, the number of spikelets, the
number of grains per spike, and thousand kernel weight.

This study was aimed at identifying suitable genotypes by examining the yield and yield components of 12
advanced bread wheat lines developed through breeding programs and four registered cultivars under Duzce
ecological conditions.

MATERIAL AND METHODS

The study was carried out in Duzce province in rainfed conditions during the 2020-2021 and 2021-2022
cropping seasons. Four registered bread wheat cultivars (Esperia, Glosa, Lucilla and Rumeli) and 12
advanced bread wheat lines (HOG6, H1GO0, H2G5, H3G6, H6G6, H6G7, H6G8, H7G4, H8G3, H8G5, HIG4
and H9G7) were used in the study.

The soil structure of the experimental area was clayey and slightly acidic. The organic matter and nitrogen
content were high, while the phosphorus and potassium content were low. There was no salinity problem
(Table 1). The climate data for the two year growing seasons and long years in the experimental area are
given in Table 2.

Table 1. Soil structure of the experiment area

Soil Structure Clayey
Organic matter (%) 4.874
pH 6.41
Nitrogen (%) 0.244
Phosphorus (ppm) 0.57
Potassium (ppm) 26
Salt (%) 0.033
MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
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Table 2. Mean climatic data belonging to trial years

2020-2021 2021-2022 Long Years
Months ~ Temperature Precipitation Temperature Precipitation Temperature Precipitation
Q) (mm) Q) (mm) W9) (mm)
November 8.8 22.2 11.6 61.2 9.4 76.5
December 9.7 27.0 9.6 725 5.7 100.9
January 7.0 1294 3.6 176.0 3.7 91.3
February 7.3 36.0 6.7 111.0 5.2 70.4
March 6.8 97.8 5.8 96.3 7.6 73.9
April 12.5 100.0 14.0 46.4 12.2 59.3
May 18.3 92.8 17.4 20.0 16.5 62.8
June 20.5 99.4 215 204.2 20.3 70.5
July 24.6 143.2 22.7 23.8 224 45.1
Total 747.8 811.4 650.7

The research was conducted as a randomized block design with three replications. Both cropping seasons
were sown manually in the first week of November, with 500 seeds per square meter and a row spacing of 20
cm with 5 m long and 6 rows wide. The plot sizes were 6 m2 for both the planting and harvesting areas.
Herbicide was used for weed control in the trial plots. There was no chemical use for the pests. Fifty kg ha-1
of nitrogen and 50 kg ha-1 of phosphorus were applied per hectare with sowing, and the top dressing was
split into two with 90 kg ha-1 of nitrogen applied during tillering and 60 kg ha-1 of nitrogen applied during
the jointing stage. In both growing seasons, the harvest was completed in the first week of July. Ten spikes
were randomly selected from each plot to determine spike length, spike number, grain number per spike, and
grain weight per spike. Grain yield was determined by harvesting the plots. The thousand kernel weight was
defined as counting 100 seeds four times and weighed on a 0.001 precision scale, then averaged and
multiplied by 10. Data obtained from the research over two years were analyzed using JMP 10 statistical
analysis program (JMP 2010), and Duncan test was applied to compare the means.

RESULTS

According to the combined analysis of variance, genotype, year and genotype x year interactions were found
to be significant for all investigated traits (Table 3).

Table 3. Mean square values for the investigated traits
Sources of

e DF GY TKW SL SNS GNS GWS
variations
Replication 2 2586 ns 29ns 0.26ns 0.74ns 20ns 0.002 ns
Year 1 123833**  339** 47> 12** 1834**  27**
Genotype 15  71339*%*  54** 5,8** 497**  1834**  0.27**
Genotype xYear 15  10803**  27** 0.68**  2.28**  53** 0.13*
Error 62 4572.2 1.02 0.13 0.64 20.49 0.08
CVv 10.83 2.19 3.79 4.35 9.04 13.25

** significant at P<0.01, * significant at P<0.05, ns: not significant, CV (%): Variation of coefficient, DF: Degrees of
freedom, GY: Grain yield, SL: Spike length, SNS: Number of spikelets per spike, GNS: Number of grains per spike,
GWS: Grain weight per spike, TKW: Thousand kernel weight

The average values for spike length and spikelet number per spike are given in Table 4. The spike length of
bread wheat genotypes varied between 9.0-12.8 cm in the first year, 7.6-11.0 cm in the second year, and 8.3-
11.9 cm on average over the two years. The maximum spike length was observed in genotype H2G5 (11.9
cm) and the minimum was observed in the Esperia cultivar (8.3 cm). The mean spike length was determined
as 10.3 cm in the first year, 8.9 cm in the second year, and 9.6 cm on average over the two years (Table 4).

Spike length is a genotype specific trait that is also significantly affected by environmental factors (Bilgin
and Korkut 2005; Kaydan and Yagmur 2008). Ozkan (2022) and Mahpara et al. (2017) have reported that
increasing spike length contributes to an increase in grain yield. The results obtained regarding spike length
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in this study were in line with previous findings from Aydogan and Soylu (2017) (8.87-11.10 cm), Gungor
and Dumlupinar (2019) (7.3-10.0 cm), Albayrak et al. (2022) (6.47-9.08 cm), Bozkurt et al. (2022) (7.13-
9.10 cm), and Gungor et al. (2022b) (7.4-10.4 cm).

Table 4. Mean values of spike length (cm) and spikelets/spike (no)

Spike Length (cm) Spikelets/Spike (no)
Genotypes 2020-21  2021-22  Mean 202021 202122  Mean
HOG6 10.0 de 8.1ef 9.0 f-h 19.4 bed 18.2 b-d 18.8 cd
H1GO 12.3a 11.0a 116a 19.7 bc 20.2a 199a
H2G5 12.8 a 109 a 119a 18.0 efg 18.2 b-d 18.1c-e
H3G6 10.6 b-d 9.1bc 9.8 b-d 18.3 d-g 18.4 b-d 18.4 c-e
H6G6 11.1b 8.9 cd 100b 21.1a 18.5 bc 19.8 ab
H6G7 10.3 cd 8.8cd 9.6 c-e 18.7 c-f 16.7 ef 17.7 ef
H6G8 9.7 ef 9.4 bc 9.6 c-e 18.9 b-e 19.1ab 19.0 a-c
H7G4 9.6 ef 76f 8.6 1j 17.4 f-h 155f 16.5¢g
H8G3 10.8 bc 9.0 bc 9.9 bc 20.0 ab 17.4 c-e 18.7 cd
H8G5 10.1 de 9.6b 9.8 b-d 17.1gh 18.0 b-e 17.5 ef
HI9G4 9.6 ef 76f 8.6 h-j 18.9 b-e 17.0 de 17.9 d-f
H9G7 9.7 ef 9.2 bc 9.4 d-f 18.9 b-e 19.1ab 18.9 bc
Esperia 9.0¢g 76f 8.3] 16.8 h 17.5c-e 17.11g
Glosa 10.0 de 7.8 ef 8.9 g1 18.2 d-g 17.3c-e 17.7 ef
Lucilla 9.4fg 9.1bc 9.3e-g 18.2d-g 18.5bc 18.4 c-e
Rumeli 9.5 e-g 8.3 de 8.9 g-1 19.1 b-e 175 c-e 18.3 c-e
Mean 10.3a 89b 9.6 18.7 a 179b 18.3

Differences between the means followed by the same letter are not significant at P<0.05 level

The number of spikelets per spike of bread wheat genotypes varied between 16.8 to 21.1 pieces/spike in the
first year and from 15.5 to 20.2 pieces/spike in the second year, according to Table 4. The number of
spikelets per spike varied between 16.5 and 19.9 pieces/spike according to the combined year values. The
highest number of spikelets per spike was recorded in genotype H1GO (19.9 pieces/spike) while the lowest
spikelets per spike was recorded in genotype H7G4 (16.5 pieces/spike). The number of spikelets per spike
positively affects the number of grains per spike and therefore, the yield per spike (Kahriman and Egesel
2011; Ozen and Akman 2015). Aydogan and Soylu (2017), Gungor and Dumlupinar (2019), Albayrak et al.
(2022), and Gungor et al. (2022b) have reported that the number of spikelets per spike varied between 17.67
to 25.20 pieces/spike, 16.2 to 20.7 pieces/spike, 15.20 to 18.67 pieces/spike, and 16.4 to 20.3 pieces/spike,
respectively.

The mean values of the number of grains per spike and grain weight per spike of bread wheat genotypes
included in the study are given in Table 5. In the first year of the study, the number of grains per spike was
determined to be 54.4 pieces/spike, while in the second year it was 45.7. The number of grains per spike
varied among genotypes, ranging from 48.3 to 62.7 pieces/spike in the first year, 39.2 to 58.6 pieces/spike in
the second year, and 44.8 to 57.8 pieces/spike when considering both years combined. The lowest number of
grains per spike was found in the H6G7 genotype (44.8 pieces/spike) according to the combined years, while
the highest was obtained in the H8G5 genotype (57.8) (Table 5). The number of grains per spike can vary
depending on several factors, including sowing density (Dinc and Erekul 2010), irrigation conditions (Subasi
and Ayranci 2021), sowing methods (Kaydan et al. 2011), genetic structure (Bayram et al. 2017; Gungor and
Dumlupinar 2019), and the spike's potential length and spikelet frequency, as reported by Ubaidullah et al.
(2006). The number of grains per spike ranged from 27.2 to 49.7 pieces/spike in the study conducted by
Gungor and Dumlupinar (2019), from 27.00 to 53.40 pieces/spike in the study conducted by Albayrak et al.
(2022), and from 34.2 to 59.6 pieces/spike in the study conducted by Gungor et al. (2022b).

The grain weight per spike of the bread wheat genotypes included in the experiment was determined as 2.62
g in the first year, 1.55 g in the second year, and 2.09 g for the combined years. The lowest grain weight per
spike, as observed in Table 5, was obtained from the Esperia cultivar with 1.68 g, while the Lucilla cultivar
yielded the highest grain weight per spike with 2.50 g. (Table 5).
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Table 5. Mean values of grains/spike (number) and grain weight/spike (g)

Genotypes Grains/Spike (number) Grain Weight/Spike (g)

2020-21  2021-22 Mean 2020-21 2021-22 Mean
HOG6 50.5 c-e 44.2 cd 47.4 de 243 c-e 1.50 b-d 1.96 d-f
H1GO0 55.7b-d  46.7b-d 51.2cd 2.98 a-c 1.50 b-d 2.40 a-d
H2G5 48.3 ¢ 43.3 cd 458¢ 2.58 b-e 1.52 b-d 2.05 c-e
H3G6 52.3c-e 46.3b-d  49.3de 2.56 b-e 1.48 b-d 2.02 de
H6G6 61.0 ab 42.7 cd 51.9 b-d 2.76 b-d 1.49 b-d 2.13 c-e
H6G7 50.4 c-e 39.2d 448¢ 2.37 de 1.50 b-d 1.93 d-f
H6G8 59.3 ab 53.9ab 56.6 ab 245 c-e 1.66 bc 2.05c-e
H7G4 60.9 ab 43.5 cd 52.2 b-d 2.38 de 1.30d 1.84 ef
H8G3 62.7 a 46.6 b-d  54.6 a-c 3.12ab 1.77 ab 2.44 ab
H8G5 56.9 a-c 58.6 a 57.8a 2.66 b-e 2.07 a 2.36 a-c
H9G4 61.1ab 43.3 cd 52.2 b-d 2.59 b-e 1.42 cd 2.01 de
HOG7 48.7 ¢ 46.2b-d  47.5de 2.33 de 1.73 bc 2.03 de
Esperia 48.7 e 42.0 cd 454 ¢ 2.16e 1.48 b-d 1.68f
Glosa 525 c-e 43.1 cd 47.8 de 2.78 ad 1.20d 2.13 b-e
Lucilla 52.5c-e 49.7 bc 51.1cd 3.35a 1.66 bc 250 a
Rumeli 49.2 de 41.4 cd 453 ¢ 2.48 c-e 1.53 b-d 2.01 de
Mean 544 a 45.7b 50.1 2.62 a 155b 2.09

Differences between the means followed by the same letter are not significant at P<0.05 level

Grain weight per spike is a trait directly related to the photosynthetic capacity of plants and varies depending
on genotype, climate, and cultivation techniques applied (Balkan and Genctan 2008). In studies conducted
under different ecological conditions, researchers have reported that the grain weight per spike varied
between 0.93-2.25 g (Gungor and Dumlupinar 2019), 1.61-3.33 g (Aydogan and Yagdi 2021), 1.11-1.82 g
(Albayrak et al. 2022), and 0.81-1.80 g (Ozkan 2022).

The mean values of the thousand kernel weight and grain yield are given in Table 6. In the study, thousand
kernel weight varied between 39.7-56.9 g in the first year, 39.2-48.4 g in the second year, and between 40.8-
51.2 g on average across the years. The lowest thousand kernel weight based on the average of the years was
determined in the H6G8 (40.8 g) genotype, while the highest thousand kernel weight was obtained from the
H2G5 (51.2 g) genotype (Table 6).

Table 6. Mean values of thousand kernel weight (g) and grain yield (kg ha™)

Genotypes Thousand Kernel Weight (g) Grain Yield (kg ha)

2020-21 2021-22 Mean 2020-21 2021-22 Mean
HOG6 46.3 e-g 44.9 b-d 456 g 5426 e-g 7338 a 6382 cd
H1GO 53.4b 42.9 ef 48.2 c-e 5261 fg 4392 e 4826 fg
H2G5 56.9a 45.5 bc 51.2a 5885 d-f 4243 e 5063 fg
H3G6 49.7 cd 43.1 ef 46.4 fg 5941 de 4943 de 5442 ef
H6G6 45.8 fg 45.4 bc 455¢ 5273 fg 4476 e 4875 fg
H6G7 46.2 e-g 48.1a 47.1 ef 6046 c-e 5085 de 5565 ef
H6GS8 39.7h 42.0 fg 40.8 1 4816 g 4416 e 4611 g
H7G4 41.3 h 4109 41.21 6100 cd 6175 a-d 6138 de
HB8G3 50.4c 48.4 a 494 b 7923 ab 7067 a 7495 ab
H8G5 46.8 ef 43.9 de 453¢ 8315a 7435 a 7875 a
HIG4 45.0 fg 43.0 ef 44.0 h 7558 b 6894 ab 7226 ab
HIG7 48.1 de 47.7 a 47.9 de 7473 Db 6605 a-c 7039 bc
Esperia 447 e 39.2h 41.91 6681 c 5338 c-e 6009 de
Glosa 538D 44.5 cd 49.2 bc 7418 b 5434 b-e 6426 cd
Lucilla 49.9 cd 43.1 ef 46.5 fg 7510 b 7054 a 7282 ab
Rumeli 5l1c 46.2 b 48.7 b-d 7967 ab 7207 a 7587 a
Mean 48.1 a 44.3 b 46.2 6599 a 5881 b 6240

Differences between the means followed by the same letter are not significant at P<0.05 level
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Thousand kernel weight varies according to genetic structure, the number of spikes per square meter, the
number of grains per spike, climate and soil conditions, spike-ripening time, the number of main stems and
tillers, and cultural practices (Sahin et al. 2004; Rahman et al. 2009; Abbas and Topal 2017). Thousand
kernel weight has a significant impact on grain yield and is a quality criterion valued by industry due to its
importance in estimating amount of flour (Mut et al. 2007; Kahriman and Egesel 2011; Sahin et al. 2013).
Thousand kernel weight ranges documented in similar studies were as follows: Gungor et al. (2019) reported
35.8-47.2 g, Kahraman et al. (2021) found 35.3-46.5 g, Albayrak et al. (2022) observed 30.02-42.88 g, and
Gungor et al. (2022b) identified 36.6-45.3 g.

The grain yields of the bread wheat genotypes varied between 4816-8315 kg ha™ in the first year, 4243-7435
kg ha't in the second year, and 4611-7875 kg ha in combined years, with an average grain yield of 6240 kg
ha? (Table 6). The genotypes H8G5 (7875 kg ha), Rumeli (7587 kg ha?), Lucilla (7282 kg ha), and H9G4
(7226 kg ha) had the highest grain yields according to the combined year averages, while the genotypes
H6G8 (4611 kg ha'), H1GO (4826 kg ha?), and H6G6 (4875 kg ha') had the lowest grain yields (Table 6).
In similar studies, grain yields ranging from 5152-7907 kg ha™ were reported by Gungor and Dumlupinar
(2019), 5985-7083 kg ha' by Kahraman et al. (2021), 1345-3463 kg ha' by Albayrak et al. (2022), and
2940-6562 kg ha by Aydogan and Yagdi (2021). Grain yield varies according to environmental factors,
genetic potential, and cultural practices (Aydogan and Soylu 2017; Gungor and Dumlupinar 2019; Atak et al.
2021; Gungor et al. 2022b).

CONCLUSION

In recent years, wheat breeding studies have rapidly increased, and developed cultivars and candidates have
been tested under different ecological conditions to determine their grain yield and quality traits. This
research was carried out to determine the yield and yield components of 12 advanced bread wheat lines and
four registered cultivars under Duzce ecological conditions. In terms of grain yield, the genotypes H8G3,
H8G5, H9G4 Rumeli, and Lucilla stood out. It was determined that Glosa, HOG6, H3G5, H9G4, and H9G7
genotypes had higher yields than the average grain yield determined in the study.
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INTRODUCTION

Grapevine (Vitis vinifera L.) is a perennial herb with more than 6000 species from the Vitaceae family
(Agulheiro-Santos et al. 2021). The grapevine, which can adapt to different climatic conditions, is among the
world's most widely grown cultivated plants due to being not selective regarding soil requirements and easily
reproduced and consumed in different ways. In addition to being consumed fresh, its fruit is used to make
jam, fruit juice, jelly, vinegar, wine, and various herbal extracts and oil from its seeds. Fifty-seven percent of
the grapes produced on earth are used in winemaking, 36% are consumed fresh, and 7% are dried. Grape
production constitutes 28% of fruit production in our country, and vineyards account for 15% of the regions
where horticulture is carried out (Celik 2013).

Weeds are one of the biotic factors affecting production in vineyards. They comprise 8.000 of the 250.000
plants diagnosed on Earth (Holm et al. 1979). Weeds are undesirable plants whose seeds can maintain
vitality in the soil for years, germinate under suitable conditions, and weed seeds can quickly disperse to
non-infested areas (Davies and Sheley, 2007). Without environmental intervention in the newly infected
areas, they can multiply quickly and invade the whole area.

Weeds compete with crop plants for water and nutrients necessary for survival (Wisler and Norris 2005).
Weed infestation poses a significant problem in newly established vineyard areas. Newly planted seedlings
with under-developed roots may be more prone to weed competition in vineyards that are generally not
irrigated. Several species can reach deeper soil depths than vine species, take nutrients and water from the
depths that seedling roots cannot reach, grow faster than young seedlings and cover them and reduce the
valuable sunlight they can receive.

Soils around weeds are host plants for several nematode species. Soils contain wide species of fungivores,
predators, omnivores, herbivores, and bacterivore nematodes. Bacterivore and fungivore nematodes play a
significant role in organic waste decomposition. By decomposing organic material, releasing elements like
C, N, and P, and aerating, nematodes improve soil nutrient and food web conditions. This condition
indirectly promotes crop plant growth and weed growth in soils with rich content. An increase in weed
growth will also increase weed-induced damage in cultivated plants.

Moreover, plant parasitic nematodes damage plant roots and cause up to 80% reduction in yield in grapevine
(Askary et al., 2018). In contrast, predators are vital natural enemies that can reduce populations of plant-
damaging pests. For instance, predator dorylaimid nematodes can feed on several Meloidogyne species
(Timper et al. 2021).

Weeds maintain many of these nematode species inside their roots or soils around their roots. A high rate of
nematode-susceptible weeds can host many, especially plant parasitic nematodes. Additionally, nematodes
feeding on weeds may increase their population. The increase of nematodes in fields may cause a decrease in
nematode resistance in crop plants resistant to nematodes (Davis and Webster, 2005). The genera richness of
nematodes varies depending on weed species. Some weeds may secrete allelochemicals that suppress
nematode reproduction (Yeates and Williams, 2001). Some of them may have strong root structures and may
not allow nematode feeding and thus cannot increase the nematode population that cannot be fed. However,
weeds are not only host for nematodes but also are known to protect them from toxic chemical damage by
absorbing pesticides, thus survived nematodes may cause new nematode damage (Rocha et al., 2021).
Furthermore, the life span of weeds also affects the nematode population. Thus the fauna of nematodes in
fields may vary depending on weed diversity and need to be identified.

Izmir and Manisa are one of the biggest producers of grapevine. Viticulture is carried out on 103.851 decares
in 1zmir and 866.496 in Manisa. In lzmir, table grapes are grown in 41,383 decares of area, wine grapes in
16.399, and dried grapes in 46.212 (Anonymous, 2022). The vineyard area in two provinces constitutes 23%
of the country's production area and 41.4% in production amount (Yasan-Ataseven, 2021). While most
producers in lzmir are small-scale producers, viticulture is carried out in more extensive areas in Manisa,
especially for raisin production, for commercial purposes. Vineyards have a vital position in agricultural
production regarding the area they cover. Thus, it is important to determine weeds and nematode fauna
associated with these weeds. The present study mainly focuses on determining weed hosts of plant-parasitic
nematodes, considered significant grapevine pests. The finds will reveal how important weed control,
especially nematode hosts, is in vineyards.
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MATERIAL AND METHODS

Study Area Information

The study area covers Izmir and Manisa provinces. During the surveys, the highest temperature in Izmir was
measured as 36°C and the lowest temperature as 14°C, and the annual precipitation in the province was
approximately 700 mm. In Manisa, the temperature was 34 °C, and the lowest was 17 °C. Rainfall was 713
mm per year. Most vineyards in Izmir were not irrigated, and irrigation was carried out at regular intervals
with drip irrigation in the vineyard areas in Manisa. The investigated vineyards located in Kemalpasa,
Menemen, and Torbali districts in Izmir and Salihli, Saruhanli, Akhisar, Turgutlu, and Sehzadeler districts in
Manisa (Table 1, Figure 1).

Table 1. The information on surveyed vineyards in Manisa and Izmir (Tuik, 2021).

Total production Surveyed area  Number of

Provinces Districts area (ha) (da) s_ampled
vineyards
Kemalpasa 2.840 77 9
Izmir Menemen 3.075 84 7
Torbali 677 32 6
Akhisar 1.9905 198 6
Sehzadeler 8.665 51 3
Manisa Yunusemre 2.555 14 1
Saruhanli 10.500 152 6
Turgutlu 7.079 67 5
Salihli 13.033 276 13

Figure 1. Surveyed area in the map of Turkiye

Collection and Identification of Weeds in Vineyards

While selecting the vineyards in the survey, the rule of at least a 1 km distance between them was followed,
and the vineyards were chosen randomly. The vineyard area sizes ranged from 2-30 da in Izmir and 10-45 da
in Manisa. Observations on weeds in each vineyard were conducted and recorded. Weed samples were
collected and transferred to Sakarya University of Applied Sciences for identification. Weed density was
evaluated by counting weeds at a 1 m? frame. The weeds in quadrate size 1m x 1m were measured five times
and then averages count were used to determine the number of weeds in m2. The frequency of occurrence
(f%) of species was calculated as the number of vineyards where the species was recorded divided by the
total number of vineyards visited (Sirma et al., 2001). Density (plant/m?) was calculated by dividing the
number of plants in total m? by the number of vineyards sampled.

Each species' herbarium was prepared by slowly drying the plant samples at room temperature. Dried
samples were attached to cardboard and labeled. Weeds were identified from the plant morphology. At the
final stage, weeds were divided into annual, biennial, and perennial according to life span, geophyte,
chamaephyte, therophyte, and phanerophyte according to life form (Raunkiaer, 1937), monocotyledon,
dicotyledon and parasite.
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Extraction and Identification of Nematodes Associated with Weeds in Vineyards

Root samples and rhizosphere soil, basically from 0-30 cm, were also collected to identify nematode species.
Additionally, weed roots were examined for nematode galls. Nematodes in soil were extracted by combining
Cobb's (1913) decanting-sieving and centrifuge flotation of Jenkins (1964). In this method, 100 cm? soil was
mixed with 300 ml water, stirred well, and sieved through 100 and 400 mesh sieves. Nematodes on 400 mesh
sieve were centrifuged at 1.750 rpm for 5 minutes, and adding 50 sugar solution was centrifuged again for 1
minute. The centrifuged mixture was passed through a 400 mesh sieve, and juvenile, female, and male
nematodes were collected. Nematodes from roots were collected with the Modified Baermann method.
Nearly 50 g of the root was washed and placed on funnels containing filter paper. Roots were kept for two
days in water, and migrated nematodes were collected. When root galling was observed, females of
nematodes inside the roots were hand-picked, and perineal patterns of these females were prepared and
identified (Hartmann and Sasser, 1985). Nematodes were counted from 1 ml of the extracted suspension
under the microscope at 10X magnification. By examining the morphological characteristics of female
individuals, such as stylet shape, vulva position, tail shape, and longitudinal lines, free-living nematodes
were identified at the genus level, and plant parasites at the species level. Slides of nematodes were prepared
from heat-killed and in TAF (7 ml 40% formaldehyde + 2 ml triethanolamine + 91 ml), Seinhorst 1 (1 part
glycerin + 79 parts distilled water), and Seinhorst Il (5 parts glycerin). + 95 parts of ethanol) solutions
processed females. Treated nematodes were fixed on a slide with glycerin dripping using the wax ring
method (Seinhorst, 1959). Plant-parasitic species have been identified according to keys such as Loof and
Luc (1990), Brezski (1991), and Handoo et al. (2007).

RESULTS

Fifty-five weed species were determined in the vineyard areas of Izmir and Manisa. While 55 species were
found in Izmir province, 52 were in Manisa province. Among all, one species was parasitic, eight were
narrow-leaved, and 45 were broad-leaved. According to the life span, weeds were grouped as annual and
perennial, and no weeds with a two-year age were found. According to life form, it is divided into four
groups’ chamaephyte, therophyte, hemicryptophyte, and geophyte. Therophyte species were prominent in
terms of number in the vineyard areas. Forty-six weeds detected in Izmir province were dicotyledonous, one
parasitic, and eight monocotyledonous weeds. In Manisa province, 44 weeds were dicotyledonous, and eight
were monocotyledonous. None of the parasitic species were found in the vineyard areas of Manisa province.
The number of annual weeds was 41 in Izmir and 8 in Manisa. Among the perennial weeds, 17 were found in
Izmir and 16 in Manisa. According to life form, therophyte weeds stood out in both provinces and
chamaephyte was in the last place with a small number of taxons (Figure 2).
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Figure 2. The number of weeds classified by A. Morphotypic character B. Life cycle C. Raunkiaer life form

Identified weeds in the vineyards belonged to 30 families. The families with the most taxon in vineyard areas
were determined as Asteraceae (11 species), Brassicaceae (6 species), and Poaceae (7 species). All
individuals in these families were identified in both provinces. On the other hand, two taxons were
determined from Boraginaceae, Fabaceae, Lamiaceae, Primulaceae, and Solanaceae families (Table 2, Figure

3).
Table 2. The list of weed species found in vineyards in Izmir and Manisa
= 8
Family Scientific name Life form | Life cycle £ S
N
- p=
Amaranthaceae Amaranthus retroflexus L. Th A + +
Calendula arvensis L. Th A + +
Centaurea solstitialis L. Th A + +
Cirsium arvense (L.) Scop. G P + +
Asteraceae ;
Conyza canadensis (L.) Cronquist Th A + +
Cichorium intybus L. H P + +
Matricaria chamomilla L. Th A + +
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Senecio vulgaris L. Th A + +
Sonchus arvensis L. Th P + +
Taraxacum officinale F.H.Wigg H P + +
Xanthium strumarium L. Ch A + +
Xanthium spinosum L. Th A + +
/Apiaceae Daucus carota L. Th A + +
Apocynaceae Cynanchum acutum L. Ch P + +
Aristolochiaceae Aristolochia clematitis L. G P + +
B oraginacea Echium vulgare L. H P + +
Heliotropium europaeum L. Th A + +
Capsella-bursa pastoris (L.) Medik Th A + +
Lepidium draba L. H A + +
Brassicaceae Raphanus raphanistrum L. Th A + +
Sisymbrium altissimum L. Th A + +
Sinapis arvensis L. Th A + +
Thlaspi arvense L. Th A + +
Caryophyllaceae Stellaria media (L.) Vill Th A + +
Chenopodiaceae Chenopodium album L. Th A + +
Convolvulaceae Convolvulus arvensis L. H P + +
Cucurbitaceae Ecballium elaterium (L.) A. Rich. H P + +
Cuscutaceae Cuscuta spp. Th A + -
Cyperiaceae Cyperus rotundus L. G P + +
Euphorbiaceae Euphorbia helioscopia L. Th A + +
Fabaceae Trifolium arvense L. Th P + +
Fumariaceae Medicago sativa L. Th P + +
Fumaria officinalis L. Th A + +
Geraniaceae Geranium dissectum L. Th A + +
Lamiaceae Lamium purpureum L. Th A + +
Lamium amplexicaule L. Th A + +
Malvaceae Malva neglecta Wallr. Th A + +
Malva sylvestris L. Th A + +
Papaveraceae Papaver rhoeas L. Th A + +
Plantaginaceae Plantago major L. H P + +
Elymus repens (L.) Gould H A + +
Alopecurus myosuroides Huds. H A + +
Avena fatua L. Th A + +
Poaceae Cynodon dactylon (L.) Pers. G P + +
Echinochloa crus-galli (L.) P.Beauv. Th A + +
Poa annua L. Th A + +
Sorghum halepense (L.) Pers H A + +
Polygonaceae Polygonum aviculare L. Th A + +
Portulacaceae Portulaca oleracea L. Th A + +
Primulaceae Anagallis arvensis L. Th A + +
Ranunculaceae Consolida regalis Gray. Th A + -
Solanaceae Datura stramonium L. Th A + +
Solanum nigrum L. Th A + +
Urticaceae Urtica urens L. Th A + -
Zygophyllaceae Tribulus terrestris L. Th A + +
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Figure 3. A.Chenopodium album L. B.Datura stramonium L. C.Amaranthus retroflexus L. D.Portulaca

oleracea L.

In Manisa province, Amaranthus retroflexus L. (69%), Capsella-bursa pastoris (L.) Medik (49%), Portulaca
oleracea L. (59%), Convolvulus arvensis L. (66%), Tribulus terrestris L. (88%), Raphanus raphanistrum L.
(57%), Chenopodium album L. (56%), species are common. In contrast, in Izmir province, Avena fatua L.
(85%), Chenopodium album L. (52%), Centaurea solstitialis L. (56%), the prevalence of Heliotropium
europaeum L. (60%) weeds were found to be remarkably high. Two vineyard areas in Manisa were heavily
infested with Datura stramonium L. However, Cuscuta spp. was not seen. Regarding density per 1 m? in
vineyard areas, Stellaria media (L.) Vill (23), Avena fatua L. (13), Sorghum halepense (L.) Persian (8) stood

out.

Nematodes Associated with Weeds in Vineyards of Manisa and Izmir

During the surveys, 19 genera of free-living nematodes were identified in the root of weeds. Bacterial feeder
(9 genera), fungal feeder (3 genera), omnivore (4 genera), predator (3 genera), and plant feeder nematode
species (17 genera) were detected in the soils collected from the root zone of weeds in the vineyard areas

(Table 3).

Table 3. Taxonomic classification of nematode genera and species found in Izmir and Manisa vineyards.
Genus Order Family I:]Zindilgt? Izmir Mznls
Achromadora Cobb, 1913 Chromadorida | Achromadoridae bacterivore + -
Acrobeloides Cobb, 1924 Rhabditida Cephalobidae bacterivore + +
Acrobeles von Linstow, 1877 Rhabditida Cephalobidae bacterivore + +
Alaimus De Man, 1880 Dorylaimida Alaimidae bacterivore + +
Aphelenchus Bastian, 1865 Aphelenchida | Aphelenchoididae fungivore + +
Aphelenchoides Fischer, 1894 Aphelenchida | Aphelenchoididae fungivore - +
é‘\?f;;?g?'?;;ghome and Dorylaimida Aporcelaimidae omnivore + +
Basiria Siddiqi, 1959 Tylenchida Tylenchidae plant-parasitic + +
Boleodorus Thorne, 1941 Tylenchida Boleodorinae plant-parasitic + +
Cephalobus Bastian, 1865 Rhabditida Cephalobidae bacterivore + +
Clarkus Jairajpuri, 1970 Mononchida Mononchidae predator + -
Ditylenchus, Flipjev,1936 Tylenchida Anguinidae fungivore + +
Dorylaimus Dujardin, 1845 Dorylaimida Dorylaimidae omnivore + +
Eudorylaimus Andréssy, 1959 Dorylaimida Dorylaimidae omnivore + +
Filenchus Andrassy, 1954 Tylenchida Tylenchidae plant-parasitic + +
fggé:.enamus Thorne and Malek, Tylenchida Merliniidae plant-parasitic + +
Helicotylenchus Steiner, 1945 Tylenchida Hoplolaimidae plant-parasitic + +
Longidorus Micoletzky, 1922 Dorylaimida Longidoridae plant-parasitic + +
Macroposthonia de Man, 1880 Tylenchida Criconematidae plant-parasitic + +
Meloidogyne Goeldi, 1892 Tylenchida Heteroderidae plant-parasitic + +
Mesodorylaimus Andrassy 1959 Dorylaimida Dorylaimidae omnivore + +
Mesorhabditis Osche, 1952 Rhabditida Rhabditidae bacterivore + +
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Paratylenchus Micoletzky, 1922 | Tylenchida Paratylenchidae plant-parasitic + +
Plectus Bastian, 1865 Plectida Plectidae bacterivore + -
Pratylenchoides Winslow, 1958 Tylenchida Pratylenchidae plant-parasitic + +
Pratylenchus Filipjev, 1936 Tylenchida Pratylenchidae plant-parasitic + +
Psilenchus de Man, 1921 Tylenchida Tylenchidae plant-parasitic + +
Rhabditis Dujardin, 1845 Rhabditida Rhabditidae bacterivore + +
Rotylenchus Filipjev, 1936 Tylenchida Hoplolaimidae plant-parasitic + +
Rotylenchulus Filipjev, 1936 Tylenchida Rotylenchulidae plant-parasitic - +
Seinura Fuchs, 1931 Aphelenchida | Aphelenchoididae predator - +
Tripyla Bastian, 1865 Triplonchida Tripylidae predator + +
Tylenchus Bastian, 1865 Tylenchida Tylenchidae plant-parasitic + +
Tylenchorhynchus, Cobb, 1913 Tylenchida Telotylenchidae plant-parasitic + +
Xiphinema Cobb, 1913 Dorylaimida Longidoridae plant-parasitic + +
Wilsonema Cobb, 1913 Plectida Plectidae bacterivore + -

While bacterial feeder Cephalobus and omnivore Mesodorylaimus were the most common, the highest
populations in 100 g soil were 61 and 81, respectively. Dorylaimus from omnivorous species, Acrobeles,
Acrobeloides, Alaimus, bacterivorous species, and Rhabditis from fungivore species were also common
across the weeds in vineyards.

Plant-parasitic nematodes belonging to 17 genera were isolated from roots. The most prominent were
Geocenamus (67.8% occurrence) and Filenchus spp. (88.5 % occurrence). Among the plant-parasitic
nematode species detected, Meloidogyne javanica and M. incognita were prominent in Manisa province.
Many hosts of these nematodes, such as Portulaca oleraceae L., Lactuca serriola L., Amaranthus retroflexus
L. were identified.

Plant parasitic nematodes such as Ditylenchus dipsaci, Pratylenchus neglectus, P. thornei, and Longidorus
elongatus were recovered from soil and roots of weeds like Urtica urens L. and Carduus nutans L.
Calendula arvensis L. (31 genera), Lamium amplexicaule L. (30 genera), Capsella-bursa pastoris (L.) Medik
(28 genera) and Taraxacum officinale L. (27 genera) took first place when the weeds containing the most

nematode species (free living+plant parasitic) in the root zone were examined (Table 4).

Table 4. Some weed hosts of mostly distributed nematode genera and species in Manisa and lzmir

Nematode genera

Weeds

Aphelenchus avenae Bastian, 1865

All weeds

Aphelenchoides sacchari Fischer, 1894

All weeds

Ditylenchus dipsaci

Fumaria officinalis L., Carduus nutans L., Raphanus raphanistrum L.,
Anagallis arvensis L.., Portulaca oleracea L., Eleusine indica (L.) Gaertn,
Matricaria chamomilla L., Malva sylvestris L., Senecio vulgaris L.,
Euphorbia helioscopia L.

Geocenamus brevidens (Allen, 1955)
Siddiqi, 1970

All weeds

Meloidogyne incognita (Kofoid and
White, 1919) Chitwood, 1949

Amaranthus retroflexus L., Chenopodium album L., Eleusine indica (L.)
Gaertn, Gallium aparine L., Heliotropium europaeum L., Lepidium draba
L., Lamium amplexicaule L., Lactuca serriola L., Portulaca oleracea L.

Meloidogyne javanica Treub, 1885

Amaranthus retroflexus L., Anagallis arvensis L., Cynodon dactylon
(L.) Pers., Chenopodium album L., Eleusine indica (L.) Gaertn, Gallium
aparine L., Heliotropium europaeum L., Lepidium draba L., Lamium
amplexicaule L., Lactuca serriola L., Portulaca oleracea L.

Pratylenchus neglectus Filipjev and
Stekhoven, 1941

Amaranthus retroflexus L., Calendula arvensis L., Capsella-bursa
pastoris (L.) Medik, Conyza canadesis (L.) Cronquist, Chenopodium
album L., Euphorbia helioscopia L., Stellaria media (L.) Vill, Taraxacum
officinale F.H.Wigg,

Pratylenchus thornei Sher and Allen,
1953

Capsella-bursa pastoris (L.) Medik, Lamium amplexicaule L., Stellaria
media (L.) Vill, Taraxacum officinale F.H.Wigg,

Longidorus elongatus (de Man, 1876)
Micoletzky, 1922

Urtica urens L., Fumaria officinalis L., Taraxacum officinale F.H.Wigg,
Lamium amplexicaule L., Malva sylvestris L., Papaver rhoeas L., Senecio
vulgaris L., Stellaria media (L.) Vill,
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DISCUSSION

Weeds cause direct and indirect crop loss in grapevines by competing for water, light, and nutrients. Most
vineyards worldwide need accessible water, and weeds may consume insufficient water in the soil, an
essential resource for grapevine growth. Unmanaged weeds could cause yield reductions by up to 37%, cane
weight by 68%, number of clusters per vine by 28%, and berry weight by 3% (Byrne and Howell, 1978).
Dense weed growth can create humidity conditions that contributing to fungal diseases (Elsher and Hanson
2014).

In this study, 55 weed species were determined in the vineyard areas surveyed. Species of Asteraceae,
Brassicaceae, and Poaceae families were commonly found. In previous studies, thirty-one species were
reported in the vineyard areas of Edirne, Kirklareli, and Tekirdag in the Marmara Region and 68 species in
Manisa n the Aegean Region. In both studies, similar to ours, the number of identified species from the
Asteraceae, Brassicaceae, and Poaceae families was high (Kacan and Boz 2015; Ozturk et al. 2017). In a
study conducted in Diyarbakir, 168 weed species belonging to 35 families were determined (Kagar and
Ozaslandan 2020).

Weeds such as Amaranthus retroflexus, Chenopodium album, and Portulaca oleraceae were most common
in Izmir and Manisa. Amaranthus retroflexus and C. album can grow in all types of soil conditions, and more
than 20,000 seeds can quickly invade the area where it is located (Brijacak et al., 2018).

In our study, 36 species of nematodes were extracted from weed roots and soil. The most common of these,
and the vast majority, consisted of bacterivore species. Bacterivorous species contribute to soil fertility by
decomposing residues in vineyard soils (Schmidt et al., 2020). On the other hand, 17 genera of plant-
parasitics were identified. Of these, the two most important genera, Meloidogyne javanica, and M. incognita,
were found in 11 weed species, and L. elongatus in 8 weed species. Although there are few studies on this
subject, in a study conducted on nematode fauna in weeds, 43 nematode species belonging to 22 families
were found in the roots of 30 weed species and in the soil in Nigeria. Species from genera like Aphelenchus,
Aphelenchoides, Longidorus, Meloidogyne, Plectus, Pratylenchus, Rhabditis, Xiphinema and
Tylenchorrhynchus were identified (Eche et al., 2010). In another study conducted by Quénéhervé et al.
(2005) in banana growing areas, 24 of the weeds were reported as hosts of Radopholus similis, 23 were hosts
of Helicotylenchus spp., 13 were hosts of Pratylenchus spp., 13 were hosts of Hoplolaimus seinhorsti, 29
were hosts of Meloidogyne spp. and 24 was the host of Rotylenchulus reniformis.

Among the detected nematodes in this study in Izmir and Manisa, species such as Longidorus elongatus, the
vector of tobacco black ringspot and raspberry ringspot viruses, gain importance. This nematode was found
in roots of Urtica urens L., Fumaria officinalis L., Taraxacum officinale F.H.Wigg, Lamium amplexicaule
L., Malva sylvestris L., Papaver rhoeas L., Senecio vulgaris L., Stellaria media (L.) Vill. Moreover, most
plant-parasitic viruses have a wide host range, including annual and perennial weed species. Eleven weeds
identified in this study were reported to maintain grapevine nepoviruses such as arabis mosaic virus,
grapevine fanleaf virus, tomato ringspot virus, and tobacco black ringspot virus. For instance, Stellaria
media (L.) Will. host six nepoviruses. Viruses prefer biennial and perennial weeds to overwinter. Nematodes
that lose their infectivity during molting or in the absence of infected vines may re-gain virus particles by
feeding on infected weeds. In this way, nematodes can recover the virus from newly germinated weed hosts
(Murant and Taylor, 1965). Since only one nematode individual can take the virus from weeds and transfer it
to the vine, identifying nematodes in virus-infested vineyards and combating host weeds, if any, gain
importance (Ozturk and Sin 2022). This study showed that nematodes found in the rhizosphere soil of
grapevine in the vineyards are also present in the weed roots and the surrounding soils. Even if the
grapevines are removed from the soil, weeds may serve as a food source for nematodes and nematodes may
survive for years.
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OzET BILGisi
Ketencik (Camelina sativa L.), Brassicaceae familyasina ait bir yag bitkisidir. Bununla birlikte, tuzluluk,

yiiksek sicaklik ve kuraklik gibi abiyotik stres faktorlerine karst etkili bir yapiya sahiptir. Bu calisma, Gelis:
farkli ketencik genotipleri ve g¢esitlerine farkli tuzluluk konsantrasyonlarinin uygulanmasi sonucu  15.08.2023
agronomik 6zelliklerdeki degisimleri incelemek amaciyla yapilmistir. Deneme materyali olarak 3 ketencik Kabul:
genotipi (P1-650142, Ames-304269 ve Russian) ve 1 ketencik ¢esidi (Arslanbey) kullanilmigtir. Deneme  01.10.2023

tesadiif bloklarina gore 4 tekrarli olarak gergeklestirilmistir ve 3 farkli NaCl konsantrasyonu (0, 140 ve
280 mM) uygulannustir. Bitkiler tomurcuklanma déneminden &nce hasat edilmistir. Incelenen dzellikler
arasinda istatistiksel olarak 6nemli farkliliklar gozlenmistir. Tuz konsantrasyon diizeyi arttikc¢a bitki boyu,
yaprak sayisi, yaprak kuru agirligi, sap kuru agirligi ve bitki kuru agirhigiin azaldigy; sar1 yaprak sayisinin
ise arttigr belirlenmistir. Tuzlu kosullarda ketencik genotipleri arasinda gelisme agisindan Onemli
farkliliklar oldugunu séylemek miimkiindiir. Ames-304269 genotipinin incelenen parametreler agisindan
daha {istiin sonuglar ortaya cikardigi belirlenmistir. Ketencik bitkilerine uygulanan 140 mM tuz
konsantrasyonun agronomik 6zellikleri yaklasik %50 oraninda azalttig1 ve 280 mM tuz konsantrasyonun
ciddi verim kayiplar1 ve 6liimciil sonuglart ortaya ¢ikarabilecegi tespit edilmistir. En diisiik tuza tolerans
indeksi her iki NaCl konsantrasyonunda Arslanbey genotipinden elde edilmistir. Bu durum Arslanbey
¢esidinin tuz stresine karst yiiksek diizeyde hassas oldugunu gostermistir. Ketencik bitkisinin
yetigtirilmesinde yiiksek tuzlu kosullarda ortaya g¢ikan yetersiz fotosentez ve hormon dengesindeki
bozukluklar biiylimelerini sinirlayabilir. Aragtirmada incelenen parametreler, bitkinin tuzluluk
kosullarinda sergiledigi sonuglart tespit etmek icin yetersizdir. Bitkilerin morfolojik ve biyokimyasal
ozellikleri birlikte g6z Onilinde bulundurularak tuza karst stres tepkilerinin belirlenmesi ileriki
aragtirmalarda daha yararli olacaktir.

Anahtar kelimeler: Camelina sativa, Tuz stresi, NaCl konsantrasyonu, bitki kuru agirlig

The Effect of Different Salinity Levels on Agronomic Parameters in Some Camelina

Genotypes
ARTICLE

ABSTRACT INFO
Camelina (Camelina sativa L.) is an oilseed plant belonging to the Brassicaceae family. However, it possesses an

effective resistance mechanism against abiotic stress factors such as salinity, high temperature, and drought. This Received:
study aimed to investigate alterations in agronomic characteristics resulting from the application of varying salinity 15 08.2023
concentrations to different camelina genotypes and cultivars. Three camelina genotypes (P1-650142, Ames-304269, Accepted:
and Russian) and one camelina cultivar (Arslanbey) were utilized as experimental materials. The experiment was 01.10.2023

conducted with four replicates in a randomized block design, employing three different NaCl concentrations (0, 140,
and 280 mM). Plant harvesting occurred prior to the budding stage. Statistically significant variations were observed
among the assessed parameters. With an increase in salt concentration, there was a decrease in plant height, leaf
count, dry leaf weight, stem dry weight, and overall plant dry weight. Additionally, an elevation in the number of
yellowing leaves was noted. Substantial differences in development among camelina genotypes in saline conditions
were evident. Notably, the Ames-304269 genotype exhibited superior outcomes in the investigated parameters. It
has been determined that 140 mM salt concentration applied to camelina plants reduces agronomic properties by
approximately 50%-, and 280-mM salt concentration may cause serious yield losses and fatal consequences. The
lowest salt tolerance index was obtained from Arslanbey genotype at both NaCl concentrations. This showed that
Arslanbey variety was highly sensitive to salt stress. Inadequate photosynthesis and disorders in hormone balance
that occur in high salt conditions when growing camelina plants may limit their growth. The parameters examined in
the research are insufficient to detect the results exhibited by the plant under salinity conditions. Determining the
stress responses of plants to salt by considering their morphological and biochemical properties together will be
more useful in future research.

Keywords: Camelina sativa, Salt stress, NaCl concentration, plant dry weight
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GIRIS

Insanoglu var oldugundan beri temel beslenme ihtiyacini dncelikli olarak bitkilerden karsilanustir. Artan bir
hizla azalan dogal kaynaklar, tarim dahil bir¢ok alanda yeni arayislar1 beraberinde getirmektedir.
Sanayilesme ve kentlesme, tarim alanlarini daraltirken, buna karsilik bu alanlardan beslenen insan sayisi
hizla artmaktadir. Bu baglamda yiiriitiilen arastirmalar, birim alandan elde edilen verimi en iist seviyeye
¢ikarma odakli olarak yogunlasmaktadir (Erdem ve ark. 2010). Bu amagla geleneksel 1slah ¢aligmalar ile
birlikte ikinci diinya savasindan sonra mutagenez ve genetik miithendisligi gibi yeni biyoteknolojik yontemler
de kullanilmaya baslanmis ve seleksiyona dayali 1slah yontemi kullanilarak arzu edilen 6zelliklere sahip yeni
tiirler ve cesitler gelistirilmis ve yetistirilmistir (Arvas ve Kocagaligkan 2020). Bu yeniliklerin ve diinya
genelindeki egilimlerin yam sira Tiirkiye, 6zellikle su kaynaklarinin azalmasi, kuraklik ve ¢ollesme gibi
ekolojik sorunlarla miicadele etmek durumunda kalan (lkeler arasinda olup kiiresel 1sinmanin potansiyel
etkileri agisindan risk grubu iilkeler arasindadir. Kiiresel iklim degisikligi, kurak ve yar1 kurak bolgelerin
genislemesi yani sira kuraklik siirekliligi ve siddetindeki artislar, ¢ollesme siireglerini, tuzluluk ve erozyonu
da tetikleme potansiyeline sahip oldugu rapor edilmistir (Tiirkes 1994).

Abiyotik stres faktorlerinden olan tuzluluk hem tarim alanlarini olumsuz etkilemekte hem de tuzluluk
potansiyeli yiiksek olan topraklarda yetisen bitkilerde agronomik, morfolojik, fizyolojik ve bircok
olumsuzluklara neden olmaktadir (Yilmaz ve ark. 2011). Tiirkiye'nin tarim alani 23 milyon ha (bunun
%34.8’1 sulanabilir alanlardir) olmakla birlikte tarim alanlarinin %20'si tuzluluk sorunuyla karsi karsiyadir
(Anonymous 2023a). Dunya (zerinde ise 800 milyon hektardan fazla karasal alan tuzluluktan
etkilenmektedir ve bu alan diinyanin tiim karasal alanlarmmin %6’sindan fazladir (Anonymous, 2023b).
Tarimsal alanlarda giderek artacak olan tuz birikimi, iirlin verimi ve kalitesindeki azalmaya bagli olarak
biiyiik ekonomik kayiplara da neden olacagi ¢esitli arastiricilar tarafindan tahmin edilmektedir (Bartels ve
Sunkar 2005; Mahajan ve Tuteja 2005).

Tuzluluk sorununun ele alinmasi hem maliyet agisindan zorlayici hem de zaman gerektiren bir siirectir. Bu
baglamda, en etkili stratejinin tuzlulukla miicadelede, Gzellikle tuz stresine dayanikli bitki cesitlerinin
gelistirilerek tiretimde kullanilmasi oldugu gorilmektedir. Bu yaklagim, tuzluluk sorunu yasanan bolgelerde
bitkilerin yasam déngiisii ve verimini daha az etkileyen cesitlerin iiretilmesini icerir. Ozellikle son yillarda,
tagimacilik yakitlarina olan talep, karbon ayar1 ve enerji arziyla ilgili artan endiseler, tuz direncine sahip bitki
tiirlerine olan ilgiyi artirmigtir. Bu bitkiler sadece tuzluluk sorununa karsi dayaniklilik saglamakla kalmaz,
ayn1 zamanda hammadde veya yakit olarak da kullanilabilme potansiyeli sunar. Enerji yakiti elde etmek icin
ise basta Ketencik, aspir ve kanola olmak iizere bir¢cok yag bitkisi yetistirilmekte ve bu bitkilerin su
ihtiyaglari nispeten diistiktiir (Miyamoto ve ark. 2012).

Cevresel faktorler ve fizyolojik etkilerle birlikte meydana gelen tuza tolerans 6zelliginin esas kaynagi ise
kalitsal unsurlardir. Tuza tolerans bakimindan bitkiler arasinda 6nemli farkliliklar oldugu kadar, ayni tiire ait
genotipler arasinda da tuza tolerans bakimindan farkliliklar bulundugu bilinmektedir (Kusvuran 2010).
Ketencik bitkisi, tuzlulugun yam sira yiiksek sicaklik ve kuraklik gibi abiyotik stres faktorlerine karsi da
etkili bir yapiya sahiptir (Gugel ve Falk 2006). Ketencikteki kiitikiil tabakasinin yagli ve mumsu yapisi
stomadan su kaybmi engellemekte ve boylece bitkinin ¢esitli abiyotik stres faktorlerine karsi direng
gostermesini saglamaktadir (Razeq ve ark. 2014). Hizla artan diinya niifusunun gida giivenligini saglamak
icin ketencik gibi tuza dayanikl iirtinlerin gelistirilmesi énemlidir.

Bu arastirma, ketencik bitkisine ait farkl1 genotiplere uygulanan farkli tuz konsantrasyonlarinin neden oldugu
agronomik degisimleri belirlemek ve bu degisimler neticesinde ketencik bitkisinin en duyarli oldugu genotip
ve tuz konsantrasyonunu belirlemek amaciyla yapilmistir.

MATERYAL VE YONTEM

Bu arastirma 2020 yilinda Radboud Universitesi Bitki Ekolojisi Boliimii Sera kosullarinda (51° 49' 15.459",
5° 52' 2.8812") gundizleri 17.5°C (06:00-22:00), geceleri 16°C sicaklikta ve %75-80 bagil nemde
yuriitiilmiistiir. Ayrica serada gilindiiz saatlerinde, bulutlu havalarda, alacakaranlikta ve safakta 1sik sikintisi
oldugu zamanlarda sodyum lambalar kullaniimistir.

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

121

Gore / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 119-125

Deneme materyali olarak 3 ketencik genotipi (P1-650142, Ames-304269 ve Russian) ve 1 ketencik ¢esidi
(Arslanbey) kullanilmistir. Deneme tesadiif bloklarina gore 4 tekrarli olarak gergeklestirilmistir ve 3 farkl
NaCl konsantrasyonu (0, 140 ve 280 mM) uygulanmistir. Her saksiya 100 ml olacak sekilde sulama ile tuz
konsantrasyonlar1 uygulanmistir. Ekim, 1/3 turba, 1/3 vermikiilit ve 1/3 toprak karisimi iceren viyollere
yapilmustir. Viyollerde ¢ikisini tamamlayan fideler, her saksida bir bitki olacak sekilde 1 litrelik saksilara (11
cm x 11 cm x 12 cm) aktarilmastir. Bitkiler gelisme asamasina geldiginde iki giin arayla Hoagland soliisyonu
ile sulanmis olup (Hoagland ve Amon,1950) (Cizelge 1), viyollerden saksilara transferden yaklagik 4 hafta
sonra 8 yaprakli donemine ulasmistir. Bu biiylime doneminde toplam tuz miktarina 7 sulamada ulagilmistir.
Toplam tuz miktarina ulasildiginda (140 mM igin 5.72 g ve 280 mM i¢in 11.44 g) tuz uygulamalarina son
verilmistir ve bitkiler 10 giin siireyle tarla kapasitesinde (100 ml/giin) sulanmistir. Deneme toplamda
yaklagik 65 giin siirmiis ve bitkiler tomurcuklanma déneminden 6nce hasat edilmistir. Bitki kuru agirligi, sap
kuru agirligl, yaprak kuru agirhigi, cicek kuru agirligi, bitki boyu ve yaprak sayisina ait veriler elde
edilmistir. Tuza tolerans indeksi agsagidaki sekilde hesaplanmigtir.

Tuza tolerans indeksi = (Sx’deki toplam yas agirlik / SO’daki toplam yas agirlik) x 100. Sx: Tuz
konsantrasyonu, SO: Kontrol (Kusvuran ve ark. 2015).

Verilerin istatistiksel analizi, JMP istatistiksel yazilimi kullanilarak yapilmistir. Veri analizinde iki yonlii
ANOVA yontemi kullanilarak, konular arasindaki farkliliklar tespit edilmis olup Gruplarin ortalamalari

arasindaki farkin anlamlili§i Tukey testi kullanilarak belirlenmistir.

Cizelge 1. Hoagland besin soliisyonunun igerigi

Bilesenler Stok soltisyonunun Final solUsyonun stok sollisyon hacmi
konsantrasyonu (mM) (ml/L)

Makro besinler

KNOs3 1000.00 7.00

Ca (NOs3)2. 4H:0 1000.00 5.00

KH2PO,4 1000.00 2.00

MgSQO,. 7H.0 1000.00 1.00

Mikro besinler

KCL 25.00 2.00

HsBO; 12.50

MnSOs. H.0 1.00

ZnS0,. 7TH,0 1.00

CuSO0s. 5H,0 0.25

MoO3 0.25

Fe NaEDTA 64.00 1.00
BULGULAR VE TARTISMA

Caligmada incelenen parametrelerin istatistiki olarak onemlilikleri Cizelge 2’de verilmistir. Bitki boyu,
yaprak sayisi, sap kuru agirligi ve bitki kuru agirligi parametrelerinin genotip, tuz konsantrasyonu ve ikili
interaksiyon agisindan 6nemlilik gosterdigi belirlenmistir (P<0.05). Sar1 yaprak sayist ve yaprak kuru agirlig:
parametrelerinin ise sadece tuz konastrasyonu bakimindan 6nemlilik gdsterdigi tespit edilmistir.
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Cizelge 2. Bazi Ketencik Genotiplerinde Farkli Tuzluluk Seviyelerinde incelenen parametrelere ait varyans
analizi

Varyasyon Bitki Yaprak  Sar1 Yaprak Yaprak kuru Sap kuru Bitki kuru
Kaynaklan boyu sayisi Sayisi agirhg agirhd agirhd
Genotype (G) 18,58** 5,36** 1,502 2,85 42,26** 15,31**
NacCl 93,56**  207,95** 84,47+ 180,54** 121,10** 221,03**
G*NacCl 4,34** 3,97** 0,46 0,99 13,82** 7,05%*
CV (%) 0,28 0,21 0,41 0,28 0,38 0,27

Genotiplere gore sonuglar incelendiginde en yiiksek bitki boyu (28,91 cm), yaprak sayisi (31.83 adet), sap
kuru agirligi (0.84 g) ve bitki kuru agirligt (1.90 g) Ames-304269 genotipinde belirlenmistir. En diisiik bitki
boyu (11.25 cm), yaprak sayisi (23.08 adet), sap kuru agirligi (0.22 g) ve bitki kuru agirligi (0.88 g) Russian
genotipinde belirlenmistir (Cizelge 3). Tuz konsantrasyonlarina gore analiz sonuglar1 degerlendirildiginde
tim parametrelerin en yiiksek degerleri kontrol grubundan; en diisiik sonuglar 280 mM grubundan elde
edilmistir.

Cizelge 3. Tuz uygulamalarimin ketencik genotipinin bazi parametreleri iizerine etkileri ve Tukey testi
gruplandirmasi

Bitki Yaprak San Yaprak Sap Kuru Bitki
Boyu Sayisi Yaprak  Kuru Agirhg (g) Kuru
(cm) (adet) Sayisi Agirhg (g) Agirhd
(adet) (9)
28,66
Arslanbey 21,58 b ab 2,91 0,73 0,56 b 1,33b
Genoti Ames-304269 2891a 31832 3,91 1,00 0,84 a 190a
P PI-650142 22,16b  oc'oc 3,33 0,81 054b  1,42b
Russian 11,25¢ ' 2,91 0,88 0,22 ¢ 0,88 ¢c
23,08 c
NaCl Control 35,87a 50,18 a 0,06 a 1,74 a 1,07 a 2,92 a
Konsantrasvonu 140 mM 19,37b 21,56b 3,56 b 0,61b 0,29 b 0,96 b
Y 280 mM 7,68 ¢ 9,87¢c 6,18 ¢ 0,11c 0,09b 0,27¢c
Arslanbey-0 mM
’2{2{222?1538 mV 39.00b ?232 2 0,00 1,64 133a  312a
y 1875d g0 3,00 0,39 029b  0,73¢c
Ames-304269-0 7,00 ef 5,75 0,15 0,06 ¢ 0,16 e
mM 55,25a
46,50 a ' 0,25 1,91 1,70 a 3,78 a
2”&65'304269'140 2050 ¢ i725705‘]1 475 0.85 0.60b 155D
Genotip x NaCl  Ames-304269-280 10.75e 6,75 0,24 0.24b 0,38d
Interaksiyonu - mM 4125a ‘ggg 2 0,00 1,79 126a  318a
oo B3GR @ 0w o o
P1-650142-140 mM ! ' ' ! !
P1-650142-280 MM 14 75 372Z52§ 0,00 1,62 012¢  162b
Russian-0 mM 11,25e ’de 3,25 0,72 0,09¢ 0,72¢c
Russian-140 mM 575f 10,25 f 5,50 0,31 0,05¢c 0,31d

Russian-280 mM

Genotip x NaCl interaksiyonu degerlendirildiginde ise en yiiksek bitki boyu Ames-304269 genotipinin
kontrol grubundan (46.50 cm) ve PI-650142 genotipinin kontrol grubundan (41.25 c¢cm) elde edilmistir. En
diistik bitki boyu ise Russian genotipinin 280 mM konsantrasyonunda (5.75 cm) belirlenmistir. En yiiksek
yaprak sayisi Arslanbey ve Ames-304269 genotiplerinin kontrol grubundan sirasiyla 59.25 ve 55.25 adet ile
elde edilirken; en diisiik yaprak sayisi tiim genotiplerin 280 mM konsantrasyonunda (Arslanbey 8.00 adet,
Ames 304269 12.75 adet, P1-650142 8.50 adet ve Russian 10.25 adet) belirlenmistir. Interaksiyon
bakimindan en yiiksek sap kuru agirligi degerlendirildiginde Arslanbey, Ames-304269 ve PI1-650142
genotiplerinin kontrol grubundan (sirasiyla 1.33, 1.70 ve 1.26 g) belirlenmistir. En diisiik sap kuru agirlig
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Arslanbey ¢esidinin 280 mM konastrasyonu (0.06 g), PI-650142 genotipinin 280 mM konsantrasyonu,
Russian genotipinin 0, 140 ve 280 mM konsantrasyonlarinda (sirasiyla 0.12, 0.09 ve 0.05 g) belirlenmistir.
En yiksek bitki kuru agirligi, Ames-304269, Arslanbey ve P1-650142 genotiplerinin kontrol grubundan
sirasiyla 3.78, 3.12 ve 3.18 g olarak tespit edilmistir. En diisiik bitki kuru agirligi ise Arslanbey cesidi 280
mM tuz konsantrasyonundan 0.16 g olarak saptanmistir.

Tuz konsantrasyonu arttikca bitki boyunda Onemli azalmalar meydana gelmistir ve 280 mM
konsanstrasyonda bitki boyu kontrol grubuna gore %78.6 azalma gostermistir. Benzer sekilde tuz
konsantrasyonu arttikca yaprak sayisinda da ciddi azalmalar meydana gelmis olup %80.3 azalma tespit
edilmistir. Ortalama bitki boyu ve yaprak sayis1 degerleri sirastyla 20.9 cm ve 27.2 adet olarak belirlenmistir.
Bitki boyu, bir bitkinin tuza toleransinin dnemli bir gostergesidir. Tuzluluk seviyesi arttik¢a bitkilerin su
alimi1 zorlasabilmektedir (Culha ve Cakirlar 2011). Bu durum, bitkilerin susuz kalmasina, biiylime durmasina
ve bitki boyunun kisalmasina yol agabilir. Ayrica, yiiksek tuz seviyeleri fotosentezi olumsuz
etkileyebilmektedir. Fotosentez, bitkilerin gilines 15181 kullanarak enerji iirettigi temel siirectir. Yetersiz
fotosentez yapilmasi yapraklarin biiylimesini ve yeni yapraklarin olusumunu engelleyebilir, mevcut
yapraklarin beslenmesini engelleyerek sararmasi ve 6lmesine yol agabilir (Gore 2023). Nitekim, mevcut
arastirmada da tuz konsantrasyonu arttikga sar1 yaprak sayisi yaklasik 6 kat artmustir. Kontrol grubunda
nerdeyse hi¢ sar1 yaprak goriilmezken 280 mM konsantrasyonda 6.18 adet sar1 yaprak sayisi tespit edilmistir.

Ketencik bitkilerine uygulanan tuz konsantrasyonlarina bagli olarak ortalama yaprak kuru agirligi 0.82 g, sap
kuru agirligr 0.48 g ve bitki kuru agirligr 1.38 g olarak belirlenmistir. Tuz konsantrasyonu arttik¢a yaprak
kuru agirligr %93.6, sap kuru agirlignt %91.5 ve bitki kuru agirligi %90.7 oraninda azalmistir. Bu sonuglar
tuzluluk gibi abiyotik stres faktorlerinin yaprak kuru agirligi, sap kuru agirligi ve bitki kuru agirligini 6nemli
Olciide etkileyebilecegini gostermistir. Yiiksek tuzluluk seviyeleri bitkilerin su alimini1 ve tutma kapasitesini
olumsuz etkiler. Tuzlar, bitki hiicrelerinin i¢indeki suyun digsar1 ¢ikmasina neden olabilir. Su kaybi,
yapraklarin kurumasina ve kuru agirligin azalmasina yol agabilir. Ayrica, yiiksek tuzluluk seviyeleri
bitkilerin koklerinden alinan su ve besin maddelerinin emilimini olumsuz etkilemektedir (Negrao ve ark.
2017). Yetersiz besin alimi, bitkinin biiyiimesini ve gelismesini sinirlamaktadir, bu da yapraklarin normalden
daha hafif olmasina neden olabilir. Tuz konsantrasyonundaki artis bitkilerde hormonal dengeyi
etkilemektedir. Bu dengesizlik, bitki biiylimesini, gelisimini ve organ olusumunu etkileyebilir. Yapraklar ve
saplar arasindaki normal biiyliime oranlar1 degisebilir, bu da sapmn kuru agirliginin diismesine yol agabilir
(Parihar ve ark. 2015). Tim bu olumsuz etkiler nedeniyle bitkiler, yiiksek tuzluluk seviyeleri altinda daha
kiiglik biiyliyebilir ve genel olarak zayiflayabilir. Bu nedenle, tuzluluk seviyeleri kontrol edilmezse, bitkilerin
verimliligi diisebilir veya bitki 6liimiine yol agabilir.

Tuza Tolerans Indeksi (%)

44,52

41,12
40
30 27,03
23,58
19,14
20
12,63
10 l 9,01 7,09
0 H =

Russian-140 mM  Ames304269-  P1-650142-140  Arslanbey-140 Russian-280 mM  Ames304269-  P1-650142-280  Arslanbey-280
140 mM mM mM 280 mM mM mM

Sekil 1. Ketencik genotiplerine uygulanan farkli konsantrasyonlara karst tuza tolerans indeksi

Tuza tolerans indeksi uygulanan tuz konsantrasyonlari ve ketencik genotiplerine gére Onemli farklilik
gostermistir (Sekil 1). 140 mM tuz konsantrasyonu igerisinde Russian genotipi en yuksek tuza tolerans
indeksi ile bu konsantrasyon seviyesinde en az etkilenen genotip olmustur. Arastirmada en diisiik tuza
tolerans indeksi her iki konsantrasyon (140 mM ve 280 mM) bakimindan Arslanbey genotipinden elde
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edilmistir. Bu durum Arslanbey ¢esidinin tuz stresine karsi yiiksek diizeyde hassas oldugunu ortaya
cikarmaktadir. Tuz stresinden etkilenen bir¢ok farkli bitki tiiriinde hiicre fonksiyonlarmin bozuldugu, bitki
biiyiime ve gelismesinin engellendigi, kok, sap ve yaprak organlarinin kuru agirhiginin degistigi, klorofil
miktariin yani sira yaprak sayisinin da degistigi bircok arastirici tarafindan rapor edilmistir (Aziz ve ark.
2008, Khorasaninejad ve ark. 2010). Mevcut arastirmada ketencik bitkilerine uygulanan 140 mM tuz
konsantrasyonun incelenen ozellikler agisindan daha az tahribata yol agtig1 belirlenmistir. Ketencik bitkisinin
tuza toleransini belirlemek iizere yapilan bir bagka arastirmada fide biiylimesi igin kritik tuz konsantrasyonun
75 mM oldugu bildirilmistir (Russo ve Reggiani 2015). Ketencik bitkisinin yakin bir akrabasi olan kanola
iizerinde yapilan Onceki bir c¢alisma, kanola biiylimesinin 150 mM NaCl’ye kadar o6nemli Olgiide
olumsuzluklarin inhibe edildigi gosterilmistir (Liu ve ark. 2013). Daha 6nce bildirilen sonuglarla birlikte
degerlendirildiginde bu durum 6zellikle tuzluluk sorunu olan bolgelerde ketencik bitkilerinin soya fasulyesi,
aspir ve kolza bitkilerine tercih edilmesi gerektigini géstermesi agisindan énemlidir.

SONUC

Bu arastirmada bazi ketencik genotiplerinde farkli tuzluluk seviyelerinin agronomik o6zelliklere -etkisi
incelenmis ve incelenen parametreler agisindan 6nemli sonuglar elde edilmistir. Tuz konsantrasyon diizeyi
arttikca bitki boyu, yaprak sayisi, yaprak kuru agirligi, sap kuru agirligi ve bitki kuru agirliginin azaldigi; sart
yaprak sayisinin ise arttigi belirlenmistir. Tuzlu kosullarda ketencik genotipleri arasinda gelisme agisindan
onemli farkliliklar oldugunu séylemek miimkiindiir. Ames-304269 genotipinin incelenen parametreler
acisindan daha {istiin sonuglar ortaya cikardigi belirlenmistir. Ketencik bitkilerine uygulanan 140 mM tuz
konsantrasyonun agronomik &zellikleri yaklasik %50 oraninda azalttigi ve 280 mM tuz konsantrasyonun
ciddi verim kayiplar1 ve oliimciil sonuglar1 ortaya c¢ikarabilecegi tespit edilmistir. Ayrica en diisiik tuza
tolerans indeksi her iki konsantrasyon (140 mM ve 280 mM) bakimindan Arslanbey genotipinden elde
edilmistir. Bu durum Arslanbey ¢esidinin tuz stresine karsi yliksek diizeyde hassas oldugunu gostermistir.
Ketencik bitkisinin yetistirilmesinde yiiksek tuzlu kosullarda ortaya c¢ikan yetersiz fotosentez ve hormon
dengesindeki bozukluklar biiyiimelerini sinirlayabilir. Arastirmada incelenen parametreler, bitkinin tuzluluk
kosullarinda sergiledigi sonuglari tespit etmek icin yetersizdir. Bitkilerin morfolojik ve biyokimyasal
ozellikleri birlikte géz 6niinde bulundurularak tuza kars1 stres tepkilerinin belirlenmesi ileriki aragtirmalarda
daha yararli olacaktir.

Cikar Catismasi

Yazar herhangi bir ¢ikar ¢atismasi olmadigini tasdik eder.
Yazar Katkisi

Tiim yazarlar esit katki saglamistir.

Etik Onay

“Baz1 Ketencik Genotiplerinde Farkh Tuzluluk Seviyelerinin Agronomik Ozelliklere Etkisi” baslikli
caligmanin yazim siirecinde bilimsel kurallara, etik ve alint1 kurallarina uyulmus; toplanan veriler tizerinde
herhangi bir tahrifat yapilmamis ve bu ¢aligma herhangi baska bir akademik yaym ortamina degerlendirme
icin gonderilmemistir. Calismamizda herhangi bir canliya ait veri bulunmadigindan etik kurul izni
gerekmemektedir.
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INTRODUCTION

Plants as a source of medicinal compounds have been used for human health since ancient times (Salmerén-
Manzano et al., 2020). More than 35% of modern clinical medicines are derived from natural products
(Calixto, 2019). Hibiscus rosa-sinensis (Malvaceae), is grown as an ornamental plant in tropical climates.
The leaf, flower, bark, and root are used as medicine to cure many diseases. The different parts of H. rosa-
sinensis have anti-inflammatory, antimicrobial, antioxidant, and hepatoprotective properties that help treat
many diseases (Khristi and Patel, 2016). It has been observed that flowers and leaves help treat ulcers and
accelerate hair growth (Shandilya and Pathak, 2020). H. rosa-sinensis has been used to cure many diseases
and is a suitable plant for producing natural medicines (Anil and Ashatha, 2012).

Probiotics provide microbial balance in the intestinal system; they are microorganisms that provide health
benefits together with basic nutrition (Kim et al., 2019; Aladeboyeje and Sanli, 2021; Pandey et al., 2023).
The microorganisms most commonly used as probiotics are lactic acid bacteria and are found in the intestinal
flora and skin of healthy animals. Probiotics in the skin and gut provide a microbial balance to minimize
iliness conditions (Nakatsuji et al., 2017). Several studies have shown that the probiotic microorganism L.
fermentum has antimicrobial, antioxidant, and anti-photoaging properties (Haryani et al., 2023; Palani Kumar
et al., 2021). In a study, L.fermentum MA-7 and MA-8 strains isolated human milk showed antimicrobial
activity against clinical and food-borne bacteria and fungal test microorganisms. These strains also exhibited
antioxidant activity (Asan-Ozusaglam and Gunyakti, 2019). In another study, food-borne Lactobacillus
fermentum MBC2 was shown to delay senescence of the in vivo model organism, the nematode
Caenorhabditis elegans (Schifano et al., 2019).

The skin covers our body and is our largest organ, but is also exposed to fungal and bacterial threats
(Roudsari et al., 2015). The skin functions as a barrier and immune organ that can protect the body against
microbial attacks (Harris-Tryon and Grice, 2022). Probiotics have the ability to maintain, optimize and
restore the skin's microbiota. Topical applications of probiotics strengthen the natural defense barriers in the
skin and have a healing effect on the application area (Woodhams et al., 2020). The creams prepared with
herbal extracts can be used in topical applications in pharmacology. Extract-containing creams can protect
the skin against damage caused by pathogens (Ucar et al., 2023).

In the study, the potential uses of H. rosa-sinensis leaves extract and cream formulations developed with L.
fermentum MA-7 for the pharmaceutical and cosmetic industries were investigated. Firstly, the biological
activity of the water extract from H. rosa-sinensis leaf was determined to obtain its use potential as a natural
alternative to synthetic antimicrobials. Afterward, the cream formulations containing H. rosa-sinensis extract
and L. fermentum MA-7 were developed, and their antimicrobial activities against clinical test
microorganisms were determined.

MATERIAL AND METHODS

Preparation Leaf Extract

H. rosa-sinensis leaves were collected from Alata Horticulture Research Institute on 18.06.2021
(Mersin/Turkey, 36°38°3.04"N-34°20°58.05"E). They were washed using distilled water and then dried in
airy conditions. The sample was then pulverized using a blender. The extraction of the leaf was done using
distilled water in a hot water bath for 2 days (6 hours per day). After extraction, the supernatant was filtered
using filter paper and evaporated to dryness using a heating plate at 40-50°C. H. rosa-sinensis leaf extract
was dissolved with dimethyl-sulfoxide (DMSQO) to a final concentration of 0.1 mg/mL and sterilized by
passing through a syringe filter (0.45 pm). The extract was stored in sterile tubes at +4°C until used.

Pathogenic Microorganisms

Antimicrobial activity of the leaf extract was tested on four pathogenic microorganisms. Candida glabrata
RSKK 04019 and C. albicans ATCC 10231 were cultured in Yeast-Peptone-Dextrose (YPD) media for at
30°C 48 hours. Staphylococcus aureus ATCC 25923 and Escherichia coli O157:H7 were grown in Nutrient-
Broth (NB) media for 24 hours at 37°C.

Disc Diffusion Assay
Antimicrobial activity of the extract was obtained using the disc diffusion assay against food-borne or
clinical test microorganisms. Test microorganisms were spread on agar medium by dropping 100 pL of cell
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suspension (0.5 McFarland). The sterile filter discs (Whatman No:3; Diameter: 6 mm) were impregnated
with H. rosa-sinensis extract (20 ul, 2 mg/disc) and then placed on the agar medium. The petri dishes were
incubated at appropriate conditions. Fluconazole (FCA, 25 pg/disc) and Kanamycin (K, 30 pg/disc) were
used as positive controls. The diameter of the zone of inhibition around the discs was measured using
Vernier calipers. The experiment was done in three repetitions.

Micro-dilution Method

Minimal inhibitory (MIC) and minimal bactericidal (MBC) or fungicidal (MFC) concentration values of the
leaf extract was obtained by micro-dilution method against test bacteria and yeasts. The extract was added to
each tube having a growth medium to obtain final concentrations (100-50-25-12.5-6.25-3.12 ug/ul). The
culture adjusted to 0.5 McFarland was added to the tubes and incubated under the conditions required for
each microorganism. The lowest concentration of the extract that inhibited the growth of the microorganism
was determined as MIC value. The sample taken from the tubes was inoculated onto the agar medium to
obtain MBC or MFC values. The agar medium was incubated at the appropriate temperature for the test
microorganisms. After incubation, the lowest concentration without growth was defined as MBC or MFC
values. If the MBC/MIC and MFC/MIC ratio is <4, it was determined as bactericidal, and if the MBC/MIC
and MFC/MIC rate was >4, it was determined as bacteriostatic effect (Al-Shammari et al., 2022; Baj et al.,
2020).

Antimicrobial Activity of Developed New Cream Formulation

Antibacterial and antifungal activities of the new cream formulation containing H. rosa-sinensis extract and
probiotics were determined by the modified method used in our previous study (Asan-Ozusaglam and Celik,
2023). The developed cream groups included commercial cream, H. rosa-sinensis extract and human milk-
derived probiotic candidate strain L. fermentum MA-7 (Asan-Ozusaglam and Gunyakti, 2019). The
antimicrobial activity of commercial cream (C) as control, Cream + Extract (CE) mixture, Cream + Probiotic
(CP) mixture and Cream + Extract + Probiotic (CEP) mixture against test microorganisms (C. glabrata
RSKK 04019, C. albicans ATCC 10231, S. aureus ATCC 25923 and E. coli 0157:H7) were determined
using the well diffusion assay. The test microorganisms were spread on an agar medium by dropping 100 pL
of cell suspension (0.5 McFarland). The cream groups were added to each well (6 mm) in 3 replicates. The
petri dishes were incubated at 37°C for bacterial strains and 30°C for yeast. The inhibition zone was
measured using Vernier calipers.

Statistical Analysis

Antimicrobial activity data on the test microorganisms were analyzed using the GNU SPSS software.
Statistical significance was confirmed by Tukey's post-hoc test and one-way analysis of variance (ANOVA).
The difference between the data was considered statistically significant at the p<0.05.

RESULTS

The antimicrobial activity of H. rosa-sinensis leaf extract was investigated on pathogen test microorganisms
using disc-diffusion and micro-dilution methods. The results of the disc-diffusion assay against the tested
bacteria and yeast are in Table 1. The inhibition zone diameters of the extract on yeasts were determined as
6.85 mm for C. albicans ATCC 10231 and 10.74 mm for C. glabrata RSKK 04019 (Figure 1). H. rosa-
sinensis extract produced a zone diameter of the inhibition as 8.18 mm on E. coli O157:H7 and 6.99 mm on
S. aureus ATCC 25923. The statistically analysis results indicated that the differences between C. albicans
ATCC 10231 and S. aureus ATCC 25923 were insignificant (»<0.05), but there was a significant difference
against other test microorganisms (p<0.05) (Tablel). The results obtained showed that H. rosa-sinensis leaf
extract may be used against bacterial and yeast infections.

Table 1. Disc-diffusion test results of H. rosa-sinensis leaf extract and trademark antibiotics

Inhibition Zone Diameter (mm=SD)

Microorganisms

Extract Kanamycin Fluconazole
C. glabrata RSKK 04019 10.74+0.15° 11.68+1.54° NAP
C. albicans ATCC 10231 6.85+0.18% 16.34+0.84% 14.48 £0.572
S. aureus ATCC 25923 6.99+0.29? 16.37+1.742 NAP
E. coli O157:H7 8.18+0.17°¢ 17.82+0.42° NAP
F(sig) 224.843(0.000) 13.558(0.002) 1890.058(0.000)

*NA: No Activity, *Different letters specify significant differences at p<0.05 between samples.
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Figure 1. Inhibition zones of the extract on C. glabrata RSKK 04019

Udo et al. (2016), the antimicrobial activity of the water extract obtained from H. rosa-sinensis leaves was
determined using the disc-diffusion experiment. The extract formed an inhibition zone of 12.30 mm on E.
coli and 11 mm on S. aureus. In another study, H. rosa-sinensis water leaves extract showed a 20 mm zone
of inhibition against C. albicans (Pooja et al., 2016). The differences between the current study and the
literature may be due to the differences in the extraction method, solvent, and extract concentration used (Al-
Zoreky, 2009).

MIC is the minimal concentration of the antimicrobial substance that inhibits visible growth. The MBC or
MFC values are the concentration at which microorganism growth is completely inhibited (Kowalska and
Dudek, 2021). H. rosa-sinensis extract presented the lowest MIC value with 6.25 pg/uL on S. aureus ATCC
25923. The extract has a MIC value of 12.5 pg/uL on other test microorganisms. MBC or MFC values of H.
rosa-sinensis extract varied from 12.50 pg/puL to 50 pg/uL. The extract showed the best antimicrobial
activity against C. glabrata yeast ATCC 04019 with an MFC value of 12.50 pg/uL. The extract showed cidal
effect on C. glabrata RSKK 04019, C. albicans ATCC 10231 and E. coli O157:H7 as MBC/MIC or
MFC/MIC values were <4. The extract showed static effect as the MBC/MIC ratio on S. aureus ATCC
25923 was greater than 4 (Table 2 and Figure 2).

Table 2.MIC and MBC or MFC values of H. rosa-sinensis extract
MBC or MFC MBC/MIC or

Microorganisms MIC (pg/pL) (ug/ul) MEC/MIC
C. glabrata RSKK 04019 12.50 12.50 1
C. albicans ATCC 10231 12.50 50 4
S. aureus ATCC 25923 6.25 50 8
E. coli O157:H7 12.50 25 2
“' 'Q
A\’ % '? F‘ \\
e
\.NJ 7

Figure 2. Micro-dilution test results of the extract on C. glabrata RSKK 04019

In a study, MIC and MBC values of ethyl acetate extracts from five different cultivars of H. rosa-sinensis
were determined between 0.625 mg/mL and 20 mg/mL and between 1.25 mg/mL and 20 mg/mL on some
test microorganisms (S. aureus, Streptomyces alboniger, Bacillus subtilis, Staphylococcus epidermidis and
Micrococcus luteus) (Patel et al., 2012). S. aureus ATCC 25923 had 6.25 pg/pL MIC and 50 pg/uL MBC
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values in our study. The difference from the current study may be due to the cultivar of H. rosa-sinensis, the
solvent and strain of the microorganism used.

Creams are used in cosmetics and clinics to protect and/or improve skin health, L. fermentum has good
effects on skin health and skin microbiota (Lee et al., 2022). The biological activity results of the developed
antimicrobial cream groups prepared with H. rosa-sinensis extract and/or probiotic strain L. fermentum
against the tested bacteria and yeasts are in Table 3. The control (C) group showed no biological activity
against other test microorganisms except for C. albicans ATCC 10231 (2.08 mm). The antimicrobial activity
of the CEP formulation (4.46 mm) containing extracts and probiotics against C. albicans ATCC 10231
increased compared to the C group (p<0.05). The highest inhibition zones of CE and CEP were determined
as 4.10 mm and 9.09 mm against C. glabrata RSKK 04019 (Figure 3). The inhibition zone diameter of the
CEP group (9.04 mm) against E. coli O157:H7 was statistically significant when compared to other test
groups (»<0.05). CEP has an inhibition zone diameter of 4.18 mm on S. aureus ATCC 25923. All CEP
groups containing H. rosa-sinensis extract and probiotics increased the antimicrobial activity by providing a
synergistic effect.

Table 3. Antimicrobial activity results of cream formulations containing H. rosa-sinensis extract and
probiotic

Inhibition Zone Diameter (mm=SD)

Microorganisms

C CE CP CEP F(Sig)
C. glabrata RSKK 04019 NA® 410008  2.21#0.12° 9.09x0.129 4662.291(0.000)
C. albicans ATCC 10231 2.08+0.11% 2.6620.31*°  4.01+0.68° 4.46:0.23° 23.502(0.000)
E. coli O157:H7 NA? 2334027  1.25+0.10" 4.18+0.43° 103.648(0.000)
S. aureus ATCC 25923  NA® 2764028  NA? 9.04+0.89° 248.375(0.000)

*C:Cream, CE:Cream+Extract, CP:Cream+Probiotic, CEP:Cream+Extract+Probiotic, NA: No Activity
*Different letters specify significant differences at p<0.05 between samples.

CREAM

C. glabrata RSKK 04019

Figure 3. Inhibition zones of CE and CEP groups against C. glabrata RSKK 04019

Bhaskar and Nithya (2012), prepared ointments containing ethanol extract obtained from H. rosa-sinensis
flowers and investigated the wound healing potential. The results indicated that ointments containing the
extract had a faster wound-healing ability than the control and standard drug.

CONCLUSION

H. rosa-sinensis leaf extract showed antimicrobial activity against test microorganisms. It has been
determined that the extract may have potential use in the pharmaceutical industry. In the cream formulation
developed (Cream+Extract+Probiotic), antimicrobial activity increased with the synergistic effect of the
extract and the probiotic candidate strain. Thus, it was determined that it may be appropriate to use the
developed cream groups with high biological activity as a preservative in cosmetic products.
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Keywords: Hylocereus polyrhizus, Fish pathogens, Antimicrobial activity, Natural additive

Cite this article as: Celik, 1., & Asan-Ozusaglam, M. (2023). Biological Activity of Red Pitahaya Extracts on
Lactococcus garvieae and Vibrio alginolyticus. Manas Journal of Agriculture Veterinary and Life Sciences, 13(2), 133-
138. https://doi.org/10.53518/mjavl.1327293

MJAVL Volume 13 (Issue 2) © 20x23 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
http://www.manas.edu.kg/
mailto:meltemozusaglam@gmail.com
https://doi.org/10.53518/mjavl.1327293
https://orcid.org/0000-0002-4689-5802
https://orcid.org/0000-0002-3638-1306

134

Celik & Asan-Ozusaglam / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 133-138

INTRODUCTION

In parallel with the rapid increment in the human the world's population, the need for animal protein is also
increasing rapidly (Bilgiiven and Can 2018). Although this situation makes it necessary to seek for various
alternative foods, protein sources such as fish are among the important sources that come to mind in Turkey,
which is surrounded by water on three sides (Kocatepe and Turan 2018). Therefore, aquaculture plays a
significant role in meeting the increasing protein food request (Godfray et al. 2010). The spread of diseases
in aquaculture can be caused by poor environmental conditions, including feeding conditions, poor
management, stocking, malnutrition (Quesada et al. 2013). Such conditions can lead to bacterial infections.
Antimicrobial agents should be used in aquaculture for the therapy of contagious diseases. Antibiotics are
used as therapeutic substance in aquaculture (Romero et al. 2012; Quesada et al. 2013). Antibiotics used in
treatment can be found in trace amounts in the animal product consumed. Such antibiotic residues or their
metabolites pose an important threat to human health (Bondad-Reantaso et al. 2023).

Vibriosis is one of the most common and devastating diseases in seafood aquaculture, causing significant
mortality and economic losses in both fish and shellfish cultures worldwide (Frans et al. 2011). V.
alginolyticus is one of the pathogens that cause vibriosis and fish deaths in Mediterranean aquaculture
(Sanches-Fernandes et al. 2022; Balebona et al. 1998; Chen et al. 2000; Cai et al. 2006). L. garvieae is
common in rainbow trout (Oncorhynchus mykiss) causing lactococcosis and can cause great economic losses
(Meyburgh et al. 2017).

Because of their better biodegradability than synthetic materials, plants can also reduce treatment costs or
minimize the possibility of bacteria to develop drug resistance, in addition to their alternative uses to
antibiotics (Reverter et al. 2014; Salikan et al. 2020; Hassan et al. 2020). Pitahaya is a type of climbing
cactus belonging to the genus Hylocereus sp. of the Cactaceae family. Pitahaya's fruit is juicy and delicious
and has gained worldwide recognition (Gunasena et al. 2007; Pannison et al. 2021; Nizamlioglu et al. 2021.
Pitahaya is widely grown in tropical regions around the world. Red pitahaya fruit, which has started to be
cultivated in Turkey (especially in Antalya) in recent years, attracts the attention of consumers with its
different fruit structure and color. It has pharmacological values due to the bioactive components it contains.
It has been reported to help treat obesity, cancer, type 2 diabetes and other metabolic syndromes (Ramli et al.
2014; Nishikito et al. 2023).

The purpose of the study is to obtain the potential of using red pitahaya from Turkey as a natural additive
instead of products containing synthetic additives. In the present study, the potential for use of methanol
extracts of red pitahaya as natural feed additives in aquaculture was determined.

MATERIAL AND METHODS
Red Pitahaya Extraction

The red pitahaya (Hylocereus polyrhizus) was obtained from the production greenhouse in Antalya-Turkey.
Then, the pulp is separated from the peel, and they left to dried. After the grinding process, the powder
obtained from red pitahaya pulp and peel (10 g) were extracted with of 30 ml methanol (99.7%) using a
sonication device on ice for a total of 40 minutes (10 minutes in 2 repetitions) in 2 days. The red pitahaya
extracts were obtained by using a rotary evaporator. The red pitahaya methanol extracts were dissolved in
DMSO (Dimethyl Sulfoxide) and sterilized with sterile filters (0.45 um). They were stored at 4°C throughout
the study. For the study, an average of 300-400 g of fruit was used. The tests were performed in triplicate.

Disc Diffusion Susceptibility Assay

The inhibitory effect of pulp and peel methanol extracts obtained from red pitahaya against Lactococcus
garvieae and Vibrio alginolyticus were determined using disc diffusion susceptibility assay (Murray et al.
2006). L. garvieae and V. alginolyticus test microorganisms were cultured at 25°C for 24 hours in TSB and
TSB/NaCl medium, respectively. The test bacteria were washed with a saline solution (twice). The prepared
bacterial suspension (0.5-McFarland) was inoculated on specific agar medium using spread plate method and
sterile discs (Diameters: 6 mm) were placed on the agar. The red pitahaya methanol extracts prepared at a
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concentration of 200 mg/ml were dripped onto the sterile discs. Kanamycin (K; 30 pg/disc) antibiotic discs
was used as controls for pathogenic microorganism strains. The culture dishes were incubation period for 24
hours at the suitable temperatures indicated previously. Then, the zone of inhibition was measured using
caliper.

Microdilution Method

The minimum inhibitory (MIC) and bactericidal (MBC) concentrations of red pitahaya extracts were
obtained by microdilution method (Chandrasekaran and Venkatesalu 2004). The methanol extracts were
added to liquid medium and diluted by a two-fold serial dilution method to obtain a final concentration of
160-10 pg/ul. The microbial suspension was added to each tube and then incubated under the conditions
required for each microorganism as mentioned above. After incubation, the extract concentration in the tube
without microbial growth was determined according to turbidity and the lowest concentration was recorded
as the MIC value. MBC or MFC values were determined by inoculating samples from the mixture onto agar
medium. The culture dishes were incubation period at the appropriate temperature for 24 hours. The lowest
concentration without eventually growth of incubation was defined as MBC values.

RESULTS AND DISCUSSION

Despite many challenges, production in the aquaculture continues to increase rapidly. Among the difficulties
encountered in production, microbial infections cause serious economic losses (Assefa and Abunna 2018).
Antibiotics used in aquaculture increase the likelihood of residual antibiotics in fish and aquaculture (Cabello
2006). In this context, using plants in aquaculture may provide an alternative solution. Scientific evidence is
increasing on the beneficial effects of plant extracts, which are very rich in natural components, on fish
health and the prevention of epidemic diseases (Reverter et al. 2014). In the present study, antimicrobial
activity of red pitahaya pulp and peel extracts at 4 mg/disc (20 ul) concentration against L. garvieae and V.
alginolyticus was investigated by disc diffusion susceptibility assay (Table 1). The inhibition zone diameters
against L. garvieae and V. alginolyticus in the pulp extract were determined as 10.61 mm and 7.65 mm. In
the peel extract, the inhibition zone diameters were determined as 10.18 mm and 11.25 mm.

Table 1. Disc diffusion susceptibility assay results of red pitahaya extracts
Inhibition zone diameter (mm+SD)

Fish Pathogens Red Pitahaya Extracts Antibiotic
Pulp Peel K

Lactococcus garvieae 10.61+0.51 10.18+1.19 17.39£0.95

Vibrio alginolyticus 7.65+0.09 11.25+0.66 18.27+1.47

*K: Kanamycin

The literature studies of red pitahaya extracts against fish pathogens are limited. In a study conducted in
2014, the antimicrobial activity of Hylocereus polyrhizus core methanol extract obtained in Bangladesh
against Vibrio sp. was determined by the well diffusion method. The diameter of the inhibition zone was
obtained as 10.30 mm (Tahera et al. 2014). The results of our current study indicated that the peel methanol
extract of red pitahaya showed higher antimicrobial activity against V. alginolyticus compared to the core
methanol extract. In our previous study investigating the biological activity of methanol extracts obtained
from white pitahaya pulp and its peel, the results of the disc diffusion test against L. garvieae were
determined as 9.18 mm and 10.34 mm (Celik and Asan-Ozusaglam, 2022). When compared our current
study with our previous study, the antibacterial activity of the red pitahaya fruit methanol pulp extract on the
L. garvieae pathogen was found to be higher than the white pitahaya methanol fruit pulp extract. The red
pitahaya peel extract showed antibacterial activity similar to white pitahaya peel extract against this
pathogen. The red pitahaya fruit contains substances with antibacterial content such as alkaloids (betalain
pigments), flavonoids and vitamin C, and its peel contains flavonoids, alkaloids and terpenoids. Phenolic
compounds can prevent bacterial growth by damaging the cytoplasmic membrane and proteins and can also
inactivate some bacterial enzymes (Amalia et al. 2014). In the current study, the antimicrobial activity of red
pitahaya extracts may be due to these reasons.
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The biological activity of a compound is generally defined as the MIC, the lowest concentration of the
compound capable of inhibiting the growth of the microorganism (Mann and Markham 1998). The MBC is
the lowest concentration that reduces the number of microorganisms in the medium containing the microbial
solution by 99.9 (Kowalska and Dudek 2021). The micro-dilution test results of red pitahaya methanol
extracts against L. garvieae and V. alginolyticus are presented in Table 2. MIC values against L. garvieae
were determined as 20 upg/pl and 80 pg/ul in pulp and peel extracts. Against V. alginolyticus, it was
determined as 40 pg/ul in pulp and peel extract. The MBC values of the red pitahaya pulp and peel extracts
against L. garvieae and V. alginolyticus were determined as 80 pg/pul.

Table 2. Microdilution assay of red pitahaya extracts

. MIC (pg/ul) MBC (ug/pl)
Fish Pathogens Pulp Peel Pulp Peel
Lactococcus garvieae 20 80 80 80
Vibrio alginolyticus 40 40 80 80

Hendra et al. (2019), determined the biological activity of n-hexane and ethyl acetate extracts obtained from
red pitahaya fruit peel against V. alginolyticus by micro-dilution method. The growth inhibition (%) of the
red dragon fruit n-hexane and ethyl acetate extracts were determined as 72.6 and 74.2. It has been suggested
that the differences in antimicrobial activities may be due to the extraction method or may be due to the
solvents used (Fidrianny et al. 2017).

CONCLUSION

As the day pass, the increment in the population leads to an increase in the demand for food. Aquaculture has
become a very important industry to meet the protein food demand. Intensive production conditions cause
microbial infections and serious economic losses are experienced. Antibiotic-added feeds used in aquaculture
pass into the human food chain and cause the formation of antibiotic resistance genes. Therefore, the use of
plant extracts in aquaculture can be an alternative solution. It is known that pitahaya, which is one of the
tropical fruits that has gained popularity especially in our country, is a fruit rich in nutritional value. In our
current study, it was determined that methanol extracts of red pitahaya pulp and peel exhibited good
antimicrobial activity against the tested microorganisms. The study results have the potential to advanced
new literature studies. As a result, it has been reported that red pitahaya extracts may have the potential to be
used as natural feed additives in aquaculture.
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" MAKALE
OZET BILGIiSI
Bu calisma, bazi yerfistigi (Arachis hypogaea L.) gesitlerinin agronomik o6zelliklerine farkli ekim Gelis-
z"amanlarlmn etkilerini arastirmak amaciyla yiriitilmiistiir. Arastirma 2015 ve 2016 yillarinda Bingdl 04.07 5(')23
Universitesi Ziraat Fakiiltesi Uygulama Arazisinde yiritiilmiistir. Deneme ‘Tesadif Bloklarinda }.(ak;ul'
Boliinmiis Parseller Deneme Desenine’” gore ii¢ tekrarlamali olarak yapilmistir. Denemede 4 ekim 31.10 20'23

zamani (8 Mayis, 14 Mayis, 20 Mayis, 25 Mayis) ve 3 farkl yerfistigi ¢esidi (NC-7, Halisbey, Batem
5025) kullanilmistir. Calismada bitki boyu, bitkide dal sayisi, 1000 dane agirligi, bitki bagina meyve
sayisi, dekara verim, i¢ orani gibi parametreler incelenmistir. Calisma sonuglarina gore yag orant
disinda kalan diger parametrelerde 1. Ekim zamanmin (8 Mayis) en uygun ekim zamani oldugu
belirlenmistir. Dekara verimin yillara gore yagis faktoriinden dolayr degistigi gortilmiistiir. 2015
yilinda en yiiksek dekara verim 291,45 kg/da ile Halisbey g¢esidinden, 2016 deneme yilinda ise en

yiiksek dekara verim 408.77 kg/da ile Batem 5025 ¢esidinden tespit edilmistir.

Anahtar kelimeler: Bingol, yerfisugi cesitleri, ekim zamanlari, verim, agronomi

The Effect of Planting Times on Yield and Yield Components in Different Peanut Varieties

ARTICLE
ABSTRACT INEO
This study was conducted to investigate the effects of different planting times on the agronomic Received:

characteristics of some peanut (Arachis hypogaea L.) varieties. The research was carried out at the 04.07.2023
Field Application Area of Bingdl University Faculty of Agriculture in 2015 and 2016. The experiment Accepted:
was designed as a split-plot randomized complete block design with three replications. Four different 31.10.2023
planting times (May 8th, May 14th, May 20th, May 25th) and three different peanut varieties (NC-7,

Halisbey, Batem 5025) were used in the experiment. Parameters such as plant height, number of

branches per plant, 1000 kernel weight, number of fruits per plant, yield per hectare, and kernel ratio

were investigated. According to the results of the study, the first planting time (May 8th) was

determined to be the most suitable for all parameters except oil content. Yield per hectare varied

across years due to rainfall, with the highest yield of 291.45 kg/ha recorded in 2015 for the Halisbey

variety, and the highest yield of 408.77 kg/ha observed in the 2016 trial for the Batem 5025 variety.
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GIRIS

Yerfistig1 (Arachis hypogaea L.), tek yillik ve yazlik olarak yetistirilebilen bir bitki olup sicak iklimlerde
gelisim gosterir. Bu bitki, baklagiller (Fabaceae) familyasina aittir. Yerfistigi tohumlari, degerli besin
icerigiyle dikkat ¢eker. %20-30 protein, %45-55 yag, , %18 karbonhidrat, B ve E vitaminleri, mineral
maddeler ve tiim aminoasitleri igermektedir. Yerfistig1 tohumlar1 genellikle yagli ve lezzetli olmalar
nedeniyle bitkisel yag ve cerez olarak tiiketilmektedir. Ayrica, bitkinin saplar1 da yesil ve kuru ot olarak
hayvanlarin beslenmesinde degerlendirilmektedir. (Kilinggeker, 2019).

Yerfistig1, havadaki serbest azotu topraga baglamada gorevli bakterileri kok kisimlarinda bulundurmaktadir.
Diger baklagillerde oldugu gibi, yerfistig1 da topragin azot ve organik madde bakimindan zenginlesmesine
katki saglamakta ve kendisinden sonra ekilecek bitkinin besin ihtiyacimi dolayli olarak karsilamaktadir.
Yerfistig1 capa bitkisi olarak yetistirildiginden, biiylime siirecinde diizenli olarak g¢apalanir ve toprak
kabartilir. Bu yontemle toprak hem yabanci ot ve diger zararlilardan temizlenir, hem de havalandirilir. Bu
nedenle, ekim ndbetinde yerfistiginin kullanimi 6nem arz etmekte ve her tiirlii kiiltiir bitkisiyle birlikte
ekilebilmektedir. (Kadiroglu, 2016).

Tiirkiye’de 2021 yili yerfistig1 toplam iiretim miktarinin 234.167 ton ve toplam iiretilen yagli tohumlu
bitkiler arasinda ise %0.4 paya sahip oldugu bildirilmektedir. 2022 yilinda ise 186.340 ton ile bir dnceki yila
gore %20 gerileyerek toplam tretilen yagh tohumlu bitkiler arasinda %0.3 paya sahip olmustur (TUIK,
2022).

Kiiltiiri yapilan bitkilerde ¢esit ve ekim zamani biliylime, gelisme ve verim gibi birgok agronomik
parametreyi etkilemektedir. Yerfistig1 bitkisinin ekim zamani dogru belirlenmediginde, bitki ¢ikiginda
diizensizlikler veya c¢ikis saglanamama sorunlari ortaya ¢ikabilmektedir. Bu nedenle, dogru ekim zamani
secimi onemlidir (Keles ve Oztiirk 2012).

Yerfistiginin farkli biiyiime ve gelisim donemlerinde sicakliga karsi tepkilerinde farklilik meydana geldigi ve
artan sicakliga bagli olarak yetisme siiresinin azaldigi bildirilmektedir (Arioglu vd., 2020). Yerfistig
tohumlarinin basarili bir sekilde cimlenmesi icin toprak sicakliginin 5-40 °C araliginda olmast
gerekmektedir. Ancak, optimum ¢imlenme ve biiylime i¢in gereken toprak sicakligi 30-35 °C'dir. Eger
toprak sicakligr 12-15 °C'nin altina diiserse, tohumlarin ¢imlenme siiresi daha da uzamaktadir. Bu nedenle,
yerfistigr ekimine baslamadan 6nce toprak sicakliginin en az 13-15 °C'ye ulagsmasini beklemek onemlidir
(Arioglu vd., 2020). Boylece c¢imlenme siiresi daha kisa olmakta ve bitkilerin saglikli gelisimi
saglanmaktadir. Geg yapilan yerfistigi ekimleri, hasat zamaninin da gecikmesine neden olabilmekte ve buna
bagli olarak hasat zamaninda istenmeyen hava kosullarinin olusma olasiligi da artmaktadir. Bu sebeple,
istenilen depolama nem degerinin iizerinde nem iceren kosullar ortaya ¢ikabilmekte ve tohumlarinin kalitesi
etkilenebilmektedir. Bu baglamda, yerfistigi ekimlerinin zamaninda gergeklestirilmesi énemlidir. Boylece
hasat zamaninda olumsuz hava kosullarinin etkisi minimize edilmis ve istenen depolama nem degerlerine
uygun kosullar saglanmis olmaktadir (Cosge ve Ulukan 2005).

Bu caligma, Bingdl Ovasi'ndaki sulanabilir arazilerde yerfistigi ekimi potansiyelinin aragtirilmasi amaciyla
her iki y1lda da Bingdl Universitesi Ziraat Fakiiltesine ait deneme alaninda yiiriitiilmiistiir. Deneme 4 farkli
ekim zamaninda 3 farkli yerfistig1 ¢esidi ile kurulmustur. Agronomik agidan en uygun gesit ve ekim zamani
belirlenmeye ¢alisilmistir.

MATERYAL VE YONTEM

Bu arastirmada, Bing6l Ovasi'ndaki sulanabilir arazilerde yerfistigi ekimi potansiyelini degerlendirmek
amactyla Bingdl Universitesi Ziraat Fakiiltesine ait deneme alaminda yiiriitiilmiistiir. Materyal olarak Bati
Akdeniz Tarimsal Arastirma Enstitiisii'nde tescil ettirilen Batem 5025 ve NC-7 gesitleri ile Cukurova
Universitesi Ziraat Fakiiltesinde tescil ettirilen Halisbey cesidi kullanilmustir.

Sonbahar doneminde deneme alani1 pullukla siiriilmiis, ilkbahar doneminde ise kiiltivator ile yiizlek siirlim
yapilmis, akabinde ise rotatiller ¢ekilmis ve lizerine tapan yapilarak ekime uygun hale getirilmistir.
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Deneme alanindan 0-30 cm derinliginde farkli noktalardan alinan toprak drnekleri Bingdl Universitesi Ziraat
Fakiiltesi Toprak Analiz Laboratuvarinda analiz edilmistir. Analiz sonuglaria gore; topragin PH’sinin hafif
asidik, tuzsuz, diisik seviyede organik madde, fosfor bakimindan yeterli seviyede, potasyum igerigi
bakimindan diisiik seviyede ve kire¢ bakimindan diisiik seviyede oldugu tespit edilmistir.

Deneme “Tesadiif Bloklarinda Boliinmiis Parseller Deneme Desenine’” gore ii¢ tekrarlamali olarak
kurulmustur. Uzunlugun 5 m, genisligin ise 2.8 m oldugu parseller 14 m? olacak sekilde hesaplanmustir. Sira
iizeri mesafenin 25 cm, sira aras1 mesafenin ise 70 cm oldugu her parsele 4 sira halinde ekim yapilmistir.
Ekim islemi markorler aracilifiyla belirlenen siralara ortalama 4-6 cm derinlikte olacak sekilde elle
yapilmistir. Denemede ekim zamani (EZ) ana parsellerde, cesitler ise alt parsellerde olacak sekilde
diizenlenmistir. 2015 yilinda ekim islemleri 8 Mayis (1. ekim zamani), 14 May1s (2. ekim zamani1), 20 Mayis
(3. ekim zamani) ve 25 Mayis (4. ekim zamani) olacak sekilde, 2016 yilinda ise 5 Mayis, 11 Mayis, 17
Mayis ve 23 Mayis zamanlarinda yapilmustir.

Bingol ilinde karasal iklim goriilmektedir. Yaz aylar1 kurak ve sicak, kis aylari ise soguk ve sert gegmektedir.
[lkbahar aylarinda ise, il cevresindeki daglarin yiiksekligi nedeniyle hava 1sinmaya baslasa da daglik bolgeler
ovaya gore daha serin olabilmektedir (Anonim 2011). Deneme alanina ait iklim verileri Cizelge 1°de
gosterilmistir.

Cizelge 1. Denemenin yiiriitiildiigii Bingol iline ait 2015, 2016 ve uzun yillara ait ortalama sicaklik (°C),
toplam yagis (mm) ve nispi nem (%) degerleri.

Ortalama Sicaklik (°C) Toplam Yagis (mm) Nispi Nem (%)

Uzun 2015 2016 Uzun 2015 2016  Uzun 2015 2016

Yillar Yillar Yillar
Ocak 2.5 1.8 -2.8 154.0 1472 2578 73.3 751 754
Subat -0.9 1.9 2.5 137.7 1198 953 722 744 733
Mart 4.9 5.5 7.0 124.1 155.3 131.0 64.2 66.9 60.2
Nisan 10.9 10.7 14.0 103.8 66.7 46.8  61.2 60.1 434
Mayis 16.2 16.4 16.3 66.8 21.2 66.2 55.8 53.9 574
Haziran 22.6 22.6 22.3 18.4 8.1 344 425 38.4 435
Temmuz 27.0 27.4 26.9 7.3 0.1 7.0 36.7 28.1 432
Agustos 26.8 27.1 28.1 5.4 0.6 0 36.8 30.8 28.8
Eylal 21.3 23.6 20.1 16.4 0.4 29.1 422 30.0 403
Ekim 14.2 14.4 15.2 70.3 18.9 4.4 58.9 68.6 43.0
Kasim 6.5 14.4 6.4 91.8 46.2 53.7 64.7 56.4 48.0
Aralik 0.2 1.3 -2.2 121.8 219.1 1526 70.7 58.6 734
Top./Ort. 12.3 13.9 12.8 917.8 803.6 878.3 56.6 534 488

Yerfistig1 ekimi 6ncesinde her deneme yilinda, dekara 10 kg NPK (15-15-15) gibresi ve 10 kg/da DAP (18-
46) giibresi homojen olacak sekilde serpistirilmistir. Cigeklenme baslangicinda ise 12 kg/da tire (%46 N) {ist
glbre olarak kullanilmigtir. Cikigtan yaklasik 3-5 hafta sonra her sirada 20 tane bitki kalacak sekilde tekleme
isleme yapilmigtir. Kok bolgesindeki topragin havalandirilmasi, daha saglikli kok gelisimi ve yabanci ot
miicadelesi i¢in li¢ kez manuel olarak ¢apalama islemi gerceklestirildi. Ayrica, bogaz doldurma islemi
yapilmistir. Bu sekilde, ginoforlar topraga daha kolay erisebildi ve meyve olusumu ve gelisimi rahatlatild.
Cimlenme i¢in her ekimden sonra damlama sulama yontemiyle sulama yapilmistir ve sonraki sulamalar hava
sicakligi ve bitkilerin ihtiyaclarina gore ayarlanmisgtir.

Denemenin 1. yili (2015), thrips zararlisina karsi Decis (etken madde: 2 g/l Deltamethrin), kirmizi 6riimecek
zararlisinin yetigkin formlarma karsi Alemectin (etken madde: 18 g/l Abamectin) ve kirmizi oriimcek
zararlisinin yumurtalarina karsi Zidane (etken madde: 110 g/l Etoxazole) pestisitleri kullanilmustir.
Denemenin ikinci yilinda, zararlilarin olmamasi nedeniyle herhangi bir ila¢ kullanilmamustir.
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Hasat isleminde her parselin dis siralar1 kenar tesiri olarak birakildi ve orta iki sira verilerin alinmasi i¢in
kullanilmistir. Hasat elle yapilmistir ve tohumlardaki nem oraniin yiiksek olmasi nedeniyle giines altinda
veya kapali alanlarda kurutma islemi yapilmustir. Ik deneme yilinda hasat 19 Ekim 2015 tarihinde, ikinci
yilda ise 22 Ekim 2016 tarihinde gerceklestirilmistir.

Denemenin 1. yilinda; bitki boyu, dal sayisi, 1000 dane agirligi, dekara verim, bitki basina meyve sayisi, i¢
orani, yag orani, protein orani parametreleri incelenmis. Denemenin 2. yilinda ise ¢esitli nedenlerden dolayi
sadece 1000 dane agirligi, dekara verim, bitki basina meyve sayisi ve i¢ orani parametreleri incelenebilmistir.

Arastirmadan elde edilen bulgular “Boliinmiis Parseller Deneme Desenine’’ goére JUMP istatistik paket
programi kullanilarak varyans analizine gore yapilmistir. Degerler arasinda 6nemli ¢ikan farklar LSD (0,05)
testine tabi tutularak gruplandirilmstir.

BULGULAR VE TARTISMA

2015 deneme yili verilerine gore EZ ile EZ x ¢esit interaksiyonunun bitki boyuna istatistiki olarak %5
diizeyinde onemli etkisi goriiliirken, gesitlerin etkisi dnemsiz bulunmustur. En yiiksek bitki boyu 19.74 cm
ile birinci ekim zamaninda (8 Mayis), en diisiik bitki boyu ise 17.65 cm ile dordiincii ekim zamaninda (25
Mayis) elde edilmistir. Cesitler arasinda bitki boyu ortalama araligi 18.65-18.81 cm olmustur. EZ x gesit
interaksiyonunda en yiiksek deger 21.41 cm ile NC-7 x 7 Mayis interaksiyonundan tespit edilmistir (Cizelge
2). Bitki boylarinin ekim zamani ile ters orantilt bir iligki gostermesi ekim zamaninin erkene alinmasina bagl
vejetasyon siiresi ile iliskilidir. Ekim zamaninin 6ne alinmasina bagli olarak uzayan vejetasyon siiresi bitki
boyunun artmasma neden olmaktadir. Calisma sonuglarimiz, Canavar ve Kaynak (2008), Ulger (2010),
Hatipoglu (2014) ve Boydak (2020)’1n sonuglari ile uyum gostermektedir.

2015 yilindaki verilere gore, bitkide dal sayisi iizerinde ¢esit ve ekim zamani X ¢esit etkisi istatistiksel olarak
Oonemsiz bulunurken, ekim zamanlarinin etkisi 6nemli bulunmustur (%1 diizeyinde). En yiiksek dal sayisi
9.59 adet ile 1. ekim zamaninda elde edilmistir ve 2. ekim zamani ile ayni istatistiksel gruba dahil olmustur.
En diigiikk dal sayis1 ise 7.57 adet ile 3. ekim zamaninda tespit edilmistir ve 4. ekim zamani ile ayni
istatistiksel gruba girmistir.

Cesitler arasinda dal sayisi ortalama araligi 8,69-8,54 adet seklinde tespit edilmistir (Cizelge 2). Ekim
zamani, bitkilerin vejetatif bliylime siireglerini etkilemekte ve dal sayisi ile dogrudan iligki gostermektedir.
Bitkiler generatif déneme vejetatif bilyiimeyi bitirdikten sonra gegmekte ve bu gegiste iklimsel degiskenler
etkili rol almaktadir. Ekim zamaninin erkene alinmasi vejetatif silirecin de uzamasina ve buna bagli olarak da
dal sayisinda artislarin meydana gelmesine neden olabilecegi diisiiniilmektedir. Calisma sonuglarimizi
Canavar ve Kaynak (2008), Ulger (2010), Hatipoglu (2014) ve Boydak (2020) yaptiklar1 calismalar ile
desteklemektedirler.

2015 yilina ait verilerin yer aldigi Cizelge 2'ye gore, ekim zamani, ¢esit ve ekim zamani x cesit
interaksiyonuna ait 1000 dane agirliginda yaptig1 etkiler istatistiksel olarak anlamli bulunmamistir. 1000
dane agirlig1 degerleri, ekim zamani agisindan 588.66-661.88 g araliginda, cesitler agisindan ise 603.74-
643.58 g araliginda degismektedir.

2016 yili verilerine gore EZ ile EZ x gesit interaksiyonunun bin dane agirligina etkisi istatistiksel olarak
onemsiz iken, ¢esitler arasinda %35 diizeyinde 1000 dane agirligi bakimindan farklilik gézlenmistir. Ekim
zamani ortalamalarina goére 1000 dane agirhgr 843.1-887.7 g araliginda degisiklik gostermistir. Cesitler
bakimindan en yiiksek 1000 dane agirlig1 degeri 925.5 g ile Halisbey ¢esidinden, en diisiik bin dane agirlig
ise 803.9 g ile NC-7 ¢esidinden tespit edilmistir (Cizelge 2). Kullanilan gesitlerin aymi ekolojik kosullar
altinda verdikleri tepkilerin farklilik arz etmesi beklenen bir durumdur. Nitekim ¢alisma sonuglarimizda da
bu durumu gostermektedir. Her iki yilda da Halisbey ¢esidinin diger gesitlere gore daha yiliksek bin dane
agirligini vermis olmasi Arslan ve arkadaslarinin Siirt sartlarinda yaptiklart ¢alisma ile benzer sonuglar
gostermistir (Arslan vd., 2022).

Cizelge 2 incelendiginde, EZ ve cesitlerin dekara verim {izerindeki etkisi istatistiksel olarak %1 seviyesinde
anlamli bulunurken, ekim zamani x ¢esit etkisi ise %5 diizeyinde 6nemli goriilmiistiir. Ekim zamanlaria
gore, en yiiksek dekara verim 303.27 kg/da ile 1. ekim zamaninda elde edilirken, en diisiik deger 255.58
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kg/da ile 4. ekim zamaninda goriilmiistiir. 2. ve 3. ekim zamanlari ise istatistiksel olarak ayni grupta yer
almaktadir. Cesitlere gore ise, en yiiksek dekara verim Halisbey ¢esidinden 291.45 kg/da olarak tespit
edilirken, en diisiik deger NC-7 gesidinde 261.31 kg/da olarak belirlenmis ve Batem 5025 ile ayn1 grupta yer
almistir. Ekim zamani X ¢esit interaksiyonu agisindan en yiiksek dekara verim 317.94 kg/da ile NC-7 x 1. EZ
interaksiyonundan elde edilmistir (Cizelge 2). Cesitler arasindaki dekara verim degerlerinin farklilik arz
etmesi cesitlerin iklimsel degiskenlere verdikleri tepkiler ve genetik yapilarindaki farkliliklardan olabilecegi
diistiniilmektedir.

Cizelge 2. 2015 yilinda farkli zamanlarda ekilen ii¢ farkll yerfistigi cesidinin bitki boyu (cm), bitkide dal
sayist (adet/bitki), 1000 dane agirligt (g), dekara verim (kg/da), bitki basina meyve sayisi (adet/bitki), ic
oram (%), yag orani (%) ve protein orani (%) ortalama degerleri ile E.G.F. (0.05) gruplari

Bitki Boyu (cm) Bitkide Dal Sayisi (adet/bitki)
EZ/C NC-7 Halisbey Batem 5025 Ort. NC-7 Halisbey Batem 5025 Ort.
8 Mays (1. EZ) 2141a 17.89 cde 19.93 ab 19.74 A 9.75 9.62 9.42 9.59 A
14 Mayis (2. EZ)  19.24 bed 19.24 bed 18.49 bede 1899 AB 9.3 9.64 9.10 9.29 A
20 Mayis (3. EZ)  17.59 de 19.67 abc 18.31 bede 1852 AB  7.76 7.71 7.26 757B
25 Mayis (4. EZ) 17.00 e 18.10 b-e 17.87 cde 17.65B 7.93 7.80 8.38 8.03B
Ort. 18.81 18.72 18.65 8.64 8.69 8.54
EGF (0.05) EZ* (1.37) C (6d) Int.* (1.86) EZ** (1.04) C (6d) Int. (6d)

1000 Dane Agirhg: (g) Dekara Verim (kg/da)
EZ/IC NC-7 Halisbey Batem 5025 Ort. NC-7 Halisbey Batem 5025 Ort.
8 Mayis (1. EZ)  690.00 631.66 664.00 661.88 31794 a 297.84 ab 294.03 ab 303.27 A
14 Mayis (2. EZ)  682.50 662.50 573.33 639.44 24114 cd 285.35 ab 261.03 bc 262.50 B
20 Mayis (3. EZ)  566.66 659.33 609.16 611.71 267.30 b 292.87 ab 233.30 cd 264.49 B
25 Mayis (4. EZ)  576.66 620.83 568.50 588.66 218.88d 289.75 ab 258.11 bed 255.58 B
Ort. 628.95 643.58 603.74 261.31B 29145 A 261.61B
EGF (0.05) EZ (6d) C (6d) Int. (6d) EZ** (22.68)  C**(20.52)  Int.* (41.05)

Bitki Basina Meyve Sayisi (adet/bitki) i¢ Oram (%)
EZ/IC NC-7 Halisbey Batem 5025 Ort. NC-7 Halisbey Batem 5025 Ort.
8 Mayis (1. EZ)  42.00a 2746 ¢ 31.00 be 33.48 A 64.28 58.17 61.76 61.40
14 Mayis (2. EZ)  30.60 bc 28.20c 35.13b 31.31AB  63.46 57.50 59.76 60.24
20 Mayis (3. EZ)  30.49 bc 27.76 ¢ 31.43bc 29.89 BC 63.01 56.34 59.47 59.60
25 Mayis (4. EZ) 2693 ¢ 28.28¢c 29.05¢ 28.08C 60.04 54.51 61.36 58.63
Ort. 3250 A 27.92B 3164 A 62.69 A 56.63 B 60.58 A
EGF (0.05) EZ* (2.84) C** (2.87) Int.** (5.74) EZ (6d) C*(3.30) Int. (6d)

Yag Orani (%) Protein Oram (%)
EZIC NC-7 Halisbey Batem 5025 Ort. NC-7 Halisbey Batem 5025 Ort.
8 Mayis (1. EZ)  42.02 38.32 39.99 40.11 AB  23.05 23.26 23.33 2321 A
14 Mayis (2. EZ)  42.98 39.23 40.73 4098 A 22.03 21.34 19.57 20.98C
20 Mayis (3. EZ)  42.48 38.93 40.27 40.56 A 21.75 21.88 22.55 22.06 B
25 Mayis (4. EZ) 4021 38.03 40.24 39.49B 22.40 22.05 22.92 22.45B
Ort. 41.92 A 38.62C 40.30B 22.30 22.13 22.09
EGF (0.05) EZ* (0.99) C** (1.29) Int. (6d) EZ** (0.58) C (6d) Int. (6d)

EZ: Ekim Zamam, C: Cesit, éd: onemli degil, Int.: Interaksiyon, EGF: En Kiigiik Giivenilir Fark
*P<0.05 duzeyinde, ** P<0.01 diizeyinde énemli

2016 verileri degerlendirildiginde, ¢esitler ve EZ x C (ekim zaman1 x gesit) etkisinin dekara verim {izerinde
istatistiksel olarak dnemli bir etkisi olmadigi, ancak ekim zamanlarinin dekara verim {izerinde %5 diizeyinde
anlamli bir etkiye sahip oldugu goriilmiistiir. Ekim zamanlarina gore, en yiiksek dekara verim 1. ekim
zamaninda 449.72 kg/da, en diisiik dekara verim 4. ekim zamaninda 378.88 kg/da olarak belirlenmis ve 2. ve
3. ekim zamanlan ile ayn1 istatistiksel grupta yer almistir. Cesitlere gore dekara verim araligi ise 384.25-
408.77 kg olarak belirlenmistir (Cizelge 2). Her iki deneme yilinda da, ekim zamaninin gecikmesine bagl
olarak dekara verim degerlerinin azaldigi, Cizelge 2 ve Cizelge 3 verilerinden goriilebilmektedir. Ekim
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zamaninin gecikmesine bagli olarak vejetasyon siiresinin de azaldigi ve buna bagli olarak biiylime ve
gelisimin geri kaldig1, fotosentez faaliyetlerinin siiresinin azalmasi ve buna bagli olarak meyve {iretimi, kuru
madde birikimi gibi kalite kriterlerinin diisiistine neden olabilecegi diisiiniilmektedir. Bulgularimiz Caligkan
vd. (2008), Ulger (2010), Arioglu vd. (2013), Cil vd. (2013), Hatipoglu (2014), Boydak (2020) bulgulariyla
uyum gostermektedir.

2015 yilina ait Cizelge 2'deki veriler degerlendirildiginde, yag orani iizerinde ekim zamaninin %5 diizeyinde
onemli bir etkisi oldugu, cesitlerin ise %1 diizeyinde dnemli bir etkisi oldugu goriilmiistiir. Ekim zamani ile
cesitler arasindaki etkilesimin yag orani iizerindeki etkisi ise istatistiksel olarak anlamsiz bulunmustur. Ekim
zamani ortalamalarina bakildiginda yag orani en fazla %40.98 ile 2. ekim zamanindan tespit edildigi ve 3.
ekim zamani ile istatistiksel agidan aymi grupta yer aldigi, en diisik yag oran ise %39.49 ile 4. ekim
zamanindan tespit edildigi tespit edilmistir. Cesit ortalamalarina bakildiginda en yiiksek yag oran1 %41.92 ile
NC-7 gesidinden, en diisiik yag oran ise %38.62 ile Halisbey ¢esidinden elde edilmistir. Cesitler arasindaki
yag orani degerlerinin farklilik gostermesi ¢esitlerin iklimsel degiskenlere verdikleri tepkiler ve genetik
yapilarindaki farkliliklardan olabilecegi diisiiniilmektedir. Ekim zamaninin gecikmesi, bitkinin biiylime
dongiisiinlin bazi kritik evrelerini etkileyebilir ve bu da yag olusumunu olumsuz etkileyebilmektedir. Yag
bitkilerinin ge¢ ekilmesi, meyve veya tohum olusumu déneminin azalmasina ve dolayisiyla yag olusumunun
da azalmasina neden olabilmektedir (Kilic ve Arabaci 2016). Arastirma sonuglarimiz Arioglu vd. (2013),
Hatipoglu (2014), Boydak (2020)’1n yaptiklar1 caligsma sonuglariyla benzerlik gostermektedir.

2015 yilina ait veriler analiz degerlendirildiginde, farkli ekim zamanlarimin protein orani lizerindeki etkisi
istatistiksel olarak 6nemli (%1 diizeyinde) bulunmustur. Ancak gesit ve ekim zamani x g¢esit etkilesimi
protein orani iizerinde anlamli bir etkiye sahip degildir. Ekim zamani ortalamalarina gore, en yiiksek protein
oran1 %23.21 ile 1. ekim zamaninda elde edilmis, en diisiik protein orani ise %20.98 ile 2. ekim zamaninda
tespit edilmigtir. Cesit ortalamalarina gdre protein orani araligt %22.09-22.30 olmustur (Cizelge 2). Calisma
sonuglarimizda ekim zamanimin gecikmesine paralel olarak protein oranimin da azaldig1 goriilmektedir. iklim
kosullar1 ve ekim zamani bitkinin biiylime hizini, fotosentez aktivitesini ve besin alimini etkilemekte ve bu
duruma bagli olarak bitkinin protein sentezi ve dolayisiyla protein igerigini etkileyebilmektedir.
Sonuglarimiz Caliskan vd. (2008), Ulger (2010), Canavar ve Kaynak (2011), Cil vd. (2011)’nim bulgulariyla
benzerlik gostermektedir.

Cizelge 3. 2016 yilinda farkh ekim zamanlarinda ekilen ii¢ yerfistigi cesidinin 100 dane agwlig (g), bitki
basina meyve sayist (adet/bitki), dekara verim (kg/da) ve i¢ oramna (%) ait ortalamalar ve olusan E.G.F.
(0.05) gruplar

1000 Dane Agirhig: (g) Bitki Bagina Meyve Sayisi (adet/bitki)
EZ/C Batem 5025 Halisbey NC-7 Ort. Batem 5025 Halishey NC-7 Ort.
5 Mayis (1. EZ) 865.5 958.2 787.8 870.5 41.27 a 22.74f 38.94 ab 3431A
11 Mayis (2. EZ) 894.2 900.6 805.6 866.8 34.35 b 29.35de 37.96 ab 33.89 A
17 Mayis (3. EZ) 835.2 957.0 871.0 887.7 31.85cd 27.11 ef 30.54cde  29.83B
23 Mayis (4. EZ) 892.0 886.0 751.3 843.1 30.66 cde 16.28 g 37.91ab 28.28B
Ort. 871.7 AB 9255 A 803.9B 3453 A 23.87B 36.33 A
E.G.F (0.05) EZ (6d) C* (81.8) int.(6d) EZ* (3.72) C*(2.31) int.* (4.62)

Dekara Verim (kg/d i¢ Orami (%)

a)
EZ/C B)atem 5025 Halisbey NC-7 Ort. Batem 5025 Halishey NC-7 Ort.
5 Mayis (1. EZ) 483.50 433.70 431.97 449.72 A 57.67 52.16 59.63 56.49
11 Mayis (2. EZ) 396.23 359.03 381.37  384.29B 57.85 51.41 59.76 56.34
17 Mayis (3. EZ) 379.20 384.40 389.27  379.56B 59.23 50.58 57.30 55.70
23 Mayis (4. EZ) 376.13 359.87 402.67  378.88B 53.16 47.09 57.69 52.65
Ort. 408.77 384.25 401.32 56.98 A 50.31B 58.60 A
E.G.F (0.05) EZ* (51.65) C (6d) int. (8d) EZ (6d) C* (5.50) int. (8d)

EZ: Ekim Zamani, C: Cesit, 6d: 5nemli degil, Int: Interaksiyon, EGF: En Kiiciik Guvenilir Fark
*P<0.05 diizeyinde dnemli

2015 verileri Cizelge 2'de incelendiginde, ¢esit ve ekim zamani x ¢esit etkilesiminin bitki bagina meyve
sayisi izerinde %1 diizeyinde istatistiksel olarak Onemli etkisinin oldugu, ekim zamanlarin ise %5
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dizeyinde 6nemli bir etkiye sahip oldugu goriilmiistiir. Bitki bagina meyve sayisi, ekim zamanina bagl
olarak degisiklik gostermistir. En yiiksek deger, 33.48 adet/bitki olarak 1. ekim zamaninda kaydedilirken, en
diisiik deger 4. ekim zamaninda, 28.08 adet/bitki olarak dl¢iilmiistiir. Cesitlere gore, 32.50 adet/bitki ile tespit
edilen en yliksek deger NC-7 c¢esidinden tespit edilmis ve Batem 5025 cesidiyle istatistiksel olarak ayni
gruba girmistir. En diisiik bitki basina meyve sayisi ise Halisbey c¢esidinde, 27.92 adet/bitki olarak
belirlenmistir. Ekim zaman1 % ¢esit etkilesimi ortalamalarina gore, en yiiksek bitki basina meyve sayisi, 1.
EZ x NC-7 etkilesimiyle elde edilmistir ve degeri 42.00 adet/bitki olarak kaydedilmistir.

2016 deneme yili verilerine gore, bitki basina meyve sayist lizerinde ekim zamani, ¢esit ve EZ x C
interaksiyonun etkisi istatistiksel anlamda %5 oraninda 6nemli goriilmiistiir. Ekim zamanina gore, bitki
basina meyve sayist en yiiksek degeri 34.31 adet/bitki ile 1. ekim zamaninda elde edilmistir ve istatistiksel
olarak 2. EZ ile ayn1 gruba girmistir. Bitki bagina meyve sayisinin en diisiigii ise 4. EZ'dan elde edilen 28.28
adet/bitki olarak tespit edilmistir ve 3. EZ ile ayn1 gruba girmistir. Cesitlere gore yapilan degerlendirmede,
bitki bagina meyve sayisi en yiiksek 36.33 adet/bitki ile NC-7 ¢esidinden belirlenmis ve istatistiksel olarak
Batem 5025 ile ayn1 harflendirme ile gdsterilmistir. Bitki basina meyve sayisi bakimindan en diisiik deger ise
Halisbey ¢esidinden 23.87 adet/bitki olarak tespit edilmistir. EZ x C interaksiyonu ortalamalarina gore en
yiiksek bitki basina meyve sayist ise 1. EZ x NC-7 interaksiyonundan elde edilen 41.27 adet/bitki olarak
bulunmustur. Denemenin 1. ve 2. yillarinda, bitki basina meyve sayisinin, ¢esitler arasindaki farkliliklarinin,
cesitlerin iklimsel degiskenlere verdigi tepkilere ve genetik yapilarindaki farkliliklara bagli olabilecegi
diistintilmektedir. Ekim zamaninin gecikmesiyle birlikte bitki basina meyve sayisinin azaldigi gézlenmistir.
Bu durumda vejetasyon siiresinin kisalmasina bagli olarak meyve sayisinda disiisler goriilmiistiir. Calisma
sonuglarimiz Tunctiirk (2005), Canavar ve Kaynak (2008), Kurt vd. (2009), Ulger (2010), Cil vd. (2011),
Arioglu vd. (2013)’nin yapmis olduklar ¢calisma sonuglari ile uyum gostermektedir.

2015 yili verilerine gore, EZ ile EZ x gesit interaksiyonunun i¢ orani lizerinde istatistiksel olarak anlamli bir
etkisi bulunmamaktadir. Ancak c¢esitler arasinda i¢ orani agisindan %5 diizeyinde farkliliklar gézlenmistir.
Ekim zamani ortalamalarina goére i¢ orani1 58,63-61,40 araliginda degisiklik gdstermektedir. Cesitlerin ic
orani ortalamalar1 bakimindan en yiiksek deger 962,69 ile NC-7 ¢esidinden elde edilmis ve Batem 5025
cesidiyle ayn1 harflendirme ile gosterilmistir. I¢ oran1 en diisiik degerini ise %56,63 ile Halisbey ¢esidinde
almustir (Cizelge 2).

2016 yili verileri incelendiginde ekim zamani ile ekim zamani1 X gesit interaksiyonunun i¢ orani iizerine
etkisi istatistiksel olarak 6nemsiz iken, ¢esitler arasinda %5 diizeyinde farklilik gozlenmistir. Ekim zamani
ortalamalaria gore i¢ orant %52.65-56.49 araliginda yer almistir. Cesitler bakimindan en yiiksek i¢ oran1 %
58.60 ile NC-7 gesidinden tespit edilmis ve Batem 5025 ile ayni istatistiki grupta yer almistir. En disiik i¢
orani ise %50.31 ile Halisbey cesidinden tespit edilmistir (Cizelge 3). Denemenin her iki yilinda da ¢esitlerin
i¢ oram lizerine etkisinin farklilik gostermesi g¢esitlerin iklimsel degiskenlere verdikleri tepkiler ve genetik
yapilarindaki farkliliklardan olabilecegi diistiniilmektedir.

SONUC VE ONERILER

Yapilan ¢aligmanin sonuglar1 degerlendirildiginde; c¢esitler ve ekim zamanlari arasinda istatistiksel
farkliliklarin oldugu belirlenmistir. Incelenen parametrelerde yillara gore iklimsel degiskenlere bagli olarak
sonuglarin degistigi, 1000 dane agirligi, bitki basina meyve sayis1 ve dekara verim parametrelerinin yagis ile
dogru orantili olarak degisim gosterdigi tespit edilmistir. Ekim zamaninin gecikmesine bagli olarak incelenen
birgok parametrede diisiislerin oldugu ve Bingdl ekolojik sartlarinda en uygun ekim zamaninin 8 Mayis
oldugu tespit edilmistir. Halisbey cesidi 1000 dane agirligi bakimindan her iki yilda da diger ¢esitlere gore
daha iyi sonug verdigi, NC-7 ¢esidi bitki bagina meyve sayis1 ve i¢ orani yoniinden her iki y1lda da daha iyi
sonuglar verdigi, yag oran1 bakimindan ise 1. deneme yilindaki diger gesitlere nazaran daha iyi sonug verdigi
gorlilmiistiir. Yerfistiginin verim parametreleri gz oniine alindiginda giftgiler igin 6ne ¢ikan ¢esidin NC-7
oldugu belirlenmistir. Bingdl ekolojik kosullarinda yerfistig1 yetistiriciligi i¢in ekim zamani araliginin
artirnlmas1 ve ¢aligilan c¢esitlerin disinda diger cesitler ile g¢alisilmasi yerfistig1 yetistiriciligine katki
saglayacagi kanaatindeyiz.
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- MAKALE
OZET BiLGIiSi
Satureja hortensis (Sater) halk arasinda kekik olarak kullanilan 6nemli tibbi ve aromatik bitkilerdendir.

Bu caligmada sater bitkisinde diurnal varyabiletenin verim ve kalite &zellikleri {izerine etkisi Gelis:
aragtirtlmistir. Calisma Kahramanmaras ekolojik kosullarinda yiiriitiilmiis olup 06:00 dan baslayarak iki 26.09.2023
saat araliklarla saat 18:00°da dahil olmak iizere 7 farkli hasat zamani belirlenmistir. Caligmada farkl Kabul:
hasat zamanlarinda ugucu yag orani, taze herba agirligi, kuru herba agirligi ve ugucu yag bilesenleri 12.11.2023

belirlenmistir. Ugucu yag orani %3.39-3.87 arasinda degismekte olup hasat zamanlar1 arasinda istatistiki
olarak fark goriilmemistir. Taze herba agirligi en yiiksek 08:00 ve 12:00 hasat zamanlarinda, kuru herba
agirhig ise en yiiksek 12:00 hasat zamaninda elde edilmistir. Sater bitkisinin ugucu yaginda 15 farkli
bilesen belirlenmis olup karvakrol, y-terpinen, a-terpinen ve simen bilesenleri %2 nin tizerinde bir orana
sahip olmustur. Baslica bilesen olan karvakrol en yiiksek degere 06:00, y-terpinen 10:00, a-terpinen
10:00 ve simen 18:00 hasat zamanlarinda sahip olmustur. Ugucu yag bilesenleri ve bunlarin yagda
bulunma oranlarinin giiniin degisen zaman araliklarinda farklilik gosterdigi belirlenmistir. Taze herba
ve kuru herba agirligi agisinda 08:00-10:00 hasat zamanlarinin, baglica bilesen olan karvakrol igin ise
06:00 hasat zamaninin uygun oldugu goriilmistiir.

Anahtar kelimeler: Satureja hortensis, Sater, Diurnal varyebilite, u¢ucu yag

Determination of the Effect of Diurnal Variability on Yield and Quality Characteristics of
Satureja hortensis

ARTICLE
ABSTRACT INEO
Satureja hortensis (Summer Savory) is one of the important medicinal and aromatic plants popularly Received:
used as thyme. In this study, the effect of diurnal variability on yield and quality characteristics of savory 26.09.2023
plant was investigated. The study was carried out in Kahramanmaras ecological conditions and 7 Accepted:
different harvest times were determined, starting from 06:00 and including 18:00 at two-hour intervals. 12.11.2023

In the study, essential oil ratio, fresh herb weight, dry herb weight and essential oil components were
determined at different harvest times. The essential oil content varies between 3.39-3.87% and no
statistical difference was observed between harvest times. The highest fresh herb weight was obtained
at 08:00 and 12:00 harvest times, and the highest dry herb weight was obtained at 12:00 harvest times.
15 different components were identified in the essential oil of the savory plant, and carvacrol, y-
terpinene, a-terpinene and cymene components had a rate of over 2%. The main component, carvacrol,
had the highest value at harvest times of 06:00, y-terpinene at 10:00, a-terpinene at 10:00 and cymene
at 18:00. It has been determined that essential oil components and their presence in the oil vary at
different times of the day. It has been observed that the harvest time of 08:00-10:00 is suitable for fresh
herb and dry herb, and the harvest time of 06:00 is suitable for carvacrol, which is the main component.

Keywords: Satureja hortensis, Summer savory, Diurnal variability, Essential oil
Cite this article as: Gedik, O., Koruk, G., Agca, F & Cmar, O. (2023). Diurnal Varyebilitenin Satureja hortensis’in
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GIRIS

Sater (Satureja hortensis) Lamiaceae familyasinda yer alan ve ugucu yag tasiyan 6nemli bitkilerden biridir.
Dinyada Satureja hortensis’ in yogun olarak tariminin yapildig: iilkeler Almanya, Macaristan, Fransa ve
Ispanya’dir (Omidbaigi ve Hejazi, 2004). Tiirkiye’de ticari faaliyetinin yogun oldugu yerlerin basinda ise Ege
ve Akdeniz bolgeleri gelmektedir (Satil ve ark. 2002). Sater bitkisinin Tiirkiye florasinda dogal yayilis
gosterdigi sehirler Istanbul, Samsun, Sakarya, Zonguldak, Diyarbakir, Sivas, Adiyaman, Amasya, Nevsehir,
Tokat, Ankara, Erzincan, Tokat, Erzurum ve Adana’dir (Katar ve ark., 2011). Diinyada 50 tiirii bulunan,
Tiirkiye’de tiretim ve ticaret alaninda kekik ismiyle bilinen Satureja cinsi 15 tiirle tamimlanir ve bunlardan 5
tanesi endemiktir (Davis, 1982; Tlimen ve ark., 1998). Satureja hortensis L. bitkisinin halk arasinda kullanilan
isimleri yoreden yoreye degismekte olup bunlar; Cipriska, Cibrika, Karanfil kekigi, Dag anugu, Yer kekigi,
Cay otu, Cay kekigi, Zahter, Cam kekigi, Ebem kekigi, Sater ve kekik gibi cesitlilik gostermektedir (Baser ve
ark. 2004). Ulkemiz kekik ticaretinde uluslararasi pazarda énemli yere sahiptir. Kullanim alanlari; kozmetik,
parfiimeri, eczacilik, baharat, geleneksel tip ve aromaterapidir. Kekik bitkisi antibakteriyal, antifungal ve
antiviral tesirleri bulunan ugucu yaglar igermektedir. Farkli yontemler kullanilarak elde edilen ugucu yaglar ve
bitkisel drog olarak kullanilan kekik bitkisi, balgam soktiiriicii, akne ve diger cilt bozukluklarinda, mide
salgisini arttirmada, kurt diisiirmede, mide ve bagirsak hastaliklarinin tedavisinde, gaz soktiiriicii olarak diinya
genelinde alternatif saglik tedavilerinde kullanilmaktadir (Zeybek ve Haksel, 2010). Lamiaceae familyasinda
ugucu yag verimi ve orani bakimindan Thymus, Origanum, Salvia, Mentha, Teucrium, Melissa, Sideritis ve
Satureja cinsleri 6nem arz etmektedir (Erdogan, 2014; Ulcay ve Senel, 2018). Kekik yapraklar1 %0.5-8.0
oraninda esansiyel yag icerir. Kekik bitkisi ugucu yag endiistirisinde kullanilmasi i¢in biinyesinde en az %2.5
orannda yag bulundurmasi gerekmektedir. Karvakrol orani bakimindan Origanum, Thymbra ve Satureja cinsi
kekikler, timol oran1 bakimdan ise Thymus tiirleri en yiiksek degere sahiptir (Baydar, 2019). Genelde kayalik
ve egimli arazilerde yetisen tek yillik, 30-35 cm boylanabilen, eflatun, beyaz ve morumsu giceklere sahip bir
bitkidir (Davis, 1982). Satureja hortensis yapraklar1 ve gigekleri kullanilarak elde edilen ugucu yag renksiz,
sarimsi ve ¢ok yogun kokuludur. Ugucu yag miktar1 %0.3-2 oraninda degisim gosterirken ana bilesenlerinden
olan karvakrol oraninin ise %20-30 araliginda oldugu belirtilmektedir (Baytop, 1984). Sater bitkisinin hasati
hem ciceklenme Oncesi hem de ¢i¢ceklenme sonrasi i¢in uygundur ve hasat zamani bolgelere gore degisiklik
gostermektedir. Bunun yani sira hasat zamani, bitkinin dagilimi bdlgenin ve yilin iklim kosullarina gore
farklilik gostermektedir. Genel olarak bitkinin hasat tarihi Temmuz ve Eylill aylar1 arasinda oldugu
bilinmektedir (Satil ve ark. 2002). Kekik bitkisi Tiirkiye ekonomisi agisindan 6nemli bir yere sahiptir. Cesitli
kullanim alanlarimin (baharat, ila¢ vb.) artmasindan dolay1 kekik olarak isimlendirilen bir¢ok tiir dogadan
toplanarak ekonomiye kazandirilmaktadir. Ulkemiz florasinda bulunan tibbi bitki cesitliligini siirdiirebilir
kilmak, bilingsizce yapilan toplamalar1 engellemek amaciyla tarimimin yayginlastirilmasi ve uygun tarim
politikalarinin belirlenmesi bu tiirlerin koruma altina alinmasi1 bakimindan 6nem arz etmektedir. Ugucu
yagindan faydalanilan bitkilerde biinyesinde bulundurdugu yag orani énemlidir ve bu yag oranini etkileyen
birgok faktor bulunmaktadir. Iklim, cevre, arazi yapisi, bitkinin yas1, genetik yapisi, morfogenetik, ontogenetik
ve diurnal varyabilite bitkide bulunan ugucu yagi etkileyen en 6nemli etkenlerdendir (Ceylan, 1995). T1ibbi ve
aromatik bitkilerde ugucu yagin icerisinde bulundurdugu sekonder metabolitlerden maksimum diizeyde
faydalanmak ve Kkalite standartlar1 belirlemek i¢in en uygun gelisme dénemi ve hasat saatinin belirlenmesi
gerekmektedir. Standartlara uygun yiiksek oranda ve kaliteli ugucu yaglar elde etmek icin yapilan
aragtirmalarla birlikte diurnal varyabilitenin belirlenmesi yetistiriciler i¢cin énemli bir adim olacaktir. Arabaci
ve ark. (2015) dogadaki bitkilerin giin icerisinde degisen iklim faktdrlerinin etkisinden dolayi, yapilan
hasatlarda biiyiik bir varyasyonun ortaya ¢iktigini ve bu durumun diurnal varyabilitenin varligina igaret ettigini
bildirmistir. Bu sebeple hasat isleminin rastgele herhangi zamanda yapilmayip, ugucu yag oraninin en yiiksek
seviyeye ulastigi hasat zamaninin belirlenmesinin énemli oldugunu bildirmistir. Kahramanmaras’ta dogal
olarak yetisen kekik tiirlerinden biri olan S. hortensis bitkisinde diurnal varyebilitenin verim ve kalite
oOzellikleri iizerine etkisinin belirlenmesi ve Kahramanmaras bolgesinde tariminin yayginlastirilmasi bu
caligmanin amacini olusturmaktadir.

MATERYAL VE YONTEM

Bu arastirma kekik olarak kullanilan Satureja hortensis bitkisinde diurnal varyebilitenin belirlenmesi amaciyla
ylirttilmistiir.
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Cizelge 1. Kahramanmaras ili meteoroloji istasyonunda ol¢iilen 2022 yili ve uzun yillara iliskin iklim verileri

(Anonim, 2022a)
Ayhlik Toplam Yagis (mm) Aylik Ortalama Sicaklik (°C) Ortalama Nispi Nem (%)

Aylar 2022 Uzun Yillar 2022 Uzun Yillar 2022 Uzun Yillar
(1930-2021) (1930-2021) (1980-2021)
Mart 157.8 95.1 7.1 10.4 62.1 60.00
Nisan 12.7 73.0 18.2 151 45.7 57.59
Mayis 40.4 38.8 20.3 20.1 50.7 54.95
Haziran 3.7 8.6 26.1 24.9 50.8 49.67
Temmuz 05 2.7 29.6 28.3 41.7 44.20
Top./Ort. 215.1 218.2 20.26 19.7 50.20 53.28

Cizelge 1 deki iklim verilerine bakildiginda 2022 y1li Mart-Temmuz aylar1 arasindaki aylik ortalama sicaklik
degeri, uzun yillar sicaklik ortalamasinin tizerinde gerceklesmistir. Aylik toplam ortalama yagis miktar1 ve
ortalama nispi nem ise uzun yillar ortalamasinin altinda seyrettigi goriilmiistiir.

Cizelge 2. Deneme alanina ait topragn kimyasal ve fiziksel dzellikleri (Anonim, 2022b)

Ozellikler Degerler Yorumlar
Toprak derinligi (cm) 0-30

Suya Doygunluk (%) 69.96 Killi tinlh
pH 7.71 Hafif alkalin
Organik Madde orani (%) 1.58 Diisiik
Kire¢ (CaCO3) orani (%) 6.09 Orta kirecli
Tuzluluk orani1 (%) 0.05 Tuzsuz
Fosfor P,Os miktar1 (kg da™) 2.84 Cok az
Potasyum KO miktar1 (kg dat) 55.51 Y liksek

Deneme alaninda 0-30 cm derinlikten alinan toprak numunesinin 6zelliklerine bakildiginda; killi tinl1 (69.96),
tuzsuz (%0.05), orta kiregli (%6.09), organik madde bakimindan az seviyede (%1.58), potasyum (K-O) orani
yeterlilik seviyesinin tizerinde (55.51 kg da) ve fosfor (P.0s) bakimindan ¢ok az (2.84 kg da™) seviyede
oldugu belirlenmistir (Cizelge 2). Arastirmada kullanilan Satureja hortensis bitkisine ait tohumlar
Kahramanmarag’in Nurhak ilgesinde dogal olarak yetistiriciligini yapan kisilerden temin edilmistir. Elde
edilen tohum 6rnekleri sera ortaminda ¢imlendirilmis ve uygun biiyiikliige gelen fideler viollere sasirtilmistir.
Viollerde gelistirilen fideler Mayis ay1 igerisinde araziye sasirtilarak gerekli bakimlar1 yapilmigtir. Denemede
dekara saf 6 kg da? olacak sekilde N ve P giibrelemesi yapilmistir. Fosforun tamami dikimle beraber, azotun
ise yarist dikimle beraber kalan yarisi ise bitkinin gelisim doneminde verilmistir. Deneme; sira iizeri 20 cm,
sira arasi 40 cm ve her parselde 5 sira olacak sekilde 3 tekerriirlii olarak kurulmustur. Sulama iglemi damlama
sulama olarak yapilmig olup, yabanci ot kontrolii ¢apa kullanilarak el ile yapilmistir. Diurnal varyebilitenin
belirlenmesi igin yetistirilen bitkilerin tam ¢igeklenme donemine geldiginde giiniin yedi farkli saatinde hasat
islemi yapilmistir. Hasat isleminde parsellerin kenar tesirleri ¢ikarildiktan sonra parsel verimine ait olan
alandan her hasat saatinde 3 farkli bitki toprak yilizeyinden bigilerek hasat edilmistir. Hasat edilen bitki
ornekleri laboratuvar ortaminda goélgede kurutulmustur. Diurnal varyebilitenin belirlenmesinde hasat
zamanlari olarak sabah 06:00 dan baslanarak iki saat araliklarla (06:00, 08:00, 10:00, 12:00, 14:00, 16:00,
18:00) aksam 18:00 kadar yedi farkli bigim alinmistir. Her bi¢im saatinde hasat edilen bitkilerin yas agirliklar
ve kurutulduktan sonra kuru agirliklart alimmistir. Hasat islemi 22 Temmuz tarihinde bitkinin tam giceklenme
evresinde gergeklestirilmistir.

Ucucu yag izolasyonu ve bilesenlerinin belirlenmesi

Giin icerisinde yedi farkli saatte hasat edilen bitkiler laboratuvarda oda sicakliginda kurutulmustur. Kurutulan
herbalar ogiitiilerek 35 g 6gitiilmiis numune Uzerine 500 ml saf su ilave edilerek su distilasyonu yéntemi ile
Uc saat boyunca Neo-clevenger cihazinda ugucu yaglar ¢ikarilmistir. Farkli hasat zamanlarindan elde edilen
ucucu yaglar Bati Akdeniz Tarimsal Arastirma Enstitiisiit (BATEM) laboratuvarinda GC/MS cihazinda analiz
edilmistir (Uysal Bayar ve Cinar, 2020).
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BULGULAR

Bu ¢aligmada tibbi ve aromatik bitkiler arasinda 6nemli bir yere sahip olan S. hortensis bitkisinde diurnal
varyabilitenin ugucu yag bilesenleri, ugucu yag orani ve herba verimi iizerine etkisi belirlenmistir. S. hortensis
Tirkiye florasinda dogal olarak yetismekte ve halk arasinda kekik olarak kullanilmaktadir. Diurnal
varyabilitenin belirlenmesi i¢in yapilan hasat islemlerine bakildiginda ugucu yag orani ile hasat zamanlari
arasinda istatistiki olarak fark goriilmemistir.

Benzer sekilde, Sonmez ve Okkaoglu (2019)’nun Cukurova kosullarinda Lavender de diurnal varyebilite
iizerine yaptiklar1 ¢alismada hasat zamanlarinin ugucu yag orami iizerine etkisi istatistiki olarak 6nemsiz
bulunmustur. Hasat zamani ile taze herba agirligi arasinda istatistiki olarak %1 diizeyinde énemli farklilik
goriilmiigtiir. Hasat edilen bitkilerin taze herba agirligina bakildiginda en yiiksek degerin 08:00 ve 12:00
saatlarinda yapilan hasatlardan (sirasiyla 137.11 ve 137.78 gr bitki™), en diisiik taze herba agirhig1 ise 14:00 ve
18:00 saatlarinda (sirastyla 96.22 ve 97.55 gr bitki!) yapilan hasatlardan elde edilmistir. Sénmez ve Okkaoglu
(2019)’nun Lavender tizerine yaptiklari ¢alismada en yiiksek taze herba verimini 08:00 hasatindan, en diisiik
taze herba verimini ise 14:00 hasadindan elde ettiklerini bildirmislerdir. Satureja hortensis tizerine yapilan bu
diural varyebilite ¢aligmasi taze herba agirligi bakimindan Sénmez ve Okkaoglu (2019)’nun ¢alismast ile
benzerlik gostermektedir. Can ve ark. (2020)’nin izmir kekigi {izerine yaptiklar1 ¢calismada giin igerisinde
degisen zaman araliklarinda yapilan hasatlardan elde edilen herbalarin ugucu yag oranlar1 arasindaki farkin
istatistiksel olarak onemli olmadigimi ve bunun sonucu olarak izmir kekiginde diurnal varyabilitenin ugucu
yag orani iizerinde 6nemli bir degisiklik olusturmadigini bildirmislerdir. Kuru herba agirligi ile hasat zamanlari
arasinda istatistiki olarak %1’e gore onemli farliliklar goriilmiistiir. En yliksek kuru herba agirligi 12:00 da
(50.66 gr bitki™) yapilan hasattan elde edilirken, en diisiik kuru herba agirligi 06:00 da (35.33 gr bitki™?) yapilan
hasattan elde edilmistir (Cizelge 3).

Cizelge 3. Farkli hasat zamanlarinda S. hortensis bitkisinin ucucu yag orani, taze ve kuru herba agirligi

Hasat Zamanlar: Ucucu Yag Oram Taze Herba Agirhg: Kuru herba Agirh@
(%) (g/bitki) (g/bitki)
06:00 3.87 11044 C 35.33D
08:00 3.39 137.11 A 47.32 AB
10:00 3.70 114.88 BC 40.00 C
12:00 3.50 137.78 A 50.66 A
14:00 3.43 96.22 D 37.77CD
16:00 3.78 123.78 B 4555 B
18:00 3.53 97.55D 37.55CD
LSD 0.37 12.64** 4.54**
V.K. 5.83 6.13 6.07

Analiz edilen ucucu yaglara ait R.T. (alikoyulma siiresi), bilesenler ve ylizde oranlar1 Cizelge 4’te verilmistir.
Giin igerisinde farkli saatlarda hasat edilen S. hortensis bitkisinde elde edilen ugucu yagda 15 farkli bilesen
belirlenmistir. Bu bilesenlerden dort tanesi %2 nin lizerinde degere sahip oldugu gorilmiistiir.

Farkli hasat zamanlarinda elde edilen ugucu yag bilesenlerine bakildiginda; karvakrol, y-terpinen, a-terpinen
ve simen’in basglica bilesenler oldugu goriilmiistiir. Baslica bilesen olan karvakrola bakildiginda en yiiksek
orana 06:00 da sahip iken, en diisiik oran 10:00 da elde edilmistir. y-terpinen bileseni en yiiksek degeri 10:00
da yapilan hasatta elde edilirken, en diisiik oran 06:00 hasat zamaninda elde edilmistir. a-terpinen bilesenine
bakildiginda en yliksek oran istatistiki olarak ayni grupta yer alan 10:00 ve 16:00 hasat saatlarinda elde
edilirken, en diisiik oran ise 06:00 hasat zamaninda elde edilmistir. Simen bilesenin bakildiginda en yiiksek
orana 18:00 da sahip olurken, en diisiik degere istatistiki olarak ayni grupta yer alan 06:00 ve 14:00 hasat
saatlarinda sahip olmustur (Cizelge 5). Baslica bilesenler iizerinde yapilan analiz sonucuna bakildiginda
bitkide bilesenlerin giin i¢indeki yogunluklarinin degistigi gortilmiistiir. Benzer sekilde Can ve ark. (2020)
gliniin farkli saatlarinda yapilan hasatlarin ugucu yagin ana bilesenleri {izerinde degisime neden oldugunu
bildirmistir. Can ve ark. (2020) en yiiksek karvakrol oranini bu ¢alismaya benzer sekilde saat 06:00 hasat
zamaninda, en diisiik 12:00 hasat zamaninda elde etmislerdir. Calismamiz belirtilen bu 6zellikler bakimindan
Can ve ark. (2020) ile benzerlik géstermektedir.
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Cizelge 4. S. hortensis bitkisinin hasat zamanlarima gore ugucu yag bilesenlerinin degigimi

Hasat Zamanla

r1

RT. Bilesenler 0600 0800 10000  12:00 1400 1600  18:00
12.97 a-pinen 0.79 1.22 1.26 0.93 0.88 1.14 1.22
13.12 a-thujene 0.76 1.10 1.21 0.93 0.84 1.22 1.01
16.85 B-pinene 0.57 0.79 0.80 0.61 0.59 0.66 0.83
19.48 B -myrcene 1.61 2.02 2.06 1.83 1.72 2.09 1.95
19.66 a -phellandrene 0.24 0.30 0.30 0.28 0.26 0.31 0.29
20.39 a -terpinene 2.88 3.48 3.59 3.11 2.97 3.56 3.23
21.33 limonen 0.27 0.32 0.32 0.30 0.28 0.32 0.32
21.85 B -phellandrene 0.14 0.17 0.17 0.15 0.14 0.16 0.16
23.68 y-terpinene 30.07 34.20 34.89 31.69 30.54 33.92 31.97
23.82 A-3-carene - 0.13 0.14 0.12 - 0.14 -
24.89 cymene 2.38 2.54 2.54 2.66 2.39 2.55 2.99
38.58 B -caryophyllene 1.14 1.11 0.94 1.25 1.23 1.09 1.08
42.60 f -bisabolene 0.68 0.57 0.53 0.71 0.84 0.60 0.72
47.28 carvacryl acetate 0.55 0.59 0.55 0.73 1.00 0.40 0.71
57.72 carvacrol 57.36 50.89 50.27 54.13 55.90 51.45 52.94

Cizelge 5. Farkli hasat zamanlarinda baslica u¢ucu yag bilesenlerine ait ortalama degerler

Hasat Zamanlari Karvakrol y-terpinen a-terpinen Simen
06:00 57.36a 30.07¢g 2.88f 2.38d
08:00 50.90 f 34.20b 3.48Db 254c
10:00 50.27 ¢ 34.89 a 3.59a 254c
12:00 54.13 ¢ 31.69e 3.11d 2.66 b
14:00 55.90 b 30.54 f 297e 2.39d
16:00 5145e 33.92c 3.56a 255¢
18:00 52.94d 31.97d 3.23¢ 2.99a
LSD 0.07** 0.08** 0.06** 0.02**
V.K. 0.07 0.15 111 0.62
SONUC

Bu calismada 6nemli bir tibbi ve aromatik bitki olan ve halk arasinda kekik olarak kullanilan S. hortensis
bitkisinin giiniin farkli zaman araliklarindaki ugucu yag orani ve bilesenlerinin degisimi incelenmistir. Ugucu
yag orani bakimindan hasat zamanlar1 arasinda fark ¢ikmamustir. Yas herba agirligi ve kuru herba agirliginda
hasat zamanlar1 arasinda 6nemli farkliliklar goriilmekleler birlikte bu iki 6zellik bakimindan en yiiksek degere
12:00 hasat zamaninda ulasilmistir. Ugucu yag bilesenlerinden baslica dort bilesene bakildiginda en yiiksek
degerlere farkli hasat zamanlarinda sahip olmuslardir. Bu bilesenlerden karvakrol i¢in 06:00 hasat zamani, y-
terpinen ve a-terpinen i¢in 10:00 hasat zamani, simen i¢in 18:00 hasat zamani en yiiksek degere sahip olmustur.
Caligma sonuglaria gore farkli bilesenler giiniin farkli zamanlarinda maksimum degere ulasirken yas ve kuru
herba agirligi bakimindan en uygun hasat saatinin 12:00 oldugu gortilmiistir.

Cikar Catismasi

Yazarlar bu yazi ile ilgili herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

Yazar Katkisi

Yazarlar makale lizerinde esit katki hakkina sahiptir.

Etik Onay
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“Diurnal Varyebilitenin Satureja hortensis’in Verim ve Kalite Ozellikleri Uzerine Etkisinin
Belirlenmesi” baslikli ¢aligmanin yazim siirecinde bilimsel kurallara, etik ve alinti kurallarina uyulmus;
toplanan veriler iizerinde herhangi bir tahrifat yapilmamis ve bu ¢alisma herhangi baska bir akademik yayin
ortamina degerlendirme igin gonderilmemistir. Caligmamizda herhangi bir canliya ait veri bulunmadigindan
etik kurul izni gerekmemektedir.
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> MAKALE
OZET BiLGIisSi
Misir veriminin yiiksek, sindirilmesinin kolay, enerji oraninin yiiksek ve {iretiminin tamamen makinayla

yapilmasindan dolay1 diinyada silaj amagli en fazla tercih edilen bitkidir. Bu ¢alisma, Bingdl ekolojik Gelis:
kosullarinda iki farkli taban giibresi uygulamasinin bazi silajlik musir gesitlerinin hasil verimi ve kalitesi ~ 30.05.2023
iizerine etkisinin belirlenmesi amactyla yliriitiilmiistiir. Arastirmada 8 adet tescilli silajlik misir ¢esidi ile Kabul:

diamonyum fosfat (DAP) ve organomineral olmak iizere iki farkli giibre tirti kullamlmistir.  23.11.2023
Aragtirmada; en yiiksek bitki boyu 30B74, en yiiksek kog¢an orant 94MAY66, Hido, Everest ve
PR32W86, en yiiksek yaprak oran1 DKC6442, en yiiksek sap oran1 TK6063, DKC677, DKC6442 ve
30B74, en yiiksek yesil ot ve kutu ot verimi DKC6777, Hido, 30B74, 94MAY66 ve DKC6442
gesitlerinden elde edilmistir. En yiiksek ham protein, fosfor ve potasyum oranlari ile en diisiik asit
deterjanda ¢Oziinmeyen lif (ADF) ve notr deterjanda ¢6zinmeyen lif (NDF) oranlari 94MAY66
¢esidinden elde edilmistir. Dolayisiyla hem verim ve hem de kalite acisindan 94MAY66 cesidinin 6n
plana ¢iktig1 goriilmektedir. Giibre gesitleri agisindan bakildiginda ise verim agisindan organomineral ile
DAP giibre cesitleri arasinda herhangi bir farkliligin olmadigi, ham protein, ADF, NDF, fosfor ve
potasyum agisindan DAP giibresinin, kalsiyum ve magnezyum agisindan ise organomineral giibrenin
daha iyi sonuglar verdigi belirlenmistir. Sonug olarak; ¢evre iizerindeki olumsuz etkisinin az olmasi géz
onilinde bulunduruldugunda silajlik misir ¢esitleri i¢in organomineral giibrenin taban giibre olarak DAP
giibresine bir alternatif olabilecegi sonucuna varilmstir.

Anahtar kelimeler: Silajlitk misir Giibreleme Organomineral, DAP

Determination of the Effect of Two Different Base Fertilizer Applications on Yield and
Quality of Some Silage Corn Cultivars

ARTICLE
ABSTRACT INEO
Corn is the most preferred crop for silage purposes worldwide due to its high yield, easy digestion, high

energy content, and the ability for fully mechanized production. This study was carried out to determine Received:
the effects of two different base fertilizer applications on yield and quality of some silage corn cultivars ~ 30.05.2023
in Bingol ecological conditions. Eight registered silage corn cultivars and two different fertilizers Accepted:
(diamonyum fosfat (DAP) and organomineral) were studied. The highest value of plant height was  23.11.2023
obtained in 30B74; the highest cob ratio was obtained in 94 MAY66, Hido, Everest and PR32W86; the

highest leaf ratio was observed in DKC6442; the highest stem ratio was obtained in TK6063, DKC677,

DKC6442 and 30B74; the highest green forage and dry matter yield were also obtained in DKC6777,

Hido, 30B74, 94 MAY66 and DKC6442 cultivars. On the other hand, the highest crude protein,

phosphorus and potassium ratios as well as the lowest acid detergent fiber (ADF) and neutral detergent

fiber (NDF) ratios were observed in 94 MAY66 cultivar. So, it could be concluded that 94 MAY66 is the

best cultivar in yield and quality parameters. Regarding to fertilizer types, there was no significant

difference between organomineral and DAP fertilizers on yield. Also, DAP fertilizer had better results on

crude protein, ADF, NDF, phosphorus and potassium, while, the organomineral fertilizer had better

effects on calcium and magnesium. As a result, it was concluded that organomineral fertilizer can be an

alternative to DAP fertilizer as a base fertilizer for silage corn cultivars considering its low negative

impact on the environment.

Keywords: Silage corn, Fertilizer, Organomineral, DAP
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GIRIS

Ulkemizde hayvansal iiretim sektoriiniin en biiyiik sorunlarindan biri, iiretim girdilerinin fazla olmasidir.
Genel olarak girdi maliyetleri yaklasik olarak %70°1ik bir paya sahip olup, bu kategorinin de en basinda kaba
yemler gelmektedir. Gelisen tarimsal {liretim imkanlari ile son yillarda iilkemizdeki kaba yem tiretimin de
onemli artiglar saglamig, ancak bu artiglar iilkemizin kaliteli kaba yem ihtiyacini karsilamada hala yetersiz
kalmaktadir (Ozkan ve Demirbag 2016). Kaba yem ihtiyacinin kapatilmas1 ancak yem bitkilerinin iiretim
alanlarinin artirilmasi veya birim alandan daha fazla verim saglanmasi ile miimkiindiir. Kaba yem ihtiyacinin
karsilanmasi acisindan potansiyeli yiiksek olan bitkilerden bir tanesi de misirdir.

Misir bitkisi tarihten beri geleneksel olarak insan beslenmesinde kullanilmasinin yaninda son yiiz yilda
hayvan beslenmesinde yesil ot, tane ve silaj olarak kullanilmasi noktasinda biiyiik 6neme sahip olmustur
(Yildiz ve ark. 2017). Veriminin yiiksek, hayvanlar tarafindan sindirilmesinin kolay, lezzetli, kuru madde
veriminin fazla, enerji oraninin yiiksek, {iretiminin tamamen makine ile yapilabilmesi ve islenme yeteneginin
oldukea iyi olmasindan dolayr misir, gliniimiiz diinyasinda ve iilkemizde silaj amagli en fazla tercih edilen
bitki durumundadir (Ozata ve ark. 2012).

Ulkemizde son 20 yilda silaj yapilmasi ve iiretilmesi artis gostermistir. Ancak silaj iiretimindeki bu
gelismeler daha ¢ok bat1 bolgelerinde belirgin iken dogu bdlgelerinde diisiik kalmistir. Bu durum doguda
misir Uretiminin yaygin olmamasi ve tiretimde karsilagilan diger zorluklardan kaynaklanmaktadir (Giiney ve
ark. 2010). Silajlik musir iiretiminin ireticilere benimsetilmesi, et ve siit hayvancilifinin daha verimli
olmasina katki saglayacaktir (Erdal ve ark. 2009). Ulkemizde 2021 yilinda 5,2 milyon dekar alanda silajlik
musir ekimi yapildigi, 27,3 milyon ton iiretim yapildig1 ve dekar basma verimin 5208 kg oldugu Tiirkiye
Istatistik Kurumu tarafindan rapor edilmistir (TUIK 2022).

Tarimsal liretim sektoriinde bitki yetistirme tekniklerinin en 6nemli konularindan birisi de giibrelemedir.
Bitkinin ihtiya¢ duydugu zamanda ve uygun miktarda giibreleme, verim ve kaliteyi olumlu yonde
etkilemektedir. Giibrenin biitiin vejetasyon devrelerinde bitkiyi olumlu y6nde destekledigi ve bu etkinin
giibrenin cinsine, dozuna ve uygulama teknigine bagli oldugu bilinmektedir (Celebi ve ark. 2010).
Ulkemizde son 30 yilda ticari giibre kullanimi artmaya baslamistir. Kullanilan ticari giibrelerin yaklasik
olarak %60,6’s1 azot giibresi olup, bunun da %56,6’s1 tahil tariminda kullanilmaktadir (Dogan ve ark. 2021).
Kiiltiirel tarim igerisinde tiretimi yapilan biitiin bitkilerde daha verimli ve daha kaliteli iiriin elde etmek i¢in
iklim, toprak, rakim, ekim zamani, ekim siklig1, giibreleme, sulama, hasat donemi ve kullanilan ¢esit gibi
birgok faktoriin etkili oldugu bilinmektedir. Ancak kalite ve miktar1 dogrudan etkileyen bu parametrelerin
basinda giibreleme gelmektedir. Genel bitki {iretiminde oldugu gibi silajlik misir iiretiminde de kullanilacak
glbre cinsinin belirlenmesi, istenilen kalite ve verim Ozeliklerine sahip iriiniin elde edilmesi agisindan
onemlidir. Kaliteli ve yeterli rlin elde edilebilmesi icin gerek llkemizde gerekse bdlgemizde Ureticinin daha
kolay ve daha ucuz erisebildigi giibre tiiriiniin se¢ilmesi oldukca 6nemlidir.

Misir glibrelemesinde genel olarak saf madde tizerinden toplam 15-20 kg/da azot ve 8-12 kg/da fosfor olacak
sekilde giibreleme yapilmaktadir (Kiigiik 2011; Olgun ve ark. 2012; Okan 2015; Cagan ve Isikten 2019;
Yilmaz ve ark. 2020a). Toplam giibre miktarinin ekim ile birlikte atilan miktar1 ortalama 30 kg/da DAP
giibresine tekabiil etmektedir. Bu calismada da ekim ile birlikte denemeye saf madde iizerinden 30 kg/da
DAP ve 30 kg/da organomineral giibresi verilmistir.

Organomineral gubresinin azot icerigi %6, fosfor igerigi %10 ve potasyum igerigi %6 seklindedir. Her ne
kadar DAP giibresinin kimyasal igerigi (%18 N, %46 P,Os), organomineral giibrenin kimyasal igeriginden
farkli olsa da (%6 N, %10 P2Os, %6 K>0), iiretici agisindan dekara atilacak 30 kg kimyasal DAP gubresinin
mi yoksa ekim ile birlikte dekara atilacak 30 kg/da organomineral giibresinin mi daha yararh olabilecegi bu
deneme ile arastirilmigtir. Bu bilgiler 1s1g8inda; yore kosullarinda silajlik misir gesitlerinin iretim miktari ve
kalitesinin artirilmasi ig¢in uygun taban giibresi tiiriiniin belirlenmesi ve bu giibre tiiriiniin verim ve kalite
iizerindeki etkisinin belirlenmesi, bu ¢alismanin amacini olusturmustur.

MATERYAL VE YONTEM

Materyal

Arastirmada materyal olarak DKC6442, DKC6777, 94MAY66, Hido, Everest, 30B74, PR32W86 ve
TK6063 olmak iizere 8 adet silajlik musir cesidi kullanilnustir. Arastirma, Bingdl Universitesi Ziraat
Fakiiltesi Uygulama ve Arastirma alaninda 2020 yil1 yetistirme déneminde yiriitiilmiistiir. Bu alan Bing6l ili
Geng ilgesi arasinda yer almaktadir. Arastirma alani1 38° 48 41.07” kuzey enlemleri ile 40° 32” 20.65 dogu
boylamlar1 arasinda yer almakta ve ortalama deniz seviyesinden yiiksekligi 1080 m’dir.
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Bingdl Meteoroloji Genel Miidiirliigiinden elde edilen verilere gore; Bing6l ilinin aylik sicaklik, toplam
yagis ve nispi nem degerleri ile ilgili veriler Cizelge 1°de verilmistir. Elde edilen veriler incelendiginde, 2020
yillinda ¢alismanin yiiriitiildiigii aylara ait ortalama sicaklik degerinin 13,8°C, toplam yagisin 839 mm ve
ortalama nispi nem degerinin %51,9 oldugu gériilmiistiir. 2020 yilinin, uzun yillar ortalamasina (1990-2020)
gore daha sicak, yagis miktar1 ve nispi nem oraninin da daha az oldugu bir yil olarak kayit altina alinmistir.

Cizelge 1. Arastirmanin yiiriitiildiigii doneme ait Bingdol ilinin 2020 yili ile uzun yillarin iklim verileri

Ortalama Sicakhik (°C) Toplam Yagis (mm) Nispi Nem (%)
Aylar 2020 Uzun yillar 2020 Uzun yillar 2020 Uzun yillar
Ocak 0.4 -2.2 81.4 136.5 65.2 72.8
Subat 0.8 -0.9 102.5 131.0 67.0 71.0
Mart 75 4.7 265.8 131.3 69.1 65.2
Nisan 114 10.9 134.0 110.1 60.5 61.1
Mayis 16.9 16.2 138.8 80.6 55.6 56.9
Haziran 22.4 22.2 10.0 21.1 40.6 44.3
Temmuz 27.0 26.7 5.7 6.9 35.3 37.2
Agustos 26.5 26.7 0.6 4.9 29.9 36.0
Eylil 24.0 21.3 1.2 14.8 32.3 41.3
Ekim 171 145 0.0 69.0 36.3 56.4
Kasim 8.5 6.8 56.2 94.7 59.7 65.2
Aralik 3.1 0.7 43.0 131.1 72.0 73.1
Ortalama/Toplam 13.8 12.3 839 932 51.9 56.7

Bingdl Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Laboratuvari’nda yapilan toprak analizine gore;
deneme alaninin toprak yapisinin killi-tinlt yapida oldugu, pH: 6.26 (hafif asidik), tuz orani: %0.014 (tuzsuz), organik
madde orani: %1.09 (az), kireg orani: %0.41 (az), potasyum igerigi: 18,27 kg/da (az) ve fosfor igerigi: 7,60 kg/da (orta)
olarak tespit edilmistir.

Metod

Tarla denemesi, ilkbahar doneminde yapilan toprak hazirligina miiteakiben 23 Haziran 2020 tarihinde
kurulmustur. Ekim iglemi pnématik mibzer ile yapilmigtir. Deneme tesadiif bloklarinda boliinmiis parseller
deneme desenine gore ti¢ tekrarlamali olarak kurulmustur. Denemede bloklar1 arast mesafe 1 metre, sira arast
mesafe 70 cm, sira iizeri mesafe 12 cm olarak tutulmustur. Her parsel 5 m uzunlugunda 4 sira olacak sekilde
ayarlanmustir.

Misir giibrelemesinde genel olarak saf madde tizerinden toplam 15-20 kg/da azot ve 8-12 kg/da fosfor olacak
sekilde giibreleme yapilmaktadir (Kiigiik 2011; Olgun vd. 2012; Okan 2015; Cacan ve Isikten 2019; Y1lmaz
ve ark. 2020a). Toplam giibre miktarinin ekim ile birlikte atilan miktar1 ortalama 30 kg/da DAP glbresine
tekabiil etmektedir. Bu ¢alismada da ekim ile birlikte denemeye 30 kg/da DAP ve 30 kg/da organomineral
giibresi verilmistir.

Organomineral giibresi Bingdl SUTAS’tan temin edilmistir. Bu {iriin, Tarim ve Orman Bakanligi onayli
olup, her zaman ilgili kurumdan temin edilmesi miimkiindiir. Organomineral giibrenin azot igerigi %6, fosfor
igerigi %10 ve potasyum igerigi %6 olup, ticari adi “SUTAS 6-10-6+10SOs+ME” seklindedir. Her ne kadar
DAP giibresinin kimyasal igerigi (%18 N, %46 P>0s), organomineral giibrenin kimyasal igeriginden farkli
olsa da (%6 N, %10 P,0s, %6 K-0), iiretici agisindan dekara atilacak 30 kg kimyasal DAP giibresinin mi
yoksa ekim ile birlikte dekara atilacak 30 kg/da organomineral giibresinin mi daha yararli olabilecegi ele
alinmistir. Bitki boyu 70-80 cm oldugu zaman bogaz doldurma ve yabanci ot kontroli islemi yapilmistir. Bu
islemler ile birlikte bu asamada dekara 15 kg/da N gelecek sekilde Ure giibresi, iist giibre olarak tiim
parsellere verilmistir. Deneme alani diizenli bir sekilde salma sulama sistemi ile sulanmigtir. Hasat, 06-
20.10.2020 tarihlerinde silajlik misir cesitlerinin siit olum devrelerine ulasma donemleri esas alinarak
yapilmustir.

Arastirmada; her parselden rastgele secilen 5 adet bitki toprak yiizeyinden en iist noktasina kadar olan kismi
cm cinsinden Olgiilerek ve ortalamasi alinarak bitki boyu, bu bitkilerin I. bogum ile II. bogum arast mm
cinsinden 0l¢iilerek ve ortalamasi alinarak sap ¢ap1 hesaplanmistir. Bu bes bitki hasat edilerek sap, yaprak ve
kogan ayr1 ayri tartilarak ve tiim bitki agirligina oranlanarak yesil sap, yesil yaprak ve yesil kocan oranlari
elde edilmistir. Her parselden kenar tesiri ¢ikarildiktan sonra geriye kalan alandan bigilen yesil aksamin
tartimlar1 yapilmis ve elde edilen degerler dekara cevrilerek yesil ot verimi elde edilmistir. Her parselden
alman 5 musir bitkisi, bitki organlar ayrilmig bir sekilde 70 °C’de sabit agirliga ulagincaya kadar kurutulup
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tartilmustir. Elde edilen sonuglar yesil ot verimi garpilarak kuru ot verimi elde edilmistir (Klglk 2011; Okan
2015; Cagan ve Isikten 2019). Ham protein (HP), asit deterjanda ¢dziinmeyen lif (ADF), notr deterjanda
¢oziinmeyen lif (NDF), fosfor (P), potasyum (K), kalsiyum (Ca) ve magnezyum (Mg) oranlart; ogiitiilmiis
kuru ot drneklerinin NIRS (Near Infrared Spectroscopy) cihazi yardimi ile analiz ettirilmesi sonucu elde
edilmistir.

Deneme, “tesadiif bloklarinda boliinmiis parseller deneme desenine” gore ii¢ tekerriirli, iki giibre ¢esidi ana
parsellere, silajlik misir gesitleri ise alt parsellere gelecek sekilde kurulmus ve yiiriitiilmiistiir. Giibre gesitleri
ile silajlik misir cesitleri arasindaki benzerlik ve farkliliklar P<0,05 6nem seviyesinde LSD testi, giibre x
cesit interaksiyonu ise P<0,05 6nem seviyesinde Tukey testi karsilastiriimigtir.

BULGULAR VE TARTISMA

Caligmada iki farkli taban giibresi uygulamasinin silajlik misir ¢esitlerinin bitki boyu, sap ¢api, kocan orani,
yaprak orani, sap orani, yesil ot ve kuru ot verimi, ham protein, ADF, NDF, fosfor, potasyum, kalsiyum ve
magnezyum oranlar1 {izerindeki etkileri incelenmistir. Incelenen &zelliklere ait varyans analizi Cizelge 2’de
verilmistir. Cizelge 2’de goriildiigi iizere kalite 6zelliklerinin tamamu ile verim 6zelliklerinden bitki boyunun
musir ¢esitleri, taban gilibreleri ve aralarindaki interaksiyon agisindan gosterdikleri farkliligin istatistiksel
olarak 6nemli, geriye kalan verim 6zelliklerinden kogan, yaprak ve sap oranlari ile kuru ot verimi agisindan
sadece musir ¢esitleri arasindaki farkliligin, yesil ot verimi agisindan ise musir gesitleri ile interaksiyonu
arasindaki farkliligin istatistiksel olarak 6nemli oldugu goriilmektedir.

Cizelge 2. Incelenen ézelliklerin varyans analizi sonucu elde edilen F degerleri ve onemlilik kontrolii

Serbestlik Bitki Sap Kocan Yaprak Sap Yesil Ot Kuru Ot
Derecesi Boyu Cap Orani Oram orani Verimi Verimi
Bloklar 2 1.69 1.0 1.1 2.0 0.9 15 1.4
Misir gesitleri 7 54 .4** 1.2 2.6* 8.4** 2.5* 4.6** 4.1*%*
Taban 1 4.5* 0.4 4.0 2.8 3.7 0.3 0.6
Cesit x Giibre 7 4.2%* 1.3 1.2 1.9 1.0 3.3%* 1.4
sD Ham — A\pr NDE Fosfor OB kaisiyum  Magnezyu
Protein m m
Bloklar 2 0.1 0.01 0.05 0.3 0.9 0.3 0.03
Misir gesitleri 7 42.7** 16.6** 20.1** 46.1** 130.0** 59.6**
Taban 1 90.5** 37.1*%* 11.3%* 13.1** 179.2%* 15.2%*
Cesit x Giibre 7 45.4** 16.6** 14.0%* 38.3** 111.6%* 12.2%*

*: P<0.05, **: P<0.01 diizeyinde 6nemlidir.

Bitki boyu ve sap capt

Diamonyum fosftat (DAP) giibresi ile organomineral (OM) giibre uygulamasinin silajlik misir gesitlerinin
bitki boyu ve sap c¢ap1 lizerindeki etkisi Cizelge 3’te verilmistir. Cizelge 3’te goriildiigii iizere silajlik musir
cesitleri (P<0.01) ve giibre tiirleri (P<0.05) arasindaki fark ile ¢esit x giibre interaksiyonu (P<0.01) istatistiki
acidan 6nemli, bu parametreler agisindan sap ¢apinda goriilen farkliliklari ise 6nemsiz bulunmustur.

Cizelge 3. Silajltk misir gesitlerinde taban giibresi uygulamalart ile elde edilen bitki boylari ve sap ¢aplari

Bitki Boyu (cm) Sap Capi (mm)
Cesitler
oM DAP Ortalama oM DAP Ortalama
DKC6777 205 be 204 bed 205b 16.1 145 15.3
94MAY66 184 d-h 172 gh 178 de 16.1 154 15.8
HIDO 187 c-g 186 c-h 187 cd 17.6 17.3 17.5
EVEREST 166 hi 178 fgh 172 ef 14.9 15.8 154
DKC6442 200 b-e 196 c-f 198 be 16.6 17.8 17.2
30B74 219 ab 232a 226 a 15.1 18.3 16.7
PR32W86 177 fgh 180 e-h 179 de 224 15.7 19.1
TK6063 1501 173 gh 162 f 15.1 16.8 16.0
Ortalama 186 B 190 A 188 16.7 16.5 16.6

OM: Organomineral, DAP: Diamonyum fosfat
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Silajlik musir gesitleri arasinda en yiiksek bitki boyu 30B74 ¢esidinden, en diisiik bitki boyu ise TK6063
cesidinden elde edilmistir. DAP giibresinin, bitki boyu agisindan organomineral giibresine gore daha iyi
sonug verdigi goriilmiistiir. Cesit x giibre interaksiyonu agisindan da bakildiginda en yiiksek bitki boyunun
DAP giibresi uygulamasi ile 30B74 cesidinden, en diisiik bitki boyunun ise organomineral giibresi
uygulamasi ile TK6063 ¢esidinden alindig1 goriilmektedir. Silajlik musir ¢esitlerinin sap ¢aplart 15.3-19.1
mm arasinda degisim goOstermis ve c¢esitlerin ortalamasi 16.6 mm olarak elde edilmistir. Cesitler,
organomineral giibresi ile ortalama 16.7 mm, DAP giibresi ile ortalama 16.5 mm sap ¢apina sahip olmustur.

Bu calismada cesitlerin bitki boylar1 162-226 cm, sap ¢aplar1 da 15,3-19,1 mm arasinda tespit edilmistir.
Daha once yapilan calismalara bakildiginda silajlik misirin bitki boyu; Keskin ve ark. (2017), Karag6z
(2018), Yozgath ve ark. (2019) tarafindan elde edilen degerler ile benzer, sap caplar ile ilgili elde edilen
sonugclarin ilse Karagdz (2018), Yozgath ve ark. (2019), Cacan ve Isikten (2019) ve Yilmaz ve ark. (2020b)
tarafindan elde edilen bulgular ile kismen benzerlikler ve farkliliklar gosterdigi goriilmiistiir. Bu farkliligin
caligmada kullanilan ¢esitlerin farkli olmasindan kaynaklandigi diistiniilmektedir.

Kocan, yaprak ve sap oranlar:

Silajlik musir ¢esitlerinin kogan, yaprak ve sap oranlarina ait sonuglar Cizelge 4’te verilmistir. Cizelge 4’te
goriildigi tizere kogan (P<0.05), yaprak (P<0.01) ve sap (P<0.05) oranlar1 arasindaki farkliligin silajlik musir
cesitleri agindan 6nemli, giibre tiirleri arasindaki farklilik ile ¢esit x giibre interaksiyonun ise dnemsiz oldugu
gorilmektedir.

Silajlik musir cesitleri arasinda en yiiksek kogan orani 94 MAY 66 ¢esidinden elde edilmistir. HIDO,
PR32W86, DKC6777 ve EVEREST cesitlerinin de istatistiksel olarak ayni grup igerisinde yer aldigi
goriilmiistiir. En disiik kogan oran1 da DKC6442 ve 30B74 ¢esitlerinden elde edilmistir. En yiiksek yaprak
orant DKC6442 cesidinden, en diisiik yaprak orani ise DKC6777 ve 94 MAY 66 c¢esitlerinden elde
edilmistir. En yiiksek sap orani TK6063 ¢esidinden elde edilmistir. DKC6777, 30B74 ve DKC6442
cesitlerinin de istatistiki olarak ayn1 grupta yer aldig1 goriilmiistiir. En diisiik sap oran1 ise HIDO cesidinden
elde edilmistir.

Cizelge 4. Silajlik musir ¢esitlerinde taban giibresi uygulamalart ile elde edilen kogan, yaprak ve sap
oranlar

Cesitler Kocan Orani (%) Yaprak Oram (%) Sap Oram (%)

oM DAP Ortalama oM DAP Ortalama oM DAP Ortalama
DKC6777 42.5 35.9 39.2 abc 17.0 18.7 17.9d 40.5 454 43.0 ab
94MAY66 45.1 42.1 436a 17.3 18.2 17.8d 375 39.7 38.6 cd
HIDO 454 37.8 41.6 ab 194 21.0 20.2 be 35.2 41.2 38.2d
EVEREST 39.1 39.9 39.5 abc 20.9 21.0 21.0bc 40.0 39.1 39.6 bed
DKC6442 38.8 29.8 343c 21.9 27.6 248a 394 42.6 41.0 a-d
30B74 36.8 33.9 354c 21.8 22.3 22.1b 414 43.9 42.7 abc
PR32W86 414 42.8 421 ab 19.5 17.8 18.7cd 39.1 394 39.3 bed
TK6063 35.0 38.8 36.9 bc 19.6 185 19.1cd 454 42.7 44.1a
Ortalama 405 37.6 39.1 19.7 20.6 20.2 39.8 41.8 40.8

OoM: Organomineral, DAP: Diamonyum fosfat

Cesit x giibre interaksiyonun agisindan cesitlerin kocan oranlar %29.8-45.4, yaprak oranlar1 %17.0-27.6 ve
sap oranlar1 da %35.2-%45.4 arasinda degisim gostermistir. Bu sonuglar; Karagoz (2018), Cagan ve Isikten
(2019), Korkmaz ve ark. (2019), Yiirekli ve ark. (2021) ve Akbay ve ark. (2022) tarafindan elde edilen
sonuglar ile benzerlik gostermistir.

Yesil ve kuru ot verimleri

Silajlik musir gesitlerinin yesil ve kuru ot verimlerine ait sonuglar Cizelge 5’te verilmistir. Cizelge 5’te
goriildiigl lizere yesil ot verimi agisindan gesitler (P<0.01) ve ¢esit x giibre interaksiyonu (P<0.01), kuru ot
verimi acisindan ise sadece cesitler (P<0.01) arasinda tespit edilen farkliligin istatistiksel olarak onemli
oldugu goriilmektedir.
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Silajlik musir gesitleri arasinda en yiiksek yesil ve kuru ot verimleri HIDO, 30B74 ve DKC6777 gesitlerinden
elde edilmistir. 94 MAY 66 ve DKC6442 ¢esitleri de istatistiki acidan ayni grup igerisinde yer almistir. En
diisiik yesil ve kuru ot verimleri TK6063 c¢esidinden elde edilmistir. EVEREST ve PR32W86 ¢esitleri de
istatistiki olarak en diisiik yesil ve kuru ot verimi veren grup icerisinde yer almistir. Yesil ot veriminin gesit x
giibre interaksiyonuna bakildiginda en yliksek yesil ot veriminin organomineral giibresi uygulamasi ile
HIDO g¢esidinden, en diisiik yesil ot veriminin ise yine organomineral giibresi uygulamasi ile TK6063
cesidinden alindig1 goriilmektedir.

Cizelge 5. Silajlik misir ¢esitlerinde taban giibresi uygulamalari ile elde edilen yesil ve kuru ot verimleri

Cesitler Yesil Ot Verimi (kg/da) Kuru Ot Verimi (kg/da)
oM DAP Ortalama oM DAP Ortalama

DKC6777 5727 ab 4659 abc 5193a 1891 1577 1734 a
94MAY66 5167 abc 4332 abc 4750ab 1773 1638 1706 ab
HIDO 6195 a 4762 abc 5479 a 1868 1607 1738 a
EVEREST 3963 be 4567 abc 4265 bc 1306 1428 1367 bc
DKC6442 5287 abc 4477abc 4882 ab 1704 1406 1555 ab
30B74 5010 abc 5874 ab 5442 a 1683 1772 1728 a
PR32W86 3908 be 4325 abc 4117 be 1359 1393 1376 bc
TK6063 3276 ¢ 4570 abc 3923 ¢ 1098 1419 1259 ¢
Ortalama 4817 4696 4756 1585 1530 1558

oMm: Organomineral, DAP: Diamonyum fosfat

Silajlik musir ¢esitlerinin yesil ot verimleri 3276-6195 kg/da, kuru ot verimleri de 1098-1891 kg/da arasinda
degisim gostermistir. Elde edilen yesil ve kuru ot verimlerinin Iptas (2002), Erdal ve ark. (2009), Seydosoglu
ve Saruhan (2017), Karagoz (2018) ve Torun (2019) tarafindan elde edilen veriler ile kismen benzerlikler
gosterdigi goriilmiistiir. Diger yandan elde edilen bulgularin Cacan ve Isikten (2019) ile Yiirekli ve ark.
(2021) tarafindan elde edilen bulgulardan ise daha diisiik oldugu goriilmektedir. Farkli iklim ve toprak
kosullarinda degerlendirmeye alinan farkli ¢esitlerden, farkli yesil ve kuru ot verim miktarlarinin elde
edilmesi olas1 bir durumdur.

Ham protein, ADF ve NDF oranlar:

Silajlik musir gesitlerinin ham protein, ADF ve NDF oranlarina ait sonuglar Cizelge 6’da verilmistir. Cizelge
6’da goriildiigii izere ham protein, ADF ve NDF oranlar1 agisindan silajlik musir ¢esitleri (P<0.01), giibre
tiirleri (P<0.01) ve cesit x giibre interaksiyonu (P<0.01) arasindaki farkin istatistiki agidan 6nemli oldugu
gorilmektedir.

Cizelge 6. Silajltk misir gesitlerinde taban giibresi uygulamalart ile elde edilen HP, ADF ve NDF oranlar

Cesitler Ham Protein Oram (%) ADF Oram (%) NDF Oram (%)

oM DAP Ort. oM DAP Ort. OoM DAP Ort.
DKC6777 7.41 bc 6.90 d-g 7.16¢C 28.7a 26.6 bed 276a 504 a 46.4 b-e 484 a
94MAY66 6.44 gh 8.76 a 7.60a 26.0 c-f 20.8 h 234f 45.7 b-f 38.3¢g 419f
HIDO 6.95 c-f 7.77b 7.36b 27.8 abc 24.3fg 26.0 48.0 ab 42.9 ef 45.4 bed
EVEREST 6.49 fgh 6.73 e-h 6.61d 25.3d-g 2419 247 e 44.9 b-f 42.7 f 438¢e
DKC6442 6.69 e-h 6.58 fgh 6.64d 26.5 bed 24.5 efg 255d 47.9 abc 44.4 c-f 46.2 bc
30B74 7.14 cde 7.24cd 7.19 bc 26.6 bed 26.6 bed 26.6 b 46.8bcd  46.7 bed 46.7b
PR32W86 6.33 h 7.15 cde 6.74d 25.4d-g 26.3 b-e 25.8 cd 44.0 def 44.7 b-f 44.3 de
TK6063 6.43 gh 6.30 h 6.37¢ 24.41g 28.0ab  26.2hc 42.7f 47.9 abc 453 cd
Ortalama 6.74B 7.18 A 6.96 26.3 A 252B 25.7 46.3 A 4424 B 45.3

OoM: Organomineral, DAP: Diamonyum fosfat

Silajlik musir gesitleri arasinda en yiiksek ham protein, en diisik ADF ve NDF orani 94MAY 66 ¢esidinden
elde edilmistir. En diisiik ham protein oran1 TK6063, en yiiksek ADF ve NDF oranlart DKC6777 ¢esidinden
elde edilmistir. Diger musir ¢esitleri istatistiki olarak farkli gruplarda yer almaktadir. DAP giibresinin
organomineral gilibresine gore daha yiiksek ham protein orani ile daha diisik ADF ve NDF oram sagladigi
gorilmektedir.
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Cesit x giibre interaksiyonu acisindan bakildiginda en yiiksek ham protein orani ile en diisiik ADF ve NDF
oranlarinin DAP giibresi uygulamasi ile 94MAY 66 ¢esidinden elde edildigi goriilmektedir. En diisiik ham
protein orani ise DAP giibresi ile TK6063 ve organomineral giibresi ile PR32W86 cesitlerinden, en yiiksek
ADF ve NDF oranlarinin da organomineral giibresi ile DKC6777 ¢esidinden elde edildigi goriilmiistiir.
HIDO cesidi de istatistiki agidan en yiiksek ADF ve NDF oranina sahip grup icerisinde yer almaktadir. Diger
silajlik musir gesitleri istatistiki agidan farkli gruplar igerisinde yer almistir.

Silajlik musir gesitlerinin ham protein oranlar1 %6,30-8,76, ADF oranlart %20,83-28,66 ve NDF oranlar1 da
%38,26-50,36 arasinda degisim gostermistir. Daha Once yapilan ¢alismalar incelendiginde silajlik musirin
ham protein oranlar1; Erdal ve ark. (2009), Giiney ve ark. (2010), Ozata ve ark. (2012), Karag6z (2018) ve
Yilmaz ve ark. (2020a) tarafindan elde edilen bulgular ile benzerlik gosterdigi goriilmektedir. ADF ve NDF
oranlarinin da Karagdz (2018), Oztiirk ve Carpici (2019), Cacan ve Isikten (2019) ve Yilmaz ve ark. (2020a)
tarafindan elde edilen bulgular ile benzer oldugu goriilmektedir.

Fosfor ve potasyum oranlari

Silajlik musir ¢esitlerinin fosfor ve potasyum oranlarma ait sonuglar Cizelge 7°de verilmistir. Cizelge 7’de
goriildigii tizere fosfor ve potasyum ag¢isindan silajlik misir ¢esitleri (P<0.01), giibre tiirleri (P<0.01) ve gesit
x giibre interaksiyonu (P<0.01) arasindaki farkin istatistiki acidan 6nemli oldugu goriilmektedir.

Silajlik musir gesitlerine ait en yiiksek fosfor ve potasyum igerigi 94MAY 66 ¢esidinden, en diisiik fosfor ve
potasyum igerigi ise DKC6777 cesidinden elde edilmistir. DAP giibrelemesi ile cesitlerin fosfor (%0.26) ve
potasyum (%1.12) igerigi, organomineral giibresine gore daha iyi sonug¢ verdigi goriilmiistiir. Cesit x giibre
interaksiyonu ac¢isindan bakildiginda en yiiksek fosfor ve potasyum igeriginin DAP giibresi uygulamasi ile
94MAY66 ¢esidinden, en diisiik fosfor ve potasyum igeriginin ise organomineral giibresi uygulamasi ile
DKC6777 gesidinden alindig1 goriilmektedir.

Cizelge 7. Silajltk misir gesitlerinde taban giibresi uygulamalart ile elde edilen fosfor ve potasyum oranlart

Cesitler Fosfor Orani (%) Potasyum Oram (%)
oM DAP Ortalama oM DAP Ortalama

DKC6777 0.23f 0.24 ef 0.24e 0.60 e 1.03cd 0.82e
94MAY66 0.25 cde 0.28 a 0.27 a 1.18 be 1.89a 154a
HIDO 0.25 cde 0.27 ab 0.26 b 0.86d 140 b 1.13bc
EVEREST 0.25 cde 0.26 bed 0.26 bc 1.16 be 1.21 bc 1.19b
DKC6442 0.25 cde 0.25 cde 0.25 cd 0.80 de 0.79 de 0.80e
30B74 0.25 cde 0.25 cde 0.25 bed 1.01 cd 0.86d 0.94d
PR32W86 0.26 bc 0.25 def 0.26 bed 1.32b 0.96 cd 1.14 be
TK6063 0.25 cde 0.24 ef 0.25d 131b 0.82 de 1.07c
Ortalama 0.25B 0.26 A 0.25 1.03B 112 A 1.08

OM: Organomineral, DAP: Diamonyum fosfat

Tim canli formlar yasamlarmi siirdiirebilmek i¢in minerallere ihtiya¢ duyarlar. Ruminant hayvanlar,
yasamlarini stirdiiriilebilmek i¢in ihtiyag¢ duyduklar1 mineralleri yem bitkilerinden alirlar. Bu nedenle yem
bitkilerinde bulunan mineral maddelerin yeterli ve dengeli diizeyde olmasi gerekmektedir. Yeteri kadar
fosfor almayan hayvanlarda biiyiimede gerileme ve rasitizm, potasyum yetersizliginde de yine biiyiimede
gerileme, zayiflama ve nihayetinde 6liim gozlenebilmektedir (Kutlu vd., 2005). Bu ¢aligmada silajlik misir
cesitlerinin fosfor icerik oranlart %0.23-0.28 ve potasyum oranlart %0.60-1.89 arasinda elde edilmistir.
Silajlik misirda elde edilen fosfor oranlarinin; Demirbas ve Coskan (2019) tarafindan %0.27-0.39, Cakmakci
ve Sahin (2020) tarafindan %0.27-0.63 ve Tepecik ve ark. (2022) tarafindan %0.18-0.49 olarak elde edilen
bulgular, potasyum oranlarinin da Cakmakci ve Sahin (2020) tarafindan %0.89-1.87 olarak elde edilen
bulgular ile benzer oldugu goriilmiistiir.

Kalsiyum ve magnezyum oranlari

Silajlik musir ¢esitlerinin kalsiyum ve magnezyum oranlarina ait sonuglar Cizelge 8’de verilmigtir. Cizelge
8’de goriildiigii lizere kalsiyum ve magnezyum agisindan silajlik musir ¢esitleri (P<0.01), giibre tiirleri
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(P<0.01) ve ¢esit x giibre interaksiyonu (P<0.01) arasindaki farkin istatistiki a¢idan &nemli oldugu
gorulmektedir.

Cizelge 8. Silajltk misir gesitlerinde taban giibresi uygulamalart ile alinan kalsiyum ve magnezyum oranlari

Cesitler Kalsiyum Orani (%) Magnezyum Orani (%)
oM DAP Ortalama oM DAP Ortalama

DKC6777 0.50 a 0.18 def 0.34a 0.28 a 0.23¢ 0.26 b
94MAY66 0.07 hyj 0.22 cd 0.15cd 0.19 def 0.14¢ 0.17 f
HIDO 0.29b 0.03 15 0.16 c 0.22¢c 0.19 def 0.21d
EVEREST 0.09 h1 0.02 0.06 f 0.22 cde 0.21 c-f 0.22d
DKC6442 0.28 bc 0.15 efg 0.22b 0.27 a 0.26 ab 0.27 a
30B74 0.11gh 0.19 de 0.15¢ 0.22¢ 0.23 bc 0.23¢c
PR32W86 0.12 fgh 0.04 1j 0.08 e 0.18f 0.19 ef 0.19e
TK6063 0.10 gh 0.14 efg 0.12d 0.19 ef 0.22 cd 0.21d
Ortalama 0.20 A 0.12B 0.16 0.22 A 0.21B 0.22

oMm: Organomineral, DAP: Diamonyum fosfat

Silajik musir gesitleri arasinda en yliksek kalsiyum igerigi DKC6777, en yiiksek magnezyum igerigi
DKC6442 cesitlerinden elde edilmistir. En diisiik kalsiyum i¢erigi EVEREST, en diisiik magnezyum igerigi
de 94AMAY66 cesidinden elde edilmistir. Diger musir ¢esitlerine bakildiginda farkli gruplar igerisinde yer
aldig1 gozlenmistir. Organomineral giibresinin kalsiyum ve magnezyum igerigi agisindan DAP giibresine
gore daha yiiksek sonug verdigi goriilmiistiir. Cesit x giibre interaksiyonu agisindan bakildiginda en yiiksek
kalsiyum ve magnezyum igerigi organomineral giibresi uygulamasi ile DKC6777 ¢esidinden elde edildigi, en
diisiik kalsiyum igeriginin DAP giibresi uygulamasi ile EVEREST ve en diisiik magnezyum igeriginin de
DAP giibresi ile 94MAY 66 ¢esidinden alindig1 goriilmektedir.

Kalsiyum, canlilarda kemik ve dislerin olusmasini saglamaktadir. Dolayisiyla Ca eksikliginde ilk etkilenen
yine dis ve kemikler olmaktadir. Ozellikle yetersiz Ca ile beslenen hayvanlarda kemiklerin gelismesinde
gerileme, sonugta da rasitizm ortaya ¢ikmaktadir. Magnezyum yarisi da kemiklerde diger yarist da yumusak
dokularda yer almaktadir. Magnezyum eksikliginde de tetani ve kaslarda koordinasyon problemi ortaya
cikmaktadir (Kutlu vd. 2005). Dolayisiyla hayvanlarin Ca ve Mg ihtiyacinin karsilanmasi i¢in yemlerde
yeteri kadar bulunmalan gerekmektedir. Silajlik musir g¢esitlerinin kalsiyum oranlart  %0.02-0.50,
magnezyum oranlar1 da %0.14-0.28 arasinda tespit edilmistir. Kalsiyum oranlarinin Cakmakc1 ve Sahin
(2020) tarafindan elde edilen %0.26-0.84 ve Tepecik ve ark. (2022) tarafindan %0.15-0.48 olarak elde edilen
oranlar ile benzer, Demirbas ve Coskan (2019) tarafindan %0.97-1.33 olarak elde edilen bulgulardan ise
daha diisiik oldugu goriilmiistiir. Magnezyum oranlarinin ise Cakmakci ve Sahin (2020) tarafindan %0.22-
0.84 ve Tepecik ve ark. (2022) tarafindan %0.24-0.52 olarak elde edilen oranlar ile benzer oldugu
goriilmiistiir.

SONUC VE ONERILER

Arastirma sonuglarina silajlik misir ¢esitleri agisindan bakildiginda en yiiksek bitki boyu 30B74, en yiiksek
kogan oran1 94MAY 66, Hido, Everest ve PR32W86, en yiiksek yaprak oran1t DKC6442, en yliksek sap orani
TK6063, DKC677, DKC6442 ve 30B74, en yiiksek yesil ot ve kutu ot verimi DKC6777, Hido, 30B74,
94MAY66 ve DKC6442 cesitlerinden elde edildigi belirlenmistir. En yiiksek ham protein, fosfor ve
potasyum orani ile en diisiik ADF ve NDF oranlar1 da 94MAY 66 ¢esidinden elde edilmistir. Dolayistyla hem
verim ve hem de kalite acisindan 94 MAY 66 ¢esidinin 6n plana ¢iktigi gériilmektedir.

Giibre cesitleri agisindan bakildiginda ise verim agisindan organomineral ile DAP giibre cesitleri arasinda
herhangi bir farkliligin olmadigi, ham protein, ADF, NDF, fosfor ve potasyum agisindan DAP giibresinin,
kalsiyum ve magnezyum agisindan ise organomineral giibresinin daha iyi sonuglar verdigi belirlenmistir.
Caligmada 30 kg/da DAP ve 30 kg/da organomineral giibre, ekim ile birlikte atilmistir. Organomineral
giibrenin azot ve fosfor iceriginin DAP giibresine gore daha diisiik olmasina ragmen verim iizerinde ayni
miktarda etki gosterdigi tespit edilmistir. Dolayisiyla organomineral giibrenin DAP giibresine karst bir
alternatif olabilecegi sonucuna ulasilmistir.

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

162

Ates & Cagan / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 154-163
TESEKKUR

Bu ¢aligma; Yusuf Kenan Ates’in “Iki Farkli Giibre Cesidi Uygulamasmin Baz: Silajlik Misir Cesitlerinin
Hasil Verimi ve Kalitesi Uzerine Etkisinin Belirlenmesi” baglikl1 yiiksek lisans tezinin dzetidir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigini tasdik ederler.
Yazar Katkisi

Tim yazarlar esit katki saglamistir.

Etik Onay

“Iki Farkh Giibre Cesidi Uygulamasimn Bazi Silajik Misir Cesitlerinin Hasil Verimi ve Kalitesi
Uzerine Etkisinin Belirlenmesi” baslikli ¢alismanin yazim siirecinde bilimsel kurallara, etik ve alinti
kurallarina uyulmus; toplanan veriler lizerinde herhangi bir tahrifat yapilmamis ve bu ¢alisma herhangi bagka
bir akademik yayimn ortamina degerlendirme i¢in gonderilmemistir. Calismamizda herhangi bir canliya ait
veri bulunmadigindan etik kurul izni gerekmemektedir.
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" MAKALE
OZET BILGIiSI
Bu aragtirma; iilkemizin farkli bolgelerinden toplanmis ve karakterizasyonu yapilmis olan nitelikli

yerel lale genotiplerinin (Tulipa spp.) kiiltiire alinmus ticari lale gesitleri (Tulipa gesneriana) ile Gelis:
tiirler arast melez uyusum performanslarinin incelenmesi ve elde edilen F1 melez tohumlarimin 27.09.2023
morfolojik 6zelliklerinin tespit edilmesi amaciyla yapilmistir. Tirler arast melezleme calismalari, Kabul:

2019-2021 yillarinda Samsun’da yiiriitiilmiistiir. Melezleme c¢alismasinda, baba ebeveyn olarak farkli 30.11.2023
Tulipa tiirlerinden segilen yerel 50 lale genotipi ve 3 adet acikta tozlanan gesit (Arda, Musl071,
Kumru) kullanmilmistir. Ana ebeveyn olarak ise T. gesneriana tiiriine ait 14 lale ¢esiti yer almstir.
Caligmanin ilk yilinda, toplam 779 adet melezleme yapilmistir. Lale melez kombinasyonlarinda tiirler
aras1 melezlerde basari oranlarinin olduk¢a diisiik oldugu bulunmustur. En yiiksek melez basari
oranlari sirasiyla; G14 (% 20), G4 (% 15.6), G7 (% 15.2) ve G11 (% 15.1) genotiplerinin ana ebeveyn
olarak kullanildig1 kombinasyonlardan elde edilmistir. Arastirmanin ikinci yilinda segilen tiirler arasi
melez kombinasyonlarda toplam 150 melezleme yapilmistir. Segilen ebeveynler arasinda yapilan
melezlemelerde meyve tutum oranimnin % 6.6 - 13.3 arasinda degistigi belirlenmistir. Melezleme
¢aligmasinda ilk yila gére basart orani olduk¢a diisiikk bulunmustur. Calismanin her iki yilinda da
melez tohumlarda; tohum eni (mm), boyu (mm), kalinlig1 (mm), sekil indeksi, 100 tane agirlig1 (g),
abortif tohum sayis1 / meyve (adet), abortif tohum orani (%) ve tohum sayisi / meyve (adet) 6zellikleri
incelenmistir. Tiirler arast melez kombinasyonlarinin her iki yilda da tohum boyutlart
degerlendirildiginde istatistiksel olarak ¢ok 6nemli diizeyde farkliliklar gosterdikleri belirlenmistir. Bu
durum tiirler aras1 melez tohumlarin yiiksek oranda varyasyon gosterdigini ortaya koymaktadir.

Anahtar kelimeler: Lale, Tiirler arasi melezleme, Tohum

Determination of Interspecies Hybrid Performance of Tulipa gesneriana Species and Local
Tulip Genotypes (Tulipa spp.) and Examination of Hybrid Seed Characteristics

ARTICLE

ABSTRACT INFO

This research, was carried out to examine the interspecific hybrid compatibility performances of qualified local

tulip genotypes (Tulipa spp.) collected and characterized from different regions of our country with cultivated Received:
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GIRIS

Sus bitkilerinde 1slah ¢alismalar1 bir¢ok tiirde farkli amaglar dogrultusunda yapilmaktadir. Bu amaglar; genel
olarak biyotik ve abiyotik stres kosullarina dayanim diizeylerinin belirlenmesi, bitkinin kokusu, rengi, ¢igek
yapisindaki degisiklikler, ¢iceklenme zamaninda farklilik, ¢igekte kalma siiresi ve hasat sonrasi vazo omrii
olarak siralanabilir (Horn 2002: Giilbag 2015: Balkaya ve ark., 2021). Lale 1slahi, ilk olarak 16. yiizyilda
Osmanli Imparatorlugu déneminde baslanmustir (Baytop, 1992; Pavord, 1999). Lale kiiltiiriiniin Anadolu’ya
Tiirklerle birlikte geldigi kesindir. Bir doneme adini veren lale bitkisi, Osmanl Imparatorlugu zamaninda
¢ok fazla deger goren bitki tiirii olmustur (izgi, 2022).

Melezleme 1slahi siis bitkilerinde yeni ¢esit gelistirme c¢alismalarinda en ¢ok kullanilan ydntemdir.
Melezleme 1slahi ile giiniimiizde arzu edilen 6zelliklere sahip (bitki boyu, sap uzunlugu, kokusu, ¢icek rengi,
cigek omrili vb.), ekonomik agidan One cikan cesitler gelistirilebilmektedir (Balkaya ve ark., 2021). Siis
bitkilerinde hibrit ¢esit gelistirebilmek i¢in zaman, yogun emek, bilgi birikimi, sermaye ve ileri teknolojiye
ihtiya¢g duyulmaktadir. Lale 1slahinda ¢icek sekli ve ¢igek rengi ozellikleri gesit 1slah kriterleri agisindan ilk
siradadir. Lale cesitlerinde sekil ve renk yoniinden amag tiiketicilerin arzu ettikleri dzelliklere sahip, genetik
cesitliligi saglayarak yeni gesitlerin gelistirilmesidir. Hollanda’da uzun yillardir yiiriitiilen 1slah programlari
ile ¢ok sayida F1 hibrit lale ¢esitleri gelistirilmis ve lale sogani piyasasina yon veren lider lke konumuna
gelmistir. Ulkemiz ise hibrit lale cesitlerine ait soganlarinin temininde tamamen disa bagimli durumdadir.
Lale 1slah1 konusunda ¢esit 1slah programu yiiriiten iilkemizdeki tek kurum, Karadeniz Tarimsal Arastirma
Enstitiisi’diir (Izgi, 2022). Lale 1slahinda ticarete konu olabilecek yeni hibrit gesitlerinin gelistirilmesi igin
uzun bir siire¢ iscilik ve emek gerekmektedir. Bu durum hibrit lale ¢esit 1slahinin gergeklestirilmesinin
onundeki en 6nemli engel olarak ifade edilebilir.

Lale soganlarinda, ¢igek organlarinin olusumu ve ¢igek taslaginin tamamlanmast 7 asamada
gerceklesmektedir. Ik asamada, yass1 sekilde vejetatif u¢ olusmaktadir. ikinci asamada ise vejetatif u¢ kism,
kubbe seklini almaktadir. Ugiincii asama olan P1 asamasinda distaki ilk ii¢ ¢icek yapragmin olusmasi
tamamlanmaktadir. Dordiincii asamada igteki ii¢ cicek yapraginin olusumu ile gerceklesmektedir. Al
doneminde (besinci asama), distaki li¢ erkek organ taslaklarinin olusumu tamamlanmaktadir. A2 donemi
olan altinci asamada ise igteki ii¢ erkek organin taslaklarinin olusumu gergeklesmektedir. Son asama olan
yedinci asamada, G gelisim sathasinda, {i¢ pargali organ taslagi olusumu meydana gelmektedir (Hartman,
1988; izgi Sarag ve ark., 2021). Lale bitkisi erselik ¢icek yapisina sahiptir. Cigekte toplam 6 adet tag yaprak
ile 1 disi organ ve 6 adet erkek organ bulunmaktadir. Yumurtalik her biri iki sira tohum taslag: iceren li¢
karpelden olusmaktadir. Birgok lale tiirlinde bir yumurtalikta, 210-270 adet arasinda tohum taslagi meydana
gelmektedir (Van Tuyl ve Van Creij, 2007).

Dogal lale popiilasyonlarinin yapist ve genetik ¢esitlilik durumu; genotiplerin bulundugu habitat ¢esitliligi,
bitkinin ddllenme biyolojisi, cogaltma materyallerin dagilimi (tohumlar ve diger bitkisel {irlinler), bitkinin
yasam dongiisii, popiilasyon biiyiikliigii, gen akisi, mutasyon orani vb. gibi bir¢ok faktoérden etkilenmektedir
(Ballesteros-Mejia ve ark., 2016). Tiirler arasi melezlemeler, yeni hibrit lale ¢esitlerinin gelistirmesinde ve
gen havuzlarinda bulunan mevcut varyasyonun artirilmasinda biiylik bir 6nem tagimaktadir. Ancak tiirler
aras1 melezlerde olusan uyusmazlik engelleri, yeni lale gesitlerinin gelistirilmesini ve ¢ogaltilmasini olumsuz
yonde etkilemektedir. Tiirler arasi uyusmazlik engellerinin déllenmeden 6nce meydana geldigi durumlarda;
tomurcuk tozlamasi, cut-style yada grafted-style, plesental tozlama ve tohum taslaklarinin izole edilerek
tozlanmasi1 yontemleri etkili olarak kullanilmaktadir (Van Creij ve ark., 2000). Bir¢ok lale tiirinde tiirler
aras1 melezleme ¢aligmalarindan olumlu sonuglar alinmistir. Hollanda'da T. gesneriana tiri ile 55 Tulipa
tiirli arasinda yapilan melezleme caligmalarinda 12'si ile geleneksel melezleme yontemleri kullanilarak
basaril1 bir sekilde melezlenmis ve yeni lale gesitleri tiretilmistir (Van Eijk ve ark., 1991; Van Raamsdonk ve
De Vries, 1995). T. gesneriana ve T. fosteriana tiirlerinde tiir i¢i ve tiirler aras1 melezlemeler yapilmustir.
Tiirler arast melezlerde en biiyiik zorluk endospermlerin zayif gelismesi ve embriyo ile endosperm arasindaki
uyusmazlik meydana gelmesidir (Sayama ve ark., 1982). T. gesneriana L. gesitleri ile T. kaufmanniana turd
arasinda yapilan tiirler aras1 melezleme ¢alismasinda oviil kiiltiirli en iyi sonucu vermistir.

Embriyo kurtarma yontemi ile Tulipa cinsi igerisinde yer alan tiirler aras1 melezlerde déllenmeyi engelleyen
bariyerler asilabilmektedir (Custers ve ark., 1995). Tiirler aras1 T. gesneriana x T. agenensis melezlerinde ise
T. gesneriana tiir i¢i melezlerine gére embriyo ve endosperm gelisiminde deformasyon olan yumurta
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sayisinin daha yiiksek oldugu belirlenmistir. T. gesneriana x T. agenensis melezlerinde hormon
uygulamasinin ve embriyo kurtarma tekniklerinin, déllenme sonrasi engelleri asma iizerindeki etkilerini
aragtirllmigtir. Calisma sonucunda % 0.1 BAP (Benzylaminopurine) ile muamele edilmesinden sonra bitki
tizerinde melez tohumlar elde edilmistir (Van Creij, 1997).

Lale ¢esit 1slah1 amaciyla yiiriitiilen ¢aligmalarda tohumla {iretim biiyiik bir 6nem tasimaktadir. Yeni bir lale
¢esitine ait sogan olusturma ve biiylitme c¢alismalar1, melez tohum eldesinden itibaren yaklasik bes yil siire
ile devam etmektedir. Bu dénemi takiben; besinci ve yedinci yillar arasinda, F2 popiilasyonlarinda bitki ve
cicek seleksiyonlar1 yapilmaktadir (izgi Sarag ve ark., 2021). Tohumdan sogana doniisiimiin bu kadar uzun
zaman gerektirmesi tohumlarin morfolojik 6zelliklerinin belirlenmesinin 6nemini daha fazla artirmaktadir.
Shuka ve ark., (2010) tarafindan yapilan bir ¢alismada lale genotiplerinde tohum kapsiil renginin acik
kahverengi, kapsiil seklinin elipsoid ve kapsiil uzunlugunun ise 3-3.5 x 1.5-2 cm arasinda oldugu
belirlenmistir. Zhang ve ark., (2023), Cin'e 6zgii sekiz yabani lale tiiriine ait tohumlarin sekil, boyut, renk,
agirhik 6zellikler yoniinden varyasyon gosterdiklerini bildirmislerdir.

Giliniimiizde lale 1slahinda tiirler aras1 melezleme ¢alismalari ile farkli ¢igek sekli ve ¢igek renklerine sahip,
cicek Omrii uzun ve hastaliklara dayanikli ¢esitlerin gelistirilmesi amaglanmaktadir. Bu arastirma ile
seleksiyon 1slahi ile ¢icek Ozellikleri yoniinden secilmis olan yerel lale genotiplerinin (Tulipa spp.), Tulipa
gesneriana tiiriine ait ¢esitler ile tiirler aras1 melez uyusum performanslarinin incelenmesi ve elde edilen
melez tohumlarin 6zelliklerinin incelenmesi amaglanmuistir.

MATERYAL VE YONTEM

Bu ¢alisma, 2019-2021 yillart arasinda Samsun ili Tekkekoy ilgesinde bulunan Habitat Peyzaj isletmesinde
(2019-2020 Haziran) ve ikinci yil ise Sam-fi Fidan Isletmesinde (2020 Kasim- 2021 Temmuz)
yiritiilmiigtiir. Arastirmada baba ebeveyn olarak farkli Tulipa tiirlerinden olusan yerli 50 lale genotipi ve 3
acikta tozlanan (standart) ¢esit kullanilmistir (Cizelge 1). Arastirmada T. gesneriana tiiriine ait 14 lale gesit
(G) ise ana ebeveyn olarak yer almistir (Cizelge 2).

Cizelge 1. Tiirler arasi melezleme denemesinde baba ebeveyn olarak kullanilan lale genotipleri

No Aksesyon No No Aksesyon No No Aksesyon No

1 101 07-05 (T. orphanidea Boiss) 19 217 35-02 (T. armena Boiss) 37 242 45-02 (T. orphanidea Boiss)
2 103 05-02 (T. orphanidea Boiss) 20 218 48-04 (T. saxatilis Sieber) 38 245 26-03 (T. armena Boiss)

3 104 05-03 (T. agenensis DC.) 21 220 65-10 (T. humilis Herb) 39 248 05-04 (T. agenensis DC.)

4 107 42-07 (T. armena Boiss) 22 221 65-04 (T. julia C. Koch) 40 252 27-01 (T. agenensis DC.)

5 109 42-04 (T. armena Boiss) 23 223 44-05 (T. armena Boiss) 41 216 45-01 (T. orphanidea Boiss)
6 110 68-01 (T. pulchella Regel) 24 224 34-01 (T. orphanidea Boiss) 42 301 63-01 (T. julia C. Koch)

7 11542-06 (T. pulchella Regel) 25 225 58-01 (T. orphanidea Boiss) 43 304 27-01 (T. sintenesi Baker)
8 116 42- 07 (T. armena Boiss) 26 228 06- 03 (T. sintenesi Baker) 44 305 35-05 (T. agenensis DC.)

9 117 42-08 (T. pulchella Regel) 27 229 59-02 (T. orphanidea Boiss) 45 310 10 -04 (T. pulchella Regel)
10 118 42-09 (T. armena Boiss) 28 230 10-02 (T. sylvestris L.) 46 313 49- 01 (T. sintenesi Baker)
11 121 01-02 (T. armena Boiss) 29 233 43-01 (T. orphanidea Boiss) 47 315 04-01 (T. armena Boiss)

12 124 66-02 (T. armena Boiss) 30 223 44-05 (T.armena Boiss) 48 316 04-02 (T. armena Boiss)

13 125 38-01 (T. armena Boiss) 31 216 45-01 (T. orphanidea Boiss) 49 319 08-02 (T. julia C. Koch)

14 127 38-04 (T. armena Boiss) 32 235 11-01 (T. sylvestris L.) 50 401 09-01 (T. clusiana DC.)

15 128 38-05 (T. armena Boiss) 33 237 42-01 (T. armena Boiss) 51 Mus 1071

16 129 38-06 (T. julia C. Koch) 34 239 44-02 (T. armena Boiss) 52 Arda

[N
~

209 62-01 (T. julia C. Koch) 35 240 59-01 (T. undilatifolia Boiss) 53 Kumru
216 45-01 (T. orphanidea Boiss) 36 241 35-04 (T. orphanidea Boiss)
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Cizelge 2. Tiirler arasi melezleme islahi denemesinde ana ebeveyn olarak kullamilan lale c¢esitleri
(T.gesneriana)

No Cesit isimleri No Cesit isimleri
G1 Christmas Dream G8 Alaaddin

G2 Van eijk G9 Prety Women
G3 Oskar G10 Ballerina

G4 Negrita G11 Passionale
G5 Purple Prince G12 Seadow

G6 Claudia G13 Kings Blood
G7 Miss Elegance Gl14 Yokohama

Arastirma T. gesnerina tiirline ait lale genotiplerinin 28.11.2019 tarihinde dikimi ile baglamistir. Dikim
oncesinde her bir lale ¢esitine ait 15 adet sogan, mantari hastaliklara karst korunmasi amaciyla %1 Captan +
%0,1 Antracol ¢ozeltisinde 30 dakika siire ile bekletilmistir. Bu uygulamadan sonra toprak, torf ve perlit
(1:1:1) oraninda karistirilarak plastik kasalara konulmustur. Her bir kasaya, 15 adet sogan olacak sekilde agik
arazide kasalara dikimi gerceklestirilmistir. Caligmanin ilk yilinda, melezleme c¢alismalarina lale
genotiplerinin ¢iceklenme senkronizasyonlarina bagli olarak iki ay siire ile (10.03.2020 - 10.05.2020) devam
edilmistir.

Baba ebeveyn olarak kullanilacak olan lale genotiplerinde melezleme oOncesinde polenler -18 °C
buzdolabindan ¢ikarilarak 4 °C buzdolabina konulmustur. Daha sonra 2 saat siireyle oda kosullarina alinmis
ve kademeli olarak polenler melezlemeye hazir duruma getirilmistir. Tomurcuk sathasinda olan ana ebeveyn
bitkilerde ise pens yardimiyla anterler alinmis ve ¢igcek tozu disicik tepesi lizerine siiriilerek melezleme
islemi gerceklestirilmistir. Melezleme islemi oncesinde, pens ve eller saf etil alkol ile dezenfekte edilmistir.
Daha sonra, bitkiler tiil bir kese ile kapatilarak meyve kapsiilii asamasina kadar izolasyonu saglanmustir.
Tohum olgunlagsma durumuna bagli olarak tohum hasatlart kademeli olarak yapilmistir. Melez bitkilerde,
olgunlasan tohum kapsiilleri ilk olarak 15.06.2020 tarihinde hasat edilmistir.

Calismanin ikinci yilinda ise, ilk y1l sonuglarina gore tiirler arasi melez uyusumlari ve tohum elde edilme
oranlar1 yoniinden 6ne ¢ikan ilk 10 melez kombinasyon (M) segilmistir (Cizelge 3).

Cizelge 3. Tiirler arasi lale melez kombinasyonlar

g d

Melez kombinasyonu Cesit ad1 Genotip no
M1 Oscar (G3) Mus 1071
M2 Negrita (G4) 216 45-01
M3 Negrita (G4) 237 42-02
M4 Purple Prince (G5) 104 05-03
M5 Miss Elgance (G7) 109 42-04
M6 Alaaddin (G8) 125 38-01
M7 Alaaddin (G8) 116 42-07
M8 Passionale (G11) 230 10-02
M9 Passionale (G11) 117 42-08
M10 Kings Blood (G13) 313 49-01

Arastirmada ikinci yi1l segilen melez lale soganlarmin dikimi, 05.11.2020 tarihinde yapilmistir. Melezleme
islemi, cigeklenme senkronizasyonlarina uygun olarak 10 Mart-10 Mayis 2021 tarihleri arasinda
yiirttiilmistiir. Tohum olgunlasma zamanina bagli olarak ilk melez tohum hasatlar1 10.06.2021 tarihinde
gergeklestirilmistir.

Melez tohum 06zelliklerinin incelenmesi

Melez meyvelerden tohum ¢ikarma islemi; tohum kapsiilleri bronz-kahverengi renge doniistiigli donemde
yapilmistir. Meyve kapsiilleri agilarak fiziksel safiyeti artirmak i¢in yabanci maddeler dikkatli bir sekilde
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temizlenmistir. Tohumlar abortif tohumlardan ayrilarak agzi kapali plastik torbalar igerisine alinmustir.
Tiirler arasi lale melez kombinasyonlarina ait tohumlar, 16.06.2020 tarihinde hasat edilmistir.

Hasat islemi tamamlandiginda melez tohum elde edilen kombinasyonlarda; morfolojik 6zellik olarak tohum
eni (mm), boyu (mm) ve kalinligi (mm), tohum sekil indeksi (tohum eni/boyu) 6zellikleri incelenmistir.
Tohum sekil indeksi degerinin “1” katsayisina yaklagmasi tohum seklinin yuvarlak sekilli, bu katsayidan
uzaklasmasi ise oval sekilli oldugunu gostermektedir (Izgi, 2022). Ayrica melez tohumlarin 100 tane agirligt
(g), kapsiildeki tohum sayis1 (adet), abortif tohum sayisi (adet), ve abortif tohum orani (%) o6zellikleri de
incelenmistir.

Tiirler aras1 lale melez kombinasyonlardan elde edilen melez uyusum oranlar1 ve tohum verilerine iliskin
sonuglar, SPSS istatistik programinda Duncan ¢oklu karsilastirma testi kullanilarak istatistik analizleri
yapilmustir.

BULGULAR VE TARTISMA
Tiirler arast melez performanslarinin karsilagtirilmasi

Lale 1slah programlarinda, arzu edilen 6zelliklere sahip ticari lale ¢esitlerinin gelistirilmesinde daha ¢ok T.
gesneriana ve diger Tulipa tiirleri arasinda tiirler arasi melezlemeler yapilmaktadir. Melezlemelerde ana
ebeveyn olarak T. gesneriana tiiriine ait lale ¢esitleri kullanilmigtir. Baba ebeveyn olarak seleksiyon 1slahi
sonucunda secilen ve yiiksek heterosis saglanabilmesi i¢in farkli lale tiirlerine ait genotipler kullanilmisgtir.
Caligmanin ilk yilinda, toplam 779 adet melezleme yapilmistir. T. gesneriana tiiriine ait lale gesitleri ‘G’
kodu ile gosterilmistir (Cizelge 4).

Lale melez kombinasyonlarinda tiirler arasi melezlerde basart oranlarmin oldukca diisiik oldugu
bulunmustur. En yiiksek melez basari oranlari sirasiyla; G14 (% 20), G4 (15.6), G7 (15.2) ve G11 (15.1)
genotiplerinin ana ebeveyn olarak kullanildigi kombinasyonlardan elde edilmistir. Ilk yil yapilan
melezlemelerde 14 kombinasyonun 5 adetinden melez tohum elde edilememistir (Cizelge 5). Tulipa turleri
ile G2 lale ¢esidi arasinda yapilan 54 kombinasyon, G6 ile yapilan 49 kombinasyon ve G9 ile yapilan 74
kombinasyon ve G12 ile yapilan 52 kombinasyondan melez tohum elde edilememistir. ilk yil yapilan
melezlemelerde ortalama % 7.1 oranminda basar1 saglanmistir. Van Eijk ve ark. (1991), T. gesneriana ve diger
Tulipa tiirleri arasinda tiirler arasi melezlemeler yapmislardir. Geleneksel 1slah yontemleri kullanilarak 76
adet T. gesneriana cesidi ile 28 farkli lale tiirii arasinda yapilan melezleme c¢alismalari sonucunda yalnizca
12 tiirde basarili melez kombinasyonlar elde etmislerdir. Bu sonuglar bizim elde ettigimiz aragtirma sonuglari
ile benzerlik gostermektedir. Tiirler aras1 uyusmazlik engelleri, yeni lale gesitlerinin gelistirilmesini ve
cogaltilmasim olumsuz yonde etkilemektedir. Tirler arasi uyusmazlik engellerinin déllenmeden 6nce
meydana geldigi durumlarda; tomurcuk tozlamasi, cut-style ya da grafted-style, plesental tozlama ve tohum
taslaklarinin izole edilerek tozlanmasi yontemleri etkili olarak kullanilmaktadir. Literatiirlerde lale’de
uyusmazligi engellenmesi amaciyla cut-style yontemi (CSM) ve plasental tozlanma ydntemlerinin basaril
bir sekilde uygulandig1 bildirilmistir (Van Creij ve ark., 2000; izgi Sarac¢ ve ark., 2021). Tiirler aras1 T.
gesneriana x T. agenensis melezlerinde, T. gesneriana tir ici melezlerine gore embriyo ve endosperm
gelisiminde deformasyon olan yumurta sayisinin daha yiiksek oldugu bildirilmistir (Van Creij vd (1997).

Cizelge 4. Farkli kombinasyonlarda tiirler arasi melez sayisi ile melez basart oranlari (2020)
Melezleme
BasariOram (%)
33.3

No Kombinasyonlar Melezleme Sayisi

G1 X 240 59-01
G1 X 23511-01
G1 X 103 05-02
G1 X 115 42-06
G1 X 110 68-01
G1 X 117 42-08
G1 X 310 10-04
1 G1 X 109 42-04
G1 X 315 04-01
G1 X 218 48-04
G1 X 107 42-07
G1 X 225 58-01
G1 X 116 42-07
G1 X 223 44-05
G1 X 239 44-02

w
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G1 X 316 04-02

G1 X 217 35-02
G1 X 248 05-04
G1 X 104 05-03
G1 X 252 27-01
G1 X 237 42-02
G1 X 125 38-01
G2 X 221 65-04
G2 X 209 62-01
G2 X 129 38-06
G2 X 319 08-02
G2 X 224 34-01
G2 X 301 63-01
G2 X 216 45-01
G2 X 229 59-02
G2 X 23343-01
G2 X 241 35-04
G2 X 110 68-01
G2 X 304 27-10
G2 X 313 49-01
G2 X 228 06-03
G2 X 217 35-02
G2 X 239 44-02
G3 X 216 45-01
G3 X 23343-01
G3 X Kumru
G3 X 104 05-03
G3 X MUS 1071
G3 X 248 05-04
G3 X 241 35-04
3 G3 X 101 07-05
G3 X 261 45-01
G3 X 225 58-01
G3 X 316 04-06
G3 X 31349-01
G3 X 305 35-05
G3 X 401 09-01
G3 X Arda
G4 252 07-01
G4 X 305 35-05
G4 X Arda
G4 X Mus 1071
G4 X 233 43-01
4 G4 X 229 59-02
G4 X 216 45-01
G4 X 237 42-02
G4 X 124 66-02
G4 X 248 05-04
G4 X 107 42-07
G5 X 124 66-02
G5 X Arda
G5 X 237 42-02
G5 X 125 38-01
G5 X 217 35-02
G5 X 218 48-04
G5 X 116 42-07
G5 X 252 27-01
G5 X 104 05-03
G5 X 125 38-01
G5 X 316 04-02
G5 X 239 44-02
G6 X 116 42- 07
G6 X 239 44-02
G6 X 316 04-02
6 G6 X 233 44-05
G6 X 238 44-02
G6 X 104 05-03
G6 X 218 48-04

33.3
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G6 X 217 35-02
G6 X 237 42-02
G6 X 305 35-05
G6 X 248 05-04
G6 X 248 05-04

G7 X 109 42-04
G7 X 315 04-01
G7 X 104 05-03
G7 X 248 05-04
G7 X 241 35-04
G7 X 237 42-02
G7 X 239 44-02
G7 X 233 44-05
G7 X 216 45-01

G8 X 125 38-01
G8 X 116 42-07
G8 X 223 44-05
G8 X 218 48-04
G8 X 239 44-02
G8 X 101 07-05
G8 X 261 45-01
G8 X 225 58-01
G8 X 316 04-06
G8 X 313 49-01
G8 X 305 35-05
G8 X 101 07-05

G9 X 237 42-01
G9 X 128 38-05
G9 X 127 38-04
G9 X 127 38-04
G9 X 125 38-01
G9 X 239 44-02
G9 X 245 46-03
G9 X Mus1071

G9 X 223 44-05
G9 X 116 47-02

10

G10 X 121 01-07
G10 X 125 38-01
G10 X 124 66-02
G10 X 245 46-03
G10 X 127 38-04
G10 X 127 38-04
G10 X Mus 1071
G10 X 128 05-38

11

G11 X 230 10-02
G11 X 310 10 -04
G11 X 129 38-06
G11 X 117 42-08
G11 X 304 17-01
G11 X 220 65-10
G11 X 313 49-01
G11 X 228 06- 03
G11 X 235 11-01
G11 X 303 63-03
G11 X 228 06- 03
G11 X 211 65-04

12

G12 X 248 05-04
G12 X 241 34-01
G12 X 401 09-01
G12 X 304 27-01
G12 X 101 07-05
G12 X 252 27-01
G12 X Arda

G12 X 248 05-04
G12 X 104 05-03

G12 X 242 45-02
G12 X 221 65-04

O W Wwwwwwwww Rlv~NwowbrwwwwwwlworwoaESRolwurErERowolRlwuwwwwwwownoro ofwwwwwwww olwwwww

MJAVL Volume 13 (Issue 2) © 2023

Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International

https:

dergipark.org.tr/en/pub/mjavl



https://dergipark.org.tr/en/pub/mjavl

171

Izgi Denli & Balkaya / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 164-176

G12 X 301 63-01
G12 X 233 45-01
G12 X 209 62-01
G13 X Arda
G13 X 237 42-02
G13 X 128 38-05
G13 X 245 46-03
G13 X Mus 1071
13 G13 X 221 65-04

ococoRofplubhwwwwowwhs ®www
'

G13 X 313 49- 01 33.3
G13 X 310 10 -04 -
G13 X 129 38-06
G13 X 124 66-02 -
G13 X 101 07-05 -
G14 X 248 05-04 15.3
G14 X 104 05-03 16.6
G14 X 118 42-09 285
14 G14 X 301 63-01 16.6
G14 X 313 49-01 16.6
G14 X 240 59-01 16.6
G14 X 221 65-04 33.3

Caligmanin ilk y1l sonuglarma gore; tiirler aras1 melez uyusumlari ile tohum elde etme oranlar1 yoniinden 6ne
cikan ve melez tohum basar1 orani yiiksek olan ilk 10 melez kombinasyon sec¢ilmistir. Arazi ¢alismasinin
ikinci yilinda olusturulan tiirler aras1 melez kombinasyonlarda toplam 150 melezleme islemi yapilmistir.
Secilen ebeveynler arasinda yapilan melezlemelerde meyve tutum oraninin % 6.6-13.3 arasinda oldugu
belirlenmistir. Melezleme ¢alismasinda ilk yila gore basart orani oldukga diisiik bulunmustur. Birgok melez
kombinasyondan tohum almamamustir (Cizelge 5).

Cizelge 5. Farkli kombinasyonlarda yapilan tiirler arasi melezleme ¢alismasina ait sonuglar

Yillar 2020 2021

No Melezleme Melez Basar1 No Melezleme Melez Basari
Sayisi Orani (%) Sayisi Oram (%)

M1 66 9 M1 15 0

M2 54 0 M2 15 13,3

M3 67 5.5 M3 15 13,3

M4 64 15.6 M4 15 0

M5 52 7.6 M5 15 0

M6 49 0 M6 15 0

M7 33 15.2 M7 15 6,6

M8 54 3.3 M8 15 6,6

M9 74 0 M9 15 13,3

M10 56 3.6 M10 15 0

M11 53 15.1

M12 52 0

M13 45 0

M14 60 20

Toplam 779 Toplam 150

Custers ve ark., (1995), embriyo kurtarma yontemiyle, tiirler aras1 T. gesneriana x T kaufmanniana melez
tohumlarinda abortif embriyolarin kurtarilmasinin basarili bir sekilde yapilabildigini belirtmislerdir.
Aragstiricilar, lale ¢esitlerinin gelistirilmesinde tiirler aras1 melezlemede ovul kiiltiiriiniin arzu edilen genlerin
aktarilmasinda yeni firsatlar saglayacagin bildirmislerdir. Leonard ve ark, (1995), Tulipa cinsinin Tulipa alt
cinsinde, 31 adet lale tir( ile 1400 adet tiirler arast melez kombinasyonu olusturmuslardir. Arastirma
sonucunda Clusianae béliimiinde belirtilen tiirlerin karsilikli kisirlik olusturduklart belirlenmistir. Eichleres
ve Tulipa bélumlerine ait turlerin (T gesneriana gesitleri dahil) farkli kombinasyonlarda basarili bir sekilde
melezlenebildikleri ve basarili bir sekilde tohum elde edilebildigi saptanmistir. Van Creij ve ark., (1997),
embriyo ve endosperm gelisimini incelemek amaciyla T. gesneriana tiirlinde tiir i¢i ve tiirler arast (T.
gesneriana x T. agenensis) melezlemeler yapmuslardir. Tiir i¢i melezlerde oviillerin % 87-100’1 arasinda
normal embriyo ve endosperm gelisimine sahip oldugu tespit edilmistir. Tiirler aras1 T. gesneriana x T.
agenensis melezlerinde, T. gesneriana tur igi melezlerine gore embriyo ve endosperm gelisiminde
deformasyon olan yumurta sayisinin daha yiiksek oldugu bildirilmistir.
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Tiirler arast melez lale tohumlarinin morfolojik ozelliklerine ait sonuclar

Caligmasinda tilirler arast melez kombinasyonlarinin ilk yilina (2020) ait tohum boyutlar
degerlendirildiginde istatistiksel olarak ¢ok onemli diizeyde farkliliklar oldugu belirlenmistir. Bu durum
tiirler aras1 melez tohumlarin yiiksek oranda varyasyon gosterdigini ortaya koymaktadir. Ortalama tohum
boyu degeri G4 X 216 45-01-2 kombinasyonunda, en yiiksek (7.91 mm) deger olarak dl¢tilmiistir. G5 X 116
42-07-1 genotipinde ise tohum boyu (4.37 mm) ve tohum eni (3.63) en diisiik deger olarak belirlenmistir.
Tohum kalinlig1r degeri yoniinden ise G4 X 229 59-02-2 genotip en yiiksek deger (0.56 mm) olarak
Olgllmiistir. G14 X 240 59-01 ise en diisiik deger olarak (0.12 mm) bulunmustur. Tohum hacmi degeri
acisindan, G4 X 229 59-02-2 kombinasyonu ise en yiksek (23.89 mm®) belirlenmistir. G14 X 240 59-01
kombinasyonu en diisiik deger (3.10 mm?®) olarak tespit edilmistir (Cizelge 6).

Cizelge 6. Tiirler arasi melez kombinasyonlarinin tohum boyutlar: ve hacimlerine ait sonuglar (2020)

Melez Tohum boyu Tohum eni Tohum kalinhg: Tohum hacmi
Kambinasvanlar (mm) (mm) (mm) (mm?3)
G1 X 240 59-01 6.1111 451 la 0.42 ca 11.71 ko
G1 X 237 42-02 4990 3.99rs 0.41ca 8.49 oq
G1 X 239 44-02 6.40 ah 5.32dh 0.49 ad 16.50 e1
G1 X 125 38-01 6.43 gh 5.68 ce 0.41 ca 15.19 fk
G1 X 217 35-02 6.81 eh 5.66 ce 0.46 cf 17.85dg
G4 X 237 42-02-1 6.55 th 5.28 dh 0.56 a 19.54 ce
G4 X 237 42-02-2 5.73 kn 4.98 fo 0.45 cf 13.07 1m
G4 X 23343-01 6.77 eh 453 1q 0.41dh 12.55in
G4 X 233 43-01-2 6.37 1h 5.01 fn 0.48 bd 15.58 fj
G4 X 229 59-02-1 7.59 ac 5.61 cf 0.42 ca 18.20 df
G4 X 229 59-02-2 7.65 ab 5.50 dg 0.56a 23.89a
G4 X 216 45-01-1 6.80 eh 5.12 em 0.49 ac 17.30 dh
G4 X 216 45-01-2 7.91a 5.39 dh 0.43 ca 18.58 df
G4 X Arda 7.16 be 524 d1 0.37 f1 14.28 gk
G5 X MUS 1071-1 7.64 ab 5.88 ad 0.48bd 21.96 ac
G5 X MUS 1071-2 5.74 kn 5.14 eh 0.43 cq 13.06 1m
G5 X 116 42-07-1 4.37p 3.63s 0.42cq 6.71rq
G5 X 116 42-07-2 5.44 mo 4.40 nq 0.43 cg 10.52 Ip
G5 X 104 05-03-1 5.46 mo 4.3500 0.44 cq 10.73 Ip
G5 X 104 05-03-2 5.47 mo 4.68ip 0.46 cf 11.85 ko
G7 X 109 42-04 5,51 lo 4.63 ka 0.39 eh 9.87 oq
G7 X 109 42-04-2 5,51 lo 4.63 kq 0.30 1 7.79 pa
G8 X 116 42-07 5.57 ko 4.63 kg 0.36 g1 9.45 mq
G8 X 313 49-01 6.14 1k 4.14rq 0.41 dh 10.46 Ip
G10 X 124 66-02 7.66 ab 6.44 a 0.41 ca 20.25 bd
G11 X 117 42-08 7.56 ac 6.35 ab 0.49 ad 23.45 ab
G11 X 303 63-03-1 7.01ca 5.83 bd 0.55ab 22.75 ac
G11 X 228 06-03 7.83a 5.47 dh 0.46 ce 19.93 ce
G11 X 319 49-01-1 6.50 gh 5.65 ce 0.43 ca 15.97 fj
G11 X 319 49-01-2 6.37 1h 532 d1 0.46 ce 15.76 fj
G11 X 319 49-01-3 7.43 ad 6.20 ac 0.48 bd 22.36 ac
G11 X 230 10-02 6.94 dh 5.75 ce 0.41 cq 16.66 e1
G14 X 248 05-04-1 5.16 no 4.37 nq 0.19 km 450 tu
G14 X 248 05-04-2 6.08 1 4.70 1q 0.21 kl 6.28 ru
G14 X 104 05-03-1 5.39 mo 4.50 mq 0.19 km 4.78 tu
G14 X 118-42-09-1 7.12 bf 5.51dg 0.36 g1 14.36 1k
G14 X 118-42-09-2 5.16 no 4.27 pq 0.43 cq 9.61 ma
G14 X 118-42-09-3 5.88im 4.83 hp 0.36 g1 10.49 Ip
G14 X 118-42-09-4 5.21no 4.25 pa 0.24 jk 5.46 su
G14 X 301 63-01 6.39 gh 4.84 hp 0.16 Im 5.04 su
G14 X 240 59-01 5.47 mo 4.44 nq 0.12m 3.10u
G14 X 221 65-04 7.01 cf 5.46 dh 0.16 Im 6.30 rt
G14 X 221 65-04-2 6.58 eh 5.44 dh 0.39 eh 13.97 hl
G14 X 221 65-04-3 5.72 kn 4.87 ap 0.33 hs 9.21 nq
P 0.01 0.01 0.01 0.01
VK (%) 8.34 10.65 18.01 22.87

*Ayni sutunda ayni harf ile gosterilen ortalamalar arasinda fark yoktur.
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Tiirler arast melez kombinasyonlarinin tohum boyutlar1 degerlendirildiginde ikinci yilinda da (2021)
istatistiksel olarak cok onemli diizeyde farkliliklar oldugu saptanmistir. Bu durum, tiirler aras1i melez lale
tohumlarinda yiiksek oranda varyasyon gésterdigini desteklemektedir. Tohum boyu ve tohum eni degerleri
acisindan G11 X 117 42-08-1 (7.21 mm, 5.99 mm) en uzun ve genis melez genotip olarak belirlenmistir.
Buna karsin; G4 X 237 42-02-2 genotipinin ise en diigiik degerlerde (5.73 mm-4.89 mm) oldugu
saptanmigtir. Tohum kalinligi bakimindan en yiiksek deger (0.56 mm), G4 X 237 42-02-1genotipinde
Olgiilmiigtiir. G14 X 240 59-01genotipi ise en diisiik tohum kalinligr degeri (0.12 mm) almigtir. Tohum
hacimleri ise melez kombinasyonlarda 3.10-23.89 mm? arasinda degisim gostermistir (Cizelge 7).

Cizelge 7. Tiirler arasi melez kombinasyonlarimin deneme ikinci yilina (2021) ait tohum boyutlar: ve
hacimleri

Melez Tohum boyu Tohum eni Tohum kalinhign ~ Tohum hacmi
Kombinasyonlar (mm) (mm) (mm) (mm?)
G4 X 216 45-01-1 6.29 b 528D 0.38d 12.80 bc
G4 X 216 45-01-2 6.37b 5.15bc 0.28¢e 932 d
G4 X 237 42-02-1 5.96 bc 5.14 bc 0.48a 1491b
G4 X 237 42-02-2 573¢ 4.89c 0.44 ab 1259 ¢
G8 X 116 42-07 6.10 bc 541b 0.43 bc 14.57 bc
G11 X 230 10-02 6.86 a 590a 0.44 ab 18.21a
G11 X 117 42-08-1 7.21a 599a 0.43 bc 18.69 a
G11 X 117 42-08-2 6.26b 5.17 bc 0.39 cd 12.98 bc
P 10.53 10.25 16.35 24.92
VK (%) 0,01 0,01 0,01 0,01

*Ayni sutunda ayni harf ile gosterilen ortalamalar arasinda fark yoktur.

Calismanin ilk yilinda incelenen melez kombinasyonlarin tohum sekil indeksleri, 1.10 (G4 X 240 59-01) ile
1.87 (G11 X 228 06-03) arasinda dagilis gostermistir (Cizelge 8). Tohum agirligindaki birim artisin fazla
olmas1 endosperm hacminin fazlaligiyla dogrudan iliskilidir. Birim agirlig1 fazla olan tohumlardan saglikli
fide elde etme olasiligi artmaktadir. Olumsuz yetistirme kosullarina karsi dayanim giigleri de fazla
olmaktadir. Ayrica fidenin giiglii olmasina da olumlu yonde katkida bulunmaktadir. En yiiksek 100 tane
tohum agirhg, G5 X 104 05-03 kombinasyonunda 17.03 g olarak belirlenmistir (Cizelge 8). Bu
kombinasyonu; G5 X 104 05-03 (14.20 g) ve G11 X 303 63-03 (12.07 g) kombinasyonlar: izlemistir. G7 X
109 42-04 kombinasyonu ise 1.45 g /100 tane agirlig ile en son sirada yer almistir. Arastirmada genel olarak
G5 ve G11 genotipilerinin kullanildigi melez kombinasyonlarinda 100 tane tohum agirliginin daha yiiksek,
G7 ve G8 in kullanildigi kombinasyonlarda ise daha diisiik degerlerde bulunmustur (Cizelge 8). Astuti ve
ark., (2020), T. sylvestris tohumlarinin daha genis ve daha agir tohumlara sahip olduklarini bildirmislerdir.
Zhang ve ark., (2023) Cin de bulunan 8 lale tiiri lizerinde yaptiklari ¢alismada tohum boyutlarini
belirlemislerdir. Calismada T.altaica tiirii tohum boyu ve eninin diger tiirlere gore yiiksek degerde (Tohum
boyu: 7. 36mm X Tohum eni 6.21 mm) oldugu tespit edilmistir. Bizim yapmis oldugumuz ¢alismada benzer
bir sekilde, G4 X 216 45-01-2 melez kombinasyonunda 7.91 mm tohum boyu ve G10 X 124 66-02 melez
kombinasyonunda 6.44 mm tohum eni degerleri en yiiksek degerler olarak tespit edilmistir.

Cizelge 8. Arastirma 2020 yilinda tiirler arast melez kombinasyonlarimin bazi tohum ozellikleri
Abortif tohum oram

Kombinasyonlar Tohum sekil indeksi 100 tane agirhg (g)

(%)
G1 X 240 59-01 1.10 5.90 -
G1 X 239 44-02 1.27 9.23 -
G1 X 217 35-02 1.31 8.43 -
G1 X 237 42-02 1.15 8.00 83.33
G1 X 125 38-01 1.21 6,13 -
G3 X MUS 1071(1) 126 7.65 -
G3 X 313 49-01 1.46 9.61 -
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G4 X 233 43-01-1 1.24 6.78 -

G4 X 233 43-0-2 1.17 8.15 15.79
G4 X 229 59-02-1 1.56 8.61 14.29
G4 X 229 59-02-2 131 8.12 -

G4 X 216 45-01-1 1.38 9.13 -

G4 X 216 45-01-2 1.41 7.85 -

G4 X 237 42-02-1 1.34 7.30 -

G4 X 237 42-02-2 1.47 7.54 9.09
G4 X Arda 1.20 9.31 -

G5 X 116 42-07 1.25 4.46 13.33
G5 X 116 42-07 1.23 7.17 -

G5 X 104 05-03 1.26 14.20 -

G5 X 104 05-03 1.17 17.03 -

G7 X 109 42-04 1.19 1.45 -

G8 X 116 42-07 1.21 6.27 -

G8 X 313 49-01 1.49 7.50 -
G10 X 124 66-02 1.23 7.62 33.33
G11 X 230 10-02 1.20 8.41 10.68
G11 X 117 42-08 1.20 10.64 22.06
G11 X 313 49-01 1.15 9.02 -
G11 X 313 49-01 1.16 8.63 15.38
G11 X 313 49-01 1.19 9.59 21.43
G11 X 228 06- 03 1.87 9.70 -
G11 X 303 63-03 1.20 12.07 -

Van Creij ve ark. (1997), tur i¢i melezlerde ovillerin % 87-100’# arasinda normal embriyo ve endosperm
gelisimine sahip oldugunu bildirmislerdir. T. gesneriana x T. agenensis tiirler arasi melezlerinde, T.
gesneriana tir ici melezlerine gére embriyo ve endosperm gelisiminde deformasyon olan yumurta sayisinin
daha yiiksek oldugu belirlenmistir. Sayama ve ark., (1982), T. gesneriana ve T. fosteriana turlerinde tlr ici
ve tiirler aras1 melezlemeler yapmuslardir. Bunlardan 178 adet tiirler aras1 melez kombinasyondan sadece 28
adet normal tohum ve 433 adet embriyosuz tohum elde etmislerdir. Qu ve ark. (2018) ise melez
kombinasyonlardan dort tanesinde tohum olugsmadigini belirlemislerdir. Buna karsin, Synaeda Amor x T.
altaica melez kombinasyonundan ise % 100 oraninda tohum elde etmislerdir. Calismada, Dow Jones x T.
altaica melez kombinasyonundan en yiiksek tohum sayist (510 adet) ve Carnaval de Rio X T. altaica melez
kombinasyonundan ise en diisiik tohum sayisinin (13 adet) elde edildigi bildirilmistir. Bu sonuglar aragtirma
sonugclari ile genel olarak uyum gostermistir.

SONUC VE ONERILER

Birgok alanda oldugu gibi siis bitkileri sektoriinde de son zamanlarda onemli gelismeler ve degisimler
yasanmaktadir. Bu kapsamda yerli hibrit lale cesitlerinin iilke tarimina kazandirilmasi biiyiikk bir onem
tasimaktadir. Tirkiye’de lale gesit 1slah1 konusunda 6zel sektér ve kamu kuruluslar: tarafindan gerekli ¢esit
1slah alt yapilarinin olusturulmasina ve biyoteknolojik yontemlerden de yararlanarak daha kisa siirede daha
fazla sayida yerli hibrit ¢esitlerin gelistirilmesine gereksinim duyulmaktadir. Bu ¢alisma ile iilkemizde hibrit
lale cesit 1slahina yonelik olarak 1slah programinin ilk agamasi tamamlanmistir. Arastirma sonucunda tiirler
arasi meyve tutum oranlarinin, literatiirlerde yer alan sonuglar ile kiyaslandiginda benzer sekilde oldukca
diisiik oranlarda oldugu belirlenmistir. Gelecekte, Karadeniz Tarimsal Aragtirma Enstitlisiinde doku kiiltiirii
tekniklerinden yararlanilarak melez basar1 oranlarinin arttinlmasina yonelik caligmalar yapilmasi
planlanmaktadir. Bu aragtirma sonuglarinin gelecekte farkli ¢esit 1slah hedefleri dogrultusunda uygulanmasi
ve yerli hibrit lale ¢esitleri elde edilinceye kadar devam edilmesinin iilke ekonomisi ve tarima kazandirilmasi
acisindan 6nemli oldugunu diisiiniilmektedir.
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TESEKKUR

Bu ¢alisma Yasemin Izgi'nin doktora tezinin bir pargasidir. OMU-BAP (Proje No: 1901.18.013) tarafindan
desteklenmistir. Ondokuz Mayis Universitesi Bilimsel Arastirma Projeleri Birimine (BAPKOB) tesekkiir
ederiz. Arazi c¢aligmalarinda verdikleri destekten dolayr Sam-fi Fidan AS. ve Habitat Peyzaj A.S. ‘ne
tesekkiir ederiz.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini tasdik ederler.
Yazar Katkisi

Tiim yazarlar esit katki saglamistir.

Etik Onay

“Tulipa gesneriana Tiirii ile Yerel Lale Genotiplerinin (Tulipa spp.) Tiirler Arasi Melez Performanslarinin
Belirlenmesi ve Melez Tohum Ozelliklerinin Incelenmesi” bashkli ¢aligmanin yazim siirecinde bilimsel
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INTRODUCTION

Proteins are the largest basic building blocks of the human body after water. Proteins, which have many
important functions in the physiology and metabolism of living things, are found in foods of plant and animal
origin. In recent years, the rapid increase in the world population and changing consumer orientations have led
to serious discussions on protein sources, which have a very important place in human nutrition (Yetim et al.
2020; Ebcim et al. 2021). In 2050, with the increasing human population, it is predicted that the need for meat
consumption, which is one of the important protein sources, will double and animal production will reach its
maximum production capacity (FAO 2011). It is estimated that meat, which is a source of animal protein, will
not be able to meet the needs and the cost of production will increase further, and meat consumption will
become a luxury consumption group (Cakmak et al. 2023). Therefore, it is observed that there is an increase
in the search for alternative protein sources and biotechnological research (Aydemir et al. 2023). Nowadays,
microbial proteins, alternative plants, insects, algae, fungi, in vitro or artificial meat are emphasized and
recommended as alternative protein sources (Unver Algay et al. 2018).

It is the name given to the product obtained as a result of the development and differentiation of stem cells
taken from some animals grown for artificial meat food purposes in a bioreactor with the necessary conditions
(growth factors, nutrients, energy sources, etc.) and their transformation into mature muscle cells and
subsequently into larger muscle tissues (Bhat et al. 2015; Siirek and Uzun 2020). Artificial meat is named with
many different concepts (artificial meat, in vitro meat, animal-free meat, synthetic meat, cultured meat, lab
grown meat, clean meat, tube meat) (Yetim et al. 2020). Two separate projects were first initiated in the early
2000s to produce artificial meat for food purposes. The first introduction of artificial meat to the societies of
the world was with the news of a hamburger produced by a chef using artificial meat, which appeared in some
London-based media organizations in August 2013 (Wosczyna and Rando 2018; Post et al. 2020). Many
methods of artificial meat production have been tried or proposed. Among the main methods preferred for this
purpose; There are cell culture-based techniques, tissue culture-based techniques and some other techniques
(organ printing technique, biophotonic technigue, nanotechnology technique).

It is said that there were many problems of concern before the production and commercialization of artificial
meat (Unver Alcay et al. 2018). The problems that may arise are reported to be largely non-applicable,
excessively high cost of production, not accepted by consumers, and not considered natural (Fayaz Bhat et al.
2017; Unver Alcay et al. 2018; Datar and Betti 2010).

In addition, many uncertainties in the production of artificial meat raise consumer concerns. This uncertainty
involves doubts about whether there is negativity in terms of community health and food security, efficiency
in terms of nutritive value (fatty acids, B12, iron, etc.), and guarantee of sensory admiration that natural meat
provides (color, texture, smell, etc.), problem in terms belief and ethics (Siirek and Uzun 2020; Yetim et al.
2020).

Therefore, before starting production on a large scale, it is necessary to investigate consumer opinions, benefit-
interest relationships, cost and economic dimensions, public health and food safety dimensions, belief
dimensions, ethical and social issues regarding artificial meat (Schaefer and Savulescu 2014; Pakseresht et al.
2022).

Age is one of the main factors affecting people's food choices. Therefore, it is important to determine the food
preferences of age groups (Grasso et al. 2019). Generation Z, which represents a specific age group, refers to
people born in the digital age between the late 1990s and early 2000s. In 2020, approximately 30% of the
world's population (2 billion) consists of generation Z (Zuo et al. 2022). It is predicted that Generation Z will
play an important role in the economic, decision-making, political and social change of the future (Bogueva
and Marinova 2020). Generation Z, the world's largest consumer group, influences a food's desirability,
purchasing ability and food consumption (Su et al. 2019). Generation Z prefer foods that make a good
impression, reliable and transparent food(s) sources, branded products that meet expected standards, and foods
that are globally trending on social media (Su et al. 2019; Szakaly et al. 2018; Kamenidou et al. 2018)
Therefore, it is important to determine the food preferability of generation Z and to develop products according
to the needs of this generation.
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The aim of this study is to examine the perceptions of young people between the ages of 18-22 in Turkiye,
studying at universities and representing generation Z regarding the consumption of artificial meat and to
determine whether there will be a consumer base for artificial meat in Turkiye in the coming years.

MATERIAL AND METHODS

Working Group

The study group of this research consists of individuals between the ages of 18-22, representing Generation Z,
studying at any university and participating in the Teknofest (technology festival where competitors participate
in every region of the country) event held at Istanbul Atatiirk Airport between 27 April 2023 and 1 May 2023.
Before the questions were asked, the participants were informed about artificial meat as follows; Artificial
meat, also known as cultured meat, in vitro meat, cultivated meat, lab meat, clean meat and synthetic meat, is
a novel food produced in laboratories using animal muscle stem cells, but does not come directly from a living
animal and which proliferate in culture. To be simple, cultured meat is the meat grown in vitro from cell
reproduction. The cell is from an animal and the vitro contains required nutrients. Nutritional contents in the
meat can be customized to meet different demands for nutrition.

Research Pattern

Our research consists of both open-ended and closed-ended survey questions. Our research consists of both
open-ended and closed-ended survey questions. In the survey prepared for the participants within the scope of
the research, two closed-ended questions were asked as “yes” and “no” about whether they would consume
artificial meat. Following this, open-ended questions were asked to reveal the reasons according to the answers
given by the participants to the closed-ended questions. Quantitative descriptive statistics were used for closed-
ended questions and qualitative descriptive analysis was used for open-ended questions. Therefore, this
research is a survey study in which different question patterns are used. Blyikoztirk and Demirel (2018)
stated that open-ended survey studies are included in qualitative patterns.

Data Collection Tool

In our research, a questionnaire interview form consisting of two parts was used and the questions in these
prepared parts were asked to the participants. The first part of the form we prepared consists of various
demographic information and the other part consists of interview questions. In essence, our aim in the questions
asked was to reveal the attitudes and perspectives of the participants towards the consumption of artificial
meat.

Data Collection

The participants were first asked for permission for the study and the interviews were recorded accordingly.
The preference for an interview in this way was aimed both to be prepared for the interview in line with the
study plan and to ensure that the questions related to the study were answered in a sincere and natural way in
a natural environment (Karasar, 2008). Since the age criterion we determined for our study is important, the
participants suitable for the purpose of our study were selected from young people in the Z generation between
the ages of 18-22. First of all, participants were asked the first part of our questions consisting of various
demographic information. Then, the questions that will reveal the attitudes and perceptions of the participants,
which will reveal the main purpose of our research, were started.

Data Analysis

Following the completion of the interviews with the students within the framework of the research, the data
analysis process began. First, the audio recordings were transcribed. Afterwards, these interviews were
transferred to the Maxqda 20 Package Program, and then the analysis steps were started. 124 participants out
of 227 participants gave detailed explanations about whether they would consume artificial meat or not, and
the data of these participants were included in the qualitative analysis. In qualitative research, it is possible to
mention some steps that will guide the researcher (Pietkiewicz et al. 2014). Of course, these steps should not
be perceived as definitive steps. Based on these, the data obtained were first read once to ensure the
comprehensibility of the data. Then, coding was done with the second reading. Following the coding, sub-
themes and themes were formed by bringing together the relevant codes.
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Three ways are suggested in the analysis of qualitative data. The first way is to present the data with a
descriptive approach without distorting the originality by taking the participant statements directly and
adhering to the originality of the data obtained as much as possible. The second way is to present the data with
a descriptive approach, and a number of themes are determined and relations between these themes are
established. In the third way, the researcher analyzes the data by adding his/her own interpretations alongside
the participants' statements. In the research, the data can be analyzed by using these three ways (Yildirim and
Simsek 1999).

RESULTS

Data were collected from a total of 227 individuals, 95 (41.85%) female and 132 (58.15%) male participants.
It was observed that all individuals participating in the research were students. With the analysis of the data
obtained from the participants, it is understood that the statements of the participants are shaped around two
main themes. The first theme's reasons for preferring to consume artificial meat, the second theme's reasons
for not consuming artificial meat. Our findings are presented below.

Artificial Meat Consumption Preferences

The question of whether or not they would consume artificial meat was asked to 227 individuals participating
in the research, along with its justification. While 77 (33.92%) people who participated in the research reported
that they would consume artificial meat, 150 (66.07%) stated that they would not (Figure 1). 29 (30.52%)
female participants and 45 (34.09%) male participants stated that they can consume artificial meat (Figure 2).
The findings regarding the reasons for both consumption and non-consumption of these people are presented
below.

77

(% 33,92)

150
66,07)

= | consume # | don't consume

Figure 1. Artificial meat consumption preference rates of the participants

Male Famale
45 29
(% 34,09) (% 30,52)

87
(% 65,91) 66
(% 69,48)
@ | consume % | don't consume s | consume = | don't consume
Figure 2. Artificial meat consumption preference rates by gender
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Reasons for Consuming Artificial Meat

In this section, the sub-themes of the emerging theme regarding the reasons for consuming artificial meat are

presented.
If It Meets Daily Mutrition For the Protection of the If the Price is Affordable (3)
Meeds (13) En«.rironr‘neni(gl
\\\ P
cm ~ -
If | Have to (2)™—__ \ o
T~ -
"'“'--(le_-_-—--""'__ Because It is Easily Digested
- (1)
(o_J= I Prefer to Consume Artificial Meat (0)
If Proven to be Healthy (21 L--"'"/. | x‘
— ' e
@‘ @ If 1 Want It (3)

Out of Curiosity (13) To Protect Animals (10)

Figure 3. Sub-themes of the emerging theme about the reasons for consuming artificial meat

When Figure 3 is examined, it is seen that the participants mentioned some themes related to consuming

artificial meat. A few statements related to these themes are shown below.
e | think it can be digested more easily, so | consume. (K5)
I prefer to consume artificial meat as | am against killing animals. (K21)
I consume to prevent global warming caused by cows (K43)
I consume so that animals are not slaughtered for our sustenance (K63)
I consume out of curiosity (K80)
If it is proven to be healthy, I will consume it. (K82)
I'd be curious and consume it. If I liked it, I'd consume it all the time. (K95)

the environment. (K104)
I consume because it will ensure animal welfare and prevent cruelty to animals (K110)
I will consume it if the price is affordable (K127)

If it will prevent animal trade and have the same nutritional values, | will consume it. (K153)
Although | am not a big meat eater, | may consume it out of curiosity. However, | would not prefer to

As long as the nutritional values are the same and there are no bad side effects, | consume it to protect

consume artificial meat produced entirely in laboratories. My first preference would be animal

production (K185)
e Although I am not sure, | consume it because I think there is such a need. (K198)

Yes, to prevent the damage to nature and animals caused by the animal slaughter industry. (K220)

In the question we posed to the participants regarding the consumption of artificial meat, it ranked first in the
statements given by the participants with the statement "I would consume artificial meat if it is proven to be
healthy"” (21). In addition, when we look at the other reasons for consumption respectively, they stated that
they would consume it if it meets my daily nutritional needs (13), out of curiosity (13), to protect animals (10),
to protect the environment (9), if | feel like it (3), if the price is affordable (3), if | have to (2) and because it is

easily digestible (1).
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Reasons for Not Consuming Artificial Meat
In this section, the sub-themes of the emerging theme regarding the reasons for not consuming artificial meat
are presented.

Since It Does Not Hawve In Order Mot to Adversely It Can Damage the Ecological
Sufficient Mutritional Valus (17) Affect Livestock (15) Balarce {8}
e -
'\\\ ////
There May Be Side Effects (15) . //
" -~
# \\ //
" //
C = ~ _ =ET]
Unhealthy (67) (E It's Mat Halal (1)

| Do Mot Prefer to Consume Artificial Meat (0)

It's Mot NMatural (45)
It May Contain Negative

Additives (5)
Figure 4. Sub-themes of the emerging theme about the reasons for not consuming artificial meat
Figure 4 shows the sub-themes obtained in the research based on the question asked to the participants
regarding the reasons for not consuming artificial meat. Some statements regarding participant attitudes are
presented below:
e Because it will interfere with animal husbandry. I think the ecosystem will deteriorate even
more with the decrease in animal husbandry. (K1)
e Because it is not known how it will affect the human body after years, | will not consume it.
(K12)
e | do not consume it because | think it does not contain enough nutrients. | think it will be
problematic in terms of health in the future. (K54)
e | think the natural balance should not be disturbed (K121)
e | think it will have very low nutritional value. | find it unhealthy because it will contain
additives. (K156)
¢ | think it will have negative impacts on ecosystem and human health (K166)
e | don'tthink it's halal (K184)
e | think it may be harmful to health and cause ecological disturbance. If conditions prove
favorable, | can consume. (K186)
e | do not trust products produced in a laboratory environment because | think that hormonal
foods shorten human life and degrade quality. (K199)
o | prefer everything natural to live in a healthier way (K204)

In the question we asked the participants regarding the reasons for not consuming artificial meat, it is seen that
the participants stated that they do not prefer to consume artificial meat, with the highest answer because it is
unhealthy (67) and may have side effects related to this theme (15). Considering the statements they gave
respectively, they stated that they would not consume artificial meat for reasons such as it is not natural (45),
it does not have sufficient nutritional value (17), in order not to negatively affect animal husbandry (15), it
may harm the ecological environment (6), it may contain negative additives (5) and it is not halal (1).

DISCUSSION

Of the 227 individuals who participated in the study, 77 (33.92%) stated that they could consume artificial
meat, while 150 (66.07%) stated that they would not. In a study on the artificial meat consumption preference
of Generation Z living in Sydney, Australia, similar results were reported (72% of 227 participants would not
consume artificial meat) (Bogueva and Marinova 2020). In studies on artificial meat consumption preference
in many other countries, it is seen that the preferability of artificial meat varies between 30-50%. In the study
conducted by Chriki et al. (2021) on the artificial meat consumption preference of the people of Brazil, 46.6%
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of the 4471 participants who participated in the survey reported that artificial meat was promising and
acceptable In a study conducted by Gousset et al. (2022) on the artificial meat consumption preference of the
people of France, it was reported that while the majority of those surveyed were willing to try this product
(80%), only 35.6% were willing to eat it regularly. In the study conducted by Faletar and Cerjak (2022) on the
artificial meat consumption preference of the people of Croatia, it is reported that 40.9% of the 411 participants
who participated in the survey are curious about and want to consume artificial meat. In a study conducted by
Francekovi¢ et al. (2021) on the artificial meat consumption preference of the people of Croatia, Greece, and
Spain, 43.5% of the 2007 participants who participated in the survey stated that they would try artificial meat.
Even if a little variability of consumption choices according to the work results can be explained by the style
of expressing the survey questions, the difference between the age and the maturity of the participants, and the
unsteadiness of participant numbers.

Age and gender are major factors influencing people's food choices (Grasso et al. 2019). Studies show that
younger participants have the highest willingness to consume artificial meat compared to older participants. In
a study conducted in the USA, it is reported that especially young people are more inclined to try artificial
meat, and 51% of individuals aged 18-29 are willing to try artificial meat (Johnson et al. 2018). A study
conducted in Germany reports that children and adolescents are more willing to consume a burger made of
artificial meat than insects (Dupont and Fiebelkorn 2020). In this study, it is thought that the fact that the
preference for artificial meat consumption was at this rate (33.92%) may be due to the fact that the participants
were young. Gender is also reported to affect concerns about ethical and environmental problems caused by
the meat industry, views on meat consumption, and the perception of artificial meat in general (Wilks et al.
2019). When the results of this study are examined in terms of gender, 29 (30.52%) female participants and 45
(34.09%) male participants stated that they can consume artificial meat. In recent studies, it has been reported
that women tend to consume less artificial meat than men (Wilks et al. 2019; Bryant et al. 2020; Bryant and
Barnett 2018; Baum et al. 2022; Van Loo et al. 2020; Verbeke et al. 2021; Zhang et al. 2020). However, other
studies have reported that female participants were more willing to consume artificial meat (Heidemann et al.
2020; Chriki et al. 2021). Such a discrepancy between studies can be explained by the interaction between age
and gender (Hocquette et al. 2015) and the unequal number of men and women surveyed.

It is argued that young people's enthusiasm for artificial meat consumption is due to their greater concern for
animal welfare issues and environmental issues (De Backer and Hudders 2015). Our results support this
opinion. Of the participants who said they would consume artificial meat, 10 individuals stated that they would
consume artificial meat for the protection of animals and 9 individuals for the protection of the environment.
On the contrary, it is seen that 6 individuals who said that they do not consume artificial meat think that
artificial meat harms the ecological environment. In addition, it is seen that 15 individuals who said they do
not consume artificial meat answered that they do not consume it in order not to negatively affect animal
husbandry. When the individuals who gave this answer were questioned, it was determined that their families
were engaged in animal husbandry or received education related to agriculture and husbandry. Therefore, it
was concluded that individuals interested in agriculture and animal husbandry were against artificial meat.

It is reported that young individuals in the generation Z prefer globally trending foods on social media (Su et
al. 2019; Szakaly et al. 2018; Kamenidou et al. 2018) In the study, it is seen that 13 individuals who say that
they consume artificial meat give the answer that they consume artificial meat because they are curious about
it. It is thought that the fact that artificial meat is a new food product and that this issue is constantly on the
agenda on social media has triggered the participants' curiosity.

It is said that before the production and commercialization of artificial meat there were many problems of
concern (Unver Algay et al. 2018). One of the most important concerns in the studies is that artificial meat is
not natural, safe and healthy (Chriki et al. 2021; Bogueva and Marinova 2020; Bryant and Barnett 2018; Bryant
et al. 2020; Liu et al. 2021; Gousset et al. 2022). In the current study, it is seen that the first (67 individuals)
reason for not preferring artificial meat consumption is claimed to be unhealthy. In fact, it is seen that most of
the participants who said that they would not consume artificial meat (21 individuals) answered that they would
consume it if it was proven to be healthy. The perception that artificial meat is not natural and safe also
emphasizes that it prevents the consumption of artificial meat (Siegrist and Hartmann 2020; Tomiyama et al.
2020; Verbeke et al. 2015; Wilks et al. 2021; Rosenfeld and Tomiyama 2022) In the current study, it is seen
that it is suggested that it is not natural (45 individuals) among the reasons why artificial meat consumption is
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not preferred. In addition, 5 individuals state that they do not find artificial meat safe as it may contain
additives. Therefore, the findings of the study are quite consistent with the literature.

The nutritional quality of artificial meat can theoretically be controlled by adjusting the fat compositions used
in the production environment. However, controlling the composition of animal-specific micronutrients (such
as vitamin B12 and iron) of artificial meat is still unproven (Chriki et al. 2021) According to the results of the
study, it is seen that 17 individuals who say they do not consume artificial meat think that artificial meat does
not have sufficient nutritional value. In fact, it is seen that 13 individuals who say that they will consume
artificial meat think that they will consume artificial meat if it meets their daily nutritional needs. Therefore, it
is thought that artificial meat should be carefully controlled and documented in terms of nutritional value.

According to the results of the study, the price of artificial meat was also among the reasons for preference. It
is seen that 3 individuals who say that they will consume artificial meat give the answer that if the price is
appropriate, they will consume it. As a matter of fact, studies have also reported that low-income participants
prefer artificial meat more. (Chriki et al. 2021; Liu et al. 2021). It is thought that the fact that the participants
are young and students who are just starting to be economically independent affects their orientation towards
alternative and cheap products.

Acrtificial meat, like any other new technology, raises numerous ethical, philosophical and religious
guestions. In fact, due to the uncertainties involved in the production of artificial meat, religious authorities
are still debating these issues (Chriki et al. 2021). In the current study, even if it is at a low rate, an individual
who says that he/she does not consume artificial meat states that he/she would not consume artificial meat
because he/she thinks that it is not halal.

CONCLUSION

As a result, contrary to expectations, generation Z living in Turkiye has a high potential to consume artificial
meat. It was determined that the fact that the consumption rate was not higher was due to the fact that the
participants were concerned at many points. It was seen that the main concerns were that it was unhealthy,
unnatural, insufficient in terms of nutritional value, unsafe, negatively affecting animal husbandry and posing
a problem in terms of belief. Therefore, before starting the production and placing on the market of artificial
meat on a large scale, efforts should be made to address these concerns and raise consumer awareness regarding
artificial meat. As long as the concerns of the participants are clarified, we foresee that there will be a more
serious increase in the artificial meat consumption potential of the generation Z, which will represent the
Turkish population in the future.

Conflict of interest

The author declares that for this article they have no actual, potential, or perceived conflict of interest.
Author contribution

All authors contributed to the creation and design of the study. Mehmet Emin AYDEMIR and Kasim TAKIM
conducted the literature review. Yusuf Taha OKAN designed the statistical plan, performed the analyzes and
interpreted the data. Mehmet Emin AYDEMIR wrote the first draft. All authors critically reviewed this and
previous versions of the document.

Ethical approval

Ethics committee certificate numbered 10.03.2023-213758 was obtained from Harran University Social and
Human Sciences Ethics Committee for this study.

REFERENCES

Aydemir, M. E., Okan, Y. T., & Takim, K. (2023). Generation Z consume animal-free milk? A Turkiye experience. Food
and Health, 9(3), 254-261.

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

185

Aydemir et al. / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 177-186

Baum, C. M., Verbeke, W., & De Steur, H. (2022). Turning your weakness into my strength: How counter-messaging on
conventional meat influences acceptance of cultured meat. Food Quality and Preference, 97, 104485.

Bhat, Z. F., Kumar, S., & Fayaz, H. (2015). In vitro meat production; Challenges and benefits over conventional meat
production. Journal of integrative agriculture, 14(2), 241-248.

Bhat, Z. F., Kumar, S., & Bhat, H. F. (2017). In vitro meat: A future animal-free harvest. Critical reviews in food science
and nutrition, 57(4), 782-789.

Bogueva, D., & Marinova, D. (2020). Cultured meat and Australia's generation Z. Frontiers in Nutrition, 7, 148.

Bryant, C., & Barnett, J. (2018). Consumer acceptance of cultured meat: A systematic review. Meat science, 143, 8-17.

Bryant, C., van Nek, L., & Rolland, N. C. (2020). European markets for cultured meat: A comparison of Germany and
France. Foods, 9(9), 1152.

Biiyiikoztiirk, S., Kilig-Cakmak, E., Akgiin, O., Karadeniz, S., & Demirel, F. (2008). Bilimsel arastirma yontemleri.

Chriki, S., Payet, V., Pflanzer, S. B., Ellies-Oury, M. P., Liu, J., Hocquette, E., ... & Hocquette, J. F. (2021). Brazilian
consumers’ attitudes towards so-called “cell-based meat”. Foods, 10(11), 2588.

Cakmak, O., Ergene, E., Acardz, U., & Aldemir, T. (2023). Yapay Et Uretiminde Teknolojik Gelismeler Ve Endiistrisinin
Gelecegi. Veteriner Farmakoloji ve Toksikoloji Dernegi Biilteni, 14(1), 1-15.

Datar, I., & Betti, M. (2010). Possibilities for an in vitro meat production system. Innovative Food Science & Emerging
Technologies, 11(1), 13-22.

De Backer, C. J., & Hudders, L. (2015). Meat morals: relationship between meat consumption consumer attitudes towards
human and animal welfare and moral behavior. Meat science, 99, 68-74.

Dupont, J., & Fiebelkorn, F. (2020). Attitudes and acceptance of young people toward the consumption of insects and
cultured meat in Germany. Food Quality and Preference, 85, 103983.

Ebcim, B. C., Nakilcioglu-Tas, E., & Otles, S. (2021). In Vitro Etin Uretimi ve Besleyici Degeri. Sinop Universitesi Fen
Bilimleri Dergisi, 6(2), 189-201.

Faletar, 1., & Cerjak, M. (2022). Perception of Cultured Meat as a Basis for Market Segmentation: Empirical Findings
from Croatian Study. Sustainability, 14(12), 6956.

Food and Agriculture Organization of the United Nations (FAO). (2011). World livestock 2011-livestock in food security.
FAQ Publications. https://www.cabdirect.org/cabdirect/abstract/20113401059 (Accessed 08.05.2023).
Francekovi¢, P., Garcia-Torralba, L., Sakoulogeorga, E., Vuckovié, T., & Perez-Cueto, F. J. (2021). How do consumers

perceive cultured meat in Croatia, Greece, and Spain?. Nutrients, 13(4), 1284.

Gousset, C., Gregorio, E., Marais, B., Rusalen, A., Chriki, S., Hocquette, J. F., & Ellies-Oury, M. P. (2022). Perception
of cultured “meat” by French consumers according to their diet. Livestock Science, 260, 1049009.

Grasso, A. C., Hung, Y., Olthof, M. R., Verbeke, W., & Brouwer, 1. A. (2019). Older consumers’ readiness to accept
alternative, more sustainable protein sources in the European Union. Nutrients, 11(8), 1904.

Heidemann, M. S., Taconeli, C. A., Reis, G. G., Parisi, G., & Molento, C. F. (2020). Critical perspective of animal
production specialists on cell-based meat in Brazil: From bottleneck to best scenarios. Animals, 10(9), 1678.

Hocquette A, Lambert C, Sinquin C, Peterolff L, Wagner Z, Bonny SPF, Lebert A, Hocquette JF 2015. Educated
consumers don’t believe artificial meat is the solution to the problems with the meat industry. J Integ Agric.
14(2):273-284

Johnson, W., Maynard, A., & Kirshenbaum, S. (2018). Consumers Aren’t Necessarily Sold on ‘Cultured Meat’. The
Conversation.

Johnson, W., Maynard, A., & Kirshenbaum, S. (2018). Consumers Aren’t Necessarily Sold on ‘Cultured Meat’. The
Conversation.  https://theconversation.com/would-you-eat-meat-from-a-lab-consumers-arent-necessally-sold-
on-cultured-meat-100933 (Accessed 08.05.2023)

Kamenidou, I. E. C., Mamalis, S. A., & Dimitriadis, E. (2018). Generation Z perceptions of quality certification: A cross-
national study. International Journal of Food and Beverage Manufacturing and Business Models
(1IJFBMBM), 3(1), 23-41.

Karasar. N. (2008). Bilimsel Arastirma Yontemi. Nobel Yaymn Dagitim, Ankara

Liu, J., Hocquette, E., Ellies-Oury, M. P., Chriki, S., & Hocquette, J. F. (2021). Chinese consumers’ attitudes and potential
acceptance toward artificial meat. Foods, 10(2), 353.

Pakseresht, A., Kaliji, S. A., & Canavari, M. (2022). Review of factors affecting consumer acceptance of cultured
meat. Appetite, 170, 105829.

Pietkiewicz, 1., & Smith, J. A. (2014). A practical guide to using interpretative phenomenological analysis in qualitative
research psychology. Psychological journal, 20(1), 7-14.

Post, M. J., Levenberg, S., Kaplan, D. L., Genovese, N., Fu, J., Bryant, C. J.,, ... & Moutsatsou, P. (2020). Scientific,
sustainability and regulatory challenges of cultured meat. Nature Food, 1(7), 403-415.

Rosenfeld, D. L., & Tomiyama, A. J. (2022). Would you eat a burger made in a petri dish? Why people feel disgusted by
cultured meat. Journal of Environmental Psychology, 80, 101758.

Schaefer, G. O., & Savulescu, J. (2014). The ethics of producing in vitro meat. Journal of applied philosophy, 31(2), 188-
202.

Siegrist, M., & Hartmann, C. (2020). Perceived naturalness, disgust, trust and food neophobia as predictors of cultured
meat acceptance in ten countries. Appetite, 155, 104814.

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

186

Aydemir et al. / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 177-186

Smil, V. (2002). Worldwide transformation of diets, burdens of meat production and opportunities for novel food
proteins. Enzyme and Microbial technology, 30(3), 305-311.

Su, C. H.,, Tsai, C. H., Chen, M. H., & Lv, W. Q. (2019). US sustainable food market generation Z consumer
segments. Sustainability, 11(13), 3607.

Siirek, E., & Pinar, U. Z. U. N. (2020). Gelecegin alternatif protein kaynagi: Yapay et. Akademik Gida, 18(2), 209-216.

Szakdly, Z., Kontor, E., Kovécs, S., Popp, J., Peté, K., & Polereczki, Z. (2018). Adaptation of the Food Choice
Questionnaire: the case of Hungary. British Food Journal, 120(7), 1474-1488.

Tomiyama, A. J., Kawecki, N. S., Rosenfeld, D. L., Jay, J. A., Rajagopal, D., & Rowat, A. C. (2020). Bridging the gap
between the science of cultured meat and public perceptions. Trends in Food Science & Technology, 104, 144-
152.

Algay, A. U., Saglam, A., YALCIN, S., & Bostan, K. (2018). Possible protein sources for the future. Akademik
Gida, 16(2), 197-204.

Van Loo, E. J., Caputo, V., & Lusk, J. L. (2020). Consumer preferences for farm-raised meat, lab-grown meat, and plant-
based meat alternatives: Does information or brand matter?. Food Policy, 95, 101931.

Verbeke, W., Hung, Y., Baum, C. M., & De Steur, H. (2021). The power of initial perceived barriers versus motives
shaping consumers’ willingness to eat cultured meat as a substitute for conventional meat. Livestock
Science, 253, 104705.

Verbeke, W., Marcu, A., Rutsaert, P., Gaspar, R., Seibt, B., Fletcher, D., & Barnett, J. (2015). “Would you eat cultured
meat?’: Consumers' reactions and attitude formation in Belgium, Portugal and the United Kingdom. Meat
science, 102, 49-58.

Wilks, M., Hornsey, M., & Bloom, P. (2021). What does it mean to say that cultured meat is unnatural?. Appetite, 156,
104960.

Wilks, M., Phillips, C. J., Fielding, K., & Hornsey, M. J. (2019). Testing potential psychological predictors of attitudes
towards cultured meat. Appetite, 136, 137-145.

Wosczyna, M. N., & Rando, T. A. (2018). A muscle stem cell support group: coordinated cellular responses in muscle
regeneration. Developmental cell, 46(2), 135-143.

Yetim, H., & Tekiner, 1. H. (2020). Alternatif protein kaynaklarindan yapay et iiretimi kavramina elestirel bir bakis. Helal
ve Etik Aragtirmalar Dergisi, 2(2), 85-100.

Yildirim, A., & Simsek, H. (1999). Sosyal bilimlerde nitel arastirma yontemleri (11 baski: 1999-2018).

Zhang, G., Zhao, X., Li, X., Du, G., Zhou, J., & Chen, J. (2020). Challenges and possibilities for bio-manufacturing
cultured meat. Trends in Food Science & Technology, 97, 443-450.

Zuo, Y., Zhang, K., Xu, S., Law, R., Qiu, Q., & Zhang, M. (2022). What kind of food can win Gen Z’s favor? A mixed
methods study from China. Food Quality and Preference, 98, 104522.

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

Manas Journal of Agriculture Veterinary and Life Sciences

ISSN/e-ISSN 1694-7932
Volnme 13 (Issne 1) (2023) Pages 187-195

Review Article

Chemical Characteristics and Biotechnological Potentials of Mumio
Anarhan ABYLAEVA®! Yilmaz KAYA ®1%*,

! Department of Biology, Faculty of Sciences, Kirgizistan Kyrgyz-Turkish Manas University, Bishkek,
Kyrgyzstan
2 Department of Agricultural Biotechnology, Faculty of Agriculture, Ondokuz Mayis University, Samsun,
Turkiye

*Corresponding author e-mail: yilmaz.kaya@omu.edu.tr

ARTICLE
ABSTRACT INEO
Mumio is a valuable substance that ranges in color from pale brown to blackish-brown and is obtained Received:
from rock layers in various mountain ranges worldwide, particularly in the Tien Shan ranges of 14.07.2023
Kyrgyzstan. It is also a natural chemical found largely in the Himalayas, created over ages by the Accepted:

progressive degradation of particular plants by bacteria. Mumio is essentially a nutraceutical product 04.11.2023
with considerable human health advantages. To fully appreciate the predicted impact of mumio use in

the medical area, particularly in neurological sciences, more research at both the fundamental biology

level and through well-designed clinical trials is required. This involves a thorough examination of the

various organic and inorganic elements that contribute to Mumio's therapeutic efficacy.The paper also

dives into the results of Mumio's comprehensive biological and biotechnological analyses. These

scientific research have revealed the mechanisms of action of this natural chemical and confirmed its

medicinal claims. The article seeks to offer a full review of Mumio by merging traditional medicine

knowledge, chemical analysis, and scientific assessments, stressing its relevance in traditional medicine

and its potential for life science activities.

Keywords: Mumio,Therapeutic value, Traditional medicine

Cite this article as: Abylaeva, A., & Kaya, Y. (2023). Chemical Characteristics and Biotechnological Potentials of
Mumio.  Manas  Journal of  Agriculture  Veterinary and  Life  Sciences, 13(2), 187-195.
https://doi.org/10.53518/mjavl.1327332

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
http://www.manas.edu.kg/
https://doi.org/10.53518/mjavl.1327332
https://orcid.org/0009-0002-0927-5978
https://orcid.org/0000-0003-1506-7913

188

Abylaeva & Kaya / Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 187-195

INTRODUCTION

Mumio (Shilajit) is a traditional medicine used for centuries due to its therapeutic properties (Kloskowski et
al., 2021; Rahmani et al. 2020; Wilson et al. 2011). It is a blackish-brown mineral resin found in the Himalayan
and Tian Shan mountains and composed of organic and inorganic compounds (Zandraa et al. 2021; Behrman
and Martin 2016). Mumio has been used in tradiotinal medicine for a wide range of health conditions including
diabetes, inflammation, and stress (Pandit et al. 2016).

In recent years, Mumio has gained increasing attention from the scientific community for its potential
therapeutic benefits (Sweah et al. 2023; Gheorghe et al. 2022; Oztiirk et al. 2022; Zandraa et al. 2021; Geggelen
cesur et al., 2019). A growing body of research has investigated the various bioactive components of Mumio,
including fulvic acid, humic acid, and various minerals, and their potential health benefits (Suraj et al. 2007).
Mumio samples obtained from different countries demonstrate similar physical properties and qualitative
chemical composition, although there may be variations in the percentage of certain constituents. One such
example is the solubility in water, which can vary based on the purity of mumio, as noted by Schepetkin et al.
in 2003. Consequently, physical properties such as solubility and pH are vital for quality control in mumio
production. Mumio, being a natural mineral substance, contains a diverse array of bioactive components, as
mentioned in the text. These components primarily consist of low and medium-molecular-weight non-humic
organic compounds, medium and high-molecular-weight dibenzo-pyrone-chromoproteins, and Metallo-
humates (fulvic acid). Furthermore, the humification process and the duration of mumio's residence on various
rock surfaces contribute to the formation of mumio with different grades and compositions of desirable and
undesirable constituents.

Despite the growing interest in Mumio, much is still to be learned about its therapeutic properties. While
numerous studies have been conducted to investigate the potential health benefits of Mumio, the mechanisms
of action of this substance still need to be fully understood. Moreover, there is still much debate regarding the
safety and efficacy of Mumio, particularly concerning long-term use (Cagno et al. 2015). Overall, our review
aims to evaluate the scientific evidence surrounding Mumio critically, aiming to inform future research and
biotechnological practice. By synthesizing the available evidence, we hope to shed light on the therapeutic
potential of this ancient Ayurvedic medicine and its potential use in modern medicine. We will also discuss
the potential side effects and safety concerns associated with Mumio, and highlight areas where further
research is needed.

Mumio in Ancient Texts

Mumio has a long history of use in traditional Ayurvedic medicine, and references to its medicinal properties
can be found in many ancient texts. The name "Shilajit" is derived from the Sanskrit word "shila," which means
rock or mountain, and "jit," which means conqueror or destroyer. This name reflects the belief that Mumio is
a powerful substance that can overcome disease (Ghosal 1993).

In Central Asia, especially in countries such as Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan, mumio
has been used for centuries for traditional medicinal and health purposes. In this region, mumio is believed to
have energizing properties, immune-boosting effects, and anti-aging benefits. It is also used as a remedy for
wound healing, reducing inflammation, treating skin issues, and as a general health tonic (Garedew et al., 2004;
Aiello et al., 2011).

One of the earliest references to Mumio can be found in the Charaka Sambhita, an ancient Ayurvedic text that
dates back to the 6th century BC. In this text, Mumio is described as a substance that can improve physical
strength and endurance, and is particularly effective in treating urinary tract diseases and the reproductive
system (Ghosal 1992). Another important Ayurvedic text that mentions Mumio is the Sushruta Samhita, which
dates back to the 3rd or 4th century BC. In this text, Mumio is described as a substance that can help promote
overall health and longevity, and is particularly effective in treating diseases of the respiratory, digestive, and
nervous systems (Suraj et al. 2007).

In addition to these Ayurvedic texts, Mumio is also mentioned in many other ancient texts, including the
Rigveda and the Atharvaveda. In these texts, Mumio is a substance that can promote longevity and improve
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overall health and is often associated with the god of medicine and healing(Pravin 2022). The long history of
use of Mumio in traditional Ayurvedic medicine underscores its importance as a therapeutic substance. While
the exact mechanisms of action of Mumio are not fully understood, the ancient texts suggest that it has a wide
range of potential health benefits and has been valued for its medicinal properties for thousands of years. As
we continue to investigate the potential therapeutic uses of Mumio, it is crucial to keep in mind the wisdom of
the ancient texts and the long history of the use of this powerful substance (Meena et al. 2010).

Origin of Mumio

Certainly, Mumio is a natural substance that has been used for centuries in traditional Ayurvedic medicine. It
is a sticky, tar-like substance found in high altitude regions of the Himalayas and other mountain ranges in
Asia, Europe, and North America (Shakir et al. 1965; Wilson et al., 2011).

The origins of mumio are mysterious, but it has been formed from the decomposition of plant matter over
thousands of years. As plants die and decompose in these high-altitude regions, the organic matter is
compressed and mixed with rocks and minerals, forming a thick, black substance that oozes out of cracks in
the mountainside (Mirza et al. 2010).

Mumio is often harvested by local villagers, who scrape it from the rocks and use it for medicinal purposes. In
Ayurvedic medicine, mumio is believed to have many health benefits including improving cognitive function,
boosting energy and stamina, and reducing inflammation. Modern research has also shown that mumio
contains various bioactive compounds, including fulvic acid, humic acid, and trace minerals, which may
explain its medicinal properties (OjhaRicha et al. 2021).

Overall, while the exact origins of mumio are still a mystery, it is clear that this unique natural substance has
played an essential role in traditional medicine for centuries and continues to be the subject of research today.

Varieties of Mumio

Mumio is a complex substance composed of a variety of organic and inorganic compounds. The composition
of Mumio can vary depending on a number of factors, including its source, extraction method, and processing.
In this section, we will discuss the different varieties of Mumio and their chemical compositions (Ghosal 1990;
Pandey 2019). One of the most common types of Mumio is the Himalayan Mumio which is found in the
Himalayan mountain range in India, Nepal, Bhutan, and Tibet. This type of Mumio is composed of a mixture
of organic and inorganic compounds, including humic acid, fulvic acid, trace minerals, and other bioactive
compounds. Himalayan Mumio is often considered the most potent and valuable form of Mumio due to its
high levels of fulvic acid, which is believed to be responsible for many of its health benefits (Datta 1877;
Ghosal 1990).

Another variety of Mumio is the Altai Mumio which is found in the Altai mountains of Siberia. This type of
Mumio is also composed of various organic and inorganic compounds, but it differs from Himalayan Mumio's
chemical composition. Altai Mumio is particularly rich in minerals such as iron, calcium, and magnesium and
is believed to have potent antioxidant and anti-inflammatory properties (Schepetkin et al. 2009).

Several other types of Mumio are found in different regions including Caucasus Mumio, Pamir Mumio, Tien
shan Mumio and Andean Mumio. Each of these types of Mumio has a unique chemical composition and is
believed to have its own set of therapeutic properties (Raisa and Swati 2018). It is important to note that the
quality and composition of Mumio can vary depending on the source and processing method. In order to ensure
that YOU are getting a high-quality and authentic form of Mumio, it is crucial to purchase from a reputable
supplier and look for products that have been independently tested for purity and potency (Ghosal 1990).

As we continue to investigate the potential uses of Mumio has a variety of possible health advantages in
contemporary medicine, and the chemical composition of each form of Mumio may play a role in its
therapeutic characteristics. Therefore, it is critical to study the chemical composition of different varieties of
Mumio and their potential impacts on human health.
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Chemical Constituents

Mumio is a complex substance that contains various bioactive compounds including fulvic acid, humic acid,
and trace minerals. These compounds are thought to be responsible for many of mumio's health benefits
(Choudhary et al. 2016; Pravin 2022).

Fulvic acid is an organic acid found in soil, sediment, and water. It is a natural chelator, which means that it
binds to and helps transport minerals in the body. Fulvic acid is also an antioxidant, which can help protect
cells from damage caused by free radicals (Carrasco-Gallardo and Maccioni 2012; Ding et al., 2020).

Humic acid is another type of organic acid that is found in soil and sediment. Like fulvic acid, it is a natural
chelator and antioxidant. In addition, humic acid has been shown to have anti-inflammatory and
immunomodulatory properties, which means that it can help regulate the immune system and reduce
inflammation (Carrasco-Gallardo and Maccioni 2012; Zhao, et al., 2018).

Mumio also contains a variety of trace minerals including iron, magnesium, zinc, and copper. These minerals
are essential for many functions in the body consisting of producing red blood cells, regulating blood sugar
levels, and maintaining healthy bones and muscles (Assegid et al. 2004; Chavda et al., 2022).

In addition to these compounds, mumio contains other bioactive substances, such as dibenzo-a-pyrones,
phenolic acids, and terpenoids. These compounds have been shown to have a variety of health benefits,
including antioxidant, anti-inflammatory, and antimicrobial properties (Kishor and Nagendra 2012; Chavda et
al., 2022).

Overall, the chemical constituents of mumio are diverse and complex and are thought to be responsible for
many of its medicinal properties. While further research is needed to understand the mechanisms behind these
effects fully, it is clear that mumio contains a wealth of bioactive compounds that may have significant health
benefits

Uses of Mumio in Traditional Medicine

Mumio has been used for centuries in traditional medicine for a variety of health conditions, and recent research
has shown that it has a wide range of therapeutic potential. Here are some examples of the therapeutic potential
of mumio. It has been used in traditional medicine for centuries, particularly in Ayurveda, India's traditional
system of medicine. It is believed to have many health benefits and has been used to treat many ailments
(Chopra et al. 1958; Pandey, 2019).

Mumio is commonly used as an adaptogen in traditional medicine, which implies that it helps the body adapt
to stress and preserve equilibrium. Mumio is believed to improve energy and stamina, reduce fatigue, and
enhance physical and mental performance. It is also used to treat anxiety and depression and improve memory
and cognitive function (Cornejo et al. 2011).

Mumio is also believed to have a variety of other health benefits including improving digestion, reducing
inflammation, and boosting the immune system. It is often used to treat respiratory disorders such as asthma
and bronchitis and skin conditions such as eczema and psoriasis. It is also a general tonic to improve overall
health and well-being (Shalini and Srivastava 2009).

In Ayurveda, mumio is often combined with other herbs and minerals to create specialized formulations for
specific health conditions. For example, it may be combined with ashwagandha to treat stress and anxiety with
triphala to improve digestion and detoxification (Wilson et al. 2011). While many of the traditional uses of
mumio have yet to be extensively studied in modern research, there is some evidence to support its use for
specific health conditions. For example, several studies have shown that mumio can help reduce inflammation
and oxidative stress, which may be beneficial for conditions such as arthritis and diabetes (Wilson et al. 2011).
Overall, mumio has a long history of use in traditional medicine and is believed to have many health benefits.
While more research is needed to understand the mechanisms behind its effects fully, it is clear that mumio
has a unique and complex set of bioactive compounds that may be useful for various health conditions.
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Antioxidant Activity; Mumio has been found to have strong antioxidant and anti-inflammatory properties,
which may be beneficial for a wide range of health conditions. These properties may help protect cells from
oxidative damage and reduce inflammation, which is thought to be a contributing factor to many chronic
diseases (Bhattacharya and Sen 1995; Ghasemkhani et al., 2021 ). Mumio has been found to have significant
antioxidant activity, which may be one of the reasons for its many health benefits. Antioxidants are essential
because they help protect the body from damage caused by free radicals, unstable molecules that can damage
cells and contribute to many chronic diseases (Acharya et al. 1998). Mumio contains various bioactive
compounds with antioxidant properties, including fulvic acid, humic acid, and a range of phenolic compounds.
These compounds have been shown to scavenge free radicals and protect cells from oxidative stress (Ghosal
et al. 1989). One study published in the Journal of Ethnopharmacology found that mumio extract significantly
increased the activity of antioxidant enzymes such as superoxide dismutase (SOD) and catalase in rats. The
researchers concluded that mumio has a protective effect against oxidative stress, which may be beneficial for
a range of health conditions (Wilson et al. 2011). Another study, published in the Journal of Medicinal Food,
found that mumio extract potently scavenged free radicals in vitro (Khanna et al. 2015). The researchers also
found that mumio extract significantly increased the activity of glutathione, another important antioxidant in
the body (Amitava et al. 2016). Mumio's antioxidant properties may be particularly beneficial for specific
health conditions. For example, oxidative stress has been implicated in the development of many chronic
diseases, including cardiovascular disease, diabetes, and cancer. Mumio's ability to scavenge free radicals and
protect cells from oxidative stress may help reduce the risk of these conditions (Mishra et al. 2019). In addition
to its antioxidant activity, mumio has been found to have a range of other health benefits, including anti-
inflammatory, immunomodulatory, and antimicrobial properties. While more research is needed to understand
the mechanisms behind these effects fully, it is clear that mumio is a complex and unique natural substance
with a wide range of potential health benefits (Mishra et al. 2019).

Neuroprotective effects: Mumio has been found to have neuroprotective effects, which may be beneficial for
a range of neurological disorders. For example, one study published in the journal Neuropsychiatric Disease
and Treatment found that mumio improved cognitive function in patients with Alzheimer's disease (Wilson et
al. 201; Gregory et al., 2021).

Anti-inflammatory effects: Mumio has been found to have anti-inflammatory effects, which may benefit a
range of inflammatory conditions. For example, one study published in the journal Phytotherapy Research
found that mumio reduced inflammation and improved joint function in patients with osteoarthritis (Acharya
etal. 1988; Azizi, et al., 2018).

Anti-aging effects: Mumio has been found to have anti-aging effects, which may be due to its antioxidant
properties. One study published in the journal Pharmacology and Therapeutics found that mumio increased
the lifespan of fruit flies and improved their overall health (Mirza et al. 2010).

Sexual health benefits: Mumio has been found to have potential benefits for sexual health. One study published
in the Journal of Sexual Medicine found that mumio improved erectile dysfunction in male rats (Kaur et al.
2013; Kangari et al., 2022).

Anti-diabetic activity: As we discussed earlier, mumio has been found to have anti-diabetic activity and may
be a beneficial natural remedy for people with diabetes. Mumio has been shown to reduce blood glucose levels,
improve insulin sensitivity, and protect pancreatic beta cells (Schepetkin et al. 2002). It has been found to have
anti-diabetic activity, which may be one of the reasons for its many health benefits. Diabetes is a chronic
disease characterized by high blood sugar levels, affecting millions of people worldwide. There are many types
of diabetes, but the most common are type 1 diabetes and type 2 diabetes (Singh, 2016). Several studies have
investigated the effects of mumio on diabetes, and the results have been promising. For example, a study
published in the Journal of Ethnopharmacology found that mumio extract significantly reduced blood glucose
levels in diabetic rats. The researchers also found that mumio extract improved glucose tolerance and increased
insulin sensitivity in the rats (Goel et al. 1990). Another study, published in the journal Evidence-Based
Complementary and Alternative Medicine found that mumio extract significantly reduced fasting blood
glucose levels in patients with type 2 diabetes. The researchers also found that mumio extract improved insulin
sensitivity and reduced markers of inflammation in the patients (Choudhury et al. 2017). The mechanisms by
which mumio exerts its anti-diabetic effects have yet to be fully understood, but several studies have proposed
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various mechanisms. For example, mumio may help regulate glucose metabolism by increasing the activity of
certain enzymes involved in glucose metabolism or activating specific signaling pathways involved in insulin
secretion and action. Additionally, mumio may protect pancreatic beta cells, which are responsible for
producing insulin (Chepetkin et al. 2003). While more research is needed to understand the anti-diabetic effects
of mumio fully, the current evidence suggests that it may be a beneficial natural remedy for people with
diabetes. As with any treatment, it is essential to consult a healthcare provider before using mumio to manage
diabetes, especially if you take other medications or have other underlying health conditions. Overall, the
therapeutic potential of mumio is wide-ranging and promising. While more research is needed to fully
understand the mechanisms by which mumio exerts its therapeutic effects, the current evidence suggests that
it may be a beneficial natural remedy for many health conditions. As with any treatment, it is essential to
consult a healthcare provider before using mumio, especially if you are taking other medications or have other
underlying health conditions

Medicinal Drugs Containing Mumio

Mumio has been utilized in traditional medicine for millennia and is now being employed in modern
pharmaceuticals. Here are several medicines that include mumio. (Ghosal 1990).

Ayurvedic medicines: In Ayurveda, mumio is commonly used to treat various health conditions
including diabetes, anemia, and respiratory infections. Mumio is found in several Ayurvedic treatments,
including Chyawanprash, an immune-boosting herbal jam, and Triphala, a mixture of three fruits that supports
digestive health (Meena et al. 2010).

Dietary supplements: Mumio is also widely available as a dietary supplement. These supplements
may contain mumio extract, which is often standardized to a certain percentage of fulvic acid or other bioactive
compounds. Mumio supplements are marketed as a natural remedy for a range of health conditions, consisting
of fatigue, stress, and inflammation (Tyleret al. 2022).

Anti-aging products: Some anti-aging products contain mumio, which has been found to have
antioxidant and anti-inflammatory properties. These products may be in the form of creams, serums, or other
topical treatments (Warade and Bhosale 2023).

Traditional Chinese medicines: Mumio is also used in traditional Chinese medicine. It is known as
"fuling" in Chinese, and is used to treat conditions such as insomnia, anxiety, and digestive problems. Fuling
capsules containing mumio extract are a famous traditional Chinese medicine (Doosti et al. 2013).

Modern pharmaceuticals: Mumio is also being investigated as a potential ingredient in modern
pharmaceuticals. For example, one study published in the journal Biomolecules and Therapeutics found that a
compound derived from mumio could significantly reduce breast cancer cell growth in vitro (Ghosal et al.
1991).

CONCLUSION

Mumio is a powerful and highly secure dietary supplement with great potential to prevent various diseases.
However, its primary medical application seems to lie in its remarkable effects on cognition, making it a
promising option for preventing Alzheimer's disease. Mumio can be classified as a nutraceutical product,
bridging the gap between nutrition and pharmaceuticals. To fully comprehend the expected impact of Mumio
in medicine, particularly in the neurological sciences, it is imperative to conduct further investigations at the
fundamental biological level. Additionally, well-designed clinical trials are essential for unraveling the
molecular and cellular mechanisms through which its active constituents exert their beneficial effects.

Consequently, to ensure its therapeutic efficacy, purifying and standardizing mumio based on its bioactive and
associated constituents is imperative. This purification and standardization process is mandatory before its use
in therapeutic applications.

While mumio has been associated with antioxidant and immuno-modulatory properties, it is important to note
that the evidence supporting these claims is currently limited and not sufficiently robust. Therefore, it would
be premature to label mumio as a rasayana, which refers to a rejuvenator in traditional Ayurvedic medicine.
To truly understand the mechanisms underlying mumio's actions as a rejuvenator, there is a pressing need for
more systematic research. Through rigorous scientific investigations, we can better understand how mumio
operates and determine its true potential as a rejuvenating agent.
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Overall, mumio is a versatile natural substance that has been used in a variety of medicinal preparations for
centuries. While more research is needed to fully understand the potential benefits and risks of using mumio
in medicinal drugs. The current evidence suggests that it may be a promising natural remedy for various health
conditions. As with any treatment, it is important to consult a healthcare provider before using mumio in
medicinal drugs, especially if you take other medications or have other underlying health conditions.
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" MAKALE
OZET BIiLGISI
Gegen yiizyilda niikleer bilim ve teknolojinin baris¢il amaclarla saglik, ¢evre, enerji tiretimi gibi Gelis:
alanlarda kullanilmasi yaninda gida muhafazasinda kullanilmas: da 6nemli se¢enek olarak ortaya 04.10.2023
¢ikmistir. Gida 1sinlama olarak adlandirilan bu prosesin ticari olarak yayginlagsmasinda Tiirkiye 6nemli Kabul:

bir rol iistlenmis ve diinyada ilk endiistriyel tahil 1ginlama tesisi 1967 yilinda tilkemizde kurulmustur. 23.11.2023
Bu 6nemli gelismeden sonra iilkemiz diinya ile birlikte bu konudaki ¢aligmalara ortak olmus ve aktif

olarak katilmistir. 1990’11 yillarda gerekli teknik ve yasal alt yapiy1 hazirlayarak 6nemli adimlar atan

Turkiye, yaklasik 25 yildir bir gida 1sinlama yonetmeligine ve yasal ticari uygulama deneyimine sahip

bulunmaktadir. Bugiin gelinen noktada biri TENMAK - NUKEN biinyesinde digeri ise 6zel sektore ait

iki adet gama 1sinlama tesisi tam kapasite ticari gida 1sinlama faaliyetini siirdiirmektedir. Diger taraftan

TENMAK - NUKEN biinyesinde gida 1sinlama konusunda genis bilgi birikimine sahip personeli ve

laboratuvar alt yapisi ile gida sektdriine her tiirlii teknik destegi saglamaktadir. Bu makalede gida

1sinlama konusunda ililkemizde yasanan siirece iliskin bilgiler tarihsel siire¢ takip edilerek, diinyadaki

geligsmeler ile birlikte 6z olarak verilmeye ¢aligilmustir.

Anahtar kelimeler: Niikleer teknoloji, gida isinlama, Tiirkiye, radyasyon

Important Steps in the Development Process of Food Irradiation in Tlrkiye

ARTICLE
ABSTRACT INEO
In the last century, the use of nuclear science and technology for peaceful purposes in areas such as Received:
health, environment, and energy production, as well as its use in food preservation, has emerged as an 04.10.2023
important option. Turkey played an important role in the commercial spread of this process, called food Accepted:

irradiation, and the first industrial grain irradiation facility in the world was established in our country 23.11.2023
in 1963. After this important development, our country has become a partner and actively participated
in the studies on this subject together with the world. Tirkiye, which took important steps by preparing
the necessary technical and legal infrastructure in the 1990s, has had food irradiation regulation and
legal commercial practice experience for approximately 25 years. Today, two gamma irradiation
facilities, one within TENMAK - NUKEN and the other belonging to the private sector, continue their
commercial food irradiation activities at full capacity. On the other hand, TENMAK - NUKEN provides
all kinds of technical support to the food industry with its staff and laboratory infrastructure and
extensive knowledge on food irradiation. In this article, information about the process experienced in
our country regarding food irradiation has been tried to be given concisely, along with the developments
in the world, by following the historical process.

Keywords: Nuclear technology, food irradiation, Tirkiye, radiation

Cite this article as: Ig, E., & Aylangan, A. (2023). Gida 1sinlamanin Tiirkiye’de gelisim siirecindeki énemli adimlar.
Manas Journal of Agriculture Veterinary and Life Sciences, 13(2), 196-209. https://doi.org/10.53518/mjavl.1371345

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl
http://www.manas.edu.kg/
https://doi.org/10.53518/mjavl.1117956
https://orcid.org/0000-0002-0612-1845
https://orcid.org/0000-0002-3003-133X

197

I¢ & Aylangan | Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 196-209

GIRIS

II. Diinya Savasindan sonra modern diinyay1 sekillendiren kiiresellesme ve artan diinya niifusuna bagli olarak
ortaya ¢ikan yliksek gida talebi, gida muhafaza teknolojileri alaninda kendine 6zgii ihtiyaglar1 da ortaya
¢ikarmistir. Bu noktada gida 1ginlama teknolojisi hem alternatif bir muhafaza yontemi olmasi, hem de devaml
gelisen ve yayginlasan uygulamalariyla her zaman iizerinde konusulan bir teknolojik yenilik olarak tiiketicinin
kabuliine sunulmustur.

Diinyada gida 1sinlama konusunda gegen yiizyildaki ilerlemenin ii¢ donem olarak degerlendirilmesi yerinde
olur (Diehl, 2001). 20. yiizyilin ilk yarisinda, iyonlastirici radyasyon kullanilarak gidalarda bozulmaya neden
olan mikroorganizmalarin ve boceklerin inhibisyonuna yonelik 6n ¢aligmalar; 1950-1970 arasindaki dénemde
yeni kullanilmaya baglayan radyoizotop kaynaklari (kobalt-60 ve sezyum-137), elektron hizlandiricilar (e-
beam) ve X-isinlart yardimiyla dekontaminasyon, boceklenmenin Onlenmesi ile patates ve sogan gibi
urtnlerde filizlenmesinin O6nlenmesi gibi amaglar1 yerine getirmek ic¢in optimum isinlama kosullarinin
arastirilmasina yonelik teknolojik ¢alismalar; 1970-1999 arasindaki donemde ise 1sinlanmis gidalarin saglik
yoniinden giivenilirligi, yasal diizenlemelerin uluslararasi diizeyde uyumlastirilmasi ve teknolojinin ticari
uygulamasinin yayginlagmasi olarak 6zetlenebilir.

Giliniimiizde gidalarin 1sinlanmasi prosesi iyi bilinen ve kokli bir teknoloji haline gelmis olup (Ehlerman,
2016), gida maddesine, istenilen bir teknolojik amaca ve usuliine uygun olarak yeterli bir radyasyon dozu
uygulanmasi ‘gida 1ginlama’ olarak tanimlanmaktadir. Isinlanan gidanin 1 kg’1 basina absorblanan ortalama
radyasyon enerjisinin kilojul olarak miktari, yani doz Kilo Gray (kGy) olarak ifade edilir. Bir teknolojik bir
amaca ulasmak i¢in gidaya verilen en yiiksek absorblanan doz 10 kGy’i gecemez. Bu uygulamada {i¢ farkli tip
radyasyon kaynagindan yararlanilmasina izin verilmistir: i) Radyoaktif izotoplarin bozunmasiyla iiretilen
gama (y) 1smnlari: Yiiksek enerjili y 1smlarinin iiretimi i¢in en yaygin olarak kullamlan izotop kobalt-60 (¢°Co)
olup, radyoaktif olmayan kobalt-59’un bir niikleer reaktérde notronlarla bombardiman edilmesiyle
iiretilmektedir. ii) Makine kaynaklar1 kullanilarak iiretilen B parcaciklari seklindeki yiiksek enerjili elektronlar
(en yiiksek 10 MeV, milyon elektron volt). iii) Makine kaynaklari tarafindan iiretilen yiiksek enerjiye sahip
elektronlarin uygun bir hedef {izerine ¢arpitilmasi ile elde edilen X-1sinlar1 (en yiiksek 5 MeV) (Gida Isinlama
Yonetmeligi, 1999; Wang et al., 2019). Bu proseste kullanilmasina izin verilen radyasyon kaynaklarina yakin
Olcekte baktigimizda ‘iyonize radyasyon’ terimi karsimiza ¢ikmakta ve ‘iginlama’ terimi yerine de kullanildigi
goriilmektedir. Tyonize radyasyon (IR) elektromanyetik dalgalarin veya yiiksek hizli atomik veya atom alti
parcaciklarin genis enerjik spektrumunu ifade eder. Iyonize radyasyona érnek olarak, en azindan bir yoriinge
elektronunu ¢ikararak bir atomu iyonlastirmak igin yeterli enerjiye sahip olan X-1sinlari, y-1sinlar1 ve yikli
parcaciklar (elektronlar, a-pargaciklari ve B-pargaciklari) gibi elektromanyetik radyasyonlardir. Diger bir
deyisle 2500x10° MHz’in iizerindeki elektromanyetik radyasyon g¢ogunlukla iyonize radyasyon olarak
nitelendirilir. fyonize olmayan radyasyon (NIR) ise, atomun bir elektronunu uzaklastirmak igin yeterli enerjiye
sahip olmayan elektromanyetik radyasyondur. Bu radyasyon tipine ¢rnek olarak; ultraviyole (UV), goriinar
151k, kiz1l6tesi (IR), mikrodalgalar (radyo ve televizyon) ve son derece diisiik frekans (ELF, EMF veya ELF-
EMF) verilebilir (Ali Omer et al., 2012; Dogan Halkman et al., 2014).

Bugiine degin kazanilan deneyimler bu teknigin bir¢cok avantajinin oldugunu ortaya koymustur (CODEX,
2003; WHO, 1981 ve 1999; Roberts, 2014): 1. Saglk yoniinden giivenilirligi onaylanmustir, 2. Cok yonlii
uygulamalar1 mevcuttur, 3. Spor yapmayan tiim bakterilere, boceklere ve diger birgok zararlilara karsi genis
spektrumda etkinlige sahiptir, 4. Soguk bir islemdir, 5. Gidalar son ambalajlarinda 1sinlanir, 6. Kati, ¢ig gidalar
1ginlanabilir, 7. Isinlama sonucunda kimyasal kalinti olugsmamaktadir. Gida 1ginlama prosesinde ¢ok yonlii
uygulamalar i¢in kullanilan doz araliklar1 {i¢ gruba ayrilabilir: i) Diisiik doz araligi (20 Gy-1 kGy): Amag
patates, kuru sogan, sarimsak, arpacik sogani vb. Uriinlerde 20-150 Gy doz aralifinda ¢imlenme/filizlenme
stirecini durdurmak, ayrica meyvelerin olgunlasmasi gibi fizyolojik siiregleri 0.2-1 kGy doz araliginda
geciktirmektedir. Aymi sekilde meyveler, depolanan tahillar, bakliyatlar, un, baharatlar, kuruyemisler,
kurutulmus balikg¢ilik triinleri vb. tiriinlerde boceklenmenin neden oldugu kayiplart 6nlemek igin 0.2-1 kKGy
doz araliginda 1smlama gergeklestirilir. ii) Orta doz araligi (1-10 kGy): Amac¢ bozulmaya neden olan
mikroorganizmalarin sayisinda 6nemli bir azalma saglayarak gidalarin muhafaza kalitesinin arttirilmasidir.
Hedefe ulasmak i¢in taze et ve deniz iirlinlerinin yani sira sebze ve meyvelere 1-10 kGy araliginda iiriine 6zgii
bir doz verilebilir. iii) Yiiksek doz araligi (10-70 kGy): 10-30 kGy 1sinlama dozu, baharatlarin, sifali otlarin ve
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diger kurutulmus sebzelerin mikrobiyal dekontaminasyonu ile patojenik organizmalar da dahil olmak iizere bu
tlr Urinlerde mevcut olan toplam mikrobiyal ylkte énemli bir azalma elde edilir. 25-70 kGy doz araliginda
gergeklestirilen 1s1nlamayi ise sterilizasyon olarak tanimlamak miimkiindiir. Bu doz araligindaki 1sinlama,
hastane ve uzay gidalari gibi bir¢ok 6zel tirliniin raf dmriinii neredeyse siiresiz olarak uzatir (Sanyal and Ghosh,
2022).

Uluslararas1 Atom Enerjisi Ajansi (International Atomic Energy Agency, IAEA), Gida ve Tarim Orgiitii (Food
and Agricultural Organization, FAO), Diinya Saglik Orgiitii (World Health Organization, WHO) ve Avrupa
Komisyonu Gida Bilimsel Komitesi (The Scientific Committee on Food, SCF) gibi bir¢ok uluslararasi kurulus,
uygun teknolojilerle 1sinlanmis gidalarin esit derecede giivenli ve beslenme agisindan kabul edilebilir oldugunu
bildirmislerdir (Farkas and Mohacsi-Farkas, 2011). Uluslararasi diizeydeki bu kabul ile birlikte 6zellestirilmis
hizmetlerin sunulmasina olanak saglayan yeni tiplerdeki iginlama sistemlerinin gelistirilmesi bu teknolojiyi
kullanan iilke veya firmalarin rekabette bagarili olmalarina ve 1sinlanmis gida ticaret hacminin artmasina neden
olmustur. Roberts (2016)’e gore diinyada toplam 1sinlanan gida miktar1 yaklagik 1.000.000 tona ulagmustir.

Ulkemiz &zelinde ise gida 1sinlama teknolojisinin uygulama siirecinin, diinyada niikleer enerjinin bariscil
amagclarla kullanilmas1 yoniindeki atilimlarla birlikte degerlendirilmesi gerekir. Tiirkiye’de niikleer enerjinin
barigcil amaglarla kullanimi ve 1s1nlama teknolojisi ile gida muhafazasi konusundaki ¢aligmalar, 60’11 yillardan
baslayarak Tiirkiye Atom Enerjisi Komisyonu (AEK), daha sonra Tiirkiye Atom Enerjisi Kurumu (TAEK) ve
Tirkiye Enerji, Nikleer ve Maden Arastirma Kurumu (TENMAK) ile ulusal (Devlet Planlama Teskilati,
TUBITAK) ve uluslararasi organizasyonlarin (FAO ve IAEA) destekleriyle gesitli {iniversite ve arastirma
enstitiilerinin ortak calismalariyla yiiriitilmiistir. Ulkemizde, gida 1sinlama alaninda gerceklestirilen
caligmalar1 konu alan bu derlemede, mevcut bilgiler kisa ve 6z olarak bir araya getirilerek iilkemizdeki
gelismelere deginilecektir.

Nukleer Bilim ve Teknolojinin Bariscil Amaclarla Kullanimi

Radyoaktivite 1896 yilinda kesfedilmesine ragmen (McKinley, 1994), niikleer teknolojinin barig¢il amaglarla
kullanimi konusu 2. Diinya Savasi sonrasinda yogun olarak giindeme gelmistir. Birlesmis Milletler Teskilati
(BM), 1945 yilindaki kurulusunun ardindan en 6nemli ¢alismalarinda birisi niikleer alanda kiiresel is birliginin
saglanmasi olmustur. Ocak 1946 tarihinde uluslararasi kontrol ve niikleer enerjinin barigcil gelisimi ile ilgili
detaylandirilmis onerilerde bulunmasi amaciyla BM Atom Enerjisi Komisyonu’nun olusturulmasi kabul
edilmis ve s6z konusu komisyon Ocak 1952 tarihinde lagvedilene kadar BM Giivenlik Konseyi’ne ¢ok sayida
rapor hazirlayarak sunmustur (Sharma, 1995).

Ancak, 8.12.1953 tarihinde, ABD Baskan1 Dwight D. Eisenhower’in BM Genel Kurulu’nda, niikleer enerjinin
barisgil amagclarla kullanimini yayginlastiracak fakat ayni zamanda niikleer enerjinin askeri amaglarla
kullanimini1 6nleyecek, uluslararasi bir sistemin kurulmasini 6ngéren bir plan dnermesi 6nemli bir donim
noktasi olarak nitelendirilmektedir. Kisaca ‘Baris i¢in Atom’ adiyla anilan bu 6neri Uluslararast Atom Enerji
Ajanst’nin kurulmasina yol agmistir. 1954 yilinda Atom Enerjisi Anlagmasi (Atomic Energy Act of 1954)
kabul edilince, daha 6nceleri McMahon Yasasi (The Atomic Energy Act of 1946) ile nukleer konularda
getirilmis olan sik1 yasaklar 6nemli bir sekilde azaltilarak ‘Baris i¢in Atom’ programina yasal bir dayanak
olusturulmustur (Weiss, 2003).

IAEA’nin kurulusunu kolaylastiran diger bir etken ise, ‘Birlesmis Milletler Birinci Cenevre Konferanst’
(Atomic Energy - First International Conference on Peaceful Uses of Atomic Energy, 8-20.8.1955) olmustur.
Bu konferansta 1939’dan beri gizli olarak yiiriitiilen niikleer ¢aligmalarla ilgili, niikleer silah yapimi bilgileri
harig, tiim bilgiler 2500 kisiyi askin katilimcinin kullanimina sunulurken, burada elde edilen bilgiler, pek ¢ok
iilkeyi niikleer enerjinin barig¢il kullanimindan yararlanmak iizere niikleer arastirmalar yapmaya ve kurulmasi
Onerilen IAEA’ya sicak bakmaya yoneltmistir. 1955 yili mayis ayinda Tiirkiye ABD ile AEA/54 altinda
nikleer enerjinin barig¢il amaglarla kullanimu ile ilgili is birligi Antlagmasi’mi1 imzalarken, IAEA Birlegmis
Milletler’in 6zerk bir alt kurulusu olarak 29.7.1957 tarihinde kurulmus ve Tiirkiye de IAEA nin kurucu iiyeleri
arasinda yer almistir (Dayday, 2007; Fischer, 1997). 10.6.1955 tarihinde Tiirkiye ile ABD arasinda ‘Atom
Enerjisinin Sivil Sahada Istimali Hususunda Is Birligine Dair’ ikili is birligi anlasmas1 imzalanmis olup,
14.12.1956 tarih ve 6864 sayili yasayla TBMM’de onanarak yiiriirliige girmistir (Tirkiye Cumhuriyeti
Hiikiimeti ile Amerika Birlesik Devletleri Hiikiimeti Arasinda Atom Enerjisinin Sivil Sahada Istimali
Hususunda Isbirligine Dair Anlasma, 1956a). Bu anlasma 27.4.1961 tarihinde revize edilerek, ABD’den
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saglanacak niikleer yakit ile ilgili yeni diizenlemeler yapilmis (ABD’den temin olunacak niikleer yakitin
zenginlik derecesi %20’den %90’a ylikseltilmektedir) ve anlagma 14.7.1961 tarihinde onaylanmistir (Tiirkiye
Cumhuriyeti Hiikiimeti ile Amerika Birlesik Devletleri Hiikiimeti Arasinda Atom Enerjisinin Sivil Sahada
Istimali Hususunda Is Birligine Dair Anlasmanin Degistirilmesi Hakkinda Kanun, 1961a). ABD’nin bu
anlasma kapsaminda saglayacagi egitim ve teknik yardim taahhiidii sonucunda, Ar-Ge alaninda ortaya ¢ikan
olanaklar1 degerlendirmek amaciyla Istanbul Universitesi (1U) ile istanbul Teknik Universitesi (ITU) arasinda
ortak aragtirma merkezi (Cekmece Niikleer Aragtirma ve Egitim Merkezi, CNAEM) kurulmasi ve bir aragtirma
reaktoriiniin insa edilmesi amaciyla 1956 yilinda TU-ITU Reaktor Komitesi olusturulmustur (Bayiilken, 2006).
Diger taraftan Atom Enerjisi Komisyonu, 27.8.1956 tarihinde hazirlanan 6821 sayili Atom Enerjisi
Komisyonu (AEK) yasasi ile Basbakanlik’a bagli olarak Ankara’da kurulmustur (Atom Enerjisi Komisyonu
Kurulmasi Hakkinda Kanun, 1956b). Bu yasanin kabuliiniin ardindan, 26.10.1956 tarihinde New York’ta
imzalanan iiyelik anlagmasi, 14.6.1957 tarihinde 7015 sayil1 yasayla onaylanarak Uluslararasi Atom Enerjisi
Ajansi’na (IAEA) liye olunmustur (Milletlerarast Atom Enerjisi Ajans1 Statiisiiniin Tasdiki Hakkinda Kanun,
1957). Bu gelismeler 15181nda, ‘TU-ITU Reaktdr Komitesi’ 1958°de 1agvedilerek gorevi AEK ’ya devredilmistir
(Bayiilken, 2006). 28.10.1960 tarihinde Tiirkiye tarafindan ‘Paris Sozlesmesi’ imzalanmis ve bu sdzlesme
8.5.1961 tarihinde Niikleer Enerji Sahasinda Hukuki Mesuliyete Dair S6zlesmenin Tasdiki Hakkinda Kanun
(1961b) onanmustir. 1959 ile 1961 yillar1 arasinda ¢ikarilan yeni yasalarla izotop iiretimi ve bazi uygulamalar
icin yeni diizenlemeler getirilmistir. TUrkiye Atom Enerjisi Programinin Tatbik Sekli Hakkinda Kanun (1959)
ile nikleer enerjinin pratik anlamda belirli bir alana uygulanarak, radyoizotop Uretiminin yasal cercevesi
olusturulurken, 1961 yilinda ¢ikartilan 234 sayili Atom Enerjisi Komisyonunun Kurulmasi Hakkindaki
Kanunun 2 nci Maddesinin (K) Fikrasinin Degistirilmesine ve Tiirkiye Atom Enerjisi Programinin Tatbik Sekli
Hakkindaki Kanuna Bir Madde ve Bir Gegici Madde Eklenmesine Dair Kanun (1961c) ile ilgili yeni dizenler
getirilmistir. 1961 yilinda 293 sayil1 iktisadi is Birligi ve Kalkinma Teskilati S6zlesmesi Hakkinda Kanun
(1961d) ile Turkiye ‘OECD Niikleer Enerji Ajansi’na iiye olarak katilmigtir. 1962 yilinda niikleer alanda
iiniversite listli profesyonel arastirma, gelistirme, uygulama ve egitim ¢aligmalar1 yapmak amaci ile AEK Genel
Sekreterligine bagli olarak Cekmece Niikleer Arastirma ve Egitim Merkezi’nin (CNAEM) kurulusu
tamamlanmis, Ankara Niikleer Arastirma Merkezi (ANAEM) ise 1967 yilinda faaliyete gegmistir. Sonraki
yillarda ANAEM biinyesinde Niikleer Tarim Merkezi (1979) kurulmustur (TUBA, 2023). Sistemin
kurumsallastirilmasi ise 9.7.1982 tarihinde ¢ikartilan 2690 sayili Tiirkiye Atom Enerjisi Kurumu Kanunu
(1982) ile Bagbakan’a bagli olarak Tiirkiye Atom Enerjisi Kurumu (TAEK) adi ile yeniden yapilandirilmasi
ile saglanmustir. Niikleer Tarim Merkezi 1999 yilinda yeniden yapilandirilmis ve Saraykdy’de Ankara Niikleer
Tarim ve Hayvancilik Aragtirma Merkezi (ANTHAM) i¢inde faaliyetlerini siirdlirmiistiir. 1981 yilinda kurulan
Lalahan Hayvan Sagligi Niikleer Arastirma Enstitiisii (LHSNAE) 1999 yilinda ANTHAM icinde faaliyet
gostermeye baglanustir (TUBA, 2023). Tiirkiye Atom Enerjisi Kurumu'na Bagli Ankara Niikleer Arastirma ve
Egitim Merkezi ile Ankara Niikleer Tarim ve Hayvancilik Arastirma Merkezinin Kaldirilarak Saraykdy
Niikleer Arastirma ve Egitim Merkezinin Kurulmasi Hakkinda Karar (2005) ile Ar-Ge caligmalarinin
koordinasyonu ve ylriitiilmesinde yeni bir gii¢ olusturulmasi ve kaynaklarin en iist diizeyde kullaniminin
saglanmasi amaciyla yeni bir yapilanmaya gidilerek ANAEM ve ANTHAM Saraykdy Niikleer Arastirma ve
Egitim Merkezi (SANAEM) catis1 altinda birlestirilmistir. Su anda Ar-Ge faaliyetleri 2021 yilinda kurulan
TENMAK - Niikleer Enerji Arastirma Enstitiisii (NUKEN) Baskanlig1 tarafindan yiiriitiilmektedir.

Iskenderun Tahil Isinlama Tesisi Deneyimi

1960’11 yillarda, IAEA niikleer teknolojide ortaya g¢ikan gelismelere paralel olarak, iginlamanin tarimsal
iirinlerde hasat sonrasinda uygulanmasi gibi farkli alanlarda kullanimi iizerine odaklanmis ve tiye lilkeleri bu
konuda tesvik etmistir (IAEA, 1965). 1962 yilinda IAEA’nin organizasyonu ile ABD, Avustralya, Fransa,
Federal Almanya, Hindistan, ingiltere, isveg, italya, FAO, WHO, Avrupa Atom Enerjisi Toplulugu (Euratom)
uzmanlarinin katilimi ile ‘Tahillarda Béceklenmenin Radyasyon ile Onlenmesi’ konusunda bir panel
dizenlenerek, o zamana kadar elde edilen Ar-Ge bilgileri tartisilmig, tahil isleme ve bdceklenmenin
kontroliinde 1ginlamanin uygulama yontemleri ve bu amagcla elektron demeti (e-beam) hizlandiricilarinin ve
gama radyasyonunun kullanimi degerlendirilmistir. Sonugta, entomolojik, mihendislik ve ekonomik ydnden
gercek kosullar altinda 151nlama tesislerinin yeteneklerinin degerlendirilebilmesi i¢in pilot tesis faaliyetlerinin
miimkiin olan en kisa siirede baglatilabilecegine karar verilirken, 1sinlamanin mevcut yontemlerin
tamamlayicisi olarak tahillarda kullanilabilecegini 6nermislerdir (IAEA, 1962; Goresline, 1978). Bu kapsamda
IAEA, 1963 yili ekim ayinda depolanmus iriinlerdeki boceklerin 1ginlama teknolojisi ile kontrolii konusunda
bir ¢6ziim Onerisi sunmustur. Bu teklif, arastirma ve uygulama konusunda faaliyet gosterecek bir pilot 1sinlama
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tesisinin gerekli alt yapiya sahip uygun iilkeler (Arjantin, Avustralya, Hindistan, Pakistan ve Tiirkiye) arasinda
bir se¢im yapilarak kurulmasini kapsamistir. Tiirkiye Atom Enerjisi Komisyonu da kasim ayinda (1963)
IAEA’nin bu konudaki teklifini degerlendirerek, olumlu cevap verilmesi ve bir 6n proje Onerisi hazirlanmasi
konusunda goriis birligine varmistir (AEK, 1969). Bunu takip eden donemde IAEA, Cezayir (1965), Arjantin
(1964 ve 1967), Sili (1966), Hindistan (1967), Liibnan (1965), Pakistan (1963 ve 1967), Peru (1966) ve
Tayland (1967)’da depolanmus tahillarin ve diger iiriinlerin 1sinlama yardimiyla boceklenmesinin énlenmesi
konusunda fizibilite ¢aligmalar1 yiiriitilmesini saglamistir (IAEA, 1967). 1964 yilinin mart ayinda ise
Tiirkiye’nin istegi lizerine benzer bir ¢alisma iilkemizde de gerceklestirilmis, IAEA uzmanlar grubu yari-
endiistriyel Olgekli bir 1s1nlama tesisi kurulmasi olanagi i¢in Tiirkiye’deki tahil isleme ve depolama kosullari
ile depo zararlis1 bocek yayilimini incelemislerdir (Carden, 1967; IAEA, 1964a and 1964b).

Tiirkiye’de tahillarin 1ginlanarak boceklenmenin engellenmesi konusunda gereken teknik ve ekonomik
verilerin toplanmasindan sonra 0.15-0.25 kGy arasinda 1sinlama yapacak 30 ton/saat kapasiteli bir tesis dizayn
edilmis ve IAEA bu tesisin Iskenderun limaninda kurulmasim &nermistir. Bu alanin secilmesinin nedeni o
yillarda, bolgedeki tahillarda dermestid Khapra beetle (Trogoderma granarium)’in ¢ok yogun olarak
goriilmesi ve buna karsilik kimyasal metotlarin etkili olamamasi olarak bildirilmistir. Bu yorede iklimin 1lik
olmasi1 ve bu bocegin ¢ok agresif bir tiir olmas1 nedeniyle bu bocekle miicadelenin olduk¢a karmasik olarak
goriilmiis (AEC, 1968) olmasinin yani sira Tiirkiye’de biitlin tahil ihracatinin bu liman araciligi ile
gerceklestiriliyor olmasi da diger bir etken olarak degerlendirilmistir (Carden, 1967). IAEA nin Iskenderun ile
ilgili kararinin kesinlesmesinden sonra, 1964 yili aralik ayinda, 1ginlama tesisi kurulmasi ile ilgili proje Tiirk
Hiikiimeti tarafindan Birlesmis Milletlere sunulmustur. 1966 yil1 eyliil ayinda Tiirk Hiikiimeti ile BM Ozel
Fonu arasinda uygulama plani hazirlanmis ve buna gore Harwell (The Atomic Energy Research Establishment
at Harwell, England) tarafindan iiretilen kobalt-60 kaynagi (100.000 Curie, Ci, 1 gram radyumun 1 saniyede
yaptig1 parcalanma sayisina esit sayida parcalanma yapabilen radyoaktif madde miktar1) Iskenderun’a
gonderilmistir. 1967 y1l1 ocak ayinda ise s6z konusu kaynak Iskenderun liman1 TMO (Toprak Mahsiilleri Ofisi)
tahil silosuna bitigik olarak insa edilen tesise yiiklenmistir (AEC, 1967; AEK, 1969). Tesis 1967 yilinda kaynak
yiiklemesi sonrasi faaliyete ge¢se de dngoriilemeyen sosyo-ekonomik sorunlar nedeniyle Tirk Hikimeti 1968
yilinin mayis ayinda projeyi durdurmustur. Bu karara uygun olarak tesis kapatilmig ve sonrasinda kobalt-60
kaynag1 ayni yilin ekim ayinda iilke disina ¢ikarilmistir (AEK, 1969).

Arastirma Programlar ve Bilimsel Organizasyonlar

1950-1970 yillar arasi yiiriitiilen arastirmalar bakimindan 6zellikle 6nemli bir donemdir. ABD bu yillarda gida
1sinlama programi ile Ar-Ge faaliyetlerinde 6ncii bir iilke olmustur. Ayn1 donemde Belgika, Federal Almanya
(Almanya), Fransa, Hollanda, Kanada, Polonya ve Sovyetler Birligi (Rusya) gibi iilkelerde de gida 1sinlama
prosesi ilgili ulusal arastirma programlar1 da gelisirken, Oncii arastirmalarin sonuglar1 gidalari iyonlastirici
radyasyonla muhafaza etmenin dikkate deger potansiyele sahip oldugunu gostermistir (Diehl, 2001).

Uluslararasi diizeyde ise, 1960’11 yillardan itibaren FAO, IAEA ve WHO gida kalitesinin gelistirilmesi ve gida
giivenligi konusunda gida i1sinlamanin potansiyelini fark etmislerdir. Bu kuruluslar tarafindan ortaklasa
diizenlenen panel ‘An Expert Panel on Wholesomeness of Irradiated Foods, Briiksel, 1961 sonug bildirisinde
‘Isinlanmis  gidalar tiiketilmeden (veya tliketime sunulmadan) oOnce bu gidalarin saglik yoniinden
giivenilirliginin ¢alisilmasini’ 6nermistir. Bu gelismeler yasanirken, hi¢ siiphe yok ki 1964 yilinda Viyana’da
IAEA i¢inde ‘The Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture’ olusturulmasi
ve kisa siire sonra “The Joint FAO/IAEA/WHO Expert Committee on Food Irradiation (JECFI) nin kurulmasi
gida 1sinlama konusundaki doniim noktalarimi olusturmustur (Mollins, 2001). JECFI 1964 yilinda ilk defa
isinlanmis gidalar konusundaki yasal diizenlemelerin teknik temellerini degerlendirmek i¢in toplanmuistir.
Daha sonraki donemde ise periyodik olarak toksikolojik ve diger alanlardaki ¢alismalar degerlendirilmistir
(WHO, 1965, 1970, 1977, 1981; WTO, 1995).

Diger taraftan, farkli {ilkelerde yiiriitiilen ¢aligmalari tek ¢ati altinda koordineli olarak yiiriitmek, ayni iiriin ve
etkileri arastirarak zaman ve ekonomik kayiplardan uzak durmak i¢in gida 1g1nlama arastirma programina sahip
iilkeler bir araya gelerek 1970 yilinda ‘International Food Irradiation Project (IFIP)’ veya ‘Karlsruhe Project’
olusturulmustur (Ehlermann, 2005). 14.10.1970 tarihinde gidalarin saglik yoniinden giivenilirligi konusundaki
caligmalari yiirlitmek amaciyla Ortak Uluslararasit Gida Isinlama Projesi Antlasmasi ‘International Project in
the Field of Food Irradiation (IFIP)’, merkezi Karlsruhe (Institut flir Strahlentechnologie der
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Bundesforschungsanstalt fir Lebensmittelfrischhaltung, Federal Almanya) olmak tizere FAO, IAEA ve OECD
(Ekonomik Isbirligi ve Kalkinma Orgiitii) 'nin meydana getirmis oldugu ¢at altinda 19 iilke (ABD, Avusturya,
Belgika, Danimarka, Fransa, Federal Almanya, Giiney Afrika, Hollanda, Ingiltere, Ispanya, Israil, isveg,
Isvigre, Italya, Japonya, Kanada, Norveg, Portekiz ve Tiirkiye) bir araya gelerek olusturulmustur (Gida
Isinlandirilmasi Alaninda Milletlerarast Bir Projeye Miitedair Anlasma, 1971). Bu projede yiiriitiilen
caligmalarda iyonize radyasyona tabi tutulan gidalarin saglik yoniinden giivenilirligi ‘wholesomeness’
iizerinde durulmus olup, bu terim (wholesomeness) 1sinlanmis gidalarin besin degeri yoniinden yeterliligi ve
duyusal ve teknolojik kalitesi kadar radyolojik, toksikolojik ve mikrobiyolojik glivenlik kavramlarini igine
almaktadir (Ehlermann, 2005). Projede, the FAO/IAEA/WHO Joint Expert Committee on Food Irradiation
(JECFI) igin veri iretilirken, elde edilen sonuglar JECFI tarafindan degerlendirilmistir. IFIP arastirma
programu siiresince deneysel ve teorik ¢alismalar sonucunda elde edilen genis spektrumlu sonuglar 66 adet
teknik rapor, 4 faaliyet raporu ile 2 kitap ve ¢ok sayida bilimsel yayin ile ortaya konmustur (Erwin, 1985;
Ehlermann, 2005).

IFIP 10 kGy’e kadar 1sinlanmis gidalarin saglik yoniinden giivenilirligi konusundaki ¢aligmalarini basari ile
tamamladiktan sonra 1982 yilinda faaliyetlerine son verilmistir. Ayn1 yil FAO, IAEA ve WHO gida 1sinlama
konusunda uluslararasi is birliginin saglanmasi iizerinde ¢alisacak bir danigmanlar grubunun olusturulmasi
konusunun goériisiilmesi amaciyla bu ii¢ teskilatin iiyelerini davet etmiglerdir. Bu grubun hiikiimetlerin
belirleyecegi uzmanlardan olusan bir bagimsiz bir organ olmasi tasarlanmustir (IAEA, 1989). Gida 1sinlama
konusunda uzmanlar komitesi ‘The International Consultative Group on Food Irradiation (ICGFI)* 9.5.1984
tarihinde kurularak, FAO, IAEA ve WHO’nun olusturdugu ¢atinin altinda 15 iilkenin (Arjantin, Banglades,
Federal Almanya, Filipinler, Fransa, Hollanda, Irak, Israil, Kanada, Macaristan, Meksika, Misir, Suriye,
Tayland ve Tiirkiye) katilimi ile olusturulmustur. ICGFI yayinlanan deklarasyonun kosullarini benimseyen
iilkelerin gida 1sinlama konusunda uzmanlar ve diger temsilcilerden meydana gelmis olup, ilk donem igin 5 yil
siire ile ¢alisma yapmasi planlanmis ve iiye olan iilke ve kuruluslar goniilliiliik esasina gore bu organizasyona
maddi katkida bulunmuslardir (Kooij, 1984; IAEA, 1987). Tiirkiye’nin de 1984 yilindan itibaren iiyesi oldugu
ICGF]I, iiye iilkelerin gida 1s1nlama alaninda uzman olan resmi temsilcileri ve destekleyici birlesmis milletlerin
atadiklan kisilerden olusurken, temel olarak gida isinlama alaninda kiiresel gelismeleri degerlendirmek ve
yapilacak aktivitelerde tavsiyelerde bulunmak iizerinde durmustur. Gida 1ginlamanin ticari olarak uygulamaya
konulmasi ve uluslararasi ticaretinin baglamasi tizerine 2004 yi1linda FAO, WHO, TAEA ve iiye tilkelerin ortak
karar1 ile ICGFI’nin faaliyetlerine son verilmistir (Cetinkaya, 2010).

Tiirkiye’de Gida Isinlama Arastirmalar

Tiirkiye’de Iskenderun limaninda tahil 1s1nlama tesisi kurulmasi siirecinde, 1sinlama ve 1silamanin gidalar
iizerindeki etkileri konusundaki ilk ¢alismalar gerceklestirilmisse de bunlarin ¢ogu yayinlanmamistir. Ancak
gi1da 1s1nlama konusundaki arastirmalar igin ilk adimlarin Ankara Universitesi Ziraat Fakiiltesi (AUZF) iginde
atildigini goriiyoruz. 1960 yilinda yayinlanan IAEA biiltenine gore, o donemde IAEA nin sagladigi destek ile
Ankara Universitesi’nde bitki besleme konusunda caligmak {izere hazirlanan bir arastirma programi
cercevesinde bir radyoizotop laboratuvari kurulmustur. 1960 yilinda IAEA inceleme ekibi, kurulan laboratuvar
ve burada caligsan arastiricilart is birligi i¢in ¢ok iyi kapasitede olduklarini bildirmistir (IAEA, 1960). Diger
taraftan aym dénemde (1961) Ankara Universitesi Fen Fakiiltesi Radyobiyoloji Enstitiisii’nde bir kobalt-60
kaynagimin mevcut oldugu ve arastirmalarda kullanildigi anlasilmaktadir (Yilmaz, 1970). Ancak tahillarda
boceklenmenin Onlenmesine yoOnelik olarak gerceklestirilen ‘Kobalt-60 gamma 1sinlarinin  Sitophilus
granarius L. ve Tribolium confusum Duv’a karsi olan etkisi tizerinde arastirmalar’ baglikli makale (Esin ve
Alganatay, 1968) iilkemiz gida 1sinlama literatiiriinde rastlanilan ilk bilimsel ¢alisma olarak karsimiza
¢ikmakta olup, bu donemde yiiriitilen arastirmalar Atom Enerjisi Komisyonu Genel Sekreterligi’nin
sorumlulugunda yiriitilmiistiir. Baslangigta AEK daha sonra ise TAEK biinyesinde faaliyet gdsteren arastirma
merkezleri gida 1s1nlama konusundaki arastirmalarin odaginda olmustur.

1960’11 yillardan itibaren farkli yerleske ve birimlerde yiiriitillen Ar-Ge ¢aligmalari giiniimiizde TENMAK
NUKEN Saraykdy yerleskesinde Tarim ve Gida Arastirmalari Grubu laboratuvarlarinda devam etmektedir.

Son 60 y1l igerisinde,
1. Tirkiye’de dretilen tarim iriinleri ve tiiketilen islenmis gidalarin bilesenleri ile fiziksel ve duyusal
ozellikleri iizerine 1s1nlamanin etkisinin tespit edilmesi ve uygun doz se¢imi,

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

202

I¢ & Aylangan | Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 196-209

2.

3.

8.

9.

Gidalar1 kontamine eden mikrobiyal yiikiin azaltilmasma (patojenler ve bozulmaya neden olan
mikroorganizmalar) yonelik Do degerlerinin tespit edilmesi,

Cesitli gida gruplari i¢in raf Omriiniin uzatilmasi (yas meyve ve sebze, su liriinleri, beyaz ve kirmizi et
ve et drdnleri),

Tahillar, baklagiller, narenciye grubu meyveler ve kurutulmus meyve ve kabuklu yemislerde
rastlanilan boceklenmenin 6nlenmesi i¢in etkin 1sinlama dozlarinin belirlenmesi,

Ulkemizde iiretilen veya ithal edilen baharat ve aromatik bitkilerde mikrobiyal yiikiin azaltilmasina
yonelik 1sinlama dozlarinin her bir iiriin i¢in belirlenmesi,

Patates, kuru sogan ve sarimsak gibi iirlinlerde ¢cimlenmenin dnlenmesine yonelik 1sinlama dozlarimin
tespit edilmesi,

Isinlanmis gidalarin tespitinde kullanilan uluslararasi standart yontemlerin [Electron spin resonance
ESR (EN 1786:1996, EN 1787:2000 ve EN 13708:2001), Thermoluminescence TL (EN 1788:2001),
DNA Comet (EN 14569:2004), LAL/GNB (EN 14569:2004), DEFT/APC (EN 13783:2001) ve GC
(EN 1784: 2003)] uygulamaya konmasi,

Cesitli tirlin gruplarinin 1sinlanmasi i¢in ekonomik ve bolgesel fizibilite calismalari,

Kombine yontemlerin gelistirilmesi ve uygulamaya konmasi,

10. Gama 1smnlama tesisi, gamma-cell ve elektron demeti tesisi icin dozimetri ve proses kontrol,
11. Etiketlemenin etkisinin ve tiiketici kabuliiniin belirlenmesine yonelik anket ¢alismalari gibi,

ana basliklar altindaki konularda ulusal ve uluslararasit Ar-Ge projeleri yiiriitiilmiistiir. Bugiine degin yiiriitiilen
aragtirmalarin sonuclarina iliskin yayinlanmig baz1 makalelere iligkin bilgiler Tablo 1°de verilmistir. Halen
1sinlamanin iilkemizde gida giivenligi ve muhafazasinda uygulanmasi konularindaki proje ¢alismalar1 devam
etmektedir. Diger taraftan ulusal kuruluslar i¢in danigmalik hizmeti verilmesi, Gida Isinlama Y 6netmeligi’nin
hazirlanmasi, uygulamasi ve revize edilmesi konusundaki ¢alismalarin Tarim ve Orman Bakanligi ile
yiiriitiilmesi, 1960’1 yillardan bugiine degin kazanilan deneyimlerin aktarilmasi i¢in egitim kurslarinin
diizenlenmesi gibi faaliyetler ylritilmektedir.

Tablo 1. TENMAK biinyesi altindaki arastirma enstitiilerinde gida isinlama konusunda 1970-2023 arasinda
yuratulen Ar-Ge ¢alismalarina ait bazi yayilamis aragtirma makaleleri ve teknik raporlar.

1970 Bazi et iiriinlerinin 1s1mlanmasi

1970 Coenurus cerebralis'teki scolex’lere cobalt 60 kaynagindan verilen radyasyonun etkisi
1970 Perspex Hx de yapilan gamma dozimetresi sonuglari iizerine sicakligin etkisi

1970 Perspex Hx dozimetresinin gamma dozimetresi i¢in kullanilisi

1972 Dana ve si1g1r etlerinde Cysticercus Bovis’in iyonizan 1sinlarla (Cobalt-60 gamma 1sinlar1)
Oldiriilerek veya inaktive edilerek zararsiz hale getirilmesi lizerine arastirmalar

1972 Gama 1sinlari ile patateslerde filizlenmenin engellenmesi

1972 Gida 1ginlamasinda {irlin bilesiminin ve geometrinin doz dagilim {izerine etkisi

1974 Isinlama ile sosislerin korunma siirelerinin uzatilmasi

1975 Gama 1ginlarinin portakal suyundaki C vitamini Gzerindeki Etkisi

1975 Gama 1sinlarinin yogurt mikroflorast lizerine etkisi

1975 Sterilisation of spices by means of gamma rays

1977 Irradiation of ground beef with the purpose of refrigerated storage

1979 Radiation-induced changes in the patterns of free ninhydrin-reactive substances of meat

1982 Degisik dozlardaki gamma irradiyasyonun Trichostrongylus vitrinus yumurtalarnin
gelisimine etkisi

1983 The effect of radurization on the extention of storage life of horse mackerel "Trachurus
trachurus”

1985 Sprout inhibition of potatoes by gamma radiation

1986 Iyonize radyasyonla baharatlarin sterilizasyonu: Gamma 1sinlarinin karabiber ve
kirmizibiberin mikrobiyel flora, ugucu yag ve duyusal niteliklerine etkisi

1986 Kimyasal igslem ve radurizasyonun birlikte uygulanmasinin hamsi baliginin dayanma siiresi
Uzerine etkisi

1986 Onemli ambar zararlis1 Sitophilus granarius (L.)'un gamma radyasyonu ile kontrol(

1987 The effect of gamma irradiation on storage period in the important potato varieties

1988 Miiskiile tizimii gesitinde depolama sirasinda biiyiik kayba neden olan Botrytis cinerea
Pers. nin 1ginlama+sogutma kombine uygulamasiyla engellenmesi
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« 1988 Radurizasyon ve paketlemenin hamsi baliginin korunma siiresi ve kalitesi lizerine etkisi

e 1991 Penicillium expansum, Botrytis cinerea, Rhizopus nigricans ile enfekteli Ankara
armutlarinda gamma radyasyonu ile standart depolama kosullarinda ¢iirlimenin engellenmesi

« 1992 The effect of gamma irradiation on Botrytis cinerea and B. aclada causing rot of pear and
onion respectively

o 1993 Effect of ionizing radiation on the hygienic quality and shelf-life of Turkish fermented
sausage

« 1993 Inhibition of viability and infectivity of Cysticercus bovis by irradiation of meat

o 1993 In-vitro kosularda miiskiile iiziimiinden izole edilen Botrytis cinerea Pers’nin gelismesinin
gamma radyasyonu ile engellenmesi

» 1993 Irradiation of potatoes in Turkey - A feasibility study

o 1994 Determination of the irradiation dose for the inhibition (D1o radiation doses) of some gram
negative and gram positive bacteria in peptone saline water

» 1994 Effects of gamma irradiation on chemical properties, thiamine and riboflavin contents,
dough properties and baking quality of the flours

o 1994 Effects of gamma irradiation on wheat quality

o 1994 FElma, ayva, sogan ve seftalinin hasat sonrasi ciirlimelerinin gama radyasyonu ile
engellenmesi

o 1994 Parazitler iizerine radyasyonun etkileri ve gida 1sinlama uygulamalari

« 1994 Postharvest disease control of apple, quince, onion and peach, with radiation treatment

o 1996 ESR ile 1sinlanmis gidalarin tespiti

o 1996 Gama radyasyonunun Tosun-21 ekmeklik bugdayin fiziksel kimyasal ve teknolojik
Ozellikleri Uzerine etkisi

o 1996 Tavuk etlerinde bazi patojenik bakterilerin kontroliinde gamma radyasyonun kullanimi

o 1997 Dose dependent oxidation kinetics of lipids in fish during irradiation processing

o 1998 ESR spectroscopic technigue of testing for irradiation of chicken

« 1998 Gamma radyasyonun tavuk etlerinin depolama suresi Uzerine etkisi

« 1999 A mechanistic approach to radiation-induced inactivation Kinetics of microorganisms

o 1999 Effect of combination irradiation and modified atmospheric packaging (MAP) on
microbiological quality and shelf life of fresh chicken meat

« 1999 Evaluation of sterin label dosimeter to be used in Turkish dried figs

o 1999 Insect disinfestation of dried figs by irradiation

o 2001 Determination of maximum/minimum ratio of absorbed dose of dried figs

« 2003 The extension of the shelf-life of sardine which were packaged in a vacuum stored under
refrigeration, and treated by y-irradiation

o 2004 Death kinetics of E. coli O157:H7, E. coli and natural contaminant coliforms in minced
meat during irradiation treatment and storage

« 2004 Use of thermoluminescence technique for the detection of irradiated spices

o 2006 Inhibition of egg and larval development of the Indian meal moth Plodia interpunctella
(Hubner) and almond moth Ephestia cautella (Walker) by gamma radiation in decorticated
hazelnuts

- 2006 Radiation processing as a post-harvest quarantine control for raisins, dried figs and dried
apricots

« 2006 Temperature effects on egg shells investigated by XRD, IR and ESR techniques

o 2007 Thermoluminescence parameters and Kkinetics of irradiated inorganic dust collected from
black peppers

« 2008 Electron spin resonance study of y-irradiated Anatolian chickpea (Cicer Arietinum L.)

o 2009 Detection of irradiated quail meat by using DNA comet assay and evaluation of comets by
image analysis

e 2009 Gama 1sinlari ile 1sinlanmis seker orneklerinin ESR teknigi ile teshis edilmesi

o 2010 Gida Isinlama (Kitap)

o 2010 Identification of irradiated sage tea (Salvia officinalis L.) by ESR spectroscopy

e 2010 Narenciye grubu meyvelerde karantina amacli 1sinlamanin gida kalitesi ve hijyeni {izerine
etkisinin aragtirilmasi

o 2011 Detection of gamma irradiated fig seeds by analysing electron spin resonance

e 2011 Isinlanmus gidalarin tespiti (TS EN1784, TS EN1785, EN13784, TS EN13783, EN14569)

MJAVL Volume 13 (Issue 2) © 2023 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

204

I¢ & Aylangan | Manas Journal of Agriculture Veterinary and Life Sciences 13 (2) (2023) 196-209

o 2012 ESR and TL studies of irradiated Anatolian laurel leaf (Laurus nobilis L.)

» 2013 ESR and TL investigations on gamma irradiated linden (Tilia vulgaris)

o 2013 The use of ESR spectroscopy for the identification and dose assessment of irradiated pink
shrimp (Parapenaeus longirostris) from Turkey

» 2014 Effect of gamma irradiation on Penicilium expansum isolated from "Golden Delicious"
apples

« 2014 Effect of gamma irradiation storage lutein, and zeaxanthin in liquid, frozen and dried egg
yolk samples

» 2016 Phytosanitary irradiation against leafminers (Diptera: Agromyzidae) and radio tolerance of
shelled peas, Pisum sativum (Fabales: Fabaceae)

» 2016 Quantification of applied dose in irradiated citrus fruits by DNA Comet Assay together
with image analysis

« 2017 Investigation of gamma irradiation and storage period effects on the nutritional and sensory
quality of chickpeas, kidney beans and green lentils

o 2020 Detection of irradiated foods by ESR and TL methods in the scope of intercomparison tests

o 2022 Determination of quality parameters and sensory attributes of ‘Jaffa’ oranges irradiated as
postharvest quarantine treatment throughout long-term cold storage

o 2022 Quantitative viscosity determination in irradiated major spices (black pepper, cardamom,
cinnamon, ginger, and turmeric) by using a vibro viscometer for long-term storage

« 2023 Estimation of the applied doses in irradiated anchovy and bluefish for shelf-life extension
using image analysis in combination with DNA comet assay

« 2023 Gamma rays induced enhancement in the phytonutrient capacities of tomato (Solanum
Lycopersicum L.)

Tiirkiye’de Isinlamanin Arastirmadan Ticari Uygulamaya Doniismesi

Diinyada yasal mevzuatin olusturulmasi ve WHO saglik yoniinden giivenirlilikle ilgili olarak kararimi
aciklamasindan sonra biitiin diinyada oldugu gibi aragtirma ile desteklenen potansiyel ticari uygulamaya
dontigmiistiir. Ancak gida 1s1nlamada ticari uygulamaya geciste bazi kriterlerin yerine getirilmesi biiyiik 6neme
sahiptir. Bunlar (Moy, 2005):

Ekonomik bir fizibilite ¢alismasi

Pazar arastirmasi ve testleri

Radyasyon kaynaginin ve 1ginlayici tipinin segimi

Tesis faaliyeti igin ihtiya¢ duyulan personelin egitimi

Radyasyon giivenligi ve dozimetri izleme

Uygun ambalaj segimi

Tirkiye’de biitiin bu asamalarin tamamlanmasi sonrasinda IAEA ve Birlesmis Milletler Gelisme Programi’nin
(UNDP) destegi ile “TUR7004 Sterilization of Medical Products’ projesi kapsaminda Saraykdy/Ankara’da ilk
1sinlama tesisi 1992 yilinda kurulmus ve 1993 yilinda hizmet vermeye baglamistir. S6z konusu tesis 20.3.2007
tarihinde 5 gi1da grubu icin ‘Gida Isinlama Izin Belgesi’ almis ve su anda ticari olarak gida 1sinlamaktadir. Cok
amagli 1sinlama (tibbi malzeme, gida vb.) ger¢eklestirmek icin dizayn edilen tesis Macar Transelektro (Institute
of Isotopes) firmasi yapimi, SVST Co-60-1 tipi (IV. Sinif otomatik tote-box tipi 1sinlayict), siirekli ve kesikli
isletim moduna gore calisabilen bir gama 1sinlama tesisidir. Maksimum 1.000 kCi’lik kaynak kapasitesine
sahip olan tesiste ve 800 m? depolama alan1 bulunmaktadir. Isinlanan gidalarin gok biiyiik boliimiinii baharat
ve aromatik bitkiler olusturmakta olup, yillik yaklasik 2.500 ton iiriin 1sinlanmaktadir (ETKB, 2013). Gamma-
Pak gama i1sinlama tesisi ise Tirkiye’de kurulan ilk 6zel tesis olma &zelligine sahip olup, Tekirdag
Cerkezkoy’de 1994 yilinda faaliyete gegmistir. Tesis, 27.3.2002 tarihinde 7 gida grubu i¢in ‘Gida Isinlama
Ruhsatin1” almis olup, su anda ticari olarak gida 1sinlamaktadir. Tesis ayrica 1sinladig gidalarin Avrupa Birligi
iiyelerine kabulii i¢in Avrupa Komisyonu’ndan 7.10.2004 tarihinde [Karar no C (2004)3679] onay almustir.
Cok amagl 1ginlama (tibbi malzeme, gida vb.) gerceklestirmek icin dizayn edilen Gamma-Pak Isinlama
Tesisinde kullanilan 1s1nlama cihazi (Nordion JS 9600 model IV. Sinif, otomatik tote-box tipi 1sinlayici) siirekli
ve kesikli isletim moduna gore ¢alisabilmektedir. Tesis maksimum 3.000 kCi’lik kaynak kapasitesine sahip

oukrwpE
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olup, 1.500 m? depolama alanmi bulunmaktadir (Gamma Pak, 2023). Tesiste 1sinlanan gida hacmi ise yillik
yaklasik 4.500 ton olarak gergeklesmektedir (Gida Isleme Teknolojileri, 2014).

Gida Sektoriinde Isitnlama Teknolojisinin Yakin Gelecekteki Potansiyeli ve Turkiye

Giliniimiizde, aralarinda Tiirkiye’nin de bulundugu yaklasik 70 iilkede gida 1sinlama ile ilgili yasal diizenleme
yuriirliikte bulunmaktadir. Diinyada 1sinlama tesisine sahip tilke sayisi incelendiginde; Cin’de >200 fazla tesis
bulunurken, ABD’de 24, Avrupa Birligi tilkelerinden 14 {ilkede 24, Hindistan’da 44, Rusya’da 17, Tayland’da
13, Vietnam’da 11, Endonezya’da 7, Malezya’da 7, Pakistan’da 6, Iran’da 4, Banglades’te 4, Giiney Afrika’da
3, Giliney Kore’de 3, 8 iilkede 2’ser adet (Tiirkiye dahil) ve 14 iilkede ise 1’er adet olmak {lizere gama 1s1n1,
elektron demeti, X-151n1 kaynagi kullanan ¢ok sayida gida 1sinlama tesisi bulundugu anlasilmaktadir (Yoon,
2011; Eustice, 2018; Koutchma et al., 2018; Ic and Cetinkaya, 2021; IAEA, 2023). Isinlanmus gidalarin ticareti
acisindan ise son yillarda ABD ve basta Cin olmak {izere Asya-Pasifik bolgesindeki iilkelerde kirmizi ve beyaz
et ile meyve sebzeler ile baharat 1sinlamasi konusunda biiyiik gelisim gostermistir. 2015 yili i¢in Cin’de
1sinlanan gida miktarinin 600.000 ton dan fazla oldugu ifade edilirken (Eustice, 2018), Shen (2017) Cin’de
1sinlanmig gida hacminin her y1l yaklasik olarak %20 arttigini, 2015 yilinda 1sinlanan gida miktarinin 400.000
tonu agarak 2.6 Milyar dolarlik ($) bir ticaret hacminin ortaya ¢iktigini ve 2010-2016 arasinda 3 kat artig
gosterdigini bildirmistir. Bu iilkedeki 1s1nlama teknolojisindeki ilerleme ve artan 1sinlama tesisi sayist dikkate
alininca sadece Cin’de 1ginlanan gida miktarinin 1.000.000 tonun tizerinde oldugu tahmin edilmektedir (Ic and
Cetinkaya, 2021).

Diinyada birgok iilke ekonomik ve ¢evresel acidan 6nemli goriilen karantina zararlilarinin iilkesine bitki ve
bitkisel {irtinler ile girigine, yerlesmesine ve yayilmasina karst 6nlemler almakta, zararlilarla miicadele ve bu
zararlilarin kontrol altina alinmasi igin etkin yontemleri arastirmaktadir. Bu yontemlerden birisi olan
fitosanitari (bitki sagligi) 1sinlama, iyonize radyasyonun ticareti yapilan tarimsal {iriinleri diizenlemeye tabi
zararlilardan arindirmak i¢in kullanilmasi olarak tanimlanmaktadir. Bu uygulama, bitki sagligindan ziyade
gida giivenligi ile daha tutarli bir tehlike analizi ve kritik kontrol noktast (HACCP) yaklagimi gibi
yonetilmektedir. Bu nedenle, fitosanitari 1ginlama diger énlemlerine (1sitma, sogutma ve fumigasyon) gore
koruma i¢in daha eksiksiz ve titiz bir metodoloji sunmaktadir (Hallman and Loaharanu, 2016). Bu ¢ergevede
yas meyve ve sebzelerin fitosanitari amaciyla ticari olarak i1sinlanmasi iizerinde yogunlasan bir ilgi séz
konusudur (Pedreschi and Mariotti-Celis, 2020). Bu teknolojinin fitosanitari gereksinimleri karsilamak igin
kullanilmasinin avantajlart son yirmi yilda ticari olarak gdsterilmis olup, birgok iilke su anda bitki karantina
gereksinimlerini karsilamak icin bu teknolojiyi ticari olarak kullanmaktadir (Griffin et al., 2014). Thracat ve
ithalatta ticareti kolaylastirmak amacryla kurulan fitosanitari isinlama tesislerinin sayis1 ABD, Avustralya, Cin,
Dominik, Guiney Afrika, Hindistan, Malezya, Meksika, Pakistan, Peru, Tayland, Vietnam ve Yeni Zelanda
gibi ¢ok sayida iilkede giderek artmaktadir. 2016 yili verilerine gore bu amagla gidalari diizenli olarak 1ginlayan
en az 13 adet 1sinlama tesisi bulunmaktadir (Hallman et al., 2016). Fitosanitari 1sinlama uygulamalari
konusunda ABD (USDA, Plant Protection & Quarantine Animal & Plant Health Inspection Service) tarafindan
uygulanan sistemde 20 iilke ile ‘Meyve ve Sebze Ithalat Kosullari’ (FAVIR) kapsaminda ‘Isinlama Cercevesi
Esdegerlik Calisma Plan1’ (Taraf iki iilke arasinda, her bir {ilkenin digerinin 1sinlanmus tiriinler sistemini yasal
olarak kabul edecegini belirten karsilikli anlagsma, ‘Irradiation Framework Equivalency Work Plans’, FEWP)
imzalanmistir (APHIS, 2023a ve 2023b). Diger taraftan 2023 yili verilerine gére sadece ABD’de bu amaca
yonelik olarak lisanslanmig ve faaliyet gosteren 6 adet tesis bulunmaktadir (APHIS, 2023c¢). Diinyada bu
amagcla 1ginlama yapan en yiiksek kapasiteli tesislerden birisi 2016 yilinda faaliyete gecen, Cin - Vietnam
sinirinda bulunan (ASEAN Fruit Irradiation Quarantine Processing Center in Pinxiang, Guanxi) ve ithal edilen
meyve ve sebzelerin 1iginlanmasi i¢in kullanilan elektron demeti tesisi iken, digeri ABD’nin Texas eyaletinde
2022 yilinda lisans alarak faaliyete baglayan (Rio Grande Valley Electronic Cold-Pasteurization Center,
McAllen) elektron demeti tesisi olup, Meksika’dan ithal edilen tirtinlerin 1ginlamasi i¢in kullanilmaktadir (Ic
and Cetinkaya, 2021; APHIS, 2023d).

Bu gelismeler Tiirkiye agisindan degerlendirildigi zaman, tarimsal {irlin ihracati i¢cinde 6nemli yer tutan yas
meyve sebze grubunda, Ozellikle en belirgin drnek olarak portakal, mandarin ve greyfurt gibi narenciye
tirtinlerinde Akdeniz meyve sinegi (Ceratitis capitata) kaynakli olarak karantina kosullarini karsilamadigi
gerekeesi ile farkli iilkeler ile iade ve siparis iptali sorunlar1 yasandigi bilinmektedir. Bu durum iireticimizin
ve ihracatgimizin rekabet giiciinii diisiirmesinin yanisira, {ilkemizin dis piyasada imajin1 da zedelemektedir.
Bu konuda iilkemizde yapilan bazi ¢alismalarda da (TAEK, 2010) 1sinlama teknolojisi ile sorunun ¢oziimii
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konusunda bilimsel verileri ve dneriler ortaya konmustur. Onceden deginildigi gibi bdceklenmenin dnlenmesi
(fitosanitari)+olgunlagsmanin geciktirilmesi i¢in gereken 1sinlama dozlar1 oldukga diisiiktiir (100Gy-1000Gy).
Oysa iilkemizdeki mevcut 1sinlama tesisleri gok amagl tesis olarak dizayn ve insa edilmistir. Bu nedenle bu
tesislerde fitosanitari ve olgunlasmanin geciktirilmesi amacina uygun olarak diisiik doz verilmesi deneysel
olarak miimkiinse de, ticari olarak biiyiik hacimdeki iiriinliniin belirli bir zaman araliginda 1sinlanmasi olasiligi
diistik goriinmekte olup, mevcut tesislerde biiyiik capli revizyon ihtiyaci ortaya ¢ikaracaktir. Daha iyi bir
alternatif olarak tarim {irlinlerinin tretim ve ihracat lokasyonlarina yakin bir merkezde, diinyada gelisen
egilime ve teknolojik gelismeye uygun olarak, kobalt-60 gibi radyoaktif kaynak kullanan tesisler yerine,
ihtiyaci karsilayacak sekilde bir veya birkag adet elektron demeti ve/veya X-isin1 tesisi kurulmasi daha uygun
olarak gortinmektedir.

SONUC

Tirkiye niikleer teknolojinin gida giivenligi ve muhafazasinda kullanilmas1 amaciyla gerceklestirilen Ar-Ge
caligmalar1 konusunda yaklasik 60 yillik bir deneyime ve gerekli Ar-Ge laboratuvar kapasitesine sahiptir.
Bunun dogal bir sonucu olarak iilkemizde gida isinlama yasal alt yapiya sahip olup, ticari uygulama alani
bulmus bir teknolojidir. Mevcut kosullarda iilkemizde 1sinlanan gida yelpazesi i¢inde en biiyiik pay1 baharat
ve aromatik bitkiler olusturmaktadir. Ancak kisa ve orta vadede iilkemizde kurulacak elektron demeti / X-1s1n1
tesislerinin i¢ ve dis ticarette Oncelikle meyve ve sebzelerde sorun yasanilan alanlarda da kullanilmasi gida
giivenligi ve gida giivencesinin saglanmasinda iilkemiz i¢in dnemli bir kazanim olurken, diinyada 6nemli bir
gida ihracatcist olan iilkemizin yurt disinda da ticari rekabet giiciinii artiracaktir.

Cikar Catismasi
Bu derleme ile ilgili herhangi bir ¢ikar ¢atigmasi1 bulunmamaktadir.
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microorganisms. This review undertakes an exploration of the antimicrobial impacts of honey on
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antimicrobial components to hinder the proliferation and dissemination of these pathogens. This
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INTRODUCTION

Honey was used as a medicine by the Egyptians before 1900-1250 BC and is one of the oldest known foods.
The scientist and philosopher Aristotle described honey as a good ointment for sore eyes and wounds, while
Dioscorides recommended the use of honey for various ailments such as bruises, ulcers, coughs, sore throats
and sunburn. Ancient Greeks employed honey to address exhaustion, as noted by (Khan et al., 2018). Ibn
Sina, a renowned Muslim physician from the 10th century, featured numerous remedies using honey to
alleviate a wide range of health conditions in his work, Al-Kanun fitTib. Additionally, he utilized a paste
composed of honey and flour to manage wounds. Hippocrates, the Greek physician often regarded as the
pioneer of modern medicine, made significant contributions to medical knowledge. He argued that honey
was effective in treating pain, fever and wounds. Honey has important effects on human health such as
antimicrobial, antioxidant and anti-inflammatory. These effects are due to the bioactive components it
contains (Bahar, 2022; Cinar, 2020; Ali et al., 2023). Extensive research has unveiled the diverse spectrum of
antimicrobial qualities present in honey, encompassing antibacterial, antifungal, antimycobacterial, and
antiviral effects. These characteristics have been validated through a multitude of in vitro investigations and
a limited selection of clinical trials (Israili, 2014; Asma et al., 2022a). Nonetheless, its utilization within the
contemporary pharmaceutical sector remains limited, primarily because of insufficient scientific inquiry and
investigation (Digrak, 2006). The existence of propolis and pollen in honey raises the possibility that some of
the honey's antibacterial efficacy may be attributed to the antibacterial agents found in these elements
(Redzic et al, 2011; Viuda-Martos et al., 2008). Examinations of honey's antibacterial potential reveal that
honey can, in certain instances, entirely impede the proliferation of specific bacterial strains frequently
responsible for infections, even when substantially diluted (Balazs et al., 2021; Dunford et al., 2000; Molan,
1999).

Manuka honey, derived from the Leptospermum plant, is a highly prized type of honey for its broad-
spectrum antimicrobial activity. Recent research also suggests that honeydew honey may have even greater
antimicrobial potential than monofloral honey, highlighting the critical role of geographical origin of honey.
The specific geographical location and prevailing climatic conditions can affect the composition of bioactive
compounds in plant nectar. All these elements together contribute to the overall quality of honey and
consequently to its antimicrobial efficacy. Manuka honey is known to have antibacterial effect against about
60 different bacterial species including gram positive and negative, anaerobic, aerobic ones (Cokcetin et al.,
2016; Pita-Calvo & Vézquez, 2017; Silici et al., 2010, Asma et al., 2022b). The studies have shown that
honey has inhibitory properties not only against bacteria, but also against parasites, fungi and viruses
(Hossain et al., 2020; Karadal, 2012; Nainu, 2021; Sekar et al., 2023). One of the studies found that a 10%
honey solution applied to the Ecinococccus granulosus, which causes hydatid cysts, had a lethal effect within
three minutes. The antibacterial activity of honey is due to factors such as hydrogen peroxide production,
high sugar concentration, low pH and low water activity. Hydrogen peroxide is produced by the glucose
oxidase enzyme in the hypopharyngeal glands of bees, which oxidises the glucose in honey and is the main
antibacterial component of honey. It was observed that antibacterial effect persisted in honeys in which
catalase enzyme from pollen of some plants inactivated hydrogen peroxide. Phenolic acids and their
derivatives, flavonoids, polyphenols, aromatic acids, non-dissociated organic acids such as gluconic acid and
recently Maillard reaction products have also been shown to be effective in the antibacterial activity of
honey. It was found that the antibacterial activity in dark coloured honeys was higher than in light coloured
honeys and it was stated that this result was related to the antibacterial activity of phenolic compounds found
more in dark coloured honeys (Brudzynski, 2020; Bucekova, et al., 2014; Karadal, 2012).

The presence of hydrogen peroxide in honey is extensively documented and is considered one of honey's
fundamental antimicrobial constituents. Honeybees (Apis mellifera) naturally produce hydrogen peroxide as
a byproduct during the nectar collection process. Hydrogen peroxide is a well-defined antimicrobial agent.
Hydrogen peroxide is an oxidative biocide that eliminates microorganisms by extracting electrons from their
chemical configurations. This impedes the proliferation of microbes and induces irreversible DNA harm
through the creation of hydroxyl radicals (Bernard et al., 1997; Brudzynski et al., 2012; Finnegan et al.,
2010; Saranraj & Sivasakthi, 2018).
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Scientists have undertaken comprehensive scientific studies to explore the antimicrobial attributes of honey
and various bee-derived substances, aiming to consider their potential application in healthcare and the
pharmaceutical sector. These research efforts are positioned to establish the foundation for future inquiries
centered on pinpointing the precise elements that bestow antimicrobial characteristics upon honey and its
related products (Asma et al., 2022a; Segueni et al., 2023).

Early examinations of honey have identified several key factors contributing to its antimicrobial properties.
These include its high sugar content, low pH levels, the presence of polyphenolic compounds, hydrogen
peroxide, and the discovery of an inhibin (Maddocks & Jenkins, 2013). Moreover, examinations have shed
light on the plausible antimicrobial function of a protein originating from bees, known as bee defensin-1,
present within honey (Albaridi, 2019; Dustmann, 1979; Molan, 1992). This implies that honey specimens
contain an array of antimicrobial components, and their efficiency cannot be ascribed to a singular
antimicrobial agent. Additionally, honey is composed of numerous constituents that work in synergy to
enhance its antimicrobial potency (Nolan et al., 2019).

Additionally, hydrogen peroxide (H202) plays an important role in the antimicrobial activity of honey. It is
produced during the ripening of honey under the action of the glucose oxidase enzyme. Glucose oxidase is
secreted by the bees' pharyngeal glands. This enzyme breaks down glucose into H,O;, and gluconic acid.
Exposure of honey to heat and light can reduce the level of H,O because glucose oxidase is sensitive to heat
and light. The resulting H»O: inhibits microorganisms from spoiling ripened nectar. It is important to note
that it is only during the ripening stage of the honey that H,O; is produced. The glucose oxidase enzyme is
inactivated and H,O; production ceases as its production increases the acidity of the honey. Increased acidity
causes H.O, to break down into water and oxygen. The activity of H,O, has been observed to be increased
by diluting honey and reducing its acidity. When honey is diluted with water in proportions ranging from
15% to 50%, the maximum H.O, activity has been observed. Some honeys still showed antimicrobial
properties even when glucose oxidase was found to be inactive (Majtan et al., 2021; Ozmen & Alkin, 2006).

Phenolic compounds and flavonoids, which are transferred from nectar to honey, have been demonstrated to
play a role in the antimicrobial activity of honey. The antimicrobial activity of honey is maintained even
after the decomposition of hydrogen peroxide (H202). This persistence of antimicrobial activity is attributed
to the presence of phenolic compounds and flavonoids. (Coban, 2022; Faindez, 2023). Studies have reported
that honey has an antibacterial effect on around 70 species of bacteria, including both anaerobic and aerobic,
gram positive and gram negative bacteria (Hunter et al., 2021; Ilia et al., 2021; Majtan et al., 2021; Nayaka et
al., 2020).

Honey bee defensin-1 is an antimicrobial peptide found in the honey bee's circulatory system and
hypopharyngeal glands. Honey bee defensin-1 is an antimicrobial peptide that is innate in bees and plays an
important role in the immune system against various microorganisms such as yeasts, fungi, protozoa, Gram-
positive and Gram-negative bacteria. The most significant activity of this antimicrobial peptide is observed
against Gram-positive bacteria such as Staphylococcus aureus, Paenibacillus larvae and Bacillus subtilis.
However, its efficiency against multidrug-resistant strains is relatively limited. Discrepancies in the levels of
honey bee defensin-1 among different honey samples likely stem from variations in the production of
antimicrobial peptides by bee glands. Current studies on the mechanism of action of honeybee defensin-1
argue that it induces pore formation in bacterial cell membranes and thus causes cell death (Ganz, 2003,;
llyasov et al., 2012; Kwakman et al., 2011; Oryan et al., 2016).

Honey's exceptional antimicrobial potential, particularly in the face of antibiotic-resistant bacteria, has
spurred research into its synergistic interactions with antibiotics. Numerous investigations have delved into
various combinations of antibiotics and honey, yielding encouraging outcomes. can be applied Honey can be
applied in wound treatment as a topical or as honey-impregnated dressings. As an illustration, the
amalgamation of Manuka honey with tetracycline has exhibited heightened antimicrobial effectiveness
against pathogens such as Staphylococcus aureus and Pseudomonas aeruginosa. Leveraging tetracycline's
wide-ranging antimicrobial attributes and the enhanced efficacy achieved through the inclusion of Manuka
honey, this pairing stands as a promising contender for advancing wound healing and therapeutic
interventions (Homaeigohar and Boccaccini, 2020; Jenkins & Cooper, 2012). In a similar scenario, the
simultaneous use of sub-inhibitory levels of Medihoney with rifampicin revealed the absence of rifampicin
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resistance among clinical Staphylococcus aureus isolates. These results offer substantial support for
contemplating the application of honey in clinical environments, particularly when dealing with prolonged or
recurring infections (Miller et al., 2013). Moreover, the interplay between honey and antibiotics has
demonstrated synergistic and additive impacts when dealing with biofilms. This is well illustrated by the
synergy of vancomycin with Manuka honey in the context of tackling Staphylococcus aureus biofilms and
the complementarity observed with gentamicin and Manuka honey in addressing biofilms produced by
Pseudomonas aeruginosa (Asma et al., 2022c; Campeau & Patel, 2014; Combarros-Fuertes et al., 2020).
These findings underscore the promising possibilities of utilizing honey and emphasize the importance of
additional research to fully exploit the synergistic benefits for clinical purposes.

This review examines deeply antimicrobial potential of honey against pathogenic microorganisms such as
Salmonella and Listeria monocytogenes and presents the latest research findings in the literature. Enhancing
our comprehension of honey's antimicrobial characteristics has the potential to open doors to fresh
applications in both the food industry and the healthcare domain.

Antimicrobial Effects of Honey on Salmonella

Salmonella pertains to a bacterial genus capable of inducing salmonellosis, an alimentary disease.
Manifestations of salmonellosis encompass abdominal discomfort, diarrhea, elevated body temperature,
vomiting, headaches, and fatigue. Typically, these symptoms manifest within a span of 6 to 72 hours
following exposure and may endure for multiple days (Kim et al., 2018). Salmonella bacteria have the
potential to be transmitted to individuals through the ingestion of tainted meat, water, or edibles from
animals carrying the infection. Common reservoirs of this bacterium encompass uncooked or insufficiently
cooked poultry, turkey, eggs, beef, and seafood (Acar6z et al., 2018). Additionally, the bacterium can be
present in contaminated fruits, vegetables, and various food items. Preventing salmonellosis necessitates
strict adherence to food safety guidelines when handling and cooking food, rigorous maintenance of high
hygiene standards, and the avoidance of consuming undercooked food items. In addition, probiotic bacteria
and their metabolites can diffuse into the gut lumen and modify the community, resulting in the elimination
of enteric pathogens such as Salmonella. Salmonella continues to pose a significant challenge in the domains
of food safety and public health, thereby prompting the enforcement of diverse measures for its control,
encompassing the examination and oversight of food products (Acartz et al., 2018; Ehuwa et al., 2021;
Hardy, 2004; Zhu et al., 2023).

Recent research has brought to light that specific natural foods, honey among them, have the potential to
obstruct the growth and transmission of harmful bacteria such as Salmonella. This section offers a thorough
interpretation of the most recent studies delving into the antimicrobial effects of honey against Salmonella,
accentuating its role as a potential natural antimicrobial agent.

Akyalgin & Siierdem, (2017) collected honey samples from diverse botanical sources, encompassing floral,
multifloral, chestnut, oak, and thyme varieties, examined their efficacy against Salmonella Typhimurium.
The assessment was carried out utilizing the agar well diffusion technique on Mueller-Hinton agar. Among
these, oak honey exhibited the most substantial antioxidant capacity, surpassing the other honeys. Notably,
all of the honey samples displayed antimicrobial properties against Salmonella Typhimurium. Interestingly,
some earlier research has indicated that chestnut honey boasts a superior antioxidant capacity when
compared to other honey varieties (Sagdic et al., 2013; Saral, 2018). Nevertheless, in contrast to these
conclusions, the investigation at hand revealed that the antioxidant capacity of oak, thyme, and floral honeys
surpassed that of chestnut honey. These discrepancies may be attributed to geographical variations in the
plant life within the regions where the honey is produced (Bican & Akyal¢in, 2018). Additionally, Russo et
al., (2023) evaluated the antimicrobial potential of honey samples obtained from five different floral sources,
namely eucalyptus, thyme, chestnut, citrus, and sulla produced in the Sicilian regions, against Salmonella
Typhimurium. Both undiluted and diluted (100%, 75%, 50% and 25%) honey samples showed a wide range
of inhibition activity. Interesting antagonistic properties were observed especially for thyme honey. In
addition, it was observed that the inhibitory effect of dark-coloured honeys was more pronounced than that
of light-coloured honeys. The honey samples were able to inhibit Salmonella Typhimurium in both diluted
and undiluted formulations. The inhibition zone diameters ranged from 7 mm to 28 mm. In addition to,
Wadi, (2022) evaluated the antibacterial activity of a variety of natural and commercial honey samples
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collected from 32 different countries against Salmonella Typhimurium. A total of 32 honey samples of
different floral origin (both natural and commercial) were tested in-vitro for their antibacterial activity
against Salmonella Typhimurium using disk diffusion technique in Sudan. All natural and commercial honey
samples were equally susceptible to Salmonella Typhimurium. Commercial honey showed the same
antibacterial activity as raw, unprocessed honey against the tested clinical isolates. In this context, honey
could be used as a proven alternative to traditional antibiotics for the treatment of clinical isolates.

Cilia et al., (2020) evaluated 41 honey samples from different regions of Ukraine for antibacterial activity
against Salmonella Typhimurium. Consistent with other studies, Salmonella showed a wide range of
responses to the honeys. Also, Postali et al., (2022) evaluated the antibacterial activity of honey samples
collected in Greece against Salmonella Typhimurium. The results showed that Salmonella was susceptible to
honey samples only at concentrations above 6.25% (v/v).

Park et al., (2020) evaluated the antimicrobial activity of Korean Hovenia monofloral honey (Hovenia
dulcis) against Salmonella Typhimurium. Hovenia monofloral honey exhibited minimum inhibitory
concentration (MIC) values ranging from 25% to 50% (w/v). Hovenia monofloral honey has strong
antibacterial activity and can be used to preserve food from foodborne pathogens. Furthermore, Otmani et
al., (2021) used agar diffusion tests and MIC measurements to determine the in-vitro. antibacterial activity of
26 honey samples in Algeria. It has been determined that these honeys were sensitive to 9 types of
monofloral honey and 9 types of polyfloral honey. Furthermore, the study showed that honey's dark colour
was an indicator of its high bioactive and antibacterial content.

Various factors can affect the quality of stingless bee honey. The properties of this honey may vary
according to different seasons of the year. Therefore, the aim of Mahmood et al., (2021a) evaluated the
antimicrobial properties of honey from stingless bees from various multifloral sources. Honey was collected
from hives located in two different regions in Besut, Terengganu, Malaysia. The difference between these
fields is that one is planted with only two flowering species (Stevia) while the other is planted with more
than two flowering species. The foodborne pathogen Salmonella Typhimurium was analyzed for
antimicrobial properties. The results showed that honey samples collected during both dry and rainy seasons
exhibited antimicrobial properties against to all tested foodborne pathogens. However, dry season samples
showed higher antioxidant properties compared to honeys harvested in the rainy season. This study
underlines the significant impact of seasonal changes on antioxidant properties.

Ogur et al., (2022) aimed to determine the antimicrobial activity of natural honey obtained from Bitlis,
Turkey against Salmonella Enteritidis, a foodborne pathogen. The hollow agar method was used to
determine the antimicrobial activity of natural honey samples at different concentrations (10%, 25%, 50%
and 100%). 50% concentrate of natural honey showed significant antimicrobial activity against Salmonella
Enteritidis by creating an inhibition zone of 22.50+2.73 mm. As a result, natural honey from this region has
been found to have the potential to develop new drugs for the treatment of certain infectious diseases using
its active compounds that exhibit antimicrobial activity.

Adeyemo et al., (2017) conducted a study on the evaluation and comparison of the antibacterial activities of
different types of honey in southwestern Nigeria. They also aimed to provide information about a more
affordable and effective natural-based antibacterial product and to confirm the antibacterial activity of honey
in the region by comparing the antibacterial activity of honey with the standard antibiotic streptomycin. In
this study, honey inhibited the growth of Salmonella Typhimurium when diluted with sterile distilled water
to a 50% (v/v) concentration. Zones of inhibition exhibited by honey ranged from 6.0£0.6 mm to 30.7+1.2
mm. Super dark amber honey has been shown to have the highest antimicrobial activity, comparable to the
antibiotic streptomycin. It demonstrated potent broad-spectrum antibacterial activity against a wide range of
bacteria. However, more research is needed to assess its feasibility for clinical use.

Wang et al., (2021) investigated the antimicrobial activity of Qinling Apis cerana honey, a traditional
Chinese honey, against Salmonella Typhimurium. The extract caused significant shrinkage and collapse of
Salmonella Typhimurium cell membranes in vitro. The extract significantly reduced Salmonella
Typhimurium levels in mice. This research provides valuable insights into the antimicrobial properties of
Qinling Apis cerana honey against Salmonella Typhimurium and its antibacterial mechanism.
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Ejaz et al., (2023) isolated 20 highly drug-resistant Salmonella Typhimurium strains from pediatric sepsis
patients. PCR was used to identify the antimicrobial resistance genes carried by these strains. The
antimicrobial activity of five Pakistani honeys, namely Sidr (Ziziphus spina-christi), Neem (Azadirachta
indica), Mustard (Brassica nigra), Beri (Ziziphus mauritiana), and Orange (Citrus sinensis) honey, was
evaluated using the agar diffusion assay. Notably, among the five honeys, Beri honey showed an inhibition
zone ranging from 7 to 15 mm, while Neem honey showed an inhibition zone ranging from 7 to 12 mm.
These results indicate that these five honeys from Pakistan have the potential to effectively contribute to the
management of extensively drug-resistant Salmonella Typhimurium.

Ayub et al., (2020) investigated the effect of sub-inhibitory concentrations of locally available Marhaba
brand honey and non-branded honey extracted from the Ziziphus mauritiana plant on Salmonella
Typhimurium in Pakistan. The results showed that the growth of the pathogenic bacteria tested was
effectively controlled by both Marhaba honey and Ziziphus mauritiana honey. However, before suggesting
honey as a superior antibacterial agent in food production facilities where low pH and high temperatures are
frequently used, it is recommended that further research be conducted to understand the development of
tolerance to adverse conditions such as pH 2.5 and temperature of 60°C.

Ghifari Alhadz et al., (2021) investigated the antibacterial activity of five different types of honey against the
growth of Salmonella Typhimurium. Results showed Kupang and Sumba honey had low antibacterial
activity (<émm). In addition, Lombok white honey (7.74 mm), Gunung Kidul-Lanceng honey (7.37 mm) and
Lombok black honey (6.74 mm) were found to have moderate antimicrobial activity at 100% concentration.
In addition, Kalidasan et al., (2017) evaluated the antimicrobial activities of three different honey samples,
namely Kombu honey, Malan honey and Commercial honey, against Salmonella Typhimurium. All honeys
were used at a concentration of 75 pl and Kombu honey showed an inhibition zone of 24 mm, Malan honey
21 mm and Commercial honey 19 mm. Consequently, it was concluded that Kombu honey had higher
antimicrobial activity against bacterial pathogens and was considered more effective compared to Malan and
Commercial honey in the scientific article.

Sulaiman & Sarbon, (2022) conducted a study to investigate the effect of heat treatment on the antimicrobial
properties of Tualang, Acacia and Kelulut honey against Salmonella Typhimurium. As the temperature of
the heat treatment increased, the antimicrobial efficacy of the treated honey decreased. Only Kelulut honey
showed an inhibition zone at all temperatures in the agar well diffusion test. In general, there was a decrease
in the antimicrobial properties of the heat-treated honeys. This decrease is related to the reduction of
antibacterial elements in honey, such as hydrogen peroxide, due to the application of elevated temperatures.
Kelulut and Tualang honey showed superior antimicrobial properties compared to Acacia honey. Also,
Shalsh et al., (2021) conducted a study to investigate the antimicrobial activity of commercially available
local Malaysian Trigona sp. honey against the pathogen Salmonella Typhimurium. The disc diffusion and
agar well diffusion tests were used to test different concentrations of honey. The raw form of Kelulut honey
showed better antibacterial results than the diluted honey based on the results of the agar well diffusion test.
Clear zones of inhibition against Salmonella Typhimurium of 7.2+0.3 mm and 8.1+0.4 mm were obtained
from two separate samples of Kelulut honey. These results demonstrate that Trigona sp. honey has
antibacterial properties. The different concentrations of honey (%20, %40, %60 and %80) play a significant
role in its efficacy.

Bhalchandra & Joshi, (2021) conducted a study to investigate the antibacterial properties of raw honey from
three species of bees found in the Kannad taluka of Aurangabad district. The Agar Well Diffusion method
was used to test the honey samples against Salmonella Typhimurium. The results revealed the susceptibility
of the honey samples to Salmonella Typhimurium. Significantly, the observation of inhibition zones
distinctly pointed out that honey sourced from Apis florea and Apis cerana indica manifested the most
elevated antibacterial efficacy, whereas honey from Apis dorsata displayed comparatively lower antibacterial
activity.

Akyalgm & Suerdem, (2017) carried out an evaluation involving six honey samples sourced from Kosovo to
investigate their antibacterial potential against Salmonella Typhimurium. The methodology employed was
the agar well diffusion method on Mueller Hinton agar. Notably, all six honey samples displayed robust
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antibacterial properties, showcasing inhibition zones that spanned from 16 to 40 mm. These findings hint at
the potential utility of honey as a promising alternative to antibiotics, particularly in the context of managing
bacterial skin and soft tissue infections.

Agar diffusion assessments targeting Salmonella underscore the substantial antimicrobial efficacy of honey,
as underscored by the emergence of inhibition zones. The inhibition areas of honey obtained from various
flowers and in various concentrations against different Salmonella types are shown in Table 1. These
conclusions lend weight to the application of honey as a natural solution for addressing Salmonella
infections. In the context of this investigation, the manifestation of inhibition zones serves as tangible proof
of honey's antimicrobial attributes. These outcomes emphasize the potential of honey to function as a natural
deterrent against pathogenic bacteria within the human organism. Consequently, further research is essential
to delve into the prospects of utilizing honey in Salmonella management and prevention.

Table 1. Inhibition areas of honey obtained from various flowers and in various concentrations against
different Salmonella types

Honey Types ?almonella Concentration Inhibition Zone (mm) | References
ypes of Honey
Floral 32
Highland S Tvphimurium 30 | Akyalgin & Siierdem,
Chestnut A TCB B8l 100% 30 | 2017
Oak 26
Thyme 14
Chestnut 100% 27+1.15
75% 27+0.00
50% 17+0.58
25% 15+0.00
Eucalyptus 100% 20+0.58
75% 18+1.00
50% 16+0.58
25% 8+0.58
Sulla 100% 28+1.00
S. Typhimurium 75% 27058 Russo et al., 2023
ATCC 14026 50% 24+1.73
25% 1442.08
Thyme 100% 30+0.00
75% 27+1.53
50% 19+1.00
25% 11+0.00
Citrus 100% 23+0.00
75% 1741.15
50% 16+2.00
25% 8+0.00

Blossom honey

S. Typhimurium Postali et al., 2022

(Arbutus DT193 75% 9.33+1.15
andrachne L.)
Honey from Dry | 8.67+0.58
stingless bee Season 1
(Heterotrigona Dry | 11.33+0.58
itama) S. Typhimurium 100% Season 2 Mahmood et al.,
ATCC 13311 Rainy | 13.67+1.15 | 2021a
Season 1
Rainy | 17.33+0.58
Season 2
Honey Sample 1 S 13.00+1.10
Honey Sample 2 iTEé‘zfrl'gg% 100% 14.00 % 1.10 | Ogur et al., 2022
Honey Sample 3 15.00 + 0.00
Dark amber . 6.0+0.0 | Adeyemo et al., 2017
Super  light | > TYPh 50% B8]
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amber
Light amber 20.7+1.2
Super dark 27 341 2
amber
Bitter 21.3+1.2
Sidr 7-12
Neem 50%, 40%, 6-13 | _.
Mustard S. Typhi 30%, 20% and 5.9 | Elazetal, 2023
Orange 10% 6-12
Beri 7-15
Kupang <6+.00
Sumba <6+.00
Lombok white 7.74+.16
E-::genngg Kidul- S. Typhi 100% 7 3740.52 S(?z!];a“ Alhadz et al.,
Lombok black 6.74+0.42
Super
Archipelago 7.29+.60
Raw bee honey | S. Typhi ND 19+ 0.5- 25+ 0.6 | Wadi, 2022
Kombu 24
Malan S. Typhi 75% 21 | Kalidasan et.al., 2017
Commercial 19
Kelulut S. Typhi 100% 7.2+0.3 | Shalshetal., 2021
Kelulut 18.10 £ 0.25 Sulaiman & Sarbon
Tualang S. Typhi 100% 13.10+£0.15 2022 '
Acacia 12.10£0.15
Mountain 36
Floral 1 40
If\l/leadow S. Typhimurium 36 | Akyalgin & Suerdem,
owers 50%
- ATCC 51812 2017
Pinus 36
Floral 2 36
Floral 3 36
90% 18.0+2.0
80% 16.04£2.0
70% 15.0+£1.0
Chestnut 60% 13.0£1.0
50% 12.0+£1.0
40% 12.0+£1.0
<30% 0
90% 12.0+£1.0
80% 0
70% 0
Linden S. Typhi 60% 0 | Goslinski et al., 2020
50% 0
40% 0
<30% 0
90% 14.0£1.0
80% 13.5+0.5
70% 12.0£0.0
Honeydew 60% 12.04£0.0
50% 0
40% 0
<30% 0
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Antimicrobial Effects of Honey on Listeria monocytogenes

Listeria monocytogenes poses a substantial public health concern, primarily due to its widespread presence in
the environment and its capability to endure adverse conditions encompassing refrigeration, freezing,
heating, and desiccation. It constitutes a highly pathogenic microorganism with the potential to elicit a
spectrum of human infections, inclusive of conditions like meningitis, septicemia, conjunctivitis, and skin
and mucous membrane infections. While healthy adults often exhibit tolerance to low-level exposure to
Listeria monocytogenes without symptomatic development, specific demographic groups, including children,
the elderly, expectant mothers, infants, and individuals with compromised immune systems, are markedly
more vulnerable to the deleterious effects associated with this bacterium (Acaroz et al., 2017; Goulet et al.,
2006; Kara et al., 2019). Addition, encephalitic listeriosis is a type of listeria infection that causes
inflammation of the brain and enters the body through food consumption. It is critical to take various food
safety precautions, such as cooking foods well and paying attention to hygiene practices, to reduce the risk of
encephalitic listeriosis. In addition, people with weakened immune systems may need to be more cautious
about such infections (Hatipoglu et al., 2022; Ozdemir et al., 2021).

Because Listeria monocytogenes is so important, food safety experts and researchers have investigated the
potential of natural antimicrobial agents. In this context, the role of honey as a potential natural antimicrobial
agent against Listeria monocytogenes was examined. In this part, we explore contemporary research
endeavors that examine the antimicrobial potential of honey in the context of combating Listeria
monocytogenes. The results emanating from these studies hint at the promising prospect of honey serving as
a natural substitute for traditional antibiotics.

Pajor et al., (2018) conducted an examination wherein they subjected honey samples originating from the
northern region of Poland to a screening process aiming to identify bacteria capable of generating
metabolites that impede the proliferation of Listeria monocytogenes. The outcome revealed the presence of
highly potent bacteria, yielding 38 active strains that exhibited significant efficacy against Listeria
monocytogenes. This study underscores the potential of honey produced in northern Poland as a valuable
source of bacteria yielding antimicrobial metabolites. Additionally, Putri et al., (2020) lactic acid bacteria
were extracted from honey sourced from Apis mellifera bee through the utilization of the coating method,
yielding a total of 9 isolates. These isolates underwent thorough characterization, and their prospective
antimicrobial efficacy against Listeria monocytogenes was assessed via the well-diffusion test. As an
outcome of this investigation, two promising isolates were successfully identified.

Cakir & Dervisoglu, (2022) investigated the antimicrobial effects of honey collected from different regions
of Bingdl province using the disk diffusion method. Honey samples were prepared and tested for their
antimicrobial activity against Listeria monocytogenes at three different concentrations (500, 250 and 125
mg/ml). The results obtained showed that none of the honey samples prepared at three different
concentrations had any antibacterial activity against Listeria monocytogenes.

Nazzaro et al., (2021) aimed to evaluate the sensitivity of bacterial biofilm formation and metabolic changes
occurring in bacterial cells caused by sulla, lavender, tree of heaven, ivy and strawberry tree monofloral
honey varieties. Listeria monocytogenes exhibited up to 72.20% sensitivity to biofilm inhibition.
Additionally, Fratianni et al., (2021) evaluated the effects of different monofloral honeys of Italian origin on
Listeria monocytogenes. Listeria monocytogenes was generally sensitive to the inhibitory effects of all
honeys. While sensitivity reached 90% in the presence of ivy honey, it was higher than 90% in the presence
of blackberry honey and snowberry honey.

Fratianni et al., (2023) investigated the potential antimicrobial effects of legume honeys, especially alfalfa,
astragalus, carob, indigo and sainfion, against the pathogen Listeria monocytogenes. With a few exceptions,
all legume honeys have been found to be biofilm inhibitors. Carob honey was the most effective honey
sample in inhibiting Listeria monocytogenes biofilm formation. The inhibition efficiency was up to 81.71%.
It was also effective in the presence of glucose in the bacterial growth medium. In conclusion, the study
shows that these five honeys may, in different ways, enhance certain prebiotic properties and inhibit biofilm
when consumed.

Zapata-Vahos et al., (2023) examined the antimicrobial activity of honey obtained from two bee species,
Melipona eburnea and Apis mellifera, against Listeria monocytogenes in Colombian tropical forests.
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Inhibitory activity was observed against Listeria monocytogenes. It was observed that there was a
statistically significant difference in inhibitory activity against Listeria monocytogenes between the rainy
season and the dry season in honey obtained from Apis mellifera (p<0.05), whereas there was no such
difference in honey obtained from Melipona eburnea. The study concluded that environmental conditions,
flower species and geographical location of flower sources are responsible for the variability in the
antimicrobial activity of honey.

Gkoutzouvelidou et al., (2021) investigated an inquiry encompassing eight honey samples sourced from
Lemnos Island, in addition to one Manuka honey sample. The objective was to assess their antimicrobial
potential against Listeria monocytogenes bacteria. The noteworthy revelation from this study is that all the
Lemnos honey samples displayed antibacterial characteristics, resulting in inhibition zones of equivalent
dimensions (5.0£0.0 mm) as observed in the case of Manuka honey. Additionally, Purovi¢ et al., (2022)
assessed the antimicrobial potential of honey variants, including acacia, sunflower, and forest meadow,
sourced from Serbia was scrutinized concerning their effectiveness against Listeria monocytogenes. The
findings unveiled that forest meadow honey showcased the most robust antibacterial activity, closely
followed by sunflower honey, whereas acacia honey exhibited the comparatively lower antibacterial
efficacy.

Engin et al., (2022) assessed the antibacterial attributes of chestnut, citrus, sunflower, and clover honey were
evaluated in the context of their response to varying storage conditions, including exposure to heat and light,
as well as different durations of storage. Notably, all four varieties of honey demonstrated a moderate level
of antibacterial activity against Listeria monocytogenes when examined at a 1:1 concentration ratio. This
study suggests that storing honey in cool, dark conditions may preserve its antimicrobial activity.
Additionally, Cakir et al., (2020) investigated the antimicrobial activity of honey samples from Sivas (Zara),
Giimiishane, and Rize (Anzer) provinces against Listeria monocytogenes. None of the honey samples
exhibited antimicrobial activity against Listeria monocytogenes. Furthermore, Bican & Akyalgin, (2018)
investigated oak honey samples were assessed for antimicrobial activity against Listeria monocytogenes
using the agar well diffusion method. The inhibition zone for Listeria monocytogenes in oak honey was 14
mm.

Mahmood et al., (2021b) conducted a study to determine the antimicrobial properties of non-stinging honey
from different multifloral origins in both dry and wet seasons. Two different multifloral areas (Area A and
B) were used to collect honey samples. While Area A was planted with only two flowering species
(including Stevia), Area B was planted with more than two flowering species. Well diffusion method was
used to analyze the antimicrobial properties against Listeria monocytogenes. Both sets of honey samples
collected in both seasons showed antimicrobial properties against Listeria monocytogenes, while samples
from the dry season showed higher levels of inhibition.

Ogur et al., (2022b) aimed to determine the antimicrobial activities of natural honey against Listeria
monocytogenes in Bitlis. They used the agar well diffusion method to determine their antimicrobial activity
at 10%, 25%, 50% and 100% concentrations. The results showed strong antimicrobial activity; 50%
concentration of honey produced a zone of inhibition of 34.00+1.10 mm on Listeria monocytogenes. The
greatest inhibition zones were observed in 100% concentrate. No zones were observed in the 10%
concentrate. Additionaly, Adeyemo et al., (2017) evaluated and compared the antibacterial activities of
different types of honey in southwestern Nigeria. Their aim was also to verify the antibacterial effectiveness
of honey in southwestern Nigeria and to provide information on a potentially cheaper alternative
antibacterial product of natural origin. Broth tube dilution method was used to determine the minimum
inhibitory concentration of honey samples. The data obtained showed that the inhibitory zone size of honey
samples varied between 6.7+1.2 mm and 26.0+1.2 mm, while the zone size of streptomycin was 12.0+0.6
mm. Compared to the standard antibiotic streptomycin, this shows that honey has antimicrobial activity.

The findings acquired indicate that honey possesses a notable antimicrobial influence against Listeria
monocytogenes. The inhibition areas of honey obtained from various flowers and in various concentrations
against different Listeria types are shown in Table 2. These outcomes hint at the potential utility of honey in
bolstering food safety, presenting a natural substitute for controlling pathogens like Listeria monocytogenes.
Nonetheless, for the effective utilization of honey against Listeria monocytogenes, additional data
concerning application conditions and quantities, as well as further exploration through clinical research, is
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imperative. Furthermore, more extensive studies are necessary to delve into the antimicrobial attributes of
various honey varieties and the factors that influence these properties. Thus, it is incumbent upon future
research to provide additional insights into the efficiency and applicability of honey as a safe preservative
within the food industry.

Table 2. Inhibition areas of honey obtained from various flowers and in various concentrations against
different Listeria types

Honey Types Listeria Types Sg?ﬁg;;?'o Inhibition Zone (mm) | References
22:2 mg:::gZi L. monocytogenes ND 1;38:(1)2 Putri et al., 2020
,(AGp;g;elllfera-l No activity
Apis mellifera-2 L
(Kig1) L. monocytogenes 500, 250, and No activity Caklr. &
Apis mellifera-3 NCTC 5348 125 mg/mL ——| Dervisoglu,
No activity | 2022
(Sancak)
,(A\Eézgs;hfera 4 No activity
Melipona eburnea Dry Sample: 10.49+7.76
and Apis mellifera 'I&Tné%l%clyltggenes ND Rainy Sample: aZIapraz—:\%/ ahos et
honey 26.03+4.91 | 7"
Chestnut, citrus, L. monocytogenes 9-18 Engin et al.,
sunflower, and clover | ATCC 7944 2022
Sample-1 L. monocytogenes 345 Cakir et al
Sample-2 ' 50% 34.0 ”
Sample-3 NCTC 5348 370 2020
Bican &
Oak L. monocytogenes ND 14 Akyalein, 2018
Dry Sample-1:
11.334+0.58
Multifloral honey Dry Sample-2:
from stingless bee L. monocytogenes ND 14.67+0.58 | Mahmood et al.,
(Heterotrigona ATCC 13932 Rainy Sample-1: | 2021b
itama) 5.67+0.58
Rainy Sample-2:
8.33+0.58
Sample-1 100% 13.5040.55
50% 11.00+1.10
Sample-2 L. monocytogenes 100% 38.50+£1.64 | Ogur et al.,
ATCC 7644 50% 34.00+£1.10 | 2022b
Sample-3 100% 12.00+0.00
50% 8.50+1.64
African bee honey-1 7.3+0.0
African bee honey-2 21.3+1.6
African bee honey-3 26.0+1.2
African bee honey-4 18.7+1.2
African bee honey-5 7.7£15
African bee honey-6 24.3+0.6
African bee honey-7 7.3+1.2 | Adeyemo et al.,
African bee honey-8 L. monocytogenes 50% 7.7+0.6 201;/
African bee honey-9 24.3+1.2
African bee honey-10 14.3+0.6
African bee honey-11 12.0+0.0
African bee honey-12 6.7+1.2
African bee honey-13 9.0+0.0
African bee honey-14 8.0+0.0
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CONCLUSION

This comprehensive review delved into the antimicrobial efficacy of honey against pathogenic
microorganisms, including Salmonella and Listeria monocytogenes. Scientific investigations unequivocally
confirm the robust antimicrobial properties intrinsic to honey. The innate components of honey effectively
impede the proliferation and replication of pathogenic microorganisms. Research has notably demonstrated
honey's effectiveness against perilous bacteria such as Salmonella and Listeria monocytogenes, which holds
paramount significance concerning food safety and public health. Honey emerges as a promising alternative
therapeutic avenue, especially in the face of antibiotic-resistant bacterial strains. Further exploration of
honey's antimicrobial attributes is imperative. A pivotal aspect involves scrutinizing whether honey sourced
from distinct floral origins or regions exerts varying antimicrobial effects. Additionally, delving deeper into
the mechanistic underpinnings of honey's antimicrobial components is essential for a comprehensive
understanding. There is a pressing need to encourage greater integration of honey in the medical and
healthcare sectors, with particular emphasis on wound care, infection management, and alternative
approaches to antibiotics. The applicability of honey in the food industry should also undergo rigorous
investigation. Research focusing on honey's potential in countering foodborne pathogens like Salmonella and
Listeria monocytogenes could markedly enhance food safety standards. In summation, the antimicrobial
attributes and potential of honey should be accorded heightened consideration in the domains of public
health and medicine. This is a pivotal step toward devising novel strategies for combatting antimicrobial
resistance. In conclusion, the ongoing research into honey's antimicrobial effects underscores its versatility as
a natural product with far-reaching applicability. Subsequent studies will undoubtedly enrich our
comprehension of honey's antimicrobial prowess and facilitate its application across diverse sectors,
encompassing medicine, food, and more.
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MAKALE
BILGISI
Materyaller ilizerinde kullanilan araglar ile uzunluk, agi gibi parametrelerin 6l¢iildiigii ve sonuglarin

istatiksel analizini kapsayan yontem morfometridir. Morfometrik yontemler seklin konu edinildigi birgok Gelis:
alanda ve c¢esitli materyaller lizerinde uzun zamandir kullanilmaktadir. Saglik bilimlerini konu edinen  28.07.2023
aragtirma dallarinda faydalanilan bu yontem veterinerlik anatomisi alaninda da siklikla kullanilmaktadir. Kabul:
Yaganan teknolojik ilerlemeler ile morfometrik yontemler de gelismektedir. Morfometrik yontem ile elde  20.11.2023
edilen dl¢timlerin yani sira incelenen materyalin sekil yorumunun tamamen arastirmacinin gézlemine dayali

olmasi bu yontemi ampirik kilmaktadir. Gelistirilen son yaklagim sekil analizine ve geometrik bilgilerin

tamaminin tutulmasina yaptig1 vurgu nedeniyle geometrik morfometri olarak adlandirilmaktadir. Geometrik

morfometrik incelemelerde indirekt yontemler yardimiyla veri elde edilmektedir. Bu yontemler ii¢ boyutlu

tarayicidan elde edilen goriintiiler, radyografik goriintiiler {izerinden yapilmakla birlikte en sik kullanilan

yontem fotograflama yontemidir. Bu yontemde verilerin saptanmasi i¢in kartezyen koordinatlart kullanilir.

Bunun yani sira fotograflama metoduyla iki ve ti¢ boyutlu incelemelerin yapilmas: miimkiindiir. Ayrica bu

yeni yontem, ¢ok sayida sekil degiskenini bir arada incelemeye olanak tanirken analiz sonuglarinin grafiksel

gosterimine de imkan saglamaktadir. Morfometrik yontemler ile sekil analizi, aragtirmacinin yorumuna

dayaliyken geometrik morfometrik yontemlerde bu analiz sonucunda daha kesin verilere ulagmak

miimkiindiir. Bu ¢aligmada, veterinerlik anatomisi alaninda siklikla yararlanilan morfometrik ve geometrik

morfometrik yontemlerin kiyaslanmasi ve bu yontemlerin kullanilmasinin ne gibi farkliliklar yarattigini

ortaya koymak hedeflenmektedir.

Anahtar kelimeler: Anatomik nokta, fotograflama, sekilsel degisim.

Usage of Morphometric and Geometric Morphometric Methods in the Field of Veterinary
Anatomy

OZET

ARTICLE

ABSTRACT INFO

Morphometry is a method in which parameters such as length and angle are measured with the tools used on the

materials and the statistical analysis of the results. Morphometric methods have been used for a long time in many Received:
areas where shape is the subject and on various materials. This method, which is used in research branches dealing 28 07.2023
with health sciences, is also frequently used in the field of veterinary anatomy. Morphometric methods are also Accepted:
developing with technological advances. In addition to the measurements obtained by the morphometric method, the 20.11 202'3
interpretation of the shape of the material examined is based entirely on the observation of the researcher, making this T
method empirical. The last approach developed is called geometric morphometry because of its emphasis on shape
analysis and retention of all geometric information. In geometric morphometric examinations, data are obtained with
the help of indirect methods. Although these methods are performed on images obtained from a three-dimensional
scanner and radiographic images, the most commonly used method is photography. In this method, Cartesian
coordinates are used to determine the data. In addition, it is possible to carry out two- and three-dimensional
examinations with the same method. In addition, this new method allows to examine a large number of shape variables
together and also provides a graphical display of the analysis results. While shape analysis with morphometric methods
is based on the researcher's interpretation, it is possible to obtain more precise data as a result of this analysis in
geometric morphometric methods. In this study, it is aimed to compare morphometric and geometric morphometric
methods, which are frequently used in the field of veterinary anatomy, and to reveal what differences the use of these
methods creates.

Keywords: Anatomical point, photographing, shape change
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GIRIS

Morfometri terimi, Antik Yunancadan gelen “morphe” (sekil, bigim) ve “metria” (6l¢lim) kelimelerinin bir
araya gelmesiyle olusur (Mitteroecker ve Gunz, 2009). Bir materyalle ilgili calisildiginda ortaya ¢ikan
sorularin pek ¢cogu sekille ilgilidir. Bu sorular; “Bir popiilasyondaki kemigin /organin /yapinin ortalama sekli
nedir?”, “Bu ortalama seklin etrafindaki popiilasyonda varyasyon modeli nedir?”, “Gruplar sekil olarak nasil
farklilik gosterir?” ve “Bu farkliliklarin islevsel 6nemi nedir?” gibi olabilmektedir. Morfometri, bu tiir sorulari
ele almak amaciyla istatiksel analizlerden yararlanilan bir alandir (Slice, 2007). Morfometri ydnteminin
siklikla yararlanildig1 alanlardan biri de veterinerlik anatomisidir. Anatomik calismalar, klinik ve cerrahi
pratigin temelini olusturur (Dyce ve ark., 1996). Yapilan anatomik 6l¢iimler; tiir igi ve tiirler arasi kiyaslama
yapma, cinsiyet tayini ve taksonomik ayrimlar ile tiirlere ait sekil farkliliklarini belirlemek amaciyla kullanilir
(Bayram, 2022). Morfometrinin kullanildig1 giincel ¢alismalardan bazilar1 su sekilde 6rneklendirilebilir.

Iki farkli tiir arasindaki ayirt edici 6zelliklerin saptanmasi amaciyla Hasak ve Hasmer koyunlar1 cranium’u
ilizerine yapilan ¢alismada Hasmer koyunu kafatasinin diger tiire gére daha uzun oldugu sonucuna varilmistir
(Can ve ark., 2022). Benzer ¢aligmalar tek tiir iizerinde yapilabilmektedir. Oziidogru ve ark. (2020) yapmis
oldugu calismada Hasak koyununa ait mandibulalar iizerinde yapilan 6l¢lim farkliliklar1 ile hem ayni tiir
icerisinde degisimin hem de literatiirdeki benzer Ol¢iimlerin kiyaslanmasi sonucunda mandibulanin diger
tirlerden daha az uzunluga sahip oldugu kanaatine varilmigtir. Morfometrik Sl¢limler ile cinsiyet tayini
amaciyla Malakan ati mandibulasi iizerine yapilan g¢alismalar sonucunda cinsiyet faktoriiniin yalnizca
processus coronoideus’lar aras1 mesafe ile yapilabilecegi sonucuna varilmustir (Giirbiiz ve ark., 2016). Bu
incelemeler yalnizca iskelet boliimleri kapsaminda sinirli kalmamis ve yapi, doku veya organlar tizerinde de
incelemelere rastlanmaktadir. Bu ¢alismalarin 6rneklerinden biri, Yilmaz ve ark. (2018) Aseel irki horoz ve
tavuklarda glandula uropygialis’in morfometrik incelemesi sonucunda iki hayvan irki arasinda morfometrik
ozellikleri agisindan anlamli bir farklilik bulunamadigini belirtir.

Son gelismelerle degisime ugrayan morfometrik yontemler artik ‘geleneksel/klasik morfometri’ olarak
tanimlanmaktadir. Bu tanimdan hareketle Rohlf ve Marcus’a (1993) gore geleneksel morfometrik ¢aligmalar;
acilar, anatomik noktalar ve oranlar1 kullanarak yapilarin genislik, uzunluk ve derinlik gibi parametrelerin
Olglimlerini ve bu Olgiimlerin istatistiksel yontemlerle analizlerini kapsar. Bunun yani sira geleneksel
morfometrik yontemlerle genel form ne gercekten tespit edilir ne de analizde kullanilir (Rohlf ve Marcus,
1993). Bu yontemle incelenen organizmanin seklindeki farkliliklar, genelde sekli bilinen geometrik nesnelere
benzetilerek agiklanmaktadir. Bdylece bir organizmanin dairesel veya eliptik yapisi tanimlanabilmektedir. Bu
benzetimler ile, 6zellikle tanimlanmaya ¢aligilan sekil karmasik oldugunda ve eslestirmeye calisilan nesnenin
sekliyle tam olarak ortiismediginde herhangi bir sonug elde edilemez. En basit sekillerin tanimlanmasinda bile,
bu yaklasimlar o cismin ne kadar dairesel oldugunu ifade edilmesine izin vermez (Veleminska ve ark., 2013).
Dalga’nin (2019) Abaza keg¢ilerinin foramen mentale sekillerini ortaya koydugu ¢alismada dort 6rnekte oval
sekilli iken ii¢ 6rnekte de seklin yuvarlak oldugunu belirtir. Ancak bu sonug¢ herhangi bir istatistik veriyle
desteklenemez ve arastiricinin yorumuna dayalidir. Seklin tanimlanmasindaki bu gereklilikler goz oniinde
bulundurularak caligmalarda materyalin kompleks seklini, geleneksel morfometrinin temelini olusturan
dogrusal (lineer) dl¢limler araciligiyla tam anlamiyla ortaya konulamadigi i¢in yeni bir yontemin gerekliligi
ortaya ¢ikmigtir (Pavlinov, 2001). Morfometri yalnizca bir ylizyil icerisinde geliserek tek degiskenli, iki
degiskenli ve ¢ok degiskenli analizlere doniismiistiir. Ayn1 zamanda kendi sekil tanimlayicilariyla ortaya ¢ikan
“Geometrik Morfometri” olarak adlandirilan yeni bir disiplin haline gelmistir (Claude, 2008). iki yontemin
dogru smiflandirma oranlar1 arasinda belirgin farkliliklar vardir. Geometrik morfometrik analiz, dogrusal
analize gore daha fazla bilgi saglar (Pares- Casanova ve ark., 2020).

Geometrik Morfometri

Sekil analizine yonelik bu son yaklasim, arastirma siireci boyunca geometrik bilgilerin tamamen tutulmasina
yaptig1 vurgu nedeniyle “geometrik morfometri” (GM) olarak adlandirilir (Slice, 2007). Son ilerlemeler
morfometrik prosedurlerin odaginin daha geleneksel dl¢timleri tanimlamak igin kullanilan anatomik noktalarin
yerine kartezyen koordinatlara yonelinmesini saglamistir. Geometrik morfometri yaklasimlari, dlglimlerin
direkt olmayan yani indirekt olan metotlar1 kullanarak veri elde edilmesini hedefler. Bu yaklagimda
fotograflama, rontgen ve tarama ile iki boyutlu goriintiiler lizerinden veya {i¢ boyutlu lazer tarayici ve
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bilgisayarli tomografi gibi iic boyutlu dijitallestirme aletlerinden elde edilen goriintiilerden yararlanilir.
Materyal Uzerinde yapilan gesitli goriintiileme yéntemlerinin basinda fotograflama gelir. Fotogrametri olarak
adlandirilan bu yontemde fotograflar iizerinde yapilan Olciimlerin kolay elde edilmesi en Onemli
avantajlarindandir (Ozkocak ve Alkaya, 2017).

Geometrik morfometrik analizlerin ve ¢alismalarin temelinde landmarklar rol oynamaktadir. Landmarklar
biyolojik anlamlilig1 kesfetmeyi ve sekli tanimlamay1 saglayan referans noktalari biitiiniidiir (Caymaz, 2022).
Farkli alanlarda kullanimi déniim noktasi, isaret ve sinir tas1 anlamlarini igeren landmark terimi, canli iizerinde
yapilacak incelemeler i¢in Slice’in (2005) calismasinda ilk defa anatomik nokta (anatomical points) olarak
degerlendirilmistir.

Bookstein (1991) landmarklar1 bulunduklar1 yere gore ii¢ tipte siniflandirmustir (Sekil 1.):
» Tip I landmarklar, birbiri ile iliskilendirilebilen noktalar,
» Tip I landmarklar, kivrimli ve/veya ¢ikintili alanlardaki noktalar,
»  Tip III landmarklar, u¢ noktalardir.

Caligilan materyallerin deforme olmasi veya eksiklige/fazlaliga sahip olmasi landmarklarin homolog olusunu
etkileyen bir faktordiir. Baz1 egriler ve ylizeyler iizerinde bilgi almak i¢in homolog noktalar bulunmadiginda
“eksik”, “yar1 isaret” veya “semilandmark™ olarak adlandirilan noktalar arastirmaya yon verebilmektedir
(Gunz ve ark., 2005).

Bookstein ’in siiflandirmasini, Katina ve ark. (2007) yeniden degerlendirerek {ig tip daha eklemislerdir:
* Tip IV landmarklar, yapinin dis hattinda bulunan semilandmarklar,
« Tip V landmarklar, yizey tzerindeki semilandmarklar,
» Tip VI landmarklar, yapili (constructed) semilandmarklardir.

S
Typel o Typello Typelll o Semi-landmarks e

Sekil 1. Landmark tipleri (Palci ve Lee, 2019).

Geometrik morfometri yontemleriyle yapilan arastirmalarin anatomik dagilimi tekdiize olmamasinin yani1 sira
en fazla ilgilenilen yap1 cranium olmustur (Slice, 2007). Giirbiiz ve ark. (2022) erkek ve disi tilkilerin cranium
kiyaslamasi sonucunda disilerde regio zygomatica daha kisa ve squama temporalis’in daha uzun oldugu
belirtilmistir. Benzer ¢alisma erkek ve disi alageyikler lizerine yapilmis, sonucunda erkek alageyiklerde daha
belirgin interfrontal ¢ikint1 bulundugu saptanirken ayni ¢alismada mandibulanin cinsiyet ayriminda daha dogru
bir kemik oldugu vurgulanmistir (Abbasabadi ve ark., 2020). Bunun yani sira cranium’u olusturan kemik
bolumlerinin yalnizca birinin veya birkaginin incelendigi ¢alismalarda bulunur. Bu ¢alismalarin en giincel
orneklerinden birinde sfenoid kemigin koyun ve keciler arasindaki ayirt edici ozellikleri arastirilmustir.
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Koyunlarda bu kemigin kegilere gore daha genis ve uzun oldugu sonucuna ulasilmistir (Parés-Casanova ve
ark., 2021).

Cranium’a ek olarak ayn1 ¢alismada mandibula’nin incelendigi Ivesi kog ve koyunlarinin (Demircioglu ve ark.,
2021) sekil degisim oranlar1 kiyaslandiginda cinsiyet ayrimi i¢in cranium’un dorsal ve lateral yonden sekil
analizinin kullanilabilir oldugu sonucuna varilmistir. Yapilan bir diger calismada sekil farkliligindan
yararlanilarak kafatas1 6rneginin Alman ¢oban kopegi veya kurda ait oldugunun anlagilabilecegi sonucuna
vartlmistir (Glirbiz ve ark., 2020). Bu calismalarin yani sira tavsanlar iizerine yapilan inceleme, vahsi
akrabalarinin aksine evcil tavsanlarda kuvvet {ireten modiillerin (kafatas1 ve mandibula) kuvvet alict modiilden
(hipselodont disler) bagimsiz gelistigi ve bunun ¢igneme performansini etkiledigini gostermektedir (B6hmer
ve Bohmer, 2017). Kranial bolgede isitsel kemiklerin sekil analizi ilk kez geometrik morfometri ile ortaya
konmustur (HadZiomerovi¢ ve ark., 2023). Bu yontemin kullanildigi calismalarda gerek eksiltili/ hasar gormiis
ornekler tizerinde gerekse viicut biitiinliiglini bozmadan radyografik goriintiiler iizerinden yapilmasini
sagladigindan veterinerlik anatomisi alaninda kullanimi giin gectikce artmaktadir.

Bununla birlikte iskeletin cranial bélimiinde yogunlasan arastirma konularinin yani sira diger boliimlerde goz
ard1 edilmemigtir. Postcranial bolimde arastirmacilar, goril, insan ve primatlara ait cervical vertebrae
(Manfreda ve ark., 2006) sekil degisimleri tizerine g¢alisma gerceklestirmis ve insana ait orneklerin
digerlerinden ayirt edilebilir oldugu sonucuna varilmistir. Bunlarin yani sira farkli maymun tiirleri ve insana
ait pelvis (Bouhallier ve Berge, 2006) kiyaslanmasinda fetiis biiyiikliigliniin farklilign g6z Oniinde
bulundurulmus ve pelvis uzunluk farklarinin normal oldugu ¢ikarimi yapilmistir. Goril, insan ve primatlarda
yapilan bir diger ¢aligmada humerus incelenmis ve sonucunda tiir ayrimi yapmaya yonelik farkliliklarin
bulunmadigini ortaya koymustur (Bacon, 2000). Masko ve ark. (2022) yapmis oldugu ¢alismada GM
kullanarak esek, midilli ve at tiirlerinin sirt profilleri ve kafa sekillerindeki farkliliklarin tespit edilmesinin
yetistirilme sartlarinin iyilestirilmesi agisindan 6nemli oldugundan kiyaslama yapilmis ve sonucunda ii¢
hayvan turuniin sirt sekillerinde 6nemli degisimler bulundugu kaydedilmistir.

Son yillarda sekil analizi kullanilarak cinsiyet analizi ve taksonomi agisindan farkli ¢alismalar yapilmaktadir
(Demircioglu ve ark., 2022; Hadziomerovi¢ ve ark., 2022). Kaplumbagalarda yapilan bir ¢alismada geometrik
morfometrik incelemeler sonucunda humero/femoral siitur oraninin cinsiyet ayriminda yararli olmadigin
ancak femoro/pektoral siitur oraninin ayrimi saglayabilecegini ortaya ¢ikarmislardir (Duro ve ark., 2021).
Baska bir calismada safkan atlarin radyografileri incelenmis, radyometrik ve geometrik 6zelliklerle erkek ve
disi bireyler arasinda cinsiyet ayriminin radio-palmar agilar araciligiyla yapilabilecegi ortaya konmustur
(Gundemir ve ark., 2021). Geometrik sekil analizi kullanilarak ayni tiir iginde cinsiyet ayrimi1 yapmak miimkiin
olabilir (Szara ve ark., 2022). Abdullayeva (2022) yapmis oldugu c¢alismada, geometrik morfometri
yonteminin insan iskeleti lizerinde cinsiyeti belirlemek i¢cin uygulanabilirligine dair yapilan arastirmalar
degerlendirilerek bu yontemin uygulanmasinin pozitif ve negatif yonlerini ele almistir. Geometrik morfometri
teknikleriyle yapilan bu gibi arastirmalar iskelet kalintilarindan cinsiyeti belirlemek i¢in alternatif bir yol
sunmaktadir. Kemiklerden yararlanilarak yapilan geometrik morfometri yontemi aragtirmalarinda ¢iplak
gbzlin gormemis olabilecegi bicim farkliliklarinin  gézlemlenmesinden dolayr daha dogru sonuglar
almabilmistir (Vance ve Steyn, 2013).

Geometrik morfometrik yontemlerin gelisimi, geleneksel morfometrinin sorgulanmasina ve sonuglariin
geometrik morfometri ile karsilagtirilmasina yol agmistir. Bu kapsamda veterinerlik anatomisi alaninda, at
kafataslar1 {lizerinde yapilan arastirmada dogrusal ol¢lim analizlerinin hata pay1 %5,5 olmasia ragmen
geometrik morfometrik analizlerin hata paymin %0,27 oldugu belirtilmistir. Bunun yani sira geometrik
morfometrik analiz, dogrusal analize gore daha fazla bilgi saglamaktadir (Parés-Casanova ve ark., 2020). Tip
alaninda yapilan benzer kiyaslama g¢aligmalart mevcuttur. Bernal (2007) yaptigi calismada insana ait azi
dislerinin boyut ve sekillerini 6l¢miis ve bunun sonucunda boyut belirlemede tutarliliklar bulunmakla birlikte
sekillerin degerlendirilmesinde geometrik morfometri yontemlerinin daha verimli oldugu sonucuna ulagmustir.
Bernal, caligmasinda o&zellikle diizensiz sekilli, girinti ve ¢ikintiya sahip materyallerde geometrik
morfometrinin kullanilmasinin daha anlamli oldugunu ifade eder. Bunun yam sira geleneksel morfometride
Olclimler manuel olarak yapildigindan hata oraninin daha yiiksek oldugunu Kafa ve An (2004) yaptig
caligmada ortaya koymustur. Tiim bunlardan hareketle Aytek (2017) geometrik morfometrinin kendine 6zgi
bir sekle sahip biitiin her seyde kullanilabilecegi ¢ikarimini yapmaktadir.
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Geometrik morfometrinin en 6nemli avantajlarindan biri, sekil farkliliklarinin dogrudan resim veya bilgisayar
animasyonlari olarak gorsellestirilebilmesi olmakla birlikte, bu metotta kullanilan cihazlarin (ii¢ boyutlu lazer
tarayici-yazici) pahali ve tagmabilen nitelikte olmayisi bu yontemin dezavantaji olarak degerlendirilebilir.
Geometrik morfometri yontemi kullanilarak yapilan ¢aligmalarda yeterli birey sayisimin olmasi ve dogru
yerlestirilmis landmarklar iyi sonug elde etmeyi saglar (Scholtz ve ark., 2010). Gelisen geometrik morfometri
yontemi, birden fazla alana uygulanabilen 6nemli bir boyut ve sekil varyasyonu yontemine doniigsmiistiir
(Abdullayeva, 2022). Geometrik morfometri yontemi cinsiyet analizi, tiir i¢i ve tiirler arasi ayrim ve
taksonomik siniflandirma i¢in daha kapsamli analiz ve daha kesin sonuglar saglamaktadir.

Geometrik Morfometride Kullanilan Istatistiki Yontemler

Geometrik morfometrinin yararlanildigi ¢alismalarda koordinat verilerini standardize etmek amaciyla birgok
istatistik yontem Onerilmistir. Istatiksel analiz yontemleri temel bilesen analizi, esit medyanlar testi, T testi, F
testi, tek yonlii varyans analizi, normal yapiya gore artik analizi, Kolmogorov-Smirnov testi, Kruskal Wallis
testi, normal dagilim testi, dogrusal uygunluk analizi, normal en kiiciik kareler regresyonu, genellestirilmis
dogrusal model, Procrustes landmark merkezli uygunluk analizi, resgresyon analizi ve sac¢ilim analizidir
(Ozkogak ve Alkaya, 2017). Bu yontemlerden teorik olarak en gelismis olam Procrustes metot olarak bilinen
landmark teknigidir. Bu teknik Ornek ciftleri i¢in landmark koordinatlarinin siralanmis setlerini iceren
translasyon, rotasyon ve Ol¢eklendirme parametrelerinin en kiiciik kareler olarak tahminine baglidir (Boz ve
ark., 2023). Landmarklar ile elde edilen bu sekil yapilar iist iiste bindirilir ve boylece aradaki farkliliklar
gbzlemlenebilir (Sekil 2.) (Dryden ve Mardia, 1998). Bundan sonraki agama, ortaya ¢ikan farklarin yeni bir
diizlemde 6zetlenmesidir. Bu amagla Temel Ogeler Analizi (PCA) kullamilabilir. Son asama ise ¢oklu varyans
analizi (MANOVA) gibi yontemler ile 6zetlenen farkliliklarin istatiksel olarak anlamli olup olmadiginin
smnanmasidir. Landmarklar kullanilarak bir yapinin bigimi belirlenirken iist iiste bindirme yontemleriyle yapi,
skala etkisinden arindirilir. Boylelikle ortaya ¢ikan olasi sonug biiyiikliikten etkilenmez (Bookstein, 1991).

Bardhoka > Ruda hvesi > Ruda Bardhoka > Sharni
p<0.0001 p<0.0011 p<0.0016

Sekil 2. Procrustes analizi (Gundemir ve ark., 2023).

Temel Bilesen Analizi (PCA), ana amaglari su sekilde siralanabilir; verinin boyutunu kiigtltme, tahminlerde
bulunma ve bazi analizler i¢in veri setini goriintiileme. Cok boyutlu verilere dogru agidan bakilarak verilerdeki
iligskiler cogu zaman agiklanabilir. Bu yontem bahsedilen "dogru a¢1y1" bulmaya odaklanir (Sekil 3.) (Kocgak,
1998).
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A B.

Sekil 3. A. Temel bilesen analizi landmark bazinda gosterimi; B. Temel Bilesen Analizi ¢izgisel gosterimi
(Aytek, 2016).

Eliptik Fourier Analizi (EFA), seklin matematiksel yontemler kullanilarak 6zetlenmesini saglar (Kuhl ve
Giardina, 1982). incelenen materyallerin tamamini iki boyutlu olarak kabul ederek dis hat ¢izgilerini olusturan
X, y koordinatlarinin Fourier katsayilarina doniistiiriilmesi prensibini temel alir (Sekil 4.). Bu yontem,
bitkilerde ve hayvanlarda farkli taksonomik diizeylerdeki karmasik sekil varyasyonlarini agiklamak adina
kullanilmaktadir (Polihronakis, 2006). Bu yontem 6zellikle de landmarklardan etkin bigimde yararlanilamadigi
durumlarda ¢ok kullanigh bir aractir (Kergoat ve Alvarez, 2008). Kaesler ve Waters’in 1972de Ostorokod’lar
iizerinde yaptig1 calisma, bu yontem kullanilarak organizmalarin bigimsel degerlendirmelerinin yapildigi ve
sistematik durumlarinin yorumlandigi ¢aligmalarin ilk 6rneklerinden biridir.

TN

T

Sekil 4. Eliptik Fourier Analizi (Kuhl ve Giardin, 1982).

Kanonik Degisken Analizi (CVA), ¢cok degiskenli verilerde grup yapisini analiz etmek i¢in yaygin olarak
kullanilan bir yontemdir (Sekil 5.). Matematiksel olarak tek yonlii ¢ok degiskenli varyans analizine esdegerdir
ve ayn1 zamanda Kanonik Ayirict Analiz olarak da adlandirilir (Boz ve ark., 2023). Amaci, grup yapisinda
neyin degisip neyin degismedigini belirlemek olan modeller gelistirmektir. Cinsiyet veya soy gibi drnekler
icindeki gruplar analiz etmek istediginizde CVA kullanilir. Grup i¢indeki varyasyona gore gruplar arasindaki
ayrimi maksimize eden ve bilinmeyen bir bireyin bilinen gruplardan birine siniflandirilmasina izin veren ¢ok
degiskenli bir prosediirdiir (Manthley ve Ousley, 2020).
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Bardhoka
Ivesi

Ruda
Sharri

Canonical variate 2 (28.04%)

) Canonica.; variate 1 (3;9.02%)
Sekil 5. Kanonik degisken analizi (Gundemir ve ark., 2023).

Analiz i¢in Gelistirilen Uygulamalar

Bu uygulamalardan en kullanish, ulagilabilir ve verimli olan programlar sunlardir;

MorphoJ programinin amaci, GM'deki en énemli analiz tiirleri i¢in bir platform saglamaktir (Klingenberg,
2011). Genellikle ilk adim olarak sekil degiskenleri Procrustes iist {iste binmesi kullanilarak {iretilir. Daha
sonra program aykiri degerleri arayabilir ve hatta yanlislikla degistirilen yer isaretlerini onarmak bile
miimkiindiir. Programdaki "Varyasyonlar' boliimii 'Procrustes Analysis of variance (ANOVA)' secenegini
igerir ve tek numuneler tekrar tekrar kaydedilmisse 6l¢lim hatasini belirlemek i¢in kullanilabilir (Manthley ve
Ousley, 2020). Analizler boyunca doniim noktasi konfigiirasyonlarinin simetrisini tam olarak hesaba katan tek
program paketidir. Bu 6nemli bir noktadir ¢iinkii kafatasi gibi bircok biyolojik yap1 iki tarafli simetriktir
(Klingenberg, 2010). Bu program daha kapsamli oldugu i¢in veterinerlik anatomisi alaninda daha sik kullanilir.

3D-ID, bu program daha ¢ok adli tip alaninda yapilan geometrik morfometri c¢alismalart i¢in iyi bir
platformdur. Adli olarak ilgili gruplar iginde geometrik morfometri kullanarak bilinmeyen bir bireyin
cinsiyetini ve soyunu tahmin etmek i¢in tasarlanmig bir programdir. Yapilan analizler, cranial yer igaretlerinin
ii¢c boyutlu koordinatlar kullanilarak gergeklestirilir (Manthley ve Ousley, 2020).

R programs, indirilebilecek bir dizi geometrik morfometrik pakete sahiptir. Bu program paketi icerisindeki en
iyi 6rneklerden biri kapsamli bir yazilim olan Dean Adams'in Geomorph’udur (Boz ve ark., 2023). Geomorph,
Procrustes analizinin tiim asamalarini tek bir bilgisayar paketinde uygulayan 6rneklerin dijitallestirilmesi ve
hem sabit yer isaretlerinin hem de yar1 yer isaretlerinin iki ve ii¢ boyutlu analizini igeren {icretsiz bir yazilimdir.

Bu sayede biyolojik sekil degisiminin daha kapsamli bir 6l¢limii ve analizi saglamir (Adams ve Otarola-
Castillo, 2013).

SONUC VE ONERILER

Klasik morfometri ¢alismalarinda kullanilan yontemler yanlis degildir yalnizca yeterince giiclii degildir.
Bunun sebebi ise bu yontemlerin kullamimiyla incelenen materyalin sekli hakkinda net bir sonuca
ulagilamamast ve seklin yalnizca arastirmacinin yorumuna dayali olmasindan dolayr ampirik kalmasindan
kaynaklanir. Uzun siiredir yararlanilan bu metotlar yeni gelisen geometrik morfometrinin temelini
olusturmaktadir. Geometrik morfometri ile sayisal veriler gorsellestirilerek sekil hakkinda bilgi ve boyut
farkliliklarmin tanimlanmasim saglar. Bunlarin yam sira geometrik morfometri de kusursuz degildir. Bu
sinirlamalardan biri materyallerin arasindaki farklar1 6zetlemek ve taksonomik iligkilerin tahmini igin
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degerlendirme amaciyla mesafe Olgiisiine gereksinim bulunmasidir. Neredeyse biitiin bilimsel gelismelerde
oldugu gibi etkili olup olmadig: tartisma konusu olsa da ¢ogu arastirmaci incelenen parametrelerde geometriyi
dikkate almanin 6nemli oldugu konusunda fikir birligi saglamistir.

Tim bunlardan hareketle, geometrik morfometri yonteminin daha karmasik ve diizensiz sekil veya yiizeye
sahip materyallerde kullaniminin daha dogru sonuglar vermesinin yani sira geleneksel morfometri ile yapilan
sekil aciklamalari tamamen insan goziine bagli oldugundan yorumdan ibarettir. Bunlara ek olarak, yapilan
lineer 6lcumlerin tek elden yapilmasi 6nemli olmakla beraber hata pay1 yiiksek bir yontem oldugu da bir
gercektir. Ancak geometrik morfometri yonteminin de uygulanabilirligi daha zor ve zaman alic1 oldugu da goz
ard1 edilmemelidir. Sonug olarak geleneksel ve geometrik morfometrinin farkli avantaj ve dezavantajlarinin
oldugu goz 6niinde bulundurulunca bu iki yontemin birbirlerini tamamlayici olarak beraber kullanilmasi daha
uygun olacaktir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atismasi bildirmemistir.
Yazar Katkisi

Tiim yazarlar esit katki saglamistir.

Etik Beyan

“Morfometrik ve Geometrik Morfometrik Yontemlerinin Veterinerlik Anatomisi Alaninda Kullanimi” baglikli
¢alismanin yazim siirecinde bilimsel kurallara, etik ve alint1 kurallarina uyulmus; toplanan veriler {izerinde
herhangi bir tahrifat yapilmamis ve bu ¢aligma herhangi bagka bir akademik yayin ortamina degerlendirme
icin gonderilmemistir. Bu arastirma dokiiman analizi ve betimsel incelemeye dayali olarak yapildigindan etik
kurul karar1 zorunlulugu bulunmamaktadir.
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