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(074

Zeytin ¢esitlerinde ¢igek biyolojisi incelendiginde erkek ve hermafrodit ¢igek durumlart degisiklik gdstermektedir.
Yapilan bu ¢aligma ile 3 farkli zeytin ¢esidinin ii¢ yil siireyle Tarsus/Mersin ekolojisindeki erselik ¢i¢ek orani tespit
edilmistir. Ayn1 zamanda dollenmeden sonra cesitlere ait uygulamalarda meyve dokiimleri belirlenmistir. incelenen
cesitlerde kendine verimlilik ile tozlayici kullaniminin meyve tutumuna etkisini belirlemek amaciyla baslangigta
uygulamaya alinmis ¢igek sayilari ile karsilastirilmast sonucunda ylizde meyve tutma degerleri belirlenmistir. Cesitlerin
ciceklerinin agilmasindan meyve baglama asamasina kadar gecen siirenin ise 10 ila 15 giinliik bir siireyi kapsadig
saptanmugtir. Erselik ¢igek oranlari yillar bazinda benzerlik gosterirken, en yiiksek Domat ¢esidinde bulunmus, bunu Sari
Ulak ve Gemlik cesitleri izlemistir. Domat, Gemlik ve Sar1 Ulak cesitlerinde yapilan tozlama denemeleri sonucunda
meyve dokiimlerinin kendileme uygulamalarinda en fazla oldugu saptanmistir. Yabanci tozlama uygulamalarinda ise
kendilemeye gore daha az dokiim saptanmig ve tozlayici kullaniminin meyve tutumu iizerine olumlu etkisi goriilmiistiir.

Anahtar Kelimeler: Zeytin, ¢igek, meyve tutumu, tozlama, meyve dokiimii
Hermaphrodite Flower Ratios and Fruit Drop in Some Olive Cultivars
ABSTRACT

The intricacies of flower biology in olive cultivars reveal variations in the occurrence of male and hermaphrodite flowers.
This study endeavours to ascertain the frequency of hermaphrodite flowers over a three-year period within the ecological
context of Tarsus/Mersin. Simultaneously, post-fertilization fruit abscission rates specific to each cultivar were
determined. By initially quantifying flower numbers and subsequently comparing them against fruit retention rates, this
research aimed to elucidate the impact of self-pollination and cross-pollination on fruit set across the examined cultivars.
The period from the opening of flowers to the stage of fruit setting was found to range from 10 to 15 days. While the
ratios of hermaphrodite flowers remained similar across years, the highest ratio was observed in the Domat cultivar,
followed by the Sar1 Ulak and Gemlik cultivars. Pollination experiments conducted on the Domat, Gemlik and Sar1 Ulak
cultivars revealed that fruit drop rates were highest in self-pollination practices. Conversely, foreign pollination practices
resulted in lower fruit drop rates compared to self-pollination, indicating a positive impact of pollinator use on fruit
retention.

Keywords: Olive, flower, fruit set, pollination, fruit abortion

INTRODUCTION

When examining the flower biology of olive
cultivars, the conditions of male and hermaphrodite
flowers exhibit variations. Cuevas and Polito [1]
reported a staminate: hermaphrodite flower ratio of
approximately 1:1 in their study on the Mission
cultivar. Female organ abortion can occur during
pistil differentiation [2]. Brooks [3] reported that
hermaphrodite olive flowers tend to bloom earlier,
while the results of Cuevas and Polito [1] indicate that
early blooming is not specific to hermaphrodite
flowers but is associated with better-nourished
flowers within the cluster. Therefore, the most

significant advantage provided by staminate flower
production in olives is the increase in the number of
available pollen grains to ensure fertilization. The dry
weight of hermaphrodite flowers was found to be
19% higher than that of staminate flowers.

Lavee et al. [4] examined the effect of flower
number and distribution on fruit behavior in various
olive cultivars over a 10-year period. The number of
stamens within each cultivar and thinning the flowers
by up to 50% did not significantly affect fruit
retention. Removing half of the flowers resulted in
double the fruit yield compared to the remaining ones.
Typically, a considerable number of fruits are
obtained from the flower cluster. In a productive

*Sorumlu yazar / Corresponding author: cansudolek.90@gmail.com
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flower cluster away from the center, 70-80% (double)
of the fruits are obtained from various shoots. In
Santa Caterina (Italy), a clear increase in fruit set per
shoot was observed by removing 80% of the flowers
from the flower cluster.

Seifi et al. [5] examined the timing of flower
opening, gender and the persistence of the corolla in
Manzanilla, Mission and Frantoio olive cultivars. In
each cultivar, 45 flower clusters were examined every
morning from flower opening to corolla shedding.
Hermaphrodite flowers primarily opened at the
beginning of the flowering period, while male flowers
opened later. Flowers at the tip and on primary
branches opened earlier than those on secondary
branches. The study found that flower position
significantly influenced gender in Manzanilla and
Mission cultivars. In the Manzanilla cultivar,
hermaphrodite flowers exhibited significantly longer
corolla persistence compared to male flowers.
According to the results of this study, corolla
persistence was dependent on daily temperature
during flower opening. Despite the expectation that
earlier-opening flowers in the Manzanilla cultivar
would be pollinated earlier, it was observed that
corollas remained intact for a longer duration.
Additionally, the study demonstrated that thinning of
buds and shoots applied 30 days before full bloom
reduced pistil degeneration in the remaining flowers.

Moreno-Alias et al. [6] determined pistil abortion
in six Spanish olive cultivars over three different
years to assess the relative impact of genetic and
environmental factors and evaluate possible
interactions between two different morphological
characteristics. Ovule development was found to be
high for the Arbequina cultivar, moderate for
Hojiblanca and Manzanilla de Sevilla cultivars and
low for the Lechin de Sevilla cultivar. In contrast,
while staminate flower development was high in
these cultivars, the degree of ovary development was
low for the ‘Empeltre’ and ‘Morisca’ cultivars.
Rosatia et al. [7] found that pistil degeneration,
expressed as a percentage of staminate flowers,
showed a positive correlation with the average ovary
mass in different olive cultivars. The absolute number
of hermaphrodite flowers per shoot showed a
negative correlation with both ovary mass and pistil
elimination, while the number of staminate flowers
per shoot increased with both parameters.

In olives, the shedding of male flowers begins
shortly after full bloom [8], while the abscission of
unfertilized hermaphrodite flowers occurs after the
flowering period [7]. Rapoport and Rallo [9]
investigated the number of defective and perfect
flowers in shoots as well as fruit abscission using five
7-year-old ‘Manzanilla’ trees in Cordoba, Spain.

54

Cumulative abscission was observed to continue until
25 days after full bloom. The shedding of defective
flowers began immediately after full bloom, peaked 8
days after full bloom and continued until the 15" day.
Hermaphrodite flower or fruit abscission occurred
significantly after full bloom, between 10 and 25
days, with the highest abscission observed 13 to 15
days after full bloom. A second abscission (fruit drop)
due to competition for nutrients was observed around
18-20 days after full bloom.

Knowledge of fertilization biology is an important
issue for increasing yield. Olive plants constitute both
female + male flowers (hermaphrodite) and only male
flowers. Therefore, it is necessary to determine the
number of hermaphrodite flowers that will be
effective in yield. This study aimed to determine the
hermaphrodite flower ratio of three different olive
cultivars over a period of three years in the ecology
of Tarsus/Mersin. Additionally, fruit abscission rates
in cultivars were determined after fertilization.

MATERIAL AND METHODS

The aim of this study was to determine the effect
of self-pollination and the use of pollinators on fruit
set in examined cultivars. Initially, the number of
hermaphrodite and male flowers formed on branches
was calculated by counting the total number of
flowers before their petals opened, while they were in
the balloon stage, in bags. Subsequently, at the end of
the flowering period, the remaining flowers were
counted when the bags were removed. The first count
provides the total number of hermaphrodite and male
flowers, while the second count only provides the
number of hermaphrodite flowers. Following this,
fruit set levels during the fruit development period in
open, cross (Domat, Gemlik and Sar1 Ulak) and self-
pollination treatments were determined through
monthly fruit counts and monthly fruit set levels were
presented in histogram graphs.

Thus, the periods and levels of fruit drop were
determined. Additionally, the number of fruits
remaining on the tree before harvesting was
determined and the percentage fruit set levels were
calculated by comparing them with the initial number
of flowers introduced into the treatment.

RESULTS AND DISCUSSION
Ratio of Hermaphrodite Flowers (%)

Prior to flower blooming, the numbers of male and
hermaphrodite flowers on shoots were tallied and
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their percentages were calculated relative to the total
flower count. Table 1 presents the proportions of
hermaphrodite flowers for the cultivars examined
within the scope of the trial in the years 2017, 2018
and 2019.

Following the counts conducted in 2017,
significant differences among cultivars were found in
terms of hermaphrodite flower ratios at a statistically
significant level of p<0.05. The highest proportion, at
51.68%, was observed in the Domat cultivar, which
was determined to belong to a distinct group from the
others. The hermaphrodite flower ratio for the Gemlik
cultivar was 47.13%, while the lowest value was
recorded for the Sar1 Ulak cultivar at 45.82%. No
statistically significant difference was observed
among mean directions in terms of hermaphrodite
flower ratios, with values ranging from 50.75%
(West) to 45.82% (North). Regarding the cultivar x
direction interaction, no statistically significant
difference was found among the values, which ranged
from 42.03% (Sar1 Ulak cultivar, North direction) to
53.82% (Domat cultivar, West direction) (Table 1).

In 2018, due to the observed periodicity in the
Domat cultivar, the values for this cultivar were not
included in the table. Following the conducted counts,
no statistical difference was found among the cultivar
and direction means, as well as the cultivar X
direction interaction (Table 1). Upon comparison of
cultivars, it was determined that the Sar1 Ulak cultivar
had a higher hermaphrodite flower ratio (60.22%)
compared to the Gemlik cultivar (57.81%). The
highest value among direction means was determined
to be 62.47% (South), while the lowest value was
55.99% (North). Regarding the cultivar x period
interaction, values ranged from 55.79% (Sar1 Ulak
cultivar, North direction) to 65.47% (Sar1 Ulak
cultivar, South direction).

In the 2019 evaluations, while the mean
hermaphrodite flower ratios for cultivars were
statistically significant at p<0.001, neither the means
for directions nor the interaction between cultivar and
direction reached statistical significance (Table 1).
Among cultivar means, the Domat cultivar exhibited
the highest hermaphrodite flower ratio (62.67%),
followed by the Sar1 Ulak cultivar (53.94%), whereas
the lowest ratio was observed in the Gemlik cultivar
(47.01%). Direction means ranged from the highest
of 56.03% (North) to the lowest of 51.20% (East).
Regarding the interaction between cultivar and
period, the hermaphrodite flower ratio ranged from a
minimum of 43.77% (Gemlik cultivar, West
direction) to a maximum of 70.73% (Domat cultivar,
North direction).

The highest hermaphrodite flower ratios among
cultivars were found in the Domat cultivar in 2017

and 2019, while in 2018, it was observed in the Sari
Ulak cultivar. Conversely, the lowest ratios were
determined to be in the Sar1 Ulak cultivar in 2017 and
in the Gemlik cultivar in 2018 and 2019. Regarding
directions, the highest hermaphrodite flower ratios
were observed in the West in 2017, in the South in
2018 and in the North in 2019, while the lowest
values were detected in the North in 2017 and 2018
and in the East in 2019.

Table 1. Ratio of hermaphrodite flowers (%) '-?

. Directions
Year Cultivars North T South | East | West Average
Domat 50.60 | 50.65 | 51.66 | 53.82 | 51.68 A
2017 Gemlik 44.84 | 49.16 | 45.26 | 49.28 [47.13 AB
Sar1 Ulak 42.03 | 45.62 | 46.44 | 49.18 | 45.82 B
Average direction | 45.82 | 48.48 | 47.79 | 50.75

ILSDcultivar: 3,756* LSDdirection: N.S. LSD cultivarxdirection: N.S.

Domat - - - - -
2018 Gemlik 56.18 | 59.46 | 55.86 | 59.75 | 57.81
Sar1 Ulak 55.79 | 65.47 | 58.87 | 60.75 | 60.22
Average direction | 55.99 | 62.47 | 57.36 | 60.25

ILSDcultivar: N.S. LSDdirection: N.S. LSD cultivarxdirection: N.S.

Domat 70.73 | 61.37 | 57.94 | 60.66 | 62.67 A
2019 Gemlik 47.17 | 49.21 | 47.87 | 43.77 | 47.01 C
Sar1 Ulak 50.18 | 55.99 | 47.79 | 61.80 | 53.94B

Average direction | 56.03 | 55.52 | 51.20 | 55.41

ILSDcultivar: 4,421*** LSDdirection: N.S LSD cultivarxdirection: N.S.
'Angle transformation has been applied in the statistical analysis of
percentage values (values in parentheses represent angle values).
*Differences indicated by different letters within the same column were
found to be statistically significant.

N.S.: Not Significant; ***Represents p<0.001.

Reale et al. [10] reported a correlation between
ovary degeneration and starch content in Leccino and
Dolce Agogia olive flowers. At this stage, starch
grains were only detected in the ovaries, styles and
stigmas of hermaphrodite flowers, with no starch
accumulation observed in male flowers. In this study,
the percentage of staminate (male) flowers was found
to be higher in the Dolce Agogia cultivar compared
to the Leccino cultivar. The results demonstrate the
importance of carbohydrate nutrition, with higher
starch content found in hermaphrodite (perfect)
flowers compared to staminate (imperfect) flowers.

Reale et al. [11] reported that pistil degeneration
in olives can occur at different stages, with functional
staminate flowers sometimes containing poorly
developed ovaries or ovaries lacking ovules.
Additionally, the percentage of imperfect flowers can
be higher when there are more flowers on shoots.
Similarly, we believe that the tendency of the Sar1
Ulak cultivar to produce a large number of flowers
may lead to a higher incidence of imperfect and
button-shaped fruit formation.

Rosatia et al. [7] found a positive correlation
between pistil degeneration, expressed as the
percentage of staminate flowers and the average
ovary mass in different olive cultivars. The absolute
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number of hermaphrodite flowers per shoot showed a
negative correlation with both ovary mass and pistil
elimination, while the number of staminate flowers
per shoot increased with both parameters. Mete and
Misirli [12] conducted full flower counts in the
Domat, Edinciksu, Esek, Kilis, Samanli, Uslu and
Arbequina olive cultivars after shedding anthers and
corollas and removing the ovaries. The highest full
(hermaphrodite) flower formation in both years of the
trial was observed in the Arbequina cultivar, while the
lowest was in the Esek cultivar. In the cultivars used
in our study, the hermaphrodite flower ratio ranged
from 45.82% (Sar1 Ulak-2017) to 62.67% (Domat-
2019), indicating a moderate level of pistil
degeneration.

Monthly Fruit Set Ratios

Monthly fruit set levels were determined by
counting the remaining fruits on branches each month
until harvest. The values obtained from the counts
were then calculated as monthly fruit drop
percentages by comparing them to the initial total
flower count. These values are presented in histogram
form in Figure 1.

Data for the Domat cultivar were collected in 2017
and 2019, while no evaluation could be conducted in

2018 due to the cultivar exhibiting periodicity.
Monthly fruit set levels for the Domat cultivar in 2017
are presented in Figure 1. Upon examining the graph,
it can be observed that for the Domat cultivar in 2017,
the highest fruit drop occurred in June for open
pollination, self-pollination, pollination with Gemlik
and Sar1 Ulak cultivars, with a significant decrease in
drop intensity in July. There was minimal drop in
August and September. According to the 2019 data,
severe fruit drop was observed in June, with minimal
drop in July, August and September (Figure 1).

Since the Gemlik cultivar does not exhibit
periodicity, fruit was harvested regularly over the
three years. Upon examining the graph, it can be seen
that in 2017 for the Gemlik cultivar, the highest fruit
drop occurred in June for open pollination, self-
pollination, pollination with Domat and Sar1 Ulak
cultivars, with no significant drop observed
thereafter. According to the graph, the highest drop in
2018 also occurred in June. While fruit drop
continued to some extent in July and August for open
pollination, there was little variation in monthly fruit
quantity after July for the other treatments. When
examining the fruit drop levels for 2019, it was
observed that severe fruit drop occurred in June, with
no significant drops thereafter.
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Figure 1. Monthly fruit drop levels for pollination treatments in Domat, Gemlik and Sar1 Ulak olive cultivars
(OP: Open Pollination, D: Domat, G: Gemlik, SU: Sar1 Ulak)

Although the Sar1 Ulak cultivar tends to exhibit
periodicity, under regular maintenance conditions, it
yields fruit annually. In this study, due to well-
maintained conditions, fruit was harvested regularly
for three years. Upon examination of the graph, it can
be seen that for the Sar1 Ulak cultivar in 2017, the

56

highest fruit drop occurred in June for open
pollination, self-pollination, pollination with Domat
and Gemlik cultivars, with fruit drop continuing in
July and August and fruit numbers remaining
constant in September. In the self-pollination
treatment, there were almost no remaining fruits.
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While monitoring monthly fruit numbers, a
significant number of button-shaped fruits were
encountered and their drop continued until the last
month.

Domat cultivar’s fruit development at specific
intervals is depicted in Figure 2.

Figure 3 displays images related to the fruit
development at specific intervals for the Gemlik
cultivar.

Images related to the fruit development at specific
intervals for the Sar1 Ulak cultivar are provided in
Figure 4.

- ¢

-~ I

— - e

< =

a b
Figure 2. Developmental stages of fruits belonging to

the Domat cultivar. a. Fruits at 45 days with
cartilaginous seeds, b. Fruits at 130 days ready
for harvest

Figure 3. Developmental stages of fruits belonging to
the Gemlik cultivar. a. Fruits at 30 days, b.
Fruits at 45 days, c. Fruits at 70 days, d. Fruits
at 90 days

In the trials conducted with the Domat, Gemlik
and San1 Ulak cultivars, it was determined that fruit
drop was highest in the self-pollination treatments. In
contrast, lower fruit drop was observed in cross-

pollination treatments, indicating a positive effect of
pollinator use on fruit retention.

Rallo and Fernandez-Escobar [13] reported that
fruit drops are generally attributed to competition
between the increase in ovary size occurring about 12
to 15 days after full bloom and the fertilized ovaries.
In the samples examined, the rate of fertilized ovaries
was 22% 8 days after full bloom, which increased to
62% 18 days after full bloom. Consistent with the
findings of our study, the highest fruit drop occurred
in June, mainly in the form of small fruit drop. During
this period, fruit drop due to lack of pollination and
nutrition deficiency was observed. It was also noted
that during the period of flower drop, which is
common in olives, mostly male flowers were shed.

e f
Figure 4. Developmental stages of fruits belonging to
the Sar1 Ulak cultivar. a. Fruits at 30 days, b.
Fruits at 45 days, c. Fruits at 70 days, d. Fruits
at 90 days, e. Fruits at 110 days, f. Fruits at 125

days

Abscission is a term referring to the shedding
observed in leaves, flowers and fruits. Kadioglu
(2016) states that despite successful pollination,
abscission events can occur at different stages of fruit
development. According to the researcher, these
events can occur in three stages: immediately after
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pollination in apples (post-blooming), shortly after
general fruit growth (June drop) and during ripening
(pre-harvest). In some plant species, periods of fruit
drop coincide with decreases in the hormone (auxin)
content in the fruit. When auxin levels are high, the
fruit drop rate decreases. Among the cultivars in the
trial, the highest fruit drops were observed in the Sar1
Ulak and Gemlik cultivars. Additionally, in the
Domat cultivar, both more and larger fruits were
observed.

CONCLUSION

It was determined that the period from the
opening of the cultivars flowers to the fruit setting
stage lasted between 10 to 15 days.

While the ratios of perfect flowers showed
similarity across years, the highest ratio was found in
the Domat cultivar, followed by the Sar1 Ulak and
Gemlik cultivars.

*In the pollination trials conducted with the
Domat, Gemlik and Sar1 Ulak cultivars, it was found
that fruit drop was highest in the self-pollination
treatments.

*In cross-pollination treatments, less fruit drop
was observed compared to self-pollination, indicating
a positive effect of pollinator use on fruit retention.

*Among the cultivars examined in the trial, the
highest fruit drops were observed in the Sar1 Ulak and
Gemlik cultivars.

*In the Domat cultivar, however, the fruit drop rate
was significantly lower compared to the other two
cultivars.

In the Domat olive cultivar, the highest fruit
retention was observed in the 17-d-ST and 17-d-
DxSU treatments. Generally, no significant
difference was observed in fruit retention every 4
months in the Domat olive cultivar, indicating its
good adaptation to the region. Despite the low fruit
retention in pollination treatments, including self-
pollination and hybridization with Sar1 Ulak, Gemlik
and Domat, no difference was observed in fruit
retention among the four months.

In the Gemlik olive cultivar, very low fruit
retention was observed in all pollination treatments.
The lowest fruit retention was observed in the 19-g-
GxG@ treatment. No difference was observed between
the years and months in the Gemlik x Domat
treatment.

In the Sar1 Ulak olive cultivar, no difference was
observed between treatments in 2019. The highest
fruit retention in June was observed in the 17-s-
SUxSU, 17-s-SUxG and 17-s-SU-D (Sar1 Ulak x Sar1
Ulak, Sar1 Ulak x Gemlik, Sar1 Ulak X Domat)
treatments, which decreased in other months.
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0z

Bu caligmada disiik sekerli turung kabugu marmelatinin bazi fizikokimyasal ve mikrobiyolojik &zellikleri {izerine
depolama sicaklig1 ve siiresinin etkisinin aragtiritlmasi amaglanmistir. Bu kapsamda seker icerigi %30 azaltilmig ve yerine
Steviol glikozit rebaudioside A (Reb A) ikame edilerek iiretilmis turung kabugu marmelati iki farkli depolama
sicakliginda (5-6°C/22-24°C) 12 ay siire ile depolanmistir. Depolama siiresi boyunca suda ¢6ziiniir kuru madde (SCKM),
pH, titrasyon asitligi (TA), su aktivitesi (aw) renk degerleri (L*, a*, b*, C* ve h°), 5S-Hidroksimetilfurfural (HMF) ve
toplam kiif-maya analizleri ger¢eklestirilmigtir. SCKM degerleri 5-6°C sicaklikta depolanan 6rneklerde artmis, 22-
24°C’de depolanan 6rneklerde ise depolama sonunda baslangica gore %1,20 azalmistir. Depolama baglangicinda 3,86
olan pH degeri 5-6°C’depolama kosulunda 3,82’ye, 22-24°C depolama kosulunda 3,83’¢ diigmiistiir. Depolama sonunda
su aktivitesi degerleri azalig gosterirken, titrasyon asitligi artis gdstermistir. Renk degerleri agisindan incelendiginde genel
olarak depolama siiresi boyunca marmelat 6rneklerinin L* ve hue acist degerleri azalmis, a*, b* ve kroma degerleri
artmistir. HMF miktar1 baglangica gore depolama siiresi boyunca artmus, bu artig 22-24°C’de depolama sicakliginda 57,53
kat, 5-6°C sicaklikta 11,97 kat olarak gerceklesmistir. Depolama siiresi igerisinde diisiik sekerli turun¢ kabugu
marmelatinda kiif ve maya gelisimi gozlenmemistir. Sonug¢ olarak, seker igerigi %30 disiirilmils turung kabugu
marmelatinin incelenen kalite parametreleri agisindan 12 ay siire ile 5-6°C’de muhafaza edilmesi tavsiye edilmektedir.

Anahtar Kelimeler: Marmelat, turung kabugu, depolama, steviol glikozit, rebaudioside A

Effect of Storage Time and Temperature on Physicochemical and Microbiological Properties of Low Sugar Bitter
Orange Peel Marmalade

ABSTRACT

This study aimed to examine the effects of storage temperature and time on some physicochemical and microbiological
properties of low-sugar orange peel marmalade. In this context, bitter orange peel marmalade produced by reducing sugar
content by 30%and replacing it with steviol glycoside rebaudioside A (Reb A) was stored at two different storage
temperatures (5-6°C/22-24°C) for 12 months. During the storage period, water-soluble solids (TSS), pH, titratable acidity
(TA), water activity (aw) color values (L*, a*, b*, C* and h°), 5-Hydroxymethylfurfural (HMF) and total mold-yeast
analyses were carried out. At the end of the storage, TSS values increased in samples stored at 5-6°C, decreasing by
1.20% in samples stored at 22-24°C compared to the beginning. The pH value, which was 3.86 at the beginning of storage,
decreased to 3.82 at 5-6°C storage conditions, and to 3.83 at 22-24°C storage conditions. Water activity values decreased
at the end of storage, while titratable acidity increased. When examined in terms of color values, L* and hue values of
marmalade samples generally decreased during the storage period, while a*, b* and C* values increased. The amount of
HMF increased during the storage period compared to the beginning, and this increase was 57.53 times at 22-24°C storage
temperature and 11.97 times at 5-6°C temperature. During the storage period, no mold and yeast development was
observed in the low-sugar orange peel marmalade. In conclusion, it is recommended that bitter orange peel marmalade,
with a 30% reduced sugar content, be stored at 5-6°C for 12 months for the quality parameters examined.

Keywords: Marmalade, bitter orange peel, storage, steviol glycoside, rebaudioside A
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GIRIS

Glineydogu Asya kokenli turung (Citrus
aurantium L.), Rutacae familyasina ait olup, diinyada
ac1 portakal, eksi portakal ve Sevilla portakali gibi
isimlerle bilinmektedir [1]. Tirkiye’nin turung
tiretimi son 10 yilda %65 artarak 2023 yilinda 3581
ton olarak gerceklesmistir. Akdeniz Bolgesi bu
iiretimin yaklasik %77’sini karsilamaktadir [2].

Turung genellikle portakal, limon ve greyfurt gibi
diger turunggil tiirlerinin yetistirilmesinde anag
olarak degerlendirilmektedir. Morfolojik olarak
portakala benzemesine ragmen eksi ve aci bir tada
sahiptir. Bu nedenle taze olarak tiiketilememektedir.
Bazi bolgelerde turung suyu eksi tat vermek amaciyla
limon suyu yerine salatalara eklenmektedir [3, 4].
Turung meyvesinin ¢gigekleri yapraklart ve kabuklari
eskiden beri gerek geleneksel gerekse modern tipta
sakinlestirici, mide rahatsizliklarin1 giderici, kilo
azaltmaya yardimci, gozkapagi iltihabi, merkezi sinir
sistemi  rahatsizliklari, kas agrilann ve cilt
morarmalarinin tedavisinde kullanilmistir [5, 6].

Turung kabuklar1 flavonoidler, diyet lif, C
vitamini ve ugucu yaglar gibi insan sagliina son
derecede faydali biyoaktif maddeleri igermektedir.
Icerdikleri bu bilesiklerden dolay1 gida, kozmetik,
parfimeri ve ila¢ endiistrisinde aroma ve koku
maddesi, antioksidan ve antimikrobiyal ajan olarak
tercih edilmektedir [7, 8]. Ulkemizde turung
meyvelerinin en yaygin degerlendirme sekli recel ve
marmelattir. Turung kabugu receli ve marmelatt
iretimi 6zellikle Akdeniz’in kiy1 bolgelerinde hem
geleneksel hem de endiistriyel olarak oldukca
yaygindir.

Giiniimiizde diyabet, hiperlipidemi, hipertansiyon
ve obezite dahil olmak iizere bir¢ok kronik hastaligin
orani diinya ¢apinda hizla artmaktadir. Arastirmalar,
bu kronik hastaliklarm  temel nedenlerinin
beslenmede yiiksek seker, yag ve tuz oranina sahip
gidalarin asirt tiiketimi oldugunu gostermektedir.
Diinya Saglik Orgiitii (WHO), seker alimina iliskin
kilavuzlarda diyetle seker aliminin toplam giinliik
enerji alimimin %10’undan az olmasimi 6nermektedir.
Bu baglamda aspartam, siklamat ve sukraloz gibi
yapay tatlandiricilar 1800°1i yillarda diisiik kalorili
tatlandiricilar olarak gida endiistrisinde yerini alarak
kullanilmaya baglanmistir. Ancak bu tatlandiricilarin
potansiyel saglik riskleri ve toplumda olusan dogal ve
saglikli beslenmeye olan egilim nedeniyle, yapay
tatlandiricilar tiiketiciler iizerinde olumsuz bir algiya
sahip olmustur. Bunun aksine son yillarda dogal
tatlandiricilar, yiiksek besin degerleri ve saglikli
beslenme tarzi endiselerini giderme acisindan
tiiketiciler tarafindan tercih edilmektedir [9, 10].
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Steviol glikozitler Giiney Amerika kdkenli Stevia
rebaudiana Bertoni bitkisinden elde edilen dogal
tatlandiricilardir ve sakkarozdan daha az kalori
icerirler. Ayn1 zamanda giivenli olarak kabul edilirler.
S.rebaudiana Bertoni yapraklarinda 40’tan fazla
steviol glikozit tiirii tanimlanmistir[10].  Steviol
glikozitlerin yogun tatliliklar1 (sakkaroza gore 250-
300 kat daha tatli) 1s1 ve pH stabilitesinin yiiksek
olmasi nedeniyle bircok gida iiriiniiniin de dogal
tatlandiric1 olarak yaygm sekilde kullamilmaktadir
[11]. Stevioside ve rebaudioside (Reb) A, steviol
glikozitler arasinda baslica tatli bilesiklerdir ve
piyasada en yaygin kullanilan steviol glikozitlerdir

[9]. Bunlarin toplam miktari, diger steviol
glikozitlerin  tiimiiniin ~ yaklastk ~ %80-90’1m
olugturmaktadir. Ayrica, Reb A  genellikle

steviosidden daha diisiik oranda bulunur ve nispeten
daha yiiksek bir tatliliga sahiptir. Bu nedenle Reb A
ticari acidan en degerli steviol glikozitler arasinda yer
almakta ve gida endiistrisinde genis bir kullanim
alanma sahip olmustur [10, 12]. Ulkemizde steviol
glikozitlerin gidalarda kullanimina 2013 yilinda Tiirk
Gida Kodeksi Gida Katki Maddeleri Yonetmeligi
kapsaminda E 960 kodu ile steviol esdegerleri olarak
izin verilmistir. Enerjisi azaltilmis regel, jole ve
marmelat icin steviol glikozitlerin maksimum
kullanim orant 200 mg/l veya 200 mg/kg steviol
esdegerleri olarak belirlenmistir [13].

Regeller ve marmelatlar, su aktivitesinin
azalmasini saglayan yliksek seker konsantrasyonu ve
pisirme ve pastorizasyon gibi uygulanan 1s1l iglemler
sayesinde genellikle stabil {irlinler olarak kabul edilir.
Ancak bu tiir iirlinlerin depolanmasi sirasinda renk ve
diger duyusal Ozelliklerin  degismesi, besin
bilesenlerinin kaybolmasi ve istenmeyen bilesiklerin
olugmasi gibi raf émriinii kisaltan baz1 reaksiyonlar
meydana gelir [14]. Depolama sicakligi, siiresi ve
ambalaj materyali gibi depolama kosullart bu
degisikliklerin hizin1 belirleyen 6nemli faktorlerdir
[15]. Kullanilan seker miktarinin azaltilmasi
dolayistyla kuru madde miktarinin azaltilmasi bu
stireci etkileyebilmektedir.

Bu calismada diisiik sekerli turung kabugu
marmelatinin bazi fizikokimyasal ve mikrobiyolojik
oOzellikleri lizerine depolama sicakligi ve siiresinin
etkisinin aragtirilmasi amaglanmigtir. Bu kapsamda
seker icerigi %30 azaltilmis ve yerine steviol glikozit
Reb A ikame edilerek {iretilmis turung kabugu
marmelati iki farkli depolama sicakliginda 12 ay siire
ile depolanarak kalite degisimleri incelenmistir.



D. YILDIZ TURGUT, M. TANRISEVEN, A. BAYIR YEGIN, M. GOLUKCU, H. TOKGOZ, O. KOLA / BAHCE 53(2): 61-70 (2024)

MATERYAL VE METOT

Bu calismada materyal olarak Antalya Bati
Akdeniz  Tarimsal  Aragtirma  Enstitiisii’'nde
yetistirilen “Yerli Turung” ¢esidine ait turung (Citrus
aurantium) meyveleri kullamilmistir. Diisiik sekerli
marmelat iiretimlerinde beyaz kristal toz seker
(sakkaroz), diisiik metoksilli (LM) pektin, sitrik asit
ve dogal tatlandirici steviol glikoziti Reb A
kullanilmgtir,

Marmelat iiretimleri dncesinde meyveler yikanip,
kabuklar1 bigakla meyve etinden dikkatlice
cikartilmis ve kiigiik seritler halinde kesilmistir. Daha
sonra serit halindeki kabuklarin aciliklarini gidermek
amaciyla, daha once on denemeler ve duyusal
degerlendirme sonucu belirlenmis kaynar suda 15 dk.
haslama islemi gerceklestirilmistir.

Tiirk Gida Kodeksi (TGK) Regel, Jole, Marmelat
ve Tatlandirilmis Kestane Piiresi Tebligi (Teblig No:
2006/55) kapsaminda iiriinlerin ¢6ziinebilir kuru
madde miktar1 en az %25 oraninda azaltildiginda,
iriin "diisiik sekerli — ......... " olarak
adlandirilmaktadir [16]. Diisiik sekerli turung
marmelat1 formiilasyonunun olusturulmasinda bahsi
gecen mevzuat hiikiimleri dikkate alinmigtir.

Daha once gerceklestirdigimiz ¢alismada kontrol
(70°Bx) olarak belirledigimiz formiilasyondaki seker
miktart %30 oraninda azaltilarak yerine tatlandirict
olarak 100 mg Reb A kullanilmistir [17]. Buna gore
On islemden gecirilmis turung kabugu (200 g), seker
(420 g), Reb A (100 mg) ve su (450 mL) paslanmaz
celik bir kaba alinarak kaynamaya baslayinca iizerine
5 g LM pektin iceren ¢ozelti ilave edilmistir. LM
pektin ¢ozeltisi 60°C’de suya (pektin su orani 1/5) toz
pektin  eklenerek 750 rpm hizda manyetik
karigtiricida  yaklastk 10 dk. karistirilmast ile
hazirlanmigtir. Ardindan karigima 2 g sitrik asit igeren
%50’lik sitrik asit ¢ozeltisi ilave edilmistir. Pigirme
islemi karigtmin briks degeri olan 49’a ulasinca
sonlandirilmistir. Bu briks degeri yukarida belirtilen
mevzuat hiikiimleri geregince daha once kontrol
olarak belirledigimiz marmelatin briks degerinin
(70°Bx) %30 azaltilmast sonucu belirlenmistir.
Uretilen marmelatlar 88°C’de sicak dolum seklinde
40 cc’lik cam kavanozlara doldurularak, kavanozlar
metal kapakla kapatilmistir.

Uretilen diisiik sekerli marmelatlar oda sicakligt
(22-24°C) ve buzdolabi sicakliginda (5-6°C) olmak
iizere iki ayr1 sicaklikta 12 ay boyunca depolanmustir.
Depolama boyunca marmelat orneklerinde her ay
SCKM (suda ¢oziiniir kuru madde), su aktivitesi, pH,
TA (titrasyon asitligi), renk degerleri, HMF (5-
hidroksimetilfurfural) analizleri ve mikrobiyolojik
analizler gerceklestirilmistir.

Marmelat orneklerinde SCKM, dijital
refraktometre (A. Kriiss Optronic GmbH, DR6000
series, Almanya) ile °Bx (briks) olarak 25°C’de
Olciilmiistiir. Su aktivitesi degerleri su aktivitesi
Olclim cihazi (Novasina Lab-swift) ile 25°C’de
belirlenmistir. pH degeri 6l¢iimii, dijital pH metre ile
gerceklestirilmis, TA ise 25 ml saf su ile seyreltilmis
10 g marmelat 6rneginin 0,1 N sodyum hidroksit
(NaOH) ile pH 8.,1’e kadar titre edilmesiyle
belirlenmistir. Sonuglar sitrik asit cinsinden g 100 g™!
olarak hesaplanmigtir [18].

Marmelat 6rneklerinde aydinlik (100)-karanlik (0)
gostergesi olan L*, yesillik (-60) -kirmizilik (+60)
ifadesi olan a* ve mavilik (-60)-sarilik (+60) ifadesi
olan b*, renk doygunlugunu ifade eden C* (kroma)
ve renk tonunu belirten h° (hue agisi) degerlerinin
6lciimi Minolta CR 400 model renk 6l¢iim cihazi ile
gergeklestirilmistir.

HMF analizi amaciyla saf su ile 10 kat seyreltilen
marmelat 6rnekleri 0,45 um goézenek capli membran
filtreden gegirilerek Shimadzu 20 AD serisi
(Shimadzu, Tokyo, Japonya) HPLC (yiiksek
performansli  sivi  kromotografisi)  cihazina
verilmistir. HMF’nin tanimlanmasi &rneklere ait
kromatogramdaki pikin gelis zamam ile HMF
standardina ait kromatogramdaki pikin gelis
zamaninin Karsilagtirilmas: ile gergeklestirilmistir.
Sonuglar HMF standardina ait kalibrasyon egrisinden
(0,5-20 mg.L ") elde edilen esitlik (y=50818x-82392,
r’=0,999) yardimiyla mg.kg' kuru madde olarak
hesaplanmigtir. Analizde SPD-M20A model PDA
dedektor ile Inertsil ODS-3 C-18 (5 um, 250x4,6 i.d.)
(GL Sciences, Japonya) kolon kullanilmistir. Mobil
faz olarak su:metanol (90:10, v/v) segilmistir. Analiz
20 uL enjeksiyon hacmi, 25°C kolon sicakligi, 285
nm dalga boyu ve 1 mL.dk' akis hiz1 sartlarinda
izokratik olarak gergeklestirilmistir [19].

Depolama kosullarinda diisiik seker icerikli
marmelat drneklerinde toplam kiif ve maya sayimi
icin; tekerriirlere ait 6rneklerden steril diliisyon sivisi
Maximum Recovery Diluent (MRD) kullanilarak,
107! diliisyondan 10*’e kadar ve her diliisyon i¢in 2
paralel olacak sekilde seyreltmeler hazirlanmstir.
Ardindan kiif ve mayalar i¢in selektif besiyeri olan
Dichloran Rose Bengal Chloramphenicol Agar
(DRBC)’a yayma plak yontemi kullanilarak
orneklerin ekimleri yapilmistir. Ekim yapilan petriler
25°C’de 5-7 giin siireyle aerobik inkiibasyona
birakilmugtir. Tlgili diliisyonlardan yapilan ekimlerde,
inkiibasyon siliresi sonunda petrilerde gozlenen
toplam kiif ve maya kolonisi sayilmis ve dillisyon

katsayisi,  Orneklem  hacmi g6z  Oniinde
bulundurularak ~ sonuglar  kob.g  cinsinden
hesaplanmistir [20].
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Depolama galismalar1 depolama sicakliginin (5-
6°C/22-24°C), depolama siiresinin (12 ay) ve bunlarin
arasindaki interaksiyonlarin diisiik sekerli turung
kabugu marmelatinin fizikokimyasal &zelliklerine
etkisinin belirlenmesi amaciyla tesadiif parselleri
deneme desenine gore faktoriyel diizende
yuritilmistir. Marmelat {retimi 3  tekerriirlii
gerceklestirilmistir (N=78). Veriler SAS Istatistik
Programi kullanilarak varyans analizine tabi
tutulmustur.  Ortalamalar  arasindaki ~ Onemli
farkliliklar1 degerlendirmek amaciyla %5 anlamlilik
diizeyinde Duncan c¢oklu karsilastirma testi
uygulanmustir.

BULGULAR VE TARTISMA

Suda Coziiniir Kuru Madde (SCKM) Miktarinin
Depolamaya Bagl Degisimi

Diisiik seker igerikli marmelat 6rneginin 5-6°C’de
ve 22-24°C’de 12 aylik depolama sirasindaki SCKM
degisimleri Sekil 1°de verilmistir. Depolama siiresi
marmelat 6rneginin SCKM igerigi lizerine P<0,001
diizeyinde etkili olurken, depolama sicakligi P<0,01
diizeyinde etkili olmustur (Cizelge 1).

Her iki sicaklik kosullarinda depolama siirecinde
SCKM degisimleri énemli olup, 5-6°C’de depolanan
marmelat 6rneginin SCKM miktar1 az miktarda
artarken, 22-24°C’de depolanan marmelat 6rneginin
SCKM igerigi diigmiistiir (Sekil 1). 5-6°C sicaklikta
depolanan &rneklerde SCKM  47,80-50,40°Bx
arasinda degisirken, depolama stiresi sonunda SCKM
degerinde %3,07 oraninda bir artis gergeklemistir.
22-24°C’de depolanan 6rneklerde depolama siiresi
icerisinde SCKM degerleri 48,20-50,71°Bx olarak
belirlenmis olup, depolama asamasinda bir miktar
artis gergeklesse de son ayda baslangica gore %1,20
azalmigtir. Marmelat gibi iriinlerde SCKM hem
kullanilan meyvedeki seker, organik asit gibi
maddeler, hem de proses sirasinda marmelata eklenen
sakkaroz, pektin ve asitlik diizenleyici gibi
bilesenlerden kaynaklanmaktadir.

Cizelge 1. Diisiikk sekerli marmelatlarin depolama
asamasindaki kalite analizlerine ait varyans
analizi sonuclari

Faktorler |[SD|SCKM|aw [pH |TA | L* | a* | b* | C* | h® |HMF
Depolama 12| ot [ ot |k | stk [ s | sk [ stk | ks | skt | ek
Siiresi (S)
Depolama sk | ko [tk | sk | AR sk [ skokok
Sicakligi (K) ! oD O-D-
S x K 12| O.D. [## [#oxk| | D[ #k [ donk | soon |(§ D [ *okk
Hata 52

(***) P<0,001 diizeyinde 6nemlidir; (**) P<0,01 diizeyinde dnemlidir;
(*) P<0,05 diizeyinde énemlidir; 6d dnemsiz; O.D.: Onemli degil; SD:
Serbestlik derecesi
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Sekil 1. Diisiik sekerli turung kabugu marmelatinin
depolama sirasindaki SCKM degisimi

Pavlova vd. [21] tarafindan yapilan c¢alismada,
seker miktar1 azaltilmig ahududu ve seftali
recellerinde 90 giinlik depolama sonunda SCKM
degerlerinin arttig1 rapor edilmistir. Tatlandirici
olarak stevianin kullanildig1 diisiik kalorili elma
receli ve sakkaroz ile hazirlanan kontrol 6rneginin 28

ginlik depolama silirecinde SCKM’de artig
gozlenmistir [22]. Hindistan cevizi ve ananas
pulpundan farkli kombinasyonlarla hazirlanan

karigim regellerin 4°C ve 30°C’de 6 ay depolanmast
sonucu toplam ¢oziiniir kuru madde miktarinda artig
gozlenmistir [23]. Arastiricilar SCKM degerlerindeki
artisin ~ depolama  swrasinda  asit  varliginda
polisakkaritlerin 6zellikle de pektinin basit sekerlere
hidrolizi ve diger regel bilesenlerinin ¢ézlinmesinden
kaynaklandigini vurgulamiglardir. Cilek
marmelatlarinda yapilan bir ¢calismada 9°C, 22°C ve
35°C’de 180 giin depolanan marmelatlarin SCKM’si
sicaklik ve siire ile birlikte azalig gostermistir [24].

PH ve TA Degerinin Depolamaya Bagh Degisimi

Varyans analizi sonuglarina gore diisiik sekerli
marmelat Orneginin pH degeri iizerine depolama
stiresi, depolama sicakligi ve depolama siiresi x
sicakligr interaksiyonu P<0,001 diizeyinde etkili
olmustur (Cizelge 1). Depolama baglangicinda 3,86
olan pH degeri 5-6°C’depolama kosulunda 3,82’ye,
22-24°C depolama kosulunda 3,83’e diigmiistiir. pH
degerindeki diisiis 22-24°C depolama sicakliginda
daha fazla olmustur (Sekil 2).

Dubey vd. [25], diisiikk kalorili aloevera bazli
ananas recelinin 4°C, 25°C ve 35°C sicaklikta 8
haftalik depolama siirecinde pH degerinde diisiis
oldugunu bildirmislerdir. Ancak, 35°C’de depolanan
recel numuneleri i¢in pH’daki disis %22,5 iken,
25°C ve 4°C’de depolanan recel numunelerinin pH’1
sirastyla %15,6 ve %5,04 oraninda azalma
gostermistir. Arastirmacilar, recelin depolanmasi
sirasinda pH degerinin diigmesinin receli eksi hale
getirdigini ancak mikrobiyal stabilitenin arttig1
sonucuna varmigtir. Tatlandirici olarak stevianin
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kullanildig1 diisiik kalorili elma regeli ve sakkaroz ile
hazirlanan kontrol 6rneginin 28 giinliik depolama
sirecinde pH degerinde diisiis gozlenirken [22].
Hindistan cevizi ve ananas pulpundan farklh
kombinasyonlarla hazirlanan karisim regellerin 4°C
ve 30°C’de 6 ay depolanmasi sonucu pH degeri
azalirken, toplam asitligin arttig1 gézlenmistir [23].
Recel marmelat gibi iiriinlerde depolama sirasinda pH
degerindeki azalma depolama sirasinda zayif iyonize
asit ve tuzlarinin konsantrasyonundaki yiikselmeye
baglanmaktadir. Bu durum ayrica askorbik asit
bozunmasi, pektinin hidrolizi veya polisakkaritlerin
bozunmasi ve indirgen sekerlerin oksidasyonundan
da kaynaklanabilir [21, 22, 25].

Diisiik sekerli marmelat orneginin 12 aylik
depolama sirasindaki sitrik asit cinsinden belirlenen
TA degisimleri Sekil 3’te yer almaktadir. Marmelat
orneginin TA degeri {izerine depolama siiresi,
depolama sicakligi ve depolama siiresi x sicakligi
interaksiyonu etkili olmustur (P<0,001; P<0,01;
P<0,05) (Cizelge 1). Depolama baglangicinda 0,24 g
100 g olan TA degeri 5-6°C’depolama kosulunda
0,27 g 100 g "*a, 22-24°C depolama kosulunda 0,26 g
100 g"a yikselmistir. Genel olarak marmelat
orneklerinde depolama kosullarinda asitlikte artig
meydana gelmistir. Bu 6rneklerin pH degerlerinde de
diisiisler gozlenmistir (Sekil 2). Tatlandiric1 olarak
stevianin kullanildigi diisiik kalorili elma regeli ve
sakkaroz ile hazirlanan kontrol 6rneginin 28 giinliik
depolama siirecinde pH degerinde diisiis gozlenirken,
titre edilebilir asitlik miktarinda artis gdézlenmistir

[22]. Asitlikteki bu artisin, polisakkaritlerin
bozunmast ve pektik maddelerin pargalanmasi
nedeniyle organik asitlerin olusmasindan
kaynaklandigi rapor edilmistir.
43 ——5-6°C 22-24;:‘\
4,2 7 W
4,1
e /
[=F 470 \
S == e, < XV
3,8 .
0 1 2 3 4 5 6 7 8 9 10 11 12
Depolama Siiresi (Ay)

Sekil 2. Diisiik sekerli turung kabugu marmelatinin
depolama sirasindaki pH degisimi

aw Degerinin Depolamaya Bagl Degisimi

SCKM’si %30 azaltilmig diisiik sekerli marmelat
orneginin aw degeri lizerine depolama sicakligi,
stiresi ve depolama siiresi X sicaklig1 interaksiyonu
etkili olmustur (P<0,001) (Cizelge 1). Depolama

baslangicinda 0,743 olan aw degeri, 5-6°C sicaklikta
depolanan oOrneklerde 0,722, 22-24°C sicaklikta
depolanan Orneklerde 0,715 degerine diismiistiir
(Sekil 4).

Diisiik seker icerikli marmelat Orneklerinin
tiimiinde 22-24°C’de depolama sicakligi kosulunun
baslangic aw degerinde daha fazla azalmaya yol
actig1 gézlenmistir. Regel, marmelat prosesi sirasinda
1s1l iglemle suyun buharlagsmasi ve seker ilavesine
bagl olarak kuru madde miktar1 artmakta, dolayisiyla
su aktivitesi diismektedir. Tatlandirict olarak
izomaltoz ve tagatozun farkli kombinasyonlarinin
kullanildigt  limon marmelatlarinin 60  giin
depolanmasi sonucu su aktivitesinde bir miktar
azalma meydana gelmistir [26]. Su aktivitesi
mikroorganizmalarin gelismesinde 6nemli bir rol
oynamakta olup, gidalarin depolama stabilitesi
etkileyen onemli parametrelerdendir. Su
aktivitesindeki azalma depolama sirasinda toplam
coziinebilir katilarin ve suyu baglayan toplam
sekerlerin artmasindan kaynaklaniyor olabilir [27].

——5-6°C 22-24°C
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Sekil 3. Diisiik sekerli turung kabugu marmelatinin
depolama sirasindaki TA degisimi
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Sekil 4. Diisiik sekerli turung kabugu marmelatinin
depolama sirasindaki aw degisimi

Renk Degerlerinin Depolamaya Baglh Degisimi
CIE renk koordinat sistemine gore L* degeri
parlaklik degerini ifade ederken 0 ile 100 arasinda bir

deger alir. L* degerinin 100’e yaklagsmas1 materyalin
parlakliginin ~ arttigin1 ~ gdstermektedir.  Varyans
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analizi sonuglarma gore diisiikk sekerli marmelat
orneginin L* degeri lizerine depolama stiresi P<0,001
diizeyinde etkili olurken, depolama sicaklig1 ve her
iki faktoriin  interaksiyonunun etkisi Onemsiz
bulunmustur (Cizelge 1). Depolama baslangicinda
25,48 olan baglangic L* degeri 5-6°C’depolama
kosulunda %20,21 oraninda azalarak 20,33, 22-24°C
depolama kosulunda ise %17,38 oraninda azalarak
21,05 degerine diismiistiir. Genel olarak 22-24°C’de
depolanan 6rneklerin L* degerinde daha fazla oranda
diisiis gozlenmistir (Sekil 5). Touati vd. [28]
tarafindan yapilan c¢alismada, kayisi recelinin 5°C,
25°C ve 37°C’de 60 giin depolanmasi sonucu L*
degerinde azalma tespit edilmis bu azalma 25°C ve
37°C depolama sicakliginda daha fazla olmustur.
Arastirmacilar bunun nedenini Maillard reaksiyonu
ile  kahverengi  pigmentlerin  olugmas1 ile
aciklamiglardir. Ayrica 6n islemler ve agik kazanda
pisirme yontemi, renk pigmentlerinin oksidasyonuna
ve bozulmasina neden olabilmekte ve bu da recel ve
marmelat iiretimi sirasinda renk degerlerinde
degisikliklere neden olabilmektedir [29]. Bir bagka
calismada ise ¢ilek regelleri 4°C ve 20°C olmak iizere
iki farkli sicaklikta depolanmis, 4°C’de muhafaza
edilen regellerin L* degerlerinin 20°C’de muhafaza
edilenlerden daha yiiksek oldugu belirlenmistir [30].

29 —t—5-6°C 22-24°C
28 <
27 +—
26 1—, AN
¥ e —
= 24 =\
23 \\
22 & N —
21 \f
20 T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12
Depolama Siiresi (Ay)

Sekil 5. Diistik sekerli turung kabugu marmelatinin
depolama sirasindaki L* degeri degisimi

Diisiik sekerli marmelat orneginin a* degeri
lizerine depolama siiresi ve depolama siiresi X
sicakligr interaksiyonu P<0,001 diizeyinde -etkili
olurken, depolama sicakligr P<0,01 diizeyinde etkili
olmustur (Cizelge 1). Baslangicta 2,93 olan a* degeri
depolama sonunda 5-6°C depolama sicakliginda 1,48
kat (4,36), 22-24°C depolama sicakliginda ise 1,90
kat (5,59) artis gostermistir. a* degeri 22-24°C
depolama sicakligi kosullarinda depolama siiresi
sonunda daha fazla artig gostermistir (Sekil 6). a*
parametresi termal gida proseslerinde 6nemli bir renk
gostergesi olup, kirmizimsi renkler i¢in pozitif (+60),
yesilimsi renkler i¢in negatif degerler (-60)
almaktadir [31]. a* degerindeki artislar genel olarak
sicaklik etkisiyle esmerlesme reaksiyonlarina ve
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karotenoid gibi renk pigmentlerinin degradasyonu ile
iligkilendirilmistir [32, 33]. Tagatoz ve oligo
fruktozun farkli kombinasyonlari ile formiile edilmis
portakal marmelat1 {izerine yapilan bir ¢alismada
tagatoz icerigi en yiiksek marmelatlarin 45 giinliik
depolamadan sonra a* degerlerinin artiy gosterdigi
gozlemlenmistir [34].
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Sekil 6. Diisiik sekerli turung kabugu marmelatinin
depolama sirasindaki a* degeri degisimi

Sar1 (+60)-mavi (-60) renk tonlarin1 gosteren b*
degeri lizerine depolama siiresi ve depolama siiresi x
sicakligir interaksiyonu P<0,001 diizeyinde -etkili
olurken, depolama sicakligi P<0,05 diizeyinde etkili
olmustur (Cizelge 1). Baglangicta 11,86 olan b*
degeri depolama sonunda 5-6°C depolama
sicakliginda 1,27 kat artarak 15,09’a, 22-24°C
depolama sicakliginda ise 1,11 kat artarak 13,18’¢
yiikselmistir (Sekil 7).
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Sekil 7. Diisiik sekerli turung kabugu marmelatinin
depolama sirasindaki b* degeri degisimi

Tagatoz ve oligofruktozun farkli kombinasyonlari
ile formiile edilmis portakal marmelat1 iizerine
yapilan bir calismada tagatoz igerigi en yiksek
marmelatlarin 45 giinliik depolamadan sonra b*
degerlerinin artis gosterdigi gozlemlenmistir [34]. b*
degerinin pozitif degerlere yaklagsmasi sariligin artisi
anlamina gelmektedir. Tatlandiric1 olarak kullanilan
Reb A’'nin da b* degeri lizerinde etkili oldugu
degerlendirilmistir. Oztiirk [35], Reb A kullanilan
portakal marmelatlarinin seker igeren marmelat
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omeklerinden daha yiiksek b* degerine sahip
oldugunu belirlemistir. C* degeri, rengin canlilig1 ve
doygunlugu ile ilgili bir parametredir. 0 degeri
griakromatik (renksiz) renkleri ifade ederken, deger
arttikca rengin canliligl artmaktadir [36]. Depolama
siiresi ve depolama siiresi x sicakligi interaksiyonu
C* degeri lizerine P<0,001 diizeyinde etkili olurken,
depolama sicakligmin etkisi istatistiksel olarak
onemsiz bulunmustur (Cizelge 1). Baslangicta 12,22
olan C* degeri depolama sonunda 5-6°C depolama
sicakliginda 15,58, 22-24°C depolama sicakliginda
ise 13,82’ye yiikselmistir (Sekil 8).

——5-6°C 22-24°C

0o 1 2 3 4 5 6 7 8 9 10 11 12

Depolama Siiresi (Ay)
Sekil 8. Diistik sekerli turung kabugu marmelatinin
depolama sirasindaki C* degeri degisimi

Hue agis1 (h°) renk tonumu belirtmekte olup 0°
veya 360° kirmizi, 90° sar1, 180° yesil, 270° mavi
renge isaret etmektedir [31]. h° degeri iizerine
depolama siiresi, depolama sicakligi P<0,001
diizeyinde etkili olurken, depolama siiresi x sicaklig1
interaksiyonunun etkisi istatistiksel olarak onemsiz
bulunmustur (Cizelge 1). Baslangicta 76,02 olan h°
degeri depolama sonunda 5-6°C  depolama
sicakliginda %0,49 (75,64), 22-24°C depolama
sicakliginda ise %4,57 (72,54) oraninda diisiis
gostermistir (Sekil 9).

_O = 0,
%0 ——5-6°C 22-24°C

. A
NS \ A~

o 1 2 3 4 5 6 7 8
Depolama Siiresi (Ay)

=
74

72

70

9 10 11 12

Sekil 9. Diisiik sekerli turung kabugu marmelatinin
depolama sirasindaki h® degeri degisimi

22-24°C  depolama sicakliginda depolanan
ornegin depolama sonunda renginin daha az sari
renkte oldugu degerlendirilmistir. Rubio-Arraez vd.

[26], tatlandirict olarak izomaltoz ve tagatozun farkli
kombinasyonlariin kullanildigt limon
marmelatlarinin 60 giin depolanmasi sonucu h°
degerlerinin azaldigimi rapor etmislerdir. Baska bir
calismada seker yerine izomaltoz ve tagatoz gibi
farkli tatlandirict kombinasyonlar1 ile olusturulan
mandarin  portakal marmelatlarinda 180 giin
depolama siiresi sonunda h° degerlerinin azaldigim
rapor edilmistir [37].

HMF Miktarimin Depolamaya Bagh Degisimi

Diisiik seker icerikli marmelat 6rneginin HMF
miktar1 iizerine varyasyon kaynaklarinin etkisi
P<0,001 diizeyinde 6nemli bulunmustur (Cizelge 1).
Baslangicta 0,44 mg.kg ™' olan HMF degeri depolama
sonunda 5-6°C depolama sicakliginda 11,97 kat (5,27
mg.kg™), 22-24°C depolama sicakliginda ise 57,63
kat (25,36 mg.kg™") artig gostermistir (Sekil 10). TSE
(Tiirk Standartlar1 Enstitiisii)’ye gore HMF miktart 1.
Smif regellerde maksimum 50 mg.kg™ olmalidir.
Depolama siiresi icerisinde HMF artiglar1 gerceklesse
de belirlenen HMF miktarlar1 bu degerin altinda
kalmgtir.
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Sekil 10. Diisiik sekerli turung kabugu marmelatinin
depolama sirasindaki HMF miktar1 degisimi

Genel olarak depolama siiresi igerisinde 6zellikle
22-24°C depolama sicakliginda muhafaza edilen
marmelat 6rneklerinin HMF miktarlar1 daha fazla
oranda artig gostermistir. Touati vd. [28], kayist
recelinin 5°C, 25°C ve 37°C’de 60 giin depolanmasi
sonucunda HMF iceriginde 5°C’de (%15,96) hafif bir
artis oldugunu, ancak 25°C ve 37°C’de daha biiyiik
bir artig gozlemlendigini (sirasiyla %112,77 ve
%150) bildirmiglerdir. HMF olusumunun biiyiik
Olgiide depolama sicakligina bagh oldugunu,
istatistiksel analiz sonucuna gore de depolama siiresi
ve sicakligl interaksiyonunun HMF igerigi {izerine
onemli bir etkiye sahip oldugunu
degerlendirmislerdir.

HMF, karbonhidrat igeren ¢ok ¢esitli gidalarda
asir1 1sitma veya depolamadan kaynaklanan kalite
bozulmalarmin  bir  gostergesi olarak  kabul
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edilmektedir [28]. Farkli maviyemis cesitlerinden
iiretilen recel ve marmelatlarin 6 ay oda kosullarinda
depolanmasi sonucunda HMF miktarinin recellerde
%65-67 oraninda, marmelatlarda ise %55-87
oraninda artis gosterdigi belirlenmistir [38]. Pektine
alternatif olarak portakal marmelatina kuru portakal
kabugu ilave edilerek hazirlanan zenginlestirilmis
marmelatlarin ~ 20°C  ve 35°C’de  depolama
sicakliginda 150 giin depolanmasi sonucu HMF
miktarinda artis oldugu belirlenmistir [39]. HMF
olusumu pH, seker konsantrasyonu, su aktivitesi ve
sicakliga bagl olan sekerlerin par¢alanma iirtintidiir.
Genel olarak recel ve marmelat gibi iiriinlerin
pisirilmesi ve depolamadaki sicaklik kosullarinin
etkisi ile Maillard Reaksiyonu etkisiyle HMF
olusumu gerceklesmektedir [14].

Toplam Kiif ve Maya Analizi Sonuglar

Toplam kiif ve maya analizi sonuglarina gore
marmelat 6rneginin farkli sicaklik sartlarinda 12 aylik
depolama siiresi igerisinde herhangi kiif ve maya
kolonisi gelisimine rastlanmamstir (Cizelge 2).

Cizelge 2. Diisiik sekerli turung kabugu marmelatinin
depolama siiresince toplam kiif ve maya sayisi
sonuglari (kob.g™)

Depolama Siiresi Depolama Sicakligi
(Ay) 5-6°C 22-24°C
0 a0 a0
1 <10 <10
2 a0 a0
3 <10 <10
4 a0 a0
5 a0 a0
6 <10 <10
7 a0 a0
8 <10 <10
9 a0 a0
10 <10 <10
11 <10 <10
12 0 0

Bakterilere gore maya ve kiifler pH’s1 5’in
altindaki gida maddelerinde daha hizli ¢ogalarak
bozulmaya neden olurlar. Ayrica bu
mikroorganizmalar regel, marmelat ve pekmez gibi
diisiik su aktivitesine sahip gidalarda kolaylikla
gelisirler [27, 40].

Su aktivitesi sicaklik, pH, redoks potansiyeli gibi
koruyucu faktorler ile birlikte mikroorganizma
gelismesini  Onleyici  ortamlarin  saglanmasina
yardimci olur. Patojen bakteriler igin minimum aw
degeri 0,90. mayalar i¢in 0,80, kiifler igin ise 0,75-
0,60’dir. Regel ve marmelatlar genel olarak yiiksek
seker icerigine sahiptir ve meyve igerigine bagl
olarak asidik ozellikte de olabilirler. Daha az asitli
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tiriinlerde su aktivitesi kritik rol oynar ve su aktivitesi
mikroorganizma ¢ogalmasini engeller [41].

SONUC

Bu c¢aligmada seker igerigi %30 azaltilmis ve
yerine Steviol glikozit Reb A ikame edilerek tiretilmis
turung kabugu marmelatt iki farkli depolama
sicakliginda  (5-6°C/22-24°C) 12 ay siire ile
depolanarak, depolama siiresi boyunca bazi
fizikokimyasal =~ ve  mikrobiyolojik  analizler
gerceklestirilmistir. Depolama sicakligt ve siiresi
turung kabugu marmelatinin incelenen o&zellikleri
iizerine etkili olmustur. Depolama sonunda, 5-6°C
sicaklikta depolanan 6rneklerde SCKM artmisg, 22-
24°C’de depolanan drneklerde ise depolama sonunda
azalmistir. pH degeri ve su aktivitesi degerleri diisiis
gosterirken, titrasyon asitligi artig gostermistir. Renk
degerleri agisindan incelendiginde genel olarak
depolama siiresi boyunca marmelat 6rneklerinin L*
ve h° degerleri azalmis, a*, b* ve C* degerleri
artmigtir. HMF icerikleri baglangica gore depolama
stiresi boyunca artmis, bu artig 22-24°C’de depolama
sicakliginda 5-6°C’dekinden daha fazla
gerceklesmistir. Yapilan mikrobiyolojik analizler
sonucu depolama siiresi icerisinde diisiik seker
icerikli marmelat Orneginde kiif ve maya gelisimi
gozlenmemistir. Depolama  kosullar1  agisindan
degerlendirildiginde, genel olarak depolamaya tabi
tutulan diisiik seker igerikli turun¢ marmelatinin
fizikokimyasal ve mikrobiyolojik stabilite agisindan
5-6°C’de 12 ay siire ile muhafaza edilebilecegi
sonucuna varilmaisgtir.
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Bu ¢aligsmada, tuz stresinin ii¢ biber tiiriiniin (Capsicum annuum L., Capsicum baccatum L. ve Capsicum chinense Jacq.)
farkli olgunlasma asamalarindaki fizikokimyasal ve renk 6zellikleri {izerindeki etkisi incelenmistir. Biberler yesil, alacali
ve kirmizi olgunlasma agamalarinda 0 mM, 50 mM ve 100 mM NaCl’e maruz birakilmistir. Caligsma, tuzlu topraklarda
biber iiretiminin siirdiiriilebilirligi i¢in kritik 6neme sahiptir. Farkli biber tiirlerinin tuz stresine tepkileri yeterince
aragtirtlmadigindan, bu boslugu doldurmay1 amaglamaktadir. Sonuglar, tuz stresinin nem igerigi, toplam kiil, pH, titre
edilebilir asitlik, su aktivitesi ve renk parametrelerini 6nemli 6l¢iide etkiledigini gostermistir. C.chinense en yiiksek nem
icerigine ve su aktivitesine sahipken, C.annuum daha yiiksek toplam kil icerigi ve pigment yogunlugu (ASTA degeri)
gostermigtir. Meyveler olgunlastikca nem igerigi azalmis ve toplam kiil icerigi artmistir. Tuz stresi su aktivitesi, pH ve
titre edilebilir asitlikte azalmaya neden olurken, yiiksek tuz konsantrasyonlari su kaybinin artmasina ve meyve kalitesinde
diisiise yol agmustir. Ayrica, tuz stresi renk parametrelerini ve ASTA degerlerini azaltarak karotenoid pigment sentezinin
baskilandigin1 gostermistir. Calisma, tuz stresi biberin fizyolojik ve biyokimyasal kalitesini olumsuz etkilediginden, tuza
toleransli biber cesitlerinin gelistirilmesinin dnemini vurgulamaktadir. Bu bulgular, 6zellikle tuzlu topraklara sahip
bolgelerde siirdiiriilebilir biber tiretimi i¢in uygun agronomik stratejilerin ve dikkatli gevresel izlemenin gerekli oldugunu
gostermektedir. Sonuglar, tuz stresinin biber meyve kalitesini etkiledigi mekanizmalar hakkinda degerli bilgiler
saglamakta ve mahsuliin dayanikliligin1 artirmak igin yollar dnermektedir.

Anahtar Kelimeler: Biber, tuz stresi, olgunluk donemi, fizikokimyasal 6zellikler

Physicochemical and Color Changes During Fruit Ripening in Pepper Species (Capsicum annuum L., Capsicum
baccatum L. and Capsicum chinense Jacq.) Exposed to Salt Stress

ABSTRACT

This study examines the impact of salt stress on the physicochemical and color characteristics of three pepper species
(Capsicum annuum L., Capsicum baccatum L. and Capsicum chinense Jacq.) at different ripening periods. Peppers were
exposed to 0 mM, 50 mM and 100 mM NacCl during the green, breaking and red ripening periods. The study is critical
for the sustainability of pepper production in saline soils. Since the responses of different pepper species to salt stress
have not been sufficiently investigated, it aims to fill this gap. The results showed that salt stress significantly influenced
moisture content, total ash, pH, titratable acidity, water activity and color parameters. C.chinense had the highest moisture
content and water activity, while C.annuum demonstrated a higher total ash content and pigment density (ASTA value).
As fruits ripened, moisture content decreased and total ash content increased. Salt stress caused reductions in water
activity, pH and titratable acidity, with high salt concentrations leading to increased water loss and a decline in fruit
quality. Furthermore, salt stress reduced color parameters and ASTA values, indicating suppressed carotenoid pigment
synthesis. The study highlights the importance of developing salt-tolerant pepper varieties, as salt stress negatively
impacts the physiological and biochemical quality of peppers. These findings suggest that appropriate agronomic
strategies and careful environmental monitoring are essential for sustainable pepper production, particularly in areas with
saline soils. The results provide valuable insights into the mechanisms through which salt stress affects pepper fruit quality
and suggest avenues for improving crop resilience.

Keywords: Pepper, salt stress, ripening period, physicochemical properties
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INTRODUCTION

Solanaceae is a large family of plants that play a
crucial role in agricultural and health affairs, made up
of important genus that include potato, tomato,
eggplant, pepper, tobacco and petunia. It has been
estimated that this large family contains about 100
genus and 2,500 species, all varying in the biological
and economic importance of the species within it [1].
Some bioactive compounds in Solanaceae plants
include phenolic compounds, alkaloids, saponins,
terpenes and lipids, among others [2]. These are
known to have protective effects due to the richness
of antioxidant properties and vitamin content against
several diseases including cancer [3]. Capsicum
genus is one of the economically and nutritionally
valuable families, native to Central and South
America. The wide usage of peppers in culinary,
medicinal and industrial applications spread across
the world [4]. Among the 43 species in the Capsicum
genus, there are only five: C.chinense, C.baccatum,
C.frutescens, C.pubescens and C.annuum that are of
commercial and nutritional importance. Peppers
contain lots of vitamins A, C and E, carotenoids,
phenolic compounds as well as capsaicinoids, which
are very beneficial to human health [5].

The process of fruit ripening is a complex
phenomenon that results from the biochemical
changes in the plant and directly affects the flavor,
color, aroma, texture and nutritional value of the fruit
[6]. In this regard, there are remarkable changes in the
levels of phenolic compounds and antioxidant
activities during ripening [7]. The maturity of pepper
fruit at ripening significantly influences the nutritive
quality of ascorbic acid, total phenolic content,
chlorophyll and carotenoids [8].

Environmental stress factors, especially salt stress,
have a high influence on the quality of fruits. The
mechanisms affecting plant growth and development
under salt stress are mainly due to osmotic and ionic
effects on water uptake and nutrient balance [9]. In
salt-sensitive plants such as peppers, the stress evokes
physiological and biochemical changes in the plant,
leading to variations in phenolic compounds,
antioxidant capacity and other key biochemical
properties. The literature includes enough reports on
modifications that occur in biochemical features of
pepper fruits under saline stress [10, 11]. This study
aims to investigate the effects of salt stress on the
physicochemical and color characteristics of
C.annuum, C.baccatum and C.chinense fruits at
different ripening periods. Pepper fruits were
subjected to 0 mM (control), 50 mM and 100 mM
NaCl concentrations during their green, breaking and
red ripening periods. The objective is to evaluate how
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salt stress influences the physiological, biochemical
and color properties of pepper fruits at various growth
periods and to assess changes in fruit quality under
stress conditions.

MATERIALS AND METHODS

Cultivation of Plant Materials and Salt Stress
Conditions

The plant materials used in this study were
cultivated in greenhouses at the Agricultural Practice
and Research Center of Kilis 7 Aralik University
between March and September. To achieve a broad
range of biological diversity, pepper plants of
different genetic backgrounds and geographical
origins were selected. Three different pepper species
were chosen for this purpose: Capsicum baccatum L.
(P1439381), Capsicum chinense Jacq. (P1152225)
and Capsicum annuum L. (P1636147).

For seedling cultivation, a sufficient quantity of
seeds from the three pepper species (C.baccatum,
C.annuum and C.chinense) were sown in March
2022. The sowing was carried out in greenhouses
equipped with an automatic irrigation system and
heating apparatus and the seeds were left to
germinate. The seeds were planted in 384-cell trays
filled with a 3:1 mixture of peat and perlite (EC: 0.26
dS/m, pH: 6.2). After the plants developed their
fourth true leaves, they were transplanted into 10-liter
pots in May 2022. The transplanting was done in
acclimation greenhouses, with only one plant per pot.

The water-holding capacity (field capacity) of the
growth medium used in the pots was determined by
gravimetric method. Field capacity was computed as
the saturation weight minus the dry weight after
which the growth medium is completely saturated
with water. From the measures derived, field capacity
for the 10-liter pots was approximately 2 liters of
water. [rrigation was maintained at 1.5 liters to ensure
it stayed at 75% ofits field capacity and it was applied
as per the plant’s demand in regular intervals during
the growing season. The experiment was laid out in a
Randomized Complete Block Design (RCBD) with
three replications. Eight plants were included in each
replication. This design was therefore necessary to
ascertain the impacts of the salt treatments and avoid
the risk of coming up with invalid results due to
statistics. Salt treatments were made using irrigation
with solutions of NaCl at different molarities. The
control was irrigated with water without salt (0 mM
NaCl). The other molarities was irrigated with 50 mM
and 100 mM NaCl, respectively. During all the
fruiting period until all plants bore completely red
fruits, the samples were taken at all ripening periods-
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green, breaking and riped red. The concentrations of
50 mM and 100 mM NaCl were selected based on
previous studies that examined the effects of salt
stress on pepper plants [12, 13, 14]. These levels
represent moderate to high salinity conditions
commonly found in agricultural soils affected by
salinization. Moreover, these concentrations were
chosen to ensure comparability with existing research
and to observe clear physiological and biochemical
responses in the plants.

Physicochemical Analyses

Moisture content, total ash, pH, titratable acidity
and water activity were some of the physicochemical
properties determined in the pepper species. All these
analyses were done in triplicates on the pepper
species to compare the physicochemical profile at
different ripening periods.

Moisture Content

Moisture content was determined by the loss in
weight of each pepper sample after drying at a
predetermined temperature. Pepper samples of the
three different species taken were at various degrees
of ripening. One-gram portions were then oven dried
to constant weight at a temperature of 105°C. The
process lasted for 2 to 3 hours and the weights before
and after drying were recorded. The moisture content
was calculated as the percentage from the weight loss
(g.g"). All analyses were carried out in triplicate for
each sample [15].

Total Ash Content

For total ash content determination, 2 g of the
pepper samples was taken in porcelain crucibles and
incinerated in a muffle furnace within a temperature
range of 500-550°C. The samples were incinerated
until they turned into ash; this took between 2-3
hours. The samples were allowed to cool inside a
desiccator until constant weight was obtained. The
total ash content was calculated as a percentage in
relation to the weight difference prior and post
incineration (g.g™'). All measurements were taken in
triplicate for better precision [16].

pH and Titratable Acidity

Fresh pepper samples were mechanically
homogenized to extract the juice, which was
separated from the solid components. The pH of the
pepper juice was measured using an ST20 model pH
meter. Each sample was measured three times and the
average values were recorded [16]. For titratable
acidity analysis, 10 mL of pepper juice was titrated
with 0.1 N NaOH solution until a pH of 8.1 was
reached, with phenolphthalein as an indicator. The

titratable acidity was calculated as a percentage of
citric acid and all measurements were repeated three
times.

Water Activity (aw)

The water activity (aw) of the pepper samples was
measured using an Amtast brand portable water
activity meter. Three measurements were taken for
each sample and the average water activity values
were recorded for each sample [17].

Color Analysis of Fruits

The color analysis of the pepper samples was
conducted at different ripening periods using both
colorimetric and spectrophotometric methods.
Colorimetric measurements were performed with a
Techkon colorimeter in the L*, a* and b* color space.
Spectrophotometric analysis followed the protocol
[18]. In this method, 0.1 g of pepper sample was
extracted in 100 mL of acetone for 16 hours at room
temperature. After the extraction period, absorbance
was measured at 460 nm against acetone using a Libra
S70 spectrophotometer. The color intensity (ASTA)
was calculated using the following formula:

ASTA = Absorbance x 16.4 x If / weight

(Where If represents the instrument factor,
calculated by dividing the theoretical absorbance of
the standard color solution (0.001 M K>Cr.0O7 and
0.09 M (NH4)2Co(SO4)2.6H20 in 1.8M H2SO4) at 460
nm by the actual absorbance measured. All analyses
were performed in triplicate for each sample).

Statistical Analyses

All data obtained from the experiment were
subjected to variance analysis using JMP 14 software.
Multiple comparison tests were conducted using
Student’s t-test. A significance level of 0.05 was set
for all parameters and results with p < 0.05 were
considered statistically significant.

RESULTS AND DISCUSSION
Physicochemical Analyses

Moisture Content

The results indicated significant differences in
moisture content among the pepper species (Table 1).
C.chinense had the highest average moisture content
(94.99%), followed by C.baccatum (91.71%) and
C.annuum (89.95%). These findings suggest that the
genetic makeup and water-holding capacities of these
species vary. The tropical origin of C.chinense may
contribute to its higher water retention capacity.
When examined by ripening period, the green period
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had the highest moisture content (95.79%), which
decreased to 93.18% during the breaking period and
further dropped to 91.44% at the red period. This
suggests that as pepper fruits mature, they lose water
and the cell walls become denser. Green fruits, having
less mature cell structures, tend to retain more water,
while water loss naturally increases as the fruit ripens.

In the salt stress treatments, the control group
exhibited the highest average moisture content
(94.87%), which decreased to 91.31% with 50 mM
NaCl treatment and further decreased to 90.74% with
100 mM NaCl treatment. These results depict the
influence of salt stress on the moisture content. High
salt concentrations change the osmotic balance within
plants, which results in cell water loss. This leads to a
decrease in the plant’s water holding ability and
hence leads to low moisture content [19].

Table 1. Comparison of the effects of salt stress

treatments on physicochemical properties
according to pepper species and plant ripening
periods
Titration
Moisture Total acidity W.atfer
- ash pH ...~ lactivity
(%7 284 l) (% g g—l) (Cltl’lC (aw)
e acid, %)
Species (S) ok Hok ) Hok *
C.annuum 89.95C| 591C [5.81C| 0.65A |0.94B
C.baccatum 91.71B| 6.82B [594B| 0.53B |0.97 A
C.chinense 9499 A| 7.59 A |6.18 A| 0.27C [0.98 A
Fruit Ripening Period . . s sk s
(RP)
Green 95.79x | 631z |579y]| 0.54x [0.99x
Breaking 93.18y | 672y |595x| 047y |0.97 x
Red 9144z | 7.83x [6.01x| 0.12z |093y

Salt Treatments (ST) oAk ok HAE ok *

0 mM NaCl (Control) | 94.87a | 585c [582c| 048a |098a
50 mM NaCl 91.31b | 6.18b [594b| 0.32b [0.96b
100 mM NaCl 90.74c | 747a |6.06a| 0.15¢ [0.94¢c

Mean 92.66 6.74 | 594 | 039 | 096
S X RP kS sk sk skkk £
S X ST kk skeoksk kK skeksk &
RP x ST deksk dk kK skeksk Ak
S xRP x ST ns ns * * *

Letters show the mean values of different groups in each column. ns non-
significant, *p < 0.05, **p < 0.01, ***p < 0.001, as indicated by the
Tukey’s HSD test.

The findings were consistent with other studies
from the literature. For example, Kacjan Marsic¢ et al.
(2021) argued that salt-induced high-water deficit in
low moisture content plants is caused by reduced
retention of water [20]. Similarly, Yadav et al. (2011)
demonstrated that when plants are subjected to salt
stress, this would lead to increased water losses
because of its high osmotic pressure, eventually
leading to low moisture content [21]. Meanwhile,
fruits lose water as a result of the normal ripening
process; hence, mature fruits have low moisture
content. According to Kim et al. (2004), maturation
in pepper fruits was also found to be associated with
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loss of water and that the cell wall became denser
[22].

Total Ash Content

Significant differences in total ash content were
observed among the pepper species (Table 1).
C.chinense had the highest average ash content
(7.59%), followed by C.baccatum (6.82%) and
C.annuum (5.91%). Ash content in a plant is a
measure of the mineral content and the buildup of
inorganic substances in the plant tissue. Therefore,
these values may imply that C.chinense tends to
accumulate more minerals, which might be inherent
in the plant’s genetic constitution and in the
environmental conditions under which it is grown.
When evaluated by ripening period, the total ash
content was highest during the red period (7.83%) and
lowest during the green period (6.31%). These
findings suggest that mineral accumulation increases
as the fruit matures. Ripening fruits tend to
accumulate more minerals in their cellular structures,
which increases ash content. Besides that, the
concentration of inorganic substances becomes
higher with the ripeness of a fruit due to the loss of
water during ripening.

The salt stress significantly affected the average
total ash content. The ash content was 5.85% in the
control group, but after 50 mM NaCl, the ash content
shot up to 6.18%, further increasing to 7.47% with the
treatment of 100 mM NaCl. These results indicated
that salt stress could lead to the increase of Na and ClI
and ashes in the organs of treated plants. Several
studies have also reported that the salt stress can
enhance the accumulation of minerals, which in turn
increases the total ash level. For example, Sarker et
al. (2018) indicated that salt stress enhances ion
accumulation in plants and therefore leads to a
significant increase in ash content [23]. Similarly,
Smith et al. (2016) elaborated that at high salt
concentrations, plant materials accumulate more
inorganic matter, therefore increasing its ash content
[24]. These salts are absorbed by plants from soil in
saline conditions and increase the number of minerals
in tissues. Mineral imbalance in plant species and
increased ash content in all the parts of the plant
species are a common report in literature for salt
stress.

All these will help identify the essential
agricultural practices for pepper cultivation in saline
soils. More minerals accumulated in the plants under
salinity will affect the performance of the plant, not
only in growth but also the nutritional value in the
fruit. An increase in ash content may be taken as an
adaptive response to salt stress and calls for strictly
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controlling the environmental conditions during
pepper cultivation.

pH and Titratable Acidity

The pH and titratable acidity of pepper fruits
showed significant changes due to both ripening and
salt stress (Table 1). On average, C.chinense had the
highest pH value (6.18) and C.annuum had the lowest
pH (5.81). Concerning titratable acidity, C.annuum
was the acidulous fruit (0.65%), while C.chinense
showed the least acidity (0.27%). During the ripening
periods, pH increased from 5.79 at green maturity to
6.01 at red maturity and titratable acidity decreased
from 0.54% to 0.12%. This inverse relationship is
related to the fact that its content of acidic compounds
decreases while the accumulation of sugar increases
as it matures and, respectively, it tastes sweeter.
These results are within the range of those already
reported [25, 26].

Salt stress created an effect similar to that
produced by drought. The average pH changed from
5.82 in the control up to 6.06 under the highest salt
treatment, 100 mM NaCl. In contrast, titratable
acidity decreased from 0.48% in the control down to
0.15% under the highest salt treatment. Suppressed
organic acid production minimizes acidity and
increases pH in salt-stressed plants [27]. In relation
with the available literature, this result could be
associated with the fact that the presence of salt stress
disrupts the balance between acids and sugars in plant
metabolism by decreasing the generation of acid
because of osmotic pressure [28]. Panchal et al.
(2021) also emphasized that salt stress results in a
reduced production of organic acids and, thereby,
lowers pH, associated with a reduction of the
availability of acidic compounds in plant tissues [29].

The pH and titratable acidity statistically showed
significant differences in the parameters among
species, ripening periods and salt stress. In the
analysis of variance of pH, the result was extremely
remarkable at the level p < 0.01. The results of
titratable acidity similarly also demonstrated
statistically significant differences among ripening
periods and salt stress (p < 0.001). Titration acidity
significantly reduced during the course of maturity,
with an increase in salt stress [30]. These results
imply that both ripening and salt stress induce a
significant impact on the chemical composition of
pepper fruits with an inverse relationship between pH
and titratable acidity. This assay’s results demonstrate
a change in maturity in the different ripening periods
of pepper fruits and under different environmental
conditions, both pH and titratable acidity; such
changes have a significant effect on flavor profiles
and fruit quality traits. For peppers grown under

saline environments, product quality can only be
maintained if these two parameters are monitored.

Water Activity (aw)

The averaged values of water activity were
variable among treatments, species and ripening
periods of salt treatment (Table 1). According to
averaged aw, C.chinense has a higher water activity
(0.98), with C.annuum having the lowest (0.94).
These results reflect differences in the water retention
capacity of the pepper species. Water activity, which
deals with the amount of free water in the fruit, is a
most important parameter that directly affects shelf
life and susceptibility to spoilage by microorganisms.
According to reports, species of tropical origin tend
to have higher water activity, this being in line with
our result for C.chinense [31]. Meanwhile, if the data
were analyzed according to ripening period, the water
activity was highest during the green period (0.99)
and dropped to 0.93 during the red period. This may
be due to an increase in terms of water loss and cell
density due to fruit maturation. Similarly, Gallardo-
Guerrero et al. (2010) reported that water activity is
reduced due to the decrease in water content in
ripening pepper fruits [32]. In addition, the reduction
in water activity associated with fruit maturation
would increase the risk of spoilage by other microbes,
as mentioned by [33].

Water activity was also significantly affected by
salt stress. The control group revealed an average
water activity of 0.98 and declined to 0.96 with 50
mM NaCl, then to 0.94 with 100 mM NaCl. There are
several reports that salinity reduces water activity due
to the imposition of salt stress. Salt application
increases osmotic pressure in plants by increasing
solute concentration, which gives rise to the inability
of plants to retain cellular water. In line with this,
Pirasteh-Anosheh et al. (2016) noted that because of
salt stress, functionalities of proteins and
carbohydrates holding water in the plant cell decline
whereby free water is released from the cell and water
activity decreases [34]. Lowering the water activity
means decreased levels of intercellular water and
direct osmotic stress by salt.

Results were evaluated as to be a significant
difference. As indicated in the ANOVA results,
differences of water activities were found significant
between the species, period of ripening and the salt
stress (p < 0.05). Results were compared in each of
the treatments based on comparison to untreated
controls. There was a statistically significant decrease
in water activity with increasing salt stress, with the
largest difference seen at the 100 mM NacCl treatment.
This was confirmed with Muns (2002), stating that
high concentrations of salts in the cells led to
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increased osmotic pressure, hence water loss and low
water activity [35]. Many reports have noted that salt
stress decreases the ability of the cells to hold water
and thus affects the general structure and resilience of
the fruit [36, 37]. Overall, it is known that both
ripening and salt stress significantly affect the activity
of water in the fruits of pepper. Therefore, these
results stress that water activity should be taken into
account to control pepper fruit quality and shelf life.

Color Analysis

Observations of the color parameters and ASTA
values showed significant differences among pepper
species (Table 2). C.annuum had the lowest average
L*(89.95) and a* (5.91) values, while C.chinense had
the highest L* (94.99) and a* (7.59) values. These
results are consistent with findings from Wahyuni
(2014) and Erol (2024-a), which reported that
C.annuum 1s rich in carotenoids, while C.chinense
exhibits brighter color tones [38, 39]. When measured
according to the period of ripening, the L* value in
the green period was 61.74 with -7.41 as the average
a* value and the average b* value was 19.48. In the
breaking period, these values increased to 49.08, 9.43
and 40.15, respectively. In the red period, the L*
value decreased to 31.42, while the a* value increased
to 34.07 and the b* value rose to 54.01. These
findings support the observations by Kevresan et al.
(2013) and Erol (2024-b), which noted that red
pigments increase during the ripening process in red
peppers [40, 41].

Table 2. Comparison of the effects of salt stress
treatments on colorimetric and extractable
colors according to pepper species and plant
ripening periods

Colorimetric Extractable
Color Color
L* a* b* ASTA
Species (S) * sk * sk
C.annuum 89.95B| 591 C | 581B 97.45 A
C.baccatum 91.71B | 6.82B | 594 B 81.17B
C.chinense 9499 A| 759A | 6.18 A 70.59 C
Fruit Ripening Period (RP) |  *** ** ** ool
Green 61.74x | 741z | 1948z | 27.06z
Breaking 49.08y | 943y [40.15y | 7299y
Red 3142z | 34.07x | 54.01 x | 141.08 x
Salt Treatments (ST) HoAE ol ol HAE
0 mM NacCl (Control) 5791a | 27.05a | 50.99a | 111.02a
50 mM NaCl 40.15b | 16.73b | 53.40a | 100.95b
100 mM NacCl 2544c¢ | 1592b | 39.76x | 91.14¢
Mean 60.26 12.90 30.63 88.16
S X RP k3 k3 k3 sksksk
S X ST kk sesksk kk sdeksk
RP X ST sksksk ks ks sksksk
S x RP x ST ns ns * *ok

Letters show the mean values of different groups in each column. ns non-
significant, * p < 0.5, ** p < 0.01, ***p < 0.001, as indicated by the
Tukey’s HSD test.
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Salt stress also had a significant effect on color
parameters; in the control group, the average L* value
was 57.91, average a* value was 27.05 and average
b* value was 50.99, while under 100 mM NaCl
treatment, these values decreased to 25.44, 15.92 and
39.76, respectively. Salt stress has been frequently
reported to inhibit the synthesis of photosynthetic
pigments, leading to a reduction in red and yellow
tones. Ziaf et al. (2019) noted that salt stress
suppresses the production of chlorophyll and
carotenoid pigments in pepper fruits, resulting in
lower color parameter values [42].

When examining average ASTA values,
C.annuum showed the highest average value at 97.45,
while C.chinense had the lowest at 70.59. This may
be related to the higher carotenoid content and
pigment density in C.annuum. The statement that
C.annuum 1is the most productive in carotenoid
biosynthesis, which is also evident from the study of
Hugueney et al. (1998). These study compares
C.annuum with other species that produce
carotenoids [43]. By ripening period, the data of
ASTA effects color can be illustrated as they are the
following: 27.06 when green -72.99 when breaking -
141.08 when red. This rising is linked to the
formation of carotenoid pigments during the ripening
process, as confirmed by [44].

The study observed that as salt stress aggravated,
the average ASTA values was observed, with the
control group showing an average value of 111.02,
which decreased to 91.14 under 100 mM NaCl
treatment. The carotenoid pigment biosynthetic
pathway of peppers was observed to be under-
generated by the deleterious effects of the stress on
the plants and the resulting astaxanthin concentration
of the plants, as detailed in the investigation made by
[45]. The follow-up statistical analysis regulated that
the difference between the salt stress treatments,
ripening periods and species was found to be highly
significant in color and ASTA values (p < 0.01 and p
< 0.001). Therefore, the data imply that salt stress
brings about changes in the properties of astaxanthin
pigments and in pigment density of the plants.

The negative effect of salt stress on the color
characteristics and the pigment synthesis is clear. It is
reported that C.annuum has more red pigment, but the
pigmentation is rather dense, whereas C.chinense is
rarer but more intense. What’s more, the suppressive
role of salt stress on pigment synthesis and color
characteristics at the same time is evident. Color is
one of the most crucial factors when it comes to
consumer perception and the market value of food
and spice industries, therefore, maintaining the color
quality of the peppers can be crucial. Meanwhile, the
fall in ASTA values suggests that pigments have been
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lost leading to a possible nutritional feebleness of the
fruit. So, these findings suggest the cruciality of salt-
tolerant pepper varieties development and the usage
of sustainable agriculture for the continuation of
product quality during salt stress conditions.

CONCLUSION

This study provides a  comprehensive
investigation into the effects of varying salt stress
levels on the physicochemical and color
characteristics of Capsicum spp. fruits. The findings
indicated that both genetic structures and
environmental stress factors exert a significant
influence on the quality parameters of pepper fruits.
C.chinense exhibited a high moisture content and
water activity, whereas C.annuum demonstrated a
higher total ash content and pigment density (ASTA
value). As the ripening process advanced, a loss of
moisture and an increase in total ash content were
observed in all pepper species. In fruits exposed to
salt stress, significant reductions in water activity, pH
and titratable acidity were observed, with high salt
concentrations leading to increased water loss and
physiological degradation of the fruit. In addition, salt
stress was found to reduce color parameters and
ASTA values, probably due to the suppression of
carotenoid pigment synthesis. These results
emphasize the critical importance of managing salt
stress and developing salt-tolerant varieties in pepper
cultivation, as both yield and product quality are
affected. In areas where peppers are cultivated under
saline  conditions, careful  monitoring  of
environmental factors and the application of
appropriate agronomic strategies are essential for
sustainable pepper production.
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0z

Bu ¢alismada iki farkli olgunluk ve yilda derilen, modifiye atmosferde paketlenip sogukta depolanan kaysilarda 1-
Methylcyclopropene (1-MCP) uygulamasinin bazi kalite parametrelerindeki degisimler iizerine etkilerinin belirlenmesi
amaglanmistir. Materyal olarak ‘Cagataybey’ ve ‘Karacabey’, kayisi gesitleri kullanilmigtir. Meyvelerin turuncu sari
renklerini aldigi (1. donem) ve yesilden sariya hafif dondiigii (2. donem) donemlerde olmak iizere 2 hasat yapilmistir. Her
iki donemde hasat edilen meyveler; modifiye atmosferde paketleme (MAP) torbalarinda ve MAP+ 1-MCP uygulamalari
yapilarak 0°C’de %90-95 oransal nemde 45 giin muhafaza edilmistir. Calisma siiresince agirlik kaybi, suda ¢oziinebilir
toplam kuru madde (SCKM) miktart, titre edilebilir asit (TEA) miktar1, pH degeri, meyve eti sertligi (MES), meyve kabuk
rengi (L* ve h® degerleri), antioksidan aktivitesi, toplam karotenoid, -karoten, seker (glikoz, fruktoz ve sakaroz) bilesen
analizleri yapilmistir. Elde edilen bulgulara gore, ‘Cagataybey’ ve ‘Karacabey’ kayisi ¢esitlerinin 0°C sicaklik ve %90-
95 oransal nemde 45 giine kadar kaliteli olarak muhafazas1 miimkiin olabilecektir. ‘Cagataybey’ kayisi ¢cesidinde sogukta
muhafazanin baslangicinda ortalama %1,37 olan TEA miktar1 45. giinde %]1,13’e, ‘Karacabey’ kayis1 ¢esidinde sogukta
muhafazanin baslangicinda ortalama %1,59 olan TEA miktari, 45. giinde %0,97’ye diigmiistiir. ‘Cagataybey’ kayisi
¢esidinde sogukta muhafazanin baglangicinda ortalama 9%10,79 olan SCKM miktart 45. giinde %12,39’a ulagmus,
‘Karacabey’ kayisi gesidinde sogukta muhafazanin baslangicinda ortalama %11,00 olan SCKM miktar1 45. giinde
%12,36’ya ulasmistir. ‘Cagataybey’ kayisi ¢esidinde sogukta muhafazanin 15. giiniinde ortalama %1,56 olan agirlik
kayiplart 45. giinde %2,84’¢ ulasmistir. ‘Karacabey’ kayisi ¢esidinde sogukta muhafazanin 15. giiniinde ortalama %0,62
olan agirlik kayiplar1 45. giinde %2,32’ye ulagmistir. Ancak, sar1 olumda derilen meyvelerin, nispeten diisiik sertlik
degerleri nedeniyle depolamadan sonra ticari olarak uzak pazarlar yerine yerel veya yakin pazarlara génderilmesi uygun
olacaktir. 1-MCP uygulamasinin her iki gesitte de MAP ile birlikte kullanilmasi {imitvar bulunmustur. 1-MCP
uygulamasinin farkli dozlarinin uygulanmasi yararli olacaktir.

Anahtar Kelimeler: Hasat, olgunluk, kalite, sogukta muhafaza

Effects of 1-Methylcyclopropene (1-MCP) Treatment on Modified Atmosphere Storage of ‘Cagataybey’ and
‘Karacabey’ Apricot Varieties

ABSTRACT

This study aimed to determine the effects of 1-Methylcyclopropene (1-MCP) application on changes in some quality
parameters in apricots harvested at two different maturitys and years, modified atmosphere packaged and stored in cold
storage. ‘Cagataybey’ and ‘Karacabey’ apricot varieties were used as material. 2 harvests were made in the periods when
the fruits took on an orange-yellow color (1% period) and when they slightly turned from green to yellow (2™ period). The
fruits harvested in both periods were stored in MAP bags and MAP+1-MCP applications at 0°C and 90-95% relative
humidity for 45 days. During the study, weight loss, total Soluble Solid (TSS), titratable acid (TEA) amount, pH value,
fruit flesh firmness (MES), fruit peel color (L* and h® values), antioxidant activity, total carotenoid, B-carotene, and sugar
(glucose, fructose and sucrose) component analyses were performed. According to the findings, it is possible to store
‘Cagataybey’ and ‘Karacabey’ apricot varieties in high quality for up to 45 days at 0°C temperature and 90-95% relative
humidity. In the ‘Cagataybey’ apricot variety, the TEA amount, which was 1.37% on average at the beginning of cold
storage, decreased to 1.13% on the 45 day, in the ‘Karacabey’ apricot variety, the TEA amount, which was 1.59% on
average at the beginning of cold storage, decreased to 0.97% on the 45" day. In the ‘Cagataybey’ apricot variety, the TEA
amount, which was 10.79% on average at the beginning of cold storage, reached 12.39% on the 45" day, in the
‘Karacabey’ apricot variety, the TEA amount, which was 11.00% on average at the beginning of cold storage, reached
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12.36% on the 45" day. In the ‘CaZataybey’ apricot variety, the weight losses, which were 1.56% on average on the 15"
day of cold storage, reached 2.84% on the 45" day. In the ‘Karacabey’ apricot variety, the weight loss, which was 0.62%
on the 15" day of cold storage, reached 2.32% on the 45" day. However, it would be appropriate to send the fruits
harvested at yellow maturity to local or nearby markets instead of distant markets for commercial purposes after storage
due to their relatively low hardness values. The use of 1-MCP application together with MAP in both varieties was found
promising. Application of different doses of 1-MCP application would be beneficial.

Keywords: Harvest, maturity, quality, cold storage

GIRIS

Kisa olan derim mevsiminde toplanan kayisilarin
hepsi tamamen tiiketilemez ve bu nedenle olgunlagma
sirecini  geciktirmek i¢in  diisiik  sicaklikta
depolanirlar.  Sogukta  depolanan  kayisilarda
genellikle olgunlasmanin gecikmesi ve duyusal
kalitenin diigmesi s6z konusudur. Kayis1t meyveleri
soguk hava deposundan oda sicakligina alindiginda
genellikle hizla yumusarlar. Etilen engelleyici olan 1-
Metilsiklopropen (1-MCP), meyve olgunlagsmasini
engelledigi ve kayis1 gibi klimakterik meyvelerin
depolama sonrast kalitesini iyilestirdigi bircok
arastirict tarafindan bildirilmistir [1, 2, 3, 4].
Kayisilarda depolama, pazarlama, tasima ve raf dmrii
sirasinda kalite kayiplari, mantarsal ve fizyolojik
bozulmalar olabilmektedir. Kayisilarda meyve zemin
renginin yesilden sariya doniisiimii hasat zamaninin
belirlenmesi i¢in kullanish bir kriter oldugu Scorza
[5] ve Lichou vd. [6] tarafindan bildirilmistir. ‘Ninfa’,
‘Precoce de Tyrinthe’, ‘Igdir’ ve ‘Sekerpare’ kayisi
cesitlerinin sogukta muhafazasi da meyveler 0°C
sicaklik ve %90-95 oransal nem kosullarinda 35 giin
sireyle depolanmast sonucunda ‘Precoce de
Tyrinthe’ ve ‘Ninfa’ ¢esitlerinde muhafaza ve raf
omrii sonunda tiim meyvelerde yumusama ve
clriikliik gelisimi goriilirken, Igdir ve Sekerpare
cesitlerinde ise saptanmamustir. ‘Igdir’ ve ‘Sekerpare’
cesitleri 35 giin, ‘Precoce de Tyrinthe’ ¢esidinin 14
giin ve ‘Ninfa’ ¢esidinin ise 21 giin depolanabilecegi
saptanmistir [7]. Modifiye atmosferde paketleme
(MAP) torbalarinda ‘Precoce de Tyrinthe’ kayisi
cesitlerinin 2-3 hafta, ‘Precoce de Colomer’ kayisi
cesidinin 4 hafta ve ‘Sakit-2’ kayisi ¢esidinin 4-5
hafta [8], ‘Goldrich’, ‘Ante’ ve ‘Bebeco’ kayisi
cesitlerinin 30 giin [9], ‘Aprikoz’ kayis1 ¢esidinin 30
giin [10] sogukta depolanabilecegi bildirilmistir.

Yesil ve sart olumda derilen ‘Perfection’ kayisi
cesidi meyvelerinde 1-MCP uygulandiktan sonra
0°C’de 5 hafta muhafaza sirasinda kalitedeki
degisimlerin  arastirildigt  ¢aligmada, 1-MCP
uygulamasinda depolama sirasinda daha az sertlik ve
titre edilebilir asit (TEA) kaybi1 saptanmis ve sari
olum meyvelerinde meyve eti sertligi ve TEA’ nin
korunmasinin yesil olumdaki meyvelere gore daha az
olmustur [2]. 1-MCP’nin farkli dozlarinin, ‘Currot’
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ve ‘Bulida’ kayis1 c¢esitleri tlizerine etkisinin
arastirildigi bir calisgmada, 1-MCP uygulamasinin
meyve kalitesi iizerine geciktirici etkiye sahip oldugu
ve 1-MCP uygulama dozu ile agirlik kaybi, renk
degisikligi, yumusamanin geciktirilmesinin
saglandigr bildirilmistir [11]. 1-MCP uygulanan
‘Canino’ kayisi ¢esidinin 30 giiniin iizerinde sogukta
depolanabilecegi bildirilmistir [12].

Bu ¢aligmanin amaci, iki farkli olgunlukta derilen
‘Cagataybey’ ve ‘Karacabey’ kayis1 cesitlerinin
meyvelerinde sogukta muhafaza sirasinda MAP ve
MAP+1-MCP uygulamasmmin meyve kalitesine
etkilerinin belirlenmesi amaglanmustir.

MATERYAL VE METOT

Materyal olarak 2014 ve 2015 yillarinda,
‘Cagataybey’ ve ‘Karacabey’ kayis1 cesitlerinin
meyveleri kullanilmistir. Bu c¢esitler Alata Bahge
Kiiltiirleri Aragtirma Enstitlisii Kayis1 Koleksiyon
parselinde, zerdali iizerine asili 6x4 mesafelerde
dikilen ve damlama sulama sistemi ile sulanan 10
yasinda ki agaclarda yetismistir. Derim meyvelerin
zemin rengine gore; yesil olum (agik yesil, kismen
sar1 renge donen) ve sar1 olum (meyve yilizeyinin
cogunlugu turuncumsu sar1 renkli) olarak iki farkl
donemde yapilmistir. Meyveler bahgeden geldikten
hemen sonra 12 saat boyunca 20°C’de bekletilmistir.
Daha sonra 5 kg’likk MAP torbalarina (Xtend®,
StePac, Israil) konulup 12 saat boyunca 20°C’de 1 pl/l
1-MCP uygulanan ‘1-MCP’ uygulamalar1 yapildiktan
sonra 0°C’de %90-95 oransal nemde 45 giin
depolanmugtir. Depolama siiresince 15 giin araliklar
ile analizleme i¢in meyveler depodan ¢ikarilarak
analizler yapilmistir.

Depolama sirasinda periyodik olarak 3 yinelemeli
ve her yinelemede 10’ar adet meyve olacak sekilde
ayda bir alinan meyve Orneklerinde kalite analizleri
yapilmistir. Toplam olarak 120 meyve kullanilmistir.

*Agirlik kaybi: Muhafaza sirasinda 0,01 g’a
duyarli teraziyle (Ohaus Adventurer, ABD) baslangig¢
agirhigiyla karsilastirilarak % olarak hesaplanmustir.

*Mantarsal ve fizyolojik bozulmalar: Muhafaza
sirasinda meyveler incelenmis ve mantarsal ve
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fizyolojik bozulma gdsterenler saptanarak % olarak
hesaplanmustir.

*Meyve kabuk rengi L* ve h° degerleri: Agirlik
kayiplar1 i¢in her 15 giinde bir depodan disari
cikarilan meyvelerde C.I.LE. L*a*b*’ye gore Minolta
CR-300 Chromometer renk ol¢iim cihazi (Konica
Minolta Sensing Inc., Osaka, Japonya) ile meyvenin
ekvator bolgesinde her iki yanaktan daha onceden
isaretlenen yerlerden her seferinde okuma yapilmistir
[13].

*Meyve eti sertligi (MES): Muhafaza sirasinda her
meyvenin ekvator bdlgesinin iki yanagindan,
yaklasik 1 cm ¢apindaki meyve kabugu kaldirildiktan
sonra 8 mm’lik u¢ kullanilarak penetrometre (Effegi
model FT 327) ile kg-kuvvet (kg-k) cinsinden
belirlenmistir.

*Suda ¢oziinebilir toplam kuru madde (SCKM)
miktari: Muhafaza sirasinda her yinelemenin meyve
suyu Ornekleri 20°C oda sicakliginda el
refraktometresi (Atago ATC-1E Model, Atago Co.
Ltd., Tokyo, Japonya) ile % olarak saptanmustir.

*Titre edilebilir asitlik (TEA) miktar1: Muhafaza
sirasinda potansiyometrik yontem ile ol¢iilmiis olup,
meyve suyunun 0,1 N NaOH ¢ozeltisi titrasyonuyla
malik asit cinsinden % olarak saptanmuistir.

*Meyve suyu pH’s1: Muhafaza sirasinda Hanna
model HI 2211 dijital pH metre (Thermo Fisher
Scientific Inc., MA, ABD) ile belirlenmistir.

*Antioksidan aktivitesi (%): Her c¢esidin her
uygulamasinin her tekerriiriinden alinan meyve piire
omegi 4°C’de 4000 rpm’de 20 dakika siire
santrifiijlenmistir. Santrifiij edilmis 6rnekten 5 ml
almip lizerine 5 ml saf su eklenerek, vorteks ile
karigtirllmistir. Bu karisimdan alinan 100 pl meyve
suyu Ornegine (distile su ile seyreltilmis ve
santrifiijlenmis) 2,46 mL 1,1-difenil-2-pikrilhidrazil
(DPPH*; %50 etanolde 0,025 g/1) ilave edilmistir.
Kontrol ¢rneginde 100 pl distile su kullanilmigtir,
Orneklerin absorbansi, vakit kaybedilmeden %100
metanole karst1 5, 10, 30, 45, 60 dakikalarda
spektrofotometrede (Biotek power wave HT, ABD)
515 nm’de 6l¢iilmiis, 6l¢limiin sabitlendigi 60. dakika
verileri kullanilmistir. Antioksidant aktivitesi, esitlik
1.0’a gore DPPH’1in inhibisyon %’si olarak ifade
edilmistir [14].

Antioksidant Aktivitesi (%) )
__ Sahit Numune Absorbans De§eri — Ornek Absorbans Degeri

Sahit Numune Absorbans Degeri
x 100 (1.0)

*Toplam karotenoid (mg/kg) ve B-karoten (mg/kg)
icerigi: Meléndez-Martinez vd. [15]'ne gore
yapilmustir. Piire haline getirilen meyveden 5 g alinip
lizerine 25 ml ekstraksiyon ¢dzeltisi (hekzan: aseton:
metanol / 50:25:25, %0,1 BHT) ile karistirilmistir.
4000 rpm, 10 dk, 4°C’de santrifiijlenmistir. Berrak
kisip alinip 4 defa ayirma hunisinde 15 ml damitik su

ile yikanmistir. Sabunlagtirma i¢in 15 ml %10’luk
KOH (etanolde ¢06ziinmiig) ile 1 saat karanlikta
bekletilmistir. 10 ml %10’luk NaCl ile sabunlagtirma
reaksiyonu sonlandirilmigtir. Karigim tekrar 4 defa 15
ml damitik su ile yikanmistir. 35°C’de hekzan fazi
rotari evaporatérde ugurulmustur. Kalint1 2 ml aseton:
metanol  ¢ozeltisinde  (1:2,  %0,1 BHT)
¢oziindlrilmiistir. 0,45 pm’lik filtreden siiziiliip
Viallere enjeksiyon yapilmistir. Yiiksek basing sivi
kromatografisi (HPLC)’'nde (HPLC, Shimadzu
LC20AD, Tokyo, Japonya) okuma yapilmistir.
Kromatografi Kosullari: Kolon: ProntoSIL C30,
kolon sicakligi: 20°C, hareketli faz: MeOH (A),
MTBE (B), Su (C), gradient akis (MTBE ve MeOH
%0,1 BHT ve 9%0,02 amonyum asetat igerikli),
hareketli faz akisi: 1 ml/dk., enjeksiyon hacmi: 50 pL,
eliisyon siiresi: 65 dakika ve dalga boyu: 450 nm’dir.
Orneklerin konsantrasyonu beta karoten icin 452
nm’de external standart yontemi ile belirlenmistir.

*B-karoten ve toplam karotenoid igerikleri
“mg/kg” olarak ifade edilmistir. Sekerlerin (fruktoz,
glukoz ve sakaroz) analizi (g/100 g): Pulp haline
getirilen meyveden 5 g alinip iizerine 20 ml deionize
su ilave edilip 3 dakika homojenize edilmistir. Daha
sonra 0,45 pm’lik membran filtreden gegirilip
ornekler analize hazir hale getirilmistir. HPLC’de
analiz i¢in Bartolome vd. [16]’den modifiye edilmis
ve akis hiz1 0,9 ml/dk., mobil faz %80 asetonitril +
%20 saf su, kolon sicakligi 300°C ve analiz stiresi 20
dakika seklinde uygulanmistir.

*Seker analizi: Fruktoz (g/100 g), glukoz (g/100 g)
ve sakaroz (g/100 g) miktarlarinin belirlenmesinde
Shimadzu LC-20AL refraktif indeks dedektorii
kullanilmig, alikonma zamanina gore tespit edilmis,
pik alanina goére daha oOnce hazirlanan standart
grafikten hesaplanmis ve miktarlar g/100 g cinsinden
belirtilmistir.

*Calisma “tesadiif parselleri deneme deseni” gore
kurulmus olup, elde edilen verilerin istatistiksel
analizi SAS software (SAS Institute, Cary, N.C.)
kullanilarak yapilmigtir. F testi sonunda Onemli
bulunan varyasyon kaynaklarina ait ortalamalar
Tukey testi ile karsilagtirllmis ve ortalamalar

arasindaki farkliliklar ayr1 harflerle (P<0,05)
gosterilmistir.
BULGULAR VE TARTISMA

Yesil ve sar1 olumda toplanip, MAP ve MAP+1-
MCP uygulamalar1 yapilip iki yil siireyle 0°C sicaklik
ve %90-95 oransal nemde muhafaza edilen
‘Cagataybey’ ve ‘Karacabey’ kayisi c¢esitlerinde
agirlik kayiplari iizerine yillar, olgunluk dénemleri ve
uygulamalar arasindaki farklar istatistiksel olarak
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Oonemsiz bulunmustur (Cizelge 1 ve 2). ‘Cagataybey’
kayisi ¢esidinde sogukta muhafazanin 15. giiniinde
ortalama %1,56 olan agirhik kayiplari 45. giinde
%2,84’e ulagmistir (Cizelge 1). ‘Karacabey’ kayisi
cesidinde sogukta muhafazanin 15. giiniinde ortalama
%0,62 olan agirlik kayiplar1 45. glinde %2,32’ye
ulasmigtir  (Cizelge 2). Meyveler, esas olarak
solunum, terleme ve cesitli metabolik faaliyetler
nedeniyle agirliklarii  kaybederler. Meyvedeki
agirhk kayiplarinin  biiyiik boliimiinii su kaybi
olusturur [17]. Kayisilarda meyvenin kiigiik,
stomalarimin fazla ve kutikula tabakasinin ince olmasi
nedeniyle [18] su kaybinin fazla olmast MAP
kullanimiyla c¢ok diisiik oranlarda olmaktadir.
MAP’in, meyve tlirline uygun O2 ve CO:
gecirgenlikleri ile meyveyi c¢evreleyen havanin
degismesine [19] ve boylece meyvenin etrafinda
oldukga yiiksek nemli, CO2’in yiiksek, O2"nin diigiik
oldugu  atmosfer  olusturarak  olgunlasmayi
yavaglatmasi yaninda su kaybini sinirlandirmaktadir
[20, 21]. Bulgularimiza benzer olarak, Fan vd. [2]’de
sogukta muhafaza edilen ‘Perfection’ kayisilarinda
sogukta muhafaza sirasinda olgunluk donemleri
arasindaki farklar1 istatistiksel olarak Onemsiz
bulmuslardir. Koyuncu vd. [22], MAP torbalarda
0°C’de 40 giinliik depolama sonunda ‘ Aprikoz’ kayis1
cesidinde  agirhik  kayiplarimi  %2,58  olarak
saptanmiglardir. Bulgularimizdan farkli olarak,
dokiim polipropilen (CPP) ve ¢ift yonlii gerdirilmis
polipropilen (BOPP) film kullanilan ‘Kabaas1’ kayis1
cesidinde agirlik kaybinin 4°C’de depolamanin 42.
giininde %1’in altinda kaldigi bildirilmistir [23].
Ozdogru vd. [24] tarafindan MAP torbalarda 0°C’de
35 giinliik depolamaya ilaveten 2 giinliik raf omrii
sonunda ‘Ninfa’, ‘Precoce de Tyrinthe’, ‘Igdir’ ve
‘Sekerpare’ kayis1 ¢esitlerinin agirlik kayiplar
sirastyla %4,40, %3,91, %3,07 ve %4,11 olarak
belirlenmistir. Cavusoglu vd. [25]’de 0°C ve %90-95
oransal nem igeren kosullarda kopiik tabaklar
igerisine yerlestirilerek {izeri stre¢ film ile tek kat
olacak sekilde kaplanan ‘Bebeco’ kaysilarinin 25 giin
muhafaza sonunda %5,79 agirlik kaybina ulastigim
bildirmiglerdir. Calhan [18] tarafindan yapilan bir
calismada, ‘Roxana’ kaysilarmin 0°C’de 35 giin
sogukta muhafazasinda MAP+1-MCP
uygulamasinda agirlik kayiplart MAP meyvelerinden
daha diisiik olmustur. Aslantiirk vd. [27], 0°C’de 20
giin depolanan ‘Precoce de Tyrinthe’ kayisi ¢esidinde
MAP’in agirlik kaybim 6nemli ol¢lide azalttigi ve
kontrol meyvelerinde %2,3 olan kayiplarin %0,70’e
diistiigiinii bildirmislerdir.

Iki farkli olumda MAP ve MAP+1-MCP
uygulamalar yapilip iki y1l stireyle sogukta muhafaza
edilen her iki kayisi ¢esidinde SCKM miktari genelde
%10’un iizerinde olmustur.
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Cizelge 1. ‘Cagataybey’ kayis1 ¢esidinde farklh
olgunlukta derimlerin ve uygulamalarin 0°C
sicaklik ve %90-95 oransal nemde muhafaza
sirasinda agirhik kaybi, SCKM, TEA, pH
degeri, MES ve meyve kabuk rengi (L* ve h°)
degerleri iizerine etkileri

Meyve

SCKM| TEA | pH | MES | kabuk rengi
(%) | (%) |degeri|(kgk)| L* h°
degeri | degeri

Cagataybey [Agirhik
kay1st kaybi
gesidi (%)

Yil
2014 1,71 [11,89a|1,21b]3,39a3,73b (61,19 b| 89,87
2015 1,66 |10,58b| 1,35a|3,21b[4,66a |64,12a| 88,87
D%s (yi) | O.D. | 0,27 | 0,06 | 0,08 | 0,20 | 2,52 | O.D.
Sogukta Muhafaza Siiresi (giin)
0 - [10,79¢|1,37a[3,16b| 4,30 | 64,78 | 88,32
15 1,56 ¢ [10,36 c| 1,41 a 3,29 ab| 4,23 | 63,43 | 90,80
30 235b|11,40b) 1,21 b |341a| 4,18 | 62,06 | 90,61
45 2,84a|1239a|1,13b[3,36a| 4,06 | 60,36 | 87,76
D%s 0,16 | 0,51 | 0,12 | 0,14 | O.D. | O.D. | O.D.
(muhafaza)
Olgunluk
Yesil olum | 1,66 |10,63b| 1,28 |3,38a|4,67a] 63,03 91,27 a
Sar1 olum 1,72 [11,85a| 1,29 [3,23b|3,73b | 62,29 |87,48b
D%s OD. | 027 | OD. | 0,08 | 0,20 | O.D. | 2,95
(olgunluk)
Uygulama
MAP 1,67 |11,44a| 1,26 | 3,33 | 4,17 | 62,41 | 8891
MAP+1-MCP| 1,71 |11,04b] 1,30 | 3,28 | 4,22 | 62,91 | 89,84
D% OD. | 028 | OD. | O.D. | OD. | OD. | O.D.
(uygulama)

*0.D.: Onemli degil

Cizelge 2. ‘Karacabey’ kayis1i g¢esidinde farkli
olgunlukta derimlerin ve uygulamalarin 0°C
sicaklik ve %90-95 oransal nemde muhafaza
sirasinda agirlik kaybi, SCKM, TEA, pH
degeri, MES ve meyve kabuk rengi (L* ve h°)
degerleri {izerine etkileri

< Meyve

Ka}::c?:ey l?f:r;k SCKM | TEA | pH | MES | kabuk rengi
ge;/i p (OZ)) (%) | (%) |degeri|(kgk)| L* | h°
degeri | degeri

Yil

2014 1,07 [11,39b] 1,19 | 339 [5,03a]61,37 [84,55b
2015 1,04 [11,69a| 1,17 | 337 [2,81b] 62,43 [89.90a
D%s(yi) | O.D. | 021 | O.D. | OD. | 021 | &.D. | 3,70

Sogukta Muhafaza Siiresi (giin)

0 - 11,00 c [ 1,59a(3,25b (4,08 ab| 62,69 | 88,08
15 0,62 ¢ |11,38bc| 1,11 b[3,28¢c[4,43a]| 60,28 | 87,74
30 1,27b [ 11,43 b [1,06 be| 3,49 a |3,78 be| 62,60 | 84,67
45 232a|1236a|097c|3,48a|3,41c| 6245 | 88,40
D% 0,22 0,39 0,12 | 0,16 | 040 | O.D. | O.D.
(muhafaza)
Olgunluk
Yesilolum | 1,06 [11,39b| 1,20 | 3,40 | 4,02 | 62,86 (89,82 a
Sart olum 1,06 [11,69a| 1,17 | 3,35 | 3,83 | 60,95 (84,62 b
D% 1 op. | 021 | OD. | OD. | OD. | OD. | 3,70
(olgunluk)
Uygulama
MAP 1,04 | 11,54 |1,13b| 341 | 3,87 | 61,91 | 87,04
MAP+1-MCP| 1,08 | 11,54 [1,24a| 3,34 | 3,98 | 61,90 | 87,40
D% 1 op. | 0.0. | 006 | O.0. | O.D. | 6.D. | O.D.
(uygulama)

*0.D.: Onemli degil
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‘Cagataybey’ kayist ¢esidinde 2014 yilinda
SCKM miktar1 2015 yilindan daha yiiksek olurken,
‘Karacabey’ kayist ¢esidinde daha diisiik olmustur
(Cizelge 1 ve 2). ‘Cagataybey’ kayisi gesidinde
sogukta muhafazanin baglangicinda ortalama %10,79
olan SCKM miktar1 artislar gostererek, 45. giinde
%12,39’a ulagsmistir (Cizelge 1). ‘Karacabey’ kayisi
cesidinde sogukta muhafazanin  baglangicinda
ortalama %11,00 olan SCKM miktar1 da artiglar
gbstermis ve 45. glinde %12,36’ya ulagmistir
(Cizelge 2). ‘Cagataybey’ ve ‘Karacabey’ kayisi
cesitlerinde SCKM miktar1 sar1 olumda yesil
olumdan daha yiiksek olmustur (Cizelge 1 ve 2).
‘Cagataybey’ kayisi ¢esidinde MAP+1-MCP
uygulamasinda (%11,04) SCKM miktari1 MAP
meyvelerinden (%11,44) daha diisik olmustur
(Cizelge 1). ‘Karacabey’ kayis1 ¢esidinde ise SCKM
miktar1 {lizerine uygulamalar arasindaki farklar
istatistiksel olarak 6nemsiz bulunmustur (Cizelge 2).
Kayisilarda yapilan ¢aligmalarda, muhafaza sirasinda
SCKM miktarinda artiglar oldugu degisik arastiricilar
tarafindan belirtilmistir [9, 26, 27]. Bulgularimiza
benzer olarak, kayisi ile yapilan ¢alismalarda genelde
SCKM {izerine 1-MCP’nin etkisinin olmadig1
bildirilmistir [28, 29, 12]. Bulgularimizdan farkl
olarak, ‘Roxana’ kaysilarinin sogukta muhafazasinda
MAP+1-MCP uygulamasinda SCKM miktar1t MAP
meyvelerinden daha yiiksek bulunmustur [18].
Miiftiioglu [23] tarafindan ‘Kabaasi’ kayisilarinda
MAP meyvelerinde 35 giinliik bir depolama sirasinda
SCKM miktarinda diigtisler oldugu bildirilmisgtir.
Ozdogru vd. [24] tarafindan MAP torbalarda

depolanan ‘Ninfa’ (baslangica gore diisiis) ve
‘Sekerpare’ (baslangica gore yikselis) kayist
cesitlerinde SCKM  miktarindaki  degisiklikler

istatistiksel anlamda 6nemli, ‘Precoce de Tyrinthe’ ve
‘Igdir’ ¢esitlerde ise dnemsiz bulunmustur. Koyuncu
vd. [22]’de MAP torbalarda depolama sonunda
‘Aprikoz” ‘kayis1 c¢esidinde SCKM miktarinda
diisiisler saptanmiglardir. Cavusoglu vd. [25]’de
sogukta depolanan ‘Bebeco’ kaysilarmin muhafaza
sonunda SCKM miktarinin baslangica gore diisiisler
gosterdigini saptamiglardir.

Iki farklh olumda MAP ve MAP+1-MCP
uygulamalari yapilip iki y1l siireyle sogukta muhafaza
edilen her iki kayisi ¢esidinde TEA miktar1 iizerine
olgunluk donemleri arasindaki farklar istatistiksel
olarak oOnemsiz bulunmustur (Cizelge 1 ve 2).
‘Cagataybey’ kayisi c¢esidinde 2015 yilinda TEA
miktar1 2014 yilindan daha yiiksek olmustur (Cizelge
1). ‘Karacabey’ kayisi ¢esidinde TEA miktar1 lizerine
yillar arasindaki farklar istatistiksel olarak onemsiz
bulunmustur (Cizelge 2). ‘Cagataybey’ kayisi
cesidinde sogukta muhafazanin  baslangicinda
ortalama %1,37 olan TEA miktar1 azaliglar gostermis

ve 45. giinde %1,13’e diigmiistir (Cizelge 1).
‘Karacabey’ kayisi ¢esidinde sogukta muhafazanin
baslangicinda ortalama %1,59 olan TEA miktar
benzer sekilde azalarak, 45. ginde %0,97’ye
diismiistiir (Cizelge 2). ‘Cagataybey’ kayisi ¢esidinde
TEA miktar iizerine uygulamalar arasindaki farklar
istatistiksel olarak 6nemsiz bulunmustur (Cizelge 1).
‘Karacabey’ kayisi c¢esidinde ise MAP+1-MCP
uygulamasinda (%1,24) TEA miktar1 MAP
meyvelerinden (%1,13) daha diisik olmustur
(Cizelge 2). TEA miktarindaki diisiislerin sebebinin
solunum sirasinda organik asitlerin kullanilmasinin
olabilecegi bildirilmistir [30, 31, 32]. Meyvelerde
olgunlagsmanin ilerlemesiyle TEA igerigindeki
azaliglarin,  olgunlasma ilerledikce  asitlerin
solunumda daha fazla kullanilmasi, pektinlerin
parcalanmasiyla da olusan katyonlarla nétrlesmeden
kaynaklandigi belirtilmistir  [33, 34, 17, 7].
Bulgularimiza benzer olarak, sogukta depolanan
kayisilarda muhafaza sirasinda kayisilarin  TEA
miktarinda diigiisler oldugu degisik arastiricilar
tarafindan bildirilmistir [2, 9, 23, 35, 24, 7, 36, 22, 25,
27]. ‘Karacabey’ kayisi ¢esidinde oldugu gibi, 1-
MCP uygulanmis meyvelerin, depolama siiresince
kontrol meyvelerine kiyasla daha yliksek TEA’ya
sahip oldugu bildirilmistir [2]. Kayisi ile yapilan bir
calismada TEA iizerine 1-MCP’nin etkisinin
olmadigr bildirilmistir [37, 28, 12]. Fan vd. [2]
tarafindan  ‘Perfection’  kaysilarmin  sogukta
muhafazasi sonunda sar1 olum meyvelerinde
TEA’nin korunmasiin yesil olumdaki meyvelere
géore daha az olmasma ragmen, 1-MCP
uygulamasinin TEA kaybint her iki olgunlukta da
yavaglattigini bildirilmigtir. Bulgularimizdan farkl
olarak, tarafindan sogukta depolanan ‘Roxana’ [18,
26] ve ‘Bebeco’ [38] kaysilarinin muhafaza sonunda
TEA miktarinin baslangica gore artislar gosterdigini
saptamistir.

Yesil ve sart olumda toplanip, MAP ve MAP+1-
MCP uygulamalart yapilip iki y1l siireyle 0°C sicaklik
ve %90-95 oransal nemde muhafaza edilen
‘Cagataybey’ kayist c¢esidinde 2015 yilinda meyve
suyu pH degeri 2014 yilindan daha diisiik olmustur
(Cizelge 1). ‘Karacabey’ kayisi ¢esidinde ise meyve
suyu pH degeri iizerine yillar arasindaki farklar
istatistiksel olarak 6nemsiz bulunmustur (Cizelge 2).
‘Cagataybey’ kayisi ¢esidinde sogukta muhafazanin
baslangicinda ortalama 3,16 olan meyve suyu pH
degeri 45. giinde artarak 3,36 olmustur (Cizelge 1).
‘Karacabey’ kayisi cesidinde sogukta muhafazanin
baslangicinda ortalama 3,25 olan meyve suyu pH
degeri 45. giinde artarak 3,48 olmustur (Cizelge 2).
‘Cagataybey’ kayisi ¢esidinde meyve suyu pH degeri
yesil olumda sar1 olumdan daha yiiksek olmustur
(Cizelge 1). ‘Karacabey’ kayisi ¢esidinde meyve suyu
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pH degeri lizerine olgunluk donemleri arasindaki
farklar istatistiksel olarak Onemsiz bulunmustur
(Cizelge 2). Her iki kayisi ¢esitlerinde de meyve suyu
pH degeri iizerine uygulamalar arasindaki farklar
istatistiksel olarak onemsiz bulunmustur (Cizelge 1
ve 2). Meyve suyu pH degerinde artiglarin genellikle
meyve olgunluguyla iligkilidir. Yapilan caligmalarda
kayisi muhafazasinda ‘meyve suyu pH degerinde
artislar oldugu bildirilmistir [18, 24, 27].

Yesil ve sar1 olumda toplanip, MAP ve MAP+1-
MCP uygulamalari yapilip iki yil siireyle 0°C sicaklik
ve 9%90-95 oransal nemde muhafaza edilen
‘Cagataybey’ kayis1 cesidinde 2015 yilinda MES
2014 yilindan daha yiiksek olurken, ‘Karacabey’
kayis1 ¢esidinde daha diisiik olmustur (Cizelge 1 ve
2). ‘Cagataybey’ kayis1 cesidinde ise MES {izerine
muhafaza siiresinin etkisi istatistiksel olarak énemsiz
bulunmustur (Cizelge 1). ‘Karacabey’ kayisi
cesidinde sogukta muhafazanin baslangicinda
ortalama 4,08 kg-k olan MES azalarak 45. giinde 3,41
kg-k olmustur (Cizelge 2). ‘Cagataybey’ kayisi
cesidinde MES yesil olumda sar1 olumdan daha
yiksek olmustur (Cizelge 1). ‘Karacabey’ kayisi
cesidinde ise MES {izerine olgunluk dénemlerinin
etkisi istatistiksel olarak Onemsiz bulunmustur
(Cizelge 2). Her iki kayisi ¢esidinde de MES iizerine
uygulamalar arasindaki farklar istatistiksel olarak
onemsiz bulunmustur (Cizelge 1 ve 2). Hiicre
duvarmin  mekanik  yapisinda ve  hiicresel
baglantilardaki degisiklikler meyve olgunlagmasi
ve/veya hasat sonrasi uygulamalar sirasinda sertlik
kayiplarina neden olabilir [39]. Monjazeb Marvdashti
vd. [40] tarafindan karbonhidratlarin olgunlagma
sirasinda  parcalanmasi  sebebiyle = meyvede
yumusama olabilecegi belirtilmistir. Kayisilarda
meyve et sertligi, tiiketici tarafindan {iriin kabuliinde
kritik bir dneme sahiptir. Genel olarak kayisilarda
MES 9-13,50 N degerlerine ulastiginda yeme
olumuna geldigini [41] ve meyvenin pazarlanabilir
olarak kabul edilebilmesi i¢in meyve eti sertliginin 10
N (1,02 kg-k)’un {izerinde olmasi gerektigi
bildirilmistir [42, 43]. Bulgularimiza gore her iki gesit
ve tim uygulamalarimizda meyvelerimizin MES
degeri bu degerin lizerinde olmustur. 45 giinliik
sogukta muhafaza sonunda bile her iki cesitte
degerlerimiz  33-40 N araliginda olmustur.
Kayisilarda depolama siiresi MES’de azalmalar
oldugu yapilan galismalarda bildirilmistir [28, 9, 35,
24,7, 44, 22, 26, 27]. Bulgularimiza benzer olarak,
Calhan [18] tarafindan yapilan ¢aligmada ‘Roxana’
kayisilarinin muhafazasinda MES iizerine MAP ve
MAP+1-MCP uygulamalar1 arasindaki farklar
onemsiz bulunmustur. Kayis1 ile yapilan bir
calismada muhafaza siiresince MES iizerine 1-
MCP’nin etkisinin olmadig1 bildirilmistir [37].
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‘Cagataybey’ kayisi ¢esidinde oldugu gibi, Fan vd.
[2] yesil ve sar1 olumda derilen ‘Perfection’ kayisi
cesidi meyvelerinde depolama sirasinda erken hasat
(yesil olum) edilen meyvelerin daha sert kaldiklarini
saptamislardir. Bununla birlikte bulgularimizdan
farkli olarak, derim sonrasi olgunlagma agsamasinda 1-
MCP uygulamasinin kayisilarin - yumusamasini
geciktirdigi bildirilmistir [43, 45, 44, 12].

iki farkli olumda MAP ve MAP+1-MCP
uygulamalar1 yapilip iki y1l siireyle sogukta muhafaza
edilen her iki kayis1 ¢esidinde meyve kabuk rengi L*
degeri iizerine muhafaza siiresi, olgunluk donemleri
ve uygulamalar arasindaki farklar istatistiksel olarak
onemsiz bulunmustur (Cizelge 1 ve 2). ‘Cagataybey’
kayisi ¢esidinde 2015 yilinda MES 2014 yilindan
daha yiiksek olurken, ‘Karacabey’ kayisi cesidinde
meyve kabuk rengi L* degeri tizerine yillar arasindaki
farklar istatistiksel olarak Onemsiz bulunmustur
(Cizelge 1 ve 2). Renk skalasinda genellikle 100’den
sonraki degerler yesil rengi ifade ederken, 100-90
yesilimsi sarty1, 90-80 aras1 degerler sartyi, 80-70
arast degerler de sarimsi turuncuyu ifade eder.
‘Cagataybey’ kayisi ¢esidinde meyve kabuk rengi h°®
degeri lzerine yillar arasindaki farklar istatistiksel
olarak Onemsiz bulunurken, ‘Karacabey’ kayisi
cesidinde meyve kabuk rengi h® degeri 2015 yilinda
MES 2014 yilindan daha yiiksek olmustur (Cizelge 1
ve 2). Her iki kayis1 ¢esidinde de meyve kabuk rengi
h° degeri lizerine muhafaza siiresi ve uygulamalar
arasindaki farklar istatistiksel olarak Onemsiz
bulunmustur (Cizelge 1 ve 2). Her iki kayisi ¢esidinde
meyve kabuk rengi h°® degeri yesil olumda sari
olumdan daha yiiksek olmustur (Cizelge 1 ve 2). Her
iki kayisi ¢esidinde de meyve kabuk rengi L* degeri
lizerine muhafaza siiresi, olgunluk ddénemleri ve
uygulamalar arasindaki farklarin Onemsiz olmasi
meyvelerin yavag olgunlastifina isaret etmektedir.
Dong vd. [37], Bahar ve Lurie [46], Botondi vd. [47]
ve Munoz-Robredoa vd. [48] kayisilarda renk
degisimlerinin 1-MCP’den etkilenmedigini
bildirmislerdir. Calhan [18] tarafindan yapilan
calismada kayisilarinin muhafazasinda meyve kabuk
rengi L* degeri ilizerine MAP ve MAP+1-MCP
uygulamalar1 arasindaki farklar Onemsiz
bulunmustur. Miiftioglu [23] tarafindan ‘Kabaag1’
kayisi ¢esidini 4°C sicaklikta 42 giin siireyle
depolanmis ve MAP uygulamasinda meyve kabuk
rengi L* ve h°® degerinde istatiksel olarak bir fark
goriilmemistir. Bureau vd. [49], ‘Bergeron’ ve
‘Goldrich’ kayisi gesitlerinde yaptiklar1 ¢aligmada,
erken donemde meyveler yesilken yiiksek olan h°

degerinin  olgunlugun ilerlemesiyle azaldigini
bildirmislerdir. Bulgularimizdan farkli olarak, 1-
MCP uygulanmis meyvelerinde renk

degisikliklerinin daha az ve bu meyvelerin kontrol
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meyvelerinden daha yesil oldugu bildirilmistir [2].
Satuor vd. [12]’da 1-MCP uygulanmis meyvelerde
renk degisikliklerinin (L* ve h°) kontrole gére daha
az oldugunu belirtmiglerdir. Kayisi meyvelerinde
renk degisimlerinin artis egilimlerinin 1-MCP ile
baskilandig: bildirilmistir [44]. Erbas vd. [36],
Koyuncu vd. [22] ve Aslantiirk vd. [27] tarafindan
yapilan galigmalarda kayisilarin muhafaza sirasinda
meyve kabuk rengi L* degerinde azalmalar
gorilmiistir. Fan vd. [2], Dong vd. [37], Calhan [18],
Ozdogru vd. [24] ve Aslantiirk vd. [27] tarafindan
yapilan ¢aligmalarda kayisilarin muhafaza sirasinda
meyve kabuk rengi h° degerinde azalmalar
gOrilmiistir.

Yesil ve sar1 olumda toplanip, MAP ve MAP+1-
MCP uygulamalar1 yapilip 45 giin siireyle 0°C
sicaklik ve %90-95 oransal nemde muhafaza edilen
‘Cagataybey’ kayisi ¢esidinde 2014  yilinda
antioksidan aktivitesi 2015 yilindan daha yiiksek,
‘Karacabey’ kayisi ¢esidinde ise ¢esidinde
antioksidan aktivitesi lizerine yillar arasindaki farklar
istatistiksel olarak onemsiz bulunmustur (Cizelge 3
ve 4). ‘Cagataybey’ kayis1 cesidinde antioksidan
aktivitesi lizerine muhafaza siiresinin  etkisi
istatistiksel olarak 6nemsiz bulunmustur (Cizelge 3).
‘Karacabey’ kayisi ¢esidinde sogukta muhafazanin
baslangicinda ortalama %1,94 olan antioksidan
aktivitesi artiglar gostermis ve 45 giinliik muhafaza
sonunda %14,90’a ulasmistir (Cizelge 4). Her iki
kayisi ¢esidinde de antioksidan aktivitesi sar1 olumda
yesil olumdan daha yiiksek olmustur (Cizelge 3 ve 4).
Her iki kayisi ¢esidinde de antioksidan aktivitesine
uygulamalarin etkisi istatistiksel olarak Onemsiz
bulunmustur (Cizelge 3 ve 4). ‘Cagataybey’ kayisi
cesidinde baslangicta antioksidan aktivitesi %11,41
olurken, ‘Karacabey’ kayisi ¢esidinde %1,94
olmustur. Kayis1 ¢esitleri arasinda antioksidan
aktivitesi bakimindan goriilen bu farkliliklar, degisik
kayis1 gesitleri ve tipleri ile yapilan calismalarda da
bildirilmistir [50, 51, 52, 53, 7]. Depolama siiresi
uzadikca meyve olgunlagsmasi ile antioksidan
aktivitesinde artiglar goriilmektedir. ‘Karacabey’
kayisi ¢esidi bulgularimiza benzer olarak, Ozdogru
vd. [7]’nin ¢alistiklar ‘Igdir’, ‘Sekerpare’, ‘Ninfa’ ve
‘Precoce de Tyrinthe’ kayisi gesitlerin 35’er giinliik,
Cavusoglu vd. [25]’nin ‘Bebeco’ kayisi ¢esidinin 25
glinliik ve Aslantirk vd. [27]’nin ‘Precoce de
Tyrinthe’ kayist ¢esidinin 20 giinliik muhafazalar
sonunda antioksidan aktivitesinde artiglar olmustur.
Bulgularimizdan farkli olarak, 1-MCP uygulanmis
meyvelerde  depolama  sirasinda  antioksidan
aktivitenin artislar gosterdigi ve kontrole gore daha
yiksek oldugu bildirilmistir [43]. Miiftiioglu
[23]’nun ¢aligmasinda ‘Kabaasi’ kayist ¢esidinin

muhafazas1  siiresince = MAP  uygulamasinda
antioksidan aktivitesinde diisiisler olmustur.

Iki farkli olumda MAP ve MAP+1-MCP
uygulamalar1 yapilip 45 giin siireyle sogukta
muhafaza edilen ‘Cagataybey’ kayis1 ¢esidinde
antioksidan aktivitesi tizerine yillar arasindaki farklar
istatistiksel olarak dnemsiz bulunurken, ‘Karacabey’
kayisi ¢esidinde 2015 yilinda antioksidan aktivitesi
2014 yilindan daha yiiksek olmustur (Cizelge 3 ve 4).
‘Cagataybey’ kayisi ¢esidinde sogukta muhafazanin
baslangicinda ortalama 16,08 mg/kg olan toplam
karotenoid miktar1 en yiiksek degere 15. giinde (27,40
mg/kg) ulasmis, sonrasinda azalislar ve artislar
gostermis ve 45 giinliik muhafaza sonunda 24,75
mg/kg olmustur (Cizelge 3). ‘Karacabey’ kayist
cesidinde sogukta muhafazanin baslangicinda
ortalama 16,41 mg/kg olan toplam karotenoid miktari
en yiiksek degere 30. giinde (34,84 mg/kg) ulasmis,
sonrasinda azalarak ve 45 giinliik muhafaza sonunda
13,85 mg/kg’a diismiistiir (Cizelge 4). Her iki kayisi
cesidinde de toplam karotenoid miktar1 iizerine
olgunluk donemleri arasindaki farklar istatistiksel
olarak Onemsiz bulunmustur (Cizelge 3 ve 4).
‘Cagataybey’ kayist ¢esidinde MAP+1-MCP
uygulamasinda (18,36 mg/kg) toplam karotenoid
miktart MAP meyvelerinden (25,81 mg/kg) daha
disilkk olurken, ‘Karacabey’ kayist ¢esidinde
MAP+1-MCP uygulamasinda (21,96 mg/kg) toplam
karotenoid miktari MAP meyvelerinden (19,09
mg/kg) daha yiiksek olmustur (Cizelge 3 ve 4).
Meyve olgunlagsmasi sirasinda karotenoid igeriginin
arttigl [54], ancak daha sonra meyve yaslanmasi
stireci basladiginda bu donemde gelisen oksidatif
stiregler nedeniyle azaldigi bildirilmistir [55]. 1-MCP
uygulanmis  meyvelerde  depolama  sirasinda
karotenoidlerin daha iyi tutuldugu ve kontrole gore
daha yiiksek degerler aldigi bildirilmistir [43]. El-
Badawy ve El-Salhy [35] ise ‘Canino’ kayist
cesidinde  depolama  siiresinin  uzamasi ile
‘karotenoidlerin arttigini bildirmislerdir.
Bulgularimizdan farkli olarak, Miiftiioglu [23] nun
calismasinda  ‘Kabaasi® kayis1 ¢esidi MAP
uygulamasinda toplam karotenoid miktar1 {izerine
mubhafaza siiresinin etkisi istatistiksel olarak énemsiz
bulunmustur. 1-MCP uygulanan kayisilarin askorbat
ve karotenoid seviyelerini daha iyi korudugu, 1-MCP
uygulanan meyvenin besin degerini 1iyilestirdigi
bildirilmistir [56]. 1-MCP uygulanan kayisilarda
askorbat ve karotenoid seviyelerinin daha iyi
korunmasiyla ilgili olarak, depolama sirasinda daha
yiiksek antioksidan aktivite degerleri elde edilmistir
[43]. Bazi meyvelerde karotenoid ve askorbat
icerikleri ile toplam antioksidan kapasite arasinda iyi
bir korelasyon oldugu bildirilmistir [57]. Kayisi
meyveleri yesil ve/veya sert olumda derildiklerinde,
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klimakterik gosterdiklerinden olgunlasmayla birlikte
toplam karotenoid miktarinda ve antioksidan
aktivitesinde artiglar olmaktadir. Kayis1 cesitleri
arasinda bu bakimdan farkliliklar oldugu degisik
kayist cesitleri ve tipleri ile yapilan g¢alismalarda
bildirilmistir [51, 52, 53, 7].

Cizelge 3. ‘Cagataybey’ kayisi ¢esidinde farkli
olgunlukta derimlerin ve uygulamalarin 0°C
sicaklik ve %90-95 oransal nemde muhafaza
sirasinda  antioksidan  aktivitesi, toplam
karotenoid, P-karoten ve sekerler (fruktoz,
glukoz ve sakaroz) icerikleri iizerine etkileri

Cagataybey |Antioksidan| Toplam B- Sekerler
kayist aktivite |karotenoid|karoten (g/100 g)
cesidi (%) (mg/kg) |(mg/kg)|FruktogGlukoz|Sakaroz
Yil
2014 13,56 a 20,12 |14,75b| 0,70 | 1,61 | 5,29
2015 10,32 b 24,04 [1997a| 0,68 | 1,64 | 5,20
D%s (y11) 2,13 0.D. 2,67 | OD. | O.D. | O.D.
Sogukta Muhafaza Siiresi (giin)
0 11,41 16,08b |13,25b]|0,51¢|1,33b]5,13 ab
15 12,38 27,40a [19,25a]0,63bc|1,48b]| 5,75a
30 12,70 20,09 ab [17,64 ab| 0,90a|1,87a| 4,77b
45 11,28 24,75a [19,31a[0,73b|1,80a(5,32 ab
D%s O.D. 7,46 4,99 | 0,12 | 0,20 | 0,70
(muhafaza)
Olgunluk
Yesil olum 9,61b 20,85 16,53 |0,73a|1,72a| 4,99b
Sar1 olum 1427 a 23,32 18,19 [0,66b|1,53b] 5,50 a
D% 213 oD. | OD. | 006 | 0,10 | 038
(olgunluk)
Uygulama
MAP 10,92 25,81a |20,31a|0,74a[1,78a| 5,64a
MAP+1-MCP| 12,97 18,36 b [14,41b]0,64b|1,46b| 4,85b
D% O.D. 4,00 2,67 | 0,06 | 0,10 | 0,38
(uygulama)

*O.D.: Onemli degil

Yesil ve sar1 olumda toplanip, MAP ve MAP+1-
MCP uygulamalar1 yapilip iki y1l stireyle 0°C sicaklik
ve %90-95 oransal nemde muhafaza edilen her iki
kayis1 ¢esidinde de 2015 yilinda B-karoten miktari
2014 yilindan daha yiiksek yiiksek bulunmustur
(Cizelge 3 ve 4). ‘Cagataybey’ kayisi g¢esidinde
sogukta muhafazanin baglangicinda ortalama 13,25
mg/kg olan P-karoten miktar1 artis ve azaliglar
gostermis ve artarak 45 giinliik muhafaza sonunda
19,31 mg/kg’a ulagmistir (Cizelge 3). ‘Karacabey’
kayisi ¢esidinde sogukta muhafazanin baglangicinda
ortalama 8,21 mg/kg olan B-karoten miktar1 en
yiksek degere 30. giinde (31,55 mg/kg) ulasmus,
sonrasinda azalarak ve 45 gilinliilk muhafaza sonunda
9,57 mg/kg’a diismiistiir (Cizelge 4). Her iki kayisi
cesidinde de pB-karoten miktar1 {izerine olgunluk
donemleri arasindaki farklar istatistiksel olarak
Oonemsiz bulunmustur (Cizelge 3 ve 4). ‘Cagataybey’
kayisi ¢esidinde MAP+1-MCP uygulamasinda (14,41
mg/kg) B-karoten miktart MAP meyvelerinden (20,31
mg/kg) daha diisiik olurken, ‘Karacabey’ kayisi
cesidinde MAP+1-MCP uygulamasinda (15,70
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mg/kg) B-karoten miktart MAP meyvelerinden (12,19
mg/kg) daha yiiksek olmustur (Cizelge 3 ve 4).
Kayisida bulunan toplam karotenoidlerin %60-70’ini
B-karoten olusturmaktadir. Bu nedenle kayisi ¢ok iyi
B-karoten kaynagi oldugu bildirilmistir [23].
Depolama siiresince kayist ¢esitlerinin  toplam
karotenoid ve B-karoten miktarlar1 ile antioksidan
aktivitesinde goriilen artislar meyve olgunlagmasi ile
uyumlu gériilmektedir.

Cizelge 4. ‘Karacabey’ kayis1 ¢esidinde farkl
olgunlukta derimlerin ve uygulamalarin 0°C
sicaklik ve %90-95 oransal nemde muhafaza
sirasinda antioksidan aktivitesi (%), toplam
karotenoid (mg/kg), P-karoten (mg/kg) ve
sekerler (fruktoz, glukoz ve sakaroz) icerikleri
(g/100 g) iizerine etkileri

Karacabey |Antioksidan| Toplam B- Sekerler
kayisi aktivite |karotenoid|karoten (g/100 g)
¢esidi (%) (mg/kg) |(mg/kg) Fruktoz|G1ukoz|Sakaroz
Yil
2014 10,38 18,23b |12,12b|097a|3,19a( 3,63 b
2015 9,75 22,83a |15,762a[0,59b|1,90b| 4,77 a
D%s (y1l) O.D. 2,14 1,71 | 0,06 | 0,13 | 0,20
Sogukta Muhafaza Siiresi (giin)
0 1,94 c 1641b | 821b|0,34c|1,79d| 4,11b
15 12,80ab | 17,00b | 6,45b |0,79b|2,81b| 4,85a
30 10,63b | 34,84a [31,55a[0,87b[240c|3,76b
45 14,90 a 13,85b | 9,57b |1,11a|3,19a|4,07b
D% 2,69 3,99 3,19 | 0,12 | 0,24 | 0,36
(muhafaza)
Olgunluk
Yesil olum 8,50 b 20,41 14,42 10,83a|2,65a| 4,19
Sar1 olum 11,63 a 20,64 13,47 [0,73b[244b| 4,21
D% 1,44 oD. | OD. | 006 | 0,13 | O.D.
(olgunluk)
Uygulama
MAP 10,40 19,09b |12,19b| 0,79 |2,61a| 4,15
MAP+1-MCP| 9,74 21,96a |15,70a| 0,77 [2,48b| 4,25
D% O.D. 214 | 1,71 | OD. | 013 | OD.
(uygulama)

*(O.D.: Onemli degil

iki farkli olumda kontrol ve 1-MCP uygulamalari
yapilip iki yil siireyle sogukta muhafaza edilen
‘Cagataybey’ kayisi ¢esidinde fruktoz miktari lizerine
yillarin  etkisi  istatistiksel olarak = Onemsiz
bulunmustur (Cizelge 3). ‘Karacabey’ kayisi
¢esidinde ise 2014 yilinda fruktoz miktar1 2015
yilindan daha ylksek bulunmustur (Cizelge 4).
‘Cagataybey’ kayist  sogukta  muhafazanin
baslangicinda ortalama 0,51 g/100 g olan fruktoz
miktart en yiiksek degere 30. giinde (0,90 g/100 g)
ulagsmis, sonrasinda azalarak ve 45 giinliilk muhafaza
sonunda 0,73 g/100 g’a dismistiir (Cizelge 3).
‘Karacabey’ kayisi ¢esidinde sogukta muhafazanin
baslangicinda ortalama 0,34 g/100 g olan fruktoz
miktar artiglar gdstermis ve 45. giinde 1,11 g/100 g’a
ulasmistir (Cizelge 4). Her iki kayisi gesidinde de
fruktoz miktar1 yesil olumda sari olumdan daha
yiiksek olmustur (Cizelge 3 ve 4). ‘Cagataybey’
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kayisi ¢esidinde MAP+1-MCP uygulamasinda (0,64
g/100 g) fruktoz miktar1t MAP meyvelerinden (0,74
g/100 g) daha diisiikk olurken, ‘Karacabey’ kayisi
cesidinde fruktoz miktart iizerine uygulamalar

arasindaki farklar istatistiksel olarak Onemsiz
bulunmustur (Cizelge 3 ve 4).
Yesil ve sart olumda kontrol ve 1-MCP

uygulamalar1 yapilip iki y1l siireyle sogukta muhafaza
edilen ‘Cagataybey’ kayisi ¢esidinde glukoz miktari
lizerine yillarin etkisi istatistiksel olarak Onemsiz
bulunmustur (Cizelge 3). ‘Karacabey’ kayisi
cesidinde ise 2014 yilinda glukoz miktar1 2015
yilindan daha yiiksek bulunmustur (Cizelge 4).
‘Cagataybey’ kayisi ¢esidinde sogukta muhafazanin
baglangicinda ortalama 1,33 g/100 g olan glukoz
miktart artiglar gostermis ve 45. giinde 1,80 g/100 g
olmustur (Cizelge 3). ‘Karacabey’ kayisi ¢esidinde
sogukta muhafazanin baslangicinda ortalama 1,79
g/100 g olan glukoz miktar1 artiglar géstermis ve 45
giinlik muhafaza sonunda 3,19 g/100 g’a ulagmistir
(Cizelge 4). ‘Cagataybey’ kayisi ¢esidinde MAP+1-
MCP uygulamasinda (1,46 g/100 g) glukoz miktar1
MAP meyvelerinden (2,48 g/100 g) daha diisiik
olurken, ‘Karacabey’ kayisi ¢esidinde MAP+1-MCP
uygulamasinda (1,46 g/100 g) glukoz miktart MAP
meyvelerinden (2,61 g/100 g) daha diisiik olmustur
(Cizelge 3 ve 4).

Her iki kayisi ¢esidinde de hakim sekerin sakaroz
oldugu saptanmigtir. ‘Cagataybey’ kayisi ¢esidinde
sakaroz miktar1 {izerine yillarin etkisi istatistiksel
olarak onemsiz bulunurken, ‘Karacabey’ kayisi
cesidinde 2014 yilinda sakaroz miktar1 2015 yilindan
daha diisiik bulunmustur (Cizelge 3 ve 4).
‘Cagataybey’ kayisi ¢esidinde sogukta muhafazanin
baglangicinda ortalama 5,13 g/100 g olan sakaroz
miktar1 en yiiksek degere 15. giinde (5,75 g/100 g)
ulasmig, sonrasinda biraz azalarak ve 45 giinliik
muhafaza sonunda 5,32 g/100 g olmustur (Cizelge 3).
‘Karacabey’ kayisi ¢esidinde sogukta muhafazanin
baglangicinda ortalama 4,11 g/100 g olan sakaroz
miktart en yiiksek degere 15. giinde (4,85 g/100 g)
ulasmis, sonrasinda azalarak ve 45 giinlilk muhafaza
sonunda 4,07 g/100 g’a diismiistiir (Cizelge 4).
‘Cagataybey’ kayisi g¢esidinde sakaroz miktari sari
olumda yesil olumdan daha yiiksek olurken,
‘Karacabey’ kayisi ¢esidinde sakaroz miktar1 {izerine
olgunluk donemlerinin etkisi istatistiksel olarak
onemsiz bulunmustur (Cizelge 3 ve 4). ‘Cagataybey’
kayis1 ¢esidinde MAP+1-MCP uygulamasinda (5,64
g/100 g) sakaroz miktar1 MAP meyvelerinden (4,85
g/100 g) daha yiiksek olurken, ‘Karacabey’ kayisi
cesidinde sakaroz miktar1 iizerine uygulamalarin
etkisi istatistiksel olarak Onemsiz bulunmustur
(Cizelge 3 ve 4). Kayisilarda olgunluk déneminde
fruktoz, glukoz ve sakaroz miktarlar1 Bureau vd. [58]

ve Satuor vd. [12] tarafindan da bulgularimiza benzer
sekilde saptanmistir. Fan vd. [44] ise ‘Shushanggan’
kayisilarinin muhafazasinda baslangigta fruktoz,
glukoz ve sakaroz miktarlarini sirasiyla 1,15 g/100 g,
2,17 g/100 g ve 7,58 g/100 g olarak saptamislar ve 1-
MCP uygulanmis kayisilar ve kontrol meyveleri
arasinda sekerlerde 6nemli bir fark bulunmadigim
bildirmislerdir.

Her iki kayist ¢esidinde de yillara, olgunluk
donemlerine, uygulamalara ve depolama siiresine
gore herhangi bir mantarsal ve fizyolojik bozulmaya
rastlanilmamustir.

SONUC

Giliniimiizde tiiketiciler besin, vitamin ve
antioksidan bakimindan zengin meyveleri tercih
etmektedirler. Bu 6zellikleri ihtiva eden meyvelerin
dalindan koptuktan sonra da besinsel 6zelliklerini en
az kayipla korumalar1 i¢in uygun yontem ve/veya
uygulamalarin yapilmasi gereklidir. Bu agidan MAP
uygulamalari 6nemli bir alternatif olusturmaktadir.
Bu c¢aligmada ‘Cagataybey’ ve ‘Karacabey’ kayisi
¢esitlerinin 0°C sicaklik ve %90-95 oransal nemde 45
giine kadar kaliteli olarak muhafazasi miimkiin olup,
bundan sonra ki caligmalarda 60 giin ve tlizerinde
denemeler yapilmasi uygun olacaktir. 1-MCP
uygulamasimin her iki g¢esitte de MAP ile birlikte
kullanilmasi  {imitvar bulunmustur. Yaptigimiz
calisgmada MAP ile birlikte 1 pl/l 1-MCP uygulamast
imitvar bulunmasma ragmen, bundan sonra ki
caligsmalarda 1-MCP’nin farkl dozlar ile farkli MAP
uygulamalarinin denenmesi yararli olacaktir. Ancak,
sar1 olumda derilen meyveler, nispeten diisiik sertlik
degerleri nedeniyle depolamadan sonra ticari olarak
uzak pazarlar yerine yerel veya yakin pazarlara
gonderilmesi uygun olacaktir.

TESEKKUR

Bu c¢alisma Tarimsal Arastirmalar ve Politikalar
Genel  Midirligii  imkanlartyla  yiiriitiilen
TAGEM/BBAD/12/A04/P01/02-4 numarali projenin
bir boliimiidiir. Desteklerinden dolayr 1-MCP’yi
saglayan ve uygulamamiza yardimci olan Savas
YILDIRIM’a ve Smartfresh firmasi ile Xtend® MAP
torbalarini saglayan StePac firmasina tesekkdirlerimi
sunarim.
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Bu c¢alisma, Dogu Akdeniz Gegit Kusagi Tarimsal Arastirma Enstitiisii tarafindan Kahramanmaras biberi popiilasyonu
icerisinden seleksiyon yoluyla gelistirilen S4 kademesindeki 12 genotipin ve 4 tescilli biber g¢esidinin Antakya
kosullarinda verim ve kalite performanslarinin incelenmesi amaciyla gergeklestirilmistir. Bitkisel materyal olarak 83, 331,
368, 373, 361, 378, 439, 449, 454, 472, 521 ve 69 numarali hatlar ile Sena, Dila, Bozok ve Yesemek cesitleri
kullanilmistir. Aragtirma sonuglarina gore, en yiiksek taze verim 1106 g.bitki! ile 83 numarali hattan, en yiiksek kuru
verim ise 270 g.bitki! ile 472 numarali hattan elde edilmistir. Suda ¢oziinebilir kuru madde miktar1 agisindan %13,30
degeri ile 361 numarali hat 6ne ¢ikarken, en yiliksek kurutma randimani %32,5 ile 454 numarali hatta belirlenmistir.
Meyve sayisi agisindan 439 numarali hat 127 adet bitki! ile en yiiksek degere ulagirken, meyve agirligi 10,60 g.meyve™!
ile 472 numaral1 hatta, meyve uzunlugu ise 7 cm ile 449 numarali hatta en yiiksek deger olarak kaydedilmistir. Tohum
say1s1 bakimindan en yiiksek deger 347 adet meyve ™ ile 378 numarali hatta, meyve genisligi ise 23 mm ile Dila ¢esidinde
tespit edilmistir. Kapsaisinoid (acilik) analizi sonuglarina gore, 472 numarali hat 147483 (scoville heat unit) SHU ile en
yiiksek aciliga sahip olmus ve bu yoniiyle 6nemli bir kalite kriteri olarak 6ne ¢ikmigtir. Bunun yaninda, en diisiik meyve
et kalnligt 0,75 mm ile 378 numarali hatta belirlenirken, 1000 tohum agirlig1 a¢isindan 6,50 g ile 373 numarali hat 6ne
¢ikmigtir. Genel olarak, 6zellikle kurutulmus biber iiretiminde 6nemli olan kuru verim ve acilik kriterleri dikkate
alindiginda, 472 numarali hattin hem yiiksek kuru verim hem de yiiksek acilik degeri ile iistiin bir performans sergiledigi
belirlenmistir. Bu sonuglar, Antakya kosullarinin yiiksek verim ve kaliteye sahip biber hatlarinin yetistirilmesi igin uygun
oldugunu gostermektedir. Ayrica, bu genotiplerin ticari iiretimde 6nemli bir potansiyele sahip olabilecegi sonucuna
varilmgtir.

Anahtar Kelimeler: Acilik, seleksiyon, toz ve pul kirmizi biber, Capsicum annuum
Evaluation of Yield and Quality Characteristics of Some Drying Red Pepper Lines in Antakya Conditions
ABSTRACT

This study aimed to evaluate the yield and quality performance of 12 S4-generation genotypes and 4 registered pepper
varieties, developed through selection from the Kahramanmaras pepper population by the East Mediterranean Transitional
Zone Agricultural Research Institute, under the conditions of Antakya. The plant materials used were the genotypes 83,
331, 368, 373, 361, 378, 439, 449, 454, 472, 521, and 69, along with the varieties Sena, Dila, Bozok, and Yesemek. The
results revealed that the highest fresh yield was obtained from genotype 83 with 1106 g.plant™!, while the highest dry
yield was recorded in genotype 472 with 270 g.plant™. The genotype 361 stood out with a total soluble solid content
(SSC) of 13.30%, and the highest drying efficiency was observed in genotype 454 at 32.5%. In terms of fruit number,
genotype 439 had the highest value with 127 fruits plant™, while genotype 472 showed the highest fruit weight of 10.60
g.fruit™" and genotype 449 had the longest fruit length at 7 cm. The highest seed count was observed in genotype 378 with
347 seeds fruit™!, while Dila had the largest fruit width at 23 mm. According to the capsaicinoid (pungency) analysis,
genotype 472 exhibited the highest pungency level with 147483 scoville heat units (SHU), highlighting it as a notable
quality trait. Furthermore, the lowest fruit flesh thickness was recorded in genotype 378 with 0.75 mm, and the highest
1000-seed weight was observed in genotype 373 with 6.50 g. Overall, considering the key criteria for dried pepper
production, particularly dry yield and pungency, genotype 472 demonstrated superior performance due to its high dry
yield and pungency levels. These findings suggest that the Antakya region is well-suited for the cultivation of high-
yielding and high-quality pepper lines. Additionally, these genotypes hold significant potential for commercial
production.

Keywords: Pungency, selection, red pepper powder and flakes, Capsicum annuum
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INTRODUCTION

The cultivation of the pepper plant dates back
approximately 5,000 years in South America, as
revealed by archaeological excavations [1]. Small hot
peppers were introduced to Europe by Christopher
Columbus, becoming popular, and before the
discovery of the Americas, peppers were unknown in
other continents [2]. The Maya, Inca, and Aztec
civilizations regarded the pepper plant as a divine gift,
believing in its mystical and spiritual powers [3].
Once its benefits for human health and agriculture
were discovered, peppers rapidly spread worldwide.
They began being cultivated in Central Europe, the
Middle East, and the Mediterranean region after the
15" century, and in China, Japan, India, and the Far
East after the 18™ century [3, 4, 5]. In Turkey, peppers
were first introduced during the Ottoman Empire in
the 16™ century, brought to Istanbul, and then spread
to other regions [6]. Peppers were among the first
crops cultivated along with maize, beans, New World
crops, and various types of squash. Among the
species, red peppers were the first to be used as spices
[7].

The pepper plant belongs to the Plantae kingdom,
Magnoliophyta division, Magnoliopsida class,
Solanales order, and Solanaceae family [8]. Peppers
currently cultivated fall under the Capsicum genus
within the Solanaceae family, which contains 98
genera. The number of species in the Capsicum
genus, previously 38, has now been revised to 43 with
the discovery of five new species. Among these, five
species-C.annuum L., C.frutescens L., C.baccatum
L., C.chinense Jacq., and C.pubescens Ruiz & Pav.-
are commonly cultivated [9, 10].

Capsicum annuum species is the most widely
cultivated for commercial purposes globally. This
species exhibits great morphological diversity in
terms of color, shape, pungency, and flavor [11, 12].
The common names for Capsicum species differ from
country to country, with terms such as aji, paprika,
chili, cayenne, chilli pepper, tabasco, red chilli, hot
red pepper, and Capsicum being used [13]. Although
Capsicum annuum is often classified as an annual
plant, this is not entirely accurate as some varieties
can live for 4-5 years under suitable conditions.
Capsicum annuum varieties are among the most
commonly cultivated, with well-known varieties such
as Kapya, Carliston, Demre Sivrisi, and California
Wonder types in Tiirkiye [14].

Peppers are cultivated both in open fields and
under cover, and they are important for producers,
consumers, and the processing industry across many
countries [15]. In 2023, global pepper production
reached a total of 52.14 million tons, with China
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remaining the largest producer at 16.8 million tons.
Mexico and Indonesia are also significant producers,
each contributing around 3 million tons, while
Tiirkiye maintains a strong position with 3 million
tons of production [16]. In Tiirkiye, most of the
pepper production occurs in the Aegean, Marmara,
Mediterranean, Southeastern Anatolia, and Black Sea
regions. In the Aegean region, open-field production
is predominant, especially for table peppers. In the
Mediterranean region, protected cultivation is
common, particularly in Antalya and Mersin. The
eastern parts of the Mediterranean region, especially
Hatay, Kahramanmarag, and Gaziantep, are important
for dried red pepper production. In the Marmara
region, both fresh table peppers and peppers for
industrial purposes are produced, with processing
facilities for sauces, preserves, and frozen products
being significant. In the Black Sea region, pepper
cultivation is concentrated in Samsun, especially in
the Carsamba and Bafra plains. In Southeastern
Anatolia, particularly Sanlwrfa, the production of
dried crushed red pepper (isot) is widespread [17]. In
Tiirkiye, 44% of the pepper production is for paste,
followed by 36% for slender peppers (sivri), 16% for
bell peppers, and 4% for Carliston.

The decline in the cultivation area and production
volume of red peppers in Tiirkiye is largely attributed
to issues with seeds and varieties. With cross-
pollination rates between 3-30%, seed production
does not adhere to -certification standards or
controlled conditions, leading to genetic mixing.
Moreover, the lack of a distinct red pepper variety for
drying in the country forces farmers to rely on self-
sourced seeds, further exacerbating genetic
variability [18]. Some local vegetable varieties have
received geographical indication certification through
the support of local governments. These certificates
guarantee the purity and commercial value of the
seeds. The Turkish Patent Institute has granted
geographical indication certification to varieties such
as Sanlurfa pepper, Samandag pepper, and Maras
pepper [19].

The East Mediterranean Transitional Zone
Agricultural Research Institute conducts research and
development activities in areas such as vegetable
cultivation, medicinal and aromatic plants, industrial
crops, plant health, biodiversity, and genetic
resources. In 2006 and 2017, they introduced two
registered dried pepper varieties (Sena and Dila) to
the market. Additionally, two varieties (Bozok and
Yesemek) received production licenses in 2017 and
2019 [20]. These varieties are known for their high
yield and adaptability in the region. Farmers usually
acquire dried red pepper seeds from processing
plants, factories, or agricultural research stations, or
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they use seeds from their own crops. However, many
farmers are unaware of the specific variety they are
growing, and due to the low quality of the seeds used,
they cannot achieve high yields. This study aims to
evaluate the yield and quality characteristics of dried
pepper lines (pure line, 6™ generation) developed by
the East Mediterranean Transitional Zone
Agricultural Research Institute under the conditions
of Antakya.

MATERIALS AND METHODS

This study was conducted between 2020 and 2021
at Hatay Mustafa Kemal University, in the
experimental fields of the Department of Horticulture
and the Physiology Laboratory.

Material

The plant material used in the study consisted of
genotypes 83, 331,368, 373, 361, 378, 439, 449, 454,
472, 521, 69, which were selected from the Maras
pepper population through selection by the East
Mediterranean  Transitional Zone Agricultural
Research Institute. Additionally, the dried pepper
varieties Sena and Dila, registered between 2006-
2017, and Bozok and Yesemek, which received
production permits in 2017-2019, were also utilized.

The seeds of 12 genotypes and 4 varieties were
sown on March 2, 2020, in trays filled with peat (class
TS1) in a controlled greenhouse for seedling
production (Figure 1-a). To ensure sufficient
seedlings for the experiment, 3x30 seeds were
planted for each replication. Deep plowing (30 cm) of
the field was carried out on March 23, followed by
shallow tilling for weed control on April 12. On April
15, the experimental design was outlined, and on
April 19, a drip irrigation system was installed, and
rows were covered with mulch. Seedlings were
planted on April 21 with a spacing of 40x70 cm after
root treatment against root rot (Figure 1-b).
Fertilization was done according to [8], applying 24
kg N, 15 kg P20Os, and 24 kg K-O per decare through
drip irrigation. Pest and disease control was
performed following the Ministry of Agriculture and
Forestry’s technical guidelines for greenworms,
aphids, thrips, powdery mildew, and bacterial spot
(Figure 1-c).

Dal and Agca [21], reported that the soils of the
Tarla 49 field have a basic reaction, with sandy-loam
texture at 60-80 cm depth and loam texture at other
depths [21]. The pH ranged from 7.56 to 8.33, salt
content from 0.035% to 0.062%, lime content from

1.4% to 6.9% and organic matter from 0.20% to
1.13%.

Figure 1. Appearance of seedlings grown in vials (a)
before planting in the field, 90 days (b) and 150
days (c) after planting

Climate data during the experiment were collected
from the nearest weather station (No.17371), noting
the highest and lowest humidity, wind speed,
temperature, and rainfall during different months.
The lowest average wind speed was determined in
October with 2.9 m.s™ and the highest average wind
speed was determined in July with 7.0 m.s™!. The
lowest average temperature was determined in March
and the highest average temperature was determined
in August. The highest precipitation was observed in
March and the lowest in July and August (Table 1).
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Table 1. Meteorological data of the trial area between

March and October 2020
2.2 2 fg| zolEse
£ |ZSz|zEg 92|85 252|25¢
El EEZ|EEZ|SEZ|ELE| S22
) SXES|lcEc|l Y| 23|38 P
= |Sg2|SE8|<E2|<EE|S58|E8¢E
£ £ S| TEE|Tz3|2EE
2 2 g| &° s
March | 25.50 2.10 | 1440 | 7320 | 3.40 [ 136.20
April | 30.40 7.00 | 17.50 | 68.90 | 3.80 77.50
May | 4120 | 11.00 | 22.90 | 5420 | 430 73.70
June | 4130 | 13.90 | 2520 | 58.10 | 5.90 32.50
July | 39.40 | 20.70 | 29.00 | 64.20 | 7.00 0.00
August | 42.00 | 18.10 | 29.40 | 58.10 | 5.80 0.00
September] 42.60 | 17.40 | 28.50 | 64.20 | 4.30 1.40
October | 35.40 9.90 | 23.60 | 55.80 | 2.90 1.40
Parameters Analyzed

In this study, morphological observations of 12
genotypes and 4 varieties were conducted using the
pepper descriptor guide [22] and the descriptors
developed by [23]. The 22 characteristics used to
describe the Maras pepper genotypes were evaluated
as follows:

*Plant height (cm): Measured using a tape
measure when 50% of the plants had reached the first
mature fruit and at the end of the third harvest. The
distance from the soil line to the tip of the longest
branch was recorded in centimeters.

*Canopy width (cm): Measured using a tape
measure as the distance between the farthest leaves on
the lateral branches at 50% fruit maturity and after the
third harvest.

*Plant habit: This characteristic was calculated as
the ratio of plant height to canopy width. A value less
than 1 indicated a spreading habit, 1 indicated a
moderate habit, and greater than 1 indicated an
upright and narrow habit.

*Days to flowering: This was recorded as the
number of days from seed sowing in trays until at
least one flower had opened in 50% of the plants.

Number of flowers per node: This was
determined by ranking the number of flowers
observed in over 50% of the plant nodes on a scale
from 1 to 5.

*Number of fruits per plant: This was recorded as
the total number of fruits harvested at the end of each
harvest, reported in units.

*Days to fruit maturity: This was recorded as the
number of days from seed sowing until the first
mature fruit was observed in the first node of 50% of
the plants.

eImmature fruit color: Prior to maturity, fruit color
was categorized by variety into one of the following
groups: 1 for light green, 2 for green, and 3 for dark
green.
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*Mature fruit color: Ripe fruits were classified
into three groups: 1 for light red, 2 for red, and 3 for
dark red.

*Fruit shape: Mature fruits were classified into
categories such as elongated, round, triangular, bell,
or blocky based on their shape (Figure 2).

Figure 2. Fruit shape groups according to the pepper
identification guide [22]

*Fruit length (cm): During each harvest, 15 mature
fruits from each plot were selected, measured using a
ruler, and the average value was recorded in
centimeters.

*Fruit width (mm): During harvests, 15 fruits from
each plot were measured using calipers, and the
average width was recorded in millimeters.

*Fruit weight (g): Fifteen mature fruits from each
plot were weighed on a digital scale, and the average
weight was recorded in grams.

*Flesh thickness (mm): The flesh thickness of 15
mature fruits was measured using calipers and
recorded in millimeters.

*Fruit position: Fruit position was classified as
upright, intermediate, or pendent.

*Pungency of ripe fruit: Pungency analysis was
conducted using HPLC, and the results were
expressed in Scoville heat units (SHU) [24].

*Soluble solid content (%): This parameter was
measured using a digital refractometer and expressed
as a percentage.

*Thousand seed weight (g): For each line, 100
seeds were weighed, and the average was multiplied
to determine the thousand seed weight in grams.

*Number of seeds per fruit: The number of seeds
from 15 mature fruits was counted, and the average
number was recorded.

*Total fresh yield (g.plant™): The fruits of 5 plants
per plot were weighed at the end of the harvest, and
the average yield was recorded in grams per plant.
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*Total dry yield (g.plant™): The fruits harvested
were dried and weighed in grams, and the average dry
yield was calculated.

*Drying efficiency (%): This was determined as
the ratio of dry fruit weight to fresh fruit weight,
expressed as a percentage.

Statistical Analyses

After the characterization of dried red pepper
genotypes, the data were evaluated using mean
values. For statistical comparison of the obtained
data, analysis of variance (ANOVA) was performed
using the JMP 5.0.1 software package. Lines with
statistically significant differences in means were
compared using the LSD test.

RESULTS AND DISCUSSION

Total Fresh Yield

Findings related to total fresh yield, total dry yield,
dry yield ratio, and soluble solids content (SSC) for
the Kahramanmaras pepper lines and varieties
included in the experiment are presented in Table 2.
Significant differences in dry yield values between
lines and varieties were found to be statistically
significant (p < 0.01). In terms of total fresh yield, the
highest yield was obtained from line 83 with 1106
g.plant”, and from the Sena variety with 1102
g.plant™. The lowest fresh yield was recorded from
the Bozok variety with 549 g.plant™, followed by the
Yesemek variety with 660 g.plant™.

In previous studies conducted in Kahramanmaras,
Trening [25], reported that the average red pepper
yield was 225-275 kg.da™!, while Yiiksek et al. [26]
reported an average yield of 325 kg.da™'. In the Narl
region of Kahramanmaras, Cakan [27] reported that
the average red pepper yield was 180-326 kg.da™’,
while Anonymous [28] reported that the fresh yield
varied between 2-3 tons/da. In their study in Antakya,
Sermenli and Mavi [29], examined the yield and
quality parameters of local varieties, such as “Chili
Jalapeno’, ‘Pical’, and ‘Geyik Boynuzu’. They
reported significantly higher yields for the ‘Chili
Jalapeno’ and ‘Pical’ varieties, with yields of 1951
kg.da™* and 1818 kg.da™, respectively, compared to
1593 kg.da™ for the Geyik Boynuzu variety. Keles et
al. [30], observed that the pure line 1278-14 produced
6258 kg.da™', outperforming other lines in their trials.
According to the findings of Aytop and Akbay [31],
the average yield was 1558 kg.da™!. Arpaci et al. [32],
developed a variety from the Kahramanmaras red
pepper population with a mature red pepper yield of
2748 kg.da'. In a study conducted in 2009, [7]
reported a fresh yield of 2674 kg.da™! from the Sena

variety, while the hybrid K211xP-67x46 yielded
2769 kg.da™'. In 2008, the highest yield was obtained
from the K211xP-67%x46 hybrid with 2790 kg.da™,
followed by 2383 kg.da™ from line 46, while the Sena
variety yielded 2294 kg.da'. In our experiment
conducted under Antakya conditions, a yield of
approximately 5100 kg.da™ was obtained from the
Sena variety. These results suggest that higher yields
are achieved from the Sena variety under Antakya
conditions due to factors such as growth conditions
and climate. Akinci and Akinci [33], examined the
Kahramanmaras red pepper population and reported
that the yield of mature peppers per plant ranged from
82.5 gt0 567.7 g. Considering that approximately five
thousand plants are grown per decare in red pepper
cultivation, the population has a red pepper yield
potential ranging from 400 to 2800 kg.da™'. Based on
previous studies and the results of this study, it is
evident that fresh fruit yield is relatively high. The
higher yields obtained from the Kahramanmaras red
pepper under Antakya conditions may be attributed to
factors such as earlier ripening compared to
Kahramanmarag, growth environment, pesticide and
fertilizer use, mulching, drip irrigation, climate, and
plant spacing, all of which contribute to yield
improvement.

Total Dry Yield

According to Table 2, the highest total dry yield
was obtained from line 472 with 270 g.plant™', while
the lowest yield was recorded from the Bozok variety
with 132 g.plant™. The registered variety Sena and
the approved variety Dila yielded 201 g.plant™ and
199 g.plant™ of dry yield, respectively.

In the production of Kahramanmarag pepper, fresh
yield is crucial for producers who market fresh
peppers, whereas dry yield is just as important for
those processing the final product into powder or
flakes. While farmers focus on fresh yield, processing
companies prioritize dry yield. Akinct and Akimet
[33], reported yields of dried red pepper per plant
ranging from 13.4 g to 94.6 g. Arpaci et al. [32],
obtained an average dry yield of 377 kg.da™! from the
Kahramanmaras red pepper population, and
developed the Sena variety, achieving 500 kg.da™ of
dry yield. In our study, 201 g.plant™ was obtained
from the Sena variety, which aligns with previous
findings. Cakan [27], reported that the average dry
red pepper yield for Kahramanmaras pepper ranges
between 180 to 326 kg.da™. Based on the plant
density used in our experiment, it is estimated that the
number of plants per decare is around 4700. When the
per-plant yield is converted to a per-decare basis, it is
calculated that line 472 achieved a dry yield of 1269
kg.da!. The longer growing season under Antakya
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conditions compared to Kahramanmaras, as well as
the sandy loam soil texture on the surface and loam
texture in deeper layers, positively influenced yield.
Additionally, the use of mulch, fertigation, and wider
planting spacings contributed to the increased yield.

Table 2. Total dry yield, total fresh yield, drying
yield, drying efficiency and SCC values of
varieties and lines

Variety |Total fresh yield| Total dry yield Drying SCC
and lines (g.plant™) (g.plant™) efficiency (%) (%)
69 1047 ac 256 ab 24.5 ce 9.97 ef
83 1106 a 248 ab 22.7¢ 6931
331 938 ad 231 ac 24.6 ce 9.57 fg
361 879 bd 247 ab 28.1 be 1330 a
368 1088 a 242 ac 222 ef 9.10 gh
373 776 de 226 cd 29.3 ab 11.37d
378 864 cd 255 ab 29.5 ab 10.03 ef
439 936 ad 250 ab 26.8 bd 9.27 gh
449 1084 a 255 ab 23.6 de 11.97 cd
454 794 de 249 ab 325a 11.63 d
472 1056 ab 270 a 25.8 be 12.77 ab
521 952 ad 233 ad 24.5 ce 9.50 fgh
Bozok 549 f 132 f 24.1 ce 1033 e
Dila 1076 a 199 de 18.6 fg 8.83 h
Sena 1102 a 201 ce 182 ¢ 7.531
Yesemek 660 ef 162 ef 24.7 ce 12.43 be

Soluble Solid Content (SSC) (%)

The highest SSC value was obtained from line 361
with 13.30%, while the lowest values were observed
in line 83 with 6.93% and the Sena variety with
8.83% (Table 2). Ontiirk [34] reported that the highest
SSC value among 50 pepper genotypes grown by
farmers in Hatay was 9.0%, and the lowest was
6.47%. Hesham et al. [35] found SSC values ranging
from 8.00% to 11.00% in Capsicum annuum
varieties. Previous studies align with the values
obtained in this experiment. High SSC values are
more suitable for processing into sauces or paste.

Drying Efficiency (%)

The highest drying efficiency was achieved by line
454 with 32.5%, while the lowest efficiencies were
recorded for the Sena variety at 18.2% and the Dila
variety at 18.6% (Table 2). Arpaci et al. [36] reported
that the highest efficiency in the Kahramanmarag
pepper population was 57% from line 265, while the
lowest was 47% from line 390. The efficiency values
in this study reflect the ratio of dried pepper yield to
fresh yield, while Arpaci et al. [36] calculated the
efficiency of powdered pepper from dried peppers,
hence the differing results (Figure 3).

Number of Fruits

The number of fruits, seed count per fruit, average
fruit weight, average fruit length, and average fruit
width for the Kahramanmaras pepper lines and
varieties are presented in Table 3. Significant
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differences in fruit number among lines and varieties
were observed (p < 0.01). The highest fruit count was
recorded for line 439, with 127.33 fruits per plant,
while the lowest counts were obtained from the
Bozok variety with 65.33 fruits per plant and the
Yesemek variety with 86.00 fruits per plant.

~

Figure 3. Appearance of dried fruits

Table 3. Number of fruits, number of seeds in fruit,
fruit weight, fruit length and fruit width values
of varieties and lines

Variety | Number Number Fruit Fruit Fruit
and of fruits |of seedsin| weight length width
lines |(pes.plant™)| fruit (pcs) | (g.fruit™) |(cm.fruit™) (mm.fruit™?),

69 116.7 abc 197.01 8.51 cde | 6.91cde |18.31 cdef
83 104.7 bede | 348.0a 11.01a | 6.76 cdef | 19.36 bc
331 104.7bede | 248.3e¢ | 10.09ab | 6.47ef 20.13 b
361 103.3bede | 2253 g 8.11de | 6.78 cdef | 18.06 def
368 1123 abc | 276.7bcd | 9.70 abc | 6.68 def | 19.79b
373 90.7 de 242.7ef | 841lcde | 7.54ab 1741 f
378 | 103.0bcde | 347.0a 7.76 de 7.00 cd 1584 ¢
439 1273 a 172.0j 744 ¢ 6.0l g 19.46 be
449 120.0ab | 233.7fg | 9.01 bed 7.82a |19.07 bede
454 11023 bede | 2653d | 8.58 cde 7.64a | 19.17 bed
472 11073 abed | 270.3cd | 10.60 a 7.19bc | 19.48 be
521 98.0 cde 2843b | 9.71abc | 6.33fg 19.73 b

Bozok 6531 278.0 be 7.36¢ 592¢g 17.86 ef
Dila_ | 108.3abcd | 182.3] 10.57a | 6.84cde | 23.65a
Sena | 110.0abecd | 2133 h 10.06 ab | 6.76 cdef | 22.89 a

Yesemek| 86.0 ef 268.0 cd 730e 6.63 def 17.18 f
Number of Fruits

In previous studies, Khristov et al. [37] reported
fruit counts ranging from 9-12 fruits per plant, while
Akinct et al. [41] found 12-17 fruits per plant.
Alparslan [42] reported counts ranging from 75.93-
156.93 fruits per plant. Arpaci [7] identified the
CMxPB-81 genotype as having the highest fruit
count (81 fruits per plant), followed by K211xPB-14
with 72 fruits per plant. The lowest fruit count was
observed in K12xK211-4 with 11 fruits per plant.
Akinct and Akinci [33] reported that fruit counts in
Kahramanmaras red pepper ranged from 13 to 86
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fruits per plant. In our study, some lines matched the
fruit counts of Indian genotypes reported by [39]. The
number of fruits in larger-fruited genotypes used for
drying in Bulgaria [37] was considerably lower
compared to our findings. The number of fruits in this
study aligns with the Kahramanmaras population
evaluated by Alparslan [42].

Number of Seeds Per Fruit

According to Table 3, the highest number of seeds
per fruit was found in line 378 with 347 seeds and line
83 with 348 seeds, while the lowest counts were
observed in line 439 with 172 seeds and the Dila
variety with 182 seeds. Vinod et al. [38] examined the
yield and quality changes in the C.annuum (Kt-P1-
19) variety harvested at eight different times,
reporting 159 seeds per fruit after 60 days of
flowering. The number of seeds is important in
powder pepper production, as seeds are nutrient-rich,
but fewer seeds are preferred in varieties for flake
pepper production.

Fruit Weight

As shown in Table 3, the highest fruit weight was
recorded in line 83, with 11.0 g.fruit™', followed by
line 472 with 10.60 g.fruit™', Dila variety with 10.57
g.fruit™, line 331 with 10.09 g.fruit™!, and the Sena
variety with 10.06 g.fruit™'. The lowest fruit weights
were observed in the Yesemek variety (7.30 g.fruit™)
and the Bozok variety (7.36 g.fruit!). Anonymous
[28] recorded 8-14 g.fruit? for Kahramanmaras
pepper. Arpaci [7] noted that the KI12xK211-46
genotype had the highest fruit weight (10.50 g.fruit™),
followed by KI2xK211-27 (10.23 g.fruit™).
Genotypes K211%x334-44 and K211%334-75 had the
lightest fruit weights at 4.56 g and 4.40 g,
respectively. In this study, the Sena variety had the
highest fruit weight (13.21 g). These results are
consistent with previous studies. Anonymous [28]
reported that the fruit weight of the Kahramanmarag
pepper registered in 2002 ranged from 8 g to 14 g.
Considering the processing techniques for red
peppers in the region, smaller fruit sizes are preferred,
as larger surface areas are required for sun-drying.
The size of the pepper fruits is determined by the
preferences of producers and processing plants. All
lines used in this experiment fall within the desired
size range.

Fruit Length

According to the observations, the longest fruits
were found in line 449 (7.82 cm.fruit™) and line 454
(7.64 cm.fruit™'), while the shortest fruits were
observed in the Bozok variety (5.92 cm.fruit™!) and

line 439 (6.01 cm.fruit™), as shown in Table 3 and
Figure 4.
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Figure 4. Views of mature (a) and immature (b) fruits
on scaled paper (square size 1x1 cm)

Arpaci [7] found that line 46 had the longest fruit
(93.15 mm), while the shortest fruit was observed in
genotype K211xCM-75 (55.00 mm). Akinci and
Akinci [33] reported that fruit length in the
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Kahramanmaras red pepper population ranged from
47 mm to 156 mm, and Demir [39] reported fruit
lengths of 70 mm to 90 mm in the same population.
Anonymous [28] stated that the fruit length of the
Kahramanmaras pepper registered in 2002 ranged
from 60 mm to 115 mm. The values found in previous
studies are consistent with the results obtained in this
study.

Fruit Width

As shown in Table 3, the Dila variety had the
highest fruit width at 23.65 mm/fruit, followed by the
Sena variety with 22.89 mm/fruit. The narrowest fruit
width was observed in line 378 with 15.84 mm/fruit.
Arpact [7] reported that the widest fruit was from the
PBxPM-65 genotype with 28.66 mm, while PBxPM-
2x46 and CMxPM-52xS genotypes had the
narrowest fruit width at 12.92 mm. The Sena variety,
which had a fruit width of 26.09 mm in previous
studies, was measured at 22.89 mm under Antakya
conditions, and the values are consistent. Arpaci et al.
[40] found that the fruit width in the Kahramanmaras
pepper population ranged from 18.3 mm to 32.5 mm,
while Akinci and Akinci [33] reported a range of 9
mm to 36 mm. Anonymous [28] stated that the
Kahramanmaras pepper registered in 2002 had a fruit
width between 25 mm and 35 mm. Most lines and
varieties used in this study had fruit widths below 25
mm, which is likely influenced by climatic
conditions.

Flesh Thickness

The findings related to fruit flesh thickness, 100
seed weight, plant height, canopy width, and height-
to-width ratio for the Kahramanmaras pepper lines
and varieties are presented in Table 4. The highest
flesh thickness was measured in line 449 at 1.40 mm,
while the lowest flesh thickness was observed in line
361 with 0.72 mm and in the Yesemek variety with
0.77 mm.

Ontiirk [34] reported that the thicknest (3.28 mm)
and thinnest (2.34 mm) fruit flesh thicknesses were
measured in plant samples from the Altindzi
population. Arpaci [32] found that the highest fruit
flesh thickness was 1.84 mm in the K211xP-8xS
genotype, while the lowest was 0.59 mm in the
K211xCM-75%46 genotype. Korkutata and Kavaz
[40] identified varying thicknesses among different
regional pepper varieties, with Sanlurfa peppers
showing the highest average thickness (1.92 mm) and
Kilis peppers the lowest (1.04 mm). Anonymous [28]
reported thicknesses between 1.2 mm and 1.6 mm.
Thin fruit flesh is crucial for rapid drying without
aflatoxin formation.
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Table 4. Fruit flesh thickness, 1000 seed weight, plant
height, plant crown width and height to width
ratio values of cultivars and lines

Variety Flesh 1000 seed Plant Canopy | Plant habitus
and | thickness | weight height width (height to
lines (mm) (g) (cm) (cm) width ratio)

69 1.32 bc 5.57d 65.67ab | 68.47a 0.96 h
83 1.28 abc 6.00 ¢ 61.13 ¢ 49.40 f 1.24b
331 1.15¢cd 5.10fg | 62.53bc | 61.80 be 1.01 gh
361 0.72 h 6.33ab | 64.67 abc | 64.67b 1.00 h
368 1.21bed | 4.67h [63.93abc| 5593 1.15cd
373 1.04 de 6.50 a 61.93bc | 4473 ¢ 1.39a
378 0.75h 6.40 ab 6147 c 54.67¢ 1.13 cde
439 0.85 fgh 5.00g | 64.80 abc | 62.47 be 1.04 efgh
449 140 a 6.00 ¢ 65.60ab | 59.73 cd 1.10 defg
454 0.96 efg 5.00g | 6440abc| 55.67¢ 1.16 bed
472 0.98 ef 4.63h | 64.93abc | 54.27¢ 1.20 be
521 1.33 ab 523 ef | 62.07bc | 63.33 bc 0.98 h

Bozok | 0.79 gh 540de | 61.80bc | 59.73 cd 1.03 fgh
Dila 1.16 bed 590c | 64.27 abc | 57.47 de 1.12 cdef
Sena 1.22 be 6.22b 61.47c | 62.80bc 098 h

[Yesemek| 0.77h 587 ¢ 67.53 a 64.33 b 1.05 efgh
Plant Height

Among the lines and varieties, the highest plant
height was measured in the Yesemek variety at 67.53
cm, while the lowest was recorded in line 83 at 61.13
cm, line 378 at 61.47 cm, and the Sena variety (Figure
5). Khristov et al. [37], in their study to find a new
dried red pepper variety in Bulgaria, crossed the
Capsicum fasciculatum and Capsicum annuum cv.
Grogled 6 varieties, resulting in the new variety
Buketen 50, which was reported to have a plant height
of 40-45 cm. Similarly, Firat et al. [43] also
determined the plant height as 60 cm in hybrid
varieties [43]. Anonymous [28] reported the Maras
pepper height to be around 60 cm, consistent with our
findings.

Canopy Width

In Table 4, the highest canopy width was recorded
in line 69 at 68.47 cm, while the lowest was in line
373 at 44.73 cm (Figure 5). Although the Sena
variety, which had the highest fresh yield, also had
above-average canopy width, there was no significant
correlation between canopy width and yield.

1000 Seed Weight

According to Table 4, the highest 1000 seed
weight was found in line 373 at 6.50 g, while the
lowest was in line 472 at 4.63 g and line 368 at 4.67
g. Vinod et al. [38] observed that the 1000 seed
weight for the C.annuum (Kt-P1-19) variety,
harvested 60 days after flowering, was 8.29 g. The
smaller size of Kahramanmaras pepper seeds directly
affects their weight, but seed germination strength is
more important than seed weight for red pepper
cultivation. Lower seed weight is beneficial for
transportation.
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Plant Habit

The highest plant habit value was observed in line
373 at 1.39, while the lowest values were found in
lines 69 and 521, as well as the Sena variety, with
values between 0.96 and 0.98. These results indicate
that the Sena, 521, and 69 varieties have a more
spreading habit (values less than 1), while the other
lines and varieties exhibit a more upright and compact
habit (values greater than or equal to 1).

Pungency of Ripe Fruit

The findings for ripe fruit pungency, immature
fruit color, and mature fruit color for the
Kahramanmaras pepper lines and varieties are
presented in Table 5. Significant differences in fruit

number among lines and varieties were observed (p <
0.01). The highest pungency in ripe fruit was
recorded in the Yesemek variety with 41873 SHU,
while the lowest was observed in the Dila variety with
185 SHU.

Arpaci et al. [36] examined the morphological
traits of the Kahramanmaras pepper population and
found the highest pungency value of 48,690 Scoville
from line 187, while the lowest was 3,585 Scoville
from line 3. Pungency is a crucial factor determining
the quality of both powdered and flaked pepper. In
this study, the Dila and Sena varieties showed
significantly lower pungency levels than those
reported by Arpaci et al. [36], while the lines reflected
the typical pungency traits of the population.
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Figure 5. Views of harvested plants on scale paper (square size 10%10 cm)
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Table 5. Ripe fruit pungency, immature fruit colour,
mature fruit colour values of lines and cultivars

Varieties SHU Fruit Immature Mature
and lines position fruit color fruit color
69 5936 f 3 2b 2b
83 8321 e 3 lc 2b
331 39921 b 3 2b Ja
361 18365 ¢ 3 2b Ja
368 30080 be 3 2b 3a
373 13843 ef 3 3a Ja
378 31016 be 3 lc lc
439 14393 d 3 3a Ja
449 8068 e 3 2b 2b
454 15874 cd 3 2b 3a
472 147483 a 3 lc Ja
521 1976 g 3 3a 3a

Bozok 8400 e 3 2b 3Ja
Dila 1851 3 lc lc
Sena 369 h 3 lc lc
Yesemek 41873 b 3 2b 2b
Fruit Position
According to Table 5 and Figure 6, all lines and
varieties  exhibited pendant fruit position.

Anonymous [28] indicated that the Kahramanmarag
pepper, registered in 2002, displayed either pendant,
horizontal, or mixed fruit positions.

Yesemelk 472
Figure 6. Views of the position of mature fruits on the
branch

Color of Immature Fruits

Among the important traits, the color of immature
fruits varied from green to different shades of green.
Lines 521, 439, and 373 displayed dark green fruits,
while lines 83, 378, 472, and the Dila and Sena
varieties showed light green fruits, as observed in
Table 5. Arpaci et al. [36] also reported that the color
of immature fruits varied between light green (1),
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green (2), and dark green (3). Anonymous [28] stated
that the immature fruits of Kahramanmaras pepper
were green. Although red is important for dried red
peppers, the color of immature fruits is less
significant for drying purposes (Figure 7-a).
Brightness and uniformity of color are important for
fruit quality.
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Figure 7. Viewgg immature (a) and mature (b) fruits
on scale paper (square size 1x1 cm)

Color of Mature Fruits

In terms of mature fruit color, the varieties and
lines studied exhibited red and various shades of red.
Dark red fruits were notably observed in lines 331,
361, 368, 373, 439, 454, 472, and 521, as well as the
Bozok variety. In contrast, light red fruits were found
in line 378 and the Sena and Dila varieties (Table 5).
Anonymous [28] described the Kahramanmarag
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pepper as having red mature fruits. The red color is
one of the most critical qualities sought after in dried
Kahramanmaras pepper, commonly known as red
flake pepper, for both marketing and consumption
purposes. A bright and homogeneous red color is
crucial for the pepper’s marketability. The varieties
and lines tested showed bright and uniform colors
suitable for marketing (Figure 7-b).

Flowering Time

According to Table 6, the flowering time varied by
25 days across the varieties and lines. The earliest
flowering was observed in the Yesemek and Bozok
varieties at 73 days, while the latest flowering was
observed in the Sena variety at 98 days, followed by
the Dila variety at 95 days. Arpaci et al. [36] found
that the earliest flowering times were 62 days and 65
days for lines 333 and 3, respectively, and the latest
was 81 days for lines 390 and 442. Varieties with later
flowering times also exhibited later fruit ripening,
which was attributed to their genetic characteristics.

Table 6. Flowering time, number of flowers in the
axil, fruit ripening time, fruit shape, fruit
position values of varieties and lines

Varieties | Flowering Number of Fruit ripening |  Fruit

and lines | time (days) | flowers in the axil | time (days) shape
69 90 ¢ 2a 130b 3b
83 85d 1b 130 b S5a
331 85d 1b 127 ¢ 3b
361 79f 1b 123 ¢ 3b
368 85d 1b 130b 5a
373 82e 1b 123 ¢ 3b
378 82¢ 2a 123 ¢ 3b
439 82¢ 2a 125d 3b
449 85d 1b 125d 3b
454 82¢ 1b 127 ¢ 3b
472 85d 2a 127 ¢ 3b
521 83 de 1b 130b 3b
Bozok 73 f 1b 111 g 3b
Dila 95b 1b 135a 3b
Sena 98 a b 135a 3b
Yesemek 73 f 1b 115f 3b

Number of Flowers Per Node

As shown in Table 6, there was no significant
variation in the number of flowers per node among
the lines and varieties. Lines 69, 378, 439, and 472
had two flowers per node, while the other lines and
varieties had one flower per node. The Sena variety,
which had the highest fresh yield, exhibited one
flower per node, suggesting that the number of
flowers per node had no significant impact on yield.

Fruit Ripening Time (Days)

According to Table 6, the Yesemek and Bozok
varieties, with ripening times of 115 days and 111
days, respectively, were early-ripening varieties. The
Sena and Dila varieties, with ripening times of 135

days, were late-ripening varieties. The difference in
ripening times between early- and late-ripening
varieties was 24 days. Fruit ripening time is a key
indicator of whether a variety is early- or late-
ripening. A parallel relationship was observed
between flowering time and fruit ripening time.

Fruit Shape

Based on the pepper descriptor guide [22] and as
shown in Figure 2, lines 83 and 368 had blocky fruit
shapes, while the other lines and wvarieties had
triangular fruit shapes, as seen in Table 6 and Figure
4. Anonymous [28] described the Kahramanmaras
pepper, registered in 2002, as having a conical fruit
shape, with the tip being either pointed or blunt, and
a smooth surface, with the part where the fruit
attaches to the stem usually flat or sometimes raised.
The small surface area and smooth shape of
Kahramanmarag pepper fruits provide advantages for
drying, marketing, and export. The shapes of the
varieties and lines used in this experiment are
consistent with the characteristics of dried peppers.

CONCLUSION

In this study, genotypes 83, 331, 368, 373, 361,
378, 439, 449, 454, 472, 521, and 69, developed
through selection from the Maras pepper population
by the East Mediterranean Transitional Zone
Agricultural Research Institute, were used alongside
the registered varieties Sena and Dila, and the
approved varieties Bozok and Yesemek. Twenty-two
different morphological traits were characterized in
detail, including plant height, canopy width,
flowering time, number of fruits per plant, fruit color,
and fruit weight.

The results revealed significant variation in fresh
yield (ranging from 1106 to 549 g.plant™), dry yield
(270 to 132 g.plant™), drying efficiency (32.5% to
18.2%), and pungency levels (147483 to 185 SHU).
The flowering period varied from 73 to 98 days, while
fruit ripening ranged from 111 to 135 days. The data
demonstrated that Antakya provides suitable
conditions for red pepper production, particularly for
genotype 472, which showed both high dry yield and
pungency, making it an excellent candidate for
commercial dried pepper production.
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ABSTRACT

Pistachio (Pistacia vera) propagation is commonly carried out by seedlings and new orchards are mostly set by in situ
grafting of rootstocks. Pathogenic and molecular characterization of wilt and desiccation agents observed in nurseries and
young orchards were carried out and the causal species were identified as Fusarium oxysporum and F.solani. In vitro
inhibition of mycelial development and conidia germination were carried out with seven fungicides selected against the
disease. The plant protection product containing Prothioconazole+Spiroxamine was found to be 100% effective in
mycelial growth trials in F.oxysporum isolates from 20 mgL™" and in F.solani from 100 mL-1 at all increasing doses. .
The fungicide containing phosphoric acid was found to be 18.3-33.3% effective on both species at 2.5 times the
recommended dose. On conidial germination, Prothioconazole+Spiroxamine and Captan provided 100% inhibition even
at the lowest doses in all isolates tested. The ECso values of Prothioconazole+Spiroxamine, which was determined as the
most effective chemical in mycelial development and conidial germination, were 3.67 ml and 3.72 ml in F.oxysporum
isolates and 56.83 ml in F.solani, respectively.

Keywords: Pistachio, Fusarium wilting, Fungicides, in vitro

Antepfisti@1 Alanlarinda Goériilen Fusarium Solgunluk Hastahigl Etmenlerinin Tamimlanmasi ve Miicadelesinde
Baz1 Fungusitlerin Etkinliklerinin Belirlenmesi

0z

Antepfistig1 (Pistacia vera) fidan {iretimi yaygin olarak ¢ogiirlerle yapilmakta ve yeni tesis bahgeler cogunlukla asisiz
dikilen anaglarin daha sonra yerinde asilanmastyla kurulmaktadir. Fidanliklarda ve geng bahgelerde yapilan incelemelerde
goriilen solgunluk ve kuruma etmenlerinin patojenik ve molekiiler karakterizasyonlar1 gergeklestirilerek etmen tiirlerin
Fusarium oxysporum ve F.solani oldugu tespit edilmistir. Hastaliga kars1 secilen yedi adet fungusitle in vitro diizeyde
miseliyal gelisimin inhibisyonu ve konidi ¢imlenmesinin engellenmesi {izerine c¢alismalar yiritilmustir.
Prothioconazole+Spiroxamine etkili madde igeren bitki koruma {iriinii, miseliyal gelisim denemelerinde F.oxysporum
izolatlarinda 20 mgL~"’den itibaren, F.solani’de ise 100 mgL"’den itibaren artan tiim dozlarda %100 etkili bulunmustur.
Fosforoz asidi igeren fungisit, tavsiye dozunun 2,5 katinda her iki tiir iizerinde %18,3-33,3 oranlarinda etkili bulunmustur.
Konidiyal ¢imlenme {izerinde Prothioconazole+Spiroxamine ve Captan denemeye alinan tiim izolatlarda en diisiik
dozlarda bile %100 inhibisyon saglamistir. Miseliyal gelisim ve konidi ¢imlenmesinde en etkili kimyasal olarak belirlenen
Prothioconazole+Spiroxamine’nin ECso degerleri sirasiyla F.oxysporum izolatlarinda sirasiyla 3,67 ml ve 3,72 ml ve
F.solani izolatinda ise 56,83 ml olarak tespit edilmistir.

Anahtar Kelimeler: Antepfistigi, Fusarium solgunluk hastalifi, Fungisit, in vitro

INTRODUCTION

Turkiye has suitable climatic conditions for the
cultivation of Pistacia species and is located on one of
the germplasms of Pistacia species. Tirkiye has
gained a certain share in pistachio production in the
world in terms of domestic market and foreign market
and pistachio has become a valuable product of
increasing importance for our country [1, 2, 3].

Fusarium species cause serious problems in pistachio
as in many plant species. While Verticillium wilt and
Phytophthora diseases are known as the most
important problems among soil-borne diseases in the
world [4, 5, 6], in recent years, wilting disease caused
by Fusarium species in pistachio has been reported
from many countries in the world [7]. While root rot
disease caused by F.solani was reported for the first
time in irrigated orchards and nurseries in Tunisia [§],
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Fusarium  species  (F.equiseti, F.oxysporum,
F.proliferatum) and Neocosmospora species
(N.falciformis, N.solani) caused crown rot and stem
cancer in trees grafted on UCB-1 rootstocks in the
United States [9]. In detailed studies on soil-borne
pathogens in pistachio fields in our country, Fusarium
species (F.solani, F.oxysporum, F.brachygibbosum,
F.chlamydosporum) and Macrophomina phaseolina
were found to be the most common disease agents
related to wilt and drying of trees [7]. On the other
hand, the disease was defined as ‘Fusarium wilt of
pistachio’ in the instructions for pest and disease
control in Tiirkiye and the causal species were stated
as a Fusarium complex (F.solani, F.proliferatum,
F.oxysporum and F.redolens). In the same technical
instruction, it is stated that the disease is most
common in young plants and the severity of the
disease increases after 4-5 years of age after the stress
caused by inoculation and some cultural practices on
the plant. There is no known effective fungicide
against Fusarium wilt disease in pistachio [10].
However, some chemicals can be used in seedling
production in annual plants against infections that
may occur in the plant during seedling production
[11, 12]. This study was carried out to determine the
Fusarium species causing pistachio wilt disease in
pistachio orchards and nurseries in Gaziantep and its
surroundings and to determine the in vitro efficacy of
some chemicals for its control.

MATERIAL AND METHODS
Plant Materials and Fungal Isolations

Pistacia vera L. (Pistachio) production areas in the
Southeastern Anatolia Region, where pistachio
production is the highest in Turkey, were sampled
from plants showing wilt disease symptoms and from
seedlings in nurseries. Samples were taken from
Sanlrfa-Bozova (28), Pistachio Research Institute
seedling production greenhouses (14) and Sanlurfa-
Birecik producer seedling production locations (8). A
total of 50 diseased plant samples were brought to
Gaziantep  University  Biology = Department
laboratories and isolated according to the method
described by Leslie and Summerell [13].

In the laboratory, 0.5-1 cm? of transverse sections
were taken, including healthy tissue, taking into
account the lesions seen especially in the conduction
bundle tissues, washed in running tap water for 2-3
minutes, and then subjected to the following
sterilisation procedures. 3% Sodium Hypochlorite
solution was shaken for 1-5 minutes, washed 3 times
in distilled water and left to dry on blotting papers for
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4-5 hours and cultured in Potato Dextrose Agar
(PDA) medium at 24°C and in dark conditions. After
weekly controls, colonies showing morphological
differences were isolated and purified. Single spore
isolations were made from the purified isolates
according to Katan [14].

For morphological characterization each isolate
was grown on PSA and SNA media according to
Leslie and Summerell [13].

Fungicides Used In in vitro Trials

In order to prepare studying doses of fungicides,
stock solutions were prepared by diluting the
fungicides. The prepared stock solutions were added
to the media which were allowed to cool down to
48°C after autoclaving at the dosage specified for
each fungicide (Table 1) with the help of a
micropipette and shaken for homogenous mixing.
The mixture was poured into each petri dish as 15 ml
and kept for 30-60 min for solidification. For each
dose, 4 petri dishes were used and 4 petri dishes
without any fungicide were used as control. Samples
taken from the tips of the fungal isolates with a 0.5
cm fungal disc cork borer were planted one in the
centre of the petri dishes with and without fungicide
(Control) and left to incubate at 24°C [15].
Measurements were made from four directions
depending on the development and mycelial growth
was measured with the average of the wvalues
obtained. Based on the 21% day measurements, the
percentage effects according to doses were calculated
according to Abbott formula [16]. The experiment
was established according to the random plots
experimental design with 4 replicates.

In order to determine the effects of fungicides on
conidial germination, pure sterile water was added to
7-day-old Fusarium isolates, scraped with a spatula
and the spores were allowed to pass into the water.
The spore density was adjusted to 1x10° on Thoma
cell counting chamber. After the prepared PDA media
were cooled to 48 degrees in a water bath after
autoclaving, fungicides at the determined doses were
added to the media and homogenous mixing was
ensured. PDAs were poured into petri dishes in a
sterile cabinet and kept for 30-60 min for freezing.
For each dose, 4 petri and 4 petri were prepared as
control. Afterwards, 50 pl of the prepared spore
suspension was added to each petri and spread on the
surface with the help of a pipette. Circles with a
diameter of approximately 1,5 cm were drawn by
determining certain areas under the petri dishes. At
the end of incubation under the specified conditions,
100 spores were counted for each area to determine
the conidia germination rate (%). Measurements were
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made at the end of the 4" day. ECso values of each
fungicide were calculated by probit analyses.

The active ingredients and ratios, formulation
types, trade names and doses of the fungicides used
in the trials are given in Table 1.

Table 1. Trademarks, formulations and active
ingredient ratios of the chemicals used in the
study

Active Ingredients . Doses
and Ratios Formulation| Trademark (mel ")
Captan 20, 50, 150,
50% WP | CAPTAN | "540, 500
Azoxystrobin+Metalaxyl-
M+Fludioxanil FS | DYNASTY 1%’5%0’51)%0’
75+37,5+12,5 g/l ’
Fosforoz Asidi 20, 100, 200,
400 g/l SL AGRIFOS 400, 1000
Hymexazol 30, 100, 250,
360 g/l SC KORGAREN 500, 750
Metalaxyl-M+Mancozeb 10, 50, 100,
4%+64 WG RIDOZEB 250, 500
Prothioconazole+
Spiroxamine EC INPUT 30% é (? Oészg 0,
160 ¢/1+300 g/l ’
Propamocarb+Cymoxanil 10, 40, 100,
400+50 g SC PROXANIL 175, 350

DNA Isolation of Fusarium spp.

DNA isolation studies from the pure Fusarium
isolates were performed by modifying the method
developed by Peever et al. [17]. Accordingly, the
isolates were incubated in PDB medium on a shaker
at 75 rpm for 3-5 days. Developing fungal hyphae
were washed with sterile water and prepared for DNA
analyses, wrapped in foil and stored at -80°C.
Developing hyphae were crushed in a porcelain
mortar by adding liquid nitrogen. DNA isolation was
performed using the method modified from Peveer et
al. [17]. The crushed hyphae were treated with lysis
baffle and then vortexed for 3 min. The buffer
solution was then added 2 times with a 24:1 ratio of
chloroform:isoamyl alcohol and centrifuged at
10.000 rpm for 5 min at 4°C. After this process, the
supernatant was precipitated 2 times with cold 95%
ethanol (2 volumes) and centrifuged at 14000 rpm for
5 min at 4°C. The pellet was washed with 70%
ethanol and the DNA in eppendorfs was allowed to
dry for approximately 45 minutes to remove the
ethanol. Finally, the DNA was dissolved in 1xTE
(Appendix 4) and stored at -20°C until use in PCR
analyses. The concentrations of the DNAs obtained
as a result of DNA isolation were measured using a
Nanodrop device and necessary dilutions were made
for concentrations greater than 20 ng/ul.

PCR Protocols

The PCR protocol was modified according to
Zhang et al., [18]. For fungal DNA amplification, 1
ul DNA obtained from the fungus was added to 25 pl
reaction volume. The reaction mixture consisted of
10x PCR buffer, MgCl: (2 mM), dNTP (2 mM),
Primer F (0.4 mM), Primer R (0.4 mM), Taq DNA
Polymerase (1.0 U) and dH.O. FOF1 and FORI1
primers specific for F.oxysporum were used in the
study [19] (Table 2).

Table 2. Specific primers for Fusarium oxysporium
Primers Sequences (5'-3")

FOF1 5'-ACATACCACTTGTTGCCTCG-3'
FOR1 5'-CGCCAATCAATTTGAGGAACG- 3'
Firstly, PCR optimisation conditions were

determined for Fusarium spp. molecular studies [18].
Accordingly, DNA was denatured at 94°C for the first
1 min. Then 25 cycles were set at 58°C for 25 cycles
for primer binding and finally elongation was
achieved at 72°C.

DNAs were loaded on agarose gel electrophoresis
for visualisation of the bands. For the preparation of
the gel, 1.5-2.0% agarose gel was dissolved in 1XTAE
(Tris, Acetic acid, EDTA, given in Appendix 3)
solution. 25 pl of ethidium bromide (0.5 pg/ml) was
added to the agarose gel to visualise the DNA under
UV light. The solution was allowed to cool down to
55-60°C and poured into the gel tank. After gel
polymerisation, the combs were removed and the gel
was transferred to the electrophoresis tank containing
IxTAE buffer. The first well of the gel was loaded
with marker (1 kb or 50 bp DNA) and the other wells
were loaded with 25 pl PCR product mixed with 4 pl
loading buffer. Electrophoresis was performed in
1.5% agarose gel at 90 V/cm for 1.5 hours. Evaluation
was made according to band formation. The bands
formed in gel electrophoresis were visualised and
photographed in a computerised gel imaging system.

RESULTS

Morphological and Molecular Analysis of
Isolates

In the cultures of 50 diseased plant samples
collected from the fields, 38 isolates showing
characteristic Fusarium symptoms were obtained.
Colony morphology, sporodochia, polyphialidia,
macroconidia and microconidia structures of the
isolates were analyzed on PSA and SNA media. In
molecular studies, amplification was obtained from
PCR studies of 6 samples using FOF1 and FOR2
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primers (Figure 1). These samples were identified as
F.oxysporum by matching the sequence results in
NCBL

In the species identification based on morphology,
9 samples were macroscopically and microscopically
identified as F.solani (Figure 2). The other specimens
were identified as different Fusarium species.

8 9 10 11 12 13 14 15 16 17 18 Q
=

=

Figure 2. Morphology of K.2/5.1. isolate on SNA and
PSA, a) Colony morphology on PSA, b)
macroconidi, ¢) microconidi, d) sporodochia,
e) chlamidospore, f) monophialide

Efficacy Levels of Fungicides in Mycelial
Growth

Two isolates of F.oxysporum (63.111 and Fidan.1)
and an isolate of F.solani (K.2/5.1) were selected to
determine the efficacy of different fungicides on
Fusarium isolates in pistachio. It was observed that
different doses of fungicides had different effects on
the inhibition of mycelial growth of Fusarium isolates
and the results obtained are given in Figure 3
according to the fungicides.

Fungicide Dynasty™, the highest effect among
the isolates was seen in Fidan.1 isolate with 79.1% at
250 mgL™ dose. At the same dose, another
F.oxysporum isolate 63.111 showed a similar effect
with 76.2%, while F.solani isolate K.2/5.1 showed a
lower effect with 66.9% compared to the other
isolates. The highest effect was observed at 250
mgL™ in isolates 1 and K.2/5.1. The lowest effect in
all 3 isolates was observed at 10 mgL™! dose as 22%
in 63.111, 35.5% in K.2/5.1 and 48.2% in Fidan 1,
respectively. In 63.111, while the percentage effects
increased with increasing doses, the highest effect
was 78.7% at 500 mgL". In K.2/5.1 and in Fidan.1,
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the highest level of activity was found at 250 mgL™
and more than 500 mgL™".

It was observed that Captan™ provided similar
inhibition on Fusarium spp. at all doses. The highest
effect was 50.6% at 300 mgL" and the lowest effect
was 8.9% at 20 mgL ! dose. In K.2/5.1, the highest
effect was 62.8% at 500 mgL™" and in Fidan 1, the
highest effect was 55.8% at 150 and 300 mgL". The
lowest dose of 20 mgL ™' was not effective in both
isolates.

In the trial with Ridozeb™, the highest effect
value was observed at 250 mgL ™' dose in isolate
63.111 and approximate percentage values with 250
mgL ! were found at 100 mgL™", 250 mgL™" and 500
mgL™. The lowest value was recorded as 6.4% at 10
mglL-1 dose. In K.2 /5.1 isolate, the highest
percentage effect value was recorded at 100 mgL™
and it was observed that mycelial development was
completely stopped. In the same isolate, no effect was
observed at 10 mgL™'. In another F.oxysporum
isolate, Fidan.1, the highest effect was recorded at
500 mgL™" and mycelial growth was completely
stopped on this dose. In the same isolate, the lowest
effect was 31.3% at the lowest dose of 10 mgL ™.

In the trials with Agrifos™, the highest effect was
observed at the highest dose of 1000 mgL™ in all
three isolates. While the inhibition rate in isolate
63.111 was 18.3% at 1000 mgL™", the highest effect
in isolates K.2/5.1 and Fidan.1 was 25.2% and 33.3%,
respectively. No inhibition was observed in isolate
63.111 up to 400 mgL™'. While no effect was
observed in isolate K.2 /5.1 at a dose of 20 mgL ",
17.5% eftect was observed in isolate Fidan.1.

When Fusarium spp. isolates were examined in
Korgaren™ commercial preparation containing
Hymexazol active ingredient, similar levels of
inhibition were achieved in isolates numbered 63.111
and K.2/5.1 according to the increasing doses of
Korgaren™ commercial preparation. In the isolate
numbered Fidan.1, 55.4% inhibition was observed at
the lowest dose and 100% inhibition was achieved at
a dose of 500 mgL™". In 63.111, inhibition was not
achieved at the lowest dose, while in K.2/5.1,
inhibition rate at the lowest dose was 1.2%. In 63.111,
the highest effect was 83.33% at the highest dose of
750 mgL, while the highest effect was 77.4% at the
same dose in isolate no. K.2/5.1.

In the study conducted with Proxanil™ containing
Propamocorp+Cymoxonail active substance, no
activity was observed at any dose in isolates 63.111
and Fidan.1. In K.2/5.1, the highest effect was 55.0%
at a dose of 350 mgL !, while no effect was observed
at the lowest dose of 10 mgL " and 16.3% effect was
observed at a dose of 40 mgL ! (Figure 3).
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Figure 3. Inhibition of mycelial growth of Fusarium
isolates by different fungicides used in the
study

ECso Values

ECso (the dose that inhibits mycelial growth by
50%) values were calculated for 7 fungicides for
Fusarium isolates with the measurement results of the
fungicides whose percentage effects were calculated.
ECso values according to the evaluations in probit
analysis are given in Table 3.

Table 3. ECso values of the fungicides (p<0.05)

Fungucides

= = = s & =

g g g =
Isolates| & l:% 3 :§ 5 = =

Bl S5 5] F| 2

S|l &l 2| 2| B E| E

A o & < v/ &
63.111 | 147,72 | 261,45 | 384,87 |2758,86| 266,46 | NA* 3,67
K.2.5.1] 58,99 175,64 | 63,28 12069,06] 259,13 | 180,29 | 56,83
Fidan.1| 19,53 ] 203,5] 103,92 [4159,10] 250,12 | NA* 3,72

*Not applicable: It could not be calculated statistically since it has no
effect.

As given in Table 3, ECso values were calculated
for each isolate. The ECso value of the commercial
preparation named Dynasty™ was calculated as
147.22 ml for isolate 63.111, 58.66 ml for isolate
K.2/5.1 and 19.53 ml for isolate Fidan.1. In Captan™,
ECso value for isolate 63.111 was 261,45 g; ECso
value for isolate K.2/5.1 was 175,64 g; ECso value for
isolate Fidan.1 was 203,5 g. ECso values for Ridozeb
were 384.87 g for isolate 63.111; 63.28 g for isolate
K.2/5.1; 103.92 g for isolate Fidan.l. When it is
looked at ECso values for Agrifos™, it was calculated
as 2758.86 g for isolate 63.111; 2069.06 g for isolate
K.2/5.1; 4159.1 g for isolate Fidan.1. In Korgaren™,
ECso values were recorded as 266.46 ml for isolate
63.111; 259.13 ml for isolate K.2/5.1; 250.12 ml for
isolate Fidan.1. The efficacy level of Proxanil™ was
found to be low in the percentage calculations and
accordingly, ECso values could not be calculated for
isolates 63.111 and Fidan.1. ECso value for isolate
K.2 /5.1 was calculated as 180,29 ml. In Input™, the
ECso value for isolate 63.111 was 3.67 ml, for isolate
K.2/5.1 ECso value was 56.83 ml and for isolate
Fidan.1 the ECso value was 3.72 ml.

Efficacy of Fungicides on Spore Germination

Spore germination was evaluated according to 4"
day measurements. Observations were made in 4
different ocular fields of the microscope in each petri
dish and germinated and non-germinated spores were
counted in the ocular field since the spores were not
homogeneously distributed. It was observed that all
spores germinated even at the first measurements and
at the highest dose of Proxanil™, Korgaren™,
Agrifos™, Ridozeb™. When the effects of fungicides
named Input and Captan™ on spore germination
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were examined microscopically, it was observed that
there was no germination even at the lowest dose of
the preparations, while in the preparation named
Dynasty™, germinated and non-germinated spores in
the determined areas could be counted and calculated
as a percentage. Dynasty™ spore germination
percentage values for isolates are given in Table 4.

Table 4. Spore germination (%) ratio of isolates for
Dynasty™

Doses Means of Spore | Means of Spore | Means of Spore
(mgL ) Germination Germination Germination

& (K.2/5.1) (63.111) (Fidan.1)

10 0 0 0

50 0 0 0

100 0 0 96,52

250 93,35 98,50 100

500 100 100 100

DISCUSSION

Pistachio is an important strategic product for our
country. Tiirkiye, which is one of the oldest shelled
fruit species with high nutritional value and rich
substances in its composition, is one of the origin
regions of pistachio and ranks 3™ in the world in terms
of production [20]. Pistachio is becoming an
increasingly important product of increasing
importance for our country. In pistachio cultivation,
just like all other plants, plant protection problems
that restrict cultivation are encountered. Especially in
new plant gardens, plant diseases that occur during
the development of plants, including fungal diseases,
can cause serious problems. The increase in plant
diseases may be caused by some inaccuracies in
cultivation. The most extensive study on soilborne
pathogens in pistachio in our country was carried out
by Aydin et al. [7] and it was reported that the causal
species of the disease were mostly Fusarium spp.
species (Fusarium solani, F.oxysporum,
F.brachygibbosum and F.chlamydosporum).
Fusarium spp. have recently been reported in other
pistachio growing countries in the world [8].

Captan  50%  (Captan™),  Azoxystrobin+
Metalaxyl-M+Fludioxanil 75+37,5+12,5 g/l
(Dynasty™), Phosphorose Acid 400 g/1 (Agrifos™),
Hymexazol 8360 g/I) (Korgaren™), Metalaxyl-M
(4%)+Mancozeb (64%) (Ridozeb™),
Prothioconazole (160 g/1) + Spiroxamine (300 g/l)
(Input™), Propamocarb (400 g/l) + Cymoxanil (50
g/l) (Proxanil) were used for Fusarium oxysporum
(63. 111, Fidan.1) and F.solani (K.2 /5.1) isolates
obtained in the study.

In Azoxystrobint+Metalaxyl-M+Fludioxanil
(Dynasty™), the highest effect was observed in
F.oxysporum (Fidan.1) with a rate of 79,17% at the
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dose of 250 mgL ™' recommended by the company. A
similar effect was observed in another F.oxysporium
isolate (63.111), at 500 mgL-1 with a rate of 78.66%.
In F.solani (K.2/5.1), an effect of approximately 10%
less than F.oxysporum isolates was observed. In vitro
mycelial growth experiments carried out with the
preparation named Dynasty™, it can be said that the
effective dose is 250 mgL™" recommended by the
company. In the spore germination study, high
percentage inhibition was observed in all 3 isolates.
Gokalp et al. [21], in a study on Fusarium species on
grass seeds, similarly found the plant protection
product Dynasty™ to be 82.3% effective. In the
present this study, an interesting result emerged when
the ECso values of the preparation were analysed. In
F.oxysporum (Fidan.1), a low value of 19.53 ml was
encountered, but in another F.oxysporum (63.111),
the ECso value was 147.22 ml, which was
approximately 7 times higher. It is thought that this
may be due to the difference in age, location or
pathotype of the plants from which the two isolates
were isolated.

In Captan™, the highest mycelial inhibition in all
3 isolates was observed on 150 mgL™", which is half
of the dose recommended by the company. Among
the applied preparations, the highest inhibition effect
was observed in F.solani (K.2/5.1) with an average of
62.79%. Inhibition of mycelial growth remained
approximately the same at doses after 150 mgL .
F.oxysporum isolates were similar with Fidan.1
55,81% and 63.111, 51,79% for mycelial inhibition.
No spore germination was observed until the end of
the 21 day for all 3 preparations even at the lowest
dose. This shows that the effect of the preparation
with 50% diameter active ingredient on conidia
germination is 100%. When looking to ECso values,
approximate values are observed in both
F.oxysporum isolates. Zang et al. [22] also observed
that the preparation was effective for in vitro tests
against damping-off in vegetables and increased seed
germination by 52.1% and also increased field
emergence in maize plants. Yaman [23], in vitro
study on F.oxysporum, F.solanum, Rhizoctonia
solani AG+ causing root rot in kiwis, observed that
mycelial growth was completely inhibited with
Captan at 2% concentration of organic 21 salt.

The commercial preparation Ridozeb containing
Metalaxyl-M+Mancozeb showed different effects
between two Fusarium species. Starting from the dose
of 100 mgL™, which is a lower dose of the
recommended dose, 100% inhibition was achieved in
F.solani and mycelial growth was completely
inhibited. At 500 mgL™, which is the highest dose in
the experiment, 100% inhibition was again obtained
by Fidan.1, while 51.59% inhibition was observed in
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another F.oxysporum (63.111) at the recommended
dose (250 mgL ™). It is thought that the difference in
the effect between Fusarium species is related to the
age of the isolated plant and it is recommended that
this factor should be taken into consideration in the
trials of this preparation. In a study on the mycelial
development of F.oxysporum f.sp. dianthi, similarly,
Metalaxyl+Mancozeb was found to be 58.77%
effective [24]. In the spore germination trials of
fungicides, conidia were germinated in all isolates.
When evaluating ECso values of fungicides, a very
low value of 63.28 g was recorded for F.solani
isolate. When F.oxysporum isolates were compared
in terms of ECso value, it was calculated that the ECso
value of isolate 63.111 (384.87 g) was approximately
3 times higher than the ECso value of isolate Fidan.1
(103.92 g).

Lower inhibition was observed in all doses of
Agrifos™, a plant protection product with the active
ingredient Phosphorose acid, when comparing other
fungicides. The highest effect in all isolates was
observed at 1000 mgL ™", which is the highest dose
studied. Among all isolates, the highest effect was
observed in F.oxysporum (Fidan.1) with 33.33%,
while no inhibition was observed in another
F.oxysporum (63.111) in 1000 mgL " dose and very
low inhibition was observed at 1000 mgL™" dose with
18.25%. In F.solani (K.2/5.1), the highest mycelial
inhibition ratio was 25.23%. In spore germination
experiments, similar low effect results were obtained
with mycelial development and germination was
found to be 100% in all petri dishes. When the ECso
values for the preparation were analysed, 4159.1 g in
Fidan.1, 2758.86 g in and 2069 g in K.2/5.1
respectively. As a result, fungicide containing
phosphorose acid was found to be low in vitro effects
for F.solani and F.oxysporum species.

In Korgaren™, containing Hymexazol active
ingredient, the highest inhibition effect was observed
in Fidan.1 (F.oxysporum) isolate at 500 mgL-1 dose
recommended by the company and 100% inhibition
was observed at this dose. The effect increased with
increasing doses and at the highest dose of 750 mgL-
1, 63.111 (F.oxysporum) with 83.33% and K.2/5.1
(F.solani) 77.38%. The fungicide was found highly
effective in mycelial growth inhibition. In spore
germination experiments, 100% germination rate was
observed in all petri dishes and Korgaren was found
ineffective. ECso values were obtained parallel to
mycelial inhibition. The ECso values of the
preparations were calculated as 259,46 ml for 63.111
isolate, 259,13 ml for K.2/5.1 isolate and 250,12 ml
for Fidan.1 isolate, respectively.

Proxanil™ containing Propamocarb+Cymoxanil
did not provide inhibition against F.oxysporum

(63.111, Fidan.1) in in vitro mycelial growth, while it
showed approximately the same percentage effect
(51.16%) against F.solani isolate at 3 doses (100
mgL™, 175 mgL™, 350 mgL™) starting from 100
mgL™' dose. In spore germination trials, it was
observed that inhibition was not achieved in both
species. Considering the ECso values of the
preparation, ECso values could not be calculated for
F.oxysporum isolates due to the percentage effect
values and ECso value for F.solani isolate was
calculated as 180.29 ml.

In the in vitro study carried out with Input™
containing Prothioconazole+Spiroxamine, it was
observed that the highest inhibition was achieved on
F.oxysporum and F.solani from the lowest dose
experimented (5 mgL™"). Even at 20 mgL™", which is
one fifth of the dose recommended by the company,
it was observed that inhibition was obtained in all
F.oxysporum isolates. In F.solani, 100% inhibition
was achieved at 100 mgL™', which is the dose
recommended by the company. The same success
was recorded in spore germination trials and conidia
germination could not be observed in all isolates.
ECso values calculated based on the percentage effect
were quite low. 3.72 ml for Fidan.1 and 3,67 ml for
63.111 and 56.83 ml for K.2/5.1 were recorded.
Sanssene et al. [25] found that prothioconazole active
ingredient was effective at a good level between 60%
and 70% within 7 days in a study against Septoria in
wheat. Kiiclikkaya [26] found that Prothioconazole+
Tebuconazole (250 g/L+150 g/L) had a MIC
(minimum inhibitory concentration) value of 40
pg/ml and 95.78% efficacy with a MIC value of 40
ug/ml in a study on Fusarium oxysporum f.sp.
radicis-lycopersici, a soil-borne pathogen.

CONCLUSIONS

Fusarium pathogens are prominent among soil-
borne pathogens in pistachio. Since the disease causes
more problems in young plants and nurseries, it is
very important to produce healthy plants at the
nursery production stage. First of all, studies on
disease resistant individual breeding should be
prioritised. Since Fusarium wilt disease has become
widespread in our country in recent years, it is
obvious that this issue should be addressed in
breeding studies.

In this study, the in vitro effects of some selected
fungicides on the fungal isolates obtained were
investigated. Fungicides licensed against fungal
diseases on some other plants were used in the
determination of plant protection products.
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In conclusion, it is first studied for controlling of
Fusarium spp., which are becoming increasingly
common in young pistachio orchards. In vitro
experiments, Input™ containing Prothioconazole+
Spiroxamine inhibited mycelial growth and conidial
germination of F.oxysporium and F.solani isolates by
almost 100% and it is thought that it can be a very
effective preparation in vivo studies to control of the
disease. Although there were slight differecences of
Korgaren containing Hymexazol and Dynasty
containing Azoxystrobin+tMetalaxyl-M+Fludioxanil
on F.oxysporum isolates among experimented doses,
the efficacy level of inhibition of all isolates was
found to be quite higher. In the trials with Metalaxyl-
M+Mancozeb (Ridozeb™), the efficacy against
F.solani was found to be 90%, but the efficacy level
against F.oxysporum isolates remained around 76%.
The efficacy levels of Propamocarb+Cymoxanil
(Proxanil) and Phosphorose Acid (Agrifos) were very
low. The effective doses for each fungicide were
determined in the studies, which can guide further
studies and prevent excessive chemical usage.

In line with the data obtained as a result of the
researches, especially in vivo trials should be carried
out and the results should be shared and be
recommend to producers for Fusarium wilting
disease, which is a significant problem on pistachio.
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0z

Calisma, Orta Karadeniz Gegit Kusagi Bolgesi'nde yer alan Tokat ve Amasya illerinde yiiriitiilmiistiir. 2016-2021 yillart
arasinda Tokat ve Amasya illerine bagl ilgeler ve kdylere diizenlenen surveyler sonucunda tesadiifi 6rneklemelerle 66
adet yerel fasulye genotipi toplanmistir. Surveyler neticesinde toplanan yerel sebze genotiplerine 2018-2020 ve 2021
yillarinda tarla denemeleri kurularak iiretim yenileme, morfolojik ve fenolojik tanimlamalar yapilmistir. Ele alinan
materyallerde incelenen &zellikler yoniinden mevcut genotipler arasindaki varyasyonun ortaya konmasi ve birbirine yakin
ya da ¢ok farkli olan genotiplerin belirlenmesi amaciyla kiimeleme (cluster) analizi yapilmistir. Kiimeleme analizi
sonucunda ‘‘Gruplar arast benzerlik’’ yontemine gore dendrogram olusturulmus, fasulye genotiplerinin ele alinan 16
karakter yoniinden iki ana grup ve alt1 alt grupta kiimelendigi tespit edilmistir. B grubu en fazla genotipin kiimelendigi
grup olarak belirlenmistir. Analiz yapilan 6zellikler bakimindan birbirine en yakin genotipler 7 ve 15 no.lu genotipler, en
uzak genotipler ise 59 ve 62 no.lu genotipler olmustur. Yoresel olarak yetistiriciligi yapilan ve ¢ogu, ¢esit olarak tescil
edilmemis durumdaki bu genotiplerin 6zelliklerinin ortaya g¢ikarilmasi gelecekte yapilacak islah amagli ¢aligmalarda
biiylik 6nem tagimaktadir.

Anahtar Kelimeler: Fasulye, genetik kaynak, Tokat, Amasya, karakterizasyon
Morphological Characterization of Local Bean Genotypes Collected from Tokat and Amasya Provinces
ABSTRACT

The study was carried out in the provinces of Tokat and Amasya, which are located in the Central Black Sea Passage
Zone. As a result of the surveys organized in the towns and villages of Tokat and Amasya provinces between 2016-2021,
66 local bean genotypes were collected by random sampling. Production renewal, morphological and phenological
definitions were made by establishing field trials in 2018-2020 and 2021 on the local vegetable genotypes collected as a
result of the surveys. Cluster analysis was carried out in order to reveal the variation among the existing genotypes in
terms of the characteristics examined in the examined materials and to determine the genotypes that are close to each
other or very different. As a result of the cluster analysis, a dendrogram was created according to the "similarity between
groups" method. As a result of the cluster analysis, it was determined that the bean genotypes were clustered in two main
groups and six subgroups in terms of 16 characters. Group B was determined as the group in which the most genotypes
were clustered. Genotypes 7 and 15 were the closest to each other in terms of the analyzed characteristics, and genotypes
no. 59 and 62 were the most distant genotypes. It is of great importance for our vegetable growing to reveal the
characteristics of these genotypes, which are grown locally and most of them are not registered as varieties, in future
breeding studies.

Keywords: Bean, genetic resource, Tokat, Amasya, characterization

GIRIS sebze tiirlerinin 1slahinda kullanilabilecek genis bir

genetik varyasyon séz konusudur. Bu varyasyonun

Ulkemiz sebze tiirlerinde yiiksek oranda genetik  bazi durumlarda, yabani popiilasyonlara gore kiiltiirii
varyasyonlara ev sahipligi yapmaktadir. Anadolu’da, yapilan c¢esitlerde daha yiikksek olabilecegi
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bildirilmektedir. Leguminosae familyas1 tiirleri bu
duruma 1iyi bir 6rnek teskil etmektedir [1]. Bununla
alakali olarak, Leguminosae familyasina dahil olan
muhafaza altindaki tohumlarin (fasulye tohumlar1 da
dahil) degerlendirilmesi ve belgelenmesi
calismalarina, Tiirkiye gibi iilkelerde gereklilik
duyuldugu belirtilmektedir [2]. Bu familyanin nohut,
bezelye, bakla, boriilce gibi liyeleri arasinda 6zellikle
fasulye koy popiilasyonlarina, Anadolu’nun hemen
hemen her yerinde rastlamak miimkiindiir [1].
Fasulye (Phaseolus vulgaris L.); Leguminosae
veya Fabaceae (baklagiller) familyasi, Phaseolus
cinsi icerisinde yer almaktadir. Diinyada fasulyenin
230 civarinda tiiriiniin oldugu ve bunlarin 20 adedinin
insan  beslenmesinde  kullanildigr, en fazla
yetistiriciligi yapilan tiirlin ise P.vulgaris oldugu
bilinmektedir [3, 4]. Fasulye insan beslenmesinin
disinda hayvan beslenmesi, kozmetik sanayi ve boya
yapimi gibi alanlarda da kullanilmaktadir [5]. Diger
yandan ¢apa bitkisi olmasi, ekim ndbetine girmesi,
derin kok yapisi sayesinde alt tabakalardaki besin

elementlerini topragin {istline tasimasi, topragi
gevsetmesi, koklerinde Rhizobium bakterisinin
olusturdugu nodiiller sayesinde topraga azot

baglamasi yoniinden 6nemli bir baklagil bitkisidir
[6].

Yerel gesitleri koy popiilasyonu olarak tanimlanan
genotipler klasik iiretici yorelerinde bulunmaktadir.
Genetik ¢esitlilik i¢in bunlar ¢ok degerli kaynaklar
niteligindedir. Bu tiirlerin bulunduklar1 bolgeye ¢ok
iyi uyum saglamalari ve bulunduklar1 yorelerde
cevresel baski ve asirt kullanma, geleneksel kiiltiir
bitkilerin yerine ticari ¢esitlerin yer almasi gibi diger
baskilarla azalma hatta yok olma tehlikesi ile karsi
karsiya olmalar1 nedeniyle korunmalar1 gelecekte
bitkisel iiretimin devami ve bitkisel cesitliligin
sirdiriilebilirligi acisindan olduk¢a Onem arz
etmektedir [7].

Orta Karadeniz ile I¢ Anadolu gecit kusag
bolgesinde yer alan Tokat ve Amasya illeri sebze
genetik kaynaklar1 bakimindan zengin bir potansiyele
sahiptir. Ancak, son yillarda sebze yetistiriciliginin
ticari gesitlerle yapilmaya baglamasi, ireticinin elinde
bulunan yerel g¢esit ve tiplerin giin gectikge
azalmasina ve bunun sonucu olarak genetik
kaynaklarimizin kaybolma tehlikesi ile kars1 karstya
kalmasina neden olmustur.

Morfolojik karakterizasyon yapilarak genetik
kaynaklarin  tamimlanmas1  ve  smiflandirilmasi
genetik kaynaklarin ilk asamasidir [8]. Bu calisma ile
sebze genetik kaynaklart yoniinden Onemli bir
cesitlilige ve varyasyona sahip olan Tokat, Amasya
illerindeki yerel fasulye genotipleri toplanarak
karakterizasyonlar1 yapilmigtir. Karakterizasyonlari
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yapilmis bir 6rnek set, Ulusal Tohum Gen Bankasi’na
gonderilerek koruma altina alinmistir. Bu galisma ile
bolge kiiltiiriiniin ve geleneginin bir parcasi olan yerel
sebze genotiplerinin tespiti ve korunmasi i¢in en
onemli adim atilmustir.

MATERYAL VE METOT

Bu galigma, 2016-2021 yillar1 arasinda Karadeniz-
Ic Anadolu Gegit Bolgesi’nde yer alan Tokat ve
Amasya illeri-ilgeleri ve kdylerinde yiiriitiilmiistiir. i1
ve Ilce Tarim ve Orman Miidiirlikleri, ciftcilerle
yapilan goriismeler ile diizenlenen surveyler
sonucunda tesadiifi  Orneklemelerle genotipler
toplanmistir (Cizelge 1). Surveyler neticesinde
toplanan fasulye genotiplerine 2018, 2020 ve 2021
yillarinda tarla denemeleri kurularak iiretim yenileme
calismalari, morfolojik, fenolojik ve pomolojik
tanimlamalar yapilmistir.

Deneme alani toprak o&zelliklerini belirlemek
amaciyla denemenin kuruldugu yillarda deneme
kurulmadan o6nce 0-30 cm derinlikten toprak
ornekleri alinarak, Orta Karadeniz Gegit Kusagi
Tarimsal Arastirma Enstitii Midiirligii toprak analiz
laboratuvarinda analiz edilmistir. Toprak
analizlerinde biinye; [9], pH; [10] organik madde;
[11] yOntemlerine gore tespit edilmistir. Toprak
analizi sonuglarina gore toprak yapisi killi tinli yapida
cikmistir. Deneme alaninin pH’1n hafif alkali (7.73-
7.93) oldugu tespit edilmistir. Bu ¢alisma kapsaminda
genetik kaynaklarin korunmasina iligkin uluslararasi
alanda belirlenmis prensipler izlenmistir. Toplanan
fasulye genotipleri i¢in yapilan morfolojik dl¢iim ve
incelemeler Orta Karadeniz Gegit Kusagi Tarimsal
Aragtirma  Enstitiisii  Miidiirliigii laboratuvarinda
yapilmugtir.

Survey ve Materyal Toplama Calismalar:

Arastirma materyali olarak Orta Karadeniz Gegit
Bolgesinde iiretiminin yogun olarak yapildigi Tokat
ve Amasya illerinden toplanan Fasulye genotipleri
kullanilmistir. Genetik materyalin toplama islemi,
2016 yili Nisan ayinda baglamig ve 2021 yili Ocak
aymda tamamlanmustir. Belirtilen bu tarihlerde Tokat
ve Amasya Il Tarim ve Orman Miidiirliigi
personelleriyle yapilan istisare neticesinde segilen
ilce ve koylere surveyler diizenleyerek fasulye
tohumlart toplanmustir. Ornekleme tarla, bahge,
iretici ambari, yerel koy diikkanlari, pazarlar, aktarlar

ve tohumculardan yapilmustir. Toplama
caligmalarinda “Rastgele Ornekleme” yontemi
kullanilmigtir [12].
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Cizelge 1. Yerel sebze genotiplerinin toplandig il,
ilce ve koyler

Genotip No| Yoresel Adi Toplandig: 11, Tlge, Koy
F-1 Ayse Kadin Tokat-Turhal-Yenisu
F-2 Ayse Kadin Tokat-Turhal-Yenisu
F-3 40 Giinliik Fasulye Tokat-Turhal-Yenisu
F-4 Seker Fasulye Tokat-Zile-Kéyliiiriinii
F-5 Seker Fasulye Tokat-Zile-Kirlar
F-6 Seker Fasulye Tokat-Zile-Kirlar
F-7 Beyaz Fasulye Tokat-Zile-Yildiztepe
F-8 Arnaka Fasulye Tokat-Pazar-Ovacik
F-9 Kalkinma Sirik Tokat-Pazar-Ovacik
F-10 Beyaz Bahge Fasulyesi Tokat-Niksar-Tepeyatak
F-11 Kara Fasulye Tokat-Niksar-Tepeyatak
F-12 Yaniala Fasulye Tokat-Niksar-Tepeyatak
F-13 Yer Sirig1 Tokat-Merkez-Gozova
F-14 Yer Cil Fasulye Tokat-Merkez-Kiligh
F-15 Gegci Seker Fasulye Tokat-Pazar-Uziiméren
F-16 Sirik Cil Fasulye Tokat-Merkez-Kiligh
F-17 Erkenci Seker Fasulye Tokat-Pazar-Uziiméren
F-18 Tokat Sirig1 Tokat-Pazar-Uziiméren
F-19 Ayse Kadin Tokat-Pazar-Uziiméren
F-20 Boncuk Fasulye Tokat-Pazar-Uziiméren
F-21 Seker Fasulye Tokat-Pazar-Uziiméren
F-22 Cicikiz Tokat-Merkez-Gozova
F-23 Balkabagi Tokat-Turhal-Kizkayasi
F-24 Erkenci Fasulye Tokat-Pazar-Uziiméren
F-25 Boncuk Fasulye Tokat-Pazar-Uziiméren
F-26 Erkenci 40 Giinliik Fasulye Tokat-Merkez-Gozova
F-27 Alabogiir Tokat-Merkez-Musullu
F-28 Kizillik Fasulye Tokat-Merkez-Musullu
F-29 Fasulye Amasya-Tagsova
F-30 Fasulye Amasya-Tagova
F-31 Fasulye Amasya-Tagsova
F-32 Fasulye Amasya-Tagova
F-33 Fasulye Amasya-Tagsova
F-34 Oglakei-1 Tokat-Erbaa-Oglakei
F-35 Oglakei-2 Tokat-Erbaa-Oglakei
F-36 Oglake¢i-3 Tokat-Erbaa-Oglake1
F-37 Oglakci-4 Tokat-Erbaa-Oglakei
F-38 Oglakei-5 Tokat-Erbaa-Oglake1
F-39 Fasulye Tokat-Erbaa-Oglakei
F-40 Yer Fasulyesi Tokat-Turhal-Yenisu
F-41 Fasulye Tokat-Zile-Emiréren
F-42 Seker Fasulye Tokat-Pazar-Ovacik
F-43 Barbunya Fasulye Tokat-Pazar-Merkez
F-44 Barbunya Fasulye Tokat-Erbaa-Oglakei
F-45 Barbunya Fasulye Tokat-Zile-Merkez
F-46 Barbunya Fasulye Tokat-Zile-Merkez
F-47 Kazan Patlatan Fasulyesi Tokat-Almus Pazari
F-48 Sirik Sar1 Kabuk Fasulye Tokat-Almus-Goriimli
F-49 Sirik Sar1 Fasulye Tokat-Almus-Goriimlii
F-50 Yayla Koy Fasulyesi Tokat-Merkez-Camagzi
F-51 Ziraat Fasulyesi Tokat-Erbaa-Oglakei
F-52 Ala Fasulye Tokat-Erbaa-Oglake1
F-53 Bildirein Yumurtast Tokat-Erbaa-Oglakei
F-54 Oglake¢i-6 Tokat-Erbaa-Oglake1
F-55 Oglake¢i-7 Tokat-Erbaa-Oglake1
F-56 Oglake1-8 Tokat-Erbaa-Oglake1
F-57 Tesbih Fasulye Amasya-Tagova-Karlik
F-58 Alibey Fasulyesi Amasya-Tagova-Tekpinar
F-59 Kir Fasulyesi Amasya-Tagova-Kirkharman
F-60 Dazli Fasulyesi Amasya-Tagova-Karlik
F-61 Koy Fasulyesi Tokat-Niksar Tepeyatak
F-62 Fasulye Tokat-Almus Pazari
F-63 Seker Fasulye Tokat-Merkez-Dolliik
F-64 Fasulye Tokat-Zile-Emirdren
F-65 Fasulye Tokat-Turhal-Yenisu
F-66 Fasulye Tokat-Pazar-Ballica

Toplanan orneklere ait her tiirli bilgiler standart
“Bitki Toplama Formu” na islenmistir. Diizenlenen
surveyler sonucunda toplam 66 adet fasulye genotipi
toplanmustir (Cizelge 1).

Genetik Materyalin  Uretim  Yenileme ve
Karakterizasyon Calismalar:

2016-2017 yillarinda Tokat ve Amasya illerine
diizenlenen surveyler sonucunda toplanan 29 adet
fasulye genotipinden tohumu yeterli olmayanlarin
cogaltilmasi icin 2018 yil1 liretim sezonunda deneme
plan1 hazirlanarak enstitii arazisinde 17/05/2018
tarihinde tohum ekimleri gergeklestirilmig, 2020
yilinda ise 29/05/2020 tarihinde enstitii arazisinde 22
adet fasulye genotipinin {iretim yenileme ¢alismalari
icin tohum ekimleri gergeklestirilmistir. Yine 2021
yilinda 15 adet fasulye tohumunun 26/05/2021
tarihinde deneme plant hazirlanarak enstitii
arazisinde tohum ekimleri yapilmistir. Deneme 2
tekerriirlii olarak her parselde 10 bitki olacak sekilde
kurulmustur. Toprak analizi sonucuna gore,
Potasyum yeterli oldugu i¢in, Fosfor ve Azot
giibrelemesi yapilmistir (Cizelge 2). Fosforun (TSP)
tamami, dekara 17 kg hesabiyla arazi hazirlig1 6ncesi
atilmistir. Dekara 31 kg hesabiyla Amonyum Siilfat
(%21 N) formundaki azot giibresinin ilk yarist tohum
ekiminden 10-15 giin sonra ocaklarin etrafina veya
sira aralarina serpilip ¢apa ile ocaga karistirtlmistir.
Azotlu giibrenin ikinci yaris1 ise ¢igekten sonra
meyveler goriindiigii an ocaklarin etrafina veya sira
aralarma  verilip sulama yapilmistir. Tohum
ekiminden hasada kadar olan siiregte tiim Kkiiltiirel
islemlere diizenli olarak devam edilmis, gerektiginde
hastalik ve zararlilara karsi periyodik olarak
ilaclamalar yapilmustir.

Cizelge 2. Denemenin kuruldugu yillara ait toprak
Ozellikleri (2018-2020 ve 2021 yillari)

Verimlilik Fiziksel Biinye

= E| 9

— ~ 4 ~_~
~ —_ o | X g Q ~ =

N IS RS SIEYH sl 2|88«
Slogl Szl Tlgel €| 2 S| =%
sSmS N[ a| o |l 8 3 g — = | =
= g 2 E|58 =| 8 51| F |9
iz E = v s = N

g

2018[61/0.46(0.02]7.87{8.90| 1.28(2.85]|75.40 |21.49]|40.09(38.42| CL
2020[63|0.66 [0.03|7.73[12.40 1.48 | 1.48| 64.32 |28.82|29.57|41.62|CL
2021{67]0.65[0.03]7.93[10.71| 1.08 | 1.08]116.33|25.05]|39.28|35.67| CL

Ekimi  gergeklestirilen  tim  genotiplerin
karakterizasyonu IPGRI’nin yaymlamis oldugu
tanimlama listesi ve bulunan tiirlere ait UPOV ozellik

belgesinden yararlanilarak belirlenmigtir.  Tiim
genotipler,  morfolojik  fenotipik  6zellikler
bakimindan incelenmis ve elde edilen veriler
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kiimeleme analizi ile degerlendirilmistir. Parametrik
ozellikler cetvel, dijital kumpas, hassas terazi ve el
refraktometresi yardimi ile Olgiilmiis, parametrik
olmayan Ozellikler ise gorsel olarak belirlenmistir.
Fasulye genotiplerinde 16 6zellik incelenmistir.
Kullanilan tiim morfolojik ve fenolojik o6zellikler
asagida liste halinde verilmistir (Cizelge 3).

Cizelge 3. Taze fasulye genotiplerinde incelenen

morfolojik 6zellikler
Ozellikler
Biiyiime Tipi
Bitki Goriiniimii
Yaprak Rengi

Yaprak Burugukluk Durumu

U¢ Yapragm Sekli

Bayrak Cicek Rengi

Kanatgiklarin Rengi

Baklada Gevreklik

Baklada Kilgiklilik

Baklada Beneklilik

Bakla Boyu
Bakla Eni
Bakla Sekli

Yesil Bakla Agirhigi G

Baklada Piiriizliiliik 1 2

Baklanin Ug Sekli 1 2
Biiytime Tipi: Bodur:1 Yart Sirik:2 Sirik:3, Bitki Gortintimii: Toplu:l
Orta:2 Daginik:3, Yaprak Rengi: Cok Agik Yesil:1 Agik Yesil:2 Orta
Yesil:3 Koyu Yesil:4 Yesil:5, Yaprak Burusuklugu: Zayif:1 Orta:2
Fazla:3, Ug Yapragin Sekli: Kisa:1 Orta:2 Uzun:3 Bayrak Cigcek Rengi:
Beyaz:1 Pembe:2 Mor:3 Kirmizi:4, Kanatgik Rengi: Beyaz:1 Pembe:2
Mor:3 Kirmizi:4, Baklada Gevreklik: Yok:0 Var:1, Baklada Gevreklik:
Yok:0 Var:1, Baklada Beneklilik: Yok:0 Var:1,Bakla Boyu: 10.50:1
10.51-13.49:2 13.50-16.49:3 16.50-19.49:4 19.50:5, Bakla Eni: 10.50:1
10.51-12.99:2 13.00-15.49:3 15.50-17.99:4 18.00:5, Bakla Sekli: Diiz:1
Orta:2 Kivrik:3, Baklada Piriizlilik: Piriizli:1 Az Pirizli:2 Diiz:3,
Baklanin Ug Sekli: Sivri:1 Kiit:2.

Karakter Degerleri
2

W[ | [W W [wW W
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BULGULAR VE TARTISMA

Arastirma taze fasulye gen kaynaklar1 bakimindan
Tokat ve Amasya illerinde taze ve olgunlagsmamig
bakla olarak tiiketilen, iireticilerin ellerinde neredeyse
kaybolmaya yiiz tutmus fasulye genetik
kaynaklarinin toplanmasi, muhafazasinin saglanmast
ve Ozelliklerinin tespiti amaci ile yapilmistir.
Genotiplere ait karakterizasyonlar1 yapilmis bir 6rnek
set, Ulusal Tohum Gen Bankasi’na gonderilerek
koruma altina almmistir. Fasulye genotiplerinin
karakterizasyon c¢aligmalari, IPGRI’nin fasulye i¢in
yayinlamig oldugu tanimlama listesi ve bu tiire ait
UPOV ozellik belgesinden yararlanilarak yapilmistir.
Caligmada 66 fasulye genotipinin fenotipik
karakterizasyonunda, bitki goriiniimii, biiylime tipi,
yaprak rengi, yaprakta burusukluk durumu, bakla ug
sekli, bayrak ¢igek rengi, kanat¢iklarin rengi, baklada
gevreklik, baklada kilgiklilik ve baklada beneklilik,
bakla boyu ve bakla eni, baklada tohumun belirginlik
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durumu, baklada piiriizliiliik, baklanin ug sekli, yesil
bakla agirhigr gibi bitki ve bakla &zellikleri
incelenmistir (Cizelge 4).

Bitkilerin biiylime tipleri 51 genotipte sirik, 9
genotipte bodur, 6 genotipte yar1 sirik olarak tespit
edilmistir. Bitki goriiniimleri ise 17 genotipin toplu,
39 genotipin orta, 10 genotipin dagmik goriiniimde
degerlendirilmistir. Fasulyelerin bayrak ¢igek rengi
incelendiginde 43 adedi beyaz, 8 adedi pembe, 15
adedi mor c¢igekli olarak gozlemlenmistir. Kanatgik
rengi 57 fasulye genotipinde beyaz, 9 genotipte ise
mor olarak belirlenmistir. Fasulye bitkilerinin yaprak
rengi ise 5 genotipte ¢ok acik yesil, 32 genotipte acik
yesil,12 genotipte orta yesil, 7 genotipte koyu yesil,
10 genotipte yesil olarak tespit edilmistir. Yine
yapraklarin burusukluk durumu incelendiginde 40
genotip zayif, 25 genotip orta burusuk, 1 genotip ise
fazla burusuk bulunmustur. Incelenen fasulye
genotiplerinde ug¢ yapragin sekli 3 genotipte kisa, 42
genotipte orta, 21 genotipte uzun olmustur. Toplamig
oldugumuz fasulye genotiplerinin bakla boyu 10.50-
19.50 cm arasinda degismistir. Genotiplerin 6
adedinde (5, 10, 12, 13, 26, 29 no.lu genotipler) bakla
boyu 19,50 cm ve tizeri olarak dlgililmiis, 9 adedinde
ise (35, 36, 37, 39, 42, 44, 46,54, 61 no.lu genotipler)
10,50 cm olarak gozlemler alinmistir. Bakla eni
degerleri 1,05 cm [37] ile 2,58 cm [3] arasinda
degisim gostermistir. Bakla sekli 38 genotipte diiz,
17’sinde orta, 11 adedinde ise kivrik sekilli olmustur
[24]. Bakla kivrilma diizeylerini “Yok”, “Az”,
“Orta”, “Fazla” ve “Cok Fazla” olarak
gruplandirmistir. Gruplarda en fazla “Yok”, “Az” ve
“Orta” kivrilma belirledigini bildirmistir. Yesil bakla
agirligi en diisiik 66,36 gram iken en yiiksek 149,52
gram olarak Olgilmiistiir. Baklada kilgiklilik 50
genotipte az olarak tespit edilirken, 9 genotipte orta,
7 genotipte ¢ok kil¢ikli olarak tespit edilmistir. Bakla
uc sekli 32 genotipte kiit uglu olurken 34 genotipin
bakla ucu sivri olarak tespit edilmistir. Bakla
dokusunun piiriizliiliigli yoniinden 3 genotip piiriizli,
14 genotip az piiriizlii, 49 genotip diiz olarak tespit
edilmistir Baklada beneklilik %77’sinde yok iken,
%23 oraninda benekli olarak belirlenmistir (Cizelge
4).

Ele alinan materyallerde incelenen &zellikler
yoniinden mevcut genotipler arasindaki fenotipik
varyasyonun ortaya konmasi ve birbirine yakin ya da
cok farkli olan genotiplerin belirlenmesi amaciyla
kiimeleme (cluster) analizi yapilmistir. Kiimeleme
analizi sonucunda ‘‘Gruplar arasi benzerlik’’
yontemine gore olusturulan dendrogram Sekil 1°de
yer almaktadir.
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Cizelge 4. Fasulye genotiplerinde incelenen dzelliklere ait degerler

G@no Biyiime|  Bitki B?yrakKanatclkYaprak Yaprak UQH Bakla|Bakla| Baklada |Bakla Yesil Kilgik Baklanin) B?k.!ad.? Bakladg
tp tipi  |gOriinimii glqek rengi | rengi burusukluk yapragin boyu | eni |gevreklik| sekli bakla varlif1 ue pilriizli benpkh
no rengi durumu sekli agirligl sekli Lk lik
F-1 3 2 3 3 4 1 3 4 1,66 1 1 ] 120,56 1 2 3 0
F-2 1 2 2 1 4 1 3 2 1,70 1 1 95,07 1 2 3 0
F-3 3 2 1 1 4 2 2 4 12,58 0 1 ] 132,05 1 2 3 0
F-4 1 2 1 1 4 1 2 2 | 144 0 1 | 111,01 2 2 3 0
F-5 3 2 2 1 2 1 3 5 12,26 1 1 |15035 1 2 3 0
F-6 3 2 1 1 2 1 3 4 12,17 1 1 | 13552 2 2 3 0
F-7 3 2 1 1 5 1 2 4 11,95 1 1 | 143,67 1 2 3 0
F-8 3 2 1 1 1 2 2 3 (1,38 0 1 149,52 | 2 2 3 1
F-9 1 2 1 1 2 2 2 3 1,21 1 3 [ 11295] 2 2 3 1
F-10 3 2 1 1 5 1 1 5 1,25 1 1 | 131,53 2 2 3 1
F-11 1 2 3 3 2 1 2 3 [ 1,18 1 1 116,8 1 2 3 0
F-12 3 2 1 1 1 2 2 5 1,58 1 1 13595 1 2 3 0
F-13 3 2 1 1 5 3 2 5 [1,85 0 1 | 125,82 1 2 3 0
F-14 3 2 1 1 2 1 2 4 141 0 1 | 138,65 1 2 3 0
F-15 3 2 1 1 5 1 2 4 1232 1 1 ]123,48 1 2 3 0
F-16 3 2 1 1 5 1 3 4 [191 1 1 143,16 1 2 3 0
F-17 1 2 3 1 2 1 3 2 1,64 1 1 115,89 1 2 3 1
F-18 3 2 2 1 5 1 2 4 1,27 1 3 | 13645 1 2 3 1
F-19 3 2 2 1 5 1 2 4 1,22 1 3 [ 125,82 1 2 3 0
F-20 3 2 1 1 5 1 2 4 1,38 0 3 | 138,67 2 2 3 0
F-21 3 2 2 1 5 1 1 4 12,55 0 1 144,25 1 2 3 0
F-22 3 2 2 1 2 2 3 4 [191 1 1 130,95 1 2 3 0
F-23 3 2 1 1 2 2 3 4 1,25 1 1 | 140,63 1 2 3 0
F-24 3 2 1 1 1 2 2 4 11,83 1 3 136,55 1 2 3 0
F-25 3 2 1 1 1 2 2 3 1,35 1 3 | 125,60 1 2 3 0
F-26 3 2 1 1 1 2 2 5 1,94 1 1 145,30 1 2 3 0
F-27 3 2 3 3 4 1 3 4 |1,65 1 1 | 133,15 1 2 3 0
F-28 3 2 1 1 4 2 2 4 1,81 1 3 | 138,64 1 2 3 0
F-29 3 2 3 1 5 1 2 5 1,78 1 3 [ 142,52 1 2 3 1
F-30 1 1 3 1 3 1 3 2 | 148 1 2 |110,36 1 1 3 0
F-31 3 1 3 1 3 1 2 2 1,24 1 2 99,51 1 1 2 0
F-32 1 1 1 1 3 1 2 2 | 1,28 1 1 99,95 1 1 3 0
F-33 3 2 3 1 2 1 2 3 1,38 1 2 | 108,11 1 1 2 0
F-34 1 1 1 1 3 1 2 2 1,26 1 1 81,95 3 1 3 0
F-35 3 1 1 1 2 1 3 1 1,40 0 1 81,70 2 1 3 1
F-36 1 1 1 1 2 2 2 1 1,23 1 2 80,05 3 1 3 0
F-37 3 1 1 1 2 1 2 1 1,05 1 1 66,36 3 1 3 0
F-38 3 1 1 1 2 1 2 2 1,32 1 2 86,62 1 1 2 0
F-39 3 1 1 1 2 2 3 1 [1,13 1 1 68,57 1 1 3 0
F-40 2 1 1 1 3 2 2 2 1,38 1 2 98,38 1 1 3 0
F-41 3 1 1 1 2 1 2 2 | 144 1 1 99,44 1 1 3 0
F-42 3 1 1 1 2 1 2 1 1,34 1 2 | 105,76 1 1 3 0
F-43 3 1 1 1 2 1 2 2 1,78 1 2 [ 121,04 2 1 3 0
F-44 3 1 1 1 2 1 1 1 1,62 1 2 90,04 3 1 3 0
F-45 3 2 3 1 3 1 2 2 1,49 1 1 123,06 | 2 1 3 0
F-46 2 1 1 1 2 1 2 1 | 147 1 1 103,94 1 1 3 0
F-47 3 3 2 1 2 1 3 2 | 1,13 0 1 75,92 1 1 3 0
F-48 3 3 1 1 2 2 3 2 11,37 1 1 94,51 1 1 3 0
F-49 2 2 1 1 2 1 2 2 1,39 1 1 88,20 1 1 3 0
F-50 2 1 2 1 2 1 2 2 1,27 1 1 151,10 1 1 3 0
F-51 2 3 1 1 2 1 2 3 1,60 1 1 133,02 1 1 3 0
F-52 3 2 3 3 2 2 2 2 | 141 0 2 93,87 1 1 2 1
F-53 3 3 3 3 3 2 3 3 11,63 0 3 [ 112,59 1 2 2 1
F-54 2 1 3 3 3 2 3 1 1,28 1 2 87,22 1 2 2 1
F-55 3 2 3 3 3 2 2 2 1,36 1 2 | 15386 3 2 1 1
F-56 3 2 3 3 3 2 3 3 1,80 0 1 ]108,56 1 1 2 0
F-57 3 2 1 1 2 2 3 3 1,57 0 3 90,96 1 1 2 0
F-58 3 3 3 3 4 1 2 2 149 0 2 93,57 1 1 2 0
F-59 3 2 1 1 2 1 3 2 | 1,53 1 2 13941 3 2 1 1
F-60 3 3 1 1 2 2 3 2 11,43 1 1 108,26 1 1 2 0
F-61 3 3 1 1 3 1 3 1 [1,36 1 2 103,30 1 1 2 0
F-62 3 2 1 1 3 1 2 2 1141 0 3 110,84 1 1 1 1
F-63 3 2 1 1 2 2 2 3 1,62 0 2 102,80 1 1 2 1
F-64 3 3 1 1 2 2 2 2 | 1,52 0 1 79,84 1 1 2 0
F-65 3 3 1 1 2 2 2 2 11,43 0 1 136,53 1 2 2 1
F-66 3 3 1 1 2 2 2 2 148 0 2 136,31 3 1 3 0
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Biiytime Tipi: Bodur:1 Yari Sirik:2 Sirik:3, Bitki Goriintimii:Toplu:1 Orta:2 Daginik:3 Bayrak Cicek Rengi: Beyaz:1 Pembe:2 Mor:3 Kirmizi:4,
Kanatcik Rengi: Beyaz:1 Pembe:2 Mor:3 Kirmizi:4, Yaprak Rengi: Cok Acik Yesil:1 Acik Yesil:2 Orta Yesil:3 Koyu Yesil:4 Yesil:5, Yaprak
Burusuklugu: Zayif:1 Orta:2 Fazla:3, Ug Yapragin Sekli: Kisa:1 Orta:2 Uzun:3, Bakla Boyu: 10.50:1 10.51-13.49:2 13.50-16.49:3 16.50-19.49:4
19.50:5, Bakla Eni: 10.50:1 10.51-12.99:2 13.00-15.49:3 15.50-17.99:4 18.00:5, Baklada Gevreklik: Yok:0 Var:1, Bakla Sekli: Diiz:1 Orta:2 Kivrik:3,
Kiletk Varligi: Yok:0 Az:1 Orta:2 Cok:3, Baklanin Ug Sekli: Sivri:1 Kiit:2, Baklada Piiriizliiliik: Piiriizlii:1 Az Piiriizlii:2 Diiz:3, Baklada Beneklilik:

Yok:0 Var:1
Analiz  sonucunda olusan  dendrogramda
genotipler 2 grup ve 6 alt grup igerisinde

kiimelenmistir (Sekil 1). B grubu en fazla genotipin
kiimelendigi grup olarak belirlenmistir (Cizelge 5).
Analiz yapilan Ozellikler bakimindan birbirine en
yakin genotipler 7 ve 15 no.lu genotipler, en uzak
genotipler ise 59 ve 62 no.lu genotipler olmustur
(Sekil 1). incelenen fasulye genotiplerinde bakla
boyu 10,50-19,50 cm arasinda degismistir.
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Sekil 1. Fasulye genotiplerinde cluster (kﬁméleme)
analizi sonucunda elde edilen gruplar arasi
benzerlik dendrogrami

Grup A

Alt Grup 1: Bu grupta 12 genotip yer almistir.
Bitki goriinlimii orta, bakla sekli diiz, baklalarinin ug
122

sekli kiit, bakla piirtizliliigii diiz, baklada beneklilik
yoktur.

Alt Grup 2: Bu alt grupta 8 genotip mevcuttur.
Bitki goriiniimii orta, bayrak cicek rengi beyaz,
kanatcik rengi beyaz, yaprak burusuklugu orta, ug
yapragin sekli orta, baklalariin ug sekli kiit, bakla
puriizliligi diiz, baklada beneklilik yoktur.

Alt Grup 3: Bu alt grupta 9 genotip mevcuttur.
Bitki biiylime tipi sirik, Bitki goriiniimii orta, bayrak
cicek rengi beyaz, kanatcik rengi beyaz, yaprak rengi
cok koyu yesil, bakla boyu 16.50-19.49 mm arasinda,
baklalarinin ug sekli kiit, bakla piiriizliiliigi diizdiir.

Grup B

Alt Grup 1: B gurubunun ilk alt grubunu 10
genotip temsil etmistir. Baklalar1 gevrektir, bakla ug
sekli kiit, baklada piiriizliiliik diiz, baklada beneklilik
yoktur.

Alt Grup 2: Tiim alt gruplar igerisinde en fazla bu
grupta 15 genotip oldugu belirlenmistir. Biiyiime tipi
sirik, bayrak ¢icek rengi beyaz, kanatgik rengi beyaz,
yapraklarinin rengi agik yesil, baklalarinin ug sekli
sivridir.

Alt Grup 3: 12 popillasyon mevcuttur. Bitki
bliylime tipi sirik, bayrak cicek rengi (beyaz-mor),
kanatcik rengi (beyaz-mor), yaprak rengi (agik yesil-
orta yesildir).

Cizelge 5. Kiimeleme analizi sonucunda elde edilen
grup ve alt gruplar

Alt Toplam
Gruplar| Genotipler genotip
gruplar

sayisi
1 1,27,2,4,11,17,5,6,22,23, 14,21 12
A 2 3,28,12,26,24,25,8,9 8
3 7,15, 16, 13,20, 10, 18, 19, 29 9
1 30, 31, 40, 32, 34, 45, 46, 50, 51, 49 10
B 5 35,47, 39, 48, 60, 64, 65, 66, 36,44, 37, 41, 15

42,38,43

3 33,52,63,57,59, 62, 58,61, 53, 56, 54, 55 12
Toplam| 6 66

Ulkemizde farkli arastirmacilar tarafindan taze
fasulyede bakla ozellikleri agisindan ¢esitlere ait
morfolojik tanimlama ¢aligmalar1 yapilmis ve mevcut
morfolojik varyasyonlar ile dagilislar1 ayrintili olarak
ortaya konulmustur [13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23].

Ergiin [24]’lin 2005 yilinda Samsun ilinde yaptig1
aragtirmada yoredeki barbunya fasulye gen
kaynaklar1  toplanmis, bunlarin fenolojik ve
morfolojik 6zellikleri incelenerek karakterizasyonlari
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yapilmigtir. Barbunya fasulye gen kaynaklarindaki
morfolojik farkliliklarin belirlenmesi amaciyla her bir
genotip 25 oOzellik yoniinden incelenmis ve 13
kantitatif ve 12 kalitatif 6zellik esas alinarak yapilan
Kiimeleme analizi sonucunda genotipleri 6 grup
olarak kiimelemistir. Morfolojik varyabilitenin
barbunya fasulye genotipleri arasinda oldukga yiiksek
oldugunu belirtmistir. Caligmada bakla kivrilma
diizeylerini “Yok”, “Az”, “Orta”, “Fazla” ve “Cok
Fazla” olarak gruplandirmistir. Gruplarda en fazla
“Yok”, “Az” ve “Orta” kivrilma diizeyleri
belirlendigini rapor etmistir. Bakla gruplarinda
ptriizlilik ile ilgili yapmis oldugu nonparametrik
degerlendirmesinde ¢ogunlukla “Yok” ve “Var”
sonuglarini elde etmistir.

Madakbas vd. [25], bakla u¢ sekli yoOniinden
yaptiklari incelemede Sarisu g¢esidinde kiit ug, diger
cesitlerde ise sivri ug sekli tespit etmislerdir. Lazaro
vd. (2013), Ispanya’dan topladiklar1 67 fasulye ¢esidi
tizerinde yaptiklari ¢aligmada bakla ug, seklinin sivri
ve kiit oldugu ve bakla seklinin diiz, egri ve ¢ift egri
seklinde olduklarin1 gdzlemlemislerdir. 12 genotip
arasinda yapilan istatistiki analiz sonucunda baklada
puriizliliik ortalamasi gruplar arasi fark ¢ok dnemli
bulunmustur.

Carsamba Ovasmin ve Ladik ilgesinde 100
kdyden 45 mahalli isimle anilan 155 bodur taze
fasulye popiilasyonu toplanarak yapilan c¢alismada
Ayse kadin 6zelliklerinde olan 11 bodur taze fasulye
genotipinin UPOV kriterlerine gore bitkisel ve bakla
ozellikleri, erkencilik, kalite, verimlilik 6zelliklerine
bakilarak 1slah caligmalarinda kullanilmasi uygun
bulundugu bildirilmistir [26].

Dumlu [27], Kuzey Dogu Anadolu Bolgesi’nden
toplanan 23 fasulye genotipinin fenolojik ve
morfolojik karakterizasyonunu belirlemek amaciyla,
2008 yilinda Erzurum tarla sartlarinda bir aragtirma
yilirlitmiistir. Bu amagla, Kuzey Dogu Anadolu
Bolgesi’nde yer alan illerde fasulye tariminin
yapildigi alanlarda bulunan segilmis koyler ziyaret
edilerek kuru fasulye popiilasyonlarimi toplamistir.
Toplanan fasulye genotiplerini 32 fenolojik ve
morfolojik 6zellik bakimmdan karakterize etmistir.
Ekimden sonra hava sicakliginin diisiik olmasi,
sulamanin ardindan asir1 yagislarin goriilmesi verimi
olumsuz etkilemistir.  Arastirmada  kullanilan
genotipler arasmmda 303 ve 257 no.lu genotipler
yiiksek verim, kalite ve erkencilik yoniinden timitvar
bulunmustur. Ozellikle, tohum verimi agisindan 257,

102, 254 ve 244 no.Ju genotipler {limitvar
bulunmustur.
Yeken [28] tarafindan yapilan c¢alismada,

Tiirkiye’nin 13 farkli ilinden (Bingol, Bitlis, Tokat,
Samsun, Elazig, Hakkari, Van, Malatya, Mus, Sivas,

Tunceli, Nigde ve Bolu) toplanmis 236 adet yerel
fasulye (Phaseolus vulgaris L.) genotipi ile
Tiirkiye’de ticari olarak yetistirilen 4 adet fasulye
cesidinden (Onceler-98, Goyniik-98, Karacasehir-90,
Goksun) olusan, toplam 240 adet yerel fasulye
genotip ve c¢esit materyal olarak kullanmigtir.
Arastirma sonucunda genotiplerin ¢igeklenme giin
sayist 45-70 giin, bakla baglama giin sayist 53-74
giin, olgunlasma siiresi 90-159 giin, bitkide dal sayis1
2-12 adet/bitki, bitkide bakla sayis1 67-73 adet/bitki,
bakla uzunlugu 7.5-23.9 cm, bitki boyu 25.25-390
cm, biyolojik verim 16.67-538 g/bitki, baklada tane
sayis1 2.10-13.38 adet/bakla, bitkide tohum sayis1 13-
377 adet/bitki, tohum boyu 7.96-21.36 mm, tohum
eni 5.06-14.63 mm, bitki basina tane verimi 3.47-
215.27 g/bitki, 1000 tane agirlign 105-1583 g
degerleri arasinda oldugunu saptamaistir.

SONUC

Tiirkiye’de, sebze yetistiriciligi farkli habitatlarda
yapilmaktadir.  Yetistiricilikte  buralara uyum
saglanmasi sayesinde cesitlilik devam etmis, degisik
yoresel sebze genotiplerine sahip bir iilke konumuna
ulasmistir. Yoresel olarak yetistiriciligi yapilan ve
cogu, cesit olarak tescil edilmemis durumdaki bu
genotiplerin Ozelliklerinin ortaya ¢ikarilarak islah
amagcl caligmalarda kullanimina yonelik
arastirmalarin yapilmasi 6nem tagimaktadir.

Tokat ve Amasya Illerinin yer aldigi Orta
Karadeniz Gegit Kusagi Bolgesi, sebze genetik
kaynaklar1 bakimindan olduk¢a zengindir. Sonug
raporunu kapsayan, 2016-2021 yillarinda enstitiimiiz
biinyesinde yiiriitiilen “Orta Karadeniz Geg¢it Kusagi
Sebze Genetik Kaynaklar1 Arastirmalar1” projesi
kapsaminda Tokat ve Amasya illerine gidilerek 66
fasulye genotipi toplanmistir. Toplanan materyallere
2018, 2020 ve 2021 yillarinda iiretim yenileme ve
morfolojik tanimlamalar yapilarak her bir fasulye
genotipe ait érnek set, Ulusal Tohum Gen Bankasi’na
gonderilerek koruma altina alinmustir.

Bu caligsma ile bolge kiiltiiriiniin ve geleneginin bir
parcasi olan yerel sebze genotiplerinin tespiti ve
korunmasi i¢in en 6nemli adim atilmistir. Anadolu’ya
ait yerel genotiplerin toplanmasi ve muhafaza
edilmesi kiiresel 1sinmanin ve sanayilesmenin etkisi
ile yok olma tehlikesiyle karsi karsiya olan
genotiplerin gelecek nesillere aktarilabilmesi i¢in
hayati 6nem arz etmektedir. Bizim galigmamiz ve
benzeri ¢alismalarin gerek sebzecilik ve meyvecilik
gerekse hayvancilik gibi alanlarda cesitlendirilerek
arttirllmasi gerekmektedir.
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0z

Asma (Vitis vinifera subsp. vinifera), diinya genelinde en yaygin ve ekonomik olarak yetistiriciligi yapilan ¢ok yillik
meyve tilirlerinden biridir. Asma iriinlerinin insan saglig1 iizerindeki olumlu etkilerinin bilinmesiyle, diinyadaki bag
alanlarinda istikrarli bir artig goriilmiistiir. Degisen ¢evresel kosullar ve pazar talepleri dogrultusunda yillar i¢inde degisen
bagcilik sektoriinde yeni gesitlerin gelistirilmesiyle iizimiin pazardaki siirdiiriilebilirligi saglanmistir. Bu baglamda,
biyoteknoloji ve genetik mithendisligi alanindaki gelismeler {iziim verimliligini ve kalitesini arttirmada etkili bir arag
olarak ortaya c¢ikmistir. Genetik biliminin saglamis oldugu metotlar1 klasik asma 1slah1 siirecine dahil etmek, meyve
kalitesinin arttirilmasi, biyotik ve abiyotik stres sartlarina karsi dayanikli asma tiirlerinin daha hizli gelistirilmesine olanak
saglamaktadir. Bu derlemenin amaci, asma islahinda ge¢misten giiniimiize kadar olan siirecler ve kullanilan 6nemli
metotlar ile ilgili bir perspektif sunmak ve yeni teknolojilerin asma genetiginin iyilestirilmesi potansiyeli hakkinda bilgi
vermektir.

Anahtar Kelimeler: Asma, asma 1slah metotlari, QTL (kantitatif karakter lokus), genomik seleksiyon, markor destekli
seleksiyon

Latest Developments and Current Methods in Grapevine Breeding
ABSTRACT

Grapevine (Vitis vinifera subsp. vinifera) is one of the most widespread and economically cultivated perennial fruit crops
in the world. The knowledge of the beneficial effects of grapevine products on human health has led to a steady increase
in vineyards around the world. In response to changing environmental conditions and market demands, the sustainability
of grapes in the marketplace has been ensured by developing new varieties in the evolving viticulture sector over the
years. In this context, developments in biotechnology and genetic engineering have emerged as effective tools to enhance
grape productivity and quality. Integrating the methods provided by genetic science into the traditional grapevine breeding
process allows for the improvement of fruit quality and the faster development of grapevine varieties resistant to abiotic
and biotic stress conditions. The aim of this review is to provide a perspective on the processes and important methods
used in grapevine breeding from the past to the present and to identify the potential of new technologies to improve grape
genetics.

Keywords: Grapevine, grapevine breeding methods, QTL (quantitative character loci), genomic selection, marker
assisted selection

GIRIS

Uziim, diinya genelinde ve Tiirkiye’de en fazla
iiretilen meyve tiirlerinden biri olup, iilkemiz bu
alanda 6nemli bir konuma sahiptir. Diinya ¢capindaki
{izlim tiretim hacimleri karsilastirildiginda 6nde gelen
iilkelerden bazilarinin iiziim {iretiminde yogun olarak
yer aldig goriilmektedir. Ornegin Cin, diinyanin en
biiyiik liziim {ireticilerinden biridir ve yillik tizlim
iretimi diinya dretimin yaklagik %20-22’sini
olusturmaktadir [1]. italya iiziim iiretiminde yaklagik
%11-12’1ik bir payla Cin’den sonra diinyada ikinci
sirada yer almaktadir. Amerika Birlesik Devletleri de

diinya iiziim iiretiminin yaklasik %8-9’unu olusturan
onemli bir iiziim iireticisi olup, Ispanya ve Fransa
diinya liziim tretimin %7-8’ini gerceklestirmektedir
[1]. Tirkiye ise diinya {iziim iiretiminin %5’ini
karsilamakta olup, diinya siralamasinda 6. sirada yer
almaktadir [1]. Son yillarda diinya genelinde iiziim
tretimi yildan yila degismekle birlikte 70-80 milyon
ton arasinda seyretmekte ve bu iilkelerin iiretim
miktarlar diinya lizlim tiretiminin biiyiik bir kismim
olusturmaktadir [1].

Vitaceae ailesine ait asma (Vitis spp.) yaklasik 60
tiir igerir ve FEuvitis ve Muscadinia alt cinslerine
ayrilir. Vitis cinsi tarimi yapilan liziim tiirleri

*Sorumlu yazar / Corresponding author: seyma.bozkus@tarimorman.gov.tr
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igerisindeki en 6nemli tiirdiir [2, 3, 4, 5, 6]. V.vinifera
L., iliman iklimden subtropikal veya tropikal iklime
kadar ¢esitli iklim kosullarina uyum sagladigi i¢in en
yaygin Vitis tirtidiir [5]. Bu nedenle, V.vinifera ve
V.vinifera hibritlerine ait cesitler diinya genelinde en
yaygin olarak yetistirilen tiirlerdir; ayrica asma
pazarinda biiyiik bir paya sahiptirler. Insan sagligi ve
beslenmesinde 6nemli bir rol oynayan iiziim, sofralik,
kurutmalik ve saraplik gibi ¢ok yonli tiiketim
seceneklerine sahiptir [2, 7, 8]. Ayrica, llkemizin
farkli bolgelerinde pekmez, sucuk, sirke gibi farkli
kullanim bicimleri de mevcuttur. Uziimiin bu ¢ok
yonlii ve cesitli kullanim alanlari, tarim ve gida
endiistrisinde dnemli bir yere sahip olmasina neden
olmustur.

Uziim asmalarmin meyve ve sarap iiretimi
amaciyla yetistiriciligi, Yakin Dogu Bolgesi’'nde en
az 7000 y1l 6nce baslamis ve tarih boyunca bu bitkiler
iizerinde binlerce yil siiren 1slah ve seleksiyon siireci
gerceklesmistir. Insanlar bitkilerin dogal dzelliklerini
degerlendirmis ve istedikleri Ozelliklere sahip
asmalar1 secip ¢ogaltarak, farkli iizim cesitlerini
gelistirmislerdir. Bu siireg hem sofralik {iiziim
meyveleri hem de sarap iiretimi i¢in kullanilan iiziim
gesitlerinin evrimini sekillendirmistir [9].

On dokuzuncu yiizyilin sonlarinda ve yirminci
yilizyilin baglarinda Avrupa’da ortaya ¢ikan salgin
hastalik ve zararlilar, bagcilik ve asma 1slahinda yeni
bir dénemin baslamasina neden olmustur. Ozellikle
de filoksera ile miicadele etmek amaciyla filokseraya
dayanikli yabani asma tirleri (V.riparia ve
V.rupestris) anag 1slahi ¢alismalarinda kullanilmistir
[10]. Anag 1slah caligmalarinin yani sira, liziim 1slah
caligmalar1 da yine aymi donemde baglamis ve
oncelikli olarak saraplik gesitlerin iyilestirilmesine
yonelik adim atilmis, daha sonra sofralik {iziim
gesitleri i¢in de 1slah ¢aligmalar1 yapilmaya
baglanmistir. Yirminci yiizyilda, 6zellikle ABD’deki
sofralik tiziim 1slah ¢alismalarina onciiliik eden farkli
kurulus (United States Department of Agriculture-
USDA) ve organizasyonlar tarafindan {stiin
Ozelliklere sahip bircok yeni sofralik {iziim cesidi
gelistirilmis ve bu iizim ¢esitleri lireticiler tarafindan
yetistirilmistir [11]. Bu geligsmeler, diinya genelinde
sofralik iizim endiistrisinin gelismesine Onciiliik
etmistir. Daha sonra, Uzak Dogu, Avrupa, Tiirkiye,
Israil ve birgok farkl1 iilkede {iziim 1slah ¢aligmalarina
baglanmistir [12, 3]. Bu galismalar, asma 1slahinin
temelini olusturmus ve bircok farkli {iziim ¢esidinin
elde edilmesine olanak saglamistir.

Gilinlimiizde ise diinya genelinde bir¢ok farkli
lizim ¢esidi bulunmakta olup, bu zengin ¢esitlilik
hem sofralik tiiketim hem de sarap endiistrisi igin
bliylik bir 6nem arz etmektedir. Fakat kiiresel 1sinma,
tiikketici tercihlerinin hizla degismesi, insan ve gevre
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sagligina yonelik farkindaligin artmasi ve bazi diger
faktorlerin etkisi ile arastiricilar klasik ve modern
yontemlerle bu beklentilere yanit verecek yeni
cesitlerin gelistirilmesini hedeflemektedir [13].

Gecmisten giiniimiize kadar olan asma 1slah
calismalarinin temel amaci, tiiketici ve iireticilerin
beklentilerini karsilayacak yeni ¢esitler elde etmektir.
Geleneksel 1slah yontemleri melezleme ve seleksiyon
asamalarindan olusmaktadir ve bu siire¢ ¢ok zaman
alici olmasinin yam sira sonuglart tahmin etmek
oldukca zordur. Fakat teknolojinin sagladigi
firsatlarla birlikte, asma 1slahinda gelismeler ileri
seviyeye ulagmistir. Genetik miihendisligi ve
molekiiler biyoloji teknikleri, istenilen ozelliklere
sahip yeni cesitlerin daha hizli ve dogru bir sekilde
secilmesine olanak tanimmistir. Boylece, iklim
degisikliginin etkisini en aza indirerek ve degisen
tiikketici taleplerini géz Oniinde bulundurarak, farkli
biyotik ve abiyotik stres kosullarina kars1 dayanikli
cesitlerin 1slah1 daha kolay ve hizli olmaktadir [14].

Bu derleme, asma islahinin gegmisten giiniimiize
kadar olan siirecini ve Onemli i1slah metotlarini
Ozetleyerek, bilim insanlarim1 ve tiim paydaslar
bilgilendirmeyi amaglamaktadir.

Klasik Islah Yontemleri

Asma (Vitis), dinya genelinde 7000 yil once
kiiltiire alian ilk ¢cok yillik meyve tiirlerinden biridir.
Asmada, oOzellikle V.vinifera tiriinde, meyve
buytikligi, renk, tam c¢icek ve seker icerigi gibi
morfolojik o6zellikler, kiiltire almma siirecinde
onemli ozellikler olarak ortaya ¢ikmistir. Ancak, bu
tiiriin bazi dezavantajlar1 bulunmaktadir. Ozellikle
V.vinifera gesitleri, hastalik ve zararlilara karsi hassas
bir yapiya sahiptirler ve bu hassasiyet nedeni ile
onemli verim ve kalite kayiplar1 yasanmaktadir [2].
V.vinifera ¢esitlerindeki hassasiyet, yabani iizim
tiirlerinin melezleme c¢aligmalarinda kullanilmasina
yol agmistir. Kuzey Amerika kokenli olan V.riparia,
V.rupestris ve V.berlandieri tiirleri farkli toprak
kosullarina uygun anaglarin gelistirilmesinde, biyotik
ve abiyotik streslere dayanikli, yiliksek kaliteli ve
istenilen olgunluk siiresine sahip ¢esitlerin
geligtirilmesi amaciyla 1slahgilar tarafindan yaygin
bir sekilde kullanilmistir [3]. Uziimiin farkli kullanim
amaglarma  gbére  melezleme  programlarinda
odaklanilan 6zellikler Cizelge 1’de 6zetlenmistir.

Asmada klasik 1slah programi melezlemeden
baslayip seleksiyon asamasimna kadar farkli
adimlardan olusmaktadir [15]. Fakat 1slah ¢aligmalari
baglaminda degerlendirildiginde, asmanin meyve
olusturabilmesi i¢in ii¢ yillik genglik donemine
ihtiya¢ duymasi ve ortalama yirmi bes yillik uzun bir
1slah siiresinin olmasi, asmanin tarimsal agidan zor
bir bitki olmasimna neden olmustur. Tipik bir 1slah
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programi, her bir se¢im asamasinda bireylerin
sayisini azaltan ardisik adimlardan olusmaktadir.
Sekil 1’de klasik 1slah adimlarin1 gosterilmektedir.

Cizelge 1. Uziimiin farkli kullanim amaglarina gore
melezleme programlarinda odaklanilan temel

ozellikler
Ozellik Saraplik Cesitler | Sofralik Cesitler Anag
Yiiksek sarap | Cekirdeksizlik, tat,
kalitesi tane sekli ve yapisi,
Kalite (yliksek seker, | istenilenin tatlarin
dengeli asit, tat, disinda tatlarin
renk) olmamasi
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filoksera filoksera
Dayaniklilik| Don, kuraklik, Don, kuraklik, Klref:e tolqgnsh,
(Abiyotik) | giines yaniklig giines yaniklig kok gelisim
yetenegi yiiksek
Dengeli ve stabil Yuk_se.lf,.fien‘g_ell ve | Kallus olusumu,
e O stabil Uiriin miktari, | as1 uyusmasi, as1
Olgunluk/ | tirlin miktari, orta e .
Hasat ve gecci hasat pazar ihtiyaglart kalemini
dogrultusunda destekleyecek
zamant P
olgunlagma zamani| biiyiime orani
. lim sart}arlna Iklim kosullarina
Diger uyum, bagcilik .
dzellikleri e
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Sekil 1. Asma 1slah programinin adimlar1 ve zaman
cizelgesi

Asma 1slah programlar1 bir¢ok iilke tarafindan
farkli amaglar dogrultusunda yiritiilmektedir.
Ornegin bazi 1slah programlari, anag iiretimi, sarap,
sofralik iiziim ve kuru {izlim tiretimine odaklanirken
baz1 programlar ise meyve kalitesi, hasat siiresinde
erkencilik ve geecilik gibi ozelliklere
odaklanmiglardir [16]. ABD’de soguga ve
hastaliklara dayanikli, uzun raf Omriine sahip,
verimli, biiyilk taneli {iiziimlerin elde edilmesi
amaciyla, 1880’lerin  sonlarinda  melezleme
caligmalarina baslanmis ve ‘Golden Muscat’,
‘Concord Seedless’, ‘Frontenac’, ‘Marquette’ gibi
bir¢ok ¢esit elde edilmistir [17]. Glinimiizde ABD,
asma 1slahindaki gelismelere Onciiliik eden {ilkeler
icerisinde yer almaktadir.

Avrupa bagciliginda Fransa’ya bakildiginda,
Fransiz islahgilari, filoksera zararlisina, kiilleme ve
mildiy6 hastaliklarina dayanikli ana¢ ve iiziim
cesitlerini geligtirmek amaciyla 1slah programlarina
baglamiglardir. 1870’lerde Fransa’da baglayan islah
calismalarinda V.vinifera, V.labruscana, V.cinerea,
V.aestivalis, V.rupestris, V.lincecumii, V.riparia,
V.amurensis tirleri kullanilmig ve bu c¢aligmalar
1950’1ere kadar binlerce hibrit bireyin gelistirilmesini
saglamistir. Fransa’daki islah ¢aligmalart sonucunda
elde edilen gesitlerden bazilar1 ‘Chambourcin’, ‘Baco
Noir’, ‘Leon Millot’, ‘Marechal Foch’, ‘Aurore’,
‘Vignoles’, ‘Rosette’, ‘Rougeon’, ‘De Chaunac’,
“Villard Noir’, ‘Chelois’, ‘Chancellor’, ‘Seyval
Blanc’, ‘Villard Blanc’, ‘Vidal Blanc’ ve ‘Cascade’

cesitleridir [18].
Almanya’daki  1slah  caligmalarmin  temeli
baslangigta viral hastaliklara karsi miicadeleye

dayanmakla birlikte [19] daha sonralar1 verim, kalite
ve hastaliklara (kiilleme ve mildiy6) dayanikli ¢esitler
gelistirmeyi hedefleyen bir 1slah programi haline
gelmis ve bu programin sonucunda ‘Siegerrebe’,
‘Scheurebe’, ‘Bacchus Morio Muskat’, ‘Kerner’,
‘Ehrenfelser’, ‘Accent’, ‘Regent’, ‘Phoenix’,
‘Cabertin’, ‘Villaris’ ve ‘Cabernet Cortis’ ¢esitleri
gelistirilmistir [19]. Daha sonraki yillarda, V.riparia,
V.berlandieri ve V.rupestris tiirleri arasinda
melezlemeler yapilmis ve ¢alismalar sonucunda ‘13
Gm’, ‘SO4’ ve ‘Borner’ gibi anaglar gelistirilmistir
[20].

Asma 1slah programlari, Italya’da 1800’lerin
sonlarindan itibaren yogun bir sekilde baslamistir
[21]. 1879’da Italya’da filokseranin  ortaya
¢tkmasmin ardindan, 6ncelikli olarak anag¢ 1slahi
calismalarina baglanmis ve anag 1slah
programlarinda; filoksera’ya kars1 direng, kirece ve

kurakliga tolerans ve adaptasyon konularina
yogunlagilmigtir. Bu 1slah  programlarinda
V.berlandieri ~ x  V.riparia, V.berlandieri X
V.rupestris, V.riparia  x  V.rupestris  tiirleri

melezlenmis ve ‘779 P°, 775 P* ve ‘1103 P’, ‘240’
€225, 300°, ‘140 Ru’, ‘Cosmo 2’ ve ‘Cosmo 10°,
‘Golia’, ‘Gagliardo’, ‘Star 50° ve ‘Star 74°, ve ‘M’

serisi (M1, M2, M3 ve M4) gibi anaglar
geligtirilmigtir [21].
Ispanya’daki asma 1slahi stireci

degerlendirildiginde, ispanya’da asma 1slahi iizerine
calismalarin 1940 yilinda bagladigi goriilmiis ve ilk
1slah programinda bazi anaglar ve yerel genotipler
ebeveyn olarak kullanilarak yeni sarap cesitlerinin
geligtirilmesi amaclanmistir. Bu donemde yapilan
1slah caligmalarmin bir sonucu olarak ‘Redora’
cesidinin gelistirildigi bildirilmistir [22]. Ayrica,
2003 yilinda, mantar hastaliklarina dayanikli, yerel
ekosisteme uyum saglayabilen ve kaliteli sarap
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tiretebilen ¢esitler gelistirmek amaciyla bir 1slah
programi baslatilmistir. Bu programda; ‘Merlot’,
‘Palomino Fino’, ‘Alicante Henri Bouschet’, ‘Syrah’,
‘Regent’ ve ‘Tempranillo’ ¢esitleri kullanilmigtir. Bu
calismadan elde edilen bazi hibritlerin (6rnegin
Palomino x Regent), mantar hastaliklaria karst
direncli oldugu belirtilmistir [18].

Ulkemizde ise 1slah calismalari 1970’lerde
baslamis olup, Tekirdag Bagcilik Arastirma Enstitiisii
ve Atatlirk Bahge Kiiltiirleri Merkez Arastirma
Enstitlisii asma 1slah ¢alismalarinda 6ncii kuruluglar
arasinda yer almistir. Tiirkiye’de asma 1slah
calismalari, hastaliklara dayanikli, meyve kalitesini
artiracak ozellikler (giizel aromals, iri tane yapisina
sahip), erkencilik, geccilik ve c¢ekirdeksiz iiziim
cesitleri 1slahina yogunlagsmistir [16]. Bu ¢alismalar
sonucunda ‘Trakya Ilkeren’ (Alphonse Lavallee x
Perlette), ‘Tekirdag Cekirdeksizi’ (Alphonse
Lavallee x Sultani Cekirdeksizi), ‘Baris Uziimii’
(Cardinal x Beauty Seedless), ‘Ozer Karas1® (italia x
Favli) Tekirdag Bagcilik Arastirma Enstitiisii’niin
gelistirmis oldugu 23 cesitten bazilaridir. Atatiirk
Bahge Kiiltiirleri Merkez Arastirma Enstitiisii asma
1slah ¢alismalar1 sonucunda birgok ¢esit gelistirilmis
ve gelistirilen gesitler arasinda ise ‘Arif Bey’ (Beyaz
Sam x Miskiile), ‘Atak77’ (Beyaz Cavus, X
Hamburg Muscat), ‘Yalova Beyazi’ ve ‘Ata Sarist’
(Beyaz Cavus, x Cardinal), ‘Uslu’, ‘Yalova Incisi’
(Honiisii x Siyah Gemre) yer almistir [16].

Asma (Vitis spp.) Islahinda Yeni Teknolojilerin
Kullanmimast

Genis capta yetistiriciligi yapilmasina ve biiyilik
bir ekonomik éneme sahip olmasina ragmen, asmanin
genetigi  lizerine yapilan arastirmalar yiiksek
heterozigosite, biiyiik alan gereksinimleri ve goreceli
olarak uzun genglik donemi nedeniyle smirl
kalmigtir. Yiiksek oranda heterozigot olan tiirlerde
yeni cesitlerin se¢imi, kontrollii c¢aprazlamalarla
ortaya ¢ikan bireylerin i¢indeki cesitli varyantlar ve
kombinasyonlarin ortaya cikardigi sayisiz fenotipik
karakterlerin  dikkatlice = gozlemlenmesini  ve
Olciilmesini gerektirir [23]. Bu ylizden de DNA dizisi
bilgisi artik geleneksel 1slah1 desteklemek igin
ebeveyn ve en degerli bitki se¢iminde rutin olarak
kullanilmaktadir [23, 24]. Asmada molekiiler
markorler ile, markor destekli seleksiyon (MAS),
QTL analizleri, genetik haritalama metotlar1
kullanilarak gen kaynaklarimin karakterizasyonu,
kiiltiir ~ ¢esitlerinin  tanimlanmast ve  genetik
akrabaligin  belirlenmesi, filogenetik analizler,
ebeveynlerin  belirlenmesi  gibi  birgok analiz
yapilabilmektedir [25, 26].
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DNA Markoér Destekli Seleksiyon (MAS), QTL
(Kantitatif Karakter Lokus) Haritalama

Molekiiler markorlerin  kullanilmasi, c¢evresel
varyansin azaltilmasiyla birlikte, 6zelligin kalitim
derecesini kolayca ortaya koymaktadir. 1950’lerin
sonlarindan itibaren asma genetigi iizerine yapilan
caligmalar yogunlagmis ve molekiiler markdrlerin
erisiminin kolay ve ucuz olmas1 Vitis genetigi
arastirmalarin1  kolaylastirmistir. Bdylece asma
genomunu haritalamak ve her genotip i¢in benzersiz
DNA profilleri olusturmak miimkiin hale gelmis ve
genlerin belirlenmesi veya QTL haritalanmasi ile
DNA markérleri yardimiyla seleksiyonun bitki
1slahinda kullanilmasi siireci baglamistir. Giiniimiizde
bircok bitki 1slah programinda, gen havuzlarindaki
temel genlerin tanimlanmasi ve istenilen 6zelliklerin
aktarilmasinda markor destekli seleksiyon (MAS)
kullanilmaktadir.

QTL (kantitatif karakter lokusu), bir kromozom
tizerinde belirli bir 6zellie neden olan kiigiik bir
DNA segmentidir. QTL haritalama, karmagik
Ozelliklerin altinda yatan genetik bilgileri saglama
konusunda en etkili yoOntemlerden biridir [27].
Kantitatif ozellikler, bir¢ok genin ve c¢evrenin
etkilesiminden kaynaklanan 6lgiilebilir fenotiplerdir.
Asmada bitki boyu, c¢igeklenme zamani, gdzlerin
patlamasi, kardeslenme, goz verimliligi ve verim
unsurlari, kalite, bazi hastalik ve zararlilara karsi
dayaniklilik gibi bir¢ok 6zellik bir¢ok gen tarafindan
kontrol edilen kantitatif 6zellikler olarak bilinir [25,
2]. Vitis vinifera’da sarap kalitesi Ozellikleri igin
Oonemli olan (yani antosiyaninler, proantosiyaninler,
metoksipirazinler ve terpenlerin sentezini kontrol
eden) birkag lokus kesfedilmistir [23].

Organizmanin tiim genomunu kapsayan genetik
markorler kullanarak bir baglanti haritasi olusturmak
ve bir popiilasyondaki 6zelligin varyasyonunu analiz
etmek, QTL haritalamasinda énemli bir adimdir [28,
29]. QTL haritalama, o&zelligin  kalitimini,
ebeveynlerin  katkisini  tanimlar ve  dzelligin
varyasyonundaki yiizdesini aciklar. Uziimde DNA
markorleriyle yapilan QTL haritalama, ¢esit segimine
yardimc1 olmaktadir. Son 20 yilda {iziimde QTL
haritalama  i¢in  kullanilan  birka¢ ~ markor
bulunmaktadir. 1995’te yayimlanan ilk genetik {iziim
haritasi, RAPD (Random Amplified Polymorphic
DNA) ve AFLP (Amplified Fragment Length
Polymorphism) kullanilarak olusturulmustur. Daha
sonraki ¢alismalarda SSR (Simple Sequence Repeat
Polymorphism) ve SNP (Single Nucleotide
Polymorphisms) kullanilmistir [30].

Son yillardaki 6nemli gelismelerden biri, GBS
(Genotyping By Sequencing) teknolojisinin ortaya
¢ikist olmustur. GBS, belirli bir 6zelligi yoneten tim
olasi genetik bolgeleri arastirabilen ¢ok sayida
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markor olusturma ve degerlendirme konusundaki
onceki siirlamalarin iistesinden gelmistir [2, 24, 31].
Vitis spp.’nin genom dizilimi (sequence), genis
kapsamli ve yiiksek verimli DNA markorleri
gelisiminde ve Kantitatif Karakter Lokuslariin
(QTL) tanimlanmasinda o6nemli ilerlemelere yol
acmistir, bu da aday genlerin dogrulanmasini ve
markor destekli seleksiyon ile (MAS) 1slah
programlarmin  gelistirilmesini  saglamistir. 11k
kullanilan yontem olan RAD (Restriction Site-
Associated DNA) dizilemesi, seckin asma
cesitlerinde onemli Ozelliklerin  tanimlanmasinda
basariyla uygulanmistir.

Genomik Seleksiyon (GS)

Molekiiler markorlerin kullanima, Vitis
genetiginin arastirilmasini biiyiik olgiide
kolaylastirarak, aragtirmacilarin iizim genomunu
haritalamasina ve her bir genotip icin farkli DNA
profilinin olusturulmasini saglamistir. MAS ile
istenilen oOzellikle veya fenotiple iligkili oldugu
bilinen DNA markorii kullanilarak hedef o6zelligi
etkileyen allelleri bulunduran bitkiler secilmektedir.
Bu nedenle MAS, arzu edilen o6zelligin ortaya
cikmasinda etkili olan, daha az sayida QTL’ler
tarafindan kontrol edilen 6zellikleri i¢in etkilidir [32].
MAS’in secilim yaparken kiiclik genlerin etkisini
belirleyememesi gibi baz1 eksiklikler gostermesi ve
MAS kullanilarak, tane verimi ve abiyotik stres
toleranst gibi karmasik kaliim 6zelliklerinin
iyilestirmenin zor olmasi gibi nedenlerle MAS’1n bir
formu olan genomik seleksiyon (GS) ortaya
¢tkmustir.

MAS’1n aksine, GS’de bireyin genetik degeri, tiim
genom boyunca dagilmis olan ¢ok sayida markdr
kullanilarak belirlenmektedir. Ayrica GS, tlim genom
boyunca genotipik verileri kullanarak herhangi bir
0zelligi dogru bir sekilde tespit ederek, istenilen
ozellikteki bireylerin sec¢ilmesini saglayan bir strateji
olarak tanimlanmaktadir [33]. Meuwissen vd.
[34]’ninde GS konseptinin hayvanlar ve bitkilerde
karmagik 6zelliklerin altinda yatan gen bolgelerinin
tahmin edilmesinde kullanilabilecegini Onermesine
ragmen, sadece son zamanlarda yaygin olarak bitki
islahinda  kullanilmaya baglanmistir. Bunun en
onemli nedenlerinden biri, GS igin temel bir
gereklilik olan uygun ve yiiksek verimli genotipleme
platformlarinin eksikligidir [3, 32]. Fakat Next
Generetion  Sequencing (NGS)  teknolojileri
genotipleme siiresi ve maaliyetini 6nemli Olglide
azaltmasiyla ve Single Nucleotide Polymorphism
(SNP) markérlerinin kesif siirecini hizlandirmustir.
Ayrica NGS genom capinda yiiksek verimli SNP
genotipleme platformlarinin  gelismesine olanak
saglamistir. Ozellikle, Genotyping By Sequencing

(GBS) teknolojisinin ortaya ¢ikmasi hem model hem
de model olmayan bitki tiirlerinde GS i¢in uygun
SNP’lerin iiretilmesini saglamistir [32, 35].

GS, referans popiilasyonun genotipik ve fenotipik
verilerine dayanarak ayni anda tiim lokuslardaki allel
etkisini hesaplayan istatiksel bir tahmin modeli
gelistirmekte, bu da melezleme popiilasyonundaki
tim bireyler i¢in genomik profillerinden genomik
melezleme degerlerini (GEBV=Genomic Breeding
Values) hesaplamak i¢in kullanilmaktadir (Sekil 2).
GEBV’ler, daha 1iyi performans gosterecek ve
melezleme icin ebeveyn olarak veya 1slah
programinin bir sonraki nesil ilerlemesi i¢in uygun
olan bireyleri tahmin etmemize olanak tanimaktadir.
Ciinkii bu bireylerin molekiiler markor profilleri,
belirli cevrelerde daha iyi performans gosterdigi
kaydedilmis referans popiilasyondaki diger bitkilerle
de benzerdir. Boylece klasik melezleme metodunda,
iistiin hatlarin belirlenmesi i¢in beklenilen uzun 1slah
dongiisii, GS ile kisaltilmaktadir [32, 33].

Ornegin, ABD’deki farkli kurumlarin katilimiyla
baglatilan Vitisgenl, Vitisgen2 ve Vitisgen3 projeleri
sayesinde, iizim genomundaki farkli oOzellikleri
belirlemek ve bu oOnemli ozelliklerle iligkili
markorleri 1slah programlarinda kullanmak amaciyla
cok Onemli ilerlemeler kaydedilmistir [3]. Bu
projelerin amaci, sofralik iiziim, kuru iiziim ve sarap
endiistrisinde verim ve kaliteyi attirarak, kan
arttiracak, genomik seleksiyon gibi yeni 1slah
metotlart  gelistirmek, hastalik ve zararlhilarin
kaynagini tanimlamak ve bunlara karsi dayanikliligi
arttiracak yeni yontemler gelistirmek olmustur.

Fenotip
+
Genotip

|

GS Model
Deieri

}

Genomik
Melezleme g

Degeri (GEBV)

Segilen
Populasyon

Genotipleme | ey

En Yiiksek GEBV
Degerine Sahip
Bitkiler

Sekil 2. Genomik seleksiyonun asamalari

Genetik Transformasyon ve Gen Diizenleme
(Gen Editing) Metodu

Biyoteknoloji ve genetik miihendisligindeki
gelismelere paralel olarak, genetik aktarim ile
transgenik asma cesitleri elde etmek miimkiin hale
gelmistir.  Genetik aktarim, rekombinant DNA
teknolojisi kullanarak, ¢esidin kimligini
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degistirmeden, ilgi duyulan tarimsal ozellikleri
gelistirmek  icin  bitkileri  genetik  olarak
degistirebilme olanag1 sunar. Istenilen o6zelliklerle
iligkili gen bolgelerinin ve markdrlerin gelistirilmesi,
aktarim (transformasyon) sistemlerinin gelistirilmesi,
biyotik ve abiyotik stres kosullarina kars1 dayanikli
bireylerin elde edilmesi ve bitkinin aroma ve tat
bilesenlerini belirleyerek iizim kalite 6zelliklerinin

iyilestirilmesine  yonelik transgenik asmalarin
gelistirilmesinde O6nemli bir asama kaydedilmistir
[36, 3].

Genetik aktarim i¢in kullanilan dokulardan

tekrardan doku elde edilmesinde yasanan zorluktan
dolay1, aktarim ve antibiyotik se¢iminden sonra
yeniden olusum orani (rejenerasyon), toplam aktarimi
yapilan materyalin %10 ile %30’u arasinda
degismektedir [37]. Buna gore, transgenik ve genetigi
degistirilmis bitkilerden doku yenilenmesi elde etmek
en Onemli zorluklardan biri olmakta ve asmanin
genetik aktarima direncli oldugunu
diisiindirmektedir. Yenileme siirecine asma ¢esidi,
genetik aktarrm  metodu, doku kiiltiiri ve
antibiyotiklere dayali se¢im metodu gibi faktorler etki
etmektedir [3, 30, 36]. Bu kisitlamalara ragmen,
mantar, bakteri ve virlis hastaliklarina dayanikli
cesitler elde edilmistir [38]. Asmada genetik aktarim
icin baslica Agrobacterium tumefaciens ve daha az
oranda biyolistik teknikler kullanilmaktadir [39].
Asma genetiginin genetik aktarim ve gen diizenleme
metodu ile degistirilmesi Sekil 3’te gosterilmektedir.

Asmada genetik mithendislik protokollerinde en
cok kullanilan ve bir rejenerasyon yontemi olan

somatik  embriyogenesis de yaygin  olarak
kullanilmaktadir. Asma genotiplerinde somatik
embriyogenesis  kullanilarak  birgok  protokol

gelistirilmis ve bircok bitki doku ve organlar
eksplant olarak kullanilmistir. Somatik embriyo elde
etmek igin yaygin olarak kullanilan doku ve organlar;
ovaryumlar, anterler, yapraklar, daha az siklikla
stigma ve sitiller, biitiin ¢igekler, olgun tohumlar ve
petiollerdir [3, 30, 36].

Son yillarda, genetik diizenleme ile tarimsal
oneme sahip Dbitkilerde genetik iyilestirme
yapilmaktadir. Genetik diizenleme genellikle belirli
gen bolgelerinin  eklenmesi, ¢ikarilmasi veya
degistirilmesini igerir. Genetik diizenleme teknikleri,
CRISPR-Cas9 gibi gelismis yontemlerle
gergeklestirilebilir [40]. Diger taraftan, tasarlanmig
genlerin bitki hiicrelerine aktarilmasi igin alternatif
metotlar ortaya ¢ikmaktadir. Karbon noktalar1 suda
¢ozilinlir nanopartikiiller (NP) olarak tanimlanmakta,
kolay elde edilebilir olmasi ve etkili bir sekilde bitki
hiicresinin alimin1 saglamast gibi &zelliklerinden
dolay1 avantajli teknoloji olarak goriilmektedir.
Karbon noktalarinin bitkide fotosentez veya biiyiime
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lizerine olumsuz etki yaratmadan, bazi bitki tiirlinde
plazmitlerin bitki hiicresine aktariminda bir arag
olarak kullanildig1 belirtilmistir [30, 41].

SN, Genotip (Eksplant Somatik
Uioanpcen s kaynagi) Embriyogenesis
| |
Gen Aktarim ﬁ r Gen Diizenleme
Biyolistik .
Teknikler Bitki Agrobacterium
Rejenerasyonu tumefaciens
Agrobacterium
tumefaciens l Viriisler
Viriisler
Genetigi Nanopartikiiller
Degistirilmi
Nanopartikiiller ggitki ?

Sekil 3. Genetik aktarim ve gen diizenleme metodu
ile asma genetiginin degistirilmesinin semasi

Cizelge 2. Asmada CRISPR-Cas9 teknolojisiyle
yapilan bazi ¢aligmalar

O e | Cesit Amaglanan Ozellik
CRISPR/Cas9 | Chardonnay MLO-7 da}iﬁigﬁiyaz]
CRISPR/Cas9 Chaflo};’nay’ VVPDS albigdfiﬂﬁﬁu]
CRISPR/Cas9 | Chardonnay de}I;;l(rigg:LZse Z:rﬁzgik[?lzi]t

gene (IdnDH)
CRISPRICas9 | Soiir | VWWRKYS2 | i sy
CRISPR/Cas9 TSh:e“;ls;“ VvPR4b l\}f;s‘sizi’yy; ‘EZ%‘
CRISPR/Cas9 Tshé’en;ls;“ \\//‘:111\\4/;%1 ﬁ;ﬁ?ﬂfkkf‘ii}
CRISPR/Cas9 | Neo Muscat VvPDS Albino fenotip [47]

Asmada genetik diizenleme calismalarinin ¢ogu,

Ozellikle asmasimin kiillemeye kars1 direncini
artirmak ve Botrytis cinerea’ya karst direnci
giiclendirmek, tartarik asit {iretimini artirmak,

karotenoid biyosentezi yolunu manipiile etmek ve
albino fenotipi elde etmek amaciyla yapilmistir
(Cizelge 2) [30, 38, 42].

SONUC

Asma, diinya genelinde en ¢ok ticareti yapilan
meyve tiirleri arasinda yer almaktadir. Farkli tiikketim
sekillerinin olmasmin yani sira, insan sagligi
acisindan bir¢ok faydasi bulunmasi nedeniyle tercih
edilmektedir. Ancak, tiiketicilerin talepleri zamanla
degisim gostermektedir. Hizla degisen tiiketici
taleplerine yonelik daha kaliteli yeni liziim ¢esitleri
elde etmek, farkli 1slah programlan araciligiyla
mimkiindiir. Asma 1slahindaki gelismeler ve asma
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genomu lizerinde yapilan ¢aligsmalar sayesinde birgok
onemli Ozelligin gen bolgeleri belirlenmis ve asma
1slahinda hedeflenen sonuglara ¢ok daha kisa siirede
ulagsmak miimkiin hale gelmistir.

Glinlimiizde  teknolojinin  asma  1slahinda
kullanilmasi ile, farkli Vitis tlirlerinin genom sekans
sonuglari, lizlim 1slah ¢aligmalarinda daha yenilikgi
ve hedefe yonelik caligmalarin yapilmasina olanak
saglamistir. Uziim genomundaki farkli 6zellikleri
belirleyerek ve bu Onemli ozelliklerle iligkili
markorleri 1slah programlarinda kullanarak 6nemli ve
hizli ilerleme kaydetmek miimkiindiir. Son yillarda
arastirmacilarin amaci, sofralik, kurutmalik ve
saraplik endiistrisinde verim, kalite ve karn arttiracak
yeni 1slah metotlar1 gelistirmek, hastalik ve
zararlilarin kaynagini tanimlamak ve bunlara karsi
dayanikliligi arttiracak yeni yontemler gelistirmek
olmustur. Geleneksel 1slah metoduna genomik
teknolojileri entegre etmek, hastalik direnci yiiksek,
diisiik sicaklik toleransi ve gelistirilmis meyve
kalitesi gibi Ozelliklerle iligkili o6nemli genlerin
belirlenmesini hizlandiracaktir. Diinya ¢apindaki
iizim 1slah programlarinda belirlenen genlerin
kullanilmasi, tiiketicilerin istekleri dogrultusunda
1slahgilarin yeni ¢esitleri daha hizli gelistirmelerine
yardimci olacaktir. Ayrica bu gelismeler sayesinde
liziim yetistiriciliginin  diinya pazarinda daha
stirdiiriilebilir hala gelmesini saglayacaktir.
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Kiraz iliman iklim kosullarina sahip diinyanin hemen her bdlgesinde kolaylikla yetistirilebilmektedir. Kirazda 1slah
calismalar1 ¢ok uzun yillardir yapilmaktadir. Bu ¢aligmalarda 6zellikle kirazin problemlerine (kiigiik meyve, kararan i¢
rengi, meyve ¢atlamasi, diisiik verim, dik biiytime, kendine verimlilik gibi) ¢6zlim bulmak ve tistiin 6zellikte yeni gesitler
gelistirmek amaclanmistir. Giiniimiizde 1slah ¢calismalari agisindan ABD, Italya ve Kanada gibi iilkeler 6n plana ¢ikmustir.
Bu iilkelerdeki 1slah ¢alismalarindan ¢ok sayida yeni ¢esit gelistirilmistir. Bu derlemede diinyada yiiriitiilmekte olan kiraz
1slah programlarinin hedefi ve bu 1slah programlarindan gelistirilen gesitler kisaca anlatilarak Tiirkiye’nin kiraz 1slahi
konusundaki durumu ele alinmistir.

Anahtar Kelimeler: Prunus avium L., ¢esit gelistirme, kalite, liretim, verim
Sweet Cherry Breeding Programs in the World and Tiirkiye’s Current Situation
ABSTRACT

Sweet cherries can be easily grown in almost every region of the world with temperate climate conditions. Breeding
studies on sweet cherries have been carried out for many years. These studies have aimed to find solutions to the problems
of sweet cherries (such as small fruit, darkening fruit inner colour, fruit cracking, low yield, vertical growth, self-
efficiency) and to develop new cultivars with superior characteristics. Today, countries such as the USA, Italy and Canada
have come to the leading in terms of breeding studies. Many new cultivars have been developed from breeding studies in
these countries. In this review, the goals of sweet cherry breeding programs carried out the worldwide and the cultivars
developed from these breeding programs are briefly explained and Tiirkiye’s situation in sweet cherry breeding is

discussed.

Keywords: Prunus avium L., cultivar development, fruit quality, production, yield

GIRIS

Kirazin (Prunus avium L.) anavatani Giiney
Kafkasya, Hazar Denizi ve Kuzeydogu Anadolu’dur
[1, 2, 3, 4]. Bu gen merkezlerinden doguya ve batiya
yayilarak diinya lizerinde genis bir alanda yayilmaistir.
I[hman iklim meyve tiirlerinden biri olan kiraz,
iilkemizin pek cok ilinde (basta izmir, Manisa ve
Amasya olmak {izere) yetistirilmektedir. Kiraz diinya
pazarlarinda meyvelerini erken olgunlastirmasi,
gosterisli olmasi ve sevilerek yenmesi nedeniyle talep
géren bir meyve tiiriidir. Tirkiye 2022 yilinda
656.041 tonluk kiraz {iiretimiyle diinyada birinci
sirada yer almaktadir [5]. Ulkemizi sirastyla Sili
(443.067 ton), Ozbekistan (216.866 ton), ABD
(210.190 ton), italya (107.910 ton) ve Iran (105.389
ton) takip etmektedir [5]. Tiirkiye 2022 yilinda, kiraz
ihracatinda ise 57.290 tonla Sili ve Cin’in ardindan
iiclincii sirada yer almistir [6]. Giiniimiizde en 6nemli

ihracatci iilke ise Sili’dir. Sili iklimin de elverisli
olmasiyla diinyada kirazin olmadig1 kis aylarinda
tretim ve ihracat yapmaktadir. Bu da iilkemizin
tretim ve ihracatta ‘0900 Ziraat’ ¢esidi disginda yeni
pazar degeri yiiksek cesitlerin gelistirilmesini gerekli
kilmaktadir. Ulkemizde ise iiretim ve ihracatta lider
¢esidimiz ‘0900 Ziraat’ olmakla birlikte i¢ renginin
agik olmasi ve zamanla kararmasi, veriminin diisiik
olmasi gibi nedenlerle iireticilerin zaman zaman kiraz
bahgelerini sokmekte ve yeni ¢esit arayisina
girmektedir. Bu nedenle kirazda islah g¢aligmalari
tilkemiz acisindan biiyiikk Onem arz etmektedir.
Kirazda ¢esit se¢iminde tiiketici talepleri ¢ok
onemlidir. Ayrica bu talepler iilkeden iilkeye
degisiklik gosterebilir. Ornegin; Sili ve Japonya hari¢
diger ilkelerdeki tiiketiciler koyu kirmizi renkli
kirazlar1 tercih etmektedir [7]. Tiiketici tercihine goére
meyvenin sekli de oOnemlidir. Bulgaristan, Sili,
Macaristan, Japonya ve Tiirkiye’de bobrek seklinde

*Sorumlu yazar / Corresponding author: dilek.soysal@omu.edu.tr
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olan kirazlar tercih edilirken, Italyanlar tarafindan
kalp seklinde ve dairesel meyve sekli begenilmis,
Letonya’da tiiketiciler en ¢ok basik meyve seklini
tercih etmislerdir. Meyve biiyiikliigli de hem
iireticiler hem de tiiketiciler i¢cin ¢ok 6nemlidir. Genel
olarak, tiim diinyadaki tiiketiciler daha iri meyveli
kirazlar tercih ederken, italya ve Macaristan’da orta
irilikte meyveler en ¢ok tercih edilen kategori
olmustur. Dolayisiyla 1slah ¢alismalarinda bu tiiketici
tercihleri de dikkate alinmaktadir.

Kiraz 2000 yili askin siiredir yetistirilmesine
ragmen kiraz 1slah1 c¢aligmalar1 1800’14 yillarin
basinda baslamistir [8]. Diinya iizerinde 1500°den
fazla kiraz ¢esidi bulunmakta olup bu ¢esitlerden ¢ok
az1 ticari 6neme sahiptir. Ulkemizde ise ticari olarak
yetistirilen ve ihra¢ edilen kirazlarin %95’ini ‘0900
Ziraat’ ¢esidi olusturmaktadir [9].

Son 40 yilda bodur anaglarin kesfiyle agac
boyunun azaltilmasi, meyve iriliginin artirilmas,
kendine verimli, hastalik ve zararlilara dayanikl
cesitlerin gelistirilmesi gibi faktorler bakimindan
kaydedilen ilerlemeler ile diinya kiraz endiistrisinde
onemli gelismeler meydana gelmistir. Diinyada
gelistirilen kiraz ¢esitlerinin  genetik  orijinleri
incelendiginde %062’si melezleme 1slahi, %17’si
klonal seleksiyon, %16’s1 serbest tozlanma, %4’
mutasyon 1slah1 yolu ile gelistirilirken %1’lik
kisminin ise nasil olustugu bilinmemektedir [10].
Giiniimiizde birgok tilkede kiraz 1slah1 yapilmakta ve
sirekli olarak yeni kiraz cesitleri piyasaya
stiriilmektedir. Diinya’da gesit gelistirmeye yonelik
caligmalarda basta ABD olmak iizere, Kanada,
Almanya, italya, Ispanya, Macaristan, Cek
Cumbhuriyeti, Fransa, Cin, Japonya ve Avustralya gibi
tilkeler 6n plana ¢ikmaktadir. Bu iilkelerdeki islah
programlarindan diinya pazarlarinda yer alan ¢ok
sayida gesit gelistirilmistir [11, 12, 8]. Ulkemiz ise
genetik gesitlilik bakimindan oldukga zengindir. Bu
cesitlilige ragmen Tiirkiye’nin ‘0900 Ziraat® ¢esidi
disinda pazar degeri olan standart bir ¢esidi yoktur.
Ihracatta da biiyiik cogunlukta ‘0900 Ziraat’ ¢esidi ve
sinonimleri yer almaktadir. Ulkemizde kiraz iiretim
alanm yillar itibariyle artis gostermesine ragmen
iretim  miktarindaki  dalgalanmalar  sebebiyle
ihracatta uygun yeterli kalitede kiraz bulmakta
sorunlar  yasanmaktadir.  Uriin  miktarindaki
dalgalanmalar iiretici-tiikketici (arz-talep) dengesinin
de bozulmasina ve 6zellikle dis pazardaki sirketlerle
yapilan anlagmalarda devamliligin saglanamamasina
sebep olmaktadir. Uretim miktarmnin yillar itibariyle
goriilen dalgalanmalar kirazin iklimsel olaylardan
etkilenmesinin yaninda ihracatta ‘0900 Ziraat’
cesidine bagli olmamizdan da kaynaklanmaktadir.
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‘0900 Ziraat’ kirazi Avrupa pazarlarinda ‘Tiirk
Kiraz1’, ABD’de ise ‘Zing’ ismi ile bilinmektedir.
‘Allahdiyen’den (Manisa-Salihli) bir seleksiyon
olarak ortaya ¢ikmistir. Meyvesi kalp seklinde, parlak
koyu kirmizi renkli, ¢ok iri, cok sert ve gevrek, gegci
ve tasimaya dayanikli bir ¢esittir. A¢ik ic meyve et
rengi, agaclarmin dikine kuvvetli biiyiimesi,
uyusmazlik ve dolayisiyla verim distikliigii gibi
problemleri de wvardir [13, 14, 15]. Bu yiizden
tilkemizde yeni ¢esit arayisi onem kazanmaktadir.

Bu ¢alismada, diinyada ve iilkemizde ge¢misten
giiniimiize kadar yapilan kiraz islah programlarinin
hedefi ve bu 1slah programlarindan gelistirilen
cesitlerden ticari 6neme sahip olanlar incelenmistir.
Ayrica iilkemizin kiraz 1slah ¢aligmalarindaki mevcut
durumu da ele alinarak degerlendirilmistir.

DUNYADA YURUTULEN ONEMLI KiRAZ
ISLAH PROGRAMLARI

Modern kiraz yetistiriciligi, farkh iilkelerde 6zel
fidanliklar ve kurumsal arastirma istasyonlari
tarafindan, genel olarak 20. yiizyilda baglamistir.
Kirazda 1slah programlar ise ilk olarak 1911’de
Cenevre’de (New York, ABD), 1915’te Vineland’da
(Ontario, Kanada) ve 1924’te Summerland’de
(Britanya Kolumbiyasi, Kanada) baglatilmistir.
Avrupa’da ise ilk olarak Ingiltere’de 1925 yilinda
John Innes’de baslayan 1slah programi daha sonra
diger Avrupa tilkelerinde de baglatilmigtir [1].

Amerika’da kiraz 1slah1 Oregon’daki Lewelling
ailesi tarafindan baslatilmistir. Ik kez 1848’de
‘Napolyon’dan ‘Lambert’ kirazi; 1875te
‘Republican’nin tohumlarindan da ‘Bing’ cesidi
gelistirilmistir. ‘Bing’ ¢esidi gliniimiizde halen birgok
kiraz c¢esidinin gelistirilmesinde kullanilmaktadir.
Kurumsal olarak ilk kiraz islah programlart 1911
yilinda Cenevre’de “New York State Agricultural
Experiment Station”; 1915°te Kanada’da
“Horticultural Research Institute of Ontario,
Vineland Station”; 1936’da Kanada Summerland’de
“Agricultural Agri-Food Canada” olusturulmustur [8,
16]. Asagida diinyadaki Onemli kiraz ¢esit 1slah
programlar1 6zet olarak verilmistir.

Amerika Birlesik Devletleri (ABD)

ABD’deki kiraz 1slah programlarinin ortak
amaglari, ihracat icin seker/asit dengesi iyi, iri, cok
sert, koyu kirmizi ve alacali kirazlar1 (blush) elde
etmek, olgunlasma sezonunu genisletmek (6zellikle
erkencilik  yoniinden), kendine verimlilik ile
killlemeye (Podosphaera clandestina) dayanikli yeni
cesitlerin elde edilmesi ve ilkbahar don zararimi
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azaltmak icin ge¢ ciceklenen cesitleri elde etmek
olmustur.

*New York Cornell Universitesi

Diinyada ilk kiraz 1slah ¢alismalar1 1911 yilinda
Cenevre’de  ‘New  York State Agricultural
Experiment Station’da baslatilmistir. Programin
baslica hedefi soguk ve kurak iklim kosullarma ve
catlamaya dayaniklilik olmustur [17]. Bu 1slah
programindan c¢atlamaya dayanikli ‘Royalton’,
‘BlackYork’, ‘Blushing Gold’, ‘Kristin’ ve ‘Ulster’
soguklara dayanikli, ‘Emperor Francis’ ‘Black Gold’,
‘Whitegold’ ve ‘Hudson’ (gegci) gibi 6nemli kiraz
cesitleri gelistirilmistir [18]. Bu programdan elde
edilen cesitlerin ticarilestirilmesi International Plant
Management’a devredilmis ve 2008°de
‘BlackPearl®’, ‘RadiancePearl™’, ‘EbonyPear]l™’
ve ‘BurgundyPearl™’ kiraz cesitleri piyasaya
stiriilmiistiir [8].

*Washington State Universitesi

Washington State Universitesi’nde (WSU) kiraz
1slah  calismalart 1949 yilinda Dbaslatilmstir.
Molekiiler marker yontemi (MAS) ile seleksiyon
yapan ilk program olmustur. Bu 1slah programinin
hedefi ABD’nin Pasifik Kuzey-Bat1 bolgesine uygun
yiiksek kaliteli, iri meyveler tiretme, meyve sertligini
artirma, olgunlasma siiresini uzatma, bordo kirmizi
renkli meyve elde etme ve kendine verimli gesitler
gelistirme olmustur. Bu program 1980’lerin
ortalarinda ekonomik nedenlerden dolayr durmus
Oregon ve Washington’daki kiraz iireticileri 1slah
programimi 2000’li yillarin ortalarinda yeniden
baglatmislardir. Giinlimiizde halen devam eden bu
1slah programi kapsaminda melezlemeler ile yeni
cesitleri gelistirilmekte ve seleksiyon caligmalar ile
de istiin ozellikli genotipler tanimlanmaktadir [19].
Bu 1slah programindan ‘Rainier’ (alacali), ‘Chinook’,
‘Chelan’, ‘Glacier’, ‘Olympus’, ‘Index’, ‘Cashmere’,
‘Benton’, ‘Selah’ ve ‘Simcoe’ gibi 6nemli kiraz
cesitleri gelistirilmistir [12].

Kanada

sSummerland Pacific Agri-Food Research Centre

Bu slah  programi 1936 yilinda British
Colombiya, Summerland’da (Pacific Agri-Food
Research  Centre-PARC)  baglatilmigtir.  Kiraz
1slahinda, elle tozlama melezleme teknikleri ve agik
tozlamalar kullanilmis, ayrica S-alellerinin ve kendi
kendine dollenmenin belirlenmesi icin molekiiler
markerlar kullanilmigtir. Bu programdan ilk olarak
1944 yilinda ‘Van’ gesidi elde edilmistir. Bu tarihten
itibaren Kanadali 1slah¢ilar uluslararas1 diizeyde iin
yapmis kiraz ¢esitlerini 1slah etmislerdir.

Bu 1slah programinin temel hedefi erken
olgunlasan cesitler gelistirme, catlamaya

dayaniklilik, viriise ve soguga daha dayanikli ¢esitler
gelistirme, kendine verimlilik, meyve iriligi, et
sertligi ve kalitesini iyilestirme, c¢atlamaya
dayaniklilik, depo Omriinii ve olgunlasma zamanini
uzatma, kompakt agac biiyiimesini saglama ve tiretim
maliyetini azaltma olmustur. Bu 1slah programindan
‘Van’, ‘Lapins’, ‘Santina’, ‘Celeste’, ‘Cristalina’,
‘Sunburst’ ve ‘Stella’ (kendine verimli), ‘Sonata’,
‘Sylvia’, ‘Staccato’ ve ‘Samba’ gibi 6nemli kiraz
cesitleri gelistirilmistir. Summerland’deki bu 1slah
programindan elde edilen ¢esitler giinlimiizde ¢ok
sayidaki kiraz cesidinin kokenini olusturmustur [8,
9].

Sili

*Politécnica Universidad Catolica de Valparaiso
(PUCYV)

Sili’de kiraz g¢esit 1slah programi INNOVA-
CORFO’nun destegi ile 2007 yilinda baslatilmistir.
Bu programin temel hedefi meyve iriligi, sertligi ve
verimliligi artirmak ve soguklama ihtiyacim
karsilamak olmustur. Bu program kapsaminda ilk
olarak 58 kiraz ¢esidinin SSR markerlar1 araciligiyla
aralarindaki akrabaliklar belirlenmis ve germ plazma
koleksiyonu olusturulmustur. Daha sonra bu program
kapsaminda 8000 adet melez bitki elde edilmistir. Bu
bitkilerden 2017 y1linda 14 iistiin 6zellikli birey bodur
anaglar lizerinde denemeye alinmigtir [20].

[nstituto  Nacional — de  Investigaciones
Agropecuarias (INIA)-Biofrutales

Bu 1slah programi 2010 yilinda 6 kamu 7 6zel
sirketin girisimi ile olusturulmustur. Bu programin
temel hedefi hasat sonrasi muhafaza, kaliteli meyve
tretimi, erkenci olan ¢esitlerde hasat siiresini
uzatmak i¢in diigiik soguklama ihtiyacina sahip
cesitler gelistirmek olmustur. Bu programda agik
tozlanma ve kontrollii melezlemeler ile 11 {istiin
ozellikli seleksiyon ‘MaxMa 14’ anaci iizerine
asilanmigtir. Bu programdan yakin gelecekte ilk
cesidin piyasaya siiriilmesi beklenmektedir [8].

*Consorcio Tecnologico de la Fruta S.A. and
Pontificia Universidad Catolica de Chile (‘PUC’)

Bu 1slah programi ‘Programa de mejoramiento
genético de cerezos’ (‘PMGCe’) 2010 yilinda
baslatilmistir. Bu 1slah programimin temel hedefii
hasat sonras1 muhafazay1 uzatmak, ytliksek kaliteli
(iri, sert ve tath) kiraz elde etmek, Central Valley’in
sicak bolgeleri ve Sili’nin giineyindeki yagmurlu
bolgelerine uygun erkenci ve gegci cesitlerin
ihracatina ydnelik ticari pencereyi genisletmek
olmustur. Programda ‘Ruby’, ‘Brooks’, ‘Lapins’,
‘Early Burlat’, ‘Regina’, ‘Bing’, ve ‘Tulare’ gibi
farkli gesitler ve bazi secilmis Macar germ plazmalari

139



D. SOYSAL / BAHCE 53(2): 137-145 (2024)

actk  tozlanmada ve elle  melezlemelerde

kullanilmastir [8].

AVRUPA KIiRAZ ISLAH CALISMALARI

Avrupa’da kiraz 1slah galigmalar ilk olarak 1925
yilinda John Innes’te (Ingiltere) yapilmistir. Avrupa
ve Asya’da; Fransa, Almanya, Macaristan, italya,
Danimarka, Ingiltere, Cek Cumhuriyeti, Romanya,
Estonya, Ukrayna, Tiirkiye, Ispanya, Japonya ve
Cin’de kiraz 1slah programlar1 bulunmaktadir. Bunlar
icerisinde Italya, Macaristan ve Almanya’daki 1slah
programlarindan o6nemli ¢esitler elde edilmistir.
Japonya ve Cin’deki cesitler ise heniiz diinya
piyasalarinda s6z sahibi olamamastir.

Italya

*Bologna University, Department of Agricultural
Sciences

Bu 1slah programi 1983 yilinda baslamistir. Bu
programda klasik melezleme yontemi kullanilarak en
az 15 yil boyunca 3 asamali seleksiyon ¢alismalari
yapilmigtir. Melezlemelerde c¢ogunlukla ‘Lapins’,
‘Stella’ ve ‘Sunburst’ gibi kendine verimli ¢esitler
(Amerikan) ile ‘Burlat’, ‘Giorgia’ ve ‘Ferrovia’ gibi
(Avrupa) cesitleri kullanilmistir. Programdan ilk
asamasinda (1997) “Star’ serisi (‘Sweet Early’, ‘Early
Star’, ‘Blaze Star’, ‘Black Star’, ‘Grace Star’, ‘Lala
Star’) cesitleri gelistirilmistir [21]. Programin ikinci
agsamasinda  ise ‘Sweet’ serisi (‘Sweet
Lorenz®PA1UNIBO’ ‘Sweet Lorenz®PA2UNIBO’,
‘Sweet Gabriel ®PA3UNIBO’, ‘Sweet
Valina®PA4UNIBO’, ‘Sweet Saretta®PASUNIBO’
ve ‘Sweet Stephany®PA7 UNIBO’) gesitleri
gelistirilmistir. Programin temel hedefi de diger
programlara benzer olarak kendine verimlilik, hasat
sezonunu uzatma (erkenci gesitlerle), yliksek verim,
meyve iriligi ve kalitesini artirma (renk, sertlik, tat)
ve catlamaya dayaniklilik olmustur. Bu programlar
kapsaminda yerel gesitlerden kendine verimli dogal
mutasyonlar sonucu ‘Kronio’ ¢esidi de elde edilmistir
(8, 22, 23].

Macaristan

*NARIC Fruitculture Research Institute (FRI)

Bu programda 1slah caligmalar1 1950 yilinda
baglatilmistir. Programin baslica hedefi hasat
sezonunu uzatma, taze tiikketim ve endiistride
kullanim i¢in kaliteyi iyilestirme, kendine verimlilik,
yaprak lekesi (Blumeriella), kok ciiriikligi
(Monilinia) ve Cytospora spp. gibi hastaliklara
dayaniklilik ve toleransi iyilestirme olmustur [24]. Bu
program kapsaminda klonal ve yerel tiplerin se¢imi,
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yapay melezleme ve yabanci ¢esitlerin tanitimi
yapilmistir. Bu programda ilk melezlemede (1953-
1972) ‘Germersdorfer’ cesidi ana disi ‘Hedelfinger’
ve ‘Pojebrad’ ve bazi secilmis yerel genotipler
tozlayict olarak kullanilarak ‘Margit’, ‘Linda’,
“Katalin’ ve ‘Kavics’ cesitleri elde edilmistir. Tkinci
melezleme programi (1972-1985) ile kendine verimli
‘Alex’ (1999) ve ‘Vera’ (2002) ¢esitleri piyasaya
siiriilmiistiir. Ugilincii melezleme programi ise (1986-
2000) onceki melezlemelerin  F2  neslinin
yetistirilmesini ve ‘Stella’ ve ‘Sunburst’ gibi kendi
kendine verimli yabanci c¢esitlerle daha fazla
melezlemeyi kapsamaktadir. Dordiincii melezleme
donemi 2001°de baslamis ve halen devam etmektedir.
F2 ve F3 bireyler ve ‘Kordia’ ve ‘Regina’ ¢esitleri
disi bireyler olarak kullanismis, tozlayici olarak
‘Sweetheart’, ‘Sunburst’, ‘Axel’, ‘Sandor’, ‘Paulus’
ve ‘Petrus’ gibi verimli cesitler tozlayici olarak
kullanilmis ve 8500 melez bitki elde edilmistir [8].

Almanya

*Julius Kiihn-Institut (JKI), Institute for Breeding
Research on Fruit Crops

Almanya’da ilk 1slah c¢aligmalarnt 1930’larda
baslatilmistir. Programin temel hedefi tasimaya
uygun, erkenci, kendine verimli, dona kars1 toleransli,
iri ve sert kirazlar elde etmek olmustur. Islah
caligmanin 6nemli bir amaci da 1slah materyalinin
genetik bakimdan ¢esitliligini  artirmaktir. Bu
programda 1slah materyalinin karakterizasyonu igin
S-allel tayini, meyve boyutu karakterizasyonu ve
kiraz yaprak lekesine dayanikliligi belirlemek i¢in
molekiiler markerlar kullanilmistir. Bu programin en
basarili ¢esidi diinya ¢apinda taninan ‘Regina’ ¢esidi
olmustur [8].

Fransa

eInstitut National de la Recherche Agronomique
(INRA)

Bu 1slah programi 1968 yilinda baglatilmistir.
1968-1980 yillar1 arasinda programdan ¢esit
gelistirilmemistir.  1980’lerden sonra INRA’da
gelistirilen ilk cesit ‘Arcina®Fercer’ (¢ok iri ve sert
meyvelere sahip) olmustur. Giliniimiizde
ticarilestirilen baslica INRA c¢esitleri ‘Folfer’,
‘Ferdouce’, ‘Fertille’, ‘Fermina’, ‘Ferdiva’ ve
‘Fertard’dir. Mevcut 1slah programinin temel hedefi
meyve agirligi ve sertlik, verimlilik, erkencilik, hasat
periyodunu uzatma, kendine verimli ve yeme kalitesi
iyi, meyve ¢atlamasima toleransli, soguklama ihtiyaci
diisiik gesitler gelistirmek olmustur. Bu programda
genetik tabanin  genigletilmesi amaciyla MAS
yonetimi, elle ve acik tozlama ile kontrollii olarak
uygulanmustir [8].
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Cek Cumhuriyeti

*Research and Breeding Institute of Pomology
Holovousy Ltd (RBIPH)

RBIPH’daki 1slah ¢aligmalar1 1960 yilinda
baslatilmistir. Ulkede 1970’lerde mutasyon 1slahi
programi da gelistirilmistir. 1990’11 yillarda
‘Techlovan’ ve ‘Vanda’ cesitleri ticari olarak

gelistirilen gesitler olmustur. Bu 1slah c¢aligmasinin
baslica hedefi arasinda hasat siiresinin uzatilmasi,
meyve kalitesini iyilestirme, hastaliklara ve
catlamaya dayanikli gesitler gelistirme ve ¢igeklerin
ilkbahar gec donlarina dayanikli olmasi yer almistir.
Bu programda c¢ogunlukla elle tozlama melezleme
teknigi kullanmilmistir. Son yillarda MAS yontemi ve
eski yerel cesitlerin kullanilmasi ile ‘Christiana’,
‘Early Korvik’, ‘Kasandra’, ‘Justyna’, ‘Techlovan’,
‘Tim’, ‘Tamara’ ve ‘Vanda’ gesitleri gelistirilmigtir

[8].

Romanya

*Research Institute for Fruit Growing (RIFG)

Romanya’da ilk kiraz islah programi Bistrita’da
1951 yilinda baslatilmis olup program 1967°de Pitesti
Meyvecilik Arastirma Istasyonu’nda genisletilmistir.
Programin temel hedefi kaliteli, kendine verimli,
yiiksek verimli, yaprak lekesine, ¢icek yanikligina ve
catlamaya dayanikli erkenci-gec¢i cesitler elde etmek
olmustur. 1990 yilinda bu 1slah programindan,
‘Colina’, ‘Cerna’, ‘Izverna’, ‘Ponoare’ (RIFG
Pitesti’de), ‘Timpurii de Bistrita’, ‘Rosii de Bistrita’,
‘Rubin’ ve ‘Jubileu 30’ (RSFG Bistrita), ‘Amara’
(RIFG Pitesti) ve ‘Silva’ (bitter kiraz) cesitleri elde
edilmistir. Bu programda 1slah yontemi olarak yerel
genotiplerden (6zellikle bitter kiraz) degerli olanlarin
secilmesi, elle veya arilarla yapilan yapay tozlagsma
yontemleri yeni c¢esitlerin elde edilmesinde
kullanilmigtir. Giiniimiizde bu 1slah programindan
gelistirilen ¢esitler ‘Ludovic’, ‘Daria’, ‘Bucium’,
‘Rubin’, ‘Maria’, ‘Severin’, ‘Special’ ve ‘Amar
Galata’dir [8].

Ispanya

*Centro de Investigaciones Cientificas y
Tecnologicas de Extremadura (CICYTEX-La Orden)

Bu program Jerte vadisinde 2006 yilinda
baglatilmistir. Bu programin temel hedefi Jerte’de
yetisen yerli g¢esitlerin belirli fizikokimyasal
oOzelliklerini iyilestirmek olmustur. Bu programdan
sapsiz kiraz (Picota) olarak bilinen ‘Ambrunés’, ‘Pico
Colorado’, ‘Pico Limon’ ve ‘Pico Negro’ cesitleri
elde edilmistir. Bu ¢esitler agagtan sapsiz olarak hasat
edilmektedir. Ingiltere ve Almanya’daki biiyiik
marketlerdeki kirazlarin %6’sin1 Picota kirazlar
olusturmaktadir [8, 9].

*Murcia Institute of Agri-Food Research and
Development (IMIDA)

Bu kiraz 1slah programi 2006 yilinda
baslatilmistir. Programin baslica hedefi erkenci,
diisiik soguklama ihtiyaci isteyen cesitler, iri meyve,
sertlik, kendine wverimli, ikiz meyve olusumu
gostermeyen cesitler gelistirmek olmustur. Bu
programda 1slah yontemi olarak elle tozlama ve
emaskiilasyon teknikleri kullamlmistir. ispanya’daki
yerel cesitlerden dogal mutasyonlar sonucu kendine
verimli ‘Cristobalina’ ¢esidi de meydana gelmistir [8,
25, 26].

Ukrayna

eInstitute of Horticulture of National Academy of
Agrarian Sciences of Ukraine (IH NAAS)

Bu 1slah programi 1930 yilinda Kiew’de
olusturulmusgtur. Programin temel hedefi meyve
agirligin ve sertligini artirma, verimlilik, erkencilik,
yeme Kkalitesi, aga¢ giici ve boyu, farkli iklim
kosullarina adaptasyon, Monilya yanikligina ve kiraz
yaprak lekesi hastaliklarina karsi tolerans ve meyve
catlamasina dayanikli ¢esitler gelistirme olmustur. Bu
programda 1slah yoOntemi olarak islahin ilk
asamalarinda farkli cesitlerin serbest tozlasmasi,
sonraki asamalarda ise kontrollii olarak elle tozlama
kullanilmustir [8].

Ukrayna’da Melitopol Research Station of
Horticulture’da gelistirilen en iyi cesitler ‘Valerij
Chkalov’,, ‘Melitopolska Chorna’, ‘Talisman’,
‘Dachnitsja’,  ‘Prysadybna’’Chervneva Rannya’,
‘Kazka’, ‘Anons’, ‘Krupnoplidna’, ‘Anshlah’, ‘Era’,
‘Prostir’ ve ‘Liubymytsia Turovtseva’; Artemivsk
Nursery Arastirma Istasyonu’ndaki en iyi gesitler
‘Donetska’, ‘Annushka’, ‘Prekrasna’, ‘Otrada’,
‘Etyka’, ‘Vasylysa’, ‘Krasavytsia’ ve ‘Proshchalna
Taranenko’; IH NAAS’taki en iyi gesitler ‘Nizhnist’
ve  ‘Liubava’ olmustur. NAAS  Pomoloji
Enstitlisii’'nde yetistirilen en iyi kiraz cesitleri ise
‘Lehenda Mliieva’ ve ‘Dar Mliieva’ olmustur.

Ingiltere

*East Malling Research (EMR)

Ingiltere’de  kiraz  yetistiriciligi  1920’lerde
baslamistir. John Innes Enstitiisii’nde ¢esit gelistirme
yapilirken East Malling’de anag¢ 1slah1 c¢alismalar
yapimistir. 1980’lerde her iki 1slah programi East
Malling (EMR)’de birlesmistir. Bu 1slah programinin
temel hedefi catlama ve ¢iiriimeye kars1 dayanikl,
gec olgunlasan kirazlar elde etmek olmustur.
Programin daha sonraki hedefi kendine verimli,
bakteriyel kansere (Pseudomonas spp.) ve kiraz siyah
yaprak bitine (Myzus cerasi) dayanikl kiraz gesitleri
elde etmek olmustur. Bu programdan ‘Penny’ (2001)
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ve ‘Zo&’ (2008) ¢esitleri elde edilmistir. 2010 yilinda
ise East Malling Cherry Group (EMCG) kurulmustur.
Bu program, sik dikim meyve bahgelerine uygun iyi
kalitede kiraz cesitleri gelistirmeyi, erkenci ve gegci
cesitler ile hasat sezonunu uzatmay1 amaglamaistir [8].

Cin

eInstitute of Pomology (IP), Dalian Academy of
Agricultural Sciences (DAAS)

IP’nin kiraz 1slah programi 1958 yilinda kiraz
cesit koleksiyonu olusturarak baglamistir. Bu 1slah
programinin temel hedefi meyve iriligini, yeme
kalitesini ve meyve sertligini artirma ve hastaliklara
dayaniklilik olmustur. Bu programdan gelistirilen ilk
cesitler ‘Jiahong’, ‘Hongdeng’, ‘Wanhongzhu’,
‘Juhong’, ‘Zaohongzhu’, ‘Mingzhu’, ‘Hongyan’ ve
‘Zaolu’ olmustur [8].

*Zhengzhou Fruit Research Institute, Chinese
Academy of Agricultural Sciences (CAAS)

Bu kiraz 1slah programi 1980’lerin basinda
baslatilmistir. Bu 1slah programinin temel hedefi de
diger birgok programda oldugu gibi yiiksek kaliteli
meyve ve verim, yiksek sicaklik ve neme
dayaniklilik, sicak 1liman iklime sahip bolgelerde
toprak ve iklim kosullarina adaptasyon olmustur.
Programda  melezlemeler c¢ogunlukla  ‘Black
Tartarian> ve  ‘Napoleon’ ¢esitleri arasinda
yapilmigtir. 1996°da ‘Longguan’ ve ‘Longbao’ gibi
birkac cesit piyasaya siiriilmiig, 220°den fazla kiraz
gen kaynagi toplanmustir [8].

eInstitute of Pomology and Forestry (IPF), Beijing
Academy of Agriculture and Forestry Science
(BAAFS)

IPF ve BAAFS tarafindan 1997’de kurulmustur.
Bu programda molekiiler marker yontemi (MAS) ile
kiraz ve anac¢ 1slahi {izerine ¢alismalar yapilmustir.
Programin temel hedefi kendine verimli, miitkemmel
kalitede meyve ve verimlilik olmustur. Ana
ebeveynler olarak ‘Stella’ ve ‘Lapins’ kullanilarak 18
yilda melezleme ve acik tozlagmalarla 10.000°den
fazla melez bitki ve yaklasik 20 seleksiyon elde
edilmistir. Programdan elde edilen ¢esitler ‘Caihong’,
‘Zaodan’, ‘Caixia’, ‘Xiangquan No.l’ (kendine
verimli) ve ‘Xiangquan No.2’ olmustur [8].

Japonya

*Horticultural Experiment Station,
Integrated Agricultural Research Center

Japonya’daki 1slah programi 1957 yilinda
Yamagata  Agricultural  Experiment  Station
Okitam’da baslatilmistir. Daha sonra bu 1slah
programi 1978’de Horticultural Experiment Station,
Yamagata Integrated Tarimsal Aragtirma Merkezi'ne
transfer edilmistir. Programin temel hedefi yiiksek
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Yamagata

kalitede, verimli, meyve et rengi beyaz, kendine
verimli, erken ve gec¢ olgunlasan gesitler yetistirmek
olmustur. Son yillarda beyaz et rengine, erkenci ve
kendine verimli ¢esitler elde etmek igin MAS
baglatilmistir. Bu programdan piyasaya siiriilen
cesitler ‘Nannyo’, ‘Benisayaka’, ‘Benishuhou’,
‘Benikirari’ ve ‘Beniyutaka’ olmustur [8].

Tiirkiye

*Atatiirk Bahce Kiiltiirleri Merkez Arastirma
Enstitiisui

Tiirkiye’de kirazda 1slah ¢alismalari, 2001 yilinda
Yalova’da Atatirk Bahce Kiiltiirleri Merkez
Arastirma Enstitiisii’'nde ‘0900 Ziraat’ ¢esidinin
meyve kalitesini ve kendine verimsizlik 6zelliklerini
iyilestirmek amaciyla baslatilmistir. Bu 1slah
programimin temel hedefi kendine verimlilik, meyve
agirligmi  ve tat kalitesini artirma ve sertlik,
erkencilik, hasat siiresini uzatma ve verimlilik
olmustur. Yalova’daki bu programda melezleme ve
mutasyon 1slah1 yolu ile yeni ¢esitler elde edilmeye
calisilmistir. Melezleme yolu ile ¢esit elde etmek i¢in
ebeveyn olarak ‘0900 Ziraat’ ¢esidi ile kendine
verimli olan ‘Stella’ ve ‘Sweetheart’ g¢esitleri
kullanilmig ve yaklasik 600 F1 bitki elde edilmistir.
I1k seleksiyon sonucunda 7 melez tip secilerek bunlar
deneme parsellerine alinmigtir. Bunlar igerisinden
kendine verimli iki tip ile ‘Sweetheart’, ‘Verdel’,
‘Regina’ ve ‘Ferbolous’ cesitleri ile melezlemelere
devam edilerek gec¢ ¢igek acan, kendine verimli,
catlamaya dayanikli ve gegci ve meyveleri ¢atlamaya
dayanikli cesitlerin elde edilmesine calisilmistir.
fkinci ¢alismada ise; mutasyon 1slah1 yolu ile kendine
verimli ‘Burak’ ve ‘Aldamla’ olmak {izere iki yeni
cesit elde edilmistir [27]. ‘0900 Ziraat’ ile ‘Stella’nin
karsiliklt melezlenmeleri ile elde edilen 504 melez
bireyden 280 tanesi kendine verimli olarak
belirlenmistir. Bu ¢esitlerden verim ve meyve kalitesi
‘0900 Ziraat’ ¢esidinden daha iyi olan 6 ¢esit aday1
tescil asamasindadir [28, 29]. 2022 yilinda
‘Baldamla’ kiraz ¢esidi tescil edilmistir [30].

*Meyvecilik Arastirma Enstitiisii  Miidiirligii,
Egirdir (MAREM)

MAREM’de kirazda gesit gelistirme ile ilgili ilk
calismalar 1996 yilinda baslatilmigtir. ‘0900 Ziraat’
cesidinde klon seleksiyonu yoluyla 2011 yilinda
‘Davraz’ kiraz cesidi gelistirilerek tescil edilmigtir
[31, 32]. 2007 yilinda baslatilan melezleme
caligmalari ile ‘Marem K-1" ve ‘Marem K-2’ (gecei)
cesitleri 2023 yilinda tescil edilmistir [28].

Ayrica Tiirkiye’de kiraz gen kaynaklarinin
tanimlanmas1 amaciyla yapilan bazi ¢aligmalarla
‘0900 Ziraat’ ¢esidi ve onun tipleri oldugu diigiiniilen
Omerli, Uluborlu, Allahdiyen, Malatya Dalbasti,
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Mustafa Kemal Pagsa ve Aksehir Napolyonu
arasindaki genetik iliskiler ortaya konmustur [33].
Ulkemizdeki bazi yerli ve yabanci kiraz gesitlerinin
genetik farkliliklar ve 40 yerli kiraz ¢esidinin S-allel
kombinasyonlart  belirlenmistir [34]. Karadeniz
Bolgesi’nde Amasya’da yetisen yerel kiraz gesitleri
pomolojik [35] ve molekiiler olarak tanimlanmis [36],
baz1 iimitvar genotipler degerlendirmeye alinmigtir.
Karadeniz Boélgesi’nde kirazin orijin merkezi olan
Giresun’daki 44 kiraz genotipi molekiiler olarak
tanmimlanmis [3, 37]; morfolojik ve pomolojik olarak
tanimlanmak i¢in ortak bir bahgede incelenmis [38],
fenolik ve antioksidan kapasiteleri de [39]
degerlendirilmistir. Dogu Anadolu’da da kiraz gen
kaynaklar1 molekiiler olarak tanimlanmistir [40].
Ulkemizde kirazda genetik materyalin cesitlilik
degerlendirmeleri kapsaminda da [3, 41] caligmalar
yiiriitmislerdir.

SONUC

Kiraz yetistiriciligine ilginin artmasiyla birlikte
diinya genelinde yeni ¢esitler gelistirme konusunda
yogun 1slah ¢aligmalar1 yapilmaktadir. Kiraz degisen
iklim kosullarina hassas olan bir tiirdiir. Ozellikle son
yillarda diinyada ve lilkemizde de etkisini giderek
hissettigimiz kiiresel 1sinmadan kaynakli ekstrem
hava kosullar1 sebebiyle kiraz yetistiriciligi de biiyiik
bir tehlike icerisindedir. Bu sebeple son yillarda
ilkbaharda goriilen asir1 sicak ve soguk hava
¢igeklenme doneminde kiraz ¢igeklerinin kurumasina

yol agmakta ve meyve tutumunu olumsuz
etkilemektedir. Yine hasat Oncesinde goriilen
kuvvetli yagislar kirazlarin ¢atlamasina sebep

olmaktadir. Degisen bu iklim kosullarina adapte
olabilen yeni kiraz ¢esitlerinin gelistirilmesine
yonelik yapilacak olan 1slah ¢aligmalari biiyiilk nem
arz etmektedir.

Bu derlemede diinyada yiiriitiilen 6nemli kiraz
1slah programlar1 ele alnarak iilkemizin mevcut
durumu degerlendirilmistir. Sonu¢ olarak kiraz
1slahinin oldukg¢a zaman alic1 (12-20 yil), maliyetli ve
O0zel bilgi ve tecriibeye ihtiya¢ duydugu
goriilmektedir. Ayrica yukarida iilke bazinda tanitilan
kiraz 1slah programlarinin bir¢ogunda da goriildiigii
gibi 0zel sektorliin destegi de 1slah programlarinin
sirdiriilebilir olmasi agisindan olduk¢a Onemli
goziikmektedir. Sonug olarak, Tiirkiye’nin kiiresel
rekabette istikrar saglayabilmesi i¢in, iklim
degisikliklerine dayanikli, yiiksek kalite ve verime
sahip yeni kiraz cesitlerinin gelistirilmesi biiylik
onem tagimaktadir. Bu hedef dogrultusunda, 6zel
sektor ile kamu kurumlar arasinda koordinasyonun

artirlmasi ve bilimsel c¢aligmalarin desteklenmesi,
uluslararas1 pazarda daha giiglii bir konum elde
edilmesine katki saglayacaktir.
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Cizelge 1. 2001 yihinda Canakkale yoresinde yetistirilen Trabzon hurmasi meyvelerinin olgunlasma
slrecinde kimyasal yapilarindaki degisimler

MES SCKM L-askc?rblk Tanen Pektin Toplam seker
(ke) (%) = | (mer) | (mgloog™) | (mg100g™)
(mg.100g™)

1. Hasat 4,30 b 23,84 a 21,85 ab 20,59 a 1,02 22,04d

2. Hasat 4,61a 23,65a 22,69 ab 20,01 a 1,17 26,15 b

3. Hasat 3,74 c 22,65 ab 23,74 a 17,45b 1,26 27,90a

4. Hasat 3,51c 22,75 ab 20,14 b 17,22 b 1,46 23,74 c

5. Hasat 3,38¢c 22,46 b 7,89 ¢ 16,90 b 1,19 23,93 ¢

LSD 0,28 0,37 2,00 0,89 0.D. 1,46

Ayni slitunda farkl harflerle ifade edilen ortalamalar arasinda %5 dizeyinde farklilik vardir (LSD)
0.D.: Onemli degil
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*%5 ihtimal seviyesinde 6nemlidir.

Sekil 1. Bogma uygulamasinin bitki boyu (cm) Uzerine etkisi

Birimler: Makalelerde SI (Systeme International d'Units) 6lct birimleri kullanilacaktir. Birimlerde "/"
yerine Ustel ifade kullaniimalidir (6rn: mg/I yerine mg.1™).

TARTISMA: Bu bélimde sonuglar irdelenerek, daha 6nce yapilan ¢alismalarla karsilastirilarak aradaki
farkin bir genellemesi yapilmalidir. Giriste belirtilen amag ile sonug¢ arasinda bir baglanti kurularak,
sorunun acik kalan yanlari literatir 1s18inda tartisilmalidir.

SONUG/LAR: Bu boliimde ¢alisma sonucunda elde edilen bulgular, bilime/uygulamaya katki yéninden
degerlendirilerek 6neriler seklinde ifade edilmelidir.

KAYNAKLAR: Calismada faydalanilan kaynaklar metinde gectikleri yere gore siraya konularak
numaralanmalidir. Yazar isimleri gerek metin icerisinde ve gerekse kaynaklar listesinde bas harfi blyuk
diger kismi kigik harflerle yazilmalidir. Metin icerisinde kaynaklar belirtilirken kaynagin sadece
numarasi genellikle ciimle sonuna ve kdseli parantez icine konulmali, cimle basinda ise yazarin isimden
sonra kaynak numarasi verilmelidir. (Ornegin: Satsuma'da yiizde meyve sulari miktari bélgelere gére
degismektedir [1]. Meyve agirhg1 yoniinden bolgeler arasinda fark yoktur [2, 3, 4]. Kaska ve Yilmaz [5]
yaptiklari calismada... gibi). Eserde faydalanilmayan kaynaklar bu béliimde gosterilmez.

Kaynak verilisine ait bazi 6rnekler asagida gosterilmistir.
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Table 1. Changes in the chemical structures of persimmon fruits grown in Canakkale in 2001 during the

ripening.
Fruit Water-soluble L—ascprbic Tannin Pectin Total sugar
firmness dry matter acid ) (mg.100g) (mg.100g")
(ke) content (%) | (mg.100g") | (M& &100g &100g
1. Harvest 430b 23.84a 21.85 eu 20.59 a 1.02 22.04d
2. Harvest 4.61a 23.65a 22.69 eu 20.01 a 1.17 26.15b
3. Harvest 3.74 ¢ 22.65 ab 2374 a 17.45b 1.26 27.90 a
4. Harvest 351c¢ 22.75 eu 20.14 b 17.22b 1.46 2374 ¢
5. Harvest 3.38¢ 2246 b 7.89 ¢ 1690 b 1.19 2393 ¢
LSD 0.28 0.37 2.00 0.89 N.S. 1.46

There is a 5% difference between the means expressed with different letters in the same column
(LSD)
N.S.: Not Significant
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*Important at the 5% probability level.

Figure 1. The effect of strangulation on plant height (cm)

Units: SI (Systeme International d'Units) measurement units will be used in the articles. Units should
be given as "mg.I""" instead of mg/I).

DISCUSSION: In this section, a generalization of the difference should be made by examining the
results and comparing them with previous studies. By establishing a connection between the aim and
the result stated in the introduction, the open aspects of the problem should be discussed in the light
of the literature.

CONCLUSIONY/S: In this section, the findings obtained as a result of the study should be evaluated in
terms of contribution to science/practice and expressed as suggestions.

REFERENCES: The sources used in the study should be numbered by placing them in order according
to their place in the text. Author names should be written both in the text and in the references list
with capital letters and the other parts in lower case letters. When citing sources in the text, only the
number of the source should be placed at the end of the sentence and in square brackets, at the
beginning of the sentence, the source number should be given after the author's name. (For example:
The percentage of fruit juices in Satsuma vary according to the regions [1]. There is no difference
between regions in terms of fruit weight [2, 3, 4]. Kaska and Yilmaz [5] in their study...). The sources
that are not used in the work are not shown in this section.

Some examples of citation are shown below.
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Book:

1. Ozbek, N., 1969. Trial technique (I. Greenhouse experiment, technique and methods). A.U. Faculty
of Agriculture Publications 406. Ankara University Press, Ankara. 346p.

2. Brown, A.C,, 1975. Apples. In: J. Janick, J.N. Moore (Eds.): Advances in fruit breeding. Purdue
University Press, West Lafayette, Indiana, USA. pp:3—-37.

Translation:
3. Kaska, N., Yilmaz, M., 1974. Horticultural cultivation technique (Translation: "Plant propagation" H.T.
Hartman and D.E. Kester). Cukurova University Faculty of Agriculture, Publications 79. 610p.

Article / Statement:

4. Bliyukyilmaz, M., Bulagay, A.N., Burak, M., 1994. Promising pear varieties for the Marmara region—
IIl. Garden 23(1-2):79-92.

5. Turhan, S., Tipi, T., Erol, A.O., 2004. The effects of EurepGap applications on Turkish fresh fruit-
vegetable production and competitiveness. Tiirkiye VI. Agricultural Economics Congress, 16—18
September 2004. Tokat. Volume 1:315-322.

Thesis:

6. Akpinar, I., 1990. Studies on the preservation of Washington Navel, Valencia and Moro orange fruits
grafted on different citrus rootstocks (Master's Thesis). Cukurova University, Graduate School of
Natural and Applied Sciences, Department of Horticulture, Adana, 146s.

Periodic:

7. Anonymous, 1951. Soil survey manual hand book. 18. US Govern Print office. Washington, DC
pp:340-343.

8. Anonymous, 2000. Agricultural structure (production, price, value). TR Prime Ministry State Institute
of Statistics, Publication No:2614, June 2002, Ankara. 598p.

Electronic Sources:

9. Stiglitz, J.E., 1999. Whither reform? Ten years of the transition. Annual World Bank Conference on
Development Economics, Washington, DC, 28-30 April,
(www.worldbank.org/research/abcde/stiglitz.html), (Accessed May 2000).
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