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ABSTRACT

Thermopsis turcica Kit Tan, Vural & Kiigiikodiik is a member of the legume family (Fabaceae), which
has many plant species with economic value. It is one of the most narrowly distributed endemic plant
species in Turkey. The most important feature that distinguishes Thermopsis turcica from other legume
species is that it forms 3 fruits in one flower. a-amylase, a-glucosidase, acetylcholine esterase and
tyrosinase inhibitory properties of different extracts and essential oil content of Thermopsis turcica
were determined. Inhibition activities of enzymes were determined a-amylase using Caraway-Somoygi
iodide/potassium iodide method, a-glucosidase with Palanisamy method, acetylcholine esterase enzyme
with Ellman method and tyrosinase using dopachrome method. Hydrodestilation process (HD) was
applied by using Clevenger device to determine the amount and components of essential oils and
analyzed in GC-MS. The highest content of plant fatty acid was palmitic acid (51.8 %), myristic acid
(17.5 %) and hexahydrofarnesyl acetone (5.3 %). It was determined that the plant did not show
inhibitory activity against acetyl choline esterase and tyrosinase enzymes. Acetone and diethyl ether
extracts have been shown to inhibit a-amylase. In particular, the diethyl ether extract has been found to
exhibit an inhibitory activity close to the standard substance acarbose. Methanol and acetone extracts of
the plant have a high inhibitory effect on the a-glucosidase enzyme. It is important with studies on the
antidiabetic effects of this valuable species, which is in danger of extinction.

Thermopsis turcica Kit Tan, Vural&Kiigiikodiik’iin o-amilaz, a-glukozidaz,
tirozinaz, asetilkolin esteraz enzim inhibisyon 6zellikleri ve ugucu yag bilesimi

OZET

Thermopsis turcica Kit Tan, Vural & Kiigiikodiik, ekonomik degeri olan bir¢ok bitki tiiriine sahip
baklagil ailesinin (Fabaceae) bir tiyesidir. Tiirkiye'de en dar yayilis gbsteren endemik bitki tiirlerinden
biridir. Thermopsis turcica'yr diger baklagil tiirlerinden ayiran en 6nemli 6zelligi bir ¢igekte 3 meyve
olugturmasidir. Thermopsis turcica'nin farkli ekstraktlarinin a-amilaz, a-glukozidaz, asetilkolin esteraz
ve tirozinaz inhibe edici 6zellikleri ve ugucu yag igerigi belirlendi. Caraway-Somoygi iyodiir/potasyum
iyodiir yontemi ile o-amilaz, Palanisamy yontemi ile a-glukozidaz, Ellman yontemi ile asetilkolin
esteraz enzimi ve dopakrom yontemi ile tirozinaz ile enzimlerin inhibisyon aktiviteleri belirlendi.
Ucucu yaglarin miktar1 ve bilesenlerinin belirlenmesi i¢in Clevenger cihaz1 kullanilarak
hidrodestilasyon islemi (HD) uygulanmis ve GC-MS'de analiz edilmistir. En yiiksek bitki yag asidi
icerigi palmitik asit (% 51,8), miristik asit (% 17,5) ve hekzahidrofarnesil aseton (% 5,3) dir. Bitkinin,
asetil kolin esteraz ve tirozinaz enzimlerine kargi inhibitor aktivite gostermedigi belirlendi. Aseton ve
dietil eter oziitlerinin a-amilazi inhibe ettigi gosterilmistir. Ozellikle, dietil eter oziitiiniin, standart
madde akarbozuna yakin bir &nleyici aktivite sergiledigi bulunmustur. Bitkinin metanol ve aseton
ekstraktlari, a-glukozidaz enzimi iizerinde yiiksek inhibitér etkiye sahiptir. Yokolma tehlikesiyle karst
kargtya olan bu degerli tiirlin antidiyabetik etkileri {izerine yapilacak ¢aligmalar dnemlidir.

Keywords:
Thermopsis turcica,
Enzyme inhibition,
a-amylase,
a-glucosidase,
Tyrosinase,
Acetylcholine esterase
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1. Introduction

Legumes play an important role in meeting people's food needs by growing in harsh conditions, while bacteria
that bind the nitrogen of the air to the soil are found in their roots. Thermopsis turcica is a perennial, herbaceous, long
rhizome, yellow flower, upright plant that can grow up to 30-89 cm. Its leaves are trifoliate, flowers are at the tip,
clustered and gives fruits with 3-10 seeds. It is located only on the southern coasts of Aksehir and Eber lakes in the
world (Aksoy and Suyundikov, 2020). Thermopsis turcica is the only species of Thermopsis genus in the
Thermopsideae tribus in terms of taxanomics of the Fabaceae (Legumes) family. Thermopsis turcica is in the CR
(Critically Endangered) hazard category (Ekim et al., 2000). The most important feature that distinguishes
Thermopsis turcica from other legume species is that it forms 3 fruits in one flower. This feature has not been found
in any of the legumes with around 18,000 species (Cenkci et al., 2012).

Nowadays, the trend towards plant treatment continues increasingly. Herbal medicines are preferred because they
are inexpensive and easily available, are the precursors of synthetic drugs, and are models for synthetic drugs. In
addition, herbal medicines have a greater and synergistic effect. The therapeutic properties of plants are due to the
chemicals in their natural structure and called secondary compounds and the derivatives of these chemicals (Karasin
2011).

Diabetes mellitus is a metabolic disease caused by the inability of the pancreas to produce sufficient insulin or the
inability of the body to use the insulin produced effectively. The use of various inhibitors that reduce the digestion of
carbohydrates are used in the treatment of diabetes. Recent studies have been on hypoglycemic foods rich in a-
amylase and a-glucosidase inhibitors. It is evaluated in bioactive compounds that make food less digestible and
provide less energy by inhibiting the activity of digestive enzymes by carbohydrates. Bioactive phytochemicals found
in plants affect the digestibility of starch and glycemic index in the gastrointestinal system as natural enzyme
inhibitors. It is known that especially polyphenolic compounds modulate nutrient absorption by inhibiting a-amylase
and a-glucosidase enzymes involved in starch digestion (Gongalves et al.,, 2011; Tucci et al., 2010).
Neurodegenerative diseases are irreversible, progressive and neurological disorders that occur due to high rates of
brain damage. Although the trend in the treatment of neurodegenerative diseases is to prevent amyloid B-peptide-
induced plaque formation, cholinesterase inhibitors have also been frequently used in treatment in recent years. It is
known that the use of cholinesterase inhibitors is palliative in the treatment of the disease. Tyrosinase is an enzyme
whose main function is the synthesis of melanin. Tyrosinase inhibitors are used as whitening or antihyperpigment
agents because they suppress dermal melanin production. Tyrosinase enzyme also plays an important role in the
formation of neuromelanin in the human brain. Neuromelanine formation can cause dopamine neurotoxicity and
neurodegeneration associated with Parkinson's disease. Tyrosinase inhibitors are also widely used in the treatment of
neurodegeneration (Kim and Uyama, 2005).

It was aimed to determine the inhibitory properties of a-amylase, a-glucosidase, tyrosinase, acetylcholine esterase
enzymes and essential oil content of Thermopsis turcica in this study.

2. Material and Methods
2.1 Plant Material

The plant was collected from the Eber Lake (31 ° 14 'East and 38 ° 36' North) in Afyon province in May-August
2019 for the research. The plant has been collected during flowering and fruiting periods in order to identify the plant.
It was identified by Prof. Dr. Mustafa Kargioglu.

2.2 Preparation of Plant Extract

Mixtures of the Thermopsis turcica parts such as flower, leaves, branches and stems are used. It was cut into small
pieces and dried in the shade at room temperature. Ethyl acetate (TTEA), water (TTW), methanol (TTM), diethyl
ether (TTDE), hexane (TTH) and acetone (TTA) were chosen as solvents to prepare the extracts. The extracts
obtained with the Soxhelet device were filtered through a filter paper and the solvents were removed with a rotary
evaporator. The extracts prepared were stored in capped, dark colored glass bottles at +4 °C and enzyme inhibition
activities were determined.
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2.3 Enzyme Inhibition Analysis

The a-amylase enzyme inhibition activity of the plant was determined by the Caraway-Somogyi iodide/potassium
iodide (IKI) method (Yang et al., 2012). Phosphate buffer was added to the stock extract solution and then a-amylase
solution was added. 10 minutes pre-incubation was applied. Starch solution was added first and then HCI was added.
The absorbances were read at 630 nm by adding a color separator prepared from potassium iodide/iodine crystals.
The a-amylase enzyme carries out its activity by hydrolyzing the a-(1—4) bonds of the molecule of starch, which is
its substrate. Acarbose was used as the standard substance. The standard curve was drawn by applying the same
procedures to the solutions of acarbose at different concentrations (50 pmol mL, 100 pmol mL™, 250 pmol mL™?, 500
pmol mL™ and 1000 pmol mL™). a-amylase inhibitory activities were calculated as acarbose equivalent (mmol
ACAE/qg extract) and % amylase inhibition.

The plant's a-glucosidase enzyme inhibition activity was determined by Palanisamy et al., (2011). The extract
solutions, a-glucosidase, glutathione, and p-NPG (4-Nitrophenyl B-D-glucuronide) prepared in potassium buffer were
incubated for 15 minutes at 37 © C. It is a p-nitrophenyl colored compound and gives absorbance at 400 nm.
Likewise, enzyme-free blanks and control samples containing solvents instead of samples were prepared. The
reaction is stopped by adding Na,COs. Acarbose was used as the standard substance. The standard curve was drawn
by applying the same procedures to the solutions of acarbose at different concentrations (50 pmol mL™, 100 pmol
mL?, 250 pmol mL™, 500 pmol mL™ and 1000 pmol mL™). a- glucosidase inhibitory activities were calculated as
acarbose equivalent (mmol ACAE/g extract) and % glucosidase inhibition (Palanisamy et al., 2011)

Ellman method was applied to determine the AChE enzyme inhibition activity of the plant. The enzyme converts
acetyl thiocholine to thiocholine. Thiocholine reacts with DTNB (5,5-dithio-bis-2-nitrobenzoic acid) to form yellow
colored TNB (5-thio-2-nitrobenzoic acid). The absorbance of the TNB is measured. AChE enzyme solution prepared
from DTNB and Tris HCI buffer was added onto the extracts and incubated. Acetyl thiocholine iodide (ATCI)
substrate was then added and incubated at room temperature for 10 minutes. Absorbances were measured at 405 nm
(Ellman et al., 1961). Galantamine was used as the standard substance. The standard curve was drawn by applying the
same processes to the solutions of Galatamine at different concentrations. Acetylcholine esterase inhibitory activity
was calculated as galantamine equivalent (mg GALAE/g extract) and % acetylcholine esterase inhibition.

The tyrosinase inhibitory activity was carried out according to the dopachrome method using L-DOPA as a
substrate. The extracts were prepared in 50% DMSO. Phosphate buffer and tyrosinase enzyme solution were added
on it and incubated. After L-DOPA was added and incubated again for 10 minutes, absorbances were read at 492 nm
(Orhan et al., 2012; Cakmak et al., 2017). Kojic acid was used as the standard substance. The standard curve was
drawn by applying the same processes to the solutions of kojic acid at different concentrations. Tyrosinase inhibitory
activity was calculated as kojic acid equivalent (mg KAE /g extract) and % tyrosinase inhibition. The following
formula was used to find% inhibition in all enzyme inhibition assays.

% inhibition = [(Abscontrol-Absextract) / Abscontrol] x 100

Absextract: Absorbance of the inhibitor-containing extracts and standard substances.
Abscontrol: Absorbance of the 100% active control without inhibitor.

2.4 Determination of Essential Fatty Acid Amount and Its Components

Hydrodestilation process was applied using Clevenger device to determine the amount and components of
essential oils. The plant was enclosed in a glass flask and essential oils were obtained under reflux with distilled
water. The amount of essential oil was determined and percentage yields were calculated in terms of mass/mass by
using pressurized nitrogen gas. Then the extracts obtained were analyzed in GC-MS (Agilent) with suitable solvents.
The Helium (Flow rate: 0.7 mL) was used as carrier gas in the analysis. The column temperature was programmed to
increase from 60 °C to 220 °C with an increase of 4 °C minute™, and kept at the same temperature for 10 minutes,
then increase again 4 °C minute™ to 240 °C. The separated components were identified by the comparison method
with Wiley 9-nist 11 mass spectral database data by calculating the peak areas.

2.5 Statistical analysis
Samples taken from the extracts were analyzed in triplicate and recorded in order to determine the results.
Statistical calculations of the results were carried out using the SPSS 18 program. The analysis of the data has been

expressed as "mean + standard deviation". One-way variance analysis (ANOVA) was applied to the absorbance
values measured by spectroscopy in order to determine the statistical differences between enzyme inhibition results.
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Differences between absorbance data were determined using LSD and DUNCAN tests and p<0.05 values were
considered statistically different.

3. Results and Discussion

Diabetes mellitus is a serious metabolic disease that threatens public health. Patients diagnosed with Type 2
diabetes are initially administered medical nutrition therapy and an exercise program. Antidiabetic drugs are also used
to provide glycemic control in Type 2 diabetes. Those that increase insulin secretion, increase insulin sensitivity,
inhibit glucose absorption; a-glucosidase enzyme inhibitors (acarbose) are used atidiabetic agents. a-amylases are the
enzyme that breaks down maltodextrin, malto-oligosaccharides and glucose by hydrolyzing glucosidic bonds in
starch and glycogen. It has been reported that a-amylase inhibitors may be effective in the treatment of Type 2
diabetes, since a-amylase inhibition causes carbohydrate tolerance, feeling of satiety, weight loss and prolonged
gastric emptying (Gerrard et al., 2000, Conforti et al., 2005). a-glucosidase, another enzyme important in
carbohydrate digestion, is a membrane-bound enzyme in the small intestine epithelium and hydrolyzes
oligosaccharides and disaccharides to glucose units. a-glucosidase is involved in the last step of digestion of
carbohydrates, so inhibitors of this enzyme prolong the time of complete digestion of carbohydrates and delay their
digestion (Kim and Uyama, 2005). Therefore, a-glucosidase inhibitors can suppress postprandial blood glucose levels
by slowing down the hydrolysis and absorption of carbohydrates. a-glucosidase inhibitors cause a decrease in glucose
absorption rate and increased postprandial blood glucose ratio, than a-glucosidase inhibition gains importance in the
regulation of Type 2 diabetes (Hamdan and Afifi, 2004). The inhibition activity of the a-amylase enzyme of the
species was shown as acarbose equivalent in Table 1 and as % inhibition activity in Table 2. It is seen that diethyl
ether and acetone extracts of the plant have higher inhibition of % a-amylase than other extracts and especially
diethyl ether extract is not statistically different from the% inhibition of standard substance acarbose (p> 0.05) and
has an effect close to % inhibition of acarbose.

The inhibition activity of the a-glucosidase enzyme of the plant extracts is shown in Table 1 and Table 2 as
acarbose equivalent and % inhibition. It was found that methanol extract showed the closest % a-glucosidase activity
to acarbose. The relationship between % a-glucosidase enzyme inhibition of the extracts is as
TTW<TTH<TTDE<TTEA<TTA<TTM. The plant extracts appear to inhibit these enzymes responsible for
carbohydrate hydrolysis. In particular, the standard substance acarbose had an effect on the a-amylase enzyme. It
depends on the reduction of carbohydrate absorption of polyphenols in the structure of plants, improvement of f cell
function, stimulation of insulin secretion, modulation of enzymes exposed to antioxidant activity. The inhibitory
effect of phenolic compounds such as flavonoids, tannins and phenolic acids against a-glucosidase and a-amylase, the
enzymes responsible for digesting carbohydrates, is known. Flavonoids, tannins and phenolic acids contained in
Thermopsis turcica may have an inhibitory effect on a-glucosidase and a-amylase enzymes. Aksoy et al., (2013) was
observed that radical scavenging effect of acetone and methanol extracts of Thermopsis turcica. They stated that the
radical scavenging effect is related to the total amount of phenolic substances. They showed that the radical
scavenging effect and total phenolic substance content of Thermopsis turcica in acetone extract is high (Aksoy et al.,
2013). In another study, the effects of ethanolic and aqueous extracts of Thermopsis turcica on MDA, GSH, SOD,
CAT, and plasma AOA in rat blood and tissue samples were investigated. It has been determined that aqueous
extracts of the plant have positive effects on GSH, decreasing MDA values in blood, liver and kidney tissue samples
(Celik and Kiigiikkurt, 2016). They stated that it is an effective against lipid peroxidation and supports the antioxidant
system. There is an increase in free radical activity in diabetes. In addition, there is a relationship between
hyperglycemia and hyperlipidemia and the level of lipid peroxides in diabetic patients. It is known that lipid
peroxidation plays an important role in the emergence of many diseases and that lipid peroxidation is increased in
both types of diabetes (Cakatay et al., 2000). Studies have reported that free oxygen radicals and lipid peroxidation
significantly increase in rats with diabetes and diabetic patients and oxidative stress plays a role in the etiology and
progression of diabetes. It is known that molecules with antioxidant properties have important effects on the
correction of oxidative stress, protein glycation and glucose metabolism in diabetes (Pitkanen et al., 1992). It can be
thought that Thermopsis turcica may be antidiabetic because it contains phytochemicals that support the antioxidant
system, prevents free radical formation and lipid peroxidation, and inhibits carbohydrate digestive enzymes,
especially a-glucosidase.

Acetylcholine (ACh) is one of the most important neurotransmitters. ACh molecules are hydrolyzed by the
acetylcholine esterase (AChE) enzyme. As a result of the reaction, the degradation products enter the presynaptic cell.
ACh is then regenerated and so the chain of events continues (Kiss and Vizi, 2001). Alzheimer's is a progressive and
chronic neurodegenerative disease that occurs in the brain. The symptomatic treatment protocol of Alzheimer's is to
increase the synaptic amount of acetylcholine in the brain by inhibition of AChE, the enzyme responsible for
hydrolysis of acetylcholine (McGeer and McGeer, 2003).
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AChE inhibitors such as tacrine, galantamine and donepezil are used in the symptomatic treatment of Alzheimer.
Physostigmine has been used as an acetylcholine esterase inhibitor. Physostigmine is an alkaloid isolated from
Physostigma venenosum L. (Fabaceae). Thermopsis turcica used in this study is a species of legume (Fabaceae)
family. Galantamine was chosen as the standard substance in the study. The inhibitory effect of galantamine
equivalent AChE of different extracts of the species and the inhibitory effect of AChE % are given in Table 1 and
Table 2. AChE inhibition activity of Thermopsis turcica methanol extract was found to be statistically significant
(p<0.05) higher than other extracts. However, it appears that even methanol extract (61.76+0.86%) is not as effective
as galantamine (85.86+1.44%). Cholinesterase inhibitors that bind to the peripheral anionic region of the enzyme, act
in two ways as that inhibit both the cholinergic system and amyloid B-peptide aggregation originating from this
region. Galantamine, on the other hand, binds to nicotinic receptors allosterically, modulating nicotinic receptors to
increase acetylcholine release (Morgana et al., 2004).

Table 1. Inhibitory properties of extracts prepared with different solvents on a-amylase, o-glucosidase,
acetylcholine esterase, tyrosinase enzymes

Cizelge 1. Farkli ¢oziiciilerle hazirlanan ekstraktlarmm a-amilaz, o-glukozidaz, asetilkolin esteraz, tirozinaz
enzimlerini inhibe edici ozellikleri

a-amylase inhibition  a-glucosidase Acetylcholine Tyrosinase
(mmolACAE/g inhibition esterase inhibition inhibition
extract) (mmol ACAE/g (mg GALAE/g (mg KAE/g extract)
extract) extract)
TTEA 0.57+0.015% 1.07+0.030° 1.47+0.036° 92.03+1.028°
TTW 0.59+0.021% 0.60+0.027% 1.61£0.025° 89.43+0.706%
TT™M 0.60+0.006" 1.63+0.040° 3.97+0.050° 90.8440.385°
TTDE 0.80+0.021° 0.87+0.020" 2.74+0.025° 90.50+0.639°
TTH 0.58+0.021% 0.61+0.025° 2.69+0.020° 88.15+1.062°
TTA 0.74+0.015° 1.51+0.030" 1.39+0.015° 101.28+0.948"

* Values are mean + standard deviation; n = 3. * > © % ®: Different letters in the same column represent statistically
significant differences (p<0.05) among different extracts. ACAE: Acarbose equivalent; GALAE: Galanthamine
equivalent; KAE; Kojic Acid Equivalent. TTEA: Thermopsis turcica ethyl acetat extract; TTW: Thermopsis turcica
water extract; TTM: Thermopsis turcica methanol extract; TTDE; Thermopsis turcica diethyl ether extract; TTH:
Thermopsis turcica hexzane extract; TTA: Thermopsis turcica acetone extract.

Tyrosinase is a copper-containing enzyme that determines skin and hair color. It takes part in melanin
biosynthesis. Treatments for tyrosinase enzyme inhibition are preferred in skin diseases related to melanin
hyperpigmentation. Inhibition of tyrosinase activity and expression is the main goal in skin whitening agent
development studies. For this reason, many active phytochemicals are isolated and used from natural sources
(Slominski et al., 2005; Yamauchi and Mitsunaga, 2016). Tyrosinase activity is determined by methods such as the
determination of oxygen consumption, the use of nucleophilic reagents that capture o-quinones and produce
chromophoric structures, determination of oxidation of quinones using reducing structures such as ascorbic acid, and
direct measurement of o-quinones or their products (Munoz et al., 2006). Tyrosinase is also problematic of the
pigmentation of neurons in the substantia nigra region of the brain, which is rich in dopamine, through the tyrosine-
tyrosinase enzymatic pathway. In this pathway, it provides the formation of some neurotoxic metabolites as a result
of the oxidation reaction catalyzed by 5-S-cysteinyl-dopamine. This may lead to dopamine toxicity in Parkinson's
patients. Therefore, the use of tyrosinase inhibitors in Parkinson's patients is a current approach. Phytochemicals with
inhibitory activity against tyrosinase have been determined in the studies. Flavonoids (such as campherol, quercetin
and morine) have been shown to be inhibitory to tyrosinase (Kim and Uyama, 2005). One of the synthetic inhibitors
frequently used to inhibit tyrosinase enzyme activity is kojic acid. It is a strong tyrosinase inhibitor and acts by
chelating with copper (Maeda and Fukuda, 1991). Finding the toxic effects of long-term use of synthetic inhibitors
has accelerated the studies to determine alternative natural inhibitors. Kojic acid was used as a standard substance in
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the study. The tyrosinase inhibitory effect of kojic acid equivalent of different extracts of the species in Table 1 and
the % inhibitory effect in are given in Table 2. The tyrosinase inhibition activity of acetone extract of Thermopsis
turcica was found to be statistically significantly higher (p <0.05) than other extracts. However, acetone extract
(71.07+£1.567%) was found to be statistically significantly lower (p<0.05) than kojic acid (87.12 £+ 1.26%).

Table 2. % Inhibition of extracts prepared with different solvents on a-amylase, a-glucosidase, acetylcholine
esterase, tyrosinase enzymes

Cizelge 2. Farkli ¢oziiciilerle hazirlanan ekstraktlarin a-amilaz, o-glukozidaz, asetilkolin esteraz, tirozinaz
enzimleri tizerinde % inhibisyonu

a-amylase
(% Inhibition )

a-glucosidase
(% Inhibition )

Acetylcholine
esterase
(% Inhibition )

Tyrosinase
(% Inhibition )

TTEA 53.09+0.781° 68.25+1.218° 41.20+2.244® 65.13+0.785™
TTW 69.10+1.689° 51.76+1.473° 42.5241.155" 60.17+1.172°
TT™ 70.63+1.736° 78.36+1.236° 61.76+0.863° 62.48+2.234%®
TTDE 89.87+1.125° 58.91+1.280° 50.26+1.913° 65.91+1.753¢
TTH 61.12+1.953° 52.62+0.585% 49.33+1.871° 60.14+1.631°
TTA 85.18+1.636° 75.04+1.130° 39.30+0.355° 71.07+1.567°
Standart © 91.75+1.259° 87.91+1.335" 85.86+1.434° 87.12+1.260°

* Standard substance acarbose for a-amylase and a-glucosidase enzymes inhibition; galantamine for acetylcholine
esterase enzyme inhibition; kojic acid for tyrosinase enzyme inhibition. Values are mean + standard deviation; n = 3.
a b de pifferent letters in the same column represent statistically significant differences (p<0.05) among different
extracts. TTEA: Thermopsis turcica ethyl acetat extract; TTW: Thermopsis turcica water extract; TTM: Thermopsis
turcica methanol extract; TTDE; Thermopsis turcica diethyl ether extract; TTH: Thermopsis turcica hexzane extract;
TTA: Thermopsis turcica acetone extract

Essential oils are naturally occurring structures in many plants. Herbal essential oils have a very complex
structure. Essential oils are used for medical purposes because they contain alcohols, esters, terpenes, aldehydes,
coumarins (Sangwan et al., 2001, Carrapiso et al., 2002). Dry drug oil yield of Thermopsis turcica plant was
determined by hydrodistilation and was found to be 0.04 %. The essential fatty acid content and relative percentages
of the species are given in Table 3. The structure of 89.4 % of the essential fatty acid content has been defined.
Palmitic acid (51.8 %), myristic acid (17.5 %) and hexahydrofarnesyl (5.3 %) are the most common structures in its
structure. It also includes cosane in species structure. Cosanes are alkanes with a carbon number of 20-29.

Table 3. The essential oil content of the Thermopsis turcica and the percentage of essential oils
Cizelge 3. Thermopsis turcica'nin ugucu yag i¢erigi ve u¢ucu yaglarin yiizdesi

Compounds Percentages =~ Compounds Percentages
(%0)* (%0)*

Hexahydrofarnesyl acetone 5.3 Pentadecanoic acid 2.3
Tricosane 1.7 Nonacosane 2.9
Dodecanoic acid (Lauric acid) 13 Hexadecanoic acid (Palmitic acid)  51.8
Pentacosane 2.9 Octadecanioc acid (Stearic acid) 0.7
Fitol 2.4 (2) -9-Octadecanoic acid (Oleic 0.6

acid)
Tetradecanoic acid (Myristic acid) 17.5

Total 89.4

*Analysis of compounds presenting more than 0.5% was carried out.
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4. Conclusion

The inhibition activities of Thermopsis turcica, a-amylase, a-glucosidase, acetylcholine esterase and tyrosinase
enzyme and volatile fatty acid contents were determined in this study. It was observed that extracts of the plant
obtained with different solvents did not show inhibitory properties compared to the standard substance against
acetylcholine esterase and tyrosinase enzymes. It is thought that Thermopsis turcica may have antidiabetic effects due
to its inhibitory activity against enzymes responsible for carbohydrate digestion. In addition, some polyphenols are
absorbed directly from the stomach or small intestine and most of the polyphenols taken reach the large intestine after
being metabolized in the intestinal microbiota before absorption. Some polyphenols are thought to stimulate the
activity of bacteria in the digestive tract, prebiotic effect. Polyphenols from microbial transformation as well as
gastric and intestinal absorption reach the liver via enterohepatic circulation and thus undergo Phase | and II
biotransformation in the liver. Polyphenol metabolites formed in liver metabolism are absorbed into the blood, which
will then be distributed through peripheral tissues to exhibit beneficial metabolic effects. Therefore, identification of
polyphenol metabolites in blood and tissues is important for understanding the antidiabetic effects of polyphenols and
for the development of nutraceuticals and functional foods in the future.
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OZET

Aragtirmada geleneksel giibre uygulamast (10 ve 20 kg N da™) ile farkli organik materyal [azot ilaveli
ve ilavesiz giil posasi ile deniz yosunu (Ascophyllum nodosum), farkli zamanda giil posasi uygulamasi]
uygulamalarinin Vega F1 seker misir ¢esidinde kogan verimi ve bazi tarimsal Ozelliklere etkisi
belirlenmistir. Arastirma tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak kurulmus ve kontrol
ile birlikte toplam 9 farkli uygulama yer almustir. iki yillik ortalama verilere gdre, uygulamalarin
tamaminda kardes sayisi, bitki boyu, ilk kogan yiiksekligi, kogan sayisi, kogan ¢api, kogan randimant ile
pazarlanabilir kavuzlu ve kavuzsuz kocan veriminde kontrole gore istatistiksel olarak 6nemli seviyede
artis belirlenmistir. Vega F1 seker musir ¢esidinde farkli gekilde giil posast ile deniz yosunu
uygulamalari, bitki gelismesine olumlu katki saglamasina ragmen, en yiiksek kavuzlu ve kavuzsuz
kogan verimi 20 kg dalN uygulamasindan elde edilmistir. Kogan sayisi, kocan ¢ap1, kogan randimani
ve kavuzlu kogan agirhgn yoniinden 10 ve 20 kg da’ N uygulamalari arasinda énemli bir farkhihk
bulunmamustir. Kardes sayisi, bitki boyu ve ilk kogan yiiksekligine ait degerler, uygulamalara gore
istatistiksel olarak farklilik gostermemis ve kontrol hari¢ ayni grupta yer almustir.

Sonug olarak, Vega F1 seker misirinda yiiksek verim i¢in deniz yosunu ve giil posast uygulamalarina
ilave azotun verilmesi gerektigi ortaya konulmustur.

Effects of different organic material and nitrogen applications on ear yield and some
agronomic characters of sugar corn

ABSTRACT

In the research, effect of traditional fertilizer application (10 and 20 kg N da) and different organic
material [application of nitrogen addition and without addition, rose pulp with seaweed (Ascophyllum
nodosum) and rose pulp at different periods] applications was determined on ear yield and some
agricultural properties in Vega F1 sweet corn variety. The study was carry out according to completely
randomized blocks trial design with 3 repetitions and a total of 9 different applications were included
with the control in study. According to two- years average data, statistically significant increase was
determined to the control in number of tiller, plant height, first ear height, ear number, ear diameter,
husk yield (husk ratio), marketable yield of husked and huskless ear. Although differently applications
of rose pulp and seaweed in Vega F1 sweet corn variety positively contributed to plant growth, the
highest husk and huskless ear yield was obtained from 20 kg da™ N application. No significant
difference was found between 10 and 20 kg da™ N applications in terms of the ear number, ear
diameter, ear performance and husked weight. The values related to tiller number, plant height and first
ear height didn’t differ statistically according to the applications and in the same group except control.
As a result, it was revealed that additional nitrogen should be given to seaweed and rose pulp
applications for high yield.
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Deniz yosunu
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1. Giris

Seker musirt yeni diinya orjinli olup (Welbaum, 2015) musirin alt tiirlerinden (at digi musir, sert misir, cin misir,
seker misir, kavuzlu musir, unlu misir ve mumlu musir) birisidir. Tathh musirin orjini hakkinda kesin bilgi
bulunmamakla birlikte, Perulularin “Chuspillo veya “Chullpi” olarak isimlendirdikleri misir ¢esidinden mutasyonla
olustugu ileri siiriilmektedir. Seker misirt varyetelerinde tane rengi (sar1, beyaz veya iki renkli ), olgunlagma zamani
(erkenci, orta gecci ve gecei) ve seker igerigi yoniinden [standart (su-1), seker icerigi artirilmug (se), siiper tatli (sh-
2)] farkli ¢esitler bulunmaktadir. Seker misirt tanesinde suda ¢oziilebilir protein igerigi diger musir tiirlerinden daha
fazladir. Hasat olgunluguna gelen tath misirda % 5-6 seker, % 10-11 nisasta, % 3 suda ¢o6ziilebilir polisakkaritler, %
70 su, %15 protein, %9 yag, vitamin A ve potasyum, yiiksek miktarda fosfor, magnezyum, demir ve ¢inko
bulundugu bildirilmistir (Dickerson, 1996; Keerthi ve ark., 2017; Sevov, 2017). Seker musir1 tiretiminde lider
iilkelerin basinda USA gelmekte, bunu, Nijerya, Meksika, Endonezya, Peru takip etmektedir (FAO, 2020).
Ulkemizde seker musirinin ekim alam ve iiretim miktar: ile ilgili istatistiksel kayitlar tespit edilememistir.
Tiirkiye’de seker musir1 ekim alani, toplam musir ekim alaninin %1-2’si kadar oldugu tahmin edilmektedir (Arslan
ve Williams, 2015).

Birim alandan maksimum verimin elde edilmesinde en biiyiik girdiyi kimyasal giibreler olusturmaktadir. Misir
iizerinde yapilan arastirmalarda verimi etkileyen en 6nemli faktorler arasinda bitki sikligi, glibreleme ve yetistirme
tekniklerinin oldugu bildirilmektedir (Giskin ve Etran, 1986) Yapilan ¢alismalar incelendiginde musir bitkisi en
yiiksek verimine 20-30 kg N da™ dozunda ulasildig1 goriilmektedir. Tek tarafli ve fazla miktarda ticari giibrenin
kullanilmasi ile topraklarin fakirlesmesi, fiziksel 6zelliklerinin bozulmasi yani sira bitki besin elementlerinin alimi
da olumsuz yonde etkilenmektedir. Bu nedenle giibre kullanimini azaltacak farkli uygulamalara ihtiyag
duyulmaktadir.

Bitkisel atiklar veya tarimsal endiistri atiklariin tarimda basarili bir sekilde kullanilabilecegi yapilan pek ¢ok
calisma ile belirlenmistir. Bitkisel kokenli atiklar ciddi bir organik madde kaynagi olmanin Otesinde igermis
olduklar1 bazi bitki besin maddeleri yoniinden de 6nemli bir potansiyele sahiptirler. Bu materyallerin geri kazanimi
ile hem organik madde igerigi diisiik olan topraklarimizin organik madde igerigi artirilmig, hem de daha az kimyasal
giibre kullanimina olanak saglayabilir.

Tirkiye en 6nemli giil yag iiretici iilkelerden birisi olup, 2019 yil1 verilerine gore dikim alan1 38454 dekar ve
yaglik giil iiretimi ise 16.6 bin tondur. Bu iiretimin % 85.12’si Isparta ilinde yapilmakta (FAO, 2020) ve yilda
yaklasik 30 bin ton kadar posa elde edilmektedir (Baydar ve ark., 2020). Giil posasimnin bitki gelisimini olumlu
yonde etkiledigi i¢in, tarimsal amagli dogrudan veya zenginlestirilerek kullanilabilecegi bildirilmistir (Erdal ve
Aydemir, 2003). Arastirmalar sonucunda, giil posasinin ortalama besin igeriginin organik madde % 84.2; toplam
azot %3.7; toplam fosfor 1.99 mg g; toplam potasyum 24 mg g ve magnezyum 5 mg g oldugunu bildirmislerdir
(Tosun ve ark., 2003). Giil posasinin oldukga kaliteli ve ekonomik bir organik giibre kaynagi oldugunu, Sn, Ni ile
Pb gibi agir metallerin miktarlarinin kabul edilebilir iist sinir degerlerinin altinda kaldigini ve giil posasinin organik
giibre olarak kullanildiginda insan ve gevre sagligi igin bir risk tagimadigr ileri siiriilmiistiir (Baydar ve ark., 2020).

Deniz yosunu ekstraktlarinin tarimsal amacgli kullanilmasi ile ¢imlenmenin arttigi, yapraklarin daha biiyiik
oldugu, kok gelismesini tegvik ettigi, olumsuz toprak kosullarina karsi dayanimi arttirdigi ve topraktaki besin
elementlerinin alimin1 tegvik ettigi ileri sliriilmiistir (Hong ve ark., 1995). Deniz yosunlarinda birgok cesit
bulunmakta olup, bu ¢esitlerin arasindan tarimda en yaygin olarak kullanilan1 Ascophyllum nodusum (L.) oldugu
bildirilmistir. Ayrica, Fucus spp., Laminaria spp., Sargassum spp. ve Turbinarina spp. tiirleri de Ascophyllum
nodusum (L.) gibi dogal giibre olarak kullanilmaktadir (Hong ve ark. 2007).

Bu ¢alismada, kimyasal giibre kullaniminin azaltilmast ve dogal materyallerin kullanilmasinin arttirilmasi,
tarimsal atiklarin tiretime yeniden kazandirilmasi amaglanmistir. Arastirmada farkli dozlarda azot, deniz yosunu ve
giil posasi uygulamasinin seker misirinda (Zea mays saccarata) kogan verimi ve bazi tarimsal dzellikler tizerine
etkisi belirlenmistir.

2. Materyal ve Yontem

Arastirma, Ziraat Fakiiltesi Egitim, Arastirma ve Uygulama Ciftligi arazisinde 2015 ve 2016 yillarinda
yiiriitiilmiistiir. Calismada geleneksel giibre uygulamasi (10 ve 20 kg N da™) ile farkli organik materyal (giil posasi
ve deniz yosunu (Ascophyllum nodosum) uygulamalarinin, seker misirmin kogan verimi ve bazi tarimsal dzellikleri
tizerine etkileri karsilastirilmistir. Denemede Vega F; seker musir ¢esidi, azot kaynag1 olarak Nitropower33 (%33
N), fosfor kaynagi olarak ise, Triple Siiper Fosfat (TSP) giibreleri kullanilmigtir. Aragtirma tesadiif bloklar1 deneme
desenine gore 3 tekerriirlii olarak kurulmustur. Her parselde 9 farkli uygulama yer almis ve bu uygulamalar asagida
verilmigtir.

a) Kontrol: Ekimle birlikte 10 kg da™ P,Os uygulanmistir.
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b) Deniz yosunu (Ascophyllum nodosum) uygulamasi: Ekimle birlikte 10 kg da™ P,0s + topraga kati toz
seklinde 500 g da™deniz yosunu uygulanmistir.

¢) Azotlu giibre ilave edilmis deniz yosunu uygulamasi: Ekimle birlikte 10 kg da™ P,Os + topraga toz seklinde
500 g da™ deniz yosunu + 5 kg da™ N uygulanmistir.

d) Kati ve sivi halde deniz yosunu (Ascophyllum nodosum) uygulamast: Ekimle birlikte 10 kg da™ P,Os +
topraga toz seklinde 500 g da™deniz yosunu + siv1 halde 500 g da™olacak sekilde yaprak giibrelemesi. Sivi yaprak
giibresi bitkiler yaklagik 30-40 cm bitki boyuna ulastig1 zaman sirt piilverizatoril ile uygulanmistir.

e) Ekimden 6nce giil posasi uygulamasi: Ekimle birlikte 10 kg da™ P,Os + ekimden 40-45 giin énce dekara 4
ton hesabiyla parsellere uygulanmustir.

f) Ekimle birlikte giil posasi uygulamasi: Ekimle birlikte 10 kg da™ P,Os + ekimle birlikte 4 ton da™ giil posas
parsellere uygulanmistir.

g) Azotlu giibre ile ilave edilmis giil posasi uygulamasi: Ekimle birlikte 10 kg da™ P,Os + 4 ton da™ giil posas1 +
5 kg da™ N giibrelemesi yapilmistir.

h) 10 kg da™ N uygulamas:: Ekimle birlikte 10 kg da™ P,Os + 10 kg da™ N giibrelemesi yapilmustir.

i) 20 kg da™ N uygulamas: Ekimle birlikte 10 kg da™ P,Os + 20 kg da™* N giibrelemesi yapilmistir.

Tohumlar markorle ¢izilen siralara sira arasi 70 cm, sira iizeri 20 cm olan mesafelerde elle agilan ocaklara mayis
aymin ilk haftasinda (Akgiin ve ark., 2017) ekilmistir. Her ocaga 2 tohum atilmig, ¢cimlenme tamamlandiktan sonra
her ocakta 1 bitki birakilmigtir. Uygulanacak azotlu giibre dozlarinin yarist ve 10 kg fosfor (P,Os) ekimle beraber,
azotun diger yarisi ise bogaz doldurma islemi ile birlikte (bitkiler 30-40 cm ulaginca), elle serpme olarak verilmistir.
Arastirmada bir y1l bekletilmis ve yanmig 6zellikte olan giil posasi, dekara 4 ton olacak sekilde parsel alanina gore
hesaplanarak, toprak yiizeyine serilerek ¢apa motoruyla topraga karistirtlmistir. Sulama, damla sulama seklinde
ekimden itibaren bitkinin nem stresine girmesini dnleyecek sekilde uygulanmigtir. Bitkiler siit olum doneminde
(kogan piiskiilleri kurumus ve tanelere tirnak ile bastirildiginda tanelerden sivi ¢iktigt donem) baslardan 0.5 m,
kenarlardan birer sira kenar tesiri olarak atildiktan sonra kalan 2 siradaki bitkilerin taze kocanlar elle hasat
edilmistir. Her parselde tesadiifen se¢ilen 10 adet bitkide; kardes sayist (adet), bitki boyu (cm), ilk kocan yiiksekligi
(cm), kogan ¢ap1 (mm), bitki basina kogan sayisi (adet), kocan randimani (%), pazarlanabilir kavuzlu ve kavuzsuz
kocan verimine (kg da™) 6l¢iim ve tartimlar yapilmistir (USDA, 1992; Anonim, 2010). Aragtirmada kogan verimi
pazarlanabilir (kavuzlar1 soyulduktan sonra kogan uzunlugu 10.2 ¢cm den daha uzun ve agirh@ 250 g iizerinde
olanlar dikkate alinmistir) kogan sayisi lizerinden dekara verim hesaplanmustir.

Deneme alanin 0-30 cm derinlikten alinan topragin analiz sonuglari; tinlt yapida, pH 7.9, Kire¢ (CaCO3) igerigi
% 29.48, toplam tuz igerigi 0.014 dS m™, fosfor (P,0s) 7.20 kg da™, potasyum (K,O) 176.24 kg da™ ve organik
madde % 0.84 olarak belirlenmistir.

Cizelge 1. Isparta ilinde aragtirmanin yiriitiildiigii yillar ve uzun yillara (1950-2014) ait iklim verileri*
Table 1. Climate datas as to conducted years of research and long years (1950-2014) in Isparta province*

iklim Faktorleri/ Climate Factors

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

Aylar Mean Temperature (°C) Total Precipitation (mm) Mean Relative Humidity (%)
Years/ Uzun yillar/ 2015 2016 Uzun yillar/ 2015 2016 Uzun yillar/ 2015 2016
Months Long years Long years Long years

Nisan 10.8 8.7 13.8 53.1 26.1 47.8 61.3 60.7 52.1
April

Mayis 15.5 16.1 145 54.3 67.5 87.6 574 59.8 64.4
May

Haziran 20.1 17.8 21.6 315 92.2 12.7 51.2 67.7 47.7
June

Temmuz 235 23.7 24.8 145 3.0 25.7 45.4 48.3 44.9
July

Agustos 23.2 235 24.5 10.7 434 454 46.4 54.8 51.8
August

Ort/Top 18.6 18.0 19.8 164.1 2322 2192 52.3 58.3 52.2
Mean/total

*:Kaynak:Meteoroloji Genel Miidiirliigii

Denemenin yiiriitiildiigli yillara ve aylara ait iklim verileri Cizelge 1°de verilmistir. Vejetasyon donemindeki
uzun yillar sicaklik ortalamasi (18.6°C), 2016 (19.8°C) yilina ait sicaklik ortalamalarindan daha diisiik, 2015
(18.0°C) yilindan ise daha yiiksek bulunmustur. Denemenin 2. yili daha sicak gegmistir. {1k y1l vejetasyon dénemi
boyunca alinan toplam yagis miktar: (232.2 mm), uzun yillar ortalamasindan (164.1 mm) ve ikinci yildan (219.2
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mm) daha fazla olarak gerceklesmistir. Nispi nem igeriginin uzun yillar ortalamast % 52.3, 2015 yilinin % 58.2 ve
2016 yilinin % 52.2 olarak rapor edilmistir.

Denemeden elde edilen verilerin degerlendirilmesinde, SAS (1998) paket programu kullanilmig ve tesadiif
bloklar1 deneme desenine goére varyans analizine tabi tutulmustur. Ortalamalar arasindaki farkliliklarin
belirlenmesinde Duncan ¢oklu karsilastirma testi kullanilmistir.

3. Bulgular ve Tartisma
3.1. Kardes sayisi ve Bitki boyu

Vega F1 ¢esidinin kardes sayisi uygulamalara gore 1.7-2.2 adet arasinda degismis ve bu farklilik istatistiksel
olarak 6nemli bulunmustur (Cizelge 2). Her iki yilda deniz yosunu uygulamasinda en fazla kardes sayisi elde
edilmistir. ki yillik ortalama verilere gore, bu uygulama ile (kontrol hari¢) diger uygulamalar arasindaki farkin
onemli olmadig tespit edilmistir. Arastirmanin yiiriitiildiigi yillarda kardes sayis1 farkli olmus ve 2. yil kontrol ve
deniz yosunu uygulamasi hari¢ diger uygulamalara gore kardes sayisi daha fazla bulunmustur. Genel ortalama
olarak 1. y1l 1.9 adet, 2. yil ise 2.1 adet olarak belirlenmis ve bu farklilik istatistiksel olarak 6nemlidir. Arastirmada
2. yil sicaklik degerleri (Cizelge 1) birinci yildan daha fazla olmasi kardeslenmeyi tesvik etmis olabilir. Akgiin ve
ark. (2017), tarafindan yapilan ¢alismada, Batem Tatli ¢esidinde yillara bagli olarak kardes sayisinda 6nemli
farkliliklar belirlenmistir (1. yil: 1.95 adet, 2. yil: 2.80 adet). Arastiricilar, sicaklik artisinin kardeslenmeyi tesvik
ettigini ileri stirmiislerdir.

Seker musirt taze olarak tiiketildiginden kardeslenme, hasattan sonra kalan yesil bitkilerin farkli sekillerde (kaba
yem veya silaj) degerlendirilmesinde 6nemlidir. Ancak kardeslerde gelisen koganlarin pazarlanabilirlik yoniinden
ticari bir degeri olmamasina ragmen, kaba yem tiretimini arttirabilir. Seker musir iiretiminde yan iriinlerin
(pazarlanamayan koganlar, saplar ve yapraklar) iyi bir hayvan yemi kaynagi oldugu ve siiper tatli hibrid gesitlerin
yesil saplarinda toplam seker igerigi % 20-22 ve protein oran1 % 8-9 arasinda degistigi bildirilmistir (Sevov, 2017).

Kardes sayisinin genetik yapi ile ilgili oldugu ve gesitlere gore degisebildigi ileri siiriilmiistiir (Walter-Shea ve
ark.,1991). Genetik yapmin yaninda g¢evre sartlar1 da etkilidir (Park ve ark., 1989). Ayrica, birim alandaki bitki
siklig1 (Park ve ark., 1989; Akgiin ve ark., 2017) ve ekim zamani kardes sayisini etkileyebilmektedir (Akgiin ve ark.,
2017). Yine, azotlu giibrelemenin misirda kardes iiretimini arttirdigr ileri siiriilmistiir (Park ve ark., 1989). Diger
taraftan kardeslerin koparilmasi kocan boyunu azalttigi, (Park ve ark., 1989; Hanna ve Story, 1992) ve kocan
piiskiilii ¢ikarma siiresini kisalttig1 bildirilmistir (Sharma ve Adamu, 1984). Bu sonuglar misirda kardes olusumunun
fotosentetik etkinlige katki sagladigini gostermektedir. Aragtirmada organik madde (giil posasi deniz yosunu) ve
azotlu giibreleme kardes sayisint 6nemli seviyede arttirmistir.

Iki y1llik ortalamalara gére bitki boyu 115.92-106.25 cm arasinda degismis ve uygulamalarin bitki boyuna etkisi
6nemli bulunmustur. Organik madde ve azotlu giibre uygulamasi bitki boyu tizerine olumlu etki yapmis ve kontrol
uygulamasina gore bitki boyunu 6nemli seviyede arttirmistir. Arastirmada 2. yil tiim uygulamalarda bitki boyu daha
uzun olmus ve bu farklilik istatistiksel olarak dnemlidir (1. y1l: 105.89; 2. y1l: 119.97). Bu durum bitki boyu iizerine
iklim ve toprak kosullarinin etkili oldugunu géstermektedir. Denemenin ilk yilinda dekar 10 kg ve 20 kg azot
uygulamalarinda yiiksek degerler elde edilirken, 2. yil azotlu giibre ile zenginlestirilmis deniz yosunu ve ekimle
birlikte giil posast uygulamasinda daha yiiksek degerler elde edilmistir. Yillara gore bitki boyunda en yiiksek
degerler, farkli uygulamalarda belirlenmis olmasi yil x uygulama interaksiyonunun 6nemli ¢ikmasina neden
olmustur (Cizelge 2).

Bitki boyundaki arti, yaprak alanini, dolayisiyla asimilasyon alanini da arttirmakta ve tane verimini de olumlu
yonde etkilemektedir. Seker musirinda bitki boyu, g¢eside gore degisebildigi gibi iklim kosullar1 ve kiiltiirel
uygulamalar (ekim siklig1, giibreleme, ekim zaman gibi) da etkili olabilmektedir (Turgut ve Balci, 2002; De Grazia
ve ark., 2003; Oktem ve Oktem, 2006; Sonmez ve ark., 2013; Akgiin ve Siyah, 2015). Bitki boyunun, arastirma
yilina gore farklilik gostermesinde, hava sicakliginin, nem ve yagisin etkili oldugu disiiniilmektedir. De Grazia ve
ark., (2003) seker misirinda farkli dozlarda azot ve fosforlu giibre uygulamalarinin bitki boyuna etkisi incelenmistir.
Arastirmada fosforun etkisi dnemsiz bulunurken azot dozlarina bagli olarak bitki boyu onemli seviyede artmus,
ancak 10 ve 20 kg da™ uygulamalar arasindaki fark 6nemli bulunmamustir.

Seker misir1 gesitlerinde sap kimyasal icerigi ¢esitlere gore degistigi belirlenmistir (Sevov, 2017). Arastirict kuru
madde icerisinde ham protein oran1 % 8.96-11.56, ham seliiloz % 22.55-23.96, ham kiil %4.30-4.57 ve toplam seker
icerigi % 15.1-19.7 arasinda degistigini tespit etmistir. Vega F1 ¢esidinde bu degerler sirasiyla % 11.56, % 23.85, %
4.57 ve % 18.2 olarak belirlenmistir. Seker musir {iretiminde yan {iriinlerin (pazarlanamayan koganlar, saplar ve
yapraklar) iyi bir hayvan yemi kaynagi oldugu ileri siiriilmiistiir.

Seker misirt erken donemde hasat edildiginden dolayi, geri kalan bitki kisimlar (taze yaprak, ticari degeri
olmayan kocganlar ve saplar) kuru ya da taze olarak kaba yem kaynag1 veya silajlik olarak degerlendirilebilir. Bu
nedenle bitki boyunun uzun olmasi, daha fazla vegetatif aksam elde edilmesine katki saglayacaktir. Aragtirmada
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geleneksel giibre uygulamas: ile farkli organik madde uygulamalar1 arasinda énemli bir farklilik belirlenmemistir.
Bu kullanilan organik maddelerin seker misir1 geligmesini olumlu yonde etkiledigini gostermektedir.

Cizelge 2. Seker misirinda farkli uygulamalarin kardes sayisina (adet) ve bitki boyuna (cm) etkisi
Table 2. Effect of different applications on number of tiller and plant height (cm) in sweet corn

Uygulamalar/Applications Yillar/Years Ortalama/ Yillar/Years Ortalama/
2015 2016 Mean 2015 2016 Mean

Kontrol /Control 1.7 1.7 1.70 B 97.67 ¢ 114.83¢'  106.25 B!

Deniz yosunu /Seaweed 2.2 2.2 220A 106.90 bc 11847 b-d 11268 A

Azotlu giibre + deniz yosunu/ 1.8 2.0 1.90 AB 101.40 de 125.53 a 11347 A

Fertizer with nitrogen + Seaweed

Kat1 ve sivi deniz yosunu/ 1.9 2.0 1.95AB 100.27 de 121.23 a-c 110.75

Solid and liquit Seaweed AB

Ekim 6ncesi giil posast/ 2.0 2.1 2.05AB 104.77cd 11970 b-d 11223 A

Application of rose pulp in presowing

Ekimle birlikte giil posast 1.9 2.3 2.10 AB 107.13 be 123.57 ab 11535 A

Application of rose pulp with sowing

Azotlu giibre + giil posasi 1.9 2.2 2.05 AB 109.93a-c  119.37b-d  114.65A

Fertizer with nitrogen + Rose pulp

10 kg da™* azotlu giibre/ 1.8 2.2 2.00 AB 112.80 a 119.03b-d 11592 A

10 kg da™* Fertizer with nitrogen

20 kg da™ azotlu giibre/ 2.0 2.2 2.10 AB 112.17 ab 117.97 cd 115.07 A

20 kg da™ Fertizer with nitrogen

Ortalama/Mean 1.91B* 210A 105.89B' 11997 A
Yil/Year:13.94**; Y1l/Year:288.230**;
Uygulama/Application:2.588%; Uygulama/Application:5.862**;
YilxUygulama/YearxApplication:0.815;  YilxUygulama/YearxApplication:6.51
CV:%11.66 ** CV:% 2.7

* %5 ve ** % 1 énemlidir. CV: Coefficient Variance * Aym siitunda ve ayni satirda farkli harfle verilen ortalamalar arasindaki
fark onemlidir.

3.2. Ilk kogan yiiksekligi ve Ko¢an sayist

Calismada ilk kogan yiiksekligi 36.82-43.73 cm arasinda degismistir. Azotlu giibre ile organik madde (giil posasi
ve deniz yosunu) uygulamalari arasinda 6nemli bir farklilik belirlenememis ve istatistiksel olarak ayni grupta yer
almistir. Ancak, kontrol uygulamasindaki ilk kogan yiiksekligi, diger uygulamalara gore 6nemli seviyede farkli
bulunmustur. Arastirmada ilk kogan 2. deneme yilinda tiim uygulamalarda daha yiiksekte olugmus (1. y1l: 41.12 cm;
2. y1l: 43.02 cm) ve yillar arasindaki farklilik istatistiksel olarak 6nemlidir (Cizelge 3).

Misir genellikle makine ile hasat edildiginden ilk kogan yiiksekligi onemli bir &zelliktir. Arastirmada kontrol
grubuna ait bitkilerde ve denemenin 1. yilinda bitki boyuna ve (Cizelge 3) ilk kogan yiiksekligini ait degerler, daha
diistik bulunmustur. Bu durum bitki boyu ile ilk kogan yiiksekligi arasinda olumlu bir iliskinin oldugunu
gostermektedir. ilk kocan yiiksekliginin genetik yapimin yaninda, cevre kosullarindan da etkilendigi farkli
aragtirmalarda belirlenmistir. Nitekim, Stanslous ve ark. (2020), tarafinda yapilan ¢aligmada ¢esitlere gore ilk kocan
yiiksekligi 37.25-77.75 arasinda degismistir. Bitki boyu uzun olan BATEM Tatli ve Kompozit Seker ¢esitlerinde, ilk
kocan yiiksekligi de diger gesitlere goére daha uzun bulunmustur. Yine, Oktem ve Oktem (2006), genelde bitki
boyunun yiiksek oldugu c¢esitlerde, ilk kogan yiiksekliginin fazla, bitki boyunun diisiikk oldugu cesitlerde ise ilk
kocan yiiksekliginin daha az oldugunu bildirmistir. Bu sonuglar bizim arastirma sonuglarin1 desteklemektedir.

Farkl1 calismalarda ilk kogan yiiksekliginin ¢eside bagli olarak Oktem ve Oktem (2006), 55.9-70.1 cm, idikut ve
Kara (2013), 53-77 cm arasinda degistigi bildirilmistir. Diger taraftan ilk kogan yliksekligi, bitki sikligina, azot
dozlarina, ekim tarihine ve diger ¢evre faktorlerine gore de degisebilmektedir (Turgut, 2000; Turgut ve Balci, 2002;
Oktem ve Oktem, 2006; Ozata ve ark., 2016).

Arastirmada iki yillik ortalama incelendiginde bitki basina kocan sayisit 1.23-2.0 adet arasinda degismis ve
uygulamalar arasindaki farklilik istatistik olarak dnemli bulunmustur. Dekara 10 kg ve 20 kg azot uygulamalarinda
bitki basina kogan sayisi 1.88 ve 2.0 adet arasinda degismis ve bu farklilik istatistiksel olarak 6nemli degildir.
Kontrol uygulamasina gore organik madde uygulamalarinda bitki basina daha fazla kogan sayisi belirlenmis olmakla
birlikte, istatistiksel olarak ayni grupta yer almis ve aralarindaki farklilik 6nemli bulunmamistir (Cizelge 3). Yillara
gore bitki bagina kocan sayis1 dnemli seviyede degisiklik gostermis ve 1. yil 1.58 adet, 2. yil ise 1.49 adet olarak
belirlenmistir.
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Eser (2014), tarafindan yapilan ¢alismada bitkide kogan sayisinin ¢eside gore degistigi (1.06-1.46 adet) ve Vega
F1 ¢esidinde 1.20 adet/bitki oldugu belirlenmistir. Arastirmada pazarlanabilir kogan verimi bakimindan ise, en
yiiksek deger Vega F1 (1523.33 kg da™) ¢esidinde tespit edilmistir. Stansluos ve ark. (2020), 11 farkli seker musiri
cesidinde bitki basima kocan sayisi 0.98-1.28 adet arasinda degistigi ve cesitler arasindaki farkliligin 6nemli
oldugunu ortaya koymustur. Yine, Sonmez ve ark. (2013), bitki basina kogan sayisiin gesitlere (1.56-1.96
adet/bitki) ve yillara (1. yil: 1.97; 2. yil: 1.67 adet/bitki) gore dnemli farklilik gosterdigini bildirmislerdir. Diger
taraftan Esiyok ve ark. (2004), bitki basina kogan sayisinin ¢esitlere gore istatistiksel olarak onemli bir farklilik
gostermedigini ve bitki bagina kogan sayisint yaklagik 1 adet olarak tespit etmiglerdir. Hibrit seker musirt ¢esitlerinde
genellikle tane verimi yiiksek tek kogan, pazarlanabilir 6zelliktedir. Diger koganlarin bir¢ogunun ticari degeri
diisiiktiir, ancak farkli sekillerde iyi bir hayvan yemi kaynagini olusturabilmektedir. Arastirmamizda kontrol
uygulamasinda Vega F1 c¢esidinin bitki basina kocan sayisi 1.23 adet bulunmustur. Ancak, farkli uygulamalara
yillara gore bitkideki kogan sayisi artmistir. Yapilan arastirmalarin birgogunda benzer cesitler kullanilmasina
ragmen, elde edilen bitki basina kocan sayisim1 degismistir. Bu durum genetik yapinin yaninda cevre sartlart ve
kiiltiirel uygulamalarinin bitkide kogan olusumuna etki ettigini gostermektedir. Farkli arastirmalarda bitki basina
kocan sayisinin ¢evre kosullarindan etkilendigi, birim alandaki bitki siklig1 ve azotlu giibre uygulamalarina gore
onemli farklilik belirlenmistir (Turgut, 2000; Sonmez ve ark., 2013; Thakur ve ark., 2015).

Cizelge 3. Seker misirinda farkli uygulamalarin ilk kogan yiiksekligine (cm) ve bitki basina kogan sayisina

(adet/bitki) etkisi
Table 3. Effect of different applications on first ear height (cm) and ear number per plant (ear/plant) in sweet corn
Uygulamalar/Applications Yillar/Years Ortalama/ Yillar/Years Ortalama/
2015 2016 Mean 2015 2016 Mean
Kontrol /Control 34.27 39.37 36.82 B! 1.33 1.13 1.23B
Deniz yosunu /Seaweed 41.80 44.27 43.04 A 1.47 1.27 1.37B
Azotlu giibre + deniz yosunu/ 40.60 43.73 42.17 A 153 1.50 152B
Fertizer with nitrogen + Seaweed
Kati ve sivi deniz yosunu/ 40.50 43.20 41.85A 1.50 1.33 142 B
Solid and liquit Seaweed
Ekim 6ncesi giil posast/ 43.57 43.90 43.73 A 1.47 1.43 1.45B
Application of rose pulp in presowing
Ekimle birlikte giil posasi 42.10 43.10 42.60 A 1.37 1.40 1.38B
Application of rose pulp with sowing
Azotlu giibre + giil posast 41.73 42.97 4235 A 1.57 1.50 153B
Fertizer with nitrogen + Rose pulp
10 kg da™* azotlu giibre/ 42.83 43.23 43.03 A 1.90 1.87 1.88 A
10 kg da™ Fertizer with nitrogen
20 kg da™ azotlu giibre/ 42.63 43.37 43.00 A 2.07 1.93 2.00 A
20 kg da* Fertizer with nitrogen
Ortalama/Mean 41.12B'  43.02A 1.58 A 1.49B
Yil/Year:4.852%; Yil/Year:4.401%;
Uygulama/Application:3.322**; Uygulama/Application:14.299**;
YilxUygulama/YearxApplication:1.404;  YilxUygulama/YearxApplication:
CV: % 5.46 0.408; CV: % 10.59

* 005 ve ** % 1 gnemlidir. CV: Coefficient Variance * Ayni siitunda ve ayni satirda farkli harfle verilen ortalamalar arasindaki fark énemlidir.

3.3. Kogan ¢capi ve Kogan randimani

Kogan ¢api, koganin pazarlanma degerini arttiran 6nemli 6zelliklerden birisidir. Farkli uygulamalarin kogan
capina etkisi onemli bulunmustur (Cizelge 4). Arastirmada iki yillik ortalamaya gore kogan ¢ap1 40.13-45.60 mm
arasinda degismis, en diisiik deger kontrol uygulamasinda belirlenmistir. Azotlu gilibre ve organik madde
uygulamalar1 kogan ¢apinda artis meydana getirmistir. Ancak, kontrol ile ekimle birlikte giil posas1 ve deniz yosunu
uygulamalari istatistiksel olarak ayni grupta yer almistir. Kocan ¢ap1 degeri denemenin birinci yilinda 43.97 mm, 2.
yilinda ise 43.0 mm olarak belirlenmis ve yillar arasindaki farklilk 6nemli bulunmustur. Kogan ¢api, verimi
etkileyen ozelliklerden birisidir. Nitekim arastirmada genel ortalama olarak pazarlanabilir kavuzlu ve kavuzsuz
kogan veriminde (Cizelge 5) ilk y1l daha yiiksek degerler elde edilmistir. Tane dolumu sirasinda ¢evre faktorlerinin
uygun olmasi kogan ¢apinda olumlu yonde bir etki meydana getirmektedir (Aldrich ve ark., 1982).

Kogan c¢ap1, kocan iriligini dolayisiyla tane verimini belirlemekte ve pazar degerini arttirmaktadir.
Arastirmalarda kogan ¢apinin kalitim derecesi diisiik (Saleh ve ark., 2002) ve gevre faktorlerinin etkisinin daha fazla
oldugu bildirilmistir (Oktem ve Oktem, 2006; Eser, 2014).
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Alp (2000), tarafindan yiiriitiilen arastirmada, uygulanan azot dozlarinin, kogan ¢apini ve dekara pazarlanabilir
taze kogan verimini 6nemli derecede olumlu etkiledigi bildirilmistir. Denemede kogan ¢ap1 ve dekara taze kogan
verimi i¢in en yiiksek degerler, 14 kg da' N uygulamasindan elde edilmistir. Benzer sonuclar farkli ¢aligmalarda
belirlenmis ve azot dozuna bagli olarak kocan ¢apinin arttig1 bildirilmistir (Turgut 2000; Altiparmak, 2001). Yine,
kogan ¢apinin ¢eside ve yillara gore degistigi bildirilmis ve Vega F1 ¢esidinde ortalama kogan ¢ap1 47.10 mm olarak
belirlenmistir (Oktem ve Oktem, 2006). Karaman ekolojik sartlarinda yapilan ¢alismada gesitlere gore kocan ¢ap1
onemli degisiklik gostermis ve Vega F1 ¢esidinde 44.65 mm olarak belirlenmistir (Eser, 2014).

Kavuzlu kogan agirliginin, kavuzsuz kogan agirligina oranlanmasi ile elde edilen kogan randimani (%) degerleri
Cizelge 4’te gosterilmistir. Arastirmada kogan randimani yillara ve uygulamalara bagli olarak dnemli degisiklik
gostermistir. 1ki yillik ortalamalara gére en yiiksek kogan randimam 20 kg da® uygulamasinda (% 74.78)
belirlenmis olmakla birlikte 10 kg da™ (% 73.12) ve organik materyale azotlu giibre ilave edilmis uygulamalardan
(% 71.20 ve % 70.93) elde edilmistir. Bu sonuglar azotun kogan randimani {izerine 6nemli etkisinin oldugunu
gostermektedir. En diigiik kogan randimani kontrol uygulamasinda (% 61.17) belirlenmis ancak, deniz yosunu (%
62.98), kat1 ve sivi deniz yosunu (% 64.18) ile ekimle birlikte giil posasi (% 62.65) uygulamalar1 arasindaki fark
onemli bulunmamistir. Bu sonuglar organik materyale azot ilave edilmedigi uygulamalarda kavuz oramnin daha
fazla oldugu anlamina gelmektedir. De Grazia ve ark. (2003), tarafindan yapilan ¢aligmada en yiiksek kavuz orani
(% 30.95) azot uygulanmayan parsellerden elde edilmis ve azotlu giibre uygulamasi kavuz oranini azaltmstir.

Arastirmada genel ortalama olarak 2. yil kogan randimani 6nemli seviyede azalmis (%66.39) olmasina ragmen,
dekara 10 kg (% 74.10) ve 20 kg (% 76.20) azot uygulamasi artmigtir. Bu durum yil x azot interaksiyonunun énemli
¢ikmasina neden olmustur.

Koganin agirliginda kavuz miktar1 diger bir ifade ile kogan randimani, elde edilen {iriiniin niteligi agisindan
onemlidir. Kogan randimani iizerinde yapilan arastirmalarda ¢esidin yaninda farkli uygulamalarinin etkisi de
incelenmistir. Tuncay ve ark. (2005), tarafindan yapilan ¢alismada kogan randimani iizerine yetistirme doneminin
etkisinin 6nemli olmadigi, ancak cesitlere gore onemli farklilik gosterdigi (% 63.55-80.83) belirlenmistir. Yine,
¢esidin yaninda lokasyonlara bagl olarak kogan randimanin degistigi tespit edilmistir (Esiyok ve ark., 2004). Tatl
misirda ekim/dikim déneminin ve tohum ekimi ile fide dikim seklinin kogan randimani tizerine etkisi istatistiki
olarak d6nemsiz bulunmustur (Esiyok ve Bozokalfa, 2005). Arastirmada yetistirme déonemindeki iklim kosullart ve
uygulamalarin koganin kavuz miktarma degistirebildigi belirlenmistir.

Cizelge 4. Seker misirinda farkli uygulamalarin kogan ¢apina (mm) ve kogan randimanina (%) etkisi
Table 4. Effect of different applications on ear diameter (mm) and husk ratio (%) in sweet corn

Uygulamalar/Applications Yillar/Years Ortalama/ Yillar/Years Ortalama/
2015 2016 Mean 2015 2016 Mean

Kontrol /Control 41.17 39.10 40.13 C* 64.83 b' 57.50 &' 61.17 D'

Deniz yosunu /Seaweed 43.20 40.53 41.87 BC 68.23 ab 57.73 e 62.98 CD

Azotlu giibre + deniz yosunu/ 43.83 43.83 43.83 AB 72.63a 69.77 bc 71.20 AB

Fertizer with nitrogen + Seaweed

Kati ve sivi deniz yosunu/ 43.57 41.97 42.77BC 65.83 b 62.53de 64.18 CD

Solid and liquit Seaweed

Ekim 6ncesi giil posast/ 45.40 44.77 45.08 A 68.20 ab 67.17 cd 67.68 BC

Application of rose pulp in presowing

Ekimle birlikte giil posasi 42.97 40.67 41.82 BC 63.60 b 61.70 e 62.65 D

Application of rose pulp with sowing

Azotlu giibre + giil posasi 45.10 44.73 4492 A 71.10a 70.77 bc 70.93 AB

Fertizer with nitrogen + Rose pulp

10 kg da™* azotlu giibre/ 45.20 45.47 4533 A 7213 a 74.10 ab 7312 A

10 kg da* Fertizer with nitrogen

20 kg da™ azotlu giibre/ 45.30 45.90 45.60 A 73.37a 76.20 a 7478 A

20 kg da™* Fertizer with nitrogen

Ortalama/Mean 4397B"  43.00A 68.88 A" 66.39 B
Yil/Year:5.273%; Yil/Year:9.946**;
Uygulama/Application:8.934**; Uygulama/Application:18.175**;
YilxUygulama/YearxApplication:0.90;  YilxUygulama/YearxApplication: 3.186**;
CV:% 3.62 CV :%4.3

* 065 ve ** % 1 onemlidir. CV: Coefficient Variance 'Ayni siitunda ve ayni satirda farkli harfle verilen ortalamalar arasindaki fark énemlidir.
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3.4. Pazarlanabilir Taze Kocan Verimi ve Pazarlanabilir Kavuzsuz Kocan Verimi

Pazarlanabilir 6zellikteki kocan agirligindan hesaplanan dekara kavuzlu kogan verimi iizerine uygulamalarin
etkisi onemli bulunmustur (Cizelge 5). Ayrica, uygulamalardan elde edilen verim degerleri yillara gore farklilik
gostermis ve uygulama x yil interaksiyonu dnemli ¢ikmistir. Her iki yilda kontrol uygulamasindan en diisiik degerler
elde edilmistir. Organik materyal (giil posasi ve deniz yosunu) ve azotlu giibre uygulamalari kavuzlu kogan verimini
arttirmugtir. Pazarlanabilir kavuzlu kogan verimi denemenin ilk yilinda 2924.89-5014.25 kg da™; ikinci yilinda ise
1879.17-596.82 kg da™ arasinda belirlenmistir. iki yillik ortalamalara gore en yiiksek pazarlanabilir kavuzlu kogan
verimi (5491.54 kg da™) 20 kg da™ azotlu giibre uygulamasinda belirlenmis, ancak 10 kg da™ uygulamasi (5051.47
kg da™) ile arasindaki fark énemli bulunmamustir. 10 kg da™ ve 20 kg da™* uygulamalarinda, azotla zenginlestirilmis
deniz yosunu (3955.00 kg da™ ) ve giil posasi (3942.77 kg da™) uygulamalarindan da daha yiiksek degerler elde
edilmistir (Cizelge 5).

Kavuzsuz kogan verimine ait ortalamalar Cizelge 5’te verilmistir. Uygulamalara gore, pazarlanabilir kavuzsuz
kogan verimi 1. yilda 1898.40-3678.0 kg da™, ikinci yilda 1079.42-4547.52 kg da™ ve iki yillik ortalamada ise,
1488.91-4112.76 kg da™ arasinda degismistir. Organik materyal ve azotlu giibre uygulamalarinda pazarlanabilir
kavuzsuz kogan verimi artmustir. En diisiik degerler kontrol uygulamasinda, en yiiksek degerler ise 20 kg da™ N
uygulamasinda belirlenmis ve diger uygulamalardan istatistiksel olarak farkli bulunmustur. Kavuzlu kogan
veriminde 10 ve 20 kg da™ azot uygulamalarinda istatistiksel olarak énemli fark bulunmaz iken, pazarlanabilir
kavuzsuz kogan veriminde bu fark 6nemli ¢ikmistir. Bu sonuglar kogan kavuzlarinin diisiik azot dozlarinda daha
fazla oldugunu gostermektedir (Cizelge 5). Organik materyale ilave azot verildiginde pazarlanabilir kavuzsuz kogan
verimi de artmustir. Toprakta bulunan azot miktar: artikga, bitki gelismesi ve buna bagli olarak fotosentez de
artmakta, kogana daha fazla besin maddesi tagindigindan verim olumlu yonde etkilenmektedir.

Denemenin ilk yilinda pazarlanabilir kavuzlu ve kavuzsuz kogan verimi daha fazla olmasina ragmen, yillar
arasindaki bu farklilik 6nemli degildir. Ancak her iki 6zellikte de yil x uygulama interaksiyonu dnemlidir (Cizelge
5). Bu durum denemenin kuruldugu yillarda aylara goére sicaklik ve yagisin farkli olmasi yaninda, toprak
ozelliklerinden de kaynaklandig: diistintilmektedir.

Cizelge 5. Seker musirinda farkli uygulamalarin pazarlanabilir kavuzlu ve kavuzsuz kogan verimine (kg da™) etkisi
Table 5. Effect of different applications on marketable husked ear yield (kg da™) and marketable huskless ear yield
(kg da™*) in sweet corn

Uygulamalar/Applications Yillar/Years Ortalama/ Yillar/Years Ortalama/
2015 2016 Mean 2015 2016 Mean
Kontrol /Control 2924.89d"  1879.17e"  2402.03E'  1898.40e  1079.42e 1488.91E
Deniz yosunu /Seaweed 3076.21d 2666.67 d 2871.44 DE 2110.25 de 1540.30d 1825.28 DE
Azotlu giibre + deniz yosunu/ 3950.52 b 3959.47 ¢ 3955.00 B 2875.08 b 275170 ¢ 2813.39C
Fertizer with nitrogen + Seaweed
Kat1 ve sivi deniz yosunu/ 3733.45bc  2811.04d 327225CD  2435.10cd 1759.07 d 2097.09D
Solid and liquit Seaweed
Ekim oncesi giil posast/ 3707.65bc  3667.48c¢ 3687.57 BC 2547.17 be 2464.46 ¢ 2505.82C
Application of rose pulp in
presowing
Ekimle birlikte giil posasi 3352.14cd  3101.81d 3226.98CD  2129.37 de 1914.72d 2022.05D
Application of rose pulp with
sowing
Azotlu giibre + giil posasi 3904.22 b 3981.32¢c 3942.77B 2777.12 be 2818.88 ¢ 2798.00 C
Fertizer with nitrogen + Rose pulp
10 kg da™* azotlu giibre/ 4856.29 a 5246.64 b 5051.47 A 3504.16 a 3886.22 b 3695.19 B
10 kg da™ Fertizer with nitrogen
20 kg da™* azotlu giibre/ 5014.25a 5968.82 a 5491.54 A 3678.00 a 454752 a 4112.76 A
20 kg da™* Fertizer with nitrogen
Ortalama/Mean 3835.51 3698.05 2661.63 2529.14
Yil/Year:2.462; Yil/Year: 4.06;
Uygulama/Application:57.250 **; Uygulama/Application:77.18 **,
YilxUygulama/YearxApplication: 5.486  YilxUygulama/YearxApplication: 7.29
** CV %: 8.55 ** CV % :9.31

* 65 ve ** % | onemlidir. CV: Coefficient Variance. ' Ayni siitunda ve ayni satirda farkli harfle verilen ortalamalar arasindaki fark onemlidir.
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Seker misirinda kocanlarin satis1 kavuzlu bir sekilde yapildigindan kavuzlu kogan verimi, pazarlama ve tiiketici
acisindan da pazarlanabilir kavuzsuz kocan verimi dikkate alinabilecek bir 6zelliktir. Seker musir1 {izerinde yapilan
calismalarda kocan veriminin c¢eside, ekolojik kosullara, uygulanan kiiltiirel iglemlere gore degisebildigi
bildirilmistir. Nitekim, De Grazia et al. (2003), seker misirinda azotlu ( NO= N1= 10 kg da™, N2= 20 kg da™) giibre
uygulamalarinin etkisinin onemli, fosforlu giibrelemenin 6nemli bir etkisinin olmadigini tespit etmislerdir.
Arastiricilar kavuzlu (1834 kg da™ ve 2209.2 kg da?) ve kavuzsuz (1331.3 kg da™ ve 1575.0 kg da™) kogan
veriminin 10-20 kg da™ N uygulamalar1 arasinda fark olmadigini ortaya koymuslardir. Can ve Akman (2014)
tarafindan yapilan ¢aligmada, azot dozu artisina paralel olarak taze kocan verimi de artmistir. En yiiksek taze kogan
verimi 21 kg da™ N dozunda (1652.0 kg da™) belirlenmis, ancak 14 kg da™ N uygulamasindan (1373.7 kg da™) elde
edilen verim arasinda 6nemli bir fark bulunmamistir. Ayrica, en diisiik pazarlanabilir taze kogan verimi ise, azot
uygulanmayan parsellerde (702.0 kg da™) tespit edilmistir. Azot dozuna bagh olarak kogan veriminin arttigi farkli
arastiricilar tarafindan da bildirilmistir (Turgut, 2000; Altiparmak, 2001).

Kogan veriminin ¢eside (Oktem ve Oktem, 2006; Eser, 2014; Stansluos ve ark., 2020), ekim zamanina (Voicu ve
ark., 2012; Dekhane ve Dumbre, 2017; Burcu ve Akgiin, 2018; Kaymak ve Uriisan, 2020), bitki sikligina (Turgut,
2000; Burcu ve Akgiin, 2018), yillara (Sénmez ve ark., 2013) gore dnemli farklilik gdsterdigi belirlenmistir. Eser
(2014) ve Oktem ve Oktem (2006), tarafindan yapilan galismada en yiiksek taze kogan verimi Vega F1 gesidinde
belirlenmistir (sirasiyla 1523.33 kg da™ ve 1637 kg da'l). Yapilan arastirma sonuglari incelendiginde, ayni gesitlerin
farkli ekolojik kosullarinda ve uygulamalarda verimi degisebilmektedir. Bu sonuglar kogan veriminin ¢evre
sartlarindan etkilendigini gostermektedir.

Arastirmada Vega F1 c¢esidinde deniz yosunu ve giil posasi uygulamalari bitki gelismesine olumlu katki
saglamistir. Deniz yosununun giibre olarak kullanildiginda, bitki gelismesi iizerine olumlu etkisinin oldugu, farkli
bitki tiirlerinde belirlenmistir (Hong ve ark., 1995; Hong et al., 2007; Nabila et al., 2007). Seker musirinda en yiiksek
taze kogan veriminin 10 kg N/ha +Azotobacter uygulamasinda elde edildigi bildirilmistir (Akgiin ve Siyah, 2015).
Yine, misirda N biyogiibre uygulamalarimin (Azotobacter, Nitroxin ve Supernitroplus) sap agirligi, yaprak agirhigi,
kocan agirhigi ve biyomas verimi iizerine 6nemli etkisi oldugu tespit edilmistir (Farnia ve Ashjardi, 2015).

Gl posasmin bitki gelisimini olumlu yonde etkilediginden tarimsal amacl dogrudan veya zenginlestirilerek
kullanilabilecegi bildirilmistir (Erdal ve Aydemir, 2003). Yapilan arastirmalarda giil posasimnin besin igeriginin
kaliteli oldugu belirlenmistir.

4. Sonug¢

Arastirmada deniz yosunu ve giil posast uygulamalarimin Vega F1 ¢esidinde incelenen 6zellikler {izerine etkisi
olumlu olmustur. Ancak en yiiksek pazarlanabilir kavuzlu ve kavuzsuz kogan verimi 20 kg da™ N uygulamasindan
elde edilmistir. Organik materyal olarak deniz yosunu ve giil posasi uygulandiginda Vega F1 ¢esidinden yiiksek
verim elde edebilmek i¢in ilave azotun verilmesi gerektigi ortaya konulmustur. Isparta ilinde yilda yaklasik 30 bin
tona yakin giil posasi iiretildigi diigiiniildiigiinde, bu organik atigin tarimsal iiretime kazandirilmasi, topraklarin
organik madde igerigine katki saglayabilecegi gibi, kullanilan azotlu giibre dozunu da azaltabilecektir.
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OZET

Bu arastirmada Tokat ili Turhal ilgesi kosullarinda arazi kullanim sekline bagli olarak bazi fiziksel ve
kimyasal toprak Ozellikleri ile mekaniksel davraniglar arasindaki iligkiler incelenmistir. Caligmada,
bugday, aycicegi, sebze, meyve bahgesi, seker pancari, yonca, ¢ayir ve mera bitkilerinin yetistirildigi
alanlardan alinan yiizey (0-20 cm) toprak Ornekleri kullanilmigtir. Yapilan degerlendirmeler
sonucunda, arastirma alaninda fazla plastik inorganik killerin, fazla sikisabilir inorganik siltlerin, orta
sikisabilir inorganik siltlerin, orta plastiklikte inorganik killerin ve disiik plastiklikte inorganik
killerin bulundugu goriilmistiir. Topragin kivam limitleri ve mekaniksel kuvvetlere kars1 duyarlilig
iizerinde temel toprak oOzellikleri (tekstiirel fraksiyonlar ve yapilari, organik madde, degisebilir
katyonlar...) ile arazi kullanimin gekline iliskin uygulamalarin etkili olduklar1 belirlenmistir. Fazla
plastik inorganik killerin bulundugu bugday iiretim alanlarinda toprak islemede dikkatli olunmasinin
gerekli oldugu saptanmigtir.

Relationship between land use and some mechanical soil properties in Turhal region

ABSTRACT

This paper investigates the impact of land use on soil mechanics along with physical and chemical
properties of soil in the Turhal district of Tokat province, Turkey. The study is based on surface soil
samples (0-20 cm) from wheat, sunflower, vegetable, sugar beet, alfalfa fields as well as orchards,
meadows and pastures. Our analysis found inorganic clays of high, medium and low plasticity in
addition to inorganic silts of high and medium compressibility in the samples. The results provide
insights into how land use, fundamental soil properties (textural fractions, structure, organic matter,
exchangeable cations) affect consistency limits and sensitivity to mechanical forces. It has been
determined that it is necessary to be careful in soil cultivation in wheat production areas with excess
plastic inorganic clays.

Anahtar Sozciikler:
Arazi kullanim sekli
Toprak 6zellikleri
Kivam limitleri
Mekaniksel davraniglar
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1. Giris

Tarim amagh ¢aligmalarda genellikle topraklarin fiziksel ve kimyasal ozellikleri kantitatif olarak
degerlendirilirken mekaniksel toprak 6zellikleri {izerinde ¢ok fazla durulmamaktadir (Demiralay ve Giiresinli, 1979;
Denef ve ark., 2004). Giinimiiz kosullarinda artan oranda topraklarin mekaniksel davranislarinin
degerlendirilmesine ihtiya¢ duyulmakta ve bu amagla kivam limitleri {izerinde durulmaktadir. Kivam limitleri esas
olarak ince taneli topraklarin degisik su iceriklerine bagl olarak gosterdikleri mukavemetin bir gdstergesi olup
topragin dogal su igeriginin kivam limitleri ile karsilastirilmast zemin davraniglart ve topraginin degisik amaglarla
kullanimina iligkin verilerin yorumlanmasina imkan saglamaktadir (Barnes, 2016). Yeni yerlesime agilacak
alanlarda sisme biiziileme potansiyelinin tespitinde (Thomas ve ark., 2000), degisik nem diizeylerinde islenen
topraklarin tarim alet ve makinelerine kars1 gosterdikleri direncin belirlenmesinde (Dexter ve Bird, 2001, Mueller
ve ark., 2003, Giilser ve Candemir, 2006), kohezif topraklarin siniflandirilmasinda (McBride, 2008; Seybold ve
ark., 2008) ve toprak striiktiiriine (Nikiforoff, 1938; Raws ve Pachepsky, 2002; Ozdemir, 2013) iliskin degerlendir-
melerde kivam limitlerinden yararlanilmaktadir.

Toprakta hakim kil minerali gesidi, kil igerigi, degisebilir katyonlarin cinsi ve organik madde miktar1 gibi
karakteristik 6zellikleri kivam limitleri ve mekaniksel davraniglar {izerinde etkili bilesenlerdir (Odell ve ark., 1960).
Farkli arastiricilar farkli topraklar iizerinde yaptiklari arastirmalarda (Sénmez, 1981; Giilser ve Candemir, 2006;
Seybold ve ark., 2008; Dexter ve Bird., 2001; Keller ve Dexter, 2012 ) s6z konusu bilegenler ile kivam limitleri
arasinda farkli diizeylerde istatistiksel iligkiler saptamislardir.

Giiney Cin’deki granitik bir bélgede toprak profil sekillenmesi, oyuntu erozyonu ile kivam limitleri arasindaki
iligkileri aragtiran Deng ve ark., (2017) profil sekillenmesinin fizikokimyasal toprak ozelliklerini ve kivam
limitlerini etkiledigini, yiizey tabakasinin yiizey alt1 katmanlara gore daha yiiksek kivam limitlerine, organik madde
icerigine, katyon degigsim kapasitesine sahip oldugunu, séz konusu farkliligin oyuntularin genislemesi ve geriye
dogru gelisimini tesvik ettigini belirtmislerdir.

Arazi kullanimindaki degisim ve yonetim uygulamalarinin topraklarin mekaniksel ve fiziksel ozellikleri
izerindeki etkilerini belirlemek amaciyla yiiriitillen arastirmalarda toprak hidrolik 6zellikleri (Green ve ark., 2003;
Schwartz ve ark., 2003), agregat stabilitesi, (Sindelar ve ark., 2019; Blanco Canqui, ve Ruis, 2020), toprak sikigmasi
(Seker ve Isildar, 2000; Havaee ve ark.,2014), erozyona duyarlilik (Centeri ve ark., 2009; Chen ve ark., 2019) gibi
parametreler iizerinde durulmustur. Arazi kullaniminin gesitli toprak mekaniksel 6zellikleri tizerindeki etkilerine
iliskin ¢esitli calismalar yapilmis olmakla birlikte arazi kullanimi ve kullanimdaki degisimin kivam limitleri
tizerindeki etkileri hakkinda ¢ok az sey bilinmektedir (Zolfaghhari ve ark., 2015). Bu arastirmada Turhal ydresinde
sekiz farkli arazi kullanimi sekli (bugday, aycicegi, sebze, meyve bahgesi, seker pancari, yonca, ¢ayir, mera)
altinda bulunan 24 arazi tinitesinden alinan yiizey toprak orneklerinde arazi kullanim sekline bagli olarak bazi
fiziksel ve kimyasal 6zellikler ile mekaniksel davraniglar arasindaki iligkiler incelenmistir.

2. Materyal ve Yontem

Caligsma Tokat ili Turhal ilgesinde 8 farkli tarimsal uygulamanin yapildigi 24 arazi parselinden ve yiizeyden (0-
20 cm) alman toprak drnekleri kullanilarak yiiriitiilmiistiir. Ornekleme noktalarinin seciminde arazilerin kullanim
sekilleri dikkate alinmistir (Cizelge 1).

Topraklarin dane biiytikliik dagilimi, Bouyoucos hidrometre yontemi (Demiralay, 1993); organik madde icerigi
(OM), modifiye Walkley-Black yontemi (Kacar, 1994); kire¢ (CaCO3) igerigi, Scheibler kalsimetre yontemi (Kacar,
1994); degisebilir sodyum, amonyum asetat ekstraksiyonu metodu (Saglam, 1997); katyon degisim kapasitesi
(KDK), Bower metodu (U.S. Salinity Lab. Staff.,1954); tarla kapasitesi (TK) ve devamli solma noktasi (SN),
basingli tabla aleti kullanilarak (Black, 1965); pH ve elektriksel iletkenlik (EC) degerleri, saturasyon ¢amurunda pH
metre (Bayrakli, 1987) ve EC metreyle (Kacar, 1994); likit limit, Casagranda aleti kullanilarak (Sowers, 1965);
plastik limit, toprak macunu 3mm'lik iplik¢ikler haline getirilirken dagilmaya bagladigi anda sahip oldugu nem
miktarindan (Sowers, 1965), Plastiklik indeksi, likit ve plastik limit degerleri arasindaki sayisal farkliliktan
(Sowers, 1965), Boekel orani I ve Boekel orani II sirastyla likit limit nem igeriginin ve plastik limit nem igeriginin
pF 2°deki neme oranlanmasiyla (Ozdemir, 2013); yiizde biiziilme, hazirlanan toprak macununun hacminde meydana
gelen degisimden (Ferry ve Olsen, 1975); COLE-gubuk, toprak macunundan hazirlanan ¢ubuklarin boyutunda
olugan degisimden (Schafer ve Singer, 1975) yararlanilarak hesaplanmustir.
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3. Bulgular ve Tartisma
3.1 Toprak Ozellikleri

Sekiz farkli arazi kullanim sekli altinda bulunan 24 arazi iinitesinden alinan yiizey toprak drneklerinde belirlenen
baz1 fiziksel ve kimyasal ozellikler Cizelge 2’de verilmistir. Bu ¢izelgenin incelenmesinden de goriilecegi iizere
topraklar kaba ile ince arasinda degisen bir tekstiir araliginda yer almakta olup kum igerikleri %20,2 ile %65,5, silt
icerikleri  %19.3 ile  %45.1, kil icerikleri ise %3.4 ile %41.1 arasinda  degismektedir.

Cizelge 1. Arastirma alaninda 6rnekleme noktalari.
Table 1. Sampling points in the research area.

Orn. No Enlem(‘K) Boylam(‘D) Yiik. (m.) Arz. kull. sek
1 44°71.381 24°8.689 547 Bugday tarlasi
2 44°71.399 24°8.693 546 Bugday tarlast
3 44°71.315 24°8.646 548 Bugday tarlasi
4 44°70.293 24°7.608 559 Mera alani
5 44°69.479 24°6.860 567 Mera alani
6 44°69.638 24°7.101 561 Mera alant
7 44°72.052 24°9.493 543 Meyve bahgesi
8 44°72.037 24°9.496 546 Meyve bahgesi
9 44°69.102 24°6.495 578 Meyve bahgesi
10 44°72.008 24°9.632 557 Aygcigek
11 44°74.786 24°9.345 579 Aygicek
12 44°72.063 24°9.628 553 Aygicek
13 44°72.429 24°9.431 546 Yonca
14 44°74.749 24°8.882 589 Yonca
15 44°69.471 24°6.869 566 Yonca
16 44°74.731 24°8.637 582 Sebze
17 44°74.749 24°8.734 586 Sebze
18 44°74.932 24°8.377 583 Sebze
19 44°69.582 24°7.118 565 Seker pancari
20 44°69.383 24°6.899 569 Seker pancari
21 44°69.134 24°6.534 599 Seker pancari
22 44°61.911 24°6.376 582 Cayir
23 44°67.722 24°6.141 575 Cayir
24 44°67.718 24°6.065 511 Cayir

Topraklarmm pH degerleri (1:2.5 toprak-su) 7.89 ile 8.06 arasinda degigsmekte olup ortalama deger 7.93’tiir.
Topraklar geneli ile orta derecede alkalin bir reaksiyona sahiptirler. Topraklarin kireg igerikleri %8,95 ile %39,58
arasinda degismekte olup ortalama kireg igerikleri %19.09’dur. Topraklarin geneli ile kire¢ yoniinden gok kirecli bir
yapiya sahip olduklar tespit edilmistir (Soil Science Division Staff, 2017). Topraklarin organik madde igerikleri
9%0.57 ile %3,46 arasinda degismekte olup ortalama deger %2.22°dir. Topraklar asir1 derecede diisiik ve yiiksek
arasinda degisen diizeyde organik madde igerigine sahiptirler (Hazelton ve Murphy, 2007). Topraklarin elektriksel
iletkenlik degerleri 0.178 dS.m™ ile 0.780 dS.m™ arasindan degismekte olup ortalama elektriksel iletkenlik degeri
0.445 dS.m™ “dir. Topraklarin EC degerleri 2 dS/m’nin altinda olup topraklar tuzsuz olarak degerlendirilebilir
(Hazelton ve Murphy, 2007).

3.2 Kiwvam limitleri

Sekiz farkli arazi kullanimi altinda bulunan 24 arazi {initesinden alinan yiizey toprak érneklerinde belirlenen
ortalama likit limit (LL), plastik limit (PL) ve plastiklik indeksi (PI) degerleri ile arazi kullanim sekli arasindaki
iligkiler Sekil 1°de, bu degerler ile bazi toprak ozellikleri arasindaki iliskiler ise Cizelge 3’de verilmistir. Bu
verilerin incelenmesinden de goriilecegi tlizere en yiiksek LL degerleri bugday (%56,91) iiretim alanlarina iligskin
orneklerde, en yiiksek PL degerleri ise cayir (%31,36) olarak kullanilan alanlara iliskin 6rneklerde belirlenirken en
diisiik LL (%27.43) ve PL degerleri sebze (%15.43) iiretiminin yapildig1 parsellere ait 6rneklerde belirlenmistir
(Sekil 1). Krvam limitleri topraklarin kil icerigine, kil tipine, organik madde kapsamina ve degisebilir katyonlarin
cinsine bagli olarak degisim gostermekte olup genellikle organik madde ve kil igeriginin artmasiyla LL ve PL limit
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degerlerinin de arttig1 ifade edilmektedir (Smith ve ark., 1985; Demiralay ve Giresinli, 1979; Baumgarti, 2002;
Giilser ve Candemir, 2006). Kivam limitlerinin biiylikligii ortamdaki kil minerali ¢esidi hakkinda énemli ipuglari
vermekte olup 50°nin {izerindeki bir likit limit degeri montmorillonitin varligini, 50’nin altindaki degerler ise
kaolinit tipi killerin ortamda yaygin oldugunu ifade etmektedir (Munsuz 1985, Kokieva ve ark., 2020). Zeminlerde
yer alan kil ve siltlerin kuru saglamlik, sikisabilirlik, ¢alkalama testine reaksiyon, plastik limitin yakininda kivam
gibi bir¢ok davraniginin kivam limitleri ille iligkili oldugu ilkesine dayanan plastiklik diyagrami (Sekil 2) zemin
davraniglarinin yorumlanmasinda 6nemli yararlar saglayabilir (Powrie, 2018).

Cizelge 2. Arastirma alani topraklarinin bazi fiziksel ve kimyasal 6zellikleri.

Table 2. Some physical and chemical properties of the research area soils.
Toprak ozellikleri Kum, Silt, Kil, pH EC, Kireg, OM, DNa, KDK,
Arazi kullanim sekli % % % (1:25) dSm™ % % % me/100g

Min. 202 364 375 7.90 0313 1230 2.00 458 235
Bugday Max 256 396 402 790 0504 1550 3.00 11.2 29.1
ort. 236 377 385 791 0409 1410 260 817 270
Min. 280 193 75 789 0178 11.70 063 424 156
Mera Max 655 389 333 7.90 054 2150 140 648 241
ort. 471 288 240 789 0341 1750 1.00 540 194
Min. 275 336 283 790 0.34 1620 1.40 224 201
Meyve bahgesi \ax 337 382 371 7.91 0677 2340 320 657 334
ot. 302 362 335 791 0507 1910 250 485 258
Min. 442 298 55 799 0282 1120 230 1.68  30.1
Aygigek Max 554 393 244 801 0780 2460 346 271 383
ort. 487 313 174 800 0468 1860 3.00 207 352
Min. 237 422 74 789 0474 1530 260 133 330
Yonca Max 479 451 311 804 0596 2300 310 231 493
Ort. 334 440 225 7.98 0540 2000 290 174 395
Min. 451 347 34 789 0332 895 170 141 323
Sebze Max 616 428 137 806 0459 1270 280 173 422
ort. 545 392 6.2 795 0388 1110 220 159  37.1
Min. 328 333 115 7.89 0285 1680 057 1.14 402
Seker pancart  Max 52,7 407 266 791 0363 2990 1.70 2.62 50.7
ort. 447 378 173 789 0313 2220 110 198 453
Min. 328 254 304 7.89 0432 2320 180 1.13 434
Mera Max 356 341 411 789 0636 3958 280 301 51.2
Ort. 333 306 354 789 0518 2970 220 233 467

*: EC; elektriksel iletkenlik, OM; organik madde, DNa; degisebilir sodyum, KDK; katyon degisim kapasitesi.

Arastirma alani topraklari bu dogrultusunda degerlendirildiginde bugday iiretiminin yapildig1 alanlarda fazla
plastik montmorillonit grubu inorganik killerin, ¢ayirlik olarak kullanilan alanlarda fazla sikisabilir inorganik
siltlerin, meyve bahgesi olarak kullanilan alanlarda orta sikisabilir inorganik siltlerin mevcut oldugu ifade edilebilir.
Yonca, mera, seker pancari, ay¢icegi iiretim alani topraklarinin orta plastiklikte inorganik kil ve sebze iiretim alani
topraklarinin ise disiik plastiklikte inorganik kil agirlikli bir yapiya sahip oldugu gorilmistir (Sekil 1, Sekil 2).
Diger taraftan topraklarin LL degeri ortalamalarina gore biiyiikten kiigiige dogru Bugday>Cayir>Meyve bahgesi>
Yonca> Mera> Aygicek> Seker pancari>Sebze seklinde, PL degerlerine gore ise Cayir> Bugday>Meyve bahgesi>
Yonca> Seker pancari> Mera> Aygcicek> Sebze seklinde siralandiklart belirlenmistir. Pl degerleri ise LL ve PL
degerlerine paralellik gostermistir. Bu bulgular dogrultusunda kivam limitlerinin arazi kullanim seklinden ve temel
toprak ozelliklerinden etkilendigini gostermektedir. Demir ve ark., (2012) Ugrak Havzasinda arazi kullanimina bagh
olarak topraklarin kivam limitleri ile baz1 toprak ozellikleri arasindaki iliskiyi inceledikleri arastirmada kivam
limitlerinin kil, organik madde ve kireg icerigi ile iliskili oldugunu, ytiksek likit limit ve plastik limit degerlerine
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tarim arazilerinden alinan oOrneklerde rastlanildigini belirtmislerdir. Hemmat, ve ark., (2010) miinavebe
sistemlerinde organik ve inorganik giibre uygulamalarinin kivam limitleri {izerindeki etkisini inceledikleri ¢aligma
sonucunda biiziilme sinir1 ve plastik limit degerlerinin kontrolle karsilastirildiginda inorganik giibre uygulamasiyla
onemli dl¢iide arttigint vurgulamislardir.

60 mll. wPL mPI

.
o

LL %,PL %,PI %
%)
<

Bugday Mera Meyve b.  Ayciek Yonca Sebze Seker p. Caywr
Arazi kullanim sekli

Sekil 1. Arazi kullanim sekli ile kivam limitleri arasindaki iligkiler.
Figure 1. Relationships between land use shape and consistency limits.

Topraklarm LL degeri ile kum igerigi (-0.792**) degerleri arasinda 6nemli negatif, kil (0.842%%*), organik madde
(0.554%**), degisebilir potasyum (0.412%%*), tarla kapasitesi (0.777**), solma noktas1 (0.810**), degisebilir sodyum
(0.621**) icerigi degerleri arasinda ise 6nemli pozitif korelasyonlar belirlenmistir. Diger taraftan topraklarin LL
degeri ile yiizde biiziilme (0.822**) ve COLE-¢ubuk degerleri arasinda (0.740**) 6nemli pozitif korelasyonlar
belirlenmistir. Topraklarin kum igerigi (-0.576**) ile PL degerleri arasinda dnemli negatif, kil igerigi (0.644%%*),
organik madde igerigi (0.442*%*), kire¢ (0.387*%*), elektriksel iletkenlik (0.348*%*), degisebilir potasyum igerigi
(0.378**), tarla kapasitesi (0.625**), solma noktasi (0.689**), degisebilir sodyum igerigi (0.376**) degerleri
arasinda ise onemli pozitif korelasyonlar belirlenmistir. Topraklarin PL degeri ile yiizde biiziilme (0.633**) ve
COLE-gubuk degerleri (0.537**) onemli pozitif korelasyonlar belirlenmistir (Cizelge 3). Giilser ve ark., (2010),
Asagi Aksu ve Karadeniz Tarimsal Arastirma Enstitiisii deneme alaninda yiirttiikleri aragtirmalarda burada elde
edilen bulgular1 destekleyici sonuglar tespit etmislerdir.
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Sekil 2. Topraklarin likit limit ve plastiklik indeksi degerlerine gore siniflandirilmasi (Powrie, 2018).
Figure 2. Classification of soils according to their liquid limit and plasticity index values (Powrie, 2018).

Atterberg limitleri tarimsal agidan irdelendiginde, Pl kii¢iikkse balgiklagsmaya yol agmadan toprak isleme
miimkiin olmakta, PI biiyiik ise 6nemli derecede balgiklagsma tehlikesi bulunmaktadir (Demiralay ve Giiresinli,
1979; Mueller ve ark., 2003; Gtilser ve Candemir 2006). Turhal kosullarinda ve farkli kullanimlar altinda bulunan
topraklar bu dogrultuda Pl degerlerine gore Bugday> Cayir> Meyve bahgesi> Mera> Yonca> Aygicek> Seker
pancari> Sebze seklinde siralanmislardir. Bu degerler dikkate alindifinda yiiksek PI degerlerine sahip
montmorillonit grubu killerin yaygin oldugu ve hububat iiretiminin yapildigi parsellerde toprak isleme esnasinda
balciklagsma tehlikesinin diger alanlara gore daha fazla oldugu ve bu hususa dikkat edilmesinin gerekli oldugu
anlagilmaktadir.

Cizelge 3. Bazi toprak ozellikleri arasindaki istatistiksel iligkiler
Table 3. Statistical relationship between some soil properties

LL/pF PL/p
Ozl. S Si C OM KRC EC K KDK TK SN LL PL Pl COLE YB 2 F2 DNA
S 1
Si -253 1
c -8927 -212 1
OM -607" ,036 5977 1
KRC  |-185-379" 364" ,283 1
EC -337° 361" 172 365 ,010 1
K -462"7 -014 473" 4517 -059 441" 1
KDK -055 ,216 -,045 247 494" 113 -228 1
TK -891" ,021 891" 589" ,182 309" .605" -038 1
SN -807" -,138 880" 538" ,199 377" 635 -,158 881" 1
LL -792" -,089 842" 554" ,185 296" 412" -144 7777 810" 1
PL -576" -, 134 644" 442" 387" 348" 378" -068 625 689" 778" 1
Pl 7327 -,031 753" 482" -016 ,174 322" -160 673" 673" 885" 396" 1
COLE [.703" -,280 .841" .446" ,173 ,072 537" -206 771" 801" 740" 537" 683" 1
YB -871" -,068 911" 526" ,193 ,096 .453" -,166 888" .867" .822" 633" .732" 845" 1
LL/pF2 |. 507" -306" .655~ .637" 402" ,139 246 ,159 584" 527" 651" .398" 656" .538" 558" 1
PLIPF2 |. 409™ -,167 491” 595~ 539" 228 331" ,222 502" 459" 469" 515" 303" 354" 421" 7757 1
DNa  [.449" -,119 509" ,169 -284 ,062 337 -680".490" 540" .621" 376~ 629" 581" 622" 327" 079 1

*:S kum,%; Si silt, %; C kil, %; OM organik madde, %; Krc Kireg, %; EC elektriksel iletkenlik, dS ml; KDK katyon degisim
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kapasitesi, melOOg'l; TK, tarla kapasitesi, % ; SN solma noktasi, %; LL likit limit, %; PL plastik limit, %; PI plastiklik
indeksi, %, COLE dogrusal uzama katsayisi, %; YB ylizde biiziilme, %; LL/pF’2 likit limitin pF 2’ deki neme orani, PL/pF’2
plastik limitin pF 2°deki neme oran1, DNa degisebilir sodyum, me100g™ , ** , % 1 diizeyinde nemli; *, %] diizeyinde 6nemli.

3.3. Boekel orani (LL/pF’2 ve PL/pF’2 nem orant) degerleri

Turhal yoresinde sekiz farkli arazi kullanimi altinda bulunan 24 arazi initesinden alinan yilizey toprak
orneklerinde belirlenen LL/pF’2 ve Plastik limit/ pF’2 nem orami ortalamalar1 ile arazi kullanim sekli arasindaki
iligkiler Sekil 3’de, bu oran degerleri ile baz1 toprak d6zellikleri arasindaki iligkiler ise Cizelge 3°de verilmistir. Bu
verilerin incelenmesinden anlasilacag iizere, LL/pF 2 nem orani degerleri 1.11 ile 1.52 arasinda degismekte olup en
yiksek degerler bugday diretim alanlarinda, en diigiik degerler ise sebze diretiminin yapildigi alanlarinda
belirlenirken, PL/pF’2 nem orani degerleri 0.61 ile 0,90 arasinda degismekte olup en yiiksek degerler ¢ayir tiretimi
alani olarak kullanilan parsellerde en diisiik degerler ise sebze iiretim alanlarinda tespit edilmistir. Nem ytizdesi
1skalas1 lizerinde iist ve alt plastik limitlerin pF’2 noktasina gore konumlar1 topraklarin striiktiirlerini
degerlendirmede iyi bir gosterge olabilir. Ust plastik limitin/pF 2’deki neme yiizdesine oram degerleri topraklarin
suda dagilma olasiligmni, alt plastik limitin pF 2’deki nem orani degerleri ise kil agregatlarinin mekaniksel
kuvvetlere kars1 direncini ortaya koymada iyi bir 6lgiit olarak kullamlabilir (De Leenheert ve ark., 1967). Ust plastik
limitin pF 2’deki nem orani1 "1" den kiigiik ise toprakta 6nemli bir dagilma, alt plastik limitin pF 2’deki nem orami
"1" den biiyiik ise fazla bir direng, kiigiik ise (0.6 ve 0.7) diisiikk bir direng beklenebilir (De Boodt ve ark., 1967;
Karagoktas ve Yakupoglu, 2014).

m LL/pF = PL/pF
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b. Arazi kullanim sekli

Sekil 3. Arazi kullanim sekline bagli olarak LL/pF’2 ve PL/pF’2 nem oran1 degerleri
Figure 3. LL / pF’2 and PL / pF’2 moisture ratio values depending on the land use shape

Bu sinir degerler dikkate alindiginda arastirma konusu topraklarda iist plastik limitin pF 2’deki neme oram
degerleri tim topraklarda "1" den biiyiik olarak saptanmis olup topraklar dispersiyona karsi direngli olarak
degerlendirilebilir. Ote yandan alt plastik limitin pF 2’deki neme oram degerleri dikkate alindiginda sebze
dretiminin yapildig1 alanlar disinda kalan topraklarin 0.70 in iizerinde bir oran degerine sahip olduklar1 igin
mekanikse kuvvetlere karsi direngli olduklar1 soylenebilir.

Topraklar LL/pF 2 ’deki nem orami ortalamalar1 dikkate alinarak biiyiikten kiigiige dogru siralandiklarinda
Bugday> Cayir> Aycicek> Mera> Yonca> Meyve bahgesi> Seker pancar> Sebze iiretim alani olarak siralandiklari
(Sekil  2)  tespit edilmistir.  Topraklarm aym  dogrultuda PL/pF 2  oram1  agisindan  ise
Cayir>Bugday>Yonca>Aygicek>Meyve bahgesi> Seker pancari>Mera>Sebze iiretim alani seklinde siralandiklar
tespit edilmistir (Sekil 3). Bu bulgular topraklarin dispersiyona ve mekaniksel kuvvetlere kast direnglerinin temel
toprak ozelliklerinden ve arazi kullamim seklinden etkilendigini, kil ve organik madde icerigi gibi bilesenlerin
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miktarlar arttikca ve toprak isleme yogunlugu azaldikca yapisal stabilitenin arttigini belirlenmistir. Karagoktas ve
Yakupoglu (2014) Kahramanmaras yoresi topraklari {izerinde yapmis olduklar1 ¢alismada, topraklarin striiktiirel
dayanikliliklarini s6z konusu oranlari kullanarak degerlendirmislerdir. Dulkadiroglu (2017) Engiz kosullarinda arazi
konumu, kullanim sekli ve temel toprak ozellikleri ile Boekel orani degerleri arasindaki iliskileri inceledigi
aragtirmasinda, s6z konusu oran degerlerinin arazi konumu, kullanim sekli ve toprak ozelliklerinden etkilendigini,
diize yakin konumlarda, orman ve mera ortiisli altinda bulunan topraklarin egimli pozisyonlarda yer alan ve tarim
arazisi olarak kullanilan topraklara gore dispersiyona ve mekaniksel kuvvetlere karst daha direngli olduklarin: tespit
etmisglerdir

Topraklarin LL/pF’2 nem orani degerleri ile kum igerigi (-0.57**) ve silt icerigi (-0.306*) degerleri arasinda
onemli negatif, kil (0.655**), organik madde (0.637**), tarla kapasitesi (0.584**), solma noktasi (0.527*%),
degisebilir sodyum (0.327%*) igerigi degerleri arasinda ise dnemli pozitif korelasyonlar belirlenmigtir. Diger taraftan
topraklarin LL/pF’2 degeri ile yiizde biizlilme (0.558**) ve COLE-¢ubuk degerleri arasinda (0.538**) onemli
pozitif korelasyonlar belirlenmigtir. ~ Topraklarin PL/pF’2 nem orami degerleri ile kum igerigi (-0.409**) degerleri
arasinda onemli negatif, kil (0.491**), organik madde (0.595*%*), kire¢ igerigi (0.539**), degisebilir K icerigi
(0.331%*), tarla kapasitesi (0.502**), solma noktas1 (0.459**) degerleri arasinda ise dnemli pozitif korelasyonlar
belirlenmistir. Diger taraftan topraklarin PL/pF’2 degeri ile yiizde biiziilme (0.421**) ve COLE-g¢ubuk degerleri
arasinda (0.354%*) 6nemli pozitif korelasyonlar belirlenmistir.

4. Sonug

Tokat ili Turhal ilgesi kosullarinda arazi kullanim sekline (bugday, mera, meyve bahgesi, aycicek, yonca, sebze,
seker pancari, ¢ayir) bagl olarak bazi fiziksel ve kimyasal toprak &zellikleri ile mekaniksel davraniglar arasindaki
iliskilerin incelendigi arastirmada, kivam limitleri ile likit limit/pF’2 ve plastik limit/pF’2 nem orani degerleri esas
almmustir. Topraklarin mekaniksel 6zellikleri ile temel fiziksel ve kimyasal 6zelliklerinden kil, silt, kum, organik
madde igerigi, kireg, katyon degisim kapasitesi, pH, EC, yiizde biiziilme ve COLE gubuk, tarla kapasitesi, solma
noktasi, degisebilir Na ve K icerigi gibi temel parametreler arasinda onemli istatistiksel iligkiler saptanmustir.

Arazi kullanim sekli ve mekaniksel davranislar arasindaki karsilikli iligkiler irdelendiginde s6z konusu
davranislarin temel toprak ozelliklerinden ve arazi kullanimi seklinden etkilendigi, hafif yapili ve disiik organik
madde igerigine sahip olan topraklarin daha duyarli bir yapiya sahip olduklari saptanmistir. Tarimsal parseller
dikkate alindiginda toprak o6zellikleri ile birlikte yem bitkilerinin sistemde bulundugu parsellerin yogun toprak
islemeyi gerektiren parsellere gore daha direngli bir yapi olusturduklari goriilmiistiir. Miinavebe sistemleri
belirlenirken bu hususlara dikkat etmekte yarar bulunmaktadir.
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ABSTRACT

In the world, the transplanting planting method comes into prominence to save on irrigation water due
to climatic changes, to increase the yield per unit area with lengthy vegetation varieties, and to reduce
chemical input in pest and disease control. The basic element of being successful in transplanting paddy
production is to grow healthy and quality seedlings. For machine seedling, it is necessary to grow in a
special viol environment. For paddy seedlings in trays, it is required to prepare special mortars rich in
plant nutrients and economical. In this research, four replications were carried out in an unheated
polyethylene greenhouse of Ondokuz Mayis University Agricultural Research and Application Center
in 2020 with 20 different mortar media and three paddy varieties (Baldo, Vasco and Tosya Gunesi). To
determine the seedling quality, seedling length, seedling stem diameter, leaf number, root length, root
number, above ground and root wet weight, above ground, and root dry matter ratio values were
examined 21 days after planting. According to the research results, the effect of different medium
crosses, cultivars, and environment x cultivar combinations used on the seedling quality characteristics
was statistically significant. The results showed that seedling length was 68.39-218.19 mm, seedling
stem diameter was 0.97-2.64 mm, number of leaves was 2.0-4.0, root length was 16.95 - 98.35, number
of roots was 4.25-10.75, shoot wet weight 5.40-131.55 mg, root wet weight 3.03-104.28, shoot dry
weight ratio was 5.95-27.42 %, and root dry weight ratio was 1.37-15.13 %. The biplot analysis results
showed that the Vasco variety had the best quality of seedlings in growth media numbers 13 and 18.
The evaluation of growth media's quality, economically and ecologically, showed that growth media
number 13 was the best media, and media numbers 18 and 19 could be used as alternatives.

Fideleme ¢eltik tiretiminde farkli yetistirme ortamlarinin fide gelisimine etkisi

OZET

Diinya da iklimsel degisikliklerden dolayi; sulama suyundan tasarruf saglamak, uzun vejatasyon
stiresine sahip gesitler ile birim alan verimini artirmak ve hastalik zararli miicadelesinde kimyasal
girdileri azaltmak amaciyla fideleme ekim yontemi 6n plana ¢ikmaktadir. Fideleme celtik {iretiminde
basarili olmanin temel unsuru saglikli ve kaliteli fide yetistirmektir. Makineli fideleme i¢in, 6zel viyol
ortaminda yetistiricilik yapilmasi1 gereklidir. Viyollerde geltik fidesi i¢in, bitki besin maddelerince
zengin ve ekonomik 6zel harglarin hazirlanmasi gerekmektedir. Bu aragtirmada, 20 farkli harg ortami ve
3 celtik cesidi (Baldo, Vasco ve Tosya Giinesi) kullantilmistir. 2020 yilinda Ondokuz May1s Universitesi
Tarimsal Arastirma ve Uygulama Merkezine ait 1sitmasiz polietilen serasinda, tesadiif parsellerinde 4
tekerriirlii olarak yiiriitiilmiistiir. Fide kalitesinin belirlenmesi amaciyla fideler ekimden itibaren 21 giin
sonra fide uzunlugu, fide gévdesi ¢ap1, yaprak sayisi, kok uzunlugu, kok sayisi, toprak istii ve kok yas
agirhigl, toprak iistli ve kok kuru madde orami degerleri incelenmistir. Arastirma sonuglarina gore,
incelenen fide kalite 6zellikleri {izerine kullanilan farkli ortam harglarinin, gesitlerin ve ortam x ¢esit
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kombinasyonlarinin etkisi istatistiki olarak ¢ok 6nemli ¢ikmistir. Fide uzunlugu 68.39 ile 218.19 mm,

yaprak sayisi 2.0 ile 4.0 adet, kok uzunlugu 16.95 ile 98.35 mm, kok sayisi1 4.25 ile 10.75 adet, govde

¢ap1 0.97 ile 2.64 mm, gévde yas agirhigi 5.40 ile 131.55 mg, kok yas agirligi 3.03 ile 104.28 mg, toprak © OMU ANAJAS 2021
tisti aksam kuru madde oran1 % 5.95 ile 27.42 ve kok kuru madde orant % 1.37 ile 15.13 arasinda

degismistir. Yapilan biplot analiz sonucunda Vasco ¢esidi ile 13 ve 18 numarali ortamlar 6n plana

cikmaktadir. Farkli materyaller, ekonomik ve ekolojik bakimdan yetistirme ortami olarak

degerlendirildiginde 20 ortam igerisinde en iyi fide kalitesi 13. ortamda 6n plana ¢ikmistir. Ayrica 18.

ve 19. ortamlar alternatif olarak kullanilabilecektedir.

1. Introduction

Paddy is 40 % of the world's food source, which meets about 80 % of the basic calorie needs for 2 billion people.

90 % of world paddy production and consumption are in Asian countries (Sezer et al., 2011). Paddy production in
various Asian countries is carried out by the seedling method (IRRI, 2002). Especially in recent years, it has been
done with a machine instead of hand transplanting. The change in cultivation method in Asian countries, which are
accepted as the homeland of paddy, affects the countries that produce paddy in the world.
Climate change is having a significant impact on paddy fields around the world. So it is necessary to have a more
water-efficient transplanting growth method, but the transplanting produced are still able to produce high and
healthy so that they can reduce the input of chemicals in controlling pests and diseases (Sezer and Mut, 2004; Sezer
et al., 2011). In many studies, several ways to increase paddy production have also been described, such as saving at
least 30 % water in the transplanting growth method (Pin et al., 2012), delaying planting time, and using long day
productive varieties (Faghani et al., 2011), control of paddy blight disease by cultural methods (Farmia, 2008),
prevents the occurrence of felling in paddy plants (Birhane, 2013), and performs crop rotation (Abou-Khadrah et al.,
2014).

Production of quality seedlings is an important problem in planting methods using transplanting machines (De
Datta, 1981). Transplanting high-quality paddy seedlings is essential to minimize abiotic stress factors. Many
studies recommend that seedlings be planted by transplanting machines should have 2-3 leaves, and seedling length
should be 120-150 mm (Matsushima, 1980; Kitagawa et al., 2004; Manjunatha et al., 2009). Strong paddy seeds will
produce high-quality tillers and grain yields (Yamamoto et al., 1995; Randriamiharisoa and Uphoff, 2002; Horie et
al., 2005). It is also important for healthy and uniform plant growth and development (Matsuo and Hoshikawa,
1993). The media for growing seedlings will determine the seedling's quality and health (TeKrony and Egli, 1991).

Several growth methods are used globally, such as wet, dry, mat, modified mat, and tray method. In addition to

the method using trays, paddy growth is also carried out in seedling boxes or directly in paddy planting areas (Kim
et al., 1991). For planting seedlings with a transplanting machine, farmers must prepare the seeds in a special tray.
Growth media to be prepared in trays must be rich in nutrients and economical (Kundu et al., 1993).
Changes in paddy production culture around the world have greatly influenced the culture of paddy production in
Turkey. So that in recent years it has led to an increase in the use of transplanting machines, the use of long-day
productive varieties, to the widespread problem of irrigation water (Sezer et al., 2017). This study was conducted to
determine the composition of quality, economical and sustainable planting media in producing paddy seedlings for
use in transplanting machines.

2. Material and Method

2.1 Plant material

This study used three registered cultivars, namely Baldo, Vasco, and Tosya Gunesi. Paddy consumers preferred
Baldo, Vasco has high productivity, and Tosya Gunesi was chosen because it is widely used in Turkey.

2.2 Growth media

This study used six different growth media; soil (S), tobacco dust (TD), commercial peat (CP), animal manure
(AM), paddy husk ash (RHA), perlite (P). The soil (S) used comes from the field around the place where conducted
the study. After analyzing the soil used had a pH value 8.0-8.1, EC value 0.59-0.63 dS m™, organic matter ratio of
1.1-1.2 %, N content 0.06-0.07 %, K,O content 3.8-3.9 kg and P,Os content 125.5-135.2 kg da™. Tobacco dust (TD)
was obtained from oriental tobacco leaves filtered by international private companies operating in Izmir. The results
of the tobacco dust analysis showed; pH value 5.45-5.88, EC value 0.7-11.0 dS m™, organic matter ratio 41-68 %,
organic carbon 38.4-42.4 %, N content 2.1-2, 3 %, P levels 0.1-0.2, K levels 1.9-2.0 %. Commercial peat (CP) has a
pH value 6.8-7.8, an EC value 1.06-1.41 dS m™, organic matter content 80-85 %, N content 1.0-1.7 %, and P content
0.1- 0.2 %. Animal manure (AM) has a pH value 8.0-8.1, EC value 1.02-1.10 dS m™, organic matter content 28-31
%, N content 2.2-2.3 %, P content 1.1-1.2 %, and K content 2.2-2.3 %. Rice husk ash content (RHA) pH value of
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7.8-7.9, EC value 0.50-0.51 dS m™, organic matter content 28-31 %, N content 0.40-0.41 %, P 10.40-0.42 %, K
content 0.37-0.39 % and Si content 86-88 %.

2.3 Method

This study was carried out in the polyethylene (PE) greenhouse of Ondokuz Mayis University Agricultural
Research and Application Center according to a randomized plot design of four replications in 2020. Special
seedling PE viyols (58 x 28 x 4 cm) are used for paddy seedling (Mitchell et al., 2004). The mixing of the growth
media was carried out after filtering on a 0.5 mm sieve with the composition shown in Table 1 (Figure 1).

Paddy seeds were soaked for 15 minutes at 52 °C to avoid attack by white tip nematode (Elekcioglu and Tulek,
2009). The prepared growth media is filled into trays with a depth of 2.5-3 cm, and after the paddy seeds are
planted, they are compacted to 0.5-1 cm. Paddy seeds sown in trays are based on the weight of 1000 grains, namely
3500-4000 seeds/m? (Sezer et al., 2017). Furthermore, the seeds that have been planted in the tray are watered until
the growth is submerged in water and then stored in the dark for 2-3 days.

The trays are transferred to the greenhouse and irrigated to keep the growth media in a saturated water condition.
The variables observed to determine seedling quality were seedling length, seedling stem diameter, number of
leaves, root length, number of roots, shoot wet weight, root wet weight, and shoot dry weight ratio, and root dry
weight ratio in the period when the seedlings had 2.5-3 leaves (21 days since planting) (Pirdashti et al., 2009).
Length and diameter measurements were made with the help of digital calipers and fresh weights were measured on
an analytical scale with 0.0001 precision (Akay et al., 2013). To determine the dry matter ratio, plant parts were
dried in blotter paper at 70 °C for 24-36 hours (Atak et al., 2006) and wet weight and dry weight were proportioned.
The data were analyzed using JMP (2007) statistical package program.

TR L e
Figure 1. Growing medium.
Sekil 1. Biiyiime Ortamlari.
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Table 1. Growing medium and composition used
Cizelge 1. Kullanilan yetigtirme ortamlar: ve kompozisyonlari

Growth Soil Tobacco Commercial Animal Manure Paddy Husk Perlite
Medium (%) (S) Dust (TD) Peat (CP) (AM) Ash (PHA) P)
1 100 - - - - -
2 - 100 - - - -
3 - - 100 - - -
4 - - - 100 - -
5 - - - - 100 -
6 50 50 - - - -
7 50 - - - 50 -
8 50 - 50 - - -
9 50 - - 50 - -
10 50 25 25 - - -
11 50 25 - 25 -
12 25 25 25 25 - -
13 - 25 25 25 25 -
14 - - 25 25 25 25
15 25 25 - 25 25 -
16 20 - 20 20 20 20
17 20 20 20 20 - 20
18 20 20 20 20 20 -
19 20 20 - 20 20 20
20 25 15 15 15 15 15

3. Results and Discussion

Seedling quality is the most important factor affecting the success of seedling paddy production. In the research
investigating the effect of different growth mediums on paddy seedling properties, significant differences were
found in terms of variety, environment and variety x growth medium interaction in all of the characters examined
(Table 2). The paddy seeds did not germinate in the second growth medium (100 % Tobacco dust).

Table 2. Variance results of the characters examined in the study *
Cizelge 2. Arastirmada incelenen karakterlerin varyans sonuglart®

sV DE MEANS OF SQUARES
SL RL NL NR SBD AGCW RAW AGDW RDM
GM 18 10994.65** 2884.32** 0.53** 19.26** 1.781** 0.0065** 0.0031** 129.75** 101.34**

Variety 2 34970.20** 1543.28** 3.41** 30.86** 0.441** 0.0095** 0.0019** 20.88** 23.37**
GMxV 36 934.15**  461.94** 0.81** 4.37** 0.1308* 0.0014** 0.0007** 55.48** 17.36**
Error 171 189.70 163.52 0.18 181 0.081 0.00057 0.00012 1.71 0.57

CV % 10.30 20.77 14.33 18.53 14.16 36.17 30.81 9.16 13.58

* SL= Seedling Length; RL= Root Length; NL= Number of Leaves; NR= Number of Roots; SBD= Seedling Body
Diameter; AGCW= Above Ground Component Wet Weight; RAW= Root Age Weight; AGDW= Above Ground
Part Dry Matter; RDM= Root Dry Matter; SD= Degrees of Freedom; VK= sources of variation; GMxV Int.= growth
medium-variety interaction; CV%-= Coefficient of Variation.

Seedling length and number of leaves are important parameters that become indicators when using transplanting

machines in paddy cultivation. Paddy seedlings to be used with the transplanting machine are expected to be 120-
150 mm long with three leaves (Kitagawa et al., 2004; Manjunatha et al., 2009).
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Table 3. The average value of seedling length and number of leaves of 3 paddy varieties in 20 different growth

media*
Cizelge 3. 20 farkl ortamlarda 3 ¢eltik cesidine ait fide uzunlugu ve yaprak sayisi ortalama degerleri*
Growth Seedling Length (mm) Number of Leaves (p_ilfeces)
Medium Baldo Vasco T. Giinesi  Average Baldo Vasco G.iinesi Average
1 190.27 abc  132.90g-r 148.08d-n 157.08ab 3.00a-e 3.00a-e 3.00a-e 3.00abc
2 - - - - - - - -
3 194.01 ab 149.34d-m 162.73b-j 168.69a 2.75b-e 275b-e 3.25a-d 2.92abc
4 129.78 h-t  80.82wxy  94.40r-y 101.67ef 3.00a-e 2.00e 3.00a-e 2.67abc
5 108.97n-x 84.16v-y  109.44n-x 100.86ef 3.25a-d 225de 2.00e 250c
6 166.14b-h  161.47b-j 168.13b-h 165.25a 2.25de 3.25a-d 3.00a-e 2.83abc
7 137.33fp  92.03t-y 93.32s-y 107.56 def 3.00a-e 2.00e 2.75b-e 2.58bc
8 107.130-y 68.39y 96.600-y 90.71ef 3.50abc 2.25de 2.50cde 2.75abc
9 95.365¢g-y 84.95v-y 87.36u-y 89.22f 3.75ab 250cde 3.50abc 3.25a
10 217.69a 142.40e-0 15843 b-k 172.84a 3.25a-d 3.00a-e 2.50cde 2.92abc
11 110.69 m-x 83.03wxy 98.06p-y 97.26ef 275b-e 200e 3.25a-d 2.67abc
12 13457 9-q 118541-w 152.15c-l 135.09c 3.00a-e 3.75ab 2.75b-e 3.17ab
13 218.19a 152.24c-l 143.09e-0 171.17a 3.00a-e 3.25a-d 3.00a-e 3.08abc
14 171.75b-g 14237e-0 180.12a-e 164.74a 2.75b-e 3.00a-e 3.00a-e 2.92abc
15 175.2 b-f 11522 1-w  123.37j-v  137.93bc 3.00a-e 3.25a-d 3.00a-e 3.08abc
16 160.19b-j  153.03c-l  158.38 b-k 157.20ab 3.00a-e 2.50cde 3.00a-e 2.83abc
17 187.45a-d 124.721-u  162.90b-1 158.36a 3.25a-d 250cde 2.75b-e 2.83abc
18 160.82b-j  101.00p-y 131.40h-t 131.07c 4.00a 2.25de 3.00a-e 3.08abc
19 159.47b-j  81.47wxy 13355g-r 124.83cd 3.00a-e 3.00a-e 3.50abc 3.17 ab
20 132.12h-s  74.59 xy 119.84 k-w 108.85de 3.50abc 2.50cde 3.00a-e 3.00abc

Average 155.64 a 112.77 ¢ 132.70 b 133.70 3.1la 268c 293b 2091
* There is no 5% difference between the averages indicated with the same letter.

Seedling length in this study varied between 68.39-218.19 mm. When viewed from the average, found the
highest seedling length of 172.84 mm in growth media number 10. It was not significantly different from the
treatment of growth media numbers 1, 3, 6, 13, 14, 16, and 17. Meanwhile, the lowest seedling length is found in
growth media number 9, with a length of 82.22 mm. The interaction between treatments showed the highest seed
length in the interaction between Baldo variety and growth media numbers 10 and 13. About the varieties’ response
to the growth media, the highest seedling length was shown by the Vasco variety in growth media number 6 and the
Tosya Gunesi variety in the growth media number 14. Baldo variety showed the highest average seedling length
(133.70 mm) in 60 % of the growth media used in the study. This indicates that the Baldo variety is more selective
in adapting to the growth media than the Vasco and Tosya Giinesi varieties. In this case, the Baldo variety shows a
positive response to different growth media from an economic and ecological perspective. Meanwhile, the Vasco
and Tosya Giinesi varieties only had an average seedling length of 30 % and 45 % of the growth media,
respectively.
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Table 4. The average value of root length and number of roots of 3 paddy varieties in 20 different growth media *
Cizelge 4. 20 farkh ortamlarda 3 ¢eltik ¢cesidine ait kék uzunlugu ve kok sayisi ortalama degerleri*

Growth Root Length (mm) Number of Roots (pieces)

Medium Baldo Vasco T. Giinesi Average Baldo Vasco  T. Giinesi Average
1 58.84 d-p 61.74 a-0 61.89 a-0 60.82c-f 9.75a-d 825a1 9.25a-f 9.08ab
2 - - - - - - - -

3 69.13a-m  66.09 a-n 49.99 f-q 61.73cf 7.25a-j 6.75b-j 7.50 a-j 7.17 b-f
4 95.68 abc 81.52 a-g 59.51 ¢c-p 78.90abc 9.50a-e 5.25¢g- 5.25¢- 6.67 c-h
5 74.67 a-k 64.90 a-0 76.58 a-1 72.05a-d 8.75a-h 7.50aj 7.00a- 7.75 b-e
6 16.95r 36.07 I-r 23.57pgr  25.53h 9.25a-f 7.75a-j 8.75a-h 8.58abc
7 68.08a-m  52.37 e-q 49.00 f-q 56.48 def 6.50b-j 5.50fj 6.50 b-j 6.17 d-g
8 79.86 a-g 64.16 a-0 58.95d-p  67.66b-e 6.50b-j 550fj 4.25]j 5.42 fg
9 65.08 a-0 78.33 a-h 45489-q 62.96cde 8.00a-j 825a1 7.25a 7.83 b-e
10 33.55m-r 38.26 k-q 61.74 a-0 4452fg 9.50a-e 10.75a 10.00abc 10.08 a
11 98.35a 87.55 a-e 75.10 a-j 87.00 a 550fj 5.00h; 4.751j 5.08 g
12 40.68 1-q 28.78 o-r 31.14 n-r 33.53gh 7.00aj 47513 6.75b- 6.17 d-g
13 59.20 c-p 62.63 a-0 39.93j-q 53.92def 850a1 8.75a-h 7.50a-j 8.25 abc
14 82.74 a-f 90.26 a-d 71.52 a-l 81.50ab 5.75e-j 7.50a-j 6.50b-j 6.58 c-g
15 59.81 c-p 53.85d-p  55.32d-p  56.33def 7.75a-j 7.75a-j 7.50a-j 7.67 b-e
16 59.49 c-p 58.90d-p  70.83 a-l 63.07cde 5.75e-j 525g-j 6.50b-j 5.83 efg
17 55.53 d-p 42.22 h-q 61.36 b-o  53.04ef 10.00abc 6.00d-j 6.25 c-j 7.42 b-f
18 78.46 a-h 62.99 a-0 58.09 d-p 66.51b-e 7.00aj 5.75e-j 8.25a1 7.00 c-g
19 73.01 a-k 97.26 ab 56.43 d-p 75.57abc 9.00a-g 5.75e-j 6.00d-j 6.92 c-g
20 75.91 a-j 59.75 c-p 70.17 a-1 68.61 b-e 10.25ab 7.00a-j 6.75b-j 8.00 bcd

Average 65.53 a 62.51 a 56.66 b 61.56 7.97a 6.79b  6.97b 7.25
* There is no 5% difference between the averages indicated with the same letter.

The number of leaves in the growth varies from 2.00-4.00 in the nursery's various varieties and media. In
general, the number of leaves was directly proportional to the length of the seedlings shown by the Baldo variety in
growth media number 18 (4.00 leaves/seedling). However, the highest average number of leaves was demonstrated
by the Baldo variety in growth media number 9 (Table 3). A strong root system was needed to prevent stress, both
during transplanting and after transplanting seedlings. It could minimize post-planting losses by building good plant-
water relationships (McKee, 1981; Davies et al., 1990). A suitable growth method should produce seedlings with a
high number and length of roots. High root density provided an advantage when seedlings are transferred to the field
(Sistani and Reddy, 1997). In this case, paddy seedlings' root characteristics can be used as an essential parameter to
determine paddy varieties' ability to adapt to different growth media. The present results showed that the average
root length was 61.56 mm, and the average number of roots was 7.25 roots/seedlings. Growth media treatment
sequentially showed the highest average root length in growth media numbers 11, 4, 5, 14, and 19, and each was not
significantly different.

Meanwhile, found the highest root length in the treatment of Baldo variety with growth media number 11, and
the found lowest root length in growth media number 6. The results showed that the number of roots paddy
seedlings varied between 4.75-10.75 roots/seedlings, with the highest number of roots indicated in growth media 1,
6, 10, and 13. Whereas in growth media number 11, the lowest number of roots was obtained where the highest root
length was found (Table 4).
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Table 5. The average value of seedling stem diameter of 3 paddy varieties in 20 different growth media *
Cizelge 5. 20 farkl ortamlarda 3 ¢eltik ¢esidine ait gévde ¢api ortalama degerleri*

Seedling Body Diameter (mm)

Growth Medium

Baldo Vasco T. Giinesi Average
1 1.85a-n 1.78 b-o 1.77 c-0 1.80 efg
2 - - - -
3 1.45 k-0 1.351-0 1.95 a-m 1.58¢
4 2.46 a-e 2.56 a-d 2.32 a-h 245a
5 2.26 a-k 2.16 a-l 1.94 a-n 212 cd
6 1.78 b-o0 2.07 a-m 1.66 e-0 1.84 ef
7 2.45 a-e 2.16 a-l 2.23 a-k 2.28 abc
8 2.37 a-g 2.07 a-m 2.02 a-m 2.15 bed
9 2.27 a-j 2.23 a-k 2.54 a-d 2.35abc
10 2.28 a-j 1.62 f-0 2.07 a-m 1.99 de
11 2.42 a-f 2.54 a-d 2.44 a-e 247 a
12 1.13 no 1.27mno 0.97 0 1.12h
13 1.74 d-o 1.56 h-o 1.391-0 1.56¢
14 1.73d-o0 1.48 1-0 1.92 a-n 1.71fg
15 2.37 a-g 2.37 a-g 2.59 ab 244 a
16 1.59g-0 1.62 f-o 1.88 a-n 1.69 fg
17 1.87 a-n 1.47 j-o 1.73d-o0 1.69 fg
18 2.29 a1 1.98 a-m 2.16 a-l 2.14 bed
19 2.58 abc 2.13 a-l 2.40 a-g 2.37ab
20 2.64 a 2.24 a-k 2.42 a-f 243a
Average 2.08 a 1.93b 2.02 ab 2.01

* There is no 5% difference between the averages indicated with the same letter.

In this study, the average seedling stem diameter was 2.01 mm. The highest seedling stem diameter was shown
in growth media number 11 with a value of 2.47 mm and was not significantly different statistically in growth media
4, 7,9, 11, 15, 19, and 20. The lowest seedling stem diameter was shown in growth media 12. Baldo variety
demonstrated its adaptability with the highest average seedling stem diameter value compared to other varieties in
20 different growth media treatments. In growth media number 12, there was no RHA and P media mixture, and the
Tosya Gunesi variety showed the lowest seedling stem diameter (Table 5). Likewise, the lowest values were
determined in the wet shoot weight and root wet weight variables, respectively 5.40 mg and 3.03 mg for the Tosya
Gunesi variety in growth media number 12. The paddy seedlings' variable shoot wet weight increased 25 fold
between 5.40-131.55 mg in all growth media variations. Meanwhile, paddy seedlings' variable root wet weight
showed a weight between 5.40-131.55 mg, which increased 35 times in all growth media variations. Like seedling
stem diameter, shoot and roots wet weight Baldo variety determined the highest values in 20 different growth media
treatments (Table 6).
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Table 6. The average value of wet above ground part and wet root weight of three paddy varieties in 20 different

growth media*

Cizelge 6. 20 farkl ortamlarda 3 ¢eltik ¢esidine ait govde ve kok yas agirligi ortalama degerleri*

Growth Above Ground Part Wet Weight (mg) Root Wet Weight (mg)

Medium Baldo Vasco T. Giinesi Average Baldo Vasco T. Giinesi Average
1 39.00 c-I 2395¢g-1 16.65h-1  2653e  24.35g-q 21.701-q 16.33k-q 20.79 fgh
2 - - - - - - - -

3 31.80 el 27.53 f-l 31.73 el 30.35e 17.10k-g 22.33h-g 20.601-g 20.01gh
4 102.23a-d 70.85a-k 65.65 a-I 79.58ab  41.33b-n 37.48d-0 24.40g-q 34.40d-g
5 127.13 ab 54.00 c-I 58.73 c-I 79.95ab 44.68b-l 26.28g-q 28.25f-q 33.07d-g
6 44,55 c-l 70.93a-k  40.33cl 51.93b-e 19.95j-q 31.43fq 11.93m-q 21.10fgh
7 99.03 a-e 67.80 a-l 58.00 c-I 7494 abc 58.30 b-f 3255f-p 36.33d-0 42.39 bed
8 93.28 a-f 57.20 c-l 52.33 c-l 67.60a-d 46.43b-k 36.35d-0 19.15j-g 33.98d-g
9 102.23a-d  78.38 a-1 89.98 a-g 90.19a 65.88b-e 52.08b-1 54.00b-h 57.32ab
10 131.55a 78.78 a-1 71.68a-k  94.00a 50.28 b-j 44.40b-1 41.48b-n 45.38 bed
11 73.23 a-k 76.45 a-j 83.80 a-h 77.83ab 73.05ab 39.23d-0 40.18c-0 50.82bc
12 9.65 jkI 54.40c-l 5401 2315e  8.780pq 4.00pg 3.03q 5271

13 34.38 d-I 14.63 1-k 55.03 c-I 34.68de 11.53m-q 11.58m-g 9.73n-q 10.94 hi
14 61.90 b-I 66.50 a-1 80.53 a-1 69.64 abc 38.53d-0 41.10c-n 71.30bc 50.31bc
15 71.65 a-k 94.45 a-f 85.58 a-g 83.89ab 17.75k-q 59.35b-f 67.70 bcd 48.27 bed
16 82.33 a-1 80.43 a-1 81.35a-1 81.37ab 46.80b-k 37.18d-0 45.00b-1 42.99 bcd
17 62.30 b-1 25.10 g-l 41.30 c-l 42,90 cde 35.88e-0 14551-g 30.35f-g 26.93efg
18 106.20 abc  54.00 c-I 72.95 a-j 77.72ab 40.23c-0 24.889-q 52.35b-1 39.15cde
19 98.05 a-e 56.40 c-I 70.68 a-k 75.04ab 4553 b-1 28.03f-q 34.15e-p 35.90c-f
20 127.58 ab 62.33 b-1 82.73 a-h 90.88 a 104.28a 43.05b-m 54.18b-g 67.17a
Average 78.84 a 58.64 b 60.23 b 65.90 416la 31.97b 34.76b 36.11

* There is no 5% difference between the averages indicated with the same letter.

Shoot and root dry weight ratios varied between 5.95-27.42 % and 1.37-15.32 % respectively. The highest shoot
and root dry weight ratios were in growth media number 6 and growth media number 15. Meanwhile, found the
lowest value in growth media 13 and growth media number 12. Baldo variety had the highest shoot dry weight ratio
than other varieties but had the lowest root dry weight ratio. Vasco and Tosya Gunesi varieties' shoot dry weight
ratio showed the same value and was not significantly different. The highest shoot dry weight ratio in Baldo variety
was found in growth media number 14 was 22.47 %, Vasco variety in growth media number 15 was 24.01 %, and
Tosya Gunesi variety in growth media number 6 was 27.42 % (Table 7). This shows that study results regarding the
shoot and root dry weight ratio variables are the same as those reported by Atilgan and Tolay (2008).
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Table 7. The average value of dry above ground part and dry root weight of three paddy varieties in 20 different
growth media*
Cizelge 7. 20 farkl ortamlarda 3 ¢eltik ¢esidine ait gévde ve kok kuru madde orani ortalama degerleri*

Growth ~ Above Ground Part Dry Matter (%0) Root Dry Matter (%)

Medium  Baldo Vasco T. Giinesi Average Baldo Vasco T. Giinesi  Average
1 21.73 bed 1276 m-v 9.81 vwx 1476 de 6.57¢g-1 450k-s 3.76m-w 494¢g
2 - - - - - - - -

3 18.40 d-g 9.44 v-y 595y 11.27gh 477j-0 462j-q 4.901-n 4,76 gh
4 18.27 d-h 14.74 g-q 1582f-m  16.27cd 7.97efg 10.87bc 11.93b 10.25 ab
5 13.80j-u 14.43 1-r 15.42 f-o0 1455de 7.21fgh 12.23b 8.16d-g 9.20 bc
6 21.36 bed 15.53 f-n 27.42 a 2144 a 353n-x 3.02n-x 458j-r 3.71
7 10.27 u-x 14.03 j-t 15.65f-m  13.32ef 7.42e-h  658¢g-l 9.57cde 7.86 de
8 12.09m-v  9.68 v-y 18.02 d-1 13.26ef 9.19c-f 6.68g-) 6.63g-k 7.50 ef
9 9.24 v-y 11.730-v  11.79n-v  10.92gh 5.72h-m 7.70e-h 8.02d-g 7.15 ef
10 9.48 v-y 11.84 n-v 14.22 j-s 11.85fg 2.36s-x 3.29 n-x 4.02m-v 3.223
11 10.41 t-x 10.81 r-x 1254 m-v  11.25gh 7.26fgh 4.68j-p 8.25d-g 6.73 f
12 7.33 xy 11.19gw 1252m-v  10.35gh 137y 1.63wxy 2.10v-y 1.70 k
13 11.02 g-x 7.83 wxy 9.73 vwx 9.53 h 7.02gh1  440m-t 4.29m-u 5249
14 22.47 be 16.52 e-l 15.12 g-p 18.04bc 2.610-x 246r-x 2.375s-X 2.48 jk
15 18.07 d-1 24.01ab 10.63 s-x 1757bc  259p-x 1532a 15.13a 11.01a
16 12.26 m-v  13.86j-u 14.54 h-r 1355ef 256p-x 2.690-x 251qg-x 2.59 jk
17 16.67 e-k 14.10 j-t 12.86 I-v 1454de 234tx 4451t 2.750-x 3.181j
18 19.84 cde 18.90 c-f 1297k-v  17.24c 222u-x  344n-x 2.35sX 2.67 1jk
19 19.69 cde 16.83 e-j 21.32bcd  19.28b 2.38s-x  295n-x 3.13n-x 2.821j
20 9.97 vwx 15.00 g-p 11.59 p-v 12.19fg 8.36d-g 10.17bcd 7.29 fgh 8.60 cd
Average 14.86a 13.85b 14.10 b 14.27 4.92 b 5.88 a 5.88 a 5.56

* There is no 5% difference between the averages indicated with the same letter.

There were few studies on the effect of different growing media on seedling quality in paddy production. In this
respect, determining the correlations between the studied characters will reveal important information for farmers
and researchers. Correlation analysis results showing the relationships between the examined features are given in
Table 8. There is a positive and significant relationship between seedling length and root number, stem diameter,
aboveground part wet weight, and root wet weight. Positive between leaf number and root length and aboveground
part dry matter ratio; The relationship between stem diameter, aboveground part wet weight, and root wet weight is
negatively significant. Positive between root length and leaf number; It has been determined that there is an
important negative relationship among the aboveground dry matter ratio. A significant positive relationship was
found between root number and seedling length, root number, aboveground part wet weight, root wet weight, and
aboveground part dry matter ratio, and these results were found in previous studies (Yamamoto et al., 1995;
Randriamiharisoa and Uphoff, 2002; Akay et al., 2013). In previous studies (Karakoy et al., 2014; Kumar et al.,
2014), a significant positive and negative relationship between seedling stem diameter and seedling length, root
number, aboveground wet weight, and rootage weight was determined. There was a positive correlation between the
wet weight of the aboveground parts and seedling length, root number, seedling stem diameter, and root wet weight;
there is a significant negative relationship with the number of leaves. Inayatullah et al. (1989) also reported a
positive and negative relationship between root wet weight and seedling length, root number, seedling stem
diameter, aboveground part wet weight, and root dry matter ratio. Also, as Atilgan and Tolay (2008) also reported,
the aboveground part is positive between the dry matter ratio and the number of roots and leaves; There is a
significant negative relationship with the root dry matter ratio.
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Table 8. Correlation coefficients between variable *
Cizelge 8. Ozellikler arasindaki korelasyon katsayilart*

SL RL NL NR SBD AGCW RAW AGDW
RL -0.16
NL -0.22 0.33*
NR 0.58** -0.22 -0.21
SBD 0.40** -0.02 -0.38** 0.60**
AGCW 0.63** -0.17 -0.44** 0.59** 0.69**
RAW 0.48** -0.08 -0.30* 0.37** 0.48** 0.52**
AGDW 0.18 -0.40** 0.28* 0.52** 0.08 -0.04 -0.08
RDM 0.03 -0.02 -0.16 -0.06 0.08 0.15 0.23* -0.27*

* SL= Seedling Length; RL= Root Length; NL= Number of Leaves; NR= Number of Roots; SBD= Seedling Body
Diameter; AGCW= Above Ground Component Wet Weight; RAW= Root Age Weight; AGDW= Above Ground
Part Dry Matter; RDM= Root Dry Matter

Biplot analysis helps to define the relationships between the traits of the studied characters in a positive and/or
negative way and to identify them in the selection of other traits (Yan and Tinger, 2006). In this research, a biplot
chart was created to determine the multiple varying relationships between seedling quality and varieties in 20
different growing environments of 3 paddy varieties (Figure 2).

PC2 (19.2 %)

-3

4 :
4 a 2 A 0 1 2 a 4

PC1 (38.3 %)
Figure 2. Classification of the variables tested using the biplot analysis method and the relationship between

varieties and the variables examined.
Sekil 2. Incelenen ozelliklerin biplot analiz yontemi ile gruplandirilmasi ve ¢esitlerin incelenen ozelliklerle iliskisi.

When the biplot chart was examined, the value of main component 1 was 38.3 % and the value of main
component 2 was 19.2 %, and these two components constituted 57.5 % of the total variation. If the angle between
the vectors forming the biplot chart is equal to 90°, it means that the examined character is better than the average,
the angle between the vectors is lower than 90°, and it means that it is close to the average (Yan and Tinker, 2006).
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Based on Figure 2, the results of observations on paddy varieties, the variables of seedling length and seedling stem
diameter, shoot wet weight, and root wet weight ratio showed a strong positive correlation (<90°). Similar to the
variable root dry weight ratio, shoot dry weight ratio and number of roots, root length and root dry weight, number
of leaves and shoot dry weight ratio is also a negative relationship between the variable number of roots and root
length, because, in Figure 2 between seedling length, number of leaves and root length, the angle formed is greater
than 90°. Of all the variables observed, the root length has the shortest vector compared to other variables so that it
appears as the variable that differentiates the least. The number of roots and shoot dry weight ratio has values above
the average in the growth media numbers 4, 5, 7, 8, 9, and 11. Figure 2 shows that several treatments stand out
among the other treatments, affecting paddy seedling quality, which is close to the graph's center. It can see that the
Vasco variety, growth media numbers 13 and 18 stood out the most among the other treatments because it
approached the center of the graph. However, it can also be considered all varieties are observed through their
background and the variables that influence them. Meanwhile, in terms of growth media, growth media numbers 13
and 18 show the best performance (Figure 2).

4. Conclusion

The most important part of paddy seedling production is getting good quality and healthy seedlings. For
seedlings to be used with a transplanting machine, seedling length, stem diameter, and root density (number of roots
and root length) are important parameters that must be considered. Although there are statistical differences between
the varieties studied, we can see that good seedling quality has the same results in all observed variables. So that in
the study of seedling with growth media with the use of different varieties at this time will cause a loss of energy
and time efficiency. Based on this study, the root length variable emerged as the most prominent parameter
representing seedling quality. When evaluating the use of 20 growth media from different materials based on
ecology and economics, the best quality of seedlings is found in growth media number 13. Besides, growth media
numbers 18 and 19 can be used as alternative seedling media.
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OZET

Bu ¢alismanin amaci, Giresun ili findik hasadi déneminde tarim iscisi olarak calistirilan ¢ocuklarin, Anahtar Sézciikler:
yasam kosullarinin, findik tariminda galismaya iten sosyo-ekonomik ve sosyo-kiiltiirel etmenlerin ve Cocuk
barmma, beslenme, sosyal ihtiya¢ ve gelecekle ilgili beklentilerinin belirlenmesi ve ¢ocuk is¢iliginin  Findik tarimi
onlenmesi konusunda biling olusturulmast i¢in Oneriler sunulmasidir. Aragtirmanin ana materyalini, Mevsimlik is¢ilik
Giresun ili Piraziz ilgesindeki findik isletmelerine ¢alismak amaciyla gelen 66 cocuk is¢i ile anket Tarim iscisi
yapilarak elde edilen birincil veriler olugturmustur. Anket verileri 2019 yili findik hasat zamaninda elde

edilmistir. Anketlerden elde edilen birincil veriler, SPSS paket programina aktarilmis ve basit istatistik

yontemlerden frekans, yilizde, ortalama, minimum ve maksimum degerleri kullanilarak sonuglar analiz

edilmis ve durum tespiti yapilmistir. Giresun ili findik igletmelerinde ¢alisan ¢ocuklarin yas ortalamasi

15,89 olarak bulunmustur. Cocuk iscilerde minimum c¢aligma yas1 11 olarak tespit edilmistir.

Cocuklarin gelisimini saglikli bir sekilde tamamlamalari igin en 6nemli yaslarinda olan ¢ocuklar, sezon

boyunca haftanin her giiniinde ortalama 10,33 saat ¢alismaktadir. Aragtirmada ¢ocuklarin %68,2’sinin

okula kayitli oldugu tespit edilirken, %32,8’inin egitim hayatina devam etmedigi goriilmiistiir.

Gelecekle ilgili beklentileri soruldugunda, %30’u meslek sahibi olmak istedigini, %18’i ezilmemeyi ve

is¢i olmak istemedigini ifade etmis ve %13,6’simnin ise hicbir beklentisinin olmadigi belirlenmistir.

Sonug olarak, gocukken tarim isgisi olarak ¢aligmak ve mevsimlik tarim gégiine katilmak gocuklar

egitim, saglik, psikolojik gibi bircok agidan olumsuzluklarla karst karsiya birakmakta ve gelisimlerini

olumsuz yonde etkilemektedir. Bu durum da ¢ocuklarin kaliteli yasam hakkina engel olmaktadir. Bu

nedenle iilke politikalar1 gelistirilirken tiim bunlar géz Oniinde bulundurulmali, ¢ocuklarin temel

haklarimin korunmasini garanti eden diizenlemeler gelistirilmeli ve uygulanmalidir.

Child Labor in Hazelnut Agriculture: Case of Giresun, Piraziz District

ABSTRACT

This study aims to determine the living conditions, the socio-economic and socio-cultural factors that Keywords:

push them to work in hazelnut agriculture, and their housing, nutrition, social needs, and expectations Child

for the future of the children who were employed as agricultural workers during the hazelnut harvest in  Hazelnut farming
Giresun province and suggestions are made to raise awareness on the prevention of child labor. The Seasonal labor
main material of the study was the primary data obtained by conducting a survey with 66 child workers ~Agricultural worker
who came to the hazelnut enterprises in Piraziz district of Giresun province to work. Survey data were

obtained during the hazelnut harvest of 2019. The primary data obtained from the questionnaires were

transferred to the SPSS package program and the results were analyzed and the situation was

determined by using the frequency, percentage, average, minimum and maximum values from simple

statistical methods. The average age of children working in the hazelnut enterprises in Giresun was

found to be 15.89. The minimum working age for child workers has been determined as 11. For

children to complete their development healthily, children at their most crucial age work an average of

10.33 hours every day of the week throughout the season. In the research, it was found that 68.2% of

the children were enrolled in school, while 32.8% did not continue their education life. © OMU ANAJAS 2021
When asked about their expectations about the future, 30% stated that they wanted to have a profession,
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18% did not want to be oppressed and did not want to be a worker, and it was determined that 13.6%
had no expectations. As a result, working as an agricultural worker as a child and participating in
seasonal agricultural migration expose children to negative effects in many aspects such as education,
health, and psychology. This situation hinders children's right to a quality life. For this reason, all these
should be taken into account when developing country policies, and regulations that guarantee the
protection of children's fundamental rights should be developed and implemented.

1. Giris

Tirkiye’'nin 6nemli ve stratejik tarim iriinii findik, iilkenin en o6nemli ihra¢ tarim iriinlerinin basinda
gelmektedir. Diinya findik iiretiminin yaklasik % 65-70’ini, ihracatinin ise % 70-75’ini karsilayan Tiirkiye diinyanin
en onemli findik iireticisi ve ihracatgist konumundadir. Tiirkiye’de yaklasik 440 bin iiretici, 700 bin hektar alanda
findik {iretimi yapmaktadir (Anonim, 2019a). Tiirkiye’de 2019 yilinda toplam 776.046 ton findik iiretilmekteyken,
ayni yil diinya toplam findik iiretimi 842.500 ton’dur (Anonim, 2019b). Diinyada toplam 976.200 ha findik dikim
alaninin 706.700 ha’1 Tirkiye’de yer almakta olup, Tirkiye’deki toplam findik dikim alaninin yarisindan fazlasi
(4.218.007 da) Dogu Karadeniz’de yer almaktadir. Giresun ili ise 1.171.903 da ile Dogu Karadeniz’in 6énemli findik
iiretim alanini olugturmaktadir (Anonim, 2019b).

Tirkiye’de findik isletmeleri genellikle kiiciik aile igletmeleri seklinde olup, o6zellikle Dogu Karadeniz
Bolgesi’nde yer sekillerinin de etkisiyle parcali bir yapi1 gostermektedir. Findik tarimi bolge halki tarafindan
cogunlukla ikinci ig/ek gelir olarak gergeklestirildigi icin, ortalama bir ay siiren hasat doneminde is giicii ihtiyaci,
biiyiik 6l¢iide yerel ig¢ilerden karsilanamamakta, bu nedenle bolge mevsimlik gé¢ almaktadir. Bu alanda istihdam
genellikle mevsimlik oldugu i¢in, tarim is¢isi aileler siirekli ve yeterli gelir elde edememektedir. Bu nedenle tarim
is¢isi aileler yoksullukla karsi karsiya kalabilmektedir. Yoksullugun sonuglari aile refahini olumsuz ydnde
etkilemekte ve en 6nemlisi ailede ¢aligmaya uygun olan herkesin &zellikle ¢ocuklarin ¢aligmak zorunda kalmalariyla
sonu¢lanmaktadir.

Diinyada ¢alisan ¢ocuklarin sayisi 2000 yilinda 245 milyon iken, yillar i¢inde azalma gostererek, 2016 yili
itibariyle yaklasik 151.622.000 ¢ocuk is¢i bulunmaktadir. Cocuk isgiler, toplam gocuk niifusunun % 9,6’sina karsilik
gelmekte, cocuklarin yaklasik 72.525.000°1, tehlikeli islerde galigsmakta, bu rakam da diinya ¢ocuk niifusunun %
4,6’s1na karsilik gelmektedir. Cocuk is¢ilerin ¢aligtiklar1 alanlar incelendiginde tarim, agik ara en 6nde gelen sektor
olup, yaklasik 108 milyon ¢ocuk isci bu alanda caligmaktadir. Bu say1 toplam ¢ocuk iscilerin yaklagik % 71’ini
olusturmaktadir (ILO, 2017; Giilcan, 2017).

Tirkiye genelinde 5-17 yas grubundaki ¢ocuk sayist 16 milyon 457 bin kisi olarak tahmin edilmistir. 5-17 yas
grubunda bulunan g¢ocuklarin %4,4 i (720 bin kisi) ekonomik olarak gelir getiren bir iste ¢aligmakta, ¢alisan
gocuklarin %79,7'sini 15-17, %15,9'unu 12-14, %4,4'inii ise 5-11 yas grubundaki g¢ocuklar olusturmaktadir.
Cinsiyete gore incelendiginde, istihdam edilen c¢ocuklarin %70,6'sim1 erkek, %29,4%inii ise kiz cocuklarin
olusturdugu belirlenmistir (TUIK, 2020). Ekonomik islerde calisan ¢ocuklarm %30,8’i (221 bin kisi) tarim,
%23,7’s1 (171 bin kisi) sanayi ve %45,5’1 (328 bin kisi) hizmet sektoriinde faaliyet gostermektedir. Cocuklarin
%66,0'nin diizenli isyerinde, %30,4'iniin tarla-bah¢ede, %3,0'nin sabit olmayan igyeri veya pazar yerinde ¢alistig
belirlenmis, %0,5'inin ise evde ¢alistig1 tahmin edilmistir (TUIK, 2020).

[lik ve Tiirkmen'in (1994) ifade ettigine gore; ailelerin sosyo-ekonomik durumu ve egitim diizeyleri, cocuklarin
is hayatina girip girmemelerinde dnemli rol oynamaktadir. Sagliksiz bir aile ortaminda biiyiiyen ¢ocugun, egitimine
onem verilmemekte, aile biitcesine katki saglamasi beklenmekte, cocugun ruh ve beden sagligini tehlikeye atan
islerin yani sira, bagimliliga neden olan islerde (mobilya cilacisi, ayakkabi tamircisi vb.) ¢alistirtlmaktadir (Boybek,
2009).

Cocuklar fiziki ve ruhsal gelisimlerini saglikli bir sekilde siirdiirme hakkina sahiptir. Cocuk isciligi, 6zellikle
tehlikeli boyutlardaki ¢ocuk isciligi, ¢cocuklarin bu haklarmin elinden alinmasina neden olmaktadir. Bu noktada
cocuk isciligi ve ¢ocuklarin ¢alismasi kavramlart birbirine karistirilmamalidir. Ciinkii ¢ocugun galismasi egitimine
engel olmamak kaydiyla ev islerine yardim etmek, har¢ligin1 ¢ikarmak i¢in hafif islerde calismak gibi yetigkinlik
déneminde de sorumluluk almasina katkida bulunan isleri kapsamasi gerekirken; ¢ocuk is¢iligi, cocugun fiziki ve
ruhsal gelisimini olumsuz etkileyen, egitimini aksatan igleri kapsamaktadir ve ¢ocugun yetigkinlik donemini
olumsuz etkilemektedir. “Cocugun caligsmasi” ve “cocuk is¢iligi” birbirinden farkli kavramlar olmasina ragmen,
uygulamada ¢ogu zaman birbirlerinin yerine kullanilmaktadir.

Uluslararast Calisma Orgiitii'niin (ILO) yaptigi tanima gore; cocuklarin yaptiklart islerin hepsi, ortadan
kaldirilmak istenilen ¢ocuk isciligi kategorisine girmemektedir. ILO 182 no’lu En K&t Bigimlerdeki Cocuk
Isciliginin Yasaklanmasi ve Ortadan Kaldirilmasina iliskin Acil Eylem Sézlesmesi’nde, ortadan kaldirilmasi
gereken c¢ocuk isciligi tiirleri belirlenmistir. Tirkiye bu sdzlesmeye dayanarak Calisma ve Sosyal Gilivenlik
Bakanlign (CSGB) tarafindan hazirlanan Cocuk Isciliginin Onlenmesi I¢in Zamana Bagl Politika ve Program
cercevesinde tarimda calismayi, cocuk ig¢iliginin en kotii bicimlerinden biri olarak belirlemistir (Y1lmaz, 2017).
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Lordoglu ve Etiler (2014), Bat1 Karadeniz bolgesinde mevsimlik gezici tarim is¢iliginde ¢alisan cocuklar iizerine
bir arastirma gergeklestirmis ve arastirma bulgularina gore, ¢ocuklarin her yil egitimlerinin yarida kesildigini ve
onlarin okul basarisint olumsuz etkiledigini bildirmislerdir. Bu olumsuz durumun, ¢ocuklar1 gelecegin mevsimlik
is¢ileri haline getirdigini, gezici mevsimlik tarim iscilerinin ise kotii yasam kosullarindan kaynakli saglik sorunlart
yasadiklarini belirtmislerdir.

Yilmaz (2017) “Giresun ili Findik Isletmelerinde Cocuk Isciligi” isimli arastirmasindan elde ettigi bulgulara
gore, findik isletmelerinde g¢alisan ¢ocuklarin yas ortalamasinin 14,8 oldugunu, giinde ortalama 9,24 saat uygun
olmayan sartlarda calistiklarin1 belirlemistir. Ayrica ¢ocuk is¢iliginin Oncelikle ailenin sosyo-ekonomik seviyesinin
diisiik olmasindan kaynaklandigini bildirmistir. isverenlerin %68'inin ise alimda yas sinir1 gozetmedigini, isgilerin is
yapabilecek durumda olmasiin ise alim kriteri olarak yeterli goriildiigiinii belirlemistir. Ayrica, g¢ocuk isgiligini
onlemek i¢in Tiirkiye’nin taraf oldugu uluslararast hukuki diizenlemelerin uygulanmasi konusunda etkin
denetimlerin yapilmasi ve caydirici boyutta yaptirimlarin uygulanmasi gerektigini bildirmistir.

Tirkiye’de cocuk isciligi konusunda bazi ¢aligmalar bulunmasina karsin, tarimda g¢ocuk isciligi konusunda
yapilan c¢aligmalar yeterli degildir. Tarimda ¢ocuk isciligi sorununa dikkat ¢cekmek icin daha detayli calismalara
ihtiyag vardir.

Bu caligmanin amaci; Giresun ili findik hasadi déneminde tarim isgisi olarak caligtirilan ¢ocuklarin yagsam
kosullarinin  belirlenmesi, findik tariminda ¢aligmaya iten sosyo-ekonomik ve sosyo-kiiltiirel etmenlerin
belirlenmesi, tarimda ¢alisan ¢ocuklarin barinma, beslenme, sosyal ihtiya¢ ve gelecekle ilgili beklentilerinin ortaya
konmast ve boylece g¢ocuk is¢iligini 6nleme hususunda biling olusturulmasi igin 6neriler gelistirmektir.

2. Materyal ve Yontem
2.1 Materyal

Bu ¢alismada Giresun ili, Piraziz ilgesindeki findik isletmelerinde ¢alisan 66 ¢ocuk is¢i ile yiiz yiize goriiserek
yapilan anket ¢aligsmasindan elde edilen veriler kullanilmstir.

2.2 Yontem

Giresun ili, Piraziz ilgesindeki findik isletmelerinde calistirilan ¢ocuk sayist konusunda giincel bir rakam
bulunmamaktadir. Ancak il¢e jandarma komutanligindan alinan sozel bilgiler ve gidilen kdylerde edinilen bilgiler
1s181nda biitiin ¢ocuk iscilere ulagilmaya ¢alisilmistir. Anket yapilacak ¢ocuk isgilerin belirlenmesinde tam sayim
ornekleme yontemi kullanmilmis olup goniillillik esasina gore 66 g¢ocuk is¢i ile yiiz yiize anket calismasi
gerceklestirilmigtir.  Aragtirma kapsaminda uygulanan anket formu; cocuk iscilerin sosyal ve demografik
ozelliklerini, aile bilgilerini ve yasam sartlarini belirlemeye yonelik kapali ve agik uclu sorularin yer aldig: ii¢
boliimden olugsmaktadir. Anket verileri 2019 yili findik hasat zamaninda elde edilmistir.

Anketlerden elde edilen birincil veriler, SPSS paket programina aktarilmig ve basit istatistik yontemlerinden
frekans, yiizde, ortalama, minimum ve maksimum degerleri kullanilarak analiz edilmis ve durum tespiti yapilmistir.

3. Bulgular ve Tartisma

Birlesmis Milletler Cocuk Haklar1 Sozlesmesi uyarinca ¢ocuklara uygulanabilecek olan kanuna gore, daha erken
yasta resit olma durumu harig, on sekiz yasina kadar her birey ¢ocuk sayilmaktadir. Cocuk Koruma Kanunu’na gore
ise ¢ocuk, daha erken yasta ergin olsa bile on sekiz yasin1 doldurmamis kisiyi ifade etmektedir (Resmi Gazete,
2005). Tiirkiye Cocuk Isgiicii Anketi’nde ise 6-17 yas aras1 bireyler cocuk olarak tanimlanmaktadir. Arastirma
kapsaminda ele alinan ¢ocuk is¢ilerin yaglart incelenmis ve minimum 11 maksimum 18, ortalama olarak ise 15,89
yasinda olduklar tespit edilmistir. Caligsmaya dahil olan ¢ocuklarin sosyo-demografik 6zelliklerine ait bilgiler
Cizelge 1’de verilmistir.

Kirsal alanda artan niifusa karsin degismeyen tarim alanlari, insanlar1 farkli sektorlere ya da farkli tarim
bolgelerindeki islere yonlendirmektedir. Kisitli tarim alanlarinin zorladigi kirsal niifus mevsimsel olarak farkli tarim
alanlarina go¢ ederek gecimini saglamaktadir. Findik tarimi is¢ilik isteyen bir tarim iiriinii olmas1 sebebiyle biiyiik-
kiigiik herkese is imkani saglamaktadir. Arastirmada ele alinan ¢ocuk isgilerin %37,9’u Diyarbakir’dan, %19,7’si
Batman’dan ve %15,2’si Siirt’ten gelmistir. Genellikle findik hasadina gelen ¢ocuk is¢ilerin Giineydogu Anadolu
Bolgesinden geldigi goriilmektedir.

Findik hasadma gelen ¢ocuk is¢gilerin  %40,9’unun kiz, %59,1’inin ise erkek oldugu belirlenmistir. Egitim
durumlarina bakildiginda %68,18’inin okula devam ettigi, %16,67’sinin ise mezun oldugu goriilmektedir. Cocuk
is¢ilerin %15,15°1 okulu birakmak zorunda kaldiklarini dile getirmislerdir. Mezun olan ¢ocuklarin %45,5’1 ortaokul,
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%54,5°1 lise mezunudur. Egitimine devam eden c¢ocuk is¢ilerin %2,2’si ilkokulda, %26,7’si ortaokulda, %68,9’u
lisede ve %2,2’si liniversitede egitim aldiklarini belirtmislerdir. Tiirkiye’de ilkokul, ortaokul, lise ve tiniversite
seklinde siral1 olarak ilerleyen bir sistemde 6grenciler ¢esitli sebeplerden dolay1 egitimini yarida birakmak zorunda
kalmakta veya kendisi okulu birakmak istemektedir. Bu calismada okulu birakan cocuk isgilerin %40’ mnin
ortaokuldan, %60’ min ise liseden ayrildig: tespit edilmistir. Egitime devam etmeme nedenleri incelendiginde ise
egitime devam etmeyen cocuklarin %33,3’liniin egitim hayatlarinda basarisizlik yasadiklarindan, %33,3’{iniin ise
calisarak aile biitcesine katkida bulunmak istemelerinden dolayi egitimlerine devam etmedikleri belirlenmistir.
Bununla birlikte anne ve babasinin okula géndermedigini dile getiren ve kendi istegiyle ayrilan ¢ocuklarin oldugu
da tespit edilmistir. Kantar Davran ve ark., (2014), 7-14 yas araligindaki ¢ocuklarin egitimlerinden uzak
kalmalarinin, mevsimlik tarim isciliginin kugaktan kusaga aktarilmasimni kolaylastiran ve hizlandiran bir etmen
oldugunu bildirmistir. Bu nedenle bu yas grubundaki ¢ocuk iscilerin egitimlerine dnem verilmesi gerektigi agikardir.
Ayrica Uysal ve ark., (2016), mevsimlik tarim is¢i ¢ocuklarinin temel egitim sorunlarina yonelik Onlemler ve
diizenleyici kamu politikalar1 ile 2010 yilindan itibaren bazi ilerlemeler goériilmesine ragmen, ¢ocuklarin egitime
erisim ve devam sorunlarina yonelik miidahale ihtiyacinin stirdiigiinii bildirmistir.

Cizelge 1. Cocuklarin sosyo-demografik dzelliklerine ait bilgiler

Table 1.  Information on the socio-demographic characteristics of children

Yasanilan il n  Yizde (%) Cinsiyet n Yiizde (%)
Adiyaman 2 3,0 Kiz 27 40,9
Batman 13 19,7 Erkek 39 59,1
Diyarbakir 25 37,9 Egitim Durumu n Yiizde (%)
Gaziantep 2 3,0 Okula Devam Edenler 45 68,18
Giresun 1 1,5 Egitimi Birakanlar 10 15,15
Mardin 7 10,6 Mezun Olanlar 11 16,67
Siiirt 10 15.2 EBg&;Lnglgivgi?;gdenlerm n Yiizde (%)
Sanliurfa 6 9,1 Tlkokul 1 2,2
Okula Gitmeme Nedenleri n  Yiizde (%) Ortaokul 12 26,7

1. Calisarak aile biitcesine katkida bulunmak 7 33,3 Lise 31 68,9

2. Anne baba gondermedi 1 4.8 Universite 1 2,2

3. Basarisizlik 7 33,3 EEgéEEE ggjﬁ;?larm n Yiizde (%)
4. Diger nedenler 2 9,5 Ortaokul Mezunu 5 23,81

5. Kendi tercihi 1 4,8 Ortaokul terk 4 19,05

6. 1. ve 2. nedenler 1 4,8 Lise Mezunu 6 28,57

7. Fikri yok 2 9,5 Lise Terk 6 28,57

Calismaya dahil olan ¢ocuk isgilerin ¢aligmak i¢in kiminle ve kimin araciligiyla geldikleri, sosyal giivenceleri ve
gelirlerini paylagma durumlarina ait bilgiler Cizelge 2°de verilmistir.

Arastirmada ele alman cocuk is¢ilerin %77,3’1 ailesiyle birlikte ve %19,7’si tek basina findik hasadi igin
geldigini belirtmistir. Geri kalan %3’ ise kiminle geldigine cevap vermemistir. Arastirmada ele alman ¢ocuk
is¢ilere, findik is¢iligine kimin aracilig ile basladiklari sorulmugtur ve ¢ocuklarin %50,5’inin day1 basi, %28,8’inin
babasi, %6’sinin annesi, %3 linlin ¢avus ve %1,5’inin arkadas araciligiyla findik is¢iligine basladig: belirlenmistir.
Mevsimlik tarim iscisi olarak farkli illere gd¢ eden aileler genellikle day1 basi aracilifiyla bolgelere gelmektedirler.
Day1 baslarinin her yil ayni igverene is¢i getirdigi de arastirmacilar tarafindan alandan edinilen diger 6nemli bir
bulgudur. Aym1 zamanda ailesi ile birlikte ¢aligmaya gelen g¢ocuklar, isverenle daha onceki senelerde kurdugu
samimiyetten dolay1 ayni isverenin yanina ¢alismak i¢in gelmektedirler.

Karaman ve Yilmaz (2011) mevsimlik tarim isciliginde, isverenden day1 basi ve isciye dogru emek talebi ve
is¢iden de day1 bas1 ve igverene dogru licret ve is giivencesi talebi oldugunu bildirmistir. Calisma bulgularimiz bu
durumu dogrular niteliktedir. Arastirmadaki mevsimlik tarim iscilerinin birgogunun diigiik gelirli ve ortalama 5
kisilik kalabalik bir aile yapisimin oldugu goriilmektedir (Cizelge 3). Kalabalik aile yapisi geg¢im zorlugunu
dogurmakta bu ylizden fiziki olarak calisabilir durumda olan biitiin aile bireyleri ¢ocuklarda dahil olmak iizere
calismaktadirlar. Findik hasadinin gocuklarin yaz tatili donemine denk gelmesi dolayisiyla ailenin bireyleri igin
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bulunduklar1 sehirle bagimliliginin kalmamasi nedeniyle farkli illere tarim isciligi icin go¢ edilebilmektedir. Bu
durumda bir¢ok aile yaz doneminde farkli tarimsal faaliyetlerde is¢i olarak ¢alismaktadir.

Cizelge 2. Cocuk is¢ilerin ¢alismak icin kiminle ve kimin araciligiyla geldikleri, sosyal giivenceleri ve gelirlerini
paylasma durumlarina ait bilgiler

Table 2. Information on whom and through whom child workers come to work, their social security, and
information on sharing their income

Ailede herkesin findik tariminda

Kiminle geldi n Yiizde (%) calisma durumu Yiizde (%)
Aileyle birlikte 51 77,3 Hepsi ¢alisiyor 17 25,8
Tek bagima 13 19,7 Hepsi ¢alismiyor 44 66,7
Cevap yok 2 3,0 Cevap yok 5 7,6
Kimin aracilig1 ile baglad: n Yiizde (%)  Sosyal Giivence n Yiizde (%)
Day1 basi 33 50,0 Giivencesi Yok 6 9,1
Anne 4 6,1 Genel saglik sigortasi 1 15
Baba 19 28,8 SGK 7 10,6
Arkadas 1 15 Cevap yok 52 78,8
Kendi istegi ile 2 3,0 Aileden Harglik Alma Durumu n Yiizde (%)
Diger 7 10,6 Alyor 26 39,4
Geliri paylasma nedeni n Yiizde (%)  Almiyor 36 54,5
Aile biit¢esine yardim 43 68,25 Cevap Yok 4 6,1
Ailenin diizenli geliri olmamasi 7 11,11 Geliri aile ile paylagsma n Yiizde (%)
Babaya vermek zorunda olmasi 1 1,59 Paylasiyor 63 95,5
Kendi egitim masraflari i¢in 1 1,59 Paylagmiyor 2 3,0
Cevap yok 11 17,46 Cevap Yok 1 1,5

Arastirmada ele alinan c¢ocuk isgilere, ailelerindeki herkesin findik hasadinda ¢alisip ¢alismadigi sorulmus ve
%25,8’inin evet, %66,7’sinin hayir cevabi verdigi belirlenmistir. Hayir cevabr veren cocuklar, ailelerindeki her
iiyenin saglikli olmadigini, ayn1 zamanda her {iyenin ¢alisma kosullarina dayanacak fiziki giice sahip olmadigini ve
yapmast gereken bagka islerinin oldugunu ifade etmislerdir. Cocuk is¢ilere sosyal giivence durumu soruldugunda
biiylik ¢ogunlugunun (%78,8) cevap vermemesi bu konuda bilgi sahibi olmadiklarin1 gostermektedir. Benek ve
Okten (2011), Sanlurfa’nin Hilvan ilgesinde mevsimlik tarim iscileriyle yapmis olduklar1 ¢alismalarinda iscilerin
6nemli bir kisminin yesil kart disinda herhangi bir saglik giivencesine sahip olmadiklarini bildirmislerdir.

Cocuk is¢ilerin %39,4’1 okul déneminde ailelerinden harglik aldiklarim1 %54,5°1 ise almadiklarin1 belirtmistir.
Harglik almayanlar ailelerinin maddi sikintilar1 olmasi nedeniyle diizenli harglik alamadiklarini ifade etmislerdir.
Arastirma alanindaki aileler sahip olduklar1 ekonomik imkénlar diizeyinde cocuklarin egitim faaliyetlerini
destekleyebilmektedirler. Ailedeki kisi sayisi, gelir ve ¢alisma siireleri hakkindaki bilgiler Cizelge 3°de verilmistir.

Cizelge 3. Ailedeki kisi sayisi, gelir ve ¢alisma siireleri hakkindaki bilgiler
Table 3. Information on the number of people in the family, income, and working periods

Degiskenler n Ortalama Medyan  Minimum Maksimum
Ailedeki kisi sayisi 51 5 5 2 10
Glinliik alinan harglik (TL) 26 11,28 4,00 1 85
Giinliik kazang (TL) 66 90,60 95,00 80 100
Diger islerden alian iicret (glinliik) (TL) 22 73,8 70,0 33 100
Gelir elde edilecek islerde ¢aligsma siiresi (giin) 66 3 2 1 10

Arastirmada ele alinan ¢ocuklarin giinliik ¢alisma bedeli ortalama 90,60 TL olarak tespit edilmistir. Tarim
is¢ilerinin aldig1 ortalama {icret valiligin belirledigi fiyat civarindadir (Cizelge 3). Aragtirma alanindaki ¢ocuklarin
calistyor olmalarimin en 6nemli sebeplerinden biri ailelerinin maddi sikintilarinin olmasidir. Bu nedenle ¢ocuklarin
biiyiik cogunlugu (%95,5) elde ettikleri geliri aileleri ile paylagmaktadir. Cocuklarin %68,25°1 aile biit¢esine yardim
i¢in, %11,11°1 ailesinin diizenli geliri olmadig igin aileleriyle gelirlerini paylastiklarini bildirmislerdir (Cizelge 2).
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Cocuk iscilerin bagka islerden kazandiklari {icret ortalama 73,8 TL/giin olarak belirlenmistir. Cocuklarin ortalama 3
yildir gelir elde edebilecek bir iste ¢alistiklar1 belirlenmistir. Aragtirmada heniiz fiziksel gelisimini tamamlamamis
kiigiik bedenlerin yaptig1 isler karsisinda aldiklari iicretin diigiik oldugu fakat ailelerine yardimci olmak ve
hayatlarini siirdiirmek i¢in ¢aligmak zorunda olduklar1 sonucuna varilmaktadir. Ayni zamanda kirsal kesimde
¢ocugun calismasi ucuz bir is giicli olmakla beraber ¢ocugun yasam sartlarina ayak uydurmasi ve isi 6grenebilmesi
icin gerekli goriilmektedir. Bu nedenle aileler ¢ocuklarinin ¢aligmasina karsi ¢ikmamakta, hatta desteklemekte ve
onlar1 bu yonde egitmektedirler.

Cizelge 4. Cocuk is¢ilerin ¢alisma, problem ve saglikla ilgili durumlart

Table 4. Work, problem and health status of child workers

Baska iste ¢alisma durumu n Yiizde (%) Calismaya izin verme n Yiizde (%)
Evet 22 33,3 Evet 62 93,9
Hayir 44 66,7 Hayir 1 15
Hangi iste galisiyor n Yiizde (%) Cevap yok 3 45
Tarim iiriinleri hasadi 12 54,55 Problem durumlar n Yiizde (%)

Cok uzun siire galistyorum ancak

Karton toplama 1 4,55 diisiik ticretle calistyorum 39 59,1
. alisirken kendimi giivende
Tekstil 1 4,55 ﬁissgtmiyorum g 2 3,0
Mangal komiirii 1 4,55 Yap t}glmlz 1§1e rin"b ize uygun 7 10,6
oldugunu diisiinmiiyorum

Garsonluk 1 4,55 Hepsi 1 15
Serbest 3 13,64 Problemim yok 4 6,1
Diger 3 13,64 Ailemle 1 15
Calisirken izin verme n Yiizde (%) Cevap yok 12 18,2
Evet 60 90,9 Yaptig1 Is n Yiizde (%)
Hayir 5 7,6 Cuval tagima 12 18,2
Cevap yok 1 15 Findik toplama 54 81,8
Siddete maruz kalma durumu  n Yiizde (%) Kaza gegirme durumu n Yiizde (%)
Hayir 63 95,5 Evet 2 3,0
Cevap yok 3 45 Hayir 62 94,0
Saglik Merkezine rahat .. Cevap yok 2 3,0
ulagsma durumu n Yiizde (%) Isten kaynakli hastalik durumu n Yiizde (%)
Evet 37 56,1 Evet 2 3,0
Hayir 25 37,9 Hayir 60 91,0
Cevap yok 4 6,1 Cevap yok 4 6,0
Degiskenler n Ortalama Minimum Maksimum
Haftalik ¢aligma siiresi (giin) 66 6,95 6 7
Giinliik ¢caligma siiresi (saat) 66 10,33 6 12
Dinlenme siiresi (dk.) 60 87,50 60 120

Cocuklarin findik tarimi disinda baska bir iste ¢alisma durumlart incelendiginde; %33,3’linlin baska bir iste
calistigl, %66,7’sinin ise ¢alismadigi tespit edilmistir. Bagka islerde ¢alisan ¢ocuklarin bir kismi1 egitim hayatlarina
devam edememektedir. Cocuk iscilerin ¢aligma alanlari; tarim, sanayi ve hizmet sektorii olarak
siniflandirilabilmektedir. Cocuklar tarim sektoriinde genellikle yaz déneminde hasat olunan firiinlerin iglerinde
caligmaktadirlar. Aileleri ile birlikte findik tarimindan bagka, ¢ay toplama, nohut, fasulye gibi iiriinlerin bakimi vb.
gibi islerde (%54,55) uzun saatler ¢aligtirildiklarint dile getirmislerdir. Tarim sektorii disinda; karton topladiklarini
(%4,55), garsonluk yaptiklarini (%4,55), tekstil tiretimi yapan is yerlerinde ¢aligtiklarini (%4,55) belirten ¢cocuklarin
oldugu da goriilmektedir. Ailelerin ¢ocuklarin ¢aligmalarina izin verme durumlart incelendiginde %93,9’unun
ailesinin izin verdigi, %1,5’inin ailesinin izin vermedigi belirlenmistir. Kiiciik yasta calisma hayatina baglayan
cocuklarin stirekli gegici islerde c¢aligmalarindan ve calisma siirelerinin de belirsiz olmasindan kaynakli fiziksel
olarak gelisimlerinin ve psikolojik durumlarinin olumsuz etkilendigi diisiiniilmektedir. Cocuk is¢iler ¢aligma ve
barinma alanlarinda psikolojik olarak farkli problemlerle karsilagabilmektedir. Nitekim arastirma alanindaki ¢ocuk
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iscilere problemleri olup olmadigr soruldugunda; %59,1’inin “cok uzun siire c¢alistyorum ancak diisiik tcret
aliyorum”, %10,6’sinin “yaptigimiz iglerin bize uygun olmadigini diisiinliyorum” ve %3’{inlin ise ‘“calisirken
kendimi giivende hissetmiyorum” cevabi verdigi goriilmektedir. Cocuklarin %6,1°1 bir problemi olmadigin1 %1,5’i
ise aile ile problemlerinin oldugunu belirtmiglerdir. Arastirma bulgulari incelendiginde, ¢ocuk iscilerin uzun siire
diisiik iicretli ¢aligma durumlarini problem olarak gordiikleri goriilmektedir. Ozellikle gezici tarim iscileri olarak
kendilerini yerel isgilerle mukayese ettiklerinde bu durumun adaletsiz oldugunu diisiinmektedirler ve dolayisiyla
onemli bir problem olarak gérmektedirler. Cocuklarin findik tariminda yaptiklari isler incelendiginde ise %81,8’inin
findik topladigi, %18,2’sinin ¢uval tasidig1 belirlenmistir. Ayrica bazilar findik topladiktan sonra tarladan ¢ikarken
cuval tagidiklarini ve bu nedenle ¢ok yorulduklarini ifade etmistir. Cocuklarin findik hasadinda herhangi bir is
kazasi gecirip gegirmedikleri 6nemli bir konu olarak diisiiniilmektedir. Cocuklarin %94,0’i bu soruya hayir cevabi
verirken, %3’{i evet cevab1 vermistir. Is kazas1 gegiren cocuk isciler, arazinin egimli olmasi nedeniyle yuvarlanip
ayaklarin incittiklerini, daldan findik toplarken dalin ¢arpmasi nedeniyle yiizlerinin ¢izildigini, 6riimcek veya ar1
sokma gibi durumlar1 yasadiklarimi dile getirmislerdir. isten kaynakli herhangi bir hastalik gecirme durumlar
incelendiginde; ¢ocuk iscilerin %31 ¢ok sicakta ve agik havada ¢aligtiklari igin giines ¢arpmasi gegirdiklerini ayrica
findik cuvallarim tasirken bel agrisi yasadiklarimi ifade etmislerdir. Geri kalan ¢ocuk isgiler ise findik hasadinda
herhangi bir hastalik yasamadiklarini belirtmislerdir. Ayrica gocuklarin %56,1’inin saglik ocagina rahatlikla
ulasabildigi, %37,9 unun ise saglik ocagina rahat ve kolay bir sekilde ulasamadigi belirlenmistir.

Findik hasadinda c¢alisan cocuklar, haftalik ¢aligma siirelerinin havanin durumuna gore degistigini dile
getirmekle beraber minimum 6 giin maksimum 7 giin ¢aligmaktadirlar. Giinliik ¢aligma siireleri incelendiginde ise
cocuklarin ortalama 10,33 saat galistiklart goriilmektedir. Maksimum ¢aligtiklar1 siire ise 12 saat olarak tespit
edilmistir. Calisirken dinlenmelerini izin verilip verilmedigi sorusuna ise %90,9’u dinlenebildigini belirtmistir. Geri
kalan kisim ise, isverenlerin findik toplama maliyetlerinin yiiksek olmasi nedeniyle aldiklar1 {icreti hak etmeleri i¢in
galisirken izin vermediklerini ifade etmislerdir. Dinlenen ¢ocuklarin ise minimum 60, maksimum 120 dk ortalama
ise 88 dk. dinlendikleri ortaya koyulmustur.

Cocuk iscilerin barinma, kisisel ve beslenme ihtiyacglarinin karsilanma durumlarina ait bulgular Cizelge 5’de
verilmistir.

Cizelge 5. Cocuk is¢ilerin barinma, kisisel ve beslenme ihtiyaglarmin karsilanma durumu
Table 5. Status of meeting the shelter, personal and nutritional needs of child workers

Kalinan Yer n Yiizde (%) Uyuduklar yer n Yiizde (%)
Cadir 4 6,1 Koltuk 3 4,5
Ev 42 63,6 Yerde 59 89,4
Barmak 19 28,8 Diger 4 6,1
Cevap yok 1 15 I¢me suyu temin edilen yer n Yizde (%)
E;Vs?llae;é?gy;gmn n Yiizde (%) Cesme 52 787
Bahge 17 25,8 Sebeke suyu 7 10,6
Tuvalet 38 57,6 Tarladan bir yerden 1 1,6
Tuvalet — Bahge 8 12,1 Cevap Yok 6 9,1
Cevap yok 3 4,5 Kalman yerde sicak su imkani n Yiizde (%)
Coplerin atildig1 yer n Yiizde (%) Evet 28 42,4
Araziye 7 10,5 Hayir 36 54,5
Cop kovasina 45 68,1 Cevap Yok 2 3,0
Copleri yakiyoruz 14 21,2 Yiyeceklerin Muhafaza edildigi yer n  Yiizde (%)
Ogle yemegi kime ait n Yiizde (%) Buzdolab: 32 49,9
Isverene 15 22,7 Saklama kabi 9 13,6
Isciye 49 74,2 Sepet 2 3
Diger 11 16,5
Cevap Yok 2 3,0 Cevap Yok 12 17,0

Cizelge 5 incelendiginde g¢ocuklarin ig¢i oldugu siirelerde %63,6’simnin igverenlerin vermis olduklart evlerde
kaldig1, %19’unun barinakta kaldig1 ve %6,1’ininde ¢adirlarda kaldig: belirlenmistir. Cocuklarin %89,4’{iniin yerde
uyuduklari belirlenmisken, bunun sebebinin igverenlerin verdikleri evlerin bos, esyasiz olmast ve diger bir neden
olarak da kalinan yerde insan sayisinin fazla olmasi sebebi ile kendilerine yatak diismemesi olarak ifade etmisglerdir.
Cocuklarm %4,5°i ise koltukta uyudugunu belirtmistir. Benek ve Okten (2011) yaptiklar1 ¢aligmada mevsimlik
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iscilerin  %78,4’iiniin cadirlarda kaldigini bildirmistir. Kaya ve Ozgiilnar, (2015) mevsimlik calisanlarin
cogunlugunun olumsuz sartlarda ¢adirlarda kaldigini bildirmistir.

Cocuklarin  %57,6’s1  tuvalette, %25,8’i bahgede, %12,1’i tuvalet ve bahcede tuvalet ihtiyaglarini
gidermektedirler. Anket yapilan ¢ocuklarla yapilan goriismelerde kalinan ev uzak oldugundan findik bahgesinde
tuvalet ihtiyaglarint giderdiklerini dile getirmislerdir. Caligmaya dahil olan ¢ocuklarin %78,7’si su ihtiyaglarini
bolgede ¢ikan kaynak sularmin bir depo yapilarak eve ulastirilmasi ile temin ettiklerini belirtmislerdir. %10,6’s1
sebeke suyundan temin ettiklerini, %1,6°s1 tarladan ¢ikan kaynak suyunun her giin elle taginmasi ile temin ettiklerini
belirtmistir. Cocuklarin %54,5°1 sicak su imkanlarinin olmadigini, bahgeden geldiklerinde disarida ates yakarak
kazanlarda kaynayan suyla yikanma, camasir ve bulasik yikama ihtiyaglarini giderdiklerini belirtmislerdir.
Cocuklarin %42,4’1 ise sicak su imkanlarimin oldugunu belirtmistir. Anket yapilan ¢ocuklarin %68,1°1 ¢oplerini,
¢Op kovasina attiklarini belirtmislerdir. %21,2’si ¢oplerini yaktiklar: belirtmislerdir. Neden yaktiklar1 soruldugunda
ise ¢Oplerini atacak ¢Op kovalari olmadig: i¢in bdyle bir yontem sectiklerini sdylemislerdir. %10,5°1 ise ¢oplerini
araziye attiklarini belirtmiglerdir.

Cocuklara caligtiklar1 siirede 6gle yemeklerinin kime ait oldugu sorusuna verdikleri cevaplar incelendiginde
cocuklarin %74,2’sinin yemeklerin isciye, %22,7’sinin ise igverene ait oldugunu belirtmislerdir. %3’i ise bu soruya
cevap vermemistir. Ayrica 6gle yemegini kendi yapan isgilere, isveren tarafindan erzaklar getirilip, bu yemekleri
hazirlayana ise gilinlik yevmiye verdiklerini belirtmislerdir. Anket yapilan c¢ocuklarin %49,9’u yiyeceklerini
buzdolabinda muhafaza ettiklerini, %13,6’s1 saklama kaplarinda muhafaza ettikleri cevabini vermistir. Diger cevabi
verenler buzdolabi gibi imkénlari olmadigindan genelde ¢abuk bozulan yiyecekler yerine muhafazasi daha kolay
yiyecekler aldiklarini ve bunlar1 yediklerini belirtmislerdir. Kaya ve Ozgiilnar (2015), yapmus olduklar
calismalarinda mevsimlik tarim isgilerinin yeterli oranda sebze, meyve ve protein tiiketemediklerini, 6giin
atladiklarin1 ve uygun ortamda ve sartlarda saklanmayan besinleri tiikettiklerini belirtmistir.

Arastirmaya dahil olan cocuk iscilerin ¢aligmalarindan dolayr okul hayatlarimin etkilenme ve gelecekten
beklentilerine ait bulgular Cizelge 6’da verilmistir.

Cizelge 6. Cocuklarin okul hayatlar1 hakkindaki diisiinceleri ve gelecekten beklentileri
Table 6. Children's opinions about their school life and their expectations from the future

Okul hayatinin etkilenme durumu n Yiizde (%)
Etkilenmedi 27 40,9
Olumsuz etkilendi 15 22,7
Olumlu, derslerime ¢ok ¢alisiyorum 3 4,5
Kararsizim 21 31,9
Gelecekten beklentiler n Yiizde (%)
Ailemle birlikte huzurlu yagamak 5 7,5
Boyle giderse higbir beklentim yok 9 13,6
Calisip ¢ok para kazanmak 8 12,12
Cok giizel umutlarim var 1 1,52
Ehliyet alip araba siirmek 1 1,52
Ezilmemek, is¢i olmamak 12 18,18
iktisat boliimii mezunu olmak 1 1,52
Meslek sahibi olmak 20 30,30
Okuluma devam etmek 6 9,09
Savagn ‘olma‘dlgl, gyrlr'ncﬂlgln olmadlgl, tartlsmalarl olmaQ1g1 bir hayat istiyorum ve en 1 152
onemlisi sessiz sakin bir tahtali evde ailem ile yasamak istiyorum '
Yapmis oldugum isten binlerce kisinin faydalanmasi 1 1,52
Yaptigim isten pek memnun degilim avukat olmak istiyorum. Aile kurup ¢ocuklarim i¢in 1 1,52

iyi bir baba olmak istiyorum

Elde edilen bulgulara gore ¢cocuklarin %40,9’u findik hasat sezonunun yaz mevsiminde oldugu i¢in egitimlerini
cok fazla etkilenmedigini belirtmislerdir. %22,7°1 ise hasat sezonunun bir kisminin okullarin agildigi zamana denk
gelmesi yiiziinden dersleri kagirdiklarindan olumsuz etkilendigini belirtmislerdir. %31,9’u ise bu konuda kararsiz
olduklarimi belirtmislerdir. %4,5’i ise olumlu etkilendi cevabii verirken hayatin zorluklarini bu ¢aligtig1 siirede
gordiiklerini bundan dolay1r derslere daha fazla ¢aligmalar: gerektiginin farkina vardiklarini belirtmislerdir. Ayrica
anket yapilan ¢ocuk iscilere gelecekle ilgili beklentileri soruldugunda, %30’u meslek sahibi olmak istedigini, %18’
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ezilmemeyi ve is¢i olmak istemedigini, %12’si calisip ¢ok para kazanmak istedigini, %13,6’sinin ise hicbir
beklentisinin olmadig1 belirlenmistir.

4. Sonuc ve Oneriler

Aragtirma bulgular1 ve saha gozlemlerine dayanarak findik tariminda g¢ocuk is¢iligini 6nleme ve ortadan
kaldirma ile ilgili baz1 6neriler bu boliimde yer almaktadir. Oncelikle Tiirkiye’nin taraf oldugu uluslararasi hukuki
diizenlemeler ve iilkemizdeki ulusal hukuki diizenlemelerin etkin bir sekilde uygulandiginda bu sorunun biiyiik
oranda ¢oziilmiis olacagr diisiiniilmektedir. Bu nedenle yeni hukuki diizenlemeler yapmak yerine mevcut hukuki
diizenlemelerin uygulanmaya konulmasi ve etkin bir denetimin yapilmasi i¢in adimlar atilmali ve bu diizenlemelere
uyulmamasi halinde caydiric1 boyutta yaptirimlar uygulanmasi kaginilmaz olmalidir. Uygulanmasi gereken cezai
yaptirimlar net bir sekilde belirlenmeli ve kamu spotlar1 vasitasiyla halk bu konuda bilgilendirilmelidir.

Findik tariminin Agustos ayina denk gelmesi ve bu déonemde c¢ocuklarin tatil donemi olmasi sebebi ile tatildeki
cocuklar zor sartlarda caligarak aile biitcelerine katki saglamaktadir. Findik toplamaya gelen ¢ocuk isciler genellikle
giineydogu bolgesinden gelmektedir. Bunu goz 6niinde bulundurarak giineydogu bolgesinden gelen g¢ocuk iscilerin
zanaatkar esnaflarin yanina (berber, marangoz, vs.) veya aileler mevsimlik is¢i olarak go¢ etmek zorundaysa, yatili
ciraklik okullarna verilerek hem kendi egitimleri hem de {iretime katilmalari saglanabilir. Bu durum ISKUR
araciligiyla yiiriitiilebilir ve c¢alisan c¢ocuklarin sigortalanmasi ve isverenin sigorta primlerinde de indirim
saglanmasiyla igveren ve ¢alisacak ¢ocuk i¢in yeni bir firsat saglanabilir. Ayrica mevsimlik tarim is¢ilerinin ikamet
ettigi yerlerde istihdami saglanarak, ailelerin diizenli gelir saglayacak is kollarinda galigsmasi, boylece ¢ocuklarin da
bu mevsimlik ig¢i géclinden kurtulmasi saglanabilir. Ailelerin ¢ocuk isciligi konusunda hassasiyetle egitilmesi ve
gbo¢ zamanlar1 denetlenmesiyle gocuk isgilerin olumsuz durumlarla karsilasmasinin en aza indirilmesi miimkiin
olabilir.

Mevsimlik isci ¢alistiran tarimsal faaliyet alanlari i¢in de bunun bir ihtiya¢ oldugu goz ardi edilmemelidir. Iki
tarafi icine alan bir yaklasim agisindan, is¢ilerin ve ailelerinin gecici mevsimlik tarim is¢iligi yaptiklari siireyi,
asgari saglikli yasam standartlarinin olusturuldugu kosullarda gecgirebilmeleri saglanmalidir. Bu yaklagim, birden
fazla paydasin sorumluluk iistlenmesini gerektirmektedir. Findik gibi 6nemli ve her y1l belirli donem digardan is¢ilik
gerektiren tiriinlerde ¢alisan mevsimlik isciler igin, siireklilik kazanmis saglikli barinma, egitim, giivenlik olanaklar1
icin yapilacak yatirimlar, gerektirdigi maliyet ve emegi karsilar degerde olacaktir.

Sonug olarak ¢ocukken mevsimlik tarim gog¢iine katilarak tarim is¢isi olarak ¢alismak, ¢cocuklart egitim, saglik,
psikolojik gibi birgok agidan olumsuzluklarla kargi karsiya birakmakta ve gelisimlerini olumsuz yodnde
etkilemektedir bu da g¢ocuklarin kaliteli yasam hakkina engel olmakta hatta gelecek neslin hayatina da golge
distirmektedir. Cocuklarin, diger iyi egitim almis ve kaliteli ¢ocukluk geciren akranlart gibi ¢ocukluk dénemlerini
gecirmeleri her cocugun hakkidir. Fakat genellikle yoksulluk nedeniyle cocuklar bu haklarindan yoksun
birakilmaktadir. Cocuklarin bu hakkinin gozetilmesinde elbette ailenin rolii biiyiiktiir ancak aileler yoksulluktan
dolayt ¢ocuklarini ¢alistirmak zorunda kalmaktadir. Yoksulluk nedeniyle zorunlu ¢alistirma disinda bazi aileler
cocuklarini ¢alistirmay1 bir ev gecindirme yolu olarak gérmektedirler, ailelerin bu algisinin kirilmasinda egitimin
rolii biiyiiktiir. Ulke politikalar1 gelistirilirken tiim bunlar gbz 6niinde bulundurulmali, ¢ocuklarin temel haklarinin
korunmasini garanti eden diizenlemeler getirilmelidir. Eger dogru kararlar alinir ve etkili bir sekilde uygulanir ise
cocuk isciligi ile miicadelede 6nemli adimlar atilmig olacaktir.
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ABSTRACT

This study was conducted to determine the effects of different seed sowing methods on emergence rate,
densities of seedling emergence and seedling growth of five Rhododendron species (R. ponticum L., R.
luteum Sweet, R. caucasicum Pallas, R. simirnowii Trautv and R. ungernii Trautv). Four different
sowing methods were tested, manual sowing in a row (control), mixing with plant agar, mixing with
Murashige and Skoog Basal medium (MS) and mixing with stream sand. The highest seed emergence
rates were obtained by manual sowing in a row (control) with R. ponticum species (76 %) followed by
R. luteum (66.6 %), R. smirnowii (55.33 %), R. ungernii (24 %) and R. caucasicum (15.33 %),
respectively. Similarly, the values closest to ideal seed distribution for homogenous seedling density
were obtained by hand-sowing in row method. The highest seedling height was obtained in MS medium
with R. ponticum (2.11 cm), followed by R. luteum (3.08 cm), R. smirnowii (4.07 cm), and R. ungernii
(1.39 cm), while the effect of the seeding method on seedling growth of R. caucasicum species was not
significant. To conclude, the best homogeneous distribution of seedling emergence densities of
Rhododendron species was obtained by a controlled manual seeding method. However, the seed sowing
with MS mixing increased significantly seedling growth in all Rhododendron species.

Farkli tohum ekim yontemlerinin orman giilii (Rhododendron ssp.) tohumlarinin
c¢ikiglari ve fide gelisimi iizerine etkileri

OZET

Bu aragtirma, orman giilii tiirlerinin (Rhododednron ponticum L., R. luteum Sweet, R. caucasicum
Pallas, R. simirnovii Trautv ve R. ungernii Trautv) tohumlarinina uygulanan farkli tohum ekim
yontemlerinin ¢ikis siiresi, fide ¢ikis sikliklar1 ve bitki biiyiimesine olan etkilerini belirlemek amacryla
yiiriitilmiistiir. Ekim yontemi olarak, elle siraya ekme (kontrol), plant agar ile karistirma, MS ile
karistirma ve dere kumu ile karigtirma olmak {izere dort farkli tohum ekim yontemi denenmistir.
Arastirmamiz sonucunda, en yiiksek tohum ¢ikist oranlar1 R. ponticum tiiriinde % 76, R. luteum %
66.6, R. smirnovii % 55.33, R. ungernii % 24 ve R. caucasicum % 15.33 olarak elle siraya ekme
(kontrol) uygulamasindan elde edilmistir. Benzer sekilde, homojen fide sikligi bakimimdan da ideal
tohum dagilimma en yakin degerler elle siraya ekme yonteminden elde edilmistir. Fide boylarinda en
iyi sonug¢ R. ponticum (2.11 cm), R. luteum (3.08 cm), R. smirnovii (4.07 cm), R. ungernii (1.39 cm)
tiirlerinde MS ortamindan alinmisken, R. caucasicum tiiriinde tohum ekim yonteminin fide gelisimi
tizerine etkisi olmamstir. Sonug olarak orman giilii tiirlerinin generatif yontemle cogaltilmasinda fide
cikis sikliklarinin homejen dagilmasi igin elle kontrollii ekim ydnteminin en iyi sonucu verdigi halde,
MS ile karistirarak yapilan tohum ekim yonteminin tiim Rhododendron tiirlerinde fide gelisimini dikkat
cekici bir oranda arttirdigi belirlenmistir.
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1. Introduction

Rhododendron contains quite different sizes and shapes including low height ground cover to medium-sized
shrub or tree. Some cultivars form a rounded habitat, while others may be in the form of an open shrub or an upright
growing tree (Cullen, 2005; Shen et al., 2015; Francon et al., 2017; Li et al., 2018). Some species are deciduous,
while others are evergreen. Rhododendron species have a wide range of use due to their unique characteristics.
These plants can be used as an accent plant, especially in outdoor landscape planning, as border plants alone or
along with other shrubs, and tall ones as curtain plants. Natural and cultivated Rhododendron species, and cultivars
obtained by various breeding methods decorate the gardens in many countries with their showy flowers (Hay et al.,
2006; Weia et al., 2018).

Rhododendron taxa, a precious ornamental plant, can be reproduced by generative or vegetative methods similar
to many other cultivated plants. Rhododendron taxa in nature, which have high germination ability and produce
many seeds depending on the species, are produced with their seeds and underground stems. The seedlings can be
propagated using modern techniques such as cutting, grafting, layering methods and tissue culture (Altun, 2011;
Elmongy et al., 2018).

Cross-pollination occurs in Rhododendron due to its hermaphrodite flower structure. Pollination is generally
done by bees. However, recent reports indicated that some insects, birds and squirrel breeds are also effective in
pollination (Georgian et al., 2015). Therefore, intermediate species and their hybrid individuals and pure species can
be encountered in the natural flora (Milne et al., 1999; Altun and Celik, 2016; Zhang et al., 2017). Reproduction
with seed, easy and natural method, is a suitable method to obtain new hybrid plants in breeding studies or obtain
rootstocks in grafting studies.

The fruit of Rhododendron is a septicite capsule (Yildiz and Aktoklu, 2010). The quite small seeds in the fruits
can be broad-winged, narrow-winged or without wings. The average 1000-seed weight of Rhododendron species in
Turkey was reported between 0.142 g and 0.067 g (Altun, 2011). The seeds do not need any chilling requirements
due to the higher germination and emergence rates, depending upon species (Ryabova and Zueva, 1993; Sakharova,
1993; Arocha et al., 1999; Glenn et al., 1999; Basnet, 2005; Vologdina, 2006; Altun, 2011). Seeds need light to
germinate (Vologdina, 2006); therefore, seeds must be sown superficially during planting and not be covered.

The main problems in generative reproduction of small seed plants are irregular emergence, seed losses during
planting and seedling losses in transplanting. Rhododendron, which has very small seeds, cannot be planted
homogenously in seed reproduction and a homogeneous emergence cannot be obtained in seedling emergence.
Seedling losses occur in very dense seedlings during transplanting. The classical manual spreading method is used
to sow Rhododendron seeds despite mixing the seeds with various materials such as sand or sawdust to minimize the
losses in many plant species with small seeds and obtain a homogeneous emergence. The effects of many factors
such as photoperiod (Li et al., 2012; Chen and Sheng, 2017), different mediums, temperatures, seeding depths
(Vologdina, 2006; Jin et al., 2007), seed sowing times (Tewari and Tewari, 2019), various stress factors (Chang et
al., 2015; Pan et al., 2018), pre-treatments (Vipasha and Kaler, 2018), and seed preservation temperatures and
durations (Juan et al., 2014) were investigated on the germination and emergence of Rhododendron seeds. However,
the studies conducted to determine the effects of different seed sowing methods on the emergence rates and seedling
emergence homogeneity of Rhododendron seeds are lacking in the literature. In the current study, different
alternative seed sowing methods were tested in Rhododendron reproduction. This study was conducted to
investigate the effects of different sowing methods on seed emergence rate, homogeneity of the interrow and intra
row seedling distances and seedling growth of five natural Rhododendron species collected from the Black Sea
Region of Turkey.

2. Materials and Methods
2.1. Plant material
The seeds of five Rhododendron species (R. luteum Sweet, R. ponticum L., R. ungernii Trautv, R. simirnowii

Trautv, R. caucasicum Pallas), collected from natural distribution areas in Artvin province and district boundaries,
were used as plant material of the experiment (Table 1).
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Table 1. Information of the locations where Rhododendron seeds collected
Cizelge 1. Rhododendron tohumlarinin alindiklar: yerlere ait veriler

Species Altitude Coordinate Location
R. ponticum L. 1652 m 41°08914 K /41°46°205 D Artvin
R. luteum Sweet 1671 m 41°10°424 K/ 42°18943 D Savsat
R. simirnowii Trautv. 1982 m 40°14°743 K /41°35°699 D Murgul
R. ungernii Trautv. 1249 m 41°18870 K/ 41°53“495 D Borgka
R. caucasicum Pallas 2289 m 41°43“450 K/ 42°28“376 D Savsat

2.2.Collection of seeds and preparation for the sowing

The seeds were pooled when the capsules ripened and turned brown, before opening and dispersing the seeds,
stored into dry pouch paper (Altun, 2011), and transported to the laboratory. The seed capsules were placed in the
containers in air-dry room conditions at the laboratory and waited until the capsules were totally opened. The seeds
were passed through a 0.850 mm mesh sieve to clean the materials, such as plant parts in the seeds that came from
the opened capsules. The cleaned seeds were placed in dry glass jars for storage and kept at 22 + 2 °C under
laboratory conditions until the emergence tests commenced.

2.3. Experimental design

Sterile acidic peat (pH=3.5-4.5) was used as a germination medium. Four different seed sowing methods were
applied, namely control, Plant agar medium (Duchefa Biochemie), Murashige and Skoog Basal medium (MS)
(Sigma) and mixing with stream sand. The classical manual sowing method was applied in the control treatment.
The experiments were conducted in four climate chambers (75 x 65 x 60 cm) in the laboratory of the Horticulture
Department of Agriculture Faculty in Kirsehir Ahi Evran University. The experimental design was randomized plots
with three replications, and each consists of 50 seeds.

2.4, Seed sowing

The seeds were sown in foam containers (35 x 50 cm) placed in climate chambers. The foam containers were

filled with sterile acidic peat for each treatment and a smooth surface was obtained by leveling the container surface.
Peat was moistened by a hand sprayer and seeds were sown superficially by the methods mentioned above.
The seeds were sown as 4 cm between species and 2 cm between replicates. The containers were slightly irrigated
with a hand sprayer after sowing the seeds, and the containers were placed inside the climate chamber. The
temperature and humidity values were recorded hourly from November 3, 2016 till December 28, 2016 and seed
emergences were counted. The average temperature during emerging was 18.12 °C, and the average humidity was
64.58 %.

The seeds in the control group were placed on small papers and evenly distributed on the peat surface by slightly
tapping them In the sowing method with stream sand, 50 seeds were mixed with 5 cc of stream sand. This mixture
was equally transferred to the peat surface over the V-shaped cardboard. In the MS medium (Murashige and Skoog,
1962) and Plant Agar (Saglam, 2009) mixing method, 30 ml substrate was transferred into paper cups. The seeds
were added into the paper cups and mixed until obtaining a homogeneous mixture. The nutrient medium + seed
mixture was placed on aluminum foil as 30 cm thin strips then, transferred over the peat using aluminum foil.

2.5. Seed emergence trials

The seed emergence was controlled regularly every seven days from seed sowing (Hay et al., 2006). Emerging
seeds were counted with a magnifying glass and the data were routinely recorded on the seed emergence sheet.
Counting was continued until the number of emerged seeds became constant. The seed emergence rates were
calculated in percent.

2.6.Determination of the planting methods effect on seedling density

The distance among seedlings was measured by a caliper and values were obtained after the seed emergence rate
became constant. These values were noted on a graph paper and recorded. The seedling locations marked on graph
paper were transferred to the computer and schematized using the AutoCAD software. The seedling emergence
density was determined visually by comparing the ideal seedling emergence distribution with the seedling
emergence schematized by the AutoCAD software.

2.7. Measuring of seedling height
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Six months after the seed sowing seedlings were removed, the height (cm) of each seedling was measured using
a ruler and average values were calculated.

2.8. Statistical analysis

SPSS 16.0 software was used for statistical analysis. Since the emergence rate values were calculated as percent,
the data were normalized using the “ArcSin” transformation. The data obtained were subjected to one-way analysis
of variance. The mean values for the treatments were compared by Duncan Multiple Comparison Test. The
comparisons and letterings were carried out separately for the species. However, all results were compiled and
presented in a single table.

3. Results and Discussion
3.1. Seed emergence rates

The first emergence was observed nine days after sowing in R. luteum and R. caucasicum species in the MS
environment. The first emergence in the control group was observed 13 days after sowing in R. ponticum and R.
cacucasicum species. Similar to the control group, the first emergence in the plant agar group was observed 13 days
after sowing in R. luteum, R. caucasicum and R. ponticum, while the first emergence in river sand was observed 18
days after sowing in R. luteum and R. ponticum species.

The effect of sowing methods on seed emergence of R. ponticum and R. caucasicum species was not statistically
significant (p>0.05), and the seed emergence rates were recorded as 42.66-76.00 and 8.66-15.33 %, respectively
(Table 2). In contrast, the effects of sowing methods on seed emergence rates of R. luteum, R. smirnowii and R.
ungernii species were statistically significant. The highest emergence rate (66.6 %) of R. luteum variety was
obtained in the control method (Table 2). Agar (51.33 %) and MS (50.00 %) mediums were included in the same
statistical group, while the lowest seed emergence rate (24.66 %) was obtained from the seeds sown by mixing with
the stream sand. The highest emergence rate (55.33 %) of R. smirnowii seeds was obtained in the control method,
followed by the MS medium with an emergence rate of 50.00 %. The stream sand (15.33 %) and agar (14.00 %)
methods, which had lower emergence rates than those of control and MS methods, were statistically placed in the
same group. The highest emergence rate (24.00 %) of R. ungernii seeds was obtained in the control method, and the
emergence rates of other methods were relatively low compared to the control method.

Table 2. Effects of treatments on seed emergence rate
Cizelge 2. Uygulamalarin tohum ¢ikis oranina etkisi

Treatments
Species Control Sand Agar MS SEM P values
(%) (%0) (%) (%)
R. ponticum 76.00 51.33 45.33 42.66 5311 0.091
R. luteum 66.66a  24.66c¢ 51.33 b 50.00 b 4.938 0.001
R. smirnowii 55.33a  15.33b 14.00 b 50.00 a 6.451 0.004
R.ungernii 24.00 a 12.66 b 10.66 b 10.66 b 2.061 0.029
R.caucasicum 15.33 8.66 13.33 14.66 1.424 0.382

* The difference between the averages in the same line and starting with the same letter is statistically insignificant
according to Duncan Multiple Comparison Test (P<0.05).

The seed emergence rates may vary depending on many factors such as plant type, location of plant growth, time
of seed collection and storage conditions. The highest seed emergence rate in all Rhododendron species examined in
this study was obtained by manual sowing (control) treatment. Vologdina (2006) reported that seeds of
Rhododendron dauricum L., R. mucronulatum Turcz. and R. sichotense Pojark species collected from natural
populations are light-sensitive and the emergence rate of all species varied between 73 and 90 %. The highest
emergence rate in the control method can be explained by the higher light intensity in the seed bed under the control
condition during the germination stage. The lowest seed emergence rate in R. ponticum species was obtained in the
MS treatment, while in R. luteum and R. caucasicum species by mixing with stream sand treatment. The emergence
rates of R. fortunei species in leaf rot + sawdust dust and leaf rot + algae mediums were 38.6 and 38.2 %
respectively (Jin et al., 2007). The germination of R. luteum was reported as 71.0 % (Sakharova, 1993). The seed
emergence rate using manual sowing in row method in winter months and under unheated greenhouse conditions
was determined as 78.50 % in R. poticum, 76.00 % in R. luteum, 64.75 % in R. smirnowii, 57.25 % in R. ungernii
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and 55.50 % in R. caucasicum species (Altun and Celik, 2016). The findings on seed emergence were in line with
the findings of other researchers, while lower emergence rates were obtained in R. ungernii and R. caucasicum
species compared to the literature. The seed emergence rates may vary between species. Compared to previous
reports, the lower emergence rates of both Rhododendron species may be related to the genetic characteristics of
Rhododendron species and their seed qualities. The climate in the seed sampling period was rather extreme than
usual, and the seed of many Rhododendron species was not sufficiently ripened before the winter (personal
observation). Therefore, the two Rododendron species' seeds in this study may have been harvested before reaching
the the generative maturity.

3.2. Effect of seed sowing methods on seedling density

There were differences between the number of seed emergences in the replications of Rhododendron species
used. Some of the seeds sown in the replicates did not emerge. Therefore, the emergence rate could not be
statistically compared with the ideal emergence density. However, the data were transferred to the digital
environment to enable a visual comparison and presented with the ideal seed distribution (ISD). The ideal seed
distribution expected was shown schematically next to each treatment container and the emerging seed comparisons
were made accordingly.

The seedling emergence locations in the control method transferred to the Autocad software were visually
compared to determine the closest seed distribution to the ideal seed distribution (Figure 1). The closest result to the
ideal seed distribution in the control group occurred in R. ponticum and R. luteum. The R. simirnowii was the third
variety, while the least similar seed distribution was obtained in R. caucasicum and R. ungernii species. The best
seed emergence distribution pattern in mixing with river sand method was obtained in R. ponticum species, followed
by R. luteum, R.ungernii, R. simirnowii and R. caucasicum species, respectively (Figure 2).
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Figure 1. Seed emergence distributions in control method (sowing with manual spreading to the lines).
Sekil 1. Kontrol (Elle Straya Serpme Ekim) uygulamast tohum ¢ikis dagilimlart.
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Figure 2. Distributions of seed emergence in the mixing with stream sand (banksand) method.
Sekil 2. Dere kumu ile karistirilarak ekim uygulamasi tohum ¢ikis dagilimlari.

The closest seed emergence distribution in the MS group to the ideal distribution was determined in R. luteum
species, and followed by R. ponticum and R. simirnowii species. The seed emergence distribution of R. caucasicum
was quite far from the ideal distribution.

The seed emergence distribution of R. ungernii was determined as the least similar distribution to the ideal
distribution (Figure 3). The best seed emergence distribution in the agar medium was found in the R. luteum variety,
followed by the R. ponticum. The species far from the ideal distribution were determined as R. caucasicum, R.
ungernii and R. simirnowii (Figure 4).
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Figure 3. Distribution of seed emergence in the MS method.
Sekil 3. MS uygulamasi tohum ¢ikis dagilimlart.
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Figure 4. Distribution of seed emergence in the agar treatment.
Sekil 4. Agar ile karistirilarak ekim uygulamasi tohum ¢ikislarinin dagilimlart.

In this study, a new technique, which is not available in the literature, was introduced to compare the seedling
density. In this technique, the measured seedling distances were transferred into the AutoCAD software. The
seedling density of the ideal distribution for each variety was compared with the AutoCAD images. The
examination of the image indicated that the most density in seedling emergence occurred in the control method. The
finding may be related directly to the amount of light received by the seeds. For example, some seeds mixing with
river sand treatment probably could not receive sufficient light due to the cover of sand grains and therefore could
not germinate. The seed emergences in plant agar and MS mediums were higher than the stream sand, but the
seedlings were sparsely located and even there were some clusters of seedlings. Plant Agar and MS mediums were
prepared hot; therefore, both have to be cooled for seed sowing. Cooling mediums, on the other hand, turn into a
solid gel consistency, which may be broken down by mixing. The seeds were added into both media by thoroughly
mixing before entirely solidify to obtain a homogeneous seed distribution. The viability of seeds may have been
impaired in hot mediums used, and thus the seed emergence may have been influenced and caused sparse seed
emergences. Clustering may indicate an incomplete mixture, or the mixture may have carelessly transferred into the
germination medium and not homogenously mixed. Since seedlings covered a large part of the germination area, the
seedling distribution pattern in the control application which had the highest number of seed emergence was credited
as the closest sowing method to the ideal seed distribution.

3.3. Effects of sowing methods on seedling height

The effects of seed sowing methods on seedling heights of R. ponticum, R. luteum and R. smirnowii species were
statistically very significant (p<0.01) (Table 3). In contrast, the effect of treatments on R.ungernii and R. caucasicum
species' seedlings was not statistically significant (p>0.05).

Table 3. Effect of treatments on seedling heights
Cizelge 3. Uygulamalarin fide boylarina etkisi

Species Methods SEM P values
Control Sand Agar MS

R. ponticum 1.02 b* 1.17b 0.89c 211a 0.147 0.00

R. luteum 1.44 b* 1.48b 1.49b 3.08a 0.213 0.00

R. smirnowii 1.07 b* 0.98b 095b 4.07 a 0.409 0.00

R.ungernii 1.00 0.62 0.93 1.39 0.120 0.14

R.caucasicum 1.08 0.80 1.69 1.43 0.141 0.10

*The difference between the averages in the same line and starting with the same letter is statistically insignificant
according to Duncan Multiple Comparison Test (P<0.05).
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The best seedling growth (mean seedling height of 2.11 cm) in R. ponticum species was obtained in seeds sown
by mixing with MS medium. The mean height of seedlings obtained from seeds sown in control and stream sand
treatments, included in the same statistical group, was measured as 1.02 and 1.17 cm, respectively. The lowest effect
on the seedling length was recorded in the plant agar medium and the mean seedling height was 0.89 cm.

Similarly, the better seedling heights in R. luteum (Figure 5) and R. smirnowii species were obtained in MS
medium with 3.08 cm and 4.07 cm, respectively. Control (1.44 cm), stream sand (1.48 cm), and plant agar (1.49 cm)
methods were statistically in the same group. Similarly, all methods in the R. smirnowii species, except for the MS
medium, were statistically in the same group. The plant heights obtained from R. smirnowii were 1.07, 0.98 and 0.95
cm for control, stream sand and plant agar methods, respectively.

Different seed sowing methods did not have a significant effect (p>0.05) on seedling growth of R. ungernii and
R. caucasicum species (Table 3). The seedling height of R. ungernii ranged from 0.62 to 1.39 cm, while the seedling
height of R. caucasicum was between 0.80 cm and 1.69 cm. However, the highest seedling (1.39 cm) in R. ungernii
was obtained in the MS medium.

e ,Q‘ \Y
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" |
| \ '
Control Banksand MS Agar

Figure 5. Effects of sowing mediums on plant heights of R. luteum.
Sekil 5. Ekim ortamlarimin R. luteum un fide boylarina etkisi.

The results revealed that different seed sowing methods did not affect the seedling growth of R. ungernii and R.
caucasicum. Conversely, the best outcomes in R. ponticum, R. luteum and R. simirnowii species were obtained by
applying MS medium. Investigating the effects of various physical and chemical factors and plant growth regulators
to increase the uniform seed germination, Tiwari and Chauhan (2007) found that only a few among plant growth
regulators and chemicals on seed germination were significant compared to the control. The maximum seed
germination was reported in R. maddenii and R. niveum using 250 uM GA3 added MS medium. Parmar et al.
(2015) investigated in vitro seed germination and seedling growth of Coelogyne flaccida Lindl., an orchid species.
They reported that the MS medium enriched with 0.5 mg L™ BAP and 0.5 mg L™* NAA was optimal for the growth
of the whole seedlings. The highest germination percentage (60.25 %) was obtained in garden soil + sand + barn
manure (1:1:1) medium at a study conducted to reproduce Sand Lily (Pancratium maritimum L.) using seeds under
in vitro and in vivo conditions (Kanmaz, 2013).

The findings on the very significant effect of mediums on the growth of Rhododendron seedlings are similar to
those of mentioned above studies. Nutrient-enriched growing medias are ideal for the emergence and rapid growth
of Rhododendron seedlings. Considering the prolonged growth of rhododendrons, the results of this study indicating
the increase of two times larger seedlings than control, are very important in terms of cultivation.

4, Result

The data obtained in this study show that manual sowing was the best method to obtain a more homogeneous
distribution between the interrow and intra row distances in the generative reproduction of Rhododendron species.
However, sowing by mixing with the MS medium gave much better results for seedling growth than the classical
method. It increased the seedling growth of all Rhododendron species investigated almost two folds compared to
other applications. Accelerating the seedling growth is a significant benefit considering the Rhododendron species
are very slow-growing plants. The present findings gave ideas to solve the problems experienced in the generative
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reproduction of Rhododendron species. Future studies to be conducted to determine the factors affecting the
decrease in seed emergence in sowing to the MS media, the causes for the disruption of homogeneity in the
distribution of seedlings, and the solutions to eliminate the stated deficiencies will make an essential contribution to
the literature.
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OZET

Rekombinant kendilenmis hat popiilasyonlari tarimsal arastirmalarda kullanilan 6nemli haritalama
popiilasyonlaridir. Calismada, Tosunbey ve Tahirova-2000 cesitleri melezlenerek 420 ve 362 adet hat
bulunan resiprokal rekombinant kendilenmis hat popiilasyonu gelistirilmistir. Popiilasyonlarin
gelistirilmesinde tek tohum soy yontemi kullanilmistir. F; generasyondaki homozigot hatlar, Samsun
lokasyonunda Agumented deneme desenine gére 6 m? alamindaki parsellerde yetistirilmistir. Hatlarin
Yiiksek ve Diisiik Molekiil Agirhkli Glutenin Alt Uniteleri (YMA-GA ve DMA-GA) ile cavdar
translokasyonu varligt SDS-PAGE yontemiyle belirlenmistir. Tosunbey ¢esidi YMA-GA i¢in 1, 17+18,
5+10 alt tinitelerini ve DMA-GA i¢in GIluA3b, GluB3b ve GluD3b allellerini tasirken, Tahirova-2000
cesidi YMA-GA igin 2*, 7+9, 5+10 alt tnitelerini ve DMA-GA igin GluA3e, GIuB3j ve GluD3b
allellerini ve 1BL.1RS c¢avdar translokasyonu tasimaktadir. Denemede tane verimi, bitki boyu,
basaklanma giin siiresi gibi agronomik dzellikler yaninda protein igerigi, SDS sedimentasyon degeri,
hektolitre agirligi, bin tane agirligi, kiil orani ve L renk degeri saptanmstir. Tosunbey x Tahirova-2000
ve Tahirova-2000 x Tosunbey popiilasyonlarinda denemelerin ortalama tane verimi sirastyla 399.5 kg
dal ve 328.9 kg dal’dir. Popiilasyonlarda bitki boyu ve basaklanma siiresi icin onemli seviyede
transgresif acilim gézlenmistir. Ug yiiz yirmi dért hattin ¢avdar translokasyonu (1BL.1RS) tasidig1 ve
cavdar translokasyonunun protein kalitesine etkisinin olumsuz oldugu saptanmigtir. GIuA3b alleli
tastyan hatlarin SDS sedimentasyon degeri, GIuA3e alleli tagiyanlara kiyasla daha yiiksektir. Aragtirma
sonuglar1 popiilasyonlarin ekmeklik bugdayda kalite ve kuraklik caligmalarinda kullanilabilecek elit
materyale sahip oldugunu gostermistir.

Phenotypic and genotypic variation for quality traits in the recombinant inbred line
population developed in bread wheat

ABSTRACT

Recombinant inbred line (RILs) populations are substantial mapping populations used in agricultural
research. In the study, a reciprocal recombinant inbred line population with 420 and 362 lines was
developed by crossing Tosunbey and Tahirova-2000 varieties. The single-seed descent method was
used to create the mapping populations. RILs in the F; generation were grown in plots in a 6 m? area
according to the Augmented design in Samsun location. The presence of rye translocation and High and
Low Molecular Weight Gluten Subunits (HMW-GS and LMW-GS) of the lines was determined by the
SDS-PAGE method. Tosunbey variety has 1, 17+18, 5+10 subunits for YMA-GA and GluA3b, GluB3b,
GluD3b alleles for LMW-GS, while Tahirova-2000 variety has 2*, 7+9, 5+10 subunits for HMW-GS
and GluA3e, GluB3j, GluD3b alleles for DMA-GA and 1BL.1RS rye translocation. The data of grain
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yield, plant height, and heading time were recorded as agronomic traits, while protein content, SDS
sedimentation value, hectoliter weight, thousand-grain weight, ash ratio, and L color value as the quality
traits. The average grain yield of Tosunbey x Tahirova-2000and Tahirova-2000 x Tosunbey
populations is 399.5 kgda™ and 328.9 kgda™, respectively. Significant transgressive segregation was
observed for plant height and heading time in the mapping populations. Three hundred twenty-four
lines have rye translocation(1BL.1RS), and the effect of rye translocation on protein quality was
negative. The SDS sedimentation value of the lines with the GluA3b allele is higher than those with the
GluA3e allele. These results indicated that the populations have the elite lines for bread wheat quality
and drought studies. © OMU ANAJAS 2021

1. Giris

Bugday, farkli ploidi seviyesinde tiirlere ve biiyiik bir genoma sahip olmasi yaninda ekim ve kullanim alaninin
genis olmasi nedeniyle yogun islah aragtirmalarinin yapildigi 6nemli bir kiiltiir bitkisidir (Rabinovich, 1998;
Reynolds ve ark., 2011). Ekonomik 6neme sahip tarimsal ozellikler igin genotip X ¢evre interaksiyonunun
belirlenmesi, bu 6zellikleri kontrol eden genlerin molekiiler olarak tespiti ve 1slah programlari igin elit materyallerin
gelistirilmesi diger bitkilerde oldugu gibi bugday 1slahinda da 6nemli arastirma konularidir (Poland ve ark., 2012;
Reynolds ve ark., 2011). Rekombinant kendilenmis hat popiilasyonlar1 homozigot bireylerde g¢alisma imkani
saglamasi ve gelistirilen hatlardaki yiiksek rekombinasyon orani gibi avantajlar nedeniyle 1slah programlarinda
kullanilan 6nemli haritalama poptlasyonlaridir (Hu ve ark., 2020). Haritalama popiilasyonu olarak F,
generasyonundaki hatlar, geriye melez doller ve double haploid popiilasyonlar da kullanilmaktadir (Assanga ve ark.,
2017). Son yillarda molekiiler ¢aligmalarin hizli artigi, haritalama popiilasyonlarinin kullanimi ve bu popiilasyonlara
olan ihtiyacit artirmistir. Molekiiler ¢alismalar sonucunda ekonomik &neme sahip o6zelliklere iliskin genotipik
bilgilerin belirlenmesi yaninda 6n 1slah (Pre-breeding) ¢alismalar1 kapsaminda 1slah programlarina elit genotipler de
kazandirilmaktadir.

Islah programlarinin en 6nemli amaglarindan biri verim potansiyeli yiiksek cesitlerin gelistirilmesidir. Bugdayda
tane verimi ¢ok genle kontrol edilen ve ¢evreden onemli seviyede etkilenen bir 6zelliktir (Peterson ve ark., 1992).
Birgok tilkede tane verimi bakimindan hedef bolgeye uygun stratejinin belirlenmesinde; basaklanma siiresi ve bitki
boyu 6nemli rol oynamaktadir (Wilhelm ve ark., 2013). Bununla birlikte, Basavaraddi ve ark. (2021) basaklanma
stiresi ve bitki boyu arasindaki pleiotropik etkiye benzer 6zellikler disinda gelecekteki tahil veriminin artirilabilmesi
icin yliksek performans baglaminda faydali 6zelliklerin belirlenmesi gerektigini bildirmislerdir. Bagaklanma siiresi,
kurakliktan kacig veya ilkbaharda diisen yagislardan daha etkin sekilde faydalanmak ig¢in, bitki boyu ise kuraklik
geldigi anda bitkinin saplarinda bulunan depo fotosentez iiriin miktarinin kisa boylu bitkilerden daha fazla olmasi
nedeniyle kuraklik caligmalarinda biiyiik 6nem tagimakta ve seleksiyon kriteri olarak kullanilmaktadir (Faheem ve
ark., 2015; Dreisigacker ve ark., 2016).

Bugdayda kalite, kullanim amacina gore genis bir anlam ifade etmektedir. Bu nedenle, bugdayda “kabul
edilebilir son kullanim kalitesi” terimi olduk¢a anlamlidir. Protein kalitesi, daha ¢ok genetik olarak kontrol
edilmekte oldugu ve protein kalitesi iizerine yetistiriciligin etkisinin daha az oldugu bildirilmistir (Anonim, 1990;
Peterson ve ark., 1992; Atl, 1999). Ozellikle yiiksek tane verimi elde edilen iiriinlerde protein oraninin nispi
oraninin azalmasi nedeniyle protein orami ve tane verimi arasindaki iligki bazi arastirmacilar tarafindan
belirlenmistir (Cook, 1992; Costa ve Kronstad, 1994).

Bugdayda glutenin proteinleri, Yiiksek Molekiil Agirlikli (YMA) ve Diisiik Molekiil Agirlikli (DMA) olmak
iizere ikiye ayrilmaktadir (Hsia ve Anderson, 2001). Ug gen lokusu tarafindan kontrol edilen YMA glutenin alt
tiniteleri grup 1 kromozomlarinin (1AL, 1BL ve 1DL) uzun kolunda lokalize olmustur ve lokuslar Glu-1A, Glu-1B
ve Glu-1D olarak tanimlanmistir (Payne ve ark., 1987).

YMA glutenin alt {initeleri bugdayin kalitesi ile yakindan iligkilidir. Payne (1987) her bir alt {inite i¢in SDS
sedimantasyon degerine gore bir kalite skoru belirlemistir ve bu skor genellikle tutarlilik gostermektedir. Bugdayda
sodium dodecyl sulfate (SDS) sedimantasyon test sonuglarinin %65-70 oraninda YMA glutenin alt {initeleri ile
aciklanabilecegi ve bu iki oOl¢iitiin birlikte kullanilmasi ile ekmeklik olma kalitesi iyi ¢esitlerin daha kolay
secilebilecegi belirtilmistir (Summers ve Payne, 1997). Buna gore, farkli lokuslarda yer alan 1, 17+18 ve 5+10
YMA glutenin alt iiniteleri kalite bakimindan en yiiksek skorlara sahiptir. Bununla birlikte, Baenziger ve ark. (2001)
diisiik kalite genleri olarak bilinen 2+12 YMA glutenin alt {initesi tagiyan ve kabul edilebilir kaliteye sahip ¢esitler
de gelistirmislerdir. DMA glutenin alt {initeleri, YMA glutenin alt iinitelerine oranla daha az arastirilmigtir. Bunun
nedeni, molekiiler olarak tespitinin daha zor olmasi yaninda gliadin proteinleriyle yakindan baglantili olmasidir
(D’Ovidio ve Masci, 2004). Son yillarda gelistirilen markdrler ve SDS-PAGE yodntemindeki optimizasyon sonucu,
DMA glutenin alt iinitelerinin kalite ve diger agronomik O6zellikler iizerine etkisine iliskin 6nemli arastirmalar
yapilmistir (Ram ve ark., 2011; Espi ve ark., 2014; Bonafede ve ark., 2015).
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Cavdar translokasyonlari, bugdayin stres sartlarina uyum yetenegi, hastaliklara dayaniklilik, verim potansiyeli ve
adaptasyon yetenegini artirmak amaciyla bugday islahinda kullanilan 6nemli bir genetik kaynaktir (Graybosch,
2001; Ehdaie ve ark., 2011). Literatiiriin biiyilik bir cogunlugu ¢avdar translokasyonlarinin agronomik performansi
artirirken, bugday kalitesini olumsuz yonde etkiledigini ortaya koymustur (Martin ve Stewart, 1990; Graybosch
2001; Lelleya ve ark., 2004; Moiraghi ve ark., 2013). Cavdar translokasyonu tasiyan genotiplerde kalitenin diisiik
olmas1 genellikle Glu-B3 lokusunda bulunan DMA glutenin alt tinitelerinin bulunmamasi ve ¢avdardan transfer
edilen secalin proteinini igermesindendir. Graybosch (2001), cavdar translokasyonu tasiyan genotiplerin kalite
ozelliklerini iyilestirmeyi hedefleyen popiilasyonlar gelistirilirken ebeveynden birinin giiglii glutene sahip olmasi ve
ideal YMA glutenin alt {initelerini tagimasi gerektigini bildirmistir.

Bugday yetistiriciliginde, 6zellikle nispi nem ve yagisin yiiksek oldugu bélgelerde hem verimde hem kalitede
onemli distislere yol acan hastaliklarinin baginda kiilleme (Erysiphe graminis sp. tritici) gelmektedir. Kiilleme,
Karadeniz Bolgesi’nde her sene dogal sartlarda epidemi yapmaktadir. Tirkiye’de 1slah programlarinda bulunan
bugday materyalinin biiylik ¢ogunlugu kiillemeye kars1 hassastir. Bu duruma nispi nemin diisiik oldugu bolgelerde
hastaligin epidemi yapmamasinin etkisi 6nemlidir. Islah programlarinda kiillemeye kars1 dayaniklilikta genellikle irk
ozellikli dayaniklilik (Race-specific resistance) kullanilmaktadir. Irk ozellikli dayamiklilik kiillemenin bazi
izolatlarina dayaniklilik saglarken, diger bazi izolatlarina dayaniklilik saglamamaktadir (Liu ve ark., 2001). Diger
bir dayaniklilik tipi ise olgun bitki dayanikliligidir (Adult plant resistance veya tarla dayanikliligl) ve irk 6zellikli
dayanikliliga oranla daha uzun siireli dayaniklilik saglamaktadir.

Bu arastirmada, tek tohum soy yontemi ile gelistirilen resiprokal kendilenmis hat poptilasyonunda hatlarin YMA
ve DMA glutenin alt {niteleri ile ¢avdar translokasyonunun varligi yaninda bazi agronomik, kalite 6zellikleri ve
hatlarin kiillemeye dayanikliliklar1 saptanmustir.

2. Materyal ve Yontem

Rekombinant kendilenmis hat popiilasyonlarinin gelistirilmesinde ebeveyn olarak Tosunbey ve Tahirova-2000
ekmeklik bugday cesitleri kullanilmigtir. Tosunbey c¢esidi, Tarla Bitkileri Merkez Aragtirma Enstitiisii (Ankara),
Tahirova-2000 ¢esidi ise Misir Arastirma Enstitiisii (Sakarya) tarafindan gelistirilmistir. Cesitler genel olarak tane
verim potansiyeli, basaklanma siiresi, protein kalitesi, protein miktar1 ve kiilleme hastaligina dayaniklilik
bakimindan farklilik gostermektedir. Ebeveyn ¢esitlere ait bazi 6zellikler Cizelge 1°de verilmistir. Denemelerde
aragtirma enstitiisii tarafindan gelistirilen Altindane gesit adayr da kullanilmistir. Altindane, yazlik karakterli olup,
beyaz basakli, beyaz daneli ve kilgikli bir ¢esittir. Basaklari olgunlagma siirecinde asagi dogru egilmektedir.
Bagaklanma giin sayis1 bakimindan orta erkenci grupta yer almaktadir. Optimum kosullarda 80-100 cm boya
sahiptir. Pas hastaliklarina (Sar1 pas, Kara pas ve Kahverengi pas) ve kiillemeye kars1 dayaniklidir. Soguk zararina
ve basakta ¢imlenmeye orta hassas, yatmaya kars1 dayaniklidir.

2.1. Rekombinant kendilenmis hatlarin gelistirilmesi

Rekombinant kendilenmis hatlarin gelistirilmesinde tek tohum soy yontemi (Single Seed Descent) kullanilmistir
(Brim, 1966). F, generasyonundan itibaren biitiin generasyonlarda her bir bitkiden tesadiifi olarak bir tohum alinarak
bir sonraki generasyon yetistirilmistir. Popiilasyonlar, Fg generasyonu da dahil olmak iizere serada yetistirilmistir. Fg
generasyonu tek basak sirasi olarak toprak zeminli serada tek basak siralari seklinde yetistirilmis ve elde edilen
tohumlar F; generasyonu olarak tarlada verimde nemesi ve hastalik okuma setlerinde kullanilmigtir. Sitoplazmik
etkilerin arastirilabilmesi amaciyla melezlemeler resiprokal olarak yapilmistir. Tosunbey x Tahirova-2000
melezinden 420 adet, Tahirova-2000 x Tosunbey melezinden 362 adet homozigot hat gelistirilmistir.

2.2. Hastalik okuma setlerinin hazirlanmasi ve hastalik okumalari

Hastalik okumalar1 i¢in hatlar ve ebeveyn (Kate-Al) tek sira ve 2 tekerriirlii olarak Samsun lokasyonunda
ekilmigtir. Hastalik gozlem bahgelerinde hastalik epidemi seviyesinin kontrolii amaciyla her 10 sirada 1 sira
kiillemeye hassas olan Kate-Al ¢esidi yer almistir. Ayrica hastalik okuma setlerinde kiillemeye dayaniklilik
saglayan Pm21 genini tasiyan translokasyon hatti da yer almistir (Yildinm ve ark., 2004). Hatlarin kiilleme
okumalar1 dogal epidemi sartlarinda yapilmistir. Kiilleme hastalik okumalari, Saari ve Prescott (1975) tarafindan
gelistirilen ve bugdayda yaprak hastaliklarinin yogunlugunun degerlendirildigi skalaya gore yapilmistir. Ayrica
reaksiyon tipi hassas (S), orta hassas (MS), orta dayanikli (MR) ve dayanikli (R) seklinde saptanmistir (Roelfs ve
ark., 1992).

Cizelge 1. Ebeveyn gesitlerin bazi fenotipik ve genotipik 6zellikleri
Table 1. Some phenotypic and genotypic characteristics of parent cultivars
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Ozellikler Tosunbey Tahirova-2000
Verim potansiyeli (iyi ¢evrede) 500-700 kg da’* 600-900 kg da’’
Bitki boyu** 95-100 cm 90-95 cm

. . Rht-Bla (wild), Rht-D1a (wild),
* -

Bodurluk genleri Rht-D1a (wild), Rht 8 (192 bp) Rht 8 (192 bp)
Bagaklanma giin sayisi** 121 giin 125 giin
Gelisme tabiat1 Alternatif Yazlik
Vernalizasyon allelleri*** Vrn-Alb, Vrn-B1, vrn-D1 Vrn-Ala, vrn-B1, Vrn-D1
Tane rengi** Beyaz Beyaz
Unda protein oran1** %12-15 %11-13
Unda SDS Sedimentasyon hacmi** 35 ml 19 ml
YMA Glutenin alt tiniteleri** 1,17+18, 5+10 2*, 7+9, 5+10

DMA Glutenin alt tiniteleri**
Cavdar translokasyonu ***
Tane sertligi**

Tane sertligi*

Hektolitre agirligi**

Bin tane agirligi**

Waxy gen allelleri**
Kiillemeye dayaniklilik**

Glu A3b, Glu B3b, Glu D3b
Yok
Sert
Pina(Pina-D1a (-), Pina-D1b (-)
Pinb (Pinb-D1a (-), Pinb-D1b (+),
Pinb-D1 ¢ (-))
74.7-80.5 kg
26.2-34.7 ¢
Wx-Al (+), Wx-D1 (+), Wx-B1 (-)
Hassas

Glu A3e (null), Glu B3j, Glu D3b
Var (1BL.1RS)

Sert
Pina(Pina-D1a (-), Pina-D1b (-)
Pinb (Pinb-D1a (-), Pinb-D1b (+),
Pinb-D1 ¢ (-))

78-82.5 kg
34-40 g
Wx-Al (+), Wx-D1 (+), Wx-B1 (+)
Dayanikli

* Ozkan H. TUBITAK Projesi Sonug Raporu, 1070207
** Aydi N. TUBITAK Projesi Sonu¢ Raporu, 1120135
*** Giile¢ T. Doktora Tezi

2.3. Verim denemelerinin yiiriitiilmesi

Resiprokal melezleme sonucu elde edilen iki farkli popiilasyonda bulunan hatlar iki farkli deneme seklinde
Samsun ilindeki Karadeniz Tarimsal Aragtirma Enstitiisii’niin arastirma arazilerinde (deniz seviyesinden ytiksekligi
4 m, Lat.41°13"' N Lon. 36°30' E) 2010-2011 yetistirme sezonunda test edilmistir. Agumented deneme desenine gore
tekerriirsiiz olarak kurulan denemeler de ebeveyn cesitler ve arastirma enstitlisii tarafindan gelistirilen Altindane
cesit aday1 kullanilmigtir. Her bir blokta 20 hat ve 3 kontrol ¢esit yer alacak sekilde deneme 6 metre uzunlugundaki
parsellere sira arasi 20 cm ve 6 sira olacak sekilde ve kontrol ¢esitler her blokta yer alacak sekilde yapilmustir.
Denemeler, deneme mibzeriyle ekilmis (Wintersteiger) ve parsel hasat-harman bigerdoveri (Hege 160) ile hasat
edilmistir. Hasatta parsel alan1 6 m? olacak sekilde planlanmistir. Giibreleme, dekara 6 kg saf azot ekimle birlikte, 6
kg da* sapa kalkma déneminde ve 3 kg da’¢iceklenme doneminde olmak iizere toplam 15 kg saf azot seklinde
yapilmistir.

2.4. Incelenen agronomik ve kalite ozellikleri

Parselden elde edilen tane verimi dekara gevrilmis ve tane verimi kg da’olarak ifade edilmistir. Bitki boyu,
toprak ytlizeyinden basaktaki son basak¢igin ucuna kadar olan mesafe olgiilerek belirlenmis ve degerler cm olarak
ifade edilmistir. Basaklanma siiresi, 1 Ocak tarihinden itibaren parseldeki bitkilerin yaklasik olarak % 50’si
bagaklanincaya kadar gecen siire giin sayisi olarak ifade edilmistir (Tavella, 1978; Bohn ve ark., 1998). Hektolitre
agirliklari, hektolitre kabi kullanilarak (AACC Metot 55-10) belirlenmis ve kg olarak ifade edilmistir. Her bir
genotipten dort kez 100 adet tohum otomatik tohum sayma makinesi (Chopin-Numigral-I) ile sayilmis ve ortalamasi
alinip 10 ile garpilarak bin tane agirliklari gram olarak hesaplanmistir. Tam bugday unlarinin protein igerikleri
Perten Inframatic 9500 cihazinin (Perten Instruments, Sweden) un modiilii kullanilarak belirlenmis ve %14 nem
icerigine gore yiizde olarak ifade edilmistir. Bugday unlarinin kiil oran1 Perten Inframatic 9500 cihazinin un modiilii
kullanilarak belirlenmistir ve % olarak ifade edilmistir. Bugday unlarinin L renk degeri Perten Inframatic 9500
cihazinin un modiilii kullanilarak belirlenmistir. Tam bugday unu 6rneklerinin protein kalitelerinin gdstergesi olan
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sodyum dodesil siilfat (SDS) sedimantasyon hacimleri Maghirang ve ark. (2006) ve Sayaslan ve ark. (2006)
tarafindan modifiye edilen AACC yontemi (AACC Metot 56-70) takip edilerek dl¢iilmiistiir.

2.5. Incelenen molekiiler ozellikler
2.5.1. YMA ve DMA molekiil agirlikli glutenin alt iinitelerinin belirlenmesi

Bugday genotiplerinin YMA ve DMA glutenin alt iiniteleri, Masci ve ark. (2000) ve Gianibelli ve ark. (2002)
tarafindan tanimlanan ve Koyuncu (2009) tarafindan modifiye edilen Sodyum Dodesil Siilfat Poliakrilamid jel
elektroforez (SDS-PAGE) yontemine gore belirlenmis ve Singh ve ark. (1991) tarafindan belirtilen yonteme gore
okunmustur.

2.5.2. Cavdar translokasyonunun belirlenmesi

Cavdar translokasyonunun belirlenmesinde YMA ve DMA glutenin alt iinitelerinin belirlendigi SDS-PAGE
jeller kullanilmistir. Bilindigi tizere 1BL.1RS ¢avdar translokasyonu tasiyan genotiplerde 1B kromozomunun kisa
kolunda ¢avdar translokasyonu bulundugu i¢in bugdaya ait YMA glutenin alt {initeleri bulunmamaktadir. Bu yiizden
Glu-B3 lokusu bostur ve jelde ¢avdara 6zel protein bantlari yer almaktadir.

2.6. Verilerin degerlendirilmesi ve istatistik analiz

Genotiplerin kalite ve agronomik 6zellikleri ile YMA ve DMA glutenin alt iinitelerinin kalite ve agronomik
ozellikleri tizerine etkileri JMP istatistik paket programinda Agumented deneme desenine gdre analiz edilmistir
(JMP 12.0.1).

3. Bulgular ve Tartisma
3.1. Hatlarin agronomik ve kalite ozellikleri

Resiprokal popiilasyonlar tane verimi bakimindan karsilastirildiginda Tosunbey x  Tahirova-2000
popiilasyonunun yer aldigi denemenin ortalama tane veriminin (399.5 kg da™) Tahirova-2000 x Tosunbey
popiilasyonunun yer aldig1 denemenin ortalama tane veriminden (328.9 kg da™) daha yiiksek oldugu goriilmektedir
(Cizelge 2 ve 3). Ayrica, Tosunbey x Tahirova-2000 popiilasyonda yer alan hatlar daha yiiksek tane verimine sahip
olmus ve bu hatlarin, tane verimi 106-636 kg da™* arasinda degismistir (Cizelge 3). Hatlar arasidaki bu biiyiik verim
farkliliginin nedeninin biiylik ihtimalle deneme yerinden kaynaklandigi diistiniilmektedir. Zira, her ne kadar
denemeler ayni ada igerisinde ve yan yana yer alsa bile deneme alanlarinin ¢ok genis olmasi (40 m x 133 m) tane
veriminde 6nemli farkliliklarin nedeni olabilir. Bir¢ok bitkide oldugu gibi bugdayda da tane verimi g¢evreden
etkilenen, kalitim derecesi diisiik ve ¢ok genle kontrol edilen bir 6zelliktir (Peterson ve ark., 1992). Ayrica, tane
verimi lizerine genotiplerin kalitsal 6zelliklerinin etkisi de énemlidir (Major ve ark., 1992; Geng ve ark., 1993).
Tane verimi hakkinda daha ayrintili yorum yapabilmek icin hatlarin farkli yil ve lokasyonlarda yetistirilmesi
gerekmektedir. Bununla birlikte gelistirilen haritalama popiilasyonundan secilen 145 hattin yer aldig1 ve sekiz farkl
¢evrede yriitillen denemelerin ortalama tane verimi yaklasik dekara 580 kg’dir (Veriler yayinlanmamustir).

Resiprokal popiilasyonlarin bitki boyu bakimindan deneme ortalamalari benzerdir (102.5 cm ve 102.9 cm).
Ortaya ¢ikan agilimda ebeveyn gesitlerden kisa boylu olan bitkilerin orani, her iki popiilasyonda da (% 54 ve % 67)
uzun boylu bitkilerin oranindan (% 22 ve % 28) daha yiiksektir (Cizelge 2 ve 3). Popiilasyonlarda bu yonde bir
transgresif agilimin goriilmiis olmasi 1slah programlar i¢in 6nemlidir. Kisa boylu bitkiler genellikle yatmaya daha
dayanikli olabilmekte ve yiiksek verim amaciyla daha yiiksek oranlarda giibreleme yapilmasina firsat vermektedir.
Bazi arastirmacilar, kisa boylu gesitlerin uzun boylu gesitlerden daha verimli oldugunu bildirmislerdir (McClung ve
ark., 1986; Blade ve Baker, 1991). Kisa boylu genotipler CO,’den daha fazla yararlanabilmeleri nedeni ile daha
yiiksek verim potansiyeli sahip olabilmektedir (Fischer ve ark., 1981).

Popiilasyonlarin yer aldigi denemelerin ortalama basaklanma giin sayist 133 giindiir (Cizelge 2 ve 3). Her iki
popiilasyonda da ebeveynden daha ge¢ basaklanan hatlarin sayisi, daha erken basaklanan hatlarin sayisindan
fazladir. Bu durum bize transgresif agilimin geg bagaklanma yoniinde daha fazla gerceklestigini gostermektedir. Bu
sonuglar elde edilen popiilasyonlarin basaklanma siiresi bakimindan olduk¢a genis bir degisime sahip oldugunu
gostermektedir. Bugdayda bagaklanma siiresi transgresif agilimin yogun olarak goriildiigii 6zelliklerdendir.

Resiprokal popiilasyonlarin ortalama SDS sedimantasyon degeri birbirine yakin olmakla birlikte, ekmeklik
kalitesi daha iyi olan Tosunbey c¢esidinin ana olarak kullanildig1r popiilasyonun ortalama degeri daha yiiksektir
(Cizelge 2 ve 3). Popiilasyonlarda SDS sedimantasyon degeri bakimindan ortaya ¢ikan agilim bilyiikk oranda
ebeveyn ¢esitlerin degerleri arasinda ger¢eklesmistir. Bununla birlikte, Tosunbey ¢esidinden daha yiiksek degere
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sahip hat sayisi, her iki popiilasyonda da Tahirova-2000 cesidinden daha diisiik degere sahip hat sayisinin iki
katindan fazladir. Bu sonug, transgresif acilimin yiiksek SDS sedimantasyon degeri yoniinde daha fazla
gerceklestigini gostermektedir. Islah programlarinda islahgilar ekmeklik kalitesi yiliksek cesitler gelistirmek igin
genellikle 30 ml’nin iizerinde SDS sedimantasyon degerine sahip olan hatlar1 segmektedirler. Calismada, 30 ml
tizerinde SDS sedimantasyon degerine sahip hat sayis1 Tosunbey x Tahirova-2000 popiilasyonunda 269 adet (% 71),
Tahirova-2000 x Tosunbey popiilasyonunda ise 159 adet (% 45) adettir. Cevresel faktorlerden daha az etkilenen
(Graybosch ve ark., 1996), analizi basit, tekrarlanabilirligi yiiksek, yogun olarak kullanilan ve genotiplerin ekmek
olma kabiliyeti hakkinda giivenilir sonuglar veren bir kalite kriteri (Moonen ve ark., 1982) bakimindan bdyle bir
aciliminin ortaya c¢ikmis olmasi arastirma agisindan ve popiilasyonlarin bugday kalitesi konusunda yapilacak
aragtirmalara konu olmast bakimindan 6nemlidir.

Hektolitre agirligt bakimindan Tosunbey X Tahirova-2000 popiilasyonunun daha yiiksek ortalamaya sahip
oldugu ve bu popiilasyonda yer alan hatlarin hektolitre agirliklarinin daha yiiksek oldugu gériilmektedir (Cizelge 2
ve 3). Her iki popiilasyonda da transgresif a¢ilim orani hektolitre agirliginin yiiksek oldugu yonde gergeklesmistir.
Hektolitre agirlig1 tanenin sekli, sertligi ve un verimi ile yakindan iliskili bir kalite kriteridir (Schuler ve ark., 1994;
Sade ve ark., 1999). Bitki 1slahc¢ilart ve un sanayii hektolitre agirligt icin iiriiniin sahip olmasi gereken minimum
degerin 76-78 kg’1n iizerinde olmasini istemektedir (Anonim, 2010).

Her iki popiilasyon bin tane agirligi bakimindan karsilastirildiginda Tosunbey % Tahirova-2000 popiilasyonunun
Tahirova-2000 x Tosunbey popiilasyonundan daha yiliksek degere sahip oldugu goriilmektedir (Cizelge 2 ve 3).
Tosunbey x Tahirova-2000 popiilasyonunun bin tane agirhig: 31.3 ile 55.3 g arasinda degisirken, Tahirova-2000 x
Tosunbey popiilasyonunun bin tane agirligr 27.0 ile 48.3 g arasinda degismistir. Bin tane agirligi bugdayda un
miktarimin tahmin edilmesinde 6nemli bir 6l¢ii kriteridir. Cilinkii kiigiik tanelerde endospermin, endosperm olmayan
kisma orani, biiyiik taneli olanlara gore daha diisiik olmaktadir (Mut ve ark., 2007). Bin tane agirhig1 sadece verimle
ilgili degil aynm zamanda kaliteyle de iliskilidir. Bu 6zellige etkili iki onemli faktor, genetik yap1 ve ekolojik
faktorlerdir (Mut ve ark., 2007).

3.2. Hatlarmn kiilleme hastaligina karst reaksiyonlart

Tarla okumalarina gore kiilleme hastaligina reaksiyonlarinin toplam yiizde oranlarina bakildiginda dagilimin her
iki popiilasyonda da birbirine ¢ok yakin degerlere sahip oldugu goriilmektedir. Bununla birlikte, dayanikli hat sayis1
ile orta seviyede dayanikli hat sayist bakimindan popiilasyonlar farkli dagilim gostermistir (Cizelge 4 ve 5). Bu
sonuglarin alinmasinda 6rneklemenin ¢ok fazla sayida hatta yapilmis olmasi ve her bir hatta ait dort farkli kiilleme
okumasinin yapilmis olmasinin etkili oldugu distiniilmektedir. Ebeveyn olarak kullanilan Tosunbey c¢esidi
kiillemeye hassas, Tahirova-2000 c¢esidi ise dayamikli reaksiyon gOstermistir. Popiilasyonda yer alan hatlar
kiillemeye dayaniklilik bakimindan normal dagilim gostermis olduklari i¢in Tahirova-2000 ¢esidinde kiillemeye
dayaniklilig1 saglayan birden fazla genin bulundugunu veya Tosunbey ¢esidinde ilgili hastalikla ilgili bir genin
bulundugu ama tek basina dayaniklilik saglamadigt sdylenebilir. Ayrica tarla okumalarinda hatlarin neredeyse
hicbirinin sifir skoru almamasi ve Tahirova-2000 ¢esidinin 3 skorunu almigs olmast nedeniyle olgun bitki
dayanikliligindan s6z edilebilir. Hastalik okuma setlerinde kontrol genotip olarak yer alan kiillemeye dayaniklilik
geni olan Pm21 genini tek basina tasiyan translokasyon hatti sifir skoru almistir. Bu gen bolgedeki kiilleme irklarina
kars1 dayanikli genotiplerin gelistirilmesinde kullanilabilir. Bugdayda kiilleme hastaligi tane verimini (Johnson ve
ark., 1979; Griffey ve ark., 1993) ve kaliteyi olumsuz yonde etkilemektedir (Everts ve ark., 2001). Hastaligin
kontrolinde en uygun yontem dayanikli genotiplerin gelistirilmesidir. Bitkilerde dayaniklilik 1k o6zellikli
dayaniklilik ve olgun bitki dayanikliligi olarak ikiye ayrilabilir. Olgun bitki dayanikliligi birden fazla genle
dayaniklilik sagladigi igin irk o6zellikli dayanikliliga oranla daha uzun siireli dayaniklilik saglayabilmektedir
(Lillemo ve ark., 2008).

1BL.1RS ¢avdar translokasyonuna sahip olan genotiplerin, bugdayda kiillemeye dayaniklilik geni olan Pm7
genini tagidig bildirilmistir (Singh ve ark., 1991; Hsam ve ark. 2000). Arastirma sonucunda, Tahirova-2000
¢esidinin kiillemeye dayanikliliginin birden fazla genle kontrol ediliyor oldugunun belirlenmis olmasi 1slah
programlari i¢in dnemlidir.

3.3. Hatlarin tasidigi YMA ve DMA glutenin alt tiniteleri

Genotipik agilima gore elde edilen hatlarin YMA ve DMA glutenin alt {niteleri bakimindan 16 farkh
kombinasyona sahip olmas1 beklenmektedir ve bu durum popiilasyonda yapilan molekiiler analizler ile de teyit
edilmistir (Sekil 1 ve 2). Her iki popiilasyondaki hatlarin sayis1 dikkate alindiginda ¢avdar translokasyonu (Glu-B3j)
tastyan hat sayis1 toplam 324 adettir. Ebeveyn ¢esitler 5+10 bantlarim1 ve Glu-D3b allelini tasidigi i¢in Cizelge’de bu
allellere yer verilmemistir. Tosunbey x Tahirova-2000 popiilasyonunda protein kalitesini olumlu yonde etkileyen
GluA3b ve GluB3b DMA glutenin alt tnitelerini tasiyan hat sayist 109 adet, Tahirova-2000 x Tosunbey
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popiilasyonu icin ise bu say1 129 adettir (Cizelge 5). Bu hatlarin Tirkiye bugday kalite 1slah aragtirmalar1 igin
genetik kaynak olarak ve yeni arastirmalarin planlanmasinda kullanilabilme potansiyeli bulunmaktadir.

Cizelge 2. Tosunbey x Tahirova-2000 popiilasyonunun F; generasyonundaki hatlarin agronomik ve Kalite
ozelliklerine iliskin degerler
Table 2. Agronomic and quality traits of Tosunbey x Tahirova-2000 population in F; generation

v-lc;?rrr?i Bitki boyu B;fsif;? Sggfn. I:|ekt9litre 1~000Vtane

(kg/da) (cm) (giin) Degeri (ml) agirhgi (kg)  agirhigi (g)
Tahirova-2000 501 106 133 26 82.2 43.1
Tosunbey 400 108 129 36 80.7 39.8
Altindane 415 88 128 49 79.0 38.9
Ortalama 3995 102.5 133 321 81.7 41.7
Maksimum 636.0 126 144 49 86.8 55.3
Minimum 106.0 78 122 18 75.3 31.3
DK % 14.8 4.4 2 9 11 4.7
SH 69 5.1 31 34 1 2.2

DK: Degisim katsayisi, SH: Standart hata

Cizelge 3.Tahirova-2000 x Tosunbey popiilasyonunun F; generasyonundaki agronomik ve kalite 6zelliklerine iligkin
degerler
Table 3.Agronomic and quality traits of Tahirova-2000 x Tosunbey population in F; generation

Tane Bitki boyu Bagaklanma SDS Hektolitre 1000 tane
verimi (cm) giin sayist Sedim. agirhigr (kg)  agirhig (g)
(kg/da) (giin) Degeri (ml)
Tahirova-2000 378 104 133 23 78.6 36.3
Tosunbey 301 107 129 31 76.7 34.3
Altindane 332 88 126 44 75.3 33.3
Ortalama 328.9 102.9 133 28.8 78.3 35.9
Maksimum. 571 122 145 45 84.1 48.3
Minimum 79 81 118 19 68.7 27.0
DK % 16.5 5 2 9 1.9 7.7
SH 62.5 5.8 3 3.05 1.7 3.2

DK: Degisim katsayisi, SH: Standart hata
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Cizelge 4. Popiilasyonlarda yer alan hatlarin F; generasyonunda tarlada kiilleme hastaligina karsi reaksiyonlarina
iligkin hat sayilar1 ve yiizde oranlari

Table 4. Line numbers and percentage rates of the lines in the populations regarding their reactions to powdery
mildew in the F; generation.

Tosunbey x Tahirova-2000 Tahirova-2000 x Tosunbey
. . Hatsayisi  Hatlarm ~ Toplam Hatsayisi  Hatlarin ~ Toplam
Reaksiyon tipi (adet) orani (%)  oran (%) (adet) oram (%) oran (%)
Dayanikli (1-3) 106 25.2 43 11.9
314 31.2
Orta Seviyede Dayanikli (4) 26 6.2 70 19.4
Orta Seviyede Hassas (5-6) 198 47.2 47.2 170 47.0 47.0
Hassas (7-8) 68 16.2 67 185
214 218
Cok Hassas (9) 22 5.2 12 3.3
Toplam 420 100 100 362 100 100

Cizelge 5. Popiilasyonlarda yer alan hatlarin tasimis olduklart YMA ve DMA glutenin alt iinitelerine iligkin hat

sayilari
Table 5. Line numbers related to HMW-GS and LMW-GS in the populations
Tosunbey x Tahirova-2000 Tahirova-2000 x Tosunbey
YMA alleli DMA alleli Hat YMA alleli DMA alleli Hat
Gl Gl Glu- S8 g Glu- G- Gl s
u- u- u- u- u- u- u-
AL Glu-B1 D1 Glu-A3 B3 AL Glu-B1 D1 A3 B3

1 17+18 5+10 b b 42 1 17+18 5+10 b b 62
1 17+18 5+10 e b 48 1 17+18 5+10 e b 28
1 17+18 5+10 b j 7 1 17+18  5+10 b j 13

1 17+18 5+10 e j 11 1 17+18 5+10 e j 6
2* 17+18 5+10 b b 45 2* 17+18 5+10 b b 42
2* 17+18 5+10 e b 52 2* 17+18 5+10 e b 30

2* 17+18 5+10 b j 9 2* 17+18 5+10 b j 7

2* 17+18 5+10 e j 10 2* 17+18 5+10 e j 1
1 7+9 5+10 b b 7 1 7+9 5+10 b b 14
1 7+9 5+10 e b 13 1 7+9 5+10 e b 19
1 7+9 5+10 b j 50 1 7+9 5+10 b j 32
1 7+9 5+10 e j 28 1 7+9 5+10 e j 33
2* 7+9 5+10 b b 15 2* 7+9 5+10 b b 11
2% 7+9 5+10 e b 21 2* 7+9 5+10 e b 17
2* 7+9 5+10 b j 35 2* 7+9 5+10 b j 21
2* 7+9 5+10 e j 31 2* 7+9 5+10 e j 30
Toplam 424 Toplam 366
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Sekil 1. Ebeveyhlerin ve kontrol genotiplerin :YMA veiDMA_glufenin alt Giniteleri.
Figure 1. Subunits of HMW and LMW gluten by parent sand control genotypes.

101 102 103 104
Y

Sekil 2. Ebeveynlerinve bazi hatlarin YMA ve DMA glutenin alt {initeleri (TA: Tahirova-2000, TO: Tosunbey).
Figure 2. Subunits of HMW and LMW gluten by parents and some lines.

3.4. Hatlarin agronomik ve kalite ézelliklerine YMA ve DMA glutenin alt iinitelerinin etkileri

Calismada, TosunbeyxTahirova-2000 popiilasyonundan 417 adet hatta agronomik ve kalite ozellikleri igin
analizler yapilmistir. Bu popiilasyonda bazi hatlar bagka ¢aligmalarda kullanildig1 i¢in protein igerigi, kiil oran1 ve L
renk degeri analizleri sadece 215 adet hatta (Cizelge 6), diger analizler ise 417 hatta gerceklestirilmistir (Cizelge 7).
Tosunbey x Tahirova-2000 popiilasyonunda incelenen ozelliklere YMA ve DMA glutenin alt iinite allelerinin
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etkisini gosteren degerler Cizelge 6 ve 7°de verilmistir. Hatlarin protein igerigi ve kiil oran1 ¢avdar translokasyonu
tagtyan hatlarda daha yiiksek iken, L renk degeri ¢avdar translokasyonu tagimayanlarda daha yiiksektir (Cizelge 6).
Glu-Al lokusundaki 1 alt tinitesini tasiyan hatlar daha yiiksek tane verimi ve uzun bitki boyuna sahip olmuslardir.
Popiilasyonda yer alan hatlarin kalite dzellikleri tizerine YMA glutenin alt {initelerindeki degisimin etkisi gézlenmez
iken, ¢avdar translokasyonunun (Glu-B3j) protein igerigi, kiil, L renk degeri, SDS sedimentasyon degeri, hektolitre
agirligi ve bin tane agirligina etkisi 6nemlidir. Cavdar translokasyonu tasiyan hatlar daha diisiik sedimentasyon
degerine ve daha yiiksek protein igerigine, hektolitre ve bin tane agirligina sahiptir. Glu-A3 allelindeki farkliliklar
SDS sedimentasyon ve bin tane agirhigini etkilemistir. Glu-A3b alleli tasiyan hatlar Glu-A3e alleli tagtyan hatlardan
daha yiiksek sedimentasyon degerine sahipken, bu hatlarin bin tane agirliginin daha diisiik oldugu gézlenmistir.

Tahirova-2000 x Tosunbey melezlemesi sonucu elde edilen popiilasyonda 344 adet hatta hem agronomik
ozellikler hem de kalite 6zellikleri i¢in analiz yapilmustir. Tahirova-2000 x Tosunbey popiilasyonunda incelenen
ozelliklere YMA ve DMA glutenin alt iinitesindeki farkliliklarin etkisini g6steren degerlere Cizelge 8 ve 9°da yer
verilmistir. Bu popiilasyonda da ¢avdar translokasyonu tasiyan hatlarin ortalama olarak daha yiiksek protein icerdigi
saptanmustir. Bununla birlikte Glu-Al allelinin L renk degeri, tane verimi, bitki boyu ve hektolitre agirhigmna etkisi
ve Glu-A3 allelinin protein orani ve sedimentasyona etkisi 6nemli bulunmustur (Cizelge 8). YMA glutenin alt
iinitesi olarak 1 alt iinitesini tagiyan hatlar 2* alt initesini tasiyan hatlara oranla daha yiiksek hektolitre agirligi, L
renk degeri, tane verimi ve bitki boyu degerlerine sahip olmustur (Cizelge 9). Popiilasyonda allelik farklilik
g6zlenen diger bir YMA glutenin alt iinitesi Glu-Bllokusunda yer almaktadir ve 17+18 alt {initesi tagiyan hatlar 7+9
alt {initesi tasiyan hatlara oranla daha yiiksek SDS sedimentasyon degerine sahip iken, daha diisiik bitki boyu ve
bagaklanma giin sayisina sahip olmustur. Bu sonug,17+18 alt iinitesine sahip genotiplerin protein kalitesinin daha iyi
oldugunu gosteren galigmalarla uyum igerisindedir (Butow ve ark., 2003; Henkar ve ark., 2017; Guo ve ark., 2019).
Glu-A3b DMA alt iinitesi tasiyan hatlar Glu-A3e DMA alt iinitesi tasiyan hatlara oranla daha disiik protein igerigine
sahip olmasina ragmen, daha yiiksek SDS sedimentasyon degerine sahip olmustur. Cavdar translokasyonu tasiyan
hatlarin (Glu-B3j) protein igerigi ve bin tane agirligi ¢avdar translokasyonu tasimayan hatlara oranla daha yiiksek
iken, SDS sedimentasyon degeri daha diistiktiir (Cizelge 9).

Her iki popiilasyonda da kalite 6zellikleri iizerine en etkili genetik faktor cavdar translokasyonudur. Elde edilen
sonuglar, ¢avdar translokasyonunun protein kalitesi lizerine olumsuz etkisini gosteren bir¢ok arastirma sonucuyla
benzerlik gostermektedir (Zeller ve Hsam, 1984; Dhaliwal ve MacRitche, 1990; Graybosch, 2001; Moiraghi ve ark.,
2013). Popiilasyonlarda g¢avdar translokasyonunun varligi tane verimi, bitki boyu ve basaklanma siiresi gibi
ozellikler lizerinde etkili olmadig belirlenmistir.

Kalite 6zellikleriyle yakindan iliskili YMA glutenin alt iinitelerinin genel olarak agronomik ozellikler {izerine
etkili olmadig1 goriilmiistiir. Bununla birlikte Glu-Al lokusu her iki popiilasyonda da tane verimi ve bitki boyu
tizerinde etkili olmustur. Tahirova-2000 x Tosunbey popiilasyonunda Glu-B1 lokusunun basaklanma giin sayisina
etkisi de onemlidir.

Tosunbey x Tahirova-2000 popiilasyonunda yer alan cavdar translokasyonu tasiyan hatlarin basaklanma giin
sayilar1 123 giin ile 143 giin arasinda, bitki boyu ise 78 -126 cm arasinda degismistir. Ayn1 dzellikler i¢in Tahirova-
2000 x Tosunbey popiilasyonunda da benzer bir degisim gozlenmistir. Basaklanma giin sayis1 122-142 giin, bitki
boyu ise 82-125 cm arasinda degismistir. Mevcut sonuglar popiilasyonlarda bitki boyu ve basaklanma siiresi igin
cavdar translokasyonu tasiyan hatlar arasinda genis bir fenotipik degisimin gozlendigini gdstermektedir. Ayrica
bugdayda basaklanma siiresi ve bitki boyu 6zellikleri transgresif agilimin en gok gozlendigi 6zelliklerdir. Tosunbey
x Tahirova-2000 popiilasyonunda g¢avdar translokasyonu tasiyan hatlar igerisinde GIUA3b tasiyan hatlarin SDS
sedimentasyon degeri 32 ml iken, GluA3e alleli tagiyan hatlarin SDS sedimentasyon degeri 27 ml olarak
gerceklesmistir. Tahirova-2000 x Tosunbey popiilasyonunda da benzer bir sonu¢ gozlenmistir. Buna gore bu
popiilasyondaki degerler GIUA3b tasiyan hatlar i¢in 28 ml, GluA3e alleli tasiyan hatlar i¢in 24 ml olarak
gerceklesmistir. Elde edilen sonuglar GIuA3b allelinin varliginin her iki lokasyonda da protein kalitesini olumlu
yonde etkiledigini gostermektedir. Benzer sonuglar diger bazi aragtirmacilar tarafindan da bildirilmistir (Masci ve
ark., 2000; Tanaka ve ark., 2005, Ikeda ve ark., 2006; Ito ve ark., 2015).
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Cizelge 6. Tosunbey x Tahirova-2000 popiilasyonunda YMA ve DMA glutenin alt initelerinin bazi kalite

ozelliklerine etkisi

Table 6. The effect of HMW-GS and LMW-GS on some quality traits in Tosunbey x Tahirova-2000 population

Lokus "Alt Hat F:ggfgl:] Kiil orani L renk
. 0 o
Unite sayisl (%) (%) degeri
1 104 12.1 1.74 4.
Glu-Al 0 84.5
2* 111 12.2 1.75 84.3
+ . . .
Glu-B1 7+9 98 12.2 1.74 84.4
17+18 117 12.1 1.75 84.3
b 108 12.1 1.75 84.3
Glu-A3
! e 107 122 1.74 84.3
b 131 12.0b 1.73b 845a
Glu-B3 .
] 84 12.3a 1.76 a 84.2b

Cizelge 7. Tosunbey x Tahirova-2000 popiilasyonunda YMA ve DMA glutenin alt {initelerinin bazi agronomik

Ozelliklere etkisi

Table 7. The effect of HMW-GS and LMW-GS on some agronomic and quality traits in Tosunbey x Tahirova-2000

population
- SDS . 1000
Alt Hat Ta_ne_ Bitki Bausaklanma Sedim. Hel(tO“Vtre tane
Lokus Unite sayist verimi boyu giin sayist Degeri agirlig agirli
kg da™* cm i k
(kgda®) ~ (om)  (gin) o) (ko) o
GlU-AL 1 202 415 a 103.9a 133.1 32.0 81.7 41.8
2* 215 396 b 101.9b 132.7 315 81.8 41.8
Glu-B1 7+9 204 397 103.0 1334 31.6 81.7 41.9
17+18 213 414 102.8 132.5 31.9 81.7 41.6
GIU-A3 b 204 398 102.7 132.8 33.9a 81.6 414D
e 213 413 103.1 133.0 29.6b 81.8 422 a
GlU-B3 b 232 395 103.3 132.8 34.1la 815b 40.7b
j 185 415 102.5 133.0 29.4b 82.0a 42.8a

Cizelge 8. Tahirova-2000 x Tosunbey popiilasyonda YMA ve DMA glutenin alt iinitelerinin bazi kalite 6zelliklerine

etkisi

Table 8. The effect of HMW-GS and LMW-GS on some quality traits inTahirova-2000 x Tosunbey population

S Protein igerigi Kiil oran L renk
Lokus  Alt Unite  Hat sayist (%) (%) degeri
1 194 11.9 1.77 84.0a
Glu-Al
” 2% 150 11.8 1.80 83.7b
749 170 11.8 1.79 83.9
Glu-B1
17+18 174 11.9 1.79 83.8
b 185 11.7b 1.79 83.9
Glu-A3
” e 159 12.0a 1.79 83.9
b 207 11.7b 1.79 83.8
Glu-B3 .
j 137 12.0a 1.78 83.9
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Cizelge 9. Tahirova-2000 x Tosunbey popiilasyonunda YMA ve DMA glutenin alt {initelerinin bazi agronomik
ozelliklere etkisi

Table 9. The effect of HMW-GS and LMW-GS on some agronomic and quality traits in Tahirova-2000 x Tosunbey
population

Hat Tane Bitki Ba..saklanma SDS Hektolitre 1000 tane
Lokus Alt cavig  Verimi boyu giin sayist Sedim. agirhy (ke) agirhg (o)
Unite Y (kgida)  (cm) (giin) Degeri (ml) 288! (k8)  agitigl (g
1 194 346a 104.3a 133.1 28.2 79.0a 36.5
Glu-Al
2* 150 307b 101.7b 132.1 27.8 78.2b 35.6
Glu-B1 7+9 170 330 103.5a 134.0a 27.3b 78.6 36.1
17+18 174 323 1025b 131.2b 28.7a 78.6 36.0
GlU-A3 b 185 328 103.0 132.6 29.7a 78.6 35.8
e 159 325 103.0 132.6 26.4b 78.6 36.3
Glu-B3 b 207 329 103.0 132.7 29.8a 78.3 354D
j 137 324 103.0 132.5 26.3b 78.9 36.7 a
4. Sonug¢

Tosunbeyx Tahirova-2000 popiilasyonunda ortalama tane verimi 399.5 kg da™, Tahirova-2000 x Tosunbey
popiilasyonunda ise 328.9 kgda™ olarak gergeklesmistir. Her iki popiilasyonda da tane verimi bakimindan genis bir
varyasyon sz konusudur. Genis bir degisim aralii da bitki boyu ve basaklanma siiresinde ortaya g¢ikmus,
basaklanma stiresi 118-145 giin, bitki boyu ise 78-126 cm arasinda degismistir. Basaklanma siiresi bakimindan
transgresif agilim ge¢ basaklanma igin daha fazla gergeklesirken, bitki boyu i¢in kisa boyluluk yoniinde
gerceklesmistir. Basaklanma siiresi ve bitki boyu bugdayda transgresif acilimin en c¢ok goriildiigi ozellikler
arasindadir. Bu kapsamda popiilasyonlarda gerek verim potansiyeli yiiksek, gerekse diisiik alanlara adapte
olabilecek hatlar tagidig1 sdylenebilir.

Gerek kolay olgiilebilmesi gerekse kalite konusunda giivenilir ve anlamli sonuglar vermesi agisindan hektolitre
agirhigt ve SDS sedimantasyon degeri en sik kullanilan kalite kriterleri arasinda yer almaktadir. Tosunbey X
Tahirova-2000 popiilasyonunda yer alan hatlardan 72 tanesi Tosunbey ¢esidinden daha yiiksek SDS sedimantasyon
degerine (36 ml) sahip olurken, Tahirova-2000 x Tosunbey popiilasyonunda elde edilen hatlarin 95 tanesi Tosunbey
cesidinden daha yiiksek SDS sedimantasyon degerine sahip olmustur. Tosunbey x Tahirova-2000 popiilasyonunda
SDS sedimantasyon orani yiiksek olan hat sayisi fazla olmakla birlikte her iki popiilasyonda da bu o6zellik
bakimindan genis bir degisim s6z konusudur. Tosunbey ¢esidi Tiirkiye 1slah programlarinda gelistirilen ve ekmeklik
kalitesi ¢cok yiiksek olan bir ¢esittir. Cesidin protein kalitesinin yliksek olmasinda, tasimis oldugu YMA glutenin alt
tiniteleri yaninda DMA glutenin alt iiniteleri i¢in her {i¢ lokusta da b allelini tasiyor olmas etkilidir. Tahirova-2000
cesidi de genis adaptasyon yetenegi ve yiiksek verim potansiyeli ile uzun yillar Tiirkiye bugday tariminda
kullanilmistir. Tahirova-2000 ¢esidi DMA glutenin alt {initeleri i¢cin GluA3e (null), GluB3j, GluD3b allellerini ve
cavdar translokasyonu tagimaktadir (Cizelge 1 ve Sekil 1). Her iki ¢esidin de DMA glutenin alt iiniteleri ilk kez bu
aragtirmada rapor edilmistir. Ortalama hektolitre agirhigi Tosunbey x Tahirova-2000 popiilasyonunda 81.7 kg,
Tahirova-2000 x Tosunbey popiilasyonunda ise 78.3 kg olarak gerceklesmistir. Hektolitre agirligi 78 kg’in {izerinde
olan hat sayis1 Tosunbey X Tahirova-2000 popiilasyonunda 372 adet (% 98), Tahirova-2000 x Tosunbey
popiilasyonunda 216 adettir (% 61). Ayrica her iki popiilasyonda da bin tane agirh@ bakimindan genis bir degisim
araligi ortaya ¢ikmustir (31.3-55.3 g ve 27.0-48.3 g).

Samsun’da her yil oldugu gibi yogun bir epidemi gostermis ve her iki popiilasyonda da kiilleme okumalari
normal dagilim gostermistir. Bu c¢alismada, Tahirova-2000 gesidinde kiillemeye dayaniklilik bakimindan birden
fazla gen bulundugu ve ¢esidin olgun bitki dayaniklilig1 gésterdigi anlagilmaktadir.

Arastirma sonucunda resiprokal olarak gelistirilen rekombinant kendilenmis hat popiilasyonunda molekiiler
olarak taranan hatlardan 324 adedinin g¢avdar translokasyonu tasidigi saptanmistir. Bu hatlarin bitki boyu,
bagaklanma giin sayis1 ve SDS sedimentasyon degerleri bakimindan olusturulmasi planlanan alt popiilasyonlara
uygun fenotipik degisime sahip oldugu gozlenmistir. GIuA3b alleli tagiyan hatlarin ortalama SDS sedimentasyon
degerleri her iki popiilasyonda da GluA3e alleli tagiyan hatlardan daha yiiksek bulunmusg olmas1 ile GIUA3b allelinin
ekmeklik bugdayda protein kalitesinin artirilmasi igin kullanilabilecegi Ongoriilmektedir. Caligmada, arastirma
materyali olarak kullanilan haritalama popiilasyonlarinin, daha sonra yapilacak kurakliga tolerans ve kalite 1slahi
arastirmalart icin molekiiler ve fenotipik degisime sahip oldugu saptanmistir. Ayrica mevcut veriler, elde edilen
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popiilasyonlarin molekiiler ¢alismalarda haritalama veya markor gelistirme calismalarinda kullanilabilecegini
gostermektedir.
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ABSTRACT

In this study a survey was made for determining honey consumption habits and honey marketing Anahtar Sézciikler:
problems between1-31 March 2010. In the consumers based research data were collected from (105  Aricilik
consumers) criterias when buying honey, different kinds and health benefits of honey in Erzurum. Bal pazarlama
According the assesments of results; it was found that 46.66% of consumers consumed 5 kg of honey  gorunlan

per capita per annum and taken into consideration using honey every day. It was determined that the Ba] tiiketimi
product quality and floral source of honey were more important than price, brand name, region, Tiiketim
flavour and colour for consumers. Most of the consumers (60.95%) prefered cenrifugal honey in this  aliskanliklar:
study. According to the survey findings, the brand did not have an important effect on consumers’

honey consumption and purchasing habits. This result revealed that there was a negative situation

about production and marketing of honey in Erzurum.

Erzurum piyasasinda bal pazarlama sorunlari ve bal tiiketim aligkanliklart

OZET

Erzurum ydresinde, bal tiiketim aligkanliklarini ve bal pazarlama sorunlarmi belirlemek amaciyla, 1- Keywords

31 Mart 2010 tarihleri arasinda, bir anket galismasi yapilmustir. Ankete katilan 105 tiiketiciye ait Beekeeping,
veriler, bal satin alirken dikkat ettikleri hususlardan, bal tercihlerinden ve saghk agisindan balin Honey
faydalarindan elde edilmistir. Degerlendirme sonuglarina gére; tiiketicilerin %46.66’sinm yilda 5 kg marketing
bal tiikettigi ve giinliik beslenmelerinde mutlaka bal kullandiklari belirlenmistir. Tiiketicilerin bal Problems,
alirken fiyat, marka, bolge, tat, koku ve renkten daha ¢ok Kkalitesine ve iiretildigi kaynaga énem HONey

verdikleri belirlenmistir. Ayrica, tiiketicilerin gogunun (%60.95) bal tiketiminde siizme bal tercih Consumption,
Consumption

Habits

ettikleri de tespit edilmistir. Tiiketicilerin bal satin alma ve tiiketim aligkanliklarinda markaya 6nem
vermemeleri, markali bal iiretimi ve pazarlanmasi agisindan olumsuz bir durumu ortaya ¢ikardigi
belirlenmistir.
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1.Introduction

Beekeeping, using herbal resources, bee and family work force together and effectively, with products such as
honey, pollen, royal jelly, propolis, bee venom, which human beings cannot give up for human food, health
protection and treatment, as well as queen, swarm, pack bee It is the whole activity of producing living materials
such as (Firath et al., 2000). Honey, pollen, royal jelly, beeswax, propolis and bee venom obtained from honey bees
are of great economic and ecological importance. In addition, it is very important for human nutrition and health and
is used as a medicine in the treatment of many diseases (Kaftanoglu et al., 1992; Kumova, 2001). Honey is the most
produced main bee product in the world. However, beeswax, pollen, royal jelly, bee venom and propolis are also
important beekeeping products (Firatli and Genger., 1994). Honey yield per colony reaches 40-64 kg, especially in
some countries with developed beekeeping. According to the 2018 FAO data, average 114 113 tonnes, is Turkey's
third largest honey-producing countries in the world honey production. However, it ranks low in productivity with a
yield level of 15-16 kg per colony. Turkey, despite the fact that the world's third-largest honey producer, honey
exports is very low. urkey, Saudi Arabia, especially in Germany, France, the Netherlands, Cyprus, Kuwait, Italy, the
honey exported to countries such as Spain. 95% of pine honey is exported to EU countries (FAO, 2018). Turkey,
climate, vegetation and has a very positive potential for apiculture as natural conditions such as topographic
structure. The beekeeping sector has shown a great development in recent years. However, the increase in
production per colony is far below the value required by natural conditions. Although the total bee hive existence,
the ratio of modern hives and the density of colonies per unit area have continuously increased since the 1960s, the
productivity did not increase at the same level. However, what is important in beekeeping is not the number of
colonies, but the level of productivity (Firath et al., 2000). Despite the increase in the number of bee colonies in
Turkey every year, it has dropped honey yield per colony. When the data of previous years are examined, honey
yield per colony is 15-16 kg. This decrease is thought to be due to the increase in the number of colonies (FAO,
2008; Anonim 2019). Beekeeping in Erzurum is far below the potential required by the ecological wealth of the
province. In order for the beekeeping in the region to reach the desired level, it is necessary to conduct research and
guide beekeepers on issues such as the use of breeding and modern equipment, bee health, and reducing the loss of
feeding and wintering. Apart from this, there is a need for scientific suggestions on preparing colonies for nectar
flow, modern arrangement of apiaries, prevention of swarming, organization of beekeepers, raising awareness of
consumers about bee products and marketing (Anonim 2004). In this study, in order to investigate honey marketing
problems in Erzurum, a survey was conducted on consumers who visit different honey stores and the answers of the
participants were recorded. Thus, it was aimed to determine the awareness level of the consumers by asking them
questions about honey consumption, honey preference, and whether honey is consumed in sicness or not and suggest
solutions on the Erzurum honey marketing problems.

Table. 1. Number of hives in the year 2009-2019 in Turkey, honey production and yield (Anonymous 2019).
Cizelge. 1. 2009-2019 Yillar: Itibariyle Tiirkiye 'de Kovan Sayisi, Bal Uretimi ve Verimi (Anonim 2019).

Years Primitive Modern Hive (piece)  Total Hives (piece)  Honey Production Honey Yield

Hive (piece) (tonne) (kg/ colony)
2012 21307 6 191 232 6.348.009 89 162 14.04
2013 - 6 458 083 6.274. 818 94 694 15.10
2014 - 6 888 907 7.082. 732 103 525 14.6
2015 - 7 525 652 7.748.287 108 128 14.00
2016 - 7679 482 7.900. 364 105 727 13.38
2017 - 7 796 666 7.991. 072 114 471 14.32
2018 - 7904 502 8.108. 424 107 920 13.30
2019 - 7 929 368 8. 128.360 109 330 13.45

2. Material and Method

2.1. Materials
2.2. Preparation of survey forms

A questionnaire has been prepared in order to determine the honey marketing problems and consumer
consumption habits in Erzurum. In the preparation of the questionnaire, the source related to the subject, the
information and documents collected were evaluated, and experts and organizations were used. It was determined
that the sample size was suffiicient.
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2.3. Surveys on honey marketing and consumption habits have been prepared.
3. Method
3.1. Data Collection Method

The research was carried out according to the full chance trial plan. Within the framework of this plan, the honey
marketing businesses to be surveyed were determined. The questionnaire forms were filled byface to face interviews
with the business owner and customers in the determined businesses. The enterprises surveyed have been visited 2-3
times at different times.

3.2.2. Surveys

The same questionnaire forms were used for every customer who came to honey businesses. The questionnaire
forms are grouped under four main headings. The first part is about honey consumption habits and the issues to be
considered when buying honey, the second part is about honey preferences, the third part is about the properties of
real honey and the fourth part is about the benefits of honey in terms of health.

3.2.3. Data Collection Application

Between 1-31 March 2010, a survey was applied to customers who come to honey marketing businesses to buy
honey.

3.2.4. Data Evaluation

Statistical analysis of the data was done in SPSS 13.0 statistical package program. A total of 105 customers, 44
female and 51 male, were surveyed. Proportional distribution was used to evaluate the data. In addition, the
collected data were summarized in rxc dimensional tables and X? (chi-square) method was used for the
independence test related to them. In cases where the frequencies of the observed values are less than 5, the
following equation is used.

qui - b, | -0,5)?

X’=

@)

m;= observed

bi= expected frequencies (Y1ldiz ve Bircan 1994).

One-Way Analysis of Variance (ANOVA / one way) was used in the analysis of the answers given to the questions
asked between genders.

3. Results and Discussion

3.1. Annual honey consumption

The respondents were asked how much their annual honey consumption is and they were asked to make a
selection for 5 kg, 10 kg, 15 kg and 20 kg. According to the answers given, the annual honey consumption amount
of men and women was determined. In the statistical analyzes regarding annual honey consumption, it was
observed that there was no relationship between gender and honey consumption, while the rate of those consuming 5
kg was found to be higher and insignificant (p <0.05) (Table 2).

Table.2. Chi-square Table for Annual Honey Consumption
Cizelge. 2. Ki-kare Testi(Yilltk Bal Tiiketimine Iligkin Ki-kare Tablosu

Gender x Df X? Importance
Annual honey level
consumption 2 7.809 ns

p<0.05; ns: Insignificant
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Table 3. Annual Honey Consumption Distribution by Gender
Cizelge.3. Cinsiyete Gore Yillik Bal Tiiketim Dagilimi

Woman Man Woman (%) Man General
Options n n %) %)
5 kg 34 23 62.96 45.09 54.02
10 kg 13 10 24.07 19.60 21.90
15kg 5 11 9.25 21.56 15.23
20Kg 2 7 3.70 13.72 8.57

The highest annual honey consumption among women and men was obtained with 62.96% and 45.09%,
respectively, at 5 kg. Most of the respondents (54.02%) consume 5 kg of honey per year, followed by 21.90% to 10
kg and 15.23% to 15 kg, respectively (Table 3). In the survey results obtained, most of the participants consumed
honey. In terms of annual honey consumption among the male and female groups, it is observed that women have
the habit of purchasing more honey. In the previous survey study, the majority of the participants reported that they
consume 5-10 kg of honey annually (Roman et al., 2013; Marta et al., 2015; Sayili, 2013; Saner et al., 2011;
Kumova ve Korkmaz 2000). Research results are consistent with our study. Baki 2017, reported the annual honey
consumption per person as 1.55 kg in her study in the province of Izmir in 2017, and it was determined that it was
incompatible with our study (Baki, 2017).

3.2. Use of honey in daily nutrition

In the questionnaire, the participants answered the question "Do you absolutely use honey in your daily diet" as
“YES, NO or OCCASIONALLY’. In the X? test, the effect of gender on daily honey nutrition was found to be
insignificant, while the rate of those who said yes was higher and significant (p <0.05) compared to other answers.
(Table 4).

Table 4. Chi-square Test Results for Daily Honey Nutrition
Cizelge 4. Giinliik Bal Beslenmesine Iliskin Ki-kare Test Sonucu

Chi-square Test

Genderx Df X° Importance level
Daily 2 022 ns
Honey

Nutritio

Varyasyon Df KO F Importance
Kaynagi level

Daily 1 27.21 40.13 *
Honey
Nutrition

Chi-square Test

Genderx  Df X? Importance
Daily level
Honey 2 0.22 ns
Nutrition

*: p<0.05; ns: Insignificant

Among the respondents, the rates of those who answered YES’” were 51.85% and 50.98% for men and women,
respectively. While the rate of women who answered “°’NO’’ to the same question was 5.56%, 7.84% of the men
answered <°NO’’. The rate of those who say "I use it occasionally" is 42.59% for women and 48.57% for men
(Table 5). Roman et al., 2013 reported the rate of those consuming honey daily as 26.7%. Sayili reported that
45.83% of the consumers in Tokat province consumed honey daily. It is parallel to our study.
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Table 5. Honey Usage Rate in Daily Nutrition
Cizelge5. Giinliik Beslenmede Bal Kullanimi Orani

Woman Man Woman (%) Man General |
. (%) (%)
Options n n
Yes 28 26 51.85 50.98 51.42
No 3 4 5.55 7.84 6.66
Occasionally 23 21 42.59 41.17 41.90

As a result of the survey study, it has been determined that women and men take care to use honey almost every day.
3.3. Use of alternative food instead of honey

In the questionnaire study, the answers to the question "Do you use alternative foods such as jam, marmalade
etc. instead of honey" were recorded as <’YES, NO or OCCASIONALLY . According to the statistical analysis, the
effect of gender was insignificant in the consumers' use of other products (jam, marmalade, etc.) instead of honey.
(Table 6).

Table 6. Chi-square Test Results Regarding Use of Alternative Nutrients Instead of Honey
Cizelge 6. Bal Yerine Alternatif Besin Kullamnina Iligkin Ki-kare Test Sonucu

Ki-Kare Testi
Gender  x Df X? Importance
Alternative level
food 2 481 ns
instead of
honey

ns: Insignificant

Among the participants, the answers of “YES, NO or OCCASIONALLY ” were 42.59%, 18.51% and 38.88%
for females, respectively, while these rates were 29.41%, 37.25% and 33.33% for males, respectively (Table7).

Table 7. Use of Alternative Nutrients Instead of Honey
Cizelge 7. Bal Yerine Alternatif Besin Kullanimi

Woman Man woman (%) Man General (%)
%
Options n n %)
Yes 23 15 42.59 29.41 36.19
No 10 19 18.51 37.25 27.61
Occasionally 21 17 38.88 33.33 36.19

According to the survey results, the rate of women using alternative food instead of honey was found to be higher
than men. It has been observed that males prefer more honey, while females also consume alternative products
instead of honey. In a study, the answer to the question “Do you use alternative products instead of honey?” was
investigated. Accordingly, 55.5% answered that | use jam instead of honey. It has been determined that the research
is compatible with our study (Arvanitoyannisland Krystallis). Participants were asked what criteria they take into
account when buying honey and whether color is important in the quality of honey. The criteria for purchasing
honey were evaluated as quality, price, brand and region. The effect of color on honey quality was evaluated as
“YES, NO or DON'T KNOW?*®. In the statistical analysis of the survey results, while the effect of gender on the
criteria taken into account when purchasing honey was found to be insignificant, it was revealed that the effect of
quality on consumers was more important than other criteria (p<0.05) (Table 7).
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3.4. The criteria consumers pay attention to when purchasing honey

According to the chi-square test, the effect of color on the quality of honey is important and its value is insignificant
when evaluated in terms of gender.

Among the other criteria that most of the consumers participating in the survey pay attention to when purchasing
honey, taste, smell, color and the relationship between the source from which it is produced and gender are
insignificant, and the source from which the honey is produced is found important compared to the others (p<0.05)
(Table 8).

Table 8 Chi-Square Test Results Regarding the Criteria Considered in Honey and the Effect of Color on Quality
Cizelge 8. Balda Dikkat Edilen Kriterler ve Rengin Kaliteye Etkisine Iliskin Ki-Kare test Sonucu

Chi-Square Test

Gender x Df G Importance
criteria to be level
considered in 3 8.14 ns

honey

Gender X 2 4.870 ns

Color
Gender X 3 4.32 ns

Other criteria

*: p<0.05; ns: Insignificant

It has been determined that the consumers pay attention to the quality of 76.19%, the price of 7.16%, the brand
of 8.57% and the region of 7.61% when buying honey. Survey respondents, those who care about price and brand
were recorded as 1.85% and 12.96% for women, 13.72%, and 3.92% for men, respectively (Table 8).

Tablo 9. Distribution of Effective Criteria for Honey Purchase by Gender
Cizelge 9. Cinsiyete Giore Bal Satin Almada Etkili Kriterlere Iligkin Dagilim

Woman Man Woman (%) Man General (%)
%
Options n n 06)
Quality 43 37 79.62 72.54 76.19
Price 1 7 1.85 13.72 7.61
Brand 7 2 12.96 3.92 8.57
Region 3 5 5.55 9.80 7.61

Does Color Affect the Quality of Honey?
Balin Kalitesine Rengin Etkisi Var midir?

Yes 41 34 75.92 66.66 71.42
NO 3 10 5.55 19.60 12.38
1 do not know 10 7 18.51 13.72 16.19

While 71.42% of the participants said "yes, it is important"”, 12.38% answered "no" whether the color has an effect
on the quality of honey (Table 9).
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Table 10. Other Criteria Considered By Consumers When Buying Honey
Cizelge 10. Tiiketicilerin Bal Alirken Dikkat Ettikleri Diger Kriterleri

Woman Man Woman (%) Man General (%)
Options n n (%)
Taste 15 15 27.77 29.41 28.57
Smell 7 12 12.96 23.52 18.09
Color 9 3 16.66 5.88 11.42
Source from which it is
produced 23 21 42.59 41.17 41.90

Other criteria that consumers pay attention to when buying honey are taste, odor, color and the source from which it
is produced. While 41.90% of the participants buy honey, 28.57% prefer the source from which it is produced and
the taste (Table 10). Although the preferences of women and men in terms of taste, smell and color while purchasing
honey are not very high, it has been observed that they attach more importance to taste after the source from which
honey is produced. According to the results of the survey study, it was observed that consumers pay attention to the
quality and source of honey while buying honey, and the color is not important in the quality of honey. Sayili stated
in her study in 2013 that taste, smell, color and the source from which it was produced were statistically
insignificant when asked questions such as taste, smell, color, source of production in honey purchasing.
Arvanitoyannis and Krystallis 2006 study, stated that consumers' smell, consistency, aroma, color, brand and label
information are important. It has been determined that it is compatible with our research results.

3.5. Consumers' ways of protecting honey

Participants answered the question of “HOW DO YOU PROTECT YOUR HONEY” in the questionnaire as a
cupboard, kitchen, glass jar or all of them. As a result of the chi-square test, it was observed that there was no
relationship between gender and the way of preserving honey, while the rate of those who preferred glass jars was
higher than those who said cupboard, kitchen or all (Table 11).

Table 11. Chi-square Test Results Regarding Honey Protection ways
Cizelge 11. Bal Koruma Sekillerine Iliskin Ki-Kare Test Sonucu

Chi-Square Test

Gender x Df X? Importance
Honey level
protection
style
3 1.473 ns

ns: Insignificant

64.76% of the consumers stated that they prefer glass jars, 19.04% cupboards, kitchen and glass jars, 10.47% only
the kitchen and 5.71% only the cupboard Table 3.10In the male and female groups, the highest honey preservation
type was found to be glass jars, and the rate of those using cupboards, kitchens and glass jars was 22.22% for
women and 15.68% for men.

Table 12. Honeys Preserved in Different Ways According to Gender
Cizelge 12.. Cinsiyete Gére Farkl Sekillerde Muhafaza Edilen Ballar

Woman Man Woman (%) Man General (%)
Options n n 06)
Refrigerator 2 4 3.70 7.84 571
Kitchen 6 5 1111 9.80 10.47
Glass Jars 34 34 62.96 66.66 64.76
all of them 12 8 22.22 15.68 19.04
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The results of the research show that consumers generally prefer glass jars for preserving honey. These preferences
of the participants are thought to be in terms of hygiene, ease of use, long-term preservation or visuality.

3.6. Consumers' thoughts about crystallizing honey and ways to remove crystallization

Participants were asked about their thoughts about crystallizing honey and their preferred method of removing
crystallization. Their thoughts about honey were evaluated as "fake honey", "good honey", "I can't say anything"
and "it doesn't matter”, and their way of removing crystallization was evaluated as heating, keeping it at 45 °C,
keeping it at room temperature and putting it in boiling water with its container. While the relationship between
gender and thoughts about crystallizing honey was found to be insignificant according to the chi-square test; The
relationship between gender and the methods to remove crystallization was found to be significant (p <0.05). (Table
12).

Table 13. Crystallized Honey and Crystallization Removal Analysis and Chi-square Test Result
Cizelge 13.. Kristallesen Bal ve Kristallesmenin Giderilmesine Iliskkin Ki-kare Test Sonucu

Chi-Square Test

Gender x Crystallizing Df X? Importance

honey level
3 0.88 ns

Gender X 3 8.33 *

Crystallization

removal

*:p<0.05; ns: Insignificant

40.74% of women and 43.13% of men think that crystallized honey is good honey, and the ratio of women and
men who think that crystallized honey is fake honey is 33.33% and 25.49%, respectively (Table 13).

Table 14. Participants' Opinions on Crystallized Honey and Their Preferences in Removing Crystallization
Cizelge 14.. Katilmcilarin Kristallesen Bal Hakkindaki Diisiinceleri ve Kristallesmeyi Gidermedeki Tercihleri

Woman Man Woman (%) Man General
Options n n (%) (%)
Fake honey 18 13 33.33 25.49 29.52
Good honey 22 22 40.74 43.13 41.90
I can't say anything 10 11 18.51 21.56 20
It does not matter 4 5 7.40 9.80 8.57

Consumers' preferred ways to remove crystallization
Tiiketicilerin kristallesmeyi gidermede tercih ettikleri yollar

Heating 5 14 9.25 27.45 18.09
Holding at 45 °C 4 7 7.40 13.72 10.47
Holding at room temperature 8 7 14.81 13.72 14.28
Holding in boiling water bowl 37 23 68.51 45.09 57.14

Considering that the response rates of the participants to good honey and fake honey are close to each other, it is
understood that consumers have little information about crystallizing honey. When asked about the way consumers
prefer to remove crystallized honey, only 7.40% of women and 13.72% of men preferred to keep it at 45°C. On the
other hand, it was determined that 68.51% of women and 45.09% of men chose to put the crystallized honey in
boiling water with its container. According to the results of the survey, it is concluded that consumers who see
crystallized honey as a defect should be made conscious. Considering the way the consumers follow in bringing the
crystallized honey to its consistency, it is observed that they also have insufficient knowledge on this subject.
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3.7. Consumers' use of honey for therapeutic purposes in the disease

In the question of whether consumers use honey in the treatment of various diseases, the answers received were
evaluated as ‘’sometimes, never and always”’. In the statistical analyzes made, the chi-square test was applied to test
the relationship between gender and the use of honey for therapeutic purposes and the test results were found to be
insignificant. It was determined that the effect of gender was significant (p <0.05) in the answers regarding the use
of honey for therapeutic purposes in diseases. (Table 15).

Table 15. Chi-square Test Results Regarding the Therapeutic Use of Honey in Diseases
Cizelge 15. Hastaliklarda Balin Tedavi Amagl Kullanilmasi Ile 1igili Ki-kare Test Sonucu

Chi-Square Test

Gender x Use of Df X? Importance
honey in diseases level
2 0.23 ns
*: p<0.05

59.25% of women sometimes use honey for treatment when you get sick, 35.18% of them always use it, and 5.55%
of them stated that they never use it. It was determined that most of the participants (58.09%) used honey for
treatment purposes (Table 3.14). Arvanitoyannis and Krystallis, 2006, in their research findings, reported that honey
consumed for skin, anti-aging, anti-cancer, and health. Kumova and Korkmaz reported in 2000 studies that honey
was used in diseases such as Pharyngitis, Ulcer, Gastritis, Common Cold, Angina, Diabetes, Asthma, Bronchitis,
Cancer. The research results have been determined to be consistent with our findings.

3.8. What consumers think about real honey prices

One of the questions asked to the participants is their thoughts on real honey prices. Alternatively, they were asked
to choose between "important, not important and depending on the situation." As a result of the test, the relationship
between gender and consumers' opinions about real honey prices were found to be insignificant (Table 16).

Table 16. Chi-square Test Results for Real Honey Prices
Cizelge 16.. Ger¢gek Bal Fiyatlar: Ile 1igili Ki-kare Test Sonucu

Chi-Square Test
Gender x Real honey prices Df X? Importance level
1 2.98 ns

ns: Insignificant

Table 17. Distribution Status of Actual Honey Price by Gender
Cizelge 17. Cinsiyete Gore Gergek Bal Fiyat: Ile llgili Dagilim Durumu

Woman Man woman Man General
. (%) (%) (%)
Options n n
Important 15 18 27.77 35.29 31.42
unimportant 19 20 35.18 39.21 37.14
It depends on the situtation 20 13 37.03 25.49 31.42

35.18% of the women and 39.21% of the men answered the question of whether the honey you buy is real honey
and its price is important for you. In terms of price, the rate of those who said that people are “’important or depends
on the situation’” was recorded as 31.42% (Table 17). As a result of the survey, it is seen that while the price does
not matter in the preferences of some of the consumers to consume quality honey, the price is important for some of
them.

3.9. Questions about real honey

The respondents were asked whether the honey candied in the refrigerator, honey flowing intermittently and honey
that does not freeze in cold weather are real, and the answers were recorded as ‘’yes or no’’. According to the chi-
square test, the effect of gender was found to be insignificant and the relationship between sex and intermittently
flowing honey was found to be significant (p <0.05). On the other hand, the answers given to whether honey that
does not freeze in cold weather is real or not was found to be significant between genders (p <0.05) (Table 3.17).
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Table 18. Chi-square Test Results Related to Real Honey
Cizelge 18.. Gergek Bal lle Ilgili Ki-kare Test Sonucu
Chi-Square Test

Gender x Candied honey  Df X? Importance
in the fridge level
1 0.25 ns
Gender x Intermittent 1 4.93 *
flow of Honey
Gender x Honey freezing 1 131 ns

in cold weather
*: p<0.05; ns: Insignificant

<1 your honey is candied in the refrigerator, is it real honey? “’was asked to the respondents. The rate of women
saying yes and no was equal (50%), 54.90% for men and 47.61% for men. A great majority of the participants
(72.38%) think that honey flowing intermittently is fake (Table 18).

Table 19. Distribution Status Related to Real Honey Questions by Gender
Cizelge 19. Cinsiyete Gore Gergek Bal Sorulari lle 1igili Dagilim Durumu

Woman Man Woman (%) Man General
: (%) (%)
Options n n
If your honey is candied in the refrigerator, is it real honey?
Buzdolabinda bal sekerleniyorsa gercek bal midir?
Yes 27 28 50 54.90 52.38
No 27 23 50 45.09 47.61

Is intermittently flowing honey fake?
Kesik kesik akan bal sahtemidir?

Yes 34 42 62.96 82.35 72.38

No 20 9 37.03 17.64 27.65
Is honey that does not freeze in cold weather fake?
Soguk havada donmayan bal sahte midir?

Yes 29 33 53.70 64.70 59.04
No 25 18 46.29 35.29 40.95

It was determined that 53.71% of the " yes and no" answers, which is another question about real honey, given
whether the honey that does not freeze in cold weather is fake or not, consists of women and 64.70% of them are
men. It was reported that most of the participants (59.04%) thought that honey freezing in cold weather was real.
According to the results of the survey, it is concluded that in parallel with the consumption of honey, people have
the characteristics of distinguishing between real and fake honey.

Table 20. Consumers' Honey Therapeutic Use Status by Gender
Cizelge 20. Cinsiyete Gére Tiiketicilerin Bali Tedavi Amagl Kullanim Durumu

wWoman Man Man General
. (%) (%)
Options n n Woman (%)
| use it sometimes 32 29 59.25 56.86 58.09
I've never used 3 4 5.55 7.84 6.66
| always use honey 19 18 35.18 35.29 35.23
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In general, it is observed that the participants sometimes or always use honey for therapeutic purposes. The rate
of those who never used honey in diseases was found to be 6.66%. According to the results of the survey, it is
observed that people have knowledge that honey can be used for therapeutic purposes due to its antimicrobial
activity, while considering the proportion of those who never use honey, people should be more conscious about the
therapeutic properties of honey.

3.10. The importance of honey for health

In the survey made to customers coming to different businesses in Erzurum, different questions were asked about
the importance of honey in terms of health. These questions are that honey expels toxic substances from the body,
heals wounds, is good for insomnia and heart palpitations, is used in the treatment of ulcers and liver diseases.
Answers were recorded as <’yes or no”’. As a result of the analysis of variance, the difference of their responses was
found to be statistically insignificant, while the answers of the consumers regarding the use of honey for heart
palpitations, ulcers and the treatment of liver diseases were found to be statistically significant (p<0.05) (Table 20).
Arvaitoyannis and Krystallis, 2006, in their research findings, reported that honey consumed for skin, anti-aging,
anti-cancer, and health. Kumova and Korkmaz 2000 reported that honey was used in diseases such as Pharyngitis,
Ulcer, Gastritis, Common Cold, Angina, Diabetes, Asthma, Bronchitis, Cancer. The research results have been
determined to be consistent with our findings.

Table 21. Chi-square Test Result Showing the Health Importance of Honey Between the Genders

Cizelge 21. Cinsiyetler Arasinda Balin Saglik A¢isindan Onemini Gésteren Ki-kare Test Sonucu

Options Df X* Importance
level
Expelling toxic 1 0.99 ns
substances from the
body
Heart palpitations 1 054 *
Insomnia 1 106 *
To facilitate digestion 1 188 ns
Ulcer 1 048 ns
Heal wounds 1 013 ns
Liver diseases 1 172 *

While 62.96% of the women among the consumers who participated in the survey thought that honey is good for
heart palpitations, this rate was recorded as 82.35% for men. Most of the participants (89.52%) agreed that honey
has therapeutic properties in ulcer disease and 86.66% of them can be used in liver diseases (Table 21).

It has been observed that the benefits of honey, which is a source of healing for humans due to its vitamins and
minerals and its structural properties, are not fully known by consumers. For this purpose, people need to be more
aware of the benefits of honey.

4, Conclusion

In the survey study, a questionnaire containing questions about honey marketing problems in Erzurum market
and the honey consumption habits of people was applied and the following results were obtained. It has been
determined that most of the consumers have a habit of consuming honey and they always try to use honey in their
daily diet. In honey consumption, the quality, taste and source of honey are of great importance for consumers. It
has been determined that the consumers do not take the color of honey into consideration when perceiving the
quality of honey. In the survey study, it was determined that the effect of the brand on the honey purchasing
behavior and consumption habits of the consumers is not important. Today, considering the functions of the brand to
inform and protect consumers, to create customer satisfaction and customer loyalty, this result reflects a negative
situation in terms of honey production and marketing. For this reason, marketing strategies that give importance to
quality and brand should be generalized in Erzurum region. For consumers, the date when honey was produced has
been very important in terms of preserving the nutritional properties of honey. Consumers, who prefer more filtered
honey, think that honey prices are normal. In our country, there were not enough studies on the subjects discussed in
this study, and the findings obtained from the survey study could not be compared with the literature in the thesis,
since the topographic structure, climate, vegetation, eating habits and different consumption habits of the people
differ in the studies conducted abroad. As a result of It has been observed that the benefits of honey, which is a
source of healing for humans due to its vitamins and minerals and its structural properties, are not fully known by
consumers. For this purpose, people need to be more aware of the benefits of honey.

443



Kabakc1 and Dodologlu / Anadolu Tarim Bilim. Derg. / Anadolu J Agr Sci 36 (2021) 433-445

Table 22. The Therapeutic Use of Honey in Various Diseases
Cizelge 22. Balin Cesitli Hastaliklarda Tedavi Ama¢h Kullanilmasi

Woman Man Woman (%) Man General
(%) (%)

Options n n
It throws out toxic substances from the body
Viicuttaki zehirli maddeleri disar1 atar

Yes 27 28 50 54.90 52.38
No 27 23 50 45.09 47.61

Good for heart palpitations
Kalp carpintisina iyi gelir

Yes 34 42 62.96 82.35 72.38
No 20 9 37.03 17.64 27.65
Good for insomnia
Uykusuzluga iyi gelir
Yes 29 33 53.70 64.70 59.04
No 25 18 46.29 35.29 40.95

It facilitates digestion
Hazmu kolaylastirir

Yes 45 47 83.33 92.15 87.61

No 9 4 16.66 7.84 12.38
Used in ulcer treatment
Ulser tedavisinde kullanilir

Yes 48 46 88.88 90.19 89.52

No 6 5 11.11 9.80 10.47
Has the ability to heal wounds in the body
Viicuttaki yaralari iyilestirme 6zelligine sahiptir

Yes 47 44 87.03 86.27 86.66

No 7 7 12.96 13.72 13.33
Used in liver diseases
Karaciger hastaliklarinda kullanilir

Yes 42 42 77.77 82.35 80
No 12 9 22.22 17.64 20
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OZET

Ulkemizin hemen hemen her bolgesinde giiller (Rosa spp.) dogal olarak yetismekte veya iiretimi
yapilmaktadir. Giillerde enfeksiyon olusturan ¢ok sayida viriis hastalig1 vardir ve bunlardan bir tanesi de
Rose yellow vein virus (RYVV)’diir. RYVV Caulimoviridae familyas1 i¢ginde Rosadnavirus cinsine ait
bir virtstiir. Viriis, 9.314 niikleotitten olusan ssDNA (+) genomuna sahiptir. Etmen iilkemiz i¢in yeni
bir viriis olup karakterizasyonu tam olarak yapilmamustir. Calisma kapsaminda 2018-2019 yillarinda
Canakkale ilinde viriis ve viriis benzeri simptom gosteren 71 giil 6rnegi toplanmustir. Toplanan 6rnekler
PCR ile kilif protein genine spesifik primer ¢ifti ile test edilmistir. Testlemeler sonucunda 71 &rnegin
19°u enfekteli olarak bulunmustur. Enfekteli izolatlardan biri segilerek ilgilenilen hareket proteini
(movement protein; MP) ve kilif proteini (coat protein; CP) gen bolgelerinin tamami PCR ile amplifiye
edilmigtir. Elde edilen PCR iiriinleri kullanilarak segilen izolata ait amplifiye edilmis olan MP ve CP
genlerinin niikleotid dizileri belirlenmistir. Elde edilen RYVV MP ve CP genlerine ait niikleotit
dizilimleri kullanilarak, amino asit dizilimleri ¢ikarilmistir. Yapilan niikleotid ve amino asit temelli
¢oklu dizi kargilagtirmalar1 sonucunda Canakkale RYVYV izolat1 ile diinya izolatlar1 arasinda niikleotid
diizeyinde %96-98, amino asit diizeyinde %98-99 oranlarinda benzerlik oldugu tespit edilmistir. Ayrica
filogenetik analizler sonucunda Canakkale RYVV izolati ile diinya izolatlarinin iligkileri ortaya
koyulmustur. Bu ¢aligma ile iilkemizde ilk defa RYVV Canakkale izolatinin iki gen bdlgesine gore
molekiiler karakterizasyonu gerceklestirilmistir.

Detection and genetic diversity of Rose yellow vein virus in Canakkale province,
Turkey

ABSTRACT

Roses (Rosa spp.) are naturally grown or produced in almost every region of Turkey. There are
numerous viruses that infect roses, including the Rose yellow vein virus (RYVV). RYVV belongs in the
genus Rosadnavirus and the family Caulimoviridae. The virus has a sSDNA (+) genome that consists of
9.314 nucleotides. RYVYV is a new virus to Turkey and it hasn’t yet been characterized. For this reason,
71 roses showing virus and virus-like disease symptoms were collected from Canakkale province in
2018-2019. The collected samples were tested by PCR with the coat protein gene-specific primer pair.
As a result of the tests, 19 out of 71 samples were found to be infected with RYVV. One isolate was
randomly selected and the gene regions, movement protein (MP), and coat protein (CP) were amplified
by PCR and the PCR products were sequenced. The amino acid sequences of the RYVV MP and CP
genes were deduced by nucleotide sequence analysis. As a result of multiple sequence comparisons
based on two gene regions of the nucleotide and deduced amino acid, the Canakkale RYVV isolate
showed 96-98% nucleotide and 98-99% amino acid similarities with known isolates, respectively.
Moreover, as a result of phylogenetic analysis, relationships between the Canakkale RYVV isolate and
the known isolates were revealed. This study was the first to perform molecular characterization of the
RYVV Canakkale isolates, based on two gene regions, in Turkey.
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1. Giris

Siis bitkileri, genellikle tirtinlerinden ¢ok estetik giizellikleri sebebiyle iiretimi yapilan bitkilerdir. Bugiin ticari
amagcla siirdiiriilen siis bitkileri ve ¢icek iiretimi giin gectikce biiyliyen bir sektdr halini almistir. Bu konuda ¢ogu
iilkede biiytik yatirimlar yapilmakta olup bu tilkeler arasinda bir rekabet bulunmaktadir (Korkut, 1998).

Siis bitkileri 4 temel grup i¢inde degerlendirilmektedir. Bunlar; dis mekan siis bitkileri, saksili salon bitkileri,
dogal cicek soganlar1 ve kesme ¢igeklerdir (Titiz ve ark., 2000; Yazgan ve ark., 2005; Yilmaz, 2009). Uretim
bakimindan bu gruplar incelendiginde ilk sirada %68,6 ile kesme ¢igek yer alirken bunu %27,2 oranla dis mekan siis
bitkileri takip etmektedir (Anonim, 2016). Ulkemiz i¢in en énemli siis bitkilerinden bir tanesi ise giildiir (Rosa spp.).
Her bitki tiiriinde oldugu gibi giillerin de hastalik ve zararlilar1 bulunmakta olup ¢esitli enfeksiyonlar sonucu gigek
veriminde ve kalitede kayiplar meydana gelmektedir. Horst ve Clody (2007), giillerde zararlar meydana getirerek
cicek kalitesini ve verimini diisiiren 26 farkli biyotik hastalik etmeninin oldugunu bildirmistir. Ayrica bu biyotik
hastalik etmenlerine ek olarak abiyotik etmenlerinde fizyolojik bozukluklara neden oldugunu belirtmistir. Olusan bu
kayiplarin verim ve kalite {izerinde olumsuz sekilde etki ettikleri de bilinmektedir.

Diinyada gerceklestirilen calismalar sonucunda giilleri enfekte eden 11 farkli viriis hastali1 tanimlanmistir
(Horst ve Cloyt, 2007; Karanfil, 2021). Bu etmenlerden en yaygin olanlar ise Prunus necrotic ringspot virus
(PNRSV), Arabis mosaic virus (ArMV), Apple mosaic virus (ApMYV) olarak bildirilmistir. Giil yapraklarinda ¢izgili
lekeler, rozetlesme, yaprak kivircikligi, halkali leke, ciicelik, solgunluk, c¢iceklerde renk acilmasi ve sekil
bozukluklarina sebep olan viriisler saptanmasina ragmen bazilart ¢ok 6zel kosullarda lokal olarak ve nadiren
karsimiza ¢ikan viriis hastaliklaridir. Giillerde ¢igek kalitesi ile verimini diigiiren virlis kaynakli hastaliklarin,
diinyanin birgok yerinde goriildiigii ve bu hastaliklar {izerine arastirmalarin devam ettigi bilinmektedir.

Son yillarda ABD'de giillerde damar sararma hastaliinin etmeni olarak caulimovirus benzeri olarak
smiflandirilan Rose yellow vein virus (RYVV) etmeni tanimlanmustir (Lockhart ve ark., 2011). Viris, daha sonra
yapilan caligmalarda Caulimoviridae familyasinda Rosadnavirus cinsi i¢inde siniflandirilmisti. RYVV 9314
niikleotidden olugan, toplam 8 acik okuma bdlgesi iceren, sirkiilatif tek par¢ali dSDNA genomuna sahiptir (Milleza
ve ark., 2013). RYVV, ABD disinda ilk olarak Yeni Zelanda'da tek bir giil drneginden tespit edilmis (Perez-
Egusquiza ve ark., 2012), ancak mevcut arastirma sirasinda RYVV'nin Yeni Zelanda'nin birgok bolgesinde oldugu
dogrulanmustir. Arastiricilar RYVV’nin agilama yoluyla tagmabildigini, ancak yaprak biti veya mekanik yolla
tasinmadigini bildirmislerdir. Ayrica RYVYV ile enfekteli giil 6rneklerinde damar bantlasmasi veya merkezi damar
klorozunun yaygin bir sekilde goriildiigii belirtilmistir (Lockhart ve ark., 2011).

RYVV iilkemizde ilk olarak Karanfil ve ark. (2018) tarafindan rapor edilmistir. Ulkemiz igin yeni bir viriis
hastalig1 olan RYVV ile ilgili son derece sinirlt sayida ¢alisma vardir (Karanfil ve ark., 2018; Karanfil, 2021). Bu
baglamda etmenin Canakkale ilindeki yaygmligi ve iki farkli gen bolgesine gore genetik cesitliligi bu caligma
kapsaminda aragtirtlmigtir.

2. Materyal ve Yontem

Calismalar temel olarak 4 asamada gerceklestirilmistir. Oncelikle Canakkale ili ve ilcelerindeki park ve bahce
gibi alanlarda bulunan giiller gorsel olarak incelenmis, virlis ve viriise benzer belirtiler gosterenlerden 6rnekler
toplanarak laboratuvara getirilmistir. Ikinci asamada alinan &rneklerdeki RYVV nin enfeksiyonunun belirlenmesi
amaci ile drnekler PCR ile test edilmistir. PCR testleri sonuglarina gére RYVV ile enfekteli oldugu tespit edilen
ornekler, sonrasinda ileri analizler yapmak igin bir kismu silika jel igerisinde 4°C’de, kalan kisim ise -80°C’de
saklanmistir. Ugiincii asama olan molekiiler karakterizasyon ¢aligmalarinda PCR testi sonucu pozitif ¢ikan drnekler
igerisinden bir izolat secilerek, ilgilenilen MP (hareket proteini, movement protein) ve CP (kihif proteini, coat
protein) gen bolgeleri PCR ile amplifiye edilmistir. Elde edilen PCR iriinleri kullanilarak secilen izolata ait
amplifiye edilmis olan MP ve CP genlerinin niikleotid dizilimleri hizmet alimi ile belirlenmistir. Son agamada ise
elde edilen RYVV MP ve CP genlerine ait niikleotid dizilimleri kullanilarak, amino asit dizilimleri ¢ikarilmustir.
Elde edilen bu diziler kullanilarak diinya RYVV izolatlar1 ile Canakkale RYVV izolatmin filogenetik iliskileri
ortaya konmustur.

2.1 Arazi Calismalar

Arazi galigmalar1 2018-2019 yillart ilkbahar ve yaz aylarinda Canakkale ili ve ilgelerinde giil bitkilerinin
bulundugu park, bahge gibi rekreasyon alanlarinda yiiriitiilmistiir. Bu alanlarda yetistirilen giil bitkileri gorsel olarak
incelenmis RYVV’nin olusturdugu simptomlara benzer simptom gésteren bitkilerden drnek alinmistir. Ornekleme
yapilan alanlar tamamen tesadiifi olarak secilmistir. Yapilan arazi ¢ikiglari sonucunda 71 6rnek toplanmustir (Sekil
1). Toplanan 6rnekler laboratuvara soguk zincirde muhafaza edilerek getirilmis ve bir sonraki asamaya kadar silika
jel i¢inde buzdolabinda bekletilmistir.
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Sekil 1. Arazi galismalarmin gergeklestirildigi Canakkale ilgeleri (Parantez ig¢indeki rakamlar toplanan 6rnek
sayilarini gostermektedir)

Figure 1. Canakkale districts where field studies were carried out (Figures in parentheses show the number of
samples collected)

2.2 Polimeraz Zincir Reaksiyonu Analizleri

Toplanan 6rneklerdeki RYVV enfeksiyonunu tespit etmek amaci ile gergeklestirilen polimeraz zincir reaksiyonu
(polymerase chain reaction, PCR) ¢alismalarina total DNA izolasyonu ile baglanmigtir. Total DNA izolasyonunu
takiben gen spesifik primer ¢ifti ile PCR testleri gergeklestirilerek RYVV enfeksiyonu aragtirtlmigtir. Total DNA
izolasyonu Li ve ark. (2008)’nin belirttigi sekilde gerceklestirilmistir. Orneklerdeki viriis varlig1 ise Karanfil ve ark.
(2018)’nm belirttigi primer ¢ifti ve PCR kosullar1 uygulanarak aragtirtlmistir (Cizelge 1).

Cizelge 1. Rose yellow vein virus enfeksiyonunun belirlenmesinde kullanilan primer ¢ifti
Table 1. Primer pairs used in determination of Rose yellow vein virus infection

Primer Dizisi (5°-3") Y 6nii Uriin Referans
CGAGATTAACGAAATGGAC fleri 66 b Karanfil ve ark.
CGTACTCTTTCTTGGCTT Geri ¢ (2018)

RYVV ile enfekteli olarak bulunan bir izolat CP ve MP gen bdlgelerine goére molekiiler karakterizasyonu amact
ile secilmistir. Secilen izolatin hedef gen bolgeleri Cizelge 2’deki primer giftleri kullanilarak PCR ile amplifiye
edilmistir.

2.3 Sekanslama, Benzerlik ve Filogenetik Analizler

PCR ile ¢ogaltilan RYVV CP ve MP genlerine ait PCR fiiriinlerinin saflagtirma islemi EZ Column PCR
ptrifikasyon kiti (BioBasic, Kanada) kullanilarak iiretici firmanin &nerileri yoniinde gergeklestirilmigtir. PCR
{iriinleri sekansa génderilinceye kadar -20°C” de muhafaza edilmistir. Gergeklestirilen sekanslama islemi ile birlikte
RYVV izolatinin DNA baz dizilimleri hizmet alimi ile ¢ift yonlii olarak belirlenmistir (BM Labosis, Ankara). Elde
edilmis olan ¢ift yonlii DNA dizilerinden konsensiis diziler elde edilmistir. Ayrica bu dizilerin kodladig1 aminoasit
icerikleri de belirlenmistir.

RYVV CP ve MP genlerinin DNA dizilimleri, diinyanin farkli bolgelerinden gen bankasina kaydedilmis olan,
RYVV izolatlarinin CP ve MP genlerinin DNA dizileriyle karsilastirilmistir. Bu amagla DNA dizileri CLC Main
Work Bench V.7.9.1 programinda Clustal W kullanilarak niikleotid ve aminoasit diizeyinde karsilagtirilmustir.
Ayrica diinya izolatlari ile benzerlikleri ortaya koyulmustur.
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Calismada 8’1 diinyanin farkli yerlerine ait ve 1’i Canakkale’den olmak iizere toplamda 9 izolat arasinda
incelemeler yapilmistir. Canakkale izolat1 icin CNK 6neki kullanilarak adlandirilmistir. Calismada kullanilan diinya
izolatlarina ait gen bankasi erisim numaralar1 ve elde edildigi tilke (orijin) bilgileri Cizelge 3’de verilmistir.

Cizelge 2. Rose yellow vein virus’un kilif ve hareket proteinlerinin amplifikasyonu i¢in kullanilan primer ¢iftleri*
Table 2. Primer pairs used for amplification of coat and movement proteins of Rose yellow vein virus

Viriis Lokus Dizi Uriin (bg)
RYVV _F2 (1088, 1105)  GGATGACAGAAGGAAAGG
RYVV R2(2578,2595)  GGCAGTATTAGGGAGAGA 1508
RYVV RYVV F3(2325,2341)  TAACGAAATGGACACCT 1481

RYVV _R3 (3789, 3805) TTGTTTATGGGCTCTGT

*Kullanilan bu primer ¢iftleri FBA-2019-2891 numaral1 proje kapsaminda tasarlanmustir.

Cizelge 3. Diinyanin diger bolgelerindeki Rose yellow vein virus izolatlarinin numaralari ve orijinleri
Table 3. Numbers and origins of Rose yellow vein virus isolates from other countries in the world

Erisim Numaralar1 Elde Edildigi Ulke
JX887423 Yeni Zelanda
JX430789 Yeni Zelanda
JX887424 Yeni Zelanda
JX430788 Yeni Zelanda
JX028536 ABD
JX887426 Yeni Zelanda
JX887425 Yeni Zelanda
MH395928 Tiirkiye

Filogenetik iliskileri belirlemek amaciyla Neighbor-joining yontemi kullanilarak filogenetik soy agaglart her iki
gen bolgesi igin olusturulmustur. Bununla birlikte soy agacinin dogrulugunun istatistiksel olarak belirlenmesi
maksadiyla 1000 tekerriirlii bootstrap analizi yapilmis ve Canakkale RYVYV izolatinin diger izolatlarla filogenetik
iligkileri ortaya koyulmustur.

3. Bulgular ve Tartisma

Arazi ¢aligmalar1 Canakkale’de 2018-2019 bahar sezonlarinda gergeklestirilmistir. Arazi ¢ikisi yapilan alanlar
rastgele secilmis ve bitkiler gdrsel olarak incelenerek bunlardan RYVV benzeri simptom gosteren giillerden
ornekler alinmistir. Arazi ¢aligmalari sonucunda toplamda 71 6rnek toplanmistir. Yapilan PCR testleri sonucunda 71
ornegin 19°u RYVV ile enfekteli olarak bulunmustur. PCR calismalarinda enfekteli bulunan &rnekler virlise 6zgii
766 bg biiyiikliigiinde bant olugturmustur. Negatif kontrol ve su drneginde ise herhangi bir bant olugsmamustir.

Viriis tanilama ¢alismalarinda herhangi bir zorlukla karsilasilmamis, enfekteli 6rneklerde istenen biiyiiklik ve
parlaklikta bantlar elde edilmistir (Sekil 2). PCR analizleri viriislerin tanisinda yaygin olarak ve basarili bir sekilde
kullanilmaktadir. Duyarliligi ¢ok yliksek olup, kisa siirede sonug¢ alinmaktadir. Karanfil ve ark. (2018) yaptiklar1 bir
on calismada Canakkale ve Ankara illerinden topladiklar1 giil 6rneklerini RYVV i¢in PCR ile testlemisler ve
testlemeler sonucunda etmenin varligini belirlemislerdir. Calisma kapsaminda Merkez ilgeden toplanan 30 6rnegin
8’1, Eceabat’tan toplanan 18 6rnegin 5’1, Lapseki’den toplanan 4 6rnegin 3’1 ve Ezine’den toplanan 10 6rnegin 3’
RYVYV ile enfekteli olarak bulunmustur. Bozcaada’dan toplanan 9 6rnegin hi¢birinde RYVV bulunamamuistir.
Toplanan drneklerde ilge bazinda en yiiksek enfeksiyon orani %75.0 ile Lapseki ilcesinden elde edilirken bunu
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%30.0 ile Ezine, %27.7 ile Eceabat ve %26.6 ile Merkez ilge izlemistir. Toplamda enfeksiyon orani %26.8 olmustur
(Cizelge 4).

Sekil 2. Araziden toplanilan bazi giil drneklerin polimeraz zincir reaksiyonu ile testlenmesi sonucu elde edilen
agaroz jel gorlntiisii (22, 23, 24 ve 25: giil 6rnek numaralarr).

Figure 2. Agarose gel image obtained by polymerase chain reaction testing of some rose samples collected from the
field (22, 23, 24 and 25: rose sample numbers).

Arazi ¢aligmalar1 kapsaminda giillerde yapraklarda ¢izgili lekeler, rozetlesme, solgunluk, halkali lekeler, yaprak
kivircikligi, ciicelik, ¢igeklerde ise renk agilmalari ve sekil bozukluklarina benzer belirtiler gézlenmistir. Bu
belirtileri gosteren ve PCR sonucu enfekteli bulunan giil bitkisi 6rnekleri Sekil 3’de verilmistir.

Cizelge 4. Canakkale ili ve ilgelerinden alinan 6rnek sayilari, enfekteli 6rnek sayilart ve enfeksiyon oranlari
Table 4. Number of samples taken from Canakkale province and its districts, number of infected samples and
infection rates

Ornek alman ilgeler Enfekteli ornek sayis1 / Toplanan Orneklerdeki
Alinan 6rnek sayist Enfeksiyon orani (%)

Merkez 8/30 26.6

Eceabat 5/18 27.7

Lapseki 3/4 75.0

Ezine 3/10 30.0
Bozcaada 0/9 0
Toplam 19/71 26.8

Toplanan 6rnekler icerisinden RYVV benzeri simptom gdsteren ancak enfekteli bulunmayan drneklerin biiyiik
olasilikla baska viriis ya da viriislerle enfekteli oldugu diisiiniilmektedir. Nitekim Horst ve Cloyd (2007),
calismalarinda giillerde goriilen 11 farkli viriis hastaligini tanimlamuslardir. Bunlar arasinda en yaygin olanlarini
ApMV, PNRSV ve ArMV olarak bildirmislerdir. Bununla birlikte giillerde ciicelige, sekil bozukluklarina ve koseli
sar1 yaprak lekelerine neden olan Strawberry latent ringspot virus (SLRSV)’ii ise bir baska viriis hastalig1 olarak
belirtmislerdir. Nitekim i¢inde Canakkale ilinin de oldugu giil viriis hastaliklartyla ilgili olarak gerceklestirilen bir
caligmada da RYVV’nin giillerin énemli bir hastalig1 oldugu belirtilirken, Tiirkiye giillerinde enfeksiyonu en fazla
rastlanilan etmenin PNRSV oldugu belirtilmistir (Karanfil, 2021).

Gen bankas1 veri tabanlarinda diinyanin farkli tiretim bolgelerinden elde edilen siirli sayida RYVV izolatinin
CP ve MP genlerini iceren bolgelerinin dizilimi bulunmaktadir. Gen bankasinda bulunan bu genlerin niikleotid ve
amino asit dizilimleri alinarak Canakkale ili ve ilgelerinden elde edilen RYVV izolati CP ve MP genlerinin
niikleotid ve amino asit dizilimleri ile karsilastirarak RYVV-CNK izolatinin diger uluslararasi izolatlar ile gosterdigi
benzerlik oranlart ve filogenetik iliskileri belirlenmistir.

Niikleotid temelli dizi analizi incelemelerinde CP genine gore Canakkale RYVV izolati ile diinya izolatlarinin
benzerlik oranlar1 karsilastirildiginda en yiiksek benzerligin %98 oranla RYVV-CNK-CP ile MH395928 izolatlart
arasinda oldugu goriilmiistiir. Bu iki izolatta iilkemize aittir ve yiiksek oranda benzerlik gosterdikleri belirlenmistir.
fkinci en yiiksek benzerlik oranmin ise RYVV-CNK-CP ile JX028536 numarali Amerika izolat1 arasinda oldugu
saptanmustir (Sekil 4a). Amino asit temelli benzerlik dizi analizlerinde RYVV-CNK izolatinin CP geni amino asit
benzerlikleri incelendiginde en yiiksek benzerligi %99 oranla JX028536 numarali Amerikan izolat1 ile gostermistir
(Sekil 4b).
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Sekil 3. Arazide Rose yellow vein virus benzeri simptom gosteren ve PCR testlemelerinde enfekteli bulunan giil
bitkileri (A: Damarlarda renk acilmasi; B: Yaprak uclarindaki damarlarda sararma; C: Yapraklarda renk degisimi;
D: Damarlarda ve yapraklarda sararma).

Figure 3. Rose plants showing Rose yellow vein virus-like symptoms in the field and found as infected in PCR tests
(A: Discoloration of veins; B: Yellowing of veins at leaf tips; C: Discoloration of leaves; D: Yellowing of veins and
leaves).

MP genine gore benzerlik oranlart incelendiginde RYVV-CNK izolatinin diger diinya izolatlar1 ile %97-98
arasinda benzerlik gosterdigi goriilmistiir. En diisiik benzerlik oraninin Canakkale izolat1 ile ABD izolat1 arasinda
%97 oraninda oldugu belirlenmistir. Canakkale izolat1 ile en yiiksek benzerlik oraninin ise JX887424 erisim
numaralt Yeni Zelanda izolati ile %98 oraninda gostermistir. Genel olarak en fazla benzerligin %100 oranla
JX887424 erisim numarali ve JX430788 erisim numarali Yeni Zelanda izolatlarimin birbirleri arasinda oldugu
gorilmiistiir (Sekil 4c). RYVV hareket proteini genlerine gore yapilan aminoasit temelli benzerlik analizleri
sonucunda RYVV diinya izolatlar1 ile Canakkale izolat1 arasinda %99 oranla benzerlik bulundugu goriilmiistiir
(Sekil 4d). Diinyada RYVV ile gergeklestirilen sinirli sayidaki caligmada da bu calisma sonuglarimi destekler
bulgular elde edilmistir. Perez Egusquiza ve ark. (2012) tarafindan Yeni Zelanda’da gergeklestirilen bagka bir
calismada ise Yeni Zelenda RYVYV izolati CP geninin %96 oranlarinda benzerlikler gosterdigini tespit etmislerdir.
Karanfil ve ark. (2018) tarafindan iilkemizde gergeklestirilen ¢alisma sonuglarina gore elde ettikleri Tirk RYVV
izolati ile diinya RYVV izolatlar1 arasinda % 97-98 oraninda benzerlik oldugunu belirtmislerdir.

Filogenetik soyagaci kilif protein genleri niikleotit dizilimlerine gore incelendiginde 2 ana gruba ayrildig:
gorillmiistiir. Birinci ana grup RYVV-CNK-CP, JX028536, MH395928 olmak {izere 3, ikinci ana grup JX887425 ve
JX887426 olmak iizere 2 izolat icermektedir. Birinci ana grupta Canakkale, Tiirkiye ve ABD izolatlar1 yer alirken
ikinci grup Yeni Zelanda izolatlarindan olugsmustur. Canakkale RYVV izolat1 ve diinya izolatlarinin kilif protein
genine gore niikleotid dizilimleri kullanilarak olusturulan filogenetik soyagaci Sekil 5°te verilmistir.

Canakkale RYVV izolat1 ile diinya izolatlarinin hareket proteini genine gore niikleotid dizilimleri
kullanilarak olusturulan filogenetik soyagaci Sekil 6’da verilmistir Sekilde de goriildiigii gibi filogenetik soyagact 2
ana gruptan olugmustur. Birinci ana grupta JX887423, JX430789, JX887424, 1X430788 ve RYVV-CNK-MP olmak
tizere 5, ikinci ana grupta JX028536 olmak tizere bir izolat yer almistir. Yeni Zelanda ve Canakkale izolatlar1 aym
ana grupta yer alirken ABD izolat1 diger ana gruba dahil olmustur. Canakkale RYVV izolatinin bazi diinya izolatlar1
ile olusturdugu soy agaciin dallar1 31-85 arasinda degisen bootstrap degerleri ile dogrulugu desteklenmistir. Bu
degerler, sonuglarin tesadiifi olmadigin1 ve soyagacindaki dallardan bir¢ogunun istatistiksel acidan desteklendigini
gostermistir.
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Sekil 4. Canakkale Rose yellow vein virus (RYVV) izolat1 ile diinyadaki RYVV izolatlarinin kilif protein (CP ) ve
hareket protein (MP) gen bolgelerine gore benzerlik oranlari (a-b: CP genine gore sirasi ile niikleotit ve amino asit
diizeyinde benzerlik orani; c-d: MP genine gore sirast ile niikleotid ve amino asit diizeyinde benzerlik orant).

Figure 4. Similarity rates of Canakkale Rose yellow vein virus (RYVYV) isolate and RYVV isolates in the world
according to coat protein (CP) and movement protein (MP) gene regions (a-b: nucleotide and amino acid level
similarity rates based on the CP gene, respectively; c-d: nucleotide and amino acid level similarity rates based on the

MP gene, respectively).

Karanfil (2021) tarafindan giillerdeki viriis hastaliklarinin belirlenmesine yonelik gerceklestirilen ¢aligmada da
RYVYV izolatlarinin CP gen bolgesinin kismi dizilerine gére 3 farkl filogenetik grup olusumu oldugunu bildirmistir.
Bu baglamda elde edilen sonuglar birbirini destekler niteliktedir.

—— RYWVV-CNK-CP

33
- JX028536
MH395928
JX887425
=)
JX887426
CaMV

Sekil 5. Canakkale Rose yellow vein virus izolatinin kilif protein geninin niikleotid dizilimleri kullanilarak neighbor-
joining yontemi ile olusturulan filogenetik soyagaci [Cauliflower mosaic virus (CaMV) dis grup olarak filogenetik
agacta kullanilmistir. Genbankasi erisim no: M90543]

Figure 5. The phylogenetic tree of Rose yellow vein virus isolates based on the nucleotide sequences of the coat
protein protein-coding genome [The phylogenetic tree was constructed by the neighbor-joining and Cauliflower

mosaic virus (M90543) was used an outgroup]
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Sekil 6. Canakkale Rose yellow vein virus izolatinin hareket protein geninin niikleotid dizilimleri kullanilarak
neighbor-joining yontemi ile olusturulan filogenetik soyagaci [Cauliflower mosaic virus (CaMV) dis grup olarak
filogenetik agacta kullanilmistir. Genbankasi erisim no: M90543]

Figure 6. The phylogenetic tree of Rose yellow vein virus isolates based on the nucleotide sequences of the
movement protein-coding genome [The phylogenetic tree was constructed by the neighbor-joining and Cauliflower
mosaic virus (M90543) was used an outgroup]

4. Sonug¢

Bundan sonra gerceklestirilecek ¢aligmalarda RYVYV izolatlarimin tiim genom dizilimlerinin belirlenmesine ve
iilkemizde RYVV izolatlarinin vektdr ya da vektdrlerinin olup olmadiginin tespitine yonelik olarak calismalarin
gerceklestirilmesi gerektigi diigiiniilmektedir.
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OZET

Bu arastirma, Kirsehir ilinde 6zel bir siit sigir1 isletmesinden yetistirilen 230 bas Siyah Alaca ineginin
dig goriiniis 6zelliklerine ait bazi parametrelerin tahmin edilmesi ve bu 6zellikler ile siit ve dol verim
ozellikleri arasindaki korelasyonlarin belirlenmesi amactyla yapilmistir. Genetik parametre tahmini i¢in
BLUP Hayvan Modeli’ni (Animal Model, birey modeli) esas alan MTDFREML programindan
yararlanilmigtir. Dig goriinilis 6zellikleri i¢in kalitim dereceleri 0.07 ile 0.44 arasinda hesaplanmustir.
Genel olarak, siit¢iiliik 6zelligi i¢in orta, beden 6zellikleri igin diisiik-orta, ayak ve bacak 6zellikleri i¢in
diisiik, meme 6zellikleri i¢in ise orta-yiiksek diizeyde kalitim dereceleri hesaplanmustir. Siit (305-gSV)
ve dol verim ozellikleri (BITAS, SP ve BA) i¢in kalitim dereceleri ise 0.05 ile 0.18 arasindadir. Dis
goriiniig ozellikleri ile siit ve d6l verim 6zellikleri arasindaki genetik korelasyonlar sirasiyla -0.90 ile
0.96 ve -0.33 ile 0.61 arasinda hesaplanmustir. Siit ve d6l verim 6zellikleri ile dis goriiniis 6zellikleri
arasindaki fenotipik korelasyonlar ise diisiikk diizeyde ve -0.25 ile 0.25 arasinda belirlenmistir. Elde
edilen sonuglar, yiiksek sagrili, narin siit¢iilik dzelliginde, genis gogiislii, derin bedenli, algalan ve genis
sagrili, dik arka ayak acili, kuru arka diz yapisi, yiiksek arka memeli ve toplam puan bakimindan daha
iyi damizlik vasfi tagiyan ineklerin daha yiiksek siit verimine sahip oldugunu gostermistir. Dar gogiislii,
s1g bedenli, dar sagrili ve zayif bir meme baglantisina sahip inekler ise daha kisa bir BITAS’ye sahiptir.
Bu sonuglar, Siyah Alaca ineklerde bu 6zelliklerin siit ve dol verim performansinin iyilestirilmesinde
dolayli seleksiyon kriteri olarak kullanilabilecegini gostermistir.

Genetic relationships between type traits with milk yield and reproductive traits in

Holstein Cows

ABSTRACT

This research was carried out to estimate some parameters of type traits of 230 head Holstein cows
raised in private dairy cattle enterprise in Kirsehir and determine the correlations between these type
traits with milk yield and reproductive characteristics. Estimates of genetic parameters were obtained
from MTDFREML software based on BLUP Animal Model (Animal Model, individual model). The
heritability for the type traits were calculated from 0.07 to 0.44. Medium heritability for dairy character,
low-medium for body conformation traits, low for feet and legs traits, and medium-high for udder traits
were generally calculated. The heritability for milk yield (305-dMY) and reproductive traits (CFSI, DO
and CI) were varied from 0.05 to 0.18. Genetic correlations between type traits with milk yield and
reproductive traits were calculated from -0.90 to 0.96 and -0.33 to 0.61, respectively. The phenotypic
correlations between milk and reproductive traits with type traits were determined low level and ranging
from -0.25 to 0.25. The results obtained showed that cows with high rump, frailty dairy form, wide
strength, deep body depth, descending and wide rump, straight rear legs side view, dry hock status, high
rear udder and better breeding characteristics in terms of final score had higher milk yield. Cows with
narrow chest with, shallow body depth, narrow rump and weak udder attachment had a shorter CFSI.
The results showed that these traits may be used as an indirect selection criterion for improving milk
yield and reproduction performance in Holstein cows.
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1. Giris

Tirkiye hayvan varlig1 bakiminda diinyada ilk siralarda yer almasina kargin hayvan basina elde edilen verimler
yoniinden yeterli diizeyde degildir. Ozellikle iilkemizde en énemli et ve siit iiretim kaynag1 olan sigir basina karkas
ve siit {iretimi 2019 yili itibari ile yaklasik 295 kg ve 3158 kg civarindadir (TUIK, 2021). Ulkemizde sigir basina
verim gelismis ilkeler ile kiyaslandiginda oldukga diisiik diizeydedir. Bu durum {ilkemizin hala hedeflenen verim
seviyesinin ¢ok altinda oldugunu ve sigir basina elde edilen siit, et ve dol verimini arttirmak i¢in 1slah ¢aligmalarina
onem verilmesi gerektigini gdstermektedir.

Ekonomik siit s1g1r1 yetistiriciliginde siit veriminin énemli olmasinin yani sira, d6l verimi ve uzun 6miirliiliik, ya
da bir inegin hayati1 boyunca yiiksek siit verimi ve dol verimine dayanabilecek yapiya sahip olmasi da 6nemlidir.
Bunun i¢in ineklerin iyi bir soydan gelmelerinin yan: sira, saglam ve gelismis bir viicut yapisina, kapasiteli bir
memeye, agir bedeni tasiyacak yapida ayak, tirnak ve bacak yapisina sahip olmasi gerekir (Cer¢i, 2006). Siit
sigirlarinin daha uzun Omiirlii olmast ve daha fazla verim vermesi i¢in, damizlik degerlerinin tahmin edilmesinde,
verim Ozellikleriyle birlikte dig goriiniis Ozelliklerinin de dikkate alinmasi gerekmektedir. Nitekim dis goriiniis
ozelliklerinden yararlanarak, daha yiiksek siit, et ve dol verimine sahip, daha dayanikli ve uzun 6miirlii hayvanlarin
elde edilmesinin miimkiin oldugu ve bu durumun da karlilig1 olumlu yonde etkiledigi bildirilmektedir (Yaylak ve
Akbas, 2004). Ineklerin yiiksek verimin yiikiinii uzun yillar boyunca tastyabilmesi ancak viicutlarinin buna uygun
bir yapida olmasi ile miimkiindiir (Ermetin, 2007). Bu nedenle dogrusal tip 6zellikleri olarak da ifade edilen dis
goriiniis 6zellikleri siirli yonetimiyle ilgili birgok avantajlar saglamaktadir (Yaylak ve Akbas, 2004).

Diinyada 1slah programlart siit verimi ile dol verim Ozellikleri arasindaki negatif iliski dikkate alinmadan
oncelikle siit verim 6zellikleri iizerinde yogunlasmustir. D61 verim 6zellikleri genellikle diigiik kalittim derecesine
sahiptir olmasi nedeniyle genetik iyilesmeyi artirabilecek, kalitim derecesi daha yiiksek olan diger 6zelliklerin 1slah
programlarinda dikkate alinmasi gerekir. Dogrusal tanimlama oOzellikleri seleksiyon indeksi igerisinde yiiksek
kaliim dereceleri nedeniyle en 6nemli alternatif yontemler arasinda yer almaktadir (Madrid Gaviria ve Echeverri
Zuluaga, 2014). Ozellikle iireme &zelliklerinin diisiik kalitim derecesine sahip olmasi nedeniyle genetik iyilesme
amaciyla iligkili 6zelliklerden yararlanilmasi gerekmektedir (Makgahlela ve ark., 2009). Nitekim 6zellikle dol verim
Ozellikleri ile dig gorlinlis Ozelliklerinin beraber kullanildigi seleksiyon indeksleri iireme performansinin
artirilmasina 6nemli derecede katki saglayacaktir (Madrid Gaviria ve Echeverri Zuluaga, 2014).

Bugiine kadar bir¢ok ¢aligmada, siit verimi, d6l verimi ve damizlikta kullanma siireleri ile dig goriiniis 6zellikleri
arasinda iliskiler arastirilmis, dig goriiniis 6zellikleri ile verim 6zellikleri arasinda sahada kullanilabilecek sonuglar
belirlenmistir. Ancak iilkemizde bu konuda yapilan arastirma sayist yurtdisinda yapilan caligmalar ile
karsilagtirildiginda sinirlt sayidadir. Bu nedenle siit veriminin arttirilmasi yoniinde yapilacak 1slah ¢alismalarinda siit
verimi ve dol verimi ile iliskisi olan muhtelif viicut 6zellikleri lizerinde daha fazla ¢alismaya ihtiya¢ duyulmaktadir.

Bu calisma ile Kirgehir ilinde yetistiriciligi yapilan Siyah Alaca ineklerde dig goriiniis 6zelliklerine iliskin
kaliim derecelerinin hesaplanmasi, ilgili 6zellikler ile bazi siit ve dol verim 6zellikleri arasindaki iliskilerin tespit
edilmesi amaglanmustir.

2. Materyal ve Yontem

2.1. Materyal

Arastirma materyalini Kirsehir ilinde bulunan 6zel bir siit sigir1 isletmesinde Haziran 2017 ve Ocak 2019
tarihleri arasinda buzagilayan 51 baba ve 186 anadan dogan 1 (n=95), 2 (n=48) ve >3. laktasyonda (n=87) bulunan
toplam 230 bas Siyah Alaca inek olugturmustur.

2.2. Yontem
2.2.1. Dogrusal tamimlama ézelliklerinin tanimlanmasi

Arastirmada dogrusal tanimlama, 1, 2 ve >3. laktasyondaki ineklerde laktasyonlarinin 30-150. giinleri arasinda
olan ineklerde yapilmistir. Dogrusal tanimlamada Diinya Holstein Friesian Federasyonu’nun (WHFF) belirledigi 17
ozellikten 16’s1 dikkate alinmigtir. Bu 6zelliklerden yalnizca sagri yiiksekligi 6l¢li bastonundan yararlanilarak cm
biriminden belirlenmistir. Diger 6zellikler 1-9 puanlama cetveline gore degerlendirilmistir (Duru, 2005; Cergi, 2006;
Anonymous, 2018).
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2.2.2. Dogrusal olmayan puanlama ézelliklerinin tanimlanmasi

Dogrusal olmayan ozelliklere gore ineklerin 100 puan iizerinden puanlanmasinda her bir dzellik ile ilgili
unsurlara bakilarak inekler sirasiyla siit tipi, beden kapasitesi, ayak ve bacak yapisi ile meme yapisi bakimindan
puanlanmis ve siniflandirma formuna kaydedilmistir. Agirlik katsayilart siit tipi icin %15, beden kapasitesi igin
%20, ayak ve bacak yapisi i¢in %25 ve meme yapist i¢in %40 ile garpilip 4 kategori i¢in hesaplanan puanlarin
toplanmasi suretiyle toplam puan hesaplanmistir (Kumlu, 2000).

Cizelge 1. Dig goriiniis 6zellikleri igin en diisiik ve en yiiksek puanlarin anlami, ideal puanlar, ortalamalar ve
standart sapmalar
Table 1. Meaning of lowest and highest scores, ideal scores, means, standard deviations for type traits

Ozellikler En dlus“k En ygksek ideal X  SD
Sagr Yiiksekligi SY Algak (130 cm)  Yiiksek (154 cm) 145 147.42 5.23
Siitgiiliik Ozelligi SO Kaba Narin 7-9 5.65 0.93
Gogiis Genisligi GG Dar Genis 9 5.00 0.87
Beden Derinligi BD Si1g Derin 7 6.02 0.84
Sagr1 Egimi SE Yiikselen Algalan 5 5.49 1.03
Sagr1 Genisligi SG Dar Genis 7-9 5.06 0.88
Arka Ayak agis1 AAA Dik Genis 5 5.37 1.04
Arka Diz Yapisi ADY Kaba Kuru 9 4.77 0.71
Tirnak Taban Yiiksekligi TTY Algak Yiiksek 9 5.53 0.79
Arka Bacak Durusu ABD Disa doniik Ice déniik 5-9 452 1.05
Meme Derinligi MD Diisiik Yiiksek 5 5.07 1.19
On Meme Baglantist OMB Zayif Giiglii 7-9 4.63 1.03
Arka Meme Yiiksekligi AMY Algak Yiiksek 9 5.27 1.03
Meme Merkez Bagi MMB Zayif Giglii 9 5.43 1.59
On Meme Bas1 Yerlesimi OMBY Lobun disinda Lobun iginde 5 4.39 0.79
Meme Bast Uzunlugu MBU Kisa Uzun 5 5.00 0.99
Toplam Puan TP 57 90 >80 79.09 1.35

Kaynak: (Duru, 2005; Bohlouli ve ark., 2015)

2.3. Siit ve D6l Verim Ozellikleri

Bu calismada siit verim 6zelligi olarak 305 giin siit verimi (305-gSV), dol verim o&zellikleri olarak ise,
buzagilama ile ilk tohumlama arasi siire (BITAS), servis periyodu (SP) ve buzagilama araligi (BA) kullanilmustir.
Oli dogum yapanlar, yavru atanlar ve buzagilama arahig 310 giinden az ve 650 giinden fazla olanlar
degerlendirmeye alinmamistir (Kumlu ve Akman, 1999). Siit ve dol verimi ile ilgili kayitlar bilgisayarli siirii
yonetim (afimilk) programindan elde edilmistir.

Cizelge 2. Siit ve d6l verim 6zelliklerine ait tanimlayict degerler

Table 2. Descriptive values of milk yield and reproductive traits

N X Sx Sz Minimum Maksimum
305-GSV (kg) 230 9805.09 1715.92 113.15 5054 14425
BITAS (giin) 230 66.07 19.98 1.32 29 170
SP (giin) 230 134.07 72.04 4.75 40 320
BA (giin) 230 41453 74.22 4.89 307 590

305-gSV: 305 giin siit verimi, BITAS: Buzagilama ile ilk tohumlama aras1 siire, SP: Servis periyodu, BA: Buzagilama araligi
Sy : Standart sapma, Sz : Standart hata

2.4. Istatistiksel Analizler

Caligsmada, iizerinde durulan 6zelliklere etki eden faktorler ile tanimlayici istatistiklerin belirlenmesinde SPSS
17.0 paket programindan yararlanilmistir. Genetik parametrelerin tahmini i¢in kullanilan MTDFREML programina
verilerin aktarilmasinda yani pedigri ve veri dosyalarinin olusturulmasinda Minitap (1998) programi kullanilmistir.
Parametre ve damizlik deger tahmini ve parametreler i¢in BLUP Hayvan Modeli’ni (Animal Model, birey modeli)
esas alan MTDFREML adl bilgisayar programindan yararlanilmistir (Boldman ve ark., 1993).
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Asagida dogrusal tanimlama 6zellikleri i¢in kullanilan bireysel hayvan modeli matris yazilimi verilmistir.
y=Xb+Za+e
Modelde, y: gozlem degerleri vektorii, b: sabit etkiler (laktasyon sirasi faktorii 3 seviyeli, buzagilama mevsimi
faktorli 4 seviyeli) vektorii, a: sansa bagli genetik etkiler vektorii (damizlik degerler vektoril), X ve Z: desen
matrisleri ve e: sansa bagl hata etkileri vektoridiir.

3. Bulgular ve Tartisma
3.1. Dig Goriiniis Ozelliklerine Ait Kalitim Dereceleri

Bu calismada 16 6zellik ve toplam puan i¢in ideal puanlar, ortalama ve standart sapma degerleri Cizelge 1°de
verilmistir. Dogrusal tanimlama 6zelliklerinden sagr1 yiiksekligi, beden derinligi, sagr1 egimi, arka ayak agisi, meme
derinligi ve meme basi uzunlugu puanlari ideal ve ideale yakin oldugu, siit¢iilik 6zelligi, gogiis genisligi, sagri
genisligi, arka diz yapisi, tirnak taban yiiksekligi, arka bacak durusu, 6n meme baglantisi, arka meme yiiksekligi,
meme merkez bag1 ve n meme basi yerlesimi puanlarinin ise ideal puanlardan uzak oldugu goriilmektedir. Toplam
puan bakimindan ise damizlik olarak kullanilabilir sinifinda yer almaktadir. Siit ve dol verim o6zelliklerine ait
ortalama, standart sapma, minimum ve maksimum degerleri Cizelge 2’de zetlenmistir. 305-gSV, BITAS, SP ve
BA’na ait ortalamalar sirasiyla 9805.09 kg, 66.07 giin, 134.07 giin ve 414.53 giin olarak belirlenmistir.

Siitciiliik Ozelligi icin kalitim derecesi 0.29 olarak hesaplanmustir. Nitekim bu sonug Klassen ve ark. (1992) ile
Duru (2005) tarafindan 0.13 ve 0.53 olarak belirlenen arastirma bulgulari ile farkli bulunmasina karsin, genel olarak
birgok aragtirma sonucu ile uyumludur (Veerkamp ve Brotherstone, 1997; Zavadilova ve Stipkové, 2012;
Zavadilova ve ark., 2014).

Cizelge 3. Dis goriiniis 6zelliklerine ait varyans unsurlar1 ve kalitim derecesi
Table 3. Variance components and heritability of type traits

V, V, Vv, h? Sk e? Sz
Sagr Yiksekligi 9.110 17.654 26.764 0.34 0.256  0.660 0.256
Siitgiiliik Ozelligi 0.237 0.583 0.821 0.29 0.250  0.710 0.250
Gogiis Genisligi 0.083 0.632 0.715 0.12 0.179  0.880 0.179
Beden Derinligi 0.145 0.411 0.556 0.26 0.189  0.740 0.186
Sagri Egimi 0.163 0.877 1.040 0.16 0.188  0.840 0.188
Sagr1 Genisligi 0.181 0.492 0.673 0.27 0.272  0.730 0.271
Arka Ayak Agist 0.106 0.806 0.912 0.12 0.191  0.880 0.192
Arka Diz Yapist 0.037 0.466 0.503 0.07 0.142  0.930 0.142
Tirnak Taban Yiiksekligi 0.039 0.509 0.547 0.07 0.199  0.930 0.199
Arka Bacak Durusu 0.189 0.963 1.152 0.16 0.289  0.840 0.289
Meme Derinligi 0.302 0.377 0.679 0.44 0.275  0.480 0.275
On Meme Baglantisi 0.483 0.699 1.182 0.41 0.259  0.590 0.259
Arka Meme Yiiksekligi 0.306 0.678 0.983 0.31 0.243  0.690 0.241
Meme Merkez Bagi 0.767 1.564 2.331 0.33 0.225  0.670 0.225
On Meme Bag1 Yerlesimi 0.239 0.380 0.618 0.39 0.275  0.610 0.271
Meme Bagi Uzunlugu 0.079 0.904 0.984 0.08 0.199  0.920 0.197
Toplam Puan 0.630 1.000 1.630 039 0133 0610 0244

V,: eklemeli genetik varyans, V: gevre etkisinden kaynaklanan varyans, V. fenotipik varyans, h?: Kalitim derecesi, €° : Hatanin
Etki Pay1, Sg: Standart hata

Arastirmada beden ozellikleri i¢in 0.12 ile 0.34 arasinda degisen diisiik ve orta diizeyde kalitim dereceleri
belirlenmistir (Cizelge 3). Goriildiigi tizere gogiis genisligi (0.12) ve sagr1 egimi (0.16) icin diisiik, beden derinligi
(0.26), sagrt genisligi (0.27) ve sagr yiiksekligi (0.34) igin belirlenen kalitim derecesi ise orta diizeyde tespit
edilmistir. Bu degerlerden hem ¢evresel hem de eklemeli olmayan genetik etkileri igeren kalici etkilerin gogiis
genisligi ve sagr1 egimi i¢in eklemeli genetik etkilerden daha dnemli oldugu, beden derinligi, sagr1 genisligi ve sagr
yiiksekligi lizerine ise eklemeli genlerin daha fazla etkili oldugu sonucuna varilabilir. Bu ¢alismada gogiis genisligi
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ve sagri egimi igin belirlenen kalitim derecesi Cassandro ve ark. (2015) ile uyumlu olup, beden derinligi, sagr
genisligi ve sagri yliksekligi i¢in farkli bulunmustur. Yine ¢alisma sonucu Tiirkiye’de Siyah Alaca ineklerde yapilan
aragtirmalarda sagr1 genisligi igin farkli, sagr1 egimi igin benzer bulunmustur (Duru, 2005; Cer¢i, 2006).

Genel olarak gogiis genisligi ve sagr1 egimi icin bu ¢aligma sonucu ilgili 6zellikler icin orta diizeyde kalitim
derecesi hesaplayan ¢ogu arastirma sonucundan diigiik, beden derinligi, sagr1 genisligi ve sagr1 yiiksekligi i¢in orta
diizeyde kalitim derecesi hesaplayan arastirma bulgulari ile uyumludur (Pryce ve ark., 2000; DeGroot ve ark., 2002;
Tapki ve Guzey, 2013; Campos ve ark., 2015).

Cizelge 3’de verildigi lizere ayak ve bacak 6zellikleri (arka ayak agisi, arka diz yapisi, tirnak taban yiiksekligi ve
arka bacak durusu) i¢in 0.07 ile 0.16 arasinda degisen diisiik diizeyde kalitim derecesi hesaplanmigtir. Bu sonug
iizerinde durulan 6zellikler iizerine ¢evresel ve eklemeli olmayan genetik etkilerin 6nemli etkisinin bir sonucudur.
Bir bagka ifade ile yiiksek diizeyde gevre etkisinden kaynaklanan varyans ile digiik diizeydeki eklemeli genetik
varyans bu ozellikler i¢in belirlenen diigiik kalitim derecesinin bir sonucudur. Nitekin bu arastirma sonucu ilgili
ozellikler icin ¢ogu aragtirma sonuglari ile uyumludur (Duru, 2015; Cerci, 2016; Zavadilova ve ark., 2014; Bohlouli
ve ark., 2015). Ancak Susanto ve ark. (2018) tarafindan tirnak taban yiiksekligi ve arka bacak durusu i¢in 0.236 ve
0334 olarak belirlenen kalitim derecesi bu aragtirma sonuglarindan yiiksektir.

Meme 6zelliklerinden meme basi uzunlugu (0.08) i¢in diisiik, arka meme yiiksekligi (0.31), meme merkez bagi
(0.33) ve 6n meme bast yerlesimi (0.39) i¢in orta, 6n meme baglantis1 (0.41) ve meme derinligi (0.44) icin ise
yiiksek diizeyde kalitim derecesi tespit edilmistir. Goriildiigii iizere meme 6zellikleri i¢in meme bast uzunlugu harig
genel olarak orta ve yiiksek diizeyde kalitim derecesi hesaplanmistir (Cizelge 3). Bu sonuglar meme bagt uzunlugu
hari¢ meme Ozellikleri igin yapilacak genetik iyilestirmelerde genetik faktorlerin daha fazla etkili olacaginin bir
gdstergesidir. Ilgili dzellikler igin yapilan calismalarda da genel olarak orta ve yiiksek diizeyde kalitim dereceleri
hesaplanmustir (Pryce ve ark., 2000; DeGroot ve ark., 2002; Zavadilova ve Stipkova, 2012; Campos ve ark., 2015).
Ayrica meme bast uzunlugu i¢in Berry ve ark. (2004) ve Cassandro ve ark. (2015) tarafindan sirasiyla 0.14 ve 0117
olarak belirlenen galigma sonucu bu arastirma bulgusu ile uyumludur. Farkli olarak Cassandro ve ark. (2015) meme
derinligi, 6n meme baglantisi, arka meme yiiksekligi, meme merkez bagi ve 6n meme basi yerlesimi igin 0.048 ile
0.119 arasinda degisen diisiik diizeyde kalitim derecesi hesaplamiglardir. Toplam puan i¢in 0.39 olarak hesaplanan
kaliim derecesi ise DeGroot ve ark. (2002)’nin bulgusu ile benzer olmasina karsin birgok arastirma sonucundan
yiiksektir (Cerci, 2006; Ermetin, 2007; Campos ve ark., 2015; Cassandro ve ark., 2015).

3.2. Siit ve D6l Verim Ozelliklerine Ait Kalitim Dereceleri

Siit ve dol verim ozelliklerine ait varyans unsurlari ve kalitim dereceleri Cizelge 4’te verilmistir. Bu ¢alismada
305-gSV igin kalitim derecesi 0.18 olarak hesaplanmustir. Nitekim 305-gSV i¢in belirlenen kalitim derecesinin
distik-orta diizeyde oldugu sdylenebilir. Bu sonug, bu 6zellik i¢in yapilacak seleksiyonlarin, siit verimini artirmaya
yardimci olabilecek bir genetik degisikligin elde edilebilecegi anlami tagimaktadir. Yapilan ¢aligmalarda en disiik
kaliim derecesi DeGroot ve ark. (2002) tarafindan 0.13, Misztal ve ark. (1992) tarafindan ise 0.44 olarak
belirlenmis olup, diger ¢alismalarda da 305-gSV icin orta diizeyde kalitim derecesi belirlenmistir (Tapki ve Guzey,
2012; Campos ve ark., 2015; Sarar, 2015; Montaldo ve ark., 2017).

Cizelge 4. Siit ve dol verim 6zelliklerine ait varyans unsurlar1 ve kalitim dereceleri
Table 4. Variance componets and heritability of milk yield and reproductive traits

Va Ve Vp h? Sg e’ Sg
305-gSV (kg) 501014 2242991 2744005 0.18 0012 0810 0.087
BITAS (giin) 0.281 3.439 3.720 0.08 0185 0910  0.183
SP (giin) 0.206 3.925 4131 0.05 0162 0950  0.197
BA (giin) 0.734 4.718 5.452 0.13 0.178 0.87 0.174

305-gSV: 305 giin siit verimi, BITAS: Buzagilama ile ilk tohumlama arasi siire, SP: Servis periyodu, BA: Buzagilama aralig1,
V.. eklemeli genetik varyans, V.: cevre etkisinden kaynaklanan varyans, V. fenotipik varyans, h? : Kalitim derecesi, e :
Hatanin Etki Pay1, Sg: Standart hata

Dol verim dzelliklerinden SP igin diisiik diizeyde belirlenen kalitim derecesi (0.05) ise birgok ¢aligma sonucu ile
uyumlu olup (Pozveh ve ark., 2009; Zink ve ark., 2011; Almeida ve ark., 2017), Cer¢i (2006) tarafindan belirlenen
kalitim derecelerinden daha diisiiktiir. BA icin belirlenen kalitim derecesi (0.13) konu iizerinde yapilan ¢aligmalarda
da diisiik diizeyde belirlenmis olup, genel olarak elde edilen sonuclar bu ¢alisma sonucu ile uyumludur (Sarar, 2015;
Gonzalez-Recio ve ark., 2016; Almeida ve ark., 2017; Montaldo ve ark., 2017). BITAS igin 0.08 diizeyinde kalitim
derecesi tespit edilmistir. Goriildiigii {izere BA igin belirlenen kalitim derecesi SP ve BITAS ile karsilastirildiginda
biraz yiiksek olmasina karsin yine de diisiik diizeydedir. Bu degerler iireme 6zelliklerinin bilylik oranda gevresel
faktorlerden etkilendigi ve bu nedenle bu 6zellikler igin yapilacak dogrudan seleksiyonlarin yavas genetik ilerleme
saglayacaginin gostergesidir. Nitekim bu durum dol verim o&zelliklerinin dogrudan seleksiyon kriteri olarak
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kullaniminin zor olacagi hipotezinini dogrulamaktadir (Almeida ve ark., 2017). Bu nedenle dol verim 6zelliklerinin
iyilestirilmesi i¢in bu 6zellikler {izerine etkili ¢evresel faktorlerin iyilestirilmesi yoluna gidilmelidir.

3.3. Dis Gériiniis Ozellikleri ile Siit ve Dol Verim Ozellikleri Arasindaki Fenotipik Korelasyonlar

Bu ¢alismada 305-gSV ile siitciiliik 6zelligi, sagn ytiksekligi, gogiis genisligi, beden derinligi, sagr1 egimi, sagri
genigligi, arka ayak acisi, arka diz yapisi, tirnak taban yiiksekligi ve arka bacak durusu gibi dogrusal tanimlama
ozellikleri arasinda -0.11 ile 0.09 arasinda negatif ve pozitif yonde diisiik diizeyde fenotipik korelasyonlar tespit
edilmistir. Ancak 305-gSV ile 6n meme baglantisi (-0.19), arka meme yiiksekligi (0.22) ve meme merkez bag:
(0.25) ile olan korelasyonlar diger dzelliklerden daha yiiksek bulunmustur (Cizelge 5). Goriildiigii izere daha zayif
6n meme baglantisi, daha fazla arka meme yiiksekligi ve daha giiclii meme merkez bagi’na sahip olan ineklerin
nispeten daha yiiksek siit verimine sahip olacagi sdylenebilir. Kounu {izerinde yapilan ¢alismalarda 305-gSV ile en
yiiksek fenotipik korelasyonlar1 Tapki (2001) siit¢iiliik 6zelligi (0.432), Short ve Lawlor (1992) siit¢iiliik 6zelligi
(0.29), Duru (2005) beden derinligi (0.21), arka meme yiiksekligi (0.22) ve meme basi yerlesimi (0.24), Panteli¢ ve
ark. (2012) meme merkez bagi (0.23), Tapki ve Guzey (2013) meme derinligi (-0.31) ve 6n meme baglantisi (-0.23),
Campos ve ark. (2015) siitgiiliik 6zelligi (0.25) ve meme derinligi (-0.46), Wasana ve ark. (2015) ise sagr1 genisligi
(0.20), beden derinligi (0.21) ve meme derinligi (-0.26) arasinda belirlemiglerdir. Arastirmada 305-gSV ile toplam
puan arasindaki fenotipik korelasyonlar 0.24 diizeyinde hesaplanmis olup toplam puan i¢in daha iyi damizlik vasfi
tastyan ineklerin yiiksek siit verimine sahip olacagi sdylenebilir.

Cizelge 5. Dis goriiniis 6zellikleri ile siit ve dol verim 6zellikleri arasindaki fenotipik korelasyonlar
Table 5. Phenotypic correlations between type traits and milk yield and reproductive traits

305-gSV BITAS SP BA
Sagn Yiksekligi 0.02 0.03 0.07 0.07
Siitgiiliik Ozelligi 0.09 0.05 -0.01 0.01
Gogiis Genisligi -0.05 0.05 0.07 0.12
Beden Derinligi 0.06 -0.04 0.09 0.16
Sagr1 Egimi 0.04 -0.11 0.01 -0.01
Sagr1 Genisligi 0.03 0.04 0.05 0.07
Arka Ayak agist -0.11 0.03 0.10 0.10
Arka Diz Yapist 0.09 -0.05 -0.02 0.02
Tirnak Taban Yiiksekligi 0.04 0.02 0.07 0.08
Arka Bacak Durusu 0.13 -0.04 -0.25 -0.24
Meme Derinligi -0.08 -0.01 -0.05 -0.06
On Meme Baglantis -0.19 0.05 0.06 0.06
Arka Meme Yiiksekligi 0.22 -0.13 -0.06 -0.06
Meme Merkez Bagi 0.25 -0.08 -0.01 0.01
On Meme Bas1 Yerlesimi -0.04 0.05 0.13 0.15
Meme Bast Uzunlugu 0.08 -0.01 -0.02 -0.07
Toplam Puan 0.24 -0.06 -0.02 0.04

305-gSV: 305 giin siit verimi, BITAS: Buzagilama ile ilk tohumlama aras1 siire, SP: Servis periyodu, BA: Buzagilama araligi

D6l verim 6zelliklerinden BITAS ile tiim dogrusal tanimlama 6zellikleri arasinda -0.16 ile 0.05 arasinda degisen
diisiik diizeyde fenotipik korelasyonlar tespit edilmistir (Cizelge 5). BITAS ile toplam puan arasindaki korelasyon
ise -0.06 olarak bulunmustur. Wall ve ark. (2005) tarafindan bu calisma sonucu ile benzer olarak BITAS ile sagr
egimi, sagr1 genisligi, arka meme yiiksekligi ve meme merkez bagi arasinda sirasiyla -0.01, -0.02, 0.03 ve 0.03
diizeyinde fenotipik korelasyonlar tespit edilmistir.

SP ile tiim dogrusal tanmimlama o6zellikleri arasindaki fenotipik korelasyonlar -0.25 ile 0.13 arasinda
belirlenmistir. Gortiliigi iizere belirlenen korelasyonlar diisiik diizeydedir. Ancak SP ile en yiiksek korelasyon arka
bacak durusu (-0.25) arasinda hesaplanmistir. Bu nedenle arka bacak durusu paralel olan ineklerin SP’nun nispeten
daha disiik olacagini séylemek olasidir. SP ile toplam puan arasinda ise negatif yonde ve diisiik diizeyde (-0.02)
korelasyon belirlenmistir.

BA ile tiim dogrusal tanimlama &zellikleri arasindaki fenotipik korelasyonlar -0.24 ile 0.16 arasinda olup diisiik
diizeyde bulunmustur. Bu ¢alismada BA ile en yiiksek korelasyonlar SP’nda oldugu gibi arka bacak durusu (-0.24)
ile belirlenmistir. Nitekim arka bacak durusu paralel olan ineklerin BA’ nin daha diisiik olacagi sdylenebilir. Wall ve
ark. (2005) yaptiklar1 ¢aligmalarinda sagri egimi, sagri genisligi, arka meme yiiksekligi ve meme merkez bagi
arasinda -0.02 ile 0.03 arasinda degisen ¢ok diisiik diizeyde fenotipik korelasyonlar tespit etmislerdir. Yine bu
calismada BA ile toplam puan arasindaki korelasyon 0.04 olarak belirlenmistir.
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3.4. Dis Gériiniis Ozellikleri ile Siit ve Dol Verim Ozellikleri arasindaki Genetik Korelasyonlar

Bu caligmada, Cizelge 6’da verildigi tizere 305-gSV ile siit¢iiliik 6zelligi (0.96), beden derinligi (0.81) ve arka
meme yiksekligi (0.65) arasinda pozitif, arka ayak acis1 ile negatif yonde (-0.90) ve ¢ok yiiksek diizeyde genetik
korelasyonlar tespit edilmistir. Goriildiigii tizere daha narin bir siit¢iiliik zelliginde, daha derin beden, daha yiiksek
bir arka meme ile daha dik bir ayak yapisina sahip ineklerin daha yiiksek siit verimine sahip olacag: sdylenebilir.
305-gSV ile sagn yiiksekligi, gogiis genisligi, sagr1 egimi, sagr1 genisligi ve arka diz yapist arasinda yine pozitif
yonde ve 0.40 ile 0.48 arasinda degisen genetik korelasyonlar tespit edilmistir. Bu sonuglara gore yiiksek sagrili,
genis gogislii, algalan ve genis sagrili ve daha kuru bir diz yapisina sahip ineklerin de daha yiiksek siit verimine
sahip olacagini sdylemek olasidir. Bu ¢aligmada 305-gSV ile tirnak taban yiiksekligi, arka bacak durusu, meme
derinligi, 6n meme baglantis1 ve meme merkez bag1 arasinda pozitif yonde ve 0.03 ile 0.20 arasinda, 6n meme bas1
yerlesimi (-0.05) ve meme basi uzunlugu (-0.09) ile negatif yonde ve diisiik diizeyde genetik korelasyonlar
hesaplanmistir. Bu ¢aligma sonucu ile benzer olarak DeGroot ve ark. (2002) tarafindan 305-gSV ile siit¢iiliik 6zelligi
arasinda 0.91 diizeyinde yiiksek korelasyon belirlenirken yapilan birgok arastirmada ise yine pozitif yonde ve orta
diizeyde korelasyonlar tespit edilmistir (Short ve Lawlor, 1992; Berry ve ark., 2004; Tapki ve Guzey, 2013;
Gonzalez-Recio ve ark., 2016). Bu ¢alisma sonucu 305-gSV ile siit¢iiliikk 6zelligi ve arka meme yiiksekligi (Pantelié
ve ark., 2012) ile beden derinligi (Short ve Lawlor, 1992; Campos ve ark., 2015) arasinda negatif yonde iliski
belirleyen aragtirma sonuglarindan farkli bulunmustur. Ayrica arka ayak agisi ile 305-gSV arasinda negatif yonde
iligki tespit eden arastirma sonuglar1 (Panteli¢ ve ark., 2012; Campos ve ark., 2015; Wasana ve ark., 2015) bu
calisma sonucu ile benzerdir. Farkli olarak ¢cogu ¢aligmada (Pryce ve ark., 2000; Berry ve ark., 2004; Duru, 2005;
Bohlouli ve ark., 2015) 305-gSV ile arka ayak agis1 arasinda pozitif yonde genetik korelasyonlar tespit edilmistir.
Ayrica ¢aligmada 305-gSV ile toplam puan arasinda 0.52 diizeyinde genetik korelasyon tespit edilmistir. Bu nedenle
toplam puan bakimindan iistiin damizlik 6zelligi tasiyan ineklerin daha yiiksek siit verimine sahip olacagi
sOylenebilir.

BITAS ile gogiis genisligi, beden derinligi, sagr1 genisligi ve én meme baglantis1 arasinda 0.55 ile 0.61 arasinda
degisen genetik korelasyonlar tespit edilmistir. Buradan daha dar gdgiislii, daha s1g bedenli, daha dar sagrili ve daha
zayif bir meme baglantisina sahip ineklerin daha kisa bir BITASye sahip olacag sdylenebilir. Sagri yiiksekligi,
stit¢iiliik 6zelligi, beden derinligi, sagr1 egimi, arka ayak agisi, tirnak taban yiiksekligi, arka bacak durusu, meme
derinligi, arka meme yiiksekligi, meme merkez bag1 ve &n meme basi yerlesimi ile BITAS arasindaki genetik
korelasyonlar pozitif yonde, arka diz yapist ve meme basi uzunlugu ile negatif yonde ve diisiik diizeydedir. Bu
caligma sonucu ile benzer olarak Berry ve ark. (2004) tarafindan BITAS ile gogiis genisligi, beden derinligi, sagri
genisligi ve 6n meme baglantis1 arasinda sirasiyla 0.80 ve 0.68, 0.74 ve 0.40 diizeyinde genetik korelasyonlar
hesaplanmistir. Zink ve ark. (2011) tarafindan ise 305-gSV ile gdgiis genisligi ve beden derinligi arasinda negatif
yonde iliski bulunmustur. Yine bu caligma sonucundan farkli olarak Wall ve ark. (2005) ve Zink ve ark. (2011)
BITAS ile sagr1 genisligi arasinda negatif yonde genetik iliski belirlemislerdir. BITAS ile toplam puan arasindaki
genetik korelasyon ise negatif yonde (-0.18) ve diisiik diizeydedir. Ayrica, Almeida ve ark. (2017) tarafindan BITAS
ile toplam puan arasinda negatif yonde (-0.52) belirlenen genetik korelasyon bu ¢aligma sonucu ile benzerdir.

Caligmada SP ile sagr yiiksekligi, siitciiliik 6zelligi, beden derinligi, sagr1 egimi, sagr1 genisligi, arka ayak agisi,
arka diz yapisi, tirnak taban yiiksekligi, arka bacak durusu, meme derinligi, arka meme yiiksekligi, meme merkez
bag1 ve meme basi uzunlugu ile 0.04 ile 0.22 arasinda ve pozitif yonde, gogiis genisligi, on meme baglantis1 ve 6n
meme bast yerlesimi arasinda ise 0.03 ile -0.20 arasinda degisen negatif yonde ve disiik diizeyde genetik
korelasyonlar tespit edilmistir. Pozveh ve ark. (2009) tarafindan yapilan arastirmada ise SP ile siitgiiliik 6zelligi,
beden derinligi, arka bacak durusu ve arka meme yiiksekligi ile pozitif yonde ve olduk¢a diisiikk diizeyde genetik
korelasyonlar tespit edilmistir. Bu ¢alisma sonucuna benzer olarak, Zink ve ark. (2011) tarafindan SP ile sagri
yiiksekligi, siit¢iiliik 6zelligi, beden derinligi, sagr1 egimi, sagr1 genisligi, arka diz yapisi, tirnak taban yiiksekligi ve
arka bacak durusu arasinda pozitif yonde iligkiler belirlenmistir. SP ile toplam puan arasindaki genetik korelasyon
ise pozitif (0.07) ve diisiik diizeyde bulunmustur.

Bu calismada BA ile beden derinligi (0.41) arasinda orta diizeyde, sagr yiiksekligi, siit¢iiliik 6zelligi, gogiis
genisligi, arka ayak agisi, tirnak taban yiliksekligi, arka bacak durusu, meme derinligi, 6n meme baglantisi, arka
meme yiiksekligi ve meme merkez bagi arasinda 0.08 ile 0.29 arasinda degisen diisiik diizeyde ve pozitif yonde
genetik korelasyonlar tespit edilirken, sagr1 egimi, sagr1 genigligi, arka diz yapisi, 6n meme basi yerlesimi ve meme
bagt uzunlugu ile -0.09 ile -0.33 arasinda negatif yonde ve digiik-orta diizeyde genetik korelasyonlar
hesaplanmustir.
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Cizelge 6. D1s goriintis 6zellikleri ile siit ve dol verim 6zellikleri arasindaki genetik korelasyonlar
Table 5. Genotypic correlations between type traits and milk yield and reproductive traits

305-gSV BITAS SP BA
Sagri Yiksekligi 0.47 0.11 0.09 0.17
Siitgiiliik Ozelligi 0.96 0.23 0.06 0.29
Gogiis Genigligi 0.41 0.59 -0.03 0.22
Beden Derinligi 0.81 0.55 0.17 0.41
Sagr1 Egimi 0.51 0.10 0.04 -0.16
Sagr1 Genisligi 0.48 0.61 0.21 -0.09
Arka Ayak agis1 -0.90 0.30 0.07 0.23
Arka Diz Yapisi 0.40 -0.03 0.13 -0.27
Tirnak Taban Yiiksekligi 0.05 0.13 0.08 0.18
Arka Bacak Durusu 0.03 0.15 0.19 0.20
Meme Derinligi 0.04 0.06 0.05 0.11
On Meme Baglantist 0.20 0.56 -0.14 0.08
Arka Meme Yiksekligi 0.65 0.17 0.22 0.15
Meme Merkez Bagi 0.16 0.12 0.18 0.23
On Meme Bas1 Yerlesimi -0.05 0.20 -0.20 -0.13
Meme Bas1 Uzunlugu -0.09 -0.15 0.08 -0.33
Toplam Puan 0.52 -0.18 0.07 0.08

305-gSV: 305 giin siit verimi, BITAS: Buzagilama ile ilk tohumlama aras1 siire, SP: Servis periyodu, BA: Buzagilama aralig1

Bu calisma sonucu ile benzer olarak Pryce ve ark. (2000) BA ile siit¢iiliik 6zelligi, gogiis genisligi ve beden
derinligi arasinda 0.26 ile 0.33 arasinda degisen genetik korelasyonlar tespit etmislerdir. Makgahlela ve ark. (2009)
yaptiklar1 calismada BA ile sagr yiiksekligi, siitciiliik 6zelligi ve beden derinligi arasinda sirasiyla 0.31, 0.32 ve
0.51 diizeyinde genetik korelasyonlar belirlemislerdir. Bu ¢aligma sonucundan farkli olarak Almeida ve ark. (2017)
sagr ylksekligi, gdgiis genisligi ve beden derinligi ile BA arasinda negatif yonde korelasyonlar tespit etmislerdir.
Calismada BA ile toplam puan arasinda 0.08 diizeyinde diisiik diizeyde genetik korelasyon tespit edilmistir. Farkli
olarak Almeida ve ark. (2017) tarafindan BA ile toplam puan arasinda negatif yonde (-0.54) genetik korelasyon
belirlenmistir. Bu ¢aligma ile bazi aragtirma sonuglarinda farkli olmasinda, kullanilan farkli puanlama ydntemleri ve
istatistik modeller ile ¢aligmalarda kullanilan hayvan sayilarinin farkli olmasi, puanlama yapan kisilerin bilgi ve
deneyimi ile ¢aligmanin farkli yillarda ve siirii yonetim uygulamalari arasindaki farkliliklarin 6nemli etkisinin
oldugu diistiniilmektedir (Van Dorp ve ark., 1998).

4. Sonug

Arastirmada sagn yiiksekligi, siitgiiliik 6zelligi, beden derinligi, sagr1 genisligi, arka meme yiiksekligi, meme
merkez bagi, 6n meme basi yerlesimi, meme derinligi ve toplam puan i¢in orta diizeyde, gogiis genisligi, sagri
egimi, arka ayak acisi, arka diz yapisi, tirnak taban yiiksekligi, arka bacak durusu ve meme bast uzunlugu icin diisiik
diizeyde kalitim dereceleri hesaplanmistir. 305-gSV icin diisiik-orta, dol verim ozelliklerinden BITAS, SP ve BA
icin digik diizeyde kalitim dereceleri belirlenmistir. Bu nedenle 305-gSV ile ilgili dogrusal puanlama
ozelliklerinden orta-yiiksek diizeyde kaliim derecesine sahip Ozelliklerin seleksiyon kriteri kullanilabilecegini
sOylemek olasidir. Ancak do6l verim Ozelliklerinin iyilestirilmesi amaciyla bu 6zellikler iizerine etkili gevresel
faktorlerin iyilestirilmesi yoluna gidilmelidir.

Dig goriintis ozellikleri ile en yiiksek genetik korelasyonlar 305-gSV arasinda tespit edilmigtir. D6l verim
Ozellikleri ile dig goriiniis Ozellikleri arasindaki genetik korelasyonlar ise diisiikk-orta diizeyde belirlenmistir. Bu
nedenle siit ve dol verim 6zellikleri ile orta ve yiiksek diizeyde korelasyona sahip dis goriiniis 6zelliklerden herhangi
birine dayanan seleksiyonlarla siit ve dol veriminde iyilesme saglanabilecedi sOylenebilir. Elde edilen sonuglar,
Siyah Alaca ineklerde bu &zelliklerin siit ve dol verim 6zelliklerinin iyilestirilmesinde dolayli seleksiyon kriteri
olarak kullanilabilecegini gdstermistir.
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OZET

Bitkisel iiretimde tohum yatag: hazirlig1 ve yabanct ot miicadelesi amaci ile kullanilan toprak isleme,
sagladigi faydanin yaninda sebep oldugu tahribat nedeniyle her zaman arastirmacilarin ¢ok fazla ilgisini
cekmistir. Bu ¢alisma, 11 yildir devam eden ve 2 geleneksel, 3 azaltilmis ve 2 sifir toprak isleme
yonteminin toprak kalitesine etkisinin arastirildigi bir deneme alaninda, uygulamalarin topragin fiziksel
kalite (FTK) indikatorlerine ve genel olarak FTK’ne etkisini belirlemek amaci ile yiiriitilmistiir.
Calismada, kislik bugday-misir/soya fasulyesi rotasyonunda bitkisel iiretim yapilmigtir. 2017 yili Kasim
aymda, musir hasadindan sonra, her parselden 0-10, 10-20 ve 20-30 cm derinliklerden bozulmus ve
bozulmamus toprak ornekleri alinmig ve her parselde penetrasyon direnci (PD) Slgiimleri yapilmugtir.
Toprak fiziksel kalitesini degerlendirmek amaci ile agregat stabilitesi (AS), hacim agirligi (HA),
yarayish su igerigi ve su dolu gbzenek hacmi belirlenmistir. Dogrusal olmayan skorlama egrileri
kullanilarak, elde edilen degerler O ile 1.0 arasinda skorlara doniistiiriilmiistiir. Skorlarin birlestirilmesi
ile her toprak isleme yontemi icin bir TFK indeksi hesaplanmistir. Toprak isleme yontemlerinin
tamami, FTK indikatorleri ve indeksi iizerine 6énemli diizeyde etki etmistir. Her ii¢ derinlikte de en
diistik AS skorlari, anizlarin yakildigi geleneksel uygulamada elde edilmis, AS skorlar1 derinlikle
birlikte artmigtir. En diisiik HA skorlari, azaltilmis ve sifir toprak isleme yontemleri i¢in hesaplanmustir.
Tim toprak isleme uygulamalarinda derinlikle birlikte PD skorlar1 6nemli diizeyde artmigtir. Korumali
isleme uygulamalarda tespit edilen sikisma, su dolu gdzenek hacminin 6nemi miktarda artisina neden
olmustur. Yiizey ve isleme derinligi altindaki sikisma nedeniyle, korumali yontemlerde TFK skorlari
daha diisiiktiir. Ancak stratejik toprak isleme uygulamasinin, sifir toprak isleme altinda gergeklesen
sikisikligr gidermede 6nemli diizeyde etkili olmugtur.

Effects of tillage practices and residue management on soil physical quality
indicators

ABSTRACT

Tillage, which is used for seed bed preparation and weed control in plant production, has always
attracted the attention of researchers due to the damage caused, as well as the benefits provided. This
study was carried out to determine the effects of tillage practices and residue management on soil
physical quality (SPQ) indicators and SPQ in general. The 11 year-old study included 2 conventional, 3
reduced and 2 zero tillage methods. Crop production was carried out in the winter wheat-corn/soybean
rotation. Disturbed and undisturbed soil samples were taken from 0-10, 10-20 and 20-30 cm depths
from each plot in November 2017 after the corn harvest, and penetration resistance was measured in
each plot. Aggregate stability (AS), bulk density (BD), available water content and water-filled pore
space were determined to assess the SPQ. The values obtained were converted into scores between 0
and 1.0 using nonlinear scoring curves. A SPQ index was calculated for each soil tillage method by
integrating the individual scores. Tillage methods had a significant effect on SPQ indicators and index.

Anahtar Sozciikler:
Indikator

Agregat stabilitesi
Yarayisl su

Sikisma

Su dolu gbznek hacmi

Keywords:
Indicator
Aggregate stability
Available water
Compction

Water filled pore
space
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The lowest AS scores at all three depths were obtained in conventional method of stubble burning, and

the AS scores increased with the depth. The lowest BD scores were calculated for reduced and zero

tillage methods. PD scores significantly increased with depth in all tillage methods. The compaction ~© OMU ANAJAS 2021
detected in conservational methods caused a significant increase in water-filled pore space. The SPQ

scores were lower in conservational methods due to compaction at surface and below the tillage depth.

However, strategic soil tillage was significantly effective in eliminating the compaction occurred under

zero tillage.

1. Giris

Arazi bozulmasi, dogal yollarla veya hizla artan kiiresel niifusun ihtiyaclarimi kargilamak adma benimsenen
stirdiiriilmesi miimkiin olmayan insan faaliyetleri ile ortaya ¢ikan dnemli bir sorundur (Edrisi ve ark., 2021). Derin
ve yogun toprak isleme, hasat artiklarinin uzaklastirilmasi veya yakilmasi, bitki gereksinimi ve toprak analizleri
dikkate alinmadan yapilan kimyasal giibre kullanimi ve asir1 su kullanimi gibi ¢esitli tarimsal uygulamalar toprak, su
ve hava kalitesindeki bozulmanin daha da kotiilesmesine neden olmaktadir. Toprak organik karbon igeriginin
azalmasi, toprak biyo-cgesitliliginin zayiflamasi, sikigma, artan yiizey akis ve hizlandirilmis besin erozyonu kaybi
gibi etkiler toprak kalitesi ile iligkili ekosistem hizmetlerinin yerine getirilmesini olumsuz etkilemektedir (Lal,
2015). Bu nedenle, korumali toprak isleme, iiriin artiklarinin topraga geri doniisiimii, hayvan giibresi uygulamasi ve
topraga daha fazla artik birakan {irlinlerin rotasyona alinmasi gibi korumali tarim uygulamalarinin benimsenmesi,
toprak kalitesinin iyilestirilmesi ile tarimsal iiretimin siirdiiriilebilirli§inin saglanmasi adina son derece gereklidir
(Saurabh ve ark., 2021). Geleneksel tarimin korumali tarima doniisiimii ile toprakta artan organik madde, toprak
kalitesinin iyilesmesine, toprak biyo-cesitliliginin zenginlesmesine, toprak agregatlasmasinin artirmasina ve su ve
besin kullanim etkinliginin artmasina énemli katki yapma potansiyeline sahiptir (Li ve ark., 2018).

Tarimsal iiretimin siirdiiriilebilirligi, toprak kalitesinin durumu ile yakindan iligkili bir durumdur. Bu nedenle,
toprak Kalitesinin belirlenmesi ve zaman igerisindeki degisiminin izlenmesi, iireticinin bitkisel {iretimde benimsemis
oldugu toprak isleme, sulama, giibreleme gibi tarimsal uygulamalarin siirdiiriilebilir olup olmadiginin
degerlendirilmesini miimkiin kilacaktir (Celik ve ark., 2021). Topragin fiziksel, kimyasal ve biyolojik 6zelliklerinin
ortak etkisinin bir gdstergesi olan toprak kalitesi, tarimsal uygulamalar nedeni ile toprak kosullarinda meydana gelen
degisikliklere ¢ok hizli tepki verip olumlu veya olumsuz bir sekilde degisebilmektedir (Karlen ve ark., 2008).
Bireysel olarak fiziksel, kimyasal veya biyolojik toprak 6zelliklerinin belirlenip her birinin ayr1 ayr1 izlenmesi yerine
fiziksel, kimyasal ve biyolojik 6zelliklerden olusan toprak ozelliklerinin belirlenerek birlikte degerlendirilmesi,
uygulamalar karsisinda toprak kalitesinde meydana gelen degisimin daha dogru yorumlanmasini saglayacaktir
(Budak ve ark., 2018; Biinemann ve ark., 2018; Munoz-Rojas, 2018). Bu durumda, farkli tarimsal iiretim sistemleri
altinda gerceklestirilen tarimsal {iretimin topragin kalitesine ve kalitesinin siirdiiriilebilirligine etkisinin
degerlendirilmesi ve izlenmesi i¢in, uygulamalar ile degismesi muhtemel ve topragin fonksiyonlarini yerine
getirmesinde etkili olan toprak 6zellikleri toprak kalitesinin gostergeleri olarak secilmelidir (Andrews ve ark., 2004;
Acir ve Giinal, 2020).

Bir topragin bitki ve hayvan iiretkenligini devam ettirebilme ve gelistirme, su ve hava kalitesini koruma veya
gelistirme kapasitesi olarak tanimlanan toprak kalitesinin (Doran, 2002), korunmasi ve iyilestirilmesi, ekosistem
hizmetlerinin saglanmasmin siirdiiriilebilirligi i¢in zorunludur. Tarimsal {iretimde tercih edilen uygulamalar ve
toprak oOzellikleri ile iligkilendirilen toprak kalitesinin tanimlanmasi ve izlenmesi gevresel kalite, tarimsal
stirdiiriilebilirlik ve uygulamalarin sosyo-ekonomik boyutunun degerlendirilmesine imkan verebilir (Andrews ve
ark., 2002).

Geleneksel toprak ve bitki analizlerinin tarimsal iiretimi artirmak icin yararli oldugu bugiine kadar yapilmisg
birgok caligmada yeterince ortaya konulmug olmasina ragmen, bu analizlerde genellikle toprak kimyasal 6zellikleri
dikkate alinmakta ve topragin fiziksel bozulmasi dikkate alinmamaktadir . Toprak kalitesi kavrami ise topraklarin
fonksiyonlarini nasil yerine getirdigine dair yeni bir yaklagimi benimsemektedir. Bu yaklasim, topraktaki besin
elementi miktarlarinin belirlenmesinin ¢ok &tesine gecen ve kritik dinamik ve dogal toprak ozelliklerini ve
siireclerini tanimlamak ve dlgmek igin gerekli olan fiziksel, biyolojik ve kimyasal etkilesimleri de kapsamaktadir
(Tilman ve ark., 2002). Toprak Yonetimi Degerlendirme Cercevesi (SMAF), arazi yonetimi uygulamalarinin
topragin fonksiyonlarimi (yani, fiziksel, kimyasal ve biyolojik siiregleri) nasil etkiledigini degerlendirmek igin
gelistirilen, tekstiir sinifi, Toprak Taksonomisinde alt ordo tanimlamasi i¢in toprak organik madde igerigi, Fe,O3
icerigi, mineral sinifi, iklim, ayrisma sinifi, egim, toprak islevlerini 6rnekleme zamany, iiriin rotasyonu gibi bilgiyi
de kullanan kapsamli bir aragtir (van Es ve Karlen, 2019). Aym paradigmaya dayali dogrudan iiretici ve
arastirmacilarin ihtiyaci olan bilginin karsilanmasi amaci ile Toprak Sagliginin Kapsamli Degerlendirilmesi (CASH)
gelistirilmistir. CASH, tarimsal ekosistemler iginde tretimi sinirlandiran faktoriin tanimlanmasimi saglayarak
verimliligin artmas1 ve gevresel etkinin azaltilmasi ig¢in en uyun arazi yonetiminin seg¢imine yardimci olur.
Baslangigta ABD'in kuzeydogusundaki topraklar icin kalibre edilen CASH, zamanla farkli cografi bdlgelere
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uyarlanmigtir. Farkli cografyalarda yer alan arazilerde toprak kalitesi degerlendirmeleri icin CASH kullanan Fine ve
ark. (2017), topraklarin kalitesindeki farkliliklar1 tarim sistemlerindeki farkliliklar ile iligkilendirmiglerdir.

Toprak kalitesinin sayisal olarak ifade edilmesi, belirli bir arazi veya ekosistemde yer alan topragin kalitesinin
degerlendirilmesini saglar ve farkli arazi kullanimlar1 ve yonetim uygulamalarmin karsilagtirilmalarina izin verir.
Arazi kullanim1 ve ydnetimi uygulamalarinin toprak kalitesi iizerindeki etkisini belirlemek igin kontrollii kosullar
altinda kargilastirmali uzun siiredir devam ettirilen arazi ¢aligmalarina ihtiya¢ vardir. Ancak, diinyanin birgok
yerinde uzun yillardir devam ettirilen ¢ok sayida ¢aligma olmasina ragmen, Tiirkiye’de devam eden uzun siireli
denemelerin sayist oldukea sinirlidir. Bu ¢aligmada, 2006 yilinda Cukurova Bolgesinde tesis edilen ve 6zenle devam
ettirilen bir ¢alismada, arazi ylizeyinde bitki atiklarinin yakildig1 veya topraga tamamen gomiildiigii uzun siireli
geleneksel uygulamalar ile anizin bir kisminin ve tamaminin yilizeyde birakildigi korumali toprak isleme
uygulamalar1 altinda topragin fiziksel kalitesinin degisimi incelenmistir. Topragin fiziksel kalitesi, su, hava, besin
maddelerinin depolanmasi ve iletimi ile kok bitylimesine izin verecek diizeyde topragin dayanikliligini korumast ile
iligkili olan toprak striiktiirel kosullar1 ile iligkilidir (Bacher ve ark., 2019). Elde edilen veriler, uzun siireli hasat
sonras1 artiklarin amenajmanin topragin fonksiyonlarini yerine getirme kapasitesi olarak tanimlanan kalitesi tizerine
etkisini degerlendirilmesini miimkiin kilmaktadir. Bu kapsamda yapilan degerlendirmeler, hangi uygulamalarin terk
edilmesi veya hangi uygulamalara devam edilmesi gerektigine karar vermeyi kolaylastirmaktadir.

2. Materyal ve Yontem
2.1 Materyal
2.1.1. Calisma Alam

Tarla denemesi 2006 yilinda, Cukurova Universitesi, Ziraat Fakiiltesi Uygulama ve Arastirma sahasinda
(37°00'54" N, 35°21'27" E; 32 m denizden yiikseklik) tesis edilmistir. Arik serisi lizerinde yer alan deneme alani
topraklari, yiizeyde ilk 35 cm derinliginde yiiksek diizeyde sisme biiziilme potansiyeline sahip kil minerallerinin yer
almasi nedeniyle, kuruduklarinda genis ¢atlaklarin olustugu Vertisol ordosunda siniflandirilmistir. Diiz ve diize
yakin bir topografyada yer alan deneme alani topraklari, Toprak Taksonomisine gére Typic Haploxererts (Soil
Survey Staff, 2014) ve World Reference Base’e gore ise Haplic Vertisol (IUSS Working group, 2015) olarak
smiflandirilmiglardir (Celik ve ark., 2021). Yiizeyden ilk 30 cm derinligindeki topraklarin ortalama kil, silt ve kum
igerigi sirasi ile %50, %32 ve %18 kumdur. Arik serisi olarak tanimlanan topraklarin ortalama pH’s1 7.82, toplam
tuz igerigi %0.02 ve kireg icerigi %24.4 olarak bildirilmistir (Celik ve ark., 2011).

212, Ikim

Kislart 1lik ve yagisl, yazlan ise sicak ve kurak olan ¢alisma alani, tipik Akdeniz iklimi etkisi altindadir. Uzun
yillar yillik ortalama sicaklik 19.2 °C ve yillik toplam yagis miktar1 662.8 m olan ¢alisma alaninda yillik toplam
buharlasma 1472 mm’dir. Yillik yagisin %75°1 kis ve ilkbahar aylarinda gergeklesirken 6zellikle yazlik ekimler igin
yagis miktar1 oldukea yetersizdir (Anonim,2018).

Cizelge 1. Adana Ili Merkez’e ait uzun yillar (1929-2017) ortalama iklim verileri (Anonim, 2018)
Table 1. Average long-term (1929-2017) climate data for Center of Adana province (Anonymous, 2018)

AYLAR
| 11 11 v \Y VI VIl VIl IX X Xl Xl YILLIK
82;’1""‘3 maksimum sicaklik 148 161 194 237 282 318 339 347 331 290 226 168 25.3
82;’1""‘3 minimum sicaklik 52 59 82 118 157 197 229 233 200 156 107 68 138
Ortalama Stcaklik (°C) 95 105 134 175 217 256 282 287 261 216 158 112 19.2
Ortalama Nem (%) 662 662 656 676 669 665 690 685 635 607 630 67.0 65.9

466



Giinal ve Celik / Anadolu Tarim Bilim. Derg. / Anadolu J Agr Sci 36 (2021) 464-477

2.2. Yontemler
2.2.1. Tarla Denemesi

Baslangigta (2006 yilinda), 2 geleneksel, 3 azaltilmig ve 1 sifir toprak igleme sisteminin yer aldigi 6 farkli toprak
isleme yonteminin 3 tekerriirlii olarak yer aldigi deneme alaminda, 2015 yilinda sifir toprak isleme (STI)
parsellerinin yarisi (240 m?) 33-35 cm derinliginde pulluk ile bir kez islenerek stratejik sifir toprak isleme (SSTI) adi
verilen yeni bir uygulama daha eklenmistir (Sekil 1). Deneme parselleri 40 m uzunlugu ve 12 m genisliginde olup,
her parsel alam1 480 m*’dir. Tarimsal faaliyetler esnasinda parsellerin zarar gérmesini dnlemek igin her bir parselin
cevresinde 4 m bosluk birakilmustir. Uzun siireli toprak islemesiz yapilan tarimsal iiretim sonunda, yiizey ve yiizey
yer alt1 katmanlarda sikigsma, bitki besin elementleri ve organik maddenin yiizey katmaninda birikmesi gibi sorunlar
topragin fonksiyon gosterme yeteneginde azalmaya neden oldugundan dolay, sifir toprak isleme parsellerinin yarist
pulluk ile toprak islemesi yapilmistir (Celik ve ark., 2020).

% £ o 4 ; o = Yoo t: % -3
Sekil 1. Sifir toprak isleme (STI) parsellerinin yarisinda tek seferlik yapilan pulluk ile toprak isleme uygulamasi
sonucu olusturulan Stratejik Sifir Toprak Isleme (SSTT).
Figure 1. Strategic Zero Tillage (SZT), which is created by soil cultivation using a plow in half of the zero tillage
(ZT) plots.

2.2.2. Toprak Isleme Uygulamalart ve Aniz Amenajmani

Deneme alaninda 2015 yili Kasim ayia kadar, anizlarin yakilmadig1 geleneksel toprak isleme (Gi—1), anizlarin
yakildig1 geleneksel toprak isleme (GI-2), agir diskli tirmik kullamilan azaltilmis toprak isleme (ATi-1), rototil
kullanilan azaltilmis toprak isleme (ATI-2), birinci iiriinde agir diskli tirmik kullanilan ve ikinci iiriinde sifir toprak
isleme olan uygulama (ASTI) ve dogrudan ekimin yapildig1 sifir toprak isleme (STI) seklinde alti farkli toprak
isleme yontemleri uygulanmstir. Toprak isleme yontemlerinde kullanilan ekipmanlara ait detayli bilgi Cizelge 2’de
verilmistir. Sifir toprak isleme parsellerinin yarisinin Kasim-2015’te kulakli pulluk ile islenmesi (stratejik toprak
isleme, SSTT) ile birlikte toprak isleme uygulamalarinin sayis1 7°ye yiikselmistir. Deneme baslangicindan (2006) bu
yana belirtilen toprak isleme yontemleri altinda kiglik birinci {irlin bugday ve doniisiimlii olarak bugday hasadindan
sonra ikinci {iriin olarak dane musir ve soya yetistiriciligi yapilmistir. Gi-2 haricindeki uygulamalarda, birinci ve
ikinci triinlerin (bugday ve musir) hasat edilmesinin ardindan bu iirlinlere ait yogun hasat artiklart aniz toplama
makinast ile toplanip parsellerden uzaklastirildiktan sonra geriye kalan anizlar sap pargalama aletiyle par¢alanmistir.
Anizlar1 yakilmis geleneksel toprak isleme (Gi-2) sisteminde ise toprak isleme dncesi Cukurova Bolgesinde yaygin
bir uygulama olan birinci ve ikinci lirlin aniz artiklari parsellerden uzaklagtirilmadan ve pargalanmadan parseller
icerisinde yakilmstir (Sekil 2).
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Sekil 2. Anizlar1 yakilmis geleneksel toprak isleme (GI-2) ydénteminde birinci iiriin bugday (Sekil 2a) ve ikinci {iriin
musir/soya bitkilerine ait anizlarin yakilmasi (Sekil 2b)

Figure 2. Conentional tillage (CT-2) method with burning the stubble of the first crop wheat (Figure 2a) and the
second crop corn/soybean residues (Figure 2b)

2.2.3.  Bitkisel Uretim

Yukarida da belirtildigi izere 2006 yilindan baglayarak arastirma parsellerinde kiglik {iriin olarak siirekli bugday

bitkisi ve ikinci tiriin olarak bugday hasadindan sonra sirayla bir y1l dane musir ve bir yil soya bitkisi yetistiriciligi
yapilmistir. Yedi farkli toprak isleme uygulamalar ile arastirma parsellerine kislik bugday olarak, bolgede yaygin
olarak kullanilan Adana-99 tohumluk ¢esidi 22/11/2016 tarihinde ekilmistir. Toprak analiz sonuglari ve bitki
gereksinimi dikkate alinarak, bugday ekimi ile birlikte hektara 92 kg azot ve 60 fosfor olacak sekilde 300 kg
kompoze 20-20-0 (20N-20P,05-0K,0) ve 70 kg Ure (%46N) giibreleri uygulannustir. Iki ayr iist giibrelemeden
birincisinde 120 kg.ha™ iire, ikincisinde ise 160 kg.ha™ amonyum nitrat uygulanmis ve iist giibrelemeler ile toplam
108 kg N.ha® verilmistir. Uretim sezonu boyunca sulama yapilmamus ve dogal yagislar ile bugday iiretim
yapilmistir.
Bu ¢alismada, 2017 yili ikinci driin misir hasadinin ardindan yapilan toprak orneklemesi ile elde edilen veriler
kullanilmistir. Bugday hasadi 10 Haziran 2017 tarihinde gerceklestirilmis ve tiim parsellere 20 Haziran 2017
tarihinde ikinci iiriin dane musir ekimi yapilmistir. Toprak analiz sonuglar1 ve musir bitkisinin gereksinimi dikkate
alinarak ekimle birlikte 400 kg.ha™ 15-15-15 kompoze giibre ile birlikte 150 kg.ha™ iire giibresi uygulanmistir. Misir
bitkisi 4 yaprakli olunca 120 kg.ha™ iire uygulanmistir. Yagmurlama sulama yontemi kullanilarak musir bitkisi 13-14
giin araliklarla sulanmugtir. Misir bitkisi, 3-4 yaprakli doneme ulastiginda ASTI, SSTi ve STI disindaki parsellere bir
kez ara ¢apa uygulanmis ve 25 Ekim 2017 tarihinde hasat edilmistir.

2.24. Toprak Orneklemesi ve Arazi Olgiimleri

Deneme alanindan alinan bozulmus ve bozulmamis toprak drneklerinin analizlerinde kullanilan yontemlere ait
bilgiler Cizelge 3’te verilmistir. Toprak 6rneklemeleri dncesi toprak sikigmasini belirlemek amaci ile her parselde 10
farkli noktada 45 cm derinlige kadar penetrologger aleti ile (Eijkelkamp Penetrologger 06.15.SA) penetrasyon
6lgtimleri yapilmistir. Yedi farkli toprak isleme yonteminin uygulandigi 21 parselde ii¢ farkli noktadan 0-10, 10-20
ve 20-30 cm derinliklerden her derinlikte 3 adet olacak sekilde bozulmus ve bozulmamis toprak ornekleri alinmustir.
Bozulmamis toprak 6rneklerinde topragin fiziksel kalitesini belirlemek amaci hacim agirligy, tarla kapasitesindeki su
icerigi, su dolu gozenek hacmi ve toplam gozeneklilik degerleri belirlenmistir. Ayrica, bozulmus toprak
orneklerinde agregat stabilitesi, solma noktas1 ve agirlikli ortalama ¢ap analizleri yapilmistir.
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Cizelge 2. Birinci ve ikinci tiriinlerin toprak isleme ve ekim isleminde kullanilan yontemler ve ekipmanlar (Celik ve

ark., 2021)

Table 2. Soil tillage methods and equipment used in planting of the first and second crops (Celik et al., 2021)

Toprak isleme Yontemi

Kishk Ekim (Bugday) i¢in Toprak isleme

ikinci iiriin (Misir/Soya) icin Toprak
isleme

Anizli Geleneksel Isleme

1 e Anizlarin pargalanmast e Anizlarm pargalanmasi
(GI-1) e Kulakh pullukla isleme o Agir diskli tirmikla (Goble) isleme
e Diskli trmuk (Diskaro) (2 kez) e Diskli tirmikla isleme (2 kez)
e Tapan (2 Kez) e Tapan (2 Kez)
¢ Universal ekim makinasi ile bugday e Pnomatik tek tohum ekim makinasi ile misir/soya
ekimi ekimi
Anizlar Yakilmig e Anizlarin yakilmasi o Anizlarm yakilmasi
Geleneks.el Isleme e Kulakli pullukla isleme o Cizel ile isleme
(GI-2) e Diskli tirmik (Diskaro) (2 kez) e Diskli trmikla isleme (2 kez)
e Tapan (2 Kez) e Tapan (2 Kez)
o Universal ekim makinasi ile bugday ¢ Pnomatik tek tohum ekim makinasi ile misir/soya
ekimi ekimi
Agir Diskli Tirmukls e Amizlarin pargalanmasi e Anizlarmn pargalanmasi
Azaltilmg qurak Isleme o Agir diskli tirmikla (Goble) isleme (2 e Rototillerle isleme
(ATE-1) kez) e Tapan (2 Kez)
e Tapan (2 Kez) o Pnomatik tek tohum ekim makinasi ile misir/soya
e Universal ekim makinasi ile bugday ekimi
ekimi
Rototillerli Azaltilmg e Anizlarin pargalanmasi o Anizlarm pargalanmasi
Toprak _Isleme e Rototillerle isleme o Rototillerle isleme
(AT-2) e Tapan (2 Kez) « Tapan (2 Kez)
e Universal ekim makinasi ile bugday e Pnomatik tek tohum ekim makinasi ile
ekimi musir/soya ekimi
Agir Diskli Tirmikls e Amzlarin pargalanmasi e Anizlarm par¢alanmasi
Azaltilmug Sifir Toprak e Agir diskli tirmikla (Goble) isleme e Herbisit uygulama
Isleme e Tapan (2 Kez) o Pnomatik tek tohum ekim makinasi ile musir/soya
(ASTI) e Universal ekim makinasi ile bugday ekimi
ekimi
Dogrudan Ekimli Sifir e Anizlarin pargalanmast ¢ Anizlarm pargalanmasi
Toprak Igleme e Herbisit uygulama o Herbisit uygulama
(STD e Dogrudan tahil ekim makinasi ile bugday e Pnomatik tek tohum ekim makinast ile musir/soya
ekimi ekimi
Stratejik Sufir Toprak e Anizlarin par¢alanmast e Anizlarm pargalanmast
Isleﬂ}e e Herbisit uygulama ¢ Herbisit uygulama
(SSTD* e Dogrudan tahil ekim makinasi ile bugday e Pnomatik tek tohum ekim makinast ile misir/soya

ekimi ekimi
(SSTI)*: 2006-2015 Yillari arasinda Dogrudan Ekimli Sifir Toprak Isleme (STI) olarak devam etmistir. Ancak 2015 Kasim
ayinda kulakli pulluk ile geleneksel olarak bir kez islenmistir. Bu islemeden sonra tekrar STI konusundaki islemlerin aynisi
devam etmektedir.

2.2.5. Toprak Kalitesi Degerlendirmeleri

Bu c¢alismada, topraklarin fiziksel Ozellikleri belirlendikten sonra, penetrasyon direnci haricindeki her bir
Ozelligin degeri Amerika Tarim Bakanligi personeli tarafindan gelistirilmis olan Toprak Amenajmani
Degerlendirme Cergevesi (SMAF) (Andrews ve ark., 2004) igerisinde yer alan skorlama fonksiyonlar1 kullanilarak 0
ile 1.0 arasinda degerlere doniistiiriilmiistiir. Penetrasyon direnci 6lgiimlerinin skorlanmasinda, Cornell Toprak
Saglig1 Degerlendirmesindeki skorlama egrisi kullanilmigtir (Moebius-Clune ve ark., 2016). Her iki degerlendirme
yonteminde de “daha yiiksek daha iyidir”, “daha diisiik daha iyidir” ve “orta nokta optimum” seklinde i
matematiksel algoritma fonksiyonu kullanilmistir. Ornegin, hacim agirlig: diisiik oldugunda veya agregat stabilitesi
yiiksek oldugunda 1.0’e yakin degerler almaktadir.
Indikatorlerin skorlar1 hesaplandiktan sonra, skorlar bir araya getirilerek fiziksel toprak kalitesi indeksi altinda
toplanmustir. Fiziksel kalite indekslerinin hesaplanmasinda ilaveli indeks yontemi kullanmistir. Bu yontemde, her bir
gostergeden gelen deger toplanmis ve gosterge sayisina boliinmiistiir. Elde edilen sonug 100 ile ¢arpilmis ve kalite
degerleri yiizde olarak ifade edilmistir.
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TKI = YL, = Esitlik 1

Bu esitlikte; Si, Skorlamasi yapilan indikatdr degeri ve n ise veri setindeki indikator sayisimi gostermektedir.

Cizelge 3. Fiziksel toprak analizleri ve kullanilan yontemler
Table 3. Soil physical analysis and methods used

Analiz Derinlik (cm)  Kullanilan Metot

Hacim agirligi 0-10, 10-20 ve  Sabit hacimli (100 cm®) ¢elik silindirlerle alinmis bozulmamus toprak
20-30 orneklerinde (Blake ve Hartge, 1986)

Penetrasyon 0-30 Elle itmeli 10 MPa ve 80 cm derinlikte 6l¢iim yapabilen dijital

Direnci penetrometre ile (Eijkelkamp Penetrologger 06.15.SA)

Toprak Nemi 0-10, 10-20 ve  Bozulmamis toprak 6rneklerinde gravimetrik olarak belirlenmistir.
20-30

Tarla Kapasitesi, 0-10, 10-20 ve  Basingh plakalar sistemi ile yapilmistir (Klute, 1986)

Solma Noktasi 20-30

Yarayish Su Igerigi  0-10, 10-20 ve  Tarla kapasitesinde nem iceriginden solma noktasindaki nem igeriginin
20-30 ¢ikarilmasi ile elde edilmistir (Klute, 1986)

Suile dolu gézenek  0-10, 10-20 ve  Hacimsel su igeriginin toplam gozeneklilige orani seklinde belirlenmistir

hacmi 20-30 (Linn ve Doran, 1984)

Agregat stabilitesi 0-10, 10-20 ve  Islak eleme yontemine gore 8 mm’lik toprak orneklerinde yapilmigtir
20-30 (Kemper ve Rosenau, 1986)

2.2.6.  Istatistiksel Degerlendirme

Toprak igsleme uygulamalarinin hesaplanan toprak kalitesi indikatorleri iizerine etkisini degerlendirebilmek
amaci ile varyans analizi yapilmistir. Varyans analizinde farkliligin 6nemli olmasi durumunda, indikator skorlariin
homojen gruplara ayirabilmesi icin DUNCAN homojenlik testi yapilmistir. Tiim istatistiksel degerlendirmelerde
SPSS 21.0 programi kullanilmistir.

3. Bulgular ve Tartisma
3.1 Toprak isleme ve aniz yonetiminin toprak kalitesi indikatériine etkileri

Calisma alanm1 topraklarinin fonksiyonlarini yerine getirmesinde etkili oldugu disiiniilen fiziksel kalite
indikatorleri; agregat stabilitesi, hacim agirligi, yarayish su igerigi, su dolu gézenek hacmi ve penetrasyon direnci
olarak belirlenmiglerdir. Toprak isleme yoOntemleri altinda farkli derinliklere ait topraklarin fiziksel kalite
indikatorlerine ait ortalama degerleri, varyans analizi ve DUNCAN testi sonuglar1 Cizelge 4’de verilmistir.

3.1.1. Toprak isleme ve aniz yénetiminin agregat stabilitesi indikatoriine etkileri

Toprak igleme yontemleri, agregat stabilitesi indikatorii (AS) iizerine dnemli diizeyde (P<0.01) etki yapmig ve
farklilagsmasina neden olmustur. Toprak isleme yogunlugunun azalmast ile birlikte AS skorlart artmistir. Yiizeyin ilk
10 cm derinliginde, AS skorlar1 0.64 (Gi-2) ile 1.00 (STI) arasinda degisirken, 10-20 cm derinlikte 0.76 (Gi-2) ile
1.00 (ATI-2, STi ve SSTI) ve 20-30 cm derinlikte ise 0.82 (Gi-2) ile 1.00 (ATi-2) arasinda degismistir (Cizelge 4).
Her ii¢ derinlikte de en diisiik AS indikatér skorlar1 anizlarin yakildigi Gi-2 uygulamasinda elde edilmistir. Son 11
yildir (2006-2017) toprak islemenin yapilmadigi STI uygulamast ile 2015 yilina kadar (2006-2015) toprak islemenin
yapilmadigi SSTI uygulamas: altinda ilk 10 cm derinlikte organik karbonun depolanmasi daha dayanikli
agregatlarin olusumuna neden oldugundan, bu indikatdr skorunun diger uygulamalara kiyasla 6nemli diizeyde
yiliksek olmasina neden olmustur. Kasper ve ark. (2009), toprak yiizeyinde Ortii tabakasinin artmasinin zamanla
agregat stabilitesini arttiracagini ve bununda toprak kalitesini iyilestirecegini bildirmislerdir. Toprak yiizeyinde
birakilan bitki atiklari, yagmur damlasinin topraga c¢arpma enerjisini ve etkisini kirdigindan dolayr ATI ve STi
uygulamalarinda agregatlarin parcalanmasi ¢ok daha az veya hatta hi¢c gerceklesmemektedir. Bu durum, daha
yiiksek AS skorlar elde edilmesine neden olmustur.

STI haricindeki tiim uygulamalarda AS skorlarinin derinlikle degisimleri istatistiksel olarak onemli diizeyde
artmisgtir. Korumal1 toprak isleme uygulamalarina kiyasla agregatlarin daha fazla pargalandigi geleneksel
uygulamalarda, AS daha diisitk olmustur. Geleneksel uygulamalarda, korumali uygulamalara kiyasla daha diisiik AS
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skorlar1 elde edilmesi, agregatlarin parcalanmasma ilaveten makroagregatlarin baglanmasini saglayan kok ve
mikoriza hiflerinin de kopmast ile iligkilendirilebilir (Verhulst ve ark., 2010). Anizlarin yakilarak uzaklastirildig
Gi-2 uygulamasinda ise baglayic1 gérev goren bitki atiklarinin ve toprak canlhlarinin énemli bir kismmin yok
olmasi, diger uygulamalara kiyasla daha diisiik olan AS skorunu agiklamaktadir. Benzer sekilde, Verhulst ve ark.
(2010), geleneksel yontemlerdeki toprak islemenin AS {izerine pozitif etki yaptigi bilinen makro fauna
popiilasyonunu olumsuz etkiledigini bildirmiglerdir. Toprak isleme topragi donderdigi/ters c¢evirdigi ve
karistirdigindan dolayr hem agregatlar arasinda hem de agregatlarin igerisinde bulunan organik maddenin
mikroorganizmalara agik hale gelmesine neden oldugundan dolay1 toprak striiktiirii ve agregatlarinin par¢alamasini
hizlandirmaktadir (Six ve ark., 2002; Huang ve ark., 2010). Yiizey katmanin aksine, 10-20 ve 20-30 cm
derinliklerde GI-1 uygulamasindaki AS skorlari, yiizeye kiyasla sirasi ile %14.5 ve %24.6 daha yiiksektir. Agregat
stabilitesi indikator skorlarinda benzer bir artis Gi-2 ve ATI-1 uygulamalarinda da goriilmektedir. Bu
uygulamalardaki artig oranlari sirasi ile 10-20 cm igin %18.8 ve %23.7 ve 20-30 cm igin %28.1 ve %25.0 olarak
hesaplanmistir. Derinlikle beraber toprak islemenin pargalama etkisinin azalmasi, AS skorlarinin derinde daha
yiiksek olmasina neden olmustur. Normal kosullarda, yiiksek kil icerigi ile organik madde arasindaki etkilesim
nedeniyle killi topraklarda, agregalarin dayanikliliginin derinlikle birlikte azalmas: beklenir (Cerda, 1996). Ancak,
calisma alaninda ozellikle geleneksel uygulamalarda toprak yiizeyindeki agregalar, az miktarda organik madde ve
yogun toprak isleme ve agregalarin dagilabilirliginin yiiksek olmasi nedeniyle daha az kararlidir.

Toprak isleme yontemleri ve derinlik ile isleme x derinlik etkilesimi, AS skorlar1 iizerine istatistiksel olarak
onemli diizeyde etki yapmig ve farklilasmasina neden olmustur (Cizelge 4).

3.1.2. Toprak Isleme ve Aniz Yonetiminin Hacim Agirhg Indikatoriine Etkileri

Sikigmanin en 6nemli gostergelerinden biri olarak kabul edilen hacim agirligi (HA) iizerine, toprak isleme
uygulamalarmin etkisi, 0-10 cm derinlikte P<0.05 6nem diizeyinde ve 10-20 cm ile 20-30 cm derinliklerde ise
P<0.01 6nem diizeyinde etkili olmustur. Toprak islemenin yogunlugunun azalmasi ile birlikte 6zellikle ilk 20 cm
derinlikte belirgin bir sekilde artis gosteren hacim agirligi 0-10 cm derinlikte 1.29 g cm™ (ATi-1) ile 1.36 g cm®
(STi) arasinda degisirken, 10-20 cm derinlikte 1.36 g cm™ (GI-1) ile 1.46 g cm™ (STi ve ATi-2) ve 20-30 cm
derinlikte ise 1.39 g cm™ (Gi-1) ile 1.48 g cm™ (ATi-2) arasinda degismistir (Celik ve ark., 2019). Her ii¢ derinlikte
de azaltilmus ve sifir toprak isleme yontemleri altinda HA indikatorii en diisiik skorlar1 almaktadir. Yiizey topraginda
HA skorlar1 0.39 (STi) ile 0.49 (ATI-1) arasinda degisirken, 10-20 cm derinlikte 0.29 (STI) ile 0.40 (Gi-1) ve 20-30
cm derinlikte ise 0.29 (STi, ATi-2 ve ASTI) ile 0.35 (Gi-1) arasinda degisim gostermistir (Cizelge 4). HA
skorlarmin diisitk olmasi bitki gelisimi igin ideal kosullarda 6nemli miktarda sinirlanmanin olduguna isaret
etmektedir (Cherubin ve ark., 2016).

Agregat stabilitesi indikatoriiniin aksine, HA skorlar1 derinlik arttikga istatistiksel olarak Onemli diizeyde
(P<0.01) azalig gostermistir. Yiizeyden 10-20 cm derinlige gegildiginde HA skorlarindaki en yiiksek azalig %34.7
ile ATI-1 uygulamasinda iken, en diisiik azalis ise %13.0 ile Gi-1 uygulamasindadir. Ugiincii 6rnekleme derinligi ile
ylizey arasindaki en biiyiik farklilik ise %40.8 ile ATi-1 ve yine en diisiik farklihik %23.9 ile Gi-1 uygulamasinda
olmustur. Ozellikle birinci ve ikinci iiriinde tohum yatagi hazirliginda anizlarin mekanik olarak pargalanmasinin
ardindan rototillerin iki kez kullanildigi ATi-2 uygulamasi altinda ilk 20 cm’de HA skor degerleri diger
uygulamalara kiyasla 6nemli diizeyde diisiiktiir (Cizelge 4). Rototiller aletindeki freze bigaklar1 toprak yiizeyine
ortogonal olarak calisma yaparak toprak kiitlesini parcalayip birbirine karigtirmaktadir. Calismasi esnasinda
agregatlar fazlaca parcalanmakta ve c¢alisma derinliginin alt tarafinda sikisma yasanmaktadir (Laudicina ve ark.,
2016). Ekim, hasat ve diger tiim yonetim uygulamalar nedeniyle uygulanan makine trafigi, STI altinda 0-10 cm
derinlikteki HA degerlerinin Gi-2'ye gére 6nemli 6lgiide daha yiiksek olmasina neden oldugu bildirilmistir (Celik ve
ark., 2019).

[statistiksel analizler, ATi (ATI-1, ATi-2, ASTI) ve STI uygulamalari altinda hesaplanan HA skorlarinin benzer
oldugunu gostermektedir. Bulgularimiz ABD’nin Ohio ve Missouri eyaletlerinde uzun siireli misir iiretiminde STI
ve ¢izel ile yapilan ATI uygulamalarmin HA iizerine énemli bir etkisi olmadigimni bildiren Blanco-Canqui ve ark.
(2004)’mn verileri ile uyumludur. Ancak, Etanol iiretimi i¢in musir sapt hasadi, STI ve gizel ile yapilan ATI
uygulamalarinin fiziksel toprak kalitesi iizerine etkilerini arastiran Tormena ve ark. (2017), musir sap1 hasadindan
bagimsiz bir sekilde STi’nin cizel ile islemeye kiyasla her zaman daha yiiksek HA degerlerine sahip oldugunu
belirtmiglerdir.

Arastirma alanini topraginin tekstiirtiniin killi (ort. %50) olmasinin da etkisi ile tiim uygulamalarda 6zellikle 10
cm derinligin altinda HA degerlerinin yiiksek olmasi (Acir ve ark., 2021), HA skoru degerlerinin diisiik olmasina
neden olmustur. Hacim agirhiginin artmasi, havalanmanin ve su hareketinin yavaglamasi ve kok gelisiminin
sinirlandirilmasina isaret ettiginden kalite skoru degerleri de diisiiktiir. Cift yonlii varyans analizi sonuglarina gore
toprak isleme yontemleri ve derinlik ile isleme x derinlik etkilesimi HA iizerine istatistiksel olarak dnemli diizeyde
etki yapmis ve farklilasmasina neden olmustur (Cizelge 4).
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Cizelge 4. Farkli toprak isleme yontemlerinin fiziksel toprak indikatorleri iizerine etkileri
Table 4. The effects of soil tillage methods on soil physical quality indicators

Ylgiftlél;i Agregat Stabilitesi Hacim Agirhig Yarayish Su Su Doéléfn(])izenek Peg(ﬁl;sc);on
0-10 cm
Gi-1 0.69%+0.017 e** 0.46+0.03 ab* 0.62+0.02 a* 0.66+0.05 ab* 0.64+0.01 abc**
Gi-2 0.64+0.02 f¥* 0.46+0.02 ab** 0.57+0.02 ab* 0.68+0.03 a** 0.65+0.02 ab**
ATI-1 0.76+0.02 d** 0.49+0.03 a** 0.63+0.01 a** 0.66+0.04 ab** 0.68+0.01 a**
ATI-2 0.93+£0.02 b** 0.40+0.02 be** 0.49+0.03 c** 0.55+0.03 ¢ ns 0.58+0.01 d**
ASTI 0.88+0.01 c* 0.4140.01 be** 0.48+0.02cd**  0.59+0.03abc ns 0.59£0.02 cd**
STi 1.00+0.00 a ns 0.39+0.02 c** 0.42+0.04 d* 0.57+0.02bc ns 0.45+0.02 e**
SSTi 0.89+0.01 be** 0.41+0.02 be** 0.54+0.02 be* 0.65+0.03 ab* 0.62+0.02 bed**
ANOVA 0.000 0.015 0.000 0.038 0.000
10-20 cm
Gi-1 0.79+0.01 ¢ 0.40+0.03 a 0.53+0.02 a 0.62+0.03 a 0.93+£0.01 a
Gi-2 0.76+0.02 ¢ 0.36:£0.02 ab 0.51£0.03 a 0.58+0.04 ab 0.94+0.02 a
ATi-1 0.94+0.02 b 0.32+0.01 be 0.47+0.02 a 0.48+0.01 ¢ 0.79+0.02 b
ATI-2 1.00+0.00 a 0.30+0.01 ¢ 0.32+0.04 b 0.52+0.03 be 0.71+£0.03 d
ASTI 0.94+0.02 b 0.32+0.01 be 0.33+0.03 b 0.52+0.02 be 0.76+0.02 be
STi 1.00+0.00 a 0.29+0.01 ¢ 0.37+0.02 b 0.51£0.02 be 0.73+0.02 cd
SSTi 1.00+0.00 a 0.37+0.01 a 0.55+0.02 a 0.60+0.02 a 0.92+0.01 a
ANOVA 0.000 0.000 0.000 0.001 0.000
20-30 cm
Gi-1 0.86+0.01 d 0.35+0.02 a 0.54+0.02 a 0.53+0.02 a 0.85+0.04 a
Gi-2 0.82+0.02 e 0.32+0.01 b 0.46+0.03 ab 0.51+0.02 a 0.90+0.02 a
ATI-1 0.95+0.02 be 0.29+0.01 be 0.40+0.02 b 0.50+0.02 a 0.62+0.03 ¢
ATI-2 1.00+0.00 a 0.29+0.01 ¢ 0.27+0.03 ¢ 0.50+0.02 a 0.55+0.03 ¢
ASTI 0.93+0.01 ¢ 0.31£0.01 be 0.31+0.04 ¢ 0.52+0.02 a 0.60+£0.03 ¢
STi 0.98+0.01 ab 0.29+0.01 be 0.3120.02 ¢ 0.55+0.02 a 0.59+0.03 ¢
SSTi 0.99+0.01 ab 0.30+0.01 be 0.46+0.03 ab 0.55+0.02 a 0.73£0.04 b
ANOVA 0.000 0.001 0.000 0.510 0.000
Isleme 0.000 0.000 0.000 0.000 0.000
Derinlik 0.000 0.000 0.000 0.000 0.000
isl x Derin 0.000 0.009 0.005 0.040 0.000

GI-1: Amzh Geleneksel Isleme, GI-2: Anizlar1 Yakilmis Geleneksel Isleme, ATI-1: Agir Diskli Tirmikli Azaltilmis fsleme, ATI-2: Rototillerli
Azaltilmis Toprak Isleme, ASTi: Agir Diskli Tirmuikli Azaltilmug Sifir Toprak Isleme, STi: Dogrudan Ekimli Sifir Toprak Isleme, SSTi:
Stratejik Sifir Toprak Isleme, #: Ug parseldeki 6rneklerin ortalamasi, +: Ortalamalarin standart hatast, &: Ayni siitundaki ortalamalar arasindaki
farklar ayr1 harflerle gosterilmistir (Duncan, P < 0.05). Duncan testinde derinlige bagli degisimler **: p<0.01, *: p<0.05 diizeylerinde 6nemli; ns:
onemli degildir.

3.1.3. Toprak Isleme ve Aniz Yénetiminin Penetrasyon Direnci Indikatériine Etkileri

Toprak isleme icin kullanilan makinenin tiirii, toprak yapisini, agregat stabilitesini, sikismay1 ve topragin su
icerigini onemli diizeyde etkileyebilmektedir (Catania ve ark., 2018). Bu ¢alismada da toprak isleme uygulamalari
her i¢ Olglim derinliginde de penetrasyon direnci indikatér (PD) skorlarmi onemli diizeyde etkilemis ve
farklilagmasina neden olmustur (Cizelge 4).

Yogun toprak isleme ile agregat stabilitesinin ve organik maddenin azalmasi ile hacim agirligi ve penetrasyon
direncinde artig oldugunu rapor eden arastirmalar olmasia karsin (Lal, 1997), bu ¢alismada islemenin azaltilmasi
veya terk edilmesi ile penetrasyon direnci ve hacim agirliginda artis oldugu goriilmiistiir (Celik ve ark., 2020; Acir
ve ark.,2021). Buna bagh olarak islemenin azaltilmasina paralel bir sekilde PD skorlar1 da azalmistir. flk 10 cm
derinlikte PD skorlar1 0.45 (STI) ile 0.68 (ATI-1) arasinda degisirken, 10-20 cm derinlikte 0.71 (ATI-2) ile 0.94 (Gi-
2) ve 20-30 cm derinlikte ise 0.55 (ATi-2) ile 0.90 (GI-2) arasinda degistigi belirlenmistir (Cizelge 4).

Incelenen tiim toprak isleme uygulamalari altinda derinlikle birlikte PD skorlari onemli diizeyde artmustir.
Yiizeyden 10-20 cm derinlige gelindiginde en yiiksek artis %62.2 ile STI uygulamasinda iken, bunu %48.4 ile SSTI,
%45.3 ile Gi-1, %44.6 ile GI-2 uygulamalar1 takip etmistir. Celik ve ark. (2019), ATI sistemlerinde ayni derinlikte
uzun yillar diskli tirmik ve rototiller'in kullaniminin, iglenmis topragin altinda olduke¢a sikistirilmis bir yiizey alti
tabakasinin olusmasina neden oldugunu bildirmislerdir. Isleme derinliginin altinda meydana gelen sikigma, bu
derinlikteki HA skorlarmin diger uygulamalara kiyasla daha diisiik olmasina neden olmustur. Yiizey ile 20-30 cm
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derinlik karsilastirildiginda ise PD skorundaki en yiiksek artisin %38.5 ile GI-2 ve en diisiik artisin %1.69 ile ASTI
uygulamasinda oldugu goériilmektedir (Cizelge 4).

Cift yonli varyans analizi sonuglarina gore toprak isleme yontemleri ve derinlik ile isleme x derinlik etkilesimi
PD fizerine istatistiksel olarak 6nemli diizeyde etki yapmis ve farklilasmasina neden olmustur (Cizelge 4).

3.1.4. Toprak Isleme ve Aniz Yonetiminin Yarayish Su Indikatoriine Etkileri

Topraktaki yarayish suyun miktarmin gostergesi olan yarayish su indikatorii (YSI) hacim agirhgi, agregat

biiyiikliik dagilimi, gbzeneklilik, tarla kapasitesi ve fiziksel toprak kalitesinin diger bilesenleri tarafindan etkilenen
onemli bir gostergedir. Arazi kullaniminin yogunlagsmasi zaman igerisinde topragin fiziksel &zeliklerinde dnemli
degisikliklerin meydana gelmesine neden olmaktadir. Bu degisiklikler, su depolama ve tedariki ve bitkisel iretim
gibi toprak sagligim ve ekosistem hizmetlerini etkileyebilecek bir dizi biyojeokimyasal siireci de etkileyebilmektedir
(Biinemann ark., 2018). Elde edilen veriler toprak isleme uygulamalarinin her ii¢ derinlikte de YSI skorlar iizerine
onemli diizeyde (P<0.01) etki ettigini ve farklilasmasina neden oldugunu gostermektedir (Cizelge 4). YSI skorlart
ilk 10 cm derinlikte, 0.42 (STI) ile 0.63 (ATi-1) arasinda degisirken, 10-20 cm derinlikte 0.32 (ATi-2) ile 0.55
(SSTI) arasinda ve 20-30 cm derinlikte ise 0.27 (ATi-2) ile 0.54 (GI-1) arasinda degisim gostermistir (Cizelge 4).
STI altindaki topraklarda nispeten daha diisiik olan YSI skorlarmin SSTI ile birlikte her ii¢ drnekleme derinliginde
de 6nemli miktarda artmistir. SSTI uygulamasi ile birlikte 0-10 cm derinlikte STi’ye kiyasla meydana gelen artis
%28.6, 10-20 cm derinlikte %48.6 ve 20-30 cm derinlikte ise %48.4 oraninda olmustur (Cizelge 4).
Toprak islemenin artmasi ile artan YSI skorlar1 tiim uygulamalarda derinlikle birlikte dnemli diizeyde azalma
gdstermistir. Derinlikle birlikte azalmanin en fazla oldugu uygulama ATI-2 olmustur. Asir1 sikisma nedeni ile azalan
gdzeneklilik, YSI skorlarinin da énemli diizeyde diismesine neden olmustur. Yiizey topraginmn YSI skorlari ile 10-
20 cm derinlikteki YSI skorlar1 arasindaki farklar siras1 ile %34.7 ile ATI-2, %31.3 ile ASTI, %25.4 ile ATI-1,
%14.5 ile Gi-1, %11.9 ile STi ve %10.5 ile GI-2 olmustur. Bu derinlikte diger 6 uygulamanin aksine SSTI
uygulamasinda YSI skorlar1 %1.9 oraninda artis gdstermistir. Ugiincii 6rnekleme derinliginde ise, yiizeye kiyasla en
bilyiik azalis %44.9 ile ATi-2 uygulamasinda gergeklesmistir. Bu derinlikte SSTI uygulamasi altindaki topraklarda
da YSI skorlar1 yiizeye kiyasla %14.8 oraninda azalmistir.

Tarla kapasitesinde tutulan su 6nemli Ol¢iide topragin striiktiirii ile iliskili iken solma noktasinda tutulan su
topragin genetik bir 6zelligi olan tekstiirii ile iliskilidir (Hillel, 2004). Toprak isleme uygulamalarinin topragin
tekstiirinii degistirmesi beklenmemektedir. Ancak dinamik bir 6zellik olan toprak striiktiirii toprak isleme ile 6nemli
diizeyde degismektedir. GI-2 uygulamasinda agregat stabilitesi ve agirlikli ortalama ¢ap her ii¢ derinlikte de diger
uygulamalara kiyasla daha diisiiktiir (Celik ve ark., 2020). Bu durum, tarla kapasitesinde GI-2 uygulamasinda neden
daha az su tutuldugunu agiklamaktadir. Zira solma noktasinda tutulan su miktar bilyiik oranda topragin tekstiirii ile
iliskili olsaydi, ayn1 tekstiire sahip olan farkli uygulamalar altinda solma noktasinda 6nemli bir farkliligin olmamasi
beklenirdi. Ancak elde edilen farklilik bu noktada da agregatlarin tutulan su miktarina etki ettigini gostermektedir.
Agregat stabilitesi daha diisiik olan GI-2 uygulamasinda solma noktasinda da diisiik miktarda su tutulmas1 YSI
iceriginin yiiksek goriinmesine yol agmistir.

Cift yonli varyans analizi sonuglarina gore toprak isleme yontemleri ve derinlik ile isleme x derinlik etkilesimi
YSI iizerine istatistiksel olarak nemli diizeyde etki yapmus ve farklilasmasina neden olmustur (Cizelge 4).

3.1.5 Toprak Isleme ve Amiz Yonetiminin Su Dolu Gozenek Hacmi Indikatériine Etkileri

Su dolu gozenek hacmi indikatorii (SDGH), toprakta mikroorganizmalar tarafindan gerceklestirilen nitrifikasyon
ve denitrifikasyon islemleri sonucu ortaya ¢ikan N,O miktar1 iizerine etkili oldugu i¢in toprak kalitesi indikatorii
olarak secilmistir (Bateman ve Baggs, 2005). Toprak isleme uygulamalart SDGH {izerine 0-10 cm derinlikte P<0.05
onem diizeyinde etki ederken, 10-20 cm’de bu etki ¢ok daha 6nemli hale gelmis (P<0.01), ancak 20-30 cm derinlikte
etkinin onemsiz hale geldigi ve isleme uygulamalari arasindaki farkin istatistiksel olarak dnemsiz seviyeye indigi
gortilmektedir (Cizelge 4). Su dolu gbézenek hacmi degerleri “optimum en iyidir” seklindeki algoritma ile
olusturulan skorlama egrisi kullanilarak normalize edilmistir. Geleneksel isleme uygulamalar ile topragin daha iyi
havalanmaya sahip oldugu GI uygulamalari alinda SDGH indikator skorlari, ATI ve STI uygulamalarina kiyasla
énemli diizeyde yiiksektir. 2015 yilina kadar 9 y1l boyunca STT altinda olan ve 2015 yilinda sadece bir kez pullukla
islemenin yapildig1 SSTI uygulamasinda SDGH skorlar1 STI uygulamasina kiyasla daha yiiksektir. Diisik SDGH
skorlar1 toprakta denitrifikasyonun etkili oldugu ve N,O seklinde azot kaybi olduguna isaret etmektedir. Bir kez
pulluk ile isleme STI uygulamasindaki bu olumsuzlugu nispeten diizeltmis ve aerob mikroorganizmalar icin daha
uygun bir ortam yaratnis gériinmektedir. SSTI altindaki topraklarda yiizeyde SDGH skoru ST1’ye kiyasla %14.0 ve
10-20 cm derinlikte %17.6 daha yiiksektir. Bununla birlikte 20-30 cm derinlikte SDGH skorlar her iki uygulamada
da 0.55 olarak hesaplanmistir. Genel olarak SDGH skorlar1 0-10 cm derinlikte 0.55 (ATi-2) ile 0.68 (Gi-2) arasinda
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degisirken, 10-20 cm derinlikte 0.48 (ATi-1) ile 0.62 (Gi-1) ve 20-30 cm derinlikte ise 0.50 (ATI-1 ve ATi-2) ile
0.55 (STI ve SSTI) arasinda degismistir (Cizelge 4).

Cift yonlii varyans analizi sonuglarina gore toprak isleme yontemleri ve derinlik ile isleme x derinlik etkilesimi
SDGH iizerine istatistiksel olarak 6nemli diizeyde etki yapmis ve farklilagsmasina neden olmustur (Cizelge 4).

3.2. Toprak Isleme ve Aniz Yonetiminin Fiziksel Toprak Kalitesine Etkileri

Toprak isleme yontemlerinin topragin fiziksel kalitesi (FTK) {izerine etkilerini gosteren ortalama FTK degerleri
(+ standart hata), varyans analizi sonuglart (ANOVA) ve homojenlik testi (DUNCAN) gruplamasina ait veriler
Cizelge 5’de verilmistir.

Toprak igsleme uygulamalarinin fiziksel toprak kalitesi iizerine etkileri her ii¢ toprak derinliginde de istatistiksel
olarak (P<0.01) olduk¢a 6nemli bulunmustur (Cizelge 5). Beklentilerin aksine korumali toprak isleme yontemleri
olan ATI ve STI uygulamas1 altindaki topraklarin fiziksel kalitesi GI altindaki topraklardan daha diisiik olmustur.
Toprak islemenin azaltilmasi veya terk edilmesi ile birlikte yilizey katmaninda her ne kadar organik madde miktar1
artig gosterse de ekim, bakim ve hasat donemlerinde arazi yiizeyinde traktdr tekeri ve alet ekipmanlarin yaptigi baski
penetrasyon direnci, hacim agirlig1 ve gozeneklilik gibi sikisma gostergesi olabilecek 6zellikler {izerine olumsuz etki
yapmustir. Bu olumsuz etki, fiziksel toprak kalitesi indikatorlerinin skorlarinin daha diisiik olmasina ve nihayetinde
fiziksel kalite skorlarinin diigmesine yol agmuistir.

Fiziksel toprak kalitesi ilk 10 cm derinlikte %56.5 (STI) ile %64.3 (ATi-1) arasinda degismis, 10-20 cm
derinlikte ise %57.0 (ATi-2) ile %68.9 (SSTI) ve 20-30 cm derinlikte %52.2 (ATI-2) ile %62.5 (Gi-1) arasinda
degismistir (Cizelge 5). Yiizey altinda 10-20 ve 20-30 cm derinliklerde en diisiik skorlarn elde edildigi ATI-2
uygulamasi rotasyondaki birinci ve ikinci {iriin dncesi toprak hazirlamada rototillerin kullanildig1 bir uygulamadir.
Bu alet, isleme derinligi olan 13-15 cm’deki toprak agregatlarii ¢ok kiigiiltmekte/pargalamakta ve isleme
derinliginin altina ise olduk¢a biiyiik bir baski uygulamaktadir. Fiziksel toprak kalitesi indikatorlerinden PD ve HA,
topragin fiziksel direncinin veya sikismasimin bir dlgiisiidiir ve topraktaki fiziksel, kimyasal ve biyolojik islemleri
etkileyebilirler. Bu dinamik toprak dzellikleri amenajman degisimine ¢ok hizli tepki vermektedirler (Swanepoel ve
ark., 2015). PD ve HA’ nin diisiik olan degerleri topragin daha iyi fonksiyon gosterebileceginin gostergesidir. Zira
yiiksek degerler sikismaya isaret ederler ve toprak sikismasi kok gelisimini sinirlandiran ve bitkiye su, oksijen ve
¢Oziinmiis besin elementlerinin tedarikini engelleyecek kosullarin olusumuna neden olacagindan dolayr bitkisel
iiretim de olumsuz etkilenecektir.

Uzun siireli (11 yil) yilda iki iiriin tiretimi yapilan topragin yiiksek kil igerigi nedeni ile isleme derinligi altinda
oldukea sert ve sikismis bir katmanin olusumuna ve nihayetinde fiziksel kalite skorlarinin diisiik olmasina neden
olmustur (Cizelge 5). Ancak stratejik toprak isleme uygulamasinmn, STI altinda gergeklesen sikisikligi gidermede
énemli diizeyde etkin oldugu gériilmektedir. SSTI uygulamasi altinda olusan fiziksel toprak kalitesi indeksi
degerleri STI ile kiyaslandiginda 0-10 cm derinlikte %10.1, 10-20 cm derinlikte %18.6 ve 20-30 cm derinlikte ise
%10.6 oraninda daha yiiksek oldugu goriilmektedir (Cizelge 5).

4. Sonug

Uzun siireli toprak isleme uygulamalarinda (2006-2017), azaltilmis ve sifir toprak isleme sistemlerinin topragin
stkismasina neden oldugu, ancak sikisma diizeyinin bitkisel {iretimi engelleyecek kadar yiiksek olmadigi tespit
edilmistir. Korumali uygulamalarda tespit edilen ancak bitkisel iiretime zarar vermeyecek boyutta olan sikisma, su
dolu gbozenek hacminde (SDGH) 6nemli miktarda artiga neden olmusgtur. Her ne kadar sikisma nedeni ile bitkisel
iiretimde dnemli bir sorun beklenmese de, SDGH’deki artisin anaerob mikroorganizmalarin faaliyetini arttirmasi ve
azotun denitrifikasyonla kaybina yol agma riski oldugu unutulmamalidir.

Korumali toprak isleme uygulamalari altindaki topraklarda gelencksel uygulamalara kiyasla agregat
dayanikliliginin daha iyi olmasi, ayn1 zamanda yarayislt su indikatoriiniin yiiksek skoru, kurak dénemde bitkinin
daha uzun siire toprak suyundan faydalanmasinmi saglayacaktir. Bu durum, tamamen yagisa bagimli olarak iiretimi
yapilan kiglik bugday icin 6zellikle kurak donemlerde bir avantaj olacaktir.
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Cizelge 5. Toprak isleme yontemlerinin fiziksel toprak kalitesine etkileri.
Table 5. The effects of soil tillage methods on physical soil quality

isleme Yontemi Fiziksel Toprak Kalitesi Fiziksel Toprak Kalitesi (%)
0-10 cm
Gi-1 0.61%+0.01T ab* ns 61.3+1.34 ab ns
Gi-2 0.60+0.01 be ns 60.1+1.42 be ns
ATI-1 0.64+0.01 a** 64.3+1.45 a**
ATI-2 0.59+0.01 be** 59.0+0.87 be**
ASTI 0.59+0.01 be** 59.1£0.96 be**
STi 0.57+0.01 c* 56.5+1.19 c*
SSTi 0.62+0.01 ab** 62.2+1.12 ab**
ANOVA 0.002 0.002
10-20 cm
Gi-1 0.66+0.02 b 65.6£1.59 b
Gi-2 0.63+0.01 be 63.0+1.32 be
ATI-1 0.60+0.01 cd 59.9+1.00 cd
ATI-2 0.57+0.01 d 57.0£1.11d
ASTI 0.57+0.01 d 57.5£1.36 d
STi 0.58+0.01 d 58.1£0.51 d
SSTi 0.69+0.01 a 68.9+0.84 a
ANOVA 0.000 0.000
20-30 cm
Gi-1 0.63+0.01 a 62.5£0.92 a
Gi-2 0.60+0.01 a 60.0+0.94 a
ATI-1 0.65+£0.01 b 55.4+0.90 b
ATI-2 0.5240.01 b 52.2+0.98 b
ASTI 0.53£0.01 b 53.5£1.20 b
STi 0.55£0.01 b 54.6+0.57 b
SSTi 0.60+0.01 a 60.4+1.18 a
ANOVA 0.000 0.000
isleme 0.000 0.000
Derinlik 0.000 0.000
isl x Derin 0.000 0.000

GI-1: Amzh Geleneksel isleme, Gi-2: Anizlar1 Yakilmis Geleneksel Isleme, ATI-1: Agir Diskli Tirmikli Azaltilmis isleme, ATIi-2: Rototillerli
Azaltilmis Toprak Isleme, ASTi: Agir Diskli Tirmikli Azaltilmis Sifir Toprak isleme, STi: Dogrudan Ekimli Sifir Toprak isleme, SSTi:
Stratejik Sifir Toprak Isleme, #: Ug parseldeki 6rneklerin ortalamasi, t: Ortalamalarm standart hatasi, &: Aym siitundaki ortalamalar arasindaki
farklar ayr1 harflerle gésterilmistir (Duncan, P < 0.05). Duncan testinde derinlige bagli degisimler **: p<0.01, *: p<0.05 diizeylerinde 6nemli; ns:
6nemli degildir.
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OZET

Konvansiyonel tarimda kullanilan hormon, hayvan yem katki maddeleri ve sentetik giibreler ekolojinin  Apahtar Sozciikler:
bozulmasina ve topragin siirdiiriilebilirliginin tehlike altina girmesine neden olmustur. Ayrica iiretimde  Alg ekstrakti
kullanilan kimyasal giibre ve ilaglar, tirlinlerde kalintilara dolayisiyla basta kanser olmak iizere bircok  Antioksidan aktivite
hastaligin yaygin bir sekilde goriilmesine yol agmistir. Caligmada, Jeromine elma ¢esidinde, tam Jeromine
¢igeklenme déneminde agaglara bitki bilylimesini tesvik eden rizobakteri (PGPR), alg ekstrakti (Chara  Toplam fenolik madde
sp.), vermikompost giibre uygulamalari ve bu uygulamalarin kombinasyonlarmm kalite ve Vermikompost
biyokimyasal igerikler {izerine etkisi arastirtlmistir. Bu amagla agaglara, PGPR (%3), alg ekstrakti

(%15), vermikompost (10 kg aga¢™?) oraninda bitki biiyiimeyi diizenleyici maddeler uygulanmustir.

Genel anlamda uygulamalar, kontrol uygulamas: ile karsilastirildiginda, kalite 6zelliklerini arttirdig

ayrica meyvelerde biyokimyasal icerikler iizerine pozitif etkilerinin oldugu, toplam antioksidan, fenolik

madde ve flavanoid igeriklerinde kontrol uygulamasina gore artig saglamigtir. Caligmada en yiiksek

meyve agirligi PGPR+vermikompost uygulamasindan (346.8 g), en yiliksek meyve eni vermikompost

uygulamasindan (82.32 mm), en yiiksek meyve boyu vermikompost+alg uygulamasindan (78.23 mm)

ve en yiiksek meyve eti sertligi (78.99 N) alg uygulamasindan elde edilmistir. Alg uygulamasimin

biyokimyasal igerikler iizerine 6nemli derecede etkili oldugu, en yiiksek toplam antioksidan aktivite

(92.29 %inhibisyon mg/100g ) ve toplam fenolik madde igeriginin (121.72 mgGAE/100g) alg

uygulamasindan elde edildigi belirlenmistir. Meyve renk degerleri ve biyokimyasal igerikler birlikte
degerlendirildiginde, 6zellikle Egirdir Goli’nden toplanan alglerden elde edilen ekstraklarin kalite

ozellikleri iizerine olumlu sonuglar verdigini sdylemek miimkiindiir. Sonug olarak, asir1 kimyasal giibre

kullanimi, toprak yapisinda meydana gelen tahribat ve cevre kirliligi goz Oniine alindiginda,

siirdiiriilebilir ve ¢evreye dost preparatlarin kullanimina yonelik ¢aligmalar gelecekte daha yasanabilir

bir diinya i¢in 6nem arz etmektedir.

The effect of different plant growth regulators on the quality and biochemical
content of Jeromine apple cultivar

ABSTRACT Keywords:
Hormones, animal feed additives and synthetic fertilizers used in conventional agriculture have caused Algae extract

the degradation of ecology and endangered the sustainability of the soil. In addition, chemical fertilizers Antioxidant activity
and drugs used in production have led to residues in products, hence the widespread occurrence of Jeromine

many diseases, especially cancer. In this study found that in the Jeromine apple cultivar, rhizobacteria Total phenolic content
(PGPR), which plant growth promoting bacteria on trees during the full flowering period, algae extract Vermicompost
(Chara sp.), vermicompost fertilizer treatments and the effect of combinations of these treatments on

quality and biochemical contentents were investigated. For this purpose, PGPR (3%), algae extract

(15%), vermicompost (10 kg tree™) plant growth regulators were applied to the trees. Generally, the

treatments increased in total antioxidant, phenolic content and flavanoid content compared to control,

which increased quality properties and also had positive effects on biochemical content in fruits. In the
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study, the highest fruit weight from the treatment of PGPR+vermicompost (346.8 g), the highest lenght
of fruit from the treatment vermicompost (82.32 mm), the highest fruit height from the treatment of
vermicompost+algea (78.23 mm) and the highest fruit firmness (78.99 N) were obtained from the © OMU ANAJAS 2021
treatment of algae. It was determined that algae treatment was significantly effective on biochemical
contents and the highest total antioxidant activity (92.29% inhibition mg/100g ) and total phenolic
content (121.72 mgGAE/100g) obtained from algae treatment. When fruit color values and biochemical
contents are evaluated together, it is possible to say that extracts obtained from algae collected from
Egirdir Lake give positive results on quality properties. As a result, considering the excessive use of
chemical fertilizers, the destruction that occurs in the soil structure and environmental pollution, studies
on the use of sustainable and environmentally friendly preparations are important for a more livable
world in the future

1. Giris

Elma, kiiltiir tarihi ok eski olan, kiiltiiriine 6nem verilen ve en ¢ok tiiketilen 1liman iklim meyve tiiriidiir (Ozbek,
1978). Diinyada yaklasik 6.500 elma ¢esidinin bulundugu iilkemizde ise yaklasik 460 adet elma ¢esidinin oldugu
belirtilmektedir (Ozbek, 1978).

1960’larda baslayan ve “Yesil Devrim” olarak bilinen tarim teknigiyle tarim arazilerinden daha kaliteli tirtinler
elde edilmistir. Fakat daha kaliteli {irin elde etmek amaciyla kullanilan hormon, hayvan yem katki maddeleri ve
sentetik gilibreler ekolojinin bozulmasina ve topragin siirdiiriilebilirliginin tehlike altina girmesine neden olmustur
(Ak, 2004). Bunlara ek olarak iiretimde kullanilan kimyasal giibre ve ilaglar, iiriinlerde kalintilara neden olmus
dolayisiyla insan sagligini olumsuz etkilemis ve nihayetinde de basta kanser olmak {izere bir¢ok hastaligin yaygin
bir sekilde goriilmesine neden olmustur (Ak, 2004). Konvansiyonel tarimda daha kaliteli iirlinler elde etmek
amaciyla bilingsizce uygulanan ve basta insan sagligi olmak tizere toprak, ¢evre, hava ve suyun kirlenmesine neden
olan bu uygulamalar tarrmda organik preparatlarin kullanimin1 zorunlu hale getirmistir (Oztiirk, 2004). Her seyden
once, organik preparatlarin geleneksel tarimsal {iriinlere gore suni giibrelerden ve kimyasal bdcek ilaglarindan
kagimilmasi nedeniyle ¢evreye yarar sagladigini sdylemek miimkiindiir (Rogers, 1995). Ayrica organik preparatlarin
biyolojik cesitliligi de arttirdig1 farkli aragtiricilar tarafindan bildirilmistir (Ahnstrdm, 2002). Dolayisiyla yapay ve
sentetik bitki biliylimeyi diizenleyici maddelerin kullanimi sonucu insan sagligi ve ekosistemde meydana gelen
tahribatin giderilmesi adina son yillarda arastiricilar ¢evreye dost organik kdkenli materyallerin kullanimina yonelik
calismalar ylriitmiiglerdir (Edwards ve ark., 1998; Aslantas ve ark., 2007; Karlidag ve ark., 2007;Esitken ve ark.,
2010;Aktas, 2018). Bu calismalarda kullanilan materyallerden biri bitki biiylimesini tesvik eden rizobakterilerdir
(PGPR) (Esitken ve ark., 2003). PGPR, hem toprakta hem de bitkinin kok gevresinde yasayan, bitki gelisimine katki
saglayan ve son yillarda biyogiibre olarak kullanilan canli materyallerdir (Ertiirk, 2015). Azot fiksasyonu ile bitkinin
azot beslenmesini, su kullanim etkinligini, bitkisel hormon iiretimini (oksin, stokinin ve giberallin) ve fosforun
¢Ozinlrliglini arttirdi@i ayrica etilen seviyesini azaltarak bitki gelisimi lizerine olumlu etki sagladigi tespit
edilmistir (Ekici ve ark., 2015). Organik kokenli materyallerden bir digeri vermikompost giibrelerdir.
Vermikompost, solucanlarin oksijenli ortamda organik maddeleri ayrigtirmasiyla elde edilen, bitkiler i¢in hemen
alinabilir formda olan ve bitki gelisiminde etkili olan fungus ve bakteri gibi yararli mikroorganizmalari igeren bitki
biiyiime diizenleyicisidir (Kara Ozbek ve Dalkilic, 2017). Yiiksek su tutma kapasitesi, humuslu yapis1 ve yiiksek
mikrobiyal aktiviteye sahip olmas1 vermikompostlart miikemmel bir toprak iyilestiricisi haline getirmektedir (Atiyeh
ve ark., 2000). Tarimda son yillarda siklikla kullanilan dogal iiriinlerden biri de alglerdir. Algler, bitkiler ilizerinde
yararlt bir etkiye sahip oldugu dogrulanan ve cesitli biyolojik aktif bilesikler igeren canlilardir (Dmytryk ve
Chojnacka, 2018). Ayrica algler bitkide {iriin kalitesini, seker icerigini, meyve rengini arttirmaktadir (Battacharyya
ve ark., 2015). PGPR, vermikompost ve algler biyostimiilanlar olarak adlandirilmaktadir ve bu bitki biiyiimeyi
diizenleyici materyallerin tohumun ¢imlenmesinden bitkinin olgunlasmasina ve iiriin olusumuna kadar bitki yasam
dongiisiiniin her asamasinda etkili oldugu bilinmektedir. Kisaca biyostimiilantlar, abiyotik streslere karsi bitki
metabolizmasinin islevselligini bozmadan bitkinin toleransini arttirmakta ve iriin kalitesini olumlu yodnde
artirmaktadir. Ayrica bitkilerde asimilasyonu artirmakta ve asimilat maddelerinin iletimini ve kullanimin
kolaylastirmaktadir. Su kullanimin1 daha verimli hale getirmekte dolayisiyla topragin yapisin iyilestirerek erozyona
kars1 daha dayanikli olmasini saglamaktadir (Dudas ve ark., 2017).

Calismada, farkli bitki biiylimeyi diizenleyici maddelerin Jeromine elma c¢esidinde, meyve kalitesi ve
biyokimyasal igerikleri iizerine etkileri arastirilmistir. Bu amacgla, tam g¢iceklenme doneminde agaclara bitki
biiytimesini tesvik eden rizobakteri (PGPR), alg ekstrakti, vermikompost giibre uygulamalari ve bu uygulamalarin
kombinasyonlarinin elmada kalite ve biyokimyasal igerikler iizerine etkisi aragtirilmustir.
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2. Materyal ve Yontem

Calisma Oz-Bay Limited Sirketine ait M9 anaci iizerine agili ‘Jeromine’ cesidinden olusan elma bahgesinde
yuriitilmiigtiir. Uygulamalar 3 tekerriir ve her tekerriirde 3 agag olacak sekilde tesadiif bloklari deneme desenine
gore yapilmigtir. Jeromine elma agaclarinin orta kuvvette gelistigi, meyvelerinin iri, koni seklinde, koyu renkli ve
¢ok verimli oldugu bildirilmigtir. Early Red One mutasyonu sonucu elde edilen bir gesit olup bolgelere gore
degismekle birlikte hasadinin Eyliil ortasindan itibaren bagladigi ve Ekime kadar devam ettigi ifade edilmistir
(Calhan ve ark., 2015).

2.1 Arastirmada yapilmis uygulamalar
2.1.1 Kontrol

Calismada kontrol olarak segilen agaglara yetistiricinin yaptig1 uygulamalardan farkli olarak %2 oraninda Tween
20 (yayici-yapistirict) ilave edilmis ¢esme suyu uygulanmustir.

2.1.2. Vermikompost’ un topraga ve yapraga uygulanmasi

Vermikompost uygulamasi elma agaglarinin kok bolgesine cukurlar agilarak topraga 10 kg agac-1 olacak sekilde
tam ¢igeklenme doneminde yapilmistir. Ayni zamanda vermikompostun sivi formu sirt piilverizatorii ile yapraklara
uygulanmistir.

2.1.3. Alg ekstraktinin topraga ve yapraga uygulanmasi

Egirdir Golii’'nden (Isparta) temin edilen algler g6l suyunun igerisinde laboratuvar ortamina getirilmistir. Alg
ekstraksayonu Sivasankari ve ark., (2006) tarafindan belirtilen yonteme goére yapilmistir. 1 kg 6rnek havanda
pargalanip homojenizator ile kii¢iik pargalara ayrilmigtir. Daha sonra homojenize edilmis 1 kg alg tlizerine 1 L saf su
ilave edilmis ve 1 saat boyunca kaynatilip, kaynama bittikten sonra sogutulup siiziilmiistiir. Stizdiiriilen kisim (stok)
%100 alg oziitli olmustur. Elde edilen 6ziitten aga¢ basina 1 litre olacak sekilde tam ¢igeklenme tarihinde tag
izdiistimiine acilan ¢ukurlara verilmistir. Ayn1 zamanda alg 6ziitiinden %15 oraninda seyreltilerek aga¢ basina 3 L
olacak sekilde sirt piilverizatorii ile yapraktan verilmistir.

2.1.4. PGPR’in topraga ve yapraga uygulanmasi

Calismada kullanilmis olan Bacillus OSU-142 bakterisi 0zel bir firmadan 108 cfu olarak temin edilmistir.
Bacillus OSU-142 bakteri susu azot fiksasyonu, fosfat ¢oziicii ve bitkisel hormon iretiminde Onemli rol
oynamaktadir. (Esitken ve ark., 2010). Bakteri uygulamasinda elma agaglarinin ta¢ izdiisiimiine gukurlar agilarak
%3 oraninda seyreltilen bakteriden 1 L aga¢ -1 olacak sekilde topraga tam g¢igeklenme tarihinde 1 defa
uygulanmistir. Ayn1 zamanda Bacillus OSU-142 bakterisi %3 oraninda seyreltilerek agag¢ basina 3 L olacak sekilde
sirt piilverizatorii ile yapraktan verilmistir.

2.1.5. Vermikompost + PGPR ’in topraga ve yapraga uygulanmasi

Vermikompost + PGPR ayn1 agaca baslik 2.1.2 ve 2.1.4” de belirtildigi gibi agaglarin kok bolgesine belirtilen
donemlerde uygulanmistir. Ayrica ayni agaglara vermikompostun sivi formu igerisine %3 oraninda bakteri susu
karigtirilarak agaglar tamamen 1slanacak sekilde sirt piilverizatori ile yapraktan da verilmistir.
2.1.6. Alg ekstrakti + PGPR’in topraga ve yapraga uygulanmast uygulamasi

Alg ekstrakti + PGPR ayn1 agaca baslik 2.1.3 ve 2.1.4° de belirtildigi gibi karistirilarak topraga uygulanmustir.
Bu amacla 30 ml bakteri stogundan ve 150 ml alg ekstrakt1 stogundan alinip iizeri 1 L’ye tamamlanarak (%3 bakteri

ve %15 alg ekstrakti) her agaca kok bolgesinden verilmistir. Ayrica ayni agaglara bakteri susutalg ekstrakti agaglar
tamamen 1slanacak sekilde sirt piilverizatorii ile yapraktan da verilmistir.

480



Cakar ve ark. / Anadolu Tarim Bilim. Derg. / Anadolu J Agr Sci 36 (2021) 478-487

2.1.7. Vermikompost + alg topraga ve yapraga uygulanmasi

Vermikompost + alg ekstrakti baslik 2.1.2 ve 2.1.3” de belirtildigi gibi agaglarin kdk bolgesine karistirilarak
belirtilen donemlerde uygulanmistir. Ayrica ayni agaglara vermikompostun sivi formu ve alg ekstrakti agaclar
tamamen 1slanacak sekilde sirt piilverizatorii ile yapraktan da verilmistir.

2.2. Calismada incelenen pomolojik parametreler

Calismada her tekerriirden 10’ar adet meyve kullamlarak meyve eni (mm), meyve boyu (mm), ortalama meyve
agirligi (g), meyve eti sertligi (N) ve meyve kabuk rengi incelenmistir (Oztiirk, 2012; Butar, 2013).

2.3. Calismada incelen biyokimyasal analizler
2.3.1. Suda ¢oziinebilir toplam kuru madde miktari (SCKM %)

Toplanan meyveler yikandiktan sonra soyulup sulari sikilmis ve dijital refraktometre ile meyve sularindaki suda
¢oziinebilir toplam kuru madde miktar1 yiizde olarak belirlenmistir (Oztiirk, 2012; Butar, 2013).

2.3.2. Meyve suyunun pH st
Elde edilen meyve sulariin pH’s1 dijital ph metre yardimiyla 6lciilmiistiir (Oztiirk, 2012; Butar, 2013).
2.3.3. Meyve suyunda titre edilebilir asit miktarmin belirlenmesi (g/100ml)

Meyve sulari sikildiktan sonra tortularindan ayrilip 10 ml alinmis ve saf su ile 100 ml’ye tamamlanmistir. Elde
edilen karigimin ph’st 8.1 oluncaya kadar IN NaOH ile titre edilmistir. Harcanan NaOH not alinmig ve % olarak
malik asit cinsinden hesaplanmstir (Oztiirk, 2012).

2.3.4. Toplam fenolik madde i¢eriginin belirlenmesi (mg GAE/Q)

Toplam fenolik miktar1 Singleton ve Rossi (1965)’nin belirttigi Folin-Ciocalteu’s kimyasali kullanilarak
belirlenmistir. Homojenize edilen meyve piiresi aseton, su ve asetik asit (70:29.5:0.5) ¢ozeltisi kullanilarak, bir saat
boyunca tiipler igerisinde ekstraksiyon islemine tabi tutulmustur. Daha sonra ekstraksiyonun iizerine Folin-
Ciocalteu’s kimyasali ile saf su karistirillmig ve 8 dakika bekletilmis, akabinde iizerine % 7’lik sodyum karbonat
ilave edilmistir. Iki saat inkiibasyondan sonra mavimsi bir renk alan ¢dzeltinin absorbansi, spektrofotometrede 750
nm dalga boyunda okutulmustur.

2.3.5. Toplam flavonoid icerigi (mg catechin/100g)

Toplam flavonoid igerigi Zhishen ve ark. (1999) tarafindan belirtilen yonteme gore belirlenmistir. Her 6rnekten
1 mL alinmig ve tzerine 0.3mL 5% NaNO,; soliisyonu eklenip karistirilmistir. 5 dakika inkiibasyonun ardindan
tizerine 0.3mL %10 AICI; eklenmistir. 6 dakika daha inkiibasyona tabi tutulup iizerine 2 mL 1 M NaOH eklenip
karistirllmis ve 2 dakika bekletilmistir. Son karisim {izerine 4 mL saf su eklenmis ve 510 nm dalga boyunda
orneklerin absorbans degerleri okutulmustur.

2.3.6. Toplam antioksidan kapasitesi (%inhibisyon mg/100g)

Toplam antioksidan kapasitesi Kumaran ve Karunakaran (2006) tarafindan bildirilen DPPH (1,1-diphenyl-2-
picrylhydrazyl) yontemi kullamlarak belirlenmistir. Orneklerden 2 gram almip 20 mL %80 etanol igerisinde
parcalanmis ve 2 saat -20°C’de inkiibasyona tabi tutulmustur. Daha sonra 2000 rpm’de 5 dakika santrifiij edilmis ve
siipernatant (stvi) kismi analiz i¢in alinmigtir. 100 pL siipernatant {izerine metanol igerisinde ¢ozdiiriilmiis 2 mL
0.1mM DPPH eklenmistir. 30 dakika inkiibasyon edildikten sonra 517 nm’de metanole kars1 okuma yapilmustir.

3. Bulgular ve Tartisma
Calismada elma agaglarina, vermikompost (10 kg aga¢™), alg ekstrakti (%15), PGPR (%3) ve kombinasyonlari

uygulanmis ve s6z konusu bitki biiyiimeyi diizenleyici maddelerin meyvelerin kalite ve biyokimyasal igerikleri
iizerine etkisi incelenmistir. Uygulamalarin meyve agirligi, meyve eni, meyve boyu ve meyve sertligi ilizerine
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etkisinin istatistik olarak onemli oldugu saptanmistir (p<0.05) (Cizelge 1). Arastirmada uygulamalarin meyve
agirhigr tzerine etkisi degerlendirildiginde en yiiksek meyve agirligit PGPR+vermikompost kombinasyonundan
(346.80 g), en diisiik meyve agirligt ise kontrol uygulamasindan (183.65 g) elde edilmistir. Meyve eni bakimindan
degerlendirildiginde en yiliksek meyve eni vermikompost uygulamasindan elde edilirken (82.32 mm), yine en diistik
meyve eni kontrol uygulamasindan (74.65mm) elde edilmistir. Uygulamalarin meyve boyu iizerine etkisi
degerlendirildiginde ortaya ¢ikan farkin istatistik olarak 6nemli oldugu (p<0.05) ve neredeyse tiim uygulamalarin
kontrol uygulamasindan yiiksek oldugu ve ayni istatistik grubunda yer aldig1 saptanmistir. Uygulamalarin meyve
sertligi tizerine etkisinin de incelendigi ¢alismada alg ve PGPR+vermikompost+alg uygulamalarinin en yiiksek
degere sahip olduklar1 belirlenmistir (Sirasiyla, 78.99 N ve 77.40 N).

Cizelge 1. Uygulamalarin meyve agirligi, meyve eni, meyve boyu ve meyve sertligi iizerine etkisi
Table 1. The effect of treatments on fruit weight, fruit lenght, fruit height and fruit firmness

UYGULAMALAR Meyve agirlig Meyve eni Meyve boyu Meyve Sertligi
() (mm) (mm) (N)
KONTROL 183.65+1.83C 74.65+0.57D 69.69+1.52C 73.13+£0.29B
PGPR 225.31+£5.45BC 79.32+1.34AB 74.20+1.51AB 74.91+0.66B
VERMIKOMPOST 223.20+£29.30BC  82.32+1.10A 75.03+2.87AB 74.57+1.29B
ALG 186.65+7.22C 74.21£1.12D 72.98+0.34BC 78.99+1.04A
PGPR +VERMIKOMPOST 346.80+24.80A 75.5742.09CD  77.63+0.66A 72.98+0.33B
PGPR+ALG 196.48+2.57C 77.17£2.05BCD  74.55+2.04AB 74.93+0.69B
VERMIKOMPOST+ALG 246.00+17.70B 80.38+0.39AB 78.23+0.77A 73.23+1.03B
PGPR+VERMIKOMPOST+ALG  222.75+4.06BC 78.76£0.86ABC  77.74+0.16A 77.40+0.64A

*Farkl1 harfle gosterilen ortalamalar arasindaki fark p<0.05 diizeyinde dnemlidir.

Bitki biiylimeyi diizenleyici maddelerin meyve kabuk rengi iizerine etkisi Cizelge 2’de sunulmustur.
Uygulamalarin meyve eti rengi lizerine etkisinin istatistik olarak 6énemli oldugu tespit edilmistir (p<0.05). Buna goére
a* (kirmiz1 renk) indeksi bakimindan degerlendirildiginde alg, PGRP, vermikompost, ve PGPR+vermikompost
uygulamalarindan elde edilen meyvelerin kontrol uygulamasindan daha kirmizi olduklari ve en yiiksek a* degerine
sahip olduklar tespit edilmistir (sirastyla, 24.76, 24.26, 23.92, 23.87). Uygulamalarin b* (sar1 renk) indeksi iizerine
etkisi incelendiginde en yiiksek degerlerin PGPR+alg, alg ve PGPR+vermikompost+alg uygulamalarindan elde
edildigi saptanmugtir (sirasiyla, 18.60, 17.13, 17.74). Uygulamalarin L* degeri lizerine etkisi incelendiginde kontrole
gore diislisin oldugu bunun da sebebinin meyvelerdeki antosiyanin miktarindaki artistan kaynaklandigi
diistiniilmektedir (Whale ve ark., 2008). Buna gore en diigiilk L* degeri alg ve vermikompost+alg (sirastyla, 35.03 ve
36.72) uygulamalarindan elde edilmistir. c¢* (chroma) ol¢iimlerinde vermikompost, vermikompost+alg ve
PGPR+vermikompost+alg uygulamalarinda azalig tespit edilirken diger uygulamalarin kontrol ile aymi istatistik
grubunda yer aldig1 saptanmistir. h* (Hue) degeri a* ve b* degerlerine gore hesaplanmakta ve meyvelerdeki rengin
gorsel niteligini tanimlamaktadir (Fairchild, 2005). Calismamizda PGPR ve vermikompost+alg uygulamalarindan
elde edilen h* degerinin kontrolden diisiik oldugu (sirastyla, 23.58, 24.79), PGPR-+alg ve PGPR+vermikompost+alg
kombinasyonlarinda ise kontrole gore artigin oldugu tespit edilmistir (sirastyla, 42.52, 45.80).

Cizelge 2. Uygulamalarin L*,a* b*,c* h* degerleri iizerine etkisi

E3

Table 2. The effect of treatments on L*, a*, b*, c*, h * values

E3 E3 *

UYGULAMALAR L a b c h
KONTROL 48.38+0.82A  20.56+x1.41BC 16.39+1.12BC  29.29+0.31AB 33.31+2.05B
PGPR 42.06+0.39CD  24.26+0.52A 11.65£1.20D  27.43+0.50BCD  23.85+0.70C
VERMIKOMPOST 41.63+0.41D  23.92+1.08A 13.83+1.25CD  26.44+0.52D 30.05+1.45B
ALG ) 35.03+0.79E 24.76+£0.37A 17.13£0.73AB  28.99+1.14ABC 33.38+0.87B
PGPR+ VERMIKOMPOST  44.00+1.35BC  23.87+0.47A 16.43+0.90BC  29.19+0.52AB 33.77+1.78B
PGPR+ALG 44.60+0.83B 20.36+0.31BC  19.27+0.60A  30.36+1.03A 42.52+1.59A

VERMIKOMPOST+ALG 36.72+0.63E 22.46£0.96AB 11.18+0.77D 25.61+£0.58D 24.79+0.87C
PGPR+VERMIKOMPOST+  41.71+0.68D 17.96+1.68C 17.74+£0.74AB  27.19+0.25CD 45.80£1.72A
ALG

*Farkli harfle gosterilen ortalamalar arasindaki fark p=<0.05 diizeyinde onemlidir.
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Caligmada bitki biiylimeyi diizenleyici maddelerin SCKM, pH ve TEA {izerine etkisi Cizelge 3’te sunulmustur.
Uygulamalarin SCKM ve ph iizerine etkisinin istatistik agidan 6nemli olmadig1 ve tiim uygulamalarin ayni istatistik
grubunda yer aldigi, TEA degerlerinde ise PGPR+vermikompost+alg ve PGPR+alg uygulamalarinin arasindaki
farkin istatistik olarak onemli oldugu tespit edilmistir (p<0.05). TEA incelendiginde PGPR+vermikompost+alg
uygulamasindan en yiiksek deger elde edilirken (%0.40) en diisiik deger ise PGPR+alg uygulamasindan (%0.23)
elde edilmistir.

Cizelge 3. Uygulamalarin SCKM, pH ve TEA iizerine etkisi
Table 3.The effect of treatments on SSC, pH and TA

UYGULAMALAR SCKM (%) pH Titre Edilebilir Asit (TEA) (% malic acid)
KONTROL 13.27£0.59  3.79+0.12  0.33+0.06AB

PGPR 13.13+0.45 3.50+0.04 0.31+0.07AB

VERMIKOMPOST 14.00+£0.69  3.74+0.27  0.38+0.06AB

ALG 14.10+£0.61 3.54+0.04  0.30+0.05AB

PGPR+VERMIKOMPOST 14.07+0.31 3.60+0.02  0.32+0.03AB

PGPR+ALG 12.63+£0.25  3.66+0.13  0.23+0.03B

VERMIKOMPOST+ALG 13.40+£0.69  3.70+0.17  0.284+0.03AB

PGPR+VERMIKOMPOST+ALG 12.93+0.84  3.62+0.12  0.40+0.10A

*Farkl1 harfle gosterilen ortalamalar arasindaki fark p<0.05 diizeyinde dnemlidir.

Toplam antioksidan aktivite, toplam fenolik madde ve toplam flavonoid igeriginin de incelendigi bu ¢alismada
bitki biiyiimeyi diizenleyici maddelerin biyokimyasal icerikler {iizerine etkisi Cizelge 4’te sunulmustur.
Uygulamalarin biyokimyasal igerikleri iizerine etkisi istatistik olarak énemli bulunmustur (p<0.05). Bitki biiylimeyi
diizenleyici maddelerin toplam antioksidan aktivite iizerine etkisi incelendiginde, neredeyse tiim uygulamalarin
kontrol uygulamasindan yiiksek antioksidan aktiviteye sahip oldugu belirlenmistir. En yiiksek aktivite alg
uygulamasindan (92.29 %inhibisyon mg/100g), en diisiik aktivite ise kontrol uygulamasindan (74.48 %inhibisyon
mg/100g) elde edilmistir. Toplam fenolik madde igerigi bakimindan uygulamalar degerlendirildiginde yine tim
uygulamalarin kontrol uygulamasindan yiiksek oldugu ve en yiiksek fenolik madde igeriginin yine alg
uygulamasindan (121.72 mgGAE/100g) elde edildigi tespit edilmistir. Bunu sirasiyla, PGPR+vermikompost+alg,
PGPR, vermikompost+alg (sirasiyla, 110.85 mgGAE/100g, 105.92 mgGAE/100g, 105.77 mgGAE/100g)
uygulamalari takip etmistir. Benzer sekilde toplam flavonoid igerigi degerlendirildiginde tiim uygulamalarin kontrol
uygulamasindan yiiksek oldugu belirlenmistir. En yiiksek flavonoid igerigi (38.01 mg catechin/100g)
PGPR+vermikompost+alg uygulamasindan elde edilmistir. Bunu sirastyla, PGPR+alg, vermikomost+alg
uygulamalari takip etmistir (sirasiyla, 36.80 mg catechin/100g ve 35.55 mg catechin/100g).

Cizelge 4. Uygulamalarin toplam antioksidan aktivite, toplam fenolik madde ve toplam flavonoid igerigi iizerine

etkisi
Table 4. The effect of treatments on total antioxidant activity, total phenolic and total flavonoid content
UYGULAMALAR Toplam Antioksidan Toplam Fenolik Madde Toplam Flavonoid
Aktivite Icerigi Icerigi
(%inhibisyon mg/100g)  (mgGAE/100g) (mg catechin/100g)
KONTROL 74.48+1.18D 65.42+2.70F 20.18+1.28F
PGPR 81.38+1.50C 105.92+0.84C 32.46+2.27BCD
VERMIKOMPOST 81.50+1.36C 100.40+2.88D 31.67£1.38CD
ALG 92.29+1.64A 121.72+1.02A 29.50+1.15DE
PGPR+VERMIKOMPOST 86.77+£2.55B 88.94+1.17E 26.42+0.85E
PGPR+ALG 87.24+1.48B 101.77«1.13CD 36.80+2.70AB
VERMIKOMPOST+ALG 91.11£1.06AB 105.77+0.50C 35.55+1.63ABC
PGPR+VERMIKOMPOST+ALG  78.36+2.16CD 110.85+1.20B 38.01+£1.74A

*Farkl1 harfle gosterilen ortalamalar arasindaki fark p<0.05 diizeyinde 6nemlidir.

Bitki biiylimesini tesvik eden rizobakteriler (PGPR) tarimsal 6neme sahip ve toprakta serbest halde yasayan
canlilardir. PGPR, bitki saglig1 ve biiylimesi iizerine birgok olumlu etkiye sahiptir. Bu etkiler igerisinde hastaliga
neden olan mikroorganizmalarin baskilanmasi, besin kullanilabilirligini artirmasi ve asimilasyonu hizlandirmasi en
onemlilerindendir. Bu nedenle, toprak verimliligini ve iriin miktarin1 arttrma ve kimyasal giibrelerin ¢evre
iizerindeki olumsuz etkilerini azaltma arayisinda, PGPR'den faydalanma tarimsal amaglar arasinda yer almaktadir.
PGPR’ler rizosferde bitkinin kok etrafinda bulunurlar. Ayni1 zamanda yabanci ot, kuraklik stresi, agir metaller ve tuz
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stresi gibi olumsuz ¢evresel kosullarina karsi bitkinin toleransini arttirmaktadirlar (Kumar ve ark., 2009). Bu amagla
son yillarda farkli arastiricilar tarafindan cesitli ¢aligmalar yapilmistir. Aslantag ve ark. (2007) M9 ve MM 106
anaglar lizerine asilanmis Granny Smith, Stark Spur ve Golden delicious elma g¢esitlerine Bacillus OSU-142,
Burkholderia OSU-7, Pseudomonas BA-8 ve Bacillus M-3 bitki biiylime diizenleyici bakteriler uygulayarak bitki
gelisimi ilizerine etkisini arastirmislardir. PGPR’lerin bitkide indol asetik asit (IAA) ve sitokinin tiretmeyi ve buna ek
olarak topraktaki fosfati ¢dzmeyi basardigini tespit etmislerdir. Bakterilerin elma agaclarinda siirgiin sayisini
arttirdigin1 ve biiylime iizerine olan etkisinin indol-3-asetik asit ve sitokinin sentezini tegvik edici etkisi ile dogrudan
iliskili oldugunu bildirmislerdir. Karlidag ve ark. (2007) Granny Smith elma ¢esidine ii¢ farkli bakteri susu (Bacillus
M3, Bacillus OSU-142 ve Microbacterium FS01) ve kombinasyonlarini uygulayarak bitkide meydana gelen verim,
gelisme ve besin bilesimi degisimi incelemislerdir. M3, OSU-142 ve FSO1 bakteri suslart ve kombinasyonlarinin
bitki biiylimesini uyardigi ve Granny Smith'te dnemli verim artiglarina neden oldugunu bildirmislerdir. PGPR
suslarinin koklere inokiilasyonu sonrasi kontrole gore, kiimiilatif verimi (%26,0-88.0), meyve agirhigin (% 13.9-
25.5), siirglin uzunlugunu (% 16.4-29.6) ve siirgiin ¢apini (% 15.9-18.4) 6nemli 6l¢iide arttirdigini tespit etmislerdir.
Bununla birlikte PGPR’ler bitkinin indol asetik asit (IAA) hormonu salgilamasini tesvik ederek, hiicre boliinmesine
katki saglamaktadir. TAA ayrica diger biiylimeyi tesvik edici bakterilerin kolonizasyonunu arttirarak bitkinin
topraktan besin alimma katki saglamaktadir (Vandeputte ve ark., 2005). Yine PGPR’ler etilen hormonunun
sentezlenmesinde gorev alan 1-aminosiklopropan-1 karboksilat (ACC) deaminaz aktivitesini etkileyerek bitkide
etilen tiretim seviyesini diisiirmektedir (Patten ve Glick, 2002). PGPR suslarinin indol-3-asetikasit, sitokinin veya
bitki biiylimesi ve veriminde 6nemli rol oynayan hormonlari liretme kabiliyetine sahip oldugu farkli arastiricilar
tarafindan da ¢ok kez vurgulanmistir (Probanza ve ark., 1996). Motosugi ve ark. (1995), bakteri uygulamasinin
meyve rengi, SCKM ve pH iizerine etkili oldugunu saptamislardir. Benzer sekilde, Bacillus OSU-142 ve M3
uygulamasinin verim ve kalite parametreleri iizerine etkisinin oldugu farkli arastiricilar tarafindan da bildirilmigtir
(Aslantas ve ark., 2007). Kompost uygulamalart 1980°1i yillarda hizli bir sekilde yayilmaya baslamistir. Topraktaki
organik madde birikiminin arttirilmasi, gevre kirliliginin azaltilmasi ve atiklarinin iglenmesi bu uygulamalara
yonelmenin nedenleri arasinda sayilmaktadir. Kalite bakimindan vermikompost, termofilik kompostlara gore
fiziksel, kimyasal ve biyolojik agidan daha {istiin niteliklere ve ekonomik degere sahiptir (Dominguez ve ark., 1997).
Vermikompost, kompostlama isleminin solucanlar tarafindan yapilmasina verilen isimdir. Kompostlama igleminde
solucanlar, karigima yiiksek oranda oktan katarak siireci hizlandirmaktadirlar (Edwards ve Bohlen, 1996).
Vermikompostlar biinyesinde nitrat, fosfat, kalsiyum, ¢oziilebilir potasyum ve bitki biiyiimesinde gorev alan
hormonlar1 barindirmaktadir (Joshi ve Pal Vig, 2010). Ayrica yiiksek su tutma kapasitesine, drenaj, aerosyon ve
yiiksek poroziteye sahiptirler. Giiglii emilebilirligi ve besin tutumu sayesinde besin elementleri ortamda daha uzun
sire kalabilmektedir (Lunt ve Jacobson, 1994). Aminifard ve Bayat (2016) farkli dozlarda vermikompost
uygulamasinin Capsicum annum L.’da kalite, verim ve biyokimyasal igerikleri {izerine etkisini incelemiglerdir. Bu
dogrultuda dort farkli konsantrasyonda (0, 5, 10 ve 15 t/ha) vermikompost uygulamas: yapmuislardir. Caligsma
sonucunda biitiin uygulamalarin antioksidan aktivite, toplam fenolik ve flavonoid madde miktarinda ve meyve kalite
parametrelerinde (pH, titre edilebilir asitlik, askorbik asit ve meyve sertligi) artis sagladigini bildirmislerdir. Tavali,
(2011), farkli dozlardaki vermikompost uygulamalarinin topragin enzim aktivitesi ve bakteriyel varlig1 {izerine
olumlu etkisinin oldugunu bildirmistir. Grzyba ve ark. (2013) M9 anaci {izerine asilanmis Topaz ve Ariwa elma
cesitlerine konvasiyonel (ticari) ve organik kékenli (vermikompost, PGPR, deniz yosunu) giibreler uygulamislar ve
fidan gelisimi iizerine etkilerini incelemislerdir. Calisma sonucunda kullanilan organik giibrelerin bitkilere yeterli
besin kaynagi saglayabildigini ve organik elma fidanliklarinda basariyla kullanilabilecegini bildirilmislerdir.
Sutariya ve ark. (2018) farkli organik giibrelerin kus liziimiinde pomolojik ve biyokimyasal igerikleri {izerine
etkisini incelemislerdir. Calismada PGPR, vermikompost ve farkli bitki besin elementlerinden olusan
kombinasyonun meyve suyu miktarinda, SCKM igeriginde, toplam seker ve vitamin C’de artiga, meyve suyu
asitliginde ise azalisa neden oldugunu bildirmislerdir. Alg ekstraktlar1 son yillarda depo esnasinda meyve
kayiplarinin dnlenmesinde, iirlin miktarimin arttirtlmasinda, topraktan inorganik besin maddelerinin aliniminin
kolaylagtirilmasinda, tohum ¢imlenmesinin ve stres kosullarina direncin arttirilmast gibi alanlarda c¢ok fazla
kullanilmaktadir (Blunden, 1991). Giiniimiizde alg ekstraktlarinin topraga sivi veya kati sekilde uygulanarak
topragin yapisinin uzun siire korunmasi ve toprak veriminin arttirilmasi amaglanmaktadir. Bunun yani sira yapraktan
alg uygulamalarimin bitkilerde verim ve kalite iizerine olumlu yonde etkilerde bulundugu bildirilmistir (Giiner ve
Aysel, 1996). Deniz yosunlar1 kuvvetli kok gelisimini tesvik ettigi boylece bitkilerin topraktaki su ve besin
maddelerinden daha etkin bir sekilde yararlandig1 bilinmektedir. Ayn1 zamanda alg ekstraktlari, bitkilerde klorofil
olusumunu ve yesil aksamin artmasinm tesvik etmektedir. Boylece daha fazla karbonhidrat, protein gibi maddelerin
sentezlenmesini, bitkilerin hastalik ve zararlilara karg1 daha direngli olmalarini, bitkilerin don, kuraklik, yetersiz
giines, su, sicak ve soguk gibi cevresel streslere (abiotik stres) dayanimini saglamaktadir. Ayrica bitkide meyve
dokiimiinii biiyiik oranda azaltarak, yaklasik %30’a varan verim artislarinin saglandig: bildirilmektedir (Blunden ve
ark., 1992). Ozkan ve Yaman (2009) Granny Smith elma ¢esidinde farkli organik agag basina verim, yaprak alani ve
yaprak sayisi, yaprakta bulunan makro ve mikro besin elementleri {izerine etkisini incelemislerdir. Caligma
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sonucunda tiim uygulamalarin kontrol uygulamasindan daha yiiksek miktarda makro ve mikro element icerdigini ve
verimde artis sagladigini bildirmislerdir. Atasay ve ark. (2011) tarafindan yapilan ¢alismada M9 anaci lizerine asilt
Williams Pride, Jonafree, Golden Delicious ve Rajka elma cesitlerine 3 farkli besin uygulamasmin (Ciftlik giibresi,
Yesil giibreleme, Alg ekstraktr) bitki gelisimi {izerine olumlu etkisinin oldugunu bildirmislerdir. Verkleij (1992)
tarafindan yapilan ¢aligmada 100-1000 kat seyreltilmis alg ekstraktinin seftalilere uygulanmast sonucu depo
Oomriiniin uzadig1 ayn1 zamanda muz ve mango gibi meyvelerin alg ekstraktindan yapilmis soliisyonlara batirilarak
olgunlasmanin hizlandig1 bildirilmistir. Yukarida belirtilen sonuglara paralel olarak c¢alismamizda PGPR,
vermikompost, alg ve kombinasyonlarinin meyve eni ve boyunda kontrol uygulamasi ile karsilastirildiginda artis
sagladig tespit edilmistir. Ayrica meyve agirligi ve meyve sertligi parametrelerinde de kontrol uygulamasindan
yiiksek degerler elde edilmistir. Yine renk parametreleri incelendiginde tiim uygulamalardan, kontrol uygulamasina
gore daha kaliteli meyveler elde edilmistir. Aragtirmada alg, PGPR ve kombinasyonlarindan kontrol uygulamasina
gore daha kirmizi renkte meyveler elde edilmistir. Bununla birlikte alg uygulamasinin toplam antioksidan ve toplam
fenolik madde igeriginde artiga neden olmasinin meyve rengi ile baglantili olabilecegi sonucunu ortaya koymaktadir.
Ciinkii meyve kirmiziliginin artigt antosiyaninde meydana gelen artiga igaret etmektedir. L* degerindeki azalis da
meyvelerdeki antosiyanin miktarindaki artisi destelemektedir. Dolaysiyla meyve renginde meydana gelen
kirmizilasmanin, igerdigi toplam antioksidan, toplam fenolik ve toplam flavonoid madde igeriginde de artis
sagladigi sonucunu ortaya koymaktadir (Shao ve ark. 2007). Fenolik ve antioksidan maddeler, meyvelerde yogun
olarak bulunan ve insan sagligi tizerine olumlu etkileri olan sekonder metabolitlerdir (Chen ve Chen 2013). Bu
bilesiklerin kanser hiicrelerini inhibe ettigi, antimutajenik aktiviteye ve kan basincini diisiiriicii etkiye sahip oldugu,
kardiyovaskiiler riski azalttig1 farkli arastiricilar tarafindan bildirilmistir (Naruszewicz ve ark., 2007). Dolayisiyla
calismamizda kullanilan bitki biiylime diizenleyicilerin biyokimyasal iceriklerde de artiga neden olmasinin hem
tiiketici hem de iretici tarafindan istenen bir durum oldugunu séylemek yadsinamayacak bir gergektir.

4. Sonug

Sonug olarak, asir1 giibre kullanimi ve giibre iretiminin yiiksek maliyetlerinden kaynaklanan ¢evre kirliligi g6z
Ontine alindiginda, yapilan ¢alismada test edilen PGPR susu, vermikompost ve alg ekstraklarinin siirdiiriilebilir ve
cevreye zarar vermeyen yetistiricilik bakimindan iiretiminde kullanilma potansiyeline sahip oldugu sonucuna
vartlmistir. Ayrica ¢alismada kullanilan organik kdkenli materyallerin kararliliklari, uygulama kolayligi, diisiik
maliyetli olmalar1 ve farkli ¢evresel faktorlere karsi tolerant olmalari da tercih sebepleri arasinda yer almaktadir.
Degisen ve ongoriillemeyen iklim kosullari goz Oniine alindiginda gelecekteki arastirmalar, biiyiime ve kalite
lizerinde 6nemli etkisi olan organik bitki biiylimeyi diizenleyicilerin kombinasyonlarina yonelik farkli ¢alismalarin
da 6niinii agabilecegi diisiiniilmektedir.
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OZET

Aragtirmada ge¢ olgunlasma siiresine sahip bazi tatli sorgum genotiplerinin verim ve biyoyakit Anpahtar Sézciikler:
ogelerinin belirlenmesi amaglanmustir. Deneme tesadiif bloklart deneme deseninde li¢ tekerriirlii olarak  Biyoetanol
2019 yili ana iirlin yetistirme sezonunda Sanlmurfa kosullarinda yiiriitiilmistlir. Calismada Brandes, Brix
Corina, Dale, Grassi, M81-E, P1579753, Ramada, Rio Roma, Smith, Theis, Topper 76-I, Topper 76-11, (zsu verimi
Tracy, UNL-Hybrid 3 ve Giilseker gibi 16 adet ge¢ olgunlagma siiresine sahip tatli sorgum genotip’i  Seker verimi
kullanilmigtir. Calismada salkim ¢ikarma siiresi, fizyolojik olgunlagma siiresi, sap verimi, tane verimi, Sap verimi
bin tane agirhigr ve hektolitre agirhigr gibi ozellikler incelenmistir. Ayrica 6zsu verimi, suda ¢ozinir Tatl; sorgum
kuru madde orani (brix), 6zsu orani, surup verimi, seker verimi ve etanol verimi gibi biyoyakit dgeleri

de aragtirilmigtir. Arastirma sonuglarina gore, sap verimi 5763.3 ile 14433.2 kg da, dzsu verimi

2341.07 ile 6149.14 L da™, suda ¢6ziiniir kuru madde orani (brix) % 13.36 ile % 20.40 arasinda ve tane

verimi 82.97 ile 328.18 kg da™ arasinda degismistir. Calismada salkim ¢ikarma siiresi 72.3 ile 102.3

giin, fizyolojik olgunlagma siiresi 128 ile 168 giin, bin tane agirhgi 15.41 ile 45.13 g ve hektolitre

agirhgr ise 51 ile 70 kg hL * arasinda degismistir. Arastirmada, 6zsu oram % 30.42 ile % 50.37

arasinda, surup verimi 409.0 ile 931.7 L da™ arasinda, seker verimi 347.7 ile 792.0 kg da™ arasinda,

etanol verimi 185.1 ile 421.6 L da™* arasinda degismistir. Sap verimi, 6zsu verimi, brix, seker verimi ve

biyoetanol verimi gibi biyoyakit 6geleri g6z oniine alindiginda Theis, M81-E, Dale, Smith, Tracy ve
UNL-Hybrid-3 gibi tatli sorgum gesitlerinin diger ¢esitlere gére daha verimli olduklar1 gézlenmistir.

Determination of grain yield and biofuel characteristics of some late maturated sweet
sorghum (Sorghum bicolor var. saccharatum (L.) Mohlenbr.) genotypes title

ABSTRACT

In the research, it was aimed to determine the yield and biofuel components of some late maturated Keywords:
sweet sorghum genotypes. The experiment was conducted in a randomized block design with three Bioethanol
replications in the 2019 main crop growing season under Sanliurfa conditions. In the study, 16 late- Brix
maturated sweet sorghum genotypes such as Brandes, Corina, Dale, Grassi, M81-E, P1579753, Juice yield
Ramada, Rio Roma, Smith, Theis, Topper 76-1, Topper 76-I1, Tracy, UNL-Hybrid-3 and Giilseker were Sugar yield
used. In the research, duration of panicle formation, duration of physiological maturation, stalk yield, Stalk yield
grain yield, thousand kernel weight and hectoliter properties were investigated. In addition, biofuel Sweet sorghum
components such as plant juice yield, water-soluble dry matter ratio (brix), juice ratio, syrup yield,
sugar yield and ethanol yield were also investigated. Stalk yield varied between 5763.3 and 14433.2 kg

al, plant juice yield between 2341.07 and 6149.14 L da™, and water-soluble dry matter ratio (brix)
between 13.36 % and 20.40 %, grain yield between 82.97 and 328.18 kg da™. In the study, the duration
of panicle formation varied from 72.3 to 102.3 days, duration of physiological maturation from 128 to
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168 days, thousand-grain weight from 15.41 to 45.13 g and hectoliter weight varied from 51 to 70 kg

hL L. In the study, the juice ratio was between 30.42 % and 50.37 % and the syrup yield was between

409.0 and 931.7 L da™. The sugar yield ranged from 347.7 to 792.0 kg da™ and the bioethanol yield © OMU ANAJAS 2021
from 185.1 to 421.6 L da™. It was determined that Theis, M81-E, Dale, Smith, Tracy and UNL-Hybrid-

3 sweet sorghum genotypes gave higher values than other ones in terms of biofuel characteristics such

as stalk yield, plant juice yield, water-soluble dry matter ratio, sugar yield and ethanol yield values.

1. Giris

Diinya’da ve iilkemizde artan enerji ihtiyaci ve hizla tiikenen fosil enerji kaynaklari, yenilenebilir enerji
kaynaklarmin 6nemini arttirmistir. Tatli sorgum, yenilenebilir enerji elde etmek i¢in kullanilabilecek 6nemli bir
bitkidir (Oktem ve ark., 2018). Insan beslenmesinde ve hayvan yemi olarak da kullamlabilmektedir (Buxton ve ark.,
1999; Koppen ve ark., 2009). Tathi sorgumun saplarindan elde edilen sirasindan (etanol {iretimi i¢in), sapindan
(enerji {iretimi, plastik {iretimi), tanesinden (hayvan yemi ve etanol iiretimi i¢in) yararlanilmaktadir. Tath sorgum
kiispesi ve yesil yapraklart mitkemmel bir yem, organik giibre, sanayide selillozik hammadde ve kagit hamuru
kaynagi olarak genis kullanim alanlarina sahiptir (Almoderes ve Goli, 2013). Tath sorgumun kullanim alanlar1
Diinyada her gecen giin artmaktadir. Tatli sorgum bitkisi Poaceae familyasina ait C4 fotosentez grubunda bulunan
tek yillik bir enerji bitkisidir. Orijini Dogu ve Kuzey Afrika’dir. Gii¢lii ve hizli biiylime potansiyeli olup, oldukg¢a
etkili kok yapisina sahiptir. Etkili kdk yapisi bitkinin kuraklifa dayanakligini ve su ihtiyacinin diisiik olmasini saglar
(Koppen ve ark., 2009). Diger bitkilere gore hastalik ve zararlilara karst daha direnglidir (Guiying ve ark., 2003).

Tath sorgum bitkisinin toplam agirhiginin % 70-75’1 sap, % 10-15’i yaprak, % 10’u kok ve % 7’si tane
kismindan olugsmaktadir (Grassi, 2001). Bu oranlar ¢eside, kiiltiirel yontemlere ve 6zellikle bitki sikligina bagl
olarak degismektedir. Tath sorgum bitkisinin seker igerigi yiiksektir. En fazla seker sapta (% 78.7) bulunmakta olup,
fruktoz, glikoz ve sakkaroz gibi 14’ten fazla seker tiirlinii igermektedir. Saptaki 6zsuyunun brix degeri (suda
eriyebilir toplam kuru madde miktari) bitkinin ekildigi alana, ¢eside ve hasat donemine bagl olarak degismektedir.

Enerji bitkisi olmasinin yani sira, iyi bir seker kaynagidir. Tath sorgum bitkisi, seker iiretiminin yapildig1 diger
bitkilerin yetisemedigi yerlerde de iretilebildiginden bu yerler agisindan 6nemli bir avantaj olusturabilir. Ayrica
seker pancari ekilen bolgelerde artan hastaliklar ve zararlar1 azaltmak ve bitki 6z suyundan etanol iiretmek icin seker
pancari ile miinavebe yapilabilecegi bildirilmektedir (Frese, 1994). Ozsuyundan fermantasyon yoluyla elde edilen
etanol enerji kaynagi olarak kullanilabilir. Gomez ve ark. (2011) tath sorgum bitkisinden 924 ile 1051 L ha™
arasinda etil alkol elde etiklerini bildirmislerdir.

Tath sorgum bitkisinden elde edilen yakitlarin uygun kosullarda yakilmasi ile havaya karisan duman icinde
diisiik oranda kiikiirt icermektedir (Dalianis ve ark., 1992). Cevre kirliliginin artmasi ve enerji ihtiyacinin fazla
olmasi g6z 6niine alindiginda, tatli sorgum bitkisinin ciddi oranda faydali olabilecegi goriilebilmektedir.

Giliniimiizde enerji alaninda digsa bagimli olmamak i¢in birgok {ilke enerji ihtiyaglarini karsilamak igin alternatif
enerji kaynaklarina yonelmeye ve bu yonde yatirim yapmaya baslamislardir. Fosil kaynaklarinin yakin zamanda
tikenecegi de gbz Oniine alindiginda enerji ihtiyacinin karsilanmasi igin siirdiiriilebilir ve alternatif ¢éziimler
iretmek vazgecilmez bir ihtiyagtir. Hem temiz hem de siirdiiriilebilir enerji 6zelligi olan bitkilerden etanol elde
edilmesi iizerinde durulmasi gereken bir konudur. Ozellikle tatl sorgum bitkisinin enerji bitkisi olarak kullanilarak
etanol {iretilmesi ve etanoliin alternatif enerji kaynagi olarak kullanilmasi yoniiyle tatli sorgum 6nemli bir konuma
yiikselmistir (Oktem ve Oktem, 2018). Diinya da tatli sorgum’un enerji bitkisi olarak kullanilmasima karsin,
Tiirkiye’de yeni taninmaya baslamistir. Tatli sorgum bitkisinin iilkemizde ve GAP bdlgesinde yayginlagsmasi ile
bioetanol iiretimi artarak iilkemizin ekonomisine katki saglanabilecektir.

Sorgum bitkisinde olgunluk siniflar1 erken/orta, ge¢ ve c¢ok ge¢ olarak tanimlanmig olup, genel olarak
erkenci/orta genotipler 85-105 giin, gegci genotipler 120-150 giin, ¢ok gegci genotipler ise 130-160 giin arasinda
olgunlagirlar (Burks, 2012). Arastirmada ge¢ olgunlagma siiresine sahip bazi tatli sorgum genotiplerinin Harran
Ovas1 kosullarina adaptasyon kabiliyetlerinin belirlenmesi, verim potansiyellerinin ortaya g¢ikarilmasi, biyoyakit
kaynag1 olarak kullanilabilme imkanlarinin arastirilmast ve kullanilan cgesitlerin verim ve biyoyakit dgelerinin
belirlenmesi amag¢lanmistir.

2. Materyal ve Yontem

Caligma Harran Universitesi Ziraat Fakiiltesi Eyyiibiye Aragtirma ve Uygulama alaninda 2019 yilinda ana iiriin
yetistirme kosullarinda yiiriitiilmiistiir. Denemede bitki materyali olarak ge¢ olgunlagma siiresine sahip Brandes,
Corina, Dale, Grassi, M81-E, P1579753, Ramada, Rio, Roma, Smith, Theis, Topper 76-1, Topper 76-I1, Tracy,
UNL-Hybrid-3 ve Giilseker gibi 16 adet tatli sorgum genotipi kullanilmstir. Giilseker yerli ve standart gesit olup,
digerleri Amerika Birlesik Devletlerinden temin edilmistir.
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Cizelge 1. Deneme alanina ait bazi toprak 6zellikleri
Table 1. Some soil characteristics of the research area

Hacim Organik
Derinlik ~ Agirhg Mg e Kum Silt Kireg ’ N P,0s K,0
(cm) (g/em’) %) (%) (%) (%) P (kgha') (kgha®) (kgha™)
0-30 1.37 1.2 7 34 59 7.3 25 27 1280
30-60  1.40 0.8 17 25 58 7.2 12 20 900
60-90 0.6 0.6 20 21 59 7.2 6 17 810

Cizelge 2. Sanlurfa'da 2019 yilin tatl sorgum biiyiime dénemindeki aylik bazi iklim verileri
Table 2.  Monthly some climatic datas during 2019 sweet sorghum growth period in Sanliurfa

Aylar Ortalama En yiiksek En diisiik Ortalama Ortalama Yagis
sicaklik sicaklik sicaklik Nisbi Nem glineslenme  miktar
(°C) (°C) (°C) (%) stiresi (saat) (mm)
Nisan 14.4 26.8 5.9 67.0 7.6 97.4
Mayis 25.2 40.3 10.1 35.8 111 73
Haziran 30.7 441 18.5 30.6 11.8 8.9
Temmuz 317 423 19.7 29.6 124 0.0
Agustos 32.8 458 20.7 293 113 0.0
Eyliil 27.9 39.5 15.9 30.3 10.4 0.2
Ekim 229 36.2 113 449 74 451
Kasim 12.8 18.7 8.4 72.5 5.9 44.9

*Sanlurfa Meteoroloji Midiirlagii 2019 Y1l Biilteni (Anonim, 2019)

Deneme alanmi1 topragi bolgede genis yayilim gosteren Harran toprak serisinde bulunmaktadir. Bu gesit
topraklarin ana materyali aliivyon olup killi ve derin profilli diiz ve diize yakin topraklardir. Tipik kirmizi profilleri
kil tekstiirlii ve biitiin profil oldukca kireclidir (Ding ve ark., 1988). Deneme alanindan alinan toprak érneklerinde
yapilan bazi fiziksel ve kimyasal analiz degerleri Cizelge 1°de verilmistir. Cizelge 1’den deneme alanina ait toprak
Ozellikleri incelendiginde; organik madde ve azot bakimindan fakir, potasyum miktar1 yiiksek, alkali yapida,
tuzluluk diizeyinin disiik ancak kireg¢ oraninin yiiksek oldugu goriilmektedir.

Sanliurfa ili Giineydogu Anadolu iklim bdlgesinde bulunmaktadir. Kismen Akdeniz ikliminin de etkisi
goriilebilir. Yazlar sicak ve kurak kiglari 1lik bir iklime sahiptir. Yaz aylarinda yagis miktar1 yok denecek kadar az
olup hava nispi nemi % 50’nin altindadir. Denemenin yiiriitiildiigii aylara ait bazi iklim degerlerinin yer aldigi
Cizelge 2°de goriildiigii gibi haziran ve temmuz aylarinda sicaklik 40 °C’nin iizerine, agustos ayinda ise 45 °C’nin
tizerine ¢ikmistir. Bu aylarda hava nisbi nemi ise % 30 civarinda ger¢eklesmistir. Haziran ayinda 8.9 mm yagis
goriiliirken, temmuz ve agustos aylarinda ise hi¢ yagis kaydedilmemistir.

Deneme tesadiif bloklart deneme deseninde 3 tekerriirlii olarak yiiriitiilmiistiir. Deneme alani, nisan ay1 igerisinde
pullukla 20-25 cm derinlikte siiriilmiis, goble disk ile kesekler pargalandiktan sonra tapan ¢ekilerek toprak
diizlestirilip ekime uygun tohum yatagi hazirlanmistir. Denemede her parsel 5 m uzunlugunda ve 4 siradan olusmus
olup, sira arast 70 cm sira iizeri ise 15 cm olacak bigimde daha 6nce hazirlanan sirtlara her ocaga 2’ser tohum
birakilarak 2-4 cm derinlige 24 Nisan 2019°da elle ekim yapilmistir.

Ekimden sonra yagmurlama ile sulama yapilarak ¢ikis saglanmustir. Ekimden dnce taban giibresi olarak 5 kg da™
saf fosfor ve 5 kg da™ saf azot uygulanmustir. Bitkiler 40-50 cm’ye ulastiginda ise 15 kg da™ saf azot iist giibre
olarak verilmistir (Girgin, 2012). Cimlenme gergeklestikten sonra bitkiler 15-20 cm iken tekleme ardindan el ¢apasi
ve daha sonra da traktdr ¢apasi yapilmustir. Tlk traktor capasi bitkiler 15-25 ¢cm arasinda iken, 2. traktdr ¢apasi ise
bitkiler 40 c¢cm iken yapilmistir. Yabanci ot yogunluguna gore yabanci otlarla mekanik miicadele yapilmustir.
Cikistan sonra bitkilerin su ihtiyacina gore 10-12 giin arayla karik sulama yapilmustir.

Bitkilerin hasadi, her bir genotipin olgunlagma siiresi dikkate alinarak bitkilerde tanenin siit olum-sar1
doneminde yapilmistir (Naoyuki and Yusuke, 2004). Hasatta, parsel basindan 0.5 m ve kenardaki birer sira kenar
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tesiri olarak birakildiktan sonra ortadaki 2 sira hasat edilmistir (2x0.7x4=5.6 m?).Ug silindirli ezici bir makine
kullanilarak tatli sorgum bitkisinin saplar1 ezilerek bitki 6zsuyu ¢ikartilmistir. Bitki 6zsuyu sikildiktan sonra dereceli
plastik tiip ile mL cinsinden 6l¢iilmiistiir. Bitki 6zsuyu saplardan sikildiktan hemen sonra 6zsuyunun toplam ¢oziiniir
kuru madde (Brix) icerigi bir refraktometre (Atago, 2021) kullanilarak dl¢iilmiistiir. Surup verimi, dzsu verimi ile
brix degerinin ¢arpilmasiyla hesaplanmistir. Seker verimi ise surup verimi ile fermantasyon etkinligi olan 0.85 ile
carpilmasiyla bulunmustur (Jia ve ark., 2013). Etanol verimi asagida verilen denklem kullanilarak hesaplanmustir.
EtOH = [(toplam seker / 5.68) x 3.78] x 0.8 (Bunphan ve ark., 2015; Oktem ve ark., 2018). Denemede elde edilen
veriler varyans analizine tabi tutulmus, ortalamalar arasindaki farkliliklar ise % 5 seviyesinde DUNCAN testine
gore belirlenmistir (Yurtsever, 1984).

3. Bulgular ve Tartisma

Tath sorgum ¢esitlerinin Harran Ovasi ana iiriin kosullarinda salkim ¢ikarma siiresi, fizyolojik olgunlagma
stiresi, sap agirlig1 ve 6zsu verimine ait varyans analiz sonuglar1 Cizelge 3’te verilmistir. Cizelge 3’te goriildiigii gibi
genotipler arasinda salkim ¢ikarma siiresi, fizyolojik olgunlagsma siiresi, sap verimi ve 6zsu verimi bakimindan
istatiksel agidan 0.01 6nem diizeyinde farklilik oldugu tespit edilmistir (P<0.01).

3.1. Salkim ¢ikarma siiresi (giin)

Cizelge 4’ de salkim g¢ikarma siireleri incelendiginde ortalama salkim ¢ikarma siiresinin 91.06 giin oldugu
goriilmektedir. Salkim ¢ikarma siiresinin en kisa oldugu deger 72.3 giin ile Giilseker genotipinde bulunmustur. En
uzun salkim ¢ikarma siiresi ise 102.3 giin ile Topper 76-I genotipinde saptanmustir. Salkim ¢ikarma siiresi
bakimindan genotipler arasinda 30 giinliik genis bir varyasyon oldugu goriilmiistiir. Salkim ¢ikarma siiresi uzun olan
genotiplerin vejetasyon siiresi daha uzun oldugundan daha uzun siire fotosentez yaparak daha fazla asimilant
iirettikleri i¢in verim degerleri de yiliksek olmaktadir. Miilayim ve ark. (2009), Konya’da yiiriittiikleri bir arastirmada
bulgularimiza benzer olarak en kisa salkim ¢ikarma siiresini 74 giin olarak gozlediklerini belirtmislerdir. Reddy ve
ark. (2005) Patancheru-Hindistan iklim sartlarinda farkli tatli sorgum cesitleriyle yiriittiikleri bir arastirmada
cesitlerin 64 ile 84 giin arasinda salkim ¢ikardiklarini belirtmiglerdir.

3.2. Fizyolojik olgunlagma stiresi (giin)

Cizelge 4' den fizyolojik olgunlagma siiresi degerleri incelendiginde ortalama fizyolojik olgunlagma siiresi
degerinin 151.56 giin oldugu, en kisa fizyolojik olgunlagma siiresi degeri 128 giin ile Giilseker, en uzun fizyolojik
olgunlagma siiresinin ise 168 giin ile Topper 76-1 genotipinde bulunmustur. Bulgularimiza benzer olarak Dogget
(1988) fizyolojik olgunlagma siiresinin 90-140 giin arasinda oldugunu bildirmislerdir. Fizyolojik olgunlagma
sliresinin uzun olmasi, bitkinin daha uzun siire fotosentez yaparak kuru madde iiretmesine imkan tanidigindan verim
ve Ogelerini artirict yonde etki yapmaktadir.

3.3. Sap verimi (kg da™)

Cizelge 4 'den sap verimlerini inceledigimizde sap veriminin 5763.3 ile 14433.2 kg da™ arasinda degistigi
goriilmektedir. Ortalama sap verimi ise 10058.2 kg da™ olarak hesaplanmustir. Cesitler arasinda en diisiik sap verimi
5763.3 kg da™ ile Ramada cesidinde, en yiiksek sap verim ise 14433.2 kg da™ ile Theis ¢esidinden elde edilmistir
(Sekil 1). Bulgularimizdan daha diisiik olarak Chavan ve ark. (2009) yaptiklar1 bir arastirmada sap verimini 2276 ile
4485 kg da™ arasinda degistigini belirtmislerdir. Almoderes ve ark. (2007) Iran ekolojik sartlarinda ii¢ fakl tatl:
sorgum varyetesi (Rio, Vespa, [S2325) ile yiriittiikleri bir arasgtirmada sap verimlerinin gesitler arasinda 3235 ile
6285 kg da™ arasinda degistigini bildirmislerdir.

Almoderes ve ark. (2008) tarafindan Isfahan-iran kosullarinda yiiriitiilen bir baska arastirmada ise en yiiksek sap
veriminin 6743 kg da™ olarak Keller ¢esidinden elde edildigi belirtilmistir. Tsuchihashi ve Goto (2004) Java-
Endonezya sartlarinda {i¢ tathh sorgum varyetesinde (Keller, Rio, Wray) yiiriittiikleri bir arastirmada sap veriminin
4790 ile 6593 kg da™ arasinda degistigini bildirmislerdir.
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Cizelge 3. Salkim ¢ikarma siiresi, fizyolojik olgunlagsma siiresi, sap verimi ve 6zsu verimi 6zelliklerine ait varyans
analiz degerleri

Table 3. Variance analysis values for duration of panicle formation, duration of physiological maturation, stalk
yield, grain yield, plant juice yield characteristics

Kareler Ortalamasi

Varyasyon Serbestli.k Salkim ¢ikarma Fizyolojik Sap verimi

Ozsu verimi
olgunlagma (kg da™) (L da™h)
stiresi (giin)

Tekerrlir 3 11.4375 0.0625 338534.5 74555.5
Cesit 15 266.76528** 286.2986** 17099689.2** 3757625.6**
Hata 30 4.015276 0.04027 218874.16 52221.93
Genel 47

Varyasyon Katsayist (%) 2.200 0.1324 4.651 5.414

** ;. P<0.01 diizeyinde 6nemli

Cizelge 4. Salkim ¢ikarma siiresi, fizyolojik olgunlagma siiresi, sap verimi ve 6zsu verimine 6zelliklerine ait degerler
ve olusan istatistiksel gruplar

Table 4. Values and statistical groups for duration of panicle formation (day), duration of physiological
maturation, stalk yield and plant juice yield characteristics

Fizyolojik

il Salkim ¢ikarma olgunlagsma Sap verimi Ozsu verimi
Cesitler stiresi (glin) stiresi (giin) (kg da™) (L da™h
1. Brandes 101.0 ab 160 ¢’ 74445 | 3291.22 fg
2. Corina 94.0 cd 144 j 9931.3 def 4066.61 e
3. Dale 74.0 f 1461 12202.1 be 6149.14 a
4. Grassi 94.0cd 158 d 11313.9 cd 4768.23 cd
5. M81-E 97.0 abc 1519 12990.1 b 5685.72 ab
6. P1579753 95.0 bed 156 e 7555.4 1 3117.26 g
7. Ramada 94.3 cd 162 b 5763.3j 2341.07 h
8. Rio 83.3¢e 147 h 10332.6 def 3142.09 g
9. Roma 95.6 bc 154 f 77849 hi 3237.83fg
10. Smith 94.3 cd 146 1 9674.9 efg 4134.09 de
11. Theis 76.3 f 142 k 14433.2 a 6020.27 ab
12. Topper 76-I 102.3a 168 a 9602 fg 4389.27 de
13. Topper 76-I1 89.0 de 160 ¢ 8477.1 ghl 3733.91 efg
14. Tracy 97.0 abc 1461 13245.8 ab 5337.05 bc
15. UNL-Hybrid-3  97.3 abc 156 e 9149.1 fgh 4208.54 de
16. Giilgeker 72.3f 1281 11030.8 cde 3907.97 ef
Ortalama 91.06 151.56 10058.2 4220.65
LSD 6.098 0.6108 1423.81 695.475

' Aymi harf ile gosterilen degerler arasinda Duncan testine gore P<0.05 seviyesinde istatistiksel olarak onemli fark yoktur

3.4. Ozsu verimi (L da™)

Cizelge 4 'de 6zsu verimi incelendiginde, 6zsu veriminin 2341.07 ile 6149.14 L da™ arasinda degistigi
goriilmektedir. Ortalama 6zsu verimi degeri 4220.646 L da™ olarak tespit edilmistir. Ozsu veriminin en diisiik

oldugu deger 2341.07 L da™ ile Ramada genotipinde bulunmustur.
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Sekil 1. Tatli sorgum genotiplerinin sap verimi degerleri.
Figure 1. Stalk yield values of sweet sorghum genotypes.
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Sekil 2. Tatli sorgum genotiplerinin 6zsu verimi degerleri.
Figure 2. Juice yield values of sweet sorghum genotypes.

Ozsu veriminin en fazla oldugu deger ise 6149.14 L da™ ile Dale genotlpmde tespit edilmistir (Sekil 2). Dale
genotipine en yakin dzsu degerleri ise sirasiyla 5685.72 ve 6020.27 L da™ ile M81-E ve Theis genotiplerinde
gdzlenmistir. Ozsu verimi ve brix degeri yiiksek genotiplerin seker ve biyoetanol verimleri de yiiksek olmaktadir.
Bu agidan degerlendirildiginde 6zsu verimi 6nemli bir biyoyakit unsurudur. Sap verimi yiiksek olan genotiplerin
0zsu verimleri de yiiksek bulunmustur.

Bazi arastirmacilar yaptiklari ¢alismalarda bulgularimiza benzer sonuglar tespit etmislerdir. Rutto ve ark. (2013)
Dale gesidinde 6zsu veriminin 1200 ile 2110 L da™ arasinda ve M81-E ¢esidinde 1290 ile 2340 L da™ arasinda
degistigini saptamislardir. Cole ve ark. (2017) ortalama 6zsu verimini Dale igin 1835.9 L da™, M81-E igin 2564.6 L
da™ ve Theis i¢in 2000.7 L da™ olarak bulmuslardir. Horton (2011), Dale, M81-E ve Theis i¢in sirasiyla 3817.4 L
da®, 1517.49 L da™, 402.48 L da™ 6zsu degerleri elde etmislerdir. Reddy ve ark. (2005) Patancheru-Hindistan iklim
sartlarinda, farkli tatli sorgum c¢esitleriyle yiriittikleri bir arastirmada 6zsu verimlerinin 1210 ile 1850 L da™
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arasinda degistigini belirtmislerdir. Genotiplerin farkli ¢cevrelerde degisik degerlere ulagsmasi, farkli iklim, toprak ve
yetistirme kosullarindan kaynaklanmaktadir.

Tath sorgum ¢esitlerinin Harran Ovasi ana {iriin kogullarinda suda ¢oziiniir kuru madde (brix), tane verimi, bin
tane agirlig1 ve hektolitre agirligina ait varyans analiz sonuglar1 Cizelge 5’te verilmistir. Cizelgede 5’te goriildiigii
gibi genotipler arasinda suda ¢6ziiniir kuru madde, tane verimi, bin tane agirligi ve hektolitre agirligi bakimimdan
istatiksel agidan 0.01 6nem diizeyinde farklilik oldugu tespit edilmistir (P<0.01).

3.5. Suda ¢oziiniir kuru madde orani — Brix (%)

Cizelge 6'da goriildiigii gibi suda ¢ozlniir kuru madde oranlar1 (Brix) % 13.36 ile % 20.40 arasinda degismistir.
Genotiplerin ortalama suda ¢6ziinlir kuru madde oran1 % 15.88 olarak belirlenmistir. Genotipler arasinda en diisiik
brix orant % 13.36 ile Dale ¢esidinde saptanmistir. En yiiksek brix orani ise % 20.40 ile Smith ¢esidinde gozlenmis
olup, onu % 18.43 ile Rio ¢esidi izlemistir (Sekil 3). Brix degerinin yiiksek olmasi bitki 6zsuyunda seker oraninin
yiiksek oldugunun gostergesidir. Yiiksek brix degeri ve yiiksek 6zsuyu miktarmin bir araya geldigi genotiplerin
biyoetanol verimleri de yliksek olmaktadir. Bulgularimiza benzer olarak Subramanian (2013) yaptig1 bir ¢alismada
brix degerlerinin % 6.2 ile 20.7 arasinda farklihk gosterdigini saptanustir. Almoderes ve ark. (2007) iran ekolojik
sartlarinda ii¢ fakli tatli sorgum varyetesi (Rio, Vespa, 1S2325) ile yiiriittiikleri bir arastirmada brix degerlerinin %
14.2 ile 17.1 arasinda degistigini bildirmislerdir. Tsuchihashi ve Goto (2004) tatli sorgum bitkisinde brix degerini %
11.4 ile 15.6 arasinda bildirmislerdir.

3.6. Tane verimi (kg da™®)

Cizelge 6'da tane verimi degerlerini inceledigimizde, genotipler arasmda tane veriminin 82.97 ile 328.18 kg da™
arasinda deglstigi goriilmektedir. Ortalama tane verimi 158.12 kg da™ olarak belirlenmistir. En diisiik tane verimi
82.97 kg da™ ile Ramada cesidinde, en yiiksek deger ise 328.18 kg da™ ile M81-E ¢esidinde saptanmistir (Sekil 4).
Incelenen genotipler arasinda tane verimi yoniinden biiyiik varyasyon oldugu gériilmektedir. Bazi genotiplerin
kiictik salkimli ve kiigiik taneli olmasindan kaynaklanan diisiik tane verimi degerleri gozlenmistir. Tane verimi
genotipik faktdrler yaninda iklim, toprak ve tarimsal uygulamalardan etkilenmektedir.

Bulgularimiza benzer olarak Avci ve ark. (2018) yaptiklar1 calismada tane verimini 223 ile 480 kg da™ arasinda
elde etmislerdir. Zhao ve ark. (2009) bes farkli tath sorgum gesidinde tane veriminin 220 ile 570 kg da™ arasinda
degistigini belirtmislerdir. Reddy ve ark. (2005) Patancheru-Hindistan iklim sartlarinda, farkli tatli sorgum
gesitleriyle yiiriittiikleri bir arastirmada tane verimlerinin 20 ile 650 kg da™ arasinda degisim gosterdigini
aciklamiglardir. Tsuchihashi ve Goto (2004) Java-Endonezya sartlarinda {i¢ tatli sorgum varyetesinde (Keller, Rio,
Wray) yiiriitiilen bir arastirmada, cesitlerin tane veriminin 228 ile 238 kg da™* arasinda degistigini belirtmislerdir.

Suda ¢ozlnlr kuru madde orani (%)
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Sekil 3. Tatli sorgum ¢esitlerinin suda ¢oziiniir kuru madde orani degerleri.
Figure 3. Water soluble dry matter ratio values of sweet sorghum varieties.
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Sekil 4. Tatli sorgum genotiplerinin tane verimi degerleri.
Figure 4. Grain yield values of sweet sorghum genotypes.

3.7. Bin tane agirligi (g)

Cizelge 6°de bin tane agirligt degerleri incelendiginde bin tane agirhiginin 15.41 g ile 45.13 g arasinda degistigi
goriilecektir. Genotiplerin ortalama bin tane agirligi degeri ise 26.65 g olarak hesaplanmistir. En diisiik bin tane
agirligi degeri 15.41 g ile Tracy genotipinde, bin tane agirliginin en yiiksek oldugu deger ise 45.13 g ile Corina
genotipinde bulunmustur. Tatli sorgum bitkisinde bin tane agirligi genetik ve yetistirme kosullarinin etkisi
altindadir. Bulgularimiza benzer sonuglar bazi arastiricilar tarafindan bildirilmistir. Acar ve Akgiin (2009) ortalama
bin tane agirligini1 24.70 g olarak belirtirken, Samarth ve ark. (2018) ise yaptiklar1 ¢aligmada bin tane agirhgimnin
31.5 g ile 32.6 g arasinda degistigini belirtmislerdir. Tsuchihashi ve Goto (2004) ii¢ tatli sorgum varyetesinde
(Keller, Rio, Wray) yiiriitiilen bir aragtirmada bin tane agirliginin 81.0 g ile 93.4 g arasinda bulundugu bildirilmistir.

3.8. Hektolitre agirligr (kg hL™)

Cizelge 6 'dan goriildiigii gibi hektolitre agirhig degerleri 51 ile 70 kg hL ™ arasinda degismistir. Genotiplerin
ortalama hektolitre agirhigi ise 61.47 kg hL™ olarak hesaplanmustir. Genotipler arasinda hektolitre agirligmm en
diisiik oldugu deger 51 kg hL " ile Giilseker genotipinde tespit edilmis olup, hektolitre agirhginin en fazla oldugu
deger ise 70 kg hL™? ile Dale genotipinde saptanmustir. Tath sorgum bitkisinde hektolitre agirligi genetik ve
yetistirme kosullarindan etkilenmektedir. Tatli sorgum ¢esitlerinin Harran Ovasi ana iiriin kosullarinda 6zsu orant,
surup verimi, seker verimi ve etanol verimine ait varyans analiz degerleri Cizelge 7°de verilmistir. Cizelgede 7°te
goriildiigii gibi genotipler arasinda 6zsu orani, surup verimi, seker verimi ve etanol verimi bakimindan istatiksel
acidan %1 6nem diizeyinde farklilik oldugu tespit edilmistir (P<0.01).

3.9. Ozsu orani (%)

Cizelge 8'de 6zsu orami degerlerini inceledigimizde, genotipler arasinda 6zsu oraninin % 30.42 ile % 50.37
arasinda degistigi goriilmektedir (Cizelge 8). Ortalama 6zsu oran1 % 41.96 olarak belirlenmistir. En diisiik 6zsu
oran1 % 30.42 ile Rio genotipinde, en yiiksek deger ise % 50.37 ile Dale genotipinde saptanmustir. Ozsu orani
yiiksek oldugunda bitki saplarindan elde edilen 6zsu miktar1 da fazla olmaktadir. Genotiplerin 6zsu oranlarinin
yiiksek olmast istenen bir durumdur.

Rio ve Giilseker genotipleri disinda biitlin genotipler % 40’1 iizerinde 6zsuyu degerleri vermistir. Topper 76-I,
UNL-Hybrid-3, Brandes, Dale ve Topper 76-I1 genotiplerinde digerlerine gore daha yiiksek 6zsu orani degerleri
gdzlenmistir.
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Cizelge 5. Suda ¢oziiniir kuru madde orani-brix, tane verimi, bin tane agirligi ve hektolitre agirligina ait varyans
analiz degerleri

Table 5. Variance analysis values for water soluble dry matter ratio-brix, grain yield, thousand kernel weight and
hectoliter weight characteristics

Kareler Ortalamasi

Varya§yon Serbestlik Suda ¢dziiniir Tane verimi Bin tane agirligt ~ Hektolitre agirlig:

kaynag derecesi kuru madde (kg da™) (9) (L kg™
orani - Brix (%)

Tekerriir 3 7.688 3.563 4.6987 0.02085

Cesit 15 12.760022** 12017.61** 172.3872%* 92.0875%*

Hata 30 0.0030 338.5846 4.03780 0.020833

Genel 47

Varyasyon Katsayist (%) 0.351 11.6371 7.5394 0.2347

**; P<0.01 diizeyinde 6nemli

3.10. Surup verimi (L da-1)

Surup verimi 409.0 L da-1 (Ramada) ile 931.7 L da-1 (M81-E) arasinda degismistir (Cizelge 8). M81-E (931.7 L
da-1) ve Theis (927.7 L da-1) genotipleri surup verimi en yiiksek genotipler olarak belirlenmis ve aralarinda
istatistiki farklilik gériilmemistir. M81-E, Theis, Smith, Dale, Tracy, UNL-Hybrid-3 genotipleri digerlerine goére
daha yiiksek surup verimi vermislerdir. Ozsu verimi ve brix degeri yiiksek oldugunda surup verimi de artmaktadur.
Surup veriminin artmasi seker ve biyoetanol verimlerinin de artmasina neden olmaktadir.

Cizelge 6. Suda ¢oziiniir kuru madde orani-brix, tane verimi, bin tane agirligi ve hektolitre agirligina ait degerler ve
olusan istatistiki gruplar

Table 6. Values and statistical groups for water soluble dry matter ratio-brix, grain yield, thousand kernel weight
and hectoliter weight characteristics

Suda ¢6ziiniir kuru ~ Tane verimi Bin tane agirligi Hektolitre agirlig
Cesitler madde oran1 — Brix (kg da'l) (9) (kg hL '1)
(%)

1. Brandes 15.46 €' 203.71 bc 27.50 cd 61 h
2. Corina 14.43 f 246.43 b 4513 a 69 b
3. Dale 13.36¢ 128.84 e-h 20.70 efg 70a
4. Grassi 13.43¢ 184.81 cde 16.51 fg 68 c
5. M81-E 16.40d 328.18 a 26.19 cde 58 j
6. P1579753 17.36¢c 165.82 c-f 33.94b 601
7. Ramada 1746 ¢ 82.97h 34.48Db 62 g
8. Rio 18.43b 153.62 c-f 21.86 def 65 e
9. Roma 17.40c 91.23 gh 29.22 bc 56 k
10. Smith 20.40 a 122.52 fgh 28.40 bc 66 d
11. Theis 15.43 e 129.27 e-h 17.26 fg 601
12. Topper 76-I 1443 f 93.52 gh 26.30 cde 601
13. Topper 76-I1 13.40¢g 158.47 c-f 25.32 cde 62 g
14. Tracy 15.36 e 144.48 d-g 15419 64 f
15. UNL-Hybrid-3  17.40¢c 185.78 cd 30.85 bc 521
16. Giilseker 1341¢ 110.20 fgh 27.30 cd 51m
Ortalama 15.88 158.12 26.65 61.5
LSD 0.17 56.0 6.12 0.44

Y. Ayni harf ile gosterilen degerler arasinda Duncan testine gore P<0.05 seviyesinde istatistiksel olarak énemli fark yoktur.

496



Oktem ve ark. / Anadolu Tarim Bilim. Derg. / Anadolu J Agr Sci 36 (2021) 488-500

3.11. Seker verimi (kg da™)

Seker verimi 347.7 ile 792.0 kg da™’ arasinda degismistir. En yiiksek seker verimi M81-E ve Theis
genotiplerinde, en diisiik seker verimi ise Ramada genotipinde gozlenmistir. Theis, M81-E, Smith, UNL-Hybrid-3,
Dale, Tracy genotipleri digerlerine gore daha yiiksek seker verimi vermislerdir (Cizelge 8).

Seker, biyoetanol elde etmek igin en 6nemli maddedir. Bitki suyundaki seker fermantasyon yoluyla biyoetanole
doniistir. Seker miktar1 dogrudan biyoetanol miktarini etkiler. Bitki 6zsuyunda ne kadar fazla seker varsa o kadar
fazla biyoetanol elde edilecegi anlamina gelmektedir. Tath sorgum lizerinde yapilan arastirmalar, seker veriminin
tatl sorgum cesitlerinde 286 ila 401 kg da™ arasinda (Tsuchihashi ve Goto, 2004), 240 ila 290 kg da™ (Reddy ve
ark., 2005) ve 1320 kg da™* (Murray ve ark., 2009) arasinda degistigini gostermistir.

3.12. Biyoetanol verimi (L da™)

Biyoetanol verimi 185.1 L da™ (Ramada) ile 421.6 (M81-E) L da™ arasinda degismistir (Cizelge 8). M81-E
(421.6 L da™) ve Theis genotipleri (419.8 L da™) yiiksek biyoetanol verimi ile dikkat gekmektedir.

Diger tatli sorgum genotiplerine goére Smith, Dale, Tracy ve UNL-Hybrid-3 genotiplerinde daha yiiksek
biyoetanol verimi degerleri gdzlenmistir.

Saplardaki seker igerigi ne kadar yiiksek olursa, potansiyel biyoetanol verimi de o kadar yiiksek olmaktadir
(Oktem ve ark., 2018). Biyoetanol veriminde surubun seker icerigi énemli bir faktordiir. Ciinkii sekerler (toplam
¢oOziinilir katilar) fermente olarak biyoetanol elde edilmektedir. Elde edilen biyoetanol ise biyoyakit iiretmek igin
fosil yakitla harmanlama maddesi olarak kullanilabilir.

Daha 6nce yapilmis bir arastirmada tatl sorgumda biyoetanol verimi 768.2 L da™ olarak belirtilmistir (Murray
ve ark., 2009). Ayrica tath sorgumda biyoetanol verimi 924 ile 1051 L da™ arasinda (Gomez ve ark., 2011), 214.3
ila 464.5 L da™* arasinda (Oktem ve ark., 2018) bildirilmistir.

Bazi arastirmacilar tarafindan farkli etanol verim degerleri rapor edilmistir. Smith ve Buxton (1993), lowa'da
600 L da™ biyoetanol verimi elde ettiklerini belirtmislerdir.

Biyoetanol verim degerleri Li (2003) tarafindan 125 ile 562.5 L da™ arasinda, Teetor ve ark. (2011) tarafindan
81.16 ile 345.85 L da™ arasinda bildirilmistir.

Cizelge 7. Ozsu orani, surup verimi, seker verimi ve biyoetanol verimine ait varyans analiz degerleri
Table 7. Variance analysis values for plant juice ratio, syrup yield, sugar yield and bioethanol yield characteristics

Kareler Ortalamasi

Varyasyon SerbeSt“.k Ozsu orani Surup verimi Seker verimi Biyoetanol

kaynagi derecesi (%) (Lda?) (kg da™) verimi
(L da™h

Tekerriir 3 0.0311 5625.5 4576.49 2728.02

Cesit 15 59.27** 603.7** 57889.87** 18939.56**

Hata 30 1.1653 1176.8 835.7 1101.4

Genel 47

Varyasyon Katsayis1 (%) 2.57 5.20 5.20 5.20

**; P<0.01 diizeyinde dnemli
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Cizelge 8. Ozsu orani, surup verimi, seker verimi ve biyoetanol verimine ait degerler ve olusan istatistiki gruplar
Table 8. Values and statistical groups for plant juice ratio, syrup yield, sugar yield and bioethanol yield
characteristics

Ozsu orani Surup verimi Seker verimi Biyoetanol verimi
Cesitler (%) (L da™h (kg da™) (L da™)
1. Brandes 44.19 be 508.3 fg 432.1gh 230.0 fg
2. Corina 40.96 cde 586.8 ef 498.7 efg 268.9 ef
3. Dale 50.37 a' 821.1 bc 698.0 bc 371.6 bc
4. Grassi 42.14 cde 641.7 de 545.4 de 290.4 de
5. M81-E 43.76 bed 931.7a 792.0a 421.6a
6. P1579753 41.25 cde 541.8 ef 460.5 efg 245.2 ef
7. Ramada 40.63 de 409.0 g 347.7h 185.1¢g
8. Rio 30429 578.9 ef 492.1 efg 262.0 ef
9. Roma 41.61 cde 563.3 ef 478.8 efg 254.9 ef
10. Smith 42.71 bede 842.2 ab 715.8 ab 381.1ab
11. Theis 41.70 cde 927.7a 788.6 a 419.8 a
12. Topper 76-I 4572 b 634.4 de 539.2 def 287.1de
13. Topper 76-I1 44.09 b 499.1 fg 424.3 gh 225.9 fg
14. Tracy 40.32¢ 820.0 be 697.0 bc 371.1bc
15. UNL-Hybrid-3 ~ 45.98 b 732.4 cd 624.5 cd 331.4cd
16. Giilseker 35.43 f 522.7f 451.3 fg 236.5 f
Ortalama 41.96 660.1 561.6 294.96
LSD 3.29 104.4 87.79 101.08

Y. Ayni harf ile gosterilen degerler arasinda Duncan testine gére P<0.05 seviyesinde istatistiksel olarak énemli fark yoktur.

4. Sonug¢

Calismada salkim ¢ikarma siiresi 72.3 ile 102.3 giin, fizyolojik olgunlagma siiresi 128 ile 168 giin, sap verimi
5763.3 ile 14433.2 kg da™, tane verimi 82.97 ile 328.18 kg, bin tane agirhg 15.41 ile 45.13 g, hektolitre agirlig1 51
ile 70 kg hL™" arasinda bulunmustur. Biyoyakit 6gesi olarak genotipler arasinda sap veriminin en yiiksek oldugu
genotip Thesis (14433.2 kg da™), 6zsu veriminin en fazla oldugu genotip Dale (6149.14 L da™), brix degerinin en
fazla oldugu genotip ise Smith (% 20.4) olarak tespit edilmistir. Aragtirmada, 6zsu oran1 % 30.42 (Rio) ile % 50.37
(Dale) arasinda, surup verimi 409.0 L da™ (Ramada) ile 931.7 L da™ (M81-E) arasinda, seker verimi 347.7 kg da™
(Ramada) ile 792.0 kg da™ (M81-E) arasinda, biyoetanol verimi ise 185.1 L da™* (Ramada) ile 421.6 L da™* (M81-E)
arasinda degismistir. Sap verimi, 6zsu verimi, brix, seker verimi ve biyoetanol verimi gibi biyoyakit 6geleri goz
Ontine alindiginda Theis, M81-E, Dale, Smith, Tracy ve UNL-Hybrid-3 gibi tatli sorgum ¢esitlerinin diger ¢esitlere
gore daha yiiksek verimli olduklart gézlenmistir.

Tath sorgum bitkisinin GAP boélgesi ana iiriin kosullarinda iyi verim diizeylerine ulastigi, benzer ekolojilerde
yetistirilebilecegi ve tatli sorgum bitkisinin enerji bitkisi olarak kullanim potansiyelinin yiiksek oldugu
belirlenmistir.
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ABSTRACT

This study was carried out in order to determine the relationship between the energy inputs and yield
and technical efficiency of honey production in Canakkale province of Turkey. Data used in this study
were obtained from 87 beekeepers using a face to face questionnaire method. The sample was selected
according to stratified random sampling method. Stochastic frontier analysis was used in order to
estimate the technical efficiency of honey production. According to the results, the energy use
efficiency were found as 0.85, 0.87 and 1.08 in the groups, respectively. The distribution of the direct
energy was lower than that of indirect energy and the highest energy inputs were provided by diesel fuel
in all the groups. According to the efficiency analysis results, the technical efficiency scores were
found as 0.74, 0.78 and 0.85 in the groups, respectively. Results of this study indicated that the inputs in
the honey production were used more efficiently in the third group.

Tiirkiye’de bal tiretiminde teknik etkinlik ve enerji girdi-¢ikt1 analizi: Canakkale ili
ornegi

OZET

Bu ¢alisma Tiirkiye’de Canakkale ilinde bal iiretiminde teknik etkinligi, enerji ¢ikti ve girdiler
arasindaki iligkiyi belirlemek amaciyla yiiriitiilmistiir. Calismada kullanilan veriler 87 bal {ireticisinden
yiiz yiize anket calismasi ile elde edilmistir. Ornek segimi tabakali tesadiifi drnekleme yontemiyle
belirlenmis olup, bal iiretiminde teknik etkinlik Stokastik sinir analizi ile tespit edilmistir. Elde edilen
sonuglara gore, enerji kullanim etkinligi gruplara gore sirasiyla 0.85, 0.87 ve 1.08 olarak bulunmustur.
Dogrudan enerjinin payr dolayli enerjiye gore daha diisiik olup, en yiiksek enerji girdisi yakit girdisi
olarak belirlenmistir. Etkinlik analizi sonuglarima gore, teknik etkinlik skorlar1 sirasiyla 0.74, 0.78 ve
0.85 olarak bulunmustur. Calisma sonuglari bal iiretiminde girdilerin {iglincii gruptaki isletmeler
tarafindan daha etkin kullanildigini gostermektedir.
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1. Introduction

Beekeeping can be stated as producing living material such as swarm and queen bees and some products such as
honey, royal jelly, pollen, bee venom and propolis by using bee, vegetative sources and labor and providing
adequate pollination. Beekeeping has been a developing sector in Turkey as all over the World in recent years.
Beekeeping has a significant influence on the economy of the country and it is prevalently performed in Turkey and
in many countries (Sancak et al., 2013).

According to 2017 data, it was determined that total of 91 million of hives were present in the World and total of
1.861.000 tons of honey was produced from these hives. In 2017, the honey import had been 685.000 tons by the
increase of 6.4% and the honey export had been 690.000 tons by the increase of 9%. India had the highest hive stock
with the number of approximately 12.8 million hives. (Karaca and Ozince, 2019).

Beekeeping is well developed in Turkey in terms of different climate and nature conditions, land structure, rich
plant cover and genetic variability in honey bee population. Hive number, bee production amount, bees wax
production amount and beekeeping enterprises number were 8.179.085, 104.077 tons, 3.765 tons and 82.862,
respectively in Turkey in 2020 (Anonymous, 2021a).

When the climate of Canakkale province is examined, it is observed that this province has the transition climate
characteristics due to the geographical location. Generally, Canakkale has the Mediterranean climate characteristics.
The climate has affected the existence of the plant cover due to the soil conditions. For this reason, Canakkale
province is an appropriate nutrition area for the bees in terms of plant species and variety (llgar, 2018). Blossom
honey is predominantly produced in the province besides the honeydew honey production. Domestic bee races are
found in Gokgeada and around the Kaz Mountains. Biga, Central, Can and Yenice districts come into prominence in
beekeeping activities. Organic beekeeping activities are conducted in Gokgeada and Ezine districts (Anonymous,
2020). Total number of the hives was 83.854, total number of beekeeping enterprises was 1.506 and 1.716.17 tons of
honey and 83 tons of bees wax were produced in Canakkale in 2020 (Anonymous, 2021).

Energy analysis of agricultural production is a significant approach for the definition and the classification of the
agricultural systems in terms of energy consumption. In any agricultural production area, the ratio between the
energy equivalent of the crop per unit area and the energy equivalent used for the production can be used as an
indicator for a successful and profitable production and it is a significant value in terms of the efficient use of the
energy (Topdemir, 2018).

Providing the efficiency in energy use by determining the production inputs for the sustainability of the
production is regarded necessary. Within this scope, the analysis of energy use provides an opportunity to the
production planners and policy implementers in order to evaluate the economic results of the energy use (Ozkan et
al., 2004).

Limited number of studies were conducted in order to determine the energy efficiency in honey production.
Omidi-Arjenaki et al., (2016) determined investigated the energy use efficiency and performed an economic analysis
of honey production in Iran. Bodescu et al., (2017) determined the energy use efficiency of honey production in lasi
county, Romania. Adrian Moraru et al., (2020) determined the energy use of honey production in the Mountainous
area of Romania.

The aims of this study were to investigate the effect of hive numbers on energy use pattern and determine the
energy use efficiency of honey production in Canakkale Province of Turkey. Besides, the technical efficiency of
energy use in beekeeping enterprises was analyzed by means of the use of Stochastic Efficiency Frontier method.

2. Materials and Methods

This study was carried out in Canakkale province of Turkey. The Canakkale province is located in the north-
west of Turkey, within 39° 27° and 40° 45’ north latitude and 25° 40’ and 27° 30’ east longitude (Anonymous,
2021b).

The primary data in the study were composed of the data obtained from the beekeepers in Canakkale province.
Besides, the results of the previous studies were used in the study. The data including the hive number of the
beekeepers were obtained from Canakkale Beekeepers Union. Stratified sampling was done as the variation
coefficient was high. The number of the beekeepers were divided into three strata, including 1-75 hives (first group),
76-150 hives (second group) and 151 hives and above (third group). The following formulas in Equation 1 were
used in stratified random sampling method (Cigek and Erkan, 1996).

_ _ NZMNR(Sh)7
T N2D2+ TNy (St

N
and m; = :N'; . (1)

D= (d/2)? d= deviation from average, Z= degree of freedom, Nh= number of the enterprises in the strata, Sy=
Standard deviation of the strata, S,’>= Variance of the strata, ni= sample number in the strata n= sample size
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The sample size was determined as 87 in 95% confidence interval with 5% sampling error margin. There were
27, 38 and 22 surveyed beekeepers in the first, second and third groups, respectively.

The energy equivalents of the inputs and output are shown in Table 1. The inputs and the output were calculated
per hive and then, they were multiplied by the coefficient of energy equivalent. According to the energy equivalents
in Table 1, the energy use efficiency, energy productivity, specific energy and net energy, were calculated by using
the formulas in Equation 2, 3, 4 and 5 (Mohammadi et al., 2008):

Ensrgy output (Mj ha™H

Energy use efficiency = Ensrgy input (Mj ha~1) (2)
e Ensrgy input (M] ha™y
Specific energy = visid (kg hire™1) 3)
. vield (kg hire ™Y
Energy productivity = P ——, (4)
Net ensrgy = Energy output (M] ha™1) —
Energy input (M] ha™t)
®)

Input energy was divided into direct and indirect, renewable and non-renewable energy forms. Direct energy
included human labor, drug and sugar while the indirect energy included energy spent in transportation (through
tracks) and fuel. Human labor was considered as renewable energy and fuel, sugar, drug and track were considered
as the non-renewable energy (Omidi-Arjenaki et al., 2016).

Technical efficiency of honey production in terms of energy use was determined by stochastic efficiency frontier
approach. Stochastic efficiency frontier approach was developed by Aigner et al., (1977), Meeusen and Broeck
(1977) and Battese and Corra (1977)] in order to estimate the efficiency in the production by using the production
function which was stated as Yi = xi  + €i. Stochastic efficiency frontier is a parametric method which is used for
the estimation of the efficiency.

Aigner et al., (1977) and Meeusen and Broeck (1977) stated that the error term (ei) consisted of two independent
components and formulated the production function by using Equation 6 and 7.

Yi=xip+vi-ui(i: 1,2, ...,n) (6)
Vi-ui=g @)

Yi indicates the production function of the enterprise, xi indicates the input vector of the firm and B indicates the
coefficient. vi is a random variable independent from ui and it is uncontrolled and normally distributed N(0, ¢%,)
variable. ui is a nonnegative, partially controlled and consequently, it is an independent random variable which
causes the technical inefficiency. ui shows a semi normal, discrete normal or exponential distribution depending on
the function. Battese and Coelli (1995) developed the following model for the explanation of the changes in ui
which reflects the technical inefficiency.

ui = zié (8)

In Equation 8, zi indicates the variables (education, age,) which represents the specific characteristics affecting
the technical efficiency and & indicates the coefficients. The efficiency of an enterprise by stochastic efficiency
frontier approach is determined as the ratio of the observed output to the estimated ratio by using equation 6. In this
study, technical efficiency was estimated by using the maximum likelihood method and Cobb-Douglas function
which has a discrete normal distribution and developed by Battase and Coelli (1995). Stochastic efficiency frontier
estimations were done by using FRONTIER 4.1, developed by Coelli (2007).

Table 1. Energy equivalent coefficients of the inputs and the outputs in honey production
Cizelge 1. Bal iiretiminde kullanilan girdilerin ve ¢iktilarin enerji esdegeri katsayilari

Input/output Energy equivalent (MJ unit™) References

Inputs

Labor (h) 1.96 (Mandal et al., 2002; Singh, 2002)
Fuel (1) 56.31 (Singh, 2002).

Track (km ton) 10.15 (Omidi-Arjenaki et al., 2016)
Drug (kg) 13.64 (Omidi-Arjenaki et al., 2016)
Sugar (kg) 15.40 (Omidi-Arjenaki et al., 2016)
Output

Honey (kg) 12.72 (Omidi-Arjenaki et al., 2016)
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3. Results and Discussion
3.1 Analysis of energy use in honey production

The amounts of inputs used in honey production and the output per hive are given in Table 2. According to the
average of the enterprises, around 7.83 h human labor, 2.08 | diesel fuel, 2.55 km ton track, 0.50 kg drug and 3.93
kg sugar were used to produce honey. The average honey yield was found as 15.78, 14.98 and 18.97 in the groups,
respectively. The honey yield was found as 16.24 kg per hive according to the average of the enterprises. Onug et
al., (2019) calculated the average honey yield per hive as 19.27 kg in their study.

Table 2. Amounts of inputs and outputs of honey production
Cizelge 2. Bal iiretiminde girdilerin ve ¢iktilarin miktarlari

Inputs (unit) 1.group 2.group 3.group Average
Labor (h) 11.34 6.80 5.29 7.83
Fuel (1) 2.06 2.15 1.98 2.08
Track (km ton) 4.23 1.69 1.96 2.55
Drug (kg) 0.59 0.43 0.52 0.50
Sugar (kg) 3.00 4.02 4.91 3.93
Output

Honey (kg) 15.78 14.98 18.97 16.24

The energy equivalent of the output and the inputs are given in Table 3. The total energy input was calculated as
225.72 MJ hive™ according to the average of the enterprises and it consisted of 51.91% diesel fuel, 26.80% sugar,
11.44% track, 6.80% labor and 3.04% drug. The highest energy input was found as diesel fuel and it was followed
by sugar and track in all of the groups. In the study of Omidi-Arjenaki et al. (2016), the energy input of sugar in
honey production represented the highest share of the total energy inputs, and it was followed by electricity and
track inputs, respectively. Adrian Moraru et al., (2020) determined that the shares held in the total of the energy
input were 40.30% for fuel, 32.70% for sugar, 21.60% for track, 4.70% for human labor, 0.62% electricity and
0.07% drugs.

The energy use efficiency values were found as 0.85 and 0.87 in the first and second groups, respectively,
showing the inefficiency in the energy use in honey production. This parameter was found as 1.08 in the third group
and this indicated the efficiency in the use of energy in the enterprises in the third group. The energy use efficiency
was found as 0.91 according to the average of the enterprises (Table 4). In literature, the energy use efficiency
values in honey production were found as 0.54 (Omidi-Arjenaki et al., 2016), 0.38 (Bodescu et al., 2017) and 0.47
(Adrian Moraru et al., 2020).

The energy productivity values were found as 0.07 kg MJ™ in the first and second groups and 0.08 kg MJ™ in the
third group. The enterprises in the third group can produce 0.01 kg of more output than the other groups.

According to the average of the enterprises, the specific energy was found as 13.90 MJ kg™. In other words, this
meant that for each kilogram of honey produced, about 13.90 MJ of energy was consumed.

The net energy was negative in the first and second groups and it was calculated as 16.98 MJ in the third group.
Therefore, it can be concluded that energy was being lost in honey production and there was not high efficiency in
usage of energy in the first and second groups.

Most of the total energy inputs were depended on the indirect form in all the groups. Whereas, the ratio of the
indirect energy was lower in the third group (58.52%) than the other groups. According to the average of the
enterprises, the ratio of the direct energy form was 36.64% whereas the ratio of the indirect energy form was
63.36%. This result was similar with the result of Adrian-Moraru et al., (2020) and they found that from the total
inputs, direct inputs accounted for 38.1%.
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Table 3. Energy equivalents of inputs and outputs for honey production (MJ hive™)
Cizelge 3. Bal iiretiminde girdilerin ve ¢iktilarin enerji esdegerleri

1.group 2.group 3.group Average
Inputs qurgy % Er)ergy % Er)ergy % Er]ergy %
equivalent equivalent equivalent equivalent
Labor 22.23 9.44 13.32 6.07 10.37 4.62 15.34 6.80
Fuel 116.06 49.29 121.33 55.26 111.38 49.65 117.18 51.91
Track 42.92 18.23 17.11 7.79 19.90 8.87 25.83 11.44
Drug 8.10 3.44 5.86 2.67 7.10 3.16 6.87 3.04
Sugar 46.17 19.61 61.95 28.21 75.58 33.69 60.50 26.80
Total 235.48 100.00 219.57 100.00 224.33 100.00 225.72 100.00
Output
Honey 200.72 190.50 241.31 206.52

The results indicated that the current energy use pattern among the enterprises was based on nonrenewable
energy in the honey production. As seen from Table 4, on average, the non-renewable form of energy input was
93.20% of the total energy input compared to 6.80% for the renewable form. This indicated that honey production
depended mainly on fossil fuels and sugar. In previous studies, Bodescu et al. (2017) determined that the renewable
input represented 5.3% of total inputs and Adrian Moraru et al., (2020) found that the ratio of the renewable inputs
in total energy input was 5.1% in honey production (Table 4).

Table 4. Energy parameters in honey production.
Cizelge 4. Bal iiretiminde enerji parametreleri

Parameters 1.group 2.group 3.group Average
Energy use efficiency 0.85 0.87 1.08 0.91
Energy productivity (kg MJ™) 0.07 0.07 0.08 0.07
Specific energy (MJ kg™) 14.92 14.66 11.82 13.90
Net energy (MJ hive™) -34.76 -29.08 16.98 -19.20
Direct energy (MJ hive™) 76.50 (32.49%) 81.13(36.95%) 93.05(41.48%) 82.71 (36.64%)
Indirect energy (MJ hive™)) 158.98 138.44 131.28 143.01
(67.51%) (63.05%) 58.52%) (63.36%)
Renewable energy (MJ hive™) 22.23 (9.44%) 13.32 (6.07%)  10.37 (4.62%) 15.34 (6.80%)
Non-renewable energy (MJ hive™) 213.25 206.25 213.96 210.38
(90.56%) (93.93%) (95.38%) (93.20%)
Total energy input (MJ hive™) 235.48 (100%)  219.57 (100%) 224.33 (100%) 225.72 (100%)

3.2 Modeling and technical efficiency of honey production

In stochastic frontier model, energy equivalent of the honey yield (MJ hive™) was used as output. The inputs in
order to obtain the output were determined as labor (MJ hive™), fuel (MJ hive™), track (MJ hive™), drug (MJ hive™)
and sugar (MJ hive™). The specific variables of the beekeepers which could affect the technical inefficiency were
selected as producer’s age (year), education period (year), family size (person), beekeeping experience (year) and
dealing with an agricultural activity besides beekeeping (yes 1, no 0). The descriptive statistics of these variables are
given in Table 5.

Stochastic Cobb-Douglas frontier analysis results of the model are shown in Table 6. The variance parameters of
the model in all groups were statistically significant. The gamma values were determined as 99%, 48% and 42%,
respectively for the groups. The highest gamma value was observed in the first group and this result indicated that
the variation in the output value resulted from the input usage inefficiency in the ratio of 99%. High gamma value
indicated that there was an inefficiency problem in the enterprises and this caused variations in the output amount.

The total of the coefficients of the variables were found as 1.484, -0.617 and 0.619 in the groups, respectively.
According to the results, it was concluded that the enterprises in the first group had increasing return to scale
whereas the enterprises in the second and third groups had decreasing return to scale. It was determined that an
increase of %1.48 in the output amount would occur when the enterprises increased the input amounts in the ratio of
1% in the first group. In the second and third groups, it was determined that when the enterprises increased the input
amounts in the ratio of 1%, the output amounts would decrease in the ratio of approximately 0.62%, respectively.
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Table 5. Descriptive statistics of the variables in stochastic frontier model
Cizelge 5. Stokastik sinir analizinde kullanilan degigkenlerin tanimlayici istatistikleri

1.group 2.group 3.group

Average SD Average SD Average SD
Output
Yield (MJ hive™) 200.72 100.57 190.50 93.53 241.31 94.88
Production function variables
Labor (MJ hive™) 22.23 20.58 13.32 7.74 10.37 4.78
Fuel (MJ hive™) 116.06 59.45 121.33 68.10 111.38 65.94
Track (MJ hive™) 42.92 56.05 17.11 14.98 19.90 16.78
Drug (MJ hive™) 8.10 1.82 5.86 1.26 7.10 2.10
Sugar (MJ hive™) 46.17 32.30 61.95 30.62 75.58 47.09
Explanatory variables
Age (year) 57.07 10.67 54.24 10.14 52.64 11.39
Education period (year) 8.56 3.71 10.08 4.15 8.77 4.14
Family size (person) 3.00 1.00 3.05 1.01 3.00 0.98
Experience in beekeeping (year) 17.67 10.49 18.34 8.52 23.23 10.82
Agricultural activity (%) 0.19 0.40 0.13 0.34 0.36 0.49

SD: Standard deviation

It was observed that the effect of the labor variable on the output was positive in the first and third groups
whereas it was negative in the second group. The labor variable was statistically significant in the first and second
groups. An increase in the ratio of 1% in labor use would cause an increase in the ratio of %0.15 in the first group
whereas it would cause a decrease in the ratio of 0.33% in the second group.

When the effect of fuel use on honey yield was examined, it was determined that the effect of this variable was
positive in the third group and negative in other groups.

The coefficients of fuel variable were not statistically significant in the second and third groups. It was
concluded that by adding 1% of fuel consumption, the honey production would decrease in the ratio of 0.35%.

Track variable coefficient was statistically significant in the first and second groups and produced a positive
effect. It was concluded that by increasing 1% of track consumption, the honey production would increase 0.17%
and 0.16% in these groups, respectively.

Drug use variable produced a positive effect in the first and third groups and negative effect in the second group
and this variable was statistically significant only in the first group. It was determined that an increase in the ratio of
1% in drug use would cause an increase in the ratio of %1.28 in the enterprises in the first group.

The sugar use variable, one of the main inputs in honey production, was statistically significant for the all
groups. This coefficient of this variable was positive in the first and third groups while it was negative in the second
group. By increasing 1% of sugar consumption, the honey production would increase 0.24% in the first group and
0.20% in the third group whereas it would decrease 0.18% in the second group.

Omidi-Arjenaki et al., (2016) determined that the honey production increased 0.52% and 0.48%, respectively by
adding 1% of sugar or fuel consumption,

Producer’s age affected the technical inefficiency negatively in all the groups and it was statistically significant
only in the third group. It was determined that as the producers’ ages increased, the technical inefficiency would
decrease in the third group.

Producer’s education period affected the technical inefficiency negatively in the first and second groups and
positively in the third group. This variable was statistically significant in the first and third groups. It was
determined that the efficiency performance of the producers would increase as the education period of the producers
increased in the first group.

Family size variable affected the technical inefficiency positively in the first and second groups and negatively in
the third group. This variable was not statistically significant in the groups.

Experience in beekeeping variable affected the technical inefficiency negatively as expected in all the groups and
it was statistically significant in the first and second groups. It was concluded that the technical efficiency of the
beekeepers in the first and second groups would increase as the beekeeping experiences of the producers increased.

The coefficient of dealing with an agricultural activity besides beekeeping variable was negative in the first and
third groups whereas it was positive in the second group. This variable was statistically significant in the first and
third groups. Dealing with an agricultural activity besides beekeeping affected the technical efficiency positively in
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these groups. This result can be interpreted as the producers, dealing with agricultural activities, are informed about
the developments in agriculture and this can have a positive effect on technical efficiency (Table 6).

Table 6. Estimated parameters for frontier and inefficiency models
Cizelge 6. Frontier ve etkinsizlik modelinde parameter tahminleri

1.group 2.group 3.group

Variables Parameter Coefficient S.E. Coefficient S.E. Coefficient S.E.
Stochastic frontier analysis

Constant Bo 3.069*** 0.715  7.132*** (0.833  3.744*** 0.857
Ln (Labor) By 0.150* 0.078  -0.329*** 0.099 0.016 0.167
Ln (Fuel) By -0.352* 0.203 -0.068 0.047 0.095 0.147
Ln (Track) Bs 0.167** 0.086  0.161*** 0.061 -0.043 0.076
Ln (Drug) B4 1.282%** 0.126 -0.198 0.331 0.355 0.312
Ln (Sugar) Bs 0.237*** 0.078 -0.183** 0.076 0.196* 0.104
Return to scale 1.484 -0.617 0.619

Technical inefficiency model

Constant 8y 0.089 0.997 0.988 1.159 -2.398**  1.175**
Age 8y 0.011 0.017 0.021 0.020 0.029* 0.017
Education period 3, -0.711** 0.298 -0.036 0.041 0.152** 0.064
Family size 83 0.228 0.171 0.613 0.188 -0.141 0.176
Beekeeping experience d4 -0.036* 0.021  -0.119*** 0.034 -0.005 0.017
Agricultural activity 35 -1.111* 0.669 0.030 0.323 -1.033** 0.504
Variance parameters

Sigma square c° 0.535** 0.218 0.133** 0.058 0.106*** 0.040
Gamma y 0.999***  0.00003 0.476* 0.266 0.424 0.325
Log likelihood function 1.552 -9.681 -1.889

Log likelihood function (LR) test 33.739*** 24,842*** 10.114***
Technical efficiency

Average 0.74 0.78 0.85

Standard deviation 0.28 0.21 0.18
Minimum 0.24 0.26 0.37
Maximum 0.99 0.98 0.98

*: Significant at 10% significance level; **: Significant at 5% significance level; ***: Significant at 1% significance
level; S.E.: Standard error

Distribution of the efficiency scores in the groups were given in Figure 1, 2 and 3. According to the efficiency
analysis results, the technical efficiency scores in the first group were determined to change between 0.24 and 0.99
and the average technical efficiency coefficient was found as 0.74. This result indicated that the producers could
obtain 74% of the maximum honey yield by keeping the input levels. Besides, it was concluded that the technical
efficiency of 25.95% of the enterprises was under 50% and the technical efficiency coefficients of 40.74% of the
enterprises were between 0.96 and 1 (Figure 1).

The technical efficiency was determined to change between 0.26 and 0.98 in the second group and the average
technical efficiency coefficient was found as 0.78. It was concluded that the enterprises in this group would be able
to reach full efficiency level due to the decrease in the ratio of 22% in the input amounts as long as they would keep
the output amounts (Figure 2).

The technical efficiency scores in the third group changed between 0.37 and 0.98 and it was found as 0.85 on
average. The enterprises in this group would be able to reach full efficiency level due to the decrease in the ratio of
15% in the input amounts as long as they would keep the output amounts (Figure 3).
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Figure 1. Distribution of the efficiency scores in the first group.
Sekil 1. Birinci grupta etkinlik skorlarmin dagilimi.
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Figure 2. Distribution of the efficiency scores in the second group.
Sekil 2. Ikinci grupta etkinlik skorlarimin dagilimu.
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Figure 3. Distribution of the efficiency scores in the third group
Sekil 3. Ugiincii grupta etkinlik skorlarinin dagilim.
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4. Conclusion

In this study, energy use and technical efficiency of honey production in Canakkale province were determined.
Energy use efficiency of the honey production in the enterprises in the third group was calculated as 1.08. The
energy use efficiency value was under 1 in the first and second groups and this indicated that the inputs were not
used efficiently. Inefficient use of the inputs causes some problems. Unconscious use of pesticide, fuel and sugar
causes wastage and pollutes the environment. For this reason, the beekeepers should be trained in terms of input
usage in honey production. Nutrition of the bees with unnatural sugars is not applicable in terms of the health of the
bees and the quality of the honey. In this respect, the beekeepers should be trained on this subject and the organic
sugar facilities should be promoted.

Fuel had the highest share on energy use for honey production and it should be reduced to provide optimum
energy consumption. Also, the results of econometric model showed the necessity of the use of fuel on yield,
especially in the first group. The use of this input needs an adequate management for economical honey yield level
with lower energy consumption.

Renewable energy sources are unlimited sources and do not damage the nature. On average, the non-renewable
form of energy input was found as 93.20%, indicating that honey production depended mainly on fossil fuels and
sugar in the research area.

It was concluded that the beekeepers performed more efficient production in the third group. The producers in
the first and second groups should be trained in terms of input usage in the production. Besides, it was determined
that the beekeepers having 151 hives and above used the inputs more efficient. In this case, it can be said that
increase of the hive number will have a positive effect on the increase of the efficiency.

In order to decrease the negative climate condition effects, the beekeepers should be promoted for insurance and
besides, the insurance premium ratio should be increased. The support amount per hive should be increased and
supports should be provided for beeswax, royal jelly, bee venom.

Migratory beekeeping is performed in Canakkale province. In migratory beekeeping, inputs are used in the
transportation to the stopovers for the honey production and low interest loan can be supplied for these inputs.
Besides, underpricing can be provided to the beekeepers who are registered to the cooperatives and the unions on
purchasing sugar used in feeding.
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ABSTRACT

In this study, firmness classification potential of tomato fruits was investigated by using colour
parameters measured with a colour measuring device. 202 ‘Bandita F1’ greenhouse tomatoes were used
as trial material. In damage free colour measurements carried out by Minolta CR-400 colour
measurement device, L*, a* and b* colour parameters were considered as main parameters. Other
colour parameters (a*xb*, a*2, b*2 and a*/b*) were derived from main colour parameters. These colour
parameters were associated with tomato firmness. In tomato firmness measurements, the force value at
the skin rupture point was used and this value was expressed as tomato firmness. Tomato samples were
grouped according to firmness by using clustering analysis method. In addition, linear discrimination
analysis method was used in the classification of tomatoes according to firmness. Classification
accuracy was improved by linear discrimination analysis and the number of parameters used was
decreased with stepwise regression analysis method. The association between tomato firmness and
colour parameters (L*, a*, b*, a*xb*, a*2, b*2 and a*/b*) was determined with Pearson Correlation
test. Statistical analysis results showed that the association between tomato firmness and colour
parameters was significant (P<0.01). According to linear discrimination analysis results, linear
classification accuracy was calculated as 85.64% for main colour parameters approach and as 90.59%
for seven colour parameters approach. The results of linear discrimination analysis performed by using
the most important three colour parameters determined with stepwise regression analysis method
showed that correct classification accuracy of tomatoes was 89.10%. The results showed that firmness
classification of tomatoes could be done by using colour parameters and linear discrimination analysis
method.

Domates meyvelerinin renk parametrelerine gore sertlik siniflandirmasi

OZET

Bu calismada, renk dl¢lim cihazi ile 6lgiilen renk parametreleri kullanilarak domates meyvelerinin
sertlik siniflandirma potansiyeli aragtirilmistir. Deneme materyali olarak 202 adet ‘Bandita F1° sera
domatesleri kullanilmistir. Minolta CR-400 model renk 6l¢iim cihazi kullanilarak yapilan hasarsiz renk
6lgtimlerinde, L*, a* ve b* renk parametreleri ana parametreler olarak dikkate alinmigtir. Diger renk
parametreleri (a*xb*, a*2, b*2 ve a*b*) ana renk parametrelerinden tiiretilmistir. Bu renk
parametreleri, domates sertligi ile iligkilendirilmistir. Domates sertligi 6l¢imlerinde, kabuk yirtilma
noktasindaki kuvvet degeri kullanilmig ve bu deger domates sertligi olarak ifade edilmistir. Kiimeleme
analiz yontemi kullanilarak domates 6rnekleri sertligine gore gruplandirilmistir. Ayrica, domateslerin
sertligine gore smiflandirma islemlerinde, dogrusal ayirma analiz yontemi kullanilmistir. Siniflandirma
hassasiyeti dogrusal ayirma analizi ile iyilestirilmis ve kullanilan parametre sayisi stepwise regresyon
analiz yontemi ile azaltilmistir. Domates sertligi ve renk parametreleri (L*, a*, b*, a*xb*, a*2, b*2ve
a*/b*) arasmdaki iliski, Pearson Korelasyon testi ile belirlenmistir. Istatistiksel analiz sonuglari,
domates sertligi ve renk parametreleri arasindaki iligkinin nemli oldugunu gdstermistir (P<0.01).
Dogrusal ayirma analizi sonuglarina gére, dogrusal siniflandirma hassasiyeti ana renk parametreleri
yaklasimi i¢in % 85.64 ve yedi renk parametre yaklasimi i¢in de % 90.59 olarak hesaplanmustir.
Stepwise regresyon analiz yontemi ile belirlenmis olan en 6nemli {i¢ renk parametresi kullanilarak
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Linear discrimination
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yapilan dogrusal ayirma analizi sonuglart da, domateslerin dogru siniflandirma hassasiyetinin % 89.10
olarak gergeklestigini  gOstermistir. Sonuglar, domateslerin sertlik siniflandirmalarinin  renk
parametreleri ve dogrusal ayirma analiz yontemi kullanilarak gerceklestirilebilecegini géstermistir.

1. Introduction

The process of fruit ripening in tomato is a key factor for determining physiological and biochemical changes
(Giovannoni, 2004). The conversion of tomato fruit from the mature green to fully ripe stage involves dramatic
changes in colour, flavour, and texture (Kaur et al., 2006). For fresh tomatoes, the two quality attributes that are
most important to buyers and consumers are texture and skin colour (Batu, 2004). Colour change of tomato fruits is
the most obvious feature of ripening (Lenucci et al., 2012; Kaur et al., 2006). Fruit firmness is inversely proportional
to ripeness and therefore may be used as alternative ripeness index in vegetable and fruit classifications (Mohsenin,
1970; Lesage and Destarin, 1996). While colour is a ripeness parameter in tomato fruit, firmness is also one of the
main factors contributing to the quality of tomato fruit.

Degree of fruit firmness has been used as an indicator of fruit quality and for this reason, firmness may be the
final index of consumers while making their purchase decision for tomato fruit (Burton, 1982). Ripening continues
after the harvest of tomatoes and tomatoes can ripen very quickly. This situation may cause losses in quality and
limit the shelf life of tomatoes (Geeson et al., 1985; Wu & Abbott, 2002; Lana et al., 2005). A large number of
researchers used colour classification criteria to find out ripening (USDA, 1991) in tomato harvest (Kader et al.,
1978; Edan et al., 1997; Lopez Camelo and Gomez, 2004; Batu, 2004; Baltazar et al., 2008; Bui et al., 2010;
Sirisomboon et al., 2012).

If tomatoes are to be transported over long distances, they are mostly harvested during colour turning period. On
the other hand, tomatoes that will be transported to close distances are harvested during their pink or light red
maturity period. In both stages, tomatoes are required not to be below a certain firmness limit value (Edan et al.,
1997). Tomato colour and colour change are mostly determined by using instrumental methods. Colour
measurement devices (Minolta Chroma and Hunter Lab) are an effective way used to find out colour index (Batu,
2004; Baltazar et al., 2008).

Among the damage free technologies, colourimeters which quantify lightness (L*), green to red (a*), and blue to
yellow (b*) of fruit surface have been used extensively because CIELab indices allow objective statistical and
quantitative analyses.

Although it has been reported in a large number of studies that there is a positive association between maturity
stage and colour development in tomatoes, this association is not fully understood (Hobson et al., 1983; Batu, 1998,
2004; Thai & Shewfelt, 1990, 1991). Except for the method of determining the colour ripening stages specified in
the USDA colour catalogue, colour charts and scales have been developed to determine the maturity stages of
tomatoes commercially. However, accurate determination of maturity stages of tomatoes is still not possible with
these methods (Van Zeebroeck et al., 2007).

There is no specific standard for firmness classification of tomatoes. In tomato firmness classifications carried
out by researchers, colour ripeness criteria are taken into consideration and firmness classifications are made
accordingly (Bui et al., 2010; Sirisomboon et al., 2012 and Sirisomboon et al., 2012a). As tomato ripens, its texture
softens and changes occur in its textural structure. During ripeness, skin rupture force and skin firmness of tomatoes
decrease and the fruit flesh softens. Firmness analysis of agricultural products is made using automation-based
material testing devices or hand penetrometers. A large number of researchers examine tomato colour and firmness
change and while doing this, both spend time and damage the product in firmness measurement. It would be a more
accurate approach to estimate the firmness without any damage by using direct colour measurement values instead
of this process. The aim of the present study is to classify tomato fruits according to their firmness by using L*, a*,
b* colour parameters and separation analysis method.

2. Materials and Method

The present study was carried out by using ‘Bandita F1’ tomato variety. The tomatoes tested during the trials
were provided from a greenhouse in Adana. The tomatoes were harvested in different maturity stages as green,
breaking, turning, pink, light red and red ripening periods in order to create different firmness groups and 202
tomatoes were tested during the trials. Mean mass, equatorial diameter and height of the tomatoes used in the trials
were measured as 112.51+£14.67 g, 58.17+3.45 mm and 46.93+2.01 mm, respectively.

In the first step regarding the colour measurement of tomatoes, CR-400 model (Konica Minolta Chroma Meter,
Japan) colour measurement device was used to determine the colours with L*, a*, b* three-point measurement
method. Before the measurement, the device was calibrated with a standard white ceramic plaque (Y=88.20, x=
0.3174, y=0.3222).
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Colour measurements (L*, a*, b*) were made at four points on the equatorial region of each tomato sample and
the mean of four measurements was recorded to be used in the assessment of maturity. a* value measured with
Minolta colourimeter denotes redness and greenness and ranges from -90 to +90. b* value denotes blueness and
yellowness and ranges from -90 to +90. In the present study, the redness values and maturity classifications of
tomatoes were determined by using a*/b* values proposed by Batu (2004). The a*/b* colour space value ranges
used in the determination of tomato maturity are given in Table 1. Colour measurement points of tomatoes were
marked and firmness measurements were made from these points after colour measurement. During the trials, a total
of 808 colour measurements were made on 202 tomatoes, with 4 colour measurements on each tomato.

Lloyd Universal Test device (Lloyd Instrument LRX Plus Series) was used in the firmness measurements of
tomatoes. The device consists of three main parts as moving head, movement system and data transfer system (load
cell, computer and connections and NEXYGEN Plus software). 4 mm diameter flat indenter was used in the
measurements and 10 mm min-1 loading speed was used (ASAE Standards, 2001). The indenter tip was made to
move 10 mm while forming the force-deformation graphs. The force at the skin rupture point was expressed as
tomato firmness (Fa). Tomato firmness measurements, also called damaged measurement reference test, was
carried out at four points where colour measurements were made on 202 tomato samples. A total of 808 firmness
measurements were made and the average of 4 values measured in the equatorial region for each tomato sample was
taken into account in statistical analyses.

The relationship between tomato firmness (F.x) and colour parameters (L*, a*, b*, a*xb*, a*2, b*2 and a*/b*)
was determined with Pearson Correlation Test. Parameters such as a*xb*, a*2, b*2 and a*/b* used except for main
colour parameters L*, a* and b* measured with Minolta colour measurement device were derived from main colour
parameters. Mean firmness values obtained for 202 tomatoes were also subjected to clustering analysis and decision
was made about what firmness class ranges should be. Scheffe test was used to compare the significance level of
each colour parameter (L*, a*, b*) between different firmness classes. In addition, discriminant analysis method was
used to determine the colour parameters which were effective and which were not effective in separating into
firmness groups and to test whether the data were classified according to firmness as estimated. SPSS 20.0 program
was used in all statistical assessments. Tomato firmness and colour parameters, symbols and units were given in
Table 2.

3. Results and Discussion

The change of tomato firmness depending on the maturity stage was given in Figure 1. As can be seen in Figure
1, the difference between the means of firmness values was found to be statistically significant at all maturity stages
and took place in different groups (P<0.05). The highest change in firmness values was found to take place in
breaking, turning and pink maturity stages. The lowest change was found in light red and red maturity stages.

The changes of tomato colour and maturity index values in six different maturity stages are given in Table 3.

According to DUNCAN multiple comparison test results, it was found that a* and a*/b* colour parameters showing
the redness degree of tomatoes were in different groups in all maturity stages and the difference between the means
was found to be statistically significant at 1% level (P<0.01). Lopez Camelo & Gomez (2004) and Vursavus &
Kesilmis (2017) also found similar results and stated that a* and a*/b* colour parameters were dominantly
significant on the colour change of tomatoes at six different maturity stages. Batu et al. (1997) examined Minolta
colour changes in different maturity stages of tomato and stated that a* redness values should be taken into
consideration while determining colour values. In addition, Ince et al. (2016) found that the relationship between
a*/b* colour parameter and tomato skin rupture force was significant at 1% level and there was a positive
relationship. These results support the results of our study.
The relationship between tomato firmness (F..x) and colour parameters regarding the Pearson correlation test was
given in Table 4. As can be seen in Table 4, the correlation between tomato firmness and colour parameters was
found to be significant at P<0.01 level. When the correlations between main colour parameters were taken into
consideration, the highest correlation was found to be between F.., and a* colour parameter (r= -0.904). The highest
correlation between colour parameters derived from main colour parameters and F,x was between a*/b* (r= -
0.930). Similar results were also found by Arias et al., 2000; Bui et al., 2010 and Ince et al., 2016 and these results
support the results of the present study.
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Figure 1. Change of tomato firmness due to maturity stage
Sekil 1. Olgunluk doneminde domateste sertlik degisimi

Table 1. a*/b* values used for maturity classification of tomatoes (Batu, 2004)
Cizelge 1. Domatesin olgunluk siniflandirmasinda kullanilan a*/b* degerleri

Colour stage a*/b*

Mature green -0.59<a*/b*<-0.47
Breaking -0.47< a*/b*<-0.27
Turning -0.27< a*/b*<0.08

Pink 0.08< a*/b*<0.60

Light red 0.60< a*/b*<0.95

Red a*/b*>0.95

Table 2. Colour and firmness parameters
Cizelge 2. Renk ve sertlik parametreleri

Measurement Parameter
type
Colour L*
a*
b*
a*xb*
ax?
b*2
a*/b*
Firmness Frax (N)

Table 3. Colour parameter values for tomato fruits at different maturity stages
Cizelge 3. Farkli olgunluk dénemlerinde domates icin renk parametresi degerleri

Parameters Mature Green Breaking Turning Pink Light Red Red
L* 46.13+1.36° 46.98+1.28° 46.08+1.23¢ 43.76+1.41° 40.63+1.27° 39.21+0.772
a* -7.75+0.82° -6.74+1.18" -2.26+1.86° 4.6442.15° 16.83+3.07° 23.07+1.68"
b* 15.41+1.75% 16.84+1.69" 17.65£2.06° 18.38+1.74° 21.63+1.61¢ 21.96+1.10¢
a*xb* -120.91+25.122 - -39.75+34.97°  87.07+43.31°  368.05+87.83¢  507.27+52.19°
114.61+28.64%
a*? 60.85+12.29°  46.85+16.19" 8.4248.14%  25.98+21.37%® 292.57::100.5 535.03+77.80°
5
bh*? 240.61+53.42%  286.24+58.45° 315.67+£75.85° 340.83+64.29° 470.85+68.34%  483.23+47.84°
a*/b* -0.50+0.02° -0.40+0.06" -0.13+0.10° 0.25+0.11¢ 0.77+0.10° 1.05+0.07"

The values and + represent the means and standard deviation values, respectively. The average values with the
letters a, b, c, d, e, f are statistically different according to the DUNCAN test (P<0.05).
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Table 4. Correlation coefficients (r) between tomato firmness (F ) and colour parameters
Cizelge 4. Domates sertligi (Fnay) ile renk parametreleri arasindaki korelasyon katsayilart (r)

Parameter L* a* b* a*xb* a*? b*? a*/b*
Fmax 0.808 -0.904 -0.749 -0.874 -0.668 -0.746 -0.930

** Correlation is significant at the 0.01 level.

Table 5. Tomato firmness groups according to cluster analysis results
Cizelge 5. Cluster analizi sonuglarina gére domates sertlik siniflandirmasi

Tomato firmness (N)

Firmness group Sample number Mean DL
Frac14.79 N (Hard) 52 18.61 1.91
7.84<F;,5x<14.78 (Intermediate) 55 11.37 2.04
Frnax<7.83 (Soft) 95 4.78 1.29

SD: standard deviation

202 data at different maturity levels used for the firmness classification of tomatoes were first exposed to
clustering analysis and it was decided on what the firmness class ranges should be. Clustering analysis results of
three different firmness groups were given in Table 5. As can be seen in Table 5, 52 tomato samples were in hard
group with a mean value of 18.61£1.91 N, while 55 tomato samples were in the intermediate group with a mean
value of 11.37£2.04 N and 95 tomato samples were in the soft classification group with a mean value of 4.78+1.29
N. Class ranges formed with cluster analysis were found as F.x <7.83 N for soft tomato group, as 7.84<F;<14.78
N for intermediate tomato group and as F.=>14.79 N for hard tomato group. 202 tomato samples were classified by
taking these firmness ranges into consideration.

Main colour parameters can give direct information about the firmness of L*, a* and b* tomatoes. The main
colour parameter results in three different firmness groups for tomato samples were given in Table 6. The difference
between the mean values of the three firmness group for main colour parameters was analysed by using Scheffe test
at P<0.05significance level. According to analysis results, L* colour parameter mean values were found to show
statistically significant differences in three firmness groups. Similar result was also found for a* and b* colour
parameters and the difference between hard, intermediate and soft groups was found to be statistically significant at
P<0.05 level.

The results of linear discrimination analysis made separately for each of the main colour parameters were given
in Table 7. It was found that L* colour parameter showed low classification for hard tomato group with 36.54%
(19/52) value. In intermediate and hard tomato groups, classification success was calculated as 72.73% (40/55) and
74.74% (71/95), respectively. It was found that a* colour parameter could classify all of the 52 tomatoes (52/52=
100%) in hard classification group in the same group. This classification success was calculated as 85.46% (47/55)
and 77.89% (74/95), respectively for intermediate and soft tomato groups. Similar to the L* colour parameter, b*
colour parameter did not show a high classification success in hard tomato group (44.23%). Success percentages
were calculated as 80% and 71.58% for intermediate and soft tomato groups. When evaluated in general, the colour
parameter with the highest classification accuracy was a* colour parameter with 85.62%. This was followed by b*
(66.83%) and L* (64.36%) colour parameters.

While the difference between the mean values of L* and b* colour parameters was not found to be significant
according to Scheffe test results, classification success percentage was found to be lower than the classification
success percentage in a* colour parameter. In the classification made by using the main colour parameter a*,
classification accuracy was calculated as 85.64% for all firmness groups. Gutierrez et al, (2007) and Lien et al,
(2009) stated that classification accuracy should be over 75.00%. Since the classification accuracy of 85.64% was
higher than 75.00%, it was found that acceptable results were reached by using only a* main colour parameter.

Table 8 shows the results of linear discrimination analysis using three main colour parameters together (L*, a*
and b*). When compared with the results in Table 7 (85.64%), it can be seen in Table 8 that classification accuracy
did not differ much with the use of three main colour parameters (84.65%).

In order to increase the classification accuracy determined by using linear discriminant analysis for three main
colour parameters, discriminant analysis was performed by using main colours and the other colours derived from
these and the results were given in Table 9. As can be seen in Table 9, the percentage of assigning tomatoes to the
firmness group they were in was found high for hard and soft tomatoes and calculated as 100% for the hard group
and as 90.53% for the soft group. Classification accuracy was increased to 90.59% from 84.65% for three firmness
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groups. The most unsuccessful classification was found in intermediate firmness group (81.82%) and 6 of the 55
tomatoes in intermediate firmness group were classified as hard, while 4 were classified as soft.

The use of 7 parameters given in Table 7 may cause complexity in real time applications of numerical and

logical applications. For this reason, stepwise regression analysis was used to decrease the number of colour
parameters. According to stepwise regression analysis results, L*, a*2 and a*/b* colour parameters were found to be
statistically the most important parameters. Statistical assessment results of stepwise regression analysis were given
in Table 10.
Table 11 shows classification analysis results determined according to linear discriminant analysis by using L*, a*2
and a*/b* colour parameters. By using the three most important colour parameters determined as a result of stepwise
regression analysis, it was concluded that the tomatoes could be classified with a classification accuracy of 89.10%
for all firmness groups. In addition, the classification accuracy of 90.59% which was calculated by using the seven
colour parameters was calculated as 89.10% with a decrease of 1.64%. As can be seen in Table 11, all of the 52
tomatoes in the hard group were classified in their own groups. 8 of the 55 tomatoes in the group with intermediate
firmness were classified in the hard group and 5 were classified in the soft group. The lowest classification took
place in this group. Of the 95 tomatoes in the soft firmness group, 86 were classified in their own group and 9 were
classified in the intermediate firm group. In this case, it can be said that the use of three colour parameters
determined with stepwise regression analysis will be more practical in real time applications since it shows similar
classification accuracy to seven colour parameter use and for including less colour parameters.

Table 6. Measurements of main colour parameters for three firmness groups of tomatoes
Cizelge 6. Ug¢ domates sertlik grubu igin ana renk parametresi él¢iimleri

Classification group

Parameters

Hard (52) Intermediate (55) Soft (95)
L* 46.49+1.37° 45.53+1.53° 40.80+2.09°
a* -7.34%1.07° -0.85+3.34° 17.02+7.34°
b* 16.09+1.81° 17.40+1.91° 21.04+2.09°

Values are mean and = is standard deviation. In the same row, values with different superscripts are significantly
different (P<0.05) by Scheffé test.

Table 7. Accuracy of tomato classification according to main colour parameters
Cizelge 7. Ana renk parametrelerine gore domates siniflandirma dogrulugu

Classification group

Parameters Hard (52) Intermediate (55) Soft (95) Total Accuracy (%)
L* 19 (%36.54) 40 (%72.73) 71 (%74.74) 130 64.36
a* 52 (%100) 47 (%85.46) 74 (%77.89) 173 85.64
b* 23 (%44.23) 44 (%80) 68 (%71.58) 135 66.83

Best accuracy is 85.64%=(52+47+74)/202*100, i.e., 85.64 well classified.
Value in parentheses presents the best response as a quantity percentage of the original class

Table 8. Accuracy of tomato classification for three main colour parameters L*, a* and b* using discriminant
analysis
Cizelge 8. Diskriminant analizi ile L*, a* ve b*ana renk parametreleri i¢in domates siniflandirma dogrulugu

Class of Test Response

Class of Origin Total

Hard (52) Intermediate (55) Soft (95)
Hard 48%(92.31)° 4 (7.69) 0 (0.00) 52
Intermediate 5 (9.09) 49° (89.09) 1(1.82) 55
Soft 0 (0.00) 21 (22.11) 74° (77.89) 95

& Overall accuracy is 84.65% = (48+49+74)/202 x 100, i.e., 84.65% well classified.
®Value in parentheses presents the test response as a quantity percentage of the original class.
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Table 9. Accuracy of tomato classification for all colour parameters L*, a*, b*, a*xb*, a*? b** and a*/b* using
discriminant analysis

Cizelge 9. Diskriminant analizi ile L*, a*, b*, a*xb*, a*?, b*? ve a*/b*tiim renk parametreleri i¢in domates
swiflandirma dogrulugu

Class of Test Response

Class of Origin Hard (52) Intermediate (55) Soft (95) Total
Hard 527 (100.00)° 0 (0.00) 0 (0.00) 52
Intermediate 6 (10.91) 45% (81.82) 4(7.27) 55
Soft 0 (0.00) 9 (9.47) 86° (90.53) 95

& Overall accuracy is 90.59% = (52+45+86)/202 x 100, i.e., 90.59% well classified.
®Value in parentheses presents the test response as a quantity percentage of the original class.

Table 10. Statistical results of the most significant colour parameters by stepwise regression analysis
Cizelge 10. En énemli renk parametrelerini belirlemede Stepwise regresyon analizi sonuglar

Parameters Partial-R-square Std Error t-value Significant
L* 0.031 0.089 -2.514 0.013
a*? 0.432 0.001 12.247 0.000
a*/b* 0.796 0.519 -27.813 0.000

Table 11. Accuracy of tomato classification for three colour parameters L*, a*? and a*/b* using discriminant
analysis
Tablo 11. Diskriminant analizi ile L*, a*? and a*/b* ana renk parametreleri i¢in domates simiflandirma dogrulugu

Class of Test Response

Class of Origin Hard (52) Intermediate (55) Soft (95) Total
Hard 52° (100.00)° 0 (0.00) 0 (0.00) 52
Intermediate 8 (14.55) 42° (76.36) 5(9.09) 55
Soft 0 (0.00) 9 (9.47) 86° (90.53) 95

@ Overall accuracy is 89.10% = (52+42+86)/202 x 100, i.e., 89.10% well classified.
®Value in parentheses presents the test response as a quantity percentage of the original class.

Conclusion

For practical and quick measurements, skin colour values in the harvest period were used to classify the tomatoes
according to their firmness. Tomato skin rupture force was associated with L*, a*, b* and colour parameters derived
from these main colour parameters. In the classification of tomato firmness, the use of colour parameters was found
as an applicable method in classifying tomatoes of hard, intermediate and soft firmness level and firmness
measurements. Main colour parameters gave high level of information about firmness classification of L*, a* and b*
tomatoes with a classification accuracy of 84.65%. By using seven colour parameters instead of three main colour
parameters, classification accuracy of tomatoes for all firmness groups was increased to 90.59% from 84.65% using
linear discrimination analysis method. With stepwise regression analysis applied to seven colour parameters, the
most important three colour parameters were determined as L*, a*2 and a*/b*. According to the linear
discrimination analysis conducted by using these parameters, classification accuracy was calculated as 89.10 % from
90.59% with a decrease of 1.64% for all firmness groups. In addition, it can be said that classification of tomatoes
by using three colour parameters of L *, a *2 and a */b * will be a more accurate approach considering that the
numerical analysis complexity resulting from multiple parameter use will be decreased. While three main colour
parameter approach was a suitable approach for the classification of hard and intermediate hard tomatoes (92.31%
and 89.09%), seven colour parameter approach and three colour parameter approach were found be suitable for hard
and soft firmness group (100% and 90.53%). The result that classification accuracy of tomatoes was found to be
higher than 75% in all of the three approaches promoted the real time use of this technique. The aim of the present
study was the classification of tomatoes according to their firmness and it is thought that it will be appropriate to
conduct similar studies to increase classification accuracy for different products by using clustering, linear
discriminant and stepwise regression analysis methods.
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ABSTRACT

Poultry red mite (PRM) is most important ectoparasite of poultry due to its harmful effects. This study
aims to determine the prevalence of PRM in small free range farms and backyards of poultry breeding
and to reveal the correlation between the condition and location of hen-houses with the prevalence of
PRM. Analyses were carried out between on August 25th — September 30th in a total of 10 districts
and 124 villages in Canakkale, Turkey. The districts and villages visited in the region were divided into
5 different locations based on their geographical structure and analyses were performed for these
locations. In total, 355 coops were surveyed, and the presence of red mite and the conditions of poultry
houses were recorded. It was found out that the infestation rate of red mite was 72.39% in the province
of Canakkale. According to location prevalence, the highest infestation rate was detected in Location 3
(81.25%) which is situated in the higher parts of the region. The study observed that the presence of
perch, location, air conditioning, height and roof materials of the coops significantly affected the
infestation rate (P < 0.05). The probability of incidence of mites was higher in the hen-houses higher
than 0.60m and with better ventilation and perches. The lowest infestation rate was found in the coops
with a galvanized roof, compared to those with the roofs made from tiles, woods or asbestos (P < 0.05).
In conclusion, the findings highlighted that geographical and coop conditions should be considered as a
point of control for red mites.

Tirkiye’de Canakkale’ye Bagli Koylerdeki Kiimeslerde Kanath Kirmizi Akar
Prevalansi ve Kiimes Kosullari ile Iliskisi

OZET

Calisma, 25 Agustos-30 Eyliil tarihleri arasinda Canakkale’ye bagli 10 ilge ve 124 koyde
gerceklestirilmistir. Ziyaret edilen ilge ve kdyler, bolgenin cografik yapisina gore 5 farkli lokasyona
ayrilarak analizler gerceklestirilmistir. Toplam 355 kiimes incelenmis olup, kiimeslerdeki Dermanyssus
gallinae varlig1 tespit edilmis ve kiimes kosullarina iligkin bilgiler kayit edilmistir. Elde edilen bulgulara
gore Canakkale geneline ait akar prevalansinin %72.39 oldugu tespit edilmistir. Lokasyonlar bazinda en
yiiksek prevalansin %81.25 ile bolgenin daglik-yiiksek kesimine sahip Lokasyon 3’e ait oldugu
goriilmektedir. Ele alinan faktorlerden lokasyon, kiimes i¢i havalandirma durumu, tiinek varligi, kiimes
yiiksekligi ve ¢at1 materyalinin akar prevalansi iizerinde istatistiksel olarak &nemli etkisinin oldugu
tespit edilmistir (P<0.05). Iyi havalanan, tiinek bulunan ve yiiksekligi 0.60 m’den yiiksek olan
kiimeslerde prevalansin daha yiiksek oldugu goriilmiistiir. Ayrica cati malzemesi galvaniz sa¢ olan
kiimeslerde kiremit, tahta ya da atermit olanlara kiyasla daha az akara rastlanmistir (P<0.05). Parazit
miicadelesine yonelik yapilan uygulamalarin akar prevalans: {izerinde istatistiksel olarak dnemli bir
etkisinin olmadig1 tespit edilmistir. Sonug¢ olarak D.gallinae ile miicadelede bolgenin lokasyonu ve
kiimese bagli faktorlerin de ele alinmasi gerektigi goriilmektedir.
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1. Introduction

Dermanyssus gallinae, poultry red mite (PRM) is a hematophagous and obligatory ectoparasite of domestic and
wild birds (McGarry and Trees 1991; Circella et al., 2011; Escobar et al., 2014). It is also known that the red mite
attacks mammals including humans (Sikes and Chamberlain, 1954; Duncan 1957; Hoffman 1987; Haag-
Wackernagel, 2008; Bakr et al., 1995; Abd El-Halim et al., 2009). Dermanyssus gallinae is the most important
parasite affecting poultry production (Fletcher and Axtell 1991; Maurer and Baumgértner, 1992). It is reported that
the red poultry mite significantly changes the hematological values of the host (Kegeci et al., 2004; Kilpinen et al.,
2005; Konyali, 2016) and at high infestations increases the mortality rate (Arkle et al., 2006; Kaoud et al.; 2010).

The female mites lay eggs at ambient temperatures of 5 © C to 45 © C, but the optimum conditions for the laying
activity are 20 ° C, at a humidity of 70% (Nordenfors et al., 1999). The prevalence of the mite differs greatly
according to seasons. In France, it has been reported that Dermanyssus gallinae has a higher prevalence throughout
the winter; however, in Denmark and Italy, a higher rate of infestation was noted in the late summer (Beugnet et al.,
1997; Chauve 1998; Lubac et al., 2003). It is reported that this parasite, which has rarely been observed in the
Netherlands in the past and is usually observed in the summer, is now seen throughout the year (Lesna et al., 2009).
A study conducted in Sweden reported that mite intensity increased in the summer compared to the winter months
(Nordenfors and Hoglund, 2000). It was reported in a study conducted in Iran, that there is a significant correlation
between regional climatic conditions and mite prevalence, and the prevalence is higher in the spring (Yakhchali et
al., 2013). Studies on the prevalence of red mite are mostly performed in Europe. The infestation rates can reach 80—
90% of poultry as observed in the United Kingdom (UK), Italy, Serbia, Morocco, Japan, Montenegro, and The
Netherlands (Sparagano et al., 2009). Except for the report on wild pigeons (Gicik, 1999), there is no study on red
mite prevalence rates in Turkey. There has been currently a very high consumer demand for backyard or free range
eggs in Turkey.

The most important point in effectively fighting with PRM is to determine the intensity of in-house density, the
points they cluster and the appropriate time to fight against them. The chemicals used unnecessarily and at the
wrong time are important for public health and also cause residual in the food of animal origin. Further, mites
develop resistance to the acaricides used, which makes the fight against them harder. Revealing the potential
correlation between mite intensity and hen-house conditions would probably contribute to the efforts to determine
the clustering habits of mites and thus the points where they cluster inside the hen-house.

In this context, this study aims to determine the correlation between PRM prevalence and the conditions of
backyards of chicken houses in Canakkale, Turkey and to reveal the conditions of hen-houses.

2. Material and Methods
2.1 Experiment Site

This study was conducted between August 25th — September 30th in a total of 124 villages in 10 districts in
Canakkale. The types examined mostly consisted of small backyard chicken houses. In total, 355 poultry houses
were analyzed for the presence of red mites. The conditions of the hen-houses were also examined (Table 1). The
districts and villages visited in the region were divided into 5 different locations based on their geographical
structure. Figure 1 shows the locations on the map. ‘Location 1’ includes the coastlines of Lapseki, Gelibolu,
Eceabat and Center districts. The villages in Biga district situated in the north-east of Canakkale was named
‘Location 2. The parts of the region with a high altitude (Can, Yenice and a part of Bayramig districts) were called
‘Location 3.” The lowlands of Ezine and a part of Bayrami¢ were named as ‘Location 4’. ‘Location 5’ covers the
villages in Ayvacik district, which is elongated in the south of Canakkale and the coastline of Aegean Sea.

2.2 Statistical analysis

The prevalence in the hen-houses was classified as observed or unobserved. The effects of the discussed factors
were analyzed using GEE procedure based on binomial distribution [26]. The statistical model included the
conditions of hen-houses (Table 1), location (5 levels), and applied treatment to control of parasite (Yes - No). The
effects were assessed in terms of odds ratio, regression coefficients and standard error of regression coefficients.
Odds ratio was defined as the ratio of observation to non-observation of the parasite. Odds ratio was calculated from
the equation of ¢ = eb, where ¢ is the odds ratio, b is the regression coefficient and e is the exponential constant. A
Wald chi-square statistic was computed for the contrast for the groups of significant effects.
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Table 1. Observed parameters of the hen-houses.
Cizelge 1. Kiimeslerde gozlenen parametreler.

Parameters Scale
Ventilation Good Poor
Window Available NA
Floor Dry Wet
Perch Available NA
Height Short (<0.6 m) Medium (0.6-1 m) High (> 1 m)
Roof Material Galvanized Asbertos Tile Wood

"er

‘ Locatlon2 g

‘Gonen

Location 3

Ankara

Location 5

Figure 1. Geographical locations of the villages in which the poultry houses are located.
Sekil 1. Kiimeslerin konumunun cografik lokasyonlara gore harita lizerine gériintimii.

3. Results and Discussion

Table 2. contains descriptive information regarding the physical conditions of examined hen-houses and 36.62%
of that hen-houses no had good ventilation conditions. While it is observed that the litter condition is mostly dry
(94.37%), similarly, there was a material that can serve as perch or perch in almost all of the houses. It was seen that
at least one treatment was treated against diseases and parasites in 84.56% of the hen-houses.

The overall infestation rate of poultry red mites was 72.4% in Canakkale Province (Figure 2). According to
location prevalence, the highest infestation rate was detected in Location 3 (81.3%), which is situated in the higher
parts of the region. On the other hand, the lowest prevalence was found in Location 5 (48.57%). Location 1 where is
located Dardanelles had 76.36% prevalence.

The results regarding mite density categories by locations is shown in Table 3. Although no mites found in
28.95% of the hen - houses in the 4th location, 34.21% of hen — houses were in high mite density (Table 3). The
location with the highest medium mite density level was in the 3rd location and this location had highest prevalence
regarding to medium and high levels of density of mites. The 5th location was the location where mite infestation is
the least in terms of both intensity and prevalence. No mites observed in more than half of the hen - houses in the
Location 5.
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Table 2. Descriptive information on physical conditions in observed hen — houses
Cizelge 2. Incelenen kiimeslerin fiziki kosullarina iliskin tanimlayici bilgiler

Factors Levels %
o Auvailable 63.38
Ventilation
NA 36.62
Available 49.86
Window
NA 50.14
Wet 5.63
Floor
Dry 94.37
Available 92.11
Perch
NA 7.89
Short (<0.6 m) 32.11
Height Medium (0.6-1 m) 34.65
High (> 1 m) 33.24
Asbestos 27.75
Tile 43.38
Roof Materials
Wood 6.20
Galvanized 32.68
Available 84.56
Treatment
NA 15.44
Prevalence
85 +
80 -
75 -
70 -
65 -
2
® 60 -
55 4
50 -
45 | .
40 T T T T T
1 2 3 4 5 Overall

Locations and Overall of Province

Figure 2.Prevalence of poultry red mites by Location.
Sekil 2. Lokasyona gore kanatli kirmizi akari prevalansi.
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All the coops in the districts in Canakkale, except for the islands, were scanned for mites. A total of 355 free-
range or backyard coops were analyzed in the study. The number of the villages visited as part of the study
corresponds to 33% of the total number of the villages in the city center and districts of Canakkale. PRM was found
in 72.4% of the coops analyzed. According to reports, the prevalence varies between 50% and 100% depending on
country (Sparagona et al., 2009). A study reported that red mites were found in 0.84% of 200 wild pigeons collected
from 12 centers in the city of Ankara and its surroundings (Gicik, 1999). It was showed that PRM was one of the
parasites detected in 12 coops examining a total of 20 coops in the city of Kars, Turkey (Aldemir, 2004).

Table 3. Percentages of mite density categories by Locations (%)
Cizelge 3. Lokasyonlara gore akar yogunluk kategorilerine ait yiizdeler.

Location None Low Medium High
1 23.64 12.73 33.64 30.00
2 36.84 10.53 31.58 21.00
3 18.75 6.25 48.96 26.04
4 28.95 3.95 32.89 34.21
5 51.43 571 25.71 17.14
Overall 27.61 8.17 36.62 27.61

The effect of location on prevalence is statistically significant (P = 0.0207; Table 4). The infestation rate were
5.37 times higher in Location 3 and 3.19 times higher Location 1, compared to Location 5. Location The effects of
ventilation of the hen-houses on prevalence was also found significant; the infestation rate in the better-ventilated
hen-houses were 12.18 times higher than that of the poorly-ventilated poultry houses (P < 0.0001).

No significant differences were found between windowless and poultry houses with windows (P = 0.8039).
Although the prevalence was higher in poultry houses with dry floors, the difference was not significant. (P =
0.1070). The prevalence in the hen-houses with perches were 4.83 times higher (P = 0.0013). The effects of house
height were significant on prevalence, and the house heights below 0.6 m have less infestation (P = 0.0058).
Roofing material significantly affected the prevalence of red mites (P = 0.0212). The lowest infestation rate was
found in galvanized roofing materials (P = 0.0212). Any treatment against mites had no effect on the mite
prevalence (P = 0.1584).

The prevalence of mites, which shows a seasonal activity like many other types of external parasites, depends on
geographical location. In this sense, one of the most critical factors on the prevalence is season. This study was
carried out in August and September. Due to its location, Canakkale has a different climatic structure. There are
some regions with dry and very hot summers as well as others with hot and humid or sub-humid summers, receiving
light-to-moderate rain. The locations were selected according to these climatological conditions and analyzed. The
results showed that the highest rates of infection were in higher regions. These locations were probably more
favorable for Dermanyssus gallinae in the months studied. In fact, the temperatures in these locations are lower
during these months than other locations. The lowest mite prevalence was in the villages, coops in Biga, which is in
the north-east of Canakkale (Location 1) and in the villages in Ayvacik, which forms the southern part of Canakkale
and is on the coast of the Aegean Sea (Location 3). It is known that Location 1 forms the plain part of Biga, where
irrigation-based agriculture and paddy breeding are particularly practiced. This probably leads to high proportional
humidity in the region. On the other hand, Location 3 is in the south of Canakkale, with a very dry and hot summer
compared to other locations. PRM, which is probably sensitive to high temperature and humidity, disappears in
these locations. Although PRM was not found in these locations, the traces of its clusters including its skin residues
and feces residues were observed in the splits and cracks inside the hen-houses. The hen-houses visited in these
locations were very sultry because of the in-house climate. However, PRM is reported to have a higher prevalence in
France throughout the winter while it has a higher infestation rate in Denmark and Italy at the end of the summer
(Beugnet et al., 1997; Chauve 1998; Lubac et al., 2003). It is revealed that this parasite, which was rarely seen in the
Netherlands in the past and usually during the summer, is now observed all year round (Lesna et al., 2009). Mite
prevalence increases in the summer months compared to the winter months in Sweden (Nordenfors and Hoglund,
2000). It is known that prevalence is significantly associated with regional climate locations (Yakhchali et al., 2013).
It is reported that the seasonal variance in the number of PRM results from a diapause-like state where the winged
red mites enter in the absence of a host or when the temperature falls (Nordenfors and Hoglund, 2000).
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Ventilation has an important effect on optimizing the in-house temperature. Given that the study was performed
in summer, ventilation appeared to be even more important. It was observed that the coops without ventilation had a

hot and sultry climate. With the ambient temperature rising above 35°C, it is known that PRM mortality increases
and reproduction decreases, and population may be destroyed completely (Tucci et al., 2008). Dehydration may be
one of the factors effective in reducing the parasites in relation to temperature (Nordenfors et al., 1999). Within the
period when the study was performed, the lowest prevalence was reported in the southern part of Canakkale, which
is a dry location dominated by the extreme heat, and in the overheating plain part. The highest mite prevalence was
found in the region with a high altitude and warm and rainy summers. High populations of mites were detected in
the hen-houses, which were not properly and regularly cleaned, contaminated with feces, on the condition that the
litter was dry (Maurer et al., 1993; Sparagano et al., 2009).

Table 4. Regression coefficients (b), standard errors (SE), odds ratios (¥) and P - values of factors discussed on
red mite prevalence

Cizelge 4. Kanath kirmizi akart iizerinde etkisi irdelenen dzelliklere ait regresyon katsayisi, standart hata, Odds
orant ve onem degerleri

Factors Levels b SE ¥ P
1 1.16 0.65 3.19¢
2 -0.16 0.74 0.85°
] 3 1.68 0.68 5.37° 0.0207
Location 4 1.02 0.65 277"
> 0.00 0.00 1.00°
o Good 250 0.58 12.18
Ventilation <0.0001
Poor 0.00 0.00 1.00
. Available -0.14 0.56 0.87
Window 0.8039
NA* 0.00 0.00 1.00
Wet - 0.88 0.26
Floor 1.36 0.1070
Dry 0.00 0.00 1.00
Available 157 0.69 4.83
Perch 0.0013
NA 0.00 0.00 1.00
Short 0.60 0.56 1.82%
Height Medium 1.64 0.57 5.14° 0.0058
High 0.00 0.00 1.00*
Asbestos 1.12 0.56 3.06"
Roof Materials Tile 1.30 0.48 3.68° 0.0212
Wood 1.47 0.89 4.31° '
Galvanized 0.00 0.00 1.00%
Yes 0.48 1.97
Treatment 0.68 0.1584
No 0.00 0.00 1.00

*NA: Non available

The hen-houses with perches showed higher prevalence levels (P = 0.0013). The perches provide suitable places
for the mites to hide and nest and thus the mites can survive longer in these houses. Further, the parasites stored in
the perches can easily reach the host. The houses with a roof height lower than 0.6 m had less infestation. The higher
houses had a greater volume, which probably improves the air quality. The roofing material of the poultry houses
significantly affected the prevalence of red mites. The lowest infestation rate was detected in the galvanized roofing
materials. Galvanized material heats up more than other roofing materials and dissipates the heat into the room
below. The poultry houses with galvanized roofs are potentially warmer than the poultry houses with a roof made
with other materials. Therefore, the roofing of the houses made with galvanized materials would have less
prevalence. As the houses with a wooden roof have better ventilation and these houses are relatively cooler than
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other houses, the prevalence of the mites were higher. On the other hand, the materials such as tile and thermite do
not heat the inside of the houses as much as the galvanized sheet does.

No statistically important effect of parasite administration on the prevalence was detected (P = 0.1584). On the
contrary, the probability of incidence of mites was found to be numerically higher in the hen-houses where a
parasite administration was performed. The analyses demonstrated that the fight for parasites is unconsciously and
uncontrollably carried out. The most remarkable finding was that the breeders do not know the first thing about
mites and the fight against them. The incorrect use of pesticides and active substances, incorrect dose, frequency of
use and application lead to ineffective fights against mites. Moreover, it is known that mites develop resistance to
the chemicals used for fighting against them (Sparagano et al., 2014) and reduce the effectiveness of acaricides used.

4, Conclusion

This first report from Turkey on the prevalence of Dermanyssus gallinae in backyards has shown that red mite is
a serious problem. In general, it was observed that infestation rate increases with improved coop conditions. The
prevalence was better in the higher and well-ventilated hen-houses. It was further found that the probability of
incidence of mites was higher in the hen-houses higher than 0.60 m and with better ventilation and roof insulation,
regardless of the hygiene of the hen-houses. This points out that having “favorable” conditions in hen-houses for
breeding also means having favorable conditions for mite reproduction. Furthermore, the prevalence possibly varied
by location, and the parameters discussed are closely related to the hen-houses conditions. It should be noted these
results are valid for the period studied and further studies should be performed throughout an entire year. The
knowledge on the relation of hen-house conditions to survival during specific abiotic conditions provides useful
information for the understanding of their population dynamics.
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