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CHAPTER 1

THE EFFECT OF SEEDLING HEIGHT ON YIELD
AND QUALITY OF SOME OKRA VARIETIES IN
THE CENTRAL BLACK SEA COASTAL ZONE!

ADNAN UGUR?
SUDE CAVLI?
UMRAN GUL?

1- INTRODUCTION

Vegetables are important components of a healthy diet due to
their carbohydrate, protein, mineral, and vitamin content. More than
50 different vegetables are cultivated in our country (Vural et al.,
2000). Our annual vegetable production exceeds 30 million tons, and
per capita vegetable consumption is around 258 kg. Okra is among
the vegetables with lower production and consumption rates
compared to other vegetables. Our country has an annual okra
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production of around 30,000 tons. Balikesir ranks first with 3,796
tons, followed by Osmaniye with 3,259 tons, Aydin with 3,124 tons,
Amasya with 2,855 tons, and Izmir with 2,736 tons (TUIK, 2022).
Records indicate that the gene center of okra and related species is
Ethiopia, Egypt, India, Indonesia, and West Africa (Esiyok, 2012).
Duzyaman (1998) states that okra cultivation is widespread in
tropical, subtropical, and Mediterranean climate zones. Perennial
species are found in West Africa. Yildiz et al. (2016) determined that
Turkish okra genotypes show similarities with African and Indian
samples in their study using SRAP markers. Vural et al. (2000) stated
that there is a rich diversity in our country and that each of these
varieties is superior to foreign okra varieties in terms of quality
characteristics. Sultani okra, Bornova okra, Balikesir okra, and
Amasya okra (Flower) are among our important okra varieties. Okra
is consumed fresh during the summer months and dried and canned
outside of the season. Okra is important for joint health due to its
mucilaginous structure and is also a good dietary vegetable in terms
of its vitamin, protein, and raw fiber content.

Okra plant growth depends on genotypic characteristics but
can vary according to ecology. The optimum growth temperature for
okra is 25-30°C, and it is commercially grown in warm ecologies
(Duzyaman, 2004). Plant height and branching characteristics are the
most influential factors in productivity. Ecological conditions during
the plant's early development period determine plant height.
Different studies have reached different results regarding plant
height in okra. While Erdogan (2017) states that plant height varies
between 60.13-144.25 cm, Duzyaman (2005) states that plant height
values in okra genotypes range from 166.4-309.4 cm. Thirupathi
Reddy et al. (2012) reported plant height values of 79.9-172.0 cm,
Yildiz et al. (2021) 50-258. 3 cm, Karagul (2003) 50.4-258.6 cm,
Binalfew and Alemu (2016) 64-258 cm, and Nwangburuka et al.
(2012) 38.56-132.55 cm. Erdogan (2017) stated that high
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temperatures observed during the vegetation period, along with
ecological factors such as excessive rainfall, cultural practices,
irrigation status, and nitrogen fertilizer applications, affect plant
height. Okra has a thick and sturdy stem, and node length is a varietal
characteristic that varies depending on the ecology. Plants in warm
regions tend to have relatively shorter nodes, while node length
increases in cool and rainy regions. A leaf and a flower or lateral
shoot formation are observed from the nodes. The number of lateral
shoots and stem length directly affect yield (Vural et al., 2000). Since
okra production involves continuous harvesting, short-statured
genotypes are preferred to facilitate harvesting. However, the
number of nodes is also important for yield. Since one fruit is
harvested from each node, plant height is an important criterion for
total yield (Yildiz et al., 2021). The ecology of the cultivation site
also significantly affects plant development. In the Central Black Sea
coastal belt, due to the high number of cloudy days in spring, plants
grown in a humid and cloudy ecology increase their leaf size to
benefit more from the sun, and with rapid growth, the internodes
lengthen. This situation causes a decrease in the number of nodes in
okra plants due to rapid growth, which in turn leads to a decrease in
yield. Here, practices that can increase side shoot formation by
controlling rapid growth come to the fore. At this point, chemical
seedling height control applications are seen as a practical option.
Previous paclobutrazol (PP333) applications on different species
have resulted in shorter plants (Ugur and Eser, 2000; Bozokalfa et
al., 2003; Duman and Duzyaman, 2003; Ugur and Kavak, 2007,
Copur and Sar1, 2012; Ucan and Ugur, 2021).

The study aimed to determine changes in certain plant, fruit,
and yield characteristics in the cultivation of short seedlings obtained
by applying paclobutrazol doses with growth-retarding effects to
okra seeds before planting in the Central Black Sea coastal zone.
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2- MATERIALS AND METHODS
Material

Seeds from commercial Sultani and Tombul okra varieties
were used in the study.

Seed Applications and Seedling Cultivation

In the study, paclobutrazol, a chemical with a retarding effect,
was applied to the seeds of the varieties prior to sowing. Solutions
of paclobutrazol were prepared at doses of 0, 10, and 20 ppm. Fifty
grams of seeds were placed in 500 cc solutions according to the
doses and treated at room temperature for 24 hours. After
application, the seeds were washed with pure water and dried on
filter paper at room temperature until air-dry, then stored. Prior to the
study, the materials used in seedling cultivation, the trays, and the
growing medium were treated with a licensed commercial fungicide
containing 25 g/l Fludioxonil + 10 g/l Metalaxyl-m active
ingredients to eliminate potential root diseases. The study was set up
in a randomized block design with 3 replicates, and each tray was
taken as a replicate of the experiment. A 3:1 mixture of peat and
perlite was prepared for seedling cultivation and moistened. After
one day under plastic cover, the mixture was filled into 45-cell
planting trays measuring 52*32 cm with a root volume of 75 ml.
Seeds were sown 1.5 cm deep in the planting trays, one seed per cell.
After planting, a commercial fungicide solution was applied as a
post-planting treatment. Subsequently, plastic sheeting was placed
over the trays. The environmental humidity was checked daily,
watering was continued as needed, and the cover was kept in place
until the seedlings emerged. After the seedlings emerged, the plastic
cover was removed, and all cultural practices were meticulously
carried out until the seedlings reached transplanting size (Vural et
al., 2000).
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Measurements Taken During the Seedling Stage

Before planting, seedling height, stem diameter, number of
leaves, SPAD, and dry weight values were determined. Seedling
height was measured in centimeters using a ruler from soil level to
the growing tip. Stem diameter was measured in millimeters using a
digital caliper 2 cm above soil level. Leaf chlorophyll content
(SPAD) was determined by measuring a total of 5 randomly selected
leaves in each application using a chlorophyll meter (Opti-Sciences
Leaf Chlorophyll Meter, USA, CCM-200). For dry weight values,
seedling samples were kept in an oven set at 70°C for 72 hours, and
the initial and final weight values were calculated as a percentage by
comparing the two values.

Field Trial and Measurements Taken on Plants

The seedlings used in the application were planted in three
replicates, with 20 plants in each replicate, according to the
Randomized Block Design. The row spacing was 70 cm and the
plant spacing was 35 cm. After planting, the root zone was aerated
and weeds were controlled by hoeing twice on the 12th and 25th
days. Nitrogen-phosphorus-potassium (NPK) fertilization was
applied at doses of 8-8-12 kg/da. 2 kg of nitrogen and 8 kg of
phosphorus fertilizer per decare were applied to the soil before
sowing. The remaining 6 kg of nitrogen and 12 kg of potassium
fertilizer were divided into equal amounts and applied twice at 25
and 50 days after planting at the plant stem projection. Plant
development was monitored daily, and the following parameters
were recorded: the time to first flowering after planting, the height
of the first fruit above ground level, the number of nodes on the main
stem, the branching pattern of the plant (single, two or three
branches, multiple branches), and the total number of fruits
harvested at the end of the trial. The fruits were weighed to determine
the number of fruits and the total yield (Erdogan, 2017).



Data Analysis

The JUMP package program was used for statistical analysis
of the experimental data. Significant differences between the
possible effects of paclobutrazol applications and varieties on
seedling development characteristics, plant growth, and fruit yield
were determined using the LSD multiple comparison test. A
significance level of p<0.05 was used for significant differences
between applications.

3- RESULTS AND DISCUSSION
Findings from the Seedling Stage

The seedling height, seedling diameter, number of leaves,
SPAD, and seedling dry weight values for okra seedlings prior to
planting are given in Table 1.

Table 1. Some plant characteristics during the seedling stage

Seedling Seedling Number of Seedling dry
Treatment height diameter leaves SPAD weight
(cm) (mm) (per plant) (%)
Sultani control 10.58 245¢ 2.21 3085 ¢ 5.65
Sultani 10 ppm 6.80 2.56 ¢ 2.20 35.70 ¢ 6.84
Sultani 20 ppm 5.37 3.08 ab 2.27 53.80a 7.92
Sultani mean 7.58 A 270B 2.23 40.12B 6.80 B
Tombul control 10.91 3.29a 2.27 41.75b 6.62
Tombul 10 ppm 5.09 3.02b 2.27 44.13 b 7.89
Tombul 20 ppm 4.40 3.08 ab 2.13 43.03 b 8.67
Tombul mean 6.80 B 3.13A 2.22 4297 A 773 A
Control (water) 10.75 a 2.87b 2.23 36.30 b 6.14b
10 ppm PP333 595b 2.79b 223 39.92b 7.37 ab
20 ppm PP333 4.89¢ 3.08a 2.20 4840 a 8.30a
ns., not significant |y opy  0.58%% | LSDar: 0225 LSDyar: ns. LSDyar: 1.45% LSDyar: 0.65%
5 p=005 LSDaose:1.02%* | LSDaose:0.14* LSDuose:ns. LSDiose:d.27%* LSDaose:1.28*
s, ig:g(ln LSDuredoset 15 | LSDuaredoset 0.26% | LSDyaredoset 0. | LSDvarsaosei5.23% | LSDyaredoet s.
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Okra seedling heights varied according to variety and
paclobutrazol application rate. Sultani okra seedlings were found to
be taller than Tombul okra seedlings. Paclobutrazol application rate
affected seedling height, with the shortest seedlings observed at a 20
ppm paclobutrazol application. The 20 ppm dose produced seedlings
that were 54.51% shorter than the control. In terms of seedling
diameter values, the Tombul variety produced seedlings with thicker
stems, with the seedling diameter value of 2.70 mm in the Sultani
variety reaching 3.13 mm in the Tombul variety. Similarly, the
thickest seedlings were obtained with 20 ppm paclobutrazol
applications. It was determined that variety and paclobutrazol
applications had no effect on leaf numbers. Variety, application dose,
and interaction effects on seedling leaf SPAD values were found to
be statistically significant. The SPAD value of the Tombul variety
was found to be higher, and the chlorophyll value increased at the 20
ppm application. This situation was also seen in seedling dry weight
values; the dry matter content was found to be high in the seedlings
of the Tombul variety, and the 20 ppm dose of paclobutrazol
applications increased the dry matter content in the seedlings. In the
Yozgat region, the seedling height of the Amasya Cigek okra
genotype, known as Kara okra, was found to be 9.01 cm, while that
of the Yalova Akkoy variety was 10.47 cm. The stem diameter values
of the okra genotypes were determined to be 3.09 and 3.48 mm,
respectively. In the study, leaf SPAD values and actual leaf counts
were found to be similar. Leaf SPAD values were determined to be
45.59-45.63 (Demir et al., 2019).

Findings Related to the Yield Period
Initial Fruit Height and Yield Values

The initial fruit height and yield values for okra plants are
presented in Table 2.



Table 2. Initial fruit height and yield values according to

applications
Treatment Initial fruit height (cm) yield (g m?)
Sultani control 24.23 548.29
Sultani 10 ppm 15.61 729.48
Sultani 20 ppm 15.23 783.66
Sultani mean 18.36 A 687.14 A
Tombul control 16.03 566.93
Tombul 10 ppm 10.63 563.25
Tombul 20 ppm 9.88 746.37
Tombul mean 12.18B 625.52 B
Control (water) 20.13 a 557.61 ¢
10 ppm PP333 13.12b 646.37 b
20 ppm PP333 12.56 b 765.02 a
ns., not significant LSDuar: 3.72%* LSDuyart 28.32%
% 5<0.001 vartdose? 15- e

In okra plants, the first fruit height was found to be
statistically significant in terms of variety and application rate
parameters. In terms of varieties, the first fruit height was found to
be lower in the Tombul variety at 12.18 cm. Paclobutrazol
applications had a reducing effect on first fruit height, resulting in
reductions of up to 37.61%. In terms of yield values, variety and
application rate were found to be statistically significant. Yield was
higher in the Sultani okra variety at 687.14 g m2, compared to the
Tombul variety. Paclobutrazol applications resulted in significant
increases in plant yield. Yield, which was 557.61 g m-2 in the
control, was determined to be 765.02 g m-2 with a 20 ppm
paclobutrazol application. Tanal (2002) stated that yield in okra
changed with different levels of irrigation under Sanliurfa
conditions, and that the highest yield (1015 kg ha™') was achieved
with irrigation equal to the amount of evaporation. It was stated that
increases in plant height were observed with increases in irrigation
amount.
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Fruit Characteristics

The values for fruit characteristics in okra plants are given

in Table 3.
Table 3. Some fruit characteristics according to treatments
Treatment Average Fruit Fruit Length Fruit Diameter Fruit Dry
Weight (g) (cm) (mm) Weight (%)
Sultani control 10.55 10.23 ¢ 13.65c 14.46
Sultani 10 ppm 13.51 12.81 ab 15.93 be 15.51
Sultani 20 ppm 16.83 14.84 a 1520 ¢ 16.62
Sultani mean 13.63 B 12.63 A 1493 B 1553 B
Tombul control 17.08 11.11 be 18.86 ab 16.21
Tombul 10 ppm 17.58 12.88 ab 2228 a 17.92
Tombul 20 ppm 18.04 11.92 be 21.00 a 18.94
Tombul mean 17.56 A 11.97B 20.71 A 17.69 A
Control (water) 13.81b 10.67 ¢ 16.26 b 15.34b
10 ppm PP333 15.54 ab 12.85b 19.11a 16.72 ab
20 ppm PP333 1743 a 13.38 a 18.10 ab 17.78 a
e 'l‘.’}ﬂgﬂ?cam LSDuar: 2325 LSDyar: 0.55* LSDyart 421% LSDyar: 1.33*
001 LSDaose:2.64* LSDaose: 1.46* LSDosei2.67* LSDaoset 1.56*
45 0001 LSD\aredose: 1. LSDuarrdose: 2.16* LSDuardose: 3.48* LSDyardoseins.

Significant changes were observed in the average fruit
weight, fruit length, fruit diameter, and fruit dry weight values
among okra varieties according to paclobutrazol applications. The
round variety yielded higher values for average fruit weight, fruit
diameter, and fruit dry weight, while the Sultani variety was superior
in fruit length values. The average fruit weight of 17.56 g in the
Tombul variety was determined to be 13.63 g in the Sultani variety.
Similarly, the Tombul variety produced fruits that were 38.71%
thicker in terms of fruit diameter values. On the other hand, the
Sultani variety also produced fruits that were 5.51% longer than the
Tombul variety in terms of fruit length. Although an increase was
observed in fruit dry weight values depending on the application
dose, this increase was found to be statistically insignificant in the
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variety*dose interaction. The application dose had an effect in
increasing fruit dry weight values, with the highest fruit dry weight
determined at a 20 ppm paclobutrazol dose. Independent of the
varieties, the 20 ppm paclobutrazol dose yielded the highest value in
all parameters except fruit diameter. Y1ldiz et al. (2021) reported in
their study examining the fruit characteristics of local and foreign
okra genotypes that fruit diameter ranged from 6 mm to 36.1 mm,
while fruit length ranged from 32.97 mm to 127.10 mm. In the same
study, the fruit weight values of the genotypes were determined to be
between 3.80 and 19.60 g. Sartyer et al. (2024) reported that
microfertilizer (EM) and vermicompost applications had no effect
on fruit width and dry weight values in the Kurfali okra genotype,
but caused increases in fruit length and fruit weight. Fruit length,
which was 34.5 mm in the control application, increased to 44.70
mm with vermicompost applications. The high values of the research
findings compared to our values are thought to be due to the longer
harvest interval in addition to the genotypic effect. Ece et al. (2013),
who examined certain plant development and fruit characteristics in
Amasya okra genotypes in the Tokat region, determined that the first
flower height ranged from 9.60 to 17.20 cm, fruit diameter from
11.50 to 14.10 mm, fruit length from 16.40 to 28.60 mm, and fruit
weight from 1.40 to 2.30 g. According to our values, the low data is
due to the Amasya genotypes used producing small fruits and being
harvested at an earlier stage.

4- CONCLUSION

In okra varieties, paclobutrazol applications applied to seeds
resulted in shorter seedlings. After development in the field, these
retarding effects were observed to continue for a period of time, and
plants with short internodes were observed. Yield values increased
in plants with short internodes. The response of varieties to
applications was found to be different. Due to the decrease in
internode distance, the first fruits formed at a height closer to the soil
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level. In our study, the increasing number of internodes in unit plant
size increased yield. Genotype behavior is among the most important
factors affecting fruit characteristics. Sultani-type
varieties/genotypes stand out in terms of fruit length, while the
plump okra type yields higher values in terms of fruit diameter. The
fact that the genotypes used are local genotypes may also be another
reason for the variation observed. In terms of ecological factors,
temperature has a high impact. However, due to lower temperature
values in the northern belt, where our region is located, compared to
our southern and western regions, plants grow more slowly and form
wider leaves. Another issue is that the sudden onset of high
temperatures during the spring growth period directly affects plant
height and, consequently, yield.

In addition to plant height control practices carried out during
the seedling stage, it is thought that adjusting the planting and
sowing times for different okra varieties and repeating the growth-
retarding practices in the field will provide us with more diverse
information on the subject.
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CHAPTER 2

5403 SAYILI TOPRAK KORUMA VE ARAZI
KULLANIMI KANUNU’NA, 6537 SAYILI KANUN
ILE YAPILAN DEGISIKLIKLERIN GETIRDIiGI
KAZANIMLAR VE EN GUNCEL GELISMELER

MELTEM AYAZ!

Giris
Bir iilkenin kendi kendine yeten bir lilke olabilmesi kendi
tarimiyla kendi gidasini iiretmesine baglidir. Tarimda disa bagimh
olmamak ve tarimi sanayii yatimlariyla da desteklemek yoluyla

ekonomik refaha ulagsmak miimkiindiir. Bir iilkenin varolusunda
toprak bu nedenle en 6nemli unsurdur.

Toprak kaybi sadece toprak ve su erozyonlariyla ortaya
cikmaz.  Tarim arazilerinin korunumunda, topraklarin dogal
yapisindan ileri gelen sorunlar (taslilik, tuzluluk, egimlilik, toprak
derinligi v.b) bir tehdit olusturmakta iken, asil sorun ne yazik ki dis
faktorlerden kaynaklanan ve ¢Oziimii basit faktorlerden
olusmaktadir. Oyle ki; yanlis tarimsal uygulamalar, plansiz
sehirlesmeler, kdyden kente gocler sonucunda atil kalan tarimsal
araziler, niifusta olan artigla beraber ingaat sahasina donen araziler

L Dr, T.C_ Tar}m ve Orman Bakanligi, Zeytincilik Arastirma Enstitiisii
Midirligii-IZMIR, Orcid: 0000-0001-6447-2149
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nedeniyle kaybedilen topraklarimiz hizla artmaktadir (Yiizal ,
2019; Celen, 2021).

Tirkiye, gelismekte olan, niifusu hizla artan bir iilkedir.
Tiirkiye’de tarim dis1 sektorlerin (ingaat, endiistri, sanayii gibi)
daha hizli bir ivmeyle gelismesi tarim arazilerinin iizerindeki
baskiy1 artirmaktadir. Oyle ki 1990 yilinda 0,76 ha olan kisi basina
toplam tarim alam1 miktari, 2022°de 0,28 ha alana dismiistiir
(Anonim, 2024-b). Bu nedenlerle topraklarimizi korumaya daha
cok Ozen gosterilmesi ve kanunlarda yapilacak diizenlemelerle
daha ciddi yaptiimlarin hayata gegirilmesinin  hizlanmasi
gereklidir.

Tiim diinyada oldugu gibi Tiirkiye’de de Tarim Arazilerinin
Korunmasi1 ve Kullanimmna Yonelik Politikalara iliskin yasalar
cikarilmistir (Ekici ve Sayili, 2010; Ozgelik, 2015; Yavuz ve Topuz,
2015; Kartal, 2019; Anonim, 2024-a). Bu makalemizde Tiirkiye’de
“Toprak Koruma ve Arazi Kullanimi Kanunu” nun ge¢irdigi
asamalara bakma ve en gilincel degisiklikleri irdeleme imkanina
sahip olacagiz.

MATERYAL VE METOT

Aragtirmamiz sosyal bilimler alaninda siklikla kullanilan
ikincil verilerin degerlendirilmesi yOntemiyle hazirlanmistir.
Kiecolt ve Nathan (1985)  ikincil verileri; daha onceden
hazirlanmis arsiv bilgilerinden ya da anket sonuglarindan elde
edilmis veriler olarak tanimlamakta, veri bankalarinin tamamindan
ya da bir kismindan farkli kombinasyonlarda bir araya getirilmis
bilgileri bu kapsam havuzuna dahil etmektedirler. Creswell (2003)
ise; bir amaca yonelik derlenip toplanmis elde mevcut olan her
tirli  bilgi, veri ve dokiimanlari, baska bir amag¢ igin
kullanilabilecek ikincil veriler olarak tanimlamaktadir.

Calismamizda, “Toprak Koruma Ve Arazi Kullanimi

Kanunu” ana catist altinda yer alan Tarim Sektorii Uygulamalari
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ve giincel durum hakkinda ikincil veriler (strateji planlari, kanunlar,
caligma raporlari, raporlar ve makaleler vb ) incelenmis ve analiz
edilmisgtir.

TURKIYE’DE “TOPRAK KORUMA VE ARAZI
KULLANIMI KANUNU” NUN GECIRDiGi ASAMALAR:

Ulkemizdeki toprakla ilgili ilk kanun, 1973 yilinda “1757

Sayih Toprak ve Tarim Reformu Kanunu” ismiyle yliriirliige
giren kanundur.

1757 Sayih Toprak ve Tarmm Reformu Kanunu: 17
Temmuz 1973'te yiiriirliige giren bu kanunun temel amact;
tarim arazilerinin en uygun bi¢imde isletilmesi ve tarimsal
iretimin  ulusal kalkinmaya gore  gelistirilmesinin
saglanmasidir. Ayn1 zamanda topraksiz ailelerin toprak
sahibi yapilmalari,  Tarim Reformu Kooperatiflerinin
kurularak arazi reformlarinin amaglarinin uygulanmasi i¢in
kiracilikk  ve  ortak¢ilik  iliskilerinin  diizenlenmesi
hedeflenmistir. Arazi par¢alanmalarmin 6nlenmesi, arazi
toplulastirma c¢alismalarinin gerceklestirilmesi ve Ornek
koylerin olusturulmasi hedeflenmistir. Ayrica tarimsal
faaliyette  kullanilan toprak ve su kaynaklarinin
iyilestirilmesi ve gelistirilmesi ile ilgili imkanlarin
saglanmasi, programlamalarin yapilmasi hedeflenmistir.

3083 Sayilh Tarim Reformu Kanunu: Sulama alanlarinda
arazi diizenlemesine iliskin 1 Aralik 1984'te yiirtirliige giren
kanunla mevcut toprak kanununda bir takim iyilestirmeler
yapilmistir. Yapilan diizenlemelere gore, dagitimi yapilan
topraklar boliinemez ve haczedilemez veya kiraya
verilemez. Eger cift¢ilik yapmaktan vazgecilecek olunursa,
toprak uygulayici kurulusa rayi¢ bedeli karsiliginda iade
edilebilir. Bu degisiklik tarim arazisinin aile isggiiciinii
degerlendirmek icin yeterli olmayacak derecede ufak
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pargalara pargalanmasinin ailenin gegimini zora koyacak
kadar kiiciiltiilmesinin Oniinii kapatmak icin yapilmistir.
Bunun yani sira; mirasin agilisindan itibaren 6 ay iginde
mirascilarin  kendi aralarinda aile ortakligi seklinde
isletmedikleri veya rizaylariyla kendi aralarinda devir ve
temlik islemlerini yapmadiklar1 durumlarda, topragin ve
eger varsa isletmeyle iligkili tim gayrimenkullerin bedeli
uygulayict kurulus tarafindan geri alinmaktadir. Odeme,
kanun hiikiimlerine gore yapilir. Boyle bir durumda,
uygulayict  kurulusa, geri alinan isletmeyi, Oncelik
miras¢ilarda olmak iizere ya da topraksiz olan veya az
topragt olan ¢iftcilerden birine tahsis etme yetkisi
tamimlanmistir. Kisaca Ozetlersek; yapilan degisikliklerle,
arazi toplulastirma calismalarinin hiz kazanmasi ve arazi
parcalanmalarinin 6nlenmesi, tarim arazilerinin amag dis1
kullanom  durumunun iyilestirilmesi  amaglanmistir
(Anonim, 1984; Ekinci ve Sayili, 2010).

5403 Sayih Toprak Koruma Ve Arazi Kullanim
Kanununa Bir Bakis: 19 Temmuz 2005 tarihinde, tarim
arazilerinin amag dis1 ve yanlis kullanimlarinin énlenmesi
ve arazi korumay1 saglayacak yontemlerin olusturulmasina
yonelik ihtiyaglarin ortaya ¢ikmasi lizerine; sorumluluk ve
gorev tanimlarinin netlestirilmesini saglayan, siirdiirtilebilir
arazi yonetimi anlayisinin benimsendigi 5403 sayili yasa
cikarilmistir. Siirdiiriilebilir arazi yonetimi anlayisinin temel
olarak benimsendigi 5403 sayili bu yasanin amag ve
kapsamiyla ilgili en 6nemli maddeleri sunlardir:

Madde 1’de bu kanunun ¢ikis amacinin, topraklarimizin

dogal veya yapay yollarla olabilecek kaybini dnlemek ve

niteligini yitirmesini engelleyerek korunmasini,

gelistirilmesini  saglamak oldugu belirtilmistir.  Aym

zamanda bu kanunun cevreyi dncelige alarak siirdiiriilebilir
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kalkinma ilkesiyle, planli arazi kullanimmi saglama
konusunda ustil ve esaslar1 belirleyen bir kanun oldugu
vurgulanmistir.

Madde 2’de bu kanunun asagida sayilan konularla iligkili
¢Oziim sunulmasiyla ilgili, gérev, sorumluluk ve yetkilerin
tanimlamalarinin yapilmasiyla ilgili esaslar1 ve usiilleri
kapsadigi  belirtilmisti. = Bu  hususlar;  arazilerin
siiflandirilmas1 ve toprak kaynaklarinin bilimsel esaslara
dayanarak belirlenmesi, ve arazi kullanim planlarinin
hazirlanmasi, koruma ve gelistirme siireci boyunca
toplumsal, ekonomik arazi yonetimi kavrami gelistirilmesi
ve Tirkiye gereksinimi gozetilerek cevresel boyutlarinin
katilimc1 yontemlerle degerlendirilmesi, tarim arazilerinin
amag dist ve yanlis kullanimlarin 6nlenmesi ve arazilerin
korunumunu saglayacak yontemlerin olusturulmasi olarak
siralanmustir.

Madde 10’da 2 temel konu {izerinde acgiklamalar
yapilmistir; arazi kullanim planlarinin olusturulmas: ve

arazilerin usuliine uygun kullanimi. Hazirlanan arazi
kullannm planlarinda; tlkesel, bolgesel ve yerel Olcekte
tarim arazileri, mera arazileri, orman arazileri, yerlesim
alanlari, 6zel kanunlara gore belirlenmis bazi alanlar,
toplum hedefli altyap:1 tesisleri ve diger arazi kullanim
sekillerine yer verildigi belirtilmektedir. Arazi kullanim
sekillerinin belirlenmesi hususunda ise; toprak haritalar1 ve
toprak veri tabani, su potansiyeli esas alinarak topragin
niteligi, arazinin Ozellikleri gozetilerek uygun arazi
kullanim sekillerinin belirlenmesi hedeflenmistir. Bu hedefe
ulasmada c¢evresel siirdiiriilebilirlik ilkesinin yan1 sira
tilkesel ve bolgesel planlamalara temel olusturan ve diger
fiziki planlamalarin da gozetilerek uygun arazi kullanim
sekillerinin belirlenecegi bildirilmektedir.
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Madde 11°de arazi sahiplerinin ve araziyi kullananlarin
hazirlanan plan ve projelere uymakla yiikiimli oldugu
bildirilmistir.

Kanunun 20. ve 21. maddelerinde ise tarim ve tarim dist
arazi kullaniminin ilgili koruma projelerine uygun
olmamasi durumunda izinsiz yapilan her tiirlii yapinin
yikilmas1 hitkkme baglanmaistir.

Kisaca  Ozetlersek;  yapilan  degisikliklerle, arazi
parcalanmalarinin 6nlenmesi, tarim arazilerinin amag dis1
kullanim durumunun iyilestirilmesi ve arazi toplulastirma
calismalarinin  hiz  kazanmasi amaglanmistir.  Ancak,
yirirliige konulan Toprak Koruma ve Arazi Kullanimi
Kanununda siirdiirtilebilir arazi yonetimi temel alinip bir
hayli benimsenmis olsa da giiclii bir denetim mekanizmasi
getirilememistir bu da ileride yeni bir revizyon ihtiyaci
getirecektir (Anonim, 2005; Yiizal, 2019 ; Erkan ve ark,
2011).

EN GUNCEL KANUNUMUZ OLAN 5403 SAYILI TOPRAK
KORUMA VE ARAZi KULLANIMI KANUNUNA BiR
BAKIS:

Gelisen ve degisen toplumsal sartlar nedeniyle bir 6nceki
baz1 hususlarda revizyona ihtiya¢ duyulmasi, ayrica iilkemizdeki
mevcut isletmelerin kiigiik, daginik yapida ve parcali oluslarinin
tarim yapilmasini zorlastirmasi ve mevcut tarim arazilerinin miras
yoluyla daha da kiiciik parcalara boliinmeye maruz kalmasi
tizerine, kanunda degisiklige gidilmesi ihtiyact olusmustur. 30
Nisan 2014 tarihinde; “5403 sayili Toprak Koruma ve Arazi
Kullanim1” Kanunu igerisindeki 8. maddede bir takim degisiklikler
yapilarak tarim arazilerinin bdliinmesini engellemeyi amaclayan
“6537 Sayili Kanun” olusturulmustur.

--20--



e 5403 Sayih Kanunun 6537 Sayii Kanun lle Degisik
Hiikiimleri: 6537 sayili kanunla yapilan degisikliklerin
temel amact asagida sayillan 3 madde etrafinda

Ozetlenebilir;

1. Topragin korunmasi, gelistirilmesi, tarim arazilerinin
kullanim amacina uygun siniflandirilmasi,

2. Asgari tarimsal arazi ve yeter gelirli tarimsal arazi
biiytikliiklerinin =~ net  sirlarla  belirlenmesi  ve
boliinmelerinin 6nlenmesi,

3. Tarmmsal arazi ve yeter gelirli tarimsal arazilerin g¢evreye
oncelik veren, siirdiiriilebilir kalkinma ilkesine uygun
olarak planli kullanimin1 saglayacak usul ve esaslar
belirlemek “ tir.

Kisaca Ozetlersek; en gilincel kanunumuza gore, Tarim ve
Orman Bakanligi'nca belirtilen minimum biiyiikliige sahip
tarimsal araziler, arttk boliinemez bir esya niteligini
kazanmistir. 6537 Sayili kanunun en biiylik kazanimi sadece
bu degildir, bunun yani sira arazi miras hukukuyla, tarim
arazilerinin sahipliginin miras olarak belirlenmis ise
mutlaka devir mecburiyetinin getirilmesi, eger sinirlar ayni
ise tarim arazilerine 6nalim hakki taninmasi, kazanimlari
korunmaktadir. Ayrica payl sahipligi olan tarim arazilerinde
payin aktarimi ve rehinini yasaklayan karar da mevcuttur

(Anonim, 2014).

EN GUNCEL KANUNUMUZDA 6537 SAYILI KANUNLA
YAPILAN DEGIiSIKLIKLERIN GETIiRDiGi KAZANIMLAR

Bu kanunla getirilen baslica diizenlemeler su sekilde
Ozetlenebilir:
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. Tarim arazilerine net bir biiylikliik sinirlamasi
getirilmis ve tarim arazilerine boliinemez esya
niteligi kazandirilmistir.

. Tarim Bakanliinca; mutlak, marjinal ve 6zel iirlin
arazilerinde bdliinebilecek en alt parsel 2 ha, dikili
araziler i¢cin 0,5 ha, tarim yapilan Orti alt1
yetistiricilik arazilerinde 0,3 ha béliinebilecek en alt
parsel sinir1 olarak tanimlanmistir.

. Tarim Bakanhgmca biiyiikliikleri belirlenen ve
yasayla resmilestirilen tarim arazilerinin
parcalanmasi, kii¢liltiilemesi ve pay olarak ayrilmasi
yasaktir. Eger bir arazinin miilkiyeti devlete aitse bu
arazilerin satig prosediirleri haricinde pay ve paydas
adedi yiikseltilemez ve Tarim Bakanliginca
aralarinda ekonomik iliski oldugu tespit edilen ve
ayni sahsa ait olan tarimsal alanlar beraber
iliskilendirilir.

. Kuru tarim yapilan arazilerde 10 da, sulu tarim
yapilan arazilerde 5 da, dikili tarim arazilerinde 3 da,
ortii altt tarim1 olan arazilerde 1 da ve tlizerindeki
(hisseli veya miistakil) tlim araziler eger ayn1 kdy ya
da mahalle sinirlart i¢inde yer aliyorlarsa ekonomik
bir biitiinliik teskil ederler.

. Farkli sinirlar i¢inde konumlanan (kdy ve mahalle
anlaminda) ve en uzak parselle olan uzakligr 5
km’den daha az olan kuru tarim yapilan arazilerde
10 da, sulu tarim yapilan arazilerde 5 da, dikili tarim
arazilerinde 3 da, Ortii alt1 tarimi1 yapilan arazilerde 1
da ve daha yukarisindaki biiyiikliikteki hisseli veya
miistakil olusuna bakilmaksizin tim araziler
ekonomik bir biitlinliik teskil ederler.
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6.

Kisaca

Tarimsal iiretimin yapildig1 parselle uzakligir 5 km
tizerinden daha fazla olan, kdy ve mahalle a¢isindan
farkli smirlar i¢inde konumlanan araziler kanuna
gore ekonomik biitlinliik teskil etmez.

ozetlersek; en giincel 6537 sayili toprak

kanunumuzun c¢ikisindaki temel amag tarim arazilerinde miras,

devir vb nedenlerle olan par¢alanmalarin ve kiiglilmelerin
engellenmesidir. Bu kanunda;

1.

2.

3.

4.

Tarimsal arazi biiyiikliiklerini ifade ederken; yeter
gelirli ve asgari biiyiikte ifadelerine yer verilmesi,

Medeni hukuk kapsaminda bu degisikliklerin en
Onemli olani; tarim arazisi miras olarak
belirlenmigse sahipliginin devri mecburiyetinin
getirilmesi hususuna yer verilmesi,

Ayni sinirlarda yer alan tarim arazi yurtluklarina
onalim hakki taninmasi,

Tarim arazileri payli sahiplikteyse bunlarda payin
aktarimini ve rehinini yasaklayan kararin ¢ikarilmasi
ile ilgili konularda koklii degisiklikler yapilmistir.

Burada iizerinde durulmasi gereken en énemli konu, toprak
kaynaklarimiza sahip c¢ikilmasiyla ilgili alinan bu Onlemlerin
islevsel olabilmesi i¢in toplumun bu konu hakkindaki bilgisinin ve
koruma bilincinin  okul siralarindan baslayarak arttirilmasi

gerekliligidir.

Bu saglanamadig1 takdirde, alinan Onlemler tek

basina yeterli fayda saglayamayacaktir (Anonim, 2014 ve Ozcelik,

2015).

7442 SAYILI TARIM VE ORMAN KANUNU VE BAZI
KANUNLARDA YAPILAN DEGISIKLIKLERIN GETIRDIiGI
EN GUNCEL KAZANIMLAR:
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5 Nisan 2023 tarihine gelindiginde, Anayasa Mahkemesinin
karartyla 7442 sayih Tarim ve Orman Kanunu ve bazi
kanunlarda degisiklik yapilmistir. Bu kapsamda, {ist {iste iki yil
sireyle islenmeyen, atil kalan tarim arazilerinin iiretime
kazandirilmas1 amaciyla arazi sahiplerinin arazilerini tarimsal ekim
icin kiraya verebilmelerinin 6nii agilmistir (Anonim, 2023-a).

Kamuoyunda daha ¢ok orman kanunu diye bilinen bu son
degisiklikle edinilen diger kazanimlardan bahsedecek olursak;

1. Planli Uretime Gegilecek: Hasat doneminde higbir
ciftcimizin pazarlama sorunu yasamamasi i¢in alinan
tedbirlerin basinda, tarim havzasi modeline gore iretim
yapilmasi gelmektedir. Arz ve talep miktar1 dikkate alinarak
belirlenen iirlinlerin iiretimi tesvik edilecektir.

2. Suya Gore Tarim Yapilacak: Iklim degisikligini dikkate
alarak dogal kaynaklarimizin korunmasi hedeflenecektir.
Suyu merkezine alan_bir anlayisla bitkisel ve hayvansal
iiretim planlanacaktir.

3. Uretim Kaynaklari En Iyi Sekilde Kullanilarak Tarimsal
Hasila Arttinlacaktir: Arz ve talep dikkate alinarak
iiretilecek iirlin en uygun yerde, ihtiya¢ duyuldugu miktar
kadar tiretilecektir.

4. Bos Arazi Kalmayacak: Ust iiste iki yil siireyle islenmeyen,
at1l kalan tarim arazilerinin liretime kazandirilmasi amaciyla
arazi sahiplerinin arazilerini tarimsal ekim ig¢in kiraya
verebilmelerinin Onii agilacaktir. Bahsi gegen kiralama
islemi, arazinin vasfinin degistirilmemesi sartiyla ve rayig
bedelden daha asagi olmamasi sartiyla yapilabilecektir.
Kiralamada, sivil toplum kuruluglarina ve meslek odalarma
ve arazinin bulundugu yerlesim merkezinde ikamet edenlere
oncelik hakki tanmacaktir.
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5.

7.

8.

Uretim Yapilan Tiim Alanlar Kayit Altina Almacaktir:
Bitkisel tretimle ilgili destekleme odemeleri yapilirken
CKS (Ciftci Kayit Sistemi) ile birlikte Tarim Bakanliginca
belirlenen kayit sistemleri dikkate alinacaktir. Ayrica, tapu
veya miilkiyete dayanan kayit yerine iiretimin yapildigi
biitiin alanlar kayit altina alinarak bu alanlarin iiriin
desteklemelerinden yararlandirilmasina olanak
saglanacaktir.

Sézlesmeli  Uretim  Yaygmlastirilacaktir:  Yapilacak
sozlesmede, taraflarin hak ve sorumluluklar ile tarimsal
iretimin  slirdiriilebilirligini  de  koruyacak  sekilde
sozlesmeye iliskin genel sartlar Tarim ve Orman
Bakanliginca belirlenecektir. Sozlesmeli liretimde ortaya
cikabilecek uyusmazliklar, kanun degisikligi ile getirilen
uzman ara bulucu ve basit yargilama usulii yoluyla kisa
siirede coziime kavusturacaktir. Ciftci ile alicit arasindaki
giic dengesizlikleri giderilecektir. Kiiciik iireticilerimizi
korumak i¢in tiim yargilama ve icra takip giderlerinden
dreticilerimiz gecici olarak muaf tutulacak, bu giderler
avans olarak ddenecektir.

llagc  Etkin Maddesi Amachh Kenevir Yetistiriciligi
Yapilabilecek: Hali hazirda iilkemizde lif ve tohum iiretimi
amaciyla izne tabii olarak iretilebilen kenevir, ila¢ etken
maddesi olarak da izne tabii bir bicimde TMO (Toprak
Mahsulleri  Ofisi  Genel Midiirliigii) kontroliinde
tiretilebilecektir. Kenevir liretiminin tiim agamalar1 etkin bir
sekilde kontrol edilecek ve izlenecektir. Benzer bir sekilde;
tilkemizde uzun yillardir liretimi yasak olan haghas bitkisi
de TMO tarafindan uluslararas1 anlasmalara uygun olarak
basarili bir sekilde iiretilmeye devam edilmektedir.

Orman Koyliisii Giiglendirilecek: Orman koyliileri, yakacak
odununu ve ev yaparken kullanacaklar1 keresteyi ylizde 70
indirimli alabilecekler. Orman koyliilerinin ormanla ilgili
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9.

10.

11.

12.

miilkiyet sorunlar1 ¢o6ziime kavusturulacak ve gelir
diizeylerini  arttiracak tedbirler alinacak. Orman
koylillerinin ~ sigorta  yaptirmalar1  tesvik  edilecek,
ormancilikta dijitallesmede 6nemli yenilikler getirilecektir.
Ormanlarimizin yangin dahil daha etkin korunmasi
saglanacak, ormanhik alanlardaki yanan alanlarin
rehabilitasyon islemleri daha hizli yiiriitiilecektir. Orman
yanginlarinda hayatin1 kaybeden orman personeli ile diger
kamu gorevlileri ve goniilliiler sehit statiisiine alinacaktirlar
(Anonim, 2023-b).

Planl1 Uretime Gegilecek: Hasat doneminde higbir
ciftcimizin pazarlama sorunu yasamamasi i¢in alinan
tedbirlerin basinda, tarim havzast modeline gore iiretim
yapilmasi gelmektedir. Arz ve talep miktar1 dikkate alinarak
belirlenen iirlinlerin iiretimi tesvik edilecektir.

Suya Goére Tarim Yapilacak: Iklim degisikligini dikkate
alarak dogal kaynaklarimizin korunmasi hedeflenecektir.
Suyu merkezine alan_bir anlayisla bitkisel ve hayvansal
iiretim planlanacaktir.

Uretim Kaynaklar1 En Iyi Sekilde Kullanilarak Tarimsal
Hasila Arttirilacaktir: Arz ve talep dikkate alinarak
iiretilecek iirlin en uygun yerde, ihtiya¢ duyuldugu miktar
kadar tretilecektir.

Bos Arazi Kalmayacak: Ust iiste iki yil siireyle islenmeyen,
at1l kalan tarim arazilerinin liretime kazandirilmasi amaciyla
arazi sahiplerinin arazilerini tarimsal ekim i¢in kiraya
verebilmelerinin Onii agilacaktir. Bahsi gegen kiralama
islemi, arazinin vasfinin degistirilmemesi sartiyla ve rayi¢
bedelden daha asagi olmamasi sartiyla yapilabilecektir.
Kiralamada, sivil toplum kuruluglarina ve meslek odalarma
ve arazinin bulundugu yerlesim merkezinde ikamet edenlere
oncelik hakki tanmacaktir.
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13.

14.

15.

16.

Uretim Yapilan Tiim Alanlar Kayit Altina Almnacaktir:
Bitkisel tretimle ilgili destekleme odemeleri yapilirken
CKS (Ciftci Kayit Sistemi) ile birlikte Tarim Bakanliginca
belirlenen kayit sistemleri dikkate alinacaktir. Ayrica, tapu
veya miilkiyete dayanan kayit yerine iiretimin yapildig
biitiin alanlar kayit altina alinarak bu alanlarin iiriin
desteklemelerinden yararlandirilmasina olanak
saglanacaktir.

Sézlesmeli  Uretim  Yaygmlastirilacaktir:  Yapilacak
sozlesmede, taraflarin hak ve sorumluluklar ile tarimsal
iretimin  slirdirilebilirligini  de  koruyacak  sekilde
sozlesmeye iliskin genel sartlar Tarim ve Orman
Bakanliginca belirlenecektir. Sozlesmeli liretimde ortaya
cikabilecek uyusmazliklar, kanun degisikligi ile getirilen
uzman ara bulucu ve basit yargilama usulii yoluyla kisa
siirede coziime kavusturacaktir. Ciftci ile alict arasindaki
giic dengesizlikleri giderilecektir. Kiiciik iireticilerimizi
korumak i¢in tiim yargilama ve icra takip giderlerinden
dreticilerimiz gecici olarak muaf tutulacak, bu giderler
avans olarak ddenecektir.

[lac  FEtkin Maddesi Amacli Kenevir Yetistiriciligi

Yapilabilecek: Hali hazirda iilkemizde lif ve tohum iiretimi
amaciyla izne tabii olarak iretilebilen kenevir, ila¢ etken
maddesi olarak da izne tabii bir bigimde TMO (Toprak
Mahsulleri  Ofisi  Genel Midiirliigii) kontroliinde
tiretilebilecektir. Kenevir liretiminin tiim agamalar1 etkin bir
sekilde kontrol edilecek ve izlenecektir. Benzer bir sekilde;
tilkemizde uzun yillardir {iretimi yasak olan haghas bitkisi
de TMO tarafindan uluslararas1 anlasmalara uygun olarak
basarili bir sekilde liretilmeye devam edilmektedir.

Orman Koyliisii Giiglendirilecek: Orman koyliileri, yakacak

odununu ve ev yaparken kullanacaklar1 keresteyi ylizde 70
indirimli alabilecekler. Orman koyliillerinin ormanla ilgili
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miilkiyet sorunlar1 ¢oziime kavusturulacak ve gelir
diizeylerini  arttiracak tedbirler alinacak. Orman
koylillerinin ~ sigorta  yaptirmalar1  tesvik  edilecek,
ormancilikta dijitallesmede onemli yenilikler getirilecektir.
Ormanlarimizin yangin dahil daha etkin korunmasi
saglanacak, ormanhik alanlardaki yanan alanlarin
rehabilitasyon islemleri daha hizli yiiriitiilecektir. Orman
yanginlarinda hayatin1 kaybeden orman personeli ile diger
kamu gorevlileri ve goniilliiler sehit statlisiine alinacaktirlar
(Anonim, 2023-b).

SONUC VE ONERILER

Tiim diinyada oldugu gibi Tiirkiye’de de arazilerin yanlis ve
amag¢ kullanimi tarimsal iiretimi ve ona baglantili olarak gida
iiretimini tehdit eden en 6nemli sorun olarak karsimiza ¢ikmaktadir.
Tiirkiye niifusu hizla artan gelismekte olan bir iilke olmasi
nedeniyle, Tiirkiye’de tarim dis1 sektorlerin (ingaat, sanayii,
madencilik, endiistri v.b) daha hizli gelismesi tarim arazileri
iizerindeki baskiyr artirmaktadir. Bir de son yillarda ¢ikarilan
Biiyiiksehir Yasast ile de c¢ok sayida ilde koylerin tiizel
kisiliklerinin ortadan kaldirilarak buralarin biiyliksehir sinirlarina
dahil edilmesi gelecekte tarim topraklari tizerindeki baskiyr daha da
artiracaktir. Bu nedenle bu konu ilk olarak ele alinmasi1 gereken
oncelikli bir konudur. Ayrica bu konunun tarim lehine g¢evrilmesi
icin yapilmasi gereken yeni yasal revizyonlara ihtiya¢ vardir.

Bir diger mevzu ise arazi kullanim planlarinda daha keskin
sinirlar ¢izilmeli, cezai yaptirimlar getirilmeli ve verimli tarim
arazilerinin oldugu yerlere konut yapim izni verilmemesinin sartlari
daha keskin smirlarla ¢izilmelidir. Giiniimiizde Tiirkiye’nin ¢ok
farkli yorelerindeki verimli ovalar iizerine gitgide artan bir ivmeyle
konutlar yapilmakta bu durum hem deprem riskini tetiklemekte
hem de arazilerin pargalanmasina neden olmaktadir. Bu nedenle
sehirlerin yerlesim sahalar1 belirlenirken 6zellikle verimsiz yerler
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secilmeli ve yeni konut yapacak firmalara bu arazilerden yer tahsis
edilmelidir.

Tarim arazilerinin pargalanmasini engellemek igin resmi
kurumlar arasinda Tarim ve Orman Bakanligi, Devlet Su Isleri,
Tarim Reformu Genel Miidiirliigii ve Tapu Kadastro Miidiirliikleri
ortak bir iletisim aginda karsilikli  goriis alisverislerini
yapabilecekleri bir koordinasyon olusturulmalidir. Olusturulacak bu
kurul ya yeni bir iist kurul olmali ya da her ilimizde halihazirda
bulunan Toprak Koruma Kurullarinin yeniden revize edilerek bu
kurula bagli ve daha aktif hale getirilmesi saglanmalidir.

En son olarak miras kanununun geregi olarak tarimsal
isletmenin sadece bir kisiye ozgiilendigi hallerde, s6z konusu
arazinin 6zgiilendigi miras¢i kisiye diger mirascilara olan borcunu
daha rahat ddeyebilmesi ve tarimsal iiretime devam edebilmesini
saglamak icin uzun vadeli ve diisiik faizli tarimsal krediler
saglanmalidir.

--20--



Kaynak¢a

Anonim, (1984). 01.12.1984 tarihli Resmi Gazete. Basbakanlik
Mevzuatt Gelistirme ve Yayin Genel Midirliigii, Sayi: 18592,
Ankara.

Anonim, (2005). 19.07.2005 tarihli Resmi Gazete. Basbakanlik
Mevzuati Gelistirme ve Yaym Genel Midirligi, Sayi: 25880,
Ankara.

Anonim, (2014). 30.04.2014 tarihli Resmi Gazete. Basbakanlik
Mevzuatt  Gelistirme ve Yaym Genel Mudirligl, Ankara.
https://www.mevzuat.gov.tr/mevzuatmetin/1.5.5403.pdf Erisim
tarihi: 5.7.2025.

Anonim, (2023-a). 05.04.2023 tarihli Resmi Gazete. Bagbakanlik
Mevzuati Gelistirme ve  Yaymm  Genel — Midiirligi,
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=7442&Mevzuat
Tur=1&MevzuatTertip=5 Erisim tarihi: 5.7.2025.

Anonim, (2023-b). Tarim Ve Orman Kanunu Ile Baz1 Kanunlarda
Degisiklik Yapilmasina Dair 7442 Sayili Kanun’un Getirdigi
Yenilikler Brosiirti, 20 sayfa. Tarim ve Orman Bakanligi, Egitim
Yayin Dairesi Bagkanligi. Web adresi:

https://www.tarimorman.gov.tr/EYDB/Belgeler/QrCodes/7442 SA
YILI KANUN.pdf Erisim tarihi: 5.7.2025.

Anonim, (2024 a). T.C. Resmi Gazete, 30. 04. 2014 tarihli ve 6537
sayill. 5403 Toprak Koruma ve Arazi Kullanom Kanunu. Web
available: https://www.lexpera.com.tr/resmi-gazete/metin/7442-
orman-kanunu-ve-bazi-kanunlarda-degisiklik-yapilmasina-dair-
kanun-32154-7442 Erisim tarihi: 5.7.2025.

Anonim, (2024 b) Kisi basina diisen tarim alanlar1 gostergeleri
https://cevreselgostergeler.csb.gov.tr/Kisi-basina-tarim-alani-i-

85832# ednl Erisim tarihi: 06.7.2025.
--30--



https://www.mevzuat.gov.tr/mevzuatmetin/1.5.5403.pdf
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=7442&MevzuatTur=1&MevzuatTertip=5
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=7442&MevzuatTur=1&MevzuatTertip=5
https://www.tarimorman.gov.tr/EYDB/Belgeler/QrCodes/7442_SAYILI_KANUN.pdf
https://www.tarimorman.gov.tr/EYDB/Belgeler/QrCodes/7442_SAYILI_KANUN.pdf
https://www.lexpera.com.tr/resmi-gazete/metin/7442-orman-kanunu-ve-bazi-kanunlarda-degisiklik-yapilmasina-dair-kanun-32154-7442
https://www.lexpera.com.tr/resmi-gazete/metin/7442-orman-kanunu-ve-bazi-kanunlarda-degisiklik-yapilmasina-dair-kanun-32154-7442
https://www.lexpera.com.tr/resmi-gazete/metin/7442-orman-kanunu-ve-bazi-kanunlarda-degisiklik-yapilmasina-dair-kanun-32154-7442
https://cevreselgostergeler.csb.gov.tr/kisi-basina-tarim-alani-i-85832#_edn1
https://cevreselgostergeler.csb.gov.tr/kisi-basina-tarim-alani-i-85832#_edn1

Creswell, J. W. (2003). Research Design: Qualitative and Mixed
Methods Approaches. 2 Ed. Sage publications, Inc.

Ekici, K & Sayili, M. (2010). Tarim Arazilerinin Par¢alanmasini
Onlemeye Yonelik Mevzuat Uzerine Bir Inceleme. GOU, Ziraat
Fakiiltesi Dergisi, 2010, 27(2), 121-129.

Erkan, H., Seylam, G & Yasayan, A. (2011). Arazi Yonetimi
Kavrami ve Tiirkiye Gereksinimi . TMMOB Harita ve Kadastro
Miih Odasi. 13. Tiirkiye Harita Bilimsel ve Teknik Kurultayi.
Ankara. 18-22 Nisan 2011. https://www.hkmo.org.tr

Kartal, B. (2019). 6537 Sayili Kanun ile 5403 Sayili Toprak
Koruma ve Arazi Kullanimi Kanunu’na Getirilen Degisikliklerin
Medeni Usl Hukuku Bakimindan Incelenmesi, Selguk
Universitesi Hukuk Fakiiltesi Dergisi, C.27, S.3, s: 845-884.

Kiecolt K. J & Nathan , L. E. (1985). Secondary Analysis of Survey
Data. Series: Quantitative Applications in Social Sciences, SAge
Publication.

Ozgelik, S. B. (2015). 5403 Sayili Toprak Koruma ve Arazi
Kullanimi Kanunu’nda 6537 Sayili Kanun’la yapilan degisiklikler
ve degerlendirilmesi. Ankara Haci Bayram Veli Universitesi Hukuk
Fakltesi Dergisi, 19 (1), 87-110.

Yavuz, C & Topuz, M. (2015). Toprak Koruma Ve Arazi Kullanimi
Kanununda Degisiklik Yapilmas1 Hakkinda Kanun’un Tiirk Medeni
Kanunu’nun Miras Hukukuna Iliskin Hiikiimlerinde Yaptig1
Degisiklikler. Marmara Universitesi Hukuk Fakiiltesi Hukuk
Aragtirmalart Dergisi, 21(2), 663-700.

Yiizal, B. (2019). Tirkiye'de Tarim Arazilerinin Korunmasi Ve
Kullanimma Iliskin Sorunlar Ve Politikalar. Yiiksek Lisans Tezi.

Cukurova Univ. Fen Bilimleri Enstitiisii. 118 sayfa.
--31--



CHAPTER 3

Meyve Muhafazasinda Ucucu Yaglarin Kullanim
Potansiyeli

Saadet KOC GULER!
Giris
Hasat sonrasi kayiplar, taze meyve ve sebzelerde kalite
disiisii ve miktar kaybi agisindan tarimsal iiretimin en kritik
asamalarindan birini olusturmaktadir. Birlesmis Milletler Gida ve
Tarim Orgiitii (FAO) verilerine gore, diinya genelinde iiretilen
meyve ve sebzelerin yaklasik %30-45’1 hasat sonrasi siirecte ¢esitli
nedenlerle kayba ugramaktadir. Bu kayiplarin énemli bir boliimii,
hasat sonras1 donemde gelisen fungal ve bakteriyel patojenlerden
kaynaklanmaktadir. Ozellikle Botrytis cinerea, Penicillium spp.,
Alternaria spp. ve Fusarium spp. gibi etmenler; meyvelerde ¢iirlime,
yumusama, renk degisimi ve tat—aroma bozulmalarina yol agarak
pazarlanabilirligi ciddi bi¢imde sinirlandirmaktadr.

Geleneksel olarak bu sorunlarin kontroliinde sentetik
fungisitler ~ve  kimyasal koruyucular yaygin  bigimde
kullanilmaktadir. Ancak bu maddelerin kalintt problemleri,
patojenlerde diren¢ gelisimi, cevresel kirlilik ve insan saglig

! Dog. Dr., Ordu Universitesi, Teknik Bilimler MYO, Bitkisel ve Hayvansal

Uretim Béliimii, 0000-0001-5015-7610
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iizerindeki potansiyel olumsuz etkileri, alternatif ve siirdiirtilebilir
muhafaza yontemlerinin arastirilmasini zorunlu kilmistir. Son
yillarda tiiketici egilimlerinin dogal, katkisiz ve ¢evre dostu {irlinlere
yonelmesi, bitkisel kokenli dogal bilesiklerin 6nemini daha da
artirmistir.

Bu baglamda ugucu yaglar, sahip olduklar1 antimikrobiyal ve
antioksidan 6zellikler nedeniyle hasat sonras1 meyve muhafazasinda
sentetik kimyasallara alternatif olarak degerlendirilen en Onemli
dogal bilesik gruplarindan biri olarak 6ne ¢ikmaktadir.

Ucucu Yaglarin Tanimu ve Genel Olarak Meyve Muhafazasinda
Kullanimm

Ugucu yaglar, aromatik bitkilerin ¢icek, yaprak, meyve,
tohum, kabuk ve kok gibi farkli organlarindan genellikle su buhari
distilasyonu, hidrodistilasyon veya soguk presleme yontemleriyle
elde edilen; oda sicakliginda ugucu o6zellik gosteren kompleks
bilesik karisgimlaridir. Kimyasal olarak baslica monoterpenler,
seskiterpenler ve bunlarin oksijenli tiirevlerinden olusmaktadir.

Ugucu yaglar (6rnegin lavanta, kekik ugucu yagi), sabit
yaglardan (ceviz yagi, aycicek yagi gibi) belirgin sekilde farklidir.
Keskin ve karakteristik bir kokuya sahip olan ucucu yaglar, canlilar
icin enerji kaynagi degildir; buna karsin antimikrobiyal ve
antioksidan 6zellik gosterirler. Sabit yaglar ise genellikle bitkilerin
tohum ve meyvelerinden elde edilen, ugucu olmayan ve besin degeri
yiiksek yaglardir. Antimikrobiyal etkileri sinirli olup ugucu yaglar
gibi gliglii aromatik 6zellik gostermezler.

Ugucu vyaglarin meyve muhafazasinda kullaniminin,
gidalarin  korunmasinda baharatlarin  geleneksel kullanimina
dayandig1 sOylenebilir. Tarihsel olarak, meyvelerin kurutulmadan
once aromatik bitkilerle hazirlanmis ¢ozeltilere daldirilarak islendigi
bilinmektedir. Bu uygulamalarda aromatik bitkilerin antimikrobiyal

ozelliklerinden yararlanilarak daha giivenli bir muhafaza siireci
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saglanmistir. Ucucu yaglarin antimikrobiyal etkilerine iliskin
bilimsel raporlar 19. ylizyildan itibaren literatiirde yer almaktadir
(Zaika, 1998).

Ucgucu yaglarin meyve muhafazasinda kullanimina yonelik
calismalar, agirlikli  olarak {iziimsii meyveler {lizerinde
yogunlasmistir. Bu grubu sert ¢ekirdekli, yumusak ¢ekirdekli ve sert
kabuklu meyveler izlemektedir (Tablo 1, 2, 3, 4).



Tablo 1. Ugucu yaglarin iiziimsii meyvelerin muhafazasinda
kullanildig bazi ¢alismalar

Uygulanan Ucucu Yaglar/Etken
maddeler

Meyve

Arastirmaci(lar)

Okaliptiis, kekik ve kayisi ¢ekirdegi
(Hasattan 6nce, bitkiye uygulama)

Cilek

(Fragaria x ananassa cv. Rubygem)

(Sener & ark., 2022)

Kekik, kimyon, targin  ve
¢orekotu
(Hasattan sonra, pulverize)

nane,

Cilek
(Fragaria x ananassa Duch.)

(Kasim & ark., 2019)

Yenilebilir film+Citral, eugenol Cilek (Guerreiro & ark., 2015)
(Fragaria x ananassa Duch.)

Timol, mentol, eugenol (gaz) Cilek (Wang & ark.,2007)
(Fragaria x ananassa Duch.)

Yenilebilir film+timol Cilek (Amal & ark., 2010)

Yenilebilir fiIm+CaCI2

(Fragaria x ananassa cv. Festival)

Cay agaci (Hint defnesi) (gaz)

Cilek (Fragaria ananassa Duch. cv.
Hongyan)

(Xingfeng & ark., 2013)

Ozon gazi
Kimyon ugucu yag1
(¢6zelti hazirlanip puskiirtiilerek)

Kivi (Actinidia deliciosa L.)

(Yasar, 2018)

MAP+Kekik
(Filtre kagitlara
koyma)

emdirilip posete

Avakado (Fuerte ve Hass)

(Sellamuthu & ark., 2013a)

Kekik, nane, limon otu
(Kagit disklere emdirilmis ugucu
yaglar)

Avakado (Fuerte ve Hass)

(Sellamuthu & ark.,
2013b)

MAP+Eugenol, mentol, timol
(Gazli bezlere emdirilmis ugucu yag)

Sofralik tiziim (cv. Crimson
Seedless)

(Valverde & ark., 2005)

Melekotu (Yenilebilir film)

Sofralik tiziim (Vitis vinifera L.)

(Das & ark., 2023)

Mentol ve timol
(Gazli bezlere emdirilmis ugucu yag)

Uziim (Kozak siyahr)

(Celik & ark., 2011)

Eugenol ve timol
(Gazl1 bezlere emdirilmis ugucu yag)

Sofralik tiziim
(Vitis vinifera L. cv. Autumn Royal)

(Valero & ark., 2006)

MAP+ eugenol, timol ve karvakrol
(Gazli bezlere emdirilmis ugucu yag)

Sofralik iiziim
(Vitis vinifera L. cv. Aledo)

(Guillen & ark., 2007)

Yenilebilir film+nane

Sofralik tiziim
(Vitis labrusca cv. Isabella)

(Guerra & ark., 2016)

Kekik, rezene, sater (Sprey)

Sofralik tiziim
(Vitis vinifera (L.) cv. Tabarzeh)

(Ali A A., 2010)

Limon otu, Malaban otu
(Cymbopogon flexuosus), feslegen
(Sprey)

Embul muzu (Musa acuminata)

(Anthony & ark., 2003)

Metil jasmonat, alil izosiyanat, c¢ay
agacl, etil alkol (Ugucu yag bir kaba
konularak gaz  hale  gegmesi
saglanmis)

Ahududu (Rubus idaeus L.)

(Wang., 2003)

Kekik, targin, malaban otu
(Antimikrobiyal paketleme sistemi)

Papaya (Carica papaya L.)

(Espitia & ark., 2012)
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Tablo 2. Ugucu yaglarin sert ¢ekirdekli meyvelerin muhafazasinda

kullanildig bazi ¢alismalar

Uygulanan Ugucu Yaglar/Etken
maddeler

Meyve

Arastirmaci(lar)

Kekik, ac1 badem

Seftali (Prunus persica cv. ANET

(Alkin & ark., 2022)

(MAP posetlere emdirilmis) 55)
MAP+Eugenol, timol, mentol, 6kaliptol ~ Kiraz  (Prunus avium L. cv. (Serrano & ark,
(Gazl beze emdirilmis) StarKing) 2005)

MAP+karvakrol, thujon
(Gazli beze emdirilmis)

Kiraz (Prunus avium L. cv. 0900
ziraat, Regina, sweatheart)

(Goksel & Aksoy,
2017)

AVG+timol
(Daldirma)

Kiraz
(Majari)

(P.xgondouinii ~ Rehd.)

(ValizadehKaji &
Fakhri, 2023)

Metil jasmonat, sitokinin ve lavanta

yagi

Kayis1 (Prunus armeniaca L. cv.
Bebeko)

(Cavusoglu & ark.,
2020)

MAP+ mentol, timol
(Gazli beze emdirilmis)

Kayist (Prunus armeniaca L. cv.
Gheisi)

(Mirdeghan & ark.,
2023)

Tablo 3. Ugucu yaglarin yumusak ¢ekirdekli meyvelerin

muhafazasinda kullanildigi bazi ¢calismalar

Uygulanan Ucucu
Yaglar/Etken maddeler

Meyve

Arastirmaci(lar)

Kekik, feslegen, biberiye

Armut (Pyrus communis L. cv. Sardrood)

(Marandi & ark.,

(sprey) 2011)

Sitron, hexanal, 2-(E)- Elma (Malus communis var. Golden delicious) (Siroli & ark., 2014)
hexenal, sitral ve

karvakrol

Kekik ve lavanta  Elma (Malus domestica Borkh. cv. Jonagold ) (Sharafi & ark.,
(daldirma) 2011)

Yenilebilir film+kekik

Elma (Malus domestica Borkh cv. Golden
Delicious) ve Trabzon hurmasi (Diospyros kaki

Thunb. cv. Rojo Brillante)

(Sapper & ark.,
2019)

Okaliptus ve biberiye

Elma (Granny Smith Verona Delizia Verde) ve

armut (cv. d’ Anjou)

(Xylia & ark., 2021)

Timol, 6jenol, 1,8-sineol

Elma (Malus communis var. Golden delicious)

(Karakus, 2023)
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Tablo 4. Ugucu yaglarin yumugsak ¢ekirdekli meyvelerin
muhafazasinda kullanildigi bazi ¢calismalar

Uygulanan Ugucu Meyve Arastirmaci(lar)
Yaglar/Etken maddeler

Aktif paket+Tar¢in Antep fist1ig1 (Esfahani & ark,,
(Pistacia vera L. cv. Akbari) 2020)

Yenilebilir film  Antep fistig (Hashemi & ark.,

kaplama+Sirazi kekigi (Pistacia vera cv. ‘Ahmad-Aghaei’) 2021)

Sivri  kekik, tibbi nane, Findik (Kurnaz, 2024)

Anadolu adagay (Corylus avellana L.)

Meyvelerde Mikrobiyal Bozulmalara Karsi Ugucu Yaglarin
Kullanilmasi

Hasat sonras1 donemde meyveler; mekanik zedelenmeler,
yiiksek nem, uygun sicaklik kosullar ve fizyolojik stresler nedeniyle
mikroorganizmalara karst olduk¢ca hassas hale gelmektedir.
Ozellikle fungal patojenler, depolama ve tagima siirecinde hizla
geliserek onemli kalite kayiplarina yol agmaktadir. Bu patojenlerin
neden oldugu bozulmalar yalnizca iirlin miktarin1 azaltmakla
kalmamakta, ayn1 zamanda mikotoksin olusumu gibi gida giivenligi
acisindan ciddi riskler de olusturmaktadir.

Tarim tiriinlerinin hasadindan sonra yaygin olarak kullanilan
sentetik kimyasallar (6rnegin metil bromiir, fosfin), fumigasyon
yoluyla etkin koruma saglamaktadir. Bununla birlikte bu maddelerin
cevresel etkileri ile uygulayict ve tiiketici sagligi agisindan
olusturduklar1 potansiyel riskler, siirdiiriilebilirlik agisindan ciddi
sinirliliklar dogurmaktadir. Bu nedenle son yillarda, bitkisel
kaynakli dogal bilesiklerin (ugucu yaglar ve bunlarin etken
maddeleri) meyve muhafazasinda kullanimina yonelik aragtirmalar
artis gostermistir.

Ucgucu yaglar, hasat sonras1 donemde sorun olusturan pek ¢ok
mikrobiyal etmene karst Onemli diizeyde etki gostermektedir.
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Ornegin kekik (Thymus capitatus) ugucu yagmin 250 ppm
konsantrasyonda Botrytis cinerea, Alternaria citri, Penicillium
italicum  ve  Penicillium  digitatum  tlrlerinin  gelisimini
engelleyebilmektedir (Arras & Usai, 2001). Benzer sekilde kimyon
(Cuminum cyminum L.), ardi¢ (Juniperus communis L.), nane
(Mentha piperita L.), okaliptiis (Fucalyptus spp.), ¢ortiik
(Echinophora tenuifolia 1.) ve yavsan (Artemisia spp.) ugucu
yaglarinin; Alternaria mali, Sclerotinia sclerotiorum, Fusarium
oxysporum, Botrytis cinerea ve Colletotrichum circinans gibi
etmenlerin misel gelisimini baskiladigi bilinmektedir (Kocak &
Boyraz, 2006).

Ugucu yaglarin meyve muhafazasinda kullaniminin
arastirlldigl ¢alismalarda daha ¢ok kekik, lavanta, adacayi, tar¢in,
limonotu, defne, feslegen ucucu yaglarinin kullanildig
gorilmektedir. Kekik ucucu yaginda baskin olarak bulunan
karvakrol ve timol, bakteri hiicre zarini tahrip ederek hiicre igceriginin
dis ortama sizmasina neden olmasi ve lipofilik 6zellikleri sayesinde
hiicre duvarini asarak hiicre i¢i yapilara ulasabilmektedir (Helander
& ark., 1998). Bu bilesiklerin fungal hiicre zarmin biitiinligiini
bozmasi, enzim sistemlerini inhibe etmesi ve hiicresel
metabolizmay1r sekteye ugratmasi, ugucu yaglar1 sentetik
kimyasallara gii¢lii bir alternatif haline getirmektedir. Asagida bazi
ucucu yaglarin antimikrobiyal etki mekanizmalar1 verilmistir (Tablo
6).
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Tablo 6. Antifungal Etki Gosteren Bazi Ugucu Yaglar, Etken
Bilesenleri ve Etki Mekanizmalart

Ucucu Yag  Bitki kaynag: Ana bilesen Etki mekanizmasi Kaynak
(uY)
Kekik UY Kekik Karvakrol, Hiicre zar1 tahribati (Burt,
(Origanum spp.) timol 2004)
Karanfil Karanfil Ojenol Enzim inhibisyonu (Pinto &
uy (S. aromaticum) ark.,
2009)
Targm UY  Targmn  (Cinnamomum  Sinnamaldehit  Hiicre duvari bozulmasi (Wang &
spp.) ark.,
2018)
Nane UY Nane (Mentha spp.) Mentol Membran gegirgenligi (Bayaz,
2014)
Adagay Adagay (Salvia spp.) Tujon Spor cimlenmesinin  (Bozin &
uy baskilanmasi ark.,
2007)

Ugucu yaglarin antimikrobiyal etkileri elde edildikleri
bitkinin tiiriine ve yetistirme kosullarina, kompozisyonuna, hedef
mikroorganizmanin tiirtine ve yiikiine, gidanin kompozisyonuna,
isleme ve depolama kosullarina gore degiskenlik gosterebilir. Ayrica
ucucu  yaglarin  uygulanma  sekilleri de  etkinliklerini
degistirebilmektedir. Sofralik {izlim depolamasinda Melek otu
(Angelica archangelica) ugucu yaginin kitosan ile entegre kaplama
olarak kullanilmas1 Botrytis cinerea gelisimini 30 giinliik
depolamada onemli oranda (%85) baskilamistir (Das & ark., 2023).
Ugucu yaglarin salmimi kontrol eden ajanlarla kullanilmasi
etkinliklerinin  arttirllmasi  noktasinda  6nem  tasimaktadir.
Ambalajlara emdirilen ugucu yaglarin, meyvelerin muhafazasinda
oldukgca etkili sonuglar ortaya ¢ikardig: goriilmiistiir. (Espitia & ark.,
2012)’nin yapmis olduklar1 ¢alismada kekik, tar¢in ve limon otu
ucucu yaglarinin emdirildigi ambalajlarda muhafaza edilen papaya
meyvelerinde mezofilik aerobik bakteriler, maya ve kiiflerin
gelisiminin anlamli diizeyde azalmis ve meyve kalite kriterleri ugucu
yag uygulamalarindan etkilenmemistir. Cilek meyvelerine piilverize
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olarak uygulan kekik (Thymus vulgaris), kimyon (Cuminum
cyminum), nane (Mentha spicata), tar¢in (Cinnamomum zeylanicum)
ve ¢orekotu (Nigella sativa) dogal bitkisel ugucu yaglar farkli
etkiler gostermistir. Corekotu ve nane ugucu yaglar1 basta olmak
iizere tiim ugucu yaglar1 enfeksiyon gelisimini baskilamistir. Ancak
nane ugucu yag disindaki yaglar meyve kalitesini korumasi
acisindan uygun bulunmamistir (Kasim & ark., 2019).

Asagida bazi farkli ugucu yaglarin ve uygulama sekillerinin
antifungal etkileri verilmistir (Tablo 7).

Tablo 7. Meyve Tiirlerine Gore Ugucu Yag Uygulamalari ve

Antifungal Etkileri
Uygulanan
Ucgucu yag Meyve Uygulama Sonug Kaynak
Kekik Elma Buhar P. expansum  (Yilmaz, 2012)
baskilanmast
Karanfil Uziim Aktif ambalaj Raf 6mrii artist (Luesuwan &
ark., 2021)

Kekik + rezene  Turunggil Daldirma Kiif gelisimi azalist (Arras &  Usai,

2001)

Ucucu Yaglarin Meyve Kalitesi Uzerine Etkisi

Ucgucu yag uygulamalarinin degerlendirilmesinde yalnizca
patojen baskilanmast degil, aym1 zamanda meyve Kkalite
parametrelerinin korunmasi da dikkate alinmalidir. Ugucu yaglarin
etkisi ¢ogunlukla baskin etken bilesen iizerinden agiklanmakla
birlikte, dogal ugucu yag karisimlarinda diger bilesenlerin de
sinerjistik etkiler gosterdigi bilinmektedir.

Meyve kalitesinin  korunmasma yonelik ugucu yag
uygulamalar ii¢ temel mekanizma iizerinden etki gostermektedir: (i)
antimikrobiyal etki ile patojen gelisiminin engellenmesi, (ii)
antioksidan etki ile oksidatif stresin ve lipid peroksidasyonunun
azaltilmast ve (iii) bitkinin savunma mekanizmalarinin
desteklenmesi yoluyla antioksidan enzim aktivitelerinin artirilmasi.
Ayrica ugucu yaglar solunumu baskilayarak hiicresel yikimi



yavaslatarak  fizyolojik yaslanmanin  geciktirilmesine katki
saglamaktadir (Alkin & ark., 2022).

Sofralik {iziimde hasat sonrasi 6nemli kayiplara yol acan
Botrytis cinerea ile miicadelede ucucu yaglar etkili bulunmustur.
(Marandi & ark., 2011), tatli feslegen, rezene, yaz caksir1 ve kekik
ucucu yaglarinin B. cinerea'nin misel biiylimesini gii¢lii bir sekilde
engelledigini rapor etmistir. Ozellikle kekik ve yaz gaksir1 yaglari,
60 giinliik depolama siiresinin sonunda ¢iiriimeyi azaltmis, kiitle
kaybi, tane biiziilmesi ve kahverengilesme gibi kalite diisiislerini
onlemistir (Ali & ark., 2010).

Kozak Siyahi iizim ¢esidinde ise mentol ve timoliin gazl
beze emdirilerek modifiye atmosferde (MAP) kullanimi
incelenmistir. Celik vd. (2011), mentol ve timol uygulamalarinin, 90
giinliik soguk depolama (0-1°C) siiresince kontrol grubuna gore daha
iyi sonuglar verdigini ve toplam fenolik bilesik, tanen ve antosiyanin
miktarlarini korudugunu bildirmistir.

Alkin & ark. (2022) tarafindan yapilan bir ¢aligmada, 'Anet
55' seftali ¢esidinde ugucu yag emdirilmis MAP torbalarinin,
meyvelerin 0-1°C’de 60 giin depolanmasinda kalite 6zelliklerinin
korunmasina olumlu etkileri oldugu tespit edilmistir.

Kayisida (Prunus armeniaca L.) yapilan bir diger
arastirmada, lavanta ugucu yagi uygulamasinin, metil jasmonate
(MeJa) ve sitokinin gibi bitki biliylime diizenleyicileri ile
kombinasyon halinde kullanilmasi denenmistir. Uygulamalarin
kontrol grubuna gore daha iyi sonug verdigi ve MeJA (0.2 mM) +
lavanta u¢ucu yagi (1000 ppm) uygulamasinin {iriin kalitesini 35 giin
boyunca korudugu tespit edilmistir (Cavusoglu & ark., 2020).

Tropikal meyvelerden Embul muzu c¢esidinde (Musa
sapientum), Cymbopogon nardus (Seylan limonu), Cymbopogon
flexuosus (Hint limonu) ve Ocimum basilicum (Feslegen) ucucu

yaglarinin  pliskiirtme seklinde uygulanmasi, hasat sonrasi
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hastaliklarin kontroliinde ve depolama 6mriiniin uzatilmasinda etkili
bir yontem olarak belirlenmistir (Anthony & ark., 2003).

Yenilebilir film ve kaplamalar, meyve ve sebzelerin
yiizeyinde olusturulan ince bir bariyer tabakasidir. Bu tabaka,
iriinleri fiziksel ve kimyasal etkilerden koruyarak su kaybini,
solunum hizin1 ve gaz transferini kontrol etmeye yardimci olur.
Bitkisel kaynakli materyallerden de {iiretilen bu kaplamalar, iiriin
kalitesini koruma, mikrobiyal bozulmay1 yavaslatma ve raf émriinii
uzatma potansiyeline sahip ¢evre dostu ve ekonomik bir yontemdir.

Ugucu yaglarin yenilebilir film kaplamalarla birlikte
kullanilmasi etkinliklerini arttirmaktadir. Ornegin, ¢ilek meyvesinin
depolanabilirligini artirmak amaciyla yapilan bir ¢alismada, timol
veya kalsiyum kloriir gibi bilesikler yenilebilir kaplama ile birlikte
kullanilmigtir. Kekik ugucu yaginin kaplama materyali ile birlikte
kullaniminin  kontrol grubuna kiyasla ¢ilekte meyve Kkalite
kriterlerinin korunmasinda etkili oldugu goriilmiistiir (Amal & ark.,
2010).

Ucucu Yaglarin Meyve Muhafazasinda Kullanin ile Tlgili
Mevzuat

Ugucu yaglarin hasat sonrasi meyve muhafazasinda
kullaniminin yayginlasmasinda yalnizca teknik etkinlik degil, aym
zamanda mevzuata uygunluk ve ticarilesme potansiyeli de
belirleyici rol oynamaktadir.

Avrupa Birligi’'nde ugucu yaglar; kullanim amacina bagh
olarak “gida katki maddesi”, “aroma verici”, “bitki koruma {iriinii”
veya “biyosidal iiriin” kapsaminda degerlendirilebilmektedir. Hasat
sonras1 uygulamalarda ugucu yaglarin dogrudan fungisit amaciyla
kullanimi, Bitki Koruma Uriinleri Tiiziigii (EC No 1107/2009)
kapsaminda ele alinmaktadir. Bu diizenleme, aktif maddelerin insan
saglig1 ve cevre agisindan risk degerlendirmesinden gegirilmesini

zorunlu kilmaktadir.
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Bununla birlikte bir¢ok ucucu yag bileseni (6rnegin timol,
ojenol ve mentol), Avrupa Gida Giivenligi Otoritesi (EFSA)
tarafindan aroma verici madde olarak genel anlamda giivenli (GRAS
benzeri) kabul edilmektedir. Ancak uygulamalarda doz, kalint1 ve
uygulayan kisilerin bu {iriinlere maruz kalacaklar siire ve doz ile
ilgili kriterler 6nem kazanmaktadir. Son yillarda AB’de biyopestisit
ve disiik riskli aktif madde tanimi altinda ugucu yaglarin
ruhsatlandirilmasina yonelik egilim artmaktadir.

Tiirkiye’de 6zellikle organik tarim ve iyi tarim uygulamalari
kapsaminda dogal kokenli {irlinlere olan ilginin artmasi, ugucu
yaglarin ticarilesmesi agisindan 6nemli bir firsat sunmaktadir. Ancak
bu siirecin hizlanabilmesi i¢in bilimsel etkinlik ¢aligmalarinin yani
sira kalinti, toksisite ve standardizasyon verilerinin mevzuatla
uyumlu sekilde sunulmasi gerekmektedir.

Ticarilesme Potansiyeli

Ugucu yaglarin ticarilesmesinde karsilagilan baglica
zorluklar; iiretim maliyeti, kimyasal bilesimdeki varyasyonlar ve
uygulama teknolojilerinin optimizasyonudur. Buna karsin aktif
ambalaj, kontrollii salinim sistemleri ve yenilebilir kaplamalar ile
entegrasyon, ucucu yaglarin sanayi ol¢eginde kullanimini daha
uygulanabilir hale getirebilir.

Ugucu yaglarin hasat sonrasi muhafazada kullanimi, ¢ok
sayida avantaj sunmakla birlikte bazi siirlilik ve riskleri de
beraberinde getirmektedir.

Ucgucu yaglarin en 6nemli avantaji, dogal ve biyolojik olarak
pargalanabilir olmalaridir. Sentetik fungisitlere kiyasla g¢evresel
kalint1 riski digiiktiir ve c¢oklu etki mekanizmalar1 sayesinde
patojenlerde direng gelisimi olasiligi daha simirlidir. Ayrica bazi
ucucu yaglar meyvelerin antioksidan kapasitesini artirarak kaliteyi
koruyucu etki de gostermektedir.



Ugucu yaglarin uygulamasinda karsilasilan temel sinirlar
arasinda ytliksek uguculuk, 151k ve sicakliga duyarlilik ile kimyasal
bilesimdeki dogal varyasyonlar yer almaktadir. Ayn1 bitki tlirlinden
elde edilen ucucu yaglarin dahi cografi kdken, hasat zamani ve
ekstraksiyon yontemine bagli olarak farkli bilesimler gostermesi,
standart doz belirlenmesini zorlastirmaktadir.

Yiiksek dozlarda uygulanan ugucu yaglar fitotoksik etki
gosterebilmekte, meyvelerde aroma ve tat bozulmalarina yol
acabilmektedir. Ayrica tliketici duyusal kabulii, ozellikle giiglii
aromaya sahip yaglarda smirlayict bir faktor olarak ortaya
cikmaktadir. Bu nedenle uygulamalarda optimal dozun belirlenmesi
ve kontrollii salinim sistemlerinin tercih edilmesi biiyiik 6nem
tagimaktadir.

Degerlendirme ve Gelecek Perspektifi

Genel olarak degerlendirildiginde, ucgucu yaglarin hasat
sonrast meyve muhafazasinda dogal, ¢evre dostu ve siirdiiriilebilir
bir alternatif sundugu goriilmektedir. Mevzuat uyumu,
standardizasyon ve ekonomik fizibiliteye yonelik caligmalarin
artmastyla birlikte, bu bilesiklerin ticari uygulamalarda daha yaygin
bigimde kullanilmasi beklenmektedir.

Gelecekte yapilacak arastirmalarin; ¢ok bilesenli ugucu yag
kombinasyonlari, kontrollii salinnm ve nanoenkapsiilasyon
teknolojileri ile meyve tiiriine 6zgii uygulama protokolleri iizerine
yogunlasmasi, ugucu yaglarin hasat sonrasi teknolojilerdeki yerini
daha da giiclendirecektir
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CHAPTER 4

THE EFFECT OF DIFFERENT PLANT DENSITIES
ON ORGANIC CUCUMBER CULTIVATION IN
GREENHOUSE!

1. ANDAC KUTAY SAKA?
2. SEZGIN UZUN?

Introduction

Greenhouse vegetable production is of great importance for
growing crops throughout the year, both in terms of meeting national
vegetable needs and gaining a foothold in foreign markets. In recent
years, with the increase in population and the emergence of food
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shortages, the need to make food sources sustainable has become an
important issue.

The cucumber plant is one of the three main vegetables
widely grown in greenhouses worldwide and is a plant of great
economic value in agricultural production (Han et al., 2012). Among
the vegetables grown in our country, cucumber ranks among the top
in terms of production value, with approximately 1.9 million tons
produced on 35.278 hectares in 2023. World production in the same
year was reported to be approximately 98 million tons (FAO, 2023).

Limitations in water and soil resources in open-field
vegetable production, limited control of climatic and biological
factors, may mean that protected cultivation could be an alternative
for the production of some foods. The production unit, the area
planted, is a factor in determining the optimal use of inputs (Khoram
and Mohamady, 2021). For these reasons, protected vegetable
cultivation has gained great importance in recent years. Furthermore,
cucumber yields under protected cultivation conditions can be
increased many times over compared to open field cultivation (Singh
et al., 2017). The main problems encountered in organic vegetable
cultivation are the difficulties in controlling weeds and managing
diseases and pests. For this reason, protective measures in
greenhouse cultivation must be well planned from the seed sowing
period to harvest. Factors such as environmental conditions,
structural characteristics of greenhouses, greenhouse cover type,
location and orientation of greenhouses, shading and characteristics
of shading materials, cultivation sites, mulching, and the use of
proper irrigation systems must be taken into account (Ozer, 2012;
Ozer and Uzun, 2013; Uzun et al., 2013). In greenhouse cucumber
cultivation, plant density is one of the critical agricultural factors that
determine both the quantity and quality of the product (Ayala-Tafoya
etal., 2019). Plant density is defined as the number of plants per unit
area and is directly related to productivity.

--53--



Increasing plant density generally increases total yield per
unit area (Peil and Galvez, 2004; Mendoza-Pérez et al., 2018; Ayala-
Tafoya et al., 2019). One study observed that increasing density from
2.24 to 4.48 plants m™ increased product yield by 69% (Parks et al.,
2019). However, while increasing plant density has a positive effect
on the total amount of product obtained per unit area, individual leaf
health and fruit quality are generally optimized at lower densities.

In both protected and open-field vegetable cultivation,
cultural practices are as important as environmental factors. In this
context, when planning production, planting systems and spacing
must be carefully reviewed, taking into account potential problems
caused by weeds and moisture. In greenhouse cultivation, the
occurrence of fungal and bacterial diseases in cucumber plants,
depending on the relative humidity inside the greenhouse and
whether the light used during the growth and development periods
of the plants is sufficient, causes a significant decrease in yield and
quality (Zhu et al., 2016; Sun et al., 2021).

Throughout the plant cultivation period, fungal diseases
caused by high humidity and the increased presence of
microorganisms causing diseases in the greenhouse negatively affect
plant growth and development, leading to a decrease in yield. It is
possible to prevent humidity in the greenhouse from negatively
affecting cultivation by adjusting planting distances. Studies have
shown that under conditions of low plant density, an increase in light
intercepted by plant leaves leads to an increase in fruit number and
yield (Verheul, 2012).

The study aimed to investigate the effects of different
planting systems and planting distances used in organic cucumber
cultivation in greenhouses on certain leaf characteristics and yield
values, thereby determining the appropriate planting systems and
plant density for practical application.
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Material and Methods

The study was conducted in two greenhouses belonging to
the Faculty of Agriculture at Ondokuz Mayis University. The
greenhouses where the research was carried out were 6 m wide, 20
m long (120 m?), and 3 m high. They were covered with PE plastic
film (containing AF: antifog, AV: antivirus, IR: infrared, and UV:
ultraviolet additives) and featured a semi-arch roof design with
continuous ridge ventilation (Figure 1).

Figure 1 A view of the greenhouse where the research was

conducted

Raised beds (ridges) were utilized as planting sites, with four
beds, each 1 m wide and 18 m long, established in each greenhouse.
After installing drip irrigation pipes, the planting sites were prepared
by covering the beds with a mulch material that was 1.30 m wide,
0.03 mm thick, black on the underside, and silver on the upper
surface. The 'Sinbad F1' variety, which is suitable for regional
cultivation, early maturing, and ideal for spring greenhouse
production, was used as the plant material. This variety is a
parthenocarpic cultivar characterized by high fruit quality, firmness,
suitability for storage and transport, high yield, and regular fruit set.

Methods

The research was conducted as early-season cucumber
cultivation in accordance with organic farming procedures and
regulations.
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Seeds were sown in 28-cell plug trays with cell dimensions
of 7 x 7 cm. A seedling growth medium consisting of a mixture of
soil and farmyard manure (1:2 ratio) was used as the substrate.
Seedlings were grown in plug trays in a glass greenhouse until the
time of transplanting (the four true-leaf stage).

Following the preparation of the soil, 80 liters of farmyard
manure consisting of well-rotted cow and sheep manure—and
Biofarm commercial organic fertilizer (at a rate of 250 kg da’') were
incorporated into the raised beds. Irrigation was monitored daily and
performed during the early morning and the cool hours of the
evening. For fertilization, compost tea (Biofarm) was applied weekly
at a rate of 0.25 ml solution per plant. Pruning and monitoring for
pests and diseases were conducted daily throughout the growing
period.

Planting Systems and Planting Densities

In the study, cucumber transplanting was carried out
according to the planned planting systems: single-row, double-row,
and triangular planting. Three different plant densities were used for
the double-row and triangular planting treatments, while two
different plant densities were applied for the single-row planting
treatment (Table 1).

Table I Planting systems, planting spacings and plant densities

Between row (cm) .

Planting system Wide Row Ina row Plant De_lzl sity Treatment
. (cm) (plant m™)

row spacing
Double row* 110 40 50 2.67 D3
Single row 150 - 40 1.67 S1
Triangular row 110 40 80 1.93 T3
Triangular row 110 40 65 2.37 T2
Triangular row 110 40 50 3.09 T1
Double row 110 40 65 2.38 D1
Double row 110 40 80 2.05 D2
Single row 150 - 60 1.11 S2
*Control
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For the control treatment, double-row planting a method
widely preferred in greenhouse tomato cultivation was selected, with
row spacing and in a row spacings of 40x50 cm. Once the cucumber
seedlings reached the four-leaf stage, they were transplanted in
accordance with eight different planting patterns (Figure 1).

Figure 1 The appearance of the planting systems used in the

research

Raised Bed Raised Bed

X X X X X X
X X X X X

X X X X X X

Single planting Double planting

Raised Bed
X X X X X X
Row i
e Ipasing |: Triangular planting
X X X X X
In a row space

Traits Examined in the Research

In the cucumber plants examined in the research,
measurements were taken at 20 day intervals starting from planting.
Leaf chlorophyll content was determined as the chlorophyll
concentration index (cci) in the leaves using a chlorophyll meter
(CCM-200, Opti-Sciences, USA) in the early morning hours on old,
medium, and young leaves of the cucumber plants. Stomatal
conductance was measured as mmol m2s™! between 09:00-11:00 in
the morning using a porometer (SC-1, Decagon Devices, USA) on
young, medium, and old leaves of the cucumber plants. Leaf area
was determined using a leaf area estimation model (Uzgelik-1)
through linear measurements on young and old leaves of the
cucumber plant.
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The estimated leaf area was determined with the help of the
relevant formula by measuring the leaf blade length (LL) and the
distance between the two widest points of the leaf blade (W) on the
plant leaves (Uzun and Celik, 1998).

YA=-114,43-7,31*LL/W*PS+0,651*W>+210,86*LL/W

Yield per plant and total yield values were calculated as yield
values. The total yield values of cucumber fruits harvested from the
first harvest to the last harvest date were divided by the number of
plants to determine the yield per plant value in kg. The total yield
value was obtained by calculating the equivalent per decare of the
value obtained from harvests made throughout all harvest periods.

Statistical Analysis

The research was established according to a split-plot
experimental design with 3 replications and 6 plants in each
replication. Microsoft Excel program was used to create graphs
based on the data obtained from the study, and SPSS (IBM, version
17.0, USA) statistical analysis program was used for data evaluation.
The differences between the means obtained from the applications

were determined by Duncan's multiple comparison test.

Results and Discussion

The means according to the planting densities determined by
different planting systems and planting pattern applications
examined in the study, and the grouping based on the differences
between the means are given in Table 2.
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Table 2 The effects of different plant densities on chlorophyll
content, leaf stomatal conductance, average leaf area, yield per
plant, and total yield in cucumber plants

Treatment | LCI (SPAD) | LSC (mmol m?%s!) | TLA (cm?) YPP (kg) | TY (ton da™)
D3* 13.1 ¢ 3.17b 126.93 d 3.34d 891¢

S1 18.6 a 5.81a 145.59 ¢ 532b 8.86 ¢

T3 154 b 0.64 ¢ 152.73 b 5.59a 10.76 a

T2 13.1 ¢ 3.99b 153.93 b 3.64d 8.62 ¢

T1 11.7d 239¢ 216.60 a 2.50 e 7.71d

D1 153 b 2.14d 107.64 e 4.04 ¢ 9.61 b

D2 15.0 b 2.28¢ 14133 ¢ 432 ¢ 8.85¢

S2 18.1a 2.14d 111.53 e 5.38 ab 598 e

p<0.05, *Control, LCI: Leaf chlorophyll index, LSC: Leaf stomatal conductance, TLA: Total
leaf area, YPP: Yield per plant, TY: Total yield

Leaf Chlorophyll Index (SPAD)

The highest leaf chlorophyll content (18.6 cci) in the
cucumber leaves examined in the research was calculated in the S1
application. The lowest leaf chlorophyll content (11.7) was
calculated in the leaves of cucumber plants in the T1 application. As
plant density increased in cucumber, leaf chlorophyll content
showed a linear decrease. The degree of relationship (r?) between
plant density and leaf chlorophyll content was 0.89 (Graph 1).

Graph 1 The relationship between plant density and cucumber leaf
chlorophyll content
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In organic cucumber -cultivation in greenhouses, the
relationship between plant density and leaf chlorophyll content
aligns with some findings in the literature while showing nuanced
differences with others. A study on soybeans indicated that as plant
density increases, the leaf chlorophyll (greenness) index tends to
decrease due to population pressure and interplant light competition
(Moreira et al., 2015).

The reduction of photosynthetically active radiation (PAR)
reaching the lower leaves in high-density canopies can negatively
affect chlorophyll synthesis or persistence (Ribas et al., 2020; Pao et
al., 2021). In low-density (2.25 plants m?) applications, better light
penetration into the middle and lower parts of the canopy is reported
to increase chlorophyll content (Pao et al., 2021; Ding et al., 2022).
The plant density (1.67 plants m™?) at which the highest leaf
chlorophyll content was obtained in our study is consistent with the
findings of Tafoya et al. (2019), who determined the highest SPAD
value at a plant density of 1.68 plants m™. In conclusion, our finding
that chlorophyll content decreases as plant density increases was
found to be completely consistent with the statement in scientific
studies that increasing plant density leads to increased light
competition and decreased individual plant performance (dry
weight, chlorophyll, etc.) (Diaz et al., 1999; Ayala-Tafoya et al.,
2019).

Leaf Stomatal Conductance

The effect of different plant densities on stomatal
conductance (mmol m™2s™') in cucumber leaves is given in Graph 2.
While the highest leaf stomatal conductance (5.8 mmol/m?s™!) in
cucumber leaves was observed in the S1 application, the lowest leaf
stomatal conductance (0.6 mmol m™s™") was recorded in the leaves
of cucumber plants in the T3 application. Stomatal conductance is
directly affected by microclimatic factors such as light, temperature,
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and CO: concentration (Grantz and Zeiger, 1986). Additionally, high
light intensity generally increases stomatal conductance (Bakker et
al., 1991). Sparser plant placement provides better airflow within the
canopy (Ortiz et al., 2009). Previous studies indicate that high air
exchange rates and appropriate moisture balance help maintain
stomatal conductance; otherwise, stomata begin to close to prevent
water stress (Choudhury and Monteith, 1986).

Graph 2 The effect of different plant densities on cucumber leaf
stomatal conductance
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Stomata play a vital role in the balance between water loss
and photosynthesis efficiency. Environmental factors, particularly
light and CO., play an important role in this balance. Environmental
factors transmit systemic signals, and mature leaves perceive these
signals better. While increased light quantity increases stomatal
movements, high CO: concentration decreases stomatal movements.
Additionally, increased humidity also reduces stomatal movements
(Casson and Gray, 2008). Approximately 85-90% of water loss in
plants occurs through stomata. Therefore, it is necessary to know the
numbers and structures of stomata found in the leaves of each crop
plant. Stomata are organs that regulate transpiration and are also

gateways that enable gas exchange between the plant's internal
--61--



tissues and the external environment. Stomata regulate transpiration
by opening and closing according to various conditions. In this way,
plants continue their lives without experiencing excessive water loss
(Dickison, 2000).

In applications with higher plant density such as T3,
limitations in the amount of water per plant or competition in the root
zone may have created a physiological response aimed at preventing
the plant from losing water by reducing stomatal conductance. The
obtained findings reveal that plant physiology is suppressed as plant
density increases and are consistent with findings from previous
studies.

Leaf Area

In the study, the effects of different planting densities on leaf
area in organic cucumber were examined. When the leaf areas
obtained from measurements made on cucumber leaves were
examined, the largest area was calculated as 285.5 cm? for lower
leaves in T1, 218.1 cm? for middle leaves in T1, and 185.5 cm? for
upper leaves in S1 plants. When looking at the smallest areas, the D1
application appears with 80.4 cm? in lower leaves, S2 with 81.1 cm?
in middle leaves, and D3 with 116.2 cm? in upper leaves. While
lower leaf area values were obtained in lower leaves, middle and
upper leaves had higher leaf area values compared to lower leaves.
When the total leaf area values calculated based on these three leaf
area values were examined, the T1 application was in the statistically
significant group compared to other planting applications, while S2
and D1 applications were in the group with the lowest values (Graph
3). The low values in the D1 application reveal that when the number
of plants per unit area increases, each plant is able to develop less
leaf area (Tafoya et al., 2019). Leaf area determines the plant's
capacity to capture light energy, which is important for
photosynthesis (Peil et al., 2014).
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Graph 3 The effect of different plant densities on cucumber total
leaf area
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The 216.60 cm? area in T1 may be the point where the plant's
light utilization potential is highest. Marcelis et al. (2005) state that
a 1% increase in leaf area can provide a 0.7-1% increase in yield.
However, when leaves begin to shade each other, the yield increase
is not expected to continue. Consequently, at low plant densities,
important parameters related to photosynthesis and yield, such as
leaf area, are expected to increase (Gomes et al., 2017).

Yield per Plant, Total Yield

The findings obtained from the study showed that different
applications had statistically significant effects on both yield per
plant (YPP) and total yield (TY) (p<0.05). The highest yield per
plant was obtained in the T3 application with 5.59 kg, and this
application showed statistically superior performance compared to
all other applications. The yield per plant of the D3 application,
which was the control group, was recorded as 3.34 kg. All of the T3,
S2, S1, D2, and D1 applications provided higher yield per plant than

the control group.
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Graph 4 The effect of different plant densities on yield values
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The S2 application exhibited the closest performance to T3
with 5.38 kg. The lowest yield per plant value was observed in the
T1 application with 2.50 kg. The increase in plant density in
cucumber decreased yield per plant in a curvilinear manner. The
degree of relationship (1?) between plant density and yield per plant
was 0.88. The total yield results show that area-based production
capacity varies significantly according to applications. The T3
application ranked first statistically by achieving the highest value in
both yield per plant and total yield with 10.76 tons/da. T3 is followed
by the D1 application with a yield of 9.61 tons/da. Total yield in the
D3 application, which was the control group, was determined as 8.91
tons/da. The S1 (8.86 tons/da), D2 (8.85 tons/da), and T2 (8.62
tons/da) applications were in the same statistical group as the control
group, offering similar yield levels. The application with the lowest
total yield was S2 with 5.98 tons/da. The data prove that the T3
application is the most ideal method in terms of both individual plant
productivity and total area productivity. It is observed that it provides
approximately a 20% increase in total yield compared to the control

group (D3) in particular.
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Graph 5 The relationship between plant density and cucumber leaf
chlorophyll content
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Researchers have demonstrated that yield per plant changes
with the adjustment of plant density; as plant density increases, yield
per plant has increased, thus enabling an increase in total yield.
Increasing the number of plants per unit area generally also increases
total yield (Echevarria and Castro, 2002; Ganesan et al., 2004; Parks
et al., 2019; Tafoya et al., 2019; Kumar et al., 2024).

Doaris et al. (1991), Pearson (1992), and Uzun (1996)
discovered in their studies on various species that total yield
increased with increasing light intensity. Cocshull et al. (1992) stated
that a 1% increase in lighting throughout the growing season
increased yield by approximately 1%, and they attributed this yield
increase to an increase in average fruit weight. Numerous
researchers have indicated that total yield increases with increasing
plant density (Papadopulos and Ormrod, 1991; Echevarria and
Castro, 2002; Parks et al., 2019; Tafoya et al., 2019).

In summary, the T3 application has values that constitute a
concrete example of yield increase dependent on plant density
increase as stated in the literature. It has reached maximum values in

both yield per plant and total yield.
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Correlations Among the Traits Examined in the Research

In the research, correlation analysis was conducted to reveal
the relationships among the characteristics examined in organic
cucumber cultivation in the greenhouse. Detailed results of these
relationships are given in Table 3. Among the examined
characteristics, it was determined that there was a positive and
significant correlation relationship at the p<0.05 level between leaf
chlorophyll content and yield per plant in cucumber plants (Table 3).
This situation proves that the increase in chlorophyll density in the
leaf directly increases photosynthetic capacity, thereby elevating
fruit weight/number per plant.

Table 3 Correlations among the traits examined in the research

YPP TY LCI LSC ALA
YPP [1.00 0.11 0.88* -0.05 -0.50
TY 0.11 1.00 -0.15 -0.16 -0.00
LCI |0.88* -0.15 1.00 0.23 -0.57
LSC [-0.05 -0.16 0.23 1.00 0.02
ALA [-0.50 -0.00 -0.57 0.02 1.00

*p<0.01, LCI: Leaf chlorophyll index, LSC: Leaf stomatal conductance, ALA: Average leaf
area, YPP: Yield per plant, TY: Total yield

The negative correlation between average leaf area (ALA)
and yield (YPP) shows that the plant's expenditure of energy on
excessive vegetative growth (leaf area) can suppress yield. The
enormous leaves observed especially in the T1 application confirm
this negative relationship. The weak correlation between yield per
plant and total yield is quite critical. This finding shows that total
area productivity depends not only on individual plant performance
but also probably on responses to planting density or environmental
factors (For example, although yield per plant is high in the S2
application, total yield is low). The fact that stomatal conductance
does not show a direct correlation with yield indicates that although
plants follow different transpiration strategies, they can achieve
similar yields, and that "carbon capture capacity" (LCI) is more
determinative than "water loss rate" for yield.
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According to the study results, it can be recommended to
prefer applications (such as T3) that will keep leaf area (ALA) under
control and maximize chlorophyll density (LCI) to increase yield.

Graph 6 Correlation matrix
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Conclusion

The study demonstrated that different planting systems and
plant densities significantly affected physiological parameters and
yield in organic cucumber cultivation under greenhouse conditions.
Among the tested applications, the T3 application (triangular row
with 2.67 plants/m? density) consistently showed superior
performance, with the highest yield per plant and total yield obtained
from this application. This application also optimally balanced leaf
chlorophyll content and stomatal conductance, providing better
photosynthetic efficiency.
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Increasing plant density generally increased total yield per
area, but tended to reduce individual plant performance indicators
such as chlorophyll content and leaf area due to increased intra-plant
competition and light limitation. The negative correlation observed
between leaf area and yield indicates that excessive vegetative
growth can negatively affect fruit production. Additionally, stomatal
conductance did not show a strong correlation with yield. This
indicates that carbon assimilation capacity (associated with
chlorophyll content) is more critical for productivity.

These findings emphasize the importance of selecting
appropriate planting systems and densities to optimize light
reception, physiological function, and resource allocation in organic
cucumber production in greenhouses. The T3 planting system
emerges as a promising approach to maximize both individual plant
and overall crop productivity. Future cultivation strategies should
prioritize balancing plant density to prevent excessive shading and
competition while promoting efficient photosynthesis and resource
use.
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CHAPTER 5

SU STRESINDE HiDROJEL KULLANIMI

1. SELMAKIPCAK BIiTiK'

Giris
Kiiresel 1sinmanin etkileriyle birlikte su, 21. yiizyilin en
kritik sorunlarindan biri olarak karsimiza ¢ikmaktadir. Su stresi,
tarimsal iiretimde bitki gelisimini, verimi ve kaliteyi olumsuz yonde
etkileyerek oOzellikle kurak ve yar1 kurak bolgelerdeki tarim

sistemlerini giderek daha kirilgan hale getirmektedir (Ingrao & ark.,
2023; Elshaikh & Mabrouki, 2024).

Bitkiler, su stresiyle basa c¢ikmak ve stresin olusturdugu
zararlar1 en aza indirmek amactyla ozmotik ayarlama, kok sisteminin
yeniden yapilandirilmasi gibi fiziksel 6zellikler, Absisik asit (ABA),
reaktif oksijen tiirleri (ROS), jasmonik asit (JA) ile siiperoksit
dismutaz (SOD), katalaz (CAT), askorbat peroksidaz (APX ) ve
glutatyon rediiktaz (GR) gibi hormon ve enzimleri igeren
antioksidan savunma sistemleri, biyokimyasal stratejiler ve genlerin
gen ifade diizeyinde molekiiler mekanizmalar gelistirmistir. Bu
mekanizmalar, bitkilerin biyotik ve abiyotik strese karst uyum ve
direng siireclerinde temel rol oynamaktadir (Agbna & Zaidi, 2025).
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Yapilan arastirmalarla bitkilerin, su kullanim verimliligini
artirmak ve su stresine kars1 dayanikliligini artirmak amaciyla gesitli
yenilik¢i yaklasimlar gelistirilmistir (Ali & Hassan, 2020). Bu
yaklagimlardan biri, yiiksek su tutma kapasitesine sahip hidrojel
kullanimidar.

Hidrojeller, biiylik hacimlerde suyu emebilen ve zamanla
kontrollii bi¢imde serbest birakabilen yiiksek emici polimer
yapilardir. Ug boyutlu hidrofilik polimer aglarindan olusan
hidrojeller, kendi agirliklarinin yiizlerce katt suyu absorbe
edebilmekte ve suyu depolarken siserek jel benzeri bir yapi
olusturmaktadir (Patra & Hossain, 2022; Ali & Zaidi, 2024). Bu jel
yapi, ¢evredeki toprak kurudukca suyu yavasca serbest birakarak
bitkilere siirekli ve dengeli bir su kaynagi1 saglar (Abdallah, 2019;
Abdelghafar & ark., 2024). Burada verilen referans

Hidrojellerin  tarimda  kullanim1  kapsamli  bi¢cimde
arastirilmis olup, cok sayida calisma bu materyallerin bitkilerin
kurakliga kars1 dayanikliligmi artirmadaki etkinligini ortaya
koymustur. Yapilan aragtirmalar, hidrojel ile zenginlestirilmis
topraklarin nemi artirarak sulama sikligin1 azaltarak suyun
korunmasina katki saglamakta ve su stresi kosullarinda bitki
biliylimesi ile verimi artirma potansiyeli sunmaktadir. Hidrojel
icerikli topraklarda yetistirilen bitkilerin; hidrojelsiz topraklarda
yetistirilenlere kiyasla daha iyi biiylime performansi, daha yiiksek
biyokiitle ve artan verim gosterdigi bildirmektedir (Chang & Qiu,
2021; Patra & Hossain, 2022; Ali & Zaidi 2024; Nordin & Bakar,
2024). Ozellikle yagislarin diizensiz oldugu ve kurak dénemlerin sik
goriildiigli bolgelerde, hidrojeller toprak nemini dengeleyerek
kurakligin olumsuz sonuglarini azaltmaya yardimei1 olmakta, toprak
gozenekliligini artirip, hacim yogunlugunu azaltarak kok gelisimini
ve besin alimini desteklemektedir (Ali & Zaidi, 2024; Manimaran &
Aswitha, 2024).
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Modern tarimda hidrojellerin rolii yalnizca su tutma ile sinirh
degildir. Son arastirmalar, hidrojellerin giibre, pestisit gibi tarimsal
girdiler i¢in bir tasiyict sistem olarak islev gorebilecegini ve bu
maddelerin toprak nem durumuna bagli kontrollii salinimini
saglayabilecegini ortaya koymustur (Han & Xu, 2024; Sarhan &
Mohamed, 2024). Bu ikili islevsellik, su kullanim verimliligini
artirmakla beraber besin maddesi kayiplarin1 azaltmakta ve ¢evresel
kirliligi en aza indirmektedir (Xing & ark., 2024; Alam & Quazi,
2024). Hidrojellerin; otomatik sulama sistemleri ve hassas tarim
teknolojileriyle entegrasyon potansiyeli, su ve besin yOnetiminin
daha da optimize edilmesini saglayarak siirdiiriilebilir ve verimli
tarim sistemlerinin gelistirilmesine katki sunmaktadir (Manimaran
& Aswitha, 2024)

Bu calisma kapsaminda, hidrojellerin bitkilerin su stresine
kars1 dayanikliligini artirmadaki etkileri ele alinmakta, hidrojellerin
ozellikleri, tarimda hidrojel uygulamalar1 ve tarimda hidrojel
uygulamalarindaki zorluklar1 degerlendirilmekte ve alandaki
arastirma-gelistirme  caligmalarimin  gelecekteki  yonelimleri
belirlenmektedir.

2. Hidrojellerin Ozellikleri

Hidrojellerin  6zellikleri; kimyasal bilesimleri, capraz
baglanma yogunluklari, sisme kapasitesi, mekanik dayanim,
biyolojik olarak pargalanabilirlik ve sicaklik, pH veya iyonik giic
gibi cevresel faktorlere duyarlilik gibi ¢esitli siniflara ayrilmaktadir
(Saha & ark., 2020).

2.1. Su Etkilesimine Dayal Simiflandirmasi

Hidrojeller, su ile etkilesimleri temel alinarak
simiflandirilmaktadir. Hidrojellerde su, ti¢ farkli formda bulunabilir:
serbest su, bagli su ve ara su. Serbest su, polimer aginda zayif
etkilesimlerle tutulan ve kolayca hareket edebilen suyu; bagl su,

giiclii hidrojen baglar1 veya iyonik etkilesimlerle polimere tutunan
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su; ara su ise hem serbest hem de bagli suyun 6zelliklerini kismen
tagiyan, polimer matrisiyle orta diizeyde etkilesim goOsteren su
formudur (Agbna & Zaidi, 2025).

2.2. Sisme Kapasitesi ve Mekanik Mukavemet

Hidrojeller suya maruz kaldiklarinda 6nemli 6l¢iide sisme
mukavemet 6zellikleri polimer zincirlerinin hidrofilik 6zellikleri ile
capraz baglanma yogunluguna baglidir. Capraz baglanma
yogunlugunun artmasi, genellikle sisme kapasitesinin azalmasina
ancak mekanik dayanimin artmasina yol agar. Buna karsin, diisiik
capraz baglanma yogunluklarina sahip hidrojeller daha esnek olup
daha fazla su absorbe edebilir; ancak asir1 ¢evresel kosullar altinda
mekanik bozulmaya daha yatkindirlar (Skrzypczak & Witek-
Krowiak, 2020; Tariq & Ahmed, 2023; Omar & Alsharaeh, 2024).
Bu o6zellik tarimsal uygulamalar agisindan kritik dneme sahiptir;
¢linkii bir hidrojelin ne kadar su depolayabilecegi ve daha sonra
topraga iletebilecegi bu parametre tarafindan belirlenir (Nnadi &
Brave, 2011).

2.3. Biyolojik Bozunabilirlik ve Cevresel Duyarhlik

Biyolojik olarak parcalanabilir hidrojeller, ¢cevrede zararl bir
kalmti birakmadan zaman ic¢inde dogal olarak ayrisabilen
materyallerden olusur (Chang & Zhang, 2011). Bu 6zellik, dogal
polimer temelli hidrojelleri stirdiiriilebilir tarim uygulamalar1 igin
ozellikle cazip kilmaktadir. Ancak, sentetik olarak iiretilen ve yaygin
olarak kullanilan bircok sentetik hidrojeller biyolojik olarak
parcalanamadiklarindan, uzun vadeli cevresel kaygilar giindeme
gelmektedir (Oladosu & Haliru, 2022).

Hidrojeller; sicaklik, pH veya iyonik gii¢ gibi belirli ¢evresel
uyaranlara yanit verecek sekilde tasarlanabilmektedir. Ornegin,
sicakliga duyarlt hidrojeller belirli bir sicaklikta faz gegisi yasayarak
suyu kontrollii bigimde salabilir (Zhang & Wang, 2010). Benzer

bicimde pH’ya duyarli hidrojeller, ortam pH’na bagl olarak sisme
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veya biiziilme davranis1 sergiler ve bu ozellikleri onlari istenilen
topraga gore ayarlamay1 uygun kilmaktadir (Tomadoni & ark., 2019;
Tariq & Ahmed, 2023).

3. Tarimda Hidrojel Uygulamalar:

Hidrojeller, suyu emme, depolama ve kontrollii bigimde
serbest birakma kapasiteleri sayesinde, 6zellikle su kithiginin yaygin
oldugu bolgelerde 6nem kazanmaktadir. Hidrojellerin tarimdaki
kullanim1 yalnizca su tutma ile sinirli olmayip; toprak nemini
koruma, besin maddesi tagima, tohum kaplama ve erozyon kontrolii
gibi uygulamalar1 da kapsamaktadir.

3.1. Toprak Neminin Artirilmasi

Hidrojellerin tarimdaki en yaygin ve temel kullanim
alanlarindan biri, toprak neminin artirilmasidir. Kurakliga egilimli
veya diizensiz yagis alan bolgelerde yeterli toprak neminin
korunmasi1 bitki biiylimesi agisindan kritik Oneme sahiptir.
Hidrojeller, sulama veya yagis sirasinda suyu absorbe ederek depolar
ve toprak nem kaybettikge depolamis oldugu suyu kademeli bir
sekilde salarak bitki koklerine siirekli ve dengeli bir nem kaynagi
saglar (Skrzypczak & Witek-Krowiak, 2020). Boylece, hidrojeller
sayesinde sulama sikligi azalmakta, su verimliligi artmakta ve
kuraklik stresinin bitkiler lizerindeki olumsuz etkileri hafifletilerek
zor kosullarda dahi daha iyi verim saglanmaktadir (Nnadi & Brave,
2011). Yer fistig1 ve celtik lizerine yapilan iki farkli calismada
hidrojel uygulamasinin, kuraklik kosullarinda islenmemis topraklara
kiyasla fistikta %30 verim artis1 sagladigi, celtikte ise su stresinin
olumsuz etkilerini azaltarak daha yliksek tane verimi sagladig1 rapor
edilmistir (Elshahawy, 2020; Patra & Hossain, 2022).

Hidrojellerin toprak nem tutma kapasitesini artirmadaki
etkinligi farkl toprak tiplerine gore degiskenlik gostermektedir. Su
sizmasinin hizli oldugu ve su tutma kapasitesinin diisiik oldugu

kumlu topraklarda hidrojeller; suyun daha uzun siire tutulmasini
--77--



saglayarak derin sizma kaynakli kayiplar1 6nemli Olgiide azaltir
(Abdallah, 2019; Patra & Hossain, 2022). Killi topraklarda ise
hidrojeller fazla nemi absorbe ederek su birikmesini dnler ve ihtiyag
duyuldugunda nemi geri vererek toprak nem dengesinin
korunmasma katkida bulunurlar (Patra & Hossain, 2022).
Hidrojellerin bu ¢ok yonlii fonksiyonlari, hidrojelleri farkli tarimsal
kosullarda toprak yapisini iyilestirmek, 1slah etmek ve iglevselligini
artirmak i¢in etkili bir ara¢ haline getirmektedir. Hidrojeller, toprak
nemini dengede tutarak bitkiler i¢in daha elverigli bir ortam
olusturur; bu durum daha derin kok penetrasyonu ve daha genis kok
sistemlerinin gelismesini tesvik eder (Patra & Hossain, 2022).
Arastirmalar, hidrojel ile zenginlestirilmis topraklarda yetistirilen
bitkilerin, iglenmemis topraklara kiyasla daha yiiksek kok
biyokiitlesi iirettigini gostermektedir.

3.2. Besin Maddesi Tasima ve Giibre Verimliligi

Hidrojeller, toprakta su tutma kapasitesi disinda, giibre ve
besin maddelerinin kontrollii salinimi icin tasiyict sistemler olarak
giderek daha yaygin bir sekilde kullanilmaya baslanmistir. Polimer
aglar1 igerisinde besin maddelerini kapsiilleyerek, toprak nem
durumuna gore depoladigi besin elementlerini kontrollii sekilde
serbest birakabilmekte ve boylece nem ve besin element salinim
mekanizmas1 olusturmaktadir. Bu yontem, giibre kullanim
verimliligini artirmakta ve besin element kayiplarini 6nemli oranda
azaltmaktadir (Azeem & Thanh, 2014; Skrzypczak & Witek-
Krowiak, 2021; Ali & Zaidi, 2024; Sarhan & Mohamed, 2024).
Ayrica, hidrojeller besin elementlerini depolayarak bitkinin gelisim
evrelerine ve istegine gore mineral madde salmim hizinin
ayarlanmasina imkan saglamakta; bdylece bitkilerin ihtiyag
duyduklar1 dénemde dogru miktarda mineral maddeye ulagmalari
saglanmaktadir (Ribeiro & Ramos, 2024). Cesitli c¢alismalar
hidrojellerin azot, fosfor ve potasyum gibi makro besin element
maddelerinin bitkiler tarafindan kullanilabilirligini belirgin sekilde
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artirdigini, béylece daha iyi biiyiime ve daha yiiksek verim elde
edildigi rapor edilmistir (Ghobashy & Nady, 2024; Lu & Liu, 2024).

3.3. Erozyon Kontrolii ve Toprak Stabilizasyonu

Hidrojeller, toprak pargaciklarini bir arada tutarak riizgar ve
su kaynakli erozyon riskini azaltir (Skrzypczak & Witek-Krowiak,
2020). Hidrojellerin sahip oldugu bu ozellik, gevsek, kumlu
topraklar veya dik yamaglar gibi erozyonun ciddi toprak kaybina ve
yapisal bozulmaya yol agabilecegi alanlarda kritik 6neme sahiptir
(Nnadi & Brave, 2011).

Hidrojellerin  etkinligi, daha c¢ok mal¢ gibi toprak
stabilizatorleriyle birlikte uygulanarak artirilir. Tarimsal alanlarda
hidrojel ile iglenmis topraklar, 6zellikle yogun yagis donemlerinde
erozyona karst daha direngli hale gelmistir (Falcdo & Barbosa,
2024). Bu o6zellik, toprak stabilizasyonunun bitki ortiisiiniin basarilt
bir sekilde yerlesmesi i¢in kritik oldugu agaglandirma ve arazi 1slah
projelerinde biiyiik avantaj saglamaktadir (Ali & Zaidi, 2024).

3.4. Tohum Kaplama ve Cimlenmeyi Gelistirme

Hidrojeller, tohumlarda ¢imlenme oranlarini artirmak ve fide
gelisimini desteklemek amaciyla tohum kaplama materyali olarak da
kullanilmaktadir. Hidrojeller, topraktan suyu absorbe ederek tohuma
yakin bir bolgede tutar ve 6zellikle suyun olmadig1 donemlerde veya
suyun sinirlt oldugu kurak ve yart kurak bolgelerde tohum ¢ikigini
ve fide gelisimini desteklemektedir. Bu yontem, 6zellikle tohumlarin
onceden ¢imlendirilmeden dogrudan tarlaya ekildigi dogrudan ekim
sistemlerinde bliyiik avantaj saglar (Pathak & Ambrose, 2020; Saha
& ark., 2020; Patra & Hossain, 2022).

Arastirmalar, hidrojellerle kaplanan tohumlarin tahillar,
baklagiller ve sebzeler gibi farkli bitki tiirlerinde c¢imlenme
oranlarini artirdigin1 gostermektedir (Pathak & Ambrose, 2020;
Skrzypczak & Witek-Krowiak, 2021). Hidrojeller tohum veya
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fideler icin yalnizca nem saglamakla kalmaz; ayn1 zamanda mineral
maddeler, biiylime uyaricilar veya koruyucu bilesiklerle icerigi
zenginlestirilerek, tohum ve fidelerde canlilik ve hastaliklara kars1
dayanimi da artirir (Sousa & Camara, 2022).

4. Tarimda Hidrojel Uygulamalarindaki Zorluklar

Hidrojeller, tarimsal verimliligi artirma potansiyeline sahip
olmalaria ragmen, yaygin bir sekilde kullanilmasinda bazi zorluklar
bulunmaktadir. Bunlarin basinda da maliyet konusu gelmektedir.
Ozellikle sentetik polimer bazli yiiksek kaliteli hidrojellerin iiretimi
oldukca maliyetlidir. Bu durum, ozellikle hem gelismekte olan
iilkeler hem de kiiciik olcekli ¢iftciler icin olduk¢a Onemli bir
konudur (Nnadi & Brave, 2011). Hidrojeller iiriin tiirli, toprak
ozellikleri ve iklim gibi cesitli faktorlere bagl olarak farkli farklh
iretilmektedir; bu durum da beraberinde kullanilan malzemelerin
cesitli ve baz1 malzemelerin 6zel gelistirilmesini gerektirmektedir.
Iste bu noktada maliyet konusu devreye girmekte ve hidrojel
dretiminin farkli tarim sistemleri arasinda genellestirilmesini
zorlastirmaktadir (Ali & Zaidi, 2024).

Tarimda hidrojelin karlilig1, sulama ve giibre giderlerindeki
azalma ile hidrojel satin alma ave uygulama maliyetlerinin
dengelenip dengelenmedigine baghdir. Calismalar, hidrojellerin su
tutma ve besin verimliligini artirarak ekonomik kazanimlar
saglayabilecegini gostermektedir. Ancak, hidrojel kullaniminin net
karliligini inceleyen kapsamli ekonomik ¢aligmalar halen sinirhidir.
Biyopolimer sentezindeki ilerlemeler ve tarimsal yan iiriinlerin
kullanimi, hem ekonomik hem de g¢evresel agidan uygun, biyolojik
olarak pargalanabilir hidrojellerin iiretimini miimkiin kilmaktadir
(Saha & ark., 2020; Ali & Zaidi, 2024). Boylece hidrojel iiretiminde
maliyetin diisiiriilmesiyle diinya genelinde daha genis ¢iftci kitlesi
icin hidrojeller erisilebilir hale getirilebilir.

4.1. Cevresel Etki ve Biyobozunurluk
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Hidrojel kullanimini sinirlandiran bir diger dnemli konu ise
sentetik hidrojellerin g¢evresel etkisidir. Sentetik olarak {iretilen
hidrojeller ¢gogunlukla petrokimyasal kaynaklar kullanilarak {iretimi
yapilir. Bundan dolayi ¢evrede kolay parcalanmaz; bu durum, toprak
saglig1 ve uzun vadeli siirdiiriilebilirlik agisindan endiseler dogurur.
Zamanla, toprakta parcalanamayan hidrojellerin birikmesi, toprak
yapisint  ve pH’sim1  degistirebilir, mikrobiyal topluluklari
etkileyebilir, buna bagli olarak toprak verimliligi ve
stirdiiriilebilirligi azalabilir (Skrzypczak & Witek-Krowiak, 2020).

5. Sonuc¢

Hidrojeller, tarimda siirdiiriilebilir ve verimli iiretim
uygulamalarini desteklemede 6nemli bir potansiyel tasimaktadir. Su
kithigi, toprak bozulmasi ve iklim degisikligi gibi kiiresel zorluklar
tarimsal Uretkenligi tehdit etmeye devam ederken, hidrojeller suyu
tutma, besin saglama ve toprak yapisini iyilestirme kapasiteleriyle
bu sorunlara ¢oziim sunmaktadir. Ancak, yaygin kullanim igin,
biyobozunur hidrojellerin gelistirilmesi, akilli ve hassas tarim
uygulamalari, maliyet, ¢evresel etki gibi 6nemli konular daha detayl
arastiritlmali ve caligmalar bu yonde olmalidir. Arastirmacilarin
maliyet giderini azaltmak i¢in, Ozellikle dogal ve yenilenebilir
kaynaklardan {iretilen uygun maliyetli ve siirdiiriilebilir hidrojel
alternatiflerinin  gelistirilmesine odaklanmalidir.  Hidrojellerin
tarimdaki ilerlemesi, maliyet etkinligi, ¢evresel siirdiiriilebilirlik ve
akilli tarim entegrasyonu ile desteklendiginde modern tarimda
onemli bir ¢6ziim olarak yerini giiglendirecektir.
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CHAPTER 6

EFFECT OF GIBBERELLIC ACID APPLICATIONS
ON YIELD AND SOME BIOCHEMICAL
CONTENTS IN SAKIZ AND BAYRAMPASA
ARTICHOKE CULTIVARS'

ADNAN UGUR?
DONDU SEMA SEYHAN?
EDANUR AKBULUT*

1- INTRODUCTION

Fruits and vegetables are sources that benefit human health
due to their rich content of phytochemicals such as vitamins,
minerals, dietary fiber, carotenoids, and antioxidant compounds
(Ceccarelli et al., 2010; Yahia et al., 2019). In recent years, studies
in the field of health have indicated that fruit and vegetable
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consumption within the Mediterranean diet is effective in reducing
the risk of cancer and cardiovascular diseases. The consumption of
certain plant sources provides a healthy dietary strategy and plays an
important role in preventing chronic diseases such as heart disease,
cancer, stroke, diabetes, Alzheimer’s disease, cataracts, and age-
related functional decline (Liu, 2013).

Artichoke, a traditional component of the Mediterranean diet,
is accepted as a functional food according to the definition of the
European Commission on Functional Food Science in Europe. From
a nutritional perspective, artichoke is a plant-based food whose
natural components have positive effects on specific target functions
beyond basic nutritional values, thereby reducing the risk of certain
diseases (Ceccarelli et al., 2010).

When global artichoke production areas are examined, the
Mediterranean basin is seen to be the region with the largest
production area. In this region, artichoke consumption began during
the periods of the ancient Greeks and Romans and has remained on
distinguished tables to the present day (Vural et al., 2000). It has long
been regarded as an important plant and has been the centerpiece of
royal tables. It is known that the Egyptian king Ptolemy fed
artichokes to his soldiers to boost their courage. With the discovery
of America, artichoke was introduced to the Americas by the
Spanish. Produced for many years in limited areas along the
California coast, artichoke became popular in the United States when
Marilyn Monroe (Norma Jeane Mortenson) was crowned Artichoke
Queen at a festival held in Castroville in 1948. Castroville is still
referred to as the artichoke center of the world. Today, Mediterranean
countries are the leading producers and consumers of artichoke
worldwide (Sonnante et al., 2007). Italy, Egypt, Spain, France,
Greece, Tirkiye, Israel, the USA, Chile, Peru, and Argentina are
among the major artichoke-producing countries (Sgroi et al., 2015).
In Italy, France, and Spain, artichoke appears in folk culture, riddles,
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legends, paintings, ornaments, and ancient mosaics, occupying
diverse aspects of daily life and culture. In Italy alone, more than
1.300 dishes are prepared with artichoke (Bianco, 2012).

Artichoke is primarily cultivated for its large immature
flower heads. Depending on the culture, flower stalks and leaf stalks
are also consumed in different ways. The edible parts are the
receptacle, commonly known as the “heart,” which constitutes
approximately 35-55% of the fresh head weight (Ceccarelli et al.,
2010). Consumption as olive oil dishes, grilled artichokes, and
canned products is widespread. Large Sakiz artichokes are
commonly consumed as stuffed dishes, and they are also prepared
with chicken or lamb meat. In the Aegean region, artichoke cooked
with olive oil, abundant lemon, dill, and fava beans is preferred. With
its unique taste and aroma, artichoke is indispensable on tables (Eser
et al., 2006). In recent years, increasing awareness of its health
effects has led to growing global interest in artichoke. Fresh
artichoke contains 10-12% dry matter per 100 g, with 88—-90%
water, 2-3 g protein, 0.5-2 g sugar, and 0.2-0.3 g fat (Vural et al.,
2000; Eser et al., 2006; Ceccarelli et al., 2010). Artichoke is rich in
B and C vitamins and has high contents of calcium, potassium, iron,
magnesium, and phosphorus (Ayuso et al., 2024). Experimental
studies on rats and laboratory research have scientifically
demonstrated that artichoke is a highly liver-friendly vegetable. Due
to its cynarin content, it significantly reduces bad cholesterol levels,
helps regulate blood sugar, and purifies the blood (Gebhardt &
Fausel, 1997). With its many phytochemicals, artichoke exhibits
antioxidant effects. In a study conducted by Pérez-Garcia et al.
(2000), the antioxidant activities of artichokes in human leukocytes
were also investigated, and it was reported that reactive oxygen
species (ROS)-induced oxidative stress was inhibited by cynarin,
caffeic acid, chlorogenic acid, and the flavonoid luteolin. Compared
with other vegetables, artichoke heads possess hepatoprotective,
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hypocholesterolemic, and antioxidant properties and contain high
levels of total polyphenols (Brat et al., 2006; Ceccarelli et al., 2010;
De Falco et al., 2015; Lattanzio et al., 2009; Mulinacci et al., 2004;
Schiitz et al., 2004).

The availability of fresh table artichokes is limited to certain
periods due to climatic conditions. Along with developments in
social life, the emergence of healthy nutrition practices has changed
dietary behaviors, and artichoke has become prominent among
health-friendly products. In Tiirkiye, artichoke is generally
considered part of Mediterranean-style nutrition, and its
consumption has rapidly increased in recent years (Ugur & Eser,
2013; Zeybekoglu & Ugur, 2013). Fresh table artichokes are mainly
produced in Izmir and Aydin, while canned artichokes are produced
more in Bursa. The early table variety Sakiz artichoke has been
registered with a geographical indication by the izmir Commodity
Exchange under the name “Urla Sakiz Artichoke.” In the Marmara
region, Bayrampasa and local varieties are preferred for canning,
although in recent years hybrid artichoke varieties for table and
canning purposes have also been used (Duman et al., 2020). Under
[zmir conditions, a commercial artichoke heart variety tested for five
years had an average head weight of 29.77-45.37 g, with the highest
head yield (21,666 heads/da) determined in the second year (Duman
& Nas, 2020).

Sakiz artichoke has a fresh and juicy appearance, lower fiber
content, and does not develop spines associated with high
temperatures in early harvests. Consumers consistently demand
fresh artichokes, which can fetch high prices in markets. Due to
climatic advantages, the Mediterranean region stands out in early
artichoke production (Ilbi et al., 2007). However, the early increase
in spring temperatures after April limits fresh artichoke production
along coastal areas. For early production, plants that enter dormancy
during summer must be reactivated by irrigation, which should be
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carried out in the first half of August. Without irrigation, plants only
become active with autumn rains, eliminating earliness. Expected
early harvests in late January—early February may shift to late March.
Optimal growth occurs at temperatures of 15-18 °C, while
temperatures above 25 °C stop growth. Temperatures dropping to 0
°C cause severe damage, leading to head deformation and,
depending on exposure duration, plant death. Autumn frosts in
artichoke-growing regions also cause significant damage. In early
varieties, the formation of early and extra-early products is
prevented. Dry and hot spring conditions cause smaller heads,
reduced crispness, bitterness, and fiber formation, especially in late
canning varieties, leading to rapid flowering and yield loss (Eser et
al., 2006). In the Aegean and Mediterranean regions, early spring
temperature increases limit fresh artichoke production after April,
while high summer temperatures (>35 °C) hinder table artichoke
production. In contrast, the Central Black Sea region receives
rainfall throughout the year, with July being the driest month and an
average temperature of 22.1 °C, without extreme summer heat or
large diurnal temperature differences. With careful irrigation and
cultural practices, plants can be maintained in active growth without
stress, allowing new shoot and head formation. Due to different yield
behaviors of Sakiz and Bayrampasa varieties, a longer harvest period
is possible. Harvest time and head quality are also affected by
gibberellic acid (GA3) doses.

The main objective of this study was to investigate the
extension of the harvest period in fresh table artichoke production
and to evaluate yield distribution as well as changes in head quality
and antioxidant contents.

2- MATERIALS AND METHODS

Within the scope of the study, the effects of GA3 applications
on yield and quality characteristics of Sakiz and Bayrampasa

artichoke cultivars grown in the Central Black Sea coastal belt were
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determined. The experimental plots were established at the trial field
of the Provincial Directorate of Agriculture and Forestry in Altinordu
district, Ordu province. The soil was plowed to a depth of 30—40 cm
at the end of September under suitable moisture conditions and
leveled afterward. Raised beds 30 cm high and 70 cm wide with 30
cm spacing were prepared. The experiment was conducted in a
randomized complete block design with three replications. Plant
spacing was 1 x 1 m. Each row consisted of 20 plants and was
considered a plot, with one row left as a border. NPK fertilization
was applied at 15/10/15 kg/da using ammonium nitrate, TSP, and
potassium sulfate. All TSP was applied before planting, while the
other fertilizers were applied in five equal doses at 20, 40, 150, 180,
and 200 days after planting. All cultural practices, irrigation, and
fertilization were carried out according to Vural et al. (2000).

GA3 was applied as a spray at 0, 25, and 50 ppm on March
30, when the main shoot began to appear in the central crown. Heads
reaching harvest size (>7 cm diameter) were harvested. The number
of days to first main head appearance, first harvest date, number of
harvested heads, and first main head height were recorded. Total
number and weight of harvested heads were determined. In June,
when harvest was most intensive, 10 representative heads per
replication were evaluated for head weight, height, width, and
spinosity. Head weight was measured using a precision balance, and
head dimensions were measured with a digital caliper. Spinosity was
assessed by gently pressing the upper part of the head into the palm.
Antioxidant contents were also determined (Eser et al., 2006).

Total antioxidant activity was determined by DPPH- free
radical scavenging activity using the modified method of Demirtag
et al. (2013) based on Blois (1958). Absorbance was measured at 517
nm, and results were expressed as pmol Trolox equivalents (TE) g™*
fresh weight. FRAP (Ferric Reducing Antioxidant Power) analysis
was conducted following Benzie & Strain (1996), with absorbance
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measured at 593 nm and results expressed as pmol TE g fresh
sample.

Simple statistics and analysis of variance were performed.
Differences among treatments were evaluated using Tukey’s

multiple comparison test at a significance level of a = 0.05 using
SPSS 22.0.

3- RESULTS AND DISCUSSION

The effects of GA3 applications on yield and some
biochemical contents of the Sakiz cultivar are presented in Table 1.

Table 1. Plant yield values and biochemical contents of GA3
applications in Sakiz varieties

Sakiz variety | Treatment Mean Standard deviation Minimum Maxsimum
Control 409.02 b 21.07 393.14 432.92
Head weight | GA325ppm | 404.81b 2.53 401.97 406.84
(® GA3 50 ppm | 49747 a 32.26 460.52 520.05
Control 8.22 0.19 8.00 8.33
Head length | GA325ppm | 8.11 0.19 8.00 8.33
(cm) GA350ppm | 839 0.22 8.17 8.50
LSD ns.
Control 10.94 b 0.38 10.50 11.17
Head width | GA325ppm | 11.33b 0.17 11.17 11.50
(cm) GA350ppm | 12.22a 0.63 11.50 12.67
LSD *
Control 325292 29.90 295.39 355.19
DPPH | GA325ppm | 283.94a 18.26 265.69 302.20
(mg 100 ™) | GA3 50 ppm | 227.41b 22.46 205.69 250.54
Control 164.28 ¢ 8.01 156.00 172.00
Phenolic | GA3 25 ppm | 182.16b 539 176.00 186.00
(mg100g™) | GA3 50 ppm | 21441 a 11.27 202.00 224.00
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Control 73.81b 5.06 68.46 78.52
Flavonoid | GA325ppm | 157.47a 11.15 145.12 166.80
(mg100g™) | GA3 S0 ppm | 62.19b 8.16 56.28 71.50
LSD .
Control 1800.00 a 200.00 1600.00 2000.00
Yield GA3 25 ppm | 1466.67b 116.00 1400.00 1600.00
(heads/da) | GA3 50 ppm | 1533.33 ab 116.00 1400.00 1600.00
LSD *
ns.; not significant, *; p<0.05 **; p<0.01 ***; p<0.001

According to GA3 applications, changes were observed in
head weight, head width, DPPH, phenolic content, flavonoid
content, and yield values in the Sakiz variety. GA3 application in the
Sakiz variety caused a decrease in yield values. The highest yield
was determined in the control application with 1800 heads/da, but
larger heads were observed in GA3 applications. The GA3 50 ppm
application stood out in head weight, head length, head width, and
phenolic content. Keskin & Namal (2019) determined that in Antalya
conditions, under different fertilization applications, the main heads
of Sakiz artichoke plants ranged between 633.7-710 g, head width
varied between 127-139.5 mm, and head length varied between 124-
133 mm. These values were found to be higher than our results. It is
thought that the slightly milder winter conditions in the Antalya
ecology compared to our region led to these results. These values
were determined to be high according to our results. It is thought that
the slightly milder winter conditions in the Antalya ecology
compared to our region led to these results. In our study, the control
application yielded higher values in DPPH and yield values. On the
other hand, the phenolic content was found to be highest in the 0 ppm
GA3 application and lowest in the control application. In terms of
flavonoid content, the 25 ppm GA3 application was significantly
superior to other applications. When reviewing the relevant literature

on biochemical content, ecological differences and varieties are seen
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as the main factors (Dabbou et al., 2017; Kayahan & Saloglu, 2021).
Antioxidant activity plays a crucial role in evaluating vegetable
quality, as antioxidant molecules contribute to plant growth and
development under stressful conditions and promote health benefits
in human nutrition. It is thought that the cooler climate of our region
compared to traditional artichoke-growing areas is a contributing
factor in this case.

The effects of GA3 applications on the Bayrampasa cultivar

are presented in Table 2.

Table 2. Plant yield values and biochemical contents of GA3
applications in Bayrampasa variety

Baziig]asa Treatment Mean :;3?;?;?1 Minimum Maxsimum
Control 34936 b 11.46 336.20 357.15
Head weight GA3 25 ppm 32546 ¢ 6.28 318.47 330.64
(g) GA3 50 ppm 406.31 a 16.01 396.94 424.79
Control 8.00 ab 0.17 7.83 8.17
Head length | GA3 25 ppm 7.50b 0.44 7.00 7.83
(cm) GA3 50 ppm 822a 0.09 8.17 8.33
LSD *
Control 10.78 a 0.19 10.67 11.00
Head width | GA3 25 ppm 9.84b 0.58 9.17 10.17
(cm) GA3 50 ppm 11.28 a 0.42 10.83 11.67
Control 282.78 a 24.09 255.79 302.10
DPPH GA3 25 ppm 276.21 a 12.15 265.49 289.41
(mg100g™) | GA3 50 ppm 138.50 b 16.45 121.96 154.85
Control 176.52 b 17.37 158.48 193.14
Phenolic GA3 25 ppm 114.04 ¢ 16.74 102.94 133.30
(mg100g™) | GA3 50 ppm 30547 a 24.49 281.16 330.14
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Control 125.06 a 7.60 116.72 131.60
Flavonoid | GA3 25 ppm 82.13 ¢ 5.65 77.58 88.46
(mg100g™) | GA3 50 ppm 100.31b 9.64 90.48 109.74
Control 1666 116 1600 1800
Yield GA3 25 ppm 1800 200 1600 2000
(heads/da) | GA3 50 ppm 1866 116 1800 2000
LSD ns.
ns.; not significant, *; p<0.05 **; p<0.01 ***; p<0.001

According to GA3 applications, changes were observed in
head weight, head length, head width, DPPH, phenolic content, and
flavonoid content values in the Bayrampasa variety. The GA3 50
ppm application was found to have higher values for head weight,
head length, head width, and phenolic content. Artichokes in the
control application had higher values for DPPH and flavonoid
content. The biochemical contents obtained from the study were
found to be slightly lower than those reported in the literature
(Bonasia et al., 2023; Kayahan & Saloglu, 2021). It is known that
biochemical contents are high under stress conditions and in hot
climates. The fact that our region has a cool climate suggests that
this may be the reason for the low biochemical contents.
Biochemical contents were found to be higher in purple-colored
varieties (Bonasia et al., 2023). Ecology and genotypes are seen as
absolutely effective factors in yield values.

4- CONCLUSION

It was determined that Sakiz and Bayrampasa artichoke
cultivars enter mid-season production under Central Black Sea
ecological conditions, with limited earliness compared to traditional
perennial cultivation. Considering the climatic data of the region, it
is suggested that an alternative production model using seedlings or
rooted vegetative parts established in late spring could allow autumn
harvests. The effects of GA3 applications varied, particularly in the
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first year due to developmental variability in newly established
plantations. Evaluating the subject in multi-year plantations may
provide broader perspectives.
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CHAPTER 7

Morphological Characterization of Androgenic Pure
Lines in Hatay Type Hot Peppers
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INTRODUCTION

Pepper (Capsicum annuum L.) is an economically important
species within the Solanaceae family. Of the approximately 37
million tons of peppers produced globally each year, around 17
million tons are contributed by China. Following Mexico and
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Indonesia, Tiirkiye ranks fourth in global production with 2.7 million
tons, while Spain ranks fifth with a somewhat lower production
volume (FAO, 2024). Collectively, these five countries account for
72.92% of total global pepper production.

Pepper (Capsicum spp.) is believed to have originated in the
tropical and subtropical regions of Central and South America. It was
among the earliest crops domesticated by humans (McLeod et al.,
1982; Pickersgill, 1988; Perry et al., 2007). After its introduction to
the Old World by the Spanish, it was reportedly cultivated in
Hungary as early as the 16th century (Somos, 1984). Around the
same period, it was also grown in Anatolia and the Balkans. Its
transmission to Asia via Anatolia played a key role in the global
dissemination of the species (Katz, 2009).

Today, pepper is consumed in diverse forms and is also
recognized as a functional food product. It is cultivated in nearly
every country worldwide, and Anatolia possesses a rich diversity of
genetic resources. Among the chili pepper group, Hatay peppers,
extensively grown in the Samandag region, represent one of these
valuable resources. However, open-pollinated (OP) varieties with
improved quality are often sensitive to biotic stress factors and lack
sufficient uniformity. As a result, hybrid pepper production has
become increasingly prevalent worldwide, owing to its potential for
higher yields, improved disease resistance, and enhanced
marketability. The global hybrid pepper market is expected to
continue expanding as growers seek cultivars that combine greater
productivity with improved resilience to environmental stresses.

Breeding strategies focus on producing varieties that meet
growers’ requirements in terms of yield, fruit quality, and disease
resistance. Developing pepper varieties with consistent pungency
and minimal susceptibility to seasonal variations is also essential.
The accelerated development of new varieties relies on advanced

technological methods and the identification of parental lines
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exhibiting superior heterosis when crossed. Understanding the
genetic relatedness within the gene pool is critical for designing
effective breeding programs, as the relationship between parents
directly influences the productivity and quality of F1 hybrids. The
magnitude of these effects depends on the degree of relatedness and
distance between parental lines.

Creating heterotic groups and evaluating heterosis and
combining ability significantly enhance breeding success (Nacar,
2014). The formation of heterotic groups is a technique that
accelerates breeding programs by identifying which parental
combinations are likely to produce heterosis. The magnitude of the
heterosis effect is associated with the degree of relatedness between
the parents. In general, the lower the genetic relatedness — that is,
the greater the genetic distance (up to an optimal point) — the higher
the heterosis effect observed. Conversely, crosses between closely
related parents tend to exhibit reduced heterosis (Onus and Abak,
2022). These methods facilitate breeding and increase the
probability of success within a shorter time frame (Dogangiizel et
al., 2022).

Morphological characterization is an effective approach for
assessing genetic relatedness and guiding hybrid variety
development. For instance, Boyaci et al. (2020) examined 62 pure
lines of Solanum melongena for 32 morphological traits and used
cluster analysis to identify heterotic groups. Their findings
demonstrated that this approach effectively supports the creation of
superior hybrid combinations. Ontiirk and Ciiriik (2019) investigated
traits such as plant height, stem and leaf hairiness, stem color and
shape, as well as leaf, flower, and fruit characteristics in pepper
populations from the Hatay region. In Samandag pepper, the study
reported lower variation compared to other groups. Fruits were
generally elongated, flower tips were pointed, and pungency was
notably high. Several studies have employed morphological
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characterization based on UPOV criteria to evaluate different pepper
populations, including those conducted by Mutlu et al. (2009),
Binbir and Bas (2010), Ermis et al. (2010), Arpact et al. (2017),
Basak (2019), Tas and Balkaya (2021), Kanal and Balkaya (2021),
Sahin et al. (2022), and Duruk and Pinar (2023).

In this study, the main approach was employed to identify
potential parental lines among Hatay pepper pure lines (DHs)
carrying T3w resistance genes. For this purpose, morphological
characterization was performed based on 30 traits, followed by the
construction of dendrograms to obtain fundamental information the
genetic relatedness within androgenic Hatay pepper lines

Materials and Methods

Plant Material

This study was conducted at the AG Seed R&D station,
which has a 50-decare research greenhouse located in the Kursunlu
area of Antalya. The plant material used consisted of 90 dihaploid
(DH) pepper lines obtained within the scope of the TUBITAK 1507
project (Project No: 7210289) previously conducted and completed
at AG Seed (Figure 1).

Hatay Samandag peppers represent a highly pungent village
population. Their most notable characteristics are a relatively thin
fruit flesh and medium-long fruit size. The plant material was
derived from a gene pool created by crossing Hatay peppers with
varieties tolerant to Tomato Spotted Wilt Virus (TSWV), a major
pathogen causing significant damage in peppers. From this
population, pure lines were developed using DH technology as
detailed in our previous study (Nar et al., 2023).

Methods

Plant Cultivation and Transplanting
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For each line, 54 seeds were sown in plastic germination
trays filled with sterile peat. Seedlings were subsequently
transplanted into trays containing a 1:1 mixture of locally sourced
peat and perlite, sterilized by steam. During the seedling stage, plants
were irrigated and supplied with nutrient-enriched water until they
developed 3—4 true leaves, ensuring proper care throughout this
period. When seedlings reached the 4-5 true leaf stage, they were
transferred to the greenhouse for further growth.

The experiment was conducted during the spring growing
season in a plastic-covered greenhouse. A randomized complete
block design with three replications was employed. Plants were
transplanted in a double-row arrangement with 100 x 50 x 60 cm
spacing, using 15 plants per genotype. Throughout the growing
period, cultural practices—including irrigation, fertilization,
pruning, and control of diseases and pests—were applied to maintain
optimal plant growth and health.

Morphological Characterization

For the characterization of the lines, 30 morphological traits
were evaluated in accordance with the criteria specified by UPOV
(International Union for the Protection of New Varieties of Plants),
the Turkish Ministry of Food, Agriculture, and Livestock’s
“Regulation on Plant Characteristics” (translated into Turkish and
enacted in 2007), the International Plant Genetic Resources Institute
(IPGRI), and the “Technical Instruction for Measuring Agricultural
Values” published by the Seed Registration and Certification Center
(TTSM). The 17 morphological traits evaluated using 17 scales are
presented in Table 1. Observations and measurements were
conducted on 10 plants and 6 fruits per replication for each trait. In
addition, the characteristics plant height, stem thickness, leaf index,
fruit length, fruit diameter, fruit shape index, fruit peduncle length,
fruit flesh thickness, placenta length, number of fruits per plant,
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average fruit weight, total yield, and yield per plant were also
measured and determined.

One-way analysis of variance (ANOVA) was performed to
evaluate differences between applications and genotypes. The
general linear model procedure of SPSS (Statistics 20) software
(IBM Corp., Armonk, NY, USA) was used for data analysis. All main
effects were considered as fixed effects. Tukey’s multiple range post
hoc test was employed for multiple comparisons of the genotypes
and media and t-test for seasons with an alpha level of 0.05.

Genetic similarity was assessed using the UPGMA
(Unweighted Pair-Group Method with Arithmetic Mean) clustering
approach through the NTSYS software (Numerical Taxonomy and
Multivariate Analysis System, PC version 2.2; Rohlf, 1998), based
on both morphological and molecular data. For the morphological
traits, each genotype was assigned a description number (Table 1).
Dendrograms were constructed using the UPGMA clustering
method implemented in the SHAN module

Results and Discussion

In the study, it was determined that the mean plant height of
the lines ranged from 58 cm to 142 cm (Fig. 2). The highest plant
height was observed in genotype AD90 (142 cm), followed by AD88
and ADS8S. The shortest plant height was recorded in AD46. Padilha
et al. (2016) reported that plant height in C. annuum genotypes
ranged between 23.12 and 48.72 cm, while Sreenivas et al. (2019)
found values between 37.6 and 110.6 cm. Mavi and Mavi (2015)
reported a range of 14.3—77.3 ¢cm in ornamental peppers, Ozgiiven
and Yaldiz (2011) reported 37.67-117.7 cm in C. frutescens, Tas
(2020) 30.5-106.0 cm in C. chinense, and Patel et al. (2016) 27-125
cm in C. baccatum genotypes.

Statistically significant differences were determined among

the lines in terms of stem thickness. The thickest stem was observed
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in AD69 (1.96 cm), while the thinnest was found in AD75 (0.97 cm).
The line with the highest leaf index was AD28. Genotypes AD10,
AD16, AD25, AD35, AD40, and AD53 also exhibited relatively high
leaf index values. The differences among AD84, AD74, and AD78
were not statistically significant, and these lines had the lowest leaf
index values. When the plants reached harvest maturity, the leaf
index was determined by measuring the ratio of average leaf length
to leaf width (cm) from eight fully developed middle leaves using a
digital caliper. The differences obtained in terms of leaf index are
graphically presented in Figure 3.

Statistically significant differences were found among the 90
DH lines in terms of plant height, stem thickness, and leaf index,
indicating that these parameters could serve as useful criteria for
determining variation among genotypes. In addition, clear
differences were observed among the lines with respect to fruit
length, fruit diameter, fruit index, and fruit peduncle length. The
mean fruit length of the lines ranged from 90.93 mm to 224.09 mm.
The longest fruit was recorded in line AD37 (224.09 mm), followed
by AD30 (222.94 mm), while the shortest fruit was observed in
ADS8S8 (90.93 mm). Kog (2022) reported that in a comparative study
of Kilis and Elbeyli peppers, fruit lengths ranged from 111.3 to 208.9
mm in Kilis genotypes and 68.8 to 127.9 mm in Elbeyli genotypes.
Similarly, Ontiirk (2018) reported that fruit length values of 16
pepper genotypes collected from different regions of Hatay province
ranged between 133.6 mm and 210.8 mm.

Significant differences in fruit diameter were observed
among the lines, ranging from 20.49 mm to 34.96 mm. The highest
fruit diameter was recorded in line AD89 (34.96 mm), followed by
AD36 (34.93 mm), while the lowest fruit diameter was measured in
line AD49 (20.49 mm). These findings indicate that genetic diversity
has a considerable influence on fruit diameter and that this trait
should be considered an important criterion in selection studies.
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Similarly, Yayman et al. (2024) reported that among 12 genotypes
selected from Kahramanmaras pepper populations and 4 registered
pepper cultivars, the highest fruit diameter was observed in the
cultivar ‘Dila’ (23 mm), while the lowest was recorded in line 378
(15.84 mm).

When the fruit shape index was examined, the highest value
was recorded in line AD16 (9.48 mm), while the lowest value was
observed in AD88 (3.33 mm) (Fig.4). In a study conducted by Ozgen
and Balkaya (2021), the fruit shape index of hybrid sweet pepper
cultivar candidates ranged between 1.11 mm and 1.61 mm; however,
these differences were not found to be statistically significant.

The fruit peduncle length ranged from 31.37 mm to 70.88
mm. The shortest fruit peduncle length was measured in line AD36,
while the longest was recorded in line AD88 (70.88 mm). In a study
conducted by Gokmen (2018), the fruit peduncle length of peppers
belonging to seven garliston types among the materials that included
23 local lines and 9 F: genotypes ranged from 3.5 cm to 4.88 cm. In
bell pepper types, these values were found to range between 30.72
mm and 45.44 mm (Ozgen ve Balkaya, 2021). In another study
conducted on Hatay pepper genotypes, fruit peduncle lengths were
measured to range between 34.5 mm and 57.5 mm (Ontiirk ve Ciiriik,
2019). Therefore, morphological parameters such as fruit length,
fruit diameter, and peduncle length were identified as characteristics
that reveal genetic diversity.

In Hatay-type peppers, fruit flesh thickness—one of the most
important selection criteria—affects eating quality, while placenta
length influences both the level and distribution of pungency within
the fruit. Fruit weight and number are key factors determining yield,
making all these traits highly preferred characteristics for both
consumers and producers. The mean fruit flesh thickness of the DH
lines ranged from 2.57 mm to 4.63 mm. Line AD4 had the thickest

fruit flesh (4.63 mm), while lines AD13 and AD55 had the thinnest
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(2.57 mm) (Fig.5). Various studies have reported fruit flesh thickness
values in peppers ranging between 0.78-2.44 mm (Dilfiruz and
Pinar, 2022), 1.62-2.80 mm (Altuntas et al., 2021), 1.17-2.76 mm
(Tatar, 2022), and 0.9—4.88 mm (Khan et al., 2025). Differences in
pepper fruit segments are known to influence fruit flesh thickness.

Among the DH lines, placenta length varied between 23.60
mm and 151.00 mm. The longest placenta was observed in line
ADI19, while the shortest was recorded in AD88. Longitudinal-
sections of the DH line fruits are presented in Figure 6. A relationship
has been observed between placenta length and pungency in peppers.
The placenta is the primary site of capsaicinoid biosynthesis and
accumulation, and numerous studies have reported that it contains
the highest concentration of capsaicinoids within the fruit (Pandhair
and Sharma, 2008; Cervantes-Hernandez et al., 2019; Zamljen et al.,
2020; Vazquez-Espinosa et al., 2023). This anatomical feature is
therefore considered an important determinant of fruit pungency in
Capsicum species.

Giilcan (2020) reported the longest placenta length as 32.7
mm in the local Cine pepper cultivar, while the shortest value (25.5
mm) was found in a standard open-pollinated (OP) pepper variety.

Significant differences were observed among the lines in
terms of fruit weight. The highest average fruit weight was recorded
in line AD36 (81.00 g), followed by AD4 (77.40 g). The lowest
average fruit weight was found in line AD44 (14.80 g). When the
number of fruits per plant was examined, the highest value was
observed in genotype AD44 with 80 fruits per plant, while the lowest
value was recorded in line AD25 with 10 fruits per plant. In a study
conducted on Chile pepper populations, these values were reported
to range between 28.06 g and 228.46 g (Rahevar et al., 2019). Fruit
weight and the number of fruits per plant are known to vary
depending on pepper type (Kanal and Balkaya, 2021; Sahin et al.,

2022).
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Among the morphological observation criteria, plant growth
habit was evaluated for the 90 DH lines. It was determined that 26
lines had an open growth habit, 40 lines had a closed habit, and 24
lines exhibited a semi-open structure. Regarding leaf shape, 50
genotypes had deltoid-shaped leaves, 20 lines had lanceolate leaves,
and 20 lines had oval-shaped leaves. Differences in plant growth
habit and leaf shape have also been reported in pepper populations
(Binbir and Bas, 2010; Datta and Das, 2013; Duruk and Pinar, 2023).
In terms of leaf color, 64 lines were evaluated as green-leaved, 7
lines as having light green leaves, and 19 lines as having dark green
leaves. Similarly, Roy et al. (2019) and Dilfiruz and Pmar (2022)
reported that leaf color in peppers can vary depending on genotype.
43 lines were found to have an entire calyx shape, while 47 lines
exhibited a serrated calyx.

Based on the fruit shape criterion, 55 lines were classified as
having medium-length fruits, 18 lines as having short fruits, and 17
lines as having long fruits. Regarding fruit apex shape, 53 genotypes
had blunt, 33 had pointed, and 4 had rounded fruit tips. For immature
fruit color, 63 lines produced dark green, 18 lines produced light
green, and 9 lines produced green fruits. When mature fruit color
was evaluated, 7 lines were classified as light red, 31 lines as
medium red, and 52 DH lines as dark red. In terms of general fruit
shape, genotypes were grouped into pointed, slightly flattened, and
strongly flattened categories. The fruit orientation was determined to
be pendant. Fruit shape and size, apex form, and the color intensity
of immature and mature fruits are key factors in marketing strategies
and represent valuable data for future breeding studies, as well as
important criteria for varietal differentiation.

Among the morphological observations, no statistically
significant differences were found among the lines in terms of stem
shape (cylindrical), stem color (green), hypocotyl color (purple),
cotyledon leaf shape (lanceolate), anthocyanin formation (absent),
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flower color (white), flower orientation (pendant), fruit orientation
(pendant), and peduncle cavity (absent). These findings indicate that
these traits were not effective in distinguishing between genotypes.

The weights harvested from each DH line throughout the
growing period were recorded, and the total yield was calculated by
converting the data based on the number of plants per decare. When
yield per plant and total yields were evaluated, the highest total and
per-plant yields were obtained from line ADS, with 6992.2 kg/da and
2797 g/plant, respectively. The lowest yield was recorded in
genotype AD25, with 1155 kg/da and 462 g/plant (Table 2). Bundela
et al. (2017) reported yield per plant values ranging from 110.51 g to
241.99 g in Chile pepper groups, while Rahevar et al. (2019) found
yields between 71.5 g and 840.76 g per plant in Chile-type peppers.
Soares et al. (2020), in their open-field study on Habanero-type
peppers, reported total yields ranging from 1.37 to 4.22 t/da. Khan
et al. (2025) determined that yield per plant in pepper populations
varied between 282.4 g and 1809.4 g, while in a study on Besni
pepper populations, Sahin (2024) reported total yields ranging from
1553 gto 795.8 g.

Several studies on the collection and morphological
characterization of local pepper genotypes in Turkey have been
conducted by different researchers. Keles (2007), Binbir and Bas
(2010), Karaagag¢ and Balkaya (2010), Bozokalfa and Esiyok (2010),
Baysal (2013), Ciiriik et al. (2015), Keles et al. (2016), Basak (2019),
Tas and Balkaya (2021), and Altuntas (2021) evaluated similar
morphological parameters in their studies. Basak (2019) examined
99 pointed pepper genotypes based on 48 agronomic and
morphological traits according to UPOV (International Union for the
Protection of New Varieties of Plants) criteria. Some of these traits
— including fruit length, fruit diameter, fruit wall thickness, fruit
peduncle length, peduncle thickness, stem length, plant height, leaf
length-width ratio, and stem length — were identified as effective
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parameters for distinguishing genotypes. The researchers reported
that the genotypes were grouped into 15 clusters. The most
significant distinction of the present study from previous ones is that
it was conducted on 90 pure lines developed using DH technology,
allowing the detection of a wide range of morphological variation
within a population of the same origin.

In this study, 30 plant and fruit traits, as specified in the
Materials and Methods section, were used for the morphological
characterization of the lines. Using the NTSYS computer software
package, the similarities among genotypes were analyzed, and a
dendrogram was constructed. According to these results, the 90 DH
lines were divided into two main groups. As shown in Figure 7, there
was no similarity detected between these two main groups. Group A
was further divided into two subgroups, which were again separated
into four sub-subgroups: A1.1, A1.2, A2.1, and A2.2. Group B
consisted of two subgroups, designated as B/./ and B1.2. Based on
this cluster analysis, 25% of the genotypes were classified under
Group B, while 75% were grouped under Group A. Cluster analyses
based on morphological traits are commonly used for heterotic
grouping (Boyaci et al., 2020). The similarity matrix obtained from
the analysis of morphological data can be used to determine the
genetic relationship level among androgenic pure pepper lines
through UPGMA clustering within the gene pool.

Morphological evaluation of plants serves not only as
evidence of successful spontaneous diploidization and
homozygosity but also as a valuable tool for assessing the breeding
potential of newly developed lines. Similarly, Grozeva et al. (2021)
obtained androgenic pure lines from Balkan-type Kapia peppers and
performed their morphological characterization. The researchers
reported that the microspore androgenesis technique could serve as
a valuable source for generating variation. The results obtained for
agronomic and morphological parameters demonstrated substantial
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variability in fruit morphology and yield-related traits among
androgenic lines derived from the same genetic background. These
observations align with the findings of Nowaczyk et al. (2016). The
breeding potential of various androgenic pepper materials has been
widely reported, with numerous studies highlighting the
development of promising lines exhibiting improved fruit quality
(Shrestha et al., 2011; Luitel and Kang, 2013; Nowaczyk et al., 2014)

CONCLUSION

In this study, both plant and fruit characteristics of 90
dihaploid lines were determined. Within this scope, a total of 30
morphological and yield-related parameters were evaluated to
determine the variation among pure lines. Significant differences
were identified among the androgenic pure lines derived from the
same Hatay pepper population. This finding demonstrates the high
efficiency of doubled haploidy technology in generating
homozygous lines without introducing additional variation.

This research has played an important role in establishing a
valuable genetic resource for future DH studies and its potential use
in hybrid variety breeding. The study demonstrates that the doubled
haploidy technique is an effective accelerated breeding approach for
producing initial breeding material and enhancing genetic diversity
for variety improvement purposes.
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FIGURES and TABLES

Figure 1. The fruits of androgenic pepper lines of Hatay
(Samandag) peppers.

Figure 2. Visual and graphical representation of the variation in
plant height observed among the pure lines.
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Figure 3. Visual and graphical representation of the variation in
leaf index observed among the pure lines.
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Figure 4. Graphical representation of the variation in fruit lenght

and fruit index observed among the pure lines.
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Figure 5. Fruit width, fruit length, and pericarp thickness were
measured using a digital caliper.




Figure 6. Longitudinal fruit sections and placenta lengths of 90 DH
Hatay pepper genotypes obtained through the androgenesis method
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Figure 7. Dendrogram showing the genetic distances among
doubled haploid (DH) lines
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Table 1. Some of the criteria used in the characterization of 90
androgenic pepper genotypes

Morphological Traits Evaluation Criteria

Stem Shape (1) Cylindrical, (2) Angular, (3)
Flattened

Stem Color (1) Green, (2) Purple-striped
Green, (3) Purple, (4) Other

Hypocotyl Color (1) White, (2) Green, (3) Purple

Cotyledon Leaf Shape (1) Deltoid, (2) Oval, (3)
Lanceolate, (4) Long Deltoid

Flower Orientation (1) Pendant, (3) Intermediate,
(5) Upright

Flower Color (1) White, (3) White-Purple, (5)
White-Yellow

Anthocyanin Formation (1) Present, (3) Absent

Peduncle Cavity (1) Present, (3) Absent
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Plant Growth Habit

(1) Open, (3) Closed, (5) Semi-
open

Leaf Color

(1) Yellow, (2) Light Green, (3)
Green, (4) Dark Green, (5)
Light Purple, (6) Purple, (7)
Variegated, (8) Other

Leaf Shape

(1) Deltoid, (2) Oval, (3)
Lanceolate

Calyx Shape

(1) Entire, (2) Intermediate, (3)
Serrated

Fruit Orientation

(1) Upright, (3) Semi-upright,
(5) Pendant

Fruit Shape

(1) Medium, (2) Short, (3) Long

Fruit Apex Shape

(1) Blunt, (3) Pointed, (5)
Rounded

Fruit Color (Green Stage)

(1) Green, (3) Light Green, (5)
Dark Green

Fruit Color (Red Stage)

(1) Light Red, (3) Red, (5) Dark
Red
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Table 2. Total yields and yield per plant values in 90 androgenic

DH pepper lines

DH DH DH

line  Total Yield per | lineno Total Yield per | |ine  Total Yield per

no yield plant yield plant no yield plant

(t/da) (kg/plant) (t/da) (kg/plant) (t/da) (kg/plant)

AD1 3895 1.558 AD31 4135 1.654 AD61 4370 1.748
AD2 42275 1.691 AD32 30775 1231 ADG62 4710 1.884
AD3 52625  2.105 AD33 3040 1.216 AD63 3380 1.352
ADA4 4702.5 1.881 AD34 2665 1.066 ADG64 2855 1.142
AD5 5530 2.212 AD35 3560 1.424 ADG65 2390 9.56
ADG6 4742.5 1.897 AD36 2580 1.032 AD66 34825 1.393
AD7 4172.5 1.669 AD37 4280 1.712 ADG67 3405 1.362
AD8 69925  2.797 AD38 4060 1.624 AD68 22175 8.87
AD9 26725  1.069 AD39 29025 1.161 AD69 2340 9.36
AD10 4187.5 1.675 ADA40 48125 1.925 ADT0 2015 8.06
AD11 41525 1.661 ADA41 63275 2531 AD71 20375 8.15
AD12 3070 1.228 ADA42 50525 2.021 AD72 26725 1.069
AD13 2760 1.104 AD43 57925 2317 AD73 30425 1.217
AD14 38275 1.531 AD44 29775 1191 AD74 2340 9.36
AD15 59425 2.377 ADA45 32625 1.305 ADT75 1270  5.08
AD16 49675 1.987 ADA46 3890 1.556 AD76 29725 1.189
AD17 30525 1.221 ADA47 28525 1141 ADT77 3040 1.216
AD18 4995 1.998 ADA48 3810 1.524 AD78 36775 1471
AD19 51625 2.065 AD49 2150 8.60 AD79 36475 1.459
AD20 4155  1.662 AD50 2645 1.058 AD80 35225 1.409
AD21 37475 1.499 AD51 2867.5 1.147 AD81 4080 1.632
AD22 29225 1.169 AD52 2605 1.042 ADB82 2655 1.062
AD23  3807.5 1.523 ADS53 26125 1.045 ADB83 2730 1.092
AD24 1830  7.32 AD54 34325 1.373 AD84 2280 9.12
AD25 1155 4.62 AD55 2235 8.94 AD85 43025 1.721
AD26 2570  1.028 AD56 2255 9.02 AD86 23925 9.57
AD27 4995 1.998 AD57 19625 7.85 ADB87 2285 9.14
AD28 4380 1.752 AD58 27475 1.099 ADB88 3060 1.224
AD29 33125 1.325 AD59 22175 8.87 AD89 33025 1.321
AD30 38425 1.537 ADG60 18525 7.41 AD90 33825 1.353
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CHAPTER 8

CEVIZ (Juglans regia L.) BITKISINDE
TUZLULUGA KARSI DIRENC
MEKANIZMALARININ
INCELENMESI

Mesut ADA®

Salih KAFKAS?

Giris
Kiiresel iklim degisikligi ve sulama yontemlerinin neden
oldugu toprak tuzlulugu, diinya genelinde tarimsal iiretimi giderek
artarak tehdit eden bir sorun olarak oOne ¢ikmaktadir. Tarim
alanlariin %20’sinden fazlasinin tuzluluktan etkilendigi ve bunun
tarimsal verim lizerinde ciddi distislere yol acabilecegi
ongoriilmektedir (Faostat, 2017). Ozellikle yar1 kurak ve kurak
bolgelerde su kaynaklarinin kontrolsiiz kullanimi ve drenaj

eksiklikleri, topraklarda asir1 tuz birikimine sebebiyet vermektedir
(Munns ve Tester, 2008). Artan toprak tuzlulugu, bitkilerde su ve
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iyon dengesizlikleri gibi fizyolojik stres faktorleri olusturarak
bliylime ve gelisim siireglerini olumsuz etkilemektedir (Parida ve
Das, 2005).

Bitkiler, tuz stresine adaptif bir dizi mekanizma geligtirmis
olup bu adaptasyonlar osmotik diizenleyici bilesiklerin sentezinden
iyon homeostazisine, antioksidan enzim aktivitelerinin artigina ve
tuza dayaniklilig1 diizenleyen genlerin ekspresyonuna kadar birgok
biyokimyasal ve fizyolojik siireci icermektedir (Zhu, 2001). Tuz
stresinin etkileri, ekonomik degeri yiiksek ve tarimsal {iretimde
Oonemli bir yere sahip ceviz yetistiriciliginde ciddi sonuglar
dogurabilir. Genis bir biyolojik adaptasyon kapasitesine sahip olan
ceviz bitkisi, yiiksek tuzluluk kosullarinda verim kayiplari ile karsi
karstya kalabilir (Vahdati ve Lotfi, 2013).

Ceviz, igeriginde bulunan yag asitleri, vitaminler, mineraller
ve antioksidan bilesikler sayesinde bir¢ok tilkede degerli bir tarimsal
ve saglik kaynagi olarak onem kazanmaktadir (Martinez ve ark.,
2010). Ancak tuz stresine duyarli olan ceviz, stres kosullarinda verim
kayiplar1 yasayabilir. Bu nedenle, cevizde tuz stresine dayaniklilik
mekanizmalarinin anlasilmasi, daha direngli cesitlerin gelistirilmesi
icin gereklidir.

Tuz stresi, bitki hiicrelerinde iyon toksisitesi ve su kaybina
yol agarak hiicresel islevleri bozmakta; Na* ve CI~ iyonlarinin
hiicrelerde asir1  birikimi ozmotik basing diisiisiine ve iyon
dengesizliklerine neden olarak su alimini sinirlandirmaktadir (Tester
ve Davenport, 2003). Bu kosullar, hiicre zarlarinin gegirgenligini
degistirerek fotosentez gibi temel biyolojik silireglerde aksamalara
neden olur. Ayrica, tuz stresinin reaktif oksijen tiirlerinin (ROS)
birikimine yol agarak hiicre zarlari, proteinler ve DNA iizerinde
oksidatif stres kaynakli hasar olusturdugu gdosterilmistir (Mittler,
2002). Bu olumsuzluklarla basa c¢ikmak {izere bitkiler g¢esitli
koruyucu mekanizmalar gelistirmistir.
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Ceviz, tuz stresine dayaniklilik gelistirme potansiyeline sahip
tirlerden biri olarak 6ne ¢ikmaktadir. Bu dayaniklilik, iyon
homeostazisinin saglanmasi, osmotik diizenleyici bilesiklerin
sentezi ve antioksidan savunma sistemlerinin aktivasyonu gibi temel
mekanizmalarla saglanmaktadir (Blumwald, 2000). Bu ¢alismada,
ceviz bitkisinin tuz stresine kars1 gelistirdigi fizyolojik ve
biyokimyasal adaptasyonlar1 ve bu adaptasyonlarin altinda yatan
molekiiler mekanizmalar1 kapsamli bir sekilde incelenmesi
amagclanmistir.

TUZ STRESININ BITKILER UZERINDEKI ETKISI

Toprak tuzlulugu, bitki biliyime ve gelisimini kisitlayan
temel abiyotik stres faktorlerinden biri olarak One g¢ikmaktadir.
Yiiksek tuz konsantrasyonlari, bitkilerin su alimini engelleyerek
onemli fizyolojik dengesizliklere yol a¢gmakta; uzun vadede ise
yapisal bozulmalara neden olmaktadir. Tuz stresinin bitkiler
iizerindeki etkileri, genellikle fizyolojik ve biyokimyasal olarak iki
ana baslikta degerlendirilebilir.

Fizyolojik Etkiler

Tuz stresi, bitkilerde su aliminin azalmasina ve ozmotik
potansiyelin diismesine yol agarak hiicre i¢i su dengesini bozar.
Tuzlu kosullar altinda bitkiler, topraktan su ¢ekmekte zorlanir; bu
durum hiicrelerde dehidrasyona ve dolayisiyla biiylime hizinda
diisise neden olur (Munns ve Tester, 2008). Su dengesinin
bozulmasi, hiicre turgor basincinda azalmaya, hiicre genislemesi ve
boliinmesinde siirlamalara yol agar. Bu fizyolojik degisimler
sonucunda bitkilerde yaprak klorozu, biiyiime noktalarinin
kiiclilmesi ve kok uzunlugunun azalmasi gibi olumsuz belirtiler
ortaya ¢ikar (Flowers ve Colmer, 2008).

Yiiksek Na* ve CI™ iyon birikimi yaprak dokularinda klorofil
sentezini ve fotosentez siireclerini olumsuz etkileyerek karbon

asimilasyonunun diismesine neden olur (Tester ve Davenport, 2003).
--128--



Yapraklarda Na* iyonlarinin asir1 birikimi, K* iyon tagimimini
bozarak hiicresel islevleri sinirlar. Bu iyon dengesizligi klorofil
sentezinin bozulmasina ve fotosentetik etkinlikte azalmaya yol agar
ve sonug olarak bitkilerin biyokiitle {iretimi azalir (Munns, 2002).
Fotosentez hizindaki bu azalma, bitki biiyiime potansiyelini
sinirlayan ana faktorlerden biridir.

Ayrica tuz stresi, kok yapisinda belirgin degisiklikler
meydana getirir. Tuzlu ortamda kdklerin uzunlugu ve yogunlugunun
azalmasi, bitkinin su ve mineral alimini kisitlar (Chaves ve ark.,
2009). Bu durum, bitkilerin 6zellikle yar1 kurak veya tuzlu su ile
sulanan bolgelerde daha yogun stres altinda kalmasina neden olur.
Kok yapisindaki bu bozulmalar, bitkinin yer alti ve yer {sti
dengesini olumsuz etkileyerek genel saglig1 ve stres dayanikliligini
zayiflatir.

Biyokimyasal Etkiler

Tuz stresine maruz kalan bitkilerde, yiliksek tuz
konsantrasyonlar1 hiicre i¢i reaktif oksijen tiirlerinin (ROS) tiretimini
artirarak oksidatif strese yol agmakta ve hiicre diizeyinde ciddi
hasarlara neden olmaktadir (Mittler, 2002). ROS, siiperoksit (O2"),
hidrojen peroksit (H20:) ve hidroksil radikali (OH") gibi bilesenleri
icerir ve bu tlirler hiicre zarlari, proteinler, lipidler ve DNA iizerinde
zararli etkiler yaratarak hiicresel yapinin bozulmasina yol
acmaktadir (Gill ve Tuteja, 2010). Bitkiler, bu oksidatif stresin
etkilerini azaltmak amaciyla siliperoksit dismutaz, katalaz ve
askorbat peroksidaz gibi cesitli antioksidan enzimleri aktive
etmektedir (Blumwald, 2000).

ROS birikimi, hiicre zarlarindaki lipid peroksidasyonunu
tetikleyerek zar akigkanligi ve biitiinliigiinde bozulmalara yol acar.
Bu siireg, zar gegirgenligini artirarak hiicrenin su ve iyon dengesinin
kaybina neden olur (Apel ve Hirt, 2004). Ayn1 zamanda hiicre
icindeki enzim ve proteinler oksidatif degisikliklere maruz
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kalmakta; bu da metabolik yollar ve biyosentetik siireclerin
etkinligini distirmektedir (Mittler, 2002). Hiicre zarindaki bu tiir
yapisal bozulmalar, hiicrede ozmotik denge ve iyon gecirgenligi
iizerinde kontrol kaybina neden olabilir ve sonugta hiicre 6liimiine
kadar varan sorunlar dogurabilir.

Tuz stresi kosullarinda bitkiler, prolin, betain ve baz1 seker
alkolleri gibi osmotik diizenleyiciler iiretmektedir. Bu osmotik
diizenleyiciler, ROS birikimini engellemenin yani sira hiicre i¢i su
dengesinin korunmasinda temel bir rol oynamaktadir (Ashraf ve
Foolad, 2007). Prolin gibi bilesikler, hiicrelerin koruyucu
mekanizmalarini destekleyerek stres kosullarina dayanikliligi artirir.
Bu molekiiller, ayn1 zamanda antioksidan islev gostererek hiicre ici
suyun korunmasina yardimcit olmakta ve hiicresel yapinin
biitiinliiglinii muhafaza etmektedir (Sairam ve Tyagi, 2004).

Ayrica, tuz stresinin bitkilerde enerji metabolizmasi lizerinde
de etkileri vardir ve bu durum solunum hizinda degisimlere neden
olmaktadir. Tuz stresine uyum siirecinde karbonhidratlarin
oksidasyonu  artarken, hiicresel enerji  gereksinimlerinin
karsilanabilmesi amaciyla karbon kaynaklarmin kullaniminda artig
gozlenmektedir (Parida ve Das, 2005). Enerji gereksinimindeki bu
artis, bitkilerin gelisim siirecleri ve yeni doku olusumu i¢in gereken
enerji kaynaklarmmin tuz stresine karst savunma siireclerinde
harcanmasina yol agmakta ve bu durum, bitkilerin genel biyolojik
verimliliginde azalmaya neden olmaktadir.

CEVIZ BITKISININ TUZ TOLERANSINA KARSI
GELISTIRDIGI MEKANIZMALAR

Tuz stresi, bitki metabolizmasi lizerinde olumsuz etkiler
olusturarak biyolojik verimliligin diismesine neden olmaktadir.
Ancak ceviz, yiiksek tuzluluk kosullarinda hayatta kalabilmek i¢in
bir dizi karmasik fizyolojik ve biyokimyasal adaptasyon
mekanizmasi gelistirmistir. Bu adaptasyonlar, hiicresel seviyede su
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ve iyon homeostazisini saglama, oksidatif hasarin etkilerini
hafifletme ve hiicre zarinin yapisal biitiinliiglinii koruma gibi kritik
savunma stratejilerini igermektedir.

Osmotik Diizenleyicilerin Sentezi ve Rolii

Tuzlu kosullarda bitkiler, su kaybini onlemek ve hiicresel
ozmotik basinci korumak amaciyla prolin, glisin betain ve gesitli
seker alkolleri gibi osmotik diizenleyici bilesenleri sentezler. Bu
molekiiller yalnizca hiicre i¢i su dengesini saglamakla kalmaz; ayni
zamanda hiicrelerde biriken reaktif oksijen tiirlerini (ROS) nétralize
ederek antioksidan iglev gosterir (Ashraf ve Foolad, 2007). Tuz
stresine maruz kalan ceviz bitkisi, hiicre i¢i su dengesini korumak ve
dehidrasyonu onlemek amaciyla prolin ve betain gibi osmotik
diizenleyicilerin birikimini artirmaktadir. Bu osmotik bilesikler,
hiicrelerde ozmotik basinci diizenleyerek bitkinin su kaybini
siirlandirmakta ve tuzlu kosullara adaptasyonunu desteklemektedir
(Vahdati ve Lotfi, 2013; Karimi ve ark., 2018). Yapilan arastirmalar,
kontrollii tuz stresinin ceviz bitkisinde osmotik diizenleme
kapasitesini  artirarak  dayanikliligin1  giiglendirdigini  ortaya
koymustur.

Prolin, bitki hiicrelerinde birikerek ozmotik denge
saglanmasinda kritik rol oynayan bir amino asittir. Tuz stresine
maruz kalan cevizde prolin birikiminin, hiicre zarlarinin korunmasi
ve osmotik dengenin saglanmasi agisindan énemli bir rol oynadigi
goriilmektedir. Arastirmalar, prolinin ceviz bitkisinde sitoprotektif
bir iglev tstlenerek hiicresel yapilarin tuz stresine bagli hasarlardan
korunmasina katkida bulundugunu ortaya koymaktadir (Vahdati ve
Lotfi, 2013). Ozellikle ceviz anaglar1 ve gesitleri iizerinde yapilan
caligmalarda, prolin ve diger osmotik diizenleyicilerin birikiminin
bitkinin tuz dayanikliligini artirdigi ve bu sayede biiylime hizinin
strdiiriilebilirligini destekledigi rapor edilmistir (Karimi ve ark.,
2018). Bu bulgular, cevizin tuzlu kosullara adaptasyonunu
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giiclendirerek verim kayiplarinin azalmasia katkida bulundugunu
gostermektedir.

Iyon Homeostazisi ve Iyon Tasinimi

Tuz stresine maruz kalan ceviz, hiicre i¢i Na* ve K* iyon
dengesi saglanarak iyon homeostazisinin korunmasi gerekliligi ile
kars1 karsiyadir. Bu denge, bitkinin temel metabolik siireclerinin
stirdiiriilebilmesi i¢in kritik bir adaptasyon mekanizmasidir. Na* ve
K* iyonlarmin homeostazisi, NHX (Na*/H* antiporter) ve HKT
(ytiksek afinite tasiyici) gibi proteinlerin isleviyle diizenlenmektedir.
NHX antiporterleri, Na* iyonlarini sitoplazmadan vakuole tasiyarak
Na* iyonlarinin vakuolde birikmesini ve bdylece sitoplazmik
toksisitenin 6nlenmesini saglar (Apse ve Blumwald, 2007; Tester ve
Davenport, 2003).

HKT tasiyict proteinleri ise Na* iyonlarinin koklerde
birikimini kisitlayarak yapraklara tasinmasini azaltmakta ve Na*
tyonlarinin toksik seviyelere ulagmasini 6nleyerek yaprak dokularini
korumaktadir (Ren ve ark., 2005). Bu iyon tastyicilari, ceviz
bitkisinin tuzlu toprak kosullarinda iyon dengesini koruyarak
bliylime ve gelisimini devam ettirebilmesine olanak tanir. K*
iyonlarinin sitoplazmada tutulmas: ise hiicresel enzim aktivitelerini
destekleyerek metabolik siireglerin siirekliligini saglamaktadir (Zhu,
2003). Son donem arastirmalari, cevizde iyon tasiyicilarinin tuz
stresine karsi etkinligini artirmak amaciyla genetik modifikasyon
tekniklerinin umut vadeden bir yaklagim oldugunu géstermektedir.
Ozellikle BADH gibi stresle iliskili genlerin Agrobacterium
araciligiyla cevizde ekspresyonunun saglanmasi, tuz ve kuraklik gibi
abiyotik stres kosullarina kars1 bitki dayanikliligini artirmaktadir
(Rezaei Qusheh Bolagh ve ark., 2021). Ayrica, ceviz bitkisine
kontrollii tuz stresi uygulanarak dayamiklili§i artirmaya yonelik
caligmalar, genetik miidahale ve osmotik diizenleme stratejilerinin
etkinligini ortaya koymaktadir (Karimi ve ark., 2018). Bu bulgular,
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ceviz bitkisinde genetik modifikasyon teknikleri kullanilarak iyon
homeostazisi ve su dengesinin korunmasi yoluyla tuz stresine karsi
direncin artirilabilecegine dair 6nemli kanitlar sunmaktadir.

Antioksidan Enzim Aktivitesinin Arttirilmasi

Tuz stresine maruz kalan ceviz bitkisi, hiicrelerde biriken
reaktif oksijen tiirlerini (ROS) noétralize etmek amaciyla siiperoksit
dismutaz (SOD), katalaz (CAT) ve peroksidaz (POD) gibi
antioksidan enzimlerin {iretimini artirmaktadir. Bu enzimlerin artan
aktivitesi, bitkinin oksidatif stresle basa ¢ikmasina yardimei olarak
hiicresel yapilarin korunmasina katkida bulunmaktadir. Ceviz
bitkisinde SOD, CAT ve POD aktivitelerindeki artigin, bitkinin tuz
stresine karsi dayanikliligini giiclendirdigi yapilan calismalarda
gosterilmistir (Tang ve ark.., 2024; Mates ve ark., 2024; Ji ve ark.,
2022). ROS birikimi, hiicre zarlari, proteinler ve DNA gibi kritik
hiicresel bilesenlerde hasar olusturarak hiicre O6liimiine yol
acabilmektedir (Gill ve Tuteja, 2010). SOD enzimi, siiperoksit
radikallerini daha az zararli olan hidrojen perokside doniistiiriirken,
CAT ve POD enzimleri bu hidrojen peroksidi su ve oksijene
cevirerek hiicresel hasar1 en aza indirir (Gill ve Tuteja, 2010).

Yapilan arastirmalar, bu enzimlerin aktivitesindeki artisin
ceviz bitkisinin oksidatif strese kars1 dayanikliligini gili¢lendirdigini
ve bdylece tuzlu kosullarda dahi biiylime ve gelisim siireclerinin
strdiirtilebilirligine katki sagladigini gostermektedir (Tang ve ark.,
2024; Ji ve ark., 2022; Sadat-Hosseini ve Vahdati, 2023).
Antioksidan enzim aktivitelerindeki bu artis, ceviz bitkisini tuz
stresinin zararli etkilerine karsi koruyarak uzun vadede saglikli
gelisimini desteklemektedir.

Hiicre Zar Yapisinin Korunmasi ve Yag Asitleri

Tuz stresine maruz kalan ceviz bitkisinin 6nemli bir savunma
mekanizmasi, hiicre zarlarinin yapisal bitiinliigiini  koruma

yetenegidir. Hiicre zar1, su ve iyon dengesinin devamliligi i¢in kritik
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bir rol iistlenmekte olup, tuz stresine karsi bir koruyucu bariyer islevi
gormektedir. Tuzlu kosullar altinda hiicre zarlarinin gegirgenliginin
artmasi, iyon akisinin kontroliinii zorlagtirmakta ve zarin yapisal
biitiinliiglinii tehdit etmektedir (Borsani ve ark., 2001). Zar
akiskanlig1 ve esnekligindeki bu artig, Na* ve Cl~ iyonlarinin hiicre
icine girisini sinirlandirarak bitkinin su dengesini korumasina destek
saglar (Borsani ve ark., 2001).

Ayrica, hiicre zarindaki yag asidi bilesiminin diizenlenmesi,
ceviz bitkisinin ozmotik ve iyonik streslere kars1 direncini
artirmaktadir. Cesitli c¢alismalar, hiicre zarinda doymamis yag
asitlerinin oraninin artirilmasinin, ceviz bitkisinin tuz stresine
adaptasyon kapasitesini Onemli 0Olgiide iyilestirdigini ortaya
koymustur (Parida ve Das, 2005). Bu mekanizma sayesinde ceviz
bitkisi, hiicresel yap1 ve islevlerini koruyarak yiiksek tuzluluk
kosullarinda dahi saglikli biiyiime ve gelisimini siirdiirebilmektedir.

GENETIK ADAPTASYONLAR VE GEN IFADESI
DEGISIKLIKLERI

Ceviz, tuz stresine karst dayamiklilik gelistirebilmek
amaciyla ¢esitli genetik adaptasyon mekanizmalar1 olusturmustur.
Bu adaptasyonlar, iyon homeostazisi ve osmotik dengenin
korunmasmi saglamak iizere belirli genlerin ekspresyonunun
diizenlenmesi ile gerceklesmektedir. Tuz stresine dayaniklilikta
NHX (Na'/H* antiporter) ve HKT (yliksek afinite tasiyici) genleri
ozellikle kritik bir rol iistlenmektedir. Bu genler, bitkinin tuzlu ortam
kosullarinda iyon birikimini sinirlamasina, su dengesini muhafaza
etmesine ve oksidatif hasar1 azaltmasina olanak taniyarak tuz
stresine kars1 direng seviyesini artirmaktadir.

NHX Gen Ailesi: Na'/H* Antiporterlerin Rolii

NHX gen ailesi, hiicre i¢i Na* ve H* iyonlarmin tagmimini
diizenleyen antiporter proteinleri kodlamaktadir. Bu proteinler,

sitoplazmadan Na* iyonlarini alarak vakuole tasir ve boylece hiicre
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ici Na* iyon birikimini sinirlar. Bu mekanizma, hiicresel iyon
homeostazisini koruyarak toksik Na* birikiminin 6nlenmesine
katkida bulunur (Apse ve Blumwald, 2007). Tuz stresine maruz
kalan cevizde, NHX genlerinin ekspresyon seviyelerinde belirgin bir
artis gozlenmistir. NHX antiporterlerinin aktive olmasi, Na*
iyonlarinin vakuolde depolanmasini saglamakta; bu sayede Na*
iyonlarinin zararl etkileri en aza indirilerek hiicresel fonksiyonlarin
korunmasina destek olmaktadir (Ren ve ark., 2005).

NHX gen ailesi sadece cevizde degil, bir¢ok tuz toleransina
sahip bitki tiiriinde benzer islevler iistlenmektedir. Ornegin, domates
(Solanum lycopersicum) ve piring (Oryza sativa) bitkilerinde de
NHX genlerinin tuz stresine yanit olarak up-regiilasyon gosterdigi,
Na* iyonlarin1 hiicre zarindan vakuol igerisine tasimada etkin bir rol
oynadigi tespit edilmistir (Zhu, 2003). Bu durum, NHX genlerinin
tarimsal biyoteknolojide genetik miihendislik uygulamalari ile
bitkilerde tuz dayanikliligin1 artirmak amaciyla kullanilabilecegini
ortaya koymaktadir. NHX antiporterleri, Na*/H* dengesini saglarken
ayn1 zamanda hiicre i¢i pH dengesinin korunmasina katkida
bulunarak metabolik islevlerin devamliliim = saglamaktadir
(Yamaguchi ve Blumwald, 2005).

HKT Gen Ailesi: Na* Tasiniminin Diizenlenmesi

HKT gen ailesi, koklerde Na* taginimini sinirlandiran tastyici
proteinleri kodlamaktadir. HKT proteinleri, koklerde Na* iyonlarinin
alimini azaltarak bu iyonlarin yapraklara taginmasini engeller. Bu
mekanizma, bitkinin koklerde Na® birikimini kontrol etmesine
olanak tanirken yapraklardaki Na* konsantrasyonunun toksik
seviyelere ulagsmasini 6nler (Ren ve ark., 2005). HKT genleri, Na*
iyonlarinin sitoplazmada diisiik seviyelerde tutulmasini saglayarak
iyon homeostazisini desteklemekte; bu 6zellik ise ceviz gibi uzun
omiirlii ve tuz stresine dayaniklilik gelistirmek zorunda olan bitkiler
icin kritik 6nem tasimaktadir.
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HKT gen ailesinin rolii, ceviz disinda bugday (7riticum
aestivum) ve piring (Oryza sativa) gibi diger tarimsal bitkilerde de
kapsaml1 bir aragtirma alan1 olmustur. Bu bitkilerde HKT genlerinin
over-ekspresyonu, koklerden Na* taginimini sinirlayarak tuz stresine
dayaniklilig1 artirmakta ve bitkilerin tuzlu kosullarda verimliliklerini
korumasinda etkili olmaktadir (Horie ve ark., 2009). HKT genlerinin
ekspresyonunu diizenleyen transkripsiyon faktorlerinin
belirlenmesi, bitki 1slahinda kritik bir adim olarak goriilmekte olup,
bu genler bitkilerin tuzlu toprak kosullarina uyum saglama
kapasitesini gelistirecek sekilde genetik modifikasyon yoluyla
optimize edilebilir.

Transkripsiyon Faktorleri ve Tuz Stresine Genetik Yanit

NHX ve HKT genlerinin ekspresyonu, ¢esitli transkripsiyon
faktorleri  tarafindan  diizenlenmektedir. ~ Ornegin, DREB
(Dehydration Responsive Element Binding) ve NAC (NAM, ATAF,
ve CUC) transkripsiyon faktorleri, bitkilerin tuz stresine yanitlarini
modiile eden genetik diizenleyiciler olarak islev gérmektedir (Fujita
ve ark., 2006). Ceviz bitkisi tuz stresine maruz kaldiginda, bu
transkripsiyon  faktorlerinin  ekspresyon seviyelerinde artis
gozlenmekte ve bunun sonucunda NHX ve HKT genleri daha yiiksek
aktivite gostermektedir. Bu durum, ceviz bitkisinin genetik yapisinin
tuz stresine adaptasyon saglamak lizere yeniden yapilandigini ve
dayanikliliginin arttigin1 géstermektedir.

DREB ve NAC transkripsiyon faktorleri, ceviz bitkisi
disinda soya fasulyesi (Glycine max) ve arpa (Hordeum vulgare) gibi
diger tarimsal bitkilerde de tuz stresine kars1 savunma
mekanizmalarint desteklemektedir. Bu transkripsiyon faktorleri,
NHX ve HKT gibi iyon tasiyict genlerin yani sira antioksidan
enzimleri kodlayan genlerin ekspresyonunu artirarak bitkilerin stres
kosullarinda hayatta kalmasina katkida bulunmaktadir (Datta,
2013). Ayrica, bu faktorler bitkilerin osmotik dengesini diizenleyen
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genlerin ekspresyonunu artirarak hiicresel yapilarin korunmasini
saglamaktadir.

Genom Diizenlemeleri ve Genetik Miihendislik Yontemleri

Son yillarda genetik miihendislik ve genom diizenleme
teknikleri, ekonomik degeri yiiksek tiirlerden biri olan cevizde tuz
stresine  karsi dayamiklili@i artirma potansiyeli sunmaktadir.
CRISPR/Cas9 gibi gen diizenleme teknolojileri, NHX ve HKT gibi
tuz stresine duyarli genlerin ekspresyonunu diizenleyerek bitkinin
tuzlu kosullara adaptasyonunu kolaylastirabilir (Bortesi ve Fischer,
2015). Bu genetik miidahaleler, ceviz bitkisinde daha yiiksek Na*
tolerans1 ve iyon homeostazisi saglayarak bitkinin biiylime
performansini desteklemektedir.

NHX ve HKT genlerinin gen diizenleme teknolojileri
kullanilarak optimize edilmesi, ceviz bitkisinin tuzlu kosullarda daha
1yi bir performans gostermesini miimkiin kilabilir. Tarimsal {iretim
icin gelistirilen tuza dayanikli ceviz gesitlerinin elde edilmesi, bu
genlerin kontrollii ekspresyonu ile saglanabilir. CRISPR/Cas9
teknolojisi araciligityla NHX ve HKT genlerinin ekspresyon
seviyelerinde hassas diizenlemeler yapilarak bitkilerin su dengesini
korumasi, Na* birikiminin sinirlandirilmasi ve iyon homeostazisinin
saglanmas1 hedeflenmektedir (Yamaguchi ve Blumwald, 2005).

TARIMSAL UYGULAMALAR VE GELECEK CALISMALAR

Bu caligsma, ceviz bitkisinin tuz stresine karsi gelistirdigi
biyokimyasal, fizyolojik ve genetik savunma mekanizmalarinin
anlasilmasina yonelik kapsamli bir temel sunmaktadir. Yiiksek besin
degeri ve ekonomik dnemi nedeniyle ceviz, diinya genelinde genis
Olcekte yetistirilen onemli bir tarimsal {iriin olup, 6zellikle kurak ve
yart kurak bolgelerdeki tuzlu topraklarda yetistirilmesinde gesitli
zorluklarla karsilagilmaktadir. Ceviz bitkisinde tuz stresine
dayanikliligin ~ artirllmasi, tarimsal {iretimde  stirdiriilebilir

verimliligin saglanmasi agisindan kritik bir hedeftir. Bu baglamda,
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NHX ve HKT gibi tuz toleransini diizenleyen genlerin genetik
diizenleme teknikleri ile modifiye edilmesi, ceviz bitkisinin tuzlu
toprak kosullarinda basariyla yetistirilmesini destekleyebilir (Munns
ve Tester, 2008).

Genetik Miihendislik ve Tuz Toleransinin Artirilmasi

NHX ve HKT genlerinin genetik miihendislik teknikleriyle
modifikasyonu ile cevizin tuz stresine dayaniklilifini artirma
potansiyeline sahiptir. NHX gen ailesinin, Na® iyonlarini
vakuollerde depolayarak sitoplazmada birikimlerini 6nlemesi, HKT
genlerinin ise koklerde Na* birikimini simirlandirarak yaprak
dokularina  taginimini  engellemesi, bitkide genel iyon
homeostazisinin korunmasina olanak tanimaktadir (Yamaguchi ve
Blumwald, 2005). Genetik miihendislik teknikleri kullanilarak NHX
ve HKT genlerinin ekspresyon seviyelerinde yapilacak
diizenlemelerle, ceviz bitkisinin tuzlu kosullarda dayanikliliginin
artirilmas1 mimkiindiir. Bu diizenlemeler, ceviz bitkisinin tarimsal
verimliligi yliksek cesitlerinin gelistirilmesinde temel bir strateji
olarak degerlendirilmektedir.

Gelecekte, CRISPR/Cas9 gibi ileri diizey gen diizenleme
teknolojilerinin  NHX ve HKT genleri iizerinde yapilacak
modifikasyonlarda  kullanilmasi, bu  genlerin  kontrollii
ekspresyonuna olanak saglayacaktir. Bu teknoloji, genlerin yalnizca
belirli stres kosullarinda aktif hale gelmesi veya bitkinin tuz stresine
maruz kaldigr durumlarda ekspresyon diizeylerinin hassas sekilde
ayarlanmasi gibi gelismis genetik diizenlemelerin
gergeklestirilmesini miimkiin kilar (Bortesi ve Fischer, 2015).
Ornegin, ceviz bitkisinin koklerinde HKT genlerinin yiiksek
diizeyde ekspresyonunun saglanmasi, Na* iyonlarinin yapraklara
tasinmasini  smirlayarak bitkinin tst kisimlarini  toksik iyon
birikiminden korur. Bu strateji, 6zellikle kurak bdlgelerde tuzlu
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suyla yapilan sulama uygulamalarinda ceviz bitkisinin biiyiime ve
verimliliginin siirdiiriilmesi agisindan kritik bir yaklasim olabilir.

Geleneksel ve Modern Islah Yontemlerinin Birlestirilmesi

Ceviz bitkisinde tuz stresine dayanikli genotiplerin
gelistirilmesinde, geleneksel bitki 1slah1 yontemleri ile modern
biyoteknolojik yaklagimlarin birlestirilmesi, tarimsal iiretimde
onemli bir avantaj sunabilir. Geleneksel seleksiyon ydntemleri,
dogal olarak tuz stresine dayaniklilik gosteren ceviz gesitlerinin
secilmesinde etkili bir ara¢ olarak kullanilabilir. Buna ek olarak,
genetik miihendislik ve markor destekli seleksiyon (MAS) gibi
modern tekniklerin kullanimi, NHX ve HKT gibi tuza dayanikli
genlerin se¢ilme siirecini hizlandirabilir (Collard ve Mackill, 2008).
Geleneksel ve modern yontemlerin entegrasyonu, daha kisa stirede
daha dayanikli ceviz tiirlerinin gelistirilmesine imkan tanimaktadir.

Ozellikle markér destekli seleksiyon, ceviz gibi uzun dmiirlii
tirlerde tuz stresine dayanikli bireylerin hizli bir sekilde
tanimlanmasina olanak saglar. Tuz stresine dayanikli aday
genotiplerin MAS kullanilarak hizlica tespit edilmesi, yetistirme
stirecini hizlandirarak tiretim maliyetlerini diistirebilir ve tuz stresine
dayanikli ceviz ¢esitlerinin  gelistirilmesini  destekleyebilir.
Geleneksel seleksiyon ve biyoteknolojik yontemlerin entegrasyonu,
ceviz bitkisinin genetik cesitliligini koruyarak tuz toleransini
artirmay1 hedeflemektedir.

Gelecek Calismalar ve Arastirma Alanlart

Ceviz bitkisinin tuz stresine dayanikliligina yonelik
gelecekteki ¢aligmalar, ¢esitli arastirma alanlarinda daha
derinlemesine incelemeler gerektirmektedir. Oncelikle, cevizde tuza
duyarli ve dayanikli gen bolgelerinin ayrmtili  olarak
haritalandirilmasi, tuz stresine dayamikliligin genetik temellerinin
daha iyi anlasilmasma katki saglayabilir. Genomik analizler,

ozellikle NHX, HKT, DREB ve NAC gibi genlerin diizenleme
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mekanizmalarini anlamak i¢in temel bir arastirma alan1 sunmakta ve
bu genlerin fonksiyonlarinin daha iyi ¢oziimlenmesine olanak
tanimaktadir (Datta, 2013). Ayrica, farkli ¢evresel kosullarda bu
genlerin ekspresyon profillerinin detaylandirilmasi, bitkilerin stres
yanitlarin1 optimize etme konusunda énemli bilgiler saglayabilir.

Ikinci olarak, ceviz bitkisinin tuz stresine adaptasyonunda
epigenetik  modifikasyonlarin  rolii daha ayrintili  olarak
arastirilmalidir. Epigenetik diizenlemeler, belirli genlerin ekspresyon
seviyelerini degistirerek bitkilerin ¢evresel streslere uyum
saglamasinda kritik bir etkiye sahiptir (Chinnusamy et al., 2008).
Epigenetik faktorlerin tuz stresine dayanikliliktaki etkilerinin
anlasilmasi, ceviz bitkisinde daha direncli genotiplerin gelistirilmesi
icin yeni yaklagimlar sunabilir.

Son olarak, NHX ve HKT gibi anahtar genlerin yani sira,
bitkilerin iyon homeostazin1 ve oksidatif stresi yonetmede rol
oynayan diger destekleyici genlerin (6rnegin, antioksidan enzimleri
kodlayan genlerin) fonksiyonel analizleri gergeklestirilmelidir. Bu
analizler, ceviz gibi 6nemli tarimsal bitkilerde genetik miidahalelerin
en etkili noktalarinin belirlenmesi i¢in hayati bilgiler sunacaktir. Gen
diizenleme teknolojileri ile yapilacak arastirmalar, gelecekte ceviz
bitkisinin yalnizca tuza degil, ayn1 zamanda kuraklik gibi diger
cevresel stres faktorlerine karsi da daha dayanikli hale getirilmesi
potansiyelini tasimaktadir.

SONUC

Cevizin, tuz stresine kars1 gelistirdigi adaptasyon
mekanizmalari, tuzlu toprak kosullarinda biiyiime ve tarimsal
verimliligin siirdiiriilebilmesi acisindan kritik Oneme sahiptir.
Kiiresel tarim ekonomisinde yliksek besin degeri ve ekonomik
getirisi nedeniyle genis Olgekte yetistirilen ceviz bitkisi, 6zellikle
yart kurak ve kurak bolgelerde artan toprak tuzlulugu nedeniyle
cesitli zorluklarla karsilagsmaktadir. Bu baglamda, ceviz bitkisinin
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tuz stresine karsi sergiledigi fizyolojik, biyokimyasal ve genetik
adaptasyonlarin anlagilmasi, daha dayanikli ve yiiksek verimli ceviz
cesitlerinin gelistirilmesi agisindan 6nemli bir potansiyele sahiptir.

Bu c¢alismada ele alman antioksidan savunma
mekanizmalari, iyon homeostazisi ve osmotik diizenleyicilerin
sentezi gibi adaptif stratejiler, ceviz bitkisinin tuz stresine karsi
hayatta kalmasini destekleyen temel mekanizmalardir. Tuz stresine
maruz kalan bitkilerde reaktif oksijen tiirlerinin (ROS) birikimiyle
oksidatif stres olugmakta; ROS, hiicresel yapilara zarar verebilen
giiclii oksidatif bilesikler olarak bitkinin biiylime ve gelisimini
olumsuz etkilemektedir. Ceviz bitkisi, siiperoksit dismutaz (SOD),
katalaz (CAT) ve peroksidaz (POD) gibi antioksidan enzimlerin
aktivitelerini artirarak oksidatif hasar1 sinirlamakta, bu enzimlerin
aktivitesindeki artts ROS birikimini nétralize ederek hiicre zari,
proteinler ve DNA gibi kritik hiicresel bilesenlerin korunmasina
katkida bulunmaktadir. Bu siire¢, ceviz bitkisinin tuzlu ortamlarda
dahi saglikli biiylime yetenegini siirdiirebilmesi i¢in kritik bir dnem
tasimaktadir.

Tuz stresine kars1 bir diger adaptasyon mekanizmasi ise iyon
homeostazisinin korunmasidir. Tuzlu topraklarda bitki kokleri, Na*
ve Cl” iyonlarinin asir1 alimina maruz kalmakta; bu durum hiicre
icinde iyon dengesizligi ve iyon toksisitesi sorunlarina yol
acmaktadir. NHX ve HKT gibi iyon tasiyic1 genler, bu dengesizligi
diizenleyerek ceviz bitkisinin iyon homeostazisini saglamasina
yardimci olmaktadir. NHX antiporterleri, Na* iyonlarin1 vakuoller
icine yonlendirerek sitoplazmada Na* birikimini sinirlar ve toksik
etkiyi onler. HKT tastyicilart ise koklerde Na* birikimini kontrol
ederek bu iyonlarin yapraklara taginmasini siirlandirir ve bitkinin
yukart boliimlerini toksik iyon birikiminden korur. Bu iyon
homeostazisi mekanizmasi, ceviz bitkisinin tuz stresine karsi
dayanikliligin1 artiran temel bir adaptasyon stratejisi olarak One
cikmaktadir.
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Osmotik diizenleyicilerin sentezi ise ceviz bitkisinin tuzlu
kosullarda hiicresel su dengesini koruma yetenegine katkida bulunur.
Prolin, betain ve ¢esitli seker alkolleri gibi osmotik diizenleyiciler,
hiicre i¢indeki ozmotik basinci dengeleyerek su kaybini dnler. Bu
bilesikler, yalnizca hiicre i¢inde su tutulmasini saglamakla kalmayip,
ayni zamanda hiicresel yapilar1 koruyarak ROS birikimini nétralize
edip oksidatif stresi azaltmaktadir. Ceviz bitkisinde prolin
birikiminin tuz stresine yanit olarak arttigi gézlemlenmis olup, bu
durum bitkinin tuz stresine adaptasyonunda Onemli bir rol
oynamaktadir. Bu adaptasyonlar, ceviz bitkisinin tuzlu kosullarda
biliylimeye devam edebilmesine olanak tanir.

Ceviz bitkisinin tuz stresine dayaniklilik kazanmasinda
genetik faktorlerin rolii de dnemli dlgiide biiyiiktiir. NHX ve HKT
gibi iyon tastyici proteinleri kodlayan genlerin yani sira, DREB ve
NAC gibi transkripsiyon faktorleri de ceviz bitkisinin tuz stresine
yanitinda temel bir etkiye sahiptir. Bu transkripsiyon faktorleri, tuz
stresine yanit olarak NHX ve HKT genlerinin ekspresyonunu
diizenleyerek bitkide iyon homeostazisi ve osmotik dengeyi saglar.
Bu calisma, ceviz bitkisinde tuz stresine dayaniklili§i artirmaya
yonelik genetik 1yilestirme c¢aligmalarina saglam bir temel
olusturmaktadir. Genetik miihendislik teknikleri kullanilarak NHX
ve HKT genlerinin ekspresyon seviyelerinin optimize edilmesi,
ceviz bitkisinin tarimsal iiretim potansiyelini siirdiiriilebilir kilmak
adma onemli bir stratejik adim olabilir.

Gelecekteki aragtirmalarda, NHX ve HKT gibi iyon
tagiyicilarin yanmi sira ceviz bitkisinin tuz stresine karsi direng
gostermesinde rol oynayan diger genlerin de detayli olarak
incelenmesi Onerilmektedir. Genom diizenleme teknolojilerinin bu
genlerin kontrollii ekspresyonunu saglamak amaciyla kullanimi,
ceviz bitkisinin sadece tuza degil, ayn1 zamanda kuraklik gibi diger
cevresel stres faktdrlerine karst da dayanikliligini  artirma
potansiyeline sahiptir. CRISPR/Cas9 gibi ileri diizey genetik
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araclarla yapilacak modifikasyonlar, bitkinin ¢evresel stres
faktorlerine adaptasyon kapasitesini gili¢lendirebilir.

Sonug olarak, ceviz bitkisinin tuz stresine karsi gelistirdigi
adaptasyon mekanizmalari, saglikli biiylime ve yiiksek verimlilik
stirdiiriilebilmesi agisindan biiyilk oneme sahiptir. Antioksidan
savunma mekanizmalarinin aktivasyonu, iyon homeostazisinin
saglanmas1 ve osmotik diizenleyicilerin sentezi gibi siirecler, ceviz
bitkisinin tuz stresine adaptasyonunda temel rol oynar. Bu ¢alisma,
tarimsal liretimde tuza dayanikli ceviz cesitlerinin gelistirilmesine
katki saglayarak 6zellikle tuzlu topraklarin yogun oldugu bolgelerde
ekonomik degerin artirilmasini hedeflemektedir. Ceviz bitkisinin tuz
stresine kars1 dayanikliligini artirmaya yonelik ileri arastirmalar,
tarimsal siirdiiriilebilirligi gliglendirecek ve tuzlu topraklarin tarima
kazandirilmas1 i¢in yeni stratejiler sunacaktir.
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